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Abstract

The Transantarctic Mountains are a major geologic boundary that bisects the Antarctic continent, separating the
low-lying, tectonically active terrains of West Antarctica from the East Antarctic craton. A new comprehensive
aerogeophysical data set, extending 1150 km from the Ross Sea into the interior of East Antarctica provides insights
into the complex structure inland of the Transantarctic Mountains. Geophysical maps, compiled from 21 000 km of
gravity, magnetic and subglacial topography data, outline the boundaries of several geologic and tectonic segments
within the survey area. The coherent pattern in magnetic data and mesa topography suggests a subglacial extent of the
Transantarctic Mountains 400^500 km inland the last exposed rock outcrops. We estimate the maximum thickness of
a potential sediment infill in the Wilkes Subglacial Basin to be less than 1 km, based on gravity modeling and source
depth estimates from magnetic data. The coherent nature of the potential field and topography data, together with the
northwest^southeast trends, define the Adventure Subglacial Trench and the Resolution Subglacial Highlands as a
tectonic unit. The crustal structure and the strong similarity of the observed gravity with fold-and-thrust belts suggest
a compressional scenario for the origin of the Adventure Subglacial Trench and the Resolution Subglacial Highlands.
The complexity and apparent structural control of the Wilkes Subglacial Basin raise the issue of what influence pre-
existing structures may have played in the formation of the Transantarctic Mountains system. The previous
hypothesis of a thermal boundary beneath the mountains is difficult to reconcile with our new gravity data. The
apparent difficulties to match our new data with certain key aspects of previous models suggests that a reassessment
of the existing uplift models is necessary. We have modeled the prominent gravity anomaly over the Transantarctic
Mountains with thicker crust.
2 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The Transantarctic Mountains, a more than
3500-km-long and 4500-m-high mountain range,
mark the lithospheric and morphologic boundary
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between the East Antarctic craton and an assem-
blage of allochthonous crustal blocks forming
West Antarctica (Fig. 1) (e.g. [1,2]). The high
relief of the Transantarctic Mountains £anks
the low-lying Ross Embayment consisting of the
Ross Sea, the Ross Ice Shelf, and the interior
Ross Embayment. The Ross Embayment is
comprised of several sedimentary basins of the
West Antarctic rift system [3^5]. The extreme re-
lief of the Transantarctic Mountains and the sim-
plicity of their gently tilted structure has
prompted a variety of models as to their origin.
These models include a tilted block forming the
uplifted hanging wall above a low-angle detach-
ment fault [6], and a £exurally uplifted footwall
of an unloaded plate edge bounded by a high-
angle normal fault [7]. The cause for the uplift

of the Transantarctic Mountains remains poorly
understood.
On the backside of the Transantarctic Moun-

tains a long-wavelength downwarp in subglacial
topography has been interpreted as the Wilkes
Subglacial Basin. This basin parallels the moun-
tain range on the inland side and is thought to
contain several kilometers of sediment in¢ll [8].
Contrasting models for the origin of the Wilkes
Subglacial Basin range from rifted crust [8^10] to
a £exural origin [7,11]. The £exural models link
the formation of the Wilkes Subglacial Basin to
the Cenozoic uplift of the Transantarctic Moun-
tains, while the rift model proposes a more recent
origin of the Wilkes Subglacial Basin. Between the
Wilkes Subglacial Basin and Dome C lies a 1500-
m-deep and 50-km-wide trench, the Adventure

Fig. 1. Subglacial topography and bathymetry map of Antarctica [42]. The Ross Embayment comprises the Ross Sea, the Ross
Ice Shelf and the Interior Ross Embayment. Black line marks location of EAST 93 traverse adjacent to the aerogeophysical sur-
vey area (red box) [11].
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Subglacial Trench (Fig. 1). Drewry et al. [8], Steed
and Drewry [9] and Ferraccioli et al. [10] pro-
posed rifted crust beneath the trench and between
3 and 10 km of sediment in¢ll. Data coverage
over this structure is sparse and its origin remains
unconstrained.
In order to understand the uplift of the Trans-

antarctic Mountains, both the Ross Sea and the
hinterland need to be included in the analysis.
Over the past decades, the Ross Sea has been
studied extensively, however, evidence is emerging
that the existing geophysical models of the forma-
tion of the Ross Sea basins and their relationship
to the Transantarctic Mountains need to be re-
assessed [12]. The sparse data coverage on the
backside of the Transantarctic Mountains has
precluded any comprehensive analysis of the geo-
logic and tectonic structure of this region to date.
The aim of this paper is to reassess the structure
of the backside of the Transantarctic Mountains
in light of new aerogeophysical data.

2. Aerogeophysical data

2.1. Survey design

We use a set of integrated airborne geophysical
data collected onboard a ski-equipped DeHavil-
land Twin Otter aircraft operated by the US Na-
tional Science Foundation’s Support O⁄ce for
Aerogeophysical Research (SOAR). The survey
area covers 1150 by 116 km, ranging from Mc-
Murdo Sound towards Dome C (Fig. 1). In total,
more than 21 000 line-km of gravity, magnetic
and ice-penetrating radar data were acquired dur-
ing the austral summer 1999/2000. The survey was
£own on a grid with £ight lines spaced 10.6 km
apart and tie lines every 31.8 km. Additional pro-
¢les have been acquired for the southern half of
the Dome C block resulting in a 5.3-km line spac-
ing. The survey was £own at constant barometric
altitudes. Flying heights were 3720 m for the
Dome C block (western half of the survey grid)
and 3050 m for the Transantarctic Mountains
block (eastern half of the survey grid). Departures
from these £ying heights were occasionally neces-
sary to avoid icing conditions or elevated terrain.

2.2. Positioning

The correction of large vertical accelerations for
the gravity measurements demands high-precision
positioning of the aircraft. Dual-frequency carrier
phases of the Global Positioning System (GPS)
were collected simultaneously at a 1-Hz rate by
three receivers on the aircraft and three receivers
at the base station. A di¡erential carrier phase
solution has been calculated for each £ight using
the Kinematic and Rapid Static (KARS) GPS
package [13]. The root mean squared error esti-
mate of all GPS solutions is below 0.04 m.

2.3. Magnetics

The total intensity of the Earth’s magnetic ¢eld
was recorded by a towed Cesium vapor magneto-
meter (a Geometrix 823A) at 10 Hz with an esti-
mated precision of 0.001 nT. The 10-Hz data were
down sampled to 1 Hz for data reduction which
corresponds to an average spatial sampling dis-
tance of 70 m at an average ground speed of 70
m/s of the survey aircraft. The raw magnetic data
have been corrected for diurnal variations re-
corded at magnetic base stations within the survey
area. The International Geomagnetic Reference
Field (IGRF) has been removed to obtain the
total ¢eld anomaly. In order to improve the in-
ternal consistency of the magnetic data, we re-
moved a trend of order two from the pro¢le
data. The standard deviation of the network ad-
justed crossover error is 18 nT. Di¡erences in
£ight elevations have been compensated for by
respective 2-D upward or downward continuation
of the pro¢les to 3720 m for the Dome C block
and 3050 m for the Transantarctic Mountains
block. The composite grid was continued to a
draped surface 3600 m above the subglacial to-
pography using Cordell et al.’s method [14].

2.4. Gravity

A Bell Aerospace BGM-3 gravimeter, mounted
on a gyro-stabilized platform, has been used for
measuring relative changes in the Earth’s gravity
¢eld. High-amplitude noise in the raw gravity
data has been removed by low-pass ¢ltering in
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the frequency domain. The ¢lter is a cosine taper
that begins its roll-o¡ at 0 Hz and reaches in¢nite
attenuation at 0.006 Hz [15,16]. Vertical acceler-
ations of the aircraft dominate the ¢ltered raw
gravity signal. The gravity signal of the vertical
accelerations and the gravity e¡ect of a moving
platform on a rotating Earth are removed by ap-
plying an Eo«tvo«s correction for airborne measure-
ments [17]. The resultant data are corrected with
the latitude correction for the GRS-80 ellipsoid
and the free-air correction to yield the free-air
anomaly at the £ight elevation. Crossover errors
at intersections between £ight lines and tie lines
have been minimized by linear trend removal. The
standard deviation of the network adjusted cross-
over error is 2.6 mGal. The free-air gravity mea-
surements have been tied to the International
Gravity Standardization Network (IGSN71) at
McMurdo. The Transantarctic Mountains block
free-air gravity grid was upward continued to
3720 m in the frequency domain in order to
have a common £ight elevation for the composite
free-air gravity grid. The gridded free-air gravity
and ice surface and subglacial topography data
have been used to compile a Bouguer anomaly.
We calculated the 3-D gravitational e¡ect of the
density contrast between the ice surface and air
and between the bedrock and the ice sheet using
Parker’s frequency domain approach [18]. The se-

ries of Fourier transformations has been trun-
cated after N=7 terms. Bulk densities of 900 kg
m33 and 2670 kg m33 have been assumed for ice
and bedrock respectively.

3. Topography, gravity and magnetic anomalies

3.1. Subglacial topography

The subglacial topography map has been com-
piled from ice surface elevation and ice thickness
estimates derived from ice-penetrating radar data
along pro¢les. The standard deviation of the
crossover errors at intersections is 2.7 m for the
ice surface elevation estimates and 81 m for the
ice thickness estimates. Elevations are referenced
to the WGS-84 ellipsoid. The subglacial topogra-
phy shows several characteristic terrains. A step in
topography from sea level to more than 2500 m
around 163‡E (km 1100 in Fig. 2a) marks the
transition from the low-lying Ross Embayment
to the Transantarctic Mountains front (Fig. 3b).
A 400-km-long downwarp of the topography
from the highest elevations (2000 m) to around
31000 m at 145‡E (km 630 in Fig. 2a) de¢nes
the subglacial extent of the Transantarctic Moun-
tains. The topographic low centered at 630 km is
the axis of the Wilkes Subglacial Basin (WSB)

Fig. 2. Transect along the survey area. The pro¢le is located in the center of the survey area of Fig. 1.
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[8,11,19]. To the west of this topographic low the
topography increases to 500 m near 135‡E (km
630^425 in Fig. 2a) forming the Resolution Sub-
glacial Highlands (RSH). Near 135‡E, the topog-
raphy drops from 500 m down to 31000 m (km

425 in Fig. 2a). This steep, 60^80-km-wide trench
is known as the Adventure Subglacial Trench
(AST). Throughout the survey area, the eastern
slope of this trench is consistently steeper than
its western slope. West of the Adventure Subgla-

Fig. 3. (a) Transect across the survey area and distance scale for orientation. (b) Ice surface elevation in meters above sea level
from ice-penetrating radar data. Red areas mark rock outcrops in the Transantarctic Mountains. Contour-line interval is 25 m
above 2000 m. RE is Ross Embayment. (c) Subglacial topography in meters above sea level from ice-penetrating radar. Contour
interval is 200 m. White line marks location of radar pro¢le in Fig. 5. AST, Adventure Subglacial Trench; BSH, Belgica Subgla-
cial Highlands; RSH, Resolution Subglacial Highlands; TAM, Transantarctic Mountains. (d) Free-air gravity anomaly in mGal.
Contour-line interval is 10 mGal. (e) Bouguer anomaly in mGal.
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cial Trench, the subglacial topography varies be-
tween 3500 and 1000 m and is part of the Belgica
Subglacial Highlands (BSH).

3.2. Free-air and Bouguer gravity

A distinct change in Bouguer gravity (Fig. 3e)
from around 0 to 3125 mGal near 163‡E marks
the transition from the Ross Embayment to the
Transantarctic Mountains (km 1100^1000 in Fig.
2b). West of the Transantarctic Mountains, the
Bouguer gravity increases in a smooth slope
from 3150 to 375 mGal (km 900^550 in Fig.
2b). Earlier studies observed distinct Bouguer
and free-air gravity anomalies over the Wilkes
Subglacial Basin to the north [8]. No Bouguer
or free-air anomaly is observed in this crossing
of the Wilkes Subglacial Basin. The Bouguer
gravity shows a pronounced up to 3200 mGal
low 100 km east of the Adventure Subglacial
Trench. West of the Adventure Subglacial Trench,
the Bouguer gravity shows a plateau with a slight
increase towards 3125 mGal over the Belgica
Subglacial Highlands. West of the Belgica Subgla-
cial Highlands, the Bouguer gravity decreases to
3175 mGal.

3.3. Magnetics

The magnetic anomaly map shows a wide vari-
ety of characteristic wavelengths and amplitudes
indicating changes in subglacial geology (Fig. 4).
Beginning in the east over McMurdo Sound (162^
166‡E), the magnetic ¢eld is very smooth with
amplitudes around zero (km 1150^1050 in Fig.
2c). Over the Transantarctic Mountains, the
anomaly ¢eld is dominated by circular short-
wavelength (5^20 km) high-amplitude (up to 500
nT) anomalies (around 160‡E). Some of these
anomalies are aligned north^south while others
are isolated peaks. These short-wavelength
anomalies are probably caused by doleritic dykes
and sills in the Transantarctic Mountains. Pre-
vious workers noted that the Transantarctic
Mountains do not have a corresponding magnetic
anomaly in contrast to other orogenic mountain
belts [20,21].
A distinct change in magnetic character, run-

ning from 157‡E in the north to 160‡E in the
south, marks the boundary between the smooth
¢eld over the Transantarctic Mountains^Mc-
Murdo Sound area and the high amplitude mag-
netic ¢eld over the back side of the Transantarctic
Mountains from 143‡E to 157‡E. The magnetic
¢eld over the backside is a composite of short-
and long-wavelength anomalies with almost en-
tirely positive amplitudes. The long-wavelength
anomalies are of the order of 100 km and up to
250 nT and represent most likely sources between
10 km and the Curie Point isotherm. This long-
wavelength structure is modulated by short-wave-
length (5^10 km) low-amplitude ( U 50 nT) anom-
alies indicating shallow sources (Fig. 3). West
of 143‡E, the texture of the magnetic anomalies
changes to a smooth long-wavelength pattern.
This pattern is only disrupted by a high-amplitude
negative^positive couple between 128‡E and
136‡E. The peak-to-through amplitudes on the
pro¢le data are as high as 3600 nT. Given the
average distance between the source rocks and
the sensor is around 3.5 km in this area, the
peak-to-through amplitude of these anomalies
is extraordinary. The observed high-amplitude
structure is at the edge of the survey area and
only a small part of the structure is mapped.
The large distance to rock outcrops and other
known tectonic features makes a reliable interpre-
tation with respect to the geologic nature di⁄cult.

3.4. Enhancement of magnetic data

In order to aid geologic interpretation potential
¢eld data are often analytically transformed to
enhance certain characteristics which are diagnos-
tic of the structural and geologic setting within
the survey area.
The magnitude of the horizontal gradient of the

total ¢eld anomaly enhances the structural trends
in the magnetic data. The horizontal gradient acts
as a high-pass ¢lter which enhances shallow
source lineaments in the magnetic data. The trend
of the maxima and minima and lineaments follow
the edges of source bodies with di¡erent magne-
tization. Thus, the lineaments in the horizontal
gradient map re£ect the structural trends of the
shallow subglacial lithology.
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The absolute value of the 3-D analytic signal is
de¢ned as the square root of the squared sum of
the vertical and the two horizontal derivatives of
the magnetic ¢eld [22]. The shape and absolute
value of the amplitude of the analytic signal are
independent of the direction of magnetization and
of the Earth’s magnetic ¢eld. The absolute value

of the 3-D analytic signal has maxima over mag-
netic contacts. In addition to being an interpreta-
tional aid, the analytic signal can also be used to
estimate the depth to the source. The half width
of the bell-shaped analytic signal roughly equals
the depth to the magnetic source [22,23].
Upward continuation of the total magnetic ¢eld

Fig. 4. (a) Transect across the survey area and distance scale for orientation. (b) Total ¢eld magnetic anomaly in nT, draped
3600 m onto the subglacial topography. (c) Amplitude of the horizontal gradient of the total ¢eld anomaly. (d) Analytic signal
of magnetic anomaly. (e) 10 km upward continued magnetic anomaly in nT.
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accentuates anomalies caused by deep sources and
attenuates anomalies caused by shallow sources.
In particular, this technique can be utilized to re-
move the magnetic signal from the Jurassic doler-
itic sills and dykes of the Ferrar Group over the
Transantarctic Mountains and their hinterland.
The result is a magnetic map which re£ects deeper
sources. Long-wavelength magnetic anomalies
most likely re£ect the pattern of crustal magneti-
zation (induced and remanent) down to the level
of the Curie isotherm at 30^60 km in continen-
tal regions. However, long-wavelength magnetic
anomalies can be caused by sources at any level
in the crust (e.g. [24]).

3.5. Synoptic view

The horizontal gradient, the analytic signal,
and the upward continued magnetic ¢eld all
show similar structures which coincide with pat-
terns in the subglacial topography and Bouguer
gravity maps (Figs. 3 and 4). In order to remove
the e¡ect of the distance between source and re-
ceiver we use the magnetic ¢eld draped 3600 m
above the subglacial topography as input. The
illuminated surface of the horizontal gradient en-
hances the structural trend and the short-wave-
length structure of the magnetic data. Between
the eastern boundary of the survey grid and
162‡E, the horizontal gradient shows a very
smooth, featureless area, probably caused by the
sediment cover of the Ross Embayment. Between
162‡E and 142‡E the horizontal gradient forms a
short-wavelength, high frequency pattern. This
pattern continues over the previously proposed
location of the Wilkes Subglacial Basin (near
145‡E) and does not show the typical smooth
and quiet pattern observed over sedimentary ba-
sins for example east of the mountain front over
the Ross Embayment. Further to the west, be-
tween 142‡E and the western boundary of the
survey grid the horizontal gradient develops a
structural texture which aligns NS to NW^SE.
The structure is formed by elongated ridges and
troughs which have much longer wavelengths
than the pattern observed over the Transantarctic
Mountains. The orientation of these lineaments
coincides with the main trends observed in the

subglacial topography and Bouguer gravity (Fig.
3). Within this region, two smooth areas can be
observed: the ¢rst one is located between 135‡E
and 140‡E. This smooth area coincides with a
distinct low in Bouguer anomaly (Fig. 3e) and
could be an indication for sediment in¢ll. The
second smooth area is located between 125‡E
and 127‡E. This structure is along the transition
from a high to a low in the Bouguer gravity.
The analytic signal outlines a similar structural

pattern as the horizontal gradient (Fig. 4). The
area east of 162‡E shows very smooth, low am-
plitude structure. Between 162‡E and 142‡E the
analytic signal is comprised of circular, short
wavelength anomalies of intermediate amplitude.
The half width of the circular anomalies re£ects
source depths close to the ice^bedrock transition
and slightly deeper. West of 162‡E the half width
of the analytic signal increases signi¢cantly, indi-
cating deeper sources. The features in the analytic
signal are oriented NS to NW^SE. The ampli-
tudes are larger than over the Transantarctic
Mountains and the Ross Sea.
The long-wavelength magnetic anomalies visi-

ble in the upward continued magnetic ¢eld sup-
port the concept that the boundaries identi¢ed in
the magnetics, the horizontal gradient and the an-
alytic signal outline major coherent crustal units
within the survey area (Fig. 4). The same bound-
aries can be observed in the long-wavelength
anomalies. However, the locations of these
boundaries are less well de¢ned due to the lower
frequency content of the upward continued ¢eld.
Over the Ross Embayment (east of 162‡E) the
upward continued magnetic ¢eld shows very small
amplitudes (around 50 nT). The Transantarctic
Mountains block (between 162‡E and 142‡E)
shows amplitudes around 150 nT. The highest
amplitudes in the long-wavelength ¢eld are ob-
served west of 142‡E.

4. Tectonic and geologic segments

On the basis of textural di¡erences in subglacial
topography, gravity and magnetic anomalies, the
survey area can be divided into several segments,
each representing a tectonic/geologic unit.

EPSL 7015 17-3-04 Cyaan Magenta Geel Zwart

M. Studinger et al. / Earth and Planetary Science Letters 220 (2004) 391^408398



4.1. Transantarctic Mountains

Previous workers used the subglacial mesa to-
pography observed on ice-penetrating radar pro-
¢les to estimate the subglacial extent of the
Transantarctic Mountains [25]. The terraced
morphology is thought to be caused by Ferrar
dolerite sills overlying the sedimentary strata of
the Beacon Supergroup [25]. Within our survey
area we can also identify this topographic pattern
diagnostic for the Transantarctic Mountains on
several radar pro¢les (Fig. 5). Both, the coherent
pattern in magnetic anomalies and the topo-
graphic signature from 160‡E to 145‡E support
the idea that this unit represents the subglacial
extent of the Transantarctic Mountains. The
topographic signature and the magnetic anomalies

may be caused by rocks of the Beacon Super-
group and the Ferrar sills. We modeled the mag-
netic e¡ect of a thin layer of sill on top of the
mesa topography (Fig. 5). The shape of the ob-
served magnetic anomaly over two of the mesa
structures (between km 70 and 85 and between
90 and 100) suggests a close correlation with the
subglacial topography. Magnetic susceptibilities
for the Ferrar Dolerites vary more than one order
of magnitude [26]. We used susceptibilities which
are close to the average value for the present-day
magnetic ¢eld. Our apparent susceptibilities in-
clude remanent magnetization which according
to Bull et al. [27] is polarized in the same direction
as the present-day magnetic ¢eld. Higher or lower
apparent susceptibilities would only result in a
thinner or thicker layer of the causative model

Fig. 5. (a) Ice-penetrating radar pro¢le showing the mesa structure of the subglacial topography inland of the region with ex-
posed rock outcrops. A scale using the distance along the transect has been added to aid comparison with all other ¢gures. For
location of pro¢le see Fig. 3b. (b) Observed and modeled magnetic anomaly. (c) Magnetic model used to calculate the e¡ect of
Ferrar dolerites. Apparent susceptibilities M are in SI units.
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bodies. The surrounding rocks have been assigned
the average weak susceptibility M=1.6 1036 (SI
units) of the Beacon group [26] and M=0 for the
ice sheet, respectively. We intended to keep the
magnetic model as simple as possible and focus
only on the origin of the short-wavelength
anomalies. We are not concerned about the mag-
netic anomalies observed at the beginning of the
pro¢le (km 0^40 in Fig. 5) and at the eastern end
(km 110^140). The observed magnetic anomaly
over the mesa structure can be modeled by a
thin layer of Ferrar dolerite sills. Near km 60, a
dyke source explains the observed magnetics. The
magnetic model con¢rms the interpretation of
Steed [25] that the mesa structure is probably cre-
ated by Ferrar dolerites on top of Beacon Group
sediments. However, we also observed mesa to-
pography not associated with magnetic anomalies
(km 30^35 in Fig. 5). The magnetic model sup-
ports our interpretation that the short-wavelength
anomalies are most likely caused by the subglacial
extent of the Ferrar dolerites. Based on the coher-
ent pattern in magnetic data and mesa topogra-
phy the Transantarctic Mountains continue be-
neath the ice for at least 400^500 km from the
last rock outcrops near 160^145‡E (Fig. 3).

4.1.1. Endmember models for the response to loads
Modeling of the free-air gravity anomaly across

the Transantarctic Mountains can o¡er insight
into the mechanisms responsible for their forma-
tion and the density structure beneath the moun-
tains. We have investigated the gravity e¡ect of
both, the long-wavelength gravity variations pre-
dominantly caused by the topography of the
crust^mantle boundary, and by lateral changes
in the deeper density structure. First, we calculate
the gravity e¡ect of two mechanical endmember
scenarios for the response of the lithosphere to
applied geological loads: Airy isostasy, a local
isostatic scheme, that supports topography via
crustal thickening, and second, a model that cal-
culates the £exural response to loads near the
mountain front.
A £exurally weak lithosphere (Airy model) sup-

ports a topographic load by local compensation
at the crust^mantle boundary. The ice cover be-
hind the Transantarctic Mountains plays a signif-

icant role in loading the lithosphere and we as-
sume that the ice sheet has been in place long
enough for the system to achieve isostatic equilib-
rium. For local compensation, the crustal thick-
ness change in response to the load can be calcu-
lated:

v zmoho ¼

3ðhiceb ice þ zbedrockb crustÞ=ðbmantle3b crustÞ ð1Þ

where hice is the ice thickness, zbedrock is the eleva-
tion of the bedrock topography, bice is the average
bulk density of the ice sheet, and bcrust and bmantle

are the densities of crust and mantle. Densities for
the ice sheet, crust, and mantle are 900 kg/m3,
2800 kg/m3, and 3400 kg/m3, respectively. The
absolute depth of the crust^mantle boundary
was tied to known crustal thickness estimates
from teleseismic receiver functions (e.g. [28],
around 35^40 km). Our gravity modeling, how-
ever, is generally insensitive to the absolute depth
of the Moho.
The Moho topography of the second endmem-

ber model, the £exural unloading of an semi-in-
¢nite elastic plate, is fundamentally di¡erent from
the Airy model. If the Transantarctic Mountains
represent a £exural rift £ank engendered by Ross
Embayment extension, the Moho topography
should generally parallel the topography of the
uplifted rift shoulder [11]. The vertical de£ection
W(x) of a lithospheric plate under a load P per
unit area can be described with the following dif-
ferential equation (thin plate approximation) (e.g.
[29]) :

DW9 4WðxÞ þ vb WgWWðxÞ ¼ P ð2Þ

where D is the £exural rigidity, vb is the density
contrast, and g is the gravitational acceleration.
The £exural rigidity D is related to the e¡ective
elastic thickness Te by:

D ¼ ET3e
12Wð13v2Þ ð3Þ

where E is Young’s modulus and X is Poisson’s
ratio. Ten Brink et al. [11] assumed a broken or
semi-in¢nite plate with the East Antarctic litho-
sphere having a free edge at the Transantarctic
Mountains front. Using the boundary conditions
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for a broken plate, Eq. 2 can be solved with a
¢nite di¡erence method allowing for lateral varia-
tions in £exural rigidity and load distribution. In
our calculations we use the same load distribution
as ten Brink et al. [11] : a load resulting from
thermal buoyancy, an erosional load, the load of
the ice sheet, and an isostatic end load ([11], ¢g. 7
herein). The only exception is that our ice load
has been calculated using the observed ice thick-
ness from radar data rather than the simpli¢ed
geometry of ten Brink et al. [11]. The di¡erence
in the calculated £exural response between the
two loads, however, is very small. Following ten
Brink et al. [11], Te increases linearly from Te =5
km at the coast to Te =85 km 130 km inland from
the coast.
Fig. 6 shows the computed gravity assuming

Airy and £exural unloading schemes for the
Moho topography across the study area. The
Airy model ¢ts the gravity for the Transantarctic
Mountains much better than the £exural unload-
ing scheme. The gravity for the £exural unloading

model di¡ers signi¢cantly from the observed free-
air gravity across the Transantarctic Mountains.
Fig. 6 illustrates the need for low density mate-

rial beneath the Transantarctic Mountains in or-
der to match the observed and modeled gravity.
Ten Brink et al. [11] hypothesize that the long-
wavelength gravity e¡ect that results from the jux-
taposition of two di¡erent crustal and lithospheric
regions is the source of the lower gravity anoma-
lies observed over the Transantarctic Mountains.
The density change vb between the Ross Embay-
ment and East Antarctica, related to the temper-
ature change vT is :

v b ¼ b 0ð13KvTÞ ð4Þ

where b0 is the East Antarctic mantle density
(3350 kg/m3), K=3.4W1035 K31 is the coe⁄cient
of thermal expansion, and vT is the temperature
change in the mantle (285‡K) [11]. This temper-
ature induced density change proposed by ten
Brink et al. ([11], ¢g. 9 herein) is di⁄cult to rec-
oncile with our observed gravity anomaly (Fig. 7).

Fig. 6. 2-D free-air gravity models along the pro¢le. (a) Observed and modeled free-air gravity. (b) View of the upper crust and
ice sheet. Superimposed onto the observed topography is the modeled £exural response of the broken plate under load (dashed
line). The £exural basin predicted from modeling is between km 220 and 790. (c) Moho topography used to model gravity. The
absolute depth of the crust^mantle boundary was tied to known crustal thickness estimates from teleseismic receiver functions
(e.g. [28], around 35^40 km) near km 900. The predicted gravity has been tied to the observed gravity at km 630.
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Moving the thermal boundary 50 km further in-
land only slightly improves the ¢t. The calculated
gravity anomaly does not match the shape and
amplitude of the observed gravity anomaly be-
tween the Wilkes Subglacial Basin and the Trans-
antarctic Mountains. Similarly, the predicted
gravity of a transitional boundary is di⁄cult to
match with our new gravity data.
The gravity model along the EAST93 traverse

by ten Brink et al. [11] did not cover the transition
into the Ross Embayment, which is a crucial con-
straint for the modeling (Fig. 7a). Because the
modeled thermal boundary is located outside the
area with gravity data and the length of the pro-
¢le (300 km) is comparable to the depth of the
sources (250 km), the gravity model by ten Brink
et al. [11] is only weakly constrained. In summary,
using a thermal low-density structure associated
with the boundary between the Ross Embayment
and the Transantarctic Mountains as suggested by
ten Brink et al. [11] makes it di⁄cult to match our
new gravity data with the modeled gravity.

The low density material beneath the Transan-
tarctic Mountains may re£ect crustal thickening
there, or it could be due to lateral variations in
crustal or mantle density [30]. We have calculated
the crustal thickening necessary to match the ob-
served and modeled free-air gravity anomaly (Fig.
7). For simplicity, we assume that the long-wave-
length variations of the gravity anomaly are pre-
dominantly caused by the topography of the
crust^mantle boundary. For this reason we con-
strain the crustal thickness variations along the
pro¢le by ¢tting the long-wavelength components
of the predicted gravity to the observed gravity.
Our intention is to keep the gravity model as
simple as possible. Over the Transantarctic
Mountains, a thin low-density layer of Beacon
sediments improves the short-wavelength ¢t (Fig.
7), which is in agreement with results from pre-
vious studies [11]. The density of the Beacon sedi-
ments has been estimated by laboratory measure-
ments to be 2400 kg/m3 [31]. The overall
contribution of the Beacon sediments to the mod-

Fig. 7. 2-D free-air gravity models. (a) Observed and modeled free-air gravity. The approximate location of the EAST93 traverse
[11] has been projected onto the pro¢le. For exact location see Fig. 1. (b) Density distribution used for the £exural unloading
model of ten Brink et al. [11]. (c) Crustal thickness variations and sedimentary basins used for modeling the gravity of the crustal
thickening model. The predicted gravity has been tied to the observed gravity at km 630.
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eled gravity is small (less than 6 mGal). For this
reason, the uncertainty of the aerogravity data (3
mGal) prevents a reliable estimate of the subgla-
cial extent of the Beacon sediments from gravity
modeling alone, since the gravity contributions
from a thin layer of Beacon sediments further in-
land will be smaller than the uncertainty in the
data. A 4-km-thicker crust beneath the region
with highest topography in the Transantarctic
Mountains is necessary to match the modeled
and observed gravity (Fig. 7).
The crustal thickening necessary to ¢t the grav-

ity anomalies (4 km) is smaller than the root cal-
culated from an Airy model (V8 km). The crustal
root estimated from gravity modeling could not
support the observed topography of the Transan-
tarctic Mountains. For this reason additional
forces for uplift are necessary. Certainly, erosional
unloading of the Transantarctic Mountains, £ex-
urally linked to the interior of the mountains, can
be a major contribution to the uplift. Without
reliable seismic constraints, gravity modeling
alone cannot distinguish between the di¡erent
models. The resolution of the most recent seismic
tomography model [32] is around 400^700 km,
depending on the wavelength of the seismic
phases, and is not su⁄cient to resolve ten Brink
et al.’s [11] hypothesized thermal boundary.

4.2. Wilkes Subglacial Basin

The Wilkes Subglacial Basin was originally re-
ferred to as a topographic depression and later
interpreted as a sedimentary basin with up to 3^
4 km of in¢ll [8^10] or as a hinterland £exural
basin, formed by regional isostatic response of a
semi-in¢nite elastic plate to uplift of the Trans-
antarctic Mountains [7,11,33]. Within our survey
area, the proposed sedimentary basin lies between
km 600 and 700 (Fig. 6). The observed free-air
anomaly in this region does not support a low
density in¢ll. In contrast, the modeled gravity is
smaller than the observed gravity requiring either
a near-surface high density body or a Moho uplift
necessary to match the modeled and observed
gravity. Using a detection threshold of three times
the standard deviation of the uncertainty in our
aerogravity data (9 mGal) we could resolve

a 1200-m-thick sediment layer with a density of
2400 kg/m3. According to our data resolution the
maximum possible sediment thickness within the
Wilkes Subglacial Basin is less than 1 km.
The thickness of the sediment cover in the

Wilkes Subglacial Basin can also be estimated
from magnetic data. Magnetic data are often
used to estimate the depth to the top of the caus-
ative magnetic source, which can be the depth of
the magnetic basement, underlying a non-mag-
netic sediment layer. In order to estimate the mag-
netic basement depth along the transect we use
Werner deconvolution. The depth to the top of
a thin sheet like body or a magnetic contact and
their respective magnetizations can be estimated
from a pro¢le of total-¢eld measurements over
the causative body [34,35]. The observed magnetic
anomaly is analyzed in terms of the magnetic ¢eld
of either a dike or a magnetic contact. Individual
depth estimates tend to cluster vertically beneath
the true location of the causative body.
Fig. 8 shows the depth estimates obtained from

Werner deconvolution of a pro¢le in the center of
the survey area. The size of the individual circles
is proportional to the magnetization of the Wer-
ner solution. Over the eastern half of our survey
area (km 500^1050) several vertical ‘streaks’ of
depth solutions form the typical cluster indicating
a stable depth estimate (Fig. 8b). The top of the
depth solutions coincides with the subglacial to-
pography within a 1-km uncertainty estimate (km
500^1050 in Fig. 8b). The correspondence of the
depth solutions with the subglacial topography
indicates that the magnetic basement is coincident
with the ice/bedrock contact within the con¢dence
limit. A maximum of 1 km of sediments is possi-
ble in this region, unless a widespread magmatic
event intruded the basin. If non-magnetic sedi-
ments exist in this region they must be intruded
by widespread and dense post-depositional mag-
netic intrusions reaching the ice/bedrock interface.
Such a pattern of magnetic intrusions could create
a similar picture of depth solutions like a contin-
uous shallow magnetic basement as seen in Fig.
8b. However, in the Ross Embayment, where sev-
eral km thick sedimentary sequences are intruded
by numerous Cenozoic volcanics, the sediment
thickness could be estimated reliably from Werner
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deconvolution [12]. The Werner deconvolution of
the magnetic data supports the interpretation of
little or no sediment in¢ll within the Wilkes Sub-
glacial Basin.

4.3. Adventure Subglacial Trench and Resolution
Subglacial Highlands

To the west of 143‡E, the trends of the mag-
netic, gravity and topography shift to northwest^
southeast. We interpret the Resolution Subglacial
Highlands and the Adventure Subglacial Trench
as a tectonic unit based on the consistent trends
and the coherent nature of the potential ¢eld and
topography data. In order to constrain the crustal
structure beneath the Resolution Subglacial High-
lands and the Adventure Subglacial Trench we
use gravity modeling. Our modeled gravity of
both an Airy and £exural unloading model pro-
duces a 50-mGal mis¢t between kilometer 350 and
500 (Fig. 6). The sharp change in the observed

gravity near kilometer 350 and 450 requires a
shallow low-density body to match the observed
and modeled gravity. The observed short-wave-
length change in gravity cannot be modeled by a
change in crustal thickness (Fig. 7).
Further support for sediment in¢ll comes from

depth estimates of the Werner solutions. Between
km 350 and 500, the top of the depth solutions is
around 5 km below sea level (Fig. 8). This region
of deeper magnetic basement coincides with a low
in Bouguer gravity (Fig. 8). The coinciding struc-
ture in Bouguer gravity and magnetic basement
supports the concept of a low-density, non-mag-
netic material, making the presence of a 5-km-
thick, 150-km-wide sediment in¢ll likely. Interest-
ingly, this sediment structure is just located east-
ward of the Adventure Subglacial Trench, and
forms the eastern shoulder of the trench. The Ad-
venture Subglacial Trench itself and the region
west of it show a shallow magnetic basement
which coincides with the ice/bedrock interface.

Fig. 8. (a) Comparison between the Bouguer gravity across the Adventure Subglacial Trench (solid) and the Appalachians
(dashed), a thrust-and-fold belt, plotted at the same scale. The Appalachian gravity data have been uniformly shifted down in or-
der to aid comparison. (b) Depth solutions from Werner deconvolution of magnetic data. The circles indicate individual depth
solutions with the size being scaled to the magnetic susceptibility of the magnetic contact.
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The high-amplitude magnetic anomalies between
km 100 and 350 cause a dense clustering of depth
solutions with high susceptibility in this region.
The large distance (s 600 km) to the nearest

rock outcrops allows only a tentative interpreta-
tion regarding the origin and nature of the Ad-
venture Subglacial Trench. The regional Bouguer
gravity anomaly plays an important role in under-
standing the geological nature of the Adventure
Subglacial Trench. The Bouguer gravity anomaly
is characterized by a adjacent high and low, with
a peak-to-through amplitude of around 125 mGal
(Fig. 8a, km 300^700). The components of this
negative-positive couple have similar wavelength
and amplitude, suggesting that they are related.
This positive^negative dipole pattern is often ob-
served over major thrust-and-fold belts like the
Appalachians and the Alps (e.g. [36,37]). The
long-wavelength negative gravity component is
associated with the £exure of the basement while
the positive gravity anomaly is the result of the
crustal block overthrusted onto the underlying
crust [36,38]. Fig. 8 illustrates the strong similarity
between the gravity anomaly across the Adven-
ture Subglacial Trench and the Appalachians.
The crustal structure beneath the Adventure Sub-
glacial Trench as inferred from gravity modeling
and Werner deconvolution is consistent with a
compressional scenario.
Several authors have suggested that the transi-

tion from the Transantarctic Mountains to the
East Antarctic craton is near the western edge
of the Wilkes Subglacial Basin and the Adventure
Subglacial Trench (e.g. [10] and references herein).
The transition to the East Antarctic craton has
been mapped in northern Victoria Land. Within
northern Victoria Land Flo«ttmann et al. [39,40]
observed the Wilson Terrane overthrusted onto
the East Antarctic craton. The orientation of
these thrust faults is parallel to the orientation
of the Adventure Subglacial Trench.

5. Discussion

Our analysis and interpretation of new aerogeo-
physical data is discussed in light of previous
models for the origin of the Wilkes Subglacial

Basin and the Adventure Subglacial Trench. Fi-
nally, we speculate on an alternative scenario for
the formation of elevated topography in the
Transantarctic Mountains.
The Wilkes Subglacial Basin has been previ-

ously interpreted as a hinterland £exural basin
[7,11,33] whose origin is intimately linked with
the uplift of the Transantarctic Mountains. The
£exural basin predicted from modeling is approx-
imately between km 220 and 790 (Fig. 6b). Stern
and ten Brink proposed a £exural origin of the
Wilkes Subglacial Basin based on the correspon-
dence between the predicted topography and the
observed topography ([7], Fig. 7 herein). How-
ever, we believe that the small amplitude of the
predicted depression (320 m between the outer
low near km 645 and the high near km 220) is
too small to be isolated from pre-existing relief
resulting from erosion or sedimentation. Fig. 6
shows that the Wilkes Subglacial Basin and the
Adventure Subglacial Trench occupy most of the
western part of the predicted £exural basin. The
obvious mismatch between the predicted £exural
basin and the observed topography underlines the
importance of considering the in£uence of pre-ex-
isting structures in future models of the Wilkes
Subglacial Basin. The axis and location of the
Wilkes Subglacial Basin follow the geologic
boundary between the Transantarctic Mountains
and the Wilkes Subglacial Basin. We suggest a
structural control of the basin rather than a sim-
ple £exural origin based on the basin trend and
morphology. Furthermore, the complex form of
the Wilkes Subglacial Basin indicates a simple
coupled £exural origin for the Transantarctic
Mountains and the hinterland basin is unlikely.
The Wilkes Subglacial Basin narrows from more
than 500 km at 75‡S to less than 100 km near
83‡S, while the Transantarctic Mountains are a
relatively uniform feature (Fig. 1). If the Wilkes
Subglacial Basin is a simple £exural response to
the uplift of the Transantarctic Mountains, the
basin wavelength should also be uniform.
The Adventure Subglacial Trench has previ-

ously been interpreted to be underlain by rifted
crust and having a sediment in¢ll between 3 and
10 km within the trench [8^10]. This simple inter-
pretation is complicated by the fact that the Bou-
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guer gravity low is shifted to the east, outside the
topographic low of the trench (Fig. 2). The 10-km
sediment in¢ll proposed by Ferraccioli et al. [10]
forms the eastern shoulder of the trench and not
the trench. No sediments are within the trench in
their analysis. The o¡set between the trench in
subglacial topography and the low in Bouguer
anomaly makes the proposed simple rift scenario
unlikely. Furthermore, the proposed Cenozoic
rifting along the craton margin by Ferraccioli et
al. [10] is unlikely in the context of Antarctica
being surrounded by spreading centers since the
fragmentation of Gondwana, which has created a
predominantly compressional stress ¢eld.
The possibility that a signi¢cant fraction of the

high elevation of the Transantarctic Mountains
may be supported by a crustal root raises the
question of the origin of that root. We speculate
[41] that West Antarctic structure, geologic histo-
ry and heat £ow may be consistent with the col-
lapse of a high plateau of thick crust. In this sce-
nario, the Transantarctic Mountains would have
been on the edge of a plateau prior to the col-
lapse. Extensional collapse of the hotter, therefore
weaker, central part of the plateau would thin the
crust there producing the Ross Sea. The cooler,
stronger plateau edges, with slightly thicker than
normal crust, would be left behind as the elevated
Transantarctic Mountains.

6. Conclusions

Gravity, magnetic and subglacial topography
maps have been compiled from 21 000 km of
aerogeophysical measurements. The maps provide
the most detailed picture of the structure behind
the Transantarctic Mountains to date. Variations
in gravity, topography and magnetic character
outline the boundaries of several geologic and
tectonic segments within the survey area. The
coherent pattern in magnetic data and mesa
topography suggests a subglacial extent of the
Transantarctic Mountains 400^500 km inland of
the last exposed rock outcrops. The western
boundary of this tectonic unit coincides with the
axis of the Wilkes Subglacial Basin. Based on
gravity modeling and source depth estimates

from magnetic data, we estimate that the maxi-
mum thickness of a potential sediment in¢ll in the
Wilkes Subglacial Basin is less than 1 km. To the
west of the Transantarctic Mountains^Wilkes
Subglacial Basin unit, the trends of the magnetic,
gravity and topography shift to northwest^south-
east. We interpret the Resolution Subglacial
Highlands and the Adventure Subglacial Trench
as a coherent tectonic unit de¢ned by the north-
west^southeast trends and the coherent nature of
the potential ¢eld and topography data. A coin-
ciding structure in gravity models and magnetic
source depth estimates suggests a 5-km-thick
and more than 100-km-wide sedimentary in¢ll
near the eastern shoulder of the Adventure
Subglacial Trench. The crustal structure and
the strong similarity of the observed gravity with
the Appalachians suggest a compressional scenar-
io for the origin of the Adventure Subglacial
Trench and the Resolution Subglacial Highlands.
The modeled gravity using a local compensa-

tion ¢ts the gravity data better than the previous
model of a £exural unloading suggested by ten
Brink et al. [11]. The modeled gravity using a
thermal boundary is di⁄cult to reconcile with
our new gravity data. However, without reliable
seismic control it is impossible to distinguish be-
tween our crustal thickening model and the ther-
mal boundary suggested by ten Brink et al. [11].
The complexity and apparent structural control

of the Wilkes Subglacial Basin, together with an
alternative explanation for the observed gravity
suggest, that a reassessment of the existing uplift
models is necessary. In addition to the £exural
uplift model, crustal thickening, underplating,
and the collapse of a high plateau should be in-
cluded in future studies of the formation of the
Transantarctic Mountains.
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