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Pollen and Spores as Indicators of the Origin of Massive Ice 
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Lomonosov Moscow State University, Moscow, Russia 

Abstract 
The comparative study of the remains of spores and pollens in ground ice in the Subarctic and surface ice on Arctic 
islands was carried out with the purpose of identifying cryogenetic indicators. It is shown that the components typical 
of tundra pollen spectra and ground-forming ice deposits rarely occur in polar glaciers or their snow cover. These 
components include cloudberry and aquatic plant pollen poorly adapted for wind transfer, and horsetail and green moss 
spores. The diagnostic indicators of polar glacier pollen spectra are defined.
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Introduction

Massive ice deposits are one of the most hazardous of 
all  cryogenic  phenomena  that  influence  economic  activity 
within the permafrost zone. Development of areas of the Far 
North requires study of large-scale massive ice and its genetic 
origin. Numerous high-level studies, detailed descriptions 
of ice stratigraphy, and relatively complete analytical 
reviews exist. However, an unambiguous interpretation has 
not been possible because the same indicators of structure 
and composition of ice can be interpreted in totally different 
ways. The conclusions generally are that the genetic origin 
of massive ice is either ground ice or buried glacial ice. 

The purpose of our work is to demonstrate that 
palynological analysis and study of the primarily local 
components of pollen spectra can serve as indicators of the 
genesis of massive ice.

Results 

Ground Ice Palynological Studies
Palynological analysis of several massive ice deposits of 

different types that are exposed in sections on the Yamal 
and the Gydan peninsulas (Vasil’chuk & Vasil’chuk 2010a, 
2010b) allowed us to verify indicators and evaluate the 
genesis of the deposits. We carried out studies of Pleistocene 
massive ice deposits in natural exposures of the western 
Siberian North; in the lower and upper reaches of the 
Yuribey River (Yamal); in the area of the Bovanenkovo 
gas-condensate  field;  in  the  valley  of  the  Tanama  River 
(Vasilchuk et al. 1997); and in the Gyda River estuary. 
Massive ice in the area of the Bovanenkovo deposit is 
widely developed in the form of beds, laccolites, ice pillars, 
and lenses. The ice lens section under review is referred to 
as Late Neopleistocene deposits on the third terrace of the 
residual outcrop. According to radiocarbon dating received 
by us, this massive ice was formed within the interval of 25–
20 kyr BP (Vasil’chuk et al. 2009). The massive ice structure 
is  horizontally  stratified with  interlayer  thickness  of  5–50 
cm and more. Ice stratification in the upper part frequently 
includes silt, clayey silt, and clay in the form of thin layers no 
more than 1–10 mm thick. The ice is clean and transparent, 
with rare roundish gas bubbles (2–5 mm in diameter). 
Sometimes bubbled ice layers up to 5 cm thick are found. The 
ice in some beds is exceptionally clean “crystal.” Stratified 
ice with horizontal sediment interlayers between ice layers 

is also observed. The ice bed under review is characterized 
by  significant  variations  in  isotopic  composition.  Here, 
within the depth interval between 0.2–0.8 m from the top 
of the bed, δ18O varies by more than 10‰: from -12.49 to 
-22.75‰, and δD varies from -91.7 to -171.9‰ (Vasilchuk 
et al. 2009, Vasilchuk 2010). The massive ice contains 
pollen spectra which are similar to those of typical tundra. 
Ice pollen spectra are characterized by the dominant dwarf 
birch and sedge pollen and green moss spores with visible 
content of aquatic plant pollen, mainly Sparganium (3-4%). 
The cloudberry pollen is found in single cases. The ericales 
pollen is also found (2–3%). The green moss spore content 
makes up 7–36%. Penecontemporaneous pre-Quaternary 
pollen and spores were detected in the ice (2–9%). Exotic 
tree pollen is completely missing, and even pine pollen 
particularly typical of Arctic glacier snow cover and ice was 
found in only a single case. Pollen and spore concentration 
in individual massive ice interlayers is up to 300–1300 un/l. 
Diatom remains of the Pinnularia genus and green algae 
remains of the Pediastrum genus are found in the ice.

The massive ice deposit in the lower reaches of the Yuribey 
River on Yamal (Vasilchuk 1992, Vasilchuk & Vasilchuk 
2010a) occurs at the depth of 15 m in the dark-grey 
clayey silt stratum of the residual mountain section of 
the Kazantsevskaya Plain. According to the stratigraphic 
position, this massive ice was formed more than 50 kyr BP.

In the axial part of the bed there is a trapezoidal ice core 
3 m wide in the upper part and 2.5 m wide in the lower 
part. Ground ice is observed at the contact with this core. 
It consists of interlayers of ice up to 0.5 m thick and clayey 
silt interlayers up to 0.2–0.3 m thick. The ground ice layers 
are inclined with the orientation of the side of the core 
surface.

The pollen and spore set in the ice forming deposit in the 
lower reaches of the Yuribey River is characterized by a lack 
of exotic tree species without signs of re-deposition. The 
content of pre-Quaternary re-deposited pollen and spores is 
10–17%. Cloudberry pollen is found in rare cases, 1–2%. 
Aquatic plant pollen is noted in a single specimen, 2.5% in 
a horizontal ice bed. The ericales pollen content varies from 
2 to 5%; the content of green moss spores varies from 2 to 
12%; the content of horsetail spores is 1–2%. Diatoms and 
green algae remains are found. 

Massive ice was discovered in the upper reaches of the 
Yuribey River (Vasil’chuk 2010) exposed in clayey silts of 
the fifth terrace at the depth of 21–22 m. In the central part 
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of the outcrop, a pear-shaped ice and ground-ice body (up 
to 3–3.5 m wide and about 3 m high) follows the contour 
of the deformed host rock layers. A bed of horizontally 
stratified ice up to 2.5 m wide and about 3 m high lies in the 
left part of the exposure. This layer is almost in conformity 
with the near-vertically oriented surrounding ground 
layers.  The  typical  feature  identified  by  Danilov  (1990) 
has  a  significantly  poorer  assemblage  of  shallow-water 
foraminifers in clayey silt as compared to the sand stratum. 
This evidently reflects  the process of shoaling in a marine 
basin during the accumulation period of the sand band. 

No exotic pollen of thermophilic tree species without 
indicators of re-deposition was found in the horizontally 
stratified ice deposits that are exposed in the upper reaches 
of the Yuribey River. The coniferous pollen is noted in 
significant quantities. Meanwhile, the fir pollen content (11–
17%) and the Siberian pine pollen content (8–31%) are quite 
high. Pre-Quaternary, re-deposited pollen and spores are 
found with a 2–4% ratio. The cloudberry pollen is found in 
single cases. The aquatic plant pollen is noted in two lower 
specimens (1–3%). The ericales pollen content made 5–32%. 
Green moss spores are noted in two upper specimens; their 
content does not exceed 2%. Horsetail spores are found in 
a single case. The pollen spectra of the ice deposit under 
study have indicators of non-glacial origin. Nonetheless, 
their composition does not contradict the possible burial of 
local fast-ice floes.
Four  layers  of  lens-shaped  ice  beds  lie  in  the  stratified 

layer of sandy dark-grey silt and allochthonous brown peat 
within the interval of 1.40–7.0 m in a section of the Gyda 
River estuary and its lower terrace. Ice lenses and beds 
are 0.3–0.4 m thick and 6–8 m long (Vasil’chuk 1992, A. 
Vasil’chuk 2005).  Ice beds are confined  to peaty deposits. 
Syngenetic wedge ice is noted together with the ice beds. 
Narrow wedge ice up to 1 m wide and 7 m high crosscuts 
massive ice lenses. Ice beds and peaty silts to the right of 
the ice vein lie horizontally, and to the left lie at an angle of 
approximately 20 degrees.
These sediments are very difficult to date with 14C. This is 

associated with the presence of allochthonous organics and 
a complex history of terrace deposit formation. According 
to palynological verification of  the  14С dates obtained,  the 
ice beds were formed between 10 and 13 kyr BP. Pollen 
spectra in the ice lenses (Vasil’chuk 2007) are characterized 
by the ratio similar to the characteristics of the Arctic and 
Hypoarctic tundra pollen spectra.

Green moss spores (22–27%) mainly prevail in the 
pollen spectra in the lowest ice bed that are characterized 
by  extremely  negative  δ18О  values  (-30.1‰,  -34.3‰). 
The polar willow pollen is 4–14%, and the herbs pollen is 
1–16%. The ice itself is undoubtedly inter-ground, which is 
contradicted neither by its isotopic composition (Vasilchuk 
1992) nor pollen and spore composition.

For several years, Japanese researchers studied the 
massive deposit in the Mackenzie River delta, 4.5 km 
southwest of Tuktoyaktuk in northwestern Canada (Fujino 
& Sato 1986, Fujino et al. 1988). The palynological 
characteristics of the ice-forming deposits received by them 
differ from the pollen spectra obtained by us for the Yamal 
ice. Penecontemporaneous pre-Quaternary pollen and spores 
are contained in a very high concentration in the massive ice 

deposit in the Mackenzie River delta. They have a typical 
yellow-brown tint and are easily identified. The highest pollen 
and spore concentrations are noted in the visually identified 
ice interlayers containing grey silt admixture. These are 
almost exclusively re-deposited pre-Quaternary forms (95–
99%). Hosting deposits, on the contrary, are characterized 
by Quaternary pollen spectra with low coniferous pollen 
content: Betula sp. - 48%, Alnus sp. - 38%, Picea sp. - 4%, 
Pinus sp. - 1%, Carpinus sp. - 1%, Ericaceae - 16%. There 
are no re-deposited forms. Fujino & Sato (1986) reached 
the conclusion that Quaternary pollen fell into ice, not from 
the deposits hosting the bed. They made an assumption 
that the ice bed was of an intrusive type. There are only 
two clearly expressed indicators that testify to the ice bed 
of non-glacial origin: re-deposited pre-Quaternary pollen in 
high concentration and the lack of exotic tree species pollen. 
We note that the isotopic composition variations are similar 
to the variations determined by us for ice beds in the section 
of the third terrace in the Bovanenkovo area.

Palynological Data on Surface Ice and Palyno-indicators
For the purpose of reliable comparison with ground ice 

genesis, we think it rational to discuss the pollen spectra 
of Arctic glaciers as possible analogues of the ice which 
certainly has glacial characteristics. It is particularly 
important to identify the elements of ice and snow pollen 
spectra in glacial Arctic domes and compare them with 
those found in buried glacier-type ice or present in ground 
ice of non-glacial origin. 

We studied the pollen spectra of the tundra and Arctic 
glacier snow cover to identify non-glacial. palynological 
indicators  for  ice  deposits,  and  we  identified  the  pollen 
spectra peculiarities that can indicate ice glacial origin. 

Bourgeois (1990, 2000) analyzed the pollen and spore 
composition in the snow cover and ice caps of the Canadian 
and the Russian Arctic, and came to the conclusion that 
the  structure  of Arctic  glacier  pollen  is  primarily  defined 
by the peculiarities of air circulation above the glaciers. 
Groups of far-transported (exotic) and regional components 
are usually  identified  in  the pollen  spectra composition of 
the glacier ice and snow cover ice. The division of pollen 
spectra into groups is slightly conditional because Arctic 
glaciers are primarily located thousands kilometers from the 
forest boundary. More than 95% of pollen and spores were 
transported very large distances (Vasilchuk 2007). A group 
of far-transported exotic pollen of thermophylic tree species 
and a group of regional north tundra and tundra plant pollen 
are  identified  among  them.  Mainly  far-transported  exotic 
pollen and spores are discovered in the snow cover and the 
ice of the Devon ice cap on Devon Island and the Agassiz ice 
cap on Ellesmere Island. This is explained by the fact that 
they are exposed to the impact of air masses moving from 
south to north. The content of far-transported exotic Acer, 
Fraxinus, Quercus, and Ulmus, Populus and Abies pollen 
in the snow of these polar glaciers varies from 3 to 23% 
(Bourgeois 1990, 2000, Bourgeois et al. 2000). The Acer, 
Fraxinus, Quercus, and Ulmus pollen was found in the 
ice of the Greenland ice sheet. The exotic pollen content in 
the Greenland ice is 10–12% (Fredskild & Wagner 1974). 
Therefore, the presence of exotic thermophylic pollen in 
ice pollen spectra, without signs of water-deposited or re-



  a.C. vasIl’Chuk & yu.k. vasIl’Chuk  489

deposition in the aquatic medium, can testify to the glacial 
genesis of the ice deposit (Table 1). It was found that the 
content of modern exotic pollen for sub-fossil tundra pollen 
spectra contains less than 1 pollen grain per thousand 
estimated grains (Vasil’chuk 2005).

The ericales pollen in ice and snow pollen spectra in polar 
glaciers is extremely rare. It averages 2 pollen grains per 
1000 estimated grains; its maximum content does not exceed 
1–2%. For tundra pollen spectra it is a regular component 
dominating in many cases (Vasil’chuk 2005). That is why 
the visible presence of the ericales pollen in pollen spectra 
can testify to the non-glacial ice origin. 

Green moss spores are another important indicator. They 
are not found in the Arctic ice caps (Bourgeois 1990, 2000, 
Bourgeois et al. 2000) and they have never been found in 
the glaciers of the Polar Urals. Green moss spores and larch 
pollen are not present in the ice and the snow cover of the 
IGAN and the Olen glaciers in the Polar Urals (Surova 
1982), despite the fact that these plants are present in the 
plant communities surrounding the glaciers. We found a 
low  quantity  (1–3%)  of Poaceae, Cyperaceae pollen and 
Polypodiaceae spores in the pollen spectra from the snow 
patch in the area of the Polyarny Village (Polar Urals). These 
have never been found in the pollen spectra of a small cirque 
glacier located nearby (Vasil’chuk 2010). 

Higher content of Pinus sylvestris (26–36%), P. sibirica 
(9–16%), Betula sect. Nana (8–11%), and sphagnum moss 
(18–26%), as compared to pollen spectra from the snow 
patch, is noted in its pollen spectra. The ericales pollen 
content in the ice does not exceed 1%. Green moss and 
horsetail spores are not found in the pollen spectra of snow 

and  ice  (А. Vasil’chuk  2005, Yu. Vasil’chuk  et  al.  2009). 
Aquiherbosa  pollen  is  an  important  indicator.  Bourgeois 
(1990, 2000, Bourgeois et al. 1985, 2000) found that 
Potamogeton, Sparganium, and Typha aquatic plant pollen 
is very rare and, according to our estimate, its content is less 
than 1 pollen grain per 1000 estimated grains. Therefore, 
the presence of aquiherbosa plant pollen, which  is mainly 
transported by water, can be considered as a sign indicating 
non-glacial ice genesis. 

This list can be supplemented with horsetail spores which 
are not found in the glacial pollen spectra; their amount in 
tundra zone pollen spectra is 1-4% on average. The low 
content of aquatic plant pollen in glacier ice and snow cover 
is associated with the fact that aquiherbosa plant pollen and 
spores have almost no ability for air transport, but they are 
quite adapted for transport in the aquatic medium.

Summing up, we note that the series of components 
typical of tundra pollen spectra can hardly be found in the 
ice and the snow cover (see Table 1). These are cloudberry 
and  aquiherbosa  plant  pollen  poorly  adapted  for  wind 
transport and horsetail and green moss spores. The ericales 
pollen content in snow on glaciers is much lower than in 
tundra pollen spectra.

Of glacier pollen spectra, the domination of far-
transported Pinus, Picea, Abies, Acer, Fraxinus, Quercus, 
Ulmus, Populus, Abies and Juniperus, Artemisia, Ambrosia 
pollen is typical.

Exotic pollen of thermophilic tree species is noted very 
rarely among far-transported pollen in tundra pollen spectra, 
including pollen spectra of snow patch and river as well as 
sea ice floe (no more than one pollen grain per 1000 estimated 

Table 1. Comparison of some pollen and spores in the polar ice caps and massive ice of the Canadian and Russian Arctic.
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Exotic (far-
transported) pollen 

Not 
detected

Not
detected

Not 
detected

Not
detected

Not
detected

+. + ++ ++ Not 
detected

+

Rubus chamaemorus + + + + No
data

Not 
detected

Not 
detected

Not 
detected

Not
detected

Not 
detected

Not
detected

Aquiherbosa pollen  + + + + No
data

Not
detected

Not
detected

Not
detected

Not
detected

Not
detected

Not 
detected

Ericales + + + + No
data

Not
detected

Not
detected

Not
detected

+ Not 
detected

+

Bryales +++ ++ ++ ++ No
data

Not 
detected

Not 
detected

Not 
detected

Not
detected

Not 
detected

Not 
detected

Equisetum sp. + ++ ++ + No
data

Not 
detected

Not 
detected

Not 
detected

Not
detected

Not 
detected

Not 
detected

Penecontemporaneous 
pollen and spores

+ ++ ++ ++ +++ Not 
detected

Not 
detected

Not 
detected

Not
detected

Not 
detected

Not 
detected

Diatoms + + + + No
data

No data No data No data No data No data No data

Note: + – found in the amount of 0.1-10%; ++ – found in the amount of 10-20%; +++ – found in the amount above 20% from the total sum of estimated 
grains.
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grains). In the Yamal Quaternary deposits, exotic pollen can 
be  found much more  frequently  in  the  re-deposited  state. 
The typical example of that is the composition of pollen 
spectra in a snow patch on the Kara Sea beach in the zone of 
Hypoarctic tundra. Here ericales pollen (25–30%), regional 
gramineous plant and sedge pollen (19–30%), and herb 
pollen (9–15%) dominate despite quite high content of far-
transported coniferous pollen (11%). Green moss spores 
dominate amidst the spores in snow patches on the beach 
and  the  sea  ice floe  surface  (10–27%). The  content  of  re-
deposited forms is low and amounts to 1–3%. 

Analysis of the pollen spectra composition of the Gulf 
of Ob  sea  ice  and  ice  identified  from  the  surface  showed 
similarity in the composition of the snow patch and the fast 
ice floe pollen spectra. It is evident that pollen spectra from 
sea ice floes and snow patch surfaces are much more similar 
in composition to sub-fossil pollen spectra from the ground 
surface than the Arctic glacier pollen spectra.

All listed indicators are not always found in pollen 
spectra. That is why massive ice division on the basis of 
pollen  spectra  composition  requires  further  detailing 
because the listed spectra peculiarities can be influenced by 
low pollen and spore concentration. Here we would like to 
demonstrate the fundamental possibility of such division 
and the usefulness of a detailed palynological analysis for 
cryogenic massive ice studies. 

The differences in ice formation processes, according 
to Khimenkov & Brushkov (2006), are 1) water burial in 
a solid phase; 2) free water freezing; and 3) bound water 
freezing. These also precondition differences in the pollen 
spectra composition. The following conclusions were made 
based on pollen and spore analysis in these three ice types: 
1) Far-transported pollen and spores dominate in buried ice 

because the formation of surface ice of seas, lakes, and 
rivers or ice and snow cover usually occurs in winter 
when the probability of local plant pollen falling on a 
floe or snow surface is low. Local plant pollen and spore 
falling within the Arctic glacial domes is selective and 
is defined by local circulation peculiarities. In this case, 
a boundary between local and regional components is 
difficult to draw. 

2) Re-deposited pollen and spores from underlying 
strata  are  frequently  present  in  intrusive  ice. 
Penecontemporaneous Mesozoic and Paleozoic pollen 
and spores are more frequently found in it as compared 
to other ice types.

3) Much similarity of ice spectra with ice-hosting deposit 
spectra is noted in segregated ice. The presence of pollen 
of different species but of the same size can frequently 
be observed as a result of infiltration sieving of pollen 
grains and spores in the process of moisture migration 
through the ground.

In conclusion, we note two important issues that should be 
taken into account when studying organic remains in ground 
ice: 1) the possible organic supply to outlet glacier basal ice 
through cracks, and 2) organic micro-particle accumulation 
in cryoconite holes.

Knight (1997), studying basal layers of glacial ice, noted 
that micro-cracks can be formed in the bottom of glacier 
parts  through  which  fine-ground  particles  can  penetrate 
from underlying deposits into ice. It is probable that these 

can contain pollen and spores, but in this case the ice will 
be evidently much contaminated and intensively dislocated. 
Thus its pollen spectra will be derived from the pollen 
spectra of the underlying deposit.

Conclusions

Long-term palynological studies of ground deposit-
forming ice allowed us to identify a number of characteristics 
typical of their pollen spectra:
1) Pollen and spores are contained in almost all varieties 

of ground ice deposits. Their concentration varies from 
50 to 1500 units per 1 kg of ice or 1 liter of melted ice. 

2) Pollen spectra with characteristics similar to the 
characteristics of sub-fossil tundra pollen spectra, with 
dwarf birch, ericales pollen, and green moss spores 
prevailing,  are  identified  in  most  of  the  massive  ice 
deposits.

3) In massive ice deposits of pre-Quaternary palynomorphs 
of the Cenozoic, the Mesozoic, and the Paleozoic ages, 
re-deposited pollen spectra from more ancient deposits 
can be frequently found.

4) The pollen of hydrophilous plants such as pondweed, 
bur reed, and reed mace as well as horsetail spores and 
limnetic diatoms and green algae remains are found in 
most of the massive deposits studied. This testifies to 
the non-glacial genesis of the ice. 

The results reported generally testify to the following 
characteristics typical of non-glacial, ice deposit-forming 
pollen spectra: 
•	 lack of exotic pollen of thermophilic species such as 

Acer, Fraxinus, Quercus, Ulmus, Populus, Tilia, and 
Abies present in the initial occurrence; 

•	 presence of cloudberry, aquiherbosa species, as well as 
green moss and horsetail spores; and 

•	 presence of re-deposited pollen and spores. 
These characteristics allow the reliable  identification of 

ground ice of non-glacial origin.

References

Bourgeois, J.C. 1990. Seasonal and annual variation of 
pollen content in the snow of a Canadian High Arctic 
ice cap. Boreas Vol. 19. N4, 313–322.

Bourgeois, J.C. 2000. Seasonal and interannual pollen 
variability in snow layers of arctic ice caps. Review of 
Palaeobotany and Palynology Vol. 108, Iss. 1-2, 17–36. 

Bourgeois, J.C., Koerner, R.M., & Alt, B.T. 1985. Airborne 
pollen: a unique air mass tracer, its influx to the Canadian 
High Arctic. Annals of Glaciology Vol. 7, 109–116.

Bourgeois, J.C., Koerner, R.M., Gajevski, K., & Fisher, 
D.A. 2000. A Holocene ice-core pollen record from 
Ellesmere Island, Nunavut, Canada. Quaternary 
Research Vol. 54, N2, 275–283. 

Danilov, I.D. 1990. Ground ice. Moscow: Nauka, 140 pp. 
(in Russian).

Fredskild, B. & Wagner, P. 1974. Pollen and fragments of 
plant tissue in the core samples from the Greenland Ice 
Cap. Boreas Vol. 3, N3, 105–108.

Fujino, K., Sato S., Matsuda, K., Sasa, G., Shimisu, O., 
& Kato, K. 1988. Characteristics of ground ice body 



  a.C. vasIl’Chuk & yu.k. vasIl’Chuk  491

in the Western Canadian Arctic (II). Permafrost 
Fifth International Conference Proceedings. Vol. 1. 
Trondheim. Norway Trondheim: Tapir Publishers. 
1988, 143-147.

Fujino, K. & Sato, S. 1986. Stratigraphic analyses of the 
massive ground ice body in Tuktoyaktuk, Mackenzie 
Delta, N.W.T., Canada. Characteristics of the Massive 
Ground Ice Body in the Western Canadian Arctic related 
to climatology 1984–1985. Ed. K.Fujino. The Institute 
of Low Temperature Science. Hokkaido University, 
9–36.

Khimenkov, A.N. & Brushkov, A.V. 2006. Introduction to 
structural geocryology. Moscow. Nauka Publ. House, 
279 pp. (in Russian).

Knight, P.G. 1997. The basal ice layer of glaciers and ice 
sheets. Quaternary Science Reviews Vol. 16, Iss. 9, 
975–993.

Surova, T.G. 1982. Subrecent spore and pollen spectra of 
minor and major snow accumulation zones in the Polar 
Urals. Glaciological research materials Issue 45, 1982, 
130–136.

Vasil’chuk, A.C. 2005. Pollen spectra formation features 
in permafrost areas of Russia. Moscow. Moscow State 
University Press, 245 pp. (in Russian).

Vasil’chuk, A.C. 2007. Palynology and chronology of 
polygonal ice wedge complexes in Russian permafrost 
area Moscow. Moscow State University Press, 488 pp. 
(in Russian).

Vasil’chuk, A.C. & Vasil’chuk, Yu.K. 2010a. Local pollen 
spectra as a new criterion for nonglacial origin of 
massive ice. Transactions (Doclady) of Russian 
Academy of Sciences. Earth Sciences Vol. 433. Part 1, 
985–990.

Vasil’chuk, A.C. & Vasil’chuk, Yu.K. 2010b. Comparison of 
pollen spectra of massive and glacial ice for cryogenetic 
indication. Earth’s Cryosphere Vol. 14. N3, 15–28 (in 
Russian).

Vasil’chuk, Yu.K. 1992. Oxygen Isotope composition 
of ground Ice (Application to paleogeocryological 
reconstruction). Department of theoretical problems 
the Russian Academy of Sciences. Moscow State 
University, PNIIIS. In 2 volumes. Vol. 1, 420 pp. Vol. 2, 
264 pp. (in Russian).

Vasil’chuk, Yu.K. 2010. Massive ice of Bovanenkovo 
gas-condensate  field  (The  Central  Yamal  Peninsula). 
Engineering Geology N3, 50–67 (in Russian).

Vasil’chuk, Yu.K., Vasil’chuk, A.C., Budantseva, N.A., 
Chizhova, Ju.N., Papesch, W., Podborny, Ye.Ye., & 
Sulerzhitsky, L.D. 2009. Oxygen Isotope and Deuterium 
Indication of the Origin and 14C Age of the Massive Ice, 
Bovanenkovo, Central Yamal Peninsula. Transactions 
(Doclady) of Russian Academy of Sciences, Earth 
Sciences, 429, 1326–1332.

Vasil’chuk, Yu.K. & Vasil’chuk, A.C. 1997. Radiocarbon 
dating and oxygen isotope variations in Late Pleistocene 
syngenetic ice-wedges, northern Siberia. Permafrost 
and Periglacial Processes Vol. 8, N3, 335–345.


