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Abstract: A large part of the Ser-Rondane Mountains was once covered by the Antarctic ice sheet. The mountains
are in places mantled with variously weathered tills. Large crystals of gypsum found in deep glacial depressions
suggest the existence of lakes in a former warmer period. Based on the distribution, characteristics, and degree of
weathering of the tills, and the '%Be and 26 Al rock exposure dating, the glacial history of the Ser-Rondane Mountains
area is reconstructed as follows: 1) The mountains were covered by a wet-based ice sheet prior to late Pliocene. 2)
Deglaciation took place and the greater part of the mountains was exposed during mid-Pliocene. 3) The ice sheet
changed to dry-based one and re-advanced to about 100 m higher than the present ice surface during the early
Pleistocene. 4) Since middle Pleistocene the ice sheet has retreated to its present margin with only minor fluctuations.
A warmer climate period probably occurred during the late Pleistocene.
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Introduction

Several mountain ranges extend intermittently in an east-
west direction in Dronning Maud Land, and form barriers
damming the flow of inland ice. The Ser-Rondane Moun-
tains occupy the eastern part of these mountains, about 200
km south from the nearest coast (Fig. 1). A large part of the
Ser-Rondane Mountains was once covered by an expanded
ice sheet (Van Autenboer, 1964; Iwata, 1987; Hirakawa et
al., 1988; Hayashi and Miura, 1989; Aniya, 1989; Hirakawa
and Moriwaki, 1990). Hirakawa et al. (1988) and Hirakawa
and Moriwaki (1990) estimate that the surface of this ice
sheet, at the time of its maximum expansion, was about 400
m higher than at present in the central Ser-Rondane
Mountains. Van Autenboer (1964) proposed at least one
glacial fluctuation, based on the observation that glacial
gravels occupy taffoni formed by subaerial weathering,
occurring on the north-facing glaciated cliff of Menipa at
about 10 m above the present ice surface. He described also
periglacial landforms extensively developed in the moun-
tains, and considered they were probably formed under a
warmer and/or moister climatic regime, prior to the last
glaciation.

The mountains are in many places covered with tills
which show various degree of weathering. Relative ages of
these tills were classified into Stages 1, 2, 3 and 4 of
weathering (from youngest to oldest) on the basis of the
weathering characteristics of their surface gravels (Moriwaki
etal., 1991). These Stages 1-4 are roughly correlated with
the weathering stages 1—4 defined by Campbell and Claridge
(1987). In general, the degree of weathering of tills increases
with their height above the present ice surface (Fig. 2). By
analyzing cosmic ray bombardment products ('’Be and 26Al)
of bedrock, Nishiizumi et al. (1991) derived several radio-
metric ages allowing the dating of bedrock emergence from

Table 1. Minimum exposure age (Nishiizumi et al., 1991) and
relative height of rocks above the present ice surface.

Sample ID Relative height  Exposure age

TAC-9 3m 0.036+£0.01 Ma  re-buried inice
TAC-8 40 m 0.15+£0.02 Ma re-buried in ice
TAC-11 110m 0.88+0.08 Ma

TAC-10 180 m 1.77+£0.17 Ma

TAC-12 350 m 3.00£0.41 Ma

TAC-13 > 400 m 2.90+0.80 Ma

TAC-14 600 m >4 Ma

beneath the ice sheet (Table 1). Moriwaki et al. (1991)
correlated the till Stages with those cosmogenic-radiometric
ages based on their topographic location (Fig. 1) and relative
heights above the present ice surface (Fig. 2). This gives an
absolute time scale to the till Stages, and therefore to the
glacial history of the region.

Location and Characteristics of Tills

The older tills, comprising of those of Stage 3 and of Stage
4 have been exposed since the Pliocene, or at least the early
Pleistocene (Moriwaki et al., 1991). They are located on
flat-topped mountains, with a maximum height above the
present ice surface of 600 m, and on the floors of ice-free
valleys. Some of the tills attain several tens of meters in
thickness (maximum thickness is over 100 m at Nils
Larsenfjellet; Fig. 3). These thick tills were probably pro-
duced and transported by temperate ice prior to or during the
Pliocene, as suggested for thick tills in the Beardmore
Glacier region by Mercer (1972). Most of these older tills
(Stages 3 and 4) form basal till moraine fields, but some
constitute lateral moraines suggesting either stagnation or
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Fig. 1. Ser-Rondane Mountains. Locations of thick till (solid circle), large crystals of gypsum (open square), and
radiometrically dated rocks (open circle). Several high peaks are shown by solid triangles with altitudes in meters.
Upper right figure shows altitudinal distribution of the dated rocks, weathering Stages measured of tills and

topographic profile.

re-advance of the ice sheet.

The surfaces of the oldest tills form reddish (2.5YR6/8)
desert pavements in most places. Secondary salts are often
present beneath surface gravels. Soil profiles under the
desert pavement show mixed materials of silt to cobble size
wherever examined, and salt horizons are recognized at
depths of from 2 to 30 cm in the soil. The majority of salts
are sulfates, and in particular gypsum is most common in the
region (Hayashi and Miura, 1989; Matsuoka, 1991).
Matsuoka describes other sulfates (e.g. thenardite and
epsomite) which occur today in warm settings, for instance
on north-facing lee side slopes in the northern Ser-Rondane
Mountains, and in the older tills (Stages 3 and 4).

Although the top surfaces of the thick Stage 3 and 4 tills
are flat, they terminate abruptly in steep scarps on the top of
glacial valley walls within the mountains (Figs. 1 and 3).
Such a situation suggests these tills were deposited on an
extensive and gently sloping surface into which later gla-
ciation has incised glacial valleys, so producing several
separate mountain blocks.

The features of these older thick tills are similar to those
of the Sirius Formation in the Transantarctic Mountains
(Mercer, 1972; McKelvey et al., 1991a) and thick glacial
deposits (Bardin, 1982) or the Pagodroma Tillite (McKelvey
and Stephenson, 1990; McKelvey etal., 1991b) in the Amery
Oasis, particularly in regard to their geological settings.
However, neither fossils nor fluvioglacial deposits have yet
been found in the thick tills in the Ser-Rondane Mountains.
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Similar Stages 3 and 4 tills also occur in an ice-free valley
(Viking Valley: tentative place-name) in the western Sor-
Rondane Mountains (Fig. 1). The bottom of the valley is
lower than the surrounding present ice surface. Some of
these tills would have been supraglacial tills, that were
deposited on the valley floor during a subsequent deglaciation
(Iwata et al., 1991). In any case, the tills suggest that the
Viking Valley has been ice-free since perhaps the earliest
Pleistocene or even the latest Pliocene, in spite of its low
elevation.

Tills of Stage 2 are probably of middle Pleistocene age.
They form lateral moraines of small volume on some
mountain flanks and formerly glaciated valley walls at up to
100 m above the present ice surface (Fig. 4). They record
either stagnation or even a re-advance of the ice sheet. Their
small volume suggests they reflect a change to colder ice in
the middle or early Pleistocene, as suggested for the
Transantarctic Mountains region (e.g. Denton et al., 1970;
Mercer, 1972).

Tills of Stage 1 are supraglacial deposits which still retain
an ice-flow pattern morphology. They form thin moraine
fields extending from the lower part of mountain slopes out
to the surrounding ice. Most of them are located at nearly the
same level as that of the present ice surface. However some
Stage 1b tills are up to 30 m above the present ice surface
(Fig. 2). They probably indicate an upper limit of the ice
surface during Stage 1b. Tills of Stage la fringing the
outermost part of the moraine fields are located at up to 5 m


















