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11.1 Introduction

The whole area of the Marie Byrd Land (MBL) is more than
200,000 km2. It stretches between 158° 00′ W and
103° 24′ W and includes five coastal areas (from west to
east): the Saunders Coast, the Ruppert Coast, the Hobbs
Coast, the Bakutis Coast, and the Walgreen Coast
(Fig. 11.1). Ice-free areas are rare in this region (total area of
discrete mountain ranges and nunataks within the MBL is
about 700 km2 (1.4 % of Antarctica’s total ice-free area)).
Small oases and nunataks are relatively abundant in the
western part within the mountain chains of the Ford Range
on the Ruppert Coast, the Washington and the Alexandra
Ranges of the Edward VII Peninsula (the Saunders Coast).

The eastern part of the MBL contains fewer ice-free
areas: the Flood Range and the Executive Committee Range
in the inner part of the Hobbs Coast and the remote moun-
tains of the inner part of the Walgreen Coast (the Crary, the
Toney, the Murphy mountains, and some nunataks). The
northernmost ice-free area is the Siple Mountain (73° 20′ S;
126° 05′ W; 3,100 m a.s.l.) on the Cape Dart of the Siple
Island (eastern Hobbs Coast); the Rockefeller mountains
(78° 05′ S; 155° 00′ W; ±430 m a.s.l.) on the Edward VII
Peninsula of the western Saunders Coast are the

southernmost. “Russkaya” scientific station is situated on the
Berks Cape of the Hobbs Coast (74o 46′ S; 136o 48′ W) at
the altitude of 124 m a.s.l. Small archipelago of the Lindsey
Islands (73° 36′ S; 103° 01′ W) is situated just off the
northwest tip of the Canisteo Peninsula, Amundsen Sea. The
Hudson Mountains are located along the Walgreen Coast in
Antarctica’s western Ellsworth Land (74° 20′ S; 99° 25′ W).

MBL is one of the remotest and most difficult lands to
access in Antarctica. No sovereign nation has even claimed
this region of Antarctica. We have only recently begun to
understand the soils of MBL, and the information is pre-
liminary (Abakumov 2008, 2010a, b). MBL contrasts sharply
with other regions of Antarctica. The mean annual precipita-
tion is about 2,000 mm, which is 4–10 times higher than in
other coastal regions of Antarctica (except possibly the wes-
tern Antarctic Peninsula). One of the highest wind velocities
measured on our planet was recorded here at 77 m/s. These
differences in climate from other areas in Antarctica have
resulted in differences in weathering and pedogenic pro-
cesses as well.

The U.S. Navy mounted several expeditions to Antarctica
in the period 1946–1959. They included aerial photography
over portions of coastal MBL (Meunier 2006). The “USS
Glacier” program explored the parts of the Walgreen Coast
in 1960–66 and included parties of geologists and surveyors
that were deployed to interior outcrops (McDonald 1962).
The U.S. Byrd Coastal Survey during 1966–1969, led by F.
A. Wade, conducted geologic mapping in the Alexandra and
Rockefeller Mountains and the Ford Ranges and produced a
series of 1:250,000 geologic maps of the region (Wade et al.
1977). Several geological expeditions explored MBL during
the period 1978–1993. New Zealand geologists surveyed the
Ford Ranges and Edward VII Peninsula in two expeditions
1978–1979 and 1987–1988. Exploration of the MBL Vol-
canic Province by U.S. geologists began in 1984–1985
(LeMasurier and Rex 1990; LeMasurier and Thomson
1990). The WAVE project (West Antarctic Volcano
Exploration) focused on the volcanic province during the
period 1989–1991. During the seasons of 1989–1990 and
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1990–1991 a geological party from the University of Cali-
fornia, Santa Barbara explored several of the mountain
ranges within the northern Ford Ranges of MBL (Luyendyk
et al. 1992)]. GANOVEX VII, a multinational expedition led
by Germany, visited Edward VII Peninsula in 1992–1993.
Colorado College geologists led expeditions to the Ford
Ranges in 1998–2001, and 2004–2007 (Fosdick Mountains).

“Byrd” station was originally established during the
International Geophysical Year of 1957–1958, eventually
became a summer field camp in 1972, and continued to

support various research projects in West Antarctica there-
after. The original station (“Old Byrd”) lasted about four
years before it began to collapse under the snow. Con-
struction of a second underground station in a nearby loca-
tion began in 1960, and it was used until 1972. The station
was then converted into a summer-only field camp until it
was abandoned in 2004–2005.

“Russkaya” station of the Soviet Antarctic Expedition was
opened on the Hobbs Coast on March 9, 1980. Wintering and
seasonal staff carried out the meteorological observations,

Fig. 11.1 Marie Byrd Land, West Antarctica. Key sites: 1 “Russkaya”; 2 “Hudson Mountains”; 3 “Lindsey Island” (Source http://mapsof.net/
map/west-antarctica)
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collected radiometric data, and provided snow and ice cover
observations. A major part of the scientific activity included
geomagnetical and geophysical observations and monitoring
of Earth’s sputniks. The only scientific activity in sense of
biology was the observation and counting of local fauna
species. Since March 12, 1990, “Russkaya” has been closed.
Short visits to “Russkaya” were made by authors during the
2007–2008 and 2009–2010 field seasons. The data taken
during these field seasons are basically discussed in this
chapter. Several years ago the Republic of South Korea began
to establish a scientific station close to “Russkaya”.

The objectives of this study are to provide the first ideas
on the issues of pedogenesis in this remote region (even in
sense of Antarctica), to determine the unique pedogenic and
weathering features that exist in view of the unique climate
conditions of MBL, and to present the preliminary soil map
of the “Russkaya” scientific station locale and to discuss its
soil map units.

11.2 Study Area

11.2.1 Climate

Weather conditions of MBL are extremely severe and are
resulted from a combination of low temperatures and high
wind velocities. The mean annual air temperature at
“Russkaya” averaged −12.4 oC during all observational
periods. The warmest month is January, the coldest month is
August. The absolute temperature minimum is −46.4 oC,
and the absolute maximum is 7.4 oC. Mean annual precipi-
tation is around 2,000 mm (water equivalent). However, it
should be taken into account that precipitation occurs only in
the form of snow. Under conditions of strong winds, it is
possible that rain gauges could be partly filled with snow
moving in the horizontal direction. It is also possible that
some portions of snow could be blown out from rain gauges.
Blizzards occur in the station area about 150 days a year;
they include heavy snow fall and restricted visibility. Due to
orographic features, easterly winds prevail. The mean annual
wind speed at “Russkaya” station is 12.9 m/s. The maximum
monthly mean wind of 18.1 m/s was registered in March; the
minimum of 9.6 m/s was observed in January. The maxi-
mum wind speed (excluding January and February) fluctu-
ates between 46 and 61 m/s. The maximum wind gust
registered was 77 m/s. On one occasion, a wind speed of 50–
60 m/s blew continuously for 16 days. The average number
of days with wind speeds exceeding 15 m/s is 264, and there
are 136 days a year with the wind speed exceeds 30 m/s.
Southeasterly winds, which are typical for other areas of
Antarctic coastline, are not stable here, possibly due to an
abundance of snow fields and small glaciers and the rela-
tively thick snow cover on sea ice.

At the “Russkaya” station the average barometric pressure
at sea level (980.9 mbar) is the lowest pressure registered at
coastline Antarctic stations. The annual pressure variation
attains a maximum value in January and a minimum value in
October. The maximum absolute pressure was 1019.1 mbar,
and the absolute minimum of 923.4 mbar was lower than
values registered at other coastal stations in Antarctica. The
annual variation in absolute pressure at “Russkaya” station is
much higher than at other Antarctic stations. The mean annual
sunshine duration is 1191 h per year.

11.2.2 Elevation and Topography

Most ice-free areas of MBL are comprised of nunataks of
volcanic origin. Their height above sea level increases from
500–1,200 m in the western part (the Ford Range, Fosdick
Mountains, and Alexandra Mountains) to 2,500–3,500 m in
the eastern part (the Executive Committee Range and Crary
Mountains). The highest peak in MBL is Mount Sidley
within the Executive Committee Range with an elevation of
4,181 m. MBL includes the lowermost point of Antarctic
subglacial relief, the Bentley Subglacial Trench, which
reaches 2,555 m b.s.l. This is also the lowest place on earth
not covered by ocean (although it is covered by ice).

11.2.3 Permafrost Distribution, Thickness,
and Form and Active-Layer Depths

The ice-free area in the vicinity of “Russkaya” station is about
4 km2 and contains low, rocky hills with elevations about
150–200 m a.s.l. The bedrock is composed mainly of biotite–
hornblende gneisses (Fig. 11.2). Gentle slopes are often ter-
raced by former glacial processes. Thin layers of talus occur
in local depressions. There are also several lakes in the area
that are ice covered year-round. The upper several centimeters
of the active layer is usually dry. The underlying permafrost is
often ice-cemented, with massive and basal cryogenic struc-
tures. There are some cryogenic processes in the area, such as
patterned ground and frost cracking. Frost mounds form
locally on gentle slopes. On steep slopes, rectilinear forms of
patterned ground turn to linear stripes. Small boulder stream-
like bodies occur in the area. They seem to originate from the
weathering of stretched minor intrusions of solid basic rocks
rather than forming from slope processes.

The most striking feature of physical weathering at
“Russkaya” station is the formation of schistose frost mounds
that are oriented along the initial plane of the parent rocks
(Fig. 11.3). These mounds are of biotite–hornblende gneisses
of mainly angular form. The rock fragments are 0.5–1 cm in
diameter in the center of the mound and from 5–7 cm up to
15–20 cm along the periphery. The next outstanding
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weathering feature is the formation of aeolian remnants
(Fig. 11.4). These remnants are 40–70 cm high. Their table-
like or mushroom-shaped forms are determined by the solid
ferriferous crusts on top of the boulders. Over time, aeolian
processes remove the relatively less stable grains that are not
cemented by ferruous oxides from the inner parts of the
boulders. The crusts are 2–15 mm thick, brown colored, and
in some cases are cracked. Salt encrustations are often asso-
ciated with those cracks or along the edges of crusts.

The permafrost temperature in the borehole A5-09 at
“Russkaya” station is −10.4 °C (mean annual value at 1.5 m).
The active layer is shallow (0.1–0.2 m). Temperatures above
0 °C are quite rare here. According to year-round (2008–
2009) measurements, the maximum surface temperature is
around 6 °C and the minimum is −39 °C (Fig. 11.5). The
thickness of permafrost is estimated at 300–400 m according
to the 3–4 °C per 100 m ground temperature gradient.

11.2.4 Parent Materials and Age

MBL represents a region of thinned earth’s crust that sup-
ports significant topography. Cenozoic faulting, Oligocene
to Quaternary volcanism, and Miocene to recent glaciations
formed the modern landscape. The bedrock geology of MBL
includes the Cretaceous Byrd Coast Granite, the Mississip-
pian and Devonian Ford Granodiorite, and the lower
Paleozoic and Precambrian Swanson Formation and Fosdick
metamorphic rocks (Wade et al. 1977). The MBL volcanic
province is a late Cenozoic alkaline basalt-trachyte volcanic
field on the Pacific coast of West Antarctica. Most of these
volcanoes are partially buried beneath the West Antarctic ice
sheet, but in some cases, a combination of tectonic uplift and
lowering of ice level has exposed basal hydrovolcanic sec-
tions produced by eruptions in an englacial environment.
Some of the largest and best preserved hydrovolcanic

Fig. 11.2 Environment of “Russkaya” scientific station. Hobbs Coast,
Marie Byrd Land. Distribution ofUsnea Antarctica (black clusters in the
foreground), boulder stream-like body (gray stripe in the background).

Interboulder area is filled with schistose debris from gneiss rocks.
Greenish mottles on boulders in the bottom-right corner presumably
contain a significant amount of copper (0.2–1 % of total weight)
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structures are delta-like in form, with gentle distal slopes,
and foreset bedded deposits composed of hyaloclastites,
pillow breccias, pillow lavas, subaerial flows, and air-fall
tephras.

Surface exposure ages of glacial deposits in the Ford
Range of western MBL indicate continuous thinning of the
West Antarctic Ice Sheet by more than 700 m near the coast
during the past 10,000 years (Stone et al. 2003). Sampling
rocks at various elevations within the Ford Ranges showed
that the highest summits emerged about 10,400 years ago
and the lower summits as recently as 3800 years ago.
Thinning is presently continuing. Average exposure time of
the Ford Range summits over the more distant past is less
than 50 % while the lower elevations that are most recently
exposed have been exposed less than 1–5 % of the time. This
means that the ice extent in this region is at an extreme
minimum and was probably even less than during the pro-
longed and very warm interglacial 400,000 years ago. More

interior sites experienced lesser amounts of thinning. Isoto-
pic analysis of ice from Byrd Station indicates that it was no
more than 400 m higher during the last glacial maximum
(Steig et al. 2001).

The Hudson Mountains contain many slightly eroded
parasitic cones forming nunataks protruding above the
Antarctic ice cap. The cinder cones apparently rest on three
extensively eroded Miocene stratovolcanoes, including
Teeters Nunatak, Mount Moses, and Mount Manthe. Sub-
aerial basaltic lava flows dominate, but subglacial or sub-
aqueous tuffs and lava flows are also present. A tephra layer
from an eruption of a subglacial volcano in the Hudson
Mountains was dated from ice thickness at about 2,200 yr
BP. The presence of steam was reported at one of the
Hudson volcanoes in 1974. Satellite data suggest that an
eruption of Webber Nunatak took place during 1985,
although this has not been confirmed (LeMasurier and
Thomson 1990).

Fig. 11.3 Schistose debris of biotite–hornblende gneisses with Usnea Antarctica (scale in 5 cm intervals)
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11.2.5 Biota

The Soviet Atlas of Antarctica specifies that the only lichen
species in the vicinity of “Russkaya” station is Umbrilicaria
decussata (Atlas of Antarctica 1969). Recent investigations
of Mikhail Andreev and Lyubov Kurbatova show that flora
of the “Russkaya” station is the richest of the Russian sta-
tions, with 26 lichens and 4 bryophytes (Andreev and Kur-
batova 2008). The most noteworthy are the lichens Buellia
pycnogonoides, Candelariella aurella, Cystocoleus ebeneus,
Lecidella sublapicida, Pannaria caespitosa, and Placynthi-
um asperellum, previously unknown in continental Antarc-
tica. The lichen Ephebe multispora, known only to
Greenland, was also collected for the first time in Antarctica
(Andreev and Kurbatova 2008). The vegetation cover at
Russkaya is dominated by the lichens, Usnea antarctica and
Umbrilicaria decussate, and some mosses (Ceratodon pur-
pureus and Schisticidium antarctici.).

The projective cover degree ofUsnea antarcticamay reach
40–80%, although the average is 25–40%; Abakumov 2008).
Thalli of lichens get snarled together in the upper layers of
plant debris, providing a primitive structural “shield” that
protects subsurface soil horizons from hard winds. Mosses are
usually associated with the borders of frost mounds. They
occupy space between relatively large fragments of debris,
where water accumulation takes place and wind is lessened.
Moss pads are often of black color in the center; living parts of
green color are usually on the periphery of the pad. Pads often
contain ingrown stones. In general, vegetation is more abun-
dant and well developed on leeward slopes. The algae
Prasiola crispa and the lichen Lecania brialmonti, which are
nitrophilous and indicative of penguin rookeries, are locally
represented here. Lake bottoms are covered by green algae
coatings; sometimes floating bodies form here. The most
abundant algae are Cyanothece aeruginosa, Gloeocapsa spp.,
Oscillatoriaceae, Nostoc sp., Pseudococcomyxa simplex, Sti-
chococcus bacillaris, Desmococcus vulgaris, Prasiola crispa,
and Prasiococcus caicarius (Broady 1989).

Diatoms were not found. The micromycetes, Geomyces
pannorum and Penicillium frequentans, were isolated from
local soils and debris. Soil mesofauna includes many species
of tartigrades, several nematodes, infusoria, and flagellates
(Fig. 11.6). The endemic antarctic rotifer Phylodina gre-
garia also occurs in soils at Russkaya. Special bacteriolog-
ical investigations enabled isolation of Ralstonia,
Sphingomonas, Solobium, Bacillus, and Micrococcus from
soil samples collected in the station area and from the
buildings (Abakumov et al. 2009).

Several fauna species are found at Russkaya; Weddell
seals, Adelie penguins, and polar skuas are rare visitors to
this area. On occasion emperor penguins and snow petrels
have been observed.

Fig. 11.4 Aeolian gneiss remnant with cracked ferriferous cap,
yellowish mottles, and white sea-salt coatings (scale mark—5 cm)
(top); greenish mottles on surface of debris with significant content of
copper (0.5–1 % of total weight) (middle); ferriferous coating on
bottom surface of debris (bottom)
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11.3 Methods

11.3.1 Field—Soil Description, Soil
Mapping

We collected field data from 15 pedons in the vicinity of
“Russkaya” station, 3 pedons from the Lindsey Island, and 2

pedons from the Hudson Mountains. Unfortunately, no data
are available for soils of other regions of Marie Byrd Land,
especially from remote ice-free areas of the Executive
Committee Range, the Flood Range, and the Ford Range.
The soil-forming factors in these regions seem to signifi-
cantly differ from those at the Berks Cape of the Hobbs
Coast where “Russkaya” station is situated. In addition to

Fig. 11.5 Permafrost temperature variation at “Russkaya” station. Borehole A8-08 (period February 2008–January 2009). Mean daily
temperatures (top) and period of positive temperatures (bottom)
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major differences in soil climate, the abundance of alkaline
volcanic rocks (in contrast to mainly acidic metamorphic
gneisses of “Russkaya”) and significant increase of the
altitude above sea level prevented authors from extrapolating
their results to these remote ice-free areas. However, without
doubt we can only assert that soils exist there also.

All the field procedures were carried out according to the
“ANTPAS Guide” (Bockheim et al. 2006). Soil pits were
excavated unless large boulders or solid rocks prevented
further digging. GPS location and elevation of each site was
determined. Some current weather conditions were recor-
ded, including air temperature, wind speed and direction,
form and intensity of precipitation, and background radia-
tion. Site features were described, including structure and
density of vegetation cover; depth of active layer, ice tex-
ture of permafrost (if present); the degree of boulder
and debris weathering; and structure and dimensions of
cryogenic forms of relief (MacNamara 1969; Campbell
and Claridge 1975; Bockheim and Tarnocai 1998;
Beyer et al. 1999).

The following soil properties were measured: 10 %
hydrochloric acid test to distinguish carbonates in the soil
profile; potassium ferricyanide test to detect redoximorphic
features; “Cn” and “Cox” were used for distinguishing
unoxidized and oxidized parent materials, respectively
(Birkeland 1984). Soil temperatures have been measured
year-round since 2008 every 6 h with a Hobo U12 data
logger with an accuracy of ±0.21 °C. Sensors were installed
at the surface and at 0.5, 1.0, and 1.5 m depths. Additional

sensor was installed in 2010 in the borehole A8-08 at the
depth of 0.2 m; two sensors were also installed in the soil
profile in the pit LA55-Rs-01 at the depths of 0.05 (under the
shallow cover of Usnea antarctica) and 0.2 m.

11.3.2 Laboratory—Characterization

The following laboratory methods were used to characterize
different soil properties. Soil pH and major cations were
measured in 1:5 soil: distilled water extracts (U.S. Salinity
Laboratory 1954). Total organic carbon (TOC) was deter-
mined by Tuyrin dichromate oxidation method [1937]
(almost the same as Walkley and Black). The fraction less
than 2 mm in diameter (fine earth) was determined from dry
sieving, and the particle-size distribution in the fraction less
than 1 mm was determined by the pipette method. Absorbed
water content was determined using Russian Governmental
Standard-28268-89 method (Soils, 2005). The content of
anthropogenic petroleum products in soils was measured
using infrared spectrometer AN-2. The total content of
biophyl elements, heavy metals, and rare earth elements in
the mineral material of soil horizons was determined using
X-ray crystal diffraction spectrometer Spectroscan-MAKS
GV. Submicroscopic investigation of soils employed an
electronic scanning microscope JSM-6610LV with a mic-
roanalyzer. The preliminary conclusions on the weathering
stage of soil profiles were made following the criteria of
Campbell and Claridge (1975).

Fig. 11.6 Examples of
mesofauna in soils of “Russkaya”
scientific station, including the
rotifer (Phylodina gregaria) (top)
and the abundant tartigrades
(bottom). Photo courtesy of
Daniel Stoupin
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11.3.3 Map Compilation and Database

A digitized 1:2,000-scale topographic map was used as base
map for soil mapping in the vicinity of “Russkaya” scientific
station. Each soil pit was located on a topographic map
(Fig. 11.7). Soil boundaries were drawn over the topographic
map.

11.4 Results

11.4.1 Location and Area of Major Ice-Free
Regions

Major ice-free regions of the MBL are the Rockefeller
Mountains (480 km2) and the Alexandra Mountains
(220 km2) for a total ice-free area of 700 km2 (Table 2.1).
The ice-free area in vicinity of “Russkaya” scientific station
is about 4 km2.

11.4.2 Distribution and Description of Soil
Taxa

Preliminary conclusions on the distribution of major soil
units in the environment of “Russkaya” scientific station are
made on the data taken during two short visits (5 days) to
MBL in 2007–2008 and 2009–2010.

Soils were classified into the Gelisol order to the family
level (Soil Survey Staff 2010). Mineral soils showing cryo-
turbation were classified as Turbels; mineral soils with no
cryoturbation were classified as Orthels. Both suborders are
divided into great groups on the basis of soil properties.
Soils under the mosses or algae mats along streams or near
lakes and snow patches are moist only during the summer
months and were classified as Aquic Haploturbels or Aquic
Haplorthels. Soils under lichens on relatively dry watersheds
and slopes having anhydrous conditions were classified as
Anhyturbels or Anhyorthels. Due to the lack of soil water
regime data, we avoided classifying moist soils as Aquitur-
bels or Aquorthels. Soils that have bedrock within 50 cm of
the mineral soil surface occur in Lithic subgroups. Small
areas near Russkaya contain thin organic soils under former
or modern penguin rookeries and are classified in the Histel
suborder. These soils contain a significant amount of poorly
decomposed organic ornithogenic material (up to 70–80 %
by volume) and also have bedrock within 50 cm; therefore,
they are classified as Lithic Fibristels.

The interpolation of the scarce field data while compiling
the soil map let authors to assume the percentage of the area
occupied by each soil unit. The most abundant soil map unit
in the vicinity of “Russkaya” station is the soil association

Lithic Anhyorthels + Lithic Anhyturbels (about 40 % of the
total ice and snow-free area of the keysite). Less abundant
are Aquic Haplorthels + Aquic Haploturbels (10–15 %).
Lithic subgroup index may often also be referred to the latter
pedons. Lithic Fibristels (in conjunction with Lithic Hapl-
orthels) are of rarest soil map units (5–10 %).

11.4.2.1 Lithic Anhyorthels + Lithic
Anhyturbels

This soil association occupies the greatest area (about 40 %)
of Russkaya scientific station. These soils (Fig. 11.8) occupy
relatively flat watersheds and medium slopes. Usnea ant-
arctica dominates the vegetation cover, thalli may reach 3–
5 cm in width and cover may reach 40–60 %. Mosses are
rare and suppressed (2–4 cm in diameter; 1–3 cm thick).
Most commonly, lichens occupy the space between large
fragments of debris, in some cases binding the material of
the uppermost horizons. Orthels prevail in this association;
however, evidence for cryoturbation is rare and weakly
expressed (rock orientation and sorting, slope stripes, vague
stone pavement). Flat and low-centered polygons reach 1 m
in diameter; debris dimension increases from 0.5–3 cm in the
central part to 10–15 cm along the periphery. Cryoturbation
processes can be observed in soil profiles that exceed 30–
40 cm depth.

Boulders and large fragments of debris on the surface are
often stained, sometimes are covered with dark brown fer-
ruginous crusts and have greenish, yellowish and bluish salt
encrustations and mottles; application of 10 % HCI showed
no evidence of carbonates. The uppermost layers are always
significantly more coarse-textured. The fine-earth (<2 mm)
content increases with soil depth from 1–2 to 10–15 %. The
coarse fragments of subsurface horizons have macro-, meso-,
and micromorphological evidences of fine-earth and sec-
ondary minerals coatings. This material contains fragments of
lichen thalli, an initial source of SOC. Soils are of neutral pH.
Lightly stained material is obtained all the way down to the
lithic contact. These pedons are of weathering stage 2–3
(Campbell and Claridge 1975) and have a salt stage of 0–1.

Permafrost is usually “dry-frozen” which is consistent
with the anhydrous conditions in these soils. In some cases
pore ice is obtained in the space between the fragments of
debris. Some physical and chemical properties of Lithic
Anhyorthels and Lithic Anhyturbels are given in
Tables 11.1, 11.2 and 11.3.

Lithic Anhyorthels were also obtained in Hudson Moun-
tains and here they have some special features (Figs. 11.9 and
11.10). Due to the vast distribution of pyroclastic deposits,
debris is of black color and mainly cubiform. Usnea antarc-
tica is also represented here, taking part in initial structuring
of mineral material by fixing its upper layers. The fine-earth
content increases downward and reaches 10–15 % in
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lowermost horizons. The pH ranges from 6.6 to 8.7. Soils
investigated in the Hudson Mountains have a lithic contact at
5 cm; the mineral material contains fragments of lichens.
These pedons may probably be the most abundant in MBL,

because of rocks and deposits of volcanic genesis. Morpho-
logical structure and some physical and chemical properties
of Lithic Anhyorthels on pyroclastic deposits are given in
Fig. 11.8 and Tables 11.1, 11.2 and 11.3.

Fig. 11.7 Soil map of ice-free
area in vicinity of “Russkaya”
station.1 Snow patches; 2
rocklands and remnants; 3 Lithic
Anhyorthels + Lithic
Anhyturbels; 4 Aquic Haplorthels
+ Aquic Haploturbels; 5 Lithic
Haplorthels + Lithic Fibristels; 6
human-affected soils
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11.4.2.2 Aquic Haplorthels + Aquic
Haploturbels

This soil association (Fig. 11.11) most often occupies
depressions of relief and shallow slopes with overlying snow
patches (10–15 % by area). These snow patches provide
liquid water during thawing periods. This condition enables
vegetation to proliferate; thalli of Usnea antarctica become
larger (7–10 cm), moss polsters reach 10–15 cm in diameter
and 7–12 cm thick, especially in areas where large rocks trap
snow and liquid water. Moss polsters here have an inter-
esting feature. Nearly all of the polsters have a brown-black
center with small pinkish-white parasitic lichens on it; the
peripherical part of the polster is green-brown. The plant
cover may occupy 80 % of surface in such an environment.
Turbels comprise a large part in a soil cover here. The
thickness of rock debris reaches a maximum in depressions
that average about 50–60 cm in depth. In these depressions,
the moisture content is also the highest, so that cryoturbation
processes can become more pronounced. Flat and low-cen-
tered cryogenic polygons reach 1.0–1.5 m in diameter. We
suspect the existence of ice-rich permafrost in such condi-
tions. This fact allows us to expect that some soils here will
be classified as Gelisols in Typic subgroups. The fine-earth

content in these soils is very high (up to 50–60 % in the
lower parts of moss polsters and 30–40 % in the underlying
horizons). The uppermost soil horizons (lower parts of moss
polsters) are weakly acidic and the underlying mineral
material is neutral in pH. In spite of relatively saturated
conditions, even the lowermost soil horizons do not show
evidences of an anaerobic regime. The potassium ferricya-
nide test did not enable recognition of ferrum protoxides. As
with the previous soil association, the 10 % HCl test shows
no evidence of carbonates. Yellowish and greenish salt
encrustations and mottles are rarely obtained in these soils,
probably due to the relatively more available liquid water.
Staining of soil material is obtained here to a light degree.
These pedons also have a weathering stage of 2–3 and a salt
stage of 0. Some physical and chemical properties of Lithic
Anhyorthels and Lithic Anhyturbels are given in
Tables 11.1, 11.2 and 11.3.

11.4.2.3 Lithic Fibristels + Lithic
Haplorthels

These soils (Figs. 11.12, 11.13, 11.14, 11.15 and 11.16) are
of the rarest occurrence at Russkaya station (5–10 % by
area). Penguin rookeries of MBL are among the southern-
most in the world (the most southerly are Pygoscelis adeliae
at Cape Royds, region 5b, 77° 32′ S). Small colonies of
penguins produce a small but significant amount of soil
organic matter. The thickness of soils on guano deposits
never exceeded 15–30 cm. The guano deposits are underlaid
by ice-rich, frozen coarse debris, and a lithic contact within
100 cm. Therefore, we used the Lithic subgroup for Fibris-
tels of MBL, but we suppose that the existence of Typic
Fibristels is possible. Small areas of these pedons were
obtained in vicinity of Russkaya station, but the most
impressive are the soils of Lindsey Islands.

Fresh organic material is light brown and after desiccation
it forms a rubber-like mantle, which covers debris and shields
it from removal of fine-earth material by strong winds.
Besides fragments of debris, these soils contain a significant
amount of bird remains, including carcasses, feathers, egg-
shell, etc. The average “organic matter/mineral matter” ratio
in Lithic Fibristels is 80/20 % (Abakumov, 2008). The
abundance of coarse angular debris fragments increases
downward. If the rookery is inactive, cryogenic sorting of
mineral material begins to move coarse fragments upward to
the soil surface and bury the organic matter with time.

Penguin rookeries mainly occupy elevated areas and
strongly influence the organic matter forms of Lithic Hapl-
orthels that are covered by the nitrogen-fixing community of
the algae Prasiola crispa and the lichen Lecania brialmonti.
These pedons occupy gentle slopes and snow-free depres-
sions. The abundance of meltwaters enriched with organics
lead to the intensive development of vegetation cover. Lithic
Haplorthels of Lindsey Island contain a significant amount

Fig. 11.8 Lithic Anhyturbels. Pedon LA55-Rs-01 (scale marked in
5 cm intervals)
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of coarse debris; the fine-earth content is small (5–15 %) and
increases with soil depth. At the average depth of 10 cm,
pore ice appears and is sometimes accompanied by ice
cementation of the mineral material. The majority of these
soils have a lithic contact within the 100 cm of the surface.
Some physical and chemical properties of this combination
of pedons are given in Tables 11.1, 11.2 and 11.3.

11.4.2.4 Rocklands and Snow Patches
About 40 % of the ice-free areas of “Russkaya” station
environment is composed of exposed bedrock, rather than
soils. However, given soil mapping did not allow us to
clearly distinguish this land type. Although rocklands most
of the high peaks, steep slopes, and boulder fields, Lithic
Anhyorthels can occur even in these extreme conditions.

More detailed field and laboratory investigations may
prove the existence of other soil units in this area and in
other regions of the Marie Byrd Land. Aquorthels and
maybe Aquiturbels (of Typic or Lithic subgroups) may exist
close to snow patches and along lakeshores. Due to a limited
time in the field, we were unable to distinguish Orthels or
Turbels in the Typic subgroup. We obtained a lithic contact

in 100 % of soil pits examined, but we suspect that there are
depressions or shallow slopes where the accumulation of
nonconsolidated debris takes place and thickness of soil
profiles may exceed 100 cm.

11.5 Discussion—Pedogenic Processes
and Landscape Evolution

11.5.1 Relation Between Soils
and Landforms

There is a strong correspondence between landform and
microrelief type and soil taxa. Deep intervalley depressions
and windward ocean-facing slopes are occupied by relatively
stable snow patches which produce a significant amount of
meltwater each summer. The high peaks, steep slopes, and
aeolian remnants occur as rock lands with no vegetation
cover (probably except of sporadic and depressed lichens).
Although we cannot be absolutely certain that soils do not
exist on these geomorphological sites; we suppose that rare
occurrence of Lithic Anhyorthels is possible here.

Table 11.1 Chemical properties of major soil units of MBL (Lupachev and Abakumov 2013)

Soil unit Pit Horizon Depth (cm) TOCorg (%) pHH2O Adsorbed cations, meq/
100 g

Hydrocarbons
(mg/kg)

Ca2+ Mg2+ Na+ K+

Lithic Anhyturbels LA55-Rs-0I OC 0–2 Not det.

C1 2–7 0.91 5.38 Not det.

C2 7–31 0.56 5.33 0.90 1.20 0.50 0.24 63.33 ± 2.81

⊥R 31↓ 0.37 5.41 Not det.

Hudson-1 OC 0–5 0.42 7.40 0.51 3.65 Not det.

Hudson-2 OC 0–5 0.67 7.30 0.54 2.87 Not det.

Lithic Anhyturbels LA55-Rs-03 OC 0–3 8.34 5.91 Not det.

C 3–15 1.96 5.95 Not det.

LA55-Rs-05 C1 0–1 Not det. 6.01 Not det.

C2 1–5 1.11 5.35 Not det.

C3 5–17 1.10 5.40 0.30 0.30 0.07 0.01 65.20 ± 3.12

Rus4 C1 0–5 0.60 5.53 Not det.

C2 5–15 0.51 5.40 Not det.

C3 15–30 0.90 – Not det.

Aquic Haploturbels LA55-RS-06 AO 0–4(7) 8.64 5.01 3.70 2.00 1.27 0.39 Not det.

C 4–16 1.03 5.34 0.90 0.90 0.19 0.09 Not det.

Lithic Fibristels Rus 10 O 0–5 10.57 6.50 Not det.

OC 5–15 0.70 5.90

Lindsey 1 O 0–5 18.23 7.20 0.35 0.25 Not det.

C 5–15 1.29 6.70 0.21 0.15 Not det.

Human-affected soils LA55-Rs-04 Average sample 0–5 1.77 4.98 Not det. 2205.95 ± 22.70
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Table 11.2 Physical properties of major soil units of MBL, % (Lupachev and Abakumov 2013)

Soil unit Pit Horizon Depth
(cm)

Sum of fractions
>1 mm (>3 mm)

Fine earth
(<1 mm)

0.01 mm/
<0.01 mm

Field
moisture

Hygroscopic
moisture

Lithic
Anhyturbels

LA55-
Rs-01

OC 0–2 99.14 (98.37) 0.86 Not det. 0.61 Not det.

C1 2–7 87.38 (63.44) 12.62 95.64/4.36 0.71 0.77

C2 7–31 84.58 (55.70) 15.42 93.00/7.00 0.86 0.93

⊥R 31↓ 82.46 (54.68) 17.54 95.76/4.24 2.06 0.61

Hudson1 OC 0–5 98.90 (95.32) 1.10 Not det. 0.67

Hudson
2

OC 0–5 80.00 (77.24) 20.00 88.62/11.38 Not det. 0.99

Lithic
Anhyorthels

LA55-
Rs-03

OC 0–3 96.94 (87.11) 3.06 Not det. Not det. 0.47

C 3–15 96.94 (80.93) 3.06 Not det. Not det. 0.27

LA55-
Rs-05

C1 0–1 98.48 (96.58) 1.52 Not det. 0.07 2.48

C2 1–5 91.93 (50.49) 8.07 95.72/4.28 0.56 0.26

C3 5–17 95.18 (73.21) 4.82 95.96/4.04 1.70 0.28

Rus 4 C1 0–5 Not det. 0.55

C2 5–15 Not det. 0.40

C3 15–30 Not det. 0.60

Aquic
Haploturbels

LA55-
Rs-06

AO 0–4(7) 63.28 (30.86) 36.72 92.40/7.60 34.61 3.25

C 4–16 83.95 (54.87) 16.05 91.00/9.00 3.26 0.73

Lithic
Fibristels

Lindsey
1

C 5–15 98.00 (95.67) 2.00 Not det. 0.71

Human-
affected soils

LA55-
Rs-04

Average
sample

0–5 95.60 (79.93) 4.40 93.36/6.64 Not det. 0.71

Table 11.3 Bulk contents of some elements in the profiles of major soil units of MBL (air-dried samples) (Lupachev and Abakumov 2013)

Soil unit Pit Horizon Depth
(cm)

Na2O MgO P2O5 K2O CaO Fe2O3 Al2O3 SiO2 S As Pb Hg

(%) (ppm)

Lithic
Anhyturbels

LA55-Rs-01 OC 0–2 Not det.

C1 2–7 1.75 3.16 1.04 0.30 8.19 7.88 15.23 54.29 0.08 22 43 0.07

C2 7–31 1.88 2.63 0.82 0.37 5.87 6.19 13.88 60.21 0.14 16 43 0.05

⊥R 31↓ 2.00 3.15 1.23 0.38 7.33 8.71 16.99 55.47 0.15 32 61 0.07

Lithic
Anhyorthds

LA55-Rs-03 OC 0–3 0.57 1.79 1.23 0.57 6.32 3.97 8.76 58.66 0.33 1 23 0.06

C 3–15 0.79 2.52 1.04 0.36 8.85 4.51 11.97 54.76 0.13 9 28 0.07

LA55-Rs-05 C1 0–1 1.19 1.97 0.38 0.26 5.19 5.05 9.95 60.70 0.18 17 42 0.08

C2 1–5 0.72 2.32 0.44 0.16 7.93 5.65 13.23 54.74 0.06 21 46 0.09

C3 5–17 0.91 2.56 0.52 0.21 7.89 5.72 12.91 55.56 0.05 15 40 0.05

Aquic
Haploturbels

LA55-Rs-06 AO 0–4(7) 1.00 2.16 1.61 0.33 5.93 6.00 10.01 58.66 0.55 0.1 19 0.11

C 4–16 1.11 3.02 2.23 0.57 9.25 8.83 17.03 49.61 0.09 1.9 56 0.11

Human-
affected soils

LA55-Rs-04 Average
sample

0–5 1.29 2.86 0.45 0.33 7.58 7.63 15.08 54.92 0.20 23 58 0.08
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In the Russkaya area, soils on gentle slopes and under
relatively closed vegetation cover, primarily Usnea Antarc-
tica, are Lithic Anhyorthels and Lithic Anhyturbels. How-
ever, Orthels tend to be most prevalent, because of the lack
of liquid water and the thin layer of unconsolidated materials
that precludes cryoturbation processes. Moving further down
slope into depressions we find Aquic Haplorthels and Aquic
Haploturbels. These soils receive meltwater, and the thick-
ness of the unconsolidated material is greater, but a lithic
contact still exists within 100 cm of the surface. The vege-
tation cover includes different mosses with relatively thick
polsters, even by comparison to other, less southern oases of
continental Antarctica. Turbels play more significant part in
this combination and even ice-cemented permafrost can be
obtained in some cases.

The area of the Lithic Fibristels and Lithic Haplorthels associ-
ation coincide with a unique set of geomorphological conditions.
Penguin rookeries are common along the seashore on elevated
benches that receive more solar radiation and hence heating. In

these locations Lithic Fibristels form. Organic matter provided by
penguins accumulates on slopes and in depressions where moisture
can accumulate, forming Lithic Haplorthels. These soils have ice-
cemented permafrost in the upper 70 cm.

11.5.2 Soil Taxa and the Occurrence
of Organisms

There were no special investigations that dealt with the
microbial and soil invertebrate abundance in relation to soil
taxa. However, in high-latitude barrens the amount of animal
and vegetation species is strongly dependent on the avail-
ability of water (e.g., dissolved organic C, total N, etc.).
Different species of Tartigrades, nematodes, rotifers, infu-
soria, and flagellates seem to be most prevalent in Aquic
Haplorthels (or Haploturbels) and in Lithic Haplorthels. The
poorest sites for organisms are the rocklands and Lithic
Anhyorthels (or Anhyturbels).

Fig. 11.9 Hudson Mountains
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Fig. 11.11 Aquic
Haplorthels + Aquic
Haploturbels. Pedon LA55-Rs-06
(scale marked in 5 cm intervals)

Fig. 11.10 Surface of Lithic Anhyorthels, Moses Mountain
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11.5.3 Anthropogenic Influence

The human impact at Russkaya scientific station appears in
two ways that are common to nearly all scientific stations in
Antarctica: fuel spills and soil disturbance by heavy (mainly
tracked) vehicles (Fig. 11.17). Preliminary analysis reveals
deep and significant differences between “natural” and dis-
turbed soils of Russkaya station. Particle-size distribution
data show that soils that have not been influenced by human
pressure are highly lithogenic and contain from 5–10 to
30 % of fine earth. This condition gives an opportunity for
contaminants to migrate downward and after that laterally

over the surface of the bedrock or permafrost table. Some
soils that are transformed by human activity contain 40–50
and even 70 % of fine earth. In spite of the absence of
pedogenic structure, this material may accumulate contam-
inants on its surface (water-holding capacity may reach 3–
7 %). These disturbed soils contain 3–10 times more As, Pb,
Cd, and Cs than unaffected soils. Soils under vehicle tracks
or close to oil reservoirs also accumulate petroleum products
—from 150 to 600 and even more than 2,200 mg/kg
(average background concentration is 40–60 mg kg−1

(Tables 11.1, 11.2 and 11.3). Human impacts are discussed
further in Chap. 15.

Fig. 11.12 Penguin rookeries on Russkaya station. Photo courtesy of Igor Gavrilov
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Fig. 11.13 Lithic Haplorthels under Prasiola crispa (Pedon #10)
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Fig. 11.14 Surface of former penguin rookeries on Lindsey Island
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Fig. 11.15 Lithic Haplorthels
under Prasiola crispa on Lindsey
Island (Pedon #2)

Fig. 11.16 Lithic Fibristels on
Lindsey Island (Pedon #1); depth
of soil profile is 25 cm
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11.6 Summary

We have made a first attempt to analyze the soil diversity of
one of the most remote areas of the world (and even of Ant-
arctica)—theMarie Byrd Land. Investigation of 4 km2 key site
in vicinity of Russkaya scientific station allows us to prepare a
provisional soil map of the region, but more importantly
enable us to describe soil taxa distribution and their relation to
landforms. The dominant soil unit is the association of Lithic

Anhyorthels and Lithic Anhyturbels which occur on flat to
gentle slopes. Rocklands and steep slopes comprise a signifi-
cant proportion of the Russkaya area that do not support soils.
The richest soils in terms of animal and plant species are Aquic
Haplorthels (or Haploturbels); cryoturbation and stone sorting
processes are best expressed in these soils. The most nutrient-
rich, rarest, and unique soils of MBL are the association of
Lithic Fibristels and Lithic Haplorthels in penguin rookeries
with Prasiola crispa and Lecania brialmonti.

Fig. 11.17 Human impact: an
example of oil fuel spill at
Russkaya station (top); road
infrastructure and construction
vehicles left by Russian polar
explorers in the vicinity of
Russkaya scientific station
(bottom)
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