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The paper presents the results of permafrost investigations carried out in 2009–2015 as part of the geoc-
ryological monitoring program on the territory of Yakutsk. Described are the structure and the thermal state of 
lake sediments cored from the cultural layer. The cryolithological and geochemical characteristics are used to 
defi ne the thickness of these sediments and to assess their role in the development of the engineering and geo-
logical conditions in the urban area. It is concluded that urban ecosystems in the permafrost regions have dis-
tinctive geocryological characteristics due to the presence of sediments from the cultural layer.
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INTRODUCTION

This paper resulted from the geocryological 
monitoring study conducted in 2009–2015 by the 
 researchers of the Melnikov Permafrost Institute, 
SB RAS, including the authors, in the territory of 
 Yakutsk according to the program of permafrost mo-
ni toring. For the fi rst time, the lacustrine sediments 
of the cultural layer were studied.

The term ‘cultural layer’ is understood as a stra-
tum of soil bearing the traces and objects of the prac-
tical activities of humans at the human settlement of 
long standing [Martynov, 2005; Kazdym, 2006]. The 
archaeological term ‘cultural layer’ is used in engi-
neering geology [Savarensky, 1950], the geology of 
cities [Legget, 1973] and geocryology [Saltykov, 1946; 
Melnikov, 1950; Makarov and Torgovkin, 2018]. Here 
belong remains of hand-made structures and other 
anthropogenic physical, chemical, and biological ar-
tefacts with sediments embedding them, which re-
fl ect the direction of the economic activities of the 
Man in a certain place. 

The goal of the paper is to reveal the details of 
the structure and of the thermal state of lacustrine 
sediments of the cultural layer of the city of Yakutsk.

THE AREA AND THE METHODS 
OF INVESTIGATION

The area of studying the sediments of the cul-
tural layer was the territory of the municipal forma-
tion of the city of Yakutsk (Fig. 1).

Yakutsk occupies a small part of the eastern 
fringe of Middle Siberia, with the area of 3600 km2, 
and is located on the left bank of the Lena River in its 
middle reach. More than one-third of the population 

of the Sakha Republic (Yakutia) lives there. The ter-
ritory in question borders with the Nam ulus in the 
north, with the Megin-Kangalas ulus in the south, 
with the Gorny ulus in the west (Yakutsk). The east-
ern border of the city of Yakutsk is drawn from the 
Tabaga Promontory to the Kangalas along the arms 
of the Lena River in the valley of Tuymaada.

Surface water bodies are scattered over the terri-
tory of this municipal formation. In addition to such 
large water pools as Lake Saisary and Lake Beloye, 
there are also shallow and unnamed bottom-freezing 
pools (‘lyvas’). The total area of the mirror of surface 
water bodies is about 12 % of the area occupied by the 
city of Yakutsk. All the water bodies shown on the 
map of Yakutsk of the scale 1:25 000 published in 
1999 occupy about 10 km2 and are non-uniformly dis-
tributed around the city area (Table 1).

The surface water bodies of Yakutsk are charac-
terized by diff erent ion composition and the diff erent 
mineral content of water [Anisimova, 1981; Anisimo-
va and Pavlova, 2014; Makarov and Sedelnikova, 
2016]. This is mostly related to the processes of cryo-
genic metamorphism of fresh waters [Anisimova, 
1981]. 

The system of geocryological monitoring in 
 Yakutsk was deployed in 2009–2011. It includes 
65 key sites selected on the basic elements of the ter-
rain of the areas under study. Each such site is charac-
terized by cross section of an exploration borehole 
based on the rotary core drilling principle. The explo-
ration boreholes were drilled to the depth commensu-
rable with the thickness of the layer of annual tem-
perature variation.

The structure of the lacustrine sediments was 
studied using the cores of six boreholes. They were 
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drilled on the borderlines of low terraces of the Lena 
River overhanging the flood plain (according to 
P.A. Soloviev [1959]. Among those boreholes, two 
boreholes were located on the Yakut (the fi rst fl ood 
plain) terrace (Boreholes 24, 61), whereas four bore-

holes were drilled on the Sergelyakh (the second 
fl ood plain) terrace of the Lena River (Boreholes 1, 
21, 25, 62). 

The data were obtained by using the standard 
methods of geological engineering and permafrost 
studies. The cross sections of frozen, thawed, non-
freezing deposits [Shvetsov, 1959], wet permafrost 
and dry permafrost [Tolstikhin, 1974] were investi-
gated in the process of documenting and testing the 
cores of the drilled geocryological monitoring bore-
holes. Currently wet permafrost is also referred by 
some authors as cooled, but we do not agree with 
such wording. 

The water content and the physical and mechan-
ical characteristics of the sediments obtained from 
the boreholes were determined in the ground stud-
ies laboratory of the Permafrost Institute, SB RAS 
(ana lysts A.P.  Goldyreva, M.A.  Ochechkovskaya, 

Fig. 1. Location of the investigated cross sections of the territory of Yakutsk.
1 – the borehole and its number; 2 – boundaries of the terraces; 3 – roads and streets; 4 – city quarters; 5 – lakes; 6 – the area of 
the old city; 7 – the transitional area; 8 – the marginal area.

Ta b l e  1. The breakdown of surface lakes* 
 by diff erent areas of Yakutsk 

City area
Area of 

the region 
S, hectares

The 
number 

of lakes in 
the region

Area of the lakes’ 
mirror

hectares %
(from S)

Old city 183.5 2 2.8 1.5
Transitional area 2051.7 59 90.2 4.4
Marginal area 10 386.6 592 9165.7 11.7

* The lakes shown on the topographic map of the scale 
1:25 000, published in 1999.
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Yu.G. Slep tsova, N.N. Remizova). In the geochemical 
laboratory of the Permafrost Institute, SB RAS, the 
composition of the samples of surface waters and wa-
ter extracts was determined (analysts L.Yu. Boitsova, 
R.I. Petukhova, O.V. Shepeleva). The permafrost and 
geothermal measurements in the geocryological mo-
ni toring boreholes were made by using thermistors 
and temperature data loggers.

RESULTS AND DISCUSSION

A rather representative cross section of the la-
custrine sediments of the cultural layer was obtained 
from the core of Borehole 21. This cross section de-
scribes the bottom structure of a man-made lake near 
a motor road in a residential community Merzlotny of 
the city of Yakutskа.

Borehole 21 was drilled in March 2010 in the 
shore zone of a rather shallow (2 m deep) lake cove-
red with ice. The adjacent bogged areas  II of the 
fl oodplain terrace of the Lena River have the absolute 
height of about 97 m. There are stone boreholes con-
nected with each other by sewage pipes. Leaks from 
them went fi lled the lake more than once. Its shores 
were the place of unauthorized carwash and waste 
dump for many years, which resulted in the appear-
ance of brackish water. Their mineral content in Oc-
tober 1994 was 2.8 g/L, and in September 1999 – 
2.7 g/L [Anisimova and Pavlova, 2014].

Borehole 21 revealed the geological cross section 
(downward) shown in Table 2.

Layer 1 represents in the cross section the ice 
cover of the man-made lake. This cover of the fresh-
water ice was formed from the brackish water of the 
lake during its cryogenic metamorphism [Anisimova, 
1981].

In the cross section of Borehole 21, the active 
layer has complex structure. It contains the facies of 
the dead river channel (dark brown sands), sediments 
of the river bay (peaty sandy silts) and littoral sedi-
ments of the man-made lake (black silts). The black 

silts (layer 2), the peaty sandy silts (layers 3, 4) and 
the dark brown sands and the sandy silts (layers 5, 6) 
are defi nitely formations of the active layer. This is 
convincingly proven by the results of measuring their 
temperature in the cross section of Borehole  21 
(Fig. 2, a).

The lower boundary of the active layer in the 
cross section of the bottom of the lake under study is 
at the depth of about 3.5 m from the surface of the 
lake ice. Here the structure of the negative-tempe-
rature lower part of the active layer is characterized 
by the presence of wet permafrost, primarily sands, 
in the winter-spring period. They contain cryopegs; 
therefore, they are described in the borehole core as 
thawed formations. In the cross section of Boreho-
le 21, their lower boundary was at the level of 4.2 m. 
The upper boundary of the cryopegs was found to be 
at the depth of 1.85 m (Table 2). The cryopegs in the 
area of Borehole 21 exposed below the lower boun-
dary of the active layer have the mineral content of 
5.4 g/L, they are underlain by non-saline alluvium 
here [Anisimova and Pavlova, 2014]. 

The frozen stratum of the non-saline alluvium 
(layers 8, 9) is characterized in the cross section of 
Borehole 21 by high values of the negative tempera-
ture (from –0.9 to –1.3 °C at the depth of 10 m). This 
mass is composed of a facies of river channel beaches, 
consisting mainly of dark gray quartz and feldspar 
sands.

The data on the grain size distribution and the 
gravimetric water content of the core samples of 
Borehole 21 are shown in Tables 3, 4.

Such frozen deposits of primarily sandy composi-
tion were observed in Merzlotny community when 
stems, galleries and gateways of the old and new un-
derground laboratories of the Melnikov Permafrost 
Institute SB RAS were drilled. Repeated radiocarbon 
dating of those deposits (Table 5) allows us to refer 
their upper part exposed by Borehole 21 to the Holo-
cene.

Ta b l e  2. Description of the geocryological cross section of Borehole 21

Layer 
number Depth, m Brief characteristic of the soil

1 0–0.15 Transparent fractured ice
2 0.15–0.37 Black silt with remains of grass, bush and trees of diff erent degrees of decomposition, frozen, with massive 

and fi ne lenticular cryogenic texture; in melting, it exudes strong boggy and fecal odor
3 0.37–0.85 Dark-brown sandy silt and black peaty sandy silt, frozen with cement ice; in melting, it exudes strong 

boggy and fecal odor
4 0.85–1.8 Brown sandy silt, peaty at times, with interlayers of clayey silt and fi ne sand, frozen with cement ice
5 1.8–1.85 Dark-gray sand, fi ne, frozen with cement ice
6 1.85–2.9 Dark-brown sandy silt with interlayers of plant detritus, moist with boggy (fecal) odor; the layer is melted
7 2.9–4.2 Dark-gray sand, fi ne, with rare interlayers of sandy silt (up to 12 cm) and thin (up to 1.5 mm) interlayers

of plant detritus, crossbedded, intensely moist, the layer is melted
8 4.2–6.2 Dark-gray sand, fi ne, with interlayers of sandy silt (up to 12 cm) and plant detritus, crossbedded, frozen 

with cement ice; the sandy silt interlayers have fi ne and medium lenticular cryogenic structure
9 6.2–11.05 Dark-gray sand, fi ne, frozen with cement ice
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The data provided in Table 6 allowed us to di-
vide the cross section of Borehole 21 into two parts. 
One of them is represented by samples taken at the 
depths of 1–6 m. According to the classifi cation of 
frozen ground with the continental type of salination, 
these samples mainly belong to soils of low and me-
dium salinity [Roman et al., 2011]. The degree of their 
salinity (up to 0.4488 %) and, perhaps, the anthropo-
genic nature of the cryopegs in those soils allowed us 
to refer the latter to the cultural layer. Its lower 
boundary in the cross section of Borehole 21 is locat-
ed, according to the geochemical data available, at 

the depth of about 6.5 m – in dark-gray sands ce-
mented by ice. 

Cryolithogenic [Katasonov, 1972] deposits – 
dark-brown sands, peaty sand clays and black silts – 
are the most representative component in the struc-
ture of the cultural layer.

The other part of the cross section of Borehole 21 
is considered as the “continent” of the cultural layer 
[Martynov, 2005; Kazdym, 2006]. It is fully represent-
ed by frozen deposits, which contain cement ice and 
small ice inclusions, forming their cryogenic textures. 
Geochemically, this part of the cross section is charac-

Fig. 2. Breakdown of soil temperature (t) by the 
depth (h):
a – Borehole 21; b – Borehole 24; c – Borehole 1.
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terized by samples taken at the depths of 8 and 10 m. 
Their water extract contains little salt (the degree of 
salinity of the samples Dsal varies from 0.0328 to 
0.0437 %) and also has the ion composition of the 
continental type. Taken at the depth of 10 m, the al-
luvium sample has the bicarbonate-sodium composi-
tion of the water extract. This is typical of sandy al-
luvium of the territory in question not exposed to 
urbanization and almost non-saline [Anisimova, 
1981].

The cultural layer in the cross section of Bore-
hole 24 drilled from the ice of a vast water body has a 
diff erent structure.

Borehole 24 was drilled in the shallow southern 
part of Lake Saisary. This lake is drainless. At its place, 
there were several flat-bottom ponds in the recent 
past. In the second part of the 20th century, they 
merged into one lake under the infl uence of anthropo-
genic factors [Soloviev, 1980]. The chemical composi-
tion of the water of Lake Saisary is of anthropogenic 
origin. From the side of the residential quarters of 
 Yakutsk, contaminated surface waters fl ow there eve-
ry year. The vast mirror (0.49 km2) and the small 
depth (on average 2.65 m) of this lake [Kharlampyeva 
and Nikolaeva, 2014], the arid climate and the com-
paratively high summer temperatures of the air ensure 
signifi cant evaporation of the water of Lake Saisary. 

In late March 2010, Borehole  24 was drilled 
from the ice cover of Lake Saisary. In that area, its 
level in the location of drilling was at the absolute 
height of about 94 m. 

Borehole 24 exposed the geocryological cross 
section (downward) shown in Table 7. The data on 
grain size distribution and gravimetric water content 
of the deposits drilled by Borehole 24 are shown in 
Tables 3 and 4. The thermal state of the deposits at 
the location of Borehole 24 may be seen from the re-
sults of the temperature measurements conducted in 

Ta b l e  3. The grain size distribution in the samples

Depth, 
m

The size of the grain fractions, mm

>0.5 0.5–
0.25

0.25–
0.1

0.1–
0.05

0.05–
0.01

0.01–
0.005 <0.005

Weight content of grain fractions in a sample, mass %

Borehole 21
1 – 0.2 2.1 97.7 22.4 46.9 13.8
2 – 0.9 13.9 85.2 38.4 33.3 5.8
3 – 3.1 27.0 69.9 25.2 29.6 6.2
4 – 0.4 56.1 43.5 – – –
5 – 0.7 12.0 87.3 41.1 33.2 5.3
6 0.2 3.2 28.2 68.4 34.9 21.5 5.3
7 – 5.8 89.4 4.8 – – –
8 – 7.6 86.6 5.8 – – –
9 – 9.0 86.0 5.0 – – –

10 – 5.0 82.5 12.5 – – –
11 0.2 7.4 83.0 9.4 – – –

Borehole 24
1 – 0.3 1.6 24.2 47.1 11.1 15.7
2 – 27.1 31.9 15.8 17.5 2.1 5.6
3 0.4 25.1 42.2 15.7 10.5 1.6 4.5
4 0.5 26.3 40.2 17.9 10.0 1.5 3.6
5 1.0 36.1 36.9 – – – –
6 1.6 38.3 34.5 – – – –
7 0.5 37.8 37.38 – – – –
8 0.9 39.2 40.5 – – – –
9 2.3 39.9 42.4 – – – –

10 6.7 43.8 41.0 – – – –
11 1.2 46.0 25.1 – – – –

Borehole 1
1.9 – 1.9 22.8 17.3 34.2 11.9 11.9
5.4 – 7.0 17.6 26.0 24.6 10.2 14.6
6 0.3 19.2 24.0 15.8 23.9 5.4 11.4
7 3.1 31.0 29.0 8.8 19.7 7.1 1.3
9 1.8 57.4 36.8 – – – –

10 4.2 70.4 12.1 – – – –
12 34.8 16.8 6.3 11.5 16.5 4.9 9.2
20 – 1.0 8.3 54.0 23.8 4.3 8.6
25 – 0.5 5.9 46.0 39.7 2.3 5.6
30 – 1.1 15.0 55.9 16.7 3.0 8.3

Ta b l e  4. Weight water content
 in the soils (W) at the depth (h)

Borehole 21 Borehole 24 Borehole 1

h, m W, % h, m W, % h, m W, %
0.5 34.2 0.5 64.1 5.5 23.2
1 30.4 1 42.9 8.2 16.9
2 31.4 2 21.4 9.5 16.7
3 40.8 3 23.0 17 23.0
4 43.9 4 21.0 18.5 23.6
5 38.0 5 24.2 22 19.1
6 51.5 6 21.0 23 19.7
7 27.9 6.5 25.2 24.3 18.8
8 25.1 7 19.2 25.3 20.8
9 32.3 10 22.7 26 26.9

10 27.9 10.5 20.0 28 19.6
11 29.6 11.5 40.7 30 24.3

Ta b l e  5. Radiocarbon dating of alluvium exposed 
 in the cellars of IMZ SB RAS
 [Kostyukevich and Dneprovskaya, 1988, 1990]

Material Depth, 
m

Place of 
sampling 

14C-age, 
years ago

Dating 
index

Plant detritus 9 Old cellar 10 800 ± 168 IM-958
Washed-in peat 11 The same 11 560 ± 135 IM-959
Washed-in peat 12 » 11 560 ± 120 IM-960
Timber 10 New cellar 11 193 ± 250 IM-961
Washed-in peat 11 The same 11 193 ± 250 IM-962
Plant detritus 11.3 » 9635 ± 135 IM-963
Timber 11.6 » 10 385 ± 150 IM-964
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Ta b l e  6. The chemical composition of lacustrine water and of the water extract of soils

Depth of 
sampling, 

m
pH Eh,

mV
Content of cations, mg-eq/100 g Content of anions, mg-eq/100 g Total hard-

ness,
mg-eq/100 g

Degree of sa-
linity Dsal, % 

(g/100 g)Ca2+ Mg2+ Na+ K+ NH+
4 HCO3

– SO4
2– Cl– NO3

–

Water extract of soils in the cross section of Borehole 21
1 6.97 400 0.4175 0.2088 2.2609 0.0251 0.0071 0.2570 1.0112 1.2525 0.0027 0.626 0.1642
2 7.28 366 2.0410 2.0332 3.0978 0.0551 0.0071 0.3801 4.7133 2.0625 0.0109 4.074 0.4488
3 7.16 391 0.5204 0.5079 0.8348 0.0652 0.0536 0.3330 0.4285 1.5750 0.0082 1.028 0.1249
4 7.23 378 0.3490 0.3365 0.6957 0.0476 0.0357 0.3910 0.3942 0.7525 0.0410 0.686 0.0866
6 7.32 373 0.3708 0.3023 0.8696 0.0526 0.0536 0.5466 0.3256 1.0900 0.0271 0.673 0.1044
8 7.09 395 0.2555 0.1309 0.3087 0.0226 0.0071 0.3041 0.1714 0.3250 0.0137 0.386 0.0437

10 7.17 403 0.1465 0.1683 0.2065 0.0238 0.0036 0.2787 0.1714 0.1525 0.0137 0.315 0.0328
Water extract of soils in the cross section of Borehole 24

2 7.67 453 0.2180 0.1030 0.5220 0.0110 0.0070 0.3620 0.1390 0.3560 0.0009 0.321 0.0483
3 7.19 449 0.1932 0.0904 0.4435 0.0150 0.0071 0.3367 0.1543 0.3234 0.0026 0.284 0.0448
4 7.19 452 0.1402 0.1059 0.4565 0.0251 0.0036 0.3294 0.1371 0.2940 0.0009 0.246 0.0426
6 7.11 451 0.1527 0.1651 0.3783 0.0163 0.0036 0.3294 0.1714 0.2352 0.0009 0.318 0.0409
8 7.02 457 0.1901 0.0592 0.4043 0.0113 0.0036 0.2602 0.1714 0.3851 0.0009 0.249 0.0440

10 6.79 462 0.1028 0.0810 0.2478 0.0251 0.0035 0.2100 0.1388 0.1764 0.0009 0.184 0.0290
Lacustrine water in the cross section of Borehole 1

0.8–0.9 7.49 335 5.516 8.570 6.260 0.460 0.107 16.020 0.600 4.460 0.111 14.08 1.0617
1.3–1.4 7.52 333 4.987 9.082 6.090 0.419 0.143 15.780 0.428 4.663 0.083 14.07 1.0425

Water extract of soils in the cross section of Borehole 1
1.5 7.13 380 0.8720 1.4320 2.1739 0.2506 0.0750 0.9131 2.2281 1.3266 0.1638 2.304 0.2770
2.0 6.80 427 0.1449 0.1087 0.2739 0.0476 0.1071 0.2435 0.1714 0.1148 0.0000 0.254 0.0341
5.5 6.69 449 0.0752 0.1839 0.3478 0.0251 0.0429 0.2691 0.1714 0.2020 0.0218 0.259 0.0371
10 7.44 425 0.1588 0.2117 0.4000 0.0476 0.0357 0.2723 0.3942 0.1782 0.0027 0.371 0.0509
15 7.80 402 0.1560 0.1950 0.3565 0.0583 0.0571 0.4998 0.3428 0.0396 0.0273 0.351 0.0500
20 7.8 422 0.0641 0.1588 0.7000 0.0338 0.0214 0.5863 0.2914 0.0475 0.0000 0.223 0.0545
25 7.6 421 0.0919 0.1031 0.7217 0.0219 0.0054 0.4550 0.6856 0.0435 0.0082 0.195 0.0690
30 7.4 428 0.0752 0.1365 0.8043 0.0244 0.0071 0.4197 0.6856 0.0594 0.0109 0.212 0.0710

Ta b l e  7. Description of the geocryological cross section of Borehole 24

Layer 
number Depth, m Brief characteristic of the deposit

1 0–0.2 Transparent fractured ice
2 0.2–0.5 Black silt with remains of grass, bush and trees of diff erent degrees of decomposition, frozen, with atax-

itic cryogenic texture; it fl ows in melting and exudes strong boggy odor
3 0.5–0.95 Dark-gray clayey silt with yellow spots, silty, peaty, frozen with fi ne lenticular cryogenic texture; 

in melting, it exudes boggy odor and becomes free-fl owing
4 0.95–1.45 Dark-gray clayey silt with yellow spots, frozen with fi ne lenticular cryogenic texture; in melting,

it exudes boggy odor and acquires plastic consistency
5 1.45–1.7 Yellow-gray sandy silt with interlayers (up to 5 cm) of gray sand, frozen with cement ice and at times 

with fi ne lenticular cryogenic texture
6 1.7–1.9 Yellow-gray sandy silt, melted, with boggy odor
7 1.9–2.1 Yellow-gray sandy silt, silted, melted, water-saturated with boggy odor 
8 2.1–3.5 Yellow-gray sandy silt, with interlayers (up to 5 cm) of gray sand, water-saturated
9 3.5–9.6 Dark-gray sand, fi ne, with interlayers (1.5–3 mm) of brown plant detritus, water-saturated with boggy 

odor
10 9.6–11.5 Dark-gray sand, medium-sized, with wavy laminarity and massive cryogenic texture

2010–2015 (Fig. 2, b). The cross section of Bore-
hole 24 convincingly indicates the presence of active 
formations under the marginal part of Lake Saisary. 
Here they are represented by peats, clayey silts, san-

dy silts and compose a mature layer up to 2.5 m thick. 
It is likely that in some years in the area of Bore-
hole 24 the boundary of the active layer descends to 
the depth of 3.0–3.5 m.
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The active layer of the bottom of the lake under 
study is formed in the deposits if the hydrogenic talik. 
In the cross section of Borehole 24, these deposits are 
mainly of sandy composition and are water-bearing 
formations. 

The deposits of the hydrogenic talik are charac-
terized by low values of positive temperature in this 
cross section. In the period of 2010–2015, these va-
lues at the depth of 5 m varied from 0 to 2.7 °C. In the 
same period, the maximum temperature of the ex-
posed talik (3.1 °C) was recorded at the depth of 3 m 
in the cross section of Borehole 24. The hydrogenic 
talik in this cross section is underlain by the perma-
frost stratum of alluvium. This stratum is primarily 
composed of sands and to a lesser extent by sandy 
silts containing cement ice. The temperature of frozen 
alluvium exposed by Borehole 24 at the depth of 10 m 
varied over the 5 years of observations from –0.1 to 
–0.3 °C.

Not only accumulations of peat (the cover of the 
lacustrine ice approaches them), but also the clayey 
silt underlying the peat accumulations there belong 
to the benthic variant of the cultural layer deposits in 
the cross section of Borehole 24. 

The thickness of the cultural layer composed of 
peat and of clayey silt is determined from the chemi-
cal composition of the water extract of the soil tested 
during drilling of Borehole 24 (Table 6). These data 
demonstrate that all the soil samples contain practi-
cally non-saline material. Its water extract is charac-
terized by the degree of salinity of less than 0.05 % 
and by primarily bicarbonate-sodium composition. 

As relatively increased concentration of anthro-
pogenic components (ammonium cations and nitrate 
anions) have been recorded at the depth of 3 m, we 
can suppose that the foot of the benthic variant of the 

cultural layer is at the depth of about 3.5 m. Perhaps, 
the thickness of the anthropogenic lacustrine sedi-
ments is approximately equal to the thickness of the 
active layer in the cross section of Borehole 24. 

A similar structure characterizes the benthic 
variant of the cultural layer deposits in the cross sec-
tion of Borehole 25. 

The system of geocryological monitoring in the 
territory of Yakutsk includes boreholes drilled from 
fl oating ice, to which, in particular, Borehole 1 be-
longs.

Borehole 1 was drilled from the floating ice of 
Ytyk-Kyuel Lake. This is a drainless lake, the level of 
which has the absolute height of about 95 m, is in the 
rear depression of the Sergelyakh terrace of the Lena 
River and is likely to be a dead lake. Its hollow has 
been repeatedly a place of unauthorized solid waste 
dumping and of the fecal waste and contaminated wa-
ter discharged from the Yakutsk chicken factory. Cur-
rently the anthropogenic contamination of this lake 
has practically stopped. 

The hollow of Ytyk-Kyuel Lake is located at the 
foot of a steep and tall (100 m) escarp. Alongside, 
there are urbanized landscapes of the Sergelyakh ter-
race next to the middle-taiga landscapes of the steep-
ly-sloping plateau. 

Borehole 1, drilled in Ytyk-Kyuel Lake in early 
April of 2009, exposed a downward geocryological 
cross section shown in Table 8. The data on the grain 
size distribution and the weight water content of the 
samples taken from the cross section of Borehole 1 are 
shown in Tables 3 and 4.

Lithologically, the cross section of Borehole 1 is 
divided into three parts. One of them, located in the 
depth range of 11.7–32.0 m, should be probably re-
ferred to benthic cryogenic eluvium [Katasonov, 

Ta b l e  8. Description of the geocryological cross section of Borehole 1

Layer 
number Depth, m Brief characteristic of the deposit

1 0–0.8 Lacustrine ice
2 0.8–1.4 Lacustrine water 
3 1.4–6.6 Dark-gray clayey silt with horizontal and wavy laminarity due to sand interlayers, melted
4 6.6–11.7 Gray sand with interlayers (2–3 mm) of silts; in the range of depths 8.5–8.8 m, there is an interlayer of 

dark-brown clayey silt; melted soil
5 11.7–15.2 Gray sandstone with fi ne tabulated (1–3 cm) jointing
6 15.2–22.2 Gray sandy silt, with almost horizontal laminarity; at the depth of 16.0–16.2 and 16.5 m, with spots of 

coal-like material; there are interlayers of clayey silt (1–2 mm); below 20 mm such interlayers are 5 mm 
thick or less, they occur more rarely (with an interval of 1 cm); the soil is melted

7 22.2–22.5 Gray sand, fi ne, melted
8 22.5–24.4 Gray clayey silt with horizontal and wavy laminarity, melted
9 24.4–28.0 Gray sandy silt alternating with brown silt; laminarity is slanted; the interlayers are from 1 to 10 mm 

thick; at the depth of 25.9 m, there are light-gray spots of sandy composition with diameter of 1–3 mm; 
the soil is melted

10 28.0–29.25 Dark-gray sand, fi ne, with slanted interlayers of dark-brown clayey silt, the interlayers are from 0.5 to 
1.5 cm thick

11 29.25–32.0 Gray sandy silt, with interlayers of brown clayey silt, laminarity is almost horizontal
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1961, 1969]. Here the eluvium consists of the remain-
ing products of destruction of the underlying sand-
stones, siltstones, argillites and other Mesozoic de-
posits. It seems that their weathering, which took 
place under water, was accompanied by soaking of the 
solid deposits. This may account for signifi cant dis-
persion and the rather high moisture content of the 
exposed soil. The benthic cryogenic eluvium is over-
lain in this cross section by the sediments of the river 
channel facies. The lacustrine alluvial facies of the 
periodically drained old lake in the cross section of 
Borehole 1 are represented by sands with interlayers 
of silts and by laminated sands (the depth 6.6–
11.7 m).

The lacustrine facies of the drainless old lake are 
identifi ed in the upper part of the cross section of the 
benthic sediments of Ytyk-Kyuel Lake. Judging by 
the core of Borehole 1, they are represented by clayey 
silts (the depth variance is 1.4–6.6 m). Near the bot-
tom surface, these clayey silts contain a large admix-
ture of organic material.

According to the results of the geothermal mea-
surements taken in Borehole 1, the existence of a 
hyd rogenic, seemingly closed talik under Ytyk-Kyuel 
Lake was established. In accordance to the tempera-
ture measurement data, it is about 28  m thick 
(Fig. 2, c). The temperature of the deposits in the up-
per part of the hydrogenic talik at the depth from the 
bottom surface of 0.6 m varied in diff erent years from 
1.7 to 5.5 °C.

According to the data available, Ytyk-Kyuel 
Lake is a brackish water body. Its waters are charac-
terized by salinity exceeding 1 % (Table 6), which is 
of a continental type, the mineral content has a bicar-
bonate-magnesium characteristic. The presence of 
ammonium cations and of nitrate anions in the com-
position of the subglacial and benthic samples of 
these waters may indicate their cryogenic metamor-
phism [Anisimova, 1981] and their anthropogenic 
contamination. 

The cultural layer on the bottom of Ytyk-Kyuel 
Lake in the cross section of Borehole 1 is 1.5 m thick 
and is represented by clayey silts. Their water ex-
tract is characterized by the sulphate-sodium com-
position and the degree of salinity of about 0.28 % 
(Table 6). 

The limited volume of this paper does not allow 
us to provide all the available material on the struc-
ture of the lacustrine sediments of the cultural layer 
within the boundaries of Yakutsk. It is to be noted 
that, in accordance with this material and certain li-
te rary data [Soloviev, 1975], such sediments are 
formed not only in hydrogenic taliks but also in the 
adjacent shore zone of anthropogenically contami-
nated lakes. This zone consists of natural territorial 
geocryological complexes of two types. The fi rst type 
contains cryogenic landscapes distinct by the pres-
ence of an active layer in them [Fedorov et al., 1989]. 

The second type of the natural complexes of the shore 
zone of those lakes is represented by the so-called 
paracryogenic landscapes. As opposed to cryogenic 
landscapes, they are characterized by formation of the 
active layer in them.

CONCLUSIONS

1. The sediments of the cultural layer are wide-
spread and are a rather representative part of urbani-
zed ecosystems of the territory in question located in 
the permafrost zone.

2. The structure of the cultural layer of this ter-
ritory is determined by the presence of not only sub-
aerial facies [Saltykov, 1946; Melnikov, 1950; Makarov 
and Torgovkin, 2018], but also lacustrine sediments. 

3. The lacustrine facies of the cultural layer of 
the permafrost zone are characterized by considerable 
geocryological variety. Sometimes they are formed in 
wet permafrost. The other cross sections show that 
the lacustrine sediments of the cultural layer are ac-
tive formations. The results obtained indicate that in 
some places the lacustrine facies of the cultural layer 
have a positive temperature and are referred to sedi-
ments crowning the cross section of hydrogenic taliks 
of the territory in question.

4. The lacustrine sediments of the cultural layer 
of the permafrost zone are often characterized by in-
creased moisture content (ice content); therefore, 
they are the place of hazardous geological and engi-
neering processes (frost heaving, creep, frost crack-
ing, sagging at melting, etc.).

5. The geocryological specifi cs of urbanized land-
scapes of the territory in question is determined by 
the presence of anthropogenic sediments; partly these 
sediments belong to lacustrine facets of the cultural 
layer.

6. The materials on the cultural layer provided in 
the paper should be considered in design and con-
struction of engineering infrastructure facilities and 
in solution of ecological and environmental protec-
tion tasks in the territory of Yakutsk.
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