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ABSTRACT. Three important stages were distinguished in the development of Sarmatian foraminifera of the
Ponto-Caspian basin of Eastern Paratethys: the early, which reflects the process of formation of foraminiferal
assemblages; the middle — the time of their maximum diversification; the late, when almost all groups of foraminifera
disappeared. All three stages are characterized by peculiar foraminiferal assemblages, whose distribution was
controlled by different bionomic conditions in the separate regions of the huge Sarmatian basin. © 2017 Bull.

Georg. Natl. Acad. Sci.
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The orogenic processes, which took place in the Late
Konkian led to drastic changes in marine biota during the
Sarmatian [1]. A restriction of the connections between
the Paratethys and the open ocean occurred at the begin-
ning of this time. In particular the connection with the
Indo-Pacific disappeared [1, 2]. The Late Konkian basin
was replaced by the large, brackish isolated Sarmatian
basin, which had temporary connection with the Mediter-
ranean Sea (Fig. 1).

The Sarmatian Sea occupied the territory from the
Alps to the Aral Sea and was composed of basins with
different bionomic conditions: Pannonian, Dacian, Euxinic
and Caspian basins. The Pannonian basin was connected
to the Dacian basin via the Trans-Carpathian strait, and
the Dacian basin was connected to the Black Sea basin,
and from there, to the Caspian Sea. The Euxine Sea in the
southwest was surrounded by the large Aegean Sea [3].

For the first time the Sarmatian stage of the Central
Paratethys was established by Suess [4] which later was
divided into three substages from the base to the top [5,
6]: Volhynian, Bessarabian and Khersonian. At present
on the territory of Western and Central Paratethys

Sarmatian “sensu stricto” [7] that corresponds to
Volhynian and Lower Bessarabian is distinguished, while
Sarmatian “sensu lato” of the Eastern Paratethys corre-

Fig. 1. Outline of the Paratethys-Mediterranean region during
the Late Miocene (according to Rogl, 1998).

© 2011 Bull. Georg. Natl. Acad. Sci.
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Table 1.
Stratigraphic scheme of Middle and Late Miocene interval.
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sponds to the Volhynian, Bessarabian and Khersonian
substages (Table 1).

The study of foraminiferal assemblages is essential
for understanding the paleoenvironmental and
paleogeographical evolution of the Eastern Paratethysin
the Sarmatian. In the Eastern Paratethys only some spe-
ciesof somegeneraof foraminiferafrom Vesdiankian (Up-
per Konkian) basin continued into the Sarmatian. How-
ever, during thistime they underwent strong morphologi-
cal changes. Thispreventsareliableidentification of their
ancestors. The evolution of the Sarmatian foraminifersin
the Ponto-Caspian basin was accomplished in three
stages: (1) during the first stage Lower Sarmatian
foraminiferal assemblageswere established, (2) during the
second stage they reached their maximum diversification
and (3) in the final stage almost all the groups of
Foraminiferaexcept some of the most euryhalian species
disappeared in the Eastern Paratethys. The three stages
are characterized by peculiar foraminiferal assemblages
(Plate 1; 2) controlled by different environmental condi-
tionsin the different basins[8-13].

The cause for the drastic changesin the marine biota
during the Sarmatian basinisstill being debated. Accord-
ingto Kolesnikov [3], alargeamount of freshwater possi-
bly drained from rivers, whose mass prevailed over the
mass of evaporate moisture, discharging into the Eastern
Paratethys in the Early Sarmatian. The isolation of the
basin and the flow of the large amount of freshwater
caused a strong decrease in sdlinity.

A morerecent study of Piller & Harzhauser [14] sug-
gests that brackish water conditionsin the Sarmatian ba-
sin of Paratethys were not constant. The Sarmatian may
be subdivided into at least two stages: a short Early
Sarmatian period of normal marine, probably mixohaline
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conditionsin marginal areas, and alonger Late Sarmatian
period of normal marine, occasionally hypersaline condi-
tions. Their interpretation is based on the normal marine
fauna and flora (which as a whole include foraminifera,
molluscs, serpulids, bryozoans, dasycladaceae,
coralinacean a gae and diatoms), present in the Sarmatian
deposits of the Central Paratethys.

In the opinion of the authors of thisarticle, such sup-
position is subject to discussion, because the volume of
deposits of Sarmatian basins of Eastern Paratethys, the
composition of fossil fauna and flora and the process of
their development were quite different from the picture
obtaining in Central Paratethys[9, 11, 12].

According to the dataof Maissuradze and Koiava[9,
12], the Early Sarmatian is characterized by two phases:
(2) Inthelower part of the Early Sarmatian foraminiferal
assemblages are characterized by Quinqueloculina,
Sinuloculina, Varidentella, Affinetrina, Nonion,
Elphidium, Cribroelphidium, Porosononion, Parellina
and Ammonia. Bolivina, Discorbis, Bulimina,
Glabratella, Cibicides and Fissurina are relatively rare
(Table 2a; 2b; 2c). Their morphology does not differ no-
ticeably from that displayed by their Middle Miocene
ancestors. These forms are also characterized by small
sizes, and sometimes, transparent walls. (2) Assemblages
from the upper part of the Early Sarmatian are character-
ized by areduced diversity because of the disappearance
of Bolivina, Discorbis, Glabratella, Cibicides,
Caucasina (Table2a; 2b; 2¢). Nevertheless, alarge number
of genera survived and adapted to the new environment.
They are characterized by a strong intraspecific variabil -
ity and a potential for speciation.

TheMiddle Sarmatian can be subdivided into 3 phases:
(2) Thelower phaseischaracterized by foraminiferal assem-
blages very different from those observed in the Early
Sarmatian. New generasuch as Dogielina, Meandroloculing,
and Sarmatiella, contributed a considerable number of new
species. Foraminifers of these assemblages are character-
ized by large size. (2) The richest assemblages of endemic
foraminifera are characterigtic of the middle phase of the
Middle Sarmatian, when the number of individualsand new
speciesand their sizereachesamaximum. (3) Thelast phase
of the Middle Sarmatian is distinguished for adecreasein
the abundance of foraminiferal genera, species and indi-
viduals. Because of the worsening of bionomic conditions
the only very few representatives of the most euryhaline
families survived: Nonion, Elphidium, Porosononion, Am-
monia and very seldom Affinetrina, and Varidentella.
Among them Porosononionischaracterized by alargesize
and additional ornamentationson very coarsewallsof tests
[9,11,12].
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Plate 1. Sarmatian foraminifera. la-h Meandrolocwding minor Bogdanowicz, outcrop Ochkhamuri village, a x 47,
b x 65; 2a-b Meandroloculing gracilis Bogdanowicz, outcrop Ochlchamuri village, a x47, b x635; 3a-b Sarmarielia
costata Bogdanowicz, outcrop  Djikhashicari village, a x 43, b x 63; 4a-b Articuling kalickii Bogdanowicz, outcrop
Dyikhashkan village, a x 45, b x 65; Sa~c Dogieling sarmatica Bogdanowicz, outcrop Djikhashkan village, a,b x 45,
© x 65; Gu-b Saormatiella subsilis, Bogdanowicz, outcrop  Djikhashkari village, a x 45, b x 65, Ta<b Spireloculing
okrafanizi Bogdanovwice, outcrop river Chanisiskali, x 45; 8a-b Boliving aff, dilatate (d'Orbigny), outerop rivet
Chanistskali, x 45, 9a-b Buliming aff. elongae (D'Orbigny), outcrop village Ochkhamuri, x 65; 10a-b Ooling
cubanica (Bogdanowicz), owicrop  Ochkhamuri village, x 100, 1la-e Meandroloculing dentifera
{Bogdanowicz & Maissuradze), outerop Ochkhamuri wvillage, x 45; 12a-b Foridentella rewssi costulats
Maissuradze Koiava& Spezzaferri, outcrop Ochkhamuri village, x 45; 13a-b Elphidium aculearum (d'Orbigny),
outcrop  Djgali village, x 47; 14a-b Porosononion fyafinem Bogdanowicz, outcrop river Chanistskali, x 45;
15a-b Porosononion aragviensis, Djanelidze, outcrop Ochkhamun village, x 35. All specimens from West Georgia.

Bull. Georg. Natl. Acad. Sci., vol. 5, no. 1, 2011
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Plate 2. Sarmatian foraminifera. 1. Porosonomion aff, gurdensiz O, Djanclidze, oil well Karas-1; 2. Poarosononion
granssum (d'Orhigny); 3. Porosonenion hyalinum (Bogdanowicz), oil well Misarekhevi-74. da-e. Porosonomion
subgrancsum (Egger), oil well Karaz-I; 5 Porosonomion aragviensis (0, Djanelidze), ouicrop city of Miskheta;
6. Elphidium aculeanm (d'Orbigny), outcrop river Russiani; 7. Elphidium fichtelianem (dOrbigny), outcrop river
Russiani; 8. Elphidivm reging (d'Ocbigny), o1l well Vashliani-10; 9. Nownion aff. bogdanoviczi Voloshinova, oil well
Vashliani-10; 10a-b. Affinetring gurigna (0. Djanelidze), oil well Karas-1; 1la-c. Faridemtella aff. rewssi
(Bogdanowicz), ouwtcrop river Satskhenizi; 12, Dogieling sormarica Bogdanowicz, oil well Vashliani-2. All
specimens from East Georgia,

Bull. Georg. Natl. Acad. Sci., vol. 5, no. 1, 2011
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Table 2a.

Distribution of Sarmatian foraminifera of the Euxine-Caspian basins.

Geographic
Dﬁbuﬁm
Species Age = AREE
AEIEEE
Quingueloculina oblonga Didkowsky M., K]
Q. grosniensis Bogdanowicz M,s. . s »
(. laticosiala Didkowsky .5, .| ®
Q. longuscola Didkowsky M,s. -
Q. collars {Gerke&lssaava) M5, MR
Q. minakovae wkrainica Didkowsky M,k -
0. arkuata [Didkowsky&Gudina) Nz, .| »
Q. sinzovi Didkowsky M.5. K]
Q. sokolow Didkowsky M., K
Cyoloforing karrer Reuss Ms-Ms. o | s | 8|8
C. karren ovale Serova M5, -
. penucida Bogdanowicz Ns. » ™
C. costata d'Orbigny M.z, -
C. ooessae Didkowsky M5, .
C. fluwiata Venglinsky MN,5,- M35, .| w
. stomats Luczkowska M.s. .
C. bagenensis (d"Orbigny) MN,s. .
C. contora (d"Orbigny) M5, -
C. rotunda (Gerke) MN,5,- N5, -
C. complanata (Gerke&lssaeva) Ns, [a]|w =|e]s
Articulinag problema Bogdanowicz Ng,-Ns, | » | o | ®|»]|a
A, sarmalica (Karmrer) M.z, . » ™
A, tamanica Bogdanowicz M5, 1K »
A, bigantala cosfala Didkowsky M. . %
A. glabra (Cushman) M5, .-
A. monodentala sarmatica Didkowsky MN,&, - Mg, K]
A, apsheronica Bogdanowicz M5, | s & | & @
A. paradoxalis Bogdanowicz .5, % % | %@
A, kalicki Bogdanowicz M5,  » | = |8
A stallfgera Didkowsky M=, - M=, .
A, vollwnica Didkowsky M5, ™
A voloshinovae Bogdanowicz Me-Me| o ™
Articularie arficwinoides (Gerke&lssaeva) MN,5, (8 @ N
Flintina tutkowskl Bogdanowicz M5, - - .
F. volhynica Didkowsky M.5. K]
F. schweyen Bogdanowicz M5, . . .
Sarmaliells costats Bogdanowicz M5, @ & @ @
a. molgowiensis Bogdanowicz M5, IERERERE
5, prima Bogdanowicz M5, . . .
3. subtiis Bogdanowicz M5, . » = |
Dogieling sarmatice Bogdanowicz&Voloshinovd N5, "8 @ 8w
0. kaptarenko Bogdanowicz&Didkowsky M,s. '] AR R
Sinuloculing consobring (d'Orbigny) NEk-MNs | |[s o|e|e
5. consobrinag sarmatica (Gerke) M,s, (e o=
=, angustioniz Bogdanowicz MNs, [a|e s|e|s
5. nitens (Reuss) NEg-Ns, | o | o | ®|»]|a
S, delicatula Kolesnikova Ng, |[o|» @ .
5. consobring plana Voloshinova M,z AEIEIERE
[ Miliolinella ex. ar. circwians | Bomemann MN,s, - M5, B -
WOED - Western Georgin; EGEQ - Eastern Georgin; UKRE - Ukroine;

MDA - Moldows; WPC - Western  Precoucasus; E

Ms-Rec. - Middle Sormatian to Recent

= Ree, - Paleocene to Recent;
E, - Rec. - Eocene to Recent; E, - N, - Paleocens to Plicocne: B, - NS, - Late Oligocens 1o
Middle Sarmatian; M, - Miocene: M, - Ree. - Miocene to Recent; Mk - Konkian;
Mk- Mz - Konkian to Sarmatian; M k- N8, - Konkian to Upper Sarmatian; M5 - Sarmatian;
M5, - Upper Sarmatian; M5, - M 5, - Upper and Middle Sarmatian; Mg, - Middle Sarmatian;

Bull. Georg. Natl. Acad. Sci., vol. 5, no. 1, 2011
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Table 2b.
Distribution of Sarmatian foraminifera of the Euxine-Caspian basins.
Geographic
Species Age =Dl 2T
HAEIHEHE
Meandroloculing litoralis Bogdanowicz M,5, || n |0 =
M. bogatschow Bogdanowicz M.5, .. .
M. minor Bogdanowicz .5, BRI
M. acuwleata Bogdanowicz M,3, .| » -
M. graciliz Bogdanowicz .5, “| e e »
M. schirvanensis Bogdanowicz M, s, * 3 -
M. conicocamerale Bogdanowicz M.5, R L]
|M. denfifera Bogdanowicz&Maissuradze M5, . .
Affinatnna gunana (0. Djanelidze ) Mk-=Ns [ |o| = |»
A. cubanica (Bogdanowicz) N5 . - -
A. Ucrainica UCTamica | Serava) M= .
A. ucrainica siwashica (Didkowsky) Mz -Ns5, EERE
A. ucrainica sarmatics (Didkowsky) M.5, AR
A. voloshinovae voloshinovas (Bogdanowicz) .5, R
A. voloshinovae timenda (Chutzieva) M,3, .| » ]
A. volashinovae caudata [Bogdanowicz) M5, I .
A. voloshinovae brevidentata (Bogdanowicz) M, s, K -
A. voloshinovae eldancs Maiss. Koiava&Spezzafemi N &
A, voloshinovae peclimionmis |Bogaanowicz) N5, . .
A. fasseta [Didkowsky) M,=, .| ®
A. perelegantissima (Bogdanowicz) M, 5, | ®|®
A. prava (Didkowsky) M.5, .
A. pseudoinflata (Didkowsky) M.z, -
A, pseudoukrainmica (Didkowsky) M.5, "
Vardenlella reuss iEﬂgdanmz] Mz -MNs, |o|e|s|s|as
V. reussi cosfulata Maissuradze, Koiava&Spezzaferr M,s, .| .
V. luczkowskae Maissuradze, Kolava&Spezzaler M.5, " -
V. flarformis (Bogdanowicz) M,s, . .
V. echinata (Maissuradze) M3, .
V. sarfaganica (Krasheninnikowv) .5, B .
V. nanae (Maissuradze) M5, .
V. nanae megrelica (Maissuradze) M.5, *
W trebuenica (Didkowsky et Gudina) N5, DR
Spiroloculing okrajantzi Bogdanowicz Mg -N5,[®|= | & | |=
5, kolesnikowi Bogdanowicz M.s, . .
5. alf. okrajaniz/ Bogdanowlcz M5, .
Spiroling acuminata Didkowsky M,s, PR
5, bogdanowiczi Didkowsky .5, .| @
5. eliptica Didkowsky M5, .| ®
3. iregulans Didkowsky M.s, o @
| 5. Moralis foralis Didkowsky N.s, .
5. Ntoralis krgkow Didkowsky M,s, 1
| 5. oralis evolufica Didkowsky .5, -
5. sarmatica Didkowsky .5, .
5. peneroploides peneraploides Didkowsky M.z, .
S, peneroploides spirofinoides Didkowsky M, 5, -
Peneroplis orivculatus Didkowsky M, 5, .
P sarmaficus Didkowsky M,3, -
Neopeneroplis sarmaficus Didkowsky M5 -Hec. .
WGED - Wesiern Georgia; EGED - Eastern Georgia: UKR - Ukraine; MDA - Moldova; WPC - Wesiern
Precaucasus; E, - Rec. - Paleocene o Recent; E; - Rec, - Eocene wo Recent; E, - N, - Paleoceneo to
Pliocens; E, - W8, - Late (Migocene to Middle Sarmatian; N, - Miocene; N, - Rec, - Miocene to Recent;
Mk - Konkion; Mk - W5 - Konkian to Sammation; Mk - N5 - Konkion fo Upper Sarmatian;
M5 - Sarmatian: M5, - Upper Sammatian; N5, - M5, - Upper and Middle Sarmatian; Mg, - Middle
Sarmatian; N g-Rec. - Middle Sarmatian o Recent.
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Table 2c.

Distribution of Sarmatian foraminifera of the Euxine-Caspian basins.

Gangrapmc
Distributio
Species AGe  [STelolals
|55} [E5] -
vlE|=(2|E
El=[==
Cibicides aff. lobatulus (Walker and Jacob) MEk-Ms .| »
C. badenensis (d'Orbigny) MEk=-Ns3 -
Discorbis oblusum (d'Orbigny) M.k- N5, N
0. platyomphalus (Reuss) MEk=-Ns3 IR
Nonton bogdanowiczl Voloshinava Mk-Ms IR
M. punctatus {d'Orbigriy) Mk-Ns # *
Porosonanion martkobi (Bogdanowicz) MEk-Ms | &% | & &=
P granosum (d'Orbigny) E. -MNs AR
P subgranosum subgranosum (Egaer) ME-Ms |[o| e e =
P subgrancsum umboelats (Bogdanowicz) Mg -Ns, [ & || &|[e =
P aragwiensis (0. Djanelidze) M., .. .
B hyalinum (Bogdanowicz) MN,s, | s |8 |8 =
Elphieium acideaturm {l:i'Or'bign:,l':l E, - Raec. | 8|8 | & @
E. angulatum (Egger) E,-N, |8 | »
E. enspum (Linna) E-Rac. | o= |« |s | »
E. fichtelianum (d'Orbigny) E.-Rec, |e|#%|a & e
E. havannum (d'Orbigny) MN,-FHac, (|| »|[# =
E. Josephina (d"Orbigny) M, . | »
E_ macelium macelium (Fichial et Mall) E.-Rac. [ s |a|a|s| e
E. macelium tumidocamerale Bogdanowicz M, . .
E. reginum reginum (d'Orbigry) M, BT
E. reginum caucasicum Bogdanowicz M, - .| »
E. rugosum (o' Orbigny ) M, BT
E. subumbilicatum (Czjzek) M, || » -
E. gunten Cole M, [
E. loloviensis Venglinsky Ns R
E jukovi Serova Nz .||
E. minutum Reuss M, B
|E. Nexuosum (d'Orbigny) M5, . ™ .
E. incertum (Williamson) Mk-N,s, . ™
|E. grillf Fapp M5, ..
Elphidielia artifex (Serova) M.s, .
Armmonia beccan (Linme) Ny-Rac, (oo |»|[» | »
Bulimina elongata d'Orbigny MEk-Ns3s - -
E. ali. pyzula d'Orblgny Mk- M5 »
B. elegans (d'Orbigny) M, .
| Bolivina moldawica Didkowsky N -
B. nisporanica Didkowsky M.s AR
B sagittula Didkowsky N.s .| »
B. sinzow Didkowsky M.5 .| ®
B zarmatica Didkowsky Ws R
B. ailatata dilatata Reuss Ns .
B difatata brewissima Cicha&Zapletalova M5, AR
Oolina cubanica Bogdanowicz MNEk-MNs3s | s |8 |5 =
0. marginala (Walker&Boys) M, A .
Q. elongatas Pobedina M5, AR .
0. horrida Bogdanowicz M,8, . .
0. irma Bogdanowicz M,s, R -
0. karran Egdannwlcz N,s, .. .

WGED - Western Georgia; BGED - Eastern Georgia; UKR - Ukraine;
MDA - Moldova; WPC - Western Precascasus; E, - Rec. - Paleocene o Recent;
E, - Rec. - Eocene to Recent; E, - M, - Palencene 1o Pliocene; E,* - N5, - Late Oligocene to
Middle Sarmatian; M, - Miocene: N, - Ree. - Miocene io Receni: Mk - Konkian;
Nk- Mz - Konkian to Sarmation; W k- M5, - Konkian to Upper Sarmatian; N5 - Sarmatian;
N5, - Upper Sarmatian; N8, - M5, - Upper and Middle Sarmatian; N s, - Middle Sarmatian;

N,5-Rec. - Middle Sarmatian to Recent.
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Several species of some genera (Elphidium, Nonion,
Porosononion, Ammonia) of upper parts of the Middle
Sarmatian assemblages also occur in Upper Sarmatian
(Table2a; 2b; 2c). Frequently, these forms show deforma-
tion, irregular cameras or immature shell development and
are presented only in some parts of the Late Sarmatian
basin. The above mentioned anomalies of shells point to
the existence of nonoptimal conditions for foraminifera.
According to one opinion, salinity of that basin does not
exceed 4-9%o [ 3, 15].

Fossils studied from the sections of Eastern Georgia
(Eldari) [10, 12, 13], Azerbaijan (Nakhichevanian,
Kirovabadian and Precaspian district) [ 16], South Ukraine
(Borisfensky Bay), the Crimea(Kop-Takil) [17] andinsome
regions of Pre-Caucasus[18] that are characterized only
by euryhaline forms: Ammonia, Elphidium , Nonion
(foraminifera); fresh water Leptocytere, Cyprideis,

pa leonto N ogia

[liocypres, Candona, Xostoleberis (ostracods) and re-
mains of Characeae; some species of molluscs Mactra
caspia Eichv., M.bulgarica Toula, which phylogenetically
were connected with Middle Sarmatian Mactra[19] indi-
cate existance of brackish conditions of Late Sarmatian
basin.

Thusthe existence of normal marineand hypersaline
conditions in the Upper Sarmatian basins of Eastern
Paratethys, supposed by Pillar & Harzhauser [14], is not
proved paleontologicaly. Though taking into considera-
tion Belokris's[20] supposition that therewere hypersaine
conditionsin Borisfensky Bay in the Late Sarmatian ba-
sin (increasein salinity is proved by the author by obvi-
ous limestone dolomitization and climate aridization) it
can be supposed that together with brackish regime in
the Upper Sarmatian of Eastern Paratethys in some parts
of the basin there were hypersaline conditions.

aRmosav BeT parateTisis sarmatu 1 Foraminiferebis

biomrava | Ferovneba

I. maisuraZe’, k. goiaa™

* saqarTve B os erovnu i muzeumi, palleobio M ogiis instituti, Tbilisi

** alleqsandre janeliZis geo Hogiis instituti, Tbilisi

(warmodgeni Bia akademiis wevris a. vekuas mier)

sarmatul i saukunis dasawyisSi parateTisis kavSiri wynar da indoeTis okeaneebTan TiTqmis
Sewyda. gviankonkuri auzis nacv lad warmoigmna uzarmazari izoBirebull i sarmatull i zRva, romellic
mxo Bod epizodurad ukavSirdeboda xmell TaSua zRvis auzs. igi gavrcelebulli iyo allpebidan
arallis zRvande da iyofoda gansxvavebu B 1 bionomiuri pirobebis mgone panoniur, dakiur, evgsinur
da kaspiur auzebad. swored gansxvavebu i bionomiuri pirobebiT aris gamowveuli aRniSnulli
auzebis biocenozebis mravall Ferovnebac.

aRmosav B eT parateTisis ponto-kaspiuri auzis Foraminiferebis istoriulli ganviTarebis
Seswav I am saSua 0 eba mogvca gamogvev I ina Foraminiferebis komp B egsebis kanonzomieri cva l ebadoba
drosa da sivrceSi, ris safuzve I zec gamoyofi B iamaTi ganviTarebis sani ZiriTadi etapi: adreul i,
rome B ic Foraniniferebis Camoyall ibebis process asaxavs; Sualleduri —maTi magsima Buri gaFurCovnis
Tanadrou b i, da gviani, rodesac Foraminiferebis TiTgnis yve la jgufi amowyda.
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