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4.1 Introduction

Enderby Land is that portion of Antarctica extending from
Shirase Glacier and Lutzow-Holm Bay from the west
(38° 30′ E) to Wilma Glacier and Edward VIII Bay to the
east (57° E). Enderby Land is bordered by the Cosmonauts
Sea in the west and by the Sea of Cooperation in the east;
both are part of the Southern Ocean. Nearly 1,500 km2 of
Enderby Land is ice-free. Two research stations—Molo-
dezhnaya (Russia, 67º 40′ S, 45º 51′ E) and Syowa (Japan,
69° 00′ S, 39° 35′ E)—are established in Enderby Land
(Fig. 4.1). The ice-free area includes several coastal oases
(Table 4.1); however, the largest part is represented by high
mountains and nunataks elevated above the ice shield in the
central part of Enderby Land.

In this chapter, the results of soil studies in the Thala Hills
oasis (or Molodezhny oasis) are mainly considered. It is one
of the best studied oases of Enderby Land (MacNamara
1969a–c;MacNamara andUsselman 1972; Alexandrov 1985;
Campbell and Claridge 1987; Negoita et al. 2001). A new
series of geocryological studies was initiated by the Russian
Antarctic Expedition (RAE) in 2007, and systematic soil
research began in 2012–2013 and now it is still in progress.

The soil cover was briefly characterized during landscape
mapping of coastal oases in the western part of Enderby
Land (Alexandrov 1985). Some soil properties were studied
in the area of Syowa station (Yamanaka and Sato 1977; Ino
et al. 1980; Ino and Nakatsubo 1986; Ayukawa et al. 1998)
and in the Rundvägskollane oasis (69° 50′ S, 39° 09′ E)
(Ohtani et al. 2000).

4.2 Study Area

4.2.1 Location and Topography

The Thala Hills oasis is located in the western part of En-
derby Land (Fig. 4.1). It consists of two parts—Molodezhny
and Vecherny sites—with a total area of 20 km2. The
Molodezhny site extends for 8.3 km along the coast, its
maximum width is 2.7 km, and it is bordered by ice sheet
from the south. The maximum elevation is 109 m a.s.l., and
the total area is 13 km2. The Vecherny site is 4 km to the east
and extends for about 7 km; it has a maximum width of
1.9 km; the total area is 7 km2. Mount Vechernyaya (272 m
a.s.l.) is the major part of this oasis.

The Lutzow-Holm ice-free territory (it is a group of
oases) has a maximum area of 481 km2, and the Nikitin oasis
has the minimum area of 1.2 km2 among coastal oases
(Sokratova 2010). To the west of Hays Glacier (45º 20′ E),
ice-free territories are mainly mountains (Napier, Nye,
Raggatt, Scott, Tula) and nunataks (Doggers, Gromov,
Knuckey, Krasin, McLeod, Sandercock). Their summits
(1600–2300 m a.s.l.) project above the ice sheet surface.
Groups of nunataks and low mountains are known in the
area as hills, e.g., Fyfe (650 m a.s.l.) (Alexandrov 1985).

4.2.2 Parent Materials and Age of Ice-Free
Areas

The bedrock of Enderby Land is of Precambrian age. Two
bedrock complexes are distinguished: the Proterozoic
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Rayner complex in the western part of Enderby Land, and
the Archean Napier complex in the central part of the area.
The Thala Hills are underlain by granulite-facies metamor-
phic and plutonic rocks of the Proterozoic Rayner complex
(Black et al. 1987). The basement consists primarily of well-
layered migmatitic, pyroxene, hornblende-biotite, garnet-
biotite, and garnet-pyroxene gneisses, as well as charnockitic

(enderbitic), and quartz monzodioritic to quartz dioritic
gneisses of probable plutonic origin (Grew 1978).

The Molodezhny site of the Thala Hills oasis is a hilly
area with ridges (Fig. 4.2). The ridges are 1 km long and up
to 150 m wide. Depressions located between the ridges are
mostly filled with snow patches, local glaciers, and lakes.
The relative height of the ridges is about 10–40 m. The
parent materials comprise drift and colluvium which provide
a discontinuous and thin cover. Rock outcrops and patches
of stony material dominate the area.

The Vecherny site in the Thala Hills comprise low-
mountain relief with flattened tops that are 200–250 m a.s.l.,
steep slopes, and gently inclined terrace-like surfaces with
smooth rocky faces (Fig. 4.3). Local depressions from 50 cm
to several tens of meters in diameter are filled with detrital
material of morainic or colluvial origins. There are inter-hill
valleys of up to several hundred meters in length and several
tens of meters in width that are also filled with gravelly silt
sandy moraine or colluvial materials (Fig. 4.4). In the eastern
part of the Vecherny site, the bedrock is often covered with
relatively thick mantles of bouldery silty sand materials of
moraine origin (Alexandrov 1985).

Fig. 4.1 Enderby Land, East Antarctica. 1 Syowa station (Japan), East-Ongul Islands; 2 Langhovde Oasis; 3 Polkanov Hills; 4 Tereshkova Oasis;
5 Konovalov Oasis; 6 Thala Hills oasis, Molodezhnaya station (Russia); 7 Nikitin oasis (Fyfe Hills); 8 Howard Hills

Table 4.1 Oases of Enderby land and its area (Sokratova 2010)

Name Latitude,
longitude

Area (km2)

Lutzow-Holm S69° 20′ E39° 30′ 481

Polkanov Hills S67° 58′ E44° 05′ 13.3

Tereshkova Oasis S67° 57′ E44° 33′ 23

Konovalov Oasis S67° 45′ E45° 45′ 2

Thala Hills (Molodezhny site) S67° 40′ E45° 51′ 13.2

Thala Hills (Vecherny site) S67° 39′ E46° 46′ 6.7

Nikitin Oasis (Fyfe Hills) S67° 23′ E49° 18′ 1.2

Howard Hills S67° 06′ E51° 03′ 44
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There are no detailed paleogeographic studies of the Tala
Hills. However, there are data from other areas of Enderby
Land that assist in reconstructing the late Pleistocene glacial
history of the area. Radiocarbon dates were obtained from
shells of shellfish in fluvial deposits along the Soya Coast.

These dates suggest that there are two well-recognized
stages of deglaciation in the coastal lowlands of Enderby
Land, including the late Pleistocene (30–46 ky BP) and the
Holocene (3–7 ky BP) (Takada et al. 1998; Zwartz et al.
1998). Raised beaches 20 m a.s.l. along the Lutzow-Holm

Fig. 4.2 Thala Hills oasis (early
summer, December 2013)

Fig. 4.3 Thala Hills oasis,
northern slope of Mt.
Vechernyaya
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coast are of early Holocene age (Miura et al. 1998).
Radiocarbon dating of sediment from a freshwater lake
shows that the basin became filled with lacustrine sediments
about 10 ky BP (Zwartz et al. 1998). A varved organic clay
(Richardson Clay) on Tula Till in the Mt Riiser-Larsen area
of central Enderby Land yielded an AMS radiocarbon date
of 40,250 ± 1,250 ky BP (Takada et al. 1998).

4.2.3 Climate

In spite of its somewhat northern location (67° 39′ S), the
Thala Hills oasis has a more severe climate than coastal oases
at similar latitudes in East Antarctica, such as the Vestfold
Hills, the Larsemann Hills, and Grearson oasis (Chap. 5).
This is due to the fact that the ice-free areas in Enderby Land
are small, surrounded by ice, elongated sub-latitudinally, and
in proximity to Dome F so that they bear the full brunt of the
katabatic winds off the East Antarctic ice sheet The average
air temperature at Molodezhnaya station is −11.0 °C (1963–
1998). The average temperatures for the warmest (January)
and coldest months (July) are −0.4 and −18.5 °C, respec-
tively. Daytime temperatures in summer (December–Febru-
ary) reach +2 to +5 °C. The duration of the period with
positive daytime temperatures is about two months.

The absolute minimum temperature is −42 °C (August),
the absolute maximum is +8.5 °C (December). In summer
the surface rocks warm up to +41 °C (MacNamara 1969b).
The average wind speed is 10.3 m s−1, the maximum wind

speed is 40 m/s, and gusts up to 52 m s−1 have been
recorded. The prevailing wind directions are southeast and
east. The mean relative humidity is 68 %. Precipitation is
mainly in the form of snow and is less than 250 mm (w.e)
year−1. Liquid precipitation occurs rarely and in small
quantities. Snow cover is not continuous.

The climate of landscapes along the Lutziw-Holm coast
(data are from the Syowa station; 69° 00′ S, 39° 35′ E) is
similar to the climate of the Thala Hills oasis. The average
air temperature at Syowa station is −10.4 °C (1981–2010).
The average temperature in January is −0.7 °C, in July is
−20.8 °C (http://www.data.jma.go.jp). For the coastal oasis
Langhovde (69° 15′ S, 39° 46′ E) the mean annual air
temperature (1988) in the coastal part of the valley was
−8.6 °C, with a maximum of +6.3 °C and a minimum of
−29.2 °C, The maximum rock (gneiss) temperature was
+31.3 °C, with a mean January temperature of +6.8 °C)
(Ohtani et al. 1990, 1992).

The climate of ice-free mountain areas likely is similar to
those in other regions of East Antarctica (Queen Maud Land,
the Prince Charles, and Grove Mountains of MacRobertson
Land). There are data from automatic weather stations
installed along a transect from Syowa station to Dome C. At
an elevation of 1,076 m a.s.l, (site H21; 69° 05′ S, 40° 48′ E),
the MAAT is −19.6 °C. The mean annual temperature at
Mizuho Station (70° 42′ S, 44° 20′ E, 2,230 m a.s.l.) located
on the glacial plateau is −33.2 °C (maximum −5.1 °C)
(Takahashi et al. 2004). Presumably, positive air tempera-
tures above 1,200 m do not occur.

Fig. 4.4 Thala Hills, Vecherny
valley site
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4.2.4 Biota

The terrestrial flora has been categorized for the Thala Hills
(Golubkova et al. 1968; Alexandrov 1985; Andreev 2013)
and Lutzow-Holm (Horikawa and Ando 1961; Matsuda
1968; Kanda and Inoue 1994). Vegetation cover in the Thala
Hills is sparse and consists of lichens, mosses, and algae.
The predominant moss genera are Bryum, Ceratodon, and
Grimia. Moss cushions cover 80 % of a 60 m2 area at the
Vecherny oasis in the Thala Hills. The site is located 400 m
from an Adélie (Pygoscelis adeliae) penguin rookery and
nesting site of South Polar skuas (Catharacta maccormick).
The presence of ornithogenic materials appears to be con-
ducive to the spread of moss vegetation. The largest areas of
moss cover are confined to areas sheltered from the wind
shelters and places actively visited by birds.

Lichens are widespread in Enderby Land and occur pri-
marily in sheltered areas. In the Thala Hills, the maximum
species diversity reported was 39 species of lichens in 21
genera and 11 families. Among the most common types
growing on unconsolidated materials are Rinodina oliv-
aceobrunnea, Lepraria, Buellia, Amandinea punctata,
Candelariella flava, Physciacaesia, Caloplaca tominii,
Lecanora expectansi, and Caloplaca ammiospila. Soils and
rocky substrates are covered primarily with species in the
genera Lecideai, Lecidella, Umbilicariai Buellia, and
Lecanora. The Thala Hills oasis is dominated by crustose
lichens (60–70 % of cover); foliose lichens cover 20 % of
the oasis, and fruticose forms cover 13–15 %. Among fru-
ticose lichens the genus Usnea, especially U. sphacelata is
predominant (Andreev 2013).

In the Thala Hills oasis, the predominant soil algae are in
the order Nosctocales; Prasiola crispa is common in or-
nithogenic soils. Habitats in the valleys of Lutzow-Holm
oases are similar to other oases of Enderby Land and Queen
Maud Land. There are widespread lichens and mosses,
algae, microscopic fungi, and bacteria (Inoue 1995; Ohtani
et al. 2000).

Coastal oases of Enderby Land contain rookeries of
Adélie penguins Pygoscelis adeliae. Also, Antarctic skuas
Catharacta maccormicki and different species of petrels
Fulmarus glacialoides, Dapltion capensis, Pagodroma ni-
vea, Oceanites oceanicus nest in coastal oases of Enderby
Land. This is an important biogeochemical factor because
birds contribute organic matter enriched with N and P from
the ocean to the low-nutrient soils of Antarctica.

4.2.5 Methods

We collected field data from soils in the Thala Hills oasis
(67° 40′ S 45° 50′). Field studies were conducted in accor-
dance with the Antarctic Permafrost and Soils (ANTPAS)

guidebook (Bockheim et al. 2006). Soils were classified
according to Soil Taxonomy (Soil Survey Staff 2010). Soil
moisture content was determined gravimetrically. Monitor-
ing of soil temperature began in 2007 (Gilichinsky et al.
2010) and has continued to date. Soil temperature was
measured with HOBO and iButton Thermochron loggers
inserted at depths of 0, 20, 40, and 50 cm on unconsolidated
and rocky substrates of contrasting “warm” and cold expo-
sures. Thaw depth was measured weekly in the summer
season of January 2012 to February 2013 at a site in Thala
Hill oasis established according to the Circumpolar Active
Layer Monitoring (CALM) protocol (http://www.gwu.edu/
*calm) at each of 121 sampling points.

pH, redox potential (Eh), and electrical conductivity (EC)
were measured in the field on snow and soil leachates using
HANNA Instruments Picollo HI-1280, ORPHI-98120, and
DIST 5 HI-98311, respectively. The temperature correction
function was used. Radiocarbon dating was conducted in
laboratories of the Institute of Environmental Geochemistry
in the National Academy of Sciences, Ukraine by Liquid
Scintillation Counting method for total organic carbon. The
radiocarbon content was measured by “Quantulus-1220T.”

Analytical data were collected from one pedon, an or-
nithogenic soil, and included pH, organic C, loss-on-igni-
tion, and extractable phosphate and K using standard
techniques.

4.3 Soils of Enderby Land

4.3.1 Soils of Thala Hills Oasis

4.3.1.1 Soil Temperature Regime
As is typical in polar regions the mean annual soil temper-
ature at a site in the Thala Hills oasis declined with depth;
the oscillation and amplitude of soil temperature also
decreased with depth. Temperature at a depth of 1 m in
bedrock was less extreme than in the soil (c.f. Figs. 4.5 and
4.6). In summer, moss cushions have a major impact on soil
temperature; below 20 cm only a gradual alteration of tem-
perature is observed (Fig. 4.7). The transition to positive
average daily temperatures at a depth of 50 cm occurred on
December 1, 2012 and at a depth of 1 m on December 25,
2012 (Fig. 4.5). At the soil surface, a maximum temperature
of +12.1 °C was recorded at the end of December 2012. By
the second half of February 2013, a stable negative tem-
perature had already become established.

Rock temperatures at 1 m were substantially warmer
during the summer of 2012–2013 than the two previous
summers (Fig. 4.6). The zero-degree isotherm is below 1 m
(Figs. 4.5 and 4.6). This means that permafrost is deeper
than 1 m, and if there is no cryoturbation (we did not observe
cryoturbation in soils near the soil-temperature monitoring
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site), the temperature regime is subgelic rather than pergelic
and the soil cannot be classified as a Gelisol. At a depth of
0.2 m, the average annual temperature in the soil with a moss
layer was −9.2 °C (Fig. 4.6), which was comparable to the
soil lacking a moss layer (Fig. 4.5).

The maximum thickness of the active layer was 92 cm in
early February 2013). MacNamara (1969a) reported a thaw-
layer depth of more than 1 m. At the CALM site, the average
depth of thaw was 67 ± 6.5 cm on 09.01.2013, 72 ± 6.5 cm
on 26.01.2013, and 78 ± 4.5 cm on 05.02.2013. The average
maximum thaw depth in the previous year (2011–2012)
season was 65 cm, which was 12 cm less than in 2012–2013.

4.3.1.2 Hydrological Conditions and Soil
Moisture Characteristics

Most of the unconsolidated sediments in the Thala Hills
oasis dry quickly in the summer, because there is practically
no liquid precipitation. However, in the valleys with snow
patches the summer moisture conditions are different. Dur-
ing most of the summer, water flows actively in valley
bottoms from thawing of snow. The most important factor
for soils in the valleys is the additional surface moistening
due to the active melting snows in the warm season. As a
result, the surface soil horizons, despite the strong wind-
induced dehydration, continue to retain moisture.

Fig. 4.5 Temperature dynamics
(air and in borehole of the rock at
different depths) at the
Molodezhnaya station
(29.01.2012–18.03.2013)

Fig. 4.6 Dynamic of the rock
temperature at the depth of 1 m in
3 years (2010–2013),
Molodezhnaya station

Fig. 4.7 Dynamics of soil
temperatures in wind shelter with
moss cover (MOLO 02;
17.01.2012–19.03.2013); red
0 cm, blue 20 cm
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In some years summer precipitation is minimal. During
these comparatively warm snowless summers, as in 2012–
2013, snow patches completely melt and water ceases to
flow. In such cases there is a reduction of moisture content in
the upper layers. However, these periods continue, pre-
sumably, for not more than 2 weeks because of the following
long cold season when the temperature drops below 0 °C.

Data collected from natural waters show a sequence of
fresh snow → melting snow → water after interaction with
soil → subsurface water → water in rock closed hollows in
terms of increasing alkalinity and conductivity (Table 4.1).

4.3.1.3 Soils of Rocky Hills Areas
Much of the Thala Hills oasis is occupied by rocky ridges
and hills, including low mountains (up to 280 m). The depth
to bedrock is rarely more than 50 cm. The surface is often
covered with frutiose, foliose, and crustose lichens. Lithic
Haplorthels are common here. However, soil temperature
data imply that some soils with a lithic contact and without
cryoturbations should be classified as Lithic Gelorthents, as
they have no permafrost within 1 m.

Mantles of moraine deposits are located between the
ridges and the individual hills. The thickness of unconsoli-
dated material in these depressions is greater than 1 m. These
areas contain soils with the finest soil-textural classes in the
study area. Patterned ground is extensive in these areas and
vegetation is limited to the edges of sorted polygons. Typic
Haploturbels are common in these areas (Figs. 4.8 and 4.9).

Stratified weathering crusts and epi-endolithic soil-like
bodies are characteristic of rocky outcrop areas (Fig. 4.10).
Large areas of rocky outcrops of granite are covered with
brown and reddish-brown plates, under which in exfoliation
cracks primary minerals are destroyed and the formation of
specific endolithic microhorizons takes place. An important
product of biochemical weathering here are organomineral
coatings inside the endolithic system (Mergelov et al. 2012).
Physical and chemical weathering, together with biochemi-
cal weathering, result in a reddish-brown color of rocks at
the slopes of mount Vechernyaya. However, the occurrence
of endolithic communities within the site Molodezhny of
Thala Hills is even greater than at Vecherny.

Locally, salt efflorescence and crusts are found on the
surface. Soluble salts are mainly found near the coast. Car-
bonate encrustations are most commonly found and can
apparently be formed in situ by the weathering. Calcite,
gypsum, aragonite, and halite have been found previously in
the Thala Hills oasis on soil ground, bedrocks and on the
undersides of boulders. Soluble salts of marine origin are
dominated. However, sometimes calcite cutans were found
in the subsurface soil horizons (MacNamara and Usseleman
1972).

4.3.1.4 Soils of Wet Valleys
Inter-ridge valleys with melting snow patches in summer are
important for biodiversity and organo-mineral interactions in
oases of East Antarctica (Fig. 4.11). In contrast to the Dry

Fig. 4.8 Patterned ground
(sorted circles) at the Vecherny
site, Thala Hills
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Valleys, they have been named “wet valleys” (Mergelov
2011). The most important soil-forming factor in wet valleys
is the additional surface moistening due to the active melting
of snow patches in the warm season. As a result, the near-
surface soil horizons continue to retain moisture, despite the

strong wind desiccation. The bottom and the lower slopes of
a valley are filled with gravel and coarse-textured materials.
Here, the main component of the fine-earth fraction (<2 mm)
is coarse sand of quartz-feldspar composition. Mosses,
lichens, algae and fungi tend to occur under the desert

Fig. 4.9 Typic Haploturbels in
polygon center (left) and border
of stone circle (right)

Fig. 4.10 Endolithic microsoils
under exfoliation plates
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pavement rather than on the soil surface, which enables the
biota to avoid desiccation, UV radiation, and wind abrasion.

In the valley bottoms water flows over fine-earth sedi-
ments of alluvial origin and algal covers are widespread
(Figs. 4.12 and 4.13a, b). Algae can form a solid blackish
film. While drying, these films turn into crusts with the
thickness of 1 cm. Olive-colored algal horizons are formed
here at a depth of 1–3 cm from the surface; below the algal
layer are gray-brown organic-mineral horizons of 2–5 cm
thick that contain partially decomposed organic matter. The
deeper horizons may be buried because of the fluvial pro-
cess. Some of these soils may have feature patterned ground.
These soils may be classified as (Oxy)Aquic and Fluventic
Haploturbels and Fluventic Haplorthels. “Oxyaquic” is not
on the list of Haploturbels subgroups, but it should be
included in the Keys, Aquic features doubtfully occur in
Enderby Land because of the high Eh values.

At the margin of the zone of flowing water, the vegetation
changes to mosses (Bryum and Ceratodon), which develop
under the gravel pavement. These soils are depicted in
Figs. 4.12 and 4.13c. The A horizon is located under mossy
cushions. Below the A horizon is a mineral horizon with
active development of micromycetes rich in fungal mycelia
on the surfaces of sand grains. Cryoturbation occurs in these
soils, but it is less pronounced than in the wet soil described
previously. Typic Haplorthels and Typic Haploturbels are
common soil taxa along the margins of wet valleys in the
Thala Hills.

On higher slopes above the valley, the vegetation disap-
pears (Figs. 4.12 and 4.14a). Soils lacking vegetation have
an olive-colored desert pavement over a 1−2 cm thick org-
ano-mineral horizon in which algae occur. The upper soil
horizons in the summer are often dry. The average summer

temperature here is +2.8 °C. Cryoturbation also is weakly
expressed. In spite of some difference with previously
described soils, these soils should also be classified as Typic
Haplorthels and Typic Haploturbels.

Further upslope in the valley, the amount of moisture in the
upper part of the profile decreases sharply. “Ahumic” soils
dominate these areas (Figs. 4.12 and 4.14b). The moisture
content in the summer in the upper horizons is 1–4 % during
snowmelt and after short summer snowfalls it may rise to
10%. As a result of this increase in moisture in places of snow
accumulation, the algae appear under the desert pavement.
The average summer temperature here rises to +3.9 °C at the
surface. The active layer depth reaches a maximum of 85–
92 cm. In some places there are cryoturbation features in soils,
and patterned groundmay appear on gentle slopes. These soils
are closer to Anhyturbels but still we should classify them as
Typic Haploturbels/Haplorthels because they are not dry
enough. These soils are the most common not only in the
valleys, but also in other areas with gravelly-sandy deposits.
Patterned ground and cryoturbation are common on sites with
sandy-silty loamy moraine deposits.

Rocky valley sidewalls contain endolithic microsoils.
These soils are similar to the soils of rocky ridges (see
above).

In wet valleys there is widespread accumulation of silt on
the surfaces of rock fragments. The upper surface of the
gravel acts as a trap. There appears to be an increase in the
fine-silt fraction in subsurface horizons and the near-surface
permafrost as well. This is the consequence of soil pervec-
tion. However, contrary to some evidence of MacNamara
(1969b) the illuvial accumulation of clay that is enough for
distinguishing of argillic horizon was never observed in our
studies.

Fig. 4.11 Wet valley, Thala Hills
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Fig. 4.12 Major types of soils and soil-like bodies in the wet valley

Fig. 4.13 a Valley bottom, a creek with algae cover, b Valley bottom, a soil under algae cover, c Valley bottom, organo-mineral soil under moss
cover with the top horizon of micromycetes development
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4.3.1.5 Soils of Wind Shelters
The most “succulent” vegetation of oases is related to wind
shelters on colluvium in hollows formed in hard rock
(Figs. 4.12 and 4.15). The orography of oases in Enderby Land
contributes to the widespread occurrence of such shelters.
Orientation of oasis ridges from the southeast to northwest
coincides with the direction of the main katabatic winds.
Summer cyclonicwinds east and northeast, bring an abundance
of snowfall which may persist until the following summer.

These events result in a thick moss cover with lichens that
is underlain by organo-mineral soil with peat horizons up to

15 cm (Fig. 4.15). Radiocarbon age of the lowermost portion
of the organic horizons is 360 ± 60 years BP (Ki-17840, TOC).
This suggests that shelters with moss cover have operated for
at least the past 500 years. Previous dating of organic matter at
the base of an 18-cm thick peat horizon under Ceratodon
purpureus moss yielded an age of 1,220 ± 80 BP.

Soils of wind shelters are characterized by the presence of
an iron-accumulation horizon. Iron coatings can be seen both
macro-and mesomorphologically. These soils are often
found throughout the oases, but their total area is small.
These soils are associated with inputs of organic material

Fig. 4.14 a Soils with algae organic-mineral horizon, b Different “ahumic” soils

Fig. 4.15 Soils of wind shelters with peaty horizons
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such as feathers and guano of Catharacta maccormicki. A
similar soil a thinner organic horizon was described by
MacNamara (1969b) as Protoranker soil. These soils have
organo-mineral horizon 2–3 cm beneath lichens and up to
15 cm under moss cushions that is underlain by a horizon of
iron and possibly aluminum accumulation (Bs horizon;
Figs. 4.12, 4.15, and 4.16). These soils preliminary (we still
do not have data on the content of oxalate soluble forms of
Fe and Al,) can be classified as Spodic Psammorthels, Lithic
Psammorthels, and Typic Haplorthels (if we have >35 % of
rock fragments). Close analogues of such soils are Spod-
orthels in the Grearson Hills oasis, Wilkes Land (Chap. 6).

4.3.1.6 Miscellaneous Soils

Soils of the Lake Shores with Pulsating Water Regime
During summer, the coastline of small lakes retreats
(Fig. 4.17). Underwater organisms (algal-bacterial mats,
mosses) become exposed on the surface. Soils in this envi-
ronment were named “soil-amphibians” (Abakumov and
Krylenkov 2011). Surface soils in the Thala Hills oasis are
covered by algo-bacterial mats with a thickness up to 5 cm.
Under the mat there is an organo-mineral horizon up to
10 cm thick with organic matter of lacustrine origin. Re-
doximorphic features and shallow ground water table are
characteristic of mineral horizons of these soils (Fig. 4.18).
Texture of these soils is finer than other soils of the oasis.
These soils should be classified as Typic Aquorthels as we
have no Limnic Aquorthels in Soil Taxonomy.

Some of lakeshore soils have abundant sulfur mostly
because of their former connectionwith the sea. Algal-bacterial
mats almost completely cover the bottom of temporarily

drained ponds. The deposits are of dark color because of high
sulfide content. These soils have reductive Eh values and pH
values less than 4.5. The profile depicted in Fig. 4.19 has a
yellow oxidation zone on a dark gray background of the main
material. This soil is Sulfuric Aquorthel. Similar soils were
reported by Glazovskaya (1958) and are considered in detail in
Chaps. 13 and 14.

Ornithogenic Soils
Ornithogenic soils are found at the Vecherny site of Thala
Hills in an Adélie penguin rookery (Fig. 4.20). These soils
commonly are located on rock outcrops. The thickness of
guano layer in these soils does not exceed 35 cm. Bodies of
dead birds, feathers, and eggshells are well preserved in these
soils. These soils are underlain by bedrock at a depth of 30–
50 cm. These soils can preliminarily be classified as Lithic
Historthels. The areal distribution of these soils is closely
connected with the boundaries of the rookery. In some places
the surface is covered with the algae Prasiola crispa. Prasiola
crispa also occurs in areas where penguins molt and skuas
nest. Soils in these areas, classified as Typic Haplorthels, have
abundant C, P, and N in the upper horizons (Table 4.2).

In wet valleys the moss cover may be more widely spread
than in rookeries, due to the influx of extra organic material
by birds (Catharacta maccormicki and Pygoscelis adeliae).
Organic horizons up to 20 cm thick may be found in these
locations (Fig. 4.21). The moss-covered area shown is over
60 m2, and the organic matter is only partly decomposed.
Ornithogenic material consists mainly of feathers and less of
guano. Beneath the organic horizon are a B horizon with
iron accumulation and a B horizon with redoximorphic
features and cryoturbation. The thickness of the active layer

Fig. 4.16 Soils of wind shelters
without peaty horizons (left), iron
films on rock fragment in Bf (or
Bs) horizon (right)
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is 75 cm. This soil is similar to those of wind shelters.
However, the formation of upper layers is definitely asso-
ciated with the influx of ornithogenic organic material.
These soils can be classified as Typic Histoturbels, Typic

Aquiturbels, or even Spodic Psammoturbels. If they have no
cryoturbation, they are classified as Typic Haplorthels
(Table 4.3). These soils are similar to soils of abandoned
penguin rookeries in Wilkes Land (Chap. 6).

Fig. 4.17 A lake with the
pulsating moisture regime along
its coastline

Fig. 4.18 Typic Aquorthel,
bottom of lake
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4.3.1.7 Anthropogenically Influenced Soils
Human-induced disturbance of soils is widely found in the
vicinity of the Russian Antarctic station “Molodezhnaya”
(see also Chap. 16). Duration of economic development here
is more than 50 years. Among anthropogenic features are
garbage dumps, oil spills, and reworked unconsolidated
materials. Soil disturbance is related to the use of caterpillar
vehicles. In this case, enrichment of the upper layers by fine
earth (<2 mm) is often marked at the expense of human
physical disintegration of rocks. The material of soils sub-
jected to human impact has relatively excess content of
arsenic, lead, and cadmium (Lupachev et al. 2012). Also
there is the trend to have higher content of various hydro-
carbons associated with both global transfer from South
America, Africa, Australia, and local anthropogenic pollu-
tion (Negoita et al. 2003).

4.3.2 Soils of Other Oases

4.3.2.1 Polkanov Oasis
Polkanov oasis (Fig. 4.1, site 3) is a low granite-cored hill
with a sub-latitudinal orientation of parallel landforms and a
maximum elevation of 400 m. More than 70 % of territory

lies in a range between 50 and 150 m a.s.l. Moraine, eluvial,
and colluvial materials form a discontinuous and thin mantle.
Coarse sand and gravel deposits are found in shallow
depressions, on slopes and terraces, and along the rocky
fringe of the watershed. Patterned ground is common with
polygons ranging between 0.5 and 2 m in diameter that
contain gravelly or stony borders. Glaciers and snow patches
cover nearly 33 % of oasis area, especially near the southern
limit of the oasis where it is close to the main source of snow.

The oasis contains 107 lakes, all with freshwater, and a vast
network of seasonal meltwater streams which can even form
floodplains with gravely terraces 0.3–0.5 m high. Aquic and
Fluventic Haploturbels, Fluventic Haplorthels form in the
vicinity of seasonal streams. Mosses are restricted to shelters
and wind “shades” of northern expositions, riparian rocky
fragments, major boulders, and glacier bluffs. Widespread
species areBryum algens andCeratodon purpureus. Themost
strongly developed peaty horizons found under Ceratodon
purpureus litter were 4.5 cm thick and considered to be formed
in approximately 300 years. In general, moss pads are less
widespread and developed (four times thinner at maximum
values) than in Thala Hills oasis. Moss habitats on sandy-
gravel deposits of from periglacial processes are usually
associated with Typic Haploturbels and Typic Haplorthels.

Fig. 4.19 Sulfuric Aquorthel
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The major limiting factors for vegetation development are
the same as for most Antarctica oases, which are the lack of
moisture and wind abrasion. Elimination of both to a certain
degree is necessary to create a favorable environment for
vegetation to establish. For instance, bottom parts of cirques
at Polkanov oasis with enough moisture sources do not have
even discontinuous vegetation due to strong wind turbu-
lence, wind-driven desiccation of top layers, and regular
transfer of relatively light sandy particles. Surface soil
horizons of coastal areas and in shelters on moraine slopes

(Typic Haplorthels) with sufficient moisture content host
various algae colonies.

Lichens are more widespread and colonize even wind-
ward rocky exposures, sometimes close to the ice sheet. In
this case lichens are periodically sprinkled with snow and
then are covered by thin ice crust protecting them from wind
abrasion. The following species were identified: Lepraria
neglecta on loose sediments and mosses, Rinodina turfacea
on the same substrates, Alectoria minuscule, Neuropogon
acromelanus, Omphalodiscuc decussates, Protoblasterina
citrina, Gasparrinia murorum on rocky surfaces, and others.
Dry colluvial sediments on lower part of valley slopes are
quite widespread in oasis; they would usually provide an
environment to Typic Haploturbels and Typic Haplorthels or
even to Typic Anhyorthels and Typic Anhyturbels. Vast
granite exposures containing Lithic Haplorthels are modified
by exfoliation with two types of plates: 1–10 mm thick and
10–50 mm. The first are produced by physical and bio-
chemical weathering, the latter only by physical disintegra-
tion. Epilithic (lichen driven) and endolithic (lichen,
cyanobacteria, chlorophyta, fungi driven) soil-like microfe-
atures could be expected on these granite outcrops. Tafoni is
common to boulders and rocky cliffs and considered to be
most extensive among all other oasis studied at Enderby
Land. Penguin rookeries were observed in the coastal part
and occurrence of Prasiola crispa patterns with ornithogenic
soils can be predicted to occur there.

4.3.2.2 Nikitin Oasis (Fyfe Hills)
The Nikitin oasis (Fig. 4.1, site 7) is a low granite hill with a
predominantly northeast orientation and with a maximum
elevation of 500 m. This is the only oasis among those con-
sidered in this chapter that is separated from open sea by the
ice shelf. The major topographic elements of the oasis are
rocky watersheds and cirques. Cirque bottoms are usually
occupied by glaciers and lakes. Tafoni is very common on
bedrock surfaces. Watershed slopes are mostly covered by
stone streamswith large fragments up to several meters in size.
The rocky fragments have an eluvial, colluvial, or glacial
origin. Lithic Haplorthels are expected to occupy significant
area in oasis. Unconsolidated sediments are present to an even
greater extent than in Thala Hills, Polkanov and Howard
oases. Patterned ground occurs all around oasis with mud-
boils, polygons, and stripes 0.2–3 m wide and 20 m long.
Mudboils are most common on colluvial sandy loams where
they have circular shape 1.5–2 m in diameter (Typic Haplo-
turbels expected). The mudboils often have a thin salty crust
on its surface. Sandy loam material usually is concentrated as
a central core surrounded by coarse sand and gravel.

Glaciers and snow patches cover almost 32 % of oasis
area. The ice-free area is perpendicular to southeastern
winds, which prevents further distribution of snow across
oasis; thus moisture sources are distributed unevenly. Most

Fig. 4.20 Ornithogenic soil

Table 4.2 Chemical properties of natural waters from the Thala Hills

Sample pH Eh (mV) EC (µS cm−1)

Fresh snow

Melted snow 5.4–6.5 145–290 0–80

Snow patches 6.0–6.8 150–290 10–60

Surface water 6.2–7.1 180–290 30–100

Soil solution 6.4–7.0 190–295 40–115

Rock hollows 6.5–8.0 180–280 100–535
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hill tops are dry while northern slopes of cirques are wet. Six
freshwater lakes and a network of small streams are hosted
by oasis. Vegetation colonizes almost all unconsolidated
materials where there is sufficient moisture. Exceptions are
recently exposed surfaces, areas periodically covered with
firn, nd wind transferred substrates. The best locations for
vegetation development are wet low parts of colluvial slopes
with moss-lichen-algae associations. The most widespread
moss species are Bryum algens and Ceratodon purpureus.
Typic Haploturbels and Typic Haplorthels can be expected
to be prevalent in this oasis.

4.3.2.3 Howard Oasis
The Howard oasis (Fig. 4.1, site 8) can be divided into two
landform components: accumulative moraine landforms
and denudational bedrock landforms. The depressions in
the denudational part of the oasis are comprised of inter-
hill valleys filled with unconsolidated material of eluvial,
colluvial, glacial, and fluvial origin. Large boulders are

common on slopes and bottom of valleys. Drift in the
accumulative part of oasis reaches 50 m in thickness.
Several extensive lake depressions (200 × 400 m) are
found in the Howard oasis. Areas of thinner drift underlain
by glacial ice contain thermokarst depressions that are 10–
15 m wide and 100 m long. Thus, Glacic Haplorthels could
be expected here. In general, thermokarst processes in
Howard oasis are most intensive than in other oases
described in this chapter. Patterned ground is very common
on moraines. Periglacial features are common in the oasis,
including mudboils and sorted polygons. Typic Haplotur-
bels are predicted to develop here. Glaciers and snow
patches cover only 7 % of oasis area. There are 30 lakes
and a dozen major streams in the oasis. Some lakes are
hypothesized to have a thermokarst genesis. Algae, mosses
develop in more wind-sheltered locations. Typic Haplo-
turbels and Typic Haplorthels are likely the most pre-
dominant soils. Lithic Haplorthels occupy rocky granite
outcrops in denudational parts of the oasis.

Fig. 4.21 Ornithogenic soil
under moss cover in an
abandoned penguin rookery

Table 4.3 Main chemical features (post-ornithogenic Typic Haplorthel)

Pit Horizon Depth (cm) OC (%) Loss-on-ignition (%) pH (H2O) P2O5 (mg/100 g)

LA56-Ml-03 O 0–2(4) 5.95 18.19 5.54 n.d. n.d.

AC 2–5(7) 4.63 7.73 5.43 16.83 2.48

C 5–11 2.85 4.53 5.50 28.69 1.88
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4.3.2.4 Lutzow-Holm Coast (East-Ongul
Islands, Langhovde Oasis)

Ohtani et al. (2000) studied algae communities, including
Cyanophyceae, Chlorophyta, Xanthophyceae, and Bacillari-
ophyceae in the vicinity of Syowa station at Lutzow-Holm
Bay. The surface mineral soils have pH values ranging
between 7.2 and 9.4. Electric conductivity of soil suspensions
ranged from 119 to 730 μS cm−1, which was probably due to
chlorides contributed by marine aerosols. The total carbon
content varied from 0.04 to 0.99 %, total N from 0.002 to
0.4 %, and extractable phosphorous from 0.16 to 0.81 %. The
highest C, N and P values occurred in soils covered by
Prasiola crispa near penguin rookeries. Soils influenced by
penguins had the lowest C/N ratios of the soils examined. The
highest C/N ratios (up to 19) were found in anthropogenically
modified soils near the station. Except for these analytical data
from the top few centimeters soil, we have no information on
the soils of Syowa oasis. Based on soils in other coastal oases
of Enderby Land, we expect the dominant soils to be Lithic
Haplorthels, Typic Haploturbels, and Typic Haplorthels.

4.3.3 Soils of the Tula, Scott, Nye, Raggatt,
and Napier Mountains

Napier, Nye, Raggatt, Tula, Scott Mountains have an ele-
vation over 1,200 m a.s.l. It is unlikely that mean monthly
temperature above 0 °C occur above 1,200 m are absent;
however, rock surfaces should have positive temperatures
during the daytime. The anticipated soils that can be found
their besides rock outcrops are Lithic Haplorthels and to a
lesser extent Lithic Haploturbels. Some Glacic Haplorthels
can also be found at the sites with moraine on the glacier ice.
Endolitic microsoils are also possible to exist in this harsh
environment.

4.4 Discussion

4.4.1 Pedogenesis

The pedogenic processes in the soils of Enderby Land are
rather diverse in spite of the fact that it is not the warmest and
not the largest ice-free region of East Antarctica. Physical
disintegration is the ubiquitous process in almost all soils of
the region; however, the quartz-feldspar mineralogical com-
position of rocks limits this process mainly to formation of
coarse sand material and tafoni forms. Biochemical weath-
ering also takes place in soils of Enderby Land leading to
dissolution of primary minerals. This process is evidenced by
endolithic microsoils and rubification of rock surfaces.

The low biogenic activity and rather harsh climate and
parent materials limit the accumulation and transformation

organic matter. In Enderby Land, organic matter only
accumulates in wind sheltered areas or on lake bottoms The
ornithogenic input of organic matter from the sea to soils is
much less widespread in Enderby Land than in other parts of
Antarctica (e.g. Antarctic Peninsula and adjacent islands;
Chaps. 12 and 13). Less common pedogenic processes are
pervection (soil particle migration that does not result in
argillic horizon formation), redoximorphism in former lakes
bottoms, sulfide oxidation, weak salinization by sea aerosols,
and weak calcification from biochemical weathering.
Although our analytical data has not been processed yet, soil
morphological data suggests that podzolization may occur in
soils that are sheltered from the wind. The cryopedological
processes of cryoturbation and frost sorting are not ubiqui-
tous but do occur, along with thermokarst, in Howard oasis.

Generally, the pedogenic processes of Enderby Land are
analogous to other ice-free areas in coastal East Antarctica.

4.4.2 Soil Geography and Classification

The Thala Hills and other coastal oases of Enderby Land are
related to polar desert soil zone of Bockheim and Ugolini
(1990) and Blume et al. (1997). In our opinion coastal oases
of Enderby Land should be allocated to Mid-Antarctic snow-
patch cryptogamic barrens (Goryahkin et al. 2011; Balks
et al. 2013). Meltwater from snow patches enhances soil
development, and pedogenesis of soils in wet valleys have
features of more humid soils than are common to Antarctic,
including pervection, cryoturbation, biochemical weath-
ering, podzolization, and peat accumulation. At the same
time soils of well-drained and wind-affected habitats may
have some features of pedogenesis which are characteristic
of a more arid climate, including desert pavement, desert
varnish, salinization, and calcification). However, in the
proposed Mid-Antarctic zone, these features are not strong
enough to classify these soils as Anhyorthels and Anhytur-
bels. That is why the term “desert” in its narrow “arid” sense
is not appropriate for soil landscapes of coastal oases of East
Antarctic (Goryachkin et al. 2004). However, soils of
mountains and nunataks of Enderby Land presumably
should be allocated to Cold desert zone.

The most widespread soils of Enderby Land are Typic
Haplorthels and Typic Haploturbel;. Lithic Haplorthels/Ha-
ploturbels are also characteristic for landscapes with shallow
depth to bedrock. Other soils occupy much less areas,
including Lithic Gelorthents (permafrost >1 m without
cryoturbation), (Oxy)Aquic Haplorthels/Haploturbels,
Aquiorthels/Aquiturbels, Spodic Psammorthels (?), Sulfuric
Aquorthels. The patterns of the soil cover of Enderby Land
coastal oases are similar to those of MacRobertson Land and
a little bit less of Schirmacher oasis of Queen Maud Land
(see Chaps. 3 and 11, respectively).
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4.5 Summary

Enderby Land is the large portion of East Antarctica but it
constitutes only about 3 % of the total ice-free area of
Antarctica. This region has numerous coastal oases with
small areas, including the Thala Hills, Polkanov, Howard,
Nikitin, and Langhovde oases, as well as isolated mountain
peaks and nunataks. Soils data for Enderby Land are sparse.
Systematic pedological studies began recently and only for
the Thala Hills oasis. There are some soils data for Lang-
hovde oasis and the Thala Hills oasis, as well as data on
landscape mapping from several other oases. We were
unable to find any soils data for the mountainous areas.

Mosses, lichens, soil algae, and birds (penguins, skuas and
petrels) play an important role in soil development in coastal
areas of Enderby Land. Permafrost is continuous in Enderby
Land, but a mantle of unconsolidated material in thin in many
places so that permafrost extends into frozen. Active-layer
depths may range from a few decimeters in the mountains to
100 cmormore on the coast. Patterned ground is not ubiquitous
but cryogenic features are common throughout the region.

Soil-forming processes can be recognized as diverse even
for one studied oases. Physical and biochemical weathering
resulting in fine-earth formation, carbonation and rubifica-
tion as well as pervection, soil organic matter accumulation,
redoximorphism, sulphide oxidation, aerosol salinization are
characteristic for coastal oases. Podzolization may occur in
Enderby Land but will require analytical support and further
investigation.

The dominant soil taxa along the coast are Haploturbels/
Haplorthels, Aquiturbels/Aquorthels, and previously
unclassified ornithogenic soils and endolithic microsoils.
Lithic subgroups both for Haploturbels and Gelorthents
(permafrost >1 m without cryoturbations) are predominant in
the territories with shallow rock contact.
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