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Diversity dynamics of Early—Middle Jurassic brachiopods of
Caucasus, and the Pliensbachian—Toarcian mass extinction
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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 P1-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.
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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 Fiirsich (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 (Palfy 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 Fiirsich 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 Voros (1993, 1995, 2002).

Acta Palaeontol. Pol. 49 (2): 275-282, 2004

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 Stratigraficeskij 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
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Fig. 1. Geographic location of studied area (A) and paleogeographic situation
of areas discussed in the text (B; studied area indicated by 1). Paleogeo-
graphic base map is modified from Owen 1983 and Dommergues et al. 2001.
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Fig. 2. Liassic composite lithological section of NW Caucasus and compar-
ison of regional and global (simplified from Hallam and Wignall 1999)
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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
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numerous paleogeographical reconstructions by Asamanov
(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 KamySan
(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 KamySan (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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Fig. 3. Total species diversity changes, origination and extinction rates of
NW Caucasus brachiopods in Early—-Middle Jurassic.

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. Itis ev-
ident, that such a negligible Lazarus effect could not signifi-
cantly influence the above mentioned results.

Discussion

Regional record of PI-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
anew 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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Fig. 4. Diversity changes of Spondylydae, Limidae, Plicatulidae, Anomio-
idae (Pectinoida) from the South of former Soviet Union (after Romanov

and Kasum-Zade 1991).
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Fig. 5. Brachiopods diversity changes in Lias of Bakony Mts (after Voros
1993, 1995) and Swiss Alps and Jura Mts. (after Sulser 1999).

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 (Voros 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

IVERSITEIT VAN PRETO
ITY OF
ITHI YA

ACTA PALAEONTOLOGICA POLONICA 49 (2), 2004

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 PI-To extinction among brachiopods in
the studied region possibly should be explained by additional
causes. Itis necessary to note that previous attempts of expla-
nations of PI-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., Voros 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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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

Tl 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)

N R N R e R e

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) +

http://app.pan.pl/acta49/app49-275.pdf
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Species S2 P1 P2 Tl T2 T3
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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The Upper Miocene of the Rostov Dome (Eastern Paratethys):
Implication of the chronostratigraphy and bivalvia-based biostratigraphy

DMITRY A. RUBAN

Abstract. The Rostov Dome is located in the south of the Russian Platform. In the Late Miocene this area
was embraced by the Eastern Paratethys. The implications of a recently developed Neogene chronostratigraphy to
the studied area are discussed. The Sarmatian regional stage corresponds to the upper part of the Langhian, the
entire Serravalian and the lower part of the Tortonian global stages; the Macotian regional stage corresponds to
the upper part of the Tortonian and the lowermost horizons of the Messinian global stages; the Pontian regicnal
stage corresponds to most of the Messinian and the lowermost Zanclean global stages. A first Bivalvia-based bio-
stratigraphic framework is proposed for the territory of the Rostov Dome. Five biozones were established within
the Scrravalian—Messinian: Tapes vitalianus, Cerastoderma fittoni—Cerastoderma subfittoni, Congeria panticapaea,
Congeria amygdaloides naviewla and Monodacna pseudocatillus—Prosodacna schirvanica.

Key words: regional stages, chronostratigraphy, biozones, bivalves, Upper Miocene, Eastern Paratethys.

AnerpakT PocToBCKa JOM2 HAJIA3H Ce HA jyTY PyCKe nmatdopme. 3a BpeMe KACHOT MEOUEHA OBa 00NaCT IpA-
napgana je Mcroumom ITapaTerncy. Pasmatpan je 3Havaj caBpeMeHe HEOITHE XpOHOCTPATHIpadBjc 33 Ipoy-
yasay ofmact. CapMaTCKOM PETHEOHAHOM KaTy OroBapa ieo JIaHIAARA, NSO CepABATHAN U IOMH €0 TOPTOHA;
MEOTCKOM PETHOHATHOM KATY OJroBApa TOPISHH /IO TOPTOHA M HAJHIDKE XOPR30HTH MCCHHAANA; MOHTCROM
pEermoHaNiOM KaTy oifopapa Behl eo MeCHHEaNa H Hajumkn saakneat. [To npsm oyt ce paje oroctpararpadm-
jA TOpmEr MEOIEHA Ha OCHOBY ITKOTBAKA 33 0GMACT POCTOBCKS OME. Y OKBHpY capaBalHaH—MECHHHAH yCTa-
EOBMLENO je neT Guozona: Tapes vitalianus, Cerastoderma fittoni—Cerastoderma subfiftoni, Congeria pantica-
paea, Congeria amygdaloides navicula u Monodacna pseudocatillus—Prosodacna schirvanica.

Kiby1ne peus: PErHOHANHE KATOBH, XpoHocTparurpagmja, 6A030He, MIKOIBKE, IOPH MHOLCH, HCTOMHH
Ilaparernc., )

Introduction deposits of the Rostov Dome suggests the use of this

group for the development of the first regional bios-

The study of the Upper Miocene deposits of the
Eastern Paratcthys began about 150 years ago (ABICH,
1865; ANDRUSOV, 1884; ANDRUSsow, 1911), but some
important questions on their stratigraphy are still unre-
solved. Correlation between global and regional stages
(1) and the development of macrofauna-based biozona-
tion (2) are among them.

The Rostov Dome is a promising arca to study the
Upper Miocene stratigraphy of the Eastern Paratethys.
It is situated in the southern part of the Russian Plat-
form (Fig. 1). The Upper Miocene sedimentary com-
plexes arc wide-spread and cover all its territory. The
high abundance of fossil bivalves in the Upper Miocene

. tratigraphic framework. To do this, it was first neces-

sary to implement the recently developed chronostratig-
raphy of the Upper Miocene in order replace the re-
gional scale of the Eastern Paratethys.

Geological setting

The Rostov Dome is situated in the South of the
European part of Russia (Fig. 1). In a tectonical sense,
it represents a specific structure in the eastern part of
the Precambrian Ukrainian Craton, which itsell is a
great block of the Russian platfrom (LEBEDKO, 1980,

Department of Geoecology and Appliced Geochemistry, Geology & Geography Faculty, Rostov State University, Zorge,

40, Rostov-na-Donu, 344090, Russia. E-mail: ruban-d @mail.ru
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POGREBNOV et al., 1970). After its uplift in the Creta-
ceous—Paleogene, the dome has several times been cov-
ered by the sca from the south.

a

Azov sea

Black sea

Fig. 1. Geographical (a) and palacogeographical (b) locations
of the studied area (shaded in a and indicated by an arrow
in b). Palacogeographical reconstruction after NEVESSKATA ef
al. (1984).

In the Neogene, all the south of the European part of
Russia was occupied by a large basin. It was a remnant
of the previously existing Neotcthys, which, after the
orogeny in the alpine regions, became divided into 2
parts — the Mediterranean and the so-called Paratethys,
consisting of Western (Pannonian), Central and Eastern
Basins. The Paratethys originated at the end of the Pa-
Jeogene, and its isolation strengthened cyclically from
the Oligocene until the Pliocene (ILINA et afl., 1976;
NEVESSKATA ef al., 1984; Nosovski, 2001; RocL, 1998,
1999; ULANOVSKAYA, 1998). The territory of the Ro-
stov Dome is located at the northernmost periphery of
the Eastern Paratethys (Fig. 1). It was embraced by sea
during the maximums of cyclically repeating transgres-
sions, when a relatively large and wide Tanaiss palaeo-
bay originated (RUBAN, 2002a). Various sediments
accumulated during these times — clays, silts, sands,
marls, limes. But the most typical Upper Miocene de-
posits are skeletal limestones, consisting completely of

shells of bivalves, less gastropods and their remains of
different size.

Although the Upper Miocene deposits are well-ex-
posed in outcrops within the studicd arca, they have
been investigated only occasionally during the XX cen-
tury by BoGATCHOV (see RODZIANKO, 1970) and later
by Ropzianko (1970, 1986). Also they have been char-
acterized in few monographs, e.g., PAFFENGOLTS (1959),
IvaniTskala & PocreEBNOvV (1962), but these deserip-
tions mostly summarized the results of the above men-
tioned researchers.

4 - Morskaja

2 - Merzhanove
3~ 1300 km

4 - Tanais

5 - Gnilovskaja
6- Tememik

7 = Surb-Khatch
8- Aksaj-1

9- Akeaj-2

10 - Bolsho] Lag
11 - Ptehelovodnaja 12
12 - Aleksandrovka

1 a?
Taganrog* *

Tuzio, R

Taganrog Bay

Fig. 2. Location of the studied sections of the Upper Mio-
cene deposits of the Rostov Dome.

The author studied 12 sections of the Upper Miocene
strata of the Rostov Dome (Fig. 2) and made a lithostra-
tigraphic framework (Figs. 3, 4). Taganrogskaja, Rostov-
skaja, Donskaja, Merzhanovskaja and Aleksandrovskaja
Formations were formally defined (Rusan, 2002b). The
Janovskaja Formation was established previously by
Ropzianko (1986). Additionally, RUBAN & YanG (2004)
proposed a first sequence stratigraphic framework for the
Upper Miocene deposits of the Rostov Dome.

Bivalves from the Upper Miocene deposils were
studied (RUBaN, 2002b). Identification of the species
was made according to general overviews (with taxo-
nomic descriptions and figures) of Neogene bivalves of
the Eastern Paratethys presented by ILiNA ef al. (1976)
and NEVESSKaJA (1986).

Implication of the chronostratigraphic
scale to the Eastern Paratethys

Normalization of the general stratigraphic {ramework
of the Eastern Paratethys, ie. to correlate global and
regional stages, is an important task, because this will
enable correlations of biostratigraphic units, which may
be defined in the Upper Miocene of the Rostov Dome,
to be made to adjacent and even far-located regions.

When in the XIX century differences between the
Mediterranean and the Paratethys were established, the
general problem of Neogene strata correlation between
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Aleksandrovskaja Fm.
{shell limestones)

Janovskaja Fm.
(sands)
incised valoy

Donskaja Fm.
(clays, sands, maris)|

Rostovskaja Fm.
(sands, limestones, clays)

Taganrogskaja Fm.,
(dark clays)

20m

Fig. 3. Generalized lithostratigraphy of the Upper Miocene
deposits of the Rostov Dome.

Morskaja Merzhanovo 1300 km Tanais Gnilovskaja Tememik

Merzhanovskaja Fm.

Taganrogskaja Fm

I

sandstones

E=] shales
maris

1 - intercalated shales and limetones (thickness 0.67 m)
2 - intercalated shales, marls, limastones (recently slurmped)
3 - intercalated skeletal limestones, shales and marls

Y limestones

Surb-Khateh Aksaj-1

Rostovskaja Fm.

these territories appearcd. Differences in the stratigra-
phy between the Western and the Eastern Paratethys
arose. In the 1980s and 90s, the Mediterrancan strati-
graphic scale of the Neogene coupled with world-wide
data underwent revision by the International Comission
on Stratigraphy (ICS) in order to develop a globally-
significant chronostratigraphic scale. This procedure is
ongoing, and a new precise chronostratigraphic scale is
“under construction”. When the development of the re-
cent chronostratigraphic scale began, the difficulties in
making a correlation between the global and the region-
al Bastern Paratethys stratigraphics strengthed again.

The “International stratigraphic Guide” (SALVADOR,
1994) proclaims stages as units with a global sense.
Thus, it cannot be defined essentially for a particular
region, because the geologic time was not different in
the palacospace. Meanwhile, when stratigraphers begin
to define further global units, there is often insuficient
data to enable the consideration of globally-recognized
horizons in the studied interval. In this way, separate
standards of stages appear. Each of them is valid for a
single region. The stages in such standards are region-
al stages.

Nowadays, there are at least two intervals for which
regional stages arc widely used: Cambrian (PALMER,
1998; ZHUurRAVLEV, 1995) and Carboniferous (MENNING
et al., 2000, 2001; WAGNER & WINKLER PRINS, 1983}
Discussions about which regional stages are preferable
are ongoing. However, every time, when evidence is
obtained which enables larger global units to be defined
(as in the case of the Upper Miocene), it is not neces-
sary to use regional stages. It is clear that different
chronostratigraphies for particular regions should no

Aksaj-2 Bolshof Log Aleksandrovka
Pichelovodnaja

%
Anc %

Janovskaja Fm.

Aleksandrovskaja Fm.

5m

5<] unexposed interval
unconformity - Maeotian and Pontian
B3 geletal imestones

Fig. 4. Carrelation of the sections of the Upper Miocene deposits of the Rostov Dome.
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fonger exist, becausc the geological time was the same
at every point on the Earth’s surface. Otherwise, chaot-
ic nomenclature, not representing the true geologic his-
tory will result.

In the meantime, Russian stratigraphers traditionally
continite to use the regional stratigraphic scale for the
Neogene deposits, which includes regional stages differ-
ing from chronostratigraphic” (ic., global) stages (Fig.
53, A widely accepted version of such a regional scale
was proposed by NEVESSKAJA ef al. (1984, 1986) and
NEVEsSKAJA (1986) . Thercfore, there is an urgent need
1o correlate global and regional stages and to implicate
the chronostratigraphy to the Eastern Paratethys in order
replace the regional standard and abandon it forever.

Calabrian | Apsheronian 0.8
1.806 Gelasian 1.8
2.588 Akichagylian
Piacenzian 33
3.600 ) ]
Kimmerian
Zanclean 5.0
5.333 .
. Pontian
Messinian
7.251 U 7.0
Maeotian | 8.0
Tortonian 9.4
U
11.608 Sarmatian v 1.2
Serravalian —12.4
L
13.650
i 14,
Langhian Konkian 0

Fig. 5. Correlation between the chronostratigraphic units of the
Upper Miocene—Pliccenc and the regional stages of the Eastern
Paratethys (see text for sources of the absolute ages).

A possible way 1o correlate the Neogene chronostrati-
graphic and regional stages is to compare the absolute
ages ol their boundaries. For thc Eastern Parathethys
these ages were evaluated precisely by TCHUMAKOV et
al. (1992), and then discussed several times (TCHUMA-
kov, 2000a, b). For the recently employed chronostrati-
graphic units, the absolute ages are recommended by the
ICS (GraADSTEIN ¢ al., 2004) and some of them have
been defined in the Global Stratotype Sections and
Points (GSSPs) (CASTRADORI et ai., 1998; HILGEN et al.,
1998, 2000a, b; Rio ef al., 1998; VAN COUVERING ¢f dl.,
2000). For the formal definilion of absolute ages of the
Messinian, all the Pliocene stages were preferred. ICS
recornmendations (GRADSTEIN ef al., 2004) were used for
the Laghian, Serravalian and Tortonian stages.

The results of a correlation by absolute ages (Fig. 3)
suggest the Sarmatian regional stage corresponds (o the
upper part of the Langhian, the entire Serravalian, and
the lower part of the Tortonian global stages. The
Macolian regional stage embraces the upper part of the
Tortonian and the lowermost horizons of the Messinian
global stages. And finally the Pontian regional stage
mostly corresponds to the Messinian with only the
uppermost part corresponding to the lowermost Zan-
clean, It is evident, that Miocene/Pliocene boundary,
located at the base of the Zanclean in the global scale,
has a different position in the Eastern Paratethys, where
check meaning the Zanclean is established at the base
of the Kimmerian.

Bivalvia-based biostratigraphy
of the Rostov Dome

Abundant bivalves remains are the characteristic [ca-
ture for all the Upper Miocene strata of the Rostov Do-
me. The analysis of taxa ranges allows the development
of the regional biozonation based on this fossil group.
Previous studies of the Eastern Paratethys (ILINA et al.,
1976; NEVESSKAJA, 1986; NEVESsKala ef al., 1986)
resulted only from malacofaunal support for the region-
al stages and their substages and from the occasional
identification of specific units, called “beds with”,
which, in fact, arc something like acme-zones or as-
semblage zones. The present study of the Rostov Do-
me, however, permits the development of a Bivalvia-
based biostratigraphy.

The definition of the biostratigraphic units (biozones)
was made according to the recommendations of the ICS
(SALVADOR, 1994), The difference of terms “first occu-
rence level” (FOL) and *last occurence level” (LLOL)
from “first appearance datum’ (FAD) and “last appear-
ance datum’ (1.ADD) is assumed as the one proposed by
Pavia & MarTRe (1997), Five distinct biozones have
been defined in the Upper Miocene strata of the Rostov
Dome (Fig, 6). The corrclation established between rc-
gional and chronostratigraphic stages helped in the
asignment of these biozones to global stages.

Tapes vitalianus Interval Zone corresponds to the
interval from the pre-Upper Miocene malacofauna as-
semblage (not represented in the studied sections) to
the LOL of Tapes vitalianus ORBIGNY. Further studies
are necessary to revise this zone, as its lower hound-
ary is undefined. Age: Langhian—Serravalian, Lower
Sarmatian. Reference sections: Morskaja, Merzhanovo.

Cerastoderma fittoni — Cerastoderma subfittoni To-
tal Ranges Zone corresponds to the interval from the
FOLs of Cerastoderma fittoni (ORBIGNY} and C. subfit-
toni (ANDRUSOV) to the LOLs of these taxa., Age: Ser-
ravalian—-Tortonian;, Middle Sarmatian. Reference sec-
tion: Merzhanovo,

Congeria panticapaca Interval Zone corresponds to
the interval from the FOL of Congeria panticapaea
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Fig. 6. Proposed Bivalvia-based biostratigraphy of the
Upper Miocene of the Rostov Dome.

ANDRUSOV 1o the FOL of C. amygdaloides navicula
ANDRUSOV. It is important to note that the LOL of C.
panticapaea ANDRUSOV is above the upper boundary of
this zone. Age: Tortonian; “beds with C. panticapaea”,
lower part of the Upper Maeotian, Reference section:
Gnilovskaja,

Congeria amygdaloides navicula Total Range Zone
corresponds to the interval from the FOL to the LOL
of Congeria amygdaloides navicula ANDRUsOV, Age:
Tortonian-Lowermost Messinian; “beds with C. amy-
gdaloides navicula”, upper part of the Upper Maeotian.
Reference scctions: Merzhanovo, 1300 km,

Monodacna pseudocatillus — Prosodacna schirvani-
ca Interval Zone corresponds to the interval from the
FOLs of Monodacna pseudocatillus BARBOT and Proso-
dacna schirvanica ANDRUSOV to the upper disconformal
boundary of the Upper Miocene sedimentary complex.
Age: Messinian; Lower Pontian. Reference sections:
Bolshoj Log, Ptchelovodnaja, Aleksandrovka.

Unzoned intervals include hiatuses (at the base of
the Donskaja and Aleksndrovskaja Formations) and
short infervals where zonality could not be established

because of the scarcity of fossils remains (the transi-
tion between Taganrogskaja and Rostovskaja Forma-
tions, upper part of Rostovskaja Formation, and Janov-
skaja Formation).

All the above mentioned zones were defined by
characteristic taxa bioevents. The last ones are very
easy to be determined in the stratigraphic record. All
these events seem to be isochronous at least within the
area of the Rostov Dome.

Conclusions

The comparison of absolutc ages permits a correla-
tion of the global and regional stages for the Eastern
Paratethys to be made.

Studies of the Upper Miocene deposits of the Rostoy
Dome resulted in the definifion of five distinct Bival-
via-based biozoncs. The implicated chronostratigraphy
coupled with the Bivalvia-based biozonation seems to
be a real alternative for replacing the previously devel-
oped regional stratigraphy, based on the definition of
regional stages.

Further research should be aimed at extending the
defined biozones to the entire territory embraced by the
Eastern Paratethys.
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Appendix

In addition to the formal definition of the Merzhanovska-
ja PFormation (RUBAN, 2002b), a detailed indication of par-
ticular beds of skeletal limestones in the Merzhanovo strato-
type section is presented below (see this section location and
whole composition in Fig. 2, 4). The Beds are numbered
from base to top.

LOWER MEMBER (beds 1-10) — 1.26 m
bed 1 —~ 005 m
bed 2 - 015 m
bed 3 - 004 m
bed 4 - 008 m
bed 5 - 002 m
bed 6 — 0.11 m

bed 7 - 008 m
bed 8- (.18 m
bed 9 — 040 m

bed 10 — 015 m
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UPPER MEMBER (beds 11-16) — 0.32 m
bed 11 - 003 m

bed 12 ~ 003 m

bed 13 —~ 004 m

bed 14 — 006 m

bed 15 - 006 m

bed 16 ~ .10 m .

Total thickness 1.58 m.
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Pesume

Toprwu muouen PoctoBeke nome (Mcrouunn
IlapareTnc): 35a4aj 3a XxponoctpaTurpagujy
i duocrparurpaduja Ha OCHOBY IIKOJbAKA

Pocrobecka foMa Hadasd ce Ha jyry pycke IinaT-
cdopme. 3a BpeMe KacHOT MHOIEHA OBa o6NacT npu-
nagana je Tanajckom naneozanusy Wcrounor ITapare-
Tuca. ¥l ako ce MHOLEHCKYM CeMMEHTH OBe OONacTH
npoy4aeajy oxo 100 rofrHa H:HX0Ba IeTakbHa CTPaTH-
rpachcka nojena jont Huje Apukasada. Ha ocuosy npo-

yuapara 12 H3aHaKa TOPHHOMHONEHCKHX YCIOCTaR-
TheHa je murocrpaThrpadceka (ykyiHo 6 dopmanuja) 1
cekBeuTHa crpaTturpaduja.

PernoHANHY KaTOBH Ce YINIaBHOM yIoTpebibasajy u
uMajy npexsoct y Herounom Ilaparerncy. Ibuxosa
Kopeanuja ca XpOHOCTPaTHIPaiCKUM KaTOBMMA
IpeIoxeHuX Off crpae MHTepHALMOHANHE KOMUCH]C
3a cTpaTHrpadujy je HeonxoHa, 3aTo 1To he T0 OMo-
ryhUTH KOpeNanyjy cTpaTHrpadpCcKuX jefIMHMIQ, Kao
IITO CE& TO MOXKE NehMHHCATH 3a KAacHH MHOCIEH poc-
TOBCKE TOME, €4 CYCej{HIM WM YaK YRaLeHuM obac-
taMa. Kaga cy KaToBH, KOjU ¢y TIoGalHo [perosHar-
JRMBH, NPEIOKCHY, W3LTIeNa Ja Huje noTpebno aa ce
yrnoTpe6manajy PerHOHANHOM KaTOBH, KOJH €y IPUX-
BaT/LMBH CAMO ¥ OHHM CcIIy9TajeBHMa Kajla ce pacipa-
BJba O XPOHOCTPATHIPAhCKOj TIONEIH.

Tlokymana je npuMeHa HEJlABHO YCTAHOBILCHE HEO-
reHe xpoHocrpaTarpadguje Ha obmacr PocroBeke
noMe. OBO je 0cTBApEHO Kpo3 ylopehbeme anconmyTHHX
CTApOCTH TPAHUIA fiBE NOMEHyTe BpeTe Karosa. Cap-
MaTCKOM PETMOHANHOM KaTy OJifoBapa FOp\BH JIC0
NAHTHAHA, IEJIOM CEPABANHAHY M JIOHEM JCIY Top-
ToHA. MEOTCKOM PErfioHAHOM KaTy OJIr0oBapa MopHmU
IO TOPTOHA M HAJHILKH XOPH3OHTH MechauaHa. [lonT-
CKOM PETHMOHAJIHOM KaTy OJiroBapa Behi [e0 MCCHHHE-
aHa ¥ HajHIOKH 3aHKJICaH. Y CTaHOBJ/BEHO j€ la FPaHuia
MHOIEH/ILTHONIEH, Koja ce Hamasd y ©a3u 3aHK/eaHs,
uMa pasmaunT nonoxaj y Merounom Tetucy, e je ye-
HOCTAB/bEHS Y 5220 KHMEPHAHCEOT PEIHOHANAOT KaTa.

Y ropi-OMHOLICHCKHX CEelIMEHATA POCTOBCKE lOME
Habhenu cy MEOrOGpOjHHM OCTalld MIKOJbaka. AHamH3a
PACTIPOCTPAIbEIbA TAKCOHA TO3BOJMANA j¢ IO IPBY IIyT
YCIOCTAaBILEH:¢ OHOCTpATHTpathdje Ha OCHOBY IMKOIba-
ka 3a TeputopHjy PocToBcKe foMe. Y OKBHDY HHTED-
Bajia CepaBaMaH-MECHHHAH YCTAHOBIBEHO je neT Ouo-
sona; Tapes vitalianus, Cerastoderma fittoni-Cerasto-
derma- subfittoni, Congeria panticapaea, Congeria
amygdaloides navicula w Monodacna pseudocatillus—
—Prosodacna schirvanica, Unrepeany 6e3 30Ha YKIBY-
uyjy xmjaryce (v Gasm JloHcke M AJeKCcaHIpPOBCKE
dopmanuje) U Kpahmx MHTEpBaa 1Y€ 30HATHOCT HUje
MOINa OHTH YyCIOCTaB/beHa 300T peTKHX chocuna
(npenas wsmehy Taramporcke u PocTorcke dhopMany-
je, FOpH:H leo pocToBcKe hopMalije K jaBoBCKe hop-
Mangje).

Hapepna npoyvapaia 61 Tpebama OuTH ycMepeHa
Ha feduHicamy OMO30HA LENE TEPHTOPHje Koja je
npunagana Herounowm Ilaparerucy.
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