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Summary. Vertical electrical sounding method is an express and most accurate
method for measuring and analysing the resistivity through the soil profile. As a result
of climate change, permafrost is melting, which leads to a significant transformation of
landscapes, both natural and anthropogenically transformed. In the vulnerable environ-
ments of the Arctic region (long recovery after anthropogenic impact), this method al-
lows to determine the active layer thickness and the heterogeneity in the soil structure
without disturbing of the soil cover. This method is based on the measurement of elec-
trical resistivity in the soil, the data obtained were processed in the form of one dimen-
sional model. In the course of field research, the heterogeneous islands of the Lena
River Delta were investigated. Complex soil investigations using the method of vertical
electrical sensing allows to fully assess the most important properties of cryogenic soils
formed in the delta complex of the Lena River. As a result of the work, the modeled
boundaries of the active layer were determined, which were confirmed during the laying
of soil transects, as well as the main physical and chemical parameters of soils. During
the vertical electrical sounding observation an inhomogeneity in the distribution of re-
sistivity under a drained lake was found, which may correspond to the presence of a
talik or a layer of salt unfrozen water in a permafrost. Due to the change in the soil
horizons, there is a sharp change in the electrical resistivity indicator occur, which cor-
responds to the change from soil to frozen rock.

The paper contains 6 Figures, 3 Tables and 37 References.
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AHHoTanus. MeToJ| BEpTHKAIBHOTO 3JIEKTPUYECKOrO0 30HAMPOBAHMS SBILIETCS
9KCIIPECCHBIM U HauboJiee TOYHBIM METOJIOM M3MEPEHHS M aHaIN3a YASJIBHOTO COIpPO-
THUBJIECHUS B Ipoduie NOoYBbL. B pesynbrare H3SMEHEHHUs KIMMara IPOUCXOIUT TasHUEe
MHOTOJIETHEMEP3JION MOPOJIbl, YTO NMPUBOJUT K 3HAYUTENBHON TpaHCHOPMALIUH JIaH]-
madToB, KaK €CTECTBEHHBIX, TAK U AHTPOIOI'CHHO-NIPEOOPa30BaHHBIX. B ys3BUMBIX
YCIIOBHSX APKTHYECKOTO PErioHa (IJIMTEILHOE BOCCTAHOBIICHHE TIOCIIC aHTPOIIOT eH-
HOTO BO3/ICHCTBU) JaHHBII METO/] MO3BOJIAET ONPENSTUTh T'PAHUIYY AKTUBHOTO CJIOSL U
HEOJIHOPOIHOCTh CTPYKTYPbI OUBbI 0€3 HapYIIEHHs TOYBEHHOIO MOKPOBa. JlaHHbIN
METOJ] OCHOBAaH Ha U3MEPEHUHU YJEIBHOIO IEKTPUYECKOr0 CONPOTHBICHUS B IIOYBE;
OJIy4EHHbIE laHHbIe 00pabaThIBANINCH B BUJE OJHOMEPHBIX Mojeneil. B xozxe nose-
BBIX HCCIICIOBaHHI ObUIN UCCIIEIOBAaHbI OCTpOBa neibThl p. Jlenst. [IpoBeneHre KoM-
IUICKCHBIX IOYBEHHBIX HCCIICJJOBAaHUII C MCIOJIB30BAaHUEM METOJd BEPTUKAIBLHOIO
3NIEKTPUYECKOr0 30HANPOBAHMS MTO3BOJIAET B IIOJHOM Mepe OLEHUTh BasKHEHIIIIE CBOIi-
CTBa KPHOTEHHBIX 1104YB, (POPMUPYIOIIUXCS B JEIBTOBOM KoMIuiekce p. Jlensl. B pe-
3yabTate paboT onpeeneHbl CMOASIUPOBAHHbBIE IPAHUIBI AKTUBHOT'O CIIOS, KOTOpbIE
OBbLIM MOATBEPIKACHBI IPH 3aKJIAJIKE IOUBSHHBIX Pa3pe30B, a TAK)KE OCHOBHBIE (PU3UKO-
XMMHYECKUE NapaMeTpbl MouB. B xoie HaOMoAeHHH BEPTHKAIBHOTO JIEKTPHYECKOro
30HAMPOBaHUs OblIa OOHAPYKEHa HEOJHOPOJHOCTD B PACHPEEICHUN YIEIBHOIO CO-
MPOTHBIICHUS N0/ APEHUPOBAHHBIM 03€POM, UTO MOYKET COOTBETCTBOBATH HATMYHUIO Ta~
JIMKA WK CJI0sI CONICHOM He3amep3Iiel BOJIbL. B CBA3H CO CMEHOM OYBEHHBIX TOPU30H-
TOB NPOUCXOIHUT PE3KOE M3MEHEHHE IOKa3zaTeNel HIEKTPHUYECKOro CONPOTHBICHHUS,
YTO COOTBETCTBYET IIEPEXO/y OT MOUBbI K MEP3JIOH MOpOJe.

KiroueBble cjioBa BepTHKaJIbHOE 3JIEKTPUYECKOE 30HIMPOBAHUE, MHOIOJIETHE-
Mep3JIble TI0YBBI, yJIEIBbHOE JIEKTPUUECKOE CONPOTHUBIICHNE, APKTHKA, KPHO3EMBI

Jns murupoBanus: Polyakov V.1, Abakumov E.V., Petrov A.A. Physico-chemical
and electrical properties of Cryosols in the Lena River Delta // Bectauk Tomckoro roc-
yIapcTBEHHOro yHuBepcurtera. buomorms. 2023. Ne 63. C. 24-42. doi:
10.17223/19988591/63/2

Introduction

Permafrost-affected soils occupy an area of more than 8.6 million km? in the
Norther hemisphere [1-2]. A characteristic feature of permafrost-affected soils are
the presence of ice, which is often found in the form of a permafrost table and
cryogenic process (turbation, cracking) [3]. Permafrost layer acts as a geochemi-
cal barrier that leads to stagnation of water, especially in the summer months,
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causing a decrease in the amount of oxygen in the soil (redoximorphic conditions)
[4]. Arctic soils are quite vulnerable to the disturbance of the soil cover [5]. It
leads to the development of permafrost processes in the soil and degradation of
landscapes affected by permafrost [6]. The most common method of soil cover
analysis is the research of a soil section, which provides complete information on
the structure of the soil cover. To determine the active layer thickness, a soil probe
is also used, its length is usually up to 1.5 m, it practically does not disturb the
soils, but at the same time does not provide information about the structure of the
soil profile [5-6]. Soils in polar deserts can show signs of waterlogging and gley
conditions due to waterlogging as a result of melting of ice. In permafrost-affected
soils, the absence of horizontal layers may be observed [7]. This process is known
as cryoturbation and leads to mixing of soil material, involutions, migration of
dissolved organic matter, frost heaving, separation of coarse inclusions from fine-
grained soil, cracks and patterned soil [8].

One of the effective and informative method for analyzing soil cover, deter-
mining the active layer thickness and water table is the method of vertical electri-
cal sounding (VES) [9-10]. For the first time, the method of VES was used in the
work of Parasnis [11], which noted the simplicity of use of such a technique in
electrical exploration. The use of VES has recently been discussed by
A.lL Pozdnyakov, his work led to a comprehensive understanding of the nature of
stationary electric fields in soils, grounds and landscapes [9, 12]. Due to VES
investigation as a non-intrusive method, it is possible to carry out an express sur-
vey of soil-permafrost strata in order to establish the thickness of the active layer,
the depth of the upper layer of permafrost and clarify the structure of the stratum
of permafrost [5, 13-14]. This method is also actively used in the urban environ-
ment, it allows to quickly and accurately determine the risks of flooding, without
disturbance of the soil cultural layer [9, 12, 15-16]. The method is applicable to
compilation of landscape maps in the field of agricultural complex based on soil
organic matter (SOM) content, cation exchange capacity and texture class [9]. In
the Arctic zone, due to the presence of a layer of permafrost, SOM indicators,
cation exchange capacity, texture class do not provide much information about
the profile structure, due to the relatively high electrical resistivity (ER) of frozen
rocks [6]. In the polar zone, the indicator of ER in the soil has been insufficiently
studied. The main areas of research were carried out in the European part of Rus-
sia, Western Siberia, Svalbard archipelago and the Antarctic Peninsula [6, 12, 17-
18]. Further study of induced electric fields will make it possible to study the
detailed structure of soils, the redistribution of substances in the soil cover, their
course and intensity [9, 16]. As a result of climate change, cities located in the
area of permafrost are at risk due to soil subsidence and possible flooding, there-
fore expanding the study of natural electric fields in soils is a powerful tool for
preventing damage and ensuring public safety [5, 19]. This method makes it pos-
sible to study saline, flooded, agrotechnical and drained soils [16, 20]. Based on
these works, relationships were established between the content of organic matter,
texture class, and the cation exchange capacity [15]. Recently, the VES method is
used in the conditions of occurrence of permafrost, since it is suitable for
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determining the active layer thickness [21]. Geophysical methods in comparison
with traditional soil excavations have a number of advantages, such as coverage
of a large area and low impact on the soil cover [5-6,14]. In the Arctic zone, in
context of investigations of Cryosols and permafrost-affected soils, geophysical
methods are mainly used to study the thickness of the occurrence of permafrost
and the shapes and sizes of taliks under thermokarst lakes and rivers [5-6]. Soils
in the area of occurrence of permafrost are quite different in the context of ER,
the ER here ranges from 1000-5000 to 10°-10° Ohm m, while soils not affected
by cryogenic processes have a resistivity approximately 1000 Ohm m, depending
on the structure and degree of moisture [6, 17]. Thus, the aim of this work is to
use VES to study the vertical stratification of strata on various islands of the Lena
River Delta. To achieve the aim of work, the following tasks were set:

- to measure the active layer thickness of the Lena River Delta by traditional
methods;

- to investigate the electrical resistivity and constructing profile curves of ap-
parent electrical resistivity of different soil horizons;

- to analyze the active layer thickness according to VES method in various
landscape of the Lena River Delta.

Materials and methods

Study area. The Lena River Delta is the largest northern delta in the world,
which is located in the Arctic zone and has an area of about 30,000 km? [22-23].
Due to such a huge area and location, it has a significant impact on the water
regime of the Arctic Ocean. The delta was formed as a result of river activity:
sediment transport, erosion, abrasion under the influence of sea level fluctuations
[23]. The Lena River Delta is covered with tundra vegetation of various types
[24]. The main components are lichens, mosses, grasses and some types of shrubs
[25]. The Lena River delta is separated from the mainland by the Primorsky Ridge
and the Chekanovsky Ridge [23]. Thus, the Delta of the Lena River has been
formed in a lowland and heavily watered.

The Lena River Delta is located in a zone with an arctic continental climate.
The average annual air temperature is -13 °C, the average January temperature
drops to -32 °C, the average July temperature is 6.5 °C. The duration of the period
with snow cover is 250-270 days. Most of the land is characterized by the pres-
ence of permafrost at a depth of about 50-60 cm [24-25].

Sampling strategy. The sampling and classification procedure of soils and soil
horizons was carried out according to the standard procedure [26]. To analyze the
physicochemical properties of the soil sections were prepared.

During the field work, two islands were explored - Kurungnakh and
Samoylov. The exploration was performed in August 2020. Samoylov Island co-
vers an area of about 5 km?. The western part is formed by recent channel and
aeolian processes. The eastern part is represented by ice veins and small thermo-
karst lakes. Kurungnakh Island is located near the top of the Lena River Delta and
is washed away by the Olenek Channel [23]. The Kurungnakh island consist from
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the ice complex (IC) deposits and underlying sands from the surface [27]. One of
the investigated areas of the Kurungnakh Island is represented by a drained lake
that began to form over the past hundred years (Figure 1).
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Fig. 1. The study area. Lena River Delta. Source: ESRI: Geographic information system
company (West Redlands, California, United States of America)

Vertical electronic sounding method. Measurements of the ER of soil and
ground layers were carried out using a portable LandMapper ERM-02 (Penza,
Russia) device. This device is widely used in near-surface (up to 2 m) soil surveys,
as it allows to determine heterogeneities of various soil properties (salinity, ston-
iness, texture, contamination with oil products, depth of groundwater occurrence,
as well as the boundary of the active layer). Measurements were carried out with
grounding into the day soil surface. In our study, the resistivity measurements
were performed using four-electrode (AB + MN) arrays of the AMNB configura-
tion with use of the Schlumberger geometry, with amperage 7 mA [6]. The results
of field measurements were recalculated according to the method of A.I. Pozdnya-
kov [9, 16] in accordance with the geometric coefficients (K) for different depths
and spacing of electrodes AB and MN:

K =3.14 * (AB/2 + MN/2) * (AB/2-MN/2) / (2*MN/2) (1)
where, ABMN — space between electrodes.

Specific ER (Qm) was calculated using the formula:

Ra = K*(AU/) 2)
where, K - geometric coefficients, AU - voltage in mV, I — amperage mA.

The device scheme is shown in Figure 2.

The results of field measurements were recalculated according to the method-

ology proposed by A.l. Pozdnyakov [12]. Zondip software (ZondIP ver.7) was
used to analyze VES data. It was used to obtain inverted 1D images. This is due
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to the fact that the main task was to determine active layer thickness in various
natural conditions (flooded, non-flooded, periodically flooded territories), and to
consider the heterogeneity of the structure of soil profiles developing under cryo-
genic conditions. The distance of the MN electrodes was the same in all studies
(10 cm). According to the A.I. Pozdnyakov on small research areas (up to 5 m),
we can use the distance MN equal to 10 cm, and not increase it. The distance AB
varied depending on the terrain conditions in the studied areas (the presence of
ponds, small lakes, as well as hills).

Laboratory method. Soil samples were air-dried (24 hours, 20 °C), ground, and
passed through 2 mm sieve. Chemical analyses were performed using classical
methods: C and N content were determined using an element analyzer (EA3028-
HT EuroVector, Pravia PV, Italy), pH in water suspensions using a pH meter (pH-
150M Teplopribor, Moscow, Russia). The particle-size distribution analysis was
carried out according to the Kachinsky method, which is the Russian analogue of
analysis by Bowman and Hutka [28].

|
—
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Fig. 2. (a) Schematic of the four-electrode measuring configuration. (b) field observation.
ABMN - the place where the electrodes are installed; AU - voltage in mV;
I - amperage in mA; L is the distance between the electrodes AB; O is the distance between
the MN electrodes

Results

Physico-chemical characteristics of soil. The studied soils have been classified
as Cryosol [26]. In the studied soils, the thickness of active layer is up to 1 meter,
and in most of the soils there are signs of cryoturbation, which is present in the
mixing of soil horizons under the influence of cryogenic processes [29]. Due to
the close presence of permafrost, stagnic conditions are formed in soils, this is
presented in the formation of ferruginous nodules, and the migration of iron and
aluminum oxides along the soil profile [1]. The description of studied soils is pre-
sented in Table 1.
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bation and buried organic matter

Table 1
Description of soil cover from the Lena River Delta
Soil Horizon Depth, Description Coordinates |Soil name
ID cm
Samoylov island
Ah 0-22 Organomm?ral horizon .w1th the accu-
mulation of organic matter
Sam A/C 2229 Stratified soil horizon, with layers with | N 72°22'15.7"| Umbric
1 different particle-mass distribution | E 126°28'11.5"| Cryosol
Stratified soil horizon with iron spots
A/Cg | 29-60 and Fe-Al migration
Sam Oe 0-9 MO(.ieratly de.compo.sed. organic matter N 72°22'11.4"|  Folic
2 Mineral horizon with iron spots and | E 126°31'06.5"| Crvosol
Bg 9-38 L . y
Fe-Al migration
Sam Oe 0-5 Mode;;l.tly deici)m.posed .oilgam.c matter N 72°2221.8"|  Folic
3 R ineral horizon with a sign E 126°29'38.5"| Cryosol
Be@ >-29 of cryoturbation Y
Sam Oe 0-8 M.oderatly d.ecomp.osed c.)rgamc matter N 72°17202" | Folic
4 Be@ 3-32 Mineral horizon w1t.h a sign of cryotur- | g 126°11'00.2" Cryosol
bation
Kurungnakh island
Oe 0-4 | Moderatly decomposed organic matter
Kur 1 Mineral horizon with with iron spots, |N 720017"21-1"" Folic
Bg@ 4-27 | Fe-Al migration and sign of cryoturba- E 126°10'48.9"| Cryosol
tion
Oe 0-3 | Moderatly decomposed organic matter N 72°1725.5" | Folic
Kur 2 Mineral horizon with iron spots and | 1 26°10'54 9"| Crvosol
Bg 3-29 L . y
Fe-Al migration
Oe 0-10 | Moderatly decomposed organic matter N 72°17263" | Folic
Kur 3 Mineral horizon with iron spots, Fe-Al | g 126°1 1'03' 2| Crvosol
Bg@ | 10-20 S . . - y
migration and sign of cryoturbation
Oe 0-11 | Moderatly decomposed organic matter N 72°1729.2" | Folic
Kur 4 Mineral horizon with iron spots, Fe-Al | g 126°1 l'ld 6"l Crvosol
Bg@ | 11-29 S . . . y
migration and sign of cryoturbation
Oe 0-8 | Moderatly decomposed organic matter N72°1723.1" | Folic
Kur 5 i i i i ] o1eq an
Be@ 3-39 Mineral horizon k;);lttj}(l) ;1 sign of cryotur- | § 126°10'51.5 Cryosol
Oe 0-5 | Moderatly decomposed organic matter
Kur 6 Be@ 5.40 Mineral horizon with a sign of cryotur- | N 72°17'20.8"| Foilc
g ) bation E 126°10'46.9"| Cryosol
Oe 0-3 | Moderatly decomposed organic matter | N 72°17'20.2" Folic
Kur 7 Mineral horizon with iron spots, Fe-Al E
_ > o111 » | Cryosol
Be@ 3-31 migration and sign of cryoturbation 126°11'00.2 Y
Ah 0-30 Organomineral horizon with the accu-
Kur 8 mulation of organic matter N 72°19'17.8"| Umbric
Bgb 30-50 Mineral horizon with a sign of cryotur- | E 126°15'10.9"| Cryosol
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Soil Horizon Depth, Description Coordinates |Soil name
ID cm
Organomineral horizon with the accu-
Ahg 0-25 | mulation of organic n}attep iron spots N 72°19'17.9" | Umbric
Kur 9 and Fe-Al migration o1 211 on
- - - - E 126°15'13.8"| Cryosol
Bob 25-40 Mmere}l horizon \ylth asign of cryotur-
g bation and buried organic matter
Organo-mineral horizon with iron spots .
Kur o . "IN 72°19'18.0" | Umbric
10 Ah@ 0-50 |and Fe-Al mlgratrlé);tztrld buried organic E 126°15'15.1"| Cryosol

From the data obtained, relatively young areas (first terrace) of the Lena River
Delta (flooded and drained) are associated with an active soil-forming process, which
is presented in the formation of the Umbric horizon. The zonal areas on the islands of
Samoylov and Kurungnakh are represented by typical Folic Cryosols, their develop-
ment is associated with the formation of a moss cover and the development of active
cryogenic processes. The thickness of such soils is much less than in flooded areas
(approximately is 30-40 cm), this is due to the development of a moss cover, it acts as
a temperature regulator and prevents the degradation of permafrost in the soil. Areas
subject to periodic flooding process have a significantly greater thickness of the active
layer, this is due to the active influence of the river on this territory. Such area is quite
different from the zonal landscape, it’s presented by different vegetation, the particle-
size distribution is represented by the sand fraction and accumulation of humified or-
ganic matter (Table 2). Soil sections are shown in Figure 3.

The physicochemical characteristics of the studied soils are presented in Table 2.

The pH value varies within a wide range from 4.5 to 7.2. The most acidic
condition is associated with zonal variants of soil formation, humification of or-
ganic substances, the precursors of which were mosses and lichens, leads to acid-
ification and activates the process of migration of aluminum and iron along the
soil profile. In areas that are subject to periodic flooding process, the pH level
shifts to neutral. The Lena River in the downstream erodes carbonate rocks, which
in dissolved form can accumulate in the river delta, which serves as a place of
accumulation for various elements [26]. The carbon content is highest in the upper
humus horizons, as well as in the Oe horizons, which consist of moderate decom-
posed organic remains. The nitrogen content is relatively low, which is typical for
the Arctic soil, since the precursors of humification contain a small amount of
nitrogen, which passes into the soil [30, 31]. In areas subject to flooding process,
the nitrogen content is higher, this is the result of the formation of legumes and
the fixation of nitrogen from the atmosphere. Flooded areas are characterized by
the predominance of the sand fraction, which accumulates during periodic flood-
ing. Zonal soils are characterized by a relatively high content of the dust fraction
in relation to the flooded areas, this is due to the processes of physical, chemical
and biological weathering [32].

Electrical parameters of cryogenic soils in the Lena River Delta. During the
field work, measurements of the ER of soils were carried out (Table 3).
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Kur 3 Kur 10

Fig. 3. Studied soil profiles. Soil ID correspond to Table 1

Table 2
Physicochemical parameters of the studied soils in the Lena River Delta
Soil ID |Depth, cm| pH (H20) | C, g*kg'* | N, g*kg'* Cl;:;tlcl|e-51szieltdlst|r1bust;(1)11:1
Samoylov island
0-22 7.2 34 0.01 3 22 75
Sam 1 22-29 7.1 2.8 0.41 5 12 83
29-60 5.4 2.7 0.55 18 12 70
Sam 2 0-9 6.2 33 0.01 n.d. n.d. n.d.
9-38 7.1 1.2 0.01 3 23 74
Sam 3 0-5 5.7 2.4 0.01 n.d. n.d. n.d.
5-29 6.4 0.8 0.01 6 10 84
Sam 4 0-8 6.1 2.1 0.01 n.d. n.d. n.d.
8-32 6.9 0.9 0.01 1 25 74
Kurungnakh island
Kur 1 0-4 5.8 2.3 0.43 n.d. n.d. n.d.
4-27 4.5 0.4 0.01 15 42 43
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Soil ID |Depth, cm| pH (H20) | C, g*kg'* | N, g*kg'* Cliz;tlde-sgzﬁtdlsmbust;:é
Kur 2 0-3 5.9 2.5 0.01 n.d. n.d. n.d.
3-29 5.4 0.5 0.01 14 31 55
Kur 3 0-10 5.8 3.1 0.01 n.d. n.d. n.d.
10-20 5.3 0.9 0.01 10 70 20
Kur 4 0-11 5.7 2.7 0.11 n.d. n.d. n.d.
11-29 5.5 0.6 0.22 2 47 51
Kur 5 0-8 5.5 2.8 0.13 n.d. n.d. n.d.
8-39 5.4 0.3 0.01 3 35 62
Kur 6 5-40 53 1.1 0.01 3 32 65
Kur 7 0-3 5.7 2.4 0.04 n.d. n.d. n.d.
3-51 5.4 1.2 0.2 14 29 57
Kur 8 0-30 6.4 2.6 0.8 8 28 64
30-50 5.9 1.3 0.3 10 19 71
Kur 9 0-25 6.6 2.7 0.6 18 40 42
25-40 5.8 1.8 0.06 20 41 39
Kur 10 0-50 5.7 2.2 0.05 6 70 24
Table 3

Electric resistivity of studied soil profiles

VERS section | P-modelled resistivity | Z-bottom layer depth | Field permafrost table
name (Ohm*m) (m) (m)
323 0.00
263.7 0.087
Sam 1 9.15 0.17
11237.88 0.24
3732.79 0.32
567214.03 0.72 0.60
Sam 2 11.36 0.00
504.99 0.22 0.38
7.80 0.00
Sam 3 259.14 0.15 0.29
101.52 0.47
745181.07 1.12
8.36 0.00
103.35 0.15
Sam 4 5181 0.47 032
1000252.88 112
8.27 0.00
1367.79 0.12
Kurl 99.09 032 027
264.12 0.59
60.9 0.00
Kur2 3095.02 0.22 0.29
10.28 0.00
Kur 3 291.07 0.22 0.20
2.09 0.00
27734 0.15
Kur4 101.85 0.23 0.29
284.44 0.71
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VERS section | P-modelled resistivity | Z-bottom layer depth | Field permafrost table
name (Ohm*m) (m) (m)
11.28 0.00
85.86 0.14
Kur3 35.19 0.45 039
343846.02 1.07
9.56 0.00
24.70 0.19
Kur 6 87.21 0.34
43.67 0.47 0.40
1078191.49 1.12
11.37 0.00
68.70 0.11
33.61 0.27
Kur? 67.16 032
30.84 0.37
955297.70 1 0.51
13.34 0.00
57.99 0.19
16.35 0.27
Kur 8 43.71 0.32
22736.28 0.37
28.40 0.45 0.50
2021.77 1.12
8.51 0.00
13.47 0.21
19661.74 0.32
Kur 9 505.94 0.37
25411.83 0.45 0.40
179.51 0.71
1114.82 1.41
9.36 0.00
8.43 0.19
12329.10 0.27
Kur 10 3760.75 0.32
15569.81 0.42 0.50
6726.78 0.71
134701.62 1.41

The measurements extended to a depth of 1-5 m. The results of VES investi-
gation obtained in the field were further processed in the form of a one-dimen-
sional model (resistivity — depth axis) (Figures 4-6).

The data obtained for the resistivity values within the permafrost strata re-
vealed several trends. The main trend is that ER increases with depth. At the same
time, on the border with permafrost, there is a significant increase in ER from
hundreds to thousands of Ohm*m. The increase in ER in the profiles of permafrost
soils is associated with the presence of ice in the profile [6, 12].
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Fig. 4. Profile distribution of ER in soils on Samoylov Island. Vertical scale:
ER values (Ohm*m); horizontal scale: AB/2 distance (m)

Figure 4 shows the graphs of ER on Samoylov Island. The Sam 1 profile is
characterized by the presence of several peaks in the soil profile, which are asso-
ciated with the processes of flooding and deposition of fresh organomineral ma-
terial (Fig. 4). The highest ER value is noted at a depth of 72 cm, which is slightly
deeper than the depth of permafrost found during field work. This can be inter-
preted as an increase in permafrost homogeneity. The upper boundary of the per-
mafrost found in the field work is under the water layer, which leads to the for-
mation of pores and cracks, but with depth the number of pores decreases and the
ER increases. For zonal variants of soil formation (Sam 2 - Sam 4), which are not
influenced by the flooded process, a sharp increase in the value of ER is charac-
teristic when passing from soil to permafrost, which is presented in the obtained
graphs. A characteristic feature of permafrost-affected soils is the presence of a
dynamic active layer thickness, which corresponds to freezing/thawing processes
in a soil at different times of the year (maximum in late August-early September).
On Samoylov Island, from the graphs obtained, we can determine the change in
conditions at a depth of about 110 cm (Sam 3 - Sam 4), these profiles are not
subjected to the flooded process. Samoylov Island is a relatively young formation
in the Lena River Delta and is confined to the Holocene period. The data obtained
well corresponds with the data from Western Siberia (Yamal Peninsula, Gydan),
the increase in the ER was confirmed by the obtained soil sections and corre-
sponded to the active layer thickness [6, 19]. On the Yamal Peninsula, the distri-
bution of ER varies from several to tens of thousands, this is caused by the pecu-
liarities of permafrost formation, which can have pores and stratify [5].
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Kurungnakh Island was formed during the Late Pleistocene and is character-
ized by inhomogeneous structure. From the surface, the island is composed of
modern soils and is underlain by deposits of IC, which reaches several tens of
meters and is underlain by ancient siltstones.

Figure 5 shows the obtained VES graphs, all the graphs obtained clearly show
the permafrost layer, which corresponds to the boundary found when the soil sec-
tion was placed. In the profiles Kur 4 - Kur 7, there is a sharp increase in resistivity
at a depth of 90-110 cm. These profiles are located at the bottom of the alas and
the obtained data may correspond to the upper boundary of the IC. Alases appear
in the landscapes of the permafrost zone due to an increase in the volume of su-
prapermafrost waters. Soil sections Kur 1 - Kur 3 correspond to the tops of the
alas, in that soils water does not stagnate and less protected from the wind, there-
fore they have a relatively close occurrence of permafrost border.

According to ER distribution and field determination of the active layer thick-
ness, the model depths of permafrost distribution were established by ZondIP.
They coincide with most of the studied soils, except for the Sam 3 and Kur 7
profiles. This may be due to the permafrost parameters (presence of cracks and
pores in the frozen rocks). Another reason may be the presence of layers saturated
with poorly decomposed organic residues, which is quite a characteristic feature
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in the Lena River delta. The other studied profiles are characterized by the pres-
ence of the upper permafrost edge, which is less dense than the underlying per-
mafrost, which has higher ER values.

Kurungnakh Island has a rather complex structure, degradation of the IC and
coastal erosion, leading to the formation of a rather dissected relief. As a result
of coastal erosion, about hundreds years ago, the lake was degraded, and at the
moment hilly landscapes (the height of the mounds up to 3-4 m) with grass veg-
etation are formed in the place. The resulting VES profiles are shown in Fig-
ure 6.

On the graphs obtained, we can distinguish the permafrost border, which cor-
responds to the boundary found during the formation of soil sections, about 50 cm.
Then, there is a sharp decrease in the electrical resistivity in the profiles Kur 8 and
Kur 9, which are associated with the top of the heaving mound. This anomaly may
be the result of the presence of a talik under a drained lake, which was observed
before by Olenchenko [21]. At the same time, an increase in resistivity inside the
active layer is noted, which corresponds to the occurrence of buried organic mat-
ter. Thus, the study of the vertical heterogeneity of the soil layer made it possible
to establish the depth of presence of the permafrost layer, to reveal the nature of
the change in the resistivity value in the soil layer.

Discussion

The 1D VES method has been effectively used to study cryogenic soils in the
(Yamal Nenets Autonomous Okrug (YNAO), according to a study by Abakumov
and Tomashunas [5], it was found that the 1D VES method effectively allows
determining the active layer thickness by increasing the ER based on changing
thawing/freezing conditions. In addition to 1D, 2D and 3D models are used for
spatial analysis of natural and anthropogenic objects. Great interest in the use of
geophysical research is focused on the Polar Regions [33]. Similar studies were
carried out to study the permafrost-affected soils of Spitsbergen [13]. In their
study, Gibas et al. notes that the DC (direct current) resistivity sounding method
is an effective and convenient method for studying moraine ridges in the pregla-
cial zone. The obtained data on the location of ice cores can be used to predict the
transformation of the landscape under conditions of climate change. Geophysical
study of mountainous areas has been going on for a long time, because these areas
are the most dangerous in terms of landscape changes as a result of permafrost
degradation. Thus, in the Alps, Hauck and Miihll [34] used DC resistivity tomog-
raphy to determine the structure of permafrost. The use of 2d models makes it
possible to determine with high accuracy the occurrence of ice wedges in soils
affected by permafrost. Scandroglio et al. [35] used long-term data obtained ac-
cording to 2d and 3d electrical resistivity tomography and thus built a 4d model
of the degradation of the Alpian permafrost zone. The data obtained over the past
13 years have shown how the transformation of the landscape took place in the
zone of occurrence of permafrost rocks. The obtained data with a high degree of
reliability will help in forecasting creeping, rockfalls and slides in the alpine zone.
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In the Lena River delta, taliks under the river channel, as well as thermokarst
lakes, are of the greatest interest for geophysical research [21]. Thus, using the 2d
and 3d VES methods, a talik under a drained lake on Kurungnakh Island was
investigated. This modeling is well suited for the study of large objects, the thick-
ness of bottom sediments, the zone of thermal influence of water bodies, as well
as the structure under the lake and under the river channel. To determine the active
layer thickness, mechanical methods are used as well, the use of a steel probe, and
preparation of soil sections [36]. These methods undoubtedly make it possible to
determine the upper layer of permafrost, but at the same time, the soil section
violates the soil cover of the territory; polar ecosystems are especially vulnerable,
since it takes longer to restore the soil cover than in other climatic zones. The use
of a probe avoids significant disturbances to the soil cover. But with the annual
survey of the monitoring site, the temperature regime of the soil is disturbed,
which leads to the degradation of permafrost. Cryogenic soils and grounds are
complex heterogeneous environments, so the application of classical concepts of
current conductivity in such systems is inapplicable for them. Cryogenic soils of
the Lena River delta are formed in conditions of great influence of both cryogenic
(heaving, cryogenic mass exchange, ice formation) and river processes, which
lead to frequent change of soil-forming rocks (interlacing of sandy, sandy loam,
loamy and clayey sediments within one profile). Such shifts lead to rather sharp
changes in resistivity. This can be observed in soils from Samoylov Island, as well
as on Kurungnakh Island (drained lake). The data obtained by us agree with the data
of Frolov (1998), high resistivity of frozen rocks is caused by the formation of a
large number of pores in alluvial soils of the Lena River delta, the resistivity of
coarse-grained sands can reach 10° Ohm m, which is associated with the formation
of schlier cryogenic textures, ice complex, and massive ice with the inclusion of
organomineral matter [37]. In Olenchenko et al. [21] also noted that the electrical
resistivity under the drained lake on Kurungnagh Island can reach up to 105
Ohm*m, which is confirmed in this work. The abrupt increase in resistivity can be
caused by changes in the variations of particle-size distribution, freezing conditions,
the appearance of melt water at the boundary with the permafrost, as well as talik
zones, may indicate a sharp decrease in resistivity in the studied profiles.

Conclusions

For the first time, the VERS method was used to study direct current electric
fields in the ground of the permafrost zone of the Lena River Delta. It was found
that in the cryogenic soils of the Lena River Delta, the ER parameter increases
with depth, the maximum values correspond to the boundary of the permafrost. It
was noted that on various islands of the Lena River Delta, a permafrost table,
which is not affected by thawing processes has been observed. This boundary is
characterized by maximum values of ER (> 10000 Qm). An atypical distribution
of electric fields was noted under a drained lake on Kurungnakh Island, this may
be due to the presence of a talik under the lake. In the soils on the islands of the
first terrace (Samoylov), the thickness of the active layer is greater (up to 60 cm),

39



Azpoxumusn u nousogedenue / Agrochemistry & Soil science

this is due to the warming effect of the river. The permafrost table, is observed on
the studied islands within the range (100-120 cm).
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