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Abstract

VLCEK VITEZSLAV. 2016. Evaluation of Selected Basic Soil Properties at the James Ross Island
(Antarctica). Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 64(3): 919-926.

This study attempts to summarize the basic soil properties of the selected places in the deglaciated
areas on the James Ross Island (Antarctica). James Ross Island is a large island near the north-eastern
extremity of the Antarctic Peninsula, from which it is separated by the Prince Gustav Channel. The
island is approximately 2,600 km? large and is covered in 80% of its surface by a glacier. Deglaciated
areas cover relatively young soils developing after the parent substrate was deglaciated, but they
still have a greatly varying character (fluvial, glacial, volcanic, possibly also aeolian). We determined
in a separated fraction of fine earth following proportions of textural fractions: the average content
(+Standard deviation) of clay was 9.9 + 1.6%; silt 31.9 + 3.2% and average content of sand was 58.6 + 2.9%. The
content of oxidized carbon (Cox) was very low, the average Cox contentwas 0.34 +0.06%. The average active
soil reaction was 6.26 + 0.45. The average electrical conductivity (EC) was 1242 + 252 pS.cm™!. The average:
calcium content was 1.48 + 0.34%; magnesium content 1.22 + 0.19%; phosphorus content was 0.06 + 0.01%;
potassium content of samples was 0.25 + 0.05% and sodium content was in average 0.46 + 0.08%.

Keywords: Antarctica, James Ross Island, soil properties, texture, calcium, phosphorus, sodium,

potassium

INTRODUCTION

Soil research in Antarctica has been going on for
approximately 100 years. Some of the first samples
come from Shackleton’s expedition in the McMurdo
area from 1907-1909, though the samples were
analysed first in 1916 by Jensen (Jensen, 1916).
Additional studies came virtually only in 1958,
which was the International Geophysical Year
(IGY) where extensive research in practically all
areas of natural sciences was conducted. From
the beginning of 1960s also comes one of the first
attempts for a detailed classification of Antarctic
soils from McCraw (1960). Currently, soil research in
Antarctica focuses mainly on the deglaciated areas
of west Antarctica, particularly in the Dry Valley,
McMurdo Sound or South Shetlands (Bockheim,
2002; Bockheim and Balks, 2008; Campbell and
Claridge, 1987; Beyer and Boelter, 2002; Bockheim
and McLeod, 2006; Lopez-Martinez et al., 2012).

The data on the properties of Antarctic soil can be
summarized as follows (Amin, 1993):
1. little chemical weathering or leaching,
2. presence of alkalinity,
3. accumulation of soluble salts,
4. negligible organic matter.

The region of the Antarctic Peninsula represents
a unique location for researching newly deglaciated
areas, soil creation and the influence of man on these
territories. In the last 50 years, significant ongoing
warming of these areas has been registered, which
can further influence the development of these
soils. This study is also important for determining
of soil properties and their influence on soil genesis
in deglaciated areas. Study attempts to summarize
the basic soil properties of the selected sites in the
deglaciated areas on the James Ross Tsland. James
Ross Island is a large island in the vicinity of the
north-eastern headland of the Antarctic Peninsula,
from which it is separated by the Prince Gustav
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1: Permagrost distribution in continental Antarctica. Permafrost in ice-free areas (black); Subglacial permagrost (shaded areas). The -8°C
and -1°C mean annual air temperature isotherms are taken from Weyandt (Bockheim and Hall 2002). James Ross Island is indicated by red
arrow

1: Basic spatial and parent matterial properties

Sample Latitude  Longitude Altitude Type of material
JR (1) 63°48'S, 57°53'W 35 Cretaceous deposits undiff. (geodetic point, near JGM Base)
JR (2) 63°48'S, 57°57"W 375 Hyaloclastite tuffs (Bibby Hill)
JR (3) 63°49'S, 57°56'W 328 Hyaloclastite breccias/Polygonal soil patterns (Johnson Mesa)
JR (4) 63°48'S, 57°55'W 55 Cretaceous deposits undiff. (bottom of Bibby Hill)
JR (5) 63°48'S, 57°55'W 53 Cretaceous deposits undiff. (bottom of Bibby Hill)
JR (6) 63°54'S, 57°57"W 70 Glacial/Fluvioglacial deposits (near Monolith lake)
TR (7) 63°53'S, 57°58'W 44 Fluvioglacial deposits (Monolith stream 1)
TR (8) 63°53'S, 57°58'W 38 Fluvioglacial deposits (Monolith stream 2)

Depth of permafrost/ice: JR (1) 60cm (ice crystal); JR (4) 60cm; JR (5) 55cm; JR (6) JR (7) 55¢m (ice crystal/continuous
permafrost); JR (8) 50c¢m (ice crystal/continuous permafrost).

ohan Gregor Mendel Base (CZE)

*
‘Mﬂndrl

2: Left: Antarctic Peninsula and James Ross Island (source: Zdenék Stachosi, Masaryk University); Right: detail of northern part of James
Ross Island (source: Czech Geological Survey, 2009) with sampling places

Channel. Tt is one of several islands around the covered in 80% of its surface by a glacier, which also
Antarctic Peninsula known as the Graham’s Land. covers the tallest mounting of the island, Mount
The island is approximately 2,600 km? large and is  Haddington (1,630 m).
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MATERIALS AND METHODS

Regional Setting of James Ross Island

Our research was focused on the deglaciated
territory in the northern part of the island (Ulu
Peninsula). The deglaciation of the lower parts began
approximately 12.9 ka ago (Nyvlt et al., 2014). Mean
annual air temperature in deglaciated area (and
at sea level) is circa -6.5 °C and the average annual
precipitation, is estimated to be around 200mm
water equivalent (Strelin and Sone, 1998). However,
the average monthly temperatures strongly depend
on the angle of the incident solar radiation. Laska
et al. (2011) therefore recorded the average monthly
maximum temperatures in December 2008 as
15.0 °C (Mendel Base); 12.5 °C (Berry Hill) and
109 °C (Johnson Mesa). The local temperature
fluctuations and thus thawing and freezing of the
permafrost can have a significant influence on the
soil development, or the soil’s properties.

Soil Sampling

Soil samples were collected from sites in Tab. I to
the plastic bags. The samples were air dried at the
Johann Gregor Mendel Base (James Ross Island)
and they were stored in the room with temperature
< 10°C. After transport to the Czech Republic, the
samples were ground in a mortar to pass through
a2.00mm mesh sieve.

Samples Analysis

Soil samples were prepared for chemical and
physical analysis according ISO 11464. Soil
color were determined by Munsell Soil Color
Book on dry samples (Soil Survey Staff, 1993).
The particle size analysis were performed by the
pipette method (Gee and Bauder, 1986) after the
pyrophosphate pre-treatment of the samples. We
defined fraction clay-silt-sand texture fraction. The
content of Cox was determined by the Walkley-
Black method (Schumacher, 2002), with Novak-
Pelisek modification (C oxidized by 0.167 M K,Cr,0,
with addition of H,SO,, re-titration with 0.5M
Ammonium iron(I1) sulfate); Electrical conductivity
was determined by Labquest IT (Vernier Ltd.) in the
saturated paste (soil:water 1:5) extract methods. Soil
reaction was determined by Labquest II (Vernier
Ltd.) in the saturated paste and fixed soil:water (1:2.5)
extract methods. Content of calcium, magnesium,
sodium, phosphorus and potassium in Aqua regia
solution were determined by ICP-MS analysis at
Bureau Veritas Commodities Canada Ltd.

RESULTS AND DISCUSSIONS

In some cases, these are relatively young
soils developing after the parent substrate was
deglaciated, but they still have a greatly varying
character (fluvial, glacial, volcanic, possibly also
acolian). Though we can agree with the general
conclusions that the primary influence here is

physical weathering (Jie et al., 2000), the presence
of an active layer in the permafrost assumes
temperatures above 0 °C in at last a part of the year.
Forthis reason, we can also assume biological activity
and chemical weathering of the parent substrate.
The surface layer of the studied soils almost always
consisted of stone pavement, i.e. a layer of soil
skeleton which protects the deeper sections of
the soil from erosion. The rest of the profile of the
majority of soils consisted of soil skeleton, often in
more than 50 (75) %. In a separated fraction of fine
earth, a surprisingly large representation of a clay
fraction was detected, which amounted to up to
233 % in the endopedon of the JRI site (7). Cursory
determination even revealed clay materials in some
samples. For example, in the clay fraction of sample
JRI (5), virtually pure smectite was detected with
trace amounts of quartz. Other samples also have
similar mineralogy, with smectite predominating
over chlorite, illite or zeolite. In Antarctic soils,
however, smectite is quite rare (Margesin, 2009). The
creation of smectite could partially be contributed
to by the terrain geomorphology, since sample no.
5 is the bottom of a dried-up pond not far from
sea. Sea salts can increase pH in local cases up to 9,
which can cause the change of some micas to illite
or even smectite via hydration (Claridge, 1965).
The low level of chemical weathering in cold areas
need not necessarily be so straightforward. Despite
low temperatures and precipitation on the island,
Bluth and Kump (1994), among others, lists a higher
level of chemical denudation than on the Hawaiian
Islands on a similar geological substrate. Matsuoka
(1995) also states that the effects of frost, glacial
abrasion and salts can increase the level of chemical
weathering by increasing the specific surface area,
as described at Sor Rondane Mountains (Antarctica).
The average content (+SD) of clay is 99 = 1.6%
(variation range 1.4-23.3%); silt 31.9 + 3.2% (variation
range 14.0-60.4%) and average content of sand is
58.6 + 2.9% (variation range 36.3-76.1%). The fraction
of sand is evidently the biggest one, it could be
caused by dominance of physical weathering. Sand
content decreases with depth (JR1 and JR8); it grows
(JR5) or it varies with depth (JR7). Content of clay
usually decreases with depth. One of the reasons
may be the presence or absence of the active layer.
The active layer is associated with the presence of
liquid water, chemical weathering and formation of
clay minerals. The highest correlation is between
clay and potassium (r = 0.66).

The content of oxidized carbon (Cox) is very
low in general in Antarctic soils: Campbell and
Claridge (1987) states values of 0.02-0.04%; Bargagli
et al. (1998) reported at Edmonson Point (Victoria
Land) range 0.1-1.1%; Holgate et al. (1967) reported
range 03-0.7%; Navas et al. (2008) lists ranges of
0.09 to 2.65%; and Zv¢rina (2012) even provides
values on the James Ross Island under lichens of
up to 3.3%. Our range of 0.09-0.92% Cox in the fine
earth fraction lies on the rather lower limit of these
intervals. The average Cox content is 0.34 + 0.06%.
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Higher values could be found at sites with living
organisms (lichens, algae), and/or with anthracite
in epipedon (Campbell, Claridge, 1987). Oxidized
carbon decreases with depth (JR1); it grows with
depth (JR8) or it fluctuates (JR5 and JR7). The
highest correlation is with calcium content (r = 0.30).

While Campbell and Claridge (1987) states that
Antarctic soils are typical by their slightly alkaline
pH, soil reaction can differ vastly depending on
the specific local conditions. The average active
soil reaction is 6.26 + 0.45 with variation range
from 3.50 to 7.94. For all the samples studied by us,
the soil reaction is alkaline in upper layers of the
soil. However, deeper in, the reaction changes all
the way to acidic or strongly acidic. This usually
happens around the depth of around 30cm. The
only exceptions are samples on fluvial alluvia
(JRI 7 and 8), where the change occurs in half the
depth. It can be assumed that alkalis are brought to
the surface during thawing within the active layer
by capillary uplift, where salts condense and pH
changes up to alkaline values. This corresponds
with the salination, which is generally linked to
surface horizons. Our result, decrease in pH with
depth, is in opposite to that described by Navas et al.
(2008). They described increase in pH with depth.
The highest correlation is with content of calcium
(r = 0.62). But Navas et al. conducted research in
South Shetlands on soils with parent rock defined as
mudstone. According to Dunham (1962), carbonate
rocks fall here as well, which would also correspond
with increased levels of carbonate content and/
or pH with increasing depth. Navas et al. result
is supported by the results obtained by Zvé&fina
(2012) on the James Ross Island. In his case, the
soil was bounded not by permafrost, but by basalt
as the parent rock, i.e. soil, where a limited amount
of liquid water within the profile can be expected,
which is the opposite of our situation. In our case,
the cause could also be the different age of the
profiles. The average electrical conductivity (EC) is
1242 + 252 nS.cm™ and variation range is from 116
to 3129 pS.cm. %. Electrical conductivity decreases
with depth (JR8); increases with depth (JR1 and JR5)
or it fluctuates with depth (JR7).

The average calcium content in the soil is 1.48 +0.34%.
Variation range of the total calcium content in soil
samples is from 0.60 to 6.19%. Ure (1982) reported
in the soils average calcium content 1.96%; Bowen
(1979) states average value 1.50% and variation
range 0.07-50%. Calcium content is variable with
depth: e.g. the content of calcium increases at JR5
to the depth 27 cm and then it decreases; at site JR7:

content decreases, then increases and from the
depth 16 cm again decreases.

The average magnesium content of our samples
is 1.22 + 0.19% and variation range is from 0.36 to
2.92%.The most commonly total magnesium content
in the soil varies between 0.4 and 0.6%. The content
depends mainly on parent material, Ure (1982)
reported in the soils average magnesium content
0.83%; Bowen (1979) states average value 0.89% with
variation range 0.04-0.90%. Magnesium content is
relatively high, in samples JR 3 and JR 8 are ratio
Ca/Mg 0.5 and 0.6. Magnesium content usually
decreases with depth (except locality JR1). Contents
have higher values in surface horizons.

The most commonly total phosphorus content in
the soil varies between 0.03 and 0.13%. The average
phosphorus content of our samples is 0.06 + 0.01%
and variation range is from 0.03 to 0.12%. Bowen
(1979) reported in the soils average value 800 mg.kg-!
(i.e. 0.08%) with variation range 35-5300 mg.kg-!
(i.e. 0.0035-0.53%). Ugolini (1977) reported from
the Antarctic soils values 0.19-0.25% (protoranker
and ahumic soil from dolerite); ZvéFina et al. (2012)
showed from James Ross Island variation range
from 0.06 to 0.10%, but only from one place. Content
of phosphorus usually decreases with soil depth.
Contents are usually higher in surface horizons.

The total potassium content in the soil is most
commonly higher than content of phosphorus.
The average potassium content of samples is
0.25 + 0.05% and variation range in soil samples is
from 0.10 to 0.75%. Bowen (1979) reported in the
soils average value 1.4% with variation range 0.01-
3.7%; Zv&Fina et al. (2012) states value 0.19%. Average
content of potassium in samples is under average
values reported by Bowen (1979), but it is higher
than values from Zvé&Fina et al. (2012). Contents of
potassium are mainly higher in surface horizon,
they decrease to the subsurface horizons.

The total sodium content in the soil is most
commonly lower than content of potassium because
minerals with sodium are unstable and quickly go
to water-soluble form. But in permafrost is only
limited content of water in the liquid phase. It could
be reason why total sodium (or potassium) content
in our soil samples has so high value: in our samples
is from 0.15 to 1.60%. The average sodium content of
our samples is 0.46 + 0.08%. Bowen (1979) reported
approximately same average content 0.50%; with
wide variation range 0.015-2.50%. %. Sodium
content is very variable in the soil profile. It is
usually a sign of accumulation of water-soluble salts
in the soil profile and the sign of salinization.
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IL: Results analyses of soil color, texture, soil reaction and conductivity in samples from individual sampling points and depth layers in fine
earth (particles lower than 2.00 mm)

Depth Color Texture Claycont. Siltcont. Sand cont. EC
(cm) (dry) class (%) (%) (%) PHH,0 (pS/cm)
R (1) 0-10 2.5Y 3/2 SIL 7.8 21.0 71.2 7.94 116
10-20 5Y 6/2 L 14.8 36.2 49.0 7.89 133
JR(2) 0-10 10YR 6/6 SL 1.4 32.9 65.7 7.90 523
JR (3) 0-10 10YR 3/4 SL 13.0 28.7 58.3 7.85 433
JR (4) 0-10 10YR 3/3 SIL 6.7 39.2 54.1 6.35 815
5-15 2.5Y 4/4 L 18.8 35.0 46.2 7.94 200
JR (5) 25-30 10YR 5/6 SiL 2.1 52.0 45.9 7.23 1040
38-45 5Y 6/6 SL 9.8 18.1 72.1 3.79 1480
JR(6) 0-5 2.5Y5/3 SI& 9.9 14.0 76.1 7.07 430
0-3 10YR 2/2 SL 15.3 21.5 63.2 7.03 2970
3-9 7.5Y 5/2 SCL 23.3 22.0 54.7 7.17 1117
JR(7) 12-20 10YR 3/4 SiL 3.3 60.4 36.3 4.05 2852
32-40 2.5Y 4/1,and 5YR 5/8 SL 8.5 29.4 62.1 3.50 1692
51-57 5Y3/2 LS 43 22.4 733 3.64 1633
R (8) 0-10 10YR 2/3 SIL 14.1 25.0 60.9 7.01 3129
30-40 10YR 5/3 SL 4.9 46.7 48.4 3.77 1302
Mean 9.88 31.53 58.59 6.26 1241.6
Standard deviation (SD) 1.57 3.23 2.88 0.45 251.7

Texture class: SL (sandy loam), L (loam), SiL (silt loam), SCL (sandy clay loam), LS (loamy sand)

IIT:  Results analyses of elements in samples from individual sampling points and depth layers in fine earth (continue)

depth Ca Mg Na K P Cox

(cm) (%) (%) (%) (%) (%) (%)

R 0-10 1.20 1.50 0.53 0.21 0.09 0.70
10-20 1.28 1.74 0.47 0.22 0.08 0.29

JR(2) 0-10 2.54 2.92 1.60 0.75 0.10 0.21
JR(3) 0-10 1.52 291 0.62 0.66 0.12 0.36
JR (4) 0-10 0.92 1.27 0.30 0.18 0.08 0.92
5-15 1.32 116 0.19 0.13 0.05 0.08

JR (5) 25-30 6.19 0.80 0.16 0.10 0.03 0.13
38-45 0.79 0.44 0.40 0.17 0.04 0.09

JR (6) 0-5 0.81 131 0.15 0.29 0.05 0.34
0-3 1.12 1.17 0.48 0.21 0.05 0.25

3-9 0.93 0.91 0.41 0.19 0.05 031

JR(7) 12-20 1.69 0.87 0.55 0.15 0.03 0.23
32-40 0.69 036 0.48 0.17 0.03 0.33

51-57 0.60 0.41 0.36 0.18 0.03 0.38

IR (8) 0-10 0.83 1.33 0.47 0.22 0.06 0.30
30-40 1.25 0.49 0.23 0.19 0.05 0.57

Mean 1.48 1.22 0.46 0.25 0.06 0.34

Standard deviation 0.34 0.19 0.08 0.05 0.01 0.06
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3: Examples of changes in a) soil reaction, b) Cox content and c) Electric conductivity within vertical soil profile in site JRI (7)

CONCLUSION

i
i

25 26 2712

4: Left: soil pits JR(7); right: detail of Soil sampler, example of colour changes (oxidation-reduction conditions)
in permafrost (from the arrow down) and in the active layer (from the arrow up)

The deglaciated territories constitute less than 2% of the Antarctic’s surface. The area of the Antarctic
Peninsula represents a unique research site of these newly deglaciated territories and the human
influence on them. The aim of this study is summarize the basic soil properties of the selected places
in the deglaciated areas on the James Ross Island (Antarctica). Relatively young soils still have a greatly
varying character (fluvial, glacial, volcanic, possibly also aeolian). Primary influence here is physical
weathering, the presence of an active layer in the permafrost assumes temperatures above 0 °C mean
biological activity and chemical weathering of the parent substrate. One of the reasons may be the
presence or absence of the active layer. The active layer is associated with the presence of liquid water,
chemical weathering and formation of clay minerals. The highest correlation is between clay and
potassium (r = 0.66). The sand has evidently the highest content, it could be create by dominance of
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physical weathering. Sand content decreases with depth (JR1 and JR8); it grows (JR5) or it varies with
depth (JR7). Despite low temperatures and liquid precipitation on the James Ross Island are present
clay minerals. Content of clay usually decreases with depth. Oxidized carbon decreases with depth
(JR1); it increases with depth (JR8) or it fluctuates (JR5 and JR7). The highest correlation Cox is with
calcium content (r = 0.30). The active soil reaction is alkaline in upper layers of the soil, deeper in, the
reaction changes to acidic or strongly acidic (in the specific depth, mainly around 30 cm). It can be
assumed that alkalis are brought to the surface during freezing/thawing cycles within the active layer
by capillary uplift, where salts condense and pH changes up to alkaline values. This corresponds with
the salinization in surface horizons. The highest correlation of pH is with content of calcium (r=0.62).
Electrical conductivity decreases with depth (JR8); it increases with depth (JR1 and JR5) or it fluctuates
with depth (JR7). Calcium content is variable with depth: e.g. the content of calcium increases at JR5
to the depth 27 cm and then it decreases; at site JR7: content decreases, then increases and from the
depth 16 cm again decreases. Magnesium content usually decreases with depth (except locality JR1).
Contents have higher values in surface horizons. Content of phosphorus usually decreases with soil
depth. Contents are usually higher in surface horizons. Contents of potassium are mainly higher in
surface horizon, they decrease to the subsurface horizons. Sodium contents are very variable in the
soil profiles. It is usually a sign of accumulation of water-soluble salts in the soil profile and the sign
of salinization.

Acknowledgement
The Author is grateful to the Research infrastructure of the Johann Gregor Mendel Czech Antarctic

925

Station at James Ross Island.

REFERENCES

AMIN, Z. M. 1993. Heavy metal pollution in Antarctic
soils. Diploma Thesis. University of Canterbury.

BARGAGLI, R., SANCHEZ-HERNANDEZ, J. C,,
MARTELLA, L. MONACI, F. 1998. Mercury,
cadmium and lead accumulation in Antarctic
mosses growing along nutrient and moisture
gradients. Polar Biology, 19: 316-332.

BLUTH, G., KUMP, L. R. 1994. Lithologic and
climatologic controls of river chemistry. Acta
Geochimica et Cosmochimica, 58(10): 2341-2359.

BOCKHEIM, J. G. 2002. Landform and soil
development in the McMurdo Dry Valleys:
aregional synthesis. Arctic, Antarctic and Alpine Res.,
34:308-317.

BOCKHEIM, J. G., HALL, K. J. 2002. Permafrost,
active-layer dynamics and periglacial
environments of continental Antarctica. South
African Journal of Science, 98: 82—90.

BOCKHEIM, J. G, MCLEOD, M. 2006. Soil
formation in Wright Valley, Antarctica since the
late Neogene. Geoderma, 137: 109-116.

BOCKHEIM, J. G.,, BALKS, M. 2008. Antarctic
soils and soil forming processes in a changing
environment. Geoderma, 144(1-2): 1-8.

BOWEN, H. J. M. 1979. Environmental Chemistry of the
Elements. London: Academic Press.

CAMPBELL, I. B. CLARIDGE, G. G. C. 1987.
Antarctica: soils, weathering processes and environment.
Elsevier.

CLARIDGE, G. G. C. 1965. The clay mineralogy and
chemistry of some soils from the Ross Dependency,
Antarctica. N. Z. . Geol. Geophys., 8: 186-220.

CZECH GEOLOGICAL SURVEY. 2009. James Ross
Island - Northern Part. Topographic map 1:25 000.
Praha: CGS.

DUNHAM, R. J. 1962. Classification of carbonate
rocks according to depositional texture. In:
HAM, W. E. (ed.), Classification of Carbonate Rocks:
A Symposium. American Association of Petroleum
Geologists, 108-121.

GEE, G. W,, BAUDER, J. W. 1986. Particle-size
analysis. In: KLUTE, A. (ed.), Methods of soil analysis.
Part 1. 2™ ed. Madison, WI: ASA and SSSA,
Madison, W1, 383-411.

JENSEN, H. I. 1916. Report on Antarctic soils. Repts.
Sci. Invest. Brit. Antarct. Exped. 1907-1909. Part
IV. Geology, 2: 89-92.

JIE, C. H., ZITONG, G., BLUME, H. P. 2000. Soils
of Fildes Peninsula, King George Island, the
maritime Antarctica, Part I, Formation processes
and pedogenic particularities. Chinese Journ. of
Polar Sc., 11(1): 25-38.

LASKA, K., BARTAK, M., HAJEK, J., PROSEK, P,
BOHUSLAVOVA, 0.2011. Climatic and ecological
characteristics of deglaciated area of James Ross
Island, Antarctica, with a special respect to
vegetation cover. Czech Polar Reports, 1(1): 49-62.

LOPEZ-MARTINEZ, J., SERRANO, E., SCHMID, T,
MINK,S.,LINES, C.2012. Periglacial processesand
landform in the South Shetland Islands (Northern
Antarctic Peninsula region). Geomorphology, 155-
156: 62-79.

MARGESIN, R. (ed.). 2009. Permafrost Soils. Berlin:
Springer. DO1:10.1007/978-3-540-69371-0.

MATSUOKA, N. 1995. Rock weathering processes
and landform development in the Ser Rondane
Mountains, Antarctica. Geomorphology, 12(4): 323—
339.

MCCRAW J. D. 1960. Soils of the Ross Dependency,
Antarctica. A preliminary note. N. Z. Soc. Soil Sci.
Proc., 4: 30-35.



926

Vitézslav Vicek

NAVAS, A., LOPEZ-MARTINEZ, J., CASAS, ],
MACHIN, J.,, DURAN, J. J., SERRANO, E., CUCHI,
J.A.,MINK, S. 2008. Soil characteristics on varying
lithological substrates in the South Shetland
Islands, maritime Antarctica. Geoderma, 144: 123—
1309.

NYVLT, D., BRAUCHER, R., ENGEL, Z., MLCOCH,
B., ASTER TEAM. 2014. Timing of the Northern
Prince Gustav Ice Stream retreat and the
deglaciation of northern James Ross Island,
Antarctic Peninsula during the last glacial-
interglacial transition. Quaternary Research. DOI:
10.1016/j.yqres.2014.05.003.

SCHUMACHER, B. A. 2002. Methods fm’ the
determination of total organic carbon (TOC) in soils and
sediments. US EPA.

SOIL SURVEY STAFF. 1993. Soil Survey Manual,
USDA. Soil Conservation — Service, —Agricultural
Handbook No.18. Washington, D.C.: US Gov.Print.
Office.

STRELIN, J. A., SONE, T. 1998. Rock glaciers on
James Ross Island, Antarctica. In: PERMAFROST-
The 7" International Permafrost Conference (Proceeding).
Yellowknife: Canada. Collection Nordicana No.
55.

UGOLINI, F. C. 1977. The protoranker soils and
the evolution of an ecosystem at Kar Plateau,
Antarctica. In: LLANO, G. A. (ed.), Adaptations
Within Antarctica Ecosystems. Proceedings of the Third
SCAR Symposium Antarctica Biology. Washington,
D.C.: Smithsonian Institute, 1091-1110.

URE, A. M., BERROW, M. L. 1982. The chemical
constituents of soils. In: BOWEN, H. J. M. (ed.),
Environmental Chemistry. R. Soc. Chem., London:
Burlington House, 94-202.

ZVERINA, O, COUFALIK, P, VACULOVIC, T,
KUTA, J., ZEMAN, J., KOMAREK, J. 2012. Macro
and microelements in soil profile of the moss-
covered area in James Ross Island, Antarctica.
Czech Polar Reports, 2(1): 1-7.

Contact information

Vitézslav Vl¢ek: vitezslav.vlcek@mendelu.cz




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


