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Abstract

In the Middle Miocene of East Crimea, gypsum evaporites formed in a shallow basin from mixed seawater–nonmarine

waters are overlain by marl, siltstone and claystone which contain a few horizons of stromatolitic limestone. The thickness

and abundance of the stromatolitic horizons increase up the section. In the siliciclastic portion of the section, a very poor and

taxonomically impoverished assemblage of benthic foraminifers (Jadammina, Nonion, Haynesina, Astrononion and

Eponides) is recorded. It is typical for a shallow water marsh or lagoon environment with a lowered salinity. Accordingly, the

brackish conditions prevailing during gypsum precipitation in East Crimea continued afterwards, although at the end of

evaporite deposition the basin became desiccated and then it was rapidly reflooded by brackish water.

The impoverished biota and the occurrence of microbialites in the Ptashkino section indicate extremely unfavourable

conditions for most living organisms during the deposition of both the terrigenous and carbonate beds. The water salinity

thus was probably not only lowered but also anomalous in composition if compared to normal marine water. The occurrence

of carbonate stromatolitic horizons is probably related to the periodic shallowing of the basin caused by a drop of the lake

water table driven by climatic factors. The resulted changes allowed for a growth of the bizarre microbial-serpulid

communities that gave birth to most of the stromatolites.

In Karaganian time, the Eastern Paratethys was a huge lake isolated from the Tethys. This lake responded to any

climatic fluctuation that in turn might lead to water level oscillations. In humid climate periods, the lake could be open

with a surface outflow and, when it was drier, it could be a closed system without surface outflow. Gypsum evaporites

and stromatolitic carbonates are clear evidence of strong evaporation in a dry climate that probably induced water level

fall in the whole basin. However, all the time the environmental conditions were predominantly brackish, even during

gypsum precipitation as suggested by the chemical composition of fluid inclusions in gypsum. Similar conditions may be

expected in other evaporite-hosted, predominantly brackish basins, such as some Messinian basins of the eastern
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Mediterranean, where some evaporites were deposited in the oligohaline to mesohaline conditions typical of the Lago

Mare deposits.

D 2004 Published by Elsevier B.V.
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1. Introduction

The Middle Miocene in some Peri-Tethyan basins

was characterised by the occurrence of evaporites. In

the Central Paratethys, evaporites occur in the Karpa-

tian and Badenian. Although the general picture of

Badenian evaporites is well known, the precise series

of events leading to the onset and then the termination

of evaporite deposition are much debated (Babel,

1999; Peryt, 2002, with references therein). In the

Carpathian Foredeep, Badenian evaporites are

bounded by two maximum flooding surfaces and must

represent a major transgressive–regressive–transgres-

sive cycle. The calcareous nannoplankton indicates

that Badenian evaporites represent the lower part of

the NN6 zone (Peryt, 1997, 1999; Andreyeva-Grigor-

ovich et al., 2003).

In the Middle Miocene of Eastern Paratethys, the

transition from marine environments to brackish con-

ditions was gradual (Rögl, 1998). In east Crimea, in

the Middle Miocene Chokrakian, a marine transgres-

sion began after a long continental period. Starting

from that time till the end of Pliocene, shallow seas

existed in the area of Kerch Peninsula (Figs. 1 and 2)

(Kropacheva, 1981). The development of Neogene

deposits of the Kerch Peninsula was controlled by

numerous small anticlines (with Maykopian clays in

their nuclei) that originated due to clay diapirism

during Tarkhanian-Chokrakian times, as indicated by

the thicknesses of the Middle Miocene deposits within

anticlines and adjacent synclines. At tops of the

anticlines, the Chokrakian oolithic-bioclastic bars

and bryozoan reefs developed that separated the

shallow lagoons from the open sea. Gypsum was

Fig. 1. Paleogeography of the Eastern Paratethys in the beginning of the Middle Miocene (Chokrakian–Early Badenian–Langhian) (after

Goncharova, Shcherba and Khonkarian in Gontsharova, 2001, Fig. 1). Asterisk shows the location of Ptashkino section.
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Fig. 2. Location of the Ptashkino section (asterisk) showing the lithofacies distribution during Chokrakian (A—after A.E. Kamenetskiy and V.E.

Zheleznyak in Muratov, 1973) and Karaganian and Konkian times (B—after A.E. Kamenetskiy and V.E. Zheleznyak in Muratov, 1973).
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deposited in the lagoons, but due to continual trans-

gression, the gypsum deposition quickly ceased and

was replaced by sedimentation of interbedded clay-

stones and limestone (Kropacheva, 1981).

We have selected and studied one section located

in eastern Crimea aiming to characterise the sedimen-

tary environments during this major environmental

change. Gypsum deposits in East Crimea are probably

coeval with the Badenian evaporites of the Carpathian

Foredeep and thus it is important to understand

tectonic and climatic constraints leading to wide-

spread, coeval evaporite deposition in Middle Mio-

cene in the entire Paratethys basin system. These

evaporites in the Paratethys are followed by brack-

ish-water deposits, and thus the general sequence

resembles the classical Messinian sequence where

marine deposits are followed by evaporites and then

brackish Lago Mare facies (e.g. Rouchy et al., 2001).

New data illustrating the environmental changes,

which occurred in the Crimean part of the Eastern

Paratethys at the end of the evaporite deposition, may

thus provide information helpful to interpret ‘‘Messi-

nian Salinity Crisis’’ in the Mediterranean region.

2. Geological setting

The biostratigraphic calibration of the Middle Mio-

cene of Eastern Paratethys is poor. The Tarkhanian,

Chokrakian, Karaganian and Konkian stages have

collectively been correlated with the Badenian of

Central Paratethys. The Tarkhanian sections yielded

calcareous nannoplankton characteristic for the NN5

Zone (Nosovskiy et al., 1976; Andreyeva-Grigorovich

and Savytskaya, 2000) and the Mid-Miocene age of

other stages is assumed on regional evidence as direct

biostratigraphic evidence is lacking (see reviews by

Jones and Simmons, 1996; Gontsharova, 2001).

The Chokrakian carbonate deposits with poor ma-

rine fauna and subordinate clay intercalations are

followed by the Karaganian deposits that consist of

interbedded carbonates and clays in the lower part (the

Chekur-Koyash Beds) and of predominant clays (Kar-

aganian Clay Series) in the upper part (Fig. 3). The

Karaganian deposits are also characterized by very

poor biota. For example, all the Karaganian bivalve

fauna consist of 11 endemic species belonging to 3

genera only (Studencka et al., 1998, p. 330).

The age of the Chekur-Koyash Beds is unequivocal

as their fauna consists of sparse specimens of long-

lasting species and, hence, for example, the age of

gypsum was regarded by some workers to be Chok-

rakian (e.g. Poltorakov et al., 1979). Other workers

assume that the gypsum horizon occurs in the lower

part of Karaganian deposits (e.g. Shnyukov et al.,

1971; Nevesskaya et al., 1984). In places, the gypsum

and post-gypsum limestone are host rocks for sulphur

(e.g. Ishchenko and Kisilov, 1967; Pavlenko et al.,

1974; Arkhipova and Mamchur, 1975) and hence they

Fig. 3. Composite section of the Middle Miocene rocks on Crimea

(after Kropacheva, 1981).
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have been studied in detail. Laterally the Chekur-

Koyash Beds can be replaced by thin (up to 7 m)

stromatolitic limestones and dolomites that occur in

the top of anticlines (Kropacheva, 1981).

During the exploration of sulphur deposits numer-

ous boreholes have been drilled near Ptashkino and in

other areas of eastern Crimea. The results have been

summarised by Kropacheva (1976, pp. 68–70), who

observed that carbonate rocks (most commonly dolo-

mites) occur 20–30 m above the sulphur-bearing

deposits, and are covered by clays. She recorded the

presence of serpulids and fragments of Spaniodontella

within the stromatolites and, in the ‘‘pockets’’ within

stromatolites, occurrence of phosphatised fish bones,

terrigenous grains and small ( < 0.5 mm) ooids. In the

Chokrakian deposits, coprolites are very common

while in the Karaganian deposits they are rare or

lacking.

We have studied the Ptashkino section located in

the eastern part of the Kerch Peninsula in the eastern

Crimea, 30 km SW of Kerch city and 7 km NW of

Marievka village. In an abandoned quarry of the

biggest gypsum deposit in Crimea-Elkedzhi-Eli (Pola-

kova, 1974), ca. 25-m-thick deposits are exposed

(Figs. 4 and 5).

The lower part of the Ptashkino section is com-

posed of gypsum evaporites. Their thickness varies

from 0.8 to 5.3 m (Polakova, 1974); at present ca. 5 m

is exposed. There occurs the lower fine crystalline

gypsum laminated with abundant admixture of lime-

stone, sand, and clay and the upper coarsely crystal-

line (selenitic) gypsum. Kropacheva (1981) recorded

nodular and chicken-wire facies as well as erosional

features in the uppermost part of gypsum. Kulchet-

skaya (1987, p. 170) studied geochemistry of the

gypsum and concluded that crystallization of gypsum

occurred in the warm and shallow basin of relatively

low salinity.

In the upper part of the section (ca. 20 m thick)

marls, siltstones and claystones occur which contain,

in the uppermost part of the section, thin (up to 8 cm

thick) intercalations of cross-bedded sandstones. In

addition, thin intercalations of stromatolitic limestone

occur, and the thickness and frequency of the stromat-

olitic horizons increase up the section (Figs. 4 and 5).

The stromatolites form continuous horizons that

can be traced several hundred meters along the quarry

wall and are a few centimetres to ca. 1 m thick. In

places within these stromatolitic layers, there occur

slightly thicker and dome-shaped structures (Fig. 4).

Fig. 4. View of the upper part of Ptashkino section. Stromatolitic dome is seen above the man (1.7 m tall).
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Fig. 5. Lithological log of the Ptashkino section, distribution of foraminifers, boron content in siliciclastic deposits, and carbon and oxygen isotopic data on foraminifers (open

symbols) and limestone samples (black symbols). Asterisks indicate intercalations of stromatolitic limestone, and arrow shows the occurrence of calcareous edgewise conglomerate.
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The stromatolites contain intercalations of oolitic

grainstones with rip-up mudstone clasts. In marls,

siltstones and claystones gypsum satin spar veins

commonly occur.

3. Methods

A stratigraphic section was measured and 16 sam-

ples were taken from each individual layer for micro-

palaeontological studies in order to establish the

presence of foraminifers, calcareous nannoplankton

and dinocysts. However, only foraminifers have been

found.

In the same samples, clay minerals and boron

content have been determined at the Central Chemical

Laboratory of the Polish Geological Institute (Warsaw,

Poland). The boron content was measured using a

Philips PV8060 Spectrometer; the error of determina-

tion is 3–5%.

To establish the mineralogical composition, analy-

ses were made using the X-ray diffraction method.

The Philips X-ray Diffractometer System PW1840

with Cu-tube and solid state detector provided with

an automatic computerized powder identification sys-

tem APD 1877 was used. Diffractometer measure-

ments were made on raw samples in the 3–60j 2h

range of angles on pressed specimens, and on clayey

fraction ( < 0.002 mm) samples in the 3–60j 2h range

on oriented and heated specimens.

In addition, petrological and geochemical investi-

gation of limestone was carried out. Thirty-three

Fig. 6. Polished slabs of stromatolites. (A) Laminated planar and columnar stromatolites (upper part of the photo) growing on the edgewise

conglomerate due to reworking of desiccation polygons (lower part). (B) Thrombolitic stromatolites: centimetre-scale light-colour branching

columnar stromatolitic clots are separated by spaces filled up with darker micritc and terrigenous material.

T.M. Peryt et al. / Sedimentary Geology 170 (2004) 21–36 27



oxygen and carbon isotopic analyses (5 samples of

isolated foraminifers from marly layers and 28 select-

ed places in limestone samples) were done at the

Institute of Physics, University Maria Curie-Sklodow-

ska, Lublin, Poland. For isotopic analyses of lime-

stone, CO2 gas was extracted from the samples by

reaction of calcite with H3PO4 (McCrea, 1950) at 25

jC in a vacuum line, following the standard. The gas

was purified of H2O on a P2O5 trap and collected on a

cold finger. Isotopic compositions were analysed

using a modified Russian MI1305 triple-collector

mass spectrometer (Durakiewicz, 1996) equipped

with a gas ion source. Isobaric correction was applied.

After subsequent normalisation to measured certified

reference materials, the isotopic composition was

expressed in per mill (x ) relative to the VPDB

international standard and separately to PDB. Analyt-

ical precision of both d
13C and d

18O in a sample was

F 0.08x.

A total of 41 thin sections was studied. Thin

sections were stained with Alizarin Red S and potas-

sium ferricyanide to assist the identification of dolo-

mite and to assess the Fe content of the carbonates.

4. Results

Stromatolites exhibit variable morphologies and

microstructures that can be included into two main

types.

In some parts of the section occur stromatolitic

horizons (see Fig. 6A) made up of laminated colum-

nar or hemispherical bodies up to few or more

centimeters in size and more or less planar or wavy

Fig. 7. Thin section microphotographs of stromatolites. (A) Laminations within columnar stromatolites. Thinner dark dense micritic laminae are

alternated with thicker and porous micrite laminae. The latter ones exhibit bushy microstructures that are probably moulds left by cyanobacterial

filaments. (B) Small branching columns that form thrombolitic stromatolites are made-up of faintly laminated or dense micrite and coiled tubes

of a tiny serpulid warm (?Spirorbis). The spaces between columns are packed with pellets, ooids, silty quartz grains, bioclasts and micrite.
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laminated layers. The stromatolites consist of milli-

metric or submillimetric couplets of dark dense

micritic laminae alternated with much thicker and

more porous micrite laminae (Fig. 7A). The latter

ones often exhibit bushy microstructures that are

probably moulds left by cyanobacterial filaments

(Fig. 8A). The moulds are empty or occluded with

microspar. In other cases, the stromatolites show faint

microlaminations only (Fig. 9A). The large interstices

between domes and columns are packed with rela-

tively coarse material dominated by rounded carbon-

ate grains of unclear origin (probably faecal pellets)

with bioclasts as well quartz or lithoclast grains. Fine

terrigenous material and micrite occur also within

stromatolites filling up small interstices (that cut few

laminations) as well spaces between millimetre-scale

knobs and columns that constitute the larger scale

stromatolite domes and columns (Fig. 9A). In places,

thin intercalations of limy mudstones occur within the

stromatolitic laminations indicating periods of more

active sedimentation.

The second stromatolite type that forms mainly the

upper horizons in the section, consist of a kind of

thrombolitic fabrics (Fig. 6B). It is composed of small

(1 cm across, few centimetres high) branching col-

umns that are made-up of faintly laminated or dense

micrite and coiled tubes of a tiny serpulid warm

(?Spirorbis) (Fig. 7B). The serpulid tubes constitute

Fig. 8. Thin section microphotographs of stromatolites. (A) Faint laminations with bushy fabrics. The erect pores occluded with microspar are

probably moulds left by cyanobacterial filaments. (B) Fine material filling up the spaces between thrombolitic bodies is mainly composed of

pellets together with some ooids, quartz grains and stromatolitic lithoclasts.
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a foundation for the microbialites (Fig. 9B). In places

pellets, ooids and quartz grains are involved into the

microbialite fabrics. Additionally, within some micro-

bialitic columns very rare, single, square pores occur

(Fig. 9B). They are few tens of micrometers in size,

empty or filled with sparite. Kropacheva (1981)

interpreted the pores as moulds after dissolved halite

crystals.

The interstices between columns are packed with

pellets, ooids, silty quartz grains, bioclasts and micrite

(Fig. 8B). The thrombolites are rich in brownish iron

oxides that are dispersed within laminations or often

coat the outer surfaces of stromatolitic bodies.

Fossils and bioclastic grains within the stromato-

litic horizons are extremely rare. Except for the

serpulid tubes there occur additionally some small

thin-shelled bivalves and, in the highest stromatolitic

horizon, gastropods. Absence of any microfossils is

striking.

In the siliciclastic portion of the section studied

samples contain sparse to moderately abundant ben-

thic foraminiferal assemblages consisting of seven

species belonging to six genera. Calcareous taxa

include Astrononion sp., Nonion parvus, Nonion

tumidulus, Haynesina bogdanowiczi, Protelphidium?

martkobi and Epistominella? sp. (Fig. 10). Jadam-

mina sp. (Fig. 10) is the only agglutinant. In several

samples (nos. 8, 13, 19, 20 and 28), the abundances

are high, in some they are considerably lower (Nos. 6,

24, 27) and in the other foraminifers occur only very

rarely. Distribution of the recorded species in the

Ptashkino section is presented on Fig. 5.

Fig. 9. Thin section microphotographs of stromatolites. (A) Faintly laminated columnar stromatolite. Fine terrigenous material and micrite fill up

small interstices cutting laminations and spaces between millimetre-scale knobs and columns that constitute this large stromatolitic column. (B)

A single column within thrombolitic stromatolite with coiled serpulid tubes (black arrows) constituting a foundation for the column, and square

pore (white arrow) which is interpreted as mould after dissolved halite crystal; a—artefact (pore formed during thin section preparation).
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Fig. 10. SEM photographs of foraminiferal taxa from Ptashkino (1, 6—sample 27; 2, 4—sample 9; 3, 5, 7, 9, 10, 12, 14, 15—sample 28; 8, 13—

sample 24; 11—sample 19). Scale bars represent 100 Am. (1) N. parvus Bogdanowicz, 1950 (a—lateral view, b—apertural view); (2) N. parvus

Bogdanowicz, 1950 (a—lateral view, b—apertural view); (3) H. bogdanowiczi (Voloshinova, 1952), lateral view; (4) N. tumidulus Pishvanova,

1960 (a—lateral view, b—apertural view); (5) N. tumidulus Pishvanova, 1960 (a—lateral view, b—apertural view); (6) N. parvus Bogdanowicz,

1950 (a—lateral view, b—apertural view); (7) H. bogdanowiczi (Voloshinova, 1952) (a—lateral view, b—apertural view); (8) H. bogdanowiczi

(Voloshinova, 1952) (a—lateral view, b—apertural view); (9) N. parvus Bogdanowicz, 1950 (a—lateral view, b—apertural view); (10) P.?

martkobi Bogdanowicz, 1947 (a—lateral view, b—apertural view); (11) Nonion martkobi Bogdanowicz, 1947 (a—lateral view, b—apertural

view); (12) N. tumidulus Pishvanova, 1960 (a—lateral view, b—apertural view); (13) Epistominella? sp. (a—umbilical view, b—edge view);

(14) Jadammina sp. (a—trochospiral view, b—edge view); (15) Astrononion sp., lateral views.

T.M. Peryt et al. / Sedimentary Geology 170 (2004) 21–36 31



The mineralogical studies showed that the main

constituents are quartz, calcite, feldspars and musco-

vite, and in the lower part, in addition, also gypsum.

The following clay minerals have been identified:

illite, kaolinite and chlorite.

The boron content measured are from 53 to 156

ppm (average is 117 ppm) (Fig. 5).

Fig. 5 and Table 1 show the results of isotopic

analyses of limestone samples and foraminifers in the

studied section, and Fig. 11 shows the plot of isotopic

results. It should be mentioned that in Fig. 5 the results

of isotopic study are shown only for samples taken

from the quarry wall. Table 1 and Fig. 11 include all

results. d18O values range form � 4.5x to + 1.3x

PDB but most samples fall in the interval � 2x to 0x

PDB. d13C values are more variable (from � 9.6x to

+ 0.5x PDB, with most samples close to 0x PDB).

C and O stable isotope analyses of foraminifer tests

from the terrigenous parts of the section reveal very low

values of d18O (� 6.5x to � 2.5x PDB, average

� 3.81x PDB) and d
13C (� 7x to � 5x PDB,

average � 5.89x PDB).

5. Interpretation

The composition of fluid inclusions in selenitic

gypsum of Ptashkino indicates that the gypsum has

formed from relatively dilute (2–6% mass equiv.

NaCl according to Kulchetskaya, 1987, p. 170),

mixed seawater–nonmarine waters.

Environmental requirements of Recent representa-

tives of foraminifers which were recorded in the marls

occurring above the gypsum are as follows (after

Boltovskoy and Wright, 1976; Murray, 1991).

Nonion is infaunal form preferring muddy or

clayey deposit, occurring in different marine environ-

ments (from brackish to hypersaline and from warm to

cold water), at the depth 0–180 m.

Table 1

Results of the carbon and oxygen stable isotopes studies (Ptashkino

section)

Sample

number

Location in

the section

(above the

gypsum, in

meters)

d
18O x

[PDB]

d
13C x

[PDB]

Sample

description

2 20.00 � 0.67 0.48 stromatolite

3/2 19.55 � 1.62 � 0.92 thrombolite

3/1 19.55 � 0.81 0.43 thrombolite

4/1 19.50 � 0.27 0.30 stromatolite

4/2 19.50 � 0.32 0.18 stromatolite

5 19.40 0.21 0.09 stromatolite

7/2 18.50 � 0.89 � 0.67 thrombolite

7/1 18.45 � 0.96 � 0.73 thrombolite

B/6 18.30 0.30 0.22 stromatolite

B/5 18.25 � 0.20 � 0.24 stromatolite

B/1 18.24 � 2.53 � 9.59 mud

B/4 18.23 � 0.68 � 1.00 stromatolite

B/2 18.21 � 3.29 � 5.55 ooids

B/3 18.20 � 1.17 � 4.51 rip-up clast

10C 17.70 � 1.72 � 2.44 thrombolite

10B/2 17.45 � 0.31 0.06 stromatolite

10B/1 17.25 � 0.69 � 0.47 thrombolite

10A 17.05 � 0.90 � 1.02 thrombolite

12 15.20 � 1.18 � 3.01 mud

14B 14.90 � 2.15 � 1.79 thrombolite

14A 14.75 � 0.28 � 6.24 ooids

18/3 12.31 � 0.16 0.16 stromatolite

18/1 12.30 � 0.13 0.03 stromatolite

18/2 12.29 � 0.10 0.05 stromatolite

21 10.95 � 1.57 � 4.39 mud

26/2 4.95 1.03 � 0.40 thrombolite

26/1 4.93 1.33 � 6.41 mud

Fig. 11. Plot of carbon and oxygen isotopic data.
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Haynesina is infaunal form preferring muddy

or clayey deposit, occurring in shallowmarine environ-

ments of low salinity (0–30x) and warm to cold water.

Astrononion is infaunal or epifaunal form prefer-

ring cold waters. The genus is known both from shelf

as well as bathyal environments.

Jadammina is epifaunal form tolerant for salinity

(it occurs in environments of low to high salinity,

mainly in marshes of tidal zone) and temperature

(0–30 jC).

Epistominella is epifaunal, semi-infaunal form pre-

ferring muddy deposits, preferring moderate and cold

waters from shelf to bathyal depths.

Foraminiferal assemblages from the Ptashkino sec-

tion are sparse to moderately abundant, poorly diver-

sified (Fig. 5), composed mainly of nonionids of very

small and tiny tests. They are dominated by infaunal

forms preferring muddy or clayey sediments as the

substrate in which they are living (Nonion,Haynesina),

brackish environments (Haynesina, Jadammina) or are

tolerant for salinity (as Nonion); they are also tolerant

for temperature changes. Foraminiferal assemblages

taxonomically impoverished, dominated by a few

species with very small sizes indicate adverse environ-

mental conditions (e.g. Boltovskoy and Wright, 1976;

Bernard, 1986; Koutsoukos et al., 1990).

Assuming that Miocene foraminifers were similar

in environmental requirements to those of present

foraminifera we can infer brackish, nearshore marine

environments such as marshes and lagoons for the

Ptashkino site (Boltovskoy and Wright, 1976; Banner

and Culver, 1978; Murray, 1991).

Stromatolitic horizons made up of laminated co-

lumnar or hemispherical bodies and more or less planar

or wavy laminated layers resemble some lacustrine

stromatolites encountered in many sub-recent and

fossil lakes (e.g. Casanova, 1994; Ramos et al.,

2001). Serpulid-microbialite assemblages, although

of quite different facies development, are known in

other Miocene stratigraphic horizons in the Paratethys

and stressed environment conditions (see Pisera,

1996). Other serpulid-microbialite associations occur

also in some recent saline lakes or lagoons with

variable salinities (e.g. Davaud et al., 1994; Bone

and Waas, 1990).

C and O stable isotope studies of the stromatolites

show d
18O and d

13C values rather beyond the marine

realm. d18O values are from � 2x to + 1x PDB but

most samples fall in the interval from � 2x to 0x

PDB (Table 1, Fig. 11). d13C values are more variable

(from ca � 2.5x to slightly above 0x PDB, with

most samples close to 0x PDB). The stromatolitic

deposits containing serpulids (thrombolites) are gen-

erally slightly depleted in heavier C and O isotopes

(average d
18O=� 0.99x PDB and d

13C=+ 1.06x

PDB) in comparison to the laminated stromatolites

lacking serpulids (d18O = � 0.26x PDB and

d
13C= + 0.06x PDB). The micritic sediments within

stromatolitic horizons are much more depleted in

heavy carbon isotope (d13C is from � 3x to

� 10x PDB) and exhibit more dispersed d18O values

(� 4.5x to + 1x PDB) if compared to stromato-

lites (Fig. 11).

The d
18O in the carbonate precipitates depends on

the oxygen isotopic composition of the water in which

they were formed and the temperature of precipitation.

In the case of any biological mediation in precipita-

tion, so-called vital effects may play some role. The

isotopic composition of the closed basin water body is

determined by the water composition of inflow (what

depends directly on the precipitation composition in

the catchment area) and evaporation (Gonfiantini,

1986).

The stromatolites in the section studied formed in

water much more enriched in heavy oxygen isotope

than the foraminifers did. Even in comparison to

normal marine water, the water had slightly increased

content of the heavier oxygen isotope (d18O close to

or somewhat higher than 0x VSMOW if assume

precipitation temperature 20 jC). Such d
18O values

provide evidence for quite strong evaporation reach-

ing at least few per mill as is indicated by the

divergence between isotopic compositions of the

foraminifers and the stromatolites (Fig. 11). Relatively

high d
13C values indicate only minor contribution of

organic carbon or quite long residence time (no

complete equilibration with atmospheric CO2-in

closed lakes, d13C values of sub-recent microbialitic

calcites are usually close to + 2x to + 5x PDB)

(see e.g. Talbot, 1990). The distinct difference in

oxygen isotope composition between laminated stro-

matolites and thrombolites with serpulid tubes may be

indicative of water of slightly different origins or

temperatures of precipitation. The observed difference

(average 0.73x ) needs temperature change of ca 4

jC what seems quite realistic. On the other hand,
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however, such a shift may be explained by a larger

contribution of fresh (?meteoric) water containing

carbonate organic origin. Such a scenario is supported

by the generally much higher drop of d13C as well as

by the fact that both d
18O and d

13C are much more

scattered in the thrombolites with serpulid tubes than

in the laminated stromatolites.

The stable isotope values measured in foraminiferal

tests, if primary (which is supported by the lack of

recrystallisation or cementation of the tests), are in-

dicative of water with d
18O reaching from � 6x to

� 3x SMOW (assuming precipitation at the fixed

temperature of 15 jC). Water with such isotopic

composition must be of meteoric origin or must have

a major meteoric input. The measured d
18O values are

in a good agreement with palaeontological data as well

as with the general geological situation showing that

in the Chokrakian-Karaganian time the basin was

isolated or closed and consequently brackish. d13C

indicates that the foraminiferal tests originated in

waters with a great contribution of organic CO2 what

is typical of such brackish bottom environments in

closed basin. The non-marine depositional environ-

ment is supported also by a relatively low boron

content (from 52 to 158 ppm) of the clay minerals.

The clear distinction in d
18O values measured in

foraminifer tests and stromatolites (Fig. 11) provides

evidence for complete change of hydrological re-

gime in the basin between the periods of terrigenous

and carbonate (stromatolitic) deposition. The basin

changed periodically probably from the more open

system when the terrigenous deposition took place

to the closed one during stromatolitic carbonate

sedimentation.

6. Discussion and conclusions

In Karaganian time, the Eastern Paratethys was a

huge lake isolated from the Tethys (e.g. Rögl, 1998).

This lake responded to any climatic fluctuation that in

turn might lead to water level oscillations. In humid

climate periods, the lake could be open with a surface

outflow and, when it was drier, it could be a closed

system without surface outflow. Gypsum evaporites

and stromatolitic carbonates are clear evidence of

strong evaporation in a dry climate that probably

induced water level fall in the whole basin. Biotic

data indicate that in the Chokrakian-Karaganian time

the climate in the Eastern Paratethys area was warm

(subtropical), and in the Karaganian it was much drier,

probably with dry summers, than in the Chokrakian

(Goncharova et al., 2001, p. 102).

In recent environments, selenitic gypsum forms by

subaqueous growth of crystals nucleated on the bot-

tom of hypersaline pools (e.g. Orti Cabo et al., 1984).

The composition of fluid inclusions in selenitic gyp-

sum of Ptashkino indicates brackish environment.

Gypsum evaporites with marine isotopic signature

formed in a brackish environment are not unique:

they were earlier recorded in the Middle Miocene

Badenian of Carpathian Foredeep (Petrichenko et al.,

1997) and the Messinian of the southern Cyprus basin

(Rouchy et al., 2001).

The geochemical data suggest that the youngest

Middle Miocene Badenian sulphate deposits of the

Carpathian Foredeep basin precipitated from brines

that derived from waters being a mixture of relic

seawater (depleted in NaCl), ground water (enriched

in calcium sulphate) and surface run-off (see discus-

sion in Peryt, 2001). These waters were very similar in

composition to the water of the Aral Sea that is

enriched in calcium sulphate (up to 1.5–1.6 g/l),

and its density at the beginning of gypsum precipita-

tion is 1.015 (Lepeshkov and Bodaleva, 1952), i.e. it

is lower than the density of normal seawater (1.0257).

In the central part of the Polish Carpathian Foredeep

Basin, a regional angular unconformity developed

between Badenian evaporites and overlying siliciclas-

tics as is observed on all the seismic lines from this

part of the basin, and in the eastern part a gentle

onlapping of evaporites by siliciclastics is recorded

(Krzywiec, 2001). The change of sedimentary con-

ditions after the gypsum deposition was associated

with the extension and then the intensive subsidence

(cf. Dziadzio, 2000; Krzywiec, 2001), and the inflow

of marine water terminated the Badenian salinity

crisis. The pteropod-bearing claystones and marl-

stones that contain, in SE Poland, thin intercalations

of sandstones and mudstones originated in outer shelf

environment, and the water salinity was close to

normal (Czepiec and Kotarba, 1998).

In the Messinian of the southern Cyprus basin, the

onset of brackish conditions was recorded during the

sedimentation of the uppermost gypsum (Rouchy

et al., 2001). Typical brackish and freshwater fossil
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assemblages occur there in the last two gypsum layers

and intergypsum beds. Accordingly, the oligohaline to

mesohaline conditions typical of the Lago-Mare

deposits in the eastern Mediterranean existed during

deposition of the upper gypsum sub-unit (Rouchy et

al., 2001). The isotopic composition of the gypsum

proves the marine origin of the sulphate of the brines

where gypsum precipitated, but these brines were

diluted by massive inputs of meteoric water. Although

the environmental conditions were predominantly

brackish, there occurred some recurrences of evapo-

ritic conditions (Rouchy et al., 2001).

The recorded assemblage of benthic foraminifers in

the siliciclastic deposits of Ptashkino section is typical

for a shallow water marsh or lagoon environment with

a decreased salinity. This conclusion is supported by

very low d
18O and d

13C values of foraminiferal tests.

Accordingly, the brackish conditions prevailing dur-

ing gypsum precipitation in Ptashkino, as indicated by

study of fluid inclusions in gypsum, continued after-

wards. However, as noticed by Kropacheva (1981),

the characteristics of the uppermost part of gypsum

suggest that desiccation of the basin took place at the

end of evaporite deposition. The overlying deposits in

turn indicate a rapid reflooding of the basin with

brackish water, which was filling the entire East

Paratethys basin.

The impoverished biota and the occurrence of

microbialites in the Ptashkino section indicate ex-

tremely unfavourable conditions for most living

organisms during the deposition both of terrigenous

and carbonate beds. The water salinity thus was

probably not only lowered but also anomalous in

composition compared to normal marine water. The

occurrence of carbonate stromatolitic horizons is

probably related to the periodic shallowing of the

basin caused by a drop of the lake water table driven

by climatic factors. That in turn caused changes in the

water chemistry, allowing a growth of the bizarre

microbial-serpulid communities that gave birth to

the most stromatolites.
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