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PROFESSOR LÁSZLÓ EGYED 
1914-1970

László Egyed, Professor of Geophysics at Loránd Eötvös 
University, Budapest died suddenly on July 11, 1970. His untimely 
passing was a deep loss for many geophysicist around the world, to whom 
he was known, for several scientific groups and organizations whose 
work were coordinated or directed by him and in particular for us who 
have been privileged to be associated with him.

Born on 12/ft February, 1914 in Fogaras, Transsylvania, László 
Egyed entered in 1933 the University of Budapest. He studied mathe­
matics and physics and received a Ph. D. in mathematics in 1938. From 
1937 through 1941 he was employed by the same university as a lecturer 
in mathematics. At that time he mainly dealt with the theory of sets. 
At about the end of this period he became interested in geophysics and 
began to work for the Hungarian —American Oil Company. He continu­
ed this activity until 1948, making gravity and magnetic measurements 
at many places of Hungary. At 1947 he joined the University of Budapest 
again and became senior lecturer in geophysics. In 1951 he was appointed 
to a readership in geophysics and was placed in charge of organizing a new 
department, studying and teaching geophysics, which formed a part of 
the faculty of natural sciences. He became Head of the Department of 
Geophysics. Five years later he achieved the status of full professor and 
in 1966 he was appointed Dean of the faculty of natural sciences, positions 
which he held at the time of his death. In 1960 he was elected a corre­
sponding member of the Hungarian Academy of Sciences and some months 
before his death he became an ordinary member.

In 1957 Professor L. Egyed was awarded the Kossuth prize, 
one of the highest awards of the Hungarian State.

Professor E g у e d’s career started with mathematics but he 
shortly turned to geophysics and from then ownwards contributed 
ceaselessly to the renown of Hungarian geophysics. He carried out in­
vestigations concerning the reductions and interpretations of gravity 
and magnetic measurements, dealt with the structure of the Earth’s



crust in Hungary and worked on various problems of pure geophysics.
His most important and 
has been connected with 
ic theory of an expand
international literature.

acknowledged scientific contribution, however, 
the internal structure of the Earth. Hisdynam- 
ng Earth has been very often referred to in the
He accumulated evidences favoring the expan­

sion and claimed that a radius increase of 0.65 + 0.15 mm/year has 
taken place for the last 600 million years. He has shown that the expan­
sion of the Earth is able to account for the formation of the crust and 
oceanic basins, the energ < 
of deep focus earthquake i 

A considerable portion
Hungary, attended his hi

es of tectonic forces and earthquakes, the origin 
s, the continental drift and mountain building, 
of geologists and geophysicist, working now in 

ctures and his high standard of teaching as well
as his textbooks and lecture notes helped to ensure the rapid progress 
made in both applied an

Professor Egyed 
attended numerous inte 
in Europe, Asia and in

il pure geophysics in this country.
travelled extensively in the last 15 years. He 

^national geophysical congresses and meetings 
;he Americas and was invited by a number of

universities and scientific institutions to give lectures on his investiga­
tions. He spent the 1967 — 1968 academic year in Japan as an UNESCO 
expert to the Internati mal Institute of Seismology and Earthquake 
Engineering.

Professor E g у e d ’ s scientific organizational activity was also of
great importance. He was instrumental in the organization of the Asso­
ciation of Hungarian Geophysicists and was the vice-president of the 
Association until his death. He was president, secretary or member of
many professional groups 
the Committee on Space

■ including the international directory board of 
Research (COSPAR), the European Seismologi­

cal Commission, the Hungarian Committee of IQSY, the Hungarian Com­
mittee of IUGG, the Geo ohysical Committee of the Hungarian Academy 
of Sciences and many otl ers. He was member of the editorial boards of
some Hungarian and international periodicals, dealing with various aspects
of geophysics.

Professor Egyed 
qualities including great 
ching and efficiency in 
and affection by his mar

possessed a rare combination of outstanding 
professional ability, excellent talent for tea­
organization. He is remembered with respect 

у co-workers, friends and students.



ON THE LIASSIC AGE OF THE “BATHONIAN” OF VILLÁNY 
(BARANYA).
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(University College Swansea) and

J. H. CALLOMON
(University College London)

(Received: 20 July 1970)

РЕЗЮМЕ

В районе гор Виллань южной Венгрии слои, считавшиеся до сих пор батски­
ми (средняя юра) должны быть отнесены к нижнему плинбахскому ярусу (лейас, 
нижняя юра) на основании как аммонитов, так и брахиопод, найденных независимо 
друг от друга в естественном залегании отложений. Но несмотря на это, все же 
существуют некоторые верхнебатские отложения в виде мелких линзообразных 
гнезд. Они подстилаются резкой поверхностью размыва лейаса, а непосредственно 
над ними залегает келловейский слой с цефалоподами. Итак, ранее описанные ка­
жущиеся аномалии в аммонитовой фауне получают удовлетворительное объясне­
ние.

Introduction
The old limestone quarries near the village of Villány have long been 

a profuse source of Jurassic ammonites, made famous through extensive 
descriptions in the monographs by Till (1910—11) and Lóczy 
(1915). Yet a detailed description of the section appears never to have 
been published. Lóczy gives the following summary. From below: 
(D — TRIAS: Limestones of Muschelkalk-Dolomite type, 

wholly unfossiliferous. Thick.
(t2) — Dolomitic marls with Lingula and bivalves 8—10 m

Slight angular unconformity, ? tectonic
— Sand or soft sandstone, unstratified, barren, poorly 

exposed.
(JJ — JURASSIC: Upper Bathian and Bradfordian. Sand­

stone, grey, passing into sandy echinodermal 
limestone or conglomerates. Many Nautili but 
allegedly no ammonites.

(J2) — Cornbrash: sandy bituminous crinoidal limestone 
also passing locally into conglomerates, much 
more compact than the bed below. Nautilus, 
belemnites, pectens, Gryphaea; Zeilleria and 
Rhynchonella Alemanica R о 11 i e r (= varians 
auctt.); no ammonites.
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Thickness of and J2, 12-16 m 
Sharp break.

(Л)

Callovian, amnonite bed: marly ferruginous li­
mestone, slightly oolitic, highly glauconitic, 
many corroded ammonites, 1.5— 3 m 

Sharp break.
Upper Oxfordiai 

belemnites, b
n: massive white limestones, with 
valves and brachiopods. Thick.

All the monographed ammonites were said to have come from the 
Callovian ammonite-bed, Js, and the majority are undoubtedly Callo­
vian. Lóczy’s attempts to establish a finer stratigraphical succession 
within the bed were apparently unsuccessful. The beds and J2 were 
dated as Bathonian on the strength of the Nautili and brachiopods. The
whole of the Lower and part of the Middle Jurassic were thus said to be
absent in the Villány h lls, in marked contrast to the succession in the 
Mecsek Mountains not far to the north and most of the rest of Hungary.

The description of 
which remained unresol

the ammonites however raised some questions 
red. Thus:

(1) Cosmoceras globosum Till (1911, pl. iii (vii), figs. 2 — 4) is an 
unmistakable Liparoceras , close to L. cheltiense (Murchison) or
L. pseudostriatum T r u 
already noted by Spa 
tions of the Natur-Mus 
191a).

e m a n, from the Lower Pliensbachian. This was 
; h (1931, p. 593). (The specimen is in the collec- 
;um Senckenberg, Frankfurt, reg. no. SMF XI

(2) Stepheoceras ext'' 
10) is a typical Polyplen

nctum (Rollier) Lóczy (1915, pl. iv, fig. 
tites, and although this genus is known to range

up to the top of the Middle Bathonian, none has ever been found in the
Callovian. Mr. Galác z and Prof. G é c z у have pointed out to us
that its matrix is typical red Ammonitico rosso limestone, and that it
cannot thus be from VI lány: perhaps it came from Mecsek, from where
В ö с к h (1881) has also recorded it as Lóczy himself pointed out.

(3) A number of other specimens figured by Lóczy seemed to be
Bathonian. A list was g 
time when he was mon

ven by Arkell (1956, p. 191), drawn up at a 
ngraphing the Bathonian ammonites. Species of

Lytoceras and Phyllocerc s are of course always debatable, but there is no 
doubt about the Tulites (in fact a Bullatimorphites according to Dr. 
Torrens and certainly not a Macrocephalites) and three species of 
Prohecticoceras.

(4) Villania densilobata Till (1909; 1911, pl. vii (xi), figs. 7—10, 
pl. viii (xii), figs. 1,2; holotype), if Callovian, is absolutely unique. No
supporting material has 
name by Lóczy is

since appeared (the specimen figured under this 
a normal perisphinctid and unrelated), and

Arkell (1957, Treatise) was forced to create a whole new subfamily of 
Villaniinae for this single specimen, placing it in Lytoceratidae as the 
best that could be done,
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(5) Aspidoceras antiquum, amplexum and Rollieri Lóczy were 
equally difficult to place and also remained without support. The first 
two species were based on a single fragment each; the last on two large 
well-preserved syntypes one of which has inner whorls and septal sutures 
strongly resembling Lytoceras.

Items (1) and (2) were clearly imports, and in view of the fact that 
the major portion of the material treated by Till and Lóczy came 
from old collections, or was bought from workmen, it was tempting to 
dismiss the other problematica as having crept into the the collections 
from outside also. On the other hand even so it was not easy to see where 
items (4) and (5) should be placed or could have come from; and the 
“Aspidoceras”, if in fact genuine, would assume a most important place 
as the oldest known member of the Aspidoceras lineage, common in 
younger beds and hitherto somewhat cryptogenic in origin (C allomon 
1963, p. 39).

Stratigraphy
It was therefore an occasion of the greatest interest to be able to 

visit the classical localities as guests of the Jurassic Colloquium in 1969. 
Except for some talus, the quarries have changed little since the photo­
graphs reproduced by Lóczy (1915, p. 256— 7) were taken. Parts had 
been specially cleaned and excavated to expose the beds. In the short time 
available only the following brief notes of the section could be made. 
From below:

1. — Limestone, arenaceous, somewhat nodular, wea­
thering yellow, the lowest beds exposed. Bivalves 
and belemnites on a bedding surface; also two 
large ammonites.

2. — Limestone, silty, brecciated, light grey-yellow, 
very fossiliferous with profuse bivalves and be­
lemnites.
Several Nautili. ca. 1 m

3a.— Limestone, silty, or fine calcareous sandstone, 
grey, bituminous, in compact massive banks, 
fossils sparser: brachiopods 3 —4 m

passing up into
3b. — Limestone, fine-grained, very hard, with chert 

concretions. ca. 1 m
— — — Erosion-surface, planed very smooth,

locally with hardground and epizoan 
encrustation

4. — Limonitic marl or soft limestone, dark, slightly 
oolitic, in thin pockets resting on the erosion­
surface below, containing laminated limonitic 
nodules with serpulid encrustations, present only 
locally. 0 to ? 0.20 m
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5. — The Cephalopod Bed. Limestone, buff, micritic, 
brecciated and heavily subsolved, the cavities 
filled with dark glauconitic marlstone. Profuse 
ammonites a ; all angles throughout the bed, 
heavily corroded and encrusted with stromato-
litic growths.
— — — Eros?

6. — Limestone, w] 
what breccia! I

ca. 0.40 m
on-surface with hardground.
hite, massive, tectonically some- 
ed and deformed. Thick, forming

the south wall of the quarry.
Beds 1 — 3 clearly cc: 

seen in situ were not
irrespond to L ó c z y’s J2. The two ammonites 

closely identifiable but most resemble large
Apoderoceras of the Jamesoni Zone, lower Pliensbachian. A part of these
beds perhaps a metre th 
plane at the base of the
Somsich-hegy, the west« 
1/2 km from the Villány

ick was also seen immediately below the erosion 
Cephalopod Bed (5) in a vineyard on the crest of
ard continuation of Templom-hegy, and perhaps 
' quarry. The exposure here had also been spe-

cially prepared for the excursion, and during the excavations a magnifi­
cent large ammonite was revealed in situ 10 cms below the Cephalopod
Bed (see figs. 1 and 2). It can be identified quite closely as

Apoderoceras cf. lobulatum Buckman 1921 
and indicates Lower P iensbachian, Jamesoni Zone, Taylori Subzone
(see Dean, Donov an and Howarth 1961, p. 462). Whether
this level on Somsich-hegy correlates with the top of bed 3 in Villány
quarry, or with a lower 
beds 2 — 3 having been 
established.

bed such as the ammonite-bearing bed 1 there, 
cut out under the erosion-plane, remains to be

Bed 3a yielded the following brachiopoda in Villány quarry (D.V.A.):
Cincta numismalis (Lamarck)
T etrarhynchia of T. argotinensis (Radovanovic)
Gibbirhynchia sp.
Spiriferina sp. aff. rostrata (Schlot heim)

These also indicate that he age of the bed is Lower Liassic, Pliensbachian 
(see further notes below I.

Bed 4 yielded a we 1-preserved specimen of inner whorls of Bullati- 
morphites (coll. Colin Parsons). The lithology matches the matrix 
of the specimens figured earlier by L ó c z у and suspected to be Batho­
nian; and the joresence )f such Bathonian elements in the museum col­
lections thus receives a satisfactory explanation. All the specimens thus 
thought to be from bed 4 [see (3) in the Introduction above] indicate
the lower parts of the 
Aspidoides Zones (T о r

There is little to ad

Upper Bathonian, at least Retrocostatum and 
■ r e n s 1969).
1 to what has been written about the palaeonto­

logy of bed 5. The ammonites indicate the upper Anceps (= Jason) — 
Coronatum Zones of th з Middle Callovian. There are some indications 



On the Liassic age of the „Bathonian” of Villány 9

also of the Athleta Zone (Upper Callovian), for the bed yielded (coll. 
J.H.C.) an early Peltoceras intermediate between the forms described 
as Pinatisphinctes fluctuosus (Prat t) from the uppermost Coronatum 
Zone of England and true Peltoceras s.s. from the Middle Athleta Zone. 
Forms like this are known from the English Lower Athleta Zone and can 
perhaps be placed in P. (Metapeltoceras).

Fig. 1. Outcrop of the Lower-Middle Jurassic beds on the Somsich-hegy, Villány, looking 
north-westwards. In the foreground the hammer rests on the Callovian Cephalopod Bed. 
Immediately below, in situ, with a chisel leaning against it, a large Apoderoceras cf. lo- 

bulalum Buckman of the Pliensbachian, Jamesoni Zone

The belemnites were described by Galácz and Vörös (1969). 
The sedimentology has been studied and well described by Radwan 
sky and S z u 1 c z e w s к i (1966). The bed seems to represent a good 
example of heterogeneous condensation — (As opposed to homogeneous 
condensation in which the concentration of fossils is due solely to the 
sparsity of sedimentation during the period of deposition, as in e.g. the 
classical Inferior Oolite of Dorset, England) — in which extensive pre­
ferential subsolution of the original matrix surroun<Lng the ammonites 
has led to the total destruction of the primary stratification, reworking, 
partial corrosion and stromatolitic encrustation of the fossils so that they 
are now found in all attitudes and as a mixture of forms of different ages, 
as described by Hollmann (1964). The resemblance as a whole is 
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more to sub-Mediterranean facies (no red limestones, rich in glauconite 
or chamosite) than Tethy m types such as the Adneth facies.

Lastly, it should be loted that the thickness of bed 5 is quite con­
stant at about 0.40 cm, nrt 1.5—3 m as stated by L ó c z у and quoted 
subsequently e.g. by Ar cell (1956, p. 190).

Notes on theLiassie ammonites (J.H.C.)

The following is a summary of the fauna now known from Villány.
Family Eode ’oceratidae Spath 1929
Genus Apoderoc« ras Buckman 1921
Type species A. lobulatum В u с к m a n 1921

(1) Apoderoceras cf. lobulatum Buck man 1921
Apoderoceras loindatum Buck man 1921, pl. 235

The specimen from Somsich-hegy collected on the excursion is some­
what worn by weathering on the outer whorl and slightly tectonically 
deformed. It agrees well with the holotype however in all essential 
respects. The species is rather smooth as Apoderoceras goes but develops 
a row of blunt ventrolateral tubercles on the outer whorls which are
quadrate and depressed; and the inner whorls show rather irregular

Fig. 2. Close-up view of the Lias sic ammonite seen in the foreground of figure 1. The length 
of the chisel is 15 cms. — 3oth figures from colourslides by the author (J.H.C.)
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striations too weak to be called ribbing proper. The poorly-preserved 
specimens seen in Villány quarry (bed 1) may also well belong to this 
species. In addition Mr. A. G a 1 á c z showed me a further three frag­
mentary specimens in the collections of the University, Budapest, in 
similar preservation.
(2) Apoderoceras cf. aculeatum (S i m p s о n 1843).

= Aspidoceras antiquum, L ó c z у 1915, p. 427, pl. xiv, fig. 1, 2 
Deroceras aculeatum (Simpson) Buckman 1913, pl.

72A —C (a syntype)
L ó c z y’s specimen, holotype of Asp. antiquum, is too incomplete 

for closer identification, but agrees well with English material. It is in 
the collection of the Geological Institute, Budapest, reg. no. J117.

(3) Apoderoceras ferox В u с к m a n 1925
Apoderoceras ferox В u с к m a n 1925, pl. 541

A fine large half-whorl in the University Collection, Budapest, agrees 
well with Buckman’s figure.

No two of these tuberculate Apoderoceras are alike, and it remains 
for detailed monographic studies to show to what extent the many forms 
that have been described under different names, including A. hastatum 
(Young and Bird 1828), A. hamiltoni (Simpson 1843), A. 
spicatum (Simpson 1843), A. submuticum (Oppel 1853), A. im- 
pavidum (В u с к m a n 1914), A. tardarmatum Buckman 1925 and 
A. triornatum Buck man 1928 are more than merely variants of a 
single species.

Genus Epideroceras Spath 1923
Type species Amm. roberti H a u e r 1854

(4) ? Epideroceras sp. juv.
= Aspidoceras amplexum Lóczy 1915, p. 428, pl. xiv, fig. 3'

Closer identification of L ó c z y’s holotype of Asp. amplexum is 
doubly difficult. Besides the inadequacies of the fragmentary specimen 
itself, little is known about the detailed ontogenies of most of the eodero- 
ceratids, and the fragment is here ascribed to Epideroceras because it is 
ribbed and mildly bituberculate, like the inner whorls of e.g. Epidero­
ceras exhaeredatum Buckman 1923 (pl. 441). In the collection of the 
Geological Institute, Budapest, reg. no. J118.
(5) ? Epideroceras r ollieri (L ó c z у 1915)

Aspidoceras r ollieri Lóczy 1915,p.430, pl. ix, fig 7, only.
L ó c z у based the species on two syntypes. The larger of these is 

here designated lectotype. It is somewhat doubtfully placed in Epidero­
ceras again for lack of a better alternative. The coiling is as in Apodero­
ceras but more involute, and it is ribbed on a round whorl-section rather 
than monotuberculate on a depressed quadrate whorl.
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It is difficult to say whether the second syntype (pl. xiv, fig. 4) 
belongs to the same spec: es. In the style of coiling, suture and ornament 
it resembles most a Lytoceras s.s.; but Lóczy refers to a double row of 
tubercles on the inner whorls, recalling Tetraspidoceras quadrarmatum 
(Dumortier 1869, pl 
on the outer whorls (ibid.

. x, fig. 1 — 3). In this species however the coiling 
, pl. ix, fig. 1) appears to revert to the evolute, 

quadrate, bituberculate style of Eoderoceras, of which there is no sign in
Ep. rollieri.

Genus Villania Till 1909
Type species Villania densilobata Till 1909

(6) V illania densilobata Till 1909
Villania densilob ita Till 1909, p. 194.
Villania densilobata Till 1911, p. 45, pl. vii, fig. 6, 7; pl. viii, 
fig- 1, 2.

Till’ s holotype re 
good. On the outer whorl

mains unique. His description and figures are 
the specimen becomes hard to distinguish from

Apoderoceras of the smooth lobulatum group, and even the sutures are 
strikingly similar (as they are to many other eoderoceratids, and Lyto­
ceras itself). The temptai ion is hence to put Villania and Apoderoceras 
in synonymy. Unfortunately this would mean the fall of the well-known 
and well-characterised name Apoderoceras in favour of Villania, which is
wholly lacking in precise 
of V illania are however a
Apoderoceras, resembling

details of origin and horizon. The inner whorls 
. npreciably different from those of any described

again more closely Epideroceras exhaeredatum
Buck man (1923, pl. 441). “ Deroceras” retusum (Simpson)
Buckman (1913, pl. 
(1913, pl. 83) also seem c 
identified larger species.'

82) and validum (Simpson) В u с к m a n 
lose, but these are merely inner whorls of un- 
Го avoid creating unnecessary confusion in the

interpretation of well-es ablished names, therefore, it seems safest to 
continue to keep Villania as a separate generic name until much more
material is available.

The holotype is in tl 
no. SMF XI 107, and not 
und к. geol. Reichsanstal

e Natur-Museum Senckenberg, Frankfurt, reg. 
in the Geologische Bundesanstalt (formerly К. 

;), Wien, as stated by Till.
[ ? (7) Liparoceras cf. cheL iense (Murchison)

= Cosmoceras /lobosum Till 1911
See above, p. 6. The specimen is septate to 95 mm with a little bit of

body-chamber. There are 1 .0 secondary ventral ribs per external tubercle
on the last half whorl. The matrix is a very fine dense ironshot oolite with 
limonitic crusts and veini ng suggesting a somewhat concretionary origin 
It contains no other recognisable fossil fragments. The preservation is 
therefore quite unlike that of any other Liassic specimen from the imme- 
diate vicinity of Villány i: 
however also described fi< 
of the Villány hills some ]

:self. Beds of similar age to those of Villány are 
om the region around Siklós, at the other end 
5 km to the west, by К a s z a p (1959, 1961).



On the Liassic age of the „Bathonian” of Villány 13

Facies havé changed appreciably in this short distance and are reported 
to include limonitic oolites. It seems not impossible therefore that T i 11’ s 
specimen, although not from Villány itself, might still have come from 
the region as a whole.]

Notes on the Liassic brachiopoda (D.V.A.)

Pliensbachian brachiopods were identified by the writer at 
Templom-hegy simultaneously with (but quite independently of) the 
discovery of Pliensbachian ammonites here. The finder had at the time 
no suspicion of the possibility of Liassic rocks being present. The brachio- 
pod species collected on this occasion were as follows:

Gincta numismalis (Lamarck)
Tetrarhynchia cf. T. argotinensis (R ado vano vi c) 
Gibbirhynchia, sp.
Spiriferina sp. aff. S. rostrata (S c h 1 о t h e i m)

These all came from Bed 3a of Dr. C a 11 о m о n’s classification 
given above.

Subsequently in the Palaeontological Institute of the University at 
Budapest the writer saw further material collected from here. The bed 
terminology in these collections was different from those mentioned above, 
but there seems little doubt that the specimens came from the upper and 
lower parts respectively of the same Bed 3a mentioned above.

The specimens were identified as follows:
Upper part Cirpafronto (Quenstedt)

Gibbirhynchia aff. G. muir-woodae Ager 
Piarorhynchia juvenis (Quenstedt)

Lower part Cirpa fronto (Quenstedt)
Piarorhynchia cf. P. juvenis (Quenstedt) 
Lobothyris sp.
Gibbirhynchia curvicepts (Quenstedt) 
? Spiriferina sp.

This assemblage undoubtedly indicates a Lower Pliensbachian age. 
It is very similar to the brachiopod fauna of the Jamesoni Zone in Britain.

Mr. A. Vörös also drew the writer’s attention to a specimen in the 
Palaeontological Institute from another locality, the neighbouring moun­
tain of Harsányhegy. At this locality also, no Lower Jurassic rocks are 
recorded in the literature and the brachiopod in question again came from 
alleged “Bathonian”. It is a much better preserved specimen than the 
others and it can be referred without doubt to Spiriferina aff. S. rostrata 
(Schlotheim). Again this suggests a Pliensbachian age and what is 
more, the brachiopod is embedded in a typical Pliensbachian oyster, 
Gryphaea aff. G. cymbium (S. c h ä 1 f e). Similar oysters were seen in the 
brachiopod bed at Templom-hegy, but were impossible to extract and 
were much more difficult to determine.
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One important poinl about these brachiopods is that they are cha-
racteristic of the Gresten facies of the Lias rather than the Adneth facies 
seen elsewhere in Hungar y. Thus genera such as Tetrarhynchia, Gibbirhyn-
chia and Cincta occur al 
Britain to Bulgaria and

round the outside of the Alps from southern 
Turkey. Genera such as Cirpa are also found

characteristically in this rather well-defined belt (Ager 1967, fig. 7) but
also occur even more com nonly in the more “alpine” zones. A very similar 
fauna has been collected by the author from the western part of the 
Balkan Mountains in Bui; ;aria and another has been described and figured

Xnatolia (A ger 1959).
worth considering separately for stratigraphical

from Yakacik in central
The brachiopods are 

purposes.
(1) Cincta numismalis (Lamarck).

This was divided by В u с к m a n into no less than 20 nominal
material from a single bed in a single quarry 

: ne of these is more than a slight morphological 
:e a side-line of zeilleriid terebratulids confined 
ian.

species on the basis of 
(В u с к m a n 1907). Nc 
variant and all constitut 
to the Lower Pliensbachi
(2) Tetrarhynchia cf. T. 

Some poorly preser
irgotinensis (R a d о v a n о v i c).

^ed specimens probably belong to this species
eastern European equivalent (both morpholo- 

lly) of the well-known western European species 
r b y) of the Pliensbachian.

which appears to be the 
gically and stratigraphies. 
T. tetrahedra (J. S о w e 
(3) Gibbirhynchia sp.

This genus ranges fr mi the bottom of the Pliensbachian to the basal
Toarcian. G. muir-woodai 
bachian and G. curvicept

is characteristic of the base of the Upper Pliens- 
of the Lower Pliensbachian, especially the Ja-

mesoni Zone (Ager 1162). The species are, however, very difficult to
separate.
(4) Cirpa f ronto (Quer s t e d t).

This is a very distinc five species of uppermost Sinemurian and Lower
it is best known in the Jamesoni Zone (AgerPliensbachian age; again 

1958).
(5) Piarorhynchia juvenil (Quens ted t).

This is a long-rang ng species of little stratigraphical value. It is 
known from the bottom of the Lower Sinemurian to the top of the Lower 
Pliensbachian (Ager ] 962).
(6) Lobothyris sp.

This is a rather fea'lureless terebratulid and hence a long-ranging 
nominal genus. It is especially common in the Pliensbachian, but is 
known as low as the Hettangian and as high as the Bajocian or even the 
Upper Jurassic.
(7) Spiriferina sp.

This is a particular!; r distinctive early Liassic genus and is extremely 
rare after the Pliensbachian. It is known in the basal Toarcian and has 
been recorded in the Baj rcian, but the latter record cannot be confirmed. 
The genus is very much in need of systematic revision, which makes 
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specific identification difficult, but the smooth specimens seen seem to 
belong to the “extra-Tethyan” S. rostrata rather than to the “Tethyan” 
S. al pina.

The fauna as a whole is completely different from the rich brachiopod 
assemblages of similar age in the Bakony Mountains further north and 
is described by Dr. G. Vigh (1943) and currently being studied by 
Mr. A. Vörös. This note is, therefore, in no sense a criticism of the 
magnificent work being done by Hungarian palaeontologists, since the 
fauna is otherwise unknown in their country.

It is also worthy of note that in this same region occur the famous 
Liassic coal measures of Pécs-Vasas. These are also characteristic of the 
Gresten facies.

So far as the later beds are concerned, the writer saw no example of 
the “Rhynchondla” alemanica recorded by L ó c z y, but this name and 
even more so its counterpart “Rhynchonella varians” have been used in 
a very broad way for many Jurassic rhynchonellids and have little signi­
ficance. The Cephalopod Bed at the top of Somsich-hegy yielded speci­
mens of a terebratulid comparable with Loboidothyris zieteni (D e 
L о r i о 1) of the Callovian and later Jurassic.
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W e r n e r, Frankfurt, for lending us types in the Senckenberg Museum 
and giving us much useful information.

CONCLUSIONS
Beds hitherto thought to be Bathonian (Middle 

Jurassic) at Villány, southern Hungary, are reassigned 
to the Lower Pliensbachian (Lias, Lower Jurassic) on 
the strength independent ly both of ammonites and bra- 
chiopods found in situ. Nevertheless some Upper Batho­
nian deposits are also still present in small lenticular 
pockets, lying between the sharp erosion surface of the 
Lias below and the Callovian Cephalopod Bed immediate­
ly above. Apparent anomalies in the ammonite-faunas 
previously described are thus given a satifactory ex­
planation.
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Introduction
Escaping even the process of weathering, zircon is an important 

accessory component of igneous rocks. It can be used well for tracing the 
origin of sedimentary rocks.

Fig. 1. Sketch of the geographic situation of 
the Velence and Mecsek Mountains.

Thanks to investigations by 
Poldervaart (1950), it is 
well-known, that the morphologi­
cal characteristics of magmato- 
genic zircons are diagnostic for 
the individual rock types. Elonga­
tion of zircon crystals can be used 
for drawing conclusions as to the 
origin of calc-alkaline granitization. 
The value of elongation of zircons 
in orthogranites is a characteristic 
feature. If the maximum of its 
distribution is 2.5 or more, then 
the enclosing granitoid must be 
of primary origin; whereas at 
values lower than 2.5 the respec­
tive granitoid must have been
brought about by remelting, mag- 
matization. The statistical analy­

sis of zircon of granitic origin in mineralogical studies was introduced 
by Larsen and Poldevaart (1957), an excellent methodforthe 
comparison of granitoids of different type and genesis. The present 
writer in his analogical investigations of zircons in Hungarian grani­

toids, has relied upon the above results and has supplemented them 
with his trace element analyses of zircon.

His investigations were aimed at finding out any divergency or 
identity between the granitoids of the Mecsek Mountains (South Hungary) 
and the Velence Mountains [some 60 — 70 km SW of Budapest (Fig. 1)].

2 ANNALES—Sectio Geologica—Tomus XIV.
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Morp lological-statistical analysis

200 doubly terminated zircon grains were selected for statistics.
Under the polarization miicroscope their lengths along the c-axis and their
breadth along the a-axis vere measured. Afterwards the expansion ratio 
was calculated for each particular grain. All these results were represented 
graphically using the so-called Reduced Major Axis (RMA) introduced
by Larsen and P о i 
for comparative studies.

For the construction

dervaart (1957), a method most suitable

У 
Sx 
Sy

— number of cr; 
sample can b

= mean length

of the RMA the following data are necessary: 
ratals measured (if this value is at least 200, the 
; easily evaluated statistically),

= mean breadth,
= standard deviation (scatter) of length, 
= standard deviation (scatter) of breadth.

The above data can be calculated as follows:

y = -^ 
N

Sx =

Sy = Ziy-yY
N

Hence: a = Sy—— , where
Sx

a is the tangent of the 
through the point (ж, yY

angle at which the fitted line (RMA) is drawn

On the basis of the 
having a tangent a thror;

Correlation coefficient:

data available one can draw the straight line 
gh points ж and у.

N

r =

У = N

N

2Г(х-х)(у-у)

У2Г^-хУ 2Г(у-у)2

this fitted line, RMA, is able to represent the dot 
I, it is a measure of closeness of the relationship

is a measure of how well 
diagram; in other words
between length x and breadth y.

If r = +1, correlation is perfect; if r = 0, correlation is absent.
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Another characteristic of RMA,

ж24- у2
is the coefficient of relative dispersion, expressing (per cent) the relative 
scatter of points about the RMA.

A measure of the reliability of the fitted line (RMA), the standard 
error of slope:

/1 — r2 a - a \.
—2

The smaller the value of the standard error, the more reliable the esti­
mate.

The above data are of significance, when the results of measurement 
of a number of comparable samples are available.

Possibilities for studying zircons in thin sections have been rather 
limited, for the examined rocks contain very low amounts of zircon. There­
fore monomineral concentrates of zircon have been used.

The zircon grains in the granitoid rocks of the Velence Mountains 
are predominantly light-yellow, those recovered from similar rocks from 
the Mecsek Mountains being darker, honey-coloured in a cloudy pattern 
— phenomenon due, in most of the cases, to continued growth.

The use of large populations of monomineral zircons and their care­
ful optical examination have enabled the author to summarize their gener­
al characteristics as follows:

a) The Velence Mountains zircons are characterized by the appear­
ance of simple crystal faces: it is the (100) prism and the (111) dipyramid 
that are most abundant, the (001) basal plane being scarcer (Plate I, 
Fig. 1). In spite of the distinct forms, the shape of the grains is no always 
perfect, as continued growth, eventually zoned (Plate I, Fig. 1), is fre­
quent. Some of the grains are fractured (Plate I, Fig. 2). Inclusions, in 
many cases distinctly parallel to the c-axis, occur rather frequently (Plate 
I, Fig. 2, 4; Plate II, Fig. 5).

b) Like the Velence Mountains zircons, zircon grains in granitoid 
rocks from the Mecsek Mountains are also characterized by simple faces 
such as the (100) prism, the (111) dipyramid and the (001) basal plane 
(Plate II, Fig. 7, 8).

Characteristically enough, in the various rock types of the quarry 
at Erdó'smecske, Mecsek Mountains, both transparent grains and zircons 
of cloudy colouring can be shown to be present in great quantities. Con­
tinued growth is frequent, but the abundance of zoned zircon grains is 
yet more characteristic (Plate II, Fig. 7, 8). Another common phenomenon 
is the fact that many grains have their nuclei darker, rounded, in contrast 
with their light and, usually, zoned rim (Plate II, Fig. 8). The Mecsek 
Mountains zircons often contain inclusions which in nucleated grains 
occur mainly in these, darker, nuclei.

2*
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Plate I.

I. Idiomorphic zircon crystal with a basal plane at one end (Velence Mountains, Székes­
fehérvár).

2. Idiomorphic zircon crystal vith an opaque inclusion (Velence Mountains, Székesfehérvár). 
3. Zircon crystal with oriented inclusions, showing continued growth at one end (Velence 

Mountains, Pákozd).
4. Broken zircon crystal with oriented inclusions (Velence Mountains, Szüzvár).

Using the method c
the present writer has 
(Fig. 2,3) and the RMA 
data necessary for the c

f Larsen and Poldervaart (1957),
constructed the frequency curve of elongation 
(Fig. 4, 5) of each sample. The morpho-statistical 

jonstruction of the RMAs are shown in Table 1.
The RMAs, the free 

the tabulation show the
uency curves of elongation and the data given in 
following characteristics:

a) The average grain sizes of zircon crystals from Erdősmecske, 
Mecsek Mountains, are practically the same. The difference of four samples
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Hate II.

5. Two idiomorphic zircon crystals with oriented inclusions (Mecsek Mountains, Véménd, 
South Hungary).

6. Fractured zircon crystal with plenty of inclusions (Mecsek Mountains, Erdősmecske, 
South Hungary).

7. Dark zircon crystal with zoned continued growth (Mecsek Mountains, Erdősmecske, 
South Hungary).

8. Two idiomorphic zircon crystals. In the smaller grain the darker rounded nucleus, 
showing a zoned continued growth, can be readily observed (Mecsek Mountains, Erdős­

mecske, South Hungary).

in mean length is as low as 5 p, the difference in mean breadth being also 
6 p only, a fact indicating that all the Erdősmecske samples are character­
ized by the same elongation. As evident from a comparison of grain sizes, 
the zircons of the Véménd granite are longer, thus their elongation is also 
longer, than the former. Two of the elongation frequency curves obtained 
for the Mecsek zircon grains show two distinct peaks each.
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Fig. 2. Elongation frequency Fig. 3. Elongation frequency curves of 
zircon samples from the Mecsek Mountains.zircon samplesfrom the Mecsek Mountains.

curves of

Fig. 4. Reduced major ax ss (RMA) of zircons from Mecsek Mountains granitoids.

b) The mean sizes of the Velence Mountains zircon grains show
a wider variability range than it is the case with their Mecsek counte- 
parts. It should be taken into consideration here that it is the zircons of
microgranites (Székesfehi

Despite differences
érvár) that have the lowest grain size.
in size, mean elongations show a surprising agree-

ment. If the elongation ’atio is cut down to the first decimal — a measure
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Fig. 6. Reduced major axes (BMA) of zircons from Velence Mountains granitoids.

Table 1

Morphological-statistical data of zircon grains

Sample

Mecsek Mountains:
Erdőmesmecske

1/m (molybden- 
itic granite) 

Erdősmecske 1/a 
Erdősmecske 1/b 
Erdősmecske 1/c 
Véménd

200
200
200
200
200

144.6
144.5
141.8
146.7
159.2

52.5
55.4
54.4
58.6
55.8

2.75
2.60
2.60
2.50
2.81

33.65
33.30
34.20
36.70
28.54

14.08
13.17
15.70
14.35
14.06

0.4185
0.3955
0.4591
0.3910
0.4926

0.6657
0.7086
0.7466
0.6990
0.9145

19.38
17.66
17.65
19.35
7.80

0.0222
0.0198
0.0217
0.0199
0.0141

Velence Mountains:
Székesfehérvár (23.)
Pákozd (32.)
Szűzvár (58 )

200
200
200

113.9
127.8
160.0

42.4
46.7
59.0

2.69 37.87
2.73 30.13
2.71 35.89

12.16
12.87
12.92

0.3211 0.5909
0.4271 0.7776
0.3600 0.7453

29.61
16.06
15.96

0.0184
0.0191
0.0171

ÍV = number of grains Sx
ж = mean length, in /z Sy
у — mean breadth, in д a
ч I у = mean elongation r

= standard deviation of length
= standard deviation of breadth 
= slope of fitted line (RMA) 
= correlation coefficient

Dd = coefficient of relative 
dispersion

<ra = standard error of slope

advisable from many points of view — a complete identity will result. As 
evident from the figures of the RMA, the points x and у of the three fitted 
lines lie nearly in one straight line.

It is remarkable that the small-grained zircons of microgranites are 
least correlated, an observation confirmed by their coefficient of relative 
dispersion (Dd = 29.6%).
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Analysis of zircons for trace elements

During his complex 
veral methods for provin 
the two mountain ranges

studies the present writer attempted to use se- 
g the difference between the granitoid rocks of

At the Chair of Min ;ralogy of Eötvös University a method for the 
quantitative determination of Zr was developed. In the granitoids there 
is a close relationship between Zr content and the amount of zircons, for
the Zr content of the rock is concentrated practically in the zircon mineral.
The Zr content of zircons is 50% or so; consequently, twice the amount 
of Zr is equal to the zircon content of the rock.

Zr content and the ti i 
by X-ray fluorescence te< 
Kristalloflex-4).

On the basis of the

ace elements content of zircons were determined 
chniques (with a device of the type Siemens-

papers of Norton (1956), Birks (1965)
and Zussmann (1937) a semi-quantitative method for analysing
zircons for trace elements 
the techniques developed

I has been developed. Taking into consideration 
by Birks and Brooks (1950), Norton

(1956) and Abdel-Ga wad (1966), the staff of the above Chair has
also developed a method for the quantitative assessment of Zr and Hf.

In their measurements they applied a scintillation counter discri- 
гК^з(Л = 0.702 Á) and they measured its Il-nd 
of the 20 angle, using analyser crystal LiF. In

minated for the line of 2 
order at the 40.73° value 
determining Hf they us 
Л= 1,326 Á as analysing

od, unlike earlier students, the line HfLß2 — 
; line and they measured the intensity at the

value 38.47° of the 20 angle with crystal analyser LiF.
Discrimination data of seiitillation counter:

a) voltage of detector i t ZrK^g.........................................................  
basal line............................................... ............................................

channel width......................................................................  . . . .
b) voltage of detector at Hf ß\................................................................  

basal line ...........................................................................................  
channel width ......................................................................... ..

557.0 V
11.6 V
6.3 V

601.5 V
10.8 V

7.8 V

The results have led
with the above analysin 
with the highest accurac

the present writer to conclude that measuring
ig lines allows one to calculate the Zr/Hf ratio 
:y, as at the given points of measuring, 40.73°

and 38.47°, the Zr : Hf ratio is likely to be 12.5 : 1 provided that Zr/Hf
is ~ 50.

The advantage of th<
interference with the line 
in case of zircons.

As inner standard in 
quality have been used.

X-ray fluorescence

ese two lines has been confirmed by the lack of 
of any other element at the above value of angle

quantitative analyses, ZrO2 and HfO2 of speepure

results have confirmed the assumption, based
upon observations of thin sections, that the granitoids of the Mecsek
Mountains contain about
Velence Mountains counterparts.

thrice the amount of zircons contained in their
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Out of the potential trace elements first of all Y, Hf, Th, U and Pb 
and Fe have been detected in zircon concentrates.

The detected trace elements are shown in Table 2:
Table 2Trace elements

Sample
Element g/t

Fe Y Hf u Th Pb Others

Velence Mountains: 
Székesfehérvár ............................. 900 2000 1900 400 400 1200
Pákozd ................................................. 400 1800 250 100 100 8000* Ce, La
Szűzvár .............................................. 1200 900 200 400 400 1000 —

Mecsek Mountains: 
Erdősmecske-a ............................. 2500 900 650 500 500 500
Erdősmecske-6 ............................... 2500 1000 600 1000 1000 ? —
V éménd.............................................. 1000 950 800 — — — —

* Because of impurity due to galena

As shown in the references cited, the two most frequent trace ele­
ments of zircon are Hf and Y. Both the distribution and quantity of these 
two elements are important for the qualification of zircons. Hafnium 
(Hf) is always indicative of the original environment in which zircons 
crystallized, whereas yttrium (Y), often enriched like Hf, is mostly 
associated with inclusions in xenotime (Plate I, Fig. 3, 4).

The analyses have shown that the yttrium content of the Velence 
Mountains zircon is a little higher than that of the Mecsek Mountains 
zircons.

Actinid elements could not be detected in all zircon grains. Despite 
this fact, the Mecsek Mountains zircons are supposed to have higher U 
and Th contents. As regards their relative amounts, the regularity notified 
by Ahrens (1964) could not be observed, a regularity according to 
which the U content of granitoids would be higher than their Th. In the 
analysed samples the Th/U ratio was 1 : 1 or so.

It is in connection with radioactive elements that zircons can be 
shown to contain lead, though the strikingly high Pb content of the zir­
cons from Pákozd, Velence Mountains, is due to impurities because of the 
admixture of galena.

The amount of iron (Fe) is likely to affect the colour of zircons, hence 
the darker stain of the Mecsek Mountains zircons.

In the Pákozd sample, beside the above elements, Ce and La were 
also detected, both in an amount of 10 g/t or so.

The determination of the Zr/Hf ratio was made possible, despite 
the low amount of zircon concentrate, by the analysing lines applied. 
The values of Zr/Hf obtained for the Velence Mountains rocks vary be­
tween 14 and 16, those obtained for the Mecsek Mountains rocks, between 
15 and 58.
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The Zr/Hf values vere compared with the results of Chessex
rand Delaloye (1961 

zircons in calcalkaline gi
), according to which the mean Zr/Hf ratio of

jranitoid rocks would range from 25 to 45. The
figure obtained for Hungarian granitoids is in good agreement with these.
Inasmuch as the results of V e n i a 1 e et al. (1968) (who found the
Zr/Hf ratio in the individual zones within one crystal to show diver­
gences ranging from 10 ;o 40) are confirmed by further investigations, 
the ratio of zoned crystals to the crystals of simple structure will be
proved to affect decisivei у the behaviour of the Zr/Hf ratio.

Conclusions
Zircons in the gránit oids of the Mecsek Mountains represent “struc­

turally normal” zircon aid thus they show a good agreement with one 
another.

Morphological examination of the grains has shown them to be built 
up of combinations of sir iplest crystal faces and thus has indicated that 
the zircons of the Hungarian granitoids must have crystallized at a
comparatively high tempi 
nerals.

As evidenced by the

lerature, prior to the rest of rock-forming mi-

low size of zircon grains (mean length 110 to
160 ft) and by the large regional distribution of their, more or less equal,
elongation values, their < rystallization must have taken place under the
same physico-chemical ccnditions. In a freely cooling melt, zircons will
crystallize within a comp 
of sizes and the one-peak

The elongation freqw 
also characterized by one

iratively short span of time. Hence the identity 
curve shown by elongation frequencies.

of the Mecsek Mountain: 
gestive of magmatic re-n

ency curves of Velence Mountains zircons are 
frequency peak, whereas the two-peak curves 

I samples (Poldervaart, 1950) are sug-
elting.

The presence of zoned zircon crystals proves that the physico-chemic­
al environment must haie changed within a comparatively short phase 
of crystallization. That t ie zoned crystals in the Mecsek Mountains zir­
cons are essentially more frequent is a testimony to magmatic origin, 
too. In the Mecsek Mountains zircons such grains having darker, rounded
nuclei, contrasting with a light, honey-coloured rim, sharp-edged and
well-crystallized, can ofte a be encountered. Two hypotheses may account 
for the origin of these:

a) The nucleus is constituted by a magmatically remolten zircon 
grain of an older rock ard the intact crystal rim may have crystallized 
from its partly molten partion combined with the new material of the 
secondary magma.

Ъ) The nucleus is co istituted by a similarly early, rounded, elastic
zircon grain and the int ret rim was formed during assimilation, with
incorporation of the assin dating magma itself.

Accordingly, the zircon crystals consisting of a rounded nucleus and 
an intact rim must be manifestations of remelting. However, it is only
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an analysis for trace elements by electron micro probe that would be 
able to decide the validity of either of the two hypotheses. Should in this 
case the percentages of trace elements in the rim and the nucleus prove 
to be essentially different, this would be an evidence in favour of the 
assimilation of sedimentary zircon.

Inclusions occur frequently in zircons. As far as their substance is 
concerned, a considerable part is supposedly xenotime: a hypothesis 
supported by the quantity of Y detected by trace analyses, by the ident­
ity of xenotime structure with that of zircon and by the frequently 
oriented arrangement of the inclusions. A substantial part of the opaque 
minerals is magnetite.

In both the Mecsek and Velence Mountains, zircon inclusions are 
connected with biotite. Zircon content in the Velence Mountains averages 
50 to 70 grams per ton, in the Mecsek Mountains it attains about thrice 
this figure — 200 grams per ton or so. However, zircon content is not 
proportional to the biotite content of the rocks.

On account of its early crystallization zircon is very poor in trace 
elements. Beside the elements Fe, Y, Hf, U, Th and Pb it is alone in the 
Pákozd sample that Ce and La could be detected in a quantity of 10 
grams per ton or so. Except for the Véménd sample, U and Th could be 
identified in all zircons, both in equal quantity. This is in part contra­
dictory to A h r e n s’ statement, according to which the quantity of 
U in granitoids would be higher than that of Th. The divergence of the 
present writer’s measured quantities from the references is unessential 
and corresponds to the average observed in connection with granitoid 
rocks in general.

According to the first determination of Hf and of the Zr/Hf ratio 
ever made in Hungarian rocks, the Zr/Hf ratio in Velence Mountains 
zircons is lower than in the Mecsek Mountains samples. A comparison of 
the analyses with published data has shown this difference to be unessenti­
al, especially with regard to the different methods involved and to the 
relative divergences of the published data themselves.

On the basis of the mineralogical and geochemical characteristics of the 
investigated zircons let us conclude that the conditions of segregation of the 
Mecsek Mountains granitoids must have been much more diversified than 
those of the Velence Mountains rocks. This supports the hypothesis that most 
of the Mecsek Mountains rocks were brought about by magmatic metaso­
matism. Zircon testing of Velence Mountains rocks has shown these to be 
of juvenile, primary magmatic origin.
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РЕЗЮМЕ

На основании качественно-количественной оценки аммонитовой фауны хол­
ма Керичер на территории гор Баконь можно предположить, что рассматриваемый 
участок в плинсбахском веке соответствовал краевой зоне бассейна, расположен­
ного между подводными уступами (seamounts), где осадконакопление происходило 
в сочетании с процессами реседиментации окружающих районов. В результате 
разрывных тектонических нарушений рассматриваемый участок, который в позд­
нетриасовую эпоху образовывал еще выдержанное подводное плато, был в раннем 
лейасе разобщен на уступы и впадины. Благодаря подводным оползням типа слэм- 
пинг с участков были снесены сначала уже уплотненные, а затем также и еще не- 
уплотненные, приблизительно одновозрастные осадки, которые впоследствии от­
лагались в выдержанно пелагических условиях краевой части осадочного бассейна 
лептогеосинклинального типа. Местное увеличение мощности плинсбахских отло­
жений обусловлено привносом аллохтонного биогенного материала (брахиоподы, 
криноидеи и мелкие аммониты, обитавшие на уступах). Исчезновение аллохтонных 
элементов в конце плинсбаха связано с уравновешенностью палеоэкологических 
условий на относительно большой территории.

Наряду со средиземноморским характером лейасовых отложений гор Баконь 
и с кажущимися ненарушенными условиями их залегания, интенсивность разрыв­
ных нарушений также соответствует условиям, существующим в Южных Альпах 
(БЕРНУЛЛИ, 1964; ОБУЭН, 1965). Следовательно, центральная масса Альп огра­
ничивается площадями аналогичной структуры не только с юга, но также и с во­
стока.

In the Bakony Mountains the Middle Lias is generally represented 
by red ammonitic limestones — the so-called ammonitico rosso facies 
wide-spread in the Mediterranean region. As shown by the fauna of six 
standard sections developed and geologically characterized by Konda, 
the thickness of the Pliensbachian totals as low as 4.55 m. The section 
on the Kericser shows certain differences in thickness, lithology and faunal 
character from the rest of those standard sections. Hence the need for 
its investigation in fuller detail.

The Kericser is a small hill on the northern slope of Mt. Papod, at 
2 km SSE of Lókút village, near the town of Zirc, northern Bakony 
Mountains.

The Liassic beds were developed by the staff of the Hungarian Geo­
logical Institute, under the direction of Konda. He recognized the 
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occurrence of hiatus in this sequence of Hierlatz facies beginning with 
the Upper Sinemurian, and he hinted at the allochtonous mode of em­
placement of the limestone blocks of dachsteinkalk type (1970). In 1967 
Konda entrusted the present writer with elaborating the fauna. The 
author feels indebted to him for this greatly appreciated confidence of his.

Excavations have sh
I. STRATIGRAPHY

swn the Kericser section to comprise 36 beds.
The thickness of the beds varied between 12 and 55 cm, averaging at
28 cm. Lithologically, the sequence can be split up into three units.

1. The lower red limestones

The slightly rough surface of the Lower Liassic oolitic and pseudo - 
ölitic limestones of dachs ;einkalk type is overlain, with a marked change 
in lithology, by poorly str itified red limestones attaining a total of 214 cm 
in thickness (Beds 29 to 36). As for their texture, these limestones are not 
uniform. The dark- and light-red, locally yellowish-pink or greyish-white 
limestone lenses or mottle s, the nodules or coatings constituted by ferro­
manganese oxide, and th; clayey incrustations, greenish, grey or black
in colour, are manifestationsofa varied composition and genesis. Also, 
the material of the lower ’ed limestones is a mixture. This is particularly 

Fig. 1. The lower red limestone (Bed 36) with benthonic foraminifers, spicules of 
silicospongia and detritus of lan ellibranchs, ammonites and crinoids (magnification: 11 x)
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emphasized by the exotic boulders of Lower Liassic limestones. Both the 
big size and angularity of these boulders contradict any explanation 
suggesting surf action or currents as possible agents responsible for their 
introduction into this environment. The absence of any comminuted 
detrital material is also a testimony against the action of currents what­
ever. The introduction of the exotic boulders into the basin characterized 
by red silts may have been due to synsedimentary slumping and, indi­
rectly, to synsedimentary tectonic deformations.

The fine-grained red calcareous silts correspond to the type of sedi­
ment referred to as microfossiliferous calcilutite by Fabricius (1966) 
and/or to W ä h n e r’s (1886) variegated cephalopodal limestones and 
Aubouin’s (1965) calcareous ammonitico rosso, the only difference 
consisting in the more subordinate occurrence of subsolution phenomena 
and in the indistinctness of strata contacts.

The lower red limestones contain sporadical representatives of 
foraminifera, multiaxial spicules of sponges, lamellibranchs, small gastro­
pods, ammonites, nautiloids, belemnitoids, brachiopods and crinoids. 
One coral calix has also been encountered. The sponge spicules show an 
upward decrease, the foraminifera and crinoids an upward increase, in 
number.

Fig. 2. Parallel arrangement of the specimens of Arnioceras ceratitoides (Quenstedt, 
1849). (Bed 35)
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The fauna is in differ mt state of preservation. Most of the ammonites
are shelled specimens, the rest being represented by internal moulds. 
The shells or moulds ar; often coated by ferromanganese oxide. The
shells of certain specimens have not been infilled by calcareous silt.
In these cases calcite cry 
shell. Surprisingly enough 
ed from one and the sam

rtals have precipitated on the inner wall of the 
i, both silt-filled and empty shells can be collect- 
э bed. Accordingly, it is quite possible that the

ammonites were originally buried under different conditions of sedi­
mentation in different art as and later itroduced into the basin by slump-
ing together with the se 
example of a similar p 
Jenkyns (1969). No 
has been found, it is true

diment still partly unconsolidated. A valuable 
• renomenon was quoted by Hudson and 
complete specimen having an intact peristome 

>, but heavily fragmented, incomplete specimens
are rare too — a phenomenon contradicting the suggestion of any per-
manent reworking of the 

In the lower red lime i
material.
stones the ammonites are usually distributed at

random. A regular arrangement is exhibited merely by the specimens of 
Arnioceras ceratitoides of Bed 35. Admitting the possibility of redeposition
from elsewhere and mixing, it is quite possible here too, that the parallel
arrangement of the amm 
rather than those of the f

ionites reflects the conditions of the first burial 
nal one. The same may hold true of the oriented

ammonites of Bed 33, a fact suggesting that the calcareous mud bottom 
may have been consolidated to some extent before the ammonites were
parallelly arranged.

The ammonites are 
characterized, as a rule,
Faunal density is low: ar

rf medium to great size, except for the groups 
ry small size (Gemmellaroceras, Polymorphites).
average of 64.5 specimens per 1 m3. Compared

with the allochtonous elements, the autochtonous ones seem to have been
more reduced in number.

Fig. 3. Oriented belímnite rostra in the lower red limestone (Bed 33)
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The representatives of Phylloceras and Lytoceras here are scarcer 
than in the calcareous ammonitico rosso (34.9%). It can be supposed that 
the red limestones may have been deposited in a comparatively deeper 
part of the neritic zone.

The oldest ammonites are indicative of the Lower-Middle Sinemuri- 
an boundary — the Obtusum Zone, or possibly of a yet deeper horizon — 
the upper part of the Turneri Zone. There is no doubt that at the Kericser 
locality, or at least in its vicinity, the deposition of the red limestones 
began as early as the beginning of Upper Sinemurian time. The latest 
representatives of the ammonites in the red limestones, Tropidoceras 
and Acanthopleuroceras cf. valdani, are characteristic of the lower and 
middle subzones of the Middle Carixian. Consequently, the deposition of 
these limestones must have lasted up to the top of the Middle Carixian. 
Traces of sedimentation in the intermediate time units are indicated by 
a few specimens of Angulaticeras and Palaeoechioceras 1 sp. (Oxynotum 
Zone); of Gleviceras victoris, Echioceras I sp., Eoderoceras cf. armatum, 
Crucilobiceras densinodum (Raricostatum Zone) as well as of Radstockiceras 
cf. buvignieri, Poly morphites sp. (Jamesoni Zone). Rather reduced in thick­
ness, the limestones cover a wide stratigraphic range. No ammonitic 
horizons could be distinguished within them. Even the basal bed contains 
a great amount of stratigraphically young, Middle Carixian, forms; but 
on the other hand, older ammonites, indicating the Raricostatum Zone 
(Eoderoceras sp. aff. miles) or the Jamesoni Zone (Platypleuroceras ro- 
tundum), have been found in the uppermost bed, too. Both Tropidoceras 
cf. masseanum, a subzonal index in the Ibex Zone, and Oxynoticeras sp. 
indicative of the Upper Sinemurian, can be found together in one and 
the same hand specimen of rock. In case of mixed faunas the fauna is, as

ШШ] raricostatum

Fig. 4. Percentage distribution of the ammonite species characteristic of the different 
zones of the lower red limestones

3 ANNALES — Sectio Geologica — Tomus XIV.
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a rule, dated by the осзиггепсе of the latest index fossil. A more 
difficult problem is faced n a condensed fauna, which is undoubtedly the 
case with the Kericser section, given its very reduced thickness.

Limiting the age of 1 he limestones under consideration to the Ibex 
Zone seems to be exagger ited, though there can be no doubt that during 
the time interval of this Zone a considerable change took place. As usual 
with areas of specific sedi nentation, to specify this change would require 
the knowledge of the regional conditions of sedimentation. Until this 
knowledge is acquired, ths fauna of the red limestones will be considered 
condensed and mixed.

2. The middle white limestones

With the organodetr tai elements getting enriched and the waning
ferrihydroxide stain, the lower red limestones 

light-pink, limestones. These limestones, called 
total 566 cm in thickness (Beds 7 — 28). They

of the red ferrioxide and 
grade into white, locally 
middle white limestones,

Fig. 5. Grading of the lower : ed limestones into the middle white limestone (Bed 30). 
Ammonites filled ip partly by calcareous silt (magnification: 6 x)

are constituted by the tc sts of contemporaneous organisms, fine-grained 
calcilutite, and tiny calci ;e crystals. Both organic detritus and calcareous 
silts are practically sync ironous, while the calcite crystals are products

ig up of the one-time cavities of the shells and, of post-sedimentary fillir
particularly so, of the fre j spaces between them. Subordinately, the white 
limestones also contain some older, angular limestone detritus. The ori­
ginal sedimentary materi d — the organic detritus and the fine calcareous 
silt — shows an irregul rr distribution within the bed. Strata contacts

. nestone sequence there is no trace of any lasting 
during which the lower bed could have been 
As for sedimentation, it can be traced to have

are vague. In the white li 
break in sedimentation 
completely consolidated.
remained essentially unchanged throughout the 21 beds, indicating, 
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beside the total absence of terrigenous materials, the comparatively 
subordinate nature of calcareous ooze deposition. Empty shells and the 
free interspaces between them are due to the lack of matrix. Since the 
red limestones do not show any substantial difference in lithology with 
regard to the calcilutite lenses of the white limestones, the calcareous 
oozes seem to have been deposited more or less independently of the 
accumulation of biogenic elements. In other words, the difference with 
respect to the lower red limestones consists only in the great amount of 
allochtonous elements.

On the basis of their lithological character the white limestones 
would belong to the “organodetrital limestone” (“Organotrümmer- 
Kalkarenit”) group of Fabricius’ (1966) classification. In the terri­
tory of the Northern Alps this rock type is more or less connected with the 
Rhaeto-Liassic shoals, but it cannot be regarded to be of reef origin be­
cause of the absence of any reef bottom. According to Fabricius, the 
relatively calcilutite-rich crinoidal limestones were deposited in a non­
agitated shallow-water sea environment, possibly in its comparatively 
deeper tracts. According to the classification developed by Prestat 
(1967), the bioclastic limestones would represent a near-reef facies (facies 
pararécifal) deposited below the zone of erosion, in an environment 
characterized by transporting and reworking in situ, at any rate: in agitat­
ed waters. As suggested by Dollfus (1963), the echinoderm breccias 
and calcarenites would be controlled by marginal faults, their materials 
having been drifted by currents from a morphologically higher region.

Fig. 6. The middle white limestone (Bed 22). Small ammonites filled up by fine calcareous 
silt (bottom) and by calcite (top) (magnification: 6.5 x)

3«
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In the Northern Alps the analogical facies was given the name “hier-
latz” first by Suess [1852), later by Geyer (1886). The similarity
of the limestones at Kei icser locality to the Alpine facies was recognized
by L a c z к ó as early is 1898.

The middle white 1 mestones, for the most part, are constituted by
ammonites and brachic 
(especially, thin-shelled 
as well as Nautiloidea, 
ments.

pods and ossicles of Crinoidea. Lamellibranchs 
pectinids) and gastropods (especially, Discohelix) 
Atractites and Belemnites are just accessory ele-

After the death of ; 
empty or just the lower
The empty shells may

he animal most of the ammonite shells remained 
part of shell was infilled by calcareous ooze.

ie filled by post-sedimentary calcite crystals. In
case of forms of narrow whorl cross-section, such as Protogrammoceras
or Fuciniceras, the she 
whorled forms the origi
A part of the inner сад

may be completely filled up, whereas in wide- 
inal cavity is partly preserved (e.g. Coeloceras).
ity may be preserved even in case of specimens

enclosed in calcareous silt lenses. The shells of the the ammonites have
been mostly preserved, specimens represented by internal moulds being
rare. A small fraction cf the ammonites are in an excellent preservation 
state, the rest being differently incomplete. Shells may break down within

Fig. 7. The middle white limestone (Bed 10). Small ammonites filled up by calcite crystals
(magnification: 8 x)
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the sediment. Generally, however, the shells were crushed before being 
finally buried. Their comminution is so advanced, or the interstitial matrix 
so poor, that the shells may be squeezed into, or upon, one another. The 
heavy comminution of the ammonite shells suggests a reworking, the 
orientation of the empty shells and calcareous silt lenses being indicative 
of transport. It seems probable, however, that heavy water movement 
was periodical. The excellently preserved fragile specimens of the fauna 
such as the long Cidaris radiolae, high-spired gastropods, the representa­
tives of Coeloceras preserving even their tubercles, provide testimony to 
a comparatively more quiet phase of sedimentation.

The majority of the ammonites have been buried at random. Some 
lie parallel to stratification. Records of a burial parallel to the bedding 
plane can be recognized even on hand specimens of rock, if the red or 
pink calcareous silt fills up the lower part of shell, leaving the upper space 
empty, like a “libella”. As a rule, the ammonites enclosed in calcareous 
silts show a more regular orientation, unlike the freely accumulated mass 
of tests more liable to mobilization. From the point of. view of burial, 
the fauna of the calcareous silt lenses is “more autochtonous” than that 
of the elastic limestones, even though this statement does not hold true 
for the way of living of the animals. As for orientation, there is no shade 
of it in the middle white limestone bed.

The ammonites of the middle white limestones are small. Larger 
specimens, usually fragmentary, are rare (first of all, a few specimens of 
Phylloceras and Lytoceras). Some of the small specimens belong to spe­
cies which must have been small even originally. According to Bremer 
(1965), the size of Codoceras hardly exceeds 6 — 7 cm, being, in fact, sub­
stantially below this value in most of the cases. The small Coeloceras of 
Kericser are surely of “normal” size. Phylloceras disciforme, Lytoceras 
hierlatzicum, Holcolytoceras nodostridum, Holcolytoceras quadrijugum and 
Protogrammoceras pseudofieldingii also belong to small-sized species. As 
concerns the rest of the small specimens, the question arises whether 
the small size is due to an early death, or to adaptation to a special habitat 
which would give rise to a dwarfed fauna, or possibly to mechanical sort­
ing produced by post-sedimentary transporting. The question may be 
answered by a quantitative analysis of the inner structure of shell: 
specimens lacking a body chamber suggest post-sedimentary sorting, 
specimens with relatively closely spaced septa are suggestive of dwarfing. 
Most of the ammonites of the limestones under consideration are, however, 
heavily recrystallized. Thus, neither the suture line, nor the length of the 
body chamber, nor the spacing of the septa can be directly examined. 
As evidenced by the type of microfacies sampled from Bed 10, the septum 
can be analysed in thin section. The recrystallized tests, however, are too 
friable, the number of complete specimens being too low to enable one to 
undertake any biostatistical analysis of dwarfing upon its merits. Sporadic­
al occurrence of large specimens would not preclude the possibility of 
dwarfing, since these may have come from a foreign habitat and got ad­
mixed to the small specimens. It is rather the abundance of small-sized
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species, particularly so cf Coeloceras, that speaks against the presence of 
a dwarfed fauna. The preservation of these is very much like that of the 
rest of the fauna, so thai it would be rather difficult to explain their pre­
sence by a different habitat. Accordingly, there is no need to suppose any 
such external factor which would have negatively affected the growth of 
the entire fauna. Considering the fact that the thicker shells of the adults 
are more resistive to mechanical stresses than it is the case with the youth­
ful specimens, it is impi obable that the small specimens would be inner 
whorls, crushed posthumously and thus preserved, of adult shells. The 
fauna of the middle white limestones seems to consist of “normal” speci­
mens of small-sized species and of youthful specimens of “normal” 
species. This hypothesis

The middle white 1
; is still to be verified by quantitative analyses, 
limestones (inclusive of the transitional Beds 29 

and 30) are extremely abundant in ammonites: 192 specimens per cubic
ed. In reality, however, the ammonite content of 
of this figure! The separation of ammonite shells 
leposited in, one another — a prerequisite for 

metre have been collect 
the rock is the multiple 
superimposed upon, or
exact counting — is unfeasible. Also the presence of fragments renders 
counting difficult. The given value does not express in absolute figure the 
faunal abundance of the limestones under consideration. It is merely a 
means of comparison wit h the faunal contents of the under- and overlying 
strata. The marked flue nation of faunal abundance in the different beds,
expressed in converted values with regard to an average bed thickness of 
10 cm, is due to the uneven distribution of organic detritus and calcareous 
silt lenses.

iew of its way of living, the fauna can be divided 
oraminifers, sponges, lamellibranchs, gastropods, 

From the point of л 
into two main groups. E'
brachiopods, and echincderms form bottom-dwelling communities, while 
Cephalopoda and “Palec trix” belong to the pelagic habitat situated above 
sea bottom. Of the group of benthonic organisms the foraminifers, lamelli­
branchs, gastropods, and sea urchins conduct a mobile way of living on 
sea bottom, whilst siliceous sponges, brachiopods and crinoids are sessile.
However, considering th: 
ossicles are isolated and

at the spicules of siliceous sponges and the crinoid 
that the light shells of Brachiopoda, very liable 

to transporting, are unanchored from sea bottom after the death of the 
animal, there is no evic ence which would prove that the place of burial 
of sessile benthos, predominant in the Kericser fauna, would correspond 
to its habitat. On the cjntrary, an unconsolidated bottom, consisting of 
a detritus of organic tests, is unsuitable for sessile benthonic life. Hence 
the total absence of organisms grown on sea bottom (calcareous algae, 
Ser pula, Ostrea, Bryozoa). The exposed profile provides direct informa­
tion only about the piac э of burial of the benthonic and pelagic organisms. 
Thus the original habitat, which in the case of sessile benthonic organisms 
must have been a hard bottom, remains obscure. Judging by the abund­
ance and preservation o:'the fauna, the rocky sea bottom, more or less free 
of sedimentation and oiten exposed to submarine erosion, seems to have 
lain near-by. The youn^ ammonites may have dwelt close to this hard 
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bottom. As suggested by Eichler-Ristedt (1966), present-day 
Nautilus attaches its ovules to the bottom and lives, while young, in 
shallow waters. Hence the absence of youthful ammonites in the am- 
monitico rosso facies corresponding to a basin environment.

The limestones are suprisingly poor in Phylloceras and Lytoceras: 
10.5%. The change of this percentage, accompanied by a boom of ben­
thonic organisms, suggests the shallowing of the sea, at least as regards 
the surrounding, morphologically higher, areas. Sedimentation becomes 
more regular: from Bed 31 on, the ammonites indicative of a mixed or 
condensed fauna are absent. That the lower part of the white limestones 
belongs to the Ibex Zone is evidenced by the presence of Holcolytoceras 
nodostrictum (Bed 27) and Beaniceras sp. aff. costatum, respectively. The 
single specimen of Androgynoceras sp. aff. sparsicosta found in Bed 20 
suggests the presence of the lower part of the Davoei Zone (Maculatum 
Subzone). On the basis of the occurrence of Prodactylioceras cf. davoei, 
Bed 11 still undoubtedly belongs to the Davoei Zone. Judging by the 
identity of fauna and facies, no change in environment took place at the 
Carixian-Domerian boundary (Bed 10). Beside the lack of Prodactylioceras 
and Coeloceras, the Lower Domerian is indicated by those representatives 
of Protogrammoceras (P. sp. aff. isseli: Bed 7) and Fuciniceras (F. cf. 
portisi: Bed 8) which in the territory of Aveyron occur in the Stokesi 
Zone. In Aveyron, Protogrammoceras isseli is the index fossil of the top 
of the Stokesi Zone. Since the white limestones do not contain any species 
indicative of a higher, Margaritatus, zone, the deposition of these lime­
stones must have lasted from the top of the Ibex Zone up to that of the 
Stokesi Zone.

3. The upper red limestones

The upper red limestones overlie the white ones with a marked change 
in facies. Their thickness totals 227 cm (Beds 1 — 6). The limestone is red, 
well-stratified, with brown, grey and yellow mottles, locally with mangan­
ese nodules. Like the lower red limestones, this facies also belongs to the 
type of the calcareous ammonitico rosso.

The lower beds of the upper red limestones contain brachiopods, 
crinoids, foraminifers and siliceous sponges, whereas their upper part is 
characterized by cross-sections of Bositra (?) shells (“Paleotrix”).

The limestone contains few and normal-sized ammonites. These are 
poorly preserved specimens, mostly shelled and often coated by limonite. 
In many cases, the shell is preserved only on one side, the other having 
been lost to subsolution. The majority of the collected specimens are 
fragments, which is also due to subsolution processes. The quantity of 
ammonites per one cubic metre is 12,7 specimens.

In Bed 4 of the red limestones, rounded ossicles of Crinoidea are 
frequent. Initially, these were impregnated by iron-rich solutions which 
have prevented the skeleton from being completely comminuted. Already 
affected by attrition, the outer parts ofcrinoid ossicles were later bleached
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Fig. 8. The upper red limestone s. Crinoid ossicles (first impregnated by iron oxide and then 
rounded off) and benthonic foraminifers (Bed4) (magnification: 11 x)

by subsolution process 
working and redeposition

138. All these phenomena indicate, beside re- 
an enrichment of the Fe content and, undoubt -

edly, a break in sedime itation. The unconsolidated bioclastics under­
neath seem to have been responsible for the fact that no ferromanganese-
coated hardground coulc. 
limestones.

develop at the contact of the white and red

In the fauna of the t pper red limestones the representatives of Phyl-
loceras and Lytoceras ha 
abundance of “Paleotrix’

ve a larger share (31%). The increase of the 
and the decline of benthonic organisms indicate

either the cessation of earlier resedimentation processes (the neighbour­
ing, higher, seamount-bei ches may have subsided so deep that the exuber­
ance of benthos was cut short, or the direction of transporting was chang-
ed) or the onset of a new phase of subsidence.

As regards their faunal character (frequency; percentage of Phyl-
loceras + Lytoceras), the । 
the Upper Domerian (8

.ower beds of the red limestones correspond to 
Ipinatum Zone) of the vicinity. Accordingly,

despite the fact that E naciaticeras, a fauna rather frequent in other
areas, could not be four, 
(having a total thickness । 
trix”, are considered to b

d at Kericser locality, the basal Beds 6 and 5 
of 64 cm), which do not yet contain any “Paleo- 
e the final member of the Pliensbachian.
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Fig. 9. The upper red limestone (Bed 2). Bositra (= “Paleotrix”) cross-sections, foramini- 
fers and ostraeods (magnification: 12 x)

On the basis of the presence of Hildaites cf. serpentinum the upper 
part of the red limestones, Bed 3, must belong to the Falcifer (Serpenti­
num) Zone of the Lower Toarcian Substage. As for the Tenuicostatum 
Zone, its presence cannot be evidenced by fauna here either. The Hildo- 
ceras specimens of Beds 1 and 2 testify to the presence of the lower part 
of the Bifrons Zone.

II. PALEONTOLOGY

Irrespective of the new species, a total of 86 ammonite species and 
subspecies have been identified out of the Kericser fauna. The greater 
number of forms determined with a question mark can be explained 
by the adverse conditions of preservation. According to the classification 
developed by Arkell (1957), the fauna belongs to 12 families.

1. Phylloceratidae

Irrespective of ammonite-free Bed 6 and of Bed 26 poor in fauna, 
the family is represented, though subordinately, in all beds. The follow­
ing species have been determined:

Phylloceras hantkeni (S c h 1 о e n b a c h in Prinz, 1904)
Phylloceras sp. aff. hantkeni (Schloenbach in Prinz, 1904)
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Phylloceras zetes (d’ Orb 
Phylloceras meneghinii G 
Phylloceras bonarellii В i

ig ny, 1849) 
emmellaro, 1874 

f 11 о n i, 1900
Phylloceras hebertinum (] I e у n ё s, 1868)
Phylloceras disciforme (F e у n ё s, 1868)
Phylloceras sp.
Partschiceras cf. anonymum (Haas, 1913)
Partschiceras sp.
Calliphylloceras alontinwr i (G emmellaro, 

1884)
Calliphylloceras seroplicatum (Hauer, 1854)
Calliphylloceras emeryi (Jett oni, 1900) 
Calliphylloceras cf. bicicolae (Meneghini,

1867-1881)
Calliphylloceras cf. geyeri 
Calliphylloceras sp.

(Bonarelli, 1895)

Known to occur in í Imost all beds, the
family is most abundant in Beds 32 and 36.
Phylloceras and Calliphyll jceras can be traced 
throughout the profile. Cc lliphylloceras emeryi
is particularly frequent, 
of Partschiceras are rath

The representatives 
sr characteristic of

the lower part of the profile: available in the 
lowermost Bed 36, they are particularly 
abundant in Beds 32 and 33. Single spéci­

Fig. 10. Percentage distribu­
tion of Phylloceras by beds

mens occur in Beds 25 — 14, too. Because* of
its long stratigraphic range, the family is of 
subordinate importance.

2. Juraphyllitidae
Except for the top । >f the profile, the representatives of Juraphylli-

tidae are rather frequent: 
Juraphyllites libertus (G smmellaro, 1884)
Juraphyllites sp. aff. liber tus (G emmellaro, 1884)
Juraphyllites planispira [Beyn és, 1868) n. subsp.
Juraphyllites cf. nardii (Meneghini, 1853)
Juraphyllites cf. lunensis 
Juraphyllites sp.
Harpophylloceras eximius

(De Stefani,

(Hauer, 1854)
Meneghiniceras cf. bicicolae (Bonarelli,
Galaticeras aegoceroides ( 
Galaticeras (n. subgen.) n 
Galaticeras sp.

sp.

1886)

1895)
1884)

Numerically, the family is most abundant in Beds 36, 35,16 and 5. Of
Juraphyllites, the species u . libertus is most abundant; its specimens, and the
ones identified with a ques tion mark because of their poor preservation, can
be traced across almost the entire profil — from Bed 33 up to Bed 7
inclusive. The first, uncertain, representatives of Harpophylloceras appear
in Bed 31 and still occur in Bed 7, too. Meneghiniceras is confined to the
lower red limestones (Becs 34 — 30) Galaticeras, to the lower beds of these 
limestones (Beds 36 — 33).
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3. Ectocentritidae

The family is very rare at Kericser locality:
Holcolytoceras quadrijugum (Rosenberg, 1909)
Holcolytoceras nodostrictus (Qu en stedt, 1885) 
Holcolytoceras sp.
Peltolytoceras ? sp.

Holcolytoceras nodostrictus was found in Beds 27 and 34, H. quadri­
jugum in Beds 20 and 21. Peltolyceras belongs to Bed 35. Holcolytoceras 
is characteristic of the Ibex Zone, while Peltolytoceras belongs to the 
Sinemurian.

4. Lytoceratidae

On the Kericser the following Lytoceras species have been found:

bifrons
---------- serpentinum?

Fig. 11. Percentage distri­
bution of Lytoceras by beds

percentage terms, Bed 4

Lytoceras ovimontanum (Geyer, 1893)
Lytoceras cf. baconieum Vadász, 1910
Lytoceras cf. czjzekii (Hauer, 1853)
Lytoceras cf. fuggeri Geyer, 1893
Lytoceras cf. fimbriatum (Sowerby, 1817)
Lytoceras cf. haasi G é c z y, 1967
Lytoceras sp. aff. celticum (Geyer, 1886)
Lytoceras cf. fimbriatoides Gemmellaro, 1884 
Lytoceras hierlatzicum Geyer, 1886, n. subsp. 
Lytoceras sp.
Audaxlytoceras apertum (Geyer, 1893)

The genus Audaxlytoceras — which 
Arkell (1957, p. 199) referred, with some 
reserve, to the family Nannolytoceratidae — 
has been discussed here with the family 
Lytoceratidae. A few representatives of 
Lytoceratidae can be encountered in most 
beds, but they do not become predominant 
in any of them. It is in the lower red limesto­
nes, Beds 31, 32 and 34, that they can be 
collected in comparatively great number. In 

too is Lytoceras-bearing, but this occurrence
cannot be evaluated upon its merits because of the extremely low number
of specimens.

5. Schlotheimiidae

The family is represented by a single specimen of 
Angulaticeras sp.

found in Bed 33.
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6. Arietitidae

Of this family three gmera are known:

Arnioceras ceratitoides (Q 
Arnioceras sp.
Arnioceras ? sp.
Asteroceras ? sp.
Gymbites ? sp.

lenstedt, 1849)

All representatives of Arnioceras and the big specimen, which be­
cause of its poor preservation has been referred, just with a question 
mark, to the genus Asteroceras, were found in Bed 35. Owing to its poor 
preservation state, Aster oceras cannot be evaluated chronologically.
Arnioceras ceratitoides is characteristic of the middle part of the Sine- 
murian (conf. Wissne r, 1958, p. 64).

7. Oxynoticeratidae

The specimens belonging to the family derive from Bed 34. These
are as follows:

Gleviceras victoris (D u m о r t i e r, 1867) n. subsp.
Gleviceras sp.
Radstockiceras ef. buvigniei i (d’Orbigny, 1844)

According to Bremer (1965, p. 149), Gleviceras victoris is fre­
quent in the Raricostatu: n Zone, while Radstockiceras buvignieri is in­
dicative of the Jamesoni Zone.

8. Echioceratidae

In the lower member if the lower red limestones 10 poorly preserved 
ammonite specimens were found, which have been referred conditionally 
to the following three genera of the family:

Palaeoechioceras 1 sp.
Paltechioceras 1 sp.
Echioceras ? sp.

Palaeoechioceras 1 was found in Beds 33 and 34, Paltechioceras 1 in Bed
36, Echioceras 1 in Bed 33. As shown by Dean, Donovan and 
Howarth (1961, p. 438), Palaeoechioceras occurs in the upper part 
of the Oxynotum Zone. Paltechioceras and Echioceras are indicative of the 
Raricostatum Zone.

9. Eoderoceratidae

On the Kericser the family is rather richly represented:
Microderoceras cf. birchi (Sowerby, 1820)
Microderoceras n. sp. aff. neberti (Oppel, 1866) 
Microderoceras n. sp.
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Eoderoceras of. armatum (Sowerby, 1815)
Eoderoceras sp. aff. armatum (Sowerby, 1815)
Eoderoceras n. sp. aff. sellae (Ge m mellár o, 1884)
Crucilobiceras gemmelaroi i(L e v i, 1896)
Crucilobiceras densinodum (Quenstedt, 1849)
Crucilobiceras cf. muticum (d’ О r b i g n y, 1884)
Crucilobiceras sp.
Crucilobiceras ? uhligi (Rosenberg, 1909)
Coeloceras sp. aff. pettos (Quenstedt, 1843)
Coeloceras sp. aff. pettos planula (Quenstedt, 1885)
Coeloceras sp.
Coeloceras I incertum F u c i n i, 1905
Coeloceras ? incertum F u c i n i, 1905 n. subsp.
Coeloceras ? cf. simulans subplanatum F u e i n i, 1905
Coeloceras 1 fallax Fucini, 1905
Coeloceras ? cf. obesum Fucini, 1905
Coeloceras I n. sp. aff. obesum Fucini, 1905
Coeloceras ? sp. aff. intermedium Fucini, 1905
Coeloceras ? n. sp.
Coeloceras I sp.
Prodactylioceras cf. davoei (Sowerby, 1822)
Prodactylioceras cf. enodis (Quenstedt, 1885)
Prodactylioceras cf. italicum (M eneghi n i in F u ci n i, 1900)
Prodactylioceras cf. aegrum (Fucini, 1905)
Prodactylioceras sp.

Microderoceras is known to occur sporadically in the lower red 
limestones (Beds 33 — 34). According to Dean, Donovan and 
Howarth, Microderoceras birchi is a subzonal index in the upper 
member of the Caenisites turneri Zone. According to W i s s n e r (1958, 
p. 82), it is characteristic of the Obtusum Zone. Bremer (1965, p. 
152) has shown M. birchi s. 1. to reach as high as up to the Oxynotum Zone. 
A few specimens of Eoderoceras were found in Beds 36, 33 and 32. Accord­
ing to Dean, Donovan and Howarth (1961, p. 459, 461),

Fig. 12 a, b. Coeloceras ? n. sp. aff. obesum Fucini, 1905 (Bed 25)
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Eoderoceras armatum and E. miles characterize the Raricostatum Zone
(E. miles does so the upper part of the zone: Macdonelli and Aplanatum
Subzones). Crucilobiceras las somewhat greater vertical range — its
representatives are most frequent in the basal bed (Bed 36) of the red 
limestones, while the last s jecimens can be collected from Bed 30. In the
territory of Central Wiirtl 
forms, as shown by Söll

emberg the species Crucilobiceras densinodum 
(1956, p. 371), the lowermost subzone of the

Raricostatum Zone. The r spresentatives of Coleoceras occur sporadically 
in the upper beds of the lower red limestones (Bed 31). In Bed 27 they
show a sudden increase in number, to become abundant (34 specimens)
in Bed 25. Still rather freqt ent in Beds 21 — 19, they show a rapid decrease 
in the higher member of the middle white limestones, to disappear totally 
in Bed 9.

Those forms of a new genus, which have CMoceras-shaped inner
whorls and a Reynesoceras
conditionally referred to C<

( like, simple-ribbed body chamber, have been
oeloceras.

Fig. 13. Coeloceras ? incertum F acini, 1905 n. ssp. The red calcareous silt fills up only 
the lower jart of the body chamber (Bed 26)
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The acme of Prodactylioceras follows that of Coeloceras: the first rep­
resentatives of the former appear in Bed 19, they are most abundant in 
12, and they have their last representatives in Bed 11. According to 
Dean, Donovan and Howarth (1961), P. davoei occurs in 
the top of the zone named after it (Capricornum and Figulinum Subzo­
nes). In the Mediterranean regions both genera are represented by several 
species of clear systematic position. Prodactylioceras can be readily used 
as indices of the Davoei Zone, while the life range of Ooeloceras is lon­
ger than in the territory of Southwest Europe (conf. Spath, 1928, p. 
257).

10. Polymorphitidae

Rather poor in population, the family is represented by a rich variety 
of species:

Poly morphites sp.
Platypleuroceras rotundum (Quenstedt, 1885)
Platypleuroceras ? sp.
Gemmellaroceras alloplocum (G e m m e 11 a r o, 1884)
Gemmellaroceras sp.
Acanthopleuroceras cf. valdani (d’O r b igny, 1844)
Acanthopleuroceras sp.
Tropidoceras subarietiforme (Fütterer, 1893)
Tropidoceras cf. arietiforme (Oppel, 1853)
Tropidoceras cf. masseanum (d’ О r b i g n y, 1842)
Tropidoceras cf. masseanum mediterraneum (Gemm e Ila r o, 1884)
Tropidoceras cf. flandrini (Dumortier, 1869)
Tropidoceras cf. galatense (Gem m ellar o, 1884)
Tropidoceras cf. ellipticum (Sowerby, 1815)
Tropidoceras cf. actaeon (d’ О r b ign y, 1843)
Tropidoceras cf. calliplocum (Ge m m e liar o, 1884)
Tropidoceras sp. aff. lineatum (Spath, 1923)
Tropidoceras n. sp. aff. arietiforme (Oppel, 1853)
Tropidoceras sp.

It is strictly confined to the lower part of the lower red limestones 
(Beds 36 — 32). Single specimens of Polymorphites were encountered in 
Beds 33 and 34. According to Arkell (1957, p. 248), this genus cha­
racterizes the Jamesoni Zone. Also characteristic of the Jamesoni Zone, 
Platypleuroceras can be found in Beds 33 and 32. Gemmellaroceras, em­
bracing, as shown by Arkell (1957, p. 249), theRaricostatum and 
Jamesoni Zones, is represented by a single specimen in both Bed 35 and 
Bed 33. Two specimens of Acanthopleuroceras are known from Bed 33. 
As shown by Dean, Donovan and Howarth (1961, p. 465), 
A. valdani is the index fossil of the middle subzone of the Ibex Zone. 
Tropidoceras is the richest genus of the family. Particularly frequent in 
Bed 36, its representatives can also be found in Beds 34 and 33. Tropido­
ceras is characteristic of the lower part of the Ibex Zone (Fütterer, 
1893, p. 328), T. masseanum itself being the index fossil of the lower sub­
zone of the Ibex Zone (Dean, Donovan, Howarth, 1961 p. 
464).
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11. Liparoceratidae

The following representatives of the family have been collected:
Liparoceras sp. aff. subst 
Liparoceras sp.
Liparoceras (Becheiceras 
Liparoceras (Becheiceras

' latum Spath, 1938

sp.
? sp.

Beaniceras sp. aff. costatum transiens Spath, 1938
Androgynoceras sp. aff.
Androgynoceras sp.

sparsicosta (Trueman, 1919)

The first representatives of Liparoceras appear as low as the lower, 
mixed part of the lower red limestones (Bed 34) and reach up to Bed 22.
Liparoceras sp. aff. substriatum was found in Bed 32. According to 
Spath (1938, p. 56), tie type of substriatum belongs to the Ibex Zone. 
A subgenus of Liparocerc s (Becheiceras) can be traced from Bed 21 up to 
Bed 12. A single specimen of the genus Beaniceras is known from Bed 22.
According to Spath, Beaniceras characterizes the upper part of the
Ibex Zone (Centaurus Su izone) (1938, p. 98). Whereas the representatives
of Liparoceras and Bean 
fauna, in Beds 11 and li 
nites, referred conditiona

ceras are just accessory elements of the Kericser 
a comparatively large number of small ammo- 

ly to the genus Androgynoceras, can be collected.
In Bed 12 Androgynocerc s ? n. sp. is represented by 45 specimens, in Bed
11 Androgynoceras ? sp. is by 7 specimens. The first Androgynoceras ap-

irm related to A. sparsicosta did so in Bed 20. 
1938, p. 35), sparsicosta is characteristic of the 

peared in Bed 23, the f r 
According to Spath (]
lower part (Maculatum S ubzone) of the Davoei Zone.

12. Hildoceratidae

The family Hildocei atidae is the predominant group of the Kericser 
fauna:

Arieticeras sp.-
Protogrammoceras pseudc fieldingii (Fucini, 1904)
Protogrammoceras isseli (Fucini, 1900) n. subsp.
Protogrammoceras sp. aff. isseli (Fucini, 1900) in Monestier, 1934
Protogrammoceras ? sp. aff. instabile (Monestier, 1934)
Protogrammoceras \ inconditum (M о n e s t i e r, 1934)
Protogrammoceras sp. aff 
Protogrammoceras sp.
Fuciniceras inclytum (Б 
Fuciniceras lavinianum

naxense (Ge m me liar o, 1885) in Monestier, 1934

u c i n i, 1900) 
(F u c i n i, 1900)

Fuciniceras cf. lavinianum brevispiratum (F u c i n i, 1900)
Fuciniceras cf. capellinii 
Fuciniceras cf. portisi (
Fuciniceras portisi zittélrana (F u c i n i, 1900)

(Fucini, 1900) in Monestier, 1934 
? u c i n i, 1900)

Fuciniceras cf. ambiguu 
Fuciniceras n. sp. aff. gi 
Fuciniceras n. sp.
Fuciniceras t sp. 
Polypleclus sp.

n (Fucini, 1900)
. schoepeni В e 11 о n i, 1900 non Gemmell a ro, 1885
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Polyplectus cf. pluricostatus (Haas, 1913)
Maconiceras sp.
Hildaites sp.
Hildaites cf. serpentinum (Reinecke, 1812)
Hildaites ? sp.
Orthildaites orthus В u с к m a n, 1923
Hildoceras sp.

Most frequent representatives of the family are Protogrammoceras 
and Fuciniceras: in Bed 3 their share exceeds 90%. In case of youthful 
specimens it has been rather difficult to distinguish between the two

Fig. 14. Orthildaites cf. orthus В u с к m a n from the upper red limestones

genera. Du bar and Mouterde (1961, p. 239) have every right to 
emphasize the marked variability of the two groups during ontogenesis. 
Therefore it seems to be justified to include the specimens still lacking 
generic features in a separate group (= Fuciniceras % sp.) and to delay 
any more precise identification until further research may unravel the 
puzzle of their relation to the adults of Protogrammoceras or Fuciniceras 
species. Sporadically, Protogrammoceras can also be encountered in the 
lowermost beds (Bed 36), being frequent in the lower, rather than the

4 ANNALES — Sectio Geologica — Tomiis XIV.



50 Géczy, В.

upper, part of the profile. According to a revision by Mattei (1967), 
the form described as Protogrammoceras isseli by Mon es tier is 
a subzonal index of the upper part of the Stokesi Zone. According to 
Monestier, 1934, Protogrammoceras ? inconditum and P. 1 instabile

Hildoceras sp.

Hildaites cf. serpentinum

Protogrammoceras sp. aff. 
i iseli Fuciniceras cf. portisi

Prodactylioceras cf. davoei

Androgynoceras sp. aff. 
sparsicosta

3eaniceras sp. aff. costatum

dolcolytoceras nodostrictus

Liparoceras sp. aff. substriatum 
Acanthopleuroceras cf. valdani 
Tropidoceras cf. masseanum 
Eoderoceras cf. armatum 
Angulaticeras sp.
Microderoceras cf. birchi 
Crucilobiceras densinodum 
Arniocéras ceratitoides

bi fcons 
эё^^Цпит ? 

spina tum ?

stokesi

davoei

ibex

ibex-obtusum

Fig. 15. Occurrence of chronologically characteristic species in the Kericser profile
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are also characteristic of the lowermost Domerian. The first representa­
tives of Fuciniceras can be collected in Bed 34. In the upper beds of the 
profile, with the decline of Protogrammoceras, they become gradually 
more frequent. According to Mouterde, 1967, Fuciniceras portisi is 
characteristic of the lowermost Domerian. Arkell (1957) considers 
Protogrammoceras and Fuciniceras to belong to the Upper Pliensbachian 
Substage and, conditionally, to the Lower Toarcian. In the West Medi­
terranean region, the territory of the High Atlas, D u b a r showed 
them convincingly to occur in association with Tropidoceras and Eodero- 
ceras in the Lower Pliensbachian. At Kericser locality both genera are 
undoubtedly frequent in the Ibex Zone already, and, considering the 
mixed and condensed nature of the lower red limestones, their extension 
into even deeper-seated strata does not seem improbable at all. The 
representatives of Hildaites and Orthildaites are indicative of the Lower 
Toarcian Serpentinum Zone, whereas Hildoceras testifies to the presence 
of the Bifrons Zone.

Conclusions

On the basis of the quantitative and qualitative analyses of am­
monites from the Kericser, it can be admitted that in Pliensbachian time 
this area lay in the marginal zone of an inter-seamount basin, where 
sedimentation was affected by the resedimentation processes of the sur­
rounding territory. A still continuous submarine platform in Late Trias­
sic time, it was disintegrated into seamounts and inter-seamounts during 
the Early Lias. Disintegration was due to dilatational tectonic movements. 
The penecontemporaneous sediments of the seamounts — first the al­
ready consolidated sediments and then also the still unconsolidated 
ones — were removed by slumping and deposited under continuous pelag­
ic conditions in the marginal zone of the leptogeosynclinal sedimentary 
basin. The locally increased thickness of the Pliensbachian is due to the 
accumulation of allochtonous biogenic materials (seamount-dwelling 
brachiopods, crinoids and small ammonites). The disappearance of al­
lochtonous elements in the uppermost Pliensbachian indicates that the 
environmental conditions must have been well-balanced over a con­
siderably large area. Beside the Mediterranean nature of the Bakony 
Mountains Liassic sediments and the apparent lack of deformations, the 
rate of tectonic movements also corresponds to the conditions existing 
in the Southern Alps (Bernouilli, 1964, A u b о u i n, 1965). 
Accordingly, it is not only in the south, but in the east as well that the 
central mass of the Alps is bordered by areas of analogical structure.
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РЕЗЮМЕ

Вскрытие и разработка среднемиоценовых (тортонских) лигнитов месторожде­
ния Хидаш в северо-восточной части гор Мечек были начаты ПО лет тому назад. 
Однако, состоящая из семи пластов лигнитоносная толща до сих пор не была под­
вергнута углегеологическим исследованиям. Результаты, полученные различными 
исследовательскими методами, сводятся к следующему.

Тортонские лигнитовые пласты являются гетеропической фацией толщи типа 
„лейта”, представленной пресноводными и солоноватоводными осадками, образо­
вавшимися в прибрежно-мелководных условиях. Внутри толщи можно выделить 
три подразделения как по горизонтали, так и по вертикали. Тектоническое строе­
ние лигнитового бассейна характеризуется частым чередованием антиклиналей и 
синклиналей, осевые линии которых простираются с СВ на ЮЗ. С юга на север 
увеличивается мощность лигнитоносной толщи (с 30—45 м до 90-110 м).

По результатам палинологических исследований (106 элементов флоры) 
лигнитоносная толща характеризуется среднемиоценовым спектром флоры гор 
Мечек. В отличие от результатов проведенных до сих пор исследований - в основ­
ном ксилотомических —.очевидно, что наряду с представителями сосновных листо­
падающие деревья также сыграли значительную роль в формировании угля. Об 
этом свидетельствуют результаты углепетрографических исследований. Изучением 
образцов под микроскопом было выделено десять типов лигнитов, на основании ка­
чественно-количественного распределения которых можно было сделать как на­
учные, так и практические выводы.

Проведенные углехимические исследования дополнили результаты углепетро­
графических исследований новыми данными и подтвердили их. При этом были уста­
новлены углехимические параметры лигнитов месторождения Хидащ. На этом 
основании было установлено, что из-за небольшой степени углефикации лигниты 
месторождения Хидаш не пригодны для использования в химической промыш­
ленности. В качестве топлива лигниты могут быть экономично использованы после 
гидратации, так как до зольности 20% они имеют калорийность свыше 4000 ккал/кг.

Судя по результатам исследований рассеянных элементов распределение этих 
элементов не позволяет выделять какие либо болотные зоны, причем нельзя уста­
новить никакую другую закономерность. Наблюдаемое обособление элементов 
обусловлено исключительно биофильным характером отдельных элементов. В про­
тивоположность прежним выводам автора настоящей работы (1966 — 67 гг..), барий 
(Ва) не обнаруживает коррелятивной связи с относительно более повышенным 
содержанием стронция (Sr). Это тем более любопытно, так как в 1968 г. Дь. Буда 
установил корреляцию между этими двумя элементами в полевых шпатах гранитов 
кристаллического фундамента южного предполя бассейна Хидаш, то есть в мине­
ралах, из которых по всей вероятности происходят рассматриваемые элементы. 
Вместе с тем, автор работы установил, что содержание SrO в мергелистых прослоях 
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лигнитоносной толщи и в золе самих лигнитов составляет 1,53%. Концентрация 
стронция уменьшается с 2,3% в южной части бассейна до 0,78% в северной части.

В заключение можно (делать вывод о том, что интенсивные колебательные 
движения бассейна привели < частому чередованию болотных зон в нижней и верх-
ней частях лигнитоносной т( лщи, в то время как соседняя часть образовалась в у- 
словияхсплошного,выдержанного болота, охватывавшего большую часть рассмат­
риваемой территории. На основании результатов исследований можно с большой 
надежностью выявить как область сноса, так и направление траснпорта.

Die kohlengeologisc
Einleitung

те Untersuchung der im NO-Teil des Mecsek-
Gebirges bei Hidas bekannten Braunkohlenserie tortonischen Alters
wurde im Rahmen eines 
gischen Erforschung dei 
Ungarn vorgenommen.

komplexen Forschungsprogrammes: der geolo- 
mittelmiozänen Braunkohlenlagerstätten von

Die folgende Aufgabe ist noch zu lösen: auf Grund detaillierter 
Bergbau- und Tiefbohrangaben, sowie anhand der Ergebnisse von La­
boruntersuchungen muss der geologische Bau der Braunkohlenserie
geklärt werden. Zu erki 
das Klima, das zur Bildur;

nden sind noch die ehemalige Vegetation und 
gszeit der Kohlenflöze herrschte. Ferner müssen

auch noch die Bildungsbedingungen, die Moor- und Sumpfverhältnisse,
die zu erwartende Qua 
Brikettierfähigkeit anhai
der Kohlengesteinstyper 
Feststellung der Qualität

1 tätsverteilung der Kohle und die Frage deren 
,nd der qualitativen und quantitativen Verteilung

barkeit der Braunkohle 
meter. Ausserdem ist au

geklärt werden. Eine weitere Aufgabe ist die 
;, der chemischen Zusammensetzung und Nutz­
anhand verschiedener kohlenchemischer Para­

ich noch die Verteilung von Spurenelementen in
der Kohlenserie zu ern itteln und die eventuell bestehenden Gesetz­
mässigkeiten dieser Verteilung sind nachzuweisen.

Die komplexe geolo; 
ist bis heutzutage nicht

(gische Untersuchung der Kohlenserie von Hidas 
vorgenommen worden, trotz der Tatsache, dass

die geologische Forschung und Erkundung, sowie die Inangriffnahme der 
Braunkohlenförderung arf eine 110-jährige Vergangenheit zurückblicken 
kann (1860). Gleich nach jenem Datum im Jahre 1861 erarbeitete der
österreichische Geologe 
1862 erschienenen Aufsa 
des Gebietes.

£. F. Peters ein Gutachten und in seinem 
uz beschrieb er die stratigraphischen Verhältnisse

Dem ersten Aufsats 
I. Lorenthey (189<) 
J. В ö с к h (1888, bzw 
Mecseker Gebiet.

folgten die Arbeiten von J. К о к á n (1874), 
, F. Hauer (1870) und F. H о f f m a n n — 
. 1907) über die Lagerstätte Hidas bzw. das

Die nächste Forschungsperiode und mitsamt auch die geologische 
Erkennung der Umgebung von Hidas wird durch die Tätigkeit von
E. Vadász (1935) gekennzeichnet. Äusser ihm befasste sich noch 
L. S t r a u s z (1926) mit den jungterziären Ablagerungen des Mecsek - 
Gebirges.

In der intensiven Entwicklung der geologischen Erkundungsarbeiten 
und der Kohlenförderung spielte S. Vitális die Rolle des Anregers, 
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der im Jahre 1944 — trotz des niedrigen Erkundungsgrades — die Braun­
kohlenvorräte von Hidas auf 100 Millionen Tonnen schätzte. S. Vitális 
hat die geologische Reambulierung des Braunkohlenbeckens durchge­
führt. Dank diesen Arbeiten wurde die Kohlenlagerstätte eingehend er­
kundet und die Kohlenförderung erheblich beschleunigt.

Die montangeologischen Beobachtungen von Gy. Wein (1949), 
die geologischen Aufnahmen von J. N о s z к у (1950) und die mono­
graphische Bearbeitung der Fossilien durch I. Cs. Meznerics 
(1950) leisteten grosse Beiträge zur geologischen Erkennung der Lager­
stätte Hidas. Im Bereiche der Stratigraphie, Faziologie und Tektonik 
waren G. Hámor (1961), M. Földi (1964), sowie L. Gyovai 
(1962) — der die Erkundungsarbeiten leitete — tätig.

Geologische Verhältnisse der Kohlenserie von Hidas
Das Braunkohlenbecken von Hidas ist sowohl im S als auch im N 

durch grössere Strukturenelemente begrenzt. Seine südliche Endung hat 
das Becken einer annähernd О — W streichenden Aufschiebung zu ver­
danken, wo das kristalline (im SW-Teil) bzw. das mittelliassische Grund­
gebirge auf die miozänen Formationen geschoben ist. An der N- und 
NW-Seite wird die Braunkohlenserie durch den Querbruch von Nagy- 
mányok bzw. durch die infolge einer Aufschuppung nördlicher Vergenz 
zu Tage getretenen und verhältnissmässig hochragenden mitteltriadischen 
Scholle begrenzt (siehe Abb. 1).

Gegen W ergibt sich in einer submeridionalen Richtung eine natür­
liche Grenze für die Kohlenserie, infolge ihres Auskeilens. Wegen des NO 
gerichteten Einfallens der Kohlenflöze und des Nebengesteins ist die 
Verbreitung der Kohlenserie ost- bis nordostwärts offen, d. h. noch nicht 
abgegrenzt. Die östlichst gelegene Tiefbohrung (H-53) im Gebiet hat die 
Kohlenserie in einer Tiefe von 590 m unter der Tagesoberfläche, in einer 
Gesamtmächtigkeit von ca. 80 m angestossen. Während die Kohlenserie 
bis zu 2 km Entfernung von der westlichen Oberflächen-Auskeilungslinie 
nicht abgegrenzt ist,findet man längs der submeridionalen Streichrichtung 
in 3,2 bis 3,3 km Entfernung ihre deutliche Abgrenzung (siehe Abb. 1).

Auf einer Fläche von ca. 6 km2 wurden insgesamt 82 Bohrungen 
niedergebracht, davon durchteuften 79 die Braunkohlenserie.

Die Braunkohlenserie von Hidas stellt eine geologisch umrahmte, 
gegen О und NO offene Ausbildung dar. Die Kohlenserie ist mitsamt 
ihrem Hangenden (bis zum unteren Pannon) in miteinander parallele 
Antiklinalen und Synklinalen von SW-NO —Achsenrichtung gefaltet. 
Die Achsen dieser tektonischen Richtungen fallen nordostwärts ein, 
demzufolge ist die Kohlenserie allmählich immer tiefer gesunken.

Eine heteropische Fazies der mittelmiozänen (tortonischen) Leitha­
kalkformationen, die Braunkohlenserie von Hidas schliesst sieben 
Flöze in sich ein. Ihr geologischer Bau und ihre räumliche Gliederung 
können auf folgende Weise zusammengefasst werden. In der Kohlenserie 
lässt sich sowohl horizontal, als auch vertikal eine dreifache Gliederung
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erkennen. Von unten nach oben, in vertikaler Richtung, gehen die Süss­
wasserfazies allmählich in Sedimente von immer höherem Salzgehalt 
und schliesslich in echte Meeresablagerungen über. In horizontaler Rich­
tung kann auf Grund der von dem Verlauf der litoral-sublitoraién Zone 
und von der Verbreitung des Beckengebietes abhängigen Absonderung 
eine dreifache Gliederung in unterschiedlichen Fazies nachgewiesen 
werden.

Die vertikale Gliederung widerspiegelt folgende Faziesunterschiede 
(M. Földi 1966).

a) Unteres Glied. Es reicht bis zum Hangenden des aus mehreren 
Bänken bestehenden Flözes VII. In diesem Gliede sind die Gesteins­
zwischenlagerungen vorwiegend durch gelb-gestreifte, zumeist feinsandige 
Tonmergel mit Brotia escheri inornata Wenz., Planorbis alienius Rolle, 
Planorbis sp., Unio sp. vertreten. Rissoa hidasensis Mezn. kann in dieser. 
Formation nur vereinzelt angetroffen werden.

b) Mittleres Glied, das zugleich auch die grösste Mächtigkeit besitzt. 
Das Bergmitteleinschliessende Glied reicht vom Flöz VI bis zu Flöz II. 
Hier sind die ausgesprochen Süsswasser-Formen in den Hintergrund 
gedrängt. Die Gesteinszwischenlagerungen werden hauptsächlich durch 
Rissoa hidasensis Mezn. — eine schon für leicht salziges Wasser charakte­
ristische Form — gekennzeichnet.

c) Oberes Glied. Es ist das Hangende des Flözes II, und seine Mäch­
tigkeit erreicht nur 1,5 — 2 m. Dies ist schon eine ausgesprochen neriti- 
sche Fazies mit Brackwasser-Übergängen. Das ausschliesslich oberhalb 
dieser Schichten befindliche Flöz I berechtigt die Zugehörigkeit dieser 
Formationen zur Kohlenserie. Das beweisen die in grosser Zahl vorkom­
menden Exemplare von Ostrea sp., Anomia sp., Cardium sp., Cardita sp. 
sowie die spärlicheren Vertreter von Aloidis (Varicorbula) gibba Olivi, 
A. carinata Dujl. usw.

In horizontaler Richtung kann die Kohlenserie auf folgende Weise 
gegliedert werden:

— südliche Rand- oder litorale Zone;
— mittlere oder Übergangszone;
— nördliches oder Beckenfazies-Gebiet;
1. In der südlichen litoralen Zone ist die Kohlenserie am kleinsten 

(35 bis 40 m mächtig). Im südlichsten Teil dieser Randzone sind die 
Kohlenflöze dünn, auskeilend, in Linsen zersplittert. Daneben wurden 
die Flöze auch der Erosion unterworfen und z. T. abgetragen. Die Kohlen­
serie besteht vor allem aus oligohalinen Schichten mit Rissoa hidasensis 
Mezn. und nur stellenweise treten Brackwassereinlagerungen von etwas 
höherem Salzgehalt auf.

In den nördlichen Teilen der Randzone ist die Kohlenserie schon 
mächtiger, obwohl die Flöze immer noch in Auskeilen begriffen sind und 
auch der Effekt der Erosion nach gewiesen werden kann.

2. An der südlichen Seite der mittleren oder Übergangszone ist die 
Mächtigkeit der Kohlenserie noch 30 bis 45 m, an der Nordseite erreicht
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sie aber schon 50 bis 75 m und in der Regel können alle sieben Flöze an­
getroffen werden. Das an der Basis gelegene Flöz VII besteht aus 5 bis 7
Bänken, die voneinander durch dünne Zwischenlagerungen mit Brotia- 
Planorbis oder eventuell mit Rissoa getrennt sind. In den Zwischenlage­
rungen können auch mehrere, ein paar cm dicke Rhyolithtuffbänder 
nachgewiesen werden. Die Mächtigkeit des Flözes, zusammen mit den
Einlagerungen, beträgt 4 bis 8 m. Darüber lagern 3 bis 6 m mächtige
Brotia-Planorbis-Mergel md dann folgt das 1 — 2 m mächtige, aus 2 — 3
Bänken bestehende Flöz VI. Obzwar hie und da sowohl das Flöz VI als 
auch das darüber lagernc 
beiden auf dem Gebiet 
werden. Dasselbe gilt am

e Flöz V ausbleiben bzw. auskeilen, können die 
der betreffenden Zone gewöhnlich angetroffen 
;h für die Flöze III und II. Das Flöz IV ist das

mächtigste (3 — 5 m), zusammenhängende Kohlenlager des Gebietes und 
es besteht bloss aus zwe Bänken. Die vertikale Gliederung ist in dieser 
Zone schon nachweisbar

3. Im Raume der B( ckenfazies im N ist die Kohlenserie den Forma­
tionen der Übergangszor e ähnlich aufgebaut. Der Unterschied zwischen 
den beiden besteht vor allem in der Mächtigkeit der Flöze. Hier schwankt 
die Mächtigkeit der Koilenserie zwischen 75 m und 90—105 m. Das
Flöz VII, welches sogar eine Mächtigkeit von 10 bis 18 m erreicht, be­
steht aus 6 bis 10 Bänken. Die Fazies der dazwischen geschalteten Ge­
steine stimmt mit der vorigen überein. Auch in diesem Teilgebiet ist das 
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Flöz IV am mächtigsten (15 bis 20 m), aber gegen N verzweigt es immer 
mehr. Im S ist es jedoch noch vollkommen ungegliedert und 8 m mächtig.

Die Flöze III und II sind im Südteil des Beckenfaziesgebietes be­
kannt. Weiter nach N folgt über dem Flöz IV unmittelbar das Flöz I; 
die Flöze II und III bleiben aus. Diese Tatsache ist darauf zurückzu­
führen, dass die Torton-Transgression den NO-Teil früher als den Süd­
teil des betreffenden Gebietes erreicht haben muss. Die Braunkohlen­
serie wird also vom S nach N zu mächtiger. Während im S die Mächtig­
keit noch 30 — 45 m ist, beläuft sie sicli im N auf 90— 105 m.

Die im weiteren zu besprechenden Teiluntersuchungen wurden an 
den Proben der hiermit veranschaulichten Bohrungen (siehe Abb. 2) 
und Grubenprofile (siehe Abb. 3) durchgeführt.

Die Zahl der analysierten Kohlenproben betrug 115, die der Gesteins­
zwischenlagerungen ca. 200.

Abb. 3. Grundriss des Bergwerkes von Hidas am Niveau +150 (entworfen von L. Ta- 
mashidy)
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Paly nologische Untersuchungen

An den Floraüberresten der Miozänablagerungen des Mecsek-Gebir- 
ges hat E. Nagy (1965) eingehende palynologische Untersuchungen 
durchgeführt. Dabei bestimmte sie das Pollenspektrum der Flora der 
einzelnen Miozänstufen, woraus sie Schlüsse über die Zusammensetzung

die klimatischen Verhältnisse zog.
g der palynologischen Untersuchungen müssen 

der Vegetation und über 
Vor der Besprechun;

wir noch die von Á. Ha 
Untersuchungen erwähn 
zur Familie Taxodiaceae

r a s z t у (1957) durchgeführten xylotomischen 
m, welche die Zugehörigkeit fossiler Pflanzen 
nachgewiesen haben. Dieser Verfasser hat fol­

gende drei Typen untersc hieden:
1. den Typ Taxodioxylon gypsaceum Kräusel, welcher der Art Se­

quoia sempervirens entspricht;
2. den Typ Taxodioxylon taxodi Gothan, welcher der Art Taxodium 

distichum entspric it und
3. den Typ Glyptosiroboxylon tenerum Gonventz, welcher der Art 

Glyptostrobus pensilis entspricht.
Taxodioxylon gypsaceum (Sequoia) ist ein immergrüner Nadelbaum 

der trockenen, sanften Bergabhänge, die beiden anderen Arten sind laub- 
abwerfende Nadelbäum , welche die Moor- und Sumpflandschaften 
bevorzugen. Nach Á. Haraszty wären also die Braunkohlenflöze
von Hidas aus einem ehemaligen Sumpfland, unter bald wärmeren, bald 
vollkommen ausgeglichenen Klimaverhältnissen entstanden. In den 
stärker versumpften Gebieten müssen Taxodium und Glyptostrobus, an 
den sanften Bergabhängen aber Sequoia vorgeherrscht haben.

Die palynologischen Untersuchungen wurden an einer Gesamtzahl 
von 59 Kohlen- und Gesteinsproben durchgeführt. Darunter waren 35
Proben Kohle und tonige Kohle, 24 Proben kamen aus dem unmittel­
baren Deckgebirge oder aus den Gesteinszwischenlagerungen. Die unter - 
suchten Proben stammen aus 4 Tiefbohrungen (H-88, H-89, H-91, 
H-105) und aus 3 Grubenprofilen (siehe Abb. 2 — 3) und umfassen die

poren und Pollen wurden von E. Nagy be-ganze Kohlenserie. Die í 
stimmt.

Aus den 59 Proben 
diesen 106 Formen gehör

wurden 106 Formen der Flora bestimmt. Von 
m 15 zu den Nacktsamern (darunter Coniferen),

67 zu den Bedecktsamern (darunter laubabwerfende Bäume). Mit dem 

Pollen der Taxodiaceae, 
sogar 50% erreicht. Die 
diaceae können palynok 
meisten Fällen ein sich

zeichnet sich Tricolporopollenites aus: 20 Arten, 
chtum konnte bei keiner anderen Gruppe be- 

> einzelnen Gattungen waren höchtens durch 2 
. B. Pinus, Ilexpollenites, Myricipites usw.).
und stellenweise massenhaft vertreten ist das 

grössten Formenreichtun 
Ein ähnlicher Formenre < 
obachtet werden und die 
oder 3 Arten vertreten (z.

Allgemein verbreite!
dessen Anteil in manchen Proben 35 bis 40, ja 
obenerwähnten 3 Gattungen der Familie Taxo- 

: gisch nicht abgesondert werden, da diese in 
aufspaltendes, uncharakteristisches Pollen mit 
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kleiner Lingula besitzen. Auf Grund der xylotomischen Untersuchungen 
müssen wir ohne Zweifel mit dem Vorhandensein aller drei Gattungen 
rechnen.

Äusser Taxodiaceae sind die Pollen von Pinus Silvestris, Pinus haplo- 
xylon, Myricipites und Carya in verhältnismässig grosser Menge vor­
handen. Die Vertreter von Pinus machen insgesamt 20 bis 30%, Myrici­
pites ca. 10% aus, während der Anteil der Vertreter von Carya stellen­
weise 18 bis 20%, in manchen Fällen aber auch 25% beträgt. Von den 
106 Pollenformen gibt es lediglich 30 — 40 solche, die nur vereinzelt an­
getroffen werden können.

Von den 67 bedecktsamigen Pollenarten gehören 58 zu den Zwei- 
blattkeimern und bloss 9 zu den Einblattkeimern. Darunter zeichnen sich 
die Pollen der Laubgewächse nebst ihrem Artenreichtum auch mit ihrem 
hohem Prozent aus, der jenem der Nadelbäume nahekommt. Unter den 
Zweiblattkeimern zeichnen sich folgende mit dem höchsten Pollen­
reichtum aus: Ulmus, Zellcova, Betula, Quercus und Myricipites. Relativ 
häufig ist unter den weichstengeligen Zweiblattkeimern das Pollen der 
Nymphaceae und Ericaceae. Äusser diesen ist auch noch das Pollen der 
weichstengelingen Zweiblattkeimer Rubiaceae, Artemisia, Chonopodiaceae 
undd?rticoides nachweisbar.

Vom Pollenspektrum leuchtet es hervor, dass die Laubbäume an 
Arten reich und stellenweise auch sehr häufig waren, obwohl ihr Anteil 
denjenigen der Nadelbäume nicht erreicht. Diese Tatsache bringt einen 
scheinbaren Widerspruch gegenüber den kohlenpetrographischen Er­
gebnissen, nach denen der Xylith von Laubbaum-Struktur nur in unter­
geordneter Menge vorhanden ist, zum Ausdruck. Der kohlenpetrographisch 
nachgewiesene geringe Anteil der Laubbäume im Vergleich mit der paly- 
nologisch bestimmten Menge kann auf mehrere Ursachen zurückgeführt 
werden.

a) Der Anteil der Laubbäume ist von vorherein geringer in der Braun­
kohle, da Xylit nur von Coniferen und von laubabwerfenden Kern­
bäumen zurückgelassen werden kann. Demzufolge bleibt Laubbaum- 
Xylith nur ausnahmsweise erhalten. So ist die Menge des kohlenpetro­
graphisch nachweisbaren Xylits von Laubbaum-Ursprung kleiner als 
sie in der ursprünglichen Vegetation gewesen sein konnte.

Bei den Laubbäumen, die nicht zur Kategorie des Kernholzes ge­
hören, können wir lediglich mit der Erhaltung ihrer Rindensubstanz rech­
nen, dessen Anhäufung und Inkohlung nicht zur Entstehung von Xylit, 
sondern zum Periblinit führt.

Die Braunkohle von Hidas enthält Periblinit und Xylit-Periblinit 
in grösserer Menge als Xylit. Da es kohlenpetrographisch nicht unter­
schieden werden kann, ob der Periblinit von einem Laubbaum oder einem 
Nadelbaum stammt, ist es zu vermuten, dass in der periblinitischen Kohle 
das Prozent der Laubbaum-(Rinden) Substanz höher als im Xylit selbst 
ist.

b) Der schlechtere Erhaltungszustand des Xylits von Hidas dürfte 
vielleicht für den kleineren Anteil des Laubbaum-Xylits verantwortlich 
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sein. Demzufolge lässt sich Xylit in den meisten Fällen lediglich auf 
Grund des Melanoresinis und Xanthoresinits nach weisen (siehe das
Kapitel „Kohlenpetrographische Untersuchungen“). Die Möglichkeit 
solch einer Bestimmung bei Laubbäumen ist — dem Xylit der Nadel­
bäume gegenüber — äusserst beschränkt.

c) Da die beste Möglichkeit zum Nachweis des Laubbaum-Xylits
durch die Erkenntnis der 
ist diese Möglichkeit im 
tungszustandes des Xyl 
Xylits ist einem ungew-ö

i charakteristischen Zellstruktur gesichert wird, 
falle von Hidas wegen des schlechteren Erhal­
ts beschränkt. Die schlechte Erhaltung des 

> inlich grossen biologischen Effekt — das sich
noch vor dem Inkohlun; 'sprozess geäussert haben muss —, sowie der 
Gelierung des Xylits zuzuschreiben. Nach Kirch eimer (1957) sind 
die Pollen der Laubbäun 
bäume. Die Gelierung so 
das Holz angreifenden P 
gischen Verwitterung ve 
nachgewiesen.

Unter Berücksichtig 
lynologischen Ergebnisse

r e schlechter erhalten als diejenigen der Nadel- 
r vie das stellenweise massenhafte Auftreten von 
' Ízen — welche für die Vorbereitung der biolo- 
: -antwortlich sind — haben wir auch im Xylit 

mg der obigen Ausführungen beweisen die pa­
dass in der Genese der Braunkohle von Hidas 

neben den Nadelbäumen auch die Laubbäume eine grössere Rolle spielten, 
als diese anhand der x; dotomischen und kohlenpetrographischen Er­
gebnisse zu vermuten wir. Äusser den palynologischen Untersuchungs­
angaben dient der grössere Anteil des Periblinits im Vergleich mit dem 
Xylit als ein negativer Beweis.

Anhand des Pollenspektrums kann es festgestellt werden, dass die
ehemalige Vegetation der 
schied von dem durch 
Gebirges nachgewiesenen :

Braunkohlenserie keinen wesentlichen Unter - 
E. Nagy (1965) hinsichtlich des Mecsek- 

mittelmiozänen Florenbild aufweist. Auf Grund 
der Pflanzenzusammenst tzung war das Klima zum Teil ausgeglichen 
warm, vorwiegend subtropisch und lediglich zum kleineren Teil dürfte
es als tropisch betrachte 
das vor allem aus den V 
von subtropischen Misch' 
hinauf reichten) besteht 
mente vorzufinden sind.

t werden. Hierauf deutet das Pollenspektrum, 
ertretern von Moor- und Sumpfwäldern sowie 
wäldern (die vom Bergfuss bis auf die Berge 
und in dem nur sehr spärliche tropische Ele-

Kohlenp drographische Untersuchungen 

Den kohlenpetrographischen Untersuchungen wurden 110 Kohlen­
proben aus Gruben und 
erfolgten mit dem von S 
S chnellverfahren.

Mit dieser Methode 
gewiesen:

1. Xylit. Es konnten

Tiefbohrungen unterzogen. Die Bestimmungen 
Izádeczky und Soós (1964) erarbeiteten

wurden folgende Kohlengesteinstypen nach-

drei Abarten dieses Typs unterschieden werden:
gewöhnlicher Xylit, Resinoxylit (harziges Holz) und Telinitstreifen der
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Periblinite. Der Xylit stammt überwiegend von Nadelgewächsen; Xylit 
von Laubbaum-Ursprung ist nur in verschwindend geringer Menge vor­
handen.

Der gewöhnliche Xylit ist in ein paar mm bis dm dicken Streifen 
oder selten in Form von feinen Trümmern, vor allem aber in Form von 
Vitrit detritus, zu finden. Ist der Xylit durch dickere Streifen vertreten, 
so stellt er eine selbständige Gesteinsart dar, aber in detritischer Form 
(50 у bis 1 — 2 cm) ist er lediglich eine Streifenkomponente. In den Flözen 
III und IV von Hidas kann Xylit sogar in einer Dicke von 10 bis 20 cm 
häufig angetroffen werden, mit einem makroskopisch erkennbaren 
Holzgewebe: Holzstämme, feinere Details und Asttrümmer. Bei teil­
weisem oder völligem Fehlen der Zellwandstruktur wird die Erkenntnis 
des ehemaligen Gefüges durch den Melanoresinit erleichtert, der nach dem 
Längsparenchym und Markstrahlzellen (Flobaphenit) angeordnet ist 
(siehe Bilder 1/1 und 1/2).

Da der grössere Teil des Xylits von Hidas entwedei’ überhaupt kein 
Gefüge oder kaum etwas aufweist, muss seine Bestimmung unter dem 
Mikroskop hauptsächlich auf der von der originalen Struktur zeugenden 
Anordnung des Resinits beruhen. Der Grossteil der Xylite von Hidas 
führt keinen Xanthoresinit und stellt, mit den xylotomischen Unter­
suchungsergebnissen von A. H ar asz t у übereinstimmend, vor­
wiegend die Derivaten von Taxodiales dar.

Der schlechte Strukturenthaltungszustand des Xylits von Hidas 
steht offenbar mit der vor der Inkohlung stattgefundenen intensiven 
biologischen Verwitterung in Zusammenhang. Die Richtigkeit dieser 
Annahme bestätigt das stellenweise massenhafte Auftreten der holz- 
angreifenden Pilze (siehe Bild 1/1). Zur Zerstörung der Zellstruktur des 
ehemaligen Baumes führt die Gelierung, sowie das Vorhandensein von 
Gelhuminit oder Collinit, der in der huminitischen Grundmasse der Kohle 
oft, aber seltener auch im Xylit selbst nachgewiesen werden kann (siehe 
Bild 1/1).

Von einer Abstammung von Laubgewächsen zeugendem Xylit haben 
wir nur in einigen Fällen angetroffen. Auf Grund der palynologischen 
Untersuchungen müssen wir jedoch den Laubgewächsen zweifellos grösse­
re Bedeutung in der Kohlenbildung beimessen.

2. Resinoxylit. Zwischen den Xyliten nur in 1 bis 2% vorhanden. 
Am häufigsten ist Resinoxylit an die Anhäufungen von Harzkörnchen 
gebunden, aber manchmal können auch selbständige Harzkörper be­
obachtet werden. Während die kleineren Harzkörnchen hauptsächlich 
in den Markstrahlenzellen zu finden sind, treten die grösseren (vor allem 
die Harzkörper) unregelmässig, zerstreut auf.

3. Telinitstreifen. Das sind Komponenten des Periblinite, in ihnen 
kann — zwar nicht ganz deutlich — auch Melanoresinit nachgewiesen 
werden. Zu den Xyliten rechnet man sie darum, weil das ehemalige Holz­
gewebe manchmal auch durch parallele Streifung angedeutet wird. Die 
Dicke der Streifchen schwankt von 0,1 bis 2 — 3 mm. Die Häufigkeit dieser 
Streifchen ist proportionell mit der Menge der Periblinite.
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4. Periblinit. KohlenKomponente, welche die grösste Inhomogenität
aufweist. Die typischsten
— in Reihenfolge ihrer a

Komponenten des Periblinite von Hidas sind
1 »nehmenden Häufigkeit — folgende:

a) ausgezogene (ausgelehnte) Bastfasern;
b) Telinitstreifen (dit beim Xylit erwähnt ivurden);
c) dunklere Flobaphe litkörper und -streifen;
d) verschiedene Bitun initfetzen (Harzkörnchen, Harzkörper);
e) Paragewebe-Streifen;
f) Oxydationsränder and -Flecken;
g) Fusinit (endogener und exogener Fusinit).
Hier seien noch die \ erschiedenen Pilzderivaten erwähnt: Pilzfäden 

(Hyphen), Pilz- und Teleutosporen, sowie Sklerozium. Diese können am 
öftesten im Periblinit, aber zuweilen auch im Xylit angetroffen werden.
Hie und da treten sie m issenhaft, zusammen mit den Bastfasern auf.
Am häufigsten sind die S эогеп der ehemaligen annähernd kreisförmigen,
holzangreifenden Pilze ur 
sporen.

d dann folgen die ein- bis dreizelligen Teleuto-

5. Blätterkohle und blätterkohleführender Brennschiefer. Auf Grund 
des Aschengehaltes handelt es sich vor allem um Brennschiefer, obwohl
auch Blätterkohle (siehe Bild II/5) von kleinem Aschengehalt (10 bis
20%) vorhanden ist. Eine charakteristische Komponente der Blätter­
kohle bzw. des blätterko ileführenden Brennschiefers ist der gewöhnlich
in grosser Menge vorhandene sägezahnrandige Kutinit: ein Abkömmling 
der Kutikula. Daneben 1 issen sich auch mit Kutinit umrandete, vitriti-
sierte Ast-Reste und andi 
II/6).

ere Pflanzenderivaten beobachten (siehe Bild

Der Kutinitstreifen
stellenweise erreicht seine 
dickere Kutinit zeugt voj 
erwähnten Komponenter

ist manchmal ungewöhnlich dick: 10 bis 15 y,
» Dicke sogar 30 bis 35 у (siehe Bild II/7). Der 
in Überresten xerophiler Pflanzen. Neben den 
tritt im Brennschiefer auch noch Collinit zu-

sammen mit Detritovitrinit auf (Teichmüller 1968). Im Fallevon 
verhältnismässig kleinerem Aschengehalt ist Collinit hauptsächlich zu­
sammen mit Periblinit, as ein Übergang zwischen dem Periblinit und der
Blätterkohle zu finden. In der Blätterkohle ist Periblinit bloss unter-
geordnet, und in reiner В lätterkohle fehlt er schon vollkommen.

Wurzelkohle und vitritdetri  tische Kohle, collinitführender Ton. 
Während die Wurzelkohle ziemlich leicht von der huminit-detritischen 
(vitritdetritischen) Kohle unterschieden werden kann, stosst die Er­
kenntnis der Komponente Collinit unter dem Mikroskop — unseren
Erfahrungen nach — au: 
durch die subjektive Beu:

f beträchtliche Schwierigkeiten, was vor allem 
rteilung des Gelierungsgrades bedingt ist.

6. Die vitritdetritisd e Kohle besteht in der Regel aus voneinander 
deutlich unterschiedbaren hell- bis dunkelbraunen, stellenweise oxyni-
tisierten Huminittrümm 
beobachtbaren linsenför
werden, dass es sich un

. nn (siehe Bild II/8). Bezüglich der bisweilen 
•tnigen Huminitkörper kann es nachgewiesen

die Derivaten von Flobaphen (Melanoresinit)
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handelt. Äusser den vorher erwähnten Komponenten enthält die vitrit- 
detritische Kohle auch noch Stengel- und Ast-Teile, Kutinit, Bituminit- 
trümmer verschiedener Herkunft, sowie Gelhuminit und verschiedene 
Mengen von Oxynit und Pyrit.

7. In der Wurzelkohle und dem wurzelkohleführenden Brennschiefer 
gibt es überhaupt keinen Huminit oder nur eine äusserst geringe Menge. 
In Dünnschliffen beobachtet, besteht dieser Gesteinstyp aus parallelen 
oder verzweigten, oxydierten Vitritfäden und -Bündeln, von denen sich 
weitere Wurzelhaar-Derivaten abzweigen. Darunter sind die dickeren 
vitritischen Komponenten weniger oxydiert, als die dünneren. Die oxy­
dierten Vitrinitkörper sind stellenweise mit einem Para-Kranz umrandet. 
Auch in diesem Gesteinstyp können noch Gehlhuminit, Huminit- und 
Bituminittrümmer, ferner vitritisierte Ast-Teile, sowie Oxynit und Pyrit 
angetroffen werden.

8. Der collinitführende Ton besteht äusser dem überwiegenden Ton 
vor allem aus Gelhuminit, Wurzelvitrit, aber die Menge von Wurzelvitrit, 
vitritisierten Stengel- bzw. Ast-Teilen und Pyrit ist kleiner als im vorigen 
Gesteinstyp.

Die angeführten Kohlengesteinstypen kommen nicht immer in 
reiner Form vor, ihre Übergänge ineinander sind häufig. Nach unseren 
Untersuchungen können in den Kohlenflözen von Hidas folgende Ge­
steinstypen angetroffen werden (ihre quantitative Verteilung ist auch mit 
angeführt):

1. Xylit (Resinoxylit): 15°/0 (davon 2% Resinoxylit),
2. Xylit-Periblinit: 30°/o,
3. Periblinit: 19°/0,
4. Periblinit-Blätterkohle: 9°/0,
5. Blätterkohle bzw. tonige Blätterkohle: 4%,
6. tonige, vitritdetritische Kohle: 2%,
7. vitritdetritischer Brennschiefer: 9°/0,
8. blätter- und wurzelkohleführender Brennschiefer: 3%,
9. blätter- und wurzelkohleführender Ton: 5°/0,

10. collinitführender Ton: 4°/o.
Der mittelmiozänen Kohle von Borsod — Nógrád gegenüber enthält 

die Braunkohle von Hidas auch vitritdetritische (huminitdetritische) 
Kohle, die in offenen Mooren (Flach- oder Tiefmoor) abgelagert wurde. 
In den beiden Gebieten fehlt jedoch die für die tieferen, geschlossenen 
Sumpfe charakteristische Pollen- und Algenkohle.

Der Anführung der Kohlengesteinstypen von Hidas ist zu entneh­
men, dass etwa 2/3 (64%) der untersuchten Gesteinsproben aus Xylit 
und Periblinit (15+19%) bzw. aus ihrer Mischung (30%) besteht. Das 
ist ein Zeichen dafür, dass das Kohlenbecken von Hidas zumeist ein 
Moorwald war, der höchstens bis zur äusseren Zone des Flachmoores 
reichte und nur an manchen Stellen die innere Zone des Flachmoors 
erreichte. Es fehlen die charakteristischen Bildungen der geschlossenen 
Sumpfe (Algen- und Pollenkohle) und in verhältnismässig kleiner Menge

5 ANNALES — Sectio Geologica — Tomus XIV. 
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sind die Kohlenbildunge n der durch schwache und mittelmässige Strö­
mungen charakterisierte! Flachmoore — und zwar die vitritdetritische 
Kohle bzw. die collinitführende, tonige Kohle — vorzufinden.

Im Laufe der Bestimmung und Benennung der Kohlengesteinstypen 
wird auch die Klärung v in Nomenklaturfragen erforderlich. Wir sind der 
Meinung, dass unsere gegenwärtigen Untersuchungen — verglichen mit 
den Ergebnissen analoger Untersuchungen im Gebiete von Borsod und 
Nógrád — diese viel diskutierte und widerspruchsvolle Frage der No­
menklatur näher zur endgültigen Lösung bringen können.

Anhand des Materie 1s der mittelmiozänen Braunkohle von Borsod —
Nógrád haben E. S z á deczky-Kardoss und E. Soós (1964) 
einen natürlichen Grenzwert im Aschengehalt zwischen Kohle und Brenn­
schiefer nachgewiesen. Diese Grenze liegt bei einem Aschengehalt von 
20% und nicht bei 30% wie sie früher angenommen wurde (Vadász, 
1952). Ihre Feststellung motivierten die Verfasser damit, dass der Aschen­
gehalt von Xylit und P< riblinit in der Regel unterhalb 20% ist.

Neben den Feststellungen von Szádeczky — Soós sind die 
Nomenklaturen-Vorschläge von A. Juhász (1967) bezüglich des Ost- 
Borsoder Gebietes beachtenswert. Gegenüber der Klassifikation von
Szádeczky — Soó ■ 
Ton: mit Aschengehalt«: 
A. Juhász eine deb

3 (Kohle, Brennschiefer und kohlenführender 
m von 20%, 20 — 50% und über 50%) schlägt 
ailliertere Gliederung für die Braunkohle mit
20 bis 50% 

de:
einem Aschengehalt vor 
Benennungen sind folgern 

vor. Die von ihm vorgeschlagenen

(Braun)kohle ....
Tonige Kohle .. . . 
Brennschiefer . . . .
Kohlenführender T<on
Die Anwendung des Begriffes

Aschengehalt:
Aschengehalt:
Aschengehalt:
Aschengehalt:

Braunkohle bis

20 bis 35%
35 bis 40%

zu 20-prozentigem
Aschengehalt begründen A. Juhász damit, dass der Aschengehalt 
von Xylit und Periblinit am öftesten unterhalb 20% und vor allem
zwischen 15 und 20% li 
von <10% im betreffe 
Benennung „tonige Ko 
berechtigt, dass, gemäs

isgt und dass eine Kohle mit einem Aschengehalt 
mden Gebiet nur äusserst selten vorkommt. Die 
de“ bei 20 bis 35% Aschengehalt wird dadurch 

is den Analysen, der strukturlose Periblinit, die
Kutikulenkohle und die vorwiegend aus Bastgewebe bestehende Kohle 
am öftesten einen Aschengehalt von ca. 30% haben.

Die kohlenpetrogra
hat die Richtigkeit der 
grossen und ganzen besi

. ahische Untersuchung der Braunkohle von Hidas 
von A. Juhász vorgeschlagenen Begriffe im
ätigt. Eine auch kohlenpetrographisch bestätigte

Absonderung (Grenze) kann zweifellos bei 20-prozentigem Aschengehalt 
nachgewiesen werden. E ohle mit einem Aschengehalt von < 10% kommt 
auch in der Lagerstätte Hidas selten vor, daher ist es berechtigt, den
Begriff der (reinen) Kol 
weitern, gegenüber der

hie bis zu einem Aschengehalt von 20% zu er- 
früheren (1952) Stellungnahme von Vadász

(10%). Es ist jedoch wohl begründet, die aus einer Mischung von Xylit
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und Periblinit bestehenden Kohlengesteinstypen, sowie Blätterkohle 
und Periblinit-Blätterkohle mit einem gewöhnlichen Aschengehalt von 
20 bis 30% nicht Brennschiefer, sondern tonige Kohle zu nennen. Da der 
Aschengehalt dieser Kohlengesteine sich nicht über 30% beläuft, ist es 
richtiger, die von A. J u h á s z vorgeschlagene Nomenklatur in solcher 
modifizierten Form anzunehmen, daß die Grenze zwischen toniger Kohle 
und Brennschiefer nicht bei 35°/0, sondern bei 30°/o gezogen wird.

Solch eine Modifizierung wird durch den Vergleich der quantitativen 
Verteilung der Kohlengesteinstypen und der Kohlenproben je nach dem 
Aschengehalt bekräftigt. Auch aus der Aufzählung der Kohlengesteins­
typen leuchtet es hervor, dass Xylit und Periblinit sowie ihr Mischgestein, 
ferner Blätterkohle, Periblinit-Blätterkohle und (die äusserst geringe) 
vitritdetritische Kohle etwa 3/4 (77%) der untersuchten Proben aus­
machen. Die Analysen des Aschengehaltes haben dabei beinahe den 
gleichen Wert (80%) ergeben. Werden die auf den Xylit und Periblinit 
bezüglichen Daten einzeln in Betracht genommen, so ergibt sich, dass sie so­
wohl kohlenpetrographisch wie auch betr. des Aschengehaltes gleichwertige 
Angaben aufweisen. Die erwähnten anderen Kohlengesteinstypen können 
jedoch bei weitem nicht für Brennschiefer gehalten werden, sondern sie 
dürften eher als tonige Kohle angesehen werden. Neben der mit den 
Kohlengesteinstypen übereinstimmenden Menge der Kohle von unter 
30%-igein Aschengehalt wäre es auch aus feuerungstechnischen Gründen 
unbegründet, die Kohlentypen mit 20- bis 30-prozentigem Aschengehalt 
zu den Brennschiefern zu rechnen.

Die untersuchten 110 Proben verteilen sich nach ihrem in lufttrocke­
nem Zustand berechneten Aschengehalt auf folgende Weise:

Ansehengehalt in %
Tabelle 1

Benennung

Kohle............................................................
Tonige Kohle ............................................
Brennschiefer ............................................
Kohlenführender Ton .............................

Aschengehalt % Verteilung der 
Proben

20% 55%
20-30% 22%
30-50% 15%

60% 8%

Der Vergleich der Verteilung des Aschengehaltes mit den kohlen­
petrographischen Untersuchungsangaben unterstützt eindeutig die Rich­
tigkeit der von A. Juhász vorgeschlagenen und von uns etwas mo­
difizierten Nomenklatur.

Gegenüber den palynologischen Ergebnissen haben die kohlenpetro­
graphischen Untersuchungen wenig Xylit von Laubbaum-Ursprung 
nachgewiesen. Das ist vor allem auf die vor der Inkohlung stattgefundene 
und weit verbreitete biologische Verwitterung und die ebenfalls häufige 
Gelierung — Prozesse, die auch die schlechte Erhaltung der Struktur des 
Xylits von Hidas zur Folge hatten — zurückzuführen.

5*
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Die nachgewiesene Veränderung in der Struktur des Xylits gestattet 
uns jedoch nicht nur eine unterschiedliche Beurteilung der Beteiligung 
der laub ab werfenden Bäume, der Nadelbäume und deren kohlenpetro­
graphischen Derivaten am Kohlenbildungsvorgang, sondern ermöglicht 
uns auch die Klärung ei icr vom praktischen Gesichtspunkt wichtigen
Frage, und zwar der Möglichkeit zur Brikettierung ohne Anwendung von 
speziellen Bindemitteln.

Abweichend von de? von Kegel (1948) vertretenen früheren 
Auffassung — nach welcher das Vorhandensein von Xylit schädlich für
die Brikettierung sei — 
Bilkenroth (1954)

haben in jüngster Zeit Rammler und 
nachgewiesen, dass der strukturengebundene

Xylit günstig für die Brikettierung ist und mit zunehmendem Xylitgehalt
auch die Festigkeit des 
wir feststellen, dass die 
von Hidas mit sehr kle’ 
Bindemittel entweder ü

Briketts ansteigt. Dementsprechend können 
nhne Auswahl genommene Durchschnittskohle 
nein, strukturengebundenen Xylitgehalt ohne 
berhaupt nicht oder nur schlecht brikettiert 

werden kann. Das ist auf folgende Ursachen zurückzuführen:
1. Der Xylitgehalt der Braunkohle von Hidas ist gewöhnlich gering

(15)%.
2. In diesem geringen . 

Zellulosengehalt mit
3. Die häufige Gelie 

Brikettierbarkeit ш 
ten des Briketts.

Xylitgehalt ist der Anteil des Xylits von höherem 
1 gut erhaltener Struktur sehr klein.

rung der Braunkohle von Hidas verringert die 
nd verdirbt stark die mechanischen Beschaffenhei-

Kohlenchemische Untersuchungen 

Die 110 Kohlenproben wurden auch chemischen Analysen unterzo-
gen. Die Untersuchungen umfassten gewöhnliche Schnellanalysen und
Serienanalysen auf die einzelnen Elemente. Die chemischen Analysen
wurden im Laboratoriun des Lehrstuhls für Angewandte und Ingenieur­
geologie der Eötvös U liversität durchgeführt. In der Regel wurden
dieselben Proben analysiert, die für die kohlenpetrographischen Unter­
suchungen ausgewählt wurden.

Die Ergebnisse können wie folgt zusammengefasst werden. Wie ersicht-
lieh von der auf dem Asch e 
einen Aschengehalt von

ingehaltfussenden Gliederung, hatten 4 Proben 
10% (3,68%). Die Zahl der Proben mit einem

Aschengehalt zwischen 10 und 25% beträgt 57 (51,4%). Davon hatten
24 Proben (22%) 10- bis 
halt von 15 bis 20% ist ;

I 15-prozentigen Aschengehalt. Der Aschenge- 
also noch häufiger als jener von 10 bis 15%.

Nur 5 Proben erreichen einen Aschengehalt zwischen 30 und 35% (3,5%).
Diese letztere Angabe ist
Kohle—Brennschiefer n 
zentigem Aschengehalt.

ein weiterer Grund für die Grenzziehung tonige
licht bei 35-prozentigem, sondern bei 30-pro-

Der grubenfeuchte Wassergehalt der Braunkohle von Hidas schwankt
zwischen 30 und 50%,die häufigsten Werte sind 40 bis 45% Die hygrosko-
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pische Feuchtigkeit ist gewöhnlich 10 bis 13% und auch das — in einer 
einzelnen Probe beobachtete — Maximum war nur 14%. Die in diesen 
Proben gemessene minimale Feuchtigkeit ist ca. 5%, der häufigste Wert 
vertritt jedoch 10%. Im Falle der reinen Kohle ergibt sich also ein enge­
rer, bei den Brennschiefern und dér tonigen Kohle ein breiterer Wert­
bereich für den hygroskopischen Feuchtigskeitsgehalt.

Die Menge der brennbaren Substanz schwankt zwischen verhältnis­
mässig engen Grenzen und verändert sich fast ausschliesslich in Abhängig­
keit des Aschengehaltes. In der Kohle mit einem bis 20-prozentigem 
Aschengehalt ist der Anteil der brennbaren Substanz — unter Berück­
sichtigung des beinahe standardén Wertes der hygroskopischen Feuchtig­
keit — von 60—70 bis 78%. Mit weiterer Zunahme des Aschengehaltes 
verringert sich die Menge der brennbaren Substanz auf lineare Weise.

Die Veränderung der hygroskopische Feuchtigkeit enthaltenden 
Kohle und des fixen C in Abhängigkeit des Aschengehaltes weist die 
folgende Korrelationsbeziehung auf (siehe Diagramm 1). Bei einer hygro­
skopischen Feuchtigkeit von 10 bis 13% nimmt der Heizwert bei 20- 
prozentigem Aschengehalt relativ plötzlich um etwa 200 bis 300 kcal/kg 
ab. Demzufolge wird sein Wert nunmehr kleiner als 4000 kcal/kg.

Diagramm 1. Verteilung des fixen C und des Heizwertes in Abhängigkeit vom Aschen­
gehalt

Nach seinem, bei 20-prozentigem Aschengehalt beobachtbaren, ver­
hältnismässig kleinen, plötzlichen Absinken — zeigt der Heizwert wieder­
um eine lineare Abnahme. Bei einem Aschengehalt von 30% liegt dieser 
Wert ca. um 3500 kcal/kg . Über dem 30-prozentigen Aschengehalt ist der
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Heizwert — trotz seiner ausgeprägten Tendenz zur Abnahme — äusserst 
veränderlich.

Die Menge des fixen 
wohnlich über 30% und < 
rasch — auf 20 bis 25% :

i C liegt bei einem Aschengehalt von 30% ge- 
dann nimmt diese Grösse — ebenfalls ziemlich 
;,b. Bei der Kohle von 20-prozentigem Aschen-

fixen 0 um 40 bis 45%; mit zunehmendem 
lineare Weise und bei 25-prozentigern Aschen-

geh alt liegt der Wert des 
Aschengehalt sinkt er auf
gehalt wird er schon kleine r als 40%; dann bei 30% Asche fällt er plötzlich 
um weitere 10—15%.

Ähnlich ist die Situaation, wenn man das fixe C und den Heizwert 
mit Bezugnahme auf wasserlose Asche prüft. Der Unterschied besteht nur

Sprung in der Veränderung des Heizwertes bei 
iichengehalt auftritt.
es sich heraus, dass gewisse Sprünge sowohl bei

darin, dass der vorherige 
22- bis 23-prozentigem A 

Vom Gesagten stellt
20 - als auch bei 30-prozentigem Aschengehalt beobachtet werden können. 
Der bei 30-prozentigem Aschengehalt beobachtbare Heizwert von über

es unberechtigt ist, auf die Kohle von über 20% 
igstechnischen Gründen zu verzichten bzw. sie 
fizieren.

3500 kcal/kg beweist, dass 
Aschengehalt aus feuerur 
als Brennschiefer zu quäl

Die weiteren Untersuchungsergebnisse beweisen, dass innerhalb der 
Menge des brennfähigen £ toffes — bis zu 20-prozentigem Aschengehalt — 
das fixe C bei den Volat len in grösserer Proportion auftritt, aber dass 
dieses Verhältnis über rem 20-prozentigen Aschengehalt schon um­
gekehrt wird.

Die Menge der Volatile liegt in der Hidaser Kohle von maximum 
20-prozentigem Aschengehalt zwischen 30 und 40% Da die Veränderung
des Anteiles der Volatile
als dessen Funktion ver 
reiches des Volatilengeha 
Inkohlungsgrad zwischen

den Inkohlungsgrad widerspiegelt (und sich
indem kann), auf Grund des engen Wertbe- 
tes gibt es keinen wesentlichen Unterschied im 
den untersuchten Kohlentypen. Alle sind von 

niedrigem Inkohlungsgrad und entsprechen dem Begriff des Lignits.
Dasselbe beweisen die Veränderungen des für eine aschen- und 

feuchtigkeitslose Kohle berechneten H und des Bitumen-Extraktes in 
Abhängigkeit des Volatilengehaltes (siehe Diagramm 2). Daraus ist es
ersichtlich, dass der Wert von H sich zwischen 4 und 7,2% verändert und 
sein Durchschnitt bei 4,4 — 5,4 Gewichts% liegt. Die Menge des extrahier­
ten Bitumens verändert sich zwischen 1,8 und 5,2% und ihr häufigster 
Durchschnittswert liegt zwischen 2 und 4%. Der kleine II- und Bitumen­
gehalt zeugt von dem be nähe einheitlichen Inkohlungsgrad der Braun­
kohle von Hidas, von ih •er petrochemischen Homogenität, d.h. davon, 
dass diese Kohle (oder eher Lignit) ungeeignet zur Verarbeitung in der 
chemischen Industrie ist.

Die Menge des Gesamtschwefels in der Kohle mit hygroskopischem
mkt zwischen 4 und 7% und beträgt im Durch- 

H „Bombenschwefels“ schwankt jedoch zwischen
Feuchtigkeitsgehalt schw 
schnitt 5%. Die Mengede
2, 5 und 5,5%. Die Maxima des Anteils der beiden treten in der Kohle 
von geringem Aschengehalt (10—15%) auf. Mit Zunahme des Aschenge­
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haltes nimmt die Menge der beiden Schwefelarten — mit linearer Ver­
änderung — bis zu 30-prozentigem Aschengehalt ab. Im Brennschiefer — 
dessen Aschengehalt noch höher ist — kann keine Tendenz oder Gesetz­
mässigkeit in dieser Veränderung wahrgenommen werden.

-g5

6,0-

5,5-

5,0-

«Hidrogén %

•Bitumen. %

Bfi-

-V

-V

-3,5

4,0

£
А* 5

Volatile °!«

Diagramm 2. Veränderung des H- und Bitumengehaltes in Abhängigkeit von den Volatilen

№

Die Ergebnisse der chemischen Analysen zusammenfassend können 
wir feststellen, dass wir neben der Erkennung des chemischen Charakters 
der Kohle von Hidas auch die kohlenpetrographischen Untersuchungs­
ergebnisse unterstützen konnten. Es ist klar, dass die Kohle einen niedri­
gen Inkohlungsgrad besitzt und zu Zwecken der chemischen Industrie 
ungeeignet ist. Am wirtschaftlichsten wäre ihre Anwendung zur Feuerung 
nach völligem Austrocknen.

Untersuchungen auf Spurenelemente

Mit der Verteilung von Spurenelementen hat sich Verfasser in einem 
seiner früheren Aufsätze befasst (Á. Gr ossz 1967). Es ist jedoch 
erforderlich, auf diese Frage nach dem Abschliessen der Untersuchungen 
nochmals einzugehen, da die auf Teilergebnissen beruhenden Feststellun­
gen in mehreren Beziehungen eine wesentliche Veränderung benötigen.

Zu dieser Frage wurden ca. 400 Analysendaten von 118 Gesteins- 
und Aschenproben benützt. Die qualitativen bis semiquantitativen Be- 
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Stimmungen wurden grös stenteils mit Quarzspektrographen gemacht und 
auch mit flammenfoton etrischen Untersuchungen ergänzt. Die Auf­
nahmen wurden von I. Kubo vies gemacht. Ergänzende bzw.
Kontrollenuntersuchungen wurden ausserdem am Lehrstuhl für Anorga­
nische und Analytische Chemie der Eötvös Universität (E. Zapp), 
im Geochemischen Laboratorium der Ungarischen Geologischen Anstalt 
(M. F öl dvár i - Voflj, im Komlóer Laboratorium des Landesun­
ternehmens für Erkundung und Bohrung (S. J u h á s z), sowie im Che­
mischen Laboratorium des Forschungsinstitutes für Bergbau (I. Száva) 
vorgenommen.

Die Analysen umfassten die Bestimmungen von 35 Spurelementen. 
Davon waren 10 unterhalb der Grenze der spektrographischen Nach­
weisbarkeit vorhanden: Cd, Hg, Tl, Sb, Bi, Те, Th, U, Ta und W. Nur 
in einigen Proben und mit schwacher Linienintensität konnten folgende 
Elemente nachgewiesen werden: Ni, Ag, Zn, Ga, Ge, Sn, Pb, As, Be, Y,
La, Ce, V, Mo und P. Vor den letzteren sind mit stärkerer Linienintensität 
in der Kohlenasche als im Bergmittel vertreten, oder ausschliesslich in 
der Kohlenasche konzentriert: Ni, Ag, Zn, Ga, Sn, As, Be , V und Mo.

In variierender, do3h kleiner Konzentration sind sowohl in der
Gesteinsproben folgende Elemente zu finden: 
, Cr, Mn und B. Davon sind gewöhnlich nur Co 
ensität vertreten. Die nachweisbare Konzentra-

Asche als auch in den 1 
Co, Cu, Li, Sr, Ba, Ti, Zi 
und Ba mit grösserer Int<

in jedem Falle im Bergmittel grösser als in der 
in letzterer 10 bis 60 g/to, so reicht seine Grösse 

Gesteinszwischenlagerungen) von 60—100 g/to 

tion von Cu ist dagegen 
Asche. Ist der Cu-Gehalt 
im Bergmittel (in den '
bis 600 g/to.

Gegenüber unserer irüheren Annahme (Á. G г о s s z, 1967) kann 
keine generalisierbare Gesetzmässigkeit in der räumlichen Verteilung der 
Spurenelemente wahrgen mimen werden. Was diesbezüglich überhaupt zu

den biophilen Charakter der Elemente zurück- 
mt dadurch zum Ausdruck, dass einige Elemen- 
der Kohlenasche, andere hingegen in den Ge- 
konzentrieren. Zugleich ist es auffallend, dass 

beobachten ist, kann auf 
geführt werden. Dies kom: 
te sich ausschliesslich in 
steinszwischenlagerunger
das Kupfer immer an diese letzteren gebunden ist.

In einem früheren Aufsatz (Á. Gr ossz, 1967) haben wir bereits 
auf die ungewöhlich hohe Konzentration von Sr und Ba aufmerksam 
gemacht. Auf Grund der untersuchten 40 Proben (13 Aschen- und 27 
Gesteinsproben) haben wir nachgewiesen, dass der durchschnittliche
SrO-Gehalt der 13 Aschmproben 0,76%, während jener der ohne Aus­
wahl genommenen Gesl einsproben 0,9% war. Der Durchschnitt des
SrO-Gehaltes der ausschliesslich kalkig-mergeligen Gesteine erreichte je­
doch 0,9%. Dabei — aniand von verhältnismässig wenigen Angaben — 
haben wir eine eindeutige Korrelationsbeziehung zwischen Ba und Sr 
vermutet. Auf Grund dir vollständigeren Untersuchungsangaben lässt 
sich folgendes feststellen.

Obwohl in den kalkigen Aschen- und Gesteinsproben die Menge von 
Sr — welches hie und d i isomorphe Verdrängung durch Ca aufweist — 
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veränderlich ist, kann Ba am häufigsten in einer Konzentration von 0,04 
bis 0,06% oder in seltenen Fällen von 0,1% nachgewiesen werden. Auf 
dieser Grundlage können wir feststellen, dass Ba in keiner Korrelations­
beziehung mit Sr steht.

Nach den Analysen der 118 Aschen- und Gesteinsproben der Braun­
kohlenserie erreicht der SrO-Gehalt der Proben im Durchschnitt 1,43%. 
77 Aschenproben enthalten 1,5% SrO, 41 Gesteinsproben 1,3% SrO. Lässt 
man die Sr kaum enthaltenden klastischen, tuffogenen Bildungen von den 
Berechnungen aus und analysiert man ausschliesslich die kalkig-mergeli­
gen Gesteine auf SrO, so ergibt sich für 32 Gesteinsproben ein Durch­
schnittswert von 1,6%.

Wenn wir die Untersuchungsangaben für die einzelnen Bohrprofile 
zusammenfassen, so kommen wir zur Schlussfolgerung, dass keine regel­
mässige Veränderung in der Konzentration von Sr nachweisbar ist. 
Sowohl in den Proben der — vom Liegenden bis zum Hangenden bemuster­
ten — Bohrungen, als auch in jenen der Grubenprofile lassen sich äusserst 
variierende Sr-Konzentrationswerte beobachten. Eine ausgeprägte Regel­
mässigkeit ist jedoch in horizontaler Richtung zu beobachten. Die 22 
Gesteins- und Aschenproben der am nördlichsten gelegenen Bohrung 
(H-88) enthalten 0,77% bzw. 0,78%, die 27 Proben der am südlichsten 
gelegenen Bohrung (H-91) 1,2% bzw. 2,3% SrO.

Die nordwärts abnehmende Konzentration des Sr-Gehaltes der 
Braunkohlenserie ist ein Beweis dafür, dass das Sr aus den durch einen 
höheren Sr-Gehalt bezeichneten Graniten des kristallinen Grundgebirges 
im Vorlande des Braunkohlenbeckens von Hidas herzuleiten ist. Diese 
Feststellung ist besonders durch die Untersuchungen von Gy. Buda 
bekräftigt, der in den Feldspäten des Granits einen Sr-Gehalt von 400 
bis 600 g/to nachgewiesen hat.

Als eine wesentliche Abweichung von unseren vorhergehenden 
Untersuchungsergebnissen kann festgestellt werden, dass auf Grund von 
109 Proben die Durchschnittskonzentration von SrO 1,53% ist. Aus 
diesem Grunde kann der untersuchten Kohlenserie auch wirtschafts­
geologisch eine grössere Bedeutung beigemessen werden.

Entstehungsbedingungen und Moor-Sumpf-Verhältnisse

Auf Grund der eingehenden Untersuchung der Braunkohlenflöze 
können die Moor-Sumpf-Verhältnisse der einzelnen Flöze und die Um­
stände der Entstehung der Braunkohlenserie geklärt werden. Aus einer 
Summierung der Untersuchungsergebnisse leuchtet es hervor, dass in 
der Anfangsphase der Entstehung der Kohlenserie (vor allem des Flözes 
VII und in kleinerem Masse des Flözes VI) der noch mobile Beckenunter­
grund Oszillationsbewegungen erlitten hat, die sogar innerhalb kleinerer 
Räume veränderliche Intensität aufwiesen. Das ist vermutlich auf die 
Regression zurückzuführen, welche auf die neritischen Ablagerungen des 
Kohlenliegenden folgte. Infolge der unterschiedlichen Oszillationen des 
mobilen Beckenuntergrundes scheint die Kohle in den beiden Flözen
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in äusserst unregelmäss: g variierender Ausbildung, in verschiedenen
Moor- und Sumpfzonen entstanden zu sein. Das Auftreten von verschie-
denen Moorwald-, Flach 
konnte sogar auf einer Hc 
werden.

Die sich auf kleinere

moor- und stellenweise auch Tiefmoor-Fazies 
rizontaldistanz von 100 bis 200 m nachgewiesen

■ Distanz äussernde Intensität der Oszillationen
verschwindet im mittler« 
Ausbildungen des Flözes

•en Abschnitt der Kohlenserie, und zwar in den 
s V und noch ausgeprägter im Flöz IV. In diesen

Flözen herrschten nämlich in der Regel identische Moor-Sumpf-Verhält-
nisse in einem grösseren 
Flöze in grosser räumlich
Periblini t - Kohlengest ein 
sie auch hinsichtlich ihr 
homogen und weisen die

Raum. Davon zeugt die Tatsache, dass diese 
lär Verbreitung einheitlich ein gemischtes Xylit- 
3zw. Xylit und Periblinit enthalten. Dabei sind

Für den Oberteil der 
sten für das Flöz I) ist —

■ ir kohlenchemischen Beschaffenheiten beinahe 
I geringste Veränderlichkeit auf.
■ Kohlenserie (Flöze III, II und am anschaulich- 
len unteren Flözen ähnlich — eine häufige Ver-

änderung der Moor-Sumpf-Verhältnisse charakteristisch, d. h. sogar in­
nerhalb kleinerer Gebiete 
gesteinstypen beobachtet 

Während also die

können äusserst unterschiedliche Fazies,Kohlen- 
: werden.
Entstehungsverhältnisse der beiden mittleren

Flöze (IV und V) der Kc hlenserie durch die Gleichheit der Moor-Sumpf- 
Verhältnisse auf grösserer Distanz und dementschprechend auch durch 
horizontal identische Ko ilengesteinstypen gekennzeichnet sind, können 
die Fazies der beiden unteren, sowie der oberen Flöze — infolge der sich
ául' kleineren Distanzen äussernden, lokalen Oszillation — durch den
häufigen Wechsel der Мэог-Sumpf-Verhältnisse charakterisiert werden.
Die lokalen Oszillationen 
der auch für die Entstel 
sion aufgefasst werden.

in der Basis der Kohlenserie können als Resultat 
! ung von Torfmooren verantwortlichen Regres- 
Dabei ist die Transgression, die sich nach dem

Abschluss der Vermoort ng einsetzte, als Vorzeichen der beginnenden
Absenkung des Beckenun 

Die Entstehung dei
itergrundes zu betrachten.
verschiedenen Flöze und die Erkenntnis der

dafür verantwortlichen Ursachen und Faktoren lassen sich mit den Er-
gebnissen der Faziesunte a 
abstimmen.

•suchungen der Gesteinszwischenlagerungen gut

Ebenfalls anhand der 
Sumpf-V erhältnisse smcii
treffenden Transportricht, 
geben werden. So war der 
auch der westliche — Teil

Ergebnisse der Faziesuntersuchungen der Moor- 
der Gesteinszwischenlagerungen können die be­

ingen und Abtragungsgebiete bestimmt und ange- 
südliche, südwestliche — und in gewissen Fällen 
des Kohlenbeckens von Hidas ein erhobenes Fest­

land, das zugleich als Abtragungsgebiet diente. Dementsprechend erfolgteder 
Transport der Sedimente vom S-SW bzw. vom W gegen NO-N zu. Das
wird auch durch die bei den Spurenelement-Untersuchungen für die Sr- 
Konzentration erhaltenen Angaben bestätigt.
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Tafel I

1. Melanoresinite verschiedenen Oxydationsgrades im Xylit. 125 X
2. Melanoresinitführender Xylit mit Überresten von Markstrahlzellen. 32 X
3. Resinoxylit mit Pilzsporen. 125 X
4. Resinitspindel und Körnchen im gelierten Xylit. 80 X
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Tafel II
5. Blätterkohle. 125 X
6. Oxydationsflecken und Kut init im blätterkohlenführenden Brennschiefer. 200 X
7. Dickrandiger Kutinit und Oxydationsflecken in der gelierten Huminit-Grundmasse 
125 X
8. Vitritdetritische Kohle mit Í Iklerozium. 80 X
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CONSTITUTION MINÉRALOGIQUE ET GENESE DU GISEMENT 
URANIFERE DE LA MONTAGNE MECSEK (II.)

par
J. KISS

(Institut de Mineralogie, Faculté des Sciences, Université L. Eötvös, Budapest) 
(Regu: le 15. 6. 1961)

Introduction

La présente communication est la continuation de l’étude publiée 
en 1965 (Ann. Univ. Sei. Bp. Eötvös, IX, 1965, pp. 139—188) sur la 
constitution minéralogique du gisement uranifere de la Montagne Mecsek. 
Dans le présent ouvrage on présente les résultats des examens géochimi- 
ques, sédimentologiques et litologiques concernant le dit gisement, 
effectués entre 1957 et 1961. Les explorations postérieures de grande 
envergure, ont, en effet, apporté des preuves á la genése présumée, en la 
complétant par de nombreux détails. P. e., l’enrichissement d’uranium 
par des solutions venant de l’aire de dénudation semble avoir joué un 
role plus grave.

Sommaire

1 — L’ enrichissement en uranium dans le complexe de minérai urani­
fere permien de la Montagne Mecsek représente, a cóté des detritus d’oxydes 
d’uranium, un type sédimentaire oxydé et silicate, Hé principalement aux 
micas épigéniques (chromiferes et potassiques).

2 — La mode d’apparition des minéraux d’uranium, les formations 
épigéniques-descendantes, et la présence decisive des micas chromiferes et 
potassiques justifient de considérer la formation uranifere psammitique de la 
Montagne Mecsek comme un type indépéndant de minérai d’uranium sédi­
mentaire. Peu de gisements semblables sont connues dans la littérature mon­
diale.

3 — L’uranium est accompagné, d’un fagon remarquable, par des élé­
ments vanadium et germanium. En vertu de ce fait, le gisement uranifere 
de la Montagne de Mecsek doit étre considéré un gisement combiné des élé­
ments U— V— Ge. Etant donné que leurs concentrations sont considérables 
(330 a 950 ppm pour le vanadium et 1 a 10 ppm pour le germanium), Us 
pourront étre exploités dans Vavenir.

4 — On ignore la forme minéralogique du vanadium et du germanium.
5 — L’absence d’une zone d’oxydation du gisement et la présence spóra-
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dique des minéraux secondaires d’uranium sont dues aux solutions hydro- 
carbonatées du Ca et du Mi et a la quantité réduite des ions (PO( AsO^r
(VOJ3-, etc.

6 — La genese du git 
nium libéré par la décc 
Bi —Co —Ni d’une part, 
morphiques et magmatogér 
de la sedimentation de I’ea

ement uranifére est double: il s’est forme de l’ura- 
mposition physico-chimique d’une formation a 
et des roches granitoides et d’autres roches méta- 
es de V autre, en precipitant dans le milieu reductif 
и stagnante, marécageuse d’un delta.

1. Position stratigraphique du complexe uranifére
D’apres Böckh (1871

d’une série bipartite, qui
), le Permien de la Montagne Mecsek se compose

seprésente le Permien inférieur et célúi supérieur.
Vadász (1909) préfére la í ubdivision tripartite; les deux parties inférieures
correspondraient au Pei mien inférieur et moyen, tandis que le cycle
regressif, á partir des cmglomérats du Mont Jakab hegy, est attribué
au Permien supérieur.

Le membre inférieui 
Cserkút et Boda, en grés

1 du Permien consiste, d’apres V a d á s z, entre 
vert grisátre, localement rouge brunátre, á grains

gros, meuble, aux inl ercalations des schistes argillacés rouges, des 
schistes á plantes fossilises, et des grés de type arkose. Dans la zone 
Cserkút — Kővágószőllős -- Töttös les troncs d’arbre silicifiés sont fré- 
quents á trouver. II s’agit, selon les études de Heer et d’apres la révision 
faite par Tuzson, des Araucarites; ils indiquent le Permien supérieur.

Le membre Permien inférieur passe insensiblement aux conglomérats
composés de galets de gneiss, phyllite, gránit, et de porphyre quartzi-
fére. Ceux-lá se rejoigneni
fut identifié par В ö c 
Lá-dessus reposent les gr

vers le Nord et le Sud, au membre inférieur, qui
< h et Vadász avec le «verrucano» alpin.

■is et conglomérats du Mont Jakab hegy, dönt le
complexe supéreiur, argileux et gypsifére, passe graduellement au com-
plexe du Trias inférieur, 

Barabás (1956) 
sondages et les affleure 
division tripartite établ 
fins.

daté par la fauné у trouvée.
se fondant sur les données fournies par les 

nents artificiels, en tenant compte de la sub- 
e par Vadász, у distingue des détails plus

Voici la caractéristic [ue lithologique de la séquence permienne (basée 
sur les données fournies par Barabás (1956):

a) Permien inférieur 
Argile schisteuse, gyés fin, siltite, marne argileuse rouge, rouge —

brunátre, marne dolomit que et porphyre quartzifére. La puissance totale 
varié de 300 á 600 m. Dans les argiles schisteuses et dans les siltites il 
у a des noeuds carbonatés, bandes de dolomie microstratifiée, jouant, 
par endroits, le róle du ciment.

b) Permien moyen
La série précédente est suivie, d’abord, par un banc gréseux, trés 

different du point de rue sédimentologique et lithologique: grés gris
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clair et gris verdátre, aux stries de gres rouge. La-dessus repose un banc 
de conglomérat gris. L’épaisseur de chacun de ces deux bancs varié de 
0,5 a 3,0 m. Ils constituent le début ou la base d’une série de 500 a 700 m 
de puissance.

Série bigarrée
Cette série consiste en gres détritique rose, grés gris verdátre, gres 

fin intercalé, conglomérats rose ou gris, surmontés par des argiles schi- 
steuses, gres gris et verts, gres grossiers et gres verts, qui alternent a 
plusieurs reprises. Si Гоп considére la succession chronologique, la série 
bigarrée se compose des variétés lithologiques suivantes: au-dessus du 
siltite on trouve des grés fins dönt les grains revétent souvent une teinte 
verdátre, ce qui représente le passage vers la série verte. Plus haut, on 
rencontre des gres fins aux plagioclases acides (avec la predominance de 
Г oligoclase), qui passe aux grés brunátres, á grains moyens et grossiers. 
La partié supérieure se compose des grés ä teinte verdátre, passant aux 
grés vert, vert grisátre, susjacents. Les grés inférieurs sont caractérisés 
par la raréfaction successive des feldspaths acides (oligoclase), 
qui sont graduellement remplacées par d’orthose et microcline, 
accompagnés par des fragmens de porphyre quartzifére et de quartzite. 
Les grés vert, vert grisátre, sont pratiquements dépourvus d’uranium. 
Ils renferment des bancs rouges, á orthose, de type arkose. Encore plus 
haut, on trouve un complexe gris, un peu verdátre, caractérisé par la 
presence des feldspaths blancs, légérement séricitifiés et carbonatisés 
(orthose, oligoclase). Dans celui-ci les troncs d’arbre silicifiés et dolomi- 
tisés, les stries et les lentilles de houille, et des empreintes de fougéres 
ne sont pas rares.

Le complexe sus-mentionné passe, sans aucun changement obser­
vable du faciés, aux grés vert, gris verdátre du complexe uranifére, qui 
comprend des intercalations minces (de quelques cm a quelques m) du 
grés rouge («grés rouges intercalés»). Au sommet de ce complexe reposent 
des dépőts chimiques, d’origine aquatique, d’aspect pélitique, par leur 
nature dolomitique-ankéritique. Dans ce complexe pélitique-carbonaté 
on trouve des concretions de forme caractéristique, ainsi que des spores 
et pollens indiquant le Permien supérieur: Nuskoisporites dulhunty R. 
Pot. et Klaus, Florinites sp., Loeckisporites virkkiae R. Pot. et Klaus, 
Pityosporites delasouci R. Pot. et Klaus (Deák, 1960). Les sédiments 
de ce faciés sont déposés, semble-t-il, dans un secteur stagnant pauvre 
en oxygéne, du bassin sédimentaire, ou n’étaient apportés que des suspen­
sions et le débris organique, á poids spécifique peu élévé. Dans ce com­
plexe par endroits se trouvent des stries de houille, empreintes de feuilles 
carbonisées, et troncs d’arbres. L’enrichissement en lentilles d’uranium 
dans le complexe uranifére se laisse subdiviser en trois parties:

a) Le faisceau inférieur est d’un développement trés capricieux et d’une 
teneur en uranium peu élevée;

6 ANNALES — Sectio Geologica — Tomiis XIV.
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ß) Le faisceau moyeв ou principal, une mineralisation ä plusieurs
lentilles. Dans le 
s'y compose des le 
du Sud, il est coi 
tant au sens vertic 

y) Faisceau supérieu 
enrichissement loci

Les roches encaissan 
fere, possedent une tenet 
plus élevées, si Гоп com 
série grise sous-jacente о 
du Mont Jakabhegy).

c) Permien supérieur
Au-dessus du Permi 

complexe gréseux, vert, 
rouges du Mont Jakabh 
deux membres; dönt l’u 
— une stratification diag 
et par endroits cuprifére

La subdivision tripa 
Mecsek (Permien infériei 
sur les differences litholo 
fiée. Aussi Vadász ( 
ti vés. Le probleme se pos

Le

<hamp du Nord-ouest il est plus homogene, et il 
ntilles a concentration plus élevée; dans le champ 
stitué par des lentilles tectoniquement dissectées 
il qu’horizontal.
r, capricieux comme célúi inférieur, mais a un 
lement beaucoup plus considérable.
tes des lentilles, an dedans du complexe urani- 
r en uranium á un ou deux ordres de grandeur 
tare avec les concentrations observées dans la 
i dans le gres rouge du tóit (gres intercalé, gres

en moyen, dont le membre terminal est le 
uranifere, réposent les conglomerate et gres 

egy, subdivisés par Barabás (1956) en 
i montre une stratification arquée, et 1’autre 
male. La partié supérieure de celui-ci, gypsifere 
passe insensiblement au Trias inférieur marin.

rtite de la séquence permienne de la Montagne 
ir, moyen et supérieur) est basée uniquement 
giques; done eile n’est pas completement justi- 
1909) lui-meme indique des incertitudes у rela- 
e, si eile sóit nécessaire et soutenable?

Tableau 1
’ermien de la montagne Mecsek

Étage D’aprés E. Vadász, 1957 D’aprés А. В a r a b á s — J. Kiss, 
1958

Thuringien Complexe d 
loppemen 
hydrite). 
fication

evaporites ä déve- 
t local (gypse, an- 
Gres rouge & strati- 
iagonale et arquée

Gres á stratification diagonale, 
á peu de feldspaths

Saxon ien Complexe p 
grossiers

jéphitique á grains 
t plus fins

a) Gres rouge fluviatile, á une 
quantité moyenne de feldspaths

b) Conglomérat gros, fluviatile
c) Gres (arkose) lacustre
d) Gres gris-vert, lagunaire, á gres 

rouge intercalé

Autunien Grés jaune- 
rat á gra 
houille, p] 
á trónén

Gres rouge 
sableuse 
quartzifé

'ris-vert, conglomé- 
is fins, á lentilles de 
antes carbonnisées, 

d’arbres silicifies.
lair meuble, argile 
rouge, Porphyre

Marne dolomitique marine, siltite, 
schiste argileux, lava, dyke et 
pyroclastite de porphyre quartz i- 
fere
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Avec la prise en consideration les données paléobotaniques et litholo- 
giques, le Permien de la Montagne Mecsek se laisse subdiviser en deux 
étages (inférieur et supérieur), sans aucune modification importante de la 
subdivision tripartite proposée par Vadász et adoptee par Barabás.

aj Le membre inférieur représente le Permien inférieur; b) le membre 
moyen á plantes fossilisées correspondrait au Permien supérieur, tandis 
que le «membre supérieur», (les grés et conglomérats du Mont Jakabhegy, 
qui débutent par des dépóts continentaux et passent concordamment 
aux sédiments marins), peut étre identifié avec le Trias inférieur.

Voilá la subdivision proposée:

Trias inférieur
A) Trias inférieur fossilifére (á Pseudomonotis sp.)
B) Complexe gypsifére
C) Grés rouge du Mont Jakabhegy, fluviatile, de type delta;
D) Conglomérat grossier

Permien supérieur
A) Grés rouge intercalé, complexe uranifere, á lentilles de houille, 

troncs d’arbre, empreintes de fougéres, troncs d’arbre dolomitisés, 
pollens in di quant le Zechstein;

B) Paquet des grés gris, gris-verdátre, á troncs d’arbre silicifiés, et 
d’autres empreintes de plantes (groupe d’Araucarites);

C) Groupe des grés bariolés (sédimentation inquiéte), dönt la puis­
sance atteint 150 á 200 m au champ du Nord, et 200 a 300 m 
dans le champ du Sud.
Conglomérat (0,5 —3,0 m)

Permien inférieur
Grés fin, siltite, argile schisteuse, marne argileuse rouge et brune, 

dönt l’épaisseur varié entre 300 et 500 m.

Paléozöique plus ancien
Granit et roches métamorphisées.

* * *
La séquence permienne peut étre interprétée done comme le produit 

d’un cycle de transgression bi-rythmique, dönt la phase premiére (Permien 
inférieur) a déposé le complexe a siltites, caractérisé par des silicopélites, 
jusqu’á l’apparition du banc conglomératique (0,5 —3,0 m).

Avec ce conglomérat débute une sédimentation nouvelle, une trans­
gression inachevée dönt les roches variéés, pséphitiques-psammitiques, 
indiquant des oscillations du fond, représentent les dépóts du cycle sédi- 
mentaire du Permien supérieur.

Avec le conglomérat grossier du Mont Jakabhegy débute un nouveau 
cycle sédimentaire, qui dépose des sédiments psammitiques d’origine

6*
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fluviatile et déltaique au 
poraires. II passe insens 
inférieur de la Montagne

; x évaporites dues aux inondations marines tem- 
liblement á la séquence transgressive du Trias 
Mecsek.

On a déjá aperpu qr e le complexe uranifére se trouve dans la partie 
supérieur du membre тэуеп (d’aprés Vadász), done selon la sub­
division proposée par Г auteur, dans la partié supérieur du Permien supé- 
rieur.

Le membre moyen du Permien ( = Permien supérieur) lui-méme
est aussi tripartite, si Гоп considére les caractéristiques lithologiques. En 
dépit de certaines recurrences dues aux accidents tectoniques et aux 
événements répétés de sédimentation, la subdivision en trois parties est 
significante. La partié inferieure est pauvre en feldspaths, meme pratique- 
ment dépourvue de fe dspaths; dans la partié moyenne on observe
l’apparition des plagioclases intermédiaires-basiques (andésine, labrador);
dans la partié supérieure c’est l’oligoclase et l’orthose qui s’enrichissent, 
st cőté des galets de porphyre quartzifére.

Les feldspaths du grés gris, gris-verdátre sont en général de couleur 
blanc. Les plagioclases intermédiaires-basiques s’enrichissent de nouveau. 
La couche inférieure du complexe uranifére (grés vert) est du type arkose, 
caractérisée par la préssnce des plagioclases acides (oligoclase) et de 
l’orthose. Vers les faisceaux principal et supérieur l’oligoclase va á perdre 
son importance, cédánt son rőle á l’orthose etses variétés (orthose-micro- 
cline pertitliique), tandis que le faisceau supérieur est caractérisé par des
gres du type arkose, consbitué principalement de l’orthose. Entre certaines 
lentilles du faisceau prir cipal, dans le champ du Sud et celui du Nord, 
dans le complexe du grés 
de plusieurs centimetres 
porphyroide, peut renfer 
ment (arkose basal).

vert s’est développé unbancpséphitiqueáorthose, 
en épaisseur; celui-ci, qui ressemble au granite 

■ ner les orthoses des noeuds pegmatitiques égale-

Le debris du quartz métamorphisé ou magmatogéne montre une 
répartition caractéristiq ie en sens vertical. Les zones plus basses sont 
caractérisées par le debris d’origine métamorphique; dans la «röche­
mere» du faisceau princi 
sont présents ensemble; 
magmatique qui devient

ipal les quartz metamorphiques et magmatiques 
puis dans le faisceau supérieur c’est le quartz 
prépondérant.

Les faciés lithologiques esquissés plus haut, la distribution des 
feldspaths et les divers c 
permien, en fonction de

uartz, reflétent trés bien Involution de ce membre 
la composition pétrographique de Fairé de dé-

nudation: la partié inférieure de la série (grés gris) est le pr odúit des roches 
métamorphisées, tandis q le le complexe du grés vert (uranifére) est le pro-
duit mixte de la decomposition des roches métamorphisées et granitóides.
Cette différence se manife, de dans la distribution des éléments des roches psé-
phitiques-psammitiques, cinsi que dans la nature des minéraux d’uranium.
Le membre inférieur de le
en uranium. Les membr

série est riche en substances organiques, et pauvre 
'ís moyen et supérieur, psammitiques sont carac- 

térisées, outre la teneur élcvée en substances organiques, par la concentration 
considérabledeCr, U et V. La partié supérieure de la série est pauvre en sub - 
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stances organiques ou bien totalement anorganique, et eile revete un coloris 
plus expressément rouge, produit par la presence remarquable des ions 
Fe3 + . (Fig. 2.)

2. Les caractcristiques sédimentologiques du complexe uranifere et des 
corps minéralisés

Les échantillons soigneusement récoltés ont été étudiés d’une tagon 
multilatérale, au but d’éclaircir les conditions géochimiques et de dépót.

Tout d’abord on a établi la granulométrie, qui a beaucoup contribué 
á la connaissance de l’aire de dénudation et de la direction de l’apport des 
matériaux.

Les roches psammitiques se composent, en predominance, des grains 
ä un diamétre inférieure de 0,5 mm. Par endroits on у trouve des remplis- 
sages «ä sac» plus grossiers, intercalés, qui se laissent distinguer trés bien, 
mérne á l’oeil nu.

Leur interpretation s’appuie sur deux phénoménes indépendants:
a) Sur le fond tranquille, moins agité et ondulé du bassin les courants 

d’eau véhéments ont apporté et déposé des particules plus grossiéres.
b) De pareils remplissages grossiers peuvent se produir sur le fond 

trés accentué du littoral fortement attaqué par les ondes, qui sont brisées 
au-dessus de ces dépressions ou sacs, passent aux mouvements turbulents, 
en centrifuguant les particules plus fines, n’y laissant que celles plus 
grossiéres. Cette explication-ci peut étre exclue, pour la plupart des cas, 
par le caractére fluviatile des sédiments. II serait peu vraisemblable de 
supposer une explication par fracturation tectonique.

L’échantillonage a été fait, dans tous les deux champs minéralisés, 
aux intervalles égaux, en у ajoutant des échantillons supplémentaires 
pris á tous les changements lithologiques observables á l’oeil nu. Le ma- 
tériau des lentilles de minérai a été examiné séparément.

On a fait les examens suivants sur les roches uraniféres et encaissantes:

a) granulométrie des particules clastiques, par tamisage et par la pipette de Köhn;
b) établissement de la teneur en carbonates par la méthode de Scheibler;
c) dosage chimique quantitative des éléments U, V et Cr;
d) dosage spéctrographique semiquantitative des éléments de trace;
e) détermination du rapport U4+/U6+ ä partir des données d’analyse.

La composition granulométrique a été déterminée, aprés l’ameublis- 
sement de la roche, par la pipette de Köhn; pour les roches minéralisées, 
par tamisage. L’ameublissement consistait dans un traitement par la 
solution concentrée de MgSO4-7H2O, produisant, sauf quelques cas, 
la désintégration totale de l’échantillon. Cette méthodes’estprouvéeplus 
efficace que le procédé de congélation ou célúi de l’ultrason. Les grés á 
ciment siliceux ont été traités par acide hydrochlorique. La quantité 
dissolue du ciment a été ajoutéeála fraction la plus fine. Bien entendu, 
il est impossible d’aboutir á une désintégration parfaite. Done on a véri-
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fié, sous microscope, le 
passait pas le 1%, on a 
métriques par 1’indice c 
faveur des fractions plus 
ment par acide pour arr. 
qui permet l’application

pourcentage des grains agrégés. Si cela ne dé- 
, modifié les pourcentages des fractions granulo- 
is correction établi par métliode statistique, en 
> fines. Dans le cas contraire, on a répété le traite- 
•iver á un degré acceptable de désaggrégation, ce 

de la correction mentionnée.
Les valeurs granule métriques sont représéntées en histogrammes, 

pour le profil entier du complexe uranifere, á partir du mur jusqu’au toit. 
On a étudié la distributic n verticale des fractions individuelles. Tout cela
était confronté avec les variations dans la teneur moyenne en uranium
de la roche.

De l’évaluation de
conclusions générales coinme suit

la distribution granulométrique, on peut tirer les

a) Complexe uranifere du champ du Nord, sauf les lentilles de minérai
(Fig- la).

a) Le faisceau supé, 
des roches psammitiques < 
des sédiments fluviatiles
causée par des phénoméncs de torrent.

'.rieur s’est développé, avec реи d’exceptions, dans 
caractérisées par la distribution ä trois maximums 
proche au delta, avec une eventuelle modification

b) Les roch es encai.
ä deux maximums granul x 
se trouve qu’aux niveaux

■sanies du faisceau principal consistent en grés
métriques. Une distribution ä trois maximums ne

c) Les psammites du
ä la roche-encaissantes des 
inquiéte.

mpérieurs et inférieurs du faisceau principal.
faisceau inférieur ä trois maximums ressemblent

lentilles supérieures, reflétant une sedimentation

Le faisceau principal du champ du Nord revét expressément un
caractere fluviatile. Let lentilles, á concentrations en uranium moins
élevées des faisceaux sup irieur et inférieur semblent plutőt d’etre déposées 
dans des deltas. La question se pose: le milieu fluviatile est-il un facteur 
indispensable pour l’accemulation sédimentaire de l’uranium, ou bien il 
ne s’agit que d’une connexion par hasard de la situation géomorphologique
et de la sédimentation ?

Le rapport entre la
uranium des roches encs

distribution granulométrique et la teneur en
issantes est frappant (Fig- la). Presque tous les

échantillons á deux maximums ont une teneur en uranium plus élevée, 
tandisque dans les échaitillons á trois maximums, l’uranium tendádé- 
croitre.

En comparant la distribution verticale des fractions granulométri-
ques avec la variation 
les fractions de 0,5 mn 
fraction plus fine de 0,0 >

de la teneur en uranium on constate pour 
et 0,1 — 0,05 mm un rapport inverse. Pour la 
mm, par contre, un rapport direct est établi.

Ces liens sont difficiles á interpréter. Néanmoins on essaie de les
éclaircir comme suit.

a) Le rapport inverse
siéres (0,5—0,05 mm) p

observe pour les fractions relativement phis gros-
eut étre dú, en partie, a la «substitution de grains»;
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I. ' Í Teneur en uranium, %

■■■■ Pourcentage de la fraction granulométrique

Fig. la. Le rapport entre les fractions granulométriques du complexe uranifére et la teneur 
en uranium (sauf les lentilles de minérai) (Champ du N).

une partié des grains plus fins est remplacée par Vuranium dissolue par 
Vácidé. En general ces échantillons ne renferment de debris de minérai 
d’uranium qu’en quantité subordonnée.

Ъ) Le rapport direct établi pour les fractions plus fines de 0,05 mm est 
facile ä interpréter: on у trouve souvent de la suie d’uranium friable dont le 
diamétre moyen varié de 0,05 mm jusqu’ä <0,002 mm.

Le champ du Nord consiste done, d’apres la distribution granulométrique 
de la roche encaissante, en depots fluviatiles proclies au delta.

ß) Complexe uranifére du champ du Sud (Fig. 2a)
La roche encaissante du champ du Sud appartient, avec 1’exception 

d’un seul échantillon provenant du faisceau inférieur, au type ä trois ou 
plusieurs maximums, ce qui caractérisé les sédiments de delta. Le rapport 
entre la distribution quantitative des constituants pétrographiques et la 
teneur en uranium difiére de célúi établi pour le champ du Nord. L’échan- 
tillon pris de la lentille inférieur, ä deux maximums, pratiquement ne
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renferme pas d’uranium, 
qui est le plus uranifere 
Sud, un rapport direct e

en dépit du fait que c’est justement ce type-ci 
dans le champ du Nord. lei, dans le champ du 

litre le pourcentage granule métrique et la te­
neur en uranium s’observe dans le cas si des trois maximums deux sont
trés bien développés, nots mment célúi pélitique et célúi entre 0,1 et 0,01
mm. Cela est d’accord avec Г observation faite dans le champ du Sud, 
que le débris de minérai allotigene est fort subordonné, 1’uranium est 
présent plutöt sous forme de dissémination fine et d’infiltration.

Teneur en uranium, %

Pourcentage de la fraction granulométrique

Fig. 2a. Le rapport entre les fractions granulométriques du complexe uranifere et le teneur 
en uranium (sauf les lentilles de minérai) (Champ du S II.).



Constitution mineralogique et génese 89

En comparaison avec la distribution granulométrique en coupe ver- 
ticale, la teneur en uranium se comporte inversément que dans le champ 
du Nord.

La teneur en uranium varié presque parallelemen! avec le pourcen­
tage des fractions á un diamétre plus grand de 0,5 — 0,2 mm. Dans les frac­
tions plus fines, a 0,2 mm et pélitiques, on observe la situation opposée: 
un rapport inverse (Fig. 2a).

Les différences dans le teneur en uranium et dans la distribution 
granulométrique s’explique par 1’assomption que Г uranium sóit apporté 
au champ du Sud en predominance dans solution, et le débris uranifere 
n’y jouait qu’un role subordonné.

Il faut mentionner, que dans ce champ minier on observe des mani­
festations trés remarquables de dissolution et de migration épigéniques. 
C’est pourquoi, á Г état actuel, on ne peut pas tracer la limité entre les 
precipitations de la «solution primaire» et celle épigénique. Les observa­
tions disponibles á présent témoignent en faveur d’une quantité a priori 
élevée des solutions uraniféres arrivées dans les dépressions á eau stag- 
nante, du delta marécageux divisé par des cones d’alluvion.

Le matériau des lentilles de minérai est composé des constituants 
plus grossiers, trés bien observables á l’oeil nu. La forme «lentiforme» ou 
«en sac» peut étre attribuée aux conditions traitées plus haut. D’aprés 
les observations de 1’auteur, en général il у a un chapeau argileux á illite 
dans la partié supérieure des lentilles ou des sacs de minérai, tandis qu’il 
manque au-dessus des «sacs» non-uraniféres. L’explication plausible 
s’impose que tous les sacs a grains grossiers avaient été uraniféres, mais 
l’uranium ne s’est pás conservé que dans ceux protégés par un chapeau 
imperméable, étant dissolu dans les autres.

On constate une grande différence dans la composition granulo­
métrique des lentilles de minérai entre les champs du Nord et du Sud, 
respectivement.

Le matériau des lentilles du Nord est trés faiblement sorti, a 2 — 3 
ou meme plusieurs maximums. Le grés du tóit «stérile» est d’origine flu­
viatile, á deux maximums. Les lentilles montrent une composition gra­
nulométrique plus différenciée. C’est le type le plus uranifére de la Mon­
tagne Mecsek. Le rapport entre le teneur en uranium et les variations de la 
composition granulométrique n’a pas besoin des explications supplé- 
mentaires.

Les lentilles du champ du Sud sont moins riches en uranium, á une 
distribution granulométrique plus uniforme; á cőté de la distribution 
prépondérante a deux maximums on trouve aussi des échantillons a un 
seul maximum. Ces traits lithologiques-sédimentologiques correspondent 
bien á la conclusion tirée que l’uranium du champ du Sud dérive des solu­
tions uraniféres. Les formations uraniféres et stériles des champs du Nord 
et du Sud se sont déposées, d’aprés les résultats de l’examen de leurs con­
stituants mécaniques, par un transport de NW vers le SE. Le territoire 
du champ du Nord représente, semble-t-il, la partié supérieur du delta 
d’une riviére, prés d’une baie. Vers le SE, le Courant se divisait en plu- 
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sieurs bras, en formant c es crues marécageuses. Alors, dans le champ du
Nord, le courant était ctpable de tenir en mouvement des fragments de 
minérai á un diametre ce 0,5 —a 1,0 mm; par centre, au SE, le courant 
de moins en moins rapids ne transportait plus que des grains de minérai 
á quelques mm en diánlétre, et la plus grande partie d’uranium était 
transportée en solution.

3. La teneur en carbonate du complexe uranifere

Dans la communica ion sur la description et la genese des minéraux
(75) l’auteur a traité, dr point de vue minéralogique, les minéraux car- 
bonatés du complexe psammitique, sans entrer dans l’étude du role 
sédimentologique des carbonates et de leur rapport avec la teneur en 
uranium. (Fig. 3.)

Champ du N

Secteur E du champ du S

Fig. 3. Distribution en coupe verticale de 1’ensemble des carbonates dans les lentilles de 
minért ,i par rapport á la teneur en uranium.
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La distribution de la somme des carbonates, déterminée par le pro- 
cédé de Scheibler, ne revéle aucune régularité pour la coupe verticale 
du complexe uranifere du Nord. Dans le niveau supérieur du 
faisceau supérieur les Constituante carbonates, calculés sous forme de 
calcite, sont représentés par 1,5%; dans la couche inférieur du тёте 
faisceau, la valeur correspondant est 0,5 —3,5%; du milieu jusqu’au 
lentilles du faisceau inférieur: 0,5 a 8,5%, et dans les lentilles inférieures: 
0 a 2,0%.

La teneur en carbonates ne montre aucun rapport définitif avec les 
concentrations d’uranium et de vanadium, sauf en quelques cas sporadi- 
ques, qui peuvent étre des enrichissements locaux (p. e. l’apparition de la 
liebigite).

Quant á la distribution des carbonates, de l’uranium et du vanadium 
dans le complexe uranifere du champ du Sud (Fig. 4) on observe les con­
tours d’une certaine régularité: la somme des carbonates augmente gra- 
duellement, á partir des moyennes peu élevées (1 a 9%) trouvées pour le 
faisceau supérieur vers le faisceau inférieur.

W77Z U I I V

Fig. 4. La teneur en carbonates du complexe uranifere par rapport á l’uranium et au 
vanadium (Champ du S).

Il existe un rapport entre la somme des carbonates et la teneur en 
uranium, ä partir de la partié inférieure du faisceau supérieur jusqu’au 
niveau supérieur du faisceau inférieur. On ne peut pas établir un paral- 
lélisme semblable avec le vanadium.

Le comportement des carbonates du champ du Sud, trés opposé 
á célúi observé dans le champ du Nord, peut étre du á trois facteurs:

a) Ze röle du bassin sédimentaire assurant un dépót plus tranquille,
b) la concentration plus élevée en substances organiques du milieu, 
c) Toxydation progressive des substances organiques et la concentration 

plus élevée des ions Ca++, Mg++, Na + et K+ qui lient le CO2;
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d) les roches moins bit n sorties et plus poreuses sont mieux infiltrees par 
des solutions a hydrocarbonates du Ca, du Mg et de I’U.

La quantité des minéraux carbonatés uraniféres est subordonnée.
En vertu de ce fait, le rap 
en uranium est lié princip

I jort entre la somme des carbonates et la teneur 
nlement aux phénoménes de dissolution épigéni- 

que, dont le role sera traité plus bas.
Les roches encaissartes du complexe uranifére sont, en moyenne, 

moins carbonatées, que 1 ss corps minéralisés mémes. Se fondant sur les 
valeurs moyennes des analyses, on peut établir la répartition suivante des 
carbonates (en somme) par rapport á la teneur en uranium, pour les 
roches encaissantes et pour les lentilles de minérai, dans les deux champs 
miniers.

Les roches «stériles» c u champ du Nord renferment la moitié de car­
bonates environ, compare es aux lentilles de minérai. La mérne proportion 
est valide pour le champ du Sud également, avec la différence que la som­
me de carbonates dépass e deux fois celle observée dans le champ du 
Nord.

Le pourcentage des carbonates des lentilles mémes de minérai, pour 
tous les deux champs, n; montre au cun parallélisme avec la teneur en 
uranium, qui sóit compa 
complexe uranifére du eh 
gite dans les lentilles de m

.rable á célúi établi pour les roches stériles du 
imp du Sud, en dépit de la présence de la liebi- 

linérai du champ du Nord. Les deux Constituante 
semblent étre complétement indépendents l’un de l’autre dans le cas des
concentrations élevées; si tous les deux sont présents en quantité mineure, 
p.e. dans le champs du Sud, on peut 8оир§оппег l’existence d’un certain 
rapport entre eux.

La différence caract éristique dans le pourcentage des carbonates 
entre les deux champs esu due á la sédimentation a priori.

En conséquence de li sédimentation plus tranquille, dans le champ 
du Sud la migration épig inique des .solutions uraniféres a été plus uni-
forme et a affecté de plw larges territoires.

4. La répartition des éléments U, Cr et V dans le complexe uranifére
(grés vert)

vanadium, du chrome et des hydromicas dans l’enrichisse-(Le rőle géochimique du 
ment épigénique de l’uranium.

Les gisements uraniLres de la Montagne Mecsek possédent quelques
traits particuliers en ce 
l’association géochimique

qui concerne leur aspect sédimentologique et 
un peu aberrante des éléments. Les grés vert

clair, vert grisátre, qui rrprésentent le complexe de grés productif, est 
développé sur un épaisser r plus considérable dans le champ du Nord que 
dans célúi du Sud. Dans tous les deux, il est divisé, vers le faisceau supé­
rieur, par le grés rouge inbercalé, qui en représente un faciés substituant.
Le complexe est plus hon । 
aisément subdiviser dans

ogéne dans le champ du Nord, et se laisse plus 
le champ du Nord, en unites répétées, bien in- 
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dividualisées. Un trait commun — outre la coloration vert-grisverdátre 
— consiste dans le ciment á hydromicas et carbonates (dolomie, ankérite), 
associé á 1’enrichissement d’uranium. Les grés gris, gris-verdátre du 
membre inférieur du complexe uranifére sont riches en substances orga- 
niques et pauvres en éléments radioactifs. Le complexe moyen, dit vert, 
est caractérisé, á cóté de 1’abondance des substances organiques, par la 
concentration relativement élevée des éléments U, V et Cr. Dans les 
roches encaissantes du faisceau supérieur (au voisinage du gres rouge 
intercalé) on a constaté l’accumulation relative des ions Fe3 + , Mg2+ et 
Ca2 + , et la présence remarquable des feldspaths. Les gres verts (com­
plexe productif), dont 1’uranium, le vanadium et le chrome constituent 
des composants caractéristiques, ont été soumis aux études approfondies, 
qui ont apporté des résultats considérables du point de vue scientifique et 
pratique, également. Pour cette raison ils seront exposés un peu plus 
largement.

L’association du chrome avec 1’uranium refléte une liaison géo- 
chimique inattendue, étant donné qu’il s’agit de deux éléments de com- 
portement géochimique trés différent, qui s’enrichissent dans des géo- 
phases bien éloignées 1’une de 1’autre.

Le chrome, sidérophile, s’accumule plutöt dans la phase introductoire 
de la cristallisation du magma et dans les météorites de fer. Dans la pré­
sence du soufre, il revét un caractére calcophile; mais son abondance 
élevée dans la croúte terrestre suggére également des affinités lithophiles.

Dans la phase principale de la cristallisation, dans les roches basiques 
et dans les ultrabasites, il se présente sous forme de chromite et de picotite. 
En outre il apparait, dans quelques roches (bombes d’olivine, méta- 
morphites basiques) en rempla^ant l’aluminium, p.e. dans les minéraux 
suivants: Cr-épidote, Cr-diopside, uwarowite, fuchsite, mariposite etc.

Le chrome lithophile se manifeste sous deux formes: Cr3+ et Cre + , 
en fonction du potentiel oxydo-réductif.

Les concentrations moyennes établies pour les géophases diverses 
sont comme suit:

météorite de fer, ultrabasites: 2000- 3400 ppm
phase des sulfures: 1200 á 2400 ppm
roches gabbroidales: 340 á 410 ppm
gránit: 2 — 6,8 ppm
grés vert de Mecsek, en moyenne: 10 á 1600 ppm
hydromica potassique («illite»): 450 ppm
mica chromifére, en moyenne: 4,05%
Done le chromium est lié, en premier lieu, au magma ultrabasique. 

Alors, on ne connait pas de telles roches parmi les formations primaires de 
la Montagne Mecsek, sauf quelques gangues et dykes («schliere») á lampro­
phyre des granits. Les mesures géomagnétiques faits par V. Scheffer 
ont révélé quelques anomalies particuliéres (outre celles dues aux trachy- 
dolérites á Pécsvárad) qui peuvent étre attribuées aux roches basiques des 
régions paléozoíques et anté-paléozoiques. Ces roches-ci pouvaient af-
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fleurer au Permien, ensemble avec les roches granitoides et métamorphi-
ques (gneisses, amphibolif 
aussi pour la teneur stab: 
de ez ку - К ar doss,

C’est le debris de de
alimenté, en fonction du

es, serpentines). Elles peuvent étre responsables 
le en chrome des houilles de Komló (E. S z á- 
M. Földvári-Vogl).

sintégration des roches sus-mentionnées, qui a
relief d’érosion, le bassin sédimentaire permien,

au temps du dépöt du co nplexe uranifere. D’abord le detritus et les pro-
duits de dissolution du
puis les produits de la de • 
granitoides, fournissaient

nianteau métamorphisé et des roches basiques,

sans limites internes déc 
Jusqu’á présent, on

composition mécanique et chimique des roches 
le matériau pour une sédimentation continue,

• slab les, psephitique-psammitique.
i’a pas réussi de démontrer la présence des mi­

néraux chromiferes állói igénes parmi les constituants mécaniques du
complexe uranifere (chro 
chrome enrichie dans le

unite, picotite etc.). On peut done supposer que le 
’ermien de la Montagne Mecsek devienne de la

dissolution des constituents fémiques et des silicates chromiferes des
roches métamorphiques, 

C’est au cours de la
□asiques, associés au manteau granitique.

en solution, et il semble 
Le chrome se laisse assez

écomposition chimique, que le chrome est entré 
d’avoir migré dans un milieu hydrocarbonaté. 
aisément exsoudre des minéraux silicates. P.e.

le mica chromifére épigénique du champ du Sud de la montagne Mecsek 
a fourni les données suiv mtes:

Quantité mesurée: 1
Solvant: 100 ml 2 n 1IC1

g de mica chromifére pulvérisé

Durée: 168 heures 
Dissolu: 0,3204 g, dönt les pourcentages élémentaires:

Les pourcentages 
Tableau 2.

Fe 
Mg 
К

re latifs
18,8%

au matériau originaire figurent dans le

Tableau 2

Les pour< entages relatifsau matériau originaire

Éléiner ts
I Mica chromifére 

originaire Dissolu

Fe
Mg

7,24% 
2,27% 
1,62
6,21

•3,17% 
2,37* 
0,13 
6,03



Constitution mineralogique et génese 95

11 ressort des analyses, que le fér octaédrique est entré complétement 
en solution, tandis que la moitié environ du chrome du mica chromifére 
у restait.

Un rőle semblable est joué par le vanadium. II est lié en partié au 
mica chromifére, en partié á l’hydromica potassique («illite»). Les con­
centrations moyennes correspondantes sont 610 ppm et 210 ppm. Néan- 
moins, une partié considérable du vanadium est associée á l’uranium: 
sous forme inconnue dans le péchblende, accompagnéé par de la mottra­
mite [Pb(Cu, Zn) (VO4) (OH)] subordonnée.

Les minéraux á U3O8 des filons hidrothermaux á U —Ni —Co Bi 
renferment jusqu’á 500 ppm de vanadium (selon les données publiées). 
On peut supposer que le vanadium ainsi que le chrome, qui s’enrichit 
remarquablement dans la phase de la premiére-cristallisation du magma, 
dérivent des roches basiques hypothétiques. Quand mérne, une partié de 
la teneur en vanadium des gites d’uranium dans la Montagne Mecsek est 
indépendant de la péchblende et des hydromicas chromiféres et potassi- 
ques sus-mentionnés; sa forme minéralogique est á présent inconnue. On 
peut admettre, également, l’enrichissement en vanadium, des substances 
organiques, de la houille etc. P.e., d’aprés E.Szádeczk y-K a r d о s s 
et M. F ö 1 d v á r i - V о g 1 le vanadium constitue un des éléments de 
trace constants des huilles de Komló.

Les analyses faites sur les roches encaissantes des champs N et S (écar- 
tées les lentilles de minérai) indiquent des rapports remarquabks entre 
les éléments U, Cr et V. (Anal.: E. Uppor)

Les valeurs de la teneur en uranium, chrome et vanadium montrent 
une répartition capricieuse dans le champ du Nord, mais elles apparais- 
sent parallelement, avec peu d’exceptions. Le chrome est le moins irré- 
gulier, en s’augmentant faiblement vers le faisceau inférieur. (Dans le 
tableau ne figurent’que les concentrations en chrome obtenues par analyse 
chimique quantitative, laissant á cőté les données microchimiques.)

Faisceau supérieur: 10 a 50 ppm de Cr
Faisceau principal: 10 a 50 ppm de Cr
Faisceau inférieur: 10 a 60 ppm de Cr

Voici la distribution du vanadium-
Faisceau supérieur:
Faisceau principal:
Faisceau inférieur:

250 a 600 ppm de V 
80 a 1000 ppm de F 
20 a 400 ppm de V

Done le vanadium montre une croissance monotone du haut en bas, 
avec trés peu d’exceptions. Il ne suit pas simplement les variations de la 
teneur en uranium. La teneur en vanadium montre des maximums lo- 
caux au niveau situé immédiatement au-dessous des maximums locaux 
en uranium. La cause de ce phénoméne est á présent inconnue.

L’uranium est présent dans les roches des faisceaux supérieur et 
inférieur en concentrations basses, mais uniformes, tandis qu’il varié 
capricieusement dans le faisceau principal.
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La repartition de tons les trois éléments est beaucoup plus homogene 
dans le champ du Sud. 11 у a un parallélisme évident entre les faibles te- 
neurs en chrome et les lautes teneurs en uranium, et parfois entre les 
hautes teneurs en chromo et les faibles teneurs en uranium.

Dans ce champ-ci, le 
chacun des faisceaux:

Faisceau supérieur:
Faisceau principal:
Faisceau inférieur:

chromium montre un maximum particulier pour

200 ppm Cr
1400 ppm Cr
400 ppm Cr

trouve des concentrations beaucoup moinsOutre ces maximums, on 
élevées, entre 15 et 20 ppm.

La distribution du 
vantes:

Faisceau supérieur: 
Faisceau principal: 
Faisceau inférieur:
Le champ du Sud a

vanadium est caractérisée par les données sui-

100 a 450 ppm V
100 a 600 ppm V
100 a 350 ppm V

line concentration moyenne moins élevée, distri- 
buée d’une fa$on plus uniforme:

Moyenne du champ
Moyenne du champ

du Nord: 
du Sud:

100 d 650 ppm V
100 a 460 ppm V

L’uranium varié paiallelement au vanadium, á trois maximums (un
pour chaque faisceau), m 
du Nord.

ioins bien développées, en comparaison au champ

Le ciment carbona ;é (dolomitique-ankéritique) a hydromicas des 
variétés psammitiques du complexe uranifére est largement répán du, 
en particulier dans le grés vert á mica chromifere.

La formation sédimentaire des hydromicas sous conditions hydro­
thermales, est un processus bien connu: il suppose une quantité con-
venable des ions alcalins it des ions á pH changeant (p.e. hydrocarbonates
des terres alcalines); la pression et la température normales lui convien-
nent. La décomposition 
buée principalement а Г 
calcium et du magnesiu 
d’autres métaux lourds.

de Г orthose du gres arkosique pent étre attri- 
nfluence des solutions aux hydrocarbonates du 
n, apportant aussi de l’uranium, du chrome et 
La décomposition de l’orthose et des plagiocla-

ses dépend de la saturation des solutions hydrocarbonatées et de la po-
rosité des roches, suivan la formule généralement connue:

orthose + hydrocarbonate du Ca et Mg = -*
«séricite» + dolomie -f quartz (silice colloidale) + K2CO3 + eau
Dans le complexe urmifere de la Montagne Mecsek, la décomposition 

des feldspaths (orthose, plagioclases) n’a jamais atteint les conditions de
la formation de kaolinite, ce qui affectait d’une maniére décisive le dé- 
veloppement de l’échange des éléments au cours de la diagénése, p.e.
la formation du mica ch romifére:

(«séri cite + illite») + C r3 + + V3 + + Fe2 + + Mg2 + + H2O =
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= K[(Fe, Mg) (OH)2] [Cr, V,Al)][(AlSi4O10)] (SiO4) (OH)2 = mica chro­
mifere ou (dans le cas si 1’un ou l’autre des métaux lourds énumérés avait 
joué un rőle subordonné): hydromica potassique.

Le chrome commence a jouer un role actif dans I’accumulation de 
l’uranium, quand il est entré dans la structure de 1’hydromica en pro- 
duisant une nouvelle modification. Ce role dure jusqu’á la saturation totale 
pour uranium (sous les conditions données). L’installation du chrome, du 
vanadium et des autres métaux lourds dans la structure du mica augmente 
sans doute sa surface adsorptive (?), ce qui facilite l’adhésion des ions 
U4+ sur les écailles de mica.

Le mica potassique et les hydromicas potassiques, peu connus en 
détail, ont piégé, non seulement l’uranium, mais aussi le chrome, le va­
nadium etc. L’adsorption beaucoup moins forte des hydromicas, en com- 
paraison avec le mica chromifere, peut fournir une explication a 1’obser- 
vation qu’ils renferment, en moyenne, moins d’uranium, que le mica 
chromifere:

Mica chromifere: 300 ppm U
Mica potassique (illite-sericite): 60 ppm U
L’uranium adsorbé sur les micas épigéniques se présente également 

sous formes de disséminations fines et enclaves, comme péchblende. 
Les noeuds de péchblende etc., associés a soddyite et coffinite, sont tou- 
jours liés au micas chromiferes ou potassiques.

De tout cela il ressort que les micas chromiferes et les autres hydro­
micas potassiques ont joué le röle d’une «barriere» cristallochimique- 
géochimique, en filtrant et précipitant une partié de l’uranium contenu 
dans la solution. L’uranium s’est précipité, ensemble avec la silice, sous 
forme de silicates (soddyite et coffinite), et dans un milieu a un potentiel 
oxydo-réductif plus élévé, directement sous forme d’oxyde. A notre avis, 
dans le cas d’absence du ciment á micas chromiferes et hydromicas potas­
siques et des substances organiques (houille) la majorité de l’uranium 
transporté dans les solutions a priori et descendantes aurait eu migré 
plus loin.

Le rőle ultérieure des micas chromiferes et des hydromicas potassi­
ques consiste dans le fait que le ciment a diminué le volume des pores, en 
produisant une zone imperméable á tous les deux flancs de l’anticlinal 
de la région. La stagnation des solutions qui en a résulté, la produit la 
précipitation des minérais d’uranium épigéniques, c’est-á-dire á une ac­
cumulation secondaire d’uranium.

La distribution de l’uranium et du vanadium dans les lentilles de 
minérai. La parallélisation des lentilles

On a prélevé plusieurs échantillons a lithologie et radioactivité égales 
des lentilles du champ du Nord et du Sud. La site d’échantillonage a été 
choisie, apres des observations a 1’oeil nu, sur la base d’une valeur de 
rayonnement (minus la radiation du fond) égale á ou plus élevée de 150 
gammas. On a envisagé de connaitre les variations de la constitution

7 ANNALES — Sectio Geologica — Tomiis XIV. 
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élémentaire et minéralogi pie des lentilles situées parallelement avec la 
direction du complexe uranifere.

En illustrant les dón aées analytiques conformément á leur position 
dans la coupe (Fig. 5), on trouve que — comme dans le cas des roches 
encaissantes également — 
presque toujours, celle de

la croissance de la teneur en uranium précede, 
vanadium. Par exemple: 

Secteur W du champ du S
Teneur en U У» Teneur en V %

Secteur E du champ du S
Teneur en U °/o Teneur en V °/o

Fig. 5. Distribution verticale de 1’uranium et du vanadium dans les lentilles de minérai

Lentille (a):
Lentille (b):
Lentille (c):
Lentille (d):

uranium croissant,
vanadium croissant, uranium décroissant, 
uranium croissant, vanadium décroissant,
vanad ’.urn croissant, etc.

Quarit á la répartition observé dans le champ du Nord, la concentra­
tion d’uranium va augw enfant, á partir du faisceau supérieur jusqu’au 
maximum au milieu du faisceau principal, puis — apres une décroissance
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transitoire — il erőit de nouveau dans les lentilles inférieures, pour dévelop- 
per un deuxieme maximum d’enrichissement dans les lentilles les plusbasses. 

Au secteur est du champ du Sud on observe une distribution d’ura­
nium entierement différente. Les concentrations, malgré les mineurs 
enrichissements locaux, sont considérablement moins élevées en compa- 
raison avec le champ du Nord. La teneur en uranium va augmentant 
d’une fagon monotone des lentilles du faisceau supérieur jusqu’au maxi­
mum observé dans les lentilles inférieures du faisceau principal, suivi par 
une forte décroissance vers les lentilles du faisceau inférieur. Aux secteurs 
ouest et est du champ du Sud la distribution d’uranium corresponde a 
cehe esquissée traitant le rapport entre 1’uranium et le vanadium, e’est-a 
dire la croissance de la teneur en uranium s’observe dans des lentilles de 
plus en plus basses au fur et á mesure que Ton va de 1’Ouest vers 1’Est, 
suivant le schema (Tableau 3)'

Tableau 3
Les changements tie lateneur d’uranium dans les lentilles

Lentille Secteur Ouest Secteur Est

a; cone. d’U élevée cone. d’U peu 
élevée

0
£

cone. d’U décrois- 
sante

croissante

0 g£ croissante décroissante
d) co Й décroissante croissante
f) croissante décroissante
f) — croissante croissante
9) décroissante décroissante
h) décroissante plus fortement 

décroissante

La distribution de 1’uranium dans tons les deux champs est due aux 
conditions de sédimentation en fonction de la géomorphologie et les dif- 
férences temporelles de l’apport du matériau.

Pendant le dépöt des fragments méeanoclastiques de minérai dans 
le champ du Nord, une partie de 1’uranium contenu dans les solutions 
s’est précipitée; au secteur Ouest du champ du Sud n’arrivaient que peu 
de fragments uraniferes et les solutions moins concentrées en uranium. 
Tandisque l’apport et le dépót des fragments de minérai d’uranium s’est 
accompli essentiellement dans le champ du Nord, 1’uranium en solution 
est migrée plus loin vers le Sud, en atteignant un maximum au secteur 
Ouest, la concentration des solutions étant moins élevée dans la partié est, 
pour des raisons á présent inconnues.

Le processus évalué et la genese conQue sur la base des études faites 
jusqu’á present (1960) peut étre modifié, bien entendu, par les études 
en laboratoire á venir. D’abord, l’auteur pense a l’éclaircissement de 
1’influence de la position du gite sur les processus épigéniques: p.e. l’en­
richissement en uranium dans la partie plus basse du secteur est du champ 
du Sud peut étre expliqué par descendence également.

7 *
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La teneur en vanadir m des lentilles de minérai ref léte deux distribu­
tions differentes. Le rapport du vanadium á 1’uranium est antagoniste 
dans les lentilles supérieures et les lentilles supérieures du faisceau prin­
cipal de tous les deux champs, mais il devient parallele á partir du milieu

u’au faisceau inférieur. L’antagonisme constaté 
du complexe uranifére peut étre du au potentiel 

du faisceau principal jusci 
pour la partié supérieure <
oxydo-réductif plus élévé. Le vanadium est parti culiérement concentré 
aux endroits riches en substances organiques, á un effet réductif marqué.
Les valeurs moyennes de la teneur en vanadium, obtenues pour les len- 
tilles de minérai, indiqueit pratiquement le mérne rapport qui est établi
pour les roches encaissam ;es: la teneur plus élevée en uranium du champ 
du Nord est accompagnée par des concentrations plus élevées de vana­
dium:

Moy enne du champ du Nord: 
Moyenne du champ du Sud:

950 p p m V
330 ppm V

L’enrichissement du vanadium dans les roches encaissantes est 14
fois environ, pour le chanp du Nord, et 30 a 35 fois pour le champ du Sud,
comparé aux concentrate 

Quant á la variation
ions des lentilles de minérai.
des teneurs en uranium et vanadium au dedans

des lentilles memes, on a pu décelé les connections suivantes.

Champ du Sud:
x) Uranium

a) Faisceau super 'eur: croissance du haut en bas,
b) Faisceau princ 
c) Lentilles basale

■ 'pal: décroissance vers la base, 
i > du faisceau principal: croissance,

ß) Vanadium:
1. a) = 100 ppn 2. aj = 350 ppm 3. a) = 470 ppm

b) = 500 ppn i b) = 180 ppm b) — 500 ppm
4. a) = 1100 ppn 1 5. a) = 1400 ppm 6. a) = 150 ppm

b) — 720 ppn 1 b) = 520 ppm
7. a) = 220 ppm 

b) = 220 ppm

b) — 600 ppm

a) Faisceau supérieur: croissance du haut en bas,
b) Faisceau principal: croissance conséquente du haut en bas,

и faisceau principal (au dessus de la lentille du c) Lentilles basales d
faisceau inférieur) et Г uranium, et le vanadium augmentent.

Pour le champ du N 3rd, on n’a pas fait de pareils examens.
Dans le champ du N 3rd, on a séparé le matérieau des lentilles de mi-

nérai riches en uranium । 
afin de déterminer la nab

et contenant de la liebigite en deux fractions, 
ure du minérai de vanadium á poids spécifique

relativement bas. Il ressc: 
péchblende (U3O8), et urn 
mottramite [Pb(Cu, Zn)V<

rt que tous les deux fractions contiennent de la 
e partie du vanadium est présent sous forme de 
O4(OH)]. Les données de tous les deux fractions 
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relatives aux éléments V, Ni, Co et Cu figurent dans le tableau 4. (Analyste 
V. T о 1 n а у, Institut Géologique de Hongrie.)

Tableau 4Ies fractions relatives aux éléments V, Ni, Co. et Cw.

Dénomination Fraction V206% NiO % CoO % CuO %

1. Minérai riche en uranium a) lourde 2,25 0,02 _ 0,01
b) legére 3,83 0,08 traces 0,01

2. Minérai á pyrite, riche a) lourde 0,22 0,15 trace 0,07
en uranium

b) légére 1,75 —
forte

0,01

Alors le vanadium s’enrichit dans la fraction légére (a 30% environ).
Dans la fraction lourde du minérai á pyrite, riche en uranium, on a 

démontré la présence de quelques fragments de calcopyrite, de nickéline 
et de cobaltine.

Les examens traités plus haut sont supportés par l’analyse chimi- 
que complete (analyste V. T о 1 n a у , Institut Géologique de Hongrie)

SiO2: 46,51%
TiO2: 0,17
A12O3: 2,10
Fe2O3: 9,59
FeO: — *
Cr2O3: 0,07
V2O5: 9,93
NiO: 0,01
CoO: 0,01
CaO: 0,01
ÄS2O3: 0,83
PbO: 0,70
MnO: 0,02
MgO: 0,15
K2O: 3,19
Na2O: 0,07

— H2O: 2,22
+ H20: 3,18

CO2: trace
P2O5: 0,11
S: 5,68
U3O8: 16,16**
ThO2: 0,27

102,65%
-0 2,84%

99,81%
* Indéterminable

** Analyse faite par le laboratőire á Pécs
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< onsidérations théoriques, on a essayé de tracer 
■ésence était établie par les études de E. S z á- 
st M. E ö 1 d v á r i - V о g 1.

En conséquence des < 
le germanium, dont la pn 
deczky-Kardoss

Il ressort que les parties riches en uranium sont, en meme temps,
enrichies en germanium 
M. Földvári-Vog 1

Afin d’obtenir des données supplémentaires, 
a fait des analyses spectrales demi-quantita- 

tives. Dans la fraction lou?de du minérai, séparé par bromoforme, le ger­
manium peut atteindre une concentration jusqu’á 100 ppm, tandis que 
dans la fraction légére la valeur correspondante esti ppm environ. Dans les

í en général 1 a 10, occasionnellement 100 ppmlentilles riches on a trouv 
de germanium (Ge).

Les lentilles 218 (champ du Nord) et 342 (champ du Sud) se sont 
prouvées particuliéremen'> riches en germanium.

En vertu du caracté’e équivoque du germanium, il joue un double 
rőle dans les minérais duranium. D’aprés E. Szádeczky-Kar- 
d о s s le germanium est r n élément (oxi)calcophile et non pás sidérophile, 
parce qu’il montre un p irallélisme avec la distribution de la rhabdite
(FeP) dans le fér mété sritique. Urey-Craig, О n i s h i k, El
W a 1 d a n i etc. ont soubenu l’opinion exposée par Goldschmidt
parce que la moyenne du 
leur fraction magnétique

Ge dans les chondrites est 9,4-10-4% environ; 
contient 29,0-10-4% Ge, c’est-á-dire sept fois 

de plus que la fraction sibcatée.
Panni les minéraux silicatés, l’augite est plus pauvre en germanium,

que Г amphibole ou l’olivne. L’hématite est trois fois plus riche en ger­
’a magnétite.manium que l’ilménite et

En ce qui concerne les roches sédimentaires, les calcaires et les do- 
lomies ne renferment point du germanium; les grés en contiennent de
0 ä 5-10-6%, les argiles । 
Quant aux minéraux d’ap
dans l’illite; dans la mont:

et les schistes argileuses de 1,5 á l,6-10~6%. 
gile, il est plus abondant dans la kaolinite que

morillonite il varié de 0,5 á 12,0- 10-e% et dans
la geothite il est présent á 16 • 10~6% environ. Dans les sédiments marine 
actuels ce sont les minéraux argileux et les détritus mécaniques qui ren­
ferment la plus grande quantité de germanium.

Dans les sulfures, le g ermanium peut remplacer des ions, p.e. dans la 
sphalérite Ge2+ peut subftituer le Zn+2 (= 0,89 Á), et dans la cérussite 

soudure covalent, Ge° (= 1,22 Á) peut rempla- le Pb2 + . Dans le cas d’une 
cer Zn° ( = 1,33 Á). Réc;mment Cl. Fron del et I. Ito (1957)
supposent que le germaniu n est présent sous forme d’une solution ferme 
dans l’énargite, tennantite, rennierite etc. de Tsumeb. Dans les arsénates 
des phases hypergénes il p sut substituir 1’arsenic, Ge4+ = 0,44 Á, As5 + = 
= 0,47 A, de la meme fagon que dans le cas de SiO4, dont le Si4 + = 0,39 Á.

La fraction lourde (obtenue par séparation en bromoforme) se com­
pose de péchblende, de pyrite et de quelques fragments de sphalérite. 
Le germanium, 100 ppm environ, у contenu est lié probablement á ces
sulfures (particuliérement 
ne permettent pas la preu 
nium, c’est dans le mica

á la sphalérite), mais les quantités trés infimes 
ve définitive. Une autre apparition du germa- 
ehromifére, ou il substitue, semble-t-il, le sili- 
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cium. L’enrichissement et le role du germanium dans le minérai uranifére 
de la Montagne de Mecsek est done loin d’etre suffisamment éclairci.

Dans le matériau récolté des lentilles de minérai, Mme M. Föl d- 
v á r i - V о g 1 a déterminé la présence d’une série d’éléments, par une 
méthode de mi-quantitative d’analyse speetrale, dönt les résultats sont 
reproduits dans les tableaux 5 et 6.

La répartition des données spectrales dans la coupe des échantillons 
de minérai indique de remarquables connexions.

Au champ du Nord (Fig. 6) le nickel montre un peu de décroissance 
dans les lentilles supérieures et dans un cas dans les lentilles inférieures 
du faisceau principal; en outre il montre une répartition homogene, tout 
en enrichissant un petit peu dans le faisceau inférieur. Le cobalt est re- 
présenté par les concentrations peu élevées dans les faisceaux supérieur 
et inférieur, il montre un comportement opposé á celui du nickel, sauf 
dans les lentilles du faisceau principal, ou on observe un parallélisme

S Pb S Co E3 Ni ШГ V

■■ Cr EZZ1 Си EZD As ^3 Ba

Fig. 6. Distribution verticals des éléments mineurs et de trace dans le complexe uranifere 
(Champ du N) (dosage semiquantitatif).
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marqué entre eux. Tout 
qu’il est plus sensitif а Г 
rallélisme revélé entre le
indirect et inévitable. 11 
aisément en Co3+ (Co2 +

cela peut étre interprété en invoquant le fait 
effet de 1’oxydation et de la dissolution. Le pa- 
cobalt et le vanadium est, á l’avis de l’auteur,

est généralement connu, que Co2+ se transforme 
peut substituer, en vertu de son radius ionique,

le Fe2 + ). Les valeurs pH entre 6 et 8 constatées dans le complexe urani-
fere de la Montagne Me 
á cőté des ions Co2+ et

isek assure la coexistence des ions V3 + et V4 + ; 
Co3 + le fér est présent sous encore la forme de

Fe2 + . Tandis que 1’ion < 
ions Co3+ (radius ioniqu 
est 0,65 Á, et l’autre 0,61

lo2 + peut completemen t substituer le Fe2 + , les 
э 0,65 Á) peut remplacer V3+ et V4 + , doiit 1’un 
Á. Les rapports exposes plus haut sont Supportes 

également par les valeurs basses de 1’Eh. Dans la partié minéralogique, 
l’auteur a indiqué la transformation U4+ — U6 + , en fonction de 1’Eh, 
qui est indicatif de 1’inteivalle ferreux. La predominance des ions U4 + /Ue + 
semble indiquer la circoastance que dans le milieu de la sédimentation
regnaient un pH non dénassant 6 a 8 et un Eh inférieur de +0,4 (autre- 

Teneuren Ge en°/o Trace

Fig. 7. Distributions vertieale les éléments mineurs et de trace dans le complexe uranifére 
(Secteur W du champ du S) (dosage semiquantitatif).
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fois, U4 + auraiét été complétement transformé en Ue + et lessivé); ainsi 
les ions Co2 + , Co3 + , V4 + , V3 + , U4 + , Ni2 + et Fe2 + ont pu subsister cöte 
á cöte et s’enrichir syngénétiquement.

Le chromium et le cuivre sont des éléments de trace constants, dönt 
la répartition suit celle du plomb. Les traces fortes de 1’arsenic sont tou- 
jours présentes dans les échantillons dans lesquels l’abondance de Ni, Co 
et V est plus élevée. II est possible que les fragments de minéraux allo- 
tigénes jouissent un rőle plus grave.

Le germanium est représenté par des concentrations de 1 a 10 ppm, 
distribuée uniformément.

Le nickel montre deux minimums dans le secteur ouest du champ du 
Sud (Fig. 7), en atteignant ses maximums dans le faisceau supérieur et 
dans les lentilles supérieures et inférieures du faisceau principal. Dans 
le faisceau inférieur, en opposition á la situation observé dans le champ 
du Nord, le pourcentage du Ni décroit brutalement. La teneur en cobalt 
varié au sens inverse avec celle du nickel dans le faisceau supérieur, tandis 
que dans les autres lentilles ils semblent montrer un certain parallélisme. 
La correlation du cobalt et du vanadium est bien marquée dans ce champ­
ci, tandis que la répartition du germanium est beaucoup plus capricieuse 
que dans le champ du Nord.

En ce qui concerne le rapport constaté dans le champ du Nord entre 
les éléments As, Ni et Co, il n’est pas retrouvé ici, du á l’absence des frag­
ments de minérai allotigenes du Ni et du Co.

Le champ du Sud est plus riche en chromium et en barium. Par 
contre, le teneur en cuivre est trés modérée.

En considérant la variation des teneurs des oligo-éléments au dedans 
des lentilles, vers le profondeur, dans le champ du Sud, on obtient les 
données suivantes:

1. Lentille 240
Lentille 340/а

3. Lentille 206
Lentille 306

5. Lentille 241 /а
Lentille 341 /а

a) Nickel

0,1% 
0,1%

2. Lentille 241
Lentille 341

= 0,1%
= 0,1%

0,01% 4. Lentille 207 = 0,1%
0,1% Lentille 307 = 0,1%

0,01% 6. Lentille 242/a = 0,01%
0,1% Lentille 342 a = 0,01%

Lentille 219 = 0,1%
Ijentille 319 = 0,1%

Le nickel est en général stagnant, dans quelques cas il augmente vers 
le profondeur.
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ß) Cobalt
1. Lentille 240/а

Lentille 340/а
3. Lentille 206

Lentille 306
5. Lentille 241/а

Lentille 341/а

0,01% 
trace
0,01%

trace
(trace )

2. Lentille 241
Lentille 341

4. Lentille 207
Lentille 307

6. Lentille 242fa
Lentille 342/a

= 0,6*7%environ
= ?
= 0,01%

= 0,01%

Lentille 219 = 0,1%
Lentille 319 = —

Done le cobalt
lentille, jusqu’á disparaitre.

déc/oit vers le profondeur an dedans de la meme

y) Plomb
1. Lentille 240/a

Lentille 340/a =
0,1%
0,1% env.

2. Lentille 241
Lentille 341

= 0,1%
0,1% env.

3. Lentille 206
Lentille 306 =

1,0% env.
0,1%

4. Lentille 207
Lentille 307 =

o,i%
0,1% env.

5. Lentille 241/a
Lentille 341/a =

0,1% env.
0,1% env.

6. Lentille 242
Lentille 342

= 0,1%
0,1%

7. Lentille 219
Lentille 319

= 0,1%
— 2

La concentration du plomb est homogene dans le faisceau supérieur
rieures et moyennes du faisceau principal; eile 
lentilles inférieures.

et dans les lentilles supé: 
s’abaisse un peu dans les

L’enrichissement locil en galéne, démontré dans la partié minéralo- 
gique, pose le probléme mivant: le plomb n’est que tout entier le pro- 
duit de démantélement d’une minéralisation hydrothermale antérieure, 
ou bien une partie du plc mb peut étre d’origine radioactive ? La distinc­
tion et separation des isotopes du plomb, le dosage de 1’isotope radio- 
génique, pourrait contribuer á deux problemes graves:

a) Visotope Pb contenu dans les detritus de minérai mécaniques, pour­
rait dater la formation du psement d’uranium lié ä la géophase magmatique, 
primaire;

b) la galéne épigéniqi 
la formation du complexe i

e pourrait donner une approximation concernant 
uranifere sédimentaire (? ! ).

Parallelement avec la décroissance des concentrations des éléments 
majeurs dans les lentilles du secteur est du champ du Sud (U, V), on 
observe 1’appauvrissemei it en éléments mineurs, dont la distribution 
montre «un équilibre chaotiquement bouleversé» (Fig. 8).

L’oligo-élément le pl is constant, e’est le germanium, dont la concen­
tration moyenne est 10 ppm environ; il у en a d’autres, p.e. le barium 
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(trace forte) et le cuivre (trace). Les Ni, Co, As et le V sont distribués en 
sens opposé en dehors d’une mérne lentille.

Fig. 8. Distribution verticale des éléments mineurs et de trace dans le complexe uranifére 
(Secteur E du champ du S).

La repartition des oligo-éléments est interprétée comine une preuve 
des processus d’accumulation des éléments. Le transport et l’apport des 
métaux lourdes, á partir de l’aire de dénudation au Nord, se poursuivaient 
vers le Sud de plus en plus sous une forme ionique; puis la migration 
épigénique a produit et stabilisé la repartition actuelle.

5. Parallelisation des lentilles de minérai

Tous les deux champs uraniféres sont d’áge permien; pourtant Page 
montre un certain décalage du Nord vers le Sud. C’est particulierement 
évident au champ du Sud, ou — de Г Quest vers 1’Est — la puissance du 
complexe uranifére décroit et 1’uranium est de plus en plus concentre dans
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des lentilles plus pauvres. La parallélisation des lentilles de minérai se 
laisse faire en s’appuyant sur leur position relative au mur et au tóit, ce 
qui ne signifie pás néces, sairement la formation au mérne lieu de ces len­
tilles.

L’auteur envisage ■ 
sédimentologiques et gé<

le décéler les traits communs minéralogiques, 
ochimiques, qui permetteront á faire le groupe- 

ment et l’identification < orrespondant á la position stratigraphique assez 
aisément, mérne sur le terrain.

6. La variation du rapport U4+/U6+ dans les lentilles de minérai

La proportion des deux formes U4 + et U6 + , et sa répartition actuelle, 
refléte le développemen t du complexe uranifere, en fonction du degré
d’oxydation. (Les analyí 
Recherche des Métaux;

т-es sont faites dans le laboratoire de l’Institut de 
; analyste S. D u n a y; Tableaux 7 — 8).

Si Гоп considere ces j roportions en fonction de la position stratigraphi­
que des lentilles de minérai, on constate une tendance d’agrandissement 
des concentrations de U4 + . La proportion de faisceau principal est proba- 
blement due au degré i’oxydation plus élévé. Vers le secteur est du 
champ du Sud, la proportion U4 + /U6+ varié considérablement; la valeur 
2,8 est le maximum observé dans les faisceux principaux du complexe 
uranifere dans le Montagne de Mecsek. II peut étre interprété par la po­
sition teetonique de cette partié du gisement. jetée par des failles paral­
leles entre elles dans une position plus basse, eile a échappé á I’oxydation 
plus intensive.

La répartition des valeurs U4 + /U6+ dans la minéralisation de la Mon­
tagne Mecsek est attribuée aux caractéristiques géochimiques de la sédi- 
mentation, modifies par des phénoménes épigéniques de migration:

a) L’enrichissemen 
contrőlé par les valeurs

; en uranium (sauf le détritus mécanique) a été 
OFe, pH du milieu de dépót et par d’autres fac- 

teurs locaux (concentration des substances organiques, présence des 
éléments capables de récnotion p.e. Fe, V etc.);

Ъ) Le degré d’oxydation, OFe—^^—(d’aprés l’interprétation par

E. Sz ádeczky- K irdoss) montre des valeurs entre 3,0 et 3,8. 
Selon A. Barabás, cela favorise Г accumulation des ions (UO2)2 + .
La degré d’oxydation étáit, certes, moins élévé au cours de la sédimenta- 
tion mérne, les valeurs ictuelles ne jouent qu’un role stabilisant (?) de 
1’uranium.

Les variations du r ipport U4 + /U6+ suivant la position stratigraphi­
que du minérai sont illustrées dans le tableau 9.

Ces valeurs trés differentes sont étroitement liées á la migration
ultérieure de 1’uranium 
minéraux secondaires d’ 
des galéries miniéres qui

et des éléments associés. C’est Г apparition des 
uranium (p.e. uranopilite, zippéite) sur les parois 

i a tiré l’attention á la migration.
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On a essayé de tracer les variations de la teneur en uranium des 
eaux apparaissant dans les galéries par la méthode des réactions «en 
goutte». II ressort que les eaux du champ du Nord contiennent moins 
d’uranium. Le pH est 6 a 7 pour les eaux des galéries supérieurs et entre 
7 et 8 dans les galéries inférieures. On a réussi de démon trer la présen се 
des ions Ca+ +, Mg + +, SO4~ “ et Cl_. Lesrésultats des analyses des échan- 
tillons d’eau figurent dans le tableau 10.

Sur la bases des analyses, les eaux circulant dans les galéries renfer- 
ment des hydrocarbonates de Ca et Mg, des sulfates de Ca et des métaux 
alcalins, avec peu de CI. Au cours de l’évaporation lente de l’eau, c’est une 
incrustation jaune, uranifére, associée au gypse et aux carbonates des 
métaux alcalins et alcalo-terreux, qui fait son apparition. La constitution 
minéralogique de cette precipitation uranifére n’est éclaircie qu’en partie; 
il est présente en sulfates, mais avec la predominance des carbonates de 
Ca, Mg et U (schwartzite, andersonite). Ces minéraux, pourtant, sont 
retrouvés sur le parois des galéries assez rarement.

Les eaux hydrocarbonatés, aCaet Mg, qui circulent dans les galéries, 
représentent un solvant excellent des minéraux d’uranium, en parti- 
culier de ceux qui renferment des ions U6 +. Les variations de la concentra­
tion de 1’uranium dans les eaux peuvent étre interprétées par le role cor- 
rosif des eaux circulantes. Plusieurs dépressions «en entonnoir» se tor­
ment; par conséquent, la teneur en uranium des eaux actuelles peut étre 
plusieurs fois plus élevée de celle des eaux descendantes le long des pores 
et des accidents structuraux.

En calculant avecuneteneurenuranium égale a 10-4%, et en suppo- 
sant la migration (pour tous les deux champs) de 50—50 m3 d’eau, on 
peut compter avec la dissolution de 180 kg d’uranium an 10 ans. A partir 
du Tertiäre, 9a signifie 1,1 milhon tonnes d’uranium; a partir du Crétacé, 
une quantité double.

Le fait évident des analyses, notamment que les eaux des mines 
contiennent quelques fois une concentration plus élevée d’un ordre de 
magnitude, souligne l’importance pratique, et scientifique de ce Pro­
bleme. Si l’on suppose que le complexe permien de la Montagne Mecsek 
sóit émergé définitivement au début du Tertiaire, mérne en comptant 
avec le minimum de migration d’uranium, les reserves d’uranium con- 
nues á présent ne peuvent représenter qu’une fraction de Г accumulation 
originelle (en particulier si l’accumulation primaire, sédimentaire occu- 
pait un territoire plus large).

La dissolution et la migration de 1’uranium pose le probleme, quels 
sont les secteurs aux deux flancs de Г anticlinal, ой les solutions uraniféres 
se sont arrétées, en produisant un enrichissement tertiaire d’uranium?

Les études faites jusqu’á l’heure actuelle ont révélé, que ce n’est 
qu’une partié de l’uranium dissolue qui s’est éloignée définitivement; la 
majorité s’est arrétée in situ, en fonction de l’Eh local et du ciment a 
hydromica (chromifére et potassique) du grés. Done on peut compter sur 
une accumulation tertiaire considérable le long du linéament sud de la

8 ANNALES — Sectio Geologica — Tomus XIV.
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montagne d’une part, el 
Nord.

7. La répartition

au secteur situé NONE du champ uranifere du

des minéraux dans le gisement d’uranium
La sourct d’uranium et l’aire de dénudation

Au cours de ses éti des, 1’auteur mettait á point á plusieurs reprises 
les difficultés posées pai ■ la distinction et séparation des minéraux urani-
feres précipités de la stlution a priori de ceux épigéniques. Pourtant,
ayant esquissé les conditions géologiques et sédimentologiques, et ayant
précisé la répartition et 
a pu reconnaitre quelq 
pour la distinction ent
suivante de l’accumulation d’uranium:

la mode d’apparition des minéraux d’uranium, on 
ues caractéristiques qui peuvent servir de base 
isagée. On peut établir la séquence temporelle

a) detritus mécaniqr 
b) incrustation «en , 
c) dissémination fir 
d) poussiere ou bien

e;
aches» (oxydes d’uranium);
e des oxydes d’uranium, a microstratification;
suie d’uranium (toujours oxydes) remplissant des

diaclases et fissires; («Stockwerk» des fissures de quelques mm, 
disposées en toile d’araignée);

e) formation des minéraux uraniferes secondaires.
Les minéraux mer tionnés sous point a) consistent en uraninite et 

péchblende, ils sont alk tigénes, dönt la quantité diminue sensiblement du
Nord vers le Sud. (Quati 
avec célúi du Nord.)

! 'e fois moins dans le champ du Sud en comparaison

Les minéraux ura nféres cités sous point b) et c) sont supposées 
d’etre précipités á prioii de solution. Les incrustations, noeuds et faches
de péchblende (plus ra’ement de soddyite et de coffinite) sont trés bien 
contourés entre les grains de quartz et de feldspaths, entourés, de leur 
tour, par une auréole roir grisátre, due á la dissolution postérieure. Les
micas chromiféres et potassiques d’origine épigénique, sont plus fréquents 
á trouver dans la «croűte» mérne que dans l’auréole. II est done possible
que l’enrichissement en i 
plus actif. L’auréole de 
des lentilles en depit de 
fragments de quartz et <

uranium a été facilité par un nucléus d’adsorption 
I dissolution postérieure est absente de la plupart 
> cela, que dans le ciment englobant la croűte des 
d’autres minéraux les micas sus-mentionnés sont

présents, bien qu’ils soíent subordonnés.
II faut mentionnec que les micas épigéniques sont présents á un

pourcentage d’un ordie de magnitude moins élevée que dans la suie 
d’uranium. (parapéchb’ende) A la base de tout ce qui vient d’etre dit, les
minéraux uraniferes de 
diagénétiques.

l’incrustation sont qualifiés comme Constituante

Les incrustations 
á observer le long des
sentent le passage veis

minces (de quelques centimetres en épaisseur) 
alans de faille de dimensions trés diverses, repré-

l’enrichissement épigénique de l’uranium. Ces
incrustations portent bien souvant des traces de déplacement. Ces failles 
donnent lieu aux acct mulations locales d’uranium. Les précipitations 
de suie d’uranium (pa rapéchblende) finement dispersées, disposées pa-
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railelement avec la stratification du grés uranifére, sont considérées 
syngénétiques. Elles sont á trouver plutőt dans les lentilles inférieures 
du faisceau principal.

Les minérais des fissures et des plans moins ouverts, composés 
dans leur majorité par suie d’uranium, dérivent des solutions descen- 
dantes, у compris les minéraux sécondaires d’uranium.

La suie d’uranium (parapéchblende) est plus répandue dans le champ 
du Sud que dans le champ du Nord. La diffusion trés accentuée des ra­
yons X n’est pas due exclusivement á la repartition dispersée de la suie 
d’uranium (parapéchblende), mais eile pent étre liée également á la dis­
persion fine des micas chromiféres et potassiques associés.

La suie d’uranium (parapéchblende) ne se trouve jamais associée á la 
pyrite, tandis que les grains syngénétiques du péchblende sont souvent 
entourés par de pyrite, ou bien ils se sont formés autour des noeuds de 
pyrite ou debactériopyrite.

Les minéraux secondaires d’uranium, caractéristiques de la zone 
d’oxydation, jouent un róle subordonné quant á leur variété et pour- 
centage. Un zone d’oxydation proprement dite ne s’est pás développée 
ici, ce qui peut étre du, á l’avis de l’auteur, á deux raisons.

1. Il у avait реи d’ions complexes (phosphates, arsenates) qui auraient 
pu réagir avec les ions d’uranile entrant en solution.

2. La predominance de la solution hydrocarbonatée de Ca et Mg, migrant 
en sens descendant, qui entraine avec soi les ions d’ uranium dissolus.

Les minéraux comme la liebigite, 1’uranopilite, la zippeite et des 
minéraux secondaires, douteux, d’uranium se sont formés aux endroits 
ou la migration de la solution était lente ou zéró. Il n’y a jamais de filtra­
tion d’eau á une échelle considérable aux endroits uu on rencontre des 
minéraux secondaires d’uranium; ce sont, en général, les secteurs plus 
secs du champ uranifere.

Les minéraux uraniferes de la Montagne Mecsek et leurs associés 
permettent de concevoir un paragenése. L’uranitite-péchblende, la co­
baltine, la nickéline, le Bi et Ag dönt la présence a été constaté par l’ana- 
lyse spectrale, constituent une association d’éléments et minéraux qui 
caractérise les minérais primaires de la formation de Bi —Co —Ni. D’aprés 
les données de la littérature у relative, ce type de gisement est en général 
situé dans le manteau englobant un pluton granitique, impliquant de 
nombreux filons á «Stockwerk». Il montre une zonalité en profondeur: 
zone supérieure á Ni —Co —Bi —As avec d’argent natif, zone inférieure, 
á minéraux uraniferes. (Erzgebirge, Schneeberg, Jachimov, Chingo- 
lobwe, Cornwall, Lac du Grand Ours, etc.).

Les sulfures de Pb, Zn, et Cu sont subordonnés. Le péchblende se 
trouve dans l’intérieur du fiion, associé á dolomie, á ankérite et, par 
endroits, á pyrite.

Une partié du minérai d’uranium de la montagne Mecsek peut étre 
le produit de demantelement d’une telle formation á Bi —Co —Ni (voir 
Fig. 2.), dönt les phases sont á trouver dans le matériau des faisceaux 
inférieur, principal et supérieur.

8«
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a) Les lentilles inféricures, d’un développement capricieux et riche en 
uranium peuvent représent '.r le gisement sommital du gisement de Bi — Co — 
Ni. Cette assomption est aopuyée par l’abondance relative des sulf üres de 
Pb, Zn, Си, et de I’argent, dans les lentilles en question.

b) Les lentilles riches en uranium dufaisceau principal correspondent 
ä la zone d’optimum, ä filons, du gisement de Bi, Co, Ni. La quantité décrois-

Ni et leurs minéraux vers les lentilles supérieures 
Hypothese. Les éléments Bi et Ag sont presents

sante et des éléments Co et. 
témoigne en faveur de cettt
dans ces lentilles dans l’ordre de 0,01%; leur forme minéralogique est ignorée. 

c) Le faisceau supérit ur ressemble a célúi inférieur autant qu’il montre
•icieusement variées d’uranium, qui sont pour tant 
II peut renfermer le matériau de la partié dissémi- 

des concentrations trés cap. 
par endroits assez élevées.
née dans le gránit et dans Its pegmatites et filonsde Bi, Co, Ni. Les sulfur  es 
allotigénes en sont complétement absentes. La teneur en thorium, dont on 
dispose malheureusement irés peu de données, suggérent une croissance du 
bas en haut, vers les lentdles supérieures; cette tendance doit étre prouvée
par des analyses ultérieun, 

L’apport du matériel -
déjá á plusieurs reprises 
fere dans cette direction 
Nord, le démembrement

s.
du NO vers le SE supposé par l’auteur et évoqué

est indiqué par la décroissance du détritus urani- 
, le développement plus homogene du champ du 
sntant horizontal que vertical du champ du Sud, 

sa puissance réduite, l’orientation correspondante générale des troncs
d’arbres silicifiés dans le ehamps du Nord, en contraste avec leur disposi-
tion sans orientation préíerée dans la région du Sud. D’aprés les études 
faciologiques plus récentes faites par Á. G г о s s z (1916) il у a égale- 
ment une autre direction celle O-ONO, venant, á l’avis de l’auteur de la 

de l’aire de dénudation de Fazekasboda, Mórágyprésente communication.
et Ófalu. Il faut done supposer la présence d’un gisement primaire de la
formation á Bi, Co et Ji , au NO du champ du Nord, dans le manteau 
antéeambrien, métamorphisé du pluton granitique, qui peut avoir eu 
un enrichissement origir aire disséminé d’uranium (antérieur du méta- 
morphisme et de la formation des filons hydrothermaux).

L’auteur a construit une carte de la structure en profondeur de la 
région, se fondant sur les affleurements, les données de sondages et des 
mesures géophysiques. (voir Fig. 1.)

Les données géophyj iques dérivent des mesures géomagnétiques faits 
par V. Scheffer cor rme suit:

a) il у a un maximum magnétique d’origine inconnue au-dessous de la
vilié de Szekszárd, entre Bt 

b) un autre maximum \
•ogyiszló et Mócsány,
marqué est constaté entre Csibrák et Magócs, dans 

le territoire des roches mét imorphes épi- et mésozonales;
c) le troisiéme maxi num, prolongé dans la direction de Pécsvárad — 

Komló — Dombóvár, correspond aux trachidolérites connues en affleuremen, 
et dans des sondages aussi;

d) le quatriéme et le ci nquiéme maximum, dönt l’origine est encore ingnoré,
sont situés entre Szigetvár 
Mágocs respectivement.

et Kaposvár, et dans la direction de Tengőd —
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A Tengőd, un forage á creusé de rhyolite. On peut supposer 1’exis- 
tence d’une bande ou zone individualisée de rhyolite située dans la direc­
tion de Tengőd — Sárszentmiklós — Kulcs, orientée parallélement avec le 
plan d’imbrication.

Les maximums de Bogyiszló, de Mocsány et de Szigetvár sont dús, 
semble-t-il, aux roches éruptives ou métamorphes anciennes, liées au 
manteau métamorphisé (amphibolites, schistes chloritiques, serpentines 
etc.).

Le maximum magnétique du carré Szigetvár — Bakonya —Kaposvár — 
Dombóvár est causé par le gránit, ce qui est prouvé par les affleurements 
de gránit á Nyugatszenterzsébet et de porphyre quartzifére á Dinnye­
berek, ainsi que par le gránit mis á découvert par le sondage de Korpád.

Les granits et granodiorites de la Mecsek du midi (de Mórágy á 
Erdősmecske) comprend un territoire de 650 km2. Les variétés pétro- 
graphiques у connues sont des aplites, les dykes de lamprophyre, des 
pegmatites d’orthose, des facies marginaux á syénite et á essexite, á bos­
tonite. (D’apres B. Mauritz). Les granits de Korpád (vers le N-NO 
du champ uranifere), s’étendent sur une surface de 600 km2 également. 
Ils sont des granits á biotite, á veins de quartz, contenant peu de consti- 
tuants colorés. On peut supposer que ces deux types de gránit dérivent de 
deux intrusions différentes, célúi de Mórágy étant plus récent que le 
gránit de Korpád. Mais il n’est pas exclu qu’il s’agisse des produits de 
différentiation dans 1’espace de la meme intrusion.

Sur la carte on peut discerner deux zones ou bandes antécambriennes 
et paléozoíques du socle cristallin, qui se rejoignent au-dessous d’lgal, 
á peu pres parallelement avec le lac Balaton, le long le plan d’imbrication. 
La bande sud, attribuée á l’Antécambrien, est constituée par des roches 
épi- et mésozonales (phyllite, schiste cristallin, gneiss, amphibolite, schis­
tes á actinolite, etc). Il у a de roches d’injection et des migmatites au con­
tact de cette bande avec le gránit. (Sondage de Pécs 7).

Au Nord du plan d’imbrication (dans la ligne des villages d’lgal, de 
Karád et de Buzsák) on trouve des formations marins d’áge carbonifére 
(prouvé faunistiquement par L. M a j z о n), qui ressemblent, du point 
de vue lithologique, aux calcaires bitumineux et schistes argileux d’áge 
viséen connus á Szabadbattyán. Le gránit des Monts de Velence, le por­
phyre quartzifere de Polgárdi (d’apres A. Vendl c’est une aplite), 
le gránit de Ságvár, et des porphyres quartziferes rencontrés á plusieurs 
endroits au Nord du lac Balaton en affleurement et dans les sondages, in- 
diquent qu’il s’agit, ici aussi, d’un pluton granitique d’une étendue con- 
sidérable (c’est le pluton des Monts de Velence).

Déjá J. В ö ck h, L. Lóczy Sen. et E. Vadász ont tiré 
1’attention aux differences faciologiques et sédimentologiques qui existent 
entre le Permien de la montagne Mecsek et célúi situé au Nord du lac Ba­
laton. Ce fait généralement reconnu peut étre interprété par la supposition 
que le Permien pséphitique-psammitique du lac Balaton est le produit du 
demantelement du pluton granitique de Pátka — Ságvár et des roches 
carboniféres á peine métamorphisées у associées.
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Cette Hypothese пош donne la réponse á la question concernant la 
> nent d’uranium dans le Permien situé au Nordpossibilité d’un enrichisse:

du lac Balaton. En tenant compte des données disponibles des Monts
de Velence, la réponse est 
multitude d’examens afin 
nitive.

négative. Bien entendu, on abesoin encore d’une 
de pouvoir tirer la-dessus une conclusion défi-

Les matériaux du conplexe permien de la Montagne Mecsek dériventdes
iu gránit. A l’avis de I’auteur, la source principal 
dui de Korpád) et le manteau entourant, tandisque 

roches épi-meso-zonales et 
c’était le gránit du Nord (ct
le gránit du Sud (célúi de 1 tárágy) ajoué un röle beaucoup moins grave.

C’est au maximum It gr és et le conglomérat du Mont Jakabhegy, les
roches clastiques du Mésczdique (Rhaetien-Lias) et les roches pséphitiques-
psammitiques du Miocént 
contribuer.

La teneur en uraniun 
celle des roches granitöidei 

á la formation desquels le gránit du Sud а ри

du gránit de Mecsek est beaucoup plus élevée de 
des Mont de Velence. (Portant il у a quelques

variétés de gránit de Velence dönt l’activité est proche ä celle du gránit de la
Montagne de Mecsek.) Le 
des auréoles pléochro'iques

rayonnement procéde, d’aprés A. Földvári, 
a biotite («halos radioactifs») qui renferment des 

elements radioactifs, en fonction directe du pourcentage de la biotite. On a con­
state des valeurs semblables de rayonnement pour les lamprophyres,

M. Földvári-Vogl a postulé 
uranium et thorium pour les portions de 

Montagne Mecsek, l’activité des roches alcalines 
celle du gránit; la repartition de la radioactivité 

S’appuyant sur ce fai 
un rőle enrichissant en 
magma basiques. Dans la 
dépasse considérablement
dans les dykes est diaméti alement opposée a celle qui vient d’etre signalée: 
les dykes d’aplite, done piutót acides, sont plus riches en substances radio-

i suppose un rapport U >Th pour les roches 
un rapport invers pour les roches alcalines plus 
noter ici, que la teneur en potassium de la roche 

actives. A. Földvár 
granitóides de Mecsek et 
riches en zircon. (II faut
peut influencer essentiellement les résultats des mesures instr umentáux.)

Itats de la séparation gravimétrique et magnéti- 
constate que la substance radioactive est liée 

En résumant les rést 
que, A. Eöldvári (
dans la plupart aux mineraux lourds, vert clair, sans biotite. A l’avis de 
l’auteurdela présente communication cela est en contradiction avec sa

ochimique nouveau, notamment que ce sóit la 
éléments radioactifs la plus intensivement.

these imposée en rőle gó 
biotite qui accumule les i

En adoptant 1 ppm pour valeur moyenne de la teneur en U et Th des 
roches granitóides de Mórágy, et en supposant la decomposition du granite 
sur un territoire de 650 ku- et sur une puissance de 2 000 m, a un rapport 
de 3 : 2 = U : Th, il r'sülte que 22 000 tonnes d’uranium pourraient se
déposer dans le complexe sédimentaire. Done, c’est a peu prés ll20éme de 
la quantité contenue, selon les estimations moyennes, dans le complexe per­
mien. Ces calcules justifient, semble-t-il, I’opinion de I’auteur exprimée plus 
haut, notamment que l’ént ihissement en uranium dans le Montagne Mecsek 
dérive d’une minéralisation primaire situé au NO, et, en partié mineure. 
settlement, du gránit de Mórágy. (SE).
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РЕЗЮМЕ

Авторы настоящей работы изучили термическое поведение Н- и Na-монтмо- 
риллонитов, обработанных водным раствором мочевины. При этом было установ 
лено, что мочевину каждый из этих двух типов катионных монтмориллонитов свя 
зывает по-разному.

Н-монтмориллонит привязывает значительную часть мочевины химическим 
путем к поверхности своей кристаллической решетки. Na-монтмориллонит часть 
мочевины привязывает к своей поверхности (по-видимому, не химической связью), 
другая же часть связывается внутри кристаллической решетки глинистого мине­
рала. Такой вывод хорошо согласуется с результатами предварительных рентгено- 
диффрактометрических исследований, проведенных авторами настоящей работы.

The quality of cations bonded to montmorillonite will influence the 
characteristics of the clay mineral (1). Montmorillonites containing dif­
ferent cations are characterized by divergencies in both swelling (2, 3, 
4, 5) and reacting capacities (6, 7, 8, 9, 10, 11).

The thermal behaviour of montmorillonites of different genesis 
from different localities (12, 13) and of various organo-montmorillonites 
was examined by several authors (14, 15, 16, 17, 18).

The thermal decomposition of urea melts containing kaolinite was 
examined by Weiss (19) and his collaborators (20). While testing kaolinite 
treated by aqueous urea solutions, Weiss and Rothenstein (21) observed 
that the urea was bonded with a hydrogen bridge to the oxygen of the 
[SiO4]4- tetrahedrons of the kaolinite lattice.

As observed during the present authors’ earlier investigations, the 
swelling of H-montmorillonite brought into contact with aqueous urea 
solutions was substantially lower than it was the case with Na-mont- 
morillonite under similar conditions. Its rheological behaviour too was 
different from that of Na-montmorillonite (for instance, it did not show 
any tixotropy) (22). This different behaviour of the two types of mont­
morillonite allowed the authors to conclude that in an aqueous environ­
ment the interaction of H- and Na-montmorillonite with the urea is dif­
ferent. This is also indicated by the observation that in presence of water 
molecules urea also penetrated into the basal spaces of the lattice of the
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pre-expanded clay mineral (22). To interprete the different behaviour 
of the two types of urea-1 reated montmorillonite, the authors have tested 
these montmorillonites ft r thermal behaviour. It was supposed that test­
ing with a deri vat ograp i would provide additional information to the
knowledge of the properties of H- and Na-montmorillonite.

Expe■ iments and their evaluation

Materials investigated with the derivatograph were urea, Na- and 
H-montmorillonite, respectively, and the afore-mentioned two types of 
montmorillonites were treated for respectively 12 and 18.5 months by
10% aqueous solution of urea (22).

The resulting Na- an 1 H-montmorillonite gel was separated by centri­
fuging from the reacting solutions. Afterwards the wet gel was dried in a
vacuum, above CaCl2 at r ormai room temperature. The material prepared
this way was then tested
wet gels are given in Tal Je 1.

for thermal behaviour. The data concerning the

Table 1

Sample name

(1)

Compositic n of cationic montmorillonite-urea gel

Composition of wet gel

Wei ?ht 
of v et 

gd

(2)

Weight % of gel 
components

Urea Water Clay 
mineral

Weight % 
of water 
removed 
by drying 

the gel

Weight % of composition 
of dried gel

Urea Clay 
min. Water

(3) (4) (5) (6) (7) (8) (9)

Na-montmorillonite — urea
H-montmorillonite — urea 2.:

’5
!1

Air-dry H- and Na-mon

5.04
10.86

86.26
65.60

8.70
23.54

82.7
105.5

morillonites were prepared as

29.0
31.7

50.0
68.3

21.0

described in an
earlier paper (22). The urea investigated was of the same quality as 
that described there.

The differential theimal analyses were performed with a derivato-
graph designed by Paulik
nute, was used for each sample.

and Erdey. The same heating gradient, 10°C/mi-

The chemical reactioi 
place simultaneously in

ns involved in the thermal changes of urea take 
the particular temperature intervals. These

reactions are influenced b f both the rate of heating of the reacting mixture 
and the time for which tl e mixture is held at the particular temperature
(23, 24). Therefore the changes observed during the recording of the de­
rivatogram apply only to the case of the given temperature gradient 
(10°C/minute).
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Table 2

Weight loss of urea as shown by the derivatogram

Peak temperature 
°C

Weight lossО/ /О

Correspond­
ing to given 

temperature 
°C

Correspond- 
Weight loss ing to given

% temperature 
range 

°C

(1) (2) (3) (4) (5)

150 endothermic 1.33 190 1.33 0-190
10.66 220 9.33 190-220

240 endothermic 21.32 240 10.66 220-240
260 endothermic 46.66 260 25.34 240-260
300 endothermic 49.33 320 2.67 260-320

50.66 380 1.33 320-380
420 endothermic 92.00 460 41.34 380-460
480 endothermic 96.00 500 4.00 460-500
520 endothermic 98.66 545 2.66 500-545
580 exothermic 100,00 600 1.34 545 - 600
600 exothermic

For the interpretation of the thermal behaviour of urea-containing 
clay minerals, the derivatogram of the urea was also prepared at the same 
temperature gradient (Fig. 1, Table 2). The derivatogram of H- and Na-

Fig. 1. Derivatogram of urea Fig. 2. Derivatogram of H-montmorillonite
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montmorillonite (Fig. 2, 
ing well with literature

3 and Tables 3, 4) shows the known peaks agree- 
data. However, on the derivatograms of urea- 

containing Na- and H-montmorillonite the present authors found cha­
racteristic features which had to be interpreted.

Peak temperatur 
°C

s Weight loss 
%

Correspond­
ing to given 
temperature 

°C

Weight loss 
%

Correspond­
ing to given 
temperature 

range 
°C

(1) (2) (3) (4) (5)

4.21 130 4.21 0-130
170 endothermic
340 endothermic
400 endothermic 10.60 395 6.40 130-395
600 endothermic
705 endothermic
760 endothermic 13.65 760 3.40 395-760
905 endothermic
950 endothermic 14.00 950
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Table 4
Weight loss ot Na-montmorillonite as shown by its derivatogram

* Weight loss calculated for soda-free Na-montmorillonite: 14.3%

Peak temperature 
°C

Weight loss 
%

Correspond­
ing to given 
temperature 

°C
Weight loss 

%

Correspond­
ing to given 
temperature 

range 
°C

(1) (2) (3) (4) (5)

1.8 120 1.8 0-120
180 endothermic 3.0 135 1.2 120-135

8.9 200 5.9 135-200
340 endothermic 9.8 340 0.9 200 - 340
690 endothermic
770 endothermic 15.0 770 5.2 340-770
810 endothermic
880 endothermic 15.4* 880 0.4 770-880

Fig. 4. Derivatogram of urea-containing 
N a-montmorillon ite

Fig. 5. Derivatogram of urea-containing 
H-montmorillonite
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On the derivatogram of the urea-containing Na-montmorillonite 
(Fig. 4, Table 5) the peaks characteristic of the urea can be recorded one 
after another: at 140°, 25 )°, 410°, 450°, 540°C. In addition, the peaks of
Na-montmorillonite also appear: at 690°, 820°C. Thus it is evident
that the co-occurence of tire two substances does not influence essentially 
the thermal decomposition of either of the two.

However, the derivatogram of the urea-containing H-montmorillonite 
(Fig. 5, Table 6) differs fundamentally from both the curve of urea 
and from that of H-montmorillonite: the peak characteristic of the 
melting of urea has decreased to 115°C. Surprisingly enough, the endo­
thermic peak of the thermal decomposition of urea at 420°C has disappear­
ed and has been replacec by a slightly endothermic peak at 360°C — 
a peak probably due to various processes. The exothermic peak of the
thermal decomposition of 
which can be recorded fc 
montmorillonite.

;he urea at 520°C has also disappeared — a peak 
r instance in the case of urea-containing Na-

Weight loss of urea-c mtaining Na-montmorillonite as shown by its
derivatogram

Table 5

Peak temperature 
°C

Weight loss 
%

Correspond­
ing to given 
temperature 

°C

Correspond-
Weight loss mg to given

% range 
°C

(1) (2) (3) (4) (5)

140 endothermic
3.45 160 3.45 0-160

14.42 195 10.97 160-195
220 endothermic 21.14 230 6.72 195-230
250 endothermic 31.43 300 10.29 230-300

33.71 320 2.28 300-320
36.57 360 2.86 320-360

410 endothermic
450 endothermic 46.85 450 10.28 360-450
540 exothermic 51.71 530 4.86 450-530

2.00 530-580
690 endothermic 53.71 580 1.72 580 - 740
820 endothermic 55.4r 740 — —

Conclusions

The different behaviour of H- and Na-montmorillonite-urea during 
their thermal decomposition (Fig. 6, 7) suggests that urea is differently 
bonded to either H- or IS a-montmorillonite. Both cationic montmorillon-
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Table 6

Weight loss of urea-containing H-montmorillonite as shown by its 
derivatogram

Peak temperature 
°C

Weight loss 
%

Correspond­
ing to given 
temperature 

°C

Weight loss 
%

Correspond­
ing to given 
temperature 

range 
°C

(1) (2) (3) (4) (5)

130 endothermic 1.15 120
160 endothermic 1.34 160 1.34 0-160

5.18 160-195
210 endothermic 12.04 220 10.56 220-300
250 endothermic 22.60 300
310 endothermic
360 endothermic 23.17 420 9.57 300-420
440 endothermic
500 exothermic 34.34 495 2.17 420-495
610 exothermic
670 endothermic
890 endothermic

36.52 740 2.18 495-740

ites have bonded a part of the urea to their surfaces. This is confirmed 
by the low-temperature peaks on the differential thermal curves of the 
derivatograms, peaks indicating the beginning of the thermal decompo­
sition of the urea bonded to the surface of clay minerals. The divergence 
of these peak temperatures relates to the fact that the two different types 
of cationic montmorillonite have differently bonded the urea to their 
surfaces.

Fig. 6 Thermal decomposition of H-and 
Na-montmorillonite-urea

DTA curves

Fig. 7. Thermal decomposition of H-and 
Na - montmorillonite -urea

TG curves

9 ANNALES — Sectio Geoiogica — Tomus XIV.
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Nota-bene, H-montmorillonite, a mineral of acid nature (25, 26, 27),
is likely to react with the urea, a slightly basic substance (28), in a way
corresponding to the acid-lase reaction. This assumption is supported by the 
investigations performed b / Mortland (29) and Harter (30) using infrared
techniques. The resulting 
will certainly impede the 
lattice of the clay mineral

complex H-montmorillonite-urea molecule (31) 
penetrations of water- or urea molecules into the 
— a statement confirmed on the one hand by that

no selectivity can be observed to occur during the thermal decomposition of 
H-montmorillonite-urea and that the two substances are interaction in 
this respect. On the other hand, the same is related to the fact that, upon treat­
ment with an aqueous urea solution, H-montmorillonite was swollen very 
little (32).

Na-montmorillonite too bonded the urea in two different ways. In this
case too, a part of the urea ' cas bonded to the lattice surface of the clay mineral,
but the type of this bonding was different from that described above. This is 
also indicated by the derwatogram on which the peaks characteristic of the 
thermal decomposition of ti te urea on the one hand and of Na-montmorillonite
on the other are distinctly

The rest of the urc 
into the lattice of the claj 
observable at 520°C on th ।

ipart.
a bonded to Na-montmorillonite penetrated 
mineral — a fact shown by the exothermic peak 

e differential thermal curve of Na-montmorillon-
ite-urea. Within the temperature range of 420 —600°C the weight losses 
corresponding to the total of the urea present in the system are the same 
for both urea and H-montmorillonite-urea, whereas in the case of Na- 
montmorillonite-urea their value is about threefold the former figure 
(Table 7, Columns 2, 4). It is also evident, that in the case of the urea and 
of urea-containing H-mc ntmorillonite the weight loss observed at low
temperatures (0 —300°C) 
containing Na-montmori

is essentially higher than it is in case of urea- 
lonite. Decompositions at medium temperatures

(300 — 420°C) do not show so great divergence. These data also verify
the different urea-bondir ig capacities of H- and Na-montmorillonite and

Table 7
Weight loss data of urea and 

gravimetric curves of
irea-containing clay minerals on the basis of the thermo- 
the derivatogram and of the balance of substances

Temperature interv« 
°C

.1 420-600 300—420 0-300

Analysed substanc 3S weight loss in % of total urea present
moisture 

removed in 
% of the ini - 
tial material

(1) (2) (3) (4) (5)

Urea
H-montmorillonite-urea 
Na - montmorillonite-urea

8,0
9,6

23,7

42,7
30,2
53,0

49,3
60,4
23,3

3,5
24,5
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the fact that it is in its crystal structure that Na-montmorillonite has 
bonded a considerable part of the urea. The penetration of the urea into 
the lattice of Na-montmorillonite was also confirmed by the present au­
thors’ earlier X-ray diffraction studies (22).
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SUMMARY

A linear filtering method for decomposing interfering residual anomalies is presented. 
The theoretical transfer function is shown and the accuracy of the approximations applied 
to a practical realization of the operation is investigated. The effectiveness of the method 
is illustrated by model computations.

Introduction

Zurflueh (1967), Ulrych (1968) and some other authors 
used the function

f(x) = (1)
for describing the shape of geophysical anomalies. The parameter a gives 
the amplitude, x0 denotes the center of the anomaly. The parameter к 
bears a relation to the width of the anomaly, viz. the distance between 
the points of inflection is given by

Fig. 1. The Gaussian function for describing the shape of a geophysical anomaly
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(See Fig. 1. The composite field of several anomalies can be described by
7(ж) = e~ki (x-*od2 (2)

If the centers of the anomalies are close to each other, the individual 
anomalies dissolve in a general picture and the parameters (amplitudes, 
centers, widths) cannot эе determined. A filtering method will be given 
which enables us to separate the anomalies and offers, in certain cases, 
the possibility of detern ining their parameters.

The ideal filter

Let us consider at first a single anomaly. Suppose, for the sake of 
simplicity, that its Four er transform is

A-e-K“2 (3)
where и denotes wave-n imber (or spatial frequency). The anomaly itself 
— as the inverse Fourier transform of (3) — is described by

2„2_____ 7Г X

F-1 Ae-^2} = A Ie K . (4)

Thus the parameters a and к can be expressed by the parameters of the 
spectrum as follows

, 1/ n , 7 n2 = A — and к = —
К К

The width of the anoma ly is given by

„ 1/ 2 1
к n

We propose the use of the transfer function
Щи) = ePu\ .(P^K).

The spectrum of the filtered anomaly will be
^e-Ku2.eP«2 = Ae-^-P^2.

The corresponding inverse Fourier transform, i.e. the filtered anomaly, 
yields
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The filtering results in an enhanced amplitude and a decreased 
width, viz.

(5)

and

amt - — Ь{к-Р) = л = A 
n 1 К Л (6)

The schematic representation of the effect of the application of the 
“ideal” filter H(u) = exp (Pu2) is shown by Fig. 2. We wrote 0.75- К for 
P, and thus the factor

Fig. 2. The effect of the application of the “ideal” filter H(u) =exp (Pu2) to the anomaly f(.r)
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i.e. the amplitude is doubled and the width is halved. The filter is ob­
viously of zero phase, aid on this account the center of the anomaly
remains in its original pie ।ce.

Applying the filter t) the composite field (2) each individual anomaly 
will be somewhat “sharp sr”, i.e. the amplitudes increased and the widths 
decreased. This effect facilitates the separation of the individual anomalies. 
In advantageous cases the parameters a anddcan be determined by apply -
ing two different filters 
amplitudes of an individ
by ar and a2. It follows

with parameters P± and P2, respectively. The 
ual anomaly after the two filterings be denoted
rom Eq. (5) that

ar — a
i

a2 = a
JS. — z 2

From these two relations we obtain for the original amplitude a and 
width Л

a = ага2 / 2

а[Рг — a^P2
(7)

and

J = — 
n

alP1 — a%P2
af — (8)

Eqs. (7) and (8) are valid with some approximation only. The real
anomaly is not exactly of Gaussian shape and'the “tails” of other ano-
malies appearing in i 
other approximation^ 
filtering.

lbs neighbourhood also disturb the picture. Some 
i are necessary for the practical realization of the

The practical realization of the operation

The operation to be achieved in the space domain can be derived by 
the following mathematical trick. The transfer function Щи) = ехр(Рм3) 
will be expanded ini о a Taylor series. Each component of the series cor­
responds to a known operation in the space domain. The series reads

, P2 PsЩи) = ePu = l+Ри2 + —иЩ — иЩ . . .
2! 3!

" 1 (2^)2 mu)2 P2
2!(2л;)4

(г2лУ +
рз

3!(2л:)6
ЩлЩ + . . . (9)
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Dean (1958) has proved that the computation of the 2n-th derivative 
of a function corresponds to a filtering with the transfer function

(10)
Thus the operation to be carried out on the original function can be 

obtained without making use of the inverse Fourier transform. Merely 
by comparing (9) and (10), one can establish that the operation is

, P д2 P2 d4 P3 d6 ,1 —-------■------- 1---- -----  ------ ------- -—- ■—— + • • ■ (11)
(2л;)2 дх2 2!(2л:)4 дх* 3!(2л:)6 дх6

Further approximations are necessary because the derivatives cannot 
be analytically determined. We have to manipulate on a set of values, 
i.e. on the results of the measurements at discrete points instead of on 
a continuous function. If the distances between the points of measure­
ments are equal and the “sampling interval” is d, the values of the deri­
vatives at the measurement points can be approximated by the quanti­
ties:

&9i_ _ 9i+i~^i+9i-i

dx2 ~ d2

<7f+2-4^+i+ 6gf-4y,--1 + ^-2 

dx* ~ d*

Introducing a dimensionless parameter P' = P/d2 and applying the 
approximations we get the formula

р/ (P'\2
Í7íllt = 9i~ „ - [£7í + i~2<7í + 6r,-_1]+ — [^ч-г —49'í+1 + 6^í —4^í_1 +

(2л:)2 2!(2л:)4

(P')3+ ^-2] ~ kWTW [^-+3-6^í+2+ 15^+1-Wí+15^-1-66f,._2 + 
3!(2л:)6

n 2n
9i^+ ■■■ = 2 ,2n;

n=o к
(12)i + n — к •

The method can be generalized for the two-dimensional case without 
difficulties but then the amount of the numerical computation necessarily 
increases.

The operation is carried out on a digitized function. In the course of 
the derivation we supposed that the sampling interval d was short enough 
to meet the requirement of Shannon’s rule d = 1/2Д, where Д is the 
upper frequency limit. As a consequence the transfer function PL(u) has
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to be investigated in ths Nyquist interval: Ue 1 1
-------- > H  

2d-- 2d • If we
introduce the dimensionless frequency variable u' = и-d the theoretical
transfer function takes tl e following modified form:

Щи') = = ep'<u')2 for —0,5 ё u' á 0,5. (13)
The transfer function of formula (12) deviates from the theoretical 

transfer function described by Eq. (13) because of the several approxima­
tions introduced in deriving the formula (12). Therefore it is necessary

:tent the accuracy of the operation as a wholeto investigate to what er 
has decreased.

Investigations of the accuracy

In order to estimate the approximation of formula (12) in an ideal 
case we have applied the filtering method to an anomaly described by

9&) = e v 8

The function has been di£ itized with a sampling interval d = 1, and then 
formula (12) has been repeatedly applied with various parameters (N = 3 
in each case). The 2 values obtained from the theoretical relation Eq. (6) 
and those computed from the filtered anomalies have been compared. 
The results are summarized in Table I. The deviation between the two 
sets of data is very small, in spite of the numerous approximations 
applied when deriving formula (12).

The foregoing analysis refers to a particular model, and thus a more 
general test of the accuracy has to be performed. The investigation of the 
transfer function of formula (12) offers the possibility of a check of general 
validity. After some manipulation the formula can be transformed into

til
9i

N
= 1+ 2 ak{9i-k + 9i+k) 

k=l
(14)

where the coefficients a/ emtain various powers oiP' and some constants.
The transfer function of operation (14) is given by 

N
Nappri u') = 1 + 2 ak cos 2nku' (15)

k=\

where u' is the dimensior less frequency variable and the expression has 
to be computed over the Nyquist interval —0.5 S и' = 0.5.

The transfer function of the formula is compared with the theoretical
transfer function (13). For practical reasons (both transfer functions are 
very rapidly increasing w th increasing u') the ratio 

H(u') $appr(^ ) _ ^appr(^ )

Щи') ePW (16)
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has been computed and plotted. The ratio significantly deviates from 
unity if u' >0.25. It involves that the deviation of the approximate 
formula from the theoretical operation becomes significant if the spectrum 
of the anomalies contains dimensionless frequencies higher than 0.25. 
This difficulty, however, can be easily overcome. If the sampling interval 
is chosen to be half of the necessary upper limit, given by the Shannon’s 
rule, the spectral density expressed in terms of the dimensionless fre­
quency becomes zero for u' > 0.25. Fig. 3 shows the ratio R(u') for some 
values of the parameter P'. The approximation over this range and for 
the given parameters is acceptable.

Fig. 3. The ratio of the actual and ideal transfer function against the dimensionless fre­
quency u' for some filter parameters

Examples of application

The effectivity of the operation is clearly proved by Fig. 4. The 
filters were applied to a composite field shown on the upper part of Fig. 4. 
The two graphs in the lower parts of the figure show the results of the 
filtering with parameters P' = л2 and P' = 1.5л2. The filtering reveals 
that the composite field is an interference of three anomalies. The original 
amplitudes and widths of the individual anomalies are given in the first 
column of Table II. There is no doubt that they cannot be determined 
from the composite field. The results of the filtering and formulas (7) and 
(8), on the other hand, yield the possibility of estimation a and d. The 
computed values are given in the second column of Table II. The third 
column shows the relative errors (in %). The errors are comparatively 
small, and this proves that the method can be used to obtain fairly good
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Fig. 5. The effect of the operation on the composite gravity field of two spheres. The dashed 
line is the original composite field, the continuous line represents the decomposed anomalies

A further example (Fig. 5) shows the effectivity of the method when 
the anomalies are described by other than Gaussian function. The dashed 
line shows the composite gravity field of two spheres along a profile which 
was taken through the maximum amplitudes of the individual anomalies. 
The ж coordinates of the centers of the spheres are — 1.0 and 1.0 
(in kms) while the z coordinate (i.e. the depth) of both centers is 2 kms. 
The masses of the two spheres are identical. The gravity field along the 
profile (i.e. along the profile ж-axis) is described by

G Cg(x) =-----------------------1---------------------- . (17)
[22 + (ж-1)2]3/2 [22 + (ж + I)2]3'2

Being a scaling factor and thus unaltered by the linear filter the constant 
C plays no role in the following and may be chosen arbitrarily.

The individual anomalies cannot be detected in the composite field. 
The function g(x) has been digitized by a sampling interval of 1 km, and 
the linear filter (12) with parameter P = (2л:)2 has been applied. The 
output of the filter drawn by a continuous line clearly shows that the 
field is due to two separate sources.

Limitations

The purpose of the method is to decompose interfering anomalies, 
therefore it cannot be used either for eliminating the regional component 
or supressing random noises. Before applying the proposed filter both 
the regional and random noises have to be eliminated. It can be easily 
understood that after the application of the filter the regional component 
remains almost the same. The regional described by a polynomial of 
the first degree remains unchanged: see Eq. (11). As the filter enhances
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the amplitudes of the loca' 
the background of region

anomalies they can be better detected against 
ds but this effect cannot be a substitute for

the significant attenuation of the regional component.
The transfer function

very sensitive to random
of the filter also shows that the operation is

Thus it might be necessary 
smoothing filter before aj

noises, especially in the high-frequency range.

(1969) suggested the com 
continuation) filters with

to pre-process the original data by an optimum 
plying the decomposition. Clarke recently

bination of second derivative (and downward 
optimum smoothing filters. The method we

need to apply is similar to that described by Clarke, only the de­
composition filter has to
downward continuation) filter.

be substituted for the second derivative (or

Table I

Comparison of 2 values

Paramt ter

theoretical
with approxi­
mate formula 

(12)

1.0
1.5
2.0
3.0

1.191
1.283
1.560

1.113
1.188
1.284
1.592

P

Results of the model computation
Table 11

Anomaly No Pa •ameter Theoretical 
value

Estimated 
value

Difference 
in %

1 a 1.0 0.938 - 6.2
d 3.12 2.71 -13.1

2 a 2.0 1.891 - 5.3
A 1.56 2.12 + 26.4

3 a 2.00 1.992 -0.4
A 3.12 3.12 0.0
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SUMMARY

In designing deghosting filters the presence of the random noise is often neglected 
(e.g. Lindsey, 1960). The paper should call attention to the fact that the presence of the 
random noise significantly influences the transfer function of the optimum filter and thus 
its taking into consideration is necessary.

Transfer function of the optimum filter is derived for the general case: extraction of 
signal (primaries) buried in coherent (ghosts) and random noises. The case of random white 
noise is dealt with in detail.

Introduction

The design of single-channel ghost rejecting filter has been discussed 
in the literature (e.g. Lindsey, 1960). If the random noise is neglected 
the deghosting operator can easily be determined and using an operator 
long enough the ghost reflections are effectively attenuated by the pro­
cess. The aim of this short contribution is to call attention to the fact 
that in the presence of random noise the simple deghosting operator is 
far from the optimum. We should like to emphasize that it is of inevit­
able importance attenuating both types of noises i.e. both coherent 
and random noises. In the first part the transfer function of the optimum 
filter is derived. The second part deals with the special case when the 
spectrum of the random noise is white.

Transfer function of the optimum filter

The filter to be designed is a particular kind of the smoothing filters. 
The input to the filter consists of signal plus noises. The signal is the series 
of primary reflections denoted by s(t). The noises are the series of ghost 
reflections, denoted by g(t), (coherent noises component) and random 
noise, denoted by z(t). We suppose that the ghost reflections have the 
same shape as the primaries but are delayed by a time T and attenuated 
relative to the corresponding primary events

g(t) = -ks(t-T),
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where к is the reflection coefficient of the ghosting surface. The input to 
the filter can be writter as

x(t) = s(t) — ks(t — T) + n(t).
We wish to minimize the difference between the output of the filter 

and the signal. It is well known that by using the least-mean-square-error 
criterion for judging how closely this objective has been achieved the 
transfer function of the optimum filter can be determined and it reads 
as follows

W) = (1)

where is the cro ss-spectrum between the signal and the input,
Фхх(/) is the power spectrum of the input.

The spectra can be determined by Fourier transformation from the cor­
responding correlation ft notions

dr,
^хх(Л = Txx^6 i2nitdt (3)

where is the crosscorrelation function for s(i) and
and is the autocorrelation function of the input.

These functions ha,re to be determined from the structure of the
input. We assume that the random noise is uncorrelated with the signal 
or the coherent noise. The crosscorrelation function by definition is

<Psx^ = Uni
T-- >°°

1
2T

T

J" s(t)x(f — r)dt =
- T

T 

lim ---- f s(t)[s(t — t) —
т->- 2T J

- T

— ks(t — T — т) H-z(t — т)]<Й = lim —— 
t-*°° 2T

T

§ s(t)s(t — r)dt —
- T

7 V 1
— к hm ----- 

г—2T
s(t)s(t — T—x)dt = (pss^-kcp^ + T). (4)

Similarly it can be showr that the autocorrelation function for the input is

= (1 + - k(Pss^ + T) - k(pss(z — T) + cp^t) (5)
In the equations (4) and (5) q9ss(t) and 99г2(т) denote the autocorrelation 
function of the signal anf that of the random noise, respectively.

Putting the determi red g>sx{t) into Eq. (2) and using the shift theorem 
of the Fourier transforn ation we obtain

(6)
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where Ф^) is the power spectrum of the signal.
Similarly, by putting ^(t) into Equ. (3) we obtain

ФххСЛ = ФМ1 + к2-к(е^т^^^^ =
= ФМ1 + к2 - 2k cos 2nfT] + Фгг№ (7)

where Ф^/) denotes the power spectrum of the random noise.
By making use of the results (6) and (7) equation (1) yields the trans­

fer function of the optimum filter for our particular model as follows

И(Л =. (8)
$ss(/) (1 + № - 2k cos 2nfT) + Фг2(/)

The filter rejects both the coherent and random noises at the same time.
Before embarking upon further specialization it is of worth investi­

gating two particular cases.
Case A: No random noise is present
This case corresponds to that described by Lindsey. If the power of 

the random noise is equal nought, Фа(^ = 0 and the transfer function 
of the filter reduces to

Ф^Ш-ке^ 1-kei^fT
-LAU) = ------------------------------------  — .......................................    =

Фзз(Г№ +k2 — 2k cos 2afT) (\ — keFniT){\ — lce-i2niT\

l-ke~J2^T ' 1

In the ordinary way the weighting function of a filter is determined by 
taking the inverse Fourier transform of the transfer function. In the 
present case inverse Fourier transformation cannot be applied. We are 
able, however, to use some known relations to avoid the emerging diffi­
culties.

The transfer function is a sum of an infinite geometric series

------- 1------- = 1 +]ce-J2^T + k2e-j^2fT+ . . . (10)

The Fourier transform of a D i r a c-delta pulse displaced from the origin 
by nT is

F{Ö(t — nT)} = e-j2nnfT

which corresponds to
d(t — nT) = F-^e-i^nfT}

Thus the weighting function — as the inverse Fourier transform of 
the right-hand-side of Eq. (10) yields as

Щ = F-^H^} = ö(t) + kö(t-T) + k2ö(t-2T)+ . . . (11)

10 ANNALES - Sectio Geologica - Tomus XIV.
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The output of the filter is 1 he convolution of the input and the weighting 
function (11) i.e.

y(t) = x(twh(t) = I h(x)x(t — x)dx =

= [ [<5(т) + Ш 

= z(<) T

x — T) + k2ö(x — 2T) + ■ ■ ■ — x}dx =

kx(t-T)+k2x(t-2T) + . . . (12)
Thus in the lack of randor i noises the effect of the filter is identical with 
the operation derived by I indsey.

Case B: No ghost acti rity is present.
If the ghost reflection s are negligibly small the reflection coefficient 

k = 0 and the transfer function (8) simplifies into

W) = KU)
^(/HO)

i.e. the result is the well known optimum smoothing filter.
The special cases charly show that the filter (8) simultaneously 

attenuates both the coherent and random noises.

Ghost filter in the presence of white noise

Before applying the filter the parameters к and T and functions
Фss(f) and Ф^/) have to be determined. The determination of the power
spectrum of the noise is 
to assume white noise. Thi

most difficult. Therefore it became usual 
en the noise spectrum is constant.

The transfer function (8) in the special case becomes

ШЛ =
ФМ1-ке^)

Í ’ss(Z) (1 + - 2& cos 2nfT) + z
(14)

where z is in connection with the power of the white noise

I = v —
fh

I ФSsШ
' 0

(15)

w(f)

Fig. 1. The power spectrum
f(Hz) 

of the signal

where fh denotes the upper fre­
quency limit of the signal. The 
power spectrum of the signal is 
shown in Fig. 1. The upper fre­
quency limit was set equal to 125 
cps. It involves that the noise 
spectra is white over the interval 
0 cps — 125 cps. The scaling fac­
tor v gives the ratio of the power
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Fig. 2. Transfer functions of optimum smoothing filters which attenuate ghost reflections 
and random noises.

The reflection coefficient of the ghost is к = 0.3. The ratio of the powers of the random 
white noise to that of the signal is denoted by v and varies from v = 0.1 to v = 2.0. The 
real and imaginary parts of the transfer functions are denoted by Sr(f) and 8 [(f), respectiv­

ely.

10*



Fig. 3. Transfer functions of oj timum smoothing filters which attenuate ghost reflections 
and random white noises, к = 0.4



к =0,5

^‘0,5

Fig. 4. Transfer functions of optimum smoothing filters which attenuate ghost reflections 
and random white noises. 1c = 0.5
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Fig. 5. Transfer function of the deghosting filter derived by Lindsey. No random 
noise is present v = 0. The reflection coefficient is 0.5

Fig. 6. Transfer function of ths optimum smoothing filter when the power of the random
of the power of the signal. No ghosts are present.white noise is double

of the random noise to
noise level), v = 0.5 (significant noise) v =

he power of the signal. The cases v = 0.1 (low
1.0 and v = 2.0 (extremely

high noise levels) were investigated. The series of the transfer functions
are shown in Figs. 2 th’ough 4. These were computed using reflection 
coefficients к = 0.3, к = = 0.4 and к = 0.5, respectively. The transfer
functions are complex qt antities. The real parts and the imaginary parts
are denoted by 8r(f) and

The regular variaticn with the increasing noise level is remarkable.
To make easier the ti 
of two special cases treat
(p = о, к = 0.5) and Fig

:acing of this variation the transfer functions 
sd in the previous section are also given as Fig. 5
.6 (v = 2.0, к = 0). If the level of the random

noise is low the transfer functions in Figs 2 through 4 have the same maxi-
ma at the same frequent
(Fig. 5). When the le 
the maxima become sm

ies as the transfer function of the Lindsey filter
/el of the random noise increases the values of 
filer and at v = 2.0 the filters are very similar

to the smoothing filter (the latter is shown in Fig. 6).



Single channel ghost filter in the presence of white noise 151

The presence of the random noise significantly modifies the transfer 
function even if its level is low. Therefore the neglection of the random 
noises more significantly decreases the effectivity of the filter than the 
application of an inaccurate reflection coefficient would (as far as the 
error remains within reasonable limits).
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SUMMARY

The Hungarian Basin is characterized by the following geological-geophysical fea­
tures:

1. It is a young Tertiary sedimentary basin filled up by 5 — 10 mill, year old Panno- 
nian-Pontian sediments with a thickness of 2,5 km in average.

2. Beneath it the earth’s crust is thin, 25 km in average.
3. In this region the upper mantle has a lower than normal density.
4. It is characterized by an unusually high temperature in the depth (in 1 kme.g.: 

70°C in average).
5. The high conductivity layer of the upper mantle is in an elevated position (~ 80 

km).
The enumerated facts permit to draw the following conclusions:
1. The evolution of the basin is the consequence of a thinning of the earth’s crust. 

The 8 — 10 km thinning of the crust resulted, as follows from isostatic calculations, in a 
subsidence as large as 1 km. The sedimentation lead to a further 1,5 km subsidence.

2. The thinning of the earth’s crust did not originate from a phase-transition. By a 
higher geothermal heat not the. eclogite but the gabbro phase is favoured, thus a phase­
transition would cause not a thinning, but a thickening and an elevation of the crust.

3. It is difficult to connect the elevated position of the high conductivity layer in 
the upper mantle with the surface geothermal conditions. The Hungarian Basin developed 
during 3 — 10 mill, years; the heat transfer from a depth of 50 — 100 km up to the surface 
requires 30 — 100 mill, years.

4. It seems to be probable that the evolution of the basin is due to the warm con­
vection currents immediately below the Mohorovicic discontinuity; these currents lead to 
the thinning of the crust and to the rising of the temperature in the upper mantle.

Венгерский бассейн представляет собой бассейн осадконакопле­
ния, заполненный молодыми третичными, в основном паннонско- 
понтическими отложениями (мио-плиоцен, 5—10 милл. лет). (Рис. 1.) 
Проведенные работы ГСЗ (Гальфи - Штегена, 1957 М и т у х 
- П о ж г а и, 1965) показывают, что земная кора имеет здесь исклю­
чительно малую мощность, глубина залегания поверхности М равна 
в среднем 25 км (рис. 2.). По данным сейсмических исследований, про­
веденных в различных регионах мира, это явление имеет общее дей­
ствие: под прогибами имеется тонкая кора (Ш т е г е н а, 1967). 
Этот факт позволяет судить о том, что утоньшение земной коры ге­
нетически связано с погружением; утоньшение коры вызывает по­
гружение.
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F N RA
Рис. 1. Мощность третичных осадочных отложений в Венгрии, в км (К ё р ё ш и, 

1964)
Fig. 1. Thickness of the térti iry sediments in km in Hungary (after К ő г ö s s у, 1964)

/■ N RA
Рис. 2. Глубина залегания поверхности Мохоровичича в Венгрии в км, по г данным 

исследований Г а л ь ф и, М и т у х, П о ж г а и и Штегена
Fig. 2. The depth of the Mo ю-discontinuity in km in Hungary, based on measurements 

by G á 1 f i, Mituch, Posgay and S t e g e n a
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Под Венгерским бассейном утоныпение земной коры в размере 
8-10 км, вызвало, по данным изостатических вычислений, (Б а л- 
каи, Штегена, 1968) погружение равное ок. 1 км. К этому до­
бавилось погружение ~1,5 км, обусловленное осадконакоплением, 
достигшим мощности ок. 2,5 км (рис. 3).

Рис. 3. Строение земной коры в условиях изостатического равновесия. 
Условное обозначение: а — средняя, „нормальная” кора; б — то же, морское строе 
ние в пересчете на вещество мантии; в — снизу кора утоньшилась на 10 км, причем 
поверхность погрузилась на 1,5 км; г — сверху на кору отложилось коровое ве­
щество мощностью в 2 км, старая поверхность коры погрузилась на дополнительное 

1,7 км
Fig. 3. Crustal structures in isostatic equilibrium

Legend: a) average “normal” crust; b) idem, marine structure converted into mantle mate­
rial; c) crust thinning by 10 km in thickness at its base, surface subsided by 1,5 km; d) the 
thinned crust is overlain by 2 km of mantle material, the former surface has subsided by 

an additional 1,7 km

В осадочных отложениях Венгерского бассейна господствуют 
весьма высокие величины геотермической температуры (см. приложе­
ние); средняя температура, измеренная на глубине в 1 км (70°С) со­
ставляет в два раза большую величину по сравнению с восточно­
европейским средним значением.

Сопоставление мощности земной коры с геотермическими усло­
виями позволяет судить о том, что преобразование коры под бассей­
ном обусловлено не фазовым переходом габбро-эклогит (Kennedy 
1959, Wyllie 1963, S t i s 11 о v 1963, Y о d e r - T i 1 1 e у 1961). 
Повышенные температуры способствуют габбровой фазе (рис. 4) и 
так повышение температуры привело бы к утолщению и подъему коры.

Данные магнитотеллурических исследований (Адам, 1969) по­
казывают, что под Венгерским бассейном хорошо проводящий го­
ризонт находится в приподнятом положении; средняя глубина его



Рис. 4. Поля устойчивости габбро и эклогита, по Ringwood, Green, 1966
Fig. 4. Stability fields of gabbro and eclogite, after Ringwood and Green 1966

залегания составляет 80 см. Кажется, что такая связь имеет общее 
действие: в регионах с повышенными величинами геотермического 
тепла хорошо проводящи! слой имеет приподнятое положение.

При попытках связывать приподнятое положение хорошо про­
водящего слоя с высокими величинами геотермического тепла вблизи
дневной поверхности и с образованием Венгерского бассейна возни­
кают затруднения. Эти затруднения связаны с медленностью тепло­
проводности.

Скорость теплопроводности. Посмотрим однород- 
ный горизонтельный слой 
t = 0 равна Т = 0. Пусть 
t = 0 возникает постоянн

температура которого до момента времени 
на его нижней поверхности z = h в момент 

[ая температурная аномалия с амплитудой
То, причем на верхней поверхности сохраняется постоянная темпе­
ратура Т = 0. Такая модель (рис. 5) хорошо согласуется с фактиче­
скими геологическими условиями.

Как известно, температура Т, действительная в момент t для глу­
бины z, выражается в вид:

iff 
т + л

2 ~ (-1)п
— 2 е
п п = 1 п

Л2 . Zsin пл----  
h
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surface

Рис. 5. Образование стационарного температурного поля в слое мощностью h

Fig. 5. Formation of stationary temperature field in a layer of h thickness

а стационарная температура (t — % —

T = T — 
° h

Посмотрим, когда фактически образующееся температурное поле 
достигает ах(а 1) —кратной величины стационарной температуры

2 I
Т — кТ0-— . Вблизи дневной поверхности, при достаточно низких 

Ä I
Z . Z Zвеличинах — , suw —• = пп — ,и так 
h h h

При решении уравнения получаются следующие принадлежащие 
kt

друг к другу пары величин а и — (критерия фурье):

а 0,5 0,9 0,99
kt 0,14 0,30 0,53

Л2
50% от приповерхностной температурной аномалии, происходя­

щей из нижней температурной аномалии, возникает при величине па- 
ktраметра Фурье, равной — = 0,14; если к = IO-2 cm2s-1 и 1г = 100 км, 

то t = 44 милл. лет. 90% от температурной аномалии появляется вбли­
зи дневной поверхности после истечения времени t = 95 милл. лет, 
а 99% - t = 168 милл. лет после появления нижней температурной 
аномалии.
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В итоге можно сказа'ъ, что для достижения температурной ано­
малией, возникшей на глубине 50—100 км, дневной поверхности тре­
буется значительно более длительное время по сравнению с временем, 
истекшим с образования Венгерского бассейна.

Температурные аномалии, появляющиеся на территории более 
молодых геологических регионов, как правило, всегда трудно связы­
вать с аномальным положением хорошо проводящего слоя, залега­
ющего на глубинах 50—1)0 км. Разности теплового потока, измерен­
ные на территории США (Ray, В 1 а с к w е 1 1 и Birch, 1968) 
приурачиваются к глубинам 7—11 км.

Т е п ло передач а. Теплопередача может быть более бы­
стрым процессом, чем тепл шроводность. Учитывая скорость растяже­
ния дна океана (несколько см в год), для проходки пути в 100 км 
достаточно несколько мие лионов лет.

Интересно отметить, гто на территории Венгерского бассейна на 
больших глубинах наблюдается интенсивная геоэлектрическая анизо­
тропия. Эту анизотропию пегче всего объяснить наличием очень глу­
бокого (50— 100 км) разлсма широтного простирания (Адам, 1969). 
Расплавленное вещество, проникшее вверх по этим разломам могло 
способствовать переносу "епла к поверхности.

Растяжение. Вероятно, что утоньшение земной коры под 
Венгерским бассейном вызвано теплыми конвекционными течениями 
ниже поверхности Мохоровичича. Они привели к утоньшению коры 
и к повышению тепмературы в верхней мантии. Конвекционные тече­
ния могут быть связаны : растяжением Тетисского моря (Sylves­
ter-Bradley, 1968).
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DIE VORHERSAGE VON TEMPE RATU RMINIM A AN HEITEREN 
TAGEN AUF GRUND RELATIVER TOPOGRAPHIEN VON 850/1000 MB

RÁKÓCZI FERENC
(Lehrstuhl der Meteorologie, Eötvös Loránd Universität, Budapest) 

(Eingegangen am 10. VI. 1970)

РЕЗЮМЕ

В работе даются формулы для предсказания минимальных величин темпера­
туры, действительные для городов Будапешт и Мюнхен. Описываются возможности 
применения этих формул.

Die Vorhersage von Temperaturminima ist aus wirtschaftlichem und 
synoptischem Standpunkte von Bedeutung. In der Alltagspraxis wird 
dies in den meisten Fällen im Wege von Abschätzung vorgenommen. 
Die Lösung des Problems wird von vielen Forschern auf theoretischem 
Wege oder mit Hilfe von empirischen Formeln versucht. Die theoretischen 
Formeln nehmen — wenn die Auswirkung aller das Temperaturminimum 
beeinflussenden Faktoren in Betracht gezogen wird — eine verwickelte 
Form an, die für die Praxis beinahe unverwendbar ist. Dies spornt die 
Forscher zur Ausarbeitung von Vereinfachungen an [Scherhag 
1948, Reuter 1951].

Bei der Konstruktion von empirischen Formeln wird die Erfahrung 
und die Messungen zu Hilfe gerufen und man bemüht sich, anhand der 
in den Messungsergebnissen vorgefundenen Gesetzmässigkeiten eine 
Formel zur Vorhersage zu finden. Diese Formeln sind natürlicherweise 
mit den Eigentheiten des Beobachtungsortes belastet, so dass sie an an­
deren Beobachtungsorten nur mit Vorbehalt angewandt werden können.

Ein gemeinsamer Zug aller Formeln der Prognose der Temperatur- 
minima besteht darin, dass sie die nächtliche Abkühlung auf die effektive 
Ausstrahlung zurückführen. Aus diesem Grunde wird eine besondere 
Aufmerksamkeit den Luft- und Bodenverhältnissen, dem Wasserdampf­
gehalt der Luft, dem Wind und der Bewölkung zugewendet. Dies ist auch 
evident, denn die günstigen Vorbedingungen der nächtlichen Abkühlung 
sind erfahrungsgemäss:

aj klarer Himmel,
b) Windstille,
c) niedriger Wasserdampfdruck in der Atmosphäre.

1 1 ANNALES — Sectio Geologica — Tomus XIV.



GEOISOTHERMS IN THE DEPTH OF 1 KM, IN CENTIGRADS
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Scherhag [19481 bewies, dass zwischen dem relativen Geopoten­
tial von 500/1000 mb, und dem Temperaturmaximum ein gut ausge­
drückter, nahezu linearer Zusammenhang besteht. Ein ähnlicher Zu­
sammenhang wurde auch von dem Verfasser des vorliegenden Aufsatzes
hinsichtlich Budapest [Rákóczi, 1957] gefunden. Im Zusammen­
hänge mit diesen Erwägungen tauchte der Gedanke auf, dass dieser 
Zusammenhang auch zwi sehen dem Temperatur minimum und dem am
Nachmittag ausgeführten Aufstieg sich ergebenden relativen Geopotential 
von 500/1000 mb bestehen muss. Im Laufe des Beweisens dieses Zu­
sammenhanges wurde die Erfahrung gemacht, dass zwischen dem am
Nachmittag registrierten relativen Geopotential von 500/1000 mb und
dem Temperaturminimun kein so strenger Zusammenhang besteht, als 
zwischen dem bei Tagesanbruch registrierten relativen Geopotential von 
500/1000 mb und dem Temperaturmaximum. Aerologische Erfahrungen
erwiesen, dass die Höhe ier sich am Morgen bildenden Inversionen das
Niveau von 850 mb erreicht [Béli, 1954]. Diese Tatsache führte auf 
den Gedanken, dass ein Zusammenhang zwischen dem am Nachmittag 
ausgeführten Aufstieg registrierten relativen Geopotential von 850/1000 
mb und dem Temperatur Minimum gesucht werden muss (Abb. 1).

Im Laufe der Bearbeitung des Materials wurde auf jene physikali­
schen Bedingungen besonderer Bedacht genommen, welche die Aus­
bildung der Temperatur ninima begünstigen. Derart wurden aus dem 
zur Verfügung stehendem Material der Jahre 1953—1955 bezüglich 
München und Budapest ene Tage ausgewählt, an welchen:

a) die Bewölkung im 
b) die Geschwindigke 
c) kein Nieder schlag

Laufe der ganzen Nacht 4/10 nicht überstieg, 
it des Bodenwindes 3 m/sec nicht überstieg, 
registriert wurde.

In der unterstehenden Tabelle 1 bringen wir die den obigen Bedin­
gungen entsprechenden Tage aus den erwähnten drei Jahren:

Verteilung der zur Anwendung gelangten heiteren und nahezu windstillen Tage

Tabelle 1

1 I III v VI VII VIII IX X XI XII

Budapest 1953 ■ — 12 8 8 3 5 11 6 10 6 2 73
1954 3 2 0 6 4 2 8 12 0 4 1 47
1955 0 2 5 6 2 4 5 16 4 1 0 46

s 3 16 13 20 9 11 24 34 14 11 3 166

1953 1 15 11 8 2 7 8 10 7 3 5 79
München 1954 3 6 3 7 4 3 3 7 6 4 0 50

1955 3 3 6 5 3 2 8 8 7 4 1 51
27 7 24 20 20 9 12 19 25 20 11 6 180
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Die Zusammenhängenden Werte der relativen Topographie und der 
Temperaturmaxima wurden auch graphisch dargestellt (Abb. 1). Auf 
der Abszissenachse wurden die an dem Nachmittage des vorhergegange­
nen Tages registrierten Geopotentialwerte, auf der Ordinate die Tempe­
raturminima angebracht . Die Verteilung der zusammenhängenden Punkte 
sind auf der beiliegenden (Abb. 1) ersichtlich.

Aus der Abbildung geht klar hervor, dass zwischen dem Temperatur­
minimum und dem relativen Geopotential von 850/1000 mb ein stochasti­
scher Zusammenhang besteht. Die Linearität dieses stochastischen Zu­
sammenhanges steht äusser Zweifel. Die Streuung der Punkte um den 
— dem Mittelwert entsprechenden — Geraden ist so klein, dass es emp­
fehlenswert erscheint, mit Hilfe der statistischen Methode einen Zu­
sammenhang zwischen den in Rede stehenden Wertepaaren zu suchen.

11*
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Wie bekannt, kann der lineare Zusammenhang zwischen den uni den 
Geraden mit einer kleine: i Streuung liegenden Punkten in der Form einer
Regressionsgleichung au ■geschrieben werden [Bogárdi, 1952]. Die
Regressionsgleichung ermöglicht — in Kenntnis der unabhängigen Ver­
änderlichen — die Bestimmung des wahrscheinlichsten Wertes der ab­
hängigen Veränderlichen.

Zur Bestimmung des Regressionsgeraden wird laut der bekannten
Theorie im Falle eines
Form erscheinende Lösung gesucht:

inearen Zusammenhanges die in der folgenden

(У~У ( = b(x — x) (1)
wo die Mittelwerte der beiden Wertepaare mit y, bzw. x bezeichnet und
b den Tangens der gesu hiten geraden Richtung bedeutet. Die Bestim-
mung der Richtungstangente kann mit Hilfe der folgenden Formel vor­
genommen werden:

wo Ax = x — x, Ay = y-

ъ = %Ax-Ay
2^

y, (Zb)2 = (x — ж)2 bedeuten.

(2)

Dem x entspricht in Laufe des Weiteren das relative Geopotential 
von 850/1000 mb, und c em у das Temperaturminimum. Das relative 
Geopotential von 850/1000 mb wird im weiteren mit RT^o’ ^as Tempe­
raturminimum mit tm bejeichnet. In Tabelle 2 werden Charakteristiken­
werte der Regressionsgleichung auf München und Budapest angeführt.

Tabelle 2

Die Charakteristika ter Regressionsgleichung bestimmenden Konstante

ven Geopotentials, 
2АВТ$^Д1т = Summe 

und

—850 
я^юоо

TSCO 
^RTiQQQátm z(-ART100t№ r

Budapest......... 8,95 13,72 550,63 31,64 11 117,38 0,93

München ......... 3,08 13,39 502,11 25,48 10 349,07 0,97

In der obigen Tabelle bedeuten:
tm_ = Mittelwert des Temperaturminimums,
■ß^iooo = der in geopot mtiellem Hektometer ausgedrückte Mittelwert des relati-

der Produkte der Abweichungen vom Mittelwerte, 
2 = Summe der Quadrate der Abweichungen,

r = Korrelationskoeffizient der in Rede stehenden Wertepaare.

An Hand der Tab. 2 können die gesuchten Regressionsgleichungen
auf Budapest und München aufgeschreiben werden: 

Budapest
8,95 = 17,4(.EÄ)-13,72) (3)
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und

% = 17,4229,78 (3a)

München

tm= 19,7 ЛТ^0-260,7 (3b)
Der Korrelationskoeffizient ist der Ausdruck des Zusammenhanges 

zwischen den zwei Wahrscheinlichkeitsveränderlichen. Wie aus der 
letzten Spalte der Tab. 2 hervorgeht, ist dies ein sehr hoher Wert, nämlich 
0,97 für München und 0,93 für Budapest.

Dies, sowie jene Tatsache, dass bei der Regressionsgleichung die 
Angaben der bei dem am Nachmittage ausgeführten Radiosondenaufstieg 
registrierten Topographien zu Grunde genommen wurden, ergibt — an 
Hand unserer Gleichungen — die Möglichkeit zur Vorhersage der Morgen - 
temperaturminima.

Unsere Vorhersageformeln behalten ihre Gültigkeit natürlich nur im 
Falle des Bestehens jener Bedingungen, bei welchen sie aufgestellt wur­
den. Auf dieser Weise muss im Laufe ihrer Anwendung Sorge dafür ge­
tragen werden, dass den obenerwähnten vier Postulaten nachgekommen 
wird.

Auf Grund von Budapester Angaben haben wir auf das Jahr 1956 
den Versuch einer Prognose der Temperaturminima ausgeführt. Im Laufe 
des untersuchten Jahres wurden 65 solche Tage gefunden, an welchen 
die Wetterlage eine solche war, dass mit Hilfe unserer Formel 3a die Vor­
hersage der Temperaturminima versucht werden konnte. Es wurde fest­
gestellt, dass diesem Jahre der Mittelwert des absoluten Wertes der Ab­
weichungen zwischen den von uns vorhergesagten und tatsächlich re­
gistrierten Temperaturminima

I At I = 1,5 °C 
m

war. In diesem Falle ist At = t'm—tmsz, wo t'm das beobachtete, und tmz 
das berechnete Temperaturminimum bedeutet. Von besonderem Interesse 
ist auch das prozentuelle Vorkommen der einzelnen Abweichungen. 
Diese Werte sind in Tab. 3 angeführt.

In der obigen Tabelle sind die Vorkommenszahlen und das prozen­
tuelle Vorkommen jener Fälle angegeben, welche sich auf die einzelnen 
Abweichungswerte beziehen. In die Abweichungskategorie S |l,5j C° ge­
hören derart sämtliche, diesen Grad nicht erreichende Abweichungen, 
so auch die Abweichungen á |0,5| und = |l,0|. Aus der Tabelle geht 
auch die Möglichkeit der synoptischen Verwendbarkeit der Methode her­
vor. Wenn nämlich erfordert wird, dass die Genauigkeit der Prognose im 
Intervall der in der Synoptik üblichen 3°C bleibt, so kann mit Hilfe der 
dargelegten Methode mit einer Wahrscheinlichkeit von 87% prognosti- 
siert werden.
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Tabelle 3

Vorkommenswarscheinlichkeiten der Vorhersage

Abwei ;hungen C° Zahl der Fälle

0,5 14 21
1,0 29 44
1,5 38 58
2,0 48 74
2,5 52 80
3,0 57 87
3,5 58 89
4,0 62 95
7,6 65 100

An Mangel von Angaben konnten auf München keine ähnlichen 
Berechnungen ausgefühi t werden. Der auf München bezügliche Korrela­
tionskoeffizient von r = 0,97 lässt aber vermuten, dass auf dem Gebiete 
der Prognose ähnlich Resultate zu erwarten sind.

Der Grund des engen Zusammenhanges besteht unseres Erachtens 
darin, dass das Temperaturmittel der Atmosphärenschicht, welches eine 
Funktion auch des Temperaturgradienten ist, die Dicke jener Schicht
bestimmt, welche durch i 
der Inversion teilnimmt.

die nächtliche Ausstrahlung in der Vorbereitung 
. Hierauf lässt sich auch daraus zu schliessen, 

dass zwischen den aus den Morgenaufstiegen ermittelten Geopotentiale 
und den Temperaturmaxima des Nachmittags ein ähnlicher Zusammen­
hang besteht [Scherhag, 1948; Rákóczi, 1957].

Es muss von einer Überschätzung unserer Ergebnisse gewarnt
werden, da die letzterer ihre Gültigkeit nur in einer beschränkten An­
zahl der Fälle und bei dem Zutreffen der erwähnten Voraussetzungen 
behalten. Es kann aber festgestellt werden, dass an Hand unserer Prog­
noseformel die zu erwar ;enden Temperaturminima schnell und innerhalb 
der in der Synoptik erforderten Genauigkeitsgrenzen festgestellt werden 
können.
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РЕЗЮМЕ

Из юрских отложений гор Виллань описан 31 вид пластинчатожаберных мол­
люсков, из которых пять было найдено в плинсбахских отложениях, девятнадцать в 
батских и семь в келловейских. Два из этих видов являются новыми: Propeamussium 
brevicostatum п. sp. и Pholadomya villanyensis n. sp. Наряду с краткой палеоэкологи­
ческой оценкой двустворок отдельных горизонтов можно было бы сделать вывод 
о том, что если фауна плинсбахских и батских отложений носит западноевропей­
ский характер, то фауна аммонитовой пачки келловея однозначно не отражает 
такого же характера.

The investigated Bivalvia fauna derives from a discontinuous se­
quence of low thickness representing the Lower to Middle Jurassic in the 
eastern part of the Villány Mountains. The bivalves here are not too 
frequent. Nevertheless, a rather rich material has been accumulated in 
the museum of the Hungarian Geological Institute as a result of collecting 
for a hundred years or so. The present writer had the opportunity to study 
the fauna consisting of more than 200 specimens. In addition, Dr. A. 
К a s z a p kindly gave the author his own collection for study.

The Villány fauna was first dealt with by L ó c z у (1912, 1915). 
In both of his afore-mentioned papers he published the resulting faunal 
lists:

Anisocardia campaniensis (d’Orb) Cossm.
Pholadomya escheri Ag.
Pleuromya of. elongata Ag.
Pleuromya decurtata Ag.
Inoceramus obliquus Morr., Lyc.
Perna subtilis Lahusen
Lima (Plagiostoma) obscura Sow.
Pecten (Entolium) disctformis Schttbler Zieten
Ostrea (Gryphaea) n. sp.
Pecten (Chlamys) Thierryi Cossm.
Pecten (Entolium) demissus Phil.

Since L ó c z у no publication has been devoted to this subject.
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Exposed as it is at
Villány Mountains can be

Stratigraphy

present, the Lower and Middle Jurassic of the

a more or less independe:
split up into four formations, each representing

nt phase of sedimentation.

1. Pliensbachian carbonate sequence with varying percentage of

2.
3.

terrigenous mater al,
Bathonian sandy Jmestones,
Lower Callovian c öid-patterned limestones,

4. Callovian ammonitic bed.

At the turn of the ce ntury a fifth formation too seems to have been 
exposed. This is suggested by the great number of such bivalves in the
collection of the museum which are enclosed in a dark-brown rock sharply
differring in lithology from all the above formations. Enclosed in the
same extremely peculiar : 
pods, a few ammonites ar

country rock are a very great number of brachio- 
d other faunal elements. The labels accompany -

ing them in the museum indicate, in complete agreement, Villány as 
locality. However, no rock of this kind is presently available on the sur-
face in the vicinity of Vf lány. Since a comparatively rich fauna is being
considered, there is no question of eventual mixing of materials in the 
museum. Like the other formations in the vicinity of Villány, this one 
seems to have represented a lenticular body which totally disappeared 
during quarry operations.

A detailed discussion of the sedimentology and biostratigraphy of 
the rocks available in outcrop is the subject of a separate paper
(Vörös, 1971, in preparation).

The Pliensbachian carbona
This formation, attaii

■e sequence
ning a maximum of 8 m or so near Villány and

more than 12 m on the Harsány hill some 6 km farther west, was consider -
ed to be Bathonian since 
Hofmann, 1876; L ó

bhe earliest students of the area (Lenz, 1872; 
I c z y, 1912). During the excursions of the Col-

loquium on Mediterranean Jurassic Stratigraphy, Budapest 1969, a few 
well-preserved ammonites were found in special new diggings. On the 
basis of these Dr. J. C. CaLomon and Dr. D. T. Donovan concluded to have 
here the Jamesoni Zone о" the Pliensbachian. After studying brachiopods 
collected from this locality, Dr. D. V. Ager arrived at the same result 
(personal communication .

The basal levels of th e formation are constituted by calcareous sand-
stones and conglomerates
represent biomicrite with 
gical results, the formati 
agitated waters.

The lower, sandstone

grading upwards into pure limestones which
organic matter and pyrite. As shown by litholo- 
m was deposited in sublittoral, intermittently

member is practically devoid of fauna, whereas
the limestone member contains a comparatively rich micro- and macro-
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fauna. Bivalves are represented by the following elements (in brackets: 
numbers of specimens):

Isognomon sp. (4)
Entolium hehlii (d’Orbigny) (13)
Entolium sp. indet. (7)
Chlamys (Aequipecten 1) ef. prison (Schlotheim) (11)
Chlamys (Aequipecten ?) humberti (Dumortier) (3)
Chlamys sp. indet. (9)
Anomia sp. (1)
Antiquilima succincta (Schlotheim) (1)
Plagiostoma sp. (1)
Gryphaea gigantea J. de C. Sowerby (2)
Gryphaea sp. (3)
Pleuromya ? sp. (1)

The overwhelming majority of the fauna is constituted by epibenthon- 
ic Pectinacea, capable of swimming. These have been embedded in form 
of single valves. The burrowers are represented by a single, tiny Pleu­
romya. The lack of burrowing lamellibranchs, as a rule, is considered to 
be a feature suggestive of a hard ground. In the case under consideration, 
however, the rock shows distinct traces of bioturbation which can be 
considered to cancel a hypothesis of this kind. As evidenced by bioturba­
tion phenomena, an anaerobic bottom environment cannot account for 
the absence of burrowing bivalves — a hypothesis suggested by H u d- 
s о n and P a 1 f r a m a n (1969) in a study of the Oxford Clay — either. 
(Such an explanation does not look plausible also because a burrowing 
bivalve obtains its oxygen and nutrients through a siphon exposed to the 
surface, thus being little disturbed by the anaerobic nature of the mud 
surrounding it.)

All of the five species determined of the fauna are widespread in 
Western Europe, being confined in the Alpine-Carpathian zone to isola­
ted localities of the so-called “Gresten facies”. Whereas the lamellibranch 
fauna of the Bakony Mountains Pliensbachian shows a definite South- 
Alpine (Mediterranean) feature, not a single species of Mediterranean 
character can be encountered among the lamellibranchs of the same 
age of the Villány Mountains in the south.

The Bathonian brown limestones
At present this formation is not exposed in the vicinity of Villány. 

On the basis of the few oppeliid ammonites available in the museum, 
A. Galácz referred its age to the Bathonian.

The lamellibranch fauna consists of the following elements:

Cucullaea (Idonearca 1) sp. (2)
Inoperna sowerbyana (d’Orbigny) (5)
Modiolus anatinus (Smith) (1)
Modiolus sp. (1)
Stegoconcha sp. aff. granulata (Sowerby) (1)
Gervillella siliqua (Deslongchamps) (3)
Meleagrinélla sp. (1)
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Entolium corneolum (Young et Bird) (5)
Chlamys sp. indet. (1)
Eopecten sp. (3)
Anomia sp. (1)
Ctenostreon sp. (2)
Plagiostoma subcardiiforn is (Greppin) (1)
Plagiostoma sp. (4)
Myophorella (Pseudomyophorella) polonica (Lebküchner) (1)
Opis (Trigonopis) sp. (1) 
Anisocardia minima (So\ 'erby) (3)
Anisocardia tenera (Sowerby) (3) 
Pholadomya Urata (Soweiby) (1) 
Pholadomya ovális (Sowei by) (3) 
Pholadomya cf. bucardium Agassiz (1) 
Pholadomya sp. indet. (1)
Pleuromya uniformis (So' rerby) (4)

The rich fauna includes a great number of in-faunal elements (40%), 
first of all deep-burrowi ig, passive Pholadomya and Pleuromya. This is
an indication of stable soft bottom conditions. The comparatively slight
agitation of water is alsc suggested by the fact that 45% of the lamelli- 
branchs have been fossilized with double valves.

All the above species are common in Western Europe. In addition, 
most of them are known to occur in remote areas such as South Asia
(Afganistan, Kutch) and East Africa.

The Bathonian sandy limestones
This formation, representing a lens about 8 cm thick on Templom 

hill at Villány, was dated on the basis of its rich ammonite fauna as be­
longing to the Upper Ba 

The rock is a yellow i 
sands.

In the macrofauna, 
frequent:

honian by A. Galácz (personal communication) 
imestone with a high percentage (30%) of quartz

beside the ammonites, the bivalves are most

Entolium sp. (1)
Anomia sp. (4) 
Ctenostreon proboscideum 
Ctenostreon sp. (1)

(Sowerby) (2)

Plagiostoma subcardiifornis (Greppin) (3)
Plagiostoma sp. (4)
Plagiostoma sp. indet. (5 ।
Astarte sp. aff. ovata (Sir:ith) (2)
Opis (Coelopis) cf. leckenbyi Lycett (1)
Opis sp. indet. (2) 
Cardium sp. (1) 
Pholadomya moeschi Rol 
Pholadomya villanyensis 
Goniomya trapezicostata

I ier (2) 
n. sp.
Pusch) (1)
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Much of the fauna is epibenthonic, though burrowing forms requiring 
a loose, unconsolidated bottom, are represented in a considerable number. 
The presence of passive, deep-burrowing Pholadomya is indicative of 
stable bottom conditions. Considering, however, that 97% of the lamelli- 
branchs were enclosed as single valves and that the Pholadomyas them­
selves are represented by single valves, one can take it for sure that a 
considerable thickness of unconsolidated sediment was reworked from time 
to time. According to Me A 1 e s t e r and Rhoads (1967), the forms 
burrowing vertically are at present frequent in the littoral and shallow­
sublittoral zones, only. Accordingly, the lamellibranchs of the Bathonian 
sandy limestones can be shown to have had their habitat in the same 
zone.

All components of the fauna are of West European character. A few 
species (C. proboscideum, P. subcardiiformis, G. trapezicostata) show a very 
large geographic extension, being known to occur in several points of 
Africa and Eurasia.

The Lower Callovian oöid-patterned limestones
Like the former, this formation is only exposed on Templom hill at 

Villány , being represented there by a pinching-out lens attaining a maxi­
mum of 10 cm in thickness. According to the personal communication of 
Dr. B. Géczy, its age, based upon a few Macrocephalites sp., is Lower 
Callovian.

The rock is a brownish-yellow limestone containing plenty of limonite 
oöids and quartz sands. In its lower horizon limonite-coated Bathonian 
limestone debris, sometimes fossiliferous, of a few cm size, can be found.

The macrofauna is dominated by ammonites, lamellibranchs occur 
rather sporadically:

Plagiostoma sp. indet. (2)
Anisocardia sp. (2)
Pholadomya escheri Agassiz (1)

The low number of specimens and taxa does not allow to draw any 
iar-going conclusion. Paleoecologically, however, with a view to the 
double-valved preservation of both the shallow- and deep-burrowing 
animals, a rather quiet water environment can be supposed to have served 
as their habitat.

The Callovian ammonitic bed
In spite of its low thickness (40 cm), this formation is rather wide­

spread. Its Callovian age was proved long ago on the basis of its exuberant 
ammonite fauna fT i 11, 1906). For a long time it was believed to repre­
sent a very large span of time (Upper Bathonian 4- complete Callovian). 
This was due to its too broad lithostratigraphical interpretation as a unit 
including the two former formations combined (the Bathonian 
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sandy limestones + the Lower Callovian oöid-patterned limestones). Ac­
cording to Dr. B. Géczy’s personal communication, the ammonitic bed, as 
interpreted today, seems bo be limited in age to a single zone of the Middle
Callovian.

The rock is a limestone, biomicrite, containing very little terrigenous 
detrital material. Very characteristic of the ammonitic bed are stromato­
lites, of which an excell mt description was given by Radwanski 
and Szulczewski 1966).

In the macrofauna, beside the rock-forming ammonites, the represen­
tatives of belemnites and brachipods can be encountered in great number. 
The lamellibranch fauna is rather poor:

Inoceramus oosteri Favre ? (9)
Inoceramus sp. indet. (3 !)
Entolium spathulatum (Raemer) (15)

(Douvillé) (8)

Propeamussium brevicostatum n. sp. (1)

Chlamys sp. aff. luciensis (d’Orbigny) (2) 

Eopecten sp. aff. aubryi 

Placunopsis sp. (1) 
Plagiostoma ? sp. (1) 

Astarte cf. subdepressa В ake et Hudleston (1)

The fauna is predominated by Inoceramus whose ecological require-
ments cannot be estimate 
distribution of this genus 
fact hinting, in se, at the p 
of Inoceramus dubius So 
byssus to driftwood in t 
planktonic way of life 
with great probability, t 
least as far the Jurassic

si on the basis of now-living relatives. The lateral 
s in the Jurassic is not controlled by lithology, a 
I jssibility of a pelagic mode of life. The specimens 
w. (Hauff, 1953) found attached with their 
, le Aälenian shales of Holzmaden make a pseudo- 
obvious, and this statement can be extended, 
о the rest of the species of the same genus, at 
■ is concerned. Burial together with driftwood

cannot have been a general phenomenon. The specimens broken loose from 
the still floating driftwoo 1, could settle on the bottom and were scattered
over it. According to К
smooth pectinids in gener 
occurring frequently in

a u f f m a n (1969), Propeamussium and the
■ d (Entolium in our case), are excellent swimmers 

non-agitated deep-water environments, too.
Consequently, on the bag is of the predominant elements of the fauna no
conclusion can be drawn 
tions.

The same holds true 
occur in Western Europe,

either as to water depth, or to bottom condi-

of the character of the fauna. A few specimens 
but the rest either show just an affinity or they

are new forms. Hence, unlike in the case of the formations discussed pre­
viously, the fauna of the Dallovian ammonitic bed does not show convin­
cingly West European features.
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Systematic descriptions
Classis Bivalvia

Subclassis Pteriomorphia
Ordo Mytiloida

Superfamilia Mytilacae

Familia Mytilidae
Subfamilia Lithophaginae

Genus Inoperna Conrad in Kerr, 1875 
Inoperna sowerbyana (d’Orbigny, 1850)

Plate I, Fig. 1 a, b

1819. Modiola plicata Sow.; Sowerby: Min. Conch., p. 293, Pl. 248, Fig. 1,2 (In: Sowerby, 
1837).

1850. Mitylus Sowerbianus, d’Orb.; d’Orbigny: Prodrome. .. ., p. 282.
1853. Mytilus Sowerbyanus d’Orb.; Morris et Lyeett: Mon. Great Oolite Mollusca, p. 36, 

Pl. IV, Fig. 1.
1883. Modiola Sowerbyana, d’Orbigny; Loriol et Schardt: Couches a Mytilus. . ., p. 62, 

Pl. IX, Fig. 9-12.
1910. Modiola plicata Sow.; Dacqué: Ostafrika, p. 30, Pl. V, Fig. 10.
1939. Mytilus (Pharomytilus) sowerbyanus d’Orb.; Stefanini: Somalia, p. 217, Pl. XXIV 

Fig. 10.
1940. Modiolus (Inoperna) plicatus J. Sowerby; Cox: Jur. Lamellibr. Kachh, p. 71, Pl. V, 

Fig. 1.
1948. Modiolus (Inoperna) plicatus J. Sowerby; Coxet Arkell: Brit. Great Oolite Mollusca 

p. 4.
1949. Modiolus (Inoperna) plicatus Sow.; Venzo: Il batoniano ä Trigonia, p. 126, Pl. I, 

Fig. 7 a, b.
1965. Inoperna plicata (Sowerby); Freneix: Bivalves Jur. Tunis., p. 47, PI. V, Fig. 11.
1965. Modiolus (Inoperna) sowerbianus (d’Orbigny); Cox: Jur. Biv. Tanganyika, p. 38, 

Pl. Ill, Fig. 11.
Number of specimens: 5

Description: Internal mould of medium size of well preservation, incomp­
lete, partly shelled, lacking the umbonal part. Shape slender, sheath-like, 
elongated, rather convex near the umbo, flattening down backwards. 
Between the umbo and the posterior margin there is a rather distinct, 
diagonal carina running from the dorsal margin towards the ventral one. 
It divides the surface of valve into two parts. Ornamentations of the dorsal 
region is well developed. At the dorsal margin concentrical, coarse plicae 
are visible, which show an oblique backward orientation. Their breadth 
is more or less equal to their intervals. The plicae number 13 in 4 cm. In 
the middle third of the dorsal region they flatten out and disappear. 
Close to the carina bordering the region, the surface is ornamented with 
finely concentrical plicae numbering about thrice the former over the 
same distance. The ornamentation of the ventral region is constituted 
by growth lines running parallel to the margin.

Remarks: On the basis of the character of ornamentation the Villány 
specimens can be readily identified, for the plicae of the dorsal region
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trifurcate while runningtrifurcate while running towards the ventral margin —a feature distin­
guishing the species fron I. perplicata (Étallon) in which the ratio of 
primary ribs to the secordary ones is always 1:2.

In 1791 Gmelin described a now-living species under the name
Mytilus plicatus (M о r r i s and Lycett, 1853). In 1816 it was reassign­
ed to the genus Modiola (conf. Loriol and Schardt, 1883). Thus 
the specific name Modiola plicata, Sowerby, 1819, was reserved for another 
taxon. Accordingly, d ’0 r b i g n у (1850) gave the species described 
by Sowerby a new name, Sowerbianus, whose validity was emphasized by
Cox (1965), too.

Distribution: Upper Liassic to Lower Callovian of Great Britain, Ba­
jocian, to Bathonian of I'rance, Bathonian to Callovian of India, Cal­
lovian of Tunisia, Toarc an to Oxfordian of East Africa. The Villány 
specimens derive from ths Bathonian brown limestones.

£ ubfamilia M odiolinae
Genus Modiolus Lamarck, 1799

Modiolus anatinus (Smith, 1817)
Plate I, Fig. 2

1818. Modiola cuneata Sow.; Sowerby: Min. Conch., p. 261, Pl. 211, Fig. 1 — 3 (In: Sowerby,
1837).

1818. Modiola gibbosa Sow;. Sowerby: Min. Conch., p. 262, Pl. 211, Fig. 4,5 (In: Sowerby,
1837) 

1818. Modiola reniformisSow.; Sowerby: Min. Conch., p. 262, Pl. 211, Fig. 6,7 (In:Sowerby,
1837)

1863. Modiola gibbosa, Sow.; Lycett: Suppl. Monogr., p. 42, Pl. XXXIII, Fig. 11, Ila.
1907. Modiola gibbosa Sow.; C< ssmann: Callovien Haute-Marne, p. 52, Pl. IIII, Fig. 3.
1915. Modiola gibbosa Sow.; К'enkel: Kelloway fauna Popilany, p. 304, Pl. XXVI, Fig.

32, 33.
1918. Modiola gibbosa Sowerby, Couffon: Callovien du Chalet, p. 129, Pl. IV, Fig. 10. 10a.
1948. Modiolus anatinus W. Smith; Cox et Arkell: Brit. Great Oolite Mollusca, p. 4.
1957. Modiola gibbosa Sow.; Himsiasvili: Verhnejursk. fauna Gruzii, p. 94, Pl. XVII, Fig. 

7; Pl. XVIII, Fig. 3.
1965. Modiolus anatinus (Smith); Cox: Jur. Biv. Tanganyika, p. 37, Pl. Ill, Fig. 7.
Number of specimens: 1

Description: Interna. 
incomplete. Valve oblique,

mould of small size, partly shelled, slightly 
elongated backwards, very markedly inflated.

Anterior auricle (or antei o-ventral part) inflated, well developed; poste-
rior auricle flat, weaker. but distinct. Umbo bent markedly foreward.
Between the umbo and the point of intersection of the dorsal and vent­
ral margins there is a diagonal carina. Between this and the anterior 
auricle there is a depression. The most prominent point of the posterior 
auricle is at about the hal:' of valve length. The ornamentation is represent­
ed by growth lines extending gradually into the auricles. Close to the
posterior margin, a fine r 

Remarks: Sowerby 
synonym of M. gibbosa.

■idial striation is visible on the valve.
(1818) considered M. anatina Smith to be the 

This fact was underlined by Cox (1965) who 
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stated that M. cuneata Sow., M. gibbosa Sow. and M. reniformis Sow. were 
names given to one and the same species first described by Smith as 
M. anatina.

According to С о x (1965), this species is closely related to M. imbri- 
cata Sowerby 1918, but differs from it (among other features) by its greater 
convexity and more inflated anterior auricle (antero-ventral part) separat­
ed by a distinct furrow from the rest of the valve.

Distribution; Bajocian to Bathonian of Great Britain; Callovian of 
France the Russian Platform and Georgia, USSR; Bajocian of East 
Africa. The Villány specimen derives from the Bathonian brown lime­
stones.

Superfamilia Pinnacea 
Familia Pinnidae

Genus St egoconcha Böhm, 1907 
Stegoconcha sp. aff. granulata (Sowerby, 1824) 

Plate I, Fig. 3
1824. Pinna granulata Sow.; Sowerby: Min. Coch., p. 380, Pl. 347 (In: Sowerby, 1837). 
1933. Trichites granulatus (J. Sowerby); Arkell: Brit. Corall. Lamellibr., p. 228, Pl. XXIX, 

Fig- 2,3.
Number of specimens: 1

Description: Internal mould large, of poor preservation, partly shelled, 
incomplete. Shell thick. The ornamentation on the mould, close to the 
umbo, consists of rather strong, concentrical plicae and completely flat, 
radial ribs. Away from the umbo, the spacing of the ribs will increase and, 
at a distance of 8 cm or so, the surface will become smooth. From 9 to 
12 cm, in the shelled part of the valve, small tubercles can be observed 
which are arranged according to the points of intersection of the widely 
spaced, radial ribs and the fine, closely spaced, concentrical ones.

Remarks: The type specimen of S. granulata, of which Sowerby gave 
an undistinctive drawing, has been lost. The form from Villány agrees 
well, both in shape and ornamentation, with the specimen figured and 
identified with S. granulata by Arkell (1933), at least as far as the 
periumbilical zone is concerned. The postero-marginal part of the valve 
of S. granulata is ornamented with peculiar,- ramifying furrows. On the 
Villány specimen this cannot be seen because of its incompleteness. Thus 
far S. granulata has been described from the Oxfordian and Kimmeridgian 
only, while the specimen from Villány is Bathonian. Thus, despite the 
great similarity in morphology, it is doubtful whether the form being 
described here belongs to the same species. Therefore it is just the affinity 
that can be supposed.

Distribution: Oxfordian and Kimmeridgian of Great Britain. The 
Villány specimen derives from the brown limestones of the Bathonian.
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Ordo Pterioida 
Subordo Pt er Una

S iperfamília Pteriacea
1 'amilia Bakewelliidae

Genus Gervillella Waagen, 1907
Gervillelh siliqua (Deslongchamps, 1824) 

Plate I, Fig 4

1824. Gervillia siliqua N.; Deslongchamps: Mém. Gervillie, p. 128, Pl. IV.
1824. Gervillia pernoides N.; I eslongchamps: Mém. Gervillie, p. 126 (partim), Pl. II (non:

Pl. I and III.)
1915. Gervilleia aviculoides So v.; Krenkel: Kellowayfauna Popilany, p. 293, Pl. XXVI, 

Fig. 4-7.
1940. Gervillella siliqua (J. A. Eudes-Deslongehamps); Cox: Jur. Lamellibr. Kachh, p. 112,

Pl. VII, Fig. 12-14.
1965. Gervillella siliqua (Eudes -Deslongchamps); Cox; Jur. Biv. Tanganyika, p. 44, Pl. IV, 

Fig. 10.
Number of specimens: 3

Description: Spécimé n of medium size, well preserved, slightly incomp­
lete (with anterior auric e and part of umbo lacking), representing the left 
valve of the animal. Valve markedly oblique, greatly elongated back-
wards, very convex near 
Ventral margin arched 
of about 30° with the u

■ the umbo, flattening down close to the margin, 
lackwards, its anterior part forming an angle 
pper margin of the elongated posterior auricle.

The ornamentation of th< > valve is constituted by locally irregular growth
lines passing gradually о rer the auricles.

Remarks: D e s 1 о ng 
difference between G. sí 
greater size of the latter

champs (1824) considered the most essential 
liqua and G. pernoides to consist in the much 
According to С о x (1940), however, this diffe-

rence alone is not enough for the separation of the two forms, so the
specimen figured by D
the species G. siliqua. Tl

oslongchamps (1824, Plate II) belongs to
is species was several times mistaken for G. avi-

culoides (Sow., 1814) to which it is rather similar from various points of 
view. Excellent figures of the last-mentioned species were published by 
Arkell (1933, Pl. XXVI, Fig. 1 — 5), figures permitting to find out
two essential divergences 1. The hinge margin of G. siliqua (i. e. the upper
margin of the posterior auricle) is shorter and thus the posterior auricle is 
less prominent, while the posterior and ventral margins are parallel, 
unlike it is the case with G: aviculoides, where these two lines converge
backwards. 2. In lateral view G. siliqua has its whole valve arched, whereas
in G. aviculoides it is only the ventral margin that shows a slight convexity.
On the basis of these cha ’acteristics the specimens figured by К r e n к e 1
(1915) can be assigned tc 

G. acuta (J. de C. Sown
the species G. siliqua.

rby 1826), ranging from the Aalenian up to the
Oxfordian, may belong to G. siliqua (Cox and Arkell, 1958, p. 9),
or there must be at leas't a genetic connection between the two (Cox,
1950, p. 116). Accordingly, the assignment of the specimens from Villány
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to G. siliqua is not impeded by the fact that their stratigraphic position 
(Bathonian) is different from the most frequent occurrence of G. siliqua 
(Oxfordian).

Distribution: Oxfordian of France, India and East Africa; Callovian 
of the Russian Platform. The specimens from Villány have come from the 
brown limestones of the Bathonian.

Familia Inoceramidae
Genus Inoceramus Sowerby, 1814 

Inoceramus oosteri Favre, 1870 ?
Plate II, Fig. 1

1876. Inoceramus Oosteri, E. Favre; Favre: Description fossil. Fribourg, p. 64, Pl. VI, 
Fig- 2.

1967. Inoceramus oosteri Favre; Kunz: Fauna aus dem oberen Dogger, p. 269, Pl. II, Fig. 4, 
Pl. Ill, Fig. 1-2.

Number of specimens: 9

Dimensions: height: 87 breadth: 68 convexity: 34
78 60 -
72 55

Description: Internal mould of medium size, of medium preservation, 
partly shelled. Outline elliptical to subcircular, with a pointed umbo 
distinctly projecting from it. The lunula is recognizable, though difficult 
to study because of its poor preservation. The closure angle of valves is 
higher than 60° at the anterior margin, being as low as 15° or so at the 
posterior one. The greatest convexity is at the first one-third of valve 
length. The ornamentation consists of concentric growth lines, getting 
regularly spaced towards the margins.

Remarks: According to Kunz (1967), this species is close to I. fus- 
cus Quenstedt 1958, the most important difference being that J. oosteri 
has a slightly elongated, oval outline. I. inoceramoides (Hudleston, 1877) 
(Arkell, 1933, p. 217, Plate XXVIII, Fig. 1.) looks also similar, but 
its ouline is quite close to circular.

The specimens from Villány somewhat differ in the character of the 
umbo from the specimen figured by Favre (1876). As illustrated by 
Kunz’s (1967) figures, the state of preservation of those specimens 
was rather poor. All these circumstances have made the identification of 
the specimens from Villány rather uncertain.

Distribution: Oxfordian of Switzerland, Bathonian to Callovian of 
Austria. The specimens of Villány derive from the Callovian ammonitic 
bed.

1 2 ANNALES — Sectio Geologica — Tomus XIV.
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, Superfamilia Pectinacea 
Familia Entoliidae

Genus En t о liu m Meek, 1865 
Entolnm cf. hehlii (d’Orbigny, 1850)

Plate II, Fig. 2
1850. Pecten Hehlii d’Orb.; d’C rbigny: Prodrome, p. 219.
1867. Pecten Hehlii (d’Orbigny); Dumortier: Bassin du Rhone, p. 70, Pl. XII, Fig. 5, 6.
1926. Entolium Hehlii d’Orbigiy; Staesche: Pectiniden Schwab. Jura, p. 59, Pl. II, Fig. 

13-15.
1936. Entolium Hehlii d’Orbigny; Dechaseaux: Pectinides jurassiques, p. 60, Pl. VIII,

Fig. 10. 11.
Number of specimens: 13
Dimensions: height: 11

20
27
28.5

breadth: 10
18
27
27

Description: Small specimen of medium preservation, representing 
an incomplete valve. Outline slightly oval, subcircular. Apical angle of
umbo 98°. Valve slightly convex, the highest convexity being observable 
at about one-third of height as calculated from the umbo. Surface almost 
completely smooth, being ornamented only by regular growth lines. 
In the periumbilical zone there are a few radial ornamenting elements
which can be hardly dist: 

Remarks: According
inguished.
to Staesche (1926), E. hehlii differs from 

the other Entolium species by its lower apical angle. Despite their in­
completeness, the specimens from Villány greatly resemble the figures
of Dechaseaux ( 
(d’Orb.).

936) and thus can be assigned to E. hehlii

Distribution: According to Dechaseaux (1936), it is known 
to occur in France from the Hettangian up to the Pliensbachian; in 
Germany it was found ia the Hettangian and Sinemurian. The Villány 
specimens derive from tl e Pliensbachian limestones.

Entolium corneolum (Young et Bird, 1828)
Plate II, Fig. 3

1829. Pecten demissus; Plillips: Geol. Yorkshire, Pl. VI, Fig. 5.
1855. Pecten demissus Phil.; Morris et Lycett: Mon. Great Oolite Mollusca, p. 

Pl. XIV, Fig. 7.
1858. Pecten demissus; Quenstedt: Der Jura., p. 353, Pl. 48, Fig. 4.
1888. Pecten Rypheus d’Orbigny; Schlippe: Bathon. Oberrhein. Tiefland., p.

127,

126,
Pl. II, Fig. 6.

1917. Pecten demissus Goli If.; Borisjak and Ivanov: Pelecypoda jursk. otl. Evr. Rossii, 
p. 3, Pl. I, Fig. 5, 8 10, 15, 18.

1926. Entolium demissum Phil.; Staesche: Pectiniden Schwab. Jura, p. 99, Pl. IV, Fig. 5.
(Phillips); Arkell: Brit. Corall. Lamellibr., p. 91, Pl. VII, 
8, text-figure 15—17.
(Young and Bird); Cox et Arkell: Brit. Great Oolite Mol-

1930. Entolium demissum 
Fig. 4; Pl. IX, Fig.

1948. Entolium corneolum 
lusca, p. 15.
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1957. Entolium demissum Phill.; Himsiasvili: Verhnejursk. fauna Gruzii, p. 126, PI. 
XXIII, Fig. 3.

1963. Entolium demissus Phillips; Barbulescu: Fauna Lamellibr. Dobrogea, p. 49, 
Pl. V, Fig. 38-40.

1966. Entolium demissum (Phillips); Andrejeva: Plastinchatozhabernije jursk. otl. 
Pamira, p. 13 (partim), Pl. I, Fig. 1 — 3 (non: Fig. 4).

1967. Entolium demissum (Phillips); Romanov and Sobecky: Jursk. Pektinid, p. 46, 
Pl. I, Fig. 1-5.

non 1883. Pecten demissus Bean; Lahusen: Fauna Jur. Bild. Rjasan., p. 24, Pl. II, Fig. 4.

Number of specimens: 5
Dimensions: height: 46 breadth: 43

45 43

Description: Specimen of medium size, well-preserved, partly shelled. 
A equilateral valve slightly convex, almost flat, its greatest breadth and 
convexity corresponding to about the half of valve height. Apical angle 
105° or so. Between the umbo and the point of intersection of the lower 
and the two lateral margins there are two slight depressions forming an 
angle of about 75° with one another and thus dividing up the surface of 
the valve into a large, central, and two narrow, lateral, parts. The auricles 
are equal, rounded, small. Ornamentation consists of extremely fine, 
concentrical growth lines. In the periumbilical part of the mould a faint, 
radial striation is observable.

Remarks: Quoted frequently under the name of E. demissum (Phil­
lips), this extremely wide-spread species shows a very wide range of va­
riability, particulary as far as its apical angle is concerned. Staesche 
(1926), who was first to emphasize this fact, assigned among others the 
species E. disciformis (Zieten) and E. rhypheum (d’Orbigny) to the species 
under consideration. For the same reason, Arkell (1930) took E. 
solidum (Roemer) ^E. vitreum (Roemer) to be a synonym of E. demissum. 
With its more elongated shape, E. spathulatum (Roemer) seems to be 
separable.

As pointed out by Arkell (1935, p. xi) in the appendix to his 
Monograph, E. demissum was earlier, in 1828, named P. corneolus by 
Young and Bird. Forgotten for more than one hundred years, this name 
ought to be considered nomen oblitum and thus might not be given priority. 
In this case, however, the International Committee for Zoological Nomen­
clature seems to have taken a different decision, as Cox and Arkell 
(1948) and later Cox again (1965, p. 51) did use the name E. corneolum 
(Young et Bird).

Distribution: Bathonian to Oxfordian of Great Britain, Bajocian to 
Callovian of Germany, Bajocian to Oxfordian of the Russian Platform, 
Bajocian to Kimmeridgian of the Caucaus, Bajocian to Oxfordian of the 
Pamir. The specimens from Villány derive from the Bathonian brown 
limestones.

12*
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Entolium spathulatum (Roemer, 1839)
Plate II, Fig. 4

1839. Pecten spathulatus Nob.; Roemer: Verst. Nordd. Oolith., Nachtr., p. 26, Pl. XVII, 
Fig. 22.

1858. Pecten spathulatus; Quenstedt: Der Jura, p. 433, Pl. 59, Fig. 13.
1883. Pecten demissus Bean; L,ahusen: Fauna Jur. Bild. Rjasan., p. 24 (partim), Pl. II,

Fig. 4.
1917. Pecten spathulatus Roeri.; Borisjak and Ivanov: Peleeypoda jursk. otl. Evr. Rossii, 

p. 6, Pl. I, Fig. 13.
?1956. Entolium spathulatum (Roemer); Ksiazkiewicz: Jura i kreda Bachowic, p. 171, 

Pl. XIX, Fig. 1, 2.
? 1966. Entolium demissum (Philips); Andrejeva: Plastinehatozhab. jursk. otl. Pamira,

p. 13 (partim), Pl. I, F g. 4.
1967. Entolium spathulatum i Roemer); Romanov and Sobecky: Jursk. Pektinid,

Pl. I, Fig. 6-8.
Number of specimens: 15
Dimensions: height: 18

13
12

p. 47,

breadth: 15.5
10.5
10

Description: Valve small, of good preservation, slightly incomplete. 
Outline slightly elongate I, oval. Apical angle of umbo 94°. Upper margin
of auricles slightly arch id rather than straight. Valve slightly convex, 
the greatest convexity boing a little above the half of valve height. Sur­
face almost totally smooth, being ornamented with a few hardly dis­
tinguishable growth lines: 

Remarks: R о e m ( r (1839) described the species as having an
elongated, oval outline. According to this, as calculated after the original 
figure, the apical angle attains 85° or so, height = 18.5 mm, breadth = 14
mm. An important fea 
Quenstedt (1858) 
(1917). The two latter a

;ure, elongatedness was later emphasized by 
as well as by Borisjak and Ivanov 
it hors pointed out the small size of the species,

too. Staesche (1926) believed that E. spathulatum (Roemer) could
be assigned to E. demist 
a species of extremely 
(1936), however, consid

urn (Phillips) [= E. corneolum (Young et Bird)] 
wide range of Variability. >Dechaseaux 
sred the species E. spathulatum (Roem.) to be

discriminable on account of its more acute apical angle. While measur-
ing a great number of E. । 
Barbulescu (1963) 
as a function of size, tl

demissum deriving from the Dogger of Dobrogea 
found the apical angle to vary from 70° to 120° 
us being unsuitable for serving as a diagnostic

feature. The representation of height-to-breadth ratios (I. c. Pl. II, Fig.
10), however, yielded a different result, for a group of more elongated 
forms is likely to be distinguishable on the diagrammé. Accordingly, 
it is the elongated outline that appears to be the most important distinct­
ive feature of E. spath datum, but this could be proved Convincingly 
only if a large population was examined statistically.

The apical angle of the specimens from Villány varies between 90°
and 109°, their general characteristic feature being small size and elongat­
ed outline. On this basis their assigment to E. spathulatum (Roemer)
is justified.
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Distribution: Bajocian to Oxfordian of Germany, Bajocian of Poland, 
Bajocian to Oxfordian of the Russian Platform. The Villány specimens 
derive from the Callovian ammonitic bed.

Familia Pectinidae
Genus Propeamussium de Gregorio, 1884 

Propeamussium brevicostatum n. sp.
Plate II, Fig. la, b

Number of specimens: 1
Locus typicus: Villány, Somsich hill
Stratum typicum: Callovian ammonitic bed
Derivatio nominis: after the short inner ribs of the species 
Dimensions: height: 8.4 mm breadth: 8.2 mm
Diagnosis: comparatively low number (9) of primary ribs ornamenting the inner surface 
of valve and ending a little after attaining the half of valve height as calculated from the 
umbo.

Description: Intact left valve of small size, in state of perfect preser­
vation. Outline circular. Apical angle of the umbo about 105°. At the base 
of the anterior auricle a small concave curvature can be seen, the posterior 
margin of the posterior auricle being straight. The upper margins of the 
auricles form one straight line. The ornamentation of the outer surface 
of the valve is constituted by about 25 very fine, radial ribs which are ir­
regularly broken in a few places. In addition, in the periumbonal zone 
concentrical growth lines are visible, which cross the ribs, thus resulting 
in a net-like pattern. As observable through the very thin, transparent valve 
the inner surface is ornamented by 9 radial ribs which are joined towards 
the margin by 5 secondary ones. Growing gradually stronger, the ribs 
vanish soon after reaching the half of valve height as calculated from the 
umbo.

Remarks: The Jurassic representatives of Propeamussium were re­
viewed by Staesche (1926). According to him, P. pumilum (La­
marck, 1819) of the Lower Dogger, P. penninicum (Neumayr, 1871) of 
the Oxfordian and P. nonarium (Questedt, 1858) of the top of the Upper 
Jurassic would form a lineage characterized, beside slight changes in 
external ornamentation, in the first place by a decrease of the number of 
inner ribs. Whereas P. penninicum carries 11 ribs (Neumayr, 1871, 
p. 375, Pl. XXI, Fig. 4), the number of primary ribs of P. nonarium is as 
low as 9, though between these a few secondary ribs are included 
(Quenstedt, 1858, p. 795, Pl. XCVIII, Fig. 4). As regards its mor­
phological features and external ornamentation, the specimen from Vil­
lány is closely related to the above group. On account of its Callovian 
age, it ought to resemble especially P. penninicum, but the number of 
its inner ribs corresponds to that of the Upper Jurassic P. nonarium. 
In addition, a substantial difference is that the inner ribs of all the afore­
mentioned species reach up to the margin of the valve.
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Genus Chlamys Röding, 1798 
Chlamys sp. aif. luciensis (Thevenin ex d’Orbigny) 

Plate III, Fig. 1
Number of specimens: 1
Dimensions: height: 50 breadth: 41 convexity: 10

Description: Interna mould of an incomplete left valve of medium
size and preservation witl some shell preserved. Outline elongated, slight­
ly inaequilateral. Ornamentation constituted by 17 radial ribs. In the
anterior and middle parts the ribs are straight, while in the posterior part
they are arched backwards, becoming gradually more inflated. They are 
roof-shaped in cross-section, being slightly rounded at the top. Their 
intervals are U-shaped, b Ing wider than the ribs themselves. The surface 
is covered by growth lines of irregular spacing, which become locally
stronger, developing into plicae.

Remarks: The species C. luciensis has become known on the basis
of the descriptions and 
(1913, p. 163, Pl. xxvn:
Fig. 14—15). As far as 
specimen corresponds to 
number of ribs (19 — 20 in

excellent figures published by Thevenin 
I, Fig. 28) and Fischer (1964, p. 17, Pl. I,
its major features are concerned, the Villány 
these, but it diff eres from them by its lower 

C. luciensis) and by the fact that 2 or 3 posterior
ribs are arched backwarc s instead of being straight.

Distribution: C. luciensis is known to occur in the Bathonian of
France; the specimen of 
bed.

Villány was found in the Callovian ammonitic

Subgenus Aequipecten Fischer, 1886 
Chlamys (Aequipecten ?) cf. prisca (Schlotheim, 1820) 

Plate II, Fig. 6

1858. Pecten aequalis; Quenstedt: Der Jura, p. 78, Pl. 9, Fig. 13.
1858. Pecten priscus; Quenstedt: Der Jura, p. 147, Pl. 18, Fig. 18 — 20.

m); Dumortier: Bassin du Rhöne, (part: II), p. 216, Pl.1867. Pecten priscus (Schlothe i 
XLVIII, Fig. 4.

1869. Pecten priscus (Schlothei n sp.); Dumortier: Bassin du Rhone (part: III), p. 138, Pl. 
XXII, Fig. 3.

1916. Chlamys (Aequipecten) qrisca (Schloth.); Cossmann: Charmouthien Vendee, p. 137, 
Pl. V, Fig. 16.

1926. Aequipecten priscus Schljtheim; Staesche: Pectiniden Schwab. Jura, p. 48.
Number of specimens: 11
Dimensions: height: 26 breadth: 24

Description: Right valve of medium size, of poor preservation, in­
complete. Below the distinct anterior auricle a byssal notch is visible.

I cut 95°. Greatest convexity at the half of valve 
constituted by 23 radial ribs of rounded cross- 
as the intervals between them.

Apical angle of umbo ab 
height. Ornamentation is 
section, nearly as broad
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The few left valves among the specimens from Villány show the fol­
lowing differences from the right valves: 1. at the base of the auricles no 
byssal notch can be observed, 2. the greatest convexity is at a quarter of 
valve height as calculated from the umbo, 3. the ribs are a little narrower 
than their intervals.

Remarks: As a difference between P. aequalis and P. prisons, Quen- 
stedt (1858) mentioned the more widely spaced, narrower ribs of the 
latter. Staesche (1926) showed the two forms to grade into each 
other. Thus it is justified to unite them. According to him (Staesche, 
1926), P. bersaskensis Tietze might be assigned to the same species, de­
spite the lower number (16) of its ribs. As evident from Tietze’s 
figure (1872, Pl. VI, Fig. 3), however, the intervals show almost twice 
the breadth of the ribs. Taken together with the low number of ribs, this 
does no longer justify the assignment to C. prisca.

Distribution: Hettangian to Pliensbachian of France (D e c h a- 
s e a u x, 1936) and of Germany (Staesche, 1926). The specimens of 
Villány derive from the Pliensbachian limestones.

Chlamys ( Aequipecten ?) humberti (Dumortier, 1869)
Plate II, Fig. 7

1869. Pecten Humberti (Nov. spec.); Dumortier: Bassin du Rhóne, (part: III), p. 309, Pl. 
XL, Fig. 2.

1872. Pecten Bersaskensis nov. sp.; Tietze: Geol. Pal. Mitt. Banat. Gebirgs., p. 106, Pl. 
VI, Fig. 3.

1915. Pecten cfr. Humberti Dum.; Jekelius: A brassói hegyek . . ., p. 60, text-figure 3. 
Number of specimens: 3
Dimensions: height: 17.3 breadth: 16.5

Description: Internal mould of small size, of medium preservation, 
with a little remnant of shell. Circular outline broken by the projecting 
umbo having an apical angle of about 90°. Valve strongly inflated, the 
greatest convexity being at about the half of valve height. Ornamentation 
consists of 14 ribs of rounded cross-section separated by flat intervals 
about twice the breadth of the ribs. The intervals are not concave, thus 
showing sharp contacts with the ribs.

Remarks: In spite of their poor preservation, the specimens from 
Villány can be readily indentified with the figures of Dumortier 
(Г869) and J ekelius (1915) on the basis of ornamentation character­
istics. This species is characterized above all by a comparatively low 
number, 13 to 16, of ribs which are separated by flat intervals about 
twice their breadth. On account of this character P. bersaskensis Tietze 
can be assigned to the species. Staesche (1926) considered this speci­
es to be a synonym of P. prisons Schlotheim. The sharp contrast between 
the two is manifested in respect of both the number of ribs and the ratio 
of the breadth of the ribs to their intervals.

Distribution: Middle Lias of France; Lower to Middle Lias of the 
southern Carpathians. The Villány specimens derive from the Pliens­
bachian limestones of Mt. Harsány.
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Genus Eopecten Douvillé, 1897 
Eopecten sp. aff. aubryi (Douvillé, 1886) 

Plate III, Fig. 2
Number of specimens: 8
Dimensions: height: 41

29
breadth: 39

28

Description: Left valve of medium size and preservation, a little 
incomplete. Outline circular, slightly irregular. Anterior auricle not 
distinctly isolated. Valve more or less deformed, rather markedly convex, 
the greatest convexity being in the periumbonal zone. Ornamentation 
consisting of primary, secondary and tertiary ribs. Rather little promi­
nent, the primary ribs number 18 or so. The secondary ribs are sometimes 
nearly so strong as the primary ones. The tertiary ribs are very fine, num­
bering 3 to 5 in the intervals of the primary ribs. The ribs run sometimes 
irregularly.

Remarks: Recently, ? r e n e i x (1965, p. 21, Pl. II, Fig. 15) publish­
ed a nice figure of E. aubtyi (Douvillé, 1886, p. 228, Pl. XII, Fig. 3). 
As far as the most important morphological and ornamentation features 
are concerned, the Villány species shows a great similarity to the afore­
mentioned species. However, they differ from it by the higher number of 
their ribs and by their less prominent primary ribs.

Distribution: Accordi ag to Cox (1965) and Freneix (1965),
E. aubryi shows a wide geographic distribution in the Bathonian, Callo­
vian and Oxfordian stages. Closely related to this species, the specimens 
from Villány derive from the Callovian ammonitic bed.

Superfamilia Limacea 
Familia Limidae

Genus Antiquilima Cox, 1943
Antiquili na succincta (Schlotheim, 1813) 

Plate III, Fig. 3

1867. Lima succincta (Schlothei n); Dumortier: Bassin du Rhone, (part: II), p. 66 and 212,
Pl. XLVII, Fig. 6, 7; Pl. XLVIII, Fig. 1.

1869. Lima succincta (Schlotheim sp.); Dumortier: Bassin du Rhone, (part III), p. 286, 
PI. XXXIV, Fig. 3, 4.

1916. Lima succincta (Schloth.); Cossmann: Charmouthien Vendée, p. 140, Pl. VIII, Fig. 16.
Number of specimens: 1

Description: Right valve of medium size, well-preserved, incomplete. 
Ornamentation constituted by radial, primary, secondary and tertiary 
ribs and by concentrical growth lines. The relative arrangement of ribs 
of different rank is rathe ’ irregular. The intersections of closely spaced, 
fine growth lines by the rac ial tertiary ribs produce a net-like ornamentation 
in the intervals of the ribs of higher rank. At a few irregularly spaced 
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growth plicae, the radial ribs are broken and, more or less preserving their 
orientation, they are shifted with regard to the first stretch.

Remarks: The umbonal part of the Villány specimen has been broken 
off together with the auricles, but its outline can be approximately re­
constructed with the aid of ribs and growth plicae. On the basis of such 
features as the ribs of different intensity displaying a gradual shifting 
as well as the square-grid reticulation in the intervals of ribs the orna­
mentation can be readily identified with the excellent figures of D u- 
mortier (1867, 1869) and Cossmann (1916).

Dumortier and Cossmann assigned L. antiquata Sowerby 
1818 to this species. Judging by the figures, this does not seem to be firmly 
justified, for the ornamentation of L. antiquata consists of much denser 
and finer ribs.

Distribution: Different levels of the Sinemurian and Pliensbachian 
of France. The specimen from Villány derives from the Pliensbachian 
limestones.

Genus Ctenostreon Eichwald, 1862
Ctenostreon proboscideum (Sowerby, 1820)

Plate III, Fig. 4
1820. Lima proboscidea Sow.; Sowerby: Min. Conch., p. 304, PI. 264, (In: Sowerby, 1837) 
1852. Lima proboscidea, Sowerby; Chapuis et Dewalque: Descr. foss. Sec. Luxemb., p. 202, 

Pl. XXXI, Fig. 1.
1918. Ctenostreonproboscideum Sowerby; Couffon: Callovien du Chalet, p. 57, Pl. IV, Fig. 3. 
1924. Ctenostreon proboscideum (Sow.); Cossmann: Callovien de Montreuil-Bellay, p. 30, 

Pl. IV, Fig. 4, 5.
1932. Ctenostreon proboscideum (Sowerby); Arkell: Brit. Corail. Lamellibr., p. 145,' Pl. 

XV, Fig. 3.
1935. Ctenostreon proboscideum (J. Sowerby); Cox: Attock District, p. 16, Pl. I, Fig. 16. 
1957. Ctenostreon proboscideum Sow.; Himsiasvili: Verhnejursk. fauna Gruzii, p. 137, Pl.

XXVII, Fig. 1, 2.
1963. Ctenostreon cf. pectiniforme (Schlotheim); Azarjan: Jursk. otl. ASSR, p. 156, Pl. V, 

Fig. 1.
1966. Ctenostreon pectiniforme (Schlotheim); Andrejeva: Jursk. otl. Pamira, p. 64, Pl. XX, 

Fig. 1-4.
Number of specimens: 2
Dimensions: height: 122 breadth: 118 convexity: 24

Description: Internal mould of great size, poorly preserved, partly 
shelled. Outline circular, slightly oblique backwards. Valves equal, slightly 
convex, showing the highest convexity near the umbo, at the one-third 
of valve height. Ornamentation consisting of 12 very strong, radial ribs 
separated by deep intervals, a little wider than the ribs themselves.

Remarks: In the Middle and Upper Jurassic three species of Cteno­
streon are known, which were cited particularly frequently: C. rugosum 
(Smith, 1817), C. proboscideum (Sowerby, 1820) and C. pectiniforme 
(Schlotheim, 1820). Their separation was faced with great difficulties 
for a long time. Arkell (1932) demonstrated C. rugosum and C. pro­
boscideum to have several diverging features of which the differ- 
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ence in the number of ribs seems to be most important: 9 — 10 in the for­
mer and 12 in the latter. According to Arkell, C. pectiniforme can be 
separated on the basis of its more rounded outline and the higher number 
of its ribs, a fact hinted at by Couffon already (С о u f f о n, 1918).
Later it was suggested (Cox, 1935; Cox and Arkell, 1948) that 
it would be advisable to examine a large population to be collected from 
one and the same horizon, in order to verify if the afore-mentioned species 
are independent. However, no substantial progress has been made ever 
since. The forms described by Azaryan (1963) and Andrej eva 
(1966) under the name C. pectiniforme carry 11 and 12— 13 ribs, respectiv­
ely. Therefore, accepting Arkell’s (1932) opinion, we can assign 
these forms to C. proboscideum.

Distribution: Oxfordian of Great Britain, Bajocian to Caliovian of
Western Europe, Callov an to Tithonian of the Caucasus, Bajocian to 
Callovian of the Pamir and Oxfordian of India. The Villány specimens 
derive from the sandy limestones of the Bathonian.

Genus Plagiostoma Sowerby, 1814 
Plagiostoma subcardiiformis (Greppin, 1867)

Plate III, Fig. 5
1853. Lima cardiiformis, Sow. 

Pl. Ill, Fig. 2, 2a.
1870. Lima subcordiiformis, Gi
1888. Lima (Radula) subcard ' 

p. 118, Pl. II, Fig. 7.

Morris et Lycett: Mon. Great Oolite Mollusca, p. 27,

repp.; Greppin: Jura Bernois, p. 44, 50.
'iformis Greppin; Schlippe: Bathon. Oberrhein. Tieflande.,

1948. Lima (Plagiostoma) subcardiiformis Greppin; Cox et Arkell: Brit. Great Oolite 
Mollusca, p. 16.

?1959. Lima subcardiiformis C reppin; Mihajlovic: Srednejursk. fauna, p. 211, Pl. II,
Fig. 4.

1961. Lima (Plagiostoma) sul cardiiformis Greppin; Rossi Ronchetti et Fantini Sestini: 
Fauna giur. Karkar, p. j 25, Pl. X, Fig. 13.

Number of specimens: 4
Dimensions: lenght: 35 height: 33 convexity: 8

Description: Right valve of medium size, of good preservation, a little 
incomplete. Outline obliquely oval. Umbo relatively prominent. Con­
vexity of valve mean. Or lamentation consists of a great number, about
50, of radial ribs interrupted locally by growth lines. Their tops are flat, 
therefore their cross-section is trapezoidal. The intervals are narrower than
the ribs themselves. Thej 
transversal reticulation.

are U-shaped in cross-section, showing a dense

Remarks: Cox anc Arkell (1948) stated that Morris and
Lycett had erroneously interpreted the species P. cardiiformis (Sow.) 
whose ornamentation co isists of fewer and flatter ribs. The specimen 
figured by Morris anl Lycett (1853) is the representative of the 
species P. subcardiiformis (Greppin). G r e p p i n established it in 1867 
(Cox and Arkell, 1948), using the name subcordiiformis. Although 
this name was later usee with the same spelling, there must have been 
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a mistake, since in the same work S о w e r b y’s species was quoted 
with the same error —under the name cordiiformis.

The specimens from Villány agree well, in morphology and ornamen­
tation, with the figures quoted in the synonymy. The specimen figured by 
Mihajlovic (1959) is a little more elongated, oval, in outline.

Distribution: Bathonian of Great Britain, Germany and Switzer­
land; Middle Jurassic of Yugoslavia and Afganistan. Of the Villány spe­
cimens one has come from the brown limestones of the Bathonian, three 
derive from the Bathonian sandy limestones.

Subordo Ostreina
Superfamilia Ostreacea 
Família Gryphaeidae 

Subfamilia Gryphaeinae 
Genus Gryphaea Lamarck, 1801 

Gryphaea gigantea J. de C. Sowerby, 1823
1823. Gryphaea gigantea Sow.; Sowerby: Min. Conch., p. 413, Pl. 391, (In: Sowerby, 1837). 
1872. Gryphaea fasciata nov. sp.; Tietze: Geol. pal. Mitt. Banat. Gebirgs., p. Ill, Pl. VI, 

Fig- I-
1929. Gryphaea gigantea Sowerby, Schäfte: Lias- und Doggeraustern, p. 107, Pl. IV, Fig.

6, 7.
1968. Gryphaea gigantea J. de C. Sowerby; Hallam: The genus Gryphaea . . ., p. 116, Pl. 

XII, Fig. 46-52.
Number of specimens: 2
Dimensions: height: 95 breadth: 95 convexity: 40

Description: Double valve of great size, of medium preservation, 
incomplete. Outline approximately circular. Umbo of left valve slightly 
coiled, valve strongly convex. Right valve concave. Because of the imper­
fect state of preservation and incompleteness neither growth lines, nor 
any other ornamentation are visible in either of the valves.

Remarks: The most important features of the species are truly il­
lustrated by the figures of J. de C. Sowerby and of the other 
authors cited. On the basis of these the Villány specimens could be iden­
tified. As shown by Schäfte (1929), Gryphaea fasciata Tietze can be 
assigned to the species G. gigantea. The striking similarity was recognized 
by Tietze himself (1872) who established a new species because he 
knew G. gigantea to be an Upper Jurassic species.

Hallam (1968) suggested the possibility of separating the Lower 
Pliensbachian forms from the Upper Pliensbachian ones, as chronological 
subspecies. Morphologically, the Villány specimens are closely related to 
the Lower Pliensbachian forms, but their stratigraphic position is not 
known exactly.

Distribution: Pliensbachian of Great Britain, Germany and the south­
ern Carpathians. The Villány specimens derive from the Pliensbachian 
limestones of Harsány hill.
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Swhclassis Palaeoheterodonta 
Ordo Trigonioida

í 'uperfamilia Trigoniacea

Genus M
Subgenus P s e r

Familia Trigoniidae 
yophorella Bayle, 1878
domyophorella Nakano, 1961

Myophorella (PseudomyophoreUa) polonica (Lebküchner, 1932)

1932. Clavotrigonia polonica I
60, Pl. Ill, Fig. 8; Pl. I

Number of specimens: 1
Dimensions: length.: 59

Plate IV, Fig. 1
ebküchner; Lebküchner: Trigonien süddeutsch. Jura, p. 
7, Fig. 5.

height: 44 convexity: 12

Description: Left valve of good preservation, a little incomplete.
Shape a slightly elongate । 
about one fifth of vak

d, rounded rectangle. Umbo shifted foreward to 
e length, being backward-coiled. Anterior and

lower margins arched evenly and continuously. Forming a broken arch,
the posterior margin also describes an arch in passing over into the lower
margin, but it forms an obtuse angle with the upper margin. The scutum 
is smooth, concave, attaining about the half of valve length. The area
is separated from both he scutum and the lateral region by a carina,
each dotted with tubercle s for the whole length. The lower carina is slight­
ly, the upper markedly, irched, concave. The ornamentation of the area
is constituted, beside th э growth lines extending throughout the valve, 
by fine, radial rows of iubercles, of which the middle is most distinct,
dividing up the area intc 
one. Owing to interes

an upper, concave, sector and a lower, convex, 
lations, the rows of tubercles increase in

number in both sectors towards the posterior margin. The la-
teral region is ornamented by 14 oblique
of marked tubercles, 
tubercles, decreasing in

The longest row is
and arched rows 

constituted by 14

both directions. The rows 
reaching the lower marg ; 
running towards the upp< о

size from the centre of the region outwards in
I of tubercles run normal to the anterior margin, 
n without losing their curvature. In fact, while 
r carina, they show a gradually increasing curva-

ture and quasi flush wit i the carina. The first five ornamental elements
close to the umbo are sti 1 fused into a continuous rib.

Remarks: As far as he ornamentation of its lateral region is con­
cerned, M. polonica stands close to M. signata (Agassiz, 1840). L e b-
küchner (1932) too
of M. signata, on the basil 
carina.

distinguished it within the specific description
s of the marked curvature of the area-bordering

Of the Middle Jurassic Myophorella known so far, M. polonica is the 
only form to have distil ct radial ornamental elements on the area. As 
believed by Cox et al. (1969) (Treatise), on account of this characteristic, 
this species should be assigned to the subgenus PseudomyophoreUa. Since
this subgenus has so fai been described from the Upper Jurassic only,
M. polonica can be regarded as its earliest representative.
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The Villány specimen corresponds well to L e b к ü c h n e r’s fi­
gures (1932), the only difference consisting in the lower curvature of the 
area-limiting carina.

Distribution: Bathonian of Germany (Dogger g). The specimen from 
Villány was found in the brown limestones of the Bathonian.

Subclassis Heterodonta
Ordo V eneroida

Superfamilia Crassatellacea 
Familia Astartidae

Subfamilia Astartinae
Genus Astarte Sowerby, 1816 

Astarte sp. aff. ovata Smith, 1817
Plate IV, Fig. 2

1829. Crassina ovata (Smith); Phillips: Geol. Yorkshire, Pl. Ill, Fig. 25.
1839. Astarte crassitesta Nob.; Roemer: Verst. Nordd. Oolithengeb., Nachtr., p. 39, 

Pl. XIX, Fig. 18.
1934. Astarte ovata Smith; Arkell: Brit. Corall. Lamellibr., p. 231, Pl. XXXII, Fig. 

1 — 12; text-figures 55, 56.
1952. Astarte (Neocrassina) ovata, W. Smith; Chavan: Péléeypodes Cordebugle, p. 55, 

Pl. Ill, Fig. 68, 69; text-figures 26, 27.
1957. Astarte ovata Smith; Himsiasvili: Verlmejursk. fauna Gruzii, p. 148, Pl. XXIX, 

Fig. 5, 6.
non 1965. Astarte ovata Fan (sp. nov.); Fan: Middle Jur. Lamellibr. Tibet, p. 255, Pl. I, 

Fig- 17.
Number of specimens: 2
Dimensions: length: 50 height: 44 convexity: 13

Description: Right valve of medium sizeandpreservation, incomplete. 
Valve oval, slightly convex. Umbo shifted forward, lying at about one- 
third of valve length. Anterior margin relatively short, straight, the rest 
of valve margin being continuously rounded. Ornamentation consisting 
of fine, concentrical ribs, which near the umbo (up to 10—15 mm distance) 
are regularly spaced. In the well-developed part of the valve this orna­
mentation is replaced by rather irregular growth plicae and lines.

Remarks: Arkell (1934) published a figure labelled “Venus sp.” 
by Smith 1816, a figure which Smith referred to in his description 
of A. ovata in 1817. The other figures published by Arkell are also 
excellent. The Villány specimens show a good agreement with them. 
A. ovata was known to occur in the Oxfordian and Kimmeridgian only, 
whereas the Villány specimens are of Bathonian age. Despite the compa­
ratively great difference in age, there seems to be at least a close rela­
tionship on account of the striking morphological resemblance.

Fan (1965) described a new species under the name A. ovata. 
The figured specimen does not correspond to A. ovata Smith, and the name 
has been reserved for a long time.
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Distribution: Oxforcian to Lower Kimmeridgian of Great Britain, 
Kimmeridgian of France, Oxfordian and Kimmeridgian of Georgia. 
The specimens of Villány derive from the sandy limestones of the Batho­
nian.

Astarte cf. s ibdepressa Blake et Hudleston, 1877
Plate IV, Fig. 3

1934. Astarte stibdepressa Blake and Hudleston; Arkell: Brit. Corail. Lamellibr., p. 235, 
Pl. XXXIII, Fig. 1-9.

Number of specimens: 1
Dimensions: length: 25 height: 22 convexity: 8

Description: Internal mould of small size, of poor preservation, partly 
shelled. Shape oval. Uiibo slightly prominent, at one-third of valve 
length as calculated from the anterior margin. Valve of medium convexity.
Ornamentation consists A fine, regular, concentrical plicae. In the zone 
lying close to the lower margin of the valve, 13 ornamental elements 
occur over 7 mm distance.

Remarks: Arkell (1934) re-figured the holotype of the species. 
On this the concentrica plicae number 44 in 20 mm, a figure varying 
between 40 and 45 within the species. Of the similar species, A. hilperto-
nensis Lycett, 1863, has as shown by Arkell, about 30 ornamental
elements over the same distance, in spite of its usually very great size. 
The Villány specimen, occupying in age an intermediary position between 
the two afore-mentionec. species, can be assigned to A. subdepressa on 
account of morphological resemblances.

Distribution: The he lotype of the species was found in the Oxfordian 
of Great Britain. The Villány specimen derives from the ammonitic bed.

Subfamilia Opinae
Genus Opis Defranc e, 1825

Subgenus Coilopis Munier-Ohalmas, 1885
Opis (Coelopis) cf. leckenbyi Lycett, 1863

Plate IV, Fig. 4

1863. Opis Leckenbyi, W 'ight; Lycett: Supplement. Monogr., p. 61, Pl. XXXVII,
Fig. 9, 9a.

1924. Opis (Coelopis) cf. j leckenbyi, Wright; Cossmann: Callovien de Montreuil-Bellay, 
p. 43, Pl. V, Fig. 22, 23.

1948. Opis (Coelopis) lec.zenbyi Lycett; Cox et Arkell: Brit. Great Oolite Mollusca,
p. 29.

non 1867. Opis Leckenbyi, Wrght; Laube: Biv. Braun. Jura, p. 42, Pl. IV, Fig. 3.
non 1888. Opis Leckenbyi, W iright; Greppin: Grande Oolithe de Bale, p. 94, Pl. VII,

Fig. 5, 6.
Number of specimens: 1
Dimensions: length: 23 height: 23 convexity: 10

Description: Right ?ralve of medium size, a little incomplete. Umbo 
very prominent and bent forward. Lunula deep, readily delimitable.
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Carina very strong, prominent, traceable radially throughout the valve. 
It borders a posterior region making up about a quarter of total surface 
Scutum of medium size can be readily delimitated from the posterior’ 
region. Ornamentation consists of regular growth plicae traceable over 
the entire surface.

Remarks: The first valid description of the species was given by 
L у c e 11. Earlier the name was nomen nudum, as pointed out by С о x 
and A г к e 11 (1948). On the basis of Ly cett’s excellent figure 
(1863) the Villány specimen could be well identified and the only differ­
ence consisted in the slightly closer spacing of its growth plicae. The 
specimens figured by Laube (1867) and Greppin (1888) are 
much more elongated, their anterior part is pointed, i.e. the transition 
between the anterior and the lower margins is less rounded than it is the 
case with 0. leckenbyi. These differences may be due to the much smaller 
size of the above-mentioned specimens.

Distribution: Callovian of Great Britain and France. The specimen 
from Villány derives from the sandy limestones of the Bathonian.

Superfamilia Arcticacea 
Familia Arcticidae

Genus Anisocardia Munier-Chalmas, 1863 
Anisocardia minima (Sowerby, 1821)

Plate IV, Fig. 5a, 5b
1821. Isocardia minima Sow.; Sowerby: Min. Conch., p. 334, Pl. 295, Fig. 1 — 3. 

(In: Sowerby, 1837)
1829. Isocardia tumida; Phillips: Geol. Yorkshire, p. 134, Pl. IV, Fig. 25. 

?1829. Isocardia minima; Phillips: Geol. Yorkshire, p. 144, Pl. VII, Fig. 6.
1853. Isocardia tenera, Sow.; Morris et Lycett: Mon. Great Oolite Mollusca, p. 66, 

Pl. (part.) VII, Fig. 1, la.
1863. Isocardia tenera; Lycett: Supplement. Monograph, p. 57, (part.) Pl. XXXVIII, 

Fig. 5, 5a, 5b.
1934. Anisocardia minima (J. Sowerby); Arkell: Brit. Corall. Lamellibr., p. 275, Pl. 

XXXVI, Fig. 8-11.
1948. Anisocardia minima (J. Sowerby); Cox et Arkell: Brit. Great Oolite Mollusca, 

p. 31.
1952. Anicordia tenera (Sowerby); Makowski: Faune Callov. Lukow, p. 12, Pl. V,Fig. 7.
1957. Anisocardia tenera Sow.; Himsiasvili: Verhnejursk. fauna Gruzii, p. 150, Pl. 

XXX, Fig. 7.
? 1960. Anisocardia cf. minima (Sowerby); Desio et Rossi Ronchetti: Giur. med. Garet 

el-Belláa, p. 184, Pl. XVII, Fig. 7.
1965. Anisocardia minima (J. Sowerby); Cox: Jur. Biv. Tanganyika, p. 112, Pl. XVIII, 

Fig- 8- *
non 1863. Isocardia minima. Sow.; Lycett: Supplement. Monograph, p. 56, Pl. XXXVI, 

Fig. 1, la.
Number of specimens: 3
Dimensions: length: 27 height: 28 convexity: 25

24 24 23

Description: Internal mould of small size, of poor preservation with 
a little shell remnant. Umbo markedly prominent. Lower and posterior
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margins rounded, slight iy convex; anterior margin forming a strongly
projecting peak. Convexity of double valve almost attaining the height. 
Lunula large, heart-shaped, bordered by carinae running between the 
umbo and the most prominent point of the anterior margin. On the shell 
remnant concentrical growth lines and fine, radial striae are visible.

Remarks: A г к e 11 
several specimens of the 
was often mistaken for . 
during the examination

(1934) represented, together with the holotype, 
: species and pointed to the fact that A. minima 
A. tenera, and viceversa. As found by A г к e 11 
if the holotypes, A. tenera showed the following

divergences from A. minima: 1. lower convexity, 2. greater length com-
pared to height, 3. more 
considerations the spéci г 
(1952) and H i m s i а и 
L у c e 11’s specimen ( 
prominent umbo and its

rounded anterior margin. On the basis of these 
mens described as A. tenera by Makowski 
I vili (1957) can be assigned to A. minima. 
.863, Pl. XXXVI, Fig. 1, la) has a very slightly 
valve is less convex. Thus it can be stated for

sure, that it does not bel mg to A. minima.
Distribution: Bathe nian to Oxfordian of Great Britain, Callovian

of Poland, Bathonian tc Callovian of the Caucasus, Bathonian of North
Africa, Callovian of East Africa. The Villány specimens derive from the
brown limestones of the Bathonian.

Anisocardia tenera (Sowerby, 1821)
Plate IV, Fig. 6a, 6b

1821. Isocardia tener Sow; Sowerby: Min. Conch., p. 334, Pl. 295, Fig. 4 — 6. (In:
Sowerby, 1837) 

1888. Anisocardia tenera
p. 166, Pl. Ill, Fig. 

?1915. Anisocardia tenera
XXVI, Fig. 37.

?1934. Anisocardia tenera

Sowerby sp.; Schlippe: Fauna Bathon. Oberrhein. Tieflande,
4.
Sowerby; Krenkel: Kellowayfauna Popilany, p. 325, Pl.

non
PI. I, Fig. 39.

1853. Isocardia tenera So 
VII, Fig. 1, la.

Sowerby sp.; Stoll: Pommerschen Doggergeschiebe, p. 13,

v.; Morris et Lycett: Mon. Great Oolite Mollusca, p. 66, Pl.

non 1863. Isocardia tenera; lycett: Supplement. Monograph, p. 57, Pl. XXXVIII, Fig.

non
5, 5a, 5b.

1952. Anisocardia tenera 
Fig- 7.

(Sowerby); Makowski: Faune Callov, Lukow, p. 12, Pl. V,

non 1957. Isocardia tenera So v.; Himsiasvili: Verhnejursk. fauna Gruzii, p. 150, Pl. XXX,
Fig. 7.

Number of specimens: 3
Dimensions: length: 33

33
height: 36

34
convexity: 31

31

Description: Double valve of medium size, of good preservation, 
incomplete. Shape a roinded triangle in lateral view. Umbo markedly 
prominent, slightly bent foreward. Lower margin slightly, the upper a 
little more, convex, but not prominent. Valve intensively convex. Lu-
nula wide, shallow, but 
of fine growth lines wh

not sharply delimitated. Ornamentation consists 
ch are regular over much of the valve. In the
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posterior part there is an inflated carina running from the umbo up to 
posterior margin.

Remarks: Arkell (1934) examined the holotypes of A. tenera 
and A. minima, species often mistaken for each other, and found A. tenera 
to show the following divergences: 1. lower convexity, 2. anterior margin 
more rounded, 3. length greater than height. It is especially on the basis 
of the first two features that the Villány specimens could be identified 
and assigned to A. tenera.

A. tenera is a species quoted rather frequently, and however great 
is the number of the specimens figured, there are among them very few 
which on the basis of A г к e 1 Г s criteria could be identified inequi- 
vocally with this species.

Distribution: Callovian of Great Britain, Bathonian of Germany, 
Callovian of the Russian Platform. The Villány specimens derive from the 
brown limestones of the Bathonian.

Subclassis Anomalodesmata
Ordo Pholadomyoidea 

Superfamilia Pholadomyacea 
Familia Pholadomyidae

Genus Pholadomya G. B. Sowerby, 1823 
Pholadomya Urata (Sowerby, 1818)

Plate IV, Fig. 7
1818. Cardila (?) lirata Sow.; Sowerby: Min. Conch., p. 246, Pl. 197, Fig. 3. (In: Sowerby 

1837)
1826. Pholadomya Murchisoni Sow.; J. de C. Sowerby; Min. Conch., p. 570, Pl. 545. (In: 

Sowerby, 1837)
?1836. Pholadomya Murchissonae Sow.; Roemer: Versteinerungen Nordd. Oolithengeb., 

p. 128, Pl. XV, Fig. 7.
1845. Pholadomya MurchisoniSow.; Agassiz: Etudes critiques . . ., p. 79, Pl. 4c, Fig. 5 — 7. 
1852. Pholadomya Murchisoni; Chapuis et Dewalque: Descr. foss, sec., p. 122, Pl. XVII, 

Fig. 4.
1855. Pholadomya Heraulti, Ag.' Morris et Lycett: Mon. Great Oolite Mollusca, p. 124, 

Pl. XII, Fig. 1; Pl. XV, Fig. 4.
1863. Pholadomya lyrata, Sow.; Lycett: Supplement. Monograph, p. 87, Pl. XLIII, Fig. 

3, 3a.
1869. Pholadomya Murchisoni, Sow.; Terquem et Jourdy; Mon. Étage Bathonien, p. 72 

(partim), Pl. V, Fig. 2 — 6 (non: Fig. 1).
1874. Pholadomya Murchisoni, Sow.; Moesch: Mon. Pholadomyen, p. 44, Pl. XVII, Fig. 

6-9; Pl. XVIII, Pl. XIX.
1893. Pholadomya Murchisoni, Sowerby; Choffat: Faune jur. Portugal, p. 22, Pl. VI, 

Fig. 2 — 6 and 8, 10.
1917. Phol. Murchisoni, Sow.; Regineck: Jurassische Pholadomyen, p. 36, Pl. I, Fig. 3. 
1948. Pholadomya lirata (J. Sowerby); Cox et Arkell: Brit. Great Oolite Mollusca, p. 43. 
1954. Pholadomya murchisoni Sow.; Ksiazkiewiez: Jura i Kreda Bachowic, p. 181, Pl.

XVII, Fig. 11.
?1957. Pholadomya murchisoni Sow.; Himsiasvili: Verhnejursk. fauna Gruzii, p. 159, 

Pl. XX, Fig. 1.
?1961. Pholadomya cf. lirata (Sowerby); Rossi Ronchetti et Fantini Sestini: Fauna Giur. 

Karkar, p. 135, Pl. XII, Fig. 7 — 9.

1 3 ANNALES — Sectio Geologica — Tomus XIV.
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21963. Pholadomya cf. murchisonia Sowerby; Azarjan: Jursk. otl. ASSR, p. 149, Pl. II,
Fig- 8.

1965. Pholadomya Urata (J. Sosverby); Cox: Jur. Biv. Tanganyika, p. 126, PI. 20, Fig. 8.
1967. Pholadomya Urala Sowerby; Mongin: Mollusques Bathonien, p. 65, Pl. IV, Fig. 21.

Number of specimens: 2
Dimensions: length: 46 height: — convexity: 30

Description: Double valve of medium size, of good preservation,
incomplete. Umbonal pí rt completely absent. The preserved part of
valve is rounded in outi.ne, the posterior margin being pointed. From
the point of view of ornar lentation the surface of the valve can be divided
up into three parts. The 
radial rib. In the lateral :

anterior region is smooth with one very faint, 
■egion there are 7 radial ribs of which the most

posterior is weaker, the rest being of equal strength. The ribs are roughly
as wide as their interva s. Growth lines varying in intensity, inflated.
They run over the entire surface and produce tubercles when crossing 
ribs. A little distance away from the lower margin, 5 tubercles can be 
observed over 1 cm length. At the lower margin both tubercles and ribs 
become indistinct, while t he growth lines get gradually more pronounced.
The posterior region is ornamented solely by concentrical growth plicae.

Remarks: Sowerby (1818) published a rather featureless drawing
of P. Urata. This seems io have been responsible for the fact that later 
authors were unable to identify their specimens with this, but they
could identify them with
documented by J. de 
considered the two specie 
soni rather than the seni

P. murchisoni, a species established and nicely
0. Sowerby in 1826. Mo es ch (1874) 

я to be synonyms, but he used the name murchi- 
эг synonym — Urata. Priority was first applied

by С о x in 1935 (С о x and A г к e 1 1, 1948). He stated that the ex­
treme forms of the variability range of a single species had been given
different names, so that the name P. Urata was valid. During a study
of the materials in the Pa-is museum, Mongin (1967) was able to distin­
guish four groups within the species, groups including transitions rang-
ing from typical P. Ura',a, carinated, wedge-shaped with 9 ribs or so, 
up to typical P. murchisoni, oval, 7-ribbed. The Villány specimen resem­
bles most the type specimen ofP. murchisoni.

Distribution: Bajoci 
Bathonian to Callovian

m to Callovian of Western Europe at large, 
of Portugal, Bajocian of Poland, Bathonian to

Tithonian of the Caucasus, Bathonian to Callovian of Afganistan, Batho­
nian of Morocco, Bajociaa and Callovian of East Africa. The Villány spe-
cimens derive from the I rown limestones of the Bathonian.

Pholalomya ovális (Sowerby, 1819)
Plate IV, Fig. 8

1819. Lutraria ovális Sow.; So verby: Min. Conch., p. 276, Pl. 226, Fig. 1 (non: Fig. 2). 
(In: Sowerby, 1837)

1845. Pholadomya ovulum, Ag. Agassiz: Études critiques, p. 119, Pl. 3, Fig. 7 — 9; Pl. 3b, 
Fig. 1-6.

1855. Pholadomya ovulum, Ag 
Pl. XIII, Fig. 12.

Morris et Lycett: Mon. Great Oolite Mollusca, p. 122,
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1855. Pholadomya ovális, Sow.; Morris et Lyeett: Mon. Great Oolite Mollusca, p. 141, 
Pl. XV, Fig. 14.

1863. Pholadomya ovulum, Ag.; Lyeett: Supplement. Monograph, p. 84, Pl. XXXV, ÍFig. 
18, 18a.

1867. Pholadomya ovulum Agassiz; Laube: Biv. Braunen Jura, p. 50, Pl. V, Fig. 2. 
1874. Pholadomya ovulum, Ag.; Moesch: Mon. Pholadomyen, p. 48, Pl. XX, Fig. 1 — 11. 
1893. Pholadomya ovulum, Agassiz; Choffat: Faune jur. Portug., p. 12, (partim), Pl. IV, 

Fig. 8-10.
1948. Pholadomya ovális, (J. Sowerby); Cox et Arkell: Brit. Great Oolite Mollusca, p.44., 
1965. Pholadomya ovális, (J. Sowerby); Cox: Jur. Biv. Tanganyika, p. 126, Pl. 20, Fig. 1. 
Number of specimens: 3
Dimensions: length: 50 height: 33 convexity: 26 

40 29 22

Description: Internal mould of medium size, of medium preservation, 
a little incomplete. Outline oval, elongated backwards. Umbo of medium 
size, slightly prominent, shifted foreward up to one-fifth of valve length. 
Between the umbo and the lower margin there are 10 ribs, slightly pro­
minent, but sharp, evenly spaced. The first rib intersects perpendicularly 
the growth lines represented by fine, irregular plicae, while the other ribs 
become more and more arched backwards. They do not carry any tu­
bercle.

Remarks: The specimens figured by Sowerby (1819) derive from 
the Cornbrash (1. c., Fig. 1) and from the Portland Rock (1. c., Fig. 2). 
As stated by Arkell (1935, p. 332), on the basis of a study of the type 
specimens, the latter belong to P. aequalis J. de C. Sowerby, a species 
wide-spread in the Upper Jurassic, whereas the former should be consider­
ed the holotype of P. ovális. Agassiz (1845), who — probably on the 
basis of the second figure of Sowerby — considered P. ovális to be an 
Upper Jurassic species (1. c., p. 43), established a new species, P. ovulum, 
for his Middle Jurassic specimens. Judging by his figures, a very ample 
variability range can be recognized. In different places of their mono­
graphs, ' M о r r i s and Lyeett (1855) and Lyeett (1863) de­
scribed, from the Middle Jurassic, very closely related forms either as 
P. ovulum Ag. or as P. ovális Sow., without pointing to any essential 
distinctive feature. Having re-examined the original specimens, Cox 
and Arkell (1948) found the species figured by Morris and 
Lyeett to belong to P. ovális Sow., this name being the senior (sub­
jective) synonym of P. ovulum Agassiz.

Distribution: Bathonian to Callovian of Great Britain, Bajocian to 
Callovian of Western Europe (according to Moesch, 1874), Bathonian 
of Poland, Bathonian to Callovian (Lower Oxfordian ?) of East Africa. 
The Villány specimens derive from the brown limestones of the Bathonian.

Pholadomya cf. bucardium Agassiz, 1845
1845. Pholadomya Bucardium Ag.; Agassiz: Études critiques . . ., p. 77, Pl. 5, Fig. 3 — 7 

(? Pl. 5a, Fig. 8).
1874. Pholadomya Bucardium, Ag.; Moesch: Mon. Pholadomyen, p. 37, Pl. XI, Fig. 4; Pl. 

XII, Fig. 1; Pl. XIII, Fig. 3-8; Pl. XIV, Fig. 1, 2.
Number of specimens: 1
Dimensions: length: 94 height: 68 convexity: 58
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Description: Internil mould of very poor preservation of a large 
right valve. Outline oval, with its smaller axis shifted a little foreward. 
Umbo very little prominent, curved markedly inwards and slightly
backwards. Very convex, the point of highest convexity being in the
first quarter of valve 1 mgth. Of the ornamentation, only 5 subradial 
ribs are visible. The first rib is still subvertical, the rest of the ribs, rather
equally spaced, becoming backwards gradually more oblique. The first
rib is entirely faint, the 
next three showing a gri 

Remarks: The ribs

second is the strongest and sharpest of all, the 
.dual weakening backwards.
of subequal intensity figured by Agassiz

(1845) number 7. As evident from the description, it is usually the second
rib that is the strongest, 
figured by M о e s c h

. On the basis of the illustrations the specimens

i. The specimens of Pl.
in addition, in Fig. 2 on

(1874) can be divided up into three groups: 
XIV, Fig. 1 and 2, have a very prominent umbo;
у four, very closely spaced ribs of equal intensity

can be seen. ii. The specimens visible on Pl. XIII, Fig. 5 — 8, show a good
agreement with Agas 
sist in the stronger curvs

s s i z’s species, the only difference seems to con­
ature of the ribs. iii. Pl. XI, Fig. 4; Pl. XII, Fig. 1

and Pl. XIII, Fig. 3, 4 show specimens which differ a little from A g a s- 
siz’s figures, since their ribs are a little arched foreward and these ribs 
always include a strikirgly intensive one. This feature is underlined in 
M о e s c h’s description (1874), so that he seems to have considered 
this group to be the typical representative ofP. bucardium. Consequently, 
his idea of the species nay have been somewhat different from A gas- 
si z’s . The Villány specimen belongs to group iii, showing a particularly
striking agreement with

Without a study of 
to split up M о e s c h’ I 
the divergences, the Vi

Pl. XIII, Fig. 4.
the original specimens, it would not be advisable 

i material into several species. Therefore, despite 
lány specimen and the above three groups can

be regarded as belonging to the species P. bucardium Agassiz.
Distribu tion: Bathonian of Switzerland. The Villány specimen derives

from the brown limestones of the Bathonian.

Pho. adomya escheri Agassiz, 1845
Plate V, Fig. 1

1845. Pholadomya Escheri Af.; Agassiz: Études critiques . . ., p. 102, Pl. 7f, Fig. 16.
1874. Pholadomya Escheri, A;.; Moesch: Mon. Pholadomyen, p. 50, Pl, XX, Fig. 12; Pl.

XXI, Fig. 1-7.
1893. Pholadomya Escheri, Agassiz; Choffat: Faune jur. Portiig., p. 14, Pl. V, Fig. 2 — 7. 
Number of specimens: 1
Dimensions: length: 71 height: 54 convexity: 43

Description: Internal mould of medium size, of medium preservation. 
Shape a rounded triangle, elongated backwards. Umbo not strong, but
pointed and prominent, in the first one-third of valve length. Very con­
vex in the anterior part, the valve flattens down backwards. Between
the umbo and the lower margin there are 12 relatively faint ribs. Their
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intervals are much wider than the ribs themselves. The entire surface 
is ornamented with growth plicae, locally inflated. Their intersections 
with ribs carry tubercles.

Remarks: The original figure of Agassiz (1845) shows the orna­
mental features only. M о e s c h (1874) figured several specimens within 
which a great variability in the intensity of orientation can be recognized, 
but the valve outlines show a good agreement. The point of greatest height 
is quite at the front. Here convexity too is marked, but farther backwards, 
with the flattening down and vertical narrowing of the valves, a duck­
bill-shaped posterior part will develop. This structure renders the species 
easily recognizable. According to Mo es ch (1874), P. escheri Ag. 
resembles P. carinata Goldf. and P. acuminata Ziet. As main difference, 
he mentions the greater size of P. escheri. However, in the figures publish­
ed by Agassiz (1845) and Mo esch (1874) it can be seen, that the 
very first rib of the two other species is most prominent, giving rise to a 
deltoid shape in top view. P. escheri, on the contrary, is rounded.

Distribution: In several regions of Western Europe (M о e s c h, 
1874) and in Portugal the species was found in the Callovian. The Villány 
specimen derives from the Lower Callovian ööid-patterned limestones.

Pholadomya moeschi Rollier, 1911
Plate V, Fig. 2

1874. Pholadomya crassa, Ag.; Moesch: Mon. Pholadomyen, p. 42 (partim), PI. XIV, Fig. 3; 
Pl. XVI, Fig. 1, 3, 4 (non: Fig. 2); Pl. XVII, Fig. 1-4.

1948. Pholadomya möschi Rollier; Cox et Arkell: Brit. Great Oolite Mollusca, p. 44. 
Number of specimens: 2
Dimensions: length: 85 height: 85 convexity: 30

77 29

Description: Right valve of great size and poor preservation. Out­
line short, oval, slightly rectangular. Strikingly convex. Umbo prominent, 
shifted, and slightly curved foreward. Between the umbo and the lower 
margin there are four ribs, approximately straight, divergent, very widely 
spaced. The first, faint, rib is in the anterior region. The second rib, border­
ing the anterior region, is very strong and sharp, subvertical (perpendi­
cular to the longitudinal axis of the valve). The third rib is strong, but 
flat, the fourth faint, hardly distinct. In some places on the surface of 
the valve irregular growth plicae can be observed,

Remarks: The specimens figured by Moesch (1874) do not cor­
respond to Agassi z’s original figures of P. crassa. Therefore, ac­
cording to Cox and Arkell (1948), Rollier established in 1911 
a new species based upon M о e s c h’ s figures.

On the basis of their major features (outline; morphological features 
of umbo; the prominent, sharp, straight rib bordering the flat anterior 
region) the Villány specimens can be identified with M о e s c h’s fi­
gures (1874). Exception is the specimen of Pl. XVI, Fig. 2, with its out­

14*
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line forming a more elor gated ellipse, with its umbo less prominent and 
with its rib bordering th э anterior region being oblique and a little back­
ward-arched.

Distribution: Bathonian of Great Britain, Bathonian to Callovian of 
Switzerland. The Villány specimens derive from the sandy limestones of 
the Bathonian.

Pholadomya villanyensis n. sp.
Plate V, Fig. 3

Number of specimens: 1
Locus typicus: Villány, Templom hill
Stratum typicum: Bathonian sandy limestones 
Derivatio nominis: after the i.ame of the locality — Villány
Dimensions: length: 81 height: 74 convexity: 29

Diagnosis: Ribs few, (4', arched strikingly foreward, traceable throughout, even on 
the markedly foreward-curvec umbo.

Description: Right 
Outline oblique, oval, 
minent, curved and

valve large, of good preservation, incomplete. 
Convexity very marked. Umbo strikingly pro­
shifted extremely foreward. Between the 

umbo and the lower margin there are four ribs arched markedly back­
wards, separated by roughly uniform intervals, much wider than the
ribs themselves. The fir 
the second rib borderin 
the third one is fainter

st rib, faint but sharp, is in the anterior region; 
ig the anterior region is very strong and sharp;
1 and less sharp; the fourth being flat and very 

faint. Over the entire surface of the valve growth lines represented by
observed. In their intersections with ribs there 
slevations.
moeschi R о 11 i e r of all the Middle Jurassic

irregular plicae can be 
are faint, tubercle-like e 

Remarks: It is P.
Pholadomya that is most closely related to the new species being describ­
ed. At Villány locality die two species occur in one and the same bed.
Most important diverge aces: I. P. villanyensis shows a more elongated, 
more regular ellipse in outline; II. its umbo is more markedly shifted 
foreward and strongly loreward-curved; III. the strongest rib is oblique 
and not perpendicular to the longitudinal axis, unlike in the case of P. 
moeschi; IV. the ribs aie foreward-arched, while in P. moeschi they are 
straight; V. the anterior region bordered by the strongest rib is more
convex. P. villanyensis 
M о e s c h presented a í 
but which does not seem

shows some similarity to the specimen which 
P. crassa Agassiz, 1874, Pl. XVI, Fig. 2, 
to belong to P. crassa (see in the description of

P. moeschi). However, M о e s c h’ s specimen differs from P. villany­
ensis by its outline and iy that its umbo is not curved foreward and that 
its ribs are backward-arched in running towards the lower margin.
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Genus G onio my a Agassiz, 1841 
Goniomya trapezicostata (Pusch, 1836) 

Plate V, Fig. 4

1836. Lutraria trapezicostata; Pusch: Polens Paläontologie, p. 80, Pl. VIII, Fig. 
10a —с.

’1867. Goniomya trapezicostata Pusch sp.; Laube: Biv. Braun. Jur. Balin, p. 52, Pl. V, 
Fig. 5.

1934. Goniomya trapezicostata Pusch; Pcelincev: Faune mezoz. zap. Gruzii, p. 35, 
Pl. I, Fig. 9.

1965. Goniomya trapezicostata (Pusch); Cox: Jur. Biv. Tanganyika, p. 129 (partim), 
Pl. 21, Fig. 2 (non: Fig. 3).

non 1924. Goniomya trapezicostata (Pusch); Cossmann: Callovien Montreuil-Bellay, p. 51, 
Pl. VII, Fig. 9, 10.

Number of specimens: 1

Description: Right valve. of small size, of good preservation, in­
complete. Strikingly convex. Umbo small, pointed, foreward-shifted. 
Running obliquely downwards in the posterior and anterior thirds of 
valve surface, the ribs in the middle third are intercalated by horizontal 
ones, giving rise to an ornamentation consisting of rows of trapezes. 
The ribs are convexe in cross-section, their much narrower intervals 
being groove-like.

Remarks: The Villány specimen agrees well with the figures published 
by Pusch (1836), Pcelincev (1934) and Cox (1965). Beside 
the trapezoidal ornamentation their most important common features 
are the shield-like shape and the very small, pointed, prominent umbo. 
Most of the Goniomya species of trapezoidal ornamentation are characte­
rized by elongated, cylindrical shape. The specimen figured by Laube 
(1867) approaches this shape. С о s s m a n n’s specimen (1924) can also 
be assigned to this group. Cox (1965) described a Bajocian and a Cal­
io vian specimen from Tanganyika, noting that the second form, standing 
closer to typical G. trapezicostata, carried in the middle one-third of its 
valve longer horizontal ribs than the Bajocian specimen did. However, 
he did not find the difference to be sufficient for separating species. 
G. hemicostata Morris et Lycett, 1855, differs from G. trapezicostata by 
the replacing of the periumbonal trapezoidal ornamentation by arched 
growth plicae towards the margin.

Distribution: Middle Jurassic of Poland; Bathonian to Callovian of 
Georgia, USSR; Callovian of East Africa. The Villány specimen derives 
from the sandy limestones of the Bathonian.

Familia Pleuromyidae
Genus Pleuromya Agassiz, 1845 

Pleuromya uniformis (Sowerby, 1813)
Plate V, Fig. 5

1813. Unió uniformis Sow.; Sowerby: Min. conch., p. 58, Pl. 33 Fig. 4. (In: Sowerby, 1837) 
1845. Pleuromya tellina Ag.; Agassiz: Etudes critiques . . ., p. 250, Pl. 29, Fig. 1 — 10.
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1855. Myacites securiformis, Phi . sp.; Morris et Lycett: Mon. Great Oolite Mollusca, p. 136, 
Pl. XIII, Fig. 15.

1855. Myacites decurtatus, Phil, зр.; Morris et Lycett: Mon. Great Oolite Mollusca, p. 137, 
Pl. XV, Fig. 10.

1915. Pleuromya tellina Ag.\ Krenkel: Kellowayfauna Popilany, p. 329, Pl. XXVII, Fig. 7.
1924. Pleuromya Elea (d’Orb.); Cossmann: Callovien Montreuil-Bellay, p. 51, Pl. VII, Fig.

21, 22.
1932. Pleuromya decurtata d’Ort igny mutation Elea d’Orbigny; Corroy: Callovien du Bas­

sin de Paris, p. 177, Pl. XXVII, Fig. 18.

1935. Pleuromya uniformis (J. Í owerby); Cox: Attock District, p. 15, Pl. II, Fig. 9, 10.
>werby); Arkell: Brit. Corail. Lamellibr., p. 325, Pl. XLV,1935. Pleuromya uniformis (J. S 

Fig. 1-13.

1957. Pleuromya uniformis Sow. Himsiasvili: Verhnejursk. fauna Gruzii, p. 155, Pl. XIX, 
Fig. 5.

1948. Pleuromya uniformis (J. Sowerby); Cox et Arkell: Brit. Great Oolite Mollusca, p. 40.

1961. Pleuromya uniformis (Sov 
Karkar, p. 131, Pl. XI, F

’erby); Rossi Ronchetti et Fan tini Sestini: Fauna Giur. 
ig. 6-8.

1965. Pleuromya uniformis (J. S

Number of specimens: 4

Dimensions: length: 86

43

33
32

>werby); Cox: Jur. Biv. Tanganyika, p. 131, Pl. 20, Fig. 6.

height: 46 (?) convexity: 33
25 19

18 14

19 14

Description: Internal 
with some shell remnant.

mould of medium size, of poor preservation, 
Outline oval, elongated, with an umbo of me-

dium prominence, situated at about one-third of valve length as cal-
culated from the front. Cc 
being a little behind the

nvexity of medium size, the greatest convexity 
umbo, closer to the half of valve length. Be-

tween the umbo and the first one-sixth of the length of the lower margin
there is a very faint dep: -ession breaking the arch of the lower margin.
The ornamentation consists of concentrical growth lines and plicae.

Remarlcs: S о w e r b y’s original figure is rather featureless. There-
fore later authors cite 1 Phillips’ species (just as Agassiz’s)
frequently than those wl ich are much better documented. As shown by
Arkell (1935), one ant. the same species, extremely variable and per-
sistent, was re-named several times, the earliest, valid, name being P.
uniformis (Sowerby). Acccrding to Cox (1935) and Arkell (1935), 
P. elea (d’Orbigny, 1850) is also a synonym of P. uniformis. This is
supported by the figures published by Cossmann (1924), too.

Distribution: Bajocian to Portlandian of Great Britain, Callovian
to Upper Jurassic of France, Upper Jurassic of Georgia, USSR, Callovian 
of the Russian Platform, Bathonian to Callovian of Afganistan, Oxfor­
dian of India, Oxfordian to Kimmeridgian of East Africa. The Villány 
specimens derive from the brown limestones of the Bathonian.
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Plate I
Fig. 1. Inopema sowerbyana (d’Orbigny) la: lateral view; lb: top view (x 1) Fig. 2. Modiolus 
anatinus (Smith.) (x 1) Fig. 3. Stegoconcha sp. aff. granulata (Sowerby) (x 1) Fig. 4. Gervillella 

siliqua (Deslongehamps) (x 1)



Plate II
Fig. 1. Inoceramus oosteri Favre? (x 1) Fig. 2. Entolium cf. hehlii (d’Orbigny) (x 2) Fig. 3. Ento­
lium corneolum (Young et Bird) (x 1) Fig. 4. Entolium spathulatum (Roemer) (x 2) Fig. 5. Pro- 
peamussium brevicostatum n. sp. 5 i: external ornamentation; 5b: internal ornamentation (x 2) 
Fig.^.Chlamys(Aequipecten1)cf.prisca (Schlotheim) (x 1) Fig. 7. Chlamys ( Aequipectent)

iumberti (Dumortier) (x 2)



Plate III
Fig. 1. Chlamys sp. aff. luciensis (Thevenin ex d’Orbigny) (x 1) Fig. 2. Eopecten sp. aff. a/ubryi 
(Douvillé) (x 1) Fig. 3. Antiquilima succincta (Schlotheim) (x 1) Fig. 4. Ctenostreon proboscideum 

(Sowerby) (x 0,66) Fig. 5. Plagiostoma subcardüformis (Greppin) (x 1)



Plate IV
Fig. 1. Myophorella (Pseudomyop.iorella) polonica (Lebküchner) (x 1) Fig. 2. Astarte sp. aff. ovata 
Smith (x 1) Fig. 3. Astarte cf. subiepressa Blake et Hudleston (x 1) Fig. 4. Opis (Coelopis) cf. 
leckenbyi Lycett (x 1) Fig. 5. Ani tocardia minima (Sowerby) 5a: lateral view; 5b: front view (x 1) 
Fig. 6. Anisocardia tenera (Sower эу) 6a: lateral view; 6b: front view (x 1) Fig. 7. Pholadomya

lirata (Sowerby) x 1) Fig. 8. Pholadomya ovális (Sowerby) (x 1)



Plate V
Fig. 1. Pholadomya escheri Agassiz (x 1) Fig. 2. Pholadomya moeschi Rollier (x 1) Fig. 3. Phola­
domya villanyensis n. sp. (x 1) Fig. 4. Goniomya trapezicostata (Pusch) (x 2) Fig. 5. Pleuromya 

uniformis (Sowerby) (x 1)
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РЕЗЮМЕ

В результате взаимодействия плит литосферы на их краях обычно возникают 
линейные структуры большой глубины. Магнитотеллурический метод является 
эффективным средством для исследования этих структур. Изучив материалы маг­
нитотеллурического глубинного зондирования пяти районов, расположенных на 
предположенных краях плит литосферы (Венгерский бассейн, передовой прогиб 
Копет-Дага, Байкальская система разломов, Исландия и Камчатка), авторы настоя­
щей работы узнали о том, что в каждом из этих районов проявляется ясно выра­
женная магнитотеллурическая анизотропия. Эти проявления анизотропии авторы 
связывают новой глобальной тектоникой.

1. Introduction

According to the new hypothesis on global tectonics, the Earth’s sur­
face consists of 6 main lithospheric plates covering the whole Globe (L e 
Pichon, 1968; I s a c k s et al., 1968). The lithospheric plates are in 
motion with respect to one another. The areas, where the plates move off 
one another (Mid- Oceanic Ridges, African and Baikal Rift Systems), are 
called accreting plate margins; those, where the plates approach one ano­
ther, are termed consuming plate margins (oceanic trenches, orogenic 
belts).

The interaction of lithospheric plates is the most efficient morpho­
genetic agent. As shown by L e Pichon (1968), Dewey and Bird 
(1970), Dewey and Hors field (1970), McKenzie (1970), 
Dickinson (1971) and others, the consuming margins of the lithos- 
pherio plates are areas of active tectonism and orogeny. In the last 60 — 120 
million years the Pacific and the Tethys have played the role of consum­
ing oceans (lilies, 1970); orogenic movements took place on the coasts 
of these. The convergent displacements of the Eurasian and African pla­
tes have resulted in the closure of the Tethys sea and in the folding (still 
going on) of the Alpine-Himalayan Mountain System.
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The structures produced by the interaction of the lithospheric plates 
are characterized by the common feature of being linear srtructures extend -
ing for a long distance in 
the surface down to great

one direction, structures usually reaching from 
iepths. The most efficient method for studying

deep subsurface structures is provided by seismology; however, any 
other techniques confirmi ig or supplementing seismological information 
may prove extremely useiul. The magnetotelluric method has, inter alia, 
two characteristics that cm enable it to serve as a tool in investigating 
global tectonics. Let us quote them:

a) sensitive detecting of linear structures by the aid of the so-called
magnetotelluric anisotrop; г,

b) ability of obtainiig geophysical information from great depths
I 100 or 200 km.
on is devoted to a review of the results of the

should these be as large as 
The following discuss l<

MTS performed on the supposed margins of the lithospheric plates. In 
these areas a definite magnetotelluric anisotropy can be observed to 
occur. Let us try to interprete magnetotelluric anisotropies in the light 
of the new global tectonic 5.

2. Diagne to telluric anisotropy

According to the the rry of magnetotelluric soundings, the curves of
apparent specific resistivii 
any direction above an 
stratified isotopic layers

ty (g) versus time of period (T) determined in 
infinite half-space consisting of horizontally 
are identical. In platform areas the soun-

ding curve QX(T) corresponding to the N —S direction and that
corresponding to the E — W direction, Qy(T), areindentical or at least very 

__ L __  A pattern like this is shown by the MTSsimilar to each other.
curves measured on the 
and in Western Canada 
structural conditions are
(E) and magnetic fields

Russian Platform (Yanovsky et al., 1966) 
JO an er et al., 1969). If the afore-mentioned 

not fulfilled, the connection between the electric
(H) is expressed by the relation E = {Z} H,

where {Z} is the impedance tensor. In this case the apparent specific resis-
tivity curves defined by he expressions qx = 0,2 T {E^Hf)2 and oy = 
= 0,2 T (Ey/Hx)2 differ from one another in dependence on the field-dis­
torting effect of the geo ogical structures. Thus magnetotelluric aniso-ogical structures. Thus magnetotelluric aniso-
tropy is brought about. The observed anisotropy has its highest value in 
the case when the measurements are parallel to the strike and dip of the
geological structure or to 
resistivities. The effects

the direction of the highest and lowest specific 
producing magnetotelluric anisotropy may be

either regional or local. On the basis of magnetotelluric anisotropy, defi­
nite conclusions concerniig a regional structure can be deduced only in 
the case when the sounding curves obtained for several points of a large
area show similar characteristics.
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3. Results of measuring and their interpretation

Magnetotelluric soundings are known from five areas lying on the
supposed margins of lithospheric plates: the Hungarian Basin, the foreland 
of the Kopet-Dag Mountains, the Baikal Rift System, Kamchatka and 
Iceland (Fig. 1.). In the first three of these areas of measurement both the 

Fig. 1. The locii of the MTS measurements on the boundaries of the lithospheric plates.

quantity and quality of magnetotelluric information are so advantageous 
that they allow one to draw definite conclusions as to regional structure.

A) Magnetotelluric soundings on supposed consuming plate margins
The MTS curves obtained for the Hungarian Basin show a 

considerable regional anisotropy (Fig. 2. and 3.).In general, if T>-60 sec, 
gx> gy and the major axes of the anisotropy ellipses will gradually turn to 
meridional direction with increasing period. This can be explained by 
two effects (Á d ám, 1969; Á d á m, 1970). On the one hand, under the 
influence of a compression of N — S trend the rocks of the basement have 
been metamorphosed and have become anisotropic; the direction of high 
resistivity has been approximately N—S, that of low resistivity
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Fig. 2. MTS curves measured in the Hungarian Basin and on the foreland of the Köpet - 
Dag (Kara-Kum). The appropriate numbers refer to Fig. 3. (after Ádám; Avagimov et al.).

E—W (Fig. 4.). On ihe^ other hand, this basement seems to 
include steeply dipping interlayers of nearly E— W strike and of good 
conductivity. This structure appears to be consistent with plate tectonics.
The Hungarian Basin is integral part of the Alpine orogen. Just recently, 

ines of overthrusting could be detected in itsE— W striking, regional
Cretaceous-Paleogene basement (Dank and В о d z a y, 1970) (Fig 3.). 
The Alpine orogen, however, is the result of the consumation of the 
African and Eurasian plales upon each other, generally with underthrus- 
tings of nearly E — W strike (L e Pichon,! 968; Dewey and Bird, 
1970; McKenzie, 197().

The Kopet-Dag Mountains are also a member of the
Alpine orogen. According 
of the Eurasian and Afric

to McKenzie (1970), the relative movement 
I m plates is of N—8 trend and there are nearly

E—W striking underthrustings in a broad belt within this territory. The 
soundings carried out (by Avagimov et al., 1969) in the Kara-Kum 
Desert, the foreland of the Kopet-Dag, also yielded different MTS curves

and 3.). As a rule, if Тэ-ЮО sec, Qy> Qx. The 
, determined by the aid of polar diagrams of 
NW — SE strike of the structure and perpendi-

in two directions (Fig. 2. 
specific resistivity curves 
impedance parallel to the
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Fig. 3. The locii of MTS measurements carried out in the Hungarian Basin and on the fore­
land of Kopet-Dag. (The strikelines of the Paleozoic orogen and those of the Alp-Hima- 
layan system are indicated by thin and heavy lines, respectively. In the Hungarian Basin 
the thrusting lines in Cretaceous-Paleogene basement are also shown, according to Dank 

and Bodzay).

cularly to it, differ even more markedly from one another. In terms of 
the Krajew effect the electric component normal to the highly resistive 
mountain mass is distorted and thus all MTS curves do show anisotropy.

From Kamchatka, the vicinity of К 1 i u c h village, a single 
pair of MTS curves are known (Kopytenko et al., 1967). These 
show a marked magnetotelluric anisotropy (Fig. 5.). On the basis of one 
pair of curves, however, no statement of the regional distribution of aniso­
tropy can be made. Therefore, no definite conclusions can be deduced 
with regard to the regional structure either. However, may indi­
cate an E— W strike of the underthrusting Pacific plate, which may oc­
cur, since Kliuch is situated close to the point of intersection of the Aleu­
tian and Kuril trenches.

Generally, the MTS measurements at island arcs may give informa­
tions about the thermal conditions connected with underthrusting of 
lithospheric slab (Fig. 6.).
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Fig. 4. A tentative compariso i of the observed and calculated MTS curves for the Hun­
garian Basin indicates that thickness of the metamorphosed layers amountsto severaltens 

of kilometres.

VT [sect]

Fig. 5. MTS curves measured in Kamchatka (after Kopytenko et al.).
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Fig. 6. Resistivity curves referring to different regions of island-arc model proposed by 
Hasebe et al., Lubimova and Feldman.

В) Magnetotelluric measurements on accreting plate margins
The Baikal Rift System is part of the global fracture system (F 1 0- 

r e n s о v, 1969; Lubimova, 1969). The magnetotelluric soundings 
performed in this region have shown a marked regional magnetotelluric 
anisotropy. The directions of the major axes of the anisotropy ellipses are 
perpendicular to the strike of the rift zone (P о s p e e v, 1971), (Fig. 7.). 
Electric inhomogeneity is so heavy as to define the character of aniso­
tropy as far as 400 km away from Lake Baikal. In the rift zone the horizon 
of good electric conductivity is considerably elevated (Gornostaev 
et al., 1960), (Fig. 8.). This is in good agreement with the heat flux values 
varying between 1.6 and 3.4 HFU in the Baikal Rift Zone (Lubimova, 
1969).

The MTS curves measured in Iceland also show some anisotropy, 
moreover a high conductivity layer in the crust and upper mantle (H e r- 
m a n c e and G r i 11 о t, 1970). The data obtained, however, are not 
sufficient.
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Fig. 7. Results of the MTS in the Baikal rift zone (after Pospeev).
Key: 1. locii of MTS; 2. the MTS curve characteristic to the given region; 3. The specific resistivity of the 
basement; 4. DSS profile; 5. Pre-Cain brian rocks on the surface; 6. The direction of major axis of MTS aniso­

tropy ell pse; 7. value of q max/emin at T = 100 sec.

4. Conclusions

In the above discussion the results of a few magnetotelluric soun­
dings performed on the s ipposed margin of lithosphere plates have been 
analysed. These results h ive provided valuable contributions to the geo-
metry and physics of pf 
tropy can be used for tra<

ate tectonics. Regional magnetotelluric aniso- 
cing the margin of the plate, since this margin,

with its electric pattern differring from its environment, induces conside-
rable distortions of the 
interpretation of MTS cur 
of metamorphism connec 
of the stresses responsibl 
temperatures in the deep

electromagnetic field. In addition to this, the 
ves may provide information as to the extension 
ted with spreading tectonics, to the direction 
j for metamorphism and to the distribution of 
subsurface zones.
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Fig. 8. Cross section in the Baikal rift zone along the profile I. of Fig. 7. (after Gornostaev 
et al.).

Key: 1. Loci! of MTS and their identity numbers; 2. The upper highly conducting complex, e=20—100 a m; 
3. Precambrian complex, g = 150 —200 Й m; 4. The lover highly conducting complex, e = 20 —100 О m (under 
the Lake of Baikal g=5—7 в m); 5. The surface of the basement; 6. The surface of the first highly conduc­
ting layer m the crust and upper mantle; 7. The surface of the second highly conducting layer in the upper 
mantle; 8. M discontinuity on the base of DSS; 9. sedimentary complex; 10. Suppdosed boundary between 

different blocks.
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