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1*

If the merely drilling-based Triassic in the substratum of the Great Hungarian
Plain and southwestern Transdanubia and the still uncleared Triassic sequences of the
Rudabanya Mts. be disregarded, so the Triassic of the mountains in Hungary belongs
to four different facies areas (Central Mountains, Bikk, Aggtelek—Szilice and Mecsek—
Villany). These are determined by the specifics and the mode of intertwining of the

¢ Manuscript finalized: May 15, 1980
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lithological units of platform, basin, volcanic or fluviatile-lacustrine facies which fol-
lowed the beach-, shallow-water marine or evaporitic sediments of the early Triassic
Tethyan transgression. Facies shifts within the individual facies areas are particularly
striking in the Transdanubian Central Mountains and in the Aggtelek Karst. The
present writer has sought to place these lithostratigraphic units in a geochronological
frame, which he judges to be best suited to this purpose of all the variants of the new
international standard being still in the making. The principal statements can be
gathered from the correlation tables are as follows:

The Lower Triassic of the Central Mountains shows a wider game of changes
than was supposed heretofore. The reef-lagoonal facies of the Anisian (in contrast with
the Balaton Highland and the Bakony) persist in the more eastern part of the Central
Mountains even in the Ladinian. The Veszprém Marl Formation of Carnian age can
be traced from Keszthely up to the Buda Mts., being intertongued here with the chert-
rich Sashegy Dolomite Formation. The deposition of the Hauptdolomit Formation is
not even in the southwestern Central Mountains confined in all occurrences to the
Norian, while farther northeast it begins — with some fluctuations though — in ever
deeper levels of the Carnian. This “descent” of the Hauptdolomit Formation is followed
also by the onset of the Dachstein Limestone Formation: still definitely Rhaetian in
age in the SW, the Dachstein Limestone is observed farther northwest to have begun
to be formed in Alaunian and, in the horsts on the Danube’s left side, as early as the
Tuvalian. Interposed between the Dachstein Limestone and the Hauptdolomit Forma-
tion in the southwest, the “ICdssen beds” will completely disappear in the northern
part of the northern Bakony Mts. and to the east of it, to re-appear maybe only in the
Feketehegy Formation spanning the greater part of the Norian (or reaching up per-
haps into the Rhaetian, too) in the Pilis Mts. In connection with the disappearance
of the “Kossen beds” the Dachstein Limestone Formation of the northern Bakony
Mts. and Buda Mts. is partly or entirely intertongued with the Hauptdolomit For-
mation. It is important to know that, unlike believed earlier, the cherty Cs6var
Limestone Formation adjacent to the reef- and reef-lagoon facies Dachstein Lime-
stone of the Triassic horsts on the Danube’s left side is not restricted to the Carnian
Stage, but it replaces the Dachstein Limestone Formation being here of Tuvalian-Se-
vatian age.

As a result of some conodont and foraminiferal finds the age of the lithostrati-
graphic units of the Bikk area has been pushed higher up the stratigraphic column
than was earlier believed by the author.

The intricate stratigraphy of the Aggtelek-Szilice area has changed in that
certain limestones of Alséhegy earlier believed to belong to the Schreyeralm (i.e. lllyr-
ian) Limestone, now, on the basis of conodonts, have proved to represent the Ladinian,
Carnian and Norian members of the Hallstatt Limestone Formation. The borehole
Sz6l6sard6-1 on the southern margin of this area has uncovered, in turn, under the
Tuvalian-Alaunian Pdtschen Limestone Formation, the Cordevolian—Lower Tuvalian
Sz6l6sard6 Marl Formation, hitherto unknown in the Szilice nappe. This formation,
in turn, was found to be underlain by the Middle Illyrian—Longobardian Nadaska
Limestone Formation representing an underwater slope facies. Below this latter — with
the absence of the Lower Illyrian and Pelsonian Substages, owing to tectonic (?)
causes — there follows a cherty dolomarl- and siltstone sequence with a volcanic ash
content which, on account of its Bithynian (?) age, pushes, at least locally, even the
age of the underlying Steinalm Formation considerably deeper than it was earlier
supposed.

Palynological investigations in the Mecsek—Villany area have made evident
the Lower Triassic age of the Jakabhegy Sandstone. The position of the known litho-
logical units of the Middle and Upper Triassic has been somewhat modified by the
revaluation of their fauna and flora.

Although the lower boundary of the Hungarian Triassic sequences is generally
sharp but it cannot everywhere be evidenced biostratigraphically. Some of the sharp
boundaries above the Permian clastic sequences are accentuated by erosional uncon-
formity and basal conglomerates (Balaton Highland, Mecsek, Villany). The Lower
Triassic of the southern foreland of the Vértes and of the Aggtelek Karst rests on Upper
Permian evaporites. The Lower Triassic oolites of the Bukk, however, lie on Upper
Permian marine limestones.

The upper boundary of the sequences in question varies from one mountain to
the other. The Dachstein Limestone Formation of the Balaton Highland and the
southern and northern Bakony and the Karolinavdlgy Sandstone Formation of the
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Mecsek pass uninterrupted into similar facies of the Hettangian Stage. The hiatus
between the Triassic and the Jurassic in the Vértes, the Gerecse, the Pilis and the Agg-
telek-Szilice mountains is relatively small. In the horsts on the Danube’s left side and
the Buda Mountains (where the Jurassic and the Lower Cretaceous is totally absent),
however, for the moment there is no evidence enabling a judgement: how much of this
hiatus may he owed to a break in sedimentation within the Mesozoic and how much
to a Tertiary denudation.

Preface

The author should like to insert the presently distinguishable lithostrati-
graphic units of the Hungarian Triassic in such tables which not only illustrate
their probable interrelations, but also determine their links to the international
ammonoid zones. He believes that these tables show the now-fixable position
of the units within the chronostratigraphic scale in a more up-to-date form
compared to the earlier tentatives (K. Balogh—S. Yégh—E. Végh-Neu-
brandt, 1963; K. Balogh, 1973, 1974; K. Balogh in “Hongrie”, 1978).

Upon initiatives by Tozer, E. T.; H. Zapfe; L. Krystyn; R. Assereto,
H. Kozur;J. D. Zakharov; Yu. Y. Arkhipov and others, supported by inter-
national cooperation under IGCP Project No. 4, the viewpoints concerning
the biostratigraphic and chronostratigraphic (or geochronologic) subdivisions
of the Tethyan Triassic have considerably changed during the last decade.
Several conventional chronostratigraphic units from the lowermost Triassic
up to the middle of the Anisian have been proposed to be replaced by new
ones. The Carnian Stage appears to be widened — at the expense of the Ladin-
ian — by the Cordevolian Substage. Since 1973 it has seemed that the Rhaet-
ian Stage cannot avoid its elimination from the chronostratigraphic (geo-
chronologic) scale, unless degraded to some extent, i.e. united with the Sevatian
Substage of the Norian Stage. Of the ammonoid zones, those — suitable for
a long-distance, interregional correlation — have come to the fore. With
a rational application of priority rules, stratigraphers endeavour to rely on
the ammonoid zonation in redefining the boundaries of stages and substages:
efforts presupposing an up-to-date approach to systematics. Beside adjustment
to the new chronostratigraphic frame now being developed, the latest results
of investigations of the Hungarian Triassic have also stimulated the writer
to modify the earlier tables and to refine them in further details.

In the course of this work he paid particular attention to some parts of the Trans-
danubien Central Mountains. Namely, the areas along the shoreline of Lake Balaton, with
their_ Triassic sequences containing the richest ammonoid fauna in Hungary, have since
J. BOCKH (1872, 1873); D. Laczké (1909, 1911) and L. Loéczy Sr. (1913, 1916) served as an
important basis of reference both in this country and abroad. According to |. Szabé (in
F. Szentes et al. 1972; |. Szabé 1978), however, the development of the Lower and Middle
Triassic does not only in the surroundings of Lake Balaton fluctuate more largely than was
supposed by Léczy, but farther northeast (Iszkahegy, Vértes and Buda Mts.), the reef-lagoonal
facies of the Anisian Stage continue, in contrast with the case of the Balaton Highland and
the Bakony, even in the Ladinian. In the horsts on the Danube’s left side, however, even
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cherty basin facies occur in immediate vicinity of Upper Triassic platform facies. In contrast
with these well-motivated improvements of detail, the author has had to refrain from repre-
senting the Triassic of the Rudabénya Mts., because this area is built up by several tectonic
units showing such a diversity of facies that their stratigraphy cannot be unambiguously
established even today.

While compiling the tables the writer has had to take into considera-
tion the following circumstances:

1. The process of transformation of the international chronostratigraphic scale has not yet
been completed: the controversies concerning the beginning and the end of the Triassic and
the stratigraphic range of almost all of its stages are still going on. One of the causes of thisfact
consists in the limitations of the direct applicability of the ammonoid-based orthostratigraphic
system. Notably, the majority of the ammonoids are frequent only in some deep-water car-
bonate facies, but even in these it is not always possible to trace them layer by layer. In hosts
of other carbonate facies (e.g. Hauptdolomit, Dachstein Limestone, Gutenstein Limestone),
in turn, the ammonoids are scant, in fact, they may be totally absent. For this reason, to
recognize the boundaries of ammonoid zones in the practice becomes usually subjective.
Consequently, it is necessary to develop, in addition to the orthostratigraphic system, also para-
stratigraphic ones most perfectly harmonized with the former. Most suitable for this purpose are
such facies-enduring (and therefore widespread) microfossils, characterized, at the same time,
by a rapid rate of evolution, which occur in all (or most) members of the studied sequences
and thus enable the establishment of a fine zonal scale with sharp and distinct zone boundaries.
Most suited to this end within the Triassic are the conodonts, though good results can be
expected from investigating the holothurioids, radiolarians, ostracods and sporomorphs with
the same aim as well. The most important and current task in Triassic stratigraphy consists
in a precise correlation of parastratigraphic systems with the standard ammonoid zones, that are
to be worked out coupled with eliminating the systematic and nomenclatural confusions within
the afore-mentioned (and other) fossil groups. This would be the only means enabling us to find
the common language and to achieve that, at least the majority of the scientists should judge
uniformly the spans of the chronostratigraphic units being used. Because of the different rates
of evolution of the various fossil groups it is though not easy to pave this road, however,
we have no other choice. And until this is not achieved, we must remain tolerant with some
inaccuracies committed with good faith.

2. Since the Hungarian Triassic comprises a lot of lithological units identical in facies and
age with the Alpine and/or Carpathian counterparts, it is advisable, in accordance with the con-
ventional practice, to apply to these the Alpine (or Carpathian) terms (Werfen Formation, Guten-
stein Formation, Steinalm Formation, Wetterstein Formation, Hallstatt Limestone Forma-
tion, Hauptdolomit Formation, Dachstein Limestone Formation, etc.). New, “Hungarian”
names are proposed to use only for units different from the Alpine ones, difficult to identify
with these.1The unit-names inserted in the tables usually agree with those proposed by K.
Balogh (1973, 1974) on the basis of the standpoint of the Triassic Subcommission of the
Hungarian Stratigraphic Committee. Relying on the relevant literature, the members of the
Subcommission already gave a brief characterization of these units in the 2nd edition of the
volume “Hongrie” (1978) of the Lexique Stratigraphique International. The fact is, however,
that these characterizations do not meet yet the requirements stipulated in the Guide issued
by the International Subcommission on Stratigraphic Classification in 1972 and its Hungarian
version (J. Fulép—G. Csaszar—J. Haas—E. Edelényi, 1975). To eliminate these short-
comings will cost us still a very hard work to do, for up-to-date descriptions unambiguously
fixing even the unit-boundaries are available only in the monographs devoted to the Triassic
of the Bikk, the Mecsek and mainly the Villany Mts. and also to the Kossen Beds of the
southern Bakony (K. Balogh, 1964; E. Nagy, 1968; E. Nagy—I. Nagy, 1976; S. Végh,
1964b), though some statements even in these need to be revised. Particularly much to be
done has still remained for us as far as the definitions of the lithostratigraphic units of the
Aggtelek Karst and, especially, those of the Transdanubian Central Mountains are concerned.
Field observations, drilling research and analytical works which have recently undergone
an upswing here have already yielded hosts of new results which considerably modify the
content of the local stratigraphic units outlined 3 to 6 decades ago, and sometimes require the

1The names of our units that are still to be clarified and that can by no means be
regarded as official terms are given, for distinction, in quotation-marks.
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introduction of new lithostratigraphic units (e.g. Nadaska Limestone Formation, Sz§ISsardd
Marl Formation, Csévar Limestone Formation, etc.). In other cases, units already correctly
outlined and defined, but unproperly named in terms ofpresent-day judgements, have had to be
given proper (geographic) names. This is how the “annulata-bearing” (earlier: “diploporal™)
dolomite of the Buda Mts. has become — by virtue of the principle of priority — the Budadrs
Dolomite Formation, the “Tirolites marl” of the Balaton Highland—Bakony—Iszkahegy
zone the Csopak Marl Formation (which is all the more acceptable, as it enables to redetermine
the content of this unit, complemented with the members, hitherto unknown, observed by
I. Szabé in F. Szentes et al., 1972), and the “Tridentinus limestone” thus has been renamed
the Nemesvamos Limestone Formation. Again in other cases, we have changed names adopted
also in the 2nd edition of ““Hongrie” (1978) for ones more suited to the state of exposure or the
principle of priority ; this is why we are recommending the term Feketehegy Formation as
a substitute for the “Cserepesvdlgy Limestone” of the Pilis and the Sashegy Dolomite Forma-
tion for the “Maéatyashegy Dolomite” of the Buda Mts. New fossil finds by H. Kozur and
R. Mock (1977) have enabled us to combine the “Nagyeged Limestone” of the Biukk with
the Fels6tarkany Limestone Formation. The present insufficiency of evidence for identification
justifies to keep the “Ederics Limestone” of the Keszthely Mts. separate from the “Sandor-
hegy Limestone” of the Balaton Highland and the Bakony (may be just provisionally). For
sake of simplification we are inclined to unite the “Subalyuk (Hérvolgy)” and “Kisfennsik
Limestone” formations of the Blikk with the Bervaviolgy Limestone Formation owing to their
very slight differences from one another. On the other hand, given the particular importance
of the calcareous algal white limestones, distinguished, in the wake of L. LOCZY Sr. (1913, 1916),
also by I. Szabé (1978) and intertonguing with the “Megyehegy Dolomite” or the “Reifling
and Recoaro Limestone” of the Balaton Highland and the southern Bakony, it is necessary,
however, to name it, for the moment informally, “Tagyon limestone”. Similarly important
is to keep within the Hadmor Dolomite Formation of the Bikk the lower member under separate
name, the Vadaszvdlgy Dolomite Member, as a distinction from the Nyavalyéastet6 Limestone
Member forming the upper part. Nevertheless, we seek, as a rule, to reduce the number of
distinguished units and to reserve the right and possibility of further detailing for future
contributors.

3. Although not wishing to find final solutions in the tables, we consider it advisable
to indicate the rank we propose to reserve for each unit adopted within the lithostratigraphic
hierarchy. In spite of the lack of exact definition of lithostratigraphic categories in the 1972
Guide of ISSC we believe the difficulties to be avoidable by a far-looking examination of the
need for any possible further division. To treat by all means as independent formations, say,
relatively little different parts of a continuous sequence being in many cases of restricted
extension or still very little studied would be, however, unjustified, according to our opinion.
Accordingly, we consider the six lithostratigraphic units hitherto distinguished within the
Lower Triassic in the Balaton Highland, the southern Bakony Mts. and the Iszkahegy just
members of the Werfen Formation. Within the Werfen Formation of the northern Bakony,
the Vértes and the Aggtelek Mts., however, we speak already only of “Seisian” and “Campil-
ian” beds, as, to subdivide in further detail the relevant sequences — known for the moment
only in rough lines for the most part merely by drilling and in a heavy tectonic dis-
integration — belongs to the urgent tasks of the near future. In order to emphasize the differ-
ences in facies we do not identify the Ablakoskévolgy Formation corresponding to the Biikk
Mts. Lower Triassic with the Werfen Formation, retaining the power to further subdividing
it to a later time. We propose, however, to unite the four or, respectively, two lithostrati-
graphic units (E. Nagy, 1968; E. Nagy—I. Nagy, 1976) hitherto distinguished within the
Mecsek and Villany Lower Triassic as members within the frame of the Werfen Formation,
because such a separate assignment of these strata of allegedly “Upper Campilian” nature
is motivated by their divergencies from the underlying Jakabhegy Sandstone Formation.
(That this latter belongs to the Lower Triassic was convincingly proved by A. BarabXs-Stuhl
(in A. Barabas—A. Barabas-Stuhl—Gy. Majoros—K. Balogh, 1978). As far as the
altogether 9 units of the Mecsek Middle Triassic recognized by E. Nagy (1968) are concerned,
we propose to treat them henceforth as parts of the Misina Formation.

4. The lower boundary of Hungary’s Triassic sequences being generally distinct litho-
logically, it cannot everywhere be proved very well biostratigraphically. Some of the striking
boundaries are emphasized by erosional unconformity and the presence of basal conglomerates
above the detrital sequences of the Permian (Balaton Highland, Mecsek, Villany). In those
parts of the Transdanubian Central Mountains, where we have to rely merely on the very
small surfaces of core samples in our judgement about the mode of contact between the Upper
Permian and the Lower Triassic, particular precaution is required in stating the presence of
continuous transition between the two systems even if the sedimentation trends may coincide.
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The continuity of sedimentation here is only probable even in places, where the shallow-
water to beach-rock sediments of the initial Lower Triassic rest on carbonate—shaly—eva-
poritic lagoonal formations of the latest Permian (Gy. Majoros in A. Barabas et al., 1978).
In contrast with K. Balogh’s definitively positive statement concerning the question of con-
tinuity of sedimentation from the Biikk’s predominantly carbonate-built, though heavily
bituminous, marine Upper Permian to the more agitated-water carbonate-and-shaly Lower
Triassic (1964), the present-day standpoint is more inclined to admit such an opinion only as
a probability owing to the tectonic deformation of the boundary formations. The contact
of the purple to red “Seisian” sandstone of the Aggtelek Mts. with the anhydrite-bearing
Upper (?) Permian underneath (exposed best by the borehole Szin-1 put down quite recently)
does not seem to be undisturbed either.

5. The Hungarian Triassic sequences vary in time range and upper boundary from one
mountain to the other. The Dachstein Limestone Formation of the Balaton Highland and the
southern and northern Bakony Mts. and the Karolinavdlgy Sandstone Formation in the Mecsek
pass without any break to the Jurassic. In these places the upper boundary of the Triassic
could be defined only artificially. For instance, the Liassic continuation of the Dachstein
Limestone Formation, the Kardosrét Member, is distinguished from its footwall, beside the
disappearance of the large-sized Megalodontaceae, mainly only by its being variegated-mottled
(J. Noszky Jr., 1961). In the Mecsek the Liassic Hettangian Stage was counted for many
years from the appearance of the first coal seam, called Seam Alpha, and it was quite recently
that, after sporomorph studies by J. BONA, this boundary was proposed, by Z. Némedi-
Varga (1971), to he placed by about 85 m higher.

In many other places there is a break in sedimentation between the Triassic and the
Jurassic. Consequently, the differently-thick higher part of the Triassic is also absent and,
as a rule, the lowermost horizons of the Liassic are not present either. However, this break
is not accentuated by angular unconformity even there, where, like in the Villany Mts., it has
resulted in the absence of the Upper Triassic as a whole. In the Gerecse, the Vértes, the Pilis,
the horsts on the Danube’s left side and the Aggtelek Mts., however, only the uppermost levels
of the Triassic are lacking, in varying measure, and the hiatus under various horizons of
the Liassic is minimal. In the Keszthely Mts., the Iszkahegy and the Buda Mts., in turn,
the whole Jurassic—Lower Cretaceous, together with the very top of the Triassic, is
absent. In such cases it is difficult to find out how much of this hiatus may be ascribed to
a break in sedimentation within the Mesozoic and how much to the Tertiary denudation.
The role of the latter is, wantonly and incorrectly, completely ignored by many authors even
at present time.

6. The chronostratigraphic correlation of our lithostratigraphic units is rendered dif-
ficult by the fact that most of the Hungarian Triassic faunae derive from samplings that were
not made layer by layer. In addition to this, the processing of new collections and the revision
of old ones have been considerably delayed.

An additional impedance consists in the poverty in ammonoids of much of the Hungarian
Triassic (E. Végh-Netjbrandt, 1974). For this reason we have to rely increasingly on the use
of parastratigraphic methods. On the other hand, the development of conodont stratigraphy,
capable of filling the gap due to the shortage of ammonoids, however, is still far from being
completed. In addition to this, an even distribution of diggings and boreholes and the analysis
of the material for microfacies are the means from which we can expect further progress
in stratigraphy.

Consequently, the new tables arefar from being considered “finalized” . They
rather represent a kind of “en route” account, coupled with a number of
recommendations and proposals, which has as its principal aim to point out
— through a summarization of present-day knowledge —the major problems
to be solved in Hungary’s Triassic stratigraphy. To achieve this, we give an
overview of the key problems first of the chronostratigraphic frame and then
of the Hungarian correlation, looking forward to hearing the opinions of col-
leagues especially on the latter.

The tables and the explanations to them have been compiled by consider-
able collective efforts. Therefore the author is profiting of the opportunity to
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express his gratitude to all members of the Triassic Subcommission of the
Hungarian Stratigraphic Committee. Particular thanks are due to chief-geo-
logist 1. Szab6; E. Végh-Neubrandt, full professor; J. Orayecz, principal
assistant; F. Géczan, section head in the Hungarian Geological Institute; A.
Barabas-Stuh1, palaeontologist on the staff of MEV and Gy. RaincsAk and
S. Kovacs, research associates of MAFI, for their advice and their disinterest-
ed supporting the author with valuable information they have given to him.

Problems of the Clironostratigraphic Frame

W ithin the three series of the Triassic system in Hungary, developed
in Tethyan facies, 7 stages and 15 substages may be proposed to be distin-
guished.

The Lower Triassic (Scythian) Series could so far be subdivided in
greatest detail, in terms of ammonoids, in Canada (Table 1, 1), though Soviet
authors have proposed hosts of other stage names now in circulation (Table 1,
2—5). In general, these can be well correlated with one another and with
Tozer’s stages. H. Kozur (1973a, b, 1975) attempted to get several old terms
(Gangetian, Brahmanian, Gandarian and Y akutian) revived in a sense some-
what different from their original definition by Waagen and Diener (1895)
and to associate them with the Olenekian proposed by Kiparisova and
Popov; and he recommended to replace Tozer’s Upper Griesbachian by the
term Ellesmerian (Table 1, 6). By introducing the name Nammalian, J. Guex
(1977, 1978) and E. T. Tozer (1978a) have simplified the hitherto four-member
division to a three-member one (Table 1, 7).

By virtue of their fossil content, the Hungarian occurrences of the Lower
Triassic, however, might let be shared by only two stages whose lithostrati-
graphic equivalents are usually referred to as “ Seisian” and “Campilian beds”
according to conventions, now seemingly out of date, adopted for the Alpine
realm. To stress the time value attributed to these, occasionally, we made
attempts at promoting our “Seisian” and “Campilian beds” to the rank of
stages. That this approach is incorrect is evident from the fact that, recently,
beside the Seis (= Siusi) and Campil Members, additional 4 to 6 members are
also distinguished within the Lower Triassic of northern Italy (A. Bosellini,
1968; D. Rossi, 1969; E. Farabegoli et ah, 1977). For this reason, the author
considers, for the moment, the two-member division recommended by Soviet
authors to apply best to Hungarian conditions, reserving the right of eventual
modification for future contributors.

Namely, out of the minimally 9 ammonite zones, spanning the Lower Triassic in the
more eastern parts of Tethys, it is only the Tirolites carniolicus Zone proposed by L. Krystyn
(1974b) and recognized by J. Bystricky et al. (1978) also in the Western Carpathians that
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Table 1

Stages and substages of the Lower Triassic

. Tozer (1965, 1967); Silberling—Tozer (1968)
Kiparisova—P opov (1956, 1961)
Kiparisova—P opov (1964); Arkhipov (1974)

Vavilov—Lozovskij (1970)

Zakharov (1973, 1974)

. Kozur (1973, 1975)

. Guex (1977, 1978); Tozer (19783, b)

Nog AWM E

could be identified in Hungary (of course, in addition to the Tirolites cassianus Zone surely
present). The time spans of the other ammonite zones can, at present, he assessed still only
on the basis of the presence or absence of the bivalve (Unionites, Claraia, Gervilleia and Costa-
toria) and gastropod faunae (Naticella, Turbo) characteristic of the Werfenian in Hungary.
Namely, micropalaeontological studies that might enable a more detailed stratigraphy have
so far been conducted mainly by palynological methods and solely in the Villany and Mecsek
Mts. For this reason, the suggestion to lift, by virtue of examples picked out of the Germanic
facies realm, our Triadispora crassa- and Costatoria eostata-beds to the Anisian Stage would be,
according to the author’s opinion, premature to be accepted.
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Properly speaking we are for the moment unable to contribute much
to the question of the Permian-Triassic boundary itself. At present, this
boundary is not evidenced palaeontologically even in those regions of Hungary,
where a marine transition, seemingly continuous, from limestone to limestone
is suspected (Biukk Mts.). Notwithstanding this, the boundary must be got
figured within the time scale. If we accept the Otoceras Zone as initial member
of the Lower Triassic — in support of E. T. Tozer (1967, 1974, 1978) and
Wang Yi-Kang and He Guo-Xiong (1976, p. 233) and in spite of objections
taken by H. Kozur (1974, 1975) —, we hack this way a convention now
appearing to have been enrooted. The key to finding final solution to the
problem, however, is not in Hungary.

In Hungary equivalents corresponding to the 3—4 ammonite zones of
the Aegean and Bithynian (combined: Anatolian) Substages proposed and
defined by R. Assereto as substitutes for the “Hydaspian” substage got
invalide, forming the deeper parts of the Middle Triassic Anisian Stage are
fossil-poor dolomite and limestone complexes. Although these are lithologic-
ally rather different from the youngest beds of the Lower Triassic, the palae-
ontological definition of their age boundaries is not accurate.

This is reflected in L. Krystyn’s proposal (1974b, p. 45) that the time equivalent of
the Keyserlingites subrobustus Zone, overlying the North American counterparts of the Tiroliles
carniolicus Zone (the *“Subcolumbites Beds™) and thus still present there, but, in the Alps
and Carpathians, not represented by ammonoids, should be sought in the lowermost, fossil-
poor part of the limestone and dolomite complexes always considered to be of Anisian age.
This opinion concerning the age of the Gutenstein Formation in the Aggtelek Mts. seems
to be corroborated by the results of the borehole Szélésardé-1 (K. Balogh—S. Kovacs, 1981).
The opinion that the Keyserlingites subrobustus Zone might belong already to the Aegean
Substage (H. Kozur, 1973d, pp. 9—10) cannot be considered proved even on the basis of the
profile at Chios. The boundary between the Lower and Middle Triassic can be drawn, even
on the basis of conodonts, between the Subrobustus and Anodosum Zones.

Much better possibilities exist for the separation of the Pelsonian and
Illyrian Substages (respectively, of the Balatonites balatonicus and Paraceratites
trinodosus Zones corresponding to them), in Hungary, though the absence
of index ammonoids, stated in many places, cannot be perfectly compensated
either by dasycladaceans or brachiopods. Namely, the time-range of most
of the Anisian dasycladaceans may span the stage as a whole, and a consider-
able part of the brachiopods, indeed, pass well into the Ladinian.

That the author has substituted the Balatonites balatonicus Zone, as a biostratigraphic
equivalent of the Pelsonian Substage, for the “Paraceratites binodosus Zone” reintroduced
by R. Assereto (1971) (and originally proposed by Mojsisovics) is a reflection of the aptness
of H. Kozur’s remarks on this matter (1974, pp. 170—171). Namely, Paraceratites binodosus
is known only from the upper one of the three ammonite horizons of the zone named after it,
and only from the top of it; consequently, the s. str. Binodosus Horizon can — as a subzone —
be united with the Paraceratites trinodosus Zone following next above it; the more so, as this
will create, compared to the earlier circumstance, a more favourable situation from the view-
point of tracing the Pelsonian-lllyrian boundary microfaunistically. To use the Balatonites
shoshonensis Zone (E. T. Tozer, 1974) instead of the “Binodosus Zone” is, in Hungary, not
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justified, for this species has been known so far from the western USA only. The Balatonicus
Zone, however, may certainly be regarded as an equivalent of the great part of the three
ammonite horizons of Assebeto’s “Binodosus Zone” (H. Kozur, 1974, Table 2). By the way,
even E. T. Tozer (1978) has accepted the Balatonicus Zone as the biozone of the Pelsonian
Substage in the Tethys realm.

Above the Trinodosus Zone — usually at the top of the Illyrian (e.g.
H. Zapfe, 1974, p. 246) in Kozur, 1974, p. 172, however, at the base of the
Fassanian Substage — the Aplococeras avisianum Zone, got revived by R.

Assereto (1969), is usually indicated, too. Since Aplococeras avisianum does
not occur in Hungary and the *“associate” Ptychites and Flexoptychites fauna
is not diagnostic of age (I. Szabos, 1978; I. Szabé6 —Gy. Majoros, 1978), the
author cannot help omitting the Avisianum Zone from its tables. Let us note
in this connection that Tozer (1978a) considers the location of the Avisianum
Zone at the base of the Fassanian Substage to be an undesired introduction
of a convention deviating from the traditions. Involved in this may have been
the consideration of that obvious error that E. Mojsisovics (1895) placed
the Avisianum Zone still between the Curionii and Archelaus Zones.

Because of the doubtfullness of the lower and upper boundaries the
splitting of the Middle Triassic Ladinian Stage into “Reitzi, Wengen and
Cassian horizons” has recently got in a crisis. Namely, some authors assign
the lower horizon of the Fassanian Substage to the Anisian, others place the
old “Cassian Horizon” (= Cordevolian Substage), partly or completely, in
the Carnian.

To place the Lower Fassanian Protrachyceras reitzi Zone in the Upper Anisian would
be motivated best of all by the fact that, associated with “Ceratites of the Reitzi group” and
with Kellnerites, one member of the Nevadites genus, N. humboldtensis, enabling a finer sub-
division of the North American Gymnotoceras occidentalis Zone, believed to belong still to the
Upper Anisian (and thus being very frequent there!), has recently been discovered even in
Greece. Moreover, according to E. T. Tozer (1978), even the Protrachyceras sampled from
Beds 98 to 112 of Switzerland’s Grenzbitumenzone would be a Nevadites. L. Krystyn—
I. Mariolakos (1975, p. 186) and E. T. Tozer (1978) refer — in the wake of N. J. Silberling
and E. T. Tozer (1968) —, in addition to the above, also to the fact that the lower boundary
of the Ladinian Stage was defined already by E. Mojsisovics—W. Wagen—C. Diener (1895,
p. 1279) with the Protrachyceras curionii Zone overlying the Reitzi Zone. The presence in the
Tethys of Nevadites (forms absent in Hungary or not yet discovered) is really an argument
in favour of the correlability of the Reitzi Zone with the Gymnotoceras occidentalis Zone.

The possible belonging of the Reitzi Zone to the Ladinian, however, would
be precluded by such a situation which would arise, when the “Ceratites”
reitzi from Hungary would turn out not to belong to the Protrachyceras genus.
Thus, for the time being, nothing can hinder us in sticking to the convention
of many decades defining the base of the Ladinian Stage with the Reitzi Zone
— an approach more applicable to the conditions existing in the Balaton
Highland.

As regards the Fassanian and Longobardian age of the Curionii and
Archelaus Zones, respectively, no doubt has been awaked even in the recent
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times. It is worth mentioning that some representatives of the North American
counterparts of the Archelaus Zone, (namely ones of the Meginoceras meginae
and Maclearniceras maclearni Zones, respectively) have been identified even
in the Alps (E. T. Tozer, 1978b). The upper boundary of the Archelaus Zone,
however, is better indicated by the last occurrence of Daonella lommeli than
by the zonal index species which, as shown by some authors (see below),
seems to reach up into the Carnian Stage. The controversy about defining
the base of the Carnian Stage has, notwithstanding this, stemmed not from
this circumstance, but from the false interpretations taken by Mojsisovics.

Namely, in course of the gradually developing the stratigraphy of the Carnian Stage,
Mojsisovics (Table 2) splitted up its lower part, in 1879/1882, into Trachyceras aon and Trachy-
ceras aonoides Zones. In 1892/1893, however, he transferred the Aon Zone to the Lower Carnian,
the Aonoides Zone, in turn (together with the Trachyceras ausfrtaeum-bearing “lens”) to the
Middle Carnian, noting that he had based the first zone on the Aon fauna of the Cassian Beds,
the second on the Aonoides fauna of the Feuerkogel’s Hallstatt Limestone. In 1895, however,
when instituting the Cordevolian Substage corresponding to the Lower Carnian and the Julian
Substage corresponding to the Middle Carnian, he designated the stratotype of the former
to be the Cassian Beds, and that of the latter to be the Raibl Beds (overlying the former).
This is surprising, because the Raibl section comprises ammonoids only at its base and only
ones belonging to the Aon Zone, so that thus cannot be decided whether its higher part may
extend upwards into the Aonoides Zone as well. After this final standpoint of Mojsisovics
thus such a funny situation has arisen that the Julian Substage — whose key horizon, the
Aonoides Zone, has a priority over the Cordevolian key horizon (i.e. the Aon Zone) — may
now be regarded as a later synonym of the Cordevolian Substage owing to the subsequent
designation of the Raibl type locality.

It is quite possible that the condensed and block-faulted nature of the Feuerkogel
section, a fact confirmed by L. Krystyn (1978, p. 44) as well, was the main reason for Mojsi-
sovics’ proposing to select the Raibl section as type locality for the Julian Substage in the hope
that later even fossils of the Aonoides Zone might be found in its higher part. This, hope,
however, has not come true; but the correctness of the Aon—Aonoides—Austriacum succession
has been approved in a number of other Alpine sections, moreover, partly even in the Balaton
Highland. Consequently, the type locality for the Julian Stage would be designated in accord-
ance with Mojsisovics’ earlier views. We should accept, however, also L. Krystyn’s state-
ment (1978) that the Aon and Aonoides Zones cannot be assigned to two separate substages,
as their index species are members of one and the same evolutionary line; consequently.

Table 2

Development of Mojsisovics’ views on the division ofthe deeper part ofthe Carnian Stage

1869 1879/1882 1892/1893 1895

TuValian

Aonoides Austriacum Z.
Zone M.C. Feuerkogel Julian Raibl
C. Aonoides Zone
Aonoides Z.
L.C. L.C
Aon Zone o St. Cassian Cordevolian St. Cassian
Aon Zone

C. = Carnian L.C. = Lower Carnian M.C. — Middle Carnian
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such a Separation is conceivable only between the Aonoides and Austriacum Zones. To
place the Aon Zone in the Lower Carnian would mean to return to Mojsisovics’ 1879/1882
statement and — with conservation of the term Julian — to discard the Cordevolian name.

Nevertheless, the solution is not so simple. It is true, that the deeper
part of the Julian Stage constituted in accordance with the above is over-
lapped by the Upper Part of the Cassian Beds, the stratotype of the Corde-
volian Substage, and this upper part comprises the Aon Zone as a whole and
the base of the Aonoides Zone. The Lower Part of the Cassian Beds, however,
on account of its containing Frankites regoledanus and F. apertus (Urtichs, M.
1974, 1977), belongs to the Sutherlandi Zone known, beside North America,
from the Feuerkogel, from Romania, Greece and Turkey as well. H. Kozur
(1976), however, noted by right that the Sutherlandi Zone should be assigned

— in contrast with the opinion heretofore adopted — not to the top of the
Ladinian, but to the base of the Carnian, as an abrupte change of both the
macro- and microfauna could be observed — as pointed out also by L. K.RY-

STYN and B. Gruher (1976, p. 281 —282) — only at the base of this zone.
The Sutherlandi Zone is connected, in turn, with the Aon Zone by several
common elements.

Therefore — although the index species of the Longobardian Substage,
Protrachyceras archelaus, occurs, in the Tethys realm in the Sutherlandi Zone,
moreover, according to M. Uritichs (1977) even in the Raibl Beds of the
Schiern plateau, it would not be right to consider the Lower Cassian Beds
to be of Longobardian age, but they must be placed, together with the Upper
Cassian Beds, in the lower part of the Carnian Stage. This enables, at the same
time, to conserve the validity of the Cordevolian Substage in the sense of
Mojsisovics. Since, from the viewpoint of the stratigraphic subdivision of the
platform facies common in the eastern Transdanubian Central Mountains and
in North Hungary, this solution seems, on account of the enrooted use of the
term, to be, for the moment, more favourable, the Carnian Stage on the time
scale of our tables begins with the three-zoned Cordevolian and only the
Austriacum Zone and the “Sirenites,” Zone detachable from the former up to
the appearance of Tropites dilleri remain to be included in the Julian Substage.

On the zonal and substage scale of the interval spanning the Upper
Carnian to the Norian the majority of the authors, apart from very small
differences, appear to agree. The Alpine zones of this interval are generally
well correlable with the North American ones, and even the so-called iiAnatro-
pites domain” separated by H. Zapfe (1974) and L. Krystyn (1974) is
distinguished only by the absence ofthe index species from the North American
Klamathites macrolobatus Zone (H. Kozur, 1973b; E. T. Tozer, 1978a).

All the more disputed is the zonation of the youngest part of the Triassic.
First of all, there is a controversy aboutthe position of the iiHalorites Horizon”
placed at the top of the Alaunian Substage by H. Zapfe (1974) and L. Kry-
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STYN (1973,1974). Some Alpine genera —restricted to the Himavatites columbi-
anus Zone established in North America — were earlier taken to be charac-
teristic forms of the Cyrtopleurites bicrenatus Zone. On the other hand, it has
been verified that the “Sirenites” argonautae Zone distinguished by E. Mojsi-
SOVICS (1893) within the Pdtschen Limestone belongs to deeper parts of the
Columbianus Zone (F. Tatzreiter, 1978). The Argonautae Zone, however, was
assigned, by Mojsisovics, still to the Sevatian, a substage created by him,
and it was only upon initiatives of North American palaeontologists that it
was placed at the top of the Alaunian. Therefore, according to H. Kozur
(1973, 1979), the Columbianus Zone should be regarded already as Sevatian.
According to F. Tatzreiter (1978), the genus Himavatites fills only in the
boreal province the entire Columbianus Zone, being present only in its deeper
horizons in the eastern Tethys and is known only in obscure traces in the
Alpine profiles (e.g. it occurs even at the type locality of Argosirenites argonau-
tae). The fact is that Mojsisovics’ second (Pinacoceras metternichi) Zone of
the Sevatian Substage has had to be rejected and E. T. Tozer (1967, 1971) has
replaced it by the Rhabdoceras suessi Zone of global distribution, the lower
part of which he named, in 1979, the Gnomohalorites cordilleranus Zone.
Presence of Monotis species characteristic of the Cordilleranus Zone enables
the recognition of the latter even in absence of ammonoids. According to
H. Kozur (1973, 1979), this zone in the Alps is correlable with the Sagenites
giebeli Zone, known, unfortunately enough, from fissure infillings only (and
this correlation can be extended, at least in part, also to a portion of the top-
most, Halorites Subzone of the Columbianus Zone, though this subzone still
lacks Rhabdoceras, but includes Brouwerites).

No matter how important its role in defining the base of the Sevatian,
Rhabdoceras suessi is not suitable for a detailed zonation owing to its reaching
up into higher horizons of the Alpine Kossen Beds. For this reason, the use
of the “Suessi Zone” was given up, in 1979, even by its founder, Tozer, who
proposed to use, instead of its lower part, the Cordilleranus Zone referred
to above and, instead of its upper part, the Cochloceras amoenum Zone. Since
this latter is correlable with the Cochloceras suessi Zone of the Alps, the prob-
lematics of the upper part of the Norian is reduced to decide whether the
Rhaetian can be retained as an independent stage or substage, either in its
foregoing extent or in a volume including the quondam Rhabdoceras suessi
Zone, too (extended up to the base of the Sagenites giebeli Zone), or it is to be
regarded simply as the uppermost zone of the Upper Norian (= Sevatian).
The present writer believes that, owing to the obvious priority and the enroot-
ednese of the interpretation adopted heretofore, the efforts enabling to con-
serve the Rhaetian Stage in the conventional sense (i.e. encompassing the
Alpine Kossen Beds and their biostratigraphically correlable equivalents of
Zlambach and Dachstein facies) should be given preference. He is afraid that
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any new interpretations deviating from the above would render extremely
difficult the use of information of earlier literature. For this reason, the author
joins in H. Kozur’s opinion, expounded several times between 1973 and 1979,
that the Rhaetian can be saved as an independent stage, when split up into
two ammonoid zones. The possibility for this exists, even if its lower — Chori-
stoceras haueri — Zone is indicated (like in the Weissloferbach’s section:
H. Mostler et al.,, 1978), only by the presence of Rhaetavicula contorta and
Rhabdoceras suessi. The danger that Choristoceras marshi may eventually
appear already in the Haueri Zone (H. KozuR, 1979, p. 76, footnote), can be
easily eliminated, if the Haueri Zone is considered as an assemblage zone and
if its upper boundary is defined as coinciding with the disappearance of
Rhabdoceras suessi. Accordingly, only that, rather thin, part of the Alpine
Kissen Beds which already contains only Choristoceras marshi would belong
to the Marshi Zone.

Correlation of Lithostratigraphic Units

A) THE CENTRAL MOUNTAINS FACIES AREA

1. The Keszthely Mts. (Table 3). The oldest known member of the geologic

column of the Keszthely Mts. belongs to the higher-situated marly beds of the
Veszprém Marl Formation extending from the Balaton Highland and the
Bakony into the study area. These beds, being known from outcrops, reduced
in extent, but rich in fossils (L. Léczy Sr., 1913, 1916; P. Bohn, 1975, 1979),
have recently been wuncovered, in a drilling thickness of about 100 m,
without its footwall being reached. By virtue of foraminifera determinations
by A. Oravecz-Scheffer (Frondicularia bryzaeformis, Schmidtia inflata,
Oberhauserella cf. carinthiaca), the “Ederics limestone” considered as back-
reef formation by P. Bohn (1975) can be correlated — in contrast with G.
Kolosvary’s assigning it to the Norian (in Szentes et al., 1972) — with
the “Sandorhegy limestone” of the Balaton Highland and, in accordance
with L. Loéeczy Sr.’s opinion (1913, 1916), it may be regarded as the top-
most member of the Veszprém Marl Formation. However, whether this lime-
stone was originally present between the Hauptdolomit and the marly members
of the Veszprém Marl and whether it has been rolled out elsewhere upon
tectonic effects is not clear even today.

The Hauptdolomit Formation overlying either the “Ederics limestone”
or the Veszprém Marl is, as far as its higher part is concerned, certainly of
Lacian—Alaunian age; that its deeper part reaches down to the Upper Tuval-
ian, however, can be only supposed by relying on Balaton Highland and
South Bakony analogies.
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On the basis of Rhaetavicula contorta the presence and Rhaetian age
of the sediments rich in cherty dolomites and called conventionally the “fl6s-
sen beds” can be taken for sure (the afore-mentioned species seems to occur
more frequently here than in the Bakony: L. Léczv Sr., 1913, 1916; F. Szen-
tes, 1943; S. Végh, 1964b; F. Szentes et al.,, 1972; P. Bohn, 1975, 1979).
“Kossen beds” represented by hundreds of metres of sediment of rather
Carpathian facies, consisting of alternating clay-marls to clays, limestones and
dolomites, have been uncovered by drillings in the westward, deep-subsided
extension of the Transdanuhian Central Mountains. Farther northeast, how-
ever, they gradually pinch out, so that no typical Kdéssen facies is known from
the Vértes—Gerecse range onwards. (Only in the Pilis’ Feketehegy Formation
they are supposed to reappear.) The “Kdssen Beds” of the Balaton Highland
and the Bakony always occur between the Hauptdolomit and the Dachstein
Limestone Formation. In the Keszthely Mts., however, on account of the post-
genetic denudation of their hanging wall, just their resting on the Haupt-
dolomit can be stated.

2. The Balaton Highland and the southern Bakony Mts. (Table 3). The
succession and age of the units distinguished here and spanning the whole
Triassic system have been indicated, essentially, in the sense of L. Loczy Sr.
(1913, 1916). But wherever it was possible or necessary, the author has re-
placed Loczy’s terms by geographic names. In the light of new discoveries
made in recent time, their stratigraphic content must, of course, be redefined.

The initial beds of the Triassic rest, in the southwest, unconformably,
in the northeast, peneconformably on the final beds of the Balaton Redsand-
stone Formation, dated by sporomorphs convincingly as of Upper Permian
age (A. Stuh1, 1961), and interbedded, locally, with greenish-grey sandstone
and dolomite banks as well as coaly and anhydritic stringers. The biostrati-
graphic definition of the boundary between the two systems is, nevertheless,
pregnant with some uncertainty, because the last Permian sporomorphs are
found about 100 m below the lithologic and settling boundary; thus the last
100 m of the Permian are devoid of sporomorphs.

Of the six Lower Triassic members to be unified as Werfen Formation
the lower two, the Nadaskdt Dolomite and the Aracs Marl, agree in their
features with Loczy’s characterization over most of the area in question.
The composition of the Nadaskut Dolomite Member, however, is variegated,
in the borehole Szigliget-1, by gypsum-hearing and anhydritic and, in some
places, heavily glauconitic dolomite layers. In other boreholes put down in the
southwest part of the Balaton Highland the composition of the Aracs Marl
Member is modified as its base is constituted —in contrast with the greenish-
grey colour of the bulk — by red marls and siltstones, its top, in turn, by
thicker, locally anhydritic and dolomitic limestone layers. Consequently, in the
southwest part of the Balaton Highland the initial members of the Triassic
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are more strongly sulphatic and dolomitic than elsewhere (F. Szentes et
al., 1972).

The Hidegkut Sandstone Member — when normally developed — is
dominated by alternation of red, shaly and laminated sandstones and silt-
stones, in which, from about the middle onwards, rust-mottled, grey, often
gastropod-oolitic limestone laminae are intercalated. In other cases, in turn,
the limestone laminae are completely missing and the member ends with grey,
porous dolomite beds (I. Szabs in F. Szentes et al., 1972, p. 34).

Nevertheless, the greatest change compared to Loczy’s description has
been observed within the Csopak Marl Member. Namely, above the grey
initial member of the "Tirolites marl” including also limestone laminae and
roughly corresponding to the Csopak Marl Member L. Léoczy Sr. (1913, 1916)

— for lack of suitable exposures — could still separate only the iiTirolites
marl” proper, comprising also some grey or reddish limestone laminae and,
above it, the yellow, crinoidal limestone laminae. According to |. Szabsé (in

F. Szentes et al.,, 1972, p. 34), however, the thickness of these beds (about
120 m) is much greater than given by Léczy (75 m), because between the s. str.
“Tirolites marl” and the overlying Asz6f6 Dolomite Member there is first
a considerable thickness of red clay-marls and siltstones and then follows the
red argillaceous sandstone alternating with crinoidal limestone laminae which,
in a weathered condition though, Léczy could also observe. According to the
friendly information obtained from |. Szabes, the appearance of Dinarites
(D. nudus, D. dalmatinus) within the s. str. “Tirolites marl” precedes that
of Tirolites cassianus. As he has stated, the lower, grey clay-marl sequence
is characterized by Naticella costata and its relatives and the red marl sequence
overlying the Tirolites beds is characterized by Gervilleia as most frequent
fossils.

There is no need for changing Léczy’s interpretation of the Asz6fé Dolo-
mite Member and of the Iszkahegy Limestone Member. Although |. Szabo (in
F. Szentes et al., 1972) — partly following J. Bsckh’s opinion (1872, 1873),
partly by Alpine analogies — is inclined to attach it already to the older
Anisian, there is no convincing fossil evidence that might corroborate such
an approach. Notably, the hypersaline Asz6f6 Dolomite is completely unfossili-
ferous and the, rather poor, fossils of the Iszkahegy Limestone (Costatoria
costata, Gervilleia modiola) are still of “Campilian” character. In spite of
this fact, there would be some reason for attributing the Iszkahegy Limestone
to the Anisian — from purely lithostratigraphic viewpoint —, yet a definitive
solution to the problem might be achieved only by conodont studies.

The notion of the Megyehegy Dolomite Formation within the Midd1ie
Triassic, formulated first by J. Bockh (1872) and then by L. Léczy Sr.
(1913, 1916), still holds firm even at present. As confirmed by new observa-
tions, this formation, not particularly rich in fossils, is not restricted to the
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Aegean and Bithynian Substages, but locally extends well into the Pelsonian
and, in the vicinity of Hajmaskér and Oskii, even into the Illyrian Substage,
being overlain here immediately by tuffitic layers with Trachyceras reitzi
(i.e. Lower Ladinian) (l. Szabs, 1978, Fig. 1).

That the Middle or Upper Anisian limestone bodies, now interbedded
with marls, siltstones and tuffites, now cherty or dolomitic, are still referred
to respectively as “Recoaro™ or “Reifling limestone” is due to our simply
having no other choice, for, on the one hand, their petrologic features do not
correspond exactly to those of the Alpine units of the same name; on the other
hand, on account of their faciological variability, related in part, to their
remarkable changes in thickness, they show a kind of uniformity, so that they
cannot by separated by a sharp boundary. At L. Léczy Sr., this manifested
itself in his attempting to refer to them jointly as “Alpine Muschelkalk”. This
contradictory term, however, is no longer used even in the Alps. Since before
a profound elaboration of the outcrops settled by I. Szabs (1978, Fig. 1) and
of other recoveries still to be done hereinafter it would not be quite right
to coin hastily a new name encompassing the afore-mentioned two “members”,
an interrogation mark has been entered in its place in the Table 3.

It remains for further studies, however, to assess the stratigraphic value
of the reef-lagoonal (Dasycladacea-bearing) “Tagyon limestone” replacing the
“Recoaro” and the “Reifling limestones” in the vicinity of Vaszoly and Szent-
antalfa and uncovered even toward the depth in the borehole Szentantalfa
Szaf-1. Inasmuch as can be judged at present, this will be equivalent to the
“Recoaro” and “Reifling limestones” as a whole. However, if the “Tagyon
limestone” is totally devoid of ammonoids and the Megyehegy Dolomite
Formation contains one specimen of Balatonites balatonicus (characteristic of
the Pelsonian; J. Bockh, 1872, 1873) only in the topmost layers of its type
locality, then the deeper part of the “ Alpine Muschelkalk” does contain, beside
brachiopods of the Decurtella decurtata Zone, the species Balatonites balatoni-
cus, while its higher part contains, in addition to some “surviving” brachiopod-
al species and Paraceratites trinodosus, also Semiornites sp., Flexoptychites, etc.
and, above these, even Daonella sturi (L. Léczy Sr., 1913, 1916; I. Szabo in
I. Szab6 —Gy. Majoros, 1978). Thus, in the Anisian of the Lake Balaton
region only two ammonoid zones can be identified in the present state of
knowledge.

Although tuff and tuffite interlayers do occur even in these fossil-evi-
denced Middle to Upper Anisian sediments (. Szabos, 1978; I. Szabé in F. Szen-
tes et al., 1972, Fig. 11 —12), the main eruption of the volcanic tuffs of potash-
trachytic composition was associated, as suggested by |. Szabo —CS. Ravasz
(1970) and Cs. Ravasz (1973), nevertheless with the sedimentation of the
“Buchenstein Formation’ traceable, in varying thickness, in the hanging wall
of all the Anisian facies over a large area (as proved by drilling). Dotted with
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frequent limestone lenses, these peculiar, green and light purple tuffite beds
of several m thickness serve as a sharp lithostratigraphic boundary for the
Ladinian. The Buchenstein Formation of the Lake Balaton Region, however,
includes, in addition to this (often heavily bentonitized) ilpietra verde”, even
thicker tuffaceous limestone and cherty limestone beds and, at the top, also
laminated cherty shale and radiolarite layers. The formation consists, however,
of tectonically very mobile rocks, therefore to determine its composition and
virtual thickness is often faced with considerable difficulty. It is overlain,
in every case, by the red or light grey, cherty, nodular limestones of the Nemes-
vamos Limestone Formation, sometimes similarly with tuffite and marl
interbeds.

On the basis of faunae deriving from new diggings and boreholes, 1.
Szabo (1978) placed the age of the “Buchenstein Formation” convincingly
in the Protrachyceras reitzi Zone. These faunal assemblages, containing, beside
Protrachyceras reitzi, the representatives of Kellnerites, Hungarites and Flexo-
ptychites, can be readily identified with one another, in spite of the fact that
they are associated with pietra verde of rather dissimilar sequences. The
Trachyceras reifzi-bearing “pietra verde” of the Forrashegy at Fels66re, here
overlying the limestones of the Paraceratites trinodosus Zone, is, for instance,
overlain by relatively thin, cherty limestones, followed, in turn, already by
typical red layers of the lower part of the Nemesvamos Limestone Formation.
The very thin, Tr. reiizi-bearing “pietra verde” of the Hajmaskér section, rests,
on the contrary, on Megyehegy Dolomite which is followed, in turn, with
intercalation of the calcareous-algal reef-lagoonal facies of the Budad6rs Dolo-
mite Formation pinching out in this region, by the Nemesvamos Limestone.
The similarly thin, but fossiliferous, “pietra verde” of the Vaszoly and Tagyon
sections, respectively, however, is underlain already by a calcareous-algal
“Tagyon limestone”, while its immediate overlier is constituted by cherty
limestones of “Buchenstein” type, interrupted by newer tuff and marl inter-
layers and much thicker than its Fels66re counterpart. In the vicinity of
Vaszoly and Pécsely, radiolarite beds are added to this and the Nemesvamos
Limestone lies only above these.

Loczy’s characterization of this formation overlying the “ Buchenstein
Formation” and referred to since I. BOCKH (1872, 1873) as “Tridentinus lime-
stone” has not changed much even in the light of latest results. Among its
cherty-nodular limestone beds, red at the base and light grey higher up the
profile, light grey tuff or marl interlayers occur in some places, as well. The
deeper part of its basin-facies sequence of Hallstatt type represents, according
to F. Frech (1911) — by virtue of the presence of Protrachyceras villanovae
and Arpadites —, the Protrachyceras curionii Zone, the higher part the P.
archelaus Zone. Daonella lommeli also occurs in the marly intercalations of its
higher part.
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Upper Triassic. The Nemesvamos Limestone is followed upwards im-
mediately by the lowermost member of the Veszprém Marl Formation — the
"Fidred limestone”. The similarity of the neighbouring beds of the two forma-
tions had become a source of various misunderstandings, though L. LOCZY Sr.
(1913, 1916) cleared the majority of these. However, it has remained an unan-
swered question, how to asses that thin formation called the “Sdély marl”
which D. Laczko (1909, 1911) wished to use for drawing a boundary between
the Nemesvamos Formation and the “Fired limestone”. |. Szabo (in “Hon-
grie” 1978), however, found the content of different horizons to have got
mixed up in the notion of Laczké’s “Sély marl”, a phenomenon due to the
poor quality of the exposures; therefore, he proposed to discard the term from
among the stratigraphic units.

Disagreeing with E. Vadasz (1953, 1960) and |. Szabé (in F. Szentes
et al., 1972) who placed —obviously on the basis of Daonella lommeli, allegedly
found J. BOCKH in the “Fired limestone”, but refuted by L. Léczy Sr. (1913,
1916) — this limestone still at the top of the Ladinian, the present writer is
more inclined to regard it as part of the Veszprém Marl Formation (referred
to as “Upper Marl Group” in earlier works). In fact, despite his réfutai just
quoted, LOCzY himself did assign this chert-poor, but a little dolomitic, com-
pact, light grey limestone, always unfossiliferous when typically developed,
to the topmost Ladinian, because he found realiably Carnian fossils (Trachy-
ceras aon) only in the overlying “Chondrites limestone” already undoubtedly
belonging to the “Upper Marl Group”. On the other hand, Loczy himself did
emphasize that limestone interlayers very similar to the “Fired limestone”
occur in higher horizons of the “Upper Marl Group” as well. A. Oravecz-
Scheffer (1967), in turn, managed to collect Carnites floridus from the marl
interlayer separating the Nemesvamos (“Tridentinus”) Limestone and the
“Fured limestone”. Thus this species obtained from the footwall of the alleg-
edly typical (unfossiliferous) “Filred limestone” and thus far known only
from deeper parts of the “Upper Marl Group” bears a convincing witness
to the Lower Carnian age of the “Filired limestone” and to its belonging to the
“Upper Marl Group” (J. Oravecz, 1963).

The facies of the less typical occurrences of the “Fired limestone” differs
only by their containing ostracods and/or tiny, thin-shelled bivalves (F. Szen-
tes et al., 1972) in the thin clay layers interbedded with the limestones. These
beds are certainly fore-runners of the lowermost Chondrites- and Daonella-
bearing limestone beds of the “Upper Marl Group” taken in Loczy’s sense.
Higher up the profile, these limestone beds — containing first Daonella reticu-
lata, D. latecostata, D. cassiana, D. esinensis, D. aperta and D. l6czyi and then
Trachyceras aon — are increasingly interbedded with shaly clay layers and
their sequence grades —with complete continuity — into the so-called *“ Estfce-
ria marl” characterized mainly by Halobia rugésa and Carnitesfloridus (remark-
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ably enough, Trachyceras aonoides is totally absent!). Only 1/10 of the total
thickness, 150 m or so, of the deeper beds just enumerated is made up of the
purple-grey, poorly cherty, thin-bedded “Trachyceras austriacum limestone”
which contains, in addition, Koninckina leonhardi as well. Although TV
austriacum, Sirenites subbetulinus and Halobia rugdsa are found even at the
base of the several hundred m thick “Nucula and Lima marl”, following next
higher up the profile, the higher horizons of the Triassic in the Balaton High-
land, and what is more, throughout the whole Bakony area are already devoid
of ammonoids. The “Upper Marl Group” of the Balaton Highland ends with
the light grey “Sandorhegy limestone” interbedded with dark marls and/or
bituminous limestones and dolomites and containing — beside Julithyris julica
and Alectryonia montiscaprilis — Cornucardia hornigi and Neomegalodon carin-
thiacus, as well.

As a new lithostratigraphic name for the “Upper Marl Group” including
the “Fired limestone”, as well, the term Veszprém Marl Formation can be
recommended; a name used by D. Laczico (1909, 1911) in a more restricted
sense, but reflecting very well the coherence of the constituent strata groups.
This formation has now -— as a result of deep drilling activities — become
known from Keszthely up to Many and Zsambék. It seems, however, that its
limestone members distinguished by LOCZY are restricted rather to the south-
ern belt of the Central Mountains. Therefore we should like to handle them
for the moment only as informal units until their detailed reinvestigation is
completed. Such a new elaboration may then decide also the choice of the new
names (based on geographic location of the occurrences) that are suitable to
substitution for the Ub6czy’s terms accentuating the paleontological content.

That the near-Veszprém occurrences of the Hauptdolomit Formation,
assignable after E. Kutassy (1933, 1940, 1945) for the most part to the
Lacian-Alaunian, reach as far down as the Tuvalian was satisfactorily proved
by S. Végh (1964a). The fact that the Sevatian age of the “Kissen beds”
between the Hauptdolomit and Dachstein Limestone Formation has been
evidenced by a rich bivalve fauna corroborates also the Rhaetian age of the
Dachstein Limestone occurrences in this region (S. Végh, 1964b). That the
Dachstein limestone facies extends well into the Liassic was earlier taken
to be undoubted; but, lately, some authors have coined a new, separate name,
the Kardosrét Member which they have begun to use for the so-called “Dach-
stein Liassic” which, as put by J. Noszky Jr. (1961), is distinguishable only
on the basis of its more variegated colour and the scant brachiopod content
replacing the representatives of Megalodontaceae vanishing here.

3. The northern Bakony Mts. (Table 3). The Triassic sequence of this
mountains, though being considerably completed recently, is not known in
full even today.

The borehole Als6szalmavar-1 has uncovered a Werfen Formation
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evolving without any break (?) from the Upper Permian Balaton Redsand-
stone Formation and reaching roughly to the middle of the Olenekian (Cs.
Detre—E. Nagy, 1971). Represented by sandstones—evaporites—shales —
dolomarls at the base and getting ever more calcareous higher up the profile,
these beds were defined, by their describers relying partly on lithological
analogies, partly on appearence of Claraia sp., Costatoria costata and Sporo-
morpha being of “Seisian” or “Campilian” character. These terms, however,
cannot be attributed the content of formal units.

Neither the uppermost members of the Lower Triassic, nor much of the
lower part of the Middile Triassic Anisian Stage could so far be explored.
That the grey to dark grey dolomites in the 466.6 to 480.0 m interval of the
borehole Bakonygyirdt BszIl-5 may yet belong to the top of the Bithynian part
of the Megyehegy Dolomite Formation is, again, just a hypothesis based on
lithological analogies. Namely, in the drilling documentation, this dolomite
figures as Ladinian, just as it is the case with the complex pierced by the drill
in 80 m thickness between 387.3 and 466.6 m which consists of alternation
of dark grey clay-marls, calcareous marls and dolomarls and contains the first
traces of volcanic tuff eruptions. Despite this fact, we guess to have to do
in these latter beds already with representatives of the Pelsonian and Blyrian
Substages. Notably, with a view to the thick interbeds of potash-trachyte
tuffs and tuffites, the 76-m-drilled complex consisting of cherty limestones,
cherty dolomites, clay- and dolomarls within the 311.3—387.3 m interval
above the afore-mentioned complex seems to correspond, already, to the
“Buchenstein Formation” of the Balaton Highland (Cs. Ravasz, 1973). Since,
however, the Nemesvamos Limestone in the Balaton Highland also contains
some interbedded tuff layers, it is for the moment impossible to decide whether
the higher members of the cherty-tuffaceous sequence of the Bakonygyirét
borehole may belong, at least partly, to this latter formation already. Because
of the existing uncertainties, the author had to refrain from giving the Bakony-
gyirot sequences formal names.

Upper Triassic. Sometimes containing some thin limestone interbed-
dings, the dark grey marls, calcareous marls and carbonaceous siltstones of
the Veszprém Marl Formation are known from boreholes only. The boreholes
Papateszér-1 (= Feny6f6-2) and Bakonysz(ics B(it-10 have intersected about
30 m of this sequence, the borehole Bakonysziics Bsz(-1, however, could not
get out of it even when reaching down to a depth of 1150 m. According to
A. Oravecz-Scheffer (1971), it contains a foraminiferal assemblage of Cas-
sian —Raibl type. Whereas the foraminiferal limestone outcropping at Bakony-
koppany (A. Oravecz-Scheffer, 1967) and the brachiopodal limestone
observable at Ugod (Cs. Detre, 1972) are usually identified with the “Sandor-
hegy limestone” of the Balaton Highland, to subdivide the formation in a
detail similar to the case of the Balaton Highland occurrences is not feasible
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here, and, on top of that, it has not so far been possible to clear its relation
to its footwall either.

Similarly to the case of the Balaton Highland and southern Bakony
occurrences, the deposition of the Hauptdolomit began, in some places, as
early as the Tuvalian, but the bulk of the formation is of Lacian-Alaunian age.
It is connected with the Dachstein Limestone Formation, as a rule, by a transi-
tion with marked changes in lithology, but this transition is assigned, already,
to the Dachstein Limestone.

Known only in the southern part of the northern Bakony Mts., the
liKéssen beds” have recently been identified here in the borehole Csoszpuszta
Tt-28, between the Hauptdolomit and the Dachstein Limestone, being repre-
sented by an alternation of pyritiferous clay-marls, calcareous marls, lami-
nated, marly or dolomitic limestones and dolomarls.

The Dachstein Limestone Formation of the northern Bakony Mts. was
considered in the literature up to E. Vadasz (1960) unanimously as of Rhaetian
age. E. Végh-Neubrandt (1963) was the first to point out that its deeper
part contains already such Norian Megalodontaceae as are known from the
higher parts of the underlying Hauptdolomit as well. As judged today, this
deeper part of the Dachstein Limestone Formation belongs to the Alaunian
Substage. Consequently, the deposition of the Dachstein Limestone facies must
have begun over the greater, “Kossen”-less part of the northern Bakony Mts.
as early as the Alaunian and, spanning also the Rhaetian Substage, it must
continue in the Liassic Kardosrét Limestone of Dachstein type.

4. The Iszkahegy (Table 3). The sequence resting on the Balaton
sandstone Formation here agrees, from the basal Triassic up to the topmost
Anisian, almost completely with that of the Balaton Highland (J. Oravecz —
E.Végh-Neubrandt, 1961, 1962; J. Oravecz—J. Puskas, 1966; A. Bérczi-
Makk, 1970). Above the “Buchenstein Formation” represented by cherty and
marly limestones and dolomites, but reduced in thickness, however, it is not
the basin-facies Nemesvamos Limestone, but the Budadrs Dolomite Forma-
tion of reef-lagoonal facies with Diplopora annulata, extending from the Buda
Mts. up to here, that follows. It is overlain by clay-marls, marly dolomites,
cherty and marly limestones in alternation, of which a more complete sequence
is known from boreholes (J. Oravecz—J. Puskas, 1966), its Cordevolian-
Julian age being only suggested by the “smaller-megalodontid-bearing” initial
beds of the overlying Hauptdolomit, at least for the moment so. On the basis
of its position, this formation, known in a thickness of about 80 m, seems to be
a more limestone-rich, but relatively thin variety of the Veszprém Marl,
in which to distinguish between “members” similar to the case of the Lake
Balaton region is presently impossible. It is not improbable, however, that
the lack here of younger members of the formation may be due to an over-
thrust of rigid Hauptdolomit masses.
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Predominant species in the deepest known beds of the Hauptdolomit
is Neomegalodon triqueter pannonicus whose acme begins with the Tuvalian;
the Tuvalian is suggested, however, to have been the time when the species
Neomegalodon hoernesi, associated with the former, made its first appearance,
too (G. Tichy, 1974).

The Hauptdolomit of the Iszkahegy and the Dachstein Limestone
Formation overlying it roughly correspond in time span to their counterparts
in the northern Bakony Mts. The Dachstein limestone facies evolves here too
with an alternation from the Hauptdolomit, but its Rhaetian and Lower
Liassic parts have been lost to postdepositional erosion.

5. The Vértes Mts. (Table 3). The Seisian and, then, Campilian-type sedi-
ments of the Lower Triassic are known only from boreholes put down in the
southern mountain foreland (S. Vitaris, 1939; borehole Tabajd-5). They
develop without any break in sedimentation from the Upper Permian shallow-
water, marine, carbonaceous to marly Tabajd Formation (I. Szabo, 1964).

Middle and Upper Triassic. After a large gap of knowledge, the next
to follow is a Diplopora annulata-bearing dolomite sequence identificable with
the Budadrs Dolomite Formation of the Buda Mts. overlain by the cherty
limestone, marl as well as calcareous and dolomitic marl sequence of the
Veszprém Marl Formation, thinner even than on the Iszkahegy (30 —40 m),
with Zygpleura hybrida and Cornucardia julii. The thinness of the formation
appears to be due — like in the case of the Iszkahegy occurrence — to its
being overthrust by the Hauptdolomit masses following next up the profile.

The fossil content (Cornucardia hornigi, Neomegalodon triqueter panno-
nicus and N. carinthiacus) of that part of the lowermost horizon of the Haupt-
dolomit Formation coinciding with the Julian/Tuvalian boundary confirms
this hypothesis. Otherwise, the Hauptdolomit reaches up into the Alaunian
Substage as well. The Dachstein Limestone evolving from it with alternation
is of Upper Alaunian-Sevatian age. It is separated, by an erosional uncon-
formity, from the Liassic Hierlatz Limestone.

6. The Gerecse Mts. (Table 3). For the moment, only the Hauptdolomit
and the Dachstein Limestone Formations are known from here. Judging by
data published by E. Jakucs (1954), E. Végh-Neubrandt (1960), E. Végh-
Neubrandt—J. Oravecz (1961) and E. Végh-Neubrandt—J. Oravecz
(1960—1961), these seem to be of Tuvalian-Lacian or Alaunian-Rhaetian age,
respectively. The Hauptdolomit and the Dachstein Limestone Formation are
interconnected by a passage characterized by alternation in lithologic content.
The Dachstein Limestone and the Liassic are separated by erosional uncon-
formity.

7.Many—Zsambék—Dorog (Table 3). The known part of the Triassic
begins with the Budadrs Dolomite Formation with Diplopora annulata of
Ladinian age which was observed, in addition to its outcrops at Zsambék,
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Szar and Szomor (J. Oravecz, 1961), in the 766.3—(1200.5) m interval of the
borehole Budajené B6-2 as well, where its observed thickness was 434.3 m
(A. Jambor, 1977).

This formation appears to be overlain by the alternating sequence of
calcareous marls, marls and cherty dolomite and limestone beds intersected
in the 285.0 —337.1 m interval of the borehole Zsdmbék Zs&-6. The bound-
ary beds of the “Annulata dolomite” and the cherty limestone uncovered
by the Zsambék drill, however are for the moment unknown to us. The bore-
holes Many-94, -102, -116, -165, -174 and -179 intersected this limestone in
a thickness of about 240 m without having got out of it. This can be cor-
related with the deeper part of the Veszprém Marl Formation because above
it, in the borehole Zsambék Zsa-6, 42 m, in the afore-mentioned Many
boreholes 80 —90 m of such a uniform and monotonous, dark grey clay
and marl sequence was intersected which seems, with highest probability,
to be equivalent to the higher part of the Veszprém Marl Formation. Con-
sequently, the Veszprém Marl Formation of the Balaton and Bakony area
appears to be intertonguing in E direction through the Iszkahegy and the
Vértes and particularly through the Zsdémbék and Many basins, with the chert-
rich, though entirely calcareous-dolomitic facies of the Buda Mts. That this
intertonguing, supposed to exist for long, but, for lack of intermediate expo-
sures, not proved heretofore, could now be traced is one of the most eloquent
results of research devoted to the Central Mountains Triassic.

Accessible to study in outcrops already, the Hauptdolomit spans, in addi-
tion to the Tuvalian Substage, the greatest part ofthe Lacian Substage as well,
inasmuch as can be judged from J. Oravecz’s data (1961). The Dachstein
Limestone connected with it by an alternation extends, in turn, from the top
of the Lacian up to the Sevatian. The unconformable superposition of the
Arietites proaries-containing Liassic limestone to the Rhaetomegalodon incisus
cornuius-bearing Dachstein Limestone can be studied in the eastern part of
the Nagykészikla at Dorog (Gy. Vigh, 1913; J. Oravecz, 1961).

8. The Buda Mts. (Table 4). The Lower Triassic sediments are hidden
at great depths under the dolomite and limestone masses exposed to the sur-
face and so far they could not be explored by drilling. The oldest known
Triassic sediment is the mostly light, though sometimes a little darker grey,
rock of the Budadrs Dolomite Formation with Diplopora annulata and Macro-
porella beneckei, though at the top rather with Foraminifera only, the Ladinian
age of which was first recognized by E. Kutassy (1926, 1927). On account
of its estimated thickness of 1000 —1200 m, it may span the Ladinian Stage
as a whole. (The borehole Budadrs-1 has intersected — with exception of the
“andesite” dike cut in the 775.0—831.4 m interval — this formation down
to 910 m depth; but underneath, after a fault zone of 25 m vertical amplitude,
it has penetrated into such a dark grey dolomite which E. Nagy —G. Nagy —
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F. Széky (1967) identified as Upper Carnian Hauptdolomit, though they had
not found any index fossil in it.)

Because of block-faulting and the uneven distribution of fossils the over-
lying, higher-Triassic sequence is very difficult to decipher stratigraphically.
The stripe by stripe repetition of its cherty and chertless members were inter-
preted by their explorers very differently with such striking extremes as,
on the one hand, the alternation of tectonic windows and nappes (F. Horu-
SITZKY, 1943, 1949, 1956, 1958, 1959, 1961), on the other hand, as stripe-
patterned elevations and subsidences of the bottom of the one-time sediment-
ary basin (Gy. Wein, 1976, 1977a, b). Both workers sought to arrange the
facies of the higher parts of the Triassic so that they should build up two
different sequences a “cherty” and a “chertless” one. The cherty sequence
according to both of them would end with a peculiar facies of the mountains,
the Monotis—Halorella—Halorelloides-bearing “ Ujlakihegy dolomite”, while
the chertless series would terminate with the Dachstein Limestone containing
the richest Norian fauna of the Alpine facies realm. In contrast with this, all
the earlier geologists, furthermore, also E. Vadasz (1953, 1960) and E. Végh-
Neubrandt (in T. Baldi et al., 1973; 1974), believe that all the Triassic facies
are constituents of one and the same sequence. The only difference in opinion
between these authors consists in the order of succession of the members of
this sequence. From among these authors, indeed, only E. Végh-Neubrandt
(in T. Bardi et al., 1973; 1974) did, by gathering all facts in respect to setting
of the strata, produce a stratigraphic sequence agreeing very well with other
parts of the Transdanubian Central Mountains. W ith some corrections though,
her stratigraphy is that which has been presented in the Table 4.

Accordingly, the member of the Buda Triassic following above the Buda-
ors Dolomite Formation may be the strata group called “Matyashegy lime-
stone”. As the highest bed of this can be regarded that chert-nodular limestone
of a little pinky grey colour exposed in the northern escarpment of the Szép-
volgy over a small patch. Its deeper part is represented by the poorly fossili-
ferous, finely stratified dolomites, dark clayey dolomites and marly limestones
standing vertically in the 13.3—150.3 m interval of the borehole Palvdlgy
Pvbg-1. The “Matyashegy limestone” seems to represent a constituent of the
Veszprém Marl Formation still requiring further clarification, a formation
whose total thickness and whose relation to its supposed footwall are for the
moment unknown. As a kind of probable relationship is mentioned, by E.
Végh-Neubrandt (1974), that the cherty dolomite pebbles frequent among
the pebbles of the Eocene basal conglomerate transgressing over the Annulala
dolomite of the Csiki-hegyek must derive from a sequence overlying the Buda-
O0rs Dolomite. Her argumentation, however, makes probable the superposi-
tion to the Budadrs Dolomite not of the Matyashegy Limestone, but only of
its hanging wall, the cherty Sashegy Dolomite to be discussed hereinafter.
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That the Szépvdlgy outcrop of the “Matyashegy limestone” is overlain
by a dolomite sequence grading from the former through dolomites containing
large grey chert nodules at the bottom to finely bedded, siliceous dolomites
at the top (lI. Lé6renthey, 1907; K. Balogh, 1961b) has been approved of by
several authors since K. Hofmann (1871). This rock is proposed by the present
writer to be named, for its most beautiful locality, the Sashegy Dolomite
Formation. From the deeper beds of this formation the representatives of
Lingula were mentioned from the road-cut near the Ordégorom-csarda (I.
Lérenthey, 1907), Daonella cf. aperta from the Melocco-quarry on the north-
east side of the Matyashegy (Z. Schreter et al., 1958), while from a pebble,
got into an Eocene basal conglomerate, of its laminated-siliceous upper part
Koninckina telleri was quoted (Gy. Yigh, 1933). (As for the even otherwise
very doubtful determination of Alectryonia montiscaprilis recorded from the
road-cut of the Ordégorom by F. Schafarzik (1902), F. Schafarzik —A.
Vendl (1929) and later also by F. Horusitzky (1943, 1961), it cannot be
checked anymore owing to the fact that the specimen(s) have since got lost.)

Even though the occurrence of Koninckina telleri in the upper part
of the Sashegy Dolomite Formation may bear witness to that the latter
extends up into the Tuvalian Substage, the initial complex of the varicoloured
and variably textured Hauptdolomit Formation probably directly overlying
it cannot be older than Tuvalian and its top cannot be older than Upper
Alaunian. The Hauptdolomit of the Buda Mts. contains, namely, three index
faunae whose correlations are difficult to judge, because they were found
in different blocks separated by faults. Of these the fauna ofthe ApATHY-szikla
(Apathy’s rock) appears to be the oldest, with the following species — deter-
mined by K. Hofmann (1871, 1873) and J. Oravecz (1968): Cruratula stachei,
Amphiclinodonta suessi, Cardita aff. crenata, Placites cf. placodes, Anatomites
dulcis, Arcestes sp. div., Orthoceras campanile. A. dulcis being certainly of
Middle Tuvalian age (E. T. Tozer, 1971), F. Horusitzky’s attempt (1943)
at regarding the rock of ApATHY-szikla as Ladinian can be considered frus-
trated.

Almost synchronous with the above fauna is the smaller Megalodontids
and Cornucardia bearing fossil assemblage of the Kisgellérthegy (E. K utassy,
1925, 1927) and the eastern side of the Sashegy (E. Végh-Neubrandt, 1974):
Cornucardia hornigi, Cuspidaria gladius, Neomegalodon carinthiacus, N. tri-
queter pannonicus, N. boeckhi n. ssp.

Youngest is the rich Upper Alaunian fauna of the “Ujlakihegy dolomite™
in which, according to Gy. Yigh (1933), Monotis salinaria, Halorelloidea recti-
frons and Halorella amphitoma are also present. This can by no means be
restricted anymore to the Carnian Stage, as suggested by Cs. Detre (1971).

That the Norian Hauptdolomit is replaced by the lower part of the Dach-
stein Limestone Formation, a phenomen thus far observed only in the northern
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Bakony Mts. within the Central Mountains Triassic, is manifested with particu-
lar vigour in the Buda Mts. Namely, if this replacement in the northern
Bakony Mts. is restricted to the upper part of the Alaunian, in the Buda

Mts. — as evidenced by the rich faunae on the Fazekas- and Remete-hegy
(M. Pai1fy, 1921; E. Vadasz, 1920; E. Kutassy, 1926, 1927, 1936; F. Go6czan,
1961a, h) —, it extends to the Lacian Substage as well. That the Fazekas-hegy

fauna was believed even by Paify and Kutassy to belong to the Tropites
subbullatus Zone may have been due only to the poorer knowledge of the
stratigraphic range of the ammonoids. During her revision of the fauna on the
basis of 120 specimens, A. Bérczi-Makk (1969) has determined from here
the following ammonoids: Dieneroceras sp., Clionitites pseudonodosus, Styrites
collegialis, Arcestes cf. antonii, A. decipiens, A. tomostomus, Cladiscites pusillus,
Cl. cf. striatissimus, Megaphyllites applanatus, M. jarbas, Placites myophorus,
Pl. placodes, Monophyllites sp., Rhacophyllites neojurensis. On the basis of
these forms — in harmony with F. GOczan’s opinion based on gastropods —
the lower part of the Fazekas-hegy’s Dachstein Limestone should be assigned
to the Lacian. On the contrary, the Dachstein Limestone of the Remete-
hegy belongs to Alaunian —Sevatian; moreover, its beds with Triasina hant-
keni can reach as high as the Rhaetian. Some ammonoids (Alloclionites sp.,
Helictites sp., Epi- or Hyposulciles) the age of wich can he placed after L.
Krystyn onthe Alaunian/Sevatian boundary are listedby F. Tatzreiter (1979.
p. 119) from a fissure-filling of the Dachstein Limestone of Remete-hegy, too.

The alternation of Dachstein limestone with Hauptdolomit is known for
the moment only from the Varhegy at Pesthidegkl(t (E. Kutassy, 1927;
E.Végh-Neubrandt, 1974). This, however, cannot be studied anymore in the
present state of exposure.

W ith this the Triassic sequence of the Buda Mts. is interrupted and,
as a result of postgenetic denudation, the Jurassic and Cretaceous sediments
are also unknown.

9. The Pilis Mts. (Table 4). The oldest known member of the Triassic
is the grey cherty limestone with interbedded clay layers cut in 44.7 and
73.6 m thickness, respectively, at the bottom of the coal-exploratory boreholes
Pv-46 and Pv-48 at Pilisvérosvar. This limestone contains, in the borehole
Pv-48, even small Posidonomya and Avicula specimens (K. Balogh, 1961b).
This, together with the overlying grey clay-marls, observed in 59.1 m and
58.4 m drilling thickness under the Eocene terrestrica, in which thin, reddish,
brownish or grey, sometimes cherty, limestone layers may also be interbedded,
can be correlated with the Veszprém Marl Formation, because the cherty Sas-
hegy Dolomite Formation in the Pilis has not been found (at least up to the
present).

The relation of the afore-mentioned marls and the Hauptdolomit Forma-
tion is not cleared yet. From the deepest part of the outcrops of the Haupt-
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dolomit, however, Schafhdutlia mellingi and, from its somewhat higher part,
Cornucardia hornigi and Neomegalodon cf. carinthiacus are known (K. Balogh,
1961b). On this basis, the author believes that the age of the Hauptdolomit
in the Pilis Mts. corresponds to the Upper Julian or Tuvalian. Beside surface
outcrops, the Hauptdolomit passes even in the profile of the karstwater-well
Pilisszentlélek-7 with an alternation into the Dachstein Limestone.

The Lacian-Alaunian age of the Dachstein Limestone Formation is
proved by Dicerocardium sp. found by K. Ferencz (1953) and Halobia cf.
norica lumachelle described from the Feketehegy at Pilisszentlélek (K. Balogh,
1961b; G. Nagy, 1961, 1964). The crinoidal Liassic limestone following, after
an obvious break in sedimentation, higher up the profile fills the fissures
observable in the saddle between the Oreg- and Fehér-szirt.

Beside the Dachstein Limestone, however, the Norian in the Pilis Mts.
has also another representative of different facies which evolved at the north-
western tip of the Feketehegy at Pilisszentlélek with gradual transition from
a little brownish variety of the Hauptdolomit. This facies, the two most
important members of which are the “dark, heavily bituminous, well-stratified
dolomite” and the about 240 m thick “Avicula limestone” overlying the former
or alternating with it, is present in the Cserepes-valley adjacent in the north.
The marly limestones of this locality, however, made the impression in their
explorers that they might belong to the “Raibl” marls of the Carnian (E.
Vadasz, 1953, 1960; A. Jambor et al,, 1966). Its Feketehegy occurrence, how-
ever, first described by G. Stache (1866) and F. Schafarzik (1884, 1902), was
declared by Gy.Vigh (1928) and F. Schafarzik—A. Vendl1 (1929) to contain
Rhaetavicula contorta and Modiola minuta (?) and assigned to the *“Kissen
Beds” of the Rhaetian. Only J. Oravecz (1961), K. Balogh (1961) and
G. Nagy (1964) did recognize the identity of the formations of the two local-
ities. Thus they managed to eliminate a rather grave stratigraphic confusion
the traces of which still exist in the stratigraphic terms figured in the second
edition of “Hongrie'l” (1978).

While elaborating the fossils collected from the two localities by F.
Schafarzik, Gy. Vigh, Z. Schréter, E. Vadasz and himself, J. Oravecz
found among them, beside a lot of specimens of Aviculae and other forms
being transient from the Carnian Stage, several explicitely Norian species
(Arcestes bicornis, Worthenia contabulata, W. escheri) ; moreover, in the upper
beds, somewhat different, lighter in colour compared to the lower ones of the
Cserepesvolgy locality, he could identify even Rhabdoceras suessi. Despite
the similarity of these Rhabdoceras-bearing sediments to Gy. Vigh’s Contorta-
beds, he brought to question the presence of Rhaetavicula contorta (and con-
sequently, of the “Kdssen Beds”) in the Pilis area, as he himself had not
found among his self-collected fossils any form that might be identified with it.
Since the elaborated fauna contains — along with the predominantly “Carnian”
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forms — already Norian ones as well, he placed all these fossiliferous beds
in the upper part of the Carnian and, respectively, evaluated them as transient
with continuous sedimentation, into the Norian.

This dating by Oravecz should, at any rate, be modified. Not until
the fauna is re-sampled layer by layer, it is possible, however, to review the
distribution of the faunal elements. Therefore, the position of the fossiliferous
sediments within the Norian Stage is not clear either. In the present state
of knowledge the presence of Rhabdoceras suessi does not at all exclude the
presence of Rhaetavicula contorta, and the concurrence of the two species may
bear witness to extension of this peculiar series from the Upper Norian up
to the Rhaetian. The new fossil sampling should be coupled with studies aimed
at clarification of diverging opinions still existing, on account of the intricate
tectonic setting, between K. Balogh (1961b) and G. Nagy (1961, 1964)
as to the composition and relations to footwall and hanging wall of the Fekete-
hegy Formation.

10. The horsts on the Danube's left side (Table 4). Because of block-fault-
ing, the stratigrapher is faced with a similarly difficult task, as in case of the
Buda and the Pilis Mts. Since E. Vadasz (1910, 1911) up to most recent times
almost everybody regarded the alternation of cherty limestones and grey marls
in the Pokolvdlgy quarry at Cs6var as the Archimedean point of local Triassic
stratigraphy. And since the afore-mentioned sediments were even quite lately
sought to be pushed down to the Carnian Stage (Cs. Detre, 1969, 1970b),
it was a great surprise to see H. Kozur and H. Mostler (1973) conclude
that the sediments in the afore-mentioned quarry are not of Carnian, but
of Upper Sevatian age, as they contain, in addition to Clionitites nicetae,
Misikella hernsteini as well. However, with a view to the fact that the top
of the Dachstein Limestone in the immediate neighbourhood is — on the basis
of its Megalodontaceae (Dicerocardium hungaricum, Triadomegalodon tofanae,
Neomegalodon complanatus, N. complanatus segestanus, N. hoernesi) — also
of (upper?) Norian age, the presence of parallel successions of two different
(basin- and platform-) facies must be supposed here.

The sequence of platform facies probably begins with the *Uashegy
Hauptdolomit” of unknown footwall; in absence of fossils, this sediment may
be assigned to the Cordevolian-Julian. That it cannot he extended higher
up to the Tuvalian is due to the fact that it is the Dachstein Limestone of reef
facies of the Nézsa block with Cornucardia hornigi, Sageceras haidingeri and
Paralobites pisum that has to be placed there. The Norian “normal” develop-
ment of the Dachstein Limestone Formation would follow only after that.

The constitution of the basin-facies sequence ought to be given on the
basis of the borehole Csévar-1. The section of this borehole, however, can be
evaluated biostratigraphically only as regards the Cs6var Limestone Forma-
tion extending below the surface to 522 m depth. Namely, as shown by H.
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Kozur and H. Mostier (1973), that part of this formation lying at 352.4 m
depth and containing Metapolygnathus diebeli, Metapolygnathus mostleri and
specimens (unfortunately totally lost in the meantime) of a new species, Epi-
gondolella pseudobidentata, is still Cordevolian. Consequently, the basis of the
formation situated round 170 m deeper may extend downwards as far as the
upper boundary of the Ladinian. As far as the age of the 678 m of dolomite,
uncovered by drilling and allegedly containing even cherts in its upper part
(522.0 —613.2 m) and called “"Pokolvdlgy dolomite” for the location of the bore-
hole, is concerned, nothing can be said with certainty about its stratigraphic
position owing to the insufficiency of description and to uncertainties of
identification of Daonella specimens obtained in 564.3 m depth from cherty
dolomites (Cs. Detre in H. Kozur—H. Mosttler, 1973). In case of normal
position of the beds the “Pokolvdolgy dolomite” may be of Ladinian age; if,
however, its upper boundary is a tectonic one, its cherty part — modelled
on the Buda Mountains — may reach up into the Julian-Tuvalian.

In the horsts on the Danube’s left side the pre-Triassic Mesozoic was
lost to erosion still before the Eocene, so that the Rhaetian/Liassic boundary
cannot be studied here either.

B) THE BUKKIAN FACIES AREA

11. The Bukk Mts. (Table 4). Beginning with odidic limestones
the marine limestone beds of the Upper Permian, the Triassic sequence of
almost 3.5 km thickness of the Biukk Mts., with its slight dynamothermal
metamorphism and Carnic Alpine-Dinaric character, differs from all the other
Hungarian contemporaries. In spite of the fifteen years that have elapsed
since the publication of K. Balogh (1964), only a few modifications on the
succession of the described units are needed, merely the age of some members
has shifted a little higher up the stratigraphic column, and only the isolated
occurrences of limestone and diabase at Nekézseny, placed formerly to the
Ladinian, proved to be — after findings of Conodont by S. Kovacs — as old
as Lower Devonian. Notably, the Nyavalyastet6 Limestone Member of the
Hamor Dolomite Formation evolving with alternation from the Lower Triassic
Ablakoskévolgy Formation, in the wake of determinations done by courtesy
of S. Pantii-Prodanovic (Glomospira articulosa, Gl. tenuifistula, GI. sigmoida-
lis) has turned out to belong — in contrast with its earlier assignment to the
Lower Anisian — to the Illyrian already. The same can be suggested by the
Triadophyllum finds known from this limestone for a long time, as corals from
sediments older than this are unknown in the Alpine Triassic.

Because of the sharp distinction of the Nyavalyastet6 Limestone Member,
the author proposes to distinguish the deeper, purely grey dolomitic part of
the Hamor Dolomite Formation as Vadaszvolgy Dolomite Member.
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lu new road-cuts on the east side of the Sebesviz valley dolomite-con-

glomerates have been exposed to observation, sediments which — by virtue
of their red-variegated, terrestrial clay interbeddings — may be interpreted
as traces of a short, Late Illyrian break in sedimentation (H. Kozur —R. Mock,
1977).

As a consequence of extension of the Hamor Dolomite to the Anisian
as a whole, all the sediments thus far found unfossiliferous have had to be
made younger. This is how the Szent-Istvanhegy Porphyrite Formation over-
lying the Hamor Dolomite Formation as well as the Fehérkd Limestone For-
mation evolving with alternation from it have been assigned to the Ladinian,
while a part of the Kisgydr Sericitic Shale Formation (between Didsgy6r
and Bélapatfalva) to the Carnian. This is confirmed by conodont finds that
could be obtained from the pale-red, nodular interlayers of the Fehérkd Lime-
stone and from some grey limestone beds in the Kisgy&r Sericitic Shale Forma-
tion as well as from limestone sequences overlying the latter and intertonguing
both with one another and the Ohuta Diabase Formation. The composition
of these has been presented in Table 3.

Macrofossils, the Norian age of which only recently proved (Laballa
suessi, Gemerithyris sp., Polygyrina elegans, Naticopsis hoernesi, Halobia cf.
slyriaca) were even earlier known from the fossil-richest Bervavodlgy Limestone
Formation of the Biikk’s Upper Triassic. To evaluate them properly was,
however, handicapped by the presence of species being transient from the
Carnian and by misidentifications of corals by G. KolosvAry. Recognition
of the Norian age of the Felsfftarkany Limestone Formation was hindered
by the flattened shape of the sparse fossils recovered from it and their un-
certain determination (iiPosidonia cf. wengensis”, “P. cf. pannonica"”, “Dao-
nella pichleri”, iiProarcestes aff. subtridentinus™, “Trachyceras cf. roderici”).
But Metapolygnatus posteras and M. abneptis obtained by H. Kozur and
R. Mock (1977) from this formation do confirm not only the Norian age;
moreover they stimulate us to include also the “Nagyeged Limestone” with
Monotis salinaria haueri in the notion of the Fels6tarkany Limestone Forma-
tion, even though it was earlier separated from this (K. Batogh, 1964). It is
all the more necessary because S. Kovacs has obtained Metapolygnatus biden-
tatus and Gondolella steinbergensis from it. Latterly the hypothesis arose that
some representatives of the Kisgy6r Sericitic Shale in the SW Bikk would
belong — at least partly — to the Jurassic. The prove of this hypothesis
requires, however, further detailed investigations. In that work the systematical
microfauna- and facies-determinations will play a decisive role.
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C) THE AGGTELEK—SZILICE FACIES AREA

12. The Aggtelek Mts. (Table 5). Extending well to Slovakian territory
and belonging to the Silice Nappe of the Western Carpathians, this karst
plateau has a Triassic providing a fruitful subject for study owing to pre-
servation of connections between its several ranges and in spite of the intricate
distribution of the platform, reef-, reef-lagoonal and various basinal facies.
For this reason, in the light of works of Hungarian and Slovak geologists
(K. Balogh, 1961a, 1964, 1976 and in “Hongrie”, 1978; K. Balogh —S.
Kovacs, 1976; S. Kovacs, 1977, 1978a,b and 1979;J. Bystricky, 1955,1960,
1964,1967,1972,1973; M. K ochanova—J. Mello —M .Siblik, 1975; Y. Kolla-
rova-Andrusovova—J. Bystricky, 1974; Y. Kollarova-Andrusovova —
M. Kochanova, 1973; H. Kozur-R . Mock, 1973,1974; J. Mell1o, 1974, 1975,
1976, 1977; M. MiSik —K. Borza, 1976; R. Moek, 1975; A. Gazdzicki—H.
Kozur—R. Mock, 1979; M. Sib1ik, 1967, 1971a, b, 1972, 1977; etc.), the con-
stitution of its sequences is comparatively well known.

Further subdivision of the “Seisian” and “ Campilian beds” of the Lower
Triassic Werfen Formation and exploration of its relation to the Perkupa
Evaporite Formation of Upper Permian (?) age need to be corroborated
by additional evidence. Overlying the Werfen Formation, the Gutenstein and
then the Steinalm Formations are present throughout the mountains and they
continue, in many places, directly in the Wetterstein Formation, equally of
reef- or reef-lagoon facies and of Ladinian-Julian age within which the larger
dolomite bodies may even be considered to represent independent members.
(Within the Steinalm Formation the dolomite bodies show a much more
irregilar distribution, so that an independent “Steinalm Dolomite Member”
can hardly be spoken of.) Since the Gutenstein sequence is entirely unfossili-
ferous, its reaching down into the topmost Lower Triassic is for the moment
— after L. Krystyn, 1974b — merely supposed.

Much more information, based partly on dasycladaceans, partly on
brachiopods and, less frequently, on conodonts, is available to the Upper
Bithynian-Illyrian age of the Steinalm Formation (K. Balogh—S. Kovacs,
1981).

The Ladinian age of the older part of the Wetterstein Formation is
evidenced by Diplopora annulata, Teutloporella nodosa, and Daonella lommeli,
its younger parts belonging to the Cordevolian-Julian being proved by finds
of Poikiloporella duplicata, Teutloporella herculea, Physoporella heraki and
Uragiella supratriassica.

The only known non-basin-facies formation of the Norian Stage is the
“Furmance Limestone'?” (= “Dachstein-Riffkalk”) with larger Megalodon-
taceae and Heteroporella cf. carpathica of the Somhegy at Drnava, Slovakia.
It is overlain by the grey, crinoidal-coquinoidal Drnava Limestone of the
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Bleskovy pramen region, a formation of “Kossen type” containing numerous
apparently Rhaetian brachiopods associated with ammonoids which were
earlier believed to be Upper Norian. More than 19.6% of the bivalves and
47% of the gastropods could be identified with varying accuracy with known
species; their stratigraphic value is not clear, however. No conodonts. On the
basis of the ammonoids, V. Ko11aROVA-AndrusovovA and M. Kochanova
(1973) regard the Drnava Limestone as of Sevatian age. H. Kozur (1973) and
A. Gazdzicki—H. Kozur —R. Mock (1979), however, have pointed out, with
good reason, that these beds may belong, indeed, to the Lower Rhaetian
already. This suggestion appears to be disapproved only by the absence of
some characteristic Rhaetian forms (Choristoceras marshi, Rhaetina gregaria,
Austrirhynchia cornigera) and the presence of the “Norian” Halorella amphi-
toma. On the other hand, it is corroborated by the following:

(1) five of the eight ammonoid genera extend from the Columbianus
Zone up to the end of the Triassic, but Cycloceltites, Vandaites (= Peripleuri-
tes) and Eopsiloceras are already suggestive of the Rhaetian (E. T. Tozer,
1979);

(2) although the majority of brachiopods are equally transient forms,
Rhaetina piriformis, Triadithyris gregariaeformis, Zugmayerella koessenensis
and Diplopora cf. phanerospora also indicate a Rhaetian age.

Between the Drnava Limestone and the lowermost Liassic beds there
is certainly an erosional unconformity.

In the more western parts of the mountains only the Illyrian portion
of the Steinalm Formation and only the Ladinian (and maybe the Corde-
volian) one of the W etterstein Formation are replaced by basin facies repre-
sented by the Schreyeralm Limestone Member with Flexoptychites flexuosus,
Gondolella excelsa, G. mombergensis and Gladigondolella tethydis and by the
“Reifling Limestone Formation” containing Gondolella polygnathiformis and
Neocavitella tatrica in its upper (chertless) part (S. Kovacs, 1979). The Upper
Triassic, however, is dominated already in the west by basin facies; at Silicka
Brezova, Slovakia, village by the frontier, these appear from the top of the
Julian onwards. Such a facies is the Tisovec Limestone overlying the W etter-
stein Limestone, but still of transitional character in lithological sense, with
a rich Ammonoidea, Brachiopoda and Halobia fauna of Upper Julian to Lower
Lacian age; the white and red Lacian-Sevatian Hallstatt Limestone Forma-
tion with conodonts and Monotis salinaria salinaria (K. Balogh, 1976) resting
on the former; finally, the grey marls with Misikella posthernsteini representing
the Zlambach Formation. According to J. Metto and R. Mock (in J. Mello,
1975a), the Zlambach Formation at Bohunovo, Slovakia, is overlain by
“Gresten-type” (?) Lower Liassic sandstones and sandy limestones and, then
by red brachiopodal-crinoidal Jurassic limestones. The exact age of these and
their relation to the Zlambach Marl, however, still require further clarification.
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Thus, for the moment, it is not known whether the break in sedimentation between
the Rhaetian and the Liassic, well evidenced at Drnava, has extended here, too.

On the contrary, in the eastern part of the Aggtelek Mts. adjacent to
the Rudabanya Mts., according to S. Kovacs (1979), red facies of the Hall-
statt Limestone Formation appears as early as the Ladinian. The Steinalm
Formation with Physoporella pauciforata and Neohindeodella aequiramosa
at the bottom of the borehole Sz&lésard6-1 on the southern margin of the
range, is followed, after some thin dolomarls, for the moment not given a
special name owing to their transitional character, by the red-, grey- and
green-mottled Nadaska Limestone Formation, observed also at the eastern
tip of the Alsohegy, a formation that may be considered, on account of its
sedimentary structures, to represent submarine slope-deposited sediments.
Judging by its conodont fauna, it may extend, from the Illyrian onwards,
a little beyond the upper boundary of the Ladinian. Above it follow — in
a way rather unusual for the Silica nappe — the Cordevolian-Lower Tuvalian
beds with interbedded cherty limestone layers of the Sz6l6sardé Marl Forma-
tion which will then grade into the Putschen Limestone Formation with
Halobia styriaca and Metapolygnathus nodosus exposed to the surface. Although
the time range of the Sz6l&sarddé occurrence of this latter is not known ex-
actly, it is taken to be identical with that of the Hallstatt red limestones.

In the eastern part of the mountains — because of erosion of the Mesozoic
younger than Upper Triassic — the Triassic/Jurassic boundary cannot be
studied.

D) THE MECSEK—VILLANY FACIES AREA

13. The Mecsek Mts. (Table 5). The “germanic” Triassic of the Mecsek
Mts. begins with the alluvial to lacustrine Jakabhegy Sandstone Formation
overlying, after an erosional unconformity, with coarse basal conglomerates,
the topmost “purple pebble conglomerates” of the Upper Permian K&vago-
sz6l6s Sandstone Formation. Although no fossil has ever been found in the
bulk of the formation, it must nevertheless belong to the Lower Triassic, as,
according to A. Barabas-Stuht (in A. Barabas et al., 1978), its immediate
footwall contains, along with many typical Zechstein sporomorphs, still only
very few Buntsandstein-type spores or pollen grains, while its topmost part
belongs already to the Middle Buntsandstein, its hanging wall, in turn,
connected with it through sediments of transitional character (the Patacs Mem-
ber of the Werfen Formation), carries already Upper Buntsandstein palyno-
morphs. The conclusion that the Jakabhegy Sandstone Formation correlates
in time with the Lower to Middle Buntsandstein, as was presumed already
by J. BOCKH (1876, 1881), has settled an important stratigraphic problem
disputed for decades. After E. Vadasz (1912a, b; 1917, 1935, 1953, 1960),
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E. Nagy (1961) and E. Nagy and |. Nagy (1976) assigned the Jakabhegy
Sandstone Formation, on the basis of lithological analogies, still to the Upper
Permian and they commenced the Triassic -with the (“Seisian”) Patacs Member
gradually evolving from it, though this was contradicted by both its litho-
logical features and its Costatoria costata content. However, the Sporomorpha
studies of A. Barabas-Stuh1, which involved both the Patacs Member and
the Magyariurég Member overlying it, have borne a convincing witness to the
respectively Upper Buntsandstein and “Lower Campilian” character of these
members. The predominantly carbonate-facies Lower Triassic sequences over-
lying them, sequences now called, after E. Nagy (in “Hongrie” 1978), the
Hetvehely Dolomite and the Viganvar Limestone Member, respectively, are
undoubtedly of “Upper Campilian” character. By virtue of their geological
features, the four Mecsek Lower Triassic members above the Jakabhegy Sand-
stone Formation are regarded as local facies of “Campilian character” of the
Werfen Formation.

The Middle Triassic is spanned by the Misina Formation instituted by
picking out the common features of the nine, predominantly carbonaceous
stratigraphic units distinguished by E. Nagy (in ™Hongrie™, 1978). It would
be needless to reproduce here their lithological description (E. Nagy, 1968),
as that description has since been added to only by an account of a new variety
(containing also coaly clay streaks) of the Manfa Beds (B. Weéber, 1978).
However, if E. Nagy (1968) considered the whole Misina Formation, together
with the Trigodonus and Méanfa Beds, to be Anisian, it appears now to span
beside the Anisian the whole Ladinian as well. There are two reasons that
account for this:

(1) The Bertalanhegy Limestone Member, containing, beside “Recoaro”
brachiopods (Decurtella decurtata, Coenothyris vulgaris, etc.), i.a. Paraceratites
binodosus and Ptychites evolvens and Gondolella bulgarica, as well, cannot be
declared to be exclusively Pelsonian, as it (at least its upper part), extends
into the Paraceratites trinodosus Zone (i.e. the Illyrian Substage) as well.

(2) The Trigonodus Beds at the top of the formation correlate best with
the “Trigonodus Dolomite” at the base of the Lettenkeuper in the Germanic
facies. The Lettenkeuper, in turn, corresponds, according to H. Kozur (1975),
to the upper part of the Longobardian Substage.

Thus, also the age determination of the two formations above the Manfa
Beds will change, of course:

(1) The transitional Manfa Beds are overlain by 120 m of Upper Triassic
sediment called the Kantavar Formation constituted by marls and limestones
at its base and by a succession of shales and clay-marls and, finally, sandstones,
higher up the profile. Nota bene, though all that which can be said about
the vegetal remains obtained from the formation is that they are older than
the Rhaeto-Liassic flora, its molluscs (Anodontophora recta, A. lettica, Nati-
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copsis uhligi), however, indicate, even according to their age data published
by E. Nagy (1968, p. 85), the presence of deeper part (Cordevolian-Julian)
of the Carnian Stage.

(2) Evolving with a transition in lithology from the Kantavar Forma-
tion, the 330 to 520 m of sediment of varying colour and grain size called
the Karolinavélgy Sandstone Formation (i.e. “the sandstone without coal-
seems” ofJ. Bockh, 1876) can be divided into a lower (predominantly lagoonal
and lacustrine), a middle (predominantly lacustrine) and an upper (fluviatile,
deltaic and lacustrine) part. As evidenced by the borehole Pécs-28 chosen
to be a standard key section, the lower part (constituted for the most part
by greenish-grey or greyish-red sediment of 100 to 140 m thickness) contains,
in its lower 1/3, phyllopods, in its upper 2/3, in turn, fish remnants (mainly
Semionotus). The Isaura minuta- and I. ovato-bearing “Phyllopoda group” cor-
responds, by and large, to the “Estheria Beds” of the Germanic Triassic, and
these are declared by H. Kozur, with conviction, to be of Julian age. Con-
sequently, the Semioraoins-bearing group would be Tuvalian, a hypothesis
corroborated by sporomorph determinations by J. Bona (1972). Above the
middle (Lacian —Alaunian) part of the Karolinavdilgy Sandstone the begin-
ning of the Rhaetian is counted from the fluviatile sediments deposited on the
first surface of emersion; palaeontologically, it is reckoned with from the
appearance of Rhaeto-Liassic macro- and microflora. Furthermore, the recog-
nition of the Rhaetian members is facilitated by the occurrence of thin chamo-
site and clay-ironstone layers interbedded with their higher part.

The Rhaetian-Liassic transition is so gradual that the boundary between
the two was up to recent times drawn with the first coal seam (E. Vadasz,
1935) or the first moory sediment. Nevertheless, Z. Némedi Varga (1971),
relying on palynological results by J. Béna, the change in lithology and the
occurrence of Isaura hungarica above the first coal seam, (this fossil was found
heretofore only below that seam), proposed to draw the Triassic-Jurassic
boundary 80 to 100 m above the first, so-called Alpha Seam. According to
J. Bona (1973, 1979), some species of the characteristic spine-ornamented
genera of the Upper Triassic (Apiculatisporites, Anapiculatisporites, Anemiidi-
tes, Anaplanisporites) do really survive — along with predominance of the
smooth-skinned Cyclina genus —the horizon of the Alpha Seam, though the
species Ephedripites tortuosus, known in Germany only from the Liassic, also
appears already, associated with them. Consequently, the definition of the
boundary has invariably remained a question of viewpoint.

14. The Villany Mts. (Table 5). The deeper part of the Lower Triassic
is filled, here too, by the unfossiliferous Jakabhegy Sandstone Formation
which, in absence of the Upper Permian K&vagosz6lds Sandstone Formation
known only from the Mecsek, directly transgresses onto the Middle (?) Perm-
ian Vokany Quartz-Porphyry Formation.
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The higher part of the Lower Triassic is represented by local facies of the
upper part of the Werfen Formation. Discovered not long ago in the northern
foreland of the mountains and uncovered in the boreholes Turony-1, Bisse-I,
Vokany-2, Peterd-1 and Radfalva-1, these sediments, unfossiliferous at their
base, but containing, in addition to sporomorphs, also Costatoria costata higher
up the profile, were described as independent “Turony” and “ Vokany Forma-
tion”, respectively, by E. Nagy and |I. Nagy (1976). The former begins with
an alternation of red and green, fine-grained sandstones, but passes soon into
an anhydrite-gypsum-bearing sequence. This consists of an alternation of dolo-
mites, dolomarls, dolomitic limestones, anhydrites and gypsum and various
sorts of siltsone, so that the evaporite-rich beds are replaced by sediments
of increasing carbonate content higher up the profile. By virtue of the above,
the two “formations” cannot be considered but local members ofthe Werfen Forma-
tion.

Excelling with the uniformly “Germanic” character of its members and
representing an alternation of purely carbonate sequences (dolomite and
limestone), the Midd1e Triassic can be split up into formations distinguished
by E. Nagy and |I. Nagy (1976). As far as the age of these formations is con-
cerned, the author proposes merely a slight change of it. In agreement with
J. BONA (1976), it is only a part of the Brachiopoda fauna, sampled not layer
by layer, of the Zuhanya Limestone Member that can be regarded as Pelson-
ian. A considerable part of the “Recoaro” brachiopods did persist, as is gener-
ally known, throughout the Illyrian, moreover, at the base of the Fassanian
as well. Thus the Illyrian age of the higher part of the Zuhanya Limestone
Member and the Fassanian age of the Csukma Dolomite Member as a whole
seem to be more plausible than their earlier dating (Pelsonian and Illyrian,
respectively). Of course, this implies that the Templomhegy Dolomite Member,
considered Lower Ladinian, by E. Nagy and I. Nagy (1976), ought to be
transferred to the Longobardian.

Post-Longobardian Triassic formations are absentin the Villany Mts. and
the Pliensbachian transgresses immediately on the Templomhegy Dolomite.

Beside their outcrops in the mountain ranges the Triassic sequences
discussed in the foregoing can be traced in the substratum of the intermontane
basins as well. The Transdanubian Central Mountains Triassic is known to us
as far as Tura to the east of Budapest and also from the bottom of the Zala
Basin. The southern and southwestern continuation of the Biikkian Triassic
has been drilled in the southern foreland of the Bikk Mts., at Jaszberény and
Toéalmas, while some members of the Mecsek Triassic have been uncovered
by other boreholes even in the Danube —Tisza Interfluve area. However,
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because of insufficiencies in core recovery and material testing and the great
distances from the surrounding mountains, it is at present impossible to in-
corporate the Triassic sequences found in the substratum of the southern
Great Hungarian Plain into a convenient stratigraphic system. Therefore, the
author has had to refrain from introducing them, though a faciological and
stratigraphic analysis of these formations could largely promote the under-
standing of the evolution of the substratum of the Hungarian basins, very
important as it would be for assessment of the development of the Carpathian
arc. This cannot be achieved, however, by simply listing the Triassic formations
according to their age (A. Szalay—K. Szentgysrgyi —A. Széts, 1978), but
it would require a comparative approach to formations in different areas
and tectonic units, respectively.
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KOPPE/TALUMNA TPUACOBbIX OT/IOXEHUN HA TEPPUTOPUN BHP
K. BANIOI

Peswme

He cuntas TpnacoBbIX ToML, BeHrepcKoli HU3MEHHOCTU M 0r0-3anaga 3afyHancKoro Kpas,
N3BECTHbIX TO/IbKO MO 6YPOBbLIM CKBaXXMHaM, & TaKXKe €LLe He BbISCHEHHbIX TO/LL, Tpraca B ropax
PynabaHbsi, TpacoBble OT/IOKEHWUS BEHIEPCKUX FOPHbIX PaioHOB OTHOCATCH K YeTbIpeM pas-
SMYHbIM 0bnacTam passutusa (CpefHeropHon, BHOKKCKoW, ArrTenek-Cunnukon n Meyek-Bun-
NaHbCKOM). 3TK (haumasbHble 061aCTN CBOEN MAEHTUYHOCTBLIO 06513aHbI CBOEO6Pa3nto 1 cNocoby
nepensieTeHNa NNTONOTNYECKNX eauHWL, NNaTHOPMEHHON, 6acceiiHOBOM, BYIKAHMYECKON Wan
peyHo-03epHOV (haunii, nocnefoBaBLUMX 38 NASXEBbIMU, MENKOBOAHO-MOPCKUMU U 3BaNopuT-
HbIMX OCajKaMu paHHeTpUacoBoi TeTUCCKOM TpaHcrpeccun. daumanbHble CABUMM BHYTPU OT-
[enbHbIX 061acTeli pasBUTUA TPMACcOBbIX 0TN0XeHU 0cobeHHO 6pocaloTcs B rnasa Ha TeppuTo-
pvn 3afyHancKoro cpefHeropbs 1 ArrTefieKCKoro Kapcra. ABTop HacTosileld paboTbl nonbiTa-
eTCA BK/OUYUTb 3TW AMTOCTpaTUrpaduyeckme efuHuLbl B TaKylo Fe0XPOHOMIOTMYECKYHD CXEMY,
KOTOPYIO OH CUMTaeT Hanbosiee NOLXOAsALLEN U3 BCeX BapyaHTOB HOBOIO MeXAYHApPOAHOro CTaH-
fapTa, HaxoAsAllerocs B CTaguun cTaHOBNeHWUs. OCHOBHbIe MOSIOKEHMSA PaboTbl CBOAATCA K
cnegyoLemy:

Pa3BuUTWe CpefHETPMACOBbIX OT/IOKEHWI Ha TeppuTOpUWM CpefHeropuii BapbupyeT B
6onblUeli cTeneHW, Yem Mpeanonarany paHblue. PudoreHHble, naryHHble auum aHU3NNCKOro
apyca ( B oTanume oT BanaTtoHcKoro Haropbsi U rop BakoHb) MPOAO/KAKTCA U B AAMHCKOM
apyce B 60/1ee BOCTOUHbIX YacTsAX cpefHeropbs. KapHuiickas no Bo3pacTy Becnpemckas Mep-
renbHas dopmaumsa npocnexnsaetcs ot r. KecTxei BnnoTb 0 Bygainckux rop u Tam oHa 3y60-
BMAHO COYsieHsleTcA ¢ 6oraToi kKpemHsAMK LUawwixegbckoin JonommToBol thopmauueii. Obpasosa-
Hve ["naBHOLONOMUTOBOW Popmaummn faxke B HOro-3anagHon YacTu CpefHEropbs He orpaHu4vBa-
eTCA Be3fe HOPUIACKUM APYCOM, a fjafiblie Ha CeBep0-BOCTOK OHO —C HEKOTOPbIM KoniebaHneM —
HauynHaeTCcs B BCe 60/1ee ApeBHUX FOPM30OHTaX KAPHUNCKOro spyca. TOMY «ONyCKaHUI0 HUMKe Mo
cTparturpagmnyeckoin KonoHkKe» "naBHogonommtoBoli Popmaumu cnegyeT M Hadvano JaxwiTeliH-
CKO N3BecTHAKOBON Popmauumn. [eno B Tom, 4To o6pa3oBaHue [daxwTeliHCKUX MHCTBECTHS-
KOB, UMEIOLLMX Ha toro-3anaje elle BblpaXKeHWe PITCKMI BO3PACT, Jasiblle Ha CeBepo-BOCTOK
HauMHaeTCsa B anayHCKOM fipyce, a B rNblbax nesobepexxbs [yHasa yXKe B TyBa/lbCKOM sipyce.
B ceBepHoli yacTn CeBepHoi BakoHM 1 BOCTOUHee ee TaK HasbiBaeMble « KECCEHCKWME Con», BKIIIO-
vatoLpeca Mexxay JaxwTenHekol n MnaBHOA0N0MUTOBOM PopMaumsamMm, NONHOCTLIO BbINajaloT
N OHW CHOBa 6yAyT NOABAATHLCA TOMbKO B PekeTexebCKOW dopmMaLun, 0XBaTblBatOLLEN 60/b-
LUYH0 YacTb HOPMICKOrO fpyca B ropax Muauw. B c¢BA3M ¢ BbinageHnem 13 Tonwm «KeécceHcKux
cnoeB» [axwTeiHckan W3BecTHsikoBass dopmaumnsa CeepHoit BakoHn n Bypalickux rop o06-
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Hapy>XMBaeT YacTUYHOe WX NoJIHOe 3y60BUAHOE couneHeHme ¢ MnaBHogonomMnToBOM dopmaLm-
eil. O4YeHb BaXKHO, YTO KpeMHucTaa UéBapckas V3BecTHAKOBas dopmaums, Haxogsalwiascs B
HenocpeiCcTBEHHOM COCEACTBE PUGOreHHO-NaryHHbIX AaxWTeAHCKUX VI3BeCTHAKOB bl6 /1eBO-
6epexbs [lyHas, He orpaHNMYMBaETCA KapHUACKMM SpYCOM, Kak nonaraiv paHblie, a 34ecb oHa
3amelleHa [axwiTelAiHCKON 3BeCTHAKOBON dopmauneli TyBasibCKO-CEBATCKOro Bo3pacTa.

BospacT nutocTpaturpamyeckmx eamHuL, BrOKCKOro panoHa, CyAst Mo HeKOTOpPbIM Ha-
XO[Kam KOHOAOHT 1 hopaMUHUGeEp, OKa3bIBaeTCA HECKO/IbKO CABUHYTbLIM BBEPX MO CPaBHEHWUIO C
NPUHATONM paHblUe TOYKOM 3peHns asTopa.

CnoxHas ctpaturpadusa Arrtenek-CManuKoro palioHa M3MeHunacb BCEro NnLb CTOSb-
KO, YTO MO AaHHbIM UCCNeJ0BaHN KOHOLOHT AJbIHOXeAbCKME M3BECTHSAKM, paHee cuMmTaBLUmecs
Lpeliepa/ibMCKAMK (TO €CTb WANIMPUIACKMMK), Tenepb OKasanCb NafUHCKUM, KapHUACKUM ©
HOPUICKMM nogpasgeneHamm ManawTaTTcKon 3BecTHAKOBOM Popmaumn. B ckBaxnHe CEnéuu-
appo-l, NpobypeHHOl Ha HXXHOM Kpako palioHa, nog MéTyeHcKon M3BecTHsIKOBOM dopmalmeit-
TyBasi0-a/layHCKOro Bo3pacT BCKpblAM Cénéapaockyto MeprenbHyto dopmaLumio Kopaesosio-
HWKHETYBa/IbCKOr0 BO3pacTa, 40 CUX MOP HEM3BECTHYIO Ha TeppuTopyum CUANLKOIO MOKPOBa, a B
nocTenu nocnefHeli bbina BCKpbITa Hagawlkainckan 3BecTHAKoBasA dopmMaums cpefjHenNnmpuii-
CKO-NaHrobapckoro BospacTa, npeAcTaBneHHasa dauuneli KOHTUHEHTaNIbHOIO CKoHa. llog aToi
Xe qopmaumeld, B CBA3N C 00YCNOBNEHHbIM TEKTOHUYECKUMWU MPUYMHAMK OTCYTCTBUEM (?) HU-
YKHEUNMPUIACKOTO 1 NeSICOHCKOro NOABbAPYCOB, CnefyeT TO/LA KPEMHUCTbIX Ao/oMeprenei u
aneBpPoONNTOB, COAepXalMX BYyNKaHW4Yeckue Tydbl, KOTOpas, M3-3a CBOEro OGUTUHWACKOIO
Bo3pacTa (?) 3acTaB/isleT Hac OTHeCTW — MO KpalHel Mepe /OKaslbHO N NOACTUNAIOLLYIO ee
LUTeliHanbMCKyt0 ®OpMaumio 3HaUNTENBHO HUXe MO CTpaTurpaduyeckoin KONOHKe, Yem npej-
nonaranaocb paHbLLe.

ManvHonornyeckne nccnesoBaHns, NpoBeaeHHble B Meuek-BunnaHbckol o6nacTu, goka-
3711 HWDKHETPUAcoBbIli BO3pacT HAKabxefbckoro MNMecyaHnka. MonoXeHve N3BECTHbIX NNTOMOMM-
YECKUX eAUHWL, CpejHero 1 BEPXHEro Tpuaca HeCKO/IbKO M3MEHWU0Ch B pesy/ibTaTe MepeoLeHKN
3/71eMeHTOB (hayHbl 1 (ropbl.

HwXHAA rpaHuLa TpracoBbIX TOALL, BeHrpum aBAsSeTCA B 06LLEM IUTONOMNYECKN YETKOM,
HO 6mocTpaTurpauyeckm oHa He BCIOAY A0KasblBaeTcs y6eanTenbHO. UacTb pe3kunx rpaHuL, Hag
06/10MOYHbIMK ToNWwamy nepmu (BanaToHckoe Haropbe, Meuek, 1 BunnaHb) nogyepkusaeTcs
9PO3MOHHbIM HecorfiacueM 1 HanmuneM 6asasibHbIX KOHTI0MepaToB. HMXHWI Tpruac K>KHOW ne-
penoBoli 30HbI rop BepTewl 1 ArrTenekCKOro KapcTa 3afieraeT Ha aBanopuTax BepxHei nepmu.
HwxHeTpuracoBble 00MTbl rop BIOKK HaserawT, Hao60pOT, Ha MOPCKME U3BECTHAKU BeEpPXHeW
nepmu.

BepxHasa rpaHvua TO/ILW, MEHSEeTCA M3 OAHOr0 FOPHOr0 Maccuea Ha ApYroin. JaxiuiTenH-
ckasn M3BecTHsikoBass ®Popmaunsa BanaToHCKOro Haropbs, KOxHon 1 CeBepHoi BakoHM, a Tak-
e KaponuHasénbackas MecuaHnkoBas ®opmaums rop Meyek nepexofaT 6e3 nepepbiBa B aHa-
NIOTMYHYI0 (haumio reTTaHXCKoro sipyca. MepepbiB MeX Ay TpPMacom v 1opoil B ropax BepTeww, Ie-
pede n Muanw, a Takxe B Arrtenek-Cunmukon o061actum 0THOCUTENbHO HeBenuk. OfHako, B
rnbibax neBobepexxbs [lyHas, a Takxe B byaalickmx ropax (rge OTCyTCTBYHOT Lie1ast topa v HXK-
HWIA Men) y Hac NoKa HeT faHHbIX, M0 KOTOPbIM MOF/1M Obl CYAUTb 0 TOM, CKO/IbKO M3 3TOr0 Npo6-
nema 06yc/oBneHO BHYTPUME3030/iCKUM MepepbIBOM B 0CaJKOHAKOMIEHUN N CKONbKO TPETUYHBIM
pasMbIBOM.
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MICROFLORA OF THE PERMIAN AND LOWER
TRIASSIC SEDIMENTS OF THE MECSEK MOUNTAINS
(SOUTH HUNGARY)

By
A. Barabas-Stuhl

MECSEK METAL MINING COMPANY, PECS

On the basis of the microflora-investigations of the 3.4 km thick Permian—Lower
Triassic sequence of the Mecsek Mountains the Korpadd Sandstone Formation (contain-
ing a Potonieisporites Association) has been assigned to the Lower Permian, the Boda
Aleurolite Formation (including a Lueckisporites Association with the norm Me of
Lueckisporites palynodemes), however, with the underlying Cserdi Conglomerate
Formation belonging to the same great cycle, but being unfossiliferous, to the Middle
Permian. In the course of this classification the disconformity which separates the
Cserdi Conglomerate Formation from the underlying Gy(r(fi Quartz-porphyry Forma-
tion, and the Boda Aleurolite Formation from the overlying Kévago6sz6l6s Formation,
respectively, has been also regarded. The K&vagdsz6l6s Sandstone Formation including
another Lueckisporites Association with the norms Ab, Ac, B and C of Lueckisporites
palynodemes belongs to the Upper Permian. In the Palynological assemblage 11,
obtained from the upper part of this formation Lower Triass spores in a quantity of
25% also appear indicating the nearness of the Triassic. The Jakabhegy Sandstone
Formation (containing the norm D of Lueckisporites palynodemes and Lower Triassic
spores in its uppermost part) belongs to the lower part of the Lower Triassic. The
Patacs Member and the Magyarirég Anhydrite Member (with a Triadispora and
Angusticulcites Association) can be ranged to the upper part of the Lower Triassic.

The Permian/Triassic boundary has been drawn between the KG6vagész4lbs
Sandstone and the Jakabhegy Sandstone Formation, at the diastrophical boundary
to be found 40 m higher than the horizon of the Palynological Assemblage 114

1. History of Research, Aims

By the palynological investigations in the roughly 3400 m thick Permian
and Lower Triassic sequence of the Mecsek Mountains (Fig. 1) consisting
prevailingly of clastic rocks the chronostratigraphic classification of the
distinguished lithological units and within this also the question of location
of the Permian/Triassic boundary discussed for a long time has been largely
promoted.
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Fig. 1. Geographical position of the Mecsek Mountains

Although a deal of the investigated beds crops out in the perianticline
of the -western part of the mountains their entire recognition is the result
of the drilling researches carried out in the last two decades (Fig. 2). Estima-
tion qf the age of their lithostratigraphic units because of poorness of the red
sediments, which build up the bigger part of the sequence, in fossils, was sub-
jected to great changes within hundred years (Table 1). For the most part
the debates were gone about the stratigraphic position of the 300 m thick
Jakabhegy Sandstone Formation. This was placed namely either into the
Upper Permian or the Lower Triassic, but its classification, for lack of direct
biostratigraphical evidences, was based upon its sedimentological characters
or the consideration of its relation to the underlying beds which contain
an Upper Permian macroflora. Separated from the underlying K6évago6sz8l6s
Sandstone Formation by a low-angle disconformity and coarse grained con-
glomerate banks, but continued in the overlying Patacs Member without
a break, the Jakabhegy Sandstone was regarded already by J. Bsckh (1876)
as Lower Triassic. On the basis of its petrographic characters, however, it was
considered by other scientists as Upper Permian (E. Vadasz, 1912, 1917, 1935,
1957; A. Barabas, 1955; A. Barabas—J. Kiss, 1958; A. Barabas—0.
Tozsér, 1961; A. Barabas-Stuht, 1962, 1967, 1975; E. Nagy, 1961, 1968).
By the drilling research beginning in the sixties it was evidenced the trans-
gression of the Jakabhegy Sandstone had widely gone beyond its normal
footwall. This fact and newer petrographical, sedimentological and facial
investigations, by which latters the marine character of the formation was
made probable (M. Kassai, 1969, 1971, 1976a), lead to connect the beginning
of the Triassic transgression (on diastrophical ground) with the base of the
Jakabhegy Sandstone. This is how was thought in the last 20 years by the
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Fig. 2. Geological carte of the western part of the Mecsek Mountains, y — Granite (Pre-cambrian); P, = Korpad Sandstone For-

mation (Lower Permian); P,A = Gyl(r(fi Quartzporphyry Formation (Lower Permian); P2= Cserdi Conglomerate and Boda Aleu-

rolite Formation (Middle Permian); P3= KG&vag6sz6l6s Sandstone Formation (Upper Permian); T} = Jakabhegy Sandstone Formation

(Lower part of Lower Triassic); Tf = Patacs Member; Magyarirog Anhydrite, Hetvehely Dolomite, Yiganvar Limestone Members
(Upper part of Lower Triassic); T2= Middle Triassic; T, = Upper Triassic; J2= Lower Jura
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Lithostratigraphy
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Development of opinions concerning the age ofthe Permian
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and Lower Triassic lilhostratigraphical units of the Mecsek Mountains
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majority of geologists working in this area (0. Té6zser, 1961; J. Kiss, 1961;
M. Kassai, 1969; K. Balogh—A. Barabas, 1972; K. Balogh—A. Barabas —
Gy. Majoros, 1977). A further confirmation of this was found by the dis-
covery of Costatoria costata of undoubtedly “Campilian” character in the
upper part of the type section of Patacs Member that was formerly regarded
as of “Seisian age” (A. Jambor, 1966). Moreover, palynomorphs referring
to Triassic were found in the uppermost part of the Jakabhegy Sandstone
Formation accompanied by microflora elements being transient from Upper
Permian (A. Barabas-Stuhl in K. Balogh—A. Barabas, 1972; A. Barabas-
Stuht, 1975). But the question if the Permian/Triassic boundary should be
drawn ivithin or below the Jakabhegy Sandstone complex, was not decided
by this as yet. This uncertainity is reflected in the fact, too, that M. K assai
(1976b, 1978) considers the Jakabhegy Sandstone Formation in scope of
a diastrophical conception, on the basis of comparison with the red sediments
of the surrounding areas, as a “Permoscythian” sequence appearing above
a regional unconformity and going beyond the underlying formations.

The present writer makes an effort to prove the belonging of the Jakab-
hegy Sandstone Formation to the Early Triassic by means of palynological
methods. In order to a wider supporting of the argumentation, however, all
the palynological and biostratigraphical results will be enumerated, which
have been obtained in connection with the investigation of the whole Lower
Permian —Lower Triassic sequence of Mecsek since the beginning of the sixties.

2. Geological Constitution

The oldest member of the investigated sequences is the Korpad Sand-
stone Formation resting disconformably on Precambrian granites (Fig. 3).
This is built up by clastic rocks of predominantly red colour, but green and
grey sandstone beds, too, occur frequently in it. It belongs to the continental
fluviale facies (A. JAMBOR, 1964) and represents a single great sedimentary
cycle. Frequency of burrowing organisms (bioturbation by worms) is a charac-
teristic feature of the reddish brown, siltic, fine grained sandstones which
close the cycle.

On the uneven surface of the Korpad Sandstone the Gy(rGfli Quartz-
porphyry Formation rests with a low angle disconformity (A. Jambor, 1964).
The quartz-porphyry is a predominantly purple-coloured rock produced by
a volcanism of regional extension belonging probably to the Saalian orogenic
phase. Above it, likewise disconformably (A. Jambor, 1964), the coarse grained,
red, fluviale sandy sediments of the Cserdi Conglomerate Formation lie enclos-
ing frequent pebbles derived from the underlying quartz-porphyry.

The highest beds of the Cserdi Conglomerate are followed by the vari-
ously coloured sandstones of the lower part of the Boda Aleurolite Formation
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successed higher up the profile by reddish-brown siltstones (aleurolites). Among
the varied sandy beds are present sandy limestone interbeds, too; but in the
upper part of the aleurolitic series dolomite beds frequently occur. By virtue
of its sedimentological characteristics this formation can be qualified as prod-
uct of a standing water of beach facies (J. Somogyi, 1961), but it is rather
of lacustrine than marine origin (A. Jambor, 1964). The Cserdi Conglomerate
and the Boda Aleurolite Formation belong to a single great sedimentary cycle.

In the south side of the mountains varied, coarse grained sandy beds
occur in the upper part of the Boda Aleurolite Formation, passing over to the
concordantly layered, variegated clastica of the Kd&vagosz6l6s Sandstone
Formation through progressive coarsening of grains. This latter formation
begins with conglomerates.

The sequence of the K&vago6sz6lés Formation consists of a rhythmic
alternation of coarser and finer grained beds. It represents for all that a single
great sedimentary cycle beginning with conglomerates. Its middle part con-
sists of relatively finer grained sandstone beds. Higher up the profile grains
become coarser again and the uppermost part ends with a pebbled sandstone
relating to regression. Within this great cycle four medium-size cycles (A-B-
C-D), within the latter, however, eighteen small cycles can be proved by means
of statistical grain analysis of the sandstone (A. Barabas-Stuhl, 1969, 1973).

On the basis of the dominant colour of the beds the formation can be
divided in three heteropical members: the Varied Sandstone, the Gray Sand-
stone and the Red Sandstone Member.

By virtue of their sedimentological characters the beds of the K&vago-
sz6l6s Formation are considered to be settled down in continental (fluvial and
paludinal) facies (E. Vadasz, 1953; A. Barabas, 1964). But, with regard to
the dolomite beds and the horizons with dolomitic concretions found in certain
parts of the sequence as well as to the findings of phyllopods in the Grey Sand-
stone Member (K. Varszegi, 1961), M. Kassai (1976) believes that they may
belong to the marine facies.

The Jakabhegy Sandstone Formation overlaps the K&vagész6lés Forma-
tion with a low angle disconformity and, going beyond this far away, it can
be found in the north foreland of the Mecsek Mountains above Silurian (or
Carboniferous?) shales, in its south foreland, however, on Precambrian gran-
ites. Its basal partisbuiltup of a characteristic conglomerate containing many
quartz-porphyry and quartz pebbles (= Jakabhegy Main Conglomerate).
Higher up the profile purple, pebbled sandstone, then purple equigranular,
cross-bedded sandstone, finally reddish brown, siltic, fine grained sandstone
beds follow. Above the latters the varied sediments of the so called “transi-
tional sandstone” are settled on which the firstly red, then variegated, well
bedded, fine grained sandstones, silt- and mudstones of the Patacs Member
rest conformably.
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In the upper part of the Patacs Member chemical sediments appear in
form of thin dolomarl interbeds mwhich become predominant higher up the
profile (namely in the Magyarirég Anhydrite, the Hetvehely Dolomite and
the Viganvar Limestone Member following each other conformably).

The fauna beginning with the Patacs Member shows unambigously
the marine facies of the beds including it. Concerning the facies of the Jakab-
hegy Formation, as it no fauna includes, one can throw oneself only on sedi-
mentary analyses. Recently it is believed to be of marine facies (M. Kassai,
1976).

Among the mentioned lithostratigraphical units the beds of the Cserdi
Conglomerate Formation, the Hetvehely Dolomite and the Viganvar Lime-
stone Members contain no microflora. The Vdéréshegy Dolomite and the
Baranyteté Limestone resting upon the Viganvar Limestone Member to be
ranged on the basis of their fauna already with the Anisian stage of the Middle
Triassic (E. Nagy, 1968) proved to be likewise steril palynologically.

3. Macroflora

The poor macroflora collected from the Korpad Sandstone Formation
(Fig. 3, 1) has been determined by G. Andreanszky (1961) as follows: Voltzia
heterophylla Brgt. and Pecopteris sp. The presence of Voltzia heterophylla in
these beds is, however, ambigous as this species is characteristic for the higher
beds of the Lower Triassic.

Macroflora of greatest quantity was obtained from the grey beds of the
K&vags6sz616s Sandstone Formation (Fig. 3, 2). This was determined firstly
by O. Heer (1877). Subsequently J. Tuzson (1911) revised this material:
Carpolites geinitzi Heer, Ullmannites rhodeanus Goepp, Ullmannites geinitzi
Heer, Voltzites hungarica Heer, Voltzites boeckhiana Heer. Some stems, found
not long ago, were determined by P. Simoncsics (1956): Dadoxylon schrolli-
anum Goepp., Dadoxylon transdanubicum Simoncsics. Also Baiera- and Arau-
carietites-stems were described from this material by P. Greguss (1967). All
this shows Upper Permian in age, moreover, Baiera and Araucarietites can
indicate the end of the Upper Permian, as well, because they were more
frequent only from the beginning of the Triassic.

From the varied sandstone beds of the upper part of the Jakabhegy
Sandstone Voltzia heterophylla Brgt. and Equisetites sp. were determined
by G. Andreanszky (Fig. 3, 3) (A. Jambor, 1964; K. Varszegi in M. Kassai,
1976). In other places these forms are to find in the upper part of the Lower
Triassic.
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Fig. 3. Biostratigraphical classification of lithostratigraphic units of the Permian and Lower
Triassicin Mecsek. 1. Limestone; 2. dolomite; 3. anhydrite and gypsum; 4. mudstone and aleuro-
lite (siltstone); 5. finer grained sandstone; 6. coarser sandstone; 7. pebbled sandstone; 8. conglo-
merate; 9. quartz-porphyry; 10. granite; 11. disconformity. 12. variegated (red, green, grey)
sediment; 13. grey sediments; 14. red sediments; 15. little cycles; 16. small cycles; 17. finding

place of macroflora; 18. second possibility for drawing the Permian/Triassic boundary
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4. Fauna

The phyllopods of the Boda Aleurolite Formation are: Lioestheria tallyensis Dep. et
Maz. and Limnadia sp. The phyllopods of the grey sandstone beds of the K6vagészl6s Sand-
stone Formation are after K. Varszegi (1961): Euestheria dawsoni Jones, Eoleaia leaiformis
Raymond.

The most important faunal elements of the members overlying the Jakabhegy Sand-
stone Formation are (E. Nagy, 1968):

Patacs Member: Isaura albertii (Voltz), Lingula tenuissima Bronn, Coslatoria costata

Zenk.

Magyarirég Anhydrite Member: Pseudomonotis sp., Costatoria sp., Velopecten cf.
albertii Goldf., Lingula tenuissima Bronn.

Hetvehely Dolomite Member: Velopecten cf. albertii Goldf.

Viganvar Limestone Member: Modiola triquetra Seeb., Costatoria costata Zenk.

Baranytets Limestone Member: Velopecten reticulatus Schl., Entolium discites Schl.,
Neritaria ci. stanensis Pichl.

It is noteworthy that the notice of Peters (1862) that the hanging wall
of the Jakabhegy Sandstone —the Patacs Member — would containe “Posido-
nomya clarae” (that is Claraia clarai) indicating the start of the Triassic
appeared for some authors as an important stratigraphical evidence for render-
ing the Jakabhegy Sandstone as Upper Permian. But this is very ambiguous
because nobody managed to refind this form as yet. In addition, Peters spoke
of embryonary specimens of Posidonomya clarae and so it is very reasonable
to believe that it was really a phyllopod, namely a lot of phyllopods was found
in this member ever since. Costatoria costata, however, to be found in the out-
crop of Patacs (A. Jambor, 1964; E. Nagy, 1968), as well, relates already
to the higher part of the Lower Triassic.

5. Palynological Characteristics of the Permian and Lower Triassic
Formations in Europe

In Europe, the detritic sediments of the Permian of continental facies
do not contain (or only sporadically) animal fossils being available for geo-
logical dating. Therefore their stratigraphical classification was taken by
virtue of accentuation of the lithological differences and, occasionally, on the
basis of their position compared to the fossiliferous beds to be evaluated bio-
stratigraphically. Consequently the Permian/Triassic boundary was usually
placed between different lithological units (e.g. Zechstein/Buntsandstein;
Magnesian Limestone/Bunter, etc.), and a chronostratigraphic value was
ascribed to it. Beginning of the palynological investigation of the Permian
and Triassic falls in the fifthies. By the quantitative and qualitative analysis
of the rich palynomorph assemblages described since then, the recognition
of the Permian—Triassic floras has been largely promoted and the correctness
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of marking the boundaries by reason of merely lithological differences has been
made questionable in many places.

The main microfloristical features of the intervals within the Permian
and Early Triassic, being currently acceptable, are as follows:

The Lower Permian can be characterized by Potonieisporites and Vitta-
tina assemblages (Doubinger, 1974).

Visscher (1971, 1974) considers the disaccite pollen Lueckisporites vir-
kkiae as the leading form of the Upper Permian. In his opinion, only Lower
and Upper Permian exists in Europe, but the Middle Permian is missing.
According to him, the deposits considered till now as Middle Permian (“Saxon-
ian”, “upper Rotliegend”) are heterotopic equivalents of the Lower Permian
(“Autunian”) or else the Upper Permian (“Thbiiringian”). He has recognized
the microevolutionary mutation of Lueckisporites virkkiae, being proceeded
in time, determined the Lueckisporites palynodemes and distinguished the
older and younger parts of the Upper Permian by the help of the presence
of it norms A (Aa, Ab, Ac), B and C.

Kozur (1977), in turn, has different views as compared to Visscher.
He came by means of literary data to the conclusion that the Lueckisporites
virkkiae was not restricted to the Upper Permian in the Euramerican flora
province at all, but it was frequent in the whole Middle and Upper Permian.
In the Upper Permian the norms Ab, Ac, B and C of Lueckisporites virkkiae
palynodemes, in the Middle Permian, however, the norm Aa were predominat-
ing. Beside the norm Aa of Lueckisporites palynodemes the presence of Cori-
saccites and Hemiapollenites was characteristic of the Middle Permian. Con-
sequently, according to Kozur, the Middle Permian is also represented in the
Permian sequences in Europe. In his opinion, in case of dividing the Permian
in two parts, the Middle and Upper Permian would be united into Upper
Permian.

In Visscher’s view (1971, 1974), the Permian/Triassic boundary can
be traced by the sudden disappearence of the Upper Permian Pinaceae to be
characterized by disaccite pollens (Ullmannia bronni = Lueckisporites paly-
nodeme; Ullmannites frumentaria — Jugasporites palynodeme; Pseudovoltzia
liebana = Klausipollenites schaubergeri) and by the prevalence of Sporophyta.
In the lower part of the Lower Triassic these Sporophyta are predominating,
but — beside them — the Pteridospermopsida to be characterized with multi-
taeniate pollens play a great role, as well. Their remnants are represented
by the Pleuromeia (Lycopsida) being relatively frequent in the macroflora
and by the rare Glossopteridium (Pteridospermopsida) found till now only
in Poland.

The quick disappearence of the Upper Permian Pinaceae and the con-
temporary upswing of the Sporophyta indicate an important change in the
floral evolution that can be explanated only by a great, regional change
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in the development of the Earth. This is very well reflected in the composition
of the microflora, too, and lends itself particularly well for tracing the
boundary between Permian and Triassic.

According to Visscher the Lowermost Triassic can be characterized
by the significant quantity of the cavate lycophytic microspore, Lundbladi-
spora nejburgii, and by the norm D of Lueckisporites palynodemes (Stella-
pollenites sp.).

In the upper part of the Lower Triassic the Pinaceae prosper again; new
genera having disaccite pollens (Voltzia heterophylla = Triadispora, Yucci-
tes vogesiacus = Angustisulcites) appear. These pollens are very important
elements of the palynological assemblages of the upper part of the Lower
Triassic and of the Middle Triassic.

K raus (1977) distinguished the following microflora associations being
very similar to the above mentioned ones:

D: Triadispora Association (upper Bunter)

C: Association with lycophytic spores (middle part of the Lower Triassic)
B: Taeniaesporites Association (Lowermost Triassic)

A: Lueckisporites Association (Upper Permian)

Summarized:

— the Lower Permian is characterized by Potonieisporites and Vittatina associations,

— the Middle and Upper Permian by the Lueckisporites association; within this the Middle
Permian by the norm Aa of Lueckisporites palynodemes, the Upper Permian, however,
by the norms (Aa), Ab, Ac, B and C,

— the lower part of the Lower Triassic by the increased frequency of the spores (mainly
by that of Lundbladispora nejburgii) as well as the multitaeniate pollens and by the presence
of the norm D of Lueckisporites palynodemes (Stellapollenites sp.),

— finally the upper part of the Lower Triassic by the Triadispora and Angustisulcites as-
sociation.

6. The Permian and Lower Triassic Microflora of the Mecsek Mountains

The source of the microflora bearing sample groups is indicated in the
Figs 3 and 4 by the letters a—p. The sample “6” was obtained from a trial
trench, all the others derive from boreholes. Their exact position and the
symbols of the individual samples are listed in Table 2. The samples of the
K6évagdsz6l6s Formation obtained of several boreholes are drawn together
on the basis of their stratigraphical position within the small cycles.

One part of the palynological investigations (regarding the samples c,
d, e,f, g, h,i,j, Kk and m) was finished already in 1962/63; their results
were published in A. Barabas-Stuhl, 1975. The remaining samples were
investigated only in the last years. By virtue of a particular qualitative and
guantitative analysis of the spore and pollen bearing samples, several palyno-
logical assemblages were distinguished (Fig. 3). If the foundation of assem-
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Table 2

List of the fossiliferous samples

Depth,
m

941.0
647.0

451.0
240.0
610.0

1108.0
1071.0
1122.0
697.0
719.0
950.0
727.0
732.0
743.0
713.0
718.0
1458.0
1472.0
1514.0
1526.0
1551.0
765.0
800.0
802.0
804.0
1595.0
1647.0
948.0
961.0

trial
trench

86.0
87.0

Relative

Lithostratigraphical Unite Cycle P%ZI,%S{L(? f

in Fig. 3

j Magyariirég Anhydrite Member

©T T

Patacs Member

I 3000

Jakabhegy Sandstone Forma-
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16
16
16
16
15
15
15 j
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Table 3
Percentual Distribution of the Main Palynomorph Groups in the Permian and Lower Triassic
of Mecsek
Palynological Assemblages
= 1 W o1 W H. H. i v
Main groups Samples
a b c—g h—« 1 m n—p
%
Triadispora+ Angustisulcites — — — — — 3 43
Norm D of Lueckisporites — — - — - 8 6
Norm C of Lueckisporites — — — — 6 -
Norm B of Lueckisporites — — — 6 12 — —
Monocolpate alete pollens - - - ) 7 2 2
Norm A of Lueckiporistes — 51 30 24 7 — —
Gigantosporites - 9 + + - — _
Klausipollenites schaubergeri - 2 5 13 4 — —
Multitaeniate disaccite pollens - 7 7 15 17 12 6
Jugasporites 3 10 34 24 3 — —
Potonieisporites 53 - — — - — —
Monosaccite pollens 18 3 5 3 10 — —
Disaccite pollens 23 17 25 17 17 28 41
SPORITES 2 . 1 2 25 47 2
Vittatina 1 1 — — _
7
4
F9‘| a é‘l ‘mn g
o o 43 X
i m
0 626165 band 1*1
i . . . « L Kovagosz616s - o «j s
Lithostratigraphical units 43 v stone Formation
CC‘;S E‘ frs
\(—Z{g i l’%e %' I a
ST 43
SE o igﬁl o .

blageswas based on investigation of a number of samples, those were charac-
terized with the average frequency of the found forms. The microfloras of the
distinguished assemblages were divided into groups according to the usual
points of view of the palynological stratigraphy (Table 3). On the table the
species, genera or groups proved to be of stratigraphical importance accord-
ing to our own investigations, were also emphasized.
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6.1. Palynological Assemblage | (Korpad Sandstone Formation; sample group
“a”. Plate 1)

The microflora of the oldest beds of the Permian of Mecsek is very poor
and bedly preserved. It is dominated by the following monosaccite pollens :
Cordaitina sp., Potonieisporites novicus Bharadwaj 1954, Potonieisporites
bhardwaji Remy et Remy 1961, and cf. Vesicaspora wilsoni Schemel 1951.
These forms together come to 71%; the quota of the genus Potonieisporites
is 53%. The quantity of the disaccite pollens is also of importance: Pityo-
sporites sp., Falcisporites sp., Jugasporites omai Helby 1966 and other inde-
terminable disaccite forms represent together 26% . The spores are represented
by Leiotriletes sp. in a quantity not more than 2% (Table 3).

The Palynological assemblage | is mostly comparable with the assemblages described
from the upper part of the Autunian deposits of France and from the Lower Rotliegend
of Germany on the basis of the significant quantity of Potonieisporites and the relatively high
procent of the disaccite pollens (Helby 1966, Doubinger 1974). In opinion of Doubinger
these assemblages are very similar to the microflora of the Artinskian—Lower Kungurian
beds of the marine Permian in Soviet Union. On the other hand, the polyplicate pollen, Vit-
tatina, appearing frequently in the comparable assemblages, is very rarely to find in the
treated assemblage of Mecsek. This fact can be possibly interpreted by a local facies change.

6.2. Palynological Assemblage 111 (Boda Aleurolite Formation; sample group
“6”. Plate 11, I, IV

The very well preserved and rich microflora of the samples gained from
the thin, greenish grey, fine grained sandstons intercalated to the red beds
of the lower part of the Boda Aleurolite Formation follows in a great strati-
graphical distance above the Palynological assemblage | (Figs 3 and 4).

It is dominated by disaccite pollens (Table 3). The grains of Lueckispori-
tes virkkiae Potonié et Kraus 1954 found in a significant quantity prevaingly
belong to the norm Aa of Lueckisporites palynodemes, a little quantity of
them, however, to the norm Ab. The genus Jugasporites is represented by Juga-
sporites omai being transient from the Lower Permian, as well as by Juga-
sporites delasaucei (Pot. et Klaus) Leschik 1956 and Jugasporites perspicuus
Leschik 1956 in a quantity of 10%; the letters being generally characteristic
of Visscher’s “Upper Permian”. The quantity of Gigantosporites hallstattensis
K 1aus 1963 (9%) is also remarkable. The entire quantity of the multitaeniate
disaccite pollens (Taeniasporites labdacus Ki1aus 1963 and Striatites sp.) comes
to 7%.

Additional disaccite pollens are: Limitisporites leschiki Kiraus 1963,
Platysaccus papilionis Pot. et Kraus 1954, Gardenasporites heisseli Klaus
1963, Falcisporites zapfei (Pot. et Klaus) Leschik 1956, Paravesicaspora
splendens (Leschik) K1aus 1963, Klausipollenites schaubergeri (Pot. et K1aus)
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Jansonius 1962, Sulcatisporites sp. Their proportion taken as a whole comes
to 19%.

The monosaccite pollens (3%) are represented by Striatimonosaccites sp.
being characteristic of the Lower Permian and Nuskoisporites klausi Grebe
1957 to be referred to the higher part of the Permian.

A representative of the polyplicate pollens is Vittatina costabilis Wilson
1962. The spores are represented by Converrucosisporites sp. Both of them
were found only sporadically.

The microflora of the Palynological assemblage 11, — particularly because of the rela-
tively remarkable quantity of Gigantosporites hallstattensis — can be very well correlated with
the microflora of the Middle Permian Grdden Sandstone of the Southern Alps, which was
described by Klaus, 1963. It is in a good agreement with the microflora determined by Vis-
SCHER et al. (1974) from the beds of the “Faciés de Léouve” (Dom de Barrot, France), as well.
Formerly these ulterior beds were held, on the basis of their lithological aspect and position
within the sequence, to be as old as Middle Permian (Saxonian) and only the above-named
authors ranged them — because of the presence of the norm Aa of Lueckisporites — into
the lower part of the Upper Permian.

6.3. Palynological Assemblage 112 and 113 (deeper part of the Kd&vagosz8lds
Sandstone Formation; 112= samples “c—g”; 113= samples “A—A".
" Plate ¥ and VI)

The microflora containing samples of the K&vagdész6l6s Formation were
found in a great stratigraphical distance above the Palynological assemblage
Hf

From among the three palynological assemblages of this Formation
(Fig. 3) two ones —namely the Palynological assemblage 112and 113, discussed
here — have a very similar composition (Table 3). The main difference between
them lies in that the norm B of Lueckisporites palynodemes was to find only
in the younger assemblage (113)in a quantity of 6% . Further difference is that
the quantity of the multitaeniate disaccite pollens is much greater (15%) than
in the older assemblage (112) where they come to 7% only. Similar difference
exists in the quantity of the disaccite pollen Klausipollenites schaubergeri : this
comes in the assemblage 112 only to 5%, in the 113 in turn, to 13%).

A common characteristic of both assemblages is the great quantity of
the norm A of the Lueckisporites palynodemes and the same of the Jugasporites
genus (34 and 24%, respectively). The latter is represented by Jugasporites
delasaucei appearing in the Palynological assemblage 11j, as well, and by Juga-
sporites schaubergeroides Kraus 1963 to be found only in these assemblages.

W ithin the Palynological assemblage 112 and 113 the exact qualitative
and quantitative distribution of forms inside the norm A of Lueckisporites
palynodemes could not been with entire objectivity stated as preservation
of the pollen grains is rather bad. By virtue of investigation of many samples,
however, the subjective statement could be winned that the norms Ab and
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Exclusively in this assemblage the alete pollen, Pilasporites plurigens
Balme et Henn. 1955, was found in a quantity of 6%. The monocolpate
pollen, Cycadopites coxii is present in 1%.

The pollen forms of this assemblage are known from several Upper Permian Formations
(Bellerophon Limestone, Zechstein, etc.). The decided decrease of quantity of the norm A
of Lueckisporites palynodemes, parallel with the increase of quantity of the norm B and the
appearence of the norm C (Table 3) indicate the end of the Permian, the spores occurring
simultaneously, however, refer to the beginning or nearness of the Triassic. The spores of this
assemblage (without Lueckisporites) are significant to the Lower and Middle Buntsandstein
in Poland (l)ybova—Laszko, 1978); they are common in the Middle Buntsandstein in Ger-
many (Schulz, 1964, 1966; Reinhardt et Schoén, 1967). The species of Lundbladispora and
the cf. microspore of Pleuromeia are frequent in the Lower Triassic beds of the “New Red
Sandstone” of Ireland (Visscher, 1971). In Hungary, the microflora of the uppermost beds
of the Upper Permian in the Transdanubian Central Mountains (the so called Tabajd Forma-
tion) found in 40 m distance below the Lower Triassic beds containing Claraia clarai is also
very similar to the Palynological assemblage 114 as it is characterized with the coexistence
of Upper Permian pollens (among which also Lueckisporites occurs) and Lower Triassic spores
(Barabas-Stuhl, 1979).

6.5. Palvnological Assemblage 11l (Jakabhegy Sandstone Formation; sample
group “m”. Plate X 11 -X1V)

The microflora of the sample group “m” was obtained in a distance of
about 300 m above the samples “Z’ of the Palynological assemblage 114 The
quantity of spores is in it still greater (47%) as compared with the assemblage
I14. Considering the qualitative and quantitative composition of the micro-
floras, there are some similarities, but differences, too, between the two
assemblages. The mean difference consists in that the norms A, B and C of
Lueckisporites palyodemes were not found in this assemblage, the norm D
(= Stellapollenites sp.), in turn, occurred in a quantity of 8%.

Transient spores on the Palynological assemblage 114 are as follows:
Azonotriletes: Calamospora sp., Punctatisporites triassicus, Leschikisporites
aduncus, Baculatisporites mesozoicus. Zonotriletes: Lundbladispora nejburgii
as well as the cf. microspore of Pleuromeia. New spores of this assemblage are
the azonotrilete Apiculatisporites plicatus Visscher 1966, Guttatisporites gutta-
tus Visscher 1966 and Guttatisporites microechinatus Visscher 1966. From
among the spores the genus Guttatisporites is of conspicous quantity (29%);
the quantity of the other spore-forms ranges from 1to 4%.

From among the disaccite pollens Limitisporites moersensis (2%) and cf.
Alisporites ovatus (8% ) were already present in the Palynological assemblage
114, as well. New disaccite forms are: Voltziaceaesporites heleromorpha Kiaus
1964 (14%), Paravesicaspora planderovae Visscher 1966 (4%) and Triadispora
staplini (Jansonius) Klaus 1964 (only in traces). New representatives of the
multitaeniate disaccite pollens are: Taeniaepollenites noviaulensis Leschik 1966
(12%), and Angusticulcites klausii (Freudenthal) Visscher 1966 (3%). The
monocolpate pollen grain, Cycadopites coxii (2% ), was already present in the
Upper Permian assemblages, too.
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The spores of the Palynological assemblage IlIl are known from the
lower, middle and upper Buntsandstein of the Germanic facies (Reinhardt,
1964; Schulz, 1964, 1966; Reinhardt—Schmitz, 1965; Yisscher, 1966, 1971;
Reinhardt—Schoén, 1967; Dybova—Laszko, 1978).

Voltziaceaesporiles heteromorpha is known from the lower Buntsandstein up to the
Muschelkalk (Dybova—Laszko, 1978); it was listed by Klaus (1964) from upper Werfenian
beds, too. Angustisulcites klausii and Triadispora staplini is significant for the upper part
of the Lower Triassic (Visscher, 1966, 1971; DYbova—Laszko, 1978; Antonescu, 1976).
Taeniaepollenites noviaulensis was obtained from Upper Permian beds. Paravesicaspora plan-
derovae was described by Yisscher (1966) from the upper Bunter beds. Stellapollenites sp.
(= Nuskoisporites muelleri, Triadispora muelleri) is known upwards from the middle Bunt-

sandstein (Beinhardt, 1964; Remhardt—Schmitz, 1965; Schulz, 1965, 1966; Visscher,
1966, 1971; Antonescu, 1976; Dybova—Laszko, 1978).

6.6. Palynological Assemblage IV (Patacs Member and Magyariirog Anhydrite
Member; sample groups “n—o” and “p”. Plate XY —X1X)

Samples “n” of this assemblage were obtained 40 m higher than the
samples “m” of the assemblage Ill. Here a significant change in the com-
position of microflora can be experienced. This manifests itself mostly in
decrease of quantity of spores and in increase of quantity of pollens. Among
the spores and pollens many new forms occur.

From the spores Calamospora sp., Leschikisporites aduncus, Guttatispori-
tes guttatus and Lundbladispora nejburgii were already present in the Palyno-
logical assemblage 114, too. In this assemblage Saturnisporites praevius
Visscher 1966, Cyclotriletes sp., Retitriletes jenensis (Reinhardt —Schmitz)
Schulz 1965, Concentricisporites pluriannulatus Antonescu 1969 first occur.
Their quantity is very low: that of the individual forms ranges from traces
up to 4%.

The dominant disaccite pollen-form of this assemblage is the genus Triadi-
spora (33%); this is represented by Triadispora crassa Klaus 1964, Triadi-
spora falcata K1aus 1964 and the very rare Triadispora epigona Ki1aus 1964.
Among them Triadispora crassa is of the greatest quantity. Voltziaceaesporites
heteromorpha having been present in the former assemblages, as well as Ali-
sporites grauvogeli Kraus 1964 the first appearence of which falls to this
assemblage, occur in a major quantity (12% one by one).

The multitaeniate disaccite pollens are represented by new forms occur-
ring firstly here (Taeniaepollenites jonkeri Visscher 1966, Tubantiapollenites
balmei (Kraus) Visscher 1966, Striatobietites aytugii Visscher 1966, Angusti-
sulcites gorpii Visscher 1966) as well as by Taeniaepollenites noviaulensis and
Angustisulcites klausii being present also in the Palynological assemblage II1.
Their total quantity comes to 16%; within this the genus Angustisulcites
represents the greatest bulk (10%).

The remaining disaccite pollens (Limitisporites moersensis, cf. Alisporites
ovatus and Paravesicaspora planderovae) known also from the former assem-
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blage, as well as Alisporites microreticulatus Reinhardt 1964, Colpectopollis
ellipsoideus Visscher 1966 and Chordasporites sp. (which latters first appear
in this assemblage) participate in the composition of the microflora one by
one with a quantity from 1to 8% . The quantity of Stellapollenites sp. (= norm
D of Lueckisporites palynodemes) comes to 6%.

This microflora is very well to correlate with the one of the upper part of the Alpine
Werfen beds, the upper Buntsandstein, upper Bunter and Rot of the Germanic facies, the
“Lower Anisian” of Roumania, the “Muschelkalk” of Southeastern France and the “ Keuper”
of England (K1aus, 1964; Madler, 1964, 1968; Schulz, 1965, 1966; Visscher, 1966, 1971;
Warrincton, 1974; Taugourdeau—Lantz, 1974; Antonescu, 1976; Dybova—Laszko,
1978).

The spore species Concentricisporites nevesi and Concentricisporites pluriannulatiis being
present in the Palynological assemblage 1V were found only in the Triassic of Roumania until
now. This fact can relate to the presumable paleogeographical connections between the Mecsek
Mountains and some Roumanian areas.

7. Stratigraphical Conclusions

The chronological change of the Permian —Lower Triassic microfloras
of Mecsek entirely fits in with the ideas pictured on the page 61 which were
established by the modern palynological stratigraphy considering the classif-
ication of the coeval sequences of Middle and Western Europe. This fact
enables us to state the age of the lithostratigraphical units of the Permian —
Lower Triassic of Mecsek as follows (Fig. 4):

(TJ The Korpad Sandstone Formation should be assigned, by virtue
of the Potonieisporites association dominating in the microflora of the Palyno-
logical assemblage | and of the great quantity of disaccite pollens, in spite
of the very poor representation of Vittatina, to the Lower Permian.

(2) The Boda Aleurolite Formation should be considered Middle Perm-
ian by reason of the dominating of the norm Aa of Lueckisporites in the Paly-?
nological assemblage Ilj as well as of the presence of a few Lower Permian
forms (Striatimonosaccites, Jugasporites ornai).

It should be mentioned again that — according to Visscher — the
Lueckisporites association would be significant only for the Upper Permian
and within this association the norm Aa of Lueckisporites would indicate the
lowermost part of the Upper Permian. Considering the disconformity being
generally present between the Lower Permian and the Permian beds overlying
it Visscher supposes the Middle Permian deposits to be absent in the con-
tinental areas of Europe. A disconformity appears in the Mecsek Mts., too,
at the lower and upper boundary of the Gy(r(f(i Quartz-porphyry Formation.
Though the dimensions of this break are unknown, the divisibility of the very
thick clastic sequence, settled down after this gap, into three great cycles,
makes probable also the presence of the Middle Permian in the Mecsek beside
the Upper Permian.
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Fig. 4. Distribution of the characteristic forms of Permian and Lower Triassic microflora of Mecsek in the palynological assemblages.
1.unconformity; 2. average of five sample groups; 3. average of four sample groups; 4. average of three sample groups; 5. second pos-
sibility for drawing the Permian/Triassic boundary
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Ac are more frequent, while the norm Aa of Lueckisporites palynodemes is
very rare in these assemblages. In the Palynological assemblage I12the norm
Ab, in the Palynological assemblage 113 however, the norm Ac appears more
frequently.

The multitaeniate disaccite pollens are represented by Taeniaesporites
ortosei Kraus 1963 and Taeniaesporites labdacus K1aus 1963 as well as Striati-
tes jacobii Jansonius 1962. But this latter is very rare in both assemblages.

Others disaccite pollen grains of the Palynological assemblage I12and 113
are Limitisporites leschiki, Platysaccus papilionis, Gardenasporites heisseli and
Falcisporites zapfei that were already present in the Palynological assemblage
I1j, too. The quantity of the different species varies between 1 and 10%. The
form cf. Alisporites ovatus Jansonius 1962 appears in the uppermost sample
of the Palynological assemblage 113 in quantity of 1%.

The monosaccite pollens are represented by Nuskoisporites dulhuntyi Pot.
et Kraus 1954 (3 —5%), the spores to be found very rarely, in turn, by Con-
verrucosisporites eggeri Kraus 1963 and Calamospora sp. In the uppermost
sample of the Palynological assemblage I13 occurs the monocolpate pollen grain,
Cycadopites coxii Visscher 1966. The quantity of both the spores and the
monocolpate pollen grains is very small (about 1%).

The composition of the Palynological assemblages 112 and 113is in a good accordance
with that of the microflora of the Upper Permian Formations of the Alpine and Germanic
facies in Europe (Bellerophon Limestone, Magnesian Limestone, Kingscourt Gypsum Forma-
tion, Zechstein). In general, the whole Euramerican flora realm, well known in palynological
respects, is characterized by similar assemblages. In Hungary, the Upper Permian beds of
the Transdanubian Central Mountains (the Balaton Red Sandstone and the Tabajd Forma-
tion, respectively) contain similar microfloras, as well (Klaus, 1953, 1954, 1963; Potonié
et Klaus, 1954; Leschik, 1956; Grebe, 1957; Schweitzer, 1960; Corna—Illavska, 1962;
Stuhl, 1962; Clarke, 1965; Kalibova, 1967; Visscher, 1968, 1971, 1974; Planderova,
1973; Dybova, 1974; Clement, 1974; Dybova—Laszko, 1978).

6.4. Palynological Assemblage 1J4 (K6vago6sz6l6s Sandstone Formation; sample
group “I'. Plate VII to X1)

The samples “1” derived from beds lying in a distance of 50 —60 m above
the uppermost sample of the Palynological assemblage I13show a sudden and
strong change of the microflora. Though the disaccite pollens of the older
assemblages being characteristic of the Upper Permian (and among these the
norm A and B of Lueckisporites palynodemes, as well) appear still in them,
but, beside the latters, many new forms (among them Lower Triassic spores,
too) occur and become quantitatively significant. W hilst the amount of spores
ranged only from 1 to 2% in the microflora of the older assemblages, their
quantity increases in this assemblage as far as 25%.

The important change occurring in the microflora of the Palynological
assemblage Il14can be joined with a geological change, too. Namely the samples
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“Z’ containing this palynological assemblage are derived from the highest,
fine-grained beds of the medium-size cycle “C”, and the coarse-grained, pebbly
sandstone beds of the newer medium-size cycle “B” rest above them as
regressive closing members of the K6vagdsz6l6s Sandstone Formation (Fig. 3).

Among the disaccite pollens of the Palynological assemblage 114 being
characteristic to the Upper Permian, the quantity of the norm A of Luecki-
sporites palynodemes comes to 7%; this is far less as compared with the older
assemblages; the same of the norm B, in turn, is increased to 12%. The norm
A is represented by forms belonging to the norms Ab and Ac; between these
the norm Ac dominates. The presence of Guttulapollenites sp. is also very im-
portant in this assemblage. This form is identical with the norm C of Luecki-
sporites palynodemes that indicates, in Visscher’s (1971, 1974) opinion, the
Latest Permian. Its quantity is 6%.

The total quantity of the multitaeniate disaccite pollens (17%) deserves
attention. Taeniaesporites ortosei, Taeniaesporites labdacus, Striatites jacobii
to be found also here were present already in the older assemblages, too; but
Strotersporites sp. appears only in this assemblage.

Further disaccite pollens of the assemblage are: Jugasporites schauber-
geroides, Gardenasporites heisseli, Platysaccus papilionis, Falcisporites zapfei,
Klausipollenites schaubergeri, cf. Alisporites ovatus known also from the
assemblages 114, 112 and 113. The quantity of the individual forms comes,
however, to not more than 1 to 4%.

Beside the “Upper Permian” monosaccite pollen Nuskoisporites dul-
huntyi — which is present, however, also in the assemblage 112 and 113 —
three new monosaccite forms (Endosporites sp., Monosaccites | and Mono-
saccites I1) appear. The latters bear a resemblance mostly to certain Goud-
wana-forms. The total quantity of the monosaccite forms (10%) is much
greater than the same in the earlier assemblages (114, 112 113).

In the Palynological assemblage 114 the quantity of spores increases
abruptly as compared to the earlier assemblages. Beside Calamospora sp. and
Converrucosisporites sp. known also from the older assemblages many new
spore genera and species occur. The followings can be listed: Azonotriletes:
Punctatisporites triassicus Schulz 1965, Punctatisporites velatus Leschik 1955,
Leschikisporites aduncus (Leschik) Potonié 1958, Leiotriletes sp., Leiotriletes
adrienneforma Nilsson 1958, Conosmundasporites sp., Laevigatisporites sp.,
Baculatisporites mesozoicus Schulz 1964, Verrucosisporites morulae K 1aus 1960,
Verrucosisporites sp. Zonotriletes: Lundbladispora nejburgii Schulz 1964,
Lundbladispora echinata Reinhardt et Schon 1967. Monoletes: Laevigato-
sporites sp., cf. microspore of Pleuromeia. But neither form plays a significant
role; the quantity of the individual ones ranges from trace to 4% . The signif-
icant microspore of the lower part of the Lower Triassic, Lundbladispora nej-
burgii participates in the assemblage only with 1%.
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As the presence of the Middle Permian was to be confirmed biostrati-
graphically only in a thin bed of the lower part of the Boda Aleurolite, one
must lean at tracing its lower and upper boundary on diastrophical data.

As the Cserdi Conglomerate, lying above the disconformity connected
with the Gyl(lr@fii Quartz-porphyry, represents with the Boda Aleurolite
Formation together a single great sedimentary cycle, both formations should
be assigned to the Middle Permian. The belonging of the Cserdi Conglomerate
to the Middle Permian is supported by the fact that Lueckisporites is present
in a great strength in the Palynological assemblage 11X(51%); consequently
its virency may be started already in time of sedimentation of the beds under-
lying it.

(3) The Ko6vagosz6l6s Sandstone Formation belongs by virtue of the
norms Ab, Ac, B and C of Lueckisporites being dominant in the Palynological
assemblage 112, 113 and Il4to the Upper Permian.

The spore —pollen spectrum of the Palynological assemblage Il14obtained
from the upper part of the formation indicates the end or the nearness of the
Triassic on the basis of appearence of Guttulapollenites sp. (= norm C of Luecki-
sporites) as well as the great quantity of Lower Triassic spores (among them
Lundbladispora nejburgii, as well) and multitaeniate pollens.

(4) By lack of the norms A, B, C of Lueckisporites, by presence of the
norm D and by the very high amount of spores, the belonging of the upper-
most part of the Jakabhegy Sandstone Formation to the lower part of the
Lower Triassic has been proved. The small quantity of Triadispora and Angu-
stisulcites, however, indicates the nearness of the upper part of the Lower
Triassic. This implies that on the top of the Jakabhegy Sandstone Formation
younger beds of the lower part of the Lower Triassic are already present.
The same results from the fact, that Lundbladispora nejburgii, dominating
—in accordance with literary data — during the early Lower Triassic, appears
in the Palynological assemblage Il only in a very small quantity. Consequent-
ly the virency of this lycophytic microspore, observed in the early Lower
Triassic of other areas, falls in the Mecsek Mountains onto the time-span that
was filled between the creation of the Palynological assemblage 114 and 111
by the palynologically sterile deposition of the 40 m thick, purple-pebbled
conglomerate belonging to the cycle “_D’ of the K6vagdsz6l6s Formation and
of the 300 m thick Jakabhegy Sandstone.

(5) The Patacs and the Magyriurég Anhydrite Members belong by their
Triadispora and Angustisulcites associations of the microflora of the Palyno-
logical assemblage IV unambigously to the upper part of the Lower Triassic.
This classification is affirmed also by the appearence of Costatoria costata
in these members.

(6) According to the above the Permian/Triassic boundary may be
placed either on to the base of the coarse initial (“main conglomerate”) beds
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of the Jakabhegy Sandstone Formation or onto the sole ofthe “purple-pebbled
conglomerate” filling the cycle “D” of the K&vago6sz6l6s Sandstone Forma-
tion. Namely, a diastrophical change being suitable — also for lack of fossils —
for separation of two geochronological periods appears only at these horizons
within the whole sequence. The tracing such a boundary by virtue of diastro-
phism is supported by a sedimentation’s break known through wide areas
of the Tethys realm and attached in all places to the Permian/Triassic bound-
ary. No doubt that the greater change is indicated by the “main conglomerate”
of the Jakabhegy Sandstone; therefore the base of it is here proposed for
fixing the Permian/Triassic boundary.

On the basis of composition of the Palynological assemblages Il14and 111,
the possibility ofan Upper Permian age ofthe Jakabhegy Sandstone is entirely
eliminated, and further discussions may be emerged, if only, in respect of the
classification of the cycle “jD” of the K6vagdsz6l6s Sandstone Formation.

(7) The boundary between the Lower and Middle Triassic can not be
palynologically marked because no microflora was found in the beds above
the Palynological assemblage IV as yet. In Figs 3 and 4, the Lower/Middle
Triassic boundary has been drawn by virtue of faunistical data, in perfect
harmony with E. Nagy (1968).
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MWKPO®/IOPA BEPXHEMEPMCKUX N HUXXHETPUACOBbLIX OT/IOXXEHWUI TOP
MEYEK (FO>)KHAA BEHIPUA)

A. BAPABALL-LUTYN

Pestome

Ha ocHOBaHUM M3yyeHUs MUKPOQIOPbl MEPMCKO-HUXHETPUACOBbLIX OT/IOXKEHWA MOLL-
HocTu 3,4 KM B ropax Meuyek Kopnaackas lNecuaHnkoBass dopmauus (accoymaums ¢ Potonie-
isporites) aBTOPOM OTHOCUTCS K HWXHeln nepmu, Bopalickas AneBponuTtoBas Popmaumsa (ac-
coumnaums C Lueckisporites, Lueckisporites palynodeme norma Au) BmecTe C noAcTuiatoLLen ee
Yeppackon KoHrnomepartoBoi hopmaumein, 0THOCALLENCA K TOMY Xe CaMOMy Merauyukny, HO He
cojeprkallleil MICKoNaeMbiX OpraHMYecKMX OCTaTKOB — K cpefHei nepmu. Mpun 3ToM oHa NpuHAna
BO BHMMaHMe 1 Hecornacue, otgensioulee Hepackyto KoHrnomepatoyto dopmaLmio 0T HUXKese-
Xauei droptorockoii KBapueBo-nopguposoin ®opmaumm n bogaiickyto AnesponnTtoByto dopma-
LM OT MoKpblBatoLleli ee Kéarocénnéwickon lMecyaHmkoBoi dopmaumn. KéBarocénéwckas
MecuaHukoBan dopmauma (accoumaums C Lueckisporites, Lueckisporites palynodeme norma Ab,
Ac, B 1 C) OTHOCUTCS K BepxHeil nepMun. B nannHonornyveckon accoumaumm 114, npovncxogsiei
13 BepXHel YacTu opmaLn, Hapsagy ¢ BepXHENepMCKUMU NblbLEBLIMU 3epHaAMU NOABAAIOTCA —
25%-0BOM KOMMYECTBE — YXKe U HWKHeTpMacoBble CMopbl, yKasbiBas Ha 6/130CTb Tpuaca.
Akabxegbckas Popmaums (Lueckisporites palynodeme norma D W HUXHETPUACOBbIE CMOpPbI)
OTHOCUTCS K HWXKHel 4YacTu HWKHero Tpuaca. Martauckoe MNogpasgeneHve n Magbaproréackoe
AHrngputooe. [MogpasgeneHne (accoumaumm c Triadispora M Angustisuldtes) MoryT 6bITb
OTHECEHbI K BEpXHel YacTu HUXHero Tpuaca.

paHnua mexay nepbtd M TpMacoM asBTOpP MPOBOAUT Ha AMACTPOUUECKON rpaHuLg,
npocnexusaemoii B40 M Haf coobuiectBom 14, To ecTb Mexay KéBarocénéwckoi MecyaHmKo-
BOIi N HAKabxeabCKoii MecyaHMKoBo Popmaumsamu.
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Plate |

Palynological assemblage |

Fig

Fig.

Fig
Fig
Fig
Fig
Fig
Fig
Fig

. 1-2.
3.
. 4—5.
. 6.
A
. 8
. 9.
.1
.1

0.
1.

Cordaitina sp.

Potonieisporites novicus Bharadwaj, 1954
Potonieisporites bhardwaji Remy et Remy, 1961
cf. Vesicaspora ivilsoni Schemel, 1951
Jugasporites omai Helby, 1966

Pityosporites sp.

Falcisporites sp.

Disaccites indet.

Leiotriletes sp.

Plate 11

Palynological assemblage I,

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

1

NOOAWN

Converrucosisporites sp.
Nuskoisporites klausi Grebe, 1957
Striatimonosaccites sp.
Jugasporites omai Herby, 1966

Jugasporites delasaucei (POT. et Kraus) Leschik, 1956

Jugasporites perspicuus Leschik, 1956
Limitisporites leschiki Klaus, 1963

Plate 111

Palynological assemblage I,

Fig.
Fig.
Fig.
Fig.

Fig.

Platysaccus papilionis PoT. et Kraus, 1954
Gigantosporites hallstatlensis Kraus, 1963
Gardenasporites heisseli Kraus, 1963
Lueckisporiles virkkiae Pot. et Kraus, 1954

(Lueckisporites palynodeme norma A, Visscher, 1971)

Taeniaesporites labdacus Kraus, 1963

Plate IV

Palynological assemblage 11,

Fig

Figs 2—3.

Fig
Fig

Figs 6—7.

Fig
Fig

. L

.4
. 5.

. 8
. 9.

Striatites sp.
Paravesicaspora splendens (Leschik) Kraus, 1963
Sulcatisporites sp.

Klausipollenites schaubergeri (Pot. €t Kraus) Jansonius, 1962
Falcisporites zapfei (Pot. €t Kraus) Leschik, 1956

Vittatina costabilis wirson, 1962
Ephedripites primus Kraus, 1963

Plate V

Palynological assemblage 112—I13

Fig

Figs 2—3.

Fig
Fig
Fig
Fig
Fig

Figs 9—11.

L

.4
. 5
. 6.
LT
. 8

Converrucosisporites eggeri Kraus, 1963
Nuskoisporites dulhunlyi Pot. et Kraus, 1954

Jugasporites delasaucei (Pot. et Kraus) Leschik, 1956

Jugasporites schaubergeroides Kraus, 1963
Limitisporites leschiki Kraus, 1963
Platysaccus papilionis Pot. et Kraus, 1954
Gardenasporites heisseli Kraus, 1963

75

Lueckisporites virkkiae Pot. et Kraus, 1954 (Lueckisporiles palynodeme norma A)
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Plate VI

Palynological assemblage 112—I13

Figs 1—3.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

RRoON@OT A

=o

Lueckisporiles virkkiae Pot. et Klaus, 1954 (Lueckisporites palynodeme norma A)
Lueckisporites virkkiae Pot. et Klaus, 1954 (Lueckisporites palynodeme norma B)
Taeniaesporites labdacus Klaus, 1963

Taeniaesporites ortosei Klaus, 1963

Striatites jacobii Jansonius, 1962

Falcisporites zapfei (Pot. et Klaus) Leschik, 1956

Klausipollenites schaubergeri (Pot. et Klaus) Jansonius, 1962

cf. Alisporites ovatus Jansonius, 1962

Cycadopites coxii Visscher, 1966

Plate VII

Palynological assemblage 114

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Palynological

Fig.
Fig.
Fig.

Figs 4—5.

Fig.
Fig.
Fig.

Figs 9—10.

Palynological

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

POONOOTRWNE

©

1
2.
3.

6.
7.
8.

—9.

Calamospora sp.

Leiotriletes adrienneforma Nilsson, 1958
Leiotriletes sp.

Punctatisporites triassicus Schulz, 1965
Punctatisporites velatus Leschik, 1955
Converrucosisporites sp.
Conosmundasporites sp.

Laevigatisporites sp.

Verrucosisporites morulae Klaus, 1960
Baculatisporites mesozoicus Schulz, 1964

Plate VIII
assemblage 114

Verrucosisporites sp.

Leschikisporiles aduncus (Leschik) Potonié, 1958
Lundbladispora echinata Reinhardt und Schén, 1967
Lundbladispora nejburgii Schulz, 1964
Laevigatosporites sp.

cf. microspora of Pleuromeia

Endosporites sp.

Nuskoisporites dulhunlyi Pot. et Klaus, 1954

Plate 1X
assemblage 114

MONOSACCITES |I.

MONOSACCITES I1.

Endosporites sp.

Jugasporites schaubergeroides Klaus, 1963

Limitisporites moersensis (Grebe) Klaus, 1963

Platysaccus papilionis Pot. et Klaus, 1954

Gardenasporites heisseli Klaus, 1963

Lueckisporites virkkiae Pot. et Klaus, 1954 (Lueckisporites palynodeme norma A)

Plate X

Palynological assemblage 114

Figs 1—3.
Figs 4—6.
Figs 7—9.

Fig.
Fig.
Fig.
Fig.

10.
11.
12.
13.

Lueckisporites virkkiae Pot. et Klaus, 1954 (Lueckisporites palynodeme norma A)
Lueckisporites virkkiae Pot. et Klaus, 1954 (Lueckisporites palynodeme norma B)
Guttulapollenites sp. (Lueckisporites palynodeme norma C)

Taeniaesporites ortosei Klaus, 1963

Taeniaesporites labdacus Kraus, 1963

Strotersporites sp.

Striatites sp.
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Palynological
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Fig. 2.
Fig. 3.
Fig. 4.
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Plate XI
assemblage 114

Strialites jacobii Jansonius, 1962

Sulcatisporites sp.

cf. Alisporites ovatus Jansonius, 1962

Falcisporites zapfei (Pot. et Klaus) Leschik, 1956
Klausipollenitcs schaubergeri (Pot. et Klaus) Jansonius, 1962
Pilasporites plurigens Balme et Henn, 1955

Cycadopites coxii Visscher, 1966

Tracheide

Plate XII
assemblage 111

Calamospora sp.

Punctatisporites triassicus schurz, 1965
Punctatisporites sp.

Apiculalisporiles plicatus visscHeH, 1966
Baculatisporites mesozoicus Sschuiz, 1964
Guttatisporites guttatus Visscher, 1966

Plate XI11
assemblage 111

Guttatisporites microechinatus Visscher, 1966
Punctalisporites sp.

Leschikisporis aduncus (Leschik) Potonie, 1958
Lundhladispora nejburgii schuiz, 1964

Triadispora staplini Kraus, 1964

Limitisporites moersensis (Grebe) Kraus, 1963
Slellapolleniles sp. (Lueckisporites palynodeme norma D)

Plate XIV
assemblage 111

Taeniaepollenites noviaulensis Leschik, 1966
Angustisulcites klausii (Freudenthal) Visscher, 1966
Paravesicaspora planderovae Visscher, 1966
Voltziaceaesporites heteromorpha Klaus, 1964

cf. Alisporites ovatus Jansonius, 1962

Cycadopites coxii Visscher, 1966

Plate XV
assemblage IV

Calamospora sp.

Cyclotriletes

Guttatisporites guttatus Visscher, 1966

Retitriletes jenensis (Reinnh. et Schmitz) Schulz, 1965
Concentricisporites pluriannulalus Antonescu, 1969
Concentricisporites nevesi Antonescu, 1970

Plate XVI

assemblage IV

Lundhladispora nejburgii schurz, 1964
Saturnisporites praevius Visscher, 1966
Leschikisporiles aduncus (Leschik) Potonié, 1958
Triadispora staplini K1aus, 1964
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Figs 5—8. Triadispora crassa Klaus, 1964

Fig. 9. Triadispora falcata Klaus, 1964
Fig. 10. Triadispora epigona Klaus, 1964
Fig. 11. Triadispora tetrad
Plate Xy

Palynological assemblage 1V

Figs 1—3. Stellapollenites sp. (Lueckisporites palynodeme norma D)
Fig. 4. Taeniaepollenites noviaulensis Leschik, 1966
Figs 5—6. Taeniaepollenites jonkeri Visscher, 1966

Plate XVIII
Palynological assemblage 1V
Fig. 1. Angustisulcites klausii (Fheudenthal) Visscher, 1966
Figs 2—3. Angustisulcites gorpii Visscher, 1966
Fig. 4. Striatoabietites aytugii Visscher, 1966
Fig. 5. Tubantiapollenites balmei (K1aus) Visscher, 1966
Fig. 6. cf. Alisporites ovatus Jansonius, 1962
Fig. 7. Alisporites grauvogeli Kraus, 1964
Plate XIX
Palynological assemblage 1V
Fig. 1. Alisporites grauvogeli Kiraus, 1964
Fig. 2. Alisporites microechinatus Reinhardt, 1964
Figs 3—4. Voltziaceaesporites heteromorpha Keaus, 1964
Figs 5—6. Colpectopollis ellipsoideus Visscher, 1966
Fig. 7. Chordasporites sp.
Fig. 8. Cycadopites coxii Visscher, 1966
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Plate I1
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Plate 1V
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Plate VI
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Plate VII
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Plate IX
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Plate X
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Plate XI
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Plate X1
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Plate X111

Ada Geologica Academiae Scientiarum Hungaricae 24, 1981

91



92

BARABAS-STUHL, J1

9 41y PFH

Plate X1V
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Plate XV I
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Plate XV 111
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BIOSTRATIGRAPHIC AND SEDIMENTOLOGIC
CHARACTERISTICS OF UPPER PERMIAN AND
LOWER TRIASSIC SEDIMENTS IN THE GUCEYO
MT. AREA, YUGOSLAVIA

By
S. PANTI¢-PRODANOVIE—B. ItADOUIEVIE

GEOZAVOD, BELGRADE, YUGOSLAVIA

Authors present the investigations of Upper Permian and Lower Triassic micro-
fossil association and the sedimentary environment within the time interval from
Uppermost Paleozoic to Lowermost Mesozoic on the southeastern slopes of Gufevo

Mountain (northwestern Serbia) at localities along the Vrelo Potok (Fig. 1) and Krivi
Potok (Fig. 2) streams.

Introduction

Microfossil association of Upper Permian in northwestern Serbia was
described first time by Loczy jun. (1919). Later, Sraié, whose geological
investigations of Late Palaeozoic and Triassic in western Serbia had the greatest
significance, mentioned in his papers Upper Permian Algae and rare Foramini-
fers (1933 and 1938).

In this part of Serbia the fossil biocoenosis of Upper Permian was ana-
lyzed with noteworthy results: PANTId (1959), Kochansky-Devidé —Herak
(1960) and Pantis (1969).

The Triassic microfossil association in the area of Gucevo Mt. was
described by Pantis—MojsiLOVid (1968) after the investigations of facial
characteristics of Podrinje and Valjevo areas.

Presenting in this paper two short geological sections from the Vrelo
Potok (Fig. 1) and Krivi Potok (Fig. 2) localities, the authors intended to
show some interesting results of detailed work within the interval Uppermost
Permian—Lowermost Triassic, belonging to the part of Jadar area charac-
terized by numerous outcrops, especially of the Palaeozoic rocks.
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Earlandia sp., Ostracods, Crinoids

Ostracods
Earlandiatintinniformis,RectocornuspiraP. Ostracods, Echinoderm and Mollusc fragments

Ostracods, Crinoids

Frondicularia sp., Nodosaria sp., Cydogyra?

Frondicularia woodwardi, Nodosaria sp.. Ammodiscus sp.

Echinoderm and Mollusc fragments

Echinoderm and Mollusc fragments
Mollusc fragments

Frondicularia sp., Ostracods, Echinoderms

Permocalculus fragilis, Gymnocodium bellerophontis, Vermiporella nipponica, Pachyphloia robusta,
Glomospira gordialis, Globivalvulina sp., Geinitzina sp.

Permocalculus fragilis, Tubiphytes obscurus, Nankinella sp., Globivalvulina graeca, Globivalvulina
cyprica, Earlandia dunningtoni, Tuberitina maljavcini, Glomospira sp,, Crinoids, Mollusc fragments

Gymnocodium bellerophontis, Reicheiina cribroseptata, Reichelina cf. media, Codonofusiella sp..
Globivalvulina cyprica

Gymnocodium bellerophontis, Vermiporella nipponica. Reichelina sp., Schubertella sp., Robuloides
lens, Hemigordius harltoni

Gymnocodiaceae, Tubiphytes obscurus, Vermiporella nipponica, V. nipponica longipora, Reichelina

cribroseptata, Dagmarita chenakchensis, Hemigordius harltoni, Hemigordius xhlumbergen,
Climacammina ap.

Permocalculus fragilis, Gymnocodium bellerophontis, Tubiphytes obscurus, Nankinella sp., Globi-
valvulina kantharensis, Pachyphloia robusta, Hemigordius sp., Tuberitina sp., Crinoids, Mollusc
fragments

6 NN dolosparite

dolobiopelsparite

dolobiomicrite 9 L|_|' pseudoodolobiosparite

Fig. 1. Geological section of the Vrelo creek. 1. Biomicrite; 2. Intrabiomicrite; 3. Dolomicrite

4. Dolobiomicrite;

5. Biosparite; 6. Dolosparite; 7. Dolobiosparite; 8. Dolobiopelsparite

9. Pseudodolobiosparite
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Analyzed data showed very clearly the developments in the sedimentary
hasin containing variable biocoenosis and its evolution in the time interval
from the end of Permian to the beginning of Triassic.

Micropaleontologic and Sedimentologic Characteristics of Geological
Sections

1. Geological Section at Potok Vrelo Stream (Fig. 1)

In the exposed geological section at Vrelo Potok (Fig. 1), the Upper
Permian sequence begins with cca 20 meters of bedded, dark grey, bitumin-
ous intrabiomicrite (specimen No 9438) with Algae: Permocalculus fragilis
(Pia), Gymnocodium bellerophontis (Rothpletz), Tubiphytes obscurus Maslov;
then Forams: Nankinella sp., Pachyphloia robusta K. M. Macltay, Globivalvu-
lina kantharensis Reichel, Hemigordius sp., associated with Crinoids and
Echinoderms.

Overlaying are thick-bedded, black biosparite (specimen No 9435) con-
taining besides Gymnocodiums and Tubiphytes: Vermiporella nipponica
Endo, Vermiporella nipponica longipora Praturlon; and Forams: Reichelina
cribroseptata E rk, Dagmarita chanakchensis Reitlinger, Hemigordius harltoni
(Cushman et Waters), Frondicularia tumida K. M. Maclay, Climacammina sp.

At the beginning of the exposed section the sediments indicate the
environment of somehow increased energy of the media, comparatively
shallow, with the tendencies to pass into slightly deeper lagoonal environment.

Upwards dark grey, bedded/thick-bedded biomicrites (9434, 9440 and
9439) follow containing the same Algae (Gymnocodiums, Permocalculuses
and Tubiphytes), and slightly more variable Forams: Globivalvulina graeca
Reichel, Globivalvulina cyprica Reichel, Reichelina cf. media K. M. Maclay,
Earlandia dunningtoni (Ettiott), Tuberitina maljavkini Mikhailov. This, the
thickest interval within the Upper Permian sequence is represented by sedi-
ments deposited in a comparatively deep lagoon.

The final part of Upper Permian sequence consists of dark grey to black
dolobiosparite (specimen No 9437), containing generally the same biocoenosis,
only slightly enriched by several genera and species of Foraminifers: Glomo-
spira gordialis (Jones et Parker), Pachyphloia robusta K. M. Maclay, Geini-
tzina sp., Globivalvulina sp., Earlandia dunningtoni (Ettliott). Sediments
belonging to the final part of Upper Permian sequence at the Vrelo Potok
locality, show gradual shallowing and closure of the lagoonal environment,
followed by gradual increase in the energy of the media.

Lower Triassic beginswith cca 40 meters of bedded, thick bedded and
massive dolobio-oosparite to pseudo-oodolobiosparite, containing fragments
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of macrofauna, often rounded by rolling action of certain agents. Examples
of true oolites overnumber the pseudo-oolites. The above sediments were
deposited in an area under the influence of submarine or surface marine
currents. In this case, it could be interpreted, for example, as the consequence
of the existence of high energy submarine channel linking the lagoon with
the open sea. Microfossils are rare: only couple of Frondicularia sp., some
Ostracods and detritus of Echinoderms (specimens Nos 9432—9428).

The interval of high energy circulations was substituted by the pro-
longed period of comparatively quiet lagoonal sedimentation, usually charac-
teristic of this part of Lower Triassic (specimens Nos 9427 —9423). In such
environment, interchanges of grey to light grey, bedded to thick bedded dolo-
biomicrite and dolobiosparite could be quite appropriate. The sediments
contain: Frondicularia woodwardi Howch., Earlandia Mi8ik (Elliott),
Nodosaria sp., Ammodiscus sp., Cyclogyra ?, Rectocornuspira ?, Ostracods and
Crinoids. The sediments as a whole are the product of deposition in the
environment of rapid changes in the energy, with the marked periods of sea
level oscillation, indicating, in a way, the decrease of the lagoon’s size.

2. Geological Section at Krivi Potok Stream (Fig. 2)

At the Krivi Potok (Fig. 2) locality, the thickness of exposed Upper
Permian sediments is approximately 30 ms., and the thickness of Lower
Triassic sediments represents only lowermost parts of the Seisian substage.

The Upper Permian sequence begins with black bituminous biomicrite
(specimen No. 9476) containing Algae: Gymnocodium bellerophontis (Roth-
pletz), Vermiporella nipponica Endo, Vermiporella nipponica longipora
Praturiton, together with Forams: Codonofusiella sp., Hemigordius schlum-
bergeri (How.), Flemigordius harltoni (Cushman et Waters), Globivalvulina
graeca Reichel, Geinitzina ovata Lange, Earlandia dunningtoni (E 1tiott).

Overlaying is the thick bedded, black, intrabiopelsparite with numerous
calcite veins (specimen No. 9475) with abundant microfossils and pellets. The
fossil biocoenosis consists of Tubiphytes obscurus Maslov, fragments of Gym-
nocodiaceae, Nankinella sp., Geinitzina cuneiformis (Jones), Nodosaria patula
K. M. Macltay and Pachyphloia sp.

The next member is the comparatively thick interval of black, bedded
biomicrite (specimen No. 9474) containing the same algal association. Forami-
nifers, besides listed above, are also: Agathammina pusilla (Geinitz), Hemi-
gordius grozdilovae Igonin, Geinitzina chapmani Cushman—Waters, Nodosa-
ria sumatrensis Lange, Climacamina sp.

The column continues with bedded, black biosparite (specimens No.
9473 and 9472) with numerous microfossils, extremely abundant organogenic
fragments, little pyrite and few small nests of organic (carbonaceous) matter
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Earlandiasp., Spirorbis phlyctaena, Gastropod fragments, Echinoderms

Spirorbis sp,, Ostracods

Ostracods. Echinoderms
Spirorbis phlyctaena. Ostracods. Echinoderms

Spirorbis sp.. Ostracods

Earlandia sp.. Ostracods. Echinoderms

Ostracods. Echinoderms

Spirorbis sp.. Ostracods. Echinoderms

Earlandiatintinniformis,Rectocornuspira kalhori. Mollusc fragments

Rectocornuspira kalhori. Frondicularia woodwardi. Earlandia tintinniformi\Echinoderms

Earlandiatintinniformis,Spirorbis phlyctaena, Crinoids. Ostracods. Mollusc fragments

Rectocornuspira kalhori.Cyclogyra? maha/eri,Earlandiatintinniformis, Ostracods, Crinoids

Gymnocodiaceae. Glomospira gordialis. Hemigordius schlumbergen

Permocalculus fragilis, Gymnocodium bellerophontis. Hemigordius héritom. Pachyploia exilis.
Nodosaria mirabilis. Geinitzina sp.

Gymnocodium bellerophontis, Vermiporella sp .
Nodosaria linae, Glomospira ex gr. gordialis

Robuloides gibbus, Nodosaria permiana,

Vermiporella mpponica. Gymnocodium bellerophontis. Pachyphloia pediculus
Pachyphloia soiida. Geinitzina tscherdinzevi, Hemigordius sp.. Crinoids

tegenica

Gymnocodiaceae. Reichelina sp., Dagmarita chanakchensis, Frondicularia tumida. Robuloides
gourisiensis. Hemigordius schlumbergeri

Gymnocodium bellerophontis, Vermiporella mpponica. Robuloides lens, Dagmarita chanakchensis.
Hemigordius harltoni, Globivalvulina sp.

Vermiporella mpponica. Gymnocodium bellerophontis. Geinitzina chapmam, Nodosaria sumatren-
sis. Pachyphloia sp., Chmacammina sp., Agathammina pusilla. Hemigordius schlumbergeri. Hemi-
gordius grozdilovae. Globivalvulina sp.. Ostracods. Crinoids

i Tubiphytes obscurus. Gymnocodiaceae, Nankinella sp., Geinitzina cuneiformis. Nodosaria spatula.

Pachyphloia sp.
Gymnocodium bellerophontis, Vermiporella nipponica, Vermiporella nipponica longipora,
Codonofusiella sp.. Hemigordius schlumbergeri. Hemigordius harltoni, Globivalvulina graeca,
Geinitzina ovata

micrite 58S biosparite

biomicrite 0[ijp 1 dolobiosparite

dolomicrite 7 ir-Ej intrabiopelsparite

dolobiomicrite

Fig. 2. Geological section of the Krivi creek (Yugoslavia). 1. Micrite; 2. Biomicrite; 3. Dolo
micrite; 4. Dolobiomicrite; 5. Biosparite; 6. Dolobiosparite; 7. Intrabiopelsparite
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in the sparry calcitic cementing matter. Thin calcitic veins are numerous.
Forams are very frequent, represented by following genera and species: Robu-
loides lens Reichel, Robuloides gourisiensis Reichel, Dagmarita chanakchen-
sis Reitlinger, Frondicularia tumida K. M. Maclay and Reichelina sp. Algae
are represented by Gymnocodiums and Vermiporellae.

Sediments described above and whose thickness amounts to cca 20 me-
ters in the geological section (specimens Nos 9476 and 9472) indicate lagoonal
depositional environment with infrequent changes in the energy of the media.

The last interval belonging to the Upper Permian at Krivi Potok stream
(Fig. 2) is represented by interchange of biomicrite (specimens Nos 9471 and
9470) and biosparite (specimens Nos 9469 & 9468) containing Algae identical
to those in the lower parts of the sequence with addition of numerous Permo-
calculus fragilis (Pia). Association is joined by Lagenids: Pachyphloia pedi-
culus tegenica K. M. Mac1tay, Pachyphloia exilis Lupeto, Nodosaria permiana
(Spandel), Nodosaria linai K. M. Macltay, Nodosaria mirabilis Lipina, Gei-
nitzina tscherdinzevi K. M. Maclay, accompanied by: Glomospira gordialis
(Jones et Parker), Robuloides gibbus Reichel, Hemigordius umbilicatus
Kireeva.

According to the sedimentological characteristics, the sediments belong-
ing to the final part of Upper Permian (specimens Nos 9471—9468) indicate
the stagnation of lagoonal phase, possibly with the increased energy of the
environment. Generally speaking, in the investigated locality the sediments
of Upper Permian age are the product of (most likely) lagoonal deposition,
where several changes in the energy of the media, as well as gradual changes
from basically deeper lagoonal environment to the very shallow one could
be observed.

In the geological section of Krivi Potok (Fig. 2),the Lower Triassic
begins with black, bedded biomicrite and biosparite (specimens Nos 9467 and
9466), in the normal succession over the Permian sediments. After the inter-
val of high energy environment in the Upper Permian, sedimentation at the
beginning of Lower Triassic took place in a stable lagoonal environment,
very likely isolated, as the faunal association appears to be very sparce.
Microfossils are rare, represented by Foraminifers: Rectocornuspira kalhori
Bronn.—Zanin —Bozorgn., Cyclogyra ? mahajeri Brénn.—Zanin.—B ozorg,,
Earlandia tintinniformis (Misik) in the association with Ostracods and Crinoids.

The lagoonal environment was the place of sedimentation of the next
successive interval of Lower Triassic sediments (specimens 9465—9448). For
the difference, this interval is represented by the interbeddings of micrite,
dolomicrite, dolobiomicrite and dolobiosparite, indicating the prolonged exist-
ence of the lagoon, but this time within the higher energy zone, with the
frequent oscillation of the water depth and prominent influence of climatic
and other exogenetic agents. The fauna is more numerous as compared to the
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Fig. 3. Locality map

preceding interval, being represented by Forams. Frondicularia woodwardi
Howch., Rectocornuspira kalhori Bronn.—Zanin.—Bozorg., Earlandia tin-
tinniformis (MiSik) in the association with Spirorbis phlyctaena Bronn.—
Zanin., Ostracods and Crinoids.

Upwards in the isolated lagoon, quiet, short-lasting episode of sedi-
mentation is represented by typical micrite (specimens Nos 9447 —9443) with
the minimal biogenic content — Spirorbis and Ostracods.

By the end of the exposed and investigated section, grey, bedded dolo-
sparite (samples Nos 9442 9441) prevail again with Spirorbis phlyctaena
Bronn.—Zanin., Earlandia sp., Echinoderms and Gastropods. Lagoonal
environment becomes shallower and energy of the media increases.

Conclusion

In the investigated area of northwestern Serbia, in both localities: Vrelo
Potok (Fig. 1) and Krivi Potok (Fig. 2) creeks, Lower Triassic sediments over-
lay Upper Permian sequence, having normal contact difficult to observe with-
out help of detail biolithofacial investigations.
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The Upper Permian sediments at Vrelo Potok (Fig. 1) locality are repre-
sented by: a) dark grey, intrabiomicrite with Algae — Permocalculus fragilis
(Pia), Gymnocodium bellerophontis (Rothpletz), Tubiphytes obscurus Maslov;
Forams — Nankinella sp., Globivalvulina kantharensis Reichel, Pachyphloia
robusta K. M. Mactay, Hemigordius sp., Tuberitina sp., Crinoids and Echi-
noderms; black biosparite containing Algae — Vermiporella nipponica Endo,
Vermiporella nipponica longipora Praturlon and others listed above, then
Forams: Reichelina cribroseptata Erk, Dagmarita chanakchensis Reitlinger,
Hemigordius liarltoni (Cushman et Waters), Hemigordius schlumbergeri
(Howch.), Frondicularia tumida K. M. Mactay, Climacammina sp., and c)
black biomicrite containing the same Algae and Forams enriched by following
genera and species: Schubertella sp., Codonofusiella sp., Globivalvulina graeca
Reichel, Globivalvulina cyprica Reichel, Robuloides lens Reichel, Earlandia
dunningtoni (Ertiott), Tuberitina maljavkini Mikhailov, finally d) uppermost
part of the sequence represented by black, bedden dolobiosparite containing
almost the same fossil biocoenosis.

At Krivi Potok (Fig. 2) creek, Upper Permian sequence consists of:
a) black biomicrite containing Algae: Gymnocodium bellerophontis (Roth-
pletz), Vermiporella nipponica Endo, Vermiporella nipponica longipora
Praturlon and Foraminifers: Codonofusiella sp., Hemigordius schlumbergeri
(Howch.), Hemigordius harltoni (Cushman et Waters), Globivalvulina graeca
Reichel, Geinitzina ovata Lange, Earlandia dunningtoni (Ettiott), then b)
also black intrabiopelsparite with: Tubiphytes obscurus Maslov, Nankinella
sp., Geinitzina cuneiformis (Jones), Nodosaria patula K. M. Maclay and
Pachyphloia sp. Overlaying are c) black biomicrite containing the same species
of Gymnocodiums and Vermiporellae, as at the beginning of Upper Permian
exposed sequence, and Forams: Geinitzina chapmani Cushman et Waters,
Nodosaria sumatrensis Lange, Agathammina pusilla (Geinitz), Hemigordius
grozdilovae Igonin, together with already listed Hemigordiuses from the pre-
ceding intervals. The Upper Permian sequence ends with d) interbedded bio-
sparite and biomicrite, containing the same association of Algae, and variety
of Forams: Robuloides lens Reichel, Robuloides gourisiensis Reichel, Robu-
loides gibbus Reichel, Dagmarita chanakchensis Reitlinger, Glomospira gor-
dialis (Jones—Parker), Geinitzina tscherdincevi K. M. Mactay, Pachyphloia
exilis Lupeto, Pachyphloia solida K. M. Macltay, Pachyploia pediculus tege-
nica K. M. Maclay, Nodosaria mirabilis Lipina, Nodosaria permiana Span-
del, Nodosaria linae K. M. Maclay, Reichelina sp.

All the mentioned sediments together with their biocoenosis were depo-
sited in a large, deep lagoon with frequent changes in the energy of the
environment, indicating most probably interchanges in shallowing and
deepening episodes in the development and life of the lagoon.

The Triassic sediments at the Vrelo Potok (Fig. 1) locality have the
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normal lower contact with the underlaying Permian sediments. The Triassic
sequence begins with dolobio-oosparite and pseudo-oodolobiosparite contain-
ing numerous macrofossils and their fragments rounded by the rolling action;
then scarce Frondicularia sp., Nodosaria sp., Ostracods and Echinoderms.

At Krivi PoTtok (Fig. 2) stream, slightly different, lithologically variable
sediments are the equivalents of oolitic and pseudo-oolitic sediments, also
conformably overlaying the Upper Permian sediments. In the first place, these
are black biomicrite and biosparite with Forams: Rectocornuspira kalhori
Bronn.—Bozorgn., Cyclogyra mahajeri Brénn.—Zanin.—Bozorgn., Ear-
landia tintinniformis (Mi8ik) in association with Ostracods and Crinoids. Up-
wards follows the part of the sequence represented by the interchanges of thin-
bedded dolomicrite, dolobiomicrite, micrite and dolobiosparite containing
generally the same microfossil association, and finally, micrite with Spirorbis
phlyctaena Bronn.—Zanin., Earlandia sp., Ostracods, Echinoderms and
Gastropods.

In the both investigated localities, the sediments at the base of Lower
Triassic sequence indicate the continuous existence of the Permian lagoon.
At the beginning of Triassic, the lagoon has been stabilized, with very little
evidence on the changes in sedimentary conditions. At that time the lagoon
has been either affected by strong currents, or connected with the other
part(s) of the shallow sea by channels. In either case the result is the pre-
sence of oolitic and pseudo-oolitic sediments.

In the geological sections of Krivi Potok (Fig. 2) and Vrelo Potok (Fig. 1)
the final part of the Lower Triassic sequence is represented by dolomicrite
and dolosparite containing Earlandiae, Srirorbidae, Ostracods, Echinoderms
and fragments of Molluscs. These sediments are the product of deposition
in somewhat restricted lagoon, and most likely indicate the expiry of the
Triassic lagoon, giving the place to the development of Middle Triassic reef.

Though within the investigated interval: Upper Permian—Lower Tri-
assic the sedimentary environment was lagoonal, as the existence of the more
or less continuous lagoon has been proved by the characteristics of the bio-
coenosis and lithological composition of the sediments, it should be noted
that great changes including ecological ones occured on the boundary between
Upper Permian and Lower Triassic, changing the organic world. The rich and
variable microfaunal and microfloral biocoenosis ofthe Upper Permian almost
completely expired. Only sparce Lagenids and Crinoids passed into Triassic,
followed by the occurence of sometimes frequent Ostracods and Spirorbisese
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BUOCTPATUTPAPNYECKNE N CEOMMEHTOJIOTMYECKUNE XAPAKTEPUCTUKA
BEPXHEMEPMCKUX W HUXHETPUACOBbIX OT/IOXKEHU/A B PAWOHE [OP
NYYEBO B HOIrOC/NABUN

C NMAHTWY-B. PAAOLLEBWY

Pestome

ABTOpbI c006LLa0T 06 MCCNef0BaHUSAX BEPXHEMEPMCKMX U HUKHETPUACOBbLIX accolma-
LMAX MCKOMaeMbIX MWKPOOPraHM3MOB W 0Cafj04HOW cpedbl MPOMEXYTKa BPEMEHM OT caMbiX
BEPXOB Masieo30s [0 CaMOro paHHero Me303051 Ha ro-BOCTOUHbIX CK/0Hax rop yyeso (C3
Cepbus), B peukax Bpeno Motok (Bur. 1) n Kpmeun Motok (cur. 2).
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Plate |

Vrelo Creek, Yugoslavia
Upper Permian

Fig. 1. Geinitzina caucasica K. M. Maclay, thin section 9437, X 90

Fig. 2. Robuloides lens Reichel, thin section 9434, x 90

Fig. 3. Reichelina cribroseptata E rk, thin section 9440, X90

Figs 4—5. Globivalvulina graeca Reichel, thin section 9439, X70

Figs 6—7. Hemigordius harltoni (Cushman et Waters), thin section 9435, X70

Plate I1

Vrelo Greek, Yugoslavia
Lower Triassic

Figs 1—3. Dolobio-oosparite with Echinoderm and Mollusc fragments, and pellets,
thin section 9429, X30
Plate 111

Krivi Creek, Yugoslavia
Upper Permian

Fig. 1. Vermiporella nipponica Endo, thin section 9476, x22

Fig. 2. Gymnocodium bellerophontis (Rothpletz), thin section 9470, X30
Fig. 3. Glomospira gordialis (Jones et Parker), thin section 9468, X70
Fig. 4. Nodosaria linae K. M. Maclay, thin section 9470, X70

Fig. 5. Hemigordius schlumbergeri (Howch.), thin section 9473, X70
Fig. 6. Reichelina sp., thin section 9476, X85

Fig. 7. Geinitzina ovata Lange, thin section 9471, x85

Fig. 8. Frondicularia tumida K. M. Maclay, thin section 9472, X85
Fig. 9. Robuloides gibbus Reichel, thin section 9470, X85

Plate IV

Krivi Creek, Yugoslavia
Lower Triassic

Figs 1—2. Earlandia tintinniformis (Misik), thin section 9463, X85

Fig. 3. Earlandia sp., thin section 9460, X85

Figs 4—6. Reclocornuspira kalhori Broén.—Zanin.—Bozorg., thin section 9467 (4) and 9460
(5 and 6), X85

Fig. 7. Cyclogyra? mahajeri Bron.—Zanin.—Bozorg., thin section 9467, X85

Figs 8—9. Nodosaria sp., thin section 9463, X85

Fig. 10. Spirorbis phlyctaena B rén.—Zanin., thin section 9463, x22

Plate V

Krivi Creek, Yugoslavia
Lower Triassic

Fig. 1. Dolobio-oosparite with pellets, thin section 9454, X 30
Figs 2—3. Dolobio-oosparite with Gastropods and Echinoderms, thin section 9441, X30
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Plate 1|
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Plate 11
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Plate 111
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Plate IV
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MARINE LOWER AND MIDDLE PERMIAN
IN THE OIL EXPLORATORY WELL UJFALU-I
(SW-HUNGARY)

By
A. Bérczi-Makk V. Kochansky-Devidé
HUNGARIAN HYDROCARBON INSTITUTE GEOLOGICAL-PALEONTOLOGICAL DEPARTMENT,
BUDAPEST, HUNGARY FACULTY OF MATHEMATICS AND NATURAL

SCIENCES, ZAGREB, YUGOSLAVIA

An apparently 1130 m thick Permian sequence has been intersected by the
borehole Ujfalu-1. The lower 788 m thick part of this sequence dominantly consists
of fine-grained clastic rocks and contains fossiliferous dolomitic limestone beds and
brecciated lenses of reefaceous character only in a subordinate proportion. On the basis
of these, this sequence can be easily correlated with the clastic Kosna-facies of the
“Trogkofel stage” in Yugoslavia and can be assigned to the upper part of the Lower
Permian. The 342 m thick dolomitic sequence overlying it may he the counterpart
of the calcareous facies replacing the Middle Permian Grdden beds in the Velebit Mts.
(Croatia). This new occurrence of the marine Lower and Middle Permian in Hungary
corroborates the ideas formulated earlier concerning the continuation of the Late
Palaeozoic sediments of Dinaric type in Hungary on the basis of occurrences of marine
Uppermost Carboniferous layers at Karad and marine Upper Permian beds from
Central Transdanubia to the Bukk Mts.

The oil exploratory well Ujfalu-1 spudded-in south of Lovaszi village
(Fig. 1) intersected a Permian sequence with an apparent thickness of 1130 m
which is overlain by Middle Miocene beds of transgressive nature. The lower
788 m mostly consist of fine-grained clastic rocks (pale-grey fine-grained
quartzose sandstone, silty shale, dark-grey to black argillaceous siltstone) and
contain dark-grey dolomitic limestone beds or brecciated lenses of reefaceous
character only in subordinate proportion. On the contrary, the upper 342 m
partis a calcareous sequence, which is composed of dark-grey pure or argillace-
ous dolomite and dolomitic limestone.

Index fossils have been recovered only from the limestone interbeddings
in about the middle part of the clastic sequence (Fig. 2). Namely, the brecciated
limestone with dark-grey shale and fine-grained sandstone interbeddings of
the core No. 5 taken from this part (3880.0—3886.5 m) contains a relatively
populous microfossil assemblage which can be assigned to the upper part of
the Lower Permian (Fig. 3):
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Fig. 1. Location of the well Ujfalu-1 and some localities of the Trogkofel beds in Yugoslavia

Fig. 2. Lithology of the Lower and Middle Permian beds in Ujfalu. 1—3. Lower Permian

Trogkofel beds: 1. pale-grey fine-grained sandstone; 2. dark-grey shale; 3. dark-grey breeciated

limestone with Fusulinae. 4—6. Middle Permian beds (Grdden equivalents): 4. finely-crystal-
line dolomite; 5. pale-grey dolomitic limestone; 6. grey argillaceous dolomite
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Fig. 3. The SP and resistivity logs of the marine Lower Permian in Ujfalu between 3840.0 —
3960,0 m. 1. position, number and depth of the cores; 2. dark-grey shale; 3. fine-grained sand-

stone; 4. brecciatcd limestone
Algae
Tubiphytes obscurus Masiov
Mizzia cornuta Kochansky-Devidé et Herak
Epimastopora sp.
Macroporella sp.
Gyroporella nipponica Endo et Hashimoto
Fusulinidae

Nankinella sp.

Pseudoreichelina slovenica (Kochansky-Devidé)
Schubertella australis Thompson et Mitter
Schubertella kingi Dunbar et Skinner
Schubertella cf. paramelonica Sutejmanov
Schubertella sp.

Biwaella europaea Kochansky-Devidé et Milanovié
Biwaella ? sp.

Paratriticites ? sp.

Darvasites contractus (Schellwien)

Darvasites sp.

Rugosochusenella sp.

Pseudofusulina ? sp.

Pseudoschwagerina sp.
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Microforaminifera

Ammovertella inversa (Schellwien)
Neotuberitina reitlingerae (Mik1.-Makl.)
Neotuberitina maljavkini (Mihajlov)
Neotuberitina sp.

Apterinella sp.

Climacammina elegans (Moeller)
Climacammina cf. rugésa Morozova
Climacammina sp.

Deckerella sp.

Tetrataxis nana Morozova

Tetrataxis sp.

Globivalvulina parva Chernuseva
Globivalvulina sp.

Glyphostomella cf. triloculina (Cushman et Waters)
Lasiodiscus minor Reichel

Lasiodiscus irregularis Mik1.-Makl.
Endothyridae gen. et sp. indet.

Accessorial elements

Bryozoa

Gastropoda embridnal test
Echinoid fragments
Crinoid fragments
Baccinella sp.

The material of the core No. 5 can be well correlated both lithologically
and paleontologically with the Darvasites Horizon of the “Trogkofel stage”
in the Carnian Alps, Karavanke Mts., in Slovenia, Croatia and Montenegro
(A. Ramovs and V. Kochansky-Devidé, 1965; E. F1ugel, 1966; W. Homann,
1972; V. Kochansky-Devidé, 1969a, b, 1970, 1972; Y. Kochansky-Devidé
et al., 1973). On this basis the clastic sequence can be correlated with the
clastic Kosna facies of the “Trogkofel stage” in the Lower Permian of the
Dinarides, although in the shale and sandstone layers of the core No. 6, lying
in a deeper position (3946.5 —3649.0 m), was not found any fossil.

Contrarily, on its spatial position and lithological similarity, it is very
probable, that the calcareous sequence intersected by the borehole TJjfalu-I
can be regarded as the counterpart of the Middle Permian dolomite series
of theVelebit Mts. (Croatia), if it is not tectonically adjoined with its footwall.
For the time being, however, the validity of this supposition can not be pale-
ontologically evidenced owing to the lack of Neoschwagerina-finds characte-
ristic of the Yelebit sequence. In spite of this fact this dolomitic sequence
may represent a calcareous facies replacing the Groden sandstone of the
Groden stage in the Middle Permian.

In Hungary, Lower and Middle Permian formations of marine origin
have not been known until recently. This first Hungarian occurrence associated
to localities with sediments of similar age in Slovenia and Croatia (Fig. 1),
however, corroborates the ideas about the continuation of the Late Palaeozoic
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sediments of Dinaric type in Hungary. These ideas formulated earlier based on
an occurrence of the marine uppermost Carboniferous at Karad, and on the
occurrences of the marine Upper Permian from Central Transdanubia via
Sari village up to the Bikk Mts. (North Hungary).

For a lenghty period, the term “Trogkofel limestone” was applied to the
pale grey and pink reef formations of the Carnian Alps and W estern Karavan-
ke Mts. During the last 16 year period, however — starting from the initia-
tive of RamovS (1963) —it has become evident (A. Ramov8—Y. Kochansky-
Devidé, 1965; V. Kochansky-Devidé, 1973; A. Ramov§. 1974) that in the
Yelebit Mts., and in the area from the Karavanke Mts. via Vitanje, Konjiska
Gora, Boc, 2etale to Ravna Goral this reef formation is in connection with
a conglomerate —sandstone series having debris of older (Upper Carbonifer-
ous —Lower Permian) formations with fossils characteristic of the ages in-
volved. The upper part of this series, however, has dark-grey to black, or-
ganic limestone beds and brecciated lenses of reefaceous origin, in form of
intercalations. The microfauna and microflora of these intercalations are of
the same age as that of the Trogkofel reef limestones. The Darvasites bearing
clastic Permian sequence of the borehole Ujfalu-l belongs to the group of
occurrences of this type.

REFERENCES

Flagel, E.: Algen aus dem Perm der Karnischen Alpen. Carinthia Il. Klagenfurt, Sonderh
25, 1—76, 1966.

Homann, W.: Unter- und tief-mittelpermische Kalkalgen aus den Rattendorfer Schichten,
dem Trogkofel-Kalk und dem TreRdorfer Kalk der Karnischen Alpen (Osterreich).
Senckenberg. Lcthaea., 53, 3—4, 135—313, 1972.

Kochansky-Devidé, V.: Paratriticites, eine neue Fusuliniden-Gattung aus dem Trogkofel-
kalk. Bull. sei. Sect. A., 14, 297—298, 1969a.

Kochansky-Devidé, V.: Darvasitenkalk (Trogkofelstufe) in der Crna Gora (Montenegro).
Bull. sei. Sect. A., 14, 7-8, 217, 1969b.

Kochansky-Devidé, Y.: Permski mikrofosili zahodnih Karavank. Geologija. Razpr. poroc.,
Ljubljana, 13, 175—256, 1970.

Kochansky-Devidé, V.: Trogkofel-Ablagerungen in Kroatien. Geol. vjesnik, Zagreb, 26,
(1972), 41—51, 1973.

Kochansky-Devidé, Y. et al.: Detailliertes Profil durch die Trogkofel-Schichten am Bache
Kosutnik in den Karawanken. Acad. sei. artium Sloven. Cl. T'Y. Dissert., 14, 4, 171—
187, 1973.

R amovs, A.: Biostratigraphie der Trogkofel-Stufe in Jugoslawien. N. Jahrb. Geol. Pal., Mh.
1963. 7, 382—388, 1963.

RamovS, A.: Fortschritte in der Untersuchung des Unter- und Mittel-Perms in Slowenien,
NW Jugoslawien. Carinthia Il, Klagenfurt, 164 (84), 99—103, 1974.

Ramovs, A.—V. Kochansky-Devidé: Die Entwicklung des Jungpaldozoikums in der Um-
gebung von Ortnek in Unterkrain. Acad. sei. artium Sloven. Cl. IV. Dissert., Lubljana,
8, 323-413, 1965.
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ciation has been found in the core 2472 —2476 m in autumn 1980.

Ada Geologica Academiac Scientiarum Hungaricae 24, 1981



122 BERCZI-MAKK, A—V. KOCHANSKY-DEVIDE

MOPCKUWE HWXHE- I CPEAHEMNEPMCKWE OT/IOXXEHWSA B HE®TEMOVCKOBOM
CKBAXWHE YADANY-1 (OB BEHIPUA)

A. BEPLIN-MAKK-B. KOXAHCKUW-AEBUNAE

Peswome

Mpun 6ypeHMn CKBaXWHbI Yidany-l npoigeHa nepmckas Tonwa mouiHocTn M30 m.
HuXHAA 788-MeTpoBasi YaCTb TO/LLM CI0OXKEHA MPeEVMYLLECTBEHHO TOHKO3ePHUCTbIMU 06/10MOY-
HbIMW NOPOAAMU W OHAa COAEPXXUT LONIOMUTOBbIE W3BECTHAKU C WCKOMaeMbIMW OpPraHUYecKUMu
ocTaTkamy, a TakxXe putoreHHble 6peKUYMMPOBaHHbIE JIMH3bI TOSIbKO ULLL B MOAYMHEHHbIX NPO-
nopumax. Ha sTom ocHOBaHMM flaHHas To/ILLA NIEFrKO KoppenupyeTcs ¢ 06/10MoYHOW thaumeid Ko-
LWHa «TPOrkKogenbeKoro sipyca» B HOrocnaBum M eé MOXHO OTHECTU K BepPXHel YacTu HUKHel
nepMmu. Bblllenexatias A0/10MATOBAs TO/LLA MOLLHOCTbIO 342 M IBNsieTCA, NO-BUAMMOMY, 3KBU-
BaJIEHTOM M3BECTKOBUCTOW (hauuu, 3aMeLLiatoLLeli cpejHenepMCKMe rpéaeHcKme cnoun B Benebutax
(XopBatusa). 3Ta HoBasi HaxofKa MOPCKOW HUXKHEN 1 cpefHeld nepmy B BeHrpun nogTeep>kaaeT
BbICKa3aHHbIe paHbLLe NAeUn 0 NO3LHeNane030MCKOM NPOLOIHKEHUN HA TeppUTOpUN BeHrpuu, Bbr
[BUHYTbIe UCXOAA M3 MPUCYTCTBUS MOPCKMX OT/IOXKEHWIA BEPXOB KaMeHHOYr0/IbHOW CUCTEMY Y C.
Kapag » MOpPCKUX BepPXHEMepMCKMUX OT/IOKEHUIA B 30He, TsAHyLelica OT LeHTpasibHOM uacTu
3aflyHaiickoro Kpasi BnjoTb 40 rop BHOKK Ha ceBep0-BOCTOKE CTpaHbl.
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Plate |

1. Ammovertella inversa (Schellwien) X70

. Neotuberitina sp. X 60

. Neotuberitina maljavkini (Mihajlov) X 50

. a) Neotuberitina cf. maljavkini (Mihajlov); b) Aplerinella sp. — a-b: x95
Neotuberitina reitlingerae (Mik1.-Makl.) X 110

. Globivalvulina parva Chernuseva X 100

Climacammina cf. rugésa Morozova x 70

. Deckerelia sp. X 54

. Globivalvulina ? sp. X 100

. Climacammina elegans (Moeller) X60

COEPNOUTAWN

=

Plate 11

. Lasiodiscus irregularis MikI.-Mak1. X 140

. Lasiodiscus minor Reichel X100

Tubiphytes obscurus Maslov x45

. @) Tetrataxis ? sp.; b) Neotuberitina maljavkini (Mihajlov); ) Aplerinella sp.— a-b-c: X45
. Aplerinella sp. x45

. Tetrataxis cf. nana Morozova X 100

. Apterinella sp. X 60

~oubhwpnpE

Plate 111

. Pseudoreichelina slovenica (Kochansky-Devidé) X 53

. Schubertelia sp. X 100

. Endothyridae gen. et sp. indet. X 150

. @) Schubertella kingi Dunbar et Skinner; b) Schubertella sp.; c) Apterinella sp. — a-b-c:
X 45

. Nankinella sp. X 60

. a) Schubertella kingi Dunbar et Skinner; b) Schubertella australis Thompson et Miller;
¢) Globivalvulina sp.

. Gyroporella nipponica Endo et Hashimoto X 25

. @) Schubertella australis Thompson et Min1er; b) Apterinella sp. —a-b: X 100

o0l DNWN |

o~

Plate IV

. Darvasites contractus (Schellwien) XIO

. Darvasites ? sp. X 40

. a) Darvasites sp.; b) Schubertella sp. a-b: X 40

. Schubertella cf. paramelonica Sulejmanov X 45

PN

Plate V

. Biwaella europaea Kochansky-Devidé et Milanovic X 50
. Biwaella europaea Kochansky-Devidé et Milanovié X45
Glyphostomella cf. triloculina (Cushman et Waters) X55
Rugosochusenella sp. X 43

Paratriticites ? sp. X 40

. Rugosochusenella sp. X35

PopwNE
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Plate |
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Plate 11
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Plate 111
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Plate V
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ZUR ANWENDUNG LITHO- UND
BIOSTRATIGRAPHISCHER GLIEDERUNGEN
IM ROTLIEGENDEN

Von

H. Kozur
HUNGARIAN GEOLOGICAL INSTITUTE, BUDAPEST
Die Anwendung litho- und biostratigraphischer Methoden im mitteleuropdischen

Rotliegenden wird diskutiert. Fir den Thiringer Wald wird die folgende lithostrati-
graphische Abfolge vorgeschlagen:

Abteilung Gruppe Formation Formationsglied Bank, Lage
Oberrotlie- Tambacher
gendes

i Rotterdder
Rotliegende»

Oberhofer
unterrot- Goldlauterer
liegendes
Manebacher Z. B. flozfuhrende z. B.
»Zone« 1. Floz
Gehrener

Bisher wurden einige lithostratigraphische Einheiten von manchen Autoren als bio-
stratigraphische Einheiten angesehen. Daraus resultierten schwerwiegende Fehler bei
der Korrelation des Rotliegenden mit Abfolgen in den Stdalpen und den U.S.A. Bio-
stratigraphische Datierungen lithostratigraphischer Einheiten berthren nicht die litho-
stratigraphisch fixierten Grenzen und verdndern nicht den lithostratigraphischen
Charakter dieser Einheiten in einen biostratigraphischen. Manche Autoren betrachten
die Abteilung Rotliegendes als eine biostratigraphische Einheit, weil einige biostrati-
graphische Datierungen in dieser lithostratigraphischen Einheit durchgefihrt wurden.
Diese Autoren veranderten auch in einigen Fallen die Grenze zwischen dem Unter- und
Oberrotliegenden wegen vager biostratigraphischer Daten (Tetiapodenfédhrten). Aber
das Rotliegende bleibt selbstverstandlich trotz irgendwelcher biostratigraphischer
D atierungen eine lithostratigraphische Einheit. Die Begriffe Autunian und Saxonian
sollten auBerhalb Frankreichs nicht verwendet werden. Autunian und Saxonian stim -
men nicht mit dem Unterperm bzw. Mittelperm tberein. Ein grofer Teil des Autunian
gehdrt zum Karbon, unabhangig von den zahlreichen verschiedenen Definitionen des
Autunian.
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Die Gliederung und vor allem die Korrelation des kontinentalen Permo-
karbon (Rotliegenden) von Mitteleuropa gehdért auch heute noch zu den
schwierigsten Problemen der Stratigraphie des Phanerozoikum in Europa.
Darlber kénnen auch nicht scheinbar perfekte, oft mit grofRer Selbstsicherheit
vorgetragene grofRrdumige Korrelationen hinwegtduschen, zumal diese z. T.
m it faziell &hnlichen Sedimenten Nordamerikas vorgenommen wurden, deren
biostratigraphische Datierung vielfach ebenfalls unsicher ist. Besonders die
lithofaziell (einschlieRBlich ihrer biofaziellen Ausbildung) sehr unbestdndigen
unterrotliegenden Sedimente mit ihrem raschen und starken horizontalen und
vertikalen Fazieswechsel lassen sich selbst innerhalb eines groRrdumigen
Ablagerungsgebietes oftmals nur schwer korrelieren. Fir die bisher vorliegen-
den Korrelationen fehlen oftmals die faziesunabhdngigen Bezugspunkte, mit
denen man beweisen kann, ob eine als isochron angesehene lithostratigraphi-
sche Grenze auch wirklich isochron ist oder nur eine diachrone Faziesgrenze
markiert. Als wichtige lithostratigraphische Marken werden feinklastische
dunkle Schichtglieder, ausgedehntere Kohlenbildungen (z. B. in der oberen
Manebacher Formation), Hornsteinlagen, Wechsel von grauen und roten
Farbténen, Konglomeratlagen, Vulkanite und Tuffhorizonte angesehen. Vor
allem der Wechsel grauer und roter Farbténe und die Konglomeratlagen sind
Uber gréBere Entfernungen deutlich diachrone Marken. Die als Bezugshori-
zonte verwendeten Vulkanite sind z. T. intrusiv (vgl. Kunért, 1978) und dann
als lithostratigraphische Bezugshorizonte ungeeignet. Tuffhorizonte bieten in
der oberen Goldlauterer und Oberhdfer Formation des Thiringer W aldes gute
Markierungen fir die lithostratigraphische Gliederung (vgl. Andreas in
Andreas —Haubold, 1975). Allerdings setzt die genaue Ansprache der im
Geldnde z. T. schwer auffindbaren Tuffhorizonte detaillierte petrographische
Untersuchungen voraus. Die regionale Reichweite der Tuffkorrelierungen ist
vergleichsweise gering, wobei in den Randgebieten der Verbreitung der betref-
fenden Tuffhorizonte die Unsicherheiten bei der richtigen Ansprache der Hori-
zonte wachsen.

Die biostratigraphischen Grundlagcnuntersuchungen stehen erst im
Anfangsstadium. Die Mehrzahl der Fossilgruppen ist paldontologisch noch
nicht oder nur unzureichend untersucht worden. Noch seltener liegen exakte
biostratigraphische Aussagen vor, die nicht nur taxonomische Bearbeitungen
und Revisionen, sondern auch die Kenntnis der Evolution der betreffenden
Fossilgruppen voraussetzen, die eine unabdingbare, aber bisher meist nicht
beachtete Grundlage der biostratigraphischen Gliederung des Rotliegenden ist.
Die Floren fast aller wichtigen Rotliegendvorkommen Europas bedirfen der
taxonomischen Revision (vgl. z. B. Barthel, 1976). Erst dann kdnnen fiur
viele Arten genaue Reichweiten angegeben werden. Die biostratigraphisch
wichtigen Sporomorphen werden kinftig nicht nur die Gliederung groBer Teile
des Rotliegenden, sondern z. T. auch Korrelationen mit der marinen Gliede-
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rung erlauben. So konnte mit Sporomorphen nachgewiesen werden, dafll das
Rotliegende nicht nur dem Unterperm entspricht, sondern im Oberkarbon
beginnt (vgl. Doubinger, 1974) und bis ins Mittelperm reicht (vgl. Kozur,
1978b). Da der mitteipermische Anteil des obersten Rotliegenden immer ober-
halb der pfdlzischen Bewegungen liegt, sind die bisher mit der saalischen
Phase in Zusammenhang gebrachten Umstellungen der Paldogeographie in
Wirklichkeit auf pfalzische Bewegungen zurtckzufihren (z. B. die Bewegun-
gen vor der Ablagerung der mitteipermischen Val Gardena-Formation). Die
pfélzische Phase liegt also nicht zwischen Perm und Untertrias, sondern
zwischen dem Unter- und Mittelperm. Auch die Altersstellung der Melaphyr-
Gruppe der Choc-Decke (W estkarpaten) konnte durch neuere palynologische
Untersuchungen geklartwerden (Planderova in VozarovX—V0zAR—Bajanik
et al., 1979 und persdnliche Mitteilung). Unmittelbar unterhalb der basischen
Eruptiva der ersten Eruptionsphase tritt eine wohl asselische »Autun«-Asso-
ziation (oberstes Karbon) auf. Zwischen der ersten und zweiten Eruptions-
phase kommt eine eindeutig unterpermische Assoziation mit reichlich Cordai-
lina vor und in den postvulkanischen permischen Schichten oberhalb der
zweiten Eruptionsphase finden sich mittel- oder oberpermische Sporomorphen.
Der bisher als oberpermisch angesehene basische Vulkanismus der Choc-Decke
beginnt somit nahe der Karbon/Perm-Grenze und endet innerhalb des Unter-
perm. Er besitzt damit das gleiche Alter wie die maximale vulkanische AKkti-
vitat in allen anderen tektonischen Einheiten der W estkarpaten sowie in den
varistischen Molassebecken Mittel- und Westeuropas. Auch die Vulkan-
ite des Mecsek-Gebirges (Gyl(r(f(i-Quarzporphyr-Formation) weisen nach
Sporomorphen dieses Alter auf (persénliche Mitteilung von Frau Barabas-
Stuht). Betrdchtliche stratigraphische Bedeutung fir die Gliederung
des kontinentalen Permokarbon haben auch die Blattodén (Insecta) erlangt
(vgl. Mutter, 1975, Schneider, 1978a, b). Besondere stratigraphische Bedeu-
tung wird kinftig auch den Conchostraken zukommen, bei denen wenig unter-
halb der Karbon/Perm-Grenze in allen Rotliegendvorkommen Europas ein-
schneidende Anderungen des Artenspektrums zu beobachten sind. Dabei wird
die karbonische Assoziation mit Pseudestheria limbata/L. lallyensis (im oberen
Teil vor allem Pseudestheria ? autunensis) durch eine Assoziation mit dominie-
rend Liostheria n. sp. und anderen Limnadoidea abgeldst. Bei den Muscheln und
Ostracoden (quantitativ hdufigstes, aber bisher kaum beachtetes Faunenelement)
als weitere biostratigraphisch bedeutsame Invertebraten des kontinentalen Per-
mokarbon stehen taxonomische Grundlagenuntersuchungen noch aus. Mit Aus-
nahme der durch Boy (1972, 1976, 1978) ausgezeichnet bearbeiteten Amphi-
bien gilt das auch fir die Vertebraten, insbesondere fir die hdufigen und sicher
biostratigraphisch verwertbaren Fische. Die Tetrapodenfédhrten erlangten u. a.
durch die Arbeiten von Muatter (1954, 1959, 1970), Schmidt (1959), Haubold
(1971a, b, 1973, 1974) und Fichter (1976) im Rotliegenden stratigraphische
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Bedeutung. Sehr bedenklich ist aber die Verwendung hypothetischer Aus-
sagen Uber die mogliche Zuordnung der Tetrapodenfédhrten zum osteologischen
System fiur biostratigraphische Aussagen. Haubold (1973) lehnt die Zuord-
nung eines Teils der Cornberger Tetrapodenféhrten zu den Therapsida durch
Schmidt (1959) mit dem Hinweis auf ein unterpermisches Alter des obersten
Oberrotliegenden ab und Haubold—Katzung (1975) schlieBen dann aus dem
Fehlen von Therapsidenfahrten im Cornberger Sandstein auf sein unterpermi-
sches Alter und tUberhaupt auf ein unterpermisches Alter des obersten Rot-
liegenden — ein perfekter KreisschluB. Die Datierung der Fahrtenfaunen des
Cornberger Sandsteins (oberstes Oberrotliegendes) durch Schmidt (1959) als
unteres Oberperm (== Mittelperm) hat sich als richtig erwiesen (vgl. Kozur,
1978b und in Druck a, b, ¢). Eine nur auf Fdhrtenfaunen beruhende Uberregio-
nale Korrelation der Rotliegendsedimente mit Abfolgen auferhalb Mittel-
Europas mufite zwangslaufig zu Fehlern fuhren, die Uberall dort klar sichtbar
werden, wo die korrelierten Schichtenfolgen auch andere Fossilien enthalten
(Sudalpen, U.S.A.). So wurde die zuvor stets mit dem Oberrotliegenden korre-
lierte Val Gardena Formation der Siudalpen bei Haubold —Katzung (1975)
in das »Autun« umgestuft, also mit dem Unterrotliegenden korreliert, obwohl
in der mittleren Grédener Formation zahlreiche Nautiloidea sowie vereinzelte
Ammoniten auftreten, die eine Einstufung in das hohere Mittelperm anzeigen.
Die Sporomorphen-Assoziation, die aus dem gleichen stratigraphischen Be-
reich stammt wie die Tetrapodenféahrten, enth&lt reichlich Lueckisporites virk-
kiae und zeigt damit an, daR sie wesentlich junger als selbst das sehr stark
nach oben ausgedehnte »Autun« im Sinne von Haubold —Katzung (1972) ist.
Die Umstufung dieser Schichten in das »Autun« ist umso unverstandlicher,
als die grundlegenden Sporomorphen-Untersuchungen durch Kiraus (1963)
in diesem stratigraphischen Bereich eine der Grundlagenarbeiten fir die
Sporomorphen-Taxonomie und Stratigraphie des Oberperm (einschlieRlich des
Zechsteins) darstellt. W &hrend die untere Val Gardena-Formation mit dem
oberen Oberrotliegenden korreliert werden kann, ist die mittlere und obere
Val Gardena-Formation etwas junger als selbst das oberste Rotliegende und
dabei zumindest zum grdRten Teil etwas &lter als der Zechstein (vgl. Kozur,
1977, 1978b,in Druck a, b, c). Biostratigraphisch bedeutsam kénnten auch noch
die Arthropodenfahrten des Rotliegenden werden. Die bisher aus verschiedenen
Horizonten des Rotliegenden vorliegenden Funde (vgl. Boy, 1976, Walter,
1978) weichen deutlich voneinander ab. Es mull gekl&rt werden, ob hier 6ko-
logische Faktoren eine Rolle spielen oder ob es sich um altersbedingte Unter-
schiede handelt. Im letzteren Falle hatten die Arthropodenfédhrten in Zukunft
eine betrachtliche biostratigraphische Bedeutung. Viele andere hier nicht
genannte Fossilgruppen, wie Charophyten, Hydromedusen und Reptilien kén-
nen zwar wegen ihrer Seltenheit sicher nicht die Grundlage fur biostratigra-
phische Gliederungen im Rotliegenden bilden, fur einzelne stratigraphische
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Bereiche und vor allem fir die Uberregionale Korrelation des Rotliegenden
aber durchaus bedeutsam sein bzw. werden.

Exakte biostratigraphische Datierungen der verschiedenen lithostrati-
graphischen Einheiten des Rotliegenden werden erst dann in groBem Umfang
madglich sein, wenn der gesamte Fossilinhalt des Rotliegenden einer grundlegen-
den paldontologischen Bearbeitung unterzogen wird und auf dieser Grundlage
die stratigraphische (nicht die faziell bedingte) Reichweite der wichtigsten
Fossilien aufgezeigt werden kann.

Auch die Auswertung paldomagnetischer Daten kdnnte vor allem im
Oberrotliegenden und im kontinentalen Zechstein wichtige Angaben fur
chronostratigraphische Korrelationen liefern (vgl. Dachroth, 1976). Zuneh-
mende Bedeutung werden auch radiometrische Altersbestimmungen an den
Vulkaniten des Rotliegenden erlangen.

Wegen des Mangels an verwertbaren biostratigraphischen Daten kann
man in letzter Zeit verstarkt die Tendenz beobachten, dall biofazielle Daten
der Lithostratigraphie wie biostratigraphische Daten zu Korrelationen ver-
wendet werden. Dies fuhrte zu Fehlkorrelationen. Besonders deutlich ist diese
Tendenz in den Arbeiten von Haubold und Haubold—Katzung ausgeprégt.
Haubotd (1977, S. 131, 132) sagte ndmlich: »Die lithologischen Serien und
Teilserien des Thiringer Waldes sind hinreichend gesicherte chronostrati-
graphische Einheiten ... biostratigraphische Abschnitte und besonders ihre
Grenzen kdnnen nur in den kartierbaren chronostratigraphischen Einheiten
und deren konkreten lithologischen Ausbildungen aufgezeigt werden. Die
Lickenhaftigkeit und Faziesbindung der Fossilien verlangt aus praktischen
Grinden eine ,Vermengung” von lithostratigraphischen und biostratigraphi-
schen Gliederungen.« — Lithostratigraphie wird hier praktisch mit Chrono-
stratigraphie gleichgesetzt. Das ist theoretisch falsch und fihrt praktisches in
den permokarbonischen Rotliegendablagerungen mit ihrem starken lateralen
und vertikalen Fazieswechsel zu zahlreichen Fehlern. Als Beispiel seien die
Datierungen der Schichtenfolge in den Lokalitdten Crock und Breitenbach
(Thiringer Wald) genannt. Die flozfuhrenden Schichten von Crock werden bei
Haubold (1977) aus lithostratigraphischen Erwé&gungen in die Goldlauterer
Schichten (Formation) eingestuft. Sie sind aber nach biostratigraphischen
Kriterien eindeutig ein zeitliches Aquivalent der oberen Manebacher Forma-
tion von Manebach und anderen Lokalitdten. Die Schichtenfolge von Breiten-
bach stufte Haubotd (1977) dagegen in die Manebacher Schichten (Forma-
tion) ein. Nach biostratigraphischen Kriterien sind diese Schichten aber nicht
&lter, sondern junger als die flozfihrenden Schichten von Crock, d. h. jinger
als die obere Manebacher Formation bei Manebach. Da die lithostratigraphisch
korrelierten Einheiten als chronostratigraphische Einheiten angesehen wer-
den, bedeutet dies, dall nun in der unteren Goldlauterer Formation (als »chro-
nostratigraphische« Einheit) auch die Fossilien aus der Lokalitdt Crock auf-
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gefuhrt werden und in der oberen Manebacher Formation (ebenfalls als ver-
meintliche »chronostratigraphische« Einheit) auch die Fossilien der Lokalitat
Breitenbach. Dadurch entsteht nun fiir die obere Manebacher und die untere
bis mittlere Goldlauterer Formation eine »biostratigraphische« Einheit, obwohl
zwei faunistisch-floristische Einheiten enthalten sind und Doubinger (1956)
die Grenze zwischen ihr Autunien inférieur und Autunien supérieur gerade
zwischen diese beiden biostratigraphischen Einheiten gelegt hat, so daR hier
sogar eine bedeutsame biostratigraphische Grenze innerhalb des Rotliegenden
vorliegt. Da die lithostratigraphischen Einheiten praktisch als chronostrati-
graphische Einheiten angesehen werden und die biostratigraphischen Einhei-
ten nicht nach den Anderungen des floristischen oder faunistischen Inhalts,
sondern nach der Begrenzung eben dieser lithostratigraphischen Einheiten
abgegrenzt werden, kann man nicht nachweisen, ob die Begrenzungen der aus-
gehaltenen lithostratigraphischen Einheiten im gesamten Ablagerungsgebiet
zeitlich synchron oder diachron sind und Fehlkorrelationen, wie im Falle von
Crock und Breitenbach kénnen nicht erkannt werden. Wenn die Grenzen
»biostratigraphischer« Einheiten mit den Grenzen derjenigen lithostratigraphi-
schen Einheiten definiert werden, in denen sie enthalten sind, wie das in den
Arbeiten von Haubold und Haubold —K atzung stets praktiziert wird und
wie das bei Haubotd (1977) ausdricklich gefordert wird, dann handelt es sich
dabei nicht um biostratigraphische Einheiten, sondern es werden bestenfalls
biofazielle Einheiten ausgeschieden und verfolgt. Das ist keine Abwertung
der Methode oder der Bedeutung solcher Untersuchungen. Biofazielle Para-
meter sind wichtige Daten fir die Charakterisierung lithostratigraphischer
Einheiten. Dagegen fehlt solchen »biostratigraphischen« Einheiten, deren
Unter- und Obergrenze mit den Grenzen der zuvor ausgeschiedenen oder aus-
kartierten lithostratigraphischen Einheiten definiert werden, jede biostrati-
graphische Definition ihrer Grenzen und sie sind damit als biostratigraphische
Einheiten ohne Existenzberechtigung. Sie kénnen daher nicht fur tGberregio-
nale Korrelationen verwendet werden. Grundlage fur die Biostratigraphie sind
nicht die Fossilien an sich, sondern die Evolution der Fossilien, ein Grundsatz,
der nicht oft genug betont werden kann.

Bei der Aufeinanderfolge lithostratigraphischer Einheiten ist der zeit-
liche Umfang eventuell auftretender Licken zwischen solchen Einheiten fir
deren lithostratigraphische Definition belanglos und er kann auch mit litho-
stratigraphischen Methoden nicht gekldrt werden. Definiert man aber die
Grenzen »biostratigraphischer« Einheiten mit den Grenzen derjenigen litho-
stratigraphischen Einheiten, in denen sie enthalten sind, so liegt gerade im
Vorhandensein einer grofRen zeitlichen Licke zwischen zwei lithostratigraphi-
schen Einheiten eine groBe potentielle Fehlerquelle fir die Korrelationen, die
mit Hilfe solcher vermeintlichen biostratigraphischen Einheiten vorgenommen
werden. In einem solchen Falle folgen nicht nur die lithostratigraphischen Ein-
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heiten, sondern auch die »biostratigraphischen« Einheiten unmittelbar auf-
einander, wie das auch ganz allgemein tabellarisch und in den Ausfihrungen
zu diesen Gliederungen dargestellt wurde. Hier hilft auch nicht weiter, wenn
bei klar erkennbaren Licken (z. B. bei einer schwach diskordant auflagernden
lithostratigraphischen Einheit) eine minimale Licke zwischen zwei »biostrati-
graphischen« Einheiten angegeben wird, deren zeitlicher Umfang nach dem
Ermessen des jeweiligen Autors angesetzt wird, da mit lithostratigraphischen
Methoden nur das Vorhandensein einer Liicke, nicht aber ihre relative oder
absolute Zeitdauer bestimmt werden kann. Schon allein deshalb kénnen die
lithostratigraphischen Einheiten des Thuringer Waldes keine »hinreichend
gesicherten chronostratigraphischen Einheiten« sein, wie Haubold (1977)
annimmt. Auch hierfiir ein konkretes Beispiel. Zwischen den jingsten Schicht-
gliedern des Unterrotliegenden und der Eisenacher Formation des Thiringer
Waldes liegt eine groBe zeitliche Lucke, die das obere Sakmarian, das gesamte
Artinskian und das untere Leonardian (unteres Kungurian) umfaft. In die-
sem langen Zeitraum haben je nach Fossilgruppe eine bis mehrere weitere
wirkliche biostratigraphische Einheiten Platz und selbst in den kontinentalen
Rotliegendsedimenten mit ihrem Mangel an kurzlebigen Fossilien befindet
sich hier mindestens noch eine weitere biostratigraphische Einheit (Supaia-
Flora des »Saxonien inférieur«, Tetrapodenfahrten-Assoziation mit Nanipes,
Devipes, Diversipes etc. aus der »zone de transition« und dem »Saxonien infé-
rieur« des Lodeve-Beckens). Fir diese groRBe biostratigraphische Einheit war
aber zwischen den Oberhdfer Schichten s. 1 (einschlieBlich der Rotteréder
Formation) und der Eisenacher Formation kein Platz mehr und so paralelli-
sierte Haubotd (1973) die Faunen und Floren der »zone de transition« und des
»Saxonien inférieur« des Lodeéve-Beckens mit dem Bereich von der unteren
Goldlauterer Formation bis zu den oberen Oberhéfer Schichten s. 1., wahrend
Haubold —Katzung (1975) unter Annahme einer zeitlich geringfugigen
Licke zwischen der Rotter6der und Tambacher Formation die »zone de transi-
tion« in die obere Goldlauterer bis untere Oberhdfer und das »Saxonien infé-
rieur« groftenteils in die obere Oberhdfer und Rotter6der Formation und zu
einem geringen Teil in die Lucke zwischen der Rotteréder und Tambacher
Formation einstuften. Als Konsequenz dieser Korrelierung wurden bei Hau-
bold —Katzung (1975) auf Tabelle 12 die lithostratigraphischen Einheiten
des Thiringer Waldes als »Zeitskala« (!) benutzt und Nanipes fiir den Bereich
der oberen Goldlauterer bis zur Rotter6der Formation sowie Devipes und
Diversipes fir den Bereich der oberen Goldlauterer bis zur basalen Oberhdfer
Formation angegeben, wo sie gar nicht Vorkommen. Eine Folge davon wie-
derum ist die Korrelation der Hermit Shale von Arizona mit der oberen Gold-
lauterer und basalen Oberhdofer Formation, obwohl der Hermit Shale viel
junger ist.

Durch die falsche Anwendung biofazieller Einheiten als »biostratigra-
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phische« Einheiten kénnte der Eindruck entstehen, dall die Biostratigraphie
ein untaugliches Mittel fur die Korrelation der kontinentalen permokarbo-
nischen Ablagerungen Mitteleuropas sei, da diese angeblich biostratigraphi-
schen Korrelationen in den meisten Féllen fehlerhafter sind als die bisherigen
Vorstellungen zur Altersstellung der betreffenden Schichten. In Wirklichkeit
beruhen solche Fehler in den angeblich biostratigraphischen {berregionalen
Korrelationen aber gerade auf der Vernachldssigung wichtiger biostratigra-
phischer Grundlagen und derVerwendung lithostratigraphischer (biofazieller,
irrtmlich als »biostratigraphisch« angesehener) Einheiten fur uberregionale
Korrelationen, was schon laut Definition der Lithostratigraphie nicht mog-
lich ist.

Um die nomenklatorische Verwirrung bei der Zuordnung stratigraphi-
scher Einheiten im Rotliegenden abzubauen und kinftig jene Fehlkorrelatio-
nen, die nur auf der Nichtbeachtung stratigraphischer Grundregeln beruhen,
zu vermeiden (der gegenwdrtige Kenntnisstand 148t ohnehin selbst bei genauer
Beachtung der stratigraphischen Richtlinien noch viel Raum fir Fehlkorre-
lationen), wurde von Kozur (April 1978a, Anhang zu 1978d, in Druck a, ¢)
eine stricte nomenklatorische Trennung von lithostratigraphischen und bio-
stratigraphischen Einheiten durchgefuhrt. Fur den Thiringer Wald wurde
eine Einteilung in Gehrener, Manebacher, Goldlauterer, Oberhéfer, Rotterdder
und Tambacher Formation sowie der Eisenacher Formation fur das getrennte
Sedimentationsgebiet des Eisenacher Rotliegenden vorgenommen, wobei die
von Backhaus u. a. (1977) gegebene Empfehlung, bei den Formationsbezeich-
nungen an altbewdhrten Namen festzuhalten, bericksichtigt wurde. Als
Formationsglieder (vielleicht sollte man hier die kiirzere englische Bezeich-
nung member verwenden) kdnnten z. B. in der Manebacher Formation das
Grundkonglomerat, die untere Sandstein-»Zone«, die flozfiihrende »Zone« und
die obere Sandstein-»Zone« fungieren, als Bank, Lage z. B. die einzelnen Fldze
oder Zwischenmittel der Fl6z member (flozfihrende »Zone«). Gehrener bis
Rotteréder Formation gehdren zur Unterrotliegend-Gruppe der Rotliegend-
Abteilung. Nach der biostratigraphischen Datierung gehdért z. B. die Gold-
lauterer Formation zum Karbon-System (Oberkarbon-Serie, Asselian-Stufe)
und die Rotter6der Formation zum Perm-System (Unterperm-Serie, Sak-
marian-Stufe). Haubold —Katzung (Oktober 1978) legten ebenfalls einen
Vorschlag zur Anwendung stratigraphischer Richtlinien im Rotliegenden vor.
Leider sind den Autoren dabei eine ganze Reihe von Fehlern unterlaufen, die
schon in ihren vorangegangen Arbeiten zu beobachten waren. Unter Berufung
auf Backhaus u. a. (1977), schreiben Haubotd—Katzung (1978, S. 439):
»Die Zone umfalt demnach keineswegs die Lebensdauer einer Art.« Das ist
in dieser absoluten Fassung falsch und wurde bei Backhaus u. a. (1977) auch
nicht in dieser Form publiziert. Eine range-Zone — und die exaktesten bio-
stratigraphischen Zonen sind range-Zonen — umfaflt sehr wohl die Lebens-
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dauer einer Art, nur ist esin Ermangelung kurzlebiger, weit verbreiteter Leit-
formen nicht immer madglich, mit range-Zonen zu arbeiten. Sie kénnen dann
z. B. durch concurrent range-Zonen ersetzt werden, wo die Zone nicht durch
den Lebensbereich einer Art, sondern durch den Bereich des gemeinsamen
Vorkommens zweier oder mehrerer Arten definiert wird. Das Beispiel, daB
Haubold —Katzung (1978, S. 439 —400) gegen die Definition einer Zone mit
der Lebensdauer einer Art anfliihren, ist allerdings sehr leichtfertig: »Bei dieser
mitunter diskutierten Praktik wdre das Rotliegende — wenig sinnvoll! — als
Callipteris conferta-Zone zu bezeichnen.« Von einer Callipteris conferta-Zone,
die das gesamte Rotliegende umfaflt, kdnnte auch bei einer C. conferta range-
Zone niemals die Rede sein, da C. conferta ab der Tambacher Formation des
Thuringer Waldes nicht mehr vorkommt.

Als Formationen sehen Haubold—Katzung (1978) z. B. die unteren
Manebacher, die oberen Manebacher, die unteren Oberhdfer und die oberen
Oberhofer Schichten an. Das hat u. a. den Nachteil, dal z. B. eine obere Ober-
hofer Formation so zweideutig ist (oberer Teil der Oberhéfer Formation oder,
wie im Sinne von Haubold —Katzung, 1978 — eine Formation, die die obe-
ren Oberhdfer Schichten umfaRt), dall fir alle diese Formationen neue Namen
geschaffen werden muften. Diese Flut von neuen Namen wiirde keines der
ohnehin zahlreichen Probleme der Rotliegendstratigraphie lésen, daflir aber
zahlreiche neue Probleme aufwerfen; sie wirde zur Instabilitdt der eingebir-
gerten lithostratigraphischen Gliederung flihren. Die als Abteilung von
Haubold—Katzung (1978) vorgesehenen Begriffe Graumolasse, Bunt-
molasse und Rotmolasse sind mehr oder weniger genetische Bezeichnungen
und daher zur Bezeichnung lithostratigraphischer Einheiten ungeeignet. Sie
sind auch Uberflissig, da mit dem Rotliegenden bzw. dem Unter- und Ober-
rotliegenden bereits Ubergeordnete lithostratigraphische Begriffe existieren.
Diese Begriffe aber finden sich bei Haubold —Katzung (1978) unter der
Rubrik »Biostratigraphie«x. Wé&hrend es sich bei den lithostratigraphischen
Einheiten im Sinne von Haubold —Katzung (1978) mit Ausnahme der unge-
eigneten Bezeichnungen Grau-, Bunt- und Rotmolasse um Fragen der Rang-
héhe schon bestehender lithostratigraphischer Einheiten handelt, unterliefen
Haubold —Katzung (1978) bei den biostratigraphischen Einheiten grund-
sétzliche Fehler. Ein Subsystem Rotliegendes kann doch wohl kein ernst zu
nehmender Beitrag zur geowissenschaftlichen Forschung sein, allein schon
deshalb, weil dieses Subsystem des Perm das hohere Oberkarbon bis Mittel-
perm umfalt und aus der Einfihrung eines Subsystems konsequenterweise
die Einfihrung eines zweiten Subsystems resultiert, fir das nur der Zeitraum
des Oberperm s. str. (also einer Serie) und die Bezeichnung Zechstein tbrig
bliebe. Davon ganz abgesehen ist das Rotliegende seit seiner Originaldefini-
tion (von Veltheim, 1823 —1829, vgl. Kozur, 1978d) eine lithostratigraphische
Einheit. Daran andert auch nichts die Tatsache, dafl sich viele Forscher mit
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der Frage der Datierung des Rotliegenden umfassen. Keine lithostratigraphi-
sche Einheit hat einen unbegrenzten chronostratigraphischen Umfang. Doch
keine biostratigraphische Datierung macht aus einer lithostratigraphischen
Einheit eine biostratigraphische Einheit. Als Beispiel seien die Reiflinger
Kalke der alpinen Trias genannt. Sie stellen als lithostratigraphische Einheit
einen bestimmten Faziestyp dar (Beckenfazies), auf den hier nicht eingegangen
werden soll. Ihre biostratigraphische Datierung ist u. a. mit Hilfe von Cono-
donten bei Vorliegen entsprechender Untersuchungen bis ins Detail mdglich.
Aus dem Vorliegen der lithostratigraphischen Einheit Reiflinger Kalk bzw.
aus dem lateralen und vertikalen Wechsel mit anderen lithostratigraphischen
Einheiten, wie z. B. dem W ettersteinkalk, lassen sich wichtige Rickschlisse
auf die paldotektonische Position eines bestimmten Gebietes, Beckenkonfigu-
ration etc. ziehen. In den verschiedenen Gebieten kann der Reiflinger Kalk
je nach der paldotektonischen Position des untersuchten Gebietes durchaus
verschiedene stratigraphische Reichweiten haben. Er kann nur das Unter-
ladin umfassen, er kann aber auch bis zum Unterkarn reichen. Dagegen gibt
es keine oberkarnische oder jungere bzw. mittelanisische oder dltere Reiflinger
Kalke. Der Reiflinger Kalk hat also einen viel engeren chronostratigraphischen
Umfang als das Rotliegende und er kann mit einer Genauigkeit biostrati-
graphisch datiert werden, wie das im Rotliegenden wohl in absehbarer Zeit
nicht maoglich sein wird. Doch niemand wird auf die ldee kommen, die Reif-
linger Kalke als biostratigraphische Einheit, etwa als Stufe zu bezeichnen,
obwohl sie maximal kaum einen groBeren Zeitraum reprédsentieren als eine
triassische Stufe. Die gleiche Problematik liegt beim Rotliegenden vor. Wenn
Haubold—Katzung (1978, S. 440) schreiben: »Bei der Benennung dieser
Abteilungen ist zundchst zu berlcksichtigen, dal das Rotliegende zumindest
seit dem 2. Heerlener KarbonkongreR biostratigraphisch definiert ist (Jong-
mans —Gothan, 1937), die Bezeichnungen Unterrotliegendes und Oberrot-
liegendes flr die. mittlere und obere Abteilung also nicht verwendet werden
kénnen«, dann entspricht das nicht den Tatsachen. Bei Jongmans —Gothan
(1937) wird in einem zusammenfassenden Diskussionsbeitrag u. a. auch das
Problem der Permbasis im kontinentalen Permokarbon diskutiert. Einleitend
zu dieser Problematik schreiben Jongmans—Gothan (1937, S. 24, 25):
»Gothan leitet diese Diskussion mit den folgenden Bemerkungen ein: Auch
von der Grenze Stephan-Perm ist bereits beim vorigen Kongre die Rede
gewesen. Die Schwierigkeiten fir die Paralellisierung des Perms im ganzen
liegen zum groBen Teil — auch die Begrenzung des Perms nach oben — darin
begriindet, dall die Charakterisierung dieser Formation ihren Ausgang von
Mitteleuropa genommen hat, wo wir die fazielle Zweiteilung in einen unteren
Teil, das Rotliegende, und in einen ganz anders entwickelten, oberen Teil
haben, den Zechstein ... Man kann da noch gar keine allgemeinen Regula-
tionen geben, und jeder wird von Fall zu Fall nach bestem Willen und Gewis-
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sen und unter Ausnutzung der erreichbaren Tatsachen sein Urteil fallen mis-
sen.« Von einer biostratigraphischen Definition des Rotliegenden kann also
gar keine Rede sein, nicht einmal eine exakte biostratigraphische Datierung
des Rotliegenden wurde vorgenommen, die auch nichts am Charakter des
Rotliegenden als lithostratigraphische Einheit gedndert hétte. Es wird von
einer faziellen Zweiteilung des Perms in Mitteleuropa gesprochen, das Rot-
liegende also ausdriicklich als fazielle und damit — wie schon zuvor und da-
nach ublich — als lithostratigraphische Einheit angesehen. Jede allgemeine
Festlegung zur Datierung und Korrelation des Rotliegenden und Zechstein
-wird entsprechend dem damaligen Kenntnisstand bewullt vermieden. Spétere
Versuche einer biostratigraphischen Datierung des Rotliegenden oder von
Teilen desselben &ndern nichts an der Abgrenzung des Rotliegenden und schon
gar nicht am Charakter als lithostratigraphische Einheit. Sonst kénnte es im
Phanerozoikum bald keine lithostratigraphischen Einheiten mehl- geben, weil
diese eines Tages u. a. mit biostratigraphischen Methoden datiert wurden
oder werden, ohne daR sie deshalb zu biostratigraphischen Einheiten werden.
Die konventionelle lithostratigraphische Abgrenzung des Rotliegenden bzw.
des Unter- und Oberrotliegenden, die in ihrem bisherigen Umfang in den
meisten Gebieten bereits seit langem auskartiert sind, wird von biostrati-
graphischen Datierungen nicht berthrt. Daher ist z. B. jede Umstufung tradi-
tionell als Oberrotliegendes angesehener Schichten ins Unterrotliegende wegen
vermeintlicher oder wirklicher Altersgleichheit mit dem Unterrotliegenden
in einem anderen Ablagerungsgebiet abzulehnen, da jede Definition litho-
stratigraphischer Einheiten von ihrem Alter unabhé&ngig ist. Um wieder bei
dem oben erwdhnten Beispiel aus der alpinen Trias zu bleiben: Es wére wider-
sinnig und der angestrebten geologischen Aussage vollig abtrdglich, wenn man
einen oberladinischen W ettersteinkalk als Reiflinger Kalk bezeichnen wollte,
nur weil an anderen Stellen die Reiflinger Kalke auch das Oberladin umfassen.
Ebenso falsch und der geologischen Auswertung abtrédglich wére es, die tradi-
tionell als Oberrotliegendes angesehene Hornburger Formation (wichtigster
Teil des Saxonian in der urspringlichen Definition des Saxonian in dessen
Typusregion bei de Lapparent, 1893, vgl. Kozur, 1978d) in das Unterrot-
liegende (»Autun«) umzustufen, wie das Haubold (1973) auf Grund von
Fé&hrtenfaunen vorschlug. Die als voroberrotliegendc Phase definierte saalische
Phase wurde von Stille eindeutig an die Basis der zum Oberrotliegenden
gezéhlten Hornburger Formation gestellt (vgl. Kunért, 1970). Eine Umstu-
fung der Horuburger Formation in das »Autun« (Unterrotliegende) wiirde die
saalische Phase in ihrer Typusregion entweder in eine inner-unterrotliegende
Phase umfunktionieren oder sie miiRte entgegen den Vorstellungen von
Stille in ihrer Typusregion in ein hdheres Niveau verlegt werden. Ganz unab-
hdngig davon, was man von der saalischen Phase hélt (vgl. Kozur, in Druck
a, ¢) kann man solche leichtfertigen Anderungen der Grenzen lithostratigra-
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phischer Einheiten wegen biostratigraphischen Datierungen nicht vornehmen
und schon gar nicht dort, wo diese lithostratigraphischen Einheiten Grund-
lage fur die Definition einer tektonischen Phase sind. Genauso falsch wére es
zu fordern, die Oberhdfer und Rotter6der Formation ins Oberrotliegende zu
stellen, nur weil altersgleiche Schichten im Saar-Nahe-Gebiet schon ins Ober-
rotliegende eingestuft wurden, als im Thiringer Wald noch gar keine Rot-
liegendgliederung vorlag. Desgleichen kann man nicht die seit vielen Jahr-
zehnten auskartierte und fir das Saar-Nahe-Gebiet praktikable Unter- /Ober-
rotliegend-Grenze so verlegen, dall sie mit derjenigen des Thiringer Waldes
zeitlich Gbereinstimmt, was ohnehin nie exakt zu realisieren wdare, da zwischen
dem Unter- und Oberrotliegenden im Thuringer Wald eine groBe zeitliche
Lucke klafft.

Als biostratigraphische Serien schlagen Haubold—Katzung (1978) das
»Autun« (Unterrotliegendes) und »Saxon« (Oberrotliegendes) vor. Unter- und
Oberrotliegendes als lithostratigraphische Gruppen kdénnen, wie oben ausge-
fahrt, niemals biostratigraphische Serien sein. Auch »Autun« und »Saxon
sind als biostratigraphische Serienbezeichnungen vdéllig ungeeignet. Es kann
und wird im Perm nur die Serien Unterperm, Mittelperm und Oberperm bzw.
bei Zusammenfassung des Mittel- und Oberperm eine Zweigliederung in Unter-
perm und Oberperm s. 1 gehen. Autunian und Saxonian sind unklar definierte
Einheiten, die urspringlich als lithostratigraphische Einheiten ausgeschieden,
spdater aber teils in einem sehr vagen biostratigraphischen Sinne, teils im litho-
stratigraphischen Sinne als Aquivalente des Unter- und Oberrotliegenden ver-
wendet wurden, wobei die Grenze zwischen Autunian und Saxonian hdufig
an eine als »saalisch« bezeichnete Diskordanz oder deutliche Schichtlicke
gelegt oder mit dem Einsetzen durchweg roter Sedimente festgelegt wurde.
Wie bei KozuR (1978d und in Druck c) ausgefiuhrt wurde, existieren je nach
Autor recht unterschiedliche Fassungen von Autunian und Saxonian, auch
bei den gleichen Autor kénnen sehr groRe Unterschiede in der Fassung dieser
Einheiten auftreten. So liegt z. R. nach Haubotld—K atzung (1975) die Ober-
grenze des »Autun« in den Sudalpen an der Obergrenze der Val Gardena Forma-
tion und damit oberhalb des »Saxon« von Mitteleuropa obwohl die »Autun«-
Obergrenze in beiden Gebieten nach den gleichen Kriterien (Tetrapodenfdhr-
ten) bestimmt wurde. Die Grenze zwischen den lithostratigraphischen Ein-
heiten Autunien und Saxonien, die de Lapparent (1893) hei seiner urspring-
lichen Definition des Saxonien angab, lag zuféllig in den meisten Profilen an
einer biostratigraphischen Grenze. Diese Autunien/Saxonien-Grenze ist die
einzige bisher vorgeschlagene Grenze zwischen diesen beiden Einheiten, die
in verschiedenen Gebieten biostratigraphisch erkennbar und dam it biochrono-
logisch korrelierbar ist. Sie wurde bei Andreas —Haubold (1975) in Unkennt-
nis der Arbeit von de Lapparent (1893) als Grenze zwischen unteren und
oberen »Autun« angesehen, also auch von diesen Autoren als biostratigraphi-
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sehe Grenze anerkannt. Dagegen ist die von Haubold —Katzung (1972) fest-
gelegte »biostratigraphische« Autun/Saxon-Grenze mit einem »Typusprofil« im
Thiringer Wald keine biostratigraphiscli erkennbare Grenze. Sie beruht auf
dem Neueinsetzen von Tambachichnium schmidli und Palmichnus tambachensis
in der Lokalitdt Bromacker bei Tambach. Aus der riesigen Fahrtenfille der
Lokalitdt Bromacker liegen nur insgesamt 4 (? 3) Fahrtenplatten dieser bei-
den Arten vor. Ohne Zweifel waren sie wohl kaum je gefunden worden, wenn
die Lokalitdt Bromacker nicht Uber Jahrzehnte hinweg solche groBen Mengen
wohlerhaltener Fédhrten geliefert hdtte. Alle jene hdufigen F&hrten aus der
Tambacher Formation kommen aber schon im »Autun« im Sinne von Hau-
bold—Katzung Vvor. Beim Fehlen der U(beraus seltenen, madglicherweise
lokalen Formen T. schmidti und P. tambachensis miRten alle gleichaltrigen
Faunen aber ins »Autun« eingestuft werden. So auflerordentlich seltene Arten,
die nur auf eine einzige Lokalitdt beschrédnkt sind und selbst dort zu aller-
seltensten Zufallsfunden gehdren, erfillen natirlich in keiner Weise die Anfor-
derungen an ein Leitfossil, denn sonst kénnte man auch Archaeopteryx litho-
graphica als Leitform fir Malm zeta ansehen. Solange die von Haubold —
Katzung als Leitformen ausgewd&hlten Arten nur aus einer Lokalitdt bekannt
sind, konnen sie nicht zur Definition der »Saxon«-Basis im Sinne von Hau-
bold —Katzung (1972) wendet werden; es kdnnte sich theoretisch sogar um
aullerordentlich seltene endemische Formen handeln. Wie die meisten anderen
Autunian/Saxonian-Abgrenzungen, hat auch jene nach Haubold —Katzung
(1972) keinerlei biostratigraphische Absicherung, nur wurde dies von den
anderen Autoren im Unterschied zu Haubold —Katzung (1972 und folgende
Arbeiten) auch nicht behauptet. Selbst wenn man die einzige biostratigraphisch
korrelierbare Autunian/Saxonian-Grenze, d. h. die urspringliche, bei de
Lapparent (1893) definierte Grenze, bei der Datierung von Autunian und
Saxonian zugrunde legt, wéren Autunian und Saxonian nicht als biostrati-
graphische Serienbezeichnungen geeignet, weil sie weder in dieser noch in
irgendeiner anderen publizierten Fassung mit dem Unter- bzw. Mittelperm
Ubereinstimmen. In seiner Typusregion (Autun-Becken, Frankreich) gehort
das Autunian zum hohereu Gzhelian und Asselian und damit auschlieflich
oder teilweise (je nach der Zuordnung des Asselian zum Oberkarbon oder
Unterperm) zum Oberkarbon. In der Fassung bei Haubold—Katzung setzt
es im Mittleren Gzhelian, also ebenfalls weit innerhalb des Oberkarbon, ein.
Das Autunian hat lediglich in Frankreich als Lokalbezeichnung eine Berech-
tigung (vgl. auch Bouroz, 1978, S. 496). AulRerhalb Frankreichs sollte es eben-
so wenig verwendet werden, wie die Bezeichnung Saxonian, schon allein des-
halb, weil beide Begriffe so hoffnungslos »verdefiniert« sind, daB man stets
Autor, Publikationsdatum und Ablagerungsgebiet angeben muf, wenn man
wissen will, welche der zahlreichen unterschiedlichen Fassungen des Autunian
und Saxonian gemeint ist, da der Umfang des Autunian und Saxonian je nach

Acta Geologien Academiae Scientiarum Hungaricae 24, 1981



142 KOZUR, H.

Autor unterschiedlich definiert wird und auch bei den gleichen Autoren in
verschiedenen Publikationen und vor allem in verschiedenen Ablagerungs-
gebieten unterschiedliche Fassungen des Autunian und Saxonian verwendet
werden. AuBerdem kdnnen diese Begriffe keinen Platz in der biostratigraphi-
schen Hierarchie beanspruchen, da es sich weder um permische Serien noch
um Stufen handelt. Wenn Haubold —Katzung (1978) ihr »Typusprofil« der
»Autun«/»Saxon«-Grenze (im Sinne von Haubold—Katzung, 1972) im Thi-
ringer Wald in ein Referenzprofil umfunktionieren, so mufl man dazu sagen,
daB es weder die Anspriiche an ein Typusprofil (die Typusregionen des Autu-
nian und Saxonian sind bekannt und liegen in anderen Gebieten), noch an ein
Referenzprofil erfullt. Ein biostratigraphisches Referenzprofil soll die Grenzen
biostratigraphischer Einheiten markieren. Das ist aber nur mdéglich, wenn in
einem mdoglichst vollstdindigen Profil die biostratigraphischen Einheiten un-
mittelbar aufeinander folgen. Selbst wenn man bei kontinentalen Abfolgen
hinsichtlich der Vollstdndigkeit der Profile oft einige Abstriche machen muf,
kann man feststellen, daR im Thiringer Wald gerade im kritischen Bereich
zwischen dem Unterrotliegenden (»Autun«) und Oberrotliegenden (»Saxon«)
eine grofRe Schichtlicke existiert, die mehr als eine permische Stufe umfaRt.
Darlber hinaus wére das im Sinne von Haubold—Katzung (1972) biostrati-
graphisch faBbare »Saxon« nur im Steinbruch Bromacker durch saxonische
Indexfossilien charakterisiert. Dort aber ist die ndchst dltere biostratigraphi-
sche Einheit, die abgegrenzt werden soll, nicht aufgeschlossen. Selbst in einem
kompletten Grenzprofil, das sowohl reiche Fossilfunde im obersten Unterrot-
liegenden als auch im tieferen Oberrotliegenden (einschlieflich der von Hau-
bold —Katzung ausgewadhlten »Leitformen« flir das untere Saxonian, siehe
oben) enthielte und das im Thiringer Wald nirgends existiert, ware der oberste
Fossilhorizont des Unterrotliegenden noch durch eine mé&chtige fossilfreie
Schichtenfolge des unteren Oberrotliegenden vom ersten Fossilhorizont des
Oberrotliegenden getrennt (zusdtzlich zu der grofen Schichtlicke unterhalb
der Tambacher Formation). Selbst ein solches ideales, im Thiringer Wald
nicht existierendes Profil wére als Referenzprofil auf Grund der geologischen
Situation génzlich ungeeignet. Ein aus lithostratigraphisch korrelierten Teil-
profilen zusammengesetztes Gesamtprofil, das im kritischen Bereich nirgends
in fossilfuhrender Abfolge zusammenhédngend aufgeschlossen ist und dessen
lithostratigraphische Korrelationen z. T. noch umstritten sind, kann natirlich
erst recht kein biostratigraphisches Referenzprofil sein, nicht einmal dann,
wenn die Schichten fossilreich wéren und die obere »biostratigraphische«
Einheit (also das basale »Saxon« nach Haubold—Katzung, 1972 mit T.
schmidti und P. tambachensis) auch auBerhalb des Steinbruchs Bromacker
nach biostratigraphischen Kriterien zu erkennen ware. Aus diesem Dilemma
gibt es auch keinen Ausweg, indem man — wie bei Haubold —K atzung
(1978) — das »Autun« und »Saxon« als biostratigraphische Serien des Perm
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deklariert und auf diese Weise das »Autun« und »Saxon« von ihren Typus-
regionen lost. Dies geschah wohl in Anbetracht der Tatsache, daR bei der
Festlegung der neuen »Autun«/»Saxon«-Grenze durch Haubold—Katzung
(1972) der Umfang dieser Einheiten in ihren Typusregionen nicht beriicksich-
tigt wurde, weil den Autoren nicht einmal die Arbeit von de Lapparent (1893)
bekannt war, wo das Saxonian aufgestellt und die Autunian/Saxonian-Grenze
definiert wurde. Das geht, auch aus der Umstufung der Hornburger Formation
von Saxonian in das Autunian durch Haubold (1973) hervor, da die Horn-
burger Formation den groBten Teil des Saxonian in dessen Typusregion repra-
sentiert (vgl. KozUR, 1978d). In diesem Sinne sind auch die folgenden Angaben
bei Haubold —K atzung (1978, S. 441) zu werten: »Als Serien sind Autun
und Saxon nicht stratotypisch belastet — das gilt im Ubrigen auch fir das
Perm (!) — sondern biostratigraphisch definiert mit den bekannten Belegen
in den Referenzprofilen.« Was von dem »Referenzprofil« der »Autun«/»Saxon«-
Grenze zu halten ist, wurde oben dargelegt. Wo sich weitere solche Referenz-
profile, die nicht eine biostratigraphische Serie, sondern deren gegenseitige
Abgrenzung markieren kénnen, liegen sollen, ist unklar. Da die »Leitformen«
flir das untere Saxon, T. schmidti und P. tambachensis, nur in der Lokalitat
Bromacker als grofRte Seltenheiten Vorkommen, kdnnte auch nur dort ein
Referenzprofil liegen, obwohl es selbst dort nicht existiert (siehe oben). Wie
wenig die angeblich biostratigraphischen Serien »Autun« und »Saxon« mit
wirklicher Biostratigraphie zu tun haben, soll an folgendem Zitat bei Hau-
bold—Katzung (1978, S. 441) erlautert werden: »Dieses Unterperm zerféllt
zweckmdRig auch in Unter- und Mittelperm, die entsprechenden Serien sind
Unteres und Oberes Rotliegendes. Sie stimmen mit den biostratigraphischen
»Abteilungen« Autun und Saxon uUberein, definiert von Haubold & Katzung.«
Nachdem nun auch Haubold —Katzung (1978) von ihrer bisherigen falschen
Meinung abweichen, dal das Rotliegende nur bis zur Obergrenze des Unter-
perm reicht (die Unhaltbarkeit dieser Auffassungen wurde bei KozuR, 1977,
1978d eindeutig nachgewiesen), behandeln sie die wirklichen biostratigraphi-
schen Serienbegriffe Unter- und Mittelperm in einer Weise, die mit Biostrati-
graphie nichts zu tun hat. DaB Unter- und Oberrotliegendes eindeutige litho-
stratigraphische Begriffe sind und daher keine biostratigraphischen Serien-
bezeichnungen sein kdénnen, wurde schon ausfuhrlich dargelegt, ebenso, dal
sich dazu »Autun« und »Saxon« im Sinne von Haubold—KATZUNG (1972) wie
auch in jeder anderen Fassung nicht im geringsten eignen. Die Gleichsetzung
dieser Begriffe mit dem Unter- und Mittelperm ist eine Leichtfertigkeit, die
die Korrelation des Rotliegenden genauso belastet, wie die bisherige leicht-
fertige Gleichsetzung des Rotliegenden mit dem Unterperm bzw. die Gleich-
setzung der Obergrenze des Unterrotliegenden mit der Obergrenze des Unter-
perm durch die gleichen Autoren. Erstens zerféallt, wie schon lange bekannt ist
und bei Kozur (1977) noch einmal ausdriucklich hervorgehoben wurde, das
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Oberperm s. 1L in Mittelperm und Oberperm s. str. und nicht das Unterperm
in Unterperm s. str. und Mittelperm, wie Haubold —Katzung angeben.
Zweitens umfalt das »Autun« im Sinne von Haubold —Katzung (1972) in
seinem Minimalumfang (Beginn mit dem Einsetzen von Callipteris, Ober-
grenze von Region zu Region verschieden, laut Definition Einsetzen von
Tambachichnium schmidti und Palmichnus tambachensis) den Bereich vom
Mittleren Gzhelian bis zum Artinskian (hoheres Oberkarbon bis Beginn
des mittleren Unterperm, vgl. Kozur, 1977 und in Druck a, c¢). Die
unterste permische Serie wirde also, ganz gleich, ob in der endgultigen Defi-
nition der Karbon/Perm-Grenze das Asselian zum Karbon (faunistiscbe be-
grindet) oder zum Perm (faunistisch kaum zu begrinden) gestellt wird, zu
einem betrdchtlichen Teil zum Karbon gehdren. Drittens gehért die Tambacher
Formation des Thiringer Waldes zum Unterperm, so dall die Gleichsetzung
von »Saxon« im Sinne von Haubold—Katzung (1972) und Mittelperm falsch
ist. Zum (tieferen und mittleren) Mittelperm gehdrt nur das oberste Oberrot-
liegende (z. B. Cornberger Sandstein, Grenzkonglomerat, Eislebener Forma-
tion) sowie von Haubold —Katzung (1975) zum »Autun« gezdhlte Schichten
auBerhalb Mitteleuropas (nur die Yal Gardena-Formation der Siidalpen, die
dem gesamten Mittelperm entspricht).

Bei den biostratigraphischen »Stufen« (bei Haubold —Katzung, 1978 wurde
die biostratigraphische Stufe At aufgefiuhrt) handelt es sich um eine Einteilung
nach Haubold (1977). Diese »Stufen« im Sinne Haubolds sind aber keine
biostratigraphischen, sondern lithostratigraphische Einheiten. lhre Grenzen
werden im allgemeinen mit den Grenzen lithostratigraphischer Einheiten
definiert, und zwar mit den Formationsgrenzen im Sinne von Haubold —
Katzung (1978). lhre »biostratigraphische« Charakterisierung besteht in der
Aufzédhlung des Fossilinhalts bestimmter lithostratigraphischer Einheiten.
Es handelt sich also um biofazielle Einheiten, deren Grenzen an lithostrati-
graphischen Grenzen liegen. Die Einfihrung von biostratigraphischen Stufen
im Rotliegenden M itteleuropas mufl verwundern, da im Perm bereits bio-
stratigraphische Stufen existieren (Sakmarian, Artinskian etc.), so dall es bei
der Korrelation des Rotliegenden nicht darauf ankommt, weitere Stufen neu
zu benennen, sondern das Rotliegende mufl so datiert werden, da es mit der
bestehenden Stufengliederung korreliert werden kann. Die Stufe At nach
Haubold (1977) umfaflt laut Definition die obere Gehrener und untere Mane-
bacher Formation, die nach Kozur (1978c, in Druck a, c) in das héhere Gzhe-
lian eingestuft werden kdnnen. Selbst bei einer Zuordnung des Asselian zum
Perm, die der Autor nicht fur richtig héalt (vgl. Kozur, 1977, 1978b, c, in
‘Druck b, c) wirde die »permische Stufe« At auf jeden Fall zum Oberkarbon
gehdren.
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K BOINPOCY MPUMEHEHWNA JIUTO- N BUOCTPATUTPADPNYECKUMX CXEM
PACYNEHEHWMA KPACHOIO NEXHA (POTNUICEHA)

. KO3YP

Pesome

PaccmaTpuBaeTcsi NpUMeHeHVe NUTOCTpaTUrpaduueckux 1 61MocTpaTUrpaducKmnx MeTo-
[I0B B OT/IOKEHMSIX KPACHOTO NeXHs (poTaureHa) Ha Tepputopum CpefHeli EBponbl. ABTOp
npejgnaraeT CrefyloLy0 MoCneA0BaTe/IbHOCTb KPACHOr0 fIeKHS Ha TeppuTopun THOPUHIUK:

Haarpynna rpynna thopmayuns noapasgeneHue nnact
BepxHuii Tambax
KpacHblIii
NeXxeHb
PoTtTepose
KpacHblii HwxHWi Ob6eprod
NeXeHb o
KpacHbIi FonbgnayTtep
NneXxeHb MaHebax yrneHocHoe yronbHbIA nn. |
noap.
"epeH

[0 cX Nop HeKOoTopble IMTOCTPaTUrpatuecKne eayHILbI HEKOTOPbIMM aBTopaMmi pac-
cMaTpuBasMCh Kak 6uocTpaturpaduyeckrie. B CBSA3M C 3TUM BO3HUK/N CEpbe3Hble OLIMOKW B
KOPPenauun TosLLL, KPAaCHOr0 NEXHS C PasMuHbIMK TonlwamMu B KOXHbIX Anbnax u CLUA. Buo-
cTpaTurpagurueckme Bo3pacTHbIe OMNpeAesieHNs He BAMSIIOT Ha FpaHuLbl, MPOBeAeHHbIE MO NNTOo-
CTpaTUrpadnuyecknm Npu3Hakam 1 He M3MEHSIIOT XapaKkTep aTWUX eAMHUL, He MNpeBpallas UX B
6rocTpaTUrpaduueckme. HeKOTOpble aBTOPbI paccMaTpUBaIN HAArPY MMy «KPacHbIM NEXeHb» Kak
6UOCTPaTUrPatNUECKyIo eauHILY, TaK KakK B 3TOM NUTOCTPATUrpanyeckor eauHuLe Aenaimch
HeKoTOpble 6MOCTpaTUrpadueckme Bo3pacTHbIe onpeaeneHnsl. 3T aBTOPbl B HEKOTOPbIX CyYa
AX TAKXKe UBMEHWUNM NIUTOCTPUTUIPADUUECKYIO TPAHULLY MeXAy rpynmnamuy HUXKHEro v BepxHe-
ro KpacHoro fIeXHsi, UCX0As 13 COBCEM HEHAAEXHbIX N HETOUHbIX 6MOCTpaTUrpatiyecKnx faH-
HbIX (OTMeYaTKU HOr TeTpanofoB). OfHaKo, MPY BCeX 3TUX BUOCTPATUIPADUYECKUX BO3PACTHBLIX
onpeaeneHnax KpacHbIi NexKeHb BCE XK 0CTAeTCs ONpeseseHHO NMTOCTPaTUMPadNUecKor eanHm-
Lei. TepMUHbI OT3HCKMWIA M CAKCOHCKMI APYCbl He PeKOMeHAYeTCsl MpUMeHsThL 3a Npegenamu
®paHumKn. Bonbluast YacTb OTIHCKOro sipyca NPUHAANEXMUT K KAMEHOYro/lbHO CCTEME, He3aBU-
CVMMO OT MHOTOUMC/IEHHbIX onpe/aesnieH!! 0T3HCKOro sipyca.
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5Fe MOSSBAUER ANALYSIS OF
CHRYSOTILE ASBESTOS FROM
VARIOUS MINING REGIONS

By
I. Nagy-Czaké6-—-A. VERTES S. Music, O. Hadzija
INST. OF PHYSICAL CHEMISTRY AND RADIOLOGY, RUDJER BOSkOVIC INST. ZAGREB,
EOTVOS LORANT) UNIV., BUDAPEST, HUNGARY YUGOSLAVIA
Z. Dravéevic 0. Lahodny-Sarc
TECHNOLOGICAL DEPT. UNIV. OF ZAGREB, MINING, GEOLOGY AND PETROLEUM ENG.
YUGOSLAVIA DEPT. UNIV. OF ZAGREB, YUGOSLAVIA

57/Fe Mdssbauer spectroscopy has been used for studying the oxidation- and
coordination state of iron in chrysotile asbestos from various mining regions in Canada,
Rhodesia, USSR and Yugoslavia. It has been found that both the Fe2+ and Fe3+ ions
occupy only the octahedral positions in the chrysotile crystal structure and that the
Fe2+/Fe3+ ratio depends strongly on the mining region.

M dssbauer spectra have shown that the samples contain also magnetite.

Introduction

Asbestos is the general term used to describe a number of minerals which
can be separated into long silky fibers. These minerals are found mainly in the
serpentine (sheet silicate) and the amphibole (chain silicate) groups. The
principal varieties of asbestos which have industrial usefulness are shown
in Fig. 1. The chemical composition of asbestiform minerals varies somewhat
according to the deposit localities. Asbestiform minerals are usually charac-
terized by a close association with other minerals. Also, they can incorporate
small concentrations of other elements in the mineral crystal lattice.

Serpentine minerals are divided into three main groups — chrysotiles,
lizardites and antigorites. All have the chemical composition of Mg3(Si20 5)(0H )4,
but varying adjustments of the misfit between the tetrahedral and octahedral
sheets. Chrysotile has a tubular structure, and the tube-like fibers are the
result of a curvature of the 001 crystal plane parallel to the a and b Crystallo-
graphic axes. This asbestiform mineral plays an important role in industry.
Minerals which are frequently associated with chrysotile asbestos are magne-
tite, chromite, brucite, calcite, dolomite and awaruite. Nickel and iron ions
can replace magnesium ions by isomorphic substitution.

The application of Mdssbhauer spectroscopy to iron containing silicate
minerals has been well established [1, 2, 3]. In the first place, the Md&ssbauer
parameters, such as isomer or center shift and quadrupole splitting, can be
correlated with the oxidation state and the coordination environment of iron
in silicates. In some cases, it is possible to distinguish Fe2+ in structurally

1 Acta Geologica Academiae Scientiarum Hungaricae 24, 1981
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Asbestos

Serpentine
Anthophyllite
(Mg, Fe)T(Si®0 2 (0H)2
Chrysotile Actinolite
(White Asbestos) Ca2Mg, Fe)ySis 2)(0OH)2

Mg3Si20 6)(0H )4

Tremolite
Ca2Mg5(Si80 2 (0H )2

Amphiboles

Amosite
(Fe, Mg)7(Si80 2)(0H )2

Crocidolite
(Blue Asbestos)
Na2Fe3+Fe2+(Sig 2(0 H)2

Fig. 1. Principal varieties of asbestos of industrial importance
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different positions as hav.ng the same coordination environment [4]. The ratio
of the intensities of the appropriate M dssbauer lines can be used to determine
the Fe3+/Fe2+ ratio. Mdssbauer spectroscopy has an application in geological
studies concerning the conditions of crystallization and the subsequent thermal
history of natural crystals and rock-forming minerals [5, 6].

In this paper, the results of the Mdssbhauer analysis of chrysotile asbestos
from several mining regions will be discussed.

Experimental

Specimens of chrysotile asbestos were taken from several mining local-
ities in Canada, Rhodesia, USSR and Yugoslavia. Prior to the Mdssbauer
experiments, the samples were studied using X-ray diffraction, IR spectros-
copy and DTA. It was established that all the chrysotile asbestos contained
asmall quantity of lizarditeas an associated serpentine mineral. Quantitative
chemical analysis was performed by standard analytical methods. Md&ssbauer
spectra were recorded in absorption geometry at room temperature. A 57Co(Pd)
source was used.

The evaluation of the spectra was performed by the least square fitting
computer program. The values of isomer shift (d) are given relative to iron.

Results and Discussion

Generally, asbestiform minerals contain iron impurities. Iron can be
present in the form ofiron oxides or incorporated in the mineral crystal lattice.
In this work, comparative 57Fe Mdssbauer analysis of chrysotile asbestos were
performed in order to determine the following: a) the independent iron con-
taining mineral components, and b) the oxidation states and coordination
numbers of the iron ions incorporated in the chrysotile crystal structure. The
chemical composition (%) of the samples is shown in Table 1. The iron con-
tents vary from 5.21% to 8.24%, as Fe20 3 expressed. A characteristic 57Fe
M dssbauer spectrum of chrysotile asbestos is shown in Fig. 2 (sample 8A).
M dssbauer parameters obtained by the computerized evaluation of the spectra
are shown in Table 2.

The samples contain magnetite, since on the spectra two sextets charac-
teristic for Fe30 4 appear. On the basis of the central part of the spectra, infor-
mation can be obtained on iron ions incorporated into the chrysotile lattice.
The low velocity range of the spectra can be resolved very well if the sample
does not contain magnetite (the inner lines of magnetite disturb the evaluation
of the paramagnetic components). Sample 5A (Stragari, Yugoslavia) is of this

1* Acta Geologica Acadcmiae Scientiarum Hungaricae 24, 1981
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Sample

4D-Lake
7A-Canada

BC-110-4D
8A-Canada

98
9A-Rhodesia

4450
10A-Rhodesia

P-3-60
11A-USSR

P-3-70
12A-USSR

Stragari
5A-Yugoslavia

Petrovo S.
6A-Yugoslavia

Fig. 2. Room temperature 57/Fe Mdssbhauer spectrum of chrysotile (sample 8A)
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Table 1

Chemical composition (%) of chrysotile asbestos

Ignition
0ss at
1000 °C

1431

14.50

15.57

16.01

14.70

15.53

16.33

14.89

Sio,

39.11

38.89

36.71

36.31

39.82

38.32

39.24

39.48

Fe,0,

5.41

6.61

6.01

8.24

6.65

5.74

521

MgO

39.90

44.84

40.29

39.42

40.43

37.96

39.23

39.04

CaO

0.62

0.20

0.22

1.20

0.24

1.33

0.29

0.20

AifO.

1.50

2.06

1.47

1.62

0.26

0.29

0.35

0.30

0.37

0.31

0.39

0.38

Ni

0.16

0.15

0.19

0.22

0.23

0.22

0.15

0.19

0.36

0.35

0.46

3.14

0.37

0.36

0.57

0.50
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Table 2
17Fe Mdossbauer parameters of chrysotile asbestos at room temperature

Isomer Quadrupole Line Inner magnetic field Area
Sample Lines eﬂ%ft spﬂELng Wl[gth az, (l)ifrg%ve IEgEII”;
mm b~1 mm e~1 mms—2  Am-1 (kOg) A%
4D-Lake M, 0.310 0.004 0.312 3.93x10’ (493.4) 57
7A-Canada M, 0.719 0.000 0.396 3.68x10° (462.2)
Q. 1.169 2.749 0.297 — 26 1.53
a2 0.413 0.592 0.530 - 17
BC-110-4D m1 0.304 0.004 0.296 3.94X107(495.5) 50
8A-Canada M, 0.731 0.001 0.353 3.70X107(464.7)
0. 1.137 2.885 0.358 — 32 1.78
Q, 0.339 0.698 0.501 - 18
98 M, 0.286 0.009 0.457 3.92X107(492.5) 42
9A-Rhodesia Mo 0.742 0.027 0.478 3.72X107 (466.9)
0. 1.184 2.696 0.409 — 14 0.32
Q2 0.458 0.562 0.556 - 44
4450 Mi 0.305 0.005 0.131 3.93X107(492.4) 15
10A-Rhodesia M2 0.721 0.010 0.365 3.69X107(464.0)
Q2 0.348 0.556 0.579 - 85 0.00
P-3-60 MI 0.349 0.004 0.289 3.94x10’ (495.5) 36
11A-USSR M2 0.727 0.009 0.456 3.70x10’ (464.7)
Qi 1.191 2.683 0.361 — 35 1.19
a2 0.480 0.476 0.610 . 29
P-3-70 Mi 0.290 0.016 0.379 3.94x10° (495.5) 42
12A-USSR M, 0.741 0.006 0.458 3.70x10’ (464.7)
Qi 1.185 2.714 0.365 — 29 1.00
a2 0.381 0.540 0.560 - 29
Stragari Qi 1.165 2.709 0.310 - 72 2.57
5A-Yugoslavia q2 0.330 0.494 0.580 - 28
Petrovo S. m, 0.270 0.014 0.460 3.94X107(495.5) 34
6A-Yugoslavia m3 0.706 0.067 0.353 3.69x10° (464.0)
Qi 1.186 2.684 0.388 — 49 2.88
a2 0.450 0.560 0.591 - 17

‘ The uncertainty is in & = *£0.005 mm s“\ JIE = £0.005 mm s~| and H%,= *
+6.4 XI104A n r1(0.8 kOe).

“ Ais the area ofa line expressed as a percentage of the whole area calculated on the basis
of spectrum at room temperature.
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kind. The inner part of the spectra can he resolved fortwo quadrupole doublets.
The doublet with the values 6= 1.13—1.19 min s_1 and ZIE == 2.6—2.9 mm
s_1 represents iron(ll) in octahedral positions. The values of 6 and ZIE for
iron(ll) in tetrahedral positions are less [2]. Since Fe2+ and Mg2+ ions are
isomorphous, it is obvious that Mg2+ is substituted by Fe2+ in the brucite
layer of the chrysotile. The second doublet with the values of 6 = 0.33—
0.48 mm s-1 and zIE = 0.45—0.70 mm s-1 corresponds to iron(lll). The line
width ' varies between 0.50 mm s_1 and 0.60 mm s-1. This line width is
rather broad and the possibility of the presence of two or more doublets
(superposition) with similar parameters cannot be excluded. In clay minerals
(also layer silicates), Fe3+-ions in tetrahedral position have M 6ssbauer param-
eters of 6/zIE = 0.22/0.33 [7]. The substitution of Si4+ in the tetrahedral
position by Fe3+ can also be supposed in the case of chrysotile asbestos.
If Mg2+ is substituted by Fe3+ ions, an excess of charge (1+) appears
and the Si4+ should be substituted with Me3+-ions (generally it can be the
Fe3+) owing to the compensation of the charges. In the case ofthe substitution
of Si4+ by Fe3+, the Mdssbauer spectrum should be characterized by Fe(lll)
being in tetrahedral position.

Malysheva et al. [8] have also supposed the Fe3+ to be in tetrahedral
position in the course of a Mdssbauer investigation of some Ural serpentines.
They obtained <5/zIE = 0.31/0.31 mm s_1values. During the preparation of this
publication, two papers on Mdssbauer spectroscopy of serpentine minerals
have appeared. Braauw et al. [9] published the results of the Mdssbauer
analysis of some Canadian chrysotiles from several mining areas. They con-
cluded that Fe2+ occupies only the octahedral (Mg) position in chrysotile,
whereas Fe3+ is distributed between the octahedral and the tetrahedral (Si)
positions. For the isomer shift (relative to metallic iron) and the quadrupole
splitting of Fe2+, they measured <5//IE = 1.12/2.65 mm s_1, for the Fe3+ the
corresponding values are: d/zIE = 0.34/0.45 mm s—1in the octahedral position
and <5/zIE = 0.20/0.34 mm s_1in the tetrahedral position. Rozenson et al. [10]
have shown that in antigorites only one type of octahedral site is occupied
by Fe2+ or Fe3+ ions. The Madssbauer spectra of antigorites, lizardites and
chrysotiles all showed one Fe2+ doublet at room temperature with values of
6= 112—1.15 mms_1 and ZIE = 2.70—2.79 mm s-1. In the chrysotiles
examined by us, it seems that Fe3+ ions occupy two octahedral positions. Inter-
pretation of the Fe3+ lines was difficult, owing to the large linewidth of the
doublets and the possible presence of Fe3+ with tetrahedral coordination.

In this work, the resolution of the central part of the spectra for three
doublets FenrJ, Fe”™ and Fe*" has also been attempted. However, %2 values
were not lower in comparison with the fitting for two doublets and the Md@ss-
bauer parameters obtained for Felll in tetrahedral position were nonrealistic,
if they are compared with known values in the literature for Fe”~. On the

Acta Geologica Academiae Scientiaruin Hungaricae 24, 1981
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basis of these results, it cannot be concluded with certainty that FelU sub-
stitutes for Silv in the chrysotile samples. The broadening of the iron(lll)
lines can be explained by the variation in the iron(11l1) chemical environment,
and this reflects a higher defect concentration around the FelH ions.

On the basis of the line areas, distribution of iron between the Fe(ll)
and the Fe(lll) state has been achieved. It can be shown from Table 2 that
the Fe(ll)/Fe(lll) ratio in chrysotile asbestos depends strongly on the mining
area. The Fe(ll)/Fe(lll) ratio in mineralsrevealsimportantinformation on the
partial pressure of oxygen during crystallization, which is a parameter of geo-
logical significance [5]. The comparatively high iron(ll)/iron(Ill) ratios, e.g.
in the case of the Yugoslav chrysotile asbestos, refer to the formation of these
minerals under high pressure. The low iron(ll) content of the sample from
Rhodesia (the 10A sample does not contain any Fe(lll)) permits the con-
clusion that these minerals are formed under relatively low pressures and
highly oxidative conditions.
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OMPEAENIEHNE 4fFe XPU3OTUMNOBOIO ACBECTA W3 PA3J/IMYHbIX
FTOPHOMPOMBILW/IEHHbLIX PANOHOB AHA/IM30M MECCEAYEPA

N. HALb-LLAKO-C. MYCUY- A. BEPTELW -0. XALXWNHA-3. APATYEBUY —
NAXOAHU-LWAPL,

Pesome

CnekTpockonuyecknii Metog 57/Fe Méccbayepa NpUMEHANCS AN M3YUYEHUS COCTOSIHUS
OKCW/IEHMSI N KOOPAMHALMOHHOIO YMCna Xene3a B XpU30TWUI0BOM acbecTa M3 pasnnyHbIX paiio-
HoB KaHagbl, Pogesun, CCCP n KOrocnasuu. Mpu 3ToM yCTaHOBUK, YTO KakK MOHbI Fe2+, Tak n
MOHbI Fe+ 3aHMMalT TONbKO /ML OKTasApuueckmne MOULUN B KPUCTA/I/IMYECKOW CTPYKType
XpU30TnNa, a TakXXe, YTO COOTHOWeHMe Fe2+/Fe3+ cuIbHO 3aBUCUT OT FOPHOMPOMbILLSIEHHOrO
paiioHa. CneKTpbl Méccbayepa nokasann, 4YTo 06pasLibl TaKXKe COAepXKaT MarHeTuT.
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MECHANISM OF DISTRIBUTION OF
Fe2/Fe3+ IN NATURE
MAGNETITE MINERAL

By
R. N. P. Sinha Y. Roy
DEPT. OF CHEMISTRY, RANCHI UNIV. DEPT. OF CHEMISTRY J. N. COLLEGE,
RANCHI, INDIA H.E.C. RANCHI, INDIA

The natural magnetite minerals, Fe34 of various places have been analysed and
the distribution of Fe2+ and Fe3+ interpreted in terms of Crystal Field Stabilization
Energyl(CFSE) and isomorphous replacement.2The CFSE factor appears to hold good.

Introduction
In magmatic segregation deposits of iron oxides or sulphides, the typical

minerals are magnetite (Fe304) instead of wilstite (FeO), and Pyrrhotite
(Fei_xS) instead of troilite (FeS). Magnetite, Fe34 is ferrous ferric mineral.

Experimental Results

For the purpose of analysis, volumetric, gravimetric and colorimetric
methods have been adopted. The analytical results are presented in the Table 1.

Table 1
Cations A B c D Average, %
o 24.40 24.37 24.43 24.41 24.40
Fe3+ 41.12 41.09 41.15 41.14 41.12
Ti4+ 1.59 1.57 1.61 1.60 1.59
Mn2+ 0.77 0.74 0.80 0.77 0.77
y3+ 0.72 0.70 0.74 0.73 0.72
Cr3+ 0.27 0.25 0.29 0.27 0.27
Ni2+ 0.078 0.076 0.080 0.077 0.078

(A, B, C and D represent different samples of the same mineral.)
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Discussion

Crystal field stabilization energy (CFSE) have been calculated here to
characterize magnetite spinel as:

Magnetite — Fe30 4
Fe2+ Fe3+ Fe3+
(Tet) (Oct) (Oct)

Normal spinel

Fe2+—de system, Fe2+ (d6) tetrahedral

CFSE = 6Dgq
= 6x4/9 Dq
= 8/3Dq
= 2.66 Dq
Fe3+—desystem, Fe3+ (d5) octahedral
CFSE = 0Dgq
Total CFSE = 2.66 bg 0 +0
= 2.66 Dq
Fe3+ Fe2+ Fe3+
(tet) (oct) (oct)

Inverse spinel

Fe3+—d5system, Fe3+ (d5 octahedral

CFSE = 0Dgq
Fe2+—desystem, Fe2+ (de) octahedral
CFSE = 4 Dgq
Fe3+—d5system, Fe3+ (d5) tetrahedral
CFSE = 0Dgq
Total CFSE =0 + 4Dqg+ 0
= 4 Dq

Since the CFSE of Fe2+ is higher in case of octahedral and therefore,
it prefers octahedral site and the structure of magnetite is an inverse spinel.
As the CFSE for Fe3+ is zero and that of the Fe2+ in octahedral site is —
4 Dq, it is quite expected that the distribution of Fe2+ in the mineral will
he more than Fe3+. The chemical analyses tabulated in the Table 1 shows
that the average percentage of Fe2+ is 24.4% and Fe3+ is 41.12%.

Thus it appears that the distribution does not obey the CFSE approach.
However, if it is considered that the percentage of Fe3+ is due to distribution
in two different sites, the atom to atom ratio Fe2+/Fe3+ = 24.4 : 20.5 i.e.,
the percentage of Fe2+ is greater than the percentage of Fe3+. The CFSE
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for Ni (cl8) is — 12 Dqg in octahedral, and — 6 Dq in tetrahedral. The size of
Ni2+ (ionic radius 0.68 A) is doser to Fe2+ (0.76 A) and there is more CFSE
for Ni2+ in octahedral, it substitutes for Fe2+ in the amount of Ni2+ when
made equivalent, Fe2+ turns out to be 0.07%. Due to size closer to Fe2+
(0.76 A) Mn2+ (0.80 A) substitutes Fe2+ and the amount of Mn2+ when made
equivalent to Fe2+ turns out to be 0.8. Thus the total Fe2+ is about (24.4 -)-
4- 0.07 -(- 0.8) = 25.27%. V3+ is a d2system and since it has an octahedral
radius (0.61 A) almost identical with that of Fe3+, it tends to follow iron in
mineral formation. The CFSE for V3+ is — 6 Dq in octahedral and 5.3 Dq in
tetrahedral and of it substitutes Fe3+ in octahedral site.

Similarly Cr3+ (d3) has CFSE = —12 Dq in octahedral and 5.3 Dq in
tetrahedral and so substitutes Fe3+ in octahedral site. The Fe3+ equivalent
of Cr3+ and V3+ turns out to be (0.45 + 0.84) = 1.29%. Thus the total Fe3+
turns out to be 21.8%. The substitution for Fe3+ (by Cr3+, V3+) is more than
the substitution for Fe2+ (by Mn2+ and Ni2+). Even if Ti4+ is taken to sub-
stitute Fe3+, the Fe3+ turns out to he (21.8 +1.9) = 23.7%; and the amount
of Fe2+ is thus larger due to CFSE of Fe2+ relative to Fe3+. The percentage
ofTi4+ is larger and it indicates that Ti4+ may be present as ilmenite.
Fe2+ Ti4+0 3 where Fe2+ as well as Ti4+ have been substituted by Fe3+ in
equal amounts. If this is taken then the atom to atom percentage of Fe2+
will be more in magnetite relative to Fe3+. The above discussions clearly
demonstrate the applicability of CFSE in nature.
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DOLOMITIZATION, DE-DOLOMITIZATION,
RE-CALCITIZATION IN HYDROTHERMAL
CONDITIONS (50°—300° C)

By

J. Kiss
DEPT. OF MINERALOGY, EOTVOS LORAND UNIVERSITY, BUDAPEST

An extended literature is devoted to the metasomatic processes of calcareous
rocks. Laboratory model experiments in recent decades have shed light on a number
of episodes of transformation (that of a calcite lattice into a dolomite one-, MgC03,
MnC03, FeC03—ZnC03, CdC03, CoCO03, etc.). Some contradictory facts, requiring
further investigation, can he met with in connection with the birth of a dolomite lattice
(“dolomitization™). At this moment an a priori “primary syngenetic” formation of
dolomite under “normal” sedimentological conditions still remains problematic. The
dolomites of “shabka” areas also represent a post-calcite epigenic formation, and not
even the dolomite detectable in modern chalk deposits in the Great Hungarian Plain
is contemporaneous with the calcite. Laboratory model experiments by the author
have approached the question formulated in the title via studies of the “solid phase:
solution system® = CaCO03s) : MgCl2(ag). The chemical and crystal chemical charac-
teristics of phase changes are evaluated, of the physico-chemical parameters of the
process it is primarily the influence and role of temperature that are analyzed. The
model experiments were performed in a confined (closed) system — an autoclave. The
chemical changes, crystal chemical and X-ray diffraction data of the resulting crystal
phases are summarized in tables. The relative changes of the 6gand  isotopes of phases
generated at different temperatures are worthy of attention.

The following binary systems have been examined:

a) CaCo0J3calcite): MgCl2(aq);

b) CaMg(C03» — pulverulent dolomite: MgCl..(aq)

T° = 50, 75, 100, 125, 150, 200
225, 250, 300, 350 °C.

The magnesium concentration of the solutions has been chosen so that the ratios
as to the calcium in the solid phase should be: Ca : Mg = 70 :30; 50 : 50; 30 : 70.

The formation of dolomite (protodolomite), magnesite-barringtonite (“dolomitiza-
tion", “magnezitization") in the binary systems just outlined is described.

Almost the entire Ca2+ position in the calcite lattice may be exchanged. The
phases were nonstoichiometric, for the most part deficient in anions. In the CaC03(s) :
: MgCl2(aq) system the optimum temperature of dolomite genesis was 175 °C, above this
figure mainly MgC03(magnesite lattice) was formed. Most intensive exchange of Ca2+
positions in (pulverulent) dolomite is enhanced by low concentrations of Mg in solution,
while Mg-rich solutions exert an opposite influence, so that a maximum of 30% of the
dolomite will, at the most, be converted into magnesite. The transformation of dolomite
into magnesite is the process reflecting the essence of the “dedolomitization” mechanism.

¢) MgCO03¢s)-magnesite : CaCl2Xaq);

d) CaMg(CO032pulverulent dolomite : CaCl.,(aq).

Temperature and solution concentrations were similar to the case of binary
systems. The MgCO03s) : CaCl2aq) system consisted of calcite, aragonite, vaterite, dolo-
mite and triclinic barringtonite. The quantitative participation of these and the stack-
ing of crystal phases are dependent on temperature (“recalcitization"?).

While examining the CaMg(C03)2system it was sought to follow with attention
the “dedolomitization-recalcitization” process and its lattice structure mechanism.
A restricted rate of formation of calcite, aragonite, vaterite (?) and MgC03+«2 H2
and MgCO03 dependent on temperature and the Ca2+ concentration of the solution was
observed, but these mineral phases were formed by mechanisms other than the restack-
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ing of the dolomite lattice (e.g. by replacement of magnesium by calcium), as they
precipitated from the solution and settled on the surface of intact dolomite rhombo-
hedra.

Restacking of dolomite under natural circumstances — at low temperature —
into calcite (= “dedolomitization”) can hardly take place, at higher temperatures the
possibility for this is reduced even owing to crystal chemical causes.

Introduction

A large number of papers have discussed the metasomatic processes
of Ca-rich rocks. Experimental works have provided reliable explanations for
many different aspects of this phenomenon (i.e. the alteration of the calcite
structure to MgC03, MnC03, FeC03 ZnC03, CdC03, CoCO03 etc.). Several
experimental — though occasionally contradictional — data are available for
the formation of dolomite (dolomitization). At present there is no reasonable
explanation for the primary syngenetic deposition of dolomite — in normal
sedimentary environments. The problem presented in the title of this paper
is now approached by the evaluation of solid-phase-solution systems, like
CaC039—MgCl2aq), etc. It evaluated the chemical- and crystal-chemical
aspects of the phase alterations. Amongst the physicochemical characteristics
of the processes the paper is focussed mainly on the effect and role of tempera-
ture variations. The experiments have been carried out in closed System, in
autoclave. The results of approximately 230 experiments, the data of chemical
alterations, X-ray diffraction analyses are presented in separate plots in order
to avoid the voluminous listing of all data, which otherwise might have
doubled the length of the paper.

Among these data the variations in the do and dcrelative isotopic ratios
of the resulted phases in different temperature levels are also presented.

The following binary systems have been investigated:

a) CaCO03(calcite) : MgCl2(ag)

b) CaMg(C03)2 (powdery dolomite) : MgCl2(aq)

T = 50, 75, 100, 125, 150, 175, 200, 225, 250, 300, (350) °C.

The concentration of Mg in the solution is chosen to provide Ca/Mg =
= 1:1,60; 70 : 30; 50 : 50; and 30 : 70 ratios when compared to the amount
of Ca contained in the solid phase.

The systems above simulate the formation of dolomite (Ca-dolomite,
proto-dolomite) and magnesite-barringtonite (“dolomitization”, magnesitiza-
tion).

Almost all of the Ca2+ positions in the calcite lattice might be replaced
in these systems. The resulted phases were non-stoichiometric, mostly anion-
depleted. The optimal temperature for the dolomite formation in the
CaCO039 : MgCl2(ag) system was 175°C. Above this temperature mainly
MgCO03 (magnesite structure) has been formed. More intensive replacement
of the Ca2+ positions of dolomite (powdery) has been achieved by dilute
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M g-containing solutions, while Mg-rich solutions adversely affected this
process, since only 30 per cent of the dolomite could have been converted
to magnesite.

The alteration of the dolomite structure to magnesite is in fact a typical
case of “de-dolomitization”, though this term as is shown later, is generally
— and uncorrectly — regarded as synonymous with “re-calcitization”.

¢) MgCO03() (magnesite) : CaCl2(ag)

d) CaMg(C032 (powdery dolomite) : CaCl2(ag)

In these experiments the temperature ranges were the same as were
applied in a and b tests, the concentrations of the solutions were chosen
between 1.0—2.5 M, with 2 :1, 1:1 and 1:2 cation ratios.

e) “Calcareous dolomite”: 2.5 M CaCl2(aq)

The MgCO03(s) : CaCl2aq) system has been composed of calcite, aragonite,
vaterite, dolomite and triclinic MgC03. 2H20 phases. The proportions of the
different crystalline phases as well as the ordered or disordered character of
their structures is largely temperature dependent (“re-calcitization” ?).

The CaMg(C03)2: CaCl2(ag) system was investigated in order to stimu-
late the “de-dolomitization” process in the way described in the literature,
and to reveal its characteristics. In these experiments calcite, aragonite,
vaterite (?) MgC03 and MgC03+2H2 have been formed in amounts mainly
influenced by the temperature and the ratio of cations in the solid-ligtiid
system. Larger scale development of the de-dolomitization process in natural
conditions is hardly probable owing to the adverse effect of increasing tem-
perature. The processes of re-calcitization and de-dolomitization are mainly
functions of the structural ordering of the initial crystalline phase, and may
he also related to the facts, that the magnesite has larger structural energy
and smaller unit cell parameters than the calcite, and the enthalpy changes
occur at smaller temperatures than in calcite.

The crystalline phases of the investigated systems are the most frequent-
ly studied minerals of both the carbonate sediments and the rock alteration
associated by the hydrothermal ore deposition (“dolomitization”, “magne-
sitization”). There are many controversial points in the interpretation of their
genesis and their formation during chemical sedimentation is one of the most
critical problem of the sedimentary petrology. The main difference between
the structures of dolomite-magnesite and the more frequent calcite is in the
more co-valent character of the Mg—O bonds and the 30—50% ionic-covalent
character of the Ca—0 bonds. The possibility of the replacement of the Mg2+
in the dolomite by Fe2+, Mn2+, Pb2+, Co2+, Ca2+ and Zn2+ ions is very
restricted (Zn-dolomite, Pb-dolomite), the replacement of Ca2+ by Mg2+,
Fe2+, Mn2+ ions might resulted in intense changes of the unit cell volume.

D. L. Graf,—J. R. Goldschmith (1955) synthetized Mg-calcite at room
temperature and found it to he unstable. At about 600 °C the calcite structure
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may contain 9% MgC03 (J. R. Goldschmith, 1955), or 2% as suggested
by other authors.

The solubility of Mg2+ in (Ca,Mg)0 is larger than that of the Ca2+
in (Mg,Ca)0, therefore Ca,Mg(C03)4(huntite) is more stable than Ca3M g(C03)4.
The konite, Ca3Mg(C03)4 (Retzius, 1975) is in fact an intermediate phase,
which occurs as a mixture of dolomite and magnesite in natural conditions,
and the leesbergite CaMg2(C03)3 is also a solid solution, not an individual
phase.

Medtin, W. L. (1959) described the presence of the following phases
in the MgCI2—CaCl3+urea+ C 02 system:

120°—150 °C aragonite

120°—200 °C = 5Mg0(C024«5HXD

200° = mainly dolomite

200°—250°C = calcite, dolomite, magnesite and basic Mg-carbonate

In the presence of small amount of NaCl the formation of dolomite has
shifted to 210—230 °C. With 6—7% NaCl the temperature ranges of the
crystalline phases have been found as follows:

150 °C = aragonite, basic Mg-carbonate
150°—210 °C = dolomite, small amount of basic Mg-carbonate
230°—350 °C = calcite, dolomite, magnesite

The total work has included about 230 experiments in systems having
Ca :Mg= 1; 1.60, and 70 :30, 50 :50, 30 : 70 ratios, in the 25°—300°—
(350°) Ctemperature range.

I. The Problem of “Dolomitization— Magnesitization”
1/1. CaCO03() — Calcite -f- MgCIl,, — H2 System
(The dolomitization and magnesitization of the calcite)
I/1-a CaCom :Mg2+= 1:1.60

According to the crystal-chemical evaluations the introduction of Mg
into the calcite structure is a function of the concentration of the solution,
and showed an increase from 175°—200 °C, with a simultaneous decrease of
the amount of CaO in the crystalline phase. The most relevant change in the
Mg : Ca 1:1.60 system begins from 150 °C, when the rate of replacement
of the calcium becomes almost equal with the rate of fixation of magnesium
in the structure, and this process isrelected by the formation of a new crystal-
line phase.

According to the chemical, microscopic and X-ray data, the fixation
of magnesium in the calcite structure up to 100° C does not destroy the initial
structure. Between 50° and 175° C Ca-dolomite, MgC03¢2H2 and huntite (?)
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appeared in the system as intermediate phases. The destruction of the calcite
structure takes place between 175° and 200° C, when MgC03 and CaMg(C03)2
begin to develop, with associated changes in the grain-size distribution of the
initial material (calcite).

Stoichiometric evaluations of the analyses show the dominance of cal-
cium. This does not mean, however, the exclusive existence of mono-phase
crystalline structures. The trend of the solid stage cation exchange can be
traced as follows:

25° C = - — = CaCO03 CaMggC084 ?,

50° C = Ca0®BMg0.011CO8 - CaCO03 CaMg3C084 ?,

75° C = Ca0®BMg0.02ICO3 “ CaCO03 CaMg3C084 ?,

100° C = Cali%Mg0o#3CO8 — CaCOs, CaMg3C03)4,
CaMg(C082 MgC03

CaC03, CaMg(C032

MgCO08,

CaCo03 MgC08 CaMg(COs)2
CaCo03 MgCO,, CaMg(C03)2
CaC03 MgC08 CaMg(C03)2
MgCOs, CaMgiCOh,

MgC03 CaMg(CO)2

125° C — Ca0o4mMgota38C o8

150° C - Ca0e&2Mg0419C0O8
175° C - Ca0Z3Vigo83Cc0o8
200° C — Ca0.13”"1€1.017"+3
250° C = Ca03BMg0BIC08
300° C = Ca02eMgO-MCO3

In the stable isotope compositions of the crystalline phases the variation
of the do values is apparently similar to that of the 6c, which, on the other
hand, can be related to the variations of the (CaC03)—Ca2+ and Ca2+/Mg2+
compositional variations of the “mother-phase”. There is no acceptable
explanation for the large standard deviation of the do and dc values in the
natural dolomite and MgC03 — this can not be attributed to isotope dilution
or fractionation during dissolving. In those phases developed in the 50—300 °C
range the do— dc values are decreasing with temperature. Their relationship

______ | B

— __a_"T~T—r —+ !
5d°C 75°C 1 100°C 125°C | 150°C | 175°C  200°C  250°C  300°C
Fig. 1. The plot of &y and &y variation versus temperature

2 Acta Geologica Academia« Scientiarum Hungaricae 24, 1981



166 KISS, J.

with the Ca2+, Mg2+ and Ca/Mg values are plotted in Fig. 1. The similarity
of isotopic variability during the experiments points to the necessity of the
investigation of isotopic-geochemic approach, as well as further investigations.

I/I-b CaCOm —Mg2+ = 70 :30

The chemical analyses and evaluations of the resulted phases are summarized in Fig. 2
and Fig. 3.

b-1. The Chemical Analysis Data (Figs 2—3)
50—100 °C = very slight changes in CaO—MgO%.
125 °C = —1.20% CaO+0.13% MgO compared to the initial composition.
150 °C = 3.35% CaO decrease, 2.97% MgO increase,
175 °C = abrupt CaO loss, and similar increase in MgO. —35.39% CaO and +16.99%
MgO compared to the initial composition,
200—225 °C = overall 47.25% CaO decrease and +23.13% MgO increase,
250 °C = -55.04% CaO, +25.16% MgO,
275 °C = -49.82% CaO, +23.41% MgO,
300 °C = theoretically to total amount of calcium has been replaced, the solid phase
contains only 1.23% CaO. The crystalline phase is virtually pure MgCOa, with
47.87% MgO. (MgCOj « 2 H2; MgO content in literature: 45.43% MgO.)

b-2. Crystalline Phases

50—150 °C = CaCO03 (calcite) is dominant, MgC03 +2 H2 (barringtonite) is in traces,
CaMg3(C034 (huntite) is indicated up to 125 °C.
175 °C — CaCo03(calcite) and dolomite in equal amounts, MgC03and MgCOs are acces-
sories,
200 °C = the dolomite shows the highest degree of ordering, its amount is larger than
MgCO03, the MgC03+2 HX is subordinate, calcite has not been observed.
225—250 °C = the MgCO03is predominant, its amount is 3—5% greater than that of dolomite.
MgC03+2 H20 is persistent accessory, the presence of CaMg3C034 — hun-
tite — is questionable.
175—300 °C = mostly MgC03 with 1.23% CaO impurities, the particles are encrusted by
MgC03-2 H20.

The basic Mg-carbonate (MgC03 «2H?20) was present in each samples
in small quantities, and according to the scanning-EM images, it has formed
epigenetically after the completion of the experiments, thus it can not be
considered as intermediate phase between the dolomite and MgC03 (magnesite).

J/i-c CctCOm — Mg2+ = 50 : 50

c-1. The Chemical Analysis Data (Figs 2—3)

50— 75 °C = no significant change in the CaO—MgO percentage distribution,
100—125 °C = 1.91—2.10% decrease in CaO, +0.25—0.61 increase in MgO,
150 °C = —9.60% CaO decrease, +8.42% MgO increase, marked structural change
begins, with rate becoming exponential at 175 °C, similarly to the 70 :30
system (Fig. 3),
175 °C = 37.73% decrease in CaO, +32.31% increase in MgO,
200—225 °C = 39.35—44.50% decrease in Ca0O, 34.00—36.56% increase in MgO,
250 °C = thereplacementof Ca2+by Mg2+ continues(—53.34% CaOand+45.47%MgO),
275—300 °C = the process is slowed down. With increasing amount of Ca2+ in MgCO03(7.67 —
29.80%) dolomite is started to form again (300 °C) in amounts of 8—10%.
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CaCOS(fs)—Mch_iq)
(Summary of chemical data)

Fig. 3. Diagram of data pesented in Table 1

In the Ca : Mg = 50 : 50 system the rate of the Mg2+ fixation increases
with temperature, similarly to that of 70 : 30 system. It is optimum values
have been found at 250° C, while in the Ca : Mg = 70 : 30 it was at 300 °C.
The —46.86% CaO loss and 22.48% MgO increase which have been measured
at 300 °C has yet to be checked.

c-2. Crystalline Phases

50 °C = exclusively CaCO03 (calcite),
75 °C = CaCo03(calcite), MgC03+2 H2 (barringtonite),

100—150 °C = calcite > MgCOs (magnesite) > MgC03+2 H20. The formation of the magne-
site starts at 100° C compared to the 175 °C temperature level in the 70 : 30
system,

175 °C = CaMg(C03)2 > MgCO03> MgC03+2H2 > calcite.
Note: In the 70 : 30 system the dolomite was in equilibrium with calcite, while here it
is equal to MgC03+ CaCo03
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225° C = MgCOs > calcite > MgCOs «2 H2. Dolomite completely disappears,
250—275° C = this temperature range has been shown to be optimal for the formation of
MgCoO08along with epigenic MgC08+2 H2, without any dolomite or calcite,
300° C = MgCO08 CaMg(C082+ MgC08+2H,
The new stage of formation of dolomite indicates the higher stability of its formation
|n the 175—300° C temperature range in closed systems.

I/1-d CaC03(s)—Mg2+= 30 :70

d-1. The Chemical Analysis Data (Figs 2—3)

50—100 °C = CaO loss and MgO gain appeared to be similar to the previously described
systems (0.06—0.15%),

125 °C = the first stronger change: 12.70% CaO loss and +6.26% MgO increase,
150 °C = 40.80% decrease and +19.61% increase in the CaO and MgO contents, re-
spectively,
175 °C = the composition of the crystalline phase: MgO = 44.08%, CaO = 4.87%.
The formation of MgCOs approaches to optimal rate.
225—275 °C = Average values for the crystalline phase: MgO = 45.77%, CaO = 1.49%,
300 °C = MgC08+ MgC08m2H2 + CaMg3C084 has formed, with a composition of:
CaO = 0.71%
MgO = 48.09%

C02= 50.00%

The optimum temperature for the formatiou has been found to he 300 °C
in the most dilute system (70 : 30) of Ca€03S—MgC”aq) compared to 250 °C
in the 50 : 50 and 175—300 °C in the 30 : 70 systems.

d-2. Crystalline Phases
50-100 °C = CaCO03(calcite), MgC08+2 HD,
125—150 °C = CaCO08 (calcite), MgC03 MgC08 m2 HX,

175 °C = MgCO08 dolomite, MgCOs *2 HX,

200 °C = M@CO03 MgC08+2HX + dolomite (?),

225—275 °C = MgC08+ MgCOs 2 HX, calcite traces at 225 °C,

300 °C = M@C08+ (MgC08+2H2D + Ca, Mg(COs)4 ?) .

Babban, J. (1977) has described the lower limit of the magnesite forma-
tion between 30—50 °C, of the dolomite at <<30 °C in natural conditions.
In our tests with the calcite : Mg2+ systems we did not observe these transi-
tions above 100 °C. The alteration of dolomite to magnesite might, however,
start as early as 50 °C. The calcite—dolomite, magnesite unit cell parameters
have been computed from XRD data. For XRD analysis NaCl inner standard
have been used. The computed cell parameters have shown random variation
in comparison with data found in the literature. We took Gotdschmith, J. R.
and Graf, D. L., Heard, H. G. data (1961) for comparison:

a0 c0 oda.
calcite 4.990 A 17.061 A 3.419 A
magnesite 4,633 A 15.016 A 3.241 A
dolomite (defective lattice) 4.8050 A 16.045 A 3.3392 A
dolomite (cation ordered) 4.8079 A 16.010 A 3.3299 A
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The calcite crystals of the CaC039— Mg2+(@g) = 70 : 30 system have
unit cells with elongated cO parameters — these data are significantly larger
than that of Goldschmith et al. (1961). The largest increase in the unit cell
volume has been observed in the 100— 125 °C temperature range (= 370.607—
371.904), while marked decrease occurred in the higher temperature range.

The lattice-defective dolomite, which has been formed from 175 °C, has
unit cells of elongated a0 parameters and deformed along c0. At increased
temperatures the co-existing MgC03has a0 and cO and a,/cOvalues indicative
to deformed cells.

The calcites from the CaC03g§—Mg2+(ag) = 50 : 50 system have larger
a0 and cOunit cell parameters than those referred in the literature. The dolo-
mite, which has been formed as the most abundant phase at 175 °C, shows
only slight differences from the cation-ordered cells (A — —0.0009 A), with
small elongation according to the a0 and cO directions. The MgCOa, which
formed at 100 °C, is markedly similar to literature data, the greatest deviations
have been observed in the magnesites formed at 125—150 °C and 175 °C
(c0/a0= -f0.26 A and —0.079, —0.058 A). With increasing temperature
the cO0/a0 parameters of the magnesite show increasing similarities with the
deformed cell types.

The unit cell deformation of the calcite phases become larger in the
CaC039—Mg2+ = 30 :70system, with largest deviations in the a0—cOparam -
eters (mainly due to cOelongation) of the crystals formed at 150 °C.

A few d/A data are available, a small number, which does not permit
the proper evaluation of the dolomite crystals formed at 175 °C (Ca : Mg =
= 30 : 70 system). The a0 lengths of the MgCO03 unit cell are shorter than
of those referred in the literature, and these are mainly distorted, shortened
in all types, according to their c0/aOvalues.

The CaO losses and MgO gains in the percentage of the initial amount
of CaCO03in the systems Ca : Mg = 70 : 30, 50 : 50 and 30 : 70 are summarized
in Table 1. In order to make these data more relevant we plotted them in
Fig. 3 along with the respective crystalline phases.

The results of experiments in the Ca :Mg= 1:16 and Ca : Mg =
= 70 : 30,50 :50, 30 : 70 systems showed coincidence with other experimental
results (Medtin, W. J. 1959) and provided further evidences for that hypo-
thesis which questions the possibility of deposition of syngenetic dolomites
along with limestones (at room temperatures).

At room temperature the possibility of adaptation of the Mg ions in the
calcite lattice is highly restricted, therefore at depositional temperatures the
Mg impurities of the limestone might exist in form of unstable — intermediary
huntite, or “proto-dolomite”. Consequently, at higher temperatures the lime-
stone may alter diagenetically to dolomite. Above 100 °C, by the effect of
M g2+ containing brines, solutions (depending on the ionic concentration of the
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Table 1
Ca*+/Mg* + 70:30 50:50 30:70

c C.0% m«o % c«0% MgO% C.0% MgO%
50° -0.0 + 0.34 +0.46 +0.14 -0.39 +0.14
75° -0.80 +0.30 +0.30 +0.03 -0.07 +0.06
100° -1.23 +0.21 -1.91 + 0.025 -1.57 +0.15
125° -3.55 +0.15 -2.10 +0.61 -12.82 +6.26
150° -6.12 +2.97 -17.36 +8.42 -40.89 + 19.61
175° -35.49 + 16.99 -67.42 + 3231 -91.32 +44.08
200° -46.29 +23.23 —70.39 + 34.00 -98.31 +48.12
225° —48.38 +23.12 -75.66 + 36.57 —96.65 +45.83
250° -55.10 + 25.16 -97.25 +45.47 -97.29 +45.24
275° -49.90 +23.41 -86.35 +42.24 —98.09 +46.25
300° -97.81 +47.87 (46.86) (+22.48) -98.73 +48.09

Mg) the limestone can alter to dolomite or magnesite by the “compaction”
of the calcite lattice. Such geological and geochemical conditions might have
existed in the presence of submarine exhalations of Mg2+-rich brines of rela-
tively constant temperatures.

The rhythmic alternation of dolomite and limestone beds may be attri-
buted to the following factors:

a) the “dolomite-beds” were originally Mg-rich limestones with dis-
ordered Ca/Mg calcites (“proto-dolomites”) and these rocks have subsequently
recrystallized to dolomite;

b) the fine-grained and lattice defective calcite particles in the limestone
beds have had favourable crystal surfaces (1014) to adapt the magnesium,
with subsequent ordering to dolomite.

Living organisms (like calcareous algae) may contain 25—29% MgCO03
in form of basic Mg-carbonate (Chave, K. E., 1952). It is probable that the
unstable varieties of this basic Mg-carbonate may alter to dolomite diagenetic-
ally or by cation exchange in lime-rich environment, like Ca-rich beds, colo-
nies of algae, limestone and basic MgCO03 layers formed from brines (like the
epigenetic dolomites after calcite at Shabkha, the dolomite encrustations
around sand grains in fluvial sands at the Danube-Tisza Mid-region.

1/2. Powdery Dolomite -f MgCI2— H2 System

The experiments have been carried out on powdery dolomite samples, obtained from
Pilisvérosvar. The chemical analysis of this material is as follows:
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Si02 0.18%
AIA 0.22%
FejOa 0.08%
Ca0 30.16%
MgO 21.60%
Na2 1.55%
IC.O 0.04%
-H 0.05%
co2 46.41%

100.29%

After subtracting the Si02 A1203 Na2d, K2 and —H2 values (—2.12% total), its
composition:

Ca0O 30.72%
MgO 22.00%
C02 47.28%

100.00%

giving a composition of CaQiel/MIgQgMMCIj07130a, which is in fact a cation-depleted dolomite*
The cation-defective (mainly depleted in Mg2+) mother-phase has had “cation-disordered"
dolomite lattice.

After comparison with literature data it can be suggested, that:

magnesite = a) if contains mainly Fe2+ Ca2+ Mn2+ impurities, then in
50% cation depleted;

b) if contains Ca2+ Fe2+ Mn2+, then in 50% anion depleted,

dolomite: a) 75% of the samples show cation excess (anion loss) with
traces of Fe2+ and Fe2+; Fe2+—Mn2+ trace components;

b) 25% ofthe samples show anion excess, with Fe2+ + Mn2+ impurities.
It seems that “pure” dolomite is mainly depleted in cations.

The experiments have been carried out in the following systems:

a) CaMg(C03)2%) + MgCl2(ag); Ca : Mg = 70 : 30
b) CaMg(C03)26) + MgCl2(ag); Ca : Mg = 50: 50
c) CaMg(C03)2() + MgCl2(ag); Ca : Mg = 30 : 70

T = 50° 75°, 100°, 125°, 150°, 175°, 200°, 250°, 300 °C

J/2-0. Powdery Dolomite : Mg2+ = 70 : 30 (Figs 4—5)

a-1. The Chemical Analysis Data

50—150 °C = deviations less than 2%, 0.79 CaO-loss and 0.70% MgO gain average values,
175 °C = optimum temperature of the dolomite formation, fundamental change in the
MgCI2 + CaCO03 system, with 17.95% CaO loss (58.43% of the total), and
16.13% MgO increase (73.32% of the total),
200 °C = the cation exchange has slowed down, with 6.27% CaO loss and 6.25% MgO
gain values,

225—300 °C = on the average 29.94% CaO has been exsolved (—97.46%) and 25.25% MgO
has been fixated in the structure of the powdery dolomite. At 300° C almost
the total CaO content has been replaced (= 99.15%) by MgO, which has
increased from 22.0% to 48.61%.
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a-2. Crystalline Phases

50—100 °C = dolomite is dominant, with 1—2% of MgC03 and MgC03+2 H20,
175 °C = the amount of MgCOs is approximately equal to that of the dolomite +
+ MgC03+2H2. In the CaC03+ MgCI2= 70 : 30 system the temperature
level for the formation of dolomite was the lowest among all observed,
200 °C = dominance of CaMg(COs)2 the amount of the MgC03+2 H20 is subordinate
compared to MgCO03,
225—300 °C = the MgCO03is the prevailing crystalline phase, the dolomite and the MgCOs ¢
«2 HX are only accessorial.

1/2-b. Powdery Dolomite : Mg2+ = 50 : 50 (Figs 4—5)

b-1. The Chemical Analysis Data

50—150 °C = 0.56% CaO decrease, 0.45% MgO increase are the mean values,

175 °C = compared to the 70 : 30 system, the amount of the cation exchange is only
one-third. CaO decreased with 5.90%, MgO increased with 6.52%,

200 °C = CaO = 15.86% (51.63% decrease) and MgO 14.45% (65.68%) increase. Reac-
tion velocity increases rapidly from 200 °C, but its values between 200° and
250 °C do not reach those of the 70 : 30 system,

225 °C = 21.09% of CaO loss and 19.22% of MgO gain has been observed in the resulted
product (= 68.35% CaO decrease and 87.36% MgO increase compared to the
initial composition),

250 °C = the total compositional change comprises 70.15% CaO decrease and 86.82%
MgO increase compared to the initial material (powdery dolomite),

275—300 °C = the cation exchange is almost complete; 275 °C: CaO = 0.91% (= —97.04%
Ca0, MgO = 40.59% (+84.50%); 300 °C: CaO = 0.25% (-99.19%); MgO =
= 47.66% (+116.36%).

6-2. Crystalline Phases
50—150 °C = dolomite is dominant, MgC03 and MgC03+2 H2 are accessories. Calcite has
formed only at 125 °C,
175 °C = dolomite is predominant, MgC03—MgC03+2 H20 + aragonite are accessories,
200—225 °C = MgCOs+ dolomite +MgC03+2H2 (at 200 °C) + MgC03+*3H2D — nesque-
honite (225 °C) + aragonite (225 °C),
250 °C = MgCO03+ dolomite; the calcite, aragonite and MgC03+2 H2 are subordinate,
275 °C = MgC03+ 1—2% dolomite + MgC03+«2H20,
300 °C = 95-96% MgC03+ 4-5% MgC03+«2H,0 + MgC03+3H2D + CaMg(C03)2
impurities.

1/2-c. Powdery Dolomite : Mg2+ = 30 : 70 (Figs 4—5)

The variations in CaO and MgO contents can be classified into five and
four groups respectively.1

c-1. The Chemical Analysis Data

Average values of changes in CaO content:

50— 75°C (1) = the amount of CaO replaced 0.97% (= 3.15%)
100—125 °C (2) the amount of CaO replaced 0.52% (= 1.69%)
150—175 °C (3) the amount of CaO replaced 1.77% (= 5.76%)
200—225 °C (4/a) = the amount of CaO replaced 9.65% (= 31.41%)

and 10.75% (= 34.99%)
the amount of CaO replaced 6.18% (= 20.12%)
the amount of CaO replaced 9.92% (= 32.27%)
and 10.29% (= 33.59%)

250 °C (5)
275—300 °C (4/b)

1Average values has been calculated from the chemical analysis data for approximately

similar temperature levels and these values have been accepted as representatives for the given
temperature ranges.
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Fig. 5. Diagramatic representation of data shown in Table 2

Average values of changes in MgO contents:
50—175 °C(1) the amount of MgO fixated 0.74% (+ 3.37%)
200 °C (2/a) the amount of MgO fixated 8.22% (+ 37.36%)
225 °C (3) the amount of MgO fixated  10.94% (+ 49.72%)
250 °C (4) the amount of MgO fixated 4.51% (+ 20.50%)
275—300 °C (2/b) the amount of MgO fixated 8.29% (+ 37.68%)

Surprisingly, the high Mg2+ concentration (30 : 70 = Ca2+ : Mg2+)
adversely affects the replacements of Ca2+ in the dolomite, an observation
similar to that of the 50 : 50 = Ca2+ : Mg2+ system.

The geochemical—crystal-chemical significance of the dolomite—Mg2+
system is in the observation which indicated that dilute Mg2+ —solutions
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(Mg2+ : Ca2+ = 30 : 70) are favourable for the total replacement of the Caa+
ions in the dolomite, and the process can become complete from 225 °C theo-
retically.

c-2. Crystalline Phases

50—175 °C = dolomite is dominant, MgC03has formed at 50—175 °C, calcite at 75—125 °C,
MgC03+«2 H2 at 75-175 °C,
200—250 °C = the amount of MgC03does not reach 50% of the total dolomite. MgCOa+2 HjO
has formed at 200°, 225° and 250 °C, aragonite at 250 °C.
175—300 °C = dolomite predominance with associated 15—18% MgC03 MgC03-2 H2 has
formed at 275—300 °C, MgC03¢3 H20 at 275 °C.

The results of the experiments with the dolomite—MgCI2 system have
brought interesting conclusions:

a) the most diluted solutions (Ca : Mg = 70 : 30) are the most favour-
able for the Ca2+—-Mg2+ exchange, where at

225 °C = 0.75% CaO
250 °C = 1.25% CaO
275 °C = 0.75% CaO
300 °C = 0.36% CaO

has been found to be associated with the MgCO03 (the CaO impurity of the
natural MgC03normally falls between 0.33— 1.66%).

b) In the Ca: Mg = 50 :50 system (powdery dolomite) the optimal
cation exchange reaction rate has fallen in the range of 275—300 °C, with
MgC030.91% and CaO 0.25% participation.

c) The replacement of Ca*+ is hindered by high Mg2+ concentrations
in the solution, and only one-third of the Ca2+ content of the powdery dolo-
mite can be replaced. Dolomite remains the dominant phase, while MgCO03,
MgC03 «2HaO, MgCO03 « 3H20, calcite and aragonite are subordinate.

1/3. The Genetic Interpretation of the Calcite — Mg2+ and
the Dolomite — Mg2+ Solution Systems

a) Mg2+ rich hydrothermal solution promotes the alteration of limestone
to magnesite.

b) The Ca2+ exchange of dolomite (powdery dolomite) may be taken
place by extremely dilute Mg2+ containing hydrothermal solutions. The
source of Mg2+ can be the release of Mg2+ during the serpentinization of
basic, ultrabasic rocks, or the migration of hypersaline brines, Mg2+ rich
evaporate-formed solutions the deeper zones.

c) The “de-dolomitization”, as a process of cation exchange in a solid
phase : solution system can be encountered only with respect to the dolo-
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mite : Mg2+ system. Reversed process can not be undergone, or its possibility
is very small (dolomitization of magnesite — discussed later). The process is
similarly irreversible as the well-known calcite : Mg2+ systems.

Table 2
Ca*+/Mg» + 70 30 50 : 50 30: 70
T Ca0% MgO% Ca0% MgO% Ca0% MgO%
50° —2.08 + 1.95 -3.55 + 3.55 —3.15 +2.77
75° -5.63 +5.68 —2.05 + 1.64 -3.13 + 2.86
100° —0.20 + 1.14 -0.94 +1.14 -1.05 +0.36
125° —2.64 -0.55 —0.55 + 1.14 —2.34 + 2.50
150° —2.24 +4.50 —1.73 +2.73 -2.54 +3.41
175° —58.43 + 73.32 —19.21 +20.55 —8.98 +8.32
200° -20.41 +28.41 -51.62 + 66.14 -31.41 +37.36
225° —97.56 + 120.82 -68.65 + 87.36 —34.99 +49.73
250° -95.93 + 100.73 -70.45 +91.36 -20.12 + 20.50
275° -97.56 + 116.50 —97.04 + 84.50 —32.29 + 36.32
300° -98.83 + 121.05 -99.19 + 116.63 —33.59 + 39.00

In Table 2 we summarized to CaO losses and MgO increases in the
crystalline phase formed in the dolomite -|- Mg2+ systems, and compared
to the CaO and MgO values of the powdery dolomite (30.72 and 22.00%
respectively). The variations of data, along with the indication of crystalline
phases produced, are plotted in Fig. 5.

Il. “De-dolomitization”, “Re-calcitization”
11/1. MgCO03 (Magnesite) -f CaCl2— H2 System

(the re-calcitization of the magnesite)

We used white crystalline magnesite from St. Kathrein (Bruck an der Mur — Austria) in
order to ascertain the proper identification of the chemical changes in the models; chemical
and X-ray analyses have been completed on the standard samples (analysed by Mrs. Nenes L.
and Guzy K.):

Si02 = 0.81%
ALl3= 0.42%
FeA = 0.99%
MgO = 47.02%
CaO = 0.64%
Na2d = 0.11%
KD = 0.04%
COa= 49.96%
H.0 = 0.04%

Total = 100.03%
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The theoretical composition of the magnesite after subtracting the Si02 AI20 3, Fe2 3,
N~O, K20 contents (2.41%):

MgO = 48.17%
Ca0 = 0.65%
C02= 51.18%
Total = 100.00%

This gives a stoichiometric composition of Mgx19%Ca0011Cx 1630 3, indicat-
ing a cation-depleted structure.

The experiments have been carried out by 1.0 and 2.5 M CaCl2solutions,
in which Mg2+ : Ca2+ = 2 :1; 1:1and 1:2 cation ratios have been chosen.

I1/1-a. MgCOs(s) : Ca2+ — 2:1
(1.0 M solution)

o-1. The Chemical Analysis Data (Fig. 6)

W ith respect to CaO the new crystalline phases can be grouped to distinct compositional
ranges:
0.86—3.21% CaO
4.47—4.60% CaO
5.39-5.38% CaO
7.54-7.73% CaO

1. 50-100 °C
2.125-175 °C
3. 200—225 °C
4.250-300 °C

Comparing the average values to the magnesite standard:

1. 50—100°C = + 2.31% CaO
2. 125—175°C = + 4.02% CaO
3.200—225°C = + 4.74% CaO
4. 250—300 °C = + 7.00% CaO

increase has been recorded. These values can rather be attributed to different CaCO03varieties
overgrown on magnesite crystals than Ca fixation in the positions of the magnesite lattice.
By comparing the MgO content to CaC03 by non-equipartial averages, a negative correla-

tion has been observed:

1. 50—100 °C = 46.45% = 1.72% MgO deficiency

2. 125—175°C = 43.68% = 4.49% MgO deficiency

3.200—225 °C = 41.15% = 7.02% MgO deficiency

4. 250—300 °C = 38.69% = 9.48% MgO deficiency

The analyses indicate that more Mg2+ is exsolved from the magnesite
than the amount of Ca in independent phases (Ca2 Ca2 Ca3 D) produced
from the “mother-solution”.

The CO02 content of the crystalline phases moderately decreases with
the increase of temperature (anion-deficiency). A sharp decrease was observed
at 200 °C (= 4.42% CO02), with contemporaneous increase of the H20 and ClI
content. This is partly due to the formation of basic MgC03+«2H2. The Cl is
probably behaves as substituting anion, since despite of its good solubility,
washing treatments of several weeks duration could not remove it from the
system.
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I1/1-b. MgCO039 : Ca2+ — 1:1
(1.0 M solution)

b-1. The Chemical Analysis Data (Fig. 6)

If we consider the cation ratio of the solid phase and the solution, in
theory the total amount of magnesium can be replaced by calcium. Compared
to the 2 : 1 system significant changes have been observed in the chemical
compositions of the crystalline phases:

a) First, in the 50—75 °C interval 0.89 and 3.38% CaO surplus have
been measured at 50 °C and 75 °C respectively. In the 100—300 °C range
the amount of CaO increases with one per cent for every 25 °Ctemperature rise.

b) At 50 °C the loss of MgO is larger than in the Mg : Ca= 2 : 1 system.
From 75 °C upwards the rate of decrease is larger than 1%. In the 150— 175 °C
and 225—250 °C intervals the decrease of MgO content has shown similar
amounts, while between 275° and 300 °C the MgO loss was again over 1%.

The average compositions showed the following deviations from the
original magnesite standard:

CaO: 1. 50-100°C=+ 2.71% CaO excess
2. 125—175°C = + 7.38% CaO excess
3. 200°C = + 7.96% CaO excess
4. 225°C = + 9.79% CaO excess
5.250-300 °C = + 9.04% CaO excess
MgO: 1. 50—100 °C = — 3.09% MgO deficiency
2.125-175 °C = — 7.45% MgO deficiency
3. 200 °C = — 9.35% MgO deficiency
4. 225°C = —12.72% MgO deficiency
5. 275—300 °C = —14.67% MgO deficiency

The H2 contents of the crystalline phases above 175 °C have increased
over 1% due to the formation of basic Mg-carbonate. However, a simultane-
ous loss of C0O2have been observed, but it is not comparable with the increas-
ing of Cl.

I1/1-e. MgCO03(s) : Ca2+ =1:2
(1.0 M solution)

c-1. The Chemical Analysis Data (Fig. 6)

W ith the further increase of cation ratios in both the solid phase and the solution the
variations of the chemical compositions have shown larger differentiations:

CaO: 1. 50—100°C = + 3.49% excess
2.125-175°C = +11.25% excess
3. 200°C = +12.98% excess
4. 225°C = + 8.64% excess
5.250-300 °C = +13.47% excess
MgO: 1. 50—100°C = — 3.95% deficiency
2. 125-175 °C = —10.54% deficiency
3. 200 °C = —14.51% deficiency
4. 225°C = —12.56% deficiency
5. 250—300 °C = —18.22% deficiency
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The distribution of H2:

50- 75°C = 1.23-0.91%
100-175 °C = 0.80—0.52%
200-275 °C = over 2%

These values indicate the increasing rate of formation of basic Mg-
carbonate. The distribution of C02 shows small variations only up to 175 °C,
but its concentration drops to less than 39—40% to 200 °C. The chloride con-
tent of the crystalline phase — with the exception of the product at 50 °C —
isin the order of 0.1%, increasing to 0.4% in the higher temperature intervals.

By evaluating the analyses of the three systems with different cation
ratios (2 :1, 1:1,1:2= Mg:Ca) in a given temperature level, the follow-
ing relationships can be seen:

1. The MgO content of the crystalline phases at the same temperature
level is related to the initial cation ratios. The MgO decrease is three-fold
in the Mg : Ca=1:2 system than in the 2 : 1 system. In other words, the
larger is the Ca2+ concentration in the solution, the higher is the MgO loss.

2. The total CaO content of the crystalline phases is roughly proportional
with the Mg : Ca ratios in the solid-phase : solution system. The larger is the
initial Ca2+ concentration in the solutions the higher is the CaO content in
the crystalline phases. If the concentration of the Ca2+ ions in the solution
is increased, so that Ca2+ does not enter into the structure, the removal
of Mg2+ is also intensified without further epigenetic crystal formation.

The CaO— MgO distributions and trends in the crystalline phases of the
Mg:Ca= 2:1, 1:1, 1:2 systems (1 M solutions) are shown in Fig. 6.

JJ/1-0. MgCO033) : Ca2+ — 2:1 Crystalline Phases
(1.0 M solution)

50 °C = Mg, >> Ca, > (Ca2—Cajd?;
75 °C = Mg, > Mg2—Ca»
100 °C = Mg, Caj—Ca3—Mg2;

125 °C = Mg, Car—Ca3—Mg2

150 °C = Mg, y> Ca, —Ca2—Mg2;
175°C = Mgl > Ca,-Caz

200°C = Mgl > D + Ca,—Ca»;

225°C = Mg, Ca,—Ca2z

250 °C = Mg, Caj,;

275 °C = Mg, > Ca,—Ca2—(Ca3—Mg2);
300 °C = Mgl Ca2—Mg2—(Ca3)?.

D = CaMg(C032 Mg, = MgCO03; Ca, = calcite(trigonal); Ca2= argonite (rhombic);
Ca3= vaterite (hexagonal), Mg2= MgCO03.2H2(triclinic).

The results show that MgCO03is the most stable dominant phase through
the whole temperature range (50— 300 °C). Dolomite has formed only at
200 °C, but its amount is less than expected from the MgCO03 content of the
initial phase. Some Mg2+ positions of the magnesium-carbonate crystals are
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replaced by Ca2+. The exsolved Mg2+ crystallizes in form of separate epigenic
phase along with Ca2+. The —aragonite structure has formed at every
temperature level but 150 °C, the vaterite between 100—150 °C, the Cax—cal-
cite at 50°, 150°, 175°, 200°, 225°, 275 °C temperatures. Basic Mg-carbonate
(MgC03-2H2 = barringtonite) has formed at 100— 150 °C, 300 °C. Its pres-
ence is uncertain at 275 °C, and it was not found in the 50—75 °C and 175—
250 °C temperature intervals. The accessorial phases in association with the
MgCO03 “mother-phase” are crystallized products of the ions of the solution,
epigenetic precipitations on the initial phase, and did not take part in the
s.str. “metasomatic” process. This question is discussed in details in the geo-
logical interpretation.

I/1-b. MgCO03 : Ca2+ = 1:1 Crystalline Phases
(1.0 M solution)

50 °C = Mgi >> Ca,;

75 °C = Mgx> Mg2—Ca,;

100 °C = Mg! Ca,—Car—(Ca3)?;
125 °C = Mgi > Ca,—(Mg2?;

150 °C = Mgi >> Cai—Ca,—Ca3;
175 °C = Mgi > Car—Ca,—(Ca3—Mg,)?;
200 °C = Mgi > Ca,—Mg2;

225 °C = Mgi > Caj—Ca,;
250°C= D > Mgi-Cal-(Ca2?;
275 °C = Mgi > Ca,—Mg2—D;
300 °C = Mgi > D—Mg2—(Ca3?;

Mgi = MgCO03; D = dolomite; Cai = calcite; Ca2= aragonite; Ca3= vaterite.

The higher Ca2+ concentration does not promote the structural ordering
of the MgCO03 since MgCO03 continues to be the dominant phase. It is clear
from the analysis data, that gradual increase of CaO content in the crystalline
phases is shown, with maximum values in the Mg :Ca= 1:2 system. The
Ca2—aragonite — has formed at every temperature level, the Caj—ealcite
structure has been present at 150°, 175°, 225°, 250 °C temperatures. The
hexagonal vaterite was observed at 150 °C (Ca3), its presence was uncertain
at 100°, 175° and 300 °C. Dolomite has crystallized at 250° and 275 °C, but
its amount was subordinate to magnesite.

I/l-c. MgCO03@) : Ca2+ = 1:2 Crystalline Phases
(1.0 M solution)

50 °C = Mgi  Cax—Car—(Ca3?;
75 °C = Mgl > Ca,;

100 °C = Mgi Caj—Ca,—Ca3;
125 °C = Mgj > Ca,—Ca3—Mg,;
150 °C Mg, >> Ca,;

175 °C Mg, > D—Cax—Ca,—Ca3;
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200 °C = Mgt 5» Ca,—Caj;
225 °C = Mg, Cal—Car;
250°C= D >Mg,-(Mg2-Ca,-Ca,,);
275 °C = Mg! > Mg2—D;

300 °C = D >» Mgi—Ca,—Ca.,.
Mg, = MgCO03; D = dolomite; Ca, = calcite; Ca, = aragonite; Caa= vaterite.

The XRD data indicate that at certain temperatures the higher Ca2+
concentrations are favourable for the development of dolomite structure (175°,
250°, 275°, 300 °C). In cases the amount of dolomite exceeds that of the
“mother-phase” magnesite (250°, 300 °C). This is not considered as a result
of structural re-arrangement of the magnesite lattice, rather the crystallization
of dissolved ions in form of new epigenetic phases, aggregates, crystal nuclei,
separated from the MgCO03.

The formation of magnesite from powdery dolomite, however, has been
promoted by dilute Mg2+ solutions, and the process has been completed with-
out the dissolution of the initial phase.

The microphotographs of the crystalline precipitations are shown in
Plate VI. Photos: 23—24, Plate VII. Photos: 26—28 and Plate VIIl. Photos:
29—32.

Upon these results it is suggested that the cations, which have been
present, or subsequently entered into the solution, are crystallized in separate
crystal phases, in cases overgrowing the rhombohedral planes of magnesite
crystals. Crystals with euhedral habits, pseudo-hexagonal prisms, laths are
frequently seen (e.g. aragonite). In the majority of cases the absorbed, dis-
solved magnesite rhombohedra are observed along with xenomorfic encrusta-
tions of CaC03 modifications and/or basic Mg-carbonates.

At higher temperatures (200— 300 °C) small lamellae have formed on the
surfaces of the magnesite crystals (Plate VI. Photos: 23—24), which are in
fact aggregates of precipitated dolomite and basic Mg-carbonate. In these
aggregates the remnants of the original Mg-carbonate rhombohedra can still
be recognized (Plate VII. Photo: 25).

I1/1-d. MgCO03() :Ca*+=2 :1
(2.5 M solution)

d-1. The Chemical Analysis Data (Fig. 7)

Compared to the 1.0 M CaCl2 system, the crystalline phases show a more balanced
compositional series:

CaO: 50—125°C = -)-3.23 excess

150—175°C = +4.08% excess
200-225 °C = +5.25% excess
250—300 °C = +6.49% excess
MgO: 50—125 °C = —1.77% deficiency
150—175 °C = —4.04% deficiency
200—225 °C = —6.21% deficiency
250—300 °C = —8.25% deficiency
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The CaO versus MgO comparison indicates that in the 50— 175 °C inter-
val the amount of removed (dissolved) magnesium is equal to the amount of
the precipitated calcium. Above 200 °C the MgO loss is about 1—-2% larger
than the CaO excess.

I/1-e. MgCOm :Ca2+ = 1:1
(2.5 M solution)

e-1. The Chemical Analysis Data (Fig. 7)

New temperature intervals are required for the subdivision of the chemical data:

CaO: 50— 75°C = 0.99% excess
100—200 °C = 6.72% excess
225—250 °C = + 8.43% excess
275—300 °C = +10.15% excess

+
+

MgO: 50— 75°C = — 1.10% deficiency
100—200 °C = — 6.48% deficiency
200-250 °C = -10.39% deficiency

275 °C = —16.65% deficiency
300 °C = —10.09% deficiency

The increasing average loss of magnesium is coupled by the increase
of the amount of calcium in the new crystal phases. In the 50—200 °C inter-
val the increase of CaO is proportional with the amount of dissolved magne-
sium, but above 225 °C 2.36—3.27% more magnesium is dissolved than the
amount of calcium crystallized in solid phase.

1/1-f. MgCOm :Ca2+ = 1:2
(2.5 M solution)

f-1. The Chemical Analysis Data (Fig. 7)

As has been observed in the more dilute systems, the larger were the cation ratios in
the solid phase (MgCO03) versus solution, the more proportional the trends of chemical composi-
tions of the precipitated crystal phases were:

Ca0: 50— 75°C = + 1.32% excess
100 °C = + 6°58% excess

125-225 °C = +12.72% excesses

250 °C = +15.56% excesses
275—300 °C = +12.08% excess

MgO: 50—75 °C = — 0.76% deficiency
100 °C = — 5.98% deficiency
125-225 °C = -11.96% deficiency
250 °C = —18.34% deficiency
275-300 °C = —17.76% deficiency.

The higher rate of dissolution of magnesium is indicated by the higher average values.
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The data indicate that in the 50— 75 °C interval the CaO—MgO dis-
tribution of the crystal phases in solutions with low Ca2+ concentrations is
two-three times lower than the CaO content of these products, which have
been formed in Ca : Mg =2:1 solution systems.

The variation of the CaO—MgO values are shown in Fig. 7.

I1/1-d. MgCO039 : Cai+ = 2 : 1 Crystalline Phases
(2.5 M solution)

50 °C = Mg, > 0%— Ca3;

75 °C = Mg, >> Cas;

100 °C = Mg, >» Caz3—Ca3—(D ?);
125 °C = Mg, > Ca2;

150 °C - Mg, > Ca3—Ca3;

175 °C = Mg, > Ca3—Ca,;

200 °C = Mg! > Ca,;

225 °C = Mgl > Ca2-C al-(Mg2?);
250 °C = Mgl > Cas;

275 °C = Mg, J> Cas;

300 °C = Mg, > D(?)—(Ca2—Mg,)?

Mg, = MgC03, D = dolomite; >Ca, = aragonite; Ca3= vaterite, Ca, = calcite; Mg2=
= MgC03+2HD.

The distributions and compositions of the crystalline phases undoubt-
edly show the restricted replaceability of the Mg2+ positions by Ca2+.In some
systems (e.g. 1:1 and 1:2 = Mg : Ca) the removal of Mg2+ (0.66 A =
= Anhrens) from the lattice of the “mother-phase” is increasing with tem-
perature. These positions can be filled by larger Ca2+ ions (0.99 A = Ahrens)
only in those cases where vacancies and defects adjacent to the M”a+ posi-
tions provide increased space in the lattice structure. The possibility of the
formation of dolomite as intermediate phase after magnesite is highly restrict-
ed. The different CaC03 phases are not metasomatic products but epigenetic
precipitations from the solution.

In the Mg : Ca=2:1 system rhombohedral Ca-carbonate (calcite) has
formed only at 175° and 225 °C temperatures, while the orthorhombic variety
(aragonite) was much more dominant. The hexagonal CaCO03 (vaterite) was
identified at 50°, 100°, and 150 °C. The wuncertainty of the existence of
MgC03+2HaO was surprising, a significant amount of the dissolved magne-
sium has formed chloride-complexes, and remained in dissolved form.

I1/1-e. MgCO03(s) : Ca2+ = 1:1 Crystalline Phases
(2.5 M solution)

50 °C = Mg, >> Ca,—Ca3;

75 °C = Mg, Caz—Ca3;
100 °C = Mg, > Ca,—(Cad?;
125°C = Mg, > Ca,—Mg2-D ;
150 °C = Mg, > Ca,;
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175 °C = Mg, > Ca,—Ca,—Mg,)?;
200 °C = Mg, > Ca,-D;

225 °C = Mg, > Ca;

250 °C = Mgl > Ca,(D)?;

275°C = Dfw Mg,-Ca,?;

300 °C = Mg, > (Ca,-Ca,).

Mg, = MgCO03; D = dolomite; Ca, = calcite, Ca2= aragonite, Ca3 = vaterite.

The products of this system are characterized by the aragonite-CaC03,
and hexagonal vaterite-CaC03. Rhombohedral CaCO03 calcite-structure has
formed at 175° and 300 °C. The d/A lines of dolomite at 125 °C and 250 °C
are similar to that of proto-dolomites. Its amount at 275 °C was equal to that
of magnesite. Small amounts of basic Mg-carbonate were observed at 125 °C
and 175 °C (4—5 per cent).

I/1-f. MgC039 : Ca2+ = 1:2 Crystalline Phases
(2.5 M solution)

There were only slight differences from the above discussed systems:

50 °C = Mg, >> Ca3—Ca,;
75°C = Mg, Ca,—Ca3;
100 °C = Mg, 5>Ca,—Ca,;
125 °C = Mg, Ca,—D—Ca3;
150 °C = Mg, > Ca,—Ca,;
175 °C = Mg, > Mg,;

200 °C = Mg, > Ca,—Ca,;
225°C = Mg, > Ca,—Ca,;
250 °C = Mg, Ca,;

275 °C = Mg, > Mg,(D?);
300 °C = Mg, fa D—(Ca,—Mg,).

Mg, = MgCO03; D = dolomite; Mg, = MgC03+2 H,0; Ca, = calcite; Ca, = aragonite; Ca3 =
= vaterite.

At 300 °C the amount of dolomite and magnesite was similar. At 175°
and 250 °C only two phases have been recorded in the system, the magnesite
was associated by basic Mg-carbonate and aragonite respectively. Aragonite
has appeared to be the significant CaCO03 variety, while calcite and vaterite
was formed only at certain temperature levels.

The microphotographs of the resulted crystal phases are shown in Plates
VI—VIII.

In the CaCO039 -f- Mg2+(ap) system the gradual replacement of calcite
rhombohedra by MgCO03 has been observed, due to structural positioning
of Mg 2+.

Since the migration of Ca2+ into the solution was faster than the fixa-
tion of Mgi+, voids had formed in the calcite rhombohedra and, according
to the decrescency theory, these voids have been filled in with MgC03rhombo-
hedra without the contemporaneous dissolution of the “mother-phase”
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(CaC03). (Photos: 13, 15.) In transitional case MgC03 overgrowth has framed
the calcite rhombohedron. This phenomenon has not been observed during
the microscopic investigations of these latter systems.

In the 2.5 M CaCl2 solution systems similar phenomena to those of the
more dilute (1.0 M) solution systems were recognised. The differences were
mainly due to the structural ordering and grain size distribution of the associ-
ated Cals Ca2, Ca3 and Mg2phases.

The most common features are the differently shaped Ca2-Ca3 crystalline
particles overgrown on the rhombohedral planes of the MgC03 (Photos 26,
27, 28). The aragonite (Ca2) is frequently developed in fibrous, pinnate, lath-
like habit (Photo 29).

Athighertemperatures (i.e. at 250 °C) the re-crystallization of M gC03was
also seen in a few cases, with fine grained aragonite overgrowth (Photos 31, 32).

The results of the experiments with the MgC039—CaCl2ag) systems
can be summarized as follows:

a) The metasomatic alteration to calcite (re-calcitization) is highly im-
probable, for two reasons: 1. the Mg—O bonds in the MgC03 are mainly co-
valent,theCa—O 1/3, 1/2 bonds are of weaker ionic nature. 2. Because of the
larger ionic radii, structural fixation of Ca2+ would only be possible at larger
temperatures by dilatation of the lattice structure. This is ofvery small magni-
tude in the temperature range of the present experiments, it does not reach
the size of the Ca2+ radius. With increasing temperature the Mg-ions can he
increasingly removed from the rhombohedral planes, but only from the re-
strictedly dislocated planes (in solutions of constant pH values). These Mg
ions remain in the solution in form of chloride complexes. A smaller fraction
of the magnesium is epigenetically fixated in form of unstable MgC03<2H20.

In lithological sense the MgC03might dissolved in the above conditions
though its alteration to dolomite — and subsequently to calcite — is in general
confined to closed geological systems of higher temperatures.

11/2. Powdery Dolomite — CaCl2 — H2 System
(“de-dolomitization, re-calcitization”)

I1/2-a. Powdery Dolomite : Ca2+ = 2:1
(1.0 M solution)

o-1. The Chemical Analysis Data (Fig. 8)

The same powdery dolomite from the vicinity of Budapest has been used for standard
as for the dolomite + MgCL,(aq\ system. The chemical and XRD analyses data are summarised
in Fig. 8.

Three temperature intervals have been used for the evaluation of chemical variations:

CaO: 1. 50—125 °C +1.17% excess
2.150-275 °C +0.21% excess
3. 300 °C = —1.36% deficiency
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MgO: 1. 50-125 °C
2. 150-275 °C
3. 300 °C

—0.68% deficiency
—0.96% deficiency
—2.70% deficiency

The CaO content of the dolomite structure varies only slightly above
150 °C. The removal of magnesium is somewhat larger: under 1% between
50° and 125 °C, around 1% in the 150—275 °C range, 2.70% maximum value
at 300 °C.

11/2-b. Powdery Dolomite : Ca2+=1:1
(1.0 M solution)

6-1. The Chemical Analysis Data (Fig. 8)

There is no significant change in the CaO distribution pattern in the 50—300 °C range.
The MgO contents can he grouped into five temperature intervals:

CaO: 1. 50-275°C= +1-62% excess (= —1.50% MgO)
2. 300 °C = —0.68% deficiency
MgO: 1. 50- 75°C = —0.71% deficiency
2.100-175 °C = —1.25% deficiency
3.200—225°C = —2.55% deficiency
4. 250-275 °C = —1.49% deficiency
5. 300 °C = —3.69% deficiency

According to these results the magnesium shows greater solubility than
calcium, and dissolves from the mother-phase to a larger extent in this system
(200—225 °C = —2.55%, 300 °C = —3.69% MgO).

JJ/2-c. Powdery Dolomite : Ca2+= 1:2
(1.0 M solution)
c-1. The Chemical Analysis Data (Fig. 8)

Five and six temperature intervals can be chosen for the representation of the CaO
and MgO values, respectively:

CaO: 1. 50—100°C = +1.96% excess
2. 125—150 °C = +3.23% excess
3. 175°C = + 0-56% excess
4.200-275 °C = +2.11% excess
5. 300 °C = —2.32% deficiency
MgO: 1. 50— 75°C = —1.15% deficiency
2. 100-150 °C = —2.32% deficiency
3. 175°C = —0.73% deficiency
4. 200—225°C = —3.22% deficiency
5. 250-275 °C = —2.69% deficiency
6. 300 °C = —4.32% deficiency

At larger Ca2+ concentrations (i.e. Mg :Ca=1:2) the crystallized
phases of the systems are richer in CaO (with the exception of 300 °C), the
MgO deficiencies are also higher.

It is well seen in Fig. 8 that at different cation-ratios and temperature
intervals the CaO—MgO distributions of the crystallized phases roughly
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follow the cation ratio of the solid phase (powdery dolomite) and the solu-
tions; if the solution is richer in Ca2+, then the resulted crystalline phases
are also richer in calcium, and contain less MgO.

7/12-0. Powdery Dolomite : Ca2+ = 2:1 Crystalline Phases
(1.0 M solution)

50°C = D > Ca,—Ca,—(Mg2?;

75 °C = D y> Mg2—(Ca,—Ca3);

100 °C — D Ca,—Car—Ca3—Mg2;
125°C = D > Ca,—Ca2

150 °C = D > Ca,—Caj—Mg2;

175“C = D > Ca,—Mg2—(Ca2—Caj)?;
200°C = D Ca,—(Ca2—Ca3—Mg2);
225°C = D > Ca,—(Ca,—Ca3—Mg.,);
250 °C = D > Mg.,-(Cad;

275°C = D > Mg2—Ca,;
300°C = D > (Mg2-Cad—(Mgl—Cad?;

D = dolomite; Ca, = calcite; Ca2= aragonite; Ca3= vaterite; Mg, = MgC03-2 HD; Mg, =
= MgCo03

The chemical and XRD data indicate ihat in the applied experimental
conditions the high Ca concentration in the solution only slightly affects the
re-arrangement of the dolomite structure. There is only restricted cation
removal (mostly magnesium) from the surface of the stable dolomite lattice,
and this is not followed by any significant fixation of Ca2+ from the solution.
It is probable that the dolomite may alter to calcareous dolomite (“proto-
dolomite”) which surrounds the crystals of the original phase (powdery dolo-
mite). The Ca2+ and Mg2+ ions are fixated from the solution as epigenetic
phases. The “de-dolomitization” and “re-calcitization” in this case means
that the surface of dolomite rhombohedra are encrusted by calcite, aragonite,
vaterite in form of thin films or small aggregated overgrowths.

The experiments have not supported the theory of solid phase meta-
somatic process by cation exchange. Unlike the MgC03-f- CaCl2— H20
systems, the calcite is more dominant CaC03variety here than the aragonite.
Calcite — CaC03 was observed up to 250 °C, the presence of vaterite (hexag-
onal CaCO03) was indicated only by 2—3 d/A lines.

J/12-1). Powdery Dolomite : Ca2+ = 1:1 Crystal Phases
(1.0 M solution)

50°C= D Ca,—Mg.,;

75°C = D > Ca,—Ca,"—Mg,—(Ca3?);
100°C = D > Ca,—Ca,;

125°C = D > Mg,—Ca,—Ca,—(Ca3?)
150°C = D > Mg"—Ca,—Ca.,;
175°C = D > Ca"+ ?;

200°C = D > Ca,—(Ca,—Mg,)?;
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225 °C = D > Cax—(Ca3—Mg2?;
250 °C = D > Mg2-(Ca2?;

275 °C = D > Mg2—Ca2— (Ca3)?;
300°C = D Mg2—Ca3—(Ca3?);

D = dolomite; Cax= calcite; Ca2 = aragonite; Ca3= vaterite; Mg2= MgC03-2 H2.

In comparison with the previous model the main difference is in the
proportions of the epigenetic accessorial components. The importance of
aragonite and vaterite decreases. In the 50— 225 °C range the calcite is the
more significant CaCO03 variety, while aragonite becomes dominant from
250 °C upwards.

JJ/2-C. Powdery Dolomite : Ca2+ = 1 :2 Crystalline Phases
(1.0 M solution)

50°C =D Cax—Ca2—Mg2,

75°C = D > Cax—Mg2—(Ca3?);

100 °C = D > Cax—Ca2—Mg,—(Ca3?);
125°C = D > Cax—(Ca2;

150 °C = D > Mg2—(Ca2—Ca2?
175°C = D > Ca,—Mg2—(Ca,—Ca3?;
200 °C = D > Cax—Ca2—(Ca3?),
225°C = D > Cax—(Car—Mg2?;

250 °C = D > Mg2—(Ca2—Ca3)?;
275°C = D > Mg2-(C ai—Ca3?;
300°C = D (Cax—Ca2.

D = dolomite; Cx= calcite; C2 = aragonite; Ca3= vaterite; Mg2= MgC03-2 HX.

These data, together with the chemical compositions, indicate that in
given conditions the solubility of the powdery dolomite is very low. Complete
structural alteration by metasomatic cation exchange does not take place.
The presence of CaC03 varieties in natural dolomite horizons, layers (like
Anisian or Norian dolomite sequences) can be attributed to two factors:

1. dehydration of Ca(HCO03)2by ascendent-descendent solutions;

2. the effect of the Ca2+ ions, which have originated by the partial dis-
solution of dolomite in closed geological systems — or in open systems com-
prising relatively large CO02 partial pressures. The excess calcium is mainly
of external origin and does not come from the mother-phase (dolomite).

11/2-d. Powdery Dolomite : Ca2+ =2 :1
(2.5 M solution)

d-1. The Chemical Analysis Data (Fig. 9)

The average values can be grouped into six and four intervals with respect to the CaO
and MgO values respectively:
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CaO: 1. 50— 75 °C = +1.34% excess
2. 100 °C = +0.02% excess
3. 125 °C = +1.41% excess
4. 150—225 °C = —0.31% deficiency
5. 250 °C = —2.43% deficiency
6. 275—300 °C = —0.55% deficiency
MgO: 1. 50—100 °C = —0.64% deficiency
2.125-225°C = -1.19% deficiency
3. 250—275 °C = —0.58% deficiency
4. 300 °C = —0.26% deficiency

The CaO content of the powdery dolomite at 100 °C, and 150—225 °C
shows only small variations, the major part of the Ca2+—Mg2+, which have
mobilized from the dolomite, remains in the solution.

11/2-e. Powdery Dolomite : Ca2+ = 1:1
(2.5 M solution)
e-1. The Chemical Analysis Data (Fig. 9)

CaO: 1. 50—100 °C +1.84% excess

2.125-225 °C = +0.13% excess

3. 250 °C = —1.35% deficiency

4. 275 °C = +0.62% excess

5. 300 °C = —1.32% deficiency
MgO: 1. 50— 75 °C = —1.35% deficiency

2. 100 °C = —0.64% deficiency

3. 125—175 °C = —1.46% deficiency

4. 200—225 °C = —2.91% deficiency

5. 250—300 °C = —1.73% deficiency

A CaO anomaly is visible by the comparison of chemical compositions
of the “powdery dolomite”: Ca2+ = 2:1 and 1: 1 systems. The 150—300 °C
temperature interval in the Mg2+ : Ca2+ = 2:1 system is characterized
by 0.31—2.43% CaO deficiency in the precipitated crystal phases despite
of the presence of excess Ca2+ in the solution. The MgO loss, however, is some-
what smaller. Calcium deficiency has occurred at 250 °C and 300 °C in the
Mg2+ : Ca2+ = 1:1 system (with the increasing Ca concentration in the solu-
tion). The CaO increase in the other temperature intervals (except for 50—
100 °C and 225 °C) was lower than the CaO values of the “powdery dolomite” :
Ca2+ = 1:2 system, where a continuous calcium increase has been observed.

11/2-f. Powdery Dolomite : Co2+ = 1:2
(2.5 M solution)
f-1. The Chemical Analysis Data (Fig. 9)
CaO: 1 50 °C = +1.06% excess

2. 75—100 °C = +2.55% excess
3.125-200 °C = +1.63% excess
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4. 225°C = +0.13% excess
5. 250 °C = +2.05% excess
6. 275—300 °C = +0.52% excess

MgO: 1. 50—100 °C —1.24% deficiency

2. 125—200 °C = —1.94% deficiency
3. 225 °C = —4.40% deficiency
4. 250 °C = —3.35% deficiency
5.275—300 °C = —1.65% deficiency

The significant differences between the two components CaO and MgO
were observable from 125°C, the maximum MgO deficiency was measured
at 225 °C and 250 °C.

The variations of the MgO—CaO contents are plotted in Fig. 9.

I112-d. Powdery Dolomite : Ca2+ =2 :1 Crystalline Phases
(2.5 M solution)

50°C = D Ca,—Ca2—(Cas—Mg3)?;
75°C = D >» Mg,—Ca,—Ca,—(Cajd)?;
100°C=N > Ca,-Mg,-(Caa);
125°C = D > Ca,—Mgj—(Ca2—Ca3?;
150 °C = D >> Ca3—Caj—Mg2,

175°C = D > Cal-M g2 (Ca2-Ca3?;
200°C = D > (Ca2—Ca8—Mg2?;
225°C = D > Caj—Ca,—(Ca3—Mg,)?;
250 “C= D > Mgz

2715°C = D Mg2—(Ca,—Ca,—Mg,);
300 °C = D >> Ca,—Ca3—(Caj)?.

D = dolomite; Ca, = calcite; Ca2= aragonite; Ca3 = vaterite; Mg2= MgC03-2 H2; Mg, =
= MgCo03

Typical to the system is the presence of calcite at every temperature
level (except for 250 °C). The presence of aragonite and vaterite is in most
cases uncertain (50°, 100°, 125°, 175°, 225°, 300 °C). Basic Mg-carbonate has
been observed at 100°, 125° 175° and 250°, with only weak intensities at
275 °C. At this latter temperature MgCO03 was also present.

11/2-e. Powdery Dolomite : Ca2+ = 1:1 Crystal Phases
(2.5 M solution)

50°C = D > Ca,—Caj-(Mgj)?;
75°C= D > Ca,—Caj-(Cad?;
100°C = D >> Ca,—Mg2—(Ca3?;
125°C = D Ca,—Caj—Mg2

150°C = D > Ca,—Mgj—(Caj—Cad?;
175°C = D > Caj—Ca,-(Caa?;
200°C = D > Ca,—Caj-(Ca3—Mgj)?;
225°C = D > Ca,—Ca,-(Cad?;
250°C = D > Mgj—(Ca,)?;

275°C= D > Mg,

300°C = D > Ca,—Caa—(Ca,)?.

D= dolomite; Ca, — calcite; Ca3= aragonite; Ca, = vaterite; Mg, = MgCO, «2 H,0.
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Calcite (Caj) has developed at every temperature level up to 225 °C, but
there was no independent CaC03phase at 250— 275 °C (except for weak traces
of vaterite). At 300 °C aragonite and vaterite has formed, with uncertain
traces of calcite. Basic Mg-carbonate has crystallized at 250° and 275 °C in
significant quantities. It was subordinate, however, in the other temperature
intervals.

11/2-f. Powdery Dolomite : Ca2+ = 1 :2 Crystal Phases
(2.5 M solution)

50°C = D Cal—Ca2—(Ca3—Mg2?;
75°C = D Cax—Ca*—(Ca3—Mg2);
100 °C = D > Cai—Ca3;

125°C = D > Cai—(Caa—Mg2?;

150 °C = D  Caj—Mg2—(Ca2—Ca3?;
175°C = D > Cai—(Car—Caj)?;

200 °C = D > Cai—(Ca3—Mg2?;
225°C =D Cax—Ca2—(Ca3—Mg2?;
250 °C = D Mg2—(Ca2—Ca3)?;

275 °C = D > Mg2—(Ca3—Ca2;
300°C = D Ca2—Ca3—(Ca,)?.

The distribution of the crystalline phases is essentially similar to the
previous model (Mg : Ca=1:1). The calcite is the dominant accessorial
component, the amount of Mg2 was significant at 250—275 °C.

The chemical, X -ray and microscopic analysis ofthe powdery dolomite -
-f- CaCl2f- HXD system has not supported the “de-dolomitization—re-cal-
citization” theory. The results suggest, that in natural conditions with param-
eters similarto that of the model experiments this process does not take place.

According to the microscopic analysis, there was no significant Ca2+
fixation subsequent to the slight dissolution and the resorption of the dolo-
mite. It is more probable that the “normal” dolomite alters to so-called
“proto-dolomite” (= calcareous dolomite), by the dissolution of that amount
of Mg2+ which exceeds the amount of Ca2+. This proto-dolomite precipitates
on the surface edges of the cation-ordered dolomite rhombohedra (R) in form
of thin films. The major part of Ca2+ is fixated in the epigenetic carbonates
(Cax—Ca2. Among these the Ca2 has had well-developed crystals (Photos:
26, 29).

11/3. “Calcareous Dolomite” -j- Cad, — H2 System

“Calcareous dolomite” (Pilisvérdsvar) has been used as starting material. Its chemical
composition (analysed by Mrs. V. Tolnay):
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Si02 0.19% Si02 0.19%
aiD 8 0.13% AL*03  0.13%
Fe208  0.04% Fejo,  0.04%
FeO 0.06% Kjo 0.04%
Ca0 32.03% N820  0.21%
MgO 20.90% HD 1.42%
K2U 0.04%
N8,0 0.21% 100.55-2.03 = 955908
Hj.0 1.42% ovTede = ~en
co 45.51%

100.55%

After subtraction:

CaO 32.53%

0.580 (atomic quotient)
MgO 21.21%

0.526 (atomic quotient)

FeO 0.06% 0.001 (atomic quotient)
Cco02 46.19%
99.99%

Its stoichiometric composition: Ca0680M g06X%-e0.00iC03.

The chemical data indicate Mg deficiency in the calcareous dolomite.
The experiments have been carried out only with the dolomite : 3 ml 25 M
CaCl2aq) system, which is approximately equal to Ca: Mg=2:1.

11/3-a. The Evaluation of Chemical Analyses of the ““Calcareous
Dolomite™ -f- Ca2+ system (Fig. 10)

Ca0: 50°C = 33.23% = +0.70% excess
75 °C = 32.25% = —0.28% deficiency
100 °C = 33.86% = + 1.33% excess
125 °C = 33.67% = + 1.14% excess
150 °C = 33.80% = + 1.27% excess
175°C = 33.98% = + 1.45% excess
200 °C = 33.52% = —0.99% deficiency
225°C -33.19% = +0.66% excess
250 °C = 34.09% = + 1.56% excess
275 °C = 26.09% = —6.44% deficiency
300 °C = 30.04% = —2.49% deficiency

There was no significant change at 100—175 °C interval, varying CaO values were
observed at 200—225 °C. Marked CaO deficiency was measured at 275 °C and 300 °C.

MgO: 50 °C = 20.30%
75 °C= 21.15%
100 °C = 20.15%

—0.91% deficiency
-0.06% deficiency
—1.06% deficiency

125 °C = 19.99% —1-22% deficiency
150 °C = 19.52% —1.69% deficiency
175 °C = 19.68% —1.53% deficiency

200 °C = 19.39%
225 °C = 19.42%
250 °C = 18.75%
275 °C = 25.21%
300 °C = 18.31%

—1.82% deficiency
-1.79% deficiency
—2.46% deficiency
+4.00% excess (?)
-2.90% deficiency

The CaO—MgO distributions are plotted in Fig. 10.
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The chemical data have proven, that even a Ca2+ rich and Mg2+ de-
pleted dolomite does not tend to “de-dolomitise” or “re-calcitise” by fixa-
tion of Ca2+. Significant, large alterations have undergone between 275—
300 °C, but even in this case the calcareous dolomite (“proto-dolomite”)
approaches the “normal dolomite” composition by Ca2+ loss. The 2.46—2.90%
M g2+ loss at 250° and 300 °C remained in dissolved form, except for a fraction
which has fixated as MgC03+2H2. The -}~4.00% MgO at 275°C should be

considered cautiously since there were only uncertain traces of MgC03+2H30
among the crystalline phases.

11/3-b. “Calcareous Dolomite"’ : Ca2+ System Crystal Phases

50°C = D > Mg,—(Ca")?;
75°C= D > (Ca,—Cad,;

100 °C = D > Mg2—(Ca2—Cad?;
125°C= D > Mgz

150 °C = D > Mg2—Ca2?;
175°C= D Ca,—Ca3 Ca2
200°C = D > Ca,—Mg2—Ca3?;

225 °C = 1) > Mg2—Ca,—Ca2
250°C = 1) > Ca,—Mg2
275°C = 1) > Ca,—Mg,,;
300°C = D > Caj—Mg2

D = dolomite; Ca, = calcite; Ca2= aragonite; Ca3= vaterites; Mg2 = MgC03-2H,0.

The calcareous dolomite — similarly to the powdery dolomite — does
not alter to calcite by metasomatic processes at larger temperatures, though
it is possible that the Ca2+ which has been mobilized by partial or complete
dissolving is fixated in situ in form of carbonated. These epigenetic phases
are mainly composed from calcite, the presence of aragonite and vaterite
is either uncertain or subordinate. Similar role has been played by the
MgC03+«2H2. Based on these facts “re-calcitized” dolomite does exist, but
it is not a product of cation exchange metasomatism, rather asynchronous
precipitation from a multi-phase system.

I1l. Morphogenetic Evaluation of the Crystalline Phases

Due to the extremely small size of the particles (10— 30 microns) optical
microscopy could only rarely used. SEM methods proved to be suitable for
the observation of morphological and structural features, providing sufficient-
ly high magnification. A typical case of such morphological features is
shown on 1—2 photos, about the CaC03(§—Fe2+ system. A similar morpho-
genetic mechanism is shown on the photos of the CaC03§—Mg2+(agj system
— 300 °C (15,000 X magnification).
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The cation exchange of the solid phase—solution system (metasomatism)
is a multiple process. In theory the total amount of the R2+ ions of the solid
phase can he replaced without the dissolution of the “mother-structure”:

Ca2+-"Fe2+
Ca2+"M n 2+
Ca2+—-Mg2+

In cases the possibility of such an exchange is restricted owing to the
differences in ionic radii, bonding forces and stability of the mother structure.
For example, the Ca2+ ions of the calcite can wholly be replaced by Mg2+,
Fe2+ or Mn2+ (Ca2+ = 0.99 A, Mg2+ = 0.66 A or Ca2+ = 0.99 A, Fe2+ =
= 0.74 A), but in reversed direction the cation exchange is restricted:

M gC03(s)}—-Ca2+
CaMg(C03)2—-Ca2+(ag) (in place of Mg2+)

In certain bands (rhombohedral planes) the intensity of the cation
exchange is larger. At the same time other planes of the same belt may remain
intact. The former ones are in fact dislocated, electro-statically unbalanced
lattice-planes, which are arranged along the rhombohedral planes of the
mother-phase. In these cases the resorption and cation exchange phenomena
are concentrated to these bands, or, in case of incoherent lattice defects, to
random points on the crystal plane (rhombohedron). This is resulted in higher
rate of replacement and migration of that cation, which is more suitable for
replacement. Due to the slower rate of fixation of the replacing cation, voids
are starting to be formed in the crystal (rhombohedron). The skeleton crystal
(the initial calcite mother phase) is surrounded by the rhombohedral frame
of the new phase (FeCO03) of a few microns thickness. The voids are then
filled stepwise by the rhombohedra of the new phase (MgC03, FeCO03) in
analogous manner to that of the decrescency theory.

On the first picture a void-rich rhombohedron skeleton of FeCO03 is
shown (19,500 x), which has been formed in closed system in three years
from CaC03(9—Fe2+(ag) =1:2 system at room temperature. In the second
picture an almost completely infilled FeCO03 rhombohedron is seen, formed
from the same system after longer treatment (5 years mmclosed system).
On its surface a—FeOOH +vaterite encrustation has formed.

The picture 3 shows CaCO03 (calcite) rhombohedra, which formed from
CaCO03(s)-f-Mg2+(aq) = 70 : 30 system at 50 °C. The crystallites on the surface
of the rhombohedral planes are of triclinic “barringtonite” (MgCOs « 2H20).

At the same temperature (50 °C), with increased Mg2+ content of the
solution (CaCO03()—Mg2+(@g) = 50 : 50) the formation of MgCOs « 2H20 is
also accelerated. Resorbed, dislocated patches fields are shown on the surface
of a calcite crystal (Photo: 4. 9000x).
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Plate |
. CaC03s\—Fe2+(@p = 1:2; room temperature W !
FeC03 — 19,500 X — 3 years
. CaC03(s)—Fe2+(@p = 1:2; room temperature
FeC03 — 15,000 X — 5 years
. CaC03(s)-M g2+,aq) = 70 : 30; 50 °C
Calcite rhombohedra; 6000 X
. CaC033d-M g2+(ag) = 50 : 50; 50 °C
Calcite + MgC03+ 2 H20; 9000 X
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Plate 11

5. CaC03)-M g2+(g) = 70 : 30; 125 °C
Vuggy calcite rhombohedron, gradually infilling with MgCO03; 3000 X
6. CaC03s)—Mg2 <ap = 30 : 70; 150 °C
MgC03—CaMg(C03)2rhombohedra, 7100 X
7. CaC039—Mg2 ,ag) = 70 :30; 175 °C
Skeleton crystals, vuggy rhombohedra of dolomite, MgC03 +2 H.,0 lamellae; 9000 X
8. CaC03s5)—Mg2 !<ag) = 70 : 30; 200 °C
Dolomite rhombohedra, 27,000 X

Acta Geologica Academiae Scientiarum Hungaricae 24, 1981



DOLOMITIZATION, DE-DOLOMITIZATION

Plate I11

9. CaCOs(s)—Mg2'(aq) = 30 :70; 200 °C

Crystal aggregate composed of MgC03rhombohedra of different sizes; 7200 X
10. CaC088—Mg2 *ag) = 30 : 70; 200 °C

MgCO08rhombohedron, with MgC08 ¢« 2 H20 crystals on its surface; 8600 X
11. CaC0§s)—Mg22iaq) = 30 : 70; 225 °C

MgCO08rhombohedra; 8200 X
12. CaC088—Mg2+@g) = 50 : 40; 275 °C

Vuggy MgCOarhombohedra, with traces of resorption; 8400 X
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A larger unfilled void is seenin the calcite rhombohedron of the CaCO."-
Mg2+(aq) system, treated at 125°C. The definite hands and lamellae on the
lower edge of the crystal are composed of MgCO03 (Photo: 5; 3000 X).

The smaller calcite crystals which have formed at 150 °C from
Ca2+ : Mg2+ = 30 : 70 system, are altered to CaMg(C03)2 and MgCO03. The
larger rnomhohedra (40—50 microns) contains voids, and encrusted partially
by a thin film of MgC03—CaMg(C03)2 (Photo: 6; 7100x).

A dolomite (= “proto-dolomite”) crystal, which formed at 175 °C from
Ca2+ : Mg = 70 : 30 system, is seen in Photo: 7. The crystals, with poorly
developed contours are of epigenetic MgC03+2H20 (barringtonite) though
MgCO03 is also present.

CaMg(C03)2 — dolomite — rhomhohedra have formed with dislocated,
voidy bands in the CaCO039—Mg2+(@gj = 70 : 30 system at 200 °C (Photo:
8; 27,000 X).

The increasing Mg2+ concentration and temperature of the solution
promotes the formation of MgCO03, and hinders that of the CaMg(C03)2-
*MgCO03 with 0.95% CaO impurity has formed in the CaC03(9—Mg2+ =
= 30 : 70 system at 200 °C (Photo: 9; 7200 X).

An MgC03rhombohedral twinintergrowth with epigenetic MgC03 »« 2H2
encrustation is seen in Photo: 10; 8600 X .

MgCO03 rhombohedron with 1.88% CaO impurity has formed in the
CaC03(3—Mg2%aq) = 30 : 70 system, with MgC03+2H2 crystals on its sur-
face (Photo: 11; 8200x).

Vuggy rhombohedral skeleton crystals of MgC03 have been formed in
the Ca2+ : Mg2+ = 50 :50 system at 275 °C (Photo: 12).

A void in a rhombohedron is partially filled by MgCO03; Ca2+ : Mg2+ =
= 50 : 50 system, 275°C (Photo: 13; 19,000X). Euhedral, well-preserved
M gC03hombohedra of the same system are seen in Photo 14).

A rhombohedral shaped void, consisting of MgCO03 skeletal rhombo-
hedra and exhibiting small scale resorption is seen in Photo: 15; 15,000x).

The rhombohedral dislocation planes of the dolomite became vuggy and
lamellar due to partial dissolving (powdery dolomite -(- Mg2%aq) = 70 : 30
system, 50 °C). MgC03*2H2 aggregates are found on the surface of the
lamellae. At increased temperatures the (hOhl) planes are loosening, the dolo-
mite becomes more and more lamellar by partial dissolving of the dislocated
lattice planes. The formation of MgC03-2H20 -j- MgCO03is also increasing,
though these are still epigenetic precipitations, independent from the dolomite
(Photo: 16; 7200x).

Only slight changes are seen in temperature and Mg2+ ion concentration
of the solution is increased. Dolomite Mg2+ = 50 : 50 system, 100 °C.
(Photo: 17; 7200x) (See also Photos: 16 and 18.)
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Plate IV

13. CaC038—Mg2+(@p = 50 : 50; 275 °C
Vuggy MgCO03rhombohedron with step-like infilling; 19,000 X

14. CaCO,(§—Mg2+(ag) = 50 : 50; 275 °C
Intact MgCO08rhombohedron; 7500 X

15. CaCO(8—Mg2+(@q) = 30 : 70; 275 °C
A void in a MgC08rhombohedron, with well visible gradual infilling. Resorption marks
are seen on the MgC08polyhedra; 15,000 X

16. Powdery dolomite —Mg!+(aq) = 70 : 30; 50 °C
The alteration starts on the dislocated planes of the dolomite rhombohedron, the crystal
becomes lamellar; 7200 X

Acta Geologica Academias Scientiarum Hungaricae 24, 1981



206

KISS, J.

Plate ¥

17. Powdery dolomite —Mg2 (a> = 50 :50; 100 °C
Similar to picture 16; 7200 X

18. Powdery dolomite —Mg2 (ag> = 50 :50; 125 °C
Similar to pictures 16—17; 7200 X

19. Powdery dolomite —Mg2 (aq) = 30 :70; 175 °C
Dolomite -f- MgC03rhombohedra; 9800 X

20. Powdery dolomite —Mg2 (ag) = 30 :70; 175 °C
Dolomite MgCO03rhombohedra; 16,100 X
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Plate VI

Powdery dolomite —Mg" 1(a4, = 70 : 30; 225 °C

MgCO03rhorabohedra, with resorbed surfaces; 9000 X

Powdery dolomite —Mg" Hag) = 70 : 30; 225 °C

Cellular crystallites of MgC03 « 2 H,,0 on the surface of a MgC03 rhombohedron; 30,000 X
MgC03(sy—Ca2' (ag, = 1:2; 250 °C

Calcitc-aragonite aggregates on the surface of magnesite (1.0 M Ca-+ solution); 4800 X
MgCO03@)-Ca(ay) =1:2; 250°C

Cellular lamellae of MgC03+ 2 H,0. The system contains calcite and aragonite too; 30,000 X
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Plate ¥
MgCO03(s)-Ca2+(@j = 2:1;50°C
(2.5 M solution)
Aragonite and vaterite aggregates on the surface of a magnesite cleavage rhombohedra
150 X
MgCO03(s)—Ca2+(ag) = 1 :2; 50 °C
(2.5 M solution)
Aragonite; 573 X
MgCO08(s)—Ca2+(@q) = 1: 2; 125°C
Epigenetic dolomite perigrowth on the edge of a magnesite rhombohedron (2.5M solution)
157 X
MgCOs(s)-C a2+(@g) = 2 : 1; 175 °C
Epigenetic overgrowth on the surface of magnesite with calcite and aragonite precipita-

tions. (2.5 M solution). 157 X
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The temperature level of the dolomite stability is 17/5°c. The crystals
of the powdery dolomite are rearranging to well-formed MgC03 dolomite
rhombohedra by replacement of Ca2+ by Mg2+. Dolomite + Mg2Hhaq) —
= 30:70 system, 17/5°Cc (Photo: 19; 9800X). The same rhombohedra are
seen with larger magnification in Photo Z); 16,100x.

MgCO03 crystals with 0.75% cao content have formed from the dolo-
mite + Mg2+(aqg) = 10 wsystem at 225°C, with marks ofresorption on their
surface (Photo: 21; 9000X). Epigenetic MgCO03-2H20 crystallites are seen
on the surface ofthe previously mentioned rhombohedra (Photo: 22; 30,GDX).

The “re-calcitization” experimental systems consisted of independent
separate phases. Mostly dissolution was observed, recrystallization by cation
exchange has not been found. Calcite aggregates and aragonite lamellae, which
have been formed on the surface of a MgC03 (magnesite) rhombohedra
(MgCO03() + Ca2+(ag) = 1:2) are seen on Photo: 23; 4800X. Material from
MgCO03Q9 f- Ca2+(ag) = 1:2 system at 250 °C is seen in the next picture.
The thin cellular forms are composed of MgCO, «2ELO 4. calcite 4- aragonite
(Photo: 24; 30,000x).

For the investigation of morphological variations in the “de-dolomitiza-
tion—e-calcitization” systems normal optical microscopy has been used.
Though smaller magnifications were obtained, the morphogenetic features
were still well seen.

Intact magnesite cleavage rhombohedron from MgC039 — Ca2+(aqj =
= 2:1 system at 50 °C. The aggregates on its surface are composed of a mix-
ture of aragonite and vaterite (Photo: 25; 150x). At the same temperature,
in the Mg2+ : Ca2+ = 1:2 system CaCO03 (aragonite) crystals were formed,
completely isolated from the magnesite “mother-phase” which is seemed
to he intact. The [C03]2~ which has been mobilized from the magnesite planes,
promoted the formation of aragonite. Since the treated mother phase has
contained 0.80% CI after several washings, it is possible, that chlorine can
he fixated in the lattice, though this hypothesis had been questioned by a few
authors. The aragonite is seen in Photo: 26; (573 X).

A magnesite rhombohedron (MgCO03() -f- Ca2+(aqj = 1:2, 125°C) is
seen in the next picture, with clean dolomite overgrowth of somewhat higher
birefringence (proto-dolomite) (Photo: 27; 157X).

Solid phase rearrangement similar to that of between Mg2+ solutions
and calcite, dolomite structures, was not observed even at larger temperatures.
Possibly the size if Ca2+ ions are too large to replace the partially mobilized
Mg2+. It is rather crystallizes as separate epigenetic phase, independent from
the mother-phase. Magnesite rhombohedron with perimorphous overgrowth,
separate epigenetic crystalline phases (aragonite -f- calcite) from the M gCO03(s)-(-
+ Ca2+(@aq) =2 :1 system at 175 °C is seen on Photo 28. At the same tem-
perature the Mg : Ca= 1: 1 system shows similar features, the CaO content
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Plate VIII
29. MgCO03(g—Ca2+(@g) = 1:1; 175 °C
Fibrous aragonite crystals on the surface of a magnesite crystal (2.5 M solution). 246 X
30. MgCO03(8—Ca2+,a0) = 1:1; 200 °C
Dolomite perigrowth on a magnesite rhombohedron, with overgrown aragonite (2.5 M
solution); 157 X
31. MgC03s)—Ca2™@am= 1:1; 275 °C
Epigenetic crystal aggregate of MgC03+ dolomite + aragonite, with magnesite (?) —
dolomite (?) rhombohedron inclusion (2.5 M solution); 275 X
32. MgCO03(s)—Ca2+(ag, = 2 : 1; 300 sC
Epigenetic MgC03rhombohedron on the magnesite “motherphase”. 250 X (2.5 M solution)
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of the crystalline phase is proportional to the Mg/Ca ratio of the total system.
Though +4.73% CaO excess was measured in the 2 : 1 system, it has been
almost doubled in the 1:1 system (+8.29% CaO), which has been crystal-
lized in epigenetic calcite and aragonite. Aragonite and calcite aggregates are
seen on the surface of a magnesite rhombohedron (Photo: 29; 246 X).

A similar pattern is seen in the next photo, where a magnesite crystal
is surrounded by dolomite overgrowth, with aragonite aggregates on its sur-
face. MgCO03() — Ca23(ag) = 1:1; 200°C. (Photo: 30; 157X)

A mosaic-like aragonite + MgC03+ dolomite aggregate, with a MgCO —
— (?) — CaMg(C032 — (?) crystal is seen in Photo 32. (Mg : Ca= 1:1,;
275 °C.) It was initially dissolved, and crystallized after cooling (275 X).

Clean epigenetic MgC03 rhombohedron was formed from the initial
magnesite phase at 300 °C. A part of the Ca2+ content of the solution was
stabilized in form of calcite + aragonite structures, the latter are not visible
in the photo (Photo: 32).

In the powdery dolomite + Ca2+(aq) system a similar phenomenon to
that of MgC039 + Ca2+(agj system was observed. The Mg2+ positions can
be restrictedly removed from the lattice, mainly controlled by the dislocation
fields.

Powdery dolomite — Caz+(aq) = 1 :2 system, 150 °C: fresh, unaltered
dolomite rhombohedra along with epigenetic calcite, MgCO03 «2H20, arago-
nite-vaterite (?) aggregates (Photo: 33; 275x).

Well visible epigenetic overgrowth of calcite, aragonite, vaterite (?) is
seen on the surface of dolomite rhombohedra. The presence of MgC03 «2H2
was proven by XRD analysis. Powdery dolomite — Ca2+(@agj=1:1 system,
(Photos: 34, 35). (The first photo illustrates the material treated at 175 °C
the second one at 200 °C.)

The last photo provides further evidence against the solid phase re-
crystallization of magnesite-dolomite by cation exchange. As far as Ca2+
replacement is concerned, “de-dolomitization” or “re-calcitization” does not
take place. The dolomite “mother-phase” is sharply separated from the cal-
cite-aragonite-vaterite overgrowth on the photo (Photo: 36).

The geological and mineralogical interpretation of the results are sum-
marized as follows:

1. CaC03—calcite (limestone)—Mg2+ fixation = dolomite
= dolomitization

2. CaCOg—calcite (limestone)—Mg2+ fixation = magnesite
= magnesitization
3. CaMg(C032—dolomite—Mg2+ fixation = magnesite

= magnesitization
= de-dolomitization
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36.

KISS, J.

Plate 1X
Powdery dolomite —Ca2 (aq) =1:2; 150 °C
Dolomite rhombohedra with epigenetic MgC03+ 2 H20 — calcite (— aragonite —vaterite)
precipitations; (2.5 M solution); 275 X
Powdery dolomite +Ca2+a4) =1:1; 175°C
Calcite—aragonite—vaterite (?) aggregates on dolomite (2.5 M solution); 275 X
Powdery dolomite +Ca2+(@y) =1:1; 200 °C
Similar to picture 34. (2.5 M solution); 275 X
Powdery dolomite + Ca2+(g) =1:1; 300 °C
Epigenetic frame of calcite — vaterite — aragonite surrounding a dolomite rhombohedron
(2.5 M solution); 275 X
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4. CaMg(C03)2—dolomite—Ca2+ fixation highly restricted due to lat-
tice structure = no de-dolo-
mitization or recalcitization

5. MgC03—magnesite— Ca2+ fixation
highly restricted due to lat-
tice structure = no “de-mag-
nesitization” or “re-calcitiza-
tion”

6. MgC03—magnesite— Ca2+ fixation highly restricted due to lat-
tice structure = no “de-mag-
nesitization” or“ re-calcitiza-
tion

The de-dolomitization term can be applied only on those processes, which
can be described by the dolomite : Mg2+ system, in which the dolomite may
alter to magnesite owing to the effect of Mg-rich solutions (de-dolomitization:
stratiform magnesite deposits). This process, however, is irreversible in theory.
The Ca fixation of the dolomite is of very small scale, the dolomitization is
practically an irreversible process [i.e. CaMg(C032—<-CaC03], the dolomite can
not re-calcitize, de-dolomitize upon the effects of Ca-rich solutions. Therefore,
the “de-dolomitization” term is valid only for “dolomite-Mg2+” systems, and
can not be used in “dolomite-Ca solution” systems. The calcite components
in a dolomite sequence are epigenetic precipitations from solutions, and not
crystallized products of a replacement process in the dolomite, in which the
Mg would replace the Ca.
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O MPOLIECCAX AONOMUTUSALUNN, «AEAONTOMUTUSALNW»,
«MEPEKANMBUNTU3ALNWY», TTIPONCXOAALWLNX B TMAPOTEPMAJIbHbIX
YCNOBUNAX

A, Kuw w

Pesome

MeTacomaTMUecKUM MNpoLeccam M3BECTKOBbIX MOPOJ MOCBsILLEHa o6LIMpHas nuTepaTypa.
JKCMepYMEHTbI MO MOAENSAM, MPOBefeHHble B /1a60PaTOPHbIX YC/IOBUSAX B TeUeHWe MOCNefHUX
[ecATUNeTWi, NPoNUBaNN CBET Ha Psf 3NM3040B U MOMEHTOB MpeobpazoBaHusi (KanbLMTOBOM
peLLeTKMN B JO/IOMUTOBYIO, B PELLETKN U T. 4.). [pY 3TOM MOXHO BCTPETUTHLCS C HEKOTOPbIMU MpPo-
TMBOPEUVBLIMU 1 TPeBYHOLMMU MPOBEAEHUST faNbHeALLINX UCCeA0BaHUNA, (DAKTUYECKUMMN AaH-
HbIMK, KacarLwwmnmmncs 06pasoBaHMs SOIOMUTOBOM peLLeTKN («AefonoMUTM3aLmMS»). B HacTosLLee
BPEMSsi a-Mpuopu MNe «MepBUYHOE CUHIEHETUYECKOe» 06pa3oBaHMe JONIOMUTOB B «HOPMa/IbHbIX»
YCNOBUAX 0CaJKOHAKOM/IEHNSI BCe eLle SBMSETCA HepelleHHbIM BOMPOcoM. [10MoMUTbI paiioHoB
Tvna «Wwabka» TakXe SIBAAOTCS 3NUIeHHbIMU 06pa3oBaHNsMU MO Ka/uuTy, a A00MUTbI, 06Ha-
pY>XVBaeMble B COBPEMEHHbIX U3BECTKOBUCTbIX U1ax BonbLuoii BeHrepcKon HU3MEHHOCTH, TakxXe
He 0[JHOBO3PAaCTHbI C Ka/lbLTOM.

NabopaTopHbIe 3KCMEPUMEHTbI MO MOAENSIM NOMbITA/INCL MOAOATU K PeLLEHNI0 NPo6/embl,
chopMyIMPOBaHHOL B3arnaBuu, NyTemM U3yveHUs «cUCTeMbl TBepAas hasa: pactBop = CaCoO.,(sy
MgCl2(ag). OueHMBaKOTC XUMUYECKME U KPUCTAIIOXMMUYECKME XapaKTEPUCTUKN (Da3oBbIX
npeo6pasoBaHunii, NpUY4eM 13 U3NKO-XMMUYECKMX NapamMeTPOB NpoLiecca aHaIM3nmpyTcs Npex-
[ie BCEro BMSIHWE U POJib TeMrepaTypbl. DKCMEPUMEHTbI GbLIN NPOBeJeHbI B 3aKPbLITO cucTeMe
— aBTOK/aBe. XMMMWUYECKNE W3MEHEHWUSI WM KPUCTA/IOXMMUYECKME, @ TaKXe PeHTreHOBCKO-
AnhpaKTOMETPMYECKME [aHHble 06pa3oBaBLUMXCA KPUCTa/I/IMYECKUX (ha3 00600LIeHbI B Buae
Tabnuy, OTHOCWUTENbHbIE M3MEHEHUSI M30TOMOB 60 U ac B (pazax, MOMYYEHHbIX B YCNOBUAX pea-
JINYHBIX TeMMepaTyp, 3acnyXnBaT 0co60ro BHUMAHWS.

VI3yyeHbl Gblnv cnefytoline 6UHapPHbIe CUCTEMbI:

a) CaCo3 (kanbuuTt): MgClAag)

6) CaMg(C03)2 (nbinmcTbliA gonomuT): MgClaq)

T° = 50, 75, 100, 125, 150, 200, 225, 250, 300, 350 °C.
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KoHueHTpauma marHus B pactBope bblia nogobpaHa, Tak, YTobbl COOTHOLLIEHUS C Kalb-
Lumem TBepaon asbl 6bim bl cnegytowme: Ca : Mg = 70 : 30; 50 : 50; 30 : 70.

OnucbiBaeTcA 06pasoBaHMe JonoMuTa (MPOTOA0/0OMUTA) U MarHe3uT-6appUHITOHMTA
(«monomMuTU3aLMS», «MarHe3UTU3aLUs») B YCI0BUAX BbILUEN3/0XKEHHO GUHAPHONR CUCTEMBI.

Mo3nuun Ca2+ KanbLMTOBOM PELLETKN MOTYT 6bITb NOSIHOCTLIO 3aMeLLeHbl. Pa3bl BblIn He-
CTOMXNOMETPUYECKUMMN, 6ONbLUE/ YacTbiO JIMLLEHHBIMW @HWMOHAa WU CTpajalowmmMy SenumTom
ero. B cucteme CaC03(s):MgCl2ag) onTumanbHas TemnepaTypa 06pa3oBaHMsA 40/10MMTa cocTaBnsna
175°C, BblLLIe 3TOM TemnepaTypbl 60/bLUe YacTblo 06pasoBasiocb MgCO03 (MarHeanToBas peLleT-
Ka). 3amelleHnto nosnuymnii Ca2+ (NbIAUCTOr0) A0NOMUTA CMOCOGCTBYHOT CUMNbHO pas3baBfieHHble
pacTBOpbI KOHUeHTpaTa Mg, 6oratbie MarHMeM pacTBOPbI BbI3bIBa/IM NPOTUBOMOMN0XHbI 3GEKT,
npuyemM Mo KpaviHe Mepe 30% OT 06LLEro KONNYeCTBa J0IOMUTA NPeBpaLLaeTca B MarHesmT. B
CYLLLHOCTU MeXaHW3M «Aef0N10MUTM3aLMNY BblpaXaeTcs Npeobpa3oBaHMEM 40/IOMUTA B MarHesuT.

B) MgCO.,(s) — marHe3uT: CaCl2);

r) CaMg(C032 — nbinuctblii gonomuT: CaCl2(ag).

6 Temnepatypa W KOHLEHTpauum pacTBOPOB ObIIN aHa/lorMYHbl 6GUHAPHbLIM CUCTEMaM

aueé.

Cuctema MgCO03(s): CaClag) cocTosina U3 a3 KanbLuunTa, aparoHuTa, BaTepuTa, fonomMmnTa
N TPUKINHANBHOTO 6appuUHITOHUTa. Konm4yecTBEHHOE NPUCYTCTBUE 3TUX (ha3 M ynopsjouyeH-
HOCTb KPUCTaN/IMyecKnx (a3 06ycnoBANBAIOTCA TEMMEPATYpoil («nepekasibLmMTm3aLma»?).

N3yueHmne cuctembl CaMg(C03)2: CaCl2aq) noTpe6oBasio cneanTb 3a NPOLLECCOM «Aef0s10-
MUTM3aLUSI-MepeKanbLMTU3ALMSA», TOYHEE 32 MEXaHU3MOM MepecTPOMKN KPUCTa/IMYecKnx pe-
weToK. Hamun Habnoganock obpasoBaHme KanbuuTa; aparoHuTa, sateputa (?), MgC03+2HD un
MgCO03 B KO/IMYeCcTBe OFpaHNYEHHOM B 3aBMCUMOCTWU OT TemnepaTypbl U KOHUeHTpauun Ca2+ B
pacTBope, HO 3TV MUHepasibHble (hasbl POPMUPOBAIUCL HE B pesy/ibTaTe NepecTPoOiiKy J0NOMUTO-
BOW peLUeTKU (HanpvmMep NyTem 3aMeLleHUs MarHus Kanbluem), a BblAeNsanncb U3 pactsopa u
ocaXjasncb Ha MOBEPXHOCTU HeHapyLUeHHbIX POM6034POB AO/IOMUTA.

B nprpogHbIX yCNOBUAX — NPY MOHUXEHHOW TeMrnepaType — nepecTpoika JonommuTa B
KanbUUT («AeA0N0MUTM3ALUMSI») BPSAL 1M MOXET NMPOU30ATM B YC/IOBUSIX NOBbILLEHHON Temmnepa-
TYPbl BO3MOXHOCTb 3TOr0 OrpaHuyeHa gaxe no KpUcTanioXMMNUYECKUM NPUYMHAM.
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SYNCHISITE-(Nd) FROM GREBNIK BAUXITE DEPOSIT

By
Z. Maksimovii Gy. Panto
GEOCHEMICAL LABORATORY, FACULTY LABORATORY FOR GEOCHEMICAL
OF MINING AND GEOLOGY, UNIV. RESEARCH, HUNG. ACAD.
OF BELGRADE, BELGRADE SCIl. BUDAPEST

Electron probe analysis of a bauxite sample with the highest content of the
rare earth elements from Grebnik bauxite deposit revealed the presence of synchisite-
(Nd), a mineral of the bastnaesite group. The first analysis of this mineral is presented
and the genesis discussed.

Introduction

The geochemical study of the Mediterranean karstic bauxites revealed
the concentration of many trace elements (Ni, Co, Cu, Mn, Mo, Y, La—Lu,
Pg, Zn, Hg) at the bottom of the deposits and in the contact with the foot wall
limestone. The enrichment “per descensum” of these elements is considered as
contemporaneous with removal of silica, i.e. with the bauxitization process in
a karstic environment (Maksimovi<g 1976).

The concentration of the rare earth elements (REE) was observed in
Grebnik bauxite deposit, Yugoslavia. In this deposit neodimium was con-
centrated the most in bauxite sample G.12 just above the foot wall limestone
(MAKSiMOViti and Roaldset, 1976). The study by electron probe analysis of
the G.12 bauxite sample is presented in this paper.

Analytical method

The study of minerals of the REE in bauxite samples was carried out
by means of the JEOL JXA-5 electron probe at an accelerating voltage of
25 kV.Y, La, Pr, and some lanthanide elements having even atomic numbers
(Ce, Nd, Sm, Gd, Dy, Er, Yb) were determined. Generally the La lines were
selected for measurements, except for Pr, for which LR was used. In the case
of Gd (Loc) an intensity correction method was applied, because of the dis-
turbing position of La (Ly 2) and Ce (Ly 1) lines. The pure metal REE standards
were used, supplied by Pierce Inorganics, Rotterdam. The ZAF correction
was done according to the correction program given by Duncomb and Jones
(1969).
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Results and discussion

The major constituents of the Grebnik deposit are diaspore and hematite.
The section through the deposit and the concentrations of the lanthanides
along the vertical profile were given by Maksimovic and Roaldset (1976).
The highest content of total lanthanides (27 Ln) was found in the lowermost
part of the deposit, in sample G.12 with 27Ln = 4262 ppm. Neodimium,
with 1107 ppm, was the most concentrated REE in this sample. It indicated
the presence of a Nd-rich mineral of the REE.

In order to determine the Nd mineral, all samples of bauxites collected
along the vertical profile were studied by electron probe. However, only in

Fig. 1. Synchisite-(Nd) in diasporic bauxite from Grebnik, sample G.12. Electron pictures:
a) and ¢) 6 mm = 33 /im; b) X-ray picture of picture a): NdLa; d): X-ray picture of picture
c): Nd La
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sample G.12, above the foot wall limestone, a Nd-rich mineral ofthe bastnaesite
group was discovered using a combination of back-scattered electron images
and searching by the characteristic wave length of the lanthanides, particularly
of neodimium (Maksimovidand Panto, 1978).

Nd-rich bastnaesite generally occurs between oolites as secondary space
fillings and micropore fillings in the cement (Figs 1 and 2). Patches of this
mineral are often composed of very fine micropore fillings, less than 1 pm in
diameter, showing no sharp boundaries.

The electron probe analysis of the Nd-rich mineral was made on three
homogeneous space fillings of the diameter of about 30x30 pm. Two of these
three grains are shown in Figs 2 and 3. The average analysis of the three
measurements is given in Table 1.

Fig. 2. Synchisite-(Nd) in sample G.12. Electron picture: a) 6 mm 8.3 (im; X-ray picture
of picture a): b) NdLo; c) CelLa; d) Lala
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Table 1
Analysis of rs%rétr:g’i)sri(g%—él\l(% by electron Mol. ratios Ngrr]n?ﬁg %fa;‘i)sns
of 6 (0)
La20 3 155 0.0476 0.29
Ce 3 2.4 0.0073 0.04
Pr203 4.4 0.0133 0.09
Ndjo3 19.0 0.0565 0.36
Sm2 3 3.6 0.0103 0.06
Gd20 3 25 0.0069 0.04
Dy20 3 14 0.0037 0.02
y 203 3.8 0.0168 0.10
Cao 18.2 0.3245 1.05
F 6.1 0.3210 1.04
Total 76.9
Less 0 for F -2.5
74.4
coz* 25.6 0.5818 1.90
100.0

* C02was added to 100.0% of the total
Calculated formula:
Cal*05(-"<1*36-1-'a *297"*107>*0971M*06"'e *04~'€C 0470 Y '02)1'00("HO 3)1*90"11*04

According to the calculated formula (Table 1) the analyzed mineral is a
Nd-rich member ofthe bastnaesite group,which corresponds to synchisite-(Nd).
The calculated formula is close to the ideal formula of synchisite, Ca(Ce, La)
(C032F, but with neodimium as the most abundant REE.

The X-ray diffraction study of the G.12 bauxite sample was not suc-
cessful in detecting the reflections of the synchisite-(Nd) even after using
various separation techniques.

Synchisite-(Nd) was first discovered by Vorma et al. (1966), in Pydrdn-
maa pegmatite in SW Finland by X-ray diffraction and by qualitative tests.
The analysis presented in Table 1 is the first analysis of this mineral. The
Y -rich member, synchisite-(Y) also was described in the literature (Fleischer,
1975, 1978).

The recent geological and mineralogical study of the bauxite-bearing
area in the Grebnik Mountain revealed the presence of relics of the Cretaceous
weathering crust on ultramafic rocks, and on the rocks of diabase-chert forma-
tion, built up mostly of shale. The weathered shale and diabase were the sources
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of alumina, yttrium and lanthanides (Maksimovkl, 1980). In the red, kaolinié
clay from the weathering crust on shale, the total lanthanides in the form of
adsorbed ions amounts 45.7% of the total. It indicates that yttrium and
lanthanides were transported from the weathered shale and diabase into
adjacent karstic depression partly as adsorbed ions on clay particles. During
the bauxitization process they were readily removed per descensum and con-
centrated above the foot wall limestone, which acted as an effective geo-
chemical barrier for descending solutions.

Conclusion

The first data on the chemical composition of synchisite-(Nd) were
obtained by electron probe analysis. The calculated formula is close to the
ideal synchisite, Ca (Ce, La) (C03)2F, but with neodimium as predominant rare
earth element.

Synchisite-(Nd) occurs in the lowermost part of the Grebnik karstic
bauxite deposit. It has been formed during the bauxitization of the red,
kaolinié clays, which were washed down into a karstic depression from the
Cretaceous weathering crust on shale and diabase.
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(NdJ-CUHXU3UT N3 BOKCUTOBOIO MECTOPOXAEHUSA TPEEHUK
(OrOCNABUA)

3. MAKCMOBWY-[b. MAHTO

Pesome

ViccnefoBaHme 3eKTPOHHBLIM MUKPO30HAOM 06pasiia 60KCMTa Hau-BbITLLIErO COAepXXaHUs
P33 13 MecTopoxaeHnss TpeGHUK BbISBUIO MpuUcycTBUE B Hem (LU)-CMHXM3UTA, MUHepana
U3 rpynnbl 6acTHe3nTa. PUBOAMTCS MepBblii aHanM3 3TOr0 MuHepana W 06CYXAaeTcsi ero
NPOUCXOXAEHNME.
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FORMATION OF BAUXITE FROM KHONDALITE
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The authors report the alteration of sillimanite to bauxite during normal courey
of weathering. Gibbsite is the product of alteration. Replacement of sillimanite b.e
gibbsite, or a mixture of goethite and gibbsite or rarely by goethite is also reported

Bauxite deposits are found to occur in workable quantities in Anantagiri
Hill Region, 80 km away from Visakhapatnam Port (17°42'30" N, B3*~YQO™
E) situated on the East Coast of India. The host rocks for these bauxite
occurrences are high grade metamorphic rocks, the garnet-sillimanite gneisses
otherwise called as Khondalites. During the course of systematic investiga-
tions on the genesis and geochemistry of these bauxite deposits, a number of
microsections of these rocks showing various stages of bauxitization have
been examined. The samples for these investigations were collected from differ-
ent places and from different depths. In the fresh unaltered host rocks, feldspar
is the dominant mineral followed by sillimanite which is the only member
of the aluminous silicate Polymorphic group present. The individual crystals
of sillimanite are prismatic, elongated and sometimes needle-shaped, with
a cleavage parallel to (010). These are usually found in association with garnets
and sometimes as inclusions in them. Fibrolitic sillimanite with rhombic shape
is found as scattered concentrations. The crystals have cracks perpendicular
to cleavage directions. Most of the grains are optically positive; but, however,
optically negative crystals are not uncommon. Extinction is usually straight
but sometimes inclined. It has an optical axial angle around 27° with values
of « and y 1.66 and 1.68, respectively.

Alteration

The mineral, sillimanite shows initial stages of alteration after major
portions of feldspars and garnet are subjected to alteration. In rare cases, its
alteration is almost simultaneous with that of garnet, the smaller grainsize
of the mineral in this case perhaps facilitating this earlier alteration. The proc-
ess of alteration proceeds along periphery as well as along cracks (Fig. 1),
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Fig. 1. Sillimanite (SIL) altering to gibbsite (GIB) along cracks and periphery. Plane light, X 40

colourless and sometimes ferruginous solutions bringing about the alteration.
The cleavage directions have not been preferred by the solutions bringing
about alteration. Complete alteration of sillimanite is a rare feature.

Product of Alteration

The alteration product derived from sillimanite is one or more of the
following: a) some isotropic material; b) fine-grained gibbsite; ¢) mixture of
goethite and gibbsite; d) clay mineral. The isotropic material can be sub-
microscopic-aluminium hydroxide or halloysite. The X-ray diffraction study
of these samples has not proved the presence of halloysite. Moreover, a gradual
conversion of this isotropic material to fine-grained gibbsite has been noticed
(Fig. 2). Therefore, the isotropic material is believed to be submicroscopic
aluminium hydroxide.

The fine-grained gibbsite derived from sillimanite shows wavy extinc-
tion. In advanced stages of alteration, small relicts of irregular grains of silli-
manite are found embedded in fine-grained gibbsite. These relicts are usually
in optical continuity (Fig. 3). In some cases, the matrix of these relict grains
is goethite which is a result of alteration by ferruginous solutions.
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Fig. 2. Transformation of Isotropic material (IS) to gibbsite (GIB) (Sillimanite alteration).
Crossed Nicols, XIO

Fig. 3. Detached pieces of sillimanite (SIL) with optical continuity. Crossed Nicols, x40
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Fig. 4. Pseudomorph of gibbsite (GIB) and goethite (GOE) after sillimanite. Crossed Nicols, X 50

Replacement of Sillimanite

During the advanced stage of bauxitization when solution activity domi-
nates over decomposition and disintegration, relict sillimanite as well as the
products of sillimanite alteration are subjected to replacement by ferruginous
as well as by aluminous solutions, with the result that assemblages of gibbsite
and goethite are pseudomorphous after sillimanite with the general shape
of the grain well-preserved (Fig. 4). During this stage, replacement of relict
sillimanite is more prominent than alteration of individual sillimanite. During
such replacement, in some cases, the sillimanite relicts have suffered some
movement from their original positions as shown by their haphazard dis-
tribution in gibbsite and goethite matrix.

Discussion

The mineral, sillimanite is usually highly resistant to weathering. How-
ever, in the present area, it is found to be altering and in a few rocks examined
even completely [1, 2]. The alteration is believed to have been brought about
by a process of hydrolysis, and it may be represented by the following equation:

2 Al2Si05+ 10 H20 — 4 AI(OH)3+ 2 H4Si04

The reacting solutions in the form of circulating waters passing through
the cracks of sillimanite have brought about this alteration (Fig. 5). Some-
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Fig. 5. Alteration of sillimanite along cracks. Plane light, x 10

times, the initial product of alteration is submicroscopic aluminium hydroxide
which shows definite indications of transition to fine-grained crystalline
gibbsite. There are instances where the submicroscopic aluminium hydroxide
is absent and the mineral sillimanite seems to have directly given rise to crys-
talline gibbsite during alteration. It is possible that in such cases, the inter-
mediary aluminium hydroxide was completely converted to crystalline gibb-
site. In this connection, the observation made by Fields and Swindale
(1954) that all the primary minerals must pass through the amorphous stage
in a transition to secondary crystalline material is worthy to note.

The reacting solutions break up the Si—O0 tetrahedra of sillimanite
structure and leach away the silica that is dissolved in the reacting solutions
thereby leaving aluminium hydroxide concentrate in the residue as a colloidal
precipitate which gradually is converted to a crystalline state. Under poor
drainage conditions, the released silicic acid may react with aluminium
hydroxide to form kaolinite, whereas good drainage conditions facilitate the
formation of gibbsite, by removing silicic acid rapidly from the site. If alter-
ation has been brought about by ferruginous solutions, secondary gibbsite and
secondary goethite are formed as layers around a sillimanite core. The well-
preserved shapes of altered sillimanite grains indicate that during alteration,
the shapes of the material grains were not obliterated. Alteration has pro-
ceeded along the cracks which are the stress planes but not along the more
compact cleavage planes.
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In addition to the normal process of bauxitization by hydrolysis, silli-
manite is found to have undergone replacement also mostly by gibbsite or
by a mixture of goethite and gibbsite and rarely by goethite. Such type of
replacement is noticed only in the advanced stages of weathering. Absence
of this type of replacement in the initial stages is believed to be due to the
fact that at this stage, the waters are charged more with reacting constituents
than with replacing constituents.

Both the altered portion and the unaltered core of the sillimanite grain
are found to have undergone replacement, the former to a better degree in
which replacement is nothing but replacement of earlier formed gibbsite or
goethite or both. A mere exchange of material takes place under quiet condi-
tions as a result of which well-crystallized gibbsite is found in the place of
microcrystalline gibbsite or goethite formed from sillimanite during alteration.
In the case of unaltered core, the aluminium hydroxide-rich solutions, on
coming in contact with the unaltered mineral surface disengage the cation
Ap+ from its structure, which goes into solution immediately. Silica must
have been released evidently not in the form of Si—-0 tetrahedra but as silicic
acid, as otherwise the Si—O tetrahedra would have been available for the
formation of hydrated silicates. Simultaneous with the release of cation, Al3+
and leaching of silicic acid, aluminium hydroxide already present in the solu-
tion might have been emplaced in the form of well-developed crystals of
gibbsite. The solutions are still rich in aluminium hydroxide, since fresh cation
of AI3+ released from sillimanite structure has been added to the solutions.
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OBPA3OBAHWME BOKCUTOB N3 XOHAOJ/IUTA

H. BEEPPAAXY, C. BOPPECBAPA, PAO

Pesome

PaccmaTprBaeTcsl npeobpasoBaHuie XOHAONMTA (CUANMMaHMTA) B 6OKCUTLI B MpoLecce
HOPMa/IbHOTO BbIBETPUBAHUA. TMGGCUT SIBNSETCS MPOAYKTOM NpeBpalleHnsi. Kpome Toro, aBTo-
pbl 06pALLAOT BHYMaHME Ha 3aMeLLLEHNECUNIMMAHUTArn66CUTOM WM CMECIO FETUTa U TMb6euTa
UNn Xe, pexke, réTUTOM.
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The principal géomorphologie types of the accumulation zones of more or less
bauxitized sediments in the Sierra Guaso and in the Sierra de Caujeri are: karstic
depressions, tectonically controlled depressions, and mesetas. The chemical and minera-
logical composition of 31 samples is presented in tables and figures. The Sierra Guaso
area is characterized by the predominance of gibbsite as alumina bearing mineral
accompanied by boehmite, while the Sierra de Caujeri by the exclusive enrichment of
hoehmite. A secondary enrichment of iron in the Sierra Guaso samples has been estab-
lished. The possible source rocks (green schists, volcanites etc.) and the theorically
possible phases of the complex geochemical process of allitization and bauxitization
are discussed and compared with the make-up of actual lateritic crusts of weathering.
A more detailed exploration of the two areas by means of a regular network shallow
core drilling is proposed.

1. Antecedents

Earlier search for bauxite in Cuba resulted in fairly poor estimates as
to the possibilities (Bramlette, 1943; Mat’1, 1967), with the single exception
of the San Francisco area in the West of the country (Kudriavtsev, V.—
Messina, V., 1969). In the early seventies, however, during the complex
investigation of the weathering crusts in the former province of Oriente, a lot
of data emerged pointing to the possibility of bauxite formation and even
to the presence of bauxitic materials (Buguelskiy, Y. Y., 1972; Finko, Y. |l.—
Petrov,V. P.—Coutw, D. P., 1973; Buguelskiy,Y.Y.—Formell, F., 1973
and 1974; Finko, V. |.—Korin, |I. Z.—Countw, D. P., 1974; Guerasimov,
E.— Guriev, G.—Kostarov, G.—Saunders, E., 1974; Finko, Y. |l.—Litza-
rev, M. A—Samotoin, N. D.—Coutuw, D. P., 1974). From 1973 on, Buguel-
skiy, Y. Y. and Formell, F. distinguished two types of weathering crust,
and, accordingly, two possible genetic types of bauxite: “in situ” bauxite
in primary lateritic crust of weathering, and redeposited bauxite in depres-
sions of limestones.

The Cuban-Hungarian Geological Mapping Party of the Institute of
Geology and Paleontology of the Cuban Academy of Sciences, surveying the
former province of Oriente at a scale of 1:250,000, dedicated particular
attention to the sampling in areas of possible occurrence ofthe afore-mentioned
two types.
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In areas, where the crust of weathering developed on mafic rocks (gab-
broids) and schists, the alteration is of kaolinitic composition, with only
extremely local enrichment of gibbsite. The alteration of rhyolite tuffs also
has produced kaolinitic materials.

During the mapping operations, quite a number of karstic depressions
filled up with allitic clays were discovered in the Guantdnamo region, in the
mountains called Sierra del Guaso y Sierra de Caujeri.

The contours were checked on aerial photographs, and sampling was done
manually from the surface, in some cases by means of hand-drills down to one
metre. The results were described in an unpublished report (Nagy, Coutin,
BrezsnyAnszky, Gyarmati and Radécz, 1975) and presented to the V IlIth
Geological Meeting of the Caribbean in Curazao (by Formell, Gyarmati and
Jakus, 1977). The results have been incorporated and complemented by the
laboratory investigation of some new samples by two Hungarian bauxite
experts (E. Dudich, 1976 and E. Szabé, 1977 in their unpublished reports).

2. Geological Setting

2.1. The principal geomorphological units of the Guantandmo region are
the following.

1. The Bayate Basin situated between the 2. southern slope of the Sierra
de Cristal and of the 3. Sierra Guaso; 4. the SW part ofthe Toa Range, 5. the
Caujeri Valley, 6. the Sierra Caujeri, 7. the Sierra Maquey, 8. the Guantanamo
Basin, and in the central part, 9. the Sierra de Canasta.

The Bayate Basin is a genuine sedimentary basin, while the Guantanamo
Basin and the Caujeri Valley are of erosional origin.

The Sierra de Canasta is of 440 m and the Sierra Maquey of 320 m
maximum elevation a.s.l., while the height range of the Sierra Guaso and
Sierra Caujeri is between 500 and 750 m. No wonder, that the latter two are
characterized by depressions filled up with allitic sediments (Fig. 1).

Most of these depressions are of karstic origin; some of them (e.g. Naran-
jal and Limonar) are rather soft undulations of a gently karstified limestone
meseta, and one is known to be atectonically controlled depression (Table 1).

2.2. Geologicalformations

1. Serpenlinitized ultramafic rocks are tectonically superimposed (as over-
thrusts and nappes) to the volcano-sedimentary sequences of the Cretaceous
(Aptian-Turonian) and to the metamorphic mass of the region. Mostly perido-
tites and harzburgites, they are widespread N and NW of the Sierra Guaso,
and a restricted outcrop is known (Convento Hill) in the Caujeri Valley. Geo-
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Fig. 1. Location sketch Map. 1. Allitic (bauxitic) outcrops.
A = raetamorphic rocks; B’ = ultramafic rocks; C = Cretaceous volcanites; D = Paleogene

volcanites; E = limestones (Pg|, NJ); F = marls, sandstones, conglomerates (Pgf, N2
Table 1
Occurrences of allitic sediments

No. in Fig. 1 Denomination Area, km* Type
B-I Concepcion del Cuzco 0.6 karstic depression
B-I Dos Mujeres | 0.2 karstic depression
B-3 Dos Mujeres 11 0.5 karstic depression
B-4 Alto del Mango 1.0 karstic depression
B-5 Guayabal del Peru 1.0 karstic depression
B-6 La Prenda 25 karstic depression
B-7 Monte Alto 1.2 karstic depression
B-8 Manguito 0.3 uncertain
B-9 llondones 0.8 karstic depression
B-10 Naranjal 1.2 meseta
B -1l La Mesa 4.0 tectonically controlled depression
B-13 Potosi 0.2 uncertain
B-14 Santo Domingo 0.1 uncertain
9-8-273 Liinonar 0.1 meseta
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physical data suggest the presence of ultramafic bodies in the basement of
the Guantanamo Basin, too.

2. The metamorphic massif comprises the Eastern border of the Caujeri
Valley, one sector of the Toa Range, and the western end of the Sierra del
Purial. It consists of green schist type rocks which are products of a regional
metamorphism; mostly metavolcanites of originally mafic and intermediary
composition. The deep basement is supposed to be made up by amphibolites
and other rocks of more advanced grade of metamorphism. The metamorphic
formations are overlain (if covered) by basal conglomerates of various sedi-
mentary formations of Paleogene age.

3. The volcano-sedimentary sequence of Cretaceous age is made up by
tephroid rocks (tufites, subordinate tuffs, agglomerates and lavas) of inter-
mediary to mafic composition. In some limestone interbeddings Aptian-
Turonian microfossils have been found. The sequence is interpreted as the
product of an arc-type, prolongated submarine volcanism. The underlying
rocks are unknown. Overlying, one encounters terrigenous sediments of
M aestrichtian age and in a few cases various Paleogene rocks. Outcrops of this
sequence are situated at the borders of the Bayate Basin and in the Toa
Range.

4. The terrigenous sequence of Maestrichtian age consists of Picota-type
conglomerates and Micara-type sandstones, both being of molassoid facies.
They are overlain by the basal conglomerates of the Paleogene volcano-sedi-
mentary sequence or by younger sediments. Outcrops have been mapped at
the base of the southern slope of the Sierra de Cristal, and N and E of the
Bayate Basin.

5. The Paleogene volcano-sedimentary sequence starts with a calcareous
basal conglomerate (Gran Tierra type) and consists mainly of tephroid tuffs
and tufites, with intercalated marls and conglomerates. The volcanogenic
rocks are of acidic and intermediary composition, with common alteration
phenomena (zeolite and bentonite formation). The partly overlying formations
are Middle Eocene limestones or younger sediments. Outcrops are known at
the NW border of the Bayate Basin (Achotal), on the N slope of the Sierra
Guaso (La Tagua) and in a narrow strip in the SW part of the Toa Range
(Bernardo).

6. The Middle Eocene limestone formations are subdivided into a well-
stratified limestone type and into a compact, occasionally thick-bedded lime-
stone series (Charco Redondo type), which is of more transgressive character.
They are covered by Upper Eocene or more recent sediments. Smaller out-
crops are situated around the Bayate Basin and larger ones in the central and
W parts of the Sierra Guaso. Moreover, the Sierra de Canasta is made up
almost entirely by these formations.
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7. Basal conglomerate, type San Ignacio represents the basal member
of the Upper Eocene series in the E slope of the Caujeri Valley. It passes
vertically to the sandstones and siltstones of the San Luis formation.

8. The terrigenous sequence of the Upper Eocene (the San Luis formation)
consists of alternating sandstones and siltstones with lenticular intercalations
of conglomerate. This molasse-type formation covers large areas in the Guan-
tdnamo Basin and in the Caujeri Valley. Isolated outcrops occur at the NW
margin of the Bayate Basin, in the Bernardo and Palenquito areas, and in
the SW part of the Toa Range. If covered, it is overlain by the basal con-
glomerate of the Oligo-miocene siltstone series or by younger sediments.

9. The siltstone sequence of the Oligo-miocene represents a sedimentary
cycle starting with the basal conglomerate (Cilindro type), continues with
badly stratified siltstones (Maquey type) and ends with thickly stratified,
porcelain-like limestones (Y ateras type). The age is probably Upper Oligo-
cene—Burdigalian. It is covered unconformably by Pliocene and Quaternary
conglomerates, and breccias (Jamaica type and Centeno type).

2.3. The bauxitic accumulations

The depressions filled up with allitic sediments occur on the top of the
Sierras Guaso and Caujeri. The karstified bedrocks belong either to the Charco
Redondo formation or to the Yateras type limestone.

Possible source rocks of the primary weathering crust are most likely
the items 1, 3, 4, 5 and 9a.

B -1 Concepcion del Cuzo: Bedrock: Charco Redondo limestone. Borders:
W and SE Charco Redondo limestone; NE: the Cretaceous volcano-sedimen-
tary rocks; N: white sandy marls of the San Luis formation.

B-2 Dos Mujeres |I. Bedrock and borders: Charco Redondo limestone.

B-3 Dos Mujeres Il. Bedrock and borders: Charco Redondo limestone.

B-4 Alto del Mango. Bedrock: in the W: Charco Redondo limestone;
in the E: Yateras type limestone. The same is valid for the borders.

B-5 Guayabal del Peru, La Tagua. Bedrocks and country rocks are
Y ateras type limestone in the S, the Maquey type siltstone series in the N
and E and the Paleogene volcano-sedimentary sequence in the W.

B-6 La Prenda, La Clarita. Bedrock: Yateras type limestone. Borders:
the same, with the exception of the SW part, where Maquey type siltstones
are outcropping.

B-7 Monte Alto. Bedrock: Charco Redondo limestone in the SE and
Y ateras type limestone in the NW. Borders: the same limestones.

B-8 Manguito. Bedrock and border: Maquey type siltstone sequence.

B-9 Hondones. Bedrock: Yateras type limestone. Borders: the same,
except for the N part, where appear siltstones of Maquey type.
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Table 2

Results of the chemical and X-ray diffraction analysis of 31 allitic samples from Guantdnamo province

Fe,0, TiOa

Sierra Caujeri (7 samples)

426 185 219 2.6
432 171 220 2.5
429 182 224 2.7
300 335 161 1.9
304 345 180 2.4
241 266 139 17
312 354 178 2.3
Sierra Guaso (22 samples)
374 182 217 24
266 253 296 2.2
375 189 195 18
357 225 210 24
376 151 254 25
289 247 259 3.6
286 308 237 2.4
261 298 295 11
250 257 3438 19
296 225 276 2.0
20.3 203 428 13
265 264 306 18
262 203 346 2.6
268 187 359 21
324 323 165 2.3
284 269 269 2.6
252 2715 328 1.2
255 289 316 1.2
253 212 342 14
347 168 277 1.2
284 279 257 0.9
249 278 283 0.8
Baracoa area 12 samples)
414 164 227 2.4
254 263 317 1.2

L.o.l

13.4

12.3
11.2
12.1
12.1
18.8
113

18.6
14.3
20.1
17.2
18.0
15.2
14.3
12.9
12.9
16.9
12.3
14.4
15.6
16.5
15.4
131
12.1
116
13.8
18.3
15.8
14.1

16.8
15.9

Total

99.7
100.5

Module

2.05
1.05
1.98
1.59
2.49
1.17
0.92
0.88
0.97
1.32
1.00
1.00
1.29
1.43
1.00
1.06
0.92
0.88
1.19
2.05
0.98

. 0.90

2.52
0.96

Gibbsite

42
+ o+
17

27
20

13

tr.

13
15

Boehmite

Kaolinite

47
37

34
15

tr.

not
not
not
not
not

not
not

Hlite

Chlorite

16

10
16
25

tr.

tr.

19
7
13

analyzed
analyzed
analyzed
analyzed
analyzed

analyzed
analyzed

tr.

tr.

16

Goethite

Hematite

28

12
39 -

57 -

tr.

1

1

33 -

tr.

tr.
7

33

tr.
2

9

Quartz

Calcite

40

Sampling No.

5-10-437a
4.5 cm
5-10-433

-10-437a
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B-10 Naranjal. Bedrock and borders: Yateras type limestone.

B-Il La Mesa: Yateras type limestone only.

B-13 Potosi. Bedrock: Yateras type limestone. Borders: the same, with
the exception of a restricted sector in the SE, where the Charco Redondo
limestone appears on the surface.

B-14 Santo Domingo. Bedrock: Y ateras type limestone. Borders: chiefly
the same; in the NW — the Cretaceous volcano-sedimentary sequence.

9-8-273 Limonar. Bedrock: calcareous siltstones of Maquey type. Here
the allites are covered by a thin layer of soil.

Several other small depressions have been mapped (and identified on
aerial photographs) in the Sierra Guaso and in the Sierra Caujeri, of which
no samples and laboratory analyses are available at present. All these are
represented on Fig. 1 (without numeration) and would require further field
work.

3. Chemical and Mineralogical Composition

A total of 70 samples have been investigated in the laboratories of the
Hungarian Geological Institute in Budapest. (Traditional wet chemical anal-
ysis, DTA-DTG-TG analysis using a MOM type derivatograph, and X-ray
diffractometry done by a Phillips diffractometer.)

In Table 2 the results concerning altogether 31 samples are presented,
which have turned out to be of allitic nature (i.e. their module or AlgC" : Si02
ratio is higher than 0.87). The data of 2 samples taken by E. Szabs (analysed
in the Central Laboratory of the Hungarian Bauxite Prospecting Company
at Balatonalmadi), 1 sample taken by E. Dudich (analysed in Santiago de
Cuba) and 3 samples taken by Y. Y. Buguelskiy and F. Formell, are also
included.

Some typical samples are briefly described in Table 3.

It is obvious from the data, that there is a remarkable difference as to
their mineralogical composition between the samples taken in the Sierra
Caujeri and those collected in the Sierra Guaso. However, one should keep
in mind that the allitic sediments of the Sierra Caujeri are represented by
a few samples only.

Anyway, the allites of the Sierra Caujeri are characterized by relatively
high boehmite contents, and by the absence of gibbsite. As relates to the clay
minerals, the amount ofillite in some cases surpasses that of kaolinite and they
are accompanied by chlorites. Along with goethite, hematite is also an impor-
tant mineral of iron.

In the allites of the Sierra Guaso, gibbsite is the main aluminium bearing
mineral, the boehmite is subordinate. In the two other groups, kaolinite and
goethite, respectively, are predominating.

Acta Geologien Academiae Scientiarum Hungaricae 24, 1981



236 COUTIN, D. P. et >L

Table 3
Briefmacroscopic description of some allitic samples
Sierra Caujeri area
Ne (2) 5-10-433 Ochreous, friable material of red colour, cementing limestone pebbles

(1 and 4), 5-10-437 (B-10) Compact ochereous material, of vivid red colour, cementing angular
limestone fragments

(5) 5-10-490-1 Argillaceous “terra rossa”, of yellowish pink colour, containing scarce quartz
grains
6) 5-10-491-1 (B-11) “Terra rossa” of argillaceous character, plastic, of pink colour
(7) 5-10-491-2 (B -11) Compact “terra rossa”, relatively hard, of yellowish-pink colour
(8) 5-10-491-3 (B -11) Very argillaceous “terra rossa”, plastic, of vivid red colour

Sierra Guaso area

(41) (B-1-4) Argillaceous substance, with some quartz, of vivid red colour

(46) (B-3-2) Argillaceous substance of red and yellowish red colour, with dark brown
pisolites

(20) (B-4-2) Slightly plastic argillaceous substance of red and yellowish red colour, with

and reddish brown pisolites

(21) (B-4-3)

(23) (B-5-2) Ochreous-terrous, friable substance of red colour with violet patches, with
no pisolites, but with a few small quartz grains

(18) (B-6-1) Ochreous, friable substance of reddish yellow colour

and

(19) (B-6-2)

(33) (B-6-3) Slightly argillaceous substance with many reddish brown pisolites

(34) (B-6-4) Compact, red, very ferruginous material of conglomeratic texture and with
quartz pebbles

(35) (B-6-5) 1 Ochreous-argillaceous substances, friable, with numerous pisolites of reddish

(36) (B-6-6) \ brown colour

(37) (B-6-7) J

(29) (B-9-1) Argillaceous, slightly plastic substance of yellowish red colour, with some
pisolites

(30) (B-9-2) Argillaceous, somewhat terrous substance of yellowish red colour, with rare
pisolites

(31) (B-9-3) Variegated argillaceous material (red-yellow, type “tiger”), with ferrugineous
concretions

9-8-273 Argillaceous substance of yellowish red colour, with a few pisolites

Baracoa region (East)

(47) 3-6-343 XB Slightly argillaceous substance of red colour, without pisolites
48) 6-6-82X B Argillaceous substance of dark red colour, with brown ferruginous patches.

For both regions, the binary diagrams of the 5 main constituents (A120 3,
SiOa, Fe203, Ti02 loss on ignition) have been plotted (Figs 2 and 3).

In both areas have been found some samples to have an Al120 3: Si02
ratio (= the silica module) higher than 2.0 and A120 3 content of about 40
weight %, which according the Soviet norms could be labelled as “bauxite”.
However, having adopted the industrial lower limit value of 2.6 (in vigour
now in Hungary) we call them only allites.

The titanium module (the A1203:Ti02 ratio) seems to be much more
constant in the case of the Sierra Caujeri (between 14 and 17) and much more
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Table 4

Chemical composition of some possible

No. Ty'ﬁemgigck W% Ajo, SO, Fe0, FO TO MO MO
(42) La Tinta green schist 151 519 2.6 51 06 0.2 7.4
(43) Cajobabo Carbonatized metavul-
canite 113 36.8 3.2 3.7 07 0.3 4.6
(52) Ses de Baracoa schist 18.0 49.6 2.8 60 13 0.2 6.9
(55) Between La Tinta and Asuncion
amphibolite 16.1 433 3.0 50 01 0.2 155
(41) Guira de Jauco amphibolite 155 52.0 2.6 45 16 0.2 6.4
(so) Vertientes serpentinite 85 457 0.6 38 02 0.2 25.8
(s) N of San Luis dioritic quartz
porphyr 152 54.0 5.2 55 038 0.1 3.7
(46) Toa Tange andesite 132 507 2.6 80 17 0.2 7.8
(49) Vertientes altered dacite tuff 13.2 617 6.6 09 09 0.2 3.4
(47) Toa Range weathered rhyolite
tuff 123 641 2.8 05 02 0.05 2.7
(760) N-Oriente gabbro 16.7 47.9 6.6 27 03 0.2 11.4
3689  Olivine gabbro 181 45.9 7.0 30 03 0.2 12.2
6699 Gabbro-diabase 159 493 10.9 19 01 0.1 75
551  Serpentinitized harzburgite 0.7 36.8 7.7 1.4 tr 0.3 40.3
5902  Serpentinitized pyroxenite 0.7 40.6 8.6 23 tr 0.3 414
756  Serpentinitized lherzolite 0.7 383 8.6 29 tr 0.2 414
Cayoguan, Moa Chromite 31.0 0.2 2.6 104 0.06 0.03 17.4

variable in the Sierra Guaso (in the range from 7.7 to 20). This heterogeneity-
may be due either to differences in the source rocks, or due to a more advanced
geochemical differentiation, or eventually to both.

The Sierra Guaso samples are much more ferruginous. Indeed, the
majority of the samples taken in this area are ferrallites (with iron oxide
contents higher than 20%). The A120 3and Fe20 3 contents are opposed to each
other in variation (their ratio varying from 0.5 to 2.1). This is most likely due
to a secondary accumulation (enrichment) of iron. On the contrary, in the
Sierra Caujeri a marked positive correlation (A1203: Fe203 1.8—2.0) could
be established.

The loss on ignition values in function of the alumina content are of
irregular pattern for the Sierra Caujeri. This fact can be easily interpreted
in terms of a mixed mineralogical composition of the allites as mentioned
above. On the contrary, in the Sierra Guaso the loss of ignition displays
a rather strong positive correlation with the alumina content, in accordance
with the gibbsitic-goethitic (more hydrated) composition of the samples.

Acta Geologica Academiae Scientiarum Hungaricae 24, 1981



ACCUMULATION OF BAUXITE 239

source rocks in the former Province Oriente

Ca0 Na,0 K0 -H,0 +HO0 CO P.O» 0,0, %'if()()" Y '-‘?i'g(?'
o

9.3 2.5 0.4 0.4 4.9 0.04 0.05 0.29 2.0 25.2
21.0 15 0.7 0.04 3.3 134 0.06 0.30 1.6 16.1

5.2 3.0 1.9 0.05 49 0.03 0.2 0.36 2.0 13.8
12.8 1.9 0.2 0.07 15 0 0.02 0.37 2.0 161.0
117 3.8 0.2 0.14 15 0.18 0.09 0.30 2.2 9.7

8.4 0.3 0.1 0.15 6.3 0.03 0.01 0.18 19 42.5

6.9 2.8 1.0 2.6 2.0 0.07 0.16 0.28 14 19

8.4 4.1 0.2 0.1 3.2 0.07 0.1 0.26 12 7.8

3.6 2.2 1.3 0.5 47 0.03 0.16 0.21 18 14.7

17 0.8 13 6.5 7.6 tr 0.02 0.19 3.7 61.5
12.8 1.8 0.2 0.4 0.03 0.34 1.8 55.7
141 1.6 0.2 0.8 tr 0.39 1.8 60.3
10.6 2.8 0.3 17 tr 0.32 12 159.0

0.2 0.4 0 13.8 tr 0.02 0.08

0.6 0.9 0 51.1 tr 0.02 0.06

0.4 0.6 0 9.0 tr 0.02 0.06

002 0 0 0.10 0 0.06 155.0 2.4

In Fig. 4 the samples of both areas are plotted in a triangular diagram.
They are concentrated in the field of allites and ferrallites. It is obvious that
there are two “branches” of geochemical differentiation: the relative enrich-
ment of alumina (bauxitization) and the secondary accumulation of iron
(ferrallitization), the latter being more accentuated in the Sierra Guaso.

4. Discussion of the Genesis

Let us discuss briefly the possible source rocks for the two areas separa-
tely.

Sierra Caujeri. The bedrock is the Y ateras type limestone of Burdigalian
(Early Miocene) age. Possible source rocks are the green schists and, sub-
ordinately, the serpentinitized ultramafic rocks. At present, these are separated
from the karsted meseta by an erosional valley.

Sierra Guaso. The bedrocks are the Charco Redondo limestone (of Middle
Eocene age) and, subordinately, the limestones of the Yateras and Maquey
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*/.si02

Xi 2 A3

Fig. 4. Triangle diagram of 25 allite samples from the karst of Eastern Cuba. 1. Sierra Caujeri
(2 dots, 3+4 samples); 2. Sierra Guaso (15 dots, 16 samples); 3. Baracoa area (2 samples)

types (of Miocene age). The possible source rocks are the various volcanic and
volcano-sedimentary sequences of the Cretaceous and the Paleogene, the
ultramafic rocks, and, moreover, the minomict conglomerates (consisting of
mafic and ultramafic pebbles) of the Maestrichtian and the Oligo-Miocene.

Table 4 shows the chemical composition of some important igneous and
metamorphized rocks of the former province of Oriente.

The geochemical process of weathering, allitization and bauxitization
is complicated enough in itself. In our case it is even more sophisticated due
to the intervention of transportation and deposition on one hand and to the
continuation of allitization and bauxitization in the depressions of the karsted
limestone depressions, on the other.

Assuming, as a working hypothesis, that the A1203: Fe203 and the
Al203:Ti0O2rations remain essentially constant during the process, the most
probable source rocks would be those the respective ratios of which are similar
to those of the allitic sediments (see the two right columns of Table 4).

The contribution of the “insoluble residue” of the bedrock limestones
can not be discerned, because the same igneous and metamorphic rocks had
furnished the terrigenous material into the carbonatic basins in which they
have been deposited.

A possible “model” of geochemical evolution has been calculated for
the case of the green schists.
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The chemical decomposition of the primary silicate minerals in the course
of weathering under a humid, tropical climate is characterized by hydratation
on one hand and by the (practically complete) leaching of the ions Mg++,
Ca++, Na+, K+ and by a partial removal of silica on the other (Table 5).

Similar calculations could be done for other rocks of Table 4 as well,
but all this would be nothing more than theorical speculation.

For this reason, we preferred to present in Table 6 some data on three
laterite profiles of Cuba (only one of them, that of La Farola in the Sierra
Purial, refers to the region of study).

It can be seen that in the complete profile of Madruga the development
of a latosol type soil produces the parallel enrichment of both A120 3 and Ti02
(4 to 5times) and the complete leaching of magnesium, with the silica content
remaining constant.

In the two other cases, which represent the formation of ferruginous
latérites, A1203 and Ti02 are less increased (2 to 4 times only), while the iron
content is augmented 7 to 8 times.

For the formation of high-grade bauxite ores intermediary processes
between these two extremes would be needed, and preferably other source
rocks than serpentinites or other ultramafic rocks which are already originally
rich in iron and other heavy metals.

These prerequisites, and also the other indispensable géomorphologie
and climatical conditions did exist during the Neogene and Quaternary (and
exist even now) in the Guantanamo region. (See the idealized sketch originally
constructed by E. Szabo for the Hungarian bauxites, Fig. 5.)

The analogy with the important bauxite deposits of Jamaica also sup-
port the assumption that in the karst of Guantanamo province may exist
industrial accumulations of bauxitic materials. Recalling the same analogy
(Fig. 6), the highest-grade ore is situated usually at the centre of the depres-
sion filling (not at the surface).

Platcau made up by igneous
Littoral karst Qnd metamorphic rocks

Fig. 5. Leaching of silica as a function of topography (a theoretical sketch, after E. Szabo)
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Green schist

1. phase: oxidative leaching and hydration
2. phase: oxidative leaching and hydration
3. phase: oxidative leaching and hydration

4. phase: dehydration

5. phase leaching and dehydration:

Enrichment factor:

Explication: In each of the first three successive phases 50 weight percents of Si02 MgO, CaO, Na2, K2 are leached and the relative water
content is increased by 50%. In phase No. 4 geothite and gibbsite are dehydrated by 40% and the remnants of MgO, CaO and Nad are removed.
(See the data of Samples No. 15 and 21). In phase No. 5 50 relative % of silica is leached and the water content is reduced.

Madruga, soil profile
Zone A
Zone B
Zone C
Serpentinite

La Mulata, profile. Ferruginous
laterite

W eathered serpentinite

Fresh serpentinite
(Cajalbana type)

La Farola, profile. Ferruginous
laterite

Serpentinite

15

7.2
3.1

Wh

Sio,

3.8
38.1

AlQ,

15.1
225
30.7
34.2
40.7
46.1

3.1

Fe«0,

8.0

70.3
9.7

FeO

0.5
0.9

11

0.5
0.3

Table 5
A theoretical example ofpossible transformation ofgreen schist into allite and bauxite

Sio,

51.9
38.7
26.4
14.7
175

9.9

0.2

Fe,0,

7.7
114
15.6
17.4
20.7
234

3.0

Table 6
Chemical and emission spectrographic data on three laterite profiles (by E. Dudich, 1977)

%
Tiot

0.20
0.10
0.06
0.05

0.10
0.02

0.07

0.20
0.10

MnO

0.2

0.7
0.2

Tio,

0.6
0.9
12
13
1.6
18

3.0

MgO

0.7
0.5
22.4
34.9
2.0
24.6

32.9

0.1
17

5.3
116
16.0
26.7
19.8
18.1

3.4

ANO}iSIOj

CaO Ci,0,

0.3

0.4

0.2

0.2
21
0.6
0.4
17
0.2

ratio

0.3
0.6
12
2.3
2.3
4.7

600
600

400

1000
1000

weathering
allitization (formation of gibbsite

Process

accompanied by boehmite)

bauxitization

400
60

60

600
160

250
25

25

400
25

ppm

16
40

25

40
40

Zn

600
160

160

1000
160

160
60

100

250
60

10
10

10

16
10
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0-2 V. 12-U 7.

LLI 6-8 7. 10-12 7.

20 (0] 0 10 150 20

Scale in Feet
Fig.*6. Silica content isolines in four bauxite bodies of Jamaica (after U. A. Zans, 1953).

1. Low silica (high-grade) bauxite body at Manchester (at about 2000 feet a.s.l.); 2. high-silica
(low-grade) bauxite bodies at Santa Caterina (at about 450 feet a.s.l.)
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5. Conclusions and Recommendations

The allitic sediments of the Sierra Caujeri seem to represent a more
mature product (more dehydrated and more homogeneous) while the allites
ofthe Sierra Guaso belong to a more immature and more heterogeneous stade,
characterized also by a secondary iron enrichment.

A task of the future is to study the allites in question under microscope
(in thin sections and the fractionated minerals).

A systematic sampling, extended towards the depth, may modify the
ideas exposed in the present paper. The authors hope that the results will
verify the presence of industrially important high-grade bauxite deposits.
They recommend, once more, to carry out a regular exploration by shallow
core drilling (down to 30—40 m). There is no other alternative of clearing up
the perspectives of the region.
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HAKOMMEHNA BOKCUTOBbIX OT/IOXXEHUN B TMPOBMHLUMN TBAHTAHAMO,
KYBA

4. M. NYTWH, E. AyAnd, E. HALb
Pesome

[naBHble reoMop(oIOrMyeckie TUMbl 30H HAKOM/EHUs 6osee-MeHee 6OKCUTOBbLIX OT/IO-
XeHUI B o6nacTax Cbeppa MBaco 1 Cbeppa Kayxepn — KapcToBble BMNaguHbl, TEKTOHUUECKUE
BNagnHbl 1 Me3eTbl. M0 faHHbIM reo/lorMuyeckoin CbEMKW Mpou3BeagHHON KyGUHCKO-BEHTep-
CKOW CbéMouUHOI 6puragbl KAH, annutoBble MaTepuasbl 3a/ieraloT Haj U3BECTHAKAaMU CBUTA
Uapko PefoHAo (cpeaHe-30LeHHOro Bo3pacTa), W, B MeHblleli Mepe, Haj M3BECTHSAKaMu Tuna
ATepac (paHHe-MWOLIEHOBOIO BO3pacTa).

MpuBoAATCA NabopaTopHble AaHHble 0 XMMWYECKOM M MUHEepasiormyeckom coctase 31
annmToBoro o6pasua. O6pasubl B3sTbl B Cbeppa Kayxepu XapaKTepusyloTcs UWUCTO 6GemMUTO-
BbIM COCTAaBOM, a B o6pasuax 13 Cbeppa MBaco rm66eMT npeobnagaeT Haj ToXe MPUCYTCTBYHO-
LM 6emMmToM. OTMeUatoTCsl Pasnunsa TakxKe B pacnpeaeneHnm MIMHUCTbIX MUHepanoB. BTopuy-
Hoe o6oralleHme XenesoM o6Hapy>eHo B o6pasiax Cbeppa IMBaco.

MpoBoAATCA XUMUYECKME aHa/M3bl BO3MOXHbLIX MaTePUHCKUX MOpoA (Hanpumep 3ené-
HbIX CnaHueB). M3naraeTcs Mofeslb KOMM/IEKCHOrO reoXvMUYECKOro npoLecca anintmsaumm un
GOKCUTM3ALMW 1 CPABHMBAETCA XMMUYECKUMU [aHHbIMW TPEX pa3pe3oB COBPEMEeHHOW naTeput-
HOl KOpbl BbIBETPUBAHMS.

PeKoMeHAyeTcs cucTemaTuueckas pasBefka 060MX 061acTeil Hersly60KUM — KepHOBbIM
MalLUMHHbIM GypeHueMm.
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REGIONAL EFFECTS ON THE DEVELOPMENT OF
THEORIES ON BAUXITE GENESIS*

By

E. Dudich

LABORATORY FOR GEOCHEMICAL RESEARCH OF THE HUNGARIAN ACADEMY OF SCIENCES,
BUDAPEST, HUNGARY

The formation of bauxite deposits within the lateritic weathering crust of ahimo-
silicate rocks is now rather well understood, though there are still some controversial
details, of course. The origin of bauxite bodies situated on the more or less karsted surface
of limestones and dolomites is still a matter of arduous debates.

The main theories are reviewed according to the countries in which they were
formulated (see Tables 1—9). Some theories are of only historical interest, but others
still have their adherents even at present. All theories but three were developed for the
bauxites of France, the Dinarides and the USSR. This fact can be explained by a
combination of natural (geological) and social (economic) factors interplaying in these
countries. The reputation of some outstanding scientists played an important role in
the particular choice of theory adopted in each country concerned. For instance, under
the influence of A. de Lapparent, the “terra rossa” theory was at the premium for
more than a quarter of a century from the 1930 on. On the Balkan Peninsula the same
theory was adopted in the 1960’s upon the influence of Tu6an, KidpATié and de W eisse.
In the Soviet Union A.D. Arkhangelsky’s derivation of bauxites from chemical pre-
cipitation in aqueous solutions was the “official” theory for more than 20 years. In Hun-
gary, E. Vadasz advocated the theory suggesting the bauxites to have originated from
redeposition of lateritized products of weathering. His point of view dominated from
1946 to 1955, and, partly, to as late as 1966.

Since 1960 complex theories have appeared more and more frequently. An idea
suggesting the necessity to develop by strictly scientific methods special genetic schemes
for each particular bauxitiferous area has been brought up and has found an ever
increasing number of adherents arguing that no universal theory of global validity can
be recommended.

Hungarian scientist Gy. Bardossy succeded in pointing out the general regulari-
ties of the major prerequisites for bauxite genesis relying on the global tectonic model.
Naturally, details and peculiarities are accounted for by regional geological features.

Introduction

Hardly any other kind of ore has ever given rise to such a great variety
of genetic speculations as bauxite. In fact, practically all possible geological
factors have been supposed to he responsible — at least to a certain degree —
for the origin of some or other bauxite deposits: hydrothermal activity, decom-
position of tuffs and/or pumice, chemical alteration of practically all types
of rock from basalt and granite to limestone and dolomite; aeolian and fluvi-
atile transportation and (re)deposition, colloidal phenomena, chemical pre-
cipitation in freshwater to marine environments, biological (bacterial, vegetal
and animal) activity, and even dynamometamorphism (Tables 1—9).

* (Presented at the VIII. Symposium of INHIGEO, Munster, 121 September, 1978)
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FRANCE
1821

1869
1871
1879
1881
1892
1904

1963

Berthier

Daubret
COQUAND
Mac Gee
Dieulafait
Passabge
Dollfuss

Combes

DUDICH, E.

Table 1
Regional and temporal distribution of theories

aquatic transportation and redeposition of lateritic materi-
als
hydrothermal origin of bauxite

latérisation due to organic acids

aeolian transportation of lateritic products

universal theory of laterization

the “terra rossa” theory: the bauxites with carbonatic
bedrock derive from the insoluble residue of the carbonate
rocks themselves “in situ” bauxitization of marls
(Ariege)

From 1930 on, thanks to the exceptional authority of J. de Lapparent, the terra rossa
theory reigned in France for a quarter of a century.

YUGOSLAVIA (Dinaric Mountains)

1875

1912

1927

1931

Neumayr

bauxite is the product of weathering of cosmic dust depos-
ited on the karst-surface

Tucan and Kispatic detailed elaboration and divulgation of the terra rossa

Harrasowitz

Kormos

theory

bauxite is a “tectonite” produced by dynamometamor-
phism

the Hungarian scientist assumes, in a letter addressed to
Fox, the tufogenic origin of the Istrian bauxites

To about 1960, the terra i

INDIA
1881

URSS
1933

Mallet

the latérites are genuine sediments due to chemical precipi-
tation

Arkhanguelsky A. ]

theory” till 1950)

1935—37 Arkhanguelsky N. ] secondary laterization of the materials transported onto the

1960-64

Islets of the Pacific Ocean

1971

1821
1869-71

Zelenov

Tercinier

Berthier

karst surface
modernization of the hydrothermal theory

pumice floating on the sea gives birth to the bauxite on the
coral islands.

Table 2

Application of the theories in Hungary

resedimentation of latente 1946 Vadasz

Daubret and Coquand hydrothermal theory 1905 Szadeczky, Gy.

(in Transylvania)
1948 Pavai Vajna
(in Transdanubia)

Dieulafait aeolian transportation 1923 Gyosrgy and Telegdi
Roth
Dollfuss terra rossa theory 1933 Foldvari and others
Kormos weathering of tuffs 1952 Gedeon
Arkhanguelsky N. |. secondary laterization onthe 1955 Barnabas
karst
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Table 3

Principal theories on the latérisation of non-carbonate source rock

Year Author Region Emphasized factor
1879 Mac Gee France organic acids
1889 Walther nitric acid
1895 Passarge universal theory
1897 Liebrich Germany
1903 Du Bois Surinam sulphuric acid
1903 Holland bacterial activity
1906 Mac Laren capillarity
1912 Cole Ireland
1919 Stopnevitch USSR Bulphuric acid produced by
the oxidation of pyrite
1922 Fersman USSR
1927 Ansheles USSR
1933 Pustovalov USSR
1927 Thiel bacterial activity
1937 Arkhanguelsky A. D. USSR bacterial activity
1937 Yanshin USSR (Siberia)
1942 Vinogradov, Bojchenko bacterial activity
1949-60 Goretsky USSR (Tula, Riasan, bacterial activity
Perm)
1955 Szadeczky-Kardoss Hungary oxidation (increase in the co-
ordination number of Al)
1964 Theobald USA (Colorado)
1966-70 Pedro and others experimental studies in soil

science

Szadeczky-Kardoss (Hungary) emphasized the role of oxidation in the
bauxitization process in 1955. Combined theories emerge: Erhart 1962,
Valeton 1965, Nicolas 1970 in France, Bushinsky from 1955 in the USSR,
Balkay 1966 and Blrdossy in Hungary etc.

The biggest bauxite deposits of the world are known to occur in Africa,
Australia, India and Jamaica. Nevertheless, with only a few exceptions, all
the theories on the origin of bauxite have been developed in three definite
regions of the world: in France, in the Dinaric Mountains and in the Ural
region of the USSR. Of the exceptions, two concerning the Indian latérites
and the subrecent bauxites occurring on some coral islands of the Pacific,
are due to Frenchmen; two principally important theories (on the geochemical
nature of bauxitization and on the role played by plate tectonics) have been
conceived by Hungarian scientists.

Under the general label “regional influences” (in the broad sense of the
term) one can distinguish economico-social, geological and personal factors.
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Table 4

Karst bauxites. Theories of redeposition of more or less laterized products
of chemical weathering

Year Author Region Subtype

1821 Berthier France (Alpilles)

1881 Dieulafait France aeolian transportation

1913 Lacroix France (Midi)

1923 Gyosrgy Hongrie (Halimba) aeolian transportation

1923-27 Telegdi-Roth Hongrie aeolian transportation

1935—37 Arkhanguelsky |. N. USSR secondary laterization on the
karsted surface

1937 Maliavkin USSR (Tikhvin) colloidal transportation

1940 VISHNIAKOV USSR (Tikhvin) transportation of detrital ma-
terials

1942 Korotov, Stoliarova USSR (Ural) limnic deposition

1946-57 Vadasz Hungary fluvial transportation

1948 Boldizsar Hungary colloidal deposition in lakes
and lagoons

1951 Gladkovsky, Sharova USSR (Asian part) detrital transportation

1954 Zans Jamaica reworking of laterized ande-
site tuffs

1955-66 Barnabas Hungary secondary laterization on the
karst

1955-71 Bushinsky USSR (Ural, Kazakh-

stan, Siberia)

1955 Aronis Greece

1957 BARDOSSY Hungary fluvio-colloidal transportation

1959 Roch France (Provence) aeolian transportation

1962 Erhart France bio- and rhexistasy

1963 Combes France (Ariege) “in situ” laterization of
marls

1964 Papastamatiou Greece

1965 Valeton France

1966 Balkay Hungary materials of different origin

1967 Bardossy, Mack Greece

1970 Nicolas France (Provence) materials of different origin

1971 Bardossy Hungary materials of different origin

1974 Maksimovic Dinaric Mountains

1975 Szabo E. Hungary fluvial reworking of plateau-

type laterite

1. Economico-social Factors

No wonder that the first and most widely accepted (however, strictly
opposite to each other) theories were conceived and perfectioned in France,
which is the “mother country” of bauxite, a country with early developed
industrial civilization and ancient traditions in geological sciences.

The bauxite bearing region of the Dinaric Mountains on the Balkan
Peninsula entered the scene during the last decades of the Austro-Hungarian
Monarchy, another state with old traditions in the fields of geology and mining.

The scientists of the USSR presented their new ideas somewhat later,
during the great boom of industrialization of the country, which involved
also the systematic exploration of numerous bauxite deposits.
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Table 5

Theories of hydrothermal and volcano-sedimentary origin

Year Author Region
1869 Dauhrée France
1871 COQUAND France (Les Baux)
1894 Goodchild Brasil (non-carbonate bedrock)
1895 Hayes USA (Alabama, Georgia, Arkansas) (non-carbonate
bedrock)
1896 Cross USA (Colorado), non-carbonate bedrock
1896 Cola Ireland (non-carbonate bedrock)
1897 Liebrich Germany (Vogelsberg (non-carbonate bedrock)
1905, 1908 Szadeczky Gy. Transylvania (Bihar Mts)
1908 Lachmann Transylvania (Bihar Mts)
1930 Kormos Istria (combined theory)
1935 Leintz Sumatra
1937 Arkhanguelsky A.D. USSK
1941 Lotti Istria
1947 Peive USSR (Northern Ural)
1948 PAvai-Vajna Hungary
1960-64 Zelenov Kurdi Islands
1968 Y ashin USSR
1969 Papiu, MINZATU Transylvania (P&durea Craiului)
1969 Dzotsenidze USSR (Georgia), Hungary
1970-72 Gladkovsky USSR (Ural)
Table 6

Theories of chemical sedimentation

Year Author Region
18P1 Mallet India, Ireland (non-carbonate bedrock)
1906 Wetherell India (Mysore) (non-carbonate bedrock)
1917 Burton India, (Seoni) (non-carbonate bedrock)
1933-37 Arkhanguelsky A. D. USSR (generalized theory, for all types of bedrock)
1968 Krivtsov USSR (experimental base)

2. Geological Factors (the “Regional Factor'”” in the Narrow Sense ofthe Term)

In France, the knowledge of (mostly overseas) laterite profiles, the
absence of laterized igneous rocks in the vicinity of large karst bauxite areas
known in the South of the country (including the name-providing locality
Les Baux itself), and the age-old tradition concerning the hydrothermal origin
of most ore deposits resulted in the development and repeated (often vehe-
ment) confrontation of contradictory theories.

In the Dinaric Mountains, the impressive masses of Mesozoic Limestones
and the (at least in those times) complete lack of paleolateritic crusts of
weathering compelled the scientists to look for other explanations than
straightforward laterization and redeposition.
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Table 7

“Terra rossa- theory (insoluble residue of carbonate rocks)

Year Author Region
1904 Dollfuss France
1912 TUCAN Dinaric Mountains
1912 KI&PATIC Dinaric Mountains
1913 Pauls Transylvania (Bihor Mts)
1921-25 Kerner Dinaric Mountains (Dalmatia)
1930 De Lapparent France (Midi)
1933 Foldvari and others Hungary
1946 De Weisse the circummediterranean region
1958 Butterlin the Caribbean region
1963 H ose the Caribbean region
1964-72 Mario Dinaric Mountains
1967 KOMLOSSY Hungary
1967 Sinclair Jamaica
1971 Vendel and others Hungary

Table 8

Tufogenic theories (decomposition of tuffs and/or tuffites)

Year Author Region
1931 K ormos Istria
1940 Teleki, G. Dinaric Mountains (combined theory)
1947 Goldich, Bergquist Haiti and Dominica
1952 Gedeon Hungary
1962 W aterman Jamaica
1966 Kniazeva USSR
1967 Kaligin USSR (generalized theory)
1969 D’Argenio Italy
1972 Gladkovsky USSR
Table 9

Special theories

Year Author Region and/or theory
1875 Neumayr Dinaric Mountains (cosmic dust)
1927 Harrasowitz Dinaric Mountains (dynamometamorphism)
1949 Berg USSR (theory of plant activity)
1971 Tercinier Pacific Islands (pumice and scoria floating on the sea)

In the USSR, particularly in the Ural Mountains region, Paleozoic
bauxite deposits grade laterally into marine sedimentary rocks of mostly
chemical origin. Moreover, areas have been discovered where karst type
bauxite deposits are in direct (tectonic) contact with igneous rocks topped
with ancient weathering crusts of lateritic type.
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These may have been the main reasons of the regionally controlled
diversity ofthe birth oftheories on the origin and formation of bauxite deposits.

Let us review briefly what was the situation in Hungary. As a matter
of fact, the geological setting of the Hungarian bauxite deposits is rather
similar to that of Southern France. Most of the important deposits were
explored after World War Il with the scientific and technical assistance of
Soviet experts. The geographic vicinity of the bauxite bearing areas of Yugo-
slavia favoured the adoption of genetic explanations developed there, in spite
of some evident differences such as the different number of bauxitic horizons
in the geologic column (three in Hungary in contrast to eight or ten in Yugo-
slavia) and the (as a rule) much wider sedimentation gaps in Hungary.

In consequence, all principal theories have found supporters in Hungary.
The only exception was the concept of chemical precipitation, which was too
obviously in contradiction to the available geological evidence. (Table 2)

In the time span ranging from the late thirties to about 1955 (which
might be called the second stage of development of bauxite genetic theories)
regionally, or even locally founded theories were applied to bauxite deposits
of different types. Three of them — the theory of lateritic derivation, the
“terra rossa” theory and that of chemical precipitation — made a run for
becoming a universal interpretation valid for practically all karst bauxite
deposits of the world.

At this point the personal factor enters the scene.

3. Personal Factors

It was nothing else than the personal authority of certain great scientists
that brought about the predominance of some or other of these theories in
the individual countries.

This was the case with J. De Lapparent in France, F. Tucan, F. Ki§pa-
tii and the Swiss geologist J.-G. de Weisse in Yugoslavia, A. D. Arkhan-
GUELSKY in the USSR and E. Vadasz in Hungary.

In this way, at the same time (i.e. in the early fifties) the “terra rossa”
theory prevailed in France and Yugoslavia, the theory of chemical precipita-
tion in the Soviet Union and the derivation of karst bauxites from latérites
in Hungary.*

4. The Stage of Comparative Analysis and Synthesis

From the late fifties onwards there is a marked trend to abandon the
attitude of an overall and hasty generalization of any genetic theory. “Com-

*In 1955, an essentially new approach was made by E. Szadfxzky-Kardoss, Who
pointed out the strongly oxidative nature of the geochemical process of bauxitization.
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plex” or “combined” theories, more or less successful “genetic compromises”
succeed each other in being forwarded. Nowadays, it is generally admitted
that each particular bauxite deposit requires its own genetic explanation
based on a multilateral investigation of the peculiar geological features of the
given area.

Mutual visits of bauxite experts, comparative laboratory work, and
— last but not least — the meetings ofthe ICSOBA (International Commission
on the Study of Bauxite, Alumina and Aluminium), 1963 Zagreb, Yugoslavia,
1969 Budapest, Hungary, 1971 Leoben, Austria, 1973 Nice, France, 1977
Kingston, Jamaica, 1978 Athens, Greece, — contributed substantially to the
international (and interdisciplinary) exchange of experience.

On this basis, Gy . Bardossy, Hungary, succeeded in developing a global
explanation for the temporal and spatial distribution of the bauxite deposits
of the world, relying upon the concept of plate tectonics [1].

Even this idea, however, concerns only the most fundamental pre-
requisites of bauxite genesis. It admits that in various regions different geo-
logical factors can play the decisive role in the intricate process of bauxite
formation and deposition.

Thus, seemingly contradictory theories may be in vigour for the inter-
pretation of the origin of bauxite deposits in geologically different regions.

In the personal opinion of the present writer, this analytic-synthetic
approach (the third stage of the development of the theories on bauxite gene-
sis) — is not only justified, but it is also a due tribute to the creative mindes
of those numerous scientists, who did their best to solve the puzzle of bauxite
genesis. Moreover, it represents an essentially new stage asto the right appreci-
ation of the regional influences, now almost exclusively of geological nature,
avoiding both the exaggeration and the underestimation of their significance.

Conclusion
The problem of bauxite genesis is by far not only a question of purely
theoretical speculation. On the contrary, it has a very practical aspect, pro-

viding a solid scientific basis for the prognostics (forecasting), prospecting and
exploration of commercially important bauxite deposits.
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PEFTMOHANBHLIE BAUAHUA HA PA3BUTUME TEOPUIA O MEHE3WNCE
BOKCUTOB

3. Ayany
Pesome

O6pasoBaHVe BOKCUTOBBIX 3a/1eXKell BCTPeYatoLLMXC B NPOGUNAX NaTEPUTHON KOpbl Bbl-
BETPMBAHUS a/IlOMOCUINKATHbBIX FOPHbIX NOPOJ AOCTATOUHO XOPOLLO U3bACHEHO, XOTS CNOPUMbIe
[JeTain KOHeYyHOo ecTb. OfHaKo 0 MPOMCXOXKAEeHWMM GOKCUTOBBLIX Ten, 3aneratowmx Ha 6Gonee-
MeHee 3aKapoCTOBaHHOM NOBEPXHOCTU M3BECTHAKOB W JOIOMUTOB, BeAyTCA OCTPble CNOpbl.

[aéTca XpoHOMOrMYecKnin 0630p rnaBHbIX TEOPUA MO CTpaHaM MX BO3HUKHOBeHUS. (CM.
Tabnuupl 1—9.) HekoTopble TEOPUM UMEIOT TOIbKO UCTOPUYECKUI NHTEPEC, a ApYrue UMEKT 1 B
HacToslLLlee BPEMS CBOMX CTOPOHHUKOB. 3a TPeMs MUCK/OYeHUsMW, Bce 6bliv paspaboTaHbl Mo
nosogy 6okcntoB ®dpaHunmn, AbiHapmug n CCCP. 3TOT haKT 006bACHSAETCA COAeNCTBMEM NPUPOS-
HbIX (Freo/10rM4ecKmnx) 1 06LEecTBEHHbLIX (AKOHOMMYECKIMX) (PaKTOPOB B3ITUX TPEX pernoHax. ABTo-
PUTET HEKOTOPbIX KPYMHbIX YYEHbIX Urpas BadKHYI pPo/ib B TOM, YTO Ta UM UHAsA Teopus ctana
noYTn 06LLENPUHATON B OTAEMbHbIX CTpaHax. Hanpumep, Bo ®paHumm ¢ 1930 roga, ns-3a BANS-
Hna A. fe-JlannapaHa Teopusi «Teppa pocca» LapcTeoBasia 60nee 4eTBepTU Beka. Ha BankaH-
CKOM NOSlyoCcTpoBe M3-3a aBToputeTa TyyaHa, Kuwnatvya v [13 Belice Ta e camas Teopus
cunTaTb 06LEeNpPUHATON Ao 60-bix rogoB. B CCCP, Teopust A. [I. ApXaHrenbCKOro o Nponcxox-
JeHUM 60KCUTOB MyTEM XMMWYECKOro BbIMafeHWs M3 BOAHbIX PacTBOPOB CBbile 20 feT 6blna
«ohmumanbHol» Teopueli 6okcnToobpasoBaHnsA. Bo BeHrpuu, Mpod. 3. Bagac 6b11 CTOPOHHUKOM
TEOpUW NepeoT/IOKEHUSA NaTepUT30BaHHbIX MPOAYKTOB BbIBETPMBaHMSA. Ero MHeHue rocnog-
cTBoBas10 ¢ 1946 no 1955, n otyacTn faxke no 1966 rog.

C 1960 roga Bce yvalle NOSABAAOTCA KOMMJEKCHble Teopun. BO3HMKaeT M KpenHEeT KOH-
Lenums, no KOTOpoi NpPUXOANTCA paspa artbiBaTb, CTPOr0 Hay4HbIMW METOAamW, FeHeTUYeCKMne
CXeMbl AN OTAeNbHbIX G0KCMTOHOCHBIX 06nacTeld, U Henb3d npegnaratb 06LLyl0, Kak 6yaTo
YHUBEPCANbHYIO TEOPUIO.

BeHrepckomy yuéHomy [b. Bappowin ynanocb YCTaHOBUTb 06LLME 3aKOHOMEPHOCTU
BaXKHEMLINX YCNOBUIA M NpefanocbiioK 60KCMTO06pa3oBaHMA Mpu NOMOLUM rnobasbHON TeKTo-
HUKKW. [0APO6HOCTN M 0COBEHHOCTU 0OBACHAKOTCA PernoHaslbHbIMW YepTamy reonorn4eckoro
pasBuTuA.
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CONTRIBUTION TO THE STUDY OF FOSSIL
CORAL FACIES DEVELOPMENT IN EASTERN CUBA

By
G. L. Franco Gy. Radécz and E. Nagy
INST. OF GEOL. AND PAL. HUNGARIAN GEOLOGICAL
OF THE CUBAN ACADEMY INSTITUTE (MAFI)
OF SCI. LA HABANA CUBA BUDAPEST, HUNGARY

Coral communities of Eastern Cuba are found spread in the superimposed basins
related to the three main structural complexes of the region showing rather an areal
zonation: the younger formations are placed near the actual shore line while the older
are located in the neighbourhood of ancient anticlinoria.

Coral species from lagoonal facies abound in the whole area, especially in the
Oligomiocene sediments of the Guantdnamo-Basin.

The oldest assemblages, correlated to the Antiguan and Isthmian faunas are
present in the Oligomiocene sediments of the Guantdnamo Basin, and to a lesser extent
in those of the Bahia de Nipe-Guacanayabo Basin. This fauna displays an Indopacific
character and grew primarily on a gravel bottom in a rather low-energy environment.
Warmer temperatures seem to have favoured the coral development not as true reefs
but as isolated rather packed biostromes.

An abrupt change took place with the beginning of the Middle Miocene probably
by the existence of an interoceanic connection and the subsequent change in the littoral
thermal regime. Optimal conditions reappeared during the Upper Pliocene.

The Pleistocene coral areal zonation resembles to some extent to the pattern
described by De Buissnjé¢ for the Netherlands Antilles but is less well outlined.

Fifty percent of the fossil species listed occur in the younger reefs and lagoons.
The important climatic changes that have taken place on higher latitudes during
Pleistocene seem to have not been reflected in the coral growth of the study area.

Introduction

During the last years of the past century, A. Agassiz and others visited
the island of Cuba and made some geological observations of its littoral belt,
namely of its eastern portion.

A. Agassiz devoted special attention to the coralline formations found
in the socle of the elevated terraces.

Later, T. W. Vaughan studied the fossil coral faunas of the island, in
particular those of Eastern Cuba, drawing some conclusions on their develop-
ment and relationship with the geological history of the Caribbean-Gulf of
Mexico area.

These investigations remained in fact interrupted up to the early seven-
ties when H. H. Kuhimann studied the recent coral fauna of our country
pointing out some observations on Pleistocene coral development in connec-
tion with glaciations.
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During years 1966 and 1969, G. L. Franco performed some geological
work on the Upper Tertiary and Quaternary deposits of Eastern Cuba collect-
ing a rich fossil fauna in which figured coral specimens, although he has not
then made a thorough study of these corals.

In connection with the geological surveying the ancient Oriente province
in 1972 made by the Institute of Geology and Paleontology of the Cuban
Academy of Sciences, particular attention was devoted to the investigations
with fossil corals, specially those of Guantanamo basin.

The authors, who belonged to the Cuban-Hungarian surveying group,
present here the preliminary results of their observations in Eastern Cuba.

Distribution

The fossil species were collected in the sediments of the superimposed
basins fringing the three main structural units of Eastern Cuba, namely:

1. The Auras anticlinorium.

2. The Sierra de Nipe-Cristal-Baracoa zone forming a structural complex
consisting of Cretaceous and Early Paleogene rocks. It is possible that the
Sierra del Purial metamorphites included in it could be older.

3. The Cayman zone containing the Sierra Maestra anticlinorium.

The depositional areas are: the Guantanamo basin (with the secondary
basins of Bayate and Esperanza), the Babia de Nipe-Guacanayabo basin
(with an approximate alignment NE-SW, dividing the eastern region in two
inequal parts, the oriental part bigger being, the small Santiago basin (located
between the Sierra Maestra anticlinorium and the Bartlett Trough), and finally
the northern and southern littoral transgressive fringes.

Younger coralline formations corresponding to reefal and lagoonal
assemblages appear in both transgressive fringes. Accordingly, they are located
geographically farther from the anticlinoria axes than the older formations
arranged in this manner according to certain areal zonation. Their fauna
includes 26 species of living corals either very well preserved in the Upper
Pleistocene Jaimanitas Formation and in some Holocene beach deposits or
more or less recrystallized in older sediments (Upper Pliocene Maya and
Guardarraya formations). Fifty per cent of the enlisted corals occur in these
younger formations.

The Upper Neogene La Cruz Formation of the Santiago basin contains
15 species which from 10 are living. It is surpassed only by Maquey Formation
(with 38 species) and Jaimanitas Formation (with 26 species).
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Historical Evolution

Coral development in Eastern Cuba exhibits two well definite acmes:
one less evoluted during the Aquitanian s.l. (i.e. Oligomiocene) and a second
from the Upper Pliocene to Recent.

During Paleocene and Eocene times the coral development has not left
remarkable clues in this part of our territory and probably in the whole insular
area. In the Caribbean-Antillean region coralline sediments appears restricted
to a few places: Mexico, British Honduras, Jamaica and the Gulf Coast (Frost,
1972; Vaughan, 1919).

In the Middle Eocene faunal assemblages prevail, according to Frost,
Tethian genera.

During the Agquitanian s.l. (i.e. the interval Upper Oligocéne—Lower
Miocene, according to us and others) the corals reach in the Guantanamo basin
and the middle and northern portion of the Bahia de Nipe-Guacanayabo basin
(Clindro, Maquey and Yateras formations for the first; Camazan Formation
for the latter) a stronger development, with a relatively great number of
species and wide spatial distribution without forming true reefs but rather
isolated biostromes more or less closely arranged. These differ from those
observed by Vaughan (1919) in other places of the Caribbean-Gulf of Mexico
area.

Vaughan mentioned, moreover, the possibility of an interoceanic con-
nection during the Oligocene based upon the continuity of both the Culebra
and Emperador formations in the isthmian zone from the Atlantic coast
up to the Pacific slope and also upon the faunal similarity of the Pacific and
the Atlantic coast of Panama. This connection has been supported too by
A. Torre (verbal communication) but he locates it in the Middle Miocene.
In this case the entrance of a cold current could have modified the thermal
regime then existing in the Caribbean-Gulf area, inhibiting coral development.

Frost explanation (1972) considers the close of this connection at the
end of the Oligocéene, not allowing the entrance of the East Pacific Equatorial
Countercurrent.

It is interesting that the influence of Tethian genera fails in the Aquitan-
ian s.l.: then appear many genera nowadays restricted to the Indopacific and
the Mediterranean. This fact can be established almost uniformly in the whole
Caribbean-Gulf area and especially in the coral fauna of Antigua Formation,
in which hermatypic forms prevail.

During the Middle-Upper Miocene an abrupt faunal change occurs but
scarce Indopacific and Mediterranean faunal elements persist for some time.

In spite of the relative abundance of hermatypic corals, no true reefal
development can be observed in the area of study. Some living coral species
appear (Montastrea annularis, Acropora cervicornis, Porites porites, Solena-
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strea bournoni, etc.). The number of species is considerably minor than in
Aquitanian. In general the coral development diminishes assume a restricted
and irregular character.

From the Upper Pliocene onwards the reefal facies begins to appear in
the Cuban seas, reaching probably its major development from the Upper
Pleistocene up to date.

The neotectonic activity in the Caribbean-Gulf area, which left remark-
able clues in the Cuban territory (e.g. the terraces en échelon of Maisi and
Cape Cruz), appears to have controlled the erosional rhythm, and therefore
the amount of detritic materials transported to the surrounding seas, affect-
ing rather periodically the ecological optimum for coral growth.
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X collected by the group and referred to in literature

Ecological Considerations

Coral assemblages found from the Aquitanian 8.1. to Miocene are chiefly
represented by species corresponding to lagoonal facies.

On the thick layers of coarse detritus corresponding to the beginning
of molassic deposition in the Guantanamo basin (Cilindrol Formation) can
be observed an early coral development often observed as incrusting forms
(e.g. Astrocoenia guantanamensis) or nodular forms (Stylophora canalis).

Major development is observed in the basal part of Maquey Formation
(Vega Grande Member) gradually decreasing upwards with the beginning of
Middle Miocene deposition.
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These assemblages are ecologically characterized by their malacological
fauna and by the abundance of large specimens of Lepidocyclina (L. gigas
group), referable to the Corallinacea-Lepidocyclina community of Baidi
(1973). The genera included in this assemblage are widespread in their majority
not only in the study area but in the Caribbean-Gulf area within the same
stratigraphic range.

The relatively low energy of the lagoonal environment hindered probably
the continued suspension of finer detritals, important constituent of the
Guantanamo basin sediments allowing enough the aeration, food circulation
and light penetration needed for survival of coral.

In the Bahia de Nipe-Guacanayabo basin, coral development was not
so important as in the Guantanamo basin. Nevertheless it exhibited relative
abundance of fossil species in some places: e.g. the sediments Gamazan Forma-
tion, corresponding in a greater extent to the Aquitanian s.l. (Only two of
the enlisted species existing in Gamazan Formation have not been found
in the Guantanamo basin deposits.) It looks reasonable to suppose some pecul-
iar microclimatic conditions in particular the thermal regime of the sea bot-
tom to explain this relative inhibition.

Upper Pliocene coral growth marks the true reefal development in the
area with the predominance of typical forms of a high energy environment
like Acropora palmata found sometimes in growing position in the barrier
reef zone. Although coral growth is also remarkable in the lagoon with forms
like Montastrea annularis.

Hard percussion-sounding whitish reefal limestone belonging to this
interval appear today forming the socle of the elevated terraces of the southern
coast of the ancient Oriente Province. They are included in the Maya For-
mation.

The Upper Pleistocene coral assemblages present sometimes a not
always well outlined areal zonation that keep resemblance to the “biozones”
(subfacies) described by De Buisonjé (1974) in the Netherlands Antilles,
namely: barrier-reef zone (Acropora palmata zone) representing a turbulent
high energy environment; the Montastrea annularis zone representing the
lagoonal conditions and finally the Siderastrea zona corresponding to the
inner border of the littoral ensemble.

The abrupt climatic changes that have taken places in the higher lati-
tudes during the Pleistocene appears to have been not reflected, at least
remarkably, in the coral growth of the study area although the existing gap
between the Maya and Jaimanitas formations could offer us the key of an
important inhibition in coral growth during the Early and Middle Pleistocene.
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Conclusions

1. The coral development in the Caribbean-Gulf area exhibits two acmes:
one during the Agquitanian 81 and another from the Upper Pliocene up to
the present, probably due to changes in the thermal regime of the seabottom.

2. True reefal growth can be observed only from the Upper Pliocene
upwards.

3. Younger and older coralline formations are distributed rather zonally:
younger coral fringes are farther from ancient structures than the older for-
mations.

4. In the Oligomiocene Guantanamo-Basin sediments the lagoonal corals
show a strong influence. They form no reefs hut isolated more or less closely
arranged biostromes.

5. There are no clear clues in the study area reflecting the influence of
the abrupt climatic changes during the Pleistocene.
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K BOMPOCY WCCNELOBAHWA PA3BUTUA MUCKOMAEMbIX KOPAOB
B BOCTOYHOW YACTW KYBbI

r. 1. ®PAHKO-3. HAAb—/Ab. PAAOL,
Pesome

CoobLiecTBa KopansioB BocTouHol Kyb6bl pacnpocTpaHeHbl B Ha/IOXKEHHbIX 6GacceiiHax,
CBSI3aHHbIX C TPeMsl INaBHbIMU CTPYKTYPHLIMU KOMMIEKCAMW paccMaTpriBaemoli o6nactu. OHu
06HapY>KMBaKT CKOpee;NoLLafHY 30HA/IbHOCTb: 60/1ee MOJOfble 06pa3oBaHMs PaCMOoNIOXKEHbI
B6/11M31M COBPEMEHHOI GeperoBoli MHUK, B TO BPeMsi Kak 60/1ee peBHME pa3BUTbl 0KO0 APEBHUX
aHTUK/INHOPWEB.

Ha TeppuTopru paccMaTpuBaemMoro paioHa n3obuayT Buibl KOPaoB, MPUYPOUEHHbIe K
NaryHHbIM halysim, 3T0 0CO6eHHO CrpaBef/IMBO /151 O/IT0-MUOLLEHOBbIX 0T/I0XKEHMI TBaHTaHaM-
cKoro 6acceiHa.

CaMble fpeBHble KOMMJIEKChI, COMOCTaBUMbIe C (hayHaMn AHTUIMBMU U VIcTMUKM, BCTpeya-
I0TCA B O/IMIO-MUOLIEHOBbIX OT/IOKEHUAX [BaHTaHaMcKoro 6acceiiHa, B MeHbllUeii Mepe — B
OT/IOXEHUSIX TaKoro XKe Bo3pacTa, pasBUTbIX Ha Tepputopun Baxusage—Hune—IBakaHas6o.
JTa (hayHa MMeeT MHAO-NaLUPUUECKNIA XapaKTep 1 OHa NPOXKBana B NPenMyLLECTBEHHO rasey-
HUKOBbIX [IOHHbIX YC/TOBMAX B BOAHOWN Cpefe MOHVKEHHOr0 3HepereTMyecKoro pexma.

Bonee BbiCOKMe TemnepaTypbl 6naronpuaToBanun, NoB-BUAMMOMY, PasBUTUIO KOpassoB
He B BWfe NOMMHHBLIX PUOB, a CKopee B (hOPME M30/IMPOBAHHbIX, HO G0/lee-MeHee TyCThbIX
6rocTpom.

Pe3koe M3MeHeHVe MPOU3OLU/IO C HayasioM CpefHEro MmoLeHa, YTo 6b110 06YCNOBMEHO,
no-BMAMMOMY, CYLLLeCTBOBAHUEM MEXOKEAHUYECKOro COOGLLEHUS M MOC/eyoWUM N3MeHEHNEM
TEPMasIbHOr0 peXxuma NpuBpeXxxHoli 30Hbl. ONTUMa/bHbIE YC/I0BUSI BOCCTAHOBW/IUCH B MO34HE-
NAMOLLEHOBOE BPEMSI.

MnowaaHas 30HaNIbHOCTb KOPasIoBbIX COOGLLECTB MeicToLeHa HanoOMUHAeT B HEKOTO-
poli cTeneHu ycnosws, onucaHHble e-BalicoHbe Ana HuaepnsHAckMx AHTUAN, HO OHa MeHee
YeTKO BbIpaXkeHa.

MATbAECAT NPOLEHTOB MepeunC/IeHHbIX MCKOMaeMblX BUAOB KOpassioB BCTPeyaeTcs B
6onee monogpix puax n naryHax.

3HaumMTeNIbHbIE KNMMaTUYECKME N3MEHEHUS, UMEBLLINE MECTO Ha 60/1ee BbICOKMX LLMPOTax B
NNeicToLEeHOBOE BPeMsl, NO-BUAMMOMY, He CKa3blBa/IUCb Ha MpoM3pacTaHUM KopasioB B npege-
nax paccMaTpuBaemoro paiioHa.
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FLUVIO * MARINE FORMATIONS
JAL: JAIMANITAS (LIMESTONE!

MAY GUA-MAYA Y GUARDARRAYA (L.ANO M
JuATICARO (MARL)

MAN:MANZANILLO (MARL AND LIMESTONE)
CRU: LA CRUZ (MARL AND LIMESTONE)
BAR: BARACOA (LIMESTONE AND MARL)
CCR: CABO CRUZ (LIMESTONE AND MARL)
JAG: JAGUEYES (MARL AND LIMESTONE)
YAY : YAYAL (MARL AND LIMESTONE)
VAZ: VAZQUEZ (MARL AND LIMESTONE)
CAN: CAMAZAN (MARL AND LIMESTONE)
BIT : BITIRI (MARL)

YAT : YATERAS (LIMESTONE)

MAQ:MAQUEY (MARL AND LIMESTONE)
SEV: SEVILLA (LIMESTONE)

CIL : CILINDRO (CONGLOMERATE)

PED: PEDERNALES (CONGLOMERATE)

.PRE-OIIGOCENE FORMATIONS

Most frequent Species

“[ AcroporQ cerviconis (A. proliféra) *

Diptoria divosa
D.strigosa
Siderastrea radians

Diptoria labynn”blformisle,

Goniopora Jacobiana
Montastrea annularis*™*
Pecitipora baracaontis
Porites astreoides*"*

P. furcata

Solenastrea hyadest™
Stylophpra offinis

S. granutato

Thysanus extentricus var.

Antiguastrea cellulosa

Astrocoenia guantanamensis

A. meinzeri

Cyathomorpha anguillensis

C. tenuis

Diploastrea crossolamellata

Montostrea costata

M imperatoris
Pironostrea antiguensis
Stylopora canalis
Trochoseris meinzeri

11213

1=coral facies 2=fore-reef facies

(#)Also present in the Pm. Jaimanites

3sreef facies

Fig. 1, Distribution of the coralline formations in Eastern Cuba. Compiled by: G. L. Franco—E. Nagy and Gy. Radécz. Relying on results of the Guban-Hungarian team, Geological-Paleontological Inst, of the Academy of Sciences, Cuba
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TRANSITIONAL VERY LOW- AND
LOW-GRADE REGIONAL METAMORPHISM OF
THE PALEOZOIC FORMATIONS,
UPPONY MOUNTAINS, NE-HUNGARY:
MINERAL ASSEMRLAGES,
ILLITE-CRYSTALLINITY,

-to AND YITRINITE REFLECTANCE DATA

By
P. Arkai, Z. A. Horvath, M. Té6th

LABORATORY FOR GEOCHEMICAL RESEARCH OF THE HUNGARIAN ACADEMY OF SCIENCES,
BUDAPEST

The Middle Devonian—Middle Carboniferous formations of the Uppony Moun-
tains lying at the northern border of the Igal-Biukk Alpine mobile belt form a mono-
clinal folded structure. The sedimentation is characterized by the gradual decrease of
the proportion of the calcareous sediments to their total disappearence as well as the
parallel increase of that of the detrital and chemical siliceous sediments. The volcanic
activity established in several stratigraphic horizons that had produced mostly basaltic
lavas and pyroclastics can be explained by the deep-faults connected with the subsidence
of the sedimentary basin.

On the basis of the mineral assemblages, petrotextural characteristics, illite-
crystallinity, vitrinite reflectance data, chloritoid formation, glauconite-celadonite/stil-
pnomelane isograde and anthracite-graphite “co-existence” the regional metamorphism
of the Paleozoic of the Uppony Mountains occured at a temperature of about 300 °C.
This corresponds to the boundary between the anchi- and epi-zones. The b0 lattice
parameter distribution of sericites (x = 8.996 A, n — 34,s = 0.010) indicates low-pressure
recrystallization, i.e. of about 2.5 kilobar. There is no significant difference between
the metamorphic grades of the Middle Devonian and Middle Carboniferous formations.
This, as well as the continuous sedimentation conditions, further the lack of angular
unconformity rule out the possibility to assume effects of the Hercynian (Bretonian or
Sudetan) tectonometamorphic phases. On the basis of the metamorphic grade of other
Paleozoic and Mesozoic formations of the area the Alpine (Cretaceous) age of the
regional dynamothermal metamorphism can be assumed.

Introduction

The Paleozoic formations of the Szendro and Uppony Mountains lying
inthe northeastern part of Hungary are superficial parts of the anchi-epimeta-
morphic belt extending from the Graz Basin in the Eastern Alps through
the Little Plain, Balaton Highland up to the Spissko-Gemerské Rudohorie
(Western Carpathians) (Szadeczky-Kardoss et al., 1969, 1976; Jantsky,
1976; Szepeshazy, 1973). The difference in the tectonic behaviour of the parts
of the belt is indicated by the difference in grades of transformation of the
Mesozoic formations within the Alpine cycle (Arkai and Viczian, 1975). In
the southern part of the Paleozoic anchi-epimetamorphic region, the Alpine
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mobile belt lying in NE-SW direction (the “Ilgal-Biikk eugeosyncline”,
Wein, 1969) and bordered by the so-called Darné-line shows the most com-
plete sequence in the Bikk Mountains with the remnants of “oceanic basement-
like ophiolitic” magmatites (Szadeczky-Kardoss, 1978; Onouha, 1978).
Southeast of the Darno Tectonic Zone, the northwestern border of the Alpine
mobile belt is constituted by the Devonian (Silurian?) and Middle Devonian-

Fig. 1. Geological situation of the Uppony, Szendr6 and Bikk Mountains. 1. Medium- and

low-grade polymetamorphic (Early Baikalian—Hercynian—Alpine) crystalline basement;

2. very low- and low-grade, generally Hercynian metamorphic Paleozoic basement, with non-

metamorphic Mesozoic; 3. very-low- and low-grade metamorphic Paleozoic, with very low-

grade metamorphic Mesozoic (Alpine mobile belt); 4. Penninicum of the K&szeg Mountains;
SZ = Szendré Mountains. U = Uppony Mountains; B = Bikk Mountains

Middle Carboniferous formations of the Szendré resp. Uppony Mountains
(Fig. 1). Based on the petrological features of these metamorphic formations
the changes of intensity of the different tectono-metamorphic cycles can be
determined in relation to the tectonic evolution. This is aimed by the investiga-
tion of the stratotypes of the Szendrd, Uppony and Bikk Mountains under
the guidance of Fursp (1976) and sponsored by the Central Geological Office
of Hungary.

The aim of this paper is to characterize the Paleozoic of the Uppony
Mountains from the metamorphic petrological point of view and to compare
it with the data on the Szendré Mountains published earlier (ARKAI, 1977).
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Geological Setting

The geological sketch map (Fig. 2) was prepared after Balogh (1964),
demonstrating also the lithostratigraphic units distinguished by FULOP (1976).

The Paleozoic of the Uppony Mountains forms a monoclinal folded
structure of southeastern dip. Its northwestern and southeastern borders are
tectonic. In the NW, in the Darné Tectonic Zone the Paleozoic sequence was
overthrusted to Triassic and Oligocene-Miocene formations. In the SE it
contacts the overlying Triassic rocks also along overthrust planes (Panto,
1954; Balogh, 1964).

The Paleozoic sequence of Uppony is divided into three formations.
The oldest one is the 400 m thick light-grey compact crystalline limestone

Fig. 2. Geological sketch of the Uppony Mountains (after Batogh, 1964), simplified. 1. Uppony

Limestone Formation; 2. Lazbérc Formation; 3. Tapolcsany Formation; 4. Middle and Upper

Carboniferous slate, sandstone with limestone lenses; 5. Permian variegated slate and sand-

stone (Lower Permian) and bituminous limestone (Upper Permian); 6. Triassic: Anisian dolo-

mite (metasomatic iron ore), limestone; Ladinian limestone, diabase and tuff, dolomite;

7. Cretaceous: Senonian limestone conglomerate of Gosau type; 8. Tertiary sedimentary rocks;
9. overthrust, fault; 10. strike and dip
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sequence of the Uppony Limestone Formation (I). This is overlain by the Laz-
bérc (I1) and Tapolcsany (I11) Formations of about 2000 m total thickness.
The Lézbérc Formation consists of the alternation of thin-banked lamellar
limestone, lime-schist and slate with subordinate intercalation of meta-sand-
stone and meta-tuffitic limestone. The Tapolcsany Formation is characterized
by the repeated alternation of slate, meta-sandstone, meta-chert as well as of
metabasalt and -tuff (Baltogh and Korossy, 1974). Along the Pre-Senonian
overthrusting zones effects of Fe-M g-carbonatic metasomatism can be observed
(Panto, 1954). In the slate and meta-chert strata of the Tapolcsany Formation
traces of sulfidic ore (pyrite-chalcopyrite) are common, in the weathering
zone with oxi-hydroxide, sulfate-phosphate mineralisations (Ei1soltz and
Selmeczi, 1977).

The age of the Paleozoic sequence poor in fauna has been uncertain.
Schréter (1954) assigned the Formation I. to the Devonian, the Formations II.
and Ill. to the Lower and Upper Carboniferous resp. Assuming a single
sedimentary cycle Panto (1954) and Balogh (1964) dated the whole sequence
as Lower Carboniferous. On the basis of uncertain Hystrichosphaerides and
Graptolites remnants the Paleozoic sequence of Uppony was assigned to
the Ordovician and Silurian by Nagy and Szepeshazy (1971) and later by
Balogh and Korossy (1974) and correlated with the two lower formations
of the Szendr6 Mountains though the correlation of the two mountains was
ruled out by Jambor (1961) relying upon petrological evidence.

According to the latest Conodonta investigations Formation I. is of
Middle Devonian, Formation Il. of Upper Devonian—Lower Carboniferous,
Formation Ill. of Middle Carboniferous age (Kozur and Mock, 1977). Accord-

ingly, this sequence would be a stratigraphic link indicating continuous sedi-
mentation between the (Silurian ?)-Devonian limy-detrital sequence of the
Szendré Mountains and the Paleozoic-Mesozoic sequence of the Bikk Moun-
tains starting with the Middle Carboniferous clastic strata. The lower part
of the Uppony Limestone Formation and of the Lazbérc Formation can be
correlated in age with the Szendrdlad Limestone and Borsod Limestone For-
mations of the Szendr6 Mountains.

The Paleozoic sequence of Uppony is hardly known from the meta-
morphic-petrological point of view. Only generalities resp. qualitative refer-
ences concern its epimetamorphic character: “epizonal dynamometamorphism”
(Noske— Fazekas, 1973); “low-grade metamorphism” (Kozur and Mock,
1977). Its metamorphic degree is weaker than that of the Paleozoic of Szendr§g
but stronger than that ofthe Paleozoic ofthe Bikk Mountains (Jambor, 1961;
Balogh, 1964).

The Triassic volcanogenic-sedimentary sequence of the Blikk Mountains
is characterized by Alpine regional dynamometamorphism of pumpellyte-
prehnite-quartz facies (Arkai, 1973). The (Silurian ?)-Devonian sequence of
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the Szendro Mountains was affected by low-medium-pressure low temperature
greenschist facies metamorphism of uncertain age (Hercynian?-Alpine?).
The metamorphic grade of the upper horizons corresponds to the boundary
between the anchi- and epizones (Arkai, 1977). On the basis of the color
alteration index of conodonts (CAIl) the metamorphic grades of the Paleozoic
of Uppony and of the Triassic formations of the Bikk Mountains is the same.
Consequently, the age of metamorphism of the Triassic formations of the
Bikk Mountains is Alpine (Kozur and Mock, 1977) and the Hercynian
orogeny had no or only rather slight effect in this belt.

The method based on the qualitative observation of the colour and
recrystallization of conodonts is unsuitable to determine the metamorphic
grade just due to other factors (e.g. organic matter content, etc.). Thus, for
determining an eventual Hercynian metamorphic effect, the metamorphic-
petrological investigation of the Middle Devonian—Middle Carboniferous
sequence of Uppony is of decisive significance.

Sampling, Analytical Methods

The strato-types of the Paleozoic of Uppony, the boundaries of the
formations resp. the profile discovering these (road-cut ofthe Lazbérc storage
lake), the core samples of four boreholes (Dédestapolcsany-5, 8, 9 and Up-
pony-10) of about 1500 m length, altogether more than 300 samples were
investigated. To collect the surficial samples E1isoltz, L. and PERO, Cs.
assisted. The relatively continuous sampling rendered possible the statistical
data processing.

The X-ray diffractometric records were made from whole rock and from carbonate-
free powder samples (after treating the samples with 3% cold hydrochloric acid) by means
of a Philips Micro Muller 111 equipment.

(Recording conditions of the desoriented and oriented samples: CuKaradiation, accelera-
tion voltage: 42 kV, amperage: 32 mA, proportional counter, graphite monochromator,
divergency and detector slit: 1°, goniometer speed: 2°/min resp. 0.5°/min; paper speed:
1600 mm/h, time constant: 2.)

The computation of the semi-quantitative mineral composition was carried out by the
direct method of Naray-Szabs and Peter (1967) using also the data of Bardossy (1966,
1970) and of Rischak and Viczian (1972). Results were controlled by the solution residue data,
occasionally by DTG-analyses and the mineralogical recalculation of the chemical analyses.

The structural order characteristic of the illite-muscovite series with respect to the
metamorphic grade was measured by the half-width of the (002) base reflexion after Kabuer
(Kubrer index) in mm, resp. by the relative half-width in order to eliminate the disturbing
effects of methodic conditions (weber, 1972):

HbqUart2(ioo)i nim

The boundaries between diagenetic zones and anchi-zone resp. between the anchi- and
epizones were determined from the data of samples of known metamorphic grade (Arkai, 1977).
To measure the illite crystallinity, sample preparation was standardized: coarse grind-
ing of 5 minute, solution by diluted hydrochloric acid in case of carbonate samples, fine-
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grinding producing grain size ranging from 30 to 60 microns. The standard deviations depend-
ing on sample preparation and instrumental errors are in case of n = 10 sample (measure-
ment), and at 2°/min goniometer speed: Kubier index: s = 0.05—0.18; Hbre[: s = 4—10.
Indices were measured for whole rock samples since the average grain size of the investigated
samples is >10 /tm, and the decrease of grain size produces half-width increase below 2 /tin
only. In the course of statistical evaluation of the indices obtained in this way the effect of
detrital micas can be eliminated.

The determination of the d(060) lattice parameter of sericites was carried out in des-
oriented powder samples using the quartz content of the samples as an internal standard.

The electron microprobe tests were made by Nagy, G. with a instrument of JEOL

JXA-5 type.
The random vitrinite reflectance was measured by means of the reflectance standard
of the glass prism series produced by the Bituminous Coal Research Inc, in the light of 548 nm

wavelength.

Lithology

On the basis of the average mineral composition of the main rock types
of the Uppony Paleozoic formations a continuous and unidirectional change
in the sedimentation conditions can be determined (Table I, Fig. 3).

The Uppony Limestone Formation is characterized by reductive calcare-
ous sediment of predominantly chemical, subordinately biogenic origin. The
supply of detrital (clayey) matter proved to be very low (less than 2%).The
detrital matter is characterized by the predominance of quartz and phyllo-
silicates and by the small quantity of feldspars. On the basis of this, as well
as of the low chlorite/sericite ratio this formation is rather similar to the
Borsod Limestone of the Szendr6 Mountains.

Fig.3. Average mineralogical composition of the main rock types of the Uppony Paleozoic

formations. 1. limestone; 2. metasomatic dolomitized limestone; 3. clayey limestone; 4. meta-

tuffitic limestone; 5. metabasalt; 6. carbonate schist; 7. sideritic meta-chert; 8. meta-chert;

9. metasandstone; 10. slate (clayey, silty); 11. slate; 12. banded slate (clayey, silty). U =
Is Uppony Limestone Formation; L = Lazbérc Formation; T = Tapolcsany Formation
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The Lazbérc Formation characterized by the variety of sedimentation
conditions developed from the previous sequence by continuous transition.
It is constituted by chemically precipitated calcareous, resp. detrital (pelitic-
psammitic) sediments and their mixtures of varying ratio as -well as by strata
consisting of the rhythmic alternation of them.

In the lower part of the Lazbérc Formation metatuffitic limestone (pre-
viously “tuff-stripped limestone” “limestone with diabase tuff”) intercala-
tions are found. In this series the lime-material of sedimentary origin pre-
dominates. The dispersed (probably halmyrolitically argillified volcanic fine-
detrital matter accumulated syngenetically in the calcareous mud, forming
thin strips. The metatuffitic strips do not contain primary igneous minerals
or relict structures relating to volcanic rocks. The volcanic origin can be
probabilized only on the basis of the high chlorite and sericite content of the
strips as well as of the oxidative character (hematite) which sharply differs
from the reductive character of the formation in general. (The lack of feldspars
and the small amount of quartz suggest basic volcanic origin.) The meta-
tuffitic limestone is very similar to the cipolino-like crystalline limestone of
the Szendrd Mountains which is probably also of metatuffitic origin.

There is a continuous sedimentation transition from the Lazbérc Forma-
tion to the overlying Tapolcsany Formation. In the Tapolcsany Formation the
lime content of the pelitic sediments is gradually decreasing upwards and the
siliceous and fine-detrital sediments containing bacterial pyrite, siderite and
organic matter and deposited in strongly reductive environment, become pre-
dominant. These are overlain by coarser-detrital (sandy) sediments. Pelitic,
aleuritic, siliceous, subordinately sandy sediments containing syngenetic
basaltic (andesitic) volcanic intercalation constitute the terminal member
of the formation. Evidence for the syngenetic volcanic activity is as follows:
the lack of contact effects, and the joint occurrence of lava and lapilli-tuff-
like volcanites in eight horizons, in a thickness of 5—8 m on the average and
15 m as a maximal value.

The gradual decrease of the carbonate content (Fig. 3) as well as the
gradual predominance of the fine-detrital and siliceous sediments indicate
deeper, pelagic conditions. Deep faults related to the subsidence might initiate
the submarine volcanism of predominantly basaltic composition.

Regional Metamorphism

Texture and Structure

Due to the metamorphic recrystallization the difference between the
detrital constituents (predominantly quartz, subordinately feldspars, musco-
vite and muscovite-chlorite aggregates formed after biotite (Plate 1/2)) and
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the fine-grained clayey, carbonatic cement was gradually eliminated except
the coarser-detrital rocks.

In the meta-sandstones poor in carbonates “spiny like textures” (radially
arranged quartz-sericite fibres) can be observed around the quartz grains
(Plate 1/1). This indicates anchi-zonal metamorphism which can be paralleled
with the pumpellyite-prehnite-quartz facies (K ossovskaya and Shutov, 1963;
Frey, 1970).

The groundmass of the rocks of aleuritic origin recrystallized to a
quartzite-like texture containing oriented sericite scales.

The crenulation cleavage is commonly characteristic of the slates
(Plate 1/3). The recrystallization related to the progressing burial generated
sericite orientation parallel to the sedimentary stratification (I. clevage
plane). In the subsequent dynamometamorphic phase micro-folds and from
their evolution shearing cleavage planes were generated (llI. cleavage direc-
tion). The two recrystallization phases do not indicate necessarely two meta-
morphic phases of different age (since no paragenetic differences exist).
It seems to be more probable that this phenomenon reflects different evolu-
tion phases of one tectonometamorphic cycle.

The stylolitic structure is characteristic of the limestones. Grain size
varies in strips, the direction of elongation of the recrystallized carbonate
grains is parallel with the Il. cleavage plane. This can be particularly well
observed in the strips of the metatuffitic limestone containing sericite, chlorite,
quartz and hematite (Plate 1/4). The grain size of limestones depends on the
quantity of the detrital and organic matter as well as on their dispersity, thus
it cannot be applied even to the qualitative characterization of the meta-
morphic grade.

Mineral Assemblages

The Uppony Paleozoic metamorphites of sedimentary origin do not
contain critical mineral parageneses suitable to the more exact determination
of the physical conditions of recrystallization. The metamorphic mineral para-
geneses of the main rock types are as follows:

crystalline limestone: quartz, sericite (“chlorite, pyrite, albite, potash
feldspar, calcite, dolomite-ankerite, siderite);

slate (clayey-silty) : quartz, chlorite, sericite, albite, potash feldspar
(;h calcite, dolomite-ankerite, siderite, pyrite, hematite);

metasandstone: quartz, albite, sericite, chlorite (“calcite, potash feld-
spar, dolomite-ankerite, siderite, pyrite, hematite, chloritoid).

Of course of minerals listed above quartz and part of feldspar are of
detrital origin: depending on the grain size, these are not or only slightly
recrystallized. The major part of the dolomite-ankerite and siderite was
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Table 1

Average mineral composition and sericite parameters of the main rock types of the paleozoic formations of Uppony Mountains
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4  9.959
3  9.984
8  9.968
34 9.968
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Plate 1|

1. “Spiny like texture” (radially arranged quartz-sericite fibres) around detrital quartz grains
in metasandstone. U-I1/l sample, + Nicols M = 30 X

2. Muscovite-chlorite aggregate formed after detrital biotite in metasandstone. Dt-8. 256.7
m, + Nicols, M = 115X

3. Crenulation cleavage in slate. — Dt-8. 38.0 m. 1 Nicol, M = 30X

4. Folded metatuffitic strip with crenulation cleavage in limestone. U-380. 1 Nicol, M = 30X
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Plate I7

1. Chloritoid grains filling the intergranular space between detrital quartz grains in meta-
sandstone. U-II/l. 1 Nicol, M = 115 X

2. See TJ-11/1; 1 Nicol, M = 115X

3. Components of metabasalt-tuff groundmass: stilpnomelane, glauconite-celadonite, calcite,
titanite. Dt-8. 188.0 m, 1 Nicol, M = 115X

4. Amygdaloidal metabasalt with calcite, glauconite-celadonite and stilpnomelane filling.
Dt-8. 188.8 m, + Nicols, M = 30 X
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formed by subsequent metasomatic effect. The effect of Superficial weathering
is reflected by the kaolinite, the mixed layer-structure clay mineral of 8 and
12 A reflection, by the goethite and the rarely occurring jarosite and gibbsite.

From the metamorphic-petrological point of view the chloritoid-bearing
metasandstone (Tapolcsany Formation, Ragyincs Valley) is of special interest.
Its mineral composition is: 80% quartz, 8% sericite, 5% chloritoid, 2—2%
potash feldspar and chlorite, 1— 1% alhite, kaolinite and clay mineral of
mixed-layer structure. The detrital origin of chloritoid was assumed by Noske-
Fazekas (1973) though its grain size is much greater than that of the detrital
heavy minerals (zircon, rutile, etc.) of the rock.

According to the microscopic and microprobe observations (Plates
11/1—2; 1V/1—3) chloritoid is a mineral produced by anchi-metamorphic
recrystallization, filling the space between the quartz grains in the inter-
growing “spiny-like” sandstone structure characteristic of the anchi-zone.
In addition to the xenomorphic chloritoid grains subordinately idiomorphic,
sometimes polysynthetically twinned grains can also be observed.

The chemical composition of the chloritoid grains is homogeneous. No
difference has been found between the core parts of the grains and the marginal
parts believed previously to have been replaced by quartz:

Centre Margin
U-11/1 sample
of the chloritoid grain
SiOa 24.3 25.2
aid, 39.8 40.0
FeO* 22.2 22.6
MgO 2.0 2.0
Cao 0.1 0.1
Total: 88.5 90.1 w%

*Total Fe as FeO; microprobe analysis by Nagy, G.

The projection points of the chemical composition of the chloritoid-
bearing metasandstone given in Table Il fall within resp. in the close neigh-
bourhood of the fields found to he characteristic of chloritoids by Hoschek
(1967).

In the phyllites of the Aar Massif Frey and Wietand (1975) determined
the reaction: pyrophyllite + chlorite -> chloritoid -f- quartz -f- H2. This iso-
reaction grade is assigned to the epi-zone. According to Miyashiro (1973)
other possibilities for chloritoid formation are as follows:

kaolinite + chlorite — chloritoid + quartz -|- H2;
hematite f- chlorite —mmagnetite + chloritoid -f- quartz -f- H2;
paragonite -j- chlorite -f- quartz —» chloritoid -)- albite -)- H20.
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Table 2

Chemical composition of some characteristic rock types of the paleozoic formations of
the XJppony Mountains

1 2. 3 4 5 6
Si02 56.89 31.04 39.94 72.85 61.53 88.36
Ti02 0.96 2.40 3.68 0.56 0.56 0.24
aln3 19.26 11.83 12.72 11.90 13.33 6.11
Fe20a 1.65 1.41 1.94 0.51 — 0.03
FeO 6.76 8.16 9.10 2.46 6.85 0.89
MgO 1.00 7.98 9.48 1.00 0.50 0.50
CaO 2.09 13.54 9.37 2.09 4.18 0.70
MnO tr. 0.11 tr. tr. 0.07 tr.
Nan 1.08 0.62 2.26 1.86 0.24 0.50
K2 3.35 1.80 2.65 2.40 2.50 0.50
- h2 — — 0.13 — 0.33 0.06
+h2 4.17 2.58 4.14 171 4.25 0.98
C02 1.04 17.26 3.93 1.88 4.32 0.24
PA 0.12 0.41 0.16 0.07 0.34 0.05
E 98.37 99.14 99.50 99.29 39.00 99.16 weight

per cent

1. Banded slate (clayey, silty), Dt-8. 81.2 m; 2. metabasalt, Dt-8. 156.6 m; 3. meta-
basalt tuff, Dt-8. 188.0 m; 4. metasandstone, Dt-8. 296.0 m; 5. meta-chert (clayey), Dt-8.
493.7 m; 6. chloritoidic metasandstone, U-11/l, Ragyincs Valley.

Though in the medium- and high-pressure metamorphites the chloritoid
is more common (Seidel et ah, 1975), chloritoid is known to develop also
under low-pressure conditions. No data are available on the lower temperature
stability limit of the chloritoid. It occurs predominantly in formations of
green-schist facies but may also occur in the (very low-grade zone) anchi-zone
(Kubter, 1975; Winkler, 1976).

No observation data are available on the formation reaction of the
chloritoid found in the metasandstone of the Uppony Mountains. On the basis
of the illite-crystallinity, vitrinite reflectance and textural features of the
neighbouring formations, the formation of chloritoid can most likely be ranged
in the high-temperature part of the anchi-zone, near the boundary between
the anchi- and epi-zones.

The mineral assemblage of the metatuffitic limestone of the Lazbérc
Formation consist of calcite, sericite, chlorite, quartz, hematite (i potash
feldspar).
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S/a(=0)

Fig. 4. Diffractogram of metabasalt containing glauconite-celadonite and stilpnomelane.
Ab = albite; Ca = calcite; Chi = chlorite; Glauc-celad = glauconite-celadonite; Q = quartz;
Stilp = stilpnomelane

In the meta-basalt and tuff rocks of the Tapolcsany Formation three
mineral assemblages could be distinguished:

1. dolomite-ankerite, chlorite, albite, quartz, sericite, potash-feldspar
(+ calcite, siderite, pyrite, hematite, rutile, stilpnomelane);

2. glauconite-celadonite, stilpnomelane, chlorite, albite, calcite (+ potash-
feldspar, ilmenite);

3. chlorite, glauconite-celadonite, calcite, albite, dolomite-ankerite,
potash feldspar.

The 2nd and 3rd mineral assemblages might develop from a more basic
initial material than the first one.

Since in the fine-detrital volcanic rocks metamorphic schistosity can
be observed and the illite crystallinity of the metavolcanites is close to that
of the associated rocks, the regional metamorphic origin of the stilpnomelane
is highly probable. Glauconite-celadonite was formed presumably during the
low temperature transformation of volcanites, i.e. before the metamorphism.
The fine-grained glauconite-celadonite forming rarely scaly heaps and the
fibrous stilpnomelane developed from it occur in the groundmass of the lava
rocks, replacing the phenocrysts, in the lapilli and cement of volcanic tuffs
and it is found most frequently in the calcitic-chloritic hollows resp. alveoles
(Plates 11/3—4, 111/l and 1Y/4—5). A characteristic diffractogram of the
metabasalt is shown in Fig. 4. The chemical composition of the glauconite-
celadonite and stilpnomelane determined by means of microprobe Table 3.
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Plate 111

1. Metabasalt tuff, groundmass: stilpnomelane, glauconite-celadonite and chlorite. Dt-8.
188.0 m, 1 Nicol, M = 450 X

2. Fractured anthracite strip in bacterio-pyritic environment. Meta-chert. Dt-8. 480.0 m,
without Nicols, M = 540 X

3. Metabituminite with mosaic-reflexion. Clayey meta-chert, Dt-8. 396.5 m. W ithout Nicols,
M = 290 X

4. “Coexisting” anthracite (bigger fractured grains) and graphite in clayey meta-chert.
Dt-8. 396.5 m. without Nicols, M = 800 X
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Plate IV

. Composition image of chloritoid grain. U-11/I. M = 160 X

. Alk picture of IV/1

. Fek* picture of IV/1

. Glauconite filling in metabasalt tuff (Dt-8. 188.0 m). Composition. M = 160 X

. Elongated crystals of stilpnomelane in the filling of metabasalt tuff (Dt-8. 188.0 m). Composi-
tion, M = 320X

6. Coexisting anthracite and graphite in clayey meta-chert (Dt-8. 396.5 m), Composition
M = 300 X

OHWN -

The optical features (weak, yellowish-green, greenish-brown pleochroism)
and the X-ray diffractometric parameters of the glauconite-celadonite are
similar rather to the celadonite resp. glauconite mineral, its chemical composi-
tion is of transitional character. The determination of stilpnomelane is unam-
biguous on the basis of the strong reflexion at 12 A occurring in the diffracto-
grams.
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Table 3
Glauconite-celadonite Stilpnomelane
(Picture 1V/4) (Picture 1V/5)
SiO, 56.0 45.2
aiX 3 5.7 10.5
Fed 3** 23.1 17.7
MgO 10.2 15.1
MnO 0.4 —
CaO 0.7 0.1
K,0 21 8.5
Total 98.2 97.1 w%

** Total iron as Fe.03. Analyzed by Nagy, G. It is assumed that in the course of analysis
a part of crystalline water was lost.

The formation of etilpnomelane is possible in the most different pressure
ranges though it is most common in the high pressure low temperature meta-
hasites, iron-rich sandstones and metapelites (Miyashiro, 1973). It is stable
both in the pumpellyite-prehnite-quartz and in the greenschist facies (Wink-
ter, 1976). In the iron-oolitic glauconite-hearing metapelites of the Helveti-
cum of the Glarus Alps the stilpnomelane was formed under anchi-zone condi-
tions according to the reaction: glauconite -j- chlorite -f- quartz — stilpno-
melane -j- potash feldspar -)- H20 -f- 02 The estimated minimum parameters
of the isoreaction grade are: 1.6 kilobar and 260 °C (Frey et ah, 1973; Frey,
Teichmualler and Mullis, 1978).

In the metabasalt of Uppony the stilpnomelane developed from the
glauconite-celadonite mineral. It is remarkable that the stilpnomelane being
of smaller potash content than the glauconite-celadonite accompanies the dis-
appearance of potash feldspar and Ca-Mg-Fe-carbonate and the appearance
of caleite. Thus the participation of these minerals in the reactions can also
he assumed. The data available so far are insufficient to determine exactly
the reaction, nevertheless the isograde determined by the common occurrence
of glauconite-celadonite and stilpnomelane indicate recrystallization condi-
tions characteristic of the middle-upper part of the anchi-zone corresponding
to pumpellyite-prehnite-quartz facies.

Illite Crystallinity

The Kibler-indices of the sericites of the Uppony Paleozoic rocks are
of unimodal distribution (Fig. 5a-b). This would indicate regional metamor-
phism corresponding to the boundary of the anchi- and epi-zones. Their maxima
fall to the epizone, near the anchi-epi-boundary. The same conclusion can
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be drawn from the distribution of the relative half-widths (Fig. 5c-d). The
illite crystallinity indices of the Paleozoic formations ofthe Szendré Mountains
suggest epi-zonal (greenschist) metamorphism. The metamorphic grade of the
Paleozoic of Uppony as a whole, is lower than that of the whole of the Szendr6
Paleozoic.
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Fig. 5/a—b. Frequency distributions of illite crystallinity indices
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Fig. 5/c. Frequency distributions of illite crystallinity indices. Weber— indices

No considerable differences have been found in the average values of
crystallinity indices of the various Paleozoic formations of Uppony. The
indices of the Lazbérc Formation revealing somewhat stronger transformation
can be explained by lithological reasons.

In the Lazbérc Formation the illite crystallinity decreases in the follow-
ing succession: metatuffitic limestone—metasandstone—Ilimestone—slate.
This tendency can be explained partly by the effect of the originally different
degradation states of the 10 A phyllosilicates in the different lithofacies which
can be recognized already in spite of recrystallization, partly by the different
porosity and permeability of the individual rock types.

Similar reasons may be responsible for the decrease of illite crystallinity
in the Tapolcsany Formation, the succession of decrease being carbonate
schist —metabasalt and tuff—sandstone -meta-chert —slate.

The illite crystallinity of the slate and metasandstone types of the
Tapolcsany Formation which represent a higher stratigraphic horizon is some-
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what lower than the average values of the corresponding rock types of the
underlying Lazbérc Formation. It should be emphasized that the illite crystal-
linity of metabasalt and tuff intercalations is essentially the same or some-
what better than that ofthe associated sedimentary rocks. This is an evidence
to the same regional metamorphic transformation of both the sedimentary
rocks and volcanites.

b0 and d002 Parameters of the Sericites

The bO frequency distribution of the Uppony Paleozoic is unimodal
(Fig. 6). The average value is somewhat lower than that of the Szendro Paleo-
zoic.

Also the frequency distribution of the 10041002 intensity ratios (Fig. 7)
is similar to the distribution of the samples of Szendrd. This suggests a uni-
modal and according to the Esquevin (1969) diagram predominantly musco-
vitic, subordinately phengitic composition.
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Fig. 6. Frequency distribution of the bOlattice parameter of sericites

Fig. 7. Frequency distribution and composition of the |omA oib intensity ratios of sericites
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The average b0 values of the formations are dependent on the litho-
logical composition and do not characterize the pressure conditions of the
metamorphism (Fig. 8).

While no systematic difference is found in the d002 values of the differ-
ent rock types, the b0 average values of sericites of the calcareous rocks of
sedimentary origin are considerably higher than those of the low carbonate
rocks of detrital origin. (The measurements were carried out on carbonate-
free residues of the samples, thus the disturbing effect of carbonate reflexions
could be avoided. The same relationship, which is opposite to the statements
of Geyssant et al. (1973) was established also in the Szendro Paleozoic (Arkai,
1977). This relationship may be in connection with higher Mg/Al ratio of lime-
stones as compared to the detrital rocks.

The higher bOvalue of the metatuffitic limestones and metabasalts may
also be due to petrochemical reasons. While in this case first of all the Mg-Al
replacement should be taken into account, the extremely high b0 values of
meta-cherts and carbonate schists can be explained by the high Fe/Al ratio,
thus by the considerable Fe-Al substitution in the sericites.

To determine the pressure conditions of the regional metamorphism,
the slates of low carbonate (lessthan 20%) content, of quartz, sericite, chlorite,

Fig. 8. bOand d0®values of sericites of the main rock types. The Na/Na + K and]RM values
(RM = V2Fe2a f- FeO + MgO) after Guidotti and Sassi (1976). Legend see on Fig. 3
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+ albite, potash feldspar, pyrite mineral assemblage was used. Since the
method had been elaborated to low temperature greenschist facies meta-
pelites, and the metamorphism of the Uppony Paleozoic reached only the
boundary of the anchi- and epi-zones, the pressure estimation on the basis
of the b0 values may be only informative.

The average b0 value of the chosen slate samples of Uppony (x =
= 89965 A, n= 34, sx = 0.010, s- = 0.0018) indicates low pressure meta-
morphism. The cumulative distribution curve of the b0-values indicates lower
pressure than suggested by the distribution of the Szendr6 metapelites (Fig. 9),
and reveals a transitional position between the low pressure Bosost and the
Central East Dalradian type indicating the low-medium pressure boundary.

Out of the b0 pressure data of the metamorphites of the Alps and Car-
pathians, the metamorphites of the Uppony Mountains are similar to the
phyllites of the Eastern Carpathians and Eastern Alps of Hercynian age but
they indicate a slightly higher pressure (Fig. 10).

In the Alpine and Carpathian region the low pressure metamorphism
is characteristic of the Hercynian tectonometamorphic cycle. On the contrary,
the low pressure does not indicate necessarily Hercynian age since the pressure

Fig. 9. Cumulative frequency curves of b0Oparameters of muscovites from low-temperature
greenschist facies metapelites of different pressure range (after Sassi and ScobAHI, 1974)
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conditions of inetamorphism of the Hercynian showed also considerable
fluctuations (Krautner, Sassi et al., 1976) on the one hand, and the Alpine
tectonometamorphic cycle consists of different recrystallization phases of
different pressure ranges depending on the tectonic state of evolution, on the
other (Niggti et al., 1978).

Vitrinite Reflectance, “ Co-existing” Anthracite and Graphite

The clayey and silty slate and meta-chert types of the Lazbérc and
Tapolcsany Formations contain great amounts of fine-dispersed coalified
plant remnants. The organic matter as well as the spherical bacteriopyrite
of stripped distribution parallel with the stratification, further the less frequent
chalcopyrite are indicative of reductive environment of sedimentation (Plate
1y,

Three types of the coalified plant remnants can be distinguished: anthra-
cite, metabituminite with mosaic-reflectance and graphite.

Anthracite is usually of finely disperse (less than 1 ~m on the average),
less frequently it forms greater grains fractured by deformation effects
(Plate 111/2).

Metabituminite which is a transformation product of the mobilized but
not migrated bituminous substance of the rock occurs rarely but always in the
cavities of carbonate crystals. In polished sections it appears as an aggregate
of grains of strong bireflexion and less than 1 /um producing thus the charac-
teristic mosaic-reflectance (Plate 111/3). Its reflectance surpasses that of
the syngenetic vitrinites in the anthracite state.

In the samples oftheTapolcsany Formation the following average random
reflectance values were determined (due to the small number of measurement,
i.e. 10—60, averages can be considered to be of informative nature only):

Sample Rock R% n B
Dt-8. 373.0 m meta-chert,anthracite 5.24 14 0.35
Dt-8. 373.0 m meta-chert, metabituminite 5.64 22 1.00
Dt-8. 396.5 m meta-chert, anthracite 4.43 30 0.40
Dt-8. 396.5 m meta-chert, metabituminite 6.02 56 0.52
Dt-8. 466.6 m slate, anthracite 6.29 14 0.68
Dt-8. 480.0 w slate, anthracite 5.62 12 0.43

The average value of the homogeneous anthracite grains is RO= 5.17%.
The illite crystallinite indices of the same samples indicate the boundary of
the anchi- and epi-zones.
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According to different authors the boundaries of the diagenetic zones/
anchi-zone and anchi-zone/epi-zone) can be characterized by the following
vitrinite reflectance data resp. volatile contents:

Diagenetic Boundary of
zones/anchi-zone anchi-epi-zone*
Author
r% vm% r% VWo
Frey and Niggli, 1971 2.2% 10.0 3.7* 4.0 (RO
Weber, 1972; Wolf, 1972 4.0 4.0* 6.0 2-5* (R max)
Kisch, 1974 2.5* 8.0 6.0% 2.5 (Rmax)
Kubler, 1975 26228 7.0* 4.0—4.2 3.5% (RO)
Frey, Teichmuller and
Mulis, 1978 24—-31 3.5—5.5* 4.7—5.6 2-8 2.0* (Rmean)

* Estimated values after the Kotter diagram.

The average value (RO= 5.17%) of the measurements concerning the
Uppony samples falls to the interval of the anchi-epi-boundary of Frey,
Teichmualler and Mullis supported by mineral-paragenetic resp. illite crys-

Fig. 10. Cumulative frequency distributions of b0 parameters of muscovite in the metapelites
of the Alps and the Carpathians (Sassi and Scolari, 1974; Krautner, Sassi et ah, 1975,
1976) as well as in the low-grade Paleozoic metamorphic pelites of Northeastern Hungary.
1. Dalslandian (Early Baikalian) Rebra-Barnar series of the Eastern Carpathians; 2. Assyntic
(Late Baikalian) Tolgyes Series of the Eastern Carpathians; 3. Hercynian Repedea, Tibau and
Rusaia Series of the Eastern Carpathians; 4. Hercynian phyllites of the Eastern Alps; 5.phyl-
lites of the Szendr6 Mountains; 6. slates of the Uppony Mountains; 7. Hercynian phyllites,
Poiana Rusca Massif, Southern Carpathians; 8. Alpine phyllites, Eastern Alps
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tallinity data. Consequently, though there are considerable differences in the
literature data, on the basis of vitrinite reflectance data the metamorphism
corresponding to the anchi-epi-zone boundary can be established. This agrees
fairly well with the results obtained by the illite crystallinity indices.

In the parts of shearing boundaries between rock masses of different
mechanical thus of different dynamic behaviour (limestone and slate) as well
as in micro-dimensions: along the sheared cleavage planes the major part of
anthracite was transformed into folded strips of graphite (average grain width:
< 1 fim, max.: 40 /im). At the same time, between the shearing strips the
anthracite has been preserved in the stress-free parts (Plates Il11/4 and 1V/6).

The “co-existence” of anthracite and graphite has been unknown so far
in Hungarian rock samples. A similar phenomenon was described by Diessel
and Offler (1975) from the metamorphic series of Mt. Lofty (Southern
Australia) where this “co-existence” suggests conditions corresponding to the
chlorite zone of the greenschist facies.

According to our observations the appearance of graphite is caused first
of all by the local increase of shearing-stress; consequently, the “co-existence”
may occur already at the boundary of the anchi- and epi-zones.

On the basis of the X-ray diffractogram of the organic matter con-
centrate decarbonated and desilicified by HC1 and HF the coal matter is in
the graphite-d2 (medium disordered graphite) state according to the graphite
structural order-scale elaborated by Landis, 1971 (Fig. 11). This fact also
proves that in addition to the microscopically well crystallized graphite the
quantity of disordered anthracite is also remarkable.

Fig. 11. Diffractogram of the dispersed organic matter of a meta-chert sample, obtained
by HCl1 + HF treatment (Dédestapolcsany-8. bore 370.0 m). Characterization of the (002)
reflexion of graphite according to Landis (1971)
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Conclusions

In the Uppony Mountains of monoclinal folded structure the proportion
of calcareous sediments gradually decreases while the quantity of fine-
detrital siliceous sediments increases since the Middle Devonian up to the
Middle Carboniferous. The equilibrated predominantly carbonatic sedimenta-
tion of the Middle Devonian Uppony Limestone Formation is replaced in the
Upper Devonian—Lower Carboniferous Lazbérc Formation by the frequent
alternation of calcareous-clayey-sandy sediments of different ratio. The in-
crease in mobility of the geosyncline is indicated by the basic (?) tuffitic
intercalations. In the Middle Carboniferous Tapolcsany Formation the total
absence of calcareous sediments and the predominance of the detrital (mostly
clayey subordinately silty, sandy) and siliceous sediments suggest the deepen-
ing of the sedimentary trough. The deep-faults related presumably to these
movements generated the submarine volcanic activity manifested in several
horizons and represented by predominantly basaltic lava and tuff.

Between the Middle Devonian and Middle Carboniferous formations
continuous sedimentation can be assumed. No angular unconformity can be
established between the individual formations, resp. between their parts.

On the basis of the illite crystallinity indices, vitrinbe reflectance data,
rock-textural features, mineral assemblages, presence of chloritoid, of the
glauconite-celadonite—stilpnomelane isograde and of the anthracite-graphite
“co-existence” the regional metamorphism of the Paleozoic formations of the
Uppony Mountains proved to have occured at a temperature corresponding
to the boundary of the anchi- and epi-zones (the boundary of the very low-
and low-grade metamorphic grade; about 300 °C according to Winkler, 1976).

The slight differences between the illite crystallinity values of different
rock types indicate that recrystallization did not eliminate the primary differ-
ences of the illites of different degradation grade of the individual lithofacies.

No significant difference in the metamorphic grade has been found
between the Middle Devonian and Middle Carboniferous formations.

This fact, as well as the continuous sedimentation, the deepening of the
sedimentary trough and the lack of angular unconformity exclude the pos-
sibility to assign the regional dynamothermal metamorphism of the sequence
to the Bretonian phase (Devonian-Carboniferous boundary) or to the Sudetan
phase (Visean-Namurian boundary) of the Hercynian orogenic cycle.

Only slight differences could be stated between the metamorphic grades
of the Paleozoic of Uppony and the anchi-zonal (pumpellyite-prehnite-quartz
facies) Triassic formations of Blikk Mountains. For this reason, and since
in the Bukk Mountains a sedimentary sequence is known characterized by
continuous sedimentation from the Middle Carboniferous up to the Upper
Triassic, it seems to be improbable that the metamorphism of the Uppony
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Paleozoic would have been connected to some phase of the Hercynian cycle
younger than Sudetan. It is more likely that the lgal-Biikk mobile belt in-
cluding also the Paleozoic of the Szendrd, Uppony and Bukk Mountains,
endured an Alpine dynamothermal metamorphic effect syngenetic with the
folding related to the Cretaceous collision plate movements.

Because of the lack of erosional or angular unconformities the Hercynian
recrystallization, if there had been any, might have been only of burial character
and regarding its intensity, it might not exceed the metamorphic grade of the
Alpine phase.

The low-medium transitional pressure range (2.5—3 kilobar) and the
low pressure range (about 2.5 kilobar) established on the basis of b0 lattice
parameter distribution of sericites in the Szendr6 resp. Uppony Mountains
do not contradict to this fact since the pressure conditions of metamorphism
depend on the tectonic regime and not on the geological age.

The low pressure metamorphism indicates that the part ofthe crust now
situated southeast of the Darnd tectonic line did not take part in the Alpine
subduction processes. The anchi-zonal metamorphism of the Triassic of the
Bukk Mountains, the lack of the Jurassic or Cretaceous formations (resp.
their continental character), or when their erosion is assumed, the small
thickness of the Jurassic— Lower Cretaceous sediments require to take into
consideration also nappe-forming processes contributing to the pressure and
temperature conditions of the metamorphism.

On the basis of the petrological data of the Uppony Paleozoic it is
probable that the Alpine metamorphic effect established earlier for the Trias-
sic formations of the Bikk Mountains (Arkai, 1973) caused also the recrystal-
lization of the Paleozoic basement of the Igal-Bikk mobile belt.

In spite of the conclusions drawn from the conodont investigations
(Kozur and Mock, 1977) there is a difference between the metamorphic
grades of the Paleozoic and Triassic formations. In the stratigraphic profile
the metamorphic grade decreases from the Devonian to the Triassic from the
low-medium pressure low temperature greenschist facies (low-grade meta-
morphism) to the low pressure anchi-zone (pumpellyite-prehnite-quartz facies,
very-low-grade metamorphism). This difference, however, can be sufficiently
explained by the depth differences of burial related to the stratigraphic posi-
tion and in accordance with the statements of Kozur and Mock (1977) it
does not support the assumption of a Hercynian dynamothermal meta-
morphism.
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MWHEPA/TbHBIE ACCOUMALNW, OAHHBIE CTEMEHW KPUCTANIU3ALMNU
NUNANTA, —b0 N CTEMEHWN YTNEPUKALNN MANEO30NCKMNX MOPOJ FOP
YMMNOHb (CB BEHIPUA), NOABEPILUUNXCHA MEPEXOAHOMY METAMOP®U3MY

HUN3KOW 1 BECbMA HN3KOW CTEMEHU

M. APKAM-3. A. XOPBAT—M. TOT
Pestome

CpeaHeLeBOHCKMeE-CPeHEKAMEHHOYO/TbHble 06pa3oBaHWs Fop YNMNOHb, PacrofoXeH-
HbIX Ha CeBepHOI rpaHuue Mrano—BIlOKCKOM NOABVXKHOM 30HbI, 06pa3yloT MOHOK/AVHANbHYHO
CKNaA4vaTylo CTPYKTYpPY. YCNOBUA 0CafKOHAKOMEHUA XapaKTepu3yTCA NOCTENeHHbIM YMeHb-
LeHVEeM 401N U3BECTKOBUCTbIX 0CAJKOB, Y B KOHEYHOM CHETE UX MOSHbIM OTCYTCTBMEM, a TaKxe
napanfefnbHbIM YBe/IMYEHVEM 06/10MOYHBIX M XMMOTeHHbIX KPeMUCTbIX 0CafKoB. BynkaHunuyec-
Kas JesATe/IbHOCTb, BbISIB/IEHHAA B HECKOJIbKMX CTPATUIpaMyecKnX ropusoHTax u cosgasluas B
OCHOBHOM 6a3a/1bTOBble /1aBbl U NMPOKIACTUTLI, 6blna 06yCNOB/EHA, MNO-BUAVMOMY, FYOUHHbBIMA
pasnomamu, NpUypoYeHHbIMU K OMYCKaHWI0 0cajoyHoro bacceiiHa.

Cyas Mo MyHepa/bHbIM accoumauunsam, NeTpoCcTPYKTYPHbIM 0COBEHHOCTAM NOPOA, CTeneHn
Kpuctannusaumm wunamta, metamopgosy riayKoHMTo/cenagoHNTo-CTUbMHOMENAHOBOrIO M30rpa-
fa, a TakXXe 06pasoBaHVIO X/I0PUTONLOB N COCYLLLECTBOBAHMIO aHTPaUmUTOB U rpadnMToB, peruno-
HaNbHbIA MeTamopdo3 Nasie030MCKUX OT/IOXKEHUIM rop YNMoHb NpoM3oLlen npu TemnepaTtype
0K010 300°C, 4TO COOTBETCTBOBA/IO FPaBHULE MEXAY aHXM- U 3AMU30HAIbHBIM METaMOopP(U3MOM.
PacnpegeneHne napametpa b0 KPpUCTaNNMNYECKOA PELUETKU CEPULIMTOB YKasblBaeT Ha nepe-
KpucTannmsaunto nopoa B yCNOBUAX MOHMKEHHOIO aaBrieHnsa (x = 8.996A,n= 34,s= 0,010),
TO eCTb Ha 0KO0/0 2,5 Knnobap. HeT Kakoi 1M60 3HaUYNTeNbHON pasHMLbl MO CTeneH MeTamopguns-
Ma MeXAy CpefHeAeBOHCKUMW U CPeAHEKAMEHHOYT0/IbHbIMU OTNOXEHUAMWU. B cBA3M ¢ 3aTuMm, a
TakXxe BBUAY 6ecnpepbIBHOCTU 0CAAKOHAKOMIEHUS Y YI/10BOr0 HECOrfacus Mexay HUMU UCKH0-
YeHa BEPOSATHOCTb NPeAMNONOXeHUS FepPLUUHCKON, 6PEeTOHCKON WAM CyAeTCKOM TeKTOHO-MmeTa-
Mopgdryeckux gas. Ha ocHoBaHMM CTeNeHN MeTaMopgusma 4pyruxX Nasneo3oMcKnUX n Me3o30MCKuX
nopoj paccMaTpvMBaemMoi 30Hbl MOXHO MNPeAnoNOXNTb  anbMUIACKUA  (MenoBO) BoO3pacT
pernoHanbHoOro AvHamoMeTamopgumMa.
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Kb-Sr ISOTOPIC STUDIES ON GRANODIORITIC
ROCKS FROM THE MECSEK MOUNTAINS,
HUNGARY

By

E. Svingor, A. Kovach

INSTITUTE OF NUCLEAR RESEARCH OF THE HUNGARIAN ACADEMY OF SCIENCES,
DEBRECEN, HUNGARY

New isotopic age determinations carried out with the rubidium-strontium method
on granodioritic basement rocks from the Mecsek Mountains in Southeastern Trans-
danubia give further support to assumptions on a polyphase development of the Mecsek
crystalline. As shown by initial Sr isotopic ratios, the protolith of the granodioritic
assemblage of polymetamorphic-anatectic origin must have been strongly basic in its
composition. Granitization processes commenced about 430 million years ago, thus the
(sedimentary) protolith assemblage subjected to granitization must have been at least
Lower Silurian in its age. The scatter of individual model ages obtained on total rock
samples reflects the polymetamorphic-polytectonized character of the basement, and
suggests that following a primary granitization process secondary events might have
led to the total or partial recrystallization of the rocks in question. An event at about
335 million years (Early Carboniferous) seems to be of special importance, and is
characterized by potash metasomatism having affected more or less the entire basement
mass. The interpretation of this event as the onset of regional emergence is supported
by the fact that biotite ages indicate a lowering of ambient temperature below the
blocking temperature of the biotite Rb—Sr isotopic system.

The tectonic development of the basement crystalline as reflected in the isotopic
age data closed at about 270 = 20 million years with processes causing retrograde
changes in the crystalline as a whole, but leading to the development of dyke rocks in
the tectonically active parts of the basement mass.

lutroduction

Age relationships within the crystalline basement of the Mecsek Moun-
tains has been a matter of debate in Hungarian geology for a long time, with
several questions still unsolved. Contradictions and inconsistencies among
different opinions regarding age relationships within the lower structural stages
of the area are especially significantin relation to the evolution in time of the
processes leading to the anatectic development of the crystalline core of the
mountain with a regional extension well exceeding the limits of surface occur-
rences of granitic-granodioritic rocks. The origin of debates traces back partly
to different views about the way of formation of the granitic rocks in question.
Similar weight should be given, however, to the fact that information obtained
by different authors in different parts of the mountain, as well as the use
of different sample material threw light on different aspects of the processes
having influenced the rock assemblages of the crystalline area. Thus, each
aspect gained different weight in the synthetizing work of individual authors.
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In recent years the exploratory, research and mapping work carried out
in the Mecsek area extended our knowledge upon the crystalline basement
by a considerable amount. More accurate information than before is now
available on the areal extent of the granitized region, as well as on its tectonic
relationships both within the region and on a broader regional scale. In con-
nection with the age relationships, however, no significant step forwards has
been made. On the contrary, with accumulating information the number of
open questions even increased. For example, because of the lack of adequate
stratigraphic control, the age problem arises as a crucial question when pos-
sible genetic connections with metamorphic rocks of the surrounding areas are
examined. Increased knowledge on the structural build-up of the basement,
the discernment of its tectonically dissected character with units featuring
even some lithological dissimilarities raised, for example the basic question;
whether a regional heterogeneity in primary (protolith) age and/or granitiza-
tion age could be assumed or not. Previous isotopic dating (Ovchinnikov
et al., 1951; Kovach—Balogh—Samsoni, 1968) could not answer all these
questions, which fact served as an impetus to try to collect additional age
evidence by Rb-Sr dating based on a more extended sample material.

Views on Age Relationships in the Mecsek Crystalline

Although, since the discovery of Szadeczky-Kardoss (1959) — that the
formation of the Mecsek granites should be explained by migmatization con-
nected to regional metamorphism — there is an essentially unanimous agree-
ment among different authors about the general character of the granitization
processes in this region, views about the temporal development of the gran-
itization process, as well as with respect to the age and character of the proto-
lith assemblage are widely different. Evidently, these two questions are inter-
related; the geological age of the protolith assemblage serves as a lower limit
for the possible time of granitization. Similarly, assumptions (or data) on the
granitization process itself should be interpreted as an upper limit for the
possible age of the precursor sediments.

Previous assumptions (Vadasz, 1960) based still on an assumed analogy
with the Velence Mountain granites regarded the Mecsek crystalline as a
Hercynian intrusion. Later — already on the basis of the migmatitic deriva-
tion recognized by Szadeczky-Kardoss (1959) — several authors tried to
compile a self-consistent picture on the igneous-metamorphic-tectonic develop-
ment of the region. Csalagovits (1964) regarded the Mecsek granitoides as
products of two subsequent orogenic cycles. According to him, in the first
period of granitization attached to the Caledonian orogeny synorogenic grano-
diorites were formed (“anatexis 1”). During the Early Carboniferous a second
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phase characterized by potassium metasomatism and hy the intrusion of
microgranitic and aplitic dykes closed the process of granitization (“anatexis
).

Similarly, Ghanem and Ravasz-Baranyai (1967) regard the crystal-
line basement rocks of the Mecsek Mountains as products of several super-
imposed processes distinctly separated in time. According to these authors,
the marginal volcanic-sedimentary association of an assumed Precambrian
geosyncline has undergone progressive metamorphism culminating in local
migmatization still in the Precambrian. During the Hercynian orogeny,
granitic melts ascending in the fissures of this (still basic) assemblage led
to the development of the porphyroblastic character of the granodiorites,
contemporaneously with the intrusion of aplitic dykes. They attribute the
cataclastic fabric of the granodiorites to Hercynian movements. This evolu-
tionary scheme thus regards the granitic-granodioritic rocks of the Mecsek
Mountains as a polymetamorphic-polytectonic assemblage.

Based on the investigation of feldspars, Buda (1969) classified the grano-
diorites of the region into two groups. Granitoid rocks of anatectic origin
might have been derived from geosyncline sediments of Precambrian (?) age
through amphibolite-grade regional metamorphism in the main phase of the
Hercynian orogeny. Subsequently, in the late orogenic phase through potas-
sium metasomatism the microcline-rich granodiorites, as well as aplite and
microgranite dykes of late-kinematic character have developed.

The comprehensive work of Jantsky (1974) based on detailed mapping
and interpretation work took a standpoint quite different in assessing the time
of granitization in the Mecsek Mountains. Classifying the basement formations
into three tectonic stages, he regarded the granitoid rocks as of ultrameta-
morphic origin, forming a continuous genetic sequence with migmatitic rocks
in the border zone of the central granodioritic mass. The ultrametamorphic
assemblage including the granodioritic core with its aplitic dykes is treated
as Lower to Middle Proterozoic in age, metamorphosed and even diaphtorized
during the Riphean orogeny. According to his views, following the Riphean
orogeny no further progessive metamorphism manifesting itself in newly
formed mineral associations has ever occurred in the area. The effects of the
Hercynian orogeny are regarded as insignificant ones, and out of the igneous
rocks of the area only the serpentinites of the Gércsény Ridge, subordinate
aplitic dykes bordering the Carboniferous sedimentary areas and products
of the (subsequent) Permian quartz porphyry volcanism are attributed to it.

Szederkényi (1974a, b) divided the basement formations of the Mecsek
Mountains and its surrounding areas on lithological and tectonic grounds.
According to his summarizing conclusions, the composite basement consists
of genetically and lithologically defined units delimited by Early Paleozoic
structural lines. The oldest basement formation is represented by the meta-
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morphites of the Gorcsény Ridge, the progressive series of which leads into
the granitic mass of Mdragy with gradually increasing signs of anatectic gran-
itization.The pre-metamorphic age of the metamorphic sequence and hence
that of the protoliths of the granitized region might have been Precambrian
or Lower Palaeozoic. He took no definite standpoint with respect to the age
of granitization. In the Paleo-Hercynian tectonic substage characterized by
rigid block tectonics regional emergence has occurred, accompanied by sub-
ordinate magmatic activity (development of microgranitic dykes and aplites)
only. The igneous history of the basement is closed by the (Permian) quartz
porphyry volcanism attributed to the Neo-Hercynian tectonic substage.

Recent findings (Szederkényi, 1977) support previous assumptions that
the Lower Paleozoic (?) phyllites of the Ofalu area should be regarded as the
protolith of the granodioritic crystalline. This assumption is strongly sup-
ported by the discovery of crystalline limestones of the Ofalu sequence in the
form of inclusions within the granitized rocks nearby (Szederkényi, personal
comm., 1978). If supported by further evidence, this finding would strongly
speak against an assumed Precambrian age of granitization.

Isotopic age determinations carried out so far on the granitic rocks and
their mineral constituents did not allow to draw unanimous conclusions with
respect to the polyphase history of igneous development of the region. Ov-
chinnikov et al. (1961) obtained K-Ar ages between 335 and 260 million
years on total rocks and biotites. Kovach, Balogh and Samsoni (1968)
report a Rb-Sr isochron age of 284 10 m. y. for biotites, and conclude that
the last magmatic-tectonic event (exceptthe Permian volcanism) has occurred
in the Late Carboniferous. According to subsequent re-evaluation, how-
ever, the samples taken at that time as biotites contained also chloritic micas
in considerable amount developed from biotite in a retrograde metamorphic
process. Thus, the age attributed to them most probably refers to the last
tectonic event accompanied by low-grade metamorphism in the given area.
Determinations on total rock samples raised the possibility of assuming a pre-
vious event at about 440 m. y., as well. Some results seemed to support the
conception of Precambrian descent, but the strongly altered character of these
samples with exceptionally high model ages makes probable that the Pre-
cambrian ages obtained for them are accidental ones only, due to the redis-
tribution of Rb and/or strontium.

In the light of the previous discussion it seemed highly desirable to
carry out further measurements even on the reconnaissance level on carefully
selected total rocks and collect additional isotopic data pertinent to the estima-
tion of the time of granitization, which seems to be the crucial question in
deciphering the metamorphic-tectonic development of the Mecsek crystalline.
In the course of the present investigations we aimed at the determination of
possible age limits for the regional metamorphism leading to granitization;
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to establish whether there were any discernible differences in age between
the individual phases of igneous activity in the Mecsek area, as well as between
the individual units of the basement separated by distinct tectonic zones.

Experimental Methods

In determining the basic experimental data used in model age calcula-
tions (concentrations of Rb and Sr, isotopic ratios of strontium) mass spectro-
métrie procedures were applied. Samples of 0.2 g weight were dissolved in
platinum crucibles in the mixture of HF and HCKO4on a hot plate. Following
dissolution the dried samples were dissolved in a small amount of 3 n HCL.
The solid residue observed in some cases consisted of zircon and some ore
minerals (i.e. rubidium- and strontium-free phases) only, which were filtered
off and were discarded.

Concentrations of Sr and Rb have been determined by stable isotope
dilution (see e.g. Smales and Wager, 1960) in separate runs by adding highly
enriched 87Sr and 87Rb spikes to the samples prior to dissolution. Pure stron-
tium samples for mass spectrometry were prepared on Dowex 50 W x 12,
200—400 mesh cation exchange columns. Sr samples obtained in this way
were converted into a nitrate form and loaded onto the side filaments of a
three-band ion source with a rhenium central filament. All mass spectrometric
measurements were carried out with an MI-1309 type mass spectrometer.
Discrimination effects in the Sr isotopic ratio runs were corrected through
normalizing to the &Sr/8Sr = 0.1194 reference ratio. In the course of the
present series of measurements, errors in the 87Sr/8Sr ratios were in the order
of 0.3%, the concentration values are correct within about 2%. The errors
assigned to the individual model ages were calculated on the basis of the RMS
errors of the underlying experimental data. In calculating the model ages
the radioactive decay constant of 87Rb was taken as A= 1.39 « 10-11 yr-1.

Results and Discussion

The experimental isotopic data obtained by the methods sketched above
are summarized in Table | together with the calculated model ages based on
an initial 87Sr/86Sr ratio of 0.7055 (as for the justification of this value see
later). Bearing in mind the reconnaissance character of the present work, the
detailed description of the samples has been omitted, giving sampling localities
only. No detailed petrographic investigation has been carried out on most
of the samples all the more because we did not aim at discerning or disproving
possible age relations between individual samples in details, but concentrated
our efforts to obtain information on processes having affected the region in
question as a whole.
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Se-
rial
No.

©N O~

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.

24.

25.

26.

217.

28.

29.

30.

Locality or drilling

A. Total rock samples
Erdésmecske, quarry

(“inclusion’)
Erdésmecske, quarry

(“inclusion™)
Erdésmecske, quarry

(“inclusion™)
Erdésmecske, quarry
Erdésmecske, quarry
Erdésmecske, quarry
Erdésmecske, quarry
Méragy, municipal

quarry
Méragy, municipal

quarry
Als6néna-l; 235.0 m
Maégocs-1; 369.5 m
Uimecsekalia 1;

1140 m
Szalatnak-3; 235.0 m
Szalatnak-3; 563.0 m
Nyugatszenterzsé-

bet-1; 27.0 m
Nyugatszenterzsé-

bet-1; 81.6 m
Gy(irif(i-9800;

298.0 m
Korpad-9006; 682.0 m
Korpad-9015; 520.0 m
B. Results obtained

biotites
Erdésmecske,

quarry (4)
Erd6smecske,

quarry (4)
Erd6smecske,

quarry (6)
Szalatnak-3;

563. m (14)

C. Total rock samples

— dyke rocks
Erdésmecske,

quarry (felsite)
Erd6ésmecske,

quarry (apHte)
Erd6smecske,

quarry (aplite)
Nyugatszenterzsé-

bet-2; 354 m

(aplite)

Helesfa-2; 275.0 m

(microgranite)
Pellérd-N-2; 14.4 m

(microgranite)
Pellérd-N-4; 18.0 m

(microgranite)
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Table 1

Compilation of analytical data

Rb
"glg

266
316
279
226
199
340
230
138
164
286
225
226
157
309
273
232

168
283

725

733

596

388

469

212

244

271

316

434

416

Sr e7Rb eeSr
msls rglg Z'glg
299 740 289
302 87.9 29.2
267 777 25.8
419 629 40.5
407 554 39.4
381 946 36.8
310 64.0 30.0
198 384 19.1
201 456 194
388 66.2 37.5
210 79.6 20.3
618 62.6 59.8
555 629 53.7
438 437 424
220 86.0 21.3
222 76.0 215
464 64.6 44.8
147 46.8 14.2
148 788 143

32.8 202 3.176

140 204 1.356

104 166 1.010

51.1 108 4.900

104 1315 1.010
124 59.0 12.0
200 679 19.3

88.8 754  8.05
177 879 171

134 1208 1.25

17.3 11538 1.67

Acta Geologica Academiae Scientiarum Hungaricae 24, 1981

e7R b/eeSr
atomic
ratio

257
3.02
3.02
1.56
141
258
215
201
2.36
3.92
1.06
1.03
4.05
3.55
1.44

3.30
5.54

63.73
150.84
164.69

22.10

139.60
4.94
3.52

8.61
5.16
93.64

69.49

*TSr/eeSr
atomic
ratio

0.7175+0.0012
0.7179+0.0012
0.7185+0.0012
0.7159+0.0026
0.7131+0.0029
0.7175+0.0028
0.7163+0.0012
0.7157+0.0038
0.7160+0.0013
0.7137+0.0010
0.7116+0.0015
0.7100+0.0023
0.7101+0.0017
0.7108+0.0026
0.7278+0.0021
0.7248 £0.0030
0.7114+0.0015

0.7183+0.0010
0.7282+0.0012

1.0156+0.0043

1.4701+£0.0085

1.4496+0.0086

0.7752+0.0009

1.3424+0.0013

0.7273+0.0015

0.7206+0.0029

0.7364+0.0013

0.7299+0.0022

1.0838+0.0063

0.9655+0.0024

336+52
295+46
309 £45
479+117
388+164
33488
361 +£42
365+153
320+59
33332
295+42
306+157
319£135
377+210
396+60
39170
29573

27927
295+14

352+25

365+41

325+38

227+59

354+25

317+31

309+60

252+25

340+34

291+44

269+40
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The first part of Table I (Nos 1—19) shows results obtained on total
rock samples ranging in composition from granodiorite to syenite porphyry.
Samples listed under No. 20—23 are biotite samples separated from total
rocks, the number of which is given in parantheses and refers to the serial
number of the corresponding total rock sample. The third part of Table I
(Nos 24—30) lists measurements carried out on dyke rocks (microgranites and
aplitic dykes).

In order to facilitate an easy comparison of isotope systematics in dyke
rocks and their host granites the results are plotted in Figs 2 and 1,respectively,
in a Nicolaysen diagram (Nicolaysen, 1961). It is conspicuous at the first
sight that in the case of the Mecsek rocks the isochron concept is not appli-
cable to either assemblage on a regional scale. It is remarkable enough, how-
ever, that the points representing the measured isotopic ratios occupy a wedge-
shaped field in the 87Sr/8Sr—87Rb/8Sr diagram.

It is quite reasonable to assume that the protolith assemblage of the
granitized region could not have had large regional inhomogeneities with
respect to the isotopic composition of strontium, due to its basic character.
Thus, the distribution as seen in Fig. 1 should be attributed to secondary
effects having destroyed any isochrone arrangement developed in the course
of a primary granitization-ultrametamorphic process, i.e. which acted as

Fig. 1. Plot of rubidium and strontium isotopic data for the Mecsek Mountains granodiorites
(dyke rocks excluded, data obtained on total rock samples)
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Fig. 2. Rb—Sr isochron plot of dyke rocks from the Mecsek Mountains (aplites and micro-
granites, data obtained on total rock samples)

processes breaking the closed system character of the granitized assemblage
and enabling the migration of rubidium and/or strontium. The measured dis-
tribution of sample points in the diagram of Fig. 1 however, can be delimited
by two straight lines, which if regarded as reference isochrons might supply
upper and lower limits in time for these secondary processes which led to the
(partial) redistribution of Rb and Sr.

A similar distribution has been observed by Hurley and Fairbairn
(1970) in orogenic rocks of the Northern Appalachian province. These authors
concluded that this distribution is the result of several distinct, superimposed
intrusive or metasomatic events, time limits for which should be given by ages
deduced from the limiting isochrons. The strictly wedge-like distribution
assures at the same time that initial 8/Sr/8Sr ratios attributable to the individ-
ual samples (or to isochrons hidden in the general distribution and repre-
sentative for any subsystem within the orogene) are quite similar, so the indi-
vidual model ages based on this assumed common initial ratio are directly com-
parable with each other.

In the present case the two limiting reference isochrons of Fig. 1 yield
ages of 403 and 273 million years, respectively, which according to the previous
way of interpretation supply age limits for the orogenic development of the
region, at least as far as it is manifested in the Rb-Sr isotopic system of the
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granitized mass. (The concept of “erogenic development” is taken here, of
course, as a series of events causing and reflected in the migration of Rb and/or
Sr.)

The coincidence of the younger age limit deduced in this way with the
age value given by Kovach et al. (1968) and interpreted now as the age of
the last (retrograde) metamorphic event is quite conspicuous, and supports
the previous conclusion that following regional emergence during the Late
Carboniferous the basement mass responded to all subsequent stresses by
fracture tectonics only.

The limiting reference isochrons supply initial 8/Sr/&Sr ratios close to
each other, thus in calculating the individual model ages as listed in Table |
the average of these two values (0.7055) has been used as reference. The actual
value of the common initial ratio deduced in this way is in compliance with
the assumption that the granitoid rocks of the mountain were developed in
the course of the ultrametamorphic granitization of a basic volcanic-sedi-
mentary geosyncline assemblage.

The interpretation of the second time limit of about 400 million years
deduced from the slope of the upper reference isochron is by far not so simple
and unambiguous. From the general characteristics ofthe process of granitiza-
tion follows that eventual local inhomogeneities present in the protolith might
have been “smoothed out” by migration phenomena exceeding in their scale
the sample dimensions, thus the age supplied by the upper limiting isochron
should not be attributed to the protolith, but rather to the granitization
process itself. If the upper part of the wedge-shaped distribution comprised
samples whose model ages would have been increased by chance throughout
the subsequent events, instead of a limiting isochron a “diffuse” upper limit
would be expected. Thus, we attribute real significance to the age deduced
from the upper limiting reference isochron, and ascribe it to the declining
period of a “primary” granitization process, i.e. to that time when following
thermal activization the geochemical systems represented by our samples
became for the first time closed systems with respect to the migration of Rb
and Sr. According to this interpretation, the granodioritic suite of the Mecsek
Mountains started to develop not later than 400 million years ago. It follows,
of course, that the protolith assemblage of the migmatitic complex must have
been not younger than Silurian, allowing ample time for subsidence.

It should be mentioned here, that similar distributions of isotopic ratios
are known for regions which have undergone multiple igneous, metamorphic
and tectonic reactivation following a primary granitization process. We refer
here, for example, to results of age determinations carried out on granitic-
granodioritic rocks of the “Eastern basement” of New England in Massachu-
setts, U.S.A. (KovACH, Hurley and Fairbairn, 1977) where the reality of
age deduced from the upper limiting reference isochron of a similar wedge-
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shaped distribution has been confirmed by a real isochron age obtained on
samples from a single locality.

The actual time of primary granitization might be somewhat higher than
the previously determined age. Another approach would be to compare results
obtained on samples from a single locality. In this respect, samples from the
drilling Nyugatszenterzsebet-I seemed to be the most promising, being charac-
teristic of granites least affected by secondary events. The individual model
ages based on an initial Sr isotopic ratio of 0.7055 are 391 and 396 million
years for the two samples respectively. Assuming a co-genetic origin (to which
the petrographic similarity of the samples and their spatial proximity gives,
a sound basis) the common isochron age of the two samples turns out to be
432 + 30 million years with an initial ratio of 0.7035. This initial ratio already
corresponds to actual values found in tholeiitic basalts of the oceanic realm,
supporting again previous assumptions on the geosyncline origin of the proto-
lith suite. At the same time, bearing in mind the actual Rb/Sr ratios of the
samples, this low value rules out the possibility that the observed common
initial ratio is the result of a rejuvenation event, because in such a case neces-
sarily higher 87Sr/&Sr initial ratios would have been developed. Thus, we
conclude that primary granitization in the Nyugatszenterzsébet area might
have commenced not sooner than about 430 million years ago, i.e. not sooner
than during the Early Silurian. Accordingly, the primary age of the protolith
assemblage might he Lower Silurian at least. Allowing ample time for sub-
sidence to a level corresponding to the thermodynamic conditions of the
amphibolite facies necessary for granitization, a somewhat older age (Cambri-
an-Ordovician, or even Precambrian?) is highly probable.

The next discernible event following the process of primary granitization
is reflected by the isotopic ages measured on biotites from granodioritic-
granitic rocks ofthe Erd6smecske quarry, with an average of 347 = 24 million
years. The reality of this age is supported by K/Ar data obtained on the same
samples. The average of the K/Ar ages is 334 £11 million years (Balogh,
K. and Arva-So0Os, B., personal communication). These concordant data
demonstrate unambiguously that following this datum no regional meta-
morphism has occurred in the Mecsek area and that the ambient temperature
has not exceeded about 300 °C on a regional scale.

The significance of the event arcund 335 m.y. gains further support
through the average Rb-Sr model age of 333 + 37 million years obtained
on total rocks from the Erdésmecske area. Members of the “older” generation
of dyke rocks supplied similar ages: for a felsitic sample from Erdésmecske
354 £+ 25 m.y., for the Helesfa microgranite 340 + 34 m.y. ages have been
obtained. Ages of aplitic rocks from the Erd6smecske quarry also exceed
300 m.y. AIll these lead to the obvious conclusion that at about 335 m.y.
(i.e. during the Early Carboniferous) an important event characterized by
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tectonic activization, increase of temperature on a regional scale, as well as
by the intrusion of dyke rocks has affected the granodioritic basement of the
Mecsek Mountains. This event caused the “rejuvenation” of the granodioritic
rocks developed during the first stage of granitization, producing the “mixed”
model ages characteristic for the Mecsek area. Since this event resulted in the
pronounced migration of Rb and/or strontium as well, it is highly probable
that the development of porphyroblastic microcline typical for the rocks
supplying transitional (“mixed”) model ages is to be attributed to potash
metasomatism accompanying this event of activization.

It looks somewhat curious that in spite of the concordant Rb/Sr and
K/Ar ages clustering around 335 m.y. for biotites, several total rock samples
yielded model ages well below this datum down to 270 million years. Similarly,
in the group of dyke rocks a “young” generation also occurs. The lowest ages
correspond to the age determined by Kovach et al. (1968) on chloritic biotites,
and coincide with the lower limit of K/Ar ages determined on total rock samples
(Ovchinnikov et ah, 1961).

A suitable key for the interpretation of these data is given by the fact,
that these “young” total rock ages have been obtained on samples which
either originate from the tectonized border zone of the basement crystalline
with its highly fractured and/or mylonitized rocks (Ujmecsekalja-1, Méagocs-1)
or represent dyke rocks intruding the mylonite zone. Moreover, some of the
samples stem from the tectonically dissected block of the W estern Mecsek
affected also by extensive volcanic activity during the Early Permian (drill-
ings No. 9800, 9006, resp. 9015). Thus, recurrent tectonic activity during the
Sudetian-Asturian erogenic phase in the Late Carboniferous leading to regional
emergence and dissection into separate blocks of the Mecsek crystalline should
be considered as the cause of both the extensive retrograde metamorphism
observed on aregional scale and the local rejuvenation/partial recrystallization
of some rocks in the tectonically most active zones, as well as of the intrusion
of some dyke rocks under tensional stress conditions.

W ithout going into details of large-scale correlation we should like only
to mention here that the age values attributed to the main periods of activiza-
tion in the Mecsek crystalline as deduced in the previous discussion correspond
well to isotopic ages obtained on crystalline rocks ofthe Northern and Eastern
Carpathians (cf. Bojko, 1975).

Conclusion and Summary

Confronting information deduced from isotopic ages as interpreted in
the present paper with other evidences on the development in time of the
granitoid rocks of the Mecsek region, the following evolutionary scheme might
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be constructed for the main events shaping the crystalline basement of the
Mecsek mountains.

Granitic-granodioritic rocks of the Mecsek crystalline have been devel-
oped through the polyphase granitization of geosyncline rocks probably of
Lower Paleozoic age. The evolution of the granitization process as reflected
by the isotopic age relationships started in the Silurian (430—400 m.y., Tacon-
ian orogeny?) with several periods of reactivation during the Paleozoic era.
During the Early Carboniferous (335 m.y.) the granodioritic basement has
undergone extensive changes in the course of progressive processes charac-
terized by migration phenomena in a volatile-rich environment (metasom at-
ism), by the recrystallization of mineral phases incl. biotite, and by the devel-
opment of dyke rocks during intensive tectonic activization attributed to the
Bretonian erogenic phase. Following regional emergence, during the Late
Carboniferous in the tectonically most affected regions of the crystalline mass
already dissected into separate blocks some granitoide rocks have been locally
recrystallized/rejuvenated in the course of a renewed tectonic activization
accompanied by subordinate dyke intrusions as well. This reactivation, how-
ever, caused only retrograde mineral changes in the crystalline mass as a whole
(270— 285 m.y.).

This evolutionary scheme based on isotopic age data and geological
evidence shows thus the gradual consolidation of the crystalline basement
of the Mecsek Mountains throughout the entire Paleozoic, reaching final con-
solidation with the ceasing of acid volcanism of final character in the Lower
Permian.
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NWCCNEAOBAHWA TPAHOAMOPUTOB W3 FTOP MEYEH (BEHITPUA) U3OTOMHbLIM
METOAOM Rb-Sr

3. WUBUHIOP-A. KOBAY
Pesome

HoBble onpefeneHns Bo3pacTa rpaHoAMOPUTOBbLIX NOpoj yHAaMeHTa B ropax Meuek Ha
I0ro-BOCTOKe 3aflyHalicKoro Kpasi, npoBefeHHble MeTOAOM pPybouANS-CTPOHLMSA, MOATBEPAUIN
NpeAnosioXKeHne 0 MHOrohasoBOM Pa3BUTUM MEUYEKCKUX KpUCTanmyeckmx nopog. Kak nokasbl-
BalOT UCXOfHbIE N30TOMHbIE COOTHOLLUEHWS CTPOHLMS, NPOTONNT B FPAHOAMOPUTOBOM accoLmaumm
MUWHEPasioB Mo/IMMeTaMopPNYECKOr0-aHaTEKTUYECKOTO MPOUCXOXKAEHUS 6Obla, NO-BUAVMOMY,
CUNIbHO OCHOBHbIM MO cocTaBy. [lpoueccbl FpaHWTU3aUMM Hadanucb NpumMepHo 430 MAH neT
Hasag. Takum 06pa3oM, cO06LLEeCTBO (0Caf04HbIX) MPOTOMMTOB, MOABEPXKEHHbLIX FPaHUTU3aLUK
[JO/MKHbI UMETb MUHUMYM HVDKHECUYPUNCKIWIA Bo3pacT. PacceMBaHWe OTAeNbHbIX MOAENbHbIX
BO3PAacTOB, MOMYYeHHbIX A5 06pa3L,0B FOPHOI Nopofbl B Lie/IoM, 0TpaXkaeT nonvmMeTamMopdguyec-
KWIA-NOSIMTEKTOHNYECKUIA XapaKTep (hyHAaMeHTa 1 yKasblBaeTHa BO3MOXHOCTb TAKOr0 BapunaHTa,
YTO MOC/Ie NMEPUBYHON FPaHUTU3ALUN BTOPUUHBIE COBLITAA MO/ NPUBECTM K MOJIHON mMan vac-
TUYHOWN nNepeKpuUCTaIM3aLumn paccMmaTprBaeMbix nopod. CobbiTve, MMeBLLUee MECTO NPUMEPHO
335 MAH neT Hasag (paHHWI KapboH), UMeno Mo BCeli BEPOSATHOCTU 0c060e 3HaYeHNe N XxapakTte-
pU3yeTcsl Ka/MeBbIM METAcOMaTo30M, KOTOPOMY G0/iee MM MeHee NoABeprasiack BCsS Macca yH-
[ameHTa. VIHTepnpeTauumio aToro cobbITha Kak HacTYM/IeHUs1 PerMoHa/IbHOro NOAHATUA MOAAep-
XXMBAET (haKT, UTO NoslyYeHHble 151 6MOTMTA BO3PACTHble [aHHblE YKa3blBAOT Ha MOHWKeHMWe
OKpY>XaloLLen TemnepaTypbl HUKe «BMOKUPYIOLLE» TemnepaTypbl U30TOMNHOW cucTeMbl Rb—Sr
6roTuTa.

TeKTOHMYECKOE Pa3BUTME KPUCTA//IMYECKOro (hyHAaMeHTa MO M30TOMHbIM BO3PACTHLIM
[aHHbIM 3aBepLunioch NpuMepHo 270 + 20 MAH NeT Hasaj npoueccamy, BbI3BaBLUMMU PETPO-
rpafHble U3MeHeHNs1 B KpUCTa/IMYeCKOM (hyHAaMeHTE B LIe/IOM, HO BMeCTe C TeM MPUBEALLIMMU K
06pa3oBaHNIO AaeK B TEKTOHMYECKW aKTUBHbIX YacTAX Maccbl yHAaMEHTa.
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The granitoid rocks of Hungary classified into two main groups. The closed
association with regional metamorphic rocks and lower temperature mineral assemblage
of granitoids indicate an origin by anatexis and K-metasomatism in South Hungary.
The granitoids of Balaton—Velence fault zone are characterised by higher temperature
mineral assemblage with contact-metamorph aureole indicate magmatic origin.

The granitoids have been classified into two main groups according to
mineralogical and petrological characters, tectonic occurrences and age of
origin.

l. Synkinematic anatexite and latekinematic K-metasomatic granitoids
(kata-mesozone).
Il. Postkinematic quartz-diorites and granites (epi-zone).

I. The Synkinematic Anatexite and Latekinematic K-metasomatic Granites

These rocks are situated in South Hungary (Fig. 1). Large part of this
granitic and metamorphic belt, except of the Mecsek Mountains, is covered by
thick sediments. The granitoids can be divided into three subgroups according
to the mineralogical and chemical characters.

a) Basites occur as enclaves in the synkinematic granodiorites, in and
around Mecsek Mountains, Danube—Tisza Interfluve and Békés basin. They
are rich in biotite, amphibole and plagioclase (An35). Microcline is very rare
and occurs as a late crystallized mineral. Q, Or, Ab norms are between 55— 70%
(Table 1). The rocks are rich in Mg and Ca (Fig. 2).

b) Synkinematic porphyroblastic granodiorite occurs in and around
Mecsek Mountains, Danube—Tisza Interfluve and Békés basin. The anorthite
content of plagioclase is high in the granodiorite of Mecsek Mts. The relatively
disordered structure and predominant complex-twins of plagioclases indicate
a highertemperature of formation. The anorthite content decreases from Mecsek
Mts. towards the area surrounding of Mecsek Mountains and Danube—Tisza
Interfluve. The decrease of anorthite content is followed by a higher degree
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Occurrence

Mecsek Mountains

Surroundings of
Mecsek Mts.

Danube—Tisza Inter-
fluve

Békés basin

Average

Mecsek Mountains

Surroundings of
Mecsek Mts.

Pécs-7

Danube—Tisza Inter-
fluve

Békés basin

Average

18.7

18.0

38.1
335
27.0

34.6

19.3
32.5

46.2

38.1

34.1

South Hungarian granitoids and associated rocks

Table 1

Basic-Enclaves or Resistites
(Q+ Ab+ Or= 55-70%)

Normative ratios (CIPW)

Ab

34.4

39.2

30.4
40.5
36.2

317

42.0
39.4

25.8
39.2

35.7

Or

46.9

42.8

315
26.0
36.8

33.7

38.7
28.1

28.0
22.7

30.2

An

17.3

11.9

17.8
20.3
16.8

Ab

35.1

44.1

40.4
47.8
41.9

Or

47.6

44.0

41.8
31.9
41.3

Total
Fe

23.2

19.9

20.0
23.8
21.7

Total
Aik.

49.4

55.3

59.3
58.5
55.6

Mg

274

24.8

20.7
17.7
22.7

Cation ratios (NOCKOLDS)

Total
Fe

335

28.7

34.9
39.2
34.1

Synkinematic anatexite (Granodiorites)
(Q+ Ab+ Or= 70-80%)

134

10.2
10.2

6.4

9.9

10.0

41.4

46.1
53.0

45.0
56.4

48.4

45.2

43.7
36.8

48.6

33.7

41.6

18.8

16.8
19.8

27.6

17.7

20.1

61.9

66.9
60.9

63.3
69.4

64.5

19.3

16.3
19.3

9.1

12.9

15.4

36.3

36.7
39.2

58.7
41.7

42.5

Mg

39.1

34.9

36.0
28.6
34.7

37.5

35.5
38.4

19.0

30.5
32.2

Ca

27.4

36.4

29.1
32.2
31.2

26.2

27.8
224

223

27.8

253

39.9

325

38.5
29.1
35.0

41.9

38.5
33.9

43.4

30.8

37.7

32.7

36.4

39.5
45.8
38.6

40.7

45.7
50.9

42.4

54.6

46.9

27.4

311

22.0
25.1
26.4

17.4

15.8
15.2

14.2

14.6

15.4

Ab/An

2.7

55

2.3
2.9
3.3

3.6

4.5
8.2

8.2

95
6.8

No.
Sampl.
+ total

10

24

16

11

0T€
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Mecsek Mountains

Surroundings of
Mecsek Mts.

Pécs-7

Danube—Tisza Inter-
fluve

Békés basin

Average

37.4

29.1
35.3

38.7
36.5
35.4

28.7

34.2
31.2

30.5
32.9
315

33.9

36.7
335

30.8
30.6
331

7.3

2.4
6.0

5.4
7.3
5.7

Latekinematic K-metasomatic granites
(Q+ Ab+ Or= 80-100%)

42.5

47.4
45.6

46.3
48.0
45.9

50.2

50.2
48.4

48.3
44.7
48.4

9.0

8.9
9.6

8.9
117
9.6

86.8

83.4
80.3

87.6
82.0
84.0

4.2

7.7

10.1

35
6.3
6.4

42.2

41.9
33.8

47.2
41.0
41.2

221

311
35.9

181
23.0
26.0

35.7

27.0
30.3

34.7
36.0
32.8

48.3

43.4
45.3

45.8
41.8
44.9

43.3

49.5
45.1

46.5
47.6
46.4

8.4

7.1
9.6

1.7
10.6
8.7

8.8

214
8.2

16.7
7.2
124

10

10

37

SMO0d AIOLINVYO 40 SISINITO
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Fig. 1. Map showing the granitoid occurrences of Hungary. 1. Granite and granodiorite;
2. quartzdiorite; 3. anatexitic granodiorite and granite

of ordering and decreasing amount of complex-twins indicating alowertemper-
ature of formation.

Porphyroblastic potassium feldspar is common constituent with more
or less ordered structure (maximum or nearly maximum triclinicity). They are
rich in inclusions of biotite and relict plagioclase and sometimes show cross-
hatched twins. The crystallization temperature of microcline and plagioclase
was about 550—590 °C (at 5 kb) counted accordingto W hitney and Stormer’s
method (1977). The K-feldspars occur in the groundmass too. Their triclinicities
differ from the porphyroblasts. In Mecsek Mts. the triclinicity is medium in
groundmass and maximum in porphyroblast. In Danube—Tisza interfluve
microcline has higher degree of triclinicity in groundmass and porphyroblast
has the same degree of ordering than in Mecsek Mts. Around Mecsek Mountains
the double triclinicities are rare (average A = 0.65). Perthite of K-feldspar is
coarser in granodiorite of Mecsek Mountains than in the Danube—Tisza Inter-
fluve.

Sum of Q, Or, Ab norms is between 70—80% (Table 1). The rocks are
characterized by high alkali content (Fig. 2).

c) Latekinematic granites occur as dykes and small batholiths in the
synkinematic granodiorite, they are pinkish, fine-grained, equigranular and
rarely contain biotite. Perthitic microcline of high triclinicity (A = 0.90) is
common. The plagioclase has an ordered structure and its higher Ab content
indicates a low temperature of formation (480 °C). The cross-hatched micro-
cline pseudomorphs after plagioclase suggests K-metasomatic origin.
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Fe%Fe"(K)

Wo

Fig. 2. Plots of K—Na—Ca and (Fe2+ + Fe8+)—(Na -f- K)—Mg. 1. Mecsek Mountains
2. surroundings of Mecsek Mts.; 3. Pécs-7 (borehole); 4. Danube—Tisza Interfluve; 5. Békés
basin; 6. average (South Hungary); 7. average (Balaton—Velence fault-zone)

Sum of Q, Or, Ab norms is between 80— 100% (Table 1). The rocks are
rich in alkalies due to the alkali metasomatism (Fig. 2).

The synkinematic granodiorites of Mecsek Mountains are rich in An
norms (Table 1), whereas granodiorites of Danube—Tisza Interfluve and Békés
basin (Table 1) are rich in Q norms indicating that the former crystallized
under higher pressure then latter.

The higher An content of the latekinematic granites of Mecsek Mts.
and high Q content of granites of Danube—Tisza Interfluve indicate a relative
higher pressure and temperature conditions in the Mecsek Mts. compare with
the Danube—Tisza Interfluve (Table 1).
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Fig. 3. Average composition of granites of different ages in the system Q—Or—Ab—H20*
Points indicate isobaric minima at water pressure between 0.5 and 10 Kbar. (after: Tuttle
and Bowen, 1958 and Luth et al., 1964). The figures in brackets indicate the number
of samples

The average Q, Ab, Or norms of the granites are strikingly similar to
the West European Variscan granites (Hatr, 1971, 1972, Fig. 3), thereby
suggesting similar age of origin. This is also supported by the isotopic age
determination (Kovacs etc., 1968).

Petrogenesis

Am eugeosyncline had been filled up with sediments and basic volcanites
which were regionally metamorphosed. The deepest part of the geosyncline
subjected to anatexis along the belt of Moragy— Miske—Soltvadkert— Kecske-
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An

Fig. 4. An—Ab—Or proportions of Hungarian granitoid rocks. 1. Average composition of
South Hungarian granitoids; 2. average composition of granitoids occurring along the Velence—
Balaton fault zone

mét. The temperature and pressure conditions prevailed during the anatexite
formation correspond with the amphibolite facies. This synkinematic anatexis
took place in a closed system with the presence of volatiles, at elevated temper-
ature and pressure caused by the subsidence of sediments.

Further subsidence of the rigid synkinematic rocks (anatexite granites)
caused K mobilization in the groundmass which migrated to the newly formed
fissures. The intensity of mobilization was greatest in the deepest parts of the
geosyncline. This K-migration transformed the granite into granodiorite in the
Mecsek Mts. The transformation of granite into granodiorite in the Danube—
Tisza interfluve was incomplete due to lower intensity of K-migration.
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Occurrence

Boreholes (1. 2.)*

Velence Mountains

Buzsak (boreholes)

Velence Mountains

Velence Mountains

25.6

26.8

35.6

37.4

37.2

* 1. Dinnyés; 2. Gelse

Postkinematic intrusives of Balaton— Velence fault zone

Normative ratios (CIPW)

Ab

45.5

42.7

36.3

32.6

31.3

Or

28.9

30.5

28.1

30.0

315

An

35.6

16.8

15.3

8.7

Ab

39.4

47.8

47.8

42.5

45.2

Table 2

Q-diorites
or T W
250 29.1 505
354 342 464

Granodiorites

36.9 182 62.2
459 185 732
Jranitts
46.1 124 822

20.4

194

196

8.3

54

Cation ratios (Nockolds)

Total
Fe

34.1

51.4

35.2

48.2

49.0

Mg

23.8

28.0

37.9

23.3

18.9

Ca

42.1

20.6

26.9

32.1

21.9

31.6

34.5

44.4

36.5

45.1

47.2

43.1

46.3

41.6

233

18.3

9.3

Ab/An

3.7

3.2

7.4

No.
Sampl.
+ total

27

‘A9 ‘vang
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The mobilization of K, Na, Si etc. produced the late-kinematic K-meta-
somatic microgranites and aplites which filled up the fissures of the granodio-
ritic body.

Il. Postkinematic Quartz-diorites and Granites

Two igneous rock types occur along the Balaton—Velence fault-zone.

a) Quartz-diorite (tonalité) has been reached in the boreholes at Dinnyés,
Gelse and also found as enclaves in the granite of the Velence Mts. (Fig. 1).
Anorthite rich plagioclase (Anso) is the predominant constituent with zoned
texture. Microperthitic orthoclase is rare. Quartz sometimes shows wavy
extinction. Biotite is mostly chloritized. Hornblende is rather common and
zircon, titanite, apatite and rutile occur as accessory minerals.

Chemical differences have been observed between the quartz-diorite
from boreholes (Dinnyés, Gelse) and the enclaves of the Velence Mts. The
enclaves are rich in Or and poor in An norms indicating K-metasomatism
caused by the huge mass of K-rich granitoid pluton (Table 2).

b) Granite-granodiorite intrusions have been studied in Velence Mts.,
Sagvar and Buzsak areas (Fig. 1). The average anorthite content of plagioclases
are similar (An30). Complex-twins are prevailing and Al/Si ordering is medium
degree.

The K-feldspar has disordered structure. The temperature of formation
was about 630—650 °C counted according to I. C. Stromer’s (1975) method.

The average chemical composition of these rocks are granitic, but minor
deviation has been observed. The granodiorite occurs in the borehole of Buzsak
and in the margin of the granitic pluton of Velence Mts. (Table 2).

Granites ofthe Velence Mts. are rich in Q and poor in Annorms (Table 2)
indicating lower pressure conditions of formation compared with the South
Hungarian latekinematic granitoids (Fig. 3 and Fig. 4). Their age, determined
by isotopic (Sr/Rb) method, is Variscan (310— 330 million years). They are
chemically very similar to the West-European Variscan granites (Fig. 3).

There are no direct evidences to establish the relationship existing be-
tween quartz-diorites and granites, however, enclaves in the Velence granites
suggest that the earlier intrusion was quartz-diorite and it was followed by
granodiorite-granite.
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K TEHE3NCY BEHIMEPCKNX TPAHNTOWNA0OB

Ib. BYAA

Pesome

paHnTOMabl BEHTpMM OTHOCAT K IBYM F/laBHbIM rpynnam. FpuypoyeHHOCTb rpaHnTOomn-
[I0B K PEervoHasibHO MeTaMop(M30BaHHbIM MOPOAAM M UX HU3KOTEMMEPATYPHbIA MUHepanbHbIi
napareHes Ha Tepputopun KOXHO BeHrpumn cBUAETENbCTBYIOT 06 06pasoBaHMK B pesysbTaTe
aHATEKTUYECKNX N Ka/IMeBOMETacOMaTUYECKUX MPOoLeccoB. [ paHMTOMAbI 30HbI pasnoMoB Bana-
TOH—BeneHUe XapaKTepusyloTca MUHEpPa/IbHbIM MapareHe3oM MoBbILLEHHON TeMrepaTypbl 06-
pa3oBaHNsA ¢ KOHTAKTOBO-METaMOP(HUYECKM OPEe0sIoM, YTO CBMAETENLCTBYET O MarMaTUYecKoM
NPOMCXOXKAEHWUM MOPOA,
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The present work deals with the geology and chemistry of the granite mass
south Wadi Siwigat El Soda of the Eastern Desert of Egypt. Chemical study of the
granite includes complete chemical analysis of four samples beside the quantitative
determination of some trace elements like Rb, Sr, Y and Zr. The petrochemical charac-
teristics of the granite are worked out.

The most important result of this work is a change in the identity of the
investigated granite on geological maps. Thus instead of being regarded as old grey
granite and granodiorite, this rock proved to be a member of the younger low-Ca pink
granites. Evidences from the distribution of major elements, petrochemical charac-
teristics and trace elements are discussed.

Introduction

The granite mass under study is located between latitudes 25°08' and
25°10"' N and longitudes 33°40' and 33°42' E. It is found to the south of Wadi
Siwigat El Soda which is a branch of Wadi EI Miyah lying in the Eastern
Desert of Egypt (Fig. 1). This mass occupies an area about 56 km 2 and it is
bordered from the north by slates and serpentine rocks while the western side
of the mass is in contact with Nubian sandstone. To the south and east of the
mass the area is covered by sandy plains.

The granite body south Wadi Siwiqat EI Soda is subjected here to both
geological and chemical study. The chemical work includes complete chemical
analysis of four samples covering the main types of this granite body, besides
certain trace elements (Rb, Sr, Y and Zr) are quantitatively analysed as well.
This study helped to identify the character of the granite.

Sometimes Egyptian granites suffer from a serious problem of misidenti-
fication and many misidentified bodies are indicated on the geological maps.
The present studied granite is an example of those misidentified bodies. Such
bodies should be subjected from time to time to geological, petrographical and
chemical studies in order to elucidate their exact nature.
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Fig. 1. Geological map of the granite South Wadi Siwigat El Soda. 1. Muscovite granite;
2. pink granite; 3. grey granite and granodiorite; 4. epidiorites and diorites; 5. serpentines
and related rocks; 6. sehist-mudstone-greywacke series

Geology of the Granite

The northern part of the granite mass is found as isolated outcrops while
the southern part is somewhat more massive and it is found as two nearly
circular outcrops in contact with each otherand occupying an area about 15km 2

Acta Geologica Academiae Scientiarum Hungaricae 24y 1981



THE GEOLOGY AND CHEMISTRY OF GRANITE 321

Fig. 2. The granite mass South Wadi Siwigat El Soda

(outcrops A 4 B, Fig. 2). The two southern outcrops are found swamped in a
sandy plain which surrounds them from all sides. Each outcrop has a more or
less circular outline but the northern outcrop occupies a larger area. The hand
specimens representing the two outcrops show marked difference. The hand
specimen collected from the northern outcrop has light grey color while that
representing the southern outcrop has reddish pink color.

The photogeologic study of the mass shows that the northern part appears
on aerial photograph as dark grey isolated outcrops with low relief and fine
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grained surface texture. The two outcrops to the south of the mass show
marked differences between each other. These differences can be described in
terms of surface texture and topography, drainage and photolineaments.

The two southern outcrops (A -j- W, have fine grained surface texture
but the surface of the northern outcrop (A) has finer texture as compared
with that of the southern outcrop (B). Thetopography of the southern outcrop
(jB) is higher than that of the northern outcrop (A).

The drainage in the two outcrops is mainly of the dendritic type but the
density of drainage varies greatly in each outcrop. Measurement of the density
of drainage per unit area which is 1km 2in each outcrop shows that the northern
outcrop (A) has lower density amounting to 12 drainage lines per km 2 while
the southern outcrop (B) has its density 26 drainage lines per km 2 (Fig. 3).

Photolineaments in the granitic mass represent mainly joints and prob-
able faults. The main trends of these lineaments are N 15° W, N 25° W and
N 65° W. In addition to these trends there are three less prominent trends
which are N 55° E, N 55° W and N 65° E. These lineaments are represented
mainly in the two outcrops (A + B)to the south ofthe granitic mass (Fig. 4).
Most of these lineaments are found in outcrop (J3) and constitute 62% of all
lineaments present in the whole mass (A -j- B). The main trends in outcrop
(A) are N 65° W, N 15° W and N 65° E, constituting 67.5% of all lineaments
present in this outcrop. On the other hand, lineaments in outcrop (B) trend in
the directions N 25° W, N 55° E and N 15° W. Probable faults are few in
number but most of them are found in outcrop (A) with the trends N 40° E—
N 60° E and N 60° W— N 70° W.

Fig. 3. Drainage in granite South Wadi Siwigat El Soda. Density of drainage is 12 drainage
lines per 1 km* in mass (A) and 26 drainage lines per 1 km* in mass (B)
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Fig. 4. Photo lineaments in granite South Wadi Siwigat EIl Soda. 1. Inferred fault; 2. fracture
line; 3. dykes

Four granitic samples are collected from the two southern outcrops
(A + Two samples with greyish color are collected from outcrop (A), one
with pink color from outcrop (B) and one sample only with pinkish color from
the contact between the two outcrops. These samples covered the main varieties
of granitic rocks present in the investigated area.

The two samples A1l and A2 look greyish in color, somewhat friable,
with varying biotite content hut this mineral is more enriched in sample A2.
Sample B looks pink in color with the presence of normal amount of mica.
Sample C which is taken from the contact zone between the two granite masses
A and B looks pinkish in color, has a low mafic mineral content and is
finer in grain size than the pink variety.

Chemistry of the Granite

Major Elements

The four samples collected from the granite south Wadi Siwigat EIl Soda
are subjected here to complete chemical analysis for major and minor elements.
Analytical techniques are described elsewhere (E1 Sokkary, 1970). Results
ofthese analyses expressed in weight per cent ofthe oxides are shown in Table 1
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Table 1

Complete chemical analyses (wt.%) ofthe investigated granitic rocks

Weight per cent

Al A2 B c Low-Ca Txgg;ckal

Si02 73.32 73.53 74.02 73.12 74.29 74.08
ai2o 3 13.01 13.26 13.01 14.03 13.61 13.14
FeX, 0.39 0.44 0.21 0.22 2.03* 0.30
FeO 0.63 1.02 0.39 0.31 — 1.13
MnO 0.01 0.04 0.04 0.04 0.05 0.02
MgO 0.41 0.30 0.41 0.36 0.27 0.29
CaO 1.82 0.95 1.63 1.63 0.71 0.82
Na2 4.30 3.85 4.03 4.00 3.48 4.24
K,0 3.92 4.52 4.04 4.58 5.06 4.49
Ti02 0.02 0.02 0.01 0.01 0.20 0.25
PA 0.04 0.01 0.01 0.01 0.14 0.05
h2 + 1.06 1.09 1.06 1.05 —_ 0.62
H - 1.02 0.68 0.82 0.50 — 0.10
Total 99.95 99.71 99.68 99.86 99.84 99.53

* Total iron is calculated as Fe20 3

Table 2

CIPW norms of the investigated granite rocks

Normative

mineral Al A2 B ¢}
Or 23.75 27.45 24.50 27.60
Ab 39.50 35.45 37.10 36.55
An 4.68 4.75 5.58 6.88
c — 0.37 — —
Wo 1.72 — 1.04 0.50
1 0.02 0.02 0.02 0.02
Mt 0.42 0.47 0.23 0.24
Hm — — —_ -
En 1.16 0.86 1.16 1.02
Fs 0.72 1.34 0.50 0.36
Ap 0.08 0.03 0.03 0.03
Q 27.95 29.25 29.83 26.82
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which compares them with corresponding values of the low-Ca granite of
Tuhekian and Wedepoh! (1961), typical pink granite and typical grey granite
from Egypt (E1 Sokkary, 1970). Table 2 givesthe CIPW norms ofthe investi-
gated granitic rocks, while Table 3 shows their Niggti values.

Table 3

Niggli values ofthe investigated granitic rocks

Niggtivalue Al A2 B C
al 43.22 45.63 44.99 46.39
fm 8.14 9.73 6.65 5.61
c 11.01 5.95 10.27 9.82
alk 37.63 38.68 38.09 38.16
mg 0.43 0.27 0.54 0.54
K 0.38 0.44 0.40 0.43
si 414.07 430.18 435.15 410.99
P 0.09 0.03 0.04 0.03
ti 0.07 0.08 0.05 0.04

Comparison of the analyses of the four investigated rocks with those of
the reference low-Ca granite reveals the presence of good coincidence between
the two sets of data particularly evident from the contents of: Si02 Al 3,
total Fe2 3, MnO, MgO, CaO, Na2 and K2. However, total iron seems to
show somewhat lesser values while CaO tends to develop somewhat higher
values in the analysed rocks. Nevertheless the four analysed specimens from
Siwigat EIl Soda develop the typical character of low-Ca granites. Thus the
granites from Siwiqat EI Soda are low-Ca granites.

It should he noted that analyses of the four granite specimens are very
close to each other which means that all of them represent one granite type,
namely low-Ca granite. Color variation of the specimens from grey to pink
shades is not significant and the granite mass, at least its southern parts, looks
homogeneous.

On comparing the analyses of the four analysed granites from Siwigat
El Soda with those oftypical pink granite from Egypt as given by E1 Sokkary
(1970), there appears close similarity between the two sets of data. This is
clear from the contents of: Si02 Al2D 3 FeX 3, FeO, MnO, MgO, CaO, Nad,
K20 and H2. The alkali elements Na20 and K20 have strikingly close values
in the two sets of data. The ferrous content (FeO) tends to be lower while the
CaO content tends to be higher in the analysed rocks. Despite of these minor
variations, the present rocks represent members of typical pink granites
occurring in various places in the Eastern Desert of Egypt.
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MO

Fig. 5. The ternary relation (Na2 + K2)—MgO—(FejOj + FeO) in the studied granites

Figure5assuresthatthe studied granites are impoverished inthe ferromag-
nesian elements (Fed 3, FeO, MgO) and are enriched in the alkali elements
(Na20 + K2), moreover they occupy the same position previously assigned
for Egyptian pink granites (El Sokkary, 1970).

Fig. 6 shows the alkaline nature of the studied granites as points repre-
senting them lie almost mid-way between Na20 and K20 ends, moreover these
granites tend to be relatively impoverished in lime (CaO).

How close are the analysed granites from Siwiqgat El Soda to typical
grey or high-Ca granites ? As a matter of fact the analysed rocks can not repre-
sent typical Egyptian grey granites because their analyses are quite different.
The analysed granites show decisively higher amounts of Si02 and K2 with
concomitant lowering trends in FeO, MgO and CaO with respect to typical
grey granite. The reference high-Ca granite of Turekian and Wedepohl

Na20

Fig. 6. The ternary relation CaO—K2 —NaaO in the studied granites
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(1961) which is essentially a granodiorite has CaO content that equals 3.54%
which is quite higher than the corresponding values of the analysed rocks.

In conclusion, the four specimens from Siwigat El Soda are low-Ca
granites being members of typical pink granite, they can not represent typical
grey granites. With their analyses close to each other, they represent members
of a more or less homogeneous granite mass. Referring to the geological map of
Fig. 1, it is seen that the granite mass lying to the south of Wadi Siwigat EI
Soda is marked as grey granite and granodiorite—a matter which is obviously
unfounded and being against the results of the present investigation. The
character of this granite mass should be corrected on the geological maps
(e.g. E1 Ramly, 1972) as pink granite and not grey granite and granodiorite.

Petrochemical Characters

Table 2 shows that normative plagioclase somewhat exceeds normative
orthoclase in the four analysed samples. On the other hand, the average An
content of these normative plagioclases is found to be 13% An i.e. the pla-
gioclase is either an oligoclase or may be an albite as the anorthite content is
very close to the upper limit ofthat of albite (10% An). This plagioclase excess
may be due to the perthitic nature of the present potash feldpars or may be
due to the presence of much alkali feldspars i.e. both K and Na bearing feld-
spars. However, the granite of Siwigat El Sodamight be subjected to a process
of albitization. Perthites of the vein type are reported in the pink granite mass
of W adi Siwigat El soda (Sabet and Zaatout, 1955). These might be formed
through a process of albitization.

Normative quartz ranges between 26.82—29.83% in the four analysed
samples with an average value 28.46%. The distribution of normative mafic
minerals follows closely the content of biotite in the four samples. Thus sample
A2 with abundant biotite has 2.20% mafic minerals, sample Al with lesser
biotite has 1.88% of these minerals, while the pink granite sample B has its
mafic minerals 1.66%, sample C with scarce biotite has 1.38% normative
mafic minerals.

The ternary relation between the normative feldspars Or— Ab—Anis
superimposed on Hietanen chemically classified diagram (1963), Fig. 7, from
which it is concluded that the investigated granites from Siwigat EIl Soda are
classified as normal granites.

W ith respectto Nigglti values, the four rocks from Siwiqgat EI Soda show
similar values of si, k and alk. The fm and mg values of these rocks show
certain fluctuations: the fm value ranges between 5.61—9.73 while the mg value
ranges between 0.27—0.54 reflecting fluctuations in the content of the ferro-
magnesian minerals.
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Fig. 7. The ternary relation between the normative minerals Or—Ab—An in the studied
granites. A = Kkali granite; B = granite; C = granite-trondhjemite; D =*trondhjemite; E =
= quartz monzonite; F =*monzonite; G = tonahte; H = calcic granite; | = granodiorite;
J = quartz diorite; K = calcic monzonite; L = grano gabbro; M = gabbro; N = mafic gabbro

Trace Elements

Table 4 gives the contents in ppm of four trace elements, namely Rb, Sr,
Y and Zr in the analysed four samples. These are compared with corresponding
values of; (I)The reference low-Ca granite of Turekian and Wedepohl (1961),
and (2) Typical pink and grey granites as given by E1 Sokkary (1970).

Table 4

Trace elements (ppm) of the investigated granitic rocks

Element Al A2 B c Low-Ca Typical pink Typical grey
Rb 165 134 195 221 170 66 76
Sr 145 183 132 51 100 56 578
Y 14 19 17 21 40 22 6
Zr 113 113 97 69 175 137 234

The assigned trace elements in the four samples are comparable with
those of the reference low-Ca granite especially Rb and Sr, being comparable
as well with those of the typical pink granite particularly Y and Zr. These
comparisons reflect that the granite from Siwigat El Soda is low-Ca pink
granite. With respect to typical grey granite from Egypt, the investigated
four granites show higher Rb and Y with a simultaneous drop in Sr and Zr.
This assures that the granite from Siwigat El Soda cannot be typical grey
granite.
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Figure 8 shows the relation between Srand Rb from which it is seen that
some granites e. g. sample C (with scarce mafic minerals) are enriched in Rb
and depleted in Sr which might suggest the presence of a weak differentiation
trend within these granites.

Rb

200 -

150 -

1001 - - 1 I
50 100 150 200 Sr

Fig. 8. Sr versus Rb in the studied granites

Discussion

The present study showed that the granites south Wadi Siwiqgat EI Soda,
Eastern Desert, are found as two nearly circular outcrops in contact with each
other. The northern outcrop has light grey color while the southern outcrop
has reddish pink color. The topography of the southern outcrop is higher than
that of the northern outcrop.

The distribution of major elements, the petrochemical characteristics
and the trace element pattern of the investigated granites all point towards
the fact that these rocks are low-Ca granites being members of typical pink
granite, they cannot represent typical grey granite. The character of this
granite mass should he corrected on the geological maps as being younger
pink granite and not the old grey granite and granodiorite.

Since analyses of samples representing the two circular granite masses
are close to each other and they essentially indicate one granite type, therefore
differences alone in photogeological characters between these two granite
masses are not conclusive in identifying each. The granite with grey color from
the northern mass has relatively high percentage of biotite and its feldspars are
lighter in color, a matter which may give differences in photographic tone
between this granite and the pinkish southern variety with lower biotite con-
tent and with feldspars colored reddish-pink.
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FTEONNOMTMYECKOE CTPOEHNE N XUMWYECKWNE YCNO0BUA TPAHNTOB HA IOTE
BAAWN-CUBUKAT-E/Ib-COAA B BOCTOYHOW MYCTbIHE 3rUNTA

E. M. 3/1-WWA3/IN—A. A. 3/1-COKKAPUN-M. M. AfNbl - A. ®. HAMEN
Pestome

B HacTosLleli paboTe paccMaTpMBarOTCA reoslornMyeckoe CTPOeHMe N XMMUYECKIME YCN0BUSA
rpaHMTHOrO MaccuBa B HOXHOM YacTn Bagn-CusmkaT-Enb-Coga B BOCTOUHOM NyCcTbIHe 3runTa.
XMMMNUeCKoe 13yyeHvie BKIKOYAET B Ce65 MOMHbIA CEPUMHBIA aHann3 YeTblpex 06pasLoB, NOMUMO
KO/IMYECTBEHHOT O ONpejesieHUs HeKOTOPbIX PacCesiHHbIX 3/IEMEHTOB, & UMeHHO — Rb, Sr, Y un Zr.
OnpegeneHbl NETPOXMMUYECKME XapaKTePUCTUKMN FPaHUTOB.

BaKHeWMM pe3ynbTaToM [aHHOM paboTbl ABNSAETCA U3MEHEHUe WAEHTUYHOCTU nccie-
[OBaHHbIX rPaHMTOB Ha reo/I0fMYECKUX KapTax. Takum 06pas3om, B OTM4UME OT UX OTHeceHus
paHblle K APEBHUM CepbIM rpaHnTOMAamM U rpaHoAMOpUTaM, 3TU MOPOAbI Ternepb 0Kasanuchb Ye-
HOM psajga 60/1ee MOMOAbIX, PO30BbIX FTPAHUTOB C MOHWKEHHLIM cofep)kaHneM Kanbums. Mpuso-
AUTCSA (haKTUYECKUIl MaTepmas OTHOCMTENIbHO PacnpocTpaHeHWs FNaBHbIX 3/1EMEHTOB, NeTpo-
rpauyeckmx XapakTepucTUK U paccesiHHbIX 3/1EMEHTOB.
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ON THE OCCURRENCE OF SPHERULITIC
STRUCTURE IN RASIC DYKE FROM
DONI AREA, INDIA

By

N. W. Gokhale, S. C. Puranik
DEPARTMENT OF GEOLOGY, KARNATAK UNIVERSITY, DHARWAD

A basic dyke containing unoriented and unusually large sized xenoliths, traverses
coarse grained amphibolites of Doni area. The study reveals that i) quartz dominates
amongst the xenoliths, ii) felspar xenoliths alone have developed spherulitic structure,
iii) the basic dyke is a basalt and iv) it acquired the xenoliths in it by forcibly intruding
into a pre-existing vein of quartz.

Field Characters

The xenolith bearing basic dyke is situated at about 2 kms. south of
Doni village (lat: 15°17' N and long: 75°43'30" E.) of Mundargi taluka, Dhar-
wad district, Karnataka state. It is contained in survey of India Toposheet
No. 48M/11. The dyke trends N50OE—S50W , while the coarse grained amphibo-
litic country rocks strike N35E—S35W with a dip of 20° due S55E. The dyke
is 150 mts. in length, 6—7 meters wide at its northeastern end, while it pinches
to a width ofhalfa meter or so at its southwestern end: it is thus wedge shaped
in outline. The xenoliths are mainly of quartz and these vary in size from a few
millimeters to as large as 30 centimeters in length; and from a few millimeters
to 6 centimeters in width. Xenoliths are so numerous and of diverse shapes
and sizes that at first sight the rock resembles a breccia (Plate 1, Figs 1 and 2).
Xenoliths are present throughout the dyke and are unoriented (Plate 1, Figs 1

and 2).

Petrography

The dyke rock is dark gray in colour and megascopically xenoliths alone
are identifiable. In thin sections the rock shows a fine grained texture (Plate 2,
Fig. 2) and is seen to be made up dominantly of plagioclases and clino pyr-
oxenes. Magnetite is present in small amount. Subhedral laths of plagioclases
display typical multiple twinning. Central portion of the laths show alteration.
The laths are unoriented. Clino pyroxenes are euhedral to subhedral in shape
and are bigger in size than the laths of plagioclases. Clino pyroxenes show
simple twinning and a pleochroism in shades of green and pale green colours.
M agnetite grains are unhedral and are opaque.
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Plate |

Figs 1, 2. Hand specimens showing “breccia-like” distribution of xenoliths. Note nnoriented
nature of xenoliths (Y3 natural size)
Fig. 3. Microphotograph of xenoliths. Big white minerals at the base are feldspar, which
show diffused contact with the matrix. Note granular, small pieces of quartz on the lower
side of central, lenticular quartz xenolith. Note sharp contact of quartz with the matrix.
(Crossed Nicols 3.5X)
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Plate I1

Fig. 1. Microphotograph of a very big quartz xenolith. Quartz graine show mosaic texture and
granulation. (Crossed Nicols 3.5 X)
Fig. 2. Microphotograph of an oval shaped quartz xenolith. Note reaction rim around it. The
matrix displays basaltic texture. (Crossed Nicols 10 X)
Fig. 3. Microphotograph of a quartz xenolith. Note complete granulation of quartz.
(Crossed Nicols 10 X)
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Plate 111
Fig. 1. Microphotograph of spherulitic structure. Note singular black strip (extinction) within
the mineral. (Crossed Nicols 45 X)
Fig. 2. Microphotograph of spherulites. In some complete “cross” is seen, in others, it is half
developed. Note restriction of spherulitic structure to felspar xenolith only. (Crossed Nicols 10 X)
Fig. 3. Microphotograph showing laths of felspar radiating out from a stem of quartz. In the
lower right hand side, spherulitic structure can be observed. (Crossed Nicols 10 X)
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Typical basaltic texture is not readily discernible. Laths of plagioclases
stop against the plates of pyroxenes which indicates that the pyroxenes have
crystallised earlier to plagioclases.

Xenolithic structure is noticed even in thin sections (Plate 1, Fig. 3 and
Plate 2, Fig. 2). Xenoliths are numerous, generally lenticular in shape and
occur as aggregates as well as individual grains. Quartz dominates amongst the
xenoliths, those of felspars (Plate 1, Fig. 3) and sometimes of calcite are also
seen. Quartz shows mosaic texture. The contact between the quartz xenoliths
and the surrounding rock alone is sharp (Plate 1, Fig. 3). Tiny granules of
pyroxenes are seen to be developed around xenoliths of quartz (Plate 2, Fig. 2).
In some xenoliths, quartz is granular and is very fine grained (Plate 2, Fig. 3),
in some others granulation is noticed only one side (Plate 1, Fig. 3). At places
the quartz xenolith appears to be recrystallized (Plate 2, Fig. 1). Unduldse
extinction is displayed by quartz.

The most important feature is the development of spherulitic structure.
This is restricted to the xenoliths felspar. In some cases, complete circle of
spherulite is developed, in others a part of the circle is produced (Plate 3,
Figs. 1 and 2). At many places laths of felspar are seen to radiate out from a
grain of quartz (Plate 3, Fig. 3), and such a growth is seen to result is spheru-
litic structure.

Discussion

Mineralogical composition and textural features described above indicate
that the basic dyke is a basalt. Xenoliths encountered in the dyke are of differ-
ent dimensions, unoriented, and are not noticed outside the dyke. Majority of
the xenoliths are of quartz and some are of felspars. These are therefore acidic
in composition. These xenoliths are either “cognate” or are acquired by the
basaltic magma from an extraneous source. It is quite clear that these xenoliths
could not belong to the “cognate type”, because these are acidic in composition,
and such minerals are not produced as the first product of crystallization of
the basaltic magma”. Alternative source for these xenoliths is their derivation
from an extraneous source. It is significant to note that veins of quartz are
very frequently traversing rocks adjacent to the dyke. All the field and petro-
graphical characters of the basaltic dyke suggest that it intruded into a pre-
existing vein of quartz. Granular quartz, granulation observed on the periphery
of quartz xenoliths, unduldse extinction of quartz, diverse sizes and shapes of
xenoliths, non oriented nature of the xenoliths, all these features together
clearly point to the forceful injection of the dyke into the pre-existing vein of
quartz. As a result of this, the quartz vein was shattered to small and big
pieces which are now found as xenoliths within the basic dyke. This also satis-
factorily explains the restriction of the xenoliths to the dyke rock alone.
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The basaltic magma probably had no time or was not hot enough or
both, to assimilate the xenoliths of quartz and of felspars to any extent. It,
however, brought aboutrecrystallisation of quartz and development of reaction
rim around xenoliths of quartz. It also produced mosaic texture in the quartz
xenoliths and spherulitic structure in those of felspars. Gokhale and Koppad
(1973) have described the occurrence ofa similar dyke which contains xenoliths
of quart:} and felspars. They have pointed out that the spherulitic structure is
produced only in the felspar xenoliths found in that dyke. The dyke under study
also could be held responsible for the development of spherulitic structure in it.
However, the present dyke differs from the one described by Gokhale and
Koppad (0p. cit.) in containing considerably large sized xenoliths and these
xenoliths being found throughout the dyke.

In conclusion it may be said that i) the dyke is unique in having rather
large sized xenoliths of quartz, ii) the xenoliths being acquired by forcibly
intruding into a pre-existing vein of quartz, iii) the crystallisation of the basal-
tic m agma has produced the spherulitic structure in the felspar xenoliths alone.
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O MPOABNEHUAX CHPEPONNTOBOWN CTPYKTYPbl B AAMNKE
OCHOB HOI'O COCTABA B PAMOHE AOHW B MHANWN

H. B. TOKXAJIE u C. K. MYPAHUK
Pesome

["py603epHUCTbIE aMPnboNnTbl paioHa [oHn B MHAMKN NepeceKatoTcs AaiKo OCHOBHOIO
cocTaBa, BK/OYatoLLeli B ce651 HEOPUEHTUPOBAaHHbIE KCEHOMUTbI HeoBblUaliHO 60/bLLIMX Pa3MepOoB.
B pe3synbTaTe NpoBefeHHbIX PaboTbl 6bI0 yCTaHOBMEHO, UTo |) cpefn KCeHONMTOB Npeob6najaeT
kBapL; I1) cheponmtoBas CTpyKTypa pasBuTa TOMbKO /ML B MOJIEBOLLMNATOBLIX KCEHOMUTAX;
111) palika OCHOBHOro cocTaBa npefctaBfieHa 6asanbTamu U 1V) oHa npuobpena KCeHOMNUTbI B
Hell NyTem (OPCMPOBAHHOIO BHEAPEHUSI B KBapLEBYK XUy, KOTOpasl Tam cCyllecTBoBasa
paHbLLe.
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A HYPOTHESIS ABOUT THE TERTIARY
VOLCANIC ACTIVITIES OF THE
MATRA MOUNTAINS, NE HUNGARY

By

Cs. Baksa—J. Csillag—J). Foldessy—T. Zelenka
NATIONAL ORE AND MINERAL MINING CO., HUNGARY

The authors have attempted to summarise the Tertiary evolution of the Matra
Mountains by means of re-evaluation of available field data adding their recent results
of geological mapping, drilling and geophysics.

New data are given for the pre-Tertiary basement of the Matra, followed by a
short outline of the Upper Eocene volcanic evolution.

Neogene formations, especially the volcanics, are interpreted by their structural
and stratigraphical setting. A reconstruction is given for the Western M atra by adapting
the previously published single volcano and caldera model of Szadeczky-Kardoss
(1959). New aspects for further explorations are provided by the connection of hydro-
thermal activities and acid volcanism with a geophysically indicated acid intrusion.
Similar, but more tentative reconstruction is provided for the Eastern Matra.

1. Introduction

The Matra Mountains is one of the largest unit of the Inner Carpathian
volcanic arc as well as the largest Tertiary volcanic range of Hungary. Among
many others, Mauritz (1909), Noszky (1927), Szadeczky-Kardoss (1959),
Vidacs (1964), Kubovics (1970) were the most significant contributors to our
geological knowledge about this area. In the last two decades detailed geological
and geophysical surveys have been carried out, providing a great number of
new data for both the surface and subsurface geology.Varga and others (1975)
have given a comprehensive summary of these informations in their Matra
monography. More recently the Recsk ore explorations supplied numerous new
drill-hole data for the NE-region of the M atra.

The present study is attempting to reconstruct the volcanic evolutions in
the different phases with the aid of re-evaluation and new arrangement of the
existing data as well as the incorporation of more recent results.

2. The Basement

Up to the latest years only xenoliths have given scarce and ambiguous
informations of the prevolcanic basement for the most part of the Matra.
These xenoliths indicated metamorphic basement in the Western M atra, gran-
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itoids in the Central parts. Mesozoic limestones — shales, cherts and spilites
have been known in boreholes in the Eastern Matra (Varga, 1965).

Recently direct evidences were provided by several bore holes for the
characteristics of the basement at Nagybatony (Nb-324), and in the Kékes—
Diszn6kd area (R-92, R-103, R-109), showing Central-Mountains type Mesozoic
sediments, limestones, shales, dolomites and siltstones. Granitoid rocks have
also been found, but of much younger age, as later will be discussed.

These data indicate that in the known part of the Méatra two essentially
different basement structures are in contact with each other: the folded Mesozo-
ic of the Eastern MAtra and the faulted Mesozoic structural belt of Central-
Mountain type in the Central- and Western M atra.

The two basements are separated from each other by a regional-scale
deformation-zone — known as Darnd-zone — and its continuation beneath the
Tertiary of the Matra, as revealed by geophysics (Szalay, 1975).

This structural feature have been proved to be a controlling factor in
each of the later events in the evolution history (Zelenka, 1973).

3. Paleogene Volcanism and Sedimentation

The post-Triassic uplifting of the Mesozoic formations has been followed
by a long period, during which the whole M atra area was a part of the main-
land, subjected to intense erosion and weathering, with no trace of marine
sedimentation or volcanic processes in the Jurassic and Cretaceous.

The Laramian—Pyrenean phase hasresulted in intense structural defor-
mations, represented by strong rifting within the Darné zone, uplifting and
underthrusting along the basement boundary, with simultaneous subsidence
and marine ingression, shoreline type sedimentation of Upper Eocene age west
of the Darn6 line. These movements have also initiated an intermediate
volcanic activity in submarine environment, related closely to the Darné zone,
in the Recsk region.

The volcanic cycle itself comprise one semi-continuous eruptive period
with four sub-stages. Its age is undoubtedly determined by the fossil-rich
underlying, intermingling and overlying sediments, as in the Nummulites
fabianii horizon of the Upper Eocene.

The first, initial substage is represented by entirely subaqueuos volcanics,
like lava flows, lava agglomerates, tuffs, mixed volcanogenic breccias, peperites,
witnessing frequent alternations of phreatic explosions and forceful effusions.
The rocks aretypically biotite-hornblende andesites, exhibiting strong influence
of the carbonate rich basement in form of assimilation and contamination.
The simultaneous structural process is a marked subsidence of both flanks of a
central uplifted zone in which the centre of these eruptions could probably be
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Fig. 1. Block diagram of the Upper Eocene volcanic district of Becsk. T2_s: Triassic fold-

ed limestone-shale series (Biikk-type). T2SP: Spilites, diabases. T2M: Triassic limestone,

quartzite, shale. Es: Upper Eocene limestones, marls, clays. EjAj: Upper Eocene lower

biotite-hornblende-andesite series (1. substage). E3A2: quartz-biotite-hornblende andesites,

dacites (2. substage). E3A3: biotite-hornblende andesites, (3. substage). ESA4: biotite-pyr-

oxene-hornblendc andesite dykes, extrusions, laccoliths (4. substage). 02—0 3: Middle and Up-
per Oligocéne siltstones, clays

located. The peripherial character of these subsidences is evidenced by the
laterally increasing amount of primary and reworked pyroclastic material.

The second substage has gradually developed by the step-by-step decrease
of assimilation and contamination as well as the build up of a relatively typical
stratovolcanic character. The course of structural evolution has not been
changed though by the end of this substage the rate of accumulation exceeded
over the magnitude of subsidence. This has resulted in a gradual shift from
submarine to subaerial environment. Final eruptions in this period gave rise
to the formation of ignimbrites, typical subaerial depositions.

The chemical character of these volcanics were shifted towards the more
acidic range, grving place to dacites, andesito-dacites instead of the original
andesites (Foldessy, 1975). The eruptive centre of this phase falls north from
that of the initial stage along the axis of the central hdrst. Our earlier studies
have pointed to the genetic relationship between this volcanic substage and
the emplacement of the shallow intrusion in Mesozoic country rocks in the
depth (Baksa et al., 1977).

By further northward shifting of the eruptive centre, the third substage
have also produced a stratovolcanic sequence of biotite — hornblende andesites
and pyroclastics of much smaller regional extension than the previous sub-
stages, partly overlapping the earlier volcanic sequences. This substage has re-
lated to the most intense hydrothermal alterations in the whole series.

The fourth, final stage was in relation with the development of a central
explosive caldera in the third stage strato-volcano, and resulted in the forma-
tion of radial and irregular dyke-pattern and small laccoliths within and around
the caldera. Beef limestones and other lacustrine sediments mark the begin-
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ning of a relatively quick subsidence ofthe volcanic area. This subsidence have
reached its maximum by the middle Oligocene, when the largest part of the
Eocene volcanics have been covered by marine sediments and only the central
hdrst has escaped transgression.

Fig. 2. Relationships of the Upper Eocene geological events. At the direction of movement
arrows represent uplifting and subsidence; double lines indicate development of fault systems

The Upper Eocene volcanic activity has associated with very significant
mineralizations in connection with the shallow intrusive porphyric body and
its skarn environment, giving rise to the localisation of porphyric copper ores,
skarnous copper ores, and metasomatic lead-zinc replacement ores in the
intrusives and altered country rocks. The third substage of volcanism has
produced intense hydrothermal alterations as well as formation of stockwork
copper ores, while exhalative-sedimentary copper mineralization has developed
in the caldera area.4

4. Neogene Volcanism and Sedimentation

The Neogene volcanic area is isolated areally from the Paleogene with
only slight overlap at the Diszn6k6—Keékes area. The pre-Neogene evolution
of this area was ended by the gradual uplifting of the whole area after the
shallow-water sedimentation in the Middle and Upper Oligocéene, with clays,
marls, sandstones and conglomerates. This sedimentation has been restricted to
the Western and Central Matra, while the eastern parts remained part of
the mainland until the earliest Miocene.

In this recent model we separate the W estern and Eastern Matra by the
southward continuation of the Darnd zone. This separation is supported by
both structural differences and present morphology and drainage.
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Fig. 3. Tertiary volcanics of the Matra Mts. 1. Basement formations. 2. Upper Eocene biotite-

hornblende andesites. 3. Eggenburgian andesites. 4. Lower Rhyolite Tuffs (Eggenburgian—

Ottnangian). 5. Carpathian pyroxene andesites. 6. Middle Rhyolite Tuffs (Carpathian—Badeni-

an). 7. Badenian pyroxene andesites rhyolites. 8. Diatomites (Caldera stagefsediments).
9. Hydroquartzites (Caldera stage)

as a whole, the Western Matra has preserved its original volcanic struc-
ture, so well established conclusions can be drawn from morphology, areal
pattern of different volcanic formations, and the alteration pattern. The
Eastern Matra, however, has suffered stronger tectonic deformations in the
post-volcanic times, and its primary morphological elements have been largely
deteriorated. But, as a result of overall southward tilting, this area provides a
great number of informations for the Early Neogene evolution in the northern
parts, which otherwise could not be seen in the Western M atra (Fig. 3).

4.1. Eggenburgian— Ottnangian Stage

The beginning of the Neogene is marked by the development of a relativ-
ely small scale volcanism. There are clear indications of isolated pyroxene
andesite flows and related pyroclastics in the Eastern Matra (Palbikk, Rak-
halom, etc.) which were overlain by the pumiceous rhyolite — dacite tuffs
belonging into the Lower-Rhyolite-Tuff horizon (Foldessy, 1973). Most
authors agree in a trough-like explosive centre in the NE-foreground of the
upper Neogene volcanics. Their opinion is based mostly on the size distribution
of pumice fragments. Oil wildcat drillings in the SE-foreland of the Matra
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(Verpelét — 1) indicate that the thickness of these tuffs is significantly increas-
ing southwards, perhaps pointing to a southern volcanic centre.

In the higher levels of the Ottnangian stage terrestrial and fluvial sedi-
ments, coal seams have deposited in the Western M atra, while sedimentation
gap has been recorded in the Eastern Matra.

4.1. Carpathian Volcanism and Sedimentation

The Carpathian stage has brought an overall subsidence and marine
transgression in the whole M atra area, with the formation of siltstones, clays,
sandstones of the Slir formation. In this marine environment extensive pyr-
oxene andesite volcanism has taken place and produced a thick strato volcanic
pile in the western parts, relatively thin lava flows, contemporaneous pyrocla-
stics in the east. Its submarine character is evidenced by several features, like
frequent glauconite in the groundmass (Ovéar), connection with marine sedi-
ments (Somhegy), widespread argillitization (R6zsaszallas). The surface data,
mainly from the western flank of the Western M atra, and scarce drill hole data
(Gyobngydsoroszi — 2) indicate, that the Carpathian andesites probably formed
a central-type single large stratovolcano, with a centre near to Vilagoshegy,
which has finished its activity by an explosive caldera stage, which have
removed the most part of the volcanic superstructure, and deposited this
m aterial as fine grained andesite tuffs, intermingling with the Carpathian
sediments. Fissure-type monogenic small volcanoes and laccoliths mark this
period of activity in the Eastern Matra (Somhegy, Csakanyk6, Gydrke).

The andesites have been followed by a different type of volcanism, giving
rise to the formation ofrhyolite, rhyodacite tuffs, known as the Middle Rhyolite
Tuff Horizon. Very little is known about the formation of these tuffs, which
extend well over the area of the M atra Mountains, to the northwestern side and
southern foreland of the Blikk Mountains. Their uniform thickness and grain-
size distribution throughout the Matra indicates an external source. However,
several rhyolite-dacite extrusions have been described in previous studies
(Mezési, 1950; Varga, 1975). Some of these have been reinvestigated, and
found that instead of extrusive features, they exhibittypicalignimbrite char-
acter. W ith this in mind, we can conclude that this volcanic phase has taken
place in subaerial conditions and its centre should not have fallen too far from
the Eastern Métra.

4.2. Badenian Stage

The present morphology and geology of the M atra is largely dominated
by the Badenian volcanic forms and structures.Three main phases of volcanism
has been known in the Badenian stage, two andesitic and one rhyolitic ones.
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Each of these incorporates several lava and pyroclastite varieties as well as
compositional and textural types, reflecting different steps in the course of the
volcanic evolution.

Basically two main groups of theories have been developed concerning
the Badenian volcanism of the Matra; SzAdeczky-Kardoss and his col-
leagues have worked out a single stratovolcano model with a collapsed central
caldera (SzAdeczky-Kardoss, 1959). This model has been later modified by
KuboviCs (1971), with the assumption of a compaction caldera development.
In the contrary, Varga and others (1975) have described a volcanic range
model, multiple eruptive centres along fissure systems. We, in our recent hypo-
thesis, separate the eastern and western parts of the Matra, mainly because of
their structural differences, and attempt to give a morphological as well as
structural approach to their genetic interpretation.

4.21. Western Méatra

In accordance with the earlier assumptions of SzAdeczky-Kardoss
(1959), the Western Matra exhibits striking features of a large stratovolcano,
with well developed caldera structure in its central parts. Several field evidences
support this theory, which otherwise could not be fit into a volcanic range
model.

The first of these is provided by the uniformity of the topographic posi-
tion, thicknesses and petrology of the immediate basement for the Badenian
volcanics, i.e. the uniform character and topography of the Middle Rhyolite
Tuff Horizon. This should be hardly possible in the case of structurally con-
trolled multiple-centre volcanism, where considerably larger horizontal and ver-
tical displacements should have been expected.

The Badenian volcanic series is subdivided into a lower pyroxene andesite
series (Ma2 and an upper more basic pyroxene andesite series (Ma3), which
have been separated by the rhyolitic volcanism. The second evidence for the
single stratovolcano model is given by the thickness distribution of the Ma2
volcanics.This pattern strongly resemblesto the double Somma-ring as described
by Rittmann (1962). In the outerring, i.e. in the assumed basement of the
stratovolcano, 200— 400 m thicknesses have been recorded. In the inner ring
drill hole intersections and seismic data revealed 900— 1300 thicknesses. This
arrangement is concentric around the central caldera (Fig. 4). Finally, within
the caldera the andesites exhibit approximately 400 m average thickness,
reflecting the uplifted nature of this central zone.

If the areal distribution of scoriaceous pyroclastics is considered, a
further evidence can be obtained for the single volcano model. These pyroclas-
.tics are limited to the outer ring area — i.e. the outer flanks of the volcanic
cone. The proportion of the pyroclastics compared to the lava flows is ranging
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Fig. 4. Badenian volcanism of M atra. 1. Radial and concentric dyke systems. 2. Approximate

isopach controls of volcanics. 3. Hydrothermal vein systems. 4. Areas of intense potash-

metasomatism. 5. Surface projection of geophysically indicated intrusives. 6. Rhyolitic ex-
trusives; 7. Area of intense solfatara activity. 8. Diatomites

between 60—80 per cent in the outerring, and remains below 40 per cent in the
caldera area.

The recognized dyke systems can also be fit into this pattern, with rem-
nants of recognizable concentric, radial and conic arrangements, in the north-
western side of the area.

The great variability of petrological and textural features apparently
contradict to this uniformity of volcanic structure. KiuBovics (1971) have
encountered 14 different pyroxene andesite varieties, but has not offered
reliable genetic explanation for their relationship. These varieties include
mainly textural, grainsize differences, and different rates of oxidation, though
their basic petrological similarities, like mineralogical and chemical composi-
tions, by no means exist. This problem needs further detailed investigations,
in order to fit the petrological pattern into the structural model. However, we
prefer regional scale relationships to relatively minor and local differences, and
consider this petrological variability ofsecondary importance compared to their
structural connections.

The Lower Badenian volcanism has been followed by a series of structural
and volcanic processes which finally have led to the development of the central
caldera. The existence of this caldera is primarily evidenced by its excellently
preserved morphology, but also by the above listed features, outlining a
Somma-type structure.
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The age of the caldera is reliably determined by the spacely connected
hydrothermal activity, which has already not affected the younger andesite
series (Ma3). This places the development of the caldera stage to the interval
between the formation of the two andesite series.

For the formation of this caldera explosion or erosional processes can be
suggested. Collapsion or compaction is unprobable since the pre-volcanic base-
ment is considerably uplifted within the caldera, and this is coupled with
significant loss of material from this area. Extensive K anomalies in the south-
ern foreland of the Western Matra have probably associated with the erosion
and transport of the hydrothermally altered volcanics from the caldera area to
the peripheries.

In the caldera stage several processes have taken place which permit
the time-and-space reconstruction of its development.

Rhyolite domes, extrusions and associated pyroclastics have long been
recognised in the caldera area, but these were considered as the youngest of the
volcanic phases. In Fig. 4 is well seenthat their distribution is limited within
the caldera contours. On the other hand, these rhyolites, unlike the final ande-
sites, have been regionally affected by hydrothermal alterations, consequently
these are probably older than the fresh, unaltered andesites.

The regional hydrothermal activity, another characteristic feature of the
caldera area, has resulted in intense rock alterations as well as several small
Pb—Zn vein-type mineralizations. The most significant of these alterations,
in close association with the ore-mineralization, is the potassium metasoma-
tism. Airborne radiometric surveys have revealed several K-enriched areas,
showing the regional extent of this alteration process (Géresi and Wéber,
1970). The previous studies of these K-rich varieties pretended either ortho-
magmatic source (Széky-Fux and Hermann, 1951) or hydrothermal leaching
(Kubovics, 1971). The 10— 13 per cent K content, however, can not be attribut-
ed solely to porphyric feldspars or relative enrichment from a standard andesite
composition, but to a very intense metasomatism of both felsic and mafic
components, producing 60—80 per cent K feldspar in the whole rock mass.

The recent seismic measurements might provide a reliable key for the
genetic explanation of these coincidences. In the northern side of the inner
zone of the caldera seismic refraction profiles have indicated an intrusive body
surrounded by Neogene sedimentary country rocks at 1000— 1500 m depth,
with average velocities of 5500 m/sec, characteristic to acid plutonic rocks.
If we assume the existence of such an acid intrusive body, which has been
emplaced simultaneously with the caldera development, all of the recognised
surfacial phenomena can be linked together as remote effects of this emplace-
ment.

The final stage of the caldera development is marked by extensive solfa-
tara activity and contemporaneous marine ingression into the caldera area,
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during which lacustrine and fresh-water diatomites have deposited at Gyoén-
gyOspata and Szurdokpispoki, geysirites at several places, like Asztagkd or
Gydngyo6ssolymos. The interhedded rhyolite tuffs in these rocks also support
the contemporaneity of caldera formation and the rhyolitic volcanism.

The final andesite volcanism produced more basic pyroxene-olivine ande-
sites. The volcanism is confined to the rims of the caldera structure, and its
mode was probably strongly effusive, resulting in the formation of relatively
uniform sheets of basaltic andesite lavas with subordinate pyroclastics. These
sheets have later separated into parts by erosional effects.

By the end of the (Tortonian) Badenian the present volcanic structure
and morphology has been almost completely developed. Post-volcanic move-
ments have strongly affected the southern forelands, where significant sub-
sidences have taken place, indicated by the 600—700 m throwdown of the
Badenian andesites, now overlain by Pannonian sediments.

4.2.2. Eastern Méatra

This area exhibit more complex features, consequently more tentative
approach to its genesis is only possible. Field data clearly outline its integrity
as one single volcanic structure, but from this point two interpretations are
equally possible:

(1) Present surface data delineate an elongated, WSW-ENE trending
fissure controlled volcanism.

(2) Drill holes in the southern, south-western periphery recorded signif-
icant Badenian andesite thicknesses under younger Neogene sedimentary
cover. This fact may lead to the conclusion, that the present surfacial extension
of the Eastern Matra Badenian volcanics represent only the northern, north-
western part of a considerably larger, probably central type stratovolcano.

Like the western volcanic structure, this one has also been affected by
late Neogene faulting, which has also shaded its original superstructure.

The lower Badenian pyroxene andesites are much alike as those in the
W estern M atra.The pyroclastic layers can well betraced thoughout the southern
surface outcrops, thus further supporting the single eruptive centre model.
The mud-flows and lahars near Markaz give the western slopes of this volcanic
structure.

W hile the existence ofa caldera structure has not been clearly established,
drilling evidences are available for the existence and approximate position of
a Neogene intrusive facies. This has been provided by R92, an explora-
tory borehole which had been set to a gravity and geomagnetic anomaly, which
coincided with a seismic uplift. The hole has intersected the two Badenian
andesite series and found a contact zone of andalusite-diopside hornfelses from
Neogene and Oligocene sediments. These have been intruded by dykes of
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Fig. 5. Relationships of the Miocene geological events

andesite and holocrystalline quartz diorites. Seismic profiles have shown a
potential intrusive emplacement west from this bore-hole. The only K-anomaly
in Eocene volcanics (at llona-v6lgy) is related to a small dyke of granitoid
origin — a possible remote effect of this intrusive mass.

Absolute age data are available for the intrusive rocks, giving an age of
13.8 i 2.0 m.y. which is younger than the Lower Badenian volcanics (15.7
2.7 m.y.) but olderthan the upper basaltic andesites (11.8 i 0.8 m.y.) (Balogh,
1975).

The final basic andesites show similar characteristics to those in the
W estern M éatra, with relatively thin lava flows and pyroclastics (Fig. 5).5

5. Conclusions

The pre-Tertiary basement ofthe M atra indicates the existence of a major
deformational zone across the Matra, in the continuation of the Darndé zone.
The structural differences between the two units separated by this zone have
been maintained throughout the Tertiary period.

The first Tertiary volcanic activity is clearly connected with the move-
ments along the Darn6 zone, and resulted in a four stage volcanism, strating
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in submarine, and vanishing in terrestrial conditions in the Upper Eocene.
The volcanism has coupled with the emplacement of andesite—diorite
intrusives in Triassic sedimentary rocks. The significant mineralization at
Recsk were connected to the localisation of the intrusive mass and the sub-
sequent alteration processes. On the surface these processes have been associat-
ed by the formation of an explosive caldera, and volcanogenic-copper-pyrite
mineralization.

The Neogene volcanism is not controlled by the Darné zone itself,
though the influence of this structural zone is relevant in the Neogene volcanic
stages too. Three main periods of volcanism has been recognised in the Neogene,
in the Eggenburgian—Ottnangian, in the Carpathian and in the Badenian
stages. Each ofthese includes an andesitic and a rhyolitic phase. Through these
three phases, the initial rhyolite predominance has been changed towards the
andesite side. The first two stages reflect alternating marine-terrestrial
environments, while the third one has taken place in terrestrial environment.

Generally speaking, the Badenian structure of the Méatra Mountains
includes two volcanic structures, the Western M atra and the Eastern M atra,
each of them exhibiting a marked stratovolcanic character.

The most significant events in the Western M atra have been associated
by the development of a central caldera subsequent to the lower Badenian
andesite volcanism. This caldera stage is connected with acid volcanism, in-
tense hydrothermal alterations, K-metasomatism and potentially with the
emplacement of a shallow intrusive.

The scarcity of data does not allow similarreconstruction for the Eastern
M atra. Drill hole data indicate, that much of its Badenian volcanic structure is
now covered by younger sediments, and its volcanic character can only be
interpreted together with the covered subsided parts. On its northern side drill-
hole evidences became available concerning the existence of intrusive forma-
tions, which related to the Lower Badenian volcanics.

Based on the above mentioned hypothesis for the caldera development,
with the connection of the vein type Pb—Zn mineralization and K-metasoma-
tism to intrusive activity, these considerations provide new dimensions for the
exploration potential of the M atra Mountains.
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MOMBITKA PEKOHCTPYKUUW TPETUUYHOIO BYJ/IKAHV3MA TOP MATPA
(CB BEHIPUS)

Y. BAKWA-N. YNANAT-N. GENAEWIWN u T. 3ENEHKA
Pesome

ABTOpbI HACTOSILLEN PaGOThbl NOMbITA/INCL BOCCTAHOBUTL XO[, TPETUUHOIO reoucTopuyec-
KOro pasBuTus rop Matpa Ha OCHOBaHMU MePeoLiEHKN MMEIOLLMXCS MOMeBbIX HabM0AeHUH, reo-
NIOrOCHEMOYHbIX MaTepranos, 6YpPoBbIX AaHHbIX 1 reodM3nUecKNX MaTepranos.

OHW COo061LIAI0T HOBbIE JaHHbIE 0 APEeBHEM (PyHAaMeHTe rop Matpa. 3aTeM OHM AaloT KpaT-
KO€ U3/I0XKEHNE BY/IKAHNUECKON AesiTeNIbHOCTYM, UMeBLLE MECTO B MO34HEI0LIEHOBOE BPEMSI.

OueHKa HeoreHoBbIX 06pa3oBaHnii — NPerMyLLECTBEHHO BY/IKAHUTOB — 6bi1a NpoBefeHa
Ha OCHOBaHMK yueTa CTPYKTYPHbIX ¥ CTpaTMIrpadMueckmx ocobeHHoCTel paiioHa. Moauduumpo-
BaB Mofenu, ycTaHoB/eHHol 3. Capeuku-Kapgouiwem (1959), B 0CHOBE KOTOPOi nernfa KoH-
Lenuus ByNKaHa 1 Ka/lbfiepbl C eUHCTBEHHbIM LIEHTPOM M3BEPXKEHUS, aBTOPbI CTaTby Aal0T HO-
BYIO PEKOHCTPYKLMIO UCTOPMK 3anagHoin Matpsbl.

Mpeanonaras CyLecCTBOBaHWE CBA3N MeX/Y MMAPOTEPMabHON AesiTeNbHOCTLIO M BY/IKa-
HM3MOM KWC/I0r0 COCTaBa, C Of]HOM CTOPOHbI, M 06pa30BaHueM Kaslbiepbl Y MPUCYTCTBIEM Feo(un3i-
YecKN BbISIB/IEHHOTO KWC/Or0 MHTPY3WBHOFO TeNa, C APYroi, aBTopbl OTKPbIBAOT HOBble Mep-
CMEKTMBbLI 415 Aa/lbHEALWNX WCcCneoBaHWiA.

AHa/IOrMYHbIE PEKOHCTPYKLMM AA0TCA W ANs BOCTOUHOI MaTpbl, HO OHM OCHOBLIBAOTCS
Ha psige runoTes.
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STATISTICAL ANALYSIS
OF MAJOR ELEMENT PATTERNS
IN BASALTIC ROCKS OF HUNGARY

By

A. Embey-lsztin

MINERALOGICAL AND PETROLOGICAL DEPARTMENT
OF THE HUNGARIAN NATURAL HISTORY MUSEUM

Discriminant diagrams (Pearce, 1976) have been employed to establish the most
likely tectonic setting of four different basaltic rock-associations in Hungary. The young
Upper Pliocene-Pleistocene basalts (Balatonfelvidék, Cserhat) have marked within
plate basalt affinities the eruptions of which are connected with recent mantle-dia-
pirism and continental rifting. The Lower Cretaceous basic rocks (Mecsek Mts.) plot
also as within-plate basalts and therefore they are interpreted as witnesses of a Lower
Cretaceous rifting process. The Mesozoic diabases of the Bukk Mts. show ocean-floor
basalt affinities and it has been argued that they were emplaced tectonicaHy along the
most important tectonic line of the Pannonian Basin. Finally, the basaltic andesites
of the Carpathians show shoshonitic affinities and they could have been generated by
a late Oligocéne early Miocene subduction process occurred in the Carpathian region.

Introduction

Ever since the plate,tectonic model of tectogenesis has gained a general
acceptation among earth scientists, and our understanding as to the magma
genesis has become as deep as never before, petrologists have been seeking for
an eventual correlation between the element patterns of lavas and the tectonic
environment in which they were erupted. In this respect several successful
methods, especially in the case of basic volcanic rocks have been proposed,
e.g. that of Pearce—-Cann (1973) which uses minor element patterns, as well
as Pearce’s (1976) method which on the contrary makes use of major element
patterns to establish the most likely tectonic settings of basic volcanic rocks.
A similar approach to the second one has been proposed by Nisbet—Pearce
(1977), the greatest difference being that they used major element patterns of
clinopyroxene instead of whole rocks.

In the present paper | employed Pearce’s method, that is | calculated
discriminant functions on the basis of major element data to represent visually
the separations of four well-defined basaltic rock associations of Hungary.
Details and theoretical background of the calculations with a complete list of
references can be found in Pearce’s work. In the following, geology and petrol-
ogy of the rock associations will be shortly discussed.
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Geology and Petrology of the Basic Rock Associations

A. Young Alkali Basalts

The first basaltic formation to be considered is that of the young basalts
erupted partly north of the Lake Balaton (Balatonfelvidék) and partly in the
Cserhat Hills (Fig. 1). However, basaltic eruptions ofthe same volcanic activ-
ity can be identified well beyond the frontiers of the country, so the Cserhat
basalt area is continuing to the North in Slovakia and there is another basalt
area near Graz in Austria and several others in Transylvania. The volcanic
areas are mainly composed of lava flows, scoriacious lavas and tuffs. At several
localities they contain nodules of peridotite, megacrysts, and xenoliths of cum-
ulate origin. Lavas show typical alkaline affinities, they are fresh, although at
some localities zeolitization is widespread. Differentiation processes could not
have operated to any large extent, since the chemistry of individual lava flows
is rather uniform (Mauritz et al., 1948). The age of the eruptions is Upper
Pliocene-Pleistocene, and it seems that the Cserhat basalts are younger
(~2 m.y.) than those of the Balaton area (~3—5 m.y., Balogh Kadosa’s
personal communication). Seeing that since Upper Pliocene time only a few
million years have passed we can expect that tectonic conditions at that time
could not have been very different from that prevailing at present. The essential

Fig. 1. Volcanic regions of Hungary. 1. Young basalts; 2. Lower Cretaceous basalts; 3. Miocene
andesites; 4. Mesozoic diabases
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characteristics in the Pannonian Basin are as follows: the presence of a conti-
nental-type crust, though thinner than in a normal case, block tectonism that
results in a highly variable degree of sinking in different parts of the basin.

B. Alkali Basalt-trachybasalt-trachyandesite-phonolite Series

Members of this rock series were described in details by Mauritz (1913)
as a “trachydolerite-phonolite” association. They were erupted in the Mecsek
Mountains (Fig. 1) where they form numerous dykes, stocks, sills and probably
laccoliths. The age ofthe beginning of eruptions can he defined unambiguously,
as the igneous bodies cut the Upper Jurassic sediments and synchronous
volcanic activity can be deciphered in the Berriasian (~ 136 m.y.) at the base
of the Cretaceous (Panto, 1961).

Apparently differentiation processes must have been operating on a large
scale, since limburgite-like cumulative rocks and complementary trachybasalts,
trachyandesites and phonolites are well represented in this area. It is obvious
that the parent magma must have had a marked alkalic affinity to be able to
yield such highly undersaturated differentiated products. Rocks of this igneous
series are by no means so fresh than those ofthe preceding section: zeolitization
is very intense, especially in the case of the more acid members, other altera-
tion products such as calcite, sericite and chlorite are not rare.

C. Diabase-gabbro-oreperidotite Association

This rock association is situated in the western part of the Bukk Moun-
tains (Fig. 1) and it is composed mainly of a NE-SW striking diabase body
about 10 km in length and 2—4 km in width. Smaller bodies of gabbro and
peridotite with an unusually high content of magnetite and ilmenite were
formed at lower levels, very probably due to gravitative differentiation. Very
subordinate acid differentiation products, nests of gabbro pegmatite, nests and
veins of albite granite occur in the gabbro itself. The whole series was intruded
in a slightly metamorphosed shale of Triassic age. The age of the intrusion
itself could not be determined exactly, it may be Triassic or Cretaceous as
well.

The petrography of the rock association was described at a considerable
length by Szentpétery (1953). There are some localities where the rocks are
quite fresh, the mineralogy and chemistry of which enables us to conclude that
the parent magma must have been tholeiitic in character.
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D. Basaltic Andesites

As it is indicated by the name, these rocks are by no means true basalts
though they approach the basaltic composition. They represent the most basic
members of the andesite-dacite-rhyolite association of the Intracarpathian
Volcanic Chain. In Hungary the Pilis, Bérzsény, Cserhat, Matra and the Zemp-
Ién Mountains (Fig. 1) are built of this rock association. At the western part of
the chain rocks are about 15 m.y. old, to the East, in the Zemplén Mts. they
are only 12 m.y. old and in Transylvania they are even younger. There are
many records of basalts accompanying andesites in the case of island arc-type
volcanism, and this kind of basalt can be distinguished chemically from
basalts of other tectonic settings. In the following, using the discriminant
diagrams of Pearce, | intend to test whether or not the basaltic andesites in
question fall in one of the fields of volcanic arc basalts.

Choice of Analyses

Pearce (1976) has shown that a small number of analyses may be suffi-
cient if we need to classify lavas of unknown origin by the aid of his discrimin-
ant function diagrams. W here it was possible | strictly respected his recommen-
dations: analyses of samples described as altered or with FeO/Fe203< 0.5 were
rejected, the total of all major element oxides including H20 was between 99
and 101 per cent everywhere, and the range of CaO + MgO was between 12
and 20 per cent. From the young alkali basalts described under section A, as
well as from the diabases (Section C) a highernumber of analyses was published
from which 30 and 22 have been chosen. Analyses of the young alkali basalts
were chosen so as to represent all the basalt eruptions of the country. Though
it is obvious that the discriminant diagrams can be used exclusively for lava
rocks, | plotted there discriminant functions of some gabbros associated with
diabases (Section C) too. Since there are transitional rocks between diabases
and gabbros ofthe Bukk Mountains, the eventual compositional shifting caused
by increasing gabbroic character may thus be deciphered.

Unfortunately, there is only a smaller number of analyses published from
the Lower Cretaceous alkali basalts of the Mecsek Mountains. Thus, | had to
plot rocks with greater and lesser amount of MgO -|- CaO than the normal
basaltic range, too. In this way, compositional shifting caused by the differen-
tiation could he evaluated. As these rocks are partly zeolitized and chloritized,
oxidation rate and H2 is higher than in fresh basalts.

Finally the basaltic andesites are much lower in MgO than are average
basalts and the sum of MgO -j- CaO is around the lower limit (12 per cent), in
some cases only approaching this value.

The list of analyses and the sources of data are summarized in Table 1.
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Table 1

Sources of major element analyses used in the discriminant diagrams

Location AuglAy(;Zs References
Mecsek Mts. 8 Mauritz (1913)
2 Takacs (1933)
2 Széky-Fux (1952)
Balatonfelvidék and Cserhat Mts. 2 Pojjak (1944)
4 Reichert (1925)
2 Embey-Isztin (1977)
2 Vitalis (1911)
12 Mauritz—H arwood (1936, 1937, 1938)
8 Mauritz et al. (1948)
Bikk Mts. 25 Szentpétery (1953)
7 Embey-lsztin (unpublished)
Valley of Bédva 4 Panté6—Fo6ldvari-Vogl (1950)
M &tra M ts. 4 Kubovics (1970)
Zemplén Mts. 2 Széky-Fux (1970)
Borzsény Mts. 4 Pants (1970)
Pilis M ts. 2 Korpas et al. (1967)

Basalts of Different Tectonic Settings

In Pearce’s diagrams there are six magma types that can he defined on
the basis of modern plate tectonic processes according to Pearce— Cann
(1973):

1. Ocean-floor basalts (OFB) are erupted at diverging plate margins,
either within large oceans (mid-oceanic ridges) or within the small ocean basins
behind island arcs.

2. Island arc tholeiites (LKT) are erupted on oceanic crust at converging
plate margins. They are typically erupted close to the deep-ocean trenches.

3. Calk-alkali basalts (CAB) are erupted on continental crust at converg-
ing plate margins, and on oceanic crust well behind the deep-ocean trenches.

4. Shoshonites (SHO) are erupted at converging plate margins, either a
long way behind the deep-ocean trenches in mature arcs, or in post-orogenic
situations after subduction has ceased.

5. Ocean-island basalts (OIB) are erupted as ocean islands within ocean
basins, largely within plates but occasionally as islands on ridge crests.

6. Continental basalts (CON) are erupted through continental crust,
largely at continental rifts in a within-plate setting.
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In the discriminant diagrams ocean-island and continental basalts form
only one field (WPB) that is the field of within-plate basalts, since they
cannot be separated on the basis of their major element chemistry. This fact
may prove that the nature ofthe crust, oceanic or continental does not modify
these basaltic rocks by chemical interaction of the magma and wall-rocks.

Discussion of the Results

The calculated discriminant functions (F15F2 F3) have been plotted one
against the otherin Figs 2, 3 and 7.

Young Alkali Basalts

Figure 2 testifies that projection points of the young alkali basalts fall
almost invariably in the WPB (within-plate basalt) field, owing to the low
Si02 and high Ti02concentrations of these rocks, so typical of WPB-basalts
(Table 2). In respect of major element content, the young alkali basalts are

Table 2

Means and standard deviations of major element oxides

y’\t‘)zhg: alk. Creiaceons No. = 22 No. = 10 Mhvsattic

basalts alk. basalts diabases gabbros andesites

Sio, 47.19 44.83 48.64 44,76 53.92
TiO, 2.04 291 1.86 3.73 1.02
All3 15.69 15.11 15.47 15.81 18.03
FeO 9.60 10.91 11.62 14.53 7.18
MgO 7.45 6.36 5.96 6.06 3.31
CaO 9.24 8.38 9.11 9.46 8.47
N a? 3.76 4.21 3.74 2.52 2.73
K.1 1.92 1.16 0.21 0.16 2.07

Standard Deviations

Si02 1.71 2.84 1.94 1.88 1.98
Ti02 0.47 1.15 0.55 1.10 0.22
ai2 3 1.40 2.47 1.85 1.95 1.66
FeO 1.08 2.13 2.65 2.15 0.92
MgO 1.11 3.97 0.79 1.17 1.09
CaOo 0.75 2.68 1.22 1.52 0.92
Najo 0.69 3.21 0.70 0.69 0.45
K2 0.53 0.50 0.16 0.15 0.67
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Fig. 2. Discriminant diagram (pearce, 1976). Open circles: young alkali basalts, triangles :
basaltic andesites; crosses: diabases; x: gabbros, dots: soda gabbros from the Valley of the
River Bodva

Table 3

CIPW norms of the magma-types calculated on the basis of average concentration
values given in Table 2

R ows Sy
Q - - - 6.26
or 10.04 6.23 1.03 12.76
ab 14.65 19.58 29.03 24.05
an 18.31 17.66 23.1 29.28
ne 7.68 7.42 — —
Fe 3.33 3.57 3.65 3.16
di Mg 5.79 4.87 3.89 2.93
Ca 9.63 8.78 7.72 6.17
Fe — — 2.31 591
hy
Mg 2.41 5.65
ol Fe 9.92 11.03 10.9 —
Mg 15.35 13.79 10.39 —
mt 1.88 1.94 2.35 1.48
u 3.42 5.1 3.12 2.37

Fes+/Fe*+ = 0.15 theoretical value was used in every calculation.
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rather homogenous judging from the small values of standard deviations. The
CIPW norms (Table 3) calculated from the means of major element data
(Fes+/Fe2+ was arbitrary taken to be equal to 0.15) show a typical ol-ne com-
position and since ne >5 per cent,the composition maybe regarded as basanitic
according to Ringwood’s nomenclature.

Alkali basalts of continents and oceanic islands could not be distinguished
from each other by statistical procedures (Pearce, 1976). The chemical fea-
tures of the alkalic basaltic liquids are largely dependent of two factors: the
physicochemical conditions of the partial melting (P,T, PHj0, Pco,) an<" the sub-
sequent fractionation of the crystallizing magma. Indeed, lavas of the young
alkaline basaltic series in Hungary seem to represent either primary melts,
that is mantle-derived magmas that have been unmodified by crystal fraction-
ation or by other processes, or in a lesser amount, liquids that have been
modified by olivine and perhaps pyroxene fractionation. The identification of
basaltic liquids as primary or derivated may be carried out by using three
criteria (e.g. Frey et al., 1978). First, the occurrence of spinel lherzolite nod-
ules in a basalt proves that the magma has ascended from depth >¢ 30 km
without crystal fractionation or chemical interaction with wall-rock environ-
ments. In Hungary, most of the peridote nodules come from basaltic tuffs,
however, lavas of Bondoréhegy, Badacsony (Balatonfelvidék), as well as
Eresztvény and Magyarhanya (Cserhat) do contain such nodules (Embey-
Isztin, 1976 A; 1976 B; 1977; 1978) so they can be regarded as primary by the
first criterion. Secondly, the evidence from mantle-derived rocks (lherzolite
xenoliths from basalts and kimberlites, diapiric intrusives of high P and high
T peridotites, peridotite bodies exposed in modern mid-oceanic ridge and old
ophiolite complexes) indicates that the least refractory upper mantle composi-
tions have 100 Mg/Mg -f- Fe2+ (Mg-values) around 88—89. If such a source
m aterial becomes melted (up to about 30 per cent) the basaltic melt must have
Mg-values ~68—75 using =0-3 published by Roeder Emslie
(1970). Considering this criterion in the case of the young alkali basalts,
we can say that the basalt of Badacsony with a Mg-value of 67— 70, and
that of Sdghegy (68—71), Nagylaz (70), Sarvaly (68), Pécsk6é (71) can be iden-
tified as primary partial melts. The basalt of Palhegy (Pauliberg) with a very
high concentration of MgO (~12 per cent) and NiO (~300 ppm, Matjritz et al.
1948, Scharbert’s personal commun.) must be regarded as a very primitive
partial melt. On the contrary, basalts of Tatika (Mg = 51—67), Halap (64—65)
and Kabhegy (63 —68) as well as some Cserhat basalts are to be considered as
fractionated liquids. The depth of the fractionation cannot be defined with
certainty, it may have occurred either in the mantel itself or at lower crustal
levels.

The third criterion which is likely useful in distinguishing between pri-
mary melts and derivative magmas involves compatible trace elements such
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as Sc, Cr, Co, and Ni. Since these elements have solid/liquid partition coef-
ficients greater than unity for at least one of the major mantle phases, their
concentrations in a magma are very sensitive to fractional separation of
mafic minerals. Consequently, rocks having the highest concentrations from
these elements have likely experienced very little fractionation or not at all.
Especially Ni abundances have been used to identify magmas with very low
fractionation rate of olivine (Gast, 1968; Kay et al.,, 1970; Artegre et al,,
1977; Frey et al., 1978). Evidence from NiO concentrations published by
Mauritz et al. (1948) is not always in accordance with the one we can obtain
from Mg-values. While the Palhegy basalt has both a high Mg-value and NiO
abundance (300 ppm) and the Tatika basalt with a low Mg-value only 0— 100
ppm NiO, the Haldp basalt though lower in Mg-value contains also 300 ppm
NiO. The basalt of Kabhegy has an intermediate amount of NiO (200 ppm).

Summing up, the result of the discriminant analysis has shown that the
young alkali basalts of Hungary are typical WPB basalts that were erupted
through a continental-type crust not too different from the present one,
judging from geological and geophysical evidences. The basaltic magma has
not been modified by chemical interactions with wall-rocks to any sensible
extent. Among the lavas some represent primary melts, while others, liquids
modified by olivine and perhaps pyroxene fractionation.

Lower Cretaceous Alkali Basalts

Only four of these rocks have MgO + CaO between 12 and 20, therefore
analyses with more and less MgO -)- CaO have also been plotted (by different
symbols) to evaluate the effect of differentiation (Fig. 3). It is remarkable that
all the four “true” basalts fall in the WPB-field and so do some of the trachy-
andesitic differentiates though a part of them lies in the shoshonitic (SHO)
field of the diagram. On the contrary the cumulative-type rocks (with more
MgO -j- CaO than 20 per cent) have very low values of F2 with respect to
their Fj-values, consequently they do not fall in any of the fields, however,
their vicinity to the WPB-field is significative. The analyses roughly follow
two lines, one with increasing Fj and F2and another one with slightly increasing
Fx and decreasing F2 The first line represent the trachyandesitic trend of
differentiation which leads to the highly undersaturated phonolites, the second
one may be a complementary differentiation process essentially due to olivine
and clinopyroxene accumulation. Considering all these facts, we can quite
safely say that the parental magma of the Lower Cretaceous volcanism must
be defined as a WPB-basalt. Since Pearce gives aset of scaled eigenvectors too,
we are able to evaluate the contribution of a given major element to the total
discriminating power expressed by Ft, F2, and F3. For example, the largest
scores on the second function (F2) are for MgO (—0.74) and K20 (+ 0.70).
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Fig. 3. Discriminant diagram (pearce, 1976) for the Mecsek volcanic rocks. Open circlest
“true” basalts; triangles: cumulative rocks; crosses: trachyandesites; lines b and c represen:
two complementary differentiation trends

Therefore the high magnesium and low potash cumulative rocks have typically
low F2-values and the high potash and low magnesium trachyandesitic rocks
high F2-values.

The calculated mean of the analyses (Table 2) can provide only a rough
estimate as to the composition of the parental magma. The standard deviations
are very high since the compositional range of the rock analyses is also large.
The “mean” composition is that of an alkali basalt very low in Si02and high
in TiOa. The calculated norms (Table 3) represent a typical ol-ne characterized
basanite. The alkaline nature of the Mecsek basalts and trachyandesites is also
obvious if we plot them in the diagram of Macdonald and Katsura (1964).
It is remarkable that all the analyses fall to the left-hand side of the Hawaii
alkalic-tholeiitic division line (Fig. 4), and none of them fall in the encircled
area (Field of analyses from mid-Atlantic Ridge at 45° (Aumento, 1968).
In the triangle Alk-Fe-Mg (Fig. 5) the differentiation trend of the Mecsek
alkali basalt-trachyandesite-phonolite series is very similar to the Hawaii
alkalic trend of differentiation, however, in the triangle Na—K—Ca (Fig. 6)
differentiation trend seems to be disturbed. Especially intermediate and
highly differentiated members were modified by some process of soda-enrich-
ment. This process was probably a zeolitization, since according to Mauritz
(1913) the phonolites and intermediate rocks contain a great amount of
natrolite and analcite.

100 Mg/Mg -(- Fe2+ (Mg-values are) generally too low except for the
cumulative rocks, consequently even the most “primitive” basalts have been
modified by olivine fractionation. No xenoliths of peridotite was described
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Fig. 4. Alkali-silica diagram for the Mecsek basaltic and trachyandesitic rocks (open circles).

Alkali-tholeiitic division line after Macdonatd — K atsura (1964), encercled area is the field

of analyses from mid-Atlantic Ridge at 45° N after Aumento—LONCAHEVid (1969), Aumento

(1968). Triangle is average spilite from Ppo1aenvaart (1955). Square: average oceanic tholeiite
after Enger et al. (1965)

Fe

Fig. 5. Alk—Fe—Mg diagram. Open circles: alkaline basaltic  trachyandesitic — phonolitic

rock series of the Mecsek Mts.; crosses: diabases and acid differentiates of the Bukk Mts,;

S-S: differentiation trend in the Skaergaard intrusion after w ager—Mitcnertr (1951); D-D:

diabase “mgranophyre series, Dillsburg, Pennsylvania after H otz (1953); A-A: Hawaiian
alkaline basalt -* trachyte series after N ockotas—A11en (1954)

from these rocks. POQi of the crystallizing magma was probably high, leading
to an early separation of iron ore, which is thought to be the first phase to
separate on textural grounds (see: Mauritz, 1913).

The high differentiation rate of this rock series is in sharp contrast with
the non-differentiated young alkali basalts discussed in the preceding section.
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Fig. 6. Na—K —Ca diagram. Symbols are the same as in Fig. 5

Diabase-gabbro-oreperidotite series of the Bikk Mts.

Analyses of diabases have been plotted on the discriminant function
diagrams in Figs 1 and 7. Both diagrams reveal that the analyses have clear
OFB (ocean-floor basalt) affinities. The gabbros plot as tvithin-plate basalts in
Fig. 1 and island arc tholeiites (LKT) in Fig 7, and this inconsistency proves
that the original constraints must be respected and the use of the discriminant
diagrams should be restricted to lava rocks. The means and standard deviations

Fig. 7. Discriminant diagram (Pearce, 1976). Crosses: diabases; dots: gabbros; open circles:
soda gabbros; triangles: basaltic andesites
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of the eight oxides are given in Table 2. The low potassium content is remark-
able and this is one ofthe characteristics of ocean-floor basalts. Since potassium
has the highest score (+0.70) on the discriminant function F,, ocean-floor
basalts plot on the lowest part of the diagram. Other features, however, show
certain differences between the Bikk diabases and average ocean-floor basalts.
Notably the high MgO and CaO concentrations of ocean-floor basalts are con-
trasted with relatively low concentrations in the diabases. On the other hand,
the diabases are higherintotal Fethan are ocean-floorbasalts. We may think that
the Bikk diabases were modified by olivine and clinopyroxene fractionation.
Mg-values are indeed rather small (52—61). The separated olivine and clino-
pyroxene crystals accumulated at lower levels of the igneous mass forming
small peridotite bodies. Evidence for the presence of cumulative texture in the
largest peridotite body was given by Noske-Fazekas—Embey-Isztin (1978).

The CIPW-norms (Table 3) show that we are dealing with a hy-ol rock-
composition that may be designated by the name of olivine tholeiite according
to Ringwood’snomenclature. In the diagram of Macdonald and Katsura (Fig.
8) diabases plot at either side of the Hawaii alkalic-tholeiitic division line and in
the field of mid-Atlantic Ridge basalts. The differentiation trend of the Bikk
rock association is a peculiar one. Since the concentrations of potassium are
very low, the differentiation proceeds along the join Na—Ca of the triangle
Na—K—Ca (Fig. 6). A smooth descent line cannot be ascertained in Fig. 5,
though it shows some tholeiitic affinity.

Considering the OFB-affinity of the Blkk diabases it seems appropriate
to examine whether spilitization could have played a role in the chemistry of
these rocks. Low potash and high soda concentrations are characteristic of
spilites, however, there is only a slight deficiency in Ca and none in Al, though
the latter is considered to be very mobile during spilitization (Cann, 1969;
Melson van Andel, 1966), finally there is no excess Si. Consequently diabases
of the Bikk Mts. could not have been modified by spilitization to any greater
extent.

Fig.n8. Alkali-silica diagram after Macdonald —K atsura (1964). Dots: diabases; crosses:
gabbros; x: soda gabbros. For other symbols and explications see: Fig. 4
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Summing up, we can say that the mesozoic diabases of the Bikk Mts.
are olivine tholeiitic in composition and they show OFB-affinities. The abyssal
tholeiitic nature of these rocks was earlier emphasized by Onuoha (1977) and
Noske-Fazekas — Embey-lsztin (1978). The primary magma must have
been modified by olivine and clinopyroxene fractionation and modifications
due to spilitization could not be ascertained.

Basaltic Andesites
f

The sum of MgO + CaO in the analyses plotted in Figs 2 and 7 is only
11— 13 per cent, so they are close to the lower limit of basaltic composition.
Both in Figs 2 and 7 they largely plot as shoshonites. An interesting feature of
these rocks is that while their Fxand F3-values remain essentially constant,
F2is changing considerably. Alteration of the rocks could produce this effect
(Pearce, 1976) but only analyses of fresh rocks were used. On the other hand,
we can explain the effect from the antipathetic variation of K2 and MgO,
oxides that have the largest scores on the second discriminant function (-)-8.70
and — 0.74, respectively).

The 100 MgO/Mg + Fe2+ (Mg-values) of the basaltic pyroxene andesites
are low, because of the low concentrations in MgO. In this respect they are
very similar to the amphibole and biotite andesites and even to the dacites
which they are intimately associated with. However, a primary and probably
an undifferentiated nature cannot be categorically excluded for these magmas
since experimental work by Nicholtts (1974), Kushiro (1974) and others
indicate that hydrous peridotite can yield andesitic melts at water pressures of
10— 15 kbar. At the same time andesites and dacites can be considered as
partial melts derived from eclogite or amphibolite (subducted oceanic crust;
Green— Ringwood, 1968; T. Green, 1972).

The chemical composition of the basaltic andesites from different vol-
canic mountains are rather homogeneous and CIPW -norms calculated on the
basis of mean values reveal a hy-qu characterized quartz tholeiitic composition
(Table 3).

Tectonic Implications

It has been suggested, that present-day geophysical peculiarities (high
heatflow-values, Moho discontinuity and LYZ in elevated position, gravitational
anomalies etc.) of the Pannonian Basin may be explained if we suppose the
presence of a thermal mantle diapir below this territory. According to SzX-
deczky-Kardoss (1971) and Stegena et al. (1975) and Géczy et al. (1975)
the mantle diapir is a consequence of the late Oligocéne—early Miocene sub-
duction of the oceanic basement of the Carpathian flish trough. In the late
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Miocene and especially during Pliocene times the Pannonian Basin was formed
by subsidence. At the same time the earlier compressional tectonism gave way
to an essentially extensional tectonic regime. Thus, the youngest tectonic
evolutionary stage of the Pannonian Basin is similar to that of continental rift
zones, such as Auvergne and the Rhein Graben in Europe or the Baikal dis-
trict in Siberia. The presence of primitive peridotite nodule-hearing alkali
basalts with marked W PB-affinities are ubiquitous in the rift zones the gener-
ation of which must be connected with the mantle diapirism. Some features
of the Iherzolite xenoliths and especially an amphibolite/lherzolite composite
nodule seem to support this suggestion (Embey-Isztin, 1976/a ; 1977; 1978).

The basaltic (pyroxene) andesites along with other andesites, dacites
and rhyolites could have been formed during the Miocene due to the subduction
mentioned above. The SHO-affinities of basaltic andesites may be in accord-
ance with this suggestion. Since the oceanic or suboceanic area subducted
could not have been too large in the case of the Carpathian arc, judging from
geological conditions, magmatic evolution may have reached a mature stage
characterized by SHO-affinity very soon or else magmas of earlier stages with
LKT and CAB-affinities were completely lacking.

The discriminant analysis and features of the differentiation trend strong-
ly suggest a within-plate origin for the Mecsek volcanic suite. This suggestion
is supported by the geological and sedimentological considerations proposed
by Vadasz (1935) who claimed that the Mecsek area was a sinking continental
platform atthe time ofthe volcanic eruptions. Thus the existence of a rift-zone
in late Jurassic and early Cretaceous times seems to be established. W hether
or not this rifting passed into an oceanic stage of evolution remains a question
to be solved.

It must be mentioned, however, that the present interpretation is at
variance with the ideas proposed by Szepeshazy (1977) who thinks that the
Mecsek volcanic alkali basalt association is a member of an ophiolitic suite
continuing to NE below the Great Hungarian Plain. The lack of mantle-
derived ultrabasic rocks, pillow lavas, cherts and basalts with OFB-affinities
in this zone does not seem, however, to strengthen his views.

Finally, the results of the present paper suggest an ocean-floor origin for
the diabase-gabbro complex of the Blikk Mountains. | should like, however, to
emphasize that this suggestion does not necessary imply that the Bukk vol-
canic complex should be a “typical” ophiolite zone (e.g. Onuoha, 1977) and
even less the existence of another typical ophiolitic zone buried in greater
depth between Zagreb and the Bikk Mountains (e. g. Szepeshazy, 1977).
It must be emphasized that mantle-derived ultrabasic rocks are completely
lacking in the Bikk Mts., and though at some (very restricted) places pillow-
like structures can be seen, the exact nature of this structure has never been
investigated. Cherts on the top of diabases are also lacking and the relation of
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the igneous and sedimentary rocks is a typical intrusion with a marked contact
metamorph aureole in the sedimentary member. The last feature seems to be
lacking in the case of really typical ophiolite suites such as the Troodos Massif
in Cyprus. These difficulties and available evidence on the nature ofthe igneous
activities detected in the basement of the Pannonian Basin does not favour
the hypothesis oftwo subparallel ophiolite zone (supposed to be in more or less
original situation !) running through Hungary. On the other hand, it has been
recently proposed that the Carpatho—Pannonian region was formed as a
result of a collision of two microplates of European and African origin respec-
tively (Géczy, 1973; Channel and Horvath, 1976). Considering this hypothe-
sis we can say that the Mecsek rift-volcanism issituated just atthe border ofthe
European microplate, thus it may be awitness ofthe beginning ofrifting, that
is, the individualization of this small portion of lithosphere as a microplate.
The Bikk diabase-gabbro complex along with other basic (in Slovakia also
ultrabasic) occurrences are situated on the African microplate along a major
tectonic line, the Balaton — Darné line which is separating the Austroalpine
unit from the Southern Alpine—Dinaride unit. It seems thus, that tectonic
emplacement of basaltic rocks with a possible ocean-floor origin or ultrabasic
rocks probably ofthe same origin (both ofthem may perhaps represent desin-
tegrated parts of an earlier ophiolite complex) took place along this tectonic
line, at least in the northern part of the Pannonian region. It can not be
categorically excluded that this emplacement had some analogous features
with the mechanism of true ophiolite forming processes, but available evidence
strongly suggest, however, that it could not have certainly been a “typical”
one.
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CTATNUCTUYECKOE WCCJ/IEAOBAHUWE TJIABHbIX 3J/IEMEHTOB BEHIEPCKWKX
BA3AJ/IbTOB

A. OMBEN-UCTUH

Pestome

Ha 0CHOBaHWM CTaTUCTMUECKOT0 M3yUeHUs PasnyHbIX MO BO3PACTY TMMOB MarmM OCHOBHO-
ro coctasa 13 BeHrpum aBTop CTaTby C MOMOLLIO Anarpamm Mupca (Pearce) onpegenvn Havéonee
BEPOSATHOE TEKTOHNUECKOE MOI0XKEH e 9TUX TUMOB MarM. Mauno-nneicToleHoBble 6a3anbTbl Bana-
TOHCKOI0 Haropbsi U UepxaTa 06Hapy>XXunBatoT CPOACTBO C MarmMamy BHYTPU KOHTUHEHTa/IbHbIX
NINT, N TaKM e 06pa3oM C/efyeT OLEHUTb U HUXKHEME0BOM BYNIKaHU3M rop Meuek. B npoTu-
BOMOJIOXHOCTb 3TOMY, TO/LWA AMa6a3oB 1 ra6épo rop BIOKK 06HapYXMBaeT APKO BblPaXeHHOe

CPOACTBO C Marmami, MpUypPoYeHHbIMU KO AHY OKeaHoB. Basa/ibTOBble aHAesWTbl B CBOK Ode-
pedb CPOAHbI LLUOLLIOHUTAM.
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Crude oils producible from the Gulf of Suez petroleum province, oil fields have
variable specific gravities in different lithostratigraphic horizons from the upper Paleo-
zoic upward to the Miocene. Some oil fields show vertical gradation from heavy oil to
relatively lighter one upwards; while others show the reverse. EI-Morgan oil field as the
other off-shore oil fields differ from the on-shore fields in the same province as regarding
their oil gravities attitudes. The study and interpretation of the geochemical charac-
teristics and the variability of the crude oils gravity would result in two significant and
distinct categories of crude oils as well as two cycles of oil generation, migration and
accumulation in the Gulf of Suez petroleum province.

Introduction

This paper deals with some oil-geological investigations of EI-Morgan
off-shore oil field, Gulf of Suez petroleum province, A. R., Egypt. The field
lies in the Gulf water between longitudes 33° 17' and 33° 30' E, and latitudes
28° 05' and 28° 33" N (Fig. 1), covering an area of about 46 km2.

El-Morgan oil field lies some 220 km south of Suez town, about 40 km
southeast of Ras-Gharib and 20 km from Ras-Shukeir where the land instal-
lations and marine terminal are set up. The field is some 13 km to the west
of EI-Tor village where, in the off-shore area, a rich development of coral
reefs known as EI-Tor Banks are present, this gave rise to the Arabic name
“El-Morgan” to the field. EI-Morgan oil field lies within an area that com-
prises a group of oil fields in the Gulf of Suez petroleum province, e.g. Belayim
off-shore and on-shore (known as Belayim marine and land or Belayim west
and east), Feiran and Abu-Rudeis oil fields to the north; and Amer, Bakr,
Ras-Gharib, Kareem, Urn EIl-Yusr, Kheir, Shukeir, July and Ramadan oil
fields to the northwest and west (Fig. 1).

The Gulf of Suez, the Gulf of Agqaba and the Red Sea proper represent
three different structural elements that are genetically related to one of the
principal structural features of the African continent, the great rift valley
system of east Africa (Said, 1969). The Gulf of Suez which is situated within
the stable shelf of Egypt, constitutes a zone of subsidence throughout its geo-
logical history and has been the site of an immense accumulation of sediments.
The cumulative thickness ofthe sedimentary section is 10 000 m. and the Gulf
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is essentially a taplirogeosyncline. The region possesses a unique sedimentary
history when compared with the bordering regions or with Red Sea proper
of which it is today a part. The Gulf of Suez basin started at least as early
as the Upper Paleozoic in the form of a graben that probably encompassed
present-day southern Sinai. The basin developed as a result of a master
fault pattern along the oversteepened sides of two interbasin arches that are
assumed to have penetrated into the major sedimentary basin of the unstable
shelf of Egypt and the Levant. This situation continued to the end of Lower
Eocene time. During this interval the intermittent activation of the blocks
that constitutes the sides kept rejuvenating the graben.

The birth of the Gulf of Suez graben in its present form (Said, op. cit.)
dates back to the Oligocéne when the Gulf represented an uplift region on
top-of which the modern graben was formed in Late Oligocéne time. By con-
trast, the Red Sea proper formed part of the stable shelf throughout its history
and is a feature which developed in Lower Miocene time.

Said (1964) stated that the movements that affected the Gulf were
tensional. The Gulfis bordered by and is made up of large number of blocks
that were continuously rising and sinking with varying magnitudes and in-
tensities. Some of these blocks are so small and old at one locality (e.g. 82 km
along the Suez—Ras Gharib road) two adjacent blocks, have different strati-
graphic successions.

Abdel-Gawad (1969) stated that the Gulf of Suez area has generally
been regarded as a graben structure controlled by NV —SE normal faults.
There is considerable evidence, however, that it is profoundly influenced by
intersecting systems of faults trending E—W, NE—SW, NW—SE and
WNW —ESE. The N—S and WNW —ESE faults are particularly responsible
for the Zigzag shape of the coast lines, the outline of the Pre-Cambrian shield,
and major drainage lines west of Suez Gulf. The influence of these faults
on the shield rocks of Sinai is equally evident. Along many of these faults
lateral displacements are observed, a notable example is the left — lateral
off-set of gebei Araba block in western Sinai along N—S faults are inferred
across Esh El-Mellaha range west of the Gulf of Suez.

Thus this paper is intended for a regional oil geological investigation
on EI-Morgan field in relation to the other surrounding fields in the Gulf
of Suez Petroleum Province.

Metwalli et al. (1978) investigated and elaborated the stratigraphic
and tectonic setting of EI-Morgan field, with special reference to the structures
produced by the salt movements in the area, which affected to some extent
the hydrocarbon accumulation and the source—reservoir relations and stand
as a puzzling problem to the exploration activities in the Gulf of Suez region
till the present. In addition, the geochemical characteristics of the crude oil
producible from the two pay-zones in EI-Morgan field within the Miocene

Acta Geologica Academiae Scientiarum Hungaricae 24, 1981



EL-MORGAN OIL FIELD 371

successions named: Belayim and Kareem Formations (pay-zones) are inves-
tigated in a trial to throw more light on the problem of oil migration and
accumulation in the field. The geochemical characteristics of the oil produced
from same nearby oil fields are also discussed in an attempt to clarify the
source-reservoir relations in the Gulf of Suez petroleum province.

The Gulf of Suez area was extensively explored by surface geological
and geophysical methods; exploratory drilling has been active in the province
since 1838. Most of the reserves of Egypt in the Gulf of Suez area were thought
to he found in the Miocene rocks, e.g. sands in EI-Morgan and Belayim fields,
also other relatively minor accumulations in Miocene sands and sandstones
in Sudr, Um EI-Yusr, Shukeir, Kareem, Feiran and Rudeis-Sidri oil fields.
However, the Miocene sediments of reefal facies are oil-bearing in Ras-Gharib,
Bakr, Kareem, and Gemsa oil fields.

Pre-Miocene reservoir rocks ranging in age from Eocene to Paleozoic
are also oil-bearing in Hurgada, Ras-Gharib, Bakr, Amer, Kareem, Sudr, Asl,
Ras-Matarma and Belayim off-shore oil fields. Accordingly, Miocene sand-
stones and reefal sediments together with Pre-Miocene sands and limestones
are the main oil-bearing rocks. The Miocene shales, marls and evaporites form
the sealing rocks for the majority of oil traps in the Gulf of Suez petroleum
province.

A considerable part of the off-shore areas in the Gulf of Suez region
witnessed and conquered the former seismic techniques for mapping below
the Miocene salt section represented by the South-Gharib Formation. How-
ever, hopeful and expected prospects (Metwalli et al., op. cit.) are thought
to be trapped in the Pre-Miocene faulted-blocks, which are proved to be
oil-bearing horizons in many localities in the Gulf as a result ofthe exploration
activities by GPC and other oil companies. Accordingly, the production of oil
and gas comes from different lithostratigraphic horizons of Miocene, Eocene
and/or Mesozoic or older rocks.

The General Geochemical Setting of EI-Morgan Crude Oil in Relation
to other Oil Fields in the Gulf of Suez Petroleum Province

Crude oils in the Gulf of Suez petroleum province oil fields have variable
specific gravities in the different lithostratigraphic horizons, these may also
vary within the same horizon (Tables 1—6). The crude oil gravity is the sum
of the chemical changes accompanying its maturation and modification during
genesis in the source rock, and/or the result of the geochemical changes result-
ing from migration.

Sitlverman (1965), on the basis of the sum of the chemical changes
accompanying petroleum migration, suggested that the migration of a whole
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Table 1

Geochemical characteristics of crude oil from EI-Morgan oilfield

Well No. 1 1 1 1 2 5 6 7 7 8 8
Interval 5043 5870 6045 6247 6270 6369 6000 5175 5965 5142 5680
in ft. 5090 5920 6109 6322 6325 6416 6030 5226 5999 5160 5710
Stratigraphic H. H
Horizon Kareem Faraun Kareem para,, Kareem
Hammam Faraim
Age r\')l/::)dcglfe Lower Miocene M.M. LM MM LM
Sp. gr. at
60 °F 0911 0.885 0.878 0.875 0.873 0.894 0.891 0.878 0.871 0.869 0.882
APl Gravity 23.70 28.40 29.50 30.20 30.50 26.65 27.50 29.70 30.80 26.30 28.8
Viscosity
Red. | at
37.8 °C 183 71 69 61 61 117 83 68 55 118 51
Asphaltenes
W t% 6.20 1.50 1.22 121 11 5.8 1.68 1.55 0.47 3.23 1.45
Paraffin
W t% 451 4.48 4.5 6.73 5.0 3.2 5.2 5.88 9.92 7.5 6.7

Sulfur W t% 240 160 1.60 160 155 190 1.75 190 160 2.20 1.55

Table 2

Geochemical characteristics of crude oilfrom Belayim on-shore oilfield

Well. No. 112-21  112-23  112-31  113-10  113-1 113-2 112-3 112-1 112-4
Depth in ft. 8050 8230 7860 7380 8000 8000 7580 7110 4940
Stratigraphic Sidri Feiran Zeit
Horizon
Age Middle Miocene
Sp. gr. at 60 °F 0.95 0.927 0.939 0.910 0.918 0.919 0.924 0.92 0.913
API Gravity 1744 214 18.98 24.05 22.63 22.48  20.55 22.3 23.48
Viscosity at
100 °C in E. 31.7 11.4 19.4 3.65 10.3 10.8 11.34 8.59 8.25
Asphaltenes
W t% 13.0 9.1 10.6 10.3 12.2 12.4 12.54 9.42 120
Paraffin Wax
W t% 29 2.8 3.9 3.6 3.85 2.83 4.5 24 3.9
Carbon residue
W t% 12.9 9.8 10.9 6.6 9.05 9.5 9.6 8.4 8.6
Sulfur content
W t% 3.59 3.30 3.58 2.60 2.81 2.85 2.89 2.20 2.12

N.B. The crude oil in Belayim on-shore (So-called Belayim land) oil field is proposed in
this work to be of Miocene Source rock; and the successive attitude of the gravities of oil within
depth intervals shows clearly the migration differentiation mechanism i.e. lighter oil overlies
vertically relatively heavier one.
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petroleum results in an increase in the contents of paraffinic hydrocarbons
and a decrease in the content of asphaltenes, resins, porphyrins, non-hydro-
carbons, and heavy metals (nickel, vanadium and copper), as well as a slight
decrease in C13¥C12 ratio. If some or all of these changes occur, the migrated
petroleum should undergo an increase in APl gravity (decrease in density).
He concluded that the postulated changes resulting from the secondary migra-
tion are similar, if not identical to the chemical changes occurring during
maturation of petroleum. Sitverman (op. cit.) gave the north-south structure
of the Quirequire oil field, Venezuela, which provides an example of chemical
differences of crude oils, probably induced by migration. The productive zone
lies in the non-marine Quirequire Formation of Pleistocene-Pliocene age,
which unconformably overlies truncated, folded and faulted marine strata
of Cretaceous, Eocene, Oligocene and Miocene ages.

Mathews et al. (1970) gave the two Moonie crude oils (Surat basin,
Queensland, Australia) as an example where the Moonie lighter oil of the
upper zone could have been derived from Jurassic shale, by separation migra-
tion along fractures from the lower reservoir. They reviewed that the produc-
tion in the Moonie oil field is from two zones in the fresh water Precipice
sandstone of early Jurassic age, where a few wells produce from the upper unit.

Metwalli (1974), cited the two Um EIl-Yusr crude oils (Gulf of Suez
region, longitude 33° 30" W and latitudes 38°—28° 3' N), as an example where
the upper crude in Ayun Member (Miocene) of 29.9° API has been derived
from a lower one in Yusr Member (Miocene) of 21° API by separation migra-
tion along faults and unconformity surfaces up dip. The two oil zones are
separated by about 300 ft of shales and marls where a few wells produce oil
from the upper zone.

Barton (1934), Pratt(1934), Hlauschek (1936), Brooks (1948 and 1949), Haeberle
(1951), ZoBell (1952), Hunt (1953), Hengstebeck (1959), Erdmann (1961, 1964), Smith
(1963), Kartesv (1964), Louis (1964), Silverman (1964), Long et al. (1964), Kertai (1962
and 1967), Holmquest (1966), Flouria (1967), Landes (1967), Mathews et al. (1970),
Metwalli (1970), Metwalli et al. (1972), Metwalli (1974), and Metwalli and Abdel-
Hady (1975) and others, have all contributed on the origin of petroleum hydrocarbons and
the causes of the variability of their composition.

In EI-Morgan oil field two main productive zones are recorded within
the Miocene Formations by GUPCO. The upper zone is in the Belayim Forma-
tion (Hammam Faraun Member) and produces oil of 23° APl (Morgan well
no. 1, M-1), 26° APl (M-8), and 29.7° API (M-7). The lower zone is in the
Kareem Formation and produces oil of 30.8° APl (M-l); 28.8° API (M-8) and
30.8° APl (M-7). GUPCO production section subdivided the Kareem Forma-
tion (pay-zone) in EI-Morgan oil field into two territorial general portions;
a northern portion and a southern one depending on their following obser-
vations:

1. There is about 400 psi pressure difference between the two portions,
in spite of the fact that the original reservoir pressure is the same.
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Table 3

Geochemical characteristics of crude

Bakr
Oil Field Bakr South
Age mg%g:]ee lei%‘éve%re Eocene Turonian Turonian
Sp. gr. at 15°C
60 °F 0.9176 0.9190 0.9351 0.9265 0.9314
API Gravity 22.7 22.45 19.8 21.25 20.4
Sulfur content Wt% 411 4.00 4.75 4.03 3.33
Carbon residue Wt% 9.70 8.90 9.90 9.80 10.80
Ash content Wt% 0.03 0.03 0.02 0.03 0.13
Asphaltenes W t% 8.55 8.10 9.70 9.40 9.10
Viscosity at :37 °C., Sec. 590 625 1520 957 1260
60 °C., Sec. 201 209 480 305 372
93 °C,, Sec. 62 68 140 97 105

N.B. From Table 3,it can be seen that the stratigraphic succession of oil gravities could
imply two cycles of oil migration and accumulation in Bakr oil field. An upper cycle for the
Tertiary rocks and a lower cycle for Mesozoic and older oil-bearing rocks. While the miscella-
neous oil gravity is that of the Devonian (Sp. gr. 1.0126; 8.2° API) which reflects a very heavy

Table 4

Some geochemical characteristics of crude oil from Ras-Gharib oilfield

Age Miocene U. Cretaceous L. Cretaceous Carboniferous
Sp. gr. at 60 °F 0.895 0.895 0.920 0.903
API gravity 26.1 26.1 22.3 23.0
Viscosity Red. | at 100 °F 46.5 39.0 52.5 68.0
Paraffin wax Wt% 6.3 6.1 3.6 6.6
Sulfur content Wt% 31 3.1 4.2 3.7

N.B. The crude oils from Ras-Gharib oil field are of interest where an upper Cretaceous
limestone is truncated and overlapped by organic fossiliferous marl and shale. This upper Creta-
ceous limestone trapped oil of 26.1° API, that migrated laterally into sandstone of Nukhul-
Rudeis Formation (Miocene).

The source rock is proposed to he of pre-Miocene; Cretaceous age and the successive
attitude of oil gravity within depth or stratigraphic intervals shows clearly the migration differen-
tiation mechanism i.e. lighter oil overlies laterally and vertically relatively heavier one.
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oilsfrom Bakr and Amer oilfields

Oil Field
Bakr North Amer
mC;r?igh Ié?:{:r Cli%)g;. Devonian Nll_i(z))\r,:\genre Eocene Turonian Turonian
0.9365 0.9405 0.9651 1.0126 0.9304 0.9309 0.9276 0.9197
19.6 18.95 15.15 8.2 20.6 20.5 21.05 22.3
341 3.70 4.60 3.87 5.13 5.15 3.81 3.50
10.60 10.63 10.60 12.60 10.00 9.70 9.50 10.00
0.28 0.28 0.11 0.07 0.02 0.01 0.03 0.03
10.28 10.35 11.50 12.31 10.15 10.05 8.20 7.00
4950 3700 17590 30.88 7.95 860 725 338
1010 860 2690 4840 2.62 290 225 —
240 150 400 1300 90 95 82 —

oil in comparison with the other oils produced from the Gulf of Suez oil fields. But the Carbonif-
erous? oil seems to be derived by migration from the underlying one. While the Turonian oil
in Amer oilifield seems to bear nearly the same geochemical characteristics as the Turonian oil
in Bakr oil field.

Table 5

Geochemical characteristics of crude oilfrom Kareem oilfield

Slfglggifzipnhic Rudeie Rudeie — Nukhul

Age L. Miocene L. Miocene Turonian
Sp. gr. at 60 ° 0.9504 0.9485 0.9733
API Gravity 17.3 17.7 13.9
Sulfur content W t% 3.88 3.93 3.39
Viscosity Red | at 100 °F 7480 4530 22300 ?
Asphaltenes W t% 10.00 9.29 11.90
Carbon residue W t% 12.4 12.0 12.8

N.B. The crude oils in Kareem oil field are producible from two pay-zones, the upper
one from the Lower Miocene (oil of 17.3° API) and the lower one is from Middle Cretaceous
(Turonian) oil of 13.9° API i.e., the Miocene oil is of considerably varying geochemical charac-
teristics than the Cretaceous one. The source rock can not be located in one age simply.
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Table 6

Some geochemical characteristics ofcrude oilfrom Hurgada oil field

Well No. 131 136 144 144 74
Depth in ft. 1780 1500 2125 2706 1700
Age ,%I(iiglﬁe Nll_i?)\::vge Carboniferous Devonian
Sp. gr. at 60 °F 0.873 0.8735 0.865 0.880 0.896
API Gravity 30.55 30.5 32.0 29.3 26.4
Viscosity Red at 50 °Cin E 18 1.75 1.58 1.57 1.95
Ash content Wt% 0.4 0.4 0.02 0.92 0.76
Sulfur content Wt% 14 14 14 13 15

N.B. The Lower and Middle Miocene pay-zones bear oil of the same chemical characteristics
which is relatively lighter than the underlying oil in the Carboniferous and may be older ? pay-

zones.

2. The existence of a gas-cap in the northern portion only penetrated
by the discovery well no. 1 (M-I).

3. The measured reservoir and production data show that oil is of higher
APl quality in the northern portion.

The subdivision of the field into northern and southern portions might
be a reflection of the tectonic movements that affected the study area and
modelled the main reservoir traps into a group of fault blocks, recognized and
traced on isopachous and structural contour maps and cross sections by
Metwalu et al. (1978). These fault-blocks which made up the oil reservoir
and traps in EI-Morgan oil field are dragged along their boundaries (Metwalli
et al., op. cit.), so that they are erroneously interpreted as folds by Hassan
(1974, 1975) and Khated (1974).

The gas cap recorded in the northern portion of the field is at a lower
structural attitude, on the other hand, the wells that penetrated the Kareem
Formation in the southern portion are at higher structural attitudes and the
reservoir traps are without gas cap. Also, the gas-oil contact in the northern
portion of the field is at — 5800 ft which is in a lower attitude than that in
the southern portion.

The lateral variability of crude oil gravity within the same formation
in EI-Morgan oil field could be simply related to the effect of lateral migration
up dip from one fault block to another. The question that arises here is: Are
the two EI-Morgan crudes of the same source or of different sources? If these
two crude oils are of the same source, we might find that the upper crude
of the Belayim Formation relatively lighter than that of the Kareem pay-
zone, as it is used by the well accepted rules of petroleum migration (Sitver-
man, 1965; Metwalli, 1974), but this is not the case. In EI-Morgan oil field
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Fig. 1. Location map

a relatively heavy oil overlies a lighter one, i.e. “the deeper the oil, the lighter
the oil”. This observation leads to another interesting question: Are the two
crude oils in EI-Morgan oil field (Belayim and Kareem pay-zones) of different
sources? To answer this interesting question the following must be discussed:
Figs 2 and 4, which give the relation between the specific gravities against
depth; and the total S wt% against depth, respectively for EI-Morgan crudes,
show more than one line of relation. One line is clear for the oil in the Belayim
pay-zone and two intersecting lines of relation for the oil in the Kareem pay-
zone. The dislocation of these lines of relation might be fairly related to differ-
ent sources for Belayim and Kareem crude oils in EI-Morgan oil field. This
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Depth in feet

Fig. 2. The relation of Miocene oil specific gravity to depth of oil-bearing rock, EI-Morgan oil
field. O Belayim pay-zone; « Kareem pay-zone; 6 7 well number

Fig. 3. The relation of Miocene oil sulphur wt% to depth of oil-bearing rock, EI-Morgan oil field

Fig. 4. The relation of Miocene oil specific gravity to depth of oil-bearing rock, Belayim on-shore
oil field. AZeit pay-zone; Q Feiran pay-zone; * Sidri pay-zone
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view is in harmony with HolmQUEST (1966). The intersection of the two
lines of relation of the Kareem crude oil can be considered as a probable indi-
cation of mixing of the Kareem crude oil as a result of the active faulting
movements that modified EI-Morgan fault-block traps.

Accordingly, the EI-Morgan two main crude oils in the Belayim and
Kareem Formations can be considered as derived from two probable separate
sources. The two pay-zones are separated by the anhydrite of the Belayim
Formation (that underlies the Belayim pay-zone) which seals the lower pay-
zone, while the upper pay-zone is roofed and sealed by the thick salt of the
south Gharib Formation.

The crude oil gravity, being the sum of the geochemical characteristics
of petroleum during its life history, is a sensitive and important criterion.
The present authors used the specific gravity and the total sulphurwt% among
the general geochemical characteristics given in Tables 1—6 for comparison
and interpretation of the studied oils, since these are the two criteria usually
determined for most of the crudes in the Gulf of Suez petroleum province.
However, they reflect other geochemical characteristics or they are related
to them.

Based upon the geochemical data cited in Tables 1—6, interesting
questions concerning the cause of the vertical variability of specific gravities
of the crude oils in time and space, and its controlling factor or factors arise.
To promote the solution of this interesting problem Figs 2, 4, 5 which show
the relation between sp.gr. and depth or time of the oil-bearing rocks; and
Figs 3 and 6, which show the variation of the total sulphur content with time
are constructed.

The analysis and interpretation of the above tables and figures resulted
in two significant and distinct categories of crude oils in the Gulf of Suez
petroleum province:

(A): In the off-shore oil fields (Gulf of Suez), the general rule “the deeper
the oil; the lighterthe oil” is clear. In EI-Morgan well no. 1 (M-I) in its two
successive oil horizons within the depth interval 5000—6406 ft; four distinct
specific gravities are recorded for the crudes from top downwards. These are
0.9110, 0.8848, 0.8784 and 0.8745. These four values of specific gravities in
M -1 do not conform with values from other wells in the same field, e.g. M-5,
M-7 and M-8. In Figure 2 three lines of relation between sp. gr. and depth can
be seen for the Belayim and Kareem pay-zones (crude oils). In Fig. 5, which
represents the relation between specific gravity and depth for the crude oils
in EI-Morgan, July and Belayim off-shore oil fields, four lines of relation
of specific gravities against depth can be seen.

Metwalli et al. (1978) showed that the wells M-I and M-8 in EI-Morgan
field are located in hdrst blocks; M-5 and M-6 are located in step fault-blocks,
while M-7 is located in a graben fault-block.
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Fig. 5. The relation of Miocene and Upper Paleozoic oil specific gravity to depth of oil-bearing

rock in EI-Morgan, July, and Belayim off-shore oil fields, Gulf of Suez region. O Belayim

(Hammam Faraun) pay-zone; « Kareem pay-zone; X Rudeis pay-zone; = Nubia pay-zone;
O-1, wi-4, X A-I: well number

Depth in feet

Fig. 6. The relation of Miocene oil sulphur wt% to depth of oil-bearing rock, Belayim on-shore
oil field

Also July wells No.4 and No.9 (J-4 and J-9) in July oil field are located
in one hdrst block. Belayim well no. 1 (A-1) in Belayim oil field is located
also in a fault-block. Accordingly, from the above cited observations, one
could state that the vertical variability of specific gravities of the crude oils
in the Gulf of Suez petroleum province is controlled by their structural atti-
tude, i.e. the type of fault traps either hdrst, graben or step faulted blocks.
The distinct displacement of lines of relations (Figs 2 and 5) indicates differ-
ent fault-blocks. However, in Fig. 2, the displacement of the lines of relations
does not only show distinct fault-blocks, but also distinguishes the oil-bearing
rocks in the Belayim pay-zone (Miocene) from that of the underlying pay-zone.
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(B): In the on-shore oil fields, Gulf of Suez petroleum province, e.g.
Belayim on-shore (so-called Belayim land), Um EI-Yusr, Bakr, Gharib and
Hurgada oil fields, the separation migration mechanism of Sitverman (1965),
or the migration differentiation mechanism of Metwalti (1974) is clearly
represented in the Gulf of Suez off-shore oil fields, i.e. a lighter crude oil over-
lies a relatively heavier crude oil in the reservoir traps in the same and in
different ages.

The specific gravity of Belayim on-shore oils and total sulphur wt% in
relation to depth are plotted in Figs 4 and 6. Also the API gravities of an
example of these crudes are plotted diagramatically against time in Fig. 7,
for the southern part of Bakr oil field.

It is of interest to note that EI-Morgan, July and Belayim off-shore oil
fields which fulfil the rule “the deeper the oil, the lighter the oil” are located
in the off-shore concession, i.e. in the major graben that formed the Gulf
of Suez. Oil fields of the second category, e.g. Um EIl-Yusr, Belayim on-shore,
Kareem, Bakr and Hurgada oil fields which show the chemical differences
induced by migration are located in the on-shore concessions, i.e. at the fore-
land sides of the Gulf of Suez major graben.

The first category is the traditionally accepted rule in petroleum geol-
ogy, however, the second exceptional rule is a direct concept of the changes
accompanying the phases of the secondary migration of petroleum.

Metwalli (1974) visualized the Miocene subsurface section in Urn El-
Yusr oil field area as a huge geochromatograph (acting as chromatographic
column) for the differentiation of an upper lighter crude (29.9° API1) derived
from a lower relatively heavier one (21° API) across faults and unconformity
surfaces. In addition, Metwalli and Bashat (1974) stated that, the presence
of numerous hydrocarbon accumulations of minor dimensions in Urn EIl-Yusr

Middle Miocene
Lower Miocene
Eocene

Turonion

Cenomanian

Lower Cretaceous
Upper Carboniferous
Devonian

API gravity AT 15°C

Fig. 7. Crude oil gravities and geologic time in Bakr oil field, south part; the Gulf of Suez
region A. R. Egypt
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oil field, which is of the typical lithologic type, and the direction of migration
of oil are positive criteria for considering the Gharandal Group (Lower Miocene
shales and marls) as the source rocks.

The same case of Urn EI-Yusr oil field can he considered for the oil-
bearing Miocene rocks in Belayim on-shore and Bakr oil fields.

The oil-bearing Mesozoic rocks in Bakr, Hurgada, and Ras-Gharib oil
fields, where the crude oils participated in the migration differentiation
mechanism, also show the same phenomenon. However, one should be con-
servative in visualizing the source rocks for the pre-Miocene oil in these fields
and similar concessions.

The Problem of the Source—Reservoir Relations

The production of oil and gas from the Gulf of Suez petroleum province
comes as mentioned before from different iithostratigraphic horizons. Most
of the production comes from the Miocene successions mainly the sandstones
e.g. EI-Morgan, July, Belayim, Um El-Yusr and other fields. However, other
oil fields produce from reefal and crystalline limestones, e.g. Bakr and Ras-
Gharib oil fields. The Eocene and Upper Cretaceous limestones and the Nubia
Sandstones are oil-bearing and productive in some oil fields.

Weeks (1952) considered that the source of the oil accumulations in the
Gulf of Suez coastal region is within the Miocene sediments which were accu-
mulated in a basin with favourable conditions for oil occurrences.

Ghorab (1960) stated that there have been two contradicting schools
regarding the source of oil in the gulf of Suez region. One claims the Eocene—
Upper Cretaceous as the source rocks; the other favouring the Miocene as
the source rocks, in what is called the Globigerina marls of Early and Middle
Miocene age.

Holmquest (1966) stated that the source beds of Ras-Gharib oil field
can be related readily to overlying beds, where an upper Cretaceous Limestone
is truncated and overlapped by organic marl and shale.

Metwalli and Bashat (1974) located the source rocks for the Miocene
oils in Urn EIl-Yusr oil field, Gulf of Suez region in the Gharandal Group
(Lower Miocene shales and marls).

However, the oil migration and accumulation in the Gulf of Suez region
seem to be controlled in most parts of the region by the evaporites (mainly
salt). Oil occurs in the post South-Gharib Formation, i.e. in the Zeit Forma-
tion, in the on-shore fields only, e.g. Belayim on-shore oil field. In the off-
shore fields the oil pay-zones and occurrences are restricted to pre South-
Gharib Formation, i.e. pre-salt deposition and flowage, e.g. EI-Morgan, July
and similar structures. The South-Gharib Formation (salt and other evapo-
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rites) is thicker in the major graben of the Gulf, i.e. in the off-shore area
than on the fore-land sides of the Gulf. Also the lithology of the Zeit Formation
changes to become sandy at the fore-land sides of the Gulf. Accordingly, the
thinning of the salt of the South-Gharib Formation and the increase of the
sandy facies promote and cause the accumulation of oil in the Zeit Formation
but in a restricted dimension and minority of production. It is also of inter-
est to mention that the Belayim evaporites in EI-Morgan oil field become
intercalated with sandstones and clastic sediments landwards, e.g. Belayim
on-shore oil field. In this respect it might be cited that the change in facies
of deposition might have promoted the migration and accumulation of oil
from Belayim Formation to Zeit Formation.

Metwalli and Abd E1-Hady (1975) used the variability and successive
characteristics of crude oil gravities as well as the successive gas reservoirs
in the northern part of the Western Desert of Egypt as criteria and they
classified the times of oil generation and accumulation in that part of Egypt
into three main cycles: A lower cycle “1” for the Jurassic and older rocks;
an intermediate cycle “11” for the Cretaceous oils; and an upper cycle “I1I1”
for the Tertiary oils. Metwalli and Abd El1-Hady (op. cit.) zones of oil
generation and accumulation are supported by E1-Shazly et al. (1975),
partly by using C1¥C12for the distinction and limitation of the lower cycle “1”
of Jurassic from the intermediate cycle “11” of Cretaceous age. However,
E1-Shazty et al. (op. cit.) analysed the carbon isotopic data (C13¥C12) from
reservoir rocks (sandstones and limestones) ranging from Miocene to Creta-
ceous or older age and found that all possess the same isotopic values. Accord-
ingly, E1-Shazly et al., are in favour of a single source for oil in the Gulf
of Suez petroleum province mainly the Miocene rocks. However, they neglected
the change in properties of oil that are expected following perculation through
adsorptive media, specially the ratio of the stable carbon isotope (C12 and C13

Silverman and Epstein (1958) showed that aromatics have slightly
higher C13C12ratios than do the asphaltic hydrocarbons (paraffins and naph-
thenes) from equivalent boiling ranges. Thus, from the standpoints of selective
adsorption on mineral grains the CI1¥C12 ratio of petroleum should decrease
slightly with increasing distance of migration (Sitverman, 1965).

Figure 8, shows that the crude oils produced from the different litho-
stratigraphic horizons in the Gulf of Suez oil fields have variable oil gravities
both vertically and laterally. The vertical variations occur within the different
successive pay-zones of the same or varying reservoir characteristics. The crude
oils in the on-shore oil fields at the eastern and western coasts in the Gulf
have their distinct oil gravities as compared with the off-shore oil fields,
i.e. the general rule “the deeper the oil, the lighter the oil” is clear and repre-
sented by the off-shore oil fields. However, the separation migration differ-
entiation of Sitverman (1965), or the migration differentiation mechanism
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of Metwalli (1974) applies to the in the on-shore oil fields in the Gulf of Suez
petroleum province.

The cited oil gravities (Fig. 8) can be seen and observed in a vertical
successive geologic attitude with certain distinct deviations represented by
arrows in the figure. These arrows might represent the direction of oil migra-
tion (phases of migration) within the geologic section in the Gulf of Suez
petroleum province. Accordingly, the relationship between the different types
of oil must be considered. The successive characteristics of oil gravities within
the same and in different ages, would reflect more than one cycle of oil genera-
tion as well as migration and accumulation.

Accordingly, the following cycles are proposed in the Gulf of Suez

petroleum province: A lower cycle “1” for the Mesozoic and older rocks; and
an upper cycle “11” for the Tertiary crude oils. However, as can be seen from
figure 8, cycle “11” might be a collective cycle or could represent more than one

cycle or rhythms of the same cycle. This interesting problem created in the
present work would be solved or at least clarified if additive drilling and geo-
chemical data become available in future.

The problem of the definition and recognition of the source rocks of
hydrocarbons in the Gulf of Suez petroleum province is at present the subject
m atter of current research by Metwalli and his co-workers. Eventually future
deeper drilling in the Gulf of Suez and adjoining regions will clarify many of
the concepts at present controversial. The present writers believe and are
optimistic that large amounts of oil are present be struck in the thick sedimen-
tary sequence underlying the Miocene rocks in the Gulf of Suez region based
on their proposed separate cycle of oil generation, migration and accumulation
for the Mesozoic and underlying rocks “Cycle I, Fig. 8”.
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O HE®TEHOCHOCTU TMPOMBbBICNA 3/1b-MOPI'AH U LUMKNINYHOCTI .
OBPA3OBAHUA, MUTPALIN N HAKOTJIEHA HE®TW B HE®TEMASOHOCHOU
MPOBUHLIN CY3UKOIO 3AJTMBA (A. P. ETUNMET)

M. TAMEA METBAJIIN-T. ®UNIUN-31b-CANEC A. A. lOCCUD

Peswome

HedTb, f06bIBaeMas B Npefenax HethTerasoHOCHOM 0611acTy CyaLKOro 3a/1MBa, NOKasbIBaeT
M3MEHEHVE YEe/IbHOr0 Beca Mo PasMyHbIM IMTOCTPATMIPAMUECKUM FOPU30HTAM OT BEPXHETO
Nasieo3osi BBEPX MO CTPATUrPadUUECKoin KOMIOHKE BM/IOTb 0 MUOLEHA. HeKoTopble HediTenpo-
MbIC/Ibl 06HAPY)XMBAIOT MOCTETNEHHOE M3MEHEHWe MO BEPTMKANM OT TsHKeol HedhTM B HUM3ax
paspesa [j0 OTHOCWUTE/LHO /IEFKoli BBEpXax, B TO BPeMsl KaK Ha pyrux npombiciiax HabioaaeT-
Sl KaK pa3 obpaTHasi TEHIEHLMS YMeHbLLEHVS Y/e/IbHOTO Beca BHU3 Mo paspesy. Mofo6Ho apy-
MM MOPCKMM HedhTenpoMbIc/iam, Mpombicen S7ib-MopraH OT/IMYaeTcsi 0T Ha3eMHbIX MPOMbIC/IOB
BHYTPW TOlA YK€ CaMoii HedhTerasoHOCHO 06/1acTV B OTHOLLIEHWW MOBEAEHNS YAeIbHOr0 Beca HehTU.
B pesy/nbTate UcCMefoBaHUA U MHTEPNPETALMU FEOXMMUYECKUX XapaKTEPUCTUK U U3MEHUMBO-
CTU HEYTU MO YAE/IbHOMY BECY MOXHO BbIIENNTH [BE 3HAUUTE/bHbIE U BbIPaXKeHHbIE KaTeropum
He(hTW, a TalKoKe ABa LMKIA (hOPMUPOBAHUS, MUFpaLMW 1 aKKyMyNsiuMM HedhTU Ha Teppu- ©
aKBaTopuu HedhTerasoHocHol 06i1acT CyaLKoro 3a/mBa.
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PALAEOLITUONELLA MAJZONI
NOV. GEN. NOV. SP. (FORAMINIFERA)
FROM A WETTERSTEIN REEF LIMESTONE
IN NE HUNGARY™*

By

A. Bérczi-Makk
HUNGARIAN HYDROCARBON INSTITUTE, BUDAPEST

The Palaeolituonella majzoni nov. gen. nov. ep. is a new Foraminifera species
which shows a frequent occurrence in the Upper Ladinian—Carnian, Norian reeflime-
stone facies of the Alséhegy Mount (NE Hungary).

The agglutinant Foraminifera species encountered frequently in the
Upper Ladinian-Carnian, Norian W etterstein reef limestone of Alsohegy
Mount (Northeast Hungary) is Palaeolituonella majzoni nov. gen. nov. sp. and
belongs to the Family Ataxophragmiidae Schwager.

The assemblage of microfossils accompanying it is characterized by
a massive appearance of the Involutinidae and by a frequent occurrence of
species belonging to the Family Miliolidae (Ophthalmidium, Galeanella) and
Varistomatidae (Duostomina, Variostoma). This faunal assemblage is charac-
teristic of the reef platform. In this zone the big, thick walled Foraminiferae
are most abundant. The dominating species of this facies are Aulotortus sinuo-
sus Weynschenk, Galeanella panticae Zaninetti et Bréonnimann, Palaeolituo-
nella majzoni Bérczi-Makk, nov. gen. nov. sp.

The holotype of the Foraminifera Palaeolituonella majzoni nov. gen. nov.
sp. was found in the same sample from which the new Sphinctozoa species
Verticillites triassicus had been described by Kovacs, S. (1978).

The characteristic Foraminifera species of the Upper Ladinian-Carnian
Norian W etterstein reef facies in the Alséhegy Mount (Fig. 1) are as follow:

Tolypammina gregaria Wendt

Gaudryina sp.

Palaeolituonella majzoni nov. gen. nov. sp.
Endothyra nov. sp.

Endothyranella cf. robusta Salaj

Endothyranella cf. pentacamerata Salaj
Agathammina sp.

Agathamminoides spiroloculiformis Oravecz—Scheffer
Ophthalmidium plectospirus Oravecz—Scheffer
Ophthalmidium exiguum Koehn—Zaninetti
Ophthalmidium sp.

Galeanella panticae Zaninetti et Bronnimann
Frondicularia uioodwardi Howchin

* Manuscript received: 1979. 10. 19.
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Fig. 1. Position ofthe Alséhegy Mountin NE-Hungary, along the Hungarian—Czechoslovakian
border

Mesodiscus eomesozoicus (Oberhauser)
Aulotortus sinuosuUs Weynschenk

Aulotortus friedli (Kristan—T orttmann)
Duostomina alta Kristan—Tolimann
Duostomina biconvexa K ristan—Tolimann
Diplotremina sp.

Variostoma acutoangulata K ristan—Tollmann
Variostoma cf. pralongense Kristan—Tollmann
Variostoma sp.

Paleontological description

Phylum: RHIZOPODA
Classis: Foraminifera

In defining the taxonomic position the system of Loeblich, R. A. et
Tappan, H. (1964) was used.

Family: ATAXOPHRAGMIIDAE
Subfamily: Ataxophragmiinae Schwager, 1877

Genus: Palaeolituonella Berczi-Makk, nov. gen.

Derivatio nominis: the ancient form of the Pseudolituonella Marie,
1954

Genotype: Palaeolituonella majzoni nov. sp.

Description: The shell is elongated, coniform and in its initial form
it consists of 4 to 5 coiled chambers. Later on it turns to a linear form
consisting of wide and low chambers with faint septum-rudimenta
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hardly to observe even in thin sections. The one-layer wall is thick,
agglutinated. The apertura is not known.

Remarks: It differs from the Pseudolituonella by the fact that the inner
septa has hardly been developed, more exactly they are missing in
almost every case. On the basis of the missing or underdeveloped inner-
septa it can be considered as the ancient form of the Pseudolituonella.

Palaeolituonella majzoni Bérczi-Makk, nov. sp.
Plate: I, Figs 1—8

Derivatio nominis: after the late dr. L. Majzon, Hungarian micro-
paleontologist.

Locus typicus: Sample No. T-4214,1975) from Alséhegy Mount (Silica
Nappe, NE Hungary).

Stratum typicum: Wetterstein reef limestone, Upper Ladinian-
Carnian, Norian.
Holotype: |In the micropaleontological collection of the Hungarian State

Geological Institute.

Material: Several individuals in the following samples: 223/50, 4(1972)B,
7(1972)A, 8(1972)12, 9(1972), 9(1972)A, 11(1972)E, 19(1972)1, 35(1973)F,
fig. 6. G-9(1974)A, G-23(1974), T-66(1975)A, T-66(1975)F, T-188(1975)2,
T-21141975), T-42W,975) = Holotype, T-477(1975), T-484(1975)A.

Synonyma:

1966/67. Lituolida — Pantiu, S. pi. 3, fig. 7.

1971. Ammobaculitessp.— Hohenegger,J. et H. Lobitzer, pi. 2, fig. 6.

1971/72. Lituolidae — Pantku, S. pi. 12, fig. 4.

1978. “Lituosepta” sp. — Schafer, P. et Senowbari-Daryan, B.
pi. 2, fig. 7.

1978. Duotaxis sp. — Trifonova, Ek. pi. 3, fig. 3.

Description: The shell is free, elongated forming a slightly flattened
cone. In its initial stage it consists of 4—5 chambers coiled up in a
trochospiral way. During its grow, the shell suddenly changes into
a linear form. The chambers spread and form a low reversed truncated
cone, which, however, grows during its development. Inside the chambers
hardly perceptible rudiments of septa can he observed. The one layer
wall is thick, agglutinated. The apertura is not known.

Dimensions ofthe test: The length of the shell 0.5—0.8 mm. The diam-
eter of the coiled up initial section 0.26—0.33 mm. The thickness of
the septa 0.04—0.08 mm. The thickness of the wall 0.04—0.06 mm.

Occurrence: Itisvery abundant in the Upper Ladinian-Carnian, Norian

W etterstein reef limestone of the Alséhegy Mount (Silica Nappe, NE
Hungary).
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PALAEOLITUONELLA MAJZONI NOV. GEN. NOV. SP. —
HOBAA HAXOLKA ®OPAMWHW®EP N3 BETTEPW T TEMHCKUX PU®OFEHHBIX
NW3BECTHAKOB CEBEPO-BOCTOYHOW BEHIPUN

A. BEPLN-MAKK
Pesome

M3 BepXHENaANHCKUX-KApPHUACKUX PUQOreHHbIX M3BECTHSKOB Ha rope AfbLUOXedb B
CeBepO-BOCTOYHOM YacT BeHrpum onucaH HoOBbIA BUZ (hopaMMHKgep, YacTo BCTpevaroLumiics
paccMaTprBaeMbIX OT/OXKEHUSIX.

ManeoHTONOrNMYecKoe onuncaHue
Phylum: RHIZOPODA
Clas sis: Foraminifera
[pn cucTeMaTtMyecKOM OTHECEHUWM paccMaTpuvBaemoi opmbl 6blna NpYMeHeHa cucTemMa
P . A. Nébnuxa n I'. TannaHa (1964).
CemenncTBo: ATAXOPHRAGMnDAE
MoacemencTBO: Ataxophragmiinae Sschwager, 1877.
Popa: Palaeolituonella — Palaeolituonella BERCZI—Makk, nov. gen.
Derivatio nominis: [ApesHasa dopma
Genotypus: Palaeolituonella majzoni nov. sp.

Plate |
Palaeolituonella majzoni nov. gen. nov. sp.

T-421 (1975) No. sample. M: 100 X. Holotype
. T-421 (1975) No. sample. M: 60 X

. 22 (1972) No. sample. M: 80 X

. T-66 (1975)F No. sample. M: 90 X

. 8(1972) 12 No. sample. M: 70 X

. 9 (1972) No. sample. M: 90 X

. T-66 (1975)A No. sample. M: 90 X

. G-23 (1974) No. sample. M: 90 X

O~NO U WN -
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OnucaHune: PakoBuHa BbITAHYTON, KOHNYECKON (hOPMbl, B pPaHHel cTagmu 3aBuTas, cocTos-
was 13 4—5 kavep. BnocnegcTteum oHa CTRHOBUTCA OAHOPAAHOM € LLUMPOKUMW YN HASKUMU
KaMepamu. BHyTpu kamepu mmetoTcs crnabble 3a4aTky CTONBUKOB, KOTOpble He BCerga
BUAHbI B wWandax. CTeHKa ToNCTas, arrMioTMHUPOBAHHAsA, O4HOC/ONHAA. Y CTbe Hens-
BECTHO.

MpumeuvaHwne: OT Pseudolituonella paccmaTprBaemblii pog 0TANYAETCA TeM, YTO BHYTPeEH-
HVe CTONOMKMN elle efBa PasBUTbl, OHW MOYTM MOTHOCTbLIO OTCYTCTBYIOT. /3-3a Hepopassu-
ThIX WX eLle Hepa3BUTbIX BHYTPEHHUX CTOMGMKOB ero MOXHO MPUHUMATh 3a LpPeBHEeW-
wyto ¢opmy Palaeolkuonella Bérczi—Makk, NOV. gen.

doToTabnuua 1, ¢ur. 1—8

Derivatio nominis: no NOKOWHOMY MUKponaneoHTonory a-py Jlacno MaiisoHy

Locus typicus: Anbwoxeab (Cunnykunii nokpos, CB BeHrpus), obpasey T-421 ,(1975)

Stratum typicum; BeTTepwTeliHCKME pPUROreHHble  W3BECTHAKKW,  BepXHenaguH-
CKU-KapHUNCKWIA HOPUIACKNIA apyc

FonoTun: B MUKPONANEOHTONOrMYECKOW KONMeKuMn BeHrepckoro [[e0n0rnyeckoro WH-
CTUTYyTA.

MaTepwn ayn . Pap sk3emnnapos B o6pasuax 223/50, 4/1972/B, 7/1972/A, 8/1972/12, 9/1972,
9/1972/A, 11/1972/E, 19/1972/1, 35/1973/F, 8 - 9/1974/A, G-23/1974, T-66/1975/A,
T-66/1975/F, T-188/1975/2, T-211/1975, T-211/1975, T-421/1975-= ronotun, T-477(1975),
T-484(1975).

CMHOHMMMKaA: 1966/67 Lituolida

Pantic, S. p| 3, flg 7
1971. Ammobaculites sp. H

ohenegger, J.et Lobitzer, H. PI. 2, Flg 6.

1971/72. Lituolidae — Pantis, S. pl. 2, fig. 4.
1978.  “Lituosepta” sp. — Schafer, P. et Senowbari-Daryan, B. pl. 2, fig. 7.
1978. Duotaxis sp. — Trifonova, Ek. pl. 3, fig. 3.

OnuncaHwue: PakoBuHa cBO60OAHAA, BbITAHYTONM, cnerka ynaoweHHOW KOHUYeCKol (opMbl,
B paHHel cTagumn oHa cocTouT u3 4—5 Kamep, 3aBUTbIX TpoxocnupanbHO. B npouecce
pocTa pakoBMHa CTAaHOBUTCHA OJHOPSAHOW COBMe BHe3anHo. Kamepbl pacTunarTcs.
06pa3sys nepeBepHyTbI YCeUEHHbIV KOHYC C BbICOTOM, yBeNMUnBatoLLelics B npouecce po-
CTa PakoBMHbI. BHYTpW Kamep MMeTCA 3a4aTKW CTO/IOMKOB, KOTOPbIE He BCerja BUAUMBI.

(dPoToTabnmua I, gur. 1). CTeHKa ToncTas, arrnOTUHUPOBaHHasA, OAHOCNOMHAsA. YCTbe
Hen3BeCTHO.

Pasmepbl paKoBMWHbI: [AnnHa pakoBnHbl — 0,5—0,8 MM. [uameTp 3aBUTON paHHel
yactm — 0,26—0,33 mm. TonuwmHa neperopofok kamep — 0,040—0,080 MM, TonumHa
CTeHKN pakoBUHbI — 0,040—0,060 mm.

PacnpocTpaHeHMe: OdyeHb 4aCTO BCTpevaeTCs B BePXHENAAMHCKO-KapPHUNCKMX pudo-
reHHbIX BEeTTEPLUTEMHCKUX W3BECTHAKaX ropbl Anbluoxeib (Cunmukuii nokpos, CB
BeHrpus)
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THE ESTABLISHMENT OF OPTIMAL TIME
SCALES AND THEIR USE

By

I. Dienes
HUNGARIAN CENTRAL STATISTICAL OFFICE, BUDAPEST, HUNGARY

In geology events may be exactly defined by the changes in the attributes of the
rocks along the space. Geologists concludes from the existence of an order in space
between certain geological bodies the existence of a relation of order in time between
certain events. The correctness of the conclusion depends on the measure of corre-
spondence between the applied type of spatial order and on the invariancy of the spatial
order towards common geological transformations.

Several spatial and temporal relations between formalized biostratigraphic and
chronostratigraphic units and their invariancy have been investigated in the general
situation and when rock bodies are normal deposited.

Then optimal time scales and methods to construct those have been defined.
Conditions which admit to solve problems are discussed. A method to estimate the
relative age of a sample has been shown.

Methodology has been applied succesfully to Eocene sediments of Dorog Basin,
Transdanubia, Hungary. Different fossil groups as nannofossils, Mollusca, Foramini-
fera and lithological data were together used to obtain a complex scale and diagnostic
rules for sample age determination.

Introduction

In the past decade a remarkable worldwide proliferation of geological,
paleontological, magnetical and geophysical data for geological events could
be observed. The handling of data by computers promises the best way to
synthetize elementary observations. Formal manipulations provide the possi-
bility to set up time scales which are optimal in a certain sense. If once an
exact time scale has been constructed, the position of new samples on the
scale (determination of the age) can be estimated by algorithmic approach.
Formalized stratigraphy introduced by the present author (Dienes |., 1974,
1977a, 1977b) is suitable to formulate and solve the above problems. The algo-
rithmic and formal way is the single one, which may provide the correctness
and verificability of the results.

The following discussion assumes that a suitable physical time scale (atom-
ic, astronomic etc.) has been defined earlier and it shows backwards in the
time. Any set of events ordered so, as their ages on the physical scale is called

Manuscript received: 1978, January; references updated: 1980, October.

Acta Geologica Academia» Scientiarum Hungaricae 24, 1981



396 DIENES, |I.

a time scale. We denote the area of investigation by T, the points of T by t,
the coordinates of the point t in a normally orientated system by x,y and z.
We denote the age of origin of a point t by r(t). This is understood as a positive
number with physical units, as year etc. The function fj(t) is defined so that
its value is equal to 1 at least one specimen of the taxon j is present if the
e environment of the point t, and zero else. The value of the function fj(t(t))
is equalling 1 if at least one living specimen was present in the moment r and
in the e environment of the point t(r). The function t(r) describes the orbit of
the point with present position t(o).

In our studies formal taxa have been used. A specimen belongs to the
formal taxon named by {{A}, {B}, {C}}, if the specimen has been identified
in the document C by the author B as the taxon A. The taxon code contains
information also for the conservation state and the precision of the identifi-
cation .

Uncertainties in the definition of the taxa and in the recognition of
fossil specimens are not discussed. In connection with our topics it seems to be
necessary to assume only the possibility to define classes of fossil objects
using restrictions for their attributes, and it is not denied. Erratic diagnoses
only result in incorrect determination of the extent of stratigraphic units,
and this effect easily can be studied by formal methods.

We define the moments:

rN = inf{inf{rm) um, = I» 1))
o tiT

ij =sup {sup{rm) Ifjm =in 2)
0 ter

the first and last and appearance of the taxon j and
T, = irtlfwo [/1*)= i}, (3)
t] = Sl:p {r(®) \fj{t) = 1} 4)

the age of the oldest and the youngest points, such, that contain in their s
environment at least one specimen of the taxon j.

1. Optimal Biostratigraphic Time Scales

In the following part the most important types of the biostratigraphic
and chronostratigraphic units which have been used in the rigorous formula-
tion of the problems are defined.
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1.1. Definition of special stratigraphic units

T?' = (Lt |tET; xj < t(t) < )}

is the A type chronozone of the taxon j,

Tf = {t 11eT; r(t)e0 ; 0 = {r(o 11€rf}}

is tAe B type chronozone of the taxon j,
TAX = {r]Jt6T; t$ TAI}
is tAe  type absence chronozone of the taxon j,
T —{t\GjET; f(t) = 1}

is the B type taxon range biozone of the taxon j,

Tf ={*|*€ T; tj, tje T;fj(t") = /(f) = 1;
XJ—xj- x;¥ji=y - yjizj<,z< 1’}

is the A type taxon range biozone of the taxonj,

r?C= {*1I1t£T; /I«) = 1;for anyj £7}

is tAe B type concurrent range biozone ofthe taxa j; j £7,

Tfc = {*I1* <:r < zy, fj(t) =/;(t) = 1;

4,4, tCT; xj =x =xj;yj =y =yjforanyj £7}

is the A type concurrent range biozone of the taxaj £7,

Tix = {t\tj» r(tj) < rJ;tET; foranyj ¢ 7}

is the A type concurrent range chronozone of the taxaj £ 7,

TfA = {t It£T; fj(t) = 1; for at least one j C7}

is the B type assembly biozone ofthe taxaj C7,

T?A = {t 116 T;tj,tj€r; zj <.z < zj;

Jor ot least one j £1; xj —x —Xj; Vi =y =vyij}

397

®)

(6)

@)

©)

©)

(10)

(11)

(12)

(13)

(14)
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is the A type assembly biozone of the taxaj £ 1,
TAA = {t 1t CT; Tj = z(t) < zj; for at least onej £/} as»
is the A type assembly chronozone of the taxa I, J, K,
T?2jk = {FItE€T, zj <;z{t) < zj;iel; r(t) < Tjjif£I; r(t)~ r£; £ X} (16)
positive part negative part

of the definition

C type Oppel chronozone of the triplet oftaxa I,J, K, *

* As it is usual, the relation *“contains” is denoted by d , “common part” by I,
“union” by U and “element” by C.
T2K= (UT?) n (NTf) n(nTA) (17)
16/ t0 fceK

positive part negative part
of the definition

is the C type Oppel biozone of the triplet of taxa I, J, K. Chronozones above
are apparent. Chronozones defined by zj or zj are intrinsic. Asummary of the
definition of different stratigraphic units can be found in Dienes |. 1977c.

1.2. The Relation “Containing” between Geological Bodies

The taxonj is named partially redeposited, if T? ® T B. Taxonj is named partially
redeposited into another age, if TBj ¢ TBr. Table 1 shows relation of “contain-
ing” being true between different stratigraphic units defined by the same
taxon j.

It is evident, that

Tejjk = (M 1A Mcctay M(ccTA) (18
16/ '

jej Kek

The geological body T is named upper absence zone of the geological body T'»

T* = {*11$T" tCT; zCpr2T"; z> sup [z |x = x;y =vy; IET’}} U
U{tlIts$s 7", t<€T;, z$Pri2T) (19)

The operation “projection onto the x —y plane” is denoted by prvl. The geo-
logical body T is named the lower absence zone of the geological body T.

T — {fItET, t£T, 2£prl2T',z < inf}z Ix —x; y =y; t£ET'}} U

U{t [t$ T'i t<LT; z<tpri2T'} (20)
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Tabic 1

Truth of the relation “containing” between different geological bodies defined by the same taxon.
| f the geological body in the heading of the column contains the geological body in the heading of
the row, then the respective item is one and zero else. Columns on the leftfor thegeneral case, columns
on the right if the geological bodies are not partially redeposited. Normal deposition is assumed.
T is of normal deposition,when if z > 2", then t(x,y, )< t(x,y, z') for each (x,y\z), (x,y,z")¢ T

This geol. body

N
" TAIT . : : B.I
contains this body TA 15 TH THr TA ~TAC A Bi i
|
TA 11 A 070 00 01 Ob 00
*‘f' I |_ °|1 - |
A 0,0 1j1 0.0 0,0 0,0 o1 010 0 10
TBi 111 111 oli 01 ol 1 0™
°I1 1r
| .
TBt* olo ill olo 11 00 ojo 01
1 I |
| l |
TA 00 OTO 0,0 111 v 0}0 0|0
TAr 0|0 010 0lo olo 010 111 0o olo
n _4|_
| 0%0 M 0n1
TH 010 olo olo | | 111 111
| |
TBI 00 «0 00 0,0 ip olo ill

l 00 | [
The geological body CCTj is named the vertical convex cover of the geological
bodies Tpj £J, if
CCTj = (i 13ji,j2tjp Ij,\ jp>j2£J! tj, £ET;
xh = xu = *T YH =¥Y]. = ¥’ zh < z < zj.) (21)

The following relations are of essential importance in the use of formalized
stratigraphic units and are true, if partial redeposition is excluded:

T°'jiIK C n((cCcTf) n (ccT¥) (22)
X jej’ KEK®
TH,K = U (NTf) (23)
X' e

X contains arbitrary combinations {J\ K'} with pj and pkindices; pj = 1, ..
mj, pk =1, ..., mk. X' contains arbitrary combinations |I' with pt indices,
pt= 1, ... TO(CifC MIs= 0 forthe positive part Isofany other investigated
chronostratigraphic unit Tf*,J' C J, K’d K, T (ZI.
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Table 2

Code numbers of respective definitions oftime order can be obtained adding 5 to each number in the Table. Summary of different precedence relations between
two geological bodies Ti and Tj. Tj is above Tj in sense of the item in r-th column and s-th row, iff. quantity in the head of the column r is greater,
than the quantity in the head of the rows. The number in each item denotes the code number of the definition in the text. (After |. Dienes, 1977)

Tj Is above t £k [ TjT* common part of T and a *direction lines
T* arbitrary if T* has common part with Tj and Tj
T{ in sense: K=T X =V K = 3T* K= VT* f=x
if» > » sup | inf mean sup inf mean sup inf mean sup inf mean sup inf mean
= ! {<g {3 {1 " w {1 {3 w {=} {3 {= {< <> w
sup {z’} 3 2 - 13 12 — 23 22 33 32 43 42 -
inf {z’} | 4 - 1 14 21 24 - 31 34 - 41 44 —

mean {z'} - - 5 - - 15 - - 25 — - 35 — - 45

00V

‘saN3ia
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1.3. Relations of Spatial Order between Geological Bodies

The Table 3 shows the interrelations between different relations of spatial
order between geological bodies.

Table 3

How follows the spatial orderedness of two geological bodies in sense r from that in sense p. Left
column in general case, right column for a vertical lineform T. IfTj ,,p” Tj, then Ti ,,r” Tj

1 1 I I I 0 1
2 0 I 0 I 0 1
3 0 I I I 0 1
12 0 I 0 I 1 1
32 0 I 0 I 101

The Table 2 contains the short form of the definitions of the relations of
spatial order denoted by “1”—*“45".

1.5. Invariancy of the Spatial Order towards Common Geological Transfor-
mations

Let T, {TJ, T(d T, T', {i}, Tjd T' be arbitrary, fixed. Assume that
T'd T, Tjd Ttand if t ETj and t£ T, then for any tx£T, zx > zyz—y,
X = x, should be true tx Tj. Then we call Tj, {Tj} to be deduciblefrom T, {T,-}
by an ideal denudation.

Let T, {TJ, T\ Tx be fixed such that T,d T, Txd T, T'“32”TX
T\TxIli32”TX Let Tj = T U(T, f]Tx) if T, f| (T\TXY~0 and Tj = T, else.
Then we name T’, {TJ to be deduciblefrom T, {TJ by an ideal redeposition.

Let T, {TJ, T, {Tj}, T,d T, Tid T' be arbitrary, fixed. We assume,
that T has been dissected by the plane S into two disjoint, not empty parts
Tx and T|Tx,and T' may be generated from T by moving of Tx, TX'32”T|TX
along the plane S in direction v. If If v3is negative, then we call T', {T{} to be
deduciblefrom T, {TJ by an ideal normalfaulting.

The definitions above are of formal and static character. They define
relations between sets of real number triplets.

We name the relation “p” invariant towards ideal denudation, redeposi-
tion, normalfaulting, if for any arbitrary T, {TJ, T, “p” Tj follows T/ “p” Tj if
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Table 4
Attributes of different relations ofprecedence between geological bodies. For relations 6 — 10,

Relation oforder

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A ttribute
Antisymmetricity 0 1 1 | 1 0 1 1 l 10 1 1 1 | 0
Transitivity 0 1 1 | 1 0 1 1 | 10 1 1 1 l 0
Irreflexivity 0 1 1 1 | 0 1 1 | 1 0 1 1 1 1 0
Ascertainability 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Precludibility 0 1 0 0 0 0 1 0 0 0 1 1 1 1 1 1
towards denudation 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
towards redeposition 0 0 0 0 0 0 0 0 o 0 0o o 0 0 0 0

towards normal faulting 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Invariancy

towards reconnaissance 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0

T', {T'j} is deducible from T, {T,} by anideal denudation, redeposition, normal
faulting. We name the relation “p” ascertainable with knowledge of T1cl T, if
there exists at least one r, r £ [1, 45] so, that Tt“p” Tj follows from T1n
NnTt“r” T1MTjforany ThTjcZT.

We name the relation “p” precludible with knowledge ofT1 CZ T, if there exists
at least one r, r £ [1, 45] so, that (T"p" Tj) follows from T1f| Tt“r” T1f) Tj
for each TI-and Tj.

Viewing to the geological praxis, the relations, which are precludible or
ascertainable by boreholes or superficial outcrops bearthe greatest importance.

Geological cognition is getting downwards in the space with time. In a
geological column, if any, only the top appearance of a feature may be recorded
certainly, i.e. the upper boundary of the geological bodies. Therefore only the
relations defined by the upper boundaries may be stated certainly, if auxiliary
information is not available.

Let T, {Tt}, T, {T}} be fixed, such, that T' <=T,T;e T,T/:=TtN T .
The relation “p” is named invariant towards any reconnaissance which is
getting on downwards if T{ “p” Tfollows from T, “p” Tj, when T' “32” T\T".

Table 4 shows how invariant the most important relations of order are
towards the transformations defined here.
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18 — 20, 26 — 30, 38 — 40, assuming normal deposition before transformation

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

The mentioned transformations also preserve the normal deposition.

Assume that T, {Tf} have been formed from T, {Tf} by an ideal denuda-
tion, redeposition or normal faulting. Then — following from the Table 4 — if

ff “32” Tf, then also Tf “32” Tf comes true.

1.5. Problem 1 of the Relative Biostratigraphic Geochronology

Using definitions in Dienes I., 1977a and in the previous text the most
essential problem of the relative geochronology (problem 1) may be formulated
as follows.

Problem 1. There exists a set of outcrops and boreholes {

Those are sampled in the points {tik}iei.keKp an<® presence or absence of the
taxaj = 1, ,n have been recorded, i.e. the value of the functions fj has
been determined. Then we should like to find a time scale, which consists of
moments of the type: rj, x",if r". The time scale should be optimal, it should
contain a maximal number of events.

Problem 1 is indefinite, and further conditions are necessary to obtain a
solution. Conditions and the solution are in the following theorem.

Theorem 1. Let T ,fk fk, r(t), k = 1, ..., n be fixed.
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Let T be a geological body of normal deposition that is let the age x be a
monotonous decreasing function of vertical coordinate z. Assume that:

sup {r(t) I(x,y) Epr2Tf Npr2T f} " sup {r(t) | {x,y) $pr2Tf flpri2T f} (24)
t 4

inf (r(i) 1(*,y) £prnTf flpri2T £}~ inf (e() I(x,y) <pri2Tf f| pri2Tf} (25)
t t
Then for any (i,j), if Tf “32” Tf, then t" <{x" and x'j <{ x[.

Proof:

It is evident that for any (x,y), such, that (x,y) Cpr2Tf f)Pri2lT f the
relation z > z'istrue forany t £ Txwywf| Tf, t' £ T&v-y), p p fm

We fix such a pair (t,t'). Then x(t) < r(t") is true, since T is of normal
deposition. So it follows:

inf {inf (r(x,y, z) 1zEpr3T(yX) fl Tf} 1(x,y) £pri2Tf} < r(t) (26)
and so:
inf {inf [x(x,y, z)|zEpr3T(Xy) n Tf} I(x,y) £Epr2T f} < inf {r(t")|Tf$t'} (27)

Similarly it is true

sup {-r(h} < sup {r(i)} (28)
Conditions (24)—(25) provide that relations (27) and (28) are true, when
x,y) $pri2Tf Mpri2Tf, too.

g.e.d.

Corollary 1. Let us denote
TfL: = {(x,y,2) I(x,y,2)€Tf, z~ z' forany (*,y,z) £Tf fl Txy>} (29)
Tfum= {(*> 2) (xiY.z)€Tf, z>2z"' forany (x,y,z) CTf N T°*y)} (30)

the lower and upper boundaries of the geological body Tf. Assume the condi-
tions of the Theorem 1.
Then it is evident that:

sup {e(i) It £ Tfu} = sup {x{t) jt CTf} (31)
inf {r(t) 1t 6 TfL} = inf {r(t) It £Tf} (32)
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Therefore it is true that

xj < x\ follows from TfL“32” TfL (33)
xj < ti and xj < x1 follow from TfL*"32” Tfa (34)
Xj < < follows from Tfu “32” Tfu (35)
xj < *: follows from Tfu “32” TfL (36)

This theorem shows the type of spatial order that may be applied, when the time
order of the respective events is to be studied. One can also easily show that

r; > T, follows from TIM*“32” TtN, M, N = {L, U} 37)

1.6. Solution of Problem 1

A precedence matrix {{eiy}} which has been made applying relations (33),
(34), (35), (36), (37) defines a network, ay = 1 if event/ precedes event i.

Then by an algorithm for finding a maximum transitive path, a maximum
ordered set of events, i.e. an approximate time scale may be selected by the
algorithms of Kovacs L. B., Dienes |., 1977. Each event of the scale is known
explicitely. The scoring time scale is optimal in sense of the maximality of the
number of events.

Another time scale may be defined applying the same set of events and
defining the following relation of order between them: An event is called first
which is not followed by other events and its serial numberis minimal. An event
is called second, if: either not followed by other events and its serial number is
minimal excepting the first event, or if such does not exist, an event which is
followed by one event and its serial number is minimal. Analogously may be
defined event m, 2 < m N. This time scale contains N events, although the
events of the scale are not known explicitly. Only an upper and lower estima-
tion may be made for the position k(i) of each event i on this scale by summing:

2<4j< k(i)<N-2aijl (38)
j=i =1
However, the precedence matrix ofthe geological bodies Tpt, P C {U, L} is not
known, only its estimation by relations of type T/P f) (U Txy) “32” T, N
M (U Tx'y). Therefore only relation (37) may he used without limitations when
temporal order is to be determined, and relations (33)—(36) only limited.
The theorem guarantees the asymptotic undistortedness of the matrix made
by application of the relations of type (33)—(37).

Problem also may be reformulated and then a whole family of problems
of type “problem 1” may be viewed instead. We fix a set of areas {Ta}, x £ a,
the boreholes and outcrops of the areas the geological bodies to be
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investigated on the areas {{Ti}}i £I1xUJa U Ka. Let us denote probability
distributions oftype W x,y) \T?’» fl Tb“32” M Tjay) by i j=
= 1,...,N. Let Pabe a probability measure on the space « and IVa be a
random variable on the space (a, Pa). Then we are interested in the search of a
sequence of the indices kla,..., kpjaa such, that either

a) Px(Tkx“32” Tk,z for at least oneT > n |

Lu (TA> N TH) «32” U (TEy)n ThJ 1 n >j~ Na = max, (39)
(X.y) (x.y)

M Na > const (40)
or

b) Pw> const, MiVa = max (41)

M is the expected-value-operator. Then this problem may be solved by different
methods.

Part 11

2. Application of Optimal Time Scales

If once an optimal time scale has been defined, it can be applied in the
solution of a number of related problems. Two of them will be discussed below.
Dienes |., 1978 discusses a tfaird problem, that of automatic plotting of
temporal range charts.

2.1. The smallest biostratigraphic unit which contains and the greatest bio-
stratigraphic unit which is contained in a chronostratigraphic unit, defined by the
moments of the time scale

The smallest chronostratigraphic units which can be defined by the
moments of atime scale are those which may be defined by two neighbouring
moments. As far as the chronostratigraphic units defined by a time scale can
not be contoured explicitly, geologists are interested in the construction of
contourable biostratigraphic units, such, which are indicated in the title of the
present paragraph.

These geological bodies may be viewed as the best lower and upper
estimations of the chronostratigraphic units of the discussed type.

If a constructed time scale is factually a scale, than one can find an
equivalent C type Oppel chronozone for each chronostratigraphic unit definable
by the moments of the scale. Two definitions are called equivalent if they
both define the same geological body. Assume, that maximum definitions are
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1 Nummufftes anomalus DE LA HARPE

2 Nummulites burdigafensis DE LA.HARPE

3 Nummulites globulus LEYM.

4 Nummulites nitidue DE LA HARPE

6 Nummulites partschi /DE LA HARPE/"

6 Nummulites aff. pemotus SCHAUB-

7 Nummulites aff. pustulosus DOUVILLEE

8 Nummulites praelucasi DQUVILLEE

9 Nummulites aff. planulatus' /LAMARCK/

10 Nummulites rotularius DESHAYES

11 Nummulites subplanulajLuS HANTKEN ET MAD.
12 Nummulites subramondi DE LA HARPE

13 Nummulites atacicus LEYM. stratiformis KACH.
14 Nummulites béckhi ROZLOZSNIK
‘16 Nummulites brongniarti D ARCH. ET HAIME
16 Nummulites garnieri DE LA HARPE

T7- Nummulites millecaput BOUBEE

18 Nummulites perforates /MONTFORT/

19 Nummulites striatus /BERGUIERE/

20 Nummulites striatus /BERG./ inflatus RO2L
21 Nummulites striatus /BERG./ pannonicus ROZ.
22 Nummufites gizehensis FORSK.I laszléi

23 Nummulites uroniensis HEIM

24 Nummulites variolarius /LAMARCK/

25. Nummulites chavannfesi DE LA HARPE

26’ Nummulites incrassatus DE LA HARPE

274 Nummulites aff. fabiani /PREVER/

28 Nummulites pulchellus. DE LA HARPE

29 Operculina ammonea LEYMERIE

30- Opédroillina granulosa LEYMERIE

31 Assilifia laxi&pi/a /IDE LA HARPE/

32 Assilina exponens /3OWERBY/

33 Discocyclina douviHeT/SCHLUMB./

34 Discocyclina pratti /MICHELIN/'

35 Discocyclina sella /D”ARCHIAC/

36 Operculina subammopea LEYMERIE

37 Operculina parva DOUV.

Fig. 1. Haemera table of some important Eocene Foraminifera. M. Jambor-Kness
Dorog Basin. Transdanubia, Hungary

17*

407

1973
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Tabic 5

Definition of a maximum number of chronostratigraphic

P kp b
3,9, 11, 29, 30, 36, 37 1,2,4,5,6, 7,8, 10, 12, 13,
14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27,
28, 31, 32, 33, 34, 35
3, 8,9, 11, 12, 29, 30, 36, 1, 2, 4, 5 6, 7, 10, 13, 14,
) 37 15, 16, 17, 18, 19, 20, 21,
22, 23, 24, 25, 26, 27, 28,
31, 32, 33, 34, 35
1,2,4,56,7,38,9,10,12, 13, 14, 15, 16, 17, 18, 19,
3 29, 30, 31, 32, 33, 35, 36, 20, 21, 22, 23, 24, 25, 26,
37, 11 27, 28, 34
1,2,4,56738,09, 10, 13, 14, 15, 16, 17, 18, 19, 11
4 12, 29, 30, 31, 32, 33, 35, 20, 21, 22, 23, 24, 25, 26,
36, 37 27, 28, 34
1, 2,3,4,5,86,7, 10, 18, 13, 14, 15, 16, 17, 18, 19, 8,9, 11, 12
5 28, 29, 30, 31, 32, 33, 34, 20, 21, 22, 23, 24, 25, 26,
35, 37 27
1,2,3,4,5 6,7, 10, 14, 18, 13, 15, 16, 17, 25, 26, 27, 28 8, 9, 11, 12, 36
19, 20, 21, 22, 23, 29, 30,
6 31, 32, 33, 34, 35, 37
1, 13, 14, 15, 18, 19, 20, 21, 16, 17, 25, 26, 27, 28 2,3,4,5,6,7,8,09, 12,
7 22,23, 24, 29, 30, 31, 32, 36, 11

33, 34, 35, 10

applied, that is each taxon is mentioned in each definition, and in the most
powerful possible restrictions. In respect to the Dorog Basin, Transdanubia,
Hungary M. Jambor-Kness, 1973 published the Fig. 1 where the haemera
(temporal range) of the most important Nummulites have been plotted. Based
on Fig. 1, 15 events and 14 different chrons and respective chronostratigraphic
units can be defined. The equivalent maximum C type Oppel chronozones are
the following: Fig. 1. Table 5.

Definitions above for each m are correct, independently from the correct-
ness of the raw range chart, applied as a basis at its setting up. However, if
the haemera chart were not correct, than the defined chronostratigraphic units
may not fill in T, or the different chronostratigraphic units may have com-
mon points.

Two C type Oppel zones are named discernible, if deleting common taxa
from the positive part of their definition, both positive-member-rests are not
empty. A C type Oppel zone T 1is not discerniblefrom the C type Oppel zone T2
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units TOT based on the haemera table by M. JAMBOH-K.NESS, 1973

Jp

1, 10, 13, 14, 15, 16, 17, 18, 27, 28 2,3,45/6,7,8,9 11,
8 19, 20, 21, 22, 23, 24, 25, 12
26, 29, 30, 32, 33, 34, 35

1, 13, 10, 16, 17, 18, 19, 24, 27, 28 2,3,4,5,6,7,8 9, 11
9 25, 26, 29, 30, 32, 33, 34, 12, 14, 20, 21, 22, 23
35, 15 31, 36, 37
1, 10, 13, 15, 16, 17, 18, 19, 2,3,4,5,6,7,8,9 11
10 24, 25, 26, 27, 28, 29, 30, 12, 14, 20, 21, 22, 23
32, 33, 34, 35 31, 36, 37
1, 10, 13, 15, 16, 17, 19, 24, 2,3,4,5,6,7,8 9, 11, 12,
1 25, 26, 27, 28, 29, 30, 32, 14, 18, 20, 21, 22, 23
33, 34, 35 31, 36, 37
13, 24, 25, 26, 27, 28, 29, 1,2,3,4,5,6,7,8 9 10
1 30, 34 11, 12, 14, 15, 16, 17
18, 19, 20, 21, 22, 23
31, 32, 33
25, 27, 28, 29, 30, 34 1,23 4,5,6,7,89, 10
11, 12, 13, 14, 15, 16,
13 17, 18, 19, 20, 21, 22
23, 26, 31, 32, 33, 34,
35, 36, 37
25, 27, 28, 29, 30 1,2,3,4,5,6,7 809, 10,
11, 12, 13, 14,15, 16
14 17, 18, 19, 20, 21, 22,
23, 24, 26, 31, 32, 33,
34, 35, 36, 37

if each taxon in the positive member of the definition of Tris present also in
that of T2 A stratigraphic unit consisting of C type Oppel zones is named
discernible, if all zero order component units are pair-by-pair discernible.

Chronostratigraphic units T] defined by a time scale form a chrono-
stratigraphic unit of the first order, B. If it is not discernible, then there occur
chronostratigraphic units in B, that can not contain explicitly contourable
biostratigraphic units, T- £ B such, which are certainly contained in Tt.

In regard of the Table 1 the chronostratigraphic units T1? T2 (despite of
the possible errors in the range chart) are not discernible, Txand T7are discern-
ible and Tris not discernible from T2 but T2is discernible from Tv The equa-
tions (22) and (23) define the largest biostratigraphic unit, which is certainly
a part of a chronostratigraphic unit Tss, and the smallest biostratigraphic unit
which certainly contains Tss. The same equations hold for TOr when taxa are
not partially redeposited and T is of normal deposition.
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2.2. Estimation of the Relative Age of a Sample

We assume that a precedence matrix is available, and a time scale has
been defined. The taxa i £1' have been found in a sample around the point
(CT, and the moments of the scale r;, ti+m are searched, which satisfy
rt r(t) < Ti+m but Vrk < X( r(t) ~ r, and VT1i+m, r(i) « tk. This is the
dual problem of the problem which has been discussed in the paragraph
2.1. The smallest chronostratigraphic unit T which contains a biostratigraphic
unit T is to be found. This problem will be called Problem 2 of the relative
biostratigraphic chronostratigraphy.

If no further observation is available about the presence of fossils in
other samples ofthe same vertical, then the smallest zero order biostratigraphic

unit T which contains a sample, where the taxa i Gl have been identified,
and the lack of the taxaj CJ and k CK has been established is the following:

r=mTH n(Or?) n (UTf 42
£er ) j(tf ) IEEK' ) (42)

If the presence of the taxa Kk £ K' under the sample and the presence of the
taxa j £J' above the sample and the presence of the taxa | £L' under and
above the sample have been observed, then also the smaller geological body

T=(MmTf) n@Tf)n (n Tf)n (n_ Tf) n (n Tf) (43)
ter, ter, jeK' jej' pepe

contains that sample. The taxa p CP' have not been identified at all. Further-
more we define C type Oppel chronozones, T which certainly contain the bio-

stratigraphic units T defined above. So we obtain chronostratigraphic units,
which certainly contain that sample. If no further observation is available
about the presence of fossil taxa along the same vertical, then the following
relation may be used for the age estimation:

Ten Ff, Tf = (fITf) N(CCTf) n (CCTH) (44), (45)
S tei, tej, ieK,

r n(Ksulds)y =0, KsC K', Js<rl', (46), (47), (48)

If further observations are available, then the following relations may be
useful:

To NTTf, where over (49)
e

{nur2gnKsuls) =0, (50)

K'nlJ=0, (51)

Ksnl' =0, (52)
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3. Complex Scales

The truth of the previous statements is not restricted to biostratigraphic
units. If the analogous formal conditions are fulfilled, then any other (litho-
stratigraphic or mixed) unit is appropriate for setting up a complex time
scale, and also the rules for the estimation of the relative age on that scale
are the same.

Conclusions

The main problems of the relative geochronology, namely the establish-
ment of optimal time scales using elementary observations and the estimation
of the relative age of a sample in regard of the scale may be formulated as
formal problems, and may be solved by logically correct steps accepting
rational geologic suppositions formulated in a formal way.
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CO3O0AHNVE OMNTUMAJIbHbIX XPOHOJ/IOI MYECKUX LLUKAMT 1 X NMPUMEHEHWE

. AMEHELL

Pesome

Co6bITUS B T€0/I0r0HECKO UCTOPUU MOTYT GbiTb OnpeaenieHbl 3MEHEHVSIMU XapaKTepuc-
TUK ropoj B MPOCTPAHCTBE. M3 CyllecTBOBaHMSI Mopsiaka B MPOCTPAHCTBE MeXay onpeaeneH-
HbIMW Te0/I0rMUYECKUMM TeNlaMy MOXHO CfieN1aTb BbIBOA O COOTHOLLEHUM MEXAY OnpeaesieHHbIMU
CO6bITUSIMMA B OTHOLLIEHUM MOPSiiKa UX BPeMeHW. MpaBubHOCTL M BpeMeHHa BbIBOfAa 3aBUCUT
OT CTeneHn COOTBETCTBMSI MEXAY MNPUMEHEHHbIMM TUMaMKU MPOCTPAHCTBEHHOIO Mopsiaka W
OT MHBApUSHUMM NPOCTPAHCTBEHHOrO TMOPSAKa MO OTHOLUEHWIO K OBLUMM  reosorMyecKum
npeo6pasoBaHUsM.

VccneaoBanvcb HEKOTOPbIE MPOCTPAHCTBEHHO-BPEMEHHbIE CBSI3N MeX Ay (hopMasiv3oBaH-
HbIMW 6MO0- 1 XPOHOCTPATUrPAPUUECKUMMN eIMHULAMA N UX WHBAPUSIHUMER MPUMEHNTENbHO K
BCeOGLLEA CUTyauMM U K CyYalo HOPMasibHO OT/IOXMBLUMXCS TeN FOPHbIX NMopoa.
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Onpefensanncb ONTUMasibHble XPOHOMOMMYECKMe LIKasbl M METOAbI UX MOCTPoeHus. Pac-
CMaTpuMBalOTCS YC/I0BUSA, NO3BOMAIOLWNE pelleHne Npo6neM. MokKasaH MeToZ mnofcyeTa OTHOCU-
TeNbHOro BO3pacTa o6pasua.

PaccmaTprBaemasi MeTogMKa 6Oblfa ¢ YCNEeXoM NMpUMeHeHa ANS 30LEHOBbLIX OTM0XeHUM
[oporckoro 6acceliHa (3agyHanckuin kpaid, BHP). ns co3fgaHna KOMMNAEKCHOM WKasbl 1 npa-
BWM [MArHOCTUKU 151 OMNpeAenieHUs Bo3pacTa 06pasLioB COBMECTHO MPUMEHSIINCE Pas/inyHble

rpynmnbl UCKOMaeMbIX OPraHM3MOB, Harprmep, HaHHOMOPM, MOTHOCKOB, (hopaMUHUGEP U IUTO-
NOTUYECKME [jaHHbIe.
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