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Abstract—The work presents the results of investigation of microbial and biogeochemical processes at the
water—sediment interface in the samples of three Caspian Sea profiles obtained during the 39th cruise of RV
“Rift” in May—June 2012. The decrease in suspended C,,, content from the surface to the bottom resulted

from the activity of aerobic heterotrophic microorganisms. Autotrophic methanogenesis occurred in anoxic
water of deep-sea depressions, where methane concentrations were up to 2.2—3.75 nL. CH, L', which was
an order of magnitude higher than in the aerobic water column (0.04—0.32 uL. CH, L~'). Methanogenesis
was accompanied by a considerable decrease in 8'3C of suspended Corg (=26 to —30%o). The numbers of

microbial cells in the water column varied from 40 to 3200 x 103 cells mL~". The results of microbiological
and biogeochemical investigation demonstrated that, in spite of the absence of connection with the ocean and
other specific features, the Caspian Sea has the characteristics of a typical marine basin.
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The Caspian Sea is located at the border of two cli-
matic zones: the humid zone in the west and the
northwest and the arid zone in the east. In the humid
area, the inflow of suspended matter into the sea
occurs primarily with the discharge of large and small
rivers, while in the arid zone, it comes mainly by the
eolian pathway. Previous studies analyzed the quanti-
ties and the composition of suspended matter in the
Northern Caspian [1], the Northern and the Central
Caspian [2], as well as in the water column along the
Trans-Caspian axial profile, which includes the two
major Caspian deep-sea basins: the Derbent Basin and
the South-Caspian Basin [3].

In late May and early June 2012, the water column
of both of these basins exhibited a stable temperature
and hydrochemical stratification. Both deep-sea
depressions were found to contain hydrogen sulfide; its
concentration increased from the upper detection layer
to the near-bottom layers of the water column [3, 4].

The major purpose of our study was to identify the
characteristics of the geochemically important micro-
bial processes and the patterns of the transformation of
suspended matter into bottom sediments under aero-
bic and anaerobic conditions at the water column bot-
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tom sediments interface along the Trans-Caspian axial
profile.

Important features of the Caspian Sea are the pres-
ence of oil and gas deposits in the sediment mass,
numerous tectonic dislocations, and mud volcanoes
on the sea bottom. All of these factors may cause dif-
fuse or focused hydrocarbon emission into the water
column. The second purpose of our study was to detect
migratory hydrocarbons in Caspian water and sedi-
ments along the Trans-Caspian profile.

MATERIALS AND METHODS

Materials were collected during the 39th cruise
of RV “Rift” in May—June 2012 (Shirshov Institute
of Oceanology; cruise supervisor, A.K. Ambrosi-
mov). The water column was studied at nine stations
of the Trans-Caspian axial profile in the Central and
Southern Caspian, as well as at five stations of the
latitudinal profile and five stations of the eastern
meridional profile in the Central Caspian Sea
(Fig. 1). Water samples for microbiological and
hydrochemical analysis were collected using a
Rosette system with Niskin water samplers. Sam-
ples of near-bottom water, warp (0.0—0.5 cm), and
sediments of the water—bottom interface were col-
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Fig. 1. Location of stations and reference profiles in the Caspian Sea: solid line, Trans-Caspian axial profile; dotted line, latitu-

dinal profile in the Central Caspian; double line, eastern meridional profile (data from the 39th cruise of R

Oceanology, Russian Academy of Sciences), May—June 2012).

lected with a KUM. multicorer (Germany), which
preserves the sample structure intact, in contrast to
other bottom-grab samplers and geological tubes.
The methods of chemical, biogeochemical, micro-
biological, radioisotope (}*C), and isotopic (8'3C)
analysis, as well as the biomarker assay, were used in
this work as described in [5, 6].
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“Rift” (Institute of

RESULTS AND DISCUSSION

Characteristics of the water column. The Caspian
Sea waters are diluted, with average salinity of 12.7—
12.8 PSU [7]. In comparison to ocean water, it con-
tains more sulfate ions (30.2—32 mM) and calcium
and magnesium carbonates, and less chlorine. For
example, in June 2010, salinity in the water column
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profile of the Derbent Basin ranged from 11.0 PSU in
the surface layer to 11.43 PSU in the near-bottom
layer, as was determined by a Shirshov Institute expe-
dition.

Oxygen concentration decreased significantly with
depth. In particular, along the vertical profile of the
water column above the basins, it changed from 8—
10 mg L~" in the surface layer to 0.22 mg L~! near the
bottom, where oxygen concentrations were negligible,
but free hydrogen sulfide, which had not been detected
in the Caspian Sea for the previous 70 years [3, 4],
appeared in the amounts of up to 0.4 mg H,S L',

In summer and autumn, vertical circulation in the
Caspian Sea is restricted to the upper water layer 15—
40 m deep, rarely up to 75 m deep. At the same time, a
seasonal thermocline layer is formed at the lower bor-
der of the well-warmed (22—26°C) mixed water layer;
it is characterized with a shift in temperature (7°C)
and density and prevents the warming of deeper water
layers, which have therefore the temperature not
exceeding 5°C. In the oxic part of the water column,
pH values ranged from 8.0 to 7.6, and in the near-bot-
tom layer of deep-sea basins, from 6.75 to 7.0.
The total alkalinity did not change much throughout
the vertical profile and was in the range of 3.76—
3.83 mg-eq L.

In May and June 2012, methane concentrations in
the water column ranged from 60 nL L~! at the shelf
and on basin slopes to 3500—3750 nL CH, L™" in oxy-
gen-depleted waters of the Derbent and Southern
Basins (stations 3907 and 3916, Table 1), which was
close to the values obtained in the fall of 2008 [2].
Methanogenesis occurred both in the water column
and in bottom sediments.

The concentration of suspended matter in water
samples collected along the Trans-Caspian profile was
0.8 mg L' in the surface water layer of the Southern
Basin and decreased to 0.1 mg L' at the depths of
125—500 and 400—800 m in the Central and Southern
Caspian, respectively (Fig. 2a). The lowest organic
carbon content (C,,) in suspended matter was
observed in the surface water layer of the Eastern
meridional profile near the Mangyshlak Desert coast
(0.2-5.9% C,,, in suspended matter). In the Southern
Caspian along the Trans-Caspian axial profile, C,,
content in the suspended matter of the surface layer
varied from 8.9% to 14.1% (Table 1).

Dissolved HCOj is utilized by phytoplankton. In
12 water samples collected along the vertical profiles of

the two major Caspian basins, 8'*C—HCO; values

ranged from —3.75 to +3.18%o0, which suggests that
bicarbonate ions were for the most part of marine ori-
gin (Table 2).

Isotope composition of suspended C,.,. Isotope
composition of suspended C,,, provides information
on the sources of organic matter (OM) entering the
water body. According to our data, in the Northern
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Caspian, the most significant portion of suspended
C, is supplied by river discharge [2]. In the Southern
Caspian, C,, isotope composition has never been
studied before. Large and small rivers carrying terrige-
nous OM flow into the Caspian Sea from the north,
the northeast, and the west. From the arid eastern
coast, terrigenous OM is carried into the Caspian
mainly as eolian material, which may contain the rem-
nants not only of C; plants, as in polar seas, but also of
C, plants and succulents with the isotope composition
different from that of C; plants. In summer, the water
body itself is inhabited mainly by diatoms and
dinoflagellates, i.e., C; plants. The values of §'*C—C,,
for marine phytoplankton ranged from —17 to —22%eo;
for freshwater phytoplankton, from —20 to —30%o, for
C,; land plants, from —22 to —32%o, and for C, land
plants, from —10 to —18%o. Carbon isotope composi-
tion of succulent plants is intermediate between the
characteristics of C; and C, plants [8]. Thus, sus-
pended C,, of the Caspian Sea probably originated
from all the sources named above: both phytoplankton
and terrigenous OM from river discharge or eolian
material; the terrigenous OM may contain C; and C,
plant remnants. To identify the contribution of each
source, we determined the C,, isotope composition
(Fig. 2b, Table 1). In our previous work, the isotope
composition of suspended C,,, in the Central Caspian
was analyzed in autumn (November 2008) and sum-
mer (June 2010) [6].

In November 2008, the suspended C,, isotope
composition in the surface layer of the eastern shelf
shallow waters had 3'*C—C,, of —23.07%o, while in
summer 2010, 8'*C—C,, values varied within a narrow
range of —26.7 to —26.8%0 (with the average of
—26.8%0), possibly indicating that in summer this
region experienced a stronger inflow of terrigenous
OM enriched with the light carbon isotope. In the sur-
face layer of the Derbent Basin, C,,, was richer in 3C
in November (83C = —23.6%0) than in June (8'3C
from —25.0 to —25.7%o). In June, suspended C,,, in
the surface layer of the Southern basin had a 8'3C value
by 2%o higher (that is, it was richer in '3C) than in the
Derbent Basin (Fig. 2b). Apparently, the §"*C—C,,
values for the Derbent Basin were more strongly
affected by the inflow of 2C-enriched terrigenous
material delivered by river discharge. On the eastern
meridional profile of the Central Caspian shelf, the
average 3'*C—C,,, of suspended matter was —23.6%o
(Table 1); i.e., it contained more *C than suspended
C,, of the central deep-sea regions of the Central Cas-
pian (8"*C = —25.6%0). Probably, this was due to
admixture of eolian material containing the fragments
of 3C-enriched C, plants typical for steppes and
deserts.

Thus, our data on the carbon isotope composition
(83C—C,,,) of suspended matter found in the mixed

org
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Table 1. Biogeochemical characteristics of the water layer of the Caspian Sea (May—June 2012)
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- - CH,, DCA, SR,
Dsf;[sglcjr;n Layer, m gg;lgc’iffi qu;tli::r SHC—Cory, %o nL L4‘1 pg CL 'day™! | ugSL~! day™!
Trans-Caspian axial profile
3901 0 - - 150 - -
107 27 21.0 ~24.88 60 0.35 -
103 0.4 —24.17 130 1.55 -
3904 0 - - 120 - -
471 45 12.9 ~24.35 140 0.13 B
414 7.8 —22.75 160 0.07 -
MC, nbw 6.2 —23.30 530 - -
3907 0 — —25.73 140 — —
720 39 3.3 -25.17 110 0.60 -
640 - ~29.93 830 0.10 0.31
660 - —29.24 2190 0.45 0.35
680 - B 2660 0.78 0.48
700 - - 3420 0.72 0.44
710 - - 3570 0.69 -
715 35 —24.94 3750 0.74 1.01
MC, nbw 2.3 ~23.79 3490 - 2.76
3908 0 — ~ 140 ~ ~
450 40 1.8 —24.93 170 0.16 -
400 - ~23.84 250 0.20 0.00
MC, nbw 5.1 2221 240 - 0.00
3919 0 _ - 310 - -
420 43 - ~23.0 560 0.66 -
418 - -23.0 320 0.61 -
MC, nbw — — 330 — —
3915 0 - - 140 - -
99 40 43 ~23.26 310 0.60 -
98 1.1 ~23.31 330 0.80 -
3916 0 - —23.73 180 B -
1003 37 14.1 —22.36 260 0.74 -
600 - ~29.56 50 0.28 0.00
700 - —26.32 40 0.21 0.00
800 - ~27.53 210 0.31 0.17
820 - - 750 0.16 B
850 - - 1030 - -
870 - - 1400 - -
890 - - 2440 0.63 1.16
900 - ~26.99 2990 0.59 1.58
1000 - ~26.67 3280 0.52 1.75
MC, nbw 8.7 - 3360 - 1.67
3917 0 - ~23.16 220 - -
665 43 8.9 ~23.01 270 0.58 -
661 - ~26.08 300 <0.08 0.0
MC, nbw 8.0 —21.56 300 1.86 0.0
MICROBIOLOGY Vol. 83 No. 5 2014
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Table 1. (Contd.)
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Station C % of sus- CH,, DCA, SR,
Depth, m Layer, m pgrrigc’ic:/fi matter SHC—Cory, %o nL L4‘1 pug C L-'day~!' | pg S L' day™!
Latitudinal profile (Central Caspian)
3902 28 14.2 —25.60 160 0.29 —
57 55 8.1 —27.77 170 0.39 -
3920 0 - - 110 - -
386 37 - - 110 0.59 -
377 — - 240 0.31 —
MC, nbw — — 220 — —
3906 0 - - 120 - -
55 28 10.8 —25.41 150 0.21 -
55 11.7 —24.37 130 0.74 -
Eastern meridional profile
3910 0 - - 220 - -
4 25 3.9 —24.52 410 0.46 -
38 2.5 —22.94 170 1.73 -
3911 0 - - 120 - -
67 39 1.4 —24.32 180 0.64 —
64 0.2 —21.90 760 0.62 _
3913 0 - - 180 - -
49 37 2.7 -23.39 300 0.64 -
47 2.4 -22.52 310 1.12 -
3914 0 - - 120 - -
46 30 5.9 23.24 210 0.21 —
41 1.9 —24.67 220 1.90 -

DCA, dark CO, assimilation; SR, sulfate reduction; MC, multicorer; nbw, near-bottom water.

upper water layer of the Central and Southern Caspian
indicate that freshwater discharge and terrigenous OM
had a more significant impact in the Central Caspian
than in the Southern Caspian, where 3'*C—C,, values
of suspended matter were typical of marine basins with
little river inflow. The species composition of phy-
toplankton inhabiting the Southern and the Central
Caspian is very similar. Due to the land vicinity, sam-
ples collected at the near-shore stations of the latitudi-
nal profile (stations 3906 and 3902) contained sus-
pended matter depleted of 13C.

Interesting results were obtained by isotopic analy-
sis of suspended C,, in deep-sea basins: from the

600 m layer and deeper, §'°C—C,,, values ranged from
—25.0 to —29.9%o0 (station 3907) and from —26.3 to
—28.5%o0 (station 3916) (Fig. 2b, Table 1).

As was already mentioned, at depths below 600 m,
anoxic water layers of deep sea basins were found to
contain increased amounts of dissolved methane
(Table 1), which was produced by autotrophic metha-
nogenesis, as was shown for the deep-sea part of the
Derbent Basin [2]. In the course of methanogenesis,

methanogenic biomass is enriched with the light '2C
isotope, which may affect the general suspended C,,
isotope composition in the anoxic water column of
deep depressions of the Caspian Sea.

Direct microscopic investigation of water samples in
June 2012. The total microbial abundance (TMA) in
the maximal luminescence layer of the water column
(25—45 m) was 180 to 750 x 103 cells mL~! (Table 3).
The lowest TMA of 180 x 103 cells mL~! was observed
at the westernmost station of the latitudinal profile in
the Central Caspian (station 3906), while the highest
TMA (750 x 103 cells mL~") was found in the water
samples of the most shallow station, which was located
on the eastern meridional profile on the border of the
Central and Southern Caspian (station 3914).

In the water column of deep-sea basins (stations
3907 and 3916), TMA values showed little change
below the maximal luminescence layer: they ranged
within 90—50 x 10° cells mL~! in the Derbent Basin
and 40—70 x 103 cells mL~! in the Southern Basin,
remaining constantly low from the depths of 600—
800 m and to the hydrogen sulfide-containing layer at

MICROBIOLOGY Vol. 83
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Fig. 2. Distribution of suspended matter concentrations (Cyr/L, (a)) and 813C—COrg values (b) along the Trans-Caspian axial

profile. Dots represent the layers of sample collection.

the bottom. This fact was possibly related to the
decreased C,,, content in the suspended matter.

In both basins, we observed numerous thin fila-
ments typical of the microflora developing at the inter-
face of oxygen- and sulfide-containing waters; for
instance, it was observed in the water column of the
Black Sea [3]. In both basins, suspended matter of
near-bottom waters was mostly composed of dense
organic particles thickly populated by large microor-
ganisms. Water samples from the depths below 200 m

MICROBIOLOGY Vol. 83
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contained considerable amounts of pennate diatoms,
which were later also found in the upper sediment
layer in the Derbent Basin. The concentration of chlo-
rophyll a was 0.2—1.7 pg L~!, which was unusual
for such depths; in most samples, the share of pheo-
phytin a in the total amount of chlorophyll a and
pheophytin a did not exceed 10%. At all deep-sea sta-
tions (3907, 3916, and 3917), microbial communities
exhibited the traits typical for anoxic environments,
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Table 2. Carbon isotope composition of bicarbonate ion in
the Caspian Sea water, May—June 2012

]%S%Q’r—ln—l Layer, m 83C—HCO;, %o
0 —1.54
15 +0.47
3916 37 —1.53
1003 53 +1.96
300 +3.18
1000 —0.83
500 —1.28
710 +2.94
3907 715 ~3.39
720 660 +0.22
680 +3.00
700 ~3.75
Average —1.31

including the presence of numerous thin and thick fil-
aments.

Rates of microbial processes in the water column. In
most water samples taken along the Trans-Caspian
profile, the rates of dark carbon dioxide assimilation
(DCA) ranged from 0.10 to 0.66 ug C L~! per day; only
in the samples from deep-sea zones of the Derbent
Basin, DCA rates reached 0.74—0.78 pug C L~! per day
(Table 1). The highest DCA rates were observed in the
near-bottom layers at shallow-water stations of the lat-
itudinal and the eastern meridional profiles (Table 1).
Along the Trans-Caspian profile, DCA rates in the
upper mixed water layer (25—43 m) varied from 0.16 to
0.66 ug C L~! per day at the stations located on basin
slopes to 0.74 pug C L~! per day in the Southern Basin
(Table 1). DCA variations along the vertical profiles of
the water column were unsystematic. The highest
DCA values of 0.74—0.78 pug C L' per day were
observed in the anaerobic zones of deep-sea basins
with the highest methane concentrations (Table 1). At
shallow-water stations of the latitudinal and the east-
ern profiles, DCA rates were the highest in near-bot-
tom water layers (Table 1).

Sulfate reduction was observed only in the water
samples from deep-sea basins, beginning from the lay-
ers below 640 m (Derbent Basin) and 800 m (Southern
Basin); its rates ranged from 0.17—0.31 pug S L!
per day at the upper border of the anoxic zone to
0.75 pug S L~ per day at the bottom.

Biogeochemical processes at the interface of water
and bottom sediments. Lithological, mineralogical,
and geochemical characterization of Caspian sedi-
ments was provided in several monographs and indi-
vidual publications; the very first of them were the
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studies by Klenova [9] and Kholodov et al. [1]. How-
ever, these works did not include information on the
sediments of the bottom—water column interface,
since at the time there were no sampling devices which
could preserve the structure of the interface zone. In
June 2012, samples of near-bottom water, warp, and
sediments were collected using a multicorer.

Table 4 provides a description of the sediments of
the interface zone; Fig. 3 shows the 3'3C-C,, values
along the vertical sediment profiles. The warp (0.0—
0.5 cm) was a layer of heavily watered flocculated sed-
iments found at the bottom—water interface: aleuro-
pelitic and pelitic material of dark green, olive-green,
dark gray, black, or beige colors. The water content of
the warp was over 90%; its color depended on the car-
bonate content, the amounts of plant debris, and
redox conditions. In most warp samples, C,,, content
was considerably higher than in the underlying sedi-
ments, ranging from 3.56% (station 3919) to 8.70%
(station 3916). The lowest C,,, content (2.31%) was
observed in the surface warp layer at station 3904;
apparently, there were no recent sediments at this
location.

Carbon isotope composition of suspended OM
indicated its mixed origin: phytoplanktonic and terrig-
enous. The 8'°C—C,, values in the warp could be dif-
ferent from or similar to 8'°C of suspended C,, in the
near-bottom water layer (Fig. 2b). The differences in
3'3C—C,,, values were observed at the stations located
in both deep-sea basins with sulfide-containing
waters. In warp samples collected at deep-sea stations,
33C—C,,, values were up to 4.5%o higher than those of
suspended C,,, of anoxic water layers (Fig. 2b). Below
the warp layer (layer 0.5—-10 cm), C,,, content varied
from 3.8 to 5.0% of dry matter. Deeper in the mud,
Core content decreased to 2—3% (Table 4).

Previous studies reported high C,, levels in the sur-
face sediment layer of the Derbent Basin [6—8]. In this
work, high C,, abundance was also observed in the
Southern Basin (Table 4). The abundance of OM in
deep-sea sediments was due to their finely dispersed
structure (over 60—70% of the pelitic fraction), the
presence of methane and hydrogen sulfide, and to
other factors that prevent degradation of OM that has
reached the bottom. This suggestion is supported by
high concentrations of chlorophyll a found in the thin
(20 cm) lowermost layer of water (over 26 ug L"), in
the warp, and in the upper sediment layer (3—5 pg cm™3
of wet sediment). Pheophytin a content in the total
amount of chlorophyll ¢ and pheophytin a increased
from 1% in the near-bottom water layer to 70% in the
sediment. The isotope composition of sediment C,,

was characterized with 8'*C values lying within the
narrow range of —21.0%o0 to —23.5%o0 (Fig. 3), with
the mean value (for 20 samples) of —22.72%o0, which
was most probably due to bottom currents transferring
suspended matter from basin slopes. Characteristic

MICROBIOLOGY Vol. 83 No.5 2014
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Table 3. Total abundance, cell volume, and biomass of microorganisms in the water column, May—June 2012

Stati .
2AUON | aver, m TMA, 103 cells/mL | Cell volume, pm?® | Biomass, mm?/m? Sea region
Depth, m

Latitudinal profile, Central Caspian
3902 28 440 0.10 44
57 55 620 0.10 62
Central Caspian
3920 39 500 0.12 60
386 377 230 0.15 35
45 310 0.08 25 . L
3904 Intersection ofthe latitudinal
—_— 424 240 0.18 43 and the Trans-Caspian
417
profiles
nbw 760 0.20 152
3095 MC, 37 290 0.15 44
270 265 260 0.18 47
Central Caspian
3906 26 180 0.14 26
55 55 380 0.12 46
Trans-Caspian axial profile
3901 27 290 0.13 38 Central Caspian, the
107 103 230 0.14 32 northern end of the profile
39 250 0.10 25
640 90 0.24 22
660 ?2? 0.25 28
680 110 0.24 26
3907 Derbent Basin
720 700 150 0.25 38
710 150 0.25 38
715 150 0.25 38
nbw 3200 0.23 745
40 270 0.10 27
3908 Central Caspian, Derbent
450 400 120 0.18 22 Basin, eastern edge
nbw 700 0.22 154
43 340 0.11 37
%109 418 190 0.10 19
nbw 520 018 94 Cen_tral Caspian, Derbent
Basin, eastern edge
3915 40 450 0.12 54
99 99 210 0.13 27
43 360 0.14 50 .
3917 Southern Caspian, Southern
=— 661 160 0.24 38 Basin, northern edge of the
665 Southern Basin
nbw 1100 0.23 253

MICROBIOLOGY Vol. 83 No. 5
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Table 3. (Contd.)

]%SEE?_H Layer, m | TMA, 103 cells/ymL | Cell volume, um?® | Biomass, mm?/m? Sea region
37 650 0.14 91
600 40 0.24 10
700 40 0.24 10
%(l)g 800 50 0.25 13 Southern Basin
900 60 0.24 14
1000 70 0.25 18
nbw 940 0.22 207
Eastern meridional profile
3910 25 420 0.10 42
40 38 330 0.11 36 _
3911 39 460 0.12 55 Central Caspian
67 64 400 0.14 56
3919 37 550 0.13 72
49 49 400 0.13 52 Central Caspian, southern
3914 30 750 0.12 90 border
46 41 450 0.12 54

features of the basin bottom were the presence of a  specific averaging of C,,, content and 8'*C—C,,, values
nepheloid layer approximately 20 m thick, as well as ¢t the water—bottom interface.

Depth, cm

[o)F N S lanle c]o )W N Slanloc]o W iN \Slanle olo)F 2N \S lanlo o]o) W IN S len]

ORI DN st et et et et
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Fig. 3. Distribution of 513 C—COrg values, %o in the sediments along the Trans-Caspian axial profile.
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Fig. 4. Average abundance of n-alkanes in organic matter
(relative  percentage): (/) X(C;y—C;4), migratory;
(2) Z(C5—C5), planktonic; (3) Z(Cyy—C,4), microbial;
(4) Z(Cy3—Cyy), terrigenous.

28%

In the near-bottom water, TMA was significantly
higher than in the low layers of the water column
(Table 3). In the warp, TMA values were hundreds of
millions cells per 1 cm?, and in the upper sediment
layer (0.5—20 cm), TMA values were higher still,
reaching billions of cells per 1 cm?® of wet mud
(Table 4).

Sulfate reduction rates in the warp were consider-
ably higher than in the water column (Table 1) but
lower than in the underlying sediments, where they
reached 100 pug S dm—3 per day (station 3919, Table 4).

Distribution of normal alkanes (n-alkanes) in sur-
face sediments along the Trans-Caspian axial profile.
The presence of oil and gas deposits in Caspian sub-
marine sediments is a well-known fact. The Caspian
bottom also features numerous tectonic dislocations,
which discharge hydrocarbon-containing fluids; in
particular, in the Azerbaijan sector alone, there are at
least 300 mud volcanoes on the Caspian Sea bottom
[10].

There have been several attempts to identify the
signs of potential “hydrocarbon breathing” of Caspian
deposits lying close to the bottom surface based on the
distribution of alkane hydrocarbons (C,,—C,,) which
can be treated as a sort of biomarkers [11, 12]. The
authors of these works proposed to differentiate
between immature sedimentary OM as such and
migratory hydrocarbons as OM fractions of modern
sediments. The n-alkanes are particularly important
geochemical molecular markers: due to their poor sol-
ubility in seawater, they accumulate in the sediments,
while their resistance to microbial activity helps them
persist for the periods of time considered long even on
the geological scale.

The n-alkane composition depends first of all on
the type of source OM and on the extent of its trans-
formation in the course of sedimentation and at initial
stages of diagenesis. The immature OM analyzed con-

LEIN et al.

tained predominantly even-numbered low-molecular
n-alkanes. However, at the early stage of diagenesis,
hydrocarbon distribution was already characterized by
a pronounced predominance of odd-numbered
hydrocarbons of the C,; 55 7,9 series. The distribution
where the peaks corresponding to odd- and even-
numbered n-alkanes are smoothed and the concentra-
tions of both fractions are equally high may indicate
increasing OM maturity.

The concentration of n-alkanes in sediment sam-
ples was rather low and ranged from 0.5 to 3.38 pg g™!
of air-dry sediment (Table 5). The major sediment
fraction (51% on the average) was constituted by ter-
rigenous matter, that is, n-alkanes C,;—C,,. Low-
molecular hydrocarbons C,;5—C,, (hydrocarbons of
hydrobionts and zooplankton) constituted 29% of the
total n-alkane amount. The portion of microbial OM
(Cy—C,4) did not exceed 11% of total n-alkanes on
the average (Table 5, Fig. 4).

All samples of recent sediments contained C,;—C ;4
n-alkanes representing light oil fractions, i.e., migra-
tory hydrocarbons (Table 5). Their content decreased
from the lowest layer sampled to the surface, which
supported the notion that they originated from the
underlying sediment mass. The highest content of
C,y—C,4 hydrocarbons was observed in presumably
ancient (not recent) sediments at station 3904
(Table 5). Sokolova and Ablya described the presence
of migratory hydrocarbons in recent sediments of the
Northern and Central Caspian [12]. It should be noted
that OM of recent sediments was characterized with a
bimodal n-alkane distribution, with a X(C,—
Cyy)/Z(Cy3—Cyp) ratio of 0.94; i.e., this OM was of
planktonic and terrigenous origin and very weakly
transformed.

Thus, the C,,, isotope composition in the surface
layer of the water column varied considerably across
the Northern, Central, and Southern Caspian. The
lowest 8'°C—C,,, values (—25.5%o0) were observed in
the Northern Caspian. In the Southern Caspian, sus-
pended OM of the surface layer contained the highest
portion of the heavier carbon isotope (§'*C—C,,,, —22
to —23%o, Fig. 2b), whereas the Central Caspian was
characterized by intermediate 3“C—C,, values

(—24%o, Fig. 2b). The observed distribution of §'*C—
C, values resulted from a significant inflow of isoto-
pically light OM with river discharge in the Northern
Caspian and from the decreasing effect of this dis-
charge from the north to the south.

The values of §'*C—C,,, obtained at the western-
most (station 3906) and easternmost (station 3902)
points of the latitudinal profile in the Central Caspian
(—25.4 and —25.6%o, respectively; Table 1) further
confirmed the influence of terrigenous OM inflow on
the isotope composition of suspended C,,. In shallow
waters near the Mangyshlak Peninsula (the eastern
meridional profile), eolian inflow of terrigenous mate-
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Table 5. C,, content and distribution of n-alkanes in the sediments along the Trans-Caspian axial profile

. 2(Cio+ n-alkanes
Station, layer Corg> % Cz)/%:()czs + ng/L | 2(Co = Cia) [Z(Cys = Co) | 2(C1p = Co) | 2(Ca3 = Cyo)
4
3920 (0—10 cm) 4.69 0.54 1.38 5.3 24.4 14.0 64.8
3920 (10—21 cm) 2.85 0.48 1.20 6.7 21.2 12.4 67.4
3920 (31—42 cm) 2.13 1.00 1.80 13.7 32.8 10.1 50.0
3904 (0—10.5 cm) 1.10 1.49 0.79 19.3 36.3 11.0 40.2
3904 (0—10 cm) 0.52 3.69 1.41 36.2 40.6 5.2 21.3
3907 (0—10 cm) 5.02 0.38 2.44 4.1 19.5 10.4 72.7
3907 (10—21 cm) 3.46 0.70 2.28 8.0 30.5 8.6 58.9
3907 (33—46 cm) 2.87 0.74 1.74 10.3 29.4 9.0 57.4
3908 (0—10.5 cm) 4.19 0.72 0.88 6. 31.8 11.4 58.1
3908 (10.5—19.5 cm) 2.67 1.09 0.76 10.0 37.1 13.1 47.8
3919 (0—10 cm) 4.04 0.48 2.12 4.6 23.3 12.2 67.5
3919 (24—35 cm) 2.46 0.69 1.47 9.8 27.2 11.3 59.1
3917 (0—10 cm) 4.46 0.66 0.51 6.2 25.6 14.7 60.1
3917 (10—19 cm) 2.42 0.83 1.66 8.6 31.6 12.4 54.6
3917 (30—40 cm) 1.78 0.91 1.17 12.1 30.7 12.4 52.3
3916 (0—9 cm) 3.82 0.59 1.91 6.0 26.7 13.5 62.8
1916 (9—22 cm) 2.14 1.04 3.38 11.8 354 10.0 48.9

rial increased the portion of the heavier carbon isotope
in suspended C,,, probably due to the '*C-enriched
OM derived from succulent plants of the desert. Below
the mixed water layer, the isotope composition of sus-
pended C,, showed little variation throughout the
water column, with C'3 values ranging from —22 to
—24%o (Fig. 2). The only exception was suspended
Core in anoxic water layers of deep-sea basins: below
600 m, 3C—C,, ranged from —26.0 to —29.9%o
(Fig. 2). In addition to sulfide, these layers of the water
column also contained increased amounts of methane
(upto 3.5ug L.

Methanogens present in the water column prefera-
bly utilized the isotopically light carbon dioxide, and
the resulting microbial biomass was characterized with
a lighter isotope composition. The contribution of this
novel C,, to the total suspended matter may explain
the extremely low 8'*C—C,, values observed at deep-
sea stations.

The maximal sulfate reduction rate, the highest
methane concentration, and the highest TMA were
observed in the sediment layer 0.5—1.5 cm (up to
3.5 cm), rather than in the warp. The fact that the most
intensive biogeochemical activity was associated not
with the warp, but with the underlying sediments
made the processes of suspended matter transforma-
tion at the bottom—water sediment interface in the
Caspian Sea different from those described for the
Russian Arctic seas, where the highest rates of sus-
pended matter transformation were observed mainly
in the warp [2, 6]. Apparently, this difference may be
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explained by the effects of bottom currents that trans-
port suspended matter to deeper regions of the Cas-
pian, as well as by the fact that considerable transfor-
mation of suspended matter and particularly of its
planktonic fraction occurs in the water column itself,
in contrast to the shallow Arctic seas.

The microbial population of the sea bottom has the
most important effect on sediment formation in the
Caspian. Microbial communities actively participate
in all biogeochemical processes that take place in the
near-bottom water and sediments [2, 6, 13, 14]. Fol-
lowing the pioneering study by Waksman (1937), most
researchers have noted the increased microbial abun-
dance in the upper sediment layers, which are at the
early stages of diagenesis [13]. Sediment samples col-
lected in the Central and Southern Caspian were no
exception to this pattern. The water-sediment inter-
face was characterized by a systematic increase in
TMA values from the near-bottom water to the upper
sediment layer. An increase in TMA was associated
with de novo formation of OM, including microbial
biomass and metabolic products, and affects the rate
of diagenesis in the sediments. A study by Salmanov
[15] provided a detailed microbiological investigation
of Caspian sediments, which not only registered total
microbial numbers but also analyzed the species com-
position by different physiological groups. It was
shown that TMA values in the Caspian muds varied
considerably with bottom location and the observation
season: from tens of millions to billions of cellsper 1 g
mud (up to 13 x 10° cells g~!). Our data on the TMA in
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mud samples collected along the Trans-Caspian axial
profile were of the same order of magnitude: 1.1 x 103
to 8.4 x 10° cells per 1 cm?. On the whole, sediment
OM may be characterized as immature OM of mixed
autochthonous and allochthonous origin, diageneti-
cally little transformed, with active anaerobic sulfate
reduction and methanogenesis, and with the minimal
contribution of migratory hydrocarbons.

To sum up, we can agree with the conclusion pro-
posed by Academician A.P. Lisitsyn: “The principal
mechanisms governing the present-day processes of
sediment accumulation are biogeochemical, and not
physicochemical ones. The dominance of physico-
chemical processes was over with the appearance of
life in the ocean!” [16, p. 311].
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