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Abstract: Striation patterns, till provenance and !9Be dating provide evidence of the development of a local ice sheet
in Northern Victoria Land up to the Early Pliocene. It appears to have formed prior to and independent of the glaciation
of Southern Victoria Land. Ice-free summit plateaus up to 800 m above the present ice surface show exposure ages
of approximately 4.0 Ma. Successively younger exposure ages are found at lower levels. We divide the Late Cenozoic
glacial history into three main phases. i) Until the Early Pliocene a local ice sheet occupied a peneplain, the remnants
of which now form a plateau landscape at altitudes between 2000 and 3000 m. Striation and erratic dispersal patterns
indicate that the centre of this Pliocene ice mass lay in the mountain ranges southeast of the Rennick Graben. This
area has undergone the highest amount of Cenozoic uplift and even today is part of the ice divide between the Pacific
and Ross Sea drainage areas. ii) During the Late Pliocene the ice began to cut valleys into this peneplain. Isolated
terraces, several hundreds of metres below the summit plateaus, are the remaining traces of the early part of this
erosion phase. iii) Since the Early Pleistocene the present drainage system has been developed with deeply incised
glacial valleys. We conclude that differential uplift of the Transantarctic Mountains, in connection with Cenozoic
rifting in the Ross Sea, has forced the ice drainage to change from a more or less radial flow pattern to valley drainage.
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Introduction

The history of Cenozoic glaciation in Antarctica goes
back to about 40 million years. It has long been a matter of
debate whether the Antarctic ice sheet has been in perma-
nent existence since then. Recently, evidence has accumu-
lated proving that the Cenozoic Antarctic ice sheet is not a
permanent feature, but has known numerous growth and
decay cycles (Barrettand McKelvey, 1981; Webbetal., 1983,
1984; Barrettetal., 1987,1989, 1991; Harwood et al., 1991;
Webb, 1991; Webb and Harwood, 1991).

In a recent paper Behrendt and Cooper (1991) raise the
issue of rapid tectonic uplift of the Transantarctic Mountains
since the mid-Pliocene and its effect on the climate history
ofthe area. They present evidence suggesting episodic uplift
rates in the order of 1 km/m.y. since the Middle Pliocene.
This is one order of magnitude higher than average rates
since the onset of uplift about S0 million years ago, based on
fission track analysis (Fitzgerald and Gleadow, 1988).

A paper by Webb and Harwood (1991) weighs the merits
oftwo currenttheories on the glaciation of the Transantarctic
Mountains. The Webb/Harwood theory, “multi-glacial dy-
namic ice sheet model”, holds that large ice volume varia-
tions occurred throughout the Tertiary. During the Early
Pliocene the ice volume decreased to one third its present
volume and relatively warm water invaded the Wilkes,
Pensacola and Amery subglacial basins. The East Antarctic
ice sheet has grown again during the Late Pliocene, eroding
marine fossil-bearing sediments from the basins and re-
working them into Sirius Group tills and the Pagodroma
Tillite.

In the “giant ice sheet hypothesis”, held by Denton et al.
(1983) and defended by Clapperton and Sugden (1990), the
East Antarctic ice sheet has been present for at least 20 m.y.

Their theory implies overriding of all but the highest sum-
mits of the Transantarctic Mountains during the Late Ter-
tiary and subsequent thinning of the East Antarctic ice sheet
(Denton ef al., 1984, 1986). This requires thickness fluc-
tuations of the East Antarctic ice sheet in the order of 1000
metres several times during the Tertiary (e.g. Mayewski,
1975; Mayewski et al., 1979; Mayewski and Goldthwait,
1985; Denton et al., 1984, 1986). It is assumed that the ice
sheet has become thinner by that amount since the Late
Tertiary, with minor Pleistocene and Holocene fluctuations
not overriding the Transantarctic Mountains.

In contrast with the giant ice sheet hypothesis the Webb/
Harwood theory explains the present high level of Sirius
Group glaciogenic deposits and pre-Quaternary striation
patterns by Late Cenozoic uplift of the Transantarctic
Mountains (Brady and McKelvey, 1983; Webb ez al., 1984,
1986; McKelvey et al., 1991). In their view the Tertiary
Antarctic ice sheets, which developed under relatively warm
conditions, were smaller and had a lower profile than those
developing under the much colder Quaternary conditions
(Harwood and Webb, 1990; Webb and Harwood, 1991).

In this paper we investigate the influence of tectonic uplift
on the glaciation history of Northern Victoria Land. The
main study area is the drainage basin of the Rennick Glacier,
the largest outlet glacier of the East Antarctic ice sheet in
Northern Victoria Land and also draining local alpine gla-
ciers. The Rennick Glacier (Fig. 1) follows an extensional
graben structure in which the stratigraphically highest unit
of the Transantarctic Mountains, Jurassic lavas of the
Kirkpatrick Basalts are preserved. The underlying sequence
is only exposed in the higher graben shoulders. It consists of
Permo-Triassic Beacon Supergroup sediments and Jurassic
Ferrar Dolerite sills unconformably overlying the Precam-
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a (sub-) Recent ice flow directions b Pliocene ice flow directions, striations, erratic dispersal
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Fig. 1. The research area in Northern Victoria Land. Fossil and recent ice flow directions. Data sources: Lanterman
Range and Lichen Hills, Denton et a/. (1986); Outback Nunataks, Hofle (1989); Mountaineer Range, Hofle et al. (1989).
Other data collected during GANOVEX V and VI (this study). (a) Recent ice drainage. Arrows show flow directions
of the main outlet and alpine glaciers in the study areas. Also indicated are Mesozoic and Cenozoic uplift axes (after
Roland and Tessensohn, 1987). (b) Pliocene and presumably Pliocene striations. Ice flow direction in the Mountaineer
Range is based on erratic dispersal (Hofle ez al., 1989). Arrow with question mark is from Denton ez al. (1986). Drainage
pattern suggests ice flowed from the centre west of the Mountaineer Range. (c) Early to Middle Pleistocene striations.
Drainage pattern is similar to the present valley drainage.

brian/Palaeozoic basement (Roland and Tessensohn, 1987).  Early Tertiary rifting in the Victoria Land Basin (Cooper
The Rennick Graben measures 600 km in a north-south  and Davey, 1985) the axis of maximum uplift shifted to the
direction and is 30 to 70 km wide. It forms a rift system that ~ west coast of the Ross Sea (Tessensohn and Worner, 1991).
probably was active from the Late Jurassic to the Early The time of deglaciation of many of the bedrock surfaces
Cretaceous (Cooper and Davey, 1985; GANOVEX Team, we discuss here is yet unknown. We only have a limited
1987). The western shoulder, formed by the Usarp Moun-  number of exposure ages from quartz samples taken during
tains and the Daniels Range, is the axis of Mesozoic uplift GANOVEX IV (1984/85) and V (1988/89) (Delisle et al.,
(Roland and Tessensohn, 1987). With the development of ~ 1989; Bremer et al., 1991). More than thirty quartz samples
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