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This study is aimed at a preliminary analysis of ground temperature data from ten thermometric boreholes 
drilled and equipped by the authors in the Upper Kolyma Highland (Magadan region) in 2021–2022. The 
boreholes of up to 15 m in depth are located in characteristic landscapes (rocky talus, mountainous tundra, larch 
woodland, river valleys) of the highland at heights from 618 to 1182 m a.s.l. Continuous monitoring of ground 
temperatures with a time step of 4 h was carried out. Data on the mean annual ground temperatures, seasonal 
thawing/freezing depths, and the depths of zero annual amplitude were obtained. The mean annual ground 
temperature varied from –0.1 to –3.8°C. The depth of seasonal thawing ranged from 0.9 to 2.6 m. The depth of 
zero annual amplitudes was 11.5 and 13 m in two boreholes. Two boreholes located in talik zones recorded the 
freezing depth of 2.6 and 3.6 m. Ground temperature regimes within the same region differed significantly de-
pending on landscape conditions: elevation, landform, composition of the rock, character of vegetation, and 
other factors. Based on the data obtained, it is planned to further develop the geocryological monitoring network 
in the Magadan region. For some of the boreholes, full annual cycle of observations on ground and air tempera-
tures, precipitation, and snow cover depth is available. As information on the state of permafrost in the terri-
tory under consideration is absent, publication of the obtained data of relatively short-term observations is 
relevant and timely.
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INTRODUCTION

One of the strategically important regions in the 
permafrost zone is the Magadan region (MR), which 
ranks first and second in Russia in terms of alluvial 
gold production and the scale of predicted resources 
of the bedrock gold, respectively [Reference..., 2021]. 
Over the past 50 years, the environmental conditions 
in the northeast of Russia (including the Chukotka 
Peninsula, Magadan region, and Eastern Yakutia) 
have changed significantly: air temperature has in-
creased by an average of +2.2°C, the hydrological re-
gime is being transformed, and, according to data 
from weather stations in the basins of the Yana and 
Indigirka rivers, the ground temperature has in-
creased [Makarieva et al., 2019].

An analysis of permafrost temperature data from 
thermometric boreholes in the coastal part of the MR 
showed that there is a trend toward an increase in 
permafrost temperature and in the active layer thick-
ness [Rozhina, Guly, 2021]. According to data from 

the Susuman station (continental part of MR) for the 
period of 1977–2013, the mean annual soil tempera-
ture at depths of 20, 40 and 80 cm also increased by 
0.9, 1.1, and 0.8°C, respectively [Zemlianskova et al., 
2023].

Information about the current state of perma-
frost in the northeast of Russia is limited. Fragmen-
tary data on the thermal regime in two boreholes on 
the Suntar-Khayata Ridge are given in [Sysolyatin et 
al., 2023b]. From 2010 to 2015, a warming trend was 
observed, and after that it was replaced by an equiva-
lent cooling until 2019. In 2022, three 30-m-deep 
boreholes were drilled and equipped in the mountain-
ous permafrost zone of Eastern Yakutia; a network of 
boreholes is planned along the Kolyma Highway con-
necting Yakutsk and Magadan [Sysolyatin et al., 
2023a].

To assess the state and temperature regime of 
permafrost, as well as to make forecasts and assess the 
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degree of geocryological risks, the main characteristic 
is ground temperature. The most common method for 
predicting changes in the permafrost is to conduct 
routine observations in thermometric boreholes. 
However, for the permafrost zone of Russia, the net-
work of ground temperature observations is very 
sparse [Melnikov et al., 2022], the data series have dif-
ferent durations, and the state network of geocryo-
logical monitoring is only at the stage of being orga-
nized [Verkulich et al., 2021].

In the Magadan region, active study of perma-
frost distribution and permafrost temperatures began 
in the mid-1940s. This was due to the need to design 
and justify the construction of industrial and civil 
structures. In 1936–1939, for the first time, the pro-
cesses of ground freezing and thawing were studied 
on experimental sections of the Yagodnoye–Berelekh 
road. A lot of work on studying permafrost and re-
lated processes was done by the team of the perma-
frost station of the Main Directorate of the Northern 

Sea Route, and then by the Permafrost Science Ins
titute. In 1945, the Central Permafrost Station of 
Dalstroy was organized, which was also involved in 
studying the ground temperature regime at the 
Arkagalinskaya permafrost station until 1953 and 
in  the village Myaundzha since 1953 [Tolstikhin, 
1972].

By 1972, there were about 74 permafrost moni-
toring sites with measuring depths up to 330 m (the 
Lazo Mine, shaft 5) in northeastern Russia. In the 
mountainous part of the MR, temperature measure-
ments were carried out in more than 20 boreholes. 

At the weather stations of the Hydrometeoro-
logical Service, soil temperature measurements were 
also conducted to a depth of 3.2 m using soil ther-
mometers. In 1966, on the territory of the MR there 
were ten stations, at which soil temperatures were 
measured at depths below 80 cm [USSR Climate..., 
1966]; at present, there are only two such stations, in 
the cities of Magadan and Susuman (Fig. 1).

Fig. 1. Location scheme of boreholes in the Magadan region. 
1–4 – thermometric boreholes of various organizations (1 – authors’ (up to 15 m) operating since 2021; 2 – Melnikov Permafrost 
Institute (up to 14.5 m); 3 – Roshydromet (up to 25 m) drilling planned until 2026; 4 – Roshydromet (active, up to 3.2 m));  
5 – settlements; 6 – Kolyma Highway; 7 – Tenkinskaya Highway; 8 – border of the Magadan region.



19

PERMAFROST TEMPERATURE IN THE UPPER KOLYMA HIGHLAND ACCORDING TO DATA

The Hydrometeorological Service owned the 
Kolyma Water Balance Station (KWBS) founded in 
1948. In 1951, it began monitoring of soil freezing–
thawing dynamics using Danilin-designed permafrost 
meters. The data obtained were representative of a 
large area of the mountainous permafrost in the 
northeast of Russia [Makarieva et al., 2018].

One of the important stages in the study of per-
mafrost in the Magadan region was the drilling of a 
number of deep thermometric boreholes in the Olsky 
(5 boreholes) and Yagodninsky (1 borehole) areas. 
The main initiator of these studies was the outstand-
ing permafrost scientist G.Z. Perlstein [Alekseeva et 
al., 2020]. According to the global permafrost data-
base GTN-P, from 1973 to 1989, six boreholes were 
drilled to penetrate the base of permafrost in the re-
gion. In 1990, two more boreholes with a depth of 
more than 200 m were drilled in the Olsky area. Since 
2007, regular automatic temperature measurements 
have been carried out in them to a depth of 14.5 m 
[http://gtnpdatabase.org/boreholes]. Data on these 
boreholes have not been published.

After the 1990s, the further development of the 
permafrost observation network was virtually 
stopped because of the lack of funding. 

In the context of economic development in the 
MR, the issue of the sustainability of the existing and 
planned industrial infrastructure is particularly im-
portant. The region’s mining enterprises are located 
in its continental part, in the zone of continuous per-
mafrost. Over the past 20 years, there has been an ac-
tive increase in the area of mining developments in 
the MR; by 2022, it amounted to at least 726 km2; 
over the past 4–6 years, it has increased by more than 
30% [Shikhov et al., 2023]. After the closure of the 
KWBS in 1997, there have been no routine observa-
tions of geocryological conditions in this area. Back-
ground monitoring of soil temperatures in the conti-
nental part of the MR (of about 400,000 km2 in area) 
is now conducted only at the Susuman weather sta-
tion by soil thermometers to a depth of 0.8 m (Fig. 1).

As part of the development of the state geocryo-
logical permafrost monitoring network, by 2025, the 
MR plans to equip up to six of up to 25-m-deep ther-
mometric boreholes at weather stations in populated 
areas. The final number of boreholes will be deter-
mined after a field survey of the stations and their 
suitability for installation of the necessary equip-
ment. Taking into account the diversity of natural 
conditions, such a number of permafrost monitoring 
sites is insufficient.

The aim of this study is to analyze data on the 
distribution of permafrost temperatures in various 
landscapes of the Upper Kolyma Highlands under 
modern climatic conditions. These data have been ob-
tained from routine measurements in ten thermomet-
ric boreholes with a depth of 5 to 15 m drilled and 
equipped by the authors in 2021–2022 (Fig.  1). 

Though the time series of analyzed data is short, the 
practical absence of current information on perma-
frost conditions in the area under study allows us to 
consider this publication as relevant and timely.

MATERIALS AND METHODS 

Study area
Nine out of ten thermometric boreholes are lo-

cated within the Tenkinsky municipal district of the 
MR: one borehole in the Buskachen River valley 
(a tributary of the Bokhancha River, a right tributary 
of the Kolyma River); four boreholes in the basin of 
the Anmangynda River (a tributary of the Detrin 
River, a right tributary of the Kolyma River); and 
four boreholes in the Kulu River basin. One more 
borehole was drilled on the border of the MR and the 
Republic of Sakha (Yakutia), in the area of the De
lyankir weather station (the Indigirka River basin).

The Tenkinsky district is located within the Up-
per Kolyma Highlands in the west of the MR. The 
district covers an area of 35,600 km2. The relief is 
mountainous, dissected by numerous watercourses, 
with the amplitude of heights of up to hundreds of 
meters.

The study area belongs to the Yana-Kolyma fold-
ed region and is composed mostly of clay shales of the 
Late Paleozoic–Mesozoic age [Afanasyev, 1968].

The region has a sharply continental monsoon 
climate. The mean annual air temperature ranges 
from –8°C to –11°C; the annual precipitation is 300–
400 mm. The area belongs to the inversion type of 
geocryological zonation up to the height of 1100–
1300 m. Mean monthly air temperatures remain in 
the subzero range from October through April. Pre-
cipitation of the cold season is about 30–40% of the 
annual precipitation. Snow cover forms by mid-Octo-
ber and disappears by the end of May.

Over the past 40 years, the region has experi-
enced significant climate change. Data from the Ust-
Omchug weather station indicate that the mean an-
nual air temperature increased by 0.9°C from 1981 to 
2000 (Table 1). The greatest temperature increase 
occurred in April–May and October–November. The 
mean annual precipitation in 2001–2021 increased by 
42 (or by 13%) mm in comparison with the previous 
two decades (1981–2000). The average thickness of 
the snow cover during the periods of its establish-
ment (September–March) and destruction (April–
June) increased by 1–10 cm; the average value of the 
snow cover thickness increased by 7 cm. 

The area belongs to the northern geocryological 
zone with a continuous (90–95% or more) perma-
frost. The permafrost thickness is 50–200 m increas-
ing to 150–400 m in mountainous areas. Supraperma-
frost waters are common in the study area: seasonally 
thawed layer and closed hydrogenic taliks. Hydroge
nic taliks form in the valleys of medium-sized water-
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courses, usually under channels and less often, under 
floodplains. Subpermafrost waters are confined to 
open hydrogenic taliks in the zones of tectonic frag-
mentation of rocks, through which filtration takes 
place under high cryogenic pressure. The areas of 
water discharge are marked by the formation of aufeis 
[Zamolotchikova, Zuev, 1989].

Meteorological conditions  
of the observation period

Temperature distribution in the upper ground 
layer is directly influenced by weather conditions of 
the past year. To analyze data from boreholes in the 
catchment of the Anmangynda River and in the Bus-
kachen River valley, we use weather information from 
the Ust-Omchug weather station; for other bore-
holes, data from the Kolymskaya and Delyankir 
weather stations are used. 

From October 1, 2021 to September 30, 2022, 
the mean annual air temperature at the Ust-Omchug 
station was –8.3°C, and the precipitation reached 
366 mm. The temperature for the hydrological year 
turned out to be 0.9°C above the mean annual value 
for the past twenty years; the largest deviation in air 
temperature values occurred in the summer period, in 
July 2022 – by 3.7°C. Annual precipitation for the 
considered hydrological year was close to the norm, 
but monthly values significantly differed from the 
mean (norm) values calculated for two decades 
(2001–2021). Thus, in October–December 2021, the 
amount of solid precipitation was 105 mm, with the 
norm being 64 mm; July 2022 was dry (20 mm, with 
the norm being 56 mm). According to the Ust-Om-
chug weather station, the average snow depth in 
April 2022 was 26 cm, the maximum (30 cm) was ob-
served in January. According to the data of a snow 
gauge installed in the area of boreholes in the An-
mangynda River basin (30 km from the village of 
Ust-Omchug), the maximum snow water equivalent 
on March 24, 2022 reached 90 mm, and the snow cov-
er depth (according to the snow gauge installed near-
by) was 58  cm. Average snow cover depth in the 
mountains turned out to be 20–30 cm greater than 
that in the valleys; in some places, the difference was 
up to 1 m (Table 2).

According to the Kolymskaya weather station, 
the mean annual air temperature for the period from 
October 1, 2021 to September 30, 2022 was –9.2°C; 
the total precipitation was 410 mm, and the maxi-
mum snow depth was 69 cm.

At the Delyankir weather station, the mean an-
nual air temperature over the same period was 
–14.5°C, the total precipitation was 240 mm, and the 
maximum snow depth was 58 cm (11 cm less than at 
the Kolymskaya weather station). 

Drilling and equipment of boreholes
Drilling operations were carried out in two 

stages.

At the end of August 2021, five boreholes were 
drilled to depths from 5 to 15 m (Table 2, Fig. 2); four 
of them were in the Anmangynda River basin (Ten-
kinsky municipal district of the MR) and one bore-
hole at the border of the MR and the Republic of 
Sakha (Yakutia), in the area of the Delyankir weather 
station. Drilling was carried out using the percussion 
method with purging using a URB 2A2M rig. 

During the second stage, five more boreholes to 
a depth of 15 m were drilled in July 2022; core sam-
ples were taken and described. All boreholes were 
cased with plastic pipes of 32 mm in the outer diam-
eter; the outside was backfilled with soil, and the top 
was sealed to prevent penetration of atmospheric air 
and water.

For year-round temperature monitoring, equip-
ment manufactured by the Impedance Company 
(Moscow) was used with automatic data recording 
every 4 hours. The operating temperature range is 
from –55°C to +125°C. The measurement accuracy is 
0.1°C in the range of –3°C to +3°C, 0.2°C in the rang-
es of –10°C to –3°C and +3°C to +10°C; 0.3°C in the 
ranges from –40°C to –10°C and from +10°C to 
+85°C.

The thermometric cable was equipped with 15 or 
38 sensors for 5- and 15-m-deep boreholes, respec-
tively. The standard arrangement of sensors was as 
follows: from the ground surface to a depth of 0.5 m, 
sensors were located every 0.1 m; in the range from 
0.5 to 1.5 m, every 0.25 m: from 1.5 to 5 (15) m, every 
0.5 m. An additional sensor was installed at a depth of 
4.75 (14.75) m. The Naled’ borehole (depth 13.1 m) 
was drilled on the aufeis glade of the Anmangynda 
River, in an area, where the ice thickness could reach 
2 m or more, so the head of the borehole was 2.66 m 
higher the ground surface. As the length of the ther-
mometric cable was 16 m, only 28 of 38 sensors were 
used at the Naled’ borehole to measure ground tem-
perature starting from a depth of 0.1 m.

Landscape conditions
In 2021–2022 at the Kontaktovy station (Koly-

ma water balance station, 22.1 km2) and in the An-
mangynda River basin (376.0 km2) research and map-
ping of permafrost landscapes was carried out by em-
ployees of the Melnikov Permafrost Institute, 
Siberian Branch of the Russian Academy of Sciences, 
together with the authors of the article. Data of field 
route surveys and interpretation of satellite images 
were applied for this purpose. Terrain types and veg-
etation types related to typological complexes were 
chosen as the main units, i.e., units of landscape 
(physiographic) mapping [Milkov, 1970]. The leading 
factors in the formation of the type of terrain are the 
relief and lithological features of the source rocks, 
which manifest themselves against a certain, fairly 
broad climatic background [Vasiliev, 2022, 2023]. In 
this study, to describe the landscape conditions in the 
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area of thermometric boreholes, the terminology adopted by 
the Yakutian school of permafrost science and given in the 
works [Vasiliev, 2022, 2023] is used. Modern studies have 
confirmed the conclusions of previous researchers [Tolsti
khin, 1974; Nasybulin, 1976] that the conditions of the An-
mangynda River basin and the Kolyma water-balance sta-
tion are similar and are representative of the mountainous 
territory of the northeast of Russia. 

In the Anmangynda River basin, mountain-valley ter-
race, mountain-valley, mountain-slope, mountain-top, and 
plateau-top types of terrain are distinguished (Fig. 2, Ta-
ble 2) [Vasiliev, 2023]. Plant associations include lichens, 
open larch forests, thickets of dwarf pine, chozenia and pop-
lar forests, willows, herbs, etc. A giant aufeis in the Anmang-
ynda River valley has also been identified. The map (Fig. 2) 
shows the location of four boreholes drilled in 2021.

All boreholes (except for the Delyankir borehole) are 
located along the Tenkinskaya Road of the MR; the distance 
along the Tenkinskaya Road between the outer wells is al-
most 250 km, their characteristics are presented in Table 2, 
Fig. 2.

The Goltsy borehole is located at 1182 m a.s.l. in the ba-
sin of the Right Itrikan River (right tributary of the Kulu 
River), 25 meters from the edge of a steep (40°–50°) and 
high (20–30 m) slope on an inclined (3°–4°) surface of west-
ern aspect. This type of terrain is referred to as the moun-
tain-top; it is a mountainous stony cassiope–lichen tundra 
with sparse dwarf pine (Pinus pumila) trees (Fig. 3a). The 
upper part of the section (2 m) is a coarse skeletal creep ma-
terial composed of granodiorite boulders; it extends to a 
depth of 15 m. At the beginning of summer, golets ice forms 
in this area [Bantsekina, 2002].

The Kulu Pass borehole (Fig. 3b) is located on the Ku-
linsky Pass at 1170 m a.s.l. near the Tenkinskaya Road. The 
Sopka borehole (Fig. 3c) is located in the upper reaches of 
the Anmangynda River at 1027 m a.s.l. These boreholes 
were drilled in the zone of mountainous open larch forests 
with a 5-cm-thick cover of lichens on the surface. Geologi-
cally, the upper 3 m of the section consists of the colluvium 
of clay shales. 

The Buskachen borehole (978 m a.s.l.) is located on Bus-
kachen River floodplain, 30 m west of the Tenkinskaya 
Road, 200 m from the outer boundary of the floodplain. The 
vegetation is represented by larch woodland with sphagnum 
(10–20  cm) and lichens (5  cm) in the ground cover 
(Fig. 3d). The borehole penetrates the alluvium of the Bus-
kachen River consisting of large rounded pebbles with san-
dy and loamy sandy filler. The aufeis forms 325 m from the 
borehole. 

The Verkhnii borehole (961 m a.s.l.) is located in the val-
ley of a small tributary of the Right Itrikan River, 15 m from 
the right bank of the channel. This is the mountain-valley 
type of terrain overgrown with larch woodland and dwarf 
pine; the 5-cm-thick lichen cover is on the surface (Fig. 3e). 
The upper part of the section is sand with layers of loamy 
sand and gravel inclusions.

The Solontsovyi borehole (803 m a.s.l.) is located 50 m 
south of the riverbed of the Solontsovy Stream, a right trib-
utary of the Anmangynda River, in a larch forest. The 
ground cover is represented by turf with patches of 20-cm-
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thick sphagnum mosses (Fig. 3f). The section con-
sists of sand with loamy sandy and loamy interlayers 
of fluvioglacial origin. 

The Delyankir borehole (801 m a.s.l., Fig. 3g) is 
located on the first terrace of the Delyankir River, 
near the border of the MR and the Republic of Sakha 
(Yakutia), beyond the Upper Kolyma Highlands. It is 
distinguished by a more northern location and be-
longs to the mountain-valley type of terrain.

The Naled’ borehole (744 m a.s.l.) is located on an 
aufeis glade, 500 m from one of the main channels of 
the Anmangynda River. The vegetation is represent-
ed by sparse blueberry and dwarf willow shrubs, as 
well as sporadic green moss cover (Fig. 3h). Accord-
ing to geophysical studies, the thickness of the grav-
elly alluvium with sandy loamy filler can reach 12 m 
[Olenchenko et al., 2023].

Borehole GP2 (712 m a.s.l.) is located on the Up-
per Pleistocene terrace of the Anmangynda River 
[Afanasyev, 1968]; the section consists of the upper 

Fig. 2. Location of boreholes on the map of types of 
terrain in the Anmangynda River basin. 
1–6 – terrain types: 1 – mountain-valley terrace, 2 – aufeis 
(naled’), 3 – mountain-valley, 4 – mountain-top, 5 – flat-top 
mountain, 6 – mountain-slope; 7 – Tenkinskaya Highway; 8 – 
boreholes equipped in the Anmangynda River basin.

Fig. 3. General view of the boreholes: 
a – Goltsy, b – Kulu Pass, c – Sopka, d – Buskechen, e – Verkhnii, f – Solontsovyi, g – Delyankir, h – Naled’, i –GP2, j – Kulu 
settlement. 
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loamy layer with inclusions of small weakly rounded 
pebbles with a thickness of 6–10 m underlain by san-
dy–clayey slates. The vegetation is a larch woodland 
with dwarf birch and dwarf pine in the undergrowth; 
herbs, dwarf shrubs (blueberries), sphagnum (up to 
15 cm thick), and lichens are present in the ground 
cover (Fig. 3i).

The Kulu Village borehole (618  m a.s.l.) was 
drilled in the area of the abandoned village of Kulu 
and is located on the on the right-bank terrace of the 
Kulu River, 720 m from the river and 30 m from the 
remains of a house. The surface is virtually devoid of 
vegetation (Fig. 3j), and the upper part of the section 
consists of loamy sand with inclusions of grus and 
gravel. 

RESULTS  
OF MONITORING OBSERVATIONS

To date, data series on ground temperature for 
the hydrological year (October  1, 2021–Septem-
ber 30, 2022) have been obtained for four out of the 
ten boreholes; distribution of ground temperatures by 
depth at the end of the summer season of 2022 is 
known for five new boreholes drilled during stage 2. 
Continuous data on the Delyankir borehole have 
been obtained for the period from October 1, 2021 to 
March 15, 2022. 

The obtained data make it possible to estimate 
the characteristics of permafrost in the study area, 
such as the mean annual ground temperature Tyr, the 
depth of seasonal thawing and freezing (x), and the 
rate of seasonal thawing/freezing, and the depth of 
zero annual amplitudes H0 (Table 2).

The criterion for assessing the depth of zero an-
nual amplitudes H0 is the constancy of the mean 
monthly temperatures determined by interpolating 
the values obtained by sensors with an error of ±0.1 m 
to ±0.2 m at temperatures below –3.0°C. The depth of 
seasonal thawing (x) is determined by the lowest po-
sition of the base of the layer with positive tempera-
tures. Similarly, the depth of seasonal freezing (x) for 
areas without permafrost is fixed at the bottom of the 
layer with negative temperatures at the end of the 
freezing period. Mean annual ground temperature 
(Tav) is the ground temperature at a depth of zero an-
nual amplitudes (H0), or the temperature at a depth 
of 15 m in case of insufficient data for a number of 
boreholes, Tx is the mean annual ground temperature 
at the depth of the base of the seasonally thawed lay-
er. Table 2 also presents data on the characteristics of 
snow cover in October and December 2022; they al-
low a preliminary assessment of the differences in 
snow accumulation processes for different boreholes.

It should be noted that all these boreholes are 
located at heights below the upper boundary of the 
inversion of air temperatures, so it is impossible to 

identify the altitudinal geocryological zonation from 
the obtained data.

Ground temperature
The most severe geocryological conditions are 

observed in boreholes located in mountain-top and 
plateau-top types of terrain at heights above 1000 m 
a.s.l. (boreholes Goltsy, Kulu Pass, and Sopka). They 
are distinguished by the low mean annual ground 
temperatures (–3.8, –2.4, and –3.2°C, respectively) 
and by a different regime of snow accumulation in 
comparison with the valley boreholes. Snow accumu-
lation in the highlands begins earlier, and snow disap-
pears later than in valleys; the average snow cover 
depth is 20 cm greater than that in the valleys. Due to 
snowstorm transport in the mountains, snow density 
can be significantly (up to two times) greater than in 
the areas at lower absolute altitudes. For example, in 
December 2022, snow density in the area of the Sop-
ka borehole was 0.27 g/cm3, and snow depth was 
70 cm; snow density in the area of the lower lying 
GP2 borehole was 0.11 g/cm3, and snow depth was 
55 cm (Table 2).

Two boreholes – Naled’ and Solontsovyi – were 
drilled in talik areas. In the Naled’ borehole, the 
8.5-m-deep talik was formed under the channel due to 
the warming influence of surface and groundwater 
[Olenchenko et al., 2023], while the formation of talik 
in the Solontsovyi borehole is difficult to explain at 
this stage, given the shallow depth (5 m) of the bore-
hole and the lack of meteorological data. Snow accu-
mulation regime in the area of the Solontsovyi bore-
hole differs from that near boreholes GP2 and Naled’. 
Owing to the natural barrier in the form of a larch for-
est, the snow is not blown away, and snow cover depth 
can reach the values typical of the Sopka mountain 
borehole. Also, due to the shading of the area by trees, 
the snow cover disappears 10–15 days later than in 
the areas of the GP2 and Naled’ boreholes. It can be 
assumed that the development of talik in the area of 
Solontsovyi borehole is due to the filtration of ground-
water into the fluvioglacial sediments composing the 
terrace, which occupies the entire valley. Zamolot-
chikova and Zuev [1989] distinguished such taliks as 
the taliks of the foothills. The work [Sysolyatin et al., 
2023a] presents thermometric data on a similar talik 
in a river valley of the Suntar-Khayata Ridge with 
similar landscape conditions (dense forest).

In boreholes GP2 (Fig. 4b) and Kulu Village lo-
cated on ancient river terraces with loamy sediments, 
the mean annual ground temperature is –1.8 and 
–2.5°C, respectively, while the mean annual tempera-
ture in younger sediments, mainly pebbles with sandy 
and sandy loam filler, is significantly higher and 
reaches –0.6°C (boreholes Verkhnii and Buskachen).

In boreholes GP2 and Sopka, temperature gradi-
ents of opposite sign are observed in the uppermost 
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permafrost layer; further observations are needed to 
reveal the nature of changes in the permafrost tem-
peratures. In 2021–2022, the gradient was positive at 
the Sopka borehole (Fig. 4a) and negative at the GP2 
borehole (Table 2).

The Delyankir borehole is located in the Oymya-
kon Highlands, 2°–3° northward in comparison with 

the other boreholes. The proximity to the Pole of 
Cold causes a significantly lower ground temperature 
(–6.9°C, Fig. 4e).

Seasonal thawing and freezing
The lowest depth of seasonal thawing is observed 

on the poorly drained surface of borehole GP2, where 

Fig. 4. Ground temperature dynamics in boreholes (a) Sopka, (b) GP2, (c) Solontsovyi, and (d) Naled’ for 
the period from October 1, 2021 to September 30, 2022 and in (e) Delyankir borehole for the period from 
October 1, 2021 to February 28, 2022.
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the thickness of the seasonally thawed layer is re-
duced to 0.9 m due to swampiness and, as a result, 
high moisture content.

In the Kulu Village borehole, where the vegeta-
tion cover is absent, the thawing depth increases to 
1.7 m. In the Buskachen and Verkhnii boreholes, sea-
sonal thawing depths are 1.6 and 2.6 m, respectively, 
and the difference is associated with differences in the 
snow accumulation regime. At the Verkhnii borehole, 
snow depth is 1.5 times greater than that at the Bus-
kachen borehole. Also, because of the low content of 
clay fraction in the soil at Verkhnii borehole, its 
drainage capacity is high, and the soil dries out by the 
beginning of winter. The soils of such sites are called 
“sushenets” (dried soil) [Glotova, Glotov, 2012].

The Goltsy, Kulu Pass, and Sopka boreholes are 
drilled in coarse-grained, well-filtering sediments 
with a low moisture content; they are characterized 
by considerable thawing depths (1.9, 1.3 and 1.3 m, 
respectively) and, also, by the later beginning of 
thawing (in the first half of June) due to the higher 
snow cover depth; in the valleys, infiltration of sum-
mer precipitation ensures additional downward heat 
transfer and accelerates thawing. Ground freezing in 
the area of these boreholes starts earlier than in the 
valleys because of the normal altitudinal air tempera-
ture gradient in September. Freezing occurs almost 
instantly with the transition of air temperature to 
subzero mean daily values, because the upper part of 
the section is represented by coarse-grained sedi-
ments, in which air convection takes place and accel-
erates freezing until the pores become plugged with 
snow.

At the Naled’ borehole, freezing begins in Octo-
ber from the ground surface and ends in November at 
a depth of 3.6 m (Fig. 4d). The high permafrost tem-
perature (–0.4°C at a depth of 13 m) is formed under 
the warming influence of groundwater [Olenchenko et 
al., 2023].

In the Solontsovyi borehole, soil freezing from 
the surface starts in October; the maximum depth of 
seasonal freezing is reached in May (x up to 2.6 m), 
after which it thaws until August (Fig. 4c).

CONCLUSIONS

Nine thermometric boreholes have been drilled 
and equipped in the area of the Upper Kolyma High-
lands and one borehole in the area of the Delyankir 
weather station (Oymyakon Highlands). These bore-
holes in the altitudinal range from 618 to 1182 m a.s.l. 
provide new data on the mean annual temperature of 
the ground, the depth of seasonal thawing/freezing, 
and the depth of zero annual amplitudes in the study 
area.

The first results of monitoring studies are consis-
tent with the regional concepts described in [Zamo-
lotchikova, Zuev, 1989]. The mean annual ground 

temperature, as indicated in this monograph, varies 
mainly from +1 to – 4°C below the upper mountain 
zone. In 2021–2022, the mean annual ground tem-
perature in different types of terrain ranged from +1.5 
to –3.8°C; the depth of seasonal thawing varied from 
0.9 to 2.6 m, and the depth of seasonal freezing in the 
under-channel talik and foothill talik reached 2.6 m. 
Opposite temperature gradients were identified in 
the uppermost permafrost layers. 

The ground temperature regime within one area 
differs significantly depending on the type of terrain. 
This proves the need for in situ field observations in 
the studied region, for which such data are virtually 
absent. Further routine observations of ground tem-
peratures and weather conditions and the develop-
ment of the monitoring network will make it possible 
to link the temperature regime of the ground and the 
micro- and macroclimate conditions in more detail, as 
well as to identify potential trends of changes in the 
geocryological conditions of the region as a whole.

Acknowledgments. The authors sincerely thank 
the Head of the Tenkinsky Municipal District of the 
Magadan Region Denis Anatolyevich Revutsky for his 
assistance in conducting research and ensuring the 
work of the scientific group in the district. 

The equipment and maintenance of thermometric 
boreholes in working condition, as well as landscape 
studies were carried out with the support of St. Peters-
burg State University within the framework of the proj-
ect “Comprehensive Assessment of Natural and An-
thropogenic Factors of Intensification of Water Ex-
change Processes in the Permafrost Zone under 
Conditions of Climate Change” the analysis of thermo-
metric data was carried out within the framework of 
the Russian Science Foundation and Government of the 
Magadan Region project no. 23-17-20011 “Assessing 
the Risks of Hazardous Phenomena for the Infrastruc-
ture of the Magadan Region Caused by Climate- and 
Anthropogenic-Induced Transformation of Perma-
frost”.

References
Afanasyev  V.I., 1968. Geological Map of the USSR, scale 

1:200,000 (first generation). Upper Kolyma series. Sheet  
P-55-XXX. Explanatory letter. Moscow, Nedra, 65 p. (in 
Russian)

Alekseeva O.I., Gulyi S.A., Shepelev V.V. et al., 2020. Georgy 
Zakharovich Perlshtein (05.10.1937–26.08.2020). Earth’s 
Cryosphere XXIV (6), 49–50. 

Bantsekina T.V., 2002. Temperature regime and ground ice 
content of the coarse slope sediments without filler in the 
spring-summer time (by an example of the Kontaktovyi 
Creek). Kolyma 4, 9–13. (in Russian)

Glotova L.P., Glotov V.E., 2012. Role of ground waters in the 
total discharge of small mountain rivers in the Kolyma 
River basin. Izvest. Samarsk. Nauchn. Tsentra Ross. Akad. 
Nauk 14 (1(9), 2321–2324. (in Russian)



28

O.M. MAKARIEVA ET AL.

Makarieva O., Nesterova N., Lebedeva L., Sushansky S., 2018. 
Water balance and hydrology research in a mountainous 
permafrost watershed in upland streams of the Kolyma 
River, Russia: a database from the Kolyma Water-Balance 
Station, 1948–1997. Earth System Sci. Data 10 (2), 689–710. 

Makarieva O., Nesterova N., Post D. et al., 2019. Warming 
temperatures are impacting the hydrometeorological regime 
of Russian rivers in the zone of continuous permafrost. The 
Cryosphere 13, 1635–1659. 

Melnikov V.P., Osipov V.I., Brouchkov A.V. et al., 2022. Climate 
warming and permafrost thaw in the Russian Arctic: Poten-
tial economic impacts on public infrastructure by 2050. Nat. 
Hazards 112 (1), 231–251. 

Milkov F.N., 1970. Landscape Sphere of the Earth. Мoscow, Mysl, 
207 p. (in Russian)

Monthly Weather Summary. Iss. 33. Magadan, Kolyma Dept. 
Hydrometeorol. Service. Gidromettsentr, 1981–2006, 936 p. 
(in Russian)

Monthly Weather Summary. Iss. 24. Yakutsk, Yakutsk Dept, 
Hydrometeorol. Service. Gidromettsentr, 1981–2000, 990 p. 
(in Russian)

Nasybulin P.S., 1976. The representativity of runoff character-
istics at the Kolyma water-balance station for the upper 
Kolyma area. In: Natural Resources of the Northeast of the 
USSR. Vladivostok, AN DVIS IBPS, p. 32–41. (in Russian)

Olenchenko V.V., Makarieva O.M., Zemlyanskova A.A. et al., 
2023. Geophysical features of sources of giant aufeis on the 
Anmangynda River (Magadan region). Geodinamika i Tek-
tonofizika 14 (3), 0702 (in Russian). 

Reference on the State and Prospects of the Mineral–Raw Mate-
rial Base of the Magadan Region on 15.09.2022, from 
14.01.2021 (No. 049-00016-21-00). St. Petersburg, VSEGEI, 
4 p. (in Russian)

Rozhina М.S., Guly S.А., 2021. Influence of snow cover and 
vegetation on the surface temperature of rocks (on the ex-
ample of the “Olskiy pass” in the Magadan region). In: Proc. 
Conf. Modern Research on Cryospheric Transformation and 
Geotechnical Safety of Structures in the Arctic. Salekhard, ECI 
SB RAS, p. 359–362. (in Russian)

Shikhov A., Ilyushina P., Makarieva O. et al., 2023. Satellite-
based mapping of gold-mining-related land-cover changes in 
the Magadan region, northeast Russia. Remote Sens. 15, 3564. 

Sysolyatin R., Kalinicheva S., Fedorov A., Rozhina M., 2023a. 
Eastern Siberia permafrost transect (ESPT). A first stage: 
The Verkhoyansk Range part. J. Mountain Sci. 20 (6). 

Sysolyatin R., Serikov S., Kirillin A. et al., 2023b. Alternation 
of thaw zones and deep permafrost in the cold climate con
ditions of the East Siberian Mountains, Suntar-Khayata 
Range. The Cryosphere 17, 4601–4608. 

Tolstikhin  O.N. (Ed.), 1972. Hydrogeology of the USSR.  
Vol. 26. Northeast of the USSR. Moscow, Nedra, 297 p. (in 
Russian)

Tolstikhin O.N., 1974. Aufeis and Groundwater in the Northe
astern Regions of the USSR. Novosibirsk, Nauka, 164 p. (in 
Russian)

URL: http://gtnpdatabase.org/boreholes (last visited: Feb. 10, 
2023).

URL: http://www.pogodaiklimat.ru (last visited: Feb. 17, 2023).
USSR Climate Handbook, 1966. Vol. 34, Part 2. Chukotsky 

National District and Magadan Region. Moscow, Gidrome-
teoizdat, 288 p. (in Russian)

USSR Scientific and Applied Climate Handbook, 1990. Ser. 3. 
Long-term data. Magadan Region, Chukotsky autonomous 
District, vol. 33 (1–6), Leningrad, Gidrometeoizdat, 567 p. 
(in Russian)

Vasiliev  A.I., 2022. Current state of the landscapes of the 
Kolyma water-balance station. In: Monitoring in the Cryo-
lithozone. Proc. VI Conf. Geocryologists of Russia (June 
14–17, 2022). Moscow, University Book House, Dobrosvet, 
p. 151–156. (in Russian)

Vasiliev A.I., 2023. Current state of the landscapes in the catch-
ment area of the Anmangynda River. In: Environmental and 
Infrastructure Integrity in Permafrost Regions in the Condi-
tions of Climate Chang (Proc. Russian Conf. devoted to the 
150th anniv. of M.I. Sumgin, March 22–24, 2023). Yakutsk, 
Melnikov Permafrost Institute SB RAS, p. 182–186. (in 
Russian)

Verkulich S.R., Demidov N.E., Anisimov M.A., 2021. Develop-
ment of a project for the organization of monitoring of long-
lived soils of high latitude Arctic on the basis of the Roshy-
dromet observation network. Ross. Polyarn. Issled. 43 (1), 
23–27. (in Russian)

Zamolotchikova S.A., Zuev I.A., 1989. Yukagiro-Anuyskiy and 
Kolyma regions. In: Geocryology of the USSR. Eastern Si
beria and the Far East. Moscow, Nedra, p. 293–309. (in Rus-
sian)

Zemlianskova A., Makarieva O., Shikhov A. et al., 2023. The 
impact of climate change on seasonal glaciation in the moun-
tainous permafrost of North-Eastern Eurasia by the example 
of the giant Anmangynda aufeis. Catena 233, 107530. 

Received May 30, 2023 
Revised April 18, 2024 

Accepted April 18, 2024

Translated by A.V. Muravyev


