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(Pavlidis, Scherbakov, 2000; Dudarev et al.,
2006). The content of aleurite component in
sediments along the profile varies from
26-58%, psammite from 0 to 36%.

According to the results of the description
of microscopic preparations, the presented
bottom sediments can be classified as
terrigenous with an insignificant admixture of
biogenic material. The main component of
sediments in the East Siberian Sea is silicon
due to the sharp prevalence of terrigenous
sedimentation. A high positive correlation of
this element with the content of the psammitic
fraction (0.76) is noted. The maximum SiO,
contents were recorded in the Wrangel graben
(station VS-200).

The content of basic oxides in the samples
varies in the following ranges (%): SiO, -
from 51 to 80, Al,Os - from 8.6 to 16, Fe,O; -
from 2 to 7, MgO- from 0.9 to 3, CaO- from 1
to 1.5, K,O- from 1-3, TiO,- from 0.4-0.6,
MnO- from 0.02-0.93.

TOC concentrations in samples of bottom
sediments vary from 0.29 to 2.27% of dry
matter (average 1.6%) (Fig. 4). This is
coicident with data from previous studies
(Vetrov et al., 2008; Pavlidis, Scherbakov,

2000). A significant positive correlation is
shown between the contents of organic carbon
and the pelite fraction (0.65). Sediments
are represented by practically carbon-free
differences (IC-0-0.06%), which is typical for
bottom sediments of the Arctic seas and is due
to the features of the polar biocenosis and its
biotype (Romankevich, Vetrov, 2001). A high
degree of correlation connects TOC with a
number of clements: Fe (0.87), Mg (0.88),
V (0.75), Cr (0.86), as they are able to form
stable organometallic complexes (Varshal et
al., 1994). The average content of chemical
elements and statistical parameters of their
distribution are presented in Table 2.

Normalization of the element contents to
their average content in clays and slates
(Vinogradov, 1962; Grigoriev, 2002) shows
that in the studied sediments, most of the
elements are presented in concentrations
below clarke - (0.2-0.7) x Ky (where Ky is the
concentration coefficient expressing the ratio
concentration of the element in the sediment
to its clark). The contents of Mo, Pb are
comparable with their contents in sedimentary
rocks. Above the clarke values are Fe, V, Cr,
Ba, Zn (Table 2).
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Figure 4. Diagram of the sediment grain-size composition and distribution of TOC
(logarithmic scale): 1-psammite; 2-aleurite; 3-pelite; 4-Lg TOC
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Table 2. Average contents of chemical elements in the bottom sediments of the East Siberian Sea,
statistical parameters of their distribution and concentration coefficients (Ky) in comparison with clarke

contents
. Content Average grade (sedimentary
Elements g Standard .
Max Min Average PRI Content Ky
deviation

Si % 37.21 239 29.01 2.74 23.8* 1.22
Ti -« 0.38 0.23 0.33 0.03 0.45%* 0.72
Al -« 8.46 4.55 6.51 0.61 10.45% 0.62
Fe -« 5.15 1.62 3.92 0.74 3.33* 1.18
Ca -« 1.13 0.79 0.97 0.10 2.53* 0.38
Mg -« 1.88 0.54 1.35 0.28 1.34* 1.01
K -« 5.13 1.90 1.98 0.70 2.28% 0.87
Na -« 5.13 1.90 2.94 0.70 0.66* 1.45
Mn -« 0.72 0.02 0.02 0.15 0.097** 0.81

P -« 0.32 0.06 0.12 0.05 0.08* 1.70
Copr -« 2.27 0.39 1.66 0.41 - -
\Y 107 % 276.8 59.8 161.5 41.0 120%** 1.35
Cr -« 82.7 31.2 69.8 10.9 76** 1.52
Co -« 34.0 4.8 11.7 7.0 19%* 0.62
Ni -« 67.1 11.6 33.2 11.0 47%* 0.71
Cu -« 467.8 7.2 35.5 90.2 36%* 0.99
Zn -« 185.9 37.7 109.5 30.9 S52%* 2.11
Sr -« 197.7 150.9 171.2 11.5 240** 0.71
Y -« 184 11.8 15.8 1.2 31** 0.51
Zr -« 77.8 49.0 66.7 5.9 190** 0.35
Mo -« 3.1 0.4 1.5 0.8 1.6** 0.95
Ag -« 0.21 0.12 0.17 0.02 0.2%* 0.85
Cd -« 2.12 0.06 0.29 0.42 1.0%* 0.29
Ba -« 706.2 575.3 665.3 29.7 460** 1.45
Pb -« 19.9 9.6 15.9 2.5 14** 1.14

Note: *-average content for sedimentary rocks by Vinogradov (1967), **-average content for sedimentary

rocks by Grigoriev (2002)

The distribution of most elements depends
on the grain-size distribution of the sediment.
Sediments enrichment of Al, Mg, Fe, K, TOC
correlates with the content of the pelitic
fraction, since these elements are part of clay
minerals (hydromica, chlorite, smectite, etc.)
that make up these fractions. Clay minerals
are also concentrators of many trace elements
(Co, Ni, Cu, Zn, V, etc.).

Minimum concentrations of most elements
were observed at VS-200 station, located in
the Vragel graben. Here, in sediments, the
maximum content of the psammite fraction
(33%), the minimum content of pelite (23%)
and the minimum values of TOC. When

moving towards the open sea (towards the
North Chukchi Trough), the proportion of
silica decreases and the proportion of pelitic
material in the sediment increases. At stations
in the northern part of the profile, located on
the border of the continental shelf and
controlled by the sublatitudinal Mendeleev-
Bering fault, anomalous contents of Mn, V,
Mo, Cu, Co, Cd, Ag are noted (Fig. 5). The
abundance of elements is considered to be
abnormal when the concentrations exceed a
value equal to the average content of the
element plus a triple value of the standard
deviation (Voroshilov, 2011).
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Figure 5. Methane content in bottom sediments of
the East Siberian Sea and locations of anomalous
metal contents

In the bottom water at these stations,
elevated methane contents (3-4 times relative
to the background) and abnormal hydrogen
contents (10-fold excess of the background)
were recorded (Table 1) according to the
results of gas-geochemical studies. That
indicates the activity of the fault zone
separating tectonic structures. An active
tectonic structure, the presence of fine-grained
sediments with a high concentration of
organic matter is favorable prerequisites for
the formation of specific hydrochemical
conditions, which leads to the accumulation of
a number of elements. An important factor
contributing to the concentration of these
elements in sediments is the biochemical
processes that are activated at the sites of
methane vents (Varshal et al., 1994).

The calculated lithochemical modules
characterizing the geological processes in
sediments (Yudovich, Ketris, 2000) also
indicate specific conditions of sedimentation
in the northern part of the profile. The
manganese module Mn/Fe fixes the difference
in the intensity of water migration of Mn and
Fe. The behavior of Mn and Fe in sea water is
different, so Mn(OH), dissolves much more
easily than Fe(OH); (Vinogradov, 1967). For
sediments of the southern and central parts of
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the profile, the Mn/Fe value does not exceed
0.01, which is typical for terrigenous clastic-
clay sedimentary rocks. For the sediments of
the northern part of the profile, the Mn/Fe
ratio reaches its maximum value -0.159; such
values are already characteristic of pelagic
aquatic clays. The maximum shift in the
Mn/Fe ratio may indicate the accumulation of
suspended forms of Mn in bottom waters as a
result of its gradual oxidation: Mn™* + O, —
MnO, (Yudovich, 2001).

The values of the titanium module (Mn +
Fe)/Ti, which is considered as one of the
criteria for the exhalation effect on the
sediment, vary from 7 to 17. These values are
more characteristic for terrigenous sediments
than for metal-bearing (Strakhov, 1967), but
there is an increase in this module at stations
in the northern part of the profile.

The aluminosilicate module (Al,05/Si0,)
reflects the degree of chemical differentiation
of sedimentary material and the level of the
matter geochemical transformation, which is
determined by the tectonic regime (Rusakov
et al., 2010). The module values increase
(from 0.11 to 0.27) at stations in the northern
part of the profile, in the zone of an active
tectonic structure. With an increase in the
AlL,05/Si10; ratio, the content of Fe, Mg, Co,
Ni, Cu, Zn, V in the sediment increases
(Fig. 6).
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Figure 6. The content of some metals (logarithmic
scale) in the sediment surface layer along the
profile relative to the aluminum-silicon module
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5. Conclusions

The conducted gas geochemical studies in
the East Siberian Sea made it possible to
characterize the distribution of saturated and
unsaturated hydrocarbon gases, hydrogen and
helium in bottom sediments along a regional
profile of 550 km long from Billings Cape to
the Mendeleev Ridge. The most contrasting
gas geochemical anomalies recorded in
sediments are obviously associated with
tectonic faults of various specializations. The
presence of hydrocarbon gases (up to pentane)
with typical anomalies in the sediments along
the profile allows to consider the continental
shelf of the East Siberian Sea as promising for
hydrocarbon potential, while the contribution
of carbonaceous matter is possible. The
migratory inflow of thermogenic gases to the
upper part of the section creates favorable
specific conditions for the formation of gas
hydrates in permeability zones.

The investigation results of the sediment
elemental composition show that most of the
elements are present in lower concentrations
relative to their average content in
sedimentary rocks - (0.2-0.7) x K. Contents
of Fe, V, Cr, Ba, Zn are above the clarke
values. Sediments are enriched with organic
carbon; and the TOC content correlates well
with the pelitic component.

The grain-size distribution and high
concentration of organic matter are the main
factors controlling the concentration of metals
in the sediments. Stations with abnormal
metal contents in the sediment (Mn, V, Mo,
Cu, Co, Cd, Ag) are identified in the northern
part of the profile. The accumulation of
anomalous metal contents is facilitated by
specific geological conditions that occur in
zones of gas anomalies within tectonically
active  structures, where  fine-grained
sediments enriched with organic matter are
present. The gasgeochemical fields formed in
this pattern can be applied as indicators in
forecasting of hydrocarbon accumulations,

and for the
assessing of

for mapping fault =zones,
environmental impact
hydrocarbon anomalies.

This approach could be especially effective
in the basins with low seismic activity such as
seas of East Siberian shelf and some of the
marginal seas of Pacific Ocean, e.g., East Sea.
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