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PREFACE

The idea for this study arose several years ago, when the author had to investigate
the Bulgarian Lower Cretaceous in a wide (almost global) stratigraphic and pa-
lacographic panorama. Even at that time a picture emerged, representing —
figuratively speaking — an “Alpian-Himalayan'’ mixing of various processes and
phenomena, with different interferences in the concrete regions and provinces.
Parallel with this, there appeared the contours of definite trends of great signific-
ance for the Early Cretaceous geological evolution of one of the most dynamic
areas in the Earth’s crust.

In view of the level of present-day knowledge on the Lower Cretaceous in Bul-
garia, it may be assumed that its investigation over a wider area would contribute
to the further development of the theory and practice of Lower Cretaceous stra-
tigraphy. -

Another impetus for this difficult work is the practical lack of a generalization
of the Lower Cretaceous in world literature. After Kilian’s synthesis in Lethaea
Geognostica (K i1ian, 1907-1913) concerning the Lower Cretaceous in Southern
France, only Eristavi ( 3pucTtasn, 1962) has made an attempt at a generali-
zation of the Lower Cretaceous in the Alpine Zone, though his work is rather sche-
matic.

The Mediterranean Region is part of the Tethys Ocean (Tethys Belt in palaeo-
biogeographic sense of the term). The Tethys is known to have comprised vast an-
cient marine aquatoria which crossed theMegagea from the Proto-Atlantic to the west,
to the Proto-Pacific to the east (Stille, 1946). It covered vast areas of North-
western Africa, Southern Europe, the Caucasus, Asia Minor, Iran, Afghanistan,
the Himalayas and Indo-China to the Caroline corner in the Proto-Pacific. The
Tethys Ocean was the conflict space between several lithospheric plates. It gener-
ated Alpian-Himalayan Mountain Belt, while its fragments are the Mediter-
ranean Sea, the Black Sea, the Caspian Sea, the Persian Gulf and the seas of the
Malayan Archipelago (Biju-Duval, 1974; Biju-Duval et al., 1976).

The Mediterranean Region comprises Northern Africa, Southern Europe,
the Caucasus and Asia Minor. It is characterized by specific development of the
Lower Cretaceous, in contrast to the other adjacent regions and provinces (Volgian,
Boreal, Himalayan, Malgash, Andian). Various facies are developed in this region:
from deep-sea to continental. Rich fossil associations belonging to different groups
of organisms are found.

The present monograph is based on the results of the studies on the Lower
Cretaceous in Bulgaria, carried out by the author since 1957. In addition, between
1960 and 1984 the author had the opportunity to investigate and collect materials
from different countries in the Mediterranean Region (Algeria, France, Switzer-
land, Italy, Yugoslavia, Greece, Hungary, Romania, Czechoslovakia, Poland and
the Soviet Union).

' The study of the Lower Cretaceous over such a vast area came up against many
difficulties, especially with respect to some countries where the series has been insuf-
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ficiently investigated. On the other hand, generalizations always conceal the poten-
tial danger of a superficial survey. This is why, the author’s intention has been to
comprise as fully as possible the general trends in the development of the Lower
Cretaceous, by presenting the factual material serving as a starting point. In an
attempt at concise presentation of the material, detailed characterization of the series
in the individual countries has been avoided. The interpretations reflect the author’s
theoretical views and his concept about the stratigraphy of the Lower Cretaceous.

When examining the Lower Cretaceous in such a vast area, considerably more
attention has been devoted to the Lower Cretaceous in Bulgaria. With this the
author’s aim has been to offer a better opportunity to foreign readers to become
familiar with the stratigraphic investigations of the Lower Cretaceous in this coun-
try, because the relevant literature published so far is mainly in Bulgarian. On
the other hand, the monograph also contains relatively brief information about
Greece, Turkey and the Middle East, both due to the limited Lower Cretaceous
outcrops there and to the small number of specialized studies. The area to the east
of the Caspian Sea and Iran manifests faunistic (and mainly ammonite) elements,
which are alien to the Mediterranean Lower Cretaceous.

The author is indebted to a number of colleagues and friends who have helped
him in different ways and who have contributed to the successful outcome of the
present studies.

Profound gratitude is due to the author’s teacher, Academician Ekim Bon-
Cev, who suggested the investigation of the Lower Cretaceous.

The author has carried out joint studies of the Lower Cretaceous according
to different groups of organisms, joint stratigraphic and lithological studies, or
studies of stratigraphically related (transitional) levels together with a number of
colleagues over different periods. In this connection the author would like to acknow-
ledge gratefully the cooperation with Mrs. D. Bakalova, Prof. M. Stojanova-Vergi-
lova, Dr. A. Goranov, Mrs. L. Dodekova, Mrs. P. Jovéeva, Dr. T. Kovatcheva,
Dr. B. Monov, Dr. I. Nachev and Dr. Kh. Khrischev.

Special gratitude is due to Dr. N. Ruskova for the lithological studies of the
Lower Cretaceous rocks used in the present study, as well as for the joint investi-
gations of the Lower Cretaceous in Northern Bulgaria.

Most cordial thanks also to the colleagues Dr. G. Mandov, Dr. I. Sapunov
and Dr. J. Ten&ov for the discussions and valuable suggestions in connection with
the present work. The author is closely linked with Dr. I. Sapunov and Dr. G. Man-
dov by years of joint fruitful work, which is highly appreciated.

In the course of his work over many years, the author has had the opportunity
and the privilege to discuss various problems concerning Lower Cretaceous stra-
tigraphy with many colleagues from abroad. Many of them kindly provided litera-
ture not available in Bulgaria, as well as plaster casts or original ammonites from
the collections of various institutes and/or museums abroad. Therefore it is a pleas-
ant duty to acknowledge the cooperation of Dr. V. P. Egoyan (Krasnodar), Prof. G.
Y. Krimholz (Leningrad), Dr. I. A. Mihaylova (Moscow), Dr. B. T. Yanin (Mos-
cow), Dr. I. G. Sazanova (Moscow), Academician J. Fiilop (Budapest), Dr. R. Bus-
nardo (Lyon), Prof. M. Durand Delga (Toulouse), Prof. Ch. Pomerol (Paris),
Dr. J.-P. Thieuloy (Grenobie), Dr. R. Casey (London), Dr. P. Rawson (London)
and Prof. J. Wiedmann (Tiibingen).

The author also remembers with gratitude the joint work on Lower Cre-
taceous terrains in Algeria with the colleagues Dr. D. KoZuharov, Dr. Tz. Tzan-
kov, Dr. P. Tchoumatchenco, Dr. Z. Nikolov, Dr. N. Zidarov and Mr. I. Slavov.
Research in France was facilitated by the colleagues Prof. M. Durand Delga, Prof.
P. Rat, Dr. R. Busnardo, Dr. J.-P. Thieuloy, Dr. G. le Hégarat, Dr. G. Thomel,
Dr. J.-P. Masse, Prof. S, Fabre-Taxy, Prof. J. Sornay, Prof. Ch. Pomerol; in Switzer-
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land — by Prof. J. Remane, Dr. H.-P. Funk, Mr. M. Gazay, Mr. M. Lanterno;
in Hungary — by Academician J. Fiilop: in Czechoslovakia — by Dr. Z. Roth;
in Poland — by Dr. F. Szymakowska; in Romania — by Prof. L. Contescu, Prof.
D. Patrulius and Prof. G. Raileanu.

The author is particularly obliged to many Soviet specialists who not only
shared their knowledge and experience, but also provided the opportunity for him to
work on Lower Cretaceous sections in the southern regions of the USSR. In 1960
the author had the privilege of being member for six months of the Complex Southern
Geological Expedition of the Academy of Sciences of the USSR, which worked
in the Crimea, in the Caucasus and in the southern periphery of the Russian Plat-
form. Deep gratitude and respect is due to the late Prof. V. P. Rentgarten, to Prof.
N. P. Luppov and Prof. V. V. Drushchitz for providing information on the prob-
lems of Lower Cretaceous stratigraphy in the USSR.

The author is grateful especially to Dr. N. Ruskova and Dr. I. Sapunov for read-
ing the manuscript of the book and for many good suggestions.

The completion of the present work would have been impossible without the
assistance of my colleagues from the Department of Palaeontology at Sofia Uni-
versity. Mrs. N. Motekova and- Mrs. M. Kehajova offered valuable assistance in
compiling the bibliography. Mrs. E. DZonZurova has drawn most of the figures,
Mrs. C. Duskova has typed parts of the manuscript. Mr. A. Vitanov facilitated the
settlement of a number of technical matters.

Many thanks to all institutions and persons not mentioned, whose various
contributions to the present work are highly appreciated. The shortcomings and
ommissions are eatirely the author’s own responsibity.

Sofia, October 1984






Part One
INTRODUCTION

I. GENERAL REMARKS ABOUT THE LOWER CRETACEOUS

1. NOMENCLATURE

The Cretaceous System was differentiated for the first time byOmalius dHal-
loy in 1822, in order to unify a complex of beds situated in the upper part of the
Mesozoic Erathem in the Paris Basin. These beds are formed of chalk with tuffs,
sandstones, marls and clays, and they comprise a section of the continental equi-
valents of the Berriasian Stage to the white chalk of the Senonian inclusive.

Later this Cretaceous ensemble was subdivided into a number of stages from
which, if we exclude the various synonyms and homonyms, the following stage terms
are in current use today: Berriasian, Valanginian, Hauterivian, Barremian, Aptian,
Albian, Cenomanian, Turonian, Coniasian, Santonian, Campanian, Maastrichtian
and Danian. At the end of the 19th and at the beginning of the 20th century different
authors proposed these stages to be grouped in two or three series. Thus,De L a p-
parent (1883, 1906) divided the Cretaceous System into two: Lower or Infra-
Cretaceous which comprises the ensemble from the Berriasian to the Albian
Stages included, and Upper Cretaceous or Cretaceous sensu stricto for the sequence
from the Cenomanian to the Senonian included. This subdivision of the Cretaceous
System has been accepted by most specialists, because it corresponds best to the law-
governed regularities in the vertical distribution of ammonite faunas in Cretaceous
rocks. The division was officially recognized by the Third International Congress
of Geology in Berlin (1885).

In 1911 E. Ha u g proposed a new subdivision of the Cretaceous System into
three series: Eocretaceous or Neocomian (Eocrétacé ou Néocomien) comprising
from the Valanginian to the Aptian included; Mesocretaceous (Mésocrétacé) com-
prising the Albian, Cenomanian and Turonian; Neocretaceous (Néocrétacé ou Sé-
nonien) for the sequence from the Coniasian to the Danian included (in modern clas-
sifications of the Phanerozoic Danian beds are included in the Tertiary). This classi-
fication, however, has few adherents and it is currently very seldom used. There also
exists another grouping of the stages in the Mesocretaceous, to which some authors
attribute only the Albian and the Cenomanian.

Terms such as “Mesocretaceous stratigraphy”, “Mesocretaceous events”, etc.,
are often used in recent literature, although there is no conventionally accepted con-
cept of Mesocretaceous.

2. BOUNDARIES OF THE LOWER CRETACEOUS

I the present monograph the Lower Cretaceous is considered t o be the series which
Somprises approximately the lower half of the Cretaceous Sys tem. It includes the
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beds formed during the Early Cretaceous, in which there is a chain of ammonite
successions from the Berriasian (Pseudosubplanites grandis Zone) to the Albian
(Stoliczkaia dispar Zone) included at the top. The Lower Cretaceous includes marine,
lacustrine-swamp and continental sediments.

2.1. Lower DBoundary

One of the most debatable problems in Mesozoic stratigraphy concerns the bounda-
ry between the Jurassic and the Cretaceous Systems, i. e. the lower boundary of the
Lower Cretaceous. Over the past twenty years this problem has been discussed at
several specialized symposia (Lyon, 1963; Lyon—Neuchitel, 1973; Moscow,
1975; Sofia—Elena, 1977; Munich, 1982). According to a number of authors, the
boundary between the Jurassic and the Cretaceous Systems should pass along the
boundary between the ammonite zones Paraulacosphinctes transitorius (Malbosi-
ceras chaperi Subzone in Southeastern France) and Pseudosubplanites grandis.
Tn this way the Berriasian is at the basis of the Lower Cretaceous. According to other
researchers, the Jurassic System should include the Berriasian as well, while the Cre-
taceous should start from the Valanginian Stage.

This problem will not be discussed in detail here, because there is abundant re-
levant literature. Only some essential pomts will be outlined.

At the end of the Jurassic the progressive differentiation both in the palaeo-
geographic environment and in the faunistic provinces became very clear (U h-
lig, 1911; Arkell, 1956). This objective picture of clearly manifested pro-
vincialism at the end of the Jurassic and at the beginning of the Cretaceous Period
is reflected in the definitions of the stages during this interval, resulting in numerous
difficulties in the correlation and synchronization of the sediments from the differ-
ent provinces. Therefore, there exist two parallel stratigraphic classifications of
the boundary beds between the two systems in the Tethys and Boreal Realms (A r-
kell, 1956). The problem is further complicated also by the circumstance that
in a number of regions there exist continental formations at the Jurassic-Cretaceous
(Purbeckian-Wealdian) boundary.

On the basis of the evolution of the ammonite faunas and of some intrinsic
trends in the geological development of the Tethys (Arkell, 1956; Nikoloyv,
1967; 1982; Sapunov, 1977; Hallam, 1969; Ager, 1981), the bounda-
ry between the Paraulacosphinctes transitorius Zone (M. chaperi Subzone) below
and the Pseudosubplanites grandis Zone above is assumed to be the boundary bet-
ween the Jurassic and the Cretaceous Systems, i. e. the lower boundary of the Lower
Cretaceous.

2.2. Upper Boundary

The upper boundary of the Lower Cretaceous coincides with the boundary between
the standard ammonite zones of Stoliczkaia dispar below and Mantelliceras man-
telli above.

2.3. Radiometric Data

Numerous analyses of radiometric data about the Early Cretaceous have been pub-
lished over the past 25 years (Kulp, 1961;Casey, 1964;Nachev, Lilov,
1975; Van Hinte, 1976; Harland et al., 1982, and others).

K ul p (1961) elaborated a radiometric scale of the Cretaceous, which was sub-
sequently specified by a number of authors.
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Table 1

Radiometric Data for the Lower Cretaceous (after Monesasn et al.,
Nachev, Lilov, 1975)

1960; Casey, 1964;

Norfolk, England

. i . Stage . . Age

Locality and lormation Substage “‘ Mineral ‘I (m. y.)
Forc-Caucasus (marls) Albian glauconite 119
North Caucasus, Bolshaya Laba river (marls) Albian glauconite 100
Fore-Caucasus, Belava river (marls) Albian glauconite 125
Caucasus, Bacsan river (marls) Aptian glauconite 107
Malo Pestene, NW Bulgaria (Malo Peitene Formation) Albian glauconite 100
Sanadinovo, Northern Bulgaria (Svistov Formation) Albian glauconite 105
Sanadinovo, Northern Bulgaria (Svistov Formation) Albian glauconite 106
Sprucfield, Alberta (Can.) (Manvillg Formation) Middle Albian glauconite 108
Salzgitter, W. Germany ‘ Albian-Aptian glauconite 102

La Grulla, Northern Baja Calif, Mexico (granodiorite) ?Albian-Aplian monazite 115,99
North Caucasus, Bolshaya Laba river (marls) Aptian glauconite 100
North Caucasus, Bolshaya Laba river (marls) Aptian glauconite 103
Churt, Surrey, England (Lower Greensand) Middle Aptian glauconite 110

: (Gargasian)
Brook, Surrey, England (Lower Greensand) Lower Aptian glauconite 115
Ingluri river, Gcorgi;, USSR Barremian glauconite 89
S[;ceton, Yorks., England (Specton Clay) Barremian glauconitc 109
Razgrad, Northern Bulgaria (Razgrad Formation) Barremian glauconite 124
Razgrad, Northern Bulgaria (Razgrad Formation) Barremian glauconite 125
Tristenik, Northern Bulgaria (Razgrad Formation) Barremian glauconite 126
Teke Dere, Sumen, NE Bulgaria (Razgrad Formation) Hauterivian glauconite 125
Teke Dere, Sumen, NE Bulgaria (Razgrad Formation) Hauterivian glauconite 122
Stojan Mihajlovski, NE Bulgaria (Razgrad Formation) Hauterivian glauconite 127
Speeton, Yorks., England (Speeton Clay) Hauterivian glauconite 114
Khabarovsk, USSR (porhyry) “Neocomian” glauconite 12
Lenin Hills, Moscow “Neocomian” glauconite 131
Rjasanian glauconite 131
Armenia, USSR (granitoids) “Post-Jurassic- biotite 121
pre-Cenomanian”
Magadan, USSR (gabro-diorite) “Jurassic-Creta- biotite 132,136

ceous boundary”

The geochronological scale of Casey (1964) is theoretical and it postulates
equal duration of the different ages in the Cretaceous. The extreme complexity of
the geological processes and phenomena forming the geological chronology is well
known. There is every reason to assume that the natural geochronology of the Ear-
ly Cretaceous includes ages with different duration, though the difference may not be
very great. However, the ages in the Early Cretaceous could not have been at any rate
of equal duration. In this respect the analysis of Harland et al. (1982) deserves
attention, because both their radiometric data and their interpretation are most

feasible (Table 1).
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Table 2
The Early Cretaceous Time Scale

Boundary and duration in m. y.
Epoch Age
after Casey, |after Van Hinte, after Harland
1964 1976 et al,, 1982
Late Cretaceous Cenomanian 6 8 - 975——
100 100
Albian 6
8 15.5
106 Ki‘ub
Aptian 6 08—
7 Ib
112 Aot Kp
4 Barremi KPPl 113
3] arremian
3 6 15 6
- Apt
& 118 6 K
> -~ K 1
-E Hauterivian 6 121
w 6 Klla
124 5 KH
1 125
Valanginian 6 126-
v 6 H
— 131
Berriasian B
6 4 K} er ;
135 KY
136 1
——138
Late Jurassic Tithonian
B
Klel’
44—

According to the different authors, the duration of the Early Cretaceous is
between 36 and 46 million years. The average duration of the Early Cretaceous is
about 6 million years, the maximum duration being 15.5 million years (for the Al-
bian Age).

Irrespective of some difficulties connected with the application of radiometric
methods, they define along general lines the time interval of the Early Cretaceous
and provide data for a number of interpretations. For example, according to the
studies of Polevaya etal (INonesas etal, 1960), in the scction of the
Lower Cretaceous along the Bolshaya Laba river the glauconite from two samples
(samples 2603 and VIII) is divided by a marl formation about 300 m thick. These
samples differ by 3 million years in age, which suggests sedimentation rate of about
0.1 mm/year.
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Nachev, Lilov (1975) have obtained interesting data about the Lower
Cretaceous in Bulgaria. On the basis of K-Ar determinations in glauconites, these
authors have determined the absolute age of Lower Cretaceous rocks from several
main sections in Northern Bulgaria. The results obtained are comparable with ana-
lyses made in other countries. There is particularly precise coincidence for the Al-
bian glauconites, whereas for the Barremian and partly for the Hauterivian, the
absolute ages according to glauconite are considerably greater compared with aver-
aged data (Table 2).

According to the Commission for the Absolute Age of Geological Formations
at the Academy of Sciences of the USSR, the Jurassic-Cretaceous boundary is
dated to be 137 -+ 5 million years using the K-Ar method, the Albian-Cenoma-
nian boundary being 105 4- 5 million years.

3. MATERIAL

The material serving as the basis of the present work has been gathered in the course
of the author’s work for more than 25 years on the stratigraphy of the Lower
Cretaceous in Bulgaria (since the beginning of 1957).

In order to solve the stratigraphic problems and to create a modern basis for
the Lower Cretaceous stratigraphy, it was necessary to build the lithostratigraphy
of the rock complexes related to the Lower Cretaceous in Bulgaria, and to study
the ammonite associations and their successions in Lower Cretaceous sections in the
country. The study of other groups of organisms by different researchers started
after 1965. This gave grounds for a complex biostratigraphy of the Lower Creta-
ceous.

During the 1960-1982 period the author had the opportunity to travel to the
USSR (1960, 1973, 1978), Romania (1964), Czechoslovakia (1957, 1980), Hunga-
ry (1972, 1978), Algeria (1972), France (1968, 1974, 1982), Italy (1974), Greece
(1977), Switzerland (1979), Poland (1979) and Yugoslavia (1982), where extensive
material on the development of the Lower Cretaceous was collected, as well as
fossils from various groups of organisms (mainly ammonites).

Extensive literature has been used in the regional stratigraphic characteriza-
tion of the Lower Cretaceous, comprising all major publications on the stratigra-
phy of this series.

II. STAGES, SUBSTAGES AND BIOSTRATIGRAPHIC ZONES
IN THE LOWER CRETACEOUS

1. GENERAL REMARKS

The differentiation of the Lower Cretaceous into stages was achieved around the
mid-19th century (1840-1847)in France and Switzerland. It is connected with the
names of many outstanding scientists, such as A. d'Orbigny, H. Coquand, E. Desor
and E. Renevier, who defined all stage terms of the series used. These difinitions
were based on sections of marine sediments developed in the southeastern part of
the Paris Basin, in Southeastern France and in Western Switzerland. The Aptian,
Albian, Valanginian, Barremian, Berriasian and Hauterivian Stages were successive-
ly differentiated. However, not all of these units received a clear definition and com-
pletely satisfactory differentiation; some of them were based on sections of shallow-
water sea sediments, which created difficulties in their correlation with deep-sea
ammonite-bearing deposits. Later this resulted in different interpretations of the
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already defined stages and led to the appearance of many new names which are
synonyms or homonyms of well-known stage terms.

Stratigraphic practice has substantiated the global development of the above-
indicated stages, which correspond to the main phases in the development of the
ammonite successions in the Lower Cretaceous. These stages were later divided into
substages, and after 1890 the respective ammonite zones were defined in them. The
1890 -1913 period is characterized precisely as the time when the foundations were
laid for the ammonite zonal differentiation of the Lower Cretaceous in the type re-
gion of its stages.

In stratigraphic research we should be free from the hypnosis of the strato-
types, but nevertheless we should bear in mind their significance for the stability
of the nomenclature. The revisionist spirit of every new generation is well known,
but the strife for constant innovations threatens stability in stratigraphy. This is
why, the existence of “reference standards”, such as the stratotypes, is an essential
prerequisite for the development of stratigraphy.

2. GENERAL CHARACTERISTIC OF THE STAGES

2.1. Berriasian

The stage term Berriasian was created by C oquand (1871) to define the deep-sea
sediments at the base of the Cretaceous System in Southeastern France, previously
designated as “couches de Berrias a Terebratula diphyoides™ or “couches a ciment”.

The stratotype of the Berriasian is found to the north of Berrias village, Ar-
déche (Southeastern France), from where Pictet (1867) described the classical
fauna in text and figures. Pictet's opinion was clearly formulated and he de-
finitely emphasized that the fauna in the Berrias area belongs to the base of the Cre-
taceous System.

Before defining the Berriasian Stage, Coquand repeatedly used expres-
sions such as *“‘couches de Berrias”’, “faune de Berrias”, etc., finally stating his opi-
nion as follows: ‘“ammonite-bearing limestones from Berrias and from Gange are
in relation with the Valanginian beds with Natica leviathan, whose base they form”
(Coquand, 1869, p. 102).

The status of the Berriasian has been the object of long and arduous dis-
cussions which Jast to this day. In 1965 the main problems related to this status
were discussed (Nikolov, 1965b), therefore only some basic aspects will be
given here.

Opinions concerning the place of the Berriasian Stage may be united in four
groups: )

1. The Berriasian belongs to the Cretaceous, and it is a substage of the Va-
langinian. This is the original view of Pictet and Coquand who differentiated the
Berriasian.

2. The Berriasian and the Valanginian are independent stages at the base of
the Cretaceous System. This view is founded on the specific ammonite characte-
ristics of the two units, which, although manifesting some common elements,
possess clearly differentiable associations.

3. The Berriasian is independent of the Valanginian, but it is transversed by
the Jurassic-Cretaceous boundary and its lower part belongs to the Jurassic Sys-
tem. This view is often expressed by the concept “transient stage” or “transient
beds”, but it is not based on serious scientific arguments.

4. Recently some authors have suggested that the Berriasian should be attri-
buted to the Jurassic System as the upper part of the Tithonian Stage, on the ground
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that there exist close ammonite affinities between the Berriasian and the Tithonian.
One should not forget, however, that these affinities are not weaker with the Va-
langinian either. On the other hand, from the viewpoint of the law-governed trends
in the ammonite evolution around the Jurassic-Cretaceous boundary, it is more
natural to include the B. jacobi Zone (= M. chaperi Subzone of the Paraulacosphinc-
tes transitorius Zone) from the Tithonian in the Berriasian, because this Zone marks
the beginning of a very sharp generic and specific renovation in the ammonite
content.

The Berriasian has been the object of numerous detailed studies, among which
notably the work of Le Hégarat (1973) who created the modern ammonite
zonal pattern of the Berriasian Stage.

2.1.1. Biostratigraphic Zones

Kilian (1895) laid the foundations of ammonite zoning of the Berriasian.
Today, parallel with the ammonite zonal scheme, zones are also differentiated
according to calpionellids and nannofossils. This provides good opportunities for
detailed stratigraphy of the stages (Table 3).

Ammonite Zones

P. grandis Zone. 1t is based on the Pseudosubplanites grandis, P. combesi and
P. ponticus Range-zones. Its lower boundary, which is the lower boundary of
the Berriasian Stage and accordingly the Jurassic-Cretaceous boundary, is placed
by the disappearance of Paraulacosphinctes, Haploceras, Protacanthodiscus, and
the apearrance and/or mass development of Pseudosubplanites grandis (M a z.),
P. combesi Le H é g., P. ponticus (Ret.), P. lorioli (Zitt.), P. berriasiensis Le
Hé g, P. euxinus (R et.), Parapalassiceras bochianensis Le H é g., P. parama-
cilentus (M a z.).

T. occitanica Zone. It is based on the Tirnovella Acme-zone, accompanied by
the mass development of Delphinella, Berriasella, Dalmasiceras (Elenaella). Its
lower boundary is marked by the disappearance of Pseudosubplanites (P.) and Para-
pallasiceras, and by the appearance of T. occitanica, J. subalpina and Neocosmo-
ceras.

The following ammonites are particularly characteristic of the T.occitanica
Zone: Pseudosubplanites (H.) paramacilentus (M a z.), B. (B.) privasensis (P i c t.),
*Malbosiceras stephanovi N i k., T. subalpina (M a z.), T. occitanica (Pict.), Del-
phinella sevenieri Le H é g., Jabronella (E.) subisaris (M a z.).

Le Hégarat (1973) differentiated three subzones in this zone: T. sub-
alpina, B. privasensis and D. dalmasi, which are well characterized, but have been
identified so far only in France and Bulgaria, where Berriasian sediments are parti-
cularly rich in ammonites.

F. boissieri Zone. It is based on the Fauriella boissieri Range-zone. Its lower
boundary is marked by the appearance of F. boissieri, Berriasella (B.), B. (Pictetice-
ras), Jabronella, Neocosmoceras and Euthymiceras.

The zone is characterized by the following species: F. boissieri (Pict.), F. rare-
Jurcata (Pict), F. gallica (M az.), F. simplicicostata (M a z.), B. (B.) calisto
(dOrb,), B.(P) picteti (Kil.), B. (P.) moesica (Nik.,, Mand.), B. (Str.)
tzankovi Nik., Mand., Tirnovella alpillensis (Maz.), Neocosmoceras sayni (Sim.),
Malbosiceras paramimounum (M a z.), Euthymiceras euthimi (Pict.).

Three subzones are differentiated in the zone: M. paramimounum, B. (P.) pic-
teti and B. (B.) calisto, which are characterized very comprehensively in France
and in Bulgaria (Le Hégarat, 1973; Nikolov, 1982).
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Biostratigraphic Zones in the Berriasian and the Valanginian
(based on different authors)
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Table 5
Nannoplankton Zones in the Lower Cretaceous

Stage Thierstein, 1973 Manivit, 1971 Worsley, 1971 Cepek, Hay, 1969
Cenomanian . . PSPPSR Staurolithites orbicolo~ Staurolithites orbicolo- Staurolithites orbicolo-
Eiffellithus turriseiffeli Jfenestrus Sfenestrus fenestrus
Staurolithites matalosus Staurolithites matalosus
) Prediscosphaera cretacea Corollithion rhombicum
Albian

Hayesites albiensis

Parhabdolithus angustus Parhabdolithus angustus

Aptian
Chiastozgus litterarius Prediscosphaera columnata

Barremian Micrantholithus hoschulzi Watznaueria diaphanae
Lithraphidites bollii

Hauterivian Ellipsochiastus quadriser-

, ) ratus
Calcicalathina oblongara
. . Cretarhabdus crenulatus
Valanginian Diadorhombus rectus
Berriasian Nannoconus steinmanni

Nannoconus colomi




Calpionellid Zones

Calpionellid zoning in the Tithonian-Valanginian interval introduced an essen-
tially new content into biostratigraphy (Tables 3 and 4). The following calpionellid
zones are found in this sequence: Crassicollaria, Calpionella, Calpionellopsis and
Calpionellites (Table 4). The Berriasian comprises the upper part of the Calpionella
Zone (C. alpina and C. elliptica Subzones) and the lower part of the Calpionellopsis
Zone. T. carpathica Subzone is separated in the upper part of the standard Calpio-
nella Zone in the Vocontian trough (Southeastern France) and in Bulgaria, being
approximately equivalent to the C. elliptica Subzone from the standard scale.

Calpionella Zone. 1t is based on the C. alpina Acme-zone. Its lower boundary
is marked by the mass development of C. alpina and by the appearance of small and
middle-sized spheric forms of this species.

The association of this zone abounds in representatives of genus Calpionella,
with predominance of C. alpinain the lower part, and of C. elliptica and Remaniella
cadischiana in the upper part. The large forms of Tintinnopsella carpathica and T,
longa are characteristic. Crasszcollarza parvula disappears at the end of the zone (R e-
mane, 1974).

Calpionellopis Zone. Tt .comprises the Berriasian F. boissieri Ammonite Zone
and the base of the Valangmlan K. roubaudiana Ammonite Zone (T. otopeta Zone
accordingto Busnard o’ et al, 1979). It is based on the Calpionellopsis Range-
zone. Its lower boundary is marked by the disappearance of Calpionella elliptica
and the appearance of Calpionellopsis simplex, and later of C. oblonga and Loren-
ziella hungarica. T. carpathica also occurs frequently.

Nannoplankton Zones

Nannoplankton successions outline two zones related to the Berriasian (T hi e r-
stein, 1973) (Table 5).

N. colomi Zone. 1t is based on the Range-zone of the index species. Its lower
boundary is in the upper part of the Tithonian Stage and is traced by the appearance
of N. colomi, N. bronnimanni, etc. The zone comprises a considerable part of the
Berriasian.

The zone is characterized by Nannoconus colomi (de Lapp.), N. bronnimanni
Thierst., Lithraphidites carniolensis D e f 1., Polycostella senaria Thierst.,
Cruciellipsis chiasta (Worsl), etc.

C. crenulatus Zone. It is based on the Range-zone of the index species. Its lower
boundary is in the upper part of the Berriasian, being determined by the appearance
of C. crenulatus and V. stradneri.

The zone is characterized by Crerarhabdus crenulatus Braml, Mart,
Vagalapilla stradneri Rood.,, Hay, Barn., Tubodiscus verenae Thierst.,
Reinhardtites fenestratus (Worsl), etc.

The upper part of the zone comprises the base of the Valanginian.

2.2. Valanginian

The Valanginian was differentiated by D e s or (1853) for the so-called “couches
de Valangin’’ — marine cretaceous beds of neritic type, included between the
“Purbeckian’” and “marnes d'Hauterive.

The stratotype of the stage is found near the Valangin castle (Germ. Valendis),
Dep. Neuchitel (Switzerland).

The Valanginian near the Valangin castle is related to the following lithostra-
tigraphic units (in descending order):

5. Yellow marls with bryozoans, and marls with Olcostephanus astieri and
Saynoceras verrucosum (Astieria-Schicht—=couches de Villers);

4. Reddish limestones with T. rthurmanni (‘“‘calcaires roux d Auberson’);
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Table 6
Concurrent-Range-Zones in Valanginian of Southeastern France (after Busnardo et al,, 1979)
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3. Blueish and yellowish marls with spongia and brachiopods (marnes d’Ar-
zier);

2. Zoogenic limestones with Natica leviathan and Nerinea (marbre batard);

1. Grey marls and oolitic limestones with Toxaster granosus, bivalvs and gas-
tropods (Mergel und Kalkzone).

Only the upper part of this formation belongs to the Valanginian, the lower part
being Berriasian.

Ammonites occur very seldom in the stratotype of the Valanginian. Therefore,
in order to facilitate correlation, Busnardo et al. (1979) characterized in de-
tail the so-called hypostratotype of the Valanginian at Angles and at Barret-le-
Bas (Southeastern France). In this region the Valanginian is connected with pela-
gic deposits containing many ammonites, calpionellids, belemnites, ostracods, fora-
minifera and nannofossils (Table 6).

On the basis of the successions in this section, Busnardo etal (1979)
identified eight ammonite zones with twenty subzones, as well as zones according
to foraminifera, ostracods, calpionellids and nannoflora.

The ammonite zones found in the so-called hypostratotype of the Valangi-
nian are of local significance. Some of the zones are based on species and/or asso-
ciations which are more widespread in other countries. For example, the appear-
ance of Thurmanniceras pertransiens (S a y n) in Valanginian sections in Bulgaria marks
the base of the Valanginian. Busnardoites campylotoxus (U hl.) and Saynoceras
verrucosum (d’O r b.), which are given as index species for the middle zones of the
Valanginian, are widespread in the upper part of the stage in Bulgaria.

-

2.2.1. Substages

The Valanginian is subdivided into two substages. The differentiation is based on
the ammonite distribution. The Lower Valanginian is characterized by the mass
propagation of the genera Kilianella, Thurmanniceras and Sarasinella, which are less
represented in the Upper Valanginian and have sharply changed species composi-
tion. Ammonite genera Neocomites, Olcostephanus, Bochianites, Saynoceras, Lup-
povella, Busnardoites and Neohoploceras are extensively represented in the Upper
Valanginian.

2.2.2. Biostratigraphic Zones

Ammonite Zones

Two zones should be accepted as standard zones in the Valanginian. In some
regions the space of this stage may be subdivided into more zones, which, however,
have limited distribution.

The Lyon Colloquium (1963) adopted two standard zones of the Valanginian:
lower — Kilianella roubaudiana Zone, and upper — Saynoceras verrucosum Zone,
which correspond to the Lower and Upper Valanginian, respectively.

K. roubaudiana Zone. It is based on the Range-zone of Kilianella roubaudiana. 1ts
lower boundary is marked by the disappearance of Berriasella, Fauriella, Tirnovella,
and by the appearance of Kilianella, Thurmanniceras and Neocomites.

The zone is characterized by K. roubaudiana ('O t b.), K. lucensis (S a y n),
K. ischnotera (S ayn), Thurmanniceras thurmanni (Pict., Camp.), T. per-
transiens (S ayn), T. salientinum (S ayn), T. crassicostatum Nik., T. otopeta
Thieul, Clavithurmannia foraticostata Thieul., Sarasinella trezanensis (Lory),
S. eucyrta (Sayn), S. walkeri (U h 1), Neocomites beaumugnensis S ayn and
Spiticeras (K.) gratianopolitense D j a n,
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S. verrucosum Zone. Tt is based on the Range-zones of Saynoceras and many
species of Thurmanniceras, Busnardoites and Neocomites. The 15> wer boundary is deter-
mined by the disappearance of K. roubaudiana, K. pertransiens and Sarasinella spp.,
and by the appearance of Saynoceras verrucosum.

The zone is characterized by Saynoceras verrucosum ('O rb.), Luppovella
superba (S ay n), Busnardoites campylotoxus (U h\l), B. subcampylotoxus N ik.,
B. makariopolskii N i k., Himantoceras trinodosum Thieul. and Teschenites
callidiscus Thieul

Calpionellid Zones

Calpionellopsis Zone. Only the uppermost part of this zone belongs to the Va-
langinian.

Calpionellites Zone, Tt is based on the Range-zone of the index genus. Tts lower
boundary is marked by the appearance of C. darderi. Another characteristic form
is C. coronata. T. carpathica also occurs frequently. Gradual impoverishment of
calpionellids takes place in this zone.

Ostracoda Zones

In the pelagic development of the Valanginian D o n ze (1958) has found suc-
cessions of ostracods which indicate the Tethysia chabrensis chabrensis and T. chab-
rensis inflata Zones which correspond to the Lower and Upper Valanginian, res-
pectively.

Bartenstein and Brand (1951) have demonstrated the possibility
to differentiate three ostracod zones in the Valanginian in the northwestern part
of the Federal Republic of Germany. Evidently, the study of ostracods may contri-
bute greatly to Lower Cretaceous stratigraphy.

Foraminifera Zones

Foraminifera manifest clear successions, especially in deeper marine facics.
In pelagic facies from the peripheral Alpine Zone in France, Moullade has
differentiated five foraminifera zones: Lenticulina nodosa nodosa, L. busnardoi,
L. hauteriviana, L. eichenbergi and Haplophragmoides vocontianus (Table 6).

It seems, however, that the foraminifera zones connected with the Valangi-
nian in the Mediterranean Region are not more than four, as indicated for the first
time by Sigal (1977). For the time being, three zones are well identified:

L. guttata Zone. It is based on the Acme-zone of the index species. Its lower boun-
dary is determined by the appearance of Lenticulina guttata D a m. It corresponds
to a considerable range of the Lower Valanginian.

L. busnardoi Zone. It is based on the Acme-zone of the index species, whose
appearance marks the lower boundary of the zone. It comprises the upper part of
the Lower Valanginian and the base of the Upper Valanginian (including the L. hau-
teriviana Zone of Moullade).

L. gr. eichenbergi Zone. 1t is based on the Acme-zone of L. gr. eichenbergi. This
zone does not seem to be well substantiated and therefore it should be considered
as one zone together with the L. ouachensis bartensteini Zone, because they jointly
outline better a common zone based on the concurrent-range-zones of several fre-
quently occurring species, such as: L. gr. eichenbergi Bart., Brand, L. oua-
chensis bartensteini M o ul 1., Dorothia hauteriviana M o u 1., Coscinoconus (Tr.)
alpina Leup., C.(Tr) elongata L e up., Quinqueloculina antigua Franke,
Patellina subcretacea Cush., AleX., etc.

Nannoplankton Zones

Recently rich associations of nannoplankton microflora have been found among
Lower Cretaceous sediments. This made it possible for Thierstein (1973)
andManivit (inBusnardo etal, 1979) to distinguish two nannoplankton

zones jn the Valanginian: Crefarhabdus crenulatus and Calcicalathina oblongata
(Tables 5 and 6).
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C. oblongata Zone. It is based on the Range-zone of the index species. Its lower
boundary passes in the upper part of the Lower Valanginian, determined bilaterally.
The upper part of this zone comprises the base of the Hauterivian.

The zone is characterized by Calcicalathina oblongata (W o tsl.), Micula infra-
cretacea Thierst., Podorhabdus dietzmanni (R ein h.), Nannoconus bucheri
Br o nn., Zygodiscus diplogrammus (Defl, Fert), etc.

The nannoplankton microflora is a very promising fossil group for biostrati-
graphy (Table 6).

2.3. Hauterivian

The Hauterivian was differentiated by Rene vie r (1874) who defined it as fol-
lows: “I introduce the term Hauterivian (‘marnes d’'Hauterive') in order to define
the stage usually referred to as Neocomian or Middle Neocomian in Switzerland.”

The stratotype of the Hauterivian is found at Hauterive — Mail, in the northeast-
ern part of Neuchitel railway station. The outcrop of this section is rather obscure
today, therefore the characterization of the stage in its type region was complemented
by Haefeli et al (1965) with several auxiliary sections at Landeron, Twan and
Russel.

According to the revision introduced by Hafeli et al. (1965), in its strato-
type region the Hauterivian includes the following lithostratigraphic units (in de-
scending order):

4. Pierre-jaung-zone (=Pierre-jaune de Neuchitel of Renevier).

3. Margel-und-Kalk-Zone) (-=zone marnocalcairce of Baumberger,

2. Knollenmergel-Zone } Moulin 1898).

1. Mergel-Zone (=Marnes d’Hauterive of Renevier).

Owing to Baumberger (1903-1910), many Hauterivian ammonites are
known from the Neuchitel region, but they originate almost exclusively from the
lower part of the stage. The upper part of the Hauterivian is not well characterized
palaeontologically in the type region. Moreover, the neritic facies of Hauterivian
sediments in the type region of the stage contain facies-determined faunistic suc-
cessions, which complicate the correlation with other regions. Therefore, as a whole,
the foundations of the detailed stratigraphy of the Hauterivian were laid with the
investigation of ammonite successions in the Vocontian trough (Southeastern France).

2.3.1. Substages

The law-governed trends in the evolution of the faunas, especially of ammonites,
permits the division of the Hauterivian into two substages: Lower and Upper Hau-
terivian.

The Lower Hauterivian is distinguished from the Valanginian by the disap-
pearance of Thurmanniceras, Busnardoites, Sarasinella, Saynoceras and Luppovella,
as well as by the appearance of Crioceratites and Acanthodiscus. It is characterized
by predominance of different species from the genera Acanthodiscus, Crioceratites,
Lyticoceras, Distoloceras, Leopoldia, Olcostephanus, Eleniceras, Spitidiscus, etc.

The Upper Hauterivian is poorer in ammonites. It is characterized by the de-
velopment of Balearites, Crioceratites, Subsaynella and Pseudothurmannia, Acrio-
ceras, Astieridiscus, Plesiospitidiscus, Phyllopachiceras, etc. appear.

In addition to the ammonites, the Hauterivian is also characterized by many
belemnites belonging to the genera Hibolites, Duvalia and Pseudobelus. The first
representatives of Curtohibolites appear in the Upper Hauterivian.
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2.3.2. Biostratigraphic Zones

The biostratigraphic differentiation of the Hauterivian is difficult due to the absence
of successions manifesting wide spatial stability.

Ammonite Zones

Kilian, Lory, Paquier and Sayn started the ammonite zoning
in Southeastern France. On the basis of their studies the following ammonite
zonal scheme is proposed (in descending order): Pseudothurmannia angulicostata
Zone, Subsaynella sayni Zone, Crioceratites duvali Zone and Acanthodiscus radia-
tus Zone.

A new zone at the base of the stage, referred to as Lyticoceras 1. s. sp. Zone,
was defined in the decisions adopted at the Lyon Colloquium (1963). French stra-
tigraphers substantiated this decision with an abundant Lyticoceras population in
which there are some rare primitive Crioceratites which define the Hauterivian.
The differentiation of this “zone” cannot be well substantiated due to the fact that
joint finds of Lyticoceras and Acanthodiscus radiatus are known from a number of
localities in the Mediterranean Region (in France included).

Moullade and Thieuloy (1967) distinguished the following ammo-
nite zones in the Hauterivian of the Vocontian trough: A. radiatus, L. castelanensis,
C. duvali-loryi, O. jeannoti, “N” nodosoplicatus, S. sayni — C. duvali, P. ligatus,
P. angulicostata. These ammonite zones are divided by two biointerval zones of the
type of barren interzones. This shows that the ammonite zones mentioned by M o u 1-
lade and Thieuloy are of local character (local range-zones). Similar are
also the zones in the Hauterivian of the Western Balkanides, characterized in de-
tail by Mandov (Mawuanos 1976).

Although the ammonite zonal standard of the Hauterivian needs further spe-
cifications, it seems that the differentiation of four zones in this stage is most sub-
stantiated (Table 7).

A. radiatus Zone. This biostratigraphic unit is based on the Range-overlap-zo-
nes of A. radiatus, S. meneghini and L. cryptoceras. The lower boundary of the zone
is determined by the disappearance of the Valanginian ammonite genera and the
appearance of Crioceratites and Acanthodiscus radiatus.

It is characterized by A. radiatus (B r.), A. vaceki Neum., Uhl, A. kara-
kaschi (U h1), Leopoldia biassalensis (K a r.), L. leopoldi ('O t b.), L. renevieri
Baumb.,, “L” castelanensis (d'O r b.), Distoloceras hystrix (P h.), Lyticoceras
ambligonium (Neum., Uhl), L. cryptoceras, Eleniceras nikolovi B r., Lytico-
ceras spp., Olcostephanus spp. and Crioceratites sp.

O. cultrata Zone. It is based on the Acme-zone of the index species. Its lower
boundary is determined by the disappearance of Leopoldia, Acanthodiscus and Dis-
toloceras, as well as by the appearance of Oostrella cultrata ('O r b.), O. cultrati-
formis (U hl) and Olcostephanus jeannoti ('O r b.).

The zone is characterized by O. cultrata ('O £ b.), O. cultratiformis (U h 1),
Crioceratites majoricensis majoricensis (N o 1), C. bituberculatus ('O b.), C. ma-
tsumotoi (S ark.), Endemoceras enode T hierm. Eleniceras tschechitevi Br.,
Olcostephanus variegatus (P a q.), O. psilostomus (Neum., Uhl), O. rigidus
(Baumb.), O. elongatus (T z.), Spitidiscus incertus (d'O r b.), Aegocrioceras seeleyi
N eum., Uhl, Speetoniceras versicolor Trautsch., S.subinversum M. Pavl
and Crioceratites spp.

S. sayni Zone. It is based on the Acme-zone of the index species. Its lower boun-
dary is determined bilaterally by the disappearance of the characteristic elements
for the zonal association of the previous zone and by the appearance of Subsaynella
sayni.

24



Y4

Table 7

Ammonite Zones in the Hauterivian

Plesiospitidiscus ligatus

Kiiian,Lory, Lyon Colloquium, Apywwuu MHxaitnoaa, | Moullade, Thieuloy, Nikolov
Paquicr, Sayn 1963 1966 1967 Mawunos 1976 (this book)
£
P. angulicostata
Pseudothurmannia | P. angulicostata P. angulicostata — S im- P. angulicostata Pseudothurmannia
angulicosiata birskites decheni angulicostata

Subsaynella sayni

Crioceratites
duvali

Acanthodiscus
radiatus

S. sayni

Craspedodiscus philipsi —
Lamelaptychus angulicos-
tatus

S. sayni — C. duvali
duvali

Barren interzone

A. radiatus

Lyticoceras
l. s. sp.

C. duvali — Speetoniceras
versicolor

“N"* nodosoplicatus

Olcostephanus jeannoti

A. radiatus

C. duvali — C. loryi

Barren interzone

Crioceratites rodiglfie-
ri — C. lusitanicus
|

Oostrella cultratiformis —
Crioceratites loryi

A. radiatus — “Leopol-
dia" castelanensis

Spitidiscus meneghini —
Lyticoceras

Subsaynella sayni

Qostrella cultrata

Acanthodiscus
radiatus




The zone is characterized by S. sayni (P a q.), Crioceratites rodighieri D i m.,
C. nolani (K il), C. krenkeli Sark., C. villersianus bituberculatus (S ark.),
C. lusitanicus (C h o f.), Olcostephanus klaatschi (W e g n.), A. (Aspinoceras) dila-
tatum ('O r b)), Spitidiscus intermedius (d’O r b.), Craspedodiscus philipsi N ¢ u m.,
U hl. and Speetoniceras speetonense Y oung, Bird.

P. angulicostata Zone. This zone is greatly discussed, probably owing to the dis-
tribution of the index species and of some elements having Barremian affinities in
its upper part. Its differentiation is based on the range-zones of many Pseudothur-
mannia species. Its lower boundary is marked clearly by the disappearance of S. sayni
and by the appearance of Pseudothurmannia.

The zone is characterized by P. angulicostata ('O r b.), P. mortilleti (P ict.,
L or.), P. catulloi (P ar.), P. belimelensis D i m., P. biassalensis D i m., P. simio-
nescui S ar k., Abrytusites julianyi (Hon.-Bastide), Crioceratites quenstedti
(O o st.), Balearites spp., Plesiospitidiscus ligatus ('O r b.), Simbirskites decheni
L ah., S.umbonatus L ah., S. kowalewskii P av]. and Craspedodiscus discofal-
catus L a h.

Foraminifera Zones

Foraminifera are widely represented among Hauterivian sediments, but it is
difficult to establish stable marker beds in the successions. It seems that two forami-
nifera zones may be identified in this stage, based on the concurrent-range-zones
(Sigal, 1965). However, the characterization of these zones still requires consi-
derable specifications.

In 1977 Sigal distinguished four foraminifera zones in the Hauterivian of
the Mediterranean Region: Haplophragmoides vocontianus Zone, Dorothia ouachensis
Zone, Caucasella gr. hauterivica — kugleri Zone and Conorotalites bartensteini
s. str. — Gavelinella gr. djaffaensis — sigmoicosta Zone. However, these zones are
not substantiated outside the Vocontian trough.

Nannoplankton Zones

The Hauterivian comprises a considerable part of the Calcicalathina oblon-
gata Zone which starts with the upper part of the Valanginian and was character-
ized earlier in the present work (Table 6).

L. bollii Zone. Tt comprises the upper part of the Hauterivian and the base of
the Barremian. The zone is characterized by Lithraphidites bollii (Thierst.),
Discorhabdus biradiatus (W ors 1), Cruciellipsis cuvillieri (Defl., M an.), Bipo-
dorhabdus roeglii T hierst. and Calcicanaliculathina oblongata (W o r s 1.).

Dinoflagellates

As indicated by the studiesof G. Deflandre, G. Alberti, A.Eise-
nach and H. Gocht (see referencesin Alberti, 1961), as well as by
the unpublished data of L. D odek ova, dinoflagellates outline characterisitic
successions which may be used very successfully in biostratigraphy. So far, however,
there are no well-defined dinoflageilate zoanes.

2.4. Barremian

The Barremian was distinguished by Coquand (1862) who did not define it
clearly. Moreover, he made a mistake by comparing the Barremian with the “Ur-
gonian” of d'Orbigny. This mistake became later the source of many misunder-
standings.

Twelve years later, when Renevier (1874) differentiated the Hauterivian,
he disregarded Coquand’s priority and included in the upper part of the new stage
beds which had already been referred to the Barremian. Later still, Kilian
and his followers accepted Renevier's opinion which corresponds better to
the intrinsic regularities in the ammonite successions found in Southeastern France
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Table 8

The Hauterivian-Barremian Boundary (afler various authors)
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and specilically studied in detail by Kilian (1888-1895), Lory (1898) and
Paquicr (1900). In this way the following scheme ol the stratigraphy of thc
Barremian was created:

Upper Barremian -— Heteroceras astierianum and Macroscaphites yvani Zones.

Lower Barremian -—— Crioceratites emerici and Pulchellia compressissima Zones.

In this way the lower boundary of the Barremian was marked between the
P. angulicostata and C. emerici Zones, the upper boundary being between the /. as-
tierianum and D. deshayesi Zones. This situation was accepted by most researchers
and was confirmed by the decisions of the Lyon Colioquium (1963).

Coquand named the Barremian after Barréme village (Low Alps, Southeast-
ern France). At present there are no good outcrops of the stage in this region. This
is why, Busnardo (1965) studied in detail a very well-exposed section along
the road from St. André-les-Alpes to Angles, where he found the following succes-
sion: Crioceratites nolani — C. duvali — Balearites balearis, Plesiospitidiscus liga-
tus — Pseudothurmannia angulicostata — Raspailiceras cassidum (Hauterivian) —
Holcodiscus kiliani, Barremites vocontius — Spitidiscus — Barremites difficilis —
Subpulchellia — Pulchellia compressissima — Silesites seranonis — Hemihoplites fe-
raudi — Heteroceras astierianum — Macroscaphites — Costidiscus (Barremian) —
Puzosia matheroni — Procheloniceras — Cheloniceras (Aptian). There is nothing
sensationally new in this sequence, it is known from other sections of the Barremian
in the Mediterranean Region as well.

The index species of the two Barremian ammonite zones, which are very cha-
racteristic, were unjustifiably changed at the Lyon Colloquium. The argument that
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C. emerici has not been found in the neostratotype and that H. astierianum is rare,
is not substantiated from the viewpoint of biostratigraphic theory.

The lower boundary of the Barremian is very disputable. A number of authors
include the P. angulicostata in the base of the Barremian (PenrapTteHn, 1951;
Jynmos, 1952; Mopasuunko, 1960-1962; 3 pucTa By, 1960). In Bulgaria
this opinion is maintained by Breskovski (1975). The grounds for this
view are that in some sections in clayey-carbonate facies from the shelf zone in
beds with P. angulicostata the first Barremian ammonites appeared (early Barre-
mites). In the pelagic facies the successions are clearly differentiated and usually
the P. angulicostata Zone is characterized by a homogeneous association. However,
it is poorer than the synchronous association in the shelf clayey-carbonate facies.
Evidently, the difficulties here are objectively conditioned by the factors control-
ling the ammonite distribution (Table 8).

24.1. Substages

On the basis of the intrinsic regularities in the ammonite successions, the Barre-
mian is divided into two substages: Lower and Upper Barremian.

The Lower Barremian is characterized by ammonites from the group of Crioce-
ratites emerici, Holcodiscus, Haplocrioceras, Acrioceras, Spitidiscus, Salfeldiella,
Biasaloceras, Uhligia, Protacrioceras, Anahamulina, Hamulina, etc.

The Upper Barremian is distinguished by the extensive development of Bar-
remites, Pseudosaynella, Heteroceras, Imerites, Jaubertites, Karsteniceras, Paraspino-
ceras, Hamulina, Anahamulina, Pseudohaploceras, Silesites, Pulchellia, Subpulchellia,
Carstenia, etc.

2.4.2. Biostratigraphic Zones

In the Barremian the biostratigraphic zones are identified according to different
fossil groups.

Ammonite Zones

There are two standard ammonite zones in the accepted volume of the Barre-
mian, namely: Crioceratites emerici and Heteroceras astierianum (Table 9).

C. emerici Zone. Tt is based on the Range-zone of the index species. Its lower
boundary is marked by the appearance of this species which has ubiquitous distri-
bution.

The main characteristic of the zone is determined by Crioceratites emerici L é v.,
C. thiollieri (A st.), C. razgradi (T oula), Acrioceras tabarelli (A s t.), A. sile-
siacum (U hl), A. furcatum ('O rb.), Pseudothurmannia pseudomalbosi (S a r.,
Schénd), P. simionescui S ar., Hamulina dissimilis (d'Orb.), H. koeneni
D im., Holcodiscus perezianus (d’O r b.), H. rarecostatus (K ar.), H. geronimae-
Jormis T z., H. diversicostatus (C 0 q.), H. sophonisba (C 0 q.), H. caillaudianus
(€0 b)), H. ziczac X ar., Anahamulina subcylindrica (d'Or b.), Barremites
difficilis ('O r b.), B. karakaschi (Sim.), Spitidiscus seunesi (K il.), S. douvillei
(N ick.) and Astieridiscus morleti (K il.).

H. astierianum Zone. It is based on the Concurrent-Range-zones of Heteroce-
ras astierianum, Pseudosaynella strettostoma, Silesites seranonis and B. cassidoides.
Tts lower boundary is marked bilaterally by the disappearance of the typical elements
of the C. emerici and P. strettostoma, etc.

The zone is characterized by a very rich association: H. astierianum d’O r b.,
H. bifurcatum 'O t b, Imerites varnensis N i k., 1. giraudi K il., I. densocostatus
R e nn g., Colchidites securiformis Sim., C. colchicus Dj., C. intermedius D j.,
Jaubertites dubius S a r k., Matheronites barremensis (U h 1), M. hammaroptychus
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Table 9

Ammonite Zones in Barremian
(the double line marks the Hauterivian-Barremian boundary)

6T

Ragaio Lory. dpmerasn, 1960 Lyon Colloquium, 1963 dpyman, 1964 Breskowski, 1975 s peok)
Heteroceras astieria- Barremites stretto- ! Silesites seranonis H. astierianum — Colchi- | Pseudosaynella - Heteroceras astie-
num — Macroscaphites | stoma — Imerites gi- dites securiformis streftostoma rianum
yvani raudi
Crioceratites emerici — | Holcodiscus caillau- | Nicklesia pulchella H. caillaudianus — Crioceratites emerici
Pulchellia compressis- | dianus C. emerici
sima

C. emerici
P. angulicostata — Sim-
birskites decheni
Pseudothurmannia P. angulicostata — | P. angulicostata Pseudothurmannia
angulicostata Craspedodiscus sub- angulicostata
Pphilipsi R e
Craspedodiscus phillip-
si — Lamellaptychus an-
gulicostatus
Subsaynella sayni Speetoniceras inver- | S. sayni C. duvali — Speetonice- S. sayni Subsaynella sayni
sum — Crioceratites ras versicolor
duvali




(Uhl), M. soulieri (M a th.), M. ridzewskyi K a r., Barremites fegurensis D i m.,
B. muerensis B t., Pseudosaynella strettostoma (U h 1.), Pulchellia hoplitiformis Say n,
Silesites seranonis ('O r b.), etc.

Foraminifera Zones

Guillaume and Sigal (1965) marked for the lirst time clear foramini-
fera successions in the Mediterranean development of the Barremian. This stage com-
prises two foraminifera zones whose boundaries do not coincide exactly with the
stage boundaries, though they are very close. Different authors designate them
with different index species, and some authors examine them as subzones.

Lower Zone. It is based on the Concurrent-Range-zones of Lenticulina ouachensis
paucistriata M o u l ., L. meridiana Bart., Bett.,, Kov., L. subaperta (Reuss),
Hastigerinella spp., Gavelinella sigmoicosta (D a m.). Its lower boundary is placed
bilaterally: by the disappearance of some and by the appearance of other species,
especially of Conorotalites bartensteini (B e tt.), Gavelinella sigmoicosta (D a m.),
Frondicularia inversa R euss, etc.

The main characteristic of this feature is determined by the association of the
following species: Conorotalites bartensteini (B e t t.), Gavelinella sigmoicosta (D a m.),
Frondicularia inversa R euss, Lenticulina subaperta (Reuss), L. meridiana
Bart, Bett, Kov., L. ouachensis paucistriata M o ull.,, Astacolus incurvatus
(Reuss), etc.

Upper Zone. It is based on the Concurrent-Range-zones of Epistomina caracolla
(Roem,), E hechtiBart, Bett.,, Bolli, Flabellammina alexanderi C u s h m.,
Astacolus scitulus (B e r t h.). Its lower boundaryis marked bilaterally: by the dis-
appearance of some and by the appearance of other species (especially of F. ale-
xanderi, A. scitilus, Lamarckina lamplughi, etc.).

The zone is characterized by the association of Epistomina spinulifera (R e u s s),
E. hechti Bart., Bett., Bolli, Flabellammina rugosa A le x., Sm., F. ale-
xanderi C u s h m., Lamarckina lamplughi (Sc h e t b.), Ammomarginulina loricata
Loebl, Tapp., Gaudryina borimensis K o v., Conorotalites intercedens (B ¢ t t.),
Astacolus planiusculus (R e u'ss), A. schloenbachi (R e uss), etc.

These foraminifera zones are well manifested in the Barremian of Bulgaria,
France, etc. (Bartenstein, Bettenstedt, Kovatcheva, 1971;
Mowullade, 1966; Kovatcheva, 1976) (Tables 11 and 12).

Nannoplankton Zones

The Barremian comprises the upper part of the nannoplankton Zone Lithraphi-
dites bollii, which was characterized earlier in the present work, and the entire Mi-
crantholithus hoschulzi Zone (Table 6).

M., hoschulzi Zone. It is based on the Concurrent-Range-zones of several species.
Its lower boundary is marked by the appearance of the index species, and/or
Chiastozygus litterarius (G o r.), and/or Rucinolithus irregularis Thier st.

The association of this zone is very similar to the underlying L. bollii Zone, but
without Calcicalathina oblongata (W o r s 1.). Nannoconus bermudezi Bt o n. occurs
seldom, while N. kamptneri B r o n. appears in this zone.

2.5. Aptian

This stage was identified by d’'Orbigny (1840) who used it originally as adjec-
tive for defining the beds in the so-called Neocomian in the environs of Apt
(Southeastern France). In Prodrome 'O rbign y (1850) presented a rather full
list of the basic ammonite species which originate from La Bedoule-Cassis and
.Gargas. The inaccurate definition of O rbigny gave rise to prolonged discus-
sions about the boundaries of the Aptian,
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The lower boundary of the Aptian is marked by clear renovation of ammonite
faunas, manifested by the appearance of Procheloniceras, Ancyloceras, Audouliceras
and Kutatissites, as well as a little later by Cheloniceras, Prodeshayesites and Des-
hayesites.

2.5.1. Substages

The Aptian is divided into three substages: Lower (Bedoulian), Middle (Gargasian)
and Upper (Clansayesian), which have specific ammonite associations.

The Lower Aptian (Bedoulian) was differentiated by a rather general defini-
tion of Toucas (1888), who defined as stratotype the section at La Bedoule-
Cassis (to the east of Marseilles). The present-day range of the substage is much
greater than the original definition of Toucas, comprising both its Bedoulian
and the so-called Rhodanian (the upper part of the Urgonian in Southern Pro-
vence). It is characterized by the development of Procheloniceras, Cheloniceras,
Deshayesites, Prodeshayesites, Paradeshayesites, Kutatissites, Dufrenoya, Ancyloce-
ras, etc. )

The Middle Aptian (Gargasian) was determined by Kilian (1886) for the
marls with pyritized ammonites from the environs of Gargas and Apt (Southeast-
ern France) — “marnes aptiensis” or ‘‘marnes de Gargas’. It is characterized by
Cheloniceras (Epicheloniceras) spp., Aconeceras spp., Parahoplites, Gargasiceras, Co-
lombiceras, Acanthohoplites, Hamiticeras, etc. Before the Clansayesian was included
in the Aptian, the Gargasian was considered to be the Upper Aptian.

The Upper Aptian (Clansayesian) is the object of discussions to this day owing
to its peculiar “buffer” position between two stages and its incomplete original cha-
racteristics (Hu x o 1 0o B, 1970).

Clansayesian was defined as a term of the stage group by Breistroffer
(1947) for determining the glauconite sands with phosphoritic concretions (“*Hori-
zon de Clansayes’’), characterized by a rich ammonite association. On its basis,
Jacob (1907) was the first to distinguish and characterize the Diadochoceras
nodosocostatum Zone,

Breistroffer (1947) divided the Clansayesian into two subzones, only
the lower subzone being developed at Clansayes. The upper part of the Clansaye-
sian is characterized according to data from the profile at Algermissen-Wohrun
(Collet, 1907). The complete volume of the Clansayesian was well studied
later in a number of countries, especially in the Crimea, the Northern Caucasus
and Mangishlak,

A number of authors include to this day the Clansayesian at the base of the
Albian. However, the Aptian belonging of the Clansayesian beds is determined by
its ammonite characteristics. The relation between Clansayesian ammonite faunas
and Gargasian faunas is prominent, as well as their marked difference from Al-
bian faunas. Moreover, the pattern is determined not only by quantitative, but
also by qualitative-genetic differences. The most widespread and most characteris-
tic Clansayesian ammonites (Acanthohoplites, Diadochoceras, Hypacanthoplites,
C. (Epicheloniceras) are branches of the unified phylogenic tree of the typical Ap-
tian families Deshayesitidae, Parahoplitidae and the subfamily Cheloniceratinae
(Huxonon, 1970).

2.5.2. Biostratigraphic Zones

Ammonite Zone

The Aptian is subdivided into a number of zones by different authors, but it
seems to comprise five zones having general importance for the Mediterranean Re-
gion (Table 10).
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Table 10
Ammonite Zones in Aptian

(the double line marks the upper boundary of the Aptian)

Kilian, 1907-1913

Lyon Colloquim, 1963

Apywsn, 1964

Sornay, 1968

Nikolov
(this book)

Douvilleiceras nodnsoco-
statum

Diadochoceras nodoso-
costatum

Douvilleiceras buxtorfi —
D. subnodosocostatum

Cheloniceras subnodoso-
costatum

Hypacanthoplites jacobi

Acanthohoplites nolani —

Diadochoceras nodosocosta-

tum

Diadochoceras nodoso-
costatum

Diadochoceras nodosoco-
statum

Parahoplites melchioris

Cheloniceras subnodoso-
costatum

C. subnodosocostatum —
C. buxtorfi

Cheloniceras subnodoso-
costatum

Hoplites furcatus — Op-
pelia nissus

Aconeceras nissum

Parahoplites deshayesi

Parahoplites weissi — Dou-
villeiceras albrechtiaustriae

Deshayesites deshayesi

Dufrenoya furcata —
D. subfurcata

A. nissum — D. furcata

Aconeceras nissum

Deshayesites dechyi —
D. deshayesi

Deshayesites weissi — Pro-
cheloniceras albrechtiaust-

riae

Deshayesites deshayesi

Deshayesites deshayesi

Procheloniceras pachyste-
phanum




P. pachistephanum Zone. 1t is based on the Range-zone of the index species and
on the Concurrent-Range-zone of the species of Kutassites, Ancyloceras and Audou-
liceras. This zone was noted for the first time by K ilian (1907-1913). [ts iower
boundary, which is also the lower boundary of the stage, is clearly marked.

The zone is characterized by associations from the following species: Proche-
loniceras pachistephanum (U h).), P. albrechtiaustriae (H o h.), P. sporadicum
Rouch., P. pschechense (I u p.), Kutatissites simionescui A v r., Ancyloceras ma-
theronianum ('O r b.), A. rochi D im., A. manteli C a s., the first Deshayesites
from the weissi and dechyi groups, rare Colchidites, etc.

D. Deshayesi Zone. 1t is based on the Range-zone of the index species and on
the Concurrent-Range-zones of a number of species belonging to Deshayesites, Che-
loniceras, Dufrenoya, etc. Its lower boundary is marked bilaterally by a clear change
in the ammonite content, and especially by the mass population explosion of De-
shayesites.

The zone is characterized by a very rich association: Deshayesites deshayesi
(Leym.), D. rerminalis B o g d., D. strigosus Cas., D. forbesi C as., D. kiliani
Cas., D. callidiscus C a s., D. planus C a s., D. gracilis Cas., D, grandis Spath,
D. saxbyi, Paradeshayesites tenuicostatus (K o e n.), Cheloniceras (C.) cornuelianum
(O rb.), C. (C) crassum Spath, C. (C) kiliani (K oen.), C. (C.) seminodo-
sum (Sinz.), Sanmartinoceras (Sinzowia) trautscholdi (S i n z.), Aconeceras nissoides
(S a r.,) Prodeshayesites bodei (K o e n.), Dufirenoya furcata (S ow.), D. formosa
C as., D. mackensoni C as., etc.

A. nissum Zone. It is based on the Range-zone of the index species and the Con-
current-Range-zones of some species belonging to Cheloniceras (Epicheloniceras),
Colombiceras and Parahoplites. Its lower boundary is marked clearly by the appear-
ance of Epicheloniceras and Parahoplites.

The zone is characterized by an association of the following basic species:
Aconeceras nissum (d’O r b.), Cheloniceras (Epicheloniceras) gracile C as., C. (E.)
debile C a's., C. (E.) martinoides C as., C. (E.) tschernychowi (Sinz.), C. (L.
martini orientalis (Jac), C. (E) claudi Cas., Colombiceras subpeltoceroides
(Sinz), C. subtobleri (K as.), Hamiticeras philadelphium A n d., Gargasiceras
aptiense (R o ch), Dufrenoya sp., etc.

C. subnodosocostatum Zone. It is based on the Range-zone of the index species
and on Concurrent-Range-zones of the species Gargasiceras, Colombiceras and Acan-
thohoplites. Its lower boundary is determined by the disappearance of C. (Cheloni-
ceras), Aconeceras nissum, Dufrenoya, as well as by the mass explosion in the popu-
lations of Acanthohoplites and Gargasiceras.

The following species determine most frequently the association of this zone;
Acanthohoplites aschiltensis (A n t h.), A. laticostatus S in z., A. subangulicostatus
Sinz., A. stephanoides K as., A. bigotiincivilis G las and Parahoplites mel-
chioris (A nth.).

D. nodosocostatum Zone. It is based on the Range-zone of the index species and
on the Concurrent-Range-zones of some species belonging to Acanthohoplites, Hyp-
acanthoplites and C. (Epicheloniceras). Its lower boundary is marked bilaterally
by the disappearance of the characteristic species from the upper Gargasian ammo-
nite zone, and by the appearance of Diadochoceras nodosocostatum, Acanthohoplites
bigoureti, Hypacanthoplites nolani, etc.

The zone is characterized by the following association: Diadochoceras nodosoco-
statum ('O r b.), D. inaqualis E g., Acanthohoplites trautscholdi S in z., A. muli-
spinatus tenuicostatus S in z., A. bigoti bigoti (S e u n.), A. abichi Anth., A. nolani
(Seun.), A. bigoureti Seun., A. bergeroni S eun., Hypacanthoplites jacobi
Coll, H. tscharlokensis Gl as., H. nolaniformis Gl as., H. compressus K as.,
C. (Epicheloniceras) clansayense (J a c.), etc.

3 The Mediterranean Lower Cretaceous 33



Table 11

The Foraminifera-Zones in (he Barremian and Aptian of Northern
Bulgaria (after Kovatcheva, 1976)
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Foraminifera Zones

The foraminifera distribution in the Aptian offers better possibilities for zonal
differentiation, compared with the lower stages of the series. Various authors di-
vide the Aptian differently on the basis of foraminifera(M oullade, 1966; B ar-
tenstein, 1979; Kovatcheva, 1976; Sigal, 1977). The foraminifera
successions permit the differentiation of two zones related to the Aptian, with sub-
zones in some countries, which have a more limited distribution (Tables 11 and 12).

Nannoplankton Zones

The Aptian is connected with two nannoplankton zones (Thierstein,
1973) (Table 5).

C. litterarius Zone. It is based on the Range-zone of the index species. Its appear-
ance marks the beginning of the zone, which coincides with the lower boundary
of the Aptian.

Characteristic association: Chiastozygus litterarius (G o r k a), Rucinolithus
irregularis Thier st., Rodorhabdus decorus (D efl), Lithaatrinus septentrio-
nalis Stradn.

P. angustus Zone. It is based on the Range-zone of the index species. Its lower
boundary is marked by the appearance of P. angustus and/or L. floralis. The zone
comprises the upper part of the Aptian and part of the Albian.

The zone is characterized by: Parhabdolithus angustus (Stradn.), Lithastri-
nus floralis S trad n., Flabellites biformis T hierst., Corollithion anchylosum
(S tov.), Tranolithus gabalus St o v., Cretarhabdus lorieli G artn,

2.6. Albian

The Albian was introduced by dOrbigny (1842), who included in it some
lithostratigraphic units developed in the Paris Basin and designated in French and
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Table 12

Comparative Table of the Foraminifera Zones in SE France, Bulgaria and Czechoslovakia
(after various authors from Kovatcheva, 1976)
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English literature with the name “Gault”. No concrete section was proposed and
the original definition is based solely on the palacontological characteristics given
by d’Orbigny (1850) in the second volume of “Prodrome de Paléontology™.
However, dOrbigny specifically referred to the strip of outcrops in the
southeastern part of the Paris Basin, which is traversed by the Aube river.

In 1979 the French specialists R. Rat, F. MagniezJannin, J-J.
Cateauneuf etal published theresults of a comprehensive study of the Al-
bian from the region along the Aube river, which fully characterizes the stage in
its stratotype region.

The lower boundary of this stage is clearly marked by the sharp renovation of
ammonite faunas. In many respects Albian ammonite faunas seem cryptogenic,
without clear phylogenetic connections for a number of genera with Aptian am-
monites. The disappearance of Diadochoceras, C. (Epicheloniceras) and Acanthohopli-
tes, as well as the appearance of Leymeriella, Epileymeriella, Puzosia and Beudanti-
ceras, mark the lower boundary of the stage. The upper boundary of the Albian,
which is also the upper boundary of the Lower Cretaceous, is traced between the
ammonite zones Stoliczkaia dispar and Mantelliceras mantelli. 1t is marked by the
disappearance of the genera Mortoniceras and Callihoplites, as well as of most species
belonging to Anisoceras, Hamites (Stomohamites) and Mariella, and by the appear-
ance of genus Mantelliceras.

2.0.1. Substages

The Albian is divided into three substages: Lower, Middle and Upper Albian.

The Lower Albian is characterized by Leymeriella, Epileymeriella, Hypacantho-
plites, Bellidiscus, Vnigriceras, Cleoniceras, Anadesmoceras, Arcthohoplites, Douvill-
eiceras, Kosmatella, Protanisoceras, Otohoplites, Anadesmoceras, Beudanticeras,
Puzosia, Rossalites, Euphyllocerns, Ammonoceratites, etc.

The Middle Albian is characterized by Hoplites, Lyelliceras, Anahoplites, Euhop-
lites, Dimorphoplites, etc. The lower boundary of the substage is traced by the disap-
pearance of the genera Otohoplites and Anadesmoceras, of most representatives of
Douvilleiceras and Protanisoceras, as well as by the appearance of Hoplites and
Lyelliceras.

The Upper Albian is characterized by Mortoniceras, Epihoplites, Anisoceras,
Hysteroceras, Prohysteroceras, Idiohamites, Mariella, Lechites, Hamites (Plesioha-
mites), Stoliczkaia and Dipoloceras. Equivalent to this substage is the concept “Vra-
conian”. The lower boundary of the substage is marked by the disappearance of
Dimorphoplites, of most Anohoplites, as well as by the appearance of mass deve-
lopment of Mortoniceras, Epihoplites, Anisoceras, Idiohamites, Hysteroceras, Pro-
hysteroceras, etc.

2.6.2. Biostratigraphic Zones

Ammonite Zones

The Albian contains rich ammonite faunas which outline characteristic suc-
cessions, on the basis of which a number of zones and subzones have been differen-
tiated. Usually 6-10 zones and 20-22 subzones are distinguished. Some zones and
most of the subzones are typical local range-zones, without particular significance
for wide correlations. Six stable zones are outlined in the Albian space of the Me-
diterranean Region, which the author of the monograph accepts as being standard
for the stage in this region: L. tardefurcata, D. mammillatum, H. dentatus, E. lautus,
M. inflatum and S. dispar Zones (Table 13).
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Table 13
Biostratigraphic Zones in the Albian

Ammonites Foraminifera Nannoplankton
(after various authors) (after Sigal, 1977) (after Tierstein, 1973)

Mantelliceras mantell; Rotalipora globotruncanoides

(Cenomanian)
Stoliczkaia dispar Rotalipora appenninica

o Eiffellithus turriseiffeli
Mortoniceras inflatum Ticinella breggiensis

Euhoplites lautus
unoplites lautus Hedbergella rischi

Hoplites dentatus Prediscosphaera cretacea

Hedbergella planispira
Douvilleiceras manunillatum

Leymeriella tardefurcata

T Ticinella bejaouuensis Parhabdolithus angustus

Diadochoceras nodosocostatum
(Aptian)

L. tardefurcata Zone. It is based on the Range-zone of Leymeriella. Tts lower
boundary marks the lower boundary of the Albian.

The zone is characterized by a rich association: Leymeriella (L.) tardefurcata
(Leym.), L. (L) tenuicostata S a v., L. (L.) intermedia Sav., L. (L.) bogdanovitschi
G las., L. (L) rencurelensis Jac., L. (L.) densicostata Spath, L. (Neoley-
meriella) disposita Sav., L. (N) densicostata Spath, L. (N.) intermedia
Spath, L. (N.) regularis (Brug)dOrb., L. (N) consueta Cas., L. (N.)
renacensis Seitz, L. (N.) andrusovi G1a s., etc. The last Hypacanthoplitesend in
this zone and the first representatives of Douvilleiceras appear.

' The L. tardefurcata zone is divided into 2-3 subzones.

D. mammillatum Zone. It is based on the Range-zone of Douvilleiceras and
Protanisoceras. Tts lower boundary is marked by the disappearance of Leymeriella
and Hypacanthoplites, as well as by the mass populations explosion of Douvillei-
ceras, Protanisoceras, Beudanticeras and Kosmatella.

Characteristic association: Douvilleiceras mammillatum mammillatum (S ¢ h 1.),
D. mammillatum praecox C as., D. alternans C as., D. orbignyi Hyatt, D.
scarbosum C as., D. perchoinense D est., D. paucicostatum (Par., Bonar.),
Protanisoceras (P.) cantianum S p ath, P. (P.) moreanum (Buvig.), P. (P.) lar-
dyi Pict, Camp.), P.(P.) spp., P.(Heteroclinus) spp., P. (Torquistylus) spp.,
Beudanticeras arduenense Br eits tr., B. dupinianum ('O r b.), B. newtoni C a s.,
Sonneratia dutempleana ('O rb.), S. cirvi Dest., S. daguini Dest., Pseudo-
sonneratia jacobi C as., P. flexuosa D est.,, P. palacodenta Dest., P. crassa
C as., Anahoplites spp., Knemiceras spp., Protohoplites { Hemmisonneratia gallicus,
Breistr., Cleoniceras cleon (d’Otb.), C. dimorphum Cas., C. floridum Cas.,
Cleoniceras spp., Tegoceras gladiator (Bayle), T. spp. Otohoplites larcheri
Dest., etc.
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H. dentatus Zone. It is based on the Range-zone of genus Hoplites. Its lower
boundary is traced by the disappearance of most representatives of Douvilleiceras
and Orohoplites, as well as by the appearance of Hoplites and Lyelliceras.

The zone is characterized by a rich association: Hoplites (H.) pseudodeliici
S path, H. (Isohoplites) eodentatus C as., H. (L) steinmanni Jac., H. (L) spp.,
Douvilleiceras leightonense pringlei C as., Lyelliceras Iyelli (L ey m.), L. cotteri
Spath, H. (H) bayleiSpath, H. (H.) benettianus (S ow.), H. (H.) bulla-
tus Spath, H. (H.) devisens Spath, H.(H) dentatus dentatus (S ow.), H.
(H.) dentatus robustus Sp ath, H. (H.) dentatus densicostatus Spath, H.(H)
estragnollensis S p ath, Anahoplites intermedius Spath, A. gransdalei O wen,
A. praecox Spath, A. evolutus Spath, A. spp., Pseudohelioceras catenatum
('Ot b.), Protanisoceras (P.) alternotuberculatum (Buvig.), P. (P.) spp., Beudan-
ticeras spp., Hamites (H.) tenuicostatus Spath, H. (H.) attenuatus S o w., etc.

In some countries two to five subzones are differentiated in the volume
of this zone.

E. lautus Zone. It is based on the Range-zone of the index species and on the Con-
current-Range-zones of E. nitidus, A. splendens, A. planus, etc. Its lower boundary
is determined by the disappearance of Hoplites and by the appearance of
A. splendens.

The zone is characterized by Euhoplites lautus (S o w.), E. nitidus Spath,
Anahoplites planus planus (M a n t.), A. planus gracilisS path, A.daviesiSpath,
A. spp., A. splendens (S o w.), Hamites (H.) tenuis Spath, H. (H) maximus
Sow., H.(H) spp., Dimorphoplites niobe Spath, D. pinax Spath, D. spp.,
Pseudohelioceras spp., Oxytropidoceras spp. and Mojsisoviczia spp.

In some countries two to three subzones are distinguished in the volume
of this zone.

M. inflatum Zone. Tt is based on the Range-zone of Epihoplites and on the Acme-
zones of Mortoniceras (Pervinquieria), Hysteroceras, Prohysteroceras(Coodhalites)
and Idiohamites. Tts lower boundary marks the lower boundary of the Upper
Albian,

The zone is characterized by a rich association: Mortoniceras (Pervinquieria)
inflatum (S o w.), M. (P.) pricei priceiS p ath, M. (P.) pricei intermedium S p ath,
M. (Deiradoceras) albense Sp ath, M. (D.) spp., M. (Cantabrigites) cantabrigense
Spath, M. (C.) spp., Prohysteroceras (Goodhalites) candolianum (Pict.), P.
(G.) spp., P. (Neoharpoceras) coptense Spath, P.(N.) spp., Hysteroceras binum
(Sow), H.orbignyi Spath, H. subbinumS path, H. pseudocornutum Spath,
H. carinatum Spath, H. bucklandi (S p ath), H. varicosum (S o w.), H. spp.,
Epihoplites compressus (P ar., Bon.), E. spp., Idiohamites androiavensis C 011,
L. spiniger (S o w.), I. subspiniger Spath, I.turgidus (S ow.), I. tuberculatus
(S o w)), I. spinulosus (S o w.), Beudanticeras spp., Hamites (H.) intermedius So w.,
H. (Stomohamites) virgulatus B r o gn., Anisoceras armatum S o w., A. picteti
Spath, A. pseudoelegans (Pict., Camp.), Hengestites spp., Dipoloceras
cristatum (J., P. Dest.) and Dipoloceras spp.

In some countries this zone is divided into three or four subzones.

S. dispar Zone. It is based on the Range-zone of the index species and of genus
Arraphoceras, as well as on the Acme-zones of Lechites and Mariella. Its lower boun-
dary is marked by the disappearance of M. (P.) inflatum, M. (P.) pricei, H. subbinum
and H. carinatum, as well as by the appearance of Lechites, Stoliczkaia, Arrapho-
ceras, Hamites (Pleistohamites), etc. Tts upper boundary marks the upper boundary
of the Albian.

The zone is characterized by Stoliczkaia dispar (O rb.), M. (P.) rostra-
tum (Sow), M. (C.) subsimplex Spath, Lechites gaudini (Pict.,, Camp.),
L. moreti Breistr., Arraphoceras substedi Spath, Anisoceras armatum
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Sow., A. pseudoelegans Pict., Camp., A.picteti Spath, A. perarmatum
Pict., Camp., A. saussoreanum (Pict.), A. meiami Pack, Jonnes, Ma-
riella (M.) bergeri (Brongn.), M. (M) miliaris Pict, Camp.), M. (M)
nobilis Jukes-Br., Hamites (Stoohamites) virgulatus Brongn.,, H. (S.)
venetzianus Pict., H. (S.) charpentieri Pict.,, Beudanticeras spp., Callihoplites
spp., Pseudohoplites spp., Leptohoplites spp., Discohoplites spp., etc.

In some countries this zone is divided into two subzones.

Foraminifera Zones

Sigal (1977) indicated five (planktonic) foraminifera zones connected with
the Albian.

T. bejaouacensis Zone. Tt is based on the Acme-zone of the index species Tici-
nella bejaouaensis Sig. Its lower boundary is determined by the disappearance
of Clavihedbergella s. str. and by the appearance of Ticinella. The lower part of the
zone coincides with the Upper Aptian (Clansayesian).

H. planispira Zone. It is based on the Acme-zone of the index species. Its lower
boundary is traced by the appearance of Hedbergella planispira (T a p p.). The zone
is also characterized by the presence of Pleurostomella subnodosa R e u s s and by
the appearance of Favusella in its lower part.

H. rischi Zone. It is based on the Acme-zones of Hedbergella vischi M oull.
and Ticinella primula P r.-Silva. Its lower boundary is marked by the appear-
ance of these two species.

T. breggiensis Zone. It is based on the Range-zone of the index species. Its
lower boundary is determined by the disappearance of Pleurosfomella subnodosa
Reuss, and by the appearance of Ticinella breggiensis (G a n d.) and T. praeti-
cinensis S 1 g.

R. appenninica Zone. It is based on the Acme-zones of Rofalipora appenninica
Sig. and Planomalina buxtorfi (G a n d.). Its lower boundary is placed by the
disappearance of Ticinella breggiensis (G a n d.) and by the mass development of
R. appenninica and P. buxtorfi. Its upper boundary coincides with the boundary
between the Albian and the Cenomanian, and it is determined by the appearance
of Rotalipora globotruncanoides Sig. and R. brofzeni (Sig.).

Nannoplankton Zones

The Albian is connected with three nannoplankton zones: Parhabdolithus
angustus, whose lower part coincides with the Aptian, Prediscosphaera cretacea
and Eiffellithus turriseiffeli.

P. cretacea Zone. It is based on the Range-zone of the index species. Its lower
boundary is marked by the appearance of Prediscosphaera cretacea (Ark h a n-
gelsky). The zone is characterized by P. cretacea (A r k h.), Vagalapilla ma-
talosa (St over), Eiffellithus trabeculatus (G o r k a), Cretarhabdus coronadven-
tis R ein h., Broinsonia signata (N o ¢ 1), Tranolithus exiguus Stover, T. orio-
natus (Reinh), etc

E. turriseiffeli Zone. It is based on the Range-zone of the index species.
Its lower boundary is marked by the disappearance of P. cretacea and by the
appearance of E. turriseiffeli. The zone is characterized by Eiffellithus turri-
seiffeli (Dehl., Fert), Cribrosphaerella ehrenbergi (A rkh.), Corrolithion signum
Str., Broinsonia enormis (Shumenko), Scapholithus fossilis Defl., Fert, etc.

The upper part of this zone coincides with the base of the Cenomanian,
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Part Two

REGIONAL STRATIGRAPHY

I1I. REGIONAL-STRATIGRAPHIC CHARACTERISTICS
OF THE LOWER CRETACEOUS

The regional stratigraphy of the Lower Cretaceous has been studied relatively well
in the continental part of the Mediterranean Region. After 1968 many data began
to be obtained concerning the development of the series within the ocean and sea
basins owing to the Deep-Sea Drilling Project (JOIDES, TPOD). The results of this
project played a determining role for the formation of the new ideas in geology.

The deep-sea drilling provided extensive data on the Lower Cretaceous in the
Atlantic Ocean and in the Mediterranean Sea, which are examined after the cha-
racterization of the series in the respective continental region.

The regional-stratigraphic characterization of the Lower Cretaceous starls
with the investigation of the series in Bulgaria, as it possesses particularly sections
which have been studied in detail and which are at the basis of the present book.
Further below the regional stratigraphy is studied according to regions and palaeo-
geographic zones from west to east and from south to north.

1. BULGARIA
1.1. General Notes

The Lower Cretaceous is of extreme importance for the geological history of Bul-
garia. Lower Cretaceous sediments are most widely represented over considerable
areas and they play a determining role in the structure of some large tectonic regions.

Four basic areas of development of the Lower Cretaceous are outlined in Bul-
garia, each of which manifests specific features:

I. The Moesian Platform where the Lower Cretaceous is represented by car-
bonate and clayey-limestone sediments of moderate thickness.

2. The Fore-Balkan with predominance of the powerful, mainly terrigenous
sediments, determined by a prolonged and deep depression.

3. South Carpathians (Kula region), where specific terrigenous and terrige-
nous-carbonate sediments of Carpathian type are developed.

4. Southwestern Bulgaria, where a well-expressed depression is developed with
terrigenous sediments in the Kraite region, with a relatively calmer foreland to the
northeast, with terrigenous-carbonate and clayey-limestone sediments.

Of considerable interest is also the find of Lower Cretaceous Radiolaria among
phyllites in part of the so-called diabase-phyllitoid formation in the Eastern Rho-
dopes.

Among these regions most prominent is the development of the Lower Creta-
ceous in Northern Bulgaria (Fig. 3).
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Table 14

Major Chronostratigraphic and Biostratigraphic Units

in the Mediterranean Lower Cretaceous

Calpionellids
Stage Substage Amonite Zones
Zones Subzones
Stoliczkaia dispar
Upper
Mortoniceras inflatum
Euhoplites luutus
Albian Middle
Hoplites dentatus
Douvilleiceras mammillatum
Lower
Leymeriella tardefurcata
Clansayesian Diudochoceras nodosocostatum
Cheloniceras subnodosocostatum
Gargasian
Aptian Aconeceras nisum
Deshayesites deshayesi
! Bedoulign -—
| Procheloniceras pachistephanum
i
Upper Heteroceras astierianum
Barremian
; Lower Crioceratites emerici
! Pseudothurinannia angulicostata
Upper i
. Subsaynella sayni
Hauterivian -
Qosterella cultrata
Lower -
Acanthodiscus radiatus Latest Cal-
T o pionellidae
]
o . Upper Saynoceras verrucosum Cualpiounel-
Valanginian * - lites
} Lower Kilianella roubaudiana
Calpionel-
Fauriellu boissieri lopsis
-_— |
P Calpionellu Tintinnop-
erriasian , I -
Tirnovella occitanica sella' car
pathica
Pseudosubplanites grandis
4
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Fig. 3. Map of the distribution of Lower Cretaceous in Bulgaria

1 — outcrops; 2 — areas of distribution proved by boreholes; 3 — areas with probable distribution, 4 — areas with later denuded Lower Cretaceous sediments;
5 — areas of the primary lack of the sediments; 6 — investigated outcrops; 7 — investigated boreholes



1.2. Accepted Stratigraphic Schemes

1.2.1. General Remarks

The model of the stratigraphic classification of the Lower Cretaceous in Bulgaria,
which was elaborated in the previous stages, is based on the general inherent trends
in the development of this series in the Mediterranean Region and on the results
of the studies carried out so far on the lithological and faunistic successions in na-
tural localities and in the boreholes.

The model of the stratigraphy of the Lower Cretaceous, accepted in the present
monograph, reveals some differences with respect to the statute, volume and bounda-
ries of some stages and substages. Tn this book the Berriasian is assumed to be a
separate stage at the base of the Cretaceous, unlike some authors who consider it
to be part of the Valanginian (Jumutrposa, 1967). The boundary between
the Hauterivian and Barremian is marked between the ammonite zones of Pseudo-
thurmannia angulicostata and Crioceratites emerici, unlike Breskovski (1975)
who includes the beds with Pseudothurmannia at the base of the Barremian. The
Clansayesian is accepted to be the uppermost substage of the Aptian (Hukounos,
1970), unlike Dimitrova (Qumurtposa, 1967) who places it at the base
of the Albian.

Lower Cretaccous sediments are divided into stratigraphic units, differentiated
in three classification systems: (a) lithostratigraphic (groups, formations, members);
(b) biostratigraphic (mainly ammonite oppel-zones); (c) chronostratigraphic (stages,
substages). T

1.2.2. Bio- and Chronostratigraphic Units

The Lower Cretaceous comprises the following stages: Berriasian, Valanginian’
Hauterivian, Barremian, Aptian and Albian. All stages are from the standard In-
ternational Stratigraphic Scale (Table 14).

1.2.3. Lithostratigraphic Units Related to the Lower Cretaceous in Bulgaria

Until the beginning of the 1960’s, the stratigraphic classification of Lower Cretaceous
sediments in Bulgaria was represented only by means of chronostratigraphic units.

The wide regional studies and especially the investigation of borehole materials
permitted the elaboration of a very comprehensive scheme of the official lithostra-
tigraphic units as a primary matrix of all stratigraphic evidence.

Lower Cretaceous in Bulgaria is connected with the following lithostratigraphic
units: GloZene Formation, Slivnica Formation, Brestnica Formation, Kostel For-
mation, Hanevci Formation, Zlatarica Formation, Cerni Osdm Formation, Ti¢a
Formation, Sala3 Formation, Kaspi¢an Formation, Kam&ija Formation, Gorna
Orjahovica Formation, Mramoren Formation, Razgrad Formation, Vraca Urgo-
nian Group, Loveé¢ Urgonian Group, Tridmbe$ Formation, Sumer Formation,
Svi§tov Formation, Ruse Formation, Ele$nica Formation, Malo Peitene Formation,
Roman Formation, Simeonovo Formation and Spasovo Formation (Figs. 4—15).
~ These are the formal lithostratigraphic units with which the Lower Cretaceous
1s connected over most of its distribution. In addition to them, there are some in-
formal lithostratigraphic units which participate in the structure of the Lower Cre-
taceous: terrigenous formation (Carpathian type) revealed near the town of Kula;
Urgonian limestones (undivided) in the Western Fore-Balkan and in the Central
Fore-Balkan (Straza — Vitite Steni); Paraurgonian formation — developed around
the Urgonian complexes in Southwestern Bulgaria and in the Fore-Balkan; marl
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formation (marls with rare intercalations of sandstones) developed in Zabar-
deto, and a probable clayey-marl formation in the Eastern Rhodopes.

1.3. Regional-Stratigraphic Characteristics

The division of the Lower Cretaceous sections in Bulgaria is based on complex
lithostratigraphic and biostratigraphic criteria. The biostratigraphic criteria are
based on palaeontological data about ammonites, bivalvs, gastropods, calpionellids,
algae, foraminifera and ostracods. .

The regional-stratigraphic characteristics of the Lower Cretaceous will be ex-
amined below on the basis of data from the outcrops and boreholes, from south
to north and from west to east, according to the main tectonic regions: Kraisti-
des, South Carpathians, Balkanides, Moesian Platform and the Rhodopes (East-
ern Rhodopes).

1.3.1. Kraiste

The presence of Lower Cretaceous sediments in this region was proved rather late.
V. Tzankov etal. (B. Hauxos etal, 1960) and Spasov (Cnacos,
1966) report the first finds of Berriasian [ossils. On the basis of foraminifera Jov-
Ceva and Vribljanski (Mosuena, Bps6nancku, 1963) referred the marls
between Kosarevo and Baniste to the Lower Cretaceous, assuming that the Albian
is represented. More systematic studies have been carried out by Nachev and
Nikolov(Hauyes, Hwuxo.os, 1968).

Tn the Kraiste Lower Cretaceous sediments are revealed as thin strips (o the
north and northeast of Trin, as well as to the southwest between the villages Bani3-
te, Stanjovci, KoS8arevo, Gabrov Dol, Berende and Bornarevo, Radomir region.

The Berriasian is represented by marls, clayey marls, siltstone and sandy marls.
Among them there occur clayey limestones and rare intercalations of gritstones.
sandstones, siltstones and clastic limestones. At Berende village and to the west
of Kopanica village there also appear dark-grey clayey limestones with ammonites
and calpionellids, as well as beds of conglomerates up to 5 m thick, formed of frag-
ments of sandstones, quartz, quartzites, limestones, marbles and gneisses (H a 1e B,
Huxoaos, [968).

To the north of Berende village (Stanimirovska hamlet) Pseudosubplanites
(Hegaratella) subrichreri (R e t.) has been found in the lower part of the Berriasian.
Retowskiceras cf. andrussowi (R e t.), Berriasella sp. indet. and Himalayites sp. are
found to the southwest of Kopanica village at the base of the section, and in the up-
per parts — Phylloceras calypso (d'O r b.), Fauriella boissieri (Pict.), F. cf. gal-
lica (M a z.), Berriasella sp. indet. Pseudosubplanites (P.) grandis (M a z.) is found
in the section at the gorge of Erma river.

These ammonites indicate the lowermost and the uppermost zones of the Ber-
riasian (P. grandis and F. boissieri Zones). The thickness of the Berriasian sediments
in the Kraiste is 700-900 m.

The Valanginian is represented by sediments which are lithologically similar
to Berriasian deposits. However, marls predominate sharply and define the charac-
teristics of the sections. Tn the section near Kopanica village there are intercalations
(up to 10 cm thick) of gritstones, sandstones, siltstones and clastic limestones among
the marls. These intercalations are more frequent and thicker at Berende, and in
addition to them there are also intercalations of conglomerates.

The Valanginian was identified for the first time in this region by Nachev
and Nikolov (Haues, Huxonaos, 1968) on the basis of the following
ammonite species found at the villages Berende and Kopanica: Neocomites (Eri-
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stavites) cf. platycostatus Sayn, N. (N.) neocomiensis subquadratus S a 'y n, Neo-
comites sp. indet., etc. The thickness of the Valanginian sediments is 500-700 m.

The Hauterivian is proved with foraminifera and ostracods by Vrdblja n-
ski, JovCéeva (Bpsbaauckiu, Hosuena, 1969) between Baniite
and Kos3arevo villages, Pernik District. The stage is represented by marls and clayey
and silty marls. Trochammina neocomiana Mjatl. and Epistomina caracolla (R o-
e m.) are found in their lower part. Higher up there are Ammobaculites trinidadensis
Bart, Br., single T. neocomiana Mjatl.,, “Lenticulina eichenbergi B art.,
B r”, and on a mass scale — E. caracolla (R 0 e m.) and ostracods belonging to
the species Dolocytherida hilseana (R oe m.).

The Barremian and Aptian are not divided in the Kraiste, but their presence
is indisputable (Hauyen, HukxoJaoB, 1968; Bpb6nsanckn, Mosuesna,
1969). Between the villages Bani3te and Ko3arevo they are represented by marls,
clayey marls and silty marls with Ammobaculites trinidadensis B ar t., B 1., “Lenti-
culina subalata (R e uss)’ (= L. saxocretacea B a rt.), Epistomina chapmani T.
D am, E. caracolla (R o e m.) and Cytherella ovata (R 0 e m.) (after B pb 6 15 H-
cku, Moruena, 1969). In the same strip there are sandy limestones and o0&li-
tic limestones which follow above the Hauterivian sedimentsin a normal lithologic-
al sequence. According to their character, these limestones seem to belong to the
Barremian-Aptian. They are covered by slightly aleuritic marls with rather rich fora-
minifera association typical of Aptian-Albian. This is probably the argumentation
for the assumption of Vrabljanski and Jovéeva (BpwbGasHcku,
MoBuyesna, 1969) that the Albian is also developed in the Kraiste.

Sandy limestones and massive limestones of Urgonian type with Matheronia,
Lyma, Orbitolina conoidea, etc. are revealed in the localities to the north of Tran,
along the road to Bankja viilage via Goljam Kamik peak and the Erma river valley
near the small tunnel, to the south of the Bogojna neighbourhood of Petkancinci
village, at Dragovski Kamik, Stojnov Kamak and Cdarvanci, as well as at the base
of the Gradiste to the frontier with Yugoslavia. Their thickness is 80-100 m. These
limestones are located over Berriasian sediments. Predominantly detritic and bio-
constructed limestones are represented, as well as some oncolitic limestones, sandy
limestones and sandy marls with orbitolines. The upper part of this limestone forma-
tion is strongly denuded.

1.3.2. Western Bulgaria

The Lower Cretaceous is well developed in Zabdrdeto and the lands adjacent to
it, but the stratigraphic successions are disrupted by intraformational hiatuses and
denudations.

The only indication for the possible presence of the Berriasian in the southeast-
ern part of this region is at Beledié Han village, where Bakalova (in Nik o-
lov, Sapunov, 1977) has found Gayeuxia kurdistanensis E 1. — a species
known from the Berriasian to the Aptian — in the lowermost part of the Slivnica
Formation. Probably here, owing to its low position in the section, it indicates the
Berriasian.

As pointed out by Mandov (Maunos, 1967; 1971), at Dragoman Hau-
terivian sediments transgressively overlie the denuded surface of folded Slivnica
limestones. In its base the Hauterivian is represented by lense-like beds of breccia
conglomerates up to 2.0-2.2 mthick. The fragments consist entirely of limestones,
similar to those of the basement. Above them are the clayey calcareous sediments
of the Sala§ Formation.

The upper part of the Hauterivian near Kalotina is characterized by more ter-
rigenous materials, represented mainly by calcareous sandstones alternating with
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limestones, clayey and sandy limestones, and marls. The thickness of the Hauteri-
vian between Dragoman and Kalotina is 50-210 m, increasing from the southeast
to the northwest.

The Barremian in this region is developed to the southwest of Letnica and to
the south of Prekriste villages, as well as to the west of Kalotina (Manngos,
1971). It is represented by alternation of marls, sandy marls and clayey limestones.
Marls gradually increase upwards in the section. The thickness of the Barremian
sediments is up to 200 m.

The Aptian is revealed rather extensively near the town of Dragoman: at the
villages Nedeliste, Visan and Corul, and between Dragoman and Kalotina village.
The section of this stage is particularly characteristic in the Nisava river valley at
Kalotina village, described in detail by Mandov (Mawragos, [971). Packets
of limestones and marls, thin-bedded sandy marls, alternation of calcareous sand-
stones, sandy limestones and sandy marls, massive limestones with crinoides,
odlite limestones, detritic limestones and thick-bedded limestones, are represented.
These sediments are the peripheral Paraurgonian facies of the Urgonian massif,
developed on Yugoslav territory. The thickness of the Aptian is above 520 m.

To the north the Lower Cretaceous is developed in the Gubes and Javorec
syncline (Hukonos, CanyHuos, 1970; Maugos, 1971; 1972b).

The Berriasian in this zone is connected with the micrite limestones of the Glo-
Zene Formation and with the clayey calcareous sediments of the Sala§ Formation.
Intercalations of sandstones, clayey-calcareous siltstones and aleuritic clayey lime-
stones are included among the clayey-calcareous sediments of the Sala§ Forma-
tion, from west to east in the sections of the Berriasian Stage in this zone. Sandy
beds increase particularly to the east, from Ginci village to the villages of Breze,
Zimevica and Bov.

Berriasian sediments in the zone investigated resemble greatly the coeval sedi-
ments from the northern part of the Teteven region (the villages Lesidren — Malka
Zeljazna), where the transition between the Cerni Osiam and the Salas Forma-
tions occurs.

The Sdrbenica tongue which was defined by Mandov (Manaos, 1971)
for the sandy-marl materials from the lower part of the Berriasian sections in the
Javorec syncline, is conditioned by influx of terrigenous material from south-
southeast.

The Berriasian in the Gube§ and Javorec syncline is well characterized palaeon-
tologically by Mandov (Mauaos, 1971; 1972 a), who has demonstrated the
presence of the F. boissieri ammonite Zone s. 1., i. e. T. occitanica Zone+-F. bois-
sieri Zone s. s. The total thickness of the stage in this zone is 30-70 m.

The Valanginian in the Gube¥ syncline is also connected with the Sala§ For-
mation. Its lower part is analogous with respect to its facies to Berriasian sediments,
whereas the marls increase quantitatively upwards. Sandstones appear among the
Valanginian sediments to the south-southeast of Gubed village. .

Mandov (Maugmos, 1971) has defined a rich ammonite association
characterizing both ammonite zones in the Valanginian Stage: Thurmanniceras
thurmanni (Pict., Camp.), Kilianella salientina (S a'yn), Sarasinella treza-
nensis (L ory), Neocomites beaumugnensis S ayn, Neocomites spp., Olcoste-
phanus (0.) psilostomus (N eum., UhL), Saynoceras verrucosum ('O rb.), etc.
The thickness of the Valanginian sediments is about 100 m.

The Hauterivian is well represented in the Gube$ syncline, where it is con-
nected with the Sala§ Formation. The facies of Hauterivian sediments changes
to the east-southeast of Gube3 village towards Ginci village. Thick sandstone beds
appear (with total thickness of 100-110 m), and in their uppermost part there
are also lenses of conglomerates composed of quartz, quartzites and lydite-
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like flint rocks. In some places the conglomerates manifest good sorting with
respect to the size of the fragments. The thickness of the Hauterivian is about
190 m. It is well characterized palacontologically by Mandov (Mau o,
1971).

The Barremian is revealed in a strip to the south of the villages Birlja, Kom-
Stica and Gubes. It is represented in its base by clayey limestones and marls which
pass into marls upwards. The vertical lithological sequence is analogous to that
of the Sala$ syncline. Mandov (Mannos, 1971) has found a number of
characteristic Barremian ammonite taxa from these sediments. The Barremian in
the Gube$ syncline is more than 100 m thick, with denuded upper part.

1.3.3. South Carpathians (Kula Region)

The Lower Cretaceous has a specific development, designated as Sinaya type (B o H-
yeB, 1957b), in the Kula region, the Krajna heights and in the southwesternmost
part of Vidin District,

According to data of Tz. Tzankov (U Ilauxos, 1953), Lower Cre-
taceous sediments lie with a gradual transition over Tithonian limestones. The
successions are not very clear, due to the lack of sufficiently good outcrops. T z.
Tzankov (U Hamkos 1963) has found a terrigenous-carbonate forma-
tion at the base of Lower Cretaceous sections, designated by him as carbonate flysch.
It is represented by polygenic breccia-conglomerates, breccias, gritstones, calca-
reous polymictic sandstones, slightly aleuritic clayey limestones of micritic type,
and marls. They are connected by a transition to the Upper Tithonian sediments.

The breccia-conglomerates and the breccias are built mainly of fragments of
Upper Jurassic limestones and small quartz grains. Fragments of quartzites, phyl-
lites, schists and granites are less frequent. Sandstones are polymictic, calcareous
and inequigranular. Limestomes — clayey, micritic, in some places aleuritic or
sandy — predominate in this formation. Marls are slightly aleuritic and occur as thin
beds.

These rock varieties form a rhythmic alternation, with graded bedding and a
number of other characteristics of flysch formations observed in its phaneromerous
varieties. The thickness of this formation is above 400 m.

Palaeontological finds are very scanty: Pseudobelus bipartitus B 1., Lamellap-
tychus didayi C o g. and unidentifiable calpionellids (LI. 1{ a u x 0 B, 1963).

Judging by the fact that these sediments are connected by means of a litholo-
gical transition to Tithonian sediments, and in view of the available palacontolo-
gical evidence, it may be assumed that the described formation in the Bulgarian part
of the South Carpathians belongs to the Berriasian and Valanginian. For the time
being, it is difficult to date its upper boundary.

In the region of the Rabisa mound Tz. Tzankov (I I[auxkos, 1963)
has described the massive limestones of Urgonian type: biodetritic, zoogenic, onco-
litic and cryptocrystalline, referring them justifiably to the Aptian. These sedi-
ments are of Urgonian type and are not typical of the “Sinaya Cretaceous”. Thick-
ness: about 300 m.

Albian sediments are found to the northeast of the Rabisa mound, at Rakovica
village and along Neklovec river, to the east of Vraska Cuka peak (L. LiaHk 0 B,
1963). Sandy marls with rare intercalations of aleuritic clayey limestones and very
seldom of claystones are developed. The contact of these sediments with the Aptian
limestones is not clear due to the tectonic disturbance, but they probably overlie
a denuded surface above these limestones. At Rabifa mound they form a transi-
tion to Cenomanian sediments, whereas at Rakovica village they are covered trans-
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gressively and discordantly by palaeogenic sandstones, at Neklovec — by Senonian
deposits (II. 1l a n x 0 B, 1963).

Among the Albian sediments near Rabisa mound Tz. Tzankov reports:
Aucellina aptiensis 'O r b., Puzosia mayoriana d'O r b., Callihoplites atavus S p.,
Hamites sharpentieri S p., Hysteroceras orbigny Pict., Scaphites hugardianus
d’'Orb. and Neohibolites minimus (L1ist.). _

In the Neklovec river valley, to the east of Vrd3ka Cuka peak: Kosmatella agas-
siziana (Pict)), Anahoplites praecox S p., Puzosia mayoriana d'O rb., Neohibo-
lites minimus (L ist.) and Inoceramus concentricus P ar k.

These taxa define the Middle and Late Albian. There is no palaeontological
cvidence about the existence of Lower Albian, as assumed by Tz. Tzankov
(L[. LLanxos, 1963).

1.34. The Fore-Balkan

Western Fore-Balkan

Lower Cretaceous sediments are particularly widespread in the Fore-Balkan.
Most comprehensive are the sections of the series in the Western Fore-Balkan.

The Berriasian is developed everywhere in the base, being connected with the
Glozene, Sala3 and Brestnica Formations (Hukonos, Canyunos, 1970;
Bakalova etal., 1976) (Fig. 4). In all sections the Berriasian sediments con-
cordantly and with a gradual transition overlie Tithonian sediments. They are well
manifested in the Sala$ syncline, in Pdastrinata hill and the cliff of Belogradciski
Venec, being more limited in the northern limb of the Belograd¢ik anticlinorium.
They are found in all deep boreholes in the region. The following researchers have
a considerable contribution to the investigation of the Lower Cretaceous in the
boreholes: Monov etal. Mouos etal, 1970), Nikolov, Sapunoyv
(Huxonos Canynos, 1970), Nikolov, Monov etal. (Hukonos

JABLANICA

Fig. 4. Relationships of the Brestnica Formation with adjacent lithostratigraphic units

MoHoB etal, 1972), Monov (MoHoB, 1972;1973), Bakalov: (B a-
x anosa, 1977) etc,

In outcrops in the Western Fore-Balkan Lower Cretaceous sediments have
been characterized by Manolov (Maunonowm 192), Vribljanski,
Tchoumatchenco (Bpv6aancku, Yymauenko, 1962), Nikolovand
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Khrischev (Hukoxnos, Xpucues, 1965b), etc. Data obtained more recent-
ly will be presented here.

In the Sala§ syncline, as well as in Mihajlovgrad District near Blagovo village,
Pdstrinata hill, the villages Stubel and Pali Lula, in the Ciren, Ponor, Gorno Pes-
tene and Goljamo Pejtene areas (Sala§ — Ciren zone) the Berriasian is represented
at its base by the light grey micritic limestones of the GloZene Formation, and high-
er up by the clayey-calcareous sediments of the Sala§ Formation.

Pseudosubplanites cf. combesi Le H é g. was discovered in the upper parl of
the GloZene Formation, in the valley of the Sugavica river (the southern slope of
Pastrinata). This species is characteristic for the base of the Berriasian. This ammo-
nite find, as well as the identified Berriasian calpionellids from the upper part of the
Formation found in numerous boreholes(Ba kalova etal, 1976), indicate that
the upper part of the GloZene Formation is of Berriasian age (Huxoaos, Ca-
nyHos, 1970).

In some places in the Sala§ syncline the upper part of the GloZene Formation
is denuded and Hauterivian sediments overlie the Berriasian (Celjustnica, Beli
Mel and Prevala).

The following ammonite taxa, characteristic of the Malbosiceras paramimou-
num Subzone of the Fauriella boissieri Zone: Malbosiceras paramimounum (M a z.),
Jabronella (Erdenella) erdenensis N i k., Fauriella boissieri (Pict.), Berriasella
sp., Spiticeras spp., etc., are found on the northern slope of Péstrinata hill, in the
castern part of the Erden quarries (to the south of Boj¢inovci), at a distance of
40-50 m from the base of the Sala§ Formation.

The presence of the Berriasian has also been proved in the sections to the west
of Krapcene village, Mihajlovgrad District, as well as to the southwest of Ljuti
Dol village and areund the RaiZdavec and Djakovci neighbourhoods, Vraca
District. Leptoceras studeri (O o st.), Berriasella sp. indet. and Bochianites sp.
indet. have been identified in the recent outcrops, indicating Late Berriasian

Berriasian microfauna (foraminifera and calpionellids) are found in a number
of boreholes in this region.

In the more southern zone (the villages of Zamfirovo — Glavaci — Beli Iz-
vor — Kalen — Veslec — BeSovica — Drasan — Reselec) the Berriasian is con-
necled mainly with the massive micritic, irregular recrystallized, allochemical or
biomorphic limestones of the Brestnica Formation, partially with the upper part
of the GloZene Formation (R-1 Zamfirovo), or partially with the Sala§ Forma-
tion as well (e. g. R-17 Beli Izvor), whereas to the north in the boreholes of the Var-
bica area — with the transitional sediments of the Brestnica-Sala§ Formation
(Bakalova et al, 1976).

Interesting calpionellid successions occur in borehole R-1 Reselec, where the
following zones and subzones were demonstrated at three levels: in the interval
2965—3038 m (Salas Formation) — T. carpathica Subzone of the Calpionella Zone,
at 3128-3130 m (Brestnica Formation) — C. alpina Subzone of the Calpionella
Zone; at 3132.40 m — Crassicollaria Zone. These findings show that the Jurassic-
Cretaceous boundary in this section passes through the lower part of the Brestnica
Formation. It should be noted for comparison that the thickness of the Brestnica
Formation at R-1 Reselec is 140 m, being 502 m at R-17 Beli Izvor. Consequently,
the position of the Jurassic-Cretaceous boundary in the Brestnica Limestone Forma-
tion does not depend on the thickness of the Formation, but it is influenced by the
position of the section with respect to the body of the Formation, as has been found
by Sapunov (nBakalova et al, 1976).

Generally speaking, the Berriasian in the Western Fore-Balkan is relatively
homogeneous, connected, on the one hand, with the pelagic facies of the GloZene
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and Sala§ Formations, and on the other — with the carbonate building of the Brest-
nica Formation. L gy o

The Berriasian in the Western Fore-Balkan is 90-450 m thick. The greater
thicknesses are related to the Brestnica Limestone Formation.

The Lower Cretaceous scction in the zone of the villages Sala§ — Ciren is filled
upwards by the sediments of the Valanginian, with the exception of the area bet-
ween the villages Celjustnica — Prevala, where they are absent. In all remaining
sections of this zone the Valanginian is connected with the Sala¥ Formation. It is
represented predominantly by micritic limestones, clayey limestones and intercala-
tions of marls.

In the zone of the villages Zamfirovo — DraSan — Reselec the Valanginian
is connected with the Brestnica and/or the Sala§ Formations. The presence of the
Valanginian in the outcrops has been characterized wellbyNikolov and K hr -
schev (Hukonos, Xpucuesn, 1965b), Nikolov and Tzankovw
(Hukonos Haukos, 197])and Mandov (Mannos, 1976).

In the locality of Pastrinata the Valanginian is proved by: Thurmanniceras
sp., Busnardoites campylotoxus (U hl.), Neocomites (N.) neocomiensis subtenius
Sayn, N.(Eristavites) platycostatus S a'y n, Saynoceras verrucosum S a y n, etc.

The two ammonite zones of the Valanginian are proved in the eastern part of
the Western Fore-Balkan, in the zone of the transition between the pelagic clayey-
calcareous and flysch facies (Sala§ — Cerni Osdm Formation) (Huk ono B,
X pucyes, 1965a).

A characteristic Valanginian ammonite association is found in the transition
zone Salas — Brestnica Formation to the north of GloZene village, in the Vedro-
vete locality (HukxosnoB, Xpucues, 1965a): Kilianella ischnotera (S a y n),
Kilianella sp., Sarasinella trezanensis (S ayn), N. (N.) neocomiensis ('O rb.),
N. (N.) neocomiensis premolicus S ayn, N.(N.) neocomiensis subquadratus, Thur-
manniceras Sp., etc.

No Valanginian macrofauna has been found in the boreholes, with the excep-
tion of Bochianites sp. in R-3 Ciren (924.50 m).

The differentiation of the Valanginian in the boreholes is made by comparison
with the outcrops and according to the microfauna. The thickness of the Valangi-
nian is from several tens of metres to 350 m.

The Hauterivian is well represented in the Western Fore-Balkan, where it is
connected with the Sala§ and Brestnica Formations. A number of authors have
contributed to the investigation of this stage,among whom Mandov (Mau o8B,
1976) deserves special credit for his very detailed study of the Hauterivian in the
Western Balkanides, comprising mainly natural outcrops.

The following species are found in outcrops of the Sala§ Formation in the Sa-
la¥ syncline, especially near the villages Krapcene and Pali Lula: Phyllopachyceras
winckleri (U h 1), Bochianites neocomiensis ('O rb.), Himantoceras trinodosum
Th., H. acuticostatus T h., H. thieuloyi M andov, Crioceratites andersoni
(Sar.), C. nolani (Kil.), Crioceratites spp., Eleniceras spp., Olcostephanus sp.,
Lyticoceras cryptoceras (d’Orb.) and many others (Hukonos, Xpucues,
1965b; MaupgoB, 1976).

In the Jablanica area the Hauterivian is proved by: Crioceratites duvali L é v.,
C. nolani (K il.), Crioceratites spp., Balearites balearis (N o 1.), Subosterella heliaca
(d’0O 1 b.), Lyticoceras sp., etc.

In the zone of the Sala§ — Ciren villages the Hauterivian is connected with
the Sala3 Formation. Usually in this zone the lower boundary of the stage is marked
at about 100-120 m above the base of the Sala§ Formation, whereas the upper
pboundary is at about 30-40 m below the upper part of this Formation.
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In the zone of the villages Zamfirovo — Draan the Hauterivian is connected
predominantly with the Brestnica or with the Sala§ Formation.

A number of biostratigraphic proofs of the presence of the Hauterivian have
been found in the boreholes as well.

The Hauterivian is heterofacial, connected with the Brestnica and Sala¥ For-
mations which are involved in complex interrelations. The thickness of the Haute-
rivian in the Western Fore-Balkan is 95-700 m.

There exists biostratigraphic evidence about the presence of the Barremian
both in the natural outcrops and in a number of boreholes.

The following species are found among the marls of the Mramoren Formation
from the natural outcrops near the village of Cerkaski, Mihajlovgrad District (M a-
HouaoB, 1962). Cymatoceras neocomiense ('O rb.), Phyllopachiceras infundi-
bulum ('O r b.), Barremites cf. difficilis ('O r b.), B. subdifficilis (K a r.), Silesi-
tes vulpes (C o q.), Hibolites cf. subfusiformis (R a s p.).

Manolov (Manonos, 1962) reports Barremites charrierianus ('O r b.)
from the uppermost part of the Mramoren Formation near Stojanovo village.

The presence of Barremian sediments on Pdstrinata hill has been proved by
Popov and Hristanova (ITomos, Xpucrtrauwosa, 1961) with the
following ammonite association: Crioceratites emerici L ev., Anahamulina sub-
cylindrica (d’O t b.), Barremites ponticus (K a r.), B. charrierianus ('O r b.) and
Pseudosaynella strettostoma (U h L.).

The presence of the Barremian has also been proved with the macrofauna in
a number of structural boreholes.

P. Jovéeva has found characteristic foraminifera associations deter-
mining the Barremian at several levels in R-1 Goljamo Pe$tene (oral communi-
cation).

By means of a rich ammonite association found in the outcrops of the Mramoren
Formation, immediately below the Urgonian limestones in the Ciren area (/Iu M u-
TpoBa, 1967), the Late Barremian of the upper part of the Mramoren Forma-
tion in this region has been proved: Barremites vocontius (S a 'y n), B. subdifficilis
(K ar.), B. nabdalsa (C o q.), B. sequenze (C 0 q.), B. tenuicinctus (Sar., Sch.l,
Pseudosaynella strettostoma (U h l.), and Pulchellia sauvageani (H e r m.).

Kovatcheva (oral communication) has defined the following charac-
teristic Upper Barremian foraminifera association in R-1 DraSan, in the interval
1669-2284 m: Lenticulina nodosa (R e u ss), Arenobulimina meltae K o v., Cono-
rotalites intercedens (B ett.), Gaudryina borimensis K o v., Marssonella kummi
Zedl. Lamarckina lamplughi (S herl), Quinqueloculina pseudominima B ar t.,
K o v., Epistomina hechti Bart., Bett.,, Bolli, Choffatella decipiens Schl,
Flabellammina urgonensis Bart.,, K ov., Epistomina caracolla (R oem.) and
Trocholina infragranulata N o t h.

The Barremian in the Western Fore-Balkan is markedly heterofacial. It is
connected with the Brestnica, Sala3 and Mramoren Formations. Thickness:
100-1000 m.

The development of the Aptian in the Western Fore-Balkan is well known from
the data of the outcrops. Borehole data provided considerable new information about
the comprehensive characteristics of this stage.

There exist numerous biostratigraphic proofs about the presence and complete-
ness of the Aptian and of its three substages: Bedoulian, Gargasian and Clansaye-
sian (B. Ilaakxos, 1960; JuMurtpopa et al, 1961; Maunonos, 1962;
Huxonos, Xpucuen, 1965b; Hukonos, 1969b; 1970).

The Lower Aptian (Bedoulian) is proved by the following ammonites found
to the north of Liljae village: Deshayesites weissi (Neum, Uhl), D.deshayesi
(L eym.), D. bodei (K o ¢ n), Deshayesites sp. and Cheloniceras sp.
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Requienia zlatarskii P a q., Matheronia affinis (M a t h.), M. aptiensis (M a t h.)
and M. gryphoides (M a t h.) are identified from the natural outcrops near Vraca
(B. lankos, 1960).

Deshayesites deshayesi (L e y m.), D.weissi (N e um., U h 1), Deshayesites spp.
and _ Cheloniceras cornuelianum ('O r b.) are reported from the upper part of
he Cerepi§ Formation near Ponora (H M x o 21 0 B, 1969).
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Fig. 5. Section of the Vraca Urgonian Group between Vraca and Goljamo PeStene (after
Hukonos et al, 1972)

Matheronia affinis (M ath.), M. aptiensis (M ath.)) and Requienia zlatarskii
P a q. are known from the same limestones between Ponora and Ciren (B. LI a u-
K 0 B, 1960), .

The Lower Aptian is connected mainly with the Cerepi§ Formation (Vraca
Urgonian Group) (Fig. 5) partially with the Mramoren Formation and with the
base of the Roman Formation. This is evidenced by Deshayesites callidiscus Casey
which was found at the base of the Roman Formation near Batulci village.

This substage is also characterized by very rich foraminifera, bivalvs and ostra-
cod fauna.

The Middle Aptian (Gargasian) is demonstrated by ammonite fauna discovered
in the outcrops of the Ljutibrod and partly of the Sumer Formations.

Costidiscus nodosocostatus X a r., Puzosia matheroni ('O r b.), Parahoplites
melchioris A nth., P.subcampichei Sin z., Acanthohoplites aschiltensis (A nt h.),
Colombiceras tobleri (J a c.), Neohibolites strombecki (M ul.) and N. semicanali-
culatus (B 1) are found in the outcrops between the villages Liljate and Goljamo
PesStene (qumMuTpora et al,, 1961; Huxono s, 1970).

The Upper Aptian (Clansayesian) is proved in the Sumer Formation. Aucellina
caucasica (v. Buch), A. aptiensis ('O r b.), Aucellina spp. and Acanthohoplites
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trautscholdi (Sim., Bac.,, Sor) are found in Sumer village, in the valley of
ugavica river.

Hypacanthoplites jacobi (C ol.), H. tscharlokensis Gl a z., Acanthohoplites
bigoureti (Se un.), A. trautscholdi (Sim., Bac.,, Sor.)and A. nolani (S e un.)
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Fig. 6. Relationships between lithostratigraphic units along the Goljamo PecStene —
Birdarski Geran line

are found in the outcrops of the Sumer Formation between the villages Liljae and
Goljamo Pestene (Huko 1o B, 1970).

The chronostratigraphic regularities established for the Aptian according to
biostratigraphic evidence from the outcrops were traced and confirmed with new
biostratigraphic data in the boreholes.

The Upper Aptian (Clansayesian) is demonstrated with very rich foramini-
fera association in a number of borecholes (M oBueBa, 1966).

The Aptian is markedly heterofacial, being connected with the Mramoren For-
mation, the Vraca Urgonian Group, the Roman and Sumer Formations. Thickness:
440-1790 m.

The presence of the Albian in the Western Fore-Balkan is proved by many
biostratigraphic data (3axapueBa-Kopauesa, 1957; Aummrpoma
et al.,, 196]1; MaHonoB, 1962; Hukonos, Xpucuen 1965b; Kanue-
Ba-Unuena, 1967; Nikolov, 1969; Hux o nos, 1970, and others). Here
we shall not cite the extremely rich ammonite finds originating from the outcrops
of the Albian in the investigated part of the Western Fore-Balkan. Lists of these
finds can be discovered in the cited publications.

The studies of Ivanov (Msawnos, 1981) on the Albian between the ri-
vers Botunja and Iskdr deserve special reference. They are characterized by their
profundity and comprehensiveness, as investigations of this stage in lithostratigra-
phic, biostratigraphic and palaeontological aspects at a high up-to-date level.

In the southern part (the region of the villages Zamfirovo — Glavaci — Dra-
San) the Albian is represented by the lower substage and by the base of the middle
substage.

The following species are found at boreholes S-2 Zamfirovo:

At 148.50 m: Hoplites cf. divisensis sp.

At 155-157.50 m: Leymeriella natskyi Glaz., Neosilesites nepos multicostatus
D i m., Beudanticeras sp. indet. and Aucellina aptiensis ('O rb.).

This is biostratigraphic evidence about the presence of the Lower Albian and
the base of the Middle Albian.
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Albian deposits in this region are extremely rich in foraminifera as well (1 o b-
4 e B a, 1966).

The upper part of the Middle Albian and the Upper Albian are proved with
abundant biostratigraphic data to the north of the studied part of the Western
pore-Balkan, i. e. near the villages Malo PeStene, Bukovec and Suhatce.

Fig. 7. Relationships between the lithostratigraphic units along the Ribarica — Kalenik linc

Ivanov (UBaH oBs, 198]) reports the latest and very detailed data about
the biostratigraphic characteristics of the Albian in this region.

The Albian in the Western Fore-Balkan is connected everywhere with the Su-
mer Formation and with the Malo Pestene Formation (Fig. 6). The thickness ol the
Albian in this region is 78 -770 m, tending to increase from south to north.

Central Fore-Balkan

The Lower Cretaceous is particularly widely developed in this region.

The Berriasian in the Central Fore-Balkan is well studied in the outcrops {H u-
konos, Xpucues, 1965a,b; Mauwaos, 1967; Nikolov, 1969; N ik o-
lov, Sapunov, 1977, and others).

Berriasian sediments from the outcrops are extremely rich in ammonite faunas,
lists of which can be found in the cited publications.

The presence of the Berriasian was proved in all deep drillings carried out in
the Central Fore-Balkan.

In the southernmost outcrops the Berriasian is represented by the coarse ter-
rigenous sediments of the Kostel Formation — polygenous conglomerates, grit-
stones, sandstones and aleuritic marls. The mixed rocks of the Hinevci Formation
and the flysch-like sediments of the Zlatarica Formation — thick beds of sand-
stones and marls with intercalations of siltstones, aleuritic marls and aleuritic clayey
limestones — are developed to the north. The flysch sediments of the Cerni Osam
Formation are developed in the Cerni Vrih anticline and to the north — to loca-
lities north of Sevlievo (Fig. 7, 8).

In the borcholes the Berriasian is connected exclusively with the Cerni Osim
Formation, whereas in the outcrops to the south, the filling for the Berriasian sec-
tions is given not only by this Formation, but also by the Zlatarica, Hanevci and
Kostel Formations.

The thickness of the Berriasian in the Central Fore-Balkan is 870-1200 m.

The Valanginian in the Central Fore-Balkan is well known from the natural
outcrops about which information can be found in the publications cited earlier in
connection with the Berriasian.

In this region the Valanginian is connected with the sediments of the Hanevci
Formation, the upper part of the Zlatarica and Cerni Osim Formations, and with
the lower part of the Kamdcija Formation.

The presence of the Valanginian in the boreholes is demonstrated by the finding
of a number of macro- and microfossils.
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In R-1 Seviievo Bochianites sp. and Neocomites (Teschenites) sp. indet. were
found at a depth of 1408 m, and Olcostephanus sp. indet. at 1879.25 m. These finds
prove the Upper Valanginian and the top of the Lower Valanginian.

In R-5 Sevlievo Sarasinella trezanensis (L ory) and Neocomites sp. indet.
were found at a depth of 3001.50 -3001.60 m, proving the Lower Valanginian.
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Fig. 8. Relationships between the lithostratigraphic units along Hanevci — Zlatarica line

Busnardoides cf. campylotoxus (U h 1.), which is a characteristic Upper Valan-
ginian species, was found at 1613.50 m in R-I Gostilica boreholes.

In the boreholes the Valanginian is connected with the Cerni Osdm and Kam-
¢ija Formations, while in the outcrops this stage is also proved in the Zlatarica and
Hinevci Formations. Thickness: 520-850 m.

The Hauterivian is widely represented in the outcrops in the Central Fore-
Balkan (HuxonoB, Xpucyesn, 19653, b; Maunagos, 1967; Nikolov,
1969, and others). Its sediments overlie normally and with transitions the Valangi-
nian deposits. In the Jablanica area the Hauterivian is connected with the clayey
limestones and marls of the Sala§ Formation. To the south, near the village of DZu-
rovo, it is represented by sandstones, siltstones and marls (Kaméija Formation),
among which one Crioceratites sp. indet. was found in the Beljakovec neighbour-
hood.

In the northern part of the Teteven area the Hauterivian sections are formed
of* marls, sandstones and slightly aleuritic clayey limestones. Crioceratites nolani
(K i 1), Crioceratites sp. (cf. duvali), C. quenstedti (O o s t.), Crioceratites spp. and
Olcostephanus spp. are found among the marls near the villages Bélgarski Izvor,
Malka Zeljazna and Lesidren.

To the southeast of Borima village, in the Suhata Reka river opposite the
nursery-garden there are: Phyllopachiceras infundibulum ('O r b.), Neolissoceras
grasi ('O r b.), Crioceratites duvali L e v., Subsaynella sayni (P a q.) and Duvalia
dilatata (B 1.).

In the lower part of the Hauterivian sections (approximately the lower and mid-
dle parts of the stage), Mandov (MawmnosB, 1967) reports characteristic
ammonites which prove the presence of the three ammonite zones of this stage:
A. radiatus, O. cultrata and S. sayni. The uppermost part of the stage is very poor
in fossils. This part has been accurately dated only in the section to the west of Jab-
lanica, from where Manolov (Mawuoaos, 1960) reports: Phylloceras pon-
ticuli (R o us.), Crioceratites duvali L é v., Pseudoturmannia angulicostata ('O r b.)
and Hibolites subfusiformis (R as p.).
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To the east of Osdm river Hauterivian sediments are revealed to the south of
Dobrodan village and around the villages Beli§, Gumog&nik, Mleevo, Debncvo
and Stolat. One strip of Hauterivian sediments is traced to the north of Debnevo,
Berievo and Gradnica. Hauterivian sediments have relatively more limited out-
crops at the base of Ostrec peak, to the west of Aprilci, from where Land Zev
(Taunaxesn, 1940) reports characteristic ammonite taxa.

To the east Hauterivian sediments are traced as a considerably wide strip, pass-
ing to the south of Sennik, through Bato¥evo and Sumata, filling the area between
the Gabrovo and StraZa synclines to the east of Rosica river, around the villages
Gibene, Muzga, Vranilovci, Girgini, Gaetani and Kukata. To the east of Jantra
river this Hauterivian strip is connected with the Hauterivian sediments found south
of Virbanovo. In this easternmost part of the Central Fore-Balkan the Hauteri-
vian is represented by the mixed rocks of the Hinevci Formation and by the marly-
sandstone deposits of the Kamcija Formation.

In the valley of Jantra river, to the north of Jantra village and to the east of
Gostilica village, the Hauterivian is represented by alternation of sandstones and
aleuritic marls (Kam¢&ija Formation). Sandstones predominate in the middle part
of the sections. Such is the character of Hauterivian sediments to the west of Gostili-
ca village approximetely to the area northwest of Lovni Dol village.

The presence of the Hauterivian in the boreholes is proved mainly through the
microfauna, as well as by several rare ammonite finds and by comparison with the
outcrops.

In the boreholes the Hauterivian is connected with the Kaméija Formation,
in the outcrops — partially with the Hanevci Formation as well.

The thickness of the Hauterivian in the Central Fore-Balkan is §50-1500 m.

The Barremian is very widely developed in the Central Fore-Balkan (M a 11 o-
shos, 1960; Hukomos, XpnrcueB, 1965a,b; Xpucuesn, 1966; M a 1u-
nor, 1967; KoBaueBa, 1968; Hu x o 2 o B, 1969b).

In the area to the southwest of DZurovo village, near the villages Osikovica
and Osikovska Lakavica, the Barremian is represented by marls and sandstones,
while intercalations of sandy organogenic and biodetritic limestones appear in the
upper part. Barremites sp. is found to the south of Osikovska Likavica village. To
the west of Jablanica the Barremian is characterized palaecontologically by M a n o-
lov (Mauwomos, 1960).

The following Barremian ammonites are found in the marls to the north of
Kircevo village: Pseudothurmannia pseudomalbosi (S a r., S c h.), Acrioceras morloti
(0 0 st.), A. pulcherrimum (d’O r b.), A. cf. meriani (O o s t.), Barremites sp. indet.,
Anahamulina sp. indet., and to the northwest of Lesidren village: Barremites sub-
difficilis (K art.), B. charierrianus (d'Or b.), B. ponticus (K a r.), B. renuicostatus
sp. and Hamulina sp. indet.

In the cast, in the Trojan area, Barremian rocks are found in a strip to the north
of Sadevo village, through Borima village, to the north of Dalbok Dol and Dobrodan
villages, and from there to Vrabevo and to the north of Debnevo villages.

Characteristic Barremian ammonites are found in the marls to the east of Bori-
ma village: Phyllopachiceras infundibulum ('O rb.), Holcodiscus mediocostatus
T z., H.irregularis T z., H. oosteri S ar., Sch., Costidiscusrecticostatus (d'O r b.)
and Crioceratites quenstedii (O ost.) and to the north of Debnevo village — Nick-
lesia pulchella ('O r b.).

In the east, in Sevlievo region, the Barremian is represented by marls with single
intercalations of sandstones. A characteristic component of the Barremian sediments
in these places are individual lenses and intercalations of organogenic and sandy
odlitic limestones. M. A tanasova-Del e va (oral communication) has found
Barremites sp. among these sediments between the villages Javorec and Armenite,
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which proves (he Barremian age of the sediments building the basc of the Straza
svncline.

Biostratigraphic evidence about the development of the Barremian was also
found in the boreholes. In R-2 Sevlievo, in the 300-302 m interval, the following
foraminifera association characteristic of the Barremian was found by T. K o v a-
t cheva (oral communication): Epistomina caracolla (R oem.), E. ornata (R o e m.),
Lenticulina ouachensis ovachensis (Sig.), L. meridiana Bart, Bett, Kov.,
Gaudryina borimensis K ov., Planularia crepidularis (R oem.), Marssonella kummi
Zedl., Dentalina communis d’O rb., Conorboides bulgaricus Bart.,, Bett.,
Kov. The (ollowing Barremian ammonites: Pseudothurmannia pseudomalbosi
(Sar., Sch), Barremites difficilis ('O t b.), Barremites spp. and Acrioceras sp.
indet., were feund in the quarries in the castern part of Sevlievo. This association
dates the Lower Barremian.

The Upper Barremian is connected with terrigenous-carbonate and carbonate
(including Urgonian) sediments, which are extensively found in the middle and nor-
thern parts of the Central Fore-Balkan. Characteristic fossils are rare here. L an-
dZev (J1awnnxec s, 1940) reports Holcodiscus sp., Duvalia cf. binervia (R a s p.),
etc., which characterize the Barremian from the Urgonian limestones near the vil-
lages Dolna Hirevska Mogila and Gorna Hirevska Mogila.

To the east of Sevlievo, to the north of Bogatovo, to the south of Vetrenci and
towards the Jantra river valley, to the south of Veliko Tarnovo, the upper part of
the Barrcmian is built of marls, sandstones, siltstones and limestones. A characte-
ristic Barremian ammonite — Valdedorsella haugi B r e s k. — was found among
the Jimestones of the Emen Formation (Mladenci-Debelcov tongue) in the eastern
part of Pusevo village, Veliko Térnovo District (Hux o s o B, 1969b).

The upper boundary of the Barremian in the Northern strip of the Central
Fore-Balkan passes through the Jower half of the Urgonian complex, while in most
sections in the rest of the area it is related to denudation.

The thickness of the Barremian in the Central Fore-Balkan is 1200-1700 m.

The Aptian in the Central Fore-Balkan is represented by Urgonian, Paraurgo-
nian (terrigenous-mmolasse-like), as well as by inarl sediments in the vicinity of the
Platform.

Tn terrigenous and terrigenous-carbonate facies the Aptian is developed pre-
dominantly in the Western part of the Central Fore-Balkan, where it is connected
with the Roman Formation. This facies fills the Pasalna, Makaravec and StraZa
synclines, being also found further south, in the Trojan region, to the north of the
villages Borima, Dalbek Dol and Dobrodan. Everywhere Aptian scdiments arc
connccted by a gradual transition with the Barremian deposits.

Among these sedinments therc are enormous lense-like bodies of the Urgonian
complex — of Dragojca mountain, in the area between Loved and Veliko Tar-
novo, and in the Straza syncline. The stratigraphy of the Lovel Urgonian Group
is best studied owing to Khrischevs consistent and comprehensive studies
(XpHcueB, 1966; 1967). This author has demonstrated the structure and the
complex spatial interrelations of the Urgonian and terrigenous components ol the
Love¢ Urgonian Group (Fig. 9).

Terrigenous-carbonate sediments of Paraurgonian type arc developed to tha
side of the Urgonian bodies and over them. They represent specific facial fans of
the carbonate Urgonian platforms.

Only the Lower Aptian (Bedoulian) is developed in the Central Fore-Balkan.

The Middle Aptian (Gargasian) is developed to the north of Lovec (the villa-
ges Goran, Dojrenci and Joglav) and only in the Iskir river valley the Aptian is
represented in its full volume,
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The Aptian is characterized by rich bivalvs and gastropod faunas (Boxuc B,
1932; 1937), foraminifera and rare ammonites.

V. Tzankov (B. Llankos, 1960) reports the Lower Aptian Proche-
loniceras albrechtiaustriae (U h 1) from Joglav village, Love¢ District. As indica-
ted by Khrischev (Xpucues, 1966), this ammonite originates from the
upper part of the Smoéan Terrigenous Formation. To a lower level belongs Deshayc-
sites callidiscus C a s., found near the wall of the Alexander Stambolijski barrage.
This ammonite originates from the marls of the Madara tongues of the Balgarene
Formation (X pucues, 1966).

T. Kovatcheva (ITumnupes, KosaueBa, 1985) has found cha-
racteristic Lower Aptian foraminifera associations among the terrigenous-carbo-
nate sediments (Roman Formation) in thc StraZa syncline:

— At Uzunite village, Gabrovo District: Gavelinella barremiana Be t (.,
Ammomarginulina  loricata Leobl.,, Tanpp., Haplophragmoides nonioninoides
(R euss), Verneuilincides schizea Cush.,, Alex., Ammobaculites torosus
Leobl, Tapp., Pseudocyclammina aff. cylindrica R e d m., Opthalmidium gaul-
timm (ten D a m), Lenticulina subgaultina B art., Hedbergellu infracretacea
(Glaessn);

— Section at Skalsko village, Gabrovo District: Gaudryina borimensis K ov.,
Haplophragmium subacqueles (M jatl), Anunobaculites torosus Leobl., Tapp.,
Choffaiella decipiens S ¢ hlumb., Flabellammina urgonensis Bart., Kov., Tro-
cholina apticnsis Y o v., Haplophragmoides nonioninoides (R e u s s);

~— Sectien at Mickovei village, Gabrovo District: Triplasia georgsdorfensis
Bart., Brand, Gevelinella barremiana B ctt., Arenobulimina meltae K o v.,
Ammomaiginulina loricata Leobl, Tapp., Lenticulina subgaultina Barvt., L.
subangulata R e u s s, Ammobaculites torosus Leo bl., Tapp., Verneuilinoides
schizea Cush., Alex., Haplophragmoides nonioninoides (R e u s s).

The facies of the Aptian is most varied in the Central Fore-Balkan. Thickness:
1000 -1500 m.

Eastern Fore-Balkan

In the area between Jantra river to the west and Luda Kamdija river to the cast,
Lower Cretacecus sediments are relatively most widely developed, forming almost
entirely the structures in this region. To the east of Luda Kamdéija river, along the
valley of Armera river, Lower Cretaceous rocks build up the structures of the Pre-
dZa, Asparuhovo and Gradiste anticlines and of the isocline folds in the area to
the east of Serba nature reserve. To the northeast of Armera river the Lower Cre-
taccous is found in boreholes in the Dolna Kamdéija Depression.

.The Lower Cretaceous in the Eastern Fore-Balkan has been the object of nume-
rous studies (Toula, 1890 -1896; 3nartapcku, 1907; Ackermann,
1932; KocwH, 1933; Crechanosn, 1934;: Maungen, 1942; (945: Huk o-
a0 B, 1960, 1962b; Huxonos, X puucue B, 1965b, etc.).

The Berriasian is developed everywhere in the Eastern Fore-Balkan, being seen
on the surface in the cores of the Bujnovci, Elena, Bukak, Omurtag, Preslav and
Asparuhovo anticlines, as well as in the northern limb of the Lipovo anticline. Tts
sediments have been studied in the outcrops in the Fore-Balkan and in all deep
drillings. Tn most boreholes it is difficult to differentiate clearly the Berriasian due
to the absence of palacontological evidence, although its presence in the continuous
stratigraphic succession is indisputable.

The Berriasian manifests considerable facies heterogencity in the Fore-Bal-
kan and in the transition zone to the Moesian Platform, where it is connected with
the sediments of the Ko stel, Hinevci, Zlatarica and Ti¢a Formations. Clear facial
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zonality of the Berriasian sediments is observed from south to north. The complete
section of the Berriasian is revealed in the Bujnovei, Elena and Presiav anticlines.

In the Bujnovci anticline the Berriasian is represented by alternation of packets
of sandstones, polygenous conglomerates, gritstones and marls (Kostel Formation),
and by aleuritic marls and strongly mixed (wacke-type) rocks (Hanevei Formation).
The sediments are very well dated and differentiated by means of rich ammonite
faunas (Nik ol o v, 1982).

The Berriasian in the core of the Elena anticline is connected with the Zlata-
rica Formation. It is represented by sandstones, siltstones, slightly aleuritic and aleu-
ritic marls and clayey limestones. Here, too, as in the southern part of the Elena
region, marls and sandstones are differentiated in separate packets with average
thickness about 20 m, though they also occur in packets up to 80 m thick. Conglo-
merate intercalations and lenses occur extremely seldom. In addition to the marked
macrorhythmic nature, manifested in the altcrnation of thick packets of marls and
sandstones, in some cases a finer rhythmic pattern is also observed.

The section of the Berriasian in the Elena anticline in the gorge of Zlatariska
Reka river has been characterized in detail by Nikolov (inNikolov, Sa-
punov, 1977) (Fig. 10).

Borechole R-6 Elena, located in the gorge of Zlatariska Reka river, to the south
of Panajotova Vodenica, starts from packet No. 15, i. e. from the lower part of the
Berriasian (Pseudosubplanites grandis Zone). The borchole crosses 2550 m in the
Zlatarica Formation. Reducing this thickness in order to take into account the
slope of the drilling and the slope of the beds, the actual thickness of the Berriasian
in the boreholc is 313 m, its total thickness being 978 m together with the naturally
exposed part.

Fossils characterizing the lower part of the Berriasian have been found in se-
veral intervals in borehole R-4 Omurtag:

— At 1080 m: Berriasella (B.) oppeli (Kil.), Calpionella alpina cadischi D o |.,
C. elliptica Cad., Stenosemellopsis hispanica (Col.) and Lorenziella hungarica Kn.

-—— At 1106.50 m: Calpionella alpina cadischi D ob., C. elliptica C a d. and
Lorenziella pseudoserrata (C o 1.).

— At 1209 m: Calpionella alpina cadischi D o b., Lorenziella pseudoserrata
(Col) and L. hungarica K n.

Very rich foraminifera associations, known from the Berriasian sediments in
other boreholes as well (e. g. R-7 in Veliko Tdrnovo), are also found.

The Berriasian is directly established in the boreholes of this Fore-Balkan zone
or by correlation with the outcrops from the Elena, Bukak, Omurtag and Preslav
anticlines. Everywhere in this zone it is connected with the sediments of the Tica
Formation. The thickness of the Berriasian part of the Ti¢a Formation in this zone
1s between 350 and 643 m.

The development of the Berriasian around the villages Mirovo, Tutrakanci,
Sultanci, Padina and Junak, is extremely interesting. In this strip it is built of the
Tica Formation, but here it does not contain sandstone intercalations and the lime-
stones are purer. Thin intercalations of light limestones of Kaspidan type are also
observed (Padina village). The specific features of the Ti¢a Formation in the zone
of the villages Mirovo — Sultanci — Junak testify to the immediate proximity to
the transition to Kaspian type neritic carbonate sediments.

A number of characteristic calpionellid associations (identified by Prof. J. R c-
m ane) and ammonite taxa were established in the boreholes near the villages
Sultanci, Hrabrovo, Bozvelijsko, Junak and Padina, which made it possible to iden-
tify the Berriasian and to differentiate the Jurassic from the Cretaceous:

— Berriasella (B.) subcalisto — a species characteristic of the lower and mid-
dle parts of the Berriasian — is found at borehole R-2 Juna k at 982.20 m.
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-— The upper part of the Berriasian is demonstrated by Malbosiceras malbosi
(Pict), found at 1001.60 m at R-3 Junak.

— Calpionella alpina L o 1., Tintinnopsella carpathica M ur g., Fil.), Cal-
pionellopsis sp., Calpionellopsis simplex (C o 1.) and Calpionellopsis oblonga (C a d.)
are found in R-6 Sultanci at 1331.50 m.
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Fig. 11. Relationships between the lithostratigraphic units along the Antonovo — Medovina line

This association characterizes the upper part of the Berriasian (calpionellid
zone D 2-3, after Remane, 1963).

The Valanginian in the Eastern Fore-Balkan is represented by terrigenous,
clayey-calcareous and mixed rocks (Zlatarica, Hénevci, Ti¢a and Kamdija Forma-
tions).

The differentiation of the Valanginian from the Berriasian is performed by
means of many ammonite taxa occurring frequently in the outcrops.

In the southern part of the Elena region the Valanginian is revealed in the
northern limb of the Bujnovci anticline, where it is represented by aleuritic marls and
mixed rocks (Hinevci Formation), characterized by rich ammonite associations
(Hukonos, 1960; Nikolov, 1982).

In the north, in the Elena and Bukak anticlines, Valanginian sediments are
revealed over comparatively wider areas, enveloping the Tithonian-Berriasian
core of the Elena anticline and the Berriasian core of the Bukak anticline. They
are represented by sandy-marl rocks (Zlatarica Formation) and by marls (the base
of the Kamdija Formation) (Fig. 11).
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In the Omurtag and Preslav anticlines the Valanginian is represented by clayey
limestones with intercalations of marls and sandstones (Ti¢a Formation) and of marls
(Kamdija Formation).

In the gorge of Vrana river, to the south of Térgoviste, it is difficuit to difler-
entiate the Valanginian from the upper part of the Berriasian. It is represented main-
ly by clayey limestones among which therc occur intercalations of micrograined
limestones, irregularly distributed, but on the whole rarec.

Valanginian sediments in the gorge of Tica river, south of Preslav, are of the
same character, the only difference being the more abundant presence ol sandstone
beds in the upper part of the Ti¢a Formation.

To the east of the Preslavska Planina mountain, Valanginian sediments are
transversed by the boreholes near the villages Zlatar and Veselinovo, and in the As-
paruhovo region.

The following association characteristic of the Valanginian was found at bore-
hole R-9 Veselinivo at 1502 m: Neocomites sp. indet. and Neocomites platycosia-
tus Sayn.

The easternmost outcrops of Valanginian sediments are in the core of the As-
paruhovo anticline, to the south and southeast of Asparuhovo village, where they
are represented by alternation of marls and clayey limestones (Ti¢a Formation).
Intercalations of fine-grained sandstones are found in some places.

A definite regularity is observed in the Valanginian section in the Asparuhovo
anticline, expressed as predominance of the clayey limestones in the lowcr part,
which decrease upwards at the expense of the marls.

The characteristic Valanginian ammonite Kilignella roubaudiana ('O rb.)
was found in borehole S-1 Asparuhovo at 192 m.

Characteristic Valanginian ammonites were also found in the valley of Raz-
kracenica river, south of Asparuhovo village: Sarasinella walkeri (U h 1), S. treza-
nensis (L ory) and Neocomites (N.) neocomiensis (d'O t b.).

The characteristic Upper Valanginian ammonite species Neocomites (T.) tescle-
nensis (U h 1.) was found at borehole R-54 Samotino at 3498.50 m.

In borehole R-1 Junak (Fig. 12) the Valanginian is well marked by the pre-
sence of Calpionellites darderi (C ol om) at 641.50 m and Lorenziella hungarica
Knauer, Nagy at 904.50 m.

The thickness of the Valanginian sediments in the Eastern Fore-Balkan is
306-840 m.

The Hauterivian in the Eastern Fore-Balkan is represented by marly sand-
stone sediments of the Kamdija Formation, by the mixed rocks of the Hdanevci For-
mation and by the marls with intercalations of sandstones and siltstones of the Gor-
na Orjahovica Formation in the transition to the platform.

The area of Veliko Tdrnovo, Zlatarica, Ljubenci, Omurtag, Preslav, Veseli-
novo, Komunari, Asparuhovo, Rudnik, Samotino and Kam¢ija (R-9) is charac-
terized by the general development of the Kamd&ija Formation, which is represented
mainly by thick packets of marls and sandstones. The Formation is characterized
by the lense-like shape of the sandstone packets and beds.

In the southwestern outcrops of the region (Veliko Tdrnovo and Elena arcas)
the Hauterivian is represented by aleuritic marls, mixed rocks, gritstones and conglo-
merates, the latter being known from the areas along the rivers Belica and Veselina.

In the more northern outcrops of Hauterivian sediments around the villages
Kipinovo, Zlatarica, Dedinci, Rosno and DIl37ka Poljana, the quantity of the sand-
stones and siltstones is relatively smaller compared with the southern outcrops.
Psephites do not occur here, and the marls are less aleuritic. This is particularly cha-
racteristic of the more northeastern outcrops from the northern limb of the Bukak
anticline. The thickness of the Hauterivian in these places is around 1200 m.
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The natural outcrops of the Hauterivian sediments are very rich in ammonite
associations (Huxonos, Xpucuesn, 1965b; Hux onos, 1969a). Charac-
teristic Hauterivian ammonites have also been found in a number of boreholes from
this zone.
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Fig. 12, Relationships between the lithostratigraphic units along the Junak — Devnja line

Characteristic Hauterivian fossils have been found in the outcrops of the As-
paruhovo region, and they permit accurate correlation with the borehole sections:
Lyticoceras spp., Crioceratites duvali L év., Olcostephanus astierianus (d'O r b.),
O. guebhardi (K il.) and Duvalia dilatata (B l.).

The following Hauterivian ammonites have been found in the outcrops close
to R-2 Veselinovo: Lytjcoceras sp., Crioceratites spp., Olcostephanus jeannoti (d'Orb.).
O. astierianus ('O rb.), O. guebhardi (K il), etc.

The upper boundary of the Hauterivian in the region is denuded — the Hau-
terivian deposits are usually covered by Quaternary sediments. Only in the Veliko
Tirnovo area and in the southwestern part of the Provadija Plateau, as well as in
sorie peripheral parts of the Eastern Fore-Balkan, the Hauterivian is covered nor-
mally by Barremian deposits, and in the easternmost parts — by Upper Cretaceous
sediments.

The thickness of the Hauterivian sediments in the Eastern Fore-Balkan is 1200 -
1800 m. Smaller thicknesses are connected with later denudation or with the transi-
tion towards the Gorna Orjahovica Formation to the north.

The Barremian is well developed in the Eastern Fore-Balkan. Specific mixed
(wacke-type) rocks of the Hénevci Formation are revealed in the southernmost
strip, being replaced to the north by marly sandstone sediments (Kaméija and Gor-
na Orjahovica Formations), widely represented in the middle and northern strips
of the Eastern Fore-Balkan. Everywhere Barremian sediments overlie with transi-
tions the Hauterivian deposits.

In the valley of Jantra River and around Veliko Tdrnovo, Gorna Orjahovica
and Ljaskovec, the Barremian is represented by marls,aleuritic clayey marls and sand-
stones. These sediments are also found in the southeast — to the south of Maldk
Ciflik village and to the west of DragiZevo village. In the area under investigation
the Barremian also comprises the lower part of the Urgonian complex.

In this strip of the Fore-Balkan Barremian sediments are transversed only by
the drillings in the Veliko Tdrnovo area, while the remaining boreholes to the east
usually start in older rocks.

In the outcrops Barremian sediments are known from the valley of Jantra ri-
ver, around Gorna Orjahovica and Ljaskovec, where marls, aleuritic clayey marls
and sandstones are developed. These deposits are revealed further east as well —
to the south of Malik Ciflik and to the west of DragiZevo villages. In the Jantra
river valley they are covered by Urgonian limestones.
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To the southwest and south of Dobri Djal village, around Rodina village and to the
east of DZuljunica village, Gorna Orjahovica region, the Barremian is represented
by clayey marls with intercalations of thick-bedded sandstones and rarely of lime-
stones. Crioceratites quensiedti (O o s t.), Barremites difficilis ('O rb.), B. hemi-
ptychus (K il), B. subdifficilis (K ar.), B. davidovi (T rv.) and Psevdosaynella
strettostoma (U h 1) are found among these sediments.

To the northeast of Gorsko Novo Selo village the Barremian section is formed
of clayey marls, thin-bedded fine-grained sandstones (5-50 cm) and thick-bedded
sandstones (1-3.50 m). Phyllopachiceras infundibulurmn (0 r b)), Crioceratites
sp., Barremires difficilis 'O r b., Barremites spp. and Hamulina sp. are identified
from the marls in this section.

Along the Goljama Reka river the Barremian is represented by calcareous aleu-
ritic clays, clayey marls, marls, sandy and aleuritic marls, siltstones and sand-
stones. The amount of the terrigenous component increases from below, and sand-
stones and siltstones are discovered in the upper part of the Barremian. Barremites
sp. and Nicklesia sp. were found among the marls at Ljubenci village.

In the western and southwestern slopes of the Liljak Plateau the Barremian is
found to the south of Presijan, to the east of Konak, to the northeast of Dolna Kab-
da, to the west of Aprilovo, to the south of Zvezda, around Slavjanovo and to the
southeast of Svetlen villages. In these places the sections are built of calcareous clay-
stones, aleuritic slightly calcareous claystones, marls, siltstones and sandstones,
attributed to the Hauterivian in the past M an nes, 1945; Bonwues, 1957b).
Their Barremian age is proved by Barremites difficilis (d'O r b.), Barremites spp.,
Holcodiscus sp. and Pseudosaynella strettostoma (U hl.).

Among the marls around the villages Svetlen and Zvezda Stoyanova-
Vergilova (Croanosa-Beprunosa, 1962) has found the (ollow-
ing Barremian belemnite association: Mesohibolites minaret (R as p.), M. varians
(S c h w.), M. beskidensis (U b 1.), M. falauxi (U h 1.), M. notus (M i s ¢ h.), M. tzan-
kovi (M a n d.), Hibolites pistiliformis (B 1.) and Duvalia grasiana (D uv.-J ouve).

The strip of outcrops of Barremian sediments is also traced along the northern
and eastern ends of the Liljak Plateau, to the south of Gloginka and to the north
of Ko3¥nicari villages, and to the west of the villages Podgorica and Vibel. In these
places the section is built by aleuritic calcareous claystones, marls and thin inter-
calations of sandstones. The latter increase in the section upwards.

In the valley of Stara Reka river and in the area to the north and east of Kipi-
lovo village, Kotel region, the Barremian is represented by mixed rocks, aleuritic
clayey marls and fine- to coarse-grained sandstones which contain gravel grains in
some places at the base and pass into gritstones. The boundaries of the Barremian
stage in the concrete sections in these places cannot be determined due to lack of
faunistic data.

Barremian sediments of the same type are revealed to the northeast and east
of Tica village towards the villages Mogilec, Ablanovo, Cernookovo, and from there
to the east through the area to the south of the villages Virbica, Nova Bjala Reka,
Bjala Reka and Tigevica, through Ri§, they continue to the south of the villages
Veselinovo and Poljacite to the localities west of Asparuhovo village (B peccx o -
c Kk u, 1974).

Ammonite fauna occurs very rarely in the Barremian sediments along Gerila
river and this is probably related to the markedly mixed (unsorted) character of the
rocks. Crioceratites emerici L é v., Crioceratites sp., Holcodiscus sp. and Hamu-
lina sp. were found.

The thickness of the Barremian sediments may be estimated only approximate-
ly, because the lower and upper boundaries of the stage cannot be fixed accurate-
ly due to the scarce ammonite fauna. It is of the order of 1000 m. Frequent sand
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stone intercalations appear in the uppermost part of the exposed section, followe
by the EleSnica Terrigenous-Limestone Formation.

Crioceratites emerici L é v., Barremites difficilis ('O rb.) and Barremites
sp. were identified from the Barremian sediments in this area.

Around Ri§ and to the south of Veselinovo villages Ackermann (1932)
has found: Crioceratites emerici L é v., Barremites cassidoites (U h'l.), Barremites
difficilis ('O rb.), Pseudosaynella cf. strettostoma (U h1) and Barremites spp.

The Barremian at Jankovo village is represented by medium-grained sand-
stones at the base of the outcrop. The sandstones are solid, greyish-blue to yellowish.
Thin (10-15 cm) layers of clayey siltstones are intercalated. The thickness of these
sediments is 15-18 m. Among them there is a 60 -70 cin thick layer of clayey marls.
They are slightly sandy and easily distinguished from Hauterivian marls. Here the
Barremian sediments are in the core of a small anticline. Barremites aff. difficilis
(d’O r b.) and Nicklesia sp. were found in them. E. Bonc¢ev etal. (boHueB
et al., 1957) report also Crioceratites barremensis (K il.).

The outcrop of Barremian sediments at Jankovo village is the only dated find
of Barremian deposits in the southern edge of the Provadija syncline. A formation
of both friable and solid sandstones is established above them, which are assumed to
be Aptian (B. 1l a H x 0 B, 1942).

The thickness of the Barremian sediments to the south of Veliko Tarnovo is
above 200 m, in the area of the villages Rodina, Gorsko Novo Selo and to the south
of DZuljunica — 180-220 m, in the valley of Goljama Reka river — up to 200 m.
Barremian sediments are with greatest thickness in the southern part of Gerlovo
(Varbica and Bjala Reka villages), where they are above 1000 m thick. To the south
of Veselinovo village Barremian sediments are above 600 m thick. Generally speak-
ing, Barremian deposits are the thickest in the middle part of the Eastern Fore-
Balkan (Gerlovo), becoming thinner to the west and especially to the east.

The Aptian is extensively developed in the Eastern Fore-Balkan, where it is
represented by a varied rock spectrum. There are good outcrops around the towns
Veliko Tarnovo, Ljaskovec and Gorna Orjahovica, to the south of the villages DZu-
ljunica, Gorna Orjahovica region (Romana peak), as well as to the east of the villa-
ges Tica—Bjala Reka—Ri$ until approximately Kumunari—Asparuhovo.

Aptian sediments are widespread in the area between the villages Kozarevec,
DzZuljunica, Kesarevo, Slivovica, Gorsko Novo Selo, Rodina and Dobri Djal, where
they build the upper parts of the heights. Aleuritic calcareous claystones and fine-
to medium-grained sandstones are found on the southwestern slope of Romana
peak’at the base of the Aptian Stage. About 5 m oglitic and organogenic lime-
stones follow above these deposits, further above there are 50 m aleuritic clayey marls
with intercalations of sandstones, 3 m solid thick-bedded sandstones, about 47 m
aleuritic clayey marls, 5 m cream-coloured organogenic limestones, among which
there are numerous remains of corals, bivalvs and brachiopods. On top there is a
packet of aleuritic clayey marls covered by a pack of sandstones.

In the quarry to the south of Dobri Djal village the upper part of the Aptian
section is exposed, built of organogenic-fragmentary limestones, sandy limestones,
sandstones and marls.

There are vast outcrops of Aptian sediments along Goljama Reka river. In the
valley of this river, between the villages Mirovo, Braknica, Novo Gradi$te and Se-
merci the Aptian is built in its base of a formation consisting of sandstones, clayey
and calcareous sandstones, and aleuritic calcareous claystones. These deposits overlie
normally Barremian sediments, with the exception of the localities around Lju-
benci village, where local disconformity as found. The described deposits were as-
sumed to be Hauterivian by Mandev (Mannes, 1942). Upwards in the scc-
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tion there are impure calcareous sandstones with Orbitolinidae, orbitolinic sandy
limestones, odélitic and granular limestones.

The described calcarcous-sandy sediments form the upper part of the Aptian
section around the villages Mirovo, Novo Gradiste, Ljubenci, Semerci, Dolna Zla-
tica, Gorna Zlatica and Braknica, to the west of Razdelci and Baba Tonka, and to
the south of Gorica. It should be pointed out that, penerally speaking, impure cal-
careous sandstones with Orbitolinidac predominate in the section, dominating com-
pletely its uppermost part. Mandev (Mau e B, 1942) reports the following
species {rom these sediments: Orbitolina lenticularis (B 1 u m.), Terecbratula depres-
saL am., T biplicataS o w., Rhynchonella lata (d'O r b.), Trigonia ornata ¢’0O r b.
and Hibolites semicanaliculatus (B 1.).

At 250 m northwest of the linesman’s lodge between StraZica and Asenovo
railway stations the height is built of Aptian sandstones. They are calcareous, filled
in many places with Orbitolinidae and organogenic detritus. Weathering results
in cavities everywhere. Poorly preserved ammonites belonging to genus Deshayesi-
tes occur. These sandstones are intercalated by clayey marls with up to 0.50 m
thickness of the individual beds. The visible thickness of the exposed part of the Ap-
tian is about 170 m. Clayey marls begin to predominate in the east-northeast, and
already in the Gjajurkite locality, 1 km southwest of Asenovo village, the southern
slope of the plateau is built at the base of slightly aleuritic clayey marls with inter-
calations of fine-grained sandstones.

They are followed upwards by sandstones with Orbitolinidae and organoge-
nic detritus, which alternate with aleuritic clayey marls, the latter being of subordi-
nate significance here. This is the middle part of the exposed section. The upper
part is built of clayey marls (2-3 m thick) which alternate with sandstone beds up
to 0.50 m thick, while in the middle part their thickness is often above 1 m.

To the northeast of Asenovo village the Aptian is built in its base of 20-25 m
clayey marls, followed above by about 8 m finegrained slightly calcareous thin-
bedded sandstones, 50-52 m clayey marls intercalated with calcareous sandstones
5-10 cm thick. Deshayesites lavaschensis (K a s.), Deshayesites spp. and Cheloniceras
sp. were found in these sediments.

Above these sediments there is a pack (about 50 m thick) of clayey marls,
intercalated with sound calcareous orbitolinic sandstones, among which Deshayesi-
tes sp. was found. The section ends with a packet (about 60 m thick) of clayey marls,
intercalated with fine-grained limestones.

Tracing the changes in the facies of Aptian sediments from the town of Stra-
Zica to the north and northeast towards the villages Asenovo, Vodica and Posabina,
reveals a new tendency towards reduction of the terrigenous and increase of the car-
bonate component. Sandstones decrease rapidly or are gradually replaced by lime-
stones, clayey marls increase and begin to predominate in the section. Evidently,
the transition from terrigenous to clayey-calcareous type of Aptian sediments takes
place in the area between StraZica and Asenovo to the south, and the villages Ka-
men, Vodica and Posabina to_the north.

Along the upper reaches of Cerni Lom river and in the Liljak Plateau the Aptian
is represented by sandstones with intercalations of aleuritic to almost pure calcareous
claystones and marls. Sandstones predominate in the section, being with different
grain size: from fine-grained to gravel-type. The latter often contain detritus as well.
Bivalv's shells and rare single corals also occur.

To the north and northwest of Zavetno village the Aptian is represented by
orbitolinic sandstones and aleuritic clayey marls, among which Deshayesites cf.
deshayesi (L é v.) and Neohibolites sp. were found.

The outcrops of Aptian rocks in the plateau north of Zavetno village are
the last outcrops in which sediments of the types found in the Fore-Balkan are
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observed. To the north they rapidly pass into clayey-calcareous sediments typical
of the Platform.

In Lisa Planina mountain the Aptian is represented by a terrigenous formation
which overlies dated Barremian sediments to the south in the upper reaches of Kam-
¢ija river. It is built predominantly of sandstones and mixed rocks. Lenses of grit-
stones and conglomerates occur among the sandstones. Sometimes the sandstones
are characterized by coarse cross-lamination, whereby the cross-series dip to the south.
Generally speaking, the Aptian terrigenous formation in these places is very varied
with respect to its granulometric composition and it is characterized by {requent
wedges of psephite layers and lenses.

Aptian sediments have a more special development southeast of Vérbica, south
of Bjala Reka river and towards Ri§ villages. Mixed rocks are found in these places at
the base of the Aptian section, in some places with intercalations of sandstones, fol-
lowed above by the Ele3nica Terrigenous-Limestone Formation. The following species
were found in the mixed rocks at the base of the Aptian south of Ri§ village below
the Ele¥nica Formation: Deshayesites cf. weissi (N e um., U hl.), Deshayesites
sp. indet., “Crioceratites” cf. abichi (B ac., Sim.), Ancyloceras waageni (A nth.)
and Toxoceratoides sp. (aff. royerianus 'O r b.).

The Ele$nica Formation is best developed along Ele¥nica river to the south
of Bjala Reka village. Its composition here is very varied, being built of different
limestones, sandstones, conglomerates, siltstones, as well as aleuritic claystones
with different quantity of clastic material.

The thickness of the Ele$nica Formation in the section along EleSnica river is
about 280 m. The described sediments are also exposed to the east near the locali-
ties southwest of Ri¥ village.

A relatively narrow strip of Aptian sediments — sandstones and aleuritic clayey
marls — is found along the northern limb of the PredZa anticline between the vil-
lages Kalnovo and Komunari. The best section of this strip is exposed east of Kal-
novo village, where the Aptian is represented by sandstones, friable clayey sand-
stones and aleuritic clayey marls.

Among the Aptian sediments in the eastern part of the Preslav region, B o n-
Cev etal. (bounueB et al. 1957) report: Nerinea astrachanica R e n g., Avelina
aptiensis Pict.,, Ca m p., Lima tombeckiana d’O r b., Pecten(Chlamys) robinaldi-
nus ('O r'b.), “Douvilleiceras” cf. cornuelianum 4’0 r b. and Neohibolites semica-
naliculatus (B1.). These are the main outcrops of Aptian sediments in the Eastern
Fore-Balkan.

The thickness of the Aptian sediments varies in the different parts of the East-
ern Fore-Balkan: 250 to 600 m. Aptian sediments are the thickest in the middle
part of the Eastern Fore-Balkan—the area of Lisa Planina mountain and the south-
ern part of Gerlovo, where they are also most coarsely terrigenous.

The Aptian in the Eastern Fore-Balkan is represented only by its lower sub-
stage — Bedoulian. Middle and Upper Aptian sediments are absent.

1.3.5. The Moesian Platform

In the Moesian Platform the Lower Cretaceous has ubiquitous distribution. The
transitional zone between the Fore-Balkan and the Platform is also included in this
area for consideration, because the Lower Cretaceous sediments in it have a
closer facies to that of the Platform.

In the northwestern part of the Moesian Platform (the Lom Depression) Low-
er Cretaceous sediments, especially in the lower part of the series, manifest greater
affinities to the sections in the northern strip of the Western Fore-Balkan than to
the remaining regions of the Platform to the east of the Kozloduj-- KneZa line.

67



In the Lom Depression the Lower Cretaceous is presented in its full volume from
the Berriasian to the Albian included. In this region Lower Cretaceous sediments
are connected with a transition both with the underlying (Tithonian) and with the
overlying (Cenomanian) sediments. The upper part of the Lower Cretaceous is ab-
sent only in Vidin District (Vidin and the villages Gomotarci, Ko3ava, Mil¢ina
Lika, Simeonovo), and Cenomanian marls overlie directly Valanginian limestones
beds or Simeonovo Formations (at borehole R-1 Simeonovo).

In Vidin District the Lower Cretaceous is represented by the Berriasian and
Valanginian, which are not differentiated. They are connected with various lime-
stones and with the dolomitized limestones of the type of the Kaspi¢an Formation.
Its upper part is denuded everywhere, being covered by Cenomanian clayey-calca-
reous (mainly marl) sediments.

The thickness of the Berriasian-Valanginian sediments in this region is 495-622 m.

In the region of the villages Dalgodelci, Gorna Gnojnica, Komostica, Kovadi-
ca and Medkovec, Lom area, the Lower Cretaceous is found in its full volume. At
its base is the Berriasian which is represented by dense and partly intraclastic
limestones of the GloZene Formation. The presence of the Berriasian in this region
bas been proved for the first timebyJovéevaandTrifonova(doBue-
Ba, Tpud onoba, 1964). In borehole R-6 Dalgodelci (depth 3364-3422 m)
they have found: Berriasella sp., Calpionella elliptica C a d., Tintinnopsella carpa-
thica M ur g., Fi.) and Calpionellopsis oblonga (C a d.), as well as many forami-
nifera. The thickness of the Berriasian in this region is 58 -70 m.

The sediments of the Valanginian, which is connected with the Sala§ Formation,
lie higher up with gradual transitions. The characteristic Upper Valanginian ammo-
nite Busnardoides subcampylotoxus N i k. was found in borehole R-1 Hajredin
2880.80 m). From borehole R-6 DilgodelciJ ovievaand Trifonova (4 o B-
yueBa, TpudoHosa, 1964) report Calpionellites darderi (C 0 1) — a charac-
teristic Valanginian species.

The thickness of the Valanginian in this region is 75-125 m.

The Hauterivian is represented by clayey limestones with intercalations of marls
(Salas Formation) and by micrograined, in some places slightly clayey and slightly
aleuritic limestones from the peripheral part of the Salas§ Formation.

Characteristic ammonites were found in boreholes R-2 Komostica, R-1 and
R-6 Dalgodelci and R-1 Hajredin: Lyticoceras sp., Crioceratites rodighieri D i m.,
C. duvali L év., C. quenstedti (O o s t.), etc. The thickness of the Hauterivian se-
diments in this region is 142-280 m.

The Barremian is represented by micrograined slightly clayey limestones, Among
them Barremites difficilis ('O r b.) and B. subdifficilis (K a r.) were found in bore-
hole R-6 Dalgodelci at 3145 m. The thickness of the Barremian sediments is 105-
126 m.

The sediments of the Aptian are connected through gradual transitions with
the Barremian sediments. The lower and middle parts of the Aptian sections are built
of clayey limestones, whereas the upper part is formed of marls to slightly aleuri-
tic clayey limestones (Trimbe$ FFormation).

Characteristic Upper Aptian bivalvs: Aucellina caucasica (Bu ch)) and A.
pompechii P a v1, were found in borehole R-6 at 2823.50 to 2825.20 m.

Rich foraminifera associations are also found amoang the Aptian sediments
in this region. The thickness of the Aptian is 123-309 m.

The Albian is represented by marls which are connected with a gradual transi-
tion with the Aptian marls. They are covered by Cenomanian marls with a fast litho-
logical transition.

Characteristic Albian macrofossils were found in a number of intervals in
borehole R-1 Kovadcica at 1839 -1840 m: Idiohamites favrinus (P i c t.), Idiohamites
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sp. indet., Hamites intermedius S o w., Hamites sp. indet. and Mortoniceras sp. indet
which define the Late Albian.

In the same borehole the Lower Albian ammonite Douvilleiceras ex gr. D. mo-
nile (S o w.) was found at 1883.50 m, whereas Uhligella sp. indet. and Aucellina
sp. were found at 1886-1887.50 m. .

The Albian has also been proved with many foraminifera (M o Buepa, 1966).
The thickness of this stage is 122-148 m.

Extensive information about the development of the Lower Cretaceous in
Central Northern Bulgaria was obtained in the investigations
of the boreholes (Hukxonos, 1972; Huxonos PyckoBa, 1972; Hu-
konos et al, 1974).

The Berriasian is developed ubiquitously in Central Northern Bulgaria. It mani-
fests relative facial stability in the central part of the area, where it is connected with
the ncritic sediments of the Kaspifan Formation. This stage is characterized by
considerable facial hetcrogeneity in the southern and western parts of the area, where
it is connected with the gloZene Formation, with the Sala3 and Ti¢a Formations
and with the transitions of the Kaspic¢an-Sala§ (or Sala§-Kaspian) Formation.

It is iimpossible to differentiate the Berriasian in most boreholes due to the ab-
sence of palaeontological data, but in these cases its presence in the continuous stra-
tigraphic succession is indisputable,

The lower boundary of the Berriasian, which is also the boundary between the
Jurassic and the Cretaceous, has been determined with certainty only in the bore-
holes R-1 KneZa and R-1 Birdarski Geran. Of considerable interest are the palaeon-
tological successions in borehole R-1 KneZa, where many calpionellids are found.

The lower boundary of the Berriasian in borehole R-1 KneZa is marked at
2970 m. The Calpionella alpina find at a depth of 3132-3134 m is probably of Upper
Tithonian age.

The boundaries of the Berriasian in R-1 KneZa thus outlined connect the stage
with the lower part of the Sala3-Kaspian Formation, which is 406 m thick, i. e.
approximately half of the total thickness of the Formation.

Near Bdrdarski Geran village the Berriasian is connected with the lower half
of the Kaspifan-Sala§ Formation, the Berriasian part in borehole R-1 Bardarski
Geran being 350 m thick, the total thickness of the Formation — 817 m.

There exist palaeontological indications of the Berriasian in many other
boreholes in the region as well, although it is not possible to outline the boundaries
of the stage, due to the lack of a core.

There are reliable data about the Berriasian in borehole R-2 BegleZ, where the
presence of the Calpionellopsis Zone has been found at a depth of 2907 m in the
Sala§-Kaspi¢an Formation. With its stratigraphic position in the section of this
borehole this zone dates the upper part of the Berriasian.

In the central, eastern and northern parts of the area, where the Berriasian
is connected with the Kaspi¢an Formation, no reliable palaeontological evidence
has been found for its accurate dating and differentiation.

Judging by the law-governed regularities in the development of the Berriasian
in the transition zones of the Kaspi¢an Formation, with comparable thicknesses
in the zone of the typical development of the Kaspi¢an Formation, the Berriasian
comprises also the greater part of the lower half of this Formation, which is
300-400 m thick.

In the western, southwestern and southern parts of the area the Berriasian is
connected with the deep-sea sediments of the GloZene, Sala§ and Ti¢a Formations.

Transient sediments are developed in the strip Kozloduj —- Birdarski Geran —
KneZa — Umarevci (Salag-Kaspi¢an or Kaspican-Sala§ Formation) (Fig. 13)

whereas in the transitional strip between the Fore-Balkan and the Platform
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the Berriasian is represented by a transitional type of sediments of the Kas-
pi¢an-Ti¢a and Sala3-Cerni Osim Formations. As has already been mentioned,
in the larger part (central, northern and eastern) of the area the Berriasian is repre-
sented by the neritic carbonate facies of the Kaspidan Formation.
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Fig. 13. Relationships between the Salas and KaspiCan Formations in the Kozloduj —-
Kuneza zone

The Valanginian has gcneral development in Central Northern Bulgaria. Tt
is connected with the Salag§, Ti¢a and Kaspian Formations, as well as with the transi-
tional Sala¥-Kaspi¢an and Kaspican-Sala§ Formations. On a large scale the stage
seems facially heterogeneous, but with a definite and distinct horizontal facial zo-
nality.
The Valanginian is clearly differentiated in the boreholes R-1 KneZza and R-1
Birdarski Geran, palaeontological indications about its presence being found in
many other boreholes throughout the region. Irrespective of the lack of palaeonto-
logical evidence in all boreholes containing a continuous normal section, the pre-
sence of the Valanginian is indisputable.

Borehole R-1 KneZa is of special interest owing to the presence of many fossils
belonging to different systematic groups, whose vertical distribution coincides.
According to ammonites and calpionellids, a concurrent polytaxonic range-zone
is outlined within the Valanginian boundaries:

— At 2374-2376 m (calpionellids): Tintinnopsella carpathica(Mur g., Fil).

— At 2551-2554 m (calpionellids from the Calpionellopsis Zone): Tintinnop-
sella carpathica M ur g., Fil), Calpionellopsis simplex (C o1.) and Calpionella
elliptica C a d.

The characteristic Lower Valanginian ammonite species Thurmanniceras ex gr.
T. thurmanni (Pict., Camp.) is found in the same interval at 2552 m. Thus,
the Valanginian in this borehole, connected with the Salas-Kaspi¢an Formation,
includes the 364 m thick interval between 2200 and 2564 m.
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The upper boundary of the Valanginian is determined more easily owing
to the more frequent fossil finds. Moreover, it is most often bilaterally outlined:
on the one hand, by the occurrence of Valanginian species, and on the other — by
the palaeontological determination of the base of the Hauterivian.

In the areas where the Valanginian is connected with the Sala § Formation it is
100-120 m thick, whereas in the facies of the Kaspi¢an Formation and in the zone
of its transitions its thickness is 360-400 m.

The Hauterivian is very widely developed in the area, in some places (KneZa)
its section is incomplete, while elsewhere (the villages Komarevo, Trastenik, Brest
and Gigen) it is completely absent. It is connected with the Sala$, Gorna Orjaho-
vica and Razgrad Formations, as well as with the upper part of the transitional
Salas-Kaspican and Kaspican-Sala§ Formations. Close to the transitional zone it
also comprises the uppermost several metres of the Kaspiéan Formation.

The Hauterivian is found in boreholes near KneZa, the villages Aleksandrovo,
Odarne and Grivica, in almost all boreholes of the Gorni Dibnik region, near the
villages Tucenica, Totleben, Slavjanovo, SteZerovo and Resen, as well as close to
the towns Polski Trambe§ and Svistov.

The lower boundary of the Hauterivian is provisionally marked in the upper-
most part of the Sala§-Kaspi¢an Formation at 2200 m. The upper boundary is de-
termined by correlation with borehole R-2 KnecZa, where it is fixed by macrofossils.
The total thickness of the Hauterivian at borehole R-1 KneZa is 75 m, 37 m of which
are in the Sala§-Kaspidan Formation (the lowermost part of the Hauterivian) and
38 m are in the Sala$ Formation (Upper Hauterivian — partly incomplete from
below).

In borehohe R-2 KneZa Hauterivian macrofauna has been found at four levels:
at 2311-2311.80 m — Neolissoceras grasi (d'O 1 b.), Belbekella sp. and Chlamys
cf. archiaci ('O r b.); at 2311.80-2317.20 m — Subsaynella sp. indet. and Duvalia
sp. ex gr. D. dilatata; at 2317.20-2332 m — Chlamys cf. archiaci ('O r b.) and
Plesiospitidiscus sp. indet.; at 2325.40 m — Pseudothurinannia sp. indet.

The macrofossils and more specifically the ammonites are characteristic of the
Upper Hauterivian.

Hauterivian fossils have been found in borehole R-1 Loved at several levels:
at 2110 m — Natica laevigata D e s h.; at 2449 m — Neocomites (Teschenites)
teschenensis (U h 1) and Lamellaptychus cf. subdidayi T r.; at 2450.50 m — Neoco-
mites (T.) teschenensis (U h 1.); at 2453.20 m — Lamellaptychus sp. indet.

. These fossils determine the lowermost levels of the Hauterivian. Probably the
lower boundary of the Hauterivian in borehole R-1 Love¢€ is about 2480 m.

The new palaeontological data obtained in this study have demonstrated that
in addition to the facies of the Sala§, Razgrad and Gorna Orjahovica Formations
known so far, the Hauterivian comprises the uppermost part (maximum up to
35-37 m) from the transitional Salas-Kaspi¢an and Kaspi¢an-Sala§ Formations. Evi-
dently, close to the transitional zone the Kaspi&an type of sedimentation ended at the
beginning of the Early Hauterivian. Being provisionally guided by this, without
the existence of palaeontological data, the author refers the uppermost beds of the
Kaspi¢an Formation in the transition of the Platform to the Fore-Balkan (Deveta-
ki and Karpacevo villages and the town of Suhindol) to the base of the Hauterivian.
It seems more probable, however, that in this southern zone the lower boundary of
the Hauterivian coincides with the upper boundary of the Kaspidan F ormation, as
is the case in the central, northern and eastern parts of the area.

The Barremian is widely developed in the area, being also known from outcrops
in the southern part. It is connected with the Sata, Mramoren, Razgrad and Gorna
Orjahovica Formations, as well as with the basc of the Loved Urgonian Group.
Barremian sediments are usually connccted with Upper Hauterivian deposits by
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a gradual lithological transition, while in the Komarevo region they overlie the de-
nuded surface of the Valanginian limestones (Kaspi¢an Formation). In the north, in
the Brest-Gigen region, Barremian sediments are absent. In the remaining boreholes
the Barremian is developed in a continuous succession, its presence being accurately
proved palaeontologically in many places.

Characteristic Barremian ammonites are found in a number of boreholes (H u-
konomp et al, 1974).

The Barremian is characterized by rich foraminifera associations by mecans of
which this stage is clearly differentiated in many areas.

In borehole R-1 Dolni Dibnik at a depth of 1605-1608 m T.Kovatche-
v a (oral communication) has established characteristic Upper Barremian forami-
nifera: Astacolus planiusculus (R e uss), A. incurvatus (Reuss), Lamarckina
lamplughi (S h.), Lenticulina ouachensis ouachensis (Sig.), Frondicularia in
versa R e uss, Marssonella subtrochus B art., Marginulinopsis djaffaensis Si g.,
Gaudryina borimensis K o v. and Epistomina caracolla (R o e m.).

In borehole R-1 Umarevci the Barremian comprises the base of the Loved
Urgonian Group (approximately the lower 100 m) and the upper part of the Gorna
Orjahovica Formation, i. e. it is about 600 m thick. At two levels in this borehole
Kovatcheva (unpublished data) has found characteristic Barremian forami-
nifera:

— At 1049-1052 m: Epistomina hechti Bart.,, Bett, Bolli, Arenobuli-
mina meltae K o v., Marssonella subtrochus B a rt., Lamarckina lamplughi S h.,
Conorboides bulgaricus Bart., Bett., K ov. Gaudryina borimensis K o v.,
Planularia crepidularis (R o e m.) and Lenticulina nodosa (R e u s s).

— At 1481-1484 m: Epistomina hechti Bart, Bett, Bolli, E. cara-
colla (R o e m.), Gaudryina borimensis K o v. and Lenticulina nodosa (R e u s s).

In borehole R-37 Komarevo, at a depth of 1071m T. Kovatcheva
has found the following foraminifera at the beds with Barremian ammonites: Cono-
rotalites intercedens (B e t t.), Gavelinella barremiana B e tt., Gaudryina praedivi-
dens Neagu, G. borimensis K ov., Marginulinopsis djaffaensis S i g., Lenticu-
lina ouachensis ouachensis (S i g.), Trochammina gerochi Bart., Kov. and Mars-
sonella kummi Zed|.

The thickness of the Barremian in the southern part of the area (the villages
Kalenik — Umarevci — Devetaki) is 600-750m, in the central part (the town of
Gorni Dabnik and the villages Dolni Dabnik, Grivica, Slavjanovo and SteZerovo) —
191-453 m, in the northwestern and northern part — 50 to 123 m.

The Aptian is widely developed in Central Northern Bulgaria, occurring in many
outcrops. It is extremely facially heterogeneous and it is connected with the following
lithostratigraphic units: Mramoren, Sumer, Roman and Trambe§ Formations,
as well as the Vraca and Lovec Urgonian Groups.

The Aptian is differentiated in the boreholes mainly according to data on the ver-
tical distribution of the foraminifera. In some boreholes it is indicated by macrofauna
as well. The boreholes from the northwestern part of the area are also correlated
with the borehole sections from the Western Fore-Balkan and the Lom Depres-
sion, where this stage is well characterized palaeontologically.

The complete section of the Aptian is found in a number of outcrops between
the villages Kozar-Belene and Sanadinovo, Pleven District, in the valley of Osdm
river. In these outcrops, as well as in the east towards the valley of Jantra river bet-
ween the villages Polski Trimbe§ and Cenovo this stage is represented by marls
and it is characterized by many molluscs:

-— For the Bedoulian: Cheloniceras (C.) beltzovensis D i m., C. (C.) crassum
S p., C.(C.) seminodosum Sin z., Deshayesites deshayesi L e y m., D. callidiscus
C a s., Deshayesites spp.. etc.
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— For the Gargasian: Cheloniceras (E.) martinoides C a s., Cheloniceras (E.)
spp., Gargasiceras sp., Acanthohoplites subtobleri (K as.) and Acanthoho-
plites spp.

— For the Clansayesian: Acanthohoplites abichi (A nth.), A. aschiltensis
(A nth), Colombiceras sp., etc.

In the northwestern part of the area (KneZa and the villages Bardarski Geran,
Dolni Lukovit, Pelovo and Pisarovo) the Aptian is with relatively moderate thick-
ness: 300-540 m. In the central part cf the area Aptian sediments are 700 -800 m thick,
whereas in the south (the villages Kalen — BegleZ), where only the Lower Aptian
is developed, the thickness exceeds 1300 m.

The Albian is widely developed in the northwestern, central and northern parts
of the area. It is connected with the Sumer, Trdmbe§ and Svidtov Formations, as
well as with the Malo Pe&tene Formation. Albian sediments are connected with Ap-
tian deposits by means of a gradual transition. In a number of sections they pass
into Cenomanian deposits above, but most often they are discordantly covered
by various younger Upper Cretaceous, Neogene and Quaternary sediments.

Albian sediments are transversed by many boreholes in this area (the villages
Dobrolevo, Tidrnava, the town of KneZa, the villages Dolni Lukovit, Pisarovo,
Bardarski Geran, Trdstenik, Komarevo, and near Brest and Gigen).

The best natural outcrops of the Albian are observed in the northern part of the
arca — between the villages Sanadinovo, Novadene and Dekov, as well as around
the town of Svistov, where the Svistov Formation is exposed (C TpamivMMu po B,
Ci1osvoBa, 1958 Hukonos et al, 1974).

The basement of the Albian between the villages Sanadinovo and Novadene
is represented by whitish, light-grey to beige aleuritic, indistinctly bedded marls
from the Trambe§ Formation. The Upper Aptian species Acanthohoplites aschil-
tensis A n t h. has been found in these marls near Trancovica village, Pleven Dis-
trict (B.llaukos Mosuesa, 196]).

According to the studies of Ivanov, Stojkova and Nikolov
(UBauomn ctal, 1982), an up to 30 cm thick phosphorite bed is found trans-
gressively over the light-grey marls of the Trambe$ Formation, between the villages
Sanadinovo and Novaé&ene. In addition to the phosphorus concretions, in this layer
there are also rock fragments, quartz gravel, phosphatized ammonites, bivalvs and
gastropods. The following species are identified: Hoplites dentatus (S o w.), Ana-
hoplites intermedius S path. and A. planus sulcatus Spath.

Dark-grey to greenish calcareous sandstones with thickness up to 1 m overlie
this first phosphorite bed. They contain a little glauconite and rare phosphorite
concretions.

Anahoplites intermedivs Spath and A. planus sulcatus Spath occur in
the lower part of the sandstones.

The following species are found in the upper part of these sandstones: Anahop-
lites planus planus (M ant.), A. planus discoideus Spath, A. planus gracilis
S path, Anahoplites spp., Dimorphoplites tethydis(Bayle) and D.pinaxSpath.
They are followed by a second phosphorite bed, 50-70 m thick. The bed is formed
of phosphorite concretions and phosphatized fossils (ammounites, gastropods and
mainly bivalvs). The matrix is calcareous-sandy with glauconite. Cuculea glabra
(P ark.), Anahoplites planus fittoni (d’A r ¢ h.), Dipoloceras cristarum (Bt o g n.)
and Euwhoplites solenotus (S e e 1.) occur in the lower part of this bed.

The following species are found in the upper part of the same bed: Hysfcro-
ceras orbignyi S path, H. symmetricum (Sow.), H. subbinum S p a t h., H. varico-
sum (Sow.), H. bucklandi S p a t h, Prohysteroceras (Goodhallites) goodhalli (S o w),
Mortoniceras (Pervinquieria) inflatum (Sow.) and M. (Deiradoceras) cf. bi-
punctatum Spath.
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Slightly calcareous to slightly aleuritic glauconitites are revealed above the se-
cond phosphorite bed. The glauconite content in them reaches up to 90 per cent,
their thickness — about 2-4 m. Callihoplites vraconensis (Pict.,, Camp.) and
Arraphoceras sp. have been found immediately at the base of this glauconite
layer, whereas ammonites of relatively greater size — up to 80 cm -— occur higher.
Puzosia mayoriana (d'O 1 b.) and Ostlingoceras puzosianum ('O r b.) are identified.

The amount of the glauconite gradually decreases upwards, while the clayey
and calcareous substances increase.

Albian sediments are covered by slightly aleuritic light-grey to whitish marls,
in the lower part of which the following Cenomanian taxa have been found (H a-
ues, Huxkonosn, 1961): Mantelliceras cf. martimpreyi (C 0 q.), M. mantelli
(S o w.), Neohibolites ultimus ('O r b.) and Inoceramus sp.

The two Albian Substages — Middle and Upper — are {ully developed in the
examined seclion between the villages Sanadinovo and Nova&ene. Lower Albian
is not deposited. All ammonite zones of the Middle and Upper Albian have been
identified.

The section ncar Dekov village differs in a certain respect from the already de-
scribed section between the villages Sanadinovo and Novacene. At Dekov the Al-
bian scdiments Jie transgressively, represented at their base by coarse-grained glau-
conitic sands, filled with many fossils and phosphoritic concretions, which alttri-
bute to them a conglomerate appearance. Thickness: 0.80-1.00 m. The following
species have been identified from this bed: Anahoplites planus discoideus S p ath,
Callihoplites patella S p ath, Prohysteroceras (Goodhallites) goodhalli (S o w.),
P.(G.) candolianum (P i c t.), Hysteroceras orbignyi S path, H. bucklandiSpath,
Hysteroceras sp.. Mortoniceras (Pervinquieria) inflatum (S o w.), M. (Deiradoceras)
devonense S p ath, Inoceramus sulcatus P ar k., Cucullaca glabra (P ark.) and
Natica favrina Pict, Roux.

A coarse-grained dark-green glauconite sandstone, 2-3 m thick, lies above
the described bed. The glauconite content in it reaches 70 per cent. Large-sized

I ET

J‘1 %_,"11—" B

i S P R

Fig. 14, Lithostratigraphic units rclated with the Lower Cretaccous between Stezerovo and
Svistov

ammonites (0.70-0.80 m) occur in this bed. Puzosia mayoriana ('O r b.) and Ostlin-
goceras puzosianum ('O r b.) are identified.

The Albian glauconite sandstones are covered on top by Ceno manian marls.
The described scction near Dekov village comprises only the Uppzsr Albian.
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The Albian around the town of Svistov (Fig. 14) is represcnted by different-
grained sandstones which arc intercalated in some places by aleuritic marls. Here
is the stratotype of the Svistov Formation which is also transected in the boreholes
of the Grivica, Pisarovo, Krusovica, Gorni Ddbnik and Dolni Didbnik areas. The
phosphorite-bearing and glauconite beds between the villages Sanadinovo, Nova-
¢ene and Dekov should be considered as peripheral facies of the Svistov Formation.

The thickness of the Albian sediments varies in the different areas: from 94 m
(Trédstenik village) to 687 m (Bardarski Geran village), depending mainly on the
completeness of the sections and on the influence of the post-Albian denudation.

The Lower Cretaceous has most extensive surface outcrops inthe northeast-
crn part of the Moesian Platform. In this area it is also revealed by many bore-
holes. Therefore, the Lower Cretaceous has been relatively best studied in N or t h-
eastern Bulgaria. More recent studies to be mentioned in this connec-
tion are thoseof Dimitrova (Aumurposa, 1967), Dimitrova, Ce-
mberskiand Kostadinov (AwxMurposa, HYemGepcku, Koc-

TanuHOB 1965), Dimitrova, Cefitev and Breskovski (Au-
MurTposa, HYemuren Bpeckonckn, 1972), Breskovski (bpec-
KOBCKM, 1966; Breskovski, 1975), Kostadinov and Breskovski
(Kocranunos, BpecxoBcxku, 1967) and Nikolov (Huxkoaon,
1969a). These works contain the entire literaturec on the stratigraphy of the Lower
Cretaceous in the area. In the present book only the latest data on the Lower
Cretaceous stratipraphy in Northeastern Bulgaria will be reported.

Berriasian sediments are not exposed in the northeastern part of the Moesian
Platform. They are found in all deep drillings transversing the uninterrupted succes-
sion of the Kaspi¢an Formation. However, the accurate differentiation of the Bet-
riasian in the boreholes of this carbonate Formation is impossible, due to the
absence of distinct fossil remains of organisms. According to borehole data, the con-
ditionally differentiated Berriasian part of the Kaspifan Formation is represented
by dolomites, dolomitized limestones and intercalations of limestones.

In borchole S-20 Kardam (Popovo area) P. Jov Ceva (oral communica-
tion) has identified foraminifera from several levels. Tn all probability, the Trocho-
lina (Coscinoconus) alpina L e u p. found at 356.70 m and at 389.40 m is in the Ber-
riasian part of the section, because a characteristic Valanginian association has been
found higher up (at 320 m).

The Valanginian is generally developed in Northeastern Bulgaria. In the north-
castern part of the Moesian Platform it is connected with the Kaspi¢an Formation. The
stage is represented at its base by micrograined dolomites and dolomitized lime-
stones which are replaced upwards by crystalline and granular limestones.

In borehole S-30 Kardam (Popovo area), at a depth of 320m, P. Jov Ce-
va has found a characteristic microfossil association: Trocholina (Coscinoconus)
alpina L. e u p., T. (Coscinoconus) elongata L e u p., Hecltina praeantiqua B ar t.,
Br., Ammodiscus cretaceous R e us s and Quinqueloculina infravalangiana B a1 t.

In borehole S-11 Kalugerica the Valanginian is proved by foraminifera asso-
ciations the most characteristic among which is from 167.30 m: Trocholina (C.)
alpinaLeup., T.(C.) elongata L e u p., Quinqueloculina infravalangiana B a r t. Cardim
imbricatum L e u m. was found in the same borehole at 152-156 m, Nerinea favrina
Pict, Camp. and Trigonia ornata 'O r b. — in the interval 138.70-146.00 m.

Analogous fossil associations are found to the east-northeast in a number of
boreholes (S-31 Esenica, S-32 Dolina, S-10 Cernookovo and R-1 Tjulenovo).

The upper boundary of the Valanginian in this area is traced along the upper
part of the Kaspi¢an Formation, with the exception of the region to the north of
Sumen, Novi Pazar, Devnja and Cernevo, where the upper part (probably up to
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50-60 m thick) of the Kaspican Formation belongs to the Hauterivian (I Mt mu -
posa et al, 1968).

The total thickness of the Berriasian and Valanginian sedimenis in their car-
bonate development is 320-960 m.

The Hauterivian has general development in the area investigated. Two facial
zones in the development of the Hauterivian sediments become outlined: southern
zone — in the transitional strip between the Fore-Balkan and the Moesian Plat-
form, where marl deposits with intercalations of sandstones of the Gorna Orjaho-
vica Formation are developed, and a northern zone — within the confines of the
Platform, with two subzones: southern — clayey-calcareous (Razgrad Formation)
and northern — calcareous (Ruse Formation).

Variegated deposits (Spasovo Formation) are developed in the northeastern-
most coastal part of Northeastern Bulgaria.

The Hauterivian is connected everywhere with the Gorna Orjahovica Forma-
tion in the strip outlined to the north between the villages Resen and Capaevo,
the town of T#rgoviste, the northern part of the Preslav region, the villages Zlatar,
Vasil Drumevo and the Provadija region (Mirovo village), the villages Sultanci and Ju-
nak, and Varna (Asparuhovo quarter). The Gorna Orjahovica Formation is represented
by marls, rather clayey, slightly aleuritic, with very rare and thin intercalations (inainly
in the southern part) of calcareous siltstories and fine-grained sandstones.

In this strip the Hauterivian sediments overlie with a sharp boundary the lime-
stones of the Kaspiéan Formation in the larger part of the region, or a transi-
tional type of claycy-calcareous deposits of the Tica-Kaspi¢an Formation (the north-
ern  part of the Preslav, Targoviite and Provadija (Mirovo) regions), or the sedi-
ments of the Ti¢a Formation (the villages Zlatar, Sultanci, Tutrakanci, Padina,
Junak and Bozvelijsko).

The Hauterivian in the investigated strip (Resen — Junak villages) is built at
its base by clayey to slightly clayey limestones which pass into marls. Glauconite
occurs frequently among the clayey limestones at the base, whereas among the marls
higher up there are rare and thin intercalations of clayey-calcareous siltstones and of
fine-grained sandstones.

In addition to the outcrops which are rich in ammonite faunas (H 11 k 0 11 0 B,
1969a), the Hauterivian in the boreholes of this region is characterized by many
fossils.

The thickness of the Hauterivian sediments in the examined strip reaches up
to 780 m, though it is between 150 and 320 m in most boreholes.

To the north of the strip under investigation, in the region of the town of Pols-
ki Trimbe§, DZuljunica village (Ruse District), Popovo, the villages Buhovci and
Hitrino, the towns Devnja, Kubrat and Tervel, Severci village and Tolbuhin. the
Hauterivian is connected with the clayey-calcareous sediments of the Razgrad For-
mation (in the southern part of the region) and with the limestones of the Ruse For-
mation (in the northern part of the region).

In a considerable part of the region the Hauterivian is represented predomi-
nantly by clayey limestones with intercalations of marls (Razgrad Formation).
In most cases and especially in the lower part, these sediments contain glauconite.

A large lense-like body of sandy limestones, biodetritic limestones and odlit-
ic limestones is discovered in the Hitrino region (Sumen District) among the clayey-
carbonate deposits of the Razgrad Formation, in some places (the villages Kame-
njak and Viarbak) with thin intercalations of calcareous sandstones. These sediments
are known as ‘‘Hitrino Limestones’ (b o H4e B, 1955).

In the Kubrat region the Hauterivian is connected with a transitional type of
sediments between the Razgrad and Ruse Formations.
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In the northwestern part of the Kubrat region (boreholes R-1 CereSovo and
R-3 Pisanec), in R-2 Preslavci, as well as in the Tervel-Severci and Dulovo regions,
the Hauterivian is connected with different limestones belonging to the Ruse For-
mation. The boundary between the Hauterivian and Valanginian in this region is
connected with the lithological boundary between the Ruse and Kaspi¢an Forma-
tions.

The Lower Hauterivian age of the uppermost part of the Kaspidan limestones
in the region of Hitrino village, Kaspi¢an and Novi Pazar, Vetrino village — the
town of Devnja, has been proved by the following ammonites (JumuTposa, 1967;
Huxounos, 1969): Acanthodiscus radiatus (Brug), A. twanensis Busn.,
Guill, 4. waceki Weum., Uhl), A. karakaschi (U hl), Leopoldia biassa-
lensis (K ar.), L. prenocostata (F e 1i x), Leopoldia sp. and Lyticoceras sp.

Many characteristic Lower Hauterivian ammonites have been found in the marls
above the Kaspi¢an Limestones. The thickness of the Hauterivian in this strip is
104-373 m.

In the northeasternmost (littoral) part of the area (Spasovo, Kardam and Bal-
ik regions, and the Zlatni Pjasici) the Hauterivian sediments are developed in a
coastal type.

The sediments of the Hauterivian in this region overlie with a sharp boundary
the denuded surface of the Kaspi¢an Formation. They are represented by terrige-
nous and clayey-calcareous deposits.

The Hauterivian is represented in the Spasovo region by variegated claystones,
in some places with carbonized plant detritus. The claystones are intercalated , with
limestones: clayey, dense, micrograined and porcelain-like. Intercalations of [ine-
to smallgrained sandstones also occur.

In the BalCik region the Hauterivian is represented by clayey-aleuritic limestones
with a little glauconite.

In the Zlatni Pjasici area (boreholes R-1¥, R-2%¥ and R-3% Zlatni Pjasici) the
Hauterivian is built of irregular alternation of sandy marls, sandy and aleuritic
limestones, and small-grained, predominantly quartz sandstones.

The Hauterivian sediments in this region are dated by microfauna. The thick-
ness of the Hauterivian sediments in the littoral part is between 0 and 658 m.

The Barremian is very well represented in Northeastern Bulgaria. The facial
environment of this stage is very similar along general lines with the Hauterivian.

In the southern part of the Moesian Platform clayey marls with rare interca-
lations of sandstones (Gorna Orjahovica Formation) and of clayey-calcareous se-
diments (Razgrad Formation) are developed, being replaced in the north by carbo-
nate rocks, extensively developed in the northern part of the area (Ruse Formation).

In the strip between the villages Resen — Capaevo — Vasil Drumevo the Bar-
remian is connected with the Gorna Orjahovica Formation. [t is represented by
marls with intercalations of fine-grained sandstones. In some places there are also
thin intercalations of clayey-calcareous siltstones.

Characteristic Barremian ammonites were found in borehole S-22 (Resen area):
at 58.10-63.40 m — Hemihoplites spp., Anahamulina cf. subcylindrica ('O r b.)
and Barremites spp.; at 243.00-245.70 m — Barremites cf. subdifficilis (K a 1.),
Pulchellia sp. and “Leptoceras” sp.; at 384.60-394.40 m — “Leptoceras” sp. and
Barremites cf. difficilis (d'O r b.); at 404.00-416.50 m — Crioceratites (E.) eme-
rici L év., Acrioceras tabarelli (A st.), Spitidiscus sp. indet. and Barremites cf.
hemiptychus (K i 1).

In borehole S-1 Ljubenci, where the Barremian is represented by sediments
which are transitional, but probably closer to the Kamcija Formation, Barremian
ammonites have been found in two intervals: at 90.00 m — Holcodiscus sp. indet.;
at 479.00-484.50 m — Anahamulina subcylindrica ('O rb.) and Holcodiscus spp.
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The thickness of the Barremian deposits in the Resen — Capaevo — Vasil
Drumevo strip reaches 534 m.

In the north the Barremian is represented by the clayey-calcareous sediments
of the Razgrad Formation (Polski Tridmbe3, DZuljunica — Ruse District, the north-
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Fig. 15. Relationships between the lithostratigraphic units along the Polski Trambes —  Sva-
lenik line

ern part of the Popovo region, Buhovci and the Tolbuhin region). In the northern-
most part of the area (the northwestern part of the Kubrat region, in borehole
R-2 Preslavei, in the Dulovo and Tervel-Sever regions) the Barremian is connected
with the limestones of the Ruse Formation. The transition between the sediments
of the Razgrad and Ruse Formations is discovered in the boreholes in the southern
part of the Kubrat region (Fig. 15).

Barremian sediments are very well characterized faunisticaily (Hu ko 510 B,
1964-1969; B peckx o B ¢ x U, 1966-1978).

The upper boundary of the Barremian is denuded in a considerable part of the
region. In the places where the Barremian is covered by clayey-calcareous Aptian
sediments (the villages Opaka, Sadina and Kacelovo), the boundary between the
two stages is traced only by means of ammonites. In the DZuljunica area (Rusc
District) the upper boundary of the Barremian coincides with the upper boundary
of the uppermost tongue of the Razgrad Formation.

The thickness of the Barremian sediments in the northern part of the arca is
101.0-234.0 m.

The Aptian is widespread in Northeastern Bulgaria. It has a relatively more
limited development in the central part of the Northern Bulgarian elevation, whereas
in eastern and especially in western direction Aptian sediments are very well repre-
sented.

In the southern part of the Platform the Aptian is connected with the Gorna
Orjahovica Formation which is represented by marls, aleuritic marls, sandy marls,
siltstones, sandstones and sandy limestones with Orbitolinidae. Only the Lower
Aptian (Bedoulian) is developed in this zone.

Vast outcrops of the Aptian exist in the valley of Jantra river, where the com-
plete section of this stage can be observed from SaSevo village in the south to Ceno-
vo village in the north.

The Lower Aptian (Bedoulian) east of SaSevo village is represented by mixed
rocks. Slightly aleuritic clayey limestones appear in the upper part of the Bedoulian.
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Sanmartinoceras (Sinzovia) trautscholdi (S i n z.) is found at the base of the outcrop
to the east of SaSevo village.

Slightly further north, to the east of Radanovo village, the Bedoulian is repre-
sented by slightly aleuritic clayey marls with intercalations of calcareous sandstones,
micrograined limestones and sandy limestones. The following species are found
among them: Toxoceratoides royerianus (d'O r b.), Cheloniceras (C.) cornuelianum
('O rb.), C.(C)cf. dechouxi (K il.,, R eb.), Aconeceras nisoides (S a r.) and San-
martinoceras (Sinzovia) trautscholdi (Sin z.).

In the east, in the area of the villages Kamen, Bojka, Vodica, Kovalevec and
Palamarca, the Bedoulian is represented by clayey marls with very rare and thin
intercalations of sandstones. Thin-layer slightly aleuritic limestones appear in the
uppermost part. The following species are found among these sediments: C. (C.)
cornuelianum ('O r b.), C. (C.) cf. pygmeum (N ik sch.), C. (C.) cf. seminodosum
(S i n z.), Deshayesites callidiscus C a s., D. deshayesi (L ey m.), D. planus C as.
and D. strigosus Cas. .

Complete sections of the Bedoulian are found in the valley of Cerni Lom river,
around the villages Zaraevo, Opaka, Krep¢a, GircCinovo, Gorsko Ablanovo and
Kacelovo, where marls and clayey limestones are developed. These sediments con-
tain many ammonites (H u k 0 1 0 B, 1969a). Thin-bedded and silicified lime-
stones are discovered in the upper part of Bedoulian sections, in some places even
chalcedonoliths (I' 0 p a H o B, 1965).

The following species are collected from these sections: Procheloniceras al-
brechtiaustriae (H o h.), P. pachystephanum (U h 1.), Cheloniceras (C.) cornuelianum
(d0Orb), C. (C) kiliani (K oen.), C. (C.) seminodosum (Sin z.), Deshayesites
stutzeri Riedel, D.deshayesi (L ey m.), D. strigosus Cas., D, forbesi Cas.,
D. consobrinus (d'O r b.) and D. callidiscus C a s.

In the valley of Malki Lom river, to the north and northwest of Sadina vil-
lage, the Bedoulian is represented by clayey limestones which pass into pure lime-
stones. These sediments are also intercalated to the east towards the villages Osenec
and Balkanski, Razgrad District, as well as south of Razgrad. The transition bet-
ween the Razgrad and Ruse Formations takes place in this zone at the level of the
Bedoulian.

In the east, in the Vojvoda Plateau and Stanata, the Bedoulian is represented
by alternation of marls and clayey limestones passing into granular limestones in
the upper part and to the north.

Between the towns of Val¢i Dol and Suvorovo the Bedoulian is represented by
clayey marls, aleuritic clayey limestones, aleuritic marls, calcareous sandstones and
relatively pure limestones with flint concretions. Clayey-sandy limestones contain-
ing great amounts of glauconite, glauconite sandstones and clayey-calcareous sand-
stones, are found near Vojvodino village, Varna District. Cheloniceras (C.) cornueli-
anum (d’O rb.) and Deshayesites spp. are found among these sediments.

In the northernmost part of the area the Bedoulian is connected with the Ruse
Formation. Various limestones are developed: granular, odlitic, biodetritic, bival-
vial, coral, bryozoal, algal, in some places porcelain-like (micrograined), in other
places sandy and orbitolinic limestones. The following species are found among
these sediments near the villages Belcov and Batin, Ruse District: Deshayesites
weissi (Neum., UhL), D. grandis Spath, D.callidiscus Cas., D. forbesi
Cas., D. strigosus Cas., Deshayesites spp., Procheloniceras albrechtiaustriae
(H o h.) and Cheloniceras (C.) spp.

Of ‘particular interest is the section of the Bedoulian to the southeast of Siro-
kovo and near Ostrica villages, Ruse District, where at a distance of about 1 km
the transition between the clayey-calcareous sediments of the Razgrad Formation
and the limestones of the Ruse Formation takes place.
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The thickness of the Bedoulian in the examined sections is 40-140 m.

The Middle Aptian (Gargasian) is developed mainly in the northwestern part
of this area. Between the villages Strelec and Orlovec, Ruse District, the Gargasian
is represented by microcrystalline limestones, clayey limestones and marls. Flint
concretions occur in some places among the limestones.

In the northeast, around the villages Bojka, Koprivec and Drjanovec, the Gar-
gasian sections are formed by alternation of thin-layer silicified limestones, slightly
silicified crystalline limestones and clayey slightly aleuritic limestones (Kovace-
vec Formation). The following species are collected from the lower part of the sec-
tions: Costidiscus microcostatus (Sim., Bac., S or.), Gargasiceras lautus (G 1 a s.),
Gargasiceras sp., Hamiticeras sp. and Epancyloceras sp.

The upper part of the same sections is characterized by: Acantlohoplites aschil-
tensis A nth. A.sp., Subacanthoplites sp. and Cheloniceras (E.) aff. debile C a s.

The Gargasian has vast outcrops in the Bjala region — around the villages
Bistrenci, Pet Kladenci, Borovo, Baniska, west of Cilnov, around Cenovo, Stdr-
men, Dolna Studena, Polsko Kosovo and Bjala. Marls with alternation of clayey
and thin-bedded silicified limestones are discovered. They are characterized by many
ammonites (Hukx o1 o35, 1969a).

The thickness of the Gargasian is 80-150 m.

The Upper Aptian (Clansayesian) is widespread to the west of Baniski Lom
river, around Borovo village, north of Bistrenci village, Bjala, Cenovo and Batin
villages, Ruse District. It is represented by marls with intercalations of clayey lime-
stones characterized by: Aucellina caucasica (B u ch), A. gryphaeoides (S o w.),
A. nassibianizi S o k., Acanthohoplites bigoti bigoti (Seun.), A. multispinatus
tenuicostatus (Sin z.), A. trautscholdi (Sim., Bac., Sor) and Cheloniceras
(E.) clansayense (J ac.).

The thickness of the Clansayesian sediments is 35-70 m.

The Albian has a limited distribution in this area, being developed mainly around
Ruse (ImumuTpoBa, 1952) and partly in the western part of the Razgrad Dis-
trict. It is represented by clayey marls and glauconite sandstones (Trdmbe3 For-
mation).

The Albian sediments are transversed by some structural boreholes (Bdzin
village, Razgrad District), as well as during the construction of the bridge across
the Danube between Ruse and Giurgiu. The characteristic Upper Albian ammon-
ite Anisoceras armatum (S o w.) is found at 56.30 m in borchole R-9 near Bizdn
village.

Albian sediments reach up to 60 m in thickness.

1.3.6. Eastern Rhodopes

The development of the Lower Cretaceous in the Eastern Rhodopes was proved
by Bojanov andLipmann (bosswos, Jlunmamn, 1973) who found a
rich association of Radiolaria characteristic of the Lower Cretaceous. They were
found among phyllitoid schists around Me¢o Uho village in the valley of KulidZiks-
ka river, Kardzali District. Phyllitoid schists are assumed to be part of the so-called
diabase-phyllitoid formation. Most probably these are deep-sea formations of the
type of the aspid formations.

In 1982 Bojanov, Ruseva and Dimitrova (bossunos, Py-
cesa, Jumurposra, 1982) reported the find of Upper Cretaceous (Cam-
panian) foraminifera “in Jurassic-Lower Cretaceous metamorphic rocks™” at
Sveti Ilija locality, about 2 km northwest of Dolno Lukovo village, KdrdZali Dis-
trict. The foraminifera have been found among tuffites which alternate with sand-
stones and siltstones.
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These finds are of exceptional significance for the geological history of the
Eastern Rhodopes and StrandZa during the Cretaceous.

2. NORTHWESTERN AFRICA

The Atlantic coast of Africa is of particular interest for the stratigraphy of the
Lower Cretaceous.

A formation of shallow-sea sandstones is developed tu the south of the Gulf
of Guinea near Angola (Cameroon, Gabon and Angola), as well as lagoon-marine
sediments of Aptian age. Among these sediments there are also deltaic formations,
bituminous and salt-bearing beds intercalated by thin limestone beds with sea
fossils.

The Albian is represented predominantly by clayey limestones and marls with
ammonites: beds with Mortoniceras inflatum (S o w.), Prohysteroceras wordei S p a t h,
Prohysieroceras spp., Elobiceras sp. in the Lobito areain Angola(Sornay,1951), beds
with FElobiceras near Béndoué in Nigeria, “marls and limestones of N'Toum’” with Dou-
villeiceras monile (S o w.) and D. mammillatum (S ¢ h 1.) in Gabon (Fu r o n, 1960).

In the north, in Northwestern Africa proper, the Lower Cretaceous has a ra-
ther limited development. It is discovered as thin and broken strips along the coast-
line (Ivory Coast, Ghana), where it is represented by lagoon sediments which are
poor in fossils: sandstones, aleuritic-sandy claystones and claystones with lignite
coals, up to 800 m thick (Fur on, 1960). These sediments usually overlie Precam-
brian rocks. .

In Western Sahara the Lower Cretaceous is represented by continental sand-
stones and in some places by sandy claystones with silicified trees and remains of
dinosaurs (Continental intercalaire after Kilian, 1931).

2.1. Morocco

In Northwest Africa the Lower Cretaceous is most extensively developed in Moroc-
co. Its distribution is connected with the Aaiun — Tarfaya coastal basins, the High
Atlas (Agadir — Essaouira, Meseta) and the Moroccan reef.

In the Tarfaya — El Aaiun Basin the Lower Cretaceous starts with continental
sandstones and conglomerates, about 1100 m thick, which are provisionally referred
to the Barremian (Wiedmann et al, 1978). These formations overlie Triassic
or Jurassic rocks.

The marine Lower Cretaceous sediments in this basin are of Aptian or Albian age.

To the northeast of Cape Draa, at the base of the sea coast there are marls and
aleuritic claystones with Hypacanthoplites nolani (S e u n.), Cheloniceras (E.) cf.
pretosum ('O r b.), C. (E.) ex gr. debile C a s. and Cheloniceras (E.) spp., which
define the Clansayesian (Collin g o n, 1963). This is the southernmost outcrop
of Mediterranean Clansayesian ammonites.

The Albian is represented by its upper substage. The sections are built of green-
ish claystones and marls, siltstones, dolomitized limestones and clayey lime-
stones, which contain many ammonites: Beudanticeras beudanti (B r.), Hysteroceras
carinatum S path, H.orbignyi S p ath, Dipoloceras bouchardi (d’'O r b.), D. cris-
tatum (D eluc), Deiradoceras cunningtoni Spath, Anisoceras pseudoelegans
(Pict., Camp.), Idiohamites salvani C oll.,, Mortoniceras inflatum (S o w.),
M. rostratun: (S o w.), M. aequatoriale (K o ssm.). M. pricei Spath, M. orien-
tale (K o s s m.), Hypengonoceras chouberti Coll., H. tarfayense Coll., Oxy-
tropidoceras bituberculatum C o ll.,, etc. This fauna demonstrates the greatest
number of common elements with the Albian of the Mediterranean Region, but
also with Madagascar, South Africa, Angola and Nigeria (Collingon, 1963).
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Together with the ammonites, the Albian sediments from Tarfaya are also cha-
racterized by concurrent foraminifera zones, as well as by many bivalvs and gas-
tropods. Their thickness varies between 300 and 820 m, tending to increase from
east to west. The development of the Lower Cretaceous in this basin is character-
ized by the numerous intraformational hiatuses. Upwards the Albian sediments
are connected with the Cenomanian ones by means of a gradual transition.

The Agadir-Essaouira (Haha) Basin comprises two sedimentation zones. In the
southern Agadir zone the Lower Cretaceous is very well exposed in the coastal strip
between Arhoud, Tarhazoute and Aourir, north of Apgadir.

The Berriasian is represented at its base by limestones and dolomitized lime-
stones with remains of neritic fauna (oysters, gastropods, algae and bryozoans),
followed upwards by aleuritic marls and clayey limestones with ammonites: Pome-
liceras (M.) broussei (M a z.), Tirnovella occitanica (Pict.), T. alpillensis (M a z.)
and Spiticeras (K.) damesiforme D jan. (Wiedmann et al.,, 1978). The fora-
minifera are represented by benthonic nodosarids and agglutinated forms of Haplo-
phragmidium, Dorothia pracoxycona M o ull., Lenticulina nodosa Reuss, L.
eichenbergi Bart., Br., L. ouachensis Sig. and Vaginulina sp. (Butt, 1982).

The Lower Berriasian carbonates are typical shallow-sea deposits; they contain
calcareous algae, bivalvs, gastropods and neritic foraminifera, which demonstrate
subreefogenic conditions in the inner shelf zone. The upper part of the Berriasian
built of alternation of marls and clayey limestones with ammonites and benthic
foraminifera, is formed under the conditions of the middle shelf area with gradual
increase in the depth (B utt, 1982).

The Valanginian is represented by varied, predominantly aleuritic marls with
Thurmanniceras thurmanii (Pict., Camp.), Sarasinella longi (S ayn), Olco-
stephanus beticus (W i e d m.), oysters, Trigonia, Pinna, corals, brachiopods and
echinoderms. The distribution of the macrobenthos is very uneven, with strong
local fluctuations. The foraminifera are benthic: Vaginulina sp., Lenticulina ouachensis
Sig., L. eichenbergi/L. guttata, Spirilina neocomiana M o u l 1., Epistomina cara-
colla/ E. ornata, etc. (Wiedmann et al, 1978).

The Hauterivian is represented by a thick complex of aleuritic marls and clay-
stones with a limestone-dolomite formation in the middle part. The Lower Hauteri-
vian is characterized by Endemoceras noricum (R o e m.), Acanthodiscus vaceki
Neum., Uhl and Crioceratites strombecki (K oen.), typical benthic fora-
minifera, such as Planularia crepidularis (Roem.), Dorothia hauteriviana
M o ull), Vaginulinopsis sp. Higher up there are Crioceratites duvali Lév., C.
hildesiensis (K o e n.), C. maghrebiensis Im mel and Crioceratites sp., as well
as the first plankton foraminifera (Wiedmann et al, 1978).

The development of dolomites and reef limestones in the middle part of the Hau-
terivian sections demonstrates local shallowing.

The Upper Hauterivian is represented by aleuritic marls and claystones with
Pseudothurmannia angulicostata (d'O r b.), Exogyra sp., brachiopods, planktonic
foraminifera, which are associated with benthos forms. The bio- and lithofacies in-
dicate a relatively deep middle shelf with open sea connections to the northwest
(Butt, 1982).

The Barremian is also represented by aleuritic marls with claystones with Crio-
ceratites fissicostatus (R o e m.), Nicklesia pulchells ('O rb.), Heteroceras sp.,
Hedbergella sigali Moull, H. infracretacea (Glaessn.) and Clavihedber-
gella aff. simplex (M orr.).

The Lower Aptian is represented by dolomite limestones and sandstones contain-
ing -Procheloniceras albrechtiqustriae (H o h.) and Deshayesites callidiscus C a s.
Higher up (in the Middle and Upper Aptian) the beds are condensed. Chelonice-
ras (E.) martini ('O rb.), Ammonitoceras sp., Hypacanthoplites nolani S eun.,
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Acanthohoplites sp., charophytes and foraminifera: Ticinella bejaouaensis Sig.,
Globigerinelloides algerianus (Cush., Dam.) and G. ferreolensis M oull),
occur (Wiedmann et al., 1978),

The Albian is built of greenish marls with many planktonic foraminifera: P/a-
nulina buxtorfi (C a n d.), Rotalipora apenninica (R en z), Ticinella primula L utt
and Ticinella sp., as well as nodosarids (Lenticulina) and ostracods. The macrofauna
is scarce. Douvilleiceras mammillatum (S ¢ hl.), Beudanticeras spp., Oxytropido-
ceras (0.) sp., Hysteroceras orbignyi S p ath, Mortoniceras falax Spath, Para-
turrilites bergeri (Pict., Camp.) and Stoliczkaia dispar ('O r b.) are found
(Wiedmann etal, 1978). The bio- and lithofacies indicate deepening of the
shelf basin.

In the northeastern part of the Agadir zone (Tizi region), in the High Atlas,
the upper part of the Lower Cretaceous (Barremian-Albian) is of regressive type.
The Upper Barremian and the Lower Aptian contain predominantly clastic se-
diments of epicontinental type (reddish aleuritic claystones, sandstones, dolomites
and conglomerate lenses). According to Butt (1982), these sediments are cross-
bedded, with core structures and traces of submarine slides. This is evidence of
deltaic facies formed in the littoral zone. The organism remains consist of varied
detritus, as well as charophytes, small ostracods and agglutinated foraminifera
(Ammobaculites).

In the same Tizi region the described clastic deltaic facies of the Upper Barre-
mian-Lower Aptian is“covered by a typical condensed section of the Upper Ap-
tian and the Albian. Limestones, sandstones, aleuritic marls and in some places
dolomites are developed, among which there are ammonites and different fo-
raminifera (Nodosaria, Lenticulina and Hedbergella), as well as agglutinated forms
(Haplophragmium, Ammodiscus and Reophax). The fauna becomes poorer higher
up in the section and only in the uppermost part of the Albian there is an abund-
ance of planktonic foraminifera. The lithological transition to the Cenomanian
is gradual.

In the north, in the Essaouira area, the lower part of the series is very similar
to the sections in the Agadir zone. Over the shallow-marine Upper Tithonian lime-
stones there are aleuritic marls in alternation with limestones containing Berriasian,
Valanginian and Lower Hauterivian ammonites, as well as a rich association of
foraminifera, among which the nodosarids are very varied (Wiedmann et
al., 1978; Butt, 1982). According to Butt, the foraminifera indicate a deep middle-
shelf environment, similar to that of the Agadir zone. A sharp shallowing started
during the Early Hauterivian, which is indicated by the development of coloured
(mainly red) sediments containing small bivalvs, gastropods and rare agglutinated
foraminifera (Ammobaculites). This biofacies demonstrates lagoon and brakish
epicontinental regressive environment (B u tt, 1982). Marls with ammonites and
many foraminifera are developed higher up in the section of the Upper Hauterivian
and in the Barremian indicating typically marine environment in the middle shelf.
The Lower Aptian is connected with continental sandstones and conglomerates
(red beds) which are covered by marls and aleuritic claystones with foraminifera
(Gargasian Substage), followed higher up by olive-green and yellow-green aleuritic
and sandy marls with ammonites and many foraminifera (Upper Aptian-Al-
bian). The faunistic content and especially the P/B ratio in the foraminifera indicates
a relatively deep and calm middle shelf (Butt, 1982).

The Late Albian marks the start of the deposition of carbonate sediments,
among which ammonites and planktonic foraminifera disappear.

In the north, at Safi, the Lower Cretaceous is developed in marine facies (Ber-
riasian-Aptian).
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Specificilly good faunistic successions are known from the Ida (Tanan) area,
east of Cape Rhir (Haug, 1908; 1911).

Valanginian: Thurmanniceras thurmanni (Pict., Cam p.), Neocomites neo-
comiensis ('O rb.), Olcostephanus spp., bivalvs, gastropods and brachiopods.

Hauterivian: Acanthodiscus radiatus (B r.), Leopoldia kiliani (K o e n.), L. bias-
salensis (K ar.). Olcostephanus astierianus (d’O r b.), Pseudothurmannia angulicos-
tata ('O r b.), Duvalia dilatata (B l.), bivalvs, gastropods and brachiopods.

Barremian: Pulchellia compressissima (d’O r b.), Barremites difficilis ('O r b.),
Barremites spp. and Heteroceras sp. Bivalvs and brachiopods are well repre-
sented.

The Aptian is developed in its full volume and is characterized by Cheloniceras
(C) cornuelianum ('O r b.), Procheloniceras stobiecki (d’O r b.), Deshayesites des-
hayesi (L e y m.), Aconeceras nissum (d’O r b.), Toxoceras cornuelianum (d’O r b.),
Gargasiceras sp., Parahoplites melchioris Anth., Acanthohoplites aschiltensis (A nth.),
A. akuschaense (A nth.), A. bigoureti (S e u n.), Colombiceras tobleri (J a ¢.), Dia-
dochoceras nodosocostatum ('O r b.), etc.

The upper and middle parts of the Aptian are very well characterized faunis-
tically in the Marrakech valley.

In the Meseta area the Lower Cretaceous is developed in a Wealdean-like con-
tinental facies, divided by a sea ingression during the Valanginian. Sandstones and
red claystones are represented, which are assumed grosso modo to be Lower Cre-
taceous, because they overlie the Upper Jurassic rocks and are covered transgres-
sively by marine Cenomanian deposits. The Valanginian is represented by dolomite
limestones containing rich ammonite fauna (Wied mann et al.,, 1978).

The Moroccan Reef area lies approximately to the north of the Rabat parallel.
Its shores are washed by the Atlantic Ocean to the west and by the Mediterranean
Sea to the north. The eastern boundary of this area is the valley of the Oued Mou-
louya river, after which the Tellian Atlas starts.

In the southern part of the Reef the Lower Cretaceous starts with the Berriasian,
connected with a lithological transition to the Tithonian. It is represented by fine-
grained biomicrites, rich in Calpionella, Nannoconus, Calcisphaeridium, radiolaria,
smooth-shell ostracods and various detritus; pelletic limestones and core limestones
(““Ammonitico-Rosso’” type) with many ammonites; microbreccias, in some places
with graded bedding and intraclastic limestones. The bio- and lithofacies indicate
hemipelagic environment of external shelf (Wiedmann etal, 1982).

The beginning of the Valanginian is marked by a sudden transition to clayey-
calcareous sediments (calcareous claystones, marls and clayey limestones) with many
ammonites, calpionellids and radiolaria. The calpionellid zones Calpionella, Cal-
pionellopsis and Calpionellites are discovered in the Berriasian-Valanginian (W i e d-
mann et al, 1982).

In the north, in the coastal zone of the Reef (Dorsale rifaine), there are clayey
limestones, rich in radiolaria, nannoplankton, calpionellids and aptychi, which per-
mit the differentiation of Lower Cretaceous stages — from the Berriasian to the Bar-
remian included. These sediments overlie Jurassic, most frequently Lower Jurassic
rocks. They reach up to 50 m in thickness. Green glauconitic Albian marls are found
in the Haouz— Dorsale intern area.

In the allochthonous part of the Reef the Lower Cretaceous is developed in
flysch facies which are not stratigraphically divided due to lack of good fossils (D u-
rand Delga, 1965b). The Berriasian is represented by clayey-calcareous se-
diments, such as Tithonian. The sedimentation of turbidites started toward the end
of the Berriasian and continued uninterrupted throughout the entire Early Cre-
taceous.
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2.2. Continental Margin of Northwestern Africa

This vast area covered by the waters of the Atlantic Ocean includes the Continental
Margin of Northwestern Africa from Senegal to Gibraltar, with the Cape Verde
Islands, the Canary Islands and Madeira. The ocean bottom is with strongly dif-
ferentiated relief (Uchupi et al., 1976) (Fig. 16).
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Fig. 16. Schematic section of the Continental Margin of Northwestern Africa (according to data
of deep-sea drilling and seismic investigations). Init. Rep. DSDP, 47, 1, 1977)

The oldest sedimentary rocks are the Upper Jurassic-Lower Cretaceous lime-
stones and siliceous rocks discovered on Maio Island (Cape Verde Islands). The Low-
er Cretaceous starts with the Berriasian which lies with a gradual lithological tran-
sition over Tithonian cherty limestones. The Berriasian, Valanginian and Haute-
rivian are represented by slightly metamorphosed limestones, 200 m thick, covered
by basalt lava which spread at the end of the Hauterivian. The Berriasian-Haute-
rivian part is dated by scanty foraminifera. The Barremian is represented on top
by bituminous marls with Crioceratites emerici 1. € v., Heteroceras giraudi K il.,
Lytoceras subfimbriatum d'O 1 b., bivalvs and fish remains,

The Aptian-Albian section is built of variegated clayey shales, slightly meta-
morphosed limestones and basalts. Phylloceras guettardi (R a s p.), Parahoplites
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cf. hitzeli J a c., Costidiscus recticostatus (d'O r b.), etc. are found among the Ap-
tian sediments (F u r o n, 1960).

DSDP Site 367 (Leg 41) revealed Kimmeridgian red argillaceous limestones
which overlie basalt, followed upwards by Tithonian-Hauterivian sequence charac-
terized by cherty limestones and grey marls. The Barremian is represented by clay-
stones, the Aptian and Albian — by black shales Jansa, Wiedmann, in:
Von Rad et al, 1982).

Further north, at DSDP Site 368, located to the northwest of the Cape Verde
Islands, Miocene diabasic sills are found among Albian-Turonian black shales.

Data about the Lower Cretaceous are particularly numerous in the continental
margin of Morocco and near the Canary Islands.

At Site 369 to the southwest of the Canary Islands, opposite Cape Bojador, Ap-
tian-Albian silty marls with nannoplankton are found at the base of the section.

Further north, Site 370, situated on the parallel of Madeira Island in the conti-
nental foot of the Moroccan Meseta, at 4216 m depth of the water, has passed 1176 m
and has revealed a terrigenous Lower Cretaceous (Berriasian-Albian), represented
mainly by turbidites with marl intercalations with nannoplankton, siltstones, sand-
stones and rare conglomerate beds. These sediments are of flysch type. They arc
dated by foraminifera and nannofossils (Butt, 1982).

An interesting Lower Cretaceous section is discovered at Site 397 between the
Canary Islands and Cape Bojador. The borehole passes 1453 m and reveals in the
lower part Valanginian-Hauterivian aleuritic argillites with siderite concretions.
They contain abundant remains of fishes, echinoderms, cephalopods and gastro-
pods. The sediments demonstrate a number of deltaic features, which correlate well
with the continental part.

In DSDP-Hole 397-A (from Site 397), Wiedmann (1979) has iden-
tified Neocomites neocomiensis (d'O r b.), Phylloceras (H.) thetys (d'Orb.) and
Protetragonites of. crebrisulcatus (U h 1), which prove the Valanginian, Hauteri-
vian and Barremian.

There are several borcholes in the Mazagan Plateau (DSDP-Leg 79). The bore-
hole at Site 545 reveals a considerable hiatus at the base of the Lower Cretaceous.
Yellow-grey dolomite and calcareous sediments dated to the Barremian-Aptian
directly overlie the Upper Jurassic carbonate platform, followed upwards by green
nannofossil clayey limestones which fill the volume of the Aptian, Albian and Ce-
nomanian (Yon Rad et al., 1982),

The Lower Cretaceous at Site 547 is represented by the upper part of the
Albian Stage, which covers Upper Jurassic limestone breccias. Greenish nannofos-
sil-bearing claystones and mudstones with common intraformational flat-pebble
mudstone conglomerate layers and slump structures are developed. They are dated
by foraminifera as Upper Albian-Cenomanian (Hinz, Winterer et al,
1982).

In the arca of the Canary Islands (Fuertaventura) the Lower Cretaceous is
represended at its base by cross-bedded siltstones (Valanginian-Hauterivian), pass-
ing upwards into pelagic radiolarites and limestones (Aptian-Albian), which cor-
relate with the section at Cape Verde Islands (Maio Island) (Arthur etal., 1979).

Clear dependences are established between the Lower Cretaceous sections in
the investigated part of the Atlantic Ocean and in the outcrops from Northwestern
Affrica.

Compared with the prodeltaic facies at Site 397, the Barremian-Aptian sediments
from the Tarfaya — El Aaiun region and in the shelf of Western Sahara have de-
veloped a 1200 m thick complex of terrigenous sediments in deltaic facies (W i e d-
mann etal,1978; Einsele, VonR ad, 1979). These sediments contain rare
fossils (bivalvs, gastropods, echinids, foraminifera). Bio- and lithofacies indicate
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lagoon and brakish environments. The Aptian-Albian sections from the continent
and from its margin demonstrate gradually facial changes from shallow-sea to deep-
sea pelagic sediments. A similar dependence is also established for the Agadir — Es-
saouira Basin and its continuation into the ocean, with the exception of a number
of intraformational hiatuses with some alternations of marine and continental se-
diments. A similar picture is also observed in the continental part of Meseta.

Generally speaking, the Lower Cretaceous in the coastal basins of the conti-
nent (Tarfaya — El Aaiun and Agadir — Essaouira) demonstrates a change of ma-
rine for non-marine environment, with predominant development of deltaic facies
which correlate well biostratigraphically and palaeoecologically with the flysch fa-
cies of the boreholes at Sites 370 and 397. Moreover, the thick turbidites in the Mo-
roccan Basin (Site 370) are in sharp contrast to the pelagic carbonates and black
shales in the more southern area (Site 367). Interesting is also the development
of the black shale facies in the upper part of the Lower Cretaceous, which suggest
practically oxygen-free environment.

3. NORTHERN AFRICA

The Lower Cretaceous is developed in marine facies in Algeria and Tunisia, whereas
in Libya, Egypt and Sahara it is represented by continental deposits.

-

3.1. Algeria

The Lower Cretaceous is developed in the Sahara Atlas, the High Plateaux and in
the Tellian Atlas.

In the western part of the Sahara Atlas the Lower Cretaceous is represented
by sandstones and sandy claystone (“continental intercalaire™), whereas in the east
in the same zone — by sandstones and evaporites (Sahara type).

In the High Plateaux the Lower Cretaceous is of terrigenous-carbonate type.
All stages are developed (Fig. 17).

The Bulgarian geologists who investigated the High Plateaux (Tchounev
et al.,, 1969; Kolev etal., 1970; Zidarov et al, 1973 — oral communica-
tion of unpublished data) distinguished three main lithostratigraphic units con-
nected with the Lower Cretaceous: the OQued Mina Carbonate Formation, the Ber-
thelot Sandstone Formation and the Remailia Limestone Formation. The succession
of these Formationscan be seen very well alongthe Frenda — Tiaret road near the
Oued Mina cascade.

The Remailia Limestone Formation lies transgressively and slightly discordantly
over the Upper Jurassic dolomites of the Tlemsen Formation(Tchoumatchen-
¢ o — oral communication). It is represented by various limestones (biodetritic,
intraclastic and organogenic), dolomites and marls. The limestones contain poorly
preserved traces of bivalvs, gastropods and corals, while the marls are rather rich
in foraminifera. Their thickness is 80-90 m.

Fauriella cf. boissieri (P i ¢ t.) is found at the base of this Formation near Dje-
bel Recheiga. This species marks the lower boundary of the Formation as Berriasian.
Exogyra mines C o q., Harpagodes jaccardi (Pict., Camp.), Nerinea spp., Tri-
gonia sp., as well as foraminifera: Choffatella decipiens S c h 1., C. zireggensis Si g.,
Ammobaculites subaequalis M j a t 1., Dorothia sp., etc. occur near the Oued Mina
cascade.

These faunistic finds define the interval from the Berriasian to the Lower Hau-
terivian.

The Berthelot Formation lies with a clear lithological boundary higher up.
It is represented predominantly by sandstones with intercalations of aleuritic clay-
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stones, reddish matrls, sandy-clayey limestones and dolomites, whereas in some pla-
ces in the upper part there also occur gritstone lenses. These are typical shallow-
sea sediments formed in the peripheral deltaic environment. Leopoldia biassalensis
(k ar.) and Olcostephanus (R.) atherstoni densicostatus (W e g n.), which charac-
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Fig. 17. Lithostratigraphic units in Northern Algeria between the High Plateaux and Tenict El Haad

terize the Lower Hauterivian, were found among the reddish marls near Bakhada.
In addition to the ammonites, there are also bivalvs, gastropods and echinids: Pre-
rinella carteroni (O rb.), Echinospatagus ricordeanus C o tt., Nerinea atava
(Roem.), N. vogtina M ort., Exogyra tuberculifera Kach.,, Dunk., Pte-
ritrigonia cf. caudata (A g.)., Tyllostoma allardi C o s 5., etc. In the upper part:
Exogyra tuberculifera Kuch., Dunk., Ostrea polyphaema Coq. and Plicatula
carteroniana d'Or b.

These fossil finds define the stratigraphic range of the investigated Formation
from the upper part of the Lower Hauterivian to the Aptian included.

The Lower Cretaceous section in the High Plateaux ends with carbonate se-
diments of the Oued Mina Formation. Its characteristics are determined by bio-
morphic limestones built mainly of oyster shells, being of typically reef character
in some places. In some beds the limestones are allochemical and coarse-biodetri-
tic, built mainly of bivalvs detritus, with individual whole oyster shells. Oysters
decrease gradually upwards and the section is built of limestones with interbeds
of dolomites and marls. Coarse gastropods (Natica) are found in the upper part.
Ostrea praelonga Scharpe, O. falco Co q. and the Albian ammonite “Pla-
centiceras” uhligi Ch o ff. are identified from the lower part of the Formation.
Higher up the Oued Mina Formation continues in the Cenomanian.

Shallow-sea facies formed in littoral and sublittoral environment are charac-
teristic of the Lower Cretaceous sediments in the High Plateaux. Terrigenous fa-
cies predominate in the western part of the Plateaux, whereas terrigenous-carbonate
sediments are gradually imposed in the east-northeast.

In the northwestern part of the High Plateaux (Monts de Tlemsen, El Rhoraf
and Ouled Mimoun) the Lower Cretaceous is represented by alternation of micro-
grained limestones, slightly aleuritic limestones (in some places with many oysters),
sandstones and marls. In this region the lower part of the series is well characterized
by Benest at al. (1977).

At OQuled Mimoun (ex-Lamoriciére) the base of the Berriasian is represented
by the upper part of the so-called carbonate platform (Remailia Formation). Mic-
ritic and biomicritic limestones with Salpingoporella annulata C ar., Clypeina
Jurassica F avre, Thaumatoporella parvovesiculifera (R ain.), Triplorella neo-
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comiensis R ad., Caypeuxia sp., Trocholina ex gr. alpinaclongata (L ¢ u p.), rarc
scrpula, remains of echinids, bivalvs and gastropods, are developed at the base.

Fine biocalcarenites follow upwards, in some places with odlites containing
Ammobaculites cf. coprolithiformis (S ¢ h w.), Trocholina ex gr. alpinaelongata and
Lenticulina sp., as well as remains of bryozoans, bivalvs, gastropods and echinids.
Many ostracods are found among marl beds in the upper part of the described se-
diments, among which Protocythere aff. revili D on ze characterizes the lower
part of the Berriasian.

The greater part of the Berriasian and the base of the Valanginian are built
of the Lamoriciére Formation (““Argiles de Lamoriciére’). It is represented at its
base by clayey limestones and micrite limestones, among which there occur Tro-
cholina ex gr. alpinaelongata, various benthonic foraminifera, bryozoans, bivalvs, gas-
tropods and echinids. Thin intercalations of shell limestones with micrite, containing
rarc calpione!lids, also occur. They are followed upwards by marls which are attri-
buted to the top of the middle part of the Berriasian according to ostracods. These
marls are covered by clayey limestones and clayey-sandy limestones, among which
there is varied macrofauna. This level 1s known from the studies of Po me 1 (1889).
The following species have been found: Jabronella paquieri (S1im.), J. zianidia
(P o m.), Malbosiceras pouyannei (P o m.), Pomeliceras (P.) breveti (P o m.), Po-
meliceras (P.) sp., P. (Mazenoticeras)broussei (M a z.), P.(M.) telloutensc (P o m.),
Pomeliceras (M.) spp., Neocosmoceras aff. rerolei (Paq.), N. sayni (Sim.), Spiticc-
ras sp., Subalpinites mediterraneus Maz., Fauriella sp., etc. This association de-
ines the Malbosiceras paramimounum Subzone of the Fauriella boissieri Zone (base
of the upper part of the Berriasian).

Brachiopods, bivalvs, echinids, serpula and many ammonites: Fauriella bois-
sieri (P 1c t.), F. aff. rarefurcata (P i c t.), F. aff. latecostata (K il.), Tirnovella al-
pillensis (M a z.), Berriasella aff. picteti M a z., Jabronella paquieri (S§1 m.), Mal-
bosiceras sp., Spiticeras sp., etc., are found higher up among marl beds (Benest
at al., 1977). The Berriasian is covered discordantly by Miocene sediments from
the Sidi-bel-Abbes depression.

To the southeast of Quled Mimoun, at El Rhoraf, the Lower Cretaceous is
represented by the middle and upper part of the Berriasian and by the Lower Va-
langinian. Carbonate sediments (Remailia Formation) with typical shallow-sea fos-
sils are at the base. Above them lies the “Argiles de Lamoriciére” Formation which
is lithologically similar to the outcrops at Ouled Mimoun, but it is characterized
here by some intraformational hiatuses, cross-bedding and bioturbations. The fau-
nistic remains are the same as at Ouled Mimoun. The Berthelot Formation follows
on top, represented by sandstones, siltstones and aleuritic claystones. The Lamori-
ciére “clays” should be considered as part of the Remailia Formation (Fig. 18).

The Lower Cretaceous sediments appear over vast areas in the Tellian Atlas,
where they are represented by deep-sea facies which are in contrast to the neritic
formations from the High Plateaux.

In the Tellian Atlas the Lower Cretaceous is connected with the following litho-
stratigraphic units: the Sidi Seba Achir Clayey-Calcareous Formation, the Oued
Fodda Clayey-Carbonate Formation, the EI Melaab Flyschoid Formation, the Re-
dadoua Marl Formation and the Hassi ben Ziane Clayey-Carbonate Formation.
The series is developed in its full volume from the Berriasian to the Albian included.
In normal profiles the Lower Cretaceous is connected with gradual lithological tran-
sitions with the Upper Jurassic sediments below and with Cenomanian deposits
above.

The Sidi Seba Achir Formation is represented by clayey-calcareous sediments.
Alternation of marls and clayey limestones with intercalations of siltstones and sand-
stones predominate at the base. In the middle part mainly marls with rare intercala-
tions of clayey limestones are developed. The upper part of the Formation is built
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of alternation of marls and clayey limestones. Limestones predominate at the base
of this part, whereas marls passing into compact claystones become gradually im-
posed higher up.

The Formation is in a complex tectonic position — in the frontal part of the
Chouala nappe, therefore it is difficult to characterize its boundaries. Many ammo-
nites occur among the sediments of this Formation.
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Fig. 18. Lithostratigraphic units in the northern part of the High Platcaux between the Oued Mina
and Ouled Mimoun

The following Berriasian ammonites are found in the Chouala arca in the lower
part of the Formation: Berriasella calisto ('O rb.), Berriasella cf. privasensis
(Pict.), Fauriella boissieri (P ict.), Spiticeras sp. indet. and Leptoceras studeri (Q o s t.).

Valanginian ammonites follow above the beds of this association: Thurmanni-
ceras of. thurmamni (P1ict.), Kilianella sp. indet., Olcostephanus (0.) leptoplanus
(Baumb.), and slightly higher up: Saynoceras verrucosum (d'O rb.), Neocomi-
tes neocomiensis neocomiensis ('O rb.), Olcostephanus sp. indet., Neolissoceras
grasianum (d'O rb.), etc.

A very rich Valanginian association was found at Ain en Nessissa: Pliylloce-
ras spp.. Neocomites neocomiensis neocomiensis (d'O r b.), N. neocomiensis premo-
licus (S 2 y n), N. neocomiensis subquadratus (S a y n), Olcostephanus (Olcostephanus)
astierianus (@O r b.), Olcostephanus (Rogersites) atherstoni(Schar pe) and 0. (R.)
psilostomus (N eum., UhL).

The middle part of the investigated Formation is of Hauterivian age, which
is proved by the find of Crioceratites sp. indet., Olcostephanus sp. indet. and Phyllo-
pachiceras sp. at Sidi Seba Achir.

The upper part of the Formation is of Barremian age. The following species
are found at Sidi Ounes: Barremites nabdalsa (C o q.), B. aff. difficilis (d'O r b.),
Subpulchellia sauvagensis (Her m.), S. ochleafi (Nick.), Spitidiscus pulvinaius
Busn.,, Holcodiscus spp. and Hamulina sp. indet. A little higher: B. nabdalsa
(C o q.), Pulchellia compressissima ('O rb.), Holcodiscus perezianus ('O r b.),
Spitidiscus querolensis B us n. and Hypophylloceras barremense B u sn., fol-
lowed above by: Pseudosaynella strettostoma (U h 1), Hypophylloceras barremense
Bu s n., Subpulchellia sp. and B. nabdalsa (C o q.). At Ras el Masraf and at Sidi
Aek: Pulchellia ouachensis (C o q.), Subpulchellia sauvageani (H e r m.), Spitidiscus
nemglonensis (S a'y n), Spitidiscus sp. indet., Eotetragonites duvali (d'O r b.), Pseu-
dosaynella strettostoma (U hl), etc,
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On the territory of Douar Raouraoua (Oued Riou valley), in a rather tectoni-
zed section of the Sidi Seba Achir Formation, there are marls with intercalations
of micrograined limestones and boudinated clayey limestones, among which the
following Middle Aptian (Gargasian) ammonites were found: Acanthohoplites
stephanoides (K as.), Colombiceras cf. crassicostatum ('O rb.), Gargasiceras lautum
(Anth) and Pseudohaploceras akuschense (A nt h.).

The Formation is widespread in the Chouala area.

The Oued Fodda Clayey-Limestones Formation is revealed in scattered outcrops
near Oued Fodda dam, around Grand Pic, east of Djebel Ouarsensis, between Kou-
diat Tifket and A. Hamichain, and around Kef Hala. Its sections are built of marls
and limestones, in some places with intercalations of argillites, dolomites and sand-
stones. Stratigraphic volume: Tithonian-Aptian.

Berriasian fossils are found at Ain el Hadjella: Berriasella cf. calisto (d'Or b.).
Malbosiceras cf. malbosi (P i ct.)), Pomeliceras (M.) paramimounum (M a z.), etc.
Among the limestones there occur many calpionellids as well.

At Oued Fodda dam: Berriasella calisto (d'O r b.) and Berriasella spp.

The Valanginian is proved by a number of ammonite finds (Ain el Hadjella)
along the road to the mines Sidi Abd el Kader, near Koudiat Tilket and A. Hami-
chain: Thurmanniceras sp. indet., Kilianella sp. indet., Olcostephanus sp. indet.,
Valanginites sp., Neocomites neocomiensis ('O rb.), etc.

The Hauterivian is not proved palaeontologically, but its development in the
continuous succession between the Valanginian and the Barremian is indisputable.

The Barremian s proved by Barremites sp., Silesites seranonis ('O r b.), Foly-
toceras subfimbriatum (d'O r b.), Heteroceras astieri (d'O r b.), etc., found at Oued
Fodda.

The Aptian comprises the upper part of the Oued Fodda Formation, built of
grey-green marls with intercalations of sandstones, limestones and clayey lime-
stones, while grey-black compact claystones appear in the upper part. The stage
is proved palaeontologically by Mattauer (1958).

The El Melaab Flyschoid Formation is widespread in the Tellian Atlas and
reaches up to 1700 m. It is built of alternation of dark-grey to black argillites, silt-
stones and sandstones. Argillites predominate in the sections. Stratigraphic volume:
Aptian-Lower Albian.

Aptian fossils are found in the El Melaab Formation. At Ami Moussa, on the
castern shore of Oued Riou: Ancyloceras ex gr. urbani (N e u m., U h 1.); at Oued
Lira: Parahoplites cf. uhligi A n t h.; west of Djebel Tafren: P. melchioris A nt h.
and Parahoplites sp. indet.; at Oued Shifa: Acanthohoplites aff. laticostatus S i n z.,
ete. Rich foraminifera associations are established.

Mattauer (1958) reports the Lower Albian Desmoceras latidorsatum
(Mich) at Kef Assaker.

The Redadoua Formation (“Formation marneuse de Redadoua™) is built of
marls and calcareous argillites with limestone or dolomite concretions. Interbeds
of limestones and sandstones are observed in some places. The Formation is very
widespread in the Ouarsenis area, where it covers and /or replaces the El Melaab
Formation and underlies the Hassi ben-Ziane Formation, with which it is connect-
ed through lithological transitions. On the basis of foraminifera it is assumed
that this Formation comprises the Middle and Upper Albian Substages.

The Hassi ben-Ziane Formation ends the profile of the Lower Cretaceous in
Ouarsenis. It is represented by marls, clayey limestones and micrograined lime-
stones, and less frequently by dolomitized limestones. Intercalations of argillites, silt-
stones and sandstones occur in some places. Marls predominate in the upper part
of the Formation, being with flint concretions in some places. Stratigraphic volume:
Upper Albian-Lower Cenomanian.
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Characteristic Upper Albian ammonites are found in the outcrops of the Hassi
ben-Ziane Formation in the Western Ouarsenis area: Mortoniceras nanum S p a t h,
M. inflatum (S ow.), M. kiliani (L assw.), M. nanoides Wiedm., Dieni,
M. cf. pricei S path, Hysteroceras orbigny (S ow.), H. carinatum Spath, H.
binum S p a t h, Prohysteroceras (Goodhallites) candolianum (P i c t.), P. (G.) good-
halli S o w., P. (Neoharpoceras) cf. hugardianum (Pict.,, Cam p.), Anisoceras
armatum (S o w.), Elobiceras cf. elobense (Szajn.), etc.

Ammonites from the uppermost zone of the Albian are found at an upper level
of the same Formation, but in strongly tectonized beds, east of Ain el Tarik and
Koudiat Bameur: Stoliczkaia dispar ('O rb.), S. nota Seeley, Morfoniceras
(Cantabrigites) cantabrigensis Spath, M. (C.) aff. minor Spath, Neophilcti-
ceras sexangulatum Seeley, Mariella sp., etc.

Lower Cenomanian foraminifera associations are discovered in the uppermost
part of the Formation.

To the east of Djebel Ouarsenis, in the Teniet €] Haad area, the base of the Low-
er Cretaceous is connected with the sediments of the Oued Fodda Formation,
which is well exposed in the core of the Koudiat Larouah anticline. Tn the same
facies are devcloped Berriasian, Valanginian, Hauterivian and Lower Barremian
sediments in the Amrouna Massif to the north of Tenict el Haad.

The Upper Barremian and the Aptian in the Teniet ¢l Haad are represented
in terrigenous-carbonate (Urgonian) facies, fully characterized by Mattauer
(1958) on the western slope of Djebel Berrouaghia (‘“‘rochcrs étagés’). These are
varied limestones: organogenous with rudists: biodetritic, sandy with Orbitoli-
nidae and micritic; sandstones and sandy marls with Orbitolinidae. The facies is
similar to the Aptian facies in the Fore-Balkan. These sediments are also well cx-
posed along the road from Kemis Miliana (ex Affreville) to Letourneux.

Generally speaking, the Lower Cretaceous sediments in the Tellian Atlas contain
many fossils, but the beds are strongly tectonized, often inverse, in many cases at
the front of nappes, which complicates detailed correlation.

In the northern part of the Tellian Atlas (Dahra oriental), between Cape Tenes
and Cherchelle, Lepvrier et al. (1970) have indicated by foraminifera the de-
velopment of the Lower Cretaceous from the Neocomian to the Albian in clayey-
carbonate sediments.

Flysch sediments are developed to the north of the Cheliff depression in the
coastal area between Mostaganem and Biserta, part of which are dated to the Ap-
tian and Albian.

Pelagic Lower Cretaceous sediments (micritic limestones with radiolaria and
planktonic foraminifera, core- and breccia-type limestones, as well as marls) are
developed in the Djurdjura area (Las Goulmine) (Gélard et al.,, 1981).

Of particular interest is the Lower Cretaceous in the Northeastern part of Al-
geria, between the town of Constantine and the Mediterranean Sea. Predominantly
carbonate and terrigenous-carbonate sediments are developed within the southern
confines of this area, in the High Plateaux around Constantine. They form a carbo-
nate platform which divides the Aures Depression from the Tellian trough through-
out the entire Early Cretaceous. The Berriasian and the Valanginian in this area
are not well characterized palaecontologically.

The Hauterivian in the Constantine area is indicated by Olcostephanus astieria-
nus ('O r b.), Olcostephanus sp., Oosterella sp. and Duvalia dilatata (B 1.). On the
contrary, the Barremian is very rich in ammonites, which outline the same asso-
ciations as in the Tellian Atlas. The Aptian and Albian are well characterized pala-
contologically (Masse, Thieuloy, 1979).

Flysch sediments (Tithonian-Oligocene) are developed in the north, in the Ka-
byly zone. Among the Lower Cretaceous part of this thick flysch complex, Durand
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Delga (1969) distinguished three basic types: (1) fine sandy flysch (“flysch gre-
seux fin de Guerrouch’); (2) sandy flysch (**flysch greseux-micacé’), and (3) flysch
with calcareous microbrecchias (“flysch & microbréches calcaires’™). Similar flysch
types may be observed in many Mediterranean zones.

The transition zone between the platform of the High Plateaux and the pelagic
area to the north is outlined to the southwest of Constantine. In this zone (Monts
de Batna — Aures) the Lower Cretaceous is markedly terrigenous or terrigenous-car-
bonate (Bureau, 1971).

The development of the Berriasian and Valanginian is interesting, because they
are well substantiated palaecontologically only in the investigated zone in the Con-
stantine region. At Ravin Bleu (M. de Batna) there are clayey-carbonate sediments
with intercalations of sandstones and siltstones, from the transition between the
neritic and the pelagic zones, in which Donze, Guiraud, Le Hégarat
(1974) have found rich calpionellid and ammonite associations, known from the
classical outcrops in the Mediterranean Region.

3.2. Tunisia

The Lower Cretaceous in Tunisia is connected with three main tectonic zones: the
Tunisia Depression, the complex of intracratonnal basins and unstable neritic basins
in Central Tunisia and Tunisian Sahara.

In the southernmost (Sabara) part of Tunisia the base of the Lower Cretaceous
(Berriasian-Hauterivian) is built of continental terrigenous sediments and evapo-
rites. Carbonates are developed further north in the southern periphery of the sea
basin. The Barremian in this zone is represented by coarse terrigenous continental
sediments: conglomerates and sandstones with intercalations of red sandy clay-
stones. This is the classical ‘‘continental intercalaire” with thickness up to 1000 m.
Remains of vertebrates and plants are found. There are no traces of sea organisms.
A similar type of sedimentation continued during the Aptian as well, but with the
appearance of dolomites and clayey dolomites during the Late Aptian. This marks
the beginning of a lagoon environment in Sahara.

Purbeckian-Wealdian type of facies are developed to the north of the Sahara
zone: sandstones, dolomites, claystones and gypsum (Merbah el Asfer Formation).
They contain remains of vertebrates, silicified trees, bivalvs, gastropods, as well
as some rare marine species.

The Barremian and the Lower Aptian are represented by terrigenous sediments:
sandstones, conglomerates and red claystones (Bateun el Rhezae Formation). High-
er up the Aptian and Albian sections are built of limestones, massive dolomites
and gypsum-bearing marls. At Dj. Tebaga de Medine they lie transgressively on
Permian or Jurassic rocks (Burollet, Manderscheid, 1965).

. In the east and northeast the continental terrigenous facies are replaced by car-
bonates belonging to the typical Mediterranean Lower Cretaceous. Their southern
boundary at the end of the Albian Age marks the starting point of the Trans-
Sahara Late Cretaceous transgression.

Burollet (1956) outlined three main zones of Lower Cretaceous develop-
ment in Central Tunisia: Dj. Nara zone, Kasserine zone and zone of the Periatlas
basin.

The lower part of the series (Berriasian-Valanginian) is discovered in the Dje-
bel Nara zone (North-South axis). The section starts with the marls of Sidi Kralif
(earlier designated as “Argiles de Sidi Kralif’). These are grey marls with interca-
lations of limestones and clayey limestones. The marls are rich in fossils, among which
many pyritized ammonites are known (Breitstroffer, 1937; Arnould-
Saget, 1951). The ammonite successions demonsirate the development of the
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three ammonite zones of the Berriasian and in some places of the Lower Valangi-
nian as well. The Berriasian sediments are connected with the Tithonian deposits
by means of a gradual lithological transition.

In the Gafsa area the described clayey-calcareous sediments are covered by
the Maknassi Group which is divided into three formations: Meloussi Formation -~
built of dolomites, dolomite limestones, sandstones, sands and greenish claystones
(Hauterivian?-Lower Barremian); sands of Boudinar — coarse-grained, lightly
cemented, containing silicified plant remains (Upper Barremian), and Gafsa For-
mation — represented by alternation of sands, siltstones, claystones and carbona-
tes, sometimes with evaporites (Aptian-Albian). The Gafsa Formation has its
sea equivalent, i. e. limestones — massive, of the subreef to reef type, with rudists,
corals and Orbitolinidae (*‘calcaires du Serdj’) of Aptian age. They are covered by
an alternation of claystones and sandstones (Albian-Lower Cenomanian).

The Lower Cretaceous is most extensively developed in Northern Tunisia, where
it is connected with the Tunisian Depression (‘‘Sillon Tunisien’’). All stages from the
Berriasian to the Albian included are represented (Burollet, Mander-
scheid, 1965; Stranik et al, 1974; Mem m i, 1979; 1981). In this area
Lower Cretaceous sediments are developed in two main facial environments:
neritic and pelagic.

Neritic facies are well developed predominantly in the Zaghouan Massif. They
are represented by organogenous and biodetritic limestones and sandy marls.

Pelagic facies are widespread in the middle part of the Depression and in the
Eastern Tunisian Atlas — microgranular limestones and sublithographic limestones
with intercalations of marls. They contain many calpionellids and ammonites.

The Lower Cretaceous in the Eastern Tunisian Atlas (Stranik et al., 1974)
starts with sublithographic limestones, clayey limestones and marls of the Berri-
asian: Tirnovella occitanica (P ict.), T. subalpina (M a z.), Berriasella (B.) oppeli
(Kil), B. cf. elegans Arnould-Saget, Fauriella boissieri (Pict.), Cal-
pionella alpina cadischi D o b., C. undelloides C o 1., C. elliptica C a d., Tintin-
nopsella carpathica (M ur g., Fil), Calpionellopsis oblonga (C a d.), Calpionel-
lites allemanni Dob. (Stranik et al, 1974). These fossils date the interval
from the P.grandis Zone to the F. boissieri Zone, as well as the calpionellid zones
Calpionella and Calpionellopsis.

In the region of Temple des Eaux (Zaghouan) the Berriasian is represented by
biodetritic limestones with intercalations of marls.

The Valanginian is represented by two types of sediments: marly and flyschoid.
The marls near Oued Gelta contain many ammonites: Neocomites neocomiensis
premolica S a 'y n, N. neocomiensis subquadratus S a y n, Sarasinella aff. trezanen-
sis (L ory), Kilianella roubaudiana ('O r b.), K. aff. grossouvrei (Sayn) and
Thurmanniceras pertransiens (Sayn),as well as Duvalia lara constricta U hl. and
many foraminifera.

The flyschoid sediments are represented by alternation of marls, compact clay-
stones and fine-grained sandstones.

The Hauterivian sediments follow with a lithological transition above the Va-
langinian flyschoid deposits. The following species are found at Kef el Blidah (Za-
ghouan): Crioceratites sp., Oosterella gaudryi (N ic k.), O. vidali (Nick.), O. ste-
fanini (Nick.), Lyticoceras cf. longinodum (Neum. Uhl), Olcostephanus
(0.) astierianus ('O rb.), O. (Rogersites) atherstoni S char pe, Leopoldia sp.,
Hibolites subfusiformis R a s p., etc.

They are followed upwards by marls, limestones and clayey limestones contain-
ing many foraminifera, as well as the following more characteristic cephalopods:
Olcostephanus (0.) hispanicus M o ull), O. (0.) aff. sayni K il.,, Plesiospitidis-
cus ligatus (O r b.), Spitidiscus sp., Subsaynella sayni (P a q.), Duvalia dilatata
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(B 1), etc. In the upper part of the Hauterivian section at Oued Gelta Pseudothur-
mannia angulicostata (d'O t b.) and Pseudothurmannia sp. are found among a packet
of limestones, as well as foraminifera: Hedbergella infracretacea (Glaessn.),
Vaginulina recta R e us s, Urigerinamina moesina N e a g u, Milliammina sprou-
lei Nauss, etc.

The Barremian in the area of the Eastern Tunisian Atlas is represented by pela-
gic and neritic biodetritic sediments (Stranik et al,, 1974).

The pelagic sediments are represented by packets of micrograined or sublitho-
graphic limestones with intercalations of marls.

The neritic (subreef) facies is represented by organogenous, biodetritic and core
limestones with Stomatoporoidea, as well as by typical shell limestones. Tntercala-
tions of marls also occur. This facies is developed predominantly in the southeast-
ern part of the investigated area.

There are characteristic marker beds (“‘barre calcaire’”) at the base of the Barre-
mian, followed upwards by marls with Barremites gr. difficilis ('O rb.), Holco-
discus caillaudianus ('O 1 b.), Nicklesia alicantensis Hy a tt, Duvalia grasiana
Duv.-Jouve, many brachiopods, echinids and foraminifera.

The upper part of the Barremian is proved at Koudiat Touila: Hemihoplites
Jeraudianus (d’O r b.), Pseudosaynella strettostoma pervinquieri (B u s n.), Barremi-
tes sp., Heteroceras astierianum (d'O r b.), Silesites seranonis ('O r b.), etc.

The section of the Aptian in ascending order is built of: flyschoid sediments,
limestones, alternation of marls and clayey marls, and an upper flyschoid unit. The
following ammonite succession is established: Deshayesites consobrinus ('O r b.),
Aconeceras nisum (O rb.), Cheloniceras (C.) martini (d’Orb.), Gargasiceras
gargasense (d'O r b.), etc.,, which determine Bedoulian and Gargasian. The Clan-
sayesian is dated by many foraminifera.

The Albian is represented by clayey-calcareous sediments (marls and lime-
stones). It is dated by means of Kosmatella sublaevis W i e d m., Valdedorsella ge-
tulina (C o q.), Beudanticeras revoili P e 1 v., Mortoniceras, etc., as well as by many
foraminifera. The stage is not differentiated in detail due to the lack of sufficient
ammonites.

The section at Djebel Oust is most representative for the development of the
Lower Cretaceous in the northeastern part of the Tunisian Depression (B usn a r-
do, Memmi, 1972; Memmi, 1981).

The Berriasian starts with alternation of marls and clayey limestones, and in
some places intraclastic limestones with Pseudosubplanites grandis (M a z.). They
are followed upwards by marls with several packets of sublithographic limestones
and in some places resedimented breccias, which pass into biodetritic lime-
stones with Tirnovella occitanica (P i c t.) and Berriasella (B.) subcalisto (T o u c.);
above them there are marls and packets of clayey limestones with Neocosmoceras
sayni Sim., Neocosmoceras spp., Protancyloceras punicum (A rn.-Sag.), etc,
which are covered by marls with pyrite cores and clayey limestones with Fauriella
boissieri (Pict.), Tirnovella romani (M a z.), Spiticeras spp., etc.

The Valanginian starts with marls, slightly sandy in some places, with interca-
lations of biodetritic limestones containing 7. carpathica (Murg., Fil), Cal-
pionellopsis oblonga (C a d.) and Remaniella cadischiana (C o 1.). This level is in
fact transitional between the Berriasian and the Valanginian. Olive-green marls
with rare intercalations of clayey limestones containing 7. perfransiens (S ay n.),
Kilianella roubaudiana ('O rb.), K. lucensis (S ayn), Chamalocia aenigmatica
(Sayn), Pseudobelus bipartitus (Bl.), etc., follow higher up. Above them: flyschoid
alternation of marls, quartzitized sandstones, limestones and clayey limestones with
Neocomites (Teschenites) sp., Duvalia lata lata (B 1.) and D. lata constricta U h 1.;
marls with Saynoceras verrucosum ('O r b.), Neocomites (N.) neocomiensis sub-
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quadratus Sayn, N.(Teschenites) teschensis (U h 1), Olcostephanus (O.) astierianus
(d’O r b.), Duvalia lata lata (B1.) and D. lata constricta U hl. Above the beds with
this association M e m mi (1981) describes an alternation of marls with packets
of clayey limestones containing Oosterella cultrata ('O r b.) and numerous olco-
stephanids. The presence of O. cultrata is not characteristic of the Valanginian, which
ends with beds containing Saynoceras verrucosum.

The Hauterivian includes the following succession: clayey limestones with marl
intercalations containing many Qostrella: O. stevenini (N i ¢ k.), O. gaudryi (N i ¢ k.),
0. vidali (N i c k.), O. vilanovae (N i ¢ k.), Olcostephanus (0.) astierianus (d'O r b.),
0. (0. hispanicus (M a1l)), Breitstrofferella castellanensis ('O rb.) and Duva-
lia dilatata (B 1.). The beds containing O. culrrata should also be included in the base
of this level, incorrectly attributed to the Upper Valanginian by M em m i (1981).
Above them: marls with packets of limestones and clayey limestones containing
Crioceratites loryi (S a r k.), Crioceratites spp., Spitidiscus incertus ('O r b.), Ol-
costephanus spp., etc.; marls with intercalations of clayey limestones containing
N. (Teschenites) nodosoplicatus (K i 1., Reb.), Abrytusites juliani (H o n n.-B a s t),
etc.; marls with rare intercalations of clayey limestones, in some places marls with
sandy intercalations, containing Subsaynella sayni (d'O rb.), Plesiospitidiscus li-
gatus (d'O r b.), Spitidiscus spp., etc.; alternation of marls and limestones with Pseu-
dothurmannia angulicostata (d’O t b.), P. biassalensis D i m ., P. mortilleti (P i c t.,
Lo r.), Balearites aff. balearis (N o l.), Crioceratites krenkeli (S a r k.) and C. stah-
leckeri (Sark.).

The Barremian is composed of the following succession: alternation of marls,
limestones and clayey limestones containing Holcodiscus caillaudianus ('O r b.), Bar-
remites difficilis ('O r b.),B.vocontiusL ory,Sayn and Nicklesiasp.; marls with
rare intercalations of clayey limestones; alternation of thick packets of limestones,
in some places with cores,containing Heteroceras astieri (d’Orb.), Silesites sera-
nonis ('O r b.), Pseudosaynella strettostoma pervinguieri (B u s n.), etc.; marls with
sandy packets, containing P. streftostoma pervinquieri (Busn.), “Leptocerus” puzo-
sianum ('O r b.), Duvalia grasiana (D u v.-J uv e), etc.; marls with thin inter-
calations of sandstones, containing Barremites and “Leptoceras’.

The Aptian starts with marls containing Deshayesites deshayvesi (L ey m.),
above which there are: alternation of marls and clayey limestones with Cheloni-
ceras martini (d’O r b.), Aconeceras nisum (d’O r b.), etc.; claystones with thin in-
tercalations of sandstones and clayey limestones with Valdedorsella getulina (C o q.),
Melchiorites melchioris alpina F a 1., C. (Epicheloniceras) sp., etc. No Clansayesian
or Albian sediments are developed in this part of Tunisia.

Generally speaking, the Lower Cretaceous in Tunisia manifests rather varied
palacodepositional environments, from continental to bathyal of a typically Medi-
terranean type. In the east and southeast, in Libya and Egypt, the Lower Cretaceous
is represented by continental facies.

4, IBERIAN PENINSULA

The Lower Cretaceous sediments in the Iberian (Pyrenean) Peninsula are con-
nected with several tectonic zones. Coastal facies with numerous intraformational
hiatuses are developed around the Central Hercynian Massif of the Iberian Me-
seta. [n the Cantabrian Range, in the Pyrenees, the Iberian Mountains and the Ca-
talanes, the Lower Cretaceous is very varied, represented by a whole range of dif-
ferent facies: from Wealdian to flysch-type. Deep-sea facies are developed in the
Subbetic Depression (between Meseta and the Betic Massif), including in the Ba-
learic Islands. Generally speaking, the distribution of the Lower Cretaceous out-
lines a large triangle around Meseta, with Portugal in its western part, in the north-
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northeast — the Cantabrian and Iberian mountain ranges, and to the southeast —
the Subbetic zone with its continuation towards the Balearic Islands. In the north
the Iberian Peninsula is limited by the Pyrenees. A number of consistent studies on
the Lower Cretaceous were carried out in the past twenty years, among them notab-
ly the works of Rat (1963), Rangheard (1971), Rey (1972), Viallard
(1973), Canérot (1974), Peybernes (1976), etc.

4.1. Portugal

The Lower Cretaceous in Portugal is developed in the western periphery of the Ibe-
rian Meseta: in the area of Estramadoura, Beira, Arrabida and Algarv. Continental
and epicontinental facies predominate.

Most representative are the sections in Estramadoura, which are studied in de-
tail by J. Rey (1972). The lithological transition from the Jurassic to the Creta-
ceous is usually gradual.

In the area of Cascais, Sintra and Brouco the Berriasian is represented by the
following succession: limestones and marls with Mancellina purbeckiensis (F o 1-
bes), covered by marls with Anchispirocyclina lusitanica (E g g e r), Nerinea in-
fravalanginiensis (C h o ff.), limestones and marls with Trocholina. In the region
of Ericeira and Cap Espichel the Berriasian is represented by alternation of varie-
gated claystones, dolomites and sandy limestones. These are sediments of Purbeck-
1an type. -

The Valanginian is connected with two formations. The lower one is built of
shallow-sea limestones and marls with Natica leviathan (Pict.,, Ca m p.), deve-
loped in the Sintra Massif and in the Caskais region. In the east these clayey-calca-
reous sediments are replaced by sandstones (“‘grés de Vale de Lobos’’), formed under
estuary conditions. The upper formation is developed in the Sintra area, near Brou-
co and to the north of Cap Espichel. It is represented by reddish sandy limestones,
in some places ferruginized and odélitic (“calcaire roux’’) with Neocomites (N.) neo-
comiensis (d'O r b.) and echinids.

The Hauterivian is developed in the area of Sintra and Brouco. It is represented
at its base by marls and clayey limestones with Toxaster, Crioceratites ex gr. duvali
and Neocomites sp. In the east these sediments pass into subreef limestones, well
developed near Brouco. The upper part of the stage is built of reef limestones with
corals and echinids. At the same time marls and sandstones were formed in the north
at Ericeira (Santa Suzana), followed above by limestones with Rudista (Praia des
Coxos). The Hauterivian near Cap Espichel is also developed in a similar facies.

The Lower Barremian is developed at Sintra and Brouco: limestones with Chof-
Jatella and Dasycladacea.

The terrigenous-carbonate sediments of the Upper Barremian and Aptian
(Almargen Beds) are particularly widespread. These are varied limestones (dolo-
mitic, clayey, sandy-biodetritic, organogenous reef), marls and sandstones, testi-
fying to shallow-sea conditions and marking a regressive cycle which ends at the
end of the Gargasian Substage.

To the north of Torres Vedras the Lower Cretaceous passes into typical conti-
nental deposits of Wealdian type: river sandstones with plant remains. The classic-
al outcrops of Serkal are found in this region, from where some of the oldest finds
of fossil plants from Dicotyledonae — Dicotylophyllum, are known,

4.2. Subbetic Depression

This depression is developed in Southeastern Spain and the Balearic Islands. There
are representative sections in the Andalusian area, in the regions of Grenada, Cor-
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doba, Jaen, Alicante and on the Balearic Islands. Predominantly clayey-calcareous
sediments of pelagic type are developed. Many ammonites, including pyritized
forms, also occur.

The Berriasian is built predominantly of clayey limestones and it is character-
ized by the following ammonites and calpionellids: Pseudosubplanites (P.) grandis
(M a z.), Berriasella (Pictericeras) moesica Nik.,, Mand., B.(P)picteti (Kill),
B. (P.) elmii Le Hég., B. (B) subcalisto (d’O r b.), Calpionella elliptica C a d.,
C. alpina L o 1., Tirnovella occitanica (P ict.), T. subalpina (M a z.), Malbosiceras
paramimounum (M a z.), Fauwriella rarefurcata (Pict.), F. boissieri (Pict.) and
many others (Hoedemaeker, 1982; Rangheard, 1971).

The Valanginian is represented by marls with intercalations of clayey lime-
stones. Marls with pyritized ammonites predominate: Kilianella pexiptycha (U h 1.),
K. roubaudiana (d’O r b.), Sarasinella trezanensis (L o ry), Busnardoites campylo-
toxus (U h 1), Saynoceras verrucosum (d'O r b.), Bochianites neocomiensis ('O r b.),
Neocomites spp., Phylloceras spp., etc.

The Hauterivian contains more clayey limestones. It is characterized by O/-
costephanus (0.) astieri ('O b.), 0. (0.) jeannoti (d’O t b.), Lytoceras crypto-
ceras (A’O r b.), Phyllopachiceras infundibufum (d’O r b.), Crioceratites spp., Bale-
arites spp. and Pseudothurmannia sp. (Wiedmann, 1962).

The Barremian is represented by marls and clayey limestones, or by marls with
pyritized ammonites: Holcodiscus caillaudianus ('O t b.), H. camelinus ('O r b.),
H. sophonisba (C o q.), H. spp., Barremites difficilis ('Ot b.), B. spp., Pulchellia
compressissima ('O r b.), P.aff. haugi Nickl., P. maladae Nickl., Subpulchellia
sauvageani (H e r m.), Pseudosaynella strettostoma (U hl), etc.

Bathyal Aptian sediments have a more limited distribution, mainly in Cadix

Province and on the Balearic Islands (Ibiza and Formentera). It is characterized
by Cheloniceras (C.) martini ('O 1 b.), Aconeceras nissum ('O r b.), etc. Paraur-
gonian facies with Orbitolinidae and Urgonian limestones with Toucasia appear
at Hodar in Jaen Province and on Formentera Island.
b Transitional types of sediments are developed in the northern zone of the Sub-
betic Depression: from the bathyal facies in the south-southeast to the neritic sedi-
ments in the northwest. The section of the series starts below with limestones con-
taining N. leviathan (Valanginian) and ends with the orbitolinic beds and dolo-
mites of the Albian.

This specific feature of the Lower Cretaceous is well manifested in the Alicante
Province, where the following succession is found in ascending order: sandstones
(Lower Valanginian), clayey limestones and marls with ammonites (Upper Va-
langinian-Barremian), marls with Cheloniceras, limestones with Rudista and
Orbitolinidae (Aptian) and Albian limestones with Orbitolinidae. The section ends
with dolomites (Busnardo, Durand Delga, 1960; Busnardo et
al., 1968).

Flysch sediments (Tithonian-Albian) which are a continuation of the flysch
trough from Magreb are developed in the southwesternmost part of the Subbetic
Depression.

4.3. Iberian Mountain Range

To the east of the Subbetic Depression there is extensive development of predomi-
nantly epicontinental Lower Cretaceous sediments in the Iberian Mountains. In
their Western Castilian area and in Teruel Province the Lower Cretaceous is repre-
sented in continental terrigenous facies of Wealdian type. Particularly characteris-
tic for this region is the so-called Utrilas facies which is represented by continental
veriegated sandy claystones, feldspar and kaolin sandstones, often with cross-bedding.
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Marine terrigenous-carbonate facies (sandstones, limestones and sandy marls with
Orbitolinidae) of Barremian-Aptian age appear in the northeast. Urgonian se-
diments with Toucasia are developed in the Utrilas region and they are covered by
marls with Trigonia and beds of lignite coal of Upper Aptian-Lower Aptian age.
Further up the Albian section is built of shallow-sea limestones.

In the northern part of the Eastern Iberian mountains (Soria-Burgos region)
the Lower Cretaceous is represented by thick (above 1000 m) Wealdian-type sediments
(conglomerates, sandstones, marls and gypsum, as well as limestones with Paludina,
Unio and Cyrena). In the southwestern part of this area the Lower Cretaceous se-
diments are in terrigenous-carbonate facies which are formed in different bays
and/or channels (Canerot, 1974).

Around the Catalonian Hercynian Massif, between Barcelona and Taragona,
the Lower Cretaceous is represented at its base by brakish Wealdian limestones,
followed above by paralic sediments of probable Hauterivian age, covered by Urgo-
nian limestones (Barremian-Aptian) and Albian marls with Orbitolinidac and
rare ammonites.

4.4. Pyrenean-Cantabrian Region

In the Basco-Cantabrian area which delimits the Bay of Biscay from the south, the
Lower Cretaceous is represented at its base by terrigenous-carbonate Wealdian se-
diments which are covered by the Urgonian complex. The section of the Lower Cre-
taceous ends with Albian sandstones and limestones with Rudista and rare ammo-
nites (R at, 1959a).

In the Pyrenees the Lower Cretaceous is represented in extremely varied facies
with rapidly varying thicknesses and complex spatial correlations between the li-
thostratigraphic units (R at, 1969; Peybernes, 1976; Jaffrezo, 1981).
The Lower Cretaceous facies are predominantly neritic, mainly of carbonate type,
in some areas also terrigenous. Urgonian facies are particularly widespread, forming
thick sections from the Valanginian to the Albian inclusive. There exist many hia-
tuses and deep denudations of some horizons, which have resulted in the formation
of considerable bauxite deposits. In the central part of the Northern Pyrenean area
there was marked peridotite magmatism with which the formation of chrysotile-asbestos
deposits is connected. The Lower Cretaceous is characterized palacontologically pre-
dominantly with foraminifera, algae, nannoplankton, etc., as well as with bivalvs,
gastropods, brachiopods and echinids. Ammonites occur rarely, mainly among
Aptian clayey-calcareous rocks.

Berriasian-Hauterivian sediments are developed in the Central Pyrenees (Com-
minges oriental, Couserans and Pays de Foix), in the Eastern Pyrences (Pays de
Sanit, Corbiéres) and in the Southern Pyrenees (Aragon — Catalogne). The sections
are most comprehensive in the Southern Pyrenees and in the Corbiéres.

Polygenous breccias are usually developed at the Jurassic-Cretaceous boun-
dary, followed above by limestones with calpionellids or limestones with calpionel-
lids and oncolites. They are covered by marls and clayey limestones with Pseudo-
subplanites (in the Southern Pyrenees) or dolomitic limestones with Clypeina. The
middle part of the Berriasian is built of limestones with Trockolina and Dasycladacea.
The Upper Berriasian and the Lower Valanginian are connected with reddish lime-
stones with lignite intercalations of Purbeckian-Wealdian type, with the exception
of the Francazal marls which are a marine formation under neritic conditions.
They contain pyritized ammonites. Higher up the sections are built of sandy lime-
stones, yellowish limestones with bryozoans or limestones with charophytes. Several
rudists of the Toucasia group, as well as corals are found among these limestones
(Peybernes, 1976).
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Table 15

Major Lithostratigraphic Units Connected with the Barremian and the Aptian in French

Pyrenees (simplified after Peybernes, 1976)
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Barremian-Aptian sediments are of the following types: platform type — with
predominance of neritic biomorphic limestones with rudists and Orbitolinidae (Ur-
gonian facies), and bathyal (depression facies) — represented predominantly by marls
with ammonites. This type was developed from the beginning of the Aptian Stage
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(the Barremian Stage in the Pyrenees is developed only in Urgonian, i, e. platform,
facies). The bathyal type (basin facies) is developed in the Albian Stage as well
(Table 15).

Bathyal sediments are developed in Comminges, Couserans, Corbiéres and in
the Southern Pyrenees. Marls with Deshayesites, Prodeshayesites and echinids are
developed at the bottom. In the Corbiéres the carbonate content increases and among
the marls there are more calcareous intercalations with Orbitolinidae, oysters, large
ammonites, echinids, brachiopods and corals. From these marls Peybernes
(1976) reports: Prodeshayesites fissicostatus (P hill), P. bodei (K o e n.), P. laevi-
costatus (K o e n.), Deshayesites forbesi C a s., D. callidiscus C a s., D. euglyphus
Cas., D. kiliani Spath, D. fittoni Cas., D. planus C a s., Roloboceras hambrawi
subnodosum C a's., R.regale C as., D. deshayesi (L e y m.), Cheloniceras cornueli-
anum ('O r b.), Tropaeum bowerbanki S o w., Dufrenoyia furcata (S ow.), D.
lurensis (K i1.), D. discoidalis C as., Gargasiceras garganense ('O rb.), etc.
Above them there arc calcareous shales (calschistes intermédiaires du Comminges),
whose correlates are the Tarascon marls and the Val de Cabo marls in Spain. The
following species are found among the marls at this level: Aconeceras nissum (d'O ¢ b.),
Cheloniceras (E.) martinoides C a s., C. (E.) tschernyschewi (Sin z.), C. (C.) sub-
nodosocostatum (S i n z.), Parahoplites nutfieldensis (S o w.), P. cf. melchioris Ant h.,
etc. These rocks are covered by marls and clayey limestones, as well as black marls
among which there are: Acanthohoplites bigoureti (S e un.), Hypacanthoplites
nolani (S e un.), Diadochoceras nodosocostatum (d'O r b.), C.(E.) clansayense (J a c.),
Hypacanthoplites rubricosus C a's., H. elegans (Frit), H. anglicus Cas., etc.
The marls with Hypacanthoplites pass higher up into marls with Trigonia, above
which black marls and clayey-carbonate sediments passing into the Cenomanian are
developed.

The Albian is proved by Leymeriella tardefurcata (L e y m.), Douvilleiceras
mammillatum (S c h 1), D. inaquinodum Quenst., Dipoloceras cristatum (B r.),
M. inflatum (S ow.), Stoliczkaia dispar ('O rb.), Anisoceras perarmatum (Pict.,
C a m p.), Ostlingoceras puzosianum (d’'Orb.), etc.

The platform type of Lower Cretaceous sediments in the Pyrenees are in Ur-
gonian facies. These are varied limestones with Orbitolinidae, rudists and other ne-
ritic macrofossils, as well as many varied benthonic foraminifera, algae, corals,
etc. (Peybernes, 1976; Jaffrezo, 1981).

A particularly characteristic feature of the Pyrenees is the extensive develop-
ment of the complete volume of the Aptian and Albian Stages to the north of the Pa-
laeozoic axis zone. The two stages are very thick and are exclusively of marine
type. In the eastern part of the Comminges zone (Central Pyrenees) the Aptian sedi-
ments are locally metamorphosed.

4.5. Continental Margin of the Iberian Peninsula

The Lower Cretaceous in the continental margin of the Iberian Peninsula is charac-
terized according to data from boreholes 120 and 398-D of the DSDP-IPOD (T a u-
gourdeau-Lantz et al, 1982; YVon Rad, Hinz, Sarnthein,
Seibold (eds.), 1982).

Borehole 120 is situated in the area of the continental foothills in Gorringe
Bank, to the west of Cape St. Vincent, approximately as a continuation of the north-
ern strip of the Subbetic Depression. Berriasian basalts (age 131-135 m. y.) are
discovered at the base of the Lower Cretaceous, followed above by claystones in
which foraminifera zones are found: from the Globigerina gulekhensis Zone to the
Rotalipora apenninica Zone (Valanginian-Albian), as well as nannoplankton
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zones: from the Nannoconus colomi Zone to the Lithraphidites alatus Zone (Berriasi-
an-Albjan) (Pflaumann, Cepek, 1982).

Borehole 398-D is drilled in the outer part of the Iberian continental margin,
on the southern slope of the submarine hill Vigo, to the west-southwest of Porto.
The exposed Lower Cretaceous section from the Upper Hauterivian to the Albian
inclusive is built of clayey sediments, including the so-called black shales and marls
in the Middle and Upper Albian. The dating is performed on the basis of fora-
minifera, spores, pollen and dinoflagellates (Taugourdeau-Lantz et
al., 1982).

In the shelf (continental plateau) of Northern Portugal the Lower Crelacecous
is represented by Wealdian-type sediments (Boillot et al,, 1975). In the north,
in the shelf zone of Southwest Spain, it is represented by neritic limestones and marls
with Choffatella, Orbitolina, Dasycladacea and gastropods (Barremian-Albian)
(Lamboy,Dupeuble, 1975).

5. FRANCE

Historically the foundations of the Lower Cretaceous stratigraphy were laid in France
during the second half of the 19th century. The stratotypes of the Berriasian,
Barremian, Aptian and Albian are found in this country. Reference sections of the
Valanginian and Hauterivian were described recently in pelagic facies, complementing
the Swiss stratotypes of these two stages, developed in neritic facies.

There exists vast literature on the Lower Cretaceous in France, notably the pub-
lications of Kilian, Lory, Sayn, Haug and Gignoux, and more recently the works
of Mazenot, Breistroffer, Busnardo, Destombes, Donze, Le Hégarat, Magniez-
Jannin, Moullade, Rat, Remane, Sigal, F.-Taxy, Thieuloy, Thomel, etc. Some fun-
damental data about the Lower Cretaceous in the stratotype area of the Lower
Cretaceous Stages were presented in Chapter Two. This is why, only the main areas
of development of the series in France will be outlined here, without enumerating
fossils whose list is long and familiar.

The Lower Cretaceous in France is connected with the following areas: the Alps
(including the Subalpine Mountains with the Vocontian trough), Provence, Jura
Mountain, Paris and Aquitanian Basins. Here it is also necessary to mention the
Lower Cretaceous in the French Pyrenees, which was considered in the previous

pages.
5.1. The Alps

The French Alps demonstrate varied Lower Cretaceous which is developed in deep-
sea [acies. Several zones in which the Lower Cretaceous manifests specific [eatures
arc outlined in this area.

S5.1.1. Saroy Area

The area comprises a considerable part of the Western Alps with the massifs of Pel-
voux, Belledonne and Mont Blanc. In the northwestern part of this area, to the west
of Mont Blanc (chaines des Aravis), the Berriasian-Hauterivian are represented
by micritic limestones and clayey limestones; the Barremian and Aptian — by lime-
stones and sandy limestones in Urgonian facies, covered transgressively by Al-
bian glauconitic sandstones. Only Barremian clayey limestones — part of the Rosselet-
te nappe, are developed to the southwest of the Mont Blanc Massif in the Ultrahel-
vetian area (Eltchaninoff-Lancelot et al., 1982).
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In the same area, in the Nantebelte Group (Sulens klippe), Charollais
et al. (1981) have found the following succession in the Lower Cretaceous: alterna-
tion of micritic spotty limestones with radiolaria and calpionellids, and shaly clayey
limestones with calpionellids and nannoplankton (Berriasian-Barremian), followed
above by sandy-glauconitic sediments (Aptian-Lower Cenomanian).

5.1.2 Dophinoise Area

This area represents an Early Crctaceous depression between the Central Massif
and the massifs of Mont Blanc, Belledonne and Mercantour. In southern direction
the depression widens and passes into the Vocontian trough. The depression is nar-
rower in the northern part and the sediments are thicker, e. g. at Cévennes the Ber-
riassian-Hauterivian sediments (subflysch) (1500-2000 m) are 5-6 times thicker
than in the Vocontian trough. Moreover, in the northern part the sediments are aleu-
ritic and / or slightly sandy, often with turbidites, whereas exclusively clayey-calca-
reous sediments arc developed in the south. A strip of neritic sediments encircles the
depression: in the northwest these arc the high calcareous mountains of Savoy, the
massifs of Grande-Chartreuse and Vercors, and the environs of Valence; in the south—
the Languedoc and Provence.

The Lower Cretaceous in the Southern Subalpine Range (Vocontian trough)
is represented by pelagic sediments of Alpine type, unlike the neritic type in the Jura
Mountains. This is the only area in France, where deep-sea sedimentation existed
from the Berriasian to_the Albian and passed into the Cenomanian as well. In fact,
the Vocontian trough represents an enormous bay of the Subalpine Early Cretaceous
depression. Fine micritic limestones, clayey limestones and marls, rich in ammo-
nites and planktonic microfossils (calpionellids, radiolaria, foraminifera and nanno-
flora) are developed there. This is the same facies in which the Lower Cretaceous
of the Sala§ syncline in Northwestern Bulgaria is developed.

The Northern Subalpine Range in which the Lower Cretaceous is developed
in mixed facies, starts to the north of Diois. To the north of the region around the
town of Die is the prominent high wall of the Urgonian limestones building the
southern end of Vercors and representing a characteristic element of this zone. The
Lower Cretaceous is represented by mixed facies — multiple repetition of biomor-
phic limestones with marls, These sediments form the transition from the Vocontian
to the Jura-type facies of the Lower Cretaceous. All stages of the series are developed
and they are very well characterized palaeontologically. Particularly representative
is the section between Grenoble and Chambery.

5.1.3. Piemont Area

The Lower Cretaceous in this area is represented by a thick monotonous series of
“caleschistes” which were transformed into “‘schistes lustrés” during the Upper
Eocene-Oligocene under the effect of dynamometamorphosis. These *‘caleschis-
tes” are identified as Lower Cretaceous through comparison with a similar unmeta-
morphosed formation in the Northern Apennines, which is dated to the Tithonian-
Neocomian by calpionellids. The schists overlie green rocks -— ophiolites (diabases
and spilites) and gabbro, being covered by radiolarites which are metamorphosed
into quartzites with sericite and chlorite, well revealed today at Mont Viso. The calc-
schistes are covered by Upper Cretaceous flysch with helminthoids.

5.2. Provence

The Lower Cretaceous in Provence is represented by shallow-sea sediments: zoo-
genic limestones, glauconitic sandstones with phosphorites and marls. The ammo-

103



nites decrease, while bivalvs and echinids increase. In many respects the Provence
facies resemble the Lower Cretaceous in the Northern Subalpine Range, but the
limestones are more widespread. A characteristic feature is that the maximum thick-
nesses of the series are measured in the transitional strip between the deep-sea Vo-
contian and neritic Provence facies. For example, while the thickness of the Berria-
sian-Barremian sediments in the Vocontian trough is 150-200 m, in the Ventoux
region it reaches up to 1000 m.

The Berriasian-Hauterivian sections are formed of clayey-calcareous sediments
(marls with Spatangus), which are deeper-sea in the south and more neritic close
to the coastal area of the Maures-Esterel Massif. They are covered by the thick com-
plex of the Urgonian limestones whose type is found at Orgon village, in the valley
of Durance river. The Urgonian limestones near Orgon are very varied: light, massive
and rich in rudists. There also occur corals, gastropods, echinids, brachiopods, Or-
bitolinidae and very rarely ammonites. The limestones of the Ruse Formation,
south of the town of Ruse, are a striking analogue of the type section of the Ur-
gonian.

Urgonian limestones determine specific landscapes observed from Ardéche,
along the Rhone valley, south of Ventoux, in the Aix-en-Provence area, in Marseil-
les and north of Toulon.

In its stratotype at Bedoule — Cassis the Lower Aptian (Bedoulian) is repre-
sented by limestones with flint, among which there are rare intercalations of marls.
The sediments are similar to the transitional facies of the Bedoulian in Northeast
Bulgaria.

The Gargasian near Gargas and Apt is represented by marls, ammonites, be-
lemnites and Orbitolina. The Clansayesian is characterized by glauconitic marly-
sandy sediments with intraformational hiatuses.

The Albian is represented predominantly by glauconitic sandstones, in some
places with phosphorites, which are traced in the northern strip of Provence: from
Nice and Gras towards Escragnole to the region south of Drome. Around Apt
the Albian-Cenomanian glauconitic sediments are strongly oxidized. This is the
zone of the Durance vault which has divided Provence from the Alpian Basin since
the Albian Age and opens it towards the Pyrenees.

5.3. Aquitanian Basin

Located between the Pyrenees and the Central Massif, the Aquitanian Basin was repre-
sented during the Early Cretaceous by two bays inherited from the Jurassic period
and considered to be in fact two basins: Adour Basin and Parentis Basin.

The Adour Basin is located between the Pyrenees and the Landes threshold
which separates it from Parentis. The Berriasian is represented by limestones. They
are covered transgressively by Neocomian sandy-clayey and dolomitic sediments.
Neritic limestones with anellids and Sparangus occupy the central part of the de-
pression. The Lower Aptian starts with a thick unit of marls (the Sainte-Suzanne
marls) which are disiributed in the southern part of the basin. The marls are fol-
lowed upwards by thick Urgonian limestones (1000 m thick at Lacq), which comprisc
the Upper and Lower Albian, and are developed in the southern strip of the basin,
whereas in its middle part there are marls reaching the Cenomanian. Flysch sediments
(flysch noir ardoisier) are developed in the axis zone, their formation being related
to pre-Cenomanian tectonic activation. An olistostrome formation is developed
in the west, in the Basque area, which passes into the flysch in the north. Parallel
with the axis zone, part of the Mesozoic sediments (Lias-Upper Albian) were me-
tamorphosed during the Late Cretaceous or Eocene. Basic volcanites are also found
in the Albian and Cenomanian.
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Tn the Parentis Basin the Lower Cretaceous starts with lacustrine-lagoonal Pur-
beckian sediments. The Neocomian is represented by sandy claystones of estuary
type. Marine conditions are established during the Barremian, when sandy and oolit-
ic limestones were deposited. The Aptian starts with marls covered with limestones
and sandstones, whereas Urgonian limestones develop in the periphery, compris-
ing, similar to Adour, the Lower Aptian as well. Deltaic sandstones are developed
in the peripheral parts of the basin, whereas 1500 m flysch is deposited in the axis
zone.

5.4. Jura Mountains

Lower Cretaceous sediments in Jura Mountains are represented by platform-type,
predeminantly carkcenate facies. The series starts with Purbeckian lagoon sediments,
above which there are marls and clayey limestones with intercalations of lignites
and brackish ostracod fauna from the middle part of the Berriasian (Donze,
1958). Above them there are reddish limestones and marls, known from the Neu-
chiatel — Valangin — Hauterive region in the Swiss Jura Mountains. Hauterivian
marls with echinids are relatively the deepest-sea deposits among the Lower Cre-
tacccus sediments in Jura Mountains. Their formation coincides with the time when
the sea was opened widest 1o the northwest towards the Paris Basin.

The Barremian and the Aptian are developed only in the high parts of Jura
Mountains, being represented mainly by Urgonian limestones. Albian glauconitic
sandstones arc deposited transgressively over them.

-

&8, Paris Basin

Lower Cretaceous sediments are discovered as a continuous strip in ithe southeast-
ern part of the Paris Basin, starting at Hirson (the Ardennes) in the north, passing
through the region of Revigny, Briecnne and St. Florentin, crossing the Loire valley
and ending in the northern slope of the Central Massif, north of Bourges. In the
remaining part of the Basin the Lower Cretaceous is identified everywhere by drilling.

During the Early Cretaceous the Paris Basin represented a strait connecting the
Mediterranean Basin with the North Sea aud this determined the distribution and
the specificities of the diffcrent stages. Over lagoonal or lacustrine clayey Purbeckian
limestones there are Wealdian clayey-sandy deposits, among which iguanodons (at
Bernissart), crocediles, turtles and fishes have been found.

~ Tn the central part of the strait (Aube) marine sedimentation started with Upper
Valanginian zoogenic limestones with echinids and oysters. The facies and the dis-
tribution of these limestones indicate the beginning of the transgression. During the
Hauterivian it expanded to the northwest, whereby clayey limestones with Spatangus
were deposited in the Basin, similar to those from Jura Mountains. They contain
also Exogyra and rare ammonites (Acanthodiscus radiatus). They are followed by
Barremian claystones with oysters, which are outlined by variegated fresh-water sandy-
clayey sediments with Unio, above which there are red claystones (Wassy Red Beds)
with Heteraster oblongus and many bivalvs, indicating the return of the marine con-
ditions. The Aptian is represented by marls with Plicatula. The Albian starts every-
where with glauconitic sandstones which are covered by claystones with many am-
monites. To the north of Revigny Albian sediments overlie Jurassic rocks and they
become markedly shallow-water upon approaching the Ardennes Massil.

In the central part of the Basin and in the Bray region. the lower part of the
Lower Cretaceous is in continental (Purbeckian-Wealdian) facies. Marine sedimen-
tation started during the Aptian when marls with Plicatula and Ostrea were de-
posited. The Albian sediments are typically deep-sea claystones.
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6. SWISS ALPS

In addition to Jura Mountains, where it is developed in neritic facies, the Lower
Cretaceous is widespread in the Swiss Alps as well. This is one of the most complex,
if not the most complex, mountain structures on Earth, characterized by the predo-
minance of nappe structure. The palinspatic reconstruction makes it possible to “un-
fold” the nappes and to indicate the synsedimentational position of the different li-
thostratigraphic units. This reconstruction which was carried out for the first time
by Heim (1919-1921) for the Eastern Alps and by Gign ou x (1950) for the
Western Swiss Alps. indicates clear facial zonality, whereby lateral transitions arc
observed for the facies of Jura type to the north, the Vocontian type to the
south, through the mixed facies of the Northern Subalpine ranges to the facies
of the Swiss Alps. The Lower Cretaceous is connected with the outer zone of the
Alps, with the Fore-Alps and with the Helvetian nappes (H eim, 1921; Heim,
Baumberger, 1933; Gignoux, 1950; Funk, 1969-1975; Funk,
Briegel, 1979).

Lower Cretaccous sediments are traced from the Savoy Alps in the northwest
beyond the Rhone valley to the Morcles Massif. Clayey limestones and marls with
sandstones are developed. The Lower Cretaceous is partially presented in the auto-
chthonous cover of the Aar Massif. At Doldenhorn and Blumlisalp the Berriasian
and the Valanginian are represented by marls and clayey limestones with charac-
teristic ammonites, followed above by Hauterivian cherty limestones with Toxaster
retusus, covered by the Palaecogene. To the east of Aar the series is greatly reduced:
the Hauterivian (limestones with 7. retusus) is 4-6 m thick, whereas the Barremian
(Urgonian limestones with R. ammonia) is 6-10 m thick. The Aptian comprises
marls with Orbitolina lenticularis and Heteraster oblongus, covered by a second
formation of Urgonian limestones. These sections indicate that even in the
autochthonous Alps the Lower Cretaceous is strongly folded and most often
with reduced thicknesses.

Lower Cretaceous facies become deeper-sea upon the transition from the auto-
chthone to the lower nappes, as well as from the lower to the upper and more south-
ern nappes (Gignoux, 1950). Thus, the Berriasian is represented by marls
(marnes d'Oerhli), the Valanginian—by zoogenic limestones (calcaires d’ Oerhli), marls
and core limestones with neritic fauna and rare ammonites (Neocomites). They are fol-
lowed upwards by breccia-like limestones(Calcaires spathiques)formed of echinid detri-
tus. They correspond to the Fontanil Limestones (Upper Valanginian) near Gre-
noble. The Hauterivian starts most frequently in the lower nappes with limestones
containing echinids which are covered by glauconite sandstones with ammonites:
Neolissoceras grasi (°O rb.) and Olcostephanus astierianus ('O r b.), followed
above by Barremian clayey limestones with glauconite and many ammonites: Bar-
remites difficilis ('O t b.), Barremites spp., Holcodiscus falax (M a t h.) and Nicklesia
pulchella (d'O r b.). The section ends with Urgonian limestones (Lower Aptian) with
thickness 300 m. In fact, the Urgonian is very shortened in the autochthone, but
its thicknesses are considerable in the Morcles and Diablerets nappes. In the Wild-
horn nappe Urgonian limestones become gradually wedged and are replaced by
Drusberg Beds which are developed between Schwyz and Glaris.

The upper part of the Aptian, as well as the Albian are represented by
glauconite facies and correspond to a regressive cycle which lasted into the Ce-
nomanian.

Of particular interest is the development of siliceous limestones (Helvetischer
Kicsekalk) in the lower nappes. These limestones contain up to 40 per cent fine
(1-10 mm) evenly distributed authigenic quartz crystals resulting from ecarly diagenetic
dissolution of the opaline sponge spicules (F u n k, 1975). These Helvetic siliceous
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limestones pass to the south into Wildhorn nappes in a thick formation of deep-
sea clayey limestones.

The Lower Cretaceous has an interesting section to the southwest of Lucern
in the Pilatus-Kulm region, where the following succession is established: (1) Valan-
ginjan marls and limestones, in some places with glauconite; (2) siliceous limestones
(Kiesekalk) (Hauterivian); (3) Altmann Beds (marls, sandy marls, limestones and
sandy limestones with glauconite) (Lower Barremian); (4) Drusberg Beds (Middle
Barremian): (5) Lower Urgonian limestones (Upper Barremian); (6) Orbitolina
Beds; (7) Upper Urgonian limestones (Lower Aptian); (8) glauconite sandstones
(Albian).

In the Upper Helvetic nappes the Berriasian-Valanginian comprises black marls
discovered at Justisthal, north of Thun Lake, where the following species are found:
Leptoceras studeri O o st., Phylloceras calypso (d’O v b.), Neolissoceras grasi
(d’O r b.), Kilianelia pexiptycha (U h 1) and Dwvalia lata (B 1.). Urgonian lime-
stoncs are found in a deviation of the nappe at Lutere Zug closc to Wolfenschiessen,
followed above by black phosphatized marls with condensed fauna: Aconeceras
nissum ('O r v.), Colombiceras tobleri (J a c.) and Cheloniceras buxtorfi (J ac.)
(Jacob, Tobler, 1906).

Tn the Lower Fore-Alps (Ultrahelvetic nappes) the Lower Cretaccous is repre-
sented by deep-sea Berriasian-Hauterivian marls and clayey limestones with many
ammonites, which are covered by Upper Cretacecous limestones.

There is a continuation of the Lower Cretaceous from the Ultrahelvetic nappes
to the Middle Fore-Alps, where therc are clayey shales or marls and limestones with
rarc belemnites and aptychi.

The classical depesits Voirons, Chatel-Saint-Denis are in the external Fore-
Alps, east of Lausanne and Mont-Saléve, where the latest outcrops of Urgonian
limestones are discovered. From this region Sarasin and Schondel-
mayer (1901-1902) described Berriasian, Valanginian, Hauterivian and Barremian
fossils.

An cnormous flake built of deep-sea marls with cephalopods, among which
Urgonian limestones are also included, is discovered in the internal zone of the
Fore-Alps, between the Morcles and Diablerets nappes.

In the Fore-Alpine nappes the Lower Cretaceous is known in the Nisen flysch
nappe. [t is represented by clayey shales and calcareous shales with aptychi. In-
tercalations of orbitolinic limestones occur in some places — peripheral Urgonian
facies.

In Central Switzerland, in the klippe zone, which is remunants of the Fore-
Alpine nappes, there are limestones with Pygope, aptychi and calpionellids, which
touch upon marls with Orbitolina along the (ault.

7. EASTERN ALPS

The Lower Cretaccous has limiled distribution in the Eastern Alps. Two Lower
Cretaceous strips are discovered in the flysch zone. In the northern strip there arc:
(1) marls with Duvalia lata and Valanginian ammonites; (2) breccia-like limestones
(Valanginian); (3) siliceous Hauterivian limestones; (4) Urgonian limestones with
orbitolinic marls in the upper part (Barremian-Aptian). In the southern strip
the Valanginian limestones and the Urgonian are replaced by marls. A similar transi-
tion from neritic to bathyal facies is observed in the Western Alps as well.

The Lower Cretaceous is also well preserved in some synclines in the Bavarian
nappe. It lies concordantly and with transition over Jurassic rocks and is covered
transgressively by Upper Cretaceous sediments. Two Formations are distinguished:
lower — Strambach Limestones, and upper — Rossfeld Beds (mainly marls).
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The Strambach Limestones are Berriasian-Valanginian in age, whereas the Rossfeld
Beds belong to the Hauterivian and Barremian. The basic sections have been stu-
died by Sayn, Uhlig and H a u g (Kufstein, Ruhpolding, Rossfeld, Salzburg
and TIschel). Exclusively bathyal clayey limestones, marls and clayey shales (Ber-
riasian-Barremian) are developed, containing: Fauriella boissieri (Pict.), Tir-
novella occitanica (P1ct.), Berriasella privasensis (P 1 ct.)(Berriasian), Kilianella
pexiptycha (U hl.), Neocomites neocomiensis ('O r b.) (Valanginian), Lyticoceras
cryptoceras (d'O r b.), Crioceratites duvali L é v., Olcostephanus astierianus (d'O r b.)
0. jeannori ('O r b.) (Hauterivian), Barremites difficilis ('O r b.), Silesites sera-
nonis ('O r b.) (Barremian). The Aptian is developed in the same facies, whereas
the Albian is represented by glauconitic sandstones (U hlig, 1882; 1887;
Sayn, 1893).

8. HUNGARY

The Lower Cretaceous in the Pannonian Massif is known from its southern part —
Vilany and Meczek, as well as from the Hungarian Central Mountains — Bakony
and Gerceese. Of particular importance for the stratigraphy of the series arc the works
of J.ir. Noszky and especially the more recent research of Fi 1 6 p (1958-
1976). Varied facies with numerous intraformational hiatuses are developed. In
most places the Lower Cretaceous sediments overlie the strongly denuded surface
of the Tithonian limestones.

8.1. Vilany and Meczck

These arc low-mountainous elevations in the peripheral part of the Pannonian Mas-
sif. The section of the series usually starts over the strongly denuded and partially
karstificd surface of the Upper Jurassic limestones. Generally speaking, it is charac-
terized by complex block and : or flake structure, which is also reflected in the full-
ness of the sections.

In Meczek there are sections in which the Berriasian deposits are connected by
a gradual transition with the Tithonian rocks. The Berriasian is represented by dense
micritic limestones and clayey limestones (30 m) with Tintinnopsella carpathica,
Calpionellopsis oblonga, Remaniella cadischiana, radiolaria and ammonites. The
Lower Valanginian is connected with volcanogenic-sedimentary formations (the
trachydolerite tufogenic formation with thickness up to 10-100 m), among which
Kilianella roubaudiana (d'O r b.) has been found. The Upper Valanginian is re-
presented by marls and sandstones (5-30 m) with Thurmanniceras thurmanni
(Pict, Camp.), Olcostephanus astierianus (d'Orb.) and Neocomites neoco-
miensis ('O r b.).

Urgonian limestones with many rudists overlie the denuded surface.

In the Vilany Mountains above the deeply denuded Kimmeridgian-Tithonian
limestones there are diabase volcanic rocks (trachydolerites) which arc assumed
to have the same age as the Valanginian trachydolerite tufogenic formation in Me-
czek.In the Beremend horst and in Harsany bauxites were formed during the Hau-
terivian. Marine sedimentation started during the Barremian with the formation of
Urgonian limestores with Orbitolinidae and rudists which reach until the base of
the Albian.

In the Tenkes {lake there is a big hiatus and over the strongly denuded surface
of the Kimmeridgian limestones there are Urgonian limestones deposited trans-
gressively but concordantly, followed upwards by clayey-calcareous siltstones (Al-
bian) (F ii 1 6 p, 1966).
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8.2. The Hungarian Central Mountains

The section of the series is most complete at Bakony. The Berriasian sediments are
connected by lithological transition with the Tithonian deposits (Sumeg, Lokut
and Somhet). They are represented by light micritic limestones, clayey limestones
(“*Biancone” facies) containing Berriasella privasensis (P1ic t.), B. picteti (J ac.),
Malbosiceras malbosi (P i ct.), Fauriella boissieri (P ict.), Spiticeras spp., many
calpionellids and radiolaria. In the Alsomajor-Zirc valley and in the eastern part
of Somhet the Berriasian is represented by reddish limesiones with ammonites or
by limestones with rare crinoids (Istenesmal-Zirc), while to the north of Zirc and
at Bakonycsernye it is represented by light limestones with calpionellids.

The Valanginian and the Hauterivian are not clearly differentiated. They are
represented by marls. In the Ko&zoskut graben there are: Kilianella roubaudiana
(d’Orb.), Thurmanniceras thurmanni (Pict.,, Camp.), T. pertransiens (Say n) and
Neocomites neocomiensis (d’Orb.), at Sumeg, Harskut and Lokut — Olcostephanus
astierianus (d’O r b.), above which at Lokut there are beds with Crioceratites.
Nannoconuses are also discovered.

The Barremian in the Marvanybanya region is represented by yellow-reddish
limestones among which there are Barremites, Hamulina and Valdedorsella. F (-
16 p (1964) unjustifiably refers to this stage the glauconitic sandstones, marls and
sandy limestones with Deshayesites, Silesites and Mesohibolites, discovered in the
Kozoskut graben. These are beds formed under condensation conditions and the
existence of Deshayesites indicates that they include the Lower Aptian as well. At
Sumeg the Barremian comprises a packet of marls with radiolaria and ammonites,
Hamulina paxilosa (U h 1), Macroscaphites yvani (P u z.), Barremites spp., ‘‘Lep-
toceras” parvulum (U hl.), Nicklesia sp., etc.

The Aptian is represented by grey crinoid limestones which are traced from
Sumeg to the south through Varoslog, Harskut, Lokut, Zirc, Bakonycsernye to
Tata. There also occur limestones with gastropods, brachiopods and ammonites:
Cheloniceras martini occidentale (Jac.), C. cf. cornuelianum (d’'Orb.), C. cf. semi-
nodosum (Sin z.), Parahoplites cf. melchioris A nt h., Diadochoceras nodosocos-
tatum ('Ot b.), ete.

The Aptian usually starts with algal limestones, above which there are clay-
stones and marls with Orbitolinidae, covered by Urgonian limestones with rudists.

The Albian is represented by marls which are glauconitic in their upper part
and contain typically Upper Albian ammonites (Na gy, 1971).

- In the Tata horst (northwest of Tatabanya) near Kalvaria hill, the Berriasian
s represented by limestones with calpionellids, ammonites, belemnites, etc. F ii-
6 p (1976) reports a long list of characteristic Berriasian ammonites, which date
n a condensed section the entire volume of the stage from the P. grandis Zone to
the F. boissieri Zone. The descovery of Kilianella spp. and Neocomites is also evid-
ence about the existence of the Valanginian in the northern part of the horst.

Glauconitic sandy limestones, sandstones, marls and crinoid limestones, con-
taining rich Clansayesian fauna, overlie the deeply denuded surface of the Titho-
nian-Berriasian (and in some places of Valanginian) limestones. Most of the fossils
are concentrated in the basal glauconitic layer, where they are also phosphatized.
Fil6p (1976) has carried out a perfect investigation of this unique section which
is recognized as geological reserve,

To the northeast of Tata the Lower Cretaceous section ends with Albian marls
with glauconites, discovered at Vertes.

The Lower Cretaceous is also developed in the northern part of Gerecse (F i-
1 6 p, 1958), where it is connected with an uninterrupted complex from the upper
parts of the Berriasian to the Barremian included. Below there is a basal packet of
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clayey-calcareous sandstones and sandy limcstones with F. boissieri and calcareous
breccias, which lie transgressively over denuded Tithonian limestones. Above them
follow a marl formation (Valanginian-Lower Hauterivian), sandstone formation
(Upper Hauterivian-Upper Barremian p. parte) and a coarse-terrigenous forma-
tion built of conglomerates, gritstones, sandy limestones with Orbitolinidae, and
limestones with rudists and corals (Upper Barremian p. parte-?Lower Aptian).
A clear ammonite succession is established from the Upper Berriasian to the base
of the Upper Barremian, with typical Mediterranean specics.

9. CZECHOSLOVAKIA

The Lower Cretaceous manifests considerable variety in the Western Carpathians.

In the klippes zone the Lower Cretaceous is connected with the “Czorsztyn-
Serie”, “Pruské-Serie”, “Podbiel-Serie”, “Kysuca-Serie” and “Manin-Serie” (B o r-
z a, 1969). The Berriasian is represented by limestones (Lysa Skala) (crinoidal, cri-
noidal-brachiopod and biodetritic), dated by means of aptychi and by Calpionella
alpina L o m b., Tintinnopsella carpathica (M., F.), Calpionellopsis simplex (C o 1.)
and C. oblonga (Cad.).

The Valanginian comprises crinoid limestones among which aptychi also occur.
In the Podbiel Group it is represented by micrograined limestones with many cal-
pionellids. The Valanginian-Aptian comprises marls and clayey limestones. ‘“Neo-
comian” and Urgonian limestones are developed in the Manin Group.

The Albian is represented by dark-green, dark-grey to black marls with inter-
calations of limestones with radiolaria. This facies comprises part of the Aptian as well.

The Western Carpathian Group is distributed in the High Tatras. The Neoco-
mian is represented by limestones covered by basaltic lavas and tuffs which are as-
sumed to be Valanginian-Hauterivian in age. The Barremian is probably not repre-
sented or only its upper part is developed, connected with 100 m Urgonian Jlime-
stones which are entirely referred to the Aptian. Middle and Upper Albian sediments
are found above the Urgonian, namely: (1) glauconitic limestones with Hoplites
dentatus (S o w.); (2) sandy marls passing into glauconitic limestones with Hys-
teroceras varicosum (S o w.); (3) green marls with Mortoniceras inflatum (S o w.);
(4) marls and sandstones with Sroliczkaia dispar (O rb.).

The Lower Cretaceous is particularly widespread in the Silesian zone (Beskydy)
where it has been known since the 19th century owing to Uhlig’s classical investi-
gations. Of great significance for the Lower Cretaceous stratigraphy are the works
of Roth and Matejka (1953) and Vas§iéek (1972, 1979). Two main
facial types are developed: predominantly neritic and deep-sea facies (Table 16).

Clear ammonite successions are established from the Valanginian upwards.
The Berriasian is dated with calpionellids.

Valanginian: Thurmanniceras pertransiens (Sayn), T. thurmanni (Pict,
Cam p.,) Kilianella pexiptycha (U h1.), K. clavicostata N i k., Busnardoites cam-
pylotoxus (U h 1), Neocomites (Teschenites) callidiscus T h., N. (T.) teschenensis
(Uhl), etc.

Hauterivian: Acanthodiscus radiatus (B r.), Endemoceras amblygonium (Necum.,
U h\l), Crioceratites duvali L év., C. majoricensis (N o 1.), etc.

Barremian: Nicklesia pulchella (d'O r b.), Karsteniceras pumilum (U h 1), Ha-
mulinites parvulus (U h 1.), Acrioceras tabareli(A s t.), Hamulina astieriana (d’O r b.),
Anahamulina sp., Barremites psilotatus (U h 1), Pseudosaynella strettostoma (U h 1.},
Silesites vulpes (C 0 q.), S. seranonis ('O r b.), as well as a rich association of be-
lemnites among which Mesohibolites predominate.
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Table 16

Lithostratigraphic Units Related with the Lower Cretaceous
in the Beskydy (modified after Roth, Matejka, 1953 and Vasicek, 1972)
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Aptian: Procheloniceras pachystephanum (U h1.), P. albrechtiaustriae (H o h.),
Deshayesites borowae (K oen.), D. beskidensis (U hl.), Prodeshayesites sp.,
Acanthohoplites cf. bigoureti (S eun.), etc.

Albian sediments are dated by microfauna.

10, POLAND

The Lower Cretaceous in the Polish Depression is of northern type and therefore
it will not be discussed here. In the area of the Polish Carpathians the series is de-
veloped in three zones: flysch zone, zone of the Pieniny klippes belt and in the Tatra
Mountains (Ksiazkiewicz, 1956; Koszarski, Slaczka et al
in Sokolowski, 1976).

The flysch zone comprises a considerable part of the Carpathians. The Lower
Cretaceous there is in full volume, developed predominantly in flysch facies. The
summated thickness in the western part of the zone is 4000 m. Detailed lithostra-
tigraphy is elaborated, whereby some of the lithostratigraphic units are known in
Czechoslovakia as well (Tables 16, 17).

The Berriasian is connected with the TeSin (Teschen) Limestones (about 200 m
thick) — they are clayey in their base, and pelitomorphic and biodetritic in their
upper part, where they alternate with marls and shales. Calpionella alpina is found
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Table 17

Lithostratigraphic Units Related with the Lower Cretaceous of the Polish
Carpathians Flysch Zone (after Koszarski, Slaczka in Sok ol ows ki, 1976)
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among them, as well as Euthymiceras euthymi (Pict.), different algae, bryozoans
echinoderms and foraminifera. These limestones overlie the Lower Tesin Beds (Ti-
thonian).

The Upper Tefin (Teschen) Beds (300 m thick) are represented by calcareous
sandstones and black marly shales with many concretions and lenses of clayey si-
derites (pelosiderites). Frequent intercalations of breccias and conglomerates are
also observed. The following species are found among them: Kilianella pexiptycha
(U h 1), Thurmanniceras thurmanni (Pict., Cam p,.), Neocomites neocomiensis
(d’'Orb.), Olcostephanus astierianus ('O r b.), Duvalia conica (B1l.), D. lata
(Bl), D. emerici (R asp.), etc.

Hradi$té (Grodziszcze, Grodischt) Sandstones (about 200 m thick). These are
coarse-grained sandstones and siltstones, in some places to unsaturated conglome-
rates, with calcareous cement and few intercalations of shales. In some places the
coarse-grained sandstones are replaced by fine-grained varieties with intercalations
of dark-grey shales and marls. The following faunistic associations are found among
these sediments: Acanthodiscus aff. radiatus (B r.), Duvalia dilatata (Bl.), D. po-
ligonalis (B 1.), Pseudobelus bipartitus (C a t.), etc. (Hauterivian); D. grasi (D u v.),
Nicklesia pulchella (€O rb.), Costidiscus recticostatus ('O r b.) (Barremian);
Procheloniceras albrechtiaustriae (H o h.), Ancyloceras cf. wrbani (N., U.), Orbi-
tolina sp., etc. (Aptian).
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Vefovice (Wierzowice, Wernsdorf) Shales (200-300 m thick). These are clayey-
calcareous or siliceous shales with lydites and siderites in the lower part. They con-
tain rich {auna characteristic of the Barremian and Aptian: Hamulina astieri ('O r b.),
H. meyraii ('O rb.), H. lorioli (U hi), Hamulinza spp., Barremites difficilis
'O rb.), B. charrieriguus (d'C r b.), Barremites spp., Holcodiscus caillaudianus
('O rb.), Karsieniceras karsteni (U h 1), Crioceratites emerici L év., Silesi-
tes vulpes (C o q.), “Leptoceras™ spp., cic. (Barremian):; Procheloniceras albrechti-
austrice (H o 1.), Deshayesites berovae (U hl.), ete. (Aptian).

The Lgota (Ellgoth) Beds (about 300 1n thick). They are formied of three parts:
thin sandstone beds lie at the base, followed above by silicified sandstones and sha-
les, covered by silicecus rocks (spengiclites) with intercalations of sandstones and
shales. Rare Tessils are found: Inoceranus laubei L i e b., Nechibolites cf. minimus
List  and Acanthohoplites bigoureti (S e un.). which characterize the Upper
Aptian and the Albian.

The Lower Cretaceous in the Pieniny zcne is developed in two types: southern —
Pieniny facies, and nortliern — Czorsztyn facies, which pass into one another,

The Picniny facies is repiesenied by white limcstones with thin beds or lenses
of black flint, and intercalation of shales. These beds are known by the name of horn-
stein limestones or limestones with Aptychus (Tithonian-Barremian).

The Czorsztyn facies is represented by crinoid limestones (Tithonian-Berria-
sian) which are covered by clayey limestones with flint and intercalations of black
and green marls.

The Aptian has not been proved in this zone, whereas the Albian is represented
by marls and marly shales with intercalations rich in radiolaria and globigerines.

In the Tatra zene the Lower Cretacecus is exposed in the so-called High-Tatran
and Sub-Tatran nappes. In both tectenic units the rocks of the series are connected
by lithological transition with Upper Jurassic sediments.

In the High-Tatran nappes the lower part of the section is built of dark, parti-
ally odlitic limestones which do not contain fossils. According to their stratigraphic
position (between the Kimmeridgian and the Urgonian limestones), these sediments
are assumed to be Tithonian-Necocomian. They are covered by limestones with Or-
bitolinidae, algae, bivalvs and brachiopods: Orbitulina aff. bulgarica D e s h., Jani-
ra sp., Lima, Requienica, etc.

The upper part of the Urgonian limestones is denuded and karstified, being
covered by Albian glauconite limestones with phosphorite concretions and rich
fauna: Dowvilleiceras mammillatum (S ¢ h 1), Hoplites dentatus (S o w.), Dippolo-
ceras cristactum (D eluc), Turrilites mayorianus ('O 1 b.), Beudanticeras beu-
danti (Brong.), faocerainus conzentricus P a v k., I. sulcatus Park, etc.

These sediments are fotlowed upwards by giauconitic marls with Mortoniceras
inflatum (S o w.), Anisoceras cf. armaruin (S o w.), etc., which are covered by
dark-coloured marls with Siwoliczkaia dispar ('O r b.), Tuwrrilites cf. bergeri
Brong., etc

In the Sub-Tatran nappes the Lower Cretaceous is represented by marls with
intercalations of ciayey limestones (Valanginian-Barremian), which are covered
by limestones and marls prooably belonging to the Albian.

11. ROMANIA

The Lower Cretaceous is widespread in the Carpathians, the Apuseni, the Walla-
chian Depression and in Nerthern Dobrogea (Onvecky, 1960; Koxmapua,
Polinsauy, 196]; Mypaxsuy et al, 1961; Mutihac, 1959; Patru-
lius, 1960-1976; A vram, 1970-1976; Blea hu et al, 1981).
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11.1. Eastern Carpathians

Lower Cretaccous sedimentis are part of the Mesozoic cover of the crystalline founda-
tion. They are represented in two main types: flysch and marls. which are very rich
in ammonites.

The following succession is established in the Persani zene:

1. Marls and clayey iimestcnes with ammecnites (Berriasian-Hauterivian).
In some places breccias and conglomerates are developed, as well as partially sorted
calcarenites, sandstones and silicites with radiolaria, in some places in association
with diabases. In the Carhaga valley Berriasian marls are extremely rich in cephalo-
pods (Patrulius, Avram, 1976): Spiticeras spp., Pseudosubplanites (P.)
ponticus (R et), P. (Hegaratella) paramacilentus (M a z.), Malbosiceras para-
mimounum alutenze (P., A.), Fauriella cf. rarefurcata (Pict.), Dalmasiceras sp.,
Berriasella spp., and many others. The existence of blocks of Tithonian limestones
among the Berriasian marls is assumed by the Romanian geologists as indication
of Berriasian {ransgression,

The Valanginian is proved by: Bochianites oosteri (S a r., S ¢ h.), Bochianites sp.,
Kilianella sp., Necocomites sp., etc.

The Hauterivian is characterized by: Parischiceras winkleri (U hl), Spitidis-
cus sp., Plesiospitidiscus sp., Lyticoceras transsylvanicum (J e k.), Pseudobelus bi-
partitus ('O rb.), etc.

In the external part of the Persani zone the pelagic lacies is replaced by flysch
(Sinaia Beds).

2. Coarse flysch with olistolites (Barremian-Lower Aptian). It is represent-
ed by sorted sandstones and claystones with olistolites of Triassic and Lower Ju-
rassic limestones and Middle Jurassic sandstones, diabases and porphyrites. Simi-
lur sediments of ccarse (wild-flysch) facies, in association with Urgonian lime-
stones and sandstones with rich neritic faunas, are developed in the Highimas and
Rareu synclines (Mypunxsauy et al, 1961).

3. Polygenous conglomerates and sandstone-marl flysch with Orbitolinidae
(Aptian-Albian). Among this flysch there is a packet of conglomerates.

4. Calcarcous sandstones and quartzitized small-fragment conglomerates
(Upper Albian-Cenomanian).

Two strips differing in the facies of the sediments are outlined in the Dimbo-
vicioara-Baraolt zene.

In the southern strip (Dimbovicioara) the following succession is observed:

I. Glauconitic limestones, sublithographic limestones and clayey limestones
with flint concretions (Upper Valanginian-Hautcrivian). These sediments overlie
transgressively the Upper Jurassic. Many fossils occur among them in the environs
of Brasov, ramely: Duvalia dilatata (B 1.), Olcostephanus psilostomus (N., U.) and
O. klaatschi (Bau m b.). Lyticoceras sp. and Crioceratites spp. are found among
the limestones near Dimbovicioara.

2. Marls with cephalopods and reef limestones with rudists (Barremian-
Lower Aptian).

3. Sandstones, conglomerates and sandy marls (Upper Albian-Cenomanian).

The fcllowing lithostratigraphic units are observed in the Baraolt Mountains:

I. Sinaia Beds (Berriasian-Hauterivian). The base of the Sinaia Beds is
revealed out of Baraoit in the area of the town of Miercurea Ciuc. They start with
fine-grained sandstones, shales, calcareous breccias and calcarenites which over-
lie Triassic dolomites. They are followed upwards by: clayey and calcareous shales,
limestones and warls: clayey shales with rare sandstonc intercalations, reddishe
and greenish shales of the “*Azuga’ type, in association with diabases; clayey lime-
stones and calcareous sandstones which include in their upper part intercalations
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of microbreccias formed of crystalline shales. Packets of breccias and calcarenites
are found on top.

2. Marly-sandy or sandy flysch (Barremian). There also occur intercalations of
breccias, clayey limestones, coarse-grained sandstones and gritstones with fragments
of sericite shaies and Triassic dolomites.

3. Sandstones (Aptian). At their base there are conglomerates with blocks of
Urgconian limestones with rudists and ccrals. To the scuth the sandstones pass into
conglomerates.

4. Marly-sandy flysch (Upper Aptian-Albian). Among this flysch there are
intercalations of coarse-grained sandstones and conglomerates with fragments of
reef limestones with rudists.

5. Polygenous conglomerates (Albian). These conglomerates are of the type
of Bucegi conglomerates, with many fragments of dark-grey Middle Triassic lime-
stones.

In the Bucegi -— Piatra Mare zonc the Lower Cretaceous is represented by ter-
rigenous sediments (2000-2500 m) (Barremian-Albian). They are developed of
flysch facies, comprising in som¢ places thick sandstone packets (Sinaia and the
eastern slope of Piatra Mare), conglomerates and calcareous breccias with inclu-
sions of Jurassic limestones (Morcieni — Sinaia). Thick wedges of Urgonian lime-
stones with rudists and Orbitolinidae (Furnica, St. Anna and Piatra Arse) are
connected with the conglomerates at Sinaia. Rarc ammonites have been found in
the Cerpenisului valley — Deshayesites borovae; in Seaca a Carai manului — Du-
frenoya furcata and Colombiceras subpeltoceratoides; in the Busteni — Leymeriella
sp. (aff. revili). -

In the upper reaches of Prahova river the marl-sandstone complex includes
in its upper part a thick packet of culcarcous breccias and calcarenites. These se-
diments are more extensively developed in the southern part of the Bucegi Massif,
whereas in the west they pass into mari-sandy flysch which directly overlies the
crystalline shales of the Leaota Massif.

Above the flysch sediments there is a sandstone-conglomerate unit of molasse
type (Middle Aptian-Upper Aptian), which is covered by Upper Albian marls and
sandstones.

A ihick Lower Cretaceous complex (4000 m) is developed in the Zamura anti-
clinorium, manifesting considerable variations in the thicknesses and in the facies.
The following succession is observed:

1. Sinaia Beds (Berriasian-Hauterivian). They are represented at their
base by schists and marls with rare intercalations of breccias and coloured shales
(*Azuga” type) with diabases. In the middle part — calcareous sandstones with
rare “Azuga”-type intercalations and diabases, whereas in the upper part there are
marls with rare ammonites, sandstones, breccias and calcarenites.

2. Comarnic Beds (Barreniian-Lower Aptian). They are developed in the
southern part of the anticlinorium. Marls with ammonites are found in their lower
part. From these marls in the Doftana valley A vram (1976) has described an
extremely rich cephalopod associaticn. The upper part is built predominantly of
sandy marls with intercalations of sandy limestones with Orbitolinidae.

3. Sandy flysch (Middle Aptian-Lower Aptian). In some places this flysch
directly overlies the Sinaia Beds. In some places massive sandstone packets, conglo-
merates, calcareous breccias and lenses of reef limestones with rudists and Orbi-
tolinidae are developed.

4. Polygenous conglomerates (Middle Albian).

5. Clayey-sandy flysch with pelosiderites (Upper Albian).

In the zone of the upper internal nappe (Bratocea — Ciucas — Zaganu — Te-
liu — Bodoc) the Lower Cretaceous is represented by the Sinaia Beds (Valangi-
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nian-Hauterivian), [lysch (Barremian-Aptian), sandy flysch (Upper Aptian- Middle
Aptian) and coarse f{lysch (Upper Albian-Cenomanian).

In the zone of the lower internal nappe the Early Cretaceous sedimentation star-
ted during the Barremian with the formation of sandy [lysch, followed above by
the so-called curbicortical {lysch (regular aliernation ol calcareous sandstones, marls
and claystones) of Upper Aptian-Lower Albian. Above them lie sandstones (Mid-
dle Albian-Upper Albian).

The deveiopmient of the serics 1s interesting in the flake zone where the black
shales formation is represented (Valanginian-Lower Touronian). It is formed by
several members:

1. Sphacrosiderites (Valanginian-Barremian). Their lower part contains clayey-
sandy shales and sandstones wiith thin intercalations of lydites. These beds contain
Neoconiites neccomiensis (d°Orb.). The middle part is built of clayey-siliceous
shales with intercalations of maris and sandstones, amonyg which Leopoldia castella-
nensis (A°O rb.) and Pseudotlrriannia angulicostata (’O rb.) are found. The upper
part includes green clayey shales witih sphaerosiderite intercalations, spongiolites and
calcareous sandstones. Cestidiscus recticostaius (d°O rb.) and Parahoplites borowae
(Uhl.) are found.

2. Shales — clayey or siliceous, associated with bituminous shales, clayey sand-
stones, marls with radiolaria and foraminifera. Intercalations of tuffites and lydites
are found, as well as coarse-grained sandstones. Procheloniceras and Ancyloceras
occur, in the upper part — Neohibolites spp.

3. Quartzitized and glauconitic sandstones (Albian-Cenomanian) with Neo-
hibolites and Rotalipora apenninica (Ren z).

11.2. South Carpathians

The rapid change of facies is particulariy characteristic for the development of the
series in this territoty (Kojaapua et al, 1961).

In the Getic area there are most representative sections in the Resita-Mol-
dova Noua 2c¢ne, where the Lower Cretaceous has been investigated in detail and cha-
racterized with many fossils by M utihac (1959). In this zone the series is pre-
dominantly of calcarecus and clayey-calcareous type. Berriasian sediments overlie
in normal sequence the Tithonman ones. They are represented by marls with inter-
calations of clayey limestcnes which bujld the upper part of the Marila Beds. The
following species are found: Pseudesubplanites grandis (M arv.), Fauriella late-
costata (M a z.) and F. boissieri (Pict.).

The Valanginian and Hauterivian are represented predominantly by marls (Cri-
vina Beds) among which Kilianella cf. lucensis S a 'y n. Neocomites neocomiensis
('Ot b.), Bochianites neccomicnsis ('O r b)), Crioceratites spp., etc., have been
found.

The Barremian anc the Lower Aptizn are connected with reef facies of Urgo-
nian type (the Plopa Beds). A gradual transition from the Crivina Marl Formation
to the reef limestones of the Plopa Formation is observed in the middle part of the
Resita zone. 1n the peripheral parts of the zone the Urgonian limestones directly
overlie the crystalline (metamorphic) foundation. This indicales development of a
transgression which comprises the entire territory of the South Carpathians.

The upper part of the Aptian is represenied by massive limestones interca-
lated by marls with Orbitolinidae.

Similar sediments are revealed in the Hatzeg Basin (around the villages Stinka
Lobkova and Ohaba Ponor), where quartzite conglomerates with ostreids are found
above the Urgonian iimestones. Albian or Cenomanian sediments follow trans-
gressively above them.
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The Albian sediments in the Resita zone lic transgressively above older Lower
Cretaceous rocks. They are represented by conglomerates with small fragiments,
coarse-grained saundstones, glauconitic sandstones and sandy claystones, which are
of molasse type. Douvilleiceras mammillatum (Sc hl.), Hamites compressus S o w.,
Scaphites circularis S o w., etc. occur among them.

In the Danubian area of the South Carpathians the Lower Cretaceous rocks
are well exposed in the Svinita zone, where they demonstrate successions and fa-
cies known from the Sala§ syncline (Western Fore-Balkan). They start with Berria-
sian pelitomorphic limestones with characteristic ammonites.

The Valanginian and the Hauterivian are built of clayey limestones with cherty
concretions.

The Barremian comprises predominantly marls (Svinita Beds), similar to the
Mramoren Formation in the Western Fore-Balkan, with many ammonites. Ur-
gonian limestones with rudists and corals follow above them. In the valley of Cer-
na river they directly overlie massive Tithonian limestones (a situation similar to
some sections in the Western ore-Balkan) and they are often described by one
name — ““Cerna Limestones’".

In the Cosustea zone there are Nadanova Beds above the Urgonian limestones.
These are sandy clayey-calcareous shales with Neohibolites and Ticinella roberti,
(Gand.), followed above by calcareous shales, sandy marls and clayey limestones
wit1 characteristic Albian foraminifera.

Also interesting are the flysch sediments of the Arjana type. Their age has not
been precisely determined, but according to their stratigraphic position they are
younger than the Nadanova Beds and are an analogue of the Mehedinian flysch
(Konapua et al, 196l).

11.3. Apuseni

The Lower Cretaceous sediments in the Apuseni are very varied, but they are mainly
of terrigenous type. Owing to the complex structure of this area the section of the
series is difficult to reproduce, though nevertheless some regularities connected with
the Northern and Southern Apuseni become apparent (Blea hu et al., 1981).

In the Southern Apuseri the Lower Cretaceous in the Higis-Drocea zone is
represented by Berriasian-Hauterivian conglomerates and limestones, developed
in the eastern part of this zone. as well as by marls developed to the west of the Baia—
Slatina de Mures line. The sections from the castern part of the zone are character-
ized by the existence of silicified packets developed in the contact with diabases.
As indicated by Oncescu (Onuecky, !960). the submarine diabase volca-
nism provided the necessary matcrial for the abundant developiment of the radio-
laria, as well as colloid material for the claystones and silicified limestones. Puncta-
ptychus cf. punctatus (Vo ltz.), Lamellaptychus beyrichi (O p p.) and Olcosteplianus
astierianiy (d°O rb.) have been found among these sediments.

The Barremian is represented by flysch (500 m thick).

The Aptian is built of conglomerates, sandstones, claystones and intercalations
of limestones. Intercalations ol zoogenic limestones with Orbitolinidae and algae
occur,

In the Traskeu-Metalici zone the lower part of the series (Berriasian-Barremian)
is built of marls with intercalations of clayev shales and sandstones. Characteristic
fossils (ammonites, belemnites and aptychi) arc found.

The scctions in the Baciem Group start with black shales with sandy lenses
(Tithonian?-Neocomian), followed above by the (lysch-like Povernei Formation
(Upper Hauterivian-Lower Albian), built of quartzitized sandstones with calca-
reous cement and intercalations of grey-black clayey shales. Graded and in some
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places cross-bedding is observed among the sandstones. Intercalations of polygenous
conglomerates among which fragments of Upper Jurassic limestones prodeminate
are also discovered.

The Ponor Formaticn covers transgressively the crystalline foundation in the
northeastern part of the Bdcium Group, as well as the Upper Jurassic limestones
developed longitudinally along the Fenes Group. This unit starts with conglomera-
tes built predominantly of crystailine rocks followed above by clayey limestones
with intercalations of marls among which there are olistostromes in scme places.
In the southwest these sediments pass into clayey flysch with olistostromes (Sohar
Formation), being replaced in the south by coarse flysch with olistolites from Upper
Jurassic limestones. The following species define the Albian age of the sediments
described: Plectorecurvoides alternans (N o t h.), Psammosphaera laevigata W hite,
Hedbergella planispira T a p p., Trochammina abrupta G e r., etc.

Transgressively above these sediments there is an aleuritic flysch (alternation
of siltstones and aleuritic claystenes) of Upper Albian, proved by Hysteroceras or-
bigny Spath and characteristic sporo-pollen spectrum.

In the Southern Apuseni the Lower Cretaccous is also known in the Fenes nap-
pe, where the Fenes Formation is developed at its base, coasisting of volcanogenic-
sedimentary deposits of flysch type. This Formation starts with sandstones and clay-
stones, followed higher up by intercalations of tuffs and spilitic lavas, as well as by
bioconstructed, sometimes thin-bedded raicriiic limesiones with rudists, algae, etc.
(Barremian-Aptian). The Valea Dosului Formation follows above ther, repre-
sented by calcareous limestones with intercalations of marls. These sediments are
covered by the coarse flysch of the Metes Formation which is dated by character-
istic foraminifera as Upper Aptian-Middle Afibian.

The Lower Cretaceous sediments in the Fracin., Kebesiin and a number of other
nappes in the Southern Apuseni are of flysch or [lyschoid type.

In the Northern Apuseizi most representative is the Lower Cretaceous section
in the Bihor Mountains. Bauxites were formed in this zone at the beginning of the
Early Cretaceous, above which the following successicn is observed: (1) lacustrine
limestones with Haracea; (2) brackish limestones with gastropods; (3) Barremian
micritic, pelletic and lithoclastic limestones with rudists and foraminifera; (4) brec-
cia (Lower Aptian?); (5) Ekley Formaticn (Lower Aptian-Micdie Aptian), repre-
sented by limestones at the base and by marls in the upper part; (6) “Middle pachyo-
dontic limestones™ ; (7) clayey siltstones with intercalations of glauconitic sandstones,
conglomerates, limestones with corals, rudists and Ortkitolinidae, followed above by
red clayey shales (Upper Aptian-Upper Albian, partly); (8) clayey-aleuritic shales
and sandstones (Upper Albian (Vraconian)-Turonian). Tlhe discordant position
of the Ekley Formation over oider rocks is indication about the beginning of the
Austrian activation in the Apuseni.

A strong Austrian phase was manifested in the Apuseni after the Aptian. Upper
Albian terrigenous sediments covered transeressively and discordantly the older
rocks.

11.4. Wallachian Lowland

In the greater part of the Wallachian Lowland (the northern part of the Moesian
Platform) the Lower Cretaceous is represented by the same facies as in Central North
Bulgaria (Patrulius ectal, 1976). Limestones of Kaspican type are developed
in the Berriasian-Valanginian part of the section.

A bay intrudes from the north into the central part of the lowland, in which
deeper-sea limestones with calpionellids are developed.
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Clayey-calcareous sediments of Razgrad type (Hauterivian-Lower Aptian) follow
everywhere above the Kaspi¢an limestones.

The Albian sediments transgressively overliec the older Lower Cretaceous
stages (Barremian-Aptian), similar to the northern strip of Central North Bulgaria
(Brest—Gigen). The following species have been found amoag the Albian sediments
near Giurgiu: Douvilleiceras sp., Neohibolites minimus L i s t., Anahoplites planus
ittoni (L e y m.), A. planus discoideus Spath, A. intermedius S path, etc. (P a-
trulius, 1960).

11.5. Northern Dobrogea

In Northern Dobrogea Chiriac (1956) found the following succession on the
basis of echinoderms: marls (Berriasian), clayey limestones with Monopleura va-
langiensis (Valanginian), claystones and marls (Hauterivian), limestones with rudists
(Barremian) and a hiatus at the base of the Aptian. The Aptian sedimentation
started at the end of the Bedoulian with gravel. followed above by limestones with
Orbitolinidae and rudists, and again a hiatus at the end of the Clansayesian. The
Albian starts with conglomerates, covered by glauconitic limestones with Leymeriel-
la, glauconitic sandstones and sands. During the Late Albian there is a new hiatus
in the sedimentation.

12. SOVIET CARPATHIANS

The Lower Cretaceous is exposed in two basic zones: Staro-Sambor and Marmoro$
zones (Mepunos, 1972; Uepuon et al., 1980).

In the Staro-Sambor Carpathians the Lower Cretaceous is contected with the
Spasca Group which is represented by three formations developed in the external
flysch zone. The lower part of the series is not exposed. Tts section can be observed
starting from the Jablonovo Formation (Barremian) — lower black shales with scan-
ty occurrence ol imolluscs: Crioceratites aif. emerici L & v., Barremites difficilis
(d'Orb.), Hamulina lorioli (Uhl) and Pseudosaynella sitrettostoma (U hl).

Above these sediments follow the TerSovskaja Formation (massive sandstones
with intercalations of shales) and the Jankovaja Formation (upper black shales which
are strongly silicified). Both formations belong to the Aptian.

The section ends with the siliceous marls cf the Golovina Group, among which
Neohibolites mininms List. (Albian) has been found.

In the Marmoro$ zone the Lower Cretaceous is connected with three formations.
The Kamennopotok Formation (Tithonian-Hauterivian). represented by sandy-
clayey flysch, is at the base. Tts lower part is doted as Upper Jurassic, whereas Oos-
terella cultrara ('O v b)) and Crioceratites ex gr. halearis (N o 1.) have been found
in its upper part.

The Kamenelina Formation (Upper Barremian-Aptian) lies transgressively
and sharply discordantly over the Priluk Formation (Upper Triassic-Lower
Jurassic) and on the Kamennopotok Formation (Tithonian-Hauterivian). It
is represented by many varied facies: conglomerates, sandstones, siltstones, argil-
lites, organogenous-detritic limestones, biomorphic limestones, calcareous brec-
cias and argillites with siderite concretions. These sediments forim the two extreme
facies of the Formation: Urgonian and terrigenous. The Urgonian limestones which
are very varied are the most characteristic element of the Kamenelina Formation.
The following species are identified among them: Orbitolinidae —- Orbitolina len-
ticularis (B 1u m.), O. discoidea G r as. and O. conoidea G ras.; corals -— Fe-
lixigyra picteti (Koby), F. duncani Prev. Polytremacis urgonensis Koby
and Actinastraea pseudominima K o by; rudists — Requienia scalaris M at h.,
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Requienia sp. and Monopleura sp.; brachionods — Bzlbekella irregularis (Pict.),
Tamarella tamarindus (S o w.), etc.

Among the siltstones and sandsteones there are Orbitolinidae, coral:, belen-
nites — Neohibolites cf. beskidensis (U h 1), ammonites — Pseudosaynella strerto-
stoma (U h 1.), Parahoplites cf. melchicoris A nth. and Colombiceras ex gr. tobleri.
These taxa determine the stratigraphic volume of the Kameaelina Formatioa: Upper
Barremian-Aptian.

The section of the Lower Crelaccous ends with the Soumula Formation which
passes into the Cenomanian as well. It is represenied by silistones and caicareous
sandstones. Lenses of polygenous conglomerates and gritstones are developed at
the base and in the uppermost part of the Formation (Hep = o8B, 1972; UYe p-
HoB et al., 1980).

13. CRIMEA AND THE CAUCASUS

There exists an enormous numter of publications about the Lower Cretaceous in
the Crimea and the Caucasus, among which it is necessary to note the monographic
studiesof Retowski (1893), Rengarten (Peuraprer, 1951),Lup-
pov(lynmnos, 1952), Eristaviand Egojan (3pucrtaBu, ErosaH,
1959), Dru§c¢icend Kudrjavcev (Apywrtnun, Ky psaspue s, 1960),
Eristavi (3QpucTtaew, 190), Mordvilke (Moparuaxo, 1960-
1962), Drusc¢ic and Mihajlova (OApyuwru, Muxaitsosna, 1960),
KotetisSvili (KoTtetvmpouau 1979), Kakabadze (Kaxkabtaase,
1971)and Halilovetal Xaawacsetal., 1¢74). Therefore, only the most ge-
neral law-governed regularities in the develcpment cof the series over this vast ter-
ritory will be outlined here.

13.1. Crimea

The Lower Cretaceous is revealed s a strip stariing frcin the second range of the
Crimean Mountzins in the valiey of Cerna river and continuing to the north-north-
east towards Bah¢isaraj — Simferopel, and frem thiere in the east towards Theodosia.
In Steppe Crimea the series is discovered by deep drilling. In the Jaila and Eastern
Crimean synclinorium the Lower Cretaceous is developed predominantly in deep-
sea facies, whereas netitic sediments are rey..esented in the rest of the Crimea (Fig. 19).

Lower Cretaceous sediments manifest considerable changes in the facies and
thicknesses, as well as a number of intraformational hiziuses. The serics has great-
est thickness in Eastern Crimea (1500 in), whereas in Southwestern Crimea it hard-
ly reaches 5m in some places.

The Lower Cretaceous sediments are connected by means of a gradual transi-
tion with the Upper Jurassic deposits, or they overiie a varied basement — trans-
gressively and discordantly over the “‘Taviic series” (Triassic-Middle Jurassic),
or they fill ingressively different depressions in the pre-Early Cretaceous relief.
In some places Lower Cretaceous dezposits are absent.

The Berriasian is represented predominantly by claystones, siltstornes ana al-
ternation of claystones, marls and limestones. Berriasizin sediments are best stu-
died at Theodosia from where Reto ws ki (1893) has described many Berria-
sian ammonites. On the basis of the ammaonite successions from the Theodosia re-
gion, Kvantaliani and Lysenko (Kaaxvaanvagu, JIEBICeHKO,
1979) distinguished six ammonite zones in the Berriasian in the Crimea (Tabie 18).
However, the scheme proposed y these authors does not contribute to the stabiii-
zation of the zonal nomenclature of the stage.
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In the Old Crimean (Starij Krimi) region the Bervinginn is represented by dark-
grey clays with rare intercalations oi limestones with insigailicant thickness. An
alternation of claystenes, marls and limestones is developed in the west towards
Kucuk Karas and Tonas.
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Fig. 19. Map of distribution of the Lower Ciztacecus in Crimea and Caucasus (after [l p y wiu 11,
Kynopssues, 1960)

In Southwestern Crimca, in the valley of Belbck river, between Kuibyshevo
and Golubinka (Fotisala), there are terrigenous sediments: siltstones, sandstones
and calcarcous sandstones with detritus, as well as marls with rich neritic fauna
of bivalvs and gastropods. Rare ammonites also occur.

The Valanginian is represented by marls, claystones and limestones, contain-
ing siderite concretions in some places. Together with the typicali Mediterranean
faunistic elements, there also occur some belemnite spgcies which are more frequently
found in the Volga Province of the Boreal Reaim (Pfeu dobelus bipartitus (B 1),
Conobelus conicus (B).) and Duvalia constricta (U h1.).
© Obdlitic, oncolitic, detritic and organogenous liniestones with bivalvs, gastro-
pods, corals and rare ccphalopods are developed in the valley cf Belbek river, near
Kuibyshevo village.

The Hauterivian is represeinted by vaiious scdiments. Claystones are developed
in the Theodosia region — Tonas river, in the ceutral part of Crimea (Burulia
and Besterek rivers) therc are sandstoncs, sands, conglomerates with rare inter-
calations of claystones, in Southwestern Crimea (BolSoj Salgir and Belbek rivers)—
sandstones, conglomerates and claystones. The Hauterivian sedimeats are charac-
terized by rich faunas. Mediterrancan species predominate, although northern spe-
cies also occur (Speetoniceras and Simbirskires).

In Steppe Crimez the Hauterivian sediments (silistones and sandstones with
glauconite) are discovered by drilling on the Tarhankut Peninsula, where they cover
the Tithonian rocks with denudation.

Barremian sediments have a more limited distrioution. They are represented
by limestones and conglonerates, in some places with intercalations of claystones.
The sediments are characterized by typical Mediterranean species with which taxa
from the Volga Province are also associated (Speetoniceras and Craspedodiscus).
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Table 18

Zonal Schemes of the Berriasian in Crimea and Northeastern Caucasus
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The Aptian is represented predominantly by calcareous claystones with side-
rite concretions. These sediments are discovered in Eastern and Central Crimea, bel-
ween Theodosia and Burul&a river. There are no Aptian deposits between the ri-
vers Buruléa and BolSoj Salgir. To the south of Simferopol they are discovered by
drilling in the Salgir valiey. as weil as in outcrops ncar Perevalnoe village. In South-
western Crimea Aptian claystones are found in isolated outcrops, most frequently
preserved in ingression valleys. Intercalations of siltstones and sandstones occur in

some places.

The Aptian is characterized by varied faunas, most prominent among which
is the wide distribution of belemnites. Among the ammonite faunas there are some
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species (Deshayesites dechyi (P app.). many Dufrenoya and Pseudosaynella) which
are more frequent in the Volga Province or only in the northern strip of the Me-
diterranean Region.

Albian sediments are deveioped in Eastern Crimea, between Theodosia and Bu-
ruléa river, where they are represented by claystones and thin sandstone intercala-
tions. In the central part of Crimeca Albian sediments are absent.

The Albian is best developed in Southwestern Crimea, in the valleys of the ri-
vers Alma, Kafa and Cerna, where it is represented by aleuritic claystones, sand-
stones, calcareous sandstones and sandy limestones. Most widely represented among
Albian faunas are the belemnites (Neohibolites) and bivalvs (Aucellina). Ammoni-
tes, among which are the most widespread Albian species, have a relatively more
limited distribution.

13.2. The Caucasus

The Lower Cretaceous in the Caucasus is connected with several tectonic zones,
each of which is characterized by different facics and thicknesses (Fig. 20).

[3.2.1. Northwestern Caucasus

The Lower Cretaceous sedirents in Northwestern Caucasus are tied to the north-
ern slope of the Main Caucasian Ridge to the west of Belaja river. They are cha-
racterized by great thicknesses (4-5 kny) and predomination of peliitic sediments,
the so-called siderite claystones (Fig. 21).

The Berriasian sediments are devcloped to the west of Belaja river. They are
represented by limestones with insignificant thickness (20-25 m). In most places
the limestones are sandy, passing at the base into calcareous sandstones below which
therc are conglomerates. They overlie transgressively variegated lagoon sediments
of the Tithonian and contain rich faunas of cephalopods, bivalvs, gastropods, bra-
chiopods, echinids, corals and spongia, part of which have been described by P € e-
lincev (IMMuecnwunuesn, 1927) and Grigoryeva ((puropse-
B a, 1938): Pseudosubplanites ponticus (R et.), “Beiriasella® subchaperi (R e t.),
Rjasanites rjasanensis (W e n.), Blanferdiceras caucasicum G r., Pomeliceras (P.)
breveti (P o m.), Pomeliceras (P.) spp., Protacanthodiscus (Rengarieniceras) rengar-
teni G r., Euthymiceras transfigurabilis (B o g o s 1), E. salenskii Gr., Malbesiceras
malbosi (P i ct.), M. korjeli G r., Aucella volgensis 1. a h., Septifer lineatus (S o w.),
Pleurotomaria blanchet: (Pict., Camp.), Nerinea spp., etc.

This asscciation is of particular interest fiom biostratigraphic and palaeonto-
logical points of view, tecausc it offers opportunities for correlation between the
Mediterranean and the Boreal Realms, as well as for outlining the palaeobio-
geographic provinces.

To tke west of Hokodz river, after a hiatus, Berriasian sediments are developed
in the valley of P3eha river, where they are represented by calcareous claystones
and marls (200 m) with ammonijtes.

In the basin cf P&is river the Berriasian is connected with conglomerates in
the base, followed higher up by claystones with intercalations of fine-grained sand-
stones covered with marls (80 m). They contain characteristic ammonites (JI y 11-
no g, 1952).

Berriasian sediments are developed in similar facies along the rivers Psekups,
Beseps, Ubin and Nabl.

Valanginian sediments are secn everywhere above the Berriasian ones. They
are represented by similar facies and are characterized by Kilianella pexiptycha
(U h 1), Olcostephanus astierianus (4’0 1 b.), Neocomiics neocomiensis (4’0 r b.),
Conobelus conicus (B 1.), Aucella weerthei P a v 1., A. jasikovi P a v 1., A. niciformis
Pavl, etc



Hauterivian sediments are represented by various rocks: sideritic claystones —
to the west of P3is river, sandy-clavey deposits -—— in the upper course of P3cha ri-
ver and in the middle course of P3is river, and sandstone-conglomerate — in the
region south of Majkop. They are claracierized by C. duvaii L é v., Acanthodis-

Fig. 20. Sketch of the distribution of the main types of facics of the Lower Cretaceous in Caucasus
(after DpucTtasu, 1962)
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cus cf. stenotonus Baumb., Distoloceras sp.. Spectoniczras (S.) spp., S. (Cras-
pedodiscus) sp., Pseudothurmannia sp.. many brachiopods, bivalvs and gastropods.

Barremizan sediments are discovered to the west of Belaja river. They are repre-
sented by alternation ol sandy elaystenes. clayey sands passing into slightly cement-
ed sandstones, and many intercalations of calcareous sandstones, sandy lime-
stones and conglomerates (60 m). Among the claystones there occur bivalvs — Os-
trea, Trigonia. Asiarte. Panopaea and Perng: gastropods — Nerinea, Pleurot oma-
ria and Natica: brachiopods — rhynochoncllids and telebratulilids.

A gradual increase of claystones is observed in the Hokodz river basin, espe-
cially in the upper part, as weli as disappearance of the coarse-fragment conglome-
rates. Their thickness reaches 120 m.

To the west of Hokaodz river the Barremian is represented by sandy claystones
with thin intercalations of sandstones (500 in). A thick bed of poorly cemented sand-
stones with oblique stratification is developed in the upper part.
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Barremites cf. subdifyicilis W ar., B. ¢ Leiiptyehus X 1L, Saynella suessi
(Sim.), S.cf. davydovi Tr., Hamulina sp. indet.,, many bivalvs, gastropods and
brachiopods are found :meng the clayst~nes
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Fig. 21 . Sketch of the distribution of the main types of facies of the Lower Cretaceous in North-
western Caucasus (after Jiynnoe, 1952)

] — lacies of the depressional fon; 2 — transitional facies; 3 - lacies of the elevation regions: 4 — Northern Cuucas-
jan facies; 5 — axis of the barrier; 6 --- section line

To the west of KurdzZips river the Barremian clayey sediments reach a thickness
of 1200 m, in the vailey of P3§ river —- 1300-1400 m. Dark-grey claystones, siniilar
to the upper sideritic claystones from P3eha river, arc developed.

In the basin of Psekups river the Barremian is connected with the Fonar For-
mation: thick-bedded sandstones and conglomerates, divided by a clayey packet.
These deposits are synchronous with the upper sideritic claystones from PSeha ri-
ver. Claystones with sphaerosiderites lie above the Fonar Formation, among which
characteristic Barremian ammonites, as well as bivalvs and gastropods, are found
(Fig. 22).

The most characteristic Bedoalian feature in the Northwest Caucasus is
the facies of the so-called “brachiopod horizon™, which, in addition to the abund-
ance of brachiopods, alse contains large ammonites (15-20 ¢cm) and sometimes very
large forms as well. Sideritic claystones arc also developed, being with sandstone
lenses in some zcones. The {ollcwing specics are found among these sediments:
Procheloniceras albrechtiaustriae (H o ). Mathercitites cf. ridzewshyi Kar,
Cheloniceras seminodosum Sin z., Ancvioceras matheroni (4’0 r'b.), Deshaye-
sites deshayesi (L ey m.), Deshayesites spp., Aconeceras trautscholdi Sin z.,
Pseudosavnella bicurvata (M ic h), et

The Gargasian is represented by glauconitic clayey sands with concretions
(Belaja Reka Formation), sideritic claystones, sandy-clayey sediments and sand-
stones. They are characterized by mauny ammonites: Cheloniceras buxtorfi (J ac.),
Cheloniceras spp., Colombiceras crassicostatum (4’0 v b)), Colombiceras spp.,
Acanthohoplites spp., Ammonitoceras paviowi W a s., Tropaeum sp., Parahoplites
uhligi Anth., ectc
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Clansayesian sediments arc absent along Belaja river. In the valley of Fo-
kodz river they arc with similar facies to that ¢f the Gargasian deposits. They are
characterized by: Acanthohoplites trautsciroldi S im., Bac.,, Sor., A. nolani
(Seun), A. ascliltensis abichi A nth., A. ¢l bigouireti (S uwn), Hypacantho-
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Fig. 22, Secction of the Lower Creticeous in fiie northern slope ol the Northwestern Caucasus
(alter JLy nmo s, 1952)
1 — Middle and Upper Albian; 2 — clayey sands with conuunons (Upper Aplizn-Lower Albian); 3 — sideritic clay-

stones; 4 — sands, sandsiones and con Llnnﬂ, ates; vey and marly sediments  (Valanginian); 6 — linie-

stones; 7 — con"lnmu ates; Vin - Valangio He-Bimy, — Hauterivian and Lower Barremian: Brm — Barremian (with-

ont the Jower part); Ap, — Lower Aptian; Apig - Upper Aptian; Alby - 1 ower Afbian; Albg, - o — Middle and
|

Upper Albian

plites cf. sarasini (C o 11}, Diadochoceras nodosscosiatum (4°O r b.), Diadochoceras
spp., ctc.

The Albian is represcnted by its three substages, but iis sections are not com-
plete in the different regions. Albian sediments are absent along the valleys of the
rivers Belaja, Psekups, Kaverze, Seb$ and Beseps.

The Lower Aptian is differentiated on the southern slope ol the main Cauca-
sian Ridge, where it is represented by claystones wilh concretions, containing Ley-
meriella cf. tardefurcata (L ey m.).

The Middle and Upper Albian are reliably identified only in several sections.
They are represented by dark-grey claystones with belemnites, Inoceramus, Aucel-
lina and rare ammonites. A certain deviation from this type is demounstrated by the
sandstones with intercalations of sandy claystones in the basin of iHokodz river,
where Hoplites ex gr. dentatus has been found.

13.2.2. Northern Caucasus aitd the Fore-Caticasus

This is the area to the east of Belaja river to ihe Caspian Sea. The Lower Cretaceous
section is formed by two large complexes.

The lower complex is represented by terrigenous-carbonate sediments of Ber-
riasian-Lower Barreraian. Purc marls and dolomitized limestones are found in the
Valanginian, whereas the Hauterivian and the Lower Barremian are connected with
sandy marls and sandy odlitic limestones, often with cross-bedding. Thickness up
to 850 m.

The upper complex is terrigenous (Upper Barremian-Lower Albian). Sandy-
clayey glauconitic sediments predominate, often with calcareous concretions. There
exist separate packets of black pyritized claystones with obliquely stratified sand-
stones. Thickness up to 700 m.

126



The Middle and Upper Albian are usually represented by black argillites in
the upper part of which there appecar marly intercalations. Their thickness is bet-
ween 40-80 and 150 m in the north in the Fore-Caucasus.

The Lower Cretaceous in Northern Caucasus and the Fore-Caucasus is cha-
racterized in great detail by Mordvilko (Mopasuako, 1960-1962). It
is interesting to note the extensive development of predominantly neritic faunas
of bivalvs, gastropods, brachiopods, echinids and rclatively fewer ammonites. Many
Boreal forms occur among the ammonite communities.

12.2.3. Georgian Zone

In the Abhasian-Racdin region the Lower Cretaccous sediments differ from the
flysch deposits along the scuthern slope of BolSoj Kavkaz (Major Caucasus) and
from the neritic formations in the Northern Caucasus (Penrapremn, 1951).
Limestones are widespread in the region, being often pelitomorphic. The marls
forming the sections of tiie Berriasian, Valanginian, Hauterivian and Barremian
are also developed. They are characterized by rich cephalopod faunas, known (rom
the numerous publications. Mediterranean species predominate, although Boreal
forms occur as well. The Aptian is represented by marls, the Albian — by terri-
genous sediments.

In the Dzirulian-Kutaisi region the Lower Cretaceous sections are built of lime-
stones, often with rudists in the Barremian. The Aptian is represented by marls,
whereas siltstones, sandstones and tuffites aive developed in tne Albian (3 p u c-
T a B 1, 1960). “

13.2.4. Caucasus Minor

The Lower Cretaceous is developed in three zones of Caucasus Minor: Mishano-
Kafan, Sevano-Karabah and Somhito-Agdam (X anunoas et al, 1974).

The Berriasian-Valanginian Stages are represented predominantly by carbo-
nate sediments.

The Berriasian in the Kafan zone is built of silicified limestones or less frequent-
ly by sandy limestones with flint and intercalations of calcareous tuffs and tuff-
sandstones. Berriasella sp. indet., Lamellaptychus beyrichi (O p p.), Punctaptychus
spp., Duvalia lata (B 1), etc., are found among them. Ceonglomerates occur in
some places in the base of the Berriasian. Similar sediments are distributed in the
Valanginian as well. Neocomites and many aptychi occur among them.

" The Hauterivian sediments are connected with the Valanginian ones by a gra-
dual transition. They are represented predominantly by pelitomorphic and in some
places by siliceous limestones with rare tuffite intercalations. The following species
occur: Lamellaptychus angulicostatus (P., L.), Spitidiscus rotula (S o w.), Subsay-
nella sayni (P a q.), Duvalia binervia (R a s q.), etc.

The Barremian is represented by strongly calcareous tuff-sandstones and sandy
limestones. Organogenous-detritic limestones with intercalations of tuff-sandstones
and gritstones are developed in some places. Many ammonites are found: Bar-
remites difficilis ('O r b.), B. charrierianus ('O r b.), Silesites seranonis ('O t b.),
Hamulina crassicostata (K a r.), Pseudosaynella strettostoma (U h 1), etc.

Organogenous builtups of Urgonian type with rudists, Orbitolinidae, corals,
etc. appear in the Barremian section west of Tejmur-Mjuskanli village.

Aptian sediments are similar to the Barremian ones. They are characterized
by Deshayesites weissi (N e um., U hl), Pseudohaploceras matheroni (d’O r b.),
Acanthohoplites aschiltensis subangulatus L u p p., Aucellina caucasica (B u c h.), etc.
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The Urgonian facies of the Aptian is asseciated with tuffs and tuffites. Tt is cha-
racterized by typical neritic fauna (Xaanao0s et al, 1977).

The Albian is represent bd by ciayey sundstonas, sardy argillites and tuff-sand-
stones. It is characterized by ”0/1: tes of. Lexagoaalis Lou pp., Kesmaiella agassi-
zigna (Picty, Hysterceeras orbigayi Spath, Mortoniceras inflanum (S o w.),
Mariella bergeri (B ron g sic.

To the north of the Kalan zone is the Sevano-Karabah zone, where the Lower
Cretaccous 1s facially very varied, being with numerous intraformational denuda-
tions and considerable hiatuses. Predo ominantly terrigenous sediments with tuffs
and tuffites in the upper part oi the secries are devdoped. Tuff-sandstones arc widely
represented. The faunisiic churactenstics are the same as [oi the stages in the Kafan
zone,

In the northernmost Somkiie-Agdam zone the Lower Cretaceous sedimen-
tation usually starts during the Hauterivian and only in the region of Abdal village
there are Barremian sediments overlying Upper Jurassic volcanites. Hauterivian
and Barremian terrigenous-carbonate sediments are developed: conglomerates,
tuff-gritstones and tuff-sandstones, limesiones, detritic and zoogenic limestones.
The fossil associations, thougi poorer, are similar to those in the Kafan zone.

14. SOUTHERN ALPS, APLENNINES AND SARDINIA

This is the central part of the Mediterranean Region in which the Lower Cretaceous
is developed predominantly in the deep-murine facies.

14.1. Scuthern Alps

Lower Cretaceous sediments are developed in the Puez and Venetian Alps, as well
as in Lombardy, from where Haug (I888) and Rodighiero (1919) have
described various cephalopods.

Particularly representative is the section in the Puez Alps on Gardenaza Pla-
teau, close to Corvara. Ovei the Dachstein limestones of the Upper Triassic there
are breccias wilih dolomutic cement, lying usually transgressively in Southern Ty-
rol. The fellowing succession is usually discovered above the dolomitic breccias:

Siliceous limestones with cherty concretions,

2. Marls with nodular limestones with Terebratula neocomiana 'O r b., Py-
gope janitor (Pict), Ptychophylloceras semisulcatum ('O rb.), Lyroceras lie-
bigi (O p p.), Clcostephanus jeannoti {d°'O r b.}, ete. (Berriasian-Valanginian).

3. Limestones with cherty concretions: Pygope janitor (Pict.), Phyllopachi-
ceras infundibulumn ('O rb.), Neolissoceras grassianum ('O r b.), Olcostephanus
astieriasins ('O 1 b.), Pseudotiirmannia angulicostaia (¢°O r b.) (Hauterivian).

4. Alternation of limestones, in some piaces nodular, with marls: Pholadomya
barremense Pict., Phylleceras tetlys (4'0O rb.), Lytoceras spp., Hamulina spp.,
Barremites difficilis ('O v b.), B. psilotarus (U h1.), B. cassidoides (U h 1), Sile-
sites vulpes (C 0q.), Acrioceras dissimile (U hl.), Heteroceras sp., etc. (Bar-
remian). Many radiolaria are found among the cherty concretions.

Ancyloceras matheroni ('O rb.) and Melchiorites melchioris (Tietze),
which are indicative of Bedoulian age, are found in the upper part of this packet.

5. Nodular limestones and shaly marls without fossils (?Aptian).

Albian sediments are absent in Southern Tyrol.

In the Venetian Alps the Tithonian limestones at Biancene are followed above
by white limestones with light cherty concretions with a transition. Ammonite suc-
cessions characterizing each of the Lower Cretaceous Stages are found among them
Parona, 1890,1897; Rodigniero, 1910).
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Berriasian: Berriasella privanensis (P ic¢t.), Fauriella rarefurcata (Pict.)), La-
mellaptychus didayi (C 0 q.), etc.

Valanginian: Kilianella sp., Neocomites neocomiensis (d’Or b.), Neolissoceras
grasianum ('O r b.), ete.

Hauterivian: Leopoldia cryptoceras ('O rb.), Crioceratites duvali L é v., Ol-
costephanus astierianus ('O r b.), Pseudothurmannic longispina (U h.), Spitidiscus
incertus (d'Orb.), etc.

Barremian: Barremites cassida (R asp.), Crioceratites emerici L év., Macro-
scaphites yvani (P u z.), Costidiscus recticostatus (d'O 1 b.). '

Aptian: Salfeldiella guettardi (R a s p.), Melchiorites melchioris (T i € z e), Acone-
ceras nisum (d'O rb.) and Ancyloceras matheroni ('Ot b.).

Albian: Inoceranius concentricus P a r k., Hamites alternans (S o w.) and Pxytro-
pidoceras roissyanum (d'Orb.).

Lower Cretaceous organogenous limestones with rudists and Nerinea are de-
veloped only in the southern part of the Venetian Alps, in the area of Tarcent (Fri-
oule region). These sediments pass from the zoogenic facies of the Tithonian and de-
monstrate the existence of an elevation in this region which has inherited the anti-
cline structure of the Jurassic period.

In Lombardy the upper part of the Maiolica Formation is attributed to the
Lower Cretaceous (Berriasian-Barremian), its lower part being considered to be
Tithonian. The Maiolica Formation is represented by clayey limestones with ap-
tychi and rare ammonites, which indicate the Berriasian, Valanginian, Hauterivian
and Barremian Stages. Aptian and Albian sediments are developed in Scaglia facies.

14.2. The Apennines .,

14.2.1. The Apennine Peninsula

Light limestones of the Biancone and Maiolica types are developed in the northern
and middle parts of the Peninsula. The following species are found among them:
Calpionella alpina L or., C. elliptica C ad., Calpionellopsis oblonga (C ad.),
Calpionellites darderi (C o 1.), aptychi, radiolaria, etc., which date the top of the
Tithonian to the Lower Valanginian. The so-called Scaglia Clays whose lower
part is attributed to the Lower Cretaceous are also widespread in this part of
the Peninsula.

These sediments indicate the existence of a deep trough as early as the begin-
ning of the Jurassic Period, which had reached the middle part of the Peninsula.

In the southeastern part of the Peninsula the Lower Cretaceous sediments are
in .neritic facies. At Monte Gargano, near Capri, in Pulia and Calabria they build
a carbonate platform of zoogenic limestones with Toucasia carinata and dolomites,
lying discordantly over the Middle Jurassic or over the Tithonian (Di-Ste fa n o,
1893). :

14.2.2. Sicily

The Berriasian and the Valanginian are not developed in the southwestern part of
the Peninsula, where the Tithonian is represented by coral limestones. The sedimen-
tation of the series starts with Hauterivian clayey limestones with cephalopods:
Phyllopachiceras infundibulum (d'Orb.), Neolissoceras grasianum (d’Orb.), Duvalia
dilatata (B l.), aptychi, etc.

Limestones with rudists and gastropods (Barremian-Aptian), lying trans-
gressively over the Tithonian, are developed in the environs of Palermo.
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Simplified Stratigraphic Scheme of Some Jurassic-Cretaceous Sequences in the Central Mediterranean Area and Their Facies Equivalents in the
Western North Atlantic Basin (after Bernoulli, 1972)
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14.3. Sardinia

The Lower Cretaceous is developed in three regions of the island: Nurra — in the
northwestern part, San-Antioco — in the southwestern part, and Dorgali—Oro-
sei—Siniscola — in the northeastern part. The section at Orosei is most represent-
ative (Dieni, Massari, 19652, b; Wiedmann, Dieni, 1968).

The series is also well exposed in the Tuttavista Mountain, west of Orosei. Its
base is connected with carbonate sediments which pass from the Tithonian. La-
goon environments are discovered episodically in the uppermost part of the carbo-
nate complex.

At the top of the reef complex there are calcarenites of littoral type with
oblites, remnants of corals, algae (Lithocodium sp.), Trocholina alpina (L e u p.),
T. elongata (L e u p.), which belong to the Berriasian.

Upper Valanginian calcarenites and siliceous marls with Neocomites neocomien-
sis ('O r b.) and Teschenites teschenensis (U hl.) overlie the denuded surface of
the Tithonian-Berriasian limestones. These marls also contain clastic material with
Exogyra couloni (D e fr.), serpulae, ostracods, which are of shallow-sea charac-
ter with estuary influences.

The Hauterivian is represented by a monotonous formation of limestones,
in some places with flint. Among them the following species have been found: Acan-
thodiscus radiatus (B r.), A. pseudoradiatus (B a um b.), A.cf. bernensis(Baum b.),
Leopoldia cryptoceras (O rb.), L. leopoldi ('Ot b.), Leopoldia sp., Oostrella
cultrata(d’O r b.), Oosterella spp., Crioceratites sablieri (A s t.), C.sornayi (S a rk.),
Spitidiscus rotula (S o w.), etc.

The Barremian comprises odlitic limestones and calcarenites which pass up-
wards into subreef bioclastic limestones of Urgonian type. They contain different
foraminifera, most frequent among them being the Orbitolinidae: Orbitolinopsis
Sflandrini M oulg., O.cuvillieri Moull, O. elongatus Dieni, Massari,
Orbitolina conoidea-discoidea G r as. There are also remains of Dasycladacea:
Lithophyllum shebae E 1 )., Gayeuxia sp., Munieria baconita D e € c., Actinoporella
podolica A'l1th., Salpingoporella dinarica R a d., Clypeina sp., Bacinella irregu-
laris R ad., etc.

The Aptian starts with limestones, silicified in some places. Intraformational
breccias with glauconite and phosphorite concretions are developed locally. Bra-
chiopods, bivalvs and rare ammonites occur most frequently among them. Above
them follow clayey limestones which pass into marls with cherty concretions. They
contain Deshayesites deshayesi (L ey m.), Praeglobotruncana (Hedbergella) sp.
and- Conorotalites cf. bartensteini aptiensis (B e tt.), which characterize the Be-
doulian Substage. The Gargasian is represented by glauconitic marls at the base
and by clayey limestones with flint in the upper part. It is characterized by: Acantho-
hoplites cf. bigoti (Seun.), Colombiceras tobleri (Jac), C. caucasicum tyr-
rhenicum Wied., Dieni, Neohibolites semicanaliculatus (B 1.), N. ewaldi (Str.),
N. spicatus S win n., Orbitolina sp., etc. The Clansayesian comprises clayey lime-
stones with cherty concretions. It is characterized by: Acanthohoplites abichi
(Anth)), A. nolani (Seun.), A.quadratus (C o1l.), A.subangulicostatus Sin z.,
Neohibolites strombecki (M 111.), N. aptiensis Kil., etc.

The Albian is represented by clayey limestones. Calcareous conglomerates are
developed locally in the upper part. It is characterized by extremely rich ammonite
association: Phylloceras spp., Protetragonites spp., Eogaudryceras spp., Kossmatella
spp., Tetragonites spp., Hamites spp., Lechites spp., Anisoceras spp., Ostlingoceras
spp., Puzosia spp., Hysteroceras spp., Dipoloceras cf. rectangulare Spath, Mor-
toniceras nanum S p ath, Mortoniceras spp., Stoliczkaia notha (Seel.), S. dor-
setensis Spath, Neohibolites spp., etc. (Wiedmann, Dieni, 1968).
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15. YUGOSLAVIA

The Lower Cretaceous has wide distribution in Yugoslavia and it is represented in
all its stages. Tt is widespread in the following palaecogeographic zones: Slovenian
Depression, Dinarides, Kosovo, Sumadia and Eastern Serbia.

15.1. Slovenian Depression

This depression is developed south of the Julian Alps, in the boundary zone bet-
ween the Southern Alps and the Dinarides. Particularly characteristic is the exten-
sive development (from the Late Triassic to the Berriasian) of pelagic carbonate se-
diments, shaly or silicified radiolarities,which are in contrast to the neritic forma-
tions in the adjacent regions (Caron, Cousin, 1973).

In the middle part of the valiey of KneZa river the Lower Cretaceous is con-
nected with'the Kobilia unit. The Berriasian rocks show a transition from Tithonian
ones. They are represented by limestones with flint, developed in the Biancone fa-
cies; the limestones are slightly clayey and micritic. They contain Calpionella alpi-
na Lor., C. ellipticaCad., Crassicollaria parvula R e m., Remaniella cadischiana
(C o01.), Tintinnopsella carpathica (M., F.), Globochaete alpina (Lomb.) and radio-
laria, which characterize the Lower Berriasian.

Calcareous breccias with remnants of rudists, Orbitolinidae, algae (Lithocodium
aggregatum E 11, Gayeuxia sp. and Bacinella irregularis R a d.), Hydrozoa, rare
Hedbergella and primitive Talmaniella, which define the Aptian-Albian age, overlie
transgressively but concordantly the Berriasian limestones.

Above the breccias there are breccia-like limestones; limestones with flint con-
taining Ticinella and Hedbergella; mottled marls, silicified in some places; lenses
of red or black flint and marls with intercalations of intraclastic limestones with flint
among which Hedbergella planispira (T a p p) (Albian) has been discovered.

The described succession, with the great hiatus (Upper Berriasian-Barremian)
is observed in other sections of the Slovenian Depression as well (Caron, Co u-
sin, 1973).

15.2. Dinaric Mountains

In the Dalmatian zone, in the High Karst zone and in the Prekarst zubzone the
Lower Cretaceous is developed exclusively in carbonate facies, in the Bosnia zone —
in flysch facies (Blanchet, 1972).

In the Dalmatian zone there are powerful sandy and bioclastic limestones,
rich in algae and foraminifera (Codiaceae, Dasycladacea, Gayeuxia sp., Salpin-
goporella annulata C a r., S. dinarica R a d., Litholidae, Textularidae and Milio-
lidae), as well as remnants of gastropods, echinoderms and corals.

In the High Karst the series is built of limestones and dolomitized limestones
(800 m), rich in algac, foraminifera, ostracods and coprolites.

Similar carbonates are developed in the Prekarst subzone as well, where sandy
limestones with Orbitolinidae also occur.

In the Bosnia zone the Lower Cretaceous is represented by flysch (Tithonian-
Lower Cretaceous). Flysch sediments are traced from the localities southeast of
Banja Luka in Dinarides direction towards Sarajevo and from there {o the southeast
to Albania (Blanchet et al, 1970).

The flysch is [ormed by rhythmic alternation of sandstones and sandy lime-
stones with intercalations of clayey limestones, limestones and breccias, The existence
of successions of calpionellids and foraminifera (including Orbitolinidae) defines
the stratigraphic volume of the flysch from the Upper Tithonian 1o the Lower
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Albian included. The section of the series ends with calcareous breccias dated to the
Middle and Upper Albian, which pass into the Cenomanian.

The flysch sediments overlie a volcanogenic-sedimentary formation of the
ophiolite group with Upper Jurassic radiolarites in the uppermost part (Bla n-
chet et al,, 1972).

15.3. Kosovo

Only Barremian, Aptian and Albian sediments are known in Kosovo, developed
in the Kukes zone, in Metohia, Crnolevskodrenicka zone, west of Kosovska Mit-
rovica and in the plane of Kosovo (Kosovo Pole). Terrigenous-carbonate sediments
are represented, predominantly in neritic and more rarely in bathyal facies (P a2 1 o n-
yu h, 1975).

15.4. Sumadia Zone

This zone comprises the southern periphery of Banat, the area around Belgrades
Sumadia, Eastern and Southeastern Kopaonik.

In Southern Banat (Vojvodina) the Lower Cretaceous is represented by Neo-
comian limestones, clayey limestones and calcareous breccias; siltstones and ra-
diolarites are developed in some places. The Barremian and Aptian comprise sand-
stones, sandy and organogenous limestones with Orbitolinidac and other foramini-
fera, bryozoans, rudists, Nerinea and echinoderms. The Albian is not developed
(Avhenxoswuh, 4975).

In the Belgrade region the series is developed in its full volume from the Ber-
riasian to the Albian included (Auihenxosuh, 1975).

The Berriasian is represented by calcarenites, breccia-like limestones and cal-
careous sandstones with 7. carpathica (Murg., Fill), Stenosemellopsis his-
panica (C o0 1.), rare belemnites and ammonites, many bivalvs, brachiopods and
echinids.

The Valanginian is represented by claystones and marls which are poor in fauna.

The Hauterivian and the Lower Barremian are built of marls, sandy-clayey
marls, clayey-calcareous sandstones with intercalations of clayey limestones contain-
ing characteristic cephalopods (Auhesixkomnh, 1975).

Neocomian flysch is also widespread in the Belgrade region.

A considerable part of the Barremian and Aptian are connected with two
types of sediments: Urgonian (reef and subreef) and terrigenous. A substantial part
of Belgrade is built over these sediments.

Urgonian limestones are usually massive, with rudists and Orbitolinidae. They
contain intercalations of claystones, marls and rarely of sandstones.

In the southeast the Urgonian limestones pass into sandy-conglomerate sedi-
ments: conglomerates, sandstones and calcarenites, among which there are Or-
bitolinidae, gastropods and ammonites: Holcodiscus caillaudianus ('O rb.), H.
perezianus ('O r b.), Barremites ponticus (K ar.), etc. These sediments are 51m1-
lar to the Paraurgonian facies in the Pyrenees and in the Fore-Balkan.

The terrigenous type of Barremian-Aptian sediments replace the Paraurgo-
nian deposits in the southeast. They are designated by Serbian geologists as flysch
sediments, but in fact they are molasse-like in character, similar to the sediments
in the Roman Formation in the Fore-Balkan. They are represented by cross-bedded
aleuritic marls, siltstones and sandstones. They contain Orbitolinidae, ridists, bra-
chiopods, corals, etc. The peripheral fans of these sediments are the so-called clas-
tic Aptian sediments (sandstones, calcarenites and a few conglomerates) which con-

133



tain the same types of faunas. Similar Jaw-governed regularities in the horizontal
facial zonality of Lower Cretaceous rocks are found in the Fore-Balkan as well.

The Albian is represented by conglomerates, sandstones, glauconitic sand-
stones and sandy marls, containing many bivalvs, echinids, as well as cephalopods:
Leymeriella tardefurcata (L e y m.), Douvilleiceras mammillatum (S chl.), Lyel-
liceras lyelli (Leym.), Mortoniceras inflatum (S o w.), Neohibolites minimus
(Rasp.), etc.

At the base of the sediments described by Serbian geologists as Albian there
are Clansayesian ammonites: Parahoplites milletianus ('O rb.), Acanthohopli-
tes uhligi (A nth.), etc.

In the Sumadia region the Lower Cretaceous is represented by three basic fa-
cial types: neritic (predominantly terrigenous and terrigenous-carbonate sediments),
pelagic (clayey-calcareous sediments) and flysch. The different stages are well cha-
racterized palaeontologically (Axhenxosuh, 1975).

In Kopaonik the series is exposed in the eastern peripheries of the mountain,
where Valanginian-Hauterivian flysch is developed at its base, followed above by
Barremian-Aptian terrigenous sediments of molasse-like type. The Albian is repre-

“sented by massive and/or thin-bedded limestones which pass into the Cenomanian.

15.5. Eastern Serbia

The Lower Cretaceous is widespread in Eastern Serbia, where it is represented by
various rocks with considerable thicknesses. Tt is well exposed from the region bet-
ween the rivers Morava and Timok in the north to Suva and Stara Planina in the
southeast (Grubié, 1974; Anhenkosuh, 1975).

Serbian geologists distinguish four basic types in the Lower Cretaceous sedi-
ments: (1) shallow-sea; (2) flysch; (3) transitional; (4) deep-sea. However, their
spatial differentiation is not very well clarified. An example in this respect is the ge-
peralizing work of M. AnZelkovié (Auheaxosuh, 1975 in “Geology
of Serbia”, in which he describes typical pelagic limestones as the shallow-sea type.

In the Golubag hills -— Kufai — Tupijnica — Svarlik mountain and Suva Pla-
nina mountain Lower Cretaceous sediments are predominantly of the shallow-sea
type, with the exception of Berriasian deposits.

The Berriasian is built of clayey limestones and micritic liméstones with many
calpionellids: Calpionella elliptica C a d., Tintinnopsella carpathica (Mur g.,
Fil.), Stenosemellopsis hispanica C ol., as well as aptychi and rare brachiopods.

Clayey limestones and marls, in some places with intercalations of micritic
limestones containing many calpionellids, overlie with a transition the Upper
Jurassic lithographic limestones in the Golubad hills.

Berriasian deposits of the same time are discovered in Belanica, Kud&ai and
Suva Planina mountain.

The Valanginian is revealed in the Goluba¢ where it is represented by sandy
marls and clayey limestones with Natica pidancepi (C 0 o p.), N. bulimoides 'O r b.,
N. hugardiana ('O t b.), N.javaschoviT oula, PteroceradesoriPict., Camp.
Massive subreef limestones come to the east. .

In the Miro¢ zone (Miroé, Veliki Greben and Vrska Cuka) there are clayey
limestones and marls, in the south in the Timok region — limestones with Salpin-
goporella annulata C art. and Pseudocylamina sp.

In the southern part of Kudai the Valanginian is connected with micrograined
limestones, rarely odlitic limestones and algal limestones, whereas in the northern
part of Kudai and in Belanica this stage comprises a part of a thick limestone comp-
lex among which there are rich neritic faunas and algae.
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The Hauterivian is discovered over considerable areas in the investigated strip,
where it is of typically neritic type: sandy limestones, marls, clayey limestones, sand-
stones, organogenic limestones, among which there are: Rhynchonella irregularis
Pict, R. lata dOrb., R multiformis (Roem.), Terebratula sella S ow.,
T. rusillensis L. or.,, T. acuta Quenst., Neithea atava (R o em.), Spondylus
roemeri D e ach., Pholadomya gillieroni Pict, Camp., Ostrea tuberculifera
(Koch.-Dunk.), Natica bulimoides 'O r b., etc.

The Barremian and Aptian are represented by subreef and reef limestones with
rudists and Orbitolinidae. They are well exposed in the Gornaé area — Suva Pla-
nina mountain zone, Kudgai-Svarlik zone, Tupijnica zone and in the Dobrodol-
Grlica zone. The following species have been found among them: Requienia ammo-
nia (Goldf.), R. lonsdalei (S o w.), R. pellati P aq., R. gryphioides M ath.,
Toucasia, Monopleura, as well as various other bivalvs, gastropods, brachiopods
and echinids.

These sediments are traced to the southeast near Pirot and Dimitrovgrad, from
where they pass into Bulgarian territory. Paraurgonian terrigenous-carbonate
sediments are developed to the side of the Urgonian limestones.

The Albian is connected with two lithostratigraphic units: Lenova¢ Beds and
Jabukova¢ Beds.

The Lenovac Beds are found in the zone Tupijnica — Gamsigrad — Golubad
hills. They are represented by sandstones and sandy marls among which there are
fossils characterizing the three substages of the Albian.

The Jabukoval Beds occur in Northeastern Serbia between Dolni Milanovac
and Negotin, reaching the Bulgarian frontier in the Kula region. Their lower part
is built of glauconitic limestones, breccia-like limestones, marls and sandy clay-
stones with Inoceramus and ammonites, whereas the upper part consists of marls,
claystones and sandstones of Cenomanian.

The faunistic composition of these sediments is analogous to that of the Albian
associations in Northwestern Bulgaria.

Two considerable depressions were formed in Eastern Serbia during the Early
Cretaceous, in one of which flysch was formed (Lujnica zone) and in the other one—
volcanogenic-sedimentary formations (Kraina area of the Danubian trough).

The Lujnica zone is a continuation of the flysch trough of the Kraiste, which
is traced to the northwest of the western slopes of Suva Planina mountain. The flysch
sediments of the Berriasian and Valanginian are formed in this zone. In fact, there
exists exact proof only for the Berriasian, namely: Pseudosubplanites sp., Berria-
sella (P.) picteti (Zitt.)), Fauriella gallica (M a z.), Calpionella elliptica C a d.,
C. alpina L or., Tintinnopsella carpathica Murg., Fil), etc.

In the Kraina area which comprises the western and central parts of the Da-
nubian trough according to Gru bi ¢ (1975), there are volcanogenic-sedimentary
rocks which are described as “‘Vratarnica Series’’ comprising the base of the Lower
Cretaceous as well. Above them lie the Timok (or Sinaia) Beds. These are aleuritic
limestones, calcarenites, clayey limestones and marls (silicified in some places).
Diabases and diabase tuffs occur among these sediments, their partial analogue
being the Azuga Beds from the South Carpathians. The sediments contain only ra-
diolaria.

In their upper part the Timok Beds are built of breccia-conglomerates with
calcareous cement, sandy limestones, calcarenites, siltstones, micrograined lime-
stones and marls.

The Timok Beds (Berriasian-Hauterivian) are exposed in the Miro€ anti-
form, in the Eastern Miro€ syncline in the Kosovica zone, in the Negotian region
and on the Veliki Izvor Plateau.
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Above the Timok Beds lie the so-called Miro¢ Beds (Barremian-Aptian),
represented by clayey marls, sandstones and sandy limestones, among which there
are corals, echinids, bryozoans, rudists, gastropods, brachiopods and Orbitolinidae.
From Miro¢ and Veliki Greben these beds are traced to the south until the valley
of Timok river. Together with the Timok Beds they are in allochthonous position.

In the Rsovci zone (Rsovci, Visodica, Velika Rjana, Kol¢asti Gabar — Gra-
diste), in the Dobradol zone (betwecen the Upper Jurassic ridge of Gradiste — Kit-
ka — Vidli¢) and in the Novo Korito — Kadibogaz zone the Lower Cretaceous
sediments are of transitional type between neritic and deep-water deposits. All sta-
ges of the series are represented. This developmeat of the Lower Cretaceous in these
zones is similar to the facies of the series in the boundary strip between the Fore-
Balkan and the Moesian Platform.

In the Kraina Depression and in the Wallachian Basin in Eastern Serbia the
Lower Cretaceous is developed in deep-sea facies (pelagic clayey-calcareous sedi-
ments). This is the Danubian area, i. e. the eastern part of the Danubian trough
after Grubic¢ (1974).

The Berriasian in the region of Dolni Milanovac is represented by clayey
limestones, partly dolomitized, containing: Fauriella boissieri (Pict.) and Tin-
tinnopsella carpathica Mur z., Fie). The Valanginian comprises the clayey lime-
stones with Busnardoites campylotoxus (U h 1), which are incorrectly included in
the volume of the Berriasian.

The Hauterivian and Barremian are built of clayey limestones and marls with
characteristic ammonites.

The Aptian is connected with marls which are replaced by clayey-sandy marls
with belemnites, bivalvs, brachiopods and rare amr:onites. They arc covered by
marls with Orbitolinidae.

The Albian is represented by sandy limestones and clayey sandstones, charac-
terized by Awcellina grypheoides S o w., A. aptiensis d’O r b., Beudanticeras beu-
danti (Bron g), Ticinella aff. roberti (Grand.), etc.

In the Kamenica zone of Stara Planina the Lower Cretaceous sediments are ex-
posed near Kamenica village, VisoCka Rjana, in the Visod&ica valley and in the north-
west in the region of Rsovci village. Deep-sea clayey-calcareous deposits are deve-
loped, a continuation of the sediments of the Gube§ syncline. The Berriasian, Va-
langinian and Hauterivian are represented, being characterized by calpionellids
and cephalopods.

16. ALBANIA

The Lower Cretaceous sediments in Albania are a continuation of the Dinaric se-
diments. Neritic carbonate facies predominate. Pelagic limestones with flint, as well
as flysch sediments, are also developed (Papa, 1972; Dodona et al, 1975).

In the zone of the Albanian Alps ard Szjan the Lower Cretlaceous is con-
nected with a thick limestone complex containing Orbitolinidae. The lower part of
the series is missing.

Flysch sediments (Neocomian), analogtie to the Bosnia flysch, are represented
in the Mirditza zone. They overlie transgressively the volcanogenic-sedimentary
formation of the Upper Jurassic. The carbonate complex of the Lower Cretaceous
(Barremian-Albian) is found transgressively above them. The flysch zone is
wedged between the carbonate platforms, evidently formed in the place of a deep
channel.

Pelagic l.mestones with flint and radiolarites of Tithonian-Valanginian age
are developed in the Krast-Sukal zone and in the Ionian zone (P a pa, 1972).
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17. GREECE

The stratigraphic differentiation of the Lower Cretaceous in Greece is hampered
by the strongly manifested tectonic processing and the abscnce of sufficienu fos-
sils (Aubouin et al, 1963).

In the Western part of Greece, in the Preapulian zone, the Lower Creta-
ceous comprises part of the Vigla Limestones {Tithonian-Lowe: Senonian). The
limestones are developed in the JTonian zome as well, where they are of deeper-
sea type, with radiolaria and jaspes lenses. They contain calpionellids, aptychi,
Mesohibolites and Ovrbitolina, which permit the determination of the interval from
the Berriasian to the Albian inclusive.

In the continental part of the Gavrovo zone the Lower Cretaceous is con-
nected with algal limestones which pass into the Upper Jurassic. More varied ne-
ritic limestones are developed in the Peloponnesus, with remains of foraminifera
and corals, which characterize the interval befween the Upper Jurassic and the base
of the Lower Cretaceous.

In the Pind zone the basc of the scries is connected with radiolarites, often im-
pregnated with manganese oxides, which alternate with pelagic limestones contain-
ing radiolaria. Tn the peripheral parts there are intercalations of breccia-like lime-
stones, sometimes sandy and odlitic with Trocholina alpina L eup. and T. elon-
gata L e u p. A sandy-marly flysch associated with red marls with radiolaria follows
above these sediments. Different Orbitolina and Dictyoconus define Barremian-
Aptian age.

In the Parnas zone the Lower Cretaceous comprises part of the breccia-like
limestones with Ellipsactinia ellipsoidea S tein (Tithonian-Valanginian), oélitic
and dense limestones, above which the second bauxite level of Parnas is developed.

The Lower Cretaceous is absent in the Subpelagonian and Pelagonian zolyes,
to appear again in the Vardar zone, where Aptian-Albian sediments with Orbito-
linidae and Nerinea are developed. These are conglomerates with limestone and
sometimes with ophiolite fragments; sandy-detritic limestones are also represented.
They overlie transgressively and discordantly Upper Jurassic ophiolites.

In Crete the Lower Cretaceous is represented exclusively by limestones, in some
places with radiolarites.

In the Southeastern Rhodopes the Lower Cretaceous is connected with the phyl-
lite complex of Makri village, discovered to the northwest of Alexandroupolis. This
complex is built of phyllites, shales, greywackes and slightly metamorphosed ophio-
lites. They contain intercalations of limestones among which Upper Jurassic and
Lower Cretaceous corals have been found (Braun, 1968).

At Makri village (west of Alexandroupolis) in Northeastern Greece the
Greek geologist L. Dimadis found among phyllitized rocks an ammonite which
was i dentified by the author as Pseudesubplanites sp. (Upper Tithonian-Lower
Berriasian).

In Samothrace the Lower Cretaceous comprises part of the ophiolite complex.
It is represented by gabbro, diabases, coral limestones, shales and polygenous brec-
cias. The interactions of the gabbro and diabases with the sediments indicate that the
basic volcanism was manifested at the boundary between the Lower and Upper
Cretaceous (B ra u n, 1968).

In Trodos the Lower Cretaceous is represented by dolerites (130-120 m.y.)
(Delaloyc et al, 1980).

18. TURKEY

The Lower Cretaceous has limited distribution in Turkey. It often transgressively
overlies Jurassic or Palaeozoic terrains.
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Lower Cretaceous rocks are known from the southern coast of the Sea of Mar-
mara, from Anatolia, in the northern part of the Beipazar-Nalihan region, to the
south of Bolu, to the north of Goinuk and Abant lake, in the Zonguldak region,
to the north of Ilgaz-Kurshunlu, around Baiburt, to the north of Tartuma and in
Taurus (A pentTo03, 1967; Durand Delga, Gutnic, 1966; Jlor n-
H o B a, 1970).

Along the Black Sea Coast the Lower Cretaceous sediments transgressively over-
lie Devonian and Carbonian rocks. The series starts with conglomerates, followed
above by limestones (Valanginian-Lower Aptian), calcareous sandstones and lime-
stones with Nerinea and Requienia. Higher up there are sandstones of Velebek
(Upper Aptian) and Albian sandstones and marls covered by marls and coarse
flysch (Upper Albian-Cenomanian).

White massive limestones with ammonites (Berriasian-Lower Barremian) are
developed between the Black Sea and the Ilgaz-Kurshunlu region.

Lower Cretaceous sediments in deep-sea facies are developed between the Ana-
tolian Mountains and the Northern mountain ranges. Many calpionellid finds are
known from this zone.

Sandy and silicified shales with deep-sea fauna are developed in the south, in
the Baiburt region, as well as clayey limestones with thickness up to 2800 m (9 p e H-
To3, 1967; Durand Delga, Gutnic, 1966).

Dolomitic limestones with Orbitolinidae are discovered in deep drillings in
Southeastern Anatolia.

19. THE MIDDLE EAST

The Lower Cretaceous is known in all countries in the Middle East. It is developed
in shallow-sea, predominantly carbonate and / or terrigenous facies. Aptian and Al-
bian sediments have the widest distribution, being almost everywhere of marine type.
Continental formations are widespread over some territories.

The basalt volcanism of the Late Jurassic age continued during the Early
Cretaceous as well, with a clearly manifested paroxysm during the Aptian (D u-
bertret (ed.), 1959-1964).

Faunistic finds are rare, being usually of Mediterranean type for the ammoni-
te, rudists and Orbitolinidae faunas. A number of species, especially among bivalvs,
gastropods and echinids, as well as some ammonites, are endemic for the Middle
East.

Of considerable interest are the Berriasian-Valanginian ammonite faunas from
Israel and Tran, among which the most widespread Mediterranean taxa are present
(Raab, 1962; Seyed-Emami et al, 1972; Seyed-Emami, 1975). In
Iran the characteristic calpionellid taxa are established as well.

To the east of Iran, in Afghanistan and Pakistan, the Lower Cretaceous alrea-
dy contains typical Himalayan faunistic elements (F a t m i, 1977).
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Part Three
GENERALIZATIONS AND CONCLUSIONS

IV. SRATIGRAPHIC OUTLINE

1. BERRIASIAN

The Berriasian is widespread in the Mediterranean Region. It is represented by
varied marine facies, in some places by continental formations of Purbeckian or
Sahara type as well.

A gradual lithological transition from Tithonian to Berriasian sediments is
observed in most regions. This continuity is disrupted in some places by local tec-
tonic and/or palaecogeographic phenomena. The absence of Berriasian sediments
in some regions is the result of stable uplift with considerable duration.

In the southwesternmost part of the area (the Cape Verde Islands) the Ber-
riasian is represented by pelagic limestones with flint, formed in the continental
base of Southwestern Africa. It also comprises part of the slightly metamorphosed
limestones.

Further north,in the continental foothills of the Moroccan Meseta, the Ber-
riasian comprises part of the thick complex of Lower Cretaceous flysch, in the marl
associations of which characteristic Nannoconus and foraminifera associations have
been found.

These sediments from the southern part of the North Atlantic Ocean are in con-
trast to the shallow-sea sediments of the stage in the Agadir Basin in Morocco. Car-
bonates with typical neritic fauna are developed there at the base of the Berriasian,
followed above by clayey limestones and marls with ammonites.

The Agadir section demonstrates a gradual deepening and entrainment of new
areas from the continental margin below the ocean waters during the Berriasian.

Deep-sea clayey limestones, rich in radiolaria, nannoplankton, calpionellids
and aptychi are developed in the north, in the coastal strip of the Moroccan
Reef.

The spatial distribution of the facies of the Berriasian sediments in Southwest-
ern Africa and in its continental margin is determined by a number of local factors,
though a regular shallowing of the basin from west to east and from north to south
is observed, whereby continental facies are reached (‘“‘continental intercalaire’
after Kilian).

Berriasian sediments are widespread in Algeria and Tunisia.

In the High Plateaux the Berriasian is connected with neritic facies. Terrigenous
sediments predominate in the western part of the Plateaux, whereas terrigenous-
carbonate deposits begin gradually to be imposed in the east-northeast. In the south-
ern part the flysch is predominantly carbonate, whereas terrigenous components
prevail to the north of Chelif river. The transition between the neritic facies of the
High Plateaux and the deep-sea deposits of the Tellian Atlas is observed well in the
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profile El Rhoraf — Ouled Mimoun, where there is a complex intertwining of ne-
ritic with bathyal facies, formed in an active continental margin.

In Southern Tunisia the Berriasian comprises part of the continental terri-
genous sediments with evaporites. Purbeckian facies are developed to the north
of the Sahara Zone, followed by the zone of the carbonate platform.

Pelagic facies with many ammonites, most of which are pyritized, are predomi-
nantly represented in the Tunisian Depression. Neritic sediments are also deve-
loped in the peripheral parts.

The Berriasian is extensively developed in the Iberian Peninsula. Almost ex-
clusively Purbeckian facies are developed in Portugal.

Pelagic clayey-calcareous sediments with many ammonites, calpionellids and
radiolaria are widespread in the Subbetic Depression which comprises the southeast-
ern part of the Iberian Peninsula and the Balearic Islands. Of the same time are the
Berriasian sediments in Sardinia, which was located considerably further west du-
ring the Early Cretaceous than it is today.

Flysch sediments which are a continuation of the Magreb flysch are developed
in the southwestern part of the Subbetian Depression.

The Berriasian is not represented in the Iberian Mountain Range.

In the Basco-Cantabrian zone the Berriasian comprises part of the thick conti-
nental complex. Marine Berriasian sediments are developed in the Central Pyrenees.
In this zone, usually at the Jurassic-Cretaceous boundary, there are polygenous
breccias, followed above by clayey-carbonate sediments with calpionellids and am-
monites, covered by limestones with Dasycladacea and Trocholina. They demonst-
rate a gradual shallowing of the trough during the Berriasian, which led to the im-
position of continental Purbeckian sediments at the end of the Berriasian.

In the Corbiéres the Berriasian sediments are entirely in neritic carbonate facies.

Berriasian basalt volcanism is established in the continental base of the Tberian
Peninsula.

The most widespread sediments in France are of Vocontian type: pelagic clayey-
calcareous sediments with many ammonites and calpionellids. In Provence the Ber-
riasian is connected with neritic carbonate sediments, in Jura Mountains and
in the Paris Basin — with the Purbeckian facies. Transitional facies are observed
in the localities to the northwest of Grenoble towards Jura Mouatains.

In the Alps the Berriasian comprises deep-sea clayey-carbonate and flysch
facies. Very characteristic are the shiny shales and silicified limestones with bio-
morphic silicites (radiolarites). In the Southern Alps the stage comprises part of
the pelagic white limestones with radiolarites (Biancone facies). These sediments
are also widespread in the disrupted body of the Pannonian Massif (Vilany, Me-
czek and the Hungarian Central Mountains).

In the Western Carpathians (the Moravian-Silesian Beskydy) the Berriasian
comprises the Lower Te$in Beds (clayey-calcarcous sediments with calpionellids
and aptychi) and the Te§in Limestones, whereas in the klippe zone there are pela-
gic limestones with many calpionellids and radiolaria. Thus, a neritic zone is out-
lined in the Beskydy Mountains, to the south of which is the zone of typical deep-sea
sedimentation. This zonality is traced in the Polish Carpathians as well.

The Berriasian sediments in the Romanian Carpathians are very varied. In
the Eastern Carpathians the Berriasian is connected predominantly with flysch
sediments. In the Persani zone the Berriasian comprises part of the formation
of marls with cephalopods, among which in some places there are breccias, conglo-
merates, calcarenites, sandstones and radiolarites in association with diabases. Par-
ticularly widespread is the facies of the Sinaia Beds, among which diabase lenses
are developed in some places, as well as shales with diabase intercalations (Azuga
Beds).
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In the Southern Carpathians the Berriasian comprises limestones with cherty
concretions, containing many ammonites and calpionellids.

In the middle part of the Wallachian Depression the Berriasian is connected with
the facies of the Kaspi¢an Formation.

The Berriasian in the Crimea is represented by two types: deep-sea — deve-
loped in the Theodosia region, and neritic — to the west of Buruléa-BeSterek. A
characteristic feature of the development of the Berriasian is the appearance of north-
ern {Volgian) elements among the ammonite faunas.

Berriasian sediments in the Caucasus are very varied. In the Northwestern
Caucasus (Belaja river) the Berriasian comprises neritic limesiones with rich faunas,
including ammonites, In addition, clayey-calcareous sediments and conglomera-
tes are distributed. Among the ammonite faunas there are northern taxa as
well,

In Central Caucasus and in the Fore-Caucasus the stage is connected with marls
and claystones, intercalated by limestones with bivalvs and ammonites. In the east,
in Dagestan, the Berriasian is built predominantly of dolomites formed under la-
goonal conditions.

The Berriasian is not developed on the southern slope of the Main Caucasian
Ridge. Lower Cretaceous sedimentation started here during the Hauterivian.

Pelitomorphic limestones, in some places clayey and bituminous, are discov-
ered in Western Abhasia. Similar sediments are also developed in the RadaDepres-
sion, where intercalations of dolomites also occur. Ammonites are very well re-
presented.

The Berriasian is also known in the Kafan region of Caucasus Minor, where
it comprises part of the tufogenic formation with intercalations of limestones.

In Bulgaria the Berriasian is represented by three main facial types: neritic
carbonates in the Moesian Platform, flysch sediments in a considerable part of the
Fore-Balkan and the Kraiste, and pelagic clayey-carbonate sediments in North-
western Bulgaria. In the eastern part of the Western Fore-Balkan the Berriasian
comprises part of the carbonate builtup of the Brestnica Formation. Flysch sedi-
ments of the Carpathian (Sinaia) type are developed in the Kula region.

In the Dinarides and Hellenides the Berriasian is connected with carbonate
and flysch sediments.

The Berriasian is represented by pelagic, predominantly clayey-carbonate
sediments with calpionellids in the east, in Anatolia, whereas in the remaining re-
gions (Turkey and the Middle East countries) it is developed in shallow-sea terri-
genous and/or terrigenous-carbonate facies with insignificant thicknesses, or it is
completely absent.

2. VALANGINIAN

The distribution of the Valanginian and the type of its sediments are similar to those
of the Berriasian. In some places, however, Early Cretaceous sedimentation start-
ed during the Valanginian. Moreover, in all zones with clayey-calcareous sedimen-
tation there is a gradual increase of the clayey content in the Valanginian sections
and increase of the marls at the expense of limestones.

The Valanginian comprises part of the formation of slightly metamorphosed
limestones developed in the Cape Verde Islands. In the north it is connected with
limestones and clayey-calcareous sandstones discovered by Borehole 367 in the At-
lantic Ocean. In the continental base of the Moroccan Meseta the stage is repre-
sended by turbidites with intercalations of marls. Between the Canary Islands and
Cap Bojador it comprises part of the formation of aleuritic argillites with siderite
concretions.
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In the Agadir Basin of Morocco the Valanginian sections are built of varied,
predominantly aleuritic marls with ammonites, bivalvs, brachipods, corals, echino-
derms and benthos foraminifera, which characterize the neritic conditions in mo-
derately deep shelf.

The Valanginian sediments are of a deeper-sea type in the north, at Safi.

In the Moroccan Meseta the Valanginian is represented by marine dolomitic
limestones with ammonites, which are included in the continental Wealdian comp-
lex of the Lower Cretaceous. This is the result of clearly expressed marine ingression
among the continental Wealdian basin, manifested during the Valanginian.

In the Moroccan Reef there are predominantly clayey-calcareous sediments
(calcareous claystones, marls and clayey limestones) with ammonites, radiolaria
and calpionellids.

In the Sahara Atlas the Valanginian comprises part of the thick continental
complex (‘“continental intercalaire’’ after Kilian).

In the High Plateaux of Algeria the Valanginian sediments are terrigenous-
carbonate of neritic type.

The Valanginian in the Tellian Depression is connected with terrigenous-car-
bonate flysch and subflysch sediments with deep-sea fauna. Pyritized ammonites
occur in many places in this zone.

A transition of the neritic facies in the High Plateaux to the pelagic sediments
in the north is observed to the southwest of Constantine. This transition is well
manifested in a2 number of Valanginian sections.

The Valanginian is well manifested in Tunisia as well. Continental sediments
of Wealdian type are developed in the southernmost part, which are substituted
in the north by shallow-sea carbonates. In the Tunisian Depression the stage is
connected everywhere with clayey-calcareous and flyschoid sediments containing
many cephalopods.

In Portugal the Valanginian is represented by facies which are similar in many
respects to those from Jura Mountains. In the Sintra Massif and at Cascais (Es-
tramadoura) the base of the stage is represented by sublittoral limestones and marls,
which are replaced in the east by sandstones formed under estuary conditions.
Sandy limestones, odlitic in some places, were formed during the Late Valanginian.
To the north of Torres Vedras the Valanginian is developed in Wealdian facies.

In the continental margin of the Iberian Peninsula the Valanginian is repre-
sented by claystones with planktonic foraminifera.

The Valanginian in the Subbetic Depression is represented by flysch in the south-
western part by clayey-calcareous sediments in the northeast towards the Balearic
Islands. It is characterized by many ammonites.

The Iberian Mountain Ranges, as well as the Basco-Cantabrian zone, present
the Valanginian in Wealdian facies.

The Pyrenean facies of the Valanginian are predominantly neritic, mainly car-
bonate or clayey-carbonate, in some places also terrigenous. It is interesting that
the Urgonian type of sedimentation in the Pyreneces started from the Valanginian.

The development of the Valanginian in France is subordinated to the same
basic laws as that of the Berriasian. An increase of the marls compared with the
Berriasian is observed in the Vocontian sections.

The Valanginian in the Alps is represented prodominantly by deep-sea clayey-
calcareous and flysch sediments, widespread in the east and in the Carpathian trough,
where they are associated in many places with basic volcanites.

In the southern part of Hungary, in Meczek and Vilany, the Valanginian com-
prises volcanogenic-sedimentary formations with well-expressed trachydolerite for-
mation with sedimentary intercalations, in which characteristic ammonites have been
found.
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In the Crimea the Valanginian deposits are more widespread than the Berria-
sian sediments and in some places they overlie transgressively older rocks. In the
Theodosia region the stage comprises the middle part of the Lower Cretaceous
outcrops. It is represented by calcareous claystones with marl intercalations. This
type of sediments is traced in the west until the valleys of the rivers Tonas and Indol.

Transgressive position of the Valanginian glauconitic clayey sandstones over
the Tithonian flysch is observed in the valley of Burulca river. In the southeast,
in the valley of Belbek river, the Valanginian transgressively overlies the Tavric
series. Conglomerates are developed at its base, followed above by clayey-calcareous
sandstones with different faunas, including ammonites.

In Northwestern Caucasus the Valanginian comprises clayey-marl sediments
and limestones with different faunas. In Central Caucasus the stage is built of micro-
grained limestones, often recrystallized and poor in fossils. These carbonate se-
diments gradually decrease in thickness and in Dagestan they are 25-30 m thick.
In the southern part of Dagestan the limestones become sandy and intercalations
of marls appear. Near Hanagd¢ai river they are replaced by sandy coastal facies,
and in some places they are completely wedged out.

Clayey-carbonate and carbonate sediments of insignificant thicknesses occur
in the Georgian zone. They contain characteristic ammonites. A formation of cryp-
tocrystalline limestones and dolomitized limestones with scanty gastropod fauna
is developed in the upper part of the Stage.

In Caucasus Minor the Valanginian is developed in several zones, the sections
in the Kafan zone being.the most clearly seen, where terrigenous-carbonate sediments
with typical Mediterranean fauna are developed.

In Bulgaria the Valanginian is represented by neritic carbonates, extensively
developed in the Moesian Platform, by flyschoid sediments — in the greater part
of the Fore-Balkan, the Kula region and the Kraiste, and by clayey-calcareous de-
posits in the Western Fore-Balkan, the Lom Depression and Western Balkan Moun-
tains (the Gube§ syncline).

In the Dinarides and Hellenides the Valanginian is connected with carbonate
and flysch sediments.

The Valanginian sediments demonstrate considerable variety in the zone of
Sumadia and Eastern Serbia, where neritic to deep-sea facies are observed.

In the southeast, towards Turkey and the Middle East, the Valanginian sedi-
ments are developed in neritic carbonate or terrigenous-carbonate facies with scan-
ty fauna.

Only in some regions of Turkey, especially in Anatolia, the Valanginian is
connected with deeper-sea clayey-carbonate sediments.

To the east of Iran, towards Afghanistan and Pakistan, many Himalayan spe-
cies appear among the Valanginian faunas.

3. HAUTERIVIAN

The Hauterivian sediments have considerable distribution and they are with very
varied facies.

In the Atlantic Ocean, in the Cape Verde Islands, the Hauterivian comprises
the upper part of the slightly metamorphosed deep-sea limestones, covered with
basalt lava which was poured at the end of the Hauterivian,

In the north, in the continental base of the Moroccan Meseta, the Hauterivian
is connected with part of the thick Lower Cretaceous flysch complex, whereas bet-
ween the Canary Islands and Cape Bojador it is connected with aleuritic argillites
containing siderite concretions. These sediments contain many remains of fishes,
echinoderms, gastropods and cephalopods, and they manifest deltaic facies.
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In the region of the Canary Islands the Hauterivian is represented by cross-
bedded siltstones.

The Hauterivian section in the Agadir zone starts with aleuritic marls and clay-
stones, with reef limestone-dolomite formation in their middle part. Above them
there are again aleuritic marls and claystones.

Variegated sediments containing small gastropods, bivalvs and rare aggluti-
nated forms — foraminifera, are developed in the north, in the Essaouira zone in
the Lower Hauterivian. These brackish-lagoonal sediments are followed above by
marine marls with Upper Hauterivian ammonites and many foraminifera.

In the Safi region Hauterivian sediments are very rich in ammonites, whereas
a Wealdian-like facies (sandstones and red claystones) is developed in the Meseta.

Hauterivian sediments rcappear in the allochthonous part of the Moroccan
Reef, where they are represented by flysch facies.

Neritic terrigenous-carbonate sediments are developed in the High Plateaux.
Purely terrigenous deltaic facies are also developed in the western part, while terri-
genous-carbonate sediments are imposed in the east-northeast, including reef lime-
stones in a number of places.

In the Tellian Depression the Hauterivian is connected with deep-sea clayey-
carbonate sediments containing in some places intercalations of sandstones and
siltstones.

In the Constantine rcgion there arc predominantly carbonate and terrigenous-
carbonate sediments, among which characteristic ammonites occur. In the north,
in the Cabile zone, the Hauterivian comprises part of the thick flysch complex.

In the Sahara the Hauterivian is represented by continental terrigenous sedi-
ments with evaporites, which are traced to the east in Tunisia.

Wealdian facies: sandstones, dolomites and claystones with gypsum, are de-
veloped in Tunisia, to the north of the Sahara zone. They contain remains of ver-
tebrates, bivalvs and gastropods, as well as rare marine species.

In the Tunisian Depression the Hauterivian is represented by neritic and pela-
gic sediments. The neritic facies are developed in the peripheral parts of the Depres-
sion and they are well exposed in the Zagouan Massif, where they are represented
by organogenous-detritic limestones and sandy marls. The pelagic facies are wide-
spread in the middle part of the Depression and they are represented by clayey-car-
bonate sediments of Vocontian-Sala$ type, with many ammonites.

In Portugal the Hauterivian is well developed in the region of Sintra and Brou-
co. It is built at its base by marls and clayey limestones with echinids and rare ammo-
nites. In the east these sediments are replaced by subreef limestones which are
widespread in the upper part of the stage. Marls and sandstones above which there
are limestones with rudists are exposed in the north near Ericeira. To the north of
Torres Vedras the Hauterivian comprises part of the Wealdian complex.

In the Subbetic Depression the Hauterivian sediments are of the deep-sea type.
Predominantly clayey limestones are represented in the greater part of the Depres-
sion, as well as flysch in its southwestern margins. The pelagic sediments contain
many ammonites.

In the Iberian Mountains and in the Basco-Cantabrian zone the Hautcrivian
sediments are in Wealdian facies.

The Hauterivian in the Pyrenees is connected predominantly with carbonate
sediments which are particularly widespread in the Corbier.

Deep-sea clayey-carbonate sediments with many cephalopods are developed
in the Vocontian trough. Relatively more shallow-water sediments appear in the
southern end, passing to the south into the neritic carbonate facies of Provence.

The neritic facies of Jura Mountains are imposed in the north, after a transi-
tional zone between the Subalpine Range and the Central Massif. A characteristic
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feature of the Hauterivian sections in Jura Mountains is that their lower part is
built of relatively deeper-sea marls in Sparangus facies with abundant fauna which,
however, is of the more shailcw-water type compared with the Subalpine region.
Above them are the Neuchatel zoogenic, o6litic and detritic limestones.

The Hauterivian Sparergus marls are widespread in the Paris Basin as well,
where Wealdian facies are cnly partially developed in the Hauterivian:

In the Swiss Alps the Eauterivian sediments are more varied compared with
the Berriasian-Valanginian deposits. The Spatangus marls of the French Subalps
pass in the Wildhorn nappe into a powerful formation of deep-sea clayey lime-
stones. In the Ultra-Helvetic rappe the Hauterivian comprises part of the so-called
Neocomian with cephalopods from the cuter Fore-Alps.

In the Fore-Alpine nappes the Hauterivian comprises part of the complex of
shales and calcareous shales with apiychi, as well as part of the siliceous limestones
with radiolaria.

In the Eastern Alps the Hauterivian is represehted by terrigenous-carbonate
sediments.

In the Moravizn-Silesian Ecskydy the Hauterivian is connected with the Hra-
di3te (Grodziszcze) Sandstone Formation, as well as with siderite-bearing argillites.

In the fiysch zone of the Polich Carpathians the Hautcrivian sediments are in
the same facies as in the Beskydy, whereas in the Pieniny zone deeper-sea sediments
are developed: limestones with flint and shale interbeds.

In the Eastern Remanizn Carpatkians the Hauterivian is represented in varied
facies: marls with cephalopodsin the Persani zone, sublithographic and clayey lime-
stones with {flintstone in Dimbovicicara, Sinaia-type terrigenous-carbonate beds
in Baraolt, Zamura and the inner nappes. In the shales zone the Hauterivian com-
prises part of the sphaercsiderite complex.

In the Scuthern Carpathians (Resita zone) the Hauterivian is built of shaly
marls which are poor in fossils. Sublithographic limestones with cherty concre-
tions, analogous to the Sala$§ facies, are developed in the Svinita zone.

Very varied, but almost exclusively neritic are the Hauterivian sediments in
the Crimea, where they arc more widespread compared with the Berriasian-Va-
langinian deposits. They are absent in the valleys of Sarisu and Bodrak, as well as
in some other regions of Northern Crimea.

"Claystones with aptychi are developed in Eastern Crimea in the Theodosia re-
gion. Packets of sandstones appear among them in the west, towards the rivers
Kucuk-Karas and Tonas. Along the rivers Buruléa and BeSterek the Hauterivian
is represented by sandstones, conglomerates and claystones with rare ammonites,
as well as by sandstones in the upper part of the section in Besterek. Conglomera-
tes and sandstones are distributed in the valleys of Kada and Belbek rivers, in some
places also claystones containing rich and predominantly neritic fauna.

The Hauterivian in Nerthwestern Caucasus comprises sideritic claystones, sandy-
clayey sediimnents, sands, sandstones and conglomerates. A decrease of the clastic
material and deepening of the basin are observed from west to east.

In Central Caucasus the Hauterivian is represented by a monotonous formation
of siltstones and claystones with intercalations of limestones. Neritic faunas pre-
dominate among these sediments. A mmonites occur rarely.

In the east, in Dagestan, the Hauterivian is built of sandy-clayey sediments,
zoogenic, odlitic and odlitic-detritic limestones. In the western part of Dagestan and
in Ce&eno-Ingusetia predominantly aleuritic and fine-grained sandstones are deve-
loped, below which there are marls with intercalations of aleuritic claystones and
siltstones,
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To the south of the Main Caucasian Ridge, in the Georgian zone, the Haute-
rivian is known in the Dibrar region, where it is connected with the Kusnet Flysch
Formation, .

Tufogenic sandstones, in some places withintercalations of clayey-sandy lime-
stones, are widespread in Caucasus Minor.

The Hauterivian in Bulgaria is represented by terrigenous sediments which are
widespread in the Fore-Balkan, by clayey-carbonate deposits of neritic type in the
Moesian Platform and by pelagic clayey-calcareous sediments of the Sala$ type,
developed in Western Bulgaria.

In the Venetian Alps the Hauterivian comprises part of the light limestones
with flint, in Lombardy — clayey limestones with aptychi (Maiolica facies).

Clayey limestones and limestones with flint, rich in cephalopods, are deve-
loped in Sicily and in Sardinia.

In the Dinarides the Hauterivian is represented by carbonate and flysch sedi-
ments.

Various facies — from sublittoral to pelagic — are developed in the Sumadia
zone and in Eastern Serbia.

In the Hellenides the Hauterivian has not been differentiated but it is evidently
present.in the Lower Cretaceous sections built of carbonate or flysch sediments.

In Turkey the Hauterivian is represented by terrigenous, terrigenous-carbo-
nate and clayey-calcareous sediments.

In most countries in the Middle East the Hauterivian is not developed, or it is
represented by epicontinental terrigenous or carbonate rocks.

\

4. BARREMIAN

The Barremian is characterized by very varied facies, among which neritic ones
predominate. The cxtensive development of the Urgonian facies, which is a typic-
al Mediterranean phenomenon, started during the Late Barremian.

In the region of the Cape Verde Islands the Barremian is represented by bitu-
minous marls with ammonites and bivalvs. Clayey sandstones are developed in the
northwest.

In the continental base of the Moroccan Meseta the Barremian comprises part
of a thick flysch complex. In the Mazagan Plateau the Lower Cretaceous sedimenta-
tion starts with Barremian dolomites and calcareous sediments. A thick complex
of continental sandstones and conglomerates, which overlie the Jurassic or Trias-
sic, 1s dated to the Barremian in the Tarfaya Basin.

In the north, in the Agadir zone, the Barremian is represented by aleuritic marls
and claystones. Only the upper part of the stage, represented by clastic sediments in
deltaic facies, is developed in the northeastern part of this zone. Relatively deep-sea
clayey-calcarcous sediments are developed in the Safi region. In the coastal part of
the Moroccan Reef there are typically deep-sea clayey limestones, rich in radiola-
ria, whereas in the allochthonous part of the Reef there is flysch.

The Barremian in Algerian Sahara is of continental type. Terrigenous-car-
bonate sediments are developed in the north, in the High Plateaux. A decrease in
the terrigenous admixtures is observed from west to east.

Clayey-calcareous sediments with many pyritized ammonites are discovered
in the Tellian Depression.

In the north, in the Amrouna Massif, the Lower Barremian is in the same clayey-
calcareous facies, whereas the Upper Barremian is connected with terrigenous-
carbonate sediments of Urgonian and Paraurgonian facies.

In the region of the Big and Small Cabil Massifs the Barremian comprises part
of the flysch complex.
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In the northern part of Tunisia the Barremian sediments are developed in pe-
lagic facies connected with the Tunisian Depression. Many pyritized ammonites
occur. In the south, in Central Tunisia, there appear sandstones and their amount
increases in southern direction, where the marl-sandy sediments gradually pass
into the lacustrine-fluvial sands of Boudinar. In the Sahara the Barremian com-
prises part of the continental Lower Cretaceous sediments.

The Lower Barremian in Pertugal is developed at Sintra and Brouco, where
it is represented by limestones with Choffatella and algae. The Upper Barremian is
more extensively developed, being connected with sublittoral terrigenous-carbo-
nate sediments (Almargen Beds). Continental sediments are developed to the north
of Tores Vedras, being also widespread in the shelf of Portugal. Marine clayey se-
diments appear only in the continental base.

The Subbetic Depression is filled with bathyal sediments containing many ammo-
nites, most of them pyritized. These are clayey limestones in the Grenada province,
which pass in the Seville province inthe direction of Cadix into marls with pyritized
ammonites.

In the Fore-Betic zone the Barremian facies are still deep-sea (marls) with ammo-
pites in the Haen region,becoming gradually more neritic in the east,with the appear-
ance of marls with Ostrea. This facies shows that the neritic Barremian already
appears in the Mediterranean margin of Spain.

Some transitions petween the Subbetic and Fore-Betic facies are observed bet-
ween Alicante and Barcelona. Marls with pyritized ammonites, which are covered
by Urgonian limestones and marls with Orbitolinidae, are developed in the strip
between Alicante and Cape Nao. In the west, in the direction of Castilia Nova, the
Barremian comprises a varied continental formation with charophytes, among which
there are rare intercalations of sea marls with Choffatella.

In the Maestrazgo region the Lower Barremian is still in littoral facies, where-
as the Upper Barremian is built of marine limestones with Choffatella. To the south
of Barcelona the Barremian is represented by the same facies with Orbitoli-
nidae and small rudists.

In the Balearic Islandsthe Barremian is connected with limestones and clayey
limestones with ammonites (Majorca), as well as marls with pyritized ammonites
(Southern Ibiza).Inthe northern part of Ibiza the Barremian is part of the Urgo-
nian complex which comprises almost the entire Lower Cretaceous. At Minorca
the’ Lower Barremian is represented by marls with ammonites, the Upper Barre-
mian — by Urgonian limestones.

In the Eastern Pyrenees the Barremian corresponds to the lower part of the Ur-
gonian complex. '

After a hiatus in the Central Pyrenees, the Barremian is rediscoverd in the
Basco-Cantabrian zone, where it is connected with continental Wealdian and marine
Urgonian and Paraurgonian facies.

Barremian deposits in France are of three facial types: Vocontian -— pelagic
clayey-calcareous sediments developed in the Vocontian trough; Urgonian — mas-
sive organogenous limestones with rudists and bioclastic limestones, extensively
developed in Vercors, along the periphery of the Central Massif, in Ventoux, Pro-
vence, Jura Mountains and the southern periphery of the Paris Basin; and Weal-
dian — continental sands and clays developed in the northern part of the Paris
Basin. Intercalations of marls, siltstones and sandstones with Orbitolinidae are ob-
served among the Urgonian limestones in Jura Mountains and Vercors. In the mid-
dle part of the Paris Basin the Barremian is represented by transitions from coastal
to continental sediments. The Barremian in the Swiss Jura Mountains is analogous
to the French part of the mountain. The outcrops of this stage can be traced in the
east in the Alps (after a big hiatus in the region of the Geneva Lake, in the massifs
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Aar and Gotar), as well as on the southern bank of the Rhdne river in the Helvetian
and Sub-Helvetian nappes. The stage starts with varied glauconitic marls, sand-
stones and limestones with ammonites, bivalvs, gastropods and echinids (Altmann
Beds). The Druzberg Beds follow above them, consisting,of clayey limestones and
marl shales, among which there occur bivalvs and echinids, as well as rare ammoni-
tes. These sediments pass upwards and to the northeast into Urgonian facies.

In the inner zones of the Alps it is difficult to differentiate the Barremian, due
to the extremely complex tectonics and the scanty fossil finds. A pelagic facies dif-
ferent from the autochthone and from the Helvetian and Sub-Helvetian nappes is
developed here. This facies is of the Italian Maiolica type. It is represented by ar-
gillites, sandy or siliceous limestones.

Altmann and Druzberg Beds, and Urgonian facies, known from the Swiss Alps,
are traced in Austria.

In the flysch zone which is traced until Vienna the Barremian is represented
by detritic limestones, sandy limestones, calcareous sandstones and marl shales,
which are part of the flysch complex.

The Barremian in the Puez Alps is predominantly of deep-sea type with many
ammonites.

The Barremian sediments in the southern part of Hungary are discovered in
Vilany (Harsany), where Upper Barremian limestonag and breccias with Orbito-
linidae and rudists overlie the karstic surface of the Valanginian.

Glauconitic marls and sandy limestones, exposed in the northern part, are de-
veloped in Bakony. To the north these sediments become markedly coastal, where-
as to the south marls with radiolaria gradually develop.

In Geresce the Barremian comprises a sandstone formation which passes from
the Hauterivian and contains upwards intercalations of clayey-calcareous sand-
stones and sandy limestones. The section ends with conglomerates intercalated by
zoogenic limestones with Orbitolinidae, rudists and corals.

The Barremian in Czechoslovakia is developed in the Carpathians. In the Inner
Carpathians it is represented in different facies. In the Lower Sub-Tatran nappes
it comprises the upper part of the light limestones (Biancone type). Marls with in-
tercalations of Urgonian limestones lollow above them. Only Urgonian limestones
are developed in the Tatras.

In the klippes zone the Stage is connected with the upper part of the lime-
stones of the Biancone type, above which limestones and clayey limestones covered
by Urgonian are developed. In the Moravian-Silesian Beskydy it is represented by
the Vefsovice (Wierzowice) Shales and partially by the Hradiite Sandstones.

In the Polish Carpathians the Barremian is widespread in the flysch zone, in
the Pieniny zone and in the Tatras. In the flysch zone it is connected with the Vef-
sovice (Wierzowice) Shales and with the HradiSte Sandstones. In the Pieniny zone
it comprises part of the limestones with aptychi, whereas Urgonian limestones are
developed in the Tatras.

This stage is well developed in the Romanian Carpathians as well. In the inner
flysch zone it is connected with the Sinaia Beds. Only in the northern part of this
zone the Barremian greatly resembles sections in Silesia.

Coarse flysch with olistostromes is developed in the Persani zone. Marls with
cephalopods and reef limestones with rudists are developed in Dimbovicioara. In
Baraolt, Bucegi and Piatra Mare there is a marly-sandy or sandy flysch, among which
there appear wedges of Urgonian limestones. The lower part of the Comarnic Beds
in Zamura also bclongs to this Stage.

In the Resita zone of the South Carpathians the Barremian is represented at
its base by limestones with flint, which rapidly pass upwards into Urgonian lime-
stones. Marls with many ammonites are developed in the Svinita zone; in the zones

148



Cerna and Cosustea there are Urgonian limestones. Romanian geologists date to
the Barremian and Aptian tuffite and andesite lavas with inclusions of Jurassic
limestones which are covered by Upper Cretaceous flysch. In the Turnu Severin
region the Barremian sediments are in facies of the Comarnic type.

In the Northern Apuseni the Barremian comprises part of the flysch among
which reef limestones are developed in some places. Sublittoral limestones, reef
limestones in some places, with marl and sandstone interbeds, are developed in the
south,

In the Soviet Carpathians the Barremian comprises the lower part of the Ur-
gonian complex.

In the Crimea the stage is usually represented by conglomerates and limestones
containing very varied fauna. Boreal species appear among the conglomerates. Every-
where the Barremian facies are of neritic type, perbaps with the only exception
of the Theodosia region, where the Jlower part of a monotonous clayey formation
is dated to the Barremian, accepted earlier to be entirely Aptian.

The Barremian in Northwestern Caucasus is represented predominantly by ter-
rigenous sediments (sandstones and conglomerates), sandy-clayey sediments, clay-
stones with intercalations of sandstones (Fonar typz2), and on a more limited part —
by sideritic claystones.

The Barremian in Central Caucasus is represented predominantly by sand-
stones, siltstones, odlitic and sandy limestones, and more rarely by clayston=s. These
sediments contain rich neritic fauna, whereas amoag the ammonites there are Bo-
real species. In Ce&eno-Inguietia and Dagestan the Stage is connected with terri-
genous-carbonate sediments.

To the south of the Main Caucasian Ridge the Barremian is developed in ce-
phalopod facies, close to the Razgrad type in Bulgaria.

Terrigenous-carbonate sediments with intercalations of Urgonian limestones
are widespread in Caucasus Minor.

In Bulgaria the Barremian is represented by several facial types: Urgonian and
Paraurgonian, clayey-calcareous Razgrad neritic type (in Northeastern Bulgaria)
and clayey-calcareous Sala3 pelagic type (in Northwestern Bulgaria), and terrige-
nous.

The pelagic lacies of the Barremian (Maiolica type) reaches in the south in the
Apennine Peninsula to the places south of Rome. Various neritic facies are deve-
loped in the south.

The Barremian is not differentiated in Sicily, but its presence is probable in the
upper part of a bathyal formation. Predominantly Urgonian facies is developed in
Sardinia.

In the Sumadia zone and in Eastern Serbia the Barremian is represented by
varied facies: from bathyal to neritic of Urgonian type. Urgonian and Paraurgonian
sediments are very characteristic of the Dinarides.

In Albania the Barremian is connected with crystalline or breccia-like lime-
stones.

In Greece the identification of this Stage is difficult, but its presence is indis-
putable in a number of zones where limestones with corals and algae are developed.
Clayey limestones and limestones with ammonites are known from Western Ar-
golid. In the Pind zone the stage is connected with a marly-sandy flysch among
which there are marls with radiolaria.

Urgonian limestones with intercalations of sandstones are developed in the Black
Sea coast of Turkey. Clayey and sandy limestones with Barremian ammonites are
widespread to the south of Zonguldak. Flysch sediments are developed south of Trab-
zon, while in the Menderes Massif there are shales and limestones among which
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ammonites have been found. In the western part of Taurus the Barremian is in
carbonate facies. .

Continental. fluvial, deltaic and sometimes coastal facies are widespread in
the Lebanon, Syria, Jordan and Israel.

In the east, in Iraq and Kuwait the Barremian is connected with neritic sediments
among which oysters, gastropods, Orbitolinidae and Choffatella occur.

5. APTIAN

The Aptian is known in the entire Mediterranean Region — from the Atlantic Ocean
to the Middle East. It is developed in different facies, particularly characteristic
among them being the Urgonian facies.

In the region of the Cape Verde Islands the Aptian is represented by variegated
clayey shales, slightly metamorphosed limestones and basalts.

Aleuritic marls, pelagic radiolarites and limestones rich in nannoplankton are
developed to the southwest of the Canary Islands, whereas in the continental base
of the Moroccan Meseta the Aptian Stage comprises part of the flyschoid
complex.

Clayey limestones with nannoplankton are discovered in the Mazagan Pla-
teau. Marine sedimentation in the Agadir Basin started during the Aptian. Marls
and aleuritic claystones with ammonites of Clansayesian age were formed.

In the Agadir zone the Lower Aptian is represented by dolomitic limestones
and sandstones with ammonites. Upwards the Middle and Upper Aptian beds are
condensed. In the Northeastern part of this zone (the Tizi region in the High Plateaux)
the Lower Aptian comprises part of the formation of epicontinental clastic sediments
formed under deltaic conditions. Upper Aptian and Albian fossils are found above
them in condensed beds.

In the Essaouira zone the, Aptian is represented at its base by continental sand-
stones and conglomerates, by Middle Aptian marls and aleuritic claystones, follow-
ed above by Upper Aptian aleuritic and sandy marls with ammonites and many
foraminifera.

Continental sediments are established in the Moroccan Meseta. In the Reef
the Aptian is not differentiated and it is probably absent, with the exception of the
allochthone, where it is represented by flysch.

Aptian sediments in the northern part of Algeria are of pelagic (flysch or clayey-
carbonate) type. To the south they gradually pass into neritic facies in order to reach
the continental formations of the Sahara.

In the Ouarsenis region and to the north there are Urgonian limestones which
are associated everywhere with terrigenous sediments: marls, siltstones and sand-
stones with siltstones.

Aptian sediments in Northern Tunisia are pelagic, becoming gradually neritic
to the south. In Northern Tunisia the Lower Aptian is connected with limestones
and clayey limestones, followed above by Middle and Upper Aptian marls, and
clayey limestones with many ammonites.

Neritic facies appear in southern direction, sometimes with reef limestones,
while still further south there also occur gypsum inclusions in. the transition to pu-
rely continental sediments.

The Aptian in Portugal is connected predominantly with terrigenous carbo-
nate sediments (Almargen Beds), and with continental formations to the north of
Torres Vedras.

Bathyal sediments are developed in the Subbetic Depression, their distribution
being limited mainly to the Cadix province and on the Balearic Islands (Ibiza and
Formentera). At Hodar (Haen province) and on Formentera Island there appear
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Paraurgonian sediments with Orbitolinidae, as well as Urgonian limestones. Thus,
the Aptian marks the end of this big depression zone.

In the northern part of the Subbetic depression there are sediments of transi-
tional type: from the bathyal facies in the southeast to the neritic facies in the north-
west. For example, limestones with Orbitolinidae, intercalated by marls, are ex-
posed between Alicante and the valley of Ebre river, while packets of Urgonian lime-
stones also appear in the northwest.

The Urgonian facies is extensively developed in the Eastern Pyrenees, repre-
sented by limestones with rudists and Orbitolinidae, which also contain cherty con-
cretions and become clayey in their upper part. A similar facies is discovered in the
Central Pyrenees, with thickness of the Urgonian about 1000 m. This thickness de-
creases in the south and in the west, where the Urgonian limestones are covered by
marl! shales of Aptian-Cenomanian age. The Aptian sediments are gradually com-
pletely wedged out in the west around the St. Goden meridian.They reappear in the
Basco-Cantabrian zone, but in a completely different facies. A powerful complex
of conglomerates, sandstones and calcareous sandstones, shaly marls with lig-
nites and sandstones, is formed here. Lenses of reef limestones of Urgonian type are
observed among these sediments. French geologists characterize this complex as
flysch, though in fact it possesses all characteristics of the molasse. It is predomi-
nantly marine in its northern part, whereas in the south it includes more and more
considerable continental intercalations.

In the Southern Subalpine Ranges the Aptian is of clayey-calcareous type with
ammonites, developed in the Vocontian trough. The Bedoulian is built of lime-
stones with ammonites, including large forms. Gargasian marls with pyritized ammo-
nites follow above the Bedoulian. The Clansayesian ends the section of the Stage
with clayey-sandy sediments.

In the Southwest the Aptian sediments rapidly decrease their thickness, but
they preserve their facies by disappearing quickly to the south of Castellane and
Verdon in the Low Alps, probably as a result of post-Aptian denudation. The latest
outcrops reach the valley of Tine river, where marls with pyritized ammonites are
developed. \

In the southwest, in the area of the Durance vault, there is a transition from
Vocontian facies to the reef facies of the Urgonian, which occurs in a strip with bio-
detritic limestones in the region of Montagne de Lure and immediately to the south
of Ventoux. '

In the Marseilles region, where the Urgonian facies is only in the Barremian,
the Lower Aptian is built of slightly clayey limestones with ammonites (Bedoule —
Cassis). A strip of biodetritic limestones indicating the proximity of the Durance
vault is developed around this clayey-calcareous facies from Toulon to the Rauf
tunnel, northwest of Marseilles.

Urgonian facies, developed northward from Vercor, reappears to the north of
the Vocontian trough in the Northern Subalpine Ranges and in Jura Mountains.
The Urgonian limestones are intercalated by marls and sandstones with Orbitoli-
nidae. The Gargasian usually comprises the upper Orbitolinidae beds and part of
the so-called ““Lumachelle of the Gault” which belongs to the Clansayesian.

In the southeastern part of the Paris Basin the Aptian manifests interesting fa-
cies which mark the progress of the transgression to the northwest.

In the Alps this Stage probably comprises the upper part of the Urgonian com-
plex, which is entirely dated to the Barremian by most Swiss and French geologists.
At Lutier Zug, close to Wolfenschissen, the Urgonian is followed above by conden-
sed beds in which Gargasian and Clansayesian ammonite zones are cstablished.

Core limestones and clayey-calcareous shales are dated to the Aptian in the
Puez Alps.
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In Hungary the Aptian is known in Gerecse (Tata area), Vertes and Bakony,
where clayey-sandy and calcareous sediments are represented.

In the Moravian-Silesian Beskydy the Stage is conrected with the Hradiste sand-
stones and with the Vefsovice (Wierzowice) Beds, which are also traced in the
flysch zone of the Polish Carpathians. In the Pieniny group the Aptian comprises
part of the Urgonian limestones with rudists. This {acies is developed in the Polish
Tatras as well.

In the Soviet Carpathians the Aptian is connected with the upper part of the
terrigenous-carbonate complex which also includes Urgoinian limestones.

The Aptian in the Eastern Carpathizns in Remania is renresented by terrige-
nous-carbonate flysch or by clayey-calcareous sediments with ammonites. The
Gargasian and the Clansayesian correspond to the lower part of the Bucegi Conglo-
merates, Gargasian sediments being absent in some places.

Flyschoid sediments (Comarnic type) and Urgonian limestones are developed
in the South Carpathians.

In the Apuseni the Aptian comprises ihe upper part of the Barremian-Aptian
flysch which is rather coarse in some places.

In Northern Debregea the Lower Aptian is predominantly of littoral type,
whereas the Middle and Upper Aptian are represented by limestones with ammo-
nites, sandstones and claystones.

The Aptian in the Crimea is developed in clayey facies with cephalopods. In
Northern Caucasus the Aptian sedirenis are clayey-mariy and sandy, with rich am-
monite faunas and great thickness (up to 340 m).

To the south of the Main Caucasian Ridge, in Georgia, the Aptian sediments
are predominantly clayey-calcareous with many ammonites. Urgonian limestones
are developed in some places. Basic volcanism occurred in Caucasus Minor during
the Aptian. The sediments are terrigenous-carbonate, being with Urgonian lime-
stones in some places.

Aptian sediments in Buigaria are very varied, but belonging to several basic
types: terrigenous, terrigenous-carbonate, clayey-calcarcous, Urgonian and Para-
urgonian.

In Eastern Serbia and in the Sumadia zoae the Lower Antian is most frequent-
ly connected with Urgonian or Paraurgcnian sediments, followed above by marls,
limestones and sandstones. Powerful terrigenous sedirments, in the Barremian-Ap-
tian part of which there are lenses of Urzonian limestones, are developed in the
southern part of the Sumadia zone.

In the Dinarides the Aptian is entirely connected with carbonate facies of Ur-
gonian type.

Zoogenic limestones with rudists and dolomites are developed in the southeast-
ern part of the Apennines, similar to the ones found in Sicily near Palermo.

In Sardinia the Aptian starts with limestones, silicified in some places, follow-
ed above by clayey limestones which pass into marls with flint. The Gargasian is
represented by glauconitic marls and clayey limestones with flint. which pass into
the Clansayesian as well.

In Greece the Aptian is present in the Ionic zone, in the Gavrovo, Pind and
Vardar zones, where it is connected with iimestones with algae, Orbitolinidae, corals
and gastropods, in some places also with limestones containing radiolaria. Probably
part of the slightly metamorphosed compiex in the Southeastern Rhodopes and
the ophiolite complex on Samoihrace are of Aptian age.

The Aptian sediments in Turkey are exposed between Eskishehir, Zonguldak
and Samsun in the northern part of the country, and between Ordu and Artvin in
the eastern part. Marls with Orbitolinidae are developed in the first region, being
covered by sandstones with ammonites. Glauconitic sandstones appear near Artvin.
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Shales and limestones with Orbitolinidae are exposed in Southern Anatolia.
An apnalogous facies is developed in Western Taurus as well.

In Syria and in the Lebanon the Aptian is represented at its base by sand-
stones, clayey sandstones, marls and iimestones, which overlie continental deposits.
Above them there are limestones and an alternaticn of limestones and sandstones.
The Aptian sediments are rich in bivalvs, gastropods and echinids. This stage is not
differentiated in Jordan, but it is connected with a continental sandstone formation
which is developed in Negev as weil.

In Northeastern Iran the Aptian comprises bathyal sediments (limestones and
clayey marls) with cephalopods (Balambo Formation). To the west these sediments
pass into neritic limestones in the Sarmord and Camshuka Formations.

To the south-southwest, towards the valley of the Tigris river, there are lime-
stones, in some places clayey and with Orbitolinidae. Pelletic limestones and chalk-
like limestones, passing upwards into shales, arc widespread in the southernmost
part, towards the Persian Gulf.

In Saudi Arabia the Aptian is entirely continental.

6. ALBIAN

This is the last stage of the Leower Cretacecus. Cormpared with the other stages,
its distribution is the mest limited, keing cennected with post-Aptian regression or
with post-Albian deffudation.

In the southern part of the North Atuantic, around the Cape Verde Islands,
the Albian is connected with variegated clayey shaics, slightly metamorphosed lime-
stones and basalts. Black shales, with diabascs in some places, are almost gene-
rally distributed in the north of the continental base. Opposite the Moroccan Me-
seta the Albian comprises the upper part of the flysch complex.

In Tarfaya only the Upper Albian is represented, being built of claystones,
marls, siltstones and clayey limestones with many ammonites.

Marls rich in planktonic foraminifera are discovered in the Agadir zome. The
formation of carbonate sediments among which the ammonites and the plankton-
ic foraminifera disappeared, started during the Late Albian in the Essacuira regi-
on. In the allochthonous part of the Reef the Albian is represented by flysch se-
diments. ~

Continental sediments are developed in the Sahara. In the north, in the High
Plateaux there appears a wide strip of terrigenous and terrigenous-carbonate neri-
tic sediments, passing into flysch sediments which are extensively developed in the
Tellian Depression and in the Cabiles.

A similar facial zonality is estabiished in Tunisia as well, in the northern part
of which pelagic clayey-calcareous sediments are developed, similar to the Hassi
ben-Ziane Formation in Ouarsenis.

The Albian has limited distribution on the Eberian Peninsula. In the Subbetic
Depression it is represented in flysch facies in the southwestern part, and by marly-
sandy sediments with Orbitolinidae and partially with dolomites in the northern
strip.

Shallow-sea limestones are developed in the Castilian zone and in Teruel pro-
vince, whereas between Barcelona and Taragona there are marls with Orbitolini-
dac and rare ammonites.

In the Pyrences the Albian sediments are very varied: predominantly carbo-
nate in Corbiére and partly in the Central Pyrences, clayey-carbonate in the depres-
sion zone of the Central Pyrenees, and terrigenous in the Bascc-Cantabrian region
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and in the Aquitanian basin. The Albian is represented by black shales in the outer
continental margin of the Iberian Peninsula.

In the Vocontian trough the Albian is connected with black marls which are re-
placed in the south towards Provence by glauconitic sandstones, in some places with
phosphorite concretions. Deeper-sea sediments with ammonites are again formed
to the west of the Durance vault near Marseilles. They alrcady belong to a bay in
the Provence Basin and not to the Vocontian trough.

In the western part of the Vocontian trough, close to the Central Massif, there
are glauconitic detritic limestones, marls and thin-bedded sandstones, which trans-
gressively overlie the older basement.

In Jura Mountains the Albian deposits lie transgressively and are represented
by glauconitic sandstones (Perte-du-Rhéne and St. Croix).

The Albian in the Paris Basin is of clayey-sandy type.

In the Alps the Albian appears in several scattered outcrops. It is represented
everywhere by clayey-sandy sediments with glauconite.

In Czechoslovakia and in the Polish Carpathians this Stage is represented by
deep-sea sediments: black shales, silicified marls, variegated shales and radiolarites.

Flysch sediments are developed in the Eastern Carpathians, being covered in
some places by polygenous conglomerates (Bucegi). A molasse-type sandstone-
conglomerate complex is developed precisely in the Bucegi -—— Piatra Mare zone,
whereas in the flakes zone there are shales, quartzitized and glauconitic sandstones,
which pass into the Cenomanian as well.

In the Southern Carpathians, in the Resita zone there are conglomerates, glau-
conitic sandstones and claystones (molasses); in the Svinita zone — polygenous
silicified conglomerates with sandstones and shales (Arjana type).

Sandy-glauconitic sediments are developed in Neorthern Dobrogea.

Albian sediments are discovered in Eastern Crimea between the Theodosia
region and Buruléa river. They are represented by black claystones with rare sand-
stone intercalations.Sandstones are developed in Southwestern Crimea (to the south-
west of Alma river).

To the south of Simferopol, along Salgir river and around Partizanskoe village
(Mangus) Albian sediments fill ingression valleys and contain gravels almost every-
where in their base.

In Northwestern Caucasus Albian sediments are known from the valley of Ubin
river, where claystones are developed. In the east, along P3i§ river, the Albian is
known from only one deposit (Mirnaja Balka), where only the Lower Albian is
represented by claystones with siderite concretions and clayey calcareous sand-
stones. The Middle Albian is also exposed in the east, being built of black sandy
-claystones with marly intercalations.

In Central and Eastern Caucasus the Albian is connected with two lithological
complexes. The lower complex corrosponds to the Lower Albian, while the upper
one comprises the Middle and Upper Albian. The Lower Albian is represented al-
most everywhere by siltstones and claystones. The Middle and Upper Albian are
built of claystones which are calcareous in most cases. Intercalations of marls also
appear in the Upper Albian in some places (Dagestan). Bivalvs, echinids, gastro-
pods, belemnites and more rarely ammonites are extensively represented.

In Georgia the Albian is built of tufogenic and glauconitic sandstones (Racda
zone), with siltstones, tuffites and glauconitic sandstones found in some places
(Okrib, Cerimel river).

Tufogenic sandstones, argillites and marls are discovered in Caucasus Minor.

In Bulgaria the Albian is represented by glauconitic sandstones, marls and
mixed rocks.
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In Eastern Serbia and in the Sumadia zone there are conglomerates, sand-
stones, glauconitic sandstones, sandy marls and in some places sandy limestones
as well.

In the Dinarides the Albian is represented only by its lower substage in the Bos-
nia flysch and probably by its three substages in the carbonate complex.

This stage is not precisely differentiated in Greece, though it is probably pre-
sent in some zones, especially where Lower Cretaceous radiolarite formations are
develope I.

In the east, in Turkey, Albian sediments are known in several separate deposits
i glauconitic-sandy facies.

In the Middle East the Albian is most widespread compared with the other
Lower Cretaceous stages. If ih represented by clayey-sandy sediments, with inter-
calations of sandstones in “e places. They contain many bivalvs, gastropods,
echinids and more rarely ammonites. Continental terrigenous sediments are deve-
loped as well over considerable areas, mainly in the southern part.

V. EVOLUTION AND PALAEOBIOGEOGRAPHY
OF THE EARLY CRETACEOUS MARINE ORGANISMS
IN THE MEDITERRANEAN REGION

-

1. GENERAL NOTES

It is known that the International Stratigraphic Scale of the Mesozoic Erathema is
elaborated on the basis of the evolution of ammonites. They correspond to the basic
requirements for guiding fossils: (1) fast rates of evolution; (2) considerable hori-
zontal distribution; (3) relative independence from the facies; (4) good state of pre-
servation.

In fact, a number of other marine organisms have wider distribution than ammo-
nites, but they manifest slower rates of evolution and therefore they may be used
to identify zones of much greater duration than the ammonite zones.

The wide stratigraphic practice, especially over the past 20-25 years, has de-
monstrated the great stratigraphic significance of some other groups of organisms
which permit detailed differentiation and division of the Lower Cretaceous: fora-
minifera, radiolaria, calpionellids, dinoflagellates, algae, nannoconus, bivalvs, echi-
nids, brachiopods, etc.

Here we shall consider only the evolution of several groups of marine organisms
which are widespread in the Lower Cretaceous and contribute most to the strati-
graphic division and correlation of the series, of its individual stages and/or of de-
finite types of facies (e. g. the widespread Urgonian facies). Moreover, we shall
focus our attention only to those aspects of the evolution of these groups of orga-
nisms which are most essential for the formation of the palaeontological successions,
and not to the problems connected with the phylogenetic relationships within the dif-
ferent groups.

In modern palacontology there is a tendency to create the so-called evolutiona-
ry species, i. e. an opinion which develops separately from the others and which
has its own consistent evolutionary role and its own tendencies. However, the short-
comings of the palaeontological chronography do not always make it possible to
attain this goal. Therefore, in practice the species in palaeontology is morpho-
species in many cases. The hiatuses in the vertical successions of the populations
of organisms are a much more frequent phenomenon than the uninterrupted phy-
logenetic series.
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2. MAIN FEATURES IN THE EVOLUTION
OF THE EARLY CRETACEOUS MARINE ORGANISMS

Trrespective of the considerable regression which occurred over considerable areas
in the Mediterrancan Region at the end of the Jurassic, there is a gradual transi-
tion from the Jurassic to the Cretaceous world of organisms. An essential renova-
tion is observed orly among the molluscs, characterized by the disappearance of
many Jurassic species and genera, and by the appearance of new taxa.

2.1. Microflora

a certain decline in the Early Cretaceous seas. Ne eless, several groups play a
considerable role in the Eariy Cretaceous marine ecoSystems, namely: Charophyta,
Chlorophyta, Cyanophyta and Rhodophyta.

Of particular significance for the stratigraphy of the Lower Cretaceous car-
bonate complexes are the representatives of the green algae: Dasycladacea and Co-
diacea, as well as some other algal groups (Macnos, 195; Radoj¢ig,
1960; Praturlion, 1964: EJliot, 1968; Baxanomna, 197(-1976; C o n-
rad, Peybernes, 1978; Jaffrezo, 1981).

Widespread Dasycladacea are: Clypeina, Cylindroporella, Salpingoporella,
Triploporella, Angioporella, Likanella, Acroporella, Suppilulivimaella, Acicularia,
Neonieris, Heteroparella, Actincporellu, etc.

Prominent among the Codiacea arc: Gaveuxia, Boueina, Arabicadium, Baci-
nella, Coptocampylodon, Thaumatoporella, Carpatioporella, Lithocodium, Mari-
nella, Ehelia, Diversocalis, etc., whose systematic status is not yet clear, demons-
trate considerable development.

Charophyta are not of essentiai significance for the stratigraphy of the marine
Lower Cretaceous, but with their help it is possible to differentiate well Wealdian
facies.

Moreover, plant organisms connected with the algae participate in the struc-
ture of the carbonate rocks. These are above all different coccolithophorids and the
nannoplankten associated with them, i. e. remains of organisms whose systematic
status is not yet clear. They participate considerably in the Early Cretaceous plank-
ton and are particularly varied in the pelagic facies of the Lower Cretaceous. T hi e r-
stein (1973) has generalized the main regularities in the nannofossils successions
of the Lower Cretaceous.

Dinoflageliztes are an important group in the Early Cretaceous microplankton,
being at the boundary between the plant and animal kingdoms (Defrandre,
1935-1937: Eisenack, 1958; Gocht, 1958-1959; see references in Al ber-
ti, 1961). Dinoflagellate cysts occur in different types of rocks: limestones, clay-
stones, flint concretions, outlining clear successions through rich associations.

Marine algae, which were such a flourishing grou;:'gearlier epochs, demonstrate

2.2. Protozoa

2.2.1. Radiolaria

The radiolaria have a more limited distribution than during the Late Jurassic, though
in the Early Cretaceous plankton there are numerous species ol Spumellaria and
Nasseilaria. In most cases they participate in the deposition of deep-sea radiolarites,
but sometimes their development is connected with submarine volcanic activity and
in such cases they may propagate to difterent bathymetric zones, including in the
sublittoral.
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2.2.2. Foraminifera

Foraminifera are among the most important Early Cretaceous groups of microor-
ganisms, playing a great role both in rock-formation and for the stratigraphy of the
series(Bartenstein, 1962-1979; Sigal, 1965;1977; Mouliade, 1966;
KoBauwena, 1968-1986, and others).

There are two important specificities in the evolution of the Early Cretaceous
foraminifera: (1) the populations explosion of the so-called conic foraminifera —
Orbitolinidae, whose root is in the Late Jurassic, and (2) the sharp increase in the
planktonic Globigerina-like groups,which started during the Hauterivian and reached
its maximum during the Aptian and Albian, in order to prepare the extensive de-
velopment of Globigerina and the explosion of Rosalina during the Later Cretaceous
(Sigal, 1965).

2.2.3. Calpionellids

N

Calpionellids are the only group of organisms which competes with the chronostra-
tigraphic significance of the ammonites. However, they are more general compa-
red with the ammonites, therefore permitting detailed division and precise correlation
(Remane, 1963-1974; Allemann et al, 1971). Calpionellids are extremely
widespread in the Mediterranean Region. The following genera outline characte-
ristic successions in the Lower Cretaceous: Tintinnopsella, Crassicollaria, Loren-
ziella, Calpionella, Rémanniella, Calpionellopsis and Calpionellites. They are most
widespread in pelagic clayey-calcareous sediments, but they occur, although more
rarely, among neritic clayey-carbonate rocks as well.

2.3. Some Invertebrates Metazoa

2.3.1. Ostracoda

The first considerable phenomenon in the evolution ol the Early Cretaceous marine
ostracods is the explosive development of the Trachyleberidinac populations with
many species belonging to the gencra Cythereis, Isocythereis and Platycythereis.
Protocythere- forms characteristic associations.

The following taxa form clear successions: Protocythere, Schuleridea, Dolo-
cythere, Cythereis, Cytherella, Centrocythere, Protocyihere, Vaenia, Platycythereis,
Neocythere, Xestoleberis, Bairdia, Monocerating and Cytherelloidea (D on ze,
1958-1975; Oertli, 1965; Damotte, 1965 1979).

2.3.2. Spongia and Coelenterata

These are mainly facial organisms whose distribution is tied predominantly to ne-
ritic sediments. This is particularly characteristic of Ca-spongia and corals.

Si-spongia flourished on clayey and clayey-calcareous bottom, predominantly
in deep-sea zones or in calm waters.

A characteristic feature of the Mediterranean Lower Cretaceous is the develop-
ment of coral reefs. Single corals are also extensively developed.

Hydrozoa also take a considerable part in rock formation during the Early
Cretaceous.

7
i

2.3.3. Echinodermata

The crinoids are widespread, but they play mainly a rock-forming role. The so-
called spathic limestones in Jura Mountains, the Alps and the Carpathians are main-
ly built of crinoid members.

Echinids manifest a considerable upsurge in their evolution with the consi-
derable spreading of the irregular sea-urchins which are tied mainly to the clayey-
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calcareous bottom. Most characteristic among them are Spatangoidea, genus 7To-
xaster being the most frequent and represented by many species from the Valangi-
nian to the Aptian.

A number of genera belonging to Disasteridae (Cardiopelta, Collyrites, Disas-
ter, Tithonia, Corthya, Dialaster and Acrolusia) and to Toxasteridae (Toxaster,
Epiaster, Heteraster and Hemiaster) outline successtons in the Lower Cretaceous
and are used for stratigraphic purposes. The most important change which the echi-
nids undergo during the Early Cretaceous is the evolution of their apical appara-
tus, which is markedly clongated in the Berriasian to become gradually almost quadr-
angular during the Albian (Devries, 1965).

2.34. Brachiopoda

Irrespective of their extensive distribution in the Lower Cretaceous, brachiopods
are less studied in this series than in the Jurassic. Indeed, their Early Cretaceous
evolution manifests a certain decline, but careful investigations indicate that bra-
chiopods form well-outlined successions which, although comprising greater inter-
vals, may be used successfully in the Lower Cretaceous stratigraphy. In a genera-
lization Almeras (1965) has demonstrated clear brachiopod successions in the
Lower Cretaceous of France and the neighbouring countries.

Pygope is a particularly characteristic genus for the deep-water facies. RAyn-
chonella and Terebratula, which define the appearance of the Early Cretaceous bra-
chiopod ensembles, occur very frequently, as well as Terebratulina, Magelanila and
Terebratella (K ilian, 1907-1913; CMmupuosa, 1960; Almeras, 1965).

2.3.5. Mollusca

Gastropoda occur frequently among Lower Cretaceous sediments, but few of their
representatives are of interest to stratigraphy. Their evolution is characterized by
slow rates and usually forms specialized species which are adapted to definite fa-
cies, most often carbonate or terrigenous-carbonate.

Most widespread are Natica, Pleurotomaria, Nerinea, Bathrotomaria, Purpuro-
idea, Ampullina, Conotomaria, Tylostoma and Ampullospira, which are tied to neri-
tic facies (Kilian, 1907-1913; HuMuTtposa, 1974).

Bivalvia are one of the most widespread groups during the Early Cretaceous,
with considerable systematic and morphological variety which competes with the
cephalopods. However, they have slower rates of evolution, most of them are ste-
notopic and they are adapted mainly to neritic environment. Only genus Nucula
occurs almost exclusively among the deep-sea Mediterranean sediments, whereas
Arca and Leda are found less frequently.

Cucullaea, Arcomytilus, Lithophaga, Pinna, Propeamussium, Camponectes,
Chlamys, Prohinnites, Himnites, Pholadomya, Gonyomya, Arctica, Glossus, Pronoel-
la, Veniella and Venicardia have considerable development. Plicatula occurs frequent-
ly among marl sediments.

Ostreidea are extremely developed: Ostrea, Exogyra and Alectryonia are fre-
quent forms among the Early Cretaceous neritic faunas. In a number of cases they
build entire calcareous packets (oyster banks), though they also occur among marl
sediments in the peripheral part of the sublittoral zone and very rarely in deep-sea
sediments.

Of the Bivalvia Family Trigonnidae flourished during the Early Cretaceous,
moreover including both Mediterranean and cosmopolitan forms. They rapidly
declined after the Cenomanian. Owing to its relatively faster evolution, this family
forms characteristic succesions of great stratigraphic significance (Gillet, 1965).
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In the northern province of the Mediterranean Region there occur species be-
longing to genus Aucellina, which are immigrants from the Boreal area.

Genus Aucellina, which is a dominant genus in the Bivalvia ensembles of the
Volga province, has a considerable distribution among the other Bivalvia in the Late
Aptian and Albian.

The representatives of genus /noceramus mark two evolutionary lines during
the Early Cretaceous: with radial ribs (1. sulcarus) and with concentric ornamenta-
tion (/. concentricus), and they are frequent forms among Albian sediments.

Particularly interesting is the evolution of suprafamily Hippuritacea (pachyo-
donts or rudists) which are a dominant group among the carbonate reef facies of the
Mediterranean Cretaceous. More than 100 rudistid genera are known, whose an-
cestor is the Late Jurassic genus Diceras.

The rudists outline four well differentiated successions- (D ouvillé, 1935;
Coogan,1969):

1. Neocomian rudists represented by the last diceratids, the first monopleurids
and early Requienia.

2. Barremian-Aptian (Urgonian) rudists whose association is formed by the
genera Requienia and Toucasia (predominating), Monopleura, Praecapring and
Offneria, as well as early representatives of Caprinidae and Radiolitidae.

3. Upper Aptian-Albian rudists (sometimes designated as Urgo-Aptian).
They are characterized by a number of species belonging to Toucasia, Polyconites
and Horiopleura, among which there are species from the earlier levels. The first
sharper increase in the populations of Radiolitidae is noted at this level.

4. Rudists are most widespread from the Cenomanian to the end of the Late
Cretaceous. Moreover, they form very clear successions of great stratigraphic sig-
nificance.

The Early Cretaceous evolution of the belemnites forms clear successions of
great stratigraphic significance (Kilian, 1907-1913; CtrosHoBa-Bep-
rujora,l964, 1970; Combemorel et al, 198I).

The first association taking shape in the Early Cretaceous (Bernasian-Valan-
ginian) is characterized by few belemnites, mainly from the genera Duvalia and
Hibolites.

The Hauterivian in the entire Mediterranean Region marks a clear cladogenesis
in the belemnite evolution with wide radiation of many species belonging to Hibo-
lites and Duvalia, single Curthohibolites and Conobelus, and rare Pseudobelus.

The Barremian is characterized by the mass development of Mesohibolites and
Curthohibolites. Hibolites and Duvalia continue their development. Immigrants
from the Volga province occur in the northern province of the Mediterranean
Region.

Mesohibolites are the predominant group among Early Aptian belemnites as
well, being diversified by the appearance of genus Neohibolites which determines
the character of the Upper Aptian and Albian belemnite faunas. Genus Parahibo-
lites appeared during the Late Albian and individual species from this genus conti-
nued during the earliest Cenomanian.

Ammonites are extremely varied in the Mediterranean Early Cretaceous. Their
evolution forms clear successions which permit most detailed division of the series.

The Berriasian is characterized by the wide adaptive radiation of Berriasellidae,
which are accompanied by Olcostephanidae, Lytoceratina and Phylloceratina. In
the northern province there are immigrants from the family Craspeditidae, coming
from the Volga province.

The Valanginian ammonite faunas are enriched by new families of Berriasel-
lidae (explosion in Neocomitinae), appearance of Oosterellidae and Olcostephani-
nae, diversification of Bochianitidae and early Ancyloceratinae.
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The Hauterivian marked a new stage in ammonite evolution with the mass
development of Ancyloceratidae (Crioceratites, Balecrites, Aspinoceras and Menu-
ticrioceras), flourishing of iate Neocomitinae (Lyticoceras, Neohoploceras, Acantho-
discus, Eleniceras, Karakaschiceras, Leopoldia and Suboostereila), early Desmo-
ceratidac (Ecdesmoceras, Subsaynclia and Valdedorsella), early Holcodiscidae (Spi-
tidiscus, Plesiospitidiscus snd ssiieridisens) and rare nmmigrants from the Volga
province (Endemoceras, Distoloceras, Speetonicerus, Dichotomites and Neocraspe-
dites).

The ammonite evolution at the beginning of the Barremian marks a ncw stage:
cxtensive ciadogenesis of Pulcheilidae, Hemichoplitidae and Desimoceratidae,
and mass explosion in the Barremitinae populations. Together with Phylloceratina
and various Lytucersting, they determine the appearance of the Barremian amino-
nite faunas.

Aptian ammonite faunas are outlined with the appearaice of new families:
Parahoplitidae and Cheloniceratidae, the disappearance or the strong reduction
of some phylla known during the Barremian (Hemiholitidae, Crioceratidae and
Pulchelliidae) and the diversification of Desmoceraceas (Aconeceratidae), accom-
panied by different Lyicceratina and Phylloceratina.

The Albian marks ihe penultii“aie peak in the Cretaceous ammonite evolution
(the last peak is at the beginning of the Cenomanian).

Albian ammonite faunas @z extremely varied. Together with Phylloceratina
and different Lytoceratina (mostly Tetragonitidaz and Turrilitidae), there also
appear Leymcriellidas, Douvillziceratidae, Hoplitidae, Brancoceratidae and Lyel-
liceratidae; Desmoceratidac (Pizosia, Bewdunticeras and Desmoceras) are exten-
sively developed.

Concluding this bricf survey on the dcvclopmcnl of the Early Cretaccous
marine OIgamsms, which does nst mciude vertebrates due to scanty finds, it is
necessary to emphasize tl.~ following: the modern ressarch approach requires a
complex analysis of the data which may be obtainsd itom alf fossil groups. In-
deed, the fast rates of ew.uuonand the tntensive cladogenesis of some organisms de-
termines their great significance for the chronology. However, chronology is not
the only task of stratigrapiiy.

The history of th2 invesiigation of the different fossil groups has shown
that some of tham, which ware naglected carlier, proved to be of great strati-
graphic significance in the widest sense of the term (e. g. nannofossils, calpionellids,
ostracods, dinoflagellates, algae, etc.).

3. PALAEOBIOGEOGRAPHY OF THE TARLY CRETACEOUS

3.1. Starting Principles

The geographic distribution of the organisms decnub on a number of factors
among which the climite is the most essential. There is a close connection between’
the geographic distribution and tie czological factors: currents, characier of the
bottom, bathymetry, sedimentation featurcs, presence or absence of barriers, re-
lationships with other crganisms, trophic relations, etc.

Migration is a characteristic feature of all organisms. Together with natality
and lethality, it is one of the most important clements determining the growth of
the populations and their density.

Oncc emerging in an area, every specics can migrate to other regions. This
depends on the concrete conditions and on the mobility, which is different for the
various groups of organisras. It is known that 70 per cent of the sea benthonic in-
vertebrates have pelagic (planktonic) larval stage of development, which guarantees
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to them a possibility for rapid and wide migration by means of the ocean currents.
This is why, many Early Cretaceous benthonic organisms (e. g. a number of gas-
tropods, bivalvs, echinids and Orbitolinidae) may be found {rom one end to the other
of the Mediterranean Region. Conscquently, the stratigraphic significance of the
species is determined not by the rate of their migration, which is considerable, but
by the rate of their evolution, which depends on many genetic and ecological fac-
tors.

3.2. Ammonite Provincialism duering the Early Cretaceous

Today it is considered an unanimous opinion that the biogeographic boundaries
of the different groups of organisms do not coincide. Moreover, the lower the rank
of the palaeobiogeographic category, the greater the differences in the boundaries
according to the various groups.

Therefore, we shall discuss only the ammonite distribution during the Early
Cretaceous, which traces the basic lines of Early Cretaceous palacobiogeography.
Naturally, it is possible to add to this many interesting data about the belemnites,
foraminifera and rudists, which introduce remarkable features in the panorama of
Early Cretaceous life in the Mediterranean Region.

The ammonite distribution at the begmnmg of the Early Cretaceous bears the
main features of the Tithonian ammonite provincialism. Together with this new fea-
tures are imposed, changing the configuration of the areas and especially of the pro-
vinces.

-
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Fig. 23. Faunistic provinces during the Late Jurassic and Early Cretaceous (after U h1i g, 1911)

] — Boreal Realm; Ja — Northern-Andean Province; 2—Mediterranean-Caucasian Realm: 2« — neritic marginal zone;
3 — Himalayan Realm; 3¢ — Ethiopian Subprovince; 3b -—- Maori Subprovince; 4—Japanese Province; 5§ — Southern-
Andean Realm

11 The Mediterranean Lower Cretaceous 161



Uhlig (1911) proposed the following division of the sea realms for the Late
Jurassic-Early Cretaceous (Fig. 23):

1. Boreal Realm, including also the Northern Andean Province.

2. Mediterranean-Caucasian Realm in which a northern ‘‘peripheral neritic
zone” is outlined.

3. Himalayan Realm with the following subprovinces: Himalayan, Ethiopian
and Maori.

4. Japanese Province.

5. Southern Andean Realm.

The new studies on the Early Cretaceous faunistic distribution, and especially
of ammonites, have changed Uh1lig s idea in many respects, although the out-
lines of some of his provinces are preserved. As Ar kel (1956) has pointed out,
the basic shortcoming in the reconstructions of Neumayr (1883) and Uhlig
(1911) is the lack of a clear historical approach. This approach, applied in more
modern research, demonstrates a developing palaeobiogeographic panorama. Tt
is diversified by the emergence of different geographic barriers which isolate the po-
pulations of the different regions, and, if these barriers are longer-lasting, they result
in a complex provincial differenttation. In such cases it may be assumed that the chan-
ges in the faunas are the result of evolution influenced by the geographic isolation.

An example in this respect may be the isolation of the Mangislak Basin by the
emergence of a land barrier to the east of the Caucasus. This barrier played
an important palaeobiogeographic role during the Early Cretaceous and contri-
buted to the development of specific faunas in Mangislak and Turkmenia, with many
endemic elements and immigrants from the Boreal Basin. Consequently, geogra-
phic isolation results in differentiation and formation of endemic faunistic associa-
tions.

The palaeobiogeographic environment develops also on the basis of the ammo-
nite distribution and it is possible to distinguish two main intervals: Berriasian-Barre-
mian and Aptian-Albian, with certain fluctuations within them.

The Barremian marks a natural boundary in the changing picture of the ammo-
nite distribution. Until the end of this Age the ammonite biogeography bears the
features of the model formed during the Late Jurassic, whereas essential changes
in the palaeobiogeographic panorama were imposed after the Barremian. These
changes are connected with substantial alterations in the distribution of the dry
land and shelf seas (Rawson, 1980). '

The beginning of the Early Cretaceous indicates bipolarity in the ammonite
distribution outlined during the Late Jurassic (Enay, 1972). The Tethys Ocean
occupied a median position in the Earth’'s hydrosphere, developing in subequatorial
direction between the two basic continental masses. To the north is the Boreal, to
the south — the Perigondwana Basin.

The development of the Perigondwana Basin as a palaeobiogeographic belt
(realm) is disputed by some authors, but it is supported not only and not so much
by the ammonite horology, as by the distribution of the Early Cretaceous belem-
nites (Stevens, 1973), bivalvs (Kauffman, 1973) and other groups of in-
vertebrates.

The Mediterranean Region occupies the central part of the Tethys Ocean,
starting from the southern part of the North Atlantic Ocean and continuing in the
east to the Caspian Sea.

A number of authors (e. g¢.c Wiedmann, [982b) expand the Mediterra-
nean Region through the Caribbean Basin in the southwest to Peru. The Berriasian
ammonite faunas of Peru, Central Argentina and Patagonia contain many endemic
genera, which is the base for the differentiation of a common Caribbean-Andean
arca with two provinces: Caribbean (Mexico, Cuba and probably California), where
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there are Tethys genera (Lytoceras, Phylloceras, Silesites and Desmoceras) and Bo-
real forms (Polyptychites and Simbirskites), and Andean (Peru, Argentina and Pa-
tagonia).

On the other hand, some authors (R a ws on, 1980) expanded Uhlig's Me-
diterranean-Caucasian area so as to-include the Himalayan Province as well. This

Fig. 24. Ammonite provinces in the Mediterranean Region during the Berriasian-Barrrremian

is not justified, because associations began to be imposed to the east of the Caspian
Sea and Iran, whose similarity coefficient with respect to the Mediterranean Re-
gion is between 55 and 70 per cent. This is why, U h1l1g’s Himalayan Realm has
the right to independence, evidently with the rank of an area in the Tethys. Thus,
the Mediterranean Region appears to be a relatively homogeneous palaecobiogecgraphic
area from the Berriasian to the Barremian inclusive, with the following pro-
vinces (Fig. 24):

1. Alpine Province. It is designated by this name in the present monograph
in order to avoid tautology with the name “Mediterranean Province” used by some
authors. This is the central province of the Mediterranean Region, comprising gros-
so modo the two branches of the Alpine orogenic belt from the Atlantic Ocean in
the west, including Northwestern and North Africa, the Iberian Peninsula, the Py-
renees, the southernmost part of France, the Alps, the Pannonian Massif, the Di-
narides, the Hellenides, the Southeastern Rhodopes, Turkey, to Iran in the east.

In this Province the ammonite faunas are very homogeneous, predominantly
of the deep-sea type, accompanied by extensive development of planktonic fora-
minifera, ¢alpionellids and radiolaria.

The Alpine Province comprised the deepest zones of the Mediterranean Region.

The Arab Subprovince (or region) is differentiated in the eastern part of the Al-
pine Province. It is characterized by the predominant development of continental
sediments during the Berriasian-Barremian and neritic deposits with many ende-
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mic species during the Aptian and Albian. The Subprovince comprises the lands
from the Middle East to the Persian Gulf.

2. The European-Caucasian Province spreads to the north of the Alpine pro-
vince. It is designated by Uhlig as ““‘peripheral neritic zone'', but this name is not ac-
curate. Some authors designate it as Submediterranean Province. It has Mediterra-
nean faunas, but with some Boreal immigrants which occur more in the Paris Basin,
Jura Mountains, in the northeastern part of Southeastern France, the southern
part of the Federal Republic of Germany, the Crimea and the Caucasus.
The Sumadia region, Eastern Serbia, the Carpathians and the Balkanides are in
the buffer zone between the Alpine and the European-Caucasian Provinces, and
although they are characterized by typical Mediterranean faunas, they also contain
rare Boreal immigrants. This is why, these territories should be considered as the
southernmost part of the European-Caucasian Province.

A common featurc for both provinces in the area is the development of Ur-
gonian sediments which represent a typical Mediterranean biofacies with rudists,
corals and large foraminifera.

3.2.1. Berriasian-Barremian Aminonite Horology in the Mediterranean Region

During the entire Early Cretaceous the ammonite faunas in the Mediterranean
Region were formed by Phylloceratina, Lytoceratina and Ammonitina. Moreover,
Phylloceratina and Lytoccratina are typically Tethys inhabitants, although they
sometimes reached Greenland with considerable populations.

The distribution of Ammeonitina provides especially important data about the
ammonite provincialism. The heteromorph ancyloceratids are an interesting group.
Their fast evolution starting during the Tithonian resulted in colonization of all
Early Cretaceous basins in the area. Moreover, these ammonites are well repre-
sented in the Boreal Belt as well, where they sometimes replace the ammonites with
normally curved shell.

Perisphinctaceae are most widespread among Ammonitina, coming with large
phylla from the Late Jurassic. Together with them, different Hoplitaceae whose
earliest representatives (Eodesmoceratidae) appeared during the Valanginian, began
to be imposed gradually but convincingly.

The Berriasian ammonite faunas in the area are characterized by the wide adap-
tive radiation of Berriasellidae and Olcostephanidae (Spiticeratinae). Their repre-
sentatives are dominant in the ammonite associations in the two provinces of the
area. The abundance of the genera Berriasella, Fauriella, Jabronella, Tirnovella,
Malbosiceras, Neocosmoceras, Dalimasiceras and Spiticeras becomes apperent.
Generally speaking, Berriasian ammonite faunas have a rather homogeneous com-
position in the entire area. Some particular specificities in their horology are im-
posed mainly by the influence of local factors, above all by the bathymetric differen-
tiation in the basin and./or by the influence of the sedimentation environments.
A characteristic example in this respect is the distribution of Pomeliceras (Pomeli-
ceras) and some large Spiticeras which are particularly widespread in neritic bio-
topes with terrigenous-calcarcous sedimentation, unlike Pomeliceras (Mazenoti-
ceras) whose representatives occur mainly in pelagic biotopes.

During the Berriasian the Crimean-Caucasian Basins were well connected with
the Volga Basin from where Boreal genera such as Riasanites and Surites penetrat-
ed. And whereas Riagsanites 1s a branch of the Mediterranea berriasellids, which
flourished in the Boreal Belt, Surites is of purely Boreal origin. Another berriasellid
ammonite — Euthvmiceras — migrated from the Mediterranean Region into the
Boreal Basin. The typical endemic genus Tauricoceras is also developed in the Cri-
mean-Caucasian Region,
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Immigrants from other provinces occur in the region, e. g. Spiticeras and Hi-
malayites from the Himalayan Province, Pseudargentiniceras, Corongoceras and
Parapallasiceras from the Andean Province, etc.

A number of Mediterranean berriasellid species (Berriasella, Fauriella, Jabro-
nella, Neocosmoceras and Dalmasiceras) are also known from the Himalayas, Ma-
dagascar, Central and South America. Malbosiceras and Tirnovella have been found
in Madagascar as well.

Pomeliceras, Mazenoticeras, Delphinella and Subalpinites are endemic Medi-
terranean species.

Leptoceras and Bochianites are developed among the heteromorphs (in both
provinces), while Protancyioceras occur only in the Alpine Province (Tunisia and
Southeastern France).

Valanginian Mediterranean faunas contmue to be characterized by berria-
sellids, accompanied by Olcostephanidae, Phylloceratina and Lytoceratina.

The representatives of Thurmanniceras, Kilianella, Neocomites, Sarasinella,
Busnardoites and Lupovella determine the appearance ofsthe Valanginian faunas
in the area. In addition to them, various olcostephanids become prominent, espe-
cially Olcostephanus, which had two explosive propagations during the Valangi-
nian, clearly marked in France, Jura Mountains and FRG (Kemper et al,
1981). Saynoceras occur in the Mediterranean Region, in FRG and Mexico, Va-
langinites — in Bulgaria and Southeastern France, Dobrodgeiceras — in Bulgaria,
Southeastern France and Peru.

Heteromorphs have a more limited distribution during the Valanginian. Hi-
mantoceras is known I Southeastern France and Bulgaria; Bochianites is most
widespread and its individual specimens have reached Eastern Greenland in the
north (R a w s on, 1980).

Extensive migration of Boreal ammonites into the Mediterranean Region took
place during the Valanginian. They occur more frequently in the European-Cau-
casian Province (R a wson, 1980), though some of them penetrate also consi-
derably further south into the Alpine Province. Great invasion of Boreal species
took place in the northeastern part of Southeastern France and 'Tura Mountains,
on the one hand, and the Crimean-Caucasian Region, on the other. Delphinites,
Paquiericeras, Julianites, Paratollia, Polyptychites, Prodichotomites, Dichotomites,
Neocraspedites, Simbirskites and Craspedites are discovered in Southeastern France
(Thieuloy, 1977). Polyptychites, Dichotomites and Neocraspedites occur in
the Crimea and the Caucasus.

(Of particular interest is the spreading of Platylenticeras which is considered by
many authors to be a Tethys branch settled and flourishing in the Boreal Belt. There
are some species belonging 1o this genus which reached Algeria via Southeastern
France and Spain. Dicostelli, which is of Boreal origin, is well developed in South-
eastern France. Different Neocomitinae migrated from the Mediterranean Region
to the north into the southern provinces of the Boreal Belt. Consequently, closer
contacts existed during the Valanginian between the Boreal and Mediterranean
Basins, which facilitated the migration of the launas. There wasnot only consider-
able invasion of Boreal ammonites into the Mediterranean Region, but the oppo-
site process as well, i. e. penetration of Mediterranean taxa into the Boreal Pro-
vinces.

Similar contacts existed with neighbouring provinces in the Tethys Belt as well
(Himalayan, Malgasian and Andean). Thus, the relatively sharp palaeobiogeogra-
phic boundaries observed during the Berriasian disappeared during the Valangi-
nian, giving way to more gradual transilions.

The Hauterivian ammonite faunas in the Mediterranean Region include va-
ried heteromorph genera (Crioceratites, Balearites, Pseudothurmannia, Aspinoceras,
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Aegocrioceras and Menuticrioceras), late Neocomitinac (Neohoploceras, Acan-
thodiscys, Lyticoceras, Eleniceras, Karakaschiceras, Leopoldia and Suboos-
terella), early Desmoceratidac (Fodesmoceras, Subsaynella and Valdedorsella),
early Holcodiscidae (Spitidiscus, Plesiospitidiscus and Valdedorsella), Osterellidae
and Olcostephanidae. These genera are represented by many species in both provin-
ces of the area. In the Alpine Province there are some endemic taxa (Breitsiroffe-
rella).

A strong Boreal influence continued to be felt during the Hauterivian in the
northern European-Caucasian Province, this influence being particularly pronoun-
ced in the Crimea and in North Caucasus. Boreal genera were widespread in the North-
Caucasian Hauterivian Basin, among which Spectoniceras, Simbirskites and Cras-
pedodiscus reached mass flourishing which guaranteed a dominating position for
them with respect to numbers and variety over the Mediterranean species ([ p y-
muy, Kynpssnes, 1960).

Some genera, e. g. Lyticoceras, Endemoceras, Distoloceras and Acanthodiscus,.
which are of Mediterranean genealogy, are widespread in the northern province
of the Mediterranean Region and in the southern provinces (Northwest-European
and Volga Provinces) of the Boreal Belt. Some of them even manifest considerable
cladogenesis in the Borea! Basins (Endemoceras and Acanthodiscus).

Strong affinities exist with the Malgasian and Andean Provinces. For example,
heteromorphs are very well represented in Madagascar and Argentina, which in-
dicates the period of their greatest expansion in the Tethys, coinciding with the mid-
dle of the Hauterivian.

Barremian ammonite faunas in the Mediterranean are of a more homogeneous
character, and it is difficult to distinguish the two provinces from the previous ages.
Moreover, the Boreal invasions are felt only in Northern Caucasus and partially
in the Crimea. The character of Barremian ammonite faunas is determined by the
almost general distribution of late Crioceratites, Acrioceras, Paracrioceras, Pseudo-
thurmannia, Hamulina, Anahamulina, Hemicrioceratites, Leptoceratoides, Toxo-
ceratoides, Audouliceras, Heteroceras, Hemihoplites and Matheronites, as well as
varied Barremitinae, Torcapella, Holcodiscus, Spitidiscus, Astieridiscus, Silesites,
Pseudosaynella, Heinzia, Nicklesia, Pulchellia, Subpulchellia and Abritusites.

The variety among Barremian ammonites is considerably greater than during
the previous two Ages. It is comparable only to the Berriasian, but even in compa-
rison with this age during the Barremian there was a considerably greater generic
differentiation, especially among heteromorphs.

There are grounds for assuming (K oteTum s u 1 u, 1978) that bathymet-
ric factors and the character of the sedimentation environments had a strong in-
fluence on the distribution and diversity of the Barremian ammonites (and not only
Barremian), though this is most marked among them.

Characteristic Barremian ammonites, such as Colchidites, Emerites and Eri-
stavig, emerged in the Transcaucasian basins of Georgia, spreading from there to
the entire Mediterranean Region. In addition to Georgia, these ammonites are par-
ticularly abundant in Northeastern Bulgaria, Romania and Southeastern France.

Barremites, Pulchellia, Nicklesia, Holcodiscus, Silesites and Hemihoplites stand
out among Barremian ammonites with their extensive distribution. Most of these
genera are known from Japan, throughout the entire Tethys Region to Central and
South America, but they avoided Boreal waters.

Boreal immigrants: Simbirskites, Speetoniceras and Craspedodiscus, are found
in the northern part of the Mediterranean Region (mainly in the Crimea and North-
ern Caucasus). -

Generally speaking, the distribution of Barremian ammonites in the Medi-
terranean Region manifests a decrease in generic diversity from south to north,
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so that in the northernmost part of the European-Caucasian Province therc are
more heteromorphs, whereas ammonites with normally curved shell are very rare.
According to data reported by Ra wson (1980), approximately 50 per cent of
the Barremian ammonite genera in Southern Europe are heteromorphs, in North-
western Europe — 75 per cent, in Arctic Canada — 83 per cent.

Soviet biostratigraphers in the Crimea and in the Caucasus have found ex-
tremely rich faunas of Mediterranean type, but with many Boreal genera (Riasani-
tes, Simbirskites, Speetoniceras and Craspedodiscus), as well as endemic species,
€. g. Tauwricoceras (filiation of Riasanites), Auritina and Epacrioceras, the Central
Asian Turkmeniceras and Transcaspiites, etc.

Kotetisvilt (KorteTtuwsunu, 1982) has made a very detailed
analysis of the Caucasian ammonite spectra, but it is surprising that in her conclu-
sions she has included the Caucasus in the so-calied Eastern Mediterranean Sub-
region (for the Valanginian and Hauterivian). K oteti § vili has demonstrat-
ed that the similarity coefficient within the Caucasian Basin (Northern Caucasus
and the Transcaucasian Region) is 77-100 per cent. In this case, however, the sta-
tistical evidence 1s not only and not so much important, as the essential dynamic
specificities in the ammonite populations of the Caucasian Lower Cretaceous, which
was formed in a basin — part of the Tethys, but open through Caspia to the Bo-
real Basin.

3.2.2. Aptian-Albian Ammonite Horelogy in the Mediterranean Region

Since the beginning of the Aptian, ammonite distribution manifested considerably
greater homogeneity, without intraprovincial differentiation in the region until
the Middle Albian. In this interval (Aptian-Early Albian) the Mediterranean
Region was well outlined mainly by the development of reef facies with corals, ru-
dists and benthonic foraminifera. With respect to ammonites, however, there is no
boundary — even as a wide transitional zone — between the southern part of the
Boreal Belt and the Mediterranean Region.

R awson (1980) has pointed out that Deshayesites — one of the most cha-
racteristic Early Aptian ammonite genera — is found throughout the entire Medi-
terranean Region, as well as in the Boreal Belt from PeCora to Eastern Greenland
and the Arctic, whereas Tropaeum — a heteromorph genus which occurs more
rarely in the Mediterranean Region — moved northwards to Spitzbergen and Arctic
Canada.

The two main ammonite families — Parahoplitidae and Cheloniceratidae —
which form the appearance of the Aptian ammonite faunas, are common to the Bo-
real and Tethys Belts. The differences between these two belts are seen at generic
level, moreover with respect to such genera as Toxoceratoides, Pictetia and Uhli-
gella, which are known mainly from the Mediterranean Region (Europe and Afri-
ca). It is necessary to add to them also Prodeshayesites, Megaiyloceras and Rolo-
boceras, which are known only in Europe and the Transcaucasian Region.

The generic composition of the Aptian ammonite faunas in the Mediterranean
Region is richer compared with the Barremian, though with considerably fewer ende-
mic genera. Most of the taxa from the generic group are common with adjacent
provinces of the Tethys and the Boreal Belt.- The Mediterranean Region is indivi-
dualized by the spreading of some endemic species and mainly by the development
of reef facies.

The Aptian model in ammonite chorology is preserved along general lines du-
ring the Early Albian as well.

The Middle Albian marked the beginning of a new and essentially different
ammonite differentiation, which continued during the Late Cretaceous as well

167



(Rawson, 1980). The boundary between the Tethys and the Boreal Realms is very
smooth and a number of Boreal species penetrated in the south. This sharp change
in the palaeobiogeographic picture is the result of the Austrian folding in the Medi-
terranean Region and the subsequent great Middle Cretaceous (Albian-Cenoma-
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Fig. 25. Ammonite provinces in the Mazditerranean Region during the Albian

nian) transgression. Ammonite faunas disperse widely and therefore the palaeobio-
geographic provinces and regions lose their character of subequatorially oriented
belts. This is particularly valid of the wide European Province (Hoplitinid faunal
Province — O wen, 1973), which is cdefined by the predominant development
of Hoplitinae. This province comprises the Anglo-Paris Basin and the entire Eu-
ropean-Caucasian Province from the Berriasian-Barremian (Fig. 25).

The Atlas-Apennine Province stretches to the south of the European Province.
It is characterized by the presence of many Gondwana species (Knemiceras, For-
besiceras, Flickia, Manuaniceras, etc.). This province comprises the Middle East
as well (Arabian Subprovince).

There seems to be no justification for differentiating the Crimean-Caucasian
Basins into an independent province during the Albian, as assumed by K oteti-
§vili (KoTteTwwsuuwu 1982). Fromthe works of Rengarten (Pesn-
rapTteHd, 1951), Eristavi (@puctaswu, 1960), Drus§cic and Mi-
hajlova (Apywuu, Mnxafnmaosa, 1966) it is known that there are re-
latively few ammonites among the Albiani sediments in this region, but the main
Albian genera occur, including Hoplitinae, although they are more scarce. Thus,
the Crimean-Caucasian Albian Basins should be assumed to be a subprovince, i. e.
a transition from the European to the Mangislak-Turkmenian Province which is
characterized by many endemic genera (Vnigriceras, Bellidiscus, Anadesmoceras,
Karamaiceras and Gasdaganites).
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A similar endemism in the Albian ammonites is found on the western coast
of Africa and in Brasil (Elobiceras, Neokentroceras, etc.) (R awson, 1980).

3.2.3. Main Factors of the Ammonite Ecology ¥

Since ammonites are a predominantly nektonic group, many researchers assume
even now that they do not depend on the facies. Indeed, most ammonites are rela-
tively independent of the facies, but as shown by the studies of Scott (1940),
Ziegler (1967) and others, many ecological factors control the distribution and
the way of life of ammonites. Their wide adaptive radiation has resulted in great
systematic and morphological variety, though definite morphological types mani-
fest affinity to concrete biotopes. This demonstrates the influence of the ecological
factors.

1. Depth. Such important factors as light, pressure, temperature and nutrient
resources are connected with the depth. Usually the smooth involute forms, e. g.
Phylloceras, Silesites, Subsaynella, etc., are capable of considerable vertical move-
ments, therefore they can be found in both neritic and pelagic sediments. How-
ever, some groups, such as the large Ancyloceratina, large Deshayesitidae, Douvil-
leiceras, etc., do not transcend the boundaries of the neritic zone.

Bathymetric control does not influence essentially the ammonite differentia-
tion, but in combination with other factors it affects ammonite distribution. This
may explain the difference in the ammonite spectra in the Barremian of North-
castern and Northwestern Bulgaria. A neritic biotope with clayey-calcareous bot-
tom and extremely rich trophic resources is developed in Northeastern Bulgaria.
This is the reason for the exceptional flourishing of ammonite faunas, including lar-
ge vagile-benthos forms. Such a biotope also exists in Southeastern France, in Mon-
tagne de Lure, as well as in Ardéche, the Crimea and Georgia, where the ammo-
nite association is the same, whereas bathyal biotopes with sludge bottom
and more scanty food resources are developed in Northwestern Bulgaria and in the
Yocontian trough.

It should be pointed out that ammonites occur most frequently in the neritic
zone at a depth exceeding 40 m, and in pelagic sediments mainly from the bathyal
zone. In the Mediterranean Region no ammonites have been found in abyssal sedi-
ments, which is probably connected with the influence of the calcium carbonate
compensation,

2. Temperature. It is a basic factor for the ammonite differentiation. Different
definitions of p %0 indicate an average of 20-22°C for the European-Caucasian Pro-
vince, and 27.7-28.1°C for the Alpine Province (according to data from Albian be-
lemnite rostrums from the High Alps) (Bowen, 1961; Teis et al., 1975). Irres-
pective of the temperature maximum during the Albian Age, which is doubtful,
the Early Cretaceous was always with a warm climate. Islands in the Alpine Pro-
vince were with markedly humid climate, an indication for which is the formation
of a number of bauxite deposits.

Temperature influenced the variety of the faunas, which decreased from south
to north. The amounts of limestones also decreased in the same direction.

3. Character of the sea bottom and degree of activity of the water. To a consi-
derable extent these factors have a determining influence on ammonite morphology.
Among terrigenous or shallow-sea carbonate sediments formed in a high-energy
environment, ammonites are usually with coarse ribbing, being in most cases with
depressed cross-section. An interesting example in this respect is the Berriasian ge-
nus Pomeliceras whose nominate subgenus, inhabiting sublittoral biotopes with ter-
rigenous sediments, has a coarse morphology but with depressed section, whereas
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subgenus Mazefoniceras, inhabiting deeper-sea biotopes with ooze bottom, has
lighter ribbing and compressed cross-section.

‘ Moreover, the stability of the environment has a positive effect on the popu-
lation density. This is why, the variety of ammonites is greater considerably in the
open parts of the seas than in the coastal shelf zones.

4. Barriers. These may be different island arches or oceanic currents which
hamper migration and which may result in isolation of the populations. Probably
the separation of the Alpine Province from the European-Caucasian one in some
regions was influenced by the combination of island arches with a strong oceanic
current.

The Mediterranean elements among the Valanginian ammonites in Eastern
Greenland are assumed to be due to an early Gulf Stream.

5. Salinity. Tt is difficult to determine accurately the influence of this
factor, but ammonite finds show that they are typically stenohaline forms and occur
only among marine sediments.

6. Lithofacies. Ammonites have a definite tolerance limit with respect to litho-
facies. Therefore, they manifest marked affinities to some types of sediments:
claystones, marls, clayey limestones, sublithographic and micritic limestones, glau-
conitic clayey and sandy sediments. Ammonite finds are extremely rare among
pure, washed sandstones, whereas recfs are an alien environment for them. Pyri-
tized ammonites, usually minimal in size, are often widespread in clayey-calcareous
sediments. This is connected with the low oxygen content in some depressed sec-
tions of the basin and with the increased H,S amount.

7. Biofacies. Ammonites may be associated with various other organisms:
foraminifera, radiolaria, calpionellids, brachiopods, echinids, a number of bivalvs
(without rudists and ostreids) and rare gastropods. The character and the confi-
guration of their biotopes may also be different and they are influenced not only
by the indicated factors, but also by competition with related and/or ecologically
similar species in the biocoenoses.

3.3. Some Main 'Early Cretaceous Biotopes

The Early Cretaceous biotopes in the Mediterranean Region are extremely varied.
Depending on the character of the bottom, the type of food and the means for ob-
taining it, on the way of life, on the degree of vagility, on the specificities in the mul-
tiplication and the relationships with other groups, the organisms in a biocoenosis
are usually represented by different adaptive types which occupy separate sections
within a biotope.

Since it is not possible to examine Mediterranean biotopes in detail, here we
shall discuss briefly only some basic Early Cretaceous biotopes in Bulgaria, which
are very representative ecologically.

The Early Cretaceous sea basin in Bulgaria manifests progressive bathymetric
differentiation. Thick Berriasian flysch sediments are developed in the Fore-Bal-
kan Depression, most numerous among which being the ammonites in the sandy
flysch (Ammonitina, Lytoceratina and Phylloceratina), rare belemnites and bivalvs.
In the northern strip of the Fore-Balkan the biocoenoses are diversified with the ex-
tensive participation of calpionellids, as well as foraminifera and radiolaria.

Two main facies of the Berriasian are known to the northwest of the Jablanica
line: (1) Neritic biomorphic, biodetritic and algal limestones from the carbonate
platform of the Brestnica Formation, among which there are a number of gastro-
pods, bivalvs and brachiopods (biotopg of the carbonate platform). This type of
biotopes is very widespread in the Mediterranean Region: (2) Pelagic limestones
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with many representatives of Ammonitina and Phylloceratina (biotope with clayey-
calcareous ooze bottom).

Neritic biotopes with different combination of bivalvs, gastropods, brachio-
pods, echinids, corals, serpulae, algae and benthonic foraminifera were developed
in the Moesian Platform from the Berriasian to the Early Hauterivian.

Pelagic limestones are the richest in macro- and microfauna (biotope with chayey-
calcareous ooze bottom). This type is also widespread in the Mediterranean Region.

The configuration and the character of Valanginian biotopes are very similar
to the Berriasian ones. The sandy flysch zone (biotope with clayey-calcareous bot-
tom) began to widen gradually in the Fore-Balkan. Among the ammonites the Am-
monitina representatives are exceptionally widespread, ‘whereas Phylloceratina
and Lytoceratina have a considerably more limited distribution compared with
the Berriasian.

Among the neritic Valanginian biotopes there are bivalvs: Camptonectes, Cu-
cullaea, Prohinnites and Hinnites; gastropods: Nerinea and Natica, many serpulae,
which build in some places entire limestone beds. Benthonic foraminifera are rare.

Four main Hauterivian biotopes are established : (1) bathyal biotope with clayey-
calcareous bottom in the Fore-Balkan, inhabited by Ammonitina and Lytocera-
tina, concurrent belemnites and rare bivalvs; (2) neritic biotope with clayey-calca-
reous ooze bottom in Northeastern and Central North Bulgaria, inhabited by ex-
tremely rich ammonite and belemnite faunas, characteristic brachiopods and
foraminifera, concurrent bivalvs and rare echinids; (3) bathyal biotope with
ooze (marly) bottom in Northwestern Bulgaria, inhabited mainly by ammonites
and concurrent belemnites. Here ammonites are much more varied compared with
the other biotopes and especially compared with the first biotope; (4) transitional
biotope between the neritic and the bathyal biotope. It is characterized by unstable
conditions. The biotope is inhabited by different Ancyloceratidae, late Neocomi-
tinae, some Hibolites and Duvalia, as well as bivalvs (Arcomytilus, Camptonectes
and Chlamys), gastropods (Pleurotomaria, Purpuroides and Ampullina), brachio-
pods and benthonic foraminifera.

The development of the Barremian ecosystems manifests considerable differen-
ces between the Early and Late Barremian in the Fore-Balkan, whereas stable bio-
topes were developed throughout the entire Stage in the Moesian Platform.

The Early Barremian biotopes in the Central and Eastern Fore-Balkan are with
clayey-sandy bottom, and they are inhabited by a number of ammonites (Costi-
discus, Crioceratites, Acrioceras, Paraspinoceras, Leptoceratidae, various Barremi-
tinae, Pseudothurmannia, Holcodiacidae, Anahamulina, Hamulina, etc.) and com-
paratively rare belemnites.

Biotopes were formed on carbonate platforms (Urgonian facies) during the Late
Barremian, inhabited by rudists, various other bivalvs, gastropods, corals, echinids,
brachiopods, Orbitolinidae, as well as other benthonic foraminifera and algae. Va-
rious microbiotopes with specific population and different density were formed
within the Urgonian biotopes.

Three basic biotopes are outlined in the Moesian Platform: (1) Southern bio-
tope with ooze (marly) bottom with extremely many belemnites (mainly Mesohi-
bolites) and ammonites; (2) Middle biotope with ooze (clayey-calcareous) bottom,
inhabited mainly by ammonites. This is biotope of the outer shelf, which is the rich-
est in ammonites, including large forms. There are concurrent belemnites, rare
brachiopods, echinids and bivalvs. Benthonic foraminifera are also found; (3) Bio-
tope with calcareous bottom, inhabited by sublittoral benthos bivalvs, gastropods,
concurrent echinids and rare corals. This biotope is well outlined in Northeastern
Bulgaria (Ruse Formation.) The biotope of the Urgonian in Provence (France) is
of the same type,
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Bathyal biotope with clayey-calcareous (marly) bottom, inhabited mainly by
ammonites, is developed in Western Bulgaria,

Aptian biotopes are extremely varied and they changed in the course of that
Age. The Urgonian and the Paraurgonian biotopes with their characteristic bio-
coenoses are clearly outlined in the Fore-Balkan. These biotopes are typical for high-
energy environment and they are rather unstable in space. This often led to the eli-
mination of the Urgonian character of the different microbiotopes and the forma-
tion of niches with ooze bottom over brief periods. Some ammonites — migrants
from other biotopes — were developed in such niches.

In Northeastern Bulgaria Aptian biotopes inherited the basic physical proper-
ties of the Barremian biotopes. A purely Urgonian biotope developed along the
Danube. ‘

Biotopes of a typical Paraurgonian character were formed in the Iskdr Depres-
sion and in the Dragoman region, inhabited by many Orbitolinidae and other benthos
foraminifera, bivalvs, gastropods, corals, echinids and rare ammonite migrants.

A biotope with ooze bottom is developed in the Moesian Platform to the west
of Jantra, inhabited mainly by varied ammonites, characteristic belemnites and rare
bivalvs.

Until recently the Albian in Bulgaria was considered to be rather homogeneous
facially. However, the analysis of the litho- and biofacies has demonstrated a hither-
to unknown variety. A marly background prevails generally, against which several
specific biotopes are outlined: (1) Biotope with ooze bottom which is most wide-
spread and is of bathyal type (Lom Depression); (2) Biotope with clayey-sandy
bottom; (3) Biotope with glauconite-sandy bottom with phosphorites. The richest
faunas are in the first and in the third biotopes. The taphonomic features of the fos-
sil occurrences and the development of phosphorites in the third biotope suggest
a possible effect of upwelling.

The analysis of the main Early Cretaceous biotopes in Bulgaria indicates de-
veloping palaeoecological environments. Rare Boreal features began to be imposed
over the typical Mediterranean picture, gradually intensifying after the Barre-
mian Age.

To the examined basic Early Cretaceous biotopes in Bulgaria it is also neces-
saFy to add the deep-sea (pelagic) biotopes with extensive development of radiola-
ria. They are widespread in the axial part of the Mediterranean Region and are often
associated with ophiolites. The submarine volcanic phenomena and the palaeo-
hydrothermal phenomena stimulated the development of radiolaria and Si-spongia.
Of particular interest is the combination of silicites (radiolarites and spongolites)
with manganese oxides, which was found for the first time in the Aptian sediments
of Northeastern Bulgaria (I' o p a 1 0 B, 1965). Similar phenomena have been de-
scribed later in other regions of the Mediterranean area (Le moine et al., 1982).
Real submarine oases are connected with such palaeohvdrotherms known both
in deep-sea and in shelf biotopes.

VL. MAIN FEATURES IN THE GEOLOGICAL DEVELOPMENT
OF THE MEDITERRANEAN REGION DURING THE EARLY CRETACEOUS

1. PATTERNS OF THE PALAEOGEOGRAPHIC ENVIRONMENTS

In a general historical-geological plan the Early Cretaceous in the Mediterranean
region seems a relatively calm Epoch. Among the global Mesozoic marine cycles
it is included between the Late Jurassic regression and the Cenomanian transgres-
sion (A ger, 1981).
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During the Early Cretaceous the Mediterraneen seemed to be ““taking its breath’
after the Late Kimmerian activation. This general picture,widely discussed in general
monographs on the Phanerozoic development of the Alpian-Himalayan Belt, con-
ceals essential features in this development.

1.1. Evolution of the Continents
and of the Continental Margins

The Early Cretaceous sea basins in the Mediterranean Region are within the scope
of the Tethys Ocean. It is linear in shape, with subequatorial direction, but with
elaborate arc-shaped bends and a number of intermediary massifs (continental frag-
ments).

The two supercontinents — Gondwana and Laurasia — determined the spa-
tial configuration of the Tethys. The Mediterranean Region developed in the space
between the African-Arab and the Eurasian Platforms.

Vast areas in Africa represent dry lands with continental deposits — Sahara
“continental intercalaire” (continental alternations) and the Numidian Sandstones,
among which there are evaporites and remains of silicified trees and vertebrates.

In Eurasia the continental formations also occupy vast territories from Angara,
the Russian Platform and Western Europe, where Purbeckian-Wealdian sediments
developed. “

The Early Cretaceous migration of reptiles started from Angarida, where the
first Cretaceous Sauropoda and Iguanodons emerged. From there they rapidly mig-
rated to Southern Asia, Africa, Europe and North America (Termier, Ter-
mier, 1960).

The peripheral parts of the continents were entrained within the limits of the
Mediterranean geosyncline and several fragments were separated from them, build-
ing the Apulian, Iberian, Carno-Pannonian and Aegean Platforms (Dewey et
al., 1973; Biju-Duval et al, 1976). '

The riftogenesis which started in the Central Atlantic during the Jurassic Pe-
riod became stronger during the Early Cretaceous, expanding to the north and south.

Within the Mediterranean Region itself there were also similar phenomena in
the Alps and on the Balkan Peninsula, where conflicting interactions are disco-
vered between the Rhodope Massif, the Kraistides, Balkanides, Carpathians and Di-
narides (Bon<cev, 1977, Laubscher, Bernoulli, 1977, YEkcCoO B,
1981). '

The beginning of the Early Cretaceous is marked by epicontinental transgres-
sion which is considerably more extensive than the Jurassic one, leaving only iso-
jated insular dry land.

1.1.1. Regional Patterns in the Development of the Continental Margins

The continental margins of the Mediterranean Region during the Early Cretaceous
were of Atlantic type (passive). There is a shallow-water terrace almost everywhere
between the shore and the continental slope. The neritic sediments of the shelf zone
are most widespread. Thick complexes are formed within the continental slope in
many areas (North Africa, Betic Cordilleras, Pyrenees, Alps, Carpathians, Balka-
nides, the Caucasus and the Dinarides).

“Two basins were formed at the beginning of the Early Cretaceous in North-
western Africa: Atlas Basin (Agadir-Essaouira) in Central Morocco and Reef Basin
in the northern part of that country. In both basins, as well as in other parts of the
Western Mediterranean, at the boundary between the Jurassic and the Cretaceous
there was a sharp change in the character of the sedimentation and a rapid transi-
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tion from platform carbonates to the formation of thick clayey-calcareous sediments.
The transgression gradually expanded from the north-northwest to the south-south-
cast, so as to comprise the High Moroccan Atlas during the Barremian and the
Aptian. The Tarfaya Basin was formed in the south during the Late Aptian.
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Fig. 26. Generalized palacogeographic sketch of the Lower Cretaceous in Algeria (after Delfaud
in Pomerol, 1975)

1 — islands; 2 — massive continentul sandstones: 3 -- sandy clavstones (Ycontinental intercalaire™); 4 —- evaporitic sand-
stones (Sahara type); 5— zones in deltaic sediments: 6 — sandy limestones; 7 —Urgonian limestones; § — clayev lime-
stones (basin lacies): 9— microbreccia (facics of mobile zones); 10- culearcous chains (chaine caleaire); 17 — flysch trough:
12 — direction of the transport

The Late Kimmerian movements stopped towards the end of the Berriasian
when the carbonate platforms were finally destroyed. A thick flysch complex was
formed in the northernmost part of the Reef.

Pelagic limestones, marls, green or red argillites are formed in the continental
base of Northwestern Africa, intercalated by basalts in their lower part and covered
predominantly by alternation of aleuritic marls and limestones with frequent mani-
festations of bioturbations. The exiensive development of black clayey shales be-
came gradually imposed.

The Lower Cretaceous sediments from the Moroccan basins, formed in the shelf
or in the upper part of the continental slope, gradually acquired a deeper-marine cha-
racter to the west-northwest. The Jurassic-Berriasian -carbonates were replaced
by thick flysch sediments developed in Morocco and in the continental margin.
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The uplift of the Atlas was accompanied by intensive depression of its foreland,
which is compensated by a thick complex of shelf sediments including thick deltaic
deposits as well (Fig. 26).

The discovery of black clayey shales in the Barremian-Cenomanian interval
indicates the beginning of a characteristic Early and Middle Cretaceous oxygen de-
pletion in some deep-water zones and the formation of oxygen-free environments.

Condensation is a characteristic phenomenon in the Moroccan' Aptian-Albian
sections (Bergner etal, 1982), being also observed in other parts of the Medi-
terranean Region (Iberian Peninsula, the Alps, the Carpathians, the Balkanides and
the Crimea). In palaeogeographic plan these condensed sections are connected with
the upper part of the continental slope or with the middle part of the shelf.

A wide shelf zone developed in the High Plateaux with thick terrigenous-car-
bonate complexes in the continental margin of North Africa (Algeria and Tunisia):
Bathyal environments predominate in the Tellian - Atlas, with local shallowing in
the northern part after the Late Barremian and formation of Urgonian facies con-
nected with them. ,

A zone becomes apparent in the north (Coastal Reef Cabiles and Calabri-
des) in which the Lower Cretaceous is entirely connected with flysch sediments.

A transition from-the continental and shelf sediments of the Lower Cretaceous
in Portugal to the deeper-sea deposits in the southern part of the North Atlantic
is observed in the western continental margin of the Iberian Peninsula. The data
about the Lower Cretaceous in Borechole 398D manifest intensive depression. The
comparative analysis of the development of the series from Portugal to the conti-
nental margin demonstrates strongly divided relief and gradual deepeningin west-
ern and northwestern direction (Rey, 1972; Graciansky et al, 1979).
Only the black Albian claystones reach a thickness of 400 m (DSDP — 389D),
forming an almost uninterrupted sedimentation cover which fills all depressions.
Itisassumed (Graciansky etal, [979) that the black Albian claystones were
formed below the level of CaCO,; compensation.

In the north, in the Cantabrian margin of Spain, there are three zones from
northeast to northwest: the intercontinental basin of Soria, the marginal Cantab-
rian Basin with extremely thick Wealdian sediments, and the marine basin of the
Bay of Biscay with pelagic sediments in the central part. Three stages are distingu-
ished in the development of this margin: 1) Oxfordian-Early Aptian, in which the
sedimentation compensates the depression, but with predominantly continental se-
diments; (2) Urgonian (Aptian-Middle Albian) in which a permanent bay (Gas-
conian) with development of Urgonian carbonates is found; (3) Late Albian-Eo-
cene, in which exclusively flysch sediments are formed (R at, 1982).

In the southwestern margin of the Iberian Peninsula, between the Betic Cor-
dilleras and the internal zone of the Magrebids, there is the Subbetic Depression —
a typical miogeosynclinal trough comprising both the Balearic Islands and Sardi-
nia, with predominantly pelagic sediments. Neritic and continental sediments, of-
ten with typically marine ingressions in grabens, develop to the northwest. Active
riftogenesis appeared in this zone later — during the Oligocene or Early Miocene
(Biju-Duval et al, 1976).

The Early Cretaceous evolution in the Pyrenees is characterized by numerous
hiatuses in the sedimentation, erosion phases (at the beginning of the Berriasian,
Barremian, Gargasian, Clansayesian, Middle and Upper Albian), during which
bauxites were formed and seven transgressive phases were manifested. Discordant
correlations within the Lower Cretaceous, resulting from local paroxysms, are also
discovered (Peybernes, 1976). Urgonian limestones are widespread in the East-
ern Pyrenees.

175



The Early Cretaceous palaecogeography of France is modelled by the influence
of several massifs: Central, More-Esterel, Mercantour, Mont-Blanc, Belladone-
Pelvoux. The Vocontian trough with typically pelagic sedimentation, poor in terri-
genous material, is developed among them. The carbonate Provence facies are for-
med in the south; in the north there is a transition to the neritic facies of Jura Moun-
tains through the transitional facies from the upper part of the continental slope.

The Paris Basin developed in the Morvan-Vosges strait which linked directly
the Mediterranean and the Boreal Basins during the Aptian Age (Gignouxk,
1950).

Towards the end of the Early Cretaceous the Durance vault rose in the south
and the Provence Bay was isolated from the Vocontian trough. The Bay of Biscay
expanded to the east in the Aquitanian Basin.

The restoration of the palacogeography of the Early Cretaceous in the Alps
is complicated due to their complex structure. However, palinspatic reconstructions
indicate a basic regularity: the Lower Cretaceous sediments in the southern zones are
typically deep-sea, formed mainly in the bathyal zone and partly in the abyssal one.
Shallower marine sublittoral to littoral sediments developed gradually in the north,
in Jura Mountains.

Three basic zones developed grosso modo in the Carpathians: (1) eugeosynclinal
zone in the Inner Carpathians; (2) klippes zone (Pieniny Lineament) in which pre-
dominantly marls, argillites and partly limestones are developed, formed in the low-
er part of the continental slope; (3) flysch zone in the Quter Carpathians, developed
in the upper part of the continental slope. There exist a number of local specifici-
ties against this general background, including the development of Urgonian lime-
stones.

Typical neritic sediments are developed in the Foreland.

Predominantly pelagic limestones of the Biancone (Maiolica) type are formed
in the Pannonian Massif, as well as a terrigenous and terrigenous-carbonate sediments,
mainly in Geresce.

The Early Cretacecous basin in the Crimeca is characterized by complex bathy-
metric differentiation, many local depositional hiatuses and frequent occurrences
of ingression along canyons in the shelf. In a general plan a southern miogeosyn-
clinal zone is outlined, being well expressed in Eastern Crimea. A wide shelf region
extends to the north (Apywuu, Kynpasues, 1960).

The palaeogeographic situation in the Caucasus is very complex. The following
basic zones are outlined in a general plan: (1) Novorossijsk geosyncline; (2) Geo-
synclinal zone to the south of the Main Caucasian Ridge; (3) Abhasian trough;
(4) Raca trough; (5) Georgian block; (6) Fore-Caucasian Depression; (7) Eugeosyn-
clinal zone of Caucasus Minor with mixed facies in the Kafan region (3 puc T a-
B 1, 1962).

The thickest sediments are formed in the first two geosynclines which are of the
type of miogeosynclinal troughs.

Predominantly clayey-calcareous sediments from the outer shelf zone are de-
veloped in the Abhasian and Racda troughs, whereas the Georgian Block is covered
by carbonates of the inner shelf. The Fore-Caucasian Depression is filled with ne-
ritic sediments.

The southern margin of the Russian Platform, the Large Caucasian anticli-
norium, the Azerbaidjan and Armenian Blocks are of great significance for the Ear-
ly Cretaceous sedimentation in the Caucasian Basins.

In the northern part of the Black Sea Basin there was considerable uplift during
the Lower Cretaceous — Euxinian uplift (Bouxves, 1957a), which played a
definite palaeogeographic role, serving as a barrier which hampers the penetration
of Boreal species to the south.
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During the Early Cretaceous the sea basin developed over the continental mat-
gin of the Moesian Platform. In the south there was a permanent dry land whose
contours and dimensions changed gradualiy, but it remained the main source of
terrigenous material. The influcnce of the northern dry lands (Dobrogea and the
Euxinian uplift) is essential not so much as a source of terrigenous material, but
rather as a geographic barrier. During its initial stages this sea basin inherited the
main depositional characteristics of the Late Tithonian (Huxonos, Xpunc-
yen, 1965b). A considerable depression was formed in its southern part, as well
as a wide shelf region in the north. This is responsible to a great extent for the fa-
cial specificities of the sediments as well, without excluding the additional influence
of the general tectonic background which affects both their maturity behaviour
and the quantitative distribution of the terrizenous material (PycxkxoBa, H u-
X 0 J 0B, 1984).

Two main depositional environments existed in the sea basin in Bulgaria du-
ring the Berriasian: geosynclinal and platform. The geosynclinal depression has
the character of a deep trough in which thick flysch deposits are accumulated,
whereas the Moesian Platform is characterized by predominantly shallow-water
carbonate sedimentation.

Coastal coarse terrigenous sediments arc deposited in the southernmost part
of the flysch trough close to the dry land, being replaced by mixed rocks in some
places (south of Elena) in the higher levels and further south. They are followed
by the fat rhythmical unit of sandstones and marls deposited in the moderately deep
zones of the rapidly deepening trough. Then follows the normal thin rhythmical
flysch in which the presence of the turbidites with characteristic flysch structures
is evidence of sedimentation in the deepest part of the basin. Further north is the
transition to the suoflysch whose lithological and faunistic composition is indica-
tion about sedimentation under the conditions of the adjacent continental slope.
Similar deposits (marls, clayey limestones with intercalations of siltstones and sand-
stones) exist in the Eastern Fore-Balkan as well, where they are connected laterally
along the Gerlovo line with the typical and the sandy flysch (Huxonos, Xpuc-
v e B, 1965b). Their presence is indication of the different depositional regime in
the depression basin, probably resulting not only from the different depths of de-
position, but also from the character of the material transported.

The depositional regime was different in the adjacent area in the north (com-
prising the Mocsian Platform and the present-day structures of the Western Balka-
nides and the Western Srednogorie region). Exclusively carbonate sediments are
deposited, but in two different genetic types which are joined laterally to the Koz-
loduj-KneZa diagonal line (the transitional zone) which continues until Umarevci
(Hukxonon, Pyckxosa, 1972) and stops at the northern edge of the flysch
trough (Fig. 27). To the northeast of it is the epicontinental shallow-water, normally
salty part of the basin, in which the characteristic Kaspi¢an Limestones were formed.
Their predominant lithological composition (limestones with micrite support-
ing stractures and matrix), as well as the fauna, testify to deposition taking place
in the low-energy shallow subtidal flat (R us k ova, 1982). There are few high-
energy limestones with sparry calcite cement in this region. They appear at different
levels in the section and characterize isolated and impulsively occurring shoals with
bathymetric levels in the zone of the intertidal flat. Dolomites occupy predomi-
nantly the base of the sections, and in a general plan (if we accept, although partial-
ly, the hypothesis about their primary origin) they are evidence of a regressive de-
velopment process of the basin towards its gradual desalinization. Moreover, against
the general humid ‘“‘background” of the Early Cretaceous Basin, the brief aridiza-
tion of the climate is assumed to have taken place only at the beginning of the Ber-
riasian, comprising the central and eastern parts of the Moesian Platform.
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Fig. 27. Lithofacies map with sketches of the equal thicknesses and the palaeogeographic environments. Ber-
riasian (after Pyckxopa, Hukonos, 1984)

Lithofacies wmap: ] — limestones: 2 —- clasev limestones: 3 — marls: 4 — marls with rarce intercalations of siltstones: § — dolomites;
6 — sand=tones; 7 — silistones; & —— conglemerates: 9 — isreccia-conglomerates; /0 — mixed rocks: 7/ —- spicules of Spongia;
12 — Calpionelidue; J3 — biodetrife; 14 — Algae: 15 — investigated sections in outerops; 16 — investigated sections in drillings;
17 —— lithological complexes with repeated rock types in the section; /8 — lithological complexes with pointed out basement and upper
part; /9 — boundary hetwcen the lithelogicil complexes; 20 — boundary between the lithological complexes in regions of total
denudation or dry land. Skcich of the eqral thicknesses (a): 21 — proved; 22 — probables. Sketch of the palucogeoeraphic environmenis
(b). Marine environments: 23 — shallov shelf — carbonates platform; 24 — deep shelf; 25 — (lysch trough (comparatively deep-sea
sedimentation); Continental environments: 26 —— mountain relicf; 27 — plate-like relicl



To the southwest of the Kozloduj-KneZa line the Berriasian deposits are deve-
loped in pelagic facies which corresponds to the deep-water part of the shelf with
respect to its lithological and faunistic content. Parallel with this, however, in the
Western Fore-Balkan and in the Western Srednogorie region there appeared areas —
insular dry lands — in which Berriasian (as well as Valanginian) sediments are
absent and the Hauterivian over lies directly sediments of Tithonian age (M a H-
I o B, 1969; 1970). The Brestnica Limestones (north of Jablanica) were formed under
similar conditions, but as a submarine shoal. Their solid carbonate reef builtup rises
as a submarine island amidst the deep part of the shelf. The highly dynamic facies
in it are abundant and indicate exclusively shallow-water regime with the charac-
teristic intertidal or shallow subtidal facies.

The investigation of the lithological composition of the Berriasian indicates
that the influx of material was from the south where the elevated dry land was lo-
cated. (It provided the main mass of tlie quartz which is abundant in the coarsely
terrigenous formation.) It is possible part of the material to have originated in the
Stara Planina zone, bacause, according to the latest comparative data, some meta-
morphic fragments have analogons composition to the metamorphites from the
diabase-phyllitoid formation. The terrigenous maierial is distributed mainly in the
flysch trough which is compensatorily loaded with enormous masses of sediments.
The scattering towards the northern elevated parts of the carbonate platform
and the basin slope adjacent to it (in the southwest) is practically equal to zero.
The small Berriasian thickness in the north testifies to stabilities and slight sinking
amplitude.

The depositional environment was preserved in the northern and northwest-
ern part during the Valanginian. Deposition continued here under the epiconti-
nental conditions of the shallow shelf. Changes occurred, however, in the flysch
trough: the Gerlovo line disappecared (HnxonxoB, Xpucues, 1965b) and
marly-sandy rocks were deposited everywhere in a wide range of varieties and com-
binations. The regime is relatively deep-sea, with concrete features of flysch mani-
festations and compensatory sinking of the water basin. However, the three small
outcrops of conglomerates with corals and reef limestones discovered suggest the
existence of local shallow areas in the southern parts (moreover, only during
the Late Valanginian), in which the coarsely terrigenous material “coexisted” with
the unusual organisms probably brought from the North (Il u M1 u p e B, 1981).

The depositional environmient during the Hauterivian continued along general
lines its two-way development from the beginning of the Lower Cretaceous. On
the one hand, there was the stable regime of the Moesian Platform from the north
and the adjacent pelagic areas (deep shell) of the present-day Western Balkanides
and the Western Srednogorie region, and on the other hand — the depression from
the south, including the area of the Central and Eastern Fore-Balkan. During the
Early Hauterivian, however, its northern slope along the Jablanica-Umarevci line
was shifted further north (Huxonon Xpucuesn, 1965b; Ruskova,
1975). Under relatively deep-water conditions and intensive sinking, thick marly-
sandy deposits of flyschoid type and marked zonality were accumulated in it, filling
the depression and the continental slope (Fig. 28). The sediments increase their
terrigenous admixtures in the north, whereas in the northern regions they become
gradually pure. In the southernmost outcrops there are mixed rocks whose undif-
ferentiated character is an indication of chaotic and rapid influx of terrigenous
material into the coastal parts of the basin which rapidly increase their depth.

Two regicns are distinguished in the adjacent area to the north, in which se-
dimentation occurred under shelf conditions. The northeastern region comprises
part of the Central and the entire eastern part of the Moesian Platform. The facies
environment is represented in two aspects: (1) carbonate-platform (shallow) shelf
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of Ruse limestones deposited in the intertidal flat; (2) peripheral, slightly deeper-
sea part of the same subtidal flat of the shelf, in which clayey-calcareous sedi-
ments with small amounts of glauconite are formed (R us k ova, 1982). In the
weslern region the relief becomes gradually lower in the deep part of the shelf (south-
west ol the Slavjanovo-Totleben linc). The characteristic Sala§ limestones are de-
posited there, their faunistic and lithological composition being a confirmation of
the indicated bathymetric level. Inheritance of the shallow-water Kaspi¢an Lime-
stones is found only in two isolated places in the basin (moreover, during the Early
Hauterivian — Fig. 28 — at Bardaski Geran and KneZa, as well as to the north
of Novi Pazar). As regards the carbonate-reef builtup of the Brestnica Limestones,
which is sharply prominent among the deep shelf, during the Hauterivian it gra-
dually decreased its surface 1o the west of Iskdr river, sinking progressively with its
peripheral parts. (This is indicated on the palaecogeographic sketch of the Early
and Late Hauterivian — Fig. 28, whereby the second sketch of the Early Haute-
rivian clearly demonstrates the entrainment of some of the peripheral deeper-water
part of the carbonate builtup towards the slope of the basin with flyschoid sedi-
mentation — Fig. 28 b). Insular dry lands (shallow-water areas) are discovered in
two regions: at Brest—Gigen and in the northwesternmost part of Bulgaria, in
Vidin District (H mx o s o B, 1972).

The influx of material during the Hauterivian continued mainly at the ex-
pense of the rapidly denuded Thracian land. The geosynclinal depression underwent
compensatory sinking, with increased gradient in its eastern part. Conversely, the
regime was stable in the area of the Moesian Platform, though in the northeastern-
most part the supply of material was bilateral, i. e. already involving the partici-
pation of the Dobrogea dry land.

The beginning of the Barremian indicates direct depositional continuation of
the Hauterivian. This concerns above all the marly-sandy deposits of the depression
from the south which progress slightly northward (Fig. 28). The sedimentation
environment is practicaliy preserved in the same places. Considerable retention is
observed in the Western Balkanides and in the Western part of the Moesian Plat-
form, where only the clayey and partly the terrigenous-clastic components of the
sediments increase. In fact, in the more norithwestern regions, close to the carbo-
nate lands, the marly sediments are replaced by pure micritic limestones whose fau-
nistic composition already indicates sedimentation under conditions of shallower
but also calm waters. This process is probably due to a certain elevation of the deep
shelf. A more esseitial change in the sedimentation environment occurred in the
depression region from the south, which already represents a compensated basin
of marly-sandy sedimentation. The influx of material, although predominantly
terrigenous, was from the same sources in the south and the Dobrogea land in
the north (P y cx o B a, 1970), and it continued, though in reduced amounts. This
is evidenced by the reduced thicknesses ol the Barremian in general. In the central
and southernmost parts (e. g. west of Omurtag) the basin is considerably shallower:
the denuded structures with diagenetic type of cement, as in the surface odlites in
some places, are evidence even for the existence of bathymetric levels in the zone
of the intertidal plane. Towards the end of the Barremian the first symptoms o
change in the sedimentation position occurred in the depression zone: Urgonian terrif
genous-carbonate sediments became imposed in the Veliko Tdrnovo-LoveC area.-
Their lithological composition (Bahama-type carbonate) suggests extremely shallow-
water environment with impulsive influx of terrigenous material, bilaterally dis-
persed in the adjacent regions to the east and to the west (Fig. 29) (Xpucues,
1969; 1972).

The sedimentation situation during the Early Aplian (Fig. 30) is characterized
by great variety. In fact, it has inherited the basic sedimentation tendencies from
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Fig. 23. Litnficizs man with skatches of the equal thicknesszs and the palacogeographic enviconments. Hauterivian (alter
Pyckora.Huxomnos, 1984)

! -—limsstones; 2 — clayey limestones; 3 — marls; 4 -— macls with rarc intercalations of siltslones; 5 — sandstones; 6 — sillstones;
8 —a-— conglom,mn.:., b — bre"(.ld. conglomerates; 9 -— claystones; /0 — fauna; /{ — spicules or Spongia; 2 — bmdetnte. 13—
Algac; 14 — g nite; 15 — investigated sections in outcrops; I6 — iavestigated sections in dnlllngs 17 — lithologicul complexes with repeated rock
types in the s:ction; /8 — lithological complexes with pointed out basement and upper part; 19 — boundary between the lithological complexes; 20 — in-
ner washing; 2/ -—J)undary between the lithological complexes in regions of total denudation or dry land. Skerch of the equal thickneses (a): 22-—proved ;
23 — probakles. Sketeh of the pal aphic enviy s: &b — Early Hauterivian; ¢ — Late Hauterivian. Marine environments: 24 — shallow-shelf
catbonute platform; 25 — p-rlpheml deeper part of the carbonate platform (clayey-calcareous sedimentation); 26 — offshore (lagoonal?) deposits; 27 —
deeps hell; 28 — flyschoidal basin (marly-sandy scdimentation). Continental environments: 29 — mountain relief; 30 — plate-like relief
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Fig. 29. Lithofacies map with sketches of the equal thicknesses and the palacogeographic environments. Earremian (after
Pyckxosa, Hunkonos, 1984)

Lithofacies map: [ -—limestones; 2 — clayey limestones; 3—marls; 4 — sandstones; 5—mixed rocks; 6 — siltstenes; 7 ¢ — breccia-conglomerates; b — litho~
clastic limestones; 8 — fauna; 9 — biodetrile; /0 — Algae; 11 — glavconite; 72 — oblites; f3 — phosphoritic concritions; [4 — investigated sections in
outcrops; I5 — investigated seclions in drillings; 16 — lithological complexes with repeated rock Lypes in the ontcrops; 17 — boundary between the Jithologi-
cal complexes; 18 — lithological complex with pointed oul basement und wpper part: 19 — toundary between the lithological complexes in repions of Lotal de-
nudation or dry land. Skerch of the equal thicknesses (a): 20 —.proved; 2/—protables. Skerch of the palacogeographic environments: b — Early Barrcmian; ¢ —
Late Barremian. Marine environments: 22 — shallow shelf — carbonate platform: 23 — peripheral dveper part of carbonate platferm (terrigenous  clayey-
clastic fan of the carbonate platform — developed in compensated basin); 24 — shallow (clayey-terrigenous-clastic) fan of the carbonate platform — develop-
ed in compensated basin; 25 — deep shelf; 26 — more shallow part of decp shelf (predominance of carbonate sedimentation): 27 — compensuted basin (marly.
sandy sedimentation). Continental environments: 28 — mountain celie: 29 — plate-like relief
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the end of the Barremian, but in addition to the Veliko Tédrnovo and Loved area,
the classical Urgonian “pulsating’” sedimentation of the shallow-water carbonate
banks and of the terrigenous deposits intercalated by them conquered parts of the
Western and Eastern Fore-Balkan, the Western Srednogorie region, the Western
Balkanides and the westernmost part of the Moesian Platform (Vidin District).
Laterally from them there are vast fans of the shallow-water, predominantly terri-
gcnous (clayey-clastic) sediments, formed at the level of the intertidal or subtidal
shallow-water part of the basin. It increases its thickness towards the places of the
carbonate banks, i. e. precisely where the basin is compensatorily loaded by the
thickest sediments, Coastal sea deposits are also discovered north of Kotel.

In Northeastern Bulgaria conditions were initially preserved as during the Late
Barremian: the platform shallow-water carbonate and clayey-carbonate sediments
were separated Irom the area of the Fore-Balkan Urgonian sediments and their
terrigenous fans by more depressed areas (probably around the level of the deep
shelf). Claystones or marls were accumulated here. Only a small relict part remains
from the basin, which is filled with marly-sandy deposits, as during the Late Barre-
mian. In the east, however, larger and larger areas went out of the range of the sea
basin. At the end of the Aptian (according to the lithological composition of the
sections in Pleven disirict and around Svistov) the coastal line reached to the east
of Ruse and Love&. The material continued to be brought from the south mainly,
but the great thickness of the sediments (especially in the area of the Central Fore-
Balkan and around Pleven) testifies to intensification of the erosion processes on
the land, which is also connected with its elevation.

Intensive folding took place in the Central and Eastern Fore-Balkan towards
the end of the Aptian followed by a gradual elevation of this area and a fast
retreat of the sea basin to the northwest(bonues, 1957a;Huxonos, XpHuc-
yeB, 1965b; Nikolov, 1969).

The sedimentation environment during the Albian (Fig. 31) was rather simp-
lified compared with the other Ages. The sea basin had a limited scope, comprising
only the central and western parts of the Moesian Platform, partially the Ruse-
Razgrad region, as well as part of the Western Fore-Balkan area. Conversely, the
southeastern part reflected most strongly the regressive tendencies during the Ear-
ly Cretacecus, transcending the scopc ol marine sedimentation, and Albian sediments
are absent herc. The lithological composition of the sediments testifies to the exist-
ence of several scdimentation situations: (1) in the area of the Lom Depression and
in part of the Western Fore-Balkan they were deposited in the deep part of the shelf;
(2) in the souikeast, toward Pleven, the bottom relief became higher, and the high-
energy, partly odlitic sandstones with diagenetic type of cement were formed at
the level of the shallow interiidal plane: (3) clayey marls were deposited in a calm
bay in the Rusc-Razgrad region.

A remarkable tectonic sone -~ the Dardanian diagenal (Bon ev, 1977),
defines the basic features in the Carly Cretacecus palaeogeographic situation in the
western part of the Balkan Peninsvla. Ii divides the Eastern Serbian Massif from
the Dinaric zone. The transition takes place in the Sumadia zone covering the north-
western part of the diagonal. This elevation plays tie role of a barrier and source
of tertigenous material. In the east there follows a depression zone with KraiStide
orientation (LuZnicki trough), filled with Tlyscl, after which there is the Kucai-
Tupijrica platform with terrigenous-carbonate sediments and the Viso&ki Basin
in the Stara Planina zone with pelagic clayey-calcareous sediments. According to
Grubic¢ (1974), the Danubian trough was formed to the east of the Getic Cor-
dilleras us a continuation of the Soutih Carpathians. Carpathian-type flysch (Ti-
mok or Sinaia Beds) was formed in the western and central parts of this depression
(Krajna area), with pelagic clayey-calcareous sediments in the eastern part.
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Fig. 30. Lithofacies map with sketshzs of the equal thicknesses and the palacogeographic environments. Aptian
(after Pyckosa, Huiosmos, 1984)

Lithofacies map: 1 — limestones; 2 — clayey limastones; 3 — marls; 4 — sundstonges; S—siltstones; 6 — mixed rocks; 7 — a — sandy
limestones; b—Ilithoclastic limestones; 8 — breccia-conglomerates; 9 — claystones; 10 — marls with rare intercalations of siitstones; 11 —
fauna: I2 — silifizations; 13 — glauconite; /4 — Algae and corals; 15 — oblites; 16 — invesiigated sections in outcrops; I7—investigat-
ed seclions in drillings: /8 —lithological complexes with repeated rock types in the scction; /9 — boundary between the lithological com-
plexes; 20 —lithological complex with pointed out basement and upper part; 2/ — lithological complex without scction basement. Sketch of
the equal thicknesses (a): 22 — proved; 23 — probables, Skefch of the palacogeographic environment (Early Aptian) (). Marine environ-
ment: 24 — shallow shelf — carbonate platform; 25 — peripheral deeper part of the carbonate platform; 26—shallow terrigenous (clay-
ey-clastic) (an of the carbonate platform (in compensated basin); 27 — depression in the shelf; 28—deep shelf. Continental environment:

29 — mountain relief; 30 — plate-like reli G ; 31 — compensated basin




Grubidé¢ (1974) made an attempt to offer a new interpretation of the tec-
tonic evolution of Eastern Serbia in the light of plate-tectonics, accompanied by
palinspastic reconstructions for the Late Jurassic and the Early Cretaceous. In the
opinion of that author, traces of palaco-oceanic crust were preserved in the Krajna
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Fig. 31. Lithofacies map with sketches of the equal thicknesses and the palaeogeographic environ-
ments. Albian (after Pyckosa, Huxonosn, 1984)

Lithofacies map: | — clayey limestcnes; 2 — marls; 3 — sandstones; 4 — marls with tare intercalations of siltstenes;
5 — claystones; 6 — mixed rocks; 7-—glauconite; 8—-phosphoritic concretiors; 9— odlites; JU — investipated sections in
outcrops; 11 — investigated sections in drillings; /2 — lithological ccmplex with repeated rock 'ypes in the section; /3 —
boundary between the lithological complexes. Sketch of thecual thicknesses (a):14 -— proved; 15 — probables. Sketch of the
palaeogeograpkic environmenis ‘b). Marine environments: 16 — shallow shell; /7 — peripheral deeper part of the shelf;
18 — deep shelf. Continental environment: J9 — mountain rclief; 29 — plate-like reliel

area, traces of which appear in Deli Jovan. This opinion is supported: (1) by
geophysical data about the existence of a thin granite layer below the pelagic sedi-
ments in the eastern part of the Danubian trough, and (2) by the development of
volcanogenic-sedimentary rocks (Vratarnica series) with appearance of basic vol-
canites (Fig. 32).

The Dinarides are located to the west of the Dardanian diagonal and they
form a part of the central zone of the Mediterranean Region, which will be dis-
cussed below.
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Fig. 32. Palinspastic sketch of Eastern Scorlia during the Late Jurassic and Farly Cretaccous
(after Grubig¢, 1974)

1 — Getic region and Serbian-Macedenian Massif; 2 — Lujpico [lisch troueb; 3 — Krama regien; 4 — Danube region;
5 — Moesian region

1.1.2. Distribution of Flysch Sediments

Flysch sediments form oune of the most characteristic gecgenerations in the Medi-
terranean Lower Cretaceous. Their distribution coincides with the basic arcs in
the Mediterranean Region: the Gibraltar, Alpine and Carpathian-Balkan arcs
from the north. and the Calabro-Sicilian and Dinaric-Aegean mom the south, which
indicates the great role of the tectonic control (IDuvrand Delga, 1980).

The flysch is also developed in two characteristic lineaments: Pyrenean and of
the Kraistides, as well as in the Caucasian geosynclines.

The flysch sediments in the Mediterranean Region began to be formed at the
end of the Jurassic as a result of the change taking place in the geodynamic situation
between the two plates: African and Eurasian.

Here we shall examine briefly the Upper Jurassic-Lower Cretaceous flysch
as a unified geogeneration in the following sequence, applied by Durand Del-
ga (1980) and slighty expanded here: (1) Carpathian flysch, starting with its best
studied sections in Poland and proceeding westward to the Perialpine flysch, then
eastward (Romanian Carpathians and the Fore-Balkan): (2) Caucasian flysch;
(3) Dinaric flysch in the Bosnia-Beotian trough and the adjacent zones; (4) Apennine
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flysch; (5) Magreb flysch from Sicily to the Reef, with continuation into the Be-
tic Cordilleras.

The Flysch in the Alpine—Carpathian—Balkan Belt

Flysch sediments cccupy external position with respect to the orogen. In the
Polish and Czechoslovak Carpathians flysch sediments occur between the Foreland
from the north and the Pieniny lineament (klippes zone), where the Tithonian and
the Lower Cretaceous are in pelagic facies.

Terrigenous flysch sedimentation began to be imposed gradually over the com-
mon argillite foundation of the Silesian facies. The succession was characterized
in Chapter III: (1) Lower TeSin Beds; (2) Tesin Limestones; (3) Upper Te$in Lime-
stones; (4) Wierzowice Beds; (5) Hradiste Beds; (6) Lgota Sandy-Pellitic Flysch,
largely resembling the facies of the Albian-Aptian flysch in North America. The
direction of the transport of terrigenous material is predominantly west to east,
though there are a number of local variants around the Inner Cordilleras. Coarse
flysch is also formed around them. The basic material, however, comes from the
Bohemian Massif (Andrusov, 1965).

The North Alpine flysch is developed between Vienna and Isére, and it represents
a westward continuation of the Carpathian flysch. The Lower Cretaceous is repre-
sented in this zone by: (1) clayey limestones with aptychi and breccia inclusions;
(2) clayey limestones and sandstones (Upper Neocomian?- Aptian) — these two
types arc developed”in the Bavarian Alps; (3) dark shales and glauconitic quartz-
itized sandstones (Gauit-flysch).

The pre-flysch is developed further west (Foralberg flysch after Triimpy),
which reaches the Rhein in the same tectonic position between the Helvetian and the
Austro-Alpine zone. Carbonate flysch (HHauterivian - Aptian?) is developed in
the south — in the Coir area, covering ophiolites (T ri m py, 1969). Breccia-
like limestones with Orbitolinidae (Barremian-Aptian), Albian green quartzites
and black shales are developed in the southernmost part of this zone.

The flysch in the Romanian Carpathians is the continuation of the zone of
Southern Poland, which passes through the Ukrainian Carpathians and continues
to the south. Extreme variety is observed among the flysch sediments in the Eastern
Carpathians (see Chapter III), which demonstrate all basic facies.

Interesting is the development of pelagic clayey-calcareous sediments in the
Persani zone, among which breccias, conglomerates, calcarenites, sandstones and
silicites with radiolaria appear locally, sometimes associated with diabases (M y-
mxany etal, 1961). There exist flysch formations both in the Mures geosyncline
and in the Apuseni.

Azuga Beds are discovered in the Severin para-autochthone of the South Car-
pathians: mottled shales in association with serpentinites, diabases and gabbro,
which are lense-like in shape (Komapua et al, 1961).

North of Severin the flysch zone passes into Serbia.

The development of the Lower Cretaceous flysch in Bulgar:a is well known from
a number of publications by Nachev, Nikolov and Khrischev. From the coarse
flysch zone (Kostel Formation) there is a gradual transition to the north through
sandy flysch (Zlatarica Formation), to typical flysch (Cerni Osim Formation) and
subflysch (Tica Formation and Sala3-Cerni Osim Formation).

Caucasian Flysch

Flysch sediments are widespread in the Crimea and in the Caucasus. A flysch
with predominance of cryptomer varieties is developed in Eastern Crimea. In the
Novorussijsk geosyncline there are varied flysch facies: from coarse to clayey-aleu-
ritic flysch with siderites. A typical Lower Cretaceous flysch is developed in the Dib-
rar flysch trough in Southeastern Caucasus (Babadag (lysch) (M us12 Ho B CK H H,
X aun, 1963).
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Dinaric Flysch

The outer zones of the Dinarides and Hellenides contain carbonate facies. The
flysch facies are in the inner zones, being structurally differentiated at the end of
the Jurassic and mainly at the beginning of the Early Cretaceous.

The flysch in the Bosnia-Beotian trough is represented by two groups: an
external group which overlies the Triassic or Jurassic, being represented by clayey-
sandy flysch with Hedbergella and Orbitolinidae, covered by calcareous flysch
(Middle -Upper Cretaceous), and an internal group situated discordantly over
limestones or Triassic-Jurassic jaspers, covered in some places by red radiolarites.
This second flysch group starts with conglomerates with ophiolitic fragments, al-
ternating upwards with limestones which reach the Lower Cretaceous. The presence
of the Berriasian is proved in the lower part (Durand Detga, 1980).

In the Ulog region (Dinarides) Blanchet (1966) and Cadet (1?78)
have proved the following flysch succession: (1) clayey-sandy flysch (Neocomian-
Barremian); (2) black flysch (Barremian-Aptian and Albian), built of coarse-
grained sandstones with ophiolite fragments, black calcarcous argillites with cal-
careous breccias and pelagic limestones; (3) light sundy-calcareous flysch (Upper
Albian-Cenomanian).

In the south, in the Hellenides, flysch Lower Cretaccous sediments are developed
between the ophiolite zore of Mirditza and the palacogene from the Pind nappe.
This is a continuation of the Gramos zone from Albania.

The Beotian flysch (synonym to the Besnia flysch) is developed in Greece. It
is revealed in Northern Pind, Othrys, Beotia and in Argolid, south of Corinth
(Celet, Clément, 1971).

In the north the Dinaric flysch continues into Slovenia.

Flyschoid Lower Cretaceous sediments are developed in the inner zone of the
Dinarides, between the Bosnia trough and the Vardar zone. This is the strip of the
Serbian ophiolites (A ubouin et al, 1970). In the Early Cretaceous palaeogeo-
graphy this is the continuation of the Pannonian Depression to the scuth between
Zagreb and Belgrade, stretching ¢ven further south into the Pelagonian zone ofGreege.

Terrigenous-carbonate flysch is developed to the east of this zone, in Sumadia,
parallel to the Dardanian diagonal.

The flysch in the Apennincs

The Lower Cretaceous is developed in pre-flysch facies in the inner zone of the
Northern Apenniiies over jurassic ophiolites and radiolarites. The typical flysch
starts at the basc of the Upper Cretaccous.

The Maiolica facies (micritic pelagic limestones) is developed in the outer zone.

Lower Cretacenus allochthonous flysch which overlies the external calcareous
zone of the Apcanines is devetoped in the southern part of the Peninsula, in the boun-
dary zonc between the Apennines and Calabria,

In Lucania there is Lower Cretaceous [lysch represented by argillites, phyl-
lites and quartzites which overlie the calcareous Apennines.

Non-metamorphosed [lysch (Berriasian-Albian) is discovered between Lu-
cano—Calabria and Cilento.

The Flysch in North Africa

The Magreb orogen stretches [rom Calabria to the Gibraltar arc. Tts northern
axial zone represents numerous outcrops of allochthonous flysch (Lower Creta-
ceous-Lower Miocene).

Two basic types of flysch are distinguished in North Africa: (1) with facies
which are relatively coarser (inner), with the Gerouch flysch as a typical exampl;,
often designated as Mauritanian flysch: (2) with facies among which phaneromeric
varieties predominate, designated as Massilian flysch, revealed very well between
Tenes and Constantine (Durand Delga, 1980).
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The Magreb flysc1 zone continues through Gibraltar into Andalesia, where
Mauritanian, Massilian and Gaditanian (Cadix) types of flysch are discovered in
different tectonic positions (Durand Delga, 1980).

1.1.3. Molasses

Molasse sediments are of terrigenous type, with a wide range of varieties whose
formation is connected with orogenic phenomena. They appear usually during ages
of sharply differentiated elevation. Only in rare cases the molasses precede the ac-
tive tectonic events in some gecosynclinal basins. Their appearance and propaga-
tion are a law-governed, but not always compulsery ending to the flysch-forming
process.

Molasse sediments form complexes up tc several kilometres thick and they
manifest very high rates of formation (several hundred metres for a million years).
The basic types of rocks are: conglomerates, sandsicnes (most frequently polymic-
tic, calcareous, in some places with cross-stratification), siltstones, claystones
(usually calcareous), clayvey-aleuritic marls (usually with rich neritic benthic fauna),
aleuritic and sandy limestones. Abundant plant aetritus and imprints of vegetation
are found among these sediments and especially among the sandstones and silt-
stones. Evaporites and coals are secondary formations.

The problem concerning the presence ol molasse formations in the Bulgarian
Lower Cretaceous Las been discussed in the Bulgarian literature. Nachev (in A nex-
cuen etal, 1965 a; Haveer, 1969; Hauwes, Aren, 1980) included in
the “marine lower molasse formation” all Lower Crctaceous sediments from the
upper parts of the Berriasian to the Aptian included (i. e. the flyschoid subformation
and the Urgonian-terrigenous subfermation of the flysch-flyschoid formation re-
ported by Khrischev (in Amexcucs et al., 1965b). The lower boundary
between what Nachev designates as Lower Cretaceous ‘“‘lower molasse’” and
Tithonian-Berriasian flysch, is marked, in his opinion, by consedimentary tecto-
genesis at the end of the Berriasian (the so-called *‘Late Kimmerian orogenesis in
the Nis—Trojan trough’), which divided different units with respect to tectonic
style and degree of lithification. In our opinion, the so-called ““Late Kimmerian oro-
genesis’’ at the end of the Berriasian in Bulgaria is only a weak reverberation of the
real Early Kimmerian movements, without a cleariy manifested tectonic result,
especially in the style of the geological structures.

The upper boundary of the lower molasseis marked by clear angular discord-
ance resulting from the Austrian phase in the Central and Eastern Fore-Balkan
(Harxonos Xpuncuesn, 1965b).

Ensuing from the concrete lithological composiiion of the Lower Cretaceous
sediments, as well as from specific structures, especially in the Valanginian and
Hauterivian deposits, Khrischev (in Anexcunes et al, 1965a,b) and
Khrischev and Ruskova (1976) assume as molasse only the regressive
facies of the shallow-water terrigenous-carbonate deposits of the Urgonian complex
and its terrigenous-clastic fans in the voiume of the Upper Barremian-Aptian,
extensively developed in the Western, Central and Eastern Fore-Balkan, and partly
in the Western Srednogorie region. This view has also been expressed in the work
of Ruskova and Nikolov (Pyckosa, Huxomnos, 1984). The
Lower Cretaceous flysch as a direct continuation of the flysch sedimentation
from the end of the Late Jurassic comprises only the Berriasian. The entire
intermediary range from the Valanginian to the base ol the Upper Barremian, in
some places the entire Barremian as well, is attributed to the so-called flyschoid
transgressive sediments which have preserved in some places, especially at the ini-
tial stages (e. g. the Valanginian marly-sandy sediments in the core of the Elena
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anticline), the characteristic rhythmic nature of the flysch sediments, while else-
where (e. g. the thick sandy banks in the Hauterivian from the core of the Sevlievo
anticline) they contain specific, though separate, flysch textures. These are convo-
lutions, ripple marks, gradational stratification, niechanical and biological hiero-
glyphs, etc. From a lithological point of view here belongs the Kamdija Formalion
which is widespread in the Ceniral and Eastern Fore-Balkan, the so-called flyschoid
sediments of Nikolov and Khrischev (HukxonoB Xpucues,
1965b) (Zlatarica Formation — Huxonos, Canyudogx 1970), the mixed
rocks with intercalations of sandstones from the Hianevci Formation and the marly-
sandy (with conglomerates) sediments of the Western Srednogorie region, charac-
terized in Chapter III.

Of particular interest is the Roman Formation which fills the Iskdr Depression
and spreads eastward to Gabrovo area. It is built of calcareous limestones, silt-
stones, clayey-aleuritic marls, sandy limestones with very varied benthic fauna, plant
remnants and biogenic (phyto- and zoogenic) detritus. The main factor for the emer-
gence of the Roman Formation is the effect of the mountainous rivers which brought
enormous amounts of terrigenous maierial into the constantly depressing trough.
Sediments with thickness exceeding 30060 m were formed for about six million yvears
(Late Barremian-Middle Aptian). The terrigenous sediments of this Formation
are with a relatively lower degree of lithification. The Roman Formation represents
terrigenous fans of the Urgonian platforms in the Central Fore-Balkan.

Similar sediments are also [ound in the northeastern part of the Early Creta-
ceous Basco-Cantabrian Bay (R at, 1969) where the lower molasse is represented
by terrigenous-carbonate sediments (the so-called Cantabrian Urgonian) with thick-
ness up to 6000 m and age range Aptian-Lower Albian. To the southwest these
sediments pass into red ciayey-sandy deposits of Wealdian type (deltaic facies).
They overlie Neocomian marls and arc covered discordantly by upper molasse
(Upper Albian-Cenomanian).

An interesting transition is observed in the Basco-Cantabrian Region of the
Pyrenees between the peripheral molasse, represented by the so-called Cantabrian
Urgonian (terrigenous sediments with lenses of Urgonian limestones) and conti-
nental molasse (which shouid be termed more correctly as molassoid complex),
represented by continental lacustrine, lagoonal and coastal-marine sedimeunts of
Wealdian type.

In the Romanian Carpathians the Lower Cretaceous molasse sediments have
a more limited distribution. With few exceptions, they are connected with the nappes
in the Eastern-Carpathian central folded belt. In fact, as regards the time of forma-
tion with respect to the entire Carpathian arc, this is the first molasse formation of
Albian age, which is well represented in the following deposits:

1. Coarse molasse from the Post-Tectonic cover of the Transylvanian and Cent-
ral (Eastern Carpathian) nappe systems of Albian age. These are coarse deposits
of molasse type, predominantly conglomerates and sandstones, covering dilferent
structural units of the two nappe systems, and whose formation was preceded by
an intensive, though brief period of erosion. Their characteristic features are fast
lateral change, as well as considerable variations in the thickness and lithological
composition of the sediments.

2. Coarse molasse (Aptian-Albian) in the region of Postavaru Mountain.
It appears discordantly as Post-Tectonic cover over predominantly carbonate se-
diments of the Brasov lithostratigraphic unit. Its composition comprises conglo-
merates (the so-called “Postavaru Conglomerates’). At their base there are often
sedimentary klippes, the most important among them being found in the Pietrele
lui Solomon region. The age of the early klippes is Early Jurassic-Neocomian.
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3. “Bucegi” conglomerates of the coarse molasse of Albian age, covering Bar-
remian-Aptian flysch sediments (Piscu cu Brazu facies), west of the Prahova valley —
in the valley of Urlatearelor river. Tts composition comprises polymictic conglome-
rates with different cementation and grey coarsely-grained massive sandstones
whose stratification js often unciear.

4. Coarse molasse of Albian age in the valley of Maieroush, whose substrate
(Aptian flyschjy is with unclear tectonic position. Its composition comprises conglo-
merates with a sandy basic mass and fragments of rounded Triassic, Upper Juras-
sic and Urgonian limestones, and to a lesser degree sandstones.

In the South Carpathians (Resita zone) there are Albian molasse sediments:
conglomerates, sandstones and claystones. .

The Albian sediments in the Paris Basin, Jura Mountains, the Sumadia
zone, Eastern Serbia and the Northwestern Fore-Balkan are of the molasse type.

Upon increasing the distance to the mountain ridges, the Lower Cretaceous
molasses lose the conglomearates and are repiaced, especially in their lower part,
by marine sediments -— mainly sandy-clayey or carbonate. This is particularly pro-
nounced in the Basco-Cantabrian region, the Carpathians and the Iskdr Depres-
sion,

1.1.4. Carbonate Platforms

Excluding the extensive development of pelagic limestones and clayey-calcareous
cdiments, in addition to the fiysch complexes carbonate platforms are a particu-
arly characteristic geogeneration for the Mediterranean Lower Cretaceous.

During the Early Cretaceous the depressior: zones were surrounded almost
cverywhere by thick limestone massifs and limestone banks, built predominantly
of rudists, algae and corals. Similar limestone buildings which are of platform cha-
racter are developed in some places in the regressive phase of some troughs. In the
Bulgarian literature K hrischev (Xpucuen, 1966; 1969) was the [lirst to
draw attention to the Lower Cretaceous carbonate platforms.

A characicristic feature of the Lower Cretaceous carbonate platforms in the
Mediterranean Region is that they are {requently associated with terrigenous and/or
lerrigenous-carbonate sediments. Such is the character of the carbonate platforms
in the High Plateaux (Algeria -— Tunisia), as well as in a number of zones in the
Iberian Peninsula, in the Carpathians, the Fore-Balkan, the Crimea and the Cau-
casus.

The development of several carbonate platforms around the Vocontian trough
is characteristic: Cevenol, north of Montpelier, Provence and Jura Mountains.
They are characterized by very varied iimestone microfacies, with predominance
of bioconstructed limestones. In Jura Mountains and in Provence there are terri-
genous inclusions (Arnaud-Vaneau et al, 1982a). The development of
the carbonate platform in Sardinia is similar to that in Provence.

Carbonate platforms are developed in the Pyrenees as well, being connected
predominantly with Urgonian facies (Peybernes, [1982).

Several small Urgonian platforms are known in the Basco-Cantabrian zone
(Pascal, 1982).

Carbonate platforms are formed in the Iberian Peninsula, some of which are
connected with the Hauterivian as well (Canerot, Cugny, 1982).

There are Urgonian limestones in the Alps and in the Carpathians, but it is
difficult to investigate them comprehensively due to the complex tectonics. The only
detailed study has been carried out in the Ukrainian Carpathians (UepH o B
et al, 1980).
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The carbonates of the Moesian Platform (Upper Jurassic-Aptian) are pro-
minent, being of the type of the Provence carbonates.

In the Fore-Balkan there are the following carbonate platforms from west to
east: Magura (Urgonian), Vraca (Urgonian), Brestnica (Tithonian-Barremian),
Dragojca (Urgonian), Loved (Urgonian) and StraZa (Urgonian). Thick terrigenous
sediments are usually developed among them, as in straits.

The carbonate sediments in the Crimea and the Caucasus do not build typical
platiorms. Platform Urgonian carbonates are developed only over the Georgian
Block.

Characteristic carbonate platforms occur in the Dinarides and in the Middle
East.

A common feature of the Lower Cretaceous carbonate platforms is that they
are formed at the expense of biochemical accumulation of carbonates in sity, accom-
panied by mass development of rudists, as well as other bivalvs, corals, gastropods,
echinids, large foraminifera and algae.

The following zones are usually distinguished: (1) inner shallow-water zone
with low hydrodynamic enercy and rich benthos, including many rudists; (2) mid-
dle shallow-water zone coniected with elevation — it is characterized by high enet-
¢y and extensive development of corals (in bioherms and biostromes), formation
of odlitic and bioclastic limestones accompanied by lense-like micritic limestones;
(3) outer, deeper-water zone with low energy (referred to as phondothema or basin),
in which carbonate and terrigenous sediments (mainly of pelitic order) often blend
(Rat, Pascal, 1982).

Several facial belts are differentiated in this general plan, and they are traced
from the axial to the outer part of the platform (Willson, 1975; Rat, Pas-
cal, 1980).

Khrischev (Xpuctues, 1967) has demonstrated on the example of
the Lovec¢ Urgonian Group the basic types of relationships between the terrige-
nous sediments and the carbonate platforms. These types may be observed every
where in the Mediterranean Region.

Carbonate platforms testify to warm climate and stable tectonic condition
during their formarion.

2. Mobile Belts

The development of the Lower Cretaceous in the Mediterranean Region outlines
the middle zones of the ocean, which are usually inhcrited mobile zones from the
Jurassic.

To the mobile belts we attribute the central parts of the Mediterranean Region,
i which there is ophiolitic magmatism, as well as the zones of the intensive depres-
sions, which are leaded with thick flysch sediments. Frequently the zones of flysch
formation are tied to the active continental margins and form flysch wedges in the
subduction zone (A u b oin, 1973). This shows that the Early Cretaccous marks
the transition from the regime of extension of the lithosphere in the Tethys to con-
traction of Pacific type.

1.2.1. Early Cretaceous Ophiolites, Volcano-Sedimeniary
Complexes and Radiolarites

Early Cretacecus basaltic volcanism is manifested in the continental base of North-
western Africa and in the Iberian Peninsula (Chapter ITI).
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Peridotites of Aptian-Albian age are observed in the Pyrenees at Bestiac,
southeast of Tarascon (Peybermnes, 1976). In this region the Aptian-Albian
sediments are slightly metamorphosed.

Alkaline intrusions (nepheline syenites) of Albian age occur in Corbier (Fig. 33).
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Fig. 33. Distribution of the Cretaceous ophiolite suite, basalts and metamor-
phism in the Mediterranean Region (based on data of various authors, simpli-
fied after Dewey et al, 1973)

1 — Lower Cretaccous basalts; 2 — Middle Cretacecus (Albian) basalts; 3—outcrops of ophio-
lites; 4 — Lower Cretaccous ophiolites; 5—DMiiddle Cretaceous (Albian-Cenomanian) ophiolites;
6 — Lower Cretaceous volcarisin;7—Middle Cretaceous (Albian-Cenomanian) volcanism;8 —Low-
er Cretaceous metamorphisin; 9 — Mddle Cretaceous metamorphism (mainly post-Albian and
pre-Cencmanian)

During the Albian-Cenomanian time there was considerable magmatic ac-
tivation in the Western and Central Pyrences to the west of Garone, represented by
basalts to trachites, sometimes hyperalkaline. This magmatism is connected with
considerable fauliing of the crust along the Northern Pyrenean fault, which is con-
siderad to be of the transform type (Autran, Dercourt, 1980).

In the Piemont zone of the Alps the Lower Cretaceous is represented by schis-
tes lustrées, radiolarites and limestones with calpionellids, which overlie ophiolites
and radiolarites (Triassic-Jurassic). Basalt volcanism is also manifested in this
zone (Dewey et al, 1973).

In the southern part of the Pannonian Massif (Meczek) there are volcanogenic
formations in the Valanginian, represented by clayey limestones with calpionellids,
trachydolerite tufogenic formation and above them marls with intercalations of
sandstones. Their {ormation is probably connected with a deep transform fault
in the northern arc of the Middle Tethyn Ridge (Dercourt, 1971, p. 276).

The Lower Cretaceous volcanogenic-sedimentary complexes are considerably
developed in the Apuseni, the Carpathians and Caucasus Minor, where they are
associated with ophiolites and radioiarites (Chapter III).

A number of intrusive massifs were also formed in Caucasus Minor during
the Early Cretaceous, predominantly quartz-dioritic and granitic, but also with
gabbro differentiations. The age of most intrusions is 100-120 million years (Bar-
remian-Albian), of the Cav Massif in the Kafan region — 132-135 million years
(Barriasian) (MunanoBcku i, Xaumu, 1963).
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Considerable Early Cretaceous ophiolitic magmatism is manifested in Trodos
(Cyprus) and Kizil-Dag (Turkey). The age of the Kizil-Dag dolerites is 150-80 mil-
lion years, being formed most intensively during the Early Cretaceous (130-110
million years). Part of the Kizil-Dag gabbro is also Early Cretaceous (130-100 mil-
lion years).

Trodos ophiolites are Late Cretaceous, with the cxception of pait of the TronS
dolerites formed in the interval 130-120 million years (Valanginian-Hauteri-
vian) (Delaloye etal., 1980). The position of the Trodos and Kizil-Dag ophio-
lites indicates formation in the Tethys oceanic crust, along a zone of ophiolite ob-
duction, which was particularly active during the subsequent Late Cretaceous Epoch.

Deep-sea limestones, often with radiolarite intercalations, are developed n
the Alps, especially in the Southern Alps, ihe nosthern part of the Apennines, in
the Dinarides and in the Helleaides. Their development has inherited everywhere
the zone of ophiolites. This is also the type of the Lower Cretaceous rocks in the
Southeastern Rhodopes, where they are also slightly metamorphosed.

1.2.2. Orogenic Manifestations during the Early Cretaceous

In the generalized scheme of Mesozoic folding movements the Early Cretaceous
follows after the Early Kimmerian phase and ends with the Austrian phase. A num-
ber of regional discordances are established between these two widespread phases
in the Mediterranean Region, indicating greater tolerance in the time of the folding
movements (Fig. 34),

In 1940 E. Boncev (Bowues, i940) defined a synorogenic (Germano-
type) phase between the Barrcmian and the Aptian in Northeastern Bulgaria.
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Fig. 34. Sketch-map of the pevelopment of the Early and Middle Cretaceous folding and flysch
sediments in the Mcditerranean Region (after Avrgyriadis, 1974
I —TMlyschi 2 — significant tectogenesis; 3 — moderite tectogenesis; 4 — napping front
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Indeed, the facts which this rescarcher referred to did not prove to be accurate. Ac-
cording to more recent data, in a regional plan, the coastal part of Bulgaria began
to rise after the Barremian and the basin gradually retreated to the west (H -
Konon 1969b).

Comparison with other areas in the Mediterranean Region produced surpris-
ing results which suggest the first impulse of tectonic activation in a number of zones
as early as the beginning of the Barrcmian. Strong faulting in several belts and
ingression of sea waters into grabens took place in the Iberian Peninsula. Orogenic
movement was manifested in the Pyrenees, which is responsible for the discordant
position of the Barremian sediments over a varied basement. A second orogenesis
appeared during the Gargasian, f{ollowed later by Middle and Late Albian oroge-
nesis.

The post-Aptian folding is particularly strong in Easteria Corbier, which lasted
in some places after the Late Albian and before the Cenomanian (Durand Del-
ga, 1965a).

Intensive folding occurred in the Central and Eastern Fore-Balkan after the
Farly Aptian, causing regression of the basin to the north-northwest, and transgres-
sive and discordant position of the Upper Cretaceous over the Lower Cretaceous
rocks.

Analogous and synchronous (Aptian-Albian) imovements existed in the Cau-
casus. .

The basic orogenic manifestations in the Mediterranean Region during the Ear-
ly Cretaceous will be discussed briefly below.

In North Africa the Early Cretaceous movements are found in several regions,
where they have clear and considerable manifestations. The earliest movements
established for the dawn of the Cretaccous Pericd are manifested in this area (the
zone of the Moroccan Atlas and the Cabiles). They are as a refrain to the Early Kim-
merian movements in the middle of the Berriasian. These movements are cha-
racterized by two types of phenomena: folding and magmatism. Folding causes re-
gression, hiatuses and discordance. Magmatism is manifested in the Moroccan
Atlas (Demnate — Beni-Mellal) after the folding and it is represented by intrusions
and effusions of basic to alkali rocks of Early Cretaceous (mainly basalts and gabbro)
(Michard, 1976).

In the Pyrenees the Early Cretaceous tectonics is well manifested through se-
veral considerable activations which have left defining characteristics in the struc-
ture of the entire mountain range. There exist different opinions about the charac-
ter of these movements: (1) according to some authors, these are mainly vertical
movements resulting from intensive faulting; (2) according to other sources, these
are tectonic movements under conditions of shrinking with appearance of consi-
derable horizontal displacements. The following points are indisputable:

1. There was unusual magmatic activation with formation of basic and ultra-
basic rocks in the Northern Pyrenees during the Early Cretaceous, which is related
to pre-Aptian tectonics.

2. Several clear regional discordances are established, connected with oroge-
nesis before the Barremian, before the Gargasian, beforc the Middle Albian and be-
fore the Late Albian (Peybernes, 1976).

3. The most considerable folding occurred before the Cenomanian, when pro-
bably the Lower Cretaceous sediments were slightly metamorphosed.

As it was noted, traces of clear Early Cretaceous folding were observed in Cor-
bier as well.

In Sardinia, Chabrier (1970) has found folding after the Early Creta-
ceous, as a result of which basal conglomerates of the Upper Crataceous lie trans-
gressively and discordantly.
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In the Apennines, Grandjacquet et al. (1972) have described consi-
derable movements of Albian age.

The Eastern Alps are justifiably accepted as the classical model of Early Cre-
taceous tectonic manifestations. It is known that in this area the Upper Cretaceous
Gosau Beds overlie transgressively and discordantly an older basement. According
to Tollmann (1963; 1969), the Cretaccous movements in the Eastern Alps
form two main complexes:

— The first complex comprises the pre-Cenomanian (Austrian phase after
Stille) and the pre-Gosau (Mediterranean) phase. According to Tollmann, at the
time of this folding the large nappes were formed, in which Austrian-Alpine units
follow one above the other, on the one hand, and in addition to this — the napping
of the Pieniny zone over the Ultrapicniny zone, on the other.

—— The second complex groups comprise the post-Gosau phases (Tllyrian and
Pyrenean).

Tollmann s interprelation is disputed by many authors (e. g. Argy-
riadis, 1974), therefore only indisputable facts will be presented here.

1. Hauterivian-Barremian folding is established (Austrian-Alpine phase),
during which the nappe of the Juvanids was formed (the upper complex of the nap-
pes in the Northern calcareous Alps, including the Halstatt and Dachstein nappes),
and it overlies the Tyrolides. This is evidenced by the Aptian breccia originating
from these nappes, discovered by Medwenitsch (1955).

2. The Austrian (pre-Cenomanian) folding was established for the first time
by Stille in 1924, who defined it as the main phase for the Eastern Alps. This
phase marked the formation or the reconstruction of a number of folds and/or
nappes, and especially the strong shifting of the upper Austrian-Alpine nappes above
the Pieniny zone (Tollm ann, 1963; 1969).

3. It is established that there are no traces of rocks earlier than the Lower Cre-
taceous in the Austrian Alps. Argyriadis (1974) emphasized the following
facts:

—- The youngest rocks in the Pieniny are Jurassic.

— In the lower Austrian-Alpine nappes the youngest sediments are Neocomian.

-— Tn the middle Austrian-Alpine nappes the section ends with Upper Juras-
sic limestones containing "aptychi.

— In the upper Austrian-Alpine nappes the scction ends with Neocomian se-
diments which are covered by post-tectonic Gosau Beds.

All this is evidence that the most intensive movements in the Austrian Alps
are pre-Cenomanian,

Rather strong Early Cretaceous movements in the Romanian Carpathians
are known from Peryany (the southern part of the Eastern Carpathians) and in the
South Carpathians. They coincide with the Austrian phase. Considerable horizon-
tal movements are manifested, whereby the Lower Cretaceous rocks are folded and
in some places they ferm nappes. They are covered by Cenomantan sediments.
There exist individual local {ectonic manifestations even before the Albian,
but they are of limited nmportance.

The Austrian phase is intensively manifested in the Apuseni as well. The basic
nappes were formed during this phase, whereas the first clearly transgressive sedi-
ments, lying both over the nappes and over the autochthone, are Senonian (San-
dulescu, 1968).

As it was pointed out, intensive Aptian-Albian tectonic movements are dis-
covered in the Caucasus as well.

The brief analysis of the folding movements during the Early Cretaceous in the
Mediterranean Region indicates that they were manifested several times in differ-
ent parts of the region, starting with the Berriasian until the end of the Albian.
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Fig. 35. Palacogeograpftic skeich of the Meditcrrancun Region and the adjacent arcas during

the Berriasian and the Valanginian
1 — dry land; 2 — marine basin; 3 — Purbeckian-Wealdian continental basins; 4 — zones ol intensive faunistic mi-

grations between the Mediterranean and thc Boreal Basins

Fig. 36. Palacogeographic sketch of the Mediterrancan Region and thz adjacent areas during
the Hauterivian and Barremian

1 —dry land; 2 — marine basin; 3 —- Purbeckiun-Wealdean centinentsi basins: 4 — zones of intensive faunistic
migrations between the Mediterranean and the Boreal Basins
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Fig. 37. Palacogeographic sketch of the Mediterranean Region and the adjacent areas during
the Aptian
J — dry land; 2 — marine basin; 3 — zones of intensive faunistic migrations between the Mediterrancan and the
Boreal Basins

Fig. 38. Palacogeographic sketch of the Mediterrancan Rezion and the adjacent arcas during
the Albian

1 — dry land; 2 — murine basir; 3 — zones of intensive faunistic migrations between the Mediterranean and the
Boreal Basins
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Most considerable activations occurred during the Barremian and Aptian,
being however relatively regionally limited, whereas the strongest and the most
widespread Early Cretaceous folding took place after the Albian. Consequently,
the great Austrian revolution was prepared by a series of regionally limited oroge-
neses from the Barremian to the Albian, in order to achieve a decisive tectonic trans-
formation in the Mediterranean Region at the end of the Albian and before the
Cenomanian.

2. SOME SPECIFIC FEATURES IN THE GEOLOGICAL DEVELOPMENT
OF THE MEDITERRANEAN REGION AND THE OPENING OF THE ATLANTIC OCEAN
DURING THE EARLY CRETACEOUS

2.1. General Notes

Progress in geophysical research, as well as deep-sea drilling (JOIDES, IPOD) have
contributed to the clarification of the geological evolution of the ocean basins.
There are grounds for assuming that the Early Cretaceous evolution of the Me-
diterranean Region was predestined to a considerable extent by plate-tectonics.
Evidently, the conflict between the two large plates —— African-Arab and Eurasian —
played a defining role. The complex configuration and the specificities of the Early

. T
v L _
b (E

Fig. 39. Sketch-map of the distribution of the Valanginian sediments in South America,
Africa and the Atlantic Ocean (after Wiedmann, 1982)

I —clays; 2 —- sha'es; 3 -—limestones; 4 — dolomites: 5 -— marine (undifferentiated) sediments; 6 — sand-
stones; 7 — limnic deposits; & -— continental sands and sundstones; 9 -— basin facies with voleanics; 17 -= vol-
canies, undifferentiated
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Fig. 40. Palacogeographic skctch-map of the South Atlantic during the Barremian (after
Wiecdmann, 1982)

] — marine clayey sediments; 2 — continertal claystcres; 3 — sapropelites; 4 — sands, centinental/marine;
5 — ooze; 6 — reef limestones; 7 — volcanics: & — evaporites; 9 — dry land; 10 — DSDP-Sites

Cretaceous basins are a reflection of the mosaic of microplates and the network
of faults between them (Fig. 35-38).

Moreover, of great geological significance was the formation of the Atlantic
Ocean, whose opening was most intensive during the Early Cretaceous. A number
of geodynamic specificities in the Mediterranean are connected with it.

With the awareness that this problem is equally interesting and speculative,
only some general specificities will be discussed below.

2.2. Palaeomagnetic Data about the Movement of Microplates in the Mediterranean
Region during the Early Cretaceous

It is known that many geologists consider the Alpine foided ranges as a continuous
system. In fact, the boundaries between the different zones are most frequently con-
nected to transform faults along which rotation of the plates took place.
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Carey(1958) was the first to note that the Bay ol Biscay and thc Pyrenees
were formed by counter-clockwise rotation of the Iberian Platform. This has been
proved by a number of investigations of palacomagnetism (D e w ey et al., 1973).
This rotation occurred at about 35° with respect to Europe during the Early Cre-
taceous (I135-110 million years). [t is not accideatal that the Pyrenees were a very
active tectonic zone at that time. The development of the sediments in the Bay of
Biscay during the Cretaceous suggests that the opening of the bay was completed
before the Campanian.

The fragments separated at the beginning of the Jurassic [rom the northern
end of the African Platform (Oranian and Morccco microplates) gradually turned
by about 15° to the northwest and became stabilized at the beginning of the Early
Cretaceous. The South-Atlas fault formed to the scuth of them played a major
palaeogeographic role during the Farly Cretaceous.

Moreover, a relative movement was established between Africa and Europe
in the course of the Early Cretaceous, whercby in the Western Mediterranean

Fig. 41. Palacogeographic sketch-map of the South Atlantic during the FEarly Aptian (after
Wied mann, 1982), Designations as in Fig. 40
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Fig. 42. Palacogeographic sketch-map of the South Atlantic cduring the Late Aptian (after
Wiedmann, 1982). Designations as in Fig. 40

Region this movement was predominantly convergent, and in the Eastern Mediter-
ranean Region — divergent (Dewey et al, 1973).

2.3. Opening of the Atlantic Ocean

Various authors have emphasized the close connection existing between the evolu-
tion of the Tethys (including the Mediterranean Region) and the opening of the At-
lantic Qcean.

The evolution of the Atlantic Qcean comprises the following main stages:
(1) early riftogenesis accompanied by red sediments and alkaline volcanites; (2) eva-
porites; (3) black shales; (4) first deltaic sediments; (5) carbonate platforms;
(6) intensive depression of the continental margins, which is well demonstrated in
the correlation of the sections from Morocco and the Tberian Peninsula with the
boreholes in the continental margin (Chapter IlI); canyons, thick turbidites, athols
and condensations in the upper part of the slope and . or in the shelf were formed
during this stage; (7) expansion of the pelagic facies and decrease of the facial variety;
(8) emergence of the modern system of oceanic currents (Dietz, Holden,
1970; Graciansky et al, 1979; Yon Rad et al., 1982).
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Fig. 43. Palacogeographic sketch-map of the South Atlantic during the Albian (after Wicd mann,
1982). Designations as in Fig. 40

The opening of the Atlantic Ocean took place during the Early Cretaceous.
Wiedmann (1982b) has generalized the data about the development of the
Lower Cretaceous in the South Atlantic, which demonstrate well the noted basic
stages in the evolution of the Atlantic Ocean (Figs. 39-43).

Dercourt (1971) assumes wiih justification that towards the end of the
Late Jurassic the Tethys stopped to be the active zone and this is connected with
the intensive development of the Atlantic Ocean. This is why, the Early Cretaceous
Epoch in the Mediterranean Region is relatively calmer compared with the Late
Jurassic and Late Cretaceous.

2.4. Early Cretaceous Evolution of the Mediterranean Region
and Its Connections with the Atlantic Ocean

Dewey etal (1973) have noted the following main stages in the evolution of the
Tethys and the Atlantic: Tethys 1 (before the Late Triassic); Tethys 2 (Late Trias-
sic); Tethys 3 /Atlantic 1 (Early Jurassic. Toarsian) — the beginning of the sepa-
ration of South and North America [rom Africa and Europe; Tethys 4/Atlantic 2
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(Late Jurassic, Kimmeridgian) — the opening of the Atlantic is already consi-
derable in the northern and central parts; Tethys 5 Atlantic 2 (Early Cretaceous,
Hauterivianj --- South America was comyletely separated from  Africa. This is
a particularly important stage in ihe evalution of the two areas.

During this stage (Hav ivian-Barremian! ihere was activation of the fault
to the north of the Iberiun Tiaiform. which passes to the north of’ Corsica and Sar-
dinia, and with which the Early Cretaccous ophiolites in the Alps (Piemont zone
and Dauphine) and in tlic Apennines are connected. Al the same time the most wide-
spread sediments around this fault ave of the Matolica type, being traced from
the Northwest Atlantic. through the Southern Alps, the Lombardia zone and the
Central Apennines to the Tonic zone in Wesiern Greece (Bernoulli, 1972).
The obduction of the Othrys ophiolites frem the Vardlr zone in the Pcla"oman
Massif tcok place during the Barrermian (Decwey et al, 1973; Ric
Marcoux, 1980). Teihys 6. Atiantic 4 (Aptian-Albian) coincides with con-
siderable activation in the Mediterranean Region (Fig. 44). The Atlantic Ocean
was already considerabiy opened. At the beginning of the Aptian the rate of
spreading and of the increase of the plates was about three times greater compared
with the initial stage, and this rate way preserved until the middle of the Late
Cretaceous (80 million yecars). Some authors associate the widespread Aptian trans-
gression with this increasing rate. A number of subduction zones were outlined in
the Mediterranean Region during this stage: Eastern Alps, Carpathians and Eastern
Serbia (Geyssant, 1980; Dewey etal, [973; Grubid, 1974). The last
stage, i. e. Tethys 7 'Atlantic 35, ended 80 million years ago (Santonian).

A general result of the gradual opening of the Atlantic Ocean, which is par-
ticularly well manifested during the Early Cretaceous, is the progressive reduction
of the Tethys in the Mediterranean Region.

N4 C r’é
NORTH O, /?E //bj/
AMERICA IBERIANLS €

N

LS TPLATE
uq L | &

KARNIAN PLATE

APPFULIAN
PLATE

AFRICA

Fig. 44. The Mediterrancan Region at the end of the Early Cretaceous (110-100m. y.)
(after Dewey ot al, 1973, Geol. Soc. America Bull,, 84, 3137-3180)

I — subduction zones; 2 - ocean crust; 3 — transform faults; 4 — other fawlts; 5 — direction ol
the plate movements
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3. CONCLUSIONS

Some general regularities become prominent during the Early Cretaceous evolution

of the different zones of the Mediterranean R?gloﬂ- )
d by warm chimate and extensive development

!. The Region is characterize wi ate _ lopmen
of different groups of organisms. A dc-_imztc zo'nf\l'll‘.y is cs‘uml‘;shcd in their distri-
bution, determined  mainly by climatic Spel(?ill(,‘!i;CS? as well ;rzs by.S(_)_me other
specilic palacogeographic parameters. ‘/"-k.rnn'.on.-{c:;, rudists and Toraminifera mani-
fest particularly clear provinciu! zorzuhjty. .

The developing puiae(‘.biogcogmphl.\‘ panorama was revealed during the Ear-
ly Cretaceous, starting with cieariy ov..itlmcd sa.!bcquul‘.’m_al p‘rovm,c'cs. i1 the Berrias-
ian and ending with the strongly d;spersed areas Gl?"fng the /ub:a_n. N

2. Characleristic rock associations connccted with the tectonic specificities
of the belt are developed in the diffe ent rones of 'lhc Mediterranean Region. They
are parallel to the main {ectonic lincs. [his is particularly pronounced in the deve-
lopment of ophiolites and the flysch. . .

Inner zones with deep-sed and strongly deformed, somctlmcs Sl»lghlly metamor-
phosed complexes are outlined, as well as cuter z0nes with CXICnSlVC' deve]o.p.ment
of flysch sediments and or carbonate platforms and {oreland, on which neritic or

continental deposits are developed.
Flysch complexes are developed, as a Tu
terized by intensive compensatory depression.

ferent zones is 2000-4C00 m. _ ‘ e ‘
Carbonate platforms are widespread, being built of rudists, other thick-shelled
bivalvs, corals, large foraminifera, echinids, gastropods, algag Q“d, b"yOZQa“S- _
3. The development of the Lower Cremccouls n Ba,:!i_favrla1 is interesting owing
to the comprehensiveness of the sequences as well as the wealth of fossils and va-
rious facies. . - . . .
The analysis of the lithofacies and.of the ev.olqtlo_n of the sedimeatation envi-
ronments during the Early Cretaceous in Bulgaria indicates great variety resulting
and space. In adgition to the specific fea-

from the considerable dynamism in Fimc an . -
tures in the development of the sedimentation environments in the Early Cretace-

ous basin, there are also some general regularities, part of which were inherited {rom
2

the Tithonian.
During the Early

le, in the continental margins, charac-
The thickness of the {lysch in the dif-

Cretaceous the basin was situated between two lands: south-

ern — Thracian. representing 4 peculiﬁr'microconiipent in the Tethys Ocean,
and northern — Dobrogean, which is 2 relict of an oluer. massif. A large and pro-
longed depression is outlined in the s_outhern part of the ‘biasm, to the north of which
is the vast sheif zone. Compzu‘cd with the Late Juras?‘m, the _gco]oglca} evolution
of the Fore-Balkan was accelerated, which was marked by activation of the flysch

o
tl-OucThh.e Lower Cretaceous rocks in the Southeasiern Riodopes were formed in a
bifurcation in the southern part of the Mediterranean bBasin. .
The Early Cretaceous basin began to narrow around t!ﬂ.c end of the Hauteri-
vian, and gradually this tendency became stronger. Both eastern and soulherp
parts became dry. To the east there appeared a merndmnal elevatlol} —- the Euxi-
nian one, cxpanding westward, whereby towards l‘hc_ end of the /\ptxan the basin
d Central Northern Bulgaria, as well as a

already covered only Northwestern an fn bul; vell
small strip from the Danubian part of Northeastern Buigaria in Ruse District.

A rather strong folding movement was manifested at the end of the Aptian
in the Central and Eastern Fore-Balkan (Bonues, 1956; Hukonos Xpuc-
Yy e B, 1965 a, b). As a result of this, as well as of the general tendercies of the geotec-
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tonic evolution, at the end of the Early Cretaceous there was an essential change
in the regional structure and of the palaeogeographic environment connected with it.

4. In many places in the inner zones of the Mediterranzan Region there were
manifestations of ophiolite magmatism, formation of volcanogenic-sedimentary
complexes and radiofarites. In a number of areas, as a result ol Late Cretaceous and
Palacogene orogeneses, the Lower Cretaceous rocks are strongly dislocated, includ-
ed in nappes, in some places also strongly matemorphosed.

5. Some differences became apparcnt during the Early Cretaceous between the
Eastern and Western Mediterranean Regions, which became more prominent during
the subsequent Epoch of the Cretaccous Period.

During the Early Cretaccous the Tethys in the Western Mediterranean Region
had two main straits: northern and southern, which surrounded the Iberian Plate
and joined approximately in Sicily. The northern strait became gradually nar-
rower as a result of several stages of subduction and intensive orogeneses, whereas
the southern strait, starting from the Luate Cretaceous, was gradually trans-
formed into the present-day Mediterranean Sea.

6. The geological specificities of the Mediterranean Region are influenced not
only by the relative movement in Africa and Europe, but also by a number of mic-
roplates within the Mediterranean space.

7. The data from JOIDES and the seismic studies indicate that the spreading
and the ophiolite magmatism in the area are of Jurassic-Cretaceous age.

8. The geological evolution of the Mediterranean Region of the Tethys during
the Early Cretaceous is connected with the opening of the Atlantic Ocean.

The spreading velocity ol the ocean bottom in the Ceniral Atlantic during the
Early Cretaceous considerably increased comnpared with carlier periods. A number
of mobile zones were activated in the Mediterrancan Region. especially after the Bar-
remian. It cannot be claimed ihat there was coincidence in the stages of the ¢vo-
lution of the two oceans, only that there was correlation of the activity and‘or pas-
sivity in different parts of the plate-tectonic network. It is evident that the widen-
ing of the Atlantic led to gradual narrowing of the Mediterranean Region in
the Tethys, which was cicarly manifested at the end of the [Early Cretaceous.
It was accompanied by compression of the coantinental margins and shallowing
of the basin.

9. The Early Cretaceous evolution in the Mediterrancan Region gradually
gained momentum, becoming activated in the main zones of the Region, and thus
preparing and achieving the decisive Austrian transformations in the history of this
dynamic area on the Earth,
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LE CRETACE INFERIEUR MESOGEEN

(Résumé)

La région mésogéenne fait partie de 1’Océan de Téthys et englobe I’Afrique du
Nord, U'Europe du Sud, le Caucase, 1’Asie Mineure. Elle se caractérise par un dé-
veloppement spécifique du Crétacé inférieur, contrastant avec les autres régions
et provinces avoisinantes (Volgicnne, Boréale, Himalayenne, Malgache, Andienne).
Des faciés — de mer profonde aux continentaux sont développés et de riches as-
sociations fossiles de différents groupes d’organismes sont établies dans cette ré-
gion.

Cet ouvrage cst fait 4 la base des résultats des recherches sur le Crétacé inf¢-
rieur ¢n Bulgarie, cffectuées par P'auteur depuis 1957. De plus, de 1960 a 1982,
il a2 eu la possibilité de faire des recherches et de collecter des matériaux dans cer-
tains pays de la région mésogéenne (Algérie, France, Suisse, Italie, Yougoslavic,
Hongrie, Pologne, URSS, Roumanie, Tchécoslovaquie, Gréce).

Lors de ’examen du Crétacé inférieur dans une région si vaste, plusieurs dif-
ficultés sont apparues, particuliérement dans certains pays ou il est faiblement
¢tudié. D’autre part, les généralisations cachent toujours le danger d’un apercu
superficiel, ausst la tendance de ['auteur est-elle d’embrasser le plus pleine-
ment possible les régularités générales du développement du Crétacé inférieur en
présentant les données initiales de fait. On a tdché de fairc un énoncé concis en évi-
tant sa caractéristique détaillée dans les différents pays.

Premic¢re partic
INTRODUCTION
I. REMARQUES GENERALES SUR LE CRETACE INFERIEUR

Le chapitre traite [a nomenclature du Crétacé inférieur, ses limites, les données radio-
métriques sur le Crétacé inférieur et le matériel ayant servi de base a cette recherche.

Le Crétacé inféricur comprend approximativement la moitié inférieure du Cré-
tacé. 11 contient des couches, formées lors du Crétacé inférieur ou une chaine de
successions d 'ammonites du Berriasien a la base (zone de Pseudosubplanites grandis)
& I'Albien (zone de Stoliczkaia dispar) au sommet y compris est établie. Des sé-
diments marins, lacustro-marécageux et continentaux sont développés. D’aprés
les données radiométriques le Crétacé inférieur englobe l'intervalle de 1374-5min
d’années a 10045 min d’années.

II. ETAGES, SOUS-ETAGES ET ZONES BIOSTRATIGRAPHIQUES
DU CRETACE INFERIEUR

Le Crétacé mférieur comprend les étages suivants: Berriasien, Valanginien, Hau-
terivien, Barrémien, Aptien et Albien subdivisés en sous-étages. Une bréve carac-
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téristique générale de chaque étage et de ses sous-étages est donnée ct les zones
biostratigraphiques d’ammonites, de calpionellides, de foraminiféres, de nanoplanc-
ton et d’ostracodes sont examinées plus en détail.

Deuxi¢me partie

STRATIGRAPHIE REGIONALE

H. CARACTERISTIQUE REGIONALE STRATIGRAPHIQUE DU
CRETACE INFERIEUR

La caractéristique régionale stratigraphique du Crétacé inférieur commence par
son examen sur le territoire bulgare, car il y posséde des coupes particuliérement
représentatives, éludiées en détail et qui sont a la base de cet ouvrage.

Ensuite, I’examen de la stratigraphie régionale est effectué par régions et zo-
nes paléogéographiques de 1'Ouest 4 I’Est et du Sud au Nord.

1. Bulgaric

Le modéle de la classification stratigraphique du Crétacé inféricur en Bulgaric cst
fondé sur les régularités générales de son développement dans la région mésogéen-
ne et sur les résultats des recherches antérieures des successions lithologiques
et faunistiques dans les affleurements naturels et les sondages.

Grosso modo le panorama lithostratigraphique du Crétacé inférieur est consti-
tué et y sont liées Ics formations de GlozZene, de Slivnica, de Brestnica, de Kostel,
de Hanevci, de Zlatarica, de Cerni Osam, de Tica, de Salas, de Kaspi¢an, de Kam-
¢ia, de Gorna Orjahovica, de Mramoren, de Hajredin, de Razgrad, de Trambeg,
de Sumer, de Svistov, de Kovadevec, de Ruse, de Elesnica, de Simeonovo, de Malo
Pestene, de Roman et de Spasovo, des Groupes urgoniens de Vraca et de Loved.
Les relations entre les différentes unités lithostratigraphiques sont démontrées
dans des coupes concrétes.

Les particularités régionales et stratigraphiques du Crétacé inférieur dans
le Kraiste, les Carpathes du Sud, les Balkanides, [a Plate-tforme moecsienne et les
Rhodopes de I’Est sont traitées en détail.

2. Afrique du Nord-Oucst

Dans I’Afrique du Nord-Ouest, c’est au Maroc que le Crétacé inférieur est le plus
développé. Sa répartition est liée avec les bassins de Tarfaya-El Aaiun, Haut Atlas,
Agadir-Essaouira, Meseta et le Rif marocain.

Dans le bassin de Tarfaya-El Aaiun le Crétacé inférieur débute par des grés
et conglomérats continentaux d’une épaisseur d'environ 1100 m qui se rapportent
conditionnellement au Barrémien (Wiedmann, Butt & Einscle, 1978). Ces forma-
tions reposent sur des roches triasiques ou jurassiques.

Les sédiments marins du Crétacé inférieur dans ce bassin sont d'ige aptien
ct albien.

Le bassin d’Agadir-Essaouira (Haha) comprend deux zones sédimentaires.
Dans la zone sud d’Agadir le Crétacé inféricur affleure nettement sur la bande lit-
torale entre Arhoud Tarhazoute et Aourir au Nord d'Agadir. Tous les étages du
Crétacé inférieur y sont présentés.

Au Nord le Crétacé inférieur est développé dans la Meseta et le Rif marocain.
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Dans la marge continentale de I’Afrique du Noid-Ouest le Crétacé inférieur
est constaté sur I'ile Maio (iles du Cap-Vert), autour des iles Canaries et le pla-
teau de Mazagan ou il est présenté par des faciés marins variés.

3. Afrique du Nord

Le Crétacé inférieur est développé en faciés marins en Algérie et en Tunisie, tandis
qu’en Libye, Egypte et au Sahara, il est présenté par des formations continentales,

En Algérie le Crétacé inféricur est développé dans I’Atlas saharien, les Hauts
Plateaux et 1’Atlas tellien.

Dans la partic oucst de I’Atlas saharien le Crétacé inférieur est présenté par
des grés et des argiles gréseuses (,,continental intercalaire) et a4 I’Est dans la mé-
me zone — par des gres et des évaporites (du type saharien).

Dans les Hauts Plateaux le Crétacé inférieur cst du type terrigéno-carbona-
té. Tous les étages y sont développés.

Les sédiments du Crétacé inférieur affluent largement dans I’Atlas tellien, ol
ils sont représentés par des faciés d’eaux profondes, qui contrastent avec les forma-
tions néritiques des Hauts Plateaux. La présence de tous les étages du Crétacé in-
férieur y est prouvée par des faunes riches.

Le Crétacé inféricur en Tunisie est lié avec trois zones tectoniques principales:
le Sillon tunisien, le Complexe des bassins intracratoniques et des bassins néri-
tiques instables en Tunisie centrale et au Sahara tunisien.

Dans la partie la plus méridionale (sahariennc) de Tunisic, la base du Crétacé
inférieur (Berriasicn-Hauterivien) est constituée de sédiments continentaux terri-
génes et d’évaporites. AI'Est et au Nord-Est les faciés terrigéncs continentaux sont
remplacés par des carbonates appartenant au Crétacé inférieur mésogéen typique.
Leur limite méridionale 4 la fin de I’Albien marque le point de départ de la transgres-
sion transaharienne crétacée supéricure.

Le Crétacé inférieur est le plus largement déveioppé en Tunisie du Nord on
il est lié avec le Sillon tunisien. Tous les étages sont présentés — du Berriasien 3
I’Albien inclus (Burollet & Manderscheid, 1965; Stranik et al., 1974; Memmi, 1979,
1980, 1981). Dans cette région les sédiments du Crétacé inférieur sont développés
dans deux environnements: néritique et pélagique.

Les faciés néritiques sont bien développés surtout dans le Massif de Zaghouan
et sont présentés par des calcaires organogénes et biodétritiques et des marnes
gréseuses.

Les faciés pélagiques sont largement développés dans la partic médiane du
Sillon et dans I’Atlas tunisien oriental; ce sont des calcaires microgranulaires, des
calcaires sublithographiques (du type vocontien-salasien) a intercalations de mar-
nes. lls contiennent beaucoup de calpionellides et d’ammonites.

En général, le Crétacé inférieur en Algérie et en Tunisie démontre des environ-
nements paléosédimentaires trés variés, de continentaux aux bathyaux, du type
caractéristique mésogéen. A U'Est et au Sud-Est, en Libye et en Egypte, le Crétacé
inférieur est présenté par des faciés continentaux.

4. Péninsule ibérique

Les sédiments du Crétacé inférieur dans la Péninsule ibérique sont liés avec quel-
ques zones tectoniques. Des faciés littoraux a plusieurs hiatus intraformationnels
sont développés autour du massif central hercynien de la Meseta ibérique. Dans
les Chaines Cantabriques, les Pyrénées, les montagnes ibériques et catalanes,
le Crétacé inférieur est trés varié, présenté par toutc une gamme de faciés variés
du type Weldien au flysch. Dans la dépression Sub-bétique (entre la Meseta et le
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Massif Bétique, y inclus les Baléares, des faciés marins d’eau profonde sont déve-
loppés. En général, la répartition du Crétacé inférieur représente un grand triangle
autour de la Meseta, dans la partie occidentale de laquelle se trouve le Portugal,
au Nord—Nord-Est —les chaines Cantabriques et Ibériques et au Sud-Est —1la
zone Sub-bétiquc avec son prolongement vers les Baléares. Au Nord la Péninsule
ibériquec est bornée par les Pyrénces.

Dans les Pyrénées le Crétacé inférieur est présenté par des faciés extréme-
ment variés, d’une épaisseur variant rapidement et des relations spatiales compli-
quées entre les unités lithostratigraphiques (Rat, 1969; Peybernes, 1976; Jaffrezo,
1981). Les faciés du Crétacé inférieur sont principalement néritiques, avant tout
du type carbonaté et dans des régions isolées sont aussi terrigénes. Les faciés
urgoniens sont particuliérement développés et constituent des coupes épais-
ses du Valanginien 3 I’Albien inclus. Il existe beaucoup de lacunes stratigraphiques
et d’érosions profondes de différents horizons, ayant conditionné la formation de
gisements importants de bauxite.

Dans la partie centrale de la zone des Pyrénées septentrionales, lors du Cré-
tacé inférieur, il s’est manifesté un magmatisme péridotique lié avec la formation
des gisements de chrysotile-asbeste. Du point de vue de la paléontologie, le Cré-
tacé inférieur se caractérise principalement par des foraminiféres, algues, nanoplanc-
ton, etc., de méme par des bivalves, gastropodes, brachiopodes, échinides. Les
ammonites ne se rencontrent que rarement, surtout dans les roches argilo-calcaires
de 1’Aptien.

-

5. France

Le Crétacé inférieur en France est lié avec les régions suivantes: Alpes, inclus les
chaines subalpines avec la Fosse vocontienne, I2 Provence, le Jura, le Bassin de
Paris et le Bassin d’Aquitaine. Ici il faut mentionner aussi le Crétacé inférieur dans
les Pyrénées frangaises.

Les Alpes frangaises démontrent un Crétacé inférieur varié, développé en fa-
ciés d’eaux profondes. Dans cette région quelques zones se dessinent ol le Cré-
tacé inférieur démontre des particularités spécifiques.

La zone de la Savoie englobe une grande partie des Alpes occidentales — les
massifs de Pelvoux/Belledonne et de Mont Blanc. Dans la partie nord-ouest de
cette zone a I’Ouest du Mont Blanc (chaines des Aravis), le Berriasien-Hauteri-
vien est représenté par des calcaires micritiques et des calcaires argileux. Le Bar-
rémien et 1’Aptien — par des calcaires et des calcaires gréseux en faciés urgonien,
superposés transgressivement par des grés glauconitiques de I’Albien. Au Sud-Ouest
du Massif de Mont Blanc, dans la Zone ultrahelvétienne, les calcaires argileux
barrémiens — une partie du charriage de Rosselette (Eltchaninoff-Lancelot et al.,
1982). sont développés seulement.

La zone dauphinoise représente une dépression du Crétacé inférieur entre le
Massif Central et les massifs de Mont Blanc, Belledonne et Mercantour. Au Sud
la dépression s'élargit et passe dans la Fosse vocontienne. Dans sa partie nord
la dépression est plus étroite et les sédiments possédent des puissances plus grandes.
En outre. dans la partie nord les sédiments sont aleurolitiques et/ou faiblement
gréseux souvent avec un développement de turbidites, tandis qu’au Sud des sédi-
ments argileux et calcaires sont développés exclusivement. Une bande de sédiments
néritiques borne la dépression: au Nord-Ouest ce sont les hautes montagnes de la
Savoie, les massifs de la Grande-Chartreuse et Vercors et les environs de Valence,
au Sud, ce sont le Languedoc et Ia Provence.
~ Le Crétacé inféricur dans les Chaines méridionales subalpines (Fosse vocon-
tienne) est présenté par des sédiments pélagiques (du type alpin a la différence du
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type néritique dans le Jura). C’est la seule zone en France ol du Berriasien a I'Al-
bien une sédimentation de mer profonde passant aussi dans le Cénomanicn a exis-
té. En effet, la Fosse vocontienne représente un golfe énorme de la dépression sub-
alpine du Crétacé inféricur. Des calcaires fins mircitiques, des calcaires argileux
¢t des marnes riches en ammonites et en microfaune planctonique (calpioncllides,
radiolaires, foraminiféres, nanoconus) y sont développés. C’est le méme faciés
dans lequel est développé le Crétacé inférieur dans le synclinal de Sala$ en Bulga-
rie du Nord-Est.

Les Chaines septentrionales subalpines oir le Crétucé iniéricur est développé
en faciés mixtes commencent au Nord de Diois. Le haut mur dzs calcaires urgoniens
qui constituent le bord sud du Vercors et représentent un éiéiment typique de cette
zone se détache au Nord de la région de la viile de Die. Le Crétacé inférieur est
présenté par des faciés mixtes — une alternance multiple des calcaires biomorphes
ct des marnes. Ces sédiments réaliseit la transition de faciés vocontiens aux facies
du Jura. Tous les étages du Cirétacé inférieur sont développés et trés nettement
caractérisés du point de vue paléontolcgique. La coupe entre Grenoble et Chambéry
est particuliérement représentative.

Le Crétacé inféricur duns la zone de Piémont est présenté par une épaisse séric
monotone de caleschistes qui, lors du chevauchement pendaat 1'Eocéne supéricur
et I'Oligocéne sous l'influence du dynamométamorphisme, se sont transformés
en schistes lustrés. Les calcschistes sont déterminés comme étant du Crétacé in-
férieur en comparaison avee une pareille suite non-métamorphisée dans les Apen-
nins septentrionaux qui & aide de calpioncllides est rapportée au Tithonique-
Neéocomien. Hs superposent les roches vertes --- ophiolites (diabases et spilites)
et gabbro et sont recouverts par des radiolarites, métamorphisés en cuartzites
a séricite et a chlorite, et affleurent bicn & présent sui le Mont-Viso. Les caleschisles
sont recouveits par un flysch du Crétacé supéricur 2 Helmentheides.

En Provence le Crétacé inféricur est présenté par des sédiments marins d’caux
peu profondes—-calcaires zoogénes, grés glauconitiques a phosphorites et marnes.

Dans le Bassin d’Aquitaine le Crétacé inférieur est connu dans la région d"Adour
ct de Parentis.

Les sédiments du Crétacé inférieur dans le Jura sont présentés par des faciés
de plate-forme, principalement carbonatés. Le Crétacé inférieur débute par des
sédiments lagunaires du Purbeckien, superposés par des marnes et des calcaires
argileux a intercalations de lignites. Au-dessus suivent les calcaires rougcitres et
les marnes, connus de la région de Neuchatel — Valangin — Hauterive du Jura
suisse. Parmi Jes sédiments du Jura les marnes hauterivicnnes 2 échinides sont
formées dans des conditions des caux les plus profondes. Leur formation coincide
avec I’é¢poque quand la mer s'ouvre Je plus largement au Nord-Quest vers le Bas-
sin de Paris.

Le Barrémien ct ’Apticn sont développés uniquement dans les hautes parties
du Jura ct sont représentés principalement par des calcrires urgoniens. Dcs grés
glauconieux albiens les superposent transgressivement.

Les sédiments du Crétacé inféricur affleurent comme une bande continue dans
la partie sud-est du Bassin de Paris. Dans le reste du bassin partout le Crétacé
inféricur cst établi par des forages.

Lors du Crétacé inférieur lc Bassin de Paris a représenté un détroit liant le
bassin mésogéen a la Mer du Nord et cela conditioane la répartition et les parti-
cularités de différents étages. Les calcaires argilcux lagunaires ou lacustres du
Purbeckien sont superposés par des dépdts argileux et gréseux du Veldien, parmi
lesquels sont découverts des iguanodons (prés de Bernissart), des crocodiles, des
tortues et des poissons,
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Dans la partie centrale du détroit (Aubc) la sédimentation marine commence
par des calcaires zoogénes du Valanginien supéricur et se termine avec des argiles
de I’Albien.

6. Alpes suisses

A part le Jura, le Crétacé inférieur cst répandu dans les Alpes suisses. 11 est
¢tabli une zonalité laciale, lors de luquelle sont observés des passages latéraux
des faciés du type du Jura au Nord et du type vocontien au Sud 4 travers les faciés
mixtes des chaines septentrionales subalpines vers les faciés des Alpes suisses.
Le Crétacé inférieur estlié avec Ia zone externe des Alpes, avec les Préalpes et avec
les charriages hclvétiens.

7. Alpes orientales

Le Crétacé inférieur posséde une cépartition limitée dans les Alpes orientales.
Dans la zone de flysch s’établissent deux bandes du Crétacé inférieur. Dans la
bande nord s*étublissent: ) marncs a Duvelia late ¢t & ammonites valanginiennes;
2) calcaires bréchoides (Valanginien): 3) calcaires a silex de [’Hauterivien; 4) cal-
caires urgoniens avec des marnes a orbitolines dans Ia partie supérieure (Barré-
mien-Aptiein). Dans«la bande sud ies calcaires du Valanginien et de 1’Urgonicn
se remplacent par des marncs. Un passage analogique des faciés néritiques vers
des faciés bathyaux est observé de méme dans les Alpes occidentales.

8. longric

Le Cretace inféricur dans fe Massif Pannonien central est connu dans sa partie sud—

/tfany et Meczek, et dans le Srednogorie hougrois — Bakony et Gerecse. Des
faciés variés sont développés, ayant plusieurs lacunes stratigraphiques intrafor-
mationnellcs. Dans la plupart des endroits les sédiments du Crétacé inférieur super-
posent la surface intcnsément érodée des calcaires du Tithonique.

Des coupes, ot les dépots berriasiens sont liés par une transition graduelle
avec les roches tithoniques, sont établies 4 Meczek. Le Berriasien est présenté par
des calcaires denses micritiques et des calcaires argileux a calpionellides, radiolai-
res et ammonites. Le Valanginien inférieur est li¢ aux formations volcano-sédimen-
taires (la formation tufogéne trachydoidritique d’une épaisseur dc 10—100 m)
ol Kilianella roubaudiana (4’0 r b.) a été trouvée. Le Valanginien supérieur est
présenté par des marnes et des grés.

Des calcaires urgoniens i plusicurs pachyodontes reposent sur une surface
érodée.

Dans la montagne de Vilany les calcaires intensément érodés du Kimmérid-
gien-Tithonique sont superposés par des volcanites a4 diabases (trachydolérites)
gqu'on admet d’étre du méme ige que la formation trachydoléritique tufogéne va-
langinienne de Meczek. Dans le horst de Berecmend et & Harsany lors du Valangi-
nien et de I'Hauterivien se forment des bauxites. La sédimentation marine débute
du Barrémien avec la formation des calcaires urgoniens a orbitolines et a pachyo-
dontes qui atteignent la base de 1’Albien.

La coupe de la séric & Bakony est la plus compléte. Les sédiments berriasiens
sont liés par unc transition lithologique avec les sédiments tithoniques (Sumeg,
Lokut, Somhed). La ils sont présentés: des calcaires clairs micritiques, calcaires
argileux (faciés ..Biancone”) contenant des ammonitcs, beaucoup de calpionelli-
des et de radiolaires. Dansla vallée de Alsomajor-Zirc et dans la partie est de Som-
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hed le Berriasien est représenté par des calcaires rougeftres a ammonites ou
par des calcaires & rares crinoides (Istenesmal-Zirc), et au Nord de Zirc ct prés
de Bakonycsernye — par des calcaires clairs a calpionellides. Plus haut sont
établis le Valanginien et le Hauterivien (marnes), le Barrémien (calcaires jaund-
tres), I’Aptien (calcaires), I’Albien (marnes glauconitiques).

Le Crétacé inférieur est développé dans la moitié nord de Gereese, ol il est
li¢ & un complexe ininterrompu du Berriasien supérieur au Barrémien inclus.

9. Tchécoslovaquie

Le Crétacé inférieur est établi dans la zone des klippes (Carpathes occidentales),
les Hauts Tatras ei dans la zone de Silésie (Beskides). Des faciés variés sont dé-
veloppés — de néritiques aux bathyaux.

10. Pologne

Dans la région des Carpathes polonaises le Crétacé inférieur est développé dans trois
zones: zone de flysch, zone des klippes pénines et dans les Tatras ou il cst présenté
principalement par des sédiments de flysch.

11. Roumanie

Le Crétacé inféricur est largement répandu daans les Carpathes orientalces,
Monte Apuseni, la plaine de Valachie et la Dobroudja du Nord.

Les sédiments du Crétacé inférieur dans les Carpathes orientales sont de deux
types: flysch et marnes, riches en ammonites. De leur cdté, les dépdts de flysch sont
extrémement variés — de grossiers aux argilo-gréseux a pellosidérites. Des schis-
tes siliceux, des schistes butumineux, des marnes a radiolaires sont développés
par endroits. Des intercalations de tuffites y sont rencontrées.

Pour les Carpathes méridionales le changement rapide des faciés est trés
typique — des calcaires pélagiques argileux aux sédiments de flysch, terrigéno-
carbonatés et carbonatés.

Dans les Monte Apuseni les sédiments du Crétacé inférieur sont princi-
palement du type terrigéne. Par endroits des formations volcano-sédimentaires
sont développées.

Dans la plus grande partie de la plaine de Valachie (la partie nord de la Pla-
te-forme moesienne) le Crétacé inféricur est présenté par les mémes faciés qu’en
Bulgarie centrale du Nord. Dans la partie du Berriasicn-Valanginien de la coupe,
des calcaires du type de Kaspi¢an sont développés.

Dans la partie centrale de la plaine du Nord un golfe s’avance ot des calcaires
de mer profonde a calpionellides sont développés.

Partout les calcaires de Kaspian sont superposés par des sédiments argileux
et carbonatés du type de Razgrad (Hauterivien-Aptien inférieur).

Les sédiments de I’ Albien reposent transgressivement sur les étages plus anciens
du Crétacé inférieur (Barrémien-Aptien), pareillement a4 la région septentrionale
de la Bulgarie centrale du Nord (Brest — Gigen). Dans la Dobroudja du Nord
des formations néritiques terrigénes et carbonatées a plusieurs lacunes stratigra-
phiques intraformationnelles sont développées.

12. Carpathes soviétiques

Le Crétacé inférieur affleure dans deux zones principales: de Staro-Samborsk et
de Marmaros.
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Dans les Carpathes de Staro-Samborsk le Crétacé inférieur est lié avec le Grou-
pe de Spask qui est présenté par trois formations terrigénes, développées dans la
zone externe de flysch.

Dans la zone de Marmaro$ le Crétacé inféricur est lié avec trois formations:
de Kamenopotoksk (flysch), de Kamenolinsk (4 deux faciés externes du type terri-
géne et carbonaté) et la formation de Soymoulsk (aleurolites ct grés) qui passe dans
le Cénomanien.

13. Crimée et Caucase

Le Crétacé inféricur dans la Crimée affleure comme une bande qui commence de
la seconde chaine des Montagnes de la Crimée dans la vallée de la riviére Tcherna
et continue au Nord — Nord-Est vers Balitchissaray — Symphéropol ct de la
a ’Est vers Théodossia. Dans la Crimée de steppe le Crétacé inférieur est prouvé
dans des sondages profonds. Dans les syaclinorii de Jaila et de la Crimée orientale
le Crétacé inférieur est développé surtout dans des faciés marins d’eaux profondes
et dans le reste de la Crimée des sédiments néritiques sont présentés.

Les sédiments du Crétacé inférieur démontrent des modifications importantes
des faciés et des épaisseurs liées avec un nombre de lacunes stratigraphiques intra-
formationnelles. La plus grande épaisseur est comme dans la Crimée orientale
(1500 m), tandis que dans la Crimée du Sud-Quest elle atteint & peine par endroits S m.

Les sédiments du Crétacé inférieur sont liés par un passage graduel a ceux
du Jurassique supérieur ou ils se disposent sur un fondement bigarré transgres-
sivement et en discordance sur {a série de Taurides (Trias — Jurassique moyen),
ou ils remplissent en-ingression les différentes dépressions dans le relief du Pre-
crétacé inférieur. Les dépdts du Crétacé inférieur manquent par endroits.

Le Crétacé intérieur dans le Caucase est lié avec quelques zones tectoniques dont
chacune se caractérise par différents faciés et épaisseurs. Les sédiments du
Crétacé inférieur dans le Caucase du Nord-Ouest sont liés au versant nord de la
créte principale du Caucase a I'Ouest de la riviére Belaya. Ils sont caractérisés par
de grandes épaisseurs (4—5 km) et une prédominance des formations pélitiques —
des argiles sidéritiques. Tous les étages du Crétacé inférieur sont développés, par
endroits avec quelques lacunes dans les différentes parties des coupes.

A I’Est de la riviére Belaya jusqu’a la Mer Caspienne la coupe du Crétacé in-
férieur est constituée de deux grands complexes.

Le complexe inférieur est représenté par des sédiments terrigéno-carbonatés
du Berriasien-Barrémien inférieur. Epaisseur — jusqu’a 850 m. Lecomplexe supé-
rieur est terrigéne (Barrémien supérieur — Albien inl[érieur). Des sédiments glau-
conieux gréseux et argileux, souvent i concrétions calcaircs prédominent. Epais-
seur — jusqu’a 700 m. L’Albien moyen et I’Albien supérieur sont ordinairement
présentés par des argilites noires et dans leur partie supérieure apparaissent des
intercalations de marnes & épaisseur de 40—80 m 4 150 m au Nord du Précaucase.

Dans la région d’Abhasia-Ratcha de¢ la zone géorgienne les sédiments du Cré-
tacé inférieur se distinguent des dépbts de flysch dans le flanc sud du Grand Cau-
case et des formations néritiques du Caucase du Nord (Peutrapten, 1951). Dans
cette région les calcaires, trop souvent pélitomorphes, et les marnes constituent
les coupes du Berriasien, de I'Hauterivien et du Barrémien. Ils se caractérisent
par des faunes riches en céphalopodes, connues de nombreuses publications. Des
genres mésogéens prédominent, mais souvent des formes nordiques sont rencon-
trées. L’Aptien est présenté par des marnes et I’Albien — par des dépots terrigénes.

Dans la région de Dziroulsk-Koutaissi les coupes du Crétacé inférieur sont
constituées de sédiments terrigénes, souvent & Rudistes dans Ie Barrémicen. L’Ap-
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tien est présenté par des marnes et dans 1"Albien sont développés des aleurolites,
des grés et des tuffites.

Le Crétacé inférieur est développé dans trois zones du Petit Caucase: zones
de Mishano-Kafan, Sévano-Karabah ct Somhitc-Agdam. Tous les étages de la série
y sont développés ct leurs coupes ordinairement sont constituées par des sédiments
terrigénes et carbonates, souvent avec des intercalations de grés tufacés.

14. Alpes méridionales, Apennins et Sardaigne

C’est la partie centrale de la région mésogéenne ol le Crétacé inférieur est développé
principalement dans des faciés marins d’eaux profondes. souvent associés avec
des radiolarites. Dans le bord sud des Alpes vénitiennes, dans les Apennins méri-
dionaux et en Sardaigne, des calcaires néritiques & Rudistes et & Nerinea sont
présentés de méme.

Des sédiments argileux et calcaires du type Maiolica et Biancone sont répandus
dans la Lombardie et les Apennins septentrionaux.

15. Yougoslavie

En Yougoslavic le Crétacé inféricur est d’unc vaste répartition ct il est présenté
par tous ses étages dans les zones paléogéographiques suivantes: la Dépression
slovéne, les Chaines Dinariques, Kessovo, Choumadie ¢t Serbie de 1’Est.

Particuliérement typique pour la Dépression slovéne est le large développement
(du Trias tardif au Berriasien) des sédiments pélagiques carbonatés, des radiolari-
les schisteuses ou siiiceuses qui contrastent avec les formations néritiques dans
les régions avoisinantes.

Les calcaires berriasiens sont supcrposés transgressivement, mais en concol-
dance, par des bréches calcaires avec des restes de Rudistes, orbitolines, algues,
hydrozoaires, de rares Hedbergelles et des Tulmaniclles primitives qui prouvent
I’age Aptien-Albien.

Dans la-Zone dalmatine des Chaines Dinariques, dans la Zone du Haut-Karst
ct dans la Sous-zone prékarstique, le Crétacé inférieur est développé exclusivement
dans des faciés carbonatés, et dans la zone Bosnienne — dans des faciés de flysch.

Les sédiments de flysch reposent sur une formation volcano-sédimentaire du
Groupe ophiolitique a radiolarites du Jurassique supéricur dans la partie supé-
rieure du Jurassique supérieur.

Des sédiments barrémiens, anticns et albiens, développés dans la zone de Kukes,
Metochie, la zone de Crnolevskidrenitchi a I’Quest de Kossovska Mitrovica et dans
la plaine de Kossovo sont connus seulement dans la région de Kossovo. Des sédi-
ments terrigéno-carbonatés principalement dans dss faciés néritiques et plus ra-
rement dans des faciés bathyaux sont présentés 1i.

La zone de Choumadie englobe !la marge sud du Banat, les environs de
Belgrade, Choumadie, Kopaonik de I’Est et du Sud-Est, ou des sédiments nériti-
ques terrigéno-carbonatés sont développés principalement.

Le Crétacé inférieur est largement développé dans la Serbie orientale ou il est
présenté par des roches variées d'épaisseur importante, Il affleure de l'interfleuve
de Morava et Timok au Nord 4 Souva planina et Stara planina au Sud-Est.

Dans les dépots du Crétacé inférieur les géologues serbes distinguent quatrc
types principaux: 1) d’eaux peu profondes; 2) de flysch; 3) transitoire; 4) d’eaux
profondes. Cependant. leur limitation spatiale n’est pas bien éclaircie et a cause
de cela souvent des calcaires typiquement pélagiques a fossiles d’eaux profon-
des sont décrits dans des faciés néritiques.
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Lors du Crétacé inféricur dans la Serbie orientale deux dépressions impor-
tantes se sont formées — dans ['une d’elles il s’est formé du flysch (la zone de
LuZnica) et dans l'autre - des formations volcano-sédimentaires (zone de Kraj-
na du graben du Danube).

14, Albanie

Les sédiments du Crétacé inférieur en Albanie sont un prolongement de ceux des
Dinarides. Des calcaires pélagiques a silex, ainsi que des dépdts de flysch y sont
développés.

17. Gréce

Dans la partie occidentale de la Gréce, dans la zone Préappulienne, le Crétacé in-
férieur englobe une partie des calcaires de Vigla (Tithonique — Sénonien infé-
rieur). Ces calcaires sont développés aussi dans la Zone ionienne ou ils sont dé-
posés dans une mer trés profonde, a radiolaires et & lentilles de jaspe. Ils contien-
nent des calpionellides, aptychus, Mesohibolites et Orbitolina qui permettent de
déterminer l'intervalie du Berriasien 4 I’Albien inclus.

Dans la partie continentale de la zone de Gavrovo, le Crétacé inférieur est
lié avec des calcaires a algues qui passent du Jurassique supérieur. Des calcaires
plus variés avec des restes de foraminiféres, coralliaires, algues qui caractérisent
P’intervalle Jurassique supérieur et la base du Crétacé mféricur, sont développés
dans le Péloponnése.

Dans la zone du Pinde la base du Crétacé inférieur est liée avec des radiola-
rites, souvent imprégnées par des oxydes de manganése. Elles alternent avec des
calcaires pélagiques a radiolaires. Des intercalations de calcaires bréchoides, par-
fois gréseux et oolithiques sont renconitrées dans les marges. Ces sédiments sont
recouverts d’un flysch gréso-marneux, associé avec des marnes rouges a radiolai-
res. Différents Orbitolina et Dictyoconus déterminent le Barrémien-Aptien.

Dans la zone du Parnasse le Crétacé inférieur englobe une partie de calcaires
bréchoides a Ellipsactinia ellipsoidea S tein (Tithonique-Valanginien), des cal-
caires volithiques et compacts sur lesquels le second niveau a bauxites du Parnasse
est développé.

Dans la zone du Vardar, des sédimeints aptiens-albiens a ’rbitolines et a neri-
nés sont développés. Ce sont des conglomérats a fragments calcaires, parfois op-
hiolitiques: de méme des calcaires gréso-détritiques y sont présentés, lis super-
posent transgressivement et en discordance les ophiolites du Jurassique supérieur,

Dans la Crete Je Crétacé inférieur est présenté exclusivement par des calcai-
res, par endroits a4 radiolarites.

Dans les Rhodopes du Sud-Est le Crétacé inférieur est lié avec le complexe
phyllithique du Macri, affleurant au Nord-Est d’Alexandropolis. Ce complexe est
constitué de phyllithes, de grauwackes et d’ophiolites faiblement métamorphisés.
Ils contiennent des intercalations de calcaires ou des coralliaires du Jurassique
supérieur et du Crétacé inférieur sont trouvés.

A Samothrace le Crétacé inférieur englobe une partie du complexe ophioli-
tique et il est présenté par des gabbro, diabases, calcaires coralliens, schistes et
bréches polygénes. Les relations du gabbro et des diabases avec les sédiments dé-
montrent que le volcanisme basique s’est manifesté a la limite du Crétacé inférieur —
Crétacé supérieur (Braun, [968).

A Trodos le Crétacé inférieur est présenté par des dolérites (130—I120 min
d’années).
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18. Turquie

Le Crétacé inférieur a une répartition limitée en Turquie. Il superpose souvent en
transgression des terrains jurassiques ou paléozoiques.

Des roches du Crétacé inféricur sont connues sur le littoral sud de la Mer
de Marmara, cn Anatolic, dans la partie nord de la région de Beipazar-Nalihan,
au Sud de Bolou, au Nord de Guoinouk ct Je lac Abant, dans la région de Zongoul-
dak, au Nord de llgaz-Kourchounlou, autour de Baibourt, au nord de Tartouma
et dans Taurus.

Sur le littoral de la Mer Noire le Crétacé inféricur débute avec des conglomé-
rats, superposés par des calcaires (Valanginien-Aptien inféricur), des grés calcai-
res et des calcaires a Nerinea et Requienia. Des grés de Velebek (Aptien supéricur)
et des grés et marnes de I’Albien, recouverts par des marnes et du flysch grossier
(Albien supérieur -— Cénomanicn), sont observés plus haut.

Entre la Mecr Noire et la région de ilgaz-Kourchounlou, des calcaires blancs
massifs 3 ammonites (Berriasicn-Barrémien inféricur) sont développés.

Des sédiments du Crétacé inlérieur dans un faciés marin d’eaux profondes
sont développés entre lcs montagnes anatoliennes ct les chafnes septentrionales
montagneuses.

Dans I’Anatolie du Sud-Est, dans de profonds forages, des calcaires dolomi-

.

tiques a orbitolines sont constatés.

19. Proche-Orient

Le Crétacé inférieur est connu dans tous les pays du Proche-Orient. Il est développé
dans des faciés de mer peu profonde, principalement carbonatés et/ou dans des
faciés terrigénes. Les sédiments aptiens et albiens sont les plus développés et pres-
que partout sont du type marin. Des formations contineniales sont répandues dans
des fterritoires isolés.

Le volcanisme basique du Jurassique tardif continue encore lors du Crétacé
inférieur avec un paroxysme bien manifesté lors de I'Aptien.

Troisiéme partie

SYNTHESE ET CONCLUSIONS
IV. APERCU STRATIGRAPHIQUE

Le chapitre traite le développement des étages du Crétacé inféricur dans la région
mésogéenne, en appuyant sur les traits spécifiques dans les différents pays, ainsi
que sur les particularités générales de la répartition de chaque étage.

1. Berriasien

Le Berriasien est largement répandu dans la région mésogéenne. Il est présenté
par des faciés marins variés et, par endroits, par des formations continentales du
type Purbeckien ou saharien.

Dans la plupart des régions on observe une transition lithologique graduelle
des sédiments tithoniques aux berriasiens. Cette continuité par endroits est pertur-
bée par des phénoménes tectoniques ct (ou) paléographiques locaux. L’absence
des sédiments berriasiens dans ceriaines régions est conditionnée par des éléva-
tions stables d’une longue durée.
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2. Valanginien

La répartition du Valanginien et le type de ses dépts sont analogues a ceux du Ber-
riasien. Cependant par endroits, la sédimentation du Crétacé inférieur commence
dans le Valanginien. En outre, dans toutes les zones d’une sédimentation argilo-
calcaire on observe un accroissement graduel du contenu argileux dans les coupes
valanginiennes et un accroissement des marnes aux dépens des calcaires.

3. Hauterivicn

Les sédiments hauteriviens sont de faciés variés et sont répandus largement,
Dans la région de la Mediterranée occidentale les sédiments de flysch prédominent,
tandis que dans le reste de la région mésogéenne 1’Hauterivien est lié avec un tableau
facial bigarré, dessiné par des sédiments de néritiques aux sédiments d’eaux pro-
fondes. Dans la partie occidentale de la Péninsule ibérique sont développés des dé-
pots continentaux hautcriviens du type Weldien.

4. Barrémien

Le Barrémien est caractérisé par faciés trés variés parmi lesquels prédominent les fa-
ci¢s néritiques. Un large développement du faciés urgonien qui représente un phéno-
méne mésogéen typique commence lors du Barrémien tardif. A part les faciés
néritiques terrigénes, terrigéno-carbonatés ct urgoniens, le plus largement dévelop-
pés, dans la partie centrale de la région mésogéenne ainsi que dans quelques zo-
nes de dépression, le Barrémien est lié avec des sédiments argileux d’eaux profon-
des et argilo-carbonatés et par endroits avec des sédiments de flysch.

5. Aptien

L’Aptien est connu dans toute la Mésogée — de I’Océan Atlantique au Proche-
Orient. 11 est développé dans des faciés variés dont les plus typiques sont les faciés
urgoniens. A I’exception de quelques régions — par exemple la Provence, en par-
tie les Hauts Plateaux en Algérie, ainsi que dans la Bulgarie du Nord-Est et 1a Do-
broudja, out I’Urgonien est réprésenté par des calcaires trés purs, dans les autres
zones les calcaires urgoniens sont associés avec des dépoOts terrigénes — marnes,
aleurolites et grés. Partout les plates-formes urgoniennes sont contournées par la
traine terrigéno-carbonatée.

Dans un nombre de zones (Afrique du Nord, Alpes, Carpathes) I’Aptien est
lié avec des sédiments de flysch et ailleurs (Dépression tunisienne, France du Sud-
Est, Zone Sub-bétique) avec des dépdts argilo-carbonatés pélagiques.

Dans quelques régions (Pyrénées, Carpathes, Prébalkan, Caucase du Nord)
les formations molassiques représentent une partie intégrante typique pour I’ Aptien.

D’ordinaire les sédiments aptiens sont un produit final des grandes dépressions
du Crétacé inféricur.

6. Albien

C’est le dernier étage du Crétacé inférieur. Par rapport aux autres étages il est
d’une répartition la plus limitée, liée a la régression postaptienne ou a l’érosion
postalbienne. A part les sédiments de flysch et les schistes noirs d’eaux profondes,
les calcaires a radiolarites, connus dans certaines zones de la Mésogée occidenta-
le, les sédiments les plus typiques de 1’Albien sont les sédiments glauconieux gré-
seux et les molasses (conglomérats, grés glauconitiques, aleurolites et argiles).
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V. EVOLUTION ET PALEOBIOGEOGRAPHIE DES ORGANISMES MARINS
DU CRETACE INFERIEUR DANS LA REGION MESOGEENNE

1. Notes générales

Il est notoire que I'Echelle stratigraphique internationale de I'Erathéme mésozoi-
que cst établie sur la base de I'évolution des ammonites. Eiles répondent aux exi-
gences fondamentales pour des fossiles-guides: 1) un rythme rapide d’évolution;
2) une répartition horizontale importante; 3) une indépendance rclative des faciés;
4) une bonne conservation.

En effet, un nombre d’autres organismes marins sont plus largement répandus
que les ammonites mais leur rythme d’évolution est plus lent et & cause de cela
aide d’eux peuvent étre individualisées des zones d’une durée plus grande que les
zones d’ammonites.

La vaste pratique stratigraphique, particulidrement dens les vingt derniéres
années, démontre l'importance stratigraphique de quelques autres groupes
d’organismes qui permettent une stratigraphic détaiilée du Crétacé inféricur. Ce
sont: foraminiféres, radiolaires, calpionellides, dinoflagelles, algues, nanoconus,
bivalves, échinides, brachiopodes, cic.

Ce chapitre traite I'évolution dc¢ quelques groupes d’organismes marins
d’une répartition vaste lors du Créiacé inférieur, coatribuant le plus au dé-
membrement stratigraphique ct a la corrélation du Crétacé inféricur, de ses
différents étages ct (ou) des types faciaux déterminés (par ex. du faciés urgonien
largement répandu). En outre, sont éclaircis sculement tels aspects de I'évolution
de ces groupes d'organismes, dont dépend lec plus la formation des successions
paléontologiques, et non pas les problémes des corrélations phylogénétiques a4 Min-
téricur de diftérents groupcs.

Les régulariiés formant les successions d’organismes sont dans une dépendance
¢troite des facteurs écologiques de 'environnement. Aves ces facteurs sont liés
plusicurs autres probiémes importants pour la stratigraphie. Ce sont: 1) les couc-
tions entre les organismes; 2) la densité du peuplement de différents biotopes:
3) la dépendance de la morphologie des organismes du caractére du milieu; 4) les
rythmes de la formation des espéces et leur relation avec les changements du milicu;
5) la migration des organisines — causes, vitesse ct résultats.

2. Traits principaux de ’évolution des organismes marins du Crétacé inférieur

Indépendamment de la régression importante qui se manifeste sur de vastes sur-
faces dans la région mésogéenne vers la fin du Jurassique il existe un passage gra-
duel du monde organique jurassique vers celui du Crétacé. Unigquement parmi les
mollusques on observe une régénération considérable qui se caractérise par la dis-
parition de plusieurs espéces et genres et 'apparition de nouveaux tuxa.

Ce chapitre traite les traits principaux de 1'évolution de la microtlore (algues
et nanoconus), Protozoa (radiolaires, foraminiféres, calpioncllides) et Métazoa in-
vertébrés (octracodes, éponges ¢t Coelenterata, échinides, brachiopodes, gasté-
ropodes, bivalves, ammonites).

3. Paléobiogéographic du Crétacé inféricur
3.1. Principes initiaux

La répartition géographique des organismes dépend d’un nombre de facteurs, dont
le plus important est Je climat. 1l existe une liaison étroite entre la répartition géo-
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graphique et les facteurs écologiques: courants, caractére du fond, bathymétrie,
particularité de la sédimentation, présence ou absence de barriéres, coactions
avec d’autres organismes, rapports trophiques, etc.

La subdivision paléozoogéographique du Crétacé inférieur proposée dans
cet ouvrage est fondée sur les trois principes suivants: aréalo-génétique, écologi-
que et statistique.

3.2, Provincialisme d’ammonites lors du Crétacé inférieur

Actuellement, tout le monde admet que les limites biogéographiques de différents
groupes d’organismes ne coincident pas. En outre, plus la catégorie paléobiogéo-
graphique est d’un rang inféricur, plus les différences dans les limites par grou-
pes différents sont grandes.

Cet ouvrage traite uniquement la répartition des ammonites lors du Crétacé
inférieur qui dessine les lignes principales de la paléobiogéographie du Crétacé
inférienr. Ou peut y rajouter évidemment beaucoup de données intéressantes sur
les bélemnites, les foraminiféres et les rudistes qui inscrivent des traits importants
dans le panorama de la vie du Crétacé inférieur dans la région mésogéenne.

La répartition des ammonites au début du Crétacé inférieur posséde les traits
fondamentaux du provincialisme ammonitique du Tithonique. En outre, de nou-
veaux traits s’imposent qui modifient les configurations des régions et surtout
des provinces.

Le tablecau paléobiggéographique du Crétacé inférieur continue de se déve-
lopper et sur la base de la répartition des ammonites peuvent étre déterminées deux
étapes berriasienne-barrémienne et apticnne-albienne avec quelques fluctuations
intérieures.

32]1. Horologie des ammonites berriasiennes-barré-
miennes dans la région mésogéenne

Le début du Crétacé inférieur démontre une bipolarité dans la répartition des ammo-
nites dessinée lors du Jurassique tardif. L’Océan de Téthys occupe une position mé-
diane dans I’hydrosphére terres{re en €évoluant en direction sub¢quatoriale entre
deux masses continentales principales. Le Bassin Boréal s’étend au Nord et au
Sud — le Bassin périgondwanien,

La Mésogée se dessine comme une région relativement homogéne du Berria-
sien an Barrémien incluse avec les provinces suivantes:

1. Province alpine. C’est la province centrale de la région mésogéenne qui
grosso modo englobe les deux branches de la bande orogéne alpine de 1’Océan At-
lantique a 1’Ouest comprenant [’Afrique du Nord-Ouest et du Nord, la Péninsule
ibérique, les Pyrénées, la partic la plus méridionale de Drance, les Alpes, le Mas-
sif Pannonien, les Dinarides, les Hélénides, les Rhodopes du Sud-Est, la Turquie
et I’'lran a D’Est.

Dans cette province les faunes des ammoniles sont trés homogénes, princi-
palement d’eaux profondes accompagnées par un large développement des fora-
miniféres planctoniques, calpionellides et radiolaires.

La province alpine a englobé les zones les plus profondes de la région méso-
géenne.

C’est dans la partie est de la province alpine que se forme la Subprovince (ou
région) arabe se caractérisant par le développement prédominant des sé-
diments continentaux lors du Berriasien-Barrémien ct par des formations néri-
tiques avec plusieurs espéces endémiques lors de I’Aptien et 1’Albien. Elle com-
prend les pays du Proche-Orient au Golfe Persan.
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= 2. La Province euro-caucasienne s’étend au Nord de la Province alpine. Elle
est nommée par U hlig (1911) comme ,une zone néritique marginale”, mais
cctte nomination n’est pas exacte. Elle contient des faunes mésogéennes, mais avec
des émigrants boréaux isolés. On les rencontre plus souvent dans le Bassin de
Paris, le Jura, la partie nord-est de la France, la partiec sud dela RFA, la Crimée
ct le Caucase. La région de la Choumadie, la Serbie de I’Est, les Carpathes et les
Balkanides sont dans la zone de passage entre la Province apline et la Province euro-
caucasienne et quoi qu’elles soient caractérisées par des faunes typiquement méso-
géennes, elles contiennent de rares émigrants boréaux. A cause de cela ces pays
doivent étre considérés comme la partie la plus méridionale de la Province euro-
caucasienne.

Le trait commun des deux provinces c’est le développement des sédiments
urgoniens qui représentent un biofaciés typique mésogéen a rudistes, coralliaires
et grands foraminiféres.

322. Horologie des ammonites aptiennes-albiennes
dans la région mésogéenne

Dés le début de I’Aptien la répartition des ammonites démontre une homogénéité
beaucoup plus grande, sans une nette différenciation intra-provinciale dans la
région jusqu’a I’Albien moyen. Dans cet intervalle (Aptien-Albien inférieur) la ré-
gion mésogéenne est bien distinguée principalement par le développement des fa-
ciés récifaux a coralliaires rudistes et foraminiféres benthoniques. Cependant, par
rapport aux ammonites, il manque de limite, méme en tant qu’une zone vaste transi-
toire entre la partie sud de la zone boréale et la région mésogéenne.

Le modéle aptien dans 1’horologie des ammonites est conservé grosso modo
dans [’Albien inférieur aussi.

L’Albien moyen marque le commencement d’une nouvelle, essentiellément
autre, différenciation des ammonites qui continue aussi lors du Crétacé supérieur.
La limite entre le Téthys et le Boréal est trés cadencée et beaucoup d’espéces boréa-
les pénétrent vers le Sud. Ce brusque changement de 1'image paléobiogéographi-
que est un résuitat des plissements autrichiens dans la Mésogée et de la grande
transgression du Crétacé moyen (Albienne-Cénomanienne) les ayant suivis. Les
faunes d’ammonites se dispersent largement et & cause de cela les provinces et les
régions paléobiogéographiques perdent leur caractére de bandes, orientées sub-
équatorialement. Cela importe surtout pour la vaste province européenne (Hopli-
tinid faunel province; O wen, 1973) qui est déterminée par le développement prédo-
minant de Hoplitinae. Cette province englobe le bassin anglo-parisien et toute la
Province euro-caucasienne du Berriasien-Barrémien. C’est au Sud de la Province
européenne que s’étend la Province atlaso-apenninienne, qui se caractérise par la
présence de plusieurs espéces du Gondwana. Cette province englobe de méme le
Proche-Orient (Subprovince arabe).

La fin du chapitre traite les facteurs principaux de ['écologic des ammonites
ct quelques biotopes typiques du Crétacé inférieur.

VI. TRAITS PRINCIPAUX DU DEVELOPPEMENT GEOLOGIQUE
DE LA REGION MESOGEENNE LORS DU CRETACE INFERIEUR

1. Caractéristique générale de la paléogéographie

Sur le plan commun de [’histoire géologique le Crétacé inférieur dans la région
mésogéenne semble un temps relativement calme. Parmi les cycles marins méso-
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zoiques globaux il est inclus entrela régerssion du Jurassique supéricur et la trans-
gression cénomanienne (A ger, 1981).

Lors du Crétacé inférieur la région mésogéenne parait reprendre .haleine*
aprés l’activation cimmérienne tardive. Ce tableau général, répandu largement
dans des monographies générales sur le développement phanérozoique de la Zone
alpo-himalayenne, cache des traits essentiels de ce développement.

1. 1. Evolution des continents et des marges continentales

Les bassins marins du Crétacé inférieur dans la région mésogéenne sont dans le do-
maine de I’Océan dc Téthys. Il aune forme linéaire d’une orientation subéquatoria-
le, mais a tournants complexes arqués et un nombre de massifs médians (des fra-
gments continentaux). Deux supercontinents — Gondwana et Laurasia déterminent
la configuration spatiale du Tethys, La région mésogéenne sc développe dans la
superficie entre la Plaque afro-arabe ct la Plague euroasiatique.

Les parties marginales des continents sont entrainées dans le champ du Géo-
synclinal mésogéen et quelques fragments s’en dégagent et constituent les plaques
apulienne, ibérique, carno-pannonienne et égéenne.

La riftogenése, commencée lors du Jurassique dans 1’Atlantique central, s’ac-
célére lors du Crétacé inférieur en s’élargissant vers le Nord et vers le Sud.

Dans la Mésogée méme il existe des phénomeénes analogiques dans les Alpes
et dans la Péninsule balkanique linéamentée d’une maniére complexe, ou il existe
des relations de confrontation entre le Massif des Rhodopes, les Kraistides, les
Balkanides, les Carpathes et les Dinarides (Bon ¢ e v, 1977;Laubscher,Ber-
noulli, 1977; Yuxkcos, 1981).

Le début du Crétacé inférieur est marqué par la transgression épicontinenta-
le considérablement plus vaste que celle du Jurassique. Elle laisse seulement des ter-
res fermes insulaires isolées.

Les marges continentales sous-marines dans la région mésogéenne lors du
Crétacé inférieur sont du type atlantique (passives). Entre le littoral et le flanc
continental presque partout il y a une terrasse d’eau peu profonde. Les sédiments
néritiques de la zone du shelf sont le plus largement développés. Dans un nombre
de régions (Afrique du Nord, Cordilléres bétiques, Pyrénées, Alpes, Carpathes,
Balkanides, Caucase, Dinarides), de puissants complexes se forment dans les li-
mites du flanc continental.

Ce chapitre traite en détail les particularités régionales de 1’évolution
géologique du Crétacé inférieur des marges continentales ainsi que les com-
plexes les plus typiques du Crétacé inférieur: flysch, molasses et plates-formes
carbonatées.

1.2. Zones mobiles

Le développement du Crétacé inférieur dans la Mesogée dessine les zones média-
nes de 1’Océan qui ordinairement représentent des zones mobiles héritées du Ju-
rassique.

Aux zones mobiles je rapporte les parties centrales de la région mésogéenne
ou il existe un magmatisme ophiolitique, ainsi que les zones de dépressions inten-
ses, chargées par de puissants sédiments de flysch. Souvent les zones de forma-
tion de flysch sont liées avec des marges continentales relativement actives.

Ce chapitre traite la répartition des ophiolites, des complexes volcano-sédi-
mentaires, des radiolarites et les manifestations orogénes lors du Crétacé infé-
rieur.
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2. Certaines particalarités du développement géologiqgue de la Mésogée
et Pouverture de POcéan Atlantique lors du Crétacé inférieur

Il existe des raisons pour supposer que I’évelution de la Mésogée lors du Crétacé
inférieur est prédestinée a un grand degré par la tectonique des plaques. De tou-
te évidence, le conflit entre les deux grands cratons —- afro-arabe et curoasia-
tique joue un role considérable. Probablement la configuration complexe et les
particularités des bassins du Crétacé inférieur sont un reflet de la mosa'l'que de
microplaques et du réseau de failles entre elles. ;

En outre, laformation de [’Océan Atlantique sud est d’une grande 1mportance
géologique. Son ouverture est fa plus intense lors du Crétacé inférieur et un nom-
bre de particularités géodynamiques dans la région mésogéenne y sont liées.

3. Conclusions

Dans 1’évolution du Ciétacé inférieur des différentes zones de la région mésogé-
enne se dessinent quelques régularités générales.

1. La région se caractérisc par un climat chaud et un large développement de
différents groupes d’organismes. Une certaine zonalité, déterminée principalement
par les particularités climatiques et de méme par quelques autres paramétres pa-
léogéographiques, est éiablic dans leur répartition. Les ammonites, les rudistes et
les feraminiféres démontrent une zonalité provinciale particuliérement nette.

Pendant le Crétacé inféricur on découvre un panorama paléobiczéographique
en train de développement, qui commence par des provinces subéquatoriales net-
tement marquées au Berriasien et se terminc a 1’Albien par des régions intensé-
ment dispersées.

2. Des associations typiques de roches, liées avec les particularités tectoni-
ques de la zone sont déveioppées dans les différentes zones de la Mésogée. Elles
sont paralléles aux lignes tectoniques principales. Cela est nettement souligné dans
le développement des ophiolites et du flysch.

Des zones internes avec des complexes marins d’eaux profondes, fortement
déformées, parfois faiblement métamorphisées, des zones externes d’un large dé-
veloppement de sédiments de flysch et (ou) des plates-formes carbonatées et un avant-
pays, ou sont développés des dépots néritiques ou continentaux, s’y détachent.

En principe, les complexes de flysch sont développés dans les marges conti-
nentales qui se caractérisent par une dépression intense compensée. L’¢paisseur
du flysch dans les différentes zones est de 2000 & 4000 m.

Les plates-formes carbonatées sont d'une largs étendue et sont constituées par
des rudistes, d’autres bivalves pashyodontes, des coralliaires, de grands foramini-
féres, des échinides, des gastropodss, des algues, des bryozoaires.

3. Le développement du Crétacé inférieur en Bulgariz représente un intérét
particulier & cause d= la présence de coupes complétes, ["abondance des restes
fossiles et les faciés variés. ‘

L’analyse des lithofaciés et de I'évolution des environnements sédimentaires
lors du Créiacé inférieur en Bulgarie démontre une grande variété, conditionnée
par une dynamique importante dans le temps et dans ’espace. En méme temps
avec les traits spécifiques dans I’évolution des environnements sédimentaires dans
le bassin lors du Crétacé inférieur, quelques régularités générales, dont une par-
tie est héritéc du Tithonique, se détachent.

Lors du Crétacé inféricur le bassin est disposé entre deux terrcs émergées:
méridionale — de Thrace, qui représente un microcontinent singulier dans I’Océan
de Téthys septentrional -— et de Dobroudja, qui représente un reste d’un massif
plus ancien. Dans la partie méridionale du bassin se détache une grande dépres-
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sion continuelle, au Nord de laquelle se trocuve la vaste zone du shelf. Par rapport
au Jurassique tardif I’évoluticn géolegique du Prébalkan s’accélére, ce quiest mar-
qué par une activation de la fosse de flysch.

La formation des roches du Crétacé inférieur dans les Rhodopes du Sud-Est
s’est cffectuée dans une ramificaticn de la purtie sud du bassin mésogéen.

Le bassin du Crétacé inférieur commence & se rétrécir vers ia fin du Haute-
rivien et cette tendance s’accélire graduellement. Les partics est et sud deviennent
des terres émergées. A I’Est sc découpe une élévation méridionale — I’Elévation eu-
xinienne, qui s’élargit a I’Ouest et & lafin de I’Aptien le bassin ne recouvre que la
Bulgarie du Nord-Ouest et la Bulsaric centrale du Nord et une petite bande
sur les bords du Danube de la Bulsaric du Nord-Est aux environs de la ville
dc Ruse.

A la fin de I’Aptien, dans le Prébalkan central et oriental, un plissement assez
fort sc manifeste, Par la suite, ainsi qu’d cause des tendances générales de
I’évolution géotectonique, un changzment considérable dc¢ la structure régionale
et de la paléogéographie y lie s’effectuz & la fin du Crétacé inférieur.

4. Dans plusieurs endroits des zones internes de la région mésogéenne il y
a des manifestations de magmatisme ophiolitique, des formations de complexes
volcano-sédimentaires et des radiolarites. Dans plusieurs secteurs par suite des
orogenéses du Crétacé supéricur et du Paléogeéne, !2s roches du Crétacé infériecur
sont fortement disloquées, englobécs dans des charrizges par endroits faiblement
métamorphisés.

5. Quclques diffégences entre la Mésogée occidentale et Jo Mésogée oricntale
sc dessinent lors du Crétacé inférieur, qui se découpent fortement dans 1’époque
suivante du Crétacé.

Pendant le Crétacé inférieur lc Téthys dans la Mésogée occidentale a deux
détrcits principaux — septentricnal et méridiona!, qui contcurnent la Plaque ibé-
rique et se joignent vers la Sicile. Le détroit septentrional se rétrécit graduellement
par suitc de quelques étapes dc subduction et d’orogenéses intenses, tandis que
celui du Sud, débutant lors du Crétacé supéricur, se transforme progressivement
dans Ja Méditerranée actuclle.

6. Les particularités géologiques de la région mésogéenne ont été influencées
non seulement par lec mouvement relatif de 'Afrique et de I’Europe, mais aussi par
un nombre de microplaques & 'intéricur de 'espace mésogéen,

7. les données de JOIDES et les recherches séismiques démontrent
que le spreading ct le magmatismz ophiolitique de la région sont du Jurassique-
Crétacé.

8. L évolution géologique de la région mésogéenne du Téthys lors du Crétacé
inférieur cst lide avec Pouverture de 1I’Océan Atlantique sud.

La vitesse du spreading du fond de I'Ccéan dans I’Atlantique central lors du Cré-
tac¢ inféricur s’accélére considérablement par rapport aux époques antérieures.
Un nombre de zones mobiles, particulierement aprés le Barrémien, s’activent dans
la Mésogée. On ne peut pas affirmer qu’il ya une coincidence des étapes d’évolution
des deux océans. Il n’y a gu'vne corrélation d’activité et (ou) de passivité dans les
différentes parties du réseau tectonigue des piaques. 11 est évident que 1’élargisse-
ment de 'Atlantique a amené un rétrécisscment graduel de la région mésogéenne
du Téthys manifesté nettement a la fin du Crétacé inférieur. Il est accompagné
par une compensation des marges continentales et le bassin devient moins
profond.

9. L’évolution du Crétacé inféricur s’accélére progressivement, s’active dans
les zones principales de la région et par 1a prépare et réalise les transformations
autrichiennes, décisives dans I’histoire de cette zone dynamique de la Terre.
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CPEAU3EMHOMOPCKUY HUXHHUIT MEJ

(Peszwome)

CpeanzeMHOMopckas obJiacTh sBIsieTCs 4acTbio TeTncckoro okeaHa. Ona oxBa-
TeiBaeT CeBepHyro Adpuky, FOxuyio EBpony, Kabkas n Manyr A3, Qna xa-
pakTepu3yeTcsa CrelH(PUUECKHM DPA3BUTHEM HIDKHEMEIOBOI cepuy (== HibKHEMeJo-
BOTO OTAena), YTO KOHTPACTUPYET € APYITMMU COCEAHMMH 00J1acTIMH U TIpOBHUHIH-
amMu (Bomxckoii, BopeansHoil, ['mmanatickoif, Mansramckoi, Auackoi). B atoit
obnactv pa3BUTHL pa3zHooOpa3uble Gauu — OT IIyGOKOBOAHBIX MOPCKMX A0
KOHTHHEHTAJbHBIX. YCTAHOBNEHBl OOraThic KOMIJIEKCHI (DOCCHNIE  Pa3IMUHBIX
FpyMnm OpraHM3IMOB.

OcHOBOI# 3TOi1 paboTHl ABJAIOTCH PE3yNbTAThl WCCACAOBAHMIT HUXNHEMEJIOBOH
cepun B Bonrapuw, kotopeie aBtop nposoaut ¢ 1957 r. Kpome Ttoro, ¢ 1960 r.
mno 1982 r. OH HMMea BO3MOXHOCTh INPOBOAHIB HCCIeAOBAHHA M cOOMpaTh MaTe-
puan B page crpaH CpeausemHOMopckoilt obnactu (B Amxupe, dpanuuu, Hlseii-
uapun Mrtamuu, IOrocnasnu, Benrpuu, [loaeuie, CCCP, Pymbeiiun u Uexo-
CJIOBaKHUH).

Ilpn paccMOTpeHUM HMXKHETO Mela B TAKOW OOIMMPHOH 00J4CTY BO3HUKIIO
M MHOTO 3aTpyAHEHHMH, 0cOOEHHO B HEKOTOPEIX CTpaHax, rae cepus cjabo M3ydeHa.
C apyroii ctopoHsl, oboOlieHus Bcerga TaaT OMAcHOCTL MOBEpXHOCTHoro ob3opa.
BoT mouemMy cTpeMieHHe aBTOpa OXBATHTb, MO BO3MOXHOCTH, Hanbosiee MONHO
ob1Ke 3aKOHOMEPHOCTH PA3BUTHA HUNKHEMEJIOBOW CEpUH, NPEACTABIAS MCXOAHBIE
(akTuyeckue naHHble. B JkeNTaHHM coenath uM3NOKeHMe Oosiee CKATBIM M36ernyTa
noapobHasi XapakTepHUCTHKA CEpUM B OTJEJBHBIX CTpaHax.

YacTrs nepoas

BBEJEHUE

I. OBUIME CBEJAEHUS1 O HUXKHEM MEJIE

B 3To#fi rnaBe paccMOTPEHB! HOMEHKJIATYpa HIKHEIO Mejia, ero rpatuubl, pauHo-
METpHYECKHE MAHHBIE O HIKHEMEJIOBOH 3MOXe M MaTepMa, NOCIYXUBIUHIT OCHOB-
BOIi [OJIA HMCCAEOOBaHMS.

HyoxkHHi OXBaThIBaeT MPHOJIU3UTEILHO HMXKHEOK TOJIOBHHY MEJIOBOI CUCTEMBEL.
OHa BKJIIOYaeT IUIACTHl, 06pa3oBaHHEIE B PAHHEMENIOBYIO 3MOXY, B KOTOPBIX YCTa-
HaBAMBAETCH UENb TOC/AEI0BATEILHOCTEH aMMOHUTOB OT Geppuacckoro spyca B
ocHOBaHMHM (30Ha Pseudosubplanites grandis) no ans6ckoro sipyca (3oHa Stolicz
kaia dispar), BKIIOYHTEILHO B BepXHe# 4HacTH pa3pesa. PasBUTH MOpCKHE, O3epHO-
6oJIoOTHBIE M KOHTHHEHTAbHBIE OC2MOYHBIE MOPOABL

ITo paguoMeTpUHeCKUM JAHHBIM PaHHEMEJOBAas JMOXA OXBAThIBAET MHTEPBAJ
oT 1374-5 man. net go 10045 mMuH. JeT.
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Il. APYChBI, MOABAPYCDLI U BUOCTPATUTPAPNYECKHNE 30HbI .
HWXXHEI'O MEJIA

HuxHemenoBas cepust OXBAThIBAeT CJCAYIOIIME APYCHI: OCPPHACCKWI, BAJAHKHH®
CKUH, TOTEPHUBCKHii, DappeMCKuil, ATCKUM U anbOCKNi, KOTOPBIE MOAPAa3AEAAOTCS
Ha moabspychl. JJana kpaTkas o611as XapakTEePUCTHKA KaKOOro Apyca M e€ro mojib-
sipycoB 1 60:iee moapobHO paccMoTpenbl OnocTpaTurpaduueckie 30HE AMMOHNTOB,
KAJILTHONEIUINI, (popaMuHU(pep, HAHOKOHYCOB M OCTPaKOZ.

YacTh BTOpan

PETUOHAJIbBHAA CTPATUTPA®USAL

III* PETNOHAJIBHO-CTPATUTPACPHUYFECKASI XAPAKTEPHCTUKA
HUWXHEI'O MEJIA

PernoHanbHo-cTpaTUIpaguyeckas XapaKTepHCTMKA HHXKHEMEJIOBOW CEpMM Hauu-
HAaeTCs C PACCMOTPEHUSA HIXKHEMENOBBIX OTJIOKEHUH Bonrapuy, Tak Kak OHU HMEOT
0COGEHHO NIpeICTaBUTE/IbHBIE H IETAJbHO H3YYEHHBIE Pa3PE3bl, KOTOPBIE COCTABIAIOT
OCHOBY 3TOro Tpyaa.

Hanblue paccMOTpeHHe perdHoHasbHOM cTpaTUrpadyuu NpoBeJeHO MO 06JacTaMm
M TmajeoreorpaduucckuM 30HaAM € 3amaja Ha BOCTOK M C lora Ha ceBep.

1. boarapus

«

Mouens cTpathrpaduyeckoit kiaccupuKkauMd HiKHEMENIoBol cepuu B Bosarapun
OCHOBBIBAETCS Ha OOLIMX 3aKOHOMEPHOCTAX PasBAUTHS 3TOM cepud B CpeauieMHO-
MOpCKOH 06ylacTU M Ha pe3yJbTaTax IPOBEINEHHBIX [0 HACTOALUETO BPEMEHH HC-
CNEeNOBAHNN JHMTOJIOTHYECKHX W (GayHHCTHYECKHX IIOCJICAOBATEJILHOCTENH B €CTeCT-
BEHHBIX OOHa’KEHMAX W B pa3pe3ax CKBAXWUH.

CocraBsieHa B 00lUuX 4YepTax JHToCTpaTUrpaduyeckas maHopaMa HIDKHEMEJIO-
BOfi cepuu B bonrapuu, koTopas CBA3aHa ¢O CAeOyOIUMH eAUHUIAMHU: [ T0KEHCKOI,
CnusHuuxoii, bpecrHukckoit, Kocresckoii, XsIHeBCKOM, 3naTapuikoi, YepHHOCHIM-
ckoit, TuuaHckoii, Canamckoi, Kacmuyanckoit, Kamuuiickoii, I'opHOOpAXOBCKOI,
MpamopeHckoit, Xaiipenunckoi, Pasrpanckoit, Tpeimbeuickoii, Cymepckoii, CpH-
wroBckoil, KoBauesckoil, Pycenckoit, Enemnuuko#i, CumMeoHOBCKOi, ManoneiwreHn-
ckoil, PomaHckoii m Cnacosckoii ceutamu, BpauaHckow u JloBeuckoit yprosckow
rpyanoi. B3auMOOTHOIUEHHS MeKIY OTIEeNbHBIMH JIMTOCTPATUIpapHYECKUMH €OH-
HHIAMH TOKa3aHbl Ha KOHKPETHBIX pa3pe3ax.

[MoapobHO paccMOTPEHBI PETHOHANbHO-CTPATHIPAadHYecKHe OCOOCHHOCTH HHXK-
HemenoBoit cepuu B Kpaumre, FOxnbpix Kapnarax, bankannaax, Mu3suiickoii nnat-
topme, CrtpaHaxe u B BoctouHpix Pomgomax.

2. Cesepo-3anaanas Adpuxa

B Cepepo-3ananHoit Adpuke HuxHeMedoBasg cepHd Hambollee MIMPOKO pa3BuTa B
Mapokko. Ee pacnpocTpanenue cesazaHo c¢ Oecceitnamu Tapdaiia-Dnp Aauys,
Bricokoro Artnaca, Aragup-Ecayupa, MeceTbl 1 MapoxkaHckoro puda.

B 6Gacceiine Tapdasit-One AauyH HHXHEMEJIOBEIE OTJIOKEHHS HAYHHAIOTCH
KOHTHHEHTAJIbHBIMM TIeCHaHUKAMH M KOHIJIOMEpaTaMH MOLIHOCTbI Okono 1100 m,
KOTOpbIe YCJIOBHO oOTHOcATCA K Gappemckomy sapycy (Wiedmann, Butt,
Einsele, 1978). DTh o6pa3zoBaHus 3ajerajoT Ha TPUACOBBIX M FOPCKUX HOPOAAX,
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Mopckue HuXHEMeJIOBBHIE OCAAKH B 3TOM 6OacceliHe antckoro u anbbekoro
BO3pAacTa.

Bacceiid Aragup-Ecayupa (Xaxa) oxBaTbiBaeT ABE CSAUMCHTAUHCHHBIE 30MblL,
B 1oxHOH, Arapupckoil 30He HIDKHEMEOoBas CepHsi OYeHb XOpoWO o0HAXKACTCA
BAO;1b Geperonoit 1monockl sekay Arhoud, Tarhazoute u Aourir, coaepiee Aragupa.
MpenctaBiaensl BCe APYCHI CEPHM,

Ha cepepe HMkHemenoBas cepust pa3shita B MeccTe 1 B MaperKkaHckoM pude.

B xonTHHeHTANLHGH okpauHe C3 AQnNHKHM HMXKICMEJIOBAA CCPpHA YCT2HOBICHA
Ia ocTtpoBe Maiio (octpora 3cneHoro Meica), okosno Kaudapex:x octposzor 11 B Ma-
3AraHckoM INaTo, TAE OHA NPEJCTaBjeda pa3Hoo0pasHBIMI MOPCKIMIL (aunsiMil.

3. Cepepnas Adpuxa

HuxHemenopas cepus pa3suTa B Mopckux dauusx B Asbkupe n Tysauce, B To Bpe-
ms Kkak B Jlusuu, Erunte u Caxdpe oHz NMpeAcTaBlieHA KOHTUHEHTalbHbIMU O6pa-
30BAHUAMIIL.

B Anxupe HixlieMcJioBble OTNOKCHHS pa3buThl 1 Caxapckom ATiace, B Bri-
cokux njato u B Tcianckom ATiacc.

B 3anmagnoil wacTu Caxapckoro ATiacd CCpMsi MPCACTABICHA TMECcHaHWKAMM U
mecyaHbiMu IMMamu (contincital intercalzire), & 1A BOCTGKE 2TOH Ke 30HBL —— nec-
yalHKaMH M 23BaNOPHTAMH (CaXapCKOro THNA).

B BBICOKMX mJIaTO HUKIICMEJIOBUS CEpHsl TCPPHTCHIIO-KapOOHATHOTO THIA.
Pai3Butel BCe sIpyCHI.

Ocafoulblc NOPOAB HH/KHEME/OBOH ccplil 00lIaxaioTca Ha OOIUMPHBIX TJIO-
mansx B TenbckeM ATilace, riae oM HPeACTABICHBI TNyOOKOBOAHBIMU MOPCKUMM
dauamy, XOTOpbIC KOHTDACTUPYIOT € HEPUTHYCCKMMM oOpa3oBaHHAMU BBICOKHMX
nnato. boratoil dayHOl AOKAZLHO NpHCYTCTBME BCEX HWIKHEMETOBBIX SPYCOB.

Huxnemeiiopass ccpisi b TyHuce Cps3aks ¢ TPCMS OCHOBHBIMM TEKTOHHYECKM-
MH 30HaMM: TyHHCCKOIl JefpecCHed, XOMIIEKCOM MHTPAKPATOHHBIX OudcceciHHOB
M ¢ HecTaOMJIBHBIMIL HEPUTHYCCKMMM Oaccefinamn B LieHTpanbHoM TyRuce M Ty-
Hucckoit Caxape.

B camoii roxHoil (Caxapcxoi) yacty TyHuca ocHCBaHwe HHXHEro amesaa (Oep-
pHac — rOTEPMB) CIOXECIO KOHTUHEHTAJNLHBIMU TEPPUICHHBIMM TOPOJAMM W 3BA-
noputamu. K BOCTOKY 1 ceBepo-BOCTOKY KOHTHHCHTASIbHBEIE TEPPUIEHHBIE (halin
CMEHNIOTCA KapOOHATHBIMH, OTHOCKLUIMMCA K THOHMUYHON CpPeLn3eMHOMOPCKOU
HUXKHEMEJIOBOI cepni. VX KKHas rpaHuua B KOHUC a;jbOCKOro BEKA OTMEUaeT
OTNpaBHYIO TOYKYy TpaHCCAXAPCKOH IO3OHEMEJIOBCOI TPaMCIPECCHH.

HaubGonee wmpoxo cepusi passuta B CeBephom TyHmce, rae OHA CBA2aHA C
TyHucckoii nenpeccueii (Sillon Tunisien). IpeacTaBrcsbl BCsi Apychl 0T Oeppuac-
ckoro pgo anabbckorg BkirouuTeasHo (Burollet, Manderscheid.
1965; Stranik et al, 1974; Memmi, 1979, 1930, 1981). B 270ii oGnactyn
HIDKHEMEJIOBBIE OCA,/10UilbIc MOPOABI Pa3BUTHL B JBYX OCHOBUBIX (aunua’aLubsix of-
CTAHOBKAX: HEPHTHYECKOI M TNeNarnyeckcii.

Hepnthueckne daumii Xopoulo pa3BHThl NpeliMyILeCTBedlio B MacchBse 3aryad
{(Zaghouan), OHu IIpeJCTABNEHBL OPTANOTCHUEBIAI I GMOACTPHTOBBIMM II3BCCTIA-
KaMH M TCCYAHBIMH MEPIesMM.

MMeaarnueckne Gaunmy WHMPOKO Pa3BUTHL B CpelHei yacTH Lemnpeccuu 1t B Boc-
ToyHO-TyHHCCKOM ATiace --- MHKpPO3EPHUCTBIC  M3BECTHSIKH, cybrmrorpadguie-
CKHe W3BECTHAKHM (BOKOHTCKO-CAJAILCKOrOo THMA) C HmpcociosMu mepresed. OHH co-
nepskaT OoJAbIIGE KOJNHYCCTBO KAJbIMOHEIANWD H aMMGilHiTOB.

B ofuieM, HIDKHEMEIOBBIC OTHOXeHis B Ajxupe 1 Tylillce Moka3pBaloT 3Ha-
YHTENbHO PA3HO0OpasHble NaJCOCe TMMEHTALHOHHBIC OOCTaHOBKIL OT KOHTHHEHTA b~
HBIX 70 GAaTHaJbHBIX THUIIMUHOrO CPeAM3CMHOMOpPCKOTo Tuma. Ha BOCTOKE M Oro-
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BocToke — B JluBum u Erunre, HUKHUA Mea InpeAcTaBjeH KOHTHHEHTAlIbHBIMH
(GENVEIYER

4. Gepniickuii noJiyocTpon

HixdenmenoBeie ocafouHelc nmopoabl Ha Mobepuniickom (IlupeHeiickoM) monyoctpo-
BE CBA3AHBI C HECKOILKMMH TEKTOHMYECKMMM 30HaMu. Oxo0JIO LUEHTPAJLHOTO rep-
uHHCcKoro Maccuea Hoepniickoit MeceTsl pa3BUTHL NpropexHble GalUd cO MHO-
ITUMH BHYTpHGOPMALUMOHHBIMU nepepbibami, B KanTabpuiickux ropax, B [Tupe-
Kestx, Moephitckux u KaTasqoHCKHX Fopax HiKHEMeoBas cepis o4eHb pasHooOpa-
3Ha, MPEACTABACHA UENOH raMMOl pa3nnuHbiX (auuii — OT BeTBACKOTO 10 dhauiue-
Boro tiuma. B CyG66erckoi aenpeccnn (mexay Meceroit 1 BeTckum maccuBoM),
BKjIOYass M Baneapckue ocTpoBa, pa3BUTHI riyboxoBoaHsle mopckue danuu. OO6-
iee pacnpocTpaHeHHe HUXKHEMENOBOH cepuMu OuepyduBaeT 60JbIONH TPEeyronbHUK
BOKpYr MeceTsl, B 3amajHOil 1acTd KoTopoit HaxomuTcs [lopTyranus , Ha ceBepo-
poctoke -— KaHTabpuiickue u MOepuiickie ropel M Ha roro-Boctoke — Cy66er-
cKas 30Ha ¢ ee mpoaoxeHnem Ha Bbaieapckux octposax. Ha cesepe Mbepuiickuii
nonyoctpoB oTropoxeH [Tupeneamu.

B IlupeHesx HHXHeMeJIOBAsl CepMs MPEACTABICHA WCKJIIOYMTENbHO Ppa3HO0O-
paszHplMu dannAaMd ¢ OBICTPO BAaPBUPYIOLUMMH MOIUHOCTAMH M CJOXHBIMHM IpO-
CTPAHCTBEHHBIMH COOTHOLIEHHUAMH MCXAY JMTOCTPATHrpaduUecKUMH €AUHHIAMH
(Rat, 1969; Peybernes, 1976: Jaffrezo, 1981). Huxaemenonbic ¢a-
UHMH NPEHMYUIECTBCHHO “HCPHTHUYECKME, TJIABHBIM oOpa3oM KapOOHATHOro THMa,
a B OTAEJbHBIX 00JacTAXx U Teppurednbie. OcoOGEHHO LUMPOKO pPa3BUTBI YPrOHCKHUE
dauuu, crnararoulHe MOLIHBIE pa3pe3bl OT BajdaHXHHA [0 anbba BKIIOYMTENBHO.
Handuo MHOXECTBO HEPEPBIBOB U rNy0OKHX pa3MBIBOB OTHAE/JBHBIX TOPH3OHTOB,
yTo oOycnoBusno o6pa3zoBaHHe 3HAUUTENbHBIX OOKCUTOBBIX MECTOPOXACHHMA. B
HeHTpanbHOU 4acTH CeBepONUpCHEHCKOR 30HB B paHHEMENIOBYIO 3IOXYy HpOABJIEH
MEPUAOTHTOBBIH MarMaTH3M, € KOTOPbIM CBf3aHO oOpa3oBauue XpH3OTHI-acbec-
TOBBIX MECTOPOXJeHHIl. B TNaleoOHTONOrHYeCKOM OTHOIUEHHMM CEpUd XapakKTepH-
3yeTcs NpeuMyluecTBeHHO dopaMHHUHbepaMu, BOAOPOCIAMH, HAHOMJIAHKTOHOM H
ap., & Takxe OMBANBBHUAMH, racTponomamu, Gpaxmomnonam, 3XuHOMAEAMH. AM-
MOHHNTBI BCTpPEYAIOTCHd PeaKo, INABHBIM 00pa3zoM cpeial ANTCKUX TIJIHHUCTO-H3-
BECTKOBBIX NOPOQ.

5. ®pannus

HuxHenmenoBas cepusa Bo dpaHuum cpiA3ana co ciacayiowumi obnacramMu: Ajb
naMu (Brnrouaa I[lomanvnuidckie wenu ¢ BokoHTckuMm mporu6Gom), [IpoBaHcom,
FOpckuni ropamn, MMaprkekuM v AxkBuTanckum bacceituamu, 3mecs caeayeT vio-
MAHYTH U MIDKHEMENOBBIC OTHOMEHUS BO ®paHuyzckux TInpHuesx.
(Mpangy3ckie AJIbNLI TOKA3BIBAIOT PA3HOOOPA3ME HMKHEMEIOBLIX OTJIOXKEHNI,
PA3BHTBIX B rny0oxkoeoaAHBIX MOPCcKUX daunsx. B IToil obyiacTn HaMe4aroTCs He-
CKOJILKO 3011, B KOTOPBIX CePHA IIOKa3wlBaeT crncunduyeckue ocoBEHHOCTH.
Capoifckas 30Ha OXBaTHIBACT 2HAYMTEJLHYIO HACTHL 3aManHplXx AJBI ¢ MacCH-
samu [lenwsy, beabnoH n Mou6aan., B cesepo-3anautioii yacty 9ToM 30HMI, 3aman-
uee Moudaan (chaines des Aravis), oTioxeHps GeppHac-roTepHBA IIPEICTABIICHBL
MHKPHTCBBIMIT M [AHHUCTBIMM W3BeCTHAKAMH, bappeM W anT — U3BeCTHAKAMH H
MECUalbIMIL N3BECTHAKAMH YPTrOHCKOI (DAL, HA KOTOPBIX TPAHCTPECCHBHO 3aJIET A10T
aapbckne raavkoHHTOoBble necuanuki. K joro-janany or MoHOnaHckoro maccrisa
B YiALTparciLBeTCKOil 30He PA3BHTBI TOALKO GAPPEMCKIE TJIHHMCTHIC U3BCCTHAKN —
yacTh HegBusa PocneT (Eltchaninoff— Lancelot et al, 1982).
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HoduHeiickas 30HAa NpencTaBiseT pPaHHEMEIOBOE TOHIKeHHe Mexay LleHT-
pPanbHBIM MAacCHBOM ¥ MaccuBaMli MorOGgaH, Beapnod 1 Meprantyp. B roxHOM Ha-
IpaBJIEHVH MOHM:KEHUE DACIINPSETCs M nepexoadT B BexoHTekni nporu6. B ceBep-
HOM YacTu oHo Oojiee y3KOe, a A1 OCaJOUHBIX MOPOI XapakTepHBI GONbUIME MOLL-
HocTH. KpoMe Toro, B ceBepHoil 4acTu ocaaku ajeBpUTOBEIE W /iiu ciabomecya-
HBIE, YACTO C Pa3zBUTHEM TypOUAMTOB, B TO BpcMs KakK Ha FOre pa3BUTHI UCKIIIOYU-
TeJILHO TJIMHLECTO-H3BECTKOBBIE NMOpe/ibl. Ilosioca HEPHTHIECKUX OTI0XKEHUN Orpax-
JaeT MOHUXEHUEe: Ha CeBePe 3TO — BBICOKHE HU3BECTKOBBIE ropbl CaBOHM, MACCHBLI
I'panp-lllapTpés u Bepkop u oxpecTHocTH BanaHca; Ha tore — JlaHremok u
IHposasuc.

Hmxuemenoseie oTnoxenust B FOoucnerx [lodasenuiickux ompoeax ( Bokonmcruii
npoeud ) MpeACTaBACHEI UeIar iYeCKUMH 0CaIkaMHU (&TbIIMHCKOTO THI@ B OTJIHYUE OT
HepHTuYeCKOro Ttuna B FOpckux ropax). 3TO cOuMHCTBEHHas 30Ha BO ®paHuny,
rae oT GeppHacckoro Ao aib0CKOro BeKa CYILIECTBOBAJIO INIYOOKOBOOHOE MOPCKOE
ocallKOHaKOILIeHue, Iepexoaguice u B ceHomMad. [lo cymectBy, BoxoHTckuit nporut
IPEACTABIACT TPOMAALBIH 3aiauB [lOLaNbnHUHUCKOro DAHHEMEOBOIO IOHWKEHHA.
Pa3BUTEl MHUKPHTOBBIE M3BECTHSIKY, TJWMHHCTHIE W3BECTHAKM M Mepresau, Ooratsle
aMMOHHUTAMH ¥ IIIAHKTOHHON MHKpodayHOH (KajibNHOHEJNUABL, pPaguosipuy,
dbopaMuHUdEPH H HAHOKOHYCBI). DTO Ta Ke (Qalus, B KOTOPoiH pa3BUTa HHXHEMe-
noBasg cepus B Canamckoil curkxiauHand B C3 boarapuu.

K cesepy o1 Juya HawuHarotca Cegepivie [Toda.enuiickue ompocu, B KOTOPHIX
HUXKHEMENIOBAsA CepUs pA3BHTA B CMEIUaHIBIX danuax. CesepHee paiona r. du
(Die) BrImensieTcs BLICOKAS CTEHA YPTOHCKWX M3BECTHAKOB, CIATAIOLUMX HOKHYIO
OKpauHy mMaccHBd Bepkop ¥ IpeAcTaBASIOLUHMX XapaKTEpHBIH 27eMeHT 9TOH 3O0HHI.
HuxHemenoBrle OTJIOKEHHS NPEICTABICHB CMCLIAHHBIMM (auuiaMu — MHOTO-
KPaTHBIM YepcoBaHHeM OHOMOpPOHEIX H3BECTHAKOB M Mepresed. DTH MOPONBI
OCYILECTBISAIOT NEPEXOd OT BOKOHTCKUX K }OpCKHM (almam HuHero mena. Pas-
BHTBl BCE SPYCHI CEPHH, KOTOpPBIE OYEeHb XOPOUIO OXapaKTepU3OBaHBI NAJIEOHTOIO-
rudeck. OcobeHHo npeacTaBuTeNed paspes Mexay I penobaem u 1Hambep.

HmxHemenosrie oTOXeHUs B [1beNOHTCKOH 30HE MpeacTaBieHBl MOIIHOK MO-
HOTOHHOW cepuell M3BecTxOBHIX ciaHues (calcshistes), KOTOpble BO BpeMs BepxHe-
JO0LEHOBOTO M OJIUTOLCHOBOTO HAaOBUIOBOTO dTalla B pe3ysibTaTe NMHAMOMETOMOD-
¢usmMa mpeepaumiecEsl B OmectAume cuanubl (schistes lustrés). OTH U3BECTKOBEIE
CIaHLBI ONMpeleNieHhl KAK HHXHEeMeJOBhle MO aHaJOTHH ¢ nojgobnoit HemeTamop-
duzosanHOd Tonmed CeBepHLIX ATIEHHO!, KOTOpas MO HANWYMIO KaJbIHOHEIHA
OTHeCeHa K THUTOH-HeokoMy. OHM 3aJIeTAlOT Ha 3eJeHOKAMEHHHIX mopomax — oduo-
maTax (amabazax m cnuianTax) w rabbpo M mepexpLIBAIOTCS PAgMoNAPUTAMH, Me-
TaMOPGH3OBAHHEIMH B KBAPLUMTHL C CEPUUMTOM WM XJIOPHTCM M UMEIOMHUMH XODO-
e COBpeMeHHBIe oOHaxeHus Ha Mon-Buzo (Mont-Viso). M3pecTkoBBIE CJIAHIIEI
NIEPEKPBIBAIOTCS BEPXHEMENOBBIM (UIMIIEM C TelbMUHTOHAAMM.

B IlpoBance HHXKHEMeJIOBasi Cepusl MPEACTABIEHA MEJIKOBOIHBIMM MOPCKHMH
0cagKaMH — 300T€HEBIMM M3BECTHAKAMM, [TayKOHUTOBBIMH TiecyaHwkamu ¢ ¢oc-
dopaTaMH M MEpreJisMu.

B AxsutanckoM OacceiiHe HIDKHEMEJIOBLIE OTJIOKEHHS H3BECTHLI B paloOHe
Anyp u [lapaHTuc.

Huxuemenosele ocafxa B FOPCKHX TOpax NpPeACTABIEHBI ILIAT(HOPMEHHEIMM,
peAMyIlleCTBeHHO KapboHaTHeIMM QaungMu., Cepust HavyuHaeTcss NTypOEKCKUMH
TMAryHHBIMHE OTJIOXXEHIMSAMH, HaJ KOTOPbLIMHU ZaJIETaI0T MeprelM W TJIHHUCTHIE H3-
BECTHSKU C TipOCHOMKaMH JIHTHUTOB. BBepx mo pa3spe3dy cCIEOyXOT KpacHOBATHIC
H3BECTHAKH UM MeprelH, H3BECTHHIE u3 paiiona r. Hesmatens — Banawxma — OT-
pus B IlBeiimapckux IOpckux ropax. OTHocHTeNnbHO Hamboiee rnyboKOBOIHBIMY
Cpeu HUXHEMEJNOBBIX ocankoB B FOpCKHX ropax SIBIAIOTCS TOTEPHBCKHE MEPIEJIH
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¢ 3xuHouzesamH. MIx obpa3oBaHme coBnajnaet co BpeEMEHEM, Koraa Mope Hambosee
INMPOKO OTKPBIBAETCS Ha cesepo-3anag x Ilapikckomy OacceiiHy.

BappeMckue H allTCKIi€ OTJICIKEHY S PA3BMTHI TCJLKO B BLICOKMX YacTaX FOpckux
rop M IpeACTaBjCHEL TJIaBHBIM 0OPa3OM yproHCKHMHM H3BecTHsIKamMu. Ha Hux TpaHc-
TPECCMBHO 3aJIeraroT ajbOCKMe TIIiyKOHMTOBRBIE NECUAHUKH,

HuxrHeMenosple ocaaouHble MOPOABL 00HAXK2IOTCA B BHIAE HENEPBIBHOH ITOJIOCH
B 1oro-pocToyHoi yactu Ilapmxckoro Oaceefiva. B octanbHOi yacT OacceiiHa ce-
pMs TOBCIOAY YCTAHOBJIEHA C IIOMOLILIO CKBAXMH.

B pannemenosyto smoxy [Tapuxckuii DacceliH TIPCACTARIN MIPOJUB, KOTOPBIH
cps3piBan CpeauzeMHoMopckuit Gacceitn ¢ CerepHBIM MOpPEM, M 2TO OmpedenseT
pacnpocTpaHeHHe U OCOOEHHOCTH OTAeNbHBIX apycoB. Ham maryHHeIMu wam osep-
HBIMM TJIMHUCTBIMM W3BECTHAKaMM nypbexckoro ..dpyca® cIeayroT BEJbACKHE Iec-
YaHO-[JIMHUCTHIE TOJILIM, B KOTOPBIX HaliacHsl uryaHononsl (okono bepHucapra),
KDOKOJMNEBL, 4Yepelaxy, PpBIOHL

B uentpanbHo#t wyactu mpoamsa (p. O6) Mopckoe ©CaIKOHAKOMICHUE Hayu-
HaeTCs C BEPXHEBANAHMUHCKMX 300reHHBIX M3BECTHAKOB M 3aBepluaeTcs ajlbOCKHMM
TIHHAMM.

6. lUlseiinapckue AJbibl

Kpome HOpckux rop, HIKHEMEROBBIE OT/I0MEHHS pacnpocTpanednl W B Llsed-
apckux Anbrnax. Yerauapausaerca daumanbHas 30HAIBHOCTBL, NMPH KOTOPOR Ha-
OnonaloTed JaTepalbHEIC NCPEXOAbl (Jaliid OT IOPCKOro TMMA HA CeBepe U BOKOHT-
CKOro THIa Ha tore yepes cMmeinatnble dhauum CeBepHbIX [To1anbNUNACKMX OTporos
K pannam B Miseinapckux Anbnax. HuxueMe/lOBas cepys CBA3aHA C BHELLUHEN 30HOM
Anen, ¢ [Tpeganbmamu 11 ¢ I'eNbBETCKUMH HaABHTAMH. .

7. BocTounbie AbIbl

HikHemenosast cepus UMeeT OrpaHMUEHIIOE pacOopocTpalierEMe B BocTOYHBIX Anb-
nax. Bo ¢iunieBoil 30HC yCTAHABNHMBAIOTCA [BC BH)KHEMEJIOBBIE MOJIOCH. B cesep-
HOi moJjoce ycraHasnuparoTc:a: 1) meprenm ¢ Duvalia lata M BanaHXHHCKME aMMO-
HUTHL; 2) OpeKYHEBHIHBIE U3BECTHAKH (Ba1aYkKnH): 3) KpeMHUCTHIE TOTepHBCKHE U3-
BECTHAKN; 4) ypPrOHCKHE W3BECTHAKH C OPOMTONHHEBIMU MEPIeJIiMU B BEPXHEHW 4aCTH
(6appem — anT). B 10%xHOIT MoNOCe BAaJTAHKUHCKUE M3BECTHAKU M YPILOHCKUE OTJIO-
KEHNA 3aMeluaroTcs Meprensimu. [TonoGHSIT Nepexon OT HEPpUTUYECKHX k GaTHams-
HBIM auusm HabiwopmaeTcst ¥ B 3anafubIXx AJbOoax.

8. Benrpns

HunxuemenoBas cepusi B [1aHHOHCKOM CpEOMHHOM MACCHBE H3BECTHA B €ro IOXHOM
YACTH — Ha BO3BHINIEAHOCTH Bumanades m B ropax Meuek u B Benrepckom CpeaHo-
ropee — B bakoHu m B T'epeue. Pa3surel pazHoobpasHeie dauuy ¢ 6OIBIIAM KO-
JINUECTBOM BHYTPHDODMALHOHHBIX MepephIBOB. B GONBLUMHCTBE MECT HUXHEMENO-
BBIE MOPOIEI 3aJI€TAF0T HA CHJILHO Pa3MBITOH MOBEPXHOCTH TUTOHCKUX M3BECTHHKOB.
B ropax Metex ycTaHaBIMBaloTCA pa3pesbl, B KOTOPHIX GeppHACCKHE OTIIOXKeE-
HHs CBSI3aHBI IOCTENEHHBIM MEpEXOnOM ¢ THTOHCKMMH Topogamu. Bappuac npea-
cTasjieH TUIOTHBIMH MHKDUTOBBIMHM H3BECTHSIKAMY W TJIMMUCTHIMM H3BECTHAKaAMH
C XaJbIIUOHEUIMAAMH, PANHONAPHAMM U aMMOHHTaMK. HIOKHUI BaJaHXHUH CBA3aH
C BYJIKaHOI€HHO-OCANOYHEIMH 0O6pa3oBaHHAMH (TpaxuoonepuToBoil TydoreHHoi
cBUTOH MowHOCThIO 0100 m), B xoTopwIx Hainena Kilianella roubaudiana
(d’O rb.). BepxHMi BaJAHXUH INpPEJCTABJCH MepPreiaMd M IeCYaHAKAMU.
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Ha pa3mMBITod MOBEPXHOCTH 3aJIeraloT yproHCKHE H3IBECTHAKW ¢ GoabHmMM KO-
JIMYECTBOM TAXHOJOHTOB.

B Bunanckux ropax Ha riayboOKOpPa3MEBITBIX KHMEPHANK-THTOHCKWX H3BECTHSA-
Kax 3aneraroT AMaba3oBbie BVIKAUHUTHL (TPAXMAOIEPHTHL), KOTODBIE HPMHIMAOTCS
332 OJAHOBO3DPACTHBIE C BAJMAHKWHCKOR TPaXHAONSPUTOBOH TV(hOreHHoIi CBUTCIl B
ropax Meuyex. B Bepenienackom ropete u B XapluadHu BO BPCMA BAIANKMHEAL U TO-
TepuBa oOpa3sysorcs GOKCHMTBL. Mopckast CeAHMELTAUUA HAUHHAETCHd B Qappene
00pa3oBaHMeM YpProHCKHX H3BECTHAKOB C OpPOUTGIMHAMH W TAXHOJOHTAMM, KO-
TOpble NOCTHTAIOT OQCHOB4UHHS anbba.

HanGonee noanwiM spnsdeTcs paspes cepun B bakonuw. Bepnnacexue ormo-
AKEHUSI CBA3aHBI NUTCI/OTHYECKUM MEPEXOAOM ¢ THTOHCKuMIL (ibymer, JlokyT,
Momxen). IMpeacTasiaeHLl CBETNLIE MUKPHTOBBIZ H3BECTHAKH, [IMHUCTBIE H3BECT-
HakM (daums ,.ObsiHKOHE™), COmEPKALIME AMMOHHTEL, 0OJLIUIOE KCJAHUCCTBO Kailb-
NMHOHEJNUA U paauoJispuii. B noauue Amwomanop-3upu u B BocToudoil uact Ulom-
xen Oeppuac npencTaBiieH KPacHCBATBIMM H3BECTHAKAMH C aMMOHUTAMM WM
H3BECTHAKAMHU ¢ peakumn kpuHoyaeami (Mwtenewman-3upil), & cesepHee 3upu u
B6.1M3H bBakoHMu€pHbe — CBETJBIMM M3BECTHSIKAMM € KdJbliMonedanzamu. Bsepx
o pa3pe3y yCTaHABIMBAIOTCH BallaHUH M roTepus (meprenu), Happem (wenrto-
BaThle W3IBECTHAKM), anT (M3BECTHAKM), ai1b0 (FJIAYKOHHTOBBIC Mepreiu).

Huxuuit Men pa3BuT M B cesepHcH monopnHe I'epcue. rne oW ¢BaA3an ¢ He-
OPEPHIBHBIM KOMITJIEKCOM OT BepxHero Oeppnaca no OappeMa BKRIOUMTENbHO

9. Yexocaobakus

HuxHuii mes1 yctanosaend B 30He knunnoB (3ar., Kapnarn), B Beicokux Tarpex u
B+ Cunesckoii 3oHe (Beckuast). Pa3puter pasroobpaszsusie dailid 0T HEPHTIIYECKHX
A0 TrNyOOKOBOMHBIX MOPCKHX.

10. ITouwiua

B o6nactu [Noaeckux Kapnart HuxHuii Mea pasBuT B TPeX 30kax: ¢JillllIcBO# 30HC,
B 30He IIeHHMHCKMX KJIMMIOB M B TatTpax, rje INpeACTABIEHB! NPEUMYILUECTBEHHO
duIeBbIle  OTNOXEHUA,

11. Pympians

HuxHemenoBas cepus LUHPOKO pacnpocTpaHeHa B Bocrounsix Kapnatax, B Anyce-
HaX, BO Baaxckoit HuimendocTH u B Ceeproii Hobpy ke,

HuxnemenoBeie ocaaki B Bocroutslx Kapratax AsyX THMOB! (WML U MEpiel,
6oratele amMmounTaxin, MIHUIEBBIE OTIOXKCHUS, B CBOK OUZPEAb, UCKIIOUHMTEILHO
pPa3Hoo6pa3HbBl — OT IPYOBIX IO MECHUHO-THAHHHCTBIX € KETHTOBBINHA CHIACPHTAMH.
MectaMy pa3BHTEl KpeMHAUCTBIE CAAHLBL, OHTYMHIO3ZHBIE CAAHIBI. MEPICAN ¢ DAAHO-
aapusiMu. BeTpevyaroTcs mMpocnoiky TyhduTos,

OcobeHHO xapaKTepHa ans HixHero aena s HOuwnbix Kapnartax OpicTpas cMe-
Ha dalHii — OT MejJarH4ecKMX ITMMHUCTBIX H3BECTHSKOB K (DNMLIERBIM, Teppures-
HO-KapOOHATHBIM W KapPOOHATHBIM MOPOIAM.

B AnyceHaX HIKHEMCJOBBIC OT/IOKEHHA TPCHMYINECTBEHNO TEPPUTICHHOro
THIAa. B HEKOTOPBIX McCTax pa3BHTBl W BY.IKAHOTCHHO-OCAOYHBIS TOJIILM,

B Gonbiueit yactd Baaxckoit muaMeHHoOCTH (ceBepHas uacTe Mu3suiickoi nuat-
dhopmbl) HUXHHA Men mpeacTasaeH Temu xe daunsmu, kax n 8 Lientpansroi Ce-
BepHoit Bonrrapun. B GeppHac-BUIAHKHHCKON YACTH Pia3pe3a PA3BHTBL H3BCCTHAKI
Kaclnu4YaHCKOI0 THMA,
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B UCHTPALHOM HACTH HU3MCHHOCTI C CEBEPA BIACTCA 3AJIMB, B KOTOPOM paid-
BUTBI 0ojee TI1y0OKOBOAHBIC MODPCKHE M3BECTHAKM C KaJdbMHOHETIIHIAMH.

Ban xacnuyadcKEMHU M3BeCTHAKAMI DOBCIOAY 3AJET4I0T [HHUCTO-UIBECTKO-
BLIC NMOPOABI PA3rPAACKOTO TUNA (FOTCPHB —- HUKLMA anT),

AsbGCKHE OTIJIOKENUS 3aNeraloT TPAHCTPECCHBHO HA MOpoAax Gojee ApeBHHX
HIEKHEMEAOBBIX spycoB (bappema —- anta), nogobuo cepepHoii nonoce lleHTpasns-
woh Cesepioii bonrapuiut (bpect — I'uren). B Ceseproil Jobpyaxe pa3BuTHL He-
PHTHUECKHE TEPPUICHIIBIE 11 KepOOHATHBIC TOMUH C MHOXECTBOM BHyTpHudoOpMa-
UHOKHBIX MEepePBIBOB,

12. Coretekne Kapiarn

Humxanit Ment obHaxaercs B aByx ocHoBHBIX 30Hax: Crapo-Cambopckoit 1 Map-
MapoOLUCKOH.

B Crapo-Cambopekux Kapnatax cepus cesizaHa co Cpoacckoifl rpymnmoii, xo-
Topas MpEACTABIEHA TpeMA TEPPHIEHHBIMM CBHTAMH, DA3BATBIMM BO BHEIIHCH
¢hamiieBoil 30He.

B Mapmapoilckoi 301e HHUAHRM MEST CBS3aH € TpeMa cBMTamu: KameHenoTok-
ckoii (duuwr), KamcHeausckoi (¢ aByMs KpaeBbIMH (auusiMn -— TEPPUITEHHOTO M
kap6oHaTHoro Tuna) u ColiiMyabCcKoil CBUTOH (aneBPOIMTEL H IleCUAHHKH), KOTOpas
NEPEXOAUT H B CCHOMAH.

13. Kppim n Kanka3s

Huxnuit Men B Kpeimy 06H2x)aeTcs B BHM/C MOJOCH, HAYMHAOWIEHCH CO BTOPOIrO
otpora Kpeimckux Top B AojMHe p. YepHas U npojiospKaroUIeiics HA ceBepo-CeBEpo-
BOCTOK K Baxumcaparo — Cumdepoiionio u orTyna Ha Boctok k ®eogocun. B Cren-
HoM KpriMy cepus ycraHoBieHa B riyboxnx cksaxunax. B SliinuackoMm u Boctou-
HO-KpBIMCKOM CHHKJIHHOPUU HUKHUHA MeJ PA3BUT MPEHMMYLIECTBEHHO B TJIyOOKO-
BOAHBIX MOPCKUX (hauilax, a B ocTanbHoil 3acTu Kpbima mpejcTaBjieHBl HEPHTH-
YECKUE OTJIONEHHS,

HuxBemenoBble OTONKEHMS ITOKA3bIBAIOT 3HAYWMTE/BHBIE MU3IMEHEHHs dauuii
M MOIUHOCTeil B psijic BHYTpHPOPMAUMOHHBIX nepepbiBoB. Haubonee 3HaunTtesb-
HY}0 MOLLIOCTDL cepus umecT B BocToynoMm Kprimy (1500 m), 8 To Bpemst kak B FOro-
3amagHom KpblMy OH4 MecTaMM elBa AOocTuraeT S5 m.

HwxHeMmenoBple Mopoabl CBA3AHBL NOCTENEHHBIMM MEPEXONAMH C BEpPXHEIOp-
CKUMH HJIM 3aJieraroT Ha NeCTPOM OCHOBAHMM — TPAHCIPECCMBHO U HECOrJIACHO HA
noponax TaBpuueckoil cepun (Tpuac — cpeiHsds Iopa), WIM UHIPECCUBHO 3aioJji-
HSAIOT pa3/jiMuHble [IOHHKEHMs B ZOHHXKHEMEIOBOM peibede. MecTamu HiXHEMENTO-
BBIC OTJOXEHHS OTCYTCTBYIOT.

Huxunidk mesn va KaBka3se cBSi3aH ¢ HECKOJBKMMM TEKTOHMYSCKMMM 30HAMH,
KaXJas M3 KOTOPBIX XapaKTepu3dyercs pPa3iMyHbIMH daLuaAMM U MOUIHOCTBHIO.

HikHemesnosrie nopoasl B CeBepo-3anagHiom KaBxase npuypoueHs! K CeBEepHO-
My cknony [naBHoro Kapkasckoro xpebera kx 3amamy oT p. besas. OHM xapakTre-
pusyrotest 6onbiIMMH MoOlIHOCTAMIL (4—5 km) u npeoOiiagaHueM NEIUTOBBIX 06-
pa’oBaHMil — T. Ha3. CUAEPUTOBBIX [NMUH. Pa3BUTHL BCE AIPYCHI CEPUU; MECTaMH B
OTHENbHBIX YaCTAX pa3pe3a OTMeYaeTCs HEKOTOpas HEMOJIHOTA.

K BocToky oT p. bexaas jo Kacriufickoro Mops pa3pe3 HHXHEro Mesa cjlaraerca
ABYyMSi OONbUIMMH  KOMILIEKCAMM,

Huxuuii KOMNIEKC NpeACTABIEH TEPPHTCHHO-KAPOOHATHBIMHM MOpoJaMu Oep-
puac-HuxkHeOappeMckoro Boizpacra. MotuHocTh no 850 m. BepxnHuiih xommiaexc
TeppureHHBli (BepxHHii Oappem -— 1kHUHE anab6). IlpeobiafaroT mecyaHO-IIMHH-
CTBlE, I'JIaYKOHWTOBEIE HOPOAEL, 4acTO ¢ H3BECTKOBBIMH KOHKpenHsMM. MOLIHOCTD
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o 700 m. Cpeauuii u BepxXHHil a6 0OBIYHO NPEACTABJIEHB! YEPHBIMU APIrHIIHTAMU,
B BepxHeil uacTH KOTOPBIX MNMOABJAIOTCA [pOcnod Mepreneii. MowwocTts ot 40—
80m mo 150 m Ha cesepe B [Ipenkasiasbe.

B AGxazcko-Payyuckom paiione I'py3ilCKOd 301DLI HHKIEMENOBBIC 0C2A0YHELE
NMOpOABbl OTJIHYAIOTCS OT (PNULICBBIX OTNOXCHUIE 10XHOro cxjona Boasworo Kas-
Kka3a M OoT HepuTHyecknx obpazosiunit Cesepioro Kaskaza (PeunTrapreH,
1951). 1lHupokoe paspiTie B pailoHe UMEIOT M3BCCTHIKH, JOBOJILIIO MACTO MERHTO-
MopGHBIE, 1 MEPIreau, KOTOPLIC CJATEIOT PA3pe3bl OCPPHACY, FOTSPHBL 1 DappeMa.
Onu xapakTepusyrorcst 6oratoil gayHoi nedasionol, M3Bectrioil H3 MUOIOUUCTICH-
HBIX nyGnukauuil. IipeoOnafaroT cpeiu3eMHOMOPCKUE BHJIBI, HO BCTPCUAOTCS M
ceBepRble (JOPMBL. ANT OPEACTABJICH MEPIeiiiMi, & anbd —- TePPHUICHHBIMU OCal-
KaMH.

B d3upyascko-KyTaucCkoM paiioHe HHXXHEMEJIOBBIE pa3pelbl CAArarTCs N3-
BECTHAKAMH, YacTO C PyAUCTaMU B OappeMe. ANT lpeAcTaBleH MEPTEIsiMH, a B aJib-
6e pa3BUTBEI AJEBPONMTHI, IECHAHUKU ¥ TY(QODUTHL

Huxuuit Men pa3suT B Tpex 30Hax Manoro Kaskasza: Mucxano-Kadanckoi,
CeBaHo-Kapabaxckoii 1 CoMxuTo-Argamckoil. Pa3BUTBL Bce spyCHL CepuM, pa3pe3sl
KOTOPHEIX OOBIYHO CJIOXENBI TEPPUIeHHLIMK M KApOOHATHBIMU IOPOJAMM, YACTO
¢ npocnosaMu TydonecyaHUKOB,

14. HOxuple Aabnbl, Anewnuubl w Capaumns

310 ueHTpanbHas 4acTe Cpeau3eMHOMOpPCKOil OOJIACTH, B XOTOPOil HMXKHHMI Men
pa3’BUT MPEUMYILUECTBEHHO B rNyOOKOBOAHBIX MOPCKHX (alysix, 4aCTO B aCCOLMALUU
¢ paguoasputamy. B roxHO yacTH BedHeuualickux Anbn, B FOxHEIX AneHHHHAX U
B CapIMHMYU TPEACTABJCHBL H HEPATHYCCKHE H3BECTHAKH C PYAUCTAMA U HEPUHESMHU.
B JlomOapmmu u CeBepHbix ATICHHMH&X PaCOPOCTPAHCHBI TIyGOKOBOIHBIC
MOPCKHC TJIMHHCTO-W3BGCTRKOBBIE  OTiao¥enna 1Tulin Majionnka u BoaHKOHe,

15. IOrocmanus

HuxHui men 8 KOrocaasuu HMeEET WUPOKOC PACTPOCTPALCHIIS 1l TPSACTABIICH BCEMI
cBoumHu sipycamu. Cepus PAcCHpoOCTpPaHeHA B CNCAYIOLIHX majicoreorpahnueckux
3oHax: B CroBenckoii jienpeccuv, 8 Jnvapunax, Kocoso, s lymamui n BoctouHoit
Cepbuu.

OcobenHo xapaxTtepHo Juin CHOBCHCKOH JCMpecCHH WMPOKoe paisutue (0T
NMo34Hero Tpuaca j1o Oeppuaca) IenardueCkux KapOOHATHBIX OCAAKOB, CHAHLEBATBIX
U OKPEMHEJBIX PaguoIAPHTOB, KOTODPHIE KOHTPACTUPYIOT € HEpMTUYeCKUMU o6pa-
30BAaHHMSIMM B COCEAHHX pailonax.

Ha Oepuacckux M3BECTHSRKAX TPAHCIPECCUBHO, {10 COINMACHO 3RJICraloT H3BCCT-
KOBBIe OPEKUYHH C OCTATKAMM PYIOMCT, OpOMTONINH, BO,10POCIeH, THApo30d, peaKUX
repOepresei M NPHMUTUBHBIX TANBMAHHANEH ,.KOTOPLIE ONPE/ICAAOT aNT-a1bOCKMi
BO3pacT.

B HManmatunackoii 3oHe JIuHApckux rop, B 3one Bricoxoro kapcta u B [Mpen-
KapCTOBOH TOA30HE Pa3BUTHL UCKJIIOUATENILHO XapOOHATHBIE (AUMH HUKHEMETO-
BBIX OTHOXewnif, a B bocHeHcko#t 30He — dnyienas danud.

DaumeBble OTIOXKERUS 327er2l0T Ha BYJKAHOTEHHO-OCANOUHOH ToJsule oduo-
JIMITOBOI IPYNNBI ¢ BEPXHEOPCKHMM PAAUCISIPUTAMH B caMoOll BepxHed yacTu, a
OeppUAacCKHE OTJIOKEHUS CBSA3AHBI NEPEXONOM C BEPXHEIOPCKMMH KapOoHATaMMU.

B KocoBo u3BecTHBI TOJBKO Oappemckiie, alTCKHE M ajibOCKUE OTJIOKEHNS,
pa3sutsle B Kykecckoii 30He, B MeToxuu, B I1pHCIeBCKMAPEHHIKOM 30He, 3anagHee
Kocoscka Mutposuua n B Kocoso I[lone. [IpencTaBieHsl TeppHIreHHO-KapGOHAT-
HBle OCaJKM MNpEeHMYyLUIEeCTBEHHO HCPUTUHECKOH MU pexe OaTHaibHOA dauuil.
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[llymanuiickas 30Ha OXBATHIBAET IOKHYI0 OKpamHy BaHaTa, okpecTHocTH Bel-
rpajaa, Hlymanuro, Boctounsrii 1 ¥Oro-Bocrounstit KonaoHnuk, rae pa3BHTel DIpeuMy-
UIECTBEHHO HEPUTHYECKHE TepPHUIeHHO-KapOOHATHBIC OTIIOKEHHS.

Huxnemenobast cepms mMeeT wwupoKoe  pa3BuTHe U B Boctownoit Cepbuw,
rAae IpeacTaBjeHa pa3zHooOpa3zHBIMH HOpoJaMHM 3H2aYATeIbHOH MolnHocTH. OHa
Xopouo obHaxaeTcs OT Mexaypeybsi Mopassl u Tumoxa Ha ceBepe o Cypa-Peku
u Crapa-JImanuHsl Ha IOTO-BOCTOKE. _

CepOckre reojiory BBIOENSMIOT YETHIPE OCHOBHBIX THINA HIKHEMENOBEIX OTJIO-
KeHUi: 1) MenkoBoaHBie Mopckue; 2) ¢uninensie; 3) nepexonHoro tumna; 4) rayo-
KOBOAHBIe MOpcKHe. OOHAKO HX MPOCTPAHCTBEHHOE DAa3rpaHHYeHHe HENOCTATOYHO
BBISCHCHO. B CBA3M C 3THM 4acTO THUIHYHBIE MeNarudeckue M3BECTHAKA C ray0oko-
BOJHBIMH MOPCKHME GOCCHIINSIMYU ONMCHIBAIOTCA KaK HEPHTHYECKHE ¢auud.

Bo Bpems pannero mena BocrouHoit Cepbur odpopmMilsiroTcss ABa 3HAMUTEJIBHBIX
TIOHM:KEHUA, B OQHOM M3 KOTOpHIX obOpasyercs duumn (Jlyxuumkckas 30H2), a B
ApYyroM -— ByjkaHOreHMo-ocamounble Toaiuu (KpauHeHckas 3oHa [lyHafickoro
TpOTa).

16. AnGanns

HuxueMenobrle OTNIOXeHHA B AJiGaHHM sABJIAIOTCA NpOAoJKeHHeM JIMHAPCKHX.
IIpeobnapmaror HepuTH4YeckHe kapboHaTHeie dauuu. Pa3sBUTEI Takke MeJarHYecKne
U3BECTHAKM ¢ KpeMHeM W ¢QuumIeBRIE OCaaKH.

16. I'peunsn “

B 3amamgnoit wactu I'pemuu, B Ilpemanynuiickofi 30He HMOKHHH MeJl OXBATHIBAET
4acTh M3BECTHAKOB BHrja (THTOH — HIDKHHIA CeHOH). OTH H3BECTHSKH pa3BUTHI
u B VoHuUiCKO# 30He, rAe OHE NpeicTaBiieHBl Gojee riayboxoBoaHod Mopckoit da-
nueil ¢ paguoNSApHAMM ¥ SUIMOBBIMH JIHH3aMH. V3BECTHAKH comepXkaT KalbIHO-
HeJUTUABI, anTuxu, Mesohibolites u Orbitolina, xoTOphle TO3BOJAIOT ONPEAETHTH
HHTEepBad OT Oeppuaca go ansba BKJIIOYHTEIBHO.

B XOHTHHeHTaJIbHO# HacTH 30HH ['aBpOBO HMXHHII Men CBA3aH C BOAOpOCIe-
BEIMH H3BEeCTHAKAMH, KOTOpPHIE NEPEXOAAT B BepXxHIoio Iopy. Ha momyoctpose Ile-
JIOTIOHHEC pa3BMTHL Oosiee pasHooOpa3Hele HEpHTHYeCKHe H3BECTHAKA C OCTATKaMH
dbopamuundep, Kopannos, BOAOpPOCiei, KOTOPEE XapaKTEPH3YIOT HHTEpPBaJ OT BEpPX-
Heil IOpPHI [0 OCHOBAHHUA IKHETO0 MeJa,

B 3one rop ITusg ocHOBaHME CepUM CBA3AHO C PaIHOJAPHTAMH, YaCTO MMIIper-
HHUPOBaHHBEIMM MapraHUeBLIMM OKUCIaMA. PaiuojspUTEL YepenyIOTCA ¢ Mejiaruve-
CKMMH H3BECTHSIKAMH C PAAHOJIPDHAMH. B KpaeBBIX MACTAX BCTPEYAIOTCHA MPOCJOH
OpeKyreBUAHEIX H3BECTHAKOB, NHOTJA IECYAHEIX H OOJHTOBBIX. Haxg sTuMH oTiioxe-
HUSMH 3ajieraer mecyaHo-MepresieBRil ¢uIHi, acCONRMPYIOMME C KPacHBIMH Mepre-
MY ¢ pamnonapHamMi. Pasmnunsle Orbitolina u Dictyoconus onpenensroT 6appem-
amTCKMil BO3DACT.

B 30He ropsr [lapHac HAXHEI MeJl OXBAaTBHIBAET 4acTh OpeKuYHeBHJHBIX H3BeCT-
naxoB ¢ Ellipsactinia ellipsoidea S t e in (THTOH — BaNaHXWH), OOJATOBEIE H IIOT-
Hble M3BECTHAKH, HaJ XOTOPHIMH Pa3BHT BTOPOit G0KCHTOBBIA ropusoHT IlapHaca.

B Bappapckoil 30He pa3BUTBI aNT-aJbOCKME OTIOXEHUS C OpPOMTOIMHAMA M
HepHHEeSIMU. DTO KOHTJIOMEpATHl ¢ W3BECTHAKOBOM, HHOrAa ¢ OohHOIMTOBOHR rae-
KOii; mpeacTapyieHBl TAK)Ke JIeCYaHO-AeTPUTOBHE M3BeCTHAKH. OHM 3aJIeraroT TPaHC-
IPeCCMBHO M HECOTJIACHO HAa BEPXHEIOPCKHAX OQHOJHMTAX.

Ha Kpure HIDKHHI MeJ npeacTasiieH MCKIIOMATENhHO A3BECTHAKAMH, MECTaMH
C paaMOJIIPHTAMMU.
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B IOro-Bocrounbix Pononax HikHMil Men cBsizaH ¢ burnUTOBEIM KOMILTER-
cOM Makpu, 0BHaKEHHBIM CeBepo-3ananHee AJeKCaHOPOMONMcA. DTOT KOMILIEKC
CIOXEeH OMIIIMTaMH, TpayBakkamMH M ciiabo MeTaMOpOhH3OBaHHEIMU OPHONHTAMH.
OHi ComepXaT MpOCIOM M3BECTHAKOB, Cpeau KOTOPBIX HAlAEHBl BEPXHEHOPCKHC
. HMXKHEMEJIOBBIE KOPANnbL.

Ha o. CamoTpaku HHXHHIT Mej1 OXBATBIBAET YACTb otHomUTOBOrO KOMITIEKCA,
Cepus mpencrarnena rab6po. auabazamr, KOpaJITOBBIMH M3BeCTHSKAMM, CITaH-
UaMH M TOJINTEHHBIMH OpekyusiMU. B3aumooTHowewus ra66po u miaGa3os ¢ oca-
AOUHBIMU NOPOJAMU TOKA3BIBAFOT, 4TO OA3NTOBLIH BY/KAHW3M MpOsBIeH HA TPI-
HUUC HUXHeTOo Mesa (Braun, [968).

B Tponoc Hinkuuii Men mpeicracnen nosepuramys (130-—120 mnm. JeT).

18. Typuns |

HroxHnii Ment siveeT orpaHuveHHOe pacnpocTpaHeHué B Typunu. OTJoxeHNA CEPHI
J4CTO 3afleraloT TPAHCIPECCHBHO HA IOPCKMX MJIM NafNe030HCKMX TOpOoaax.
HuxneMenoBble NCpPoABl H3BECTHBL BJOJbL FOKHOTO nobepexbs MpaMOPHOTO
Mopsl, B AHaTonM, B cerepHoli 4acTu pailoHa Beiinazapor — HanspixaH, K HOTy
or bonay, k cesepy ot I'éiinrok i 03. A6aur, B pa¥oHe 3oHIyngak, K CEBEPY OT
Waras — Kypuynny, 86avsu BaiGypr, k ceeepy ot Tapryma u B Taypyc.
Bnonar Yepromopckoro mobepexbs CEpHUs HAYHHAECTCA KOHIJIOMEPATaMH,
Al KOTOPBLIMH CJCAYIOT W3BCCTHAKH (BAJIAHXKHH — HMXXHHI anT), H3BeCTKOBBIC
JIECHAHUKM W M3BECTHAKM C Nerinea v Requienia. Beepx mo paspely HabnioAaroTCa
necuannkyu Benebex (BepxHuii anT) n anbOCKHe mecYaHuky M Meprenu, nepekprITHE
MEPTEJIAMH ¥ TpyORIM duinweM (BEpXHHI anpb — ceHoman).
Mexay YepueiMm mopem u paitonom Wnras — Kypwynny passutsl Oenbre
MACCHBHBIC H3BECTHKH C aMMOHHTaMU (6eppuac — HUXHHH GappeM).
Huxnemesiobbie ocagku ray6oKoBoaHoil MOpPCKOil danuu pa3BUTBHL MCEXKJY
AHATONMIACKIMH TOPAMM M CEBEPHBIMH FOPHBIMM LEMIMI. :
B IOro-BocTouHo#l AHnaToiuk B KepHax ray6oKMX CKBaxHMH YCTAHOBJICHB
JIOJTOMHTOBBIE W3BECTHAKM ¢ OpOHTOnRMHAMM,

19. Bmexnnii Boctok

HuoxHuit men u3BecTenw BO Beex cTpadax BiuxkHero Bocroka, Cepus pa3suTa B MeJI-
KOBOMHBIX MOPCKHX, JIPEUMYILECTBEHHO KapGOHATHEIX It /HAN TeppHIeHHBbIX (PauMsIX.
HanGonee mupokoe pasBuTue HMEIOT anTckMe M anb6CKile OoCa0vHbIe NMOPOIEI,
KOTOpBIE MOUTH MOBCEMECTHO OTHOCATCH K MOpPCKOMY THNY. Ha oTaenbHBIX Tep-
PHTOPUSIX PACHPOCTPAHEHBI KOHTHHEHTANbLHBIE 06pa3OB2HMS.

ba3anbToBEIA BYTKAHM3IM NO3IHCIOPCKON IMOXH NMpoao/KaeTCss B paHHEMEJ0-
BOii JITOXE C SCHO BBHIPAXCHHBIM NMAPOKCH3IMOM B alTCKOM BEKE.

YacTh TpeThba

OBOBLUIEHUS U BBIBO/bI

IV. CTPATUTPAGUYECKUMN OYEPK

B 3To#i rnase paccMOTpeHO Pa3BUTHE HUKHEMEIOBBIX sapycoB B Cpean3eMHOMODCKON
obnacty, mpiuuem o6palleHO BHUMAHKE KiK HA cneuugnyeckie 4epTHl B OTACJTBHBIX
CTpaHax, Tak H Ha obluMe OCOGEHHOCTH B PAacCNpOCTPAHEHHH KaXEOro Apyca.
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1. Beppuacckhii apyc

Beppuacckuii fpyc MMeeT WIMpOKOoe pacrmpocTpanekHe B CpeauwiemMHoMopbe. OH
MpeacTABICH Pa3HOOOPA3IHBIMU MOPCKHMH GAUMAMM, 4 MECTAMH M KOHTHHEHTAJIL-
HbIMH ODpPa30BaHMSAMH INypOEKCKOTO HJIH CaXxapckoro Turia.

B GOoMLUMHCTBE pailoHOB HAGJIOAAETCA TIOCTENEHHBIH JIMTOJNIOTHYECKAN mepe-
XOO OT THTOHCKHX X GeppHMacCKuM OTJIOKECHHAM. DTa HeNpepsIBHOCTH HapyllaeTrcs
B OT/[E/ILHBIX MECTaX JOKAJNbHBIMH TEKTOHUYECKUMHU M /W maneoreorpaduyeckumMu
aaacHisiMid. OTCyTCcTBHEe OCppHAcCKHX OCQAKOB B HEKOTOPGLIX palioHax o6Gyciosse-
HO YCTONYMBBIMHM NOTHATHAMM 3HAYMTENBHON MPOMOJIKUTEIBHOCTH.

2. Bajan:XHHCKHE spyc

PacnpoCTpaHCHUE BAjaKMHA M THX €ro OCafIkOB CXOAHBI C PACHPOCTPAHCHHEM U
TUIIOM OeppHacckux oTJoxkeHuii. OZHAKO MeCTaMH DaHHEMEJOBOe OCaIKOHAKOM-
JIeHHe HAYMHAETCS B BaJaHKHHCKOM Beke. Kpome Toro, Bo BCeX 30HaX ¢ IJIMHHUCTO-
HW3BCCTKOBOM celuMeHTanueld HaGIrOMAETCH TIOCTENEHHOE YBEIMYEHHE COOEPXaHMA
[JIMHHCTCN COCTABJAIONICH B BANAMKHICKHX pa3pe3ax U yBejMYeHWe Meprejicii 3a
CUST HW3BCCTHAKOB,

3. IoTepnBCcKilid apyc

TOTCcpUBCKHE OTJIOKCHHA MMEIOT 3HAYMTeNbHOE pPACNpOCTpAaHEHAE M OYCHb
pasHoobpasnble gaunn. B 3anagHom CpeanseMHOMOpPbe npeobiasaroT ¢anmessle
OTJ10EHUsA, B TO BpeMs KaK B ocTalnbHOM yacTH Cpenu3eMHOMOPCKOiL obacTu ans
rOTEPUBCKOrO spyca xapakTepHa mecTpast dauuadbHas KapTHHA, OYepYCHHas He-
PUTHYCCKAMM TIYOOKOBOAHBIMH MOPCKMMH OCaJOYHBIMH nopofamu. B 3amagHoit
yact MOepHiiCKOTO MOJIyoCTpOBa Pa3s3HTHL KOHTHHEHTAJbHBIE FOTEPUBCKUE TOJIILN
BaJIbJACKOTO THIA.

4. BappeMcKkHid supyc

bappeM XapaKTepH3yeTcs OYeHb Pa3jHOOOpasHBIMH hamHiAMH, CPeAH KOTOPBIX Hpe-
061aJaroT HepuTAUeckue. Bo Bpems mo3aHeOappeMcKOro Beka HayMHAETCA LIKPO-
KOe pa3sBUTHE YProHCKOH (anuu, uTO NpPeACTaBifeT TUIHYHO CPEIHIEMHOMOPCKOE
apneHue. KpoMme HepUTHYECKUX TeppPHIeHHBIX, TePPUIeHHO-KapOOHATHRIX H YProH-
ckux daunif, KoTopele HanGoJiee IWKPOKO PAacHpOCTPAHEHEL B IEHTPANbHOM 4acTH
CpenuseMHOMOpPCKOH 06/1acTu, XKax ¥ B HECKOTOPBIX JCMPECCHOHHEBIX 30HaX, 6appem-
CKHil" AAPYC CBA3aH C TNyGOKOBOAHBIMH MODPCKHMH TJIMHHCTHIMH H [JIHHHCTO-Kap-
6oHaTHBIMH, a MecTaMH W ¢NUIIeBHIMA HOPOAAMH.

5. Agrckuii apyc

ATTCKHI APYC U3BeCTeH BO BCeM Cpenm3eMHOMOPBE — OT ATJIAHTHIECKOTO OKeaHa
no bnmxkHero BocToka. Pa3BuThl pazHoo6pasHbie daumu, cpean KOTOPEX ocoberHo
XapaKTepHBl YPronckue. 32 HCKJIIOUEHMEM HEKOTOPHIX paitoHos, Hampumep, Ilpo-
palca, oT4acTH BeIcokux miaaTto B Aykupe, a Takxke B, CeBepo-Bocrounoit Boarapuu
u Jo6pylKe, TA€ YProH NpeIcTaBiIeH JOBOJBHO YHCTEIMU M3BECTHAKAMH, B OCTAJIb-
HBIX 30HaX YPTrOHCKHE M3BECTHSKU ACCOUMHUPYIOT ¢ TEPPUICHHBIMU OcaJKaMH — Mep-
rejsMH, aJeBpoOJIMTaMH M NecuaHukamu. [10BCrofly yproHckue miaat¢opMBl OKOHTY-
pUBAIOTCS TEPPUIEHHO-KApOOHATHRIM 1LIeidoMm.
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B pane 30u (Cenepuaa Adpuxa, Anbnsl, KapnaThl) anTcknit apyc cBs3aH ¢ ¢un-
1IeBBIMH OTJOXEeHWsIMH, a B apyrux Mectax (Tysucckas nenpeccus, FOro-Bocrtou-
Hasg ®paHuus, Cy60erckas 30HA) — C NEJATHIECKMMM TJIHHHCTO-KapOOHATHBIMH
MOPOJaMH.

XapaKTepHEIM KOMIIOHEHTOM aIlTCKOTO sipyca B HCKOTOPBIX paiioHax ([TupeHncy,
Kapnarw, [Ipeabankanse, CebepHblii KaBka3s) aBasioTCsS MOJIACCOBLIC 00pa3oBanusl.

OG6BIMHO aNTCKUE OTJOWEHUS IPEACTABJAAIOT KOHEYHBIi IPOAYKT OOJBIIMX
PaHHEMEJIOBBIX JIeNpeccHil. ‘

6. AabOckni spyc

OTO mocnelHUWH sApyc HMWXHero wmena. B cpaBHeHWe C OPYTHMH fpycaMM OH
UMeeT caMoe OrpaHHYeHHOE pACHpPOCTPaHEHHE, CBA3AHHOE C NOCTANTCKON per-
peccHeil MIM ¢ pa3MBIBOM Iocie anbbckoro Beka. Kpome QummieBbIX OTiOXeHH]T
U r1y60oKOBOAHBIX MOPCKMX YE€PHBIX CSIAHLEB M M3BECTHSAKOB C PAJUOJIAPUTAMH, H3-
BECTHBIX B HEKOTOPBIX 30Hax 3amagHoro Cpean3eMHOMOPBs, Hambosee xapakTep-
HBIMH OTJIOXEHUAIMM 7 ajbhOCKOro Apyca SABJIAIOTCH IECYaHO-TJIayKOHWTOBBIE
4 MoJsiacChl (KOHIJIOMEPATHI, IIAYKOHMTOBBIE NMECYAHHKM, AJIEBPOJIMTHL H [JIMHBI),

V. DBOJIIOIUA U NMAJEOBMOTEOI'PA®HA PAHHEMEJ/IOBBIX MOPCKUX
OPTAHWUIMOB B CPEJIM3ZEMHOMOPCKOW OBJIACTU

1. O6mne 3amerxn

WzBecTHO, uTO MexayrHaponHas ctpaTurpaduyueckan mkana Me3osolickoit apaTreMsl
CO3aHa HAa OCHOBE 3BOJIIOLMH aMMOHUTOB. OHM OTBEYarOT OCHOBHEIM TpeGoBa-
HHAM K PYKOBOISLUMM OKaMEHEHOCTAM: 1) GBICTpBIE TEMINBI IBOJIOLMH; 2) 3HAYH-
TEJBHOC TOPH3OHTAJIBHOE PacCNpoCTpaHeHue; 3) OTHOCHTEIbHAS HE3ABHCUMOCTH OT
dauuii; 4) xopowasgs COXpPaHHOCTL.

LeHCTBUTENIBHO, pAJ APYTUX MOPCKUX OPraHH3MOB MMCEIOT GoJiee LIMpPOKOe
pacnpocTpaHeHue B CPABHCHIM ¢ AMMOHHTaMMU, HO OHH IIOKa3bIBAIOT HoJiee MEITIEH-
HBIE TEMIIBl 3BOJIIOUMHM H B CBA3K C OTHM C HX NOMOLUbIO MOryT OBITh BBIIEIIEHBI
30HBI CO 3HAUYUTEILHO 60abulieil MPOAOIKUTENBHOCTBI), YCM aAMMOHHTOBBIE.

Ilupokas cTpardrpaduyeckas NpPakTUKa, ocobeHHO 338 mocaecaHde 20 ner,
[OKa3bIBaeT GonblIoe CTpaTUrpaduyeckoe 3HAYCHHE HEKOTOPBIX APYIHX TPYMN Op-
TaHH3MOB, KOTOPBIE MO3BOJIAKT NPOBECTH JICTAJIBHOE pacylicHeHHe HHXHEMESOBOit
cucTeMmbl: popaMuHubep, paaHOISIpHit, KaIbIUHEIINA, AHHOQIATETIAT, BOAOPOC-
Jieii, HaHOKOHycoB, OuBaJBBUil, 3XxuHOMAEH, Opaxmonon u aop.

B 3T0# rnaBe paccMOTpeHa 3BOJIIOUMA TOJBKO HECKONLKMX TPyl MOPCKHX
OpraHu3MOB, KOTOPBIE HMEIOT LUMPOKOE PUCTIPOCTPAHEHHE B HHXKHEM MeJy M B HaH-
Gonplueil cTemeHu cnocoOCTBYIOT cTpaTurpadHuUeckOMy pacujieHEHHIO M Koppe-
JIAUMH CEPHU, €€ OTHCNbHBIX APYCOB H/WIM ONpPEAENEHHBIX THHOB dauMii (HaOpH-
Mep, ILIAPOKO pacrnpocTpaHeHHo#t yprouckodt daunu). Tlpa 3TOM ocBelreHsI
TONBKO Te aCHEeKThI 3BONIOUUH 3TUX TPYNN OPTaHWIMOB, OT KOTOPHIX 6OJbllEe BCETO
3aBHCHT POPMIPOBAHHE MANEOHTOJIOTUYECKNX MTOCIEN0BATENBHOCTE, a He NMpobiem
GHIIOTEHETHYECKHX B3aMMOOTHOLIEHMI BHYTPHM OTAENBHBIX TIDYIIL.

3aKOHOMEPHOCTH, B COOTBETCTBHH C KOTOPHIMH (OPMHPYIOTCA MOCHEN0BATENb-
HOCTH OpPraHM3MOB, HAXOAATCS B TECHOH 3aBUCHMOCTH OT 3KOJOTrH4YecknXx ¢akTopoB
cpensl obutanua. C 3TuMH dhaKTOpaMH CBA3AHO MHOIO JIPYTHX BONPOCOB, HUMEFOIIHX
ocoboe 3HayeHue Anas ctpaTurpaduu: |) B3aMMOOTHOLIEHUS OpPraHu3moB; 2) ryc-
TOTA HACEJEHHOCTH OTAEAbHBIX OMOTONOB; 3) 3aBUCUMOCTH MOPQDOJIOTHN OpPraHH3-
MOB OT XapakTepa cpeisl; 4) TeMNbl BUA00OPA30BAHUA M HX CBA3bL C H3IMEHEHHAMH
cpeanl; S5) paccejieHHe OpPraHM3MOB — INPHYHMHBI, CKOPOCTb W pe3yJbTATEHI.
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2. Ocnonuble YE€PThI IBOJIOUHH PaHINEMEN0BLIX MOPCKHNX OPraHmniMeB

He3apvcnMo OT 3HauyHTENnbHON perpeccud, KOTOopas MNpOgB/LETCA Ha OOLIMPHBIX
mrowanax B Cpenn3eMHOMOPCKOUl 06GJIACTH B KOHLE IOPCKQOIO HEpPUOJA, CYLIecT-
BYET MAABHBIHA NEPEX0] OT FOPCKOTO K MEJIOBOMY MHPY OpraHuiMoB. EQHHCTBEHHO
Cpeau MOJUIIOCKOB OTMEYAETCA CyLueCTBeHHOe OGHOBIEHHE, KOTOpPOE XapaKTepH-
3YJOTCA U34E3HOBEHHEM MHOTHX IOPCKHX BHAOB M DOAOB H MOABJIEHHEM HOBBIX TakKe
COHOB,

B 5ToM pa3snpesie paccMOTpPEeHBE OCHOBHBIE YepThl 3BOJIIOUMM MHKpOodOpEL
(pogopocieit, HIHOKOHYCOB), HU3ILUX ONHOKJIETOYHBIX ODTraHM3IMOB (paaMOApMHiA,
dbopamuHndep, kanbnHOHEIMI) H GeCTIO3BOHOYHBIX MeTa3oa (ocTpaxon, rybok M
MILAHOK, WTJIOKOXHX, Opaxuioj, racTtpomoj, 6uBaabBHi, aMMOHHTOB).

3. Tlaneo6Gunoreorpadus panneMeJoBoi NMOXH

3.1. Hcexoonvie npunyunv

[eorpadmyeckoe pacnpocTpaHenue OPTaHM3MOB 33ABHCUT OT psiaa (paKTOpoB, oOc-
HOBHOC 3HAYEHUE CPEAM KOTOPBIX MMeeT KauMaT. CyLECTBYET TECHAS CBA3bL MEKAY
reorpadMYecKHM pacnpoCTpaHEHHEM M IKOJOrHuYeckMMM (PakTOpamMu: TEYCHMSMH,
XapaxTepoM naHa, 6aTuMeTpucH, OCOGEHHOCTAMM CEAMMEHTALMM, HAJIHYHEM HJIH
OTCYTCTBHEM IIperpaj, B3aMMOOTHOLIEHHAMH C APYTHMH OpraHuIMamu, Tpodu-
YeCKHMH CBSI3AMM M Ip.

ITaneosooreorpacduyeckoe pakoHUPOBAHHE PAHHEMETOBOM 3MOXH, IPENJIOKEHHOE
B 3TOM Tpyle€, OCHOBAHO Ha CIEAyHOWMX TPeX MPHHUUMAX: apeao-reHETHYCCKOM,
3KOJIOTHYECKOM U CTATHCTHYECKOM.

3.2, AmMmonumossie npoGuHyuu 6 PAHHeMeA060l 3noxe

B nactosiuee Bpemsi cuuTaeTcs OOCLICNPHHATHIM, 4To Omoreoreorpaduyeckue rpa-
HUIBI OTACJBHBIX I'DYII OpPraHU3MOB He coBmagaroT. [IpH 3TOM, YeM HHXKC paHr
naneo6HoreorpaguuecKoi KaTeropuu, TeM GOJNblue Pa3;IMYNsA B rpaHULAX pa3TUy-
HBIX TpynOm.

B paGoTe paccMOTpeHO TOJIbKO pacmpeleiicHHC aMMOHUTOB B TeYeHHE paHHe-
o Me€Ja, YTO HaMedYacT OCHOBHble JIMHHMM paHHeMenoBoi mamecobuoreorpacmu. K
3TOMY, KOHE4YHO, MOXHO O006aBUTh MHOTO HWHTEPECHBIX JAHHBIX O OEleMHHTAX,
dopamuundepax H pyancTax, KOTOPBIE BHOCAT NMPUMEYATC/ALHBIC WTPHUXH B Ta-
HopaMmy paHHeMcnoBoft xu3HH B CpeausemHoMopckoii obnacry.

Pacnpenenenne aMMOHUTOB B Hayaje PaHHCMEJIOBOIl IMOXHU BBIABIAET OCOOEH-
HOCTH TUTOHCKO! aMMOHHTOBO# TIPOBMHIMY, BmecTe ¢ TeM HAKJIaABIBAIOTCS HOBBIC
4epThl, KOTOPBIE M3MECHAIOT KOHurypauuu obnacteit # 0COGEHHO TPOBHHUMIA.

[Taneobuoreorpacuyueckas KApTHHA B PAHHEMEJOBYIO 310XV DA3BHBAETCH H
Ha OCAOBEe paclpenejieHuss aMMOBUTOB, NPH 3TOM MOTYT OBITh BbIAgsicHBI ABa 3Ta-
na: Geppuac-6appemMckuii U anTaNbOUMCKKIl C HEKOTOPBIME GUIYKTyalMsiMH BHYTD M
3THX 3TamoB.

321. beppuacfbappemMckas XOpOJOIMS aMMOHHUTOB
BCpeanuszeMHnoMopckonm ob6umacrthn

Hau4ano paHHeMeJI0BOli 3MOXH MOKa3kIBaeT OMMOJIADHOCTE B PACHPEACTICHHH aMMO-
HUTOB, HMEIOLLEM MECTO B IO3qHedl lope. TeTHCCKMiI OKeaH 3aHHMAeT CPEeMHHOE
TIOJIOKEHHE B 3¢MHOH ruapocdepe, pa3BuBaAch B CyGIKBATOPUAIBHOM HANPAaBIEHUH
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Mexnay IOBYMSl OCHOBHBIMA KOHTHHEHTANbHBIMH Maccamu. Ha cesepc mpocTupaetcs
Bopeanbnbrit, a Ha tore — Ilepuronnsanckuii GacceiiH.

CpeauseMHOMOpPbE OYEPUYUBAETCS KaK OTHOCHUTE/ILHO TOMOrenEas mnaseoduo-
reorpadgmnueckas o6sacTes or Oeppuacckoro a0 6appeMcKoro Beka BKJIIOYUTENbIIO
CO CIHEAYIOUIMMH HPOBHHITMAMM:

1. Ansnuiickas NpoBHMHIMA., D70 uedtTpaibLuas npeBdHuus CpearzeMHoOMOp-
ckoil obyacTu, KoTOopas B OOLUUX epTax OXBATHIBAET ABE BETBH AJILNHICKOTO Opo-
TeHHOTO mosica 0T ATJAHTHYECKOrO OKcaHa Ha 3amane, Bkiarwouasi CeBepo-3enanaHyio
n CesepHyio Appuky, MoOepuiickuii monyoctpos, ITupeHen, caMylo 10XHYIO YaCTh
®paHumu, Anbnel, [Tauoucku#i maccus, Huuapuael, Xenewnawl, FOro-BocTouiibie
Ponmonsr, Typuuro, no Upana Ha BoOCTOKe.

B 2710ii npoBuHIEY aMMOHNHTOBAS hayHa OUeHb FTOMOTEHHA; OHA TPEUMY LLIECT BEH-
HO rny6OKOBOIHAA MOPCKAS, CONPOBOXAAEMas ITHPOKHM Pa3BHTHCM TIJIAHKTOHHEIX
tdopaMuHndep, XaJIbNMUOHEITHA, PanMOJIAPHIL.

ANbIuiickas TPOBHMHIMS OXBATBLIBaET caMble rny6oxue 3oubl CpeauieMHO-
MopcKkoil obnacTi.

B BocTouHOl 4acTu Anbnmiickoi mpoBuHuMH o6ocoOiseTcs Apabekas cy6-
NPOBMHUMA (WM DaiOH), XapaKTCpH3yOLIascs npeobilagaroiuiM pa3BUTHEM KOH-
TUHEHTANBHBIX 0CAAKOB B Hcppuac-0appeMcKkoe BpeMs 1 HEPUTHUCCKUX 0Opa3oniHuii
¢ GOnpmAM IUCIOM IHAEMHUECKHX BUOOB BO BpeMs IITCKOro M anbOCKOTo BEKOB,
Ona oxsaTrBaeT cTpaHsl Bianxkaero Bocroka mo Ilepcunckoro 3anusa.

2. Esponeiicko-Kapka3sckas TPOBMHLUHSA 1IDOCTULAETCS K CEBEPY OT Anbruii-
ckoii. OHa c0o03HayeHa YNMIOM Kak ,,KpaeBas HEPUTHYECKAs 3CHA™, O 3TO HanMe-
lioBaHWe HETO4HO. IIPOBHHUMS MMeEET CPCAM3EMHOMOpPCKYI0 thayHy, HO C OTAElNb-
HbIMH GopealbHHIMA MMMHIpanTamMu. OHH BeTpevyaroTcst Gofpureil 4acThio B Ila-
pmxckom OacceiiHe, B FOpckux ropax, B ceBepo-BOCTOYHOIR uacTu HOro-BocTouHo#
®panuun ; roxnas vacte PP, Kpeiv, Kaskas., Wymanuiickuii paitod, BocTounas
Cepbus, Kapnatel u Bajxanunsl Haxoaates B OydepHodi 30He Mexay AbTHUCKON
1 Eeponeiicko-Kabpkaickoif NMPOBHHIMAMILU XOTA OHHM XapaKTepH3YIOTCH THIIHYHO
cpeanleMHOMODCKOl  dayHoW, coaepkat peakue OopeanpHble MMMHIPaHTh. B
CBA3M C 5THM 3TH CTPaHBI CHEAyeT paccMaTpHBaTh KakK caMyro lokHyIo yacT Espo-
neticko-KaBka3ckoli NMpOBHHLUNH.

OO6mieit uwepToii 06enx NPOBUHUHMIL O0JACTM ABNACTCA PA3IBUTHUC YPTOHCKUX
0CaNIOYHEIX MOPOJ, KOTOPHIC NPEACTABAATOT TUNKYHYIO CPCAN3ZEMHOMOPCKYIO 610~
daunio ¢ pyadcramu, KopaniamMd M KpymebiMu GopaMuHndepamn.

322, AnTt-anbvbckas xopoasorus ammMmounuton 3 Cpeaun-
3eMHOMOpPCKOWH obBaacrwu

C Hayana almTcKOTO BEKd PACIPOCTPAHEHIC aMMOHMTOB MOKA3LIBAET 3HAYHTELHO
60JILLIYI0O TOMOICHHOCTh, §€3 ACHON BHYTPHNPOBHHUHANLHONH audpdepeHuMannu s
obrmactu OO cpeaHea bOCKOro noaseka. B 3atoMm wumHTepBase (anmT-pasHuii anbb)
CpenunseMHoOMOpckast obJlacTh XOpoOWO o4epueHa riaaBabIM oOpa3zom G:iiaropaps
pasBuTHIO puMOBBIX anuif ¢ XxopadnamHd, pyaucTaMu H GEHTOCHBIMU dopamMyHn-
depamu. Jdnsa aMMOHUTOB, OOHAKO, OTCYTCTBYET I'DAHHLA, HaXKe M B BUJAE IIUPOKOI
TepexoaHoil 30HB Mex Ay FXHOIT yacTbio BopeanbHoro mosca u CpenmseMHOMOPp-
ckoii obnacTeio.

ANTCKas MOAENE XOPOJOrHM AMMOHHTOB COXPaHIeTCsa B OOIMX YepTax H B PaH-
HeaJIbOCKOM IOJBEKE. ,

CpeateansCekuil MOABEK OTMEHAET HAYaNO HOBOIT M CYLIECTBEHHO DA3IMIHOM
aupdepeHuHALNY aMMOHHTOB, KOTOPasA NMPOAOJIKAETCA U B MO3HEMEOBOI 3mOXe.
I'pannua mexnay Tetucom u bopeaneMm oueHb miaBHas, M psaag GopeanbHBIX BHIOB
NPOHMKAET Ha 1or. JTa pe3kas mepeMecHa B najeobumoreorpadutieckoii kapTuHe AB-
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JIAeTCsl CICACTBMEM aBCTPUHCKOU ckaaayaTocTh B CpenH3eMHOMOPLE M TOCE/10BaAB-
weit Oonbiuoi cpesHemMenoBoi (a7bO-CEHOMAHCKOI) TPAHCIPeCcCHH. AMOHHTO-
Bag (jayHa LUMPOKO OUCTIepTHPYET, M B CBA3M C 3THM TfasieoOnoreorpadmnyeckue mpo-
BHHUMKM H 06JACTH TepsIOT CBOM XapakTep cy03KBAaTOPUANBHO OPUEHTHPOBAHHBIX
NOACOB. DTO OCOGEHHO BaXHO [MJIs wupokoii Eppomeiickoit nposunuuu (Hopli-
tinid faunal province; O w e n, 1973), KoTopas omnpenenseTcs npeodanaroUM
pasButneM Hoplitinae. DTa nmposHHuMA OXBaThIBaeT AHrio-Ilapmxkckuit Hacceitn
u Bcro Ensporneiicko-KaBkaickyro mpoBunuuio 6eppuac-6appeMckoro stama.

K rory oT Espomneiickoif MpOBUHUMH TNPOCTHpAaeTCs ATIACCKO-ANEHHHHCKAs
NPOBHHUMA, KOTOpas XApaKTEpU3yeTCa HaNM4ueM OONbIIOTO KOJIHYECTBA T[OHAO-
BAHCKHX BHAOB. DTa MPOBHHUWSA OXBaThIBaeT U bimiHWit BocTok (Apabckas cyG-
ITPOBUHLNA).

B koHue 3TO r1aBhl PACCMOTPEHBI OCHOBHBIC (PaKTOPBI 3KOJOTHH AaMMOHUTOB
4 HEKOTOpPBIE XapakTepHBIE pPaHHEMEJIOBBIE OHOTOIEL

VI. OCHOBHBIE UMEPTbI FEQJIOTHYECKOI'O PA3BUTHUA CPEJU3EMHOMOPCKOM
OBJACTHU B PAHHEMEJIOBY1O 3I10XY

1. O6was xapakTepHcTHKa majeoreorpaduueckoii oGcTanoBKH

B obulemM HMCTOpHKO-reonornyeckoM IJIaHe paHHemenopas anoxa B CpeaniecMHo-
MOPCKOH 06JacT¥ KaKeTCsi OTHOCHTENbHO CHOKOWHOMH., Cpelu riaobajbHBIX Me30-
30lCKHX MOPCKHX UMKNOB OHA BKJIIOYACTCH MEXIY HO3/HEIOPCKOIl perpeccuici u
ceHoMmaHcko# TpaHcrpeccueit (A ger, 1981).

B pannemesnosyto snoxy CpeaumsemMHOMOpbe Kak OyATO ,.mepesefo AyX™ moc-
JIe MO3HSKUMMEPHIICKO# aKTMBU3aUMu. J1a o0luas KapTHHA, WIMPOKO pacnpocTpa-
HeHHaa B o6oburatownx MoHorpadusx o ¢aHepo3oiickoM pa3BuTHH AIBIHIICKO-
I'mMmanafickoro rmosca, CKpBIBAaeT CYLIECTBEHHBIE YEpPTHL 3ITOTO PA3BUTHAL

1.1, 330/1/0141.4.% KOHMIUHEHMO08 U KOHRMUHCHINAABHLIX oOkpault

PauncmenioBble Mopckue OacceilHpt B Cpenu3eMHOMOpPCKOM 06.JacTH HaXOAATCA
B nmpeaenax Tetucckoro okeaHa. OH mMeeT JTHHeliHYI0 (popmy cy6IKBaTOpHaNLHOIO
NPOCTHUPAHHS, HO CO CJIOXHBIMH JOYroo0pa3HeIMH M3rudamMu M pAIOM TPOMEXKY-
TOYHBIX MACCHMBOB (KOHTHMHEHTAJIbHBIX (PpParMEHTOB).

JBa cynepkoHTuHeHTa — ["onaBaHa M JlaBpaszusa ompencisaT MPOCTPaHCTBEH-
Hyro koHudurypauur Tetruca. CpeauzeMHOMopckaa 0071acTh Pa3BUBAETCA B HpO-
cTpaHcTBe Mexay Adpo-Apabekoit v EBpasuartckoii nanTami.

KpaeBblc 4acTH KOHTHHEHTOB YBJEKAIOTCs B mipeseabl Cpeiln3eMHOMOPCKOi
FEOCHHKAUHAAU, U OT HHMX OTACJSIOTCS HEeCKONbKO (parMeHTOB, KOTophle obpa-
3y0T Anymuiickyro, Mbepuiickyro, KapHiiicko-IlaHHOHCKYY0 M DreiicKyto TUTHTHL

Pudrtorenes, Havasumuiics B LledTpaabHOid ATNAHTHKE BO BDPCMSA IOPCKOIo Iic-
pHOJd, YCHJIMBAETCS B PAHHEMEIOBYH JMOXY, PACLUHPAACHL HA CeBep M Ha JOT.

B camom CpeauseMHOMODbe CYLUECTBYFOT aHANOTHYHBIE ABIeHMA B AJbnax
U B CJHOXHO JIMHEAMEHTHPOBAHHOM BalkaHCKOM TIONyOCTPOBE, TAE OCYLIECTBAIOTCH
KOHQNUKTHBIC BlamMoneiicTsus Poponckoro maccusa, Kpauurtug, bankaHng,
Kapnat n duuapun (Bon &ev, 1977: Laubscher, Bernoulli, 1977;
Vuxkcos, 198]).

Hauano paliHeMeli0BOit 3MOXH 03HAMEHOBBIBAETCS 2MUKOHTHHEHTAIBHON TpaHC-
rpeccueil, XxoTopas 3Ha4YUTENbHO obmupHee ropckoil. [Tocne Hee ocTarTCs TOJBLKO
OTHENIbHBIC OCTPOBHEBIC CYLIH.

MonBo/aHble KOHTHHEHTAJLHEIE OKpanmHbl B CpeauieMHOMOpPCKOi obnacTH B
paHHeM Mejy aTJAHTU4ECKOro Tuma (maccHBHEIE). Mexay 6¢peroM M KOHTHHEHTA b~
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HBIM CKJIOHOM TIOYTH IOBCIOAY IIPHUCYTCTBYeT MeJKoBoaHas Tteppacda. Hauboses
IUHPOKO Pa3BUTHL HEPUTHYCCKME OTJIOXKeHMs IneiabhoBoil soHbl. B psac ofnacreii
(Cepepras Adpuka, berckue Kopaunsepsl, IMupeneu, Anpnbl, Kapnater, banka-
nuasl, KaBkas, Juaapunsl) o6pa3yroTcs MOIHBIE OCaAOYHBIE KOMILICKCHL B TPEIC-
JlaXx KOHTHHEHTaJLHOIO CKIPHA.

B 370if r1aBe moapoOlO PACCMATPHABRIIOTCS [ETHOHAJIBbHBIE OCOGEHHOCTH paH-
HEMEJIOBON TeOJIOTUYECKOH 3BOJIOUNN KOHTHIEATAIBHBIX OKPaxuH, kax u Haubonee
XapaKTepHBLIE HIDKHEMC/IOBBIE KOMILIEKCHI: (GuuLi, Moaaccel ¥ kapOoHaTHbc miaalt-
dopmmL.

1.2. Mobuasbnete nosaca

Passntue HmxHero mena B Cpelu3eMHOMOpPLE OYEPUIHBAET CPCAMHHBIC 30HBI OKca-
Ha, KOTOpBIe OOBIYHO NPEACTABIAIOT COGOH MOOGHILHBIE 30HBI, YHACNEXKEHHBIE OT
FOPCKOTO NEPHOAA.

K MOOGMNBHBIM HOSCaM aBTOp OTHOCMT LeETpasibHple 4acTH CpeausemMHO-
MODCKOid 06J1acTH, B KOTOPBIX CylIeCTBYeT O(HOJMTCSHI MaTMaTH3M, K&K M 30HDLI
HHTEHCUBHBIX TOHIKEHHH, KOTOpPHIEe HArpyXeHbl MOUIHBIMYE (IUIISBBIMH OTJIOXE-
HUAMH. YacTto 30HBI duiiuieo6pa3obanug NPHYPOYEHLI K OTHOCUTEIbLHO AKTHBHBIM
KOHTHHEHTAIBHBIM OKpPAHHAM.

B aTOM pa3spmene paccMOTpEHBI PacUpPOCTPAHEHHC paliHeMesoBeiX OohHONNTOB,
BYJIKAHOT€HHO-0CAI0YHEIX KOMILJIEKCOB U PAAHOJAPHTOB, KAk M OPOrCHHBIC NPO-
SIBJICHUSL.

2. HexoTophie 0COOEHHOCTH reoJioTHACCKOro pasputus CpeauieMEOMOpPbA N OT-
KphiTHe ATJAlITHYCCKOTO OKCAHA B PaHHEMEJOBYIO JROXY

CywecTByeT CCHOBaHUE IIPEANMOJIATaTh, YTO paHucMenoBas 3sonouus Cpeamiem-
HOMOpPBSl B 3HAYHTEJbHOWU CTeMeHM Npelonpene/naeTcs TCKTOHUKON miumt. Ouesnia-
HO, KOHQJUKT MeXIy ABYMS OGONbLIMMH XpaToHaMH — Adpo-ApabGerum u Eppa-
3HATCKHM HIpaeT ONpPEIe/ifioluyro ponb. Bepoarko crioxnas KoHPUrypauns U OCO-
GeHHOCTH paHHEeMEJOBHIX 0aCCelfHOB fABAAKOTCA OTPA¥EHHEM MGC3AMKM MHKPOILIUT
H CeTH Da3lIOMOB MExIy HUMH.

KpomMme TCro, BaxHOE reojorHvYecKCe 3HaveHue MmeeT obpuasoBanus ATIaH-
THYECKOr0 OKeaHa, OTKPHITHE KOTOPOro HauboJiee MHTCHCHMBHO B paHHEMEIOBYIO
anoxy. C HMM CBA3aH PsA T€OAMHAMHIECKHX ocoBeHHOCTeH CpeanIeMHOMOPCKOH
obnacTu.

3. BeiBoau

B panHeMeNOBOI; 2BONIONMM OTAEJBHBIX 30H Cpeau3eMHGMOpPCKoid obnacTu Bhlie-
JAIOTCA HEKOTOphie OOliMe 3aKOHOMEPHOCTHM.

1. O6acTs xapakTepU3lyeTcsa TEIUIBIM KIHMATOM M IIHPOKHM PAazBHTHEM pas-
JIAYHBIX TPYII OPraHu3MoB. B UX pacrnpocTpaseHuM YCTAHABIHUBAETCS ONpeneICHHAS
30HAJBHOCTh, 0O0YC/IOBNIEHHAS TIAaBHBIM OOpa3oM KJIMMATHYECKAMH OCOGEHHOCTS-
MH, 2 T2KX€ HEXOTODHIMH MADYTMMM cOeuM(UYCCKHMHU maneoreorpaduyeckumu
napamerpaMy. OCoOeHHO sCHYIO NPOBMHIMAILHYIO 30H2JBHOCTh NOKA3BIBAIOT aM-
MOHHTHI, PYAMCTH N $opaMuHueEpHL.

B TedeHHe paHHeMeJOBOY 3MOXM OTKPEIBAETCA pa3BHBAalOLUAsNCH Najieobuo-
reorpa¢udeckas maHopamMa, HaYHHAIOWANCH C YeTKO OYEPUCHHEBIX CyO3KBaTOpHalb-
HBIX IIPOBHMHLMII B GeppHAacCKOM BeKe W 3aBeplUAalOILasics CHUIbHO IUCTEPTHpOBaH-
HEIMM 00J1aCTAMM B aJbOCKOM Beke.
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2. B oraenphbix noscax CpeAM3eMHCMOPbSA PA3BUTHI X2P2KTEPHBIE acCOLUALNH
nopoj, CBA3AHHBIE C TCKTOHHYECKUMU ocoleHHocTAMM mosica. OHU napanienbHbl
TAaBHBIM TEKTOHMYECKHM JHHHAM (HAMpasyeHHAM). 3T0 0<o0EHHO MOAYCPKHYTO
B pa3puTHd oduoAnTOB M duiua,

OnpeasazroTea BHYTPEHHHUE 30HBL C IYyOOKOBOANBIMIL MOPCKMMH M CUJBHO
1ehOHIMHPOBAILEIMHA, HHOrga ciadomMeTaMOpthH3IORAHHBIMM KOMIINEKCAMM, BHEIL-
HUE 30HBI C LUMPOKMUM pasButiesm QAHINEBBIX CTJAOKSHHI M /MJIN KapOOHATHBIX
naathopM U Gopaanaa, Ha KOTOPOM PA3BHTHI HEDMTHUCCKHE MIIM KOHTUHCHTAJIBHBIC
TOJILIH.

duinuieBbIE KOMIUIEKCEI, KaK MPaBHI0, PA3BUTH B KOHTHHCHTANLHBIX OKpaHHAX,
XapaKTepU3YOWIHXCS MHTEHCUBHBIM KOMIIGHCHPOB2HHEIM MOHIMDKeHHeM. Molu-
HocTh GMma B oTHeAbHBIX 3ouax 2000—4000 m.

KapGoHatiple maaThopMBl LWUHOKO PaCiIpOSTDAHEHBI U CIAraloTcs pyadcTaMH,
JIpYTHMMII TOJICTOPAKOBUHHLIMH OHBAJIbBUSIMH, KOPAAIaMM, KPyHHBIMH (pOpaMHUHU-
diepaMM, 3XHHOHMIOCSMH, racTponojaMu, BOJOPOCAAMH, MIUAHKAMM.

3. PasBuTue uMXHeMes0BOI ceprl B Boarapun npeacrasnseT oco0blil HHTEpeC
B CBA3H C NOJHOTOH pa3ps30B, GoraTcTBOM (hoccHiIMit M pasHooOpazuem daumii.

Adaus antodanuii M 3BOJIONMIL CCAMMEHTALOUHEIX OOCTAHOBOK B Te4eHHC
panHemenoBol anoxn B Boarapuil nokaseiBaeT Ooliblloe pasHooOpasne, obycnos-
JICHHOE 3HAYMTENBbHOM IOMHAMUKOI BO BPEMEHH M TipocTpaHcTee. Bmecte co cre-
UMbHYECKHMK YEepTaMK pPasBHTHS OCAACHHBIX OOCTAHOBOK B pPaHHEMEJOBOM
OacccilHC HAMEYarOTCsl Y HEKOTOpPLIE OOulMe 3IAKOHOMCDHOCTH, 4aCTh KOTOPBIX
YHECACKUBACTCA W3 THTOIICKOIrG BCKA.

B paHHeMeN0BYIO 306Xy Gacceitil pacmonaracTcsl MeKAy ABYMS CyliaMil: FOX-
Hoil — Ppakniickoil, koTopas npeacTasngeT coboii cBoeoOpa3HBIi MHKPOKOHTH-
HeHT B TeTHCCKkOM oOKezke, M CceBepHOi — JloOpymxaHCKoM, xoTopas SABIASETCA pe-
JuKTOM GoJee cTaporo maccusa, B 1oxHoit yactu Oacceiina ouepunBaeTcs Gonpuias
M NPOZOKMTEAbHAS [OENpeccHs, CeBEpHeC KOTOpOi HaxoauTCs OOWMpHas Wieh-
(oBas 30H2. B cpaBHEHUM C NO3AHCIOPCKON IMOX0il Teosmoruyeckasa ssomonus Ipea-
0afikaHbsl YCKOPSIETCS, TO OTMEYECTCH IKTHBHM3auMeid (pamueBoro Tpora.

O06pa3zoBaine mikHeMea08bIX nopoa B FOro-Bocrounsix Pomomax mpowsoui-
JIO B pa3BeTBIeHUH 1oxHoH uactn CpeaMzemMHoMopckoro Oacceiina.

Paunemenozoii 6accelid HAYMHACT CyXaTbCA C KOHLIA TOTEPUBCKOrO BEKa,
TIpMYEM 3Ta TEHAESHIIHA MOCTeNeHHC ycunuBaercs. OcyaroTCs BOCTOYHbBIE M HOXHbBIC
yacTH. Ha BOCTOKC TIPOSBIIACTCA MEPUAUOHATIBHOE MONHATHEC — DBKCHHCKOE, KO-
TOPOE PACIIHPACTCA K 3anamy, 1i yKe B KOHLE ANTCXOro Beka OacceiH moxphIiBaeT
Toneko CeBepo-3amamiayrw u Ueutpanbnyro Ceseprvio bosrapuio, a takibxe He-
Goxpmyto nonocy npuayhaiickoit yactu Cesepo-BocTounoit bonrapun B PyceHckom
paioHe.

B xonue antckoro Bexa B llenTpansHoM n Boctounom Ilpenbankaube nposs-
JIAETCA JOBOJBHO CHABHOE CKJIaquaToe ABHKEeHHe. B pe3dynbtare 3TOrO, XaK X B pe-
3ynpTaTe OOWIIX TeHOEHLUMIl reOTEeKTOHHYCCKOH IBOIIOIMA, B KOHIle paHHEMEJIOBOR
IMNOXH IPOUCXOAUT CYLHECTBEHHOE HIMEHEHNE PEerMOHaNbHON CTPYKTYPBI M CBA3AH-
Hoil ¢ Heli naneoreorpadiyeckoit o6CTaHOBKY.

4. Bo MHorux Mectax BHYTpeHHHX 30H CpexuseMHOMOpCKoil obyacTu cylue-
CTBYIOT TPOSIBIIEHHS O(HMOJKTOBOTO Marmatuima, obpa3oBaHue BYJIKAHOTECHHO-
OCaAOYHBIX KOMILIEKCO® ¥ pagHoJIsIpDHTOB. B paXe yyacTioB BcieacTsue MO3QHEME-
JIOBEIX M NAJEOTEHOBBIX TEKTOHUHECKHX OPDOTEHNMYECKHUX NBMKEHHH HHKHEMEJIOBBbIE
MOPOABL CHIALHO AMCACHUPOBAHDI, BKJIIOYECHLI B HA/IBUTH U YELUIYH, a MECTaAMH M cna-
60 MeTaMOp(H3IOBaHEL,

5. B paHHeMeIOBYIO 3MOXy YCTaHaBIMBAIOTCA HEKOTOpPBIE Pa3JIMYHA MEKAY
3ananHeiM 1 Boctoynsim CpennzeMHOMOpLeM, KOTOPBIE CHIIBHO BBIABIAIOTCA B
CJACOYIOLUYIO JII0XYy MEeJI0oBOro Iepuoaa.
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B pannem Meny Tetuc B 3amagHoM Cpennu3eMHOMOpPBE UMEET /Bd OCHOBHBIX
MPOTOKa — CEBEPHBLIA M I0XHBINA, KOTOpble orubaoT MO6epHiicKy o TIHTY U CIIMBAIOT-
ca y Cauunnn. CeBepHBI TPOTOK MOCTENEHHO CYXAETCSI B PE3y/bTaTe HECKOJIBKHX
3TanoB cybIyKLMH H HHTEHCHBHBIX OPOTEHEe30B, B TO BpeMsl XaK FOXHBI, HauMHaf
B HHXXHEMEOBOI 31M0Xe, NMOCTENEHHO MpeBpaulaeTcs B coBpeMeHHoe CpenmiemMHoe
MOPpE. '

6. Teonoruueckue ocobeHHocTH CpeAU3eMHOMOPCKOIl 00J1aCTH HUCIBITBIBAXOT
BJIMAHHE OTHOCHTEJILHOIO JMBMKEHHS He Tosibko Adpuky v EBponsl, HO Takxke piaa
MHKPOIJIUT B CPeAN3EMHOMOPCKOM NpPOCTPaHCTBE.

7. danuwste JOKOMAEC # ceiicMHYecKHe HCCIIEOOBAHHS MOKA3BIBAIOT, HYTO
CHOPEJMHI U O(HOIHTOBEIA MarmMaTH3M B O0JIACTH HMEIOT FOPCKO-MEJIOBOM BO3PAacT.

8. Teonoruveckas ssonrours CpeausemMHOMOpPCKOi obractu B TeTnce B paHHe-
MEJIOBYIO 3MI0XY CBfi3aHA C OTKPHITHEM ATJAHTHYECKOTO OKeaHa.

CxopocTb cnpeauHra okeaHnueckoro gua B lLlenTpanbHOH ATJaHTHKE B Te-
YeHHE PaHHEro MeNla 3HAYUTENIRHO HApacTacT B CPa@BHEHHUU C IpelIeCTBYIOUMMU
snoxaMu. B CpeauzeMHOMOpbE aKTHBHM3MPYETCS PAd MOOHILHEIX 30H, OCOOCHHO
nocyie G6appeMckoro Beka, Henb3is yTBepnaTh, YTO CylICCTBYeT COBMNajJcHHE ITa-
OB 3BOJIIOUNY ABYX OKEaHOB. Pevb MOKET MATH TOJNBKO O KOPPEJISLHH aKTHBHOCTH
W/HIM TIACCUBHOCTH B PAa3JIMUHBIX 4YacTAX IUTeATTeKTOHMUeckoil ceTH. OueBUOHO,
YTO pacliMpeHHe ATJAHTHKM TPHBOANT K NMOCTemeHHOMY cyxeHHio CpelH3emMHo-
Mopckoii obsiactu TeTnca, SICHO BBIpaXEHHOMY B KOHUE DPaHHEMEJOBOH 3IOXH.
OHO coOmpoBOXJaeTC KOMIIEHCAUMEl KOHTHHEHTANBHBEIX OKpaWH M 0OMEjIeHHEM
bacceiina.

9. Pannemenosas 3Bosrounss Cpean3eMHoOMOpbsl NOCTENEHHO HAOMpaeT cko-
POCTb, AKTUBM3UPYETCA B IJIABHBIX 30HAX OOJIACTH, U 3TUM TOATOTABJIMBAET U OCY-
LIECTBASET PEIIHTENBHBIE ABCTPHIICKHE NIpeobpa3oBaHngd B UCTOPUH ITOH JHHAMMUY-
HOi ob6xaactu 3emiu. )
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Fig. 2. Map of {he distribution of the Lower Cretaceous in France and Switzcrland

1 — outcrops; 2 — stratolypes
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Fig. 1. Simplified map of the distriduticn of the Lowar Cretaccous in the Mediterranean Region
1 — Upper Jurassic-Lower Ciziavzous; 2 — Lower Cretacsous (continental facies in Africa), Purbeckian-Wealdian (sediment in Eurepe)

3 — Lower Crotaceons (miaritte sediments); 4 — Lower Cretaceous (Nubian Sandstones

3 The Mediterranean Lower Cretaceous



