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Abstract: 

Tue calcareous nannoplankton ofthe Lower Maykopian Series shows a gradual decrease in both diversity 
and abundance during the Early Oligocene. Mono- and duospecific assemblages of nannofloras occur in the 
Polbinian Sub-horizon (NP23) with the diagnostic appearance of the species Reticulofeneslra ornala, 
Transversopontis fibula and T. latus. These three species are shown to be endemic to the Paratethys and 
adapted to low salinity. The overlying Gechinian Sub-horizon is practically fossil-free. Tue endemic nanno
plankton of the Polbinian Sub-horizon can also be traced across the whole Central Paratethys and so from the 
Caucasus to Bavaria. 

1. Introduction 

The nannoplankton of the Lower Maykopian Beds were first studied by VESELOV 
and LYUL'YEVA (1980). They described the nannoplankton ofthe Polbinian Sub-horizon 
in detail and concluded that the nannoplankton of this sub-horizon shows many 
similarities to the isochronous Early Oligocene nannoplankton of Hungary, Transylvania 
and Upper Bavaria. The investigations were extended in time, space andin the number of 
samples by MUZYLEV and TABACHNIKOVA (1987). They described a gradual 
transition between the nannoplankton assemblages ofthe Polbinian Sub-horizon and those 
of the underlying rocks. 

Though a number of data have been published by the former authors on the 
nannoplankton of the Lower Maykopian Series (their important conclusions will be 
discussed later), we attempt here to make a more precise analysis of the fossil record to 
identify the factors that lead to the development of such remarkable nannoplan.kton 
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assemblages in the Early Oligocene in the south Union of Independent States 
(forrner USSR). We shall show that the "Solenovian" nannoplankton occurred over 
a vast area of the Eastem and Central Paratethys, from central Asia to Upper Bavaria. 

2. The stratigraphical framework 

Tue enormous sedimentary basins of south Russia, the Caucasus and central Asia 
were parts of the Tethys Ocean in the F.arly Tertiary. Their isolation from Tethys began as 
early as the Eocene/Oligocene boundary (BALD!, 1980; 1984), though total isolation was 
completed only by the Middle Miocene. Tue eastem part of the Paratethys, located in the 
former Soviel Union had a distinctive history in the post-Eocene differing from the Tethys 
both in sedimentary record andin biostratigraphy. Also endemic faunas developed from 
time to time. 

Tue top of the Eocene is represented in a wide zone of the south Ukraine and the 
north Caucasus by the Beloglinian Series. As its name means it consists mainly of white and 
light grey marls, clayey marls and clays. The carbonate content of this very fine-grained 
sediment derives from the high amount of calcareous planktonic microorganisms. Tue 
Beloglinian Series conta.ins planktonic foraminifera of the P.15-P.17 BLOW's Zones 
(KRASHENINNIKOV and MUZYLEV, 1975). The species Globigerina tapuriensis 
(Zone P.18) occurs only at the upper boundary of the series. MUZYLEV (1980) and 
ANDREYEV A-GRIGOROVICH (1981) correlated the nannoplankton of the Beloglinian 
Beds with the Zones NPl 8-NP20. A very characteristic element of its mollusc fauna is the 
bivalve species Propeamussiumfallax. 

Tue Beloglinian Horizon is overlain by the Maykopian Series which consists mainly 
of carbonate-poor or non-calcareous shales, clays or clayey marls usually with high organic 
matter content, thus differing from the essentially carbonate-rich Eocene rocks. Deposition 
of the maximally 1,500-2,000 m thick Maykopian sequence extended from the base of the 
Oligocene well into the Lower Miocene. Tue lower part of the Maykopian Series is sub
divided into thePshechian, Solenovian and Batalpashinian Horizonsand many sub-horizons 
(Figure 2). 

Tue Pshechian Horizon consists of light and dark grey clays and clayey marls. Their 
carbonate content decreases from the base of the horizon upwards. Fossils of the P.18 
planktonic foraminifera Zone and of the NP 21-NP22 nannoplankton Zones were described 
from the base of this horizon. In addition to the marine microfossils, marine molluscs, fish
scales and other fish remains are common. One or two pteropod levels are known in the 
Pshechian Horizon. 

Tue overlying Solenovian Horizon consists of two sub-horizons: Polbinian and 
Gechinian. Tue thin Polbinian Sub-horizon is one of the most striking index-levcls of the 
thick monotonous Maykopian Series. This is a non-microlaminated, light grey marl or 

Fig. 1: Paleogeographical skelch of the Solenovian Basin in the UIS (forrner USSR). Key lo lhe figure: 
1) Mainly deep-water basins with calcareous clays or marls. 2) Mainly shallow-water basins with silty 
clays, silts and sands. 3) Recent areas wilhout Solenovian sedimentation. 4) Borders of the Solenovian 
Basin, proved and supposed. 5) Facies boundaries. 
Sections studied in this paper: 1) Kuban River. 2) Byelaya River. 3) Tzraudon River. 4) Assa River. 
5) Drillings on the Gashun Lowland. 6) Cherat-Hevi River. 7) Zages. 8) Torangli. 9) Drillings on the north 
Ustyurt Plateau. 
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calcareous clay which contrasts in outcrop with the under- and overlying black and dark grey 
shales. The thickness of lhe Polbinian Beds is typically a few meters (rarely some dozens of 
meters). The fonner Russian name of lhe Polbinian Horizon was "ostrakodovy plast" 
(= Ostracod Beds) because of the great abundance in large-sized ostracods in this layer. 
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Fig. 2: Horizons and sub-horizons of lhe Lower Oligocene in lhe UIS (former USSR) and lheir correlation. 

Fig. 4: Nannoplankton of lhe Kuban River section (for key see Fig. 5). 
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Characteristic ostracod species are Disopontocypris o/igocaenica, D. majkopiensis, 
Cypriliotis medianus and Hap/ocytheridea solenica (POPOV et al., 1985). 

Tue molluscs of this sub-horizon are rather rare in the central, deeper parts of the 
basins (Kuban River and Assa River sections, this paper), but they are more frequent in 
the shallower environment at the margins of the basins (Zages, Cherat-Hevi, Torangli 
sections, this paper). The mollusc faunas of the Polbinian Sub-horizon have a brackish 
water character, usually including three different types of mollusc assemblages: a group 
of euryhaline marine molluscs (Cerastoderma, Lenticorbu/a, Lentidium) often living in 
nearshore or lagoonal conditions, a specific Paratelhyan-endemic brackish group 
(Korobkoviel/a, Er.genica, Urbnisia, Merklinicardium, Rzehakia), which is confined 
stratigraphically to lhis sub-horizon alone, and a group consisting mainly of fresh-water 
taxa which tolerate the increase of salinity (Theodoxus, Me/anopsis, Va/vata,Limnea etc.). 
No foraminiferal fauna is known from the Polbinian Sub-horizon. VESELOV and 
LYUL'YEVA (1980) and ANDREYEVA-GRIGOROVICH (1981) put this sub-horizon 
into the NP23 nannoplankton Zone, while MUZYLEV and TABACHNIKOVA (1987) 
recorded uncertain NP22/NP23 Zone nannofloras in the Polbinian Sub-horizon. 

Tue Gechinian Sub-horizon is represented by non-calcareous limonite-bearing, black 
and brownish-yellowish grey shales. The rocks of the Gechinian Sub-horizon differ much 
less from typical Maykopian rocks (e. g. of the Pshechian Horizon), than do the Polbinian 
ones. The mollusc taxa in the Gechinian Sub-horizon are ralher rare, mainly brackish 
water forms. However, marine molluscs were found in a few interbeds (Nucula comta, 
Cyrtodaria angusta, Siliqua bavarica ). Impoverished associations of agglutinated foramini
fera are known from these beds (Paragaudryina tripartita, Trochamminaflorifera). 

Tue Gechinian Sub-horizon corresponds to the Serogozian Sub-horizon in the south 
Ukraine and to the Morozkinian Sub-horizon in the central part of the North Caucasian 
Foredeep. 

Tue Batalpashinian Horizon, overlying the Solenovian, consists of calcareous clays 
and shales in its lower part. Its upper part is poor in carbonate, but rich in fish-remains. In 
some levels dolomite and siderite concretions were observed in this horizon. Tue marine 
foraminifera and mollusc faunas show high diversities in the lower part of the Batalpa
shinian Horizon, while the upper part is rather poor in fossils. 

3. Sections studied in this paper 

A. The Kuban River section (North Caucasian Foredeep) 

The Kuban River section exposes a very thick sedimentary sequence, which 
extends from the Cretaceous weil into the Miocene (Fig. 3). Tue Oligocene part of the 
section, near to the town of Cherkassk was investigated previously by a few nannoplankton 
specialists, including the nannoplankton of the Solenovian Horizon (KRASHENIN
NIKOVand MUZYLEV, 1975; VESELOVetal., 1975;MUZYLEV, 1980; VESELOVand 
LYUL'YEVA, 1980; ANDREYEVA-GRIGOROVICH, 1981). 

Tue Eocene/Oligocene boundary lies within the Beloglinian Horizon, which ranges 
here from Upper Eocene (NP18) to Iowermost Oligocene. Tue thickness of the pyrite- and 
glauconite-bearing Beloglinian Marl is here about 80-90 meters. The deeper part of the 
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Beloglinian contains the planktonic foraminifera Globigerina gortanii, Globorotalia 
centralis, in the uppermost part ofthe formation Globigerina tapuriensis appears (K.RASHE
NINNIKOV and MUZYLEV, 1975). The mollusc fauna is moderately frequent with 
Pycnodonta queteleti and Palliolum mayeri. In the uppermost few meters of the Beloglinian 
Propeamussium fallax, P. semiradiatum, Bethyarca subastschaica, Limatula cymba, 
Megaxinus budensis, M. rectangulatus and Cuspidaria sp. occur (KOROBKOV, 1939; 
VORONINA and POPOV, 1988 and VORONINA, this paper). 

Tue Beloglinian is overlain by the thin-layered, grey, calcareous clays of the 
Pshechian Horizon. The carbonate content gradually decreases upwards and slight 

z 

z 
<I 
z z 
"' ~ 16 

..,_ 

. •· 1i 
E . 
"' 

'8~ I ) 

'8LJ2 

184/1 

~ ;;;.~ Wm 
f---<D-+--1--=-t '8 l/V/1 

z 
<I 

z 21 

I 
u 
w 

"' 

~- '80/1> 

=-= '8!/1v/1 

'8l/1v/6 

'BlflV/ 5 

0 f-,_-0,--lb 1--.,-2-h-~-V ·=~f:"f4 
u~w 

z 
<I 

:X: 

'80/ ll 
'8lflV/l 

·11/1v/1 

Nogymarosy and Vorori in a 

( lh;• papor) 

E . . 
;; . 
" ~ 

"' 
" ~ ~ . ~ 
·;, D 

f ! 
" . j E 
! a_ 

"' : i T. l1bulo 1 T . lolus 

1--~ .:J - - - -

NP 22 

Muzilev (1980) 

M1ailev and 

Tabachnikava (1987) 

NP 221 ll 

NP 22 

NP 21 u 6
1
5 

UJ '82/111/6 5p•tOl•UO lf'te"I- - - - - -
:X: 1----1-~-1 

0 

CL 10 
'8lfl11/5 

'80/11 

l--+---11----'-~-t ·a2p11/4 

6 - - '91/111/3 
~ 1---i-:;;:....;:"-1 11/111/l 

'81/111/1 

_, 
:z "' 80· 

'80/10 

0 

0 

w 90 

m 

'e0/9 
'd0/8 

'81/11/l 
_ _J._L---f,..L.,..-,1 '11/11/l 

NP 21 

'Yor•amuss1 um 1ollOJ1 -------- -
NP 19120 NP 20 

NP 19 

-------- - ·-----
NP 18 NP 18 

Andreyevo • 

Grigorovich 

(1961) 

NP 23 

Z viotov1 "one" 

NP 22 

NP 20 

Foramini fe r a~ 

orter 
Krash~nnin1kc11 

( 1975 j 

C.tobi9~rina 
topur1~ns 1~ 

C. tobi9~r1 no 
gortonii 

C.\oborotol•o 
ccn 1rolis 

F!G . 3 

Fig. 3: Stratigraphical column of the Kuban River section wilh the distribution of nannoplanklon, foraminifera 
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microlamination appears. The lowennost, 10 m thick member, of the Pshechian contains 
a rich mollusc fauna of Nucu/a comta, Nucu/ana chadumica, Megaxinus batalpaschinicus, 
Cardiomya varicostata, etc. Above this level a strongly laminated, black, shaly member 
follows with very low carbonate content, frequent fish-remains and a Spiratella 
(= Planorbella) - rich horizon (Sample 82/111/6). The highest part of the Pshechian is a 
15-16 m thick, slightly laminated, dark grey clay and clayey marl. 

The Solenovian Horizon is represented by the 2 m thick, light grey, non-microlami
nated Polbinian Sub-horizon with abundant giant ostracods and by the non-fossiliferous, 
carbonate-free Gechinian Shales. 

The Solenovian is overlain is by the black shales of the 500-600 m thick Upper 
Maykopian sequence. 

Nannoplankton: MUZYLEV (in KRASHENINNIKOV and MUZYLEV, 1975), 
MUZYLEV, 1980 and ANDREYEVA-GRIGOROVICH (1981) placed the Beloglinian 
Horizon in Zones NP18-NP20. According to MUZYLEV (1980) the whole Pshechian 
belongs to Zone NP21 up to the Solenovian. Later MUZYLEV and TABACHNIKOVA 
(1987) described also associations of the NP22 nannoplankton Zone from the Pshechian. 
In contrnry to this, ANDREYEVA-GRIGOROVICH (1981) supposed, that there is an 
unconfonnity at the top of the Beloglinian and thus, the rocks of the Zone NP 22 directly 
overlie the NP20 Zone rocks. 

The age of the Polbinian Sub-horizon was first given correctly by VESELOV and 
. LYUL'YEVA (1980) as Zone NP23, though the presence ofthe reworked Reticu/ofenestra 
umbilicus in the nannoplankton assemblage could have mislead the interpretation. 
R. ornata, R. bisecta, Cocco/ithus pe/agicus and Transversopomis fibula occur also in 
their samples. 

ANDREYEVA-GRIGOROVICH (1981) recognised the local importance of 
Transversopontisfibu/a (which shedescribed as Zygodiscus vialovi n. sp.). She set up a local 
Zone "Z. vialovi", with the characteristic association of Coronocyclus nitescens, 
Cruciplacolithus tarquinius, Transversopontis obliquipons, T. zigzag, T. cf /atus, 
Discolithina (= Transversopontis) pygmaea, Zygodiscus vialovi (= T. fibula), Reticulofe
nestra ornata and Orthozygus aureus. ANDREYEV A-GRIGOROVICH extended the 
range of this local zone to the Molochanian Horizon of the Black Sea region and correclly 
assigned it to the NP23 nannoplankton Zone. 

MUZYLEV and TABACHNIKOVA (1987) observed in the samples from the 
Polbinian Sub-horizon the previous nannoplankton assemblage, in addition with 
Cocco/ithus eopelagicus, Cocco/ithus (= Ca/cidiscus) formosus, lsthmolithus recurvus, 
Zygrhablithus bijugatus and Trochoaster sp. nov. Tue consistent presence of Calcidiscus 
formosus and Reticulofenestra umbilicus in their samples (presumably due to reworking) 
prevented them making strict zonal assignments, so they had to put the Polbinian 
Sub-horizon into the interval NP22-NP23. 

Our investigations show a similar picture in many respects (Fig. 4). Deposition of 
the Beloglinian Marl began in Zone NP18, i.e. at the beginning ofthe Priabonian and termi
nated in Zone NP21, a little later than was thought previously. This event is marked in 
the nannofloras by disappearance of the extremely rich, tropical, pelagic assemblages and 
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by an increase in the abundances of holococcoliths and of the genera Transversopontis 
and Pontosphaera. Tue Eocene/Oligocene boundary coincides with the first sporadic 
appearance of Reticu/ofenestra lockeri. 

The upper boundary of Zone NP21 is marked by the extinction of Calcidiscus 
fomwsus. Since this extinction datum approximately coincides with the end of the 
Ericsonia subdisticha acme at our latitudes, we used the latter event in this section to 
define the NP21/NP22 zonal boundary, instead of the highly doubtful C. formosus 
datum. (The problems caused by its persistent reworking can be seen clearly in the works 
of previous authors). 

The NP21/NP22 zonal boundary is coeval with the formation of the diagnostic 
Spiratel/a-rich layer and with the beginning of microlamination. Tue Spiratel/a-rich layer 
itself (Sample 82/111/6) contains an impoverished nannoplankton assemblage. 

Tue gradual impoverishment of the nannofloras, which began at the top layers of the 
Beloglinian proceeded during Zone NP22. In the place of the disappearing pelagic, 
tropical forms, Reticu/ofenestra /ockeri, R. cf tokodensis, R. ornata and Coccolithus cf 
crassipons appear in this zone and form an increased proportion of the nannofloras, 
indicating salinity reduction (see discussion). Zone NP22 ends just below the Polbinian 
Sub-horizon. 

The nannoplankton of the Polbinian consists almost entirely of masses of 
Reticulofenestra ornata and a small quantity ofTransversopontisfibula. Important, though 
more rare elements of the nannofloras are T. latus and a small sized variety of T. pu/cher. 
Tue one or two specimens of normal salinity nannofossils may be reworked in these samples. 

B. The Byelaya River section (North Caucasian Foredeep) 

In the Solenovian Horizon abundant Reticulofenestra ornata, Transversopontis 
jibula and T. obliquipons were found, together with a few marine nannoplankton specimens. 
This association is typical of the Polbinian Sub-horizon (Fig. 5). 

C. The Tzraudon River section (North Caucasian Foredeep) 

Tue sample from the Solenovian Horizon contained typical nannofossils of the 
Polbinian Sub-horizon: abundant Reticulofenestra ornata, less Transversopontis fibula, 
T. latus and T. obliquipons. A few marine nannoplankton specimens were also found in 
the sample (Fig. 5). 

D. The Assa River section (North Caucasian Foredeep) 

In this section the Eocene/Oligocene transitional beds of the uppermost Beloglinian 
Marl (Samples 1-3) are overlain by the dark and slightly microlaminated Lower Khadoum ian 
(= Pshechian) Clays (Samples 4-6). Tue carbonate content of the Khadoumian rocks 
decreases gradually upward and in the upper quarter of the horizon there is practically no 
carbonate. 

196 



Tue clayey marl of the bioturbated Polbinian Sub-horizon (Samples 7-8) above the 
Lower Khadoumian is very thin ( 1.7 m ). lt is overlain by the non-calcareous clays and shales 
of the Gechinian Sub-horizon. Tue next lithostratigraphical unit is the Batalpashinian 
Horizon with calcareous shales at its base (Sample 9) and non-calcareous shales in its upper 
part (Fig. 6). 

Nannoplankton: The Beloglinian is characterized by diverse, normal salinity 
nannofloras. The lowermost sample (No. 1) belongs to Zone NP19/NP20, wilh Discoaster 
saipanensis, Samples No. 2 and 3 belong to Zone NP21. 

FIG S Beloglinian Khadumian r:o.lbinian Solenoviar 
Assa-river 

North Caucasian foredeep -~ " 1 
0 ..... 0 c -7 'ii -7 ~.g~ 1. 2. 3. 4. 5. 6. 7. 8. 9. m' 

Reticulofenestra bisecta s s A K R 2 R 
R. callid.3. R B R 
R. hillae s A lä? 
R. unbilica A K B 
R. lockeri R 
R. hesslandii J< A K R 
R. ornata l R A s R A A 
R. cf. tokcx:lensis K 

Cribrocentnlr.1 reticulatum 1 
Coccolithus sp. 2 R B 
c. eopelagicus K R 
c. pelagicus K K K K 1 2 
calcidiscus fonrosus s K l lä 2ä 
cyclicargoithus 

A s A A 1 1 floridanus 

Ellipsoli thus 
1 A subdistichus 

Chiasrroli thus 2 oamaruensis 
Transversopontis R 3 

fibula 
T. latus 3 
'1'. obliquipons K 2 
T. pulcheroicles 1 

Sphenolithus llDrifonnis K K K 1 1 
s. predistentus 1 2 
s. radians lä. 

Discoa.ster crassus l 
D. binodosus lä 
D. saipanensis l 
D. tani 1 2 l lä 

BraarudosiiJaera bigelo.iii 1 
Blackites spinosus l 

Ortt.ozygus aureus 1 
Isthlrolithus recurvus l 1 
Zygrhablithus bijugatus l 1 
LanLernithus minutus l R K R 

reworking f rom Cretaceous R R 2 1 1 R l 2 2 K 

Fig. 5: Nannoplankton of lhe Assa River, Byelaya River and Tzraudon River sections. R) Rare. K) Few. 
A) Common. S) Abundant. n Mass. a) Reworked. cf.) Confer. 
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Tue Pshechian Horizon is almost free of nannofossils, except Sample No. 6, which 
contained a low diversity nannoflora with a few specimens of the brackish water species 
Reticulofenestra ornata and R. cf tokodensis. 

Tue nannofloras of the Polbinian Sub-horizon consist entirely of abundant speci-
mens of Reticulofenestra ornata. 

In the Sample No. 9 (Batalpashinian Horizon) only a few specimens of R. ornata were 
found (Fig. 5). 

FIG . 7 North 1 Gashun lowland Ustyurt Georgia 

Pshechian ~lenovianj s 0 1 e n o v i a n 

drillings 6 6 3 7 (6675 2 0 4 1 ~ ~ N 

j ~ 
cores 33. 32 . 31. 22. 21. 15. 14. 219. 183. 

Reticulofenestra bisecta 1 K 1 R >. 

R. callida R K K 
R. hillae 1 A KA 
R. umbilica R A K 
R. lockeri K ? 
R. ornata RK K T s A A K K' +J 

R. cf. tokodensis R R R 
Reticulofenestra sp. 1 

Cribrocentrum reticulatum R AS K 
CocColithus so. 1 1 
C. eopelagicuS 1 2 
c. pelagicus R 2 

0.. 

calciäiscus fornosus A 
Cyclicargolithus 1 K floridanus 
Transversop:lntis fibula A RK R 
T. obliquip:lns 1 
T. latus 1 e 
Sphenolithus rroriforrnis 1 1 
Oiscoaster crassus 1 
D. lodoensis 1 
o. saipanensis 1 K R 
D. tani 2 2 

Braarudosphaera l"1 

bigelCMii 
A RK K 1 

Neococcoli'the.s dubius 1 
I..anternithus minutus 2 
IsthllcÜ thus recurvU.s 1 R 
Zygrnablithus hijugatus 1 

reworking f rom Cretaceous 1 

Fig. 7: Nannoplankton from the Gashun Lowland, north Ustyurt, Ahaltzihe and Moroda. R) Rare. K) Few. 
A) Common. S) Abw1dant. n Mass. a) Reworked. cf.) Confcr. 
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E. Drillings on tlie Gasliun Lowland (nortli Caucasus, between tlie Don and 
Volga Rivers) 

Cores of two drillings from the Gashun Lowland were studied for this paper (Fig. 7): 
1. Drilling 6675 (Gashun Lowland, north): Core 14, from the Solenovian Horizon 

yielded a low-diversity nannoflora with abundant specimens of Reticu/ofenestra ornata and 
a few specimens of Transversopontis fibu/a and Braarudosphaera bige/owii. 

2. Drilling 6637 (Gashun Lowland, west): Cores 33, 32 and 31 were taken from 
Upper Eocene rocks. They contained planktonic foraminifera from Zones P.15-P.16 
(KRUGLIMOVA in VORONINA et al„ 1988) and a rich marine warm-water mollusc 
fauna of Anomia sp„ Arcopsis sp„ Cyrtodaris sp„ Turrite/la cf crenata, Spiratel/a sp. 
The nannofloras of this interval correspond to the NP19/NP20 nannoplankton Zones, 
with Discoaster saipanensis and Isthmo/ithus recurvus. 
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Cores 22 and 21 belong to the Solenovian Horizon (Polbinian Sub-horizon) according 
to their typical mollusc fauna (Janschinella garetzkii, Cerastoderma sp., Ergenica 
cimlanica) and their nannofloras (abundant Reticulofenestra ornata, Transversopontis 
fibula, Braarudosphaera bigelowii). In Core 15 (base of the Upper Maykopian Series) a 
marine intercalation was found with a mollusc fauna of Nuculana karaschokiensis, 
Yoldiella sp., Chlamys sp. and Nucula comta. The sample contained no identifiable 
nannoplankton. 

F. The Cherat-Hevi section (Georgia, near Chashury town) 

The rocks of the Maykopian Series can be observed in a thickness of about 600 m 
along the gorge of the Cherat-Hevi River (Fig. 8). 

The lowermost sequence belongs to the Khadumian (= Pshechian) Horizon, which 
corresponds according to the local stratigraphy to the Maglishskaya Suite. (Samples 1-3). 
lt consists of calcareous clays and sandstones, the latter with a rich marine mollusc fauna 
Pecten arcuatus, Glycymeris obovatus, Glossus subtransversus, Nemocardium tenui
sulcatum, Europicardium saribulachicum. The carbonate-content of the Khadumian rocks 
decreases upwards. The Khadumian is overlain by the thin Polbinian Sub-horizon 
(Samples 3a-4). This clayey marl contains the Polbinian-type euryhaline brackish-water -
- fresh-water mollusc assemblage with Urbnisia lata, Korobkoviella sp., Cerastoderma sp., 
Corbula (Lenticorbulina) sp., Lentidium sp., Melanopsis sp., Melanopsis impressa 
hantkeni and Brotia eschen". The overlying 70 m thick non-calcareous clay may 
correspond to the Gechinian Sub-horizon. 

FIG. 9 Cherat-Hevi J<hadumian Solenovian U. M a y k 0 p i a n 
/Georc;ia/ 

1. 2. 3. 3a. 4. 5. Sa. 6. 7. 7a. 8. 9. lo. 11. 12. 

Reticulofenestra bisecta 3 R 1 
R. callida R >< R >< >< >< >< 
R. hesslandii 2 1 1 3 
R. lockeri A 
R. ornata K K K R 1 K 
R. cf. tokodensis 1 

..., ..., 
R 

..., ..., ..., 

Coccoli thus sp. 1 
c. pelagicus 2 1 1 3 1 

Calcidiscus forrrosus 0. lä 0. 0. 0. 0. 

O;clicargolithus floridanus R 1 

Helicop:>ntosphaera recta 

Pontosphaera multip:>ra E 1 E E E E 

P. plana 1 2 

Transversop:>ntis fibula 

Zygrhablithus bijugatus R Q) 1 Q) 1 Q) Q) Q) 

Lanternithus r:ü.nutus R 

reworking fran Cretaceous 1 2 R K R 2 

Fig. 9: Naruioplankton of the Cherat-Hevi River section. R) Rare. K) Few. A) Common. S) Abundant. 1) Mass. 
a) Reworked. cf.) Confer. 
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Tue upper part of the outcrop is fonned of Upper Maykopian rocks (Samples 
5-11 ). Its lower part consists mainly of calcareous clays and shales, and its upper part of 
non-calcareous shales. Limestone and dolomite concretions are very frequent throughout 
this, more than 400 m thick sequence. The Maykopian Series is covered by Lower Miocene 
marine sandstone (Sample 12) (Fig. 8). 

Nannoplankton: Tue nannoplankton of the Khadumian is very poor. A precise age 
detennination was possible only from the lowennost, marine, mollusc-bearing sample, 
which belongs to the NP21 Zone. 

Tue Solenovian (Polbinian) level contains almost monospecific nannofloras with 
Reticulofenestra ornata and Transversopontis fibula. At the base of the Upper Maykopian 
Series, in Sample p, a marine intercalation was observed. An important element of its 
moderately diverse nannoflora is the species Helicosphaera recta, indicating Zone 
NP24. The.Reticulofenestra locken· bloom of this sample may be correlatable with the 
well-known R. /ockeri blooms at the NP23/NP24 zonal boundary in the Central Paratethys 
(BALDI-BEKE, 1977; BALDI et al., 1984). 

Tue upper part of the Maykopian Series is almost totally free of nannofossils, only 
a weak Reticu/ofenestra ornata bloom was observed in Sample 8 (F;g. 9). 

G. The Zages section (Georgia, Kura River valley, near to Tbilisi) 

This section exposes an about 1,240 m thick Upper Eocene - Lower Miocene 
sequence (Fig. 10). 

Tue lowest member is the clayey Beloglinian Horizon (= Tbilisskaya Suite) with 
tuffitic sandstone intercalations. The Khadumian (= Pshechian) Horizon (= Lower 
Maglishskaya Suite) above this is an altemating sequence of calcareous clay and sandstone 
with limestone concretions. Tue uppennost, 8 m thick part of the Khadumian Horizon 
consists of non-calcareous clays. 

The Polbinian Sub-horizon is only 3.5 m thick and consists of bioturbated 
calcareous clay with limestone concretions. Non-calcareous clays andcalcareous sandstones 
with limestone concretions form the next, Gechinian Sub-horizon. A typical Gechinian 
brackish-water mollusc fauna (Lenticorbulina sokolovi, L. subtriangula, Cerastoderma sp., 
Melanopsis sp., Nucula sp.) occurs in Samples 10, 11 and 16 in the lower part of the sub
-horizon. A fauna of mixed (marine and lagoonal) elements represented by Lenticorbula 
sokolovi, L. subtriangula, Cerastoderma mutabile, Callista sp., Ostrea sp., Nucula sp., 
Cerithium sp., Arcopsis sp., Turritella sandbergeri, Tyrhis sp„ Babylonia sp. and 
Tympanotonus margaritaceus appears at its top as weil (POPOV et al., 1985). 

The Uplistzichian (= Upper Maykopian) Horizon consists of non-calcareous clays 
and shales, with frequent sandstone-intercalations. This carbonate-poor sequence usually 
has no fossil-content, except in a 22 m thick calcareous clay-member at the base of the 
horizon (Sample 17), which yields some nannoplankton (Fig. 10). 

Fig. 10: Stratigraphical column of the Zages section (Georgia) with the distribution of nannoplanklon and 
molluscs (for key see Figure 14). 
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Nannoplankton: From the samples ofthe Lower Khadumian Horizon (No. 2-7) only 
Sample 2 contained normal-salinity nannoflora. Its age may be NP22, because of the 
presence of Reticulofenestra umbilicus, R. hillae and the absence of Calcidiscusformosus. 
Tue nannoplankton associations in the higher Khadumian samples are of low diversity, 
their main component is the species Reticulofenestra ornata whose abundance increases 
gradually toward the top of the horizon. 

Tue Polbinian Sub-horizon (the Ostracod Beds, Sample 8) contains a monospecific 
Reticulofenestra ornata nannoflora. No nannofossils were found in the upper part of the 
Polbinian (Sample 9) andin the Gechinian Sub-horizons (Samples 10-16). 

In Sample 17, at thebaseofthe UpperMaykopian sequence,Reticulofenestralockeri 
and R. ornata blooms were observed with a few additional marine nannofloral elemenls. This 
kind ofnannoplankton is typical of the NP23/NP24 zonal boundary in the Central Paratethys. 

Samples 18-19 from the Upper Maykopian a·nd from the overlying Sakaraul 
Horizon are free of nannofossils (Fig. 11). 

Some further, scattered, additional samples from the Solenovian Horizon of 
Georgia were preliminarily examined (Fig. 7). In the sample from Ahaltzihe Reticulofe
nestra ornata, Transversopontis latus and Braarudosphaera bigelowii were found. 

FIG. 11 Belog- Polbi Gechi- Upper z a g e s '84 Khadumian linian nian nian Maykopian 

1. 2. 3. 4. 5. 6. 7. 8. 9. lo-16. 17. 18. 19. 

Reticulofenestra bisecta K 2 
R. hesslandii 1 K K 
R. hillae R 
R. unbilica >. R >. >. >. lä >. >. R. ornata K R s s s KA A 
R. cf. tokcx:lensis 2 
R. lock.eri K 

Cribrocentrum 1 reticulatum 
..., ..., ..., ..., ..., ..., 

Coccolithus sp. 2 
c. eopelagicus 1 1 
c. pelagicus R R 2 1 1 
Calcidiscus foDTOsus 0. p, lä lä 

0. o. 0. Cl. Cyclicargolithus 
R R 1 R 

floridanus 
Coccolithus rupeliensis A 
Chiasrrolithus oanaruensis 1 

Sphenolithus l!Driformis e 2 e K 2 e e R e e 
Braarudosphaera bigelowii 1 1 1 

Di9COaSter sp. 1 
D. tani 1 
D. lodoensis Q) lä Q) Q) Q) Q) Q) 

Isthl!Dlithus recurvus K K 
Zygrhablithus bijugatus R 1 1 
I.anternithus minutus 1 1 R 

reworking fran Cretaceous R 2 1 1 R 

Fig. 11: Nannoplankton of the Zages section. 
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H. The Torangli section (Western Kopet-Dag) 

Tue uppermost beds of Lhe local Torim beurian ( = Pshechian) and lowermost beds of 
the Kizilcheshmian (= Solenovian) Suites are exposed in the Torangli section (Fig 12). Tue 
two suites are separated by an erosional unconfonnity. Within the clayey-marly sequence 
of the Torimbeurian Suite there is a further erosional unconformity. Below this uncon
formity marine foraminifera and nannoplankton assemblages were found, while only a 
few marine organisms occur above the unconformity. 

Tue Kizilcheshmian Suite consists of sandy conglomerates, dark clays and shales, 
with dolomite concretions. This sequence is totally free offossils, except two levels with the 
endemic Janschinella and Ergenica fauna (characteristic of the Polbinian Sub-horizon). 
Tue lower mollusc-bearing level contains the only nannoplankton-assemblage from this 
suite in this section (Fig. 12). 

Nannoplankton: The lower part of the Upper Torimbeurian Suite is characterized by 
normal-salinity nannofloras. They belong to the NP21 nannoplankton Zone, since 
Calcidiscus formosus and Reticulofenestra umbilicus occur together. 
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Fig. 12: Stratigraphical column of the Torangli section (westem Kopet-Dag) with the distribution of nanno
plankton and molluscs (for key see Figure 14). 
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Samples with impoverished nannoplankton or with no nannoplankton were observcd 
in the upper part of the suite, above the unconfonnity. Only I stlunolithus recurvus shows an 
increase in abundance, probably due to the Early Oligocene cold-water influx. 

In contrast to the impoverishment ofthe autochthonous nannoplankton, the number 
of reworked fonns from the older sediments increases upward. According to our interpre
tation, theassemblage in Sample 9 might be essentially reworked, including the NP2 l-NP22 
Zone index-species. Tue first Reticu/ofenestra ornata bloom occurs in this sample, as 
a consequence of the reduced salinity. 

Only one sample from the Kizilcheshmian Suite contained the nannoflora. In 
Sample 13 a Reticulofenestra ornata bloom and Transversopontis fibula were observed, 

F IG. 1J 
T 0 r a n g 1 i "p s h e c h i a n " " Solenovian" 

/Western Kopet Dag/ 
1. 2. 3. 4. 5. 6. 7. 8. 9. lo. 11. 12. 13. 14. 

Reticulofenestra bisecta K A Rl< 1 
R. callida 1 KA 1 A KA 3 
R. hillae R R 1 
R. cf. lockeri 1 K 
R. ornata 2 2 2 1 A KA 
R. oarnaruensis 1 
R. cf. tokooensis R 3 2 2 1 Rl< 
R. urrbilica >. K K >. R >. >. 
Reticulofenestra sp. 2 

Cocroli thus cf. 1 1 crassip::>nns 
c. eopelagicus 1 1 ..... ..... c. pelagicus ..... R Rl< ..... 3 1 Rl< 3 
Calcidiscus fornosus 2 2 1 1 
Cyclicargoli thus 

3 KA floridanus 
Cyclolithella sp. 1 
Pontosphaera latelliptica p; 0. 1 1 0. 0. 

P. magna 1 
P. multip::>ra 1 
P. rectip::>ns 2 

Transver50p::>ntis fibula R 
T. latus e e !cf 1 e e 
Transversop::>ntis pulcher R 1 1 

Sphenolithus celsus 1 
s. rrorifonnis 1 

Discoaster barbadiensis ia.: 
Blackites spihosus QJ QJ 1 QJ QJ 

Neococcoli thes dubi.IJS 1 
Isthrrolithus recurvus R K A KA Rl< 
Lanternithus minutus 1 
Zygrhablithus bijugatus 1 1 3 

re\ro/Orking f ran Cretaceous 3 R K K A R 1 1 

Fig. 13: Nannoplankton ofthe Torangli section. R) Rare. K) Few. A) Common. S) Abundant. n Mass. 4) Rewor
ked. cf.) Confer. 
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very characteristic of the Polbinian Sub-horizon. The endemic mollusc fauna and nanno
flora proves the identity of the Kizilcheshmian Suite and the Lower Solenovian Horizon 
(Fig. 13). 

1. Drilling 2041, north Ustyurt Plateau (between the Caspian and Aral Seas) 

Two cores of the Drilling 2041 were investigated. In Cores 219 and 183 only 
monospecific nannofloras of Reticulofenestra ornata blooms were found, typical of the 
Lower Solenovian (Polbinian) Sub-horizon (Fig. 7). 

4. Discussion 

A. Ecology 

From the data of previous authors and of our very extended investigations it is clear 
that the nannofloras of the two sub-horizons of the Solenovian Suite each have special 
features. The Polbinian Sub-horizon contains a low-diversity, high-abundance, often 
monospecific nannoflora, while the absence of the nannoflora or rare, low-abundance 
monospecific blooms are typical of the Gechinian Sub-horizon. 

The elemcnts of the nannofloras in the Polbinian Sub-horizon can be divided into 
three groups: 

1. Fully marine nannofloral elements. These forms are usually very rare in the 
Polbinian samples, and their distribution is sporadic. Some of their occurrences may be 
suspected to be a consequence of reworking from older rocks (in addition there are 
a number of extinct, definitely reworked species). 

These are the more frequent possibly reworked marine species: Reticulofenestra 
bisecta, R. hesslandii, Coccolithus pelagicus, Cyclicargolithusfloridanus, Rhabdosphaera 
tenuis, Pontosphaera multipora, Sphenolithus moriformis, lsthmolithus recurvus, 
Zygrhablithus bijugatus, Lanternithus minutus. 

2. Nannofloral-elements tolerating salinity fluctuations. Tue following forms 
are frequent in the samples from the Polbinian Sub-horizon and their distribution seems 
to be less sporadic than the previous group: Transversopontis pulcher (small-sized 
form), T. pulcheroides, Orthozygus aureus, Braarudosphaera bigelowii, Trochoaster 
nov. sp. (ofMUZYLEVand TABACHNIKOVA, 1987). 

Tue taxa listed above are considered to have been adapted to nearshore con
ditions or fluctuating salinities. They are not as abundant in the Polbinian as in the upper 
part of the Pshechian. Presumably, the Late Pshechian environment was more favourable 
for them than that of the Polbinian. Many of these taxa show high-abundance blooms in 
the Lower Oligocene Tard Clay of Hungary (NAGYMAROSY, 1983), and those 
blooms evolved at slightly reduced salinities. The salinity of the Polbinian might have been 
too low for them to produce real, high-abundance, blooms. 

3. Nannoflora elements confined to the Polbinian Sub-horizon. Tue distribution 
of Reticulofenestra ornata, Transversopontis fibula, and T. latus is strictly confined to 
the Polbinian Sub-horizon (R. ornata occurs sporadically in younger Oligocene beds as 
weil). According to our interpretation, these taxa are definitely brackish-water species 
and endemic organisms. 
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The brackish-water character of these fonns is reflected by their disbibution in the 
stratigraphical columns. If they coexist with diverse or moderately diverse fully marine 
nannofloras, their proportion in the assemblages is usually very low - only one or two 
specimens occur sporadically. In low-diversity assemblages their proportion increases. In 
other cases they fonn mono-, duo- or bispecific nannofloras, consisting almost entirely of 
these three species (e. g. several Polbinian samples in our UIS sections). In these cases the 
nannoflora consists of !arge masses of Reticulofenestra ornata and rather Iess Transverso
pontis fibula and T. latus. 

This disbibutional pattem is very characteristic ofbrackish-water organisms, which 
are usually insignificant components of fully-marine, nearshore assemblages, but 
become dominant under conditions (for example in brackish environments), which the 
other (marine) organisms are not able to tolerate. Similar pattems have been observed 
recently in Braarudosphaera bigelowii - dominated nearshore assemblages of the Pacific or 
in the monospecific Emiliania huxleyi - assemblages of the brackish Black Sea. 

Tue suspicion of a brackish character for the Polbinian Sub-horizon is confinned by 
the low-diversity and "mixed" mollusc fauna. The mixing of marine, brackish and fresh 
water molluscs indicates strong fluctuations and temporal decrease in salinity. In the 
Uhercice Fonnation (Moravia) the "Polbinian-type" nannoplankton species occur together 
with the abundant fresh-water diatom species Melosira granulata (REHAKOV A in 
SAMUEL and GASPARiKOV A edit., 1983). 

Tue endemic characterof these three species is supported by several lines of evidence: 
1. Tue distribution of all three taxa is resbicted to the Paratethys. None of them has 

been described from outside of the Paratethys. Reticulofenestra ornata was described 
from the Heller Mergelkalk of the Bavarian Foreland Molasse. Transversopontis fibula 
was described from the lowennost beds of the Ileanda Shale, Transylvania. Its younger 
synonyms derive from Ottenthal, Lower Austria (Transversopontis pax) and from the 
Kuban River section (Zygodiscus vialovi). Transversopontis latus was described from 
the Heller Mergelkalk of the Bavarian Foreland Molasse. 

2. The disbibution of these taxa is restricted not only in space but also in time (the 
"loci classici" of all three species correspond to Zone NP23). Transversopontis fibula is 
known only from the Iower part ofZone NP23, except a few specimens, found in the top of 
Zone NP22 in the Lower Tard Clay, Hungary (NAGYMAROSY in BÄLDI et al., 1984). 
Transversopontis latus also occurs only in Zone NP23, except some samples from the 
Upper Pshechian Beds of the Assa River section, the Torangli section (this paper) and 
from the Ciocmani Beds of Transylvania (MEsZÄROS et al., 1977). These exceptions 
helong to the Iatest part of Zone NP22. Reticulofenestra ornata has a wider range in time, 
than the previous taxa. Tue first rare specimens occur around the NP21/NP22 zonal 
boundary. More frequent and abundant occurrences were reported from Zone NP22 
and explosive blooms are known from the Zones NP23 and NP24. The last rare 
specimens of R. ornata have been observed in Zone NP25. 

3. The occurrence of these three species together ( or at least of two of them) coincides 
usually with the disbibution oftheendemic Cardium lipo/di-Ergenica cimp/anica-Janschi
nella mollusc fauna. The mollusc-bearing layers contain in every case "Polbinian-type" 
nannoflora: several sections in the UlS (this paper), Lower Tard Clay (Hungary), 
Ottenthal (Austria), etc. 
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From the evidence for endemism listed above, we may conclude, that during the late 
NP22 Zone, the separation of the Paratethys from the world-oceans proceeded to such 
a degree (see BALDI, 1984 ), that strong fluctuations of salinity occurred. In the more or less 
isolated Paratethys a nannoplankton (and mollusc) assemblage developed, which was 
adapted definitely to this reduced-salinity .environment. When the salinity reached an 
optimal level in early NP23, this assemblage invaded the whole Paratethys in a very short 
time, but never reached the world-oceans. After this short period (Polbinian Sub-horizon) 
the salinity dramatic:ally dropped (Gechinian Sub-horizon) and only Reticulofenestra 
ornata survived. Tue very few marine interbeds in the younger part of Zone NP23 do not 
contain Transversopontisfibula or T. latus. 

B. Correlation with the Central Paratethys 

Several published nannoplankton assemblages and our new data in this paper 
enable identification of the stratigraphical equivalents of the East Paratethyan "Polbinian 
event" in the Central Paratethys. (VESELOV et al., 1980 recognised already the possible 
correlation toward the Tard and Ileanda Beds). Here we listed those stratigraphical units of 
the Central Paratethys, where at least two of the three "Polbinian-type" nannofossils occur 
together: 

Heller Mergelkalk, Subalpine Molasse, Bavaria, NP23, MÜLLER (1970). 
Calcareous diatomites of the Uhercice Formation, Pouzdfany Unit, south Moravia, NP23, KRHOVSKY 
(1981), JURAsovA and KRHOVSKY (in SAMUEL and GASPARfKOVA edit., 1983), JURAsovA, 
KRHOVSKY and STRANfK (in HAMRSMfD edit., 1991). 
Cardium lipoldi Beds, Menilite Formati~n. Zd:!.nice Unit, Waschberg Zone, Lower Austria. Their age was 
described originally as NP21, but repeated investigation confirmed an age of NP23 with Sphenolithus 
distentus, STRADNER et. al. (1980), BRAUNSTEIN (1985), NAGYMAROSY (unpublished}. 
Chert Member and Dyn6w Marl, Menilile Formation, Zclanice Unit, soulh Moravia, NP23, KRHOVSKY 
(1981), BUBfK, JURASOV A, KRHOVSKY and STRAN!K (in HAMRSMfD edit., 1991). 
Fischschiefer in the "Setzka Beds", Slovenia, NP23 (?), NAGYMAROSY (unpublished}. 
LowerTard Clay, Hungary, NP22/NP23, NAGYMAROSY (1983), NAGYMAROSY (in BALD! et. al., 1984). 
Dyn6w Marl, Skote Unit, West Carpalhians, Poland, NP23, NAGYMAROSY (unpublished). 
Menilite Chert and Tylawa Limestone, Silesian Unit, West Carpalhians, Poland, NP23, NAGYMAROSY 
(unpubl ished). 
Menilite Chert, Tarcau Unit, East Carpathians, Rumania, NP23, MICU and GHETA (1986). 
lleanda Shale, Transylvania, Rumania, NP23, GHETA et al. (1976). 
Bizusa Beds, Transylvania, Rumania, NP23, RUSU (1988), NAGYMAROSY (unpublished). 
Ciocmani Beds, Transylvania, Rumania, NP22 (?), MESZAROS et al. (1977). 

5. Conclusions 

1. Tue Polbinian Sub-horizon represents an excellent reference-level for correlation 
within the Maykopian Series not only Iithologically, but also by its nannofossil content 
(Fig. 14). 

2. The correlation of this sub-horizon was based earlier upon molluscs or ostracods. 
The "Polbinian-type" nannoplankton supplements this and is also easily recognisable in 
layers without macrofossils. 

3. Tue "'Polbinian-type" nannoflora has endemic features and is confined to reduced 
salinity conditions. Afterthese fluctuating salinity conditions changed, the "Polbinian-type" 
nannoflora never retumed. 
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4. This regional endemic plankton-event is well-traceable not only in the former 
Soviet Union, but also in the Alpine Molasse zone, in the Menilite Formation of the 
Carpathians and in the Intra-Carpathian Paleogene basins of Yugoslavia, Hungary and 
Rumania. Its character is surprisingly uniform, over a vast distance. 

5. Tue evolution of this endemic, Paratethys-dwelling planktonic assemblage, 
confirms the theory ofBALDI (1984) about the first separation of the Paratethys in the Earl y 
Oligocene. 

6. Tue Gechinian (Upper Solenovian) Sub-horizon is usually very paar in carbonate, 
consequently in fossils. Its rare nannoplankton is marked by weak blooms of Reticulo
fenestra ornata and R. /ockeri. 

7. Tue Early Oligocene evolution of the paleoenvironment and the nannoplankton 
of the Eastem Paratethys can be briefly summarized as follows: 

-Formation ofthe carbonate-rich Beloglinian Marl (NP18 - lower part ofNP21). The 
Beloglinian contains diverse and abundant, fully-marine planktonic foraminifera and 
nannoplankton assemblages with tropical-subtropical elements. 

- Beginning of the Pshechian-type sedimentation in the Zone NP21. Decrease of 
the carbonate-content (implying decreased production of the calcareous nannoplankton). 
Less diverse nannofloras with high content of cold-water species Isthmolithus recurvus, 
Lanternithus minutus and Zygrhablithus bijugatus. 

- Spiratella (pteropod) rich layer(s) at the base of NP22, which is well-traceable 
over a lang clistance, up to the Outer Carpathian Flysch Units and the Intra-Carpathian 
basins. The separation of the Paratethys from the world-ocean begins. The density 
stratification of water masses resulted in increasing anoxia at the sea-bottom. Tue biotur
bation stops, microlaminated black shales appear. 

- In the upper part of the Pshechian (Zone NP22) strong fluctuations in salinity 
show up. Impoverishment of the marine calcareous nannoplankton, predominance of 
low-salinity resistant forms Reticu/ofenestra cf tokodensis, Transversopontis obliquipons, 
T. pulcher, T. pulcheroides, Orthozygus aureus, Braarudosphaera bigelowii, Reticulo
fenestra ornata and R. /ockeri also occur. The microlaminated character of the Pshechian 
Clays and Shales becomes stronger upward, suggesting increasing anoxia, and Lheir 
carbonate-content decreases. 

- Tue short-term "Polbinian event" (early NP23 Zone). Explosion of an endemic 
nannoflora (and mollusc fauna). High calcareous nannoplankton bioproduction (MUZYLEV 
et al., 1987). The vertical circulation of the water masses was re-established, the anoxia 
stopped for a short time. Strang bioturbation, non-microlaminated sediments, rich benthic 
life. 

-Formation of the Gechinian rocks (late NP23 Zone). Dramatic drop in the carbonate 
production. Strang anoxia, Jack of bioturbation, laminated black shales. Separation of the 
Paratethys presumably was complete by this time. Non-fossiliferous rocks are common. 
Rare marine faunal elements occur in the few ingressions representing mainly nearshore, 
shallow-water environment. 

- Partial restoration of the connection between the world oceans and the Eastem 
Paratethys (Batalpashinian Horizon). The formation of black shales is followed by the 
deposition of calcareous clays. Blooms of Reticu/ofenestra ornata and R. /ockeri occur at 
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the Gechinian/Batalpashinian boundary. Later, marine mollusc faunas appear as well. 
Tue normal salinity conditions were restored only by the beginning of the Zone NP24, 
(see Cherat-Hevi section, this paper). 
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Species index 

Blackites creber (DEFI..ANDRE) ROTH. 
spinosus (DEFI..ANDRE and FERT) HA Y and TOWE. 

Braarudosphaera bigelowii (GRAN and BRAARUD) DEFI..ANDRE. 
Calcidiscus formosus (KAMPTNER) LOEBLICH and TAPPAN. 

kingii (ROTH) LOEBLICH and TAPPAN. 
luminis (SULLIV AN). 

Chiasmolithus grandis (BRAMLETTE and RIEDEL) RADOMSKI. 
oamaruensis (DEFI..ANDRE) HA Y, MOHLER and WADE. 

Coccolithus crassipons BOUCHE. 
eopelagicus (BRAMLETTE and RIEDEL) BRAMLETTE and SULLIV AN. 
pelagicus (W ALLICH) SCHILLER. 
rupeliensis MÜLLER. 

Corannulus germanicus SlRADNER. 
Coronocyclus serratus HA Y, MOHLER and WADE. 
Cribrocentrum reticulatum (GARTNER and SMITH) PERCH-NIELSEN. 
Cricolithusjonesi COHEN. 
Cruciplacolithus tarquinius ROTH and HA Y. 
Cyclicargolithusfloridanus (ROTH and HA Y) BUKRY. 
Discoaster binodosus MARTINI. 
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barbadiensis TAN. 
crassus MARTINI. 
deflandrei BRAMLETTE and RIEDEL. 
lodoensis BRAMLETTE and RIEDEL. 
quinqueramus MARTINI. 
saipanensis BRAMLETTE and RIEDEL. 
tani BRAMLETTE and RIEDEL. 



Ericsonia subdisticha (ROTH and HA Y) ROTH. 
H elicosphaera bramlettei MÜLLER. 

euphratis HAQ. 
intermedia MARTINI. 
recta HAQ. 
reticu/ata BRAMLETTE and WILCOXON. 

Holodisco/ithus macroporus (DEFI.ANDRE) ROTH. 

Isthmolithus recurvus DEFLANDRE. 

Lanternithus minutus STRADNER. 
Markalius inversus (DEFLANDRE) BRAMLETTE and MARTINI. 

Micrantholithus attenuatus BRAMLETTE and SULLIV AN. 
vesper DEFLANDRE. 

Neococco/ithes dubius (DEFI..ANDRE) BLACK. 

Orthozygus aureus (STRADNER) BRAMLETTE and WILCOXON. 

Pemma basquensis (MARTINI) BALDI-BEKE. 

Pontosphaera distincta (BRAMLETTE and SULLIV AN) ROTH and TIIlERSTEIN. 
latelliptica (BALDI-BEKE) PERCH-NIELSEN. 
magna (HAQ). 
multipora (KAMPTNER) ROTH. 
plana (BRAMLETTE and SULLIV AN) HAQ. 
rimosa (BRAMLETTE and SULLIV AN) ROTH and THIERSTEIN. 

Reticu/ofenestra bisecta (HA Y, MOHLER and WADE) ROTH. 
callida (PERCH-NIELSEN) BYBELL. 
hesslandii HAQ. 
hillae BURKY and PERCIV AL. 
/ockeri MÜLLER. 
oamaruensis (DEFI..ANDRE) STRADNER. 
ornata MÜLLER. 
tokodensis BALDI-BEKE. 
umbi/icus (LEVIN) MARTINI and RITZKOWSKI. 

Rhabdosphaera gladius LOCKER. 
tenuis BRAMLETTE and SULLIV AN. 

Sphenolithus ce/sus HAQ. 
distentus (MARTINI) BRAMLETTE and WILCOXON. 
moriformis (BRÖNNIMANN and STRADNER) BRAMLETTE and 

WILCOXON, 
predistentus BRAMLETTE and WILCOXON. 
pseudoradians BRAMLETTE and WILCOXON. 
radians DEFLANDRE. 

Transversopontis jibu/a GHET A. 
latus MÜLLER. 
obliquipons (DEFI..ANDRE) HA Y, MOHLER and WADE. 
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pulcher (DEFLANDRE) PERCH-NIELSEN. 
pulcheroides (SULLIV AN) BALDI-BEKE. 
pygmaea (LOCKER) PERCH-NIELSEN. 

Zygrhablithus bljugatus (DEFLANDRE) DEFLANDRE. 
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PLATE 1 

All magnifications 1500 x, N + = crossed nicols, N :: =parallel nicols. 

Fig. 1: Reticulofenestra cf. tokodensis BALDI-BEKE, N +, central field has broken out. 
Fig. 2: Reticulofenestra cf. tokodensis BALDI-BEKE, N +, central field has broken out. 
Fig. 3: Reticu/ofenestra cf. tokodensis BALDI-BEKE, N +. 
Fig. 4: Reticu/ofenestra cf. tokodensis BALDI-BEKE, N ::. 

1-4: Sarnple Cherkassk '80/12. 
Fig. 5: Reticulofenestra cf. tokodensis BALDI-BEKE, N +. 
Fig. 6: Reticu/ofenestra /ockeri MÜLLER, N ::. 

5-6: Sarnple Cherkassk IV/1/c. 
Fig. 7: Reticu/ofenestra cf. tokodensis BALDI-BEKE, N +. 
Fig. 8: Reticu/ofenestra cf. tokodensis BALDI-BEKE, N ::. 

7-8: Sarnple Cherkassk '80/12. 
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PLATE2 

All magnifications 1500x, N + = crossed nicols, N :: =parallel nicols. 

Figs. 1-2: Reticulofenestra /ockeri MÜLLER, N +, Cherat-Hevi, Sample 6/b. 
Fig. 3: Reticu/ofenestra ornata MÜLLER, N +, Sample Cherkassk IV(3/c. 
Fig. 4: Reticulofenestra ornata MÜLLER and Transversopontis obliquipons 

(DEFI...ANDRE) HAY, MOHLER and WADE, N +, Byelaya River section, 
Sarnple 47. 

Fig. 5: Transversopontisfibula GHETA and Reticulofenestra ornata MÜLLER, N +, 
Sarnple Cherkassk IV /80/14. 

Fig. 6: Transversopontisfibula GHETA and Reticu/ofenestra ornata MÜLLER, N +, 
Gashun Lowland, Drilling 6637, Sample 22. 

Fig. 7: Coccolithus rupeliensis MÜLLER, N +, Sample Zages 17. 
Fig. 8: Coccolithus rupeliensis MÜLLER, N +, Cherat-Hevi, Sample 6/b. 
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PLATE3 

All magnifications 1500x, N + = crossed nicols, N :: =parallel nicols. 

Fig. 1: Transversopontisjibula GHETA, N +, Gashun Lowland, Drilling 6637, Sarnple 22. 
Fig. 2: Transversopontisjibula GHETA, N +, Sample Cherkassk IV/3/a. 
Fig. 3: Pontosphaera magna HAQ, N +, Sarnple Cherkassk IV/2. 
Fig. 4: Pontosphaera magna HAQ, N +, Sample Cherkassk '80/13. 
Fig. 5: Transversopontis pulcher (DEFLANDRE) PERCH-NIELSEN, N +, Sarnple Cher- . 

kassk '80/12. 
· Fig. 6: Transversopontis obliquipons (DEFLANDRE) HA Y, MOHLER and WADE, N +, 

Sample Cherkassk III/6. 
Fig. 7: Pontosphaera multipora (KAMPTNER) ROTH, N +, Sample Cherkassk III/6. 
Fi"g. 8: Helicosphaera recta HAQ, N +, Cherat-Hevi, Sarnple 6/a. 
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