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Abstract: The Transantarctic Mountains form one of the largest rift shoulder uplifts in the world. Uplift of the
mountains, and coeval subsidence in the Ross Embayment, are modelled with both elastic flexure equations and with
the viscoelastic finite element method. Most of the geological constraints are adequately satisfied by the elastic
flexure equations. Uplift of the Transantarctic Mountains requires an uplift force/unit area of about 200 MPa over an
approximate 60 km zone at the edge of the East Antarctic plate. This uplift is attributed to a sum of the following three
processes: thermal conduction of heat from the rifted west Antarctic lithosphere into the older, cratonic lithosphere
of East Antarctica; an isostatic uplift linked to a normal fault that penetrates the whole lithosphere; and about 2 km

of erosion that has occurred at the mountain front.
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Introduction

Numerical modelling using both finite element and finite
difference techniques provide important insights into geo-
logical processes. For example, stresses and associated
strains can be estimated for mountain uplift and compared
with geological and geophysical observations to ascertain
the mechanical efficacy of any uplift model. The
Transantarctic Mountains (Fig. 1) provide a favourable
example for such a modelling process as they are part of one
of the largest and most continuous continental rift margins
on earth. Adjacent to the Ross Embayment sector of the
uplifted mountains is the Victoria Land Basin which contains
up to 7 km of Cenozoic sediments, as inferred from seismic
reflection data (Cooper and Davey, 1985). The uplift and
adjacent subsidence appear to be roughly coeval, suggesting
the processes to be mechanically coupled.

Despite the extreme isolation of the Transantarctic Moun-
tains, there is an unusually complete set of geological and
geophysical observations that constrain the uplift and adja-
cent subsidence in the portion of the mountains shown in
Fig. 1. Fission track studies suggest at least 5 km of Ceno-
zoic uplift (Fitzgerald et al., 1987). Within the mountains
the Kukri Peneplain (Fig. 1) provides an excellent reference
surface that has been up-warped at the mountain front to
heights in excess of 3000 m and slopes gently back beneath
the ice sheet. About five determinations of dip on the
peneplain, at distances of roughly 40 km inland, suggest an
average dip of about 2-3° (see Stern and ten Brink, 1989).

Evidence for Flexure

Figure 2 shows a stack of rock-surface profiles that passes
through the Transantarctic Mountains and beneath the East
Antarctic ice sheet. Locations of the profiles are shown in
Fig. 1. Of note is the approximate 500 km distance between
the axis of apparent maximum uplift and the topographic
low (the Wilkes Basin) beneath the ice sheet. Such a dis-

tance, or half-wavelength, is typical of that for lithospheric
flexure where the flexural rigidity (i.e.“stiffness”) of the
lithosphere is high (an elastic thickness (Te) of around 100
km). Corroborative evidence that the topographic pattern
we see in Fig. 2 represents flexure of strong lithosphere
comes from the pattern of free-air gravity anomalies shown
in Fig. 1 where a broad free-air gravity low of about —50
mgal coincides with the axis of the Wilkes Basin. Such a
long wavelength gravity pattern strongly favours a flexural
origin for the Wilkes Basin rather than say a rift, or exten-
sional origin as discussed by Stern and ten Brink (1989) and
ten Brink and Stern (1992).

Uplift Mechanisms

Figure 3 is a cartoon summarising our present knowledge
of crustal structure at, and adjacent to, the mountain front.
The difference in crustal thickness of about 15 km between
East Antarctica and the Ross Embayment of West Antarc-
tica is within the range of that postulated by surface wave
dispersion studies (e.g. Adams, 1972). Isostatic balance for
the thin crust of the Ross Embayment, compared to that of
East Antarctica, is most likely achieved by a lower density
upper mantle for the Ross Embayment; both the thin crust
and lower density mantle being an outcome of extension.
Corroborating evidence for a hotter, and therefore less
dense, mantle within the Ross Embayment comes from heat
flow (Blackman et al., 1987) and petrological studies (Berg
et al., 1989).

Itis acommon finding from other areas thathave undergone
extension (e.g. the mid-Atlantic ridge (Talwanietal., 1965),
the Basin and Range of the western USA (Eaton, 1984) and
northwestern North Island of New Zealand (Stern et al.,
1987)) that the thin continental crusts in these areas can be
isostatically balanced by a reduction of density in an under-
lying upper mantle. We estimate that a reduction of density
of about 1.5%, or 50 kg/m?3, beneath the Ross Embayment,
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Fig. 1. (Left) Simplified bedrock topography (m) and bathymetry (m) of the Transantarctic Mountains, the Wilkes
Basin, and the Western Ross Sea (after Drewry, 1983). Numbered heavy solid lines are location of the 5 topographic
profiles shown stacked in Fig. 2. Dotted line represents highest peaks of the Mountain ranges where the Kukri
Peneplain is exposed. (Right) Tectonic elements of the Ross Sea (after Cooper er al., 1991) and the free-air gravity
(mgal) anomaly map over ice-covered areas (compiled from Groushinsky and Sazhina, 1978; Davey, 1981).

relative to East Antarctica, is sufficient to provide the mass
balance for the thin crust and shallow sea of the embayment
provided the density reduction is distributed evenly between
depths of 45 and 200 km.

The uplift-subsidence mechanisms summarised in Fig. 3,
that we propose are:

a) Thermal Uplift: Thermal conduction calculations (ten
Brink and Stern, 1992) suggest that after 70 m.y. the thermal
pulse from West Antarctica will have been conducted 60 km
laterally beneath the Transantarctic Mountains such that
average temperature in the upper mantle would have risen
on average 450°C (Fig. 4). With a thermal expansion of 3.4
x 103 K-! the expansion is equivalent to an uplift force/unit
area of between 20 and 80 MPa (1 MPa = 10° N/m?).

b)Erosion: A mountain range will rebound in response to
erosion, so erosion is in effect an uplift mechanism
(Stephenson and Lambeck, 1985). Although fission track
studies indicate at least 5000 m of uplift, erosion has reduced
the average elevation of the mountain front to heights of
typically around 2500 m. Thus erosion is an important factor
in an uplift analysis of the Transantarctic Mountains.

c)Isostatic forces: Isostatic forces are produced in the
presence of a lithosphere that is cut by an inclined, normal
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fault as discussed first by Vening Meinesz (1950) and later
by others (e.g. Bott, 1976). On the foot wall side of the fault
uplift occurs while on the hanging wall side of the fault there
is a net subsidence.

Elastic Plate and Finite Element Models

The principal features of the flexural uplift profile (Fig. 2)
can be successfully modelled with a simple thin elastic plate
model. Stern and ten Brink (1989) used a finite difference
approximation to the elastic plate equation and showed that
the total uplift of the Transantarctic Mountains, the dip on
the Kukri Peneplain and the half-wavelength of 470 km can
be explained by an elastic plate with an “effective” thickness
of 115 km that has a stress free edge at the mountain front,
i.e. a free-ended plate. We also found that in order to match
the observed dip of the Kukri Peneplain the elastic thickness
of the plate (or the stiffness) had to be reduced as the free
edge, or mountain front, is approached. This phenomenon of
reduced effective elastic thickness in regions of high plate
curvature is consistent with findings from other orogenic
belts (McNutt ef al., 1988).

The finite element approach has the advantage, compared
to using a simple elastic plate model, of allowing a more
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Fig. 2. Five topographic-subglacial profiles through the Transantarctic Mountains and through to the Wilkes Basin.
Dashed lines show the results from modelled flexure (after Stern and ten Brink, 1989). Values of Te for the three
models are shown. Locations for the profiles are shown in Fig. 1.
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Fig. 3. Conceptual model of uplift and subsidence at the Transantarctic Mountain Front.
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