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Brachiopod decline preceded the Early Toarcian mass extinction in the Northern
Caucasus (northern Neo-Tethys Ocean) : A palaeogeographical context

Dmitry A. RUBAN'?

Abstract

Brachiopods were affected strongly by the Early Toarcian mass extinction within the Northern Caucasus, which at that time was a
large region on the northern margin of the Neo-Tethys Ocean. However, their decline preceded the mass extinction event, and it took
place in the mid-Pliensbachian with only one species survived in the Domerian. To understand the causes of this phenomenon 7 precise
palaecogeographical reconstructions have been produced for the Northern Caucasus. It is proposed that a mid-Pliensbachian deepening
of the Caucasian Sea and an associated oxygen depletion stressed brachiopod assemblages. Data from some European regions and
South America suggest a high diversity in the late Pliensbachian. In contrast, brachiopod diversity decreased in the Bakony Mountains
of Hungary in the latest Pliensbachian and on the Pacific margin of North America in the late Pliensbachian. The decline which

preceded the Early Toarcian mass extinction was a regional phenomenon unrelated to the mass extinction itself.
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I.INTRODUCTION

The Early Toarcian mass extinction stressed most marine
communities including brachiopods (HALLAM, 1986;
LITTLE & BENTON, 1995; LITTLE, 1996 ; ABERHAN &
FURSICH, 1997 ; HALLAM & WIGNALL, 1997 ; HARRIES
& LITTLE, 1999 ; PALFY ef al.,2002). A detailed analysis
of the taxonomic diversity changes of this fossil group in
the Northern Caucasus — a large region on the northern
margin of the Neo-Tethys Ocean — highlights a specific
feature of their evolution before the mass extinction,
namely a sharp decline already in the late Pliensbachian
(RUBAN, 2004). The overal demise of brachiopods
during the entire Pliensbachian-Toarcian interval differed
from the diversity dynamics of other fossil groups (e.g.,
foraminifera), which were not affected until the Toarcian
(RUBAN & TYSZKA, 2005).

A number of possible explanations of this earlier
brachiopod decline can be suggested. It appears sensible to
begin its discussion within a palaeogeographical context.
Regional transgressions/regressions and changes in water
depth may be responsible for this peculiar decline among
brachiopods. In order to establish the probable cause of
the latter, a high-resolution analysis of the Pliensbachian
palacogeography of the Northern Caucasus is presented
in this paper.
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II. GEOLOGIC SETTING

The Northern Caucasus is a large geographical region,
comprising the northern portion of the Caucasus
Mountains between the Black Sea and the Caspian Sea
(Fig. 1). Tectonically, it corresponds to the northern part
of the Greater Caucasus structural domain. During the
Early Jurassic, the Northern Caucasus was located on
the northern margin of the Neo-Tethys Ocean, where a
number of elongated basins and island arcs existed (Fig.
1) (MEISTER & STAMPFLI, 2000 ; STAMPFLI & BOREL,
2002 ; ERSHOV et al., 2003 ; GOLONKA, 2004 ; KAZMIN
& TIKHONOVA, 2006 ; RUBAN, 2006a; SAINTOT et al.,
2006 ; TAWADROS et al., 2006; RUBAN, 2008a). The
Caucasian Sea (a marginal sea of the Neo-Tethys Ocean)
encoached over the entire Northern Caucasus from the
south (RUBAN, 2006a).

The Pliensbachian deposits spread over the entire
Northern Caucasus (ROSTOVTSEV ef al., 1992 ; RUBAN,
2007a, 2008b). They are dominated by siliciclastics
and shales, whose thickness varies from 300 up to
5,000 m (Fig. 2). These strata were accumulated in the
northern part of the Caucasian Sea, which was warm
(JasaMaNOV, 1978). The presence of black shales
indicates an oxygen depletion, although an evidence for
the global early Toarcian anoxia (JENKYNS et al., 2002)
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Fig. 1: The Northern Caucasus and its particular areas (adapted from ROSTOVTSEV et al., 1992 ; RUBAN, 2007a, 2008b). Areas with
especially rich brachiopod assemblages are shaded by light grey. Palaeotectonic map of the Neo-Tethys Ocean is simplified after
STAMPFLI & BOREL (2002). Numbers: 1 — Western Labino-Malkinskaja, 2 — Central Labino-Malkinskaja, 3 — Eastern Labino-
Malkinskaja, 4 — Western Pshekish-Tyrnyauzskaja, 5 — Eastern Pshekish-Tyrnyauzskaja, 6 — Northern Arkhyz-Guzeripl’skaja,
7 — Eastern Arkhyz-Guzeripl’skaja, 8 — Southern Arkhyz-Guzeripl’skaja, 9 — Digoro-Osetinskaja, 10 — Agvali-Khivskaja, 11
— Western Bokovogo Khrebta, 12 — Central Bokovogo Khrebta, 13 — Eastern Bokovogo Khrebta, 14 — Southeastern Bokovogo
Khrebta.
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Fig. 2:

The Sinemurian-Toarcian deposits of the Northern Caucasus (after ROSTOVTSEV et al., 1992 ; RUBAN, 2007a, 2008b). Numbers
above columns indicate particular areas (see Fig. 1) and numbers to the left of columns indicate thickness (m).
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is unclear within the study area (RUBAN, 2004 ; RUBAN &
TYSzKA, 2005). The Northern Caucasus was populated
by diverse brachiopod assemblages (MOISEEV, 1934;
MAKRIDIN & KAMYSHAN, 1964 ; ROSTOVTSEV et al.,
1992 ; PROSOROVSKAYA, 1993). Previous regional data
on this fossil group are presently reviewed by RUBAN
(2004, 2006b, 2007b).

III. MATERIAL AND METHODS

This paper makes use of data previously compiled,
verified (when possible), and already published by
RUBAN (2006b, 2007b). The regional reviews by
MOISEEV (1934), MAKRIDIN & KAMYSHAN (1964),
ROSTOVTSEV et al. (1992), and PROSOROVSKAYA (1993)
were taken into account originally. The data presented
by RUBAN (2004) are all considered, but this paper
addresses to a geographically larger territory and several
taxonomical levels of brachiopods. A total of 83 species,
34 genera, and 11 superfamilies are considered (Table 1),
the majority found within the Early Jurassic deposits of
the western part of the Northern Caucasus (Fig. 1). The
total number of brachiopod taxa is calculated for local
Sinemurian-Toarcian substages, which were mentioned
by RUBAN (2004). Lower and upper Pliensbachian as
defined in the Northern Caucasus correspond generally to
the Carixian and the Domerian. There are no brachiopods
in the lower Sinemurian and the lower Toarcian deposits.
The reconstructions of transgressions/regressions and
changes in the water depth are based on an interpretation
of facies data from RUBAN (2007a, 2008b). The whole
territory of the Northern Caucasus is divided into 14
particular areas (ROSTOVTSEV et al., 1992; RUBAN,
2007a, 2008b) (Fig. 1). An analysis of composite
Sinemurian-Toarcian sedimentary successions (Fig.
2) of these areas permitted to recognize continental,
shallow-marine, and deep-marine facies (RUBAN,
2007a). These data in conjunction with those from other
adjacent areas of the Ciscaucasus (the territory to the
north of the Northern Caucasus) and the entire Greater
Caucasus (ROSTOVTSEV et al., 1992; RUBAN, 2007a,
2008b) allowed an evaluation of the basin geometry
for every time slice. Seven time slices (p1-7) within the
Pliensbachian are specified (Fig. 3), and a distribution of
facies is depicted for every time slice in order to document
the changes in both basin shoreline and water depth. A
comparison of diversity patterns with the the mentioned
palacogeographical changes will allow to weigh up their
probable relationships.

IV. SINEMURIAN-TOARCIAN TAXONOMIC
DIVERSITY OF BRACHIOPODS

Brachiopods appeared in the Northern Caucasus in the
late Sinemurian and radiated immediately. Their species
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Fig.3: The Sinemurian-Toarcian facies of the Northern
Caucasus (adapted from RUBAN, 2007a) and the
analyzed time slices.

and generic diversity rose by 1.5 times already in the
early Pliensbachian (Fig. 4). The numer of superfamilies,
however, remained the same. An abrupt decline of the
total diversity occurred in the late Pliensbachian, where
only 1 taxon existed, namely Lobothyris punctata
(SOWERBY). However, the mass extinction occurred
much later (HALLAM, 1986; LITTLE & BENTON, 1995;
LITTLE, 1996; ABERHAN & FURSICH, 1997 ; HALLAM
& WIGNALL, 1997 ; HARRIES & LITTLE, 1999 ; PALFY
et al., 2002). It was evidently responsible for the entire
regional disappearance of brachiopods in the Early
Toarcian. Their weak radiation began in the middle
Toarcian, when 3 species and 3 genera appeared (Fig.
4). They belong to the superfamilies Rhynchonelloidea
and Rhynchotetradoidea. Recovery accelerated in the
late Toarcian, when both species and generic diversity
increased significantly (by about 4.5 times), whereas the
total number of superfamilies returned to the same as in
the late Sinemurian-early Pliensbachian. However, not all
late Toarcian superfamilies were the same as before the
mass extinction. Cancellothyridoidea and Wellerelloidea
are not reported from the upper Toarcian of the Northern
Caucasus, whereas Pugnacoidea is not found in the
Sinemurian-Pliensbachain strata.

The data from the Northern Caucasus presented herein
confirms an earlier conclusion (RUBAN, 2004) that the
regional decline of brachiopods preceded the Early
Toarcian mass extinction. Not only the total number
of species, but that of genera and even superfamilies
diminished abruptly at the early-late Pliensbachian
transition. Taking into account the absolute ages of the
lower (189.6 Ma) and upper (183.0 Ma) boundaries of
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Table 1: Taxonomy of the Sinemurian-Toarcian brachiopods from the Northern Caucasus used in this study (this

follows RUBAN [2007b]).

Superfamily Cancellothyridoidea

Disculina? liasina DESLONGCHAMPS

Superfamily Dyscolioidea

Linguithyris? bimammata ROTHPLETZ

Superfamily Hemithiridoidea

Flabellirhynchia lycetti (DAVIDSON), Gibbirhynchia curviceps
(QUENSTEDT), G. gibbosa BUCKMAN, G. heiningensis ROLLIER,
Grandirhynchia  capitulata  (TATE), Rudirhynchia belemnitica
(QUENSTEDT), R. calcicosta (QUENSTEDT), Squamirhynchia squamiplex
(QUENSTEDT), Tetrarhynchia pontica MOISSEJEV

Superfamily Loboidothyridoidea

Cuersithyris radstockensis (DAVIDSON), Lobothyris havesfieldensis
ROLLIER, L.? ovatissima QUENSTEDT, L. punctata (SOWERBY), L.
subpunctata (DAVIDSON)

Superfamily Norelloidea

Praemonticlarella schuleri (OPPEL), Scalpellirhynchia scalpellum
(QUENSTEDT)

Superfamily Pugnacoidea

Pseudogibbirhynchia jurensis (QUENSTEDT), P. moorei (DAVIDSON)

Superfamily Rhynchonelloidea

«Rhynchonella» babala DUMORTIER, “R.” ex gr. fraasi OPPEL,
“R.” latifrons GEYER, “R.” ex gr. obtusiloba ROLLIER, “R.” reinesi
GEMMELARO, Cuneirhynchia dalmasi (DUMORTIER), C. gussmani
(ROLLIER), C. persinuata (RAU), C. rauei ROLLIER, Curtirhynchia
sp., Furcirhynchia laevigata (QUENSTEDT), Homoeorhynchia deffneri
OPPEL, H. sp.1, H. sp.2, Piarorhynchia aff. albertii (OPPEL), P. juvenis
(QUENSTEDT), P. rostellata (QUENSTEDT), P. triplicata (PHILLIPS), P.
variabilis DAVIDSON, Ptyctorhynchia sp., Rimirhynchia rimosa (BUCH)

Superfamily Rhynchotetradoidea

Prionorhynchia greppini (OPPEL), P.? regia ROTHPLETZ, P. serrata
(SOWERBY)

Superfamily Spiriferinoidea

«Spiriferina» moeschi HAAS, Liospiriferina alpina (OPPEL), L. obtusa
(OPPEL), L. cf. obtusa (OPPEL), L. rostrata (SCHLOTHEIM), Spiriferina
angulata OPPEL, S. haasi MAKRIDIN ET KAMYSHAN, S. haueri (SUESS),
S. ilminsteriensis DAVIDSON, S. walcotti (SOWERBY)

Superfamily Wellerelloidea

Bodrakella aff. bodrakensis MOISSEIEV, Calcirhynchia plicatissima
(QUENSTEDT), Caucasorhynchia visnovskii MOISSEIEV, Cirpa
borissiaki MOISSEJEV

Superfamily Zeillerioidea

Aulacothyris griffini ROLLIER, A. resupinata (DOUVILLE), A. salgirensis
MOISSEJEV, Cincta leptonumismalis (ROLLIER), C. cf. numismalis
(VALENCIENNES), Digonella subdigona (OPPEL), Securina partschi
(OPPEL), Zeilleria cornuta QUENSTEDT, Z. davidsoni MAKRIDIN ET
KAMYSHAN, Z. engelhardii (OPPEL), Z. indentata (SOWERBY), Z. lunaris
(Z1IETEN), Z. mutabilis (OPPEL), Z. ovalis ROLLIER, Z. ovimontana
(BOESE), Z. perforata (PIETTE), Z. rehmanni (ROEMER), Z. retusa
MARTIN, Z. roemeri (SCHLOENBACH), Z. scalprata (QUENSTEDT), Z.
stapia (OPPEL), Z. subsphaeroidalis ROLLIER, Z. thurvieseri BOESE, Z.
vicinalis (SCHLOTHEIM), Z. waterhousi (DAVIDSON)

Taxa ranges of species are generally the same as outlined by RUBAN (2004) with two modifications listed below:
“R.” ex gr. fraasi is found in the upper Sinemurian. Z. waterhousi is sinonymous to Aulacothyris waterhousi

the Pliensbachian as well as an approximate duration of

V. TRANSGRESSIONS AND REGRESSIONS

the Domerian (about 4 myr) (GRADSTEIN et al., 2004 ;

OGG et al., 2008), one can assume that brachiopod
communities were stressed regionally at least 4 myr

before the mass extinction.

Transgressions had two consequences, which were
favourable for brachiopod radiation. They led to the
drowning of land to establish a broad continental shelf
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Fig. 4: The Sinemurian-Toarcian changes in brachiopod total
diversity. A - species, B - genera, C - superfamilies.
Numbers above columns indicate the total diversity.

to be colonized by marine shelly benthos; and they
strengthened connections with adjacent basins and
oceans (e.g., HALLAM, 1987).

At the onset of the Pliensbachian, the Caucasian Sea
embraced the western part of the Northern Caucasus
and stretched northwards into the Southern Ciscaucasus
(Fig. 5, pl). A regression occurred already in the early
Pliensbachian, when the sea abandoned the Ciscaucasus
and some areas in the central Northern Caucasus (Fig.
5, p2). The shoreline remained stable for some time
(Fig. 5, p3), but a new transgression began in the mid-
Pliensbachian, when the Caucasian Sea extended
eastwards (Fig. 5, p4). This trangression was followed
by the drowning of the central Northern Caucasus (Fig.
5, p5). The transgression maximum occurred during
the late Pliensbachian (Fig. 5, p5-6) and was recorded
as a relevant surface (RUBAN, 2008b). However, this
was followed by an abrupt regression before the end-
Pliensbachian. It resulted in the seaward shift of the
shoreline both in the western and eastern parts of the
Northern Caucasus (Fig. 5, p7).

A comparison of the Pliensbachian transgressions/
regressions with the brachiopod diversity dynamics
suggests a coincidence of a major landward shift of
shoreline during the mid-Pliensbachian with a sharp
brachiopod decline. This unexpected observation
contrasts with a hypothesis that marine transgressions
commonly favour a regional increase in biodiversity
(HALLAM, 1987; WIGNALL, 2004). Two areas in the
western part of the Northern Caucasus, preferred by
brachiopods (Fig. 1), were not affected by shifts in the
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Fig.5: Pliensbachian facies (see legend on Fig. 3) of the
Northern Caucasus for the time slices (p1-7: see Fig.
3). Bold dashed line indicates the shoreline. Data on the
Southern Ciscaucasus (ROSTOVTSEV et al., 1992) are
also accounted.

shoreline until the end of the Pliensbachian, when a
regressive episode (Fig. 5, p7) was able to produce a
bias in a record of brachiopods. However, these fossils
are anyway not known from the “pre-regressive” upper
Pliensbachian deposits, which persist in the western part
of the Northern Caucasus (Figs. 2, 3). Thus, no bias, so
significant to explain the lack of brachiopods in the entire
late Pliensbachian, can be hypothesized.
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VI. CHANGES IN WATER DEPTH

Changes in water depth seem to be another potential
control on brachiopod diversity. At the beginning of the
Pliensbachian, the Caucasian Sea was shallow-water
(Fig.5,pl), but rapid deepening of the southern periphery
of the Northern Caucasus and its large western part began
already in the early Pliensbachian (Fig. 5, p2). During the
most of the Pliensbachian, the Caucasian Sea remained
deep, except a large shallow shelf in its central part (Fig.
5, p3-6). A weak shallowing episode occurred at the end
of the Pliensbachian, when shallow-water zone enlarged
in the central part of the Northern Caucasus (Fig. 5, p7).
However, a significant part of the sea remained deep even
at this time.

A comparison of the above-mentioned changes in the
water depth with the brachiopod diversity dynamics
indicates that the decline of this fossil group coincided
with a deepening of the basin. It is possible to envisage
a scenario where the persistence of deep-water
environments limited the ability of brachiopods to evolve.
The same observation was made for the same region in
the Ladinian age, when an abrupt deepening terminated
the local brachiopod record. The latter subsequently
restored either together with the forthcoming shallowing
or due to the long-term adaptation (RUBAN, 2006d).
ALMERAS et al. (1997) also reported that bathymetrical
changes forced Pliensbachian brachiopod assemblages in
the French basins.

Deepening may have stressed brachiopods both directly
and indirectly. The direct influence means impoverishing
of shallow-water communities in deeper environments,
which might also establish barriers for exchanges with
communities in adjacent regions. The indirect influence
involves another phenomenon, namely oxygen depletion
(HALLAM, 1987 ; HALLAM & WIGNALL, 1999 ; WIGNALL,
2004). Dys- to anoxic conditions were typical for the
semi-enclosed basin of the Greater Caucasus during the
entire Early-Middle Jurassic (RUBAN & TYSZKA, 2005).
They are documented easily by the abundance of “black
shales” with siderite concretions and pyrite mineralisation
(ROSTOVTSEV et al., 1992). Basin deepening led to
the water stagnation. The marine transgression, which
began in the mid-Pliensbachian, led to the drowning of
a densely-vegetated land, which lay to the north of the
Caucasian Sea (JASAMANOV, 1978). The Pliensbachian
deposits of the Northern Caucasus are quite rich in fossil
plant remains (e.g., VAKHRAMEEV & KRASILOV, 1961).
This permits to apply (at least in part) the model by GUEX
et al. (2001) and MORARD et al. (2003), who linked
the oxygen depletion with the massive input of plant
remains to the basin at a time of its transgression. Thus,
significant water deepening seems to be an appropriate
explanation of an earlier onset of the local brachiopod
crisis in comparison to the global oceanic anoxia, which
took place in the early Toarcian (JENKYNS et al., 2002).

VII. DISCUSSION

The brachiopod decline which preceded the Early
Toarcian mass extinction seems to have been a regional
phenomenon of the Northern Caucasus, controlled by
basin dynamics. Nevertheless, it is sensible to compare
brachiopod diversity of this region with that of some
other regions. HALLAM (1987) reported the diversity
changes of the Pliensbachian rhynchonellid brachiopods
in northwest Europe. Despite a strong diversity drop in
the beginning of this age, the quantity of species increased
during the most of the Pliensbachian with an acceleration
at its end. This was followed by a striking extinction
event. LITTLE & BENTON (1995), LITTLE (1996) and
HARRIES & LITTLE (1999) indicated a persistence of
brachiopods in the uppermost Pliensbachian deposits
in the localities of the United Kingdom and Germany.
Similarly, late Pliensbachian brachiopods were quite
diverse in the French basins (ALMERAS et al., 1997). Data
from the Bakony Mountains of Hungary presented by
VOROS (1993, 1995) indicate a considerable diminishing
of the brachiopod species diversity during the latest
Pliensbachian, already suggested as a similar trend to that
of the Caucasus (RUBAN, 2004). However, extinctions in
the Bakony Mountains realized within much shorter time
A review of the Early Jurassic fossils from the Pacific
margin of North America (SMITH et al., 1994) implies
that none of the 8 Liassic brachiopod taxa occurs in the
upper Pliensbachian deposits of this region, whereas
two species are known from the lower Pliensbachian. In
contrast, the Pacific margin of South America provides
an evidence about brachiopod diversification throughout
the Pliensbachian. RICCARDI et al. (1990) mention 13
species from the lower Pliensbachian and 19 species
from the upper Pliensbachian. Moreover, 9 of these taxa
survived in the earliest Toarcian.

Thus, one can observe a difference between the
Pliensbachian record across the globe. Local
environmental factors (such as deepening in the Northern
Caucasus) created especially unfavourable conditions for
brachiopod radiation. Consequently, it is likely that these
conditions were not related to those provoked the Early
Toarcian mass extinction. In some regional records, the
coincidence of global and local environmental effects,
responsible for the pre-extinction decline and the mass
extinction itself, may have led to confusion and an
exaggeration of the catastrophe duration (e.g., RUBAN,
2004). When deepening in the mid-Pliensbachian
resulted in almost total demise of brachiopods in the
Northern Caucasus, the absence of these fossils in
the early Toarcian (Fig. 3) was a result of the mass
extinction. However, the influence of the latter on
already-diminished brachiopod assemblages could make
this mass extinction more devastative. In comparison,
foraminifers were not affected until the Toarcian, and
their mass extinction-related decline was not so dramatic
as that of brachiopods (RUBAN & TYSZKA, 2005).
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VIII. CONCLUSIONS

In the Northern Caucasus, brachiopods declined long
before the Early Toarcian mass extinction. The diversity
of species, genera, and superfamilies dropped during
the middle of the Pliensbachian. It is proposed that
this regional decline, which preceded the global-scale
catastrophe, was a result of a regional water deepening,
which initiated oxygen depletion. In some other regions,
brachiopods were not impoverished before the end of the
Pliensbachian as they did in the Northern Caucasus. Thus,
an earlier decline of brachiopods in particular regions was
not related genetically to their Early Toarcian extinction.
Previous studies suggested that sea-level changes should
not be considered as the only triggers of biodiversity
and mass extinctions (MCROBERTS & ABERHAN, 1997
RUBAN, 2004a, 2006¢, 2007a). The results from this
study, however, underline that a clear separation between
transgressions/regressions and changes in water depth
should be made in order to support such a conclusion.
Indirect influences of basin dynamics as well as a
composite effect of its patterns need also to be considered.
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