GLACIATION OF THE CENTRAL PART OF THE SOR RONDANE, ANTARCTICA:

GLACIOLOGICAL EVIDENCE
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Abstract: Ice thickness measurements, carried out by radio echo sounder and gravimeter in the central part of the
Ser Rondane Mountains, reveal a subglacial topography of the outlet glaciers and its tributaries characterized by U-
shaped valley profiles and overdeepened bedrock. Mass-flux measurements highlight the reduced flow of at least one
glacier (Jenningsbreen). This glacier is in the process of being cut off from the main ice supply and may serve as an
example for the deglaciation process. An interesting feature of this deglaciation is that, once decoupled from the main
ice supply, this glacier is probably characterized by an increased lowering of the ice surface gradient due to the
ablation which is characteristic for the upper part of the present outlet glacier. In the end this will result in a southward
flow of which examples can be found elsewhere in the mountains. On the basis of the field evidence a numerical flow
line model is presented to simulate the behaviour of the outlet glaciers of the central part of the mountains during the
last glacial maximum. These experiments show an increase of 300—-400 m in ice thickness under realistic assumptions
for mass balance, temperature and sea level. Some of the higher glacial levels are then attributed to an environment

characterized by a higher accumulation predating the last glacial maximum.
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Introduction

With respect to the glacial history of Antarctica, we
witness at present a shift of interest from a (deep) sea bottom
view towards a land based view. Indeed, much new evidence
is now emerging from continental Antarctica, both from
investigations of the continental shelf and from studies of
the ice-free areas. These ice-free areas can be subdivided
into low lying coastal oases and marginal mountain areas.
While the former originated from a general recent (Holocene)
ice sheet retreat, the latter is witness of a much longer glacial
history. This history can be followed through study of the
morphological features and sediments laid down by the
waxing and waning of outlet glaciers traversing the moun-
tain massifs. The paleogeography reconstructed from the
glacio-geological evidence is physically constrained by the
laws of glacier dynamics. In this respect it is interesting to
note that recently a three-dimensional ice cap model has
been put forward enabling for the first time a realistic
simulation of the Antarctic ice sheet as a whole during the
last glacial-interglacial cycle (Huybrechts, 1990a). On a
larger scale, for the simulation of outlet glaciers, we still
have to rely on numerical flow line models (Pattyn et al.,
1989).

In this paper we will focus on the Ser Rondane, a typical
coastal margin mountain range in Dronning Maud Land and
presenta glaciological view on the glaciation and deglaciation
of the range. Glacio-geological and geomorphological evi-
dence of this area were first described by Van Autenboer
(1964), Souchez (1966) and later mainly by Japanese workers
e.g. Iwata (1987), Hirakawa et al. (1988), Hayashi and Miura
(1989), Hirakawa and Moriwaki (1990). The glaciological
observations presented here have been collected through
participation in the Japanese Antarctic Research Expedition,
JARE 28 (1986-87), JARE 31 (1989-90) and JARE 32
(1990-91).

Mass Balance and Temperature Regime of the Ser
Rondane Area

The Ser Rondane Mountains are a 220 km long, east-west
lying mountain range with the highest elevation of 3000 m,
situated at a distance of 200 km from the coast and damming
the main ice flow coming from the polar plateau (Fig. 1). The
damming effect can clearly be seen by (i) the stepwise
topography of the glaciers (“ice fall”) at the southern rim
where they cut through the Ser Rondane (ii) the divergent
ice flow pattern imposed by the mountains and (iii) the
considerable reduced ice mass transport through the moun-
tains. The latter has been established by Van Autenboer and
Decleir (1974, 1978) by measuring the ice discharge through
each of the outlet glaciers over the entire northern margin of
the mountains. The total ice discharge, assuming a density
of 917 kg/m3, corrected for a probable underesti-
mation of 10% (Decleir er al., 1989) amounts to 1.76
km?3/y or a mean mass flux (defined here as the discharge of
ice per km) of 0.01 km?/y, calculated over the 180 km long
northern boundary of the mountains. This mass flux is
especially low if we compare this value with the mean mass
flux for the periphery of Antarctica as a whole which we
estimate at 0.15 km?/y (assuming a total net accumulation of
2000 km3/y of ice on a circular continent with mean radius
0f2105 km). As noted by Van Autenboer (1964) and Nishio
et al. (1984), the reduced ice flow through the mountains is
probably the reason for the sheltered and crevasse-free
inland ice slopes, northwards from the mountains until the
coast and ending in the relatively narrow Roi Baudouin Ice
Shelf.

The mass flux of the ice shelf at the coast is much larger
than the 0.01 km?/y flux through the mountains. By com-
paring the coastal configurations on a 1937 and 1960 map,
Van Autenboer (1964) estimated the ice shelf velocities at
about 300 m/y. These values agree with the results (veloci-

Recent Progress in Antarctic Earth Science: edited by Y. Yoshida et al., pp. 669 — 678.

© by Terra Scientific Publishing Company (TERRAPUB), Tokyo, 1992.



pREID BAY (|

@ BASE ROI
8AUDOUIN

BAUDOUIN ICE

BALCHEN-
— — —-FJELLA

<N :\‘_ —~ -
Favan NG = AT B
- NN N SN
- o N~ N -~ ]
SER RONDANEN =
0 ~ \\
60 ~ ~
7 3000— \\ \\ F~— _
Ve y ~ O T~
-7 / N N ~
- ~ N So
/ ~ \\ ~_
100 km \\ N \\\
—— AN

Fig. 1. Topographic map showing the Ser Rondane Mountain Range, the inland ice slope and Breid Bay.

ties ranging between 250 and 300 m/y) from the repeated
survey (1965-1967) of a geodetic network spanning the area
between Base Roi Baudouin and Derwael Ice Rise (Derwael,
personal communication). Assuming a mean frontal ice
thickness of 200 m a mean mass flux of 0.06 km?/y is in-
ferred. This leaves us with a horizontal mass divergence of
0.06 — 0.01 = 0.05 km?/y, which -in case of equilibrium-
must be compensated by a mean net mass accumulation of
0.30 m/y of ice over the 170 km inland ice slope and ice
shelf.

The areal distribution of the mass balance is however
difficult to assess. A net accumulation of 0.43-0.50 m/y of
ice was measured at Base Roi Baudouin (situated on the ice
shelf some 15 km from the coast) by drilling (Tongiorgi et
al., 1961) and from stake measurements (De Breuck, 1961).
A few kilometers further south, on the first slopes beyond
the grounding line (i.e. the transition zone between the
grounded ice sheet and the floating ice shelf), a higher
accumulation of 0.67 m/y was measured as should be ex-
pected in this coastal area where the precipitation is mainly
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caused by cyclonic activity. Further inland on the regular
rising inland slope and away from the moist bringing source,
both Belgian and Japanese stake measurements indicate a
rapid decrease of the accumulation to reach a few centimeters
at the foot of the Ser Rondane (altitude of 1000 m).

For the model calculations in this paper we will assume -
below 1000 m- a linear decrease of both mass balance M and
temperature 7 with altitude z.

M =0.50-0.00025 z
for z < 1000 m

T=257.4-0.0051z
with z in m, M in m/y of ice, and 7T in K. The lapse rate for
temperature has been taken from Fortuin and Oerlemans
(1990) and the sea level temperature adapted to the mean

temperature measured at Base Roi Baudouin. This gives for
the coastal area north of the Ser Rondane an average mass



balance of 0.38 m/y which is to be compared with the 0.30
m/y inferred from the horizontal mass divergence. From this
we infer the relatively independent existence of the coastal
ice sheet and ice shelf from the continental outflow, sheltered
as it is by the damming mountains. It should be added
immediately that Nishio ez al. (1984) estimated, on the basis
of a more recent hydrographic survey, much lower ice shelf
velocities and a discharge at the coast which exceeds the one
through the mountains by a factor of two only.

Further inland, beyond the mountains, the linear decrease
in temperature with altitude is much greater (Fortuin and
Oerlemans, 1990), while for the mass balance an exponential
decrease, typical for the cold polar deserts, was assumed

M =0.687 exp(-0.00106 z)
for z > 1000 m

T=266.4-0.0143 z
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Fig. 2. Parameterization of mass balance (a) and temperature (b)
in function of height above sea level.

The adapted temperature and mass balance profiles are
shown in Fig. 2. According to this mass balance param-
eterization, the whole region belongs to the accumulation
area (M > 0). However, within the mountains, especially
near the lee side of the wind-protecting ridges, extensive
blue ice zones exist. Based on satellite remote sensing data,
the blue ice coverage of the upper part of Jenningsbreen and
Gjelbreen was estimated at 45-50% of the glacier surface.
Non-systematic stake measurements, in the upper part of the
glacier valley, indicated in 80% of the cases a negative mass
balance (ablation values ranging between 0 and 0.30 m/y).

Glaciation of the Ser Rondane

Two relatively large glaciers, H.E. Hansenbreen and
Byrdbreen, near the western and eastern margins of the Ser
Rondane respectively, discharge about 73% of the total ice
transport through the mountains, underscoring the damming
effect of the central part of the mountains. Together with the
remaining outlet glaciers they divide the Ser Rondane into
a number of massifs separated by deep U-shaped valleys,
creating a complex landscape characterized in the first place
by selective linear glacial erosion. The intervening massifs
are indeed marked by cold based small valley glaciers and
local ice caps probably exerting little erosion. A number of
other features, however, testify here of a former higher and
much more active glacier stand of which the south-north
tending dry valleys, parallel to the present active outlet
glaciers, are the most prominent.

The extreme eastern part of the mountains, with peaks
never exceeding 2000 m, was completely overridden by the
ice as shown by the presence of erratics, the flat topography
of ridges and valleys, glacial striae etc. (Van Autenboer
1964; Hayashi and Miura, 1989). Moreover, the degree of
weathering, especially in the North Balchenfjella area with
the extensive occurrence of glacial polished and smooth
surfaces, led Hayashi and Miura (1989) to conclude to a
relatively recent retreat of the ice cover. Long lasting ice-
free conditions on the other hand are inferred in the western
partofthe mountains where, under influence of the subaerial
weathering, the retreat of the glaciated steep walls resulted
in rectilinear debris-covered slopes (Richter slopes) where
the angle of the rectilinear sections are governed by the
repose angle of the debris (Iwata, 1987). In the central part
ofthe mountains, the full scale of alpine morphology (arétes,
pyramidal peaks, cirques) witness of a former wetter and
warmer glacial conditions probably preceded the present-
day dry- and cold-based conditions. On the basis of morpho-
logical evidence as well as the presence of tills, erratics,
striae, roches moutonnées etc., Hirakawa ef al. (1988) were
able to reconstruct the elevation of the maximum stage of
glaciation and conclude in general to a 400 m higher glacier
stand, locally reaching 1000 m, at the foot of the ice fall.

We will now investigate in more detail the glaciological
conditions pertaining to this maximum glacial extent by
means of modelling. To do this we will first describe the
present characteristics of the glaciers and of the subglacial
relief.

Subglacial Relief of the Central Part of the Ser Rondane
In the central part of the Ser Rondane (Fig. 3) Gjelbreen
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