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Abstract 
Cryosols of the Antarctic maritime area are much different from the continental ones. 
The relatively moderate climate conditions in Maritime Antarctica and a strong inter-
action between the biotic and abiotic environment are drivers for more intensive soil 
formation processes than in the continental regions. Soil formation studies from the 
Maritime Antarctica are, however, rather rare. Therefore, micromorphological investiga-
tions on polar soils can contribute to more comprehensive information on soil genesis in 
Antarctica. In this study, we applied the micromorphological study of thin sections from 
soil micromonoliths to assess the intensity and trends of the pedogenic processes in 
selected soils from two adjacent islands of the South-Shetland archipelago: King George 
Island and Livingston Island. The results obtained show that regional lithology and the 
origin of the incoming organic matter mainly determine the micromorphological struc-
ture of the local soils. Soil matrix micromorphological properties and features (minera-
logical content, weathering stage and even partly grain-size distribution) are mainly 
defined by pyroclastic particles due to recent and ancient volcanic eruptions. The pres-
ence of rounded grains and aggregated mineral particles is the evidence of marine origin 
of the sediments. Ornithogenic soils show the clear evidence of the organic plasma for-
mation and mineral particles aggregation via the zoogenic organic substances provided 
by penguins which is a unique specifics of the maritime Antarctic soils.  
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Introduction     
 
     Soils of Antarctica have been inves-
tigated during the last century in vari-    
ous aspects: evolution, geography, biolo-
gy, chemistry, weathering rates, mineral-
ogy and physics. The last aspect was stud-
ied much lesser than the other ones. De-
spite the facts that soils occupy only about 
0.50% of the total area in Antarctica and 
soil areas are mainly distributed in coastal 
lands, investigation of the pedogenesis rate 
is quite important for the interpretation of 
factors, forming the soils of Antarctica. Ant-
arctic ice-free areas have emerged from 
retreating glaciers during the past few 
thousand years and glacial erosion is still 
the dominant land-forming factor. There-
fore, the newly-deglaciated ground is most-
ly barren of any visible vegetation and is 
primarily covered with glacier till, unsort-
ed rock rubble, gravel and scattered erratic 
boulders. At the same time, paraglacial 
landscape nowadays is colonized by vege-
tation cover due to transportation of the 
propagules by sea birds. This appears even 
in case of remote inland nunataks and 
rocks, surrounded by the ice-sheets. Thus, 
the biogenic-abiogenic interactions are the 
main factor of soil mineral part develop-
ment in both, coastal and inland areas of 
various environments of Antarctica.  
     Due to the higher air temperature and 
the amount of liquid precipitation reported 
for the subantarctic region, the soils are 
strikingly different from those described in 
coastal oases of East Antarctica (Bock-
heim et al. 2015). Frequent transitions of 
soil temperature through zero values, fre-
quent freezing-thawing cycles of soil may 
cause accelerated degradation of parent 
materials. At the same time, the availa-
bility of moisture and high microbiologi-
cal activity increase the role of biological    
and chemical weathering of rocks, as well      
as the content of organic carbon in soils.      
In addition, all the conditions mentioned 

above lead to the formation of clay second-
ary minerals. Antarctic soils are mainly 
coarse textured with the content of coarse 
fraction about 80–90% and fine earth 
about 10–20% (Jaap et al. 1993, Abaku-
mov 2010). Some Antarctic soils of dry 
inland oases show only 1-3% of the fine 
earth. In contrast, some soils derived from 
moraines and marine sediments show the 
content of fine earth about 60 or even  
87% (Abakumov et al. 2010, 2011, 2014). 
This means that soil texture origin depends 
mainly on the composition of parent ma-
terials. The second factor of soil texture 
formation is the weathering process, ex-
pressed in biogenic-abiogenic interaction 
in soils (Glazovskaya 1958, 2002, Oliva 
and Ruiz-Fernández 2016, Mergelov et al. 
2012, 2018). 
     Key soil properties and pedogenic proc-
esses have been investigated in details for 
the region of the Antarctic Peninsula (Bey-
er et al. 2000, Simas 2004, 2006; Parni-
koza et al. 2016, Lupachev et al. 2020). It 
was established that soil formation here is 
more intensive than in the continental part 
due to a longer period of presence of veg-
etation cover  and relatively higher rate   
of humidity and average air temperature 
(Campbell and Claridge 1987, Beyer et al. 
2000, Bockheim et al. 2015). Neverthe-
less, micromorphological surveys of soils 
are very rare, even for the soils of the Ant-
arctic Peninsula (Vlasov et al. 2005). At 
the same time, an application of micro-
morphological method can contribute ad-
ditional information and can help in the 
interpretation of the genesis of the modern 
soils of Antarctica.  
     Thus, the aim of this work is to assess 
the specificity of pedogenetic processes   
in selected soils of South Shetland archi-
pelago with the use of micromorphological 
method in thin sections, made from soil 
micromonoliths. 
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Material and Methods 
 
Regional setting 
 
     Study sites are located in the vicinity of 
the Russian Antarctic station Bellingshau-
sen (Fildes Peninsula, the south-west part 
of King-George Island), and in the sur-
roundings of St Kliment Ohridski station 
(Livingston Island). Both islands are part 
of the South Shetland Islands archipelago 
in West Antarctica. Pedogenic, geomorpho-
logical and environmental characteristics 
were described in numerous previous in-
vestigations. Soils of the Maritime Ant-
arctica are characterized by thicker and 
more developed profiles in comparison 
with soils of continental part (Campbell 
and Claridge 1987, Bockheim et al. 2015). 
The dominant type of mineral soils on the 
Fildes Peninsula are Cryosols (Lupachev 
et al. 2020) – covering nearly half (42.9%) 
of its total area. Flat watersheds are main-
ly occupied by Protic Arenosols (Turbic) 
(22.9%). Leptosols are mainly represented 
by the Lithic (Ochric) subgroup covering 
13.8% of the area. Fluvisols are local-      
ly developed in the tidal zone (3.3% of       
the total area) and are represented by the 
Tidalic (Skeletic) subgroup. Also, numer-
ous areas of bird-affected soils are distrib-
uted within the areas of different geo-
morphological properties (the Fildes Pen-
insula). Specific morphology allows dis-
tinguishing two major ornithogenic soil 
types at the Fildes Peninsula: Hyperskelet-
ic Cryosols (Ornithic and Protoornithic) 
and Leptosols (Protoornithic). Hyperskelet-
ic Cryosols are found in recent and/or 
abandoned penguin rookeries with a rela-
tively thick profile (above 50 cm) highly 
enriched in allochthonous ornithogenic 
material. They can be formed under the 
specific vegetation cover consisting of the 
bacterial mats and nitrophilous algae (e.g. 
Prasiola crispa subsp. antarctica (Kützing) 
Knebel). Flying birds’ influence results in 
the development of Leptosols (Protoor-
nithic) at the coastal localities on steep and 

rocky cliffs of abundant small islands, 
where flying sea birds (gulls, petrels, sku-
as, and others) are nesting and molting. 
     Soil cover of Livingston Island is more 
homogenous in spatial aspect, thus soils 
here are concentrated in coastal part on the 
marine terraces and hills ranging between 
23 to 71 m. The most extinctive soil pro-
files are located on friable deposits of ma-
rine origin with admixture of pyroclastic 
material of volcanic origin. The area of the 
island is 845 km2 and only 10% is ice- and 
snow-free in the period of the Antarctic 
summer (from October to March). The is-
land is formed from three structural ter-
races. The uppermost one is 2 km thick 
and, in fact composed of crystallized ande-
site and basalt lava, mixed with sandstones 
and conglomerates. Three physico-geo-
graphical sectors can be distinguished on 
the island: eastern, covered by ice; central, 
characterized by high ice heaps and plat-
forms; and western – plain-like almost 
without ice cover. The terrains where the 
glaciers have retreated are covered by 
moraines (Sokolovska et al. 2015). In the 
study area, the meteorological conditions, 
landslides and  water and wind erosion in 
particular play leading role in the forma-
tion of the present landscape. On the plain 
surfaces, the weathered rock base mixes 
with tephra and creates fields with a typi-
cal periglacial deposits of the weathered 
material (Kenderova and Baltakova 2015). 
On the slopes with western and south-
western exposure, the weathering process-
es of the rocks develop with higher inten-
sity. A typical relief-forming process for 
the steep slopes of the Bulgarian beach is 
cryosolifluction (gelifluction), which is ob-
served at slopes steeper than 10° in the 
area of the chapel St. Ivan Rilski and      
the Bulgarian beach (Kenderova and Balta-
kova 2015). The formation and develop-
ment of the soils is related to the time of 
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retreat of the glacier and the period during 
which the newly formed soil remains ex-
posed. In turn, the soil formation process 
takes place in a permafrost environment 
(Oliva and Ruiz-Fernández 2016).  

     In this study we describe 6 soil profiles 
on King George Island and 2 soil profiles 
on Livingston Island (Table 1, Fig. 1, 2) 
and use the soil taxonomy according to 
WRB 2015 ([1] - IUSS, 2015). 

 

 
 
Fig. 1. Field location of soil study sites. 
 

 
Thin section and microscope analyses 
     
     Thin sections (0.03 mm) were prepared 
using the regular grinding wheel and fine 
(0.8-1.6 microns) abrasive paste from the 
micromonoliths of soils, sampled during 
several field campaigns (Evgeny Abaku-
mov (61st and 65th Russian Antarctic Expe-
dition-RAE), Alexey Lupachev (57th RAE), 
Ivan Alekseev (63th RAE) and Rositsa 
Yaneva and Evgeny Abakumov (28th Bul-
garian Antarctic expedition 2019/2020). 
Samples were air dried and then saturated 
with epoxy resin. Thin sections were in-
vestigated with use of optical polarization 
microscopes Leica DM750P (SPbGU) and 
Carl Zeiss Axioscope A1 with Axiocam 

MR5 camera (IPCBPSS, Puschino Scien-
tific Centre). The following soil micro-
morphological features were investigated: 
grain sizes and mineralogical composition, 
soil microfabric, elements of microstruc-
ture and character of organic matter, ap-
pearance and forms of plasma (organic, 
clay). The terminology used in this paper 
is published by Parfenova and Yarilova 
(1977), Stoops (2003), Gagarina (2004) 
and Gerasimova et al. (2011), where de-
tails of the micro-organization of soil were 
described and classified in details (Stoops 
and Eswaran 1986, Stoops 2003, 2009).   
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Sample 
code 

Soil type 
(WRB, 2015) Location Vegetation 

type Coordinates TOC, 
% 

pH 
water 
extr 

1 Technosols 
Transportic 
Lithosol 
Ornithic 
Hyperskeletic 

King George, 
Oil storage 

Fragmentary 
mosses and 
lichens 

S 62° 11’ 36.9” 
W 58° 56’ 15.9” 

0.52 4.55 

2 Lithosol Histic 
Lithosol 
Ornithic 
Hyperskeletic 

King George, 
Background 
ecosystem 

Histic moss 
derived 
materials 

S 62° 11’ 27.9” 
W 58° 55’ 47.9” 

1.25 5.66 

3 Lithosol 
Lithosol 
Ornithic 
Hyperskeletic 

King George, 
Temporary 
water pond, 
costal part 

Organic mate-
rial of algae 
origin, sublay-
ered by round-
ed mineral 
particles 

S 62° 10’ 59.5” 
W 58° 57’ 01.3” 

2.67 5.22 

4 Lithosol Histic 
Lithosol 
Ornithic 
Hyperskeletic 
Tidalic  

King George, 
Coastal part of 
marine terrace 

Moraine 
material, 
covered by 
histic mosses 

S 62° 13’ 46.4” 
W 58° 58’ 36.4” 
 

1.89 5.30 

5 Lithosol 
Ornithic 
Hyperskeletic 

King George, 
Penguin rook-
ery. Poorly 
decomposed 
guano 

No vegetation S 62° 12’ 40.0” 
W 58° 56’ 16.6” 
 

6.78 4.80 

6 Lithosol 
Postornithic 
Hyperskeletic 

King George, 
Abandoned 
penguin rook-
ery. Well de-
composed gua-
no mixed with 
plant organic 
remnants 

Prasiola 
crispa, 
Deschampsia 
antarctica 

S 62° 12’ 40,0” 
W 58° 56’ 47,1” 
 

5.70 4.90 

7 Lithosol 
Ornithic 
Hyperskeletic 

King George, 
Penguin rook-
ery. Poorly 
decomposed 
guano 

No vegetation S 62° 12' 3.10” 
W 58° 59' 51.7” 

6.81 5.10 

8 Lithosol Livingston, 
Playa Bulgara 

Few cushions 
of Deshampsia 
antarctica 

S 62° 38' 06.9” 
W 60° 21' 14.7” 

1.19 
 

5.95 

9 Lithosol Histic  
Ornithic 

Livingston, 
Caletta 
Agrentina 

Grasses, 
mosses and 
ornithic 
presence 

S 62° 40' 8.50” 
W 60° 24' 8.0” 

3.47 5.75 

 
Table 1. Thin sections sampling description. 
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Fig. 2. Sample plots on the King George Island. Note: 1-8 – numbers of plots. 
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Results and Discussion 
 
     Microphotographs of sampled soils are 
given in Fig. 3-8. The sample 1 – trans-
portic gravel material in the vicinity of 
Russian gasoline storage (Neftebaza) was 
expected to possess some technogenic 
features. Nevertheless, the thin sections 
showed only rounded form of mineral par-
ticles and no admixture of easy weather-
ing mineral (Fig. 3). The last feature can 
be explained by leaching of micas and oth-
er micro particles form soil during trans-

portation and resedimentation of materials, 
used for engineer constructions. 
     Histic soils with mineral layer are pre-
sented by rounded mineral grains with ad-
mixture of mica and feldspars (sample 3). 
Sample is presented by less rounded par-
ticles with well-developed porous media. 
Sample 3 also contains the rounded pyro-
clastic particles. There is well-expressed 
iron staining of the polymineral surfaces of 
the sample 3. 

 

 
 
Fig. 3. Thin sections of the soil micromonoliths, King George Island. Note: samples 1-2,            
left – plain light, right – polarized light. 
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     Soil material under algae seasonal mat 
is presented by separate mineral and or-
ganic particles without any interaction    
on biogenic-abiogenic level (Fig. 4). It re-
sults from the fact that this soil body is 
seasonal, so-called “amphibious” (Abaku-
mov 2011). Partially decayed organic rem-
nants of algae are located in porous media 
of the mineral part of soils. These rem-
nants fall through the mineral particles me-
chanically, with no organo-mineral interac-
tions. These process is similar to processes 
of vertical movement of organic particles 
in Cryosols, described by Gubin and Lu-
pachev (2018), but is expressed lesser in 
soils investigated, that in soils of Arctica. 
Accumulation of unaltered organic parti-
cles in porous media and cracks is quite 
typical also for soils of coastal and conti-
nental Antarctica (Abakumov 2014, Aba- 

kumov et al. 2013). 
     Soils under guano material have a min-
eral mass intensively mixed and aggre-
gated by well decomposed guano, which 
does not change optical features while 
changing of transparent light to polar-  
ized one. This is the feature of amorphous 
origin of organic plasma (Kubiena 1938, 
1970, 1971; Gagarina 2004). Soils of aban-
doned penguin rookeries are less exposed 
to the accumulation of the fresh guano 
material, but there is some accumulation 
of organic matter, derived from fresh or-
ganic remnants. Thus, there is a sticking of 
two types of organic materials. These soils 
demonstrate strong alteration of mineral 
phase of soil, exposed in sericitization of 
the feldspars, which is best seen in the 
polarized light. 

 

 
 
Fig. 4. Thin sections of the soil micromonoliths, King George Island. Note: samples 3-4,            
left – plain light, right – polarized light. 
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     As for the fresh material of moraine hill 
(Fig. 5), its mineralogical composition is 
richer than in the investigated soils. Soils 
of marine terraces and seasonal ponds are 
poorer in the mineral richness of the fine 
earth, than the fresh moraine. The first fea-
ture of moraine material is angular, but not 
rounded forms of the particles, composed 

mainly of quartz, feldspars and dark col-
ored pyroclastic particles, due to presence 
of periodic volcanic eruptions on the ad-
jacent Livingston and Deception Islands. 
The angular form of grains in polar soils, 
normally indicates glacier origin of miner-
al material (Konishev and Rogov 1977, Ko-
nishchev and Rogov 2008, Sizov et al. 2020). 

 

 
 
Fig. 5. Thin sections of the soil micromonoliths, King George Island. Note: samples 4, left – plain 
light, right – polarized light. 
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     The very specific type of the organo-
genic plasma is formed in the ornithogenic 
and postornithogenic soils under the mod-
ern and abandoned penguin rookeries is 
the humus-like plasma and it represents an-
other wide-distributed example of organo-
mineral interaction in the different envi-
ronments of Antarctica (Fig. 6). It can be 
accumulated on the surface of the coarse 
grains in form of the guano and poorly 
decomposed ornithogenic material (frag-
ments of feathers, eggshells, tissues and 
bones) as well as in form of organic col-
loidal plasma (Fig. 7). This type of plasma 

has well-expressed mobile-laminar struc-
ture with inclusions of shaggy zones    
(Fig. 7). It covers the grain surfaces very 
densely and forms thick films and wide 
microzones of compacted skeletal struc-
ture. In some microzones, the clots and 
concretions are forming and in the pe-
ripheral parts of the plasma the micro-
scopic crystals of biogenic phosphates and 
sulphates are forming (Fig. 7). Plasma 
includes the abundant fungi hyphae and 
sporangiums, as well as the colonies of the 
unicellular algae (Fig. 7). 

 

 
 
Fig. 6. Thin sections of the soil micromonoliths, King George Island. Note: samples 4-6,            
left – plain light, right – polarized light. 
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Fig. 7. Thin sections of the soil micrononoliths, King George Island. Note: sample 7, left – plain 
light, right – polarized light. 
 
 
     Micromorphology of the soils on the 
Livingston Island is also essentially deter-
mined by the presence of pyroclastic par-
ticles originated from the active local vol-
cano at Deception Island, situated 35 km 
from Livingston Island. Mineral soils of 
Playa Bulgara contain many pyroclastic 
particles with admixture of few decom-
posed plant remnants (Fig. 8). Quartz, 
feldspar and polymineral grains of round-
ed form are characteristic for this soil. This 
fact as well as the presence of glauconite 
grains supports the idea of marine origin 
of the sediment. 
     Lithosol of the Caletta Agrentina plot 
(Livingston Island) is characterized by a 
presence of angular and slightly rounded 
particles of dark pyroclastic materials and 
iron stained grains of polymineral compo-
sition. Evident features of guano accumu-
lation are found even in the soils under 

postornithic environment. Soil is character-
ized by increased porosity and absence of 
any type of plasms (Fig. 8), which indicate 
low degree of organo-mineral interactions 
and low alteration of the mineral part. 
     Data on micromorphology of ornitho-
genic soil are in well correspondence with-
out previous data (Lupachev et al. 2020, 
Abakumov et al. 2013), but do not reveal 
features of phosphatization, as it was de-
scribed by Pereira et al. (2013). That re-
sults from the fact that previous studies 
were conducted on current colonies with 
dense population effect of birds on soils, 
whereas soils investigated in the present 
study have only few evidences of ornitho-
genic effect. We do describe rounded form 
of some grains, which corresponds well to 
the data of Meer et al (1993), but the in-
tensity of plasma formation in our section 
is less expressed.  
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Fig. 8. Thin sections of the soil micromonoliths, Livingstone Island. Note: left – plain light,      
right – polarized light. 
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     The dominance of quartz and micas is 
marked by Sedov et al. (2019), and we can 
also confirm these conclusions: Antarctic 
soil bodies are sedimentary: fluvial (and 
possibly eolian) deposition of mineral ma-
terial that occurs simultaneously with the 
growth of primitive plants (Sedov et al. 
2019). Thus, the footprint of mineral and 
granulometric properties of the parent 
materials are evident in all soils investi-
gated, which is typical not only for Ant-
arctic soils (Sedov et al. 2019), but also  

for Arctic ones (Slagoda et al. 2015). No 
intense pedogenic alteration of mineral 
mass can overlap inherited features of soil 
forming materials of various origin. The 
only process that can seriously change soil 
organization and morphology is the accu-
mulation of guano (Abakumov 2014). Usu-
ally, the alteration of minerals in soils stud-
ied was expressed in top layer of 0-20 cm 
which well corresponds to data of Shmelev 
(2015). 

 
 
Conclusions 
 
     Soils of two adjacent islands from 
South-Shetland archipelago: King George 
and Livingston have been investigated in 
terms of micromorphology. It was shown 
that mineralogical features of parent mate-
rials have a long influence on soil proper-
ties and micromorphological features. Thus, 
the presence of pyroclastic material indi-
cates intensive influence of past and re-
cent volcanic eruptions that affected King 
George Island, and especially Livingston 
Island. There are also evident features of 
marine origin of parent materials: rounded 
form of grains with simultaneous accumu-
lation of the glauconite. Organic matter of 
plant origin is not strongly altered in soils 
and (presented by detritus) consists of par-
tially decomposed snippets of mosses, al-

gae and grasses, not associated with min-
eral parts. Only the guano-affected soils 
demonstrate formation of organic plasma 
and formation of aggregated of mineral 
particles, binded by decomposed guano. 
Thus, the Antarctic soil micromorphologi-
cal properties are seriously affected by 
lithological factor in spite of high rate of 
the processes of biological accumulation 
in comparison with soils of more severe 
coastal and continental Antarctica. Syn-
lithogenic accumulation of mineral parti-
cles during current and recent soil forma-
tion can be considered as pedogenic proc-
ess in soils of maritime Antarctic zone. 
This process is well expressed in top soil 
0-20 cm layer, which can be assigned as 
zone of intensive mineral grain alteration. 
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