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1. Introduction and main objectives 

 
1.1. Geological setting of the studied regions 
The Caucasus is a large region, which occupies the territory of southwestern Russia, and  

all of Georgia, Armenia, and Azerbaijan. It is dominated by two subparallel mountain chains, 
namely the Greater Caucasus (which includes the Main Caucasian Range with the highest 
European peak - Mt. Elbrus) and the Lesser Caucasus, which both stretch between the Black 
Sea and the Caspian Sea. The geological structure of the Caucasus is complicated (Fig. 1). It 
includes two main domains, also referred to as the Greater Caucasus and the Lesser Caucasus, 
which are divided by two Transcaucasian depressions, i.e., the Rioni Depression and the Kura 
Depression (Fig. 2). A large area, which lies to the north of the Caucasus, is the so-called 
Ciscaucasus, which is a young stable platform developed over Paleozoic structures. A famous 
Late Paleozoic coal-bearing basin, named the Donbass, forms something of a branch or 
offshoot, derived from the Ciscaucasus. This basin cuts off the Russian Platform, whose 
southern block is the so-called Ukrainian Massif with its eastern edge being known as the 
Rostov Dome (Fig. 3). The geological evolution of the Ciscaucasus, the Donbass basin, and 
the Rostov Dome was linked closely to that of the Caucasus. 

 
1.2. General purpose of this study 
The Caucasus is often regarded as a typical Alpine region, because the present-day 

Caucasian geological architecture is dominated by structures developed during the Alpine 
phases, i.e., during the Cenozoic (Ershov et al., 2003; Tawadros et al., 2006). Undoubtedly, 
the Caucasus is an important section in the Alpine active belt, which stretches from the 
Atlantic Ocean to Southeast Asia, but the evolution of the Caucasus and the Alps might have 
been connected even more strongly, especially in the Late Paleozoic-Early Mesozoic. The 
geology of the Caucasus provides a rich source of information on the Phanerozoic 
paleoenvironmental changes, which should not only be discussed in a regional framework, but 
also in the global context. The key position of the Caucasus, between the Alps and 
Carpathians in the west, the Iranian and Central Asian domains in the east, the Precambrian 
Russian Platform (craton) in the north, and the Turkish domains in the south, makes the 
Caucasus a very important region to discuss the changes in the regional paleoenvironments. 
These changes can help to enhance our understanding of the evolution of the whole Tethyan 
sector. Unfortunately, the data from the Caucasus are only rarely used in determining these 
large-scale geological constraints, and the Caucasian region appears to be largely ignored 
(with very few exceptions) in international geology. My study is aimed at providing some 
essential knowledge on the Phanerozoic record of the Caucasus and adjacent areas (the 
Donbass and the Rostov Dome). 

The conclusions from the attempted studies were published in international journals. 
Twenty one articles are included in this thesis, and a number of other papers are in press, 
accepted or submitted. 

 
1.3. Main objectives 
 A compilation of litho-, bio-, and chronostratigraphic information in order to 

constrain the modern stratigraphic framework and to recognize spatial changes in the 
sedimentary architecture in the Caucasus and the Rostov Dome. 

 A careful compilation of a vast amount of already published paleontological data on 
various fossil groups from the Paleozoic-Mesozoic of the Caucasus, including 
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brachiopods, bivalves, ammonoids, and foraminifers. These data are essential for 
further constraints of diversity dynamics. 

 An examination of general trends in the Paleozoic-Mesozoic fossil diversity in the 
Caucasus with a special attention to brachiopods as the most diverse and the best 
studied group. 

 A recognition of the regional signatures of the Frasnian/Famennian, Permian/Triassic, 
Triassic/Jurassic, Pliensbachian/Toarcian, and Jurassic/Cretaceous mass extinctions in 
the Caucasus. 

 An evaluation of Paleozoic and Triassic-Jurassic transgressions, regressions, and 
changes in basin depth in the Caucasus on the basis of facies analysis and with the use 
of the constrained stratigraphic frameworks. Regional sea-level changes are to be 
brought in correspondence with the global eustatic curves. It is always important to 
evaluate possible relationships between fossil diversity and sea level changes. 

 A development of new models of the Phanerozoic tectonic evolution of the Greater 
Caucasus and the Late Paleozoic-Triassic evolution of the Donbass. These regional 
models are made with respect to global plate tectonics, accounting for terrane 
displacements, activity of planetary shear zones, and continental breakups.  

 New paleotectonic constraints help in the interpretation of the regionally-documented 
paleoenvironmental changes. On the other hand, the stratigraphical and 
paleontological conclusions make possible important improvements in the regional 
paleotectonic constraints. 

 Interregional comparisons of the geological events are essential to discuss similarities 
and dissimilarities of the geological evolutionary processes and to establish 
geological analogues of the Caucasus and adjacent areas. 

Although the entire Phanerozoic record of the Caucasus and adjacent areas is examined, I 
emphasize the Devonian-Jurassic time interval, whose stratigraphical, paleontological, and 
tectonic record is the richest, the most diverse, and, therefore, the most intriguing. The 
unusual Neogene record of the Rostov Dome is examined in detail (Ruban, 2005a). 

 
2. Materials and methodological framework 

 
2.1. Materials 
All stratigraphical data used to perform my studies were collected during field studies in 

the Western and Central Caucasus (1996-2008), in the Donbass Basin (1996-2006), and in the 
Rostov Dome area (1996-2002). Field excursions in Azerbaijan (2007) and the Swiss Alps 
(2008) under the guidance of the local specialists also helped to strengthen an understanding 
of some geodynamic interpretations. 

In the Caucasus, a number of sections and outcrops were investigated (Fig. 4). Among 
them are the Lipovyj section of the Early Toarcian deposits (probably accumulated on a rocky 
shore) (Fig. 5), the Bezymjannaja section of the transitional Aalenian-Bajocian crinoid 
limestones (limestones of this age were first found by the author in the Western Laba-Malka 
Area), the Khadzhokh-2 section of the condensed Callovian siliciclastics with an 
exceptionally abundant fossil assemblage, and many others (Fig. 6). Composite sections are 
delineated in order to summarize stratigraphic data from particular sets of sections and 
outcrops (e.g., Fig. 7). It is necessary to emphasize that an analysis of composite sections is 
crucial because of two reasons. Firstly, very few outcrops extend significantly over 
continuous sections in the Caucasus. Secondly, the very large size of the Caucasus area 
requires summarizing of the data. For example, Jurassic composite sections are constructed 
(Ruban, 2007a) for each particular area distinguished within the Caucasus, by lithologic 
peculiarities by Rostovtsev et al. (1992) Twelve suitable (i.e. good outcrops) sections of the 
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Upper Miocene deposits were investigated in the Rostov Dome area (Figs. 8, 9). The 
information deduced from these sections is presented and interpreted in papers included into 
this thesis (see list below).  

Paleontological sampling was oriented mainly for stratigraphic purposes. Some 
representative samples are stored in my private collection (Appendix 1). An examination of 
stratigraphic ranges of some common invertebrate species permitted a re-evaluation of the age 
of the strata. For example, a comparison of the brachiopod assemblage from the crinoid 
limestones of the Dzhangurskaja Formation with the characteristic assemblages of Western 
Europe (Cariou & Hantzpergue, 1997) permitted me to confirm an Aalenian age of these 
beds, which had been questioned in earlier literature (Rostovtsev et al., 1992). 

A careful compilation of already published paleontological data on various fossil groups 
(e.g., see appendices 5, 6) was supported by a critical examination of the hundreds of 
published sources on regional geology and paleontology to minimize uncertainties, 
misinterpretations (especially stratigraphic), and problems with taxa synonymy. All earlier-
published data on fossils were enhanced where possible, some with the assistance of 
European and American specialists, who corrected taxonomic lists and justified the 
suprageneric taxonomy for some fossil groups (e.g., Y. Almeras, M. Bécaud, - Jurassic 
brachiopods; A.J. Boucot - suprageneric taxonomy of Permian-Jurassic brachiopods; M. 
Bécaud - Early Jurassic ammonites; N.M.M. Janssen, W. Riegraf - belemnites; A.A. 
Kasumzadeh, W. Schätz - Triassic bivalves). General regional paleontological overviews 
were considered together with publications based on case studies in order to avoid sampling 
errors. All datasets are aimed to be representative. Field and literature data are always 
incorporated as accurately as possible to reach their best confidence levels. For example, 
discovery of Middle Jurassic crinoid limestones in the Western Laba-Malka area and a 
discussion of their age permitted the re-positioning of some facies distributed widely within 
the Greater Caucasus at the regional stratigraphic scale (Ruban, 2007a). This enabled the 
timing of the local sea-level fall to be estimated. 

 
2.2. Methods 
The methodological framework of this study is multidisciplinary, and it comprises several 

steps of studies. Firstly, the regional (litho-, bio-, chrono-) stratigraphic frameworks are 
improved, particularly to bring these in line with the present chronostratigraphical 
developments of the International Commission on Stratigraphy (ICS) of the International 
Union of Geological Sciences. For example, a position of the base-Aalenian boundary was 
justified according to the GSSP (Global Stratotype Section and Point) in Fuentelsalz with data 
on ammonoids and foraminifers. The regional Upper Miocene stages of the Eastern Paratethys 
were replaced with the global stages approved by the ICS on the basis of correlation of 
absolute stage boundaries (Ruban, 2005a). The next step was the compilation of all available 
paleontological data. For this purpose, stratigraphic ranges of particular taxa were 
summarized in a series of datasheets (appendices 2, 3; see also Ruban, 2004, 2006a,b,d, 
2007c, 2008; Ruban & Tyszka, 2005). This allows the establishment of a number of trends in 
the fossil diversity changes, and the documentation of mass extinctions (and also to 
hypothesize a new mass extinction, in the Aalenian). It is necesary to note, that theoretical 
background of fossil data in preparation for further quantitative analysis was considered 
(Ruban & van Loon, 2008). To address possible problems with sampling errors and taxa 
interpretations, the author visited collections of Triassic bivalves stored at the Geological 
Institute of the Azerbaijan National Academy of Sciences (Baku), where they are curated by 
A.A. Kasumzadeh. To reveal sea-level changes, datasets of composite lithologic sections are 
used (e.g., Ruban, 2007a). Facies analysis (see 6.1) was applied in order to interpret these 
data. Special attention was also paid to the paleotectonic reconstructions. Those already 
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existing are mostly based on the outdated geosyncline paradigm and the so-called formation 
analysis (e.g., Laz'ko, 1975). In contrast, I attempt to apply modern concepts of plate tectonics 
and terrane analysis. Interregional comparisons of lithologic and paleontologic data (Ruban, 
2007b,d) as well as tracing of the major unconformities (Ruban, 2007b) permitted me to 
recognize the key large-scale tectonic events, well-known and well-interpreted in the regions 
of Europe and Middle East, and, thus, to reach conclusions about their nature within the study 
areas for this thesis. For example, the mid-Permian unconformity is well traced in the 
Variscan structures of Europe, where it is known as a Saalian unconformity (in some 
localities, as a series of unconformities). Thus, a Saalian phase of tectonic activity can be 
hypothesized in the Greater Caucasus (Ruban, 2007b). 

Some very specific methods used for the purposes of the present study are discussed in 
the relevant chapters below. 

 
3. Stratigraphy 

Regional litho-, bio-, and chronostratigraphy of the Caucasus and adjacent areas is 
improved in order to obtain a much improved stratigraphic framework and to permit precise 
interregional correlations. 

 
3.1. Lithostratigraphy 
Hundreds of formations are established in the Phanerozoic succession of the Caucasus 

and adjacent areas, but an especially complicated situation occurs with the Jurassic strata of 
the Caucasus and the Upper Miocene strata of the Rostov Dome. In the first case, formations 
were established originally in 36 particular areas for the Hettangian-Bathonian interval and in 
26 areas for the Callovian-Tithonian interval. The author's re-examination of available data as 
well as his own field studies permitted some measure of updating of the knowledge of these 
lithological packages (Ruban, 2007a). In particular, an investigation of outcrops in the basin 
of the River Belaja led to the recognition of the so-called Bizhgon Member (Rostovtsev et al., 
1992), composed of crinoid detrital pink-colored limestones, which was not established in the 
Western Laba-Malka area by previous studies. Investigation of faunal assemblages permitted 
me to date this member and to change its position in the regional lithostratigraphic scheme, 
which is important for further paleogeographical constraints. I also re-examined and 
documented in detail the stratotype section of the Kamennomostskaja Formation (Ruban, 
2007b), i.e., the Khadzhokh-2 Section (Figs. 4, 6). This sheds a new light on a very uncertain 
description of this important section, which is one of a very few exposed Callovian sections in 
the Caucasus. Although this formation was established earlier, its re-examination confirms a 
striking lithological distinction from the under- and overlying sedimentary complexes to 
fulfill the ICS requirements (an angular unconformity at the base of this formation is traced to 
separate it from the Triassic flysch deposits; although lithologically heterogeous, this 
formation is characterized by a dominance of clastics in contrast to the overlying carbomates). 
The Upper Miocene strata represented by skeletal limestones cover the Rostov Dome entirely. 
However, no formations were defined there until now, except for the Janovskaja Formation. I 
established a set of new formations and suggested their precise correlation (Ruban, 2005a). 
All reference and other key Upper Miocene sections of the Rostov Dome were investigated 
(Figs. 8, 9), and as a result the Taganrogskaja, Rostovskaja, Donskaja, Merzhanovskaja and 
Aleksandrovskaja Formations were first recognized, and their logs were documented (Ruban, 
2005a). Facies-based logs are yet to be published, although facies interpretations for each 
section were carried out. Establishing their spatial relationships provides a necessary clue to 
reveal the dynamics of past shorelines of the Paratethys Sea. 

Three additional tasks related to lithostratigraphy were also resolved. First, a composite 
Paleozoic lithological section of the northern part of the Greater Caucasus was constructed, 

 5 

 
 
 

 
 
 



 

with an indication of the main sedimentary packages (Ruban, 2006a, 2007b). Secondly, the 
Triassic lithostratigraphy of the Western Caucasus was revised, taking into account previous 
constraints, new suggestions, and the field observations (Ruban, 2006b, 2008) (Fig. 7). 
Thirdly, four major unconformities are recognized in the Paleozoic-Mesozoic succession of 
the Greater Caucasus - in the Ordovician, mid-Permian, Triassic/Jurassic, and mid-Jurassic. 
These are described, correlated, and explained (Ruban, 2007b). The first three of them have 
clear analogs in adjacent regions of Europe and the Middle East. The Jurassic unconformities 
known from the Greater Caucasus are discussed in a very broad global context in order to 
trace the planetary-scale sedimentation breaks (Zorina et al., 2008). It thus seems that the 
Triassic/Jurassic unconformity is of global extent. 

 
3.2. Biostratigraphy 
The previous biostratigraphic subdivision of the Jurassic of the Caucasus based on 

ammonites was quite detailed, but required updating because of numerous corrections to the 
Jurassic time scale during the two past decades. In order to resolve this important task, I re-
examine biostratigraphic data and provide an improved version of the inferred biozonation 
(Ruban, 2006c, 2007a). New data permit new determinations of the positions of the 
Aalenian/Bathonian and Tithonian/Berriasian boundaries in the regional record. The validity 
of ammonite zones is confirmed, but they are also compared with the data on other fossil 
groups like brachiopods and foraminifera. Ammonite- and foraminifera-based biostratigraphic 
units are correlated and also justified according to a regional lithostratigraphic subdivisional 
scheme (Ruban & Tyszka, 2005). A totally new biostratigraphic scheme is developed for the 
Upper Miocene deposits of the Rostov Dome (Ruban, 2005a). An abundance of bivalve 
remains permits identification of the principal bioevents (first and last occurrences) and 
enabled me to outline the Tapes vitalianus Interval Zone, the Cerastoderma fittoni-C. 
subfittoni Total Ranges Zone, the Congeria panticapaea Interval Zone, the Congeria 
amygdaloides navicula Total Range Zone, and the Monodacna pseudocattilus-Prosodacna 
schirvanica Interval Zone. These new units are brought into correspondence with the new 
formations noted above in section 3.1. The biostratigraphic units established in the Upper 
Miocene of the Rostov Dome are local, although they can serve as startpoints for a further 
definition of bivalve-based biozones of the entire Eastern Paratethys. In all cases, mentioned 
above, potential effects of fossil resedimentation and reworking (in terms of the present 
taphonomic concepts) were accounted for as accurately as possible. 

 
3.3. Chronostratigraphy 
The chronostratigraphic subdivisions used for the Caucasus and the Rostov Dome are 

updated according to the newest developments and recommendations of the International 
Commission on Stratigraphy. A three-fold subdivision of the Permian is traced in the Western 
Caucasus (Ruban, 2007b). A clear distinction of the Norian and the Rhaetian stages in the 
regional record is confirmed (Ruban, 2008). The justified Jurassic chronostratigraphic 
framework is extended to the entire Caucasus (Ruban, 2006c, 2007a). Additionally, globally-
recognized stages are traced within the Upper Miocene strata of the Rostov Dome (2005a). A 
correlation of local biozones to such global stages as the Serravallian, the Tortonian, and the 
Messinian is based on the available absolute ages of their boundaries (for global stages, very 
precise dates provided at the Global Stratotype Sections and Points (GSSP’s) are considered). 

The improvement in the regional stratigraphic framework detailed above provides a 
comprehensive basis for further discussion of data and results of their interpretations, in the 
global context. 

 
4. Fossil diversity 
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4.1. Specific methods 
Taxonomic diversity is analyzed for the entire marine fauna of the Caucasus and its 

counterparts, and specifically for the particular fossil groups, including brachiopods, bivalves, 
ammonites, belemnites, and foraminifers. The data used to measure the changes in the fossil 
diversity of the Caucasus are compiled from numerous available sources. After a compilation, 
they have been examined critically and improved according to the current taxonomy. A total 
of about 1000 valid species are considered. Special attention is paid to the Triassic and 
Jurassic periods, which were characterized by the most marked richness of the local faunas, 
although the Paleozoic record is not omitted. For the purposes of this study, a number of 
standard and new methods are used. The general principles of paleobiodiversity studies are 
outlined by Ruban & van Loon (2008), who give the main techniques and possible solutions 
to the common problems. The standard methods include quantitative analyses of total 
diversity dynamics, and changes in the number of originated/appeared and extinct/disappeared 
taxa. To make a clear distinction between originations-extinctions and appearances-
disappearances, it is crucial to take into account the probable influences of interruptions in 
taxa stratigraphic ranges. These temporal gaps are brought into correspondence with the so-
called Lazarus-effect. I propose a way, if not to minimize it, to at least account for it as 
accurately as possible (Ruban & Tyszka, 2005; Ruban & van Loon, 2008). The initial 
calculation of the total diversity or number of appearances and disappearances is followed by 
the same calculation, but with data hypothesizing the probable presence of a taxon at a time of 
its registered gap in the regional record. Thus, the highest probable value (HPV) of diversity 
indices is evaluated. A measurement of the HPV for the diversity of the Early-Middle Jurassic 
foraminifers of the Northwestern Caucasus indicates its large dimensions. At the same time, 
this does not affect significantly the data interpretation nor trends in diversity measured 
without accounting for the Lazarus-effect. 

Two special indices are proposed to investigate the evolutionary rates of fossil groups 
(Ruban & Tyszka, 2005; Ruban, 2006d, 2007c, 2008; Gutak et al., 2008). The first R-method 
is a simple calculation of the Jaccard's similarity for successive faunistic assemblages, where 
the number of common taxa in two comparable intervals is related to their whole diversity. 
The result shows a rapidity of changes in the assemblage composition through the geological 
time interval. The Rst-method is based on a calculation of the so-called pair-correlation 
between successive or non-successive assemblages. For each of the latter, the presence of 
higher-ranked taxa is indicated by the number of lower-ranked taxa, by which the former are 
represented in a given assemblage. This permits an evaluation of the rate of transformation of 
the taxonomic diversity structure. It shows the changes in the controls of lower-ranked taxa 
(e.g., species) by those that are higher-ranked (e.g., genera). This new method sesms to be a 
powerful tool to document the fundamental changes, re-organizations, and turnovers in 
faunistic evolution. Moreover, its application to non-successive assemblages (e.g., a 
comparison of the Cambrian and the Jurassic assemblages) may provide some important clues 
to the understanding of the overall fossil evolution. To test the new Rst-method with data 
from any region outside the Caucasus is crucial to weigh up its efficacy and probable limits. 
For this purpose, I chose the Devonian bryozoans of Southern Siberia (it might have been 
connected with the Greater Caucasus by the chain of Kazakh terranes). Similarly informative 
conclusions are made (Gutak et al., 2008). Moreover, a triplicated calculation of the Rst 
indices (for species-genera, genera-family, and species-family taxonomic levels) reveals 
transformations in both generic and familial controls of the whole diversity for the studied 
group. 

 
4.2. Triassic biota 
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The Triassic fossil record is best preserved in the Western Caucasus (Appendix 2). The 
total marine biodiversity was quite low in the Early Triassic as a consequence of the 
Permian/Triassic mass extinction. However, a strong radiation, which can be judged as a 
regional "diversity explosion" occurred in the Anisian, when the number of species trebled 
(Ruban, 2006b). This was followed by a new drop in species numbers in the Ladinian. Then, a 
stepwise growth in the marine biodiversity set in, and reached a peak in the Late Triassic with 
its rich reefal assemblages. It is interesting to document a difference in the dynamics of 
particular fossil groups. Whereas the Anisian was a favorable time for the entire marine fauna, 
brachiopods and ammonoids declined sharply in the Ladinian, whereas the species diversity 
of bivalves and foraminifers descreased only a little. Ammonoid assemblages were very poor 
in the Carnian, when a strong repopulation of brachiopods, bivalves, and foraminifers began. 
Foraminifers declined somewhat in the Norian, which is characterized by the very high 
diversity of other groups, and also by an appearance of algae, corals, and sponges, not known 
from the older intervals. In contrast, no bivalves are found in the Rhaetian strata despite a 
high diversity of other marine organisms. This suggests an absence of any simple 
relationships between the diversity dynamics of the overall marine population and that of the 
particular groups of fossils. The R- and Rst-methods are used to reveal the evolutionary rates 
of the Triassic macrofauna (Ruban, 2008). Until the middle of the Late Triassic, they 
remained very high. Each younger assemblage differed from its predecessor fundamentally 
with a complete turnover in taxonomic composition. However, the Norian and the Rhaetian 
assemblages were much more similar. An analysis of non-successive assemblages leads to 
another intriguing observation. The Early Triassic marine macrofauna differed from that of 
the Anisian more strongly than from the younger Ladinian-Carnian. However, the Norian-
Rhaetian assemblages were renewed significantly. 

 
4.3. Jurassic biota 
During the Jurassic, the number of bivalve, brachiopod, belemnite, ammonite, and 

foraminiferal species changed in a distinct way (Ruban & Tyszka, 2005; Ruban, 2006d, 
2007a). The number of bivalve species remained low throughout the Early Jurassic. Then, it 
rose stepwise with a strong peak in the Callovian-Oxfordian. However, a rapid decline 
occurred in the Kimmeridgian-Tithonian (Ruban, 2006d, 2007a). The brachiopod diversity 
fluctuated strongly (Ruban, 2006a, 2007a). The peaks were reached in the Pliensbachian, the 
Bajocian, and the Oxfordian, whereas diversity minimums are registered in the Early 
Toarcian, the Early Aalenian, the Bathonian, and the Kimmeridgian. The number of 
ammonite species was the highest in the Late Toarcian, the Bajocian, and the Early Callovian 
(Ruban, 2007a). Belemnite assemblages remained highly diverse during the Pliensbachian-
Bathonian, whereas they were limited before and after this time interval (Ruban, 2007a). 
Finally, radiations of foraminifers in the Pliensbachian, the Late Toarcian-Early Aalenian, and 
the Late Bajocian are registered (Ruban & Tyszka, 2005). The only fossil groups which 
demonstrated clear trends in total diversity changes throughout the Jurassic, were bivalves (a 
trend towards a diversification) and ammonites (a trend towards a decline). 

 
4.4. Phanerozoic diversity of brachiopods 
The especially detailed studies are addressed to brachiopods (Ruban, 2004, 2006a, 

2007c), bivalves (Ruban, 2006d), and foraminifers (Ruban & Tyszka, 2005). Brachiopods are 
known from the entire Cambrian-Cretaceous interval of the northern part of the Greater 
Caucasus (Appendix 3). Their first radiation occurred in the mid-Cambrian (Ruban, 2006a). 
Then, they diversified in the Late Silurian (Ludlow-Přidoli)-Early Devonian. A somewhat 
stronger radiation took place throughout the Frasnian-Famennian. But the highest diversity of 
the Paleozoic brachiopods is recorded in the Late Permian (Lopingian), when dozens of taxa 
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appeared. A new radiation occurred during the Triassic with the highest diversity observed at 
the Late Triassic-Early Jurassic interval (Ruban, 2006a). This trend was interrupted by the 
Ladinian event, when brachiopods disappeared from the regional record totally. Since the 
Middle Jurassic, the number of brachiopod taxa decreased, although this trend was interrupted 
by a few short-term peaks (Bajocian, Tithonian). During the Early Cretaceous, the Caucasian 
brachiopod assemblages remained impoverished. A detailed investigation of the Early-Middle 
Jurassic diversity dynamics of brachiopods permits me to conclude that fluctuations in their 
total diversity were induced by various combinations of origination and extinction rates 
(Ruban, 2004). In particular, the rise in species number during the Late Sinemurian-Early 
Pliensbachian occurred together with an acceleration of both origination and extinction rates, 
whereas a collapse of the origination rate seems to be no less responsible for the Late 
Pliensbachioan-Early Toarcian crisis than strengthening in the extinction number. Some very 
intriguing results are brought by the application of the Rst-method (Ruban, 2007c). A strong 
turnover in the structure of assemblages occurred during the Early Triassic-Anisian. However, 
it was much lower during the Late Triassic and in the Early-Middle Jurassic. An analysis of 
non-successive assemblages indicated a stability of the Late Triassic structure of taxonomic 
diversity.  But it also shows clearly a significant similarity of the Pliensbachian, Toarcian, and 
Aalenian assemblages to those of the Early Triassic. Thus, the superfamilies, which 
dominated the species diversity in the Early Triassic, re-established their control since the 
Jurassic. This provides support to hypothesize a partial re-setting of the brachiopod evolution, 
which can be linked to the influence of mass extinctions (see below). Such a totally new 
conclusion is of great importance, because it gives a new view of the fossil resistance to 
environmental stress. An analysis of diversity dynamics of the Jurassic bivalves also suggests 
a complicated interaction of the origination and extinction rates (Ruban, 2006d). In particular, 
it appears that the strong Callovian diversification occurred thanks to an acceleration in the 
origination rate, whereas the extinction rate slowed somewhat in the Bathonian. The Rst-
method indicates an intensification of turnovers in bivalve assemblages in the Early Jurassic, 
at the Bathonian-Callovian and Kimmeridgian-Tithonian transitions. An examination of the 
Early-Middle Jurassic foraminiferal assemblages indicates somewhat less intense fluctuations 
at the species and, especially, at the generic levels (Ruban & Tyszka, 2005). An interaction 
between origination and extinction rates can be viewed, for example, at the Late Toarcian-
Early Aalenian diversity peak. A very low number of extinctions before the Late Toarcian 
coupled with a prominent acceleration of the origination rate during this interval led to a 
remarkable growth of the total diversity. Then, the extinction rate strengthened, but it was still 
recompensated by the number of originations. Thus, no changes in the total diversity occurred 
in the Early Aalenian. But both an increase in extinctions and a drop in originations led to the 
succeeding decline of foraminifers. This study also implies that different diversity dynamics 
between species and genera is possible for the same fossil group and the same time interval. 
The R- and Rst-methods suggest a low degree of transformation in the composition of 
assemblages. Even those relatively strong turnovers that occurred at the Pliensbachian-
Toarcian and the Aalenian-Bajocian transitions were not so intense. Again, a difference 
between species and generic levels is observed. 

 
4.5. Interregional comparisons of diversity trends 
Quantitative evaluations of the fossil diversity in the Caucasus are compared with data 

from the other regions (the Swiss Alps, the Bakony Mountains, the Pieniny Klippen Belt) and 
considered against global constraints. Despite regional peculiarities in faunal evolution, 
general trends and events are recognized in the Caucasus (Ruban, 2004, 2006a,b,d, 2007c; 
Ruban & Tyszka, 2005), which suggests its exceptional importance for global biodiversity 
studies. Various factors were responsible for the regional diversity dynamics. These may be a 
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growth of reefal communities in the Late Devonian, the Late Permian, the Late Triassic, and 
the Late Jurassic (Ruban, 2006a), abrupt basin deepening in the Ladinian (Ruban, 2006a), 
marine anoxia during the Early-Middle Jurassic (Ruban, 2004; Ruban &Tyszka, 2005), an 
onset of a major carbonate platform in the Callovian (Ruban, 2006d), a regional salinity crisis 
in the Kimmeridgian-Tithonian (Ruban, 2006a,d), changes in the paleotemperatures 
throughout the Jurassic (Ruban, 2006b), and some others. However, special attention is paid 
to the role of sea-level changes, which is discussed below. It is found that different fossil 
groups were not similar in their susceptibility and resistance to the influences of the above-
mentioned factors. Foraminifers (Ruban & Tyszka, 2005) and bivalves (Ruban, 2006d) were 
more tolerant of oxygen depletion than brachiopods (Ruban, 2004). However, the latter were 
less affected by the regional salinity crisis than bivalves (Ruban, 2006d). 

 
5.Mass extinctions 

A number of mass extinctions are established in the Caucasus and studied in detail 
(Ruban, 2004, 2006a, 2007c, 2008; Ruban & Tyszka, 2005). Some other catastrophes (known 
elsewhere) are not documented, but their traces and possible consequences for the biotic 
evolution are discussed. The studied crises include those of the Frasnian/Famennian, 
Permian/Triassic, Triassic/Jurassic, Early Jurassic (Pliensbachian/Toarcian), and 
Jurassic/Cretaceous. The most detailed record is available to explore the Early Jurassic mass 
extinction, which seems to have been not less devastating than the representatives of the 
famous "Big Five" (Ruban & Tyszka, 2005). A potentially new mass extinction is also 
registered in the Aalenian. 

 
5.1. Frasnian/Famennian mass extinction 
The Frasnian/Famennian mass extinction appears to be the only event, which appeared 

globally, but did not stress the regional faunal evolution in the Caucasus. A radiation of 
brachiopods throughout the entire Late Devonian took place, although a turnover at the 
Frasnian/Famennian boundary is established (Ruban, 2006a). It is important to note, that the 
Famennian assemblage was dominated by cyrtospiriferids, which also diversified in some 
other regions during this age. The study of bryozoans from Southern Siberia, a region 
probably connected with the Greater Caucasus by a chain of the Kazakh terranes, 
demonstrates that this group was always a successful survivor from the Frasnian/Famennian 
catastrophe (Gutak et al., 2008). 

 
5.2. Permian/Triassic mass extinction 
The Permian/Triassic mass extinction led to an overall collapse of the regional faunas. 

The marine diversity remained diminished during the Early Triassic, and its full recovery was 
not completed even by the end of the Triassic (Ruban, 2006a, b). However, it is very 
important to note that this recovery started very early after the extinction peak. The presence 
of a characteristic brachiopod taxon, which indicates the base of the Triassic, is outlined as 
evidence for this (Ruban, 2006a). Moreover, the first bivalve assemblages were dominated by 
the well-known recovery taxa of Claraia (Ruban, 2006b). It appears that an acceleration of 
the evolutionary rates of the Triassic marine macrofauna of the Western Caucasus was 
another recovery pattern (Ruban, 2008). 

 
5.3. Triassic/Jurassic mass extinction 
The Triassic/Jurassic transition is interrupted by a hiatus in the Caucasus, and, thus, the 

relevant crisis cannot be documented directly (Ruban, 2007b). However, Ruban (2007c) 
suggests that the Rst-method applied for non-successive Triassic-Jurassic brachiopod 
assemblages permits one to investigate the possible influences of this mass extinction on the 
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regional evolution of this fossil group. A comparison of the taxonomic diversity structure of 
the Rhaetian, Sinemurian, and Pliensbachian assemblages indicates their continued similarity. 
Such superfamilies as Spiriferinoidea and Zeillerioidea played an important role in both the 
Late Triassic and Early Jurassic assemblages and, thus, were not wiped out by the mass 
extinction. This conclusion contrasts with results from the same data, re-calculated from the 
Swiss Alps, where a significant turnover is registered at the Triassic-Jurassic transition 
(Ruban, 2007c). It is, however, interesting that the taxonomic diversity structure of the 
Caucasian brachiopods in the Early Jurassic resembled that in the Early Triassic. This permits 
me to hypothesize a partial resetting of the regional evolution of this group as a consequence 
of the Triassic/Jurassic event. These results underline, in general, that the new Rst-method can 
be a powerful means to explore the traces of catastrophes, even those misplaced from the 
regional record. 

 
5.4. Pliensbachian/Toarcian mass extinction 
The Early Jurassic (Pliensbachian/Toarcian) mass extinction is documented in the 

Caucasus with precision. It affected brachiopods (Ruban, 2004, 2006a, 2007c) and to a lesser 
extent, foraminifers (Ruban & Tyszka, 2005). The diversity analysis of bivalves, ammonites, 
and belemnites (Ruban, 2006d, 2007a) does not indicate any catastrophic patterns in the Early 
Jurassic. Brachiopods declined strongly already in the Late Pliensbachian (Ruban, 2004). This 
was preceded by their abnormal radiation. In the Early Toarcian, brachiopods disappeared 
entirely and no taxa are known from the relevant deposits. A repopulation began in the 
Middle Toarcian, but even the Late Toarcian diversification did not recompensate for the 
diversity loss at the Pliensbachian/Toarcian boundary. The results from the Rst-method 
suggest an intense turnover at this boundary (Ruban, 2007c). Moreover, this mass extinction 
led to a complete renovation of the taxonomic diversity structure. If the Pliensbachian 
assemblage is quite similar to that of the Rhaetian, a striking difference between the Toarcian 
and the Rhaetian assemblages is established. Surprisingly, a similarity of the Toarcian 
taxonomic diversity structure to that of the Early Triassic was noted, which suggests that the 
superfamilies which were important for species diversity after the Permian/Triassic 
catastrophe also found the post-Early Jurassic mass extinction conditions favorable. The total 
foraminiferal diversity decreased in the Early Toarcian by 1.8 times at the species level, but 
only by 1.2 times at the generic level (Ruban & Tyszka, 2005). The R-method indicates a 
strong turnover among species directly at the Pliensbachian/Toarcian boundary, whereas the 
same turnover among genera was somewhat delayed, occuring in the Middle Toarcian. The 
Rst-method permits me to document a very prominent turnover at the time of the mass 
extinction. The value of the Rst index is lowest in the Jurassic. Thus, my studies imply an 
evident occurrence of the Early Jurassic mass extinction in the Caucasus. The regional record 
provides evidence that oxygen depletion (related to the oceanic anoxia) was one of the 
probable explanations of this catastrophic event. A difference in the regional sea-level 
changes from those documented globally does not permit one to consider them as a possible 
trigger of the mass extinction, at least in the Caucasus (Ruban, 2004; Ruban & Tyszka, 2005). 

 
5.5. Jurassic/Cretaceous mass extinction 
The Jurassic/Cretaceous mass extinction stressed brachiopod assemblages strongly. Their 

total diversity decreased by about 10 times (Ruban, 2006a) with just a few species known 
from the Berriasian. Despite their recovery during the Valanginian-Hauterivian time interval, 
the pre-extinction diversity was never reached again. Thus, one may hypothesize that the 
Jurassic/Cretaceous mass extinction was a prelude to the final brachiopod collapse in the 
Northern Caucasus. 
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5.6. Aalenian event 
In addition to these regional signatures of the well-known mass extinctions, it appears 

that the regional data provide evidence for a new mass extinction, which occurred in the 
Aalenian. Brachiopods almost disappeared in the Early Aalenian, but recovered rapidly in the 
Late Aalenian (Ruban, 2004). The total species diversity of foraminifera declined by 1.7 times 
in the Late Aalenian, whereas the total generic diversity decreased throughout the entire 
Aalenian (Ruban & Tyszka, 2005). The assemblage turnover was as large as that at the 
Pliensbachian/Toarcian boundary. The gradual recovery embraced the Early Bajocian, and it 
did not recompensate for the diveristy loss. Evidently, data from only one region is not 
enough to speculate about new mass extinctions. However, brachiopods collapsed during the 
Aalenian in the Bakony Mountains of Hungary and in the Swiss Alps, whereas foraminiferal 
assemblages were stressed in the Pieniny Klippen Belt of the Carpathians and probably in 
Spain. The likely cause of this event was also an oxygen depletion. 

 
5.7. Geohistorical study of Mesozoic mass extinctions 
Besides an analysis of regional data, I attempt a geohistorical investigation of the data 

published in the middle of the XIX century by A. d'Orbigny (Ruban, 2005b). Their 
quantitative assessment permitted me to conclude that almost all Mesozoic mass extinctions 
(Triassic/Jurassic, Jurassic/Cretaceous, Aptian, Cenomanian/Turonian, and 
Cretaceous/Paleogene) might have been documented already 150 years ago. Thus, despite a 
remarkable growth in the available paleontological information and the description of 
thousands of new species, the quality of the fossil record necessary to identify mass 
extinctions did not change significantly. This conclusion is very significant for our 
understanding of the completeness of the fossil record and its further changes. 

 
6. Sea-level fluctuations 

An investigation of sea-level changes is an important clue to the understanding of the 
regional Phanerozoic environmental changes and biotic evolution. The data available from the 
Caucasus reveal the regional transgressions, regressions, and basin deepening/shallowing 
events for the Cambrian-Jurassic time interval. 

 
6.1. Facies analysis 
All constraints are based on a careful facies analysis. Recognition of the general facies 

types is suitable for the attempted studies, and each facies is interpreted within a set of diverse 
geological information, which included lithology, sedimentary structures and textures, fossil 
assemblages, relationship with contemporary facies in adjacent areas, and relationship of 
facies in a stratigraphic succession etc. (Ruban, 2007a). Mixing or misinterpretation of facies 
due to similar lithological peculiarities is avoided. For example, a clear distinction between 
the Norian shelfal siliciclastics and the underlying Ladinian-Carnian flysch deposits is made 
despite their general similarity. Another example comes from the Early Jurassic, where 
marine and non-marine strata both containing abundant plant remains were distinguished. 
Geospatial analysis of facies, used to reveal the basin dynamics, takes into account possible 
deviations of trends observed in log or on a regional scale from some stereotypic assumptions. 
A very typical example is a deposition of evaporites in the Late Jurassic. Although evaporite 
sedimentation is often linked to sea-level lowstands, this was associated with a highstand (that 
occured just after a transgression maximum) in the Caucasus. Moreover, evaporitic 
sedimentation did not prevent the growth of coral reefs (a comparable situation is also known 
from the Miocene of the Mediterranean), and, thus, a carbonate platform became something 
like a substrate for the development of an evaporitic basin. Moreover, a consideration and a 
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semi-quantitative or quantitative analysis of facies is done en-masse, which a priori 
diminishes the likelyhood of interpretation errors. 

The sets of interpreted and compiled facies data (e.g., Ruban, 2007a) can be seen to be 
important. They may serve for further quantitative interpretations, which would permit to 
delineate particular surfaces (maximum flooding surfaces or sequence boundaries) or to 
discuss the sedimentary input and its influences on the basin dynamics. A global tracing of 
hiatuses (Zorina et al., 2008) suggests the importance of such studies for an evaluation of 
global eustatic changes and planetary-scale sedimentary evolution. 

 
6.2. Paleozoic sea level 
An analysis of distribution and a facies interpretation of the Paleozoic deposits in the 

Greater Caucasus permits the construction of paleogeographic frameworks for 9 time slices, 
and enables documentation of the principal changes of the shoreline (Ruban, 2007d). The 
Greater Caucasus was embraced by the sea in the Cambrian, which was followed by an 
Ordovician regression. A new transgression occurred in the Early Silurian and the shoreline 
along the northern border of the Greater Caucasus remained stable until the Late Devonian, 
whereas an opening of a new Paleotethys Ocean occurred in the south. A strong Famennian 
transgression led to the drowning of the entire region. The sea regressed in the Mississippian 
and occupied a restricted area until the Late Permian, when a new transgression took place. 
This general picture is detailed by the study of three principal Late Paleozoic transgressive 
episodes, which took place in the Lochkovian, the Frasnian-Famennian, and the 
Changhsingian (Ruban, 2007e). The second of them was the largest. All these episodes 
occurred at times of global sea-level rise, which implies their eustatic origin. Although 
regional tectonics did not affect them greatly, local tectonic activity may explain why 
evidence for the other global sea-level rises do not appear in the Greater Caucasus. An 
interesting observation is that these three transgressions coincided with important episodes of 
carbonate deposition. 

 
6.3. Triassic sea level 
The Triassic sea-level changes are reconstructed with precision (Ruban. 2008). A rapid 

transgression took place already in the Early Induan and the position of the shoreline 
remained stable until the Anisian, when its stepwise basinward shift took place. The next 
transgression, although smaller in its extent, began in the Ladinian, whereas a regressive 
episode is known from the mid-Carnian. A very strong trangression took place in the Early 
Norian with a peak in the middle of this stage, and a regressive episode embraced the Middle-
Late Rhaetian. During the entire Triassic, the basin was, however, of a shallow-water 
character, with a unique exception. The Ladinian transgression coincided with a prominent 
deepening pulse. Both global eustasy and regional tectonic activity controlled these basin 
dynamics, and some major global sea-level changes are depicted in the regional record. 

 
6.4. Jurassic sea level 
The dynamics of the Caucasian basins in the Jurassic are reconstructed semi-

quantitatively on the basis of a careful facies analysis in all particular areas of the region 
(Ruban, 2006d, 2007a). Some special attention is also paid to the Laba-Malka area (Ruban, 
2004; Ruban & Tyszka, 2005). A stepwise transgression took place throughout the entire Late 
Sinemurian-Toarcian interval with a peak at the Toarcian-Aalenian transition. It was followed 
by a shorter regression in the Aalenian. Then, a rapid transgression occurred in the Early-
Middle Bajocian to be followed by a longer regressive episode in the Late Bajocian-
Bathonian. A major landward shoreline shift was realized during the Callovian-Oxfordian, 
and the Kimmeridgian was generally a time of maximum extent of marine environments, 
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although interrupted by a short-term regressive episode. A profound regression occurred in 
the Tithonian. The changes in the average basin depth differed significantly. Three deepening 
pulses occurred in the Pliensbachian, the Late Aalenian, and the Late Bathonian. Despite a 
large transgression in the Late Jurassic, the Caucasian basins did not become deeper. These 
conclusions are confirmed by the specific study of the Greater Caucasus Basin (Ruban, 
2007a). It is found that both eustasy and regional tectonic activity controlled the reported 
transgressions, regressions, and changes in the basin depth. The most interesting example of a 
dissimilarity of global and regional records comes from the Toarcian, where a significant 
delay of a transgression in comparison to the global and other regional records is documented. 

 
6.5. General conclusions 
The attempted studies of the sea-level changes and a comparison of their results with the 

global constraints permit some very important conclusions. First, it becomes evident that 
transgressions-regressions differed from the changes in the basin depth. This observation is of  
great methodological importance, because it makes urgent a constraint of two individual 
curves for every particular region. Secondly, both eustasy and tectonics are important factors 
for the dynamics of the basin shoreline and depth. It is interesting, that although the Greater 
Caucasus and also the entire Caucasus remained active regions throughout the analyzed 
Cambrian-Jurassic interval, the signatures of many globally-recognized eustatic events are 
clear from the studied territory. To discuss the importance of sedimentary input requires some 
further modelling. However, it appears that sedimentary input played a lesser role in its 
influence on transgressions/regressions (except in the case of deltaic systems) than on 
deepening/shallowing episodes. Finally, the role of sea-level changes in the fossil diversity 
dynamics is discussed (Ruban, 2004, 2006a, 2006d, 2007a, 2008; Ruban & Tyszka, 2005). 
Some positive relationships are found. All Paleozoic transgressions coincided with biotic 
radiations. The episodes of reefal growth in the Late Devonian, the Late Permian, the Late 
Triassic, and the Late Jurassic all corresponded to transgressions. An abrupt deepening of the 
basin in the Ladinian stressed the marine fauna and led to a total disappearance of 
brachiopods. However, the only fossil group, whose diversity changes were well connected to 
the interaction of transgressions and regressions was the ammonites. Responses of bivalve, 
brachiopod, belemnite, and foraminifer diversity were more complicated and did not 
demonstrate simple relationships with basin dynamics. The most surprising is the fact, that 
links between fossil diversity dynamics and eustatic changes are more evident on a global 
scale than on a regional level (Ruban, 2007a). 

 
7. Tectonics 

 
7.1. Paleozoic-Triassic terrane model 
A critical revision of the available lithological, paleontological, and other kinds of 

geological data from the Caucasus and adjacent areas with regard to the modern plate tectonic 
reconstructions for the Paleozoic and Mesozoic allows one to reconsider the tectonic 
evolution of the study territory and to propose a totally new model. The latter is discussed by 
Ruban (2006c, 2007b,d,f) and Ruban et al. (2007). This model is based on two major 
observations, namely (1) a similarity of the Late Paleozoic sedimentary and fossil records of 
the Greater Caucasus and some Hunic terranes, including the Carnic Alps and the Bohemian 
Massif, and (2) evidence for an arc-arc collision in the Caucasus during the Middle Jurassic. 
The similarity of the geological histories of the Greater Caucasus, the Carnic Alps, and the 
Bohemian Massif suggests their mutual proximity in the Late Paleozoic. If this was so, the 
Greater Caucasus Terrane was a part in the chain of the Hunic terranes derived from the 
Gondwanan margin in the middle of the Silurian due to the opening of the Paleotethys Ocean. 
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In the Late Devonian, these terranes became anchored at the Laurussian margin in the Proto-
Alpine area. This interpretation raises the question as to how the Greater Caucasus could have 
reached its present position far to the east. An appropriate explanation is given by a 
consideration of the major shear zone along the northern margin of the Paleotethys. Dextral 
displacements along this zone during the Late Paleozoic-Middle Triassic led to terrane 
stacking in the Proto-Alpine area. However, the direction of displacements along this zone 
changed radically from dextral to sinistral in the Middle-Late Triassic. This provided a 
mechanism to displace the Greater Caucasus Terrane to the east, where it collided with the 
Russian Platform. Such a scenario explains also a major unconformity documented at the 
Triassic-Jurassic transition (Ruban, 2006b). This shear zone was a part in the net of 
Intrapangaean shear zones, which stretches across Western Europe, eastern North America, 
South America, South Africa, and Australia. The situation at the northern Paleotethyan 
margin in the Late Paleozoic-Early Mesozoic was a bit similar to that at the western margin of 
North America in the Mesozoic-Cenozoic (Ruban, 2007f). Not only the Caucasus, but all of 
the southern periphery of the Russian Platform was influenced by the activity along the shear 
zone. Right-lateral displacements led to the derivation of the Ukrainian Block from the 
Russian Platform and opening of a rapidly-subsiding coal-bearing basin (Donbass) in between 
(Ruban & Yoshioka, 2005). A change to left-lateral displacements in the Middle Triassic 
resulted in the closure of this basin and a local deformation phase, which created the Donbass 
fold belt. This model is well supported by the most recent dating of the tectonic activity in the 
Donbass. Moreover, the Paleozoic geodynamics of the Greater Caucasus Terrane, which was 
a part of the Hunic Superterrane, and of the Lesser Caucasus Terrane, which was a part of the 
younger Cimmerian Superterrane, was linked closely to that of many other Middle Eastern 
terranes (Ruban et al., 2007). While the Greater Caucasus bears an affinity to the Pontides and 
probably the Alborz terranes, the geological history of the Lesser Caucasus was more linked 
to that of Central Iran and the Taurides. 

 
7.2. Jurassic geodynamic reconstructions 
Three Jurassic geodynamic reconstructions (for the Late Toarcian, the Early Bajocian, 

and the Midle Oxfordian) are constrained on the basis of a careful investigation of data from 
all Caucasian areas (Ruban, 2006c). Despite minor contrary details, they allow two very 
important conclusions. The first one concerns an arc-arc collision in the Middle Jurassic. 
There is evidence for a joining of the Northern and Southern Transcaucasian arcs since at 
least the Bajocian. This tectonic event may explain the mid-Jurassic major unconformity 
(Ruban, 2007b) and also shed light on a poorly defined mid-Jurassic orogeny hypothesized 
earlier, but which has remained unexplained. My reconstructions indicate the presence of a 
large Caucasian Sea connected with the Neotethys Ocean in the south and other seas to the 
west and the east by long seaways. This provides a much needed clue to explain the style of 
the biotic evolution in the Caucasus and its possible relationships to that in Europe and the 
Middle East. 

 
7.3. Phanerozoic phases of the tectonic evolution of the Greater Caucasus 
An overall examination of geological data from the Greater Caucasus permitted the 

identification of 7 phases in its tectonic evolution, namely the Gondwanan Phase (Cambrian-
Ludlow), the Hunic Phase (Ludlow-Devonian), the Proto-Alpine Phase (Carboniferous-
Middle Triassic), the Left-Shear Phase (Late Triassic-Earliest Jurassic), the Arc Phase 
(Jurassic-Eocene), the Paratethyan Phase (Oligocene-Miocene), and the Transcaucasus Phase 
(Pliocene-Recent) (Tawadros et al., 2006). These phases are also compared with those 
established in the Northeastern African basins in order to reveal some similar patterns, which 
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permits one to outline some new perspectives for hydrocarbon exploration in the Greater 
Caucasus (Tawadros et al., 2006). 

 
8. Concluding remarks 

The attempted study in this thesis permits me to bring the understanding of the 
Phanerozoic history of the Caucasus and some adjacent areas to a new level of complexity. 
Stratigraphic constraints strengthen the precision of all further interpretations. An analysis of 
fossil diversity reveals the regional appearance of mass extinctions and other crises. An 
interpretation of the sea-level changes allows explanation of the regional biotic and entire 
geological evolution in the light of transgressions, regressions, and changes in basin depth. 
Tectonic constraints help to understand how all regional data can be interpreted in the context 
of the entire northern Paleo- (and Neotethyan) margin, and which inter-regional correlations 
seem to be the most promising. Thus, all these studies contribute to a comprehensive 
synthesis of the Phanerozoic environmental changes in the Caucasus and adjacent areas. 
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Appendix 1. List of identified Jurassic bivalves from the Laba-Malka area (see Fig. 4 
for section location). 
 
BEZYMJANNAJA SECTION 
Plagiostoma cf. subrigidula (Schlippe, 1888), Plagiostoma sp. 
samples: BG-1, BG-2 
lithostratigraphy: Bizhgon Member (crinoidal limestones) 
age: late Aalenian 
source: Ruban, D.A., Valentseva, D.R., Skljarov, V.V. & Khokhlatcheva, N.V. 2007. 
New data on the Aalenian-Bejocian stratigraphy in the River Belaja watershed 
(Northwestern Caucasus). In: Alekseev, A.S. (Ed.). Paleostrat-2007. MOIP, Moskva. 
pp. 22-23. (in Russian) 
 
KHADZHOKH-2 SECTION 
Chlamys (Chlamys) viminea (Sowerby, 1826), Ctenostreon sp., Entolium demissum 
(Phillips, 1829), Entolium sp., ?Entolium sp., ?Pleuromya sp., ?Pseudolimea sp., 
?Pseudolimea cf. Limea sp., Radulopecten (Radulopecten) subinaequicostatus 
(Kasansky, 1909), ?Radulopecten (Radulopecten) sp., ?Sublatachlamys aff. suchubika 
Romanov, 1985. 
samples: cl-03-X-01, cl-03-X-02, cl-03-X-03, cl-03-X-04, cl-03-X-05, cl-03-X-06, 
cl-03-X-07, cl-03-X-08, cl-03-X-09, cl-03-X-10, cl-03-X-11, cl-03-X-12, cl-03-X-14, 
cl-03-X-16, cl-03-X-20, cl-03-X-22, cl-03-X-24, cl-03-X-25 
lithostratigraphy: Kamennomostskaja Formation (basal conglomerates and 
sandstones - beds 2 and 4) 
age: early-middle Callovian 
source: Ruban, D.A. 2005. New data on the Callovian fauna of the Northwestern 
Caucasus. Nautchnaja mysl' Kavkaza, Prilozhenie. 13: 138-140. (in Russian) 
 
DAKHOVSKAJA SECTION 
Entolium demissum (Phillips, 1829), ?Entolium sp., ?Mytiloceramus sp. 
samples: cl-03-4500-01, cl-03-4500-03, cl-03-4500-04, cl-03-4500-05, cl-03-4500-
06, cl-03-4500-07, cl-03-4500-08 
lithostratigraphy: Gerpegemskaja Formation (lower part of carbonate succession) 
age: late Callovian 
source: Ruban, D.A. 2005. New data on the Callovian fauna of the Northwestern 
Caucasus. Nautchnaja mysl' Kavkaza, Prilozhenie. 13: 138-140. (in Russian) 

 
 
 



Appendix 2. Compiled list of genera of the Triassic marine biota of the Western Caucasus 
(after Ruban, 2006b). Number of species in each genus in the Triassic stages is indicated. 

Genera 
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AMMONOIDS 
Acrochordiceras  3     
Aegeiceras  1     
Arcestes   1   3 
Arpadites  1     
Badiotites   1    
Beyrichites  1     
Caucasites  2     
Cladiscites     2 2 
Dieneroceras 1      
Flemingites 1      
Flexoptychites  1  1   
Gymnites  1     
Hollandites  3     
Japonites  1     
Joannites    1   
Juvavites     1  
Laboceras  3     
Leyophyllites  4     
Lobites     1  
Longobardites  1     
Megaphyllites  1   2 1 
Mesocladiscites  1     
Monophyllites  1 3    
Nannites 1      
Owenites 3      
Paracladiscites      2 
Paradanubites  2     
Paragoceras 1      
Parasageceras  1     
Parussuria 1      
Phyllocladiscites  2     
Pinacoceras     1 1 
Placites     1 1 
Proptychites 1      
Pseudosageceras 1      
Rhacophyllites     1 1 
Smithoceras  1     
Sturia  2 1    

 
 
 



Subowenites 1      
Subvishnuites 1      
Wyomingites 1      
Xenodiscus   1    

ALGAE 
Lithotamnidium     1  
Spongiomorpha     4  

BRACHIOPODS 
"Rhynchonella"  1     
Abrekia 1      
Adygella    1 1 1 
Adygelloides      1 
Amphiclina     1 2 
Ampliclinodonta     1  
Angustothyris  1     
Aulacothyropsis    1  4 
Austriella     1  
Austrirhynchia      2 
Balatonospira    1   
Bobukella    1 1  
Caucasorhynchia     1 1 
Caucasothyris     1  
Coenothyris  2     
Costirhynchia  1  1   
Costispiriferina  1     
Crurirhynchia     1  
Crurithyris 1      
Cubanothyris     2 2 
Decurtella  2     
Dinarispira  2     
Dioristella  1  1   
Euxinella     3 6 
Fissirhynchia     1 1 
Guseriplia      2 
Holcorhynchella  1     
Koeveskallina  1     
Koninckina    1 1  
Laballa     2 3 
Lepismatina      1 
Lobothyris     2  
Majkopella      3 
Mentzelia  1  2 1 2 
Moisseievia     2 1 
Neoretzia      3 
Neowelerella 1      
Norella  1     
Oxycolpella     3 2 
Pexidella  1   1  
Piarorhynchella  1     
Pseudocyrtina     1  

 
 
 



Pseudorugitella     2 2 
Punctospirella  1     
Rhaetina    1 6 4 
Rhimirhynchopsis     1 1 
Robinsonella      1 
Sinucosta  1   1 1 
Spinolepismatina     1  
Sulcatinella  2     
Sulcatothyris    1   
Tetractinella  1     
Thecospira     1  
Thecospiropsis     1  
Triadithyris     2 1 
Trigonirhynchella     1 2 
Volirhynchia  2     
Wittenburgella     1 1 
Worobievella     1 1 
Zeilleria     3 6 
Zugmayerella      1 

BIVALVES 
Cassianella     1  
Claraia 4      
Daonella   2    
Halobia   1 5   
Hoernesia  1     
Indopecten     1  
Leda   1    
Limea  1     
Lyssochlamys    2   
Monotis     3  
Myophoria     1  
Mytilus  1     
Paleocardita     1  
Posidonia  1 1    
Pseudomonotis     1  
Schafhaeutlia  1     
Velopecten  1  1   

CORALS 
Astraeomorpha     2 1 
Montlivaultia     1  
Rhabdophyllia     1  
Stephanocoenia     1  
Stylophyllopsis     2  
Thamnastraea     2 2 
Thecosmilia     6 2 

FORAMINIFERS 
"Frondicularia"      2 
"Orthovertella" 1      
"Protonodosaria" 1      
"Tetrataxis"     1 1 

 
 
 



Agathaminina     1 1 
Ammobaculites  2  1 1  
Ammodiscus 1  2 1 1  
Angulodiscus     1 1 
Arenovidalina  4     
Astacolus  2 1 3   
Auloconus     1 1 
Aulotortus     3 3 
Calcitornella  1 1    
Cornuloculina  1  1 1 1 
Cornuspira    1   
Coronipora      1 
Dentalina 3 5 6 4   
Diplotremmina  1  1   
Duostomina  1 1    
Duotaxis      1 
Earlandia  1     
Galeanella     1 2 
Gandinella 1      
Gaudryina    2  1 
Gaudryinella      1 
Glomospira  2     
Glomospirella  3    1 
Hoyenella 1 1    2 
Hyperammina  2  1   
Ichtyolaria    2   
Involutina     2 2 
Labalina    1   
Lagena  1     
Lenticulina   4 3  2 
Lingulina  2 4 1   
Marginulinopsis    1   
Meandrospira 2 3     
Miliolipora     1 1 
Nodosaria 5 2  6  2 
Nodosinella  1     
Ophthalmidium   1 2 3 4 
Pachyphloides   1 2   
Pilammina  3     
Planiinvoluta     1 4 
Pseudonodosaria  7 9 5   
Quinqueloculina   1    
Reophax   2    
Saccammina  1     
Semiinvoluta     1 1 
Spiroplectammina  1  1   
Tetrataxis     1  
Tolypammina  3     
Triasina     1  
Trochammina  1  2 2 3 

 
 
 



Trocholina    1 3 4 
Turrispirillina      1 
Vaginulina   1    
Vaginulinopsis   1    

SPONGES 
Hodsia     1  
Molengraffia     1  
Sahraja     1  
 

 
 
 



  

Appendix 3. Stratigraphic distribution of brachiopods in the Northern Caucasus (after 
Ruban, 2006a with modifications and additions). Number of species of each genera in 
the Triassic-Lower Cretaceous stages is indicated. 
 

CAMBRIAN 
Acrotreta gerassimovi Lermontova - Middle Cambrian 
 

DEVONIAN 
Cingulodermus ex gr. superstes (Barrande), Clorinda pseudolinguifera (Kozlowski) and 
Janius ex gr. irbitensis (Tschernyshova) - Lochkovian 
Ivdelina (Procerulina) ex gr. procerula (Barrande) - Pragian 
Atrypa posturalica Markowskii, Gypidula comis Owen, Hypothyridina cuboides 
Sowerby, Spinatrypa ex gr. bifidaeformis Tschernyshova - Frasnian 
Cyrtospirifer verneuili (Murchison), Cyrtospirifer cf. calcaratus Sowerby, Cyrtospirifer 
cf. archiaci Murchison, Cyrtospirifer cf. postarchiaci Nalivkin, Isopoma brachyptycta 
(Schnur), Productus sp., Productella ex gr. subaculeata (Murchison), Productella calva 
var. multispinosa Sokolskaya, Productella calva var. koscharica Nalivkin, Pugnax 
janischevskii Rozman, Rhipidiorhynchus ex gr. livonicus Buch - Famennian 
 

CARBONIFEROUS 
Spirifer cf. distans Sowerby - Mississippian 
 
PERMIAN 
Anidanthus, Cathaysia, Caucasoproductus, Chonetella, Compressoproductus, 
Crurithyris, Denticuliphoria, Derbyia, Dielasma, Edriosteges, Enteletella, Enteletes, 
Gefonia, Gerassimovia, Haydenella, Hemiptychina, Heterelasmina, Hybostenoscisma, 
Krotovia, Labaella, Labaia, Lamnimargus, Leptodus, Licharewiconcha, Licharewina, 
Linoproductus, Marginifera, Martinia, Nikitinia, Notothyris, Permianella, 
Permophricodothyris, Phricodothyris, Prelissorhynchia, Probolionia, Prorichthofenia, 
Pseudowellerella, Rhipidomella, Richthofenia, Rostranteris, Scacchinella, 
Semibrachithyrina, Spinomarginifera, Stenoscisma, Stenoscismatoidea, Strophalosia, 
Strophalosiina, Tectarea, Terebratuloidea, Tethysiella, Transennatia, Tyloplecta, 
Uncinunellina, Urushtenia, Wellerella - Changhsingian 
 

TRIASSIC 
GENERA I+O An La Ca No Rh 

"Rhynchonella"  1     
Abrekia 1      
Adygella    1 1 1 
Adygelloides      1 
Amphiclina     1 2 
Ampliclinodonta     1  
Angustothyris  1     
Aulacothyropsis    1  4 
Austriella     1  
Austrirhynchia      2 
Balatonospira    1   
Bobukella    1 1  
Caucasorhynchia     1 1 
Caucasothyris     1  
Coenothyris  2     
Costirhynchia  1  1   

 
 
 



  

Costispiriferina  1     
Crurirhynchia     1  
Crurithyris 1      
Cubanothyris     2 2 
Decurtella  2     
Dinarispira  2     
Dioristella  1  1   
Euxinella     3 6 
Fissirhynchia     1 1 
Guseriplia      2 
Holcorhynchella  1     
Koeveskallina  1     
Koninckina    1 1  
Laballa     2 3 
Lepismatina      1 
Lobothyris     2  
Majkopella      3 
Mentzelia  1  2 1 2 
Moisseievia     3  
Neoretzia      3 
Neowelerella 1      
Norella  1     
Oxycolpella     3 2 
Pexidella  1   1  
Piarorhynchella  1     
Pseudocyrtina     1  
Pseudorugitella     2 2 
Punctospirella  1     
Rhaetina    1 6 4 
Rhimirhynchopsis     1 1 
Robinsonella      1 
Sinucosta  1   1 1 
Spinolepismatina     1  
Sulcatinella  2     
Sulcatothyris    1   
Tetractinella  1     
Thecospira     1  
Thecospiropsis     1  
Triadithyris     2 1 
Trigonirhynchella     1 2 
Volirhynchia  2     
Wittenburgella     1 1 
Worobievella     1 1 
Zeilleria     3 6 
Zugmayerella      1 
stage abbreviations: In – Induan, Ol – Olenekian, An – Anisian, La – Ladinian, Ca – 
Carnian, No – Norian, Rh – Rhaetian. 
 

JURASSIC 
GENERA Si Pl To Aa Bj Bt Cl Ox Km Tt 

"Rhynchonella" 2 1 2 2 2      
"Spiriferina" 1 1         

 
 
 



  

"Terebratula"       1 1  2 
Acanthorhynchia        1   
Acanthothyris    1 3      
Aromasithyris       1 2 1  
Aulacothyris  2 1    2    
Bodrakella  1         
Calcirhynchia 1 1         
Calvirhynchia     1      
Capillirhynchia    1   1    
Cardinirhynchia       1    
Caucasella       1    
Caucasorhynchia  1         
Cererithyris     1      
Cheirothyris          1 
Cincta  2         
Cirpa  1         
Colosia        2 1  
Cryptorhynchia     1      
Cuersithyris  1         
Cuneirhynchia  4         
Curtirhynchia   1        
Digonella  1      1   
Disculina  1         
Dorsoplicathyris       2    
Ferrythyris       1    
Flabellirhynchia  1 1        
Furcirhynchia 1   1 1      
Gibbirhynchia 1 2 1        
Goniothyris       1  1 1 
Grandirhynchia   1 1 1      
Gusarella       1    
Heimia     1      
Homoeorhynchia 1 2 1        
Ismenia          2 
Ivanoviella       3 1   
Juralina        5 1 2 
Lacunosella       1 3 2 1 
Linguithyris 1    1      
Liospiriferina 2 4 1        
Loboidothyris     1   1   
Lobothyris  3 1 2 2      
Lophothyris         1  
Monsardithyris     1      
Monticlarella         1 2 
Morrisithyris     1  1    
Nucleata        2 1 1 
Paruirhynchia    1       
Piarorhynchia 1 4 1        
Postepithyris         1  
Praemonticlarella   1        
Prionorhynchia 1 1 1        
Pseudogibbirhynchia   2 2 2      

 
 
 



  

Ptyctorhynchia   1        
Ptyctothyris     1  3    
Quadratirhynchia     2      
Rhactorhynchia     3      
Rhynchonelloidea    1       
Rhynchonelloidella       1    
Rimirhynchia  1         
Rudirhynchia 2          
Rugitela     1      
Scalpellirhynchia 1          
Securina 1 1         
Sellithyris        1 1  
Septaliphoria       2 2  6 
Somalirhynchia        1   
Sphaeroidothyris     2      
Spiriferina 4 3         
Squamirhynchia  1         
Stolmorhynchia    4 2  1    
Striirhynchia     1      
Stroudithyris    1       
Tchegemithyris       2    
Terebratula        1   
Tetrarhynchia 1    1      
Thurmanella       1    
Torquirhynchia        1 2 1 
Trichorhynchia    2 1      
Tropeothyris          9 
Tubithyris     2      
Wattonithyris     1      
Weberithyris          3 
Zeilleria 15 14  3 4  2 1   
stage abbreviations: Si – Sinemurian, Pl – Pliensbachian, To – Toarcian, Aa – Aalenian, 
Bj – Bajocian, Bt – Bathonian, Cl – Callovian, Ox – Oxfordian, Km – Kimmeridgian, 
Tt – Tithonian. 
 

LOWER CRETACEOUS 
GENERA Be Va Ha Ba Ap Al 

Belbekella 1  1 4 1  
Belothyris   1 2 2  
Orbirhynchia    1 1  
Peregrinella   1    
Praelongithyris     1  
Psilothyris  2     
Sellithyris  1 3    
Sulcirhynchia 1      
Symphythyris   1    
Terebrataliopsis  1     
Weberithyris  1     
stage abbreviations: Be – Berriasian, Va – Valangianian, Ha – Hauterivian, Ba – 
Barremian, Ap – Aptian, Al – Albian. 
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Abstract

In the Jurassic, the Caucasus, presently located in the southwest of Russia, Georgia, Armenia and Azerbaijan, was located on
the northern active margin of the Neotethys Ocean. Facies interpretation in all 62 areas, distinguished by differences in facies,
allows to semi-quantitatively evaluate Jurassic regional transgressions and regressions for this region. Major transgressive
regressive cycles took place in the Hettangian–Aalenian, Bajocian–Bathonian and Callovian–Tithonian. Each transgression was
more extensive than the previous. The same cycles are established in the Greater Caucasus Basin. Deep-marine environments were
common in the Pliensbachian, late Aalenian and late Bathonian, whereas they were very restricted in the Late Jurassic. The Jurassic
transgressions and regressions in the Caucasus coincided with the proposed global eustatic changes. However, some differences
were caused by the regional tectonic activity. Although transgressions and regressions cause some changes in marine biodiversity, it
seems that only ammonites might have been directly influenced by them. Diversity of bivalves, brachiopods and belemnites was
driven by other factors. However, global changes in marine biodiversity were more closely related to the eustatic fluctuations than
it was documented on a regional scale.
© 2007 Elsevier B.V. All rights reserved.
Keywords: Transgression; Regression; Eustasy; Biodiversity; Jurassic; Caucasus
1. Introduction

Global sea level fluctuated strongly during the Juras-
sic (Hallam, 1978; Haq et al., 1987; Hallam, 1988, 1992,
2001; Haq and Al-Qahtani, 2005). Special attention has
been paid to the intriguing question of how these changes
as well as regional transgressions and regressions in-
fluenced marine biodiversity (Wiedman, 1973; Hallam,
1975, 1977; Jablonski, 1980;Lehmann, 1981;Gygi, 1986;
Hallam, 1987;McRoberts andAberhan, 1997;Hallam and
E-mail addresses: ruban-d@mail.ru, ruban-d@rambler.ru.

0031-0182/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.palaeo.2007.04.008
Wignall, 1999; O'Dogherty et al., 2000; Sandoval et al.,
2001a,b; Smith, 2001; Sarti, 2003; Ruban, 2004; Aberhan
et al., 2005; Ruban and Tyszka, 2005; Ruban, 2006a).
However, this question is not yet fully answered, and the
influence is still poorly understood.

In this paper, I will focus on Jurassic transgressions
and regressions in the Caucasus, a large region, stretch-
ing along the southern periphery of the Russian Platform
and embracing the territory of southwestern Russia,
Georgia, Armenia and Azerbaijan (Fig. 1). The few
previous studies addressed to regional transgressions and
regressions suggested that they were somewhat different
from those observed globally and elsewhere in Europe

mailto:ruban-d@mail.ru
mailto:ruban-d@rambler.ru
http://dx.doi.org/10.1016/j.palaeo.2007.04.008


Fig. 1. Geographical location of the studied region. GE— Georgia, AR— Armenia, AZ — Azerbaijan. Palaeogeographical map is simplified after
Scotese (2004). Geodynamic sketch is modified from Lordkipanidze et al. (1984), who used the geological and palaeomagnetic evidences.
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(Ruban, 2004; Ruban and Tyszka, 2005; Ruban, 2006a).
The Late Jurassic history of the Caucasus is marked by
two remarkable events — the development of a car-
bonate platform with the growth of carbonate buildups
(Rostovtsev et al., 1992; Kuznetsov, 1993; Martin-Garin
et al., 2002; Akhmedov et al., 2003; Ruban, 2005a,
2006a; Tawadros et al., 2006) and a salinity crisis
(Jasamanov, 1978; Kuznetsov, 1993; Ruban, 2006a;
Tawadros et al., 2006). These events are interpreted as
controlled by the basin dynamics and climate, and to
document their relationships with transgressions and/or
regressions is intriguing.

In this paper, an attempt is made to detail and to semi-
quantitatively evaluate Jurassic transgressions and re-
gressions in the Caucasus. The study area may serve as a
test region to investigate their influences on the marine
biodiversity. Previous studies have suggested that sea-
level changes did not cause mass extinction among
brachiopods (Ruban, 2004) and foraminifers (Ruban and
Tyszka, 2005), and they did not control bivalve diversity
(Ruban, 2006a). Here the influences of the Jurassic
transgressions and regressions on ammonites, bivalves,
brachiopods and belemnites are considered.
2. Geological setting

The Caucasus is a large elongated region consisting
of three principal segments, the Greater Caucasus, the
Transcaucasian depressions (the Kura Depression and
the Rioni Depression), and the Lesser Caucasus (Fig. 1).
During the Jurassic, the Caucasus was located on the
northern margin of the Neotethys Ocean (Gamkrelidze,
1986; Dercourt et al., 2000; Stampfli and Borel, 2002;
Golonka, 2004; Tawadros et al., 2006; Ruban, 2006d).
Accretion of minor terranes along the southern margin
of the Russian Platform (also known as the Scythian
Platform) resulted in the development of several marine
basins, separated by island arcs (Lordkipanidze et al.,
1984; Ershov et al., 2003; Efendiyeva and Ruban, 2005;
Tawadros et al., 2006; Ruban, 2006d) (Fig. 1). The
geometry of these basins changed during the Jurassic
(Ruban, 2006d), but the evaluation of the changes and
their precise delineation have not yet been realized.

The Jurassic stratigraphy of the Caucasus was com-
prehensively presented by Prosorovskaya (1979) and
Rostovtsev et al. (1985, 1992). Ruban (2003, 2006b)
and Ruban and Pugatchev (2006) revised the regional
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stratigraphy of the Western Caucasus and proposed a
new framework (Fig. 2), incorporating recent develop-
ments in Jurassic chronostratigraphy (Gradstein et al.,
2004; Gradstein and Ogg, 2005, 2006), including the
ratification of the Sinemurian, Aalenian and Bajocian
Global Standard Sections and Points (Pavia and Enay,
1997; Cresta et al., 2001; Bloos and Page, 2002), and
biostratigraphy (Cariou and Hantzpergue, 1997). The
Fig. 2. Stratigraphic scale of the Jurassic used in the Caucasus (after Ruban, 20
intervals are shaded as gray. Dashed line marks uncertainty in the boundary d
to the showed chronostratigraphy (it seems to be impossible to correlate the
Callovian Stage in the Caucasus is traditionally ascribed
to the Upper Jurassic (Rostovtsev et al., 1992; Ali-
Zadeh, 2004) which contradicts to the present Interna-
tional Stratigraphic Chart (Gradstein et al., 2004). The
palynological study of Gaetani et al. (2005) suggested a
late Bathonian age for the lower part of the Kamenno-
mostskaja Formation. If so, the termination of the major
Bathonian hiatus should be reconsidered throughout the
06d). Abbreviations: L— Lower, M—Middle, U—Upper. Unzoned
efinition. Regional ammonite zonation does not correspond at this scale
m at now), but only to the stages in regional sense.
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entire Caucasus, which may lead to a significant re-
vision of the Middle Jurassic stratigraphy of the region.
However, in this paper I prefer the widely accepted
early–middle Callovian age of the Kamennomostskaja
Formation, an age supported by ammonites, bivalves
and belemnites (Prosorovskaya, 1979; Rostovtsev et al.,
1992; Ruban, 2005b).
Fig. 3. Location of the Jurassic areas (marked by circles) in the Caucasus (after
Callovian–Tithonian areas (37–62). Areas (“subzones” and “regions” of Rosto
Malkinskaja, 2 — Central Labino–Malkinskaja, 3 — Eastern Labino–Malki
Tyrnyauzskaja, 6 — Northern Arkhyz–Guzeripl'skaja, 7 — Eastern Arkhyz–
Osetinskaja, 10— Agwali–Khivskaja, 11—Western Bokovogo Khrebta, 12—
Southeastern Bokovogo Khrebta, 15— Gojtkhsko–Atchishkhinskaja, 16— Se
19— Central Glavnogo Khrebta, 20— Tfanskaja, 21— Durudzhinskaja, 22—
Amuksko–Lazarevskaja, 25 — Sakaojskaja, 26 — Shakrianskaja, 27 — Va
Okribskaja, 30— Southwestern Dzirul'skaja, 31— Northeastern Dzirul'skaja,
Karabakhskaja, 35— Kafanskaja, 36— Araksinskaja; 37— Lago–Nakskaja,
41 — Jugo–Vostotchnogo Dagestana, 42 — Sudurskaja, 43 — Shakhdagskaj
Svanetsko–Verkhneratchinskaja, 47 — Liakhvi–Aragvinskaja, 48 — Kakhetin
Akhibokhskaja, 52— Tkvartcheli–Okribskaja, 53—Ratchinskaja, 54— Tsess
Khramskaja, 58 — Lalvarskaja, 59 — Idzhevanskaja, 60— Dashkesano–Kar
The Jurassic deposits, lithologically quite variable,
outcrop in hundreds, if not thousands, of sections across the
Caucasus. The territory of the Caucasus is subdivided into
several dozen areas which are traditionally called “zones”
(Rostovtsev et al., 1992) distinguished by differences in
facies (Fig. 3). However, the term “zone” should be
abandoned to avoid confusion with biostratigraphic zones.
Rostovtsev et al., 1992). A— Hettangian–Bathonian areas (1–36), B—
vtsev et al. (1992) are mentioned here as areas): 1 — Western Labino–
nskaja, 4 — Western Pshikish–Tyrnyauzskaja, 5 — Eastern Pshikish–
Guzeripl'skaja, 8 — Southern Arkhyz–Guzeripl'skaja, 9 — Digoro–
Central Bokovogo Khrebta, 13— Eastern Bokovogo Khrebta, 14—

veroabkhazskaja, 17— Svanetskaja, 18—Western Glavnogo Khrebta,
Western Gagra–Dzhavskaja, 23— Eastern Gagra–Dzhavskaja, 24—

ndamskaja, 28 — Kakhetino–Letchkhumskaja, 29 — Tskhenistskali–
32— Loksko–Khramskaja, 33— Alaverdskaja, 34— Shamkhorsko–
38— Labinskaja, 39—Malkinskaja, 40— Kabardino–Dagestanskaja,
a, 44 — Abino–Gunajskaja, 45 — Novorossijsko–Lazarevskaja, 46 —
skaja, 49 — Dibrarskaja, 50 — Akhtsu–Katsyrkha, 51 — Dzhirkhva–
i–Kortinskaja, 55— Iori–Tsitelitskarojskaja, 56—Vandamskaja, 57—
abakhskaja, 61— Kafanskaja, 62 — Nakhitchevanskaja.



Fig. 4. Composite lithologic sections of the Caucasian areas: Hettangian–Bathonian (based on field observations and data of Rostovtsev et al., 1992).
Location of areas — see Fig. 3. Dominating sedimentary rocks are shown. Maximum thickness (meters) is indicated to the left of each column.
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I propose therefore to use the usual term “area”. Compos-
ite lithologic sections have been drawn for each of these
areas (Figs. 4, 5). In general, siliciclastics (up to 10,000 m
thick) dominate the Lower–Middle Jurassic successions,
whereas carbonates (up to 3000 m thick) prevail in the
Upper Jurassic succession (Tsejsler, 1977; Prosorovskaya,



Fig. 5. Composite lithologic sections of the Caucasian areas: Callovian–Tithonian (based on field observations and data of Rostovtsev et al.,
1992). Location of areas — see Fig. 3. Dominating sedimentary rocks are shown. Maximum thickness (meters) is indicated to the left of
each column.
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1979; Rostovtsev et al., 1992; Tawadros et al., 2006).
In the Lesser Caucasus, volcanics and volcanoclastics
are abundant (Prosorovskaya, 1979; Rostovtsev et al.,
1985, 1992). Palaeobiogeographically, the Caucasus
belonged to the Tethyan Subrealm until the Middle
Jurassic, when it became a part of the Tethyan Realm
(Westermann, 2000).
3. Materials and methods

Themethod of transgression and regression evaluation
used in this study is somewhat similar to that proposed by
Ruban (2006a,b,c) and earlier by Hallam and Wignall
(1999), Peters and Foote (2001), Smith (2001), and
Crampton et al. (2003). Transgressions and regressions



Fig. 6. Interpreted palaeoenvironments of the Hettangian–Bathonian. Location of areas— see Fig. 3. Time slices used to evaluate sea-level changes
are shown by horizontal lines and indexes from the right side.
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are defined as land- and seaward migrations of the
shorelines respectively (Catuneanu, 2006; cf. Veeken,
2006). They should be distinguished from deepenings and
shallowings, which describe water depth in the basin.

The first step in my study is to interpret the facies for
each area, based on information from Rostovtsev et al.
(1992) and personal field observations (Figs. 6, 7).
Interpretations made earlier by Ruban (2006a) were
verified and slightly revised. Three main types of
palaeoenvironments were defined: continental, shallow-
marine and deep-marine. Continental palaeoenviron-
ments are marked by a hiatus or rarely by continental
Fig. 7. Interpreted palaeoenvironments of the Callovian–Tithonian. Location o
shown by horizontal lines and indices from the right side.
deposits usually comprising sandstones and shales with
abundant floral remains and lacking any marine fauna.
Shallow-marine palaeoenvironments are dominated by
siliciclastics or carbonates with benthonic shelfal fauna.
Deep-marine palaeoenvironments are marked by lami-
nated dark-coloured shales and turbidites common with
submarine slumps.

The second step is to calculate the number of areas
with a particular type of palaeoenvironments for each of
the time slices. In this paper I consider three time slices
for each stage (Figs. 6, 7) rather than the single time
slice per stage used by Ruban (2006a).
f areas— see Fig. 3. Time slices used to evaluate sea-level changes are
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The third step was to evaluate semi-quantitatively the
transgressions and regressions with TR-index (named
ISL by Ruban, 2006a):

TR ¼ ðsþ dÞ=c;

where s, d, and c are the number of areas for each time
slice with shallow-marine, deep-marine and continental
palaeoenvironments respectively. Lower values of this
index indicate regression, whereas higher values indi-
cate transgression.

Additionally, the semi-quantitative evaluation of
changes in the average basin slope angle, DS-index is
attempted:

DS ¼ d=s:

However, this index cannot be used to document
changes of the maximum water depth of the basin. The
latter may be recorded by the appearance of deep-marine
palaeoenvironments even in the unique area. The DS-
index characterizes the extent of deep-marine palaeoen-
vironments in palaeogeographical space in relation to
the extent of shallow-marine environments. Lower
values of the index do not indicate that the basin was
shallower at this time interval than previously when
values were higher. Rather, they indicate that the deep-
marine palaeoenvironments became restricted in a little
amount of areas. The DS-index measures the average
basin slope angle. Therefore, it is necessary to take into
consideration another curve, which demonstrates the
maximum water depth of the basin. This was not made
herein since the Sinemurian deep-marine palaeoenvir-
onments existed at least in one area of the Caucasus.

The regional tectonic processes were perhaps the prin-
cipal control of the regional transgressions and regressions.
In the Jurassic, the Caucasus consisted of several basins
different from one another in origin, tectonic regime, and
general “geometry” (Lordkipanidze et al., 1984; Ershov
et al., 2003; Efendiyeva and Ruban, 2005; Tawadros et al.,
2006; Ruban, 2006d). This makes difficult an interpreta-
tion of the constrained TR- and DS-curves, as they are
attributed to the entire Caucasus. With the suggestions by
Rostovtsev et al. (1992) andRuban (2006d) it is possible to
establish the areas, which belong to the Greater Caucasus
Basin in the Jurassic. This permits to calculate TR-index
and DS-index for this particular basin. Unfortunately, our
knowledge on the other Caucasian basins remains limited,
and we cannot attempt the same for them.

The absolute age and duration of stages mentioned in
this paper are based on the time scale of Gradstein et al.
(2004).
4. Regional transgressions and regressions

Three Jurassic transgressive–regressive cycles are
recognized in the Caucasus (Fig. 8). The first Jurassic
transgressive–regressive cycle embraced the Hettangian–
Aalenian interval, lasting 28 m.y. After major Hettangian
hiatus, which can be traced across the entire Caucasus, a
gradual transgression began. In the early Toarcian, a small
regressive episode is known in the Caucasus, which was
followed by a significant transgression. A remarkable, but
short-term, regional regression occurred in the Aalenian.
The second transgressive–regressive cycle was shorter
and it embraced the Bajocian–Bathonian interval, lasting
6.9 m.y. The sea rapidly transgressed at the beginning of
the Bajocian and reached a maximum territory in the
middle–late Bajocian. In the Bathonian, the marine basin
was restricted to a size similar to that of the Sinemurian,
and at the end of the Bathonian, sedimentation was ter-
minated within most areas of the Caucasus. This time
interval corresponded to the secondmajor regional hiatus.
The third transgressive–regressive cycle embraced the
Callovian–Tithonian interval, lasting 19.2 m.y. A gradual
transgression took place during the Callovian andOxford-
ian, and minor regressive episode was documented in the
early Oxfordian. The peak of transgression took place in
the late Oxfordian–Kimmeridgian. A significant short-
term regression occurred in the early Kimmeridgian, but
during the middle and late Kimmeridgian the sea had the
same extent as in the late Oxfordian. A gradual regression
occurred in the Tithonian, although the sea still covered a
large region at the end of the Tithonian. The Callovian–
Late Jurassic transgression explains the development of
the wide carbonate rimmed shelf with the growth of
carbonate buildups (Rostovtsev et al., 1992; Kuznetsov,
1993; Martin-Garin et al., 2002; Akhmedov et al., 2003;
Ruban, 2005a, 2006a; Tawadros et al., 2006). Very shallow
lagoonal environments were common in the Kimmer-
idgian–early Tithonian, where evaporties or varicoloured
shales were deposited (Tsejsler, 1977; Jasamanov, 1978;
Rostovtsev et al., 1992; Kuznetsov, 1993), which cor-
responded to the beginning of the end-Jurassic regression.
In the Andean region, Late Jurassic evaporitic deposition
also occurred during a regressive episode (Legaretta and
Uliana, 1996; Hallam, 2001). The same event took place
in Northeastern Africa (Tawadros, 2001, pers. comm.
2006), Arabia (Sharland et al., 2001) and Germany
(Stratigraphische Tabelle von Deutschland, 2002).

In the Greater Caucasus basin, the same transgres-
sive–regressive cycles have been established (Fig. 8).
Only minor differences in the TR-pattern between the
entire Caucasus and the Greater Caucasus Basin are
found. The Late Plienbachian transgression was larger



Fig. 8. Regional transgressions and regressions and the global Jurassic curves.
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in the latter, whereas the Bajocian transgression was
less. Also the regressions in the early Oxfordian and the
early Kimmeridgian were not present within the Greater
Caucasus Basin.

In contrast to the transgressive–regressive pattern, the
changes in the average basin slope angle appeared as few
short-term pulses both in the entire Caucasus and in the
Greater Caucasus Basin (Fig. 8). The first pulse occurred
in the Pliensbachian, the second pulse in the lateAalenian,
and the last in the late Bathonian. During the Late Jurassic
the Caucasus was characterized by the relatively small
number of areas with deep-marine palaeoenvironments in
contrast to the Early and Middle Jurassic.

The regionally documented shoreline migrations
might have been controlled by both global eustatic
fluctuations and regional tectonics as deduced from the
present sequence stratigraphic models (Catuneanu,
2006). The eustatic changes in the Jurassic might
have been caused by plate tectonics, plume activity and
glacioeustasy (Hallam, 1992, 2001; Veeken, 2006). A
comparison of the curve by Hallam (1988), updated in
Hallam (2001), and the curve of Haq et al. (1987),
updated recently byHaq andAl-Qahtani (2005), with the
curve of the Caucasian transgressions and regressions
(Fig. 8), suggests that their general trends correspond
quite well. However, nothing major appeared globally in
the Bathonian, when a major regression took place in the
Caucasus. The relationships between the global eustatic
fluctuations and the regionally documented transgres-
sions and regressions were always complicated because
the eustasy is not a unique factor of the regional shoreline
migrations. McGowran (2005) even questions how
trustable are our global sea-level reconstructions based
on the regional studies.

The regional tectonic activity was potentially the main
factor, which controlled the Jurassic transgressions and
regressions in the Caucasus. The opening and extension
of the new marine basins, originated in the beginning of
the Jurassic, dominated until the early Aalenian (Ershov
et al., 2003), provoked a regional transgression. At the
same time, a subsidence of the southern margin of the
Russian Platform (Ershov et al., 2003) additionally
contributed to the latter. The late Aalenian regression
might have been a result of the “orogeny” hypothesized
by Ershov et al. (2003). The Bajocian transgression had
the same mechanism as that in the Early Jurassic. The
major Bathonian regressionwas a result of the other phase
of the mid-Jurassic “orogeny” (Ershov et al., 2003) or it



Fig. 9. Ammonite diversity dynamics in the Caucasus (data from
Rostovtsev et al., 1992).

Fig. 11. Brachiopod diversity dynamics in the Northern Caucasus (data
from Makridin and Kamyshan, 1964; Rostovtsev et al., 1992;
Prosorovskaya, 1993a,b; Ruban, 2004, 2006c). The data and curve
are attributed to the Northern Caucasus only, but they seem to be
representative for the entire Caucasus.
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was a consequence of the arc–arc collision proposed by
Ruban (2006d). The Callovian–Late Jurassic transgres-
sion was so large because of continuing basin extension
and subsidence of its margins (Ershov et al., 2003). As for
the end-Jurassic regression, it may be linked to the
regional compressional event and partial uplift of basin
margins (Ershov et al., 2003).

5. Transgressions and regressions and marine
biodiversity in the Caucasus

Transgressions and regressions might have been an
important factor which drove the changes in taxonomic
diversity of the marine fauna. Four fossil groups are
considered here: ammonites, bivalves, brachiopods and
belemnites as they were the principal contributors to the
marine biodiversity. The total number of species
exceeds 1200 (see review papers by Makridin and
Kamyshan, 1964; Prosorovskaya, 1993a,b; Rostovtsev
et al., 1992; Topchishvili et al., 2005; Ruban, 2004,
2005b, 2006a,c). Below, a comparison between the
changes of the total species number (Figs. 9–12), and
transgressions and regressions (Fig. 8) is shown for each
of these groups.
Fig. 10. Bivalve diversity dynamics in theCaucasus (after Ruban, 2006a).
5.1. Ammonites

The taxonomic diversity of the Caucasian ammonites
fluctuated strongly during the Jurassic (Fig. 9). An
absolute maximum was reached in the Bajocian, while
the early Aalenian, Bathonian, late Callovian, late
Oxfordian and middle Tithonian are characterized by
significant diversity drops. Overall, a slight decline in
ammonite diversity can be documented between the
Early–Middle Jurassic and the Late Jurassic.

The ammonite diversity changes (Fig. 9) coincided
with the transgressions and regressions (Fig. 8).
Diversity rises corresponded to transgressive episodes,
and falls to regressions. However, the coincidence of the
overall transgression, documented for the entire Juras-
sic, contrasts with the long-term, slight species decline.
This may be explained by the abrupt change from basins
with a wide distribution of deep-marine conditions in
the Early–Middle Jurassic to shallow-marine in the Late
Jurassic. Ammonites were stenotypic organisms
(Sandoval et al., 2001a). However, the other explanation
of the Late Jurassic diversity decline may be related to
the restriction of connection between the boreal and
Fig. 12. Belemnite diversity dynamics in the Caucasus (data from
Rostovtsev et al., 1992; Topchishvili et al., 2005; Ruban, 2005b).
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temperate–tropical realms through the Russian Platform
(Dercourt et al., 2000; Rogov et al., 2006).

5.2. Bivalves

The taxonomic diversity of the Caucasian bivalves
was low in the Early Jurassic (Fig. 10). After a small
decline in the Toarcian, it increased rapidly and a
maximum was reached in the Callovian–Oxfordian.
Then a gradual diversity drop took place, but the total
species number in the Tithonian was greater than in
Bajocian–Bathonian.

There are no direct relations between the regional
bivalves diversity (Fig. 10) and transgressions and
regressions (Fig. 8) (Ruban, 2006a). For example, the
total species number rose both in the Callovian, when
transgression began, in the Aalenian, when regression
took place, and it did not fall in the Bathonian, when
major regression occurred. However, the bivalve
diversity was much higher during that time interval
when shallow-marine conditions dominated. Thus, it is
difficult to consider transgressions and regressions as a
factor which influenced bivalve diversity, and many
other factors were at least as significant.

5.3. Brachiopods

The taxonomic diversity of the North Caucasian
brachiopods changed rapidly during the Jurassic
(Fig. 11). Peaks occurred in the early Pliensbachian,
early Bajocian, Oxfordian and Tithonian, while signif-
icant drops took place in the late Pliensbachian–early
Toarcian, early Aalenian, late Bajocian–Bathonian and
Kimmeridgian. No overall changes in the total species
number are found.

There are no direct links between the changes of the
brachiopod diversity (Fig. 11) and sea level (Fig. 8). For
example, both the early Pliensbachian diversification
and the late Pliensbachian decline occurred during
gradual transgression. Only the regression in the
Bathonian led to the demise of brachiopods. But even
in this case, there is uncertainty: the diversity decline
began in the late Bajocian, slightly before the regional
regression had begun. The brachiopod diversity in the
Northern Caucasus was controlled by other factors than
transgressions and regressions.

5.4. Belemnites

The taxonomic diversity of the Caucasian belemnites
did not change significantly during the Jurassic (Fig. 12). It
remained at the same level during the Pliensbachian–
Bathonian. A remarkable disappearance of belemnites
occurred in the Oxfordian–Kimmeridgian interval.
The same disappearance is also known in the English
Kimmeridgian (Wignall, pers. comm. 2006). The observed
patterns (Fig. 12) cannot be explained by transgressions
and regressions (Fig. 8), and it seems that other factors
were at least as important. The dominance of shallow-
marine conditions does not explain the total absence of
belemnites in the Oxfordian–Kimmeridgian because there
were some deep-marine areas during this time interval.

5.5. Brief synthesis

Comparison between regional transgressions and
regressions and diversity dynamics of four fossil groups
suggests that only ammonites were influenced directly
by the former, although even for this fossil group other
factors might have been even more important (see
above). These other factors were more significant for
bivalves, brachiopods and belemnites. A detailed study
of ammonite diversity and sea-level changes in the
Cordillera Bética (south of Spain) suggests that they
were correlated (O'Dogherty et al., 2000; Sandoval
et al., 2001a,b). The same conclusion was reached with
the Caucasian data.

6. Discussion

6.1. Jurassic transgressions and regressions in the
Caucasus and selected Peri-Tethyan and Neotethyan
regions

Jurassic transgressions and regressions, recon-
structed in the Caucasus, are compared to those es-
tablished in some Peri-Tethyan and Neotethyan
regions. In Western Europe, two major transgres-
sive–regressive cycles are established in the Jurassic
(Jacquin and de Graciansky, 1998; Jacquin et al.,
1998). The first was the Ligure Cycle which started in
the Late Triassic, and the peak was reached in the
middle Toarcian, when a rapid regression occurred.
The Aalenian–Bajocian transition is marked by a
widespread unconformity. The succeeding North
Sea Cycle started in the Bajocian, and the stepwise
transgression reached its maximum in the Kimmer-
idgian. However, minor regressive episodes occurred
in the Bathonian and Oxfordian. Since the Tithonian, a
regression took place, and this cycle ended in the
beginning of the Early Cretaceous. Although trans-
gression and regressions in the basins of the Western
Europe are rather similar to those of the Caucasus
(Fig. 8), significant differences are evident. There is no
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such difference between the Hettangian–Bathonian
and Callovian–Tithonian intervals in Western Europe
as it is found in the Caucasus. The principal boundary
between cycles in Western Europe is the regional un-
conformity at the Aalenian–Bajocian transition, while
in the Caucasus the most remarkable hiatus occurred in
the Bathonian. The latest Triassic–earliest Jurassic
transgression was rapid in Western Europe, while it
appeared later and more gradually in the Caucasus.
The peak of the Early Jurassic transgression was
reached a little later in the Caucasus.

Smith (2001) measured the outcrop area of the ter-
restrial/fluviatile, marine unfossiliferous and marine fos-
siliferous sedimentary rocks which outcrop in England
and France and concluded that the sea transgressed from
the Late Triassic until the Middle Jurassic. A minor
regressive episode was established in the Aalenian. The
second transgression occurred in the Bajocian–Bath-
onian although a regression took place in the Callovian.
After the next transgression in the Late Jurassic, a
remarkable regression occurred in the Berriasian. Such
changes in England and France only partly correspond
to the changes recorded in the Caucasus (Fig. 8). The
Hettangian–Aalenian records are similar, while the
Bathonian regression, which took place in the Caucasus,
is not recovered in England and France, and the
Callovian regression, though not so large as the Bath-
onian regression in the Caucasus, has no analogue in
England and France.

Wignall et al. (2005) reported the earliest Toarcian
regression in Western Europe, which is comparable to
that in the Caucasus.

Guillocheau et al. (2000) recognized Carnian–
Toarcian, Aalenian–lower Bathonian, lower Batho-
nian–Oxfordian, and Kimmeridgian–lower/upper Ber-
riasian boundary cycles in the Paris Basin. These cycles
are difficult to trace in the Caucasus at all.

The Stratigraphische Tabelle von Deutschland (2002)
presents a detailed overview of the Jurassic formations
and facies established in Germany. Shallow-marine fa-
cies dominated in the German basins during the Jurassic,
and no pelagic facies have been identified. Regressive
episodes, documented by the high number and wider
extent of local hiatuses, occurred in the Hettangian, late
Sinemurian, middle Toarcian, late Aalenian–middle
Bajocian, Bathonian–early Callovian, late Callovian,
and Kimmeridgian–Tithonian. Only the first of these has
an analogue in the Caucasus. Some other regressions in
the German basins, such as late Aalenian–middle
Bajocian, Bathonian–early Callovian, Kimmeridgian–
Tithonian, only partly corresponded to the regressions
documented in the Caucasus (Fig. 8).
Surlyk (2003) developed a curve for East Greenland,
which demonstrates the shoreline migration. Thus, this is
essentially a transgressive–regressive curve. According to
it, a general weak-regressive trend in the Toarcian–
Bajocian changed to the prominent transgressive trend in
the Bathonian–Kimmeridgian. Among the second-order
events, the most remarkable were the early Bathonian,
middle Callovian–early Oxfordian, and Kimmeridgian
transgressions as well as the regressions at the Toarcian–
Aalenian transition, in the late Bajocian, and in the mid-
Oxfordian. The general trends documented in East
Greenland are analogous to those in the Caucasus
(Fig. 8). However, the second-order events appear to be
incomparable, except the Kimmeridgian transgression,
which is evident both in EastGreenland and the Caucasus.

On the Arabian Plate, transgressions occurred in the
early–middle Toarcian, early Bajocian, early Bathonian,
Callovian–Oxfordian, middle Kimmeridgian, and late
Tithonian with a maximum in the Early Cretaceous,
while regressions took place in the late Toarcian, late
Bajocian, late Bathonian, late Oxfordian–early Kim-
meridgian, and late Kimmeridgian–middle Tithonian
(Sharland et al., 2001). Only a few of these episodes had
direct analogues in the Caucasus (Fig. 8). Therefore,
transgressions and regressions documented in the latter
and in Arabia differed somewhat.

Available data and their interpretations (Schandelme-
ier and Reynolds, 1997; Tawadros, 2001, pers. comm.
2006; Guiraud et al., 2005) allow recognition of
chronology of transgressions and regressions in northern
and northeastern Africa. Transgression occurred during
the Early Jurassic. The Toarcian–Aalenian transition is
marked by an unconformity which seems to be a result
of regression. Then sea transgressed, although the late
Callovian and late Tithonian are marked by regressive
episodes. The peak of transgression was reached in the
Kimmeridgian. Such sea-level changes in northern
Africa do not correspond well to the changes documen-
ted in the Caucasus (Fig. 8).

Consequently, Jurassic transgressions and regres-
sions in the Caucasus were only partly similar to those
recorded in other regions. This may be explained by
differences in the tectonic history of those regions.

6.2. Global changes in the Jurassic biodiversity and sea
level

A problem is the low resolution of the Jurassic global
marine biodiversity curve. The most reliable data of
Peters and Foote (2001) provide the maximum and
minimum numbers of marine genera for the Early,
Middle and Late Jurassic, but even these would allow
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recognition of the links with the eustatic changes. A
biodiversity curve of Newman (2001) is a bit more
detailed. The average number of Early Jurassic marine
genera is 1046. It increased up to 1425 genera in the
Middle Jurassic, and then slightly rose again up to 1446
genera in the Late Jurassic. Comparison of these
numbers with the global sea-level changes (Haq et al.,
1987; Hallam, 1988, 2001; Haq and Al-Qahtani, 2005)
(Fig. 8) shows that global marine biodiversity increased
together with eustatic rises during the Jurassic.

A comparison of the global generic diversity dynam-
ics of Jurassic bivalves (Miller and Sepkoski, 1988) with
the eustatic changes (Haq et al., 1987; Hallam, 1988,
2001; Haq and Al-Qahtani, 2005) suggests a close
relation. A rapid eustatic rise in the Early Jurassic
provoked a significant radiation of bivalves. The next
radiation, which occurred in the late Middle Jurassic,
evidently coincided with the Bajocian–Callovian trans-
gression. The diversity peak was reached in the Late
Jurassic at the same time when sea level was the highest.
The Tithonian eustatic fall resulted in a bivalve decline.
Earlier, Hallam (1977) also found that eustatic changes
significantly controlled the global bivalve diversity.

A comparison between the global belemnite diversity
changes (Doyle and Bennett, 1995) and sea-level
fluctuations (Haq et al., 1987; Hallam, 1988, 2001;
Haq and Al-Qahtani, 2005) suggests that all three in-
creases in diversity of belemnites, occurring in the
Pliensbachian–Toarcian, Bajocian and Callovian–
Oxfordian, corresponded to global eustatic rises. How-
ever, belemnites declined in a stepwise pattern during the
Jurassic while sea level rose. Therefore, the links be-
tween the Jurassic sea-level changes, global marine
biodiversity and diversity of particular fossil groups are
evident on a global scale.

7. Conclusions

Three transgressive–regressive cycles have been
established in the entire Caucasus, namely the Hettan-
gian–Aalenian, Bajocian–Bathonian and Callovian–
Tithonian cycles. Each transgression was more extensive
than the previous. The same cycles have been established
for the Greater Caucasus Basin. The Jurassic transgres-
sions and regressions documented in the Caucasus cor-
respond generally to the global eustatic fluctuations
recorded by Haq et al. (1987), Hallam (1988, 2001), and
Haq andAl-Qahtani (2005). The regional tectonic activity
was another important control of the regional transgres-
sions and regressions. The Caucasian transgressions and
regressions only partly corresponded to those established
in some Peri-Tethyan and Neotethyan regions.
Jurassic transgressions and regressions influenced
the marine biodiversity in the Caucasus. However, direct
relationships between them are obvious for the am-
monites only, in contrast to bivalves, brachiopods and
belemnites. On a global scale, marine biodiversity
corresponded well to the eustatic changes.
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Introduction

The Caucasus stretches over about 1000 km betwe-
en the Black and Caspian seas (Fig. 1). In the Jurassic,
it was located on the northern margin of the Neotethys
Ocean, forming a “key” transition between western and
central parts of the Northern Neotethys (STAMPFLI &
BOREL, 2002; GOLONKA, 2004). Not only palaeogeogra-

phically and palaeotectonically, but also palaeobiogeo-
graphically, the Caucasus was an important region. WES-
TERMANN (2000) after UHLIG (1911) have defined the
Mediterran-Caucasian Subrealm of the Mesozoic Tethy-
an Realm.

In spite of its importance, the Caucasusian Jurassic
palaeogeography is still poorly known. Previous publi-
cations are often only available in Russian and/or lack

The palaeogeographic outlines of the Caucasus in the Jurassic:
The Caucasian Sea and the Neotethys Ocean

DMITRY A. RUBAN

Abstract. The Caucasian Sea, fringing the northern margin of the Jurassic Neotethys Ocean, largely covered
the Caucasus. Continental, shallow-marine and deep-marine palaeoenvironments delineate palaeogeographic out-
lines for three significant time slices: the Late Toarcian, the Early Bajocian and the Middle Oxfordian. These
new palaeogeographic outlines of the Caucasus and adjacent territories match the Neotethys Ocean reconstruc-
tions. In the Late Toarcian, the Caucasian Sea embraced the Greater Caucasus Basin and the Black Sea –
Caspian Sea Basin, which were divided by the Northern Transcaucasian Arc; it opened to the Neotethys Ocean
which covered the Exterior Caucasian Basin. In the Early Bajocian, the Caucasian Sea only embraced the
Greater Caucasus Basin; it opened the epicontinental seas of the Russian Platform, connecting them with the
Neotethys Ocean by straits between islands of the Transcaucasian Arc. In the Middle Oxfordian, the Caucasian
Sea which further embraced the Greater Caucasus Basin had its outer shelf fringed by carbonate build-ups. The
connection between the Russian Platform shallow sea and the Neotethys Ocean was maintained. In the course
of the Jurassic, a seaway developed along the northern margin of the Neotethys, of which the Caucasian Sea
became a significant part.

Key words: sea, seaway, basin, arc, Jurassic, Caucasus, Neotethys.

Apstrakt. Kavkasko more zahvatalo je severni obod jurskog Neotetiskog okeana i velikim delom je

prekrivalo Kavkaz. Kontinentalne, plitkovodne i dubokovodne paleosredine ocrtavaju paleo-

geografske okvire tri zna~ajna vremenska razdobqa: gorwi toar, dowi bajes i sredwi oksford. Ove nove

paleogeografske granice Kavkaza i susednih oblasti uklapaju se u rekonstrukciju Neotetiskog okeana.

U gorwem toaru Kavkasko more je obuhvatalo Veliki Kavkaski basen i Crno more – Kaspijski morski

basen, koji su bili razdvojeni Severnim transkavkaskim lukom koji se otvarao prema Neotetiskom

okeanu koji je prekrivao spoqa{wi Kavkaski basen. Za vreme doweg bajesa, Kavkasko more je zahvatalo

samo Veliki Kavkaski basen; ono je bilo otvoreno prema epikontinentalnom moru Ruske platforme

povezuju}i ga sa Neotetiskim okeanom zemqouzima izme|u ostrva Transkavkaskog luka. Tokom sredweg

oksforda stvarale su se karbonatne naslage po obodu spoqa{weg {elfa Kavkaskog mora, koje je i daqe

zahvatalo Veliki Kavkaski basen. Odr`avala se veza izme|u plitkovodne Ruske platforme i Neo-

tetiskog okeana. U toku jure postojao je morski prolaz du` severnog oboda Neotetisa, gde je Kavkasko

more zauzimalo wegov zna~ajni deo.

Kqu~ne re~i: more, morski prolaz, basen, luk, jura, Kavkaz, Neotetis.
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the incorporation of modern palaeogeographic and pa-
laeotectonic concepts. Outdated “formation” analysis or
geosynclinal theory are the basis of many studies. To
date, plate-tectoinc and terrane analysis of the Caucasus
still remains sporadic and schematic. In many Russian
reconstructions, the Caucasus was viewed as an isolat-
ed region and its border often delineated by the bound-
aries of the former USSR. To avoid misunderstanding,
which is inevitable when dealing with a high amount
of the sufficiently reliable sources, in this paper only a
few Russian works have been considered. The first one
is a book by JASAMANOV (1978), who presented gener-
al palaeogeographic information on the Caucasus for
each of the Jurassic stages, while the second is a re-
view by LORDKIPANIDZE et al. (1984), who presented
the most acceptable palaeotectonic reconstructions, based
on palaeomagnetic data. Tectonic models proposed by
ERSHOV et al. (2003) were also employed.

Thus, in any somewhat more detailed palaeogeo-
graphic reconstruction of a larger portion of the Juras-
sic Northern Neotethys, the Caucasus remained a blank
space. The general target of this article is to initiate a
discussion on the highlighted topic. Simplified Jurassic
palaeogeographic outlines of the Caucasus are proposed
and discussed. It should be emphasized that this
attempt is based on personal field investigations, as
well as a revision of the available and trustwarthy data
from recent studies of the entire Jurassic Neothethys
(STAMPFLI & BOREL, 2002; GOLONKA, 2004).

Geologic setting

The Caucasus consists of three main segments: (1)
the Greater Caucasus, (2) the Lesser Caucasus (or the
Transcaucasus) and (3) the Kura-Rioni Depression (or
the Rioni Depression and the Kura Depression, also
called the Transcaucasian Depressions) (Fig. 1). Their
tectonic settings have been briefly overviewed by SAIN-
TOT & ANGELIER (2002), ALLEN et al. (2003) and ER-
SHOV et al. (2003).

The Jurassic deposits, widely distributed within the
Caucasus, vary in distinct areas. Their stratigraphy has
been reviewed by ROSTOVTSEV et al. (1992). The strati-
graphic scale used in the Caucasus was revised by the
author according to new developments in the Jurassic
chronostratigraphy, using ammonoids, brachiopods (for
detail see RUBAN, 2003), foraminifers and marker hori-
zons (Fig. 2). Stratigraphic suggestions from both
International Commission on Stratigraphy and the
Groupe Français d’Étude du Jurassique (CARIOU &
HANTZPERGUE, 1997) were taken account  in doing this.
A correspondence between the chronstratigraphic stages
and substages (after GRADSTEIN et al., 2004) and stages
in the regional sense (after ROSTOVTSEV et al., 1992)
was established. The precise revision of the regional
ammonoid-based zonation is a task for further special
studies. It is also necessary to note that traditionally the
Callovian stage in the Caucasus is attached to the
Upper Jurassic (ROSTOVTSEV et al., 1992), in contrast
to the present scale, recommended by the International
Commission on Stratigraphy (GRADSTEIN et al., 2004).

Jurassic lithostratigraphy of the Caucasus has been
reviewed in detail by ROSTOVTSEV et al. (1992). In gen-
eral, two major sedimentary complexes are identified.
The Sinemurian-Bathonian complex comprises argilla-
ceous and clastic deposits with a total thickness upto
10000 m. The Callovian-Tithonian complex is represent-
ed chiefly by carbonates (thickness up to 3000 m) and
also evaporites in the upper part. The accumulation of
the Late Jurassic deposits was connected with the evo-
lution of a large carbonate platform rimmed by carbon-
ate buildups (KUZNETSOV, 1993; AKHMEDOV et al.,
2003; RUBAN, 2005). In some areas (especially in the
Lesser Caucasus), substantial amounts of volcanoclastic
deposits are present. Two major regional hiatuses
encompass the Hettangian-Early Sinemurian and the
Bathonian.

In the Jurassic, the Caucasus was located in the cen-
tral part of the northern margin of the Neotethys Ocean
(Fig. 1) (STAMPFLI & BOREL, 2002; GOLONKA, 2004).
Tectonic activity resulted from the dynamics between the
terranes, which contacted with each other, and also with
the larger Eurasian Plate. Several parallel subduction and
spreading zones were located in this territory (LORDKI-
PANIDZE et al., 1984; ERSHOV et al., 2003), although a
precise interpretation of the Jurassic geodynamics in
this region has not been made yet and many questions
remain open.

DMITRY A. RUBAN2

Fig. 1. Geographic location of the studied region. GE – Ge-
orgia, AR – Armenia, AZ – Azerbaijan. The position of the
Caucasus in the Jurassic is shown on the palaeogeographic
map, strongly simplified after SCOTESE (2004).

 
 
 



In the Early-Middle Jurassic, the Caucasus was lo-
cated in a subtropical to moderate humid zone. The

Toarcian palaeotemperatures are
estimated as 15–20°C; in the
Early Aalenian, they decreased to
5–15°C, but in the Late Aalenian,
the temperatures increased again
to 20–25°C, and apparently con-
stant until the end of the Jurassic
(JASAMANOV, 1978). After the be-
ginning of the Callovian, the cli-
mate became subtropical to tropi-
cal and semi-humid. In the Late
Kimmeridgian-Tithonian, evapor-
ites were accumulated (JASAMA-
NOV, 1978; ROSTOVTSEV et al.,
1992), which indicated arid condi-
tions. In the Early-Middle Juras-
sic, dysoxic to anoxic palaeoenvi-
ronments were typical for the Ca-
ucasian basins (RUBAN, 2004;
EFENDIYEVA & RUBAN, 2005; RU-
BAN & TYSZKA, 2005). The pa-
laeobiogeographic position of the
Caucasus is uncertain. While
DOMMERGUES (1987) places it in
the Euro-Boreal domain for the
Early Jurassic, WESTERMANN

(2000) includes it into the Te-
thyan Realm. An analysis of bra-
chiopods suggests a rather transi-
tional position (RUBAN, 2003).

Methods

Essentially, this study relies
on palaeoenvironmental interpre-
tation, realized in the same way
as described by RUBAN (2006).
The territory of the Caucasus is
subdivided into several dozens of
particular areas, which are tradi-
tionally called “zones”. They are
distinguished by the facies com-
position of the Jurassic succes-
sion. A total of 36 “zones” deli-
neate the Hettangian-Bathonian
interval (Fig. 3A), and 26 the
Callovian-Tithonian interval (Fig.
3B) (ROSTOVTSEV et al., 1992). A
palaeoenvironmental interpreta-
tion for all formations in each
“zone” was made. The compre-
hensive information of ROSTOV-
TSEV et al. (1992) and personal
field observations in the Labino-
Malkinskaya (see also EFENDIYE-

VA & RUBAN, 2005; RUBAN & TYSZKA, 2005), Lago-
Nakskaja and Labinskaja “zones” were used.
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Fig. 2. Corrected stratigraphic scale of the Jurassic used in the Caucasus. Abbreviations:
L – Lower, M – Middle, U – Upper. Unzoned intervals are shaded as gray. Dashed
lines mark uncertainty in the boundary definition. Regional ammonoid zonation does not
correspond on this scale to the shown chronostratigraphy (it seems to be impossible to
correlate them at present), but only to the stages in a regional sense. The Callovian
macrocephalus and calloviense regional zones, and the Oxfordian vertebrale and corda-
tum regional zones are evidently not separated in the regional ammonoid succession.

 
 
 



Three main types of the palaeoenvironments were
distinguished in general: continental, shallow-marine
and deep-marine. Continental palaeoenvironments were
usually documented by the hiatuses, while rarely by the
subaeral deposits. Shallow-marine palaeoenvironments

were interpreted by the presence
of clastic or carbonate deposits,
similar to those usually accumu-
lated at a seashore or on a shelf.
Deep-marine palaeoenvironments
were traced mostly by the slope
deposits (e.g., turbidites). In  addi-
tion to lithology, also fossils,
including plant remains, as well as
sedimentological criteria, such as
submarine slumps, concretions,
etc., were used to determine the
palaeoenvironments.

Special attention was paid to
three time slices: the Late Toar-
cian, the Early Bajocian and the
Middle Oxfordian, which all cor-
respond to important phases in
the evolution of the Caucasus. In
the Late Toarcian, all the princi-
pal basins of the Caucasus were
formed completely. The Early
Bajocian and the Middle Ox-
fordian correspond to the time
invervals after something like
reorganizations of the Caucasian
basins occurred, each following
major regressions.

Maps showing the variety of
the palaeoenvironments during
these time slices were drawn for
the Caucasus (Figs. 4A, 5A,
6A). They are attached to the
present-day geography of the
studied region. Therefore, the
next step was to take into con-
sideration the palaeotectonic
reconstructions. In this paper, the
reconstructions of LORDKIPANIDZE

et al. (1984) were preferred, be-
cause they are based on reliable
palaeomagnetic data. Additional-
ly, the results of ERSHOV et al.
(2003) were considered. Analy-
zing the composed maps of the
palaeoenvironment distribution,
attempt were made to recognize
palaeogeographic elements (ba-
sins, arcs) highlighted by LORDKI-
PANIDZE et al. (1984), and, when
necessary, correct their location.
Then the verified and corrected
information from the Caucasus

was incorporated into the reconctructions for the entire
Neotethys made by STAMPFLI & BOREL (2002) and
GOLONKA (2004). Additionally, reconstructions made for
the Pliensbachian by MEISTER & STAMPFLI (2000)
became very helpful.
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Fig. 3. Location of the Jurassic “zones” (marked by circles) in the Caucasus (after
ROSTOVTSEV et al., 1992). A, Hettangian-Bathonian “zones” (1–36); B, Callovian-
Tithonian “zones” (37–62). “Zones” (“subzones” and regions of ROSTOVTSEV et al.
(1992) are mentioned here as “zones”): 1, Western Labino-Malkinskaja; 2, Central
Labino-Malkinskaja; 3, Eastern Labino-Malkinskaja; 4, Western Pshikish-Tyrny-
auzskaja; 5, Eastern Pshikish-Tyrnyauzskaja; 6, Northern Arkhyz-Guzeripl’skaja;
7, Eastern Arkhyz-Guzeripl’skaja; 8, Southern Arkhyz-Guzeripl’skaja; 9, Digoro-
Osetinskaja; 10, Agwali-Khivskaja; 11, Western Bokovogo Khrebta; 12, Central Bo-
kovogo Khrebta; 13, Eastern Bokovogo Khrebta; 14, Southeastern Bokovogo Khrebta;
15, Gojtkhsko-Atchishkhinskaja; 16, Severoabkhazskaja; 17, Svanetskaja; 18, Western
Glavnogo Khrebta; 19, Central Glavnogo Khrebta; 20, Tfanskaja; 21, Durudzhinskaja;
22, Western Gagra-Dzhavskaja; 23, Eastern Gagra-Dzhavskaja; 24, Amuksko-Lazarev-
skaja; 25, Sakaojskaja; 26, Shakrianskaja; 27, Vandamskaja; 28, Kakhetino-Letchkhum-
skaja; 29, Tskhenistskali-Okribskaja; 30, Southwestern Dzirul’skaja; 31, Northeastern
Dzirul’skaja; 32, Loksko-Khramskaja; 33, Alaverdskaja; 34, Shamkhorsko-Karabakh-
skaja; 35, Kafanskaja; 36, Araksinskaja; 37, Lago-Nakskaja; 38, Labinskaja; 39, Mal-
kinskaja; 40, Kabardino-Dagestanskaja; 41, Jugo-Vostotchnogo Dagestana; 42, Sudur-
skaja; 43, Shakhdagskaja; 44, Abino-Gunajskaja: 45, Novorossijsko-Lazarevskaja, 46,
Svanetsko-Verkhneratchinskaja; 47, Liakhvi-Aragvinskaja; 48, Kakhetinskaja; 49, Dibrar-
skaja; 50, Akhtsu-Katsyrkha; 51, Dzhirkhva-Akhibokhskaja; 52, Tkvartcheli-Okribskaja;
53, Ratchinskaja; 54, Tsessi-Kortinskaja; 55, Iori-Tsitelitskarojskaja; 56, Vandamskaja;
57, Khramskaja; 58, Lalvarskaja; 59, Idzhevanskaja; 60, Dashkesano-Karabakhskaja; 61,
Kafanskaja; 62, Nakhitchevanskaja.

 
 
 



The final result, a set of the palaeogeographic sketches
delineates what was the outline of the Caucasus at each
of the studied time slices (Figs. 4B, 5B, 6B). They em-
brace the whole territory of the Caucasus and adjacent
regions, including the Pontides, Moesia, Iranian terranes
and the southern periphery of the Eurasia continent.
Although these sketch-maps remain at a relatively low
resolution and the position of landmasses (i.e., con-
tinents and islands) is schematic, they may help to fill
the gap in our knowledge of the Jurassic palaeogeo-
graphy of the Caucasus.

Reconstructions of the Jurassic outlines
of the Caucasus

The Late Toarcian (~ 177 Ma)

Marine palaeoenvironments prevailed over most of the
Caucasus in the Late Toarcian (Fig. 4A). In its northern
part, dominating deep-marine environments trace the
elongated basin, which may evidently correspond to the
Greater Caucasus Basin of LORDKIPANIDZE et al. (1984).
Perhaps its western part was the widest and deepest.
Sporadic shallow-water environments to the south support
the idea of the presence of the Northern Transcaucasian
Arc (LORDKIPANIDZE et al., 1984), related to the subduc-
tion zone. Moreover, there is no sound evidence for the
presence of a large landmass there, as this is usually
imagined (e.g., JASAMANOV, 1978). Presumably, only
small islands might have been related to this arc.

Another deep basin is weakly delineated southwards,
which may be related to the Black Sea – Caspian Sea
Basin of LORDKIPANIDZE et al. (1984). Shallow-water

environments to the south of it correspond potentially to
the Southern Transcaucasian Arc, i.e. another subduction
zone. This arc is considered as the eastern edge of the
Pontide structure (LORDKIPANIDZE et al., 1984). In our
palaeoenvironmental interpretation, there is no evidence
to recognize the Lesser Caucasus Strait of the Tethys and
the Nakhitchevan’ Block, which were shown by LORDKI-
PANIDZE et al. (1984). Another basin, with the proposed
name “the Exterior Caucasian Basin”, might have been
located between the Southern Transcaucasian Arc and the
main subduction zone of the Northern Neotethys.

In the Late Toarcian outline of the Caucasus (Fig.
4B), a large sea, for which the name Caucasian Sea is
proposed, opens towards the Neotethys Ocean. Wide
straits between the landmasses to the west and east of
this region entered this sea. The Caucasian Sea
embraced two sedimentary basins, divided by a subma-
rine mountain range, united perhaps to the west. Pos-
sibly, two archipelagoes consisting of very small is-
lands which formed the Northern and Southern Trans-
caucasian Arcs characterized this sea. The boundary
between the Caucasian Sea and the Neotethys Ocean
stretched along the Southern Transcaucasian Arc. Our
sketch-map suggests that the Exterior Caucasian Basin
was embraced by the Neotethys Ocean.

The Early Bajocian (~ 171 Ma)

The Early Bajocian times were characterized by lat-
erally variable palaeoenvironments within the Caucasus
(Fig. 5A). Deep-marine environments trace the Greater
Caucasus Basin, while shallow-water and continental
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Fig. 4. The Late Toarcian palaeoen-
vironments (A) and the palaeogeo-
graphic outline (B) of the Caucasus
(explanation of “zones” – Fig. 3A).
“?” marks uncertainty in the inter-
pretation of the continental palaeo-
environments, because of the doub-
tful establishment of hiatus. GCB,
Greater Caucasus Basin, BCB,
Black Sea – Caspian Sea Basin,
ECB, Exterior Caucasian Basin,
NTA, Northern Transcaucasian Arc,
STA, Southern Caucasian Arc. The
dotted line bounds the Caucasian
Sea.

 
 
 



environments delineate an island arc to the south, in-
cluding relatively large islands. Intriguing was the land-
mass in the western part of the studied territory, where
several continental deposits suggest large islands, which
appeared as the result of the collision between Northern
and Southern Transcaucasian Arcs, which closed the
Black Sea – Caspian Sea Basin, generating a single
Transcaucasian Arc. Palaeomagnetic data that highlight
the presence of the Black Sea – Caspian Sea Basin in
the Middle Jurassic appear doubtful (LORDKIPANIDZE et
al. 1984). The Exterior Caucasian Basin was located
between the Transcaucasian Arc and the main subduction
zone of the Northern Neotethys. Some islands can be
locally evidenced from continental palaeoenvironments.

The Early Bajocian outline of the Caucasus is pre-
sented in Fig. 5B. The studied territory was occupied
by the Caucasian Sea. It was isolated from the Neo-
tethys Ocean by the island archipelago of the Trans-
caucasian Arc. Connection between the sea and ocean
was realized by straits between these islands, as well
as landmasses, located to the west. From the north, the
Caucasian Sea was opened to the large, but shallow
interior sea, occuping a waste area of the Russian
Platform. Only one sedimentary basin was embraced by
this sea. The transgression resulted in the appearance
of a very large shelf to the north of this basin, and the
structure of the sea in the Early Bajocian was charac-
terized by a strong asymmetry. The boundary between
the Caucasian Sea and the Neotethys Ocean stretched
along the Transcaucasian Arc. Our sketch-map suggests
that the Exterior Caucasian Basin was embraced by the
Neotethys Ocean. The islands occurring there might
have been of volcanic origin and, therefore, related to

the wide belt of intense magmatism to the north of the
main subduction zone of the Northern Neotethys.

The Middle Oxfordian (~ 158 Ma)

During the Middle Oxfordian, the Caucasus was do-
minated by shallow-marine palaeoenvironments (Fig.
6A). Marine environments trace the Greater Caucasus
Basin. The composed map does not permit the idea of
LORDKIPANIDZE et al. (1984) about the complete sepa-
ration of the Western and Eastern Subbasins and the
presence of island between them, to be supported. We
observed deep-marine environments in the western,
central and eastern parts of the Greater Caucasus Basin.
Nevertheless, the existence of islands at the western and
eastern edges of the latter, hypothesized by LORKIPA-
NIDZE et al. (1984) and also by GOLONKA (2004), is con-
firmed by our results, because continental palaeoenviron-
ments were interpreted for those areas. Another island
(or a chain of islands), delineated by the continental
environments to the south, may be related to the Trans-
caucasian Arc. In contrast to LORDKIPANIDZE et al.
(1984), no evidence for the presence of the Northern and
Southern Transcaucasian Arcs, separated by the Black
Sea – Caspian Sea Basin, was found. Therefore, it is
hypothesized that in the Middle Oxfordian, a unique
arc existed, as it was already in the Early Bajocian.
However, this arc migrated southwards in comparison
with the earlier time slices. Shallow-marine environ-
ments in the south of the studied territory are attributed
to the Exterior Caucasian Basin.

The Middle Oxfordian outline of the Caucasus is
presented in Fig. 6B. The studied territory was oc-
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Fig. 5. The Early Bajocian palaeoen-
vironments (A) and the palaeogeo-
graphic outline (B) of the Caucasus
(explanation of “zones” – Fig. 3A).
GCB, Greater Caucasus Basin;
ECB, Exterior Caucasian Basin;
TA, Transcaucasian Arc. The dotted
line bounds the Caucasian Sea.

 
 
 



cupied by the Caucasian Sea. It was only a little
isolated from the Neotethys Ocean by the above men-
tioned island and submarine mountain range of the
Transcaucasian Arc. Straits between landmasses to the
west and east of this sea also connected it with the
Neotethys Ocean. From the north, the Caucasian Sea
opened into the interior sea, as in the Early Bajocian,
but its area was diminished. Only one sedimentary
basin was embraced by this sea. A large shelf existed
to the north-east of this basin. Thus, the sea basin in
the Middle Oxfordian was characterized by strong
asymmetry in its eastern part, but it was quite sym-
metric in its western part. The boundary between the
Caucasian Sea and the Neotethys Ocean stretched along
the Transcaucasian Arc. Our sketch-map suggests that
the Exterior Caucasian Basin was embraced by the
Neotethys Ocean.

A distinctive feature of the Late Jurassic of the Cau-
casian basins was the wide distribution of carbonate
buildups (JASAMANOV, 1978; KHAIN, 1962; LORDKIPA-
NIDZE et al., 1984; KUZNETSOV, 1993; MARTIN-GARIN et
al., 2002; ROSTOVTSEV et al., 1992; AKHMEDOV et al.,
2003; CECCA et al., 2005; RUBAN, 2005). This coincid-
ed with the reef growth documented on the entire north-
ern margin of the Neotethys Ocean (KIESSLING et al.,
1999; LEINFELDER et al., 2002; MARTIN-GARIN et al.,
2002; OLIVIER et al., 2004; CECCA et al., 2005). The
term “carbonate buildups” is preferred to that of “reefs”,
as they are traditionally called in Russian literature (e.g.,
JASAMANOV, 1978; KHAIN, 1962; ROSTOVTSEV et al.,
1992). SCHMID et al. (2001) mentioned the Caucasian
buildups as mounds. The carbonate buildups are concen-

trated around the deepest parts of the Greater Caucasus
Basin (Fig. 7). It is suggested that to the north, they
developed on the outer shelf periphery, connected to the
stable landmass of the Russian Platform, while in the
south, they occupied the narrow outer shelf of the
Transcaucasian Arc. However, some buildups were also
found crossing the basin, suggesting atolls, isolated or in
groups, characterizing the Late Jurassic Caucasian Sea
and Exterior Caucasian Basin. In general, the distribu-
tion of the carbonate buildups was tectonically controlled
(KHAIN, 1962; AKHMEDOV et al., 2003).

Discussion

The presented palaeogeographic sketch maps suggest
that during the Jurassic, the Caucasian Sea was located
between the Eurasian landmass and large and little
islands (Figs. 4B, 5B, 6B). A string of large islands
located west- and eastwards were the result of accretion
of small terranes along the subducted margin of the
northern Neotethys. Straits between these small land-
masses made a connection with the Caucasian Sea pos-
sible. Together they were able to form an important
seaway that stretched along the southern periphery of
Eurasia. The tectonic origin of this Exterior Caucasian
seaway is very different from thopse of the well-known
Hispanic Corridor and the Viking Corridor, the results
of break-up of continents (HALLAM, 1983; SMITH &
TIPPER, 1986; RICCARDI, 1991; WESTERMANN, 1993;
ABERHAN, 2001). It also differed from the other sea-
ways, lsuch as the Cretaceous Western Interior Seaway
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Fig. 6. The Middle Oxfordian pala-
eoenvironments (A) and the palaeo-
geographic outline (B) of the Cau-
casus (for an explanation of the “zo-
nes”, see Fig. 3B). GCB, Greater
Caucasus Basin; ECB, Exterior
Caucasian Basin; TA, Transcau-
casian Arc. Dotted line bounds the
Caucasian Sea.

 
 
 



in North America (REYNOLDS & DOLLY, 1983; SAGE-
MAN & ARTHUR, 1994; ROBERTS & KIRSCHBAUM, 1995;
WHITE et al., 2001, 2002).

The western branches of this seaway included the
oceanic basins of the Western Neotethys, such as the
Meliata, Maliac, Pindos and Vardar, as well as the Alpi-
ne Tethys which opened during the Jurassic (STAMPFLI

& BOREL, 2002; BROWN & ROBERTSON, 2004; GOLONKA,
2004). The central part of the seaway consisted of straits
separating the blocks of Moesia, Rhodope and Western
Pontides. Further east, the seaway communicated with
the small Izmir-Ankara Ocean (STAMPFLI & BOREL,
2002). It was directly connected with the Caucasian Sea.
The eastern branches of the mentioned seaway extended
as straits between the Alborz, South Caspian, Aghdar-
band, Herat and other terranes of the central part of the
northern Neotethyan margin (GOLONKA, 2004). STAMPFLI

& BOREL (2002) additionally placed the so-called South
Caspian Ocean eastwards of the Caucasus, which seems
to be a fragment of the seaway. The latter ended in two
branches, as is suggested from the palaeoreconstructions
of GOLONKA (2004). Northwards, the seaway connected
the basin between the Turan, Herat and Pamirs land-
masses, while southwards it led directly to the Neotethys
Ocean.

Conclusions

This study of the Jurassic palaeogeography of the
Caucasus allows the formulation of some important
conclusions:

1) the Caucasian Sea occupied most, although not
all, of the studied area during the entire Jurassic;

2) in the Late Toarcian, the Caucasian Sea embraced
most of the Caucasus, including the Greater Caucasus
Basin and the Black Sea – Caspian Sea Basin, and was
opened to the Neotethys Ocean, which covered the Ex-
terior Caucasian Basin;

3) in the Early Bajocian, the Caucasian Sea com-
prised the Greater Caucasus Basin, it opened to the epi-
continental seas of the Russian Platform, and it was
connected with the Neotethys Ocean by the straits
between islands of the Transcaucasian Arc;

4) in the Middle Oxfordian, the Caucasian Sea also
covered the Greater Caucasus Basin and was open to
both the epicontinental sea of the Russian Platform and
the Neotethys Ocean;

5) during the Jurassic, the Caucasus was included in
the long seaway, which stretched along the northern
margin of the Neotethys.

Further studies are necessary to verify and detalize
the very simple palaeogeographic reconstructions pro-
posed in this paper. A significant task is the collection
of data on the carbonate buildups, which has already
been made for the Azerbaijanian part of the Caucasus
(AKHMEDOV et al., 2003). These data will help to delin-
eate the Late Jurassic carbonate platform. Special atten-
tion should also be paid to the high-resolution palaeo-
tectonic interpretations.
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Rezime

Paleogeografski okviri Kavkaza u Juri:
Kavkasko more i Neotetiski okean

Kavkaz predstavqa prostranu izdu`enu oblast

izme|u Crnog mora i Kaspijskog jezera, koja obuh-

vata jugoisto~nu Rusiju i celu Gruziju, Jermeniju i

Azerbejyan. Ova oblast se za vreme jure nalazila

na severnom obodu Neotetiskog okeana i predstav-

qala je "glavni" prelaz izme|u zapadnog i sredweg

dela severnog Neotetisa. Ranija tuma~ewa wene

paleogeografije su zastarela i ~esto zasnovana na

pogre{nim shvatawima. Ovaj rad je poku{aj da se

rekonstrui{u paleogeografski okviri Kavkaza u

tri vremenska razdobqa – gorwi toar, dowi bajes i

sredwi oksford. Teritorija Kavkaza je podeqena

na 62 posebne oblasti, koje se tradicionalno nazi-

vaju "zonama". Za svaku zonu je dato tuma~ewe pa-

leosredine svih formacija i to kontinentalna,

plitkovodna i dubokovodna paleosredina za pome-

nuta vremenska razdobqa. Analizom karata ras-

poreda paleosredina utvr|eni su paleogeografski

elementi podataka za Kavkaz u rekonstrukcije

~itavog Neotetisa. Kao kona~ni rezultat dobijen

je skup paleogeografskih skica koje daju konturu

Kavkaza iz svih prou~avanih razdobqa. 

U gorwem toaru (oko 177 Ma), prostrano more, za

koje se predla`e naziv Kavkasko more, otvaralo se

prema Neotetiskom okeanu. U ovo more su zalazili

{iroki moreuzi izme|u kopna sa zapadne i isto~ne

strane ove oblasti. Kavkasko more je obuhvatalo dva

sedimentaciona basena, razdvojena podvodnim pla-

ninskim lancem, koji su se mo`da spajali na zapadu.

To more su verovatno karakterisala dva arhipelaga

vrlo malih ostrva koja su obrazovala severni i

ju`ni transkavkaski luk. Granica izme|u Kavkas-

kog mora i Neotetiskog okeana protezala se du`

ju`nog transkavkaskog luka. Spoqa{wi, ju`ni kav-

kaski basen bio je opkoqen Neotetiskim okeanom.
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U dowem bajesu (oko 171 Ma) prou~avanu teri-

toriju je zauzimalo Kavkasko more. Ono je bilo

odvojeno od Neotetiskog okeana arhipelagom tran-

skavkaskog luka. Veza izme|u mora i okeana ostva-

rivala se moreuzima izme|u ostrva i kopna na

zapadu.

Na severu se Kavkasko more otvaralo prema ve-

likom ali plitkom unutra{wem moru koje je zauz-

imalo prostranu oblast ruske platforme. To unu-

tra{we more je obuhvatalo samo jedan sedimenta-

cioni basen. Rezultat transgresije je formirawe

velikog {elfa na severu basena, a struktura mora

se u dowem bajesu karakterisala velikom asi-

metrijom. Granica izme|u Kavkaskog mora i Neo-

tetiskog okeana, kao i u prethodnom slu~aju, pro-

tezala se du` transkavkaskog luka. Spoqni basen

je bio obuhva}en Neotetiskim okeanom. Ostrva

koja su tamo postojala mogla su biti vulkanskog

porekla, pa su prema tome u vezi sa {irokim poja-

som intenzivnog magmatizma severno od glavne

zone podvla~ewa severnog Neotetisa.

U sredwem oksfordu (oko 158 Ma) je prou~avana

teritorija jo{ uvek bila pod Kavkaskim morem.

Bila je samo malo izolovana od Tetiskog okeana

pomenutim podmorskim planinskim lancem trans-

kavkaskog luka. Moreuzi izme|u kopna zapadno i

isto~no od ovog mora tako|e su ga povezivala sa

Neotetiskim okeanom. Sa severa se Kavkasko more

otvaralo prema unutra{wem moru kao i u dowem

bajesu, ali se wegova povr{ina smawila. More je

obuhvatalo samo jedan sedimentacioni basen. Ve-

liki {elf je postojao na severoistoku basena.

Tako se morski basen u sredwem oksfordu karak-

terisao velikom asimetrijom u isto~nom delu, ali

mu je zapadni deo bio dosta simetri~an. Granica

izme|u Kavkaskog mora i Neotetiskog okeana pro-

tezala se du` transkavkaskog luka. Shematska

karta ukazuje da je spoqa{wi kavkaski basen bio

obuhva}en Neotetiskim okeanom.

[iroka rasprostrawenost karbonatnih naslaga

predstavqa zna~ajnu karakteristiku kavkaskih

basena gorwe jure. Tokom jure je stvoren morski

prolaz du` oboda Neotetisa, a Kavkasko more je

postalo wegov zna~ajni deo. Zapadni ogranci ovog

morskog prolaza obuhvatili su okeanske basene

zapadnog Neotetisa kao {to su Meliata, Maliak,

Pind i Vardar kao i alpski Tetis. Sredwi deo

morskog prolaza sastojao se od moreuza koji su

razdvajali blokove Mezije, Rodopa i zapadnih Pon-

tida. Daqe na istok morski prolaz je bio u vezi sa

malim Izmirsko-ankarskim okeanom, koji je bio

direktno povezan sa Kavkaskim morem. Isto~ni

ogranci morskog prolaza nastavqali su se u more-

uze izme|u Alborza, ju`nog Kaspija, Agdarbanda,

Herata i drugih terana sredweg dela severnog

oboda Neotetisa. Takozvani Ju`ni kaspijski okean

isto~no od Kavkaza je po svoj prilici predstavqao

deo basena izme}u turanskog, heratskog i pamir-

skog kopna, dok je na jugu vodio direktno u Neo-

tetiski okean.

The palaeogeographic outline of the Caucasian in the Jurassic: The Caucasian Sea and the Neotethys Ocean 11

 
 
 



 
 
 



Introduction

During the Springer of 2005, a Serbian–Bulgarian
team commenced bilateral research with the aim of mak-
ing an effort to unify the views of Bulgarian and the
Serbian geologists concerning the geology of the Juras-
sic on both sides of the Bulgarian/Serbian border. For
the beginning, an attempt will be made to unify our

opinions on the main paleogeographic units and subse-
quently new research on the lithostratigraphy and the
correlation of Jurassic sediments from both side of the
border will be performed. 

During the Jurassic, from the Romanian Carpathians,
the following main paleogeographic units can be pro-
longed in eastern Serbia: Thracian Massif Unit, Lu`nica–
Koniavo Unit, Getic, Infra (Sub)-Getic, Danubian. They

Trans-border (east Serbia/west Bulgaria) correlation of the Jurassic sediments:
main Jurassic paleogeographic units

PLATON TCHOUMATCHENCO
1, DRAGOMAN RABRENOVI]

2,
BARBARA RADULOVI]

3 & VLADAN RADULOVI]
4

Abstract. In the region across the Serbian/Bulgarian state border, there are individualized 5 Jurassic paleogeo-
graphic units (from West to East): (1) the Thracian Massif Unit without Jurassic sediments; (2) the Lu`nica-Koniavo
Unit – partially with Liassic in Grsten facies and with deep water Middle Callovian–Kimmeridgian (p. p.) sedi-
ments of the type “ammonitico rosso”, and Upper Kimmeridgian–Tithonian siliciclastics flysch; (3) The Getic Unit
subdivided into two subunits – the Western Getic Sub-Uni – without Lower Jurassic sediments and the Eastern
Getic Sub-Unit with Lower Jurassic continental and marine sediments, which are followed in both sub-units by
carbonate platform limestones (type Stramberk); (4) the Infra (Sub)-Getic Unit – with relatively deep water Liassic
and Dogger sediments (the Dogger – of type “black shales with Bossitra alpina”) and Middle Callovian–Tithonian
– of type “ammonitico rosso”; (5) the Danubian Unit – with shallow water Liassic, Dogger and Malm
(Miro~–Vr{ka ^uka Zone, deep water Dogger and Malm (Donjomilanova~ko–Novokoritska Zone).

Key Words: Jurassic, paleogeographic units, south-eastern Serbia, western Bulgaria.

Apstrakt: U podru~ju srpsko-bugarske dr`avne granice izdvojeno je pet jurskih paleogeografskih

jedinica (od zapada ka istoku): 1. Trakijski masiv bez jurskih sedimenata; 2. Lu`nica–Koniavo – deli-

mi~no sa lijasom razvijenim u grestenskoj faciji i sa dubokovodnim sedimentima sredweg

kaloveja–kimeriya (p. p.) tipa “ammonitico rosso“ i silikoklasti~nim fli{om gorweg kimeriya–titona;

3. Getikum, podeqen na Zapadnogetsku podjedinicu bez dowojurskih sedimenata i Isto~nogetsku podje-

dinicu sa dowojurskim kontinentalnim i marinskim sedimentima posle kojih u obe podjedinice slede

kre~waci karbonatske platforme (tipa Stramberk); 4. Infra(sub)getikum sa relativno dubokovodnim

sedimentima lijasa i dogera (doger tipa ”crnih glinaca sa Bossitra alpina“) i sredweg kaloveja–titona

(tipa ”ammonitico rosso“); 5. Danubijska jedinica sa plitkovodnim lijasom, dogerom i malmom (zona

Miro~–Vr{ka ^uka), dubokovodnim dogerom i malmom (Dowomilanova~ka–novokoritska zona).

Kqu~ne re~i: jura, paleogeografske jedinice, jugoisto~na Srbija, zapadna Bugarska.
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are more or less accepted by the Serbian geologists, but
are not used in Bulgaria. These units, which are strictly
paleogeographic and differ from the present day tecton-
ic units, have a bipartite structure, built of two ensem-

bles of beds – lower (the Lower Jurassic up to the Lower
Callovian) and upper (the Middle Callovian–Tithonian).
From the differences in these two parts, the main paleo-
geographic units in the studied region were reconstructed. 

The Thracian Massif Unit (Fig. 1)

The name Thracian Massif Unit is used for the pale-
ogeographic unit which unifies the Rhodope Massif, the
Serbo-Macedonian Massif and the Srbsko-Makedonska
Masa (DIMITRIJEVI], 1992), etc. During the Jurassic, the
Thracian Massif Unit played the role of source area and
was never covered by sea water, and hence there are not
marine sediments on it. For this unit (ANDJELKOVI] et
al., 1996) used the name of Moravska Zone.

The Lu`nica–Koniavo Unit (Figs. 1, 2)

A characteristic for the Jurassic of this paleogeograph-
ic unit is the almost complete lack of Lower Jurassic

sediments and the presence of
Upper Jurassic deep water de-
posits. Lower Jurassic deposits
exist only in the Svetlya paleo-
graben in western Bulgaria.
They are represented (Fig. 2) in
the base by continental clays and
sandstones (of Gresten facies),
covered by Middle and Upper
Liassic bioclastic and sandy li-
mestones (of type Gresten – sen-
su lato). Apart from the territo-
ry of the Svetlya graben, during
the Early Jurassic, the terrain of
the Lu`nica–Koniavo Unit repre-
sented dry land. During the Mid-
dle Jurassic (DODEKOVA et al.,
1984), the whole area was cov-
ered by shallow marine waters,
and sandstones and higher bio-
and lithoclastic limestones were
sedimented. Only in the western
part of the territory of Bulgaria
were black shales deposited.
With the Middle Callovian start-
ed a relative subsidence of the
terrain and the formation of
“ammonitico rosso” type sedi-
ments, and since the Late Kim-
meridgian, the deposition of fly-
sch type alternation of argil-
lites/marls and graded bedding
sandstones – Ni{-Troyan Flysch
Trough (Basin) (NACHEV, 1976),
Lu`nica Flysch, or Ruj Flysch
(DIMITRIJEVI] & DIMITRIJEVI],
1987) started. As a whole, the
terrain is noted as Supra Geti-

kum (DIMITRIJEVI], 1992), or Supragetic units (SAN-
DULESCU & DIMITRESCU, 2004). This unit is noted (AN-
DJELKOVI] et al., 1996) as the tectonic structure Lu`ni~ka
nappe (K-I) of the Karpatikum. In Bulgaria (TCHOUMAT-
CHENCO, 2002) the name Jurassic Kraishtides is used for
this unit. To avoid discordance between the meaning
included by the different authors, the most neutral term
of Lu`nica–Koniavo Unit is used here.

The Getic Unit (Figs. 1, 2)

The paleogeographic unit with the same name is
well known in the Romanian East and South Car-
pathian (SANDULESCU & DIMITRESCU, 2004; etc.), as
well as in Serbia (DIMITRIJEVI], 1992; KRAÜTNER &
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Fig. 1. Main Jurassic paleogeographic units in south-eastern Serbia and western Bulgaria.
1, Thracian Massif Unit; 2, Lu`nica–Koniavo Unit; Getic Unit: 3, Western Getic Sub-
Unit; 4, Eastern Getic Sub-Unit; 5, Infra (Sub)-Getic Unit; 6, Danubian Unit.

 
 
 



KRSTI], 2003). In the Bulgarian literature, this paleo-
geographic unit is known as Dragoman Jurassic Horst
(SAPUNOV et al., 1985). As a Jurassic paleogegraphic
unit, the Getic finished in the region south of the town
of Pernik on Bulgarian territory, where it is “cut” by
the Thracian Massif Unit (its Rhodope part). 

More uniform for the Getic Unit is the upper part
(beds), which consist of Callovian–Upper Jurassic–Lo-
wer Cretaceous thick bedded carbonate platform lime-
stones, in many places with coral reefs. However the
lower part – the Jurassic sediments lying below these
thick bedded bioclastic limestones is different in differ-
ent parts of the Getic Unit. This permited the division

of the Getic Unit into two sub-units: the Western Getic
Sub-Unit with Middle Jurassic marine sediments and
the Eastern Getic Sub-Unit with Lower and Middle
Jurassic in the lower part.

The Western Getic Sub-Unit (Figs. 1, 2)

The Western-Getic Sub-Unit is situated to the East
of the Lu`nica–Koniavo Unit. It is structured by two
parts. The lower part is built up of Middle Jurassic
shallow water sandstones and sandy and bioclastic li-
mestones, which lie locally on continental Lower Juras-

Trans-border (east Serbia/west Bulgaria) correrlation of the Jurassic sediments: main Jurassic pleogeographic units 15

Fig. 2. Stratigraphical section across the main Jurassic paleogeographic units in south-eastern Serbia and western Bulgaria. 1,
Continental clays and sandstones (Gresten facies); 2, sandstones; 3, black shales; 4, sandy and bioclastic limestones; 5, micrit-
ic limestones; 6, micritic limestones with chert concretions; 7, nodular and lithoclastic limestones (type “ammonitico rosso”);
8, thick bedded limestones (type “Stramberk”); 9, flysch type alternation of sandstone and clay; 10, interval with submarine
break in the sedimentation; 11, interval with aerial break in the sedimentation (dry land conditions); 12, stratigraphic bound-
aries: a, transgressive; b, connected with submarine break in the sedimentation.

 
 
 



sic clays and sandstones of Gresten facies. The upper
part is built up of relatively thick bedded carbonate
platform limestones, in the lower part with concretions
of white chert and in the upper part by chert-free thick
bedded shallow water bioclastic limestones.

The Western Getic Sub-Unit represents the Karpa-
tikum in the territory of Serbia and enters into the fol-
lowing tectonic units (ANDJELKOVI] et al., 1996):
K-II – Gornja~ko-Suvoplaninska nappe, K-IV – Ku~aj-
sko-Svrlji{ka nappe.

The Eastern Getic Sub-Unit (Figs. 1, 2)

The characteristic for this paleogeographic unit (e.g.
the section of Berende Izvor in western Bulgaria) is the
presence of Lower Jurassic sediments upwards from the
base: continental clay and sandstones, marine sandstones,
bioclastic limestones and marls, interbedded by clayey
limestones, and of Middle Jurassic black shales with
Bositra alpina (facies well known in the Alps), followed
by clayey limestones and marls, caped by a thin bed of
sandy, crinoidal limestones. To West (e.g. near the town
Slivnitsa), the Liassic is represented by irony red lime-
stones, and the Dogger by sandstones and bioclastic
limestones, similar to those in the Western Getic Sub-
Unit. The upper parts are also similar to those of the
Western Getic Sub-Unit – thick bedded limestones, in
the base with concretions of white chert, and capped by
chert free limestones. These sediments build the Vidli~
Mountain in Serbia and are individualized as Vidli~
Scale (KRAÜTNER & KRSTI], 2003), or Vidli~ka nappe
(K-VII) (ANDJELKOVI] et al., 1996). In Bulgaria it is part
of the Dragoman paleo-horst (SAPUNOV et al., 1985).

The Infra (Sub)-Getic Unit (Figs. 1, 2)

The Infra (Sub)-Getic Unit, with relatively deeper
water sediments is situated to the east of the Getic Unit.
It is built also built up of two parts: lower and upper.
The sedimentation (Fig. 2) of the lower part started dur-
ing the Late Hettangian with marine sandstones, contin-
ued with bioclastic limestones, followed by marls, inter-
calated by clayey limestones. The Middle Jurassic is rep-
resented by black shales with Bossitra alpina, followed
by marls and clayey limestones, similar to those in the
lower part of the Eastern Getic Sub-Unit. The Middle
Callovian–Tithonian sediments are represented by litho-
clastic and nodular grey and red limestones, similar to
the facies “ammonitico rosso superiore”, well-known in
the Alps. In Bulgaria, the Infra-Getic paleogeographic
Unit is known as Izdremets Paleograben (SAPUNOV et al.,
1985). In the Serbian literature it is known as Infra
Getikum (DIMITRIJEVI], 1992), Dobrodolsko-Grli{ka nap-
pe (K-VIII) of the Karpatikum and the Staroplaninsko-
Pore~ka Unit (ANDJELKOVI] et al., 1996), or Upper Da-
nubian (KRAÜTNER & KRSTI], 2003). 

The Danubian Unit (Figs. 1, 2)

The terrain of the Danubian Unit is situated to the
East of the Infra (Sub)-Getic Unit. The Lower Jurassic
is represented by shallow water brecco-conglomerates,
sandstones, clays, clayey limestones with bivalves and
sparite limestones with crinoids. The Middle Jurassic in
the region of Danubian Unit is represented by two fa-
cies: (a) the Klaus facies (red nodular and ferruginous
limestones of Upper Bajocian, Bathonian and Lower
Callovian age – stratigrapical condensation; (b) laterally
it passed to black shales with Bositra alpina. The Callo-
vian–Upper Kimeridgian is developed in the facies “am-
monitico rosso” (Donjomilanova~ko–Novokoritska region
in Serbia and Mihaylovgrad Paleo-Graben in Bulgaria).
The Oxfordian–Berriasian in Serbia is built of deep
water sediments: radiolarites and limestones with cherts. 

In the Bulgarian literature (SAPUNOV et al., 1988),
this Unit is known as the Vratsa Jurassic Horst; in the
Serbian literature it is individualized as Milanova~ko-
Novokoritska Unit (ANDJELKOVI] et al., 1996), the
Danubikum (DIMITRIJEVI], 1992), the Lower Danubian
Units (KRAÜTNER & KRSTI], 2003), etc.

Acknowledges

We wish to thank Professor ALEKSANDAR GRUBI] (Belgra-
de) for his useful discussion and comments. Professor JOVAN

JANKI^EVI] and an anonymous reviewer made several sug-
gestions that greatly improved the paper. This work was sup-
ported by the Ministry of Sciense and Environmental
Protection of the Republic of Serbia (projects 146023 and
146009).

References

ANDJELKOVI], J., MITROVI]-PETROVI], J., JANKI]EVI], J.,
RABRENOVI], D. & RADULOVI], V. 1996. Geology of Sta-
ra planina. Stratigraphy. In: ANDJELKOVI], M. (ed.), Bel-
grade University, Faculty of Mining and Geology; Institu-
te for Regional Geology and Paleontology, Belgrade, 247
pp. (in Serbian).

BONCHEV, E. 1936. Beitrag zur Frage der tektonischen
Verbindung, zwischen Karpathen und den Balkaniden.
Geologica Balcanica, 2 (2): 69–84.

BONCHEV, E. 1938. Untersuchungen über die Tectonischen
Beziihungen zwischen den Südkarpathen und der Stara
Planina. Geologica Balcanica, 3 (1): 1–12.

DABOVSKI, C., BOYANOV, I., KHRISCHEV, K., NIKOLOV, T.,
SAPOUNOV, I., YANEV, Y. & ZAGORCHEV. I, 2002. Structu-
re and Alpine evolution of Bulgaria. Geologica Balcanica,
32 (2–4): 9–15.

DIMITRIJEVI], M.D., 1992. Geological atlas of Serbia, Geo-
logical map 1:2.000.000. Republical foundation for geo-
logical investigations and Geological Institute GEMINI,
Belgrade. 

PLATON TCHOUMATCHENCO, DRAGOMAN RABRENOVI], BARBARA RADULOVI] & VLADAN RADULOVI]16

 
 
 



DIMITRIJEVI], M.N. & DIMITRIJEVI], M.D., 1987. The tur-
biditic basins of Serbia. Monograph of the Serbian Aca-
demy of Sciences, DLXXVI, Department of Natural and
Mathematical Sciences, 61: 1–269.

DODEKOVA, L., SAPUNOV, I. & TCHOUMATCHENCO, P., 1984.
Stratigraphy of the Aalenian, Bajocian and Bathonian sed-
iments in a part of South-West Bulgaria. Geogica Balca-
nica, 14 (2): 3–55 (in Russian).

GRUBI], A., 1980. Yugoslavia. An outline of the geology of Yu-
goslavia. Guide-book, XXVI Geologorum Conventus, 49 pp. 

KRAÜTNER, H.G. & KRSTI], B.P, 2003. Geological map of
the Carpatho-Balkanides between Mehadia, Oravita, Ni{
and Sofia. Geoinstitut-Belgrade, 1 p.

NACHEV, I. 1976. The sedimentary formations in Bulgaria.
Paleontology, Stratigraphy and Lithology, 5: 47–60 (in
Bulgarian).

NACHEV, I. & NACHEV, C, 2003. Alpine plate-tectonic of
Bulgaria. Sofia, Artic 2001, 198 pp. (in Bulgarian with
English summary).

SANDULESCU, M. & DIMITRESCU, R., 2004. Geological struc-
ture of the Romanian Carpathians. 32 IGC, Florence,
Italy, August 20–28, 2004; Field guidebook, Pre-Congress
B12; 1–48, Florence.

SAPUNOV, I., CERNJAVSKA, S., TCHOUMATCHENCO, P. & SHO-
POV, V. 1983. Stratigraphy of the Lower Jurassic sedi-
ments in the region of Kraishte (South-West Bulgaria).
Geologica Balcanica, 13 (4): 3–29 (in Russian).

SAPUNOV, I., TCHOUMATCHENCO, P., DODEKOVA, L. & BAKA-
LOVA, D. 1985. Stratigraphy of the Callovian and the
Upper Jurassic sediments in South-Western Bulgaria.
Geologica Balcanica, 15 (2): 3–61 (in Russian).

SAPUNOV, I., TCHOUMATCHENCO, P. & MITOV, P., 1988.
Jurassic development of North-Western Bulgaria. Geolo-
gica Balcanica., 18 (1): 3–82.

TCHOUMATCHENCO, P., 2002. Jurassic tectonics of Bulgaria
and adjacent areas. IGCP 430, Workshop II: Ha Long
Bay, Vietnam, April 1–5, 2002, 61–63. 

Rezime

Upore|ewe sedmenata glavnih jurskih
paleogeografskih jedinica u grani~noj
oblasti isto~ne Srbije i zapadne
Bugarske

Na bugarskim i srpskim geolo{kim kartama

(npr. geolo{ke karte Srbije i Bugarske u razmeri

1:100000, nedavno objavqene u obe zemqe) “normal-

no” se vidi da zahvataju terene samo do dr`avne

granice. Sa obe strane granice geolo{ke karte su

potpuno razli~ite i veoma je te{ko utvrditi odno-

se geolo{kih jedinica. Zbog toga je jedna me{ovito

srpsko-bugarska ekipa geologa u prole}e 2005.

godine zapo~ela istra`ivawa u oblasti dr`avne

granice u ciqu usagla{avawa gledi{ta o geologiji

jure sa obe strane bugarsko-srpske granice. Za

po~etak poku{avamo da usaglasimo na{a mi{qewa

o glavnim paleogeografskim jedinicama, a zatim da

uporedimo jurske sedimente na obe strane granice.

Glavne paleogeografske jedinice iz vremena

jure koje se prote`u od rumunskih Karpata u

isto~noj Srbiji su: Trakijski masiv, Lu`nica–Ko-

niavo, Getikum, Infra(sub)getikum i Danubijska

jedinica. Wih mawe ili vi{e prihvataju srpski

geolozi, ali se ta podela ne primewuje u Bugarskoj.

Najve}a razlika je u pojmu “ju`ni Karpati”. U

Bugarskoj, prema BONCHEV-u (1936, 1938) do novijih

radova DABOVSKI et al. (2002) i NACHEV & NACHEV

(2003), “ju`nim Karpatima” su se nazivali samo

dowokredni i gorwokredni sedimenti severoza-

pade Bugarske na Krajinskim visovima zapadno od

varo{i Kula – zona prostirawa sinajskog fli{a.

Za druge sedimente koji prelaze srpsko-bugarsku

granicu, a koji se nastavqaju na jurske jedinice

rumunskih Karpata, koriste se bugarski termini

samo do dr`avne granice. Nastoja}emo da pratimo

paleogeografske jedinice koje su otkrivene sa obe

strane granice i nazva}emo ih po prednosti

wihovog obele`avawa. 

Te jedinice su strogo paleogeografske, ali

paleogeografija je predodre|ena jurskom tekto-

nikom u ovom delu Balkanskog poluostrva. Ove

paleogeografske jedinice imaju dvostruku struk-

turu, odnosno izgra|ene su od dve grupe slojeva –
dowa (dowa jura do doweg kaloveja) i gorwa (sred-

wi kalovej–titon). Na osnovu razlika ova dva dela

rekonstruisali smo glavne paleogeografske jedi-

nice u prou~avanoj oblasti. [ta je karakte-

risti~no za juru ovih jedinica? Jedinica Trakij-

skog masiva je bez jurskih sedimenata; jedinica

Lu`nica–Koniavo delimi~no sadr`i lijas u gres-

tenskoj faciji i dubokovodne sredwokelovejske–
–kimeriyske (p. p.) sedimente tipa “ammonitico ros-
so” i gorwokimeriysko–titonski silikoklasti~ni

fli{; Getska jedinica je podeqena na Zapadnoget-

sku podjedinicu sa dowojurskim sedimentima i

Isto~nogetsku podjedinicu sa dowojurskim konti-

nentalnim i morskim sedimentima, pra}ena u obe

podjedinice kre~wacima karbonatne platforme

(tipa Stramberk); Infra(sub)getska jedinica

sadr`i relativno dubokovodne lijaske i dogerske

sedimente (doger tipa “crnih glinaca sa Bossitra
alpina”) i sredwokelovejsko–titonske tipa “ammo-
nitico rosso”; Danubijska jedinica sadr`i plitko-

vodni lijas, doger i malm (zona Miro~–Vr{ka

^uka) i dubokovodni doger i malm u Dowomilano-

va~ko–novokoritskoj zoni.
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Tran-sborder (south-east Serbia/west Bulgaria) correlations
of the Jurassic sediments: Infra-Getic Unit
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Abstract. The Infra-Getic Unit is a palaeogeographic unit, predestined by palaeotectonics. From the point of
view of  geological heritage, it represents a geosites framework. For the purpose of the correlation, the Serbian
sections of Lukanja, Bogorodica Monastery, Rosoma~ and Senokos, as well as the Bulgarian sections of
Komshtitsa, Gintsi, and Stanyantsi were used. The Jurassic sediments of the Infra-Getic Unit crop out on the
southern slops of the Stara Planina Mountain in east Serbia and west Bulgaria. The Lower Jurassic started with
continental and continental-marine sediments (clays and sandstones) (Lukanja clastics and Lukanja coal beds in
Serbia and the Tuden Formation in Bulgaria) and continue with Lukanja quartz sandstones (Serbia) and the
Kostina Formation (Bulgaria). These sediments are covered by Lukanja brachiopod beds and Lukanja limestones
(Serbia) and the Romanov Dol, Ravna and Dolni Loukovit Members of the Ozirovo Formation (Bulgaria) pre-
dominantly consist of bioclastic limestones. The sedimentations follow with Lukanja belemnites-gryphaea beds
(marls and clayey limestones), which in Bulgaria correspond to the Bukorovtsi Member (also marls and clayey
limestones) of the Ozirovo Formation. The Middle Jurassic sedimentation started with black shales with Bossitra
alpine. These sediments are individualized in Serbia as Senokos aleurolites and clays and in Bulgaria they are
known as the Etropole Formation. In Serbia the section continues with sandstones called Vodeni~ki sandstones
of Bajocian age, known in Bulgaria as the Dobrogled Member of the Polaten Formation. However, in Bulgaria,
the age is Upper Bajocian–Lower Bathonian, and it cover the marls of the lower member (Gornobelotintsi
Member) of the Bov Formation and is covered by the upper member – alternation of marls and clayey lime-
stones – the Verenitsa Member of the Bov Formation. The Vodeni~ki sandstones–Dobrogled Member which
ended their distribution in the section of Komshtitsa, to the east (in the Gintsi section), they are not represent-
ed – build a body of sandstones, a prodelta coming from the west to the east. The Bov Formation corresponds
to the Senokos ammonite beds in east Serbia. The upper boundary of the Senokos ammonite beds and of the
Bov Formation is sharp. It is covered by grey limestones of the Yavorec Formation in Bulgaria and by the
Kamenica limestones in eastern Serbia. They are covered by grey or red nodular/lithoclastic limestones (“ammo-
nitico rosso” type) of the Gintsi Formation in Bulgaria and the Pokrovenik ammonitic (acanthicum) limestones
in Serbia. The Jurassic section in the Infra-Getic ended with grey micritic and lithoclastic limestones, which
belong to the Rosoma~ and Rsovci limestones in east Serbia and to the Glozhene Formation in Bulgaria.

Key words: Jurassic, Infra-Getic, correlations, lithostratigraphic units, south-eastern Serbia, western Bulgaria.

Apstrakt. Infragetska jedinica je paleotektonski uslovqena paleoeografska jedinica a sa stano-

vi{ta geolo{kog nasle|a predstavqa podru~je geolo{kih objekata. U ciqu upore|ewa analizirani su

profili Lukawe, Manastira Bogorodice, Rosoma~a i Senokosa u Srbiji i profili Kom{tice, Ginci i

Stawanci u Bugarskoj. Jurski sedimenti Infragetske jedinice su otkriveni na ju`nim padinama Stare

Planine u isto~noj Srbiji i zapadnoj Bugarskoj. Dowa jura po~iwe sa kontinentalnim i kontinentalno-

marinskim sedimentima (glinci i pe{~ari) (Lukawski klastiti i lukawski slojevi ugqa u Srbiji
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Introduction

In this paper we expose our essay to make correla-
tions accross the Serbian/Bulgarian state border of the
existing in the published literature Jurassic formal litho-
stratigraphic units in the framework of the Infra-Getic
paleotectonic and paleogeographic unit (Fig. 1). This
unit is known in the Serbian literature presumably as
the Staroplaninska–Pore~ka units (ANDJELKOVI] et al.,
1996) and as the Izdremets Jurassic paleograben (SAPU-
NOV et al., 1986, etc.).

Substratum

The substratum of the Jurassic sediments in the stud-
ied area of the Infra (Sub)-Getic consists of Triassic
rocks. In the Serbian Bogorodica, Rosoma~ and Senokos
sections, the substratum consists of redish aleurolites,
marls to argillites with concretions of sphaero-siderites,
inter-bedded by sandstones, from 5 up to 100 m thick.
They are called the Senokos red series (ANDJELKOVI],
1996, p. 78) (Pl. 1, Fig. 2). These sediments cross the
state border near the village Komshtitsa and continue to
the east up to the Gintsi village. They are the Bulgaria
Komshtitsa Formation in the Bulgaria (TRONKOV, 1969).
The problem of the age is controversial because of the
lack of characteristic fossils: in Serbia two opinions
exist: (1) that of ANDJELKOVI] et al. (1996, p. 78, etc.),
after which the Senokos red series is with the Late
Triassic age; (2) this of  URO[EVI] & RADULOVI] (1990),
after which they are Rhaeto–Liassic. ANDJELKOVI] (1996,
p. 78) considered the Senokos Formation as Upper Rhae-
tian because they were formed under a dry and hot cli-
mate, while Jurassic sediments were formed under hu-

mid conditions. In Bulgaria, the Komshtitsa Formation,
after TRONKOV (1993, p. 170) is connected by a progres-
sive lithologic passage with the Carnian Russinovdol
Formation and for that reason it is considered as
Carnian–Norian. 

In the section of Velika Lukanja, the Jurassic sub-
stratum is represented by 2 m of thick red breccia lime-
stones – the Jelovica limestones (Pl. 1, Fig. 1), of Late
Raetian age (ANDJELKOVI] et al., 1996, p. 78).

In the out crops near the villages Stanyantsi,
Berende Izvor, Tuden, etc. in Bulgaria, the Jurassic
substratum is built up of grey Middle Triassic lime-
stones of the Iskar Carbonate Group.

Lower Jurassic (Figs. 2, 3)

In the vicinities of the villages of Velika Lukanja
(Serbia) and Stanyantsi (Bulgaria), the Lower Jurassic
sedimentation started by a continental sedimentation (Fig.
2). These sediments are called, in Serbia, the Lukanja
clastics and Lukanja coal beds (ANDJELKOVI], 1996, p.
84–86) and, in Bulgaria, the Tuden Formation (SAPUNOV

et al., 1990). They are covered by marine sandstones.
The Lukanja clastics, (2–120 m thick), (known also

as „podinski nivo”, ANDJELKOVI], 1958, pp. 13–14) lie
with discordance on different Triassic rocks. The
Lukanja clastics are built up of conglomerates and
sandstones. The conglomerates are with quartz pebbles
and cement of silica, rarely of clay. The sandstones
predominantly consist of quartz and silica or clayey
cement. (Pl. 1, Fig. 4).

The Lukanja coal beds (8–150 m thick) started with
fine grained quartz sandstones are gradually intercalated by
clay and clayey sandstones with coal beds (Pl. 1, Fig. 3). 
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i Tuden formacija u Bugarskoj) i nastavqa se Lukawskim kvarcnim pe{~arima (Srbija) i Kostinom for-

macijom (Bugarska). Ovi sedimenti su prekriveni Lukawskim brahiopodskim slojevima i Lukawskim

kre~wacima (Srbija) i ~lanovima Romanov Dol, Ravna i Dolni Lukovit Ozirovske formacije (Bugarska)

iygra|eni prete`no od bioklasti~nih kre~waka. Sedimentacija se nastavqa Lukawskim belemnitsko-

grifejskim slojevima (laporci i glinoviti pe{~ari) kojima u Bugarskoj odgovara Bukurova~ki ~lan

(tako|e laporci i glinoviti pe{~ari) Ozirovske formacije. Sredwojurska sedimentacija po~iwe crnim

glincima sa Bossitra alpina, sedimentima koji su u Srbiji poznati kao Senokoski alevroliti i gline, a u

Bugarskoj kao Etropolska formacija. U Srbiji se profil nastavqa Vodeni~kim pe{~arima bajeske

starosti, koji su u Bugarskoj poznati kao Dobrogledski ~lan Polatenske formacije gde su gorwo-

bajeske–dowobatske starosti. Ovi pe{~ari prekrivaju laporce ~lana Bov formacije (Gorwobelotina~ki

~lan), a preko wih le`i gorwi ~lan iste formacije (Vereni~ki ~lan) izgra|en od smene laporaca i gli-

novitih kre~waka. Vodeni~ki pe{~ari, odnosno Dobrogledski ~lan, zavr{ava se u profilu Kom{tice,

daqe prema istoku (u profilu Ginci) oni nisu razvijeni. Bovska formacija odgovara Senokosnim amonit-

skim slojevima u isto~noj Srbiji. Gorwa granica Senokosnih amonitskih slojeva i Bovske formacije je

o{tra; prekrivena je sivim kre~wacima Javore~ke formacije u Bugarskoj, odnosno Kameni~kim kre~waci-

ma u isto~noj Srbiji. Preko wih le`e sivi i crveni kvrgavi ili litoklasti~ni kre~waci (tipa ammoniti-
co rosso) Ginci formacije u Bugarskoj i Pokroveni~ki akanti~ki kre~waci u isto~noj Srbiji. Jurski pro-

fil u Infra-genetikumu zavr{ava se sivim mikritskim i litoklasti~nim kre~wacima Rosoma~a i

Rsovaca u isto~noj Srbiji i Glo`enskoj formaciji u Bugarskoj.

Kqu~ne re~i: Jura, Infra-getik, upore|ewe, litostratigrafske jedinice, jugoisto~na Srbija, zapad-

na Bugarska. 

 
 
 



The Tuden Formation (about 30 m thick) consists
predominantly of clays, intercalated with sandstones.
The sections started with grey to black clays and coal
shales; the higher sections are intercalated with fine
grained sandstones, often laminated (Pl. 3, Fig. 1).

Marine sandstones (Fig. 3) also lie on continental
Lukanja coal beds and the Tuden Formation, as well as
directly on Triassic sediments. In East Serbia, they are
known as Lukanja quartzy sandstones (ANDJELKOVI] et
al., 1996, pp. 86–87) and in Bulgaria as the Kostina For-
mation (SAPUNOV in SAPUNOV et al., 1967) (Pl. 3, Fig. 2)

The Lukanja quartzy sandstones (Pl. 1, Fig. 5) (2.8 m
thick in Rosoma~, 8 m in Senokos and up to 120 m in
the Mala Lukanja River) are built of coarse to middle
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Fig. 1. Geological map of the studied region (simplified, after KRAÜTNER & KRSTI], 1993) with the location of the studied
sections. A. Infra-Getic: 1, Lower Jurassic continental and continental/marine: sandstones and clays; 2, Lower and Middle
Jurassic marine sandstones, bioclastic limestones, marls, black shales with Bossitra alpina, clayey limestones and marls; 3,
Middle Callovian–Tithonian micritic, nodular and/or lithoclastic limestones; Getic: 4, Middle Jurassic sandstones, sandy and
bioclastic limestones; 5, Middle Callovian–Tithonian reef and subreef limestones; 6, substratum; 7, cover; B. Location of the
studied region. 

Fig. 2. Simplified columnar sections of the continental and
continental-marine Lower Jurassic sediments of the Infra-
Getic domain: Velika Lukanja (Pirot)–Stanyantsi (Godech)
area. 1, micritic limestones (Middle Triassic); 2, red brec-
ciated limestones = Senokos red series (Upper Rhaetian);
Lower Jurassic: 3, black to grey limestones with quartz peb-
bles; 4, clays; 5, clays with coal beds and/or coal clays; 6,
sandstones; 7, transgressive boundary. 
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Fig. 3. Simplified columnar sections of the Lower and Middle Jurassic sediments of the Infra-Getic domain in the Pirot-
Godech area. 1, sandstones; 2, calcareous sandstones; 3, black shales and aleurolites with Bossitra alpina; 4, clays; 5, micrit-
ic limestones; 6, sandy and/or bioclastic limestones; 7, lithoclastic and/or nodular limestones (type “ammonitico rosso”); 8,
clayey limestones; 9, marls; 10, leptochloritic ooids; 11, chert nodules; 12, sideritic concretions; 13, phosphoritic concretions;
14, conglomeratic pebbles; 15, transgressive boundary; 16, boundary, connectected with submarine gap in the sedimentation.

 
 
 



grained quartz with silica cement and a transition to
quartzite of Early Liassic age.

The Kostina Formation (Pl. 3, Fig. 3) lies directly
on the Komshtitsa Formation in the vicinities of the vil-
lages Komshtitsa and Gintsi and on the Tuden
Formation near the village of Stanyantsi. It consists of
coarse to middle grained sandstones, from 3.5 m (near
Stanyantsi village) up to 12 m thick (near Komshtitsa
village). Its age is Middle Hettangian. 

The Lower Jurassic sections continue with calcareous
sedimentation. In east Serbia, the Lukanja brachiopod
beds developed, which, in western Bulgaria, correspond
to the Dolniloukovit Member of the Ozirovo Formation
(Pl. 3, Figs. 4, 5).

The Lukanja brachiopod beds (ANDJELKOVI], 1958,
p. 15) near Senokos village started with dark grey to
black crinoidal limestones (1.5 m thick), which contain
many well-rounded quartz pebbles (Pl. 1, Fig. 6), as
well as many brachiopods and bivalves. The same
limestones with quartz pebbles and fossils also crop out
in the Bulgarian section of Komshtitsa. In Senokos
above them crop out marls (4–5 m) with rare interbeds
of clayey limestones (Pl. 1, Fig. 7) (of Hettangian–Si-
nemurian age). Analogous sediments are individualized
in Bulgaria as the Ravna Member of the Ozirovo For-
mation. The largest part of the Lukanja brachiopod
beds is structured by sandy and bioclastic dark grey
bituminous limestones, with many brachiopods, bival-
ves and belemnites (Pl. 1, Fig. 8). Near Senokos vil-
lage, they were separated by ANDJELKOV] & MITROVI]-
PETROVI] (1992) as the Senokos beds. The thickness of
the Lukanja brachiopod beds is 40–45 m. 

The Bulgarian Dolni Lukovit Member of the Ozirovo
Formation (SAPUNOV, 1983) is presented by sandy and/or
bioclastic (predominantly crinoidal) dark grey limestones
(Pl. 3, Figs. 4, 5), containing many brachiopods, bivalves
and belemnites. They are between 20–40 m thick and
are of Carixian–Domerian (p. p.) age. 

The Lower Jurassic sedimentation finished with rocks,
individualized in east Serbia as the Lukanja marlstones
and Lukanja belemnitic-gryphaean beds and in Bulgaria
as the Bukorovtsi Member of the Ozirovo Formation. 

The Lukanja marlstones (Upper Pliensbachian) consist
of grey, laminated marls, clays, aleurolites and thin bed-
ded clayey sandstones, with many small belemnites. They
are covered by the Lukanja belemnitic-gryphaean beds
(Upper Pliensbachian–Toarcian) (ANDJELKOVI], 1958),
built up of thin bedded sandy marls and clays. Within
them, two parts are individualized: lower – belemnitic-
brachiopod (with a predominance of small belemnites
and brachiopods) and upper – belemnitic-gryphaean
parts (with many large belemnites and Gryphaea). They
contain many sideritic and phosphoritic concretions. 

The Bulgarian Bukorovtsi Member is represented by
grey silty marls, interbedded by thin (10–15 cm thick)
beds of clayey limestones with many sideritic and
phosphoritic concretions (Pl. 3, Fig. 6). They contain
many belemnites and large bivalves (aequipectens and

gryphaeas). They are not subdivided into different parts
and encompass the Domerian and the Toarcian.

Middle Jurassic (Fig. 3)

The Middle Jurassic sediments, in south-east Serbia, are
subdivided into the following lithostratigraphic units: Seno-
kos siltstones and shales (Aalenian), Vodenica sandstones
(Middle Bajocian) and Senokos ammonitic beds (Upper
Bajocian, Bathonian and Lower Callovian), and in western
Bulgaria into: the Etropole Formation (Aalenian–Bajocian)
and the Bov Formation (Upper Bajocian–Upper Batho-
nian), intercalated by the Dobrogled Member of the Po-
laten Formation (Bathonian, lower part). The Senokos
ammonitic beds and the Etropole Formation are similar to
the “black shales with Bossitra alpine” from the Alpes.

The Senokos silstones and shales (ANDJELKOVI],
1958) are structured by dark grey to black aleurolitic
argillites and marly sandstones with phosphoritic, si-
deritic and calcareous concretions (Pl. 2, Fig. 1). Near
Senokos and Rosoma~ villages, they are 50–70 m thick.
The upper boundary with the Senokos ammonitic beds
represents a transition. In Bulgaria, the Etropole For-
mation is analogous (SAPUNOV in SAPUNOV et al., 1967).
It is built up of dark grey to black shales, generally aleu-
rolitic with sideritic and rare phosphoritic concretions (Pl.
3, Figs. 7, 8). Near Komshtitsa village it is about 30 m
thick and encompasses the Aalenian up to the lower part
of the Upper Bajocian.

The Vodenica sandstones (ANDJELKOVI], 1958, p. 20,
21), about 40 m thick, encompasses coarse grained quartz
sandstones of red and reddish colour, thick bedded in the
base, upwards becoming thin bedded (Pl. 2, Fig. 2); they
also contain intercalations of microconglomerates. 

The Dobrogled Member of the Polaten Formation
(SAPUNOV et al., 1993) is about 4 m thick in the sec-
tion of Komshtitsa (Bulgaria). This lithostratigraphic
unit is represented by yellow to brown thick bedded
limy sandstones in alternation with thin bedded calcare-
ous limestones (Pl. 4, Fig. 1). Its age is Lower
Bathonian. 

Between the Senokos siltstones and shales and the
Vodenica sandstones, as well as between the Etropole
and the Bov Formation, the boundary is connected with
a progressive transition. In the section of Komshtitsa
(Bulgaria), between them grey-greenish silty marls with
rare sideritic concretions, greenish marls developed,
which are the horizontal prolongation of the lower
member – Gornobelotintsi Member (Pl. 3, Fig. 8) of
the Bov Formation. Such a lithostratigraphic unit is not
individualized in the sections of south-east Serbia. 

Above the Vodenica sandstones, in the vicinities of
the villages Senokos and Rosoma~, lies the Senokos am-
monitic beds (ANDJELKOVI] et al., 1996, pp. 124–125),
represented by grey-greenish sandy marls and clayey
marls, rich in ammonites, which in the upper part be-
come an alternation between grey-greenish aleuritic
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marls and clayey limestones with Zoophycos, about
30–40 m thick (Pl. 2, Figs. 3, 4). The lower boundary
represents a passage effectuated by 3–4 m thick aleurit-
ic limestones with many muscovite flakes. From the up-
per part, in marls and clayey limestones, ANDJELKOVI]

et al. (1996, p. 128) cited Macrocephalites macrocepha-
lus, Oxycerites neumayeri and Hecticoceras haugi. From
the Lower Callovian (thickness 0.75 m); higher, also in
marls and clayey limestones (thickness 0.50 m) were
found the Middle Callovian ammonites Hecticoceras
haugi, Oxycerites tilli, Hecticoceras pompecki, etc.

In Bulgaria, this unit corresponds to the Verenitsa
Member of the Bov Formation (TCHOUMATCHENCO,
1978), represented by an alternation between clayey-
silty limestones and thin beds of silty marls, about 8 m
thick containing Zoophycos sp. indet of Late Bathonian
age (Pl. 4, Fig. 2). From the uppermost part were col-
lected Rhopaloteuthis gillieroni and Homoeoplanulites
homoemorphus, which prove the middle part of the Up-
per Bathonian (Oppelia (Oxycerites) aspidoides Zone).

To west of Rosoma~a, in the valley of Jelovica Ri-
ver, Middle–Upper Callovian sandy limestones and
sandstones crop out.

Middle Callovian–Tithonian (Fig. 4)

In the base, near the villages of Senokos and Roso-
ma~, crop out the Kamenica limestones (ANDJELKOVI]

et al., 1996, p. 133) represented in the base by brec-
ciated limestones, which are covered by micritic, well
bedded limestones, on the beds surfaces of which there
are lumachelles of ammonites. These limestones are
Lower and Upper (p. p.) Oxfordian.

To west of Rosoma~ village crop out sub reef sedi-
ments known as the R`ana limestones. They are repre-
sented by grey, well bedded limestones, 10 m thick,
which contain many bivalves, gastropods, bryozoans,
brachiopods, sponges, etc. 

To the Kamenica limestones, in the vicinities of the
villages of Komshtitsa, Gintsi, etc. in western Bulgaria,
correspond the micritic limestones of the Late Callo-
vian–Oxfordian–Middle Kimmeridgian (p. p.) Javorets
Formation (Pl. 4, Figs. 3, 4) (NIKOLOV & SAPUNOV,
1970; TCHOUMATCHENCO et al., 2001) which consists of
grey, predominantly micritic, medium to thin bedded
limestones with concretions of black to dark grey chert.
The hickness is about 20 m.

The Late Jurassic section continues with the Pokrove-
nik acanthicum limestones (Pl. 2, Figs. 5–7) in Serbia
and the Gintsi Formation (Pl. 4, Figs. 5, 6) in Bulgaria.

The Pokrovenik acanthicum limestones (ANDJELKO-
VI], 1958; ANDJELKOVI] et al., 1996, p. 139–142) (of
“ammonitico rosso” type) consist of red, redish to grey,
thin bedded limestones, which contain many lithoclasts
and bioclasts (ammonites). On the basis of the ammo-
nites, the Pokrovenik limestones are subdivided in three
parts: Lower acanthicum limestones with red to reddish
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Fig. 4. Simplified columnar sections of the Middle Callovian–Upper Jurassic sediments of the Infra-Getic domain in the Pirot-
Godech area. Legend as for Fig. 3.

 
 
 



nodular limestones, 3–5 m thick; Middle acanthicum
limestones (7–20 m thick) with reddish limestones,
intercalated by grey limestones, with ammonite fossils;
Upper acanthicum limestones (3–10 m) with well bed-
ded clayey, nodular and/or lithoclastic limestones, grey-
redish to red, rich in ammonites. 

The Pokrovenik acanthicum limestones are of Kim-
meridgian–Early Tithonian age. 

The Gintsi Formation in Bulgaria is analogous to the
Pokrovenik limestones in Serbia. They are lithoclastic
and/or nodular, red or grey limestones, with marly
cement, of Middle Kimmeridgian (upper part)–Middle
Tithonian (upper part) age, in the Komshtitsa section
29.15 m thick and in Gintsi section about 40 m. 

The Rosoma~ limestones cover the reddish Lower Ti-
thonian Pokrovenik limestones. The Rosoma~ limestones
are represented by grey well stratificated limestones, con-
taining dark grey to black interbeds of chert. They are
Middle Tithonian–Berriasian (p. p.) (Pl. 2, Fig. 8). These
limestones are known in Bulgaria as the Glozhene
Formation (Pl. 4, Fig. 7).

The Jurassic sediments in east Serbia are covered by
the Berriasian–Lower Barremian R`ana beds, consisting
of slaty, grey biomicritic limestones with intercalations
of chert nodules, situated in the Berriasian parts in 5
levels. Their analogous in Bulgaria are the clayey lime-
stones of the Salash Formation (NIKOLOV & TZANKOV,
1971) (Pl. 4, Fig. 8). 
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Rezime

Upore|ewe jurskih sedimenata
Infra-getske jedinice u grani~noj
oblasti jugoisto~ne Srbije i zapadne
Bugarske

Infra-getska paleogeografska jedinica uslov-

qena paleotektonikom nalazi se izme|u Danubijske

i Getske paleogeografske jedinice. U srpskoj lite-

raturi je poznata kao Infra-getikum, a u bugarskoj

kao jurski Izdreme~ki paleorov. Ciq ovog rada je

upore|ewe odnosa jurskih sedimenata sa obe strane

srpsko–bugarske granice. U tom ciqu su kori{}eni

profili Lukawe, Bogorodi~inog manastira, sela

Rosoma~ i Senokos (okolina Pirota, jugoistois-

to~na Srbija) i profili u atarima sela Kom{tica,

Ginci i Stawanci (Gode~ki srez u zapadnoj Bu-

garskoj). Jurski sedimenti u Infra-getskoj jedini-

ci su otkriveni na ju`nim padinama Stare Pla-

nine. Le`e transgresivno preko trijaske podine

crvenkastih alevrolita, laporaca i argilita sa

proslojcima pe{~ara. Nazivaju se Senokosna crve-

na serija u Srbiji, a u zapadnoj Bugarskoj formaci-

ja Kom{tica. Jurske naslage po~iwu kontinental-

nim i kontinentalno-marinskim sedimentima

(glinci i pe{~ari) (Lukawski klastiti i lukawski

ugqeni slojevi u Srbiji i Tudenska formacija u

Bugarskoj), nastavqaju se lukawskim kvarcnim pe{-

~arima (Srbija) i kvarcnim pe{~arima Kostinske

formacije (Bugarska). Ove sedimente pokrivaju Lu-

kawski brahiopodski slojevi (bioklasti~ni kre~-

waci) i Lukawski kre~waci (Srbija) i ~lanovi

Ozirovske formacije: Romanov Dol (kre~waci sa

kvarcnim {qunkom), Ravna (kre~waci i glinci do

laporci) i Dolni Lukovit (bioklasti~ni kre~-

waci) u kojima preovla|uju bioklasti~ni kre~waci

(Bugarska). Sedimentacija se nastavqa Lukawskim

belemnitsko-grifejskim slojevima (laporci i gli-

noviti pe{~ari) kojima u Bugarskoj odgovara

Bukorova~ki ~lan (tako|e od laporaca i glinovi-

tih kre~waka sa kvrgama fosforita i siderita)

Ozirovske formacije. Sredwojurska sedimentacija

je po~ela crnim alevritskim glincima sa sitnim

{koqkama (Bossitra alpina) i krupnim belemnitima.

Ovi sedimenti su utvr|eni u Srbiji kao Senokosni

alevroliti i glinci, a u Bugarskoj kao Etropolska

formacija. Ova facija je u Alpima poznata kao

“crni glinac sa Bossitra alpina”. U Srbiji se profil

nastavqa Vodeni~kim pe{~arima bajeske starosti,

a u Bugarskoj Dobrogledskim ~lanom Polatenske

formacije. U  Bugarskoj, oni su gorwobajeske–do-

wobatske starosti, prekrivaju laporce doweg ~lana

(Gorwobelotina~ki ~lan) Bovske formacije, a

le`e ispod gorweg Vereni~kog ~lana, predstav-

qenih smenom laporaca i glinovitih kre~waka,

Bovske formacije. Vodeni~ki pe{~ari, odnosno

Dobrogledski ~lan, zavr{avaju u profilu Kom-

{tice. Bugarska Bovska formacija odgovara Seno-

kosnim amonitskim slojevima u isto~noj Srbiji.

Gorwa granica amonitskih slojeva Senokosa i

Bovske formacije je o{tra, mestimi~no eroziona

(nepravilna), prekrivena amonitskom bre~om sa

mno{tvom Macrocephalites–a. U Bugarskoj, navi{e

slede sivi kre~waci sa ro`na~kim kvrgama

Javore~ke formacije, a u isto~noj Srbiji Kame-

ni~ki kre~waci. Iznad wih su sivi ili crveni

kvrgavi, odnosno litoklasti~ni kre~waci (tip

“ammonitico rosso” ) Ginci formacije u Bugarskoj i

Pokroveni~ki amonitski (akantikum) kre~waci u

Srbiji. Jurski profil Infra-getikuma se zavr{a-

va sivim mikritskim i litoklasti~nim kre~waci-

ma koji u isto~noj Srbiji pripadaju Rosoma~kim i

Rsova~kim kre~wacima, a u Bugarskoj – Glo`en

formaciji. Zakqu~ak je da se litostratigrafske

jedinice, koje su posebno izdvojili razni autori u

isto~noj Srbiji i zapadnoj Bugarskoj, mogu poredi-

ti i wihov odnos dovoditi u vezu sa obe strane

dr`avne granice.
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PLATE 1

Serbia

Fig. 1.   Jelovica limestones, Triassic, Velika Lukanja. 
Fig. 2.   Senokos red series, Upper Triassic, Senokos.
Fig. 3.   Lukanja coal beds, Lower Jurassic, Velika Lukanja.
Fig. 4.   Lukanja clastics, Lower Jurassic, Velika Lukanja.
Fig. 5.   Lukanja Quartz sandstones, Lower Jurassic, Senokos.
Fig. 6.   Base of the Lukanja brachiopod beds, Lower Jurassic, Senokos.
Fig. 7.   Lukanja brachiopod beds, detail, Lower Jurassic, Senokos.
Fig. 8.   Lukanja brachiopod beds, general view, Lower Jurassic, Senokos.
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PLATE 2

Serbia

Fig. 1.   Senokos siltstones and shales, Middle Jurassic, Senokos.
Fig. 2.   Vodenica sandstones, Middle Jurassic, Senokos.
Fig. 3.   Senokos ammonitic beds, Middle Jurassic, Senokos.
Fig. 4.   Senokos ammonitic beds, Middle Jurassic, Senokos.
Fig. 5.   Pokrovenik acanthicum limestones, Upper Jurassic, Rosoma~.
Fig. 6.   Pokrovenik acanthicum limestones, detail, Upper Jurassic, Rosoma~.
Fig. 7.   Pokrovenik acanthicum limestones, Upper Jurassic, Rosoma~.
Fig. 8.   Rosoma~ limestones, Upper Jurassic, Rosoma~.

 
 
 



Trans-border (south-east Serbia/west Bulgaria) correlations of the Jurassic sediments: Infra-Getic Unit 29

 
 
 



PLATON TCHOUMATCHENCO, DRAGOMAN RABRENOVI], BARBARA RADULOVI] & VLADAN RADULOVI]30

PLATE 3

Bulgaria

Fig. 1.  Touden Formation (Lower Jurassic) and the boundary with the Middle Triassic limestones, Stanyantsi.
Fig. 2.  Boundary between the Komshtitsa Formation (Upper Triassic) and the Kostina Formation (Lower Jurassic), Komshtitsa.
Fig. 3.  Kostina Formation, Lower Jurassic, Visochica River, Komshtitsa.
Fig. 4.  Dolni Loukovit Member, Ozirovo Formation, Lower Jurassic, Komshtitsa.
Fig. 5.  Dolni Loukovit Member (detail), Ozirovo Formatin, Lower Jurassic, Komshtitsa.
Fig. 6.  Bukorovtsi Member, Ozirovo Formation, Lower Jurassic, Komshtitsa.
Fig. 7.  Etropole Formation, Middle Jurassic, Barlya.
Fig. 8.  The boundary between the Etropole Formation and the Bov Formation (Gornobelotintsi Member), Middle Jurassic, Barlya.
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PLATE 4

Bulgaria

Fig. 1.   Dobrogled Member, Polaten Formation, Lower Bathonian, Barlya.
Fig. 2.   Verenitsa Member, Bov Formation, Middle Jurassic, Barlya.
Fig. 3.   Yavorets Formation, Callovian–Oxfordian, Barlya.
Fig. 4.   Yavorets Formation, Callovian–Oxfordian, Barlya.
Fig. 5.   Gintsi Formation, Upper Jurassic, Barlya.
Fig. 6.   Gintsi Formation (detail), Upper Jurassic, Barlya.
Fig. 7.   Glozhene Formation, Upper Jurassic, Barlya.
Fig. 8.   Salash Formation, Lower Cretaceous, Barlya.
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Introduction

Sedimentary structures play a vital role in the inter-
pretation of depositional conditions and hence an attempt
was made to understand the depositional environment of
the Kallankurichchi Formation of the Ariyalur Group,
Tamil Nadu based on its sedimentary structures. The
study area is situated east of the town Ariyalur and forms
a part of the Kallankurichchi Formation (Fig. 1). The
general stratigraphic setup is as follows (after SASTRY et
al., 1968; CHANDRASEKARAN & RAMKUMAR, 1995).

In the study area, the Kallankurichchi Formation is a
prominent carbonate unit and is exposed as isolated out-
crops (GUHA & SENTHILNATHAN, 1990). The formation is
40 m thick and has N–S extension of 35 kilometers with

a width varying from 500–3500 m. Based on the faunal
composition, Maastrichtian age has been assigned by
SASTRY et al. (1972) and later refined to Lower Maas-
trichtian by RAMAMOORTHY (1991) & RADULOVI] and
RAMAMOORTHY (1992). HART et al. (2000) speculated the
commencement of the deposition of this formation dur-
ing the late Campanian–Earliest Maastrichtian. The gen-
eralized lithological succession of this formation was
provided by RAMKUMAR (1999) and is presented herein.

A storm event during the Maastrichtian
in the Cauvery basin, south India

MU. RAMKUMAR

Abstract. Sedimentary structures in the Kallankurichchi Formation of the Ariyalur Group, South India have
been examined with a view of assessing the depositional setting of these rocks. Of the different sedimentary
structures, such as cross bedding, cut and fill, etc., hummocky cross stratification is significant as it resulted
from a major storm event. This paper deals with the recognized sedimentary structures, their genesis and envi-
ronmental implications.

Key words: storm event, Maastrichtian, Kallankurichchi Formation, Ariyalur Group, South India.

Apstrakt. Sedimentne strukture formacije Kalankuri~i, Arijalur grupa, ju`na Indija, prou~avane

su radi utvr|ivawa depozicionog prostora tih stena. Me|u razli~itim sedimentnim strukturama, kao

{to su ukr{tena slojevitost, struktura spirawa itd., bre`uqkasta kosa slojevitost je zna~ajna kao

posledica delovawa sna`ne oluje. U ovom radu se govori o utvr|enim sedimentnim strukturama,

wihovom poreklu i uticajima na depozicionu sredinu.

Kqu~ne re~i: uticaj oluja, mastriht, Kalankuri~i formacija, Arijalar grupa, ju`na Indija.
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The rocks of this formation consist predominantly of
skeletal limestones and fragmental limestones analo-
gous to the bank and bank-derived materials of NELSON

et al. (1962). They contain whole shells and bioclasts
of mollusca, bryozoa, foraminifera, brachiopoda, echin-
odermata, ostracoda and algae. Minor to significant
amounts of peloid, quartz, lithoclasts and intraclasts are
also observed. The six standard types of microfacies of
WILSON (1975) are recognized from this formation
(RAMKUMAR, 1995) and interpreted to have been de-
posited in a distally steepened carbonate ramp setting
(RAMKUMAR, 1999). The depositional history of this
formation was elucidated by RAMKUMAR (1995, 1999)
and a brief note of it is presented herein. 

The Kallankurichchi Formation
commenced with a transgression
during the Latest Campanian–Ear-
ly Maastrichtian (HART et al.,
2000). Towards the top, the con-
glomeratic deposits show a reduc-
tion in proportion and size of si-
liciclastics which were increasing-
ly replaced by gryphean colonies.
In due course, the gryphean bank
shifted towards shallower regions
and the locations previously oc-
cupied by coastal conglomerate
become middle shelf, wherein ty-
pical inoceramus limestone started
developing. The break in the sed-
imentation of inoceramus limesto-
ne was associated with a regres-
sion of the sea level, resulting in
the erosion of shell banks and mid-
dle shelf deposits and their re-
deposition into biostromal depo-
sits. Again the sea level rose to
create a marine flooding surface,
as a result of which gryphaean
shell banks started developing mo-
re widely than before. Towards the
top, shell fragments and minor
amounts of siliciclastics are observ-
ed, indicating the onset of regres-
sion and higher energy conditions.
The occurrence of a non-deposi-
tional surface at the top of this for-
mation and the deposition of shal-
low marine siliciclastics (Ottakoil
Formation) immediately over the
carbonates and a conformable of-
flap of much younger fluvial sand
deposits (Kallamedu Formation)
are all suggestive of a gradual re-
gression associated with the estab-
lishment of a fluvial system during
the end of the Cretaceous.

Sedimentary structures 

Cross Bedding

Tabular cross bedding is a common in fragmental li-
mestone. The maximum thickness of the cross bedded
unit is of the order of 1.8 meters. Due to the presence
of shell fragments, the foreset beds do not exhibit well
defined layers in the vertical section. However, they do
appear as uniform layers on the surface (Fig. 2A). The
cross bedding structure is found in a limited region with-
in finely fragmented limestone and can be seen in the
southwest wall of mine pit I of the Tancem mine (locat-

MU. RAMKUMAR36

Fig. 1. Location map of the study area

 
 
 



ed west of Kallankurichchi Village and north of the Ari-
yalur–Kallankurichchi road – Fig. 1). This cross bedded
unit can be termed as large scale cross bedding (REINECK

& SINGH, 1986). The individual laminae have a more or
less uniform thickness varying from 1.5–2.3 cm. The
bounding surfaces of the foresets are sharp. The indi-
vidual laminae can be traced throughout the length. The
grains are well sorted irrespective of the nature of the
clasts. High roundness is observed in both the bioclasts
and peloids. Since this unit is bounded by bank deposits,
the cross bedded deposits can be described as large un-
derwater sand dunes developed in the shelf region which
might have originated by shoaling waves (Chakraborty,
personal communication). Like the carbonate sequence
of the Middle Eocene of Peninsular Florida, described
by RANDAZZO et al. (1990), this cross bedded unit also
has abundant burrows.

Cut-and-Fill Structure

Cut-and-fill structures characterized by a shallow
concave base and a flat top are common. These are
observed in the Tancem mine I along the SW wall of
bench I (located west of Kallankurichchi Village and
north of the Ariyalur–Kallankurichchi road – Fig. 1).
These have a maximum length of 150 cm and a height
of 20 cm. These structures occur above the cross bed-
ded strata and form the base of the hummocky cross
bedding. The channel fill material does not show any
cross bedding and the channels are filled up with fin-
ing upwards coarse grained carbonate sand. This car-
bonate sand consists of minor amounts of intraclasts,
ferruginous matrix and fine quartz sand. These channel-
fill structures gradually merge into hummocky cross
stratification (HCS).

Hummocky Cross Stratification

Hummocky cross bedding is found near the location
where cut-and-fill structures predominate. Its character-
istics are described herein.

a. The laminae are curved both in hummocks (con-
vex up) and swales (concave up) sectors.

b. The laminations dip at 12°; but the bed sets ap-
pear to meet at very low angles in such a way
that, at times, they are parallel to the lower
bounding surface.

c. Individual laminae have a maximum thickness of
4 cm at swales and 1.8 cm at hummocks, reflec-
tive of a thickening (at swales) and a thinning (at
hummocks) nature. Maximum wave height is 97 cm
and wave length 6 meters.

d. The laminations show no preferred orientation. 
e. The rocks showing HCS structures are composed

of polished fragmental shells (Fig. 2B, C). These
are sandwiched between normal bedded and cross

bedded carbonate sand. The upper contact of the
hummocky cross stratification unit is also sharp. 

Hummocky cross stratification is commonly associ-
ated with storm deposits (“Tempstites” of AGER, 1973;
KREISA & BAMBACH, 1982; LOOPE & WATKINS, 1989;
MENG et al., 1997). It is observed on the continental
shelf of the northwest Atlantic Ocean in water depths
of 10–40 meters. It is also found in tidal flats (MUK-
HERJEE et al., 1987; WEIDONG et al., 1997). It has been
reported from clastic sediments (Bose et al., 1997), as
well as from carbonate skeletal deposits (MENG et al.,
1997; WEIDONG et al., 1997). The HCS is interpreted
as being due to a combination of storm generated and
geostrophic currents (SWIFT et al., 1983). 

In the present area, reworked autochtonous fauna in
the HCS with little lateral variation of texture and
structures are found to occur. This suggests that this
particular unit of the Kallankurichchi Formation did not
receive material from distant sources during the storm.
The absence of whole unabraded, well marked layer-
ing, edge-polished shell fragments of fossils (Fig. 2B,
C), in addition to the occurrence of storm deposits as
a single thick unit, etc., suggest that the prevalent
major storm might have mobilized already deposited
sediments on the bottoms (MENG et al., 1997; KROH &
NEBELSICK, 2003). According to the descriptions of
AIGNER (1982) and AIGNER & REINECK (1982), the
exposures of HCS at Tancem mine I SW wall bench I
represent a proximal storm bed in view of the follow-
ing characteristics.

a. This storm depositional unit is a very thick bed.
b. The beds are composite and intermixed with var-

ious bedforms and materials.
c. It is composed of bioclasts which are coarse grained

(Gravel to coarse sand).
These characteristics of this sequence are spread

over short distances and die out towards the east where
the size of the bioclasts decreases. Further east, thinly
bedded, mud dominated rocks with unabraded fossils
are observed, which may represent the distal end of
storm beds (TUCKER & WRIGHT, 1990). BOUOUGRI &
PORADA (2002) and MENG et al. (1997) also observed
the deposition of mud and finer grain rich deposits after
major storm event in the Neoproterozoic deposits of
Morocco. As has been observed in storm associated
deposits elsewhere (MENG et al., 1997; SAVRDA &
NANSON, 2004), due to the reduction of intensity of the
storm, the finer grade materials also started to settle
and hence, this sequence shows fining upward grada-
tion from gravel to sand. The grains were carried and
settled from a suspension cloud. These interpretations
are supported by the horizontality of platy shell mate-
rial with reference to the original sedimentation sur-
faces. Comparison of these characteristics based on the
criteria enlisted by GOFF et al. (2004) clearly affirms
the storm generated nature to these deposits. This type
of typical storm deposit and its distal expression (MAR-
TINI & BANKS, 1989) are interpreted to be of inner and
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middle shelf in origin respectively (DROSER & BOTTJER,
1988; BURCHELL et al., 1990). 

Since the storm bed with HCS is found to occur in
between normal bedded and cross bedded deposits, the
energy of the shoaling waves is presumed to have been
short lived. The gradual change of the storm beds to
cross bedded, well sorted carbonate sands is indicative
of the waning period of the storm. The escape struc-
ture in a ‘V‘-shaped burrow at the base of the storm
deposit (HECKEL, 1972) suggests the sudden appearance
of storms. Oyster beds above the bedded and cross bed-
ded carbonate deposits suggest that the colonization of
oysters (Fig. 2D) started after the major storm event. 

Conclusion 

From the nature and sequence of the sedimentary
structures, particularly the hummocky cross beds, it can

be concluded that during the deposition of the Kallan-
kurichchi Formation, there were storm events, which
contributed to the continuous and homogenous deposi-
tion of bank deposits and middle shelf deposits. The
intensity of the storm event was very high in the dep-
osition of 1.8 meters thick fragmental shell beds. From
the change in the nature of sediments within the storm
bed, an easterly storm condition has been inferred. The
storm deposits of the Kallankurichchi Formation show
similarities in broader terms with that of the Cretaceous
Mzamba Formation of South Africa, as reported by LIU

& GREYLING (1996).
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Fig. 2. A, Field photograph of planar cross bedded limestone exposed in a mine floor. Due to low dip and planar bedding, the
exposure at the mine floor depicts only feeble bedding planes, indicated by dashed lines; B, Field photograph showing the nature
of the HCS sequence in a mine section. The shoal facies is superposed by HCS beds. Note the sudden change from shoal facies
limestone (lower) to edge polished fragmental limestone (HCS bed) as reflected by the sudden change in skeletal composition.
Differential compaction of the shoal facies limestone and the HCS limestone has obliterated the sharp erosional bedding plane
(indicated by pen in the photograph) between these two units; C, Close-up view of the HCS bed showing fragmented and round-
ed shell material. Also note the presence of Stigmatophygus in life position (indicated by pen in the photograph); D, Typical
gryphean limestone deposit of the Kallankurichchi Formation. Occurrence of these gryphean colonies over the HCS unit denotes
the return of normal depositional conditions after a major storm event.
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Rezime

Olujna pojava za vreme mastrihta u
basenu Kauveri, ju`na Indija

Kre~wa~ke naslage formacije Kalankuri~i,

Arijalur grupe u ju`noj Indiji, sadr`e karakte-

risti~nu asocijaciju sedimentnih struktura ogra-

ni~enih na odre|enu oblast u blizini sela Kalan-

kuri~i. Kako su sedimentne strukture bitne za

tuma~ewe paleosredine, u~iwen je poku{aj da se

upoznaju glavni uslovi talo`ewa, a time se do{lo

i do dokaza pojava sna`ne oluje tokom mastrihta u

basenu Kauveri u ju`noj Indiji.

Formacija Kalankuru~i se sastoji prete`no od

skeletnih kre~waka i fragmentarnih kre~waka

{to odgovara obalskim i poreklom obalskim ma-

terijalima. Zapa`ene su mawe do znatne koli~ine

peloida, kvarca, litoklasta i intraklasta. Ut-

vr|eno je {est standardnih tipova mikrofacija

ove formacije i wihovo talo`ewe u sredini doweg

kraja strme karbonatne rampe.

Tabularna kosa slojevitost je ~esta kod slojeva

polomqenih kre~waka formacije Kalankuru~i.

Maksimalne debqina koso uslojenih kre~waka je

reda 1,8 metara. Zbog prisustva odlomaka {koqaka,

kosi slojevi ne pokazuju jasno definisane slojeve u

vertikalnom profilu. Me|utim, na povr{ini sloje-

vi izgledaju ujedna~eno. Ova koso uslojena jedinica

se mo`e uzeti da predstavqa kosu uslojenost ve}ih

razmera. Kako je ova jedinica ograni~ena obalskim

naslagama, koso uslojene naslage se mogu opisati kao

podvodne velike pe{~ane dine najverovatnije for-

mirane talasima u oblasti opli}alog {elfa.

Strukture spirawa (naknadno zapuwene vodo-

derine) su ~este u prou~avanoj oblasti i karak-

teri{u se plitkom konkavnom osnovom i zaravwen-

im vrhom. Te strukture se javqaju iznad ukr{tenih

slojeva i formiraju osnovu bre`uqkaste slojevi-

tosti. Materijal i ispune vododerina ne pokazuju

nikakvu kosu slojevitost, ve} su vododerine ispu-

wene krupnozrnim karbonatnim peskom koji se

navi{e usitwava. Te strukture spirawa postepeno

prelaze u bre`uqkastu kosu stratifikaciju

(BKS).

Na bre`uqkastu kosu slojevitost se nailazi u

blizini mesta gde preovla|uju strukture spirawa.

Bre`uqkasta kosa stratifikacija se obi~no dovo-

di u vezu sa olujnim nanosima. BKS se obja{wava

da poti~e od kombinovanog dejstva olujne i geo-

strofne struje. Sada su u toj oblasti na|ene pojave

pretalo`ene autohtone faune u BKS sa malom

bo~nom razlikom u strukturi i teksturi. Ta struk-

tura ukazuje da za vreme oluje nije stigao materijal

sa ve}e udaqenosti naro~ito u ovu jedinicu forma-

cije Kalankuri~i. Odsustvo ~itavih, izra`eno

slojevitih, fragmenata fosila {koqki ugla~anih

ivica pored pojave olujnih naslaga u vidu jedne

debele jedinice i drugo ukazuje da je dominantna,

ve}a oluja mo`da pokrenula sedimente ve} nata-

lo`ene na dnu. Na osnovu toga {to je pojava olujnog

sloja sa BKS na|ena izme|u normalno uslojenih i

koso uslojenih naslaga, pretpostavqa se da je ener-

gija talasa u opli}aloj sredini kratko trajala.

Postepeni prelaz olujnih slojeva u koso uslojene

naslage, dobro sortirani karbonatni peskovi,

ukazuju na period slabqewa oluje. Struktura ispi-

rawa u brazdi u obliku slova “V” u bazi olujne

naslage ukazuje na naglu pojavu oluja. Slojevi

ostriga iznad slojevitih i koso uslojenih karbon-

atnih naslaga ukazuju da je kolonizacija ostriga

po~ela pre glavne oluje.

Na osnovu prirode i sekvence sedimentnih

struktura, naro~ito bre`uqkasto-kosih slojeva,

mo`e se zakqu~iti da su se za vreme talo`ewa

Kalankuri~i formacije javqale oluje koje su do-

prinele stalnom i ujedna~enom talo`ewu obaskih

naslaga i naslaga sredweg {elfa. Oluje su bile

vrlo velikog intenziteta kad su se natalo`ili

slojevi odlomaka {koqki debqine 1,8 metara. Iz

promene prirode sedimenata unutar olujnog sloja

zakqu~uje se da je oluju stvarao isto~ni vetar.

Olujne naslage formacije Kalankuri~i pokazuju

sli~nost u {irem smislu sa krednim olujnim

naslagama formacije Mzamba u Ju`noj Africi. 
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Inroduction

Upper Cretaceous sediments in the Mezdra and Lyuti-
dol synclines in the Vratza District, West Fore Balkan,
Bulgaria are widely distributed and of essential tectonic
importance. For a long time, based on erroneously iden-
tified fossils, these were assumed to be of Cenomanian
age (ZLATARSKI, 1904, 1905, 1910). This author (ZLA-
TARSKI, 1905) assigned only a portion of the limestones
exposed at the village of Varbeshnitza, northwest of
Mezdra and those around the village of Lyuta (now
Vladimirovo) to the Senonian. Later, ZLATARSKI (1910)
pointed out that the limestones at Lyuta were certainly

of Senonian age but those at Varbeshnitza were of
doubtful Senonian age, although he cited some Senonian
fossils found earlier by him. He assumed these sediments
to be of Cenomanian age but later again referred them
to the Senonian (ZLATARSKI, 1927). The same author
(ZLATARSKI, 1904) assigned a Cenomanian age also to
Eocene sandstones resting upon the “Cenomanian” lime-
stones which, as he pointed out, were easily distinguish-
ed from the Lower Cretaceous sandstones in the Vratza
area. For the first time, BON^EV (1932) proved that the
Upper Cretaceous sediments in the Fore Balkan to the
south of the Iskar River were of Maastrichtian, not Cen-
omanian, age. Simultaneously, BON^EV & KAMENOV

The Cretaceous/Paleogene (K/Pg) boundary in the Mezdra
and Lyutidol syncline, Vratza District (West-Fore Balkan, Bulgaria)

NIKOLA A. JOLKI^EV

Abstract. This paper discusses the unjustified assignment (based on calcareous nannofossils) of a large por-
tion of the Maastrichtian strata in the Mezdra and Lyutidol synclines (West Fore Balkan, Bulgaria) to the
Paleogene. The co-occurrence of Paleocene nannofossils, reported by some authors, and Maastrichtian macrofos-
sil taxa in these sections indicates diachronism in the appearance of macro- and nannofossils across the K/Pg
boundary. Thus, this boundary cannot be precisely localised except if the Maastrichtian fossils are assumed to
have been redeposited, but there is no evidence of resedimentation. Maastrichtian macrofossils are found not only
within the range of the Paleogene nannofossil zones, but also in sections overlying them in the Kajlâka Formation
where new Maastrichtian macrofossil taxa, such as the echinoid Hemipneustes striatoradiatus (LESKE), appear and
some inoceramid and cephalopod taxa range into this unit. These facts shed doubt over the applicability of nan-
nofossils in determining the K/Pg boundary where this has already been firmly documented by macrofauna.

Key words: Cretaceous/Paleogene boundary, Maastrichtian strata, nannofossils, foraminifers, inoceramids,
ammonites, echinoids, West Fore Balkan, Bulgaria.

Apstrakt. U radu se raspravqa o neopravdanom pripisivawu (na osnovu kre~wa~kih nanofosila)

velikog dela mastrihtskog profila u sinklinalama Mezdre i Qutidola (zapadni Predbalkan, Bugarska)

paleogenu. Istovremeno pojavqivawe paleocenskih nanofosila, o kojima pi{u neki autori, sa mastriht-

skim makrofosilnim taksonima u ovim profilima ukazuje na diahronizam u pojavi makrofosila i

nanofosila na granici K/Pg. Prema tome, ova granica se ne mo`e precizno utvrditi osim ako se ne pret-

postavi da su mahstritski fosili bili pretalo`eni, ali ne postoje dokazi pretalo`ivawa. Mastrihtski

nanofosili su na|eni ne samo u okviru vertikalnog prostirawa paleogenih nanofosilnih zona, ve} i u

formaciji Kajlaka gde se javqaju novi mastrihtski makrofosilni taksoni kao {to je Hemipneustes stria-
toradiatus (LESKE) i neki inoceramski i cefalopodski taksoni. Ove ~iwenice bacaju senku sumwe na pri-

menqivost nanofosila u odre|ivawu granice K/Pg gde je ona ve} pouzdano dokazana na osnovu makrofaune.

Kqu~ne re~i: granica kreda–paleogen, mastrihtski slojevi, nanofosili, foraminiferi, inocera-

musi, amoniti, ehinidi, zapadni Predbalkan, Bugarska.
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(1932) extended the studies of this stage to the north of
the Iskar River – between Mezdra and Roman, and later
they (BON^EV & KAMENOV, 1934) continued these to the
west – between the rivers of Iskar and Ogosta. Based on
inoceramids, cephalopods, echinoids and other macrofos-
sil taxa, they documented in detail the biostratigraphy of
the Maastrichtian Stage in the western Fore Balkan. The
Maastrichtian age of the Upper Cretaceous sediments in
this area was confirmed by all subsequent investigators,
based on macrofossil fauna (COHEN, 1946; TZANKOV,
1968; JOLKI^EV, 1982, 1986, 1989, and others). 

During recent years, calcareous nannofossils have
been assumed to be of extreme importance for the sub-
division of Upper Cretaceous and Cenozoic sediments
– an importance that, seemingly, cannot be put in ques-
tion. However, NAIDIN (2002, p. 46) has recently point-
ed out that “nevertheless we should have some doubts”
of the applicability of nannofossils.

Under the influence of nannoplankton euphoria, a
number of publications have recently appeared in which
the Cretaceous/Paleogene boundary in the study area
was traced without taking into account the presence of
characteristic macrofauna in the same sections that
were subdivided by means of nannoplankton. The Cre-
taceous/Paleogene boundary as determined by macro-
fauna was disregarded in these papers.

The macrofaunal data presented below raise ques-
tions about the applicability of nannofossils in defining
the Cretaceous/Paleogene boundary in the study area.

Facts and discussion

This paper discusses the Maastrichtian strata in the
southern limb of the Mezdra syncline and the same
deposits in the northern and southern limb of the
Lyutidol syncline in the southern parts of the West Fore
Balkan (Fig. 1).

The stratigraphic section in these two structures com-
prises the following lithostratigraphic units in ascending
order (JOLKI^EV, 1986): Dârmanci Formation – Lower
Maastrichtian; Kunino Formation – Lower Maastrichtian;
Mezdra Formation – Lower Maastrichtian and Kajlâka
Formation – Upper Maastrichtian (Fig. 2). 

The studies of SINNYOVSKY (1991, 1993, 1998, 2001),
SINNYOVSKY & CHRISTOVA-SINNYOVSKA (1993) and STOY-
KOVA et al. (2000) all focused on the Dârmanci, Kunino
and Mezdra Formations. It is unexplainable why they did
not discuss the age of the overlying Kajlâka Formation. 

The Mezdra Formation in the two structures com-
prises three lithological units of variable thickness: the
lower unit – microgranular limestones with flint con-
cretions; the middle unit – argillaceous limestones with-
out flint concretions with interbeds or in alternation
with marls and the upper unit – microgranular lime-
stones with flint concretions (Figs. 2–4). SINNYOVSKY

& CHRISTOVA-SINNYOVSKA (1993, p. 32) referred to the
middle unit in the Lyutidol syncline as the “Limestone
Formation”. In this unit EK. DIMITROVA (Geological
Institute, Bulgarian Academy of Sciences (BAS), unpub-
lished data) identified a foraminiferal assemblage (see
Fig. 3). From the same strata at the southerly limb of
the Mezdra syncline (at the village of Chelopeck), Y.
MALIAKOV (Geological Institute, BAS) collected eighteen
echinoid tests (now housed at the museum of the
Geological Institute, BAS No F.002525 to 002542).
Among these, the following taxa have recently been
identified (Fig. 2): Echinocorys conoidea GOLDFUSS as
well as several Echinocorys sp. which belong to a group
of species morphologically close to E. gr. marginata/sub-
globosa (of early to late Campanian age; compare
ERNST, 1972, 1975; JAGT et al., 2004); this may repre-
sent a continuation into, or recurrence(?) during the
Maastrichtian of such test morphologies (compare JAGT,
2000). In the Maastrichtian type area, these forms occur
as well, and are nearly always associated with typical
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Fig. 1. Sketch map (inset) of Bulgaria with
location and geological map of the study
area (after TZANKOV et al., 1991, modified).
1, Quaternary; 2, Lower–Middle Eocene;
3, Middle Eocene; 4, Kajlâka Formation –
Upper Maastrichtian; 5, Dârmanci, Kunino,
Mezdra formations – Lower Maastrichtian;
6, Lower Cretaceous; 7, thrust; 8, reverse
fault; 9, transgressive boundary; 10, bound-
ary of Quaternary sediments; 11, strati-
graphic sections (sections I and II, shown
in Figs, 3, 4, respectively).
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Fig. 2. Generalized stratigraphic section of the Mezdra syncline. 1, conglomerates; 2, sandstones; 3, glauconitic sandstones;
4, marls; 5, clayey limestones; 6, medium- to coarse-grained limestones; 7, limestones with flints; 8, chalky limestones; 9,
biomorphic limestones; 10, “quarry type” limestones; 11, megaslump; 12, hardground; 13, phosphorites; 14, transgressive
boundary; 15, “x”, fossils discovered by BON^EV & KAMENOV (1934) and probably some of them misidentified; 16, ”v”, fos-
sils discovered by ZLATARSKI (1910) and probably some of them misidentified. The meaning of the question marks “?” in
Figs. 2, 3 and 4 is as follows: Fig. 2 – part of the section unstudied by SINNYOVSKY (1998) and STOYKOVA et al. (2000);
Fig. 3 – the upper part of Mezdra Fm is not shown in the paper of SINNYOVSKY & CHRISTOVA-SINNYOVSKA (1993, fig. 8);
Fig. 4 – the middle part of Mezdra Fm is not shown in the section of SINNYOVSKY (2001, fig. 3).

 
 
 



Echinocorys gr. conoidea, hence a Maastrichtian age is
not in doubt (J.W.M. JAGT, pers. comm., April 2006).

In outcrops south of the village of Perchovtzi (Section
I in Fig. 1; Fig. 3) and at the Malata reka River (Section
II in Fig. 1; Fig. 4), SINNYOVSKY & CHRISTOVA-SIN-
NYOVSKA (1993, p. 38, fig. 8) and SINNYOVSKY (2001, p.
15, fig. 3) did not include the normal and complete mag-
nitude of the Mezdra Formation. Furthermore, in the
“Paleocene nannofossil zone” in these sections, single
specimens of Cataceramus sp. and Cataceramus cf. reg-
ularis (Figs. 5A, B), and a juvenile ammonite undeter-
minable to the species level cf. Pachydiscidae (Figs. 5C,
D) have been found. Ammonites are common in the
“limestone formation” along the southern limb of the
Lyutidol syncline, SW of the village of Lipnitza (Fig. 1). 

In my opinion, the upper portion of the Mezdra For-
mation in the southern limb of the Mezdra syncline
(Fig. 2) above the hardground (SINNYOVSKY, 1991, p.
264, fig. 2; 1998, p. 12, fig. 4; p.14, fig. 6), which
comprises bioclastic, medium- to coarse-grained lime-
stones, in fact belong to the base of the Kajlâka
Formation. These limestones are analogous to the lime-
stones of Unit 9 in the northern limb of the Mezdra
syncline (JOLKI^EV, 1982, pp. 18–19, fig. 7). From
these, in the eastern centricline of the Mezdra syncline,
a single specimen of Cataceramus balticus BÖHM and
one of “Inoceramus” sp. indet. have been found.

The transitional limestones are followed upwards by
whitish (with beige), indistinctly bedded micro- to me-
dium-grained quarry limestones – the so-called “Vratza
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Fig. 3. Schematic stratigraphic section of the Maastrichtian Stage south of the village of Perchovtzi (Section I in Fig. 1).
(1) - EK. DIMITROVA, unpublished data. For legend see Fig. 2. 

 
 
 



Stone”. From these limestones, ZLATARSKI (1910) men-
tioned Baculites baculoides ROEMER (probably misiden-
tified ammonite), Baculites sp., Hamites sp.; while BON-
^EV & KAMENOV (1934, p. 81) reported Hemipneustes
striatoradiatus (LESKE) and Belemnitella mucronata
(SCHLOTHEIM) (probably misidentified Belemnitella), and
JOLKI^EV (1982, p. 18 – packet 9; p. 19, fig. 7) noted a
Pachydiscus gollevillensis gollevillensis (D’ORBIGNY), =
Anapachydiscus cf. terminus WARD & KENNEDY, 1993
which is figured here (Fig. 5E). 

These sediments are overlain by light grey to whitish
fine-, medium- to coarse-grained limestones from which
BON^EV & KAMENOV (1934, p. 82) collected Hemipne-

ustes striatoradiatus, “Inoceramus” sp., Pycnodonte vesi-
cularis (LAMARCK), Exogyra decussata COQUAND and
Pecten (=Entolium) cf. membranaceus (NILSSON) (Fig. 2).

In the area of the Lyutidol syncline, the Kajlâka For-
mation is preserved only in the southern limb of the struc-
ture – along the left bank of the Malata River, at the
southern end of the village of Lyutidol. There, different
horizons of Maastrichtian strata are transgressively over-
lain by terrigenous Middle Eocene deposits (TZANKOV et
al., 1991), which SINNYOVSKY & CHRISTOVA-SINNYOVSKA

(1993) and SINNYOVSKY (1993, 2001) assumed to be in
allochthonous position and of Campanian–Maastrichtian
age, as defined by nannofossils (Figs. 3, 4). I subscribe to
the transgressive, but not allochthonous, position of the
terrigenous sediments upon the Maastrichtian ones. The
nannofossil samples have presumably been collected from
Upper Cretaceous blocks, included as a common compo-
nent within Middle Eocene terrigenous sediments. 

Disregarding the presence of inoceramids, cephalo-
pods and characteristic Maastrichtian echinoid fauna in
the whole section of the Upper Cretaceous series in
these structures, SINNYOVSKY & CHRISTOVA-SINNYOV-
SKA (1993), SINNYOVSKY (1991, 1993, 1998, 2001) and
STOYKOVA et al. (2000), on the basis of nannofossils,
defined the Paleocene age for most of this section
(Figs. 2–4). They assumed (pers. comm., 2004) the Ma-
astrichtian inoceramid, cephalopod and echinoid fauna,
which occurs in the range of their “nannofossil zones”,
as well as the macrofauna from the Kajlâka Formation,
to have been redeposited. I assert that this does not cor-
respond to the fossil sequences in the section and there
is no physical evidence of resedimentation of Maas-
trichtian macrofossils. 

The outcrops of the Mezdra Formation continue into
the Fore Balkan and to the west of the Mezdra syn-
cline as far west as the valley of the Ogosta River.
There, in a quarry at the village of Lyuta (now Vla-
dimirovo), Vratza District, BON^EV & KAMENOV (1934,
p. 80) found Pachydiscus neubergicus (VON HAUER)
together with numerous echinoids, analogous in specif-
ic content to those from the Mezdra Formation in the
area of Mezdra (determined also by the present author).
SINNYOVSKY (2003, p. 152) analysed the limestones in
this quarry for nannoplankton and “proved” that they
are of Paleocene and not of Maastrichtian age. SINNYOV-
SKY is well aware of the presence of Maastrichtian
macrofossil taxa at this locality, cited by him in this
paper (p. 149), but fails to comment on this fact. 

Conclusion

The normal superposition of lithostratigraphic units,
which form the limbs of the Mezdra and Lyutidol syn-
clines, as well as their macro- and microfossil content
unambiguously confirm their Maastrichtian age. 

The co-occurrence of Paleocene nannofossils and
Maastrichtian macrofossil taxa in the sections of these
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Fig. 4. Schematic stratigraphic section of the Maastrichtian
Stage near to the village of Lyutidol – on the left bank of
the Malata River (Section II in Fig.1). For dating the
“Danian” strata SINNYOVSKY refers to the nannofosil taxa
mentioned in the same paper (SINNYOVSKY, 2001, p. 12). For
legend see Fig. 2

 
 
 



structures indicates the diachronic appearance of macro-
and nannofossils at the Cretaceous/Paleogene boundary.
From this viewpoint, the respective boundary cannot be
fixed by nannofossils except if it is assume the Maas-
trichtian macrofossils to have been re-deposited, but

this is not the case. Furthermore, the Maastrichtian
macrofauna is found not only within the ranges of the
“nannofossil zones” but also in the sections overlying
them – in the Kajlâka Formation, where a number of
new Maastrichtian taxa, such as Hemipneustes stria-
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Fig. 5. A. Cataceramus sp., specimen No SU6030, Mezdra Formation, south of the village of Perchovtzi (section I from Fig.
1; Fig. 3); x 1. B. Cataceramus cf. regularis D’ORBIGNY, specimen No SU6029 (plaster cast), Mezdra Formation, on the left
bank of Malata River, near the village of Lyutidol (section II from Fig. 1, Fig. 4); x 1. C, D. A juvenile ammonite unde-
terminable to the species level cf. Pachydiscidae, specimen No SU6028, Mezdra Formation, on the left bank of Malata River,
near the village of Lyutidol (section II from Fig. 1, Fig. 4); C, × 1; D, × 2. E. Anapachydiscus cf. terminus WARD &
KENNEDY, specimen No SU267, found in Kajlâka Formation, the quarry at the village of Varbeshnitza, NW from Mezdra
(mentioned in JOLKI^EV, 1982, p. 18, packet 9, p. 19, fig. 7 as Pachydiscus gollevillensis gollevilensis (D’ORBIGNY), x 0.5.
SU – collection numbers from the Museum of Paleontology at Sofia University “St. Kliment Ohridski”.

 
 
 



toradiatus, appear. Accompaning to this taxon, inoce-
ramids and cephalopods continue to occur (Fig. 2).
These facts call into question the applicability of nanno-
fossils for defining the Cretaceous/Paleogene boundary.

This recalls the situation in the type area of the
Maastrichtian Stage, where all nannofossil taxa except
one (Biantholithus sparsus), including the ones held to
be indicative of the lower Paleocene, already occur in
the underlying Maastricht Formation [(MAI et al, 1994;
MAI et al, 1997a; MAI et al, 1997b; MAI, 1999; MAI

et al, 2003), yet in a different size category], which is
well dated by macrofossil taxa as late Maastrichtian
(J.W.M. JAGT, pers. comm., 2005).

Diachronism in the occurrences of macro- and nan-
nofossils is observed not only at the boundary Creta-
ceous/Paleogene, but also at other boundaries, e. g. the
Campanian/Maastrichtian boundary in some European
outcrops (JAGT & FELDER, 2003;  KÜCHLER & WAGRE-
ICH, 1999; WAGREICH et al., 2003). ROBASZYNSKI et al.
(1985) also expressed some doubts on the applicability
of nannofossils in determining the Campanian–Maas-
trichtian boundary and pointed out that “the Campan-
ian–Maastrichtian boundary is somewhat difficult to re-
cognize with nannoplankton because of problems in
determining the index species and possible diachronism
of their appearances and extinctions from the Tethyan
to the Boreal realms”. WAGREICH (1987, p. 85) stated
that ”no exact correlation of nannoplankton and macro-
fossil zonation at the Campanian/Maastrichtian bound-
ary for low and high latitudes exists”. According to
BURNETT (1998, p. 137) “stages have been historically
defined onshore using macrofossils. In the absence of
macrofossil data from oceanic cores, stages boundaries
started to be “defined” using microfossil events”. Final-
ly, BURNETT (1998, p. 137) concluded: “Nannofossils
do not define the bases of any Upper Cretaceous sta-
ges.” This evidence, as well as the data presented
above, shows that nannofossils should be used in bios-
tratigraphy with more care in the case of chronostrati-
graphic boundaries already fixed by macrofauna. 
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Rezime

Granica krede i paleogena u sinklinalama
Mezdre i Qutidola u oblasti Vraca
(zapadni Predbalkan, Bugarska)

U radu se govori o neopravdanom pripisivawu

(na osnovu kre~wa~kih nanofosila) velikog dela

mastrihtskog profila u sinklinalama Mezdre i

Qutidola (zapadni Predbalkan, Bugarska) paleo-

genu. Gorwokredni sedmenti u sinklinalama

Mezdre i Qutidola vracke oblasti zapadnog dela

Predbalkana u Bugarskoj {iroko su raspros-

traweni i velikog su tektonskog zna~aja. BON^EV
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(1932) je prvi dokazao da su gorwokredni sedimen-

ti Predbalkana ju`no od reke Iskar mastrihtske

starosti. Mastrihtsku starost su potvrdili svi

kasniji istra`iva~i na osnovu makrofosilne

faune (COHEN, 1946; TZANKOV, 1968; JOLKI^EV, 1986,
1989; i drugi).

Za kre~wa~ke nanofosile se posledwih godina

pretpostavqa da su izuzetno va`ni za ras~lawava-

we gorwokrednih i kenozojskih sedimenata – va`-

nost koju izgleda ne mo`emo da dovedemo u pitawe.

Pod uticajem nanoplanktonske euforije nedavno

se pojavilo nekoliko publikovanih radova u koji-

ma se granica krede i paleogena u prou~avanom

podru~ju prati ne uzimaju}i u obzir prisustvo ka-

rakteristi~ne makrofaune u istim slojevima koji

su ras~laweni na osnovu nanoplanktona. Granica

krede i paleogena odre|ena pomo}u makrofaune

zanemaruje se u tim radovima.

Makrofaunisti~ki podaci prikazani u ovom

radu pokre}u pitawe primenqivosti nanofosila

za definisawe granice kreda–paleogen u datoj ob-

lasti. Zanemaruju}i prisustvo inoceramusa, cefa-

lopoda i karakteristi~ne mastrihtske ehinidske

faune u celom profilu gorwokredne serije u ovim

strukturama, SYNNOVSKY & CHRISTOVA-SYNNOVSKA

(1993), SYNNOVSKY (1991, 1993, 1998, 2001) i STOY-
KOVA et al. (2000) odredili su na osnovu nanofosi-

la paleocensku starost najve}eg dela profila (sl.

2–4). Oni pretpostavqaju (usmeno saop{tewe,

2004) da su mastrihtska inoceramska, cefalopod-

ska i ehinidska fauna, koja se javqa u granicama

wihovih “nanofosilnih zona”, kao i makrofauna

formacije Kajlaka, pretalo`ene. Ja tvrdim da to

odgovara fosilnoj sekvenci u profilu i da ne pos-

toji materijalni dokaz pretalo`ivawa mastriht-

skih makrofosila.

Normalna superpozicija litostratigrafskih

jedinica koje formiraju krila sinklinala Mezdra

i Qutidol, kao i wihov makro i mikrofosilni

sadr`aj nedvosmisleno potvr|uju wihovu mast-

rihtsku starost. To je prikazano u ovom radu broj-

nim ~iwenicama.

Istovremena pojava paleocenskih nanofosila i

mastrihtskih makrofosilnih taksona u profili-

ma ovih struktura ukazuje na dijahroni~nu pojavu

makro i nanofosila na granici krede i paleogena.

Sa ovog stanovi{ta odgovaraju}a granica se ne mo-

`e utvrditi pomo}u nanofosila osim ako ne pred-

postavimo da su mastrihtski makrofosili bili

pretalo`eni, ali to ovde nije bio slu~aj. Osim

toga, mastrihtska makrofauna je na|ena ne samo u

granicama “nanofosilnih zona” ve} i u slojevima

iznad wih – u formaciji Kajlaka, gde se javqa vi{e

novih mastrihtskih taksona kao {to je Hemi-
pneustes striatoradiatus. Pored ovog taksona i daqe

se javqaju inoceramusi i cefalopodi (sl. 2). Ove

~iwenice dovode u pitawe primenqivost nanofo-

sila za definisawe granice kreda–paleogen.

To potse}a na situaciju u tipskoj oblasti mas-

trihtskog kata, gde se svi nanofosilni taksoni

osim jednog (Biantholithus sparsus) ukqu~uju}i i one

za koje se smatra da ukazuju na dowi paleocen,

javqaju u podini Mastrihtske formacije [(MAI,
1999; MAI et al., 1994, 1997a, 1997b, 2002), mada dru-

ga~ijih dimenzija], koja je pouzdano odre|ena na

osnovu makrofosilnih taksona kao gorwomastriht-

ska (JAGT, usmeno saop{tewe, 2005).

Dijahronizam u pojavama makro i nanofosila

zapa`en je ne samo na granici krede i paleogena, ve}

i na drugim granicama, napr. granici kampana i mas-

trihta u nekim indancima u Evropi (JAGT & FELDER,
2003; KÜCHLER & WAGREICH, 1999; WAGREICH et al.,
2003). ROBASZYNSKI et al. (1985) tako|e su izrazili

sumwu u primenqivost nanofosila za odre|ivawe

granice kampan–mastriht i ukazali da je “granicu

kampan–mastrihta donekle te{ko prepoznati na

osnovu nanoplanktona zbog problema utvr|ivawa

vode}e vrste i mogu}eg dijahronizma wihovog

pojavqivawa i izumirawa od Tetisa do borealnih

oblasti”. WAGREICH (1987, str. 85) konstatuje da “ne

postoji ta~na korelacija nanoplanktonskog i

makrofosilnog zonirawa na granici kampan–mas-

triht za mawe i ve}e geografske {irine”. Prema

BURNETT-u (1998, str. 137), “katovi su istorijski

definisani na kopnu pomo}u makrofosila. U

nedostatku makrofosilnih podataka iz okeanskih

jezgara, granice katova su po~ele da se “odre|uju”
pomo}u mikrofosila”. Na kraju, BURNETT (1998, str.

137) zakqu~uje: “Nanofosili ne odre|uju baze bilo

kojih katova gorwe krede”. Ovaj dokaz kao i podaci

prikazani u ovom radu pokazuju da u biostrati-

grafiji nanofosile treba koristiti sa vi{e

pa`we u slu~aju hronostratigrafskih granica koje

su ve} utvr|ene pomo}u makrofaune.
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Latest Cretaceous mosasaurs and lamniform sharks from Labirinta cave,
Vratsa district (northwest Bulgaria): a preliminary note
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Abstract. Preliminary descriptions are given of selected specimens from an assemblage of >65 isolated ver-
tebrate remains, collected in 1985 at the Labirinta cave, situated between the villages of Drashan and Breste,
east of Cherven Briag (Vratsa district, northwest Bulgaria), from strata of late Maastrichtian age (Kajlâka
Formation). Recorded are a fragmentary lower jaw of a mosasaurine squamate, Mosasaurus cf. hoffmanni
(MANTELL, 1829), with two teeth preserved in situ, as well as two isolated teeth of lamniform sharks, assigned
to Squalicorax pristodontus (AGASSIZ, 1843) and Anomotodon sp. Other vertebrate remains in this assemblage
include rather poorly preserved fragments of ?skull and appendicular skeleton of mosasaurs, but it cannot be
ruled out that other vertebrate groups (?elasmosaurid plesiosaurs) are represented as well. To establish this, the
additional material needs to be studied in detail and compared with existing collections; it will be described in
full at a later date. A partial phragmocone of a scaphitid ammonite, found associated, is here assigned to
Hoploscaphites constrictus (J. SOWERBY, 1817) and briefly described as well. This record dates the Labirinta
cave sequence as Maastrichtian, as does the echinoid Hemipneustes striatoradiatus (LESKE, 1778); tooth mor-
phology of Squalicorax pristodontus and a find of the pachydiscid ammonite Anapachydiscus (Menuites) cf.
terminus WARD & KENNEDY, 1993 from correlative strata nearby narrow this down to late, or even latest,
Maastrichtian. Finally, some remarks on mosasaur and plesiosaur distribution during the Campanian–Maas-
trichtian across Europe are added.

Key words: Mosasaurs, lamniform sharks, Maastrichtian, Bulgaria, scaphitid ammonites, echinoids, stratigra-
phy.

Apstrakt. Daju se prethodni opisi primeraka odabranih iz asocijacije od preko 65 izdvojenih ostata-

ka ki~mewaka, sakupqenih 1985. godine u pe}ini Labirinta izme|u sela Dra{an i Breste isto~no od

^ervenog Briaga (Vra~anski kraj, severozapadna Bugarska) iz slojeva gorwomastrihtske starosti (for-

macija Kajlaka). Registrovan je deo dowe vilice kraqu{tastog mozazaura, Mosasaurus cf. hoffmanni
(MANTELL, 1829), sa dva o~uvana zuba in situ, kao i dva posebna zuba lamniformnih ajkula, koji se pri-

pisuju Squalicorax pristodontus (AGASSIZ, 1843) i Anomotodon sp. Me|u ostalim ostacima ki~mewaka u ovoj

asocijaciji nalaze se dosta slabo o~uvani fragmenti ?lobawe i pripadaju}eg skeleta mozazaura, ali se

ne iskqu~uje prisustvo i drugih grupa ki~mewaka (?elasmozauridski pleziozauri). Da bi se to utvrdi-

lo, potrebno je detaqno prou~iti dopunski materijal i uporediti ga sa postoje}im kolekcijama.

Potpuniji opis }e biti naknadno ura|en. Delimi~ni fragmakon skafitidnog amonita, na|en u asoci-

jaciji, pripisuje se Hoploscaphites constrictus (J. SOWERBY, 1817) i ukratko se opisuje. Prema ovom nalazu,

kao i na osnovu je`a Hemipneustes striatoradiatus (LESKE, 1778); sekvenca pe}ine Labirinta odre|uje se kao

mastrihtska; morfologija zuba Squalicorax pristodontus i nalazak pahidiscidnog amonita Anapachydiscus 
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Introduction

In the summer of 1981, a team of speleologists dis-
covered a new, unexplored cave in Upper Cretaceous
limestones between the villages of Drashan and Breste,
Vratsa district (northwest Bulgaria; Fig. 1). This expe-

dition was organised by the speleoclub ‘Stalacton’, ba-
sed in the nearby town of Cherven Briag. After a ver-
tical descent of eight metres, the speleologists encoun-
tered a labyrinth of several galleries with a total length
of about 1 km. The new cave was named Labirinta,
Bulgarian for ‘The labyrinth’. On the way back to the
entrance, 28 m below the surface, the group came
across several fossil bones protruding from the cave
wall at two sites (A, B in Fig. 2). During a subsequent
expedition to the same area, the speleologist Zdravko
Iliev invited two palaeontologists, Drs Stoycho Bres-
kovski and Vassil Popov, who noted that this fossil
occurrence was significant and rather unique. Together
with Dr Nikolay Spassov they were responsible for a
preliminary identification of the bones excavated. They
attributed them to the extinct squamate family Mosa-
sauridae and, more specifically, to the genus Mosasa-
urus. In the summer of 1985, a palaeontological exca-

vation was carried out, during which all fossil materi-
al accessible was collected, albeit rather chaotically
without documenting the exact position of specimens
taken from the rock. The material from the two sites
was subsequently mixed and transferred to the collec-
tions of the National Museum of Natural History Sofia
(NMNHS). This excavation has so far been described
in a popular paper (GENOV, 1985) only. Part of the
material was later sent to the Paleontological Institute
of the Russian Academy of Sciences (Moscow) for de-
tailed examination, while the remainder stayed at Sofia.
After that, studies came to a halt. A single tooth from
this lot was put on exhibit in the Paleontology Hall of
the National Museum of Natural History, but the mate-
rial was never formally published. The current where-
abouts of the specimens sent to Moscow is unknown.

In total, this lot comprises sixty registered, mostly
fragmentary, specimens. Amongst them are two teeth
(one of which is described below) associated with part
of a jaw bone [NMNHS 11897/1 (ex Mos 60) and
11897/2 (ex Mos 20)], a radius, single phalanges, ribs,
and vertebrae. For the present note, we have selected
the following elements for brief discussion: a fragment
of a lower jaw (NMNHS 11897/1) of a mosasaurine
mosasaur with a tooth preserved in situ, and two iso-
lated teeth of lamniform sharks [NMNHS 31362 (ex
Mos 55) and NMNHS 31363 (ex Mos 7)]. Some of the
other material is rather poorly preserved, being embed-
ded in an indurated matrix not conducive to mechani-
cal preparation. It may be that the present lot also in-
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(Menuites) cf. terminus WARD & KENNEDY, 1993 iz obli`weg izdanka formacije Kajlaka omogu}ava pre-

cizniju odredbu starosti kao kasni mastriht, ili ~ak najkasniji mastriht. Bli`a odredba na gorwi mas-

triht zasniva se na morfologiji zuba. Na kraju, daju se i neka zapa`awa u vezi rasprostrawenosti moza-

zaura i pleziozaura za vreme kampan–mastrihta {irom Evrope.

Kqu~ne re~i: Mozozaur, lamniformne ajkule, mastriht, Bugarska, skafitidni amoniti, je`evi,

stratigrafija.

Fig. 1. Locality map of the study area in Vratsa district,
northwest Bulgaria; the asterisk denotes the location of the
Labirinta cave between the villages of Drashan and Breste.

Fig. 2. Schematic vertical section of the Labirinta cave,
showing the provenance (A and B) of macrofossil collec-
tions described herein; 1, soil; 2, limestones of the Kajlâka
Formation.

 
 
 



cludes isolated bones of other vertebrate groups, e.g.
elasmosaurid plesiosaurs. Our aim is to provide, at a
later date, detailed descriptions of this material (held at
NMNHS), within the framework of a revision of all
mosasaur material from the Upper Cretaceous of Bulga-
ria known to date, inclusive of the originals of TZAN-
KOV (1939) and NIKOLOV & WESTPHAL (1976).

Of interest is a single scaphitid phragmocone
(NMNHS 29929), collected when recovering the verte-
brate remains from the Labirinta cave; its stratigraphic
value is briefly commented on. Added also are more
general notes on mosasaur and plesiosaur distribution
in the Campanian–Maastrichtian across Europe, with
references to a few recent papers.

Geological and stratigraphical setting

The Labirinta cave is situated within limestones as-
signed to the Kajlâka Formation (JOLKI^EV, 1986), a
unit widely distributed in the Fore-Balkan and Moesian
Platform of northern Bulgaria and usually the highest
Cretaceous unit in outcrops in this area. Geomorpholo-
gically, the entrance to the Labirinta cave is situated in
a sinkhole; such karst phenomena are very common in
this area and are developed along vertical fractures in
the Kajlâka Formation. This formation comprises
whitish or beige, medium- to thick-bedded (albeit indis-
tinctly), recrystallised limestones, and varies in total
thickness between 10–25 and 200–280 m. In places, the
limestones contain organogenic layers composed of
shells and detritus mostly of bryozoans, bivalves and
echinoids and rarely of gastropods, brachiopods and
cephalopods. In the study area, within this limestone
unit, there is an interval of 50–60 metres of whitish
(with a beige hue), indistinctly bedded, fine- to medi-
um-grained ‘quarry type’ limestones, the so-called
Vratsa Stone, famous in Bulgaria and some other Euro-
pean countries for wall tiling (see JOLKI^EV, 2006, fig.
2). We assume that the mosasaurid material described
by NIKOLOV & WESTPHAL (1976), and briefly comment-
ed upon below, originated from this interval.

The rock which yielded the mosasaur and shark
material from the Labirinta cave described herein is a
light grey, strongly recrystallised, slightly sandy lime-
stone, containing Mn-oxihydroxide dendrites. This in-
terval of the Kajlâka Formation probably correlates
with the highest limestone unit in a section near the
village of Varbeshnitsa, northwest of Mezdra. This
highest unit overlies the ‘quarry type’ limestones (see
description of section in JOLKI^EV, 1982, p. 18, fig. 7;
topmost limestone unit 10).

The age assignment of the Kajlâka Formation in the
study area has been based mostly on the superposition
of this unit on strata of early Maastrichtian age, and on
ammonite and echinoid evidence. A single echinoid
species, commonly recorded from this formation, Hemi-
pneustes striatoradiatus (LESKE, 1778), corroborates a

Maastrichtian date [it occurring most commonly in the
upper Maastrichtian]. The isolated scaphitid phragmo-
cone (Fig. 3) found associated with the vertebrate
remains from Labirinta cave is here assigned to Hoplo-
scaphites constrictus (J. SOWERBY, 1817), also confirms
a Maastrichtian date. The tooth morphology of the lam-
niform shark described here as Squalicorax pristodon-
tus (AGASSIZ, 1843) allows this to be specified as late
Maastrichtian, and the pachydiscid ammonite, Anapa-
chydiscus (Menuites) cf. terminus WARD & KENNEDY,
1993, recorded from the ‘quarry type’ limestones of the
Kajlâka Formation at the nearby village of Varbeshnitsa
(see JOLKI^EV, 2006, fig. 5E) narrows the dating more
precisely to the latest part of the late Maastrichtian.
Anapachydiscus (Menuites) terminus is also known from
the uppermost Maastrichtian of the Bay of Biscay sec-
tions (France, Spain), the southeast Netherlands, north-
ern and eastern Denmark, central Poland, Azerbaijan,
Crimea and South Africa (see WARD & KENNEDY, 1993)
and the Bjala area of eastern Bulgaria (IVANOV, 1995).

Preliminary descriptions

To denote the repositories of material described,
illustrated and/or referred to, the following abbrevia-
tions are used in the text: IRScNB, Institut Royal des
Sciences Naturelles de Belgique, Brussels; MNHN,
Muséum National d’Histoire Naturelle, Paris; NHMM,
Natuurhistorisch Museum Maastricht, Maastricht;
NMNHS, National Museum of Natural History, Sofia.

Mosasaurs

From what can be seen, the fragmentary lower jaw
with two teeth preserved can be assigned to the mosa-
saurinae genus Mosasaurus CONYBEARE, 1822 (type
species: Mosasaurus hoffmanni MANTELL, 1829). 
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Fig. 3 A–C. Hoploscaphites constrictus (J. SOWERBY, 1817),
NMNHS 29929, partial phragmocone, in lateral (left and
right) and ventral views. Scale bar equals 5 mm.

 
 
 



Mosasaurus cf. hoffmanni MANTELL, 1829
Fig. 4 A–D

Material. A partial lower jaw with two teeth asso-
ciated (NMNHS 11897); here, we only describe the
larger tooth (NMNHS 11897/1). The smaller one, situ-
ated more posteriorly, is longitudinally broken and not
prepared yet.

Description. Being partially embedded in hard matrix
and, in general, of rather poor preservation, the jaw bone
cannot be described in detail. From what can be seen
(e.g., foramina, overall size and height as compared to
tooth size, as well as dental and root structure; Fig. 4A),
this fragment is best interpreted as the anterior/mesial
portion of a lower jaw (dentary) of an adult individual,
pending further preparation. It contains two teeth in situ;
the larger of these is a sturdy, bicarinate crown (incom-
plete, tip broken off; Figs. 4 A–D) measuring 43 mm in
overall height (as preserved; original height estimated to
have been 46 mm), and 19 mm in basal width, in meso-
distal direction. It has an elliptical, typically U-shaped
cross section (Fig. 4 D), with unequal labial and lingual
surfaces; labial face gently convex with no facetting vis-
ible, not even proximally; lingual face deeply U-shaped
and no facetting seen either. Enamel beading is not well
developed; it is seen only in patches proximally. The
crown is moderately posteriorly and lingually recurved.
Both anterior and posterior carinae are well developed,
but partially damaged; carinae minutely serrated over

their entire length. The uppermost portion of the root is
exposed considerably (Fig. 4A), being reversed conical
in shape but lacking a clearly developed ‘rim’; its length
cannot be determined and the resorption pit is not seen.
The extent to which the root is exposed is exceptional
in comparison to material of M. hoffmanni from the
Maastrichtian type area; it could be a pathological fea-
ture of the present individual.

Remarks. Tooth morphology (U-shaped cross sec-
tion, minutely serrated carinae, obliquely positioned
carinae, recurvature and enamel beading) allow this
material to be compared favourably with Mosasaurus
hoffmanni, the largest species in the genus Mosasaurus.
The type material of M. hoffmanni is from the upper
part of the Maastricht Formation (upper Nekum Mem-
ber; holotype is MNHN AC 9648) in the type area of
the Maastrichtian Stage (St Pietersberg, Maastricht and
environs, the Netherlands; see LINGHAM-SOLIAR, 1995;
BARDET & JAGT, 1996; KUYPERS et al., 1998) and is of
late Maastrichtian age (Belemnitella junior Zone of
authors). In southern Limburg (the Netherlands) and
adjacent Belgian territory (provinces of Liège and Lim-
burg), M. hoffmanni (or a closely related taxon) first
appears, albeit extremely rarely, in the upper Vijlen
Member (Gulpen Formation; interval 6), is compara-
tively rare in the remainder of this formation (Lixhe
1–3 and Lanaye members) and the lower portion of the
overlying Maastricht Formation (Valkenburg, Gronsveld
and Schiepersberg members), but common in the Emael
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Fig. 4 A–D. Mosasaurus cf. hoffmanni MANTELL, 1829, anterior-mesial fragment of lower jaw (NMNHS 11897/1), with a
single tooth preserved in situ; tooth shown in labio-mesial (A), mesial (B), lingual (C) and apical (D) views, respectively.
Scale bar equals 10 mm.

 
 
 



and Nekum members of that formation, in particular.
The species ranges to within a metre below the Creta-
ceous–Paleogene (K/Pg) boundary in the area, and
shows a wide range of variation in tooth morphology
(facetting, size, enamel structure) which may be onto-
genetically controlled (compare MERTENS, 1942); there
is currently no evidence of sexual dimorphism in
mosasaur taxa. From the Eben Emael area (northwest
Belgium) in particular, fairly numerous finds have been
made of articulated material in the past decade, inclu-
sive of at least five skulls (JAGT et al., 2002). This mate-
rial is currently being studied, in an attempt to describe
the species in detail and better determine its range of
morphological and ontogenetic variation. Tooth morphol-
ogy along the dental and (pre)maxillar rami in particu-
lar is assessed to allow isolated tooth crowns and teeth
to be assigned with more confidence.

MULDER (1999) relegated the North American (New
Jersey) species, M. maximus COPE, 1869 into the syn-
onymy of M. hoffmanni, and subsequently MULDER et
al. (2004) expressed doubts over the specific status of
M. lemonnieri DOLLO, 1889 (holotype is IRScNB R 28
[ex 1470]) from the lower Maastrichtian (‘Craie phos-
phatée de Ciply’; Belemnella obtusa Zone) at Mesvin,
Mons Basin (southern Belgium), noting that it might
well be nothing more than a juvenile M. hoffmanni. In-
terestingly, CALDWELL et al. (2004) noted that the type
lot of M. lemonnieri from that unit included a specimen
(IRScNB R3211) that would be better assigned to Moa-
nasaurus, a genus otherwise known only from the Cam-
panian (Haumurian) of New Zealand (WIFFEN, 1980).

The current stratigraphic and geographic range of M.
hoffmanni, or of closely related taxa generally referred
to in the literature as M. cf. hoffmanni, corresponds to
the late Campanian to latest Maastrichtian in a belt
across the Northern Hemisphere (LINDGREN & JAGT,
2005). From west to east this includes Missouri, Ala-
bama, New Jersey (all USA), southern and northeast
Belgium, southeast Netherlands, Denmark, northern
Germany, central Poland, northwest Bulgaria and Tur-
key (BARDET & TUNOGLU, 2002; KIERNAN, 2002; REICH

& FRENZEL, 2002; MACHALSKI et al., 2003; GALLAGHER

et al., 2005; TUNOGLU & BARDET, 2006). 

Sharks

The present lot from the Labirinta cave comprises
two isolated neoselachian teeth, both assignable to lam-
niforms, with the larger one representing the anacoracid
genus Squalicorax WHITLEY, 1949, and the other the
?alopiid genus Anomotodon ARAMBOURG, 1952.

Squalicorax pristodontus (AGASSIZ, 1843)
Fig. 5 A, B

Material. A single, incomplete lateral tooth (NMNHS
31362 [ex Mos 55]).

Description. This is an element of the lateral file, the
crown being well preserved, broad and triangular, with
a regularly convex cutting edge, bearing strong serra-
tions. The distal cutting edge is oblique on the whole,
with a slight concavity in its upper two-thirds; the labi-
al face is very flat while the lingual one, much more
reduced, is slightly convex. The root, not perfectly pre-
served, is also labio-lingually flattened and shows many
small, irregularly spaced foramina on the labial face.

Remarks. Morphologically, this tooth can be identi-
fied as S. pristodontus beyond any doubt. Considering
its general design, a late Maastrichtian age can be as-
signed to this specimen, by comparison with Maas-
trichtian material collected from the phosphate series of
Benguerir (Morocco), currently under study (H. CAP-
PETTA, pers. obs.). Thus, this allows the general age as-
signment of the vertebrate association of Labirinta cave
to be narrowed down to the late Maastrichtian.

Occurrence. This species is widely distributed and
occurs in the Campanian of Belgium, France and Ger-
many (LERICHE, 1929; ALBERS & WEILER, 1964; VUL-
LO, 2005), but is particularly common in the Maas-
trichtian of the Netherlands and Belgium (LERICHE,
1929; HERMAN, 1977), Spain (CAPPETTA & CARMELO

CORRAL, 1999), northern Bulgaria (TZANKOV & DATCHEV,
1966), Morocco (ARAMBOURG, 1952; NOUBHANI & CAP-
PETTA, 1997), Angola (ANTUNES & CAPPETTA, 2002),
Syria (BARDET et al., 2000), New Jersey and Texas
(CAPPETTA & CASE, 1975; WELTON & FARISH, 1993)
and Brazil (REBOUÇAS & DA SILVA SANTOS, 1956).

Anomotodon sp.
Fig. 5 C–E

Material. A single, incomplete latero-anterior tooth
(NMNHS 31363 [ex Mos 7]).

Description. This is an element of a latero-anterior
file, the crown being fairly high, narrow, and with a
sharp apex. The labial face is slightly convex trans-
versely but shows a basal median excavation of trian-
gular outline; the lingual face is transversely convex
and completely smooth. On one side, a short oblique
heel, slightly and irregularly serrated, can be seen. The
root is damaged and only one side is preserved; its lin-
gual face is rather high, and it seems that there was
not a long lobe.

Remarks. In lateral teeth of Anomotodon, the lingual
face of the crown often is devoid of folds. The same is
seen in teeth of the genus Paranomotodon HERMAN in
CAPPETTA & CASE, 1975, the crown of which complete-
ly lacks folds (SIVERSON, 1992; VULLO, 2005). So, on
the basis of the material available, it is quite difficult to
give a definite generic assignment. NMNHS 31363 can
be compared to A. toddi CASE & CAPPETTA, 1997 (p.
142, pl. 5, figs. 1, 2) from the upper Maastrichtian
Kemp Clay Formation of Texas, but also to A. hermani
SIVERSON, 1992 (p. 544, pl. 5, figs. 1, 2) from the
lower-upper Campanian of southern Belgium and south-
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ern Sweden. Yet, as a definite specific identification is
difficult on the basis of a single, imperfect tooth, it
appears better to leave it in open nomenclature.

Discussion

Earlier records of mosasaurs from the Upper Creta-
ceous of northern Bulgaria include dissociated teeth and
tooth crowns from near the village of Somovit at the
River Danube, listed and illustrated by TZANKOV

(1939). That author referred these strata to the upper-
most Maastrichtian, but his listing [in original nomen-
clature] of characteristic macrofossil taxa from there
shows that a modern revision is called for, as there ap-
pears to be a curious mixture of typically Campanian

and Maastrichtian elements (e.g., Echinocorys gibbus,
Bostrychoceras polyplocum, Belemnitella mucronata
and Parapachydiscus colligatus being Campanian, and
Hemipneustes striato-radiatus and Discoscaphites con-
strictus being Maastrichtian). Mosasaur taxa recorded
by TZANKOV are Leiodon anceps, Mosasaurus gigan-
teus (= M. hoffmanni) and Globidens fraasi (= Ca-
rinodens belgicus). Judging from his description of the
matrix and based on the occurrence of the echinoid
Hemipneustes striatoradiatus (which cannot be misi-
dentified), we assume the material described by TZAN-
KOV (1939) to have come from strata assignable to the
Kajlâka Formation as well, and thus to be of (late)
Maastrichtian age.

NIKOLOV & WESTPHAL (1976) recorded from an acti-
ve quarry c. 2 km east of Varbeshnitsa, northwest of
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Fig. 5. Lamniform shark teeth. A, B. Squalicorax pristodontus (L. AGASSIZ, 1843), lateral tooth (NMNHS 31362), in labial
and lingual view, respectively. C–E. Anomotodon sp., lateral anterior tooth (NMNHS 31363), in labial (C), lateral (profile)
(D) and lingual (E) view. Scale bars equal 10 mm.

 
 
 



Mezdra, part of the vertebral column (580 mm in
length, 14 vertebrae) of a mosasaur, as well as three
teeth, possibly of a single individual. The level from
which these remains came was described as a unit of
white to yellowish, fine-grained limestone quarried for
wall tiles, c. 40 m thick, with occasional, scattered flint
nodules, yielding the coleoid cephalopod Belemnitella
mucronata and the holasteroid echinoid Hemipneustes
striatoradiatus. The quarry exposing the Kajlâka For-
mation near Varbeshnitsa is in unit 9 of ‘quarry-type’
limestones (see JOLKI^EV, 1982, p. 18, fig. 7, limestone
unit 9), having yielded Pachydiscus gollevillensis
gollevillensis (sensu JOLKI^EV, 1982 = Anapachydiscus
cf. terminus; see JOLKI^EV, 2006). Anapachydiscus
(Menuites) terminus is characteristic only of the latest
part of the late Maastrichtian (see remarks about the
species distribution above).

With regard to the macrofossil taxa mentioned in
NIKOLOV & WESTPHAL (1976), we wish to observe the
following. Amongst belemnite workers, there currently
is consensus that B. mucronata is a predominantly late
Campanian species (CHRISTENSEN, 1997a, b; compare
STOYANOVA-VERGILOVA & JOLKI^EV, 1993), which is
why the record by NIKOLOV & WESTPHAL (1976) may
be taken to refer to another species of Belemnitella,
probably of the B. junior group which in northwest
Europe characterises the late Maastrichtian. The pres-
ence of B. junior in the lower Maastrichtian of south-
ern Limburg (the Netherlands), as noted by KEUTGEN

(1996) and CHRISTENSEN et al. (2004), could not be
substantiated in recent belemnite studies in the area
(KEUTGEN et al., in prep.). The holasteroid echinoid
Hemipneustes striatoradiatus is widely distributed in
the Kajlâka Formation (JOLKI^EV, 1989, 2006). This
species is a typically Tethyan element, known to range
through the whole of the Maastrichtian, but particular-
ly characteristic of the latter part of the stage in the
Netherlands, northeast Belgium, French Pyrenees, Na-
varra and Alicante (Spain), Bulgaria, Georgia, Ka-
zakhstan, northern Caucasus and Tadzhikistan (SMITH

& JEFFERY, 2000). In the Maastrichtian type area, H.
striatoradiatus first appears in the lower Lanaye Mem-
ber (Gulpen Formation), of late Maastrichtian age (Be-
lemnitella junior Zone of authors; equivalents of tegu-
latus/junior Zone sensu SCHULZ & SCHMID, 1983) and
ranges to the top of the Meerssen Member (Maastricht
Formation, IVf-7; Belemnella (Neobelemnella) kaz-
imiroviensis Zone) (JAGT, 2000).

Elsewhere in Bulgaria, the age of Kajlâka Formation
is late Maastrichtian as based on records of the am-
monite Sphenodiscus binckhorsti J. BÖHM, 1898 (see
TZANKOV, 1982; KENNEDY, 1987; JAGT, 2002, 2005;
MACHALSKI, 2005a), as well as on the basis of regular
superposition in several outcrops with underlying lower
Maastrichtian sediments.

For dating the present material from the Labirinta
cave, an associated scaphitid phragmocone (NMNHS
29929) collected during recovery of the vertebrate

material, is of importance. This consists of half a whorl
(Fig. 3), of c. 22 mm in length (as preserved) and rep-
resents a highly compressed, flat-sided phragmocone,
with fairly broadly rounded ventrolateral shoulders and
a narrow, flattened venter (Fig. 3B). The diameter of
the umbilicus is c. 6.5 mm. Ornament consists of up
to nine flexuous primary ribs, arising at the umbilical
seam (Fig. 3A, C); these are feebly concave and pror-
siradiate on the inner flank, convex at mid-flank and
concave on the outer flank and ventrolateral shoulder
and convex over the venter. Primary ribs divide at mid-
flank, and single (or double) intercalatories are insert-
ed on the outer flank, giving a total of c. 22 ribs at
this growth stage. No ventrolateral tubercles are seen at
the largest diameter, but this may in part be preserva-
tion induced. No sutures can be seen. 

Comparison with similar-sized material from the
Maastrichtian type area (Maastricht Formation, Meer-
ssen Member, subunits IVf-5 and -6; NHMM JJ 8297
and JJ 13341a–c), the upper Maastrichtian of Petites-
Pyrénées, France (KENNEDY et al., 1986, pl. 4) and the
uppermost Maastrichtian of Turkmenia (JAGT et al., in
prep.) shows NMNHS 29929 to be comparatively
coarsely ribbed and with a large umbilicus, but this is
well within the range of variation documented for cor-
responding growth stages of Hoploscaphites constrictus
(J. SOWERBY, 1817). This species is typically Maas-
trichtian, with records from southern Sweden, Denmark,
northern Germany, the Netherlands, southern and north-
east Belgium, Cotentin (Manche), Landes and Petites-
Pyrénées (all France), Lleida (Spain), Switzerland,
Austria, the Czech Republic, Poland, Bulgaria, the
Ukraine, Carpathians, Donbass, Transcaspia, Kazakh-
stan and Kopet Dag, Turkmenia (KENNEDY, 1987; JAGT,
2002; NIEBUHR, 2003; MACHALSKI, 2005a, b). At least
at two localities, Stevns Klint (Denmark) and the Maas-
trichtian type area (the Netherlands), it extends into the
lower Paleocene (MACHALSKI & HEINBERG, 2005). On
the basis of a detailed study of shell ornament, both of
micro- and macroconchs, MACHALSKI (2005a, b) was
able to demonstrate the occurrence of several temporal
subspecies during the late Maastrichtian. Unfortunately,
with but a single, incomplete phragmocone available, it
cannot be determined to which of these taxa NMNHS
29929 might be assigned. A more detailed age assign-
ment than Maastrichtian is thus impossible on the basis
of this scaphitid record. 

Isolated teeth of neoselachian sharks are common in
epicontinental Upper Cretaceous strata in Bulgaria.
TZANKOV & DATCHEV (1966, pl. 7, figs. 6–16) record-
ed, for the first time in Bulgaria, the species Anacorax
(= Squalicorax) pristodontus (AGASSIZ, 1843) (erro-
neously spelled priostodontus) from Maastrichtian stra-
ta near the towns of Pleven and Shumen, and near the
village of Somovit on the River Danube, but they did
not provide a description of the occurrence of the stra-
ta, hence, it is difficult to judge from which exact level
of the Maastrichtian their material came. It is presumed

Latest Cretaceous mosasaurs and lamniform sharks from Labirinta cave, Vratsa district (northwest Bulgaria) 57

 
 
 



that their material also originates from the Kajlâka
Formation. The good preservation of the specimen
described here allows a comparison with Maastrichtian
material from Morocco and, thus, enables a more pre-
cise age to be assigned to this specimen.

In summary, the Labirinta cave material is definite-
ly of late (?latest) Maastrichtian date as based on den-
tal morphology of Squalicorax pristodontus and on cor-
relation with nearby outcrops, which have been dated
on echinoid and ammonoid evidence.

Remarks on mosasaur and plesiosaur
distribution across Europe

Mosasaurid occurrences are known from numerous
outcrops of Campanian and Maastrichtian strata across
Europe. Distinct stratigraphic levels, representing most-
ly shallow-water, (sub)littoral settings, in three areas in
particular have yielded diverse assemblages, and at two
of these, more or less completely preserved cranial and
post-cranial material has been shown to be relatively
common. These are:

1. The lower Maastrichtian ‘Craie phosphatée de
Mons’ (Belemnella obtusa Zone) in the Mons Basin,
southern Belgium (LINGHAM-SOLIAR & NOLF, 1990;
LINGHAM-SOLIAR, 1992, 1993, 1994, 1999, 2000; CALD-
WELL et al., 2004; MULDER et al., 2004; JAGT, 2005),
which has produced ‘Mosasaurus lemonnieri’ (= M.
hoffmanni juv.?; Moanasaurus sp.), Plioplatecarpus
houzeaui, Halisaurus ortliebi, Prognathodon solvayi
and Hainosaurus bernardi. Two additional species,
Prognathodon giganteus and Globidens dakotensis, are
of Campanian age (JAGT, 2005);

2. The extended type area of the Maastrichtian Stage
(LINGHAM-SOLIAR, 1993, 1994, 1995, 1996, 1999; DOR-
TANGS et al., 2002; JAGT et al., 2002; MULDER, 2003a,
b; SCHULP et al., 2004; JAGT, 2005; SCHULP, 2006; see
also MULDER & MAI, 1999). Here, Maastrichtian strata
(Vijlen Member, Gulpen Formation to Meerssen Mem-
ber, Maastricht Formation) have yielded Mosasaurus
hoffmanni, ‘M. lemonnieri’ (= M. hoffmanni juv.?),
Plioplatecarpus marshi, Liodon ‘sectorius’, Carinodens
belgicus and Prognathodon saturator. Campanian spe-
cies include Prognathodon ‘solvayi’ and Hainosaurus
sp. (JAGT, 2005);

3. Skåne (southern Sweden, Kristianstad Basin),
from where almost no articulated material is known,
but which shows a remarkably high diversity in the
lower and upper Campanian in particular, having yield-
ed material assigned to Platecarpus sp., Clidastes pro-
python, Platecarpus cf. somenensis, Halisaurus stern-
bergi, Dollosaurus sp., Hainosaurus sp., Tylosaurus
ivoensis, Prognathodon sp. and Plioplatecarpus sp.
From the lower Maastrichtian, two species are known,
namely Plioplatecarpus primaevus and Mosasaurus aff.
lemonnieri (LINDGREN, 2005a, b; LINDGREN & SIVER-
SON, 2002, 2004, 2005). 

Taken together, these three areas can be assumed to
represent all mosasaur taxa distributed across Europe
during the Campanian–Maastrichtian, with the possible
exception of one or two rare taxa. From other locali-
ties in Europe, far less common, and usually highly
fragmentary material (with few exceptions), is known.
These probably all represent deeper-water settings, far
from coastal areas, and include:

4. The Münsterland (northwest Germany; CALDWELL

& DIEDRICH, 2005), from where a late Campanian
species of Clidastes has been recorded;

5. England (MILNER, 2002), from where material
assigned to Clidastes sp. (Santonian–Campanian; Sur-
rey, Sussex), indeterminate mosasaurines (Campanian–
–Maastrichtian; Norfolk), Prognathodon (upper Cam-
panian; Norfolk), indeterminate plioplatecarpines
(Santonian–Campanian; Sussex, Hampshire), ?Tylosau-
rus (upper Santonian–lower Campanian; Hampshire,
Kent and Yorkshire) and Leiodon anceps (= ?Haino-
saurus, Coniacian–upper Campanian; Sussex, Essex and
Norfolk) has been recorded;

6. Southwest Russia and Crimea (Ukraine) (YARKOV,
1993; STORRS et al., 2000; SCHULP et al., in press),
with a cranial and post-cranial skeleton of Dollosaurus
lutugini from the upper Campanian of central Russia
and isolated tooth crowns of Carinodens belgicus from
the upper Maastrichtian of Trudolyubovka, Crimea and
Volgogradskaya oblast’, Russia;

7. Northern Spain (BARDET et al., 1993, 1997b, 1999;
BARDET & PEREDA SUBERBIOLA, 1996), with isolated
teeth and tooth crowns of Prognathodon solvayi,
Platecarpus cf. ictericus, Leiodon anceps, Leiodon sp.,
Mosasaurus sp. and indeterminate mosasaurines;

8. Central Poland (MACHALSKI et al., 2003; JAGT et
al., 2005), with records of Mosasaurus cf. hoffmanni
from the upper Campanian and uppermost Maastrichtian,
M. cf. lemonnieri from the upper Maastrichtian, ‘M.
(Leiodon) cfr. anceps’ [sensu Arambourg, 1952] from
the same level, Hainosaurus sp. 1 and Prognathodon sp.
from the upper Campanian, and Hainosaurus sp. 2 from
the upper Maastrichtian, all from sections in the Wisla
River valley;

9. France (BARDET, 1990; BARDET et al., 1991,
1997a), with records of Hainosaurus bernardi and
?Hainosaurus sp. from the Santonian–Campanian
(Somme, Aude), Prognathodon giganteus from the
lower Campanian (Champagne) and Platecarpus sp.
from the lower Campanian of Corbières;

10. Denmark where lower and upper Maastrichtian
strata in Jylland and Sjælland have yielded very rare
remains, mostly tooth crowns, of Mosasaurus cf. hoff-
manni and Plioplatecarpus sp. (LINDGREN & JAGT,
2005).

Interesting is also Rügen (northeast Germany) from
where historical material of early Maastrichtian age, the
current whereabouts of which is unknown, was illus-
trated by REICH & FRENZEL (2002, pl. 2, fig. 4). This
isolated tooth from the VON HAGENOW Collection
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appears conspecific to material recorded from the upper
Maastrichtian of central Poland by JAGT et al. (2005),
as Hainosaurus sp. 2. Representatives of the tylosaurine
genus Hainosaurus may thus have been more widely
distributed in the European Campanian–Maastrichtian
than previously assumed. In general, mosasaur remains
from deeper-water settings represented by the ‘white
chalk facies’ of northeast Germany and Denmark are
comparatively rare; a few isolated tooth crowns of
Mosasaurus cf. hoffmanni are known from Rügen
(REICH et al., 2005). With the exception of some ver-
tebrae in matrix, none of the vertebrate fossils record-
ed by LADWIG (1997) from Lägerdorf (northern Ger-
many) can be assigned to mosasaurs; the majority of
teeth illustrated are of enchodont teleosts and allies.

In comparison to mosasaurs, plesiosaurs in the Cam-
panian–Maastrichtian are much rarer, and mostly refer
to isolated cranial and post-cranial elements, rarely to
associated skeletal elements of a single animal. Plesio-
saurs appear to have frequented upwelling areas, rich
in food; occurrences in shallow-water environments
such as the upper Campanian of the Mons Basin
(BARDET & GODEFROIT, 1995) and the upper Maas-
trichtian of the Maastricht area (MULDER et al., 2000)
are best explained as stemming from floating carcasses,
or from animals that only on certain occasions visited
the area to feed. Anomalous in this respect is the com-
parative richness of plesiosaur remains from the Cam-
panian of southern Sweden (PERSSON, 1959, 1962, 1963,
1967); this may be related to preferred feeding and/or
breeding grounds in the shallow-water settings of the
Kristianstad Basin and other areas there. The find of a
partial elasmosaurid skeleton in the uppermost Campa-
nian (grimmensis/granulosus Zone) of Lägerdorf, north-
ern Germany (MAISCH & SPAETH, 2004) is of special
interest, in being one of the very few examples of asso-
ciated plesiosaur remains known to us.

Conclusions

During the latest Cretaceous (Campanian–Maastrich-
tian), marine lizard (mosasaurid) species inhabited the
epicontinental seas along the northerly margins of the
Tethyan ocean. Mosasaurid records from Bulgaria are
very rare and refer mostly to fragmentary material, all
collected from strata assigned to the Kajlâka Formation.
The new material described herein adds to our under-
standing of mosasaur distribution across Europe during
the Campanian–Maastrichtian. For a proper document-
ation of all of the Bulgarian material, detailed compar-
isons with identified material contained in museum col-
lections, both in Bulgaria and elsewhere in Europe, are
needed. Future fieldwork in northern Bulgaria is also
called for, in an attempt to recover more, and strati-
graphically well-documented, skeletal remains there. 

Rare and randomly distributed cephalopods and other
characteristic macrofossils in the epicontinental Upper

Cretaceous cause problems in Bulgaria, because there
are no zonal subdivisions for the whole of the Upper
Cretaceous based on ammonites or belemnites, or any
other macrofossil group for that matter. For the Maas-
trichtian, in particular, only schemes based on micro-
fossils are available. This study shows that shark teeth
may be used for dating some strata where other char-
acteristic fossils in the Upper Cretaceous of Bulgaria
are missing. 
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Rezime

Najmla|i kredni mozazauri i
lamniformne ajkule iz pe}ine Labirinta,
Vra~anska oblast (severozapadna
Bugarska) – prethodna bele{ka

Iz slojeva koji pripadaju formaciji Kajlaka,

otkrivenih u pe}ini Labirinta u Vra~anskom kra-

ju, severozapadna Bugarska, prikupqena je 1985.

godine zbirka ostataka ki~mewaka (ukupno 65 re-

gistrovanih primeraka u kolekcijama Narodnog

prirodwa~kog muzeja u Sofiji). Od svih ovih na-

laza daje se opis i slike jednog dela dowe vilice

morskog gu{tera (mozozaura) sa dva zuba in situ i

dva izolovana zuba ajkula (Squalicorax pristodontus i
Anomotodon sp.). Na osnovu veli~ine, jako udubqe-

nog popre~nog preseka u obliku latini~nog slova

“U”, karine i gle|nog niza, ovaj mozozaurski

materijal je uslovno odre|en kao Mosasaurus cf.
hoffmanni, vrste poznate iz doweg i gorweg mastri-

hta Misurija, Alabame, Wu Yersija, Danske, sev-

erne Nema~ke, sredwe Poqske, Holandije, Belgije

i Turske. Asocijacija makrofosilnih taksona

sadr`i i deo fragmakona skafitida, koji pripada

Hoploscaphites constrictus po kojem je odre|ena mas-

trihtska starost zbirke. Morfologija zuba S.
pristodontus ukazuje na kasno mastrihtsku starost.

Prisustvo ehinida Hemipneustes striatoradiatus
tako|e ukazuje na mastrihtsku starost. Nalaz

pahidiscidnog amonita Anapachydiscus (Menuites)
cf. terminus iz obli`weg izdanka formacije Kajla-

ka omogu}ava u`u odredbu starosti – kasni mastri-

ht. Uskoro }e biti izvr{ena revizija celokupnog

registrovanog materijala mozozaura iz Bugarske,

zajedno sa nalascima iz pe}ine Labirinta (koji

mo`da sadr`e i druge grupe ki~menjaka kao {to su

elastosauridski plesiosauri). Osim toga, potreb-

na su nova terenska ispitivawa u severozapadnoj

Bugarskoj radi prikupqawa vi{e, stratigrafski

pouzdanijeg materijala. Izgleda da postoji dobra

korelacija Bugarske sa drugim plitkovodnim,

epikontinentalnim sredinama u Evropi koje su se

krajem krede nalazile na obodu Tetiskog okeana.

Retki i slu~ajni nalasci cefalopoda i drugih

karakteristi~nih makro fosila u gorwoj kredi

stvaraju probleme u Bugarskoj, jer ne postoji zon-

alna podela cele gorwe krede na osnovu amonita

ili belemnita, ili neke druge makro fosilne

grupe. Za mastriht, uglavnom, postoje podele zasno-

vane na mikrofosilima. Na{a prou~avawa su

pokazala da se zubi ajkule mogu upotrebiti za

odredbu starosti tamo gde drugi karakteristi~ni

fosili u gorwoj kredi Bugarske izostaju.
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Trinocladus divnae and Montiella filipovici – a new species (Dasycladales, green
algae) from the Upper Cretaceous of the Mountain Pa{trik (Mirdita Zone)

RAJKA RADOI^I]

Abstract. Two new dasycladalean species from the Upper Cretaceous of the Mountain Pa{trik, Kukes Creta-
ceous Unit of the Mirdita Zone are described:

Trinocladus divnae sp. nov. is characterized by variable size of the thallus, relatively narrow main axis, typi-
cal Trinocladus organization of the laterals and thin calcification limited to the distal part of the thallus which
includes a swollen part of secondaries and short tertiaries. Often, the internal portion of the whorls (except
sometimes the main stem membrane), tends to dissolve and form dissolution cavities filled with cement.

Montiella filipovici sp. nov. is characterized by a primary skeleton made of a thin individual sheath around
a fertile ampullae, often obliterated by recrystallization. Four to six laterals, each giving one secondary and one
fertile ampulla located on the upper side of the relatively thick short primary lateral.

Upper Cenomanian limestone with Cisalveolina fraasi and Trinocladus divnae sp. nov. was deposited imme-
diately before the events that resulted in sea level rising. The middle and upper Cenomanian eustatic-tectonic
processes had different effects in the Pa{trik shallow water areas, depending on the distance from the basinal
part of the Unit. Bathymetric changes in a part of the Pa{trik sedimentary area were not significant, even neg-
ligible. Montiella filipovici is found in the post-fraasi shallow water sequence, assigned to the ?uppermost Ce-
nomanian–lowermost Turonian (= Whiteinella archaeocretacea Zone p. p.; a short stratigraphic gap, in a part of
the area, is noted). Shallow water limestone with Turonian taxa, corresponding to the helvetca Zone, occurs a
few meters upward.

Supplementary note: the species Cylindroporella parva RADOI^I] is transferred in the genus Montiella, the
species Permocalculus elliotti JOHNSON is transferred in the genus Trinocladus, while the species Trinocladus
bellus YU JING is transferred in the genus Belzungia.

Key words: Dasycladales, new species, new combination, Cenomanian, Turonian, Mountain Pa{trik, Kukes
Cretaceous Unit, Mirdita Zone

Abstrakt. Opisane su dvije nove vrste dazikladaleskih algi: Trinocladus divnae sp. nov. iz cenomana i

Montiella filipovici sp. nov. iz ?najvi{eg cenomana–najni`eg turona Pa{trika (Kukeska kredna jedinica,

Mirdita Zona):

Vrstu Trinocladus divnae sp. nov. karakteri{e talus veoma varijabilnih dimenzija, uzana glavna osa,

organizacija ogranaka Trinocladus tipa i slaba kalcifikacija naj~e{}e ograni~ena samo na distalni

dio talusa: oko distalnog pro{irewa sekundarnih i oko tercijarnih ogranaka. Unutarwa struktura,

izuzev katkada kalcificirane membrane glavne ose, bila je veoma podlo`na disoluciji. Tako nastala

praznina obi~no je bivala ispuwena cementom. Vekston-pekstone sa Trinocladus divnae sp. nov. Poti~e

iz najvi{eg dijela Cisalveolina fraasi zone  

Vrstu Montiella filipovici sp. nov. karakteri{e tanak primarni karbonatni omota~ samo oko fertil-

nih ampula koji je naj~e{}e un{iten usled prekristalizacije. 4–6 relativno kratkih masivnih primar-

nih ogranaka nose po jedan sekundarni ogranak i jednu fertilnu ampulu smje{tenu navi{e.

Gorwocenomanski kre~wak sa Cisalveolina fraasi i Trinocladus divnae sp. nov. deponovan je neposredno

prije doga|aja koji su uzrokovali porast morskog nivoa.

Sredwo–gorwocenomanski tektonsko-eustati~ki procesi razli~ito su se odra`avali na plitkovodni

areal zavisno od udaqenosti odnosno blizine basenskog dijela Kukeske kredne jedinice. Batimetrijske

promjene u dijelu ovog plitkovodnog sedimentacionog prostora bile su neznatne. Post-fraasi plitko-

vodnu sekvencu karakteri{e is~ezavawe karakteristi~nih cenomanskih fosila, osiroma{ewe biote, 
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Introduction

The Cretaceous succession of the Mountain Pa{trik
is an attached platform (superimposed paleogeography)
overlaying the Diabase Chert Formation, serpentinite
and Tithonian–Berriasian carbonate clastics (flysch
auct.) in the north. From the middle Cenomanian into
the Turonian, it was a ramp – a transitional stage from
the platform to the basin.

Dasycladales, common in some of shallow water
Albian, Cenomanian and Turonian levels of this area,
have been mentioned or described by PEJOVI] & RA-
DOI^I], (1974), CHERCHI et al. (1976), CONRAD et al.
(1977) and RADOI^I] (1978, 1983, 1984, 1994, 1998).
The present note is a further contribution to the Dasy-
cladales in Pa{trik limestone: two new species – Trino-
cladus divnae and Montiella filipovici are described.

Systematics

Order Dasycladales PACHER, 1931
Family Triploporellaceae (PIA, 1920) emend. BER-
GER & KAEVER, 1992
Subtribe Triploporellinae (PIA, 1920) emend. ASSO-
ULLET et al., 1979

Genus Trinocladus RAINERI, 1922

According to ELLIOTT (1972, p. 619), the tubular
thallus of Trinocladus is composed of “Successive ver-
ticils of radial branches, each branch showing outward-
ly widening primaries giving rise to several secondar-
ies, and these in turn to bunches of tertiaries. Branches
of the lower verticils may not show the full detail.
Branches usually not alternate in position from verticil
to verticil.”

Based only on a transversal section, RAINERI (1922)
maintained that a trichotomic partitition of the laterals
is characteristic of the genus. In fact, the main gener-
ic feature is the form of laterals: club-shaped phloio-
phorous primaries with a more or less large subspher-
ic distal part, similar shaped thinner secondaries, four
or more per each primary, and bunches of similar short
tertiaries. 

It should be mentioned that, in some cases, recrys-
tallized or poorly preserved Trinocladus tubes were
also ascribed to Permocalculus or to Griphoporella.

Specimens of such preservation are often really diffi-
cult to distinguish from some Permocalculus. Compare:
fragments of T. divnae in Pl. 3, Figs. 10, 11,  with
“typical Permocalculus debris” illustrated by JOHNSON

(1969, pl. 17) and by JOHNSON in JOHNSON & KASKA

(1965, pl. 14). In the same paper, JOHNSON introduced
a new species Permocalculus elliotti, which is, in fact,
Trinocladus (see further text).

Among the species ascribed to the genus Trinocla-
dus, there are those which do not have a branching pat-
tern characteristic to Trinocladus. Only Paleogene spe-
cies from China, Trinocladus bellus JU YING, 1976,
which has a Belzungia type of arrangement of the lat-
erals will be mentioned (see farther text).

Trinocladus divnae sp. nov. 
Pl. 1, Figs. 1–14; Pl. 2, Figs. 1–8; Pl. 3, Figs. 1–6

Origin of name..  The species is dedicated to my
friend and colleague Dr. DIVNA JOVANOVI] (Belgrade)
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terigeni prinos (kvarc), a mjestimi~no i razoreni slojevi. Montiella filipovici na|ena je u kre~wa~kom

sloju ove sekvence sa u~estalom Halimeda elliotti CONARD & RIOULT ispod karbonatne sekvence koja je

lateralni ekvivalenat helvetica zone. Ovaj dio post-fraasi stuba pripisan je ?najvi{em ceno-

manu–najni`em turonu (= Whiteinella archaeocretacea zona p. p.).

U dodatnoj biqe{ci dati su podaci o novim kombinacijama: vrsta Cylindroporella parva preba~ena je u

rod Montiella, Permocalculus elliotti u rod Trinocladus, a Trinocladus bellus u rod Belzungia.

Kqu~ne rije~i: Dasycladales, nove vrste, nove kombinacije, cenoman, turon, Pa{trik, Kukeska kredna

jedinica, Mirdita zona.

Fig. 1. Geological map of the Pa{trik area, according to Geo-
logical map 1:000000, sheet Prizren (MENKOVI] et al., 1982),
simplified (new stratigraphic data are not included). 1, ?Barre-
mian–Aptian, carbonate breccia and bioclastic limestone; 2,
shallow water Albian sediments, 3, shallow water lower into
upper Cenomanian; 4, shallow water Turonian carbonates with
rudists and hemipelagic limestone; 5, Senonian, breccia, micro-
breccia, calcarenites and marly limestone with planktonics.
New stratigraphic data are not included. A, Bistrica section;
B, – Vrbnica 1 section.

 
 
 



for her contribution to the study of depositional envi-
ronments of the Late Paleozoic in northwestern Serbia.

Holotype..  Slightly oblique transversal section of the
calcareous tube shown in Fig. 2 (= Pl. 1, Fig. 1), thin
slide RR2379, sample 013577, author’s collection
deposited in the Geological Institute, Belgrade.

This section shows the thinly calcified central stem
membrane with well preserved insertion points of 4 lat-
erals. The central stem, the irregular space around it
and between the laterals were early post mortem filled
with matrix. Open pores on the calcareous tube surface
(dentate surface) is the evidence of the tertiaries. Pri-
mary and secondary laterals are not preserved predom-
inantly due to dissolution in the post-filling phase with
matrix. The two primaries are not completely obliterat-
ed by recrystalization (arrows). Dissolution cavities
were subsequently filled with cement. This space, cor-
responding to the space of the laterals R1-R3 has an
inverted triangular form (Fig. 2, arrows).

Isotypes. Specimens in thin slides RR2379 and 2380.
Some of them illustrated in Pl 1, Figs. 2, 3, 9, 13; Pl.
2, Figs. 2, 9; Pl. 3, Figs. 2, 3, 4.

Other materials. Specimens in thin slides RR2448-
2351 and RR2343-2346a, samples 015126 and 015130
collected in 1973 near Miljaj

Type locality and type level..  Southeastern slope of
Mountain Pa{trik, Gra`danik–Bistrica–Dobru{te belt, Geo-
logical map SFRJ 1:100 000, Sheet Prizren. The sam-
ple 013577 was collected in 1972 from the top part of
the Cisalveolina fraasi Zone in the Bistrica section north
of the Bistrica River, east of the Drim River (Fig. 1).

The Albian–Cenomanian succession of the Bistrica
lies on Upper Triassic limestone (= large block sliding,
during the Cimmerian event in the Diabase Chert For-

mation) and on the Diabase Chert Formation (RADOI-
^I], 1994).

In the Bistrica column, about 220–230 meters thick,
Salpingoporella milovanovici RADOI]I] (last occur-
rence) and Suppiluliumaella schroederi BARATTOLO (Pl.
7, Figs. 2–4) occur in the level at about 180 meters.
Upward from 200 meters, the foraminiferal assemblage
is notably impoverished (Cuneolina, Nezzazatinella,
miliolids, a few Pseudolituonella reicheli MARIE, Chry-
salidina gradata D’ORBIGNY and Pseudocyclammina);
the new datum is the first occurrence of the “Bry2” –
bryozoan species known only from the Cisalveolina
fraasi Zone. Cisalveolina fraasi REICHEL was found in
the 210th meter. Some beds of the fraasi Zone abound
in hydrozoans (monospecific assemblage, RADOI^I],
1994, pl. 2, fig. 4). Frequent sponge spicules, Pieninia
oblonga, bryozoan zoeciums, rare Heteroporella lepina
PRATURLON, Montiella parva (RADOI]I]), microprob-
lematica “Pr10”, a few corals, gastropods, moluscan
fragments, Neithea and Eoradiolites are also present.
Sediments younger than the Cenomanian are outcrop-
ping in the western Drim riverside (Western Na{ec sec-
tion, RADOI^I], 1994).

Diagnosis. Thallus cylindrical, central stem narrow
with whorls consisting of three orders of similarly
shaped phloiophorous laterals; 7–8 primary laterals bear
probably six relatively long secondaries, giving rise to
bunches of fine short tertiaries. Distal widening of the
laterals relatively small, maximum of 0,076 mm in the
primaries, about 0,050 mm in the secondaries and about
0.025 mm in the tertiaries. Length of the primary lat-
eral is almost equal to both secondary and tertiary lat-
erals. Primary calcification delicate, prevailing around
the distal portion of the thallus.

Dimensions (in mm) (extreme in the brackets):
Outer diameter 0.710–1.640 (1.947). 
Main stem diameter (given on a few sections only)

0.126–0.177.
Length of primary laterals (= pores) nearly half the

wall thickness.
Distance between whorls about 0.100. 
Description. Trinocladus divnae sp. nov. in the Pa{-

trik material is quite differently preserved. The primary
feature of some specimens are completely or prevailing
obliterated by recrystallization (Pl. 1, Figs. 4, 7, 10, 11,
14; Pl. 3, Figs. 1–4). Open pores on many of the cor-
puscule surface (dentate surface) correspond to external
moulds of parts of the tertiaries (Pl. 1); their distal
unpreserved part form a cortex. In a few sections, some
pores, swelling of secondaries or rarely of primaries,
are visible (Pl. 1, Figs. 5, 8, 10; Pl. 3, Figs. 5, 6).

Sometimes, the contour of the main stem is also rec-
ognizable (Pl. 1, Figs. 5, 9; Pl. 3, Figs. 2, 4), or, even,
the calcified stem membrane is preserved as a thin
black line (Pl. 1, Fig. 7). The central stem and proxi-
mal whorl area, in a few individuals, occur as a cavi-
ty with the internal wall surface more or less zig-zag
undulated (Pl. 1, Figs. 6, 9, 10).
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Fig. 2. Trinocladus divnae sp. nov. Holotype, slightly ob-
lique section; thin slide RR2379, × 61,5. Notice the insertion
points of 4 laterals. Arrows: recrystallized space of inverted
triangular forms corresponding to units of laterals (R1-R3),
and on the bellow the two pores of primaries which are not
completely obliterated by recrystalization.

 
 
 



The internal structure of the specimen shown in Pl.
1, Fig. 9 seems, at a first glance, relatively well pre-
served. The structure of the whorls, in this case, is
obliterated: only contours of the recrystallized whorl
areas and the intervening space can be distinguished.

Here, subcircular sections give a wrong impression
that they are sections through thick laterals. Most like-
ly, the membrane of the primary and secondary later-
als are not at all or only slightly calcified. They were
enveloped in a thick mucilage layer giving a cuplike
form to every unit of laterals (triangular in the sec-
tions), which are, in this case, completely recrystallized.

Individuals with a calcified distal thallus area, around
the swelling of secondaries and of dense short tertiaries,
are presented as thin-walled cylindrical calcareous tubes,
relatively resistant to dissolution and abrasion (Pl. 2,
Figs. 1–5). The small sized fragments of this thin fine-
porous calcified wall is difficult to recognize as dasy-
cladalean skeleton elements (Pl. 3, Figs. 10, 11).

Comparing these differently preserved specimens, I
could not immediately decide: whether they were the
same species. Specimens with a thin distal calcification
are ascribed to Trinocladus divnae because of the
somewhat larger size of the thallus and, especially, the
difference in the preservation are not of specific max-
imal values. Smaller individuals generally had an early-
altered internal structure (recrystallized) and were more
resistant to break. The thin calcareous wall of larger
specimens, although resistant to dissolution and abra-
sion, were more friable.

Relations. This species resembles Trinocladus tripo-
litanus RAINERI the most, which has the same number
of primary laterals but is not so variable in the size of
the thallus. The main difference lies in the distal part
of the thallus: relatively delicate secondaries of Trino-
cladus divnae bear dense bunches of fine tertiaries,
forming a resistant thin calcified wall.

Trinocladus sp. from the Maastrichtian of Iraq (RA-
DOI^I], 1979, pl. 2, fig. 4) now is tentatively referred
to Trinocladus divnae.

It does not exclude that the alga presented as ”Gri-
phoporella sp.” by SCHLAGINTWEIT, 1992, pl. 1, fig. 7
is a thin-walled specimen of Trinocladus divnae.

Family Dasycladaceae (KUTZING, 1843) emend.
BERGER & KAEVER, 1992
Tribe Dasycladeae PIA, 1920

Genus Montiella MORELLET & MORELLET, 1922

The genus Montiella is characterized by a simple cy-
lindrical thallus consisting of whorls with two orders of
laterals. The primary laterals arranged in quincunxes
bear one fertile ampulla and one secondary lateral en-
larged distally.

Type species is Montiella munieri, from the Montian
of Belgium. Other species of the genus, Montiella ma-

cropora, was contemporary described from the Thanetian
of the Paris Basin. Isolated specimens and fragments of
the both species were studied by GÉNOT (1978, 1987, in:
DELOFFRE & GÉNOT, 1982). This author (1982, p. 108)
compares the calcareous sleeve of both species with
those in some Neomeris “chés lesquelles les ramifica-
tions primaries et l’extrémité proximale des ramifications
secondaires ne sont jamais conservées.”

The find of genus Montiella in the Cretaceous sedi-
ments is of a later datum: when Cylindroporella elitzae
BAKALOVA and Cylindroporella benizarensis FOURCADE

et al. were transferred to the genus Montiella (RADO-
I^I], 1980, GRANIER, 1990). The difference in the extent
of calcification of the Paleocene and Cretaceous Mon-
tiellae is readily evident. In contrast to the Paleocene
species, the known Cretaceous species have a calcare-
ous sheath around the proximal part of the whorl with,
in the some specimens, a well preserved morphology
of the central stem.

In the calcareous sheath of the known Cretaceous
Montiellae, as a rule, the pore of the secondary is not
differentiated from the pore of the primary lateral (sec-
ondary effect). They look like a single pore: a thick
and short proximal part with a fertile ampulla followed
by somewhat narrower tube, distally enlarged having
the protective function of the ampulla. 

Besides the fertile ampullae, other whorl elements
are often not or only partially preserved. Therefore, it
is often difficult to distinguish the calcareous sleeves of
Montiella from those of Cylindroporella. Bearing in
mind that the type species of the genus Cylindroporella
is poorly preserved (some structural elements are oblit-
erated), the question is: what is Cylindroporella? The
Cylindroporella problem is discussed by BARATTOLO

and PARENTE (2000).

Montiella filipovici sp. nov.
Pl. 4, Figs. 1–9; Pl. 5, Figs. 1–12; Pl. 6, Figs. 1–4

Origin of name.. The species is dedicated to my
friend and colleague Dr. Ivan Filipovi} (Belgrade), for
his contribution to the study of on the Paleozoic in
Western Serbia.

Holotype. Oblique section of the specimen in Pl. 4,
Fig. 1, thin slide RR2328, sample 015117, author’s col-
lection deposited in the Geological Institute, Belgrade.

Isotypes. Different sections in thin slides RR2326 to
2336, partly illustrated in Pl. 1, Figs. 2–9; Pl. 3, Figs.
1–12; Pl. 3, Figs. 1–4.

Type level and locality. Sample 015117 was collect-
ed in 1973 from the upper part of the section Vrbnica
1, southern slope of the Mountain Pa{trik. This section
is exposed on the footpath between Vrbnica–Drim and
Miljaj–Ninaj, east of the section Vrbnica 2 (CHERCHI et
al., 1976); Geological map SFRJ 1:100000, Sheet Pri-
zren (Fig. 1).

Lateral equivalents of the sediments with Cisalveo-
lina fraasi, in the Vrbnica 1 section, are followed by
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some ten meters of limestone with a prevailing weak ter-
rigenous influx, changed and impoverished biota. A few
meters upward, limestone abounding in halimedacean
algae was sampled (15117). This bed, grainstone-pack-
stone dominated by Halimeda elliotti CONARD & RIOULT,
Halimeda sp. and some other halimedacean algae is the
type level of Montiella filipovici sp. nov. The associa-
tion also contains Montiella parva (RADOI^I]), Terque-
mella sp., sparse fragments of Neomeris and Heteropo-
rella lepina PRATURLON, a few foraminifera Nezzazati-
nella, Cuneolina, Reticulinella, miliolids, rare ostracodes
and metazoan fragments (Pl. 6, Figs. 5, 6, 8–11).

Further upwards (the bedding is not well visible), the
lower Turonian (equivalent to the helvetica Zone) is doc-
umented by Moncharmontia apenninica (DE CASTRO),
Pseudocyclammina sphaeroidea GENDROT (sample
015119), and the rudists Hippurites, Durania, Biradiolites
and Distefanella. The interval between the Cisalveolina
fraasi Zone and the lower Turonian is equivalent or part-
ly equivalent to the Whiteinella archaeocretacea Zone 

In the Gradi{te succession (the same Cretaceous Unit,
Fig. 1), Halimeda elliotti occurs abundandly in some
beds of the Hemipelagic Sequence (= Whitinella archa-
eocretacea and Helvetotruncana helvetica zones). In the
Metohija Cretaceous Unit, the abundance of Halimeda
elliotti associated with Helvetotruncana helvetica is
known from the Zabel Section (RADOI^I], 1993, 1998).

Diagnosis. Thallus with a narrow central stem and
whorls commonly consisting of 6 laterals, exceptional-
ly 4 or 5. Primary laterals arranged in quincunxes, short
and relatively thick, each bears a fertile ampulla and a
secondary lateral. Egg shaped slightly inclined upward
fertile ampulla located on the upper side of the primary
lateral close to the central stem, a secondary lateral
grows from its distal end. Ampulla pedunculus is short,
usually not clearly differentiated.

Walls of the fertile ampullae have been individually
calcified. This primary calcareous skeleton is altered or
partly altered.

Dimensions (in mm) (extreme value in brackets): 
External diameter 0.607–0.708 (0.759); the trans-

verse section with 5 laterals in the whorl shown in Pl.
5, Fig. 5 is a specimen with a narrower thallus diam-
eter – 0.430 mm.

Diameter of the main stem (0.075) 0.101 – 0.151 (0.177).
Length of the ampulla with pedunculus 0.180.
Length of the primary laterals up to 0.127.
Diameter of the fertile ampulla up to 0.170.
Diameter of the primary lateral about 0.051.
Description. The surface of the calcareous tubes was

more or less eroded, often to half of the fertile ampul-
lae (Pl. 4, Fig. 9). The fertile ampullae primary have
been individually calcified as more or less thin carbon-
ate envelopes (about 0.002 mm). A similar primary cal-
cification is not observed in the laterals, they were poor-
ly preserved, probably due to weak or no calcification at
all. The form of their distal-cortical part is not known
(it seems they were much enlarged). The best example

of individual calcified fertile ampullae is the transverse
section in Pl. 2, Fig. 5. Some other sections, with a pre-
served individual sheath around the ampullae, and pri-
mary contact between them are illustrated in the same
plate. In the same calcareous tube, parts of the skeleton
may be differently preserved. An example of the differ-
ent grade of the obliterated structure in the same whorl
is the transversal section in Pl. 2, Fig. 4: well preserved,
slight contact between the ampullae observable as a
black line, and both, the sheath and the space between
the ampullae are almost obliterated by advanced recrys-
tallization in the other part of the section. The mentioned
transverse section with 5 laterals is also an example of
gradual alteration. The original sheath around the ampul-
lae is preserved in part of this section, and obliterated
by recrystallization in the other part.

Relations. Montiella elitzae and the very similar
Montiella benizarensis are species with a larger thallus
bearing 6–8 laterals per whorl and more variable
dimensions than M. filipovici characterized by slightly
variable thallus dimensions.

Some specimens of Cylindroporella elitzae and Cy-
lindroporella benizarensis (are these two species?) are a
nice examples of a post-mortem process resulting in
axis widening at the whorl level (RADOI^I] et al., 2005,
pl 1, fig. 3). The primary calcification around the fer-
tile ampullae in these species is not preserved, except
the thin calcification around fertile ampulla of Montiella
elitzae from Eastern Serbia (RADOI^I], 1980, pl. 2, fig.
4), which indicates the same primary calcification as
that of Montiella filipovici.

A list of algal flora in the Cretaceous of Pa{trik
(in alphabetic order):

Acroporella radoicicae PRATURLON, Pl. 8, Fig. 3
Bacinella irregularis RADOI^I]

Charophyta
Coptocampylodon fontis (PATRULIUS)
Coptocampylodon sp.
Clypeina pastriki RADOI^I]

Cylindroporella sp. div.
Dissocladella?, Pl. 8, Fig. 5
Halimeda elliotti CONARD & RIOULT, Pl. 6, Figs. 8–10
Halimeda sp. (spec. nov.?), Pl. 6, Fig. 12
Halimedaceae sp. div.
Heteroporella lepina PRATURLON, Pl. 7, Fig. 10
Koskinobulina socialis CHERCHI & SCHROEDER

Lithocodium aggregatum ELLIOTT

Lithocodioidea, different species
Marinella lugeoni PFENDER, Pl. 7, Fig. 9
Montiella filipovici sp. nov., Pl. 1, Pl. 2, Pl. 3, Figs. 1–6
Montiella parva (RADOI^I]), Pl. 4, Pl. 5, Pl. 6, Figs. 1–4
Neomeris (Drimella) drimi RADOI^I]

Neomeris sp., Pl. 2, Fig. 9
Neomeridae, subgenus?
?Pseudoclypeina, Pl. 7, Fig. 6
Pseudolikanella cf. danilovae (RADOI]I])
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Pseudolithotamnium album (PFENDER), Pl. 7, Fig. 7
Salpingoporella hasi CONRAD, RADOI^I] & PEYBERNES

Salpingoporella milovanovici RADOI^I]

Salpngoporella pygmaea (GÜMBEL)
Salpingoporella turgida (RADOI^I])
Suppiluliumaella schroederi BARATTOLO, Pl. 7, Figs. 2–4
Solenoporaceae
Suppiluliumaella sp., Pl. 8, Fig. 1
Terquemella div. sp.
Trinocladus divnae sp. nov., Pl. 1, Pl. 2, Pl. 3, Figs. 1– 6
Trinocladus aff. tripolitanus RAINERI, Pl. 3, Figs. 8, 9
Trinocladus?, Pl. 3, Fig. 7
Triploporella sp.
Digfferent microbial epiliths

Supplementary note

Montiella parva (RADOI^I], 1983) comb. nov.

Cylidroporella parva n. sp., RADOI^I], 1983: pl. 1,
figs. 1–5; pl. 2, figs. 1–2; thin slide RR3557, author’s
collection, Geological Institute of Serbia.

Turonian, Tripolitania, Libya,
The taxon is found in the type level of Montiella fil-

ipovici and also in association with Trinocladus divnae
(Pl. 6, Figs. 5–7).The subaxial section, Fig. 7, is the
only specimen of this species with preserved pores of
primary laterals upward bearing the fertile ampulla (the
structure of the genus Montiella). The secondary later-
als most probably were not calcified.

From the Turonian of Sinai in Egypt, the species
was presented by IMAM (1996, 1b, not 1a). A primary
calcification of this specimen, the individual sheaths
enclosing the fertile ampullae which is the feature of
the genus Montiella, is well preserved in the part of
this recrystallized body.

Trinocladus elliotti (JOHNSON, 1965) comb. nov.

Permocalculus elliotti n. sp., JOHNSON (in JOHNSON

& KASKA) 1965: pl. 5, figs. 1–5; thin slide 18587,
(USNM in Washington, Division of Paleobotany, no
42340), earliest Early Cretaceous, possibly Late Juras-
sic, Rosario area of Spanish Honduras.

Although the calcareous sheath of the illustrated speci-
mens is diagenetically altered, sections in figures 1–3 give
sufficient data on the dasycladalean nature of this species.
Branching arrangement – primary, secondary (Figs. 2, 3,
on left) and tertiary (Fig. 3) laterals is of the Trinocladus
pattern. Accordingly, the species is transferred into the
genus Trinocladus RAINERI, 1922. In order to obtain a
diagnosis, a study of the type material is necessary.

Belzungia bella (YU JING, 1976) comb. nov.

Trinocladus bellus. spec. nov., YU JING, 1978: pl. 8,
figs. 10 (thin slide 28434) and 11 (thin slide 28435),

?Fig. 9, non Fig. 12, Paleocene–Ypresian of Lungma
Region, China

The holotype of Trinocladus bellus is a large frag-
ment of the calcareous tube – longitudinal-oblique sec-
tion through 6 or 7 whorls. The insertion points of the
primary laterals in this section are not preserved because
the main stem is secondary enlarged. Thick short pri-
maries, thick irregular secondaries and somewhat thin-
ner tertiaries, give rise to further laterals, thin and anar-
chically arranged. Whorls bearing such arrangement of
laterals characterize the genus Belzungia, MORELLET,
1908. The new combination refers to two out of four
sections illustrated by YU JING (1978, fig. 10), holotype
and transversal section in Fig. 12. This species, intro-
duced on insufficient material, is different from other
Belzungia species by coarser proximal (3 orders) and
seemingly somewhat more anarchically arranged distal
laterals.
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Rezime

Trinocladus divnae i Montiella filipovici –
nove vrste (Dasycladales, zelene alge) iz
gorwe krede Pa{trika (Mirdita zona)

Iz gorwokrednih sedimenata Pa{trika (Kukes-

ka kredna jedinica, Mirdita zona) opisane su dvije

nove vrste dazikladalesa:

Triploporella divnae sp. nov.

Holotip. Malo isko{en popre~an presjek pri-

kazan  na tabli 1, sl. 1.

Dijagnoza. Cilindri~an talus sa uzanom cen-

tralnom stabqikom koja nosi, na rastojawu, pr{-

qenove sa tri reda ogranaka sli~nog oblika. 7–8
primarnih ogranaka daju najvjerovatnije po sest

sekundarenih, a ovi po snop kratkih tercijarnih

ogranaka. Du`ina oba, sekundarnog i tercijarnog,

pribli`no je jednaka du`ini primarnog ogranka.

Kalcificiran je ~esto samo tanak distalni dio

talusa (vrh sekundarnih i tercijani ogranci),

rijetko i membrana glavne stabqike. Sekundarne

promjene znatne.

Stratigrafski polo`aj i tipski lokalitet.

Gorwi (ali ne najgorwi cenoman), vi{i dio zone sa

Cisalveolina fraasi u profilu Bistrice na jugois-

to~nim padinama Pa{trika. 

Montiella filipovici sp. nov. 

Holotip. Kos longitudinalni presjek prikazan

na tabli 4, sl. 1.

Dijagnoza. Talus sa uzanom centralnom stab-

qikom i pr{qenovima koji obi~no imaju 6, izu-

zetno 4 ili 5 ogranaka. Kratki relativno masivni

primarni ogranci nose fertilnu ampulu i jedan

sekundarni distalno pro{iren ogranak. Fertilna

ampula je smje{tena na gowojoj strani ogranka

blizu centralne stabqike, pedunkulus ampule

veoma kratak, nejasno diferenciran. Tanak kre~-

wa~ki omota~ deponovan je pojedina~no oko

fertilnih ampula.

Primarni, a osobito sekundarni ogranci bili

su slabo ili nijesu uop{te bili kalcificirani.
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Bitne primarne crte roda Montiella prekrista-

lizacijom bivaju izgubqene. Stoga se takve kre~-

wa~ke cjev~ice mogu pogre{no pripisati rodu

Cylindroporella, premda do danas, s obzirom na lo{u

o~uvanost tipskog materijala, nije definisano

{to su bitne odlike ovog roda.

Montiella filipovici poti~e iz sedimenata najvi{eg

cenomana–najni`eg turona koji le`e neposredno

ispod kre~waka sa turonskim mikrofosilima i ru-

distima, a otkriveni su u profilu Vrbnica 1 na ju`-

nim padinama Pa{trika, izme|u Miqaja i Ninaja.

U dodatnoj biqe{ci dati su ukratko podaci o

novim kombinacijama za vrste Cylindroporella parva
RADOICIC, 1983, koja je prevedena u rod Montiella
MORELLET & MORELLET, 1922, Permocalculus elliotti
JOHNSON, 1965 koja je preba~ena u rod Trinocladus
RAINERI, 1922 i Trinocladus bellus YU JING, 1978,
koja je preba~ena u rod Belzungia MORELLET, 1908.
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PLATE 1

Figs. 1–14.   Trinocladus divnae spec. nov.
1. Holotype, slightly oblique transversal section also shown in text-fig. 2; arrows: the inverted

triangular form corresponds to the space of the laterals; thin slide RR2379; × 33.
2, 3, 6, 12. Oblique (2, 6, 12) and transversal (3) section. Specimens of the same preservation;

thin slides RR2379, 2379, 2338, 2338; × 33.
5. Transversal section of the damaged specimen; notice poorly preserved primary latera (arrow); thin

slide RR2344; × 53.
7. Oblique section (fragment). Pores of the primary and the secondary laterals have been completelly

obliterated by recrystallization, thin central stem membrane with insertion points of worls is well
preserved; thin slide RR2336; × 33.

8. Oblique section of recrystallized specimen with 3 deformed pores of primaries. Dense pores of
tertiaries are visible at the top of the section; thin slide RR2338; × 33.

9. Oblique section of the strangely preserved specimen (see text); thin slide RR2379; × 33.
10. Slightly oblique transversal section with rare primary pores; thin slide RR2346/1; × 33.

11, 14. Recrystallized specimens, transversal sections: thin slide RR2344; × 33.
13. Oblique section of damaged specimen, the preservation similar to those in fig. 9, thin slide

RR2378; × 33.
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PLATE 2

Figs. 1–8.  Trinocladus divnae spec. nov.
1, 4, 5, 7. Oblique and transversal sections of the specimens with calcified more or less thin distral area Fig. 1

is the largest specimen of the collection; in its middle tangential section of the fragment with pores
of swollen parts of secondaries; thin slides RR2344, 2346, 2344/1, 2379; × 33.

2, 3. Fragments of longitudinal section; swollen parts of the secondaries are well preserved; thin slides
RR2380, 2343/1; × 33.

6. Damaged specimens of partially recrystallized interior, some pores of seconradies recognizable; thin
slide RR2343/1; × 33.

8. Fragment of prevailing recrystallized specimen with two primary pores and open pores of tertiaries at
the outer surface; thin slide RR2344/1; × 52.

Fig. 9. Neomeris sp.. Oblique section, thin slide RR2345; × 20.
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PLATE 3

Figs. 1–6.   Trinocladus divnae spec. nov.
1–4. Oblique (1, 2, 4) and transversal (3) section. Specimens obliterated by recrystallization; the contours of

central stem, in the specimens 2 and 3, are recognizable, slightly deformed central stem of the specimen
1 is filled by micrite; thin slides RR2345, 2380, 2379, 2379; × 33.

5. Fragment of tangential section with pores of secondary laterals, thin slide RR2343/1; × 33.
6. Slightly oblique transversal section of recrystallized specimen with rare, pores of secondary laterals; thin

slide RR2343/1; × 33.

Fig. 7. Trinocladus sp. Thin slide RR2380; × 52.

Figs. 8, 9. Trinocladus aff. tripolitanus RAINERI. Fragmnts; thin slides RR2344 and RR 2346; × 52     

Figs. 10, 11. Trinocladus divnae spec. nov. Fragments of calcified thin distal part, thin slides RR2348, 2346/1; × 30. 
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PLATE 4

Figs. 1–9.   Montiella filipovici spec. nov.
1. Holotype, sub-longitudinal oblique section; thin slide RR2328; × 60.

2–8. different more or less oblique sections; thin slides RR2334; 2335/2, 2330, 2335, 2327, 2326/1, 2326;
2 = × 40; 6, 7, 8 = × 60; 4, 5 = × 63.

9. slightly oblique longitudinal section; thin slide RR2328; × 40.
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PLATE 5

Figs. 1–12.   Montiella filipovici spec. nov.
1. Tangential section. Notice characteristic section through primary laterals and ampulla (arrows); thin slide

RR2327; × 63.
2, 3. Oblique sections; thin slides RR2335, 2326/1; × 63.
4–10. Transversal sections; thin slides RR2327/1, 2332, 2332, 2326/1, 2327, 2326, 2335/2; × 60; 9 = × 63.

11. Tangential-oblique section, fragment; thin slide RR2331; × 63.
12. Transversal-oblique section of damaged fragmen; thin slide RR2331; × 60.
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PLATE 6

Figs. 1–4.   Montiella filipovici spec. nov. Different oblique sections; thin slides RR2327, 2333, 2333, 2331; × 60; 4 = × 63.

Figs. 5–7.  Montiella parva (RADOI^I]). Longitudinal (5, 6) and oblique section (7); thin slides RR2336, 2327 (type level
of M. filipovici), 2379 (type level of Trinocladus divnae); × 63.

Figs. 8–10. Halimeda elliotti CONARD & RIOULT. Longitudinal, oblique and transversal section, thin slides RR2330, 2328,
2236/1; 8 = × 40; 9, 10 = × 45.

Fig. 11. Neomeris sp. Fragment; thin slide RR2331; × 60.

Fig. 12. Halimeda sp. (spec. nov.?). Thin slide RR2332; × 34.

 
 
 



Trinocladus divnae and Montiella filipovici – a new species (Dasycladales, green algae) from the Upper Cretaceous 83

 
 
 



RAJKA RADOI^I]84

PLATE 7

Figs. 1. Salpingoporella hasi CONRAD, RADOI^I] & REY. Microfacies; thin side RR2389;  × 37.

Figs. 2–4. Suppililuimaella schroederi BARATTOLO (until recently known only from Apennines – BARATTOLO, 1984); thin
slides RR2381, 2381/1; × 33.

Fig. 5. Problematic microfossil “Pr-10” and fragment of Neomeris; thin slide RR2345; × 44.

Fig. 6. Pseudoclypenia?. Fragment; thin slide RR6015 (Valdanchella dercourti Zone); × 67.

Fig. 7. Pseudolithothamnium album (PFENDER) (monospecific assemblage); thin slide RR23471/1; × 10.

Fig. 8. Sponge spicules, type level of Trinpocladus divnae; thin slide RR2379; × 33.

Fig. 9. Marinella lugeoni PFENDER. Thin slide RR2340; × 36.

Fig. 10. Heteroporella lepina PRATURLON. Fragment; thin section RR3246; × 36.

Figs. 11–12. Ostracods from the type level of Montiella filipovici; thin slide; RR2332; × 60.

Fig. 13. Jurella? from the type of Montella filipovici; thin slide RR2331; × 60.

 
 
 



Trinocladus divnae and Montiella filipovici – a new species (Dasycladales, green algae) from the Upper Cretaceous 85

 
 
 



RAJKA RADOI^I]86

PLATE 8

Figs. 1–6.   Aptian bioclastic sediments of the northern Pa{trik:
1. Suppiluliumaella sp. Thin slide RR2422; × 35,5.
2. Salpingoporella pygmaea (GÜMBEL). Thin slide RR2422; × 35,5.

3, 4, 6. Acroporella radoicicae PRATURLON (3) algal crusts (4) and Planomalina sp. (6); thin slide RR2045;
2045/1; 3 = × 43; 4, 6 = × 30.

5. Dissocladella?; thin slide RR2422, × 60.

Figs. 7–10. Problematic microfossil “Pr 11” from the Lower Cenomanian of the Vrbnica; Thin slide RR2318/4; 7, 8 = × 85;
9, 10 = × 175.

Figs. 11–13. Problematic microfossil “Pr 10” in association with Trinocladus divnae; thin slides RR2344, 2344, 2343; × 130.
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Introduction

As a product of Alpine tectonics in the Late Oligo-
cene and the Early Miocene, a few molasse basins were
created along the northern foreland of the uplifting
mountain ranges in middle and southeastern Europe
(Fig. 1). Although, each basin has its own individual
history, their developments display some common fea-

tures; repeated cycles of isolation from the world
oceans, as inferred from the barrenness of the fauna or
the presence of endemic organisms, and evolution from
fully marine through brackish to caspibrackish and flu-
vial depo-environments (KOVA^ & MARTON, 1998; PI-
PÍK, 2000; FORDINAL et al., 2006;). Temporary isolation
and filling of the western-central Paratethyan basins
started from west to east. Firstly, the Alpine molasse

Late Miocene ostracodes of Serbia: morphologic
and palaeoenvironmental considerations

LJUPKO M. RUNDI]

Abstract. About 11.5 million years ago, a tectonic uplift of the Eastern and Western Carpathians separated
the Pannonian Basin from the rest of the Paratethys. This orogenesis event caused an unconformity between
the Sarmatian brackish sediments and the Pannonian lake-sea deposits. More than 6 Ma later, in these parts of
the Paratethys, changes in the geographic framework, hydrological conditions and brackish – caspibrackish water
chemistry led to the disappearance of restricted marine forms of life. A few euryhaline and marginal marine
species survived this environmental change. Among the ostracodes, some originally freshwater taxa, such as
Candoninae, entered the lake-sea. Many lineages show gradual morphological changes. The older, low diversi-
ty ostracode fauna from the Lower Pannonian dispersed to the endemic species and genera during the Upper
Pannonian. This interval is assigned as the “bloom time” for many ostracodes, both qualitatively and quantita-
tively. This time sequence is the last appearances of genera such as Aurila, Cytheridea, Propontoniella, etc.
and simultaneously, the first appearances for many new genera, such as Zalanyiella, Serbiella, Camptocypria,
Sinegubiella etc. During the Pontian, migration processes were present. Therefore, it can be supposed that many
eastern Paratethyan forms have Pannonian origin. 

Key words: Late Miocene, ostracodes, morphology, paleoenvironment, Serbia.

Apstrakt. Na prelazu izme|u sredweg i gorweg miocena, pre oko 11,5 miliona godina, tektonska

izdizawa u Karpatima su dovela do odvajawa Panonskog prostora od ostatka Paratetisa. To je rezulti-

ralo diskordancijom izme|u sarmatskih, braki~nih i panonskih, kaspibraki~nih naslaga. Skoro 6 mili-

ona godina kasnije, promene geografskih prilika, hidrolo{kih uslova i formirawe osla|ene vodene

sredine, dovele su do potpunog izumirawa morskih organizama. Samo nekoliko evrihalinskih formi kao

i onih koji su nastawivali priobalne delove uspelo je da se prilagodi i pre`ivi. Kod ostrakoda,

slatkovodni oblici poput kandonina, sve vi{e nastawuju takvo veliko jezero-more dok neki filogenet-

ski nizovi pokazuju postepene izmene. Starije panonska, slabije raznovrsna ostrakodska fauna evoluira

u neke endemi~ne oblike tokom mla|eg panona kada dolazi i do pravog procvata ostrakoda, kako po broju

vrsta tako i po broju jedinki. To je period posledweg pojavqivawa rodova Aurila, Cytheridea, Proponto-
niella odnosno vreme prvog pojavqivawa rodova Zalanyiella, Serbiella, Camptocypria, Sinegubiella. Za vreme

ponta, zapa`eni su migracioni procesi na ovom prostoru i smatra se da mnogi oblici koji `ive u

isto~nom Paratetisu imaju panonsko poreklo.

Kqu~ne re~i: mla|i miocen, ostrakode, morfologija, paleoekologija, Srbija.
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basin was filled with sediments during the Middle Mio-
cene, then the Pannonian Basin during the Late Mioce-
ne–Early Pliocene and, finally, the Dacian Basin dur-
ing the Pliocene (HORVATH, 1990; MAGYAR et al.,
1999). Simultaneously, the eastern Paratethyan basins
(Black Sea and Caspian) remained aquatic (SAFAK,
2002; TUNOGLU, 2001, 2002, 2003; WITT, 2003).

During the Late Miocene, most of Serbia belonged to
the Pannonian Basin, while a small part of eastern Serbia
corresponded to the Dacian area. During this time inter-
val, there was a brief connection between them, but the
most important period was during the existence of the
so-called “Pannonian–Pontian lake-sea”, a deposition
area completely isolated and closed from the east by the
Carpathian Mountains. Some authors when referring to
the Pannonian and Pontian Stages used the name Lake
Pannon (MAGYAR & GEARY, 1999; MAGYAR et al.,
1999; MÜLLER et al., 1999; SZUROMI-KORECZ et al.,
2004). The above-mentioned connections between the
basins established in the Pontian represented the last
phase of the evolution of the western Paratethys. Sub-
sequently, the Pannonian Basin disappeared as a lake-sea
and transformed to a marshland environment. On the
other side of the Carpathians Mt., the Dacian Basin still
continued its existence during the early Pliocene.

Sedimentological studies have been limited to the
investigation of main grain-size classes (rudites, aren-
ites and lutites). Among forty samples, 42% of them
are rudites (> 2mm), 38% are sand (0.63–2mm) and
20% are mud (< 0.63 mm). These deposits are slight-
ly dominated by a coarse mean grain-size of gravel and
sand (rudites, > 2mm). The distribution of the sedimen-

tary material follows the expected general, fluvial lacu-
strine model: the coarsest deposits are distributed in the
main channels, associated with a more dynamic water
regime. On the contrary, the smaller particles occur in
zones of low energy (OBRADOVI] & JOVANOVI], 1987).
Except in the opening of the main channel (the Kolu-
bara Bay), where tidal currents and waves continuous-
ly generated high dynamic conditions throughout the
year, the mean grain-size pattern does not correspond
to a dynamic regime during the major part of the year. 

For example, in the well Rgh-107.5 (Kolubara Ba-
sin), there are rapid decreases of calcium carbonate
from the bottom to the top of the investigated well
(Table 1). More consolidated deposits, such as Sarma-
tian limestones and sandstones, contain up to 80% of
CaCO3. On the other hand, semi-consolidated Panno-
nian and Pontian marls and sands contain a low per-
cent of carbonate, as well as of carbon dioxide. Sample
No. 28 (144.00–144.20 m) corresponds to marly sands
and marls (OBRADOVI] & JOVANOVI], 1987). Sands
have a symmetrical grain size distribution and good
sorting. Sandy marls shown similar effects. It is con-
cluded that there was multiple alteration in the profile
of the fluvial and near shore lake-sea deposits. Fluvial
flows dispersed silicoclastites to the near shore parts
and temporary deposited them on the land or alluvial
environment. Somewhat different cases were observed
on the sandy-silts (maximum 21.46% sand) and silts
(maximum 98.95% silt) from the Late Miocene sedi-
ments of eastern Serbia. These deposits were earlier in-
vestigated by KRSTI] et al. (1992, 1995, 1997) and MI-
HEL^I] (1990, 1991). There is a clear trend of decreas-
ing calcium carbonate toward the younger Miocene
Stages (Fig. 2). Also, curves of sorting and grain-size
values show that the sediments have middle to good
sorting and dominantly an asymmetrical grain-size distri-
bution. Some other characteristics, such as pH (7.7–7.9)
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Fig. 1. The Late Miocene Paratethyan province: 1, the Pan-
nonian Basin; 2, the Dacian Basin; and 3, Euxinian Basin;
4, the Carpathians Mt.; 5, the Balkans Mt.; and 6, the
Dinarides.

Table 1. CO2 and CaCO3 content of the well Rgh-107.5, the
Kolubara basin, western Serbia.

 
 
 



and Eh (+26 to –20), indicate that these deposits are
the products of a slightly alkaline and low reduction
environment (DODIKOVI], 2001).

Quantitative and qualitative diversity
of ostracodes

In the western and central Serbia (an example of the
Kolubara Basin), more than 36 genera with 206 ostra-
cod species were identified in the Late Miocene (RUN-
DI], 1997). The most abundant taxa are representatives
of Candoninae, including genera such as Camptocypria,
Cryptocandona, Fabaeformiscandona, Hastacandona,
Lineocypris, Pontoniella, Propontoniella, Serbiella, Sin-

egubiella, Thaminocypris etc. with about 80 species.
Among the more abundant genera are Amplocypris (25
species), Cyprideis (23), Loxoconcha (22), Hemicythe-
ria (20) and Amnicythere (19), which represent togeth-
er about 90% of the total number of specimens. The

findings of Cypria (8 species), Hungarocypris (4), Xesto-
leberis (3), Candona (2), Ilyocypris, Tyrrhenocythere,
Mediocytherideis and Stenocypria (all with one species)
were scarce and they represent only 10% of the men-
tioned population. Most of them have been recognized
as infra/sublittoral. A smaller number of taxa have been
found in the intertidal zone. Individual abundance may
exceed 400 individuals per sample. Species diversity
increases appreciably from the Lower Pannonian and is
maximal during the Upper Pannonian (Fig. 3). This
basin is the most illustrative example of marginal dep-
osition in the whole of western and central Serbia dur-
ing the Late Miocene. Other areas have more-less sim-
ilar characteristics, except the northern province of
Serbia (Vojvodina), where there is carbonate develop-

ment. The best example of this kind is on the Fru{ka
Gora Mt., where the Upper Pannonian is represented by
fine grained “cement marls”, which correspond to the
deeper part of the Pannonian Basin. The ostracod assem-
blages contain several genera, such as Typhlocyprella,
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Fig. 2. Decreasing trend of CaCO3
from the Bessarabian to the Ponti-
an (sandy-silts and silts from some
localities of the Dacian Basin of
eastern Serbia, after DODIKOVI],
2001).

Fig. 3. Species number of main ge-
nera in relation to the sediments.
The Lower Pannonian of the Kolu-
bara Basin.

 
 
 



Zalanyiella, Camptocypria, Serbiella, Amplocypris, He-
micytheria, and Cypria. Apart from Candoninae, all
other genera are represented by a few species only and
their percentage contribution to the total population is
small. The most abundant forms are different Reti-
culocandona, Zalanyiella, Serbiella, Camptocypria, etc.
It seems that some representatives of Candoninae prefer
more fine-grained deposits than the others.

In the eastern Serbia (Dacian Basin), there are cer-
tain similarities with the Pannonian basin but the ostra-
codes represent a different paleoenvironment, including
a greater numbers and diversity of Leptocytherinae
(Table 2). Conversely, the Candoninae are not as diver-
sified as in the Pannonian Basin. During the Late Mio-
cene (Late Bessarabian – Pontian), the ostracodes had
the greatest diversity in the Maeotian and Pontian. The
most abundant genera are representatives of Leptocythe-
rinae (Amnicythere, Euxinocythere, Maeotocythere) on
the one hand, and different forms of Candoninae on the
other (> 80%). More than others, Dacian and Euxinian
species, such as Amnicythere sinegubi KRSTI], A. aliza-
dei SHEIDAEVA, A. palimpsesta (LIVENTAL) A. subcaspia
(LIVENTAL), Maeotocythere prebaquana (LIVENTAL),
Euxinocythere immutata STANCHEVA, E. suzini (SCHNEI-
DER) etc., have been found.

Among the Candoninae, Candona ex gr. neglecta
Sars, C. fagiolata STANCHEVA, Camptocypria ossoinensis
KRSTI], Camptocypria balcanica ZALÁNYI, Hastacando-
na pontica AGALAROVA, Bakunella guriana (LIVENTAL),
Reticulocandona orientalis KRSTI], Pontoniella paracu-
minata KRSTI], have been identified. Genera such as
Loxoconcha, Aurila, and Xestoleberis are present in
Sarmatian with a small number of species and relative-
ly abundant specimens. In the higher stratigraphic levels,
in addition to representatives of Candoninae and Lepto-
cytherinae, the rare Darwinula, Getocytheria, Stanchevia,
Mediocytherideis, Tyrrhenocythere etc. have been found.
Most interestingly, representatives of the genus Cyprideis
have a very small frequency and are limited to a few
species, unlike the Pannonian basin. There are also sim-
ilar results regarding the Pontian ostracodes from the
eastern Black Sea region of Turkey (TUNOGLU, 2001,
2002, 2003).

Generally, there is a high diversity in the ostracod
assemblages of the Upper Pannonian, Chersonian and
also Maeotian. What are the possible reasons for this?
First of all, there are some external factors, such as tec-
tonic events and geographical isolation, the conse-
quences of which were relatively stable aquatic condi-
tions and an adequate range of time. If the Sarmatian
s. str. – Upper Pannonian time period (over 2 Ma) is
considered, then it can be said that the time interval
was sufficient for taxonomic adaptation. During the
older Pannonian, the first ‘shock’ affects the ostracodes
and other fauna. The already freshened and relatively
well-adapted Sarmatian brackish forms could not toler-
ate more freshening. Some of genera are completely
absent, for example: Cytheridea, Miocyprideis, Cyamo-

cytheridea, Aurila, etc. However, some other represen-
tatives, such as Loxoconcha, Leptocythere, Hemicythe-
ria, etc., managed to survive the critical point and later
developed special features as result of the adaptation.
Mesohaline to freshwater and river-marsh genera, such
as different Candona, Cypria, Amplocypris, and Hun-
garocypris, played the most important role. They are
the markers for the future new ostracod assemblages,
which consequently occur at the beginning of the Upper
Pannonian. The second important event in the ostracod
development during the Pannonian was the first appear-
ance of many new taxons, such as Zalanyiella,
Camptocypria, Serbiella, Lineocypris, and Thaminocyp-
ris, etc. There was also an increase in the ostracod abun-
dance and diversity. An individual abundance may
exceed a few hundred individuals per sample. At the
same time, there was a high rate of speciation, which
was probably the result of some optimal conditions and
natural factors, such as geographic isolation, lake-sea
adaptation, reproductive mode and dispersal, sexual
selection, etc. (MARTENS, 1997). According to these
authors, the tempo and manner of speciation were very
different in various ancient lake assemblages. An exam-
ple of a high diversity phenomenon, considered by
MAYBURY & WHATLEY (1988), was the Upper Pliocene
faunas of Cornwall, England and northwest France. They
concluded that ”the high diversity symbolize general
result of many factors as favourable preservation, high
abundance, competent niche exploitation, the mixing of
brackish, marine, cold and warm water species and
some degree of allopatric speciation due to partial iso-
lation of faunas because of the incomplete transgression
of the Armorican and Cornubian massifs”.

It seems that there are many similarities between
these and the Upper Pannonian assemblages. It was the
time of the highest development of the faunas of the
Pannonian basin. Biostratigraphically, it was the acme
zone for many species (an example, the genus Hemi-
cytheria represent 75% of all individuals). 

After the Pannonian, tectonic subsidence of the
Carpathian belt resulted in the reconnection of the Pan-
nonian and Dacian Basins during the Pontian for the
last time. At the beginning, thanatocoenoses were
slightly different with many transitional types. Later,
these differences became more visible. The faunal as-
semblages had new elements, such as Bakunella, Tyr-
rhenocythere, etc. During the Upper Pontian in this
widespread environment, there was a trend of decreas-
ing biodiversity among the ostracodes, unlike the pre-
vious period. The habitat was more saline and it result-
ed in species reduction. Analogous ideas were present-
ed by BODERGAT (BONADUCE & SGARRELLA, 1999). The
samples have numerous specimens but with relative
few species. On the other hand, the faunas show an east-
wards migration trend as some genera occupied eastern
provinces and finally the Dacian Basin. In my opinion,
many of the ostracod genera from the Dacian area have
a Pannonian origin. In the Dacian Basin, for example,
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there are very abundant and diversified associations
with Amnicythere, Pontoniella, Candona, Bakunella and
Tyrrhenocythere in the younger levels of Pliocene
(OLTEANU, 1998, 2000). There are also similar results
regarding some representatives of molluscs (MÜLLER et
al., 1999).

Morphological and phyllogenetical
relationships (an example of the genus
Hemicytheria, POKORNY)

An attempt has been made to correlate morphologi-
cal features with some phylogenetical and paleoecolog-
ical characteristics of the genus Hemicytheria. In earli-
er ostracod references, there are many different consid-
erations concerning the genus Hemicytheria. In some,
it was considered as an independent genus like in the
first Pokorny description (POKORNY, 1955; STANCHEVA,
1971; SOKA^, 1972; OLTEANU & VEKUA, 1989; OLTE-
ANU, 2001; RUNDI], 2002). Others considered it to be
one of the subgenus: Heterocythereis (Hemicytheria)
and Heterocythereis (Tyrrhenocythere) – MORKHOVEN

(1962); Graptocythere (Hemicytheria) or Aurila (Hemi-
cytheria) – KRSTI], 1985, 1990. STANCHEVA (1971)
divided the genus Hemicytheria on the three subgenus:
Getocytheria, Hemicytheria s. str. and Tyrrhenocythere.
The main parameters for these taxonomic relationships
were: carapace morphology, hinge structure, muscle
scars pattern and type of marginal pore canals. The
anatomy of the soft body of recent representatives of
the subfamily Hemicytherinae were also explored
(MCKENZIE & BONADUCE, 1993).

Based on paleontological standards, some of the cha-
racteristics of the fossil representatives of the genus
Hemicytheria could be shown. Above all, based on the
carapace morphology, there are two main groups of
Hemicytheria: one with a pitted and the other with a
reticulated sculpture. It is not possible to clearly deter-
mine the phylogenetic evolution of Hemicytheria. It can
be assumed because of biostratigraphical results in
Early Pannonian deposits, that there was a branching
off of the phylogenetic lineage in the Lower Pannonian.
SOKA^ (1972) believed it probably occurred in the Up-
per Pannonian. The older Pannonian forms have pitted
sculptures [Hemicytheria ampullata (MEHES), H. hun-
garica (MEHES)] which presented descendant species
for smooth branch (H. marginata SOKA^) and reticulate
branch (H. reticulata SOKA^, H. dubokensis KRSTI]).
SOKA^ also considered the smooth forms to be phylo-
genetically younger because the marginal pore canals
can be straight as well as bifurcated, whilst the pitted
forms have only straight pore canals. The oldest Pan-
nonian species, H. omphaloedes (REUSS) and H. loer-
entheyi (MEHES), also have a reticulated surface. There-
fore, it could be said that the branching off occurred
during the Lower Pannonian because there are repre-
sentatives with both types of sculptures (only if the old-

est forms of Hemicytheria are considered as the inde-
pendent subgenus – Graptocythere). During the Upper
Pannonian, there are forms with both types of ornamen-
tation. In the Pontian, only three reticulated species
remained whilst the pitted ones had disappeared. The
ascendant/descendant problems are impossible to solve
at this moment, because of the necessity for a very
detailed instars analysis. If the marginal pore canals are
considered, SOKA^ (1972) correctly claimed that the
younger forms have both straight and bifurcated pore
canals while the oldest pitted Hemicytheria have only
straight ones. Meanwhile, investigations have shown
that all the older species have straight pore canals, both
the pitted and reticulated morphotypes.

The carapace size can reveal some of the rules of
the development of Hemicytheria. Diagrams of the
mean value of length and the L/H ratio are correlated
and they show the trend of ostracod carapace develop-
ment. In these diagrams (Figs. 4, 5), two trends in shell
development can be seen. The first one is the continu-
ous tendency of the value to increase from the Lower
Pannonian to the Upper Pannonian, when some of the
Hemicytheria have a maximal value. The second one,
the opposite trend is visible during the Pontian when
the Hemicytheria species decreased in value and lost
some of their features, while some species disappeared
completely. Most of large Upper Pannonian hemi-
cytherids died off. During the Lower Pontian, there are
transitional Pannonian/Pontian forms but they are not of
great significance and disappear afterwards. From the
relatively numerous Pannonian hemicytherids, only a
few species survived [H. josephinae (ZALÁNYI), H.
portafericae RUNDI] and H. pejinovicensis (ZALÁNYI)]
in the Upper Pontian. Small forms represented only 5%
of total number of species. There is gradual increase in
value during the Pannonian. In the Late Pannonian, the
ostracodes “bloom” and all of Hemicytheria species
have maximal dimensions. Forms of 1 mm in length
represented about 40% of the total species and they
dominated throughout the Upper Pannonian. Some tran-
sitional Pannonian/Pontian types have large shells but
later the carapace trends to decrease in size. The best
examples are Late Pontian species, which have smaller
dimensions. The five greatest forms, according to the
size of their shells, represented about 25% of the total
species and all of them occurred during the Upper
Pannonian and Pontian, especially (H. dubokensis
KRSTI], H. portafericae RUNDI] – Figs. 3, 4). 

It can be concluded that there was a gradual disap-
pearance of hemicytherids during the Late Miocene in
the Pannonian Basin, as well as during the Maeotian in
the Dacian Basin. This was the result of an increasing-
ly freshening environment, which led to a completely
freshwater biotope at the beginning of the Pliocene.
The low percentages of dissolved carbonates and low
salinity tolerance were not sufficient for the existence
of hemicytherids. Meanwhile, later in the Dacian Basin
there were similar forms represented by the genus
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Tyrrhenocythere (KRSTI], 1975; KRSTI] & STANCHEVA,
1990; OLTEANU, 2000; OLTEANU & VEKUA, 1989; STAN-
CHEVA, 1990). The genus Tyrrhenocythere has only been
found in two wells in the Kolubara Basin during the
Pontian (RUNDI], 1997), despite the fact that more than
40 wells have been investigated in a diameter of about
30 km. The findings of the Pannonian realm from other
locations are very limited. This could be explained by
the fact that during the Pontian both basins communi-
cated and migration processes between their inhabitants
occurred for the last time. In addition, some other gen-
era found in the Dacian Basin, such as Bakunella,
Pontoniella and Mediocytherideis and probably many
molluscs, have a western origin. After the Pontian, the
Pannonian Basin finally disappeared.

Paleoenvironmental considerations

The main paleoenvironmental interpretations are based
on the quantitative and qualitative analyses of ostracod
assemblages and their morphological reflection to the
main physico-chemical parameters of the habitat, in-
cluding temperature, oxygen content, ionic concentra-
tion, salinity, etc. 

According to PEYPOUQUET (1979) and RUNDI] (1998),
there is a connection between the sculpture and the
Mg/Ca ratio of the carbonate of carapaces. Calcite crys-
tals, constituting the hard layer of the carapace, are
built perpendicular to the cuticle and their thickness is
proportional to the Mg content of the crystal network.
Frequently, the most gradated types are found in sea-
water conditions, the Mg content of which is higher
than in freshwater conditions. As stated by SMITH &
HORNE (2002), in nonmarine aquatic systems, the cal-
cite mineral branch point represents an important step
in determining the major ion composition of natural
waters. In dilute water, below approximately 0.3 g/l,
the most common major ions are bicarbonate, calcium
and magnesium. With increasing salinity, these ionic
concentrations rise, until calcite saturation is attained
and calcite precipitates, at a total ionic concentration of
approximately 0.3 g/l. This is the calcite branch point,
the first mineral branch point in natural waters. Beyond
this point, at about 1.4 g/l, the water becomes depleted
in calcium and enriched in bicarbonates, or vice versa,
resulting in a solute path towards bicarbonate enriched,
calcium depleted saline water, or bicarbonate depleted,
calcium enriched saline water. Ultimately, other mineral
branch points are attained (gypsum, for example) and
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Fig. 4. The mean value of the
length (mm) for the all of Hemi-
cytheria species during the Pan-
nonian and Pontian.

Fig. 5. Length/height ratio for some
Hemicytheria species.

 
 
 



further changes in the major ion composition occurs
[EUGSTER & JONES (1979), in: SMITH & HORNES, 2002].
However, some authors consider that this hypothesis is
not sufficient. Namely, studies of the New Caledonia
area have shown that, despite a high Mg/Ca ratio, the
morphotypes are not more gradated than in others sites,
and certainly less than the specimens living in seawa-
ters where this ratio has only standard values. Other
parameters, such as calcium content of the available
food, pH and Redox potential (HOIBIAN et al., 2000),
may have a contributing effect on carapace calcifica-
tion. Ornamentation of many ostracod shells is affect-
ed by the Mg/Ca ratio of lake water: with Mg/Ca >1,
the carapaces are heavily reticulate and the opposite
ratio favors smooth ostracod valves. For example,
CHIVAS et al. (1983) noted the connection between the
thickness and ornamentation of an ostracod carapace
and the water depth for fossil material obtained from
Lake Buchanan in Queensland. They found that ostra-
codes belonging to the genus Paracypris associated
with charophytes had a thick shell with a rarely visi-
ble reticulation and commonly no spines. Assemblage
with charophytes indicates shallow water (up to 2 m),
since this is the preferred habitat of these algae. In the
same core, specimens of Reticypris with reticulated and
often spinose shells are thought to indicate deeper
water (> 2 m), since remains of shallow-water charo-
phytes are absent (CARBONEL et al., 1988). 

Essential in paleoenvironmental studies of the Serbi-
an Late Miocene ostracod assemblages are 1) geograph-
ical position and 2) time range. It must be realised that
there are extensive erosion and unconformity between
Sarmatian restricted marine sediments and younger,
caspibrackish deposits (RUNDI], 1995, RUNDI] & MI-
TROVI],1998). This, by mountains enclosed system, was
affected by continental water, which resulted in a
brackish lake-sea and the nearly total extermination of
marine biota. Only a few ostracod genera were able to
survive these environmental changes (Aurila, Loxo-
concha, and Xestoleberis). The newly formed habitats
and gradually expanding lake-sea created a kind of
“ecological gap”, and stimulated the rapid evolution of
survivors and the immigration of freshwater dwellers
from the marshes, ponds and rivers (most of Candona,
Darwinula, Ilyocypris, etc.). As with other fossils and
in a still existing long living lake (MÜLLER et al.,
1999), the originally low diversity fauna radiated into
a large number of related endemic species and genera
in the expanding and ecologically unoccupied lake-sea.
The best examples for this are the many genera of
Candonids, which had a radiated development during
the Pannonian Stage. From the small number of species
and genera during the Lower Pannonian (such as
Propontoniella and Cryptocandona), in the Upper Pan-
nonian there was an expansive evolution of these line-
ages (Serbiella, Zalanyiella, Camptocypria, Sirmiella,
Lineocypris, Typhlocyprella, etc.) in both species and
specimens. They are immigration forms from the mar-

ginal rivers and swamps, but most of them are the
result of time resolution. Most of them are endemic
species and lived only in this realm, such as Hun-
garocypris, which is a typical near shore dweller, pre-
ferring a sandier type of stratum. It is scarce in asso-
ciations from fine-grained sediments. Its large and mas-
sive carapace must be the result of a rich ionic con-
centration, as well as living in warm, oxygenated and
clear water (RUNDI], 1991). However, the fossil record
includes only three species of Hungarocypris with nu-
merous individuals during the Pannonian–Pontian. The
genus Amplocypris shows similar characteristics. The
appearance of corpulent forms, strong carapaces and
clear ornamentation give evidence for a shallow-water
basin type with mobile flow and an important donation
of land material. In normal oxygenated habitats, in-
creasing ionic concentrations led to an increase in the
number of sculptured morphotypes. The best examples
are representatives of the family Cytherideidae (Hemi-
cytheria, Loxoconcha, Leptocythere, and Cyprideis)
with mostly ornamented forms. Analyses of the genus
Hemicytheria in both Pannonian and Pontian deposits
show that more than 90% of the species have orna-
mented shells. Taphonomic analysis of fossil associa-
tions, particularly the numerous specimens of Hemi-
cytheria setosa RUNDI], shows that during the Late
Miocene, salinity was not the principal influence on the
occurrence of valves and the type of ornamentation.
This ornamented form lived on coastal and mobile parts
of the Pannonian lake-sea and its ornamentation is a
reaction to the adaptation. On the other hand, the Upper
Pontian nodose forms lived in environments with
decreased salinity and increased organic matter and sil-
ica (Leptocythere, Ilyocypris). In the Kolubara coal ba-
sin, these forms were discovered in sediments with a
rich organic content. Based on sedimentological studies,
data concerning transport and depositional mechanisms,
which appear with intermittent alteration between fluvial
and coastal deposition, are obtained. Fluvial flows
brought and deposited more silicoclastics in the coastal
regions, but in the alluvial part of the land, this occur-
rence was only periodic (well Rgh-107.5). MÜLLER et al.
(1999), suggesting that the Pannonian–Pontian lake-sea
continuously shrank in the north, due to the prograding
deltas. They stated that the more southerly shores were
much less affected by progradation. The shoreline re-
mained in more or less the same position for a longer
period of time. Along these shores, successions of par-
alic lignite beds were formed (STEVANOVI] et al., 1990).
In phases of highstand, the lake-sea enlarged in some
areas in the south and the shoreline became simpler as
large islands became flooded. Coarse-grained clastic rims
formed around the islands. From the very beginning of
the lake-sea, these coarse clastics were often capped by
white calcareous marl or limestone in the southern part
of the basin, in locations far from the river mouths. 

Modern analogues of Pannonian–Pontian ostracodes
from the modern Ponto-Caspian regions have been used
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to estimate the paleosalinity of the lake-sea. These
comparisons suggest that the average salinity of the
Pannonian–Pontian lake-sea may have been approxi-
mately 10–12 ‰, but that significant local differences
existed in shallow parts, such as the southern “shelf”
dominated by river deltas. Natural water examination
gives data similar to the results of the paleoecological
approach. Down from the lacustrine prodelta silt, which
is a regional stamp in the basin, inborn waters have salt
in an amount approximately, or sometimes even high-
er, than that of normal marine salinity. Innate waters
from above the silt, however, are diluted because of
mixing with meteoric water, as shown by the diagenet-
ic carbonates. The salinity of these diluted waters is
about 5 ‰, which sets the lower limit for the original
lake-sea salinity (MÜLLER et al., 1999).

Conclusions

According to qualitative and quantitative analysis of
the ostracodes, the results of a factor analysis applied
to the most frequent species to the population struc-
tures, it is possible to distinguish several different
assemblages based on salinity:

• Stenocypria, Cyprinotus, Cypridopsis, Ilyocypris,
Darwinula and Candona characterize the oligoha-
line environments (0.5–8 ‰ of NaCl) and indi-
cate a shallow, coastal part of river mouths or in
swamps. They occurred in the lowest parts of the
Pannonian and in the Upper Pontian.

• Hungarocypris, Thaminocypris, Propontoniella,
Cypria, Serbiella, Camptocypria, Zalanyiella,
Typhlocyprella, Pontoleberis, etc. represent the
dominant group of the caspibrackish–mesohaline
habitats (8–18 ‰). All of them are related to the
entire Pannonian–Pontian and lived in shallow
infralittoral environments covered by water plants.

• Assemblages with Cyprideis, Amplocypris, Lepto-
cythere, Hemicytheria, Loxoconcha and Xesto-
leberis represents more meso- to polyhaline
(18–30 ‰) habitats and these associations occu-
pied most of the southern Pannonian estuary (the
Kolubara Basin, the Velika Morava Bay, eastern
Serbia). Estuaries are semi-enclosed coastal water-
bodies in which there is a salinity gradient from
fully marine (35 ‰) to fresh water. The salinity
varies due to tidal and seasonal influences.

• Ornamented forms of ostracodes lived in the coastal
parts and the sculpture is a reaction to adaptation.

• Increases of ionic concentrations resulted in
increased diversity (for ex. mostly of Upper
Pannonian ostracodes)

• A deficiency of oxygen and a low Mg/Ca ratio in
the water can eliminate sculptured morphotypes.

• Nodose ostracodes from the Upper Pontian
(Amnicythere, Ilyocypris) lived under conditions
of low salinity and increased organic matter.
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Rezime

Mla|e miocenske ostrakode Srbije:
morfolo{ka i paleoekolo{ka
razmatrawa

Pre oko 11,5 miliona godina, tektonska izdiza-

wa u Karpatima su dovela do odvajawa Panonskog

prostora od ostatka Paratetisa. To je rezultiralo

diskordancijom izme|u sarmatskih, braki~nih i

panonskih, kaspibraki~nih naslaga. Po~etkom

pliocena, promene geografskih prilika, hidro-

lo{kih uslova i formirawe osla|ene vodene sre-

dine, dovele su do potpunog izumirawa morskih

organizama. Samo nekoliko evrihalinskih formi

kao i onih koji su nastawivali priobalne delove

uspelo je da se prilagodi i pre`ivi. Kod ostrako-

da, slatkovodni oblici poput kandonina, sve vi{e

nastawuju takvo veliko jezero-more dok neki filo-

genetski nizovi pokazuju postepene izmene. Sta-

rije panonska, slabije raznovrsna ostrakodska

fauna evoluira u neke endemi~ne oblike tokom

mla|eg panona. Gorwi panon je vreme procvata

ostrakoda, kako po broju vrsta tako i po broju

jedinki. To je period posledweg pojavqivawa rodo-

va Aurila, Cytheridea, Propontoniella odnosno vreme

prvog pojavqivawa rodova Zalanyiella, Serbiella,
Camptocypria, Sinegubiella. Za vreme ponta, zapa`e-

ni su migracioni procesi na ovom prostoru i sma-

tra se da mnogi oblici koji `ive u isto~nom

Paratetisu imaju panonsko poreklo.

Ostrakode koje su nastawivale Panonsku

provinciju, a posebno wene marginalne delove,

delimi~no su se razlikovale od onih koje su

`ivele u Dakijskoj provinciji. Osnovni razlozi

le`e u ~iwenici da su te dve provincije u pojedin-

im etapama tokom starijeg gorweg miocena –
panona, bile me|usobno odvojene. Svaka bio-

provincija je imala svoje posebne karakteristike.

Panonska je bila vi{e izolovana i formirala je

vremenom specifi~nu ostrakodsku zajednicu.

Starije asocijacije su bile siroma{nije jer su

egzistovale u jednoj novoj sredini u odnosu na dota-

da{we uslove. To se posebno dobro vidi na

primeru iz Kolubarskog basena. Mla|e panonske

asocijacije su mnogo vi{e raznovrsne i imaju

mnogo vi{e jedinki. Osnovni razlog je dovoqno

dugo vreme adaptacije i kasnije povoqni `ivotni

uslovi. Pojavquju se potpuno novi rodovi kao

odgovor na ve} konsolidovane `ivotne uslove.

Tokom gorweg panona desi}e se pravi procvat u

evoluciji ostrakoda na panonskom prostoru. To se

posebno odnosi na neke taksone kao {to su kan-

donide i hemiciteride koje do`ivqavaju ekspanzi-

ju. S druge strane, u Dakijskoj provinciji koja je u

isto vreme vi{e komunicirala sa crnomorskim

basenom, prisutne su druge grupe ostrakoda koje

ukazuju na tu vezu, a posebno leptociterine.

Tako|e, ima i potpuno druga~ijih taksona kojih

nema u Panonskom basenu (Getocytheria, Stanchevia).
Interesantno je re}i da rod Cyprideis ima vrlo

malu zastupqenost za razliku od Panonske provin-

cije gde je jedan od rukovode}ih oblika. 

Posebno je dobro prou~en rod Hemicytheria sa

svim svojim vrstama (20) i koji pokazuje sve

pomenute trendove u razvoju ostrakodske faune

koji su vladali tokom panona i ponta.

Sa paleoekolo{kog aspekta posmatrano, tokom

mla|eg miocena na prostoru obe provincije, egzis-

tovalo je nekoliko razli~itih tipova sredine u

kojima je `ivela ostrakodska zajednica. Prvu

karakteri{e prisustvo rodova koji naseqjavaju

oligohalinske (< 8 ‰), plitke obalske delove

re~nih u{}a i mo~vara: Stenocypria, Cyprinotus, Cy-
pridopsis, Ilyocypris, Darwinula, Candona. Prisutne

su tokom starijeg panona i mla|eg ponta. Druga,

dominantna zajednica (Hungarocypris, Thaminocyp-
ris, Propontoniella, Cypria, Serbiella, Camptocypria,
Zalanyiella, Typhlocyprella, Pontoleberis) predstavqa

kaspibraki~nu, mezohalinsku sredinu (< 18 ‰)

odnosno infralitoral obrastao vodenom vegetaci-

jom. Tre}a ostrakodska asocijacija u kojoj su pred-

stavnici Cyprideis, Amplocypris, Leptocythere, Hemi-
cytheria, Loxoconcha i Xestoleberis (> 18 ‰) odgovara
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mezo i polihalinskom biotopu odnosno naj~e{}e

ve}ini tada{wih panonskih i dakijskih estuara

(Kolubarski basen, Velikomoravski zaliv, i drugi

zalivi u isto~noj Srbiji).

U vezi sa prethodnim, mogu}e je donekle uspo-

staviti me|usobnu zavisnost biotopskih uslova sa

izgledom i sastavom ostrakodske qu{ture. Prime-

}eno je da, na primer, nodozne forme nastawuju

sredine koje imaju nizak nivo rastvorene soli

odnosno pove}an procenat organske materije

(rodovi Ilyocypris i Amnicythere u Kolubarskom

basenu). Smatra se i da smawen nivo kiseonika

odnosno nizak odnos Mg/Ca u vodi, mo`e dovesti do

eliminacije ornamentisanih formi ostrakoda.
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Spectroscopic study of barite from the Kremikovtsi deposit (Bulgaria)
with implication for its origin

MAYA DIMOVA
1, GERARD PANCZER

2 & MICHAEL GAFT
3

Abstract. Different genetic types (endogene and supergene) of barite from the Kremikovtsi deposit (Bulgaria)
were studied by Laser-induced time-resolved luminescence (LITRL), Infrared (IR) and Raman spectroscopy. The
IR spectra of the endogene barites are quite similar to those reported in the literature and do not show apprecia-
ble differences among them. The IR spectra of the supergene barites are almost identical to those of the endogene
ones in respect to the positions of the vibrational modes ν1, ν2 and ν4 of SO4

2, except for a shift of 3 cm–1 for
the ν3 band. They displayed a presence of additional bands, which are close to the ν3 and ν1 modes of CO3

2–

in calcite. The Raman studies support the suggestion that the supergene barite contains traces of calcite.
The modern LITRL technique allowed the detection of several luminescent centers in the endogene barite.

Eu3+ luminescence was identified for the first time in barite. The different emission spectra at 266 and 532
nm excitations suggest there are at least 2 structural positions for Eu3+ in the barite crystal lattice. The lumi-
nescent spectra also revealed a rather unusual violet-blue Nd3+ emission, which usually occurs in the IR spec-
tral range, as well as emissions of Ce3+, Eu2+, Tb3+, Ag+, Sn2+(?) and UO2

2+. 
The oxidation state of cations isomorphically present in the barite crystal lattice suggests the endogene barite

in the Kremikovtsi deposit precipitated from reduced fluids supposedly subjected to cooling (conductive/con-
vective) and oxidation (mixing with seawater).

Key words: barite, UV Time-resolved Luminescence, IR spectroscopy, Raman spectroscopy, Kremikovtsi
deposit, Bulgaria. 

Apstrakt. Razli~iti genetski tipovi barita (endogeni i supergeni) iz kremikova~kog le`i{ta u

Bugarskoj prou~avani su spektroskopskim metodima LITRL, IR i Raman. Infracrveni spektri endogenih

barita sli~ni su spektrima iz literature i ne pokazuju me|usobne razlike. IR spektri supergenih bari-

ta su skoro identi~ni spektrima endogenih barita u pogledu polo`aja vibracionih pikova ν1, ν2 i ν4
SO4

2– osim za pomak od 3 cm–1 kod ν3. Spektri su prikazivali prisustvo dodatnih traka koje su bliske

pikovima ν3 i ν1 CO3
2– u kalcitu. Ramanova spektroskopska prou~avawa idu u prilog nagove{taja da

supergeni barit sadr`i tragove kalcita.

Savremena tehnika LITRL omogu}ava otkrivawe nekoliko luminescentnih centara u endogenim bar-

itu. Po prvi put je u baritu utvr|ena luminescencija Eu3+. Razli~iti emisioni spektri pri pobu|ivawu

od 266 i 532 nm ukazuju da postoje bar dva strukturna polo`aja Eu3+ u kristalnoj re{etki barita.

Luminescentni spektri su tako|e otkrili neobi~nu qubi~asto-plavu emisiju Nd3+, koja se obi~no javqa

u infracrvenom opsegu spektra, kao i emisije Ce3+, Eu2+, Tb3+, Ag+, Sn2+(?) i UO2
2+.

Stepen oksidacije katijona izomorfno prisutnih u kristalnoj re{etki barita ukazuje da je endogeni

barit u le`i{tu Kremikovci natalo`en iz redukovanih fluida za koje se pretpostavqa da su bili

izlo`eni hla|ewu (konduktivno odnosno konvektivno) ili oksidaciji (me{awem sa morskom vodom).

Kqu~ne re~i: barit, ultraviolentna luminiscencija, infracrvena spektroskopija, Raman spek-

troskopija, le`i{te Kremikovci, Bugarska.
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Introduction

A large share of the known and mined reserves of
various metals (Pb, Zn, Cu, Ag, Hg, Sb, less Fe and
Mn) are concentrated in carbonate-hosted polymetallic
deposits of the sedimentary exhalative (SEDEX) type.
A large Phanerozoic deposit of this type, the Kremi-
kovtsi iron(+Mn)-barite-sulphide deposit in Bulgaria,
which has been mined for iron, also contains large
reserves of barite ore (29 million tons of barite ore and
over 60 million tons of BaSO4). Investigations of this
deposit have mainly been focused on the iron ores
(DAMYANOV, 1998, and the references therein). There
are just a few studies on the mineralogy and geochem-
istry of barite (ATANASSOV & VASSILEVA, 1987; ZLATEV

& MLADENOVA, 1997; VASSILEVA et al., 2001; DIMOVA,
2006) and only one of them (ATANASSOV & VASSILEVA,
1987) presents a brief spectroscopic (IR and thermo-
luminescence) characterization of the Kremikovtsi ba-
rite. All these approaches, however, are based on rou-
tine conventional techniques (X-ray diffractometry,
emission spectroscopy). In order to gain more insight
into the barite structure and cation valence with impli-
cations for its origin, a set of modern methods (LITRL,
IR and Raman spectroscopy) was used. Here, spectro-
scopic data for barite from this deposit, with emphasis

on the results obtained using the laser-induced time-
resolved luminescence technique, are reported.

Geological setting

The Kremikovtsi deposit (Fig. 1) lies in the south-
ernmost part of the Kremikovtsi–Vratsa ore district,
located in the eastern part of the Western Balkanides,
which belong to the northern branch of the global Alpi-
ne–Hymalayan collisional orogenic belt on the Balkan
Peninsula. The lithology of the region is presented by
Paleo-, Meso- and Neozoic sedimentary rocks (Fig. 1).
A major tectonic element is the Kremikovtsi thrust. The
deposit is hosted in Middle Triassic dolomitic lime-
stones in the western part of the Kremikovtsi thrust
sheet. It consists of stratiform and lenticular iron for-
mations and barite orebodies subparallel to the allo-
chton bedding plane and subvertical (pipe-like) bodies
of low-grade sulfide mineralization (DAMYANOV, 1998). 

Two main genetic types of barite were found in the
Kremikovtsi deposit – endogene and supergene (ATA-
NASSOV & VASSILEVA, 1987), and 3 main morphologi-
cal types of endogene barite bodies were distinguished:
veins and lenses, veinlets and nests, impregnations (DI-
MOVA, 2006). Supergene barite occurs as colloform
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Fig. 1. Location (A) and geologi-
cal map (B) of the Kremikovtsi ore
field (after DAMYANOV, 1998). 

 
 
 



crusts and crystal aggregates (ATANASSOV & VASSILE-
VA, 1987).

Material and methods

Isomorphic substitutions in barite were studied in 38
samples by Infrared Spectroscopy (Perkin Elmer Spectrum
One fourier transform infrared spectrophotometer, transmis-
sion mode, KBr/sample = 300mg/1mg pellets) and 7 sam-
ples by Raman Spectroscopy (SPEX Raman Spectrometer,
Ar+ laser excitation at 488.0 nm, P=150 mW, step 1 cm–1,
integration time 1s, powder sample in capillary tube).

The luminescence spectra of 7 barite samples were
investigated under 2nd, 3rd and 4th YAG harmonics (532,
355 and 266 nm, correspondingly) pulsed lasers excita-
tions. The spectra observed at the geometry of 90° were
analyzed by INSTASPEC equipment, enabling time-re-
solved spectra acquisition with the following facilities:
delay times and strobe pulse duration 20 ns – 9 ms, spec-
tral detection range 300–900 nm (1200 channels, spectral
resolution 0.5–1 nm, gratings with 300 and 600 lines/mm),
detector type – intensified CCD matrix. The luminescence
spectra were measured at room temperature (300 K). 

X-Ray powder diffraction (Philips PW1710 diffrac-
tometer, Cu Kα, U=45 kV, I=40 mA, 2–70º 2θ, step
0.02º 2θ, 2 s/step; DRON M3, Co Kα, U=40 kV,
I=40mA, 2–70º 2θ, step 0.05º 2θ) was used to control
the purity of the barite samples.

Results and discussion

Barite has an orthorhombic structure (2/m 2/m 2/m),
where the S is situated in tetrahedral coordination with
O and the  Ba is surrounded by 12 oxygens of 7 SO4
tetrahedra (JAMES & WOOD, 1925). The BaO12 polyhe-
dra and the SO4 tetrahedra are edge-bound. The BaO12
polyhedra are irregular: six of the Ba–O distances are
2.77–2.81 Å, and the other 6 – 2.91–3.32 Å, which
suggests a “sheet” structure parallel to {001}.

IR and Raman Spectroscopy

The sulfate group has 4 fundamental vibrational
modes: one nondegenerate (ν1), one doubly degenerate
(ν2), and two triply degenerate (ν3 and ν4). The IR
spectrum of barite exhibits several significant bands: 2
strong bands corresponding to asymmetric stretching
and bending (ν3 and ν4), and 2 weak ones – to sym-
metric stretching and bending (ν1 and ν2). The IR spec-
tra of the studied endogene barites from the 3 main
morphological types of bodies and from different min-
eral associations (Fig. 2) are very similar each other and
to that reported by OMORI (1968; Table 1). Microprobe
analyses show that Sr is the main isomorphic substitu-
tion for Ba in barite structure (SrO 0–4.5%; DIMOVA,

2006). ADLER & KERR (1965) found spectral shifts of
the stretching modes (ν3 and ν1) to lower frequencies
with increasing cation mass, such as the case of substi-
tution Ba for Sr. The IR spectra of the studied endo-
gene barites with different Sr contents (up to 4.5 %
SrO) do not show any appreciable spectral shifts.

The IR spectra of the supergene barite (Fig. 2) are
almost identical to those of the endogene ones in respect
to the positions of the vibrational peaks, corresponding
to the modes ν1, ν2, ν4, except for a shift of 3 cm–1

for ν3 (Table 1). A significant difference in the IR spec-
tra of the supergene barite in comparison with the endo-
gene one is the presence of additional bands at 1437,
1400 and 874 cm–1, which correspond to the ν3 and ν1
modes of CO3

2– in calcite (Fig. 2; Table 1). This sug-
gests that the supergene barite has traces of calcite,
undetectable by XRD (<2%). 

All the Raman spectra of the studied barite samples
are dominated by an intense ν1 band (symmetric stretch-
ing of SO4 tetrahedra) at 988 and 984 cm–1 for endogene
and supergene barite, respectively (Fig. 3). The other
characteristic bands, ν2, ν3 and ν4, reported in the liter-
ature, are also present (Fig 3; Table 2). The Raman spec-
tra of the supergene barites show additional bands at
1054, 710 and 270 cm–1 (Fig. 3; Table 2). The Raman
studies support the suggestion that the supergene barite
contains traces of calcite: ν1(1086 cm–1), which coincides
with ν3 of the SO4 group and ν4 (710 cm–1) bands.
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Fig. 2. IR spectra of endogene (bold line) and supergene
(dashed line) barite from the Kremikovtsi deposit.

 
 
 



Laser-induced time-resolved luminescence

Barite is one of the first luminescent materials from
which the famous “Bologna stone” was obtained. It has
been known for a long time that some barite specimens

are fluorescent under UV expo-
sure and emit white, yellow,
green or orange light. In order to
understand the nature of this
phenomenon, the luminescence
spectra of barite have been
examined via UV, thermal and
X-ray excitations. These studies
allow the detection of the ap-
pearance of different lumines-
cence bands from the UV to the
red part of the spectrum. 

Laser-induced time-resolved
luminescence is a modern tech-
nique, which allows discrimina-
tion between centers with emis-
sion in the same spectral range,
but with different decay times.
The method involves recording
the intensity in a specific time
gate at a given delay after the
excitation pulse, whereby both
the delay and the gate width
have to be carefully chosen.

Such manipulation allows to be recorded separately the
emissions corresponding to different decay times and to
avoid the overlapping of the emissions produced from
different centers. Laser-induced time-resolved lumines-
cence of barites have detected and identified lumines-
cence centers of Bi3+, Bi2+, Ag+, Cu+, REE3+ (Gaft et
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Table 1. Peak positions (cm–1) of the Infrared modes of barite and calcite.

Table 2. Peak positions (cm–1) of the Raman modes of barite and calcite. 

Fig. 3. Raman spectra of endogene (bold line) and supergene (dashed line) barite from
the Kremikovtsi deposit.

 
 
 



al., 2001a; GAFT et al., 2005) in addition to UO2
2+ and

Eu2+ revealed by Steady-State Photoluminescence (TA-
RASHCHAN, 1978; GAFT et al., 1985; GOROBETS &
ROGOJINE, 2001). Thus the information about the redox
state of the different cations in the barite crystal lattice
could throw more light on the origin of the barite.

The luminescence spectrum (excitation of 266 nm,
without delay, broad gate of 9 ms) of the studied endo-
gene barite contains 2 relatively narrow ultraviolet
bands: one peaking at 306 nm and the other at 375 nm
(Fig. 4A). The first band has a very short decay time
and disappears after D = 50–100 ns. Such a combina-
tion of spectrum and decay time parameters is evidence
that the luminescence is connected with Ce3+. The emis-
sion of Ce3+ corresponds to transitions between 5d1 and
4f1 electronic configurations. The second band has a
longer decay time of approximately 1 µs and belongs to
Eu2+ (GAFT et al., 2005). The Emission spectra of Eu2+

result from electronic transitions between 4f7 and
4f65d1 electronic configurations. After a delay of sever-
al µs, the Eu2+ emission becomes much weaker and
very weak narrow lines appear, peaking at 488, 544
and 615 nm (Fig. 4B). These lines are connected with
trivalent rare-earth elements, which are characterized by
relatively long decay times of hundreds of µs: the first
2 lines certainly belong to Tb3+ and the last one is prin-
cipally typical for Eu3+ (GAFT et al., 2005). While Eu2+

luminescence is common, Eu3+ emission is here detect-
ed for the first time in barite. Under excitation of 532
nm, a luminescence line at 615 nm dominates the spec-
trum, accompanied by several lines near 700 nm (Fig.
4C). Such a behavior confirms that Eu3+ is responsible
for these luminescence lines. The emission of Eu3+ cor-
responds to f–f transitions – from the excited 5D0 level
to the 7Fj (j=0, 1, 2, 3, 4, 5, 6) levels of the 4f6 con-
figuration.

Some samples do not show Eu3+ luminescence. The
relative intensities of Ce3+, Eu2+ and Eu3+ in different
samples are different: Ce3+ emission could be stronger
than that of Eu2+, while the luminescence of Eu3+ is
relatively intensive. The different emission spectra at
excitations at 266 and 532 nm suggest at least 2 struc-
tural positions for Eu3+ in the barite crystal lattice (Fig.
4C, D). Under excitation of 355 nm, a very broad
orange-red band is detected (Fig. 4E), which was pre-
viously ascribed to Ag+ luminescence (GAFT et al.,
2005). One of the samples showed a relatively strong
Ag+ luminescence dominating the spectrum even with
an excitation of 266 nm, which is not optimal for this
emission (Fig. 4F). The emission bands of Ag+ result
from d9s–d10 transitions.

Under 266 nm excitation, without delay and with a
broad gate of 9 ms, the luminescence spectrum contains
2 relatively narrow ultraviolet bands: one peaking at
320 nm and another at 375 nm (Fig. 4G). The latter
band belongs to Eu2+, while the origin of the first one
is difficult to suggest. A similar emission has been
found in synthetic barite artificially activated by Sn

(GAFT et al., 2005), but such an interpretation needs
further support. The rather unusual narrow lines (at 370
and 391 nm) which appear in the luminescence spec-
trum with a longer delay of several µs (Fig. 4H) belong
to trivalent rare-earth elements. They have been prelim-
inary ascribed to violet-blue emission of Nd3+, but this
identification should be further clarified. The weak
broad green band (at around 500 nm) may be related
to uranyl emission, well known in barite (Fig. 4H). 

The LITRL study of supergene barite did not show
any luminescence. This could be connected with the
lower impurity level in supergene minerals in general.
A thermo-luminescence study of barite (KRIVOVICHEV,
1971) showed that the intensity of luminescence de-
pends on the Sr concentrations in barite. The available
data on the chemical composition of the Kremikovtsi
supergene barite (ATANASSOV & VASSILEVA, 1987)
showed very low Sr contents, which accounts for the
absence of luminescence. Another possible explanation
is that the luminescence is quenched by components
with high-energy phonons, such as water or organic
matter (GAFT et al., 2005).

The main prerequisite needed for a mineral to display
luminescent properties, in the case that the luminescent
centers are minor elements, is a similarity of the ionic
radii and charges of the host and isomorphic elements.
It is known that the luminescent centers Eu2+ (1.24–1.40
Å), Ce3+ (0.88–1.02 Å), Nd3+ (0.99–1.15 Å), Tb3+

(0.89–1.09 Å), Ag+ (1.13–1.26 Å), Sn2+ (0.93 Å) substi-
tute for Ba2+ (1.35–1.44 Å) or Sr2+ (1.10–1.27 Å), which
are in 12-fold coordination in the barite structure (GO-
ROBETS, 2002; GAFT et al., 2005; all ionic radii are for
the 6-coordination form). A possible accommodation for
the established in this study Eu3+ (0.97–1.13 Å) is also
isomorphic substitution for Ba2+ or Sr2+. The presence
of uranyl molecules in barite is considered to be a result
of chemical adsorption (GOROBETS, 2002).

Samples from both morphological types of endogene
barite (veins and lenses, and veinlets and nests) fall into
2 groups: (1) barite with Eu2+ and Sn2+(?), or Eu2+ and
Ce3+; (2) barite with Eu2+, Eu3+ and Ce3+. Barite sam-
ples from the first group contain isomorphic cations in
their reduced form (Eu2+, Sn2+, Ce3+), which implies that
the barite precipitated from reduced fluids. A possible
manner of this precipitation is conductive/convective
cooling of the transporting fluid, which reaches the point
of barite saturation with no substantial oxidation. The
barite from the second group has reduced (Eu2+, Ce3+) as
well as oxidized (Eu3+) cations. This suggests that the
barite from these samples precipitated from reduced trans-
porting fluid subjected to oxidation. It can be speculated
that both morphological types of barite are the result of
conductive/convective cooling and mixing of hydrother-
mal fluid with seawater. This corroborates the most recent
submarine hydrothermal model for the formation of the
Kremikovtsi deposit (DAMYANOV, 1996a; DAMYANOV,
1998): sub- and on-seafloor precipitation upon cooling
and mixing of hydrothermal fluid with seawater.
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Fig. 4. Time-resolved luminescence spectra of endogenic barite from the Kremikovtsi deposit demonstrating different emis-
sion bands: (A) Ce3+, Eu2+; (B) Eu2+, Tb3+; (C) Eu3+; (D) Eu3+; (E) Ag+ (F) Ag+ (G) Eu2+, Sn2+; (H) Nd3+, UO2

2+.

 
 
 



Conclusions

The data obtained in the present study allow the fol-
lowing conclusions to be drawn:

(1) There is no structural difference depending on
the varying Sr content (0–4.5 wt.%) in all the morpho-
logic types of endogene barite, according to the IR and
Raman studies. Supergene barite shows IR and Raman
spectra identical to those of the endogene one with the
only difference being the presence of traces of calcite.

(2) The laser-induced, time-resolved luminescence
technique is a suitable tool for the identification of
rare-earths (undetectable with conventional methods) in
barite and the discrimination of their oxidation states.

(3) Along with the common Eu2+ luminescence, the
emission of Eu3+ was detected for the first time in ba-
rite. There are at least 2 structural positions for Eu3+

in the barite crystal lattice.
(4) It seems that the endogene barite in the Kre-

mikovtsi deposit was precipitated from reduced fluids
subjected to cooling (conductive/convective) and oxida-
tion (mixing with seawater). 
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Rezime

Spektroskopsko prou~avawe barita iz
le`i{ta Kremikovci (Bugarska) sa
implikacijama wegovog porekla

Le`i{te gvo`|a(+Mn)-barita-sulfida Kremi-

kovci u Bugarskoj sadr`i razli~ite metale i

velike rezerve rude barita. Po{to se le`i{te

eksploatisalo uglavnom zbog gvo`|a, prete`no su

vr{ena ispitivawa gvozdene rude. Postoji samo

nekoliko mineralo{kih i geohemijskih studija

barita. Ciq ovog prou~avawa je boqe upoznavawe

sa strukturom i katjonskom valentno{}u barita sa

implikacijama wegovog porekla. Razli~iti genet-

ski (endogeni i supergeni) i morfolo{ki (`ice i

so~iva, kao i `ilice i gnezda) tipovi barita ispi-
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tivani su primenom spektroskopskih metoda la-

serski redukovane luminescencije (LITRL), infra-

crvene analize (IR) i Ramonove analize.

Infracrveni spektri endogenog barita sasvim

su sli~ni spektrima objavqenim u literaturi. Ne

postoji strukturna razlika koja zavisi od promen-

qivog sadr`aja Sr (0–4,5 te`.%) ni u jednom morfo-

lo{kom tipu endogenog barita. Infracrveni spek-

tri supergenog barita skoro su identi~ni spektri-

ma endogenog barita u pogledu polo`aja vibracio-

nih pikova ν1, ν2 i ν4 SO4
2–, osim za pomake od 3 cm–1

kod ν3. Ti spektri su pokazivali prisustvo dodat-

nih traka, koje su bliske pikovima ν3 i ν1 CO3
2– u

kalcitu. Ramanova prou~avawa idu u prilog nago-

ve{taja da supergeni barit sadr`i tragove kalcita.

Savremena tehnika LITRL, kao pogodan na~in

utvr|ivawa retkih zemaqa (koje se ne mogu otkri-

ti klasi~nim metodima) i razlikovawa wihovih

stepena oksidacije, omogu}ila je utvr|ivawe neko-

liko centara luminescencije u endogenom baritu.

Luminescencija Eu3+ je po prvi put utvr|ena u bar-

itu. Razli~iti emisioni spektri pri pobudi od 266

i 532 nm ukazuju na prisustvo bar dva strukturna

polo`aja Eu3+ u kristalnoj re{etki barita. Lumi-

nescentni spektri su tako|e otkrili dosta neo-

bi~nu qubi~asto-plavu emisiju Nd3+, koja se

obi~no javqa u opsegu infracrvenog spektra, kao i

emisije Ce3+, Eu2+, Tb3+, Ag+, Sn2+(?) i UO2
2+.

Stepen oksidacije katijona izomorfno prisutnih

u kristalnoj re{etki barita ukazuje da je endogeni

barit u le`i{tu Kremikovci natalo`en iz reduko-

vanih fluida za koje se pretpostavqa da su bili

izlo`eni hla|ewu (konduktivno odnosno konvek-

tivno) i oksidaciji (me{awem sa morskom vodom).
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Introduction

The size distributions of crystallites can be measured
by powder X-ray diffraction (XRD) because the widths
of the XRD peaks broaden as the crystallite size de-
creases, if the influence of associated components on
the degree of disorder of clay minerals (as presented for
kaolinite by GALAN et al., 1994) is eliminated by ade-
quate sample preparation. The interpretation of distribu-
tion and the shapes of crystallite thicknesses, measured
by the Bertaut-Warren-Averbach (BWA) method, can
then be related to crystal-growth mechanisms according
to the theoretical approach of EBERL et al. (1998a). 

The BWA technique has been applied to the meas-
urement of illite particle thickness (EBERL et al., 1998b),
to measure the crystallite size distribution of kaolin min-
erals ([UCHA et al, 1999), to explore crystal growth
mechanisms for illite and smectite (SRODON et al., 2000;

MYSTKOWSKI & SRODON, 2000), to study the diagenetic
evolution of the crystallite thickness distribution of illitic
material (KOTARBA & SRODON, 2000), weathering pro-
cesses which affected smectite and illite/smectite ([UCHA

et al., 2001), and crystallite-size changes of pyrophyllite
during grinding (UHLIK et al., 2000). EBERL et al.
(1998a) studied the growth mechanism of minerals based
on the shapes of the crystal size distribution.

Different clay deposits in Serbia have been explored
and studied for many decades (SIMI], 2001, 2004; SI-
MI] & JOVI], 1997; RADOSAVLJEVI] et al., 1994; STAN-
GA^ILOVI], 1970a, 1970b), but the crystallite size of the
clay minerals has never been determined.

The main goal of this study was to measure the
thickness and thickness distribution of kaolinite and
smectite crystallites by the BWA technique and to com-
pare the results with those obtained for similar clays
from Slovakia and some other world deposits, and to

Crystallite size distribution of clay minerals
from selected Serbian clay deposits

VLADIMIR SIMI]1 & PETER UHLÍK2

Abstract. The BWA (Bertaut-Warren-Averbach) technique for the measurement of the mean crystallite thick-
ness and thickness distributions of phyllosilicates was applied to a set of kaolin and bentonite minerals. Six
samples of kaolinitic clays, one sample of halloysite, and five bentonite samples from selected Serbian deposits
were analyzed. These clays are of sedimentary, volcano-sedimentary (diagenetic), and hydrothermal origin. Two
different types of shape of thickness distribution were found – lognormal, typical for bentonite and halloysite,
and polymodal, typical for kaolinite. The mean crystallite thickness (TBWA) seams to be influenced by the genet-
ic type of the clay sample.

Key words: kaolinite, bentonite, halloysite, BWA technique, Serbia.

Apstrakt. Merewe prose~ne debqine kristalita filosilikata i wihove distribucije izvr{eno je na

uzorcima kaolinskih i bentonitskih minerala pomo}u BWA (Bertaut-Warren-Averbach) metoda.

Prou~eno je {est uzoraka kaolinitskih glina, jedan uzorak halojzita i pet uzoraka bentonita iz

izabranih le`i{ta u Srbiji. Te gline su sedimentnog, vulkanogeno-sedimentnog (dijagenetskog) i
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malna tipi~na za bentonite i halojzit, i polimodalna tipi~na za kaolinitske gline. Prose~na debqi-
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check if the mean crystallite size depends on the ori-
gin of the clay.

This study is a part of the Project “Genesis of Na-
tural Microporous Mineral Resources and their Appli-
cation in Industry and Environmental Protection” which
is performed by the Department of Geology of Mineral
Deposits, Faculty of Natural Sciences, Comenius Uni-
versity, Bratislava, Slovakia, and Department for Ex-
ploration of Mineral Deposits, Faculty of Mining and
Geology, University of Belgrade, Serbia.

Materials and methods

Twelve samples of kaolinites, halloysite, and smec-
tites from selected deposits in Serbia were used for this
study. The kaolinites were collected from the Vrbica
(sample VRB), ]irinac (CIR-Z), Lazine (L-1), and Ko-
{arno (KOS-5A) deposits (Aran|elovac basin), the Ru-
dovci (RUD-3) deposit (Kolubara basin) and the Jase-
novac coal mine, the halloysite was from the Novo
Brdo deposit, and the smectites were from the bentonite
deposits or occurrences Popovac (POP-1), Me~ji Do
(MD), Bogovina coal mine (BOG-I), Bivolica (BIV),
and Drmno coal mine (D-3). These deposits were se-
lected on the basis of their different clay minerals,
genetic types and parent rocks.

Prior to analyses, < 2 mm fractions were separated
from the bulk samples by sedimentation. Separated fine
fractions were used for X-ray diffraction (XRD) analy-
sis of oriented specimens. The oriented specimens were
prepared by sedimentation of the clay suspension
(10 mg/cm2) onto glass slides. All specimens were ana-
lysed by XRD ussing a Philips PW 1710 diffractome-
ter equipped with Cu radiation with a graphite mono-
chromator. The step size was 0.02° 2Θ with a count-
ing time of 5s for the oriented specimens.

The resulting basal reflections of the clay minerals
were used for the determination of the mean crystallite

thickness (crystallite = X-ray scattering domain) and
thickness distribution by means of the BWA techniques
(DRITS et al., 1998) using the MudMaster program
(EBERL et al., 1996). The XRD method of crystallite
size determination is based on the observation that
XRD peaks broaden regularly as a function of decreas-
ing crystallite size. The first basal reflection of all sam-
ples was subjected to BWA analysis in the recommend-
ed two theta intervals between 6 and 13° for the kaoli-
nite (Fig. 1) and 2.5 to 7.5, for the smectites. All kaoli-
nite samples, except the halloysite sample NB, contain
illite in the clay fraction. Therefore, the illite peaks
were chopped by the program PkChopr (Fig. 2). A
longer XRD exposition time (5 s) was used to obtasin
smooth XRD patterns for the analysis.

Scanning electron images were taken from fresh rock
chips coated with gold using a Jeol JXA 840 scanning
electron microscope (SEM).

Geological features of the studied deposits

Samples of 6 kaolinites, 1 halloysite and 5 smectites
from deposits in three different geological environments
and origin were used for this study. Kaolinites and
smectites from sedimentary (originating in a weathering
crust and transported into sedimentary basins), volcano-
sedimentary (formed by diagenesis of volcanic ash in a
subaqual and subarial environment) and of hydrother-
mal origin were studied. The geological setting of each
sample is indicated in Table 1. The analysed samples
represent a selected collection of kaolinitic clays and
bentonites from the economically most important de-
posits in Serbia, one sample of halloysite and one sam-
ple of Miocene tonstein, recently discovered in eastern
Serbia.
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Fig. 1. Changes in the distribution and mean thickness of
halloysite (sample NB) after using the incorrect analysed
area (10–13° 2θ) in comparison with the recommended area
(6–13° 2θ). 

Fig. 2. Example of the modification of an XRD pattern
before BWA-analysis the by PkChopr program.

 
 
 



The sedimentary kaolinitic clays were deposited in
different basins, but in similar lacustrine settings. The
kaolinitic clays from the Aran|elovac basin (Vrbica,
]irinac, Lazine, and Ko{arno deposits) were formed by
weathering and redeposition of materials from Bukulja
granite (SIMI], 2004). Kaolinite is the dominant clay
mineral, with small amounts of illite. The clay from the
Ko{arno deposit also has subordinate smectite. The par-
ent rocks for the clays from the Rudovci deposit (Kolu-
bara basin) are dacitic rocks and their pyroclastics.
Kaolinite is also the most abundant mineral, accompa-
nied by small amounts of smectite and traces of illite
(SIMI], 2004). The length of transport in both the Aran-
|elovac and Kolubara basins ranged from several hun-
dred meters to 2–3 km, hence crystal disintegration
during transport may have some influence on the crys-
tallite size and thickness. Halloysite from the Novo
Brdo deposit is of hydrothermal origin (MAKSIMOVI] &
NIKOLI], 1978). The kaolinitic clay from the Jasenovac
coal mine is a typical tonstein, formed by the diagenet-
ic alteration of volcanic tuff (@IVOTI] & SIMI], 2003,
unpublished report).

The smectite samples are also of different origin.
Both Popovac bentonites, interbedded in marlstone in
the quarry near the Para}in Town and the Me~ji Do
deposit near the Vlasotince Town, are typical volcano-
sedimentary rocks formed as a result of “in situ” sub-
aqual alteration of the volcanic tuff. The bentonites
from the Bogovina coal mine (East field) and the Bivo-
lica deposit, near the Svrljig Town, are most probably
the products of reworking of the weathering crust of
andesitic rocks. The bentonite from the Drmno deposit
(Kostolac coal basin) is of sedimentary origin (SIMI] et

al., 1997), but the primary source of clay minerals has
not yet been established.

Results and discussion

Typical XRD patterns of each genetic type of clay
are shown in Fig. 3, and the results of the BWA meas-
urements of the kaolinite, halloysite and smectite sam-
ples in Table 2.

The TBWA value of the sedimentary kaolinites stud-
ied varies between 5.55 and 7.91 nm, with an average
value of 6.48 nm. The curves of all five samples are
polymodal (Fig. 4), indicating that the samples consist
of two or more generations of crystals with different
thickness. The average TBWA of the Serbian sedimen-
tary kaolinites is slightly higher than the TBWA of Slo-
vakian sedimentary kaolinites, but, at the same time,
significantly smaller than the TBWA of selected world
kaolinites (Table 3).

The BWA measurements confirmed the previously
obtained geological, mineralogical and geochemical data
that the weathering conditions during the Upper Oligo-
cene–Lower Miocene did not lead to the origin of a
well-developed kaolinitic weathering crust, neither in
Serbia (MAKSIMOVI] & NIKOLI], 1978; SIMI], 2004),
nor in Slovakia (KRAUS, 1989).

The halloysite sample of hydrothermal origin has a
rather small mean crystallite thickness of 4.25 nm and
a polymodal distribution pattern (Fig. 4). The TBWA
values of the Serbian and Slovakian halloysites are very
similar, indicating a similar stage of hydrothermal alter-
ation of the primary rocks. The distribution shapes of
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Table 1. Basic geological features of the studied clays.
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Table 2. List of clays used for BWA-analysis and the input and output data. 

Fig. 3. Typical XRD patterns of the studied samples. A)
Sedimentary kaolinite (CIR-Z), volcano-sedimentary kaolin-
ite (JAS-5A), and hydrothermal halloysite (NB). B)
Volcano-sedimentary smectite (MD), and sedimentary smec-
tite (D-3).

Fig. 4. Crystallite size distribution of kaolinites obtained by
the BWA technique.

 
 
 



these two hydrothermal halloysites are different, as the
Slovakian sample has an asymptotic shape and the
Novo Brdo halloysite a polymodal one. The polymodal
distribution of the Novo Brdo halloysite seems to be a
combination of one lognormal and one asymptotic dis-
tribution. The asymptotic distribution is typical for
samples with small TBWA and could be characteristic
for early stages of formation (EBERL et al., 1998a).

The tonstein sample of volcano-sedimentary origin
also has a small mean crystallite thickness of 4.32 nm
with a polymodal distribution pattern, but similar to

lognormal (Fig. 4). The tonstein from the Jasenovac
mine is generally weakly crystallized according to the
XRD (Fig. 5) and at least two generations of kaolinitic
minerals can be observed on the SEM image (Fig. 6),
confirming the polymodal distribution shape.

The smectites from the volcano-sedimentary type
have higher mean crystallite thickness with an average
value of 9.56 nm than the smectites from the sedimen-
tary bentonites with an average value of 5.56 nm. The
crystallite size distributions for the volcano-sedimenta-
ry samples are lognormal (Fig. 7). Their shapes are
quite different from the sedimentary types. The vol-
cano-sedimentary smectites have identical distribution
shapes with a theoretical lognormal distribution (Fig.
8A). The distribution of smectites from the sedimenta-
ry bentonites is different from the theoretical lognormal
shape (Fig. 8B). 

The mean thickness of smectites from selected world
volcano-sedimentary bentonites varies from 6 to 9 nm
(MYSTKOWSKI & SRODON, 2000; MOL, 2001). The rel-
atively wide range of TBWA values of volcano-sedimen-
tary smectites does not support the idea of using it to

distinguish the origin in general. However, the meas-
urement of TBWA has sense for the differentiation of
the origin of a bentonite in smaller regions, as was
observed for the Serbian bentonites. A similar differ-
ence was found for in situ volcano-sedimentary and
transposed bentonites from middle Slovakia (both types
were characterized by [UCHA et al., 1996). Smectites
originating from the in situ alteration of andesitic vol-
canoclastics have higher TBWA values (up to 7 nm) in
comparison with smectites originating by the redeposi-
tion of alteration products (5.5 nm).
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Table 3. Average mean crystallite thickness (TBWA) of
Serbian, Slovakian and selected world kaolinites and hal-
loysites. Values for the Slovakian and selected world kaolin-
ites are from [UCHA et al. (1999).

Fig. 5. XRD pattern of the kaolin-
ite sample JAS-5A.
K – kaolinite,
S – smectite,
I – illite,
Q – quartz,
Cr – crystobalite,
F – feldspar,
Py – pyrite.

 
 
 



Conclusions

Sedimentary kaolinites from five deposits in Serbia
have a low mean crystallite thickness indicating a poor-
ly developed kaolinitic weathering crust from which
these clays were redeposited, a situation similar to Slo-
vak kaolin deposits. The role of crystal disintegration
during transport may also influence the crystallite size.
The shape of the crystal size distribution is polymodal
for all samples, most probably as a result of the pres-
ence of different kaolinite generations.

Volcano-sedimentary (diagenetic) tonstein from the
Jasenovac coal mine has a very low mean crystallite
thickness, typical for a weakly crystallized material,
and a polymodal distribution shape, due to at least two
generations of kaolinite particles.

Hydrothermal Novo Brdo halloysite also has a very
low mean crystallite thickness and a polymodal distri-
bution.

Two diverse shapes of the theoretically lognormal
distributions were observed for the smectites. They cor-
respond to different genetic types of bentonites – sed-
imentary and volcano-sedimentary. The mean crystallite
thickness is also different in the sedimentary and vol-
cano-sedimentary bentonites, with an average TBWA of
5.56 and 9.56 nm, respectively. This means that “in
situ” alteration of volcanic ash under subaqual condi-
tions led to the formation of well-crystallised smectite
with thicker crystallites.
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Rezime

Distribucija debqine kristalita
minerala glina iz izabranih le`i{ta
glina Srbije

U ovom radu izmerene su debqine kristalita

kaolinita i smektita i wihova distribucija

metodom BWA na uzorcima iz le`i{ta u Srbiji.

Nakon izvr{enih prou~avawa napravqena je

komparacija sa sli~nim glinama iz Slova~ke i iz

nekih svetskih le`i{ta. 

Reprezentativni uzorci 6 kaolinitskih glina,

jednog halojzita i 5 bentonita iz le`i{ta stvara-

nih u razli~itim geolo{kim uslovima: sediment-

nim le`i{tima glina (stvorenih u korama raspa-

dawa a zatim transportovana u sedimentne basene),

vulkanogeno-sedimentnim le`i{tima (nastalim

dijagenezom vulkanskog pepela u podvodnim ili

pripovr{inskim uslovima) i hidrotermalnim le-

`i{tima. Genetski tip le`i{ta i osnovne geo-

lo{ke informacije prikazane su u tabeli 1.

Sedimentni kaoliniti iz pet prou~avanih le-

`i{ta Srbije odlikuju se malom debqinom krista-

lita, {to ukazuje na slabo razvijen tip kora ras-

padawa iz kojih su ti minerali glina pretalo`eni,

kao i na uticaj usitwavawa ~estica prilikom

transporta. Takva situacija je veoma sli~na kao

kod le`i{ta kaolina u Slova~koj. Oblik krive

raspodele debqine kristalita je kod svih uzoraka

polimodalni, najverovatnije kao posledica pris-

ustva razli~itih generacija kaolinita.

Vulkanogeno-sedimentni (dijagenetski) ton{tajn

iz le`i{ta ugqa Jasenovac pokazuje veoma malu

debqinu kristalita, tipi~nu za slabo iskristali-
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sali materijal, i polimodalni oblik distribucije

zahvaquju}i prisustvu najmawe dve generacije

kaolinitskih ~estica.

Hidrotermalni halojzit iz le`i{ta Novo Brdo

tako|e se odlikuje veoma malom debqinom krista-

lita i polimodalnim oblikom raspodele.

Kod ispitivanih bentonita utvr|eno je prisust-

vo dva razli~ita tipa teoretski lognormalne

raspodele debqine kristalita, koje odgovaraju

razli~itim genetskim tipovima bentonita – sedi-

mentnom i vulkanogeno-sedimentnom. Sredwa deb-

qina kristalita je tako|e razli~ita kod sedi-

mentnih i vulkanogeno-sedimentnih bentonita, sa

prose~nim TBWA od 5,56 i 9,56 nm.

VLADIMIR SIMI] & PETER UHLÍK116

 
 
 



Pro{le godine preminuo je Predrag Nikoli},

doktor geolo{kih nauka, redovni profesor u pen-

ziji, dugogodi{wi Dekan Rudarsko-metalur{kog

fakulteta u Boru i Dekan zajedni~kog Rudarsko-ge-

olo{ko-metalur{kog fakulteta Beograd-Bor Uni-

verziteta u Beogradu.

To su samo najosnovniji podaci iz blistave kari-

jere primernog ~oveka, vrhunskog profesora i na-

u~nog radnika, koji je mnogo toga ostavio po ~emu

}e ga se se}ati generacije studenata, wegovi sarad-

nici, kolege i prijateqi.

Nemerqiv je doprinos Profesora Nikoli}a za

formirawe Rudarsko-metalur{kog fakulteta u

Boru i wegov razvoj. Mawe su poznate i velike

zasluge za razvoj Rudarsko-geolo{kog fakulteta u

Beogradu na kome je Profesor Nikoli} proveo

drugu polovinu svoje karijere. Po mi{qewu mno-

gih kolega bio je jedan od najboqih, a mo`da i naj-

boqi Predsednik Dr`avne komisije za overu min-

eralnih rezervi. Pored toga Profesor Nikoli}

nam ostavqa vredan nau~ni opus od 146 objavqenih

nau~nih radova, 6 uybenika i 4 monografije. Napi-

sano ve} dovoqno govori o izuzetnoj li~nosti pro-

fesora Nikoli}a. Prostor nam ne dozvoqava de-

taqan prikaz `ivotnog puta i dela profesora Ni-

koli}a pa }e on biti skroman, upravo onakav kakav

je bio profeosr.

Profesor Nikoli} je ro|en 31. januara 1928. go-

dine u Gorwem Drenovcu kod Prokupqa, gde je

zavr{io gimnaziju. Na geolo{ko-paleontolo{koj

grupi Prirodno-matemati~kog fakulteta Univer-

ziteta u Beogradu diplomirao je 1952. godine, a

doktorirao 1962. godine. Radnu karijeru je po~eo

1953. godine kao rudni~ki geolog i rukovodilac

geolo{ko-rudarskih istra`ivawa u rudniku ugqa

“Dobra sre}a” kod Kwa`evca, zatim u rudnicima

vatrostalnih glina – Aran|elovac i kwa`eva~kim,

odnosno timo~kim rudnicima ugqa “Kwa`evac”. Od

1962. godine radi na Rudarsko-metalur{kom fakul-

tetu u Boru kao nastavnik, i to najpre kao docent,

zatim kao vanredni profesor i od 1969. godine kao

redovni profesor. Od 1980. godine je u radnom od-

nosu na Rudarsko-geolo{kom fakultetu u Beogra-

du. Bio je 11 godina rukovodilac Rudarsko-meta-

lur{kog fakulteta u Boru, napre kao prodekan,

zatim u kontinuitetu kao dekan. Bio je dve godine

zamenik dekana jedinstvenog Rudarsko-geolo{ko-

metalur{kog fakulteta Beograd-Bor i dve godine

dekan istog fakulteta. Osta}e upam}en i wegov

rad kao Predsednika odbora za “Geonauke” u Mini-

starstvu za nauku i tehnologiju Republike Srbije.

Bio je dugogodi{wi Glavni i Odgovorni urednik

nau~nog ~asopisa Zbornik radova Rudarsko-meta-

lur{kog fakulteta i Instituta za bakar u Boru.

Rukovodio je i Odborom za visoko {kolstvo u Za-

jednici usmerenog obrazovawa i bio ~lan Predsed-

ni{tva iste zajednice. Za svoj uspe{an rad stizala

su i priznawa. Prvo, 1967. godine, Oktobarska na-

grada Grada Bora, a zatim 1977. godine Orden rada

sa zlatnim vencem.

Nau~ni i stru~ni opus profesora Nikoli}a je

veoma obiman i raznovrstan pa ga nije lako i jedno-

stavno prikazati. U osnovi, bio je geolog (strati-

graf, tektoni~ar), ali je vrhunske rezultate ostva-

rio i u domenu istra`ivawa le`i{ta mineralnih

sirovina, posebno ugqeva. Slobodni smo da ka`emo,

ako je prva geolo{ka qubav profesora Nikoli}a

bila Timo~ka zona, onda je druga qubav ugaq.

Nezaobilazan je i veliki doprinos profesora

Nikoli}a za sagledavawe geolo{ke gra|e i tek-

tonskog sklopa, ali i prirodne potencijalnosti

na{ih Karpato-balkanida. Posebno se to odnosi

na jednu od najinteresantnijih i najslo`enijih geo-

lo{kih jedinica u literaturi poznatoj kao Timo~-
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ka zona. Po~ev od doktorske disertacije u kojoj je

na originalan na~in prikazao stratigrafske

odnose, posebno gorwokrednih i paleogenih tvore-

vina, zatim tektonski sklop i magmatizam jednog

dela ove zone. Potom, slede desetine radova u koji-

ma profesor Nikoli} {iri svoja istra`ivawa na

celu zonu. Na kraju, sve to objediwuje u jednu vrhun-

sku monografiju “Timo~ka zona Isto~ne Srbije –
geologija i mineralne sirovine”. Dovoqno je samo

nabrojati poglavqa iz ove izuzetne monografije

pa da se sagleda wena sveobuhvatnost i zna~aj. U

prvom poglavqu je detaqan prikaz stratigrafije,

strukturnih odnosa i tektonike, kao i kriti~ki

osvrt na dosada{wa istra`ivawa ove zone. Drugo

poglavqe obra|uje le`i{ta ugqa i uqnih {kriqa-

ca u ju`nom delu ove zone, detaqno po lokaliteti-

ma – rudnicima. Prikaz obuhvata od geologije do

rezervi. U tre}em poglavqu detaqno su obra|ena

le`i{ta bakra u severnom delu Timo~ke zone.

Brojni su radovi u kojima je obra|ivao le`i{ta

ugqeva u Isto~noj Srbiji. Dovoqno je pomenuti

Vla{ko poqe, Dobra sre}a, Podvis, Lubnica, Zve-

zdan dr. Kao vrhunski istra`iva~, sva svoja, i is-

tra`ivawa svojih saradnika, objediwuje u tri vred-

ne monografije o ugqevima. Profesor Nikoli} je

jedan od najzaslu`nijih autora za objavqivawe dva-

naestotomene edicije “Geologija Srbije” i deseto-

tomnog enciklopedijskog re~nika “Geolo{ka ter-

minologija i nomenklatura”.
Posebno izdvajamo kao neprevazi|en monograf-

ski rad “Tektonika Karpato-balkanida Srbije”, koji

je profesor Nikoli} objavio zajedno sa svojim, po

na{em mi{qewu, najbli`im kolegom i prijateqem,

pokojnim profesorom Milodragom An|elkovi}em.

Re~ je o najdetaqnijem prikazu stratigrafije i tek-

tonike na{ih Karpato-balkanida. To je nezaobilaz-

na literatura za na{e, ali i i za geologe susednih

zemaqa.

Nau~ni opus profesora Nikoli}a povezuje jedna

lepa i vredna divqewu nau~na nit. Osnovne prob-

leme koje je u po~etku svoje karijere po~eo da radi,

posle vi{egodi{wih istra`ivawa je objediwavao

i sublimirao u monografijama.

Nastavni rad za profesora Nikoli}a bio je sve-

tiwa. Nastavnik je du`an da obezbedi uybeni~ku

literaturu – bio je wegov stav. Imao je nekoliko

izdawa univerzitetskog uybenika Osnovi geologi-

je i Op{te geologije i prvi uybenik na na{em jezi-

ku iz Geotektonike.

Sve to govori da je profesora Nikoli}a odliko-

vala ogromna energija, vredno}a, upornost, kreativ-

nost i sistemati~nost, pa eto odgovora za sjajnu pro-

fesorsku, nau~no-istra`iva~u i qudsku karijeru.

Nama koji smo imali privilegiju da sa wim pije-

mo kafu, a ponekad i ne{to `e{}e, i pri~amo ne

samo o geologiji, ovo napisano nije potrebno, ono je

upisano u nama, ali radi mla|ih i onih koji dolaze,

radi Rudarsko-geolo{kog fakulteta i srpske

geologije ime profesora Predraga Nikoli}a treba

da bude upisano krupnim – najkrupnijim slovima.

Prof. dr Jovan Janki~evi}

Prof. dr Dragoman Rabrenovi}
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2006. Schriftenreihe der Erdwissenschaftlichen Kommis-
sionen S1 (Ed.: W.E. PILLER)
Verlag der Österreichischen Akademie der Wissenschaften,
Wien, Austria
Paperback: 224pp. Price: 79 EUR
ISBN 3-7001-3650-1 (Print edition)
ISBN 3-7001-3702-8 (Online edition)
http://hw.oeaw.ac.at

This book is a typical paleontological work concern-
ing the Middle Miocene ostracodes from the Vienna Ba-
sin and their taxonomy and biostratigraphy. It consists of
the following chapters: (1) Introduction, (2) Regional Ge-
ology, (3) Material and Sample Preparation, (4) Syste-
matic part, (5) Biostratigraphy and (6) References. Techni-
cally, it is a correctly prepared book and illustrated with
very high quality figures (6), tables (4) and plates (55). 

All the samples originate from the area of Bad Deutsch
Altenburg – Hainburg/Donau (eastern margin of the Vien-
na Basin, 40 km ESE from Vienna). 64 taxa (species) are
described and illustrated on 55 plates with 591 SEM-
microphotographs. It represents 37 genera and 15 families
of the Order Podocopida. Very good quality, high-resolu-
tion SEM pictures document the intraspecific variability,
juvenile forms and sexual dimorphism of these species as
well as the carapace/valve ornamentation. 

The terms and morphological features of the ostra-
codes use here are based on MOORE (1961), MORKHO-
VEN (1962), HARTMANN (1966), OERTLI (1985) and
HINZ-SCHALLREUTER & SCHALLREUTER (1999). Paleo-
environmental and paleobatimetric interpretations were
made on the basis of criteria by MORKHOVEN (1963),
HARTMANN (1975), LIEBAU (1980), GRAMANN (2000)
and MEISCH (2000). The systematic part was based on
LIEBAU (1975) and MADDOCKS & STEINER (1987), as
well as HARTMANN & PURI (1974) and MEISCH (2000). 

Based on this study, the author demonstrates that some
earlier known ostracodes have a wider stratigraphic range
(for example, Callistocythere postvallata and Hemicythe-

ria omphaloedes). Likewise, Aurila hispidula, Xestolebe-
ris tumida and Tenedocythere sulcatopunctata were dis-
covered for the first time from the Lower Sarmatian. 

From the (paleo)ecological point of view, the ostra-
codes association are grouped into four taphocoenosis
and the first three correspond to epineritic, epineri-
tic/phytal taphocoenosis and the last one to epi/meso-
neritic taphocoenosis. 

In comparison to the foraminifer fauna, most of the
ostracod samples (59) belong to the Upper Badenian and
only 7 samples are assigned to the Lower Sarmatian. In
the chapter of Biostratigraphy (5), one comparative bios-
tratigraphical review of the Middle Miocene (Badenian
and Sarmatian) of Central Paratethys is given based on
the ostracodes and foraminifers biozonation (after JIRICEK
& RIHA, 1991; ZELENKA, 1990). The author distinguished
eight ostracod biozones (NO 7 – NO 14), which corre-
spond to the six-foraminifer biozones. This study of
ostracodes is complementary to the early-adopted model
of ostracod development in the Vienna Basin.

Finally, the very detailed and wide-ranging list of ref-
erences (341) shows that the author employed both clas-
sic papers (MUENSTER, 1830; ROEMER, 1838; REUSS,
1850; BOSQUET, 1852, etc.) as well as modern literature.

At the end of this review, a few important remarks
can be given:

This book represents an important contribution to
study of ostracodes of the Middle Miocene of the Vien-
na Basin, as well as of the Central (Western) Paratethys
area. It is a very high quality, distinct article, both pro-
fessionally and technically, with numerous SEM-micro-
photographs which give this book a high professional
level. Eventually, some paleo(environmental) interpreta-
tions and conclusions are discussed. The absolutely com-
petent approach to the research of fossil ostracodes, as
well as the results given here, make this monograph a
new upgrades for future taxonomic and biostratigraphic
studies of the Middle Miocene of Paratethys.

Prof. Ljupko Rundi}
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Diversity dynamics of Early–Middle Jurassic brachiopods of
Caucasus, and the Pliensbachian–Toarcian mass extinction

DMITRY A. RUBAN

Ruban, D.A. 2004. Diversity dynamics of Early–Middle Jurassic brachiopods of Caucasus, and the Pliensbachian–
Toarcian mass extinction. Acta Palaeontologica Polonica 49 (2): 275–282.

Taxonomic diversity of NW Caucasus brachiopods changed cyclically in the Early–Middle Jurassic. Diversifications
took place in the Late Sinemurian–Early Pliensbachian, Middle–Late Toarcian and Late Aalenian–Early Bajocian, while
diversity decreases occured in Late Pliensbachian–Early Toarcian, Early Aalenian and Late Bajocian. Outstanding diver−
sity decline in the Late Pliensbachian–Early Toarcian corresponds to a global mass extinction interval, whose peak has
been documented in the Early Toarcian. Similar diversity changes of brachiopods are observed in other Tethyan regions,
including the well−studied Bakony Mountains, although in NW Caucasus the recovery after demise have begun earlier.
The causes of Pl−To mass extinction in the studied region are enigmatic. Probably, it could be linked to anoxia, but its cor−
respondence to the beginning of transgression is not coincident with the global record, so eustatic causes seem to be
doubtful for this region.

Key words: Brachiopoda, taxonomic diversity, mass extinction, Jurassic, Caucasus, Russia.

Dmitry A. Ruban [ruban−d@mail.ru], Geology−Geography Faculty, Rostov State University, Zorge st., 40, Rostov−na−
Donu, 344090, Russia; correspondence address: Tchistopolskaja st., 3, App. 10, Rostov−na−Donu, 344032, Russia.

Introduction

The Late Pliensbachian–Early Toarcian (Early Jurassic) mass
extinction is one of the most significant events in geological
history. Although it is often called a “small” mass extinction in
relation to such great biotic crises as Permian–Triassic or Cre−
taceous–Tertiary ones, it has been recognized for many princi−
pal groups of fossil organisms: foraminifers, bivalves, brachi−
opods and ammonoids (Hallam and Wignall 1997). Moreover,
it provides an excellent example to study possible causal rela−
tions of mass extinctions to anoxia, major sea−level changes
and intensive volcanism. The knowledge on the Early Jurassic
mass extinction has grown thanks to the studies of Hallam
(1961), who analyzed the fossil record, and Jenkyns (1988),
who identified oceanic anoxia. In the past decade numerous
publications on Liassic biotic changes by Hori (1993), Bas−
soullet and Baudin (1994), Little and Benton (1995), Aberhan
and Fürsich (1997, 2000), Hallam and Wignall (1997, 1999),
Harries and Little (1999), Guex et al. (2001), Wignall (2001),
Jenkyns et al. (2002), and others have substantially added to
previous results. A special study was dedicated to establishing
the precise absolute radiometric age of the mass extinction,
which is now accepted as 183±2 Ma (Pálfy et al. 2002).

Although one of the main fossil groups used to dicsuss
the Late Pliensbachian–Early Toarcian (Pl−To) mass extinc−
tion are Bivalvia (Aberhan and Fürsich 1997, 2000; Harries
and Little 1999), Brachiopoda seem to be no less important.
Their significance in discussion of this decimation has been
shown in articles of Hallam (1987), Bassoullet and Baudin
(1994), and Vörös (1993, 1995, 2002).

Every mass extinction should be studied both using com−
parative global and regional data analyses to understand
better its appearance in geological time and space. Results of
quantitative analysis of taxonomic diversity dynamics of
Early–Middle Jurassic brachiopods of Northwestern Cauca−
sus are presented in this paper. The appearance of a biotic cri−
sis in this Tethyan region allows one to extend the area where
this mass extinction can be documented.

Geological setting
In the Mesozoic the Caucasus region was located on the
northern active periphery of Tethys (Lordkipanidze et al.
1984; Meister and Stampfli 2000). Although brachiopods
have been found in Jurassic deposits in this entire region, the
most complete data are from NW Caucasus (Fig. 1). In
tectonical aspect this territory covers 3 major tectonic zones:
Labino−Malkinskaja zone, Pshekish−Tyrnyauzskaja zone
and Arkhyz−Guzeripl’skaja zone (Rostovcev et al. 1992).

The Lias to Dogger stratigraphy and lithology of NW
Caucasus have been described by Krymgolc (1972), Ros−
tovcev et al. (1992), Granovskij et al. (2001), Ruban (2002),
and also in Stratigrafičeskij slovar’ (1979). The Rhaetian–
Hettangian interval corresponds to a major regional hiatus.
Smaller hiatuses divide Pliensbachian from Toarcian strata
and Aalenian from Bajocian ones. Sinemurian–Pliensbach−
ian deposits about 500 m thick include conglomerates, sand−
stones, dark shales and rare limestones. Lower–Middle
(lower interval) Toarcian deposits (up to 70 m thick) are

http://app.pan.pl/acta49/app49−275.pdfActa Palaeontol. Pol. 49 (2): 275–282, 2004

 
 
 



terrigenous (Fig. 2), but in the Middle (upper interval)–Up−
per Toarcian and Aalenian 1500 m of laminated dark to black
shales have been accumulated. Bajocian deposits are repre−
sented by dark shales (up to 1200 m), often with interbeds of
terrigenous or volcanogenous deposits. Dark shales contain
siderite concretions. The highest concetration of them has
been observed in the Middle–Upper (lower interval)
Toarcian (Ruban 2002). But both rare dark shales horizons
and concretions have been found also in the Middle (lower
interval) Toarcian deposits.

The Jurassic paleoenvironments of the studied territory
have been described in thanks of geochemical studies and

numerous paleogeographical reconstructions by Âsamanov
(1978). The Sinemurian sea was relatively shallow with nor−
mal salinity, the climate was subtropical and humid, and in
the Pliensbachian the basin became deeper. Regression took
place in Late Pliensbachian–Early Toarcian times followed
by a fast transgression that started in the end of Middle
Toarcian and in the Late Toarcian–Early Aalenian marine
basin was deep. Dark shales of this interval are interpreted as
slope deposits (Granovskij et al. 2001). The paleotempera−
tures of sea−water were about 20–22°C. Regression occured
in the Aalenian, and the climate became more moderate.
Paleotemperatures decreased to 10°C, while in the Late
Aalenian they were once again about 20–23°C. In Bajocian
the sea became deep and the climate returned to be subtropi−
cal and humid. Paleotemperatures identified were 25–27°C.
In general terms, during all the Early–Middle Jurassic the
Caucasus basin was not separated from the Tethyan ocean
too much.

Materials
Early to Middle Jurassic brachiopods of NW Caucasus are
rather well−studied. The first complete revisions have been
made by Neumayr and Uhlig (1892), and then by Moiseev
(1934) followed by the works by Makridin and Kamyšan
(1964), Prosorovskaya (1986, 1989, 1993), and Rostovcev et
al. (1992).

The most complete and taxonomically revised data on
stratigraphic distribution of brachiopods have been presen−
ted by Makridin and Kamyšan (1964), Prosorovskaya (1989,
1993) and Rostovcev et al. (1992). These sources have been
used to compile the diversity data, following by some revi−
sions and stratigraphical corrections. In the whole 83 species
from the Lower Jurassic and 51 ones from Middle Jurassic
were recognized (see Appendix). The stratigraphical ranges
of taxa are as detailed as the substages recognized in the
ammonite succession (Rostovcev et al. 1992).

Total species quantity, and number of originations and
extinctions have been calculated for each substage from
Sinemurian to Bajocian to analyze the taxonomic diversity
dynamics.

Species diversity dynamics
Species diversity of brachiopods changed dramatically in NW
Caucasus (Fig. 3). After the great diversification in the Sine−
murian–Early Pliensbachian (up to 54 taxa), a severe diversity
decline occured in Late Pliensbachian. This trend continued
into the Early Toarcian, when brachiopods disappeared en−
tirely. In the Middle–Late Toarcian a new gradual diversifica−
tion took place (total diversity reached 14 taxa), although it did
not compensate for the previous decline. Once again brachio−
pods disappeared in the Early Aalenian (probably two taxa are
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known). Then a new acceleration of diversity is observed dur−
ing Late Aalenian–Early Bajocian. Later Middle Jurassic
brachiopod communities became extinct again. But the most
outstanding features of the regional brachiopod history are the
Late Sinemurian–Early Pliensbachian acme followed by Late
Pliensbachian–Early Toarcian demise.

The origination and extinction rates help us to understand
the causes of such turnovers (Fig. 3). Late Sinemurian–Early
Pliensbachian diversification has been followed by increase
both of origination and extinction. When the disappearance
rate became higher, a regional diversity drop occured. Also
the Late Pliensbachian–Early Toarcian demise of brachio−
pods corresponded to collapse of origination rate. The Early
Aalenian and Late Bajocian crises also can be explained in
the same way.

An analysis of events connected with disappearance of
fossils should always take into account so−called Lazarus−taxa
(Flessa and Jablonski 1983; Jablonski 1986; Wignall and
Benton 1999; Fara 2001). The Lazarus effect causes a signifi−
cant gap in any taxon’s range. Among Early–Middle Jurassic
brachiopods of the studied region only three Lazarus−taxa
have been found (see Appendix). The interval of their absence
covers the Late Pliensbachian–Early Toarcian in the NW Cau−
casus, and for two of them—also the Middle Toarcian. It is ev−
ident, that such a negligible Lazarus effect could not signifi−
cantly influence the above mentioned results.

Discussion
Regional record of Pl−To crisis.—As shown above, the most
intensive drop in brachiopods diversity occured in Late Pliens−
bachian–Early Toarcian. This time interval approximately cor−
responded to the mass extinction, whose most intensive phase
embraced the Early Toarcian (Hallam and Wignall 1997). As
the Caucasus sea was connected with Tethys, there was no bar−
rier to isolate the local biota from the disastrous global factors.

The ecosystem collapse was indeed the most profound in
the Early Toarcian, when brachiopods regionally disappeared.
However, whilst the decrease of diversity began only in the
Late Pliensbachian; the decline of origination rate was docu−
mented already in the Early Pliensbachian. In this timespan, the
benthos disappearance also intensified, and the initial phase of
the crisis took possibly place in the Early Pliensbachian. The
recovery of brachiopods has been documented in the Middle
Toarcian. But only the intensification of benthic colonization
and total species diversity increased (i.e., the repopulation
stage) in the Late Toarcian can be considered as a record of the
final crisis termination. So, severe extinction have certainly in−
fluenced development of the Caucasus brachiopod biota dur−
ing the Late Pliensbachian–Middle Toarcian.

It is improtant to compare the brachiopods diversity data
with those of other shelly benthos like bivalves. The most re−
cent compilative paper devoted to Jurassic pectinoids from
the southern regions of the former Soviet Union, including
Caucasus, has been published by Romanov and Kasum−Zade
(1991). Stratigraphic ranges chart presented by these authors
allows the recalculating of the total species quantity changes
through the Late Liassic (Fig. 4). After a rather strong diver−
sification of pectinoids in the Pliensbachian a relatively small
diversity drop (~30%) is recognizable in the Early Toarcian.
The species number was relatively low till the Bajocian when
a new rise occured. This diversity changes means: (1) decline
of bivalves was not as significant as that of the brachiopods,
and (2) it occured after a great diversification event which is
similar to those observed for brachiopods.
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Comparison with other regions.—Early Jurassic brachio−
pod diversity patterns was studied in other Tethyan regions,
the best exemplified being in the Bakony Mountains in Hun−
gary (Vörös 1993, 1995). The results show that total species
number increased from the Hettangian to the Early Pliens−
bachian (Fig. 5). Then in the Late Pliensbachian a decrease
began, while through the Toarcian–Aalenian interval brachi−
opods disappeared almost entirely. Origination rate began to
decrease in the Carixian, and extinction rate increased the
same time but more intensively in the Domerian. A new radi−
ation has been documented in the Bajocian.

Diversity dynamics of Swiss Alps and Jura Mountains
brachiopods could be calculated from data of Sulser (1999).
Although in this monograph only partial stratigraphical
ranges are shown (i.e., where taxa are abundant), the Sine−
murian–Pliensbachian diversification phase, and Toarcian–
Aalenian diversity fall are evident as well (Fig. 5).

Therefore, temporal diversity patterns of Tethyan brachio−
pods are very similar to those of NW Caucasus brachiopods al−
though a recovery of diversity in the Late Toarcian shows a
shorter crisis duration. But another feature is common for these
regions: the mass extinction occurred after significant diversifi−
cation, which seems to be connected with a radiation phase.

Causes of the shelly benthos
collapse in NW Caucasus
The Early Jurassic mass extinction is thought to be causally
connected mainly with anoxia and major sea−level changes
(see reviews by Hallam and Wignall 1997, 1999; Wignall
2001). As the Pliensbachian–Toarcian boundary transition is

marked in Caucasus by a hiatus, it is considered that at this
time a local uplift took place; after the accumulation of Early
Toarcian inner shelf sediments, the progressive deepening
has begun in the Middle Toarcian (Granovskij et al. 2001).

The global sea−level curve (Haq et al. 1987; Hallam 1988,
2001; Hallam and Wignall 1999) shows eustatic rise that oc−
curred distinctly earlier (in the Early Toarcian), and a regres−
sive phase has already begun in the Middle Toarcian. A dif−
ference between the NW Caucasus and global sea−level re−
cord is evident (Fig. 2), while the results of diversity studies
are similar. So, the Pl−To extinction among brachiopods in
the studied region possibly should be explained by additional
causes. It is necessary to note that previous attempts of expla−
nations of Pl−To biotic crisis by sea−level fluctuations led to
conclusion about the absence of direct links between these
phenomena (McRoberts and Aberhan 1997).

Anoxic conditions are well established world−wide in
Toarcian seas (Jenkyns et al. 2002). Although the broad
shallowing trend has been observed, oxygen−depleted condi−
tions can be tentatively inferred due to black colour of shales,
common occurrence of siderite concretions and pyrite grains
presence (Fig. 2). The dark colour may be interpreted as a re−
sult of the organic lamination. In the sections exposed along
the Belaja River, the author has found interlayers fully con−
sisted of siderite concretions in terrigenous deposits of the
Lower–Middle (lower interval) Toarcian succession (Ruban
2002). Meantime, siderite is not considered as a direct indi−
cator of anoxia.

It is necessary to point out that taking into consideration
different regional factors may lead us to the correction of as−
sumptions presented above; e.g., regional subsidence if it
was intense could have disguised any local evidence of an−
oxia. The accounting of the same factor also may enforce us
to reestimate the importance of transgressions–regressions.
So, this a matter for further studies and discussions.

Nevertheless, the Caucasus record gives another opportu−
nity to analyze the causes of possible anoxia themselves in
the light of a recent scenario by Guex et al. (2001). The ma−
rine oxygen depletion is connected with the terrestrial plants
diversification in the Early–Middle Liassic and linked with
extensive land inundation during a transgressive pulse, when
this accumulated organic material was able to initiate the an−
oxia. Macrofloral remains in the Domerian–Early Toarcian
deposits are abundantly found in all studied sections (Ruban
2000), which might indicate a major plant diversification just
before the beginning of Pl−To mass extinction. The same
temporal link is observed in the global record (Philippe et al.
1999).

Conclusions
Three diversification episodes of brachiopod faunas, fol−
lowed by diversity decline, have been documented in NW
Caucasus marine basin, and the benthos diversity changed
cyclically in the Early–Middle Jurassic. But the most dra−
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matic change occurred in Late Sinemurian–Early Toarcian
when diverse brachiopod communities experienced a severe
extinction. Similar diversity patterns have been reported
from coeval biota in other Tethyan regions (e.g., Vörös 1993,
1995). Such benthos collapse was obviously related to killing
environmental factors operating globally through the Late
Pliensbachian to the Early Toarcian (?anoxia), even if the di−
rect causal mechanisms remain still enigmatic in the region
studied. Expanding oxygen deficiency is a main candidate,
and frequently discussed as a main environmental trigger of
Palaeozoic brachiopod demises (e.g., Racki 1998; see also
Hallam and Wignall 1997; Harper and Rong 2001; Rong and
Shen 2002).

In comparison to the Bakony Mts, Jura Mts., and Swiss
Alps, brachiopod recovery began earlier in this northern
Tethyan domain. Therefore, the regional diversity pattern of
the Early Jurassic biotic crisis could be traced even more
clearly, and this is a promising perspective for elaboration of
other fossil groups. The Caucasus sequences can serve a
“reference” for further high resolution stratigraphical and
ecological−geochemical studies of this biotic turning point in
the Mesozoic.
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Appendix
List and stratigraphic ranges of Liassic Brachiopoda of Northwestern Caucasus (compiled from Makridin and Kamyshan
1964; Prosorovskaya 1989, 1993; Rostovtsev et al. 1992). S2, Sinemurian; P1, Early Pliensbachian; P2, Late Pliensbachian;
T1, Early Toarcian; T2, Middle Toarcian; T3, Late Toarcian.

Species S2 P1 P2 T1 T2 T3

“Rhynchonella” babala Dumortier +

“Rhynchonella” latifrons Geyer +

“Rhynchonella” reinesi Gemmelaro +

“Rhynchonella” ex gr. obtusiloba Rollier +

“Spiriferina” moeschi Haas + +

Aulacothyris griffini Rollier +

Aulacothyris resupinata (Douville) +

Aulacothyris salgirensis Moissejev +

Aulacothyris waterhousi (Davidson) +

Bodrakella aff. bodrakensis Moissejev +

Calcirhynchia plicatissima (Quenstedt) + +

Caucasorhynchia visnovskii Moissejev +

Cincta leptonumismalis (Rollier) +

Cincta cf. numismalis (Valenciennes) +

Cirpa borissiaki Moissejev +

Cuersithyris radstockensis (Davidson) +

Cuneirhynchia dalmasi (Dumortier) +

Cuneirhynchia gussmani (Rollier) +

Cuneirhynchia persinuata (Rau) +

Cuneirhynchia rauei Rollier +

Curtirhynchia sp. +

Digonella subdigona (Oppel) +

?Disculina liasina Deslongchamps +

Flabellirhynchia lycetti (Davidson) + +

Furcirhynchia laevigata (Quenstedt) +

Gibbirhynchia curviceps (Quenstedt) +

Gibbirhynchia gibbosa Buckman + +

Gibbirhynchia heiningensis Rollier +

Grandirhynchia capitulata (Tate) +

Homoeorhynchia deffneri Oppel + +

Homoeorhynchia sp. 1 +

Homoeorhynchia sp. 2 +

?Linguithyris bimammata Rothpletz +

Liospiriferina alpina (Oppel) + +

Liospiriferina obtusa (Oppel) + +

Liospiriferina rostrata (Schlotheim) + +

Liospiriferina cf. obtusa (Oppel) +

Lobothyris havesfieldensis Rollier +

Lobothyris punctata (Sowerby) + +

Lobothyris subpunctata (Davidson) +

?Lobothyris ovatissima Quenstedt +

Piarorhynchia juvenis (Quenstedt) +

Piarorhynchia rostellata (Quenstedt) + +

Piarorhynchia triplicata (Phillips) +
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Piarorhynchia variabilis Davidson +

Piarorhynchia aff. albertii (Oppel) +

Praemonticlarella schuleri (Oppel) +

Prionorhynchia greppini (Oppel) +

Prionorhynchia serrata (Sowerby) + +

?Prionorhynchia regia Rothpletz +

Pseudogibbirhynchia jurensis (Quenstedt) +

Pseudogibbirhynchia moorei (Davidson) +

Ptyctorhynchia sp. +

Rimirhynchia rimosa (Buch) +

Rudirhynchia belemnitica (Quenstedt) +

Rudirhynchia calcicosta (Quenstedt) +

Scalpellirhynchia scalpellum (Quenstedt) +

Securina partschi (Oppel) + +

Spiriferina haasi Makridin and Kamyshan +

Spiriferina haueri (Suess) + +

Spiriferina ilminsteriensis Davidson +

Spiriferina walcotti (Sowerby) + +

Spririferina angulata Oppel +

Squamirhynchia squamiplex (Quenstedt) +

Tetrarhynchia pontica Moissejev +

Zeilleria cornuta Quenstedt + +

Zeilleria davidsoni Makridin et Kamyshan + +

Zeilleria engelhardii (Oppel) +

Zeilleria indentata (Sowerby) + +

Zeilleria lunaris (Zieten) +

Zeilleria mutabilis (Oppel) + +

Zeilleria ovalis Rollier +

Zeilleria ovimontana (Boese) + +

Zeilleria perforata (Piette) +

Zeilleria rehmanni (Roemer) + +

Zeilleria retusa Martin + +

Zeilleria roemeri (Schloenbach) +

Zeilleria scalprata (Quenstedt) + +

Zeilleria stapia (Oppel) + +

Zeilleria subsphaeroidalis Rollier +

Zeilleria thurvieseri Boese + +

Zeilleria vicinalis (Schlotheim) + +
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PALEOZOIC PALAEOGEOGRAPHIC FRAMEWORKS OF THE GREATER 

CAUCASUS, A LARGE GONDWANA-DERIVED TERRANE:  
CONSEQUENCES FROM THE NEW TECTONIC MODEL 

 
Dmitry A. Ruban 

 
Abstract - The Greater Caucasus is a large region between the Black and Caspian seas. The new 
model of its Paleozoic tectonic evolution, coupled with the analysis of distribution of deposits of 
distinct ages, makes it possible to propose a set of regional palaeogeographic frameworks. Until 
the mid-Silurian, this region was incorporated into the continental land mass of Gondwana, being 
subjected either partly or completely to the successive transgressions from the Prototethys Ocean. 
In the late Silurian-Devonian, terrestrial environments in the Greater Caucasus were related to 
islands or island chain along the Hun Superterrane, whereas transgressions from oceans located to 
the north (Rheic, Rhenohercynian, and Khanty-Mansi oceans) and south (Palaeotethys Ocean) 
established the marine environments. In the Carboniferous-Permian, the Greater Caucasus was 
linked to the continental landmass of the Laurussian counterpart of Pangaea, and transgressions 
occurred from the Palaeotethys Ocean. Carbonate platforms and reefs grew at least twice in the 
Paleozoic history of the study region. In the Famennian, an isolated carbonate platform appeared, 
whereas a rimmed shelf attached to the Pangaean margin is known from the Changhsingian. In 
both cases, the equivalents of these events are found in other parts of the "Tethyan Region". 

Key words: palaeogeography, terrane, carbonate platform, Paleozoic, Tethys, Greater Caucasus. 
 
Introduction 

Present global reconstructions of Paleozoic plate tectonics (COCKS &  TORSVIK, 2002; 
STAMPFLI &  BOREL, 2002; VON RAUMER et al., 2002, 2003; SCOTESE, 2004; TORSVIK &  

COCKS, 2004) provide a new basis for discussion of the geological history of many 
regions. This is especially apt in those regions whose evolution has been described in 
terms of outdated concepts such as the "geosyncline paradigm". An important 
consequence of the development of new models of regional tectonic evolution is a 
reconsideration of existing palaeogeographic reconstructions. 

The Greater Caucasus is a large region which stretches as a mountain chain between the 
Black Sea and the Caspian Sea and embraces the territory of southwesternmost Russia, 
northern Georgia, and northwestern Azerbaijan (Fig. 1). Due to the key position of this 
region between the Eastern European, Turkish and Iranian domains, reconstruction of its 
Palaeozoic geological history is significant for the understanding of processes that 
occurred within the "Tethyan Region”. As well, the Paleozoic of this region is of interest 
because of its economic significance. In some other regions (northeastern Africa, Arabia,  
 
correspondence address (preferable in any case): P.O. Box (a/jashik) 7333, Rostov-na-Donu, 
344056, Russian Federation; 
institutional address: Geology & Geography Faculty, Southern Federal University (Rostov State 
University), Zorge st., 40, Rostov-na-Donu, 344090, Russian Federation; 
e-mail: ruban-d@mail.ru, ruban-d@rambler.ru 

Natura Nascosta Numero 34 Anno 2007 pp. 16-27 Figure 4 

 
 
 



 17 

  
Fig. 1 - Geographical location of the Greater Caucasus. 

Turkey) whose geological history was linked anyhow with the Greater Caucasus, Silurian 
strata are important source rocks for oil generation (SHARLAND  et al., 2001; TAWADROS, 
2001; TAWADROS et al., 2006; VAROL et al., 2006). Exploration of the same stratigraphic 
interval in the Greater Caucasus to evaluate its source-rock potential was suggested by 
TAWADROS et al. (2006). New models have been proposed to describe the geological 
history of the Greater Caucasus in the Mesozoic-Cenozoic (ERSHOV et al., 2003), and, 
particularly, in the Triassic (GAETANI  et al., 2005) and Jurassic (RUBAN, in press). The 
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model of NATAL 'IN &  ŞENGÖR (2005) also has some value in understanding the tectonic 
evolution of the Greater Caucasus. These replace the traditional "geosyncline" model (see 
e.g., LAZ 'KO, 1975). For the Paleozoic, however, traditional palaeotectonic views have 
persisted and there has been no appropriate discussion of the regional palaeogeography in 
the global context. Recently, TAWADROS et al. (2006) proposed a comprehensive model 
of the tectonic evolution of the Greater Caucasus for the entire Phanerozoic (see below 
for details). In the present paper, the palaeogeographic consequences of this new model 
are examined, and special attention is given to the determination of the position of the 
Greater Caucasus with respect to the land masses and oceans existed at those times. 
 
Geological setting 

The Greater Caucasus Terrane was identified by GAMKRELIDZE  (1997) and later, 
independently, by TAWADROS et al. (2006). At present it is located between the margin of 
the stable Russian Platform and the Lesser Caucasus Terrane (Fig. 1). It is part of a large 
orogen deformed and uplifted in the late Cenozoic (ERSHOV et al., 2003). The Paleozoic 
sedimentary complexes, whose total thickness exceeds 20,000 m, are exposed in its 
central part. The Paleozoic Greater Caucasus Terrane thus forms the core of the present 
Greater Caucasus. The Paleozoic deposits are dominated by shale and siliciclastic rocks, 
with the common addition of volcanoclastic and volcanic rocks (RUBAN, 2006) (Fig. 2). 
However, several episodes of carbonate sedimentation, in the mid-Cambrian, late 
Silurian-earliest Devonian, Late Devonian and Lopingian, are also known. Coal 
accumulated in the Pennsylvanian. Major unconformities are recognised within the 
Ordovician and Permian. 

A new model of the tectonic evolution of the Greater Caucasus (TAWADROS et al., 
2006), which is incorporated with plate tectonic reconstructions by STAMPFLI &  BOREL 
(2002), suggests that this terrane was a part of the Afro-Arabian margin of Gondwana 
until the mid-Silurian, when margin-parallel breakup occurred (Fig. 3). A new 
Palaeotethys Ocean was formed, separating a string of terranes, together called the Hun 
Superterrane, from Gondwana. The Greater Caucasus Terrane was one of these terranes. 
These migrated from Gondwana towards Laurussia, reaching the latter's margin at some 
time in the Late Devonian. At the same time, the amalgamation of Pangaea began. Long-
distance displacements along a major shear zone, which stretched along the northern 
Palaeotethyan margin and connected with the Intrapangaean shear zones (ARTHAUD &  

MATTE, 1977; SWANSON, 1982; RAPALINI &  VIZÁN , 1993; STAMPLFI &  BOREL, 2002; 
RUBAN &  YOSHIOKA, 2005), resulted in the stacking of terranes westwards, so that the 
Greater Caucasus Terrane became located close to the Carnic Alps. The palaeontological 
and lithological records of these two regions are very similar. Some similarity is also 
observed between the Greater Caucasus and Bohemia. In the Late Triassic, the Greater 
Caucasus Terrane was repatriated eastwards to its present position along the above-
mentioned shear zone. This tectonic model, which has been developed on the basis of 
palaeontological and lithological interregional comparisons, is also supported by the 
results of earlier palaeomagnetic studies (SHEVLJAGIN, 1986), which suggest the absence 
of links between the Greater Caucasus and Russian Platform before the end-Triassic. 
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Materials and methods 
The proposed palaeogeographic 

reconstructions are based on analysis of 
distribution of the Paleozoic deposits within 
the Greater Caucasus and interpretation of 
global reconstructions. The distribution of 
deposits of distinct ages and their stratigraphic 
subdivision have been reviewed by 
PAFFENGOL'TS (1959, 1965), ROBINSON 

(1965), MIKLUKHO -MAKLAJ &  MIKLUKHO -
MAKLAJ (1966), ZHAMOJDA (1968), 
KIZEVAL 'TER (1968), KIZEVAL 'TER &  

ROBINSON (1973), ZANINA &  LIKHAREV 

(1975), KOTLYAR (1977), POTAPENKO (1982), 
OBUT et al. (1988), KOVALEVSKIJ &  

KOTLYAR (1991), BOGOLEPOVA (1997), 
KOTLYAR et al. (1999, 2004) and GAETANI et 
al. (2005). Results from the author's own 
studies on the Permian Molasse (Cisuralian-
Guadalupian), undertaken during past years in 
the Western Caucasus, were also useful. The 
following compilation of available data 
excludes literature citations, in order to avoid 
multiple repetition of the abovementioned 
sources. 

These data permit the distinction of those 
parts of the Greater Caucasus that were 
submarine from those that were exposed as 
land. This simplest of reconstructions can be 
incorporated into global plate tectonic 
reconstructions using the new tectonic model 
of TAWADROS et al. (2006). The global 
reconstructions of STAMPFLI &  BOREL (2002) 
are preferred because they seem to be the most 
comprehendsive and well argued. This 
incorporation allows us to identify the position 
of the Greater Caucasus relative to the then 
existing landmasses and oceans, and to relate 
the regionally documented marine and non-
marine environments with them. This creates a 
set of palaeogeographic frameworks which 

clearly demonstrate the key features of the regional palaeogeography in the global 
context. Although further,  more detailed studies are necessary, it seems that the drawing 
of such simple frameworks may form an essential basis for such studies and for further 
discussion. Moreover, it will be sufficient to correctly plot the Greater Caucasus on 
global maps constrained for the Paleozoic 

Fig. 2 - Composite section of the Paleozoic-
Triassic deposits of the northern Greater 
Caucasus (modified after RUBAN, 2006).  No 
formal chronostratigraphic units are 
recognized regionally within the Cambrian-
Ordovician. 
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timeslices. Somewhat the same approach was 
used by RUBAN (in press) in his regional Jurassic 
reconstructions. 

The palaeogeographical frameworks have been 
constrained for nine time intervals, each 
characterized by a lack of significant 
palaeogeographical change (Fig. 4). These 
intervals are as follows: Cambrian, Ordovician, 
Llandovery-Wenlock (early Silurian), Ludlow-
Lochkovian (late Silurian-earliest Devonian), 
Pragian-Frasnian (Early-Late Devonian), 
Famennian (Late Devonian), Mississippian (early 
Carboniferous), Pennsylvanian-Guadalupian (late 
Carboniferous-Middle Permian), and Lopingian 
(Late Permian). Stratigraphic nomenclature used 
in this paper follows the recommendations of the 
International Commission on Stratigraphy 
(GRADSTEIN et al., 2004; see also official web 
site: www.stratigraphy.org). Formal stratigraphic 
names are written with an initial captial letter 
(e.g., Ordovician, Early Devonian, 
Changhsingian) to distinguish them from the 
informal names (e.g., late Paleozoic, early 
Silurian, mid-Permian). The own series names, 
which have been adopted formally (e.g., Ludlow, 
Pennsylvanian, Lopingian), are preferred. 
 
Paleozoic palaeogeographic frameworks 

The key elements of world palaeogeography are 
large continental landmasses, small continents, 
and large islands or island chains, whose size was 
comparable with that of small continents (COCKS 

&  TORSVIK, 2002; STAMPFLI &  BOREL, 2002; 
VON RAUMER et al., 2002, 2003; SCOTESE, 2004; 
TORSVIK &  COCKS, 2004). Gondwana - an 
assembly of plates in the Southern Hemisphere - 
existed since the Neoproterozoic, although its 
final amalgamation might have occurred in the 
beginning of the Paleozoic. Baltica and Laurentia 
were individual plates until the mid-Paleozoic, at 
which time they amalgamamted to form a distinct 

continent, Laurussia. In the late Paleozoic, Gondwana and Laurussia were amalgamated 
in part, and a superconitnent Pangaea appeared. An example of a small continent is 
Siberia, but this and other "lesser continental landmasses", which corresponded to 
relatively small-sized plates or tectonic blocks, were located far from the sector that is 
meaningful for our study. Large islands or island chains (together called "island masses") 
were formed via the derivation of ribbonlike terranes. The latter usually moved from 

Fig. 3 - Palaeogeographical (asterisk) 
position of the Greater Caucasus. 
Palaeotectonic maps are simplified from 
STAMPFLI &  BOREL (2002). Oceans are 
shown as white. 
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Gondwana towards Laurussia, against the margin of which they docked. These island 
masses were Avalonia-Cadomia, Hun and Cimmeria. They were detached from 
Gondwana in the Ordovician, Silurian and Permian respectively (COCKS &  TORSVIK, 
2002; STAMPFLI &  BOREL, 2002). In the Devonian, the Hun Superterrane was divided 
into the European Hunic terranes and Asiatic Hun terranes. Other island masses were 
Serindia and Kazakhstan, but both their palaeotectonic and palaeogeographic 
interpretation still seems to be incomplete. In the Paleozoic, several oceans stretched 
between Laurentia and Baltica in the north and Gondwana in the south. They may be 
referred together as the "Tethyan oceans". Although there was a Tethyan 
palaeobiogeographic realm, there was no unique ocean which might have been called 
"Tethys Ocean". The best nomenclature of these oceans was proposed by STAMPFLI &  

BOREL (2002), who identified the Prototethys (early Paleozoic), Rheic (early-middle 
Paleozoic), Palaeotethys (middle Paleozoic-early Mesozoic) and Neotethys (late 
Paleozoic-early Cenozoic). These oceans were formed each time new breakup occurred 
along the Gondwanan margin. The Protetethys Ocean should be distinguished from the 
Tornquist and Iapetus oceans, which also existed in the early Paleozoic. In the Silurian, 
the Rheic Ocean was unified geographically with the Prototethys. Additionally, the 
Rhenohercynian Ocean was opened along the southern margin of Laurussia in the 
Devonian. COCKS &  TORSVIK (2002) and TORSVIK &  COCKS (2004) generally support 
this nomeclature, although their plate tectonic reconstructions differ in somewhat from 
those of STAMPFLI &  BORel (2002) and VON RAUMER et al. (2002, 2003). 

The palaeogeographical frameworks derived for the Greater Caucasus are presented in 
Fig. 4 and described below. 

Cambrian deposits are known in the central and western parts of the Greater Caucasus 
Terrane (Fig. 4A). A typical marine fauna, including trilobites, brachiopods and 
archaeocyaths, has been found there. Although the Cambrian strata outcrop in only few 
sections, we may hypothesize that the terrane was entirely marine at this time. In the early 
Paleozoic, the Greater Caucasus was a part the Afro-Arabian margin of Gondwana 
(TAWADROS et al., 2006). Thus, the sea would have transgressed from the north, i.e., 
from the Prototethys Ocean. 

Although it is generally assumed that no strata of Ordovician age exist in the Greater 
Caucasus Terrane (Fig. 4B), the presence of Lower and Upper Ordovician deposits is 
hypothesized here. If the former is true, this region was land at that time. Its location on 
the Gondwanan periphery allows us to conclude that it was a marginal part of that 
continental landmass. The Prototethys Ocean was situated somewhere to the north. An 
intriguing question is whether the study region was embraced by the Hirnantian 
glaciation, which occurred at the end of the Ordovician (BRENCHLEY et al., 1994; SMITH  
& PICKERING, 2003). 

Lower Silurian deposits are confirmed only in the north-central Greater Caucasus 
Terrane (Fig. 4C). These mark a minor transgressive episode, enforced by the abrupt 
deepening of the terrane margin as indicated by the dominance of relatively deep-water 
facies. Therefore, land occupied most of the Greater Caucasus, which was still connected 
to Gondwana; the marine incursion may be linked to the Prototethys Ocean. These 
palaeogeographic changes are readily explained by the development of an active margin  
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Fig. 4 – Palaeogeographic frameworks of the Greater Caucasus. A) Cambrian, B) Ordovician, C) 
Llandovery-Wenlock, D) Ludlow-Lochkovian, E) Pragian-Frasnian, F) Famennian, 
G)Mississippian, H)  Pennsylvanian-Guadalupian, I) Lopingian. Present-day geographic outline is 
shown for general orientation within the deposit distribution for each particular age. Deposit 
distribution is shown by crosses; oceans are shown as gray; land is shown as white. Position of 
land and oceans is indicated approximately. The absolute ages are taken from GRADSTEIN et al. 
(2004) and KAUFMANN  (2006) (the latter is marked by *). 
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on the periphery of Gondwana after the partial closure of the Prototethys Ocean 
(STAMPFLI &  BOREL, 2002). 

The distribution of upper Silurian deposits was the same as that of the lower Silurian, 
although succeeding Lochkovian deposits cover a slightly larger area (Fig. 4D). Thus, the 
general palaeogeographic situation in the northern part of the Greater Caucasus was the 
same as in the early Silurian. However, dramatic changes occurred to the south. A new 
ocean opened along the Gondwanan margin; it separated the Hun Superterrane, part of 
which was the Greater Caucasus Terrane, from Gondwana. Consequently, the land, 
evidently established in the study territory by the absence of upper Silurian strata in its 
southern, western and eastern parts, may be referred to the Hunic island mass. 

Devonian (Pragian-Frasnian) strata are widely distributed throughout the entire Greater 
Caucasus (Fig. 4E). However, these mostly comprise thick (up to 4,000 m) volcanic and 
volcanoclastic deposits. Such a great intensification in regional volcanic activity may be 
explained in two ways: 1) active contact between tectonic blocks within the assembly of 
the European Hunic terranes, and 2) location of the Greater Caucasus close to the 
northern active margin along this superterrane, where the oceans closed (RUBAN &  

KHOLODKOV, 2006). In the southern part of the Greater Caucasus, marine facies with 
Amphipora and Favistella are known. Thus, the volcanic islands of the Greater Caucasus 
were part of the European Hunic island mass, which separated the closed Rheic Ocean 
and extended Rhenohercynian Ocean from the large Palaeotethys Ocean. The marine 
basin periodically transgressed some areas of this island mass, as confirmed by the local 
presence of rare mid-Devonian carbonates with marine fauna. It is possible to hypothesize 
that the Greater Caucasus lay on the eastern edge of the European Hunic island mass. If 
so, the Khanty-Mansi Ocean was located to its north. This ocean moved close to the 
European Hunic terranes after the partial closure of the Rheic Ocean (STAMPFLI &  

BOREL, 2002). 
Famennian deposits are known throughout the entire Greater Caucasus Terrane (Fig. 

4F). In its western and northern parts they are represented by carbonates with abundant 
marine fauna and reefs. However, relatively deep-water facies are distributed through the 
southern part of this terrane. Thus, there was no land in the latest Devonian within the 
study region. The remnants of the Rhenohercynian and Khanty-Mansi oceans united with 
the Palaeotethys Ocean, which reached its maximum size at that time, to form a single 
water mass. In the Late Devonian, the European Hunic terranes reached the Laurussian 
margin. It is possible to say that these terranes abutted Laurussia at their western edge, 
whereas the Greater Caucasus Terrane was on the eastern edge. 

Marine Mississippian deposits are known in the western part of the Greater Caucasus 
Terrane (Fig. 4G). From the beginning of the Carboniferous, the European Hunic terranes 
became amalgamated with the Laurussian margin, and the activity on the major shear 
zone led to their westward stacking (see above). Thus, the sole possibility to explain the 
marine sedimentation in the western Greater Caucaus is to assume a marine incursion 
from the Palaeotethys Ocean. Land present in the central and eastern parts of the study 
region may be assigned to the continental landmass of Laurussia. 

Late Carboniferous to mid-Permian (Pennsylvanian-Gaudalupian) strata are known 
within the western and central Greater Caucasus (Fig. 4H). However, marine facies are 
known only along its southwestern periphery. Coal-bearing and molassic deposits (the 
latter dominated by siliciclastic sediments of variegated colour) accumulated in the other 
areas. Thus the marine basin, again referred to the Palaeotethys Ocean, inundated only a 
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small part of the study terrane, whereas the remainder was land included in the 
continental landmass of the Laurussian counterpart of the supercontinent of Pangaea. 

Late Permian (Lopingian) marine deposits, which were carbonates with the richest 
fossil assemblages (foraminifers, brachiopods, bivalves, gastropods, trilobites, etc.), are 
distributed across the western and central parts of the Greater Caucasus Terrane (Fig. 4I). 
This transgression evidently occurred from the Palaeotethys Ocean, whose narrowing 
began due to the opening and rapid growth of the Neotethys Ocean in the south. Non-
marine environments, if they existed in the eastern part of the Greater Caucasus, are 
referred to the continental landmass of Pangaea, whose breakup had already begun 
(STAMPFLI &  BOREL, 2002). 

 
Discussion 

Two recognizable episodes of carbonate platform and reef growth occurred within the 
Greater Caucasus in the Famennian and Changhsingian (RUBAN, 2005, 2006). For the 
Famennian, RUBAN (2005) hypothesized the presence of a large carbonate platform of 
rimmed shelf type. However, the present reconstruction (Fig. 4F) does not support such a 
conclusion. There was no sufficiently large landmass on whose margin such a shelf might 
have been located. Possibly this was an isolated carbonate platform associated with the 
drowned land formerly existing along the axis of the Greater Caucasus Terrane. Although 
Frasnian reefs are much better known, Famennian reefs were also widely distributed 
globally (WEBB, 2002). They are known along the southern margin of Laurussia and in 
Kazakhstan, South China and Western Australia. It is possible to say that they developed 
along the entire northern and eastern periphery of the Palaeotethys Ocean, but were 
absent on its southern periphery. If so, we may confirm that the Famennian was the time 
when the Greater Caucasus Terrane reached or almost reached the Laurussian margin. 

The late Changhsingian reefs, known in the western part of the Greater Caucasus, 
bounded the carbonate platform attached to the continent (RUBAN, 2005). The latter was 
the Laurussian counterpart of Pangaea. Other carbonate platforms, such as those in the 
Dinarides (SREMAC &  MARJANAC, 2003; VLAHOVIĆ et al., 2005), existed on the margins 
of the Palaeotethys and Neotethys oceans. They were precursors of the large carbonate 
platforms which appeared in the western part of the "Tethyan Region" in the Mesozoic 
(GOLONKA, 2004; VLAHOVIĆ et al., 2005). 
 
Conclusions 

The interaction of global tectonic processes in the "Tethyan Region", i.e., between 
Laurussia and Gondwana, created a complicated geological history for the Greater 
Caucasus. The constrained palaeogeographic frameworks (Fig. 4) suggest that the 
Palaeozoic environments interpreted within the Greater Caucasus were related to several 
major elements of the global palaeospace, namely the Gondwana and Laurussia 
continental landmasses, the Hunic island mass (i.e., a unique island or a chain of lesser 
islands), and the Prototethys, Palaeotethys, Rheic, Rhenohercynian and Khanty-Mansi 
oceans. 

Further studies are necessary to refine our knowledge of the Palaeozoic evolution of the 
Greater Caucasus. The key topics for these are as follows: 1) justification of the position 
of the Greater Caucasus in the Cambrian-Ordovician, 2) exploration of the possible 
regional appearance of the Hirnantian glaciation, and 3) discussion of the mid-Devonian 
palaeoenvironments, when intense regional volcanism occurred. 
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Abstract

The Greater Caucasus (a mountain chain in southwesternmost Russia, northern Georgia, and
northwestern Azerbaijan) is a Gondwana-derived terrane, which was included into the Hun
Superterrane (late Silurian-Late Devonian) and then docked at the Laurussian margin of the
Palaeotethys Ocean close to the terranes of the present Alps (Late Devonian-Middle Triassic).
The Upper Paleozoic sedimentary complex, up to 20,000 m thick, provides a good record to dis-
cuss global eustatic changes. Three transgressions are reported in this region, which occurred in
the Lochkovian, Frasnian-Famennian, and Changhsingian. The first of them embraced the nor-
thern part of the Greater Caucasus, the second was larger and covered this region entirely, whe-
reas the third occurred in its western part only. All of them corresponded evidently to global eus-
tatic rises, and, therefore, their explanation does not require an implication of the regional tecto-
nic activity. These regional transgressive episodes are also known from the Southern and Carnic
Alps, Arabia, and Northern Africa. A correspondence between the Late Permian marine sedimen-
tation in the Greater Caucasus and non-marine sedimentation in Spain is established. Thus, they
were of planetary extent and the present global eustatic curve is confirmed. The regional trans-
gressions resulted in carbonate deposition, biotic radiations, and reefal growth.
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INTRODUCTION

The global sea-level fluctuated strongly
during the Late Paleozoic. Well-known ear-
lier reconstructions of this eustasy were
made by Vail et al. (1977), Johnson et al.
(1985), Ross & Ross (1985), Hallam (1992),
Ronov (1994), and Hallam & Wignall
(1999). Recently, Haq & Al-Qahtani (2005)
have proposed a new global eustatic curve.
In general, it is concluded that the sea level
dropped gradually during the Late Paleozoic,
with a pronounced drop in the mid-Permian.
Second-order fluctuations were superposed
on this trend. Unfortunately, our knowledge
of the Paleozoic sea-level changes remains
limited (see also Miller et al. 2005). For
example, the present curve of Haq & Al-
Qahtani (2005) suggests a major regression
in the end-Permian, although Hallam &
Wignall (1999) argued for a major transgres-
sion at this time. By the same token, sea-
level changes at the Frasnian-Famennian
transition are not clear (Racki 2005).
Verification of proposed eustatic curves as
well as their details, improvement, and justi-
fication is possible only by careful compari-
son of numerous regional data from across
the world. An example from the Jurassic
demonstrates that such analysis would signi-
ficantly contribute both to the identification
of the global sea-level changes and their
explanation (Hallam 2001). A reconstruction
of the global eustatic curve is an enormously
difficult task and some doubts are even
expressed as to its existence (e.g.,
McGowran 2005). However, such a curve
will be an important key to explain the chan-
ges in world palaeogeography, sedimentary
environments, and biotic evolution. In the
regional record, we document the global sea-
level changes by the transgressive and
regressive episodes. However, the latter may
also reflect (and almost always do anyway!)
the regional tectonic influences. Thus, our
task is to differentiate between the eustatic-
and tectonic-induced regional sea-level

CAD. LAB. XEOL. LAXE 32 (2007)14 Ruban

changes. Hallam (2001) made an intriguing
conclusion, that transgressions are more evi-
dent when traced globally, than regressions,
which reflect mostly the regional tectonic
movements. In the author’s  opinion, this
does not diminish the importance of world
correlation of regressive episodes and uncon-
formities, but emphasizes the need for global
tracing of the regional transgressions.

The Greater Caucasus Terrane, presently
included into the Alpine Mediterranean Belt
and located in the Southwest of Eurasia (Fig.
1), provides an exceptional Late Paleozoic
record. According to the present tectonic
model (Tawadros et al. 2006; Ruban et al.,
2007), this region was one of the Hunic terra-
nes identified by Stampfli & Borel (2002),
and therefore, its record is meanful for both
the Afro-Arabian margin of Gondwana and
Variscan Europe. This article is the first,
which attempts to give a comprehensive,
although brief synthesis of knowledge on the
Late Paleozoic transgressions, which occurred
in the Greater Caucasus.

GEOLOGICAL SETTING

The Greater Caucasus pertains to a large
mountain chain, which is located in the
Southwest of Eurasia and connected with the
other mountains originated during the Alpine
phase of orogenic activity. The Greater
Caucasus embraces southwesternmost Russia,
northern Georgia, and northwestern Azerbaijan.
The Paleozoic sedimentary complexes, whose
total thickness is up to 20,000 m, are known in
the central part of this territory. They are expo-
sed both in numerous little outcrops and in the
continuous sections along the river valleys.
Deposits of all three Upper Paleozoic systems
are known in the Greater Caucasus (Fig. 1). The
Devonian is dominated by volcanics and volca-
noclastics, and carbonates are known in the
Upper Devonian. The Mississippian is compo-
sed of shales, sandstones, and rare carbonates,
whereas the Pennsylvanian is represented by
non-marine coal-bearing strata. The Cisuralian-
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Guadulupian is a typical molasse, whereas the
mid-Permian corresponds to a major hiatus.
Only in the Changhsingian, did marine sedi-

mentation recommence, when accumulation of
sandstones and shales was followed by a remar-
kable episode of carbonate sedimentation.

The Greater Caucasus Terrane has been
identified by Gamkrelidze (1997) and later by
Tawadros et al. (2006) and Ruban et al. (2007).
The latter authors have also developed a new
model, which describes the evolution of the
Greater Caucasus (Fig. 1). Until the mid-
Silurian, this terrane was a part of the Afro-
Arabian margin of Gondwana, i.e., it lay on the
southern periphery of the Prototethys and
Rheic oceans. In the Ludlow, a breakup occu-
rred along the Gondwanan margin and a rib-
bon of terranes, called the Hun Superterrane,

was formed (Stampfli & Borel 2002; Stampfli
et al. 2002; von Raumer et al., 2002, 2003). A
new ocean, i.e., the Palaeotethys, was origina-
ted in between the Hun Superterrane and
Gondwana. This ocean grew in size, whereas
the oceans, located between the Hun and
Laurussia, were closed. Thus, the Greater
Caucasus Terrane together with the other
Hunic terranes moved northward. In the Late
Devonian, it reached the Laurussian margin.
The right-lateral displacements along the
major shear zone (Arthaud & Matte 1977;

Fig. 1. Location of the Greater Caucasus Terrane and a composite lithologic section of the Paleozoic depo-
sits exposed in the northern Greater Caucasus (after Ruban (2006) with additions). The base palaeomaps are
simplified from Stampfli & Borel (2002).
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Swanson 1982; Rapalini & Vizán 1993;
Stampfli & Borel 2002; Ruban & Yoshioka
2005) led to the stacking of the Greater
Caucasus Terrane somewhere close to the
Carnic Alps and Bohemia. In the Late Triassic,
the direction of the displacements along the
above-mentioned shear zone changed to left-
lateral (Swanson 1982; Rapalini & Vizán
1993; Ruban & Yoshioka 2005). The Greater
Caucasus Terrane then rapidly reached its pre-
sent position at the south of Baltica plate.

METHOD: A CONCEPTUAL FRAME-
WORK

According to Catuneanu (2006), transgres-
sion is defined as a landward migration of the
shoreline. It is strongly recommended to make
a distinction between transgressions and dee-
pening pulses. Although they are linked in
some cases, their true relationships are very
complicated (see also Catuneanu 2006). Not in
all cases does a transition to facies formed at
greater depth, recorded in the sedimentary suc-
cession, mark a landward shift of the shoreline.
Transgression may have a number of mecha-
nisms, which are distinct in isolated (where
are, therefore, not influenced by the global
eustasy) and open or half-open basins (Fig. 3).

The Greater Caucasus Terrane was embra-
ced during the Late Paleozoic by marine
basins, directly related to the oceans extant at
those times. Thus, they were open basins.
Consequently, we need to examine two possi-
ble explanations of documented transgres-
sions. If they corresponded to the global eus-
tatic events recorded by the curve of Haq &
Al-Qahtani (2005), they were eustasy-domi-
nated. When such correspondence is not
found, this means tectonic factors were more
significant. Alternatively, this also may indi-
cate inaccuracies in the global eustatic curve.
The Late Paleozoic transgressions, which
occurred in the Greater Caucasus, were recor-
ded thanks to the careful analysis of data on
the spatial distribution of deposits of a particu-
lar age. These data are contained particularly
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in the comprehensive overviews by
Paffengol’ts (1959), Milukho-Maklaj &
Miklukho-Maklaj (1966), Kizeval’ter &
Robinson (1973), Obut et al. (1988), Kotlyar
et al. (1999, 2004) and Gaetani et al. (2005).
The periods, when marine facies became the
most wide-spread, were the times of trans-
gressions. Each regional transgressive episode
is characterized here in a similar way, i.e., its
age, area, sedimentary environments, and pos-
sible controls are considered.

A RECORD OF THE REGIONAL
TRANSGRESSIONS

Three transgressive episodes may be recor-
ded in the Late Paleozoic history of the Greater
Caucasus, namely the Lochkovian, the
Frasnian-Famennian, and the Changhsingian
episodes.

The Lochkovian regional transgressive
episode (D1-RTE) is recorded in the northern
part of the Greater Caucasus (Fig. 3).
Carbonates with shale interbeds of the upper
member of the Manglajskaja Formation, up to
10 m thick, are known there (Obut et al.
1988). In some sections, the lowermost
Devonian is represented by shales, siltstones,
sandstones with carbonate lenses, whose total
thickness reaches 100-150 m. The age of the
above-mentioned strata is established preci-
sely with conodonts, and these deposits also
contain bivalves trilobites, and tentacultes.
The Lochkovian trangsression is evident in
the valley of the Malka River, where the
Devonian deposits, including basal sandstones
with gravels, overlie the lower Silurian strata
with an evident disconformity (Obut et al.
1988). Thus, it seems that transgression was
directed eastward. At the beginning of the
Devonian, the Greater Caucasus Terrane toge-
ther with the other Hunic terranes moved
northward (Stampfli & Borel 2002; Tawadros
et al. 2006; Ruban et al., 2007). The absence
of the Lochkovian deposits in the southern
part of the Greater Caucasus Terrane may be
explained by the inclusion of the latter into a

16 Ruban
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large island, which existed along the central
axis of the Hun Superterrane. If so, the docu-
mented transgression occurred from the Rheic
Ocean. This episode was relatively short,
because already in the late Early Devonian the
sea became restricted in the Greater Caucasus,
and volcanoclastic deposition started. D1-
RTE undoubtedly corresponded to global eus-
tatic rise (Fig. 3). Even if any regional tecto-
nic activity might have affected the relative
sea-level, such influences were minor. 

The Frasnian-Famennian regional trans-
gressive episode (D3-RTE) is recorded in the
entire Greater Caucasus (Fig. 3). This transgres-
sion started in the early Frasnian or even in the
end-Givetian, when siliciclastic deposits of the
Semirodnikovsksja Formation (its total thick-
ness reaches 1,700 m) were deposited on the
Early-Middle Devonian complex composed of
volcanics and volcanoclastics. However, the
transition between under- and overlying depo-
sits was gradual, and the amount of conglome-
rates increases upwards (Kizeval’ter &
Robinson 1973). These strata are overlain by
the carbonates, including reefal limestones, of
the Pastukhovskaja Formation, up to 3,000 m
thick. The age of these strata is established as
Famennian (Kizeval’ter & Robinson 1973). In
the southern part of the Greater Caucasus, the
upper Frasnian-Famennian Kirarskaja
Formation consists of sandstones and shales
with limestone interbeds. Stratigraphic rela-
tionships between the Devonian formations are
not well-justified, and therefore, it becomes dif-
ficult to evaluate the direction of this transgres-
sion. In the Late Devonian, the Greater
Caucasus Terrane was docked at the Laurussian
margin, as well as other so-called European
Hunic terranes, although a narrow remnant of
the Rhenohercynian Ocean remained open bet-
ween the latter and Laurussia (Stampfli & Borel
2002; Tawadros et al. 2006). It should be further
investigated, whether the opening Palaeotethys
or closing Rhenohercynian Ocean embraced the
studied terrane. This transgression ended at the
Devonian/Carboniferous boundary, because it is
marked by an erosional surface (Kizeval’ter &

Robinson 1973). During D3-RTE, the global
eustatic level fluctuated (Fig. 3), and this regio-
nal transgression may be related to the pronoun-
ced eustatic rise, which occurred in the late
Frasnian-early Famennian (Haq & Al-Qahtani
2005). It is necessary to point out the existing
misinterpretation of eustatic changes at the
Frasnian-Famennian boundary (Hallam &
Wignall 1999; Kalvoda 2002; Racki 2005).
Earlier eustatic rise in the late Givetian-early
Frasnian may have initiated a marine incursion
in the studied territory and deposition of conglo-
merates. Their long accumulation in the
Frasnian may be easily explained by the remar-
kable global regression (Haq & Al-Qahtani
2005), which did not permit a transition to
sandstones and shales or carbonates. Thus, as in
the previous case, the regional transgressive
episode and associated events corresponded
well to the global eustasy, and implication of
any regional tectonic activity is not necessary.

The Changhsingian regional transgressive
episode (P3-RTE) is recorded in the western
part of the Greater Caucasus (Fig. 3). This trans-
gression started with the deposition of sandsto-
nes, shales, and carbonates of the Kutanskaja
and Nikitinskaja with a total thickness excee-
ding 50 m (Miklukho-Maklaj & Miklukho-
Maklaj 1966). But its peak was reached, when
the carbonate-dominated Urushtenskaja
Formatio with a thickness of more than 100 m,
was formed. This formation also includes reefs.
All these strata overlie unconformably the
Carboniferous-Permian molasse and other older
sedimentary complexes. The age of these depo-
sits is now evaluated with brachiopods, forami-
nifers and other fauna as the late Chaghsingian
(Kotlyar et al. 1999, 2004; Gaetani et al. 2005).
However, there is some evidence for a confor-
mable contact with the underlying deposits
locally (Miklukho-Maklaj & Miklukho-Maklaj
1966). It seems that transgression occurred from
the southwest, because the Early-Middle
Permian marine environments were established
only there. In the Late Permian, the Greater
Caucasus Terrane was amalgamated with the
Laurussian margin of Pangaea, and it was loca-
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ted somewhere close to the terranes of the pre-
sent Alps (Tawadros et al. 2006; Ruban et al.,
2007). The central and eastern parts of the
Greater Caucasus, where the Lopingian depo-
sits are absent, were evidently included into the
continental land mass. This transgressive episo-
de was the shortest. It was ended already by the
earliest Triassic, because an unconformity is
established at the base of the Triassic sedimen-
tary complex (Miklukho-Maklaj & Miklukho-
Maklaj 1966; Gaetani et al. 2005). P3-RTE
corresponded to a low-amplitude, but still glo-
bally-recognizable eustatic rise (Fig. 3).
Moreover, recent studies argue that this global
transgression strengthened at the
Permian/Triassic boundary (Hallam & Wignall
1999; Wignall 2004; Racki & Wignall 2005;
Erwin 2006), which is not reflected on the curve
of Haq & Al-Qahtani (2005). This well explains
marine deposition until the earliest Triassic in

the Greater Caucasus. The age of the Abagskaja
Formation, which overlies the Urushtenskaja
Formation and consists of limestones of about
25 m thickness (Miklukho-Maklaj & Miklukho-
Maklaj 1966), is considered as latest Permian-
earliest Triassic, because of an extremely impo-
verished faunistic complex (Miklukho-Maklaj
& Miklukho-Maklaj 1966). This biotic crisis is
explained by the devastating mass extinction
occurring directly at the Permian/Triassic boun-
dary. This gives us the age of the Abag
Formation. Thus, the end-Permian regional
transgression occurred from the Palaeotethys
Ocean thanks to the global eustatic rise. No tec-
tonic forces are necessary to explain this regio-
nal episode, although the origin of the Alpine-
type structures in the entire Proto-Alpine
Region and associated extension (Krainer 1993)
might have reinforced transgression.

18 Ruban

Fig. 2. Mechanisms of transgressions in isolated and open and half-open basins. In each particular case, the
mechanism of transgression may be complicated and may have included elements from two or more ideali-
zed models.
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DISCUSSION

It is important to look for analogues of the
Late Paleozoic transgressions, which occurred
in the Greater Caucasus. In the Austrian and
Italian Southern and Carnic Alps, the

Lochkovian and Lopingian transgressions
were remarkable events (Krainer 1993;
Schönlaub & Histon 1999; Venturini 2002).
Although the evidences for Late Devonian
shoreline shifts are less clear, a transgressive
surface at the base of the lithostratigraphic unit

Fig. 3. The Late Paleozoic global eustatic curve (after Haq & Al-Qahtani 2005) and regional transgressive
episodes (highlighted by gray). Abbreviations: Guad. - Guadalupian, Lop. - Lopingian. See text for expla-
nation of the regional transgressive episodes.

7008713-XEOLOXIA N 32ok.qxd  28/11/07  22:03  Página 19

 
 
 



CAD. LAB. XEOL. LAXE 32 (2007)20 Ruban

named “calcari a goniatiti e climenia”, whose
age is late Frasnian - early Famennian, has
been documented in the Carnic Alps (Venturini
2002). In Arabia, transgressions occurred in
the end-Silurian, twice in the Famennian, and
in the entire Lopingian (Sharland et al. 2001;
Haq & Al-Qahtani 2005). In Northern Africa,
the Famennian transgression is evident, where-
as there was a significant regression in the
Lochkovian and at the Permian/Triassic boun-
dary; however, a transgression is known in the
Lopingian (Guiraud et al. 2005). Thus, in spite
of observed time differences, which may be
caused by improperly understood stratigraphic
framework and imperfect correlations both in
the Greater Caucasus and other regions or by
regional tectonic influences, we can suggest
that the Late Paleozoic transgressions in the
Greater Caucasus were analogous to those in
other regions. This indicates their global
extent, and also supports the curve of Haq &
Al-Qahtani (2005).

It is very intriguing that the latest Permian
transgression in the Greater Caucasus coincided
with the onset of the Buntsandstein sedimenta-
tion in Spain, particularly in the Cordillera
Ibérica and the Cordillera Costero-Catalana
(Vera 2004). Such a correspondence can be
explained by the relation of the Late Permian
sedimentation (either marine or non-marine) in
the Carnic Alps, Spain, and the Greater
Caucasus to the beginning of extension, which
embraced at least entire Southern Europe (see
e.g., Krainer 1993; Stampfli & Borel 2002).

All three Late Paleozoic transgressions in
the Greater Caucasus were expressed by car-
bonate deposition (see above). Moreover, D3-
RTE and P3-RTE occurred at times of reefal
growth on the periphery of carbonate plat-
forms (Ruban 2005, 2006). In the Late
Devonian, rimmed shelf was attached to the
Hun island, whereas in the Lopingian, a carbo-
nate platform of the same type was attached
directly to the continental margin of Pangea.
Although Khain (1962) argued for tectonic
control of the Late Devonian and Late Permian
reef distribution in the Greater Caucasus, we

may now postulate that the appearance of these
reefs might have resulted directly from the
eustatically-driven transgressions. By the same
token, all reported regional transgressive epi-
sodes undoubtedly coincided with biotic radia-
tions. Available data on brachiopods suggest
their Early and Late Devonian and Late
Permian diversifications (Ruban 2006). The
same events are also known in the regional
evolution of other fossil groups like bivalves,
trilobites, corals, and bryozoans (Paffengol’ts
1959; Miklukho-Maklaj & Miklukho-Maklaj
1966; Nalivkin & Kizel’vater 1973; Obut et al.
1988; Kotlyar et al. 1999, 2004).
Transgressions led to the appearance of relati-
vely shallow-marine environments on shelves,
which were favorable for marine fauna. When
reefal communities grew up, this accelerated
biotic radiations as this was previously hypo-
thesized by Ruban (2006).

CONCLUSIONS

Three regional transgressive episodes are
known in the Late Paleozoic history of the
Greater Caucasus Terrane. They were the
Lochkovian, Frasnian-Famennian, and
Changhsingian transgressions. Attempted
comparison of them with the present global
eustatic curve (Haq & Al-Qahtani 2005) and
data from other regions (Alpine Europe,
Northern Africa, and Arabia) suggests that all
these transgressions were eustatically-contro-
lled, and the role of regional tectonic activity
to explain them seems to have been insignifi-
cant. However, the specifics in the regional
tectonic evolution may explain why other
transgressions documented by the global
curve did not appear in the studied region.
Thus, a conclusion that transgressions can be
traced globally, analogous to the changes in
the global sea level made by Hallam (2001)
for the Jurassic, can now also be inferred for
the Late Paleozoic. It is also possible to state,
that the global eustatic curve of Haq & Al-
Qahtani (2005) is confirmed with the data
from the Greater Caucasus Terrane.
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Another important conclusion from the
study is that all three regional transgressions
were expressed by carbonate deposition and
biotic radiations, and two of them also coinci-
ded with reefal growth.
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THE SOUTHWESTERN MARGIN OF BALTICA IN THE PALEOZOIC-
EARLY MESOZOIC: ITS GLOBAL CONTEXT AND NORTH AMERICAN 

ANALOGUE 
 

Dmitry A. Ruban 
 
Abstract - Recent studies have provided evidence for long-termed activity of the shear 
zones at the southwestern margin of Baltica during the Paleozoic-early Mesozoic. In the 
late Paleozoic, the Northern Palaeotethyan Shear Zone formed the margin of Baltica and 
was one of the elements of the global system of megashears. The palaeotectonic analogue 
of the Paleozoic-early Mesozoic southwestern margin of Baltica may be found in North 
America, where long-distance displacements occurred at the western and southwestern 
margin during the Mesozoic-Cenozoic. 
Key words: shear zone, palaeotectonic analogue, Baltica, North America, Paleozoic, 
Mesozoic. 

 
Introduction 

The tectonic history of Baltica was reviewed by BOGDANOVA (1993), 
BOGDANOVA et al. (1996), NIKISHIN  et al. (1996), TORSVIK et al. (1996), 
ARTEMIEVA (2003), and COCKS &  TORSVIK (2005). A geologic abruptness of the 
western Baltica boundary was suggested much earlier (TORNQUIST, 1908). 
However, many relevant questions remain. The recent studies of the southwestern 
margin of Baltica (e.g., SAINTOT et al., 2003; DADLEZ et al., 2005; RUBAN &  

YOSHIOKA, 2005) suggest that the traditional concepts of the geodynamic 
evolution of this region need to be re-evaluated. 

 
Geodynamic outline 

In the Paleozoic, Baltica, now a part of Eurasia, was a medium-sized continent, 
which included the present-day territory of European Russia, Ukraine, Belorussia, 
the Baltic countries, the northeastern part of Poland, and the Scandinavian 
Peninsula. COCKS &  TORSVIK (2005) have described Baltica as a terrane. Two 
other terms “East European Craton” and “Russian Platform” are often referred to 
the same territory as “Baltica”. To avoid misunderstanding, I propose their 
definition herein. Baltica is considered only as a plate, which existed since the end-
Proterozoic, when a solid continent appeared after the amalgamation of the 
Precambrian blocks, and already in the Paleozoic included into the larger continent 
of Laurussia and then Pangaea.  
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In contrast, the East European Craton is the present-day tectonic unit, which 
comprises the second-order structures of former Baltica (Fig. 1). The Russian 
Platform may be referred to as the assembly of the stable structures between the 
Carpathians, the Scandinavian Caledonides, the Timan, the Urals, and the 
Caucasus, i.e., it includes the entire East European Craton, the Scythian Platform 
(often mentioned as the Scythian Plate), the Peri-Caspian Basin, the Donbass, and 
some other stable marginal areas. The southwestern margin of Baltica discussed in 
this paper comprises the present-day structures of the Ukrainian Massif (or the 
Ukrainian Shield), the Donbass, the Dniepr-Donets Basin, the Pripyat Trough, and 
the so-called Peri-Tornquist Basin (Fig. 1). 
 

 
 
Fig. 1 - The present-day tectonic outline of the East European Craton (significantly 
modified after NIKISHIN et al., 1996). Abbreviations: PT – Pripyat Trough, DDB – Dniepr-
Donets Basin, D – Donbass, KS – Karpinsky Swell, PTB - Peri-Tornquist Basin. Rectangle 
delineates the southwestern margin of Baltica discussed in this paper. 
 
 

There was not a unique continent named Baltica until the end of the Proterozoic. 
The assembly of large terranes in the Palaeoproterozoic did not result in a solid 
continent as traditionally accepted and described by NIKISHIN  et al. (1996). Even if 
an orogeny ended, the boundaries between terranes might have stayed active in the 
Meso- and Neoproterozoic. BOGDANOVA (1993) and BOGDANOVA et al. (1996) 
argued for the existence of major shear zones with long-distance strike-slip 
displacements, and rifts between Fennoscandia, Sarmatia, and Volgo-Uralia. 
Possibly, they were related to previously existing Palaeoproterozoic active 
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structures. In the same way, the Neoproterozoic Pan-African Orogeny 
(alternatively named the Brasiliano-Pan-African Orogeny) resulted in the 
amalgamation of many plates and terranes to form the end-Proterozoic-Early 
Paleozoic Gondwana. This agglutination of continental masses was not an abrupt, 
but a continuous process, involving multiple and successive collisions (CORDANI et 
al., 2000; HEILBRON &  MACHADO, 2003). Major shear zones with strike-slip 
displacements became the boundaries between amalgamated cratons (CORDANI et 
al., 2000; GUIRAUD et al., 2000, 2005; AZZOUNI-SEKKAL  et al., 2003; CABY &  

MONIÉ, 2003; KLEIN et al., 2005a,b). After the Neoproterozoic, Baltica became an 
individual ('solid') continent, which generally drifted to the Equator (SCOTESE, 
2004). However, ENEROTH &  SVENNINGSEN (2004) have argued that Baltica was 
located close to the Equator by the end of the Proterozoic. Its mid-Paleozoic 
amalgamation with Laurentia led to the appearance of Laurussia, which in the late 
Paleozoic was included into the largest supercontinent, namely Pangaea (COCKS &  

TORSVIK, 2002, 2005; STAMPFLI &  BOREL, 2002; SCOTESE, 2004; TORSVIK &  

COCKS, 2004). After the breakup of Pangaea in the Mesozoic, Baltica, together 
with Siberia, India, and some large Gondwana-derived terranes, created Eurasia, 
which has existed until the present day. 

Both DADLEZ et al. (2005), who analyzed the crustal structure of the Polish 
Basin, and RUBAN &  YOSHIOKA (2005), who discussed the evolution of the 
Donbass, considered the evolution of the southwestern margin of Baltica in the 
context of the dynamics along the Paleozoic-Mesozoic major shear zones. The 
Early Paleozoic counterclockwise rotation of Baltica, documented particularly by 
TORSVIK et al. (1996) and COCKS &  TORSVIK (2005), caused dextral strike-slip 
displacements along the Teisseyre-Tornquist Zone (Fig. 2A). As a result of this 
movement, a few small terranes were formed, including the Pomeranian Unit and 
the Kuiavian Unit (DADLEZ et al. 2005). It seems that those terranes were not 
moved far from the Baltic margin, though they were pushed along it. The re-
accretion of the detached terranes and the Eastern Avalonian blocks with the 
southwestern margin of Baltica occurred in the Silurian (DADLEZ et al., 2005). 
Some time later, in the Mississippian or (hypothetically) even earlier in the Middle-
Late Devonian, a new and larger break-up of Baltica occurred (RUBAN &  

YOSHIOKA, 2005). It was caused by activity along the Northern Palaeotethyan 
Shear Zone. Counterclockwise rotation of Africa stimulated the dextral strike-slip 
movements along this zone (SWANSON, 1982; RAPALINI &  VIZÁN , 1993) and 
caused the detachment of the Ukrainian Massif from Baltica (RUBAN &  

YOSHIOKA, 2005). The massif was transported off the margin of Baltica 
(KOSTJUTCHENKO et al., 2004). Rapidly subsiding basins such as the Donbass, the 
Dniepr-Donets Basin, and the Pirpyat Trough, were opened during the late 
Paleozoic due to extension between Baltica and the Ukrainian Massif, which 
became an individual terrane (Fig. 2B). This was somewhat similar to the opening 
of the Red Sea, which began in the Oligocene and intensified in the Miocene 
(SHARLAND  et al., 2001; TAWADROS, 2001; BOSWORTH et al., 2005; GUIRAUD et 
al., 2005). Due to this breakup, the Arabian Plate became an individual tectonic 
block. The stress fields of Arabia and Africa are decoupled and during the next 10 
My about 170 km of new crust will form in the Red Sea (BOSWORTH et al., 2005).  
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Fig. 2 - The southwestern margin of Baltica in the Late Ordovician (after DADLEZ et al., 
2005) (A), the Pennsylvanian (B), and Late Triassic (C). Abbreviations: TTZ –Teisseyre-
Tornquist Zone, NPSZ –Northern Palaeotethyan Shear Zone, UT –Ukrainian Terrane, D – 
Donbass. 
 
 
The extension hypothesized between the Ukrainian Terrane and Baltica probably 
took place with a significant oblique component.  BELOUS &  KOROLEV (1973), 
ARTHAUD &  MATTE (1977), and later DE BOORDER et al. (1996) and SAINTOT et 
al. (2003) have shown some dextral displacements along the above-mentioned 
basins. The Variscan collision along the Teisseyre-Tornquist Zone also occurred 
with a dextral oblique component (DADLEZ et al., 2005). In the Late Triassic, the 
displacements along the Northern Palaeotethyan Shear Zone changed from dextral 
to sinistral because of the clockwise rotation of Africa (SWANSON, 1982; RAPALINI 

&  VIZÁN , 1993; RUBAN &  YOSHIOKA, 2005). Consequently, the Ukrainian Terrane 
moved back to the margin of Baltica (Fig. 2C). Compression affected the basin 
located between them, i.e, the Donbass, as folding and thrusting demonstrate. This 
Late Triassic phase of contraction was documented by SAINTOT et al. (2003). 

Thus, during the Paleozoic and at least the early Mesozoic, the palaeotectonic 
setting of the southwestern margin of Baltica was governed by the activity of the 
major shear zones. We only have indirect evidences for their continued activity in 
the Jurassic and the Cretaceous. For example, in the Donbass, Jurassic dykes occur 
on its southern flank near the Boldyrevka Village in the Rostov Region. 
Additionally, the Alpine phase of the Donbass deformation appeared in the Late 
Cretaceous-Tertiary (SAINTOT et al., 2003). In the Atlasic domain of Africa, along 
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what was the western branch of the pre-existing Northern Palaeotethyan Shear 
Zone, shearing continued at least until the Late Jurassic (LÖWNER et al., 2002). 
VAI  (2003) noted that strike-slip displacements might have occurred between the 
Alps and the Hymalayas in the Jurassic and the same was hypothesized by RUBAN 
(2007) for the Caucasus. 

 
Global context 

The Northern Palaeotethyan Shear Zone was not the only major shear zone in 
the late Paleozoic. The five shear zones considered most significant are described 
briefly below and located in Fig. 3. 

(1) The Northern Palaeotethyan Shear Zone with right-lateral strike-slip 
displacements stretched from the Atlasic Domain of Morocco in the west to the 
Caspian region in the east (ARTHAUD &  MATTE, 1977; STAMPFLI &  BOREL, 2002; 
RUBAN &  YOSHIOKA, 2005), although VAI  (2003) places it closer to the African-
Arabian margin of Gondwana than shown in Fig. 3. 

(2) The Teisseyre-Tornquist Zone was characterized by dextral shear in 
Variscan times (DADLEZ et al., 2005). The model of ARTHAUD &  MATTE (1977) 
relates the activity along some other minor shear zones in Western and Central 
Europe to the Northern Palaeotethyan Shear Zone. 

(3) The Appalachian Shear Zone stretched along the Appalachian Orogen, and it 
seems to be the westward extension of the Northern Palaeotethyan Shear Zone with  
 

 
 
Fig. 3 - Global system of megashears in the late Paleozoic (palaeotectonic base map is 
simplified from SCOTESE, 2004). See text for explanation of the numbers of the major shear 
zones. 
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the same direction or sense of displacements (ARTHAUD &  MATTE, 1977; 
SWANSON, 1982, 1999A,B, 2006; RAPALINI &  VIZÁN , 1993; LAWVER et al., 2002; 
VAI , 2003; HIBBARD, 2004; HIBBARD et al., 2002). 

(4) The Intrapangaean Shear Zone was located within the Pangaea 
Supercontinent (RAPALINI &  VIZÁN , 1993). Megashears are traceable in southern 
South America (particularly, in the Argentinian basins), and in South and East 
Africa. 

(5) VEEVERS et al. (1994) indicated that significant dextral displacements 
occurred along the East Australian margin of Pangaea. It is unclear whether there 
was a separate shear zone, or a branch of the Intrapangaean Shear Zone as an 
alternative to the branch along East Africa proposed by RAPALINI &  VIZÁN  (1993). 

It seems that a global system of major shear zones existed in the late Paleozoic. 
Its development and activity may be explained in terms of global wrench tectonics 
(STORETVEDT, 2003), or at least by the rotation of the individual continents 
amalgamated into Pangaea. The beginnig of the strike-slip activity in the 
Appalachians and in the Atlasic Domain of Morocco in the Devonian (ARTHAUD &  

MATTE, 1977; SWANSON, 1999a,b, 2006; HIBBARD et al., 2002) corresponded well 
to the hypothesized Late Devonian onset of the Donbass structures (NIKISHIN  et 
al., 1996). If these regions were affected by a unique global system of major shear 
zones, such a correspondence validates an above-mentioned hypothesis that the 
Donbass structures were originated with the strike-slip displacements. 

 
Palaeotectonic analogue 

A search for palaeotectonic analogues contributes to the understanding of the 
geological evolution of some poorly-known regions with the information from 
those better-known. Additionally, it produces a general knowledge on the 
fundamental mechanisms and regional peculiarities of the tectonic processes. 
Important examples of such studies were presented by MCCALL  (2001), TAIRA  
(2001), CABY  (2003), and RUBAN &  YOSHIOKA (2005). 

A well studied palaeotectonic analogue of the strike-slip continental margin is 
found in the west and southwest of North America (Fig. 4). Strike-slip movements, 
first sinistral and later dextral, occurred in the Sierra Nevada and Cordillera during 
the Late Jurassic-Early Cretaceous (WYLD &  WRIGHT, 2001; DECELLES, 2004). At 
about 85 Ma, a ribbon of terranes, located along the margin of North, Central and 
South America, was translating northward (NOKLEBERG et al., 2000; JOHNSTON, 
2001; SCOTESE et al., 2001; LAWVER et al., 2002) (Fig. 3A), resulting in the so-
called oroclinal orogeny (JOHNSTON, 2001). It is important to note, that the 
oroclinal orogeny is also interpreted in Eastern Australia, where it was relatred to 
the activity of the late Paleozoic shear zones (VEEVERS et al., 1994). 
Palaeobiogeographic interpretations of ABERHAN (1998, 1999) allowed him to 
conclude that Wrangellia and Stikinia, two Canadian terranes, moved northward by 
1,000 km or more since the middle of the Early Jurassic. Thus, the major 
displacement occurred along the western margin of North America in the 
Mesozoic, and it lasted until the Present (NOKLEBERG et al., 2000; SCOTESE et al., 
2001; LAWVER et al., 2002).  ANDERSON &  SILVER (1979) developed the concept 
of the Mojave-Sonora megashear with sinistral displacements, which occurred on  
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Fig. 4 - The western and southwestern margins of North America in the late Mesozoic (A) 
and the Present (B). 
 
 
the southwestern margin of North America in the Late Jurassic. Recently, 
ANDERSON et al. (2005) proposed several subparallel megashears with sinistral 
strike-slip motions, which crossed the territory of present-day Mexico from 
southeast to northwest (Fig. 4A). At least some of the faults associated with those 
megashears might have been active even in the Cenozoic (MCKEE et al., 1984). 
However, POOLE et al. (2005) found no evidence to support the concept of the 
Mojave-Sonora megashear. From the late Miocene to the Present, dextral 
displacements (up to 300-500 km) have occurred at the southwestern margin of 
North America along the San Andreas Fault and associated fault systems and aided 
in the evolution of the Gulf of California (ATWATER &  STOCK, 1998; LEWIS &  

STOCK, 1998; NAGY, 2000; ARGUS &  GORDON, 2001; OSKIN et al., 2001; 
TSUTSUMI et al., 2001; OSKIN &  STOCK, 2003) (Fig. 4B). 

The tectonic activity on the western and southwestern margins of North 
America was characterized by the presence and sometimes dominance of an 
oblique component during the Mesozoic and Cenozoic. Displacements of small and 
medium-sized terranes along shear zones were common in the geologic history of 
this region. Therefore, the western and southwestern margins of North America in 
the Mesozoic-Cenozoic are proposed as a palaeotectonic analogue of the 
Paleozoic-early Mesozoic strike-slip southwestern margin of Baltica.  Although the 
forces causing the activity along the major shear zones in these regions might have 
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been somewhat different, their further comparative study may contribute 
significantly to the understanding of the geodynamic evolution of these regions. 
 
 
Conclusions 

This brief synthesis allows two conclusions that may aid in the geodynamic 
reconstruction of Baltica: 

1) in the late Paleozoic, the shear zones on the southwestern margin of Baltica 
were included in the global system of megashears (Fig. 3); 

2) a palaeotectonic analogue of the Paleozoic-early Mesozoic southwestern 
Baltic margin is found in North America - during the Mesozoic-Cenozoic, active 
megashears played a very important role in the evolution of the western and 
southwestern margins of that continent (Fig. 4). 

In general, this paper should be considered as an invitation to a broad 
discussion, because many of palaeotectonic ideas presented herein are not finalized 
and, therefore, need to be verified, modified, or completed. 
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ABSTRACT

The Paleozoic Middle East terranes, neighboring the present-day Arabian and Levant
plates, are shown by most authors to consist of ten major tectonic units: (1 and 2) the
Helmand and Farah terranes of Afghanistan, southwest Pakistan and southeast
Turkmenistan; (3 to 6) the Alborz, Central Iran (Lut, Yazd and Tabas) and Sanandaj-
Sirjan terranes of Iran, and Northwest Iran (possibly extending into eastern Turkey);
(7 and 8) the Pontides and Taurides terranes of Turkey; and (9 and 10) the Greater and
Lesser Caucasus terranes between the Caspian and Black seas (Armenia, Azerbaijan,
Georgia and southwest Russia). Published plate-tectonic reconstructions indicate that
all ten terranes may have broken off from either: (1) the Gondwana Supercontinent in
the mid-Silurian as part of the Hun Superterrane; or (2) the Pangea Supercontinent
during the mid-Permian - Triassic as part of the Cimmeria Superterrane. To the north
of Gondwana and Pangea, three successively younger Tethyan oceans evolved: (1)
Proto-Tethys (Cambrian - Devonian); (2) Paleo-Tethys (mid-Silurian - Mesozoic); and
(3) Neo-Tethys (mid-Permian - Cenozoic).

Two regional Paleozoic unconformities in the Arabian Plate are generally linked to
major regional-scale structural events, and commonly correlated to the Caledonian
and Hercynian orogenies. These orogenies took place many thousands of kilometers
away from the Arabian Plate and are considered unlikely causes for these
unconformities. Instead, the breakaway of the Hun and Cimmeria superterranes are
considered as alternative near-field tectonic sources. The older unconformity (middle
Paleozoic event), represented by a mid-Silurian to Middle Devonian hiatus in North
Arabia (Iraq and Syria), reflects an episode of epeirogenic uplift, which might be related
to the mid-Silurian rift of the Hun Superterrane. The younger mid-Carboniferous
Arabia-wide angular unconformity involved compressional faulting and epeirogenic
uplift, and might be related to the earliest phase of subduction by the Paleo-Tethyan
crust beneath Cimmeria (Sanandaj-Sirjan and nearby regions) before it broke off. Based
on our review and regional considerations, we assign the Helmand, Farah, Central
Iran, Alborz, Sanandaj-Sirjan, Northwest Iran, Lesser Caucasus, Taurides and Pontides
to Cimmeria, whereas the Greater Caucasus is considered Hunic.

INTRODUCTION

During the past decade, our general knowledge on the geochronological evolution, paleopositions,
paleotectonic compositions and paleogeographic outlines of the Phanerozoic supercontinents has
significantly improved (e.g. Dalziel, 1997; Stampfli et al., 2001, 2002; Lindsay, 2002; Cocks and Torsvik,
2002; Lawver et al., 2002; Stampfli and Borel, 2002; Veevers, 2003; Pesonen et al., 2003; von Raumer et
al., 2002, 2003; Golonka, 2004; Scotese, 2004; Torsvik and Cocks, 2004). Yet today, many uncertainties
persist in reconstructing the geological evolution of the regions adjoining the supercontinents, especially
for the Paleozoic Era (Cocks and Torsvik, 2002; Torsvik and Cocks, 2004; Scotese, 2004). These regions
are in themselves vast, and consist of numerous plate-tectonic units that are sometimes referred to as
microplates, terranes, blocks, structural domains, and sometimes grouped into superterranes. The
Middle East is a typical example of a border-region that consists of a complex mosaic of tectonic units
(Figures 1 and 2).

We identify the Middle East terranes, bordering the present-day Arabian and Levant plates, in
Afghanistan, Iran, western Pakistan, Turkey, southeast Turkmenistan and the Caucasus (Armenia,
Azerbaijan, Georgia and southwest Russia) (Figures 1 and 2). Several of these terranes are strongly
deformed and stacked within a wide tectonic belt between the Eurasian, Arabian and Indian plates.
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Figure 1: The Middle East region consists of the present-day Arabian and Levant plates and numerous
terranes (individual boundaries are shown in blue). During the Paleozoic ten large terranes are
variably interpreted to have been adjacent to the Arabian and Levant plates (then attached to
Gondwana and later Pangea). The Paleozoic Middle East terranes (colored brown) include Helmand
and Farah (Afghanistan, southwest Pakistan and southeast Turkmenistan); Iran’s Alborz, Northwest
Iran, Sanandaj-Sirjan and Central Iran; Turkey’s Pontides and Taurides; and the Greater and Lesser
Caucasus between the Caspian and Black seas (Armenia, Azerbaijan, Georgia and southwest Russia).
The Makran and East Turkey regions may have a Paleozoic core or could have formed as Mesozoic
accretionary terranes.

Although their boundaries are generally traced along well-preserved or/and reactivated Paleozoic fault
systems, in some cases the borders remain unclear. Correlation of the sedimentary core complexes, however,
suggests that all of these terranes share a common ancestry during some time in the Paleozoic Era.

The Middle East terranes were affected by the evolution of the Paleozoic Tethyan oceans, the Hun
(Hunic or Intermediate) and Cimmeria (Cimmerian) superterranes, and the Gondwana and Pangea
supercontinents (Figures 3 to 11; e.g. Sengör, 1990; Stampfli, 1996; von Raumer, 1998; Cocks and Torsvik,
2002; von Raumer et al., 2002, 2003; Stampfli and Borel, 2002; Stampfli et al., 2001, 2002; Torsvik and
Cocks, 2004; Natal’in and Sengör, 2005; Xypolias et al., 2006). At least three major Paleozoic rift episodes
occurred along the margins of Gondwana and Pangea (Figures 4 to 11). The first was in the Early
Ordovician when Avalonia broke off from Gondwana. This episode was unlikely to have influenced
the Middle East region, which was located about 6,000 km away (Figure 4). The second involved the
mid-Silurian breakaway of the Hun Superterrane (Figures 6 and 7), the detailed reconstruction of
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which is unresolved due to insufficient paleomagnetic and paleontological data. This episode is relevant
to our review because parts of the superterrane may have involved the Middle East terranes. The third
episode is the mid-Permian - Triassic breakaway of several Middle East Cimmerian terranes from
Gondwana, by then a part of Pangea (Figures 10 and 11).

In most Paleozoic reconstructions, the Middle East region is interpreted as part of the passive margin
of Gondwana and Pangea until the mid-Permian - Triassic, when Cimmeria started to rift away, causing
the opening of the Neo-Tethys Ocean (e.g. Sharland et al., 2001; Stampfli et al., 2001). In addition, two
regional unconformities are recognized. The first corresponds to a mid-Silurian to Middle Devonian
hiatus – “middle Paleozoic hiatus” – that is sometimes correlated with the Caledonian Orogeny (e.g.
Buday, 1980) (Figures 3, 5 to 7). The second unconformity represents a “mid-Carboniferous hiatus”,
and is often correlated to the Hercynian Orogeny (e.g. Berberian and King, 1981) (Figures 3 and 9).
These correlations do not provide a satisfactory plate-tectonic model for the Paleozoic evolution of the
Middle East region because it was located far away from these two orogenies.

Our paper starts with a brief global review of the largest and relatively well-constrained Paleozoic
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Figure 2: The majority of the plates and terranes discussed in this review are shown after Torsvik
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plate-tectonic units and seaways. We adopt the conventions of the ICS (International Commission on
Stratigraphy; Gradstein et al., 2004) by not capitalizing informal qualifiers “late, middle, mid, early,
etc.” except where defined (Ordovician and Devonian). After setting the global stage, we discuss the
smaller and less constrained units of the Middle East, many of which have unfamiliar names and
interpretations. Most of the illustrated global reconstructions follow Cocks and Torsvik (2002) and
Torsvik and Cocks (2004), as the involved units are adequately represented. We have also considered
the global reconstructions by von Raumer (1998), Stampfli and Borel (2002), von Raumer et al. (2002,
2003), Stampfli et al. (2001, 2002), Scotese (2004), Natal’in and Sengör (2005) and others. Our principal
objective is to present the Paleozoic plate-tectonic framework and nomenclature for the Middle East,
which can form a basis for further refinements.
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Figure 3: Simplified geochronology of the supercontinents, superterranes, oceans and seas, and
generalized Arabian Plate stratigraphic column. The breakup of the Neo-Proterozoic Rodinia
Supercontinent is not discussed in this paper. The geological time scale is after the ICS (International
Commission on Stratigraphy; Gradstein et al., 2004). Two Arabian unconformities are associated
with Gondwana glaciations: latest Ordovician-early Silurian (Figure 5) and late Carboniferous-
early Permian (Figure 9). In Arabia the second glaciation followed a mid-Carboniferous structural
event that coincided in time with the Hercynian Orogeny (Figure 9). Another North Arabian (and
Oman) unconformity is associated with epeirogenic uplifting in the mid-Silurian (Wenlock) to
Middle Devonian (middle Paleozoic event) and has been correlated to the Caledonian Orogeny
(Figures 5 to 7). The Hercynian and Caledonian collisions were located many 1,000s of  kilometers
away from Arabia and could not therefore have transmitted significant lateral forces to its crust.
Instead two near-field events may have played a more direct role: the breakaway of the Hun
Superterrane in mid-Silurian (and possibly Devonian) (Figure 6), and the early compressional
evolution of a subduction complex preceeding the breakaway of the Cimmerian Superterrane (Figure 11).
Color scheme for tectonic units follows Figure 2.
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GLOBAL PALEOZOIC PLATE-TECTONIC SETTING

Gondwana, Laurussia and Pangea Supercontinents

The global plate-tectonic configuration during the Paleozoic was dominated by three supercontinents:
Gondwana, Laurussia and Pangea. Gondwana, the largest supercontinent on Earth from the Late
Cambrian to mid-Carboniferous (Figures 2 to 8), consisted of several present-day plates including
Arabia, Africa, most of Antarctica and Australia, India, Madagascar and most of South America, with
numerous small terranes attached to their margins (Courjault-Radé et al., 1992; Cocks, 2001; Stampfli
et al., 2001; Cocks and Torsvik, 2002; Stampfli and Borel, 2002; von Raumer et al., 2002, 2003; Fortey
and Cocks, 2003; Scotese, 2004; Avigad et al., 2005).

During the Paleozoic Era, Laurussia was assembled out of three large plates (Avalonia, Baltica and
Laurentia, Figures 3 and 5) and several island arcs in a series of orogenic phases (McKerrow et al.,
2000; Stampfli and Borel, 2002; Scotese, 2004) (Figures 3 to 7). The collisional assembly of Laurussia
caused the Caledonian Orogeny, an event that was redefined by McKerrow et al. (2000) to apply to the
closure of the Iapetus Sea (Figures 3, 5 to 7).

• Avalonia consisted of easternmost North America and parts of northwest Europe (Figures 2
and 3; also Avalonian-Cadomian Arc and Orogenic Belt of Linnemann et al., 2000, and
Linnemann and Romer, 2002). Avalonia rifted from western Africa (in Gondwana) in the Early
Ordovician (Cocks and Torsvik, 2002), and then drifted northwards until it collided with Baltica
and Laurentia (Figures 4 to 7).

• Baltica consisted of the Russian Platform and extended to east of the Ural Mountains (Figures
2 and 3, Cocks and Torsvik, 2002).

• Laurentia consisted of most of North America, Chukot Peninsula of eastern Siberia, Greenland,
Spitsbergen and the NW British isles (Figures 3 to 5; Cocks and Torsvik, 2002).

Gondwana and Laurussia remained separated by the Rheic Ocean until the mid-Carboniferous (c.
325–310 Ma) when they collided during the Hercynian Orogeny to form the Pangea Supercontinent
(Stampfli and Borel, 2002; Scotese, 2004; Figures 3, 8 and 9, Torsvik and Cocks, 2004). In the late
Carboniferous (Pennsylvanian) and Permian, Pangea was enlarged with the amalgamation of the
Kazakh, Siberia, Kara and other terranes (Figure 10). The combination of Laurussia with these terranes
would later in the Mesozoic form the Laurasia Supercontinent, a term that is easily confused with Laurussia.

Three Tethyan Oceans

The names of the Paleozoic oceans that separated the supercontinents are not unique and vary to
reflect somewhat different interpretations. The seaway that opened to the north of the Paleozoic Middle
East terranes is called the Paleo-Tethys Ocean by some authors (e.g. Sharland et al., 2001; Bykadorov
et al., 2003). Others refer to it as the Proto-Tethys (or Asiatic Ocean) and reserve the term “Paleo-
Tethys” for the ocean that opened in the mid-Silurian along the trailing edge of the Hun Superterrane
(Figures 3, 7 and 8; e.g. Ziegler et al., 2001; Stampfli et al., 2001; Stampfli and Borel, 2002; von Raumer
et al., 2002, 2003). Most authors adopt the Neo-Tethys for the ocean that opened in mid-Permian -
Triassic along the African-Arabian margin of Gondwana (e.g. Stampfli and Borel 2002; also Meso-
Tethys of Metcalfe, 1999; Pindos Ocean of Golonka, 2004; Figure 10). Following Stampfli and Borel
(2002), we adopt Proto-Tethys for the early Paleozoic ocean to distinguish it from the late Paleozoic
Paleo-Tethys and Neo-Tethys oceans (Figures 3–10).

The interpretation of the lateral extent and evolution of the Tethyan oceans can vary. Hünecke (2006),
for example, argued that the Middle-Late Devonian ocean between Gondwana and Laurussia was not
as large as depicted by Stampfli and Borel (2002) and Torsvik and Cocks (2004). Stampfli and Borel
(2002) and von Raumer et al. (2002, 2003) interpreted that in the Late Ordovician-early Silurian, the
eastern branch of the Proto-Tethys Ocean might have closed when Serindia terranes (North China and
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Tarim) amalgamated with Gondwana. Several authors interpreted the initial opening of the Neo-Tethys
Ocean in early rather than mid-Permian (Vannay, 1993; Garzanti and Sciunnach, 1997; Garzanti et al.,
1994, 1996a, b, 1999; Stampfli and Borel, 2002; Angiolini et al., 2003), or to have started north of Australia
in the Carboniferous and extended diachronously westwards into the Permian (Stampfli, 2000).

Iapetus Sea and Rheic Ocean

Two more Paleozoic seaways are significant for our review (Figures 3 to 7). The Iapetus Sea, which
separated Laurentia, Avalonia and Baltica in the early Paleozoic, closed in the late Silurian when
these terranes joined to form Laurussia (Figures 3 to 5). The Rheic Ocean (also Rheic-Mauritania,
Rhenohercynian or Hercynian-Rheic) opened in the Cambrian along Avalonia’s northerly trailing
edge (Figures 3 to 7). During the Devonian-early Carboniferous (c. 420–320 Ma), Gondwana drifted
towards Laurussia, closing the Rheic Ocean (Figures 7 and 8, Torsvik and Cocks, 2004). In the mid-
Carboniferous, the Hercynian Orogeny occurred along a front between northwest Africa and southeast
North America and closed the Rheic Ocean (Figure 9; incorrectly referred to as the Iapetus Sea in Al-
Husseini, 2004).

Figure 4: Plate-tectonic reconstruction of the Late Cambrian times (modified after Cocks and Torsvik,
2002). The terranes included in the Hun Superterrane (green) are mostly after Stampfli et al. (2001,
see Figure 6). Torsvik and Cocks (2004) show several terranes breaking away from Gondwana in
the middle Paleozoic but do not appear to recognize the Hun Superterrane (Figure 7). The Adria
terrane (Figures 6 to 9, after Torsvik and Cocks, 2004) was not shown in Cocks and Torsvik (2002)
and is located arbitrarily in Figures 4 and 5. Middle East terranes (Figures 1 and 2) not shown are
Alborz, Farah and Caucasus. Pontides shown as Hunic by Cocks and Torsvik (2002), but considered
Cimmerian in our paper (in stripes). Schematic diagram at top right illustrates oceanic slab
subducting below (down or D) the continent (up or U).
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Hun Superterrane

Plate reconstruction of the mid-Silurian to mid-Permian northern margin of Gondwana fall into two
general models (Figures 6 and 7). Whereas both show the breakaway of various terranes from
Gondwana, they differ in detail and lateral extent – particularly near the Middle East region.

In the first model, following Stampfli et al. (2001) and Stampfli and Borel (2002), the ribbon-like Hun
Superterrane extended from westernmost Iberia (in Spain) to Qiantang (Figure 6). This superterrane is
also referred to as the Hun Composite Superterrane because it is divided into (Figure 6): (1) the northern
Hun Cordillera terranes (also European Hunic terranes); and (2) the southern Hun Gondwana terranes
(also Asiatic Hunic terranes) (von Raumer, 1998; Stampfli et al., 2001; von Raumer et al., 2002, 2003;
Stampfli and Borel, 2002; Schulz et al., 2004). This division reflects the separate evolution of the two
sets of terranes after they docked along Laurussia in the late Paleozoic. The Hun Superterrane rifted
away from Gondwana in the mid-Silurian (possibly in different phases that lasted into the Devonian)
and then drifted towards Laurussia, with which it collided in the Devonian-Carboniferous (Figures 3,
6 to 8). Interpretations of late Silurian paleocurrents indicate that the Panthalassic (north of the Proto-
Tethys) waters did not mix with those of the Paleo-Tethys (Johnson et al., 2004), thus suggesting that the
Hun Superterrane remained consolidated until at least the Early Devonian.

LATEST ORDOVICIAN-EARLIEST SILURIAN: 440 Ma
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Figure 5: Plate-tectonic reconstruction of the latest Ordovician-earliest Silurian times (modified
after Cocks and Torsvik, 2002). During the final Hirnantian Stage of the Late Ordovician, polar
glaciers advanced over regions of Gondwana reaching western Saudi Arabia (Vaslet, 1990). Baltica
and Avalonia were joined, closing the Iapetus Sea where the Caledonian Orogenic Front was located.
Middle East terranes (Figures 1 and 2) not shown are Alborz, Farah and Caucasus. Adria terrane is
located arbitrarily (see Figure 4 caption). Pontides shown as Hunic by Torsvik and Cocks (2004),
but considered Cimmerian in our paper (in stripes).
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From west to east the Hun Cordillera terranes included: Ossa-Morena, Channel, Saxo-Thuringian,
Moesia, Istanbul, Pontides, Ligerian, Moldanubian, Moravo-Silesicum, Helvetic, South Alpine, Penninic,
Austro-Alpine, Carpathian and North Tarim (Figure 6; Stampfli et al., 2001). The Hun Gondwana
terranes included: Iberia, Armorica, Cantabria, Aquitaine, Alboran, Intra-Alpine terranes (Adria, Carnic,
Austro-Carpathian), Dinaric-Hellenic, Karakum-Turan, Pamirs, South Tarim, Qiangtang, North and
South China, and Annamia terranes (Stampfli et al., 2001; Stampfli and Borel, 2002; the latter two
easternmost terranes are shown in Figure 1, but not in Figure 6). In the Devonian, the Kazakh terranes
may also have been close to the Hunic Cordillera Superterranes (Stampfli and Borel, 2002). The
remaining adjoined with Pangea were Apulia, Hellenides-Taurides, Menderes-Taurus, Sanandaj-Sirjan,
Northwest and Central Iran, Helmand, North and South Tibet.

In the second model, several terranes broke off and had drifted some distance away from the
northwestern margin of Gondwana by the Early Devonian (Figure 7; Torsvik and Cocks, 2004). They
also formed a ribbon-like superterrane that vaguely resembles the western part of the Hun Superterrane
(compare Figures 6 and 7). The breakaway group included: Rheno-Hercynian, Armorica (includes
Iberia), Adria, Pontides, Hellenic and Moesia (Figures 2 and 6). The Rheno-Hercynian and Perunica
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Figure 6: Plate-tectonic reconstruction of the late Silurian (Ludlow) by Stampfli et al. (2001) shows
the Hun Superterrane rifting away from the Gondwana Supercontinent. The Paleo-Tethys Ocean
formed between Gondwana and the superterrane. The superterrane is divided into the southern
Gondwana and northern Cordillera terranes. Stampfli et al. positioned the Istanbul and Pontides
terranes (North Turkey) near a subduction zone at the northern boundary of the Hun Cordillera
terrane. In contrast, Sengör (1990; see Figure 11) placed the Pontides (in stripes) in the Cimmeria
Superterrane and associated it with a middle Carboniferous-Mesozoic subduction-arc that continued
into the Sanandaj-Sirjan terrane. Middle East terranes (Figures 1 and 2) not shown are Cimmerian
Alborz, Farah and Lesser Caucasus. The Hunic Greater Caucasus may have been located further
east beyond Qiangtang.
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are considered as separate terrane between the Hunic terranes and Baltica (in Laurussia) (Kríz et al.,
2003; Torsvik and Cocks, 2004). Following the breakaway event, terranes adjacent to Gondwana were
Apulia, Taurides, Sanandaj-Sirjan, Northwest and Central Iran, Helmand, South Tibet (Lhasa) and
North Tibet (Qiangtang) terranes.

Some differences and confusion occur when comparing the two models in detail.  The term Qiangtang
(also Qangtang) is a synonym for North Tibet in Torsvik and Cocks (2004; Figure 2) and positioned
next to South Tibet (Lhasa). In contrast, Stampfli et al. (2001) show Qiangtang as Hunic but North
Tibet as Gondwanan (Figure 6). Other confusing terms are Karakum and Karakoram (also spelled as
Karakorum). Karakum and neighboring Mangyshlak of Torsvik and Cocks (2004) are equivalent to
the Karakum-Turan terrane (Figure 1). Karakum-Turan was not attached to Gondwana in the late
Paleozoic (L. Angiolini, written communication, 2006) and probably Hunic (Figure 6). Karakoram is
located in northern Pakistan (Gaetani, 1997; Figure 1), which belonged to Cimmeria (L. Angiolini,
written communication, 2006). Further studies of the Cambrian-Ordovician rocks in Karakorum, based
on the works of Gaetani et al. (1996), Gaetani (1997), Quintavalle et al. (2000) and Rolland et al. (2002),
may provide new insights for its early Paleozoic paleoposition. Turan is often mentioned as a plate,
but the Russian term ‘plate’ differs in meaning from ‘tectonic plate’, causing some further confusion
(Laz’ko, 1975). It remains unclear whether Karakum and Turan formed one or several terranes.

EARLY DEVONIAN: 400 Ma
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Figure 7: Plate-tectonic reconstruction of the Early Devonian (modified after Torsvik and Cocks,
2004) shows the breakaway from Gondwana of several terranes that together resemble the western
Hun Superterrane (Stampfli et al., 2001; Figure 6). Both reconstructions show the Pontides (in stripes)
as Hunic whereas we favor a Cimmerian assignment. Middle East terranes (Figures 1 and 2) not
shown are Hunic Greater Caucasus and Cimmerian Alborz, Farah and Lesser Caucasus. Note that
North Tibet and Qiangtang are synonyms in Torsvik and Cocks, but two different terranes in
Stampfli et al.
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Cimmeria Superterrane

In the mid-Permian - Triassic, Cimmeria started rifting away from Pangea and closing the Paleo-Tethys
Ocean to the north, while opening the Neo-Tethys Ocean in its wake (Figure 10). Less clear is which
terranes were Cimmerian, or Hunic or possibly neither. Torsvik and Cocks (2004, Figure 10) show
Cimmeria to consist of Apulia, Taurides, Sanandaj-Sirjan, Northwest and Central Iran, Helmand and
North Tibet (Qiantang). They place South Tibet (Lhasa) to the north of India, however noting that it is
not constrained by paleomagnetic or faunal content. Stampfli et al. (2001) and Stampfli and Borel
(2002) (Figures 1, 2 and 6) included in Cimmeria: Apulia, Hellenides-Taurides, Menderes-Taurus,
Sanandaj-Sirjan, Northwest and Central Iran, Helmand, South and North Tibet. A comparison indicates
that several Middle East terranes (Northwest and Central Iran, Taurides and Sanandaj-Sirjan) are
considered Cimmerian by both groups of authors.

In contrast to the somewhat generalized Cimmeria of some authors (e.g. Sharland et al., 2001; Stampfli
et al., 2001; Stampfli and Borel, 2002; Torsvik and Cocks, 2004), Sengör (1990, Figure 11) showed the
Cimmeria breakaway event in substantial detail and to consist of three ribbons. He divided North
Tibet into East and West Qiangtang and considered the former as the leading Cimmerian ribbon. The
“Intermediate” ribbon consisted of East Pontides, Dzirula Massif, Artvin/Karabagh, Sanadaj-Sirjan,
Northwest Iran (including Alborz), Central Iran (Yazd, Tabas, and Lut), Farah, central Pamirs (China)
and West Qiangtang. The trailing third ribbon included Helmand and South Tibet. The latter two
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Figure 8: Plate-tectonic reconstruction of the early Carboniferous (Mississippian) (modified after
Torsvik and Cocks, 2004). The Hun Superterrane had closed the Proto-Tethys Ocean and the Rheic
Ocean was closing as Gondwana and Laurussia drifted towards each other. Middle East terranes
(Figures 1 and 2) not shown are Hunic Greater Caucasus and Cimmerian Alborz, Farah and Lesser
Caucasus. Pontides shown as Hunic by Torsvik and Cocks (2004), but considered Cimmerian in our
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ribbons connected to Australia, and the Neo-Tethys Ocean consisted of several seaways. Significantly
for our paper, Sengör’s model intepreted a subduction zone along the northeast front of Sanandaj-
Sirjan and other northerly terranes, a subject that will be discussed later. The Intermediate ribbon of
Natal’in and Sengör (2005) is generally comparable with the Cimmerian Superterrane.

PALEOZOIC OROGENIES AND THE ARABIAN PLATE

In most of the pre-Permian Paleozoic reconstructions (Figures 4 to 9), the Arabian Plate is generally
depicted inland from the Tethyan margins of Gondwana, or later Pangea. Until the mid-Permian
(Figures 10 and 11), it is shown as bounded by the Middle East terranes and, for the most part,  at
latitudes of about 30° to 60° south. Two regional hiatuses that were associated with polar glaciations
occurred in the Late Ordovician Hirnantian Stage (Figures 3 and 5; Vaslet, 1990; Abed et al., 1993) and
in the late Carboniferous - early Permian (Figures 3 and 9; Osterloff et al., 2004).

Two structurally significant unconformities have been recognized in the Arabian Plate (Figure 3). The
mid-Silurian (Wenlock) to Middle Devonian hiatus is regionally manifested in Syria and Iraq, and
possibly other parts of the Middle East (Brew and Barazangi, 2001; Al-Hadidy, 2007). Because of its
age, it was correlated to the Caledonian Orogeny by some authors (e.g. Buday, 1980). In southeast
Arabia (Oman), distinct hiatuses occur in the mid-Silurian (Wenlock) to earliest Devonian, and in the
Middle Devonian to mid-Carboniferous (Millson et al., 1996; Droste, 1997; Osterloff et al., 2004). It
would therefore appear that parts of Arabia could have been uplifted as highlands, most probably
sometime between the mid-Silurian and Middle Devonian. These highlands may be related to pre-rift
thermal swelling or post-rift isostatic rebound associated with the breakaway of the Hun Superterrane
(Figure 6), rather than the Caledonian Orogeny (Figure 5).

The mid-Carboniferous unconformity is sometimes correlated to the Hercynian Orogeny, and the term
“Hercynian unconformity” is adopted in regional and local studies by numerous authors (e.g. Stöcklin
and Setudehnia 1972; Berberian and King, 1981). In Saudi Arabia, the angular pre-Unayzah
unconformity correlates to the mid-Carboniferous hiatus (Figure 3, c. 325–310 Ma, Al-Husseini, 2004;
at least Serpukhovian, Bashkirian and early Moscovian, Gradstein et al., 2004). The associated
differential structural relief is manifested by broad epeirogenic swells (many 100s of kilometers in
lateral extent) and laterally extensive (100s of kilometers) upthrown blocks (several 100s of meters),
bounded by transpressional to reverse faults (Wender et al., 1998; Al-Husseini, 2004). The Hercynian
Orogeny appears to have been too distant to account for the severity and style of this in deformation
in Arabia (Figure 8 and 9).

An alternative to correlating the Hercynian Orogeny to the mid-Carboniferous Arabian unconformity
is considered in the interpretation shown in Figure 11 of Sengör (1990). This Early Triassic reconstruction
shows a SW-oriented subduction zone of the Paleo-Tethys oceanic crust beneath parts of Cimmeria.
Next to the subduction complex, the Podataksasi Arc (a name Sengör derived from the initial letters of
Pontides, Dzirula, Adzharia-Trialeti, Artvin-Karabagh and Sanandaj-Sirjan; Figure 11) was mainly a
Carboniferous episode of orogenic deformation, metamorphism, and arc-type, calk-alkaline
magmatism. This interpretation is based on a detailed study of successions in the involved terranes
(see Sengör, 1990). Natal’in and Sengör (2005) included the Podataksasi Arc in the so-called Silk Road
Arc, which stretched during the late Paleozoic-early Mesozoic from the Caucasus through north Iran
and the Pamirs to China.

Further westwards, Xypolias et al. (2006) extended the subduction-arc model from the Pontides to the
Hellenic terrane (External Hellenides) and northeast Greece. U-Pb dating of zircon from a granitic
orthogneiss in the Kithira Island (southern Greece) yielded a late Carboniferous age of 324–323 Ma.
Taken together with other geochronological data from the Aegean region it provides evidence for a
restricted period of plutonism between 325–300 Ma (Xypolias et al., 2006). These authors concluded
that northeast Greece (Cycladic and Palegonian basements) and northwest Turkey (Menderes Massif
in the Taurides terrane and Sakarya Zone in the Pontides terrane) formed part of Cimmeria.

A reviewer (written communication, 2006) noted that a subduction complex does not transmit
compressional horizontal stresses across broad regions and, moreover, a SW-directed compression
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appears inconsistent with the NS-trending grain of the fault-bounded Arabian structures. He pointed
out that the initiation of subduction is commonly associated with a strong pulse of trench suction
leading to roll-back, both processes exerting a strong extensional pull on the continental margin
overlying the evolving subduction zone. As an analog to the Hercynian Orogeny’s influence in Arabia,
he suggested the present-day Indian Plate. It is piercing into the anisotropic assembly of Central South
Asia, with its effect reaching even the distant east coast of Asia. He concluded that a far-field relationship
to Hercynian orogenic forces still cannot be completely excluded in Arabia.

Besides the data supporting a compressional mid-Carboniferous pulse due to a subduction-arc complex
(Sengör, 1990, Figure 11; Xypolias et al., 2006), the concerns raised by the reviewer can be addressed.
Whereas subduction complexes are indeed driven by slab-pull and associated with back-arc extension
in the continental margin, this regime develops after an initial compressional stage. The pre-subduction
stage involves first rupturing the entire oceanic crust (10 or more kilometers thick) and initiating
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Figure 9: Plate-tectonic reconstruction of the late Carboniferous (Pennsylvanian; modified after
Torsvik and Cocks, 2004). In the mid-Carboniferous times, the collision of Gondwana and Laurussia
closed the Rheic Ocean causing the Hercynian Orogeny. Also in the late Carboniferous the collision
of the Kazakh terranes with Pangea caused the Uralian Orogeny. In the Arabian Plate, an angular
mid-Carboniferous unconformity is associated with epeirogenic swells and extensive compressional
block faulting and a regional hiatus between about c. 325–310 Ma. The unconformity is widely
referred to as “Hercynian” and associated with the Hercynian Orogeny. A more proximal tectonic
event that may have caused the deformation of Arabia may have been the initiation of subduction
along the Paleo-Tethyan margin of Cimmeria (Figure 11). The late Carboniferous - early Permian
Gondwana glaciation extended into southern Arabia. Middle East terranes (Figures 1 and 2) not
shown are Hunic Greater Caucasus and Cimmerian Alborz, Farah and Lesser Caucasus. Pontides
shown as Hunic by Torsvik and Cocks (2004), but considered Cimmerian in our paper (in stripes).

 
 
 



Middle East Paleozoic Plate Tectonics

47

subduction along a new thrust zone. The horizontal forces required to fracture the brittle crust, then
bend and push down the oceanic plate are not only compressional but of regional significance. In
some cases, the thrust geometry is reversed and the compressional force is great enough to push the
oceanic crust above the continental margin resulting in an obduction. It is considered here that the
mid-Carboniferous event was an early pre-subduction compressional phase, while the mid-Permian -
Triassic was the extensional one.

The relationship between a SW-directed compression and the NS-trending Arabian uplifted fault blocks
was one of mid-Carboniferous transpression along pre-existing NS-oriented fault systems. The Arabian
basement manifests a fault system with a NS-, NE- and NW-trending grain that was established in the
late Proterozoic and Early Cambrian (Al-Husseini, 2000, 2004). We argue that a SW-directed
compressional pulse would have caused the pre-existing Arabian basement-cored structures to be
dislocated in a right-lateral transpressional style.

In summary, it seems likely that two regional angular unconformities in the Arabian Plate were related
to plate-tectonic events that occurred in the vicinity of the Middle East terranes. The mid-Silurian to
Middle Devonian unconformity (middle Paleozoic event instead of Caledonian Orogeny) may have
involved the uplift of the northern Arabia margin (and Oman) in Gondwana. The uplift may have
occurred along the newly formed Paleo-Tethys Ocean prior to, during or possibly after the breakaway
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Figure 10: Plate-tectonic reconstruction of the late Permian (Lopingian) time (modified after Torsvik
and Cocks, 2004). In the mid-Permian - Triassic the Cimmeria Superterrane broke away from
Gondwana, now part of the Pangea Supercontinent (Gondwana and Laurussia supercontinents, as
well as Kazakh, Siberia and other terranes). Middle East terranes (Figures 1 and 2) not shown are
Hunic Greater Caucasus and Cimmerian Alborz, Farah and Lesser Caucasus. Pontides shown as Hunic
by Torsvik and Cocks (2004), but considered Cimmerian in our paper (in stripes).
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Abstract

A diverse Triassic marine macrofauna from the Northwestern Caucasus sheds new light on the biotic evolution after the end-Permian mass
extinction. In the early Mesozoic, the study area was located on the northern margin of the Neotethys Ocean. Data on stratigraphic ranges of 130
genera of brachiopods, bivalves, ammonoids, corals, and sponges have been used to calculate the changes in two evolutionary rates, namely faunal
transformation rate (FTR) and rate of transformation of the taxonomic diversity structure (TTDSR). The FTR demonstrates the changes in the
generic composition of assemblages through geologic time, whereas the TTDSR indicates changes in the generic control of the species diversity.
The Triassic marine macrofauna of the Northwestern Caucasus was characterized by very high FTR and TTDSR during the Early Triassic through
early Late Triassic. The FTR slowed in the Middle Triassic, and accelerated again in the Carnian–Norian. In contrast, the FTR was abnormally
slow in the Norian–Rhaetian. A remarkable turnover among macrofauna occurred at the Carnian–Norian transition. Regional sea-level changes
were similar to the global eustatic fluctuations. It is difficult to establish their direct connections with changes in the evolutionary rates, although
the turnover at the Carnian–Norian boundary coincided with a prominent regressive episode. In general, high evolutionary rates reported for the
Triassic marine macrofauna of the Northwestern Caucasus may be explained as a consequence of the devastating end-Permian mass extinction.
© 2008 Nanjing Institute of Geology and Palaeontology, CAS. Published by Elsevier Ltd. All rights reserved.

Keywords: Evolutionary rate; Marine macrofauna; Sea level; Triassic; Caucasus

1. Introduction

The greatest Permian/Triassic mass extinction devastated the
Earth’s marine biota about 251 Ma, and it was followed by a
long-term and poorly-known recovery (Sepkoski, 1993; Hal-
lam and Wignall, 1997; Peters and Foote, 2001; Benton and
Twitchett, 2003; Bottjer, 2004; Pruss and Bottjer, 2004; Racki
and Wignall, 2005; Erwin, 2006). The marine communities
recovered only in the Anisian (Erwin, 2006), when the ben-
thic fauna strongly diversified (Komatsu et al., 2004; Ruban,
2006a,b). However, the entire Triassic may be considered a
recovery interval, during which biodiversity was less than in
the Permian (Peters and Foote, 2001). Significant evolutionary
changes, however, occurred during the Triassic; e.g., bivalves

∗ Correspondence address: P.O. Box (a/jashik) 7333, Rostov-na-Donu,
344056, Russia.

E-mail addresses: ruban-d@mail.ru, ruban-d@rambler.ru.

began to dominate over brachiopods (Bonuso and Bottjer, 2005).
The end of the Triassic was marked by a new mass extinc-
tion, which reduced the global marine diversity again (Sepkoski,
1993; Hallam and Wignall, 1997; Hallam, 2002; Pálfy et al.,
2002). Thus, the Triassic recovery was unable to compensate
for the biodiversity loss after the end-Permian mass extinction.
Many factors, including sea-level changes, controlled the evo-
lution of the Triassic marine biota. However, our knowledge of
their influences remains limited.

This paper aims at a calculation of the evolutionary rates of
the Triassic marine macrofauna of the Northwestern Caucasus
(Fig. 1), where 130 genera of ammonoids, brachiopods, bivalves,
sponges and corals are known from all Triassic stages (Ruban,
2006a). Previous studies analyzed the diversity dynamics of the
Triassic marine biota of the Northwestern Caucasus (Ruban,
2006a,b,c), which was governed in particular by the changes in
the basin depth. In this paper, the evolutionary rates are also
compared to the sea-level changes, reconstructed for the study

1871-174X/$ – see front matter © 2008 Nanjing Institute of Geology and Palaeontology, CAS. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Geographical and palaeogeographical location of the Northwestern Caucasus (slightly modified after Ruban, 2006a, 2007b). Palaeotectonics after Scotese
(2004).

area. The main goals are to evaluate (1) how rapid was the Trias-
sic evolution of the marine macrofauna, and (2) whether it was
controlled by the sea-level changes.

2. Geological setting

The Northwestern Caucasus is a region in the south of Russia
between the Kuban River and the Black Sea. During Triassic,
the region was located on the northern margin of the Neotethys
Ocean (Fig. 1), which was formed together with the north-
ward drift of the Cimmerian terranes (Stampfli and Borel, 2002;
Golonka, 2004; Scotese, 2004). The study area was situated
much westwards from its present position, i.e., somewhere close
to the Eastern Alps (Tawadros et al., 2006; Ruban, 2007a).
According to Tawadros et al. (2006) and Ruban (2007a), this
region was transported eastward to its present position along the
major shear zone stretched along the Eurasian margin during
the Late Triassic–earliest Jurassic. The sinistral displacements
along this zone and rotation of Africa, which provoked them,
have been discussed by Swanson (1982), Rapalini and Vizán
(1993), and Ruban and Yoshioka (2005). Gaetani et al. (2005)
pointed out the influences of the strike-slip movements in the
Triassic evolution of the Northwestern Caucasus. In contrast,
the traditional geodynamic model suggests that during Triassic,
the study region was located on the southern periphery of the
Russian Platform, where orogenic pulses occurred, coupled with
extension (Ershov et al., 2003).

The Northwestern Caucasus was located close to the Tethyan
region, although the global palaeobiogeographic differentiation
was low in the Triassic (Westermann, 2000). This is supported
particularly by the Caucasian signature of events documented in
the “Boreal” bivalve evolution (Ruban, 2006c).

The Triassic stratigraphy and deposits of the Northwest-
ern Caucasus were reviewed by Dagis and Robinson (1973),
Jaroshenko (1978), Prozorovskaja (1979), Rostovtsev et al.

(1979), Gaetani et al. (2005), and Ruban (2006a,c). The regional
lithostratigraphy is presented in Fig. 2. In general, the Triassic
deposits, up to 1700 m thick, are: the Induan–Anisian carbon-
ates, the Anisian–Carnian turbidites, and the Norian–Rhaetian
carbonates, including reefal limestones. In some parts of the
study area, shales interbedded with clastics and carbonates char-
acterize the Norian. The major regional hiatuses are known in
the Early Induan, Late Anisian, at the Carnian–Norian bound-
ary, and in the Late Rhaetian. The age of the lithostratigraphic
units was established based on an analysis of macro- and
microfauna; ammonoids, brachiopods, and foraminifers were
especially important for these purposes (Dagis and Robin-
son, 1973; Rostovtsev et al., 1979; Prozorovskaja, 1979;
Efimova, 1991; Gaetani et al., 2005). Additionally, paly-
nological studies by Jaroshenko (1978) and Gaetani et al.
(2005) permitted a precise verification of these stratigraphic
constraints.

3. Materials and methods

The data on the stratigraphic ranges of species, which belong
to 130 genera of the Triassic marine macrofauna of the North-
western Caucasus, were compiled from all available sources
(Paffengol’tz, 1959; Djakonov et al., 1962; Dagis, 1963, 1974;
Shevyrjov, 1968; Dagis and Robinson, 1973; Jaroshenko, 1978;
Prozorovskaja, 1979; Rostovtsev et al., 1979; Gaetani et al.,
2005). These sources provided the reviews of the regional
Triassic palaeontology that contain locality correlations and
section-by-section compilations. The original data came from
many sections (including those stretched along the valleys of
the Belaja River and the Sakhraj River) within the study area. It
appears that the compiled information is representative, because
every interval of the regional Triassic succession was studied
carefully (e.g., Dagis and Robinson, 1973; Rostovtsev et al.,
1979).
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Fig. 2. Triassic lithostratigraphy of the Northwestern Caucasus (after Dagis and Robinson, 1973; Jaroshenko, 1978; Prozorovskaja, 1979; Rostovtsev et al., 1979;
Gaetani et al., 2005; Ruban, 2006a,c). Absolute ages of stage boundaries are taken from Gradstein et al. (2004).

These data are essentially the same as those published by
Ruban (2006a), although a few taxa identified with “sp.” were
added. The distribution of fossils in each Triassic stage has been
tabulated (Appendix A). It seems impossible to differentiate the
data on the Induan and Olenekian, because they often were not
differentiated in the available literature sources (e.g., Dagis and
Robinson, 1973). The Triassic marine faunas of the Northwest-
ern Caucasus were composed of 130 genera: 42 ammonoid, 61
brachiopod, 17 bivalve, 7 coral, and 3 sponge genera. These
genera contain about 250 species, the ranges of which were
well documented. When possible, a taxonomic correction was
attempted to avoid under- or over-estimation of the evolutionary
rates. The conclusions reached in this paper are limited region-
ally. And it appears to be complete on a regional scale. However,
no regional database is complete enough to be used as a sole
basis for further global constraints. An analysis of any regional
database nevertheless provides the evidence for discussion of
the planetary-scale patterns of biotic evolution with regards to
their signatures in a given region.

The chronostratigraphy used herein follows that of the Inter-
national Commission on Stratigraphy (Gradstein et al., 2004;
Gradstein and Ogg, 2005, 2006).

Two evolutionary rates have been calculated herein. The
methods of their quantitative evaluation were proposed by Ruban
(2001a, 2002), and then described by Ruban and Tyszka (2005)
and Ruban (2006d, 2007b). The first rate is the faunal transfor-
mation rate (FTR), which is estimated as 1/R. R is a Jaccard’s
(1901) similarity of two fossil assemblages, which characterize
two successive stratigraphic intervals:

R = C

[(N1 + N2) − C]
,

where C is the number of common taxa for two assemblages, N1
and N2 are numbers of taxa in the earlier and later assemblages
respectively. The FTR demonstrates how rapidly the changes
occurred in the taxonomic composition of assemblages through
geologic time. This paper is attempted to evaluate FTR for the
generic assemblages of the entire marine macrofauna and par-
ticular fossil groups.

The second rate is the rate of transformation of the taxonomic
diversity structure (TTDSR), which is estimated as 1/Rst. Rst
is a coefficient of Spearman’s rank correlation (Kendall, 1970)
between two assemblages by presence/absence of genera, where
the presence of a genus is indicated by the number of species that
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belong to this genus in the particular assemblage. In other words,
a correlation established takes into account the “weight” of each
genus in a given age. This quantitative approach is described
in detail by Ruban (2007b). The TTDSR shows how quick the
changes in the generic control of the species diversity were, i.e.,
the change in significance of each genus for the determination of
the species diversity. In general, this reflects the changes in the
structure of taxonomic diversity and, therefore, in the structure of
fossil assemblages. As in the previous case, TTDSR is evaluated
for the entire marine macrofauna and particular fossil groups,
whose genera and species are examined. It is always interesting
to calculate Rst not only for the successive assemblages, but
for those which existed in different times, e.g., for the Anisian
and Carnian assemblages. This may have very interesting and
important results (Ruban, 2001a,b, 2007b).

In this article, two patterns of regional sea-level
changes are reconstructed with lithological data, namely
transgressions–regressions and deepenings–shallowings. They
are independent components of basin dynamics (Catuneanu,
2006; Ruban, 2007c). An appropriate general term to define
both patterns is lacking. Tentatively, it is here called “sea-level
changes”. Based on the analysis of the distribution of the
Triassic deposits in the Northwestern Caucasus, with initial
information compiled from Rostovtsev et al. (1979) and
Gaetani et al. (2005), it is possible to recognize transgressive
and regressive episodes. For these purposes, the presence
or absence of marine strata in four particular areas of the
study region was outlined. These areas were distinguished
by Rostovtsev et al. (1979). Then, a cumulative curve for
the entire Northwestern Caucasus was evaluated. Evidently,
a wider distribution of marine deposits at each given time
slice indicates a transgression, and vice versa, i.e., a restricted
distribution indicates a regression. A critical analysis of the
palaeoenvironmental interpretations of Gaetani et al. (2005)
results in recognition of terrestrial, relatively shallow-marine,
and slope environments using the same criteria as those by
Ruban (2007c). This permits documenting the changes in the
maximum basin depth. A somewhat similar approach was
adopted by Landing and Johnson (2003). Used for a global
reference were global eustatic curve of Haq et al. (1987)
slightly modified by Haq and Al-Qahtani (2005) as well as
reconstructed global base-level changes by Embry (1997).

4. Evolutionary rates of marine macrofauna

The Triassic marine macrofauna of the Northwestern Cau-
casus was characterized by a very high FTR during the Early,
Middle, and early Late Triassic (Fig. 3). The values of R were
below 0.1. The FTR slowed in the Middle Triassic and accel-
erated again in the Ladinian–Carnian. This means very rapid
changes in the generic composition of the assemblages until
the Norian. In contrast, they were abnormally slow in the
Norian–Rhaetian. The R value was as high as 0.415, which
suggests a half similarity.

The TTDSR of the Triassic marine macrofauna of the North-
western Caucasus was very high until the late Late Triassic
(Fig. 4). Changes in the structure of taxonomic diversity slowed

Fig. 3. R index of the entire Triassic marine macrofauna of the Northwestern
Caucasus. Values of R are indicated above the columns. Stage abbreviations: A
– Anisian, L – Ladinian, C – Carnian, N – Norian, R – Rhaetian; T1 – Early
Triassic.

later. However, this evolutionary rate slightly accelerated in the
Carnian–Norian. Therefore, this time interval was marked by a
great turnover in the structure of fossil assemblages. Thus, the
control of species diversity shifted strongly to other genera in the
Norian in comparison to the Carnian. In contrast to the Rst index,
the value of the R index decreased at the Ladinian–Carnian tran-
sition. The TTDSR became low in the Norian–Rhaetian. This
suggests a high similarity of the taxonomic diversity structure
between the Norian and Rhaetian assemblages.

Three fossil groups were responsible for the decrease in both
evolutionary rates in the Norian–Rhaetian, namely, ammonoids,

Fig. 4. Rst index of the entire Triassic marine macrofauna of the Northwestern
Caucasus. Values of Rst are indicated above the columns. Stage abbreviations –
see Fig. 3.
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Table 1
R index for the assemblages of particular fossil groups of the Triassic macrofauna from the Northwestern Caucasus

Fossil groups E. Triassic–Anisian Anisian–Ladinian Ladinian–Carnian Carnian–Norian Norian–Rhaetian

Ammonoids 0 0.09 0 0 0.56
Bivalves 0 0.11 0.17 0 0
Brachiopods 0 0 0 0.14 0.48
Benthic macrofauna 0 0.04 0.06 0.09 0.39

corals, and brachiopods (Table 1). Many genera of these groups
have representatives in both these stages. In contrast, no Rhaetian
species of bivalves and sponges are found at all. However, as
ammonoids, corals, and brachiopods belong to distinct ecologi-
cal groups but all demonstrate similarly diminished evolutionary
rates across the Norian–Rhaetian transition, it is possible that
a real decline in the rate of fauna evolution took place at the
Norian–Rhaetian transition. The whole benthic macrofauna,
however, demonstrated the higher FTR at the Norian–Rhaetian
transition than ammonoids did (Table 1).

A calculation of Rst among all assemblages (Table 2), both
successive and non-successive, results in two important conclu-
sions:

(1) The Early Triassic assemblages are more different from the
Anisian assemblages than from the Ladinian and Carnian
assemblages;

(2) The Norian and Rhaetian assemblages are more different
from the Early Triassic, Anisian and Ladinian assemblages
in comparison to the Carnian assemblage, although such a
dissimilarity of the Rhaetian assemblage is slightly less.

The first conclusion coupled with the relatively high Rst
value in the Ladinian–Carnian slightly reduces the impor-
tance of biotic changes during the Early Triassic through
Carnian. The second conclusion suggests that the turnover at
the Carnian–Norian transition was stronger than expected. It
was something like a “revolution” in the regional history of the
Triassic marine macrofauna. Both conclusions presented above
are meaningful for the particular fossil groups (Table 3).

5. Sea-level changes

The documented evolutionary rates of the Triassic marine
macrofauna of the Northwestern Caucasus might have
been related to the regional sea-level changes. My recon-
struction here documents the transgressions–regressions and
deepenings–shallowings in the Northwestern Caucasus, which

are compared with the global eustatic fluctuations (Haq et al.,
1987; Embry, 1997; Haq and Al-Qahtani, 2005) (Fig. 5). Sea-
level changes in the beginning of the Triassic are debated.
Although Haq et al. (1987), Embry (1997), and Haq and
Al-Qahtani (2005) pointed out the low sea level at the
Permian–Triassic transition, Hallam and Wignall (1999) argued
that a significant transgression occurred. In the Northwestern
Caucasus, this transition is marked by the marine facies of the
Abag Formation (Prozorovskaja, 1979), but these deposits are
capped by an unconformity (Dagis and Robinson, 1973; Pro-
zorovskaja, 1979; Rostovtsev et al., 1979; Gaetani et al., 2005;
Ruban et al., in press). Perhaps this earliest Triassic hiatus was
a result of local tectonic activity. After the short-term hiatus at
the beginning of the Triassic, the sea rapidly transgressed over
the study area (Fig. 5). This coincided with the global eustatic
rise. However, in spite of global tendencies, a stepwise regres-
sion occurred in the middle-late Anisian. A global eustatic fall
in the late Anisian corresponded to the regional hiatus. The next
transgression, which also was very rapid, occurred in the latest
Anisian and reached its maximum in the Ladinian. However,
the sea occupied less territory, than during the previous cycle.
This transgression corresponded well with the global eustatic
rise. There is no evidence for the major late Ladinian regres-
sive episode in the Northwestern Caucasus, although it occurred
globally. In contrast, the gradual regional regression in the Car-
nian occurred at the same time, as the global sea level was rising.
The global eustatic fall at the Carnian–Norian transition evi-
dently coincided with the regional hiatus (Fig. 5). In the Norian,
a new regional transgression occurred. It was the largest among
the other Triassic regionally-documented transgressions, and it
had analogues in the global record. Regression occurred abruptly
in the Late Rhaetian, which is a well recognized global pattern.
Therefore, three transgressive–regressive cycles are established
in the Triassic history of the Northwestern Caucasus. Each began
with a rapid transgression. Differences between the regional
transgressions–regressions and global eustatic fluctuations may
be explained in terms of local tectonics. Both eustasy and
tectonics are responsible for the regional transgressions and

Table 2
Rst index for the assemblages of the Triassic marine macrofauna from the Northwestern Caucasus

Assemblages E. Triassic Anisian Ladinian Carnian Norian Rhaetian

E. Triassic – −0.18 −0.07 −0.09 −0.19 −0.15
Anisian – – 0.00 −0.07 −0.34 −0.28
Ladinian – – – 0.09 −0.15 −0.05
Carnian – – – – 0.04 0.06
Norian – – – – – 0.50

Significant values are highlighted as bold.
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Table 3
Rst index for the assemblages of particular fossil groups of the Triassic macrofauna from the Northwestern Caucasus

Assemblages E. Triassic Anisian Ladinian Carnian Norian Rhaetian

Ammonoids
E. Triassic – −0.40 −0.16 −0.12 −0.22 −0.21
Anisian – – −0.03 −0.07 −0.23 −0.25
Ladinian – – – −0.07 −0.13 0.09
Carnian – – – – −0.09 −0.09
Norian – – – – – 0.50

Bivalves
E. Triassic – −0.18 −0.13 −0.09 −0.16 0.00
Anisian – – −0.17 −0.18 −0.46 0.00
Ladinian – – – 0.22 −0.32 0.00
Carnian – – – – −0.24 0.00
Norian – – – – – 0.00

Brachiopods
E. Triassic – −0.14 0.00 −0.09 −0.17 −0.15
Anisian – – 0.00 −0.01 −0.38 −0.36
Ladinian – – – 0.00 0.00 0.00
Carnian – – – – 0.22 0.14
Norian – – – – – 0.56

Benthic macrofauna
E. Triassic – −0.10 −0.04 −0.06 −0.13 −0.10
Anisian – – −0.05 −0.03 −0.39 −0.29
Ladinian – – – 0.22 −0.15 −0.12
Carnian – – – – 0.00 0.05
Norian – – – – – 0.48

Significant values are highlighted as bold.

Fig. 5. Regional and global sea-level changes. A – rescaled after Haq et al. (1987), B – rescaled after Haq and Al-Qahtani (2005), C – after Embry (1997). Numbers
indicate environments: 1 – terrestrial, 2 – relatively shallow-marine, 3 – slope.
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regressions (Catuneanu, 2006), and a balance between them
enforces the shoreline shifts.

The Triassic seas in the Northwestern Caucasus were
mostly shallow-water (Fig. 5). One long-term and pronounced
deepening episode is documented. It occurred in the latest
Anisian–Ladinian, when turbidites were accumulated (Gaetani
et al., 2005; Ruban, 2006a). It seems that local tectonics enforced
significant regional water-depth changes. However, the Ladinian
deepening pulse documented in the study area coincided with
the peak transgression in Western Europe (Jacquin and de Gra-
ciansky, 1998). This pulse may also be related to the eustatic
rise documented by Haq et al. (1987), Embry (1997), and
Haq and Al-Qahtani (2005). Undoubtedly, the marine basin,
which embraced the Northwestern Caucasus in the Triassic,
was not stable, but it fluctuated under both eustatic and tectonic
controls. Those sharp changes in its extent and depth, which
are established herein, indicate that the pulses are meaning-
ful for further comparisons with the available palaeontological
data.

6. A comparison of regional evolutionary rates and
sea-level changes

The reconstruction of the regional sea-level changes (Fig. 5)
allows comparison of them to the documented evolutionary rates
(Figs. 3 and 4; Table 1). It seems that they did not directly
coincide. However, some interesting relationships may be noted.

An increase of changes in the generic composition of assem-
blages and a major turnover in the diversity structure at the
Carnian–Norian transition corresponds with the regional regres-
sive episode. The latter provoked a significant interruption in
the regional evolution of the marine macrofauna. When repop-
ulation occurred in the early Norian, the marine macrofauna
differed strongly from the Carnian assemblage because of the
absence of transitional genera, which might have appeared in
the end-Carnian and survived into the early Norian. It may be
asked why there were no such significant changes in the late
Anisian when another regression occurred. This can be easily
explained by two reasons: (1) my data on the Anisian com-
prise the entire taxa, which existed both before and after the
hiatus, and (2) the late Anisian regression was probably much
shorter. Gaetani et al. (2005) suggested that the presence of
late Carnian deposits is doubtful, and, consequently, the hiatus
at the Carnian–Norian transition might have been even longer
than traditionally assumed. Another hypothesis may be for-
mulated. During Late Triassic, the Greater Caucasus Terrane
began to move eastward (Tawadros et al., 2006; Ruban, 2007a),
and, therefore, in the Norian, the region might be located in a
palaeobiogeographically different area from where it was in the
Carnian. But such an assumption requires strenuous testing. An
easier explanation is a change in the character of sedimenta-
tion, which occurred within the Western Caucasus. The Sakhraj
Group is dominated by clastic deposits, whereas the overlying
Khodz Group is composed of carbonates. However, carbonate
beds already appeared in the Carnian (Fig. 2).

Another feature, which may be of interest, is relatively
high similarity between the Norian and Rhaetian assemblages,

Fig. 6. Diversity dynamics of the Triassic marine macrofauna of the North-
western Caucasus. Numbers of genera are indicated above the columns. Stage
abbreviations – see Fig. 3.

which is suggested by both R and Rst values (Figs. 3 and 4;
Table 1). The mentioned pair of assemblages corresponds to
the transgressive–regressive cycle, i.e., the deposition was not
interrupted during the Norian–Rhaetian intervals.

Therefore, sea-level changes were potentially able to control
in part the evolutionary rates of the Triassic marine macrofauna
in the Northwestern Caucasus.

7. Discussion

Fossil assemblages may be dissimilar not only in their taxo-
nomic composition but also in their total diversity. In such cases,
the values of R and Rst indices are usually low. To test this expla-
nation for the Triassic marine macrofauna of the Northwestern
Caucasus, the total number of genera in each stratigraphic inter-
val has been calculated (Fig. 6). It is evident that the Anisian
generic diversity increased about 3 times above that of the Early
Triassic. The Ladinian diversity decreased five times. Differ-
ences in the number of genera between the Ladinian and Carnian
are evident but not great. The Norian diversity was 3.6 times
greater than the Carnian diversity, comparable to the Rhaetian
diversity. Consequently, differences in diversity were strongly
reflected in R and Rst values. However, no Early Triassic genera
are known in the Anisian (see data in Ruban, 2006a). There-
fore, high evolutionary rates in the Early Triassic–Anisian period
occurred due to the real turnovers. Differences in the total diver-
sity enforced the R and Rst for the Anisian–Ladinian. Three
Anisian genera are known in the Ladinian, suggesting that the
Ladinian assemblage was formed by the diminishing of the
Anisian diversity, but origination of new taxa, and, consequently,
turnover were stronger. This is reflected by the R and Rst val-
ues (Figs. 3 and 4), which are higher than during preceding
intervals, although not significantly. It seems that the FTR and
the TTDSR at the Ladinian–Carnian interval reflects mostly the
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turnovers, because of small differences in their total diversity.
As for the Carnian–Norian interval, documented acceleration of
the FTR and the TTDSR occurred mostly due to the turnovers,
but not the differences in the total diversity, because only five
Carnian genera are known in the Norian. A similarity of both
generic composition and diversity structure between the Norian
and Rhaetian assemblages is a result of weak turnover, in which
27 genera are common to these stages. Thus, the real effect of
the differences in the total generic diversity on the evaluation
of the evolutionary rates was not so great in our case, and the
decreases of the FTR and the TTDSR were mostly the result of
turnovers.

The structure of global marine communities strongly changed
after the Permian–Triassic mass extinction (Sepkoski, 1993;
Hallam and Wignall, 1997; Benton and Twitchett, 2003; Bot-
tjer, 2004; Pruss and Bottjer, 2004; Racki and Wignall, 2005;
Erwin, 2006). Extremely high regional evolutionary rates, doc-
umented in the Northwestern Caucasus, might have been a result
of a “restart” of the biotic evolution after the Permian–Triassic
mass extinction. By extrapolating the regional knowledge on
the evolutionary rates of the marine macrofauna to the global
scale, it is possible to conclude that the Permian–Triassic catas-
trophe was so large as to be followed by a recovery, which lasted
until the late Late Triassic. However, data from the other regions
are needed to make a complete database in order to verify this
conclusion.

8. Conclusions

The Triassic marine macrofauna of the Northwestern Cau-
casus evolved very rapidly. Rates of change in both the generic
composition of assemblages and the structure of their taxonomic
diversity were high. The real slowing of the evolution occurred
only in the Norian–Rhaetian interval. The diversity structure
of the assemblages sharply changed at the Carnian–Norian
transition. The Triassic sea-level changes in the Northwest-
ern Caucasus corresponded generally to the global eustatic
fluctuations, although the local tectonic movements induced
the particular features of the regional sea-level changes. The
regional sea-level changes were among the important factors
influencing the evolutionary rates of the marine macrofauna.

The calculation of the evolutionary rates of marine faunas
may be significant for the chronostratigraphic developments.
Using the Caucasian data, Tozer (1988, 1990) recognized the
Rhaetian as a provincial substage of the Norian. The FTR and
the TTDSR in the Norian–Rhaetian interval were lower than
during earlier times (Figs. 3 and 4). But R and Rst values were
about 0.5, which is not as large, and, consequently, transfor-
mations in macrofaunal assemblages at the Norian–Rhaetian
transition were relatively slower. Thus, there is no clear evidence
to support combining the Norian and Rhaetian into a unique
stage.
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Appendix A

Triassic macrofossil taxa from the Northwestern Caucasus.
The number of species in each genus is indicated for stratigraphic
intervals. The data are republished from Ruban (2006a) with
few additions after a permission from the Editor of “Revue de
Paléobiologie”.

Genera Early
Triassic

Anisian Ladinian Carnian Norian Rhaetian

Abrekia 1 0 0 0 0 0
Acrochordiceras 0 3 0 0 0 0
Adygella 0 0 0 1 1 1
Adygelloides 0 0 0 0 0 1
Aegeiceras 0 1 0 0 0 0
Amphiclina 0 0 0 0 1 2
Ampliclinodonta 0 0 0 0 1 0
Angustothyris 0 1 0 0 0 0
Arcestes 0 0 1 0 0 4
Arpadites 0 2 0 0 0 0
Astraeomorpha 0 0 0 0 2 1
Aulacothyropsis 0 0 0 1 0 4
Austriella 0 0 0 0 1 0
Austrirhynchia 0 0 0 0 0 2
Badiotites 0 0 1 0 0 0
Balatonospira 0 0 0 1 0 0
Beyrichites 0 1 0 0 0 0
Bobukella 0 0 0 1 1 0
Cassianella 0 0 0 0 1 0
Caucasites 0 2 0 0 0 0
Caucasorhynchia 0 0 0 0 1 1
Caucasothyris 0 0 0 0 1 0
Cladiscites 0 0 0 0 2 2
Claraia 4 0 0 0 0 0
Coenothyris 0 2 0 0 0 0
Costirhynchia 0 1 0 1 0 0
Costispiriferina 0 1 0 0 0 0
Crurirhynchia 0 0 0 0 1 0
Crurithyris 1 0 0 0 0 0
Cubanothyris 0 0 0 0 2 2
Daonella 0 0 2 0 0 0
Decurtella 0 2 0 0 0 0
Dieneroceras 1 0 0 0 0 0
Dinarispira 0 2 0 0 0 0
Dioristella 0 1 0 1 0 0
Euxinella 0 0 0 0 3 6
Fissirhynchia 0 0 0 0 1 1
Flemingites 1 0 0 0 0 0
Flexoptychites 0 1 0 1 0 0
Guseriplia 0 0 0 0 0 2
Gymnites 0 1 0 0 0 0
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Genera Early
Triassic

Anisian Ladinian Carnian Norian Rhaetian

Halobia 0 0 1 5 0 0
Hodsia 0 0 0 0 1 0
Hoernesia 0 1 0 0 0 0
Holcorhynchella 0 1 0 0 0 0
Hollandites 0 3 0 0 0 0
Indopecten 0 0 0 0 1 0
Japonites 0 1 0 0 0 0
Joannites 0 0 0 1 0 0
Juvavites 0 0 0 0 1 0
Koeveskallina 0 1 0 0 0 0
Koninckina 0 0 0 1 1 0
Laballa 0 0 0 0 2 3
Laboceras 0 3 0 0 0 0
Leda 0 0 1 0 0 0
Lepismatina 0 0 0 0 0 1
Leyophyllites 0 4 0 0 0 0
Limea 0 1 0 0 0 0
Lobites 0 0 0 0 1 0
Lobothyris 0 0 0 0 2 0
Longobardites 0 1 0 0 0 0
Lyssochlamys 0 0 0 2 0 0
Majkopella 0 0 0 0 0 3
Megaphyllites 0 1 0 0 2 2
Mentzelia 0 1 0 3 1 2
Mesocladiscites 0 1 0 0 0 0
Moisseievia 0 0 0 0 2 1
Molengraffia 0 0 0 0 1 0
Monophyllites 0 1 3 0 0 0
Monotis 0 0 0 0 3 0
Montlivaultia 0 0 0 0 1 0
Myophoria 0 0 0 0 1 0
Mytilus 0 1 0 0 0 0
Nannites 1 0 0 0 0 0
Neoretzia 0 0 0 0 0 3
Neowelerella 1 0 0 0 0 0
Norella 0 1 0 0 0 0
Owenites 3 0 0 0 0 0
Oxycolpella 0 0 0 0 3 2
Paleocardita 0 0 0 0 1 0
Paracladiscites 0 0 0 0 0 2
Paradanubites 0 2 0 0 0 0
Paragoceras 1 0 0 0 0 0
Parasageceras 0 1 0 0 0 0
Parussuria 1 0 0 0 0 0
Pexidella 0 1 0 0 1 0
Phyllocladiscites 0 2 0 0 0 0
Piarorhynchella 0 1 0 0 0 0
Pinacoceras 0 0 0 0 1 1
Placites 0 0 0 0 1 1
Posidonia 0 1 1 0 0 0
Proptychites 1 0 0 0 0 0
Pseudocyrtina 0 0 0 0 1 0
Pseudomonotis 0 0 0 0 2 0
Pseudorugitella 0 0 0 0 2 2
Pseudosageceras 1 0 0 0 0 0
Punctospirella 0 1 0 0 0 0
Rhabdophyllia 0 0 0 0 1 0
Rhacophyllites 0 0 0 0 1 2
Rhaetina 0 0 0 2 6 4
Rhimirhynchopsis 0 0 0 0 1 1
Rhynchonella 0 1 0 0 0 0
Robinsonella 0 0 0 0 0 1
Sahraja 0 0 0 0 1 0
Schafhaeutlia 0 1 0 0 0 0

Genera Early
Triassic

Anisian Ladinian Carnian Norian Rhaetian

Sinucosta 0 1 0 0 1 1
Smithoceras 0 1 0 0 0 0
Spinolepismatina 0 0 0 0 1 0
Stephanocoenia 0 0 0 0 1 0
Sturia 0 2 1 0 0 0
Stylophyllopsis 0 0 0 0 2 0
Subowenites 1 0 0 0 0 0
Subvishnuites 1 0 0 0 0 0
Sulcatinella 0 2 0 0 0 0
Sulcatothyris 0 0 0 1 0 0
Tetractinella 0 1 0 0 0 0
Thamnastraea 0 0 0 0 2 2
Thecosmilia 0 0 0 0 6 2
Thecospira 0 0 0 0 1 0
Thecospiropsis 0 0 0 0 1 0
Triadithyris 0 0 0 0 2 1
Trigonirhynchella 0 0 0 0 1 2
Velopecten 0 1 0 1 0 0
Volirhynchia 0 2 0 0 0 0
Wittenburgella 0 0 0 0 1 1
Worobievella 0 0 0 0 1 1
Wyomingites 1 0 0 0 0 0
Xenodiscus 0 0 1 0 0 0
Zeilleria 0 0 0 0 3 6
Zugmayerella 0 0 0 0 0 1
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Abstract

The changes in the diversity of specific taxa during certain parts of the geological past (paleobiodiversity
dynamics) can, in principle, be established by counting the number of the fossil taxa present (worldwide or in a
specific study area) in rocks dated for the time interval under study. Numerous obstacles are present, however,
for instance in the form of lacking field data, disappeared collections, ambiguous identifications, temporary
‘disappearence’ of taxa, and dating problems. One major problem is the fact that, particularly in regional stud-
ies in some countries, a local, regional or national chronostratigraphic terminology is used rather than the
chronostratigraphy recommended by the International Stratigraphic Commision of the International Union of
Geological Sciences. This hampers international correlation and makes precise global paleodiversity-dynamics
analyses extremely difficult. A reliable insight into the true paleodiversity dynamics requires not only that the
various problems are recognized, but also that their consequences are eliminated or, if this is impossible,
minimized. This is particularly important if the effects of mass extinctions on fauna and flora are investigated.
Each analysis of paleobiodiversity-dynamics analysis of phenomena related to mass extinctions should there-
fore try to quantify the impact that missing data or inaccuracies of any kind may have on the final results; such
an analysis should, in addition, try to find a solution for the major problems, so as to avoid significant inaccu-
racies of the calculated values. Large electronic databases can help, since about a decade, to diminish possible
errors in diversity estimates. Paleobiodiversity should preferably be expressed in the form of values with a
certain band with, indicating the inaccuracy, rather than in the form of exact values.

Keywords: biodiversity, taxonomy, biostratigraphy, geochronology, Lazarus taxa

Streszczenie

Zmiany w zróŜnicowaniu gatunków w pewnych przedziałach czasu przeszłości geologicznej (dynamika
paleo-bioróŜnorodności) są z zasady ustalane poprzez zliczanie liczby taksonów skamieniałości (na świecie lub
na wybranym obszarze) w skałach datowanych na badany interwał czasowy. Tym niemniej procedura ta na-
potyka wiele przeszkód, np. w postaci braku danych z jakiegoś obszaru, zagubionych kolekcji, niejednoznacz-
nych identyfikacji, czasowego „zaniku” taksonów czy problemów datowania. Jednym z głównych problemów,
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zwłaszcza w badaniach regionalnych w niektórych krajach, jest stosowanie lokalnej, regionalnej lub krajowej
terminologii chronostratygraficznej, a nie chronostratygrafii rekomendowanej przez Międzynarodową Komisję
Stratygraficzną przy Międzynarodowej Unii Nauk Geologicznych. Utrudnia to międzynarodowe korelacje
i czyni niezwykle trudnym przeprowadzenie precyzyjnej globalnej analizy dynamiki paleo-bioróŜnorodności.
Wiarygodny wgląd w prawdziwą dynamikę paleo-bioróŜnorodności wymaga nie tylko rozpoznania róŜnych
problemów, ale równieŜ wyeliminowania ich konsekwencji, a gdy to niemoŜliwe, zminimalizowania ich. Jest
to szczególnie waŜne w przypadku, gdy badane są następstwa masowego wymierania fauny i flory. Dlatego
kaŜda analiza dynamiki paleo-bioróŜnorodności zjawisk związanych z masowym wymieraniem powinna
zawierać próbę ilościowego oszacowania wpływu, jakie brakujące dane lub niedokładności jakiegokolwiek
rodzaju mogą wywierać na końcowe wnioski. Taka analiza powinna próbować znaleźć rozwiązanie dla głów-
nych problemów, aŜeby uniknąć znaczących niedokładności w obliczonych wartościach. DuŜe elektroniczne
bazy danych, dostępne od około 10 lat, mogą pomóc w zmniejszeniu moŜliwych błędów przy szacowaniu
róŜnorodności. Najlepiej, gdyby paleo-bioróŜnorodność była wyraŜana w formie wartości w pewnym zakresie,
wskazującym na niedokładność, a nie w formie precyzyjnej wartości.

Słowa kluczowe: bioróŜnorodność, taksonomia, biostratygrafia, geochronologia, taksony Łazarza

Introduction

Since the end of the 1970s, hundreds of arti-
cles and books have been devoted to changes in
global biodiversity, mass extinctions and – more
in particular – the changes in biodiversity pat-
terns of numerous fossil groups. Regional pat-
terns were also established for numerous re-
gions worldwide. The studies by Sepkoski
(1993, 1997) and his co-workers (Sepkoski et al.

1981; Raup & Sepkoski 1982) are of great im-
portance in this context, as they have initiated
new developments in historical geology and
paleontology. This type of work coincided in
time, to mutual benefit, with multidisciplinary
studies that have led to the insight that excep-
tional events in the Earth’s history have greatly
affected biodiversity in time (e.g., Alvarez et al.

1980), but there exists no general agreement yet
about extraterrestrial (e.g. impact of a bolide) or
Earth-related (e.g. global environmental change)
causes that must be held responsible for the
various events (e.g., Courtillot 2007).

Most research on paleobiodiversity has con-
centrated on faunas, commonly marine ones,
probably because of their higher preservation
potential and because of the commonly lower
number and the commonly shorter interrup-
tions (hiatuses) in their record. Diversity
changes in terrestrial floras have, in contrast,
been studied in much less detail, and paleobo-
tanical evidence for biotic crises is still scarce,
which may be ascribed – at least partially – to

the much less complete knowledge that is avail-
able nowadays about ancient terrestrial floras
than marine biota. Attempts to estimate changes
in the diversity of fossil plant assemblages have
been undertaken by, particularly, Niklas et al.

(1985), Boulter et al. (1988), Nishida (1991), Wing
& DiMichele (1995), Tiwari (1996), Boulter
(1997), and Philippe et al. (1999). The influences
of mass extinctions on plants, including their
diversity, were discussed by, among others,
Tschudy & Tschudy (1986, Retallack (1995),
Tiwari (2001), McAllister Rees (2002), and Wing
(2004). Data about changes in paleobotanical
diversity are still too scarce, however, to be reli-
able for statistically significant analyses. For
instance, the highly interesting hypothesis of
Guex et al. (2001) and Morard et al. (2003), later
verified by Ruban (2004) and Ruban & Efendi-
yeva (2005) – which explains the end-Lias an-
oxia with the preceding plant growth – could
not be supported by quantitatively sufficient
data on changes in plant diversity, so that only
qualitative and the simplest semi-quantitative
data have been used. Most problems regarding
the analyses of changes in paleobiodiversity
(often referred to as ‘paleobiodiversity dynam-
ics’) are similar for faunas and floras, although
both groups have also their own specific prob-
lems because the evolution and preservation of
both groups have their own specific aspects.

Some other aspects of paleodiversity-
dynamics analysis have been reviewed and dis-
cussed by, among others, Benton (1995), Alroy
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(2000, 2003), Foote (2000, 2007) and Hammer &
Harper (2005). Several other works deal with the
influence of differences in preservation potential
and of the (in)completeness of the fossil record on
diversity measurements and on the interpretation
of the findings (e.g., Benton 1995; Peters & Foote
2001; Smith 2001, 2007; Twitchett 2001; Crampton
et al. 2003; Vermeij & Leighton 2003; Bush & Bam-
bach 2004; Boucot 2006; Peters 2006; Foote 2007).
The present contribution is meant to present a
brief overview of the more general problems re-
lated to the collection and compilation of data.

Collection of data

The first problem, met immediately when
starting an analysis of taxonomic diversity dy-
namics, is how and where initial data (in their
most simple form data regarding the strati-
graphic range of a particular taxon) have to be
collected. This information should, obviously,
be as complete as possible; in addition, it should
be representative and scientifically correct.

Data from literature can be found in two
forms: (1) as dispersed information, spread over
numerous publications, each of which is highly
incomplete; and (2) as already compiled, fairly
complete information on the stratigraphic dis-
tribution of the taxa being studied.

It is evident that – if sources of the second
type are available – they should be chosen as a
starting point. Their disadvantage is, however,
that they are commonly outdated. This implies
that, even if such compilations exist, additional
collection of data from ‘dispersed’ sources re-
mains essential. Thus, the search for data can be
realized in the following three ways:

(1) if there are no sources with compiled
data at all, a search for all possible publications
and unpublished reports with „dispersed” in-
formation should be carried out [as an example:
when the diversity studies of the Phanerozoic
megaflora from the Northern Caucasus (Ruban
2003) was started, thousands of potential
sources were checked, which took about a year];

(2) if there are several sources with com-
piled, but evidently incomplete or outdated
data, they should be chosen as the basic ones,

but the data found in them should be comple-
mented with data from other sources with „dis-
persed” information (in exceptional cases,
namely if the sources with compiled data seem
neither incomplete nor outdated and if they
seem sufficiently representative for the current
knowledge, such basic sources may be used
without additional search for complementary
dispersed information);

(3) if there is only one source with previously
compiled, but outdated information, it is neces-
sary to search not only for complementary data in
the literature that is devoted to the taxon/taxa
under examination, but also for publications that
might, as a ‘by-product’, contain information that
might help to avoid shortcomings in the initial
data (i.e., missing data, duplicate data).

Apart from carrying out the required lit-
erature search with great scrutiny, it is of ut-
most importance to decide carefully which of
the three above approaches should be followed,
as the choice of initial data is one of the most
important factors that determine whether the
inventory of data will result in a complete and
reliable set of data that can form an adequate
basis for the rest of the procedure.

Compilation of data

The compilation of data, which have com-
monly to be collected from numerous sources, is
one of the most difficult, time-consuming and
bothersome activities when preparing a quan-
titative analysis of paleodiversity dynamics.
This holds for both global and regional studies.

Among the problems that are met during
data compilation, one of the most important is
taxonomical synonymy. Incorrect identifications
of taxa, which are sometimes obvious (Sohn
1994; Benton 1995) but which are more often
difficult to find out, strongly influence the re-
sults of diversity analysis. If the problem of
synonymy is ignored, one taxon (e.g. a species,
genus or family) may be counted for two or
even more, suggesting a too large diversity; on
the other hand, fossils that may represent dif-
ferent taxa may have been identified errone-
ously as identical, thus giving rise to an appar-
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ently too small number of taxa, and thus to an
unduly low diversity. It is interesting in this
context that DNA analysis becomes increasingly
applicable to the establishment of taxonomic
relationships [not only for fossils from the
Pleistocene (see, among others, Rohland et al.
2007) but also for fossils that data back from
tens of millions of years (see, among others,
Wible et al. 2007)], thus suggesting that a DNA-
based taxonomy may become feasible, as has
been predicted already several years ago (Van
Loon 1999). This might eventually help solving
problems like those of synonyms and homo-
nyms. In some cases (e.g., in the case of plank-
tonic foraminifers), however, genetic explora-
tions demonstrated that the available taxonomic
classifications require fundamental re-conside-
ration, which makes it difficult to measure di-
versity (Kucera 2007). The problems with syn-
onymy should, indeed, be solved precisely, al-
though sometimes (especially when „old” data
are used) this cannot be realized due to a low
quality of the initial information (e.g. the ab-
sence of the original fossil collections, of de-
scriptions used for the taxonomic identification
and/or classification, or of figures); it might in
many cases even be better not to include such
fossils in a paleodynamics-diversity study at all.

An example of synonymy

A characteristic example of a problem raised
by synonymy is the confusion about two wide-
spread Late Paleozoic plant genera, namely
Walchia and Lebachia. According to Meyen
(1987), Lebachia and Lebachiaceae are invalid taxa,
which should be replaced by Walchia and Wal-

chiacae; but he also states, remarkably enough,
that these names may continue to be used “due
to tradition”. This ‘taxonomic flexibility’ is even
more remarkable if one realizes that Carbonif-
erous species are commonly indentified as Leba-

chia, whereas Permian remains with the same
characteristics are commonly classified as Wal-

chia. This ‘tradition’ is also followed in the
Northern Caucasus: Lebachia species are found
in the Pennsylvanian (Novik 1978), whereas
Walchia has been described from Early Permian
strata (Miklukho-Maklaj & Miklukho-Maklaj

1966). The ‘Late Pennsylvanian’ (i.e., Kasi-
movian and Gzhelian stages) assemblage con-
sists of 34 genera, whereas the Permian flora
contains only Walchia (Ruban 2003). An ‘out-
sider’ might conclude that – after the disappear-
ance of the entire ‘Late Pennsylvanian’ flora – a
new genus appeared in the Permian. The actual
situation is, however, a sudden degradation of
the flora at the end of the Carboniferous, with
only one genus surviving into the Permian. This
implies that a calculation of the rate of diversity
dynamics on the basis of the disappearance of
Walchia and the appearance of Lebachia would
yield an incorrect value. Unfortunately, the
name Lebachia still is found in recent publica-
tions, sometimes being even ascribed to the
typical Permian Walchia, among others by
Davydov & Leven (2003) who attempted, al-
though they are not paleobotanists, to present a
comprehensive overview for all kinds of
stratigraphers/paleontologists.

An example of a problem raised by lack
of correct data regarding distribution
in time and space

Another significant problem is the frequent
absence of clear indications regarding the exact
position of taxa in time and space. For example,
the presence of a particular taxon may be indi-
cated for a specific study area, without exact data
about the precise site or the age of the rocks in
which the fossils under study were found; or the
occurrence of a particular taxon may be indicated
without information about its distribution in
zones or even stages. It is, as a rule, highly ques-
tionable whether such data could be used, as
diversity dynamics should based on “stage-by-
stage” or “zone-by-zone” data.

A comparable problem is encountered if re-
gional correlations become almost impossible
by the use of different names for the same for-
mation in sites far apart, or if different chro-
nostratigraphic frameworks are used for differ-
ent regions. A problem that is in many respects
similar, but much more severe is posed by the
frequent revisions of the geological time scale
under the supervision of the International
Commission on Stratigraphy (ICS) of the Inter-
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national Union of Geological Sciences (IUGS)
(see, as an example, Gradstein et al. 2004). In a
case of stage boundary re-definition, it may
become uncertain whether the stage name has a
former or present meaning.

Possible solutions

The above problems for data compilation
may be (though sometimes only partly) solved
in four ways:

(1) by revising the original data, for instance
by re-examining the fossil collections;

(2) by recalculating data „as is”, taking into
consideration the possible impact of the insuffi-
ciently unambiguous data when interpreting
the results of the fossil dynamics analysis (but it
should be emphasized that such a recalculation
almost inevitably reduces the scientific value of
the analysis!); this type of recalculation of data
was followed by, among others, Ruban (2005) in
his discussion of paleontological data gathered
in the middle of the 19th century;

(3) by adapting the objectives of the project,
i.e. lowering the resolution of the analysis in
time and/or space; as an example, the above-
mentioned diversity of the Phanerozoic macro-
floras from the Northern Caucasus was, as a
result of such an adaptation, studied by esti-
mating the number of taxa not per stage (as had
been originally envisaged), but per series only
(Ruban 2003); other examples have been pro-
vided by McGhee (1996);

(4) by using purposely developed numerical
equations to predict or to minimize the errors
linked to the compilation problems; these equa-
tions are similar to those used for evaluation of
the preservation bias.

Which of the above approaches should be
followed in order to obtain an optimum result,
depends on the specifics of the initial data and
of the project targets. Sometimes, however, the
problems may be so large that the best solution
may be to postpone the analysis until more
and/or more reliable and unambiguous data
become available. It is worthwhile mentioning
in this context that the increasing number of
electronic paleontological databases provides
ever more data for a successful compilation

process. The commonly not very clear original
source of data from electronic data bases – and
this holds even more for data found on internet
– can, however, pose a problem; in addition, the
reliability of data from not precisely known
sources that cannot be trusted on the basis of
peer review is dubious. Compilation of data on
the basis of not generally recognized electronic
sources is therefore not advisable.

Application of the compiled data

Even if data compilation has been successful
and a range chart for the various taxa under
study has been prepared, the application of the
compiled data – for analysis of the fossil diver-
sity dynamics – can meet severe problems.
Some of these problems may be exemplified on
the basis of a simple hypothetical chart with the
stratigraphic distribution of 5 species (belonging
to 2 genera) in the Triassic of an imaginary
study area (Fig. 1). The data are complete, and,
therefore, represent the actual situation. If the
diversity dynamics (as defined on the basis of
species) within the Early-Middle Triassic is to be
analyzed, first the number of species present
during each stage must be calculated. This is
simple, but the calculating the diversity dy-
namics is less simple as will be shown here,
because some new species appear for the first
time, whereas other species become extinct.

To calculate the rate of the origination of
new species in the lowermost part of the inves-
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Fig. 1. Example of hypothesized ranges of taxa in the
Triassic (see text for explanation)

Fig. 1. Przykład hipotetycznych zakresów taksonów w triasie
(objaśnienia w tekście)
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tigated stratigraphic interval, it is necessary to
know how many taxa, absent in the previous
stage, are present in this one. Commonly (as in
this hypothetical case: Fig. 1) no data on fossils
from the underlying strata are available. This
implies that it is impossible to calculate the
origination rate for the Induan stage, because
the origination rate is the ratio between the
number of new taxa in a chronostratigraphic
unit and the number of new taxa in the immedi-
ately older chronostratigraphic unit of the same
rank. Moreover, as the rate of change cannot be
determined for the Induan, it is not possible to
compare this ratio with that of the Olenekian.

In the example of Figure 1, the species A, B,
and C belong to genus 1, whereas species D and E
belong to genus 2. Genus 2 is represented by spe-
cies during the Early, Middle and Late Triassic,
but in the Carnian the earlier present species (D)
was replaced by a new one (E), not present earlier.
Data analysis of the Early and Middle Triassic
should, obviously, take into account species A, B,
C, and D. Species E should, however, also be
taken into consideration: a calculation of the ge-
neric diversity on the basis of the above-
mentioned Early-Middle Triassic chart requires
also an evaluation of the extinction rate for the last
stage, i.e., for the Ladinian. It is therefore neces-
sary to determine whether species that were pres-
ent in the Early-Middle Triassic survived into the
Late Triassic. In addition, it must be checked
whether the other species belonging to genera 1
and 2 that did not exist earlier, appeared for the
first time in the Carnian. Without such a check,
conclusions about the extinction of genus 2 (as in
this example) will be incorrect.

This example shows that even well-
prepared data may be insufficient for a correct
analysis, because lack of data from older and/or
younger stages can induce errors. Before start-
ing a quantitative diversity analysis, it is there-
fore necessary to look for such potential errors
and to try to eliminate them.

The Lazarus taxa problem

A specific problem is formed by the so-called
Lazarus taxa. The geological record shows fre-
quent interruptions in the chronostratigraphic

range of taxa. The re-appearance of a taxon after
an interruption is called the Lazarus effect, and
taxa showing such interruptions are known as
Lazarus taxa. These terms became widely used
after the studies by Flessa & Jablonski (1983) and
Jablonski (1986). Although the Lazarus effect is
linked by some workers to re-appearances after
mass extinctions only, it is more logical to con-
sider any re-appearance after interruption in the
fossil record as a Lazarus effect (as suggested by
Rickards & Wright 2002; and by Ruban & Tyszka
2005), even though the Lazarus effect seems,
indeed, most commonly related to mass extinc-
tions (Jablonski 1986, Fara 2001). Several ques-
tions related to the Lazarus effect and its influ-
ence on the calculation of fossil diversity have
been discussed extensively (Flessa & Jablonski
1983; Jablonski 1986; Urbanek 1993, 1998; Se-
nowbari-Daryan & Stanley 1998; Wignall &
Benton 1999, 2000; Arz et al. 2000; Basov &
Kuznetsova 2000; Fara & Benton 2000; Twitchett
2000; Fara 2001; Rickards & Wright 2002; Wat-
kins 2002).

The temporal interruption of the strati-
graphic range of a taxon may be due to one of
the following causes:

– recurrence, i.e. the appearance of a mor-
phologically similar taxon during evolu-
tion (this implies that the interruption is
only apparent, as the original taxon is re-
placed by what is, in fact, another taxon);

– preservation of the taxon in refugia, for in-
stance at times of a global environmental
crisis (a widely accepted concept; see,
among others, Fara 2001);

– an extreme decrease of the taxon’s abun-
dance during a mass extinction, so that the
quantity of specimen became too low to
trace them in the paleontological record
(Wignall & Benton 1999); if the taxon was
preserved in refugia, the case is identical
to the previous one, but it is also possible
that the taxon survived in numerous areas
worldwide, but with few individuals;

– temporal disappearance of the taxon from
the study area, for instance by migration to
the adjacent areas;

– incompleteness of the paleontological rec-
ord due to hiatuses as a result of non-
deposition or erosion, a reduced preserva-
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tion of fossils, or errors in sampling (see
the review by Fara, 2001);

– taxonomic errors, i.e., incorrect identifica-
tion of a taxon that appears after the inter-
ruption as the same taxon that was present
before the interruption (such taxa are also
referred to as Elvis taxa: Erwin 2006).

None of the above possibilities should be
ignored, and pros and cons for each of these
possibilities should be weighted in each par-
ticular case. Discussions on how to handle this
are still going on (Wignall & Benton 1999, 2000;
Rickards & Wright 2000; Twitchett 2000; Fara
2001). Ecological models explaining long sur-
vival of rare taxa (Yoshida 2002) support the
concept of Wignall & Benton (1999). Meanwhile,
refugia seem to play an important role, as sug-
gested by paleoenvironmental studies of both of
the geological past and the present (see, among
others, Hladil 1994; Hladilova 2000; Riegl &
Piller 2003). Possible other explanations for an
apparent temporal interruption of the strati-
graphic range of a taxon are a reduction in
population size (resulting in less individuals
that may be found in fossilized form) and a re-
duction in body size (resulting in less easily
found fossil specimens) (Twitchett 2001).

False Lazarus taxa

It is possible to divide the Lazarus taxa into
two groups: true and false (Fig. 2). The true
Lazarus taxa are those the evolution of which
was really interrupted for a particular time in-
terval. In contrast, a false Lazarus effect is ob-
tained if the collected data are incomplete or if
taxonomic errors are made while the taxon un-
der study was actually present during all the
time span during which its occurrence was only
seemingly interrupted. Both survival in refugia
and extreme decrease in number are essentially
the same in this context: the studied taxa did not
really disappear, only no fossil remnants have
been found.

A fundamental problem with respect to
Lazarus taxa is how to determine whether spe-
cies or genera before and after the interruption
are actually the same, which would imply a true
Lazarus effect. If, however, a morphologically

similar taxon from before and after the inter-
ruption is erroneously considered as the same
taxon, this is considered as a ‘false Lazarus
taxon’, and the identification should simply be
considered wrong. The fundamental paleon-
tological problem in this context is on what ba-
sis species and genera should be distinguished
from one another (see also Van Loon 1999;
Kucera 2007). This question is closely related to
another one: can convergence be so close that it
becomes impossible to distinguish between dif-
ferent species (or genera) on the basis of mor-
phology alone? This question is still under
much debate, and an answer to this question is
badly needed, if only to conclude how the Laza-
rus effect should be dealt with when determin-
ing the fossils’ diversity. This is an important
key to the systematic paleontology. Fortunately,
it seems that application of genetic and other
new approaches (such as microarchitectural
analyses and investigations at even a molecular
scale) may provide solutions for this key prob-
lem (see, e.g., Kucera 2007).

successive time intervals
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Lazarus
taxon
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taxon

false
Lazarus
taxon

OR
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      in the regional
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Fig. 2. True and false Lazarus taxa

Fig. 2. Prawdziwe i fałszywe taksony Łazarza
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Interruption of the stratigraphic range of a
taxon increases the (apparent) extinction rate
during the interruption interval and thus di-
minishes the (apparent) total fossil diversity. In
contrast, the extinction rate during the next in-
terval will be relatively low, because the ‘ex-
tinct’ taxon (re)appears (Fara 2001). A false
Lazarus effect thus introduces a difference be-
tween the documented and the ‘real’ diversities,
and therefore introduces erroneous values for
the diversity dynamics. The fossil diversity and
the diversity dynamics can therefore be esti-
mated correctly only if the consequences of false
Lazarus taxa are taken into account, and if the
interruption of true Lazarus taxa is ignored.
Dealing with a false Lazarus effect means that it
is necessary to analyze the palaebiodiversity
during the stratigraphic range as if the occur-
rence of the pertinent taxon or taxa had not been
interrupted.

All Lazarus taxa in the global geological rec-
ord are, following the above-mentioned causes,
false ones, except for the case of recurrence, but
even in that case one has to consider the possi-
bility that there is only strong morphological
resemblance of two different taxa. It seems
therefore that the influence of the Lazarus effect
cannot be neglected when evaluating global
paleobiodiversity. Fara & Benton (2000) and
Fara (2001) have indicated how to handle this.

If paleodiversity dynamics are analysed for
a relatively small region, more complications
arise than if a continental or even global analy-
sis is made. The reasons are that (1) the Lazarus
effect occurs much more commonly at a small
scale than at a large scale (but note that this is
true almost exclusively when false Lazarus taxa
are involved), and (2) it is more difficult to dis-
tinguish between Lazarus taxa that migrated for
some time to come back later (for instance as a
result of shifting environments due to climate
fluctuations), and taxa that are not documented
due to an incomplete sedimentary record.

It is, obviously, possible to recalculate the
fossil diversity for the possible presence of taxa
during the intervals corresponding to their
temporal absence in the fossil record. Only the
highest probable value (HPV) of the Lazarus
effect, which suggests the maximum possible
extent of the latter, is thus obtained (Ruban &

successive time intervals

geologic time

stratigraphic
ranges of taxa

documented
diversity (curve 1)

real diversity
lies between
curves 1 and 2

diversity
corrected for

HPV of Lazarus
effect (curve 2)

taking Lazarus
effect into account

1

2

4 4 4

4665 5 54

45 5 5

Fig. 3. Highest probable value (HPV) of the Lazarus
effect and the estimation of regional fossil diversity.

Fig. 3. Najbardziej prawdopodobna wartość efektu Łazarza
i oszacowanie regionalnego zróŜnicowania skamieniałości

Tyszka 2005). In other words: the HPV repre-
sents the joint effect from both the true and the
false Lazarus taxa. When an analysis of regional
paleobiodiversity is made, the real diversity
must be somewhere between the observed di-
versity curve and the curve corrected for the
HPV (Fig. 3).

Geochronological problems

A highly important aspect when preparing a
quantitative analysis of fossil diversity dynam-
ics is the choice of an appropriate geological
time scale. The calculations must be carried out
for specific chronostratigraphic units, but the
‘translation’ of lithostratigraphic units into
chronostratigraphic units remains a great prob-
lem. Recently a great step forwards has been
made because the International Commission on
Stratigraphy (ICS) has provided an excellent
framework for chronostratigraphy (Gradstein et
al. 2004), so that – in principle – the same geo-
logical time table can be used worldwide. This
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does not imply, however, that is has become
easier to ascribe rock units to the correct chro-
nostratigraphic unit. By far most datings of rock
units are based on paleontological correlations,
but if fossil diversity dynamics are investigated,
it would be a vicious circle if the study would
be based only on such paleontological data. Just
like sedimentary facies shift in space with time,
many fossils may show comparable diachro-
nous occurrences. The first or last occurrence of
a particular taxon at a certain place, where this
occurrence coincides with a chronostratigraphi-
cally defined boundary, may therefore have a
different age elsewhere in the world. Obviously,
areas that are situated far from one another
commonly are correlated through a number of
intermediate correlations; the resulting inaccu-
racy of the correlation may be significant (Van
Couvering 2000).

An entirely different problem is posed by
the fact that the various chronostratigraphic
units of one rank (e.g., stages) do not have an
equally long duration. A stage that lasts twice as
long as the previous one, has, obviously, a great
chance to contain more species (and higher-
order taxa) than its predecessor. It would be
unjustified, however, to deduce that the longer
stage is characterized by a higher biodiversity:
at any given moment the biodiversity in both
stages may be the same (within some band
width), but the biodiversity in the longer-lasting
stage may, at any given moment, also even be
lower than the diversity at any given moment in
the shorter stage! Biodiversity and the rate of
fossil diversity dynamics should therefore pref-
erably be determined for successive time-spans
of approximately equal duration (Van Couver-
ing 2000).

Such an approach may in practice turn out
(almost) impossible with our present-day
knowledge of correlations. Most areas are still
described following a local or regional
lithostratigraphic subdivision, and the duration
of the time-span during which they were
formed can often be estimated only roughly; in
many cases attribution to an ‘official’ chro-
nostratigraphic units is not even certain. This
problem has to be solved, however, before reli-
able diversity dynamics can be determined. This
implies (1) that the use of so-called “regional

stages”, representing a regional time scale,
should be avoided whenever possible, and (2)
that, more than was done previously, attention
should be paid to defining the boundaries be-
tween chronostratigraphic units, so that at least
a reasonable correlation is established with the
recent ICS „International Stratigraphic Chart”
(the most recent version is to be found at
http://www.stratigraphy.org). Obviously, the
decisions and recommendations of the ICS and
its subcommissions should be followed. The
presentation of data according to the Interna-
tional Stratigraphic Chart is, however, not yet
always the case in a few countries (one of them
being Russia), which should be regretted deeply
as the use of any diverging stratigraphy pre-
vents precise global paleodynamics analyses (or
at least makes them more difficult and les reli-
able).

Geochronology vs. dating

The term ‘geochronology’ is often consid-
ered as a synonym of ‘dating’ (particularly ra-
diometric dating) or another kind of absolute
time estimation, but this is based on misunder-
standing (Walsh 2001). It seems, at first sight,
that several of the problems sketched above
would be solved if all stratigraphic observations
were complemented with data about their ab-
solute ages. It is true that some types of fossils
evolved so rapidly that they can be considered
to represent (geologically) very short time inter-
vals. This is, for instance, the case with Late
Carboniferous fusulinids. Only few of such
‘time-specific’ taxa have been dated precisely,
however, by radiometric or other means, but
this does not imply that well-dated taxa can
always be used as chronostratigraphic markers.
Imagine that a marine succession is interrupted
by two levels of volcanic ashes that can be dated
precisely, and which differ 1,000 years in age. If
a species is present in the entire interval be-
tween the two ash layers, but neither under-
neath the lower ash layer, nor above the upper
one, this does not imply that the species can be
used as a precise time marker: it may well be
that the conditions between the deposition of
the two ash layers were so different from before
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and after that the species found a good habitat
in the region during the 1,000 ‘inter-ashes’
years, but neither before nor afterwards. Else-
where, however, the species may have occurred
earlier or later. Using the well-dated time range
once found for a particular taxon for all subse-
quent finds, is therefore in most cases without
any doubt incorrect.

In addition, radiometric dating is not so ab-
solute as sometimes believed. Much effort has
been put by the ICS in establishing absolute
ages for the boundaries between chro-
nostratigraphic units (see the ‘golden spikes’ in
the International Stratigraphic Chart), but new
absolute ages for the various Devonian stages
(Kaufmann 2006) were presented less than two
years after the publication of the International
Stratigraphic Chart of Gradstein et al. (2004).
This is not amazing, as dating techniques be-
come ever more refined, as expressed already
much earlier by the successive editions of the
Elsevier Geological Time Table [compare, for
instance, the 4th edition (Haq & Van Eysinga
1987) with the recently published 6th edition
(Haq, 2007)], where boundaries were changed
sometimes for tens of millions of years. A com-
parison of the datings for the boundaries within
the Mesozoic between the current International
Stratigraphic Chart (ICS, 2006) and the 1999
GSA Geologic Time Scale (Palmer & Geissman,
1999) also shows that boundaries shifted in age
sometimes more than the time-span of a stage.
This means that the inaccuracies in absolute
dating are sometimes larger than the duration of
the chronological units themselves; it seems that
such large changes do not – and will not – occur
frequently anymore, but it should be a warning
that adaptations of radiometric datings still take
place. An example is the boundary (which is
most important from a paleodynamics point of
view because it is based on the largest mass
extinction in the Earth history) between the
Permian and the Triassic, which is indicated on
the International Stratigraphic Chart (ICS, 2006)
as 251.0 (± 0.1) Ma, but which has, shortly after
the publication of the 2004 ICS, been found to be
252.6 Ma (± 0.2) (Mundi et al. 2004).

Similar conclusions have been drawn for other
types of ‘absolute datings’. There is, for instance,
a gap of several hundreds of years between the

varve countings and the C-14 datings for Late
Pleistocene and early Holocene glaciolimnic
deposits in Scandinavia (e.g. Schove 1977) and
for comparable datings elsewhere (e.g. Grayson
& Plater 2007). And the necessity to use several
types of C-14 dating, is proof in itself that this
method has to deal with numerous ‘internal’
problems (cf. Buck & Bard 2007).

Influence of changing
astronomical parameters

Of academic interest only is the fact that
paleodiversity dynamics is commonly calcu-
lated on the basis of diversity changes that oc-
cur in intervals of (usually) millions of years.
These ‘years’ are, however, years with present-
day length: ~ 365 days of 24 hours each. One
should realize, however, that these parameters
have changed in the course of the geological
history. It has been calculated that in the Edia-
caran (the end of the Neoproterozoic) a year
lasted 444 days and 20.4 hours (Nesterov 1999)
with the result that, for instance, the 88 million
years that are attributed to the Ediacaran (ac-
cording to the recent International Stratigraphic
Chart it lasted from ~ 630 to 542 million years
ago) lasted only 72 million years according to
the astronomical years of the Ediacaran itself.
As it is apparent that many organisms repro-
duce on the basis of yearly cycles, and that the
rate of evolution depends (partly) on the veloc-
ity of reproduction (one of the reasons why
Drosophila melanogaster is such a good ‘guinea
pig’ for genetic research), it is obvious that the
outcome of paleodiversity-dynamics analyses
for Ediacaran (and other old) time intervals will
give unduly low values. The change in the du-
ration of a year had been deduced already much
earlier, for instance for the Devonian (Wells
1963; Scrutton 1965). More recently, it has been
concluded from the frequency modulation
analysis of cyclic sedimentary successions that a
Jurassic year had a duration intermediate be-
tween a Devonian and a recent one (Hinnov &
Park 1998), and this confirms that a year on
Earth has gradually become shorter. The grad-
ual decrease in the number of days per year was
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probably compensated – at least in part – by
lengthening of the days. This lengthening may,
indeed, have had an adverse influence on the
reproduction velocity and thus on the value of
paleodiversity dynamics, but the net result is
still far from clear. It is certain, however, that
evolution goes faster with geological time; it
even seems likely that more new species are
formed per unit of time now than ever before,
and probably even at a higher rate than species
becoming extinct (Van Loon 2003). In contrast,
the paleodiversity dynamics must have been
low in the Proterozoic (lack of sexual reproduc-
tion will certainly have played a role during this
era, but this cannot explain the acceleration of
evolution during the Phanerozoic). The reason
for the apparently ongoing acceleration of evo-
lution is not well understood, but it means in
fact that equal values of paleodiversity dynam-
ics calculated for two time units indicate that
the rate of change in the younger unit is rela-

tively lower than that in the older unit.

Types of units for which
the paleodiversity dynamics
can be analysed

Paleodiversity dynamics can be determined
for five types of units:

– non-diachronous lithostratigraphic units
(results will be enforced by paleoenviron-
mental specifics);

– stages or epochs (results will be influenced
by the uncertainties regarding the current
chronostratigraphy);

– biozones (appropriate for particular fossil
groups only);

– beds (appropriate only for the analysis of a
given section; this is a common procedure
particularly for microfossils);

– millions of years (not truly meaningful for
fossils; moreover, fossils can rarely be
dated within geologically restricted time
boundaries).

It seems to us that events that affected
biodiversity significantly, such as mass extinc-
tions and sudden faunal explosions, can be used
to establish time units that comprise the same

number of biodiversity-affecting events (this
extends the purpose of event stratigraphy as
explained, particularly, by Walliser (1996) and
Brett & Baird (1997). A possible alternative eco-
logical approach in this context has been intro-
duced by McGhee et al. (2004).

Conclusions

The above-mentioned problems concerning
the quantitative analysis of paleodiversity dy-
namics (for both animals and plants) are pre-
sented in Fig. 4. All problems can commonly be
solved, though often only in a time-consuming
way. It is not uncommon, however, that the
problems can be overcome only partly, because
of insufficient, ambiguous and/or insufficiently
accurate data. In some cases the lack or inaccu-
racy of information may be even so significant
that a detailed paleodiversity-dynamics analysis
is not worthwhile; in other cases the problems
can be minimized or taken care of in one way or
another.

Fortunately, ongoing work in this field,
supported by large electronic databases (e.g.
NMITA, PaleoTax, The Paleobiology Database,
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Fig. 4. Schematic overview of the problems related to
the quantitative analysis of changes in paleobiodiversity

Fig. 4. Schematyczne podsumowanie problemów związanych
z ilościową analizą zmian w paleo-bioróŜnorodności
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MIOMAP, FAUNMAP, Global Pollen Database,
NOW, etc.) (Benton 1995; Budd et al. 2001; Alroy
2003; Löser 2004; Foote 2007), may help to di-
minish possible errors in the diversity estimates.
Each analysis of paleodiversity dynamics or of
phenomena related to the consequences of mass
extinctions should, however, (1) try to quantify
the impact that missing data or inaccuracies of
any kind may have on the final results, and (2)
try to find a solution for the major problems, so
as to avoid significant inaccuracies of the calcu-
lated values.
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tions, namely the Kellwasser and theHangenberg events, affected the Earth's biota
during the LateDevonian–Early Carboniferous. Diverse assemblages of bryozoans are known from the Fasnian–
Tournaisian deposits of Southern Siberia, which includes such regions as the Kuznetsk Basin, the Kolyvan'–
Tom' Zone, the Rudny Altay, and the Gorny Altay. Our newdata establish the stratigraphic ranges of 154 species,
which belong to 56 genera and 21 families. These data have been analyzed quantitatively to measure the
patterns of diversity dynamics and the changes in the taxonomic diversity structure. The species diversity
increased at the Frasnian–Famennian transition. After a short-term, but dramatic decrease in the middle
Famennian, the total number of species accelerated in the late Famennian and the Tournaisian. A similar
pattern occurred for bothgenera and families, although the radiation at the Frasnian–Famennian transitionwas
not as large, and total family diversity decreased slightly in the Tournaisian. Changes in total species diversity
differed between orders of bryozoans. Changes in taxonomic diversity structure were moderately rapid. The
Tournaisian species diversitywas governed by the other genera comparing to the early time intervals. Thus, our
regional data suggest that bryozoans generally survived both the Frasnian/Famennian and the Devonian/
Carboniferousmass extinctions, confirming similar conclusionsmade earlierwith global data. However, amid-
Famennian regional crisis (diversity drop) in the evolution of bryozoans is documented within Southern
Siberia. Bryozoan radiations coincided with pulses of basin deepening that occurred during both mass
extinction intervals, perhaps explainingwhy bryozoanswere resistant to extinction. Themid-Famennian crisis
might have been caused by a rapid regression coupled with basin shallowing.

© 2008 Published by Elsevier B.V.
1. Introduction

The marine biota was very diverse during the Devonian (Sepkoski,
1993; Benton, 2001; Newman, 2001; Peters and Foote, 2001).
However, the end of this period was marked by two catastrophes
that devastated the Earth's life, namely the Frasnian/Famennian (F/F)
and the Devonian/Carboniferous (D/C) mass extinctions often referred
as the Kellwasser and the Hangenberg events, respectively. Using the
present absolute chronology for the Devonian (Gradstein et al., 2004;
Kaufmann, 2006; Menning et al., 2006), the D/C mass extinction
persisted for approximately 16 Ma after the conclusion of the F/F mass
extinction. A number of possible triggers for these extinctions have
been proposed. It is not possible, currently, to determine which, if any,
is the likely cause of the extinctions (see review by Racki, 2005). These
u, 344056, Russian Federation.
x.ru (J.M. Gutak), fgg@nvkz.ru,
, ruban-d@rambler.ru

lsevier B.V.
events might have been linked with major eustatic changes, marine
anoxia, global cooling, intense volcanism, and probable impacts
(Copper, 1986; Buggisch, 1991; Copper, 1994; Algeo et al., 1995;
McGhee, 1996; Hallam and Wignall, 1997; Algeo and Scheckler, 1998;
Hallam and Wignall, 1999; Caplan and Bustin, 1999; Racki, 1999;
McGhee, 2001; Copper, 2002; Gong et al., 2002; House, 2002;
Godderis and Joachimski, 2004; Racki, 2005; McGhee, 2005; Girard
and Renaud, 2007).

Were any groups of organisms resistant to inferred environmental
perturbations at the end of the Devonian? It appears that the answer
is yes. Hallam and Wignall (1997) and later Webster et al. (1998)
discussed the effect of the F/F and D/C mass extinctions on the
planetary biota and found that bryozoans were not stressed severely
by these events. Horowitz and Pachut (1993) and then Horowitz et al.
(1996) reported a significant crisis among bryozoans in the mid-
Devonian, while the F/F event failed to produce dramatic reductions in
diversity. This is confirmed by Horowitz and Pachut (2000), whose
data also suggest against any major diversity decline after the D/C
event. We are still far from a complete understanding of the causes
and selectivity of mass extinctions (Jablonski, 2004). However, an
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Fig. 1. Geographical and palaeotectonic location of the study territory. Global palaeotectonic map is simplified after Scotese (2004). Numbered regions: 1— Tom'–Kolyvan' Zone, 2 —

Kuznetsk Basin, 3 — Salair, 4 — Kuznetsk Alatau, 5 — Minusa Depression, 6 — Gorny Altay, 7 — Rudny Altay.
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evaluation of the evolutionary dynamics of bryozoans from the Late
Devonian–Early Carboniferous might be informative. Data are now
available from Southern Siberia (Tolokonnikova, 2007) to attempt
such a study. This region lies within the core of the present-day
Eurasia (Fig. 1). Data include the stratigraphic ranges of 154 species, 56
genera, and 21 families of bryozoans from upper Frasnian, Famennian,
and lower Tournaisian strata, making Southern Siberia a very
important region to evaluate bryozoan diversity at the Devonian–
Carboniferous transition and to discuss the effects of mass extinction
on them.

2. Geological setting

The study territory, generally referred as Southern Siberia, includes
the Kuznetsk Basin (also called as the Kuzbass), the Kolyvan'–Tom'
Zone, the Rudny Altay (the Ore Altay), and the Gorny Altay (the
Mountaneous Altay) (Fig. 1). Using present global reconstructions for
the Late Devonian and Early Carboniferous (Torsvik and Cocks, 2004;
Scotese, 2004) and few regional palaeotectonical constraints (Yakub-
chuk, 2004; Cocks and Torsvik, 2007), it appears that these regions
were attached to the margin of the Siberian Plate or were individual
terranes (Fig. 1). The growth of present-day Southern Siberia appears
to have been a stepwise process that occurred during the entire
Paleozoic and even the Early Mesozoic.

Frasnian, Famennian, and Tournaisian deposits occur inmany areas
of Southern Siberia (Fig. 1). Their lithostratigraphic framework was
established by Krasnov (1982) and was updated by Tolokonnikova
(2007). These strata are subdivided into a number of horizons, based
on chronostratigraphy and conodont zonation (Gutak and Rodygin,
2004; Tolokonnikova, 2007) (Fig. 2). Because the meaning of the
termhorizon, as it is used in international stratigraphic nomenclature
(Salvador, 1994), differs from typical usage, we use the termunit. The
lowest of the units considered in our study is the Solominski Unit
(upper Frasnian), that includes limestones and clastics with a total
thickness of up to 800 m. They are overlain by the limestones, clastics,
and in places, by volcaniclastics of the Petscherkinski Unit (lower
Famennian) with a total thickness up to 800 m. The Podoninski Unit
(middle Famennian) consists of red-colored clastic deposits, with
occasional limestones and volcaniclastics, with a total thickness
exceeding 1600 m (Fig. 2). The Topkinski Unit (upper Famennian)
includes clastics and limestones that may reach a maximum total
thickness of 500 m. The Krutovski Unit (lower Tournaisian) is
dominated by volcanics and volcaniclastics with a total thickness of
about 100–1500m. The uppermost Tajdonski Unit (lower Tournaisian)
is represented by limestones and clastics that have a total thickness of
approximately 1100 m.

Palaeoenvironmental reconstructions (Bel'skaja, 1960; Gutak and
Antonova, 2006a,b; Gutak and Ruban, 2007; Tolokonnikova, 2007) for
the Late Devonian–earliest Carboniferous indicate that Southern
Siberia was embraced by a large marine basin. The Kolyvan'–Tom'
Zone represents the deepest facies deposited in that basin. The
Kuznetsk Basin was occupied by extensive, relatively shallow-water,
shelf environments. The Gorny Altay lay on a margin of this basin and,
together with the Rudny Altay, was a center of regional volcanic
activity. The regional Frasnian–Tournaisian transgression–regression
(T–R) curve of Southern Siberia was reconstructed from lateral facies
analysis, whereas the deepening–shallowing (D–S) curve was devel-
oped from analyzing facies stratigraphically. These were derived from
Gutak and Ruban (2007). Our T–R curve differs from that proposed
earlier by Karaulov and Gretschischnikova (1997) and Yolkin et al.
(1997) in the positioning of the D/C boundary and in proposing an
alternative interpretation of facies (Gutak and Antonova, 2006a,b;
Gutak and Ruban, 2007; Tolokonnikova, 2007). T–R and D–S patterns
should always be distinguished (Catuneanu, 2006; Ruban, 2007a).



Fig. 2. The Frasnian–Tournaisian composite sections of the studied regions. Chronostratigraphy after Gradstein et al. (2004). Thickness (m) is indicated from the left side of each
column. Regional transgressive–regressive and deepening–shallowing patterns are modified after Gutak and Ruban ⁎2007) and the global eustatic changes are given after Haq and
Al-Qahtani (2005).
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Transgressions and regressions reflect the shifting position of
shorelines, whereas deepenings and shallowings mark the changes
in the depth of the basin. In Southern Siberia, the shoreline was stable
during the Frasnian, and the F/F boundary is marked by a prominent,
but short-term, deepening pulse (Fig. 2). Awide and abrupt regression
and shallowing occurred in the early–middle Famennian. Marine
deposits of this age have a very limited extent, whereas non-marine
red-colored clastic deposits are knownwidely within the study region
(Fig. 2). Both transgression and deepening occurred after the late
Famennian reaching maximums in the Tournaisian when carbonates,
often cherty, dominated regional deposition (Fig. 2). These regional
patterns did not correspond well to the global eustatic fluctuations
recorded recently by Haq and Al-Qahtani (2005). It appears to be
nearly impossible to recognize the action of any planetary-scale
events corresponding to their sea-level curve (Fig. 2).

3. Materials and methods

This study is based on data on the Frasnian–Tournaisian bryozoans
collected in Southern Siberia by Tolokonnikova (2007). Data from a
number of earlier studies (Nekhoroshev, 1926a,b; Krasnopeeva, 1935;
Nekhoroshev, 1956; Trizna, 1958; Morozova, 1961; Volkova, 1974;
Morozova, 2001) have also been reexamined including the distribution
of each taxon (Solominski, Petscherkinski, Podoninski, Topkinski, and
Tajdonski units; Supplementary Materials 1). No bryozoans have been
found in the Krutovski Unit. The suprageneric taxonomy of the bryozoans
examined in this study is presented in Supplementary Materials 2.

For species, genera, and families, we have examined changes in
total diversity, number of appearances, and number of disappear-
ances. The absence of bryozoans in the volcanics of the Krutovski Unit
is expected (Tolokonnikova, 2007). Thus, to calculate the true number
of appearances in the Tajdonski Unit and the number of disappear-
ances for the Topkinski Unit, we have ignored the Krutovski Unit and
compared the assemblages directly.

Regional evolutionary changes among bryozoans were measured
using the Rst index. This index, and its interpretation, were presented
by Ruban and Tyszka (2005), and Ruban (2007b). Rst is a coefficient of
the Spearman's rank correlation (Kendall, 1970) between two
assemblages, where the presence of a taxon of higher taxonomic
rank is indicated by the number of taxa of lower rank, which belong to
that higher-ranked taxon in the particular time unit. 1/Rst or 1-Rst
shows, how rapid were the changes in the control of the lower-ranked
taxa diversity by the higher-ranked taxa. In other words, Rst indicates
the changes in the structure of taxonomic diversity. It is intriguing to
calculate Rst not only for the successive assemblages, but also for
those, existing in different times. In this paper, we have calculated
three Rst indices, namely the Genera-species Rst, the Families-genera
Rst, and the Families-species Rst. This permits an evaluation of three
patterns of regional change in the taxonomic diversity structure of
bryozoans and provides a detailed picture of transformations across
both the F/F and D/C mass extinctions.

4. Diversity dynamics

In total, 154 species of bryozoans are known from the upper
Frasnian, the Famennian, and the lower Tournaisian strata of Southern
Siberia. They belong to 56 genera, 21 families, and 6 orders. The most
diverse were the orders Trepostomida (8 families, 22 genera, 53
species), Fenestellida (4 families, 16 genera, 54 species), and
Rhabdomesida (4 families, 11 genera, 28 species). The Order
Cystoporida was characterized by moderate diversity (3 families, 5
genera, 16 species), whereas the diversity of orders Cryptostomida (1
family, 1 genus, 2 species) and Tubuliporida (1 family, 1 genus, 1
species) was very low.

Species diversity nearly doubled at the Frasnian–Famennian (F–F)
transition (increased 1.8 times; Fig. 3A) then decreased abruptly. In the
late Famennian, bryozoans diversified again and the total number of
species continued to rise into the early Tournaisian. Generic diversity
rose slightly at the F–F transition (Fig. 3B) followed by an abrupt
decline. The total number of genera was high in the late Famennian. A
slight increase of 2 genera occurred in the early Tournaisian. It is
intriguing that the number of generic appearances dropped drama-
tically in the early Tournaisian. Two new families appeared at the
Frasnian–Famennian transition (Fig. 3C). After an abrupt drop in the
mid-Famennian, the total number of families rose again in the late
Famennian. A decrease of 2 families occurred at the Famennian–



Fig. 3. Species (A), genera (B) and family (C) diversity dynamics of the Frasnian–Tournaisian bryozoans of Southern Siberia. To calculate the numbers of appearances and
disappearances the Topkinski Unit and the Tajdonski Unit are compared directly. Abbreviations: Fr. — Frasnian Stage, Tou. — Tournaisian Stage, sol — Solominski Unit, pes —

Petscherkinski Unit, pod — Podoninski Unit, top — Topkinski Unit, kru — Krutovski Unit, taj — Tajdonski Unit.
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Tournaisian transition (F–T). A comparison of total diversity changes
documented at three taxonomic levels suggests differences especially
at the F–F and F–T transitions. While species diversity rose
significantly at the F–F transition (Fig. 3A), generic and familial
diversity increased only slightly (Fig. 3B,C). At the F–T transition, the
total numbers of species and genera increased (Fig. 3A,B), whereas the
number of families declined slightly (Fig. 3C).

There is no direct evidence supporting either the F–F or the D–Cmass
extinctions among bryozoans in the regional record of Southern Siberia.
Therewasnomajordiversitydecline at the F–F transition, andonlya slight
reduction in family diversity at the F–T transition, confirming the
conclusions of Horowitz et al. (1996), Hallam and Wignall (1997), and
Webster et al. (1998). Updated data on global bryozoan diversity
(Horowitz and Pachut, 2000) imply an existence 195 Frasnian species,
153 Famennian species, and 405 Tournaisian species. Thus, the total
species diversity declined after the F–F event just in 1.3 times. This is too
low in comparison with the Givetian–Frasnian transition, when the total
diversitydecreased in3.2 times (HorowitzandPachut, 2000).As for theD–



Fig. 4. Changes in the total species diversity among six orders of the Frasnian–Tournaisian bryozoans of Southern Siberia. Abbreviations — see Fig. 3.
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C mass extinction, it did not affect either global or regional species
diversity at all. On a global scale, the total diversity increased in 2.6 times
(Horowitz and Pachut, 2000). The similar acceleration is documented in
Southern Siberia.

As potential, but “minor” effect of the F–F and D–C mass extinctions
the rate of disappearance of species, genera, and families at the
beginning and end of the Famennian increased (Fig. 3A–C). Additionally,
the number of appearances of genera and families decreased in the early
Tournaisian (Fig. 3B,C). A unique crisis, documented regionally within
the studied stratigraphic interval, occurred in the mid-Famennian (the
Podoninski Unit) when a short-term but abrupt diversity decline
occurred. However, in spite of their low diversity bryozoans are quite
abundant in the Podoninski Unit.

The species diversity dynamics of the Cystoporida, Fenestellida, and
Rhabdomesida were similar (Fig. 4), with diversity rising throughout the
late Frasnian–early Tournaisian. In contrast, the species-level diversity
dynamics of the Trepostomida was quite different (Fig. 4). Total species
diversitywas similar in the early and late Famennian, but declined rapidly
in the early Tournaisian. Surprisingly, the Trepostomida was unique in
survivingat the timeof themid-Famenniancrisis. BothCryptostomidaand
Tubuliporida radiated in the late Famennian, but they did not survive into
the Carboniferous (Fig. 4). Thus, no orders were removed by the F/F mass
extinction, whereas the D/Cmass extinctionmight have been responsible
for the disappearance of Cryptostomida and Tubuliporida and the decline
Table 1
Genera-species Rst for the Frasnian–Tournaisian bryozoans of Southern Siberia

sol pes pod top taj

sol 1.00 0.54 −0.01 0.24 −0.15
pes 1.00 0.04 0.48 −0.01
pod 1.00 −0.15 −0.12
top 1.00 0.27
taj 1.00

Abbreviations — see Fig. 4
of the Trepostomida. A comparison of species diversity (Fig. 3A) with that
of orders (Fig. 4) suggests that the decline of Trepostomida did not affect
the stepwise increase in bryozoan diversity.

5. Changes in taxonomic diversity structure

Changes in the taxonomic diversity structure of the Frasnian–
Tournaisian bryozoans of Southern Siberia are presented in Tables 1–3.
The Genera-species Rst suggests relatively slow changes across the F–F
transition, whereas the changes that followed were much more rapid
(Table 1). This suggests that control of species diversity shifted to new
genera in each successive time unit. Rst for the F–T transition also
increased. A comparison of the non-successive assemblages suggests 3
important conclusions:

(1) genera responsible for species diversity in the late Frasnian,
continued to control species diversity in the late Famennian (Rst for
the Solominski and the Topkinski units is as high as 0.24);

(2) no remarkable changes in the taxonomic diversity structure
occurred in the mid-Famennian based on an Rst for the Petscherkinski
and Topkinski units of 0.48;

(3) changes in species diversity occurred in the Tajdonski Unit at the
Devonian–Carboniferous transition that was controlled by genera other
than those that were responsible for species diversity at earlier times.
Table 2
Families-genera Rst for the Frasnian–Tournaisian bryozoans of Southern Siberia

sol pes pod top taj

sol 1.00 0.81 0.47 0.39 0.22
pes 1.00 0.48 0.37 0.47
pod 1.00 0.15 −0.20
top 1.00 0.65
taj 1.00

Abbreviations — see Fig. 4



Table 3
Families-species Rst for the Frasnian–Tournaisian bryozoans of Southern Siberia

sol pes pod top taj

sol 1.00 0.82 0.43 0.13 −0.11
pes 1.00 0.11 0.51 0.29
pod 1.00 −0.13 −0.21
top 1.00 0.68
taj 1.00

Abbreviations — see Fig. 4
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The Families-genera Rst indicates some additional peculiarities
(Table 2). Changes in diversity structure wereminor at the F–F and the
F–T transitions but were higher during the middle- and late
Famennian. Rst values between the non-successive assemblages
were also high, suggesting gradual changes in family control of
generic diversity. Similar patterns occur in the Families-species Rst
(Table 3). An exception is relatively high Rst calculated for the
Petscherkinski and Tajdonski units.

Changes in diversity structure of late-Frasnian–early Tournaisian
bryozoans of Southern Siberia suggest moderately rapid evolution. A
number of higher-ranked taxa, that controlled the diversity of lower-
ranked taxa in the late Frasnian and/or early Famennian, were
similarly important in late Famennian and/or early Tournaisian
assemblages. No catastrophic patterns are documented, except those
established at the Devonian–Carboniferous transition reflected by the
magnitude of the Genera-species Rst. Thus, only the effect of the D/C
mass extinction can be recognized in the regional record of bryozoans
although this effect was weak.

6. Discussion

Transgressions/regressions and deepenings/shallowings might
have been important factors, influencing regional diversity changes
among bryozoans. A comparison of the reconstructed T–R and D–S
curves (Fig. 2) with changes in the total species diversity of bryozoans
(Fig. 3A) suggests a better correlation with the regional D–S pattern.
Diversity rose as basin depth increased at the F/F boundary. Similarly,
late Famennian–middle Tournaisian deepening coincided with rapid
bryozoan diversification. In contrast, it appears that bryozoans were
able to radiate at times of both a weak regression (early Famennian)
and strong transgression (late Famennian–early Tournaisian). Regres-
sion and shallowing in the mid-Famennian coincided with a
remarkable crisis (diversity drop) among bryozoans.

Racki (2005) suggested that a controversy existed in the inter-
pretation of global sea-level changes across the F–F transition. Hallam
and Wignall (1997, 1999) had suggested a eustatic rise, that was later
confirmed by Haq and Al-Qahtani (2005). The end-Devonian
experienced a global sea-level fall according to Hallam and Wignall
(1997, 1999) and Racki (2005), while Haq and Al-Qahtani (2005)
suggested the opposite (i.e., an eustatic peak, although preceded by a
“minor” fall) (Fig. 2). If bryozoans really diversified as deepening
occurred as suggested from Southern Siberia, the global eustatic rises
documented by Haq and Al-Qahtani (2005) may explain why this
group was little affected by the F/F and D/C mass extinctions on a
global scale.

7. Conclusions

The Frasnian–Tournasian bryozoans were diverse in Southern
Siberia. Our calculations suggest that both the F/F and D/C mass
extinctions did not affect diversity dynamics. Species-, genus-, and
family-level diversity did not decline, and no large changes in the
taxonomic diversity structure were observed, except for few minor
exceptions. Thus, the resistivity of bryozoans to the Late Devonian
environmental crises (or the selectivity of the event) is confirmed for a
representative regional record from Southern Siberia. Currently, it
appears that regional changes in basin depth might have affected
bryozoan diversity, causing it to increase as deepening occurred. An
enigmatic mid-Famennian crisis might have been caused by rapid
regression and basin shallowing. One question awaiting further
investigation is whether the mid-Famennian crisis was regional or
global in scale. The global data (Horowitz and Pachut, 2000) indicate
just a slight general diversity decline in the Famennian. A diversity
drop in the middle of this age might contribute to such a decline. To
understand why bryozoans survived both the F/F and D/C extinctions
on a global scale depends strongly on the causes of the catastrophes. If
diversity increased, at least in part, thanks to the eustatic rises, a
preference for deeper basins by bryozoans might adequately explain
their survival. This is another subject for further investigations.
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Introduction

Phanerozoic unconformity-bounded
sequences defined in North America
by Sloss (1963) have led to the devel-
opment of global cycle charts and a
possible eustatic curve (Vail et al.,
1977; Haq et al., 1987). An updated
curve for the entire Phanerozoic has
been recently proposed by Haq and
Al-Qahtani (2005). However, any eu-
static constraints should always be
tested to avoid errors and inconsisten-
cies (Miall, 1992; Hallam, 2001; Catu-
neanu, 2006). Thus, it is sensible to
return to the original concept of Sloss
(1963) and to attempt broad correla-
tion of the unconformities across the
world. Interregional correlations like
those previously performed by Soares
et al. (1978), Petters (1979), Ross
and Ross (1985), Embry (1997) and
Hallam (2001) suggest the efficacy of
such an approach.
During the past decade, new strati-

graphic frameworks have been estab-
lished for the Jurassic and Cretaceous
successions of a number of important
sedimentary basins of Eurasia, Africa,
and America. These provide enough
data to substantiate global-scale sed-
imentation breaks during this time
interval.

Geological setting

To be global, an unconformity should
be present not only in many regions in
the world, but it should also be
traceable in far-located regions with
various tectonic settings and sedimen-
tation types. A number of regions
worldwide with the newly-established
Jurassic–Cretaceous stratigraphic
frameworks have been selected in
order to correlate the Jurassic–Creta-
ceous unconformities (Fig. 1). Their
tectonic settings differed strongly,
which helps to avoid recognition of
unconformities that result from spe-
cific tectonic events. Most of the
above-mentioned basins were domi-
nated by marine sedimentation, except
the non-marine basins of Africa. In
the Neuquén Basin, continental sedi-
mentation since the Late Cretaceous
has been established (Howell et al.,
2005). This permits us to outline the
nearly-global unconformities trace-
able within a broad spectrum of
depositional settings. Good corre-
spondence in stratigraphic architec-
ture between marine and non-marine
strata is not so unusual (Catuneanu,
2006; Ruban et al., in press). In all the
studied regions, the lithological com-
position of the Jurassic–Cretaceous
strata is quite diverse and the total
thickness exceeds several hundreds of
metres.
Available stratigraphic frameworks

for the studied regions allow delinea-
tion of the hiatuses, which are estab-

lished within at least the main part
of each region. These hiatuses mark
regional unconformities. An inter-
regional correlation then becomes
possible. We do not omit regional
unconformities with probable tectonic
origin, because an interregional corre-
lation is itself important for under-
standing the nature of hiatuses.

Correlation of unconformities

Numerous unconformities are recog-
nized, but not one unconformity is
identified within all studied regions
(Fig. 2). However, five nearly-global
unconformities are common for at
least 2 ⁄3 of the studied regions. They
characterize the base of the Jurassic
(T–J), the Tithonian–lower Valangianian
interval (J–K), the Albian–Cenomanian
(K1–K2), the Santonian–Campanian
(S–C), and the Maastrichtian–Danian
(K–T) transitions.
A striking feature of all the above-

mentioned unconformities is their
strong diachroneity. This is especially
significant for the T–J and the J–K
transitional intervals. They cannot be
recognized by any unique surface, but
only by a concentration of regional
hiatuses. Three Cretaceous uncon-
formities seem to be less diachronous.
This diachroneity may have at least
two possible causes, namely (1) errors
in the dating of the unconformity in
given regions, (2) tectonic influence. In
the first case, a diachrony can
be proclaimed as an artefact of the

ABSTRACT

The reality of the global-scale sedimentation breaks remains
controversial. A compilation of data on the Jurassic–Cretaceous
unconformities in a number of regions with different tectonic
settings and character of sedimentation, where new or updated
stratigraphic frameworks are established, permits their corre-
lation. Unconformities from three large reference regions,
including North America, the Gulf of Mexico, and Western
Europe, were also considered. The unconformities, which
encompass the Jurassic-Cretaceous, the Lower–Upper Creta-
ceous and the Cretaceous–Palaeogene transitions are of global

extent. Other remarkable unconformities traced within many
regions at the base of the Jurassic and at the Santonian–
Campanian transition are not known from reference regions. A
correlation of the Jurassic–Cretaceous global-scale sedimenta-
tion breaks and eustatic curves is quite uncertain. Therefore,
definition of global sequences will not be possible until eustatic
changes are clarified. Activity of mantle plumes is among the
likely causes of the documented unconformities.
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stratigraphic analysis. In contrast, tec-
tonic influences are able to create a
true diachroneity. It is possible to
hypothesize two kinds of tectonic
influences. Any given unconformity
may have resulted from the global-
scale tectonic pulse. If so, diachroneity
of such an activity resulted in diach-
roneity of the unconformities. Alter-
natively, an unconformity is resulted
from a global eustatic fall. But the age
of the unconformity corresponds to
the time of such a fall only in those
regions that were tectonically stable.
Tectonic uplift causes the unconfor-
mity to occur earlier, whereas sub-
sidence causes a later unconformity.
It is sensible to correlate the iden-

tified unconformities with those estab-
lished earlier for other regions. We
concentrated our attention to three
such regions. They are Western Eur-
ope, where the principal unconformi-
ties have been used to outline the
major cycles of sedimentation (Jac-
quin and de Graciansky, 1998), North
America, where some key uncon-
formities were used as major sequence
boundaries (Sloss, 1963, 1988) and the

Gulf of Mexico, where Salvador
(1991) identified a number of extensive
unconformities. We observe that the
J–K, the K1–K2, and the K–T uncon-
formities are identified in these refer-
ence regions (Fig. 3). However, only
the oldest is established in all three
regions. Note that two unconformities
relevant to the latter in the Gulf of
Mexico, are not considered by Salva-
dor (1991) among major. Intriguing
are the T–J and the S–C unconformi-
ties. Their global extent is evident
from our correlation (Fig. 2), but it
is difficult to identify them in three
reference regions (Fig. 3). However,
one should take into consideration the
absence of pre-Late Jurassic record in
the review of data from the Gulf of
Mexico by Salvador (1991) and the
presence of the Early Cimmerian
unconformity at the Norian ⁄Rhaetian
boundary.

Sedimentation breaks and eustatic
curves

As the five above-mentioned sedimen-
tation breaks are known from many

regions and can be labelled as poten-
tially-global, they might have been
caused by eustatic drops. We use the
present Phanerozoic curve of Haq and
Al-Qahtani (2005), the curve of Hal-
lam (1988) and Hallam (2001) for the
Jurassic, and the curve by Miller et al.
(2005) for the Late Cretaceous to test
this hypothesis (Fig. 3). The first two
curves are based on the global compi-
lation of data. However, Hallam
(2001) pointed out that the earlier
constraints by Haq et al. (1987) were
based on information from the North
Sea and some European sections. The
curve reconstructed by Miller et al.
(2005) is based on data from the New
Jersey margin, although compared
with those from other regions.
The T–J, the J–K and the K–T

sedimentation breaks corresponded to
the eustatic lowstands depicted by the
curve of Haq and Al-Qahtani (2005).
In contrast, the K1–K2 break coin-
cided with a remarkable global sea-
level rise. The situation at the S–C
transition is unclear, although some
eustatic drops are known from there.
The other curve (Miller et al., 2005)

Regions, correlated
in the study

Regions, used
as a reference

ERP
Ge

EGr

GCB

WS

EuG

APWA NEA

CA

KB
MB

NB

WE

GM

NA

BC

Py

IC

ES

H

I

Fig. 1 Location of regions, considered in this study. ERP – eastern Russian Platform, Ge – Germany, Py – Pyrenees-Basque-
Cantabrian domain, IC – Iberian Cordillera, BC – Betic Cordillera, EGr – East Greenland, WS – West Siberia, ES – East Siberia,
EuG – Euphrates Graben, AP – Arabian Plate, WA – Western Africa, NEA – Northeastern Africa, CA – Central Africa, KB –
Karoo basins, MB – Morondava Basin, GCB – Greater Caucasus Basin, NB – Neuquén Basin, H - Himalayas and adjacent
blocks, I – India, WE – Western Europe, GM – Gulf of Mexico, NA – North America.
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establishes that both the K1–K2 and
the S–C sedimentary breaks corre-
sponded to the prominent global sea-
level falls. However, why are there no
global sedimentation breaks associ-
ated with some other remarkable
eustatic drops, such as those in the
Bathonian (Haq and Al-Qahtani,
2005) or Turonian (Haq and Al-Qah-
tani, 2005; Miller et al., 2005)? In
some regions, we may easily recognize
the unconformities, which correspond
to these eustatic falls (Fig. 2). But in
some other regions, these unconformi-
ties do not exist. This may be ex-
plained by the above-mentioned
tectonic influences. Rapid tectonic
subsidence in some regions did not
allow the unconformities to be formed
during a time of eustatic fall. More-
over, in deep-marine environments,

we do not necessarily see unconformi-
ties caused by the sea-level falls.
Alternatively, those global falls, not
reflected by the presence of wide-
spread sedimentation breaks, are arte-
facts. According to Hallam (2001),
regressions were mostly regional
events, whereas transgressions are bet-
ter traced across the world. If so, one
should be careful interpreting the
eustatic falls. The results of our
unconformity correlations agree with
Hallam (2001), suggesting the
presence of many drops on the global
sea-level curves not reflected by
wide-spread unconformities, but also
question the reliability of proposed
eustatic curves.
If potentially global unconformities

exist, they may be used to outline the
global sequences similar to those

proposed by Haq et al. (1987). How-
ever, it is necessary to remember that a
sequence is bounded by both uncon-
formities and correlative conformities
(Van Wagoner et al., 1988; Catu-
neanu, 2006). If so, sequence bound-
aries may exist at those levels, where
unconformities are not so common
across the globe. Thus, a more precise
reconstruction of global sea-level
changes will permit us to outline the
global sequence boundaries.

Discussion

Although correspondence between
documented sedimentation breaks
and eustatic curves remains contro-
versial, one may emphasize that only
eustasy could cause them. If so, the
next question is what factors would

Fig. 2 The Jurassic–Cretaceous hiatuses in the studied regions. The considered intervals are highlighted as grey. No sufficient data
are available for the rest intervals of some regions, which are shown by white. Bold dark-grey rectangles outline the common
sedimentary breaks. See Fig. 1 for abbreviations.
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control the T–J, the J–K, the K1–K2,
the S–C and the K–T eustatic drops?
Two best candidates are changes in
the ice-volume and tectonics. Data
from Gondwana establish that the
climate was generally warm during
the most of the Cretaceous with a
noted exception at the Jurassic ⁄Cre-
taceous boundary, when temperatures
dropped by about 10 �C (Scotese,
1998; Anderson et al., 1999; Scotese
et al., 1999). A recognizable cooling
took place near the end of the Creta-
ceous (Keller, 2001; Nordt et al.,
2003). Miller et al. (2005) suggested
episodic occurrences of ephemeral
glaciations during the Late Creta-
ceous. Undoubtedly, these cooling
phases were able to cause some
eustatic drops. However, glaciation
episodes are also known from the
Pliensbachian (Morard et al., 2003),

the Callovian (Dromart et al., 2003),
the Early Cretaceous (Alley and
Frakes, 2003) and the Turonian
(Frakes and Francis, 1988; Frakes
and Krassay, 1992; Frakes et al.,
1992), but none of them is associated
with large unconformities. Several
regional hiatuses can be brought into
correspondence with these climatic
episodes (Fig. 2). But why were other
minor cooling phases more important
in producing global-scale sedimenta-
tion breaks? Moreover, relative to the
J–K transition, the present evidence
relies on controversial climatic inter-
pretations for this time (Husinec and
Read, 2007; Zorina and Ruban, 2007).

Tectonic events such as super-
continent amalgamations and break-
ups caused long-term influences on the
global sea level (Miller et al., 2005).
But to explain relatively short-term

sedimentary breaks like those docu-
mented by our study within the Juras-
sic–Cretaceous interval, only abrupt
and intense tectonic processes are
likely. The clue is given by Hallam
(2001) who underlined an importance
of the large-scale plume tectonics for
sea-level changes at the Triassic–
Jurassic transition. The available
record of episodes of mantle plume
activity (MPE) (Abbott and Isley,
2002) permits us to relate the T–J
unconformity with the Central Atlan-
tic MPE, the J–K unconformity with
the Magellan Rise MPE and the
Shatsky Rise MPE, the K1–K2
unconformity with the Alpha Ridge
Plateau MPE, the Hess Rise MPE, the
Kerguelen Plateau MPE, and the
Venezuelan–Columbian MPE, and
the K–T unconformity with the Peary
Land MPE and the Deccan MPE

A
bbot and

Isley, 2002

Fig. 3 Unconformities of reference regions, common sedimentary breaks for the studied regions (grey lines), eustatic fluctuations
and MPEs. The horizontal scales of the eustatic curves are not identical. Each MPE is shown as a range accounting the dating
errors. 1 – Central Atlantic, 2 – Karoo Province, 3 – Ferrar Dolerite, 4 – Magellan Rise, 5 – Shatsky Rise, 6 – Parana–Serra Gelal,
7 – Ontong Java Plateau, 8 – Wallaby Plateau, 9 – Manihiki Palteau, 10 – Alpha Ridge Plateau, 11 – Hess Rise, 12 – Kerguelen
Plateau, 13 – Venezuelan–Colombian, 14 – Broken Ridge, 15 – Rio Grande, 16 – Madagascar, 17 – Peary Land, 18 – Deccan.
Number in brackets means a size of volvanic province (·106 km2). *Salvador (1994) constrained sedimentary cyclicity since the
Late Jurassic.
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(Fig. 3). No plume activity is known
around the Santonian ⁄Campanian
boundary (Abbott and Isley, 2002).
But taking into consideration the
uncertainty in the age of the Venezu-
elan–Colombian MPE, one may sug-
gest its coincidence with the S–C
sedimentation break. Many other
MPEs took place at times, when
no sedimentation breaks occurred
(Abbott and Isley, 2002).
Neither climatic nor tectonic origin

of the Jurassic–Cretaceous sedimenta-
tion breaks should be excluded, but
our knowledge of them remains
incomplete. Moreover, local tectonic
subsidence could have countered their
influences on regional sedimentation.
The above-mentioned considerations
suggest that MPE is a more likely
cause of the potentially global sedi-
mentation breaks.

Conclusions

An attempted correlation of the Juras-
sic–Cretaceous unconformities estab-
lished in a number of regions with new
or updated stratigraphic frameworks
allows recognition of three potentially
global sedimentation breaks, which
occurred at the Jurassic–Cretaceous,
the Lower–Upper Cretaceous and the
Cretaceous–Palaeogene transitions.
The unconformities established at the
base of the Jurassic and at the Santo-
nian–Campanian transition are not
recognized in the reference regions of
Western Europe, North America and
the Gulf of Mexico, but they are
common within those regions consid-
ered herein. Moreover, there are no
unconformities existing within all con-
sidered regions. Five unconformities
mentioned above are diachronous and
their relationships with the eustatic
falls are uncertain, because of the
differences in the global sea-level con-
straints. The Jurassic–Cretaceous
potentially global unconformities
might have been caused by glaciations
or MPE, among which the latter
appears to be a more likely cause.
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of the Hun Superterrane. The mid-Carboniferous unconformity (instead of Hercynian unconformity)
may have resulted from deformation caused by a compressional subduction-initiation phase along
the outer margin of Cimmeria before it broke off in the Middle Permian-Triassic.

DISCUSSION OF THE MIDDLE EAST TERRANES

In this section, we discuss the various plate-tectonic interpretations of the individual Middle East
terranes (Figures 1 and 2). We highlight conflicting interpretations and suggest preferred interpretations
where data and regional considerations allow. The terrane-by-terrane sections follow from present-
day northwest to southeast (Figure 1).

The Pontides and Taurides Terranes

Turkey (Figure 1) presently occupies the active collision zone between the Arabian and Eurasian plates
(Bird, 2003), and interpretations of its Paleozoic history vary from a single terrane to several. Scotese
(2004) positioned Turkey next to the Levant and Egypt (Figures 1 and 2) throughout the Paleozoic and
early Mesozoic, and in the Cretaceous showed it drifting northwards until it collided with Eurasia in
the middle Cenozoic (c. 30 Ma). Similar single-terrane models involving only Mesozoic rifting were
adopted by others (e.g. Grabowski and Norton, 1995; Sharland et al., 2001).

Göncüöglü and Kozlu (2000) separated Turkey into the northern Pontides and southern Taurides by a
Paleozoic ocean that closed in the Carboniferous. They correlated post-collisional granitoids and
suggested that the Taurides was originally Gondwanan. As discussed earlier, Sengör (1990, Figure 11)
considered the Pontides (and Kersehir) and Taurides (Menderes-Taurus) terranes to be parts of two
Cimmerian ribbons with the intervening Neo-Tethys (Inner Taurides) Ocean.

Several authors, however, interpreted the Pontides as Hunic and the Taurides as Cimmerian (Figures
6 and 7; Stampfli et al., 2001; Cocks and Torsvik, 2002). Moreover, based on a detailed analysis of
foraminiferal paleobiogeography and plate tectonic review, Kalvoda (2002) concluded that Turkey
was Laurussian, rather than Gondwanan. An investigation of the Carboniferous (Viséan) foraminiferal
and algal paleobiogeography suggests that the Taurides was located along the northwestern border of
the Paleo-Tethys (Okuyucu and Vachard, 2006).

Therefore it appears that the Paleozoic paleopositions of the main Pontides and Taurides terranes of
Turkey remain unresolved in the literature. As discussed above, we favor the interpretation of these
two terranes as Cimmerian and specifically within the regional context of the mid-Carboniferous
subduction-arc complex (Figure 11, Sengör, 1990; Xypolias et al., 2006).

The Caucasian Terranes

The Greater Caucasus terrane is presently located south of the Russian Platform (Gamkrelidze, 1997;
Tawadros et al., 2006) (Figures 1 and 2, i.e. Baltica), and its Paleozoic sedimentary complexes crop out
in the central Greater Caucasus Mountains (Ruban, 2006). Paleontological data from Silurian (Ludlow)
carbonates (bivalve and ammonoid assemblages, Bogolepova, 1997), Pennsylvanian paleobotanical
data (Anisimova, 1979), and middle and upper Paleozoic paleomagnetic data (Shevljagin, 1986) suggest
that the Greater Caucasus was not a part of Baltica, as traditionally proposed (e.g. Laz’ko, 1975;
Bykadorov et al., 2003). The faunal and floral assemblages, as well as the lithostratigraphic architecture,
are similar to those of Hunic Perunica and Carnic Alps (Central and Alpine Europe, Figures 2 and 7).
Moreover, its lower Silurian mainly clastic and volcaniclastic succession resembles that of the Hunic
margin of the Paleo-Tethys.

In the Middle-Late Devonian (until Famennian) about 4,500 m of mixed volcaniclastics and volcanic
rocks were deposited in the Greater Caucasus (Kizeval’ter and Robinson, 1973). The volcanic activity
may have been due to tectonism between the Greater Caucasus and other Hunic terranes. Alternatively,
the magmatic activity may have been associated with the closure of the Rheic Ocean (Stampfli and
Borel, 2002; Figure 6). We therefore follow Tawadros et al. (2006) in assigning the Greater Caucasus to
the Hun (probably Cordillera) Superterrane.
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The early Paleozoic location of the Greater Caucasus before the Hunic breakaway is uncertain. Tawadros
et al. (2006) positioned it along the African-Arabian margin of Gondwana, but without constraining
data. In the mid-Paleozoic, it was located near the easternmost extremity of the Hun Cordillera terranes
with westward strike-slip dislocation along the northern Paleo-Tethys Shear Zone in the Carboniferous
- Middle Triassic, and eastward dislocation in the Late Triassic - Early Jurassic (not depicted in figures
in this paper). Such a late Paleozoic to Mesozoic shear zone may have stretched along the southern
margin of Laurussia and connected with an intra-Pangean shear zone (Arthaud and Matte, 1977;
Swanson, 1982; Rapalini and Vizán, 1993; Lawver et al., 2002; Stampfli and Borel, 2002; Bykadorov et al.,
2003; Vai, 2003; Garfunkel, 2004; Natal’in and Sengör, 2005; Ruban and Yoshioka, 2005; Tawadros et al.,
2006).

Stampfli and Borel (2002) positioned Kazakhstan (or parts of it) along the easternmost part of the Hun
Superterrane suggesting proximity to the Greater Caucasus in the Devonian. Available paleontological
data does not support this suggestion. The trilobite species Paciphacops occurs in the upper Silurian to
Lower Devonian strata and its distribution encompasses the circum-Pacific (Merriam, 1973; Wright
and Haas, 1990; Ramsköld and Werdelin, 1991; Edgecombe and Ramsköld, 1994). Its presence in
Kazakhstan (Maksimova, 1968) and absence in Europe suggests the former was located on the margin
of the Panthalassic Ocean, i.e. too far to be Hunic. This is also confirmed with other paleontological
data (Blodgett et al., 1990; Campbell, 1977; Chlupác, 1975; Kobayashi and Hamada, 1977; Maksimova,
1972; Ormiston, 1972; Perry and Chatterton, 1976; Pedder and Oliver, 1990; Pedder and Murphy, 2004).

The Lesser Caucasus (Transcaucaus) terrane is presently located south of the Greater Caucasus, and
north of Turkey and Iran (Figures 1 and 2). Interpretations based chiefly on paleomagnetic and
paleontological data (Lordkipanidze et al., 1984; Gamkrelidze, 1986), indicate that it was apparently a
separate terrane. It appears to have drifted northwards together with Cimmeria (“Iran-Afghan”
microcontinent of Gamkrelidze). In the absence of conflicting evidence, we assign the Lesser Caucasus
to Cimmeria. We also conclude that the paleopositions of the Caucasus along the margin of Gondwana
or within the two superterranes remain unconstrained.

East Turkey, Northwest Iran and Alborz Terranes

The Eastern Turkey, Northwest Iran and Alborz regions are inconsistently interpreted in published
reconstructions. Sengör (1990) interpreted Eastern Turkey as a Neo-Tethyan accretionary prism.
Northwest Iran is considered Cimmerian and similarly depicted by several authors (e.g. Sengör, 1990;
Sharland et al., 2001), but is sometimes referred to as the Alborz terrane by others (Stampfli et al., 2001;
Torsvik and Cocks, 2004). In this review we consider Northwest Iran and Alborz as separate terranes
(Figures 1 and 2).

Based on paleobiogeographic studies, Kolvoda (2002) suggested that the Alborz terrane was a part of
the late Paleozoic Laurussia Supercontinent. Angiolini and Stephenson (in press), based on a re-
examination of early Permian (Asselian-lower Sakmarian) brachiopods of the lower Permian Dorud
Formation in the Alborz Mountains and a new study of palynomorphs from the same formation, also
concluded that there is little affinity with Gondwana and the peri-Gondwanan region. Brachiopod
fauna shows affinities with those of Baltica (Urals and of the Russian Platform), and to a lesser extent
to the Trogkofel Limestone (Carnic Alps) in the west. The palynomorph assemblage is completely
different from those recorded from the Asselian-Sakmarian Granulatisporites confluens Biozone, which
is ubiquitous in the Gondwana region. L. Angiolini (2007, written communication) and coworkers,
based on their studies and published data, concluded that the Alborz, Northwest and Central Iran
remained adjacent to one another throughout most of the Paleozoic. This is reflected by the continuity
and common evolution of their Paleozoic sedimentary rocks, and uniform distribution of biota. They
attribute the similarity of the fossil record to the Urals to surface currents and the low latitudinal
position of the Iranian terranes.

In summary, Eastern Turkey may not have been a Paleozoic terrane. The Alborz, Northwest and Central
Iran terranes were apparently adjacent to one another. Their paleobiogeographic signature suggests a
Laurussian affinity, but in the absence of more definitive data we follow most authors and assign them
to the Cimmerian Superterrane.
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Sanandaj-Sirjan Terrane

The Sanandaj-Sirjan terrane (Figures 1, 2, 4 to 11) was attached to the Zagros Mountains (and the
Arabian Plate) until it broke off as part of Cimmeria in the mid-Permian - Triassic (Berberian and King,
1981; Sengör, 1990; Grabowski and Norton, 1995; Stampfli et al., 2001; Sharland et al., 2001; Scotese,
2004). Most authors show the Paleozoic position of Sanandaj-Sirjan adjacent to the Zagros Suture,
effectively implying that today it occupies the same approximate position as 250 million years ago.
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Figure 11: Plate-tectonic reconstruction of the Early Triassic (modified after Sengör, 1990). Sengör
interpreted the breakaway of the Cimmeria Superterrane to consist of three ribbons that detached
at different times from Pangea. L. Angiolini (2007, written communication) and coworkers believe
that this model is probably valid although it is very difficult to prove in detail. For example, their
data suggests that the Helmand terrane may have been attached to the middle ribbon. Sengör
interpreted the embryonic Neo-Tethys Ocean to consist of several seaways: Inner Taurides, Zagros-
Oman, an unnamed sea south of Oman, Himalayan and Waser/Rushan-Nu Jiang. A subduction-arc
complex is interpreted along the Paleo-Tethyan margin adjacent to the Sanandaj-Sirjan terrane and
possibly extending further to the southeast and west. The initiation of subduction in mid-
Carboniferous times may have caused the epeirogenic swells and compressional faulting in the
Arabian Plate.
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This seems remarkable as it was involved in the opening and closing of the Neo-Tethys Ocean. During
the opening it may have subducted the Paleo-Tethys (Sengör, 1990), and during its closing, the Neo-
Tethys (Ghasemi and Talbot, 2005).

Central Iran

Sengör (1990) divided the Central Iran microplate into the Lut, Tabas and Yazd blocks (Figure 11).
Other authors consider Central Iran and Lut as synonyms (Stampfli and Borel, 2002; von Raumer et
al., 2002, 2003; Torsvik and Cocks, 2004; Scotese, 2004; Golonka, 2004); or two neighboring terranes:
Central Iran and Lut, or Yazd and Lut (e.g. Sharland et al., 2001; Stampfli et al., 2001). We adopt Sengör’s
Central Iran terrane and follow others by considering it as Cimmerian.

Zagros Mountains and Makran Region

The Zagros Mountains region in southwest Iran forms a part of the Miocene-Pliocene collision zone
between the Arabian and Eurasian plates  (Figure 1). This region was a part of the Arabian Plate from
the late Neoproterozoic to the present-day (Berberian and King, 1981; Sepehr and Cosgrove, 2004).
During the Permian-Triassic (Figures 10 and 11), the opening of the Neo-Tethys Ocean along the Zagros
Suture Zone was accompanied by normal faulting and horsts and graben systems (Sepehr and Cosgrove,
2004).

South of the Zagros Mountains, the Makran region in Iran and Pakistan (Figure 1) consists of the Inner
Makran ophiolites and the Cenozoic Makran and Saravan accretionary prisms (McCall, 1997, 2002,
2003). This region is associated with the NE-directed subduction of the Gulf of Oman oceanic crust (a
remnant of the Neo-Tethys Ocean) beneath Iran. The Makran core may have amalgamated with Central
Iran and Sanandaj-Sirjan during the Triassic (McCall, 2003). Therefore, Makran may have formed a
part of Mesozoic Cimmeria.

Helmand and Farah Terranes

Afghanistan, western Pakistan and southeast Turkmenistan are cored by the southern Helmand and
northern Farah terranes and considered Cimmerian (Figures 1 and 2; Sengör, 1990; Sharland et al.,
2001; Stampfli et al., 2001; Golonka, 2004). Scotese (2004) adopted Sengör’s (1990) model showing
Helmand and Farah formed parts of two Permian-Triassic ribbons (Figure 11). Together with Karakoram
in north Pakistan, the Farah and Helmand terranes are considered Cimmerian.

CONCLUSIONS

Recent publications that interpreted the Paleozoic tectonic units of the Middle East and their
paleopositions were reviewed in the global context of supercontinents and exhumed vast oceans, to
individual terranes. Adjoining the Arabian and Levant plates, ten Paleozoic Middle East terranes were
apparently involved in the evolution of the Gondwana and Pangea margins and the Hun and Cimmeria
superterranes. The Cimmerian terranes that broke off from Gondwana in mid-Permian - Triassic appear
to have been: (1 and 2) Turkey’s northern Pontides and southern Taurides; (3 to 6) Alborz, Central Iran
(Lut, Tabas and Yazd), Sanandaj-Sirjan and Northwest Iran; (7 and 8) Helmand and Farah of
Afghanistan, western Pakistan and southeast Turkmenistan; and (9) the Lesser Caucasus. The Greater
Caucasus may have been Hunic.

The Caledonian and Hercynian orogenies occured far away from Arabia. Correlation between these
two orogenies and deformations in Arabia can be misleading. They imply that far-field stresses were
transmitted many thousands of kilometers from the orogenic fronts to Arabia’s crust. The terms
Caledonian and Hercynian should not be applied to the tectonic evolution of Arabia. Instead two
significant and more proximal tectonic events were identified as possible near-field sources of regional
deformation. The mid-Silurian breakaway of the Hun Superterrane is identified as a candidate that
may be related to the mid-Silurian to Middle Devonian (middle Paleozoic) uplift in North Arabia and
possibly Oman. The initiation of subduction, which could have preceeded the mid-Permian - Triassic
breakaway of Cimmeria, is considered a possible force for the regional mid-Carboniferous faulting
and epeirogenic deformation in Arabia.

 
 
 



Ruban et al.

52

Middle East plate-tectonic models require much more data and investigations if they are to be firmly
constrained. The first step is to adopt common boundaries and names for the terranes, not only for the
Middle East, but also of those in Asia and Europe (Figures 1 and 2). The second step requires constructing
a regional tectono-stratigraphic framework that crosses from the interior of the Arabian Plate and its
outer margins (Oman, Zagros, North Iraq, Syria and Southeast Turkey) to the ten and possibly more
Middle East terranes. The framework requires correlating stratigraphic rock units that are much better
constrained by age (biostratigraphy), paleontology and tectonics. Additionally, paleomagnetic and
age data, together with the descriptions and interpretations of volcanic rocks could better clarify many
aspects of the tectonic events.
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Mesozoic marine fossil diversity and mass extinctions : an experience with the 
middle XIX century paleontological data

Dmitry A. RUBAN1

Abstract
The recalculation of the paleontological data of A. dʼORBIGNY on the marine fossils distribution within the Mesozoic stages was 
attempted. About 18.000 species and 1200 genera were accounted. It was surprisingly found that fossils diversity changes constrained 
with the 150 years old data seem to be enough similar to ones calculated with the recent data. Most of the Mesozoic mass extinctions 
might be identified in the middle of the XIX century. That means the leading role in the growth of paleontology belongs not only to the 
data collecting, but to the analytical approach developments.

Key words
Diversity, mass extinctions, catastrophism, fossil record, completeness, Mesozoic.

1. INTRODUCTION

Thanks to the excellent compilations of SEPKOSKI (1982) 
and his co-workers (e.g., SEPKOSKI et al., 1981) we obtained 
a real basis to discuss the fossil diversity changes and 
particulary such outstanding events in geological history 
as mass extinctions. Later biodiversity trends were 
several times updated (BENTON, 1995 ; PETERS & FOOTE, 
2001 ; SEPKOSKI, 1993 ; SIGNOR, 1985). Meantime, the data 
are still incomplete and they will be much enlarged and 
improved later ; e.g., recently only ~10-15% of Paleozoic 
megafossils were described (BOUCOT, pers. comm.). 
Therefore, a question arises : what may be changed 
in our imaginations on the diversity changes and the 
mass extinctions due to further paleontological studies? 
One of the possible way to answer it is to compare the 
estimations of fossil diversity changes based on recent 
and past data compilations. This also allows to clarify 
what could do the paleontologists with their data more 
than a hundred years ago. Such retrospective analyses 
were already attempted few times with other data (e.g., 
PADIAN & CLEMENS 1985 ; SMITH, 2001).
In the middle of the XIX century an “explosion” in 
the paleontological studies began. The first really 
comprehensive data compilations were appeared. One of 
the best attempt was made by Alcide dʼORBIGNY, whose 
contributions to studies of all principal fossil groups are 
enormous. His “Prodrome...” (ORBIGNY, 1850a, b, 1852) 
was a complete reference of the fossil distribution for the 
1850s.

The main goal of this article is to analyze the Mesozoic 
marine fossil total diversity recalculating the data of A. 
dʼORBIGNY and then to compare results with the present 
knowledge on the marine biodiversity changes in the 
Earthʼs history.

2. MATERIALS AND METHODS

The dʼORBIGNYʼs “Prodrome...” contains information on 
about ~18.000 species and ~1200 genera of bivalves, 
brachiopods, bryozoans, echinoids, foraminifers, etc. 
Although not all fossil groups were accounted, it is 
possible to assume these data characterized enough 
representatively the whole marine biodiversity. The 
main difficulty to analyze them is connected with the 
misunderstanding of the time intervals used. Finally 
it was decided to concentrate the attention only on the 
Mesozoic (and Danian), which stages may be more 
evidently attributed to the present subdivisions.
The “database” of dʼORBIGNY allows to analyze total 
species and genera diversity per stages (TSD and TGD 
respectively).

3. MARINE FOSSIL DIVERSITY IF ANALYZED 
IN THE XIX CENTURY

TSD as it might be analyzed by dʼORBIGNY quickly 
accelerated in the Triassic (Fig. 1). In the average it 

 
 
 



stayed at the same level until the mid-Cretaceous, when 
a new significant rise began. An abrupt decrease of the 
species number occured in the Danian. But the taxa 
quantity significantly fluctuated through the Mesozoic. 
The most intense TSD drops are documented for the 
beginning of the Jurassic, in the Callovian, in the end 
of Late Jurassic, in the Aptian and Turonian. Some long 
intervals corresponded to the several stages of the recent 
chronostratigraphical scale were defined by dʼORBIGNY as 
unique stages (Conchylian and Saliferian in the Triassic, 
Neocomian and Senonian in the Cretaceous). Therefore, 
it is impossible to discuss the TSD changes in detailes at 
them. Moreover, the diversity peaks observed for some 
of them should be reduced after their differentiation into 
the several distinct stages.
TGD changes are comparable with above mentionned 
patterns of TSD (Fig. 2). Only minor differencies may 

be documented. All the diversity drops established for 
species have also been recorded for genera.

4. DISCUSSION

Letʼs imagine that Alcide dʼORBIGNY analyzed marine 
fossils diversity in the middle of the XIX century. 
Results he received were not surprising for him and his 
contemporaries. They well coincided with the concept of 
“catastrophism” wide spread that times. Abrupt changes 
may easily be attributed to the catastrophic events in the 
Earthʼs history, which led to the disappearance of fossils. 
Just note, in reality the understanding of the Earthʼs 
history of dʼORBIGNY fluctuated between CUVIER and 
LAMARCK (LAURENT, 2002), i.e. between “catastrophism” 
and “evolutionism”. But finding intervals of fossils 
disappearance, he had to chose the first concept without 
any doubts. This might turn all the further development 

Fig. 1 : The total species diversity changes in the Mesozoic 
calculated with the data of ORBIGNY (1850a, b, 1852).

Fig. 2 : The total genera diversity changes in the Mesozoic 
calculated with the data of ORBIGNY (1850a, b, 1852).
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of paleontology and geology. It is difficult to say was it 
good or bad, but none of these events mentionned above 
occurred in real history.
And are results of dʼORBIGNYʼs data recalculation 
surprising for us ? Both negative and positive answers 
are possible.
As we know enough much on the global fossils diversity 
(PETERS & FOOTE, 2001 ; SEPKOSKI, 1993) and on the mass 
extinctions (COURTILLOT, 1999 ; HALLAM & WIGNALL, 
1997 ; RAUP, 1993 ; RAUP & SEPKOSKI, 1982) the results of 
dʼORBIGNY ʻs data recalculation seem not to be surprising 
for us. The diversity increase in the Triassic may be 
interpreted as a recovery after the mass extinction at 
the Permian/Triassic boundary. The diversity drops in 
the beginning and the end of Jurassic, in the Aptian and 
Turonian are corresponding well to the Triassic/Jurassic, 
Jurassic/Cretaceous, Early Aptian and Cenomanian/
Turonian mass extinctions. Finally the significant drop 
of TSD and TGD in the Danian seems to be a result 
of famous K/T event. The unique unusual event is a 
diversity drop in the Callovian, which can be explained 
by the incompleteness of dʼORBIGNY ʻs data.
On the other hand, the results of our recalculation are very 
surprising : all Mesozoic mass extinctions (except one 
during the Early Toarcian) could be documented 150 years 
ago – even such short-termed events as recorded in the 
Early Aptian and at the Cenomanian/Turonian boundary. 
In fact, the intensity of mass extinctions recorded by the 
“past” data is uncomparable with estimated at now ; also 
the relation of strength between distinct extinction events 
differs from one established today (PETERS & FOOTE, 
2001). This is caused by the high degree of dʼORBIGNYʼs 
data incompleteness (absence of many taxa found later, 
taxonomical errors, restriction to the Western Europe, 
stratigraphical uncertainties, etc.). But even that fact, 
many of presently stated events might be recorded in the 
middle of the XIX century, is too significant itself.
It was pointed out above dʼORBIGNY accounted ~1200 
genera, while SEPKOSKI - ~36.000 ones. This means the 
quantity of paleontological data increased in 30 times 
during the century and a half, although the results of 
recalculations are somewhat similar. Anyway this seems 
to be possible, because dʼORBIGNY evidently collected 
data on the most common taxa. Further studies led to 
the relatively uniform increase of the paleontological 
information for each interval.
It is interesting, SMITH (2001), comparing results of 
PHILLIPS (obtained in 1860s) to ones of SEPKOSKI (1993) 
and BENTON (1995), also stated enough high similarity 
between their curves.
Now we can try to answer the question outlined in the 
beginning (see Introduction). It is possible, that even 
very significant enlargement and improvement of 
paleontological data in the future may not lead to the 
great changes in our principal imaginations on the marine 
fossil diversity changes and the mass extinctions, although 
many new detailes will become clear. The development of 

a science needs something more than a collecting of data, 
and evidently in the future paleontologists could do much 
more interesting analyses using even our present data. 
Perspectives of the fossil record exploration lie mostly in 
the area of development of the analytical techniques (see 
also JABLONSKI, 1999).
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Abstract

The Early–Middle Jurassic foraminiferal assemblages of the Northwestern Caucasus, including a total of 315 species

and 68 genera, were analysed to establish the principal diversity patterns at substage level of resolution. An overall

conclusion is that the number of species varied significantly in contrast to the number of genera. The most diversified were

Late Sinemurian–Pliensbachian, Late Toarcian–Early Aalenian, and Late Bajocian assemblages. Significant diversity drops

have been documented in the Early Toarcian and in the Middle Aalenian. The first of them corresponds to the well-known

mass extinction, which regionally was initiated in the Pliensbachian and terminated when rapid Late Toarcian

diversification began. The second event could be considered as a regional evidence of a new mass extinction that

appeared in the Middle Aalenian and was most likely associated with the Aalenian/Bajocian regional anoxic event also

recorded in the Carpathian part of the Western Tethys. The most intense foraminiferal turnovers took place in the Toarcian,

and in the Middle Aalenian–Early Bajocian. The Lazarus-effect in spite of its high value has not much influenced the

estimation of principal diversity trends.
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1. Introduction

Evolution of the Early–Middle Jurassic marine

biota in response to palaeoenvironments is a

significant subject to be studied with the help

of microfauna. Foraminifera are especially useful

microfossils in such studies due to their relatively

high diversity, widespread occurrence, and a high

preservation potential. Early–Middle Jurassic
laeoecology 222 (2005) 329–343
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assemblages dominated by benthic foraminifera of

the suborder Lagenina were far from actualistic

assemblages known from Late Cretaceous, Tertiary

or Recent oceans. At the same time, several new

foraminiferal lineages appeared, including plank-

tonic foraminifera, that dominated post-Jurassic

assemblages. Our recent knowledge on Jurassic

foraminifera from the Western Tethyan and and

Boreal realms is already considerable. Neverthe-

less, data of comparable quality and resolution are

still not available that is especially evident in the

taxonomic data from Western and Eastern Europe.

First attempts summarizing global dynamics of

Jurassic foraminifera based on genera and higher

taxonomic levels were presented by Tappan and

Loeblich (1988), and later by Basov and Kuznet-

sova (2000). The problem appears when we try

to compile data at species level at the species

level from different palaeogeographic areas. In

this case, the best method is to focus on selected

areas and look at dynamics at regional scales.

The next step would be to compare different
Fig. 1. Geographical location of the NW Caucasus (paleogeographic base

areas shaded.
faunal dynamics from all available palaeogeo-

graphic areas.

The Caucasus seems to be a promising region

for analyzing dynamics of Early–Middle Jurassic

foraminiferal assemblages (Figs. 1 and 2). Their

record, including over 300 species, in north-west

Caucasus is substantial (Antonova, 1958, 1962,

1975; Antonova and Pintchuk, 1991; Alieva et al.,

1991; Antonova et al., 2000; Mamontova, 1956,

1957; Rostovtsev et al., 1992). Currently used

foraminiferal regional biozonation (Alieva et al.,

1991; Antonova and Pintchuk, 1991; Rostovtsev et

al., 1992) is characterized by resolution compara-

ble with that of brachiopods or even ammonites

(Fig. 2; see Rostovtsev et al., 1992). Moreover,

due to the lack of uniform macrofaunal record, it

becomes especially significant for both stratigraph-

ical and palaeoenvironmental studies (Ruban,

2002a).

This paper presents an attempt of quantitative

analysis of the Early–Middle Jurassic foraminifers

from the North-western Caucasus with a view to
map is modified from Owen, 1983; Dommergues et al., 2001). Land



Fig. 2. Stratigraphy of the Lower–Middle Jurassic deposits of the NW Caucasus (zones after Alieva et al., 1991; Antonova and Pintchuk, 1991;

Rostovtsev et al., 1992, with slight modifications).
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obtain regional trends in taxonomic diversity dynam-

ics and to evaluate possible influences of the global

mass extinctions.
2. Geological setting

2.1. Lithostratigraphy

The studied area (Fig. 1) represents the western

part of the Labino–Malkinskaja tectonic zone, which

was incorporated into the active structures of the

Northwestern Caucasus (Lordkipanidze et al., 1984;

Meister and Stampfli, 2000).

The deposits of the Early–Middle Jurassic

interval have already been investigated (Krymholz,

1972; Prosorovskaja, 1979; Rostovtsev et al., 1992;
Granovskij et al., 2001; Ruban, 2002a). They are

subdivided into 5 formations (Figs. 2 and 3)

(Prosorovskaja, 1979; Rostovtsev et al., 1992).

The Bugunzhinskaja Formation (Upper Sinemur-

ian–Lower Pliensbachian) consists of sandstones

and dark-grey claystones up to 150 m thick, with

calcareous interbeds. A hiatus embraces the middle

part of the Pliensbachian. It is overlain by the

terrigenous Tchubinskaja Formation (Upper Pliens-

bachian), 300–350 m thick. A hiatus on the top

corresponds to the uppermost Pliensbachian–lower-

most Toarcian. Above the hiatus, the Bagovskaja

Formation (Lower–Middle Toarcian) starts with

conglomerates (mixed grains of different size) and

succeeding sandstones with intercalations of clay-

stones, altogether about 700–800 m thick. There

follows the Tubinskaja Formation (Middle Toar-



Fig. 3. Composite lithologic section of the Lower–Middle Jurassic and relative sea-level changes in the NW Caucasus compared to the global

eustatic curve (after Hallam, 1988). 1—conglomerates, 2—sandstones, 3—siltstones, 4—claystones, 5—limestones, 6—siderite concretions.
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cian–Middle Aalenian) consisting of dark grey to

black shaly claystones, so-called bblack shalesQ, up
to 1800 m thick. A hiatus, probably corresponding

to a middle part of Aalenian, separates the deposits

of the Tubinskaja Formation from the deposits of

the Dzhangurskaja Formation (uppermost Aalenian–

lowermost Lower Bathonian). This formation is

represented by a 1 m thick pinkish detrital

crinoidal limestone, followed by dark claystones

and siltstones (altogether up to 1000 m thick).

These dark grey to black claystones and siltstones

of all levels contain siderite concretions and

dispersed pyrite grains (Granovskij et al., 2001;

Rostovtsev et al., 1992; Ruban, 2002a). An

interval, corresponding to a major regional hiatus,

covers a considerable part of the Bathonian. The

terrigenous Callovian deposits overly older deposits

with the angular unconformity.
2.2. Biostratigraphy

An ammonite zonation was developed for the

Caucasus by Rostovtsev et al. (1992). Regional

zones are cited below to facilitate the interregional

correlation of the units used in this paper. None

zones were established in the Sinemurian. This

ammonite zonation is quite limited within the

Pliensbachian to: Uptonia jamesoni (upper part of

the Bugunzhinskaja Formation), Tragophylloceras

ibex and Amaltheus margaritatus zones (Tchubin-

skaja Formation, although foraminifers suggest that

relation of its lower part to the T. ibex Zone is

doubtful) were defined in successive order, but

sedimentary gaps exist between them. Further 7

regional zones were defined in the Toarcian:

Dactylioceras semicelatum, Harpoceras falciferum,

Hildoceras bifrons (Bagovskaja Formation), Haugia
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variabilis, Grammoceras thouarsense, Dumortieria

pseudoradiosa, Pleydellia aalensis (lower part of

Tubinskaja Fm). Aalenian zones include Leioceras

opalinum, Ludwigia murchisonae (upper part of the

Tubinskaja Formation) and Graphoceras concavum

(not well established in NW Caucasus). The follow-

ing zones were defined in the Bajocian: Hyper-

lioceras discites, Witchellia laeviuscula, Otoites

sauzei, Stephanoceras humphresianum, Strenoceras

niortense, Garantiana garantiana, Parkinsonia par-

kinsoni. A single unit represented by the Parkinsonia

würtembergica Zone was established in the base of

Bathonian. Both Bajocian and Bathonian zones are

attributed to the Dzhangurskaja Formation. A

detailed correlation of ammonites-based zones of

the Caucasus and reference regions of Western

Europe is in progress now, but a preliminary

comparison to Spanish (Sandoval, pers. comm.

2004) and French sections indicate their utility for

the chronostratigraphical correlation.

Regional biozonation has been developed based on

the studies of foraminiferal assemblages from the

Lower and Middle Jurassic of the NW Caucasus

(Alieva et al., 1991; Antonova and Pintchuk, 1991;

Rostovtsev et al., 1992). All units identified were

proposed as bzonesQ or bbeds withQ. In fact, they are

abundance (acme)-assemblage zones (sensu Salvador,

1994). This zonation is linked to the chronostratig-

raphy of the Early–Middle Jurassic (Fig. 2). It was

finally done by Antonova and Pintchuk (1991), who

established correlations between the regional zonation

and other, mostly European, regions. This zonation is

directly attributed to the formations (Rostovtsev et al.,

1992). In this paper, we generally accept proposed

stratigraphical framework except for the Aalenian–

Bajocian transition. Brachiopods suggest the lowest

horizons of the Dzhangurskaja Fm may be related to

the Upper Aalenian (Ruban, 2003). Therefore, we

extended the lower boundary of the Bj1 foraminiferal

zone a little downwards (see Fig. 2).

Foraminifers have a larger potential in the NW

Caucasus for the development of the regional Lower–

Middle Jurassic biostratigraphy than ammonites

(Ruban, 2002a). Additionally their record is more

uniform, while ammonites often are restricted to the

relatively short intervals within the stratigraphic

succession. We would like to stress that the presented

regional foraminiferal zonation (Fig. 2; see Rostovt-
sev et al., 1992) has just local or regional value limited

to the NW Caucasus. Foraminifers have been used to

correlate a large number of small outcrops presenting

several meters thick sections. Comparison of the NW

Caucasus to different Tethyan and Boreal areas would

be possible after verification of all described fora-

miniferal taxa.

2.3. Palaeogeography and palaeoenvironment

The studied basin (Fig. 1) was located at the

northern Tethyan periphery in the Early–Middle

Jurassic (Lordkipanidze et al., 1984; Meister and

Stampfli, 2000). The deposits mentioned above

accumulated in a marine sedimentary basin, which

was relatively warm during the whole Early and

Middle Jurassic interval except for the Early

Aalenian when palaeotemperatures probably dropped

to ~10 8C (Jasamanov, 1978). Marine transgressions

occurred during the Sinemurian–Early Pliensbachian,

Early–Middle Toarcian and Early Bajocian intervals,

while regressions took place at the end of Pliensba-

chian, in Middle Aalenian, and in Middle–Late

Bajocian (Fig. 3). The bblack shalesQ possibly have

been accumulated on the shelf margin (Granovskij et

al., 2001). Their sedimentologic characteristics, such

as coloration, abundant siderite concretions, and

synsedimentary and/or early diagenetic pyrite miner-

alization suggest deposition under dysoxic to anoxic

conditions.

We suppose that the silled basin model best

describes conditions and sluggish circulation in such

a stratified dysoxic basin (see Bernoulli and Jenkyns,

1974; Wignall, 1994) recorded in the Lower–Middle

Jurassic of North-west Caucasus. Large terrestrial

areas under a wet or at least seasonally wet climate

surrounded the basin in Early Jurassic (e.g., Hallam,

1994). Sedimentation of the described above thick

deposits took place in a tectonically active basin with

a relatively high subsidence. These conditions are

probably responsible for a relatively high average

sedimentation rate calculated at 10–15 cm/ka.

A general palaeogeographical position of NW

Caucasus is still under debate due to the lack of

high-quality data on all faunal groups. Dommergues

(1987) locates this area within the Euro–Boreal

domain, while Westermann (2000) considers it as a

part of the Tethyan Realm. It seems, however, that this
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region shows some transitional features between both

realms.
3. Materials and methods

Several reviews of the Early–Middle Jurassic

foraminiferal data from the NW Caucasus were

presented (Alieva et al., 1991; Antonova and

Pintchuk, 1991; Rostovtsev et al., 1992; Antonova

et al., 2000). They include both biozonation develop-

ment, interregional correlations and taxonomic

descriptions. This paper is based on the comprehen-

sive information on biostratigraphic ranges of all 315

recorded species within this region, refereeing to the

established foraminiferal zones. These data, presented

in sources mentioned above, were compiled by

Antonova, Zozulja and Pintchuk, and provided with

permission by T.N. Pintchuk (see Appendix). The data

were obtained from hundreds relatively small sections

and available boreholes. Unfortunately, the NW

Caucasus lacks extensive continuous sections, thus,

the generalized data are used for analysing diversity

trends instead of studying them in selected type

sections. Most explanatory data on sampled horizons

were already presented by Alieva et al. (1991), as well

as, Antonova and Pintchuk (1991).

Among different measures of diversity usually

chosen to be analysed (see Buzas, 1979), the most

significant are: total diversity (total number of

species or genera), appearance, disappearance, orig-

ination and extinction rates, number of singletons

(sensu Foote, 2000), as well as two indices used to

estimate rates of association changes (Ruban, 2001,

2002a).

Making a distinction between the terms bappea-
ranceQ and boriginationQ, and bdisappearanceQ and bex-
tinctionQ is necessary because of a high amount of the

so-called Lazarus-taxa (Flessa and Jablonski, 1983;

Jablonski, 1986; Wignall and Benton, 1999; Fara,

2001). If a break in a taxon range is recognized, this

taxon may appear or disappear several times, while

only once it can be originated or go extinct forever. To

avoid the Lazarus-effect, it is also necessary to

recalculate data accounting for possible presence of

taxa at intervals corresponding to their temporal

absence in the fossil record. This way we document

only the highest probable value (HPV) of this effect. If
the Lazarus-effect were connected with the real

temporal disappearance (regional or global) or migra-

tion, and not with the incompleteness or defects of

fossil record, the break in a taxon regional range would

be real. In this case we would consider disappearances

as extinctions and appearances as originations. In fact,

we can hardly conclude unequivocally, what is the

nature of the Lazarus-effect (especially when analysing

regional data). Considering the Early–Middle Jurassic

foraminifers from the NW Caucasus, their Lazarus-

effect seems to be an effect of incompleteness of the

fossil record, so the HPV possibly is not so different

from the real effect value.

Evaluation of the number of appearances/origi-

nations in the first (lowermost) zone within the

succession is not possible because there is no data on

the preceding zone to compare. The disappearances/

originations in the terminal zone might be an effect

of sedimentary hiatus in the Upper Bathonian, when

foraminifers might have still existed.

Two indices of associations changes rate proposed

by Ruban (2001, 2002b) have been used. The first of

them is R, which reflects the Jaccard similarity

(Jaccard, 1901; Shi, 1993) of two fossil assemblages,

characterized stratigraphic intervals:

R ¼ C= N1 þ N2ð Þ � C½ �;

where C is the number of common taxa for two

intervals, and N1 and N2 are the taxa quantities in the

lower and upper intervals respectively.

Faunal transformation rate (FTR) is estimated as

1 /R. This rate shows how quickly changes in

taxonomical composition of assemblages took place

through geological time. A similar method, but with

Simpson’s coefficient, has been used by Hallam

(1983), as well as, Smith and Tipper (1986) to evaluate

macrofaunal evolutionary turnovers. Another index is

Rst, which reflects a similarity of taxonomical structure

of diversity in assemblages. It is determined as a

simple coefficient of Spearman rank correlation

(Kendall, 1975) between two assemblages by pres-

ence/absence of the genera, accounting species num-

ber in each of genera. The rate of transformation of

taxonomic diversity structure (TTDSR) could be

estimated as 1 /Rst. It shows changes in the generic

control of species diversity, i.e., changes in signifi-

cance of each genus for the determination of species

diversity.
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4. Species and genera diversity dynamics

The species diversity dynamics of foraminifers in

the Early–Late Jurassic of the NW Caucasus is not

characterized by any kind of stability (Fig. 4). After a

slight diversification in the Late Sinemurian–Pliens-
Fig. 4. Species diversity of foraminifers (per zones): total diversity

(a), appearances/originations (b), disappearances/extinctions (c).

Columns: 1—boriginalQ, 2—accounting for the Lazarus-effect. See

Fig. 2 for foraminiferal zones abbreviations.
bachian (S2–Pl2 zones), a sharp decrease of the total

species number occurred in the beginning of Toarcian

(To1 zone). It was caused primarily by a high value of

extinction rate in the Pliensbachian and less by the

decline of origination rate. But just after this Toarcian

event a fast recovery took place (To2 zone). The

diversity maximum was reached during the Late

Toarcian–Early Aalenian (To2, Aa1 zones). Then a

new diversity drop occurred (Aa2 zone), which was

connected with a high rate of extinction documented

in the Aa1 zone. A gradual recovery that began at the

end of Aalenian (Bj1, Bj2 zones) did not compensate

the previous decrease. A relatively high rate of

originations was preserved during the first half of

Bajocian (Bj1, Bj2 zones). Then, until the end of the

Bajocian the species number did not change much,

while the Bathonian foraminiferal assemblages

became impoverished due to a major regional

regression episode.

In contrast, the genera diversity dynamics seems to

be rather stable in the Early–Middle Jurassic (Fig. 5).

The number of genera did not vary so much as the

species number. The most significant event was a

decline of diversity in the To1 zone followed by a

recompensed diversification documented already in

the To2 zone. The diversity drop in the Aa2 zone was

not very great. It is evident that overall diversity

changes of foraminifers in the NW Caucasus resulted

mostly in species (but not generic) turnovers. That

means strong variations of average species number

within the relatively stable number of genera.

Calculations of R and Rst indices changes suggest

that the most intense transformations of assemblages

took place within the intervals of Pl2–To2 zones and

Aa1–Bj2 zones, when both the specific and generic

compositions have been renewed (Figs. 6 and 7). It

is evident that principal transformations at species

level took place earlier than at the level of genera.

That could be possibly explained by the above-

mentioned higher stability at the generic level. In

fact, this shifted turnover at this level resulted from

low changes in number of extinctions in contrast to

relatively high appearances/originations of new gen-

era just after both extinctions levels, i.e., in To2 and

Bj1–2 zones (Figs. 4–6).

The singletons number (i.e., quantity of species

appeared, existed and disappeared within the same

single interval) changed cyclically during the Early–



Fig. 6. R index changes (per zones): species (a), genera (b)

Columns: 1—boriginalQ, 2—accounting for the Lazarus-effect. See

Fig. 2 for foraminiferal zones abbreviations.

Fig. 7. Rst index changes (per zones). Column: 1—boriginalQ. See
Fig. 2 for foraminiferal zones abbreviations.

Fig. 5. Generic diversity of foraminifers (per zones): total diversity

(a), appearances/occurrences (b), disappearances/ number of species

going extinct (c). Columns: 1—boriginalQ, 2—accounting for the

Lazarus-effect. See Fig. 2 for foraminiferal zones abbreviations.

D.A. Ruban, J. Tyszka / Palaeogeography, Palaeoclimatology, Palaeoecology 222 (2005) 329–343336

 
 
 

Middle Jurassic (Fig. 8). The highest values coincided

mostly with intervals of significant diversifications. It

is necessary to point out that the acceleration of

singletons quantity in Bt1 zone is simply explained by

the regional termination of development of all taxa,

including just-originated ones, due to regression of the

sea.
.

Analysing all components of foraminiferal diversity,

comparisons between curves calculated bas originalQ,
and as accounting for the Lazarus-effect were made.



Fig. 8. Number of singletons accounting for the Lazarus-effect (per

zones). Columns: 1—species, 2—genera. See Fig. 2 for foramini-

feral zones abbreviations.
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The result is quite surprising. Although the value of

this effect is relatively high, that does not distinctly

influence the estimation of diversity trends. The

indices of the total diversity and R become higher,

while, in contrast, rates of appearance/origination and

disappearance/extinction decrease. Nevertheless, rela-

tive values follow the same trend in the succession of

events. Therefore, the Lazarus-effect has not signifi-

cantly influenced the results of foraminiferal diversity

calculations from the Early–Middle Jurassic deposits

of the NW Caucasus.
5. Interpretation and discussion

In the Early Jurassic marine biota were subject to

a significant mass extinction coincided to major sea-

level changes and appearance of anoxia, which led

to the diversity drop in the Late Pliensbachian–Early

Toarcian (Hallam, 1961, 1987; Jenkyns, 1988; Hori,

1993; Little and Benton, 1995; Aberhan and

Fürsich, 1997, 2000; Hallam and Wignall, 1997,

1999; Guex et al., 2001; Harries and Little, 1999;

Hylton et al., 2000; Jenkyns et al., 2002; Pálfy et

al., 2002; VIrIs, 2002; Wignall, 2001; Ruban,

2004). Unfortunately, the impact of this event on

foraminifers, although evidently established (Bas-

soullet and Baudin, 1994; Bassoullet, 1997), has

been less extensively discussed.
The most comprehensive global data also suggest

that diversity drop occurred in the Toarcian (Tappan

and Loeblich, 1988). Tappan and Loeblich (1988)

have reported a slight generic diversification in the

Pliensbachian, followed by the relatively low-diver-

sity Toarcian–Aalenian interval. A significant diversi-

fication occurred in the Bajocian, while in the

Bathonian the number of genera slightly declined.

Regional Early–Middle Jurassic trends of the fora-

minifers diversity dynamics calculated coincided with

the global tendencies, except for the Bajocian

diversification which has not been evidently docu-

mented in the NW Caucasus. Ruget and Nicollin

(1997), based on the Western European data sug-

gested diversification in the Sinemurian, which

perhaps also took place in the NW Caucasus (S2

zone). They also pointed out two significant renewals

of assemblages, which took place in the Early

Pliensbachian and Early Toarcian. Data from La

Rambla del Salto Section in Spain by Herrero

(2001) also allow pointing a significant turnover at

the Pliensbachian–Toarcian transition.

The first renewal is enigmatic in the NW Caucasus

because in this particular case the Lazarus-effect brings

misunderstanding into our results. But another strong

intensification of the assemblages transformation (i.e.,

high values of the faunal transformation rate dFTRT
and the rate of transformation of taxonomic diversity

structure dTTDSRT) is truly documented in the studied

area. It was also noted by Ruget and Nicollin (1997)

this transformation was taking place gradually. In the

NW Caucasus, duration of this event covers a quite

long interval represented by the Pl2�To2 zones.

Our results from the NW Caucasus support the idea

of the significant mass extinction during the Early

Jurassic that strongly influenced foraminiferal

assemblages. The total species diversity of foramini-

fers in the To1 zone decreased to 55% of the level

recorded in the Pl2 zone (Fig. 4). Thus, a strong

extinction took place after the time representing the

Pl2 zone. Taking into account the Lazarus-effect, it is

suggested that this extinction was already initiated

after the time representing Pl1 zone, but it was not

intense (11%). We should nevertheless be aware that

exclusion of the Lazarus taxa gives a very stable total

species number in both Pl1 and Pl2 zones.

This described Pl2/To1 crisis was not that evident

at generic level (disappeared 16.6% of recorded
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genera). Actually, this bioevent began earlier in the

Pliensbachian when at the Pl1/Pl2 disappeared 11% of

genera (Fig. 5). A rapid recovery of species and

genera took place at the time of To2 zone and it

completely compensated the previous demise. As a

result, the To2 assemblage was even more diversified

than pre-event assemblages at specific and generic

levels. Thus, we can document duration of the main

mass extinction of foraminifera in the NW Caucasus

as the latest Late Pliensbachian to the earliest Middle

Toarcian. A slight gradual (or stepwise) decrease has

actually been recorded from the uppermost Lower

Pliensbachian upwards, considering relations of fora-

miniferal zones to chronostratigraphic units (Fig. 2).

In fact, it is quite likely that the above mentioned

major extinction event took place around the falcife-

rum ammonite zone, correlated with the middle part

of the To1 zone. The pre-falciferum foraminiferal

assemblage of the To1 zone was probably impov-

erished due to adverse environmental conditions

associated with deposition of coarse-grained trans-

gressive sediments, including conglomerates and

sandstones (Fig. 3).

Bassoullet and Baudin (1994) have shown that a

crisis affected foraminifers just at the Pliensbachian/

Toarcian boundary and lasted during the time

interval represented by the tenuicostatum ammonite

zone; then, a rapid diversification began. Global data

on all marine biota suggest the beginning of their

decimation at the end of Pliensbachian (Pálfy et al.,

2002). In both mentioned cases, the Middle Toarcian

diversity acceleration is shown as a rapid event, but

not as bovercompensatedQ as it was documented in

the NW Caucasus. Should these differences in

appearance of mass extinction be explained by any

region-specific palaeoenvironmental changes? The

answer depends much on what causes of the

Pliensbachian-Middle Toarcian event we chose as

principal ones. The most promising causes are major

sea-level changes and anoxia (see Hallam and

Wignall, 1997, 1999). The first seem to be more

doubtful because during the interval of mass

extinction sea-level changed cyclically, but crisis

continued both during regression and during trans-

gression. On the other hand, the peak of mass

extinction in the global record corresponds to the

maximum of transgression (Hallam and Wignall,

1999), while the Early Toarcian in the NW Caucasus
was a time of beginning of the transgression, which

reached its maximum in the Late Toarcian (Fig. 3).

Detailed estimation of influence of anoxia on

extinction of foraminifera is not possible in the NW

Caucasus due to lack of detailed sedimentological,

geochemical and palaeoecological studies. Abundance

of siderite concretions, bdispersedQ pyrite grains, and

dark to black color of shales (Granovskij et al., 2001;

Rostovtsev et al., 1992; Ruban, 2002a, 2004) suggest

that dysoxic to suboxic conditions could be docu-

mented in the whole Sinemurian–Bathonian interval.

This might have been resulted from isolation of this

marine silled basin from other adjacent Tethyan basins

connected via relatively shallow seaways (Lordkipa-

nidze et al., 1984).

The question is whether anoxia was the strongest in

the Early Toarcian. We suppose that transgressive

coarse-grained deposition took place under better

oxygenation conditions associated with higher hydro-

dynamic conditions. Dysoxic conditions probably

developed later, i.e., during successive deepening of

the basin in the Middle�Late Toarcian. Surprisingly,

these dysoxic conditions did not stop a rapid

diversification of foraminifers. Most likely, these

latest Middle�Late Toarcian well-diversified assemb-

lages disprove an existence of anoxic, or suboxic

bottom water conditions. Thus the factors controlling

mass extinction of foraminifera in the regional NW

Caucasus aspect is still enigmatic.

The Pliensbachian–Toarcian transition in the NW

Caucasus is embraced by a short, but regionally

recognized hiatus, which may partly or completely

explain decline of the taxa number. We can hypothe-

size that the latest Pliensbachian regression caused a

regional emergence of the basin and inevitable

disappearance of all taxa. The successive Early

Toarcian transgression brought about colonization of

a new assemblage from adjacent basins. This new

foraminiferal assemblage recorded in the To1 zone

was less diversified (45% drop in total species

number) and consisted of 17 bold speciesQ and 22

newcomers. A total of 54 species did not come back,

including 38 of those which did extinct (Fig. 4). We

can therefore presume the extra-basinal faunal impov-

erishment took place either during existence the

regional emersion level or during deposition of

transgressive gravel and sandy facies (Figs. 2 and

3). The latter case is more likely because coarse-
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grained arenaceous facies were deposited during the

time represented by the Early Toarcian semicelatus

and falciferum zones. This is the time iterval,

corresponding to tenuicostatum and falciferum zones,

when the global extinction event associated with the

rapid sea level rise and development of widespread

anoxic conditions occurred (see Hallam, 1987; Little

and Benton, 1995; Hallam and Wignall, 1999).

It is worthwhile to look at the recovery and

recolonization patterns—diversification coinciding

with late stages of the relative sea level rise and even

its maximum (Figs. 3 and 4). It seems that a high sea

level improved connections (via sills) with adjacent

Tethyan and Boreal basins and enabled rapid immi-

gration of new taxa and re-immigration of the

Lazarus-taxa into the basin. Furthermore, during that

time, adaptive radiation followed the global extinction

event (Hallam, 1987; Hallam and Wignall, 1997).

Overall deepening of the NW Caucasus basin and a

shift from sandy to silt and clay facies during Middle

and Late Toarcian also facilitated further colonization.

It seems to be clear that moderately dysoxic con-

ditions did not disturb this regional trend.

Another significant bioevent is recorded in the

Aalenian. The Aa1 zone records a high total species

diversity inherited from the To2 assemblage. A drastic

species diversity drop (in about 2 times) is recognized

in the Aa2 zone. (Fig. 4). Then a gradual recovery

began correlated with the Bj1 and Bj2 zones. The

causes of this Aalenian crisis are still enigmatic.

Dysoxic conditions hypothesized by bblack shalesQ
with siderite concretions in the Early Aalenian,

existed also in the Bajocian, but this did not stop

the recovery of foraminifers. Major sea-water cooling

documented regionally in the Aalenian (Jasamanov,

1978) should also be taken into account as a potential

cause of extinction. It is also necessary to consider

that the drop of species number in this case might also

be explained by the incompleteness of palaeontolog-

ical record.

Global analysis of the foraminiferal diversity

suggests that a crisis took place around the Toarcian/

Aalenian boundary, and that the recovery was finished

in the Early Bajocian (Basov and Kuznetsova, 2000).

Tappan and Loeblich (1988) showed that the total

generic diversity decrease covered Toarcian and

Aalenian. In the Aalenian a weak acceleration took

place. Unfortunately, this low-resolution analysis
limited to genera only does not allow making further

conclusions. In several Spanish sections some patterns

of the Aalenian crisis, including diminishing of the

diversity, was also documented (Canales and Herrero,

2000; Canales, 2001).

The present results from the NW Caucasus suggest

that the Aalenian–Early Bajocian event is not less

pronounced than the preceding one observed in the

Pliensbachian–Toarcian. This provides a matter of

debate on reality of an additional mass extinction.

There are no doubts that the results on foraminifers

should be further supported by records from other

regions and on different fossil groups. The global data

on marine biota (Sepkoski, 1993; Markov, 2001) does

not provide clear suggestions on particular events in

the Middle Jurassic interval. On the other hand, an

idea of new mass extinction has recently been

supported by Tethyan brachiopods, which record

strongly reduced Aalenian assemblages (VIrIs,

1993, 1995; Sulser, 1999; Ruban, 2003, 2004).

We can compare the NW Caucasus record with that

of the Western Carpathians. The Pieniny Klippen Belt

basin left a sedimentary record of dysoxic to suboxic

facies dated from the Pliensbachian to the Late

Bajocian (see Birkenmajer, 1977; Tyszka, 1994a,b).

Unfortunately, the Early Toarcian Anoxic Event is not

well recognized there due to tectonic gaps and limited

availability of outcrops. This event is most likely

preserved within the Toarcian–Lower Aalenian suc-

cession of dark grey to black flysch deposits with

interbeding mudstones and sandstones (Birkenmajer,

1977; Birkenmajer and Tyszka, 1996). In contrast, the

Aalenian/Bajocian event is documented much better

in the Polish, Slovakian, and Ukrainian sectors of the

Pieniny Klippen Belt (see Birkenmajer, 1977). It is

represented by a relatively thin and widespread

horizon of bblack shalesQ with spherosideritic and

phosphoritic concretions. This event has already been

described as a bregional anoxic eventQ (Tyszka, 1994a,
1995). The event is associated with impoverishment

of microfauna, including extinctions of several fora-

miniferal taxa, such as Lenticulina d’orbignyi

(Roemer) (with Astacolus-like morphology), Falso-

palmula tenuistriata Franke, and Marginulinopsis

dictyodes dictyodes (Deecke). On the other hand,

the same event was associated with first appearances

(?originations) of some new taxa of agglutinated

foraminifers, such as: Trochammina globoconica
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Tyszka and Kaminski (Tyszka and Kaminski, 1995),

Verneuilinella pieninica Tyszka and Kaminski, and

Miliammina gerochi Tyszka (1997) as the first

documented appearance of the genus Miliammina

and the superfamily Rzehakinacea. The upper (Lower

Bajocian) part of the bblack shalesQ shows much

higher diversity as a result of improvement of

conditions, recovery of populations, and colonization

by immigrants. It was connected with the sea-level

rise, tectonic reorganization of the basin and, in

consequence, deepening of sills and widening of

seaways (Tyszka, 1994b, 1995).

The history of the Pieniny Klippen Basin seems to

be closely linked to the Aalenian extinction event in

the NW Caucasus. It also suggests that it is necessary

to conduct detailed palaeoenvironmental studies in

this Caucasus basin in comparison to other Tethyan

and Boreal areas.

Both events documented in the Early–Middle

Jurassic of the NW Caucasus are comparable in their

intensity with the greatest crisis which occurred at the

K/T boundary. Keller (2001) reported that 2 /3 of

planktic species were extinct at the K/T boundary. In

our case 50–75% species went extinct at the Pl2/To1

zones boundary, and 50–60% at the Aa1/Aa2 zones

boundary, i.e., around the opalinum/murchisonae

ammonite zones boundary (?Early/Middle Aalenian).

If we assume that less than 10% of the total benthic

foraminiferal population was influenced at the K/T

boundary (Keller, 2001), the Early–Middle Jurassic

events could be regarded as significant in comparison

to other mass extinction. However, it should be

stressed that direct comparison of Jurassic and K/T

events is irrelevant because almost a complete turn-

over of planktonic foraminifers at the K/T boundary is

incomparable (see MacLeod, 1996; Keller, 2001).
6. Conclusions

Quantitative analyses of the Early–Middle Jurassic

foraminifers taxonomic diversity performed for the

NW Caucasus territory (Fig. 1) allow us to make

several main conclusions:

(1) there is no stasis in the diversity dynamics of the

Early–Middle Jurassic foraminifera recorded

(Figs. 4–8);
(2) the diversity changed strongly at species level

while at generic one it was relatively stable

(Figs. 4 and 5) that is in agreement with other

records of the Early Toarcian extinction event

(see Hallam and Wignall, 1999; Hylton et al.,

2000);

(3) the most intensive foraminiferal turnovers took

place at the Pliensbachian/Toarcian boundary

followed by the Toarcian, as well as, from the

Middle Aalenian to the Early Bajocian (Fig. 6);

(4) significant diversity drops are documented in

the Early Toarcian and in the Middle Aalenian.

The first event corresponds to the well-known

mass extinction. The second event probably

represents a new mass extinction that appeared

in the middle of Aalenian, possibly around the

opalinum/murchisonae ammonite zones (Figs. 2

and 4);

(5) both extinction events were followed by exten-

sive diversification intervals in the middle–late

Toarcian and the latest Aalenian–Early Bajocian

(Fig. 4);

(6) in spite of high value of the Lazarus-effect, it

has not much influenced the estimation of main

diversity components (Figs. 4–6).

Further micropalaeontological, sedimentological,

and geochemical studies are necessary to explain the

diversity dynamics observed, and to compare global

and regional evolutionary and palaeoenvironmental

changes.
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The diversity of the brachiopods in the Northern Caucasus significantly fluctuated throughout the
Paleozoic-Mesozoic. Weak diversifications occurred in the Middle Cambrian, Late Silurian – Early
Devonian, and Late Devonian – Early Carboniferous. Since the Late Permian brachiopod assemblages
became quite diverse. The maximum number of species was reached in the Rhaetian. The Permian/
Triassic mass extinction and enigmatic Ladinian crisis, on the other hand, led to regional brachiopod
demises. In the Jurassic – Early Cretaceous interval the diversity of brachiopods generally decreased.
The strongest drops of species numbers occurred in the Toarcian and Berriasian following the
Pliensbachian–Toarcian and end-Jurassic global mass extinctions, and in the Kimmeridgian due to the
regional salinity crisis. It is evident that some of the regional brachiopod diversifications coincided
with the development of rimmed shelves.

Key words: brachiopods, diversity, mass extinctions, reefs, Paleozoic, Mesozoic, Caucasus

Introduction

Global and regional diversity changes of the brachiopods have been discussed
in numerous publications (Hallam 1987; Vörös 1995; Sulser 1996; Racki 1998;
Alvarez and Modzalevskaya 2001; Harper and Rong 2001; Rong and Shen 2002).
This fossil group has developed in high diversity during the Phanerozoic overall
and seems to be one of the most important in the paleontological record.

This article is devoted to the brachiopods known from the Paleozoic and
Mesozoic deposits of the Northern Caucasus (Fig. 1). Their diversity changes
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have never been discussed before, except for the Jurassic as reviewed by Ruban
(2003, 2004a). A comparison between the global and local Caucasian events shows
some interesting results.

Stratigraphic setting

According to the paleotectonic reconstructions by Stampfli and Borel (2002)
and Scotese (2004), the Northern Caucasus was located on the active northern
Paleotethyan and then Neotethyan margin. A thick sedimentary succession was
accumulated there during the Paleozoic–Mesozoic (Fig. 2). The Paleozoic deposits
are exposed in the central part of the studied region, while the Triassic strata crop
out in its western part. The Jurassic–Cretaceous sediments are distributed widely
within the entire Northern Caucasus.

During the Early–Middle Paleozoic, deposition of clastics and shale occurred.
A major regional hiatus embraced the Ordovician. Episodes of carbonate sedi-
mentation took place in the Middle Cambrian, late Silurian and Late Devonian.
Volcanics and volcanoclastics are common in the sedimentary succession,
especially in the Devonian. Non-marine deposition dominated in the Penn-
sylvanian–Middle Permian. Carbonates were accumulated in the end-Permian,
and an episode of reef growth is known from the Late Changhsingian.

During the Early Triassic–Anisian interval, carbonate deposition dominated,
while accumulation of clastics and shale prevailed in the Ladinian–Carnian.
Carbonate deposition and reef growth characterized the Norian–Early Rhaetian.
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Fig. 1
Geographical location of the Northern Caucasus

 
 
 



A major regional hiatus spans the latest Triassic–earliest Jurassic. Until the
Bathonian, deposition of clastics and shale was common in the Northern
Caucasus, while after the Bathonian hiatus, ie., in the Callovian, a large carbonate
platform appeared (Kuznetsov 1993; Ruban 2005). The regional salinity crisis,
introduced by Ruban (2006), led to the deposition of evaporites together with
"color-beds" and red-beds in the Late Jurassic. Carbonate sedimentation was
restored in the latest Jurassic and dominated during the Early Cretaceous. In the
Aptian-Albian clastics and shale were deposited.
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Fig. 2
A generalized lithologic section of the Paleozoic–Mesozoic of the Northern Caucasus

 
 
 



Materials and methods

To obtain as much information on stratigraphic distribution of the brachiopods
as possible a data compilation from different sources was attempted. These
sources are cited below.

Cambrian: Paffengol'ts (1959, 1965), Tchernysheva (1968); Silurian: Obut et al.
(1988); Devonian: Rzhosnitskaja (1968), Kizeval'ter and Robinson (1973), Zanina
and Likharev (1975), Obut et al. (1988); Carboniferous: Kotlyar (1977); Permian:
A.D. and K.V. Miklukho-Maklaj (1966), Likharev (1968), Kotlyar (1977), Kotlyar et
al. (1999, 2004); Triassic: Dagis (1963, 1974), Dagis and Robinson (1973), Rostovtsev
et al. (1979); Jurassic: Makridin and Kamyshan (1964), Rostovtsev et al. (1992),
Prosorovskaya (1993a, b), Ruban (2004a); Early Cretaceous: Smirnova (1972).

Brachiopods were sampled in numerous sections and small outcrops located
within the Northern Caucasus.

Finally, data of two distinct kinds have been collected. The brachiopod
assemblages of the Paleozoic are poorly studied and they show little diversity
(except for the Permian). The data on them are incomplete, i.e. further sampling
is necessary. In some sources only the presence of the brachiopods is stated
without indication of the specific taxa. Thus only a general appreciation of their
diversity changes in this interval is possible, without quantitative estimates of
diversity. However, to take these data into consideration seems to be useful,
particularly to simplify further comparisons between the Northern Caucasus and
other regions. As for the Permian, numerous brachiopod taxa were collected in
the Northern Caucasus, but published sources do not contain their full lists and
should be further normalized. Therefore the available data is not sufficient to
estimate the Permian diversity quantitatively.

On the other hand the compiled data on the Mesozoic interval is more
complete and detailed (see Appendix). Those assemblages have been well
studied. This allows quantitative estimations of the diversity changes per stage to
be made.

Paleozoic brachiopods

The Cambrian–Carboniferous diversity of brachiopods species in the Northern
Caucasus is characterized by very low numbers. Most known brachiopod finds
are restricted to the carbonate facies (Fig. 2).

Three weak diversifications have been documented in the Cambrian–
Carboniferous history of brachiopods in the Northern Caucasus (Fig. 3). The first
one took place in the Middle Cambrian, when Acrotreta gerassimovi Lermontova
appeared. The global "explosion" of biodiversity occurred at the same time
interval (Geyer 1998).

For the second time, brachiopods appeared in the Northern Caucasus in the
Ludlow–Pŕ̀idoli. Poor assemblages existed in the Lochkovian (Cingulodermus ex
gr. superstes (Barrande), Clorinda pseudolinguifera (Kozlowski) and Janius ex gr.
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irbitensis (Tschernyshova)) and Pragian (Ivdelina (Procerulina) ex gr. procerula
(Barrande)) before brachiopods disappeared.

The Frasnian assemblage was also very poor. It included Atrypa posturalica
Markowskii, Gypidula comis Owen, Hypothyridina cuboides Sowerby and Spinatrypa
ex gr. bifidaeformis Tschernyshova. A radiation strengthened in the Famennian,
when 11 species appeared. They are Cyrtospirifer verneuili (Murchison),
Cyrtospirifer cf. calcaratus Sowerby, Cyrtospirifer cf. archiaci Murchison, Cyrtospirifer
cf. postarchiaci Nalivkin, Isopoma brachyptycta (Schnur), Productus sp., Productella ex
gr. subaculeata (Murchison), Productella calva var. multispinosa Sokolskaya,
Productella calva var. koscharica Nalivkin, Pugnax janischevskii Rozman and
Rhipidiorhynchus ex gr. livonicus Buch. The Frasnian/Famennian transition
coincided with a significant change in the taxonomic composition of
assemblages. In contrast to the Frasnian, assemblages with Cyrtospirifer and
Productella dominated in the Famennian. In some other regions, e.g. in South
China, the Famennian assemblages were also characterized by diverse
cyrtospiriferids (Ma et al. 2001). In the East European Platform area, however,
cyrtospiriferid-dominated communities appeared earlier – in the Late Frasnian
(Sokiran 2001). One of the biggest mass extinctions, the Frasnian–Famennian
event, strongly stressed brachiopods (McGhee 1996; Hallam and Wignall 1997;
Racki 1998; House 2002); but in the Northern Caucasus we cannot document the
patterns of this event due to the low-resolution data. In the Early Carboniferous,
the poorest assemblage with a unique Spirifer cf. distans Sowerby existed.
Probably the poverty of those faunas may be explained by the mass extinction
that occurred at the Devonian/Carboniferous boundary (Hallam and Wignall
1997). Such a hypothetical conclusion, however, should be further verified.

After a long period of non-marine deposition in the Late Carboniferous–
Middle Permian, the sea transgressed into the Northern Caucasus in the Late
Permian, which reached its maximum in the Changhsingian. At the same time a
strong diversification of brachiopods began. Dozens of species appeared (Kotlyar
et al. 1999, 2004). However, at the Permian–Triassic transition, a significant crisis
occurred. It led to the short-term but total disappearance of the brachiopods.
They are absent in the deposits of the Abagskaja Formation, the age of which is
established as the latermost Permian–earliermost Triassic. This event is evidently
connected with the global mass extinction, which took place at this time (Hallam
and Wignall 1997; Harper and Rong 2001; Erwin et al. 2002; Shen and Shi 2002).

Mesozoic diversity changes

In the Early Triassic brachiopod assemblages were of extremely low diversity.
The presence of ?Crurithyris extima Grant 1970 (Rostovtsev et al. 1979), which is a
characteristic taxon of the lowermost Triassic (Grant 1970), suggests that the
repopulation of this group was initiated just after the mass extinction. A major
diversification occurred in the Anisian, when a recovery after the Permian/
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Triassic crisis was completed (Fig. 3). The Anisian is an important stage in the
evolution of shelly benthos, when its diversity rose extraordinarily (e.g. Komatsu
et al. 2004).

However, brachiopods abruptly disappeared already in the Ladinian (Fig. 3).
All pre-Ladinian taxa became extinct. As for other fossil groups, i.e. bivalves,
ammonoids, foraminifers, they are well represented in strata of this age
(Rostovtsev et al. 1979). Moreover, there are no strong differences between the
Ladinian and Carnian intervals in the sedimentary succession, although the
brachiopod diversity in the Carnian was high enough (Fig. 3). This suggests that
differences in the diversity between the mentioned stages cannot be explained by
the differences in preservation potential. The existing paleoenvironmental
studies (Gaetani et al. 2005) also do not provide clear evidence about the possible
causes of the enigmatic Ladinian crisis among brachiopods. In the other regions,
particularly in the Alps and Jura Mountains, the Ladinian brachiopods were also
not diverse, but their species number is comparable with that in the Anisian
(Sulser 1999).

In the Carnian to Rhaetian, a new radiation of brachiopods took place, and by
the end of this interval the diversity in the region reached its Phanerozoic high
point. The most significant changes took place in the Norian, when the species
quantity increased more than threefold.

After a depositional hiatus, which embraced Late Rhaetian, Hettangian and
Early Sinemurian, the repopulation of brachiopods began once again. The
maximum of diversity was rapidly reached in the Pliensbachian (Fig. 3). But a
significant extinction occurred in the Toarcian, which corresponded to the a
global event (Hallam 1986, 1987; Vörös 1995). This event was already
documented in the studied region (Ruban 2004a, 2006; Ruban and Tyszka 2005).
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Fig. 3
Total species diversity of the Paleozoic–Mesozoic brachiopods of the Northern Caucasus. Asterisks
mark quantitatively unestimated diversifications

 
 
 



A new increase of the species quantity continued during the Aalenian–Bajocian.
The Bathonian sediments are missing due to a major regional hiatus. In the
Callovian, the diversity of brachiopods was relatively high. It decreased slowly in
the Oxfordian, but in the Kimmeridgian it dropped abruptly. This is possibly
explained by unfavorable conditions due to increasing aridity, shalloving, and a
salinity crisis in the Caucasus (Jasamanov 1978; Ruban 2006). However,
brachiopods survived this crisis and rapidly recovered after it, in contrast to
bivalves (Ruban 2003, 2006). Prosorovskaya (1996) stated the ability of
brachiopods to radiate rapidly even during short time intervals with favorable
environments.

The last significant diversification of brachiopods in the Northern Caucasus is
documented in the Tithonian. A major drop in species number after this age
seems to correspond with another global mass extinction, although the last one
is sometimes considered to be doubtful (Hallam 1986; Hallam and Wignall 1997;
Wignall 2001; Ruban 2004b).

The Early Cretaceous assemblages were very poor. A slight diversity increase is
observed during the Berriasian–Hauterivian. Thereafter a similarly weak
decreasing trend was established. In the Albian the brachiopod record
terminates.

Discussion

The diversity changes of brachiopods in the Northern Caucasus was controlled
by several factors.

The regional sea-level fluctuations have been reconstructed only for the
Jurassic (Ruban 2006). A comparison between the regional sea-level changes and
the brachiopod diversity during this time interval suggests that there are no
direct links between them (Fig. 4). The diversity rises in the Pliensbachian and
Bajocian corresponded to transgressions, while the maximum of species number
in the Tithonian coincided with a regression. The Toarcian and Kimmeridgian
diversity drops occurred during transgressions. Undoubtedly sea-level changes
were able to influence the brachiopod diversity, while other regional factors (such
as salinity crises or anoxia) were superposed on them.

It is very interesting to note that diversity maxima in the Famennian,
Changhsingian, Norian-Rhaetian, and Callovian–Oxfordian corresponded to the
regional development of rimmed shelves (term after Ginsburg and James, 1974;
Read 1985), i.e. carbonate platforms bounded by reefs (Khain 1962; Dagis and
Robinson 1973; Kuznetsov 1993; Ruban 2005). Thus, the absence of reefs in the
Frasnian may explain why brachiopods were not so diverse in the Northern
Caucasus as in the other regions, where Frasnian reefs were abundant (Copper
1994, 2002; Webb 1996; Droser et al. 2000; Baliński et al. 2002). Just after the
appearance of reefs in the Famennian in the central part of the studied region
(Fig. 2), brachiopod diversity accelerated significantly. The recent observation
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that the Famennian reefs grew spectacularly (Webb 2001, 2002; Shen and Webb
2004) may lead to significant changes in how we visualize the Late Devonian
biotic crises.

Two interesting kinds of paleoenvironmental events strongly influenced the
regional diversity of the brachiopods. The first is the above-mentioned regional
salinity crisis, which occurred in the Kimmeridgian–Tithonian (Jasamanov 1978;
Ruban 2006) and diminished the species quantity. Another phenomenon is that
of oxygen-depleted conditions. Zakharov et al. (1999) explained the regional
faunal crisis at the Permian–Triassic transition by anoxia. Efendiyeva and Ruban
(2005) reconstructed the regional chronology of the Jurassic dysoxic and anoxic
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Fig. 4
Jurassic sea-level changes (after Ruban 2006) and brachiopod diversity. The global sea-level
fluctuations, given for general reference, are simplified from Haq et al. (1987)

 
 
 



events. Dysoxic environments dominated during the entire Late Pliensbachian–
Middle Aalenian, as well as the Bajocian. When oxygen depletion strengthened
in the Toarcian (when anoxia occurred) brachiopod diversity dropped. Ruban
(2004a, 2006) and Ruban and Tyszka (2005) also commented on the influences of
the Toarcian anoxia on the Caucasian marine biota.

The regional preservation potential might have heightened our estimations of
the brachiopod diversity. This is especially significant for the Paleozoic because
brachiopods of that age are restricted to the carbonate facies (Fig. 4). As for the
Mesozoic, it is difficult to speculate about this because of distinct facies in the
each stratigraphic interval. However, high diversity, documented in the Anisian,
Norian–Rhaetian and Oxfordian, corresponds to the intervals of the carbonate
sedimentation. It is also very interesting to note a high diversity in the Callovian,
although those deposits are strongly condensed (Ruban 2004c).

Conclusions

Summarizing the material presented above it is possible to conclude that the
diversity of brachiopods in the Northern Caucasus fluctuated strongly through
Cambrian–Early Cretaceous times (Fig. 3). The key points in the regional
brachiopod diversity changes are located in the Famennian (first significant
diversification), Late Permian (the beginning of rapid species number
acceleration, followed by mass extinction), Rhaetian (the highest diversity), and
in the end-Liassic (the initiation of gradual extinction).

The data should be further updated, and other diversity patterns (e.g.
origination, extinction rates, etc.) need to be taken into consideration. It will be
necessary to discuss the problem of the relationship of the brachiopod diversity
dynamics to regional paleoenvironmental changes (not yet well established, and
not dicussed completely in this paper), as well as rates of faunal immigrations/
emigrations during the Paleozoic and Mesozoic. Special attention should be paid
to the explanation of the Ladinian crisis among this fossil group.
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Appendix
Stratigraphic distribution of the Mesozoic brachiopods in the Northern Caucasus (see text for
literature sources). Number of species of each genera in the Triassic–Lower Cretaceous stages is
indicated
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Abstract
Diversity dynamics of discovered Triassic marine biota in the Western Caucasus (Russia) have been studied quantitatively. The 
stratigraphic distribution of 422 species was taken into account. Foraminifers and brachiopods, followed by ammonoids, were the most 
diverse groups in comparison with bivalves, corals, algae and sponges. Total diversity, relatively low in the Early Triassic, strongly 
increased in the Anisian. Diversity decreased significantly in the Ladinian. Repopulation began in the Carnian, and the Norian is 
characterized by a new «explosion» of diversity. Weak diversification continued in the Early Rhaetian. The faunal diversity documented 
in the Western Caucasus generally reflected both the influences of the regional palaeoenvironmental changes and the global evolutionary 
patterns of the Triassic marine biota.
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1. INTRODUCTION

The present knowledge on the Phanerozoic diversity 
dynamics of the marine biota on a global scale is 
summarized in the well-known articles of BENTON (1995), 
PETERS & FOOTE (2001) and SEPKOSKI (1993). But it is 
always important to evaluate the fossil diversity for the 
particular territory to test the regional appearance of the 
global patterns.
All Triassic stages (Induan to Rhaetian) are represented 
within the Western Caucasus – a region located on the 
northern periphery of the Neotethys Ocean (GOLONKA, 
2004 ; GAETANI et al., 2005 ; STAMPFLI & BOREL, 2002). 
Its palaeontologic record is characterized by numerous 
taxa of ammonoids, brachiopods, bivalves, foraminifers, 
corals, algae and sponges. The study of the diversity 
dynamics (i.e., changes of the total number of taxa) of 
Triassic marine biota in the Western Caucasus and its 
comparison with the global record is attempted in this 
article.

2. GEOLOGIC SETTING

In the Triassic, the Western Caucasus was situated on 
the northern periphery of the Neotethys Ocean (GAETANI 
et al., 2005 ; GOLONKA, 2004 ; STAMPFLI & BOREL, 2002) 
(Fig. 1). Triassic strata and fossils of this region have 
been described by DAGIS (1963, 1974), DAGIS & ROBINSON 
(1973), DIAKONOV et al. (1962), EFIMOVA (1991), GAETANI 

et al. (2005), JAROSHENKO (1978), PAFFENGOLTZ (1959), 
POPOV (1962), PROZOROVSKAJA (1979), ROSTOVTSEV et al. 
(1979), SHEVYRJOV (1990) and VUKS (2000).
The Triassic deposits of the Western Caucasus 
unconformably overlie the Paleozoic strata and  are 
subdivided into four groups (Fig. 2). The most ancient 
is the Tkhatchskaja Group (~700 m) that consists of 
dominated carbonate deposits. The Sakhrajskaja Group 
(~500 m) consists of shales with clastic beds ; its lower 
and upper contacts are marked by unconformities. The 
upper groups were deposited in the same time and they 
are named as the Khodzinskaja Group, composed of 
carbonates including reefs (the total thickness is ~500 m), 
and the Khadzhokhskaja Group, embracing shales with 
clastic and carbonate beds (total thickness is ~350 m). 
The Upper Rhaetian-Lower Liassic interval corresponds 
to a major regional hiatus.

3. MATERIALS AND METHODS

The compilation of all available palaeontologic 
information provided a database of the Western Caucasus 
marine biota (see Appendix). The principal sources are 
monographs and articles of DAGIS (1963, 1974), DAGIS & 
ROBINSON (1973), DIAKONOV et al. (1962), EFIMOVA (1991), 
GAETANI et al. (2005), JAROSHENKO (1978), PAFFENGOLTZ 
(1959), PROZOROVSKAJA (1979), ROSTOVTSEV et al. (1979), 
SHEVYRJOV (1968) and VUKS (2000).

 
 
 



In its final version the database contains the distribution 
per stage of 422 taxa. When possible, taxonomic revisions 
of taxa were made to avoid under- or overestimation of the 
diversity due to the synonymy errors. Species identified 
has “sp.” only were excluded, because it is difficult to 
understand their relation to the completely identified 
species mentioned in other papers. Species defined with 
“cf.” and “aff.” were considered as concrete species 
to avoid underestimation of the diversity. Similarly 
suggestions were made by ALBA et al. (2001).
The analysis of the diversity dynamics of the Triassic 
marine biota of the Western Caucasus attempted herein 
is based on the simple procedure of calculation the total 
number of species in each stage.

4. DIVERSITY DYNAMICS OF THE MARINE 
BIOTA

The total number of analyzed species of the Triassic marine 
biota in the Western Caucasus is 422. In decreasing order, 
foraminifers (175 species), brachiopods (122 species), 
ammonoids (69 species), bivalves (31 species), corals 
(17 species), algae (5 species) and sponges (3 species) 
were registered. The evaluated faunal diversity dynamics 

is presented in Fig. 3. Diversity changes within the 
particular fossil groups partly differ from that observed 
within the total biotic dynamics (Fig. 4).
The Early Triassic diversity remained relatively low. 
However, the palaeoenvironments, characterized by the 
dominated low energy carbonate sedimentation below 
wave base (GAETANI et al., 2005), were favourable enough 
for the rapid recovery of the marine biota after the crisis, 
which occurred at the Permian/Triassic boundary. Such 
assumption is supported by the presence of 35 Early 
Triassic species, known in the Western Caucasus, which 
number is not so little. During the Anisian, a strong 
diversification, recognized in ammonoids, brachiopods, 
foraminifers and to a lesser scale in bivalves, reached a total 
species number exceeding 100. The palaeoenvironments 
were the same as in the Early Triassic (GAETANI et al., 
2005). This diversification is especially an interesting 
event, because the distribution of the Anisian deposits 
became restricted in comparison with the preceding time 
intervals (ROSTOVTSEV et al., 1979).
In the Ladinian, diversity decreased significantly in 
most groups, although less pronounced in bivalves and 
foraminifers. Species numbers declined strongly in 
ammonoids, while brachiopods disappeared entirely. 
The total absence of the last ones is enigmatic. At least, 
it cannot be explained by the sampling errors, because 
palaeontological data were collected randomly from the 
entire Triassic succession (see above mentioned data 
sources). A repopulation began in the Carnian, with 
renewed radiation of the brachiopods, bivalves and 
foraminifers, while the diversity of ammonoids decreased. 
The Ladinian and Carnian palaeoenvironments were the 
same. Shales with clastic beds are interpreted by GAETANI 
et al. (2005) as turbidites, which were accumulated in 
the deep basin. Such conclusion is supported by my own 
field observations. Thus, abrupt deepening occurred in 
the Early Ladinian. It was resulted in the dominance of 
the palaeoenvironments, unfavourable for the pre-existed 
shallow-water Anisian fauna. In the Carnian, brachiopods, 
bivalves and foraminifers might have adopted to such 
environments, in contrast to ammonoids. Alternatively, 
the Carnian basin might have been shallower, which is 
documented by the appearance of carbonate rocks in the 
upper part of the Sakhrajskaja Group (GAETANI et al., 
2005). In this case, palaeoenvironments became more 
favourable to initiate the faunal diversification.
The Norian “explosion” of total marine biota resides in the 
diversification of brachiopods, though less ammonoids. 
The number of the Norian bivalves species was the same 
as in the Carnian. Corals, sponges and algae also appeared 
in the Norian, while a decline in the foraminiferal 
diversity is observed. This Late Triassic “explosion” may 
be directly linked to the dominance of the favourable 
palaeoenvironments of the carbonate platform and 
appearance of the diverse reefal communities (GAETANI 
et al., 2005 ; RUBAN, 2005).
In the Early Rhaetian, slight diversification of brachiopods 

Fig. 1 : Geographical and palaeogeographical location of the 
studied region (global palaeogeography at 210 Ma 
after SCOTESE, 2004, position of the Western Caucasus 
is marked by black circle).
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and ammonoids went on and foraminifers recovered, 
while bivalves disappeared entirely. The Late Rhaetian-
Early Sinemurian phase of tectonic activity resulted 
a major hiatus, which embraced the mentioned time 
interval.

5. DISCUSSION

These regionally documented diversity patterns (Fig. 
3) are somewhat similar to the global trends (BENTON, 

1995 ; PETERS & FOOTE, 2001 ; SEPKOSKI, 1993). The 
globally-known recovery after the Permian/Triassic mass 
extinction is evidently observed in the regional record. 
The diversity acceleration is documented globally in 
the Middle Triassic. The present studies (KOMATSU et 
al., 2004) bring the evidences for the similar diversity 
rise in the Anisian. BONUSO & BOTTJER (2005) suggested 
the improvement of the environmental conditions after 
the Permian/Triassic mass extinction in the Middle 
Triassic, which may be considered as the main cause, 
which provoked diversification at this time. However, 

Fig. 2 : The Triassic lithostratigraphy of the Western Caucasus (after DAGIS & ROBINSON, 1973 ; GAETANI et al., 2005 ; PROZOROVSKAJA, 
1979 ; ROSTOVTSEV et al., 1979 with corrections).
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the Ladinian diminishing of the taxa quantity is not 
well documented by the data of the above mentionned 
global compilations. This may be explained by their low 
resolution
The Norian diversity «explosion» corresponded with the 
global patterns (BENTON, 1995 ; PETERS & FOOTE, 2001 ; 
SEPKOSKI, 1993). Although the decrease in the bivalve 
diversity is evident (Fig. 4), the globally known end-
Triassic interval of the mass extinction (HALLAM, 2002) 
cannot be observed in the Western Caucasus due to the 
major Late Rhaetian-Early Sinemurian hiatus.

6. CONCLUSIONS

The analysis of the diversity dynamics of the Triassic 
marine biota in the Western Caucasus permits to make 
some main conclusions :
1. Diversity increase in the Early Triassic strengthened 
in the Anisian ; it was followed by the decline in the 
Ladinian. Diversity began to rise in the Carnian. The 
Norian is characterized by a new diversity “explosion”, 

Fig. 3 : The total diversity dynamics of the Triassic marine 
biota in the Western Caucasus. Time intervals : T1 - 
Lower Triassic (Induan+Olenekian), A - Anisian, L - 
Ladinian, C - Carnian, N - Norian, R - Rhaetian.

Fig. 4 : Changes of the total species number of the Triassic ammonoids, brachiopods, bivalves and foraminifers of the Western 
Caucasus. For abbreviation of time intervals see Fig. 3.
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and the Early Rhaetian is characterized by the very 
diverse marine biota.
2. Diversity dynamics within the principal fossil groups 
(ammonoids, brachiopods, bivalves, foraminifers) differ 
rather strongly.
3. Documented diversity changes may be explained by 
the changes of the regional palaeoenvironments.
4. The regional diversity dynamics reflected some global 
tendencies.
It seems that sharp diversity changes of the marine biota 
may be effectively used to correlate the Triassic strata of 
far-located regions.
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APPENDIX. Compiled list of genera of the Triassic marine biota of the Western Caucasus. Number of species in each 
genus in the Triassic stages is indicated.

Genera Induan +
Olenekian

Anisian Ladinian Carnian Norian Rhaetian

AMMONOIDS
Acrochordiceras 3
Aegeiceras 1
Arcestes 1 3
Arpadites 1
Badiotites 1
Beyrichites 1
Caucasites 2
Cladiscites 2 2
Dieneroceras 1
Flemingites 1
Flexoptychites 1 1
Gymnites 1
Hollandites 3
Japonites 1
Joannites 1
Juvavites 1
Laboceras 3
Leyophyllites 4
Lobites 1
Longobardites 1
Megaphyllites 1 2 1
Mesocladiscites 1
Monophyllites 1 3
Nannites 1
Owenites 3
Paracladiscites 2
Paradanubites 2
Paragoceras 1
Parasageceras 1
Parussuria 1
Phyllocladiscites 2
Pinacoceras 1 1
Placites 1 1
Proptychites 1
Pseudosageceras 1
Rhacophyllites 1 1
Smithoceras 1
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Genera Induan +
Olenekian

Anisian Ladinian Carnian Norian Rhaetian

Sturia 2 1
Subowenites 1
Subvishnuites 1
Wyomingites 1
Xenodiscus 1
ALGAE
Lithotamnidium 1
Spongiomorpha 4
BRACHIOPODS
«Rhynchonella» 1
Abrekia 1
Adygella 1 1 1
Adygelloides 1
Amphiclina 1 2
Ampliclinodonta 1
Angustothyris 1
Aulacothyropsis 1 4
Austriella 1
Austrirhynchia 2
Balatonospira 1
Bobukella 1 1
Caucasorhynchia 1 1
Caucasothyris 1
Coenothyris 2
Costirhynchia 1 1
Costispiriferina 1
Crurirhynchia 1
Crurithyris 1
Cubanothyris 2 2
Decurtella 2
Dinarispira 2
Dioristella 1 1
Euxinella 3 6
Fissirhynchia 1 1
Guseriplia 2
Holcorhynchella 1
Koeveskallina 1
Koninckina 1 1
Laballa 2 3
Lepismatina 1
Lobothyris 2
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Genera Induan +
Olenekian

Anisian Ladinian Carnian Norian Rhaetian

Majkopella 3
Mentzelia 1 2 1 2
Moisseievia 2 1
Neoretzia 3
Neowelerella 1
Norella 1
Oxycolpella 3 2
Pexidella 1 1
Piarorhynchella 1
Pseudocyrtina 1
Pseudorugitella 2 2
Punctospirella 1
Rhaetina 1 6 4
Rhimirhynchopsis 1 1
Robinsonella 1
Sinucosta 1 1 1
Spinolepismatina 1
Sulcatinella 2
Sulcatothyris 1
Tetractinella 1
Thecospira 1
Thecospiropsis 1
Triadithyris 2 1
Trigonirhynchella 1 2
Volirhynchia 2
Wittenburgella 1 1
Worobievella 1 1
Zeilleria 3 6
Zugmayerella 1
BIVALVES
Cassianella 1
Claraia 4
Daonella 2
Halobia 1 5
Hoernesia 1
Indopecten 1
Leda 1
Limea 1
Lyssochlamys 2
Monotis 3
Myophoria 1
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Genera Induan +
Olenekian

Anisian Ladinian Carnian Norian Rhaetian

Mytilus 1
Paleocardita 1
Posidonia 1 1
Pseudomonotis 1
Schafhaeutlia 1
Velopecten 1 1
CORALS
Astraeomorpha 2 1
Montlivaultia 1
Rhabdophyllia 1
Stephanocoenia 1
Stylophyllopsis 2
Thamnastraea 2 2
Thecosmilia 6 2
FORAMINIFERS
«Frondicularia» 2
«Orthovertella» 1
«Protonodosaria» 1
«Tetrataxis» 1 1
Agathaminina 1 1
Ammobaculites 2 1 1
Ammodiscus 1 2 1 1
Angulodiscus 1 1
Arenovidalina 4
Astacolus 2 1 3
Auloconus 1 1
Aulotortus 3 3
Calcitornella 1 1
Cornuloculina 1 1 1 1
Cornuspira 1
Coronipora 1
Dentalina 3 5 6 4
Diplotremmina 1 1
Duostomina 1 1
Duotaxis 1
Earlandia 1
Galeanella 1 2
Gandinella 1
Gaudryina 2 1
Gaudryinella 1
Glomospira 2

Diversity dynamics of the Triassic marine biota in the Western Caucasus (Russia) 707
 

 
 



Genera Induan +
Olenekian

Anisian Ladinian Carnian Norian Rhaetian

Glomospirella 3 1
Hoyenella 1 1 2
Hyperammina 2 1
Ichtyolaria 2
Involutina 2 2
Labalina 1
Lagena 1
Lenticulina 4 3 2
Lingulina 2 4 1
Marginulinopsis 1
Meandrospira 2 3
Miliolipora 1 1
Nodosaria 5 2 6 2
Nodosinella 1
Ophthalmidium 1 2 3 4
Pachyphloides 1 2
Pilammina 3
Planiinvoluta 1 4
Pseudonodosaria 7 9 5
Quinqueloculina 1
Reophax 2
Saccammina 1
Semiinvoluta 1 1
Spiroplectammina 1 1
Tetrataxis 1
Tolypammina 3
Triasina 1
Trochammina 1 2 2 3
Trocholina 1 3 4
Turrispirillina 1
Vaginulina 1
Vaginulinopsis 1
SPONGES
Hodsia 1
Molengraffia 1
Sahraja 1

708 D. A. RUBAN
 

 
 



alaeoecology 239 (2006) 63–74
www.elsevier.com/locate/palaeo

 
 
 

Palaeogeography, Palaeoclimatology, P
Taxonomic diversity dynamics of the Jurassic bivalves in the
Caucasus: Regional trends and recognition of global patterns

Dmitry A. Ruban

Tchistopolskaja st., H 3, App 10, Rostov-na-Donu, 344032, Russia

Received 21 April 2005; received in revised form 20 December 2005; accepted 21 December 2005
Abstract

Jurassic bivalves were quite diverse in the Caucasus—a region located on the northern margin of the Tethys Ocean.
Stratigraphic ranges of 513 species were compiled. Total species number, already low, declined during the Early Jurassic, reaching
its minimum in the Toarcian (27 species). Although this coincided with the Pliensbachian–Toarcian global mass extinction, the
latter is not evident for the Caucasian bivalves. Diversity rises occurred in the Aalenian and then in the Bajocian, when 77 species
existed. In the Bathonian species number did not change. A diversity explosion took place in the Callovian, when favourable
palaeoenvironmental conditions were established. 163 species are known from deposits of this age. This event is recognized
globally as generic diversity significantly rose at this time all over the world. When a rimmed shelf was developed in the Late
Callovian–Oxfordian, total species number reached its maximum (166 species). But a regional salinity crisis in the Kimmeridgian–
Tithonian led to a final diversity drop, when 86 species existed in the Tithonian. Bivalves could not recover at the end-Jurassic,
along with other representatives of shelly benthos. Comparison with the other well-known salinity crisis, which occurred in the
Messinian in the Mediterranean, suggests that the Late Jurassic event in the Caucasus was much stronger and stressed bivalve
assemblages for a longer time. The influence of the end-Jurassic mass extinction has not been fully documented. Throughout the
Jurassic benthic assemblages within the Caucasus changed rapidly. This regional diversity dynamics corresponds quite well to the
global trends. Both sea-level and marine palaeotemperature changes may have had an indirect influence on regional bivalve
diversity, as they fluctuated strongly during the Jurassic.
© 2006 Elsevier B.V. All rights reserved.
Keywords: Bivalves; Diversity; Mass extinction; Jurassic; Caucasus
1. Introduction

Bivalves were an important group among the Jurassic
marine biota. They have been characterized by a great
number of species and genera. Changes in their diversity
were analyzed by Hallam (1972, 1986, 1987), Miller
and Sepkoski (1988), Johnson (1990), Aberhan (1994),
Little and Benton (1995), Aberhan and Fürsich (1997),
McRoberts and Aberhan (1997), and Benton (2001).
E-mail addresses: ruban-d@mail.ru, ruban-d@rambler.ru.

0031-0182/$ - see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.palaeo.2005.12.020
Most of these studies examined particular patterns of
diversity (e.g., extinction rate) or quite short intervals of
mass extinctions (i.e., mostly the Pliensbachian–Toar-
cian event). Therefore, the study of taxonomic diversity
dynamics among Jurassic bivalves remains relevant.

Useful evidence of diversity changes among Jurassic
bivalves may be obtained from the Caucasus — a large
region embracing the territory of Southwestern Russia
and the entirety of Georgia, Armenia and Azerbaijan
(Fig. 1). During the Jurassic it was located on the
northern Neotethyan margin in the “key” position

http://dx.doi.org/10.1016/j.palaeo.2005.12.020
mailto:ruban-d@mail.ru
mailto:ruban-d@rambler.ru


Fig. 1. Geographical and palaeogeographical locations of the Caucasus (Early Jurassic base map simplified after Owen, 1983; geodynamic situation is
modified after Lorkipanidze et al., 1984). Abbreviations: SP—Scythian Platform, GB—Greater Caucasus basin, BCB—hypothetic Black Sea–
Caspian Sea Basin, LCB—Lesser Caucasus Basin, NT—Nakhitchevan' Terrane.
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between European and Asiatic areas. In this region
Jurassic deposits are widespread and bivalves are
common (Rostovtsev et al., 1992). However, the
regional diversity of bivalves has yet to be analyzed,
except for a preliminary study devoted to the Late
Jurassic (Ruban, 2003a), and an intriguing remark by
Hallam (1986) on the Tithonian mass extinction, which
stressed bivalves in the Caucasus.

A first compilation of all available data on the
stratigraphic distribution of Jurassic bivalve species of
the Caucasus is presented herein. Several hundred taxa
were evaluated. This study provides an excellent basis
upon which to evaluate diversity dynamics of this group
through the Jurassic.

2. Geological setting

In the Jurassic the territory of the Caucasus was
occupied by marine basins (Fig. 1). They were well
connected to one another as well as to the Neotethys
ocean (Owen, 1983; Meister and Stampfli, 2000;
Stampfli and Borel, 2002; Brunet and Cloetingh,
2003; Golonka, 2004). These basins had distinct
tectonic settings; several spreading and subduction
zones were concentrated in a relatively narrow belt
(Lordkipanidze et al., 1984; Ershov et al., 2003), where
several microplates interacted.

Various sediments accumulated in the Caucasian
basins during the Jurassic (Rostovtsev et al., 1992).
Most of the typical facies, from continental to deep
marine, are represented within the study area. In the
Greater Caucasus Basin shales and clastic deposits up to
10000m thick accumulated during the Early–Middle
Jurassic, while carbonates and evaporites (up to 3000m)
were deposited in the Late Jurassic (Tsejsler, 1977;
Rostovtsev et al., 1992). The sedimentary succession of
the Lesser Caucasus Basin is somewhat similar,
although the thickness of the deposits is less; but the
main distinctive feature is a great abundance of
volcanogenic deposits (Rostovtsev et al., 1985, 1992).
During the Jurassic several transgressions occurred
within the Caucasus. Their maxima were reached in the
Pliensbachian–Toarcian and later in the Oxfordian–
Kimmeridgian.

In the Early–Middle Jurassic the Caucasus lay in the
subtropical or moderate humid zones. Toarcian palaeo-
temperatures are estimated as 15–20°C; in the Early
Aalenian they dropped to 5–15°C, but already in the
Late Aalenian temperatures increased to 20–25°C and
stayed at the same level until the end of Jurassic
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(Jasamanov, 1978). After the beginning of the Callovian
the climate became subtropical to tropical and semi-
humid. In the Late Kimmeridgian–Tithonian significant
aridization occurred, at which time evaporites accumu-
lated (Jasamanov, 1978; Rostovtsev et al., 1992).

The general palaeogeographical position of the
Caucasus is the subject of some discussion. Dommer-
gues (1987) places it in the Euro-Boreal domain for the
Early Jurassic. Westermann (2000) mentions it being
included in the Tethyan Realm. Perhaps the best
interpretation is that region was transitional. This is
supported by the taxonomic composition of brachiopod
assemblages (Ruban, 2003b). Another significant fea-
ture of the palaeogeographical changes in the Caucasus
is the drift of this region northward. In the Early Jurassic
it was located around 25°N latitude, while at the end of
the Jurassic it had moved to 30°N latitude (Lordkipa-
nidze et al., 1984).

3. Material and methods

Bivalves were one of the most diverse and abundant
groups among the Jurassic marine biota of the Caucasus.
They are found in strata of all stages of this system,
except the Hettangian, which corresponds to a major
regional hiatus (Rostovtsev et al., 1992). Although they
have been described in several quite comprehensive
papers (Ptchelintsev, 1931; Khimshiashvili, 1957, 1967,
1974; Azarjan, 1983, Romanov, 1985; Rostovtsev et al.,
1985, 1992; Ratiani, 1987; Janin, 1989; Romanov and
Ksum-Zade, 1991; Ruban, 2005a), a total compilation
of Jurassic bivalve data has not yet been made.
Therefore, the first stage of the present study was to
compile all available information on the stratigraphic
distribution of bivalve taxa for the Caucasus. Taxonomic
revisions also were conducted to avoid duplication or
missing of information on a single taxon. Finally a data-
base of valid species was constructed, where presence
and absence of taxa in each stage were tabulated.
Unfortunately, the initial resolution of data and various
stratigraphic problems do not permit the data to be
assessed below stage level. In total, the ranges of 513
valid species were obtained.

A difficulty was encountered with the common
reports of underinterpreted taxa, i.e. species defined
with “cf.”, “aff.” and “sp.” To avoid overestimation of
species numbers it was decided to exclude species
identified to “sp.” only, because it is difficult to
understand their relation to completely identified
species mentioned in other papers, especially where no
figures and/or detailed descriptions were available. As
for species defined with “cf.” and “aff.”, they were
counted as concrete species, so as to avoid under-
estimating the diversity. The same assumptions were
made in a study of Alba et al. (2001).

A quantitative approach was used to analyze the
compiled data, which includes the calculation of total
species number (TSN), appearing species number
(ASN), disappearing species number (DSN), number
of singletons (SN), R-index for stages (Sinemurian–
Tithonian). Brief explanations of these indices are
presented here. TSN is the quantity of bivalve species
in each stage. All bivalves distributed regionally in the
deposits of a particular stage are defined as a single
assemblage, i.e., each assemblage directly corresponds
to the whole stage. ASN and DSN are indices which
show the quantity of species that have appeared or
disappeared regionally within a particular stage. It is
necessary to distinguish them from number of originat-
ed or extinct species because of the so-called Lazarus-
effect (Wignall and Benton, 1999; Fara, 2001).
Appearing species might have existed earlier and then
temporarily have disappeared in the regional fossil
record, so that some are not new taxa. Disappearing
species may appear again in the regional record some
time later, i.e., not all of them are extinct. Singletons are
species that appeared and then disappeared within a
single stage (sensu Foote, 2000).

R-index establishes Jaccard's (1901) similarity be-
tween successive assemblages (Ruban and Tyszka,
2005):

R ¼ C=½ðN1þ N2−CÞ�;
where C is the number of common taxa for two
assemblages, and N1 and N2 are the taxa numbers in
each assemblage. Assemblage transformation rate
(ATR) essentially is 1/R. It shows how rapidly the
changes in the taxonomic composition of assemblages
are realized through geological time.

It is important to note that lack of data on the
Berriasian does not permit a calculation of DSN and SN
values for the Tithonian.

4. Regional diversity analysis

Diversity dynamics of Jurassic bivalves in the
Caucasus is characterized by significant changes of
principal patterns. TSN stayed at a relatively low level
during the Sinemurian–Aalenian, not exceeding 50
species (Fig. 2). A weak declining trend is observed in
the Early Jurassic with a minimum in the Toarcian, when
only 27 species existed. A first significant diversifica-
tion occurred in the Bajocian, when TSN reached 77. In



Fig. 3. Singleton quantity among the Jurassic bivalves of the Caucasus.
Stage abbreviations—see Fig. 2.

Fig. 4. R-index for assemblages of the Jurassic bivalves of the
Caucasus. Stage abbreviations—see Fig. 2.

Fig. 2. Principal patterns of taxonomic diversity dynamics of the
Jurassic Caucasian bivalves. Columns: black—TSN, gray—ASN,
white—DSN. TSN values are indicated above general columns in
rectangles, ASN and DSN values are presented in the columns. Stage
abbreviations: Sn—Sinemurian, Pl—Pliensbachian, To—Toarcian,
Aa—Aalenian, Bj—Bajocian, Bt—Bathonian, Cl—Callovian, Ox—
Oxfordian, Km—Kimmeridgian, Tt—Tithonian.
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the Bathonian the TSN value did not change. An
explosion of diversity occurred in the Callovian, when
TSN value doubled to 163 taxa. Only a minor increase is
recorded in the Oxfordian (166 species), but later
diversity declined significantly until the end of Jurassic.
In the Tithonian only 86 species existed. But the
diversity of bivalves did not decrease in the Late
Jurassic so much as to reach the Toarcian minimum.

ASN and DSN changed in the same way as the TSN
(Fig. 2). However, the number of appearances dropped
in the Bathonian and Oxfordian. The number of
disappearances, on the contrary, accelerated in the
Oxfordian and then stayed at a relatively high level in
the Kimmeridgian. A comparison between values of
ASN for assemblage of a given stage and DSN of the
assemblage of the preceding stage (DSNp) may be used
to explain the mechanism of TSN changes. During the
Early Jurassic the ASN was lower than DSNp, which led
to the TSN decrease. But TSN decline should be
explained mostly by a general ASN decrease. The
Aalenian and Bajocian TSN accelerations occurred
thanks to an increase in ASN relative to DSNp. The
Callovian diversity explosion took place, when ASN
increased to about 3 times greater than DSNp. The Late
Jurassic diversity decline was realized because ASN
was less than DSNp. Nonetheless appearances rates
were quite stable and total diversity decreased realized
thanks to the strength of disappearance rate.

SN values reached maxima in the Sinemurian,
Bajocian, and especially in the Callovian–Kimmerid-
gian (Fig. 3). Singletons were the most diverse in the
Sinemurian and Pliensbachian, when such taxa com-
posed more than 70% of assemblages. During other
intervals of the Jurassic the quantity of singletons in
assemblages varied between 25% and 50%.

R-index values fluctuated during the Jurassic (Fig. 4).
Maxima in similarity among assemblages were reached
for the Toarcian–Aalenian, Bajocian–Bathonian, and
Callovian–Oxfordian. The turnover of assemblages was
quite rapid overall as R-index did not reach even 0.40 at
maximum, and was usually below 0.30. In the Early
Jurassic the transformation occurred because of turn-
overs of the assemblages taxonomic composition as
TSN is comparable for stages. But in the Middle–Late
Jurassic assemblage transformations were realized
mostly because of rises or falls of the TSN. At this
interval when TSN values for successive assemblages
are comparable, the ATR decreased and transformation
occurred mostly by turnovers (Bajocian–Bathonian,
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Callovian–Oxfordian). The most intense assemblage
changes took place at the Sinemurian–Pliensbachian,
Pliensbachian–Toarcian, Bathonian–Callovian, and
Kimmeridgian–Tithonian boundaries.

The most diverse genera were Cardinia and Plagios-
toma (Sinemurian), Pseudopecten (Pliensbachian), Ret-
roceramus (Toarcian and Aalenian), Mytiloceramus
(Aalenian), Pleuromya (Bajocian), Camptonectes (Bath-
onian, Oxfordian and Kimmeridgian), Chlamys and
Plagiostoma (Bathonian–Tithonian), Pholadomya and
Pleuromya (Callovian), Astarte (Callovian and Oxfor-
dian), Spondylopecten (Oxfordian), and Diceras (Titho-
nian). These genera are characterized by the highest
species numbers in the indicated assemblages. It is
necessary to point out they were not always the most
abundant taxa. For example, Radulopecten and Entolium
dominated in the Early–Middle Callovian (Rostovtsev et
al., 1992; Ruban, 2003a), but they were not the most
diverse genera within those assemblages.

5. Recognition of global patterns

To explain the observed diversity dynamics of the
Caucasian Jurassic bivalves is a significant task. The
first step in this direction is to compare the regional
versus global records.

An evaluation of the global total diversity changes
was attempted by Miller and Sepkoski (1988) and then
reconsidered by Benton (2001). Although these studies
were aimed at generic diversity (Fig. 5), it seems to be
comparable with the species diversity for the general
comparison. The total number of bivalve genera was
relatively minimal in the beginning of the Jurassic. A
weak radiation occurred in the Early Jurassic, which was
followed by a short interval when diversity stayed at the
same level. In the second part of the Middle Jurassic the
number of genera quickly grew. This may be regarded as
a “diversity explosion”. Late Jurassic assemblages were
the most diverse, but there were no significant variations
Fig. 5. The global Mesozoic bivalve generic diversity (modified from
Miller and Sepkoski, 1988).
in the number of taxa. The Jurassic/Cretaceous transi-
tion is marked by an abrupt decline of bivalves on the
global scale.

A comparison between regional (Fig. 2) and global
(Fig. 5) diversity dynamics of Jurassic bivalves shows
they were quite similar. Two differences are different
diversity changes in the Early Jurassic and an early
decline of the Caucasian bivalves in the Late Jurassic.
The first difference may be ignored, because both
regional and global trends are too weak to be directly
comparable. But more detailed data on the Early Jurassic
TSN changes of European (Hallam, 1976, 1986) and
Andean (Aberhan and Fürsich, 1997) bivalves also
suggest a gradual radiation of the Liassic bivalves. The
quantity of Sinemurian bivalves known in North
America is also a little lower than that of Pliensbachian
bivalves (Smith et al., 1994). Thus a mechanism-
driven evolution of Caucasian bivalves was distinct in
the Early Jurassic. One of the possible explanations
lies in the timing of dysoxic/anoxic events. In the
Caucasus dysoxic palaeoenvironments were estab-
lished beginning in the Pliensbachian, when black
shales began to be deposited. This may have
negatively influenced the bivalve assemblages because
of deteriorating environments. As for the Late Jurassic,
palaeoenvironments in the Caucasus were extraordi-
nary at this time, which may have affected the bivalve
evolution (see Discussion).

It is important to compare the diversity changes of
the Jurassic bivalves between the Caucasus (Fig. 2)
and Western Europe (Hallam, 1976). Rapid radiation
in the Early Jurassic and decline in the Toarcian,
which have been documented in the European record,
do not appear in the Caucasus (see also above).
However, the diversity acceleration in the Aalenian–
Bathonian took place in both regions. A significant
difference is the Callovian diversity drop in Western
Europe, whereas in the Caucasus the bivalve diversity
greatly increased during this time. This may be
explained by the onset of the carbonate platform
development in the Caucasus in the Callovian (Ruban,
2005b), which resulted in a diversity explosion (see
below for details). In Western Europe bivalve diversity
rose in the Oxfordian, and in the Caucasus species
numbers were high during this age. In the Late Jurassic
the diversity trends were similar in both regions, where a
decline occurred.

Thus quite strong correspondence is observed
between the whole regional and global diversity
dynamics of the Jurassic bivalves. This is a significant
conclusion, because Caucasian basins were relatively
isolated. Such correspondence may be explained by the
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high degree of similarity between bivalves of the
Caucasus and other regions, i.e. low degree of
endemism — at least at the generic level. Many of the
Jurassic bivalves found in the Caucasus are known in
the other regions of the world, which is suggested by
data on their global distribution (Hallam, 1977). For
example, more than twenty Caucasian bivalve genera
(Acesta, Camptonectes, Entolium, Meleagrinella, Neo-
crassina, Opis, Oxytoma, Palaeonucula, Pholadomya,
Pleuromya, Trigonia, etc.) are known even in the far-
flung Australasian regions, characterized recently by
Grant-Mackie et al. (2000). Hallam (1977) has shown a
high proportion of cosmopolitan genera among the
Jurassic bivalves. Sha (2003) argued that many Meso-
zoic bivalves were global colonizers, being characterized
by cosmopolitan, anti-tropical or pantropical geograph-
ical distributions. Some taxa considered by Sha (2003)
(e.g., Camptonectes, Chlamys,Gryphaea) are typical for
the Caucasus. Generally, the palaeobiogeographic dif-
ferentiation in the Jurassic was not so great as later in the
Cretaceous and Cenozoic. True superrealms appeared
only in the end-Jurassic, and true realms in the Middle
Jurassic (Westermann, 2000). Such conclusion is
evidently supported by Hallam's (1977) data, which
considered only bivalves.

Two globally recognized and remarkable events in
the evolution of Jurassic bivalves should be discussed
with respect to the data on the Caucasus. They are the
Pliensbachian–Toarcian mass extinction and the Callo-
vian diversity explosion.

The Pliensbachian–Toarcian interval is known for a
global mass extinction, which particularly stressed
bivalves (Hallam, 1972, 1986, 1987; Aberhan, 1994;
Little and Benton, 1995; Aberhan and Fürsich, 1997;
McRoberts and Aberhan, 1997; Hallam and Wignall,
1997; Harries and Little, 1999; Pálfy et al., 2002). This
event was previously recognized in the Northern
Caucasus for brachiopods; establishment of anoxic
environments seems to be its likely cause (Ruban,
2004a). Our data suggest the TSN of bivalves in the
Toarcian was only 3 species lower than in the
Pliensbachian (Fig. 2). Although 24 Pliensbachian
species disappeared, 21 new species appeared in the
Toarcian, which may be explained by both speciation
and taxa immigration. Moreover, DSN did not rise in the
Pliensbachian. Therefore, although we document a
“negative event”, it is not so significant as in the other
regions such Northwest Europe or South America
(Hallam, 1986, 1987; Little and Benton, 1995; Aberhan
and Fürsich, 1997). One possible explanation lies in the
area of data resolution. In the Caucasus recovery after
the Pliensbachian–Toarcian mass extinction began
already in the Middle Toarcian (Ruban, 2004a). Hence,
at the stage level the short-term effect of the shelly
benthos collapse during the Toarcian seems to be
minimized by the high values of overall diversity in the
Middle–Late Toarcian. Thus to recognize a peak mass
extinction regionally (if it existed at all) for bivalves
should be a task for further detailed studies. But a
distinctive feature of the regional record is the relatively
low diversity of the Caucasian bivalves in the Pliensba-
chian, when other marine fossils, e.g., brachiopods, were
strongly diversified. In conclusion, the global generic
diversity curve does not reflect the influence of the
Pliensbachian–Toarcian mass extinction on the bivalves
(Miller and Sepkoski, 1988).

The Callovian diversity explosion of bivalves in the
Caucasus (Fig. 2) took place along with a radiation in
the entire shelly benthos (Ruban, 2003a, 2005a,b). This
occurred as favourable environmental conditions were
established from the Early Callovian: climate became
warmer, and wide shelves were occupied by sands or
calcareous silts (Jasamanov, 1978). Moreover, in the
studied sections abundant remains ofChlamys (Chlamys)
viminea (SOWERBY, 1826), which was one the
Callovian dominants, were found as low as in the
Lower Callovian basal conglomerates (Ruban, 2005a),
i.e. the bivalve radiationwas abrupt. In theLateCallovian
a great carbonate platform emerged (Fig. 6). It existed
until the end of Jurassic (Rostovtsev et al., 1992;
Kuznetsov, 1993). This platform was essentially a
rimmed shelf (after Ginsburg and James, 1974; Read,
1985), bounded by barrier reefs constructed by corals,
which diversified at this time across the entire Tethys
(Martin-Garin et al., 2002). In the Oxfordian conditions
evidently remained favourable for bivalves. But it is
important to note that bivalves were restricted more to
shelf, than to reefal facies (Rostovtsev et al., 1992).
Generally, the bivalve diversity explosion established in
the Caucasus was not a specific regional feature. The
similar generic diversity acceleration occurred on the
global scale (Miller and Sepkoski, 1988; Benton, 2001).
Moreover, the new diversity curves of the whole
planetary marine biota (Benton, 2001; Peters and
Foote, 2001) indicate an increase of taxa number in the
middle of the Jurassic. This suggests that a diversity
explosion documented in the Caucasus may be at least
partly explained by the influences of the evolutionary
mechanism of bivalves overall or even by global factors,
enforced in all marine biotas.

A decrease in the total diversity of bivalves in the
end-Jurassic occurred globally (Hallam, 1976, 1986;
Benton, 2001), which supports the idea of mass
extinction. But in the Caucasus its greatest effect is



Fig. 6. Stratigraphic extent of the Late Jurassic rimmed shelf in the Western Caucasus (formations and thicknesses after Rostovtsev et al., 1992).
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recorded in the Berriasian (Ruban, 2004b), when
foraminifers and brachiopods strongly declined. More-
over, in the global record the diversity of bivalves also
dropped in the beginning of the Cretaceous (Miller and
Sepkoski, 1988). Therefore, it is difficult to discuss how
strongly this global event stressed end-Jurassic bivalves
regionally. But it is not possible to exclude that the TSN
decrease observed in the Tithonian might be explained
partially by mass extinction.

6. Sea-level changes as a driving force of diversity
dynamics

Sea-level fluctuations are often considered as one of
leading factors of diversity changes in bivalves and
other marine biota (Newell, 1967; Hallam and Wignall,
1997, 1999; McRoberts and Aberhan, 1997; Smith,
2001). Available data on the Jurassic bivalves of the
Caucasus allow a test of this assumption. The first step
was an estimation of the regional sea-level changes.

The territory of the Caucasus is subdivided into
several dozen areas (traditionally called “zones”, al-
though this is not well appropriated term), distinguished
by facies composition of the Jurassic successions
(Rostovtsev et al., 1992). A total of 36 “zones” delineate
the Hettangian–Bathonian interval, and 26 for the
Callovian–Tithonian interval. In the Caucasus the
Callovian stage traditionally is attributed to the Upper
Jurassic, which is wrong (see scale of Gradstein et al.,
2004). A facies interpretation for each of the hundreds of
formations was made herein, based on the information of
Rostovtsev et al. (1992) and personal field observations.
Three main types of palaeoenvironments were defined:
continental, shallow-marine and deep-marine. Then for
each stage a total number of “zones” with a particular
type of these palaeoenvironments was derived. Strati-
graphic patterns between distinct facies types mark
transgression/regression and shallowing/deepening epi-
sodes (Fig. 7). A somewhat similar approach was used
by Hallam and Wignall (1999), who calculated the
number of shallow formations to evaluate sea-level
highstands and lowstands. Smith (2001) measured the
outcrop area of the principal types of sedimentary rocks,
and Crampton et al. (2003) calculated the same. Peters
and Foote (2001) accounted for the number of marine
formations and global rock area.

To reconstruct the sea-level curve a specific index
(ISL) was evaluated:

ISL ¼ ðsþ dÞ=c;
where s, d, c are the number of “zones” with shallow-
marine, deep-marine, and continental palaeoenviron-
ments respectively. The lower values of this index mark
regressions, while higher values indicate transgressions.
Shallowing is recognized by an increase in s-number
relative to d-number.



Fig. 7. Changes in the total number of “zones” with interpreted continental, shallow-marine and deep-marine types of palaeoenvironments, regional
and global sea-level changes (see text for explanation).
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The Hettangian and Bathonian were the time intervals
of strong regressions. By contrast, seas transgressed
during the Sinemurian–Pliensbachian and later in the
Callovian–Kimmerdgian. Deepening reached its maxi-
mum in the Toarcian–Aalenian. Therefore, the Early
Jurassic transgression is indicated by an increase in depth
of the Caucasian basins, while in the Late Jurassic seas
were shallow and extensive shelf areas developed.

Comparison between global sea-level changes (Haq
et al., 1987; see also Hallam, 2001) and those observed in
the Caucasus suggests a regional difference (Fig. 7). This
was caused by the regional tectonics. Peaks of
transgressions and regressions were not synchronous.
The general trends of sea level are somewhat similar, but
only in the most generalized view. In the global record a
tendency toward transgression is documented for the
overall Jurassic, and in the Caucasus, sea-level rise is
evident, but it is weak. Globally four transgressive–
regressive cycles appeared in the Jurassic, while only
two larger ones are recorded within the Caucasus. Sea-
level changes recorded in Europe (Jacquin and de
Graciansky, 1998; Smith, 2001; Stratigraphische Tabelle
von Deutschland, 2002) are a little more similar to those
in the Caucasus, but a large difference still exists.

An interesting conclusion may be made. As shown
above, the Jurassic bivalves diversity changed globally
and in the Caucasus in a similar manner. Therefore, the
differences in sea-level changes imply that they may not
be considered as a leading factor of these diversity
changes. The same conclusion was reached for Early
Jurassic brachiopods in the Caucasus and worldwide
(Ruban, 2004a).

The quantitative expression of the regional sea-level
changes allows a calculation of the simple index of rank
correlation (RS) (Kendall, 1970) between ISL, s-, d-, c-
number and the total species number dynamics for the
entire Jurassic period. A similar analysis was attempted
by McRoberts and Aberhan (1997) for Early Jurassic
bivalves of Northwest Europe, and also by Crampton et
al. (2003) for Cenozoic molluscs.

Results obtained for the Caucasus are surprising. RS
for TSN and ISL is only 0.24. RS values for TSN and s-,
d-, and c-number are 0.50, −0.31, and −0.31 respec-
tively. In no case are the correlation values significant. A
stronger correlation was observed between number of
“zones” with shallow-marine palaeoenvironments and
sea-level fluctuations. But even in this case the RS
values are low. Therefore, it may be concluded that sea-
level changes should not be considered as a driving
force of diversity dynamics for Jurassic bivalves of the
Caucasus.

The absence of a relationship between diversity of
the Early Jurassic bivalve species from the North-
west Europe and sea-level changes was reported by
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McRoberts and Aberhan (1997). In another well-
known example Hallam and Wignall (1999) showed
that transgressions/regressions distinctly enforced
mass extinctions among the Phanerozoic marine
biota. Undoubtedly, sea-level fluctuations should not
be excluded from the list of diversity driving factors,
but whether they were direct or indirect factors must
be considered in every case. Sea shallowing partially
controlled the diversity rises among bivalves of the
Caucasus, as inferred from the Sinemurian, Bajo-
cian–Bathonian and Late Jurassic, whereas in the
other cases (as in the Aalenian or Kimmeridgian) no
direct connections are observed. Regardless, further
studies based on global and other regional data are
awaited to test this conclusion.

7. Discussion

Regional diversity dynamics of Jurassic bivalves
from the Caucasus are discussed with respect to the
influence of sea-water palaeotemperature changes and
the impact of the Late Jurassic salinity crisis.

Sea-water palaeotemperature changes might have
controlled the diversity dynamics of Jurassic bivalves
within the Caucasus because amplitude changes were
significant (Fig. 8). Regional palaeotemperatures of sea-
water for each Jurassic stage were established by
Jasamanov (1978), who analyzed oxygen isotopic
compositions derived from belemnites and other benthic
macrofossils. Although such isotopic measurements
might lead to wrong interpretations (Longinelli, 1996;
Longinelli et al., 2002, 2003; Longinelli, personal
communication), results obtained for the Caucasus
were compared to palaeoecological studies (Jasamanov,
1978).
Fig. 8. Jurassic sea-water palaeotemperature changes in the Caucasus
(data from Jasamanov, 1978, average values are shown). Stage
abbreviations — see Fig. 2.
A comparison between regional bivalve diversity
(Fig. 2) and sea-water palaeotemperatures (Fig. 8)
suggests there was no direct covariation between
them. Even the remarkable Late Toarcian–Early Aale-
nian cooling did not stress bivalves. Meantime, all
Jasamanov's data and, therefore, our conclusions should
be further verified to become trustable. It is important to
note, that Late Aalenian–Bajocian and Callovian–
Oxfordian episodes of sea-water warming corresponded
to the evident radiation of bivalves, i.e. diversity rises.
Therefore, there was a partial temperature control of the
bivalve diversity changes. On the other hand, changes of
sea-water palaeotemperatures might have provoked
major changes in the structure of the bivalve assem-
blages, which were not recorded as diversity events.
This is an important matter for further studies.

The Kimmeridgian–Tithonian is characterized by the
remarkable decline of bivalves (Fig. 2). The causes of
this event are readily apparent in the stratigraphic
record. During this time interval in many parts of the
Caucasus the deposition of evaporites took place
indicating an increase in salinity of sea-water (Jasama-
nov, 1978; Rostovtsev et al., 1992; Kuznetsov, 1993)
(Fig. 6). Also it appears that at least parts of some basins
were isolated as lagoons. But complete restriction of the
Caucasian basins did not occur as suggested from our
facies analysis (Fig. 7). Nonetheless, such “hypersaline”
environments were unfavourable for bivalves, which
showed a significant diversity drop. In comparison to
brachiopods, bivalves had not recovered by the
Tithonian (Ruban, 2003a). This can be explained by
the ability of brachiopods to radiate more rapidly when
favourable conditions appear even for a very short time
intervals (Prosorovskaya, 1996). Evidently, the diversi-
fication of bivalves needs much more time to accelerate.

In discussing the influence of the regional salinity
crisis on bivalves in the Jurassic of the Caucasus, a
comparison was made with respect to the effect of the
other well-known salinity crisis, which occurred in the
Messinian of the Mediterranean Sea (Krijgsman et al.,
1999). Comprehensive data are available, including
stratigraphic ranges of molluscan species known from
the Neogene basins of southeast Spain (Demarcq,
1990). This information allows an evaluation of total
numbers of mollusc species (Fig. 9). It is evident that the
salinity crisis of the Late Messinian did not lead to the
temporal diversity decrease of pectinides. Even if their
communities were stressed in the Late Messinian, any
recovery seems to have been very rapid and completely
compensated for any earlier losses. Data on other
molluscs (non-pectinide bivalves and gastropods) sup-
port this conclusion (Barrier and Montenat, 1990).



Fig. 9. Total species number of the middle Miocene–Pliocene
pectinids in the basins of SE Spain. Initial data extracted from
Demarcq (1990).
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Therefore, the Late Jurassic salinity crisis in the
Caucasus and the much more intense event of the same
kind in the late Miocene in the basins of southeastern
Spain had different effects on marine faunas. To explain
this is a matter for further study.

8. Conclusions

A total of 513 species of bivalves are known from the
Jurassic deposits of the Caucasus. In the Early Jurassic
diversity among bivalves was low and weakly declining.
Later in the Aalenian and especially in the Bajocian the
total species number significantly increased by 2.5
times. The next radiation took place in the Callovian. It
was so intense that it could be called an “explosion”. The
Late Jurassic is characterized by a diversity decrease
caused by the regional salinity crisis. The most intense
assemblage changes took place at the Sinemurian–
Pliensbachian, Pliensbachian–Toarcian, Bathonian–
Callovian, and Kimmeridgian–Tithonian boundaries.
But only in the first two cases were they caused by true
turnovers of taxonomic composition. In later two cases
they were connected with the significant diversity
changes. This study found that regional and global
bivalve diversity changes were somewhat similar. A
significant conclusion is that the Callovian diversity
explosion is a globally recognized event. But Pliensba-
chian–Toarcian and end-Jurassic mass extinctions
evidently have not been recognized within the Caucasus.

Detailed analysis of sea-level changes (both trans-
gressions/regressions and shallowing/deepening) within
the Caucasus, realized by facies interpretation, and
marine palaeotemperature changes suggests these fac-
tors may not be considered as common direct driving
forces of bivalve diversity dynamics. Thus further
studies should be aimed at exploring global influences
and comparisons with the other regions. This is always
important for the estimation of the biodiversity (Alroy,
2003).

An attempted evaluation of principal patterns of the
bivalve diversity dynamics and establishment of their
correspondence to the global trends of the entire Jurassic
make the Caucasus an important region for worldwide
comparisons.
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Abstract 
Comparative geologic studies are important both to find common patterns in the evolution of 
distinct regions and to reconsider their petroleum potential. We have attempted a comparison of 
the Phanerozoic evolution between the Northeastern African basins (NEA) and the Greater 
Caucasus (GC) (Fig. 1). The latter is nowadays a large elongated structure located within the 
Alpine Belt to the south of the Russian Platform. 

Several tectonic/depositional phases have been distinguished in the evolution of NEA (Table 1): 
1) Magmatic Arc Phase (Precambrian-Early Cambrian), 2) Graben Phase (Middle-Late 
Cambrian), 3) Glacial Phase (Ordovician-Silurian), 4) Tectonic Arches Phase (Devonian-
Permian), 5) Mediterranean Phase (Triassic-Early Jurassic), 6) Atlantic Phase (Late Jurassic-
Early Cretaceous), 7) Alpine Phase (Late Cretaceous-Eocene), 8) Gulf of Suez Phase (Oligocene-
Miocene), and 9) Nile Phase (Pliocene-Recent) (Tawadros, 2001, Tawadros, 2003). 

The Magmatic Arc Phase was dominated by the Pan-African Orogeny which led to the formation 
of Gondwana. Gneisses, granites, migmatites, volcanics, and metasedimentary rocks dominate 
the Precambrian-Early Cambrian succession. 

In the Graben Phase extensional tectonics, accompanied by volcanic activities, formed a series of 
horsts and graben which were filled by shallow marine sandstones and red beds. The Cambrian 
fractured quartzites form reservoirs at the Attahaddy Field in Libya and the Hassi Massaoud Field 
in Algeria. 

The Glacial Phase was accompanied by a drop in sea level in the Caradocian that led to the 
formation of incised valleys. In the Caradocian/Ashgillian, peri-glacial sediments filled these 
valleys. The rise of sea level in the early Silurian Ruddanian stage and the occurrence of an 
oceanic anoxic event led to the deposition of “Hot Shales” in West Libya, Tunisia, and Algeria. 
Peri-glacial reservoirs and Hot Shale source rocks form the hydrocarbon system in a number of oil 
fields in these three countries. 
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The Tectonic Arches Phase was dominated by the Hercynian Orogeny and the collision between 
Africa and Laurussia. Formation of tectonic arches, such as the Sirte, Gargaf, and Helez arches 
and cratonic sag basins, such as the Kufra, Murzuq, and Ghadames Basins, took place during 
that time. Sandstones, shales, and carbonates were deposited during a gradual sea level fall. The 
Devonian rocks form reservoirs in West Libya and the Sirte Basin, and Carboniferous rocks form 
good reservoirs in West Libya, the Sirte Basin, and the Gulf of Suez. The Frasnian Hot Shales are 
major source rocks in West Libya and Algeria.  Thick Permian sediments were deposited in 
northwestern Libya, the Permian Basin in Tunisia, and the northern Western Desert of Egypt. 

The Mediterranean Phase was a period of extension and rifting in Northeast Africa, related to the 
opening of the Neotethys. Most of the tectonic arches collapsed at that time. Fluvial, deltaic, and 
shallow marine sandstones and carbonates were deposited. Thick evaporates dominate the 
succession in northwest Libya and Tunisia. These sediments constitute major hydrocarbon 
reservoirs in the eastern Sirte Basin and the El Borma Field in Tunisia. 

The Atlantic Phase was dominated by the opening of the Central, Southern, and Northern Atlantic 
oceans. Shallow marine and continental sandstones dominated the succession. The so-called 
Lower Cretaceous Nubian Sandstones of the Sarir Formation and the fractured quartzites of the 
Wadi Formation in the Sirte Basin, the Aptian Alamein Dolomite and the Upper Jurassic coaly 
sandstones of the Khatatba in the Western Desert of Egypt, form lucrative reservoirs. Source 
rocks are provided by the coaly sediments of the Upper Jurassic Khatatba Formation and the 
Neocomian Matruh Shale in the Western Desert and by Aptian shales and marls in the eastern 
Sirte Basin. Economically exploited coal deposits occur at Gebel Maghara in Sinai. 

The Alpine Phase started with the collapse of some of the remaining arches. Plate collision and 
basin inversion, especially during the Santonian and Oligocene, led to the formation of the Syrian 
Arc System. Carbonates, shales, sandstones, and evaporites were deposited and form effective 
reservoirs and cap rocks in North Africa. Pinnacle and shelf edge reefs are common especially in 
Libya. The OAE during the Cenomanian-Turonian, Coniacian-Santonian, Campanian, and 
Paleocene led to the formation of significant source rocks in NEA. The Campanian source rocks 
are particularly important in the Sirte Basin (Sirte Shale) and the Gulf of Suez (Brown Limestone). 
Sandstones of the Waha, Bahi, Baharia, and Abu Roash formations are among the Cretaceous 
reservoirs. Reefal limestones of the Zelten (Nasser) and Intisar fields are prolific Paleocene 
reservoirs. Early Eocene nummulitic shoals and bars form prolific reservoirs in the offshore of 
Tunisia and Libya. The Middle Eocene carbonates are the main reservoir in the giant Gialo Field, 
with 4 Bbbls of recoverable oil reserves. Economically exploited iron ores (Cretaceous and 
Eocene) and phosphates (Campanian) in Egypt belong to that phase. 

The Gulf of Suez Phase is characterized by the rifting and the opening of the Red Sea, Gulf of 
Suez, and the Gulf of Aqaba. Reefal carbonates and dolomites, shales (Globigerina marls), 
sandstones, and evaporites form a complete hydrocarbon system in the Gulf of Suez. Tilted fault 
blocks, stratigraphic, and combination traps are common. The closure of the Mediterranean Sea 
and the isolation of the Gulf of Suez led to the deposition of extensive evaporate deposits during 
the Messinian Salinity Crisis. Incised Valleys (Sahabi, Nile, and Abu Madi channels) were formed 
inland during the Messinian period. The collision between the African and Eurasian plates led to 
the formation of a thrust belt and nappes of the Atlas Mountains in Morocco and northern Tunisia 
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and a foredeep basin in the latter. The Serravallian sandstones form the reservoir in the Birsa 
Field, offshore Tunisia. 

The Nile Phase in NEA witnessed the development of the Nile River and its Delta in Egypt. The 
Messinian incised valleys were filled with shallow-marine sandstones and shales. Fluvial, deltaic, 
and turbidite deposits were deposited in the offshore of the Nile Delta and are subjected to 
extensive exploration activities in that area. 

Traditional views of the geologic evolution of the GC should be reconsidered, taking into account 
the new data and new global paleotectonic models. A key point was the identification of the GC as 
a Gondwana-derived terrane. The close paleoposition of the GC terrane to the Carnic Alps and 
Bohemian Massif in the Late Paleozoic is argued by faunal and floral similarity, paleomagnetic 
constraints, and similarities of the sedimentary successions. Such paleoposition of the GC terrane 
indicates that it was a part of the Hun Superterrane, which was detached from the Gondwanan 
margin in the Middle Silurian (Stampfli & Borel, 2002). 

Tectonic/depositional phases in the evolution of the GC have been distinguished taking into 
account this new model (Table 1). The history of the GC included 1) Gondwanan Phase (pre-
Ludlow), 2) Hunic Phase (Ludlow-Devonian), 3) Proto-Alpine Phase (Carboniferous-Middle 
Triassic), 4) Left-Shear Phase (Late Triassic-Earliest Jurassic), 5) Arc Phase (Jurassic-Eocene), 
6) Paratethyan Phase (Oligocene-Miocene), and 7) Transcaucasus Phase (Pliocene-Recent). 

During the Gondwanan Phase (pre-Ludlow), the GC was a part of the Afro-Arabian margin of 
Gondwana. Numerous evidences have been obtained for the beginning of the Phanerozoic, while 
special studies of older rocks are still needed. The Cambrian is represented by quartzites, schists 
and carbonates. The most of the Ordovician is embraced by a major regional hiatus. The 
Uppermost Ordovician is composed of clastics, which may be related to a periglacial facies.  In 
the Llandovery-Wenlock, schists, clastics, and volcanics dominate. 

During the Hunic Phase (Ludlow-Devonian), the GC was a part of the Hun Superterrane, and it 
was one of the so-called European Hunic Terranes. The Hun Superterrane was detached from 
Gondwana and drifted northwards to Laurussia. The Paleotethys Ocean was opened at that time. 
In the Ludlow-Lochkovian interval, carbonates with “Bohemian-type” fauna were accumulated. 
Volcanics, schists, and sandstones are common in the Pragian-Frasnian succession. A rimmed 
carbonate shelf existed in the Famennian. At the end of the Devonian, the GC reached the 
Laurussian margin. 

The Proto-Alpine Phase is characterized by strike-slip activity along the Northern Paleotethyan 
Shear Zone, which was extended westwards as the Intra-Pangaean Shear Zone. Dynamics of 
these shear zones was caused by the rotations of Africa. In the Carboniferous-Middle Triassic, 
anticlockwise rotation of Africa caused the right-shear deformations (Swanson, 1982; Rapalini & 
Vizán, 1993; Ruban & Yoshioka, 2005). At the same time, Hercynian and then Early Cimmerian 
orogenic events took place in the Proto-Alpine Region, which included the GC. The Mississippian 
deposits of the GC are schists, clastics, volcanics and carbonates. The Pennsylvanian deposits 
were continental coal-bearing strata. The Lower-?Middle Permian is a typical red-bed Molasse up 
to 25,000 m in thickness. A remarkable transgression and a short-lived rimmed carbonate shelf 
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characterized the Late Permian. In the Early-Middle Triassic, carbonates, shales, and sandstones 
were accumulated. 

During the Left-Shear Phase (Late Triassic-Earliest Jurassic) Africa was rotated clockwise, which 
caused the change of shear-motion direction. The GC moved along the shear zone to its present 
position to the south of the Russian Platform. In the Norian-Rhaetian, a rimmed carbonate shelf 
evolved in the GC, while in some areas shales were deposited. The Upper Rhaetian-Lower 
Sinemurian interval is embraced by a major regional hiatus. 

The Arc Phase (Jurassic-Eocene) of the GC evolution comprises the time when island arcs 
existed at the active margin of the Neotethys (Lordkipanidze et al., 1984). Shales and clastics 
were accumulated in the Early-Middle Jurassic, but a very large rimmed carbonate shelf existed in 
the Late Jurassic. In this epoch a regional salinity crisis occurred, and salt was deposited at the 
same time when reefs existed. Flysch basins evolved during the Cretaceous-Paleogene, and their 
depth reached its maximum in the Maastrichtian-Danian. 

The Paratethyan Phase (Oligocene-Miocene) is characterized by the growth of the Caucasus 
Orogen. Orogenic chains separated the relatively shallow basin of the Paratethys Sea from the 
Mediterranean. The salinity crisis, which affected the latter in the Messinian, did not appear in the 
GC. 

During the Transcaucasus Phase (Pliocene-Recent) the principal feature of the GC became the 
subsiding Transcaucasus Depressions, such as the Rioni Depression and Kura Depression, 
which are tectonically connected with the Black Sea Depression and the Caspian Depression 
(Ruban, 2003). 

As a result of the comparison of the Phanerozoic evolution between NEA and the GC common 
patterns for these regions have been established: a) in the Cambrian-Ludlow both NEA and the 
GC were included in the Gondwanan margin; b) in the Carboniferous-Early Jurassic both studied 
regions were affected by the major shear zone; c) in the Jurassic-Eocene NEA and the GC were 
dominated by the development of the Neotethyan structures (Fig. 2). 

In NEA, source rocks range in age from the Silurian to the Pliocene and are related to global 
oceanic anoxic events, except for the Jurassic coals and Miocene marls (Tawadros, 2001). 
Proven oil reserves of Egypt, Libya, and Algeria are approximately 54 billion barrels. 

The proven petroleum reserves of the Azerbaijanian Hydrocarbon Province of the GC are 7-13 
billion barrels of oil. They were generated principally by the Majkopian (Oligocene-Early Miocene) 
source rocks, which were accumulated in locally dysoxic and anoxic environments in the 
subsiding basins. The Majkopian Group comprises organic-rich shales with interbeds of 
sandstones (Ali-Zadeh, 1945; Efendiyeva, 2004). Oil was generated from them and stored in the 
Pliocene Productive Group (traditionally called “Productive Series”), which is the principal 
exploited reservoir. Depositional environments in the Majkopian Basin were similar to those which 
existed in the Miocene Gulf of Suez, which generated proven reserves of 1.1 billion barrels of oil. 
All possible, including minor, petroleum reservoirs in the Azerbaijanian Hydrocarbon Province are 
shown in Table 2.  
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The common patterns in the geologic evolution of NEA and the GC suggest that special attention 
should be paid in the latter to those sedimentary complexes, which are considered as source 
rocks in NEA (in particular the Silurian, Cenomanian, and Campanian sediments). This suggests 
that new perspectives in the petroleum exploitation and reserves growth in this region, where the 
petroleum industry started more than a century ago, still exist. 
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Figure 1. Geographical location of the studied regions (chronostratigraphy and absolute 
ages after Gradstein et al., 2004). 
 
Table 1. A comparison of the tectonic/depositional phases between NEA and the GC. 
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Figure 2. Paleotectonic sketch-maps (modified from Stampfli & Borel, 2002). Rectangle marks NEA, asterisk 
marks the GC. Abbreviations: EH – European Hunic Terranes, AH – Asiatic Hunic Terranes, Ci – Cimmerian 
Terranes, Si – Siberia, KZ – Kazakhstan, Pt – Palaeotethys, CAn – Central Atlantics. 
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Table 2. Possible petroleum reservoirs in the Azerbaijanian Hydrocarbon Province. 
Stratigraphy Region Outcrop/well Area 

 
Middle Jurassic (Aalenian, 

Bajocian) 
Pri-Caspian-Guba  

Lower Cretaceous (Valanginian, 
Hauterivian, Albian) 

Pri-Caspian-Guba Sovetobad, Gyadysu, Kurkachidag

Upper Cretaceous-Lower 
Paleogene (Maastrichian-Danian) 

Pri-Caspian-Guba 
Schamakha-Gobustan, Gyanja 

Astrachanka 

Paleocene Pri-Caspian-Guba Siazan monocline 
Eocene West Azerbaijan Tarsdallyar, Gyrzundag 
Majkop entire province Umbaki, Naftalan, Kalamaddyn, 

Shorbulag, etc. 
Chokrak (Middle Miocene) Gobustan, Apsheron Umbaki, Duvanny 

Diatom Beds (Miocene) West Apsheron, 
Shamakha-Gobustan 

Binagady, Shabandag, Garadag 

Productive Group Apsheron Peninsula, Apsheron 
and Baku Archipelagos 

40 oil/gas fields 

 
 
 

 
 
 


