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The features of seasonal changes in physical (moisture, granulometric composition) and chemical
(organic carbon content and carbonate content) characteristics of the bottom sediments in the region
of the coastal methane seeps in the southern sector of the Tarkhankut Peninsula are investigated. It is
shown that the bottom sediments of the region under study are represented by fine- and medium-
grained sand containing inclusions of aleurite-pelitic silts and shell detritus. The obtained in situ data
on the content and vertical distribution of Corg and CaCOs in the bottom sediments make it possible to
examine the intra-annual dynamics of the basic geochemical parameters in the areas of the methane
gas hydrates and to assess influence of the methane seeps upon the geochemical structure of the bot-
tom sediments. The values obtained for the period under investigation can be divided into three parts:
before formation of the bacterial mass (May), the period of maximum formation of mat (June — Sep-
tember), the time of destruction of the mat structures (November). It is shown that in May before the
mat structures are formed, the Corg content in the surface 0-2 cm layer is low (0.5 %), in June it in-
creases up to 15.5 %, then decreases to 9.7 % in September and to 2.3 % in November. In the surface
layer, the CaCOs content is maximal in late May (93.5 %); during the mat formation in June it decreases
to 16.6 % and then grows from 23.5 to 49.1 % in August — November, respectively. Being analyzed, the
data on vertical distribution of the geochemical characteristics under study show that accumulations of the
bacterial mats affect the intra-annual variation of the above-mentioned parameters.
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Introduction. Until recently, the studies of methane in the marine environ-
ment were mostly aimed at studying the questions relating to the methane itself and
the physical effect of its intake on thermochaline characteristics and exchange pro-
cesses [1-3] but not on biogeochemical ones [4]. The main research areas on this
theme are the following: the assessment of the gas emission intensity and the pos-
sibility of gas hydrates formation, the obtaining of quantitative estimates of the me-
thane propagation during its dissolution in the water and its release into the atmos-
phere, as well as microbiological research aimed at studying the features of micro-
bial consortia functioning within the framework of studying the methane cycles in
the seawater [3].

Moreover, the research of methane seeps in the Black Sea was carried out
mostly at the areas of continental slope and in the deepwater zones [2], i.e. at the
depths of stable existence of gas hydrates and anaerobic processes. The study of
methane cycle processes in the coastal area was significantly restricted by the re-
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search of its production in the surface layer of bottom sediments with high organic
carbon (Corg) content and anaerobic oxidation at the boundary of bottom sediments
and water. The study of jet gas emissions in the coastal area was started only in the
last decade and the results of these studies are poorly presented in publications [5-7].

The first microbiological studies of methane seeps were carried out by the sci-
entists of the Research Center of Biotechnology RAS (Moscow) and Institute of
Marine Biological Research of RAS (IMBR) in December 1990 [8]. Later, in [9] it
was shown that the carbonate buildups in the anaerobic zone at the gas seep sites
are covered from the outside by a dense bacterial mat. This indicates the involve-
ment of microorganisms into the geochemical processes of methane cycle [10, 11].
In later works [12, 13] it was shown that the carbon of the methane itself, bacterial
mat and carbonate buildups, formed as a result of anaerobic oxidation of methane,
is characterized by high content of light carbon isotope.

Jet emissions of methane are the source of Corg in the marine environment; its
input is a source of energy for various biogeochemical processes. In this case or-
ganic and inorganic carbons are the products of methane bacterial oxidation in aer-
obic (due to the oxygen) and anaerobic (during the sulfate reduction) conditions.
Granulometric composition and water content of bottom sediments determine the
intensity of physical fluxes and exchange between the bottom sediments and the
bottom layer of water.

The purpose of the work is to estimate the impact of methane seeps on geochem-
ical structure of bottom sediments and their intra-annual changes related to the pro-
cesses of aerobic and anaerobic assimilation in the marine environment.

Materials and methods. The Tarkhankut Cape area under study is the open part
of the Black Sea where direct sources of anthropogenic pollution are absent. In the
coastal part of the studying region seasonal changes of physical and chemical charac-
teristics of bottom sediments are greatly affected by hydrodynamic factors. In winter
and spring they contribute to complete destruction of mats and saturation of the bot-
tom layer with oxygen. In summer and autumn biochemical processes of sulfate re-
duction play a key role [14].

In the Tarkhankut Cape area there is a predominance of north-eastern storm
winds directed from the shore and southern ones directed to the shore. The per-
formed analysis of data over 1945-2008 given in [15] revealed the fact that the
frequency of winds with >10 m/s speed for all the directions is ~5%. The winds of
the southern, western and south-western rhumbs with >10 m/s speed are observed,
on average, in 1.1% of cases during the year, with >15 m/s speeds — in 0.25% of
cases. The maximum values of frequencies of winds with >10 m/s speed are rec-
orded in January and February, in summer months their frequency is rather low.

Abrasion rate of the Tarkhankut limestone shores and benches does not exceed
several centimeters per year, therefore the beaches here are small in volume and
they stay under conditions of sharp deficit of sediments. Exposure to intensive
wave processing during the storms contributes to good sorting of sediments [16].

The samples for studying physical and chemical characteristics of the bottom
sediments, the features of their spatial distribution and the vertical structure were
taken during complex in situ studies in the area of coastal jet emissions of methane
in the northwestern part of the Crimean Peninsula (Okunevka, Chernomorskiy dis-
trict) (Fig. 1). The work [17] is devoted to the study coastal methane seeps in this
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region. Currently, ~7 coastal methane seeps along 10 km coastline are found. The
areas of methane seepage make up 5-143 m? The studied filtering area reaches
20 m in diameter and is located about 50 m from the shore at ~5 m depth. Expedi-
tions were performed in different seasons: in spring (May), in summer (June, Au-
gust) and in autumn (September, November). Methane emissions were observed
during the entire period of research from April to November 2016.
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Fig. 1. Location of the studied Crimean Peninsula shelf area

Selection and preparation of bottom sediment samples were carried out in ac-
cordance with regulatory documents.

Natural water content was determined gravimetrically according to standard
procedures (GOST R I1SO 11465-2011; introduced since 01.01.2013). The calcula-
tion of the water content in the samples was taken as the ratio of the difference be-
tween the wet and dry deposits to the wet deposit, taken in percentage. Grain size
analysis was carried out by the standard method (GOST 12536-2014; introduced
since 01.07.2015) according to recommendations given in [18]. Separation of aleu-
rite-pelitic fraction (<0.05 mm) was performed by wet screening method. Coarse
fractions (>0.05 mm) were separated by sieving method after the drying.

Carbonate (CaCQOs) content in a sample was determined by volumetric weight
method after the decomposition of carbonates with hydrochloric acid, taking into
account the methodological recommendations of UNEP manual. As a result of re-
peated analysis of samples with an average value of CaCO 6.84%, an average
square deviation of + 0.18% (variation coefficient 2.6%) was obtained
(UNEP/IOC/IAEA — 1995).

Corg concentration in the sample was determined by the spectrophotometric
method after organic substance oxidation with a sulfochromic mixture (GOST
26213-91; introduced since 30.06.1993). An improved modification of the chemi-
cal analysis methodology was applied.
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The measurement of organic carbon and carbonate content was carried out
twice in each sample; the mean value of the two measurements was used as meas-
ured parameters (Corg and carbonate content).

Repeatability of Corg content determination (carried out as two separated but
consecutive measurements) results should not exceed 0.1% at Corq cOntent up to 1%
and 6.5% — at more than 1% Cory content. Relative error of the method at up to 3%
Corg content in the bottom sediments makes up 20%, at 3-5% content the permissi-
ble deviations are 15%, more than 5% of Corg — 10%.

Results and discussion. Bottom sediments of the studied area are represented by
fine and medium-grained sands with inclusions of aleurite-pelitic silts and shell detri-
tus. The content of sand fraction (1-0.1 mm) varies vertically within 85-93% range
(Fig. 2). Gravel material content (10-1 mm fraction) varies within 0.4-1.1% range.
The presence of a finely dispersed fraction (<0.1 mm) is noted in 0—4 cm surface layer.
In May its content reaches its maximum values (14.3%) in the 2-4 cm layer, then it
decreases with depth down to 2.9% in 6-8 cm layer. It is shown that the proportion of
aleurite-pelitic material in 0-5 cm surface layer decreased from May to September
down to 0.6%, which is explained by the removal of finely dispersed material from
the coastal zone.

@—@—@ gravel fraction
A—A&—A sand fraction 0

0— —— silt fraction 41.92 4581 876
T 92.82
0.58 87.89 11.36 2 V1.9
29.47
2 —
4 5
0.49 85.27 14.27 c | 29.63 91.36
o
5§ 5 6 —
[ >
%4 g | 298
- 0.43 93.86 92
- 8 —
4 ®—0—@ May
6 — A—A&—A June
10 — H—— August
1.14 95.59 [2.98 49—— September
_ E #—+—4 November
12 T T T T T T T T
8 rereT T VT 20 30 40 50 60 70 80 90 100
0 051 1580 90 1000 5101520 W, %
%
Fig. 2. Grain-size composition of bottom Fig. 3. Intra-annual variability of the vertical distribution
sediments of the studied area, May 2017 of relative water content in the bottom sediment samples

The analysis of data of natural water content vertical distribution (Fig. 3) re-
vealed that fractional composition of sediment and its formation under effect of
hydrodynamic factors play a key role in the vertical structure of water content pro-
file. The period under study can be divided into three seasons. In spring the water
content maximum value makes up 42% in the surface layer where the maximum
content of slit fraction is observed (average over the profile — 33%). In summer,
during the period of the maximum formation of bacterial mat an increase of water
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content takes place: in June — 93%, in August — 92%. In autumn, a reduction of
water content values begins. In September in 0-3 cm surface layer they make up 87%,
in November they drop down to the level of the spring values (46% in 0—4 cm layer).

New in situ data on the vertical distribution of Cog and CaCOs values in the
bottom sediments made it possible to study the intra-annual dynamics of the main
geochemical characteristics in the areas of methane jet emissions and to assess the
impact of mat structures on it. In June and August a comparison of profiles of Corg
and CaCOg; content in the bottom sediments was carried out for the samples taken
in the central part of the mat and on its periphery.

Intra-annual variability in Corg Vertical distribution (Fig. 4) can be correlated
with three stages of geochemical characteristics: before the formation of bacterial
mass (May), the period of the maximum bacterial mat formation (June — Septem-
ber), the period of mat buildups destruction (November).
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Fig. 4. Intra-annual variability of Corg Vvertical distribution in the bottom sediment samples

It is shown that Corg content in 0 — 2 cm surface layer before the formation of
mat structures in May is low (0.5%), in June it increases up to 15.5% and then it
decreases down to 9.7% in September and 2.3% in November. The character of
vertical distribution of the obtained characteristics persists throughout the year and
the value of Corq content decreases with depth. The results obtained in August and
September showed that there are cases when the maximum values of Coq content
are noted in the subsurface layer. Such features are explained, on the one hand, by
the processes of organic matter removal during storms, on the other — by its more
intensive consumption and less intensive production.

The analysis of samples taken in the central part of the mat and on its periph-
ery revealed the fact that the obtained quantitative characteristics of Corg content
have a number of differences. It is shown that in August in the central part of the
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mat the maximum concentrations of Corg Samples are 14.6% and they are found in
4-6 cm subsurface layer, 10.7% — in 0—4 cm layer; in September 12.3% —in 3-5 cm
layer, 9.7% — in 0-3 cm layer. On the periphery Corg content is maximal in 0-1 cm
layer in August (4.9%) and in 0-2 cm layer in September (6.9%). The values of
organic carbon concentration with the distance from the central part to the periph-
ery significantly decrease with depth. In the surface layer they differ by two times
and from 3-5 cm layer — by an order of magnitude.

In the vertical structure of sample taken on the periphery in September two
layers of mat are found. During the storm surface layer of mat is covered with sand
on which new bacterial constructions occur. Two-step formation of mat occurs in
this way. Vertical distribution of Corg concentrations increases (from 0.3% in 4—
9 cm layer to 3.6% in 9-13 cm layer), the one of CaCO; — decreases at that (from
97.8 t0 46.1% in the same layers).

CaCO; content in the surface layer is maximal in the end of May (93.5%). It de-
creases in June (16.6%) during the mat formation period and then increases from Au-
gust to November from 23.5 to 49.1%, respectively (Fig. 5). Inorganic carbon content
in the sediments has an inverse relation to the organic carbon content (Fig. 6).
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vertical distribution in the bottom sediment the bottom sediment samples
samples

A comparison of concentrations in the central part of the mat and on the periphery
showed that on the mat periphery carbonate content profile aligns from 0-2 cm layer
(91% and higher), while in the central part similar values were recorded below 8 cm.

Conclusions. Based on the latest data from field observations, the results of the
study of the intra-annual dynamics of the main physical and chemical characteristics
of bottom sediments in the area of coastal methane seeps were obtained. This is the
uniqueness of the work.

Bottom sediments of the studied area are represented mainly by light yellow and
grey sands with shell detritus inclusions, coarse material content varies within 0.4—
1.1% range and in the surface layers the presence of slits is determined. Corg CONtent
increases from 0.5% in May to 15.5% in June and then it decreases again down to
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2.3% in November. It is shown that bacterial mass formation begins in May after
the formation of stable vertical stratification of water column; the maximum is
reached in August — September when the greatest bacterial biomass and the highest
values of dissolved sulfide concentration are observed. Later, when the storm sea-
son comes, destruction and degradation of bacterial biomass layers takes place, and
the processes of methane aerobic oxidation are replaced by anaerobic ones.

It is shown how the features of formation of clumps of anaerobic bacterial
mats in different seasons affect the intensity of Corq and hydrogen sulfide produc-
tion at the methane assimilation.
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