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Abstract

The early Russian researchers working in central Siberia seem to have
preferred scenarios in which glaciations, in accordance with the classical gla-
ciological concept, originated in the mountains. However, during the last 30
years or so the interest in the glacial history of the region has concentrated on
ice sheets spreading from the Kara Sea shelf. There, they could have originated
from ice caps formed on areas that, for eustatic reasons, became dry land
during global glacial maximum periods, or from grounded ice shelves. Such ice
sheets have been shown to repeatedly inundate much of the Taymyr Peninsula
from the north-west. However, work on westernmost Taymyr has now also
documented glaciations coming from inland. On at least two occasions, with
the latest one dated to the Saale glaciation (marine isotope stage 6 [MIS 6]),
warm-based, bedrock-sculpturing glaciers originating in the Byrranga Moun-
tains, and in the hills west of the range, expanded westwards, and at least once
did such glaciers, after moving 50–60 km or more over the present land areas,
cross today’s Kara Sea coastline. The last major glaciation affecting south-
western Taymyr did, however, come from the Kara Sea shelf. According to
optically stimulated luminescence dates, this was during the Early or Middle
Weichselian (MIS 5 or 4), and was most probably not later than 70 Kya.
South-western Taymyr was not extensively glaciated during the last global
glacial maximum ca. 20 Kya, although local cold-based ice caps may have
existed.
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The idea that during periods of cooling glacial inceptions
usually start in the mountains, from where the surround-
ing lowlands may gradually be inundated by the ice, has
been central to the ice-age theory since it originated
in Switzerland long ago (e.g., Agassiz 1840). That this
concept should also be valid for Siberia, was suggested,
for example, by glacial history pioneers such as Urvantsev
(1931, 1935), Saks (1953) and Strelkov (1965). However,
as early as 1930 Obruchev briefly discussed a glaciation
centred on the Kara Sea shelf (Obruchev 1930), and later
this concept of Kara Sea ice sheets inundating the north-
western and central parts of the Taymyr Peninsula has
played a rather dominant role in the literature (Astakhov
1976; Grosswald 1980, 1998; Kind & Leonov 1982;
Isayeva 1984), and has been confirmed in more recent
publications (Möller et al. 1999; Alexanderson et al.
2001; Alexanderson et al. 2002; Hjort et al. 2004; Svend-
sen et al. 2004; Astakhov & Mangerud 2005). However,

results from fieldwork in 2002 along the Gusinaya and
Nizmennaya rivers on westernmost Taymyr show that on
at least two occasions the glaciers expanded from the
inland regions, in this particular case from the western
parts of the Byrranga Mountains (here up to 500–600-m
high) towards the Kara Sea basin.

The fieldwork was carried out in July and August 2002
(Hjort et al. 2003) as part of the Quaternary Environ-
ments of the Eurasian North (QUEEN) programme. It was
based at two camps, one by the Gusinaya River (75o01′N,
88o10′E) and the other by the Nizmennaya River
(75o40′N, 92o45′E), both situated ca. 10 km from the Kara
Sea coast in the area between Middendorf Bay and the
Michaylova Peninsula (Fig. 1).

According to Kind & Leonov (1982) and Isayeva
(1984), mainly based on radar satellite and aerial photo-
graphic mapping, these are areas that should be inside
or on the southernmost part of the North Taymyr
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ice-marginal zone (NTZ; see Fig. 1), and would thus have
been overridden by an ice sheet in Late Weichselian/
Last Glacial Maximum (LGM) times. However, in the
Gusinaya area we found no signs of any large-scale ice-

marginal features, such as those observed along the NTZ
further north (Alexanderson et al. 2001; Alexanderson
et al. 2002), although this is where the ice-marginal zone
should reach the coast, according to the aforementioned
mapping. The NTZ that was mapped here earlier, from
aerial photographs and satellite images, seems to consist
mainly of bedrock structures, which are partly related to
a local boundary between granites and clastic rocks
(Bezzubcev et al. 1986; Malič 1999; Pease & Persson
2006). That it is not a glacial boundary was also con-
cluded by Antonov et al. (2002).

The highest marine limit in the area we studied is at ca.
45 m a.s.l., by the Gusinaya River. It is documented both
by erosional scarps in bedrock and till, and by the upper
surfaces of marine foreshore sediments, which neither
have till cover nor show other signs of glacial overriding.
It is radiocarbon dated to >40 Kya from marine shells
(Astarte borealis, Mya truncata, Hiatella arctica; Sample 1,
Table 1) collected in these sediments. The sediments as
such were dated using optically stimulated luminescence
(OSL) to between 105 and 86 Kya (Samples 2 and 3,
Table 1; all of the OSL dates used here were originally
published and methodologically discussed by Thomas
et al. 2006). The altitude of the marine limit could not be
ascertained in the Nizmennaya area, but its minimum age
there is indicated by a radiocarbon date of >40 Kya
(Sample 4, Table 1) from paired shells of A. borealis with
their periostracum intact, which were collected from a silt
immediately underlying Holocene non-glacial fluvial
sediments.

The Gusinaya area

Bedrock exposures along the central Gusinaya River,
especially upstream from its confluence with the Novaya
River, are glacially sculptured, with both stoss- and lee-
side morphology and striations. They are usually quite
weathered, indicating a not very recent deglaciation. The
general sculpture and striations show that the ice came
from inland, from the north-east/south-east sector, but it
is also very evident that the ice flow here followed the
valley, and thus the directions of the striations vary from
site to site along the winding river.

A more comprehensive indication of the general direc-
tion of this ice expansion from the inland is given by
Primet Hill (ca. 150-m high), some kilometres north of
the Gusinaya River (Fig. 1). This gabbro bedrock hill,
described by Pease & Persson (2006), has a distinct,
roughly east–west stoss- and lee-side morphology
(Fig. 2a), with up to 10-m high steep cliffs on its lee-side,
and an elongated till-covered slope with many erratic
boulders on the stoss side. According to the glacial sculp-
ture, and especially to some rather well-preserved glacial

Fig. 1 (a) The Kara Sea and Taymyr Peninsula region in Arctic Russia,

showing the original delimitation of the North Taymyr ice-marginal zone

(NTZ). (b) Fieldwork area on western Taymyr 2002, with the camps at

Gusinaya River (to the south) and the Nizmennaya River (north) indicated

by black triangles. Shaded areas are more than 300 m a.s.l. The dashed

line indicates the earlier proposed delimitation of the NTZ in the area

studied. (c) Working area around the Gusinaya River, with sampled locali-

ties numbered as in Table 1. Areas more than 100 m a.s.l. are shaded.

Mountain-derived versus shelf-based glaciations on the western Taymyr Peninsula, Siberia C. Hjort & S. Funder

Polar Research 27 2008 273–279 © 2008 The Authors274



striations near the hill-top (Fig. 2b), the last warm-based,
sculpturing ice that affected this hill moved from ca. 140°,
i.e., from the westernmost part of the Byrranga Moun-
tains, and expanded almost perpendicularly towards the
present coastline.

The glacially sculptured rocks along the Gusinaya
River are sometimes overlain, and are thus postdated by
a sequence of glaciolacustrine and fluvial sediments

(Fig. 2d). These sediments (Fig. 3), with out-sized clasts
(dropstones?) in sand followed by a coarse gravel bed at
the top, possibly indicating an approaching ice, are
covered by a ca. 2-m thick diamicton. This diamicton
consists of boulders, gravel and sand in a silty matrix, is
weakly stratified and contains fragments of marine
shells, especially A. borealis. The diamicton is interpreted
as a till, and the silt, the shell fragments and the fabric

Table 1 Optically stimulated luminescence (OSL) and accelerator mass spectrometry (AMS) 14C

dates, with sample numbers (sites) according to Fig. 1c. Sample 4 is from the Nizmennaya area.

Details about the OSL dates are described by Thomas et al. (2006).

Sample no. Dating method Lab. no. Material m a.s.l. Age (Kya)

1 AMS 14C LuA-5470 Bivalve shell (Astarte borealis) 40 >40

2 OSL R-021034 Foreshore sand 35 105 � 8

3 OSL R-021035 Foreshore sand 30 86 � 7

4 AMS 14C LuA-5479 Bivalve shell (Astarte borealis) 0 >40

5 OSL R-021036 Glaciolacustrine sand 18 153 � 14

6 OSL R-021033 Kame sand 35 152 � 9

7 OSL R-021038 Kame sand 10 129 � 9

8 OSL R-021037 Kame sand 12 123 � 10

9 OSL R-021032 Kame gravel 30 71 � 5

Fig. 2 (a) Primet Hill (ca. 150 m high; see

Fig. 1c), with its glacial stoss- and lee-side

topography from roughly east to west. (b) Gla-

cially sculptured rocks at the top of Primet Hill,

with striations from ca. 140°, indicating the

inland origin of the last warm-based glacier that

overrode the hill. (c) Kame section by the Nizh-

naya River, optically stimulated luminescence-

dated by samples 7 and 8 in Table 1. It is covered

by a thin till, deposited by ice that moved from

inland towards the Kara Sea. (d) Sediment

section along the north side of the Gusinaya

River, corresponding to site 5 in Fig. 1c, and with

the sediment log shown in Fig. 3. (e) Glacially

sculptured rock near the lower Nizmennaya

River, with striations from ca. 290° documenting

an ice movement from the Kara Sea basin.
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from ca. 330° indicate that it was laid down by ice
coming from the Kara Sea. The upper parts of the gla-
ciolacustrine and fluvial sediment pile have been OSL
dated to ca. 150 Kya (Samples 5 and 6, Table 1), indi-
cating that the inland-derived, warm-based glaciation
sculpturing the underlying rocks was of Early Saalian
age (marine isotope stage 6, MIS 6; local terminology
Muruktin or Taz), or older.

A stratigraphically younger section further upstream
along the Gusinaya River indicates that a Late Saalian ice
movement from inland towards the coast also occurred
there. On the western side of the small Nizhnaya River, a
southern tributary to the Gusinaya River, about 500 m
upstream from the Nizhnaya–Gusinaya confluence, a ca.
15-m-high section has been cut through a kame (Fig. 2c).
The kame sand and gravel were deposited, overridden
and tectonized by a glacier moving coastwards from ca.
130–145°, which also left a thin (ca. 0.1 m) till draping
the top of the hill. We interpret this sequence as reflecting

an ice-marginal environment, with the tectonism and till
marking the last spasm of a wasting ice sheet centered
over the land. The kame sediments are OSL dated to ca.
125 Kya (Samples 7 and 8, Table 1). Considering that OSL
dates have been shown to often underestimate Eemian
ages (Murray & Funder 2003), we find it most likely that
this sequence marks the final melting of a Saalian ice
sheet in this area.

The age of the aforementioned Kara Sea till, which
overlies the sediment sections along the Gusinaya River
further downstream (e.g., Fig. 3) is, however, rather
uncertain. There may be a sedimentary hiatus associated
with the cobble and gravel zone just below it, and if this
is the case it could be as young as ca. 70 Ky, which is the
OSL age of sandy kame sediments deposited from the
north, 2 km south of our camp on the Gusinaya River
(Sample 9, Table 1). This would then be of roughly the
same age as the youngest Kara Sea ice sheet that reached
southwards to the mouth of the Yenisey River (Astakhov

Fig. 3 Main section on the north side of the

Gusinaya River (corresponding to Fig. 2d and to

site 5 in Fig. 1c). Further upstream, direct con-

tacts exist between (A) the glacially sculptured

rocks (with striations from inland roughly follow-

ing the river valley) and the overlying fluvial and

glaciolacustrine sediments (B). Upwards these

sediments coarsen (C), and an upper part of

the fluvial sediments carries out-sized clasts

(cobbles) in medium fraction sand (D). We could

not ascertain whether they are dropstones

heralding an approaching ice sheet, or are an

erosional remnant indicating a sedimentary

hiatus at this level. On top of that follows a bed

of coarse gravel (E), and then a diamicton inter-

preted as a till (F). It is up to 2-m thick, with a silty

matrix and a fabric showing that the ice came

from the Kara Sea basin. The optically stimu-

lated luminescence date, pre-dating the Kara

Sea ice advance, is from sample 5 in Table 1.
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& Mangerud 2005, 2007), and as the last major Kara Sea
ice terminating along the central parts of the NTZ
(Alexanderson et al. 2001; Alexanderson et al. 2002;
Hjort et al. 2004).

The Nizmennaya area

In contrast to the many sections cut by rivers and streams
into glacial, glaciofluvial and glaciolacustrine deposits in
the Gusinaya area, the Nizmennaya area is poor in such
features. Some till-covered areas and glacially transported
boulders of mostly local origin are all one encounters in
this respect. Most rock exposures on the flat tundra here
are extensively weathered, often with tors. However,
some rocks ca. 5 km upstream from the camp still retain
a weak stoss- and lee-side morphology, indicating ice
movement from inland, from ca. 160°.

A small rock exposure halfway between our camp
(Fig. 1) and the sea has a distinct stoss- and lee-side
sculpture, with striations made by ice coming from ca.
290°, from the Kara Sea basin (Fig. 2e).

Discussion and conclusions

The conclusion from these observations, especially from
along the Gusinaya River, is that on two documented
occasions glaciers have expanded north-westwards from
the western parts of the Byrranga Mountains and adja-
cent hills, towards the present coast of the Kara Sea. The
well-developed, warm-based ice-indicating sculpture on
top of the Primet Hill suggests that the ice was at least
thick enough to reach the present coast, only 5 km away,
and perhaps well beyond it. The distance from the sug-
gested inception area in the western Byrrangas to our
sites on the Gusinaya is at least 50–60 km, whereas the
distance from some hills closer to the sculptured rocks by
the Nizmennaya River is only ca. 10 km.

Thus, although the glacial morphology and the glacial
deposits on western Taymyr are to a large extent derived
from ice coming out of the Kara Sea basin (Grosswald
1980; Isayeva 1984; Alexanderson et al. 2001; Hjort et al.
2004; Svendsen et al. 2004), we can now document that
glaciers have also expanded extensively outwards from
the local highlands. As initially noted, glaciologically
speaking, this should be no surprise, and these glacial
expansions may parallel those from the Putorana high-
lands, east of the Yenisey River and just south of the
Taymyr Peninsula (Isayeva 1984; Hahne & Melles 1997;
Astakhov & Mangerud 2007). This inland inception
pattern, at least partly with warm-based glaciers, is
similar to a recently published scenario from the Sever-
naya Zemlya islands, some 400 km further north, by the
Kara Sea basin (Möller et al. 2007). There, stacked

sequences of tills interbedded with marine sediments
suggest that each Kara Sea ice-sheet cycle started with
local warm-based glaciers spreading onto the Kara Sea
shelf. But here they were later followed by cold-based
thermal regimes over the “inception islands” (Bolšijanov
2006, as discussed below), rather than by an invasive
Kara Sea ice sheet. These questions are further discussed
by Möller et al. (2008) and Ingólfsson et al. (2008) in this
issue.

Our inland inception pattern, at least spatially,
resembles the concept of local ice caps on the Taymyr
Peninsula and surrounding areas suggested by Bolšijanov
(2006: fig. 38). However, these ice caps were considered
to be “passive”, i.e., cold-based, glacially non-erosive and
leaving no glacial or glacifluvial deposits behind, only
traces of fluvial erosion associated with their melting.
Our documentation of warm-based, distinctly erosive and
sediment-depositing glaciers originating in the Byrranga
Mountains and surrounding hills therefore contradicts
some of these ideas. However, the presence on Taymyr of
cold-based, more or less “passive” local ice caps during
the LGM, when ice-sheet glaciation this far east seems to
have been very limited (e.g., Hjort et al. 2004; Svendsen
et al. 2004), should not be excluded.

According to our data, the last “active” and large-scale
glaciation of these parts of the Taymyr Peninsula seems to
date from ca. 70 Kya or, according to the OSL age of the
foreshore sediments associated with the marine limit,
may be even older. Thus, the reconstruction of the Kara
Sea ice sheet for our area around 60 Kya by Svendsen
et al. (2004: fig. 15) now seems doubtful, and that
depicted for 55–45 Kya by Larsen et al. (2006: fig. 10) is
certainly invalid. Both these reconstructions indicated
glaciation in the south-eastern Kara Sea basin. In that
area, the last large-scale inland-derived glaciation dates
from the Saale (MIS 6), and the last Kara Sea glaciation
dates from the Early Weichselian (MIS 5 or 4); whereafter
only local, cold-based ice caps may have existed.
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