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Abstract 
The content of stable oxygen isotopes in syngenetic Late Holocene ice-wedges located in the Erkutayakha River valley 
in Southern Yamal and in the Adventdalen Valley in Svalbard were investigated and compared. The variation of the 
δ18О values did not exceed 2–3.5‰ in the ice-wedges of the two sites, which are 2000 km apart but located in different 
climatic areas. The isotope data of the ice-wedges enable reconstruction of the mean winter air temperature for the Late 
Holocene. The variability range corresponds to approximately 2.5°C. There is a correlation between isotope curves 
from the ice-wedge in the Adventdalen Valley and from glacier ice from the Lomonosov Plateau in Svalbard. This 
indicates the correspondence between the scale and the chronology of the change in the climatic conditions in the Late 
Holocene.
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Introduction

Here we present a study of Late Holocene ice-wedges 
from the Erkutayakha River valley in Southern Yamal and 
from the Adventdalen Valley in Svalbard. The main purposes 
of the study are to directly date the age of the ice-wedges; 
to investigate the content of stable oxygen isotopes in the 
ice of one ice-wedge in Svalbard and one from the Yamal 
Peninsula, Russia, which have common morphological and 
genetic characteristics; and to reconstruct the temperature 
conditions of the ice-wedge development.

Areas of Investigation of Ice-Wedges

Ice-wedges in the valley of the Erkutayakha River in 
Southern Yamal

Normally ice-wedge polygons are not clearly marked at 
the floodplains of the southern Yamal rivers, although ice-
wedges are widespread there. 

The climate of Southern Yamal is subarctic, with a long 
severe winter and a very short summer (not longer than 
50–60 days). The warmest months of the year are July and 
August (the mean monthly temperature ranges from 5 to 
7°C), while the coldest month is January and sometimes 
February (the mean temperature is from -22 to -24°C). 
The mean annual air temperature fluctuates between -8 and 
-10°C. Annual precipitation totals 400 mm, according to 
data of the Marresale meteorologic station. 
The Holocene syngenetic floodplain containing wedge ice 

was investigated at the left bank of the Erkutayakha River 
in the summer of 1998 (68°11′18″ N, 68°51′39″ E) (Fig. 1).
The elevation of the floodplain surface (above the minor 

level of the river reaches 2.5–3 m).The polygons are more 
distinct in drier areas. Open frost cracks with the width of 
5 mm are observed here. Brown peat is revealed in one of 
the bank outcrops.

Within the studied cross section, thickness of peat was 
0.2 m. It contained stems and roots of plants. The peat 

layer was underlain by 0.5-m-thick grey sand with massive 
cryostructure. Down to the depth of 1.5 m, very peaty and 
stratified sand occurred, mainly with massive cryostructure 
and lenses of segregated ice

An ice-wedge 0.8 m wide at the top was exposed down 
to 0.4 m. The ice was clear and contained no admixtures. 
Individual veins with widths up to 4–5 mm were observed 
in it. 

Ice-wedges in the Adventdalen Valley in Svalbard
Ice-wedges are widespread in Svalbard, primarily in 

the  lower  parts  of  large  sediment-filled  valleys  (e.g.,  in 
the Reindalen and Adventdalen valleys) (Matsuoka & 

Figure 1. The location of the research areas. 1 - the 
valley of the Adventselva River in Svalbard, 2 - 
the valley of the Erkutayakha River on the Yamal 
Peninsula with polygonal (patterned) relief.



42  TenTh InTernaTIonal ConferenCe on PermafrosT

Hirakawa 1993, Christiansen 2005). The Adventdalen 
Valley is located in central Svalbard. It is a wide U-shaped 
valley, 3.5 km wide and 27 km long. 

The climate of the area is polar, with about 190 mm of 
snow precipitation per year. The area is characterized by 
considerable  temperature  fluctuations  during  the  winter 
period due to its maritime location. Strong winds from the 
east dominate in winter, causing shallow snow thickness, 
normally less than 1 m. Permafrost is continuous in the 
Adventdalen Valley, and it is up to about 100 m thick. The 
thickness of the seasonally thawed layer is about 95–100 cm 
(Christiansen 2005).

Ice-wedges are widespread in the valley. The study site 
(78° 12´05″ N, 15° 50´04″ E, 9 m a.s.l.)  is  located on  the 
lower part of a large colluvial fan with a proximal loess 
cover. Elementary ice veins (2–3 mm wide on average) 
have  been  identified  in  open  fissures  at  the  beginning  of 
summer, and they penetrate to the ice-wedge (Matsuoka 
& Hirakawa 1993). Each  ice-wedge cracks and acquires a 
new annual vein on average once in 6–7 years (Matsuoka & 
Hirakawa 1993). 

Frost cracking is normally active when the mean daily 
winter  air  temperature  is  below  -15°С  (Matsuoka  & 
Hirakawa 1993). Christiansen (2005) made observations 
at the polygons in Adventdalen, where the mean annual 
ground temperature at the bottom of the active layer was 
about  -6°С. According  to  her  observations,  frost  cracking 
was particularly active when the mean daily air temperature 
dropped down to or below -20°С and remained at this level 
for some time while the ground temperature at the bottom of 
the active layer decreased to -15°С.

Methods

Samples of ice-wedges for isotope analysis from the 
Erkutayakha  site  were  sampled  according  to  a  technique 
designed by Yu.K. Vasil’chuk (Vasil’chuk 1992, Vasil’chuk 
&  Vasil’chuk  1996).  This  technique  suggests  detail 
sampling of  ice along vertical and horizontal profiles. For 
isotope analysis from the Erkutayakha site, we selected 25 
samples of ice from the upper part of the ice-wedge along a 
horizontal profile from the left to right sides of the wedge. 
The ice was sampled from blocks cut with an axe at different 
distances from the left side. Samples were filtered for control 
and analyzed in two laboratories. The most valid values are 
shown on an isotopic diagram (Fig. 2). Sixty-five samples of 
the ice-wedge were sampled from the Adventdalen site from 
the upper  part  of  the  ice-wedge  along  a horizontal  profile 
using a chain saw. It was sawn long triangles from the top 
ice-wedge, exposed in trenches through the active layer at 
the end of summer.
The  ice  samples were  kept  frozen  at  -19.5°С  and were 

analyzed in the laboratory at -5°С. All the ice sample frag-
ments were described on a light table, photographed in the 
transmitted light, and further sawed up with a hand saw. The 
mineral admixtures were cleaned out of the samples with a 
scraper. Samples with a width from 0.7 to 2 cm were put into 
separate plastic bags. The sawed samples thawed at 7°С, and 
the obtained water was poured into containers of 50 ml. 

The isotope composition of the Svalbard ice-wedge was 
determined one month after the sampling, using the Delta-V 

mass spectrometer equipped with standard Gas Bench in the 
stable isotope laboratory of the Geography Department at 
the Lomonosov Moscow State University. When measuring 
δ18О, we  balanced  the  analyzed  samples  with  СО2 during 
24 hours. To calibrate the measurements, we utilized the 
international standard of the mean ocean water SMOW-V 
and the international laboratory standards of the IAEA, as 
well as of the isotope laboratory of the Austrian Institute of 
Technology.

The isotope composition of the Southern Yamal ice-wedge 
was determined by D. Rank and V. Papesh in the Arsenal 
Scientific Research Center in Vienna and by E. Soninnen in 
the isotope laboratory of the University of Helsinki.
Organic matter from the floodplain was radiocarbon-dated 

in the Geology Institute of RAS. 

Results of Radiocarbon Dating of the 
Ice-Wedges ice in the Erkutayakha and 

Adventdalen Valleys

Radiocarbon dating revealed the young age of the ice 
wedge and host sediments in the Erkutayakha Valley. 
The age of the peat from the ground vein at the depth of 
0.3 m made up 1000 ± 170 years (GIN-10632), while the 
concentrations of roots at the depth of 1.0 m were dated to 
be 1820 ± 80 years (GIN–10986). The similar age of 1820 
± 100 years (Hel-4492) was obtained in the radiocarbon 
laboratory of the University of Helsinki, which confirms the 
validity of the obtained dates.

These radiocarbon dates make it possible to evaluate 
the time and intensity of the accumulation of ice veins and 
the sediments containing them. The date of the ground 
vein (about 1000 years ago) most probably registers the 
period of active development of the peat vein and of the 
ice wedge after the transition of the surface to the stage of 
a high floodplain. Thus,  considering  that  the date of 1800 
years relates to the depth of 1.0 m, we assume that about 
70–80 cm of sand accumulated for the period of not more 
than 800 years. We may assume that the ice veins most 
probably began to form in the period of accumulation of a 
very peaty sand (i.e., about 1800–2000 years ago). Then, 
due to the relatively short-term flooding of the area (between 
1800 and 1000 years ago), there accumulated a horizon of 
the gray sand, while the development of veins was low 
active. They began to increasingly grow about 1000 years 
ago when  the  surface  became  dry  again  and  acquired  the 
regime  of  a  high  floodplain.  In  general,  it  may  be  stated 
that: 1) The sediments composing the upper 2–3 m of the 
floodplain’s profile accumulated approximately 2000 years; 
2)  The  surface  of  the  high  floodplain  transitioned  to  the 
subaerial regime about 1000 years ago; 3) The wedge ice of 
the floodplain has the age of about 2000 years.

Organic material from the outer part of an ice-wedge in 
the Adventdalen Valley, close to the study site, was 14C AMS 
dated to 2850–2955 cal. year BP (AAR-6674) (Jeppesen 
2001). Two other 14C AMS dates from 2.6 and 2.3 m below 
ice-wedge terrain in both sides of the Adventdalen valley 
gave ages of 2355–2720 cal. years BP (AAR-6672) and 
3590-3695 cal. years BP (AAR-6673) (Jeppesen, 2001). 
Therefore, we assume that the studied ice wedge has an age 
of around 3000 years.
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Variations of Stable Isotopes in the Wedge Ice

The δ18О variations in the ice-wedge of the Erkutayakha 
River valley 

The  δ18О  values  in  the  ice-wedge  varied  from  -18.0 
to  -20.63‰  (Fig.  2),  while  in  the  segregated  ice  lenses 
of  the  floodplain  ice-wedge  host  sediments  varied  from 
-15.01  to  -19.76‰. There  is good correlation between  the 
isotope values obtained in the different laboratories used. 
The relatively narrow range of the δ18O values; fluctuations 
indicates rather stable winter conditions at the time of ice-
wedge development. The δ18O values make up about -18‰ 
in the contemporary ice wedge in Southern Yamal.

For calculation of mean winter temperature, we have 
applied  the  equation  of Yu.K. Vasilchuk  (Vasilchuk  1992, 
1993) connecting oxygen isotope values of ice-wedges and 
mean winter/January air temperatures:

T mean winter = δ
18Оice-wedge (±2°C)  (1)

T January = 1,5 δ
18Оice-wedge (±3°C)  (2)

The calculation shows that the mean winter air temperature 
in Southern Yamal during last 2000 years varied from -17 to 
-20°С (i.e., it was close to the contemporary one).

The δ18О variations in the ice-wedge of the Adventdalen 
Valley
The  δ18О  values  in  the  ice-wedge  we  studied  in 

Adventdalen range from -12.23‰ to -15.4‰ (Fig. 3).
According to earlier collected data from the ice-wedges of 

the Adventdalen Valley, the δ18О values ranged from -11.5‰ 

to  -15.5‰  (Jeppesen  2001)  and  from  -10.5‰  to  -14.8‰ 
(Vittinghus et al. 2008) (Fig. 4).
Evaluating the entire range of the δ18О variations (3-5‰), 

we observe that the variations of the stable oxygen isotopes 
in the ice-wedges of the Adventdalen Valley are typical of 
the Holocene ice-wedges, which, as a rule, make up 3–4‰ 
(Vasilchuk 2006). The calculation of mean winter tempera-
tures based on the equation of Yu.K. Vasilchuk (Vasilchuk 
1992, 1993) shows that the mean winter air temperature in 
Adventdalen varied from -12º to -15°С (Fig. 3).

The correlation between ice-wedge isotope variation from 
the Yamal Peninsula and from Svalbard
The δ18O values in the ice-wedge of the Erkutayakha River 

valley  in  southern Yamal  vary within  the  range  of  2.6‰: 
from  -18.0  to  -20.63‰. The δ18О values  in  the  ice-wedge 
from Adventdalen Valley vary by 3.2‰: from -12.23‰ to 
-15.4‰.

The isotope data indicate that the Svalbard winters are less 
severe (compare Fig. 2 and Fig. 3), but isotope variations are 
more expressed compared to the Yamal Peninsula (Fig. 5). 
We select for comparison two fragments of isotopic curves 
where we have found some coincidence of peaks.

The isotopic record very likely registers all the most 
severe winter conditions, while mild winters are only partly 
registered. As a rule, cracking and development of an annual 

Figure  2.  The  δ18О  variations  in  the  Late  Holocene  ice  vein  of 
the Erkutayakha River’s valley: 1 – the δ18О values; 2 – the mean 
winter air temperatures.

Figure  3. The  δ18О variations  in  the  studied  ice-wedge  from  the 
Adventdalen Valley: 1 – the δ18О values; 2 – the mean winter air 
temperatures calculated according to Yu.K. Vasilchuk (1992, 1993) 
equation.

Figure  4.  The  δ18О  variations  in  the  ice-wedges  from  the 
Adventdalen Valley a) from J.W. Jeppesen (2001) from close to the 
ice-wedge studied in this paper, b) from H. Vittinghus et al. (2008) 
1 - lower ice-wedge profile, 2 - upper ice-wedge part.
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ice vein occurs in severe winters. In mild winters, cracking 
occurs less often and ice veins form rarely, therefore the 
isotope diagrams may not register many mild winters. 

Comparing the Isotope Data from the Ice-
Wedges with Svalbard Glaciers

The  ice-wedges  that we  studied  at  the floodplain of  the 
Erkutayakha River valley in Southern Yamal and in the 
Adventdalen Valley in Svalbard are both most likely aged 
within the last 3000 years. Thus we can regard them as 
synchronous and chronologically comparable. 

We compared the isotope curves of the ice veins with the 
isotope curve of the glacial ice of the Lomonosov Plateau in 
Svalbard obtained by V.M. Kotlyakov and F.G. Gordienko 
on the basis of the data collected by Ya.-M.K. Punning. 
The ice core from the borehole of the Lomonosov Plateau 
represents a nicely preserved ice stratigraphy from Svalbard 
(Kotlyakov & Gordienko 1982, Punning et al. 1987). 

The drill core’s base was dated to the 12th century. The 
glacial ice at the Lomonosov Plateau accumulated in the 
period comprising the second half of the accumulation stage 
of the ice-wedges studies here.

The comparison drawn between the Svalbard isotope 
curves of the ice-wedge and the ice core from the 
Lomonosov Plateau showed close ranges of the isotope 
content variation: δ18О varied from -12.3‰ to -15.5‰ in the 
ice-wedge, while in the glacial ice it ranged from -11.3‰ to 
-15.5‰. The  coincidence of  some  isotope peaks was  also 
registered (Fig. 6).

Conclusions

1) Syngenetic ice-wedges are revealed in the upper 
profile  part  of  the  high  floodplains  in  the  valley  of 
the Erkutayakha River in Southern Yamal and in the 
Adventdalen Valley in Svalbard. The ice-wedges 
developed during the Late Holocene, mainly within the 
last 3000 years, and continue to grow at present.

2) The close ranges of the isotope variations and the 
coincidence of the peaks of the Svalbard isotope curves 
of the ice-wedge as well as of the ice core testify to the 
correspondence between the scale and the chronology 
of the change in the climatic conditions of the given 
region for the last 3000 years.

3) The change of the d18O values for the last 3000 years that 
occurred in two ice-edge profiles is characterized with 
the  close  ranges  of  variations:  the  δ18О values  varied 
by 2.6‰ (from -18.0  to -20.63‰) in  the Erkutayakha 
River valley of Southern Yamal; at the Adventdalen 
Valley the δ18О values varied by 3.2‰ (from -12.23‰ 
to -15.4‰).

4) The isotopic records of the ice-wedges make it possible 
to reconstruct the mean winter air temperatures for the 
last 3000 years. The ranges of their variability were also 
close, and equal 2.5°С (from -18 to -20.5°С) in Southern 
Yamal and 3°С (from -12 to -15°С) in Svalbard. 
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