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The territory of the north of Western Siberia is known as one of the promising regions of the Russian 
Arctic in terms of reserves of alternative fuel sources, in particular, gas hydrates. According to the results of 
interpretation of the data of 3D areal near-field transient electromagnetic sounding (NTES) in the permafrost 
zone, performed in Nadym district of the Yamalo-Nenets Autonomous okrug at depths of 100–220 m, geoelectric 
anomalies of increased electrical resistivity values were revealed, accompanied by the manifestation of double 
induced polarization. The authors associate the mentioned anomalies with the possible accumulations of gas 
hydrates in the permafrost thickness. To justify the applicability of the sounding method by the formation of the 
field in the near zone in a shallow modification for mapping subpermafrost geoelectric anomalies in the permafrost 
zone, a description of a mathematical experiment is presented. The experiment is based on empirical electromag
netic data. As a result of mathematical modeling, it is shown that the use of electromagnetic soundings by the 
formation of the field in the near zone makes it possible to estimate the conductivity and polarizability of the 
upper part of the section of the study area and to identify anomalies in the permafrost zone, which are probably 
associated with hydrate-bearing deposits.

Keywords: frozen ground, permafrost zone, gas hydrate, near-field transient electromagnetic sounding (NTES), 
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INTRODUCTION

In recent decades, an active search and explora
tion of hydrocarbon deposits has been carried out in 
the Russian Arctic. A significant role is played by 
electromagnetic studies, including near-field tran
sient electromagnetic sounding (NTES) aimed at 
studying the reservoir properties of the target inter
vals in both the upper and lower stages of the geo
logical section [Van’yan, 1965]. The most important 
feature of the north of Western Siberia is the wide
spread distribution of permafrost–the upper layer of 
the earth’s crust characterized by subzero tempera
tures of soils and rocks, regardless of the phase state 
of water in it [Shvetsov, 1955; Romanovsky, 1993]. 
Permafrost includes frozen (with ice), dry cryotic, 
and cryotic rocks. Cryotic rocks are saline or satu
rated with saline waters and brines with temperatures 
below 0 °C.

Another promising object of the study is repre
sented by gas hydrates associated with permafrost. 
Gas hydrates are ice-like crystalline compounds that 
form at certain temperatures and pressures from wa
ter molecules and low-molecular-weight gas (CH4, 
C2H6, CO2, N2, etc.) [Istomin and Yakushev, 1992].

The search, exploration, and development of 
hydrate-bearing accumulations in the Russian Arctic 
is limited by the inaccessibility of the region and the 
lack of a well-developed set of geophysical methods 
comparable in efficiency to marine research. In par
ticular, marine electrical exploration CSEM (con
trolled source electromagnetic method) in combina
tion with seismic exploration by the common depth 
point method (CDP) has become popular abroad to 
search for deposits of gas hydrates in the shelf zone 
[Vorob’ev and Malyukov, 2009]. A prerequisite for the 
successful application of shallow near-field transient 
electromagnetic sounding (shallow NTES) for solv
ing geocryological problems is the differentiation of 
the geoelectric characteristics of sedimentary rocks 
depending on their moisture content and ice content 
[Stogniy, 2003; Kozhevnikov et al., 2014; Ageev, 2019]. 
The efficiency of the shallow NTES method for study
ing both the upper part of the section and the deep 
(up to 3–4 km) layers in the geological conditions of 
Western Siberia is also reflected in [Buddo et al., 
2017, 2018, 2021; Sharlov et al., 2017; Misyurkeeva et 
al., 2017, 2019, 2020, 2021; Shelokhov et al., 2018; 
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Dolgikh et al., 2019; Rybalchenko et al., 2020]. How
ever, there is practically no confirmation of the results 
of interpretation of geophysical data indicating the 
detection of gas hydrate accumulations in the perma
frost by direct field methods (drilling of the wells).

In this article, the authors present and discuss the 
results of the work carried out by the shallow NTES 
method on the Tazovsky Peninsula (Nadym district). 
According to the results of electrical surveys, there are 
high-resistivity anomalies of specific electrical resis
tance (SER) accompanied by anomalies of doubled 
induced polarization (DIP) in the permafrost [Murzi-
na et al., 2016; Misyurkeeva et al., 2017, 2021]. Geo
electric structures of this kind were also found by 
other researchers [Kozhevnikov and Antonov, 2010; 
Afanasenkov et al., 2015] based on the results of elec
tromagnetic survey in the Russian Arctic.

ON GAS HYDRATES IN PERMAFROST  
OF THE NORTH OF WESTERN SIBERIA

Though most of the gas hydrate deposits discov
ered to date are confined to sea areas, the first indica
tion of the existence of continental gas hydrate de
posits in the permafrost zone were discovered in the 
early 1950s in Eastern Siberia [Chersky and Tsarev, 
1973]. Large accumulations of gas hydrates are 
known in frozen deposits of the Mackenzie River del
ta in Canada and in northern Alaska within large oil 
and gas fields [Aregbe, 2017; Uchida et al., 2000]. The 
existence of layers with gas hydrates in permafrost of 
northern areas of Western Siberia identified mainly 
by indirect evidence within the Messoyakha, Yam
burg, and Bovanenkovo fields was mentioned in a 
number of recent studies [Yakushev and Chuvilin, 
2000; Chuvilin et al., 2000, 2007; Yakushev et al., 2003; 
Yakushev, 2009; Leonov, 2010].

When analyzing the conditions for the existence 
of gas hydrate formations in the north of Western Si
beria, many researchers use such concepts as zones of 
stability [Istomin and Yakushev, 1992] and metastabil
ity of gas hydrates [Perlova, 2001; Yakushev et al., 
2003]. The term “gas hydrate stability zone” (GHSZ) 
is currently understood as “a part of the lithosphere 
and hydrosphere of the Earth, the thermobaric and 
geochemical regimes of which correspond to the con
ditions for the stable existence of natural gas hydrates 
of a certain composition” [Istomin and Yakushev, 
1992, p. 175].

The gas hydrate metastability zone (GHMZ) is a 
part of the permafrost section above the top of GHSZ, 
where the temperature regime of the rocks suggests 
the possibility of self-preservation of gas hydrates at 
subzero temperatures [Perlova, 2001]. In particular, 
according to the latest data, gas hydrates can form 
and exist for a long time in frozen sandy sediments 
with a low degree of salinity [Chuvilin et al., 2018, 
2019].

Not much is known about the distribution of gas 
hydrates within terrestrial paleobasins. Thus, in the 
Mackenzie River delta, their presence in is possible in 
permafrost areas, because the GHSZ on land is only 
formed in association with permafrost [Uchida, et al., 
2000]. Favorable conditions for the formation of sub
permafrost and intrapermafrost gas hydrate deposits 
exist in the northern part of the West Siberian basin 
with a continuous permafrost of 200–400 m in thick
ness [Ershov, 1989; Leonov, 2010].

As a rule, large accumulations of gases in the 
clathrate form are confined to areas of oil and gas 
fields [Yakushev et al., 2003; Chuvilin et al., 2007; 
Yakushev, 2009] and may consist of not only catagen
ic gas but also biogenic gas formed during the micro
bial decomposition of organic matter in sedimentary 
deposits [Yakushev and Chuvilin, 2000; Yakushev, 
2009; Leonov, 2010]. Most often, such accumulations 
are located in the GHSZ, but there are exceptions, in 
particular, the Yamburg gas condensate field on the 
Tazovsky Peninsula, 60 km north of the study area. 
The presence of metastable gas hydrates in the per
mafrost strata was noted here based on active gas 
manifestations and the determination of gas content 
in core samples at depths of 70–120 m [Istomin and 
Yakushev, 1992].

On the example of the Bovanenkovo field, 
V.L. Bondarev showed the presence of traces of fluid 
migration in the form of gas shows in the intervals of 
supra-Cenomanian deposits. Most of the gas shows 
are confined to the interval of 38–120 m [Bondarev et 
al., 2008]. Methane in the composition of gases is of 
predominantly biogenic origin. In some cases, the 13C 
isotope is present in the gases, which may indicate the 
presence of some amounts of epigenetic (migratory) 
gases in their composition [Bondarev et al., 2004].

In addition, heaving mounds (bulgunnyakhs) 
are widespread in the north of Western Siberia in the 
basins of drained thermokarst lakes (khasyreys). 
Some heaving mounds are considered traces of hydro
volcanic processes [Nezhdanov et al., 2011; Bogoyav-
lensky et al., 2019]. This indicates the possibility of 
methane entering with the upward flows of formation 
waters; this gas may be a “building material” for the 
formation of subpermafrost accumulations of gas hy
drates.

From the foregoing, it follows that the existence 
of stable gas hydrate formations associated with a 
thick permafrost and metastable relict accumulations 
of gas hydrates associated with incompletely thawed 
frozen strata of the past is possible in the north of 
Western Siberia. Metastable gas hydrates are not 
only a potential source of hydrocarbons located close 
to the surface; they are also an extremely unstable 
and explosive substance [Perlova et al., 2017], the po
sition of which in the section must be taken into ac
count when drilling and spudding deep wells.
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Mapping of sediments with possible hydrate  
content according to data of shallow near-field 

transient electromagnetic sounding  
in the north of Western Siberia

The studied, data from which are presented in 
this article and form the basis for further synthetic 
modeling, is located in the Tazovsky Peninsula, on 
the interfluve between the Khadutte and Tabyakha 
rivers in the upper reaches, on the schematic map of 
permafrost zoning [Baulin et al., 1967], it belongs to 
the northern zone, subzone of predominantly epige
netically frozen deposits (Fig. 1). Alluvial, lacustrine-
alluvial, and alluvial-estuary deposits of river terraces 
are epigenetically frozen; their freezing occurred from 
top to bottom after sedimentation.

The study area is located in the area of disjunct 
occurrence of modern and relict frozen strata sepa
rated by taliks. The total thickness of the cryogenic 
strata reaches 400 m and more. There are also numer
ous open and closed taliks under riverbeds and lakes, 
as well as areas of a sharp increase in the thickness of 
frozen strata [Baulin et al., 1967; Shpolyanskaya, 
1981].

The measurements were carried out using a Fast
Snap digital telemetry station for shallow-depth sur
veys over a dense network of observations (100 ob

servation points per 1 km2). A coaxial array with a 
100 × 100 m generator loop and two 10 × 10 m receiv
ing loops at a distance of 0 and 100 m from the array 
center was used as a probing array.

Figure 2 displays a section along the 13,500-m-
long shallow NTES profile oriented from south to 
north. The upper layer of modern permafrost with 
increased electrical resistivity values (from 500 to 
2000 W⋅m) reaches a depth of about 80–100 meters. 
This layer is characterized by a sharp increase in re
sistivity values compared to the underlying strata. It 
is represented by lacustrine-alluvial, alluvial-marine, 
and glacial-marine deposits of the Quaternary age 
[Shatsky, 1978]. Taking into account the geocryologi
cal conditions of the study area [Ershov, 1989], the 
high-resistivity horizon identified in the upper part of 
the section is associated with the area of permafrost 
development and is characterized by the increased ice 
content and temperatures of about –5 °С.

On the profile built according to the shallow 
NTES data (Fig.  2), within intervals of 2.0–11.6, 
12.2–13.1 km, the modern layer of frozen rocks (resis
tivity 500–2000 W⋅m) is underlain by a heterogeneous 
layer with the lower boundary in the form of high-re
sistivity “pockets”. The resistivity of rocks in this in
terval decreases to 20–80 W⋅m with local peaks up to 
150–300 W⋅m. The thickness of this layer is also quite 
variable, from 50 to 160 m. This interval is mainly rep
resented by the Korlikovskaya sequence (Oligocene) 
of whitish and light gray sands, poorly sorted, with 
lenses of gravelstones. The abundance of kaolin in the 
form of nest filler, lenticular layers, and pellets is typi
cal [Shatsky, 1978]. On the graph of temperature dis
tribution over depth [Ershov, 1989], the permafrost 
temperature in this layer (at depths from 100 to 
200 m) increases with depth from –4 to –2 °C. A sig
nificant decrease in resistivity relative to the overly
ing high-resistivity horizon can also be associated 
with a decrease in the ice content with depth.

Below this parts of the section, there are taliks 
mainly lying under a layer of modern frozen strata. 
According to the shallow NTES data, they corre
spond to resistivity values from 5 to 10 W⋅m.

The lower layer of relic permafrost is located in 
the thickness of the Eocene-Paleocene deposits 
[Shatsky, 1978]. According to the shallow NTES data 
(Fig. 2), it corresponds to lower resistivity values, 
from 25 to 65 W×m, and its thickness presumably 
reaches 200 m. The deposits are represented by alter
nating layers of fine- and medium-grained sands, di
atomite and opoka-like clays. Temperatures of 
–2…0 °C are typical for this depth interval [Ershov, 
1989]. With depth, the temperature of the rocks rela
tively quickly rises to values at which phase transi
tions of water begin. However, due to the zero curtain 
effect, the rocks can remain in a frozen state for quite 
a long time [Baulin et al., 1967; Shpolyanskaya, 1981; 
Ershov, 1989].

Fig. 1. Schematic map of permafrost zones and sub-
zones [Baulin et al., 1967].
1 – northern zone (a, subzone of polygenetically frozen sedi
ments; b, subzone of predominantly epigenetically frozen sedi
ments); 2 – central zone (a, subzone of frozen mineral soils and 
peat bogs; b, subzone of frozen peat bogs); 3 – southern zone of 
deep-lying relic frozen strata; 4 – area of field work with shal
low-depth NTES.
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The anomalies in the form of high-resistivity 
pockets in the bottom part of the modern permafrost 
stratum identified according to the NTES data can 
probably be associated with both a local increase in 
the thickness of modern permafrost and the possible 
presence of hydrate-bearing deposits in the section 
[Misyurkeeva et al., 2017].

In accordance with the zoning map of the West 
Siberian oil and gas province [Kontorovich, 2008], the 
study area belongs to the Urengoy oil and gas field of 
the Nadym–Pur oil and gas region (OGR). At the 
same time, it is known that in the study area, at 
depths of 1100–1500 m, in the Cenomanian sedi
ments, stage, there is a giant gas deposit. The Ceno
manian productive stratum is characterized by sig
nificant heterogeneity. The most common in the sec
tion are fine-grained sandstones (sands) and 
siltstones (siltstones). Sandy-silty rocks are charac
terized by weak cementation. Sandstones and coarse-
grained silts with kaolinite cement have good reser
voir properties. The thickness of oil and gas reservoirs 
within the territory under consideration varies and is 
about 600–650 m. Spatial coincidence of the anoma
lies identified in the permafrost with the area of the 
predicted gas deposit in the Cenomanian strata 
(Fig. 3, d) is noted [Misyurkeeva et al., 2017].

Under the high-resistivity anomalies, in the un
derlying Eocene–Paleocene deposits (in the relic per
mafrost), subvertical anomalies of low resistivity rel
ative to the host deposits are observed, which can 
probably be associated with gas migration channels 
(Fig. 2). A spatial coincidence of the areas of anoma
lies with the position of heaving mounds on the 

earth’s surface was noted (Figs. 3, a, b, d), which may 
be indicative of the deep nature of the formation of 
these heaving mounds [Nezhdanov et al., 2011; Bo-
goyavlensky et al., 2019].

According to the totality of facts established 
during the shallow NTES work, namely: (1) the pres
ence of high-resistivity “pockets” in the near-bottom 
part of the modern permafrost; (2) the presence of 
low resistivity anomalies on geoelectric sections un
der the identified high-resistivity anomalies in the 
cryogenic stratum, interpreted as traces of fluid mi
gration [Murzina et al., 2016; Misyurkeeva et al., 2017, 
2021]; (3) the presence of heaving mounds on the 
surface associated with traces of deep fluid migration 
[Nezhdanov et al., 2011; Misyurkeeva et al., 2017, 
2021; Bogoyavlensky et al., 2019] over the identified 
resistivity anomalies; and (4) the coincidence of geo
electric anomalies and the areas of the predicted gas 
deposit in the Cenomanian sediments [Misyurkeeva 
et al., 2017], we can assume that the high-resistivity 
anomalies identified in the permafrost are associated 
with probable hydrate-containing deposits.

Evaluation of sensitivity of shallow NTES signals 
to identification of subpermafrost anomalies using 

mathematical modeling
To assess the sensitivity of nonstationary sound

ings to variations in the geoelectric characteristics of 
permafrost (electrical resistivity and inductively in
duced polarization of rocks) and layers below it, 
mathematical modeling of induction transient char
acteristics was carried out. Its essence was to calcu
late the shallow NTES curves for the selected physi

Fig. 2. Geoelectric section along the profile surveyed by the shallow NTES method on the interfluve between 
Khadutte and Tabykha rivers in their upper reaches. 
1 – heaving mound; 2 – supposed bottom of the upper layer of modern permafrost; 3 – supposed bottom of the layer of frozen hydrate-
bearing strata in the near-bottom part of modern permafrost; 4 – supposed base of the interpermafrost talik and the roof of the 
relict frozen rock; 5 – bottom of the lower relic layer of frozen rock; 6 – supposed accumulations of hydrate-bearing deposits; 7 – 
supposed channels of fluid migration. Q – Quaternary deposits, P2–3 – Oligocene deposits, P2 – Eocene deposits, and P1–2 – Pa
leocene–Eocene deposits.
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cal-geological model, apply electromagnetic (EM) 
interference characteristic of the area under study to 
them, and then solve the inverse problem of electrical 
exploration. When conducting a numerical experi
ment, calculations were carried out for an areal obser
vation network using the shallow NTES method ap
plied in the study. 

Based on the results of interpretation of the shal
low NTES data, simplified models M1 and M2 have 

been developed. Model M1 is a standard model of per
mafrost, and model M2 is a model of permafrost with 
a lens of supposed hydrate-bearing deposits under the 
permafrost layer. These models formed the basis for 
further modeling (Table 1).

In the study area, layer 1 (the upper layer of 
modern permafrost) of a depth of 100 m is represent
ed by ice-rich rocks with temperatures of about –5 °C 
and a resistivity of r = 2000 W⋅m. Permafrost polar

Fig. 3. Results of shallow NTES data interpretation for the interfluve between the Khadutte and Tabyakha 
rivers in their upper reaches.
a – thickness map (h) of the upper modern permafrost, including the assumed layer of hydrate-bearing deposits (0–200 m); b – map 
of the normalized resistivity (r) of the upper permafrost, including the assumed layer of hydrate-bearing deposits (0–200 m);  
c – map of the polarizability coefficient (h) of the upper modern permafrost (0–90 m); d – map of the polarizability coefficient of 
the high-resistivity layer (h) in the near-bottom part of the upper permafrost (90–200 m). 1 – heaving mound; 2 – position of the 
geoelectric profile; 3 – predicted area of gas field in the Cenomanian deposits; 4 – predicted area of hydrate-bearing deposits in the 
interpermafrost talik zone. 
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ization parameters according to Kozhevnikov: 
h ≈ 70 %, t = 3⋅10–5 s, С = 0.9 [Kozhevnikov and An-
tonov, 2010].

Layer 2 lying directly below the icy frozen rocks, 
in which the existence of gas hydrates is assumed, is 
represented by sands with interlayers of siltstones, 
silty, micaceous and opoka-like clays. It is character
ized by rather low resistivity values from 30 to 
50 W⋅m. Temperatures of –4…–2 °C are typical for 
this depth interval, and the presence of pore ice is as
sumed, which is favorable conditions for both accu
mulation of gas hydrates and preservation of relict 
gas hydrates [Chuvilin et al., 2019].

If there are hydrate-containing deposits in the 
permafrost, then due to the absence of dissociation of 
crystallization water in gas hydrate molecules, their 
accumulation should have high resistivity. According 
to laboratory studies, the resistivity of gas hydrates is 
about 150 W⋅m [Permyakov et al., 2017]. Taking into 
account the heterogeneity of the studied geological 
objects, for a lens of hydrate-bearing deposits, the re
sistivity can be about 110–300 W⋅m. The manifesta
tion of the FTI effect in the high-resistivity layer in 
the near-bottom part indicates the presence of ice in 
the lens. It is possible to assume that the polarization 
parameters of gas hydrates are similar to the proper
ties of frozen rocks: h ≈ 80 %, t = 2⋅10–4 s, С = 0.9. In 
the plantar part of the first and second layers, there is 
layer 3 (talik layer) with the average resistivity is 
9 W⋅m. Below the taliks, there is a relic frozen strata 
(layer 4) characterized by low resistivity values of 
about 30 W⋅m. Its thickness is about 200 m.

The solution of direct and inverse problems 
within the framework of the accepted models M1 and 
M2 was carried out using the Model 3 software [Aga-
fonov et al., 2006]. The synthetic transient responses 
obtained in the framework of the model experiment 
were calculated up to a time of 10 ms. The duration of 
the synthetic transient characteristics calculated in 

the framework of the model experiment was chosen 
based on the required depth of frozen strata (at least 
400 m) and the geoelectric parameters of the given 
models. The first type of curve (Fig. 4) is characteris
tic of permafrost (Table 1, M1). The second type of 
curve (Fig. 4) is characteristic of permafrost in the 
presence of a high-resistivity body in the near-bottom 
part associated with a lens of hydrate-bearing depos
its (Table 1, M2).

Several hundred responses were calculated, 
which were complicated by the addition of EM noise, 
in accordance with the noise parameters of real field 
data.

The area-averaged noise parameters were deter
mined using the TEM-Processing software by pro
cessing a set of real noise records obtained with the 
FastSnap equipment [Sharlov et al., 2010] at one of 
the shallow NTES survey sites in Western Siberia 
[Sharlov et al., 2017]. Each noise record was a series of 
measured background values of electromagnetic noise 
(noise oscillogram with arithmetic time step) with 
the current turned off in the generator loop. To deter
mine the maximum amplitude of the scatter of noise 
values (noise level), the noise record was recalculated 
into a logarithmic time grid corresponding to the 
time step of reading the synthetic curve. Next, the 
noise level was scaled to the level of the actually mea
sured signal, i.e. normalization was performed for the 
value of current in the generator loop (I ~ 17–20 A) 
and 2 N  where N is the number of accumulations 
performed when measuring real curves (N ~ 1600–
2400 accumulations). Figure 4 shows examples of 
synthetic responses calculated for different geoelec

Fig. 4. Electromotive force (EMF) of the NTES 
signal vs time for models M1 and M2.
1 – EMF curve for a coaxial loop over a polarized section of the 
frozen strata (Qq(M1)); 2 – EMF curve for a coaxial loop over 
a polarized section of the frozen strata with a lens of hydrate-
bearing deposits (Qq(M2)); 3 – noise level.

Ta b l e  1.	 Reference Models

Layer No. h, m r, W⋅m h, % t, s C

М1, geoelectric model of permafrost
1 100 2000 70 3⋅10–5 0.9
2 50 30 0 0 0
3 20 9 0 0 0
4 200 30 0 0 0

М2, geoelectric model with a lens  
of hydrate-bearing sediments under the permafrost

1 100 2000 70 3⋅10–5 0.9
2 100 200 80 2⋅10–4 0.9
3 20 9 0 0 0
4 200 30 0 0 0

N o t e: h is layer thickness, r is the electrical resistivity,  
h is the polarizability coefficient, t is the relaxation time, and  
C is the degree of polarization.
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tric conditions with a plotted noise level that does 
not exceed 0.015 mV/A.

By interpolating the previously described refer
ence models (Table 1), a three-dimensional geoelec
tric model of the geological section was formed with 
the presence of a gas hydrate deposit under the upper 
permafrost layer. The interpolation of the model took 
place in such a way that with each step, the analyzed 
subpermafrost layer was added 10 % of the resistivity 
parameters, h and h of the desired object (Table 2). 
The polarizability parameters were set for the first 
two horizons and for a subpermafrost high-resistivity 
object associated with gas hydrate accumulations. 
The relaxation time and the degree of polarization 
were fixed in accordance with the permafrost polar

Ta b l e  2. Models of subpermafrost anomaly associated  
	 with hydrate-containing deposits

No. r, % h, % h, m
1 10 20 35
2 20 30 40
3 30 40 45
4 40 50 50
5 50 55 60
6 60 60 70
7 70 65 75
8 80 70 85
9 90 80 90

N o t e : r – specific electrical resistance, h – polarizabil
ity coefficient, h – thickness.

Ta b l e  3.	 Results of synthetic modeling  
	 of shallow NTES signals

No.
Root-mean-square error of reconstruction  

of an anomalous object parameters

dSER, % dh,% Dh,%
1 31 43 9
2 27 40 9
3 22 30 5
4 16 20 5
5 10 25 10
6 11 17 13
7 11 7 13
8 6 5 2
9 10 1 5

N o t e: dSER is the rms error in determining the electrical 
resistivity, dh is the rms error in determining the polarizability 
coefficient, Dh is the rms error in determining the thickness.

Fig. 5. Plot of relative discrepancy (%) between 
synthetic noisy EMF signals from the background 
model and the model with a successive increase in 
the anomalous contribution vs the relaxation time 
(Table 2).
1 to 9 – discrepancies between the synthetic curves of the shal
low NTES in accordance with Table 2; 10 – the level of electro
magnetic noise according to the actual field data.

ization indices according to N.O. Kozhevnikov [Ko
zhevnikov and Antonov, 2010].

On the graph of the percentage discrepancy 
(Fig. 5) between the coaxial shallow NTES curves 
calculated from the models obtained by changing the 
parameters (resistivity, h, and h) of the subpermafrost 
layer, it can be seen that the amplitude of the anoma
ly is more than 100 % and repeatedly exceeds the 
noise level (2 %). This fact testifies to the high sensi
tivity of the NTES curves to changes in the subper
mafrost conductive half-space.

Data inversion was carried out automatically us
ing algorithms for solving poorly conditioned prob
lems according to A.N. Tikhonov [Tikhonov and Ars-
enin, 1986]. A priori information was taken into ac
count by fixing the number of layers in accordance 
with the geological model and the parameters of the 
first polarized permafrost layer. In the process of solv
ing the inverse problem, it was necessary to establish 
the fact of a change in the geoelectric situation when 
a lens of hydrate-bearing deposits appeared under the 
permafrost.

Several cycles of inversion took place. Initially, 
the resistivity model and the thickness of the subper
mafrost anomaly were determined. Then, the resistiv
ity model and the anomaly thickness were refined 
with the selection of polarizability parameters. The 
logarithmic root-mean-square discrepancy between 
the practical and theoretical curves was used as the 
minimization functional, which tends to zero in the 
process of solving the inverse problem.

When the discrepancy was less than 3 %, the 
sensitivity of the sounding curves to the electromag
netic anomaly was estimated. To do this, the root-
mean-square error d, % (Table 3) of the desired pa
rameters was calculated for the groups of curves 
formed in accordance with Table 2.
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Based on the results of modeling the shallow 
NTES curves for the southern part of the Tazovsky 
Peninsula (the area between the Khadutte and 
Tabyakha rivers), it is possible to confidently identify 
high-resistivity anomalies with a relative value of 
40 % with accompanying anomalies h ~ 50 % and the 
anomaly thickness increase by more than 50 m.

CONCLUSIONS

The features of the geoelectric section of perma
frost identified from data of near-field transient elec
tromagnetic sounding at the key site in Nadym dis
trict of the Yamalo-Nenets Autonomous okrug, on the 
interfluve between the Khadutte and Tabyakha rivers 
in their upper reaches, allow us to draw the following 
conclusions:

– high-resistivity resistivity SER anomalies ob
tained from the NTES field experiment and accompa
nied by DIP anomalies can be associated with chang
es in the permafrost structure, as well as with the pos
sibility of the existence of gas hydrates in the 
cryogenic layer;

– the coincidence of the spatial position of gas 
fields in the deposits of the Cenomanian stage and the 
anomalies identified according to the NTES data in 
the near-surface part of the section may indicate the 
possible deep nature of the formation of gas hydrate 
accumulations in the permafrost;

– subvertical anomalies of low SER under high-
resistivity anomalies can characterize manifestations 
of deep fluid migration;

– according to NTES, in the geological section of 
the northern part of Western Siberia, one can confi
dently identify subpermafrost anomalies of increased 
SER with a relative value of 40 % accompanied by 
anomalies h ~ 50 % with an increase in the thickness 
by more than 50 m;

– it is advisable to recommend a drilling study of 
the identified geophysical anomalies to clarify their 
nature and assess their possible connection with gas 
hydrate deposits.
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