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The results of determining the lower boundary of the methane hydrate stability zone based on geothermal 
measurements in 22 wells of the Srednevilyuisk gas-condensate field have been presented. A graphical method 
has been applied, which consisted in comparing the thermograms with a phase diagram characterizing the equi-
librium conditions of formation for the methane gas hydrates contained in the upper deposits of the field. At 
present, the upper gas deposits of the field (depths of 1035 and 1057 m) are located only 60–70 m below the 
stability zone. An approximate assessment of changes in the location of the lower boundary of the stability zone 
of methane hydrates in the Late Neopleistocene–Holocene has been made. It has been revealed that during the 
cold periods (~130 and 15 thousand years ago), the stability zone could fall below the upper gas deposits of the 
Srednevilyuisk field by 20–50 m.
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INTRODUCTION

Natural gas hydrates can form and persist only in 
those layers of sediments (zones of hydrate stability) 
in which there are favorable thermobaric (PT) condi-
tions [Istomin, Yakushev, 1992]. Current zones of sta-
bility of gas hydrates in the deposits of the Northern 
Hemisphere had been formed during the cooling of 
the climate in the Pleistocene and the origin of the 
cryolithozone. The formation and development of the 
zones of gas-hydrates stability on the continents as a 
whole repeat the evolution of permafrost [Ro-
manovskii, 1993].

In a recent work by the authors [Duchkov et al., 
2019], the current location of the boundaries of the 
methane hydrate stability zones (MHSZ) in the de-
posits of the sedimentary cover of the Vilyui Syn-
eclise, overlain from the surface by a cryogenic stra-
tum having a thickness of 480 to 650 m, has been de-
termined. The MHSZ of the syneclise include huge 
massifs of the frozen and thawed Cretaceous and Up-
per Jurassic deposits, occurring on average at the 
depths of 200 to 1200 m. Multi-storey gas and gas 
condensate fields have been discovered in the region 
[Sitnikov et al., 2017], the upper deposits of which ap-
proach the lower boundary of the MHSZ. Of greatest 
interest in that regard is the Srednevilyuisk gas-con-
densate field (GCF), where the lower boundary of the 
MHSZ is located, according to our calculations, only 
a hundred meters above the upper gas accumulation 
[Duchkov et al., 2019]. To clarify the relative position 

of the methane hydrate stability zone and the upper 
gas accumulation, the authors have carried out a 
more detailed study of the MHSZ parameters in the 
deposits of that field. Relatively recently, a similar 
study has been carried out for the neighboring Mas-
takh gas-condensate field [Sivtsev, Rozhin, 2011].

It is known that in the Late Neopleistocene–Ho-
locene, the climate of Siberia underwent significant 
changes, there were frequent alternations of warm 
and glacial epochs, during which the mean-annual 
temperature dropped below the current one by 
8–15 °C [Derevyanko, 2008; Fotiev, 2020]. Those cli-
mate variations inevitably had to cause correspond-
ing changes in the thickness of the permafrost and the 
methane hydrate stability zones. In [Bondarev et al., 
2019], for the first time, mathematical modeling of 
possible changes in the permafrost thickness in the 
Vilyui Syneclise regions in the Late Neopleistocene–
Holocene (in the period from 200 thousand years ago 
up to the present) has been carried out. The authors 
have used the results obtained at the same time to 
roughly estimate the dynamics of displacements of 
the lower boundary of the MHSZ in the Vilyui Syn-
eclise in the Late Neopleistocene–Holocene and the 
probability that the upper gas deposits of the Sredn-
evilyuisk GCF will ever enter the MHSZ during that 
period (with their constant location through the 
depth). The results of those studies are presented in 
this article.

Copyright © 2021 A.D. Duchkov, V.P. Semenov, L.S. Sokolova, A.I. Sivtsev, All rights reserved.
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Srednevilyuisk gas-condensate field
The Srednevilyuisk gas-condensate field is lo-

cated 60 km east of the city of Vilyuisk of the Sakha 
Republic (Yakutia), on the right and left banks of the 
Vilyui River (Fig. 1).

Tectonically, the field is confined to the double-
plunging anticline of the same name on the Srednev-
ilyuisk–Tolonsk dome-shaped uplift of the western 
slope of the Khapchagai mega-swell. The field is 
multi-accumulation one. The Permian, Triassic and 
Jurassic deposits are gas-bearing. The main accumu-
lations are located in the Lower Triassic deposits at 
depths of 2332–2590 m. The section along the I–I 
latitudinal profile (Fig. 2) demonstrates that the up-
per portion of the section, in which the permafrost 
and MHSZ are located, is composed of terrigenous 
deposits (sandstones with interlayers of siltstones 
and mudstones) of the Upper Jurassic–Cretaceous 
age, which are saturated with fresh or brackish waters 
[Kontorovich et al., 1981]. The work [Grubov, Slavin, 
1971] presents the results of the study of groundwa-
ter directly in the Srednevilyuisk region. They indi-
cate that the Upper Jurassic and Cretaceous deposits 
are saturated with fresh and slightly brackish waters, 
the salinity of which is on average 0.5–2.2 g/L. The 
water abundance of deposits is determined by the po-
rosity, reaching 27–33 %, the water is saturated with 
gas of methane composition (up to 95–99 %).

The upper-strata arched accumulation (J3–I) of 
the Srednevilyuisk gas-condensate field is confined to 

the lower part of the Upper Jurassic Marykchan For-
mation, composed of sandstones with interlayers of 
siltstones and mudstones. The geological model of the 
reservoir has been built based on the results of drill-
ing and geophysical data. According to that model, 
the gas-water contact (GWC) of the accumulation is 
located at a depth of ~1035 m (at absolute depth of 
–918 m), the height of the deposit is 18.4 m, the 
depth of its upper boundary is ~1016 m, and the gas-
bearing area is 10.9 km2. The spatial position of the 
upper accumulation (a projection onto the earth’s 
surface of the gas-water contact) is demonstrated in 
Fig. 1. The contour of the accumulation is also dem-
onstrated in the section along the I–I profile (Fig. 2). 
Approximately 20  m lower, in the Lower Vilyui 
Forma tion, a second Upper Jurassic accumulation 
(J3–II) has been revealed, the GWC of which has 
been fixed at a depth of ~1057 m (at absolute depth of 
–940 m). The rest of the accumulations of the Sredn-
evilyuisk gas condensate field are located at depths of 
more than 1400 m.

Temperature distribution in the upper part  
of the Srednevilyuisk gas-condensate field section

The temperature regime of sedimentary rocks of 
the Srednevilyuisk field has been studied in sufficient 
detail as a result of many years of geothermal studies 
carried out here by employees of the Melnikov Per-
mafrost Institute (IMZ), SB RAS [Semenov, Zhe-
leznyak, 2013; Zheleznyak, Semenov, 2020]. Table 1 
shows the values of the permafrost thickness and rock 

Fig. 1. Scheme of the lower boundaries of cryolithozone and methane hydrate stability zone in the sediments 
of the Srednevilyuisk gas-condensate field.
1 – the wells used for an estimation of the depth of the MHSZ lower boundary (in the numerator – the number of the well, in the 
denominator – the depth of the MHSZ lower boundary, m); 2 – isolines of the cryolithozone thickness, m; 3 – geological-geophys-
ical section I–I; 4 – projection of the gas-water contact of the Upper Jurassic accumulation (J3–I) of the field on the earth’s surface; 
5 – surface watercourses.
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temperature at a depth of 1 km for 22 wells in the 
field (Fig. 1).

Based on those data, a diagram of the depth of 
lower boundary (Hp) of permafrost within the Sredn-
evilyuisk gas-condensate field has been compiled 
(Fig. 1). The section (Fig. 2) demonstrates the loca-
tion of the Hp and the temperature distribution in the 
sediments below the permafrost. In the studied area, 
the thickness of the permafrost varies from 450 to 
630 m with an average value of 520 m. In the central 
part of the area, it is 460–520 m; its increase has been 
recorded in the northern, eastern and southern direc-
tions up to 570–630 m.

The Hp of permafrost was mainly determined by 
the location of the zero geoisotherm on the well ther-
mograms. That method is confirmed by numerous ex-
perimental data indicating that freezing (or thawing) 
of fresh formation waters occurs when the tempera-
ture reaches 0 °C. For several wells (No. 4, 8, 20), 
when estimating the Hp, standard logging data were 
used.

Temperature values at a depth of 1 km (T1) have 
been determined for 19 wells using thermograms from 
the archive of the Melnikov Permafrost Institute, SB 
RAS. Within the Srednevilyuisk gas-condensate field, 
the temperature at that depth varies from 13.8 to 
19.0 °C, its average value is 16.3 °C. In the subperma-
frost layer, the sediment temperature increases rap-
idly with depth (Fig. 2): the zero geotherm is located 
along the profile approximately at a depth of 0.5 km 
below the surface, the 5 °C and 30 °C isotherms lie at 
the depths of 0.7 km and 1.4 km. At a depth of 2 and 
3 km, the average temperatures are: T2 = 49 °C and 
T3 = 83 °C; the average geothermal gradient in sub-

permafrost sediments is estimated at 3.38 °C/100 m, 
and the average heat flux within the gas-condensate 
field is about 60  mW/m2 [Zheleznyak, Semenov, 
2020].

The methane hydrate stability zone in sedimentary 
rocks of the Srednevilyuisk gas-condensate field

To assess the Hh position in the sediments of the 
Srednevilyuisk gas-condensate field, a graphical 
method was used, which consists in comparing the 
thermograms with the equilibrium curve of hydrate 
formation (phase diagram) for the actual composition 
of gas in the upper gas accumulation and fresh water. 
The intersection points of the thermograms and the 
phase diagram, plotted in the same coordinate system 
(depth and temperature) and on the same scale, give 
estimates of the depth of the location of the upper and 
lower boundaries of the stability zone. When carrying 
out the calculations, a hydrostatic model of the pres-
sure change with depth was being adopted.

In this study, the authors are mainly interested 
in the location of the lower boundary of MHSZ, since 
it has been previously demonstrated [Duchkov et al., 
2019] that within the Vilyui Syneclise, the upper 
boundary of the MHSZ is everywhere at depths of 
180–200 m.

According to the archival data, the gas of the up-
per accumulation of the Srednevilyuisk gas-conden-
sate field consists of CH4 (97.05 %) and other compo-
nents, the set of which is almost similar to the gas 
composition of the Mastakh gas-condensate field, for 
which the equilibrium conditions of hydrate forma-
tion have been estimated in [Sivtsev, Rozhin, 2011]. 
The corresponding phase diagram is shown in Fig. 3. 

Fig. 2. Latitudinal geological-geophysical section of the Srednevilyuisk gas-condensate field.
1 – Q, Quaternary deposits; 2 – K2, sands and sandstones with interlayers of siltstones and clays; 3 – K1, interbedding of gray-
colored sandstones with siltstones, mudstones and clays; 4 – J3, sandstones interbedded with mudstones and siltstones; 5 – J2, 
sandstones with subordinate alternation of mudstones and siltstones; 6 – boundaries of geological complexes; 7 – the permafrost  
lower boundary; 8 – isotherms, °С; 9 – well and its number; 10 – the MHSZ lower boundary; 11 – location of the gas-water contact 
(GWC) of the Upper Jurassic gas accumulation (J3–I).
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Calculations have been made for fresh water accord-
ing to the method presented in [Sloan, 1997].

With the help of that phase diagram, as well as 
the Hp and Т1 values indicated in Table 1, estimates of 
the depth of the lower boundary of the MHSZ have 
been done for 19 wells. Comparison of the Hp and Hh 
values has revealed a good correlation between those 
values: Hh = 470 + 0.94 Hp (R2 = 0.54). The resulting 
ratio was used to estimate Hh for three wells (No. 4, 8, 
20), in which it was not possible to perform tempera-
ture measurements. The Hh values for all wells are 
summarized in Table 1 and demonstrated in Fig. 1. 
Figure 2 demonstrates that the lower boundary of the 
MHSZ is located in subpermafrost sediments along 
the I–I profile from west to east at depths of 870–
1100 m, practically occupying the position of the 
15 °C geoisotherm. The average depth of the Hh is 
about 960 m. The zone of methane-hydrate stability 
includes the frozen and thawed Cretaceous sandy-
silty sediments. The highest position (up to 900–
950 m), Hh achieves in the central part of the field 
(the thickness of the MHSZ decreases there up to 
700–750 m). To the north, east and south, the lower 
boundary of the MHSZ drops to 1000–1100  m. 
Within the contour of the upper gas accumulation, it 
is located at depths of 940–950 m. From the upper 
boundary of the accumulation (at a depth of about 
1016 m), the MHSZ is separated by a strata only 70–
80 m thick. 

Thus, a more detailed study of the MHSZ pa-
rameters in the sediments of the Srednevilyuisk gas-
condensate field has confirmed that at present the 

upper gas accumulation of that field is located deeper 
than the lower boundary of the MHSZ.

It can be assumed that in the preceding colder 
(glacial) epochs, the thickness of the MHSZ was 
greater than the present-day one, and it could be clos-
er to the upper accumulation of the Srednevilyuisk 
gas-condensate field or even capture it. We tried to 
assess that possibility using the results of the model-
ing of changes in thickness of the cryogenic strata in 
past epochs in the Vilyui Syneclise, carried out at the 
Institute of Oil and Gas Problems SB RAS [Bondarev 
et al., 2019].

Approximate assessment of changes 
in the boundaries of the MHSZ in the sediments of 

the Srednevilyuisk GCF in the Late  
Neopleistocene–Holocene

Mathematical modeling of possible changes in 
the permafrost parameters of the Vilyui Syneclise in 
past epochs has been carried out in [Bondarev et al., 
2019] for a sediment massif with a thickness of 3 km 
and various conditions. At the upper boundary of the 
massif, as boundary conditions, in one case, the 
changes in air temperature deviations from the cur-
rent temperature at the boundary of ice formation in 
Antarctica have been used [Kotlyakov, Lorius, 2000]. 
In the other one, for the same purpose, the tempera-
ture changes obtained as a result of geocryological 
interpretation of the paleoclimatic record based on 
comprehensive studies of the valve content of dia-
toms and biogenic silica in bottom sediments of Bai-
kal Lake [Fotiev, 2009] have been applied. Two differ-
ent conditions were also assumed at the lower bound-
ary of the massif: either a constant temperature equal 

Fig. 3. Equilibrium conditions of hydrate forma-
tion (phase diagram) for the gas of the following 
composition (mol %): CH4 – 96.69; C2H6 – 2.01; 
C3H8 – 0.27; C4H10 – 0.14; CO2 – 0.2; N2 – 0.64 
[Sivtsev, Rozhin, 2011].
Calculations have been made for fresh water according to the 
method presented in [Sloan, 1997]. In the figure: above the 
equilibrium curve is the area of methane-hydrate formation (A), 
and below it is the area of the two-phase ‘water–gas’ or ‘ice–gas’ 
state (B).

Ta b l e  1. The thickness of cryolithozone  
 and the depth of lower boundary of the MHSZ  
 for the wells of the Srednevilyuisk gas-condensate field

Well 
num-
bers

Нp, m Т1, °С Нh, m
Well 
num-
bers

Нp, m Т1, °С Нh, m

1 500 17 930 14 570 14.5 1040
2 580 16 980 15 480 17 930
3 500 18.2 900 16 560 16 980
4 560 – 1000* 19 510 17 940
5 480 18 900 20 460 – 900*

6 480 18 900 28 630 13.8 1060
7 460 17 930 29 590 15 940
8 560 – 1000* 30 540 14 1060

10 450 19 870 50 510 17 940
11 560 12 1100 86 500 16.6 950
12 510 17.5 930 Mean 520 16.3 960
13 480 16.5 950

*The values have been determined by the formula 
Нh = 470 + 0.94Нp.

N o t e: Нp – thickness of the cryolithozone (depth of the 
zero isotherm) [Zheleznyak, Semenov, 2020]; Т1 – sediment 
temperature at a depth of 1 km; Нh – depth of the MHSZ lower 
boundary.
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to 83 °C, or a constant intraterrestrial heat flux equal 
to 60 mW/m2. Both of those conditions mean the 
temperature distribution in the subpermafrost rocks 
of the massiv during the entire modeling period cor-
responded to the current one. The calculation results 
(changes in Нp under different conditions in the pe-
riod of from 200 ky BP up to the present) are shown 
in Fig. 4.

The calculations for the area of Srednevilyuisk 
gas-condensate field, where temperatures, heat fluxes 
and thermal properties of rocks were measured, have 
been performed. Modeling has revealed that in the 
Srednevilyuisk GCF area (and, apparently, in the en-
tire Vilyui Syneclise) in the Late Neopleistocene–
Holocene there was a cryolithozone close to the cur-
rent one in thickness. It had been formed more than 
200 ky BP and existed not only in cold epochs, but 
also in warm ones. Different conditions for setting the 
temperature at the boundaries of the massif lead to 
significant differences in the location of the cryo-
lithozone lower boundary, although in each case Hp 
for 200 thousand years moved by no more than 100–
140 m. The Hp position is more influenced by the tem-
perature at the lower boundary of the massif, and to a 
lesser extent it depends on the chosen climate change 
scenario. More severe conditions (thicker perma-

frost) are predicted when a constant value of the heat 
flow is set at the lower boundary of the massif.

The assessment of the location of the lower 
boundary of the MHSZ in the sediments during that 
period can be performed for each of the Hp graphs. 
However, it is preferable to choose the most realistic 
schedule for further work. The selection criterion can 
be, for example, the ratio of current measured and the 
calculated values of average permafrost thickness. 
According to various estimates, at present, the aver-
age thickness of permafrost within the Srednevilyuisk 
gas-condensate field is estimated at 520–550 m (Tab-
le 1 [Duchkov et al., 2019]). From Fig. 4 it follows 
that the 2 and 4 graphs are closest to the average 
measured Hp values (Hp = 518 and 560 m, respective-
ly). The 1 and 3 graphs demonstrate lower values of 
Hp. From the 2 and 4  graphs, it follows that the 
4 graph predicts the deepest freezing of sediments in 
past epochs. The authors have chosen it to assess pos-
sible changes in the MHSZ parameters within the 
field. For simplicity, it has been decided to evaluate 
the position of Нh only at the extreme and terminal 
points of the 4 graph, that is, at 5 points (I–V), the 
parameters of which (t and Нp) are shown in Table 2. 
That approach allows us to determine the most inter-
esting information on the maximum displacements of 
the Нh border in time.

To assess changes in the depth of the lower 
boundary (Нh) of the methane hydrate stability zone 
in the period under consideration, it is sufficient to 
know the location of the zero isotherm (Нp) and the 
temperature value at a depth of 1 km (T1). Estimates 
of the T1 values have been made according to the pre-
viously mentioned average value of the geothermal 
gradient in the subpermafrost sediments of the Sredn-
evilyuisk gas-condensate field equal to 3.38 °С/100 m. 
That choice of the gradient is justified by the condi-
tion adopted in the modeling at the lower boundary 
(3 km) of the rock massif, namely, preservation of a 
heat flow equal to the current one during the entire 
time period (200 ky). That condition presupposes 
that the temperature field of the permafrost sedi-
ments practically remains unchanged in the same pe-
riod. The T1 (°C) values were determined by the for-
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Fig. 4. Dynamics of changes in the location of the  
lower boundary of permafrost (Hp) in the Sred -
nevilyuisk region under various scenarios of clima te 
change and temperature conditions at the lower bo-
undary of the model massif [Bondarev et al., 2019].
Graphs 1, 2 – temperature of sediments at the upper boundary 
of the massif according to the Baikal Chronicle [Fotiev, 2009]; 
graphs 3, 4 – temperature of sediments at the upper boundary 
of the massif according to the study of the ice core of the Ant-
arctica [Kotlyakov, Lorius, 2000]; graphs 1, 3 – at the lower 
boundary of the massif (3000 m), a constant temperature of 
sediments (83 °C) is maintained; graphs 2, 4 – a constant heat 
flux (60 mW/m2) remains at the lower boundary; I–V – points 
on graph 4, for which the location of the MHSZ lower boundary 
have been estimated.

Ta b l e  2. Position of the MHSZ lower boundary 
 in the sediments of the Srednevilyuisk  
 gas-condensate field

Number of 
point (Fig. 4)

t,  
ky BP Нp, m Т1, °C Нh, m

I 200 480 17.7 910
II 130 595 13.7 1060
III 112 538 15.6 990
IV 15 610 13.3 1080
V 0 560 14.8 1010

N o t e: Нp – temperature of sediments at a depth of 1 km 
has been calculated by the formula T1 = 0.0338 (1000 – Нp).
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mula T1 = 0.0338 (1000 – Hp). When assessing the 
location of the lower boundary of the MHSZ (Hp), a 
graphical method has been used – geothermal data 
(Hp and T1) were compared with the phase diagram 
presented in Fig. 3. The results of calculations for T1 
and Hh are shown in Table 2. Graphs of possible max-
imum displacements of Hp and Hh in the Neopleisto-
cene–Holocene are demonstrated in Fig. 5.

200 ky BP, the lower boundaries of the perma-
frost and the MHSZ were located at depths of 480 
and 910 m, respectively, i.e. occupied the highest po-
sition. Subsequently, the thickness of permafrost and 
the methane hydrates stability zone as a whole in-
creased under the influence of several cold snaps. The 
deepest Hp (up to 595–610 m) and Hh (up to 1060–
1080 m) deepened 130 and 15 ky BP. In both cases, 
the MHSZ could capture both Upper Jurassic accu-
mulations of the Srednevilyuisk GCF, the gas-water 
contacts of which are located at depths of 1035 and 
1057 m. In the last cold period, Hh could sink 20 m 
below the second Upper Jurassic (J3–II) accumula-
tion.

It should be noted that the used graphical meth-
od makes it possible to solve the main problem po-
sed – to assess the change dynamics in the depth of 
the lower boundary of the MHSZ in the Neopleisto-
cene–Holocene without taking into account the time 
lag of the Hh displacements relative to Hp. Further 
development of the method for modeling the dynam-
ics of changes in the permafrost and MHSZ parame-
ters may, in our opinion, lead to a refinement of the 
obtained estimates.

Comparison of the calculation results  
with geological information on climate change

It is of interest to compare the information ob-
tained on possible changes in the position in the sec-
tion of the lower boundaries of the permafrost and 
the MHSZ (Table 2, Fig. 5) with the description of 
the main climatic events in the Late Neopleistocene–
Holocene [Derevyanko, 2008; Fotiev, 2020]. Those 
studies demonstrate that global paleoclimatic events 
in the Late Neopleistocene–Holocene, established by 
the ratio of oxygen isotopes in the core of marine sed-
iments, by the content of biogenic silica in the sedi-
ments of Lake Baikal, by the study of the ice core of 
Antarctica and by the properties of soil sections of 
Siberia, are in good agreement with each other.

In the future, we will compare the Hp and Hh val-
ues obtained as a result of the analysis of graph 4 
(Fig. 4) with the characteristics of the alternating 
warm and cold periods of the Earth’s paleoclimate, 
determined by the materials of deep-sea drilling (each 
period is characterized by a separate MIS – marine 
oxygen isotope stage) and recorded in the climatic 
history of the West Siberian region [Derevyanko, 
2008], as well as in the geocryological annals of the 

Siberian Neopleistocene (thermochrones – warm pe-
riods, cryochrones – cold ones) [Fotiev, 2009, 2020].

The minimum values Hp and Hh have been deter-
mined for the moment of 200 ky BP. At that time, the 
warm climatic period ended (MIS 7, Shirtinsky ther-
mochron) and a long cold stage began (MIS 6, Taz 
cryochron), which lasted from 187 to 130–128 ky BP. 
During that stage, the Hp and Hh boundaries gradu-
ally subsided up to the maximum values reached 
about 130 ky BP. The cooling was replaced by a warm 
period (MIS 5, Kazantsevo Interglacial in Western 
Siberia, Kazantsevo thermochron), which lasted from 
128 to 70 ky BP. During that warm period, first there 
was a sharp rise in the Hp and Hh (112 ky BP), and 
then stabilization and slow subsidence of the bound-
aries occurred due to a gradual decrease in average 
surface temperatures. Approximately 70 ky BP, the 
Hp and Hh had reached the current values and contin-
ued to submerge under the influence of a decrease in 
surface temperatures during cold periods that oc-
curred 70–58 ky BP (MIS 4, Ermakovo Glaciation in 
Western Siberia, the beginning of the Zyryanka-Sar-
tan cryochron) and 32–11 ky BP (MIS 2, Sartan Gla-
ciation). The maximum values of the Hp and Hh had 
been reached 15 ky BP, approximately by the end of 
the Sartan Ice Age. Subsequently, the rise of the Hp 
and Hh boundaries to the present level began under 
the influence of climate warming in the Holocene 
(11–0 ky BP, MIS 1).

CONCLUSION

As a result of the carried-out studies, the MHSZ 
parameters in the sediments of the Srednevilyuisk 
gas-condensate field of the Vilyui Syneclise have been 

Fig. 5. Location of the lower boundary of permafrost 
and the methane hydrates stability zone in the sedi-
ments of the Srednevilyuisk region at separate time 
points I–V of the Late Neopleistocene–Holocene 
(period of 200 ky BP – the present).
1 – the  lower boundary of permafrost [Bondarev et al., 2019]; 
2 – the MHSZ lower boundary.
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determined. It has been revealed that there are very 
favorable conditions for the formation of accumula-
tions of methane hydrates: the presence of sandy res-
ervoirs, an increased content of methane dissolved in 
water throughout the section [Sitnikov et al., 2017], 
and a thick zone of hydrate stability. For the first 
time, for the conditions of the Vilyui Syneclise, it has 
been managed to make an approximate assessment of 
possible changes in the location of the MHSZ lower 
boundary in the Late Neopleistocene–Holocene, us-
ing the most probable, from our point of view, sce-
nario for the evolution of the permafrost zone out of 
those published in [Bondarev et al., 2019]. Calcula-
tions have demonstrated that during the cold periods, 
about 130 and 15 ky BP, the MHSZ lower boundary 
could deepen below two Upper Jurassic accumula-
tions (gas-water contact depths of 1035 and 1057 m) 
of the Srednevilyuisk GCF. To refine the obtained es-
timates, it is necessary to further develop methods for 
predicting changes in the parameters of both the 
MHSZ and permafrost zone under the influence of 
the climatic factor.

In conclusion, it can be noted that the estimates 
obtained by the authors for changes in the Neopleis-
tocene–Holocene of the MHSZ and permafrost lower 
boundaries (graph 4 in Fig. 4, Fig. 5) generally cor-
relate well with the known data on global paleocli-
matic events in that time period. The same conclusion 
can be made regarding the scenario illustrated by 
graph 3 (Fig. 4). At the same time, it is obvious that 
the nature of changes in the permafrost lower bound-
ary, demonstrated by graphs 1 and 2 (Fig. 4), does not 
correspond to the described climatic events. That 
makes it possible to suggests that the closest-to-real-
ity results, when modeling the dynamics of changes in 
the cryolithozone thickness in past epochs, have been 
obtained in [Bondarev et al., 2019] using the changes 
in relative temperature at the ice formation boundary 
in Antarctica as the upper boundary condition [Kot-
lyakov, Lorius, 2000].
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