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Abstract. The upper Sarmatian and lower Maeotian unlithified aragonite
sediments of the Zheleznyi Rog section (Taman Peninsula, Eastern Paratethys,
Russia) were investigated by field observations and laboratory methods, in-
cluding scanning electron microscopy, X-ray diffraction and isotope analyses.
Aragonite sediments occur at separate intervals of the studied section, forming
thin (millimeter-sized) interlayers with clays. These carbonate sediments con-
sist almost entirely of crystals (individuals and twins) and aggregates of ara-
gonite, ranging in size from 5 to 23 pm. It is assumed that the isotopic
composition (6*3C = 5.7 and 5.3%o, 680 = -2.4 and -2.8%o for upper Sarmatian
and lower Maeotian aragonites, respectively) reflects the sedimentation
conditions, characterized by reduced basin salinity, increased surface water
bioproductivity, and periods of aridization. Abiotic precipitation of these ara-
gonites most likely occurred due to the action of triggering mechanisms, which
could include planktonic algae blooms (e.g. diatoms). The obtained results do
not contradict the hypothesis that the studied aragonites may be considered
as sediments of whiting phenomenon.

AncrpakTt. [opmhocapMaTCKU U 10HOMEOTCKHM HeJUTHUPUKOBAHU aparo-
HUTCKU ceiMMeHTH Ha nnpoduty XKesesnu Por ([TosiyocTpBo Tamas, HCTOUHU
[lapaTteTuc, Pycuja) nctpa>kuBaH| Cy TEPEHCKHUM OCMaTpamHUMa U JlabopaTo-
PHjCKHMM MeToZaMa, YK/bydyjyhu ckeHUpajyhy eleKTPOHCKY MHKDPOCKOIH;]Y,
Jrdpakiyjy X-3paka M aHa/IM3y U30Tona. AparOHUTCKU CeJUMEHTH ce Ha ITpo-
y4aBaHOM poduIly jaB/bajy y 0/lBOjeHUM UHTepBaiuMa, popMupajyhu TaHKe
(MunuMeTapcke) mpocsiojke ca minMHaMma. OBU KapOGOHATHU CEJUMEHTH Ce
rOoTOBO y NOTIYHOCTH CacToje 0Jf KpYcTaa (MHAUBU/IYaJIHUX U 6/1M3aHala) U
arperara aparoHuTa, BeJinduHe oz 5 7o 23 pm. [IpeTnocTassba ce 1a U30TONCKH
cactaB (813C = 5.7 1 5.3%o, 6'%0 = -2.4 u -2.8%0 3a ropwocapmMaTcKe U
JIOEbOMEOTCKE aparoHUTe, peCeKTUBHO) OJpakaBa yCJIOBe ceJMMeHTalyje,
KOje KapaKTepHlle CMakbeH Ca/IMHUTET 6aceHa, moBehaHa 6MONPOLYKTUBHOCT
NOBPUIMHCKUX BOJAa U apUJHMU Nepuoju. AGMOTHYKO H3JIydyHMBame OBMX
aparoHUTa HajBepoOBaTHHje je HacTaJo yCjen JejoBamkba INOKPeTadyKUX
MeXaHH3aMa, KOju 61 MOTJIH [J]a YKJ/bY4yjy LIBETakE JIAHKTOHCKUX aIry (HIp.
JujaToMeja). JlobujeHH pe3yaTaTH HUCY Y CYIPOTHOCTH Ca XMIIOTE30M Jia Cce
Ipoy4aBaHU aparOHUTH MOTY CMaTpaTH celMMeHTHUMa ,0es10T peHoMeHa".
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Introduction

Whiting as a carbonate precipitation phenomenon
refers to mysterious clouds of fine-grained calcium
carbonate particles that drift in the water column and
appear suddenly (LARSON & MyLROIE, 2014). These
clouds can form patches, ranging in size from meters
to kilometers (DIERSSEN et al., 2009) and extending up
to tens of meters to a depth. The duration of these
clouds can be from days to weeks (SHINN et al., 1989).
[t is assumed that whiting can start from a point
source and expand over time to cover large areas
due to tides and currents. Whiting events can occur
in tropical and temperate waters, as well as in ma-
rine and lacustrine environments. Whiting events
have been reported widely in lakes, including North
America’s Great Lakes (BARBIERO et al., 2006; WATKINS
et al, 2013; BINDING et al,, 2015), Fayetteville Green
Lake (BRUNSKILL & LubLAM, 1969; STANTON et al.,, 2023),
Otisco Lake (EFFLER & JoHNSON, 1987), and Lake Geneva
(MaNY et al.,, 2022). In the marine environment, such
events have been found in the waters of the Bahama
Banks (BLAck, 1933; SHINN et al., 1989; Boss & NEUMANN,
1993; BusTos-SERRANO et al., 2009; LARSON & MYLROIE,
2014; Yao et al,, 2023), Florida coastal waters (LoNG
et al.,, 2014, 2018), Adriatic Sea (SonNDI & JURACIC,
2010), and Persian (Arabian) Gulf (WELLS & ILLING,
1964; MoRSE & HE, 1993; SHANABLEH et al., 2019, 2021).
Whitings may consist of suspended carbonate mine-
rals such as low- and high-magnesium calcite, and
aragonite. The triggering mechanisms of whitings
have continuously been debated. For example,
three hypotheses have been proposed for whiting
events in the Bahamas (BLack, 1933; SHINN et al., 1989;
FRIEDMAN et al,, 1993): (1) resuspension of bottom se-
diments due to turbulent tidal flow or bottom-feeding
fish, (2) abiotic precipitation from bank water, and (3)
precipitation due to planktonic algal blooms. Whitings
in modern environments are described in numerous
publications; however, descriptions of the ancient
sediments formed as a result of these events are still
scarce. According to TurPIN et al. (2011), the Middle
Miocene sediments on the margin of the Great
Bahama Bank contain aragonite needles associated
with whiting phenomena.

In the Upper Miocene sediments of the Zheleznyi
Rog section (Taman Peninsula, Eastern Paratethys,
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Russia), a series of thin layers (up to 2-3 mm thick)
consisting of aragonite was identified (RoSTOVTSEVA,
2012; Popov et al,, 2016). The aim of the current study
is to investigate these aragonite sediments and to de-
termine their origin, taking into account the possible
influence of whiting events on their precipitation.
Thin layers of aragonite, similar to the sediments
studied here, were found in the Sarmatian Topola
Formation of Northeastern Bulgaria (KoLEvaA-
REKALOVA, 1994, (packet 2); YANEVA et al,, 2019), as
well as in the upper Sarmatian of the Northwestern
Bulgaria and the Maeotian of the Eastern Serbia
(PETROVIC & KOLEVA-REKALOVA, 2009).

Material and methods

Geological setting of the study area and
sampling sites

The Zheleznyi Rog section is located on the Black
Sea coast of Taman Peninsula (N45°11'06.1"
E36°74'48.4") and comprises well-exposed upper
Sarmatian-Kimmerian sediments. Since its first de-
scription by ANDRusov (1903), this geological section
has been studied by palaeontological, paleomagnetic
and lithological methods (TRUBIKHIN, 1989; FiLipPovA,
2002; KrijGgsMaN et al., 2010; VasILIEV et al., 2011;
RapioNova & GoLoviNg, 2011; RapioNova et al., 2012;
RosTovTsEvA, 2012; CHANG et al., 2014; Popov et al.,
2016).

In the Zheleznyi Rog section, thin layers of arago-
nite were found in the upper Sarmatian (Khersonian
Substage) and the lower Maeotian (Bagerovian Sub-
stage, Fig. 1).

The thickness of the upper Sarmatian sediments
exposed in the Zheleznyi Rog section is about
120-130 m. In the lower part of these sediments, an
alternation of clayey and carbonate layers 0.1-0.2 m
thick occurs. In the upper part of the upper Sarma-
tian, weakly diatomaceous, weakly calcareous and
non-calcareous clays containing thin layers of silt are
observed. At 75-80 m below the Sarmatian/Maeotian
boundary, these clays contain a 5-meter-thick layer
with several horizons (up to 1-1.5 m) of thin
(millimeter-sized) alternation of dark gray clayey
and whitish aragonite sediments. The first batch of
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Fig. 1. The Zheleznyi Rog (ZR) section: a) stratigraphic column with intervals of aragonite sediments (ZR 1/1 and ZR 1/2), b) correlation
scheme of the Eastern Paratethys and the Mediterranean, with the position of the mapped interval, c) geographical position and
d) panoramic view of the study area. Lithology: (1) detrital limestones with Congeria subrhomboidea, (2) carbonates, (3) clay breccia,
(4-7) clay: (4) slightly diatomaceous, (5) silty, (6) calcareous, and (7) calcareous and silty, (8) clayey diatomite, (9) diatomite,
(10) iron ore, (11) volcanic ash, (12) eroded boundary. Layer-by-layer description of the Zheleznyi Rog section according to ROSTOVTSEVA
(2012) and Popov et al. (2016).
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samples (ZR1/1, about 10 samples) was collected
from this level. The upper Sarmatian clays, overlying
the layer with aragonite sediments, contain diatom
assemblage with Achnanthes brevipes, A. longipes,
brackish-water Actinocyclus krasskei, A. gorbunovii,
Rhopalodia, Surirella and some marine species of
the genus Actinoptychus and Thalassiosira decipiens
(Popov et al,, 2016). These clays accumulated in the
basin under the influence of the input of deltaic
distal suspended load due to the fluvial runoff of
river paleo-Donets or paleo-Don (Popov et al., 2004
(map 8); Popov et al,, 2016).

The thickness of lower Maeotian sediments in
the Zheleznyi Rog section is about 105-119 m.
These sediments are mainly clays, with sporadic dia-
tomites. At 13-14 m above the Sarmatian/Maeotian
boundary, these clays contain a 2-meter-thick layer
with thin (millimeter-sized) alternation of dark gray
clayey and whitish aragonite sediments. The
second batch of samples (ZR1/2, about 8 samples)
was collected from this layer.

In the lower Maeotian clays located below and
above the layer with aragonite sediments (Layers 11
and 14-16 of the Zheleznyi Rog section, respec-
tively), the following associations of brackish-water
and marine diatoms were found: Paralia sulcata,
Thalassiosira baltica, Grammatophora marina, Acti-
nocyclus octonarius and Achnanthes brevipes, Suri-
rella maeotica, Diploneis bombus (Popov et al.,, 2016).
These sediments were formed during marine trans-
gression that began in early Maeotian.

According to Popov et al. (2016, 2019), the upper
Sarmatian and lower Maeotian sediments of the
Zheleznyi Rog section accumulated in relatively
deep-water conditions (at least 75-100 m) in the
axial part of the Kerch-Taman trough. The studied
aragonite layers of the upper Sarmatian and the
lower Maeotian are represented by unlithified sedi-
ments. These layers were first found in 1996, during
the layer-by-layer description of the Zheleznyi Rog
section (RostovTseva, 2012).

Methods

In study of aragonite sediments of the upper Sar-
matian and lower Maeotianin Zheleznyi Rog section,
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field observations (layer-by-layer description of
sediments, collection of macrofaunal remains to de-
termine age, sampling of the rocks, photographing
of the studied layers and section) were used.

The most representative 8-10 samples were
analyzed by laboratory methods. The samples were
analyzed using a Rigaku MiniFlex 600 X-ray diffrac-
tometer with Cu Ka (1.5406 A) radiation, in order to
determine their mineralogical composition and crys-
tal structure. Continuous scan was conducted, typi-
cally for 26 angles from 3.00 up to 70.00° with a speed
of 4.00°/min. The quantitative mineral composition
was obtained by comparing the intensities of the cor-
responding reflections. The samples were further ex-
amined using a scanning electron microscope (SEM).
The SEM used in this study was a JEOL JSM IT-500
with the Oxford Instrument INCA (v21) software.

The stable isotopes study of carbon and oxygen
in aragonites was performed using a Thermo Scien-
tific Delta V Advantage Isotope Ratio Mass Spec-
trometer. Dried ground samples were treated with
polyphosphoric acid (105% H;PO, basis) on a
Thermo Scientific Gas Bench Il sample preparation
line, connected directly to the mass spectrometer.
The abundance of stable isotopes of carbon (§3C)
and oxygen (6'%0) in carbon dioxide released as a
result of the reaction of carbonates with the acid
was analyzed. The measurement accuracy was con-
trolled using the international standard NBS-19.
The §'3C and 880 values are given against Vienna
Peedee Belemnite (VPDB) standard; the accuracy
was *0.1%o. Each sample was analyzed twice.

All these laboratory studies were carried out at
the Geological Faculty of the Lomonosov Moscow
State University (MSU).

Results

In the Zheleznyi Rog section, the studied arago-
nite layers are characterized by predominantly
sharply defined, more or less planar bottom and top
surfaces and are traced along the strike. These
layers are generally about 1-3 mm thick and can be
considered as laminae. Aragonite laminae are
whitish and form intervals of rhythmic alternation
with mm-thick layers of clay.

Geol. an. Balk. poluos., 2024, 85 (1), 117-128
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According to the X-ray diffraction analysis, the clase (8%) and jarosite (15%) were identified in the
studied upper Sarmatian aragonite laminae (sample studied lower Maeotian aragonite laminae (sample ZR
ZR 1/1) contain aragonite (87%), calcite (5%) and 1/2), with quartz and plagioclase being clastic
quartz (8%). Aragonite (62%), quartz (15%), plagio- components and jarosite as a secondary mineral.

Fig. 2. Upper Sarmatian aragonite sediments of the Zheleznyi Rog section: a) layers of aragonite sediments, b) SEM image of aragonite

crystals.

Fig. 3. SEM images of the upper Sarmatian aragonite sediments of the Zheleznyi Rog section: a) aragonite needles, b) needle and

twinned aragonite crystals, c) simple twinned aragonite crystal, d) aragonite crystal cluster.

Geol. an. Balk. poluos., 2024, 85 (1), 117-128 121
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The SEM data show that the studied aragonites of
the upper Sarmatian (ZR 1/1) consist of needle-
shaped and twinned aragonite crystals, as well as
aragonite clusters (Figs. 2, 3). The size of these
crystals varies from 5-6 to 23 pm. The studied
aragonites of the lower Maeotian (ZR 1/2) consist
of aggregates and crystals (individuals and clusters)

Fig. 4. Lower Maeotian aragonite sediments of the Zheleznyi Rog
section: a) layers of aragonite sediments, b) SEM image of arag-

onite sediments.

of aragonite (Fig. 4). Needle-shaped aragonite
crystals are less common in these sediments. Arago-
nite crystals and aggregates typically range in size
from 5-6 to 15 um. No obvious signs of mechanical
redeposition or biogenic origin of the studied arago-
nite crystals were found. The crystals are distributed
chaotically, with no preferred orientation. Biogenic
components (diatoms, nannoplankton etc.) were not
identified in these sediments. Aragonites from the
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upper Sarmatian (ZR 1/1) and the lower Maeotian
(ZR 1/2) show values 63C = 5.7 %o, 6180 = -2.4%o0
and 813C = 5.3 %o, 680 = -2.8 %o, respectively.

Discussions

[nitially, the following main mechanisms of for-
mation of the studied aragonite layers can be con-
sidered: 1) mechanical redeposition, 2) biogenic
processes, 3) diagenetic origin and 4) abiogenic pre-
cipitation.

The idiomorphic forms of aragonite and the ab-
sence of signs of mechanical transport of these par-
ticles (i.e. no clasts of aragonite crystals) in the
studied layers do not allow them to be classified as
mechanically redeposited sediments. Also, no bio-
genic processes could be identified in the genesis of
these sediments, since no particles of aragonite with
biogenic morphology were found. The absence of
oriented crystal growth, extent of aragonite layers
along the strike, and the sporadic development in
the studied sedimentary succession do not confirm
a possible initial diagenetic origin of this carbonate
mineral. The abiotic precipitation of the studied
aragonite crystals due to the action of triggering
mechanisms appears to be the most likely.
Triggering mechanisms could include planktonic
algae blooms and/or sudden changes in water geo-
chemistry.

At the beginning of the Sarmatian, Eastern
Paratethys was part of a vast basin that extended
from the Alps to the Aral Sea. This basin was chara-
cterized by marine conditions in the early Sarmatian
with a salinity about 14-18%o (ILLJINA et al., 1976;
NEVESSKAYA et al.,, 1986, 2003, 2005; Porov et al,,
2004). A regression caused an exposure of marginal
parts of the basin, as well as a significant decrease
of salinity down to 4-9%po at the end of the Sarmat-
ian (ILjINA et al,, 1976; NEVESSKAYA et al., 1986, 2003,
2005). In the late Sarmatian, the Eastern Paratethys
was mainly isolated. Associations of the most eury-
haline groups of mollusks, foraminifera and ostra-
cods were widespread during this period. In the
Taman upper Sarmatian, phytoplankton has many
freshwater species, but the occasional presence of
marine taxa indicates incomplete closure of the
basin (Rapionova et al., 2012).

Geol. an. Balk. poluos., 2024, 85 (1), 117-128
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In some places, including of the Zheleznyi Rog
section, water stratification was observed in this pa-
leobasin (Popov et al., 2019). Clays containing fresh-
water organic-walled phytoplankton and diatom
algae, as well as with admixture of sand and silt
grains related to the fluvial runoff from the East
European Platform, were accumulated in the de-
pressions of the Taman region (Fig. 5). In this part
of the Eastern Paratethys, the basin became dis-
tinctly shallow and progradation of deltaic systems
occurred (Rostovrtseva, 2012). The influence of
diatom sedimentation became more noticeable.
According to Popov et al. (2016), in the late Sarmat-
ian, benthos probably did no tinhabit this part of the
basin due to the unfavorable gas regime.

Maeotian in the Zheleznyi Rog section, the mollusks
represented by imprints of ribs of Cerastoderma were
found only in a 2-meter layer of the clays located 11
m below the studied lower Maeotian aragonites. Ac-
cording to Popov et al. (2016), the poorly aerated
grounds were occasionally occupied by Cerastoderma
sp. in the Eastern Paratethys. Marine diatom species
Thalassiosira coronifera and T baltica appear at the
base of the Zheleznyi Rog Maeotian (Popov et al,
2016). Diatom sedimentation occurred in this part of
the paleobasin. According to the ratio of marine and
brackish-water taxa of bivalves, the late Sarmatian
and early Maeotian basins belong to mixo-mesohaline
(semi-marine) type seas of the Eastern Paratethys
(NEVESSKAYA et al., 2005).

Black Sea
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Fig. 5. Late Sarmatian depositional environments in the Taman Region (according to RosTovrseva, 2012; ZR - Zheleznyi Rog section).

The Maeotian started with a marine transgres-
sion, which increased salinity back to 18%o0 and
flooded marginal areas. In the early Maeotian, rela-
tively deep-water conditions existed especially in the
axial part of the Kerch-Taman trough located within
the Taman Peninsula. In the Zheleznyi Rog section,
the action of the Maeotian transgression was accom-
panied by the accumulation of clays and diatoma-
ceous sediments. Taman depressions with large
depths were characterized by oxygen-depleted con-
ditions due to the stable stratification of the waters
(Popov et al,, 2019). At the beginning of the Maeotian,
ecological conditions remained unfavorable for macro-
benthic mollusk fauna in the Zheleznyi Rog section
(Popov et al., 2016). In the lower part of the lower

Geol. an. Balk. poluos., 2024, 85 (1), 117-128

Based on these data, it is suggested that the pres-
ence of geochemical barriers, changes in salinity
(mixing of sea and fresh waters), water stratifica-
tion, and planktonic algae blooms (e.g. diatoms)
could be the triggers for the appearance of fine-
grained suspension of carbonate particles in the
water column and episodic abiogenic precipitation
of aragonite during the late Sarmatian and early
Maeotian in the studied part of the Eastern Para-
tethys. Intense planktonic algae blooms can con-
tribute to a decrease in the dissolved carbon dioxide
content in water, which is favorable for carbonate
precipitation (STaNTON et al.,, 2023).

The stable isotopes values of carbon (6'3C = 5.7
and 5.3%o) and oxygen (6'%0 = -2.4 and -2.8%o) of
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the studied aragonites in the upper Sarmatian and
lower Maeotian sediments are close, indicating the
similarity in the genesis of these minerals. According
to KoLEvA-REKALOVA & GEORGIEV (2013), unlithified
aragonite sediments of the Sarmatian Topola Forma-
tion of the Northeastern Bulgaria shows values
813C = 4.41%o0, 860 = -2.92%0 (sample 217),
S813C = 3.74%o0, 680 = -1.49%o0 (sample 238) and
8613C = 4.20%o0, 680 = -0.28%o0 (sample 250). These
sediments, in the same manner as the studied ara-
gonites, are characterized by positive values of §13C
and negative values of §%0. The Topola Formation
corresponds to the upper part of the Bessarabian
and the lower part of the Khersonian Substages of
the Sarmatian (KojumpciEva & Popov, 1988). The
studied aragonites are comparable in §3C values to
the whiting sediments of Great Bahama Bank,
differing from them in lower §'®0 values (Bustos-
SERRANO et al,, 2009; Fig. 6). The enrichment in the
heavy carbon isotope of the studied aragonites may
be associated with an increased surface water bio-
productivity and/or an intensification of evaporitic
processes. The negative values of §%0 may reflect
climate warming and/or decreased basin salinity
due to the influence of freshwater inputs. During the
late Miocene, there was a global cooling trend
(known as the Late Miocene Cooling), which was re-
flected in the sedimentary environments of the
Eastern Paratethys (SyABRyaJ et al., 2007; ROSTOVTSEVA
& KuLEsHOV, 2016). A study of spores and pollen in
the Zheleznyi Rog section showed that at the end of
the Sarmatian and at the beginning of the Maeotian,
the climate was warm-temperate with periodic
aridization (FiLLipova, 2002; Popov et al., 2016). Con-
sidering the climatic conditions and salinity of the
Eastern Paratethys during the late Sarmatian and
early Maeotian, the depletion of 610 in the studied
aragonites may be explained by the low salinity of
the paleobasin.

In the Black Sea, which belonged to the Euxine
part of the Eastern Paratethys in the past, the
Holocene organic-rich sediments (Holocene Unit 2)
contain several aragonite laminae (KoLEVA-REKALOVA
et al,, 2018). These laminae are composed of fine-
grained (less than 0.02 mm) needle-shaped crystals
and aggregates of aragonite. Aragonite aggregates
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Fig. 6. 6"3C versus 50, relative to the PDB standard, of the studied
upper Sarmatian (S) and lower Maeotian (M) aragonite sediments,
aragonite sediments of the Sarmatian Topola Formation (accord-
ing to KoLEVA-REKALOVA & GEORGIEV, 2013; Ne samples: 217, 238, 250)
and Great Bahama Bank whiting sediments (according to BusTos-
SERRANO et al., 2009).

have a center around which crystals are radially
arranged. According to KoLEVA-REKALOVA et al. (2018),
these aragonite sediments were initially in situ pre-
cipitated in the shallow coastal and shelf settings as
a result of the Black Sea Early Holocene regression
and under arid conditions. The organic-rich sedi-
ments of the Holocene Unit 2 accumulated in the
marine environment. These Holocene aragonite
laminae are similar in particle shape and thickness
to the studied Upper Miocene aragonite sediments.
The whitings of the Great Bahama Bank also consist
of a combination of micron-scale aragonite needles
(with rectangular or hexagonal shape) and aggrega-
tions of these needles (SHINN et al., 1989; DIERSSEN et
al.,, 2009).

Water stratification and oxygen depletion in
bottom waters could have been favorable for pre-
serving the studied aragonite laminae in the upper
Sarmatian and lower Maeotian sediments of the
Zheleznyi Rog section. In the late Sarmatian and the
early Maeotian, benthos probably did not inhabit this
part of the basin because of an unfavorable gas re-
gime (Popov et al,, 2016). The difference in the mor-
phology of aragonite crystals/aggregates between
ZR 1/1 and ZR 1/2 could arise from: (1) original

Geol. an. Balk. poluos., 2024, 85 (1), 117-128
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differences in depositional environments (oxicity,
salinity, stability of physicochemical parameters, etc.);
(2) secondary transformation due to the weathering
of pyrite in clayey laminae and formation of jarosite
(in this case, aragonite laminae may serve as a geo-
chemical barrier for acidic sulfate solutions).

Taking into account the peculiarities of crystal
growth, it is assumed that idiomorphic aragonite
crystals, predominant in the studied sediments of
the upper Sarmatian, were formed at very low super-
saturation. The lower Maeotian aragonite sediments
containing predominantly aragonite aggregates
were formed at higher supersaturation. The higher
supersaturation of surface waters during the forma-
tion of lower Maeotian aragonites could be influ-
enced by an increase in Mg/Ca ratio caused by the
development of marine transgression at that time.
In the studied part of the Zheleznyi Rog section,
the rhythmic alternation of clays and aragonites
indicates a periodicity in the accumulation of car-
bonate sediments, which may be associated with
seasonal changes in depositional conditions. The
accumulation of these aragonites most likely
occurred due to a combination of several factors.
These sediments are very important archive in the
geological record for reconstructing paleogeographic
conditions. Based on the obtained results, the studied
aragonites of the Zheleznyi Rog section may be the
products of phenomena known as whiting events.

Conclusions

In the study of aragonite sediments of the upper
Sarmatian and lower Maeotian in the Zheleznyi Rog
section (Taman Peninsula, Eastern Paratethys), field
observations and laboratory methods (SEM, X-ray
diffraction and isotope analyses) were used. These
aragonite sediments are present at certain intervals
of the section, characterized by thin (mm-sized)
alternation of clayey and carbonate layers. These
carbonate sediments consist almost entirely of crys-
tals and aggregates of aragonite, ranging in size
from 5 to 23 um. Aragonites show positive values of
613C and negative values of 6180, which reflects the
conditions of accumulation of these sediments, charac-
terized by reduced salinity of the basin, increased
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surface water bioproductivity and intensification of
evaporitic processes. The stratification of the basin
waters and the unstable gas regime of bottom con-
ditions favored the preservation of aragonites, the
precipitation of which was most likely controlled by
periodic (seasonal) changes in sedimentary settings.
The influence of the input of fresh water at the end
of the Sarmatian (with salinity changing from
14-18%o0 to 4-9%o0) and the input of sea water at
the beginning of the Maeotian (with salinity chang-
ing from 4-9%o to 18%o) in the studied part of the
Eastern Paratethys may have generally contributed
to the conditions for aragonite precipitation. It
is assumed that the aragonites are formed due to
abiotic precipitation triggered by various mecha-
nisms, including planktonic algal blooms and/or
variability of geochemical conditions. It is suggested
that the studied aragonites may represent sedi-
ments of mysterious whiting events, indicating a
specific combination of various factors.
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Pe3ume

FTOpHOMHUOLEHCKH aparOHUTCKHA
ceagMMeHTH ucTo4dHor [lapaTteTuca
(npodun Kenesuu Por): nepuoau
»,0esior peHoMeHa" uIu He?

Y u3ydaBakby aparoHUTCKUX ceJjUMeHaTa rop-
el capMaTa U Jjower MeoTa Ha npoduy Keses-
Hor Pora (IlonyoctpBo TamaH, uctoynu Ilapare-
THC), IpUMeHEeHA Cy TePeHCKa UCTPaXKUBaka U Jia-
6opaTtopujcke metoze (SEM, nudpakiuja X- 3paka
Y U30TOIICKA aHa/n3a). AparOHUTCKU CeUMEHTH
ce Ha Mpoy4YaBaHOM NPod Uy jaB/bajy y 0ZIBOjeHUM
WHTepBasuMa ([0 2 m Jieb/bUHE) U TO Y BUAY TaH-
KUX (mm peJia BeJIMUMHE) a/ITepHALMja ca [JIMHaMa.
OBU Kapb6OHATHU CEIUMEHTHU Ce FOTOBO Y MOTIYHO-
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CTH CacToje o/ KpUCTaJla U arperaTta aparoH1Ta, Be-
JuduHe of; 5 10 23 um. [opHbocapMaTCKU U JI0H0-
MEOTCKH aparOHUTHU NI0Ka3yjy 3Ha4ajHe BPeJHOCTU
813C = 5.7%o0, 680 = -2.4%o 1 83C = 5.3%0, §'%0 =
-2.8%o. [IpeTnocTraBka je Ja M30TOICKU CacTaB
aparoHuTa oZpakaBa yCJ0Be ceJUMeHTallje, Koje
KapakTepulle CMakbeH CaJUHUTET bGaceHa, IO-
BehaHa 6MONPOAYKTHBHOCT MOBPLIMHCKUX BOJA U
apugHu nepuoju. Ctpatudukanuja 6aceHCKUX
BOJIa U HECTAOUWJIAaH TAaCHU PEXUM Ha AHY 6GaceHa
NOr0/l0Ba/IM Cy O4yBakby JJaMUHA aparoHUTa, yuje
je M3JlyuMBarbe HajBepoBaTHUje 6UJI0 KOHTPOJIU-
CaHO MEPUOUYHUM (CE30HCKUM) IpOMeHaMa y pe-
)KUMY CceJlMMeHTaluje. AparoHUTCKe JaMUHE Cy
BEPOBATHO HacTaJle ycJies; abUOTCKOT U3JIyYUBatba
KOje je M3a3BaHO pa3JIMYUTUM MEXaHU3MUMa,
YKJbyuyjyhu LBeTame MJaHKTOHCKHUX aJIl'd U/UIU
BapHjabUJIHOCT Te0XeMUjCKHUX ycaoBa. Ha ocHOBY
Jl06HjeHUX pe3yJiTaTa, IpeTIoCcTaB/ba ce Jia npo-
y4aBaHU aparoHUTH Ha npoduny XKenesnor Pora
MOry GUTH NpPOAYKTU peHOMeHa MO3HATOr Kao
,0esu peHoMeH".

Manuscript received February 18, 2024
Revised manuscript accepted April 26, 2024

Geol. an. Balk. poluos., 2024, 85 (1), 117-128



