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Abstract 
This study was aimed to investigate the electrical resistivity in soils and permafrost of 
various ice-free areas of Antarctica and Sub-Antarctica (from coastal Eastern Antarctica 
oases to Maritime Antarctica). Measurements of electrical resistivity of soil and perma-
frost strata were performed with a portable device LandMapper. It was found that the 
permafrost table depth ranged 82 to106 cm in Bunger Hills, 95 to 122 cm in Larsemann 
Hills, 27 to 106 in Thala Hills, and 89 to 100 cm on King George Island and Ardley 
Island. Presence (and thickness) of organic layer and influence of snow patches melting 
were found the main reasons for differentiation of permafrost table depth in the studied 
ice-free areas. Anthropogenic disturbance at waste disposal sites resulted in more 
pronounced soil profile heterogeneity and formation of scattered electrical resistivity 
profiles. Permafrost layer was found less homogenous in the upper part of permafrost 
strata compared to the lower part. An application of vertical electrical resistivity 
sounding (VERS) may be very useful for evaluation of active layer thickness in  
Antarctic environments, especially when they are facing severe anthropogenic influence 
due to maintaining of numerous Antarctic research stations and logistical operations 
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Introduction     
 
     Three climatic zones can be distin-
guished in Antarctica (Bockheim and Hall 
2002): Subantarctic (including the South 
Shetland Islands), Antarctic coastal and 
Antarctic continental zone. In general, Ant-
arctica weakly obeys the general geograph-
ic law of latitudinal zoning. Remote ice-

free areas (oases) are isolated from each 
other and have no biological or even cli-
matic connection, so they are more like is-
lands in the ocean. 
     The main limiting factor for soil for-
mation in Eastern Antarctica oases is the 
lack of moisture. Melting snow in the sum-
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mer months is the determining regulator of 
bio- and pedological diversity (Mergelov et 
al. 2015). The other sources, i.e. liquid pre-
cipitation, and low air humidity are much 
less effective compared to melt water avail-
able from snow patches during austral sum-
mer season. 
     Eastern Antarctica oases are character-
ized by climatic extremality, which in turn 
determines the specificity of soil formation. 
Lack of moisture, UV radiation, rapid tem-
perature changes, and strong winds signifi-
cantly reduce the primary production of or-
ganic matter and the formation of organo-
genic horizons on the surfaces of loose and 
rocky substrates that prevail in Eastern 
Antarctica oases (Mergelov et al. 2015). An 
important feature of the landscapes of the 
oases is that most of the soil biomass is 
concentrated beneath the mineral surface, 
which greatly changes the vertical organi-
zation of the soil strata. 
     Due to the higher air temperature and 
the amount of liquid precipitation in Sub-
antarctic than Arctic regins, the soils are 
strikingly different from those described  
in coastal oases of Eastern Antarctica. 
Frequent transitions of soil temperature 
through zero values, frequent cycles of 
freezing-thawing of soil may cause inten-
sive degradation of parent materials. At the 
same time, the availability of moisture and 
high biological activity increase the role  
of biological and chemical weathering of 
rocks, as well as the content of organic 
carbon in soils. In addition, all the condi-
tions mentioned above lead to the forma-
tion of clay secondary minerals. 
     Climate change effects in polar regions 
has been accelerated in last decade. Per-
mafrost properties and active layer dy-
namics are two key indicators of climate 
change in the polar region (Burgess et al. 
2000). However, distribution and proper-
ties of permafrost and active-layer dynam-
ics in the Subantarctic region are still poor-
ly understood. Circumpolar Active Layer 
Monitoring (CALM) program, which is 
aimed to observe the response of the active 

layer and near-surface permafrost to cli-
mate change over long (multi-decadal) time 
scales covers, consist of more than 200 sites 
in both hemispheres. Recently, review on 
active layer monitoring in Antarctica was 
published (Hrbáček et al. 2018). The au-
thors point out the spatial, qualitative and 
quantitative differences on monitoring data 
derived in various regions of Antarctica. 
Moreover, they mention that information 
on the active layer depth is still sparse in 
many regions and the monitoring needs to 
be extended. That is why the development 
of uniform non-direct methods for monitor-
ing of permafrost is required. 
     Results on the thermal state of perma-
frost and the active layer in the Antarctic 
are presented in Vieira et al. (2007). The 
authors show that permafrost temperatures 
are much lower in continental Antarctica. 
A review work on recent advances in stud-
ying active layer was presented by Oliva et 
al. (2017). Comprehensive study of geo-
cryological conditions of Antarctica re-
vealed regional severity consequence from 
sub-Antarctic islands, Bunger Hills, Schir-
macher Hills, Larsemann Hills, Thala Hills, 
Marie Byrd Land, Wilson Hills (Abramov 
et al. 2011). 
     Air and surface temperatures are perma-
nently recorded at the year-round polar sta-
tions, however, data on temperature regime 
of soils are very limited (Gilichinsky et al. 
2010). Study of Abakumov and Andreev 
(2011) focused on soil temperature regime 
of King George Island. They showed how 
different plant communities (lichens, moss-
es, vascular plants) density affect the peri-
od of biological activity (t > 5oC). The or-
ganogenic horizon of soil under Descham-
psia antarctica shows higher mean annual 
temperatures, however, it is warming up 
slower than organogenic horizons under 
lichens and mosses. The role of topogra-
phy in active layer dynamics has been stud-
ied by Oliva et al. (2017). It was shown 
that topography has a strong influence on 
snow cover duration, which in turn affects 
frozen ground conditions. 
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     Conventional methods of soil analysis, 
which are widely used in modern soil sci-
ence, usually require the collection of dis-
turbed soil samples (from soil profile) and 
subsequent laboratory analysis (Murad 
2012). Electrical geophysical methods, such 
as self-potential (SP), four electrode probe 
method, electrical profiling (EP), vertical 
electrical resistivity sounding (VERS), and 
non-contact electromagnetic profiling (NEP) 
allow to perform rapid measurements of 
soil electrical properties, such as electrical 
conductivity and electrical resistivity (ER) 
directly from the soil surface to any depth 
without any disturbance of soil cover. The 
method could be applied in e.g. determina-
tion of soil salinization and excess mois-
ture in different environments (Pozdnya-
kov 2008), soil texture mapping (Triantafi-
lis and Lesch 2005); assessment of coarse 
element content in soils (Tetegan et al. 
2012); the study of soil structure and com-
paction (Besson et al. 2004), prognosis of 
floodings in urban areas (Smernikov et al. 
2008), investigation of urban soils (Pozd-
nyakov and Eliseev 2012), or agricultural 
management (Jaynes et al. 2005, Andrenel-
li et al. 2013, André et al. 2012). Previously 
VERS methodology was used for compre-
hensive study of soil electrical properties 
in conditions of the Arctic (Alekseev and 
Abakumov 2016, Alekseev et al. 2017). 
These investigations showed that VERS can 
be used for non-direct identification not on-
ly of soil-permafrost boundary, but also for 
specification of various  geochemical  re-
gimes and pedoenvironments serving a use-
ful tool for soil diagnostics as well. VERS 
have been used for the assessment of the 

ground water level in grounds (Samouë-
lian et al. 2005), ground water contamina-
tion (Karlik et al. 2001), and  mapping of 
oil spills in Antarctic environments (Pet-
tersson and Nobes 2003). 
     Recently, permafrost-affected soils are 
of increased interest in context of studying 
their electrical properties. Indeed, for sea-
sonal-freezing soils of zonal sequence it 
makes sense to discuss electrical proper-
ties in context of their correlation with 
such basic soil parameters as organic car-
bon content, cation exchange capacity, or 
physical clay content. However, perma-
frost-affected soils have a huge difference 
in ER values between soil layer and per-
mafrost layer. Therefore, finding clear re-
lationships between ER and basic soil pa-
rameters is not easy. Based on several inves-
tigations performed, we can draw a valid 
conclusion that ER values are about 1000-
5000 m for permafrost layer, while un-
frozen clayey and sandy layers of soil are 
characterized by much lower values (Pozd-
nyakov 2008, Gibas et al. 2005, Hauck et 
al. 2003, Michels Turu and Ros Visus 2013, 
Smernikov et al. 2008, Vanhala et al. 2009). 
     The aim of this study was to determine 
the electrical resistivity properties of Ant-
arctic soils affected by permafrost and or-
nithogenic factor. The objectives of the in-
vestigation were: (1) to determine soil elec-
rical properties using vertical electrical 
resistivity sounding (VERS), (2) to evaluate 
the correctness of used method for further 
use  with a special respect to future envi-
ronmental monitoring and fast soil ana-
lyses. 

 
 
Material and Methods 
     
     VERS measurements were conducted 
during the 63rd Russian Antarctic Expedi-
tion (December 2017-April 2018). Studies 
were conducted in Thala Hills, Larsemann 

Hills, Bunger Hills, on King George Island 
(Fildes Peninsula) and specially protected 
natural area of Ardley Island (South Shet-
land Islands) (Fig. 1). 
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Fig. 1. The map of investigated regions. Note: 1 – Bunger Hills, 2 – Larsemann Hills, 3 – Thala 
Hills, 4 – King George and Ardley Island. 
 
 
     King George Island is the largest island 
of the South Shetland Islands archipelago. 
The relief of the southeastern part of the 
island is strongly dissected, has a number 
of bays. Most of the island is covered by a 
glacier. Numerous hills are composed of 
volcanic rocks (strongly eroded). According 
to eco-climatic zoning, King George Is-
land refers to the Antarctic Peninsula in a 
part that is located north of the isotherm  
of average annual temperatures of -1°C. 
The island is located in the natural zone of 
Maritime Antarctica (Terauds et al. 2012). 
     Soil formation is largely possible only 
at the tops of the hills and remnants, and 
also in the coastal parts characterized by a 
milder climate. Parent materials are pre-
sented by andesites, basalts and tuffs, the 
coastal areas is covered by maritime sands 
and gravels, while the periglacial plots are 
occupied by moraines and some fluviogla-
cial materials. Mosses, lichens, algae are 
typical for most of the island's habitats. In 
some parts of the island, two species of 
vascular plants occur - Deschampsia ant-
arctica and Colobanthus quitensis. Pen-
guins, seals, seabirds are abundant in the 
coastal habitats of the island, and play a 

crucial role in soil development (Michel et 
al. 2006, Simas et al. 2007, Abakumov and 
Alekseev 2018). 
     Ardley Island (62º 13' S, 58º 54' W) is 
located on the south-west coast of King 
George Island, 500 m east of the coast     
of the Fildes Peninsula in Maxwell Bay 
(Fildes Bay). The area is represented main-
ly by andesite-basalt lavas and tuffs be-
longing to the Tertiary. Several elevated 
terraces-beaches are also described. Ardley 
Island is, thanks to high biodiversity, Ant-
arctic Special Protected Area (ASPA). A 
wide variety of seabirds arrive in the area 
during the breeding period (11 species) or 
molting. Ardley Island also features a well-
developed and noticeable flora, including 
several species of lichens, mosses and vas-
cular plants. The most common lichens in 
this area are Himantormia lugubris and 
Usnea genera, which dominate the higher 
parts of Ardley Island, as well as Placopsis 
sp., Xanthoria sp., Haematomma sp., Rin-
odina sp., Caloplaca sp. and Buellia sp. 
which occur. 
     Larsemann Hills oasis (East Antarctica) 
is deeply dissected by short (up to 1 km) 
valleys, which formed along the lineaments 
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as a result of glacial erosion (Mergelov  
2014). Inter-mountain valleys are the most 
important structural element of the oasis, 
because they serve as a landscape back-
ground for wet valleys formation. The main 
feature of the climate of this oasis is per-
sistent, strong winds blowing from the 
north-east during most of summer days. 
Some data contains information on serious 
storm winds with speeds up to 50 m/s. 
Many freshwater lakes of various size, 
depth and biodiversity have been described 
in Larsemann Hills. Geologically this oa-
sis mostly consists of gneisses, crystalline 
shale. 
     Bunger Hills (East Antarctica) consists 
of a complex of islands and inlets on the 
inner shelf overlain by morainic drift and 
notably ice free throughout the year, lying 
south of the Highjump Archipelago. Oasis 
is surrounded by glaciers. Rocks are repre-
sented mainly by gneiss, granite and mig-
matite. Bunger Hills form a line of sum-
mits of 130-150 m high in the south which 
deflect the ice flow to west and east. The 
summits decline northwards and reflect a 
preglacial erosion surface. Southern part of 
oasis contains several fault-oriented glacial 

lakes (Colhoun and Adamson 1992). Lichen 
and moss presence and growth is mostly 
limited to melt streams often associated 
with periglacial cracking and south-facing 
rock slopes close to the Apfel Glacier. 
     Thala Hills (East Antarctica) are low, 
rounded coastal hills between Freeth and 
Spooner Bays in Enderby Land, Antarctica. 
It is a hilly area with several ridges (rela-
tive height of 10-40 m). Depressions locat-
ed between these ridges are mostly filled 
with lakes, snow patches and local gla-
ciers. Oasis is underlain by granulite-facies 
metamorphic and plutonic rocks of the 
Proterozoic Rayner complex (Black et al. 
1987). Additional water inflow from melt-
ing snow patches during the warm season 
is the most important factor of soil forma-
tion in the warm season. Wind shelters in 
the rock baths are found as places with the 
highest biomass comprising of bryophytes 
(Mergelov 2014).  
     The main climatic parameters for stud-
ied regions are specified in Table 1. Re-
gional variation especially in air tempera-
tures and precipitation rates can be distin-
guished between Eastern and Western Ant-
arctica ice-free areas. 

 
MAAT 

(oC) 
MAST  

(oC) 
MAGT 

(oC) 
Mean annual 

wind speed (m s-1) 
Annual precipi-

tation (mm) 

Bunger Hills 

-9.0 -8.8 -7.8 6.8 204 

Larsemann Hills 

-9.6 -10.4 -9.1 6.7 250 

Thala Hills 

-11.0   -8.2 -8.1  10.3   250 

King George and Ardley Island 

-2.3   -0.3  -  9.3 729  
 
Table 1. Climatic parameters of studied regions (according to data provided by ROSHYDROMET 
[1]). Note: MAAT - Mean Annual Air Temperature, MAST - Mean Annual Surface Temperature, 
MAGT - Mean Annual Ground Temperature. 
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     Classification of soils was carried out 
according to World Reference Base for Soil 
Resources ([2] - FAO 2014). It should be 
noted that issues related to the classifica-
tion of Antarctic soils are still debatable, 
disputes are being held regarding the va-
lidity of distinguishing of certain types of 
soils. 
     VERS were performed using four-elec-
trode (AB + MN) arrays of the AMNB 
configuration with use of the Schlumber-
ger geometry and portable device Land-
mapper ERM-02 (Landviser, LLC). The 
device can measure electrical resistivity in 

a surface soil layer of the depth from 2 cm 
potentially down to 20 m, which is set by 
varying the size of a four-electrodes probe. 
VERS was used to study the upper 0 to 3 m 
thick layer in greater detail. The distance 
between the A and B electrodes ranged 
from 10 to 600 cm while the distance be-
tween the M and N electrodes was con-
stant: 10 cm. The electrodes were situated 
on the soil surface with a depth of pene-
tration into soil about 0.5 cm. The geo-
metric factor K was first calculated for all 
the electrode spacing using the formula: 

 
 

K= π (L2/2b – b/2)   Eqn. 1 
 

for the Schlumberger array with MN = 2b and 1/2AB = L. 
 
 
     For processing and visualization pur-
poses a 1D layer model (ZondIP software, 
Geodevice, Saint Peterburg) have been 
used. Zondip1d software has been used for 
processing and modelling of electrical 
resistivity Zondip1d is aimed to one-di-
mensional resistivity and induced polariza-
tion vertical electrosounding data interpre-
tation. Basis for this software is the con-
ception of multi-station interpretation. Pro-
file line data is considered as a reflection 
of geological section. It means that multi-
station data of profile line is whole, and 
not set of  separated curves. This model 
provides the data on apparent electrical re-
sistivity values changes with the depth (ρ), 
the layers thickness (h) and layer depth (z). 
Field data on electrical resistivity are pre-
sented by 3 values from each measured 
point. The values obtained were then mul-
tiplied with the resistance values to obtain 
the apparent resistivity, ρa, values. Then 
the apparent resistivity, ρa, values were 
plotted against the electrode spacing’s 

(1/2AB) on a log-log scale to obtain the 
VERS sounding curves using an appropriate 
computer software ZondIp (Geodevice, 
Saint Petersburg). The VERS data and their 
modeling have been used to derive the 
geoelectric sections for the various pro-
files. Three resistivity sounding curve types 
were obtained from the studied area. 
     Two objects from each of studied re-
gions were chosen for detailed analysis of 
electrical properties (Table 2). Additional-
ly, disposal waste site in surroundings of 
Bellingshausen station was also analyzed. 
Coarse fraction content was ranged from 
20% (in loamy Ornithic Stagnic Cryosol of 
Ardley island) to 75% (in Skeletic-turbic 
Cryosol in Bunger Hills). 
     They are located in different geomorpho-
logical positions ranging from marine ter-
race or elevated sites on the top of flat hills 
(King George and Ardley Island) to rela-
tively flat sites in Eastern Antarctica oases 
(Fig. 2). 
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Fig. 2. Studied objects. 
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Soil profile ID Coordinates WRB name Coarse fraction (%) 

Bunger Hills 

Bunger 1 S 66° 28′ 02,5''  
E 100° 76′ 05,7''  

 Skeletic-turbic 
Cryosol 75 

Bunger 2 S 66° 26′ 02,7''  
E 100° 76′ 24,1''  

 Skeletic-turbic 
Cryosol 72 

Larsemann Hills 

LarsJan1  S 76° 34′ 21,2''  
E 69° 40′ 23,2'' 

Stagnic-leptic 
Cryosol  65 

LarsJan8  S 76° 34′ 43,1''  
E 69° 40′ 17,2''  Lithic Cryosol  58 

Thala hills 

Ant2 S 67° 40' 02,9''                                        
W 45° 51' 32,5'' Lithic Cryosol  71 

Ant10 S 67° 40' 07,3''                                       
W 45° 50' 44,7'' 

Skeletic-turbic 
Cryosol  65 

King George and Ardley Island 

KG 1 
King George island          

S 62° 13' 46,4''                  
W 58° 58' 36,4'' 

Histic Cryosol on 
stratified substrata 
of marine terrace 

55 

Ardley 1 
Ardley island                                             

S 62° 11' 48,5''                                               
W 58° 56' 32,1'' 

Ornithic Stagnic 
Cryosol on loamy 

material 
20 

Waste Disposal 
King George island 

S 62° 11' 55,3'' 
W 58° 57' 31,1'' 

Turbic Cryic 
Technosol on 

mixed natural and 
waste materials 

35 

 
Table 2. Geographical and pedological information of studied objects. 
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Results and Discussion 
 
     Data obtained showed that the meas-
ured electric resistivity reflects well the 
profile heterogeneity of soils investigated 
(Fig. 3, Table 3).  
     The analysis of changes of the apparent 
resistivity in the permafrost reveals several 
tendencies. The major is a monotonous in-
crease in the ρa values with the depth. At 
the contact of permafrost with the active 
layer, a sharp increase in the apparent re-
sistivity from hundreds m to thousands 
and dozens of thousand m takes place. 
The vertical profiles of the apparent resis-
tivity are generally characterized by grad-
ual decrease (complicated by few small 
peaks) down to the profile with abrupt 
change and maximum values in permafrost 
layer. Our data on electrical resistivity in 
permafrost-affected soil coincides with 
those, published by McGinis and Jensen 
(1971) and Kasprzak (2015) who have 
showed that increased values of electrical 
resistivity are related to the permafrost ta-
ble. The average active layer thickness was 
found the same in both soils of pristine and  

anthropogenic environments.  
     Typically, values of apparent electrical 
resistivity (ER) increase rapidly on the ac-
tive layer -permafrost border at the depths 
of 80-100 cm (from hundreds to thousands 
m). The trend of increasing ER values 
within the permafrost strata can be ex-
plained by morphological reason (increas-
ing of homogeneity in permafrost layer 
down to the depth). The number and size 
of cracks in permafrost are also decreasing 
to the depth. This explains lower amounts 
of water, iron oxides, dissolved organic 
matter accumulated in lower parts of per-
mafrost layer compared to the gleyic-
permafrost geochemical border (Abaku-
mov and Tomashunas 2016). Fluctuations 
in ER values within permafrost strata may 
be connected with its instability and ir-
regularities. Similar trends have been de-
scribed earlier in soils of the northern   
part of the Gydan peninsula (Abakumov 
and Tomashunas 2016) and with the soils 
of Antarctica (Abakumov and Parnikoza 
2015). 
 

 
King George and Ardley Island 
 
     Soil situated in marine terraces of King 
George Island (KG) had relatively low val-
ues of ER compared to inland sites. This 
could be explained by possible accumu-
lation of salts due to more pronounced im-
pulverization. ER profile is quite homog-
enous which is explained by low rates     
of soil stratification and less pronounced 
changing of soil texture and composition, 
correspondingly. Permafrost table depth 
was found as 89 cm for this site. 
     The electrical resistivity profile of orni-
thogenic soil (Ardley 1) is more homoge-
nous which can be related to the less pro-
nounced turbic processes within the soil 
profile. However, a peak of ER value at 
the depth of 95 cm was found. This can be 
explained by higher influence of perma-

frost in this supra-permafrost layer (about 
10 cm) and more pronounced turbic proc-
ess. Lower values of ER in top 100 cm soil 
layer here is explained by higher clay 
material content, which is well correlated 
with previously obtained data (Pozdnyakov 
2008, Marchenko 2007). Permafrost table 
depth is 100 cm at this site.  
     Soil of waste disposal site showed high 
heterogeneity of electrical resistivity pro-
file due to coupled natural and human-
caused turbation of soil mass. Very low 
electrical resistivity values in topsoil at this 
site are caused by overmoistening (high 
amount of gravitational type of water), 
which coincides with the data reported 
previously (Samouëlian et al. 2005, Pozd-
nyakov 2008, Magnin et al. 2015). Perma-
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frost table depth is about 100 cm at this 
site. Permafrost layer are characterized by 
complicated ER profile, which may be 

caused by changing of non-frozen friable 
debris to frozen massive crystalline rock.  

 
 
Bunger Hills 
 
     Profile distribution of electrical resis-
tivity values in Bunger Hills is mostly ex-
plained by high pronounced cryoturbation 
process in soils studied and salt staining 
(most probably due to tightening of soil 
solution to the soil surface). Topsoil hori-
zons are characterized by relatively low ρ 
values due to high salt content with the 
most abundant most abundant halite and 
thenardite of seawater-derived origin, fol-
lowing by aragonite, calcite and gypsum 
(Gore and Leishman 2020). At the same 
time ρ values in Bunger 1 site are low-    
er for some thousand m compared to 
Bunger 2 site. It is caused by higher water 
content in Bunger 1 soil. Profile Bunger 1 
site Permafrost table depth varies from    
82 cm to 106 cm. Deeper location of per-

mafrost table in Bunger 1 site is explained 
by the absence of organic layer, which pro-
vides thermal isolation. This leads to in-
tensification of thawing process during the 
summer period. The role of organic mate-
rial in providing thermal isolation of Ant-
arctic soils was discussed previously (Aba-
kumov and Andreev 2011). It should be 
noted that very little data on active layer 
and permafrost table depth are published 
for Bunger Hills and available now, only 
first steps on establishment of permanent 
monitoring site for active layer has been 
done. Gibson et al. (2002) mentioned that 
the active layer depth as well as location 
vegetation zones in Bunger Hills seem to 
be different mostly because of water availa-
bility.  

 
 
Larsemann Hills 
 
     LarsJan1 site is located in the zone of 
active influence of stream water from melt-
ing snow patches in so-called “wet val-
leys” of Larsemann Hills. It explains very 
low ρ values in upper 50 cm of soil. On 
the other hand, LarsJan8 site is situated 
less saturated position and ρ profile is char-
acterized by higher resistivity values. Cryo-
turbation is weakly pronounced in both 
soils, which is seen from ρ profiles and al-
so proved by soil morphology. Hence, pro-
file curves of resistivity values are gradual. 
Permafrost depth was identified as 122 cm 
in LarsJan1 and 95 cm in LarsJan8 site. 
This depth is quite higher than those report-
ed for permafrost table by Mergelov (2014). 
This discrepancy is probably caused by 
seasonal variation of temperature in Larse-

mann Hills, observed warming during last 
two summer seasons and consequent in-
crease of rates in melting of snow. Accord-
ing to the authors, the highest rate of thaw-
ing can be found at sites with predomi-
nance of loose fine-earth substrata on north-
ern slopes and patterned grounds with thin 
algae organo-mineral horizons. 
     One significant difference between stud-
ied profiles was found in permafrost layer. 
LarsJan1 site is characterized by perma-
frost layer with gradual increasing of ρ val-
ues. However, permafrost layer in LarsJan8 
site shows the complicated trend of chang-
ing gradual increase in ρ values by sharp 
decrease, which may be caused by chang-
ing of frozen massive crystalline rock to 
non-frozen friable debris at some depths.  
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Fig. 3. Resistivity curves and models for 
studied sites. Solid line (1) denotes the layer 
model, dot line (2) denotes measured values 
and thin line (3) denotes calculated model 
curve. Vertical scale – ER values (m), 
Horizontal scale – AB/2 distance (m). 

 
Thala Hills  
 
     Significant variation in permafrost table 
depth between studied sites in Thala Hills 
was caused mainly by different landscape 
position and amount of liquid water receiv-
ing from surrounding snow patches. Ant10 
site is situated in the middle part of well-
insolated hill slope and receiving much 

more water by overlying snow patch. That 
is why permafrost table depth here reaches 
106 cm (compared to 27 cm at Ant2 site). 
This depth is quite higher than those report-
ed for permafrost table by Dolgikh et al. 
(2015).  



I. ALEKSEEV and E. ABAKUMOV 

18 

P-modelled resistivity 
(m) 

Z-bottom layer depth  
(m) 

Permafrost table depth  
(m) 

King George Island 

KG 1  
0.26 0.10 

1129.62 0.18 
3.29 0.61 

29229.35 0.89 

0.89 

Ardley 1 
116.89 0.087 
387.86 0.19 
29.31 0.73 

2743.55 1.0 

1.00 

Thala Hills 

Ant10 
3.21 0.15 

17640.87 0.43 
769.98 0.48 

29286.46   

1.06 

Ant2 
0.81 0.27 

50723.11   
0.27 

Larseman Hills 

LarsJan1 
19.03 0.14 

7659.33 0.41 
183.04 0.68 

38086.09   

1.22 

LarsJan8 
159.82 0.14 
2377.80 0.28 
1159.30 0.52 

41012.54   

0.95 
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Bunger Hills 

Bunger 1 
 34.61 0.15 
876.72 0.43 
179.51 0.48 
9151.52   

1.06 

Bunger 2 
47.82 0.14 

1620.05 0.28 
420.13 0.40 

20043.94   

0.82 

Waste disposal site, surroundings of Bellingshausen station 

66.23 0.11 

508.80 0.24 

80.79 0.65 

661.26 1.0 

1.0 

 
Table 3. Modelled resistivity and evaluated permafrost table depth. 
 
 
     Although, both profiles are character-
ized by low ER values in upper part, Ant2 
shows much higher rate of cryoturbation. 
Hence, ρ curve at this site is more com-
plicated. It was revealed that in both pro-
files permafrost layer are quite homogene-
ous and described by monotonous increase 
of ρ value. The data obtained coincided 
well with soil morphological properties de-

scribed during the field work. Relatively 
low values of electrical resistivity in upper 
horizons might be in some cases caused by 
high amount of water accumulated in po-
rous media. In other cases sharp increasing 
of electrical resistivity values within the 
soil profile might be caused by specific 
properties of bedrock. 

 
 
Conclusions 
 
     The methods of field electrophysics 
have been applied for the study of soil and 
permafrost layers of different regions in 
both Eastern and Western Antarctica. It 
was found that permafrost table depth 
ranged between 82 and 106 cm in Bunger 
Hills, 95 and 122 cm in Larsemann Hills, 
27 and 106 in Thala Hills 89 and 100 cm 
on King George and Ardley Island. Pres-

ence (and thickness) of organic layer and 
influence of snow patches melting were 
found as the main factors for differentia-
tion of permafrost table depth in studied 
ice-free areas. Anthropogenic disturbance 
at waste disposal site results in increasing 
of soil profile heterogeneity and formation 
of complicated electrical resistivity profiles 
due to mechanical soil disturbance and ap-
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pearance of artificial materials in soil pro-
file.  
     Cryoturbation process and supra-perma-
frost accumulation of moisture which are 
widespread in the studied soils, lead to cry-
ogenic mass transfer, heterogeneity of soil 
mass, and complication of the profile distri-
bution of electrical resistivity values. The 
character of parent material determines 
temperature and water regime in soil, rate 
of cryopedogenesis, dynamics and thick-
ness of active layer and permafrost table. 
     We have revealed two trends in profile 
distribution of electrical resistivity values 
within the permafrost layer. The first trend 
is connected with a constant increase in 
electrical resistivity values along the depth, 
which may be explained by an increase in 
electrical resistivity within the soil depth 
due to increase of permafrost density. The 

second trend caused by changing non-fro-
zen friable debris to frozen massive crys-
talline rock. This explains that a sharp de-
crease of electrical resistivity is constituted 
by an increase in electrical resistivity due 
to bedrock freezing. In general, permafrost 
layer was found less homogenous in the 
upper part of permafrost strata compared 
to the lower part. 
     It can be concluded that application of 
VERS became useful for evaluation of soil 
thawing depth in case of permafrost-affect-
ed soils. Degradation of permafrost can af-
fect the stability of building basement and 
constructions. Since that, VERS measure-
ments can be used for permanent monitor-
ing of the Antarctic stations with the aim 
of better understanding of human impact 
on permafrost stability and depth. 
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