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Taxonomic diversity dynamics of Early Cretaceous brachiopods
and gastropods in the Azerbaijanian domains of the Lesser Caucasus
(Neo-Tethys Ocean)

DMITRY A. RUBAN!

Abstract. Palacontological data available from the Azerbaijanian domains (Somkhit-Agdam, Sevan-
Karabakh, and Miskhan-Kafan tectonic zones) of the Lesser Caucasus permit reconstruction of the regional
taxonomic diversity dynamics of two groups of Early Cretaceous marine benthic invertebrates. Stratigraphical
ranges of 31 species and 14 genera of brachiopods and 40 species and 31 genera of gastropods are considered.
The total number of species and genera of brachiopods was low in the Berriasian—Valanginian and then rose
to peak in the Barremian. Then, the diversity declined in the Aptian, and brachiopods are not known region-
ally from the Albian. Gastropods appeared in the Hauterivian and experienced a strong radiation in the
Barremian. The diversity of species and genera declined in the Aptian (with a minor radiation in the Middle
Aptian), and no gastropods are reported from the Albian. Globally, the number of brachiopod genera remained
stable through the Early Cretaceous, and the number of gastropod genera increased stepwise with the maxi-
mum in the Albian. The regional and global patterns of the diversity dynamics differed for the both groups of
marine benthic invertebrates. The Barremian maximum of the taxonomic diversity coincided with the region-
al flourishing of reefal ecosystems. The taxonomic diversity dynamics of brachiopods in the Azerbaijanian
domains of the Lesser Caucasus is very similar to those of the Northern Caucasus, which is an evidence of
proximity of these regions during the Early Cretaceous.

Key words: brachiopods, gastropods, taxonomic diversity, transgression, Early Cretaceous, Lesser
Caucasus, Azerbaijan, Neo-Tethys Ocean.

Ancrpakr. [laneoHTOoNOmKA JOCTYMHU monanu u3 AsepoOejuaHcku momeHa (Comkxut-Argam, CepaH-
Kapabaxy, n Muckxan-Kadan tekroncke 3one) Manor KaBkasa 103B0JbaBajy pPEKOHCTPYKIH]y AWHAMHUKE
PETHOHATHUX TaKCOHOMCKHX Pa3HOIHMKOCTH JIBE TPYIe TOEHOKPETHIX MOPCKHX OCHTOCKMX OCCKHUMEHaKa.
Pasmatpan je crparurpadceku omcer 31 Bpete u 14 pogomosa Opaxuomnona u 40 Bpcta u 31 pox ractponoaa.
VYkyman 6poj OpaxmOIMOACKUX BpCTa M POAOBa je Ono HU3aK y OepHjac-BalieHAWHY, a BPX Pa3HOIUKOCTH
JocTturao y 6apeMy. 3aTuM, pa3HOJIUKOCT OMaja y amTy, a o ainbda OpaXuomoay HIUCY PETHOHAIHO MO3HATH.
lacTpomone cy ce mojaBuiie y OTPHUBY U IOXKHBEJA jaKy eKCaH3mujy y OapeMy. PasHommkocT BpcTa U pomoBa
omajga y anrty (ca MamOM CKCIAH3MjOM Y CPEAI-EM amTy), a HUjedaH TacTPOIo ce He MojaBibyje o ajoda.
I'mo6aHo, Opoj OPaXMOMOACKHUX POIOBA OCTA0 je CTaOMIIaH TOKOM IO Kpejie, a Opoj racTponoACKHX POIOBa
je mocreneHo mosehaBaH, ca MaKCUMyMOM y aiOy. PernoHaiHu ¥ mio0aiHU 0Opaciiy TUHAMUKE Pa3Iduyu-
TOCTH pa3IMKoBajia Cy ce 3a 00e Trpyle MOPCKHUX OEHTOCKHX OecKHuMemaka. bapeMcKu MakCHMyM TaKco-
HOMCKE Pa3HOJMKOCTH ITOKJIONMHO Ca PETHOHAJIHUM IIPOIBATOM I'peOSHCKOT eKocucTeMa. JJMHaMuKa Takco-
HOMCKE pa3HOJIMKOCTH Opaxuornofa y azepbejuanckum fnenosuma Maior KaBkasa je Beoma ciiiuHa OHHMa Ha
ceBepHOM KaBkasy, mro je goka3 OJM3MHE OBUX PETHOHA TOKOM paHe Kpese.
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Kagkas, Asep0Oejuan, Heoteruc.
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Introduction

Reconstructions of regional changes in taxonomic
diversity of marine organisms are highly important for
understanding spatial differences of biodiversity
changes registered with the available global palaeon-
tological data (SEpkoskl 1993, 2002; ALROY et al.
2008; PurDy 2008; ALrROY 2010). Particularly, the
fossil record of the Caucasus, a large region stretching
between the Black Sea and the Caspian Sea, is useful
for analysis of the Cretaceous biotic evolution (RUBAN
et al. 2011). Representative palaeontological data
from this region were already compiled and publi-
shed, but still unemployed for the analysis of diversi-
ty dynamics.

The present paper focuses on the Azerbaijanian
domains of the Lesser Caucasus (Fig. 1). Two groups
of marine benthic macroinvertebrates, namely brachio-
pods and gastropods, are common in the Lower Cre-
taceous deposits of the study area (AKOPJAN & KHALI-
LoV 1986; ALI-ZADEH 1988). These groups seem to be
suitable for the analysis of the regional taxonomic
diversity dynamics and its further comparison with
the global patterns. This study is a part of the palaeo-
biological re-evaluation of the information about Cre-
taceous marine invertebrates from the Caucasus (see
also RuBAN 2006, 2011a; RUBAN et al. 2011).

Geological setting

The Lesser Caucasus comprises a large southern
portion of the Caucasus (Fig. 1). It occupies Armenia
and parts of Azerbaijan and Georgia, as well as the
neighbouring parts of Turkey and Iran. According to
SHIKHALIBEYLI (1972), the Azerbaijanian domains of
the Lesser Caucasus include the Somkhit-Agdam,
Sevan-Karabakh, and Miskhan-Kafan tectonic zones
(the names are given in Russian transliteration). The
exact Mesozoic plate tectonic setting of the Lesser
Caucasus, which is a Gondwana-derived terrane (Ru-
BAN et al. 2007), has been debated (LORDKIPANIDZE et
al. 1984; GAMKRELIDZE 1986; GoLONKA 2004;
IsMAIL-ZADEH 2007; ADAMIA et al. 2011). This terrane
was located either in the midst of the Neo-Tethys
Ocean or near its northern periphery (e.g., STAMPFLI &
BoreL 2002; GoLoNKA 2004) (Fig. 1). The Lesser
Caucasus was affected by active tectonic processes in
the Early Cretaceous, including hot-spot activity
(Az1zBEKOV et al. 1972; ISMAIL-ZADEH 2007; ADAMIA
et al. 2011; ROLLAND et al. 2009, 2011).

The regional Lower Cretaceous stratigraphy has
been developed, particularly, by KHALILOV & ALIYEV
(1972, 2007), AKOPJAN & KHALILOV (1986), ALI-
ZADEH (1988), and ALIYEV & KHALILOV (2007).
Generally, Lower Cretaceous deposits constitute the
carbonate- and volcaniclastic-dominated successions
with a total thickness of ~1500 m and more (KHALI-
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Fig. 1. Geographical location of the study area. Spatial dis-
tribution of the Lower Cretaceous deposits in the Lesser
Caucasus is shown schematically after KHALILOV & ALIYEV
(1972), AxoriaN & KHALILOV (1986), and ALI-ZADEH
(1988). Plate tectonic reconstruction for 120 Ma is simpli-
fied from ScOTESE (2004). Approximate position of the
Lesser Caucasus is shown according to GOLONKA (2004).

Lov & ALIYEV 1972, 2007; AKOPJAN & KHALILOV
1986; ALI-ZADEH 1988; ALIYEV & KHALILOV 2007)
(Figs. 2, 3). The Urgonian limestones and reefs are
abundant in the Barremian (JASAMANOV 1978; AKOP-
JAN & KHALILOV 1986; ALI-ZADEH 1988; AKHMEDOV
et al. 2003; ALIYEV & KHALILOV 2007; KHALILOV &
ALIYEV 2007) (Fig. 3). Clastic lithofacies are common
in the upper part of the regional Lower Cretaceous
succession (Fig. 2). The Lower Cretaceous deposits of
the study area were accumulated in a shallow-marine
open basin; the seawater was warm with normal salin-
ity (JASAMANOV 1978; ALI-ZADEH et al. 1982). The sea
was populated by different marine organisms, includ-
ing ammonites, belemnites, bivalves, brachiopods,
and gastropods (KHALILOV & ALIYEV 1972, 2007;
AKOPJAN & KHALILOV 1986; ALI-ZADEH 1988; ALIYEV
& KHALILOV 2007). Palaeobiogeographically, the fos-
sil assemblages belonged to the Mediterran—Cauca-
sian Subrealm (WESTERMANN, 2000).
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Fig. 2. The stratigraphical outline of the Lower Cretaceous
deposits of Azerbaijan. Lithology and regional transgres-
sions are based on information summarized by KHALILOV
& ALIYEV (1972, 2007), AKOPIAN & KHALILOV (1986),
ALI-ZADEH (1988), and ALIYEV & KHALILOV (2007);
chronostratigraphy after GRADSTEIN et al. (2012) (see the
updated time scale on-line: stratigraphy.org); global eusta-
tic fluctuations after HAQ (2014). Regional transgressions
should be distinguished from global eustatic changes, be-
cause the latter did not necessarily appear regionally.

The available stratigraphical information (KHALI-
Lov & ALIYEV 1972, 2007; AKOPJIAN & KHALILOV
1986; ALI-ZADEH 1988; ALIYEV & KHALILOV 2007)
permits to indicate five regional transgressions (Fig.
2). These are interpreted on the basis of consideration
of relative spatial distribution of marine deposits, ero-
sional surfaces, and transgression surfaces. For
instance, the limited occurrence of the pre-Barremian
deposits in the Azerbaijanian domains of the Lesser
Caucasus relatively to the distribution of the
Barremian desposits implies landward shoreline shift,
i.e., transgression (sensu CATUNEANU 2006), peaked in
the Barremian. The largest was the Albian transgres-
sion (JaAsaMANOV 1978; KHALILOV & ALIYEV 2007),
which coincided with the global long-term sea-level
rise (HAQ 2014) and was, probably, triggered by the
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Fig. 3. Correlation of three Lower Cretaceous reference
sections (1 — Dashalty, 2 — Dolanlar, 3 — Dashushen) in the
Azerbaijanian domains of the Lesser Caucasus (based on
the information from ALIYEV & KHALILOV 2007). These
sections are given as examples; many other sections and
outcrops are also known in the study area, and they were
investigated by KHALILOV & ALIYEV (1972, 2007), AKOP-
JAN & KHALILOV (1986), ALI-ZADEH (1988), and ALIYEV &
KHALILOV (2007). Formal lithostratigraphical units are yet
to be established for the study area. Chronostratigraphy fol-
lows GRADSTEIN ef al. (2012) (see the updated time scale
on-line: stratigraphy.org).

latter. Deposits of this age are the most widely distrib-
uted among the Lower Cretaceous sedimentary pack-
ages (ALI-ZADEH 1988; ALIYEV & KHALILOV 2007;
KHALILOV & ALIYEV 2007). This transgression took
place in the Middle Albian, and it is documented lo-
cally by transgressive surface between the Middle
Albian and underlying deposits (ALIYEV & KHALILOV
2007; KHALILOV & ALIYEV 2007).

Materials and methods

This study employs regional and global stratigraph-
ical ranges of Early Cretaceous brachiopods and gas-



20 DMITRY A. RUBAN

tropods. The regional data on brachiopods (Appendix
1) were taken from AKOPJAN & KHALILOV (1986) and
ALI-ZADEH (1988) with certain updates (e.g., Cyrto-
thyris pseudosella (LOBATSCHEVA) and Praelogithyris
pseudosella LOBATSCHEVA given as two distinct spe-
cies in the original data source seem to be synonyms;
Cyclothyris gillieroni PICTET, C. picteti BURRIL, and C.
renauxiana D’ ORBIDNY can be attributed to the genus
Lamellaerhynchia). The work by AKOPJIAN & KHALI-
LOV (1986) synthesizes the information on the region-
al stratigraphy, and, among others, it lists common
brachiopod taxa. The chapter by ZEYNIYEV & LOBA-
TSCHEVA in ALI-ZADEH (1988) is the first comprehen-
sive taxonomic review of Cretaceous brachiopods
from Azerbaijan, which remains essential source of
the relevant information up to nowadays. These data
are the result of regional sampling of many Early Cre-
taceous fossil localities in the Azerbaijanian domains
of the Lesser Caucasus. The global generic diversity
of brachiopods was established by CURRY & BRUNTON
(2007). The regional data on gastropods (Appendix 1)
were extracted from ALI-ZADEH (1988). ALIYEV in
ALI-ZADEH (1988) reviewed all available information
about Early Cretaceous taxa reported from Azerbai-
jan, including those described earlier by ALIYEV
(1963). As in the case of brachiopods, the above-men-
tioned data were collected during sampling of many
localities, and it is regionally representative. The
global data on gastropods were taken from the compi-
lation of SEPKOSKI (2002; see database on-line:
http://strata.geology.wisc.edu/jack/start.php).

For the purposes of this quantitative analysis, two
regional datasets were composed (Appendix 1). The
first of them comprises stratigraphical ranges of 31
species of brachiopods belonging to 14 genera. The
second dataset shows the stratigraphical distribution
of 40 species of gastropods belonging to 31 genera.
The presence of taxa is recorded at the scale of stages,
but the distribution of Early Hauterivian—-Middle Ap-
tian gastropods (Late Aptian taxa were not reported at
all) is also recorded at the level of substages (Ap-
pendix 1). All regional data were collected from
numerous localities within the study area. As the data
are given in the original sources, they characterise the
entire region (not individual sections or outcrops),
which is typical for palaeontological syntheses from
the former USSR. Such information is very suitable
for palaeobiological studies (see RUBAN (2011b) for
discussions).

The present quantitative analysis of the regional
taxonomic diversity dynamics of brachiopods and
gastropods includes evaluation of the total diversity
(=total number of taxa), the number of appearances,
and the number of disappearances by stages of the
Early Cretaceous. Appearances and disappearances
are preferred to originations and extinctions respec-
tively, because the formers could be only temporal in
regional records (see RUBAN & VAN LooN 2008). This

analysis is done for both species and genera. For fur-
ther comparisons of diversity patterns, the global
changes in the total number of brachiopod and gastro-
pod genera are also considered (no data on the global
number of species are available). The taxonomic di-
versity dynamics are described herein at the level of
stages. This resolution enables direct comparisons
with the global diversity trends. Uncertainties related
to different understandings of substages are avoided
(cf. RuBAN & vAN Loon 2008). Also, a major part of
the original data is attached to stages only. However,
the available information on gastropods allows a ten-
tative reconstruction of their diversity dynamics on
the level of substages.

This study is based on the Early Cretaceous chro-
nostratigraphical framework established by the Inter-
national Commission on Stratigraphy (GRADSTEIN et
al. 2012; see the updated time scale on-line: stratigra-
phy.org). Some cautions are necessary when using
data from the older palacontological literature (RUBAN
2011b). Particularly, there may be some differences
between the regionally established Lower Cretaceous
stages (KHALILOV & ALIYEV 1972, 2007; AKOPJAN &
KHALILOV 1986; ALI-ZADEH 1988; ALIYEV & KHALI-
LoV 2007) and the actual global stages (GRADSTEIN et
al. 2012; see the updated time scale on-line: stratigra-
phy.org). A brief examination of the regional bios-
tratigraphy (KHALILOV & ALIYEV 1972, 2007; AKOP-
JAN & KHALILOV 1986; ALI-ZADEH 1988; ALIYEV &
KHALILOV 2007) suggests that some stage boundaries
may be replaced downwards or upwards by about a
triple of the stage length, but their exact position can
be fixed only after detailed special investigations, and
this is not the purpose of the present paper. However,
the possible influence of the noted problem is consid-
ered in the interpretations of the results of this study
(e.g., minor diversity changes are supposed to be
within the error, and, thus, they are ignored). It should
be also noted that the stratigraphical ranges employed
for the purposes of the present study are based on gen-
erally consistent chrono- and biostratigraphical frame-
works used in the original sources (AKOPJAN & KHA-
LILOV 1986, ALI-ZADEH 1988), and no major errors
linked to differences in stage understanding in differ-
ent works are expected.

Results

The number of brachiopod taxa changed signifi-
cantly in the Azerbaijanian domains of the Lesser Ca-
ucasus during the Early Cretaceous (Fig. 4). Few bra-
chiopods are reported from the Berriasian and Valan-
ginian deposits. However, the total brachiopod diver-
sity increased in the Hauterivian and duplicated in the
Barremian. The Aptian brachiopod assemblages were
poor again, and the Albian brachiopods are unknown.
The number of appearances tended to remain below
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Fig. 4. Regional taxonomic diversity dynamics of Early Cretaceous brachiopods in
the Azerbaijanian domains of the Lesser Caucasus. Changes in the global number of
brachiopod genera (after CURRY & BRUNTON 2007) are given for reference.
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Fig. 5. Regional taxonomic diversity dynamics of Early Cretaceous gastropods in the
Azerbaijanian domains of the Lesser Caucasus. Changes in the global number of gas-
tropod genera (on the basis of data from SEPKOSKI 2002) are given for reference.

the number of disappearances
(except for the Hauterivian).
The Barremian total diversity
maximum is a result of 16 spe-
cies appearances in this stage
and only 3 species disappear-
ances in the Hauterivian. Very
similar patterns of the generic
diversity dynamics are regis-
tered (Fig. 4).

The number of gastropod
taxa also varied during the
Early Cretaceous (Fig. 5). The
first gastropod taxon appeared
regionally in the Hauterivian.
The Barremian stage is char-
acterised by a strong radiation
of gastropods. The total diver-
sity declined by about a half in
the Aptian, but they remained
relatively diverse in this stage.
No gastropods are reported
from the Albian deposits of
the study area. The Barremian
diversity maximum was a re-
sult of striking increase in the
number of appearances in this
stage. 27 species disappearan-
ces in the Barremian and only
8 species appearances in the
Aptian reduced the gastropod
diversity in the latter stage. As
in the case of brachiopods, ve-
ry similar patterns of the gene-
ric diversity dynamics are reg-
istered (Fig. 5). Consideration
of the total diversity dynamics
at a higher resolution demon-
strates that gastropods radiat-
ed gradually through the
Barremian, and their diversity
increased slightly in the Mid-
dle Aptian to be followed by
the total disappearance of gas-
tropods already in the late Ap-
tian (Fig. 6).

The comparison of the regi-
onal taxonomic diversity dy-
namics of the two groups of
marine benthic invertebrates
(Figs. 4, 5) implies that the
both reached the maximum in
their total species and generic
diversity in the Barremian.
However, the brachiopod as-
semblages were more diverse
in the Hauterivian than in the
Aptian, whereas gastropods
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were relatively diverse in the Aptian and much less
diverse in the Hauterivian. In other words, brachiopods
experienced a gradual radiation and less gradual
decline (Fig. 4), whereas gastropods experienced a
strong radiation and gradual decline (Figs. 5, 6).
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Moreover, these fossils were more similar by changes
in the total number of genera on a regional scale than
on a global scale. Therefore, it is unlikely that the re-
gional taxonomic diversity dynamics was controlled
by the global changes in the number of taxa. Of cour-
se, this conclusion is valid if
no bias is significant. For in-
stance, the restricted distribu-
tion of pre-Barremian strata
(ALiyev & KHALILOV 2007
KHALILOV & ALIYEV 2007)
may explain the low number
of brachiopods and gastropods
reported from them. The in-
vestigations that provided data
for the compilations of AKOP-
JAN & KHALILOV (1986) and
ALI-ZADEH (1988) were regio-
nal in scale essentially. As
shown in their works, each in-
terval was studied with an

Early Barremian

Late Barremian
Late Aptian

Early Hauterivian
Late Hauterivian
Early Aptian
Middle Aptian
Early Hauterivian
Late Hauterivian
Early Barremian

total number of taxa (regional)

Fig. 6. Regional taxonomic diversity dynamics of Hauterivian—Aptian gastropods in
the Azerbaijanian domains of the Lesser Caucasus calculated per substages. The
names of the regional sub-stages are not capitalized, because these units are provi-

sional.
Discussion

Globally, the total generic diversity of brachiopods
remained stable in the Early Cretaceous, which is dif-
ferent from the regional pattern (Fig. 4). The maxi-
mum in the total diversity that occurred in the Azer-
baijanian domains of the Lesser Caucasus is not estab-
lished globally. And, vice versa, brachiopod commu-
nities were poor or absent regionally, when this group
diversified globally. Gastropods experienced a step-
wise diversification on a global scale, which contrasts
with the regional changes in the number of genera
(Fig. 5). The only Barremian regional diversity maxi-
mum coincided with the onset of the late Early Cre-
taceous diversification, but the latter was not as strik-
ing global feature as the above-mentioned regional
strong radiation of gastropods. Moreover, the global
diversity of these fossils peaked in the Albian, where-
as no gastropods of this age are reported from the
Azerbaijanian domains of the Lesser Caucasus.

This comparison suggests that there was a funda-
mental difference between the regional and global di-
versity dynamics of both brachiopods and gastropods.

1 equal attention. Thus, it is un-
likely that sampling bias affect
the taxonomic diversity recon-
structions presented in this
paper. As for the preservation
bias, carbonate rocks, which
are favourable for fossil pres-
ervation, are frequent in the
entire Lower Cretaceous suc-
cessions of the study territory
(KHALILOV & ALIYEV 1972,
2007; AKoPJIAN & KHALILOV
1986; ALI-ZADEH 1988; ALIYEV
& KHaLiLov 2007) (Fig. 2).
Some regional palaecoenvironmental controls on
diversity should be considered. The geological infor-
mation summarized by KHALILOV & ALIYEV (1972,
2007), AkorJAN & KHALILOV (1986), ALI-ZADEH
(1988), and ALIYEV & KHALILOV (2007) allows to out-
line several landward shoreline shifts that occurred in
the Azerbaijanian domains of the Lesser Caucasus and
either coincided with or differed from the global
eustatic changes (HAQ 2014) (Fig. 2). It is unlikely
that these transgressions (Fig. 2) were an ultimate
control on the regional taxonomic diversity dynamics
of either brachiopods or gastropods because of their
different correspondence to the diversity changes
(Figs. 4, 5). However, it cannot be excluded that the
transgression peaked in the Barremian facilitated (or,
at least, did not preclude) the rapid diversification of
marine benthic macroinvertebrates, and the Aptian
transgressions were, probably, responsible for the mi-
nor radiation of gastropods (Fig. 6). Interestingly, the
global dibersity of brachiopods (Fig. 4) and gas-
tropods (Fig. 5) also did not correspond to the long-
term eustatic changes reconstructed by HAQ (2014)

(Fig. 2).

Late Barremian
Early Aptian
Middle Aptian
Late Aptian
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Another possible palacoenvironmental control on
the reconstructed diversity dynamics was seawater
temperature. It was evaluated regionally on the basis
of isotope studies of benthic molluscs and belemnites.
Results from such studies should be used with caution
because of certain difficulties with isotopic data inter-
pretation (e.g., LONGINELLI 1996, pers. comm.). The
investigation by Jasamanov (1978) showed some
cooling druing the late Early Cretaceous. The seawa-
ter temperature dropped by 4-5 °C down to ~18 °C.
Still, the water remained warm, and the basin was sit-
uated in or near the tropical climatic belt (JASAMANOV
1978). The palaeotemperature analysis by ALI-ZADEH
et al. (1982) showed cooling in the marine basin of
Eastern Azerbaijan from ~22 °C to ~16 °C during the
Valanginian—Barremian and then warming to ~22 °C
in the Albian. The above-mentioned data from
JasaMaNOV (1978) do not permit to judge about direct
influences of seawater temperature on the fossil diver-
sity. The results of ALI-ZADEH et al. (1982) imply that
the diversity maximum was reached when the seawa-
ter was the coldest. If the latter is true, this is an unu-
sual coincidence (one would expect fauna flourishing
in warm-water conditions), and further investigations
are necessary to confirm and to explain this.

The Barremian deposits of the Azerbaijanian do-
mains of the Lesser Caucasus bear reefs with diverse
corals (AKOPJAN & KHALILOV 1986; ALI-ZADEH 1988;
AKHMEDOV et al. 2003) (Appendix 2). It is broadly
accepted that coral ecosystems sustained high taxo-
nomic diversity in the geological past (KIESSLING et
al. 2010). The Urgonian facies with reefs are estab-
lished in the study area (JASAMANOV 1978; AKOPJAN
& KHALILOV 1986; ALI-ZADEH 1988; ALIYEV & KHA-
LiLov 2007; KHALILOV & ALIYEV 2007). These are
also typical for many European regions (CSASZAR
2002; IDAKIEVA & IvaNOv 2002; MASSE et al. 2003,
2009; BODIN et al. 2006; GODET et al. 2010; MILLAN
et al. 2011; STEIN et al. 2012; CAREVIC et al. 2013;
GODET 2013; Huck et al. 2013; MASSE & FENERCI-
Masse 2013), where they were formed in environ-
ments favourable for diversification of benthic inver-
tebrates. The development of reefal ecosystems in the
Barremian provides a plausible explanation of the
strong diversification of brachiopods and gastropods
relatively to Hauterivian and Aptian intervals. Any-
way, the low diversity of these benthic macroinverte-
brates in the Berriasian and the Valanginian, we well
as their absence in the Albian remain enigmatic, be-
cause the regional palacoenvironments (relatively
shallow-water and warm seas with carbonate sedi-
mentation) do not appear restrictive for diverse fossil
communities (Fig. 2).

Globally, the Barremian is not known as a stage with
the highest global distribution of reefs. Their quantity
rose gradually through the Early Cretaceous, but the
peak (not as pronounced as that of the Late Jurassic)
was reached near the end of this epoch (KIESSLING ef al.

1999; see also BoGGs 2006). The global generic diver-
sity of Barremian corals (LOSER 1996, 2005) was high,
but not as exceptionally high (relatively to older and
younger stages) as it was regionally (ALI-ZADEH 1988).
Probably, the regional growth of reefal ecosystems in
the only Barremian explains why the diversity maxi-
mum of marine benthic invertebrates is registered in the
Azerbaijanian domains of the Lesser Caucasus, but not
globally in this stage.

The quantitative analysis by RuBan (2011a) per-
mitted to register the taxonomic diversity dynamics of
brachiopods in the Northern Caucasus, i.e., the north-
ern part of the Greater Caucasus Basin. This dynam-
ics can be compared with the diversity patterns estab-
lished by the present study. The two regions are now
located in the proximity of each others, but their rela-
tive position during the Early Cretaceous remains
quite uncertain because of debates on the exact plate
tectonic location of the Lesser Caucasus (LORDKIPA-
NIDZE et al. 1984; GAMKRELIDZE 1986; GOLONKA
2004; ISMAIL-ZADEH 2007; ADAMIA et al. 2011).
However, it is clear that the Lesser Caucasus was lo-
cated to the south of the Greater Caucasus and within
the same tectonic sector of the Neo-Tethys Ocean.

The total brachiopod species diversity in the
Azerbaijanian domains of the Lesser Caucasus was
lower than that in the Northern Caucasus in the Ber-
riasian, the Valanginian, and the Albian (Fig. 7). How-
ever, the total species number changed very similarly
in these regions, and the Barremian diversity maxi-
mum was reached synchronously (Fig. 7). The total
brachiopod generic diversity in the Azerbaijanian do-
mains of the Lesser Caucasus was lower than that in
the Northern Caucasus during the Early Cretaceous,
except for the Barremian and the Aptian. The only dif-
ference in the generic diversity dynamics between the
two compared regions is the peak that was reached in
the Barremian in the Azerbaijanian domains of the
Lesser Caucasus and in the Hauterivian in the North-
ern Caucasus. Such a similarity of the brachiopod tax-
onomic diversity dynamics between the two regions
can be treated as an indirect evidence of their proxim-
ity in the Early Cretaceous. This matches the scenario,
where both regions were situated at the northern mar-
gin of the Neo-Tethys Ocean. The comparison of as-
semblage composition between the Azerbaijanian do-
mains of the Lesser Caucasus and the Northern
Caucasus (RuBaN 2011a) indicates certain number of
common species and genera, which supports the con-
clusion about their proximity.

Conclusions

The quantitative analysis of the Early Cretaceous
taxonomic diversity dynamics of two groups of mari-
ne benthic invertebrates, namely brachiopods and gas-
tropods, allows some conclusions:
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Fig. 7. Regional changes in the total number of species and genera of brachiopods in the Azerbaijanian domains of the Lesser

Caucasus and the Northern Caucasus (after RuBan 2011a).

e the number of species and genera of brachiopods
increased in the Hauterivian, peaked in the Barremian,
and dropped rapidly in the Aptian;

¢ the number of species and genera of gastropods in-
creased in an strongly in the Barremian and then de-
clined in the Aptian;

e the regional and global changes in the total generic
diversity differed for each fossil group;

o the regional development of reefal ecosystems in the
Barremian was likely responsible for the regional
diversity maximum of marine benthic macroinverte-
brates;

o the patterns of the taxonomic diversity dynamics of
brachiopods were similar between the study area and
the Northern Caucasus.

Further investigations should be aimed at evaluati-
on of the Early Cretaceous diversity dynamics of such
fossil groups as ammonites and belemnites. Sequence
stratigraphical architecture and palaeoenvironmental
changes also need accurate reconstruction to judge
about the possible extrinsic controls on the fossil
diversity.
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Pe3nme

JIMHAMHKA TAKCOHOMCKE Pa3HOBPCHOCTH
JA0H-0KPeTHNX Opaxuonoaa u my:keBa y
A3sepOejuanckum odaactuma Masior
KaBka3a (Heo-Tetuc)

®docnnan Hanmasn KaBkasa, Bemuke 001acTu Koja ce
npotexe usmehy Lpaor mopa u Kacnmjckor mopa, je
KOPUCTAaH 3a aHAIM3y OWOTHYKE EBONYIHjE Kpeae.
bpaxuonoau u my>eBu Cy 4eCTH Yy TOBOKPEAHUM Ha-
cmarama y AszepOejuanckum obmactuma Mamor Kas-
kaza. OBe ¢ocunHe rpyne Cy MOTOAHE 33 aHAIM3Y
pEerHoHalIHe TUHAMHUKE TAKCOHOMCKE Pa3HOBPCHOCTH
Kao U 3a BCHO JlaJhe Mopehemy Ha II00aTHUM HUBOY.
Azepbejiiancke obmacti Manor KaBkasza oOyxBarajy
Comxut-Armam, Cesan-Kapabax m Mucxan-Kadan
TeKTOHCKe 30He. CeTMMEHTe 0Wme Kpene YMHE Kap-
OoHATH W BYIKAHOKIIACTHTH, KOjH JOMHUHHPA]Y VY
CyKIlecHjaMa YKyITHe ne0sprHe ox ~ 1500 m u Buie.
VY 0Boj cTynuju KopumiheHu cy Mmojalny KOju ce Ofl-
HOCE Ha PErHMOHAJIHO U cTpaTturpadcko pacrpocTpa-
BeHE JOHBOKPeIHNX Opaxuonoga u myxesa. Cadu-
IBbEHE Cy JBe peruoHanHe Oa3e mnoparaka. I[Ipsa
oOyxBara cTpaTurpadcko pacmpocTtpameme 31 Opa-
XHUOIIOJICKE BPCTE, KOju mpunanajy 14 pomosa. JIpyra
0a3a mopmaraka mpuKaszyje cTparurpad)cko pacrpo-
cTpamere 40 BpcTa mykeBa koju npumnanajy 31 pomy.
KBanturaruBHa aHanu3a oOyxBaTuia je NPOLEHY
YKYITHE Pa3HOBPCHOCTH TAaKCOHA, Kao OpOj H-HXOBOT
N0jaBJbUBakba M HINYE3aBaba TOKOM [OHE Kpere.
Bbpoj 6paxuonoackux TakcoHa 3Ha4ajHO C€ IMPOMEHHO
y Azepbejiianckoj odmactuma Manor KaBka3 3a Bpe-
Me Jome Kpene. M3 Oepjackux M BaJlaHAMHCKHX
celMMeHaTa MO3HATO jé caMO HEKOJIHMKO Opaxuonon-
CKMX TakcoHa. MehyTuM, yKynHa Ppa3sHOBPCHOCT
Opaxuonoza nosehasa ce y orpuBy, a nyrumpa y Oa-
pemy. TokoMm anTa OpaxMOMOACKE 3ajeIHHULE TOHOBO
MI0CTajy CUPOMAIIHE, a y a0y cy MOTIyHO HEMO3Hare.
Bpoj racTpomnonckux TakcoHa Takohe Bapupa TOKOM

nome Kpexe. [IpBM TacTpoOmoICKM TakCOH Y
MPOyYaBaHOM IIPOCTOPY I0jaBHO ce y OTpuBY. ba-
PEMCKH BEK C€ KapaKTepHIe 3HAYajHOM paJivjarijom
mykeBa. TOKOM amnTa BUXOBa YKyITHa Pa3HOBPCHOCT
omaza M ymonia je Mama, Maja Cy WIaK M Jajbe pe-
JaTHBHO pa3HOBpCHU. Hamacumu racropomoma HUCY
MOTBpheHN M3 aJOCKMX Hacjara MpoydYaBaHOT ITOA-
pydja. Y anOCKuM ceAMMEHTHMA NPOYYaBaHOT MOAPY-
Yja My>XKBU MOTIyHO H30cTajy. [lopeheme muHamuke
pETHOHAIHE TAaKCOHOMCKE DPa3HOBPCHOCTH OBE [IBE
rpyIe MOPCKHX OEHTOCKHX OeCKHUMEmaKa ykasyje Ha
TO J1a ¢y 00e rpyrne JOCTHIVIE MAaKCHMYM Y YKYITHOM
Opojy BpCTa W TEHEpPHUYKE Pa3HOBPCHOCTH Yy Opemy.
Mehytum, kox Opaxuorona je AOIUIO 10 TIOCTENeHe
paaujanyje u OpXKer onajama Pa3HOBPCHOCTH, JIOK je
KOJI Iy’KeBa pajavjanuja Ouia u3paxeHuja u OWUIo je
HPUCYTHO IMOCTEIEHO OMNa/Iakhe Pa3HOBPCHOCTH TaK-
coHa. [loctojana je ¢pyHmamenranHa paziuka usmely
pErHOHAJIHE U TI00ATHE TMHAMHKE TUBEP3UTETa KaKo
Koz Opaxuoriofa Tako U kox myxesa. llTaBumie, oBu
¢ocunu mokasyjy Behy CIMYHOCT y HIpoMeHama
YKYITHOT Opoja pooBa Ha PETMOHAIHOM HHBOY HETO
mTo je To OMo ciyd4aj Ha TIo0aJHOM HUBOY. Maio je
BEpPOBaTHO Ja Cy peruoHajHe TpaHcrpecuje Ouie
[JIaBHU (DaKkTOp KOjU je KOHTPOJIHCAO ITWHAMUKY pe-
THOHAJTHE Pa3sHOBPCHOCTHU Opaxuomoia U jexena.
3aHMMJIBHBO j€ Ja TII00aTHU AUBEP3UTET Opaxuomnoaa
U MyXeBa Takohe He oaroBapaj JYyrOpOYHHM IpOMe-
HamMa HUBa Mopa. Pa3Boj cnpymHHX ekocucTema y
Oapemy Ou Mmorao na Oyne o0jamImberme 3a BENHUKY
Pa3HOBPCHOCT OpaxnomnoAa u My>keBa y OIHOCY Ha OT-
pPHBCKe W anTcke uHTepBasie. Ha mmoGamHoM HHUBOY
OapeM HHje O3HAT Kao BeK ca Hajehum pacmpocTpa-
BCHEM CrpynoBa. buxoBa OpojHOCT je moCTeneHo
pacia TOKOM J0H-€ KpeJe, alld Cy BpXyHall JOCTUIIIN
TEK KpajeM oBe ernoxe. BepoBaTHO Aa permoHanHU
pacT COpyAHHUX eKocucTema y OapeMy oOjamrmaBa
300r Yera je MaKCUMYM Pa3HOBPCHOCTH MOPCKHX OCH-
TOCKMX OecknuMemaka 3abenexxeH y AsepOejyaH-
ckuM obnactuma Majnor KaBkasa anu He U 1100anHO
y oBoM Oeky. BjepoBarHo, pernoHasHu pacT cHpyu-
HHUX eKocHucTeMa camo y bapemy o0jamrmaBa 3amro
MaKCHUMaJlHa Pa3HOBPCHOCT MOPCKUX OCCKHYMEHaKa
OCHTOCHHMM j€ perucTpoBaHa y A3epOejlaHCKUM J0-
MennMa Manu KaBkas, anu He 1100aiHo y OBOM Kary.
CAM4yHOCT Yy TUHAMUIM Pa3HOBPCHOCTU Opaxuomnon-
cKkuX TakcoHa wu3Mmely AszepOejpaHckux oOaacTu
Mauor Kaskasza n CeBepnor KaBkasa je nHAMpeKTaH
JI0Ka3 HHXO0BE ONHM3MHE TOKOM JAome kpene. Jlasba
HUCTpaXuBama 0N Tpedaio Ja uMajy 3a b MIPOLCHY
JNOWBOKpEIHEe AWHAMHUKE JUBEpP3UTETa (QOCHIHUX
rpyIma Kao IITO ¢y aMOHUTH U OeneMHuTH. CTpyKTYypa
CEKBEHTHE cTparurpaduje Kao U NPOMEHE Majeo-
CpeArHe Takohe 3axXTeBajy Npeun3Hy PeKOHCTPYKIH]Y
Kako OM MOIIO Jia ce cyau O Moryhoj CIioJballmoj
KOHTPOJIU ()OCHITHOT AWBEP3UTETA.
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Appendix 1. Stratigraphical distribution of Early Cretaceous brachiopods and gastropods in the Azerbaijanian domains of
the Lesser Caucasus. Based on data from AKOPJAN & KHALILOV (1986) and ALI-ZADEH (1988) with improvements. See text
for more explanations.

BRACHIOPODS
Stages
= | E g g
Taxa < £ Z =
2| S | 2| 8| < | =
Cruralina cruralinica SMIRNOVA X
Cyclothyris ardescica (JACOB et FALLOT) X X
Cyclothyris castellanensis (JACOB et FALLOT) X X
Cyclothyris contractoides JACOB et FALLOT X
Cyclothyris irregularis (PICTET) X X
Cyclothyris kiparisovae (MOISSEEV in LOBATSCHEVA) X
Cyclothyris larwoodi (OWEN) X
Cyclothyris lata (D'ORBIGNY) X X X
Cyclothyris tenuicostata LOBATSCHEVA X
Cyrtothyris kentugajensis (MOISSEEV) X

Cyrtothyris middlemissi Calzada X
Cyrtothyris minor (LOBATSCHEVA)

Cyrtothyris pseudosella (LOBATSCHEVA)

Dzirulina marianovkaensis (MOISSEEV in SMIRNOVA)
Fortunella decipiens (D'ORBIGNY)

Lacunosella cherennensis (JACOB et FALLOT) X
Lacunosella malbosi (PICTET) X X
Lamellaerhynchia gillieroni (PICTET)

Lamellaerhynchia picteti BURRI

Lamellaerhynchia renauxiana (D'ORBIGNY)
Loriolithyris russillensis (DE LORIOL) X
Moutonithyris karakaschi MOISSEEV

Moutonithyris moutoniana ('DORBIGNY)
Nucleata cf. strombecki (SCHLOENBACH)
Sellithyris campichei (PICTET) X X
Sellithyris sella (SOWERBY) X
Terebrirostra? aff. neocomiensis D'ORBIGNY X
Terebrirostra taurica (MOISSEEV) X
Torquirhynchia astierana (D'ORBIGNY) X
Torquirhynchia aurea (ELLIOTT) X
Tropeothyris salevensis (DE LORIOL) X

X[IX[X]|X]X|X|X[X[X[X]|X]X]|X

X
X

X
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GASTROPODS (listed per stages)

Stages
HENERE
Taxa % .g) § é F F
2|l | 2| & & 2
Ampullospira kurdistanica (ALIEV) X
Ampullospira subupensis ALIEV X
Archimedea archimedi (ORBIGNY) X
Balkanella garthisensis (ALIEV) X
Campichia azerbaijanensis ALIEV et LYSSENKO X
Campichia margaritae ALIEV et LYSSENKO X
Columbellina maxima LOR. X
Confusiscala sp. X
Contortella cylindrica ALIEV X
Contortella tuberculata ALIEV
Culindrobulina geuialensis ALIEV X
Cylindroptyxis pellati (COSSMANN) X
Dalmatea bicarinata ALIEV X
Diozoptyxis coquandi (ORBIGNY) X X
Diozoptyxis renauxi (ORBIGNY) X
Diozoptyxis traversensis PICT. et CAMP. X
Diptyxiella transcaucaucasica ALIEV et LYSSENKO X X
Diptyxis subdistincta ALIEV X
Funiptyxis pcelincevi ALIEV X
Harpogodes pelagi (BRONG.) X X
Helicaulax caucasicum ALIEV X

Lissochilus subantonii (ALIEV) X

Lyosoma capduri COSSMANN

Microchiza nickchici PCELINCEV

Neoptyxis formosa PCELINCEV

Nerinella algarbiensis CHOFF.

Oonia pseudoovalis ALIEV

Phaneroptyxis arnaudi (MATH.)

XXX | XX |[X]|X
X

Phaneroptyxis balkanensis (PCELINCEV)

Pleurotomaria subjaccardi PCELINCEV X

Proacirsa provencali COSSMANN X

Purpuroidea pcelincevi ALIEV X

Salinea alizadei (ALIEV) %

Salinea pseudobella (DVALI)

Sculpturea fogdtiana (MORT.)

Trochonatica bruguierii (MATH.)

Tylostoma depressum PIC. et CAMP.

Tyvlostoma paranaticoide ALIEV

Tylostoma rochatianum PIC. et CAMP.

XXX X[X[X]|X

Umbanea favrei ALIEV
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GASTROPODS (listed per substages)

Taxa

Substages

Early Hauterivian

Late Hauterivian

Early Barremian

Late Barremian

Early Aptian

Ampullospira kurdistanica (ALIEV)

X [ Middle Aptian

Ampullospira subupensis ALIEV

X

Archimedea archimedi (ORBIGNY)

X

Balkanella garthisensis (ALIEV)

Campichia azerbaijanensis ALIEV et LYSSENKO

Campichia margaritae ALIEV et LYSSENKO

X

Columbellina maxima LOR.

Confusiscala sp.

Contortella cylindrica ALIEV

Contortella tuberculata ALIEV

X

Culindrobulina geuialensis ALIEV

Cylindroptyxis pellati (COSSMANN)

Dalmatea bicarinata ALIEV

Diozoptyxis coquandi (ORBIGNY)

Diozoptyxis renauxi (ORBIGNY)

Diozoptyxis traversensis PICT. et CAMP,

Diptyxiella transcaucaucasica ALIEV et LYSSENKO

Diptyxis subdistincta ALIEV

Funiptyxis pcelincevi ALIEV

Harpogodes pelagi (BRONG.)

Helicaulax caucasicum ALIEV

XXX [ X[ XX [|X[X]|X]|X

Lissochilus subantonii (ALIEV)

Lyosoma capduri COSSMANN

Microchiza nickchici PCELINCEV

Neoptyxis formosa PCELINCEV

Nerinella algarbiensis CHOFF.

Oonia pseudoovalis ALIEV

Phaneroptyxis arnaudi (MATH.)

Phaneroptyxis balkanensis (PCELINCEV)

XX |X[X|X|X[|X

Pleurotomaria subjaccardi PCELINCEV

Proacirsa provencali COSSMANN

Purpuroidea pcelincevi ALIEV

X

Salinea alizadei (ALIEV)

Salinea pseudobella (DVALI)

Sculpturea fogdtiana (MORT.)

Trochonatica bruguierii (MATH.)

Tylostoma depressum PIC. et CAMP.

XXX |X

Tylostoma paranaticoide ALIEV

Tylostoma rochatianum PIC. et CAMP.

Umbanea favrei ALIEV

XXX [ X[X|X]|X
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Appendix 2. Stratigraphical distribution of Early Cretaceous coral genera in the Azerbaijanian domains of the Lesser
Caucasus. Only Barremian and Aptian taxa were reported from this region. Based on data from ALI-ZADEH (1988) with
improvements.

Stages

Taxa
Barremian Aptian

Actinastrea

X

Clausastrea

Cryptocoenia

Dimorphocoenia

Eohydnophora

Eugyra

Holocystis

Hydnophoromeandraraea

Mesomorpha

Metaulastraea

Microsolena

Placocolumastrea

Polyphylloseris

Pseudopolytremacis

Rhipidomeandra

Stelidioseris

XXX X[ XX XXX X|X|X[X|X]|X[X

Thecosmilia






