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Abstract—As Antarctica is almost entirely covered by thick ice

shields impeding in situ measurements, information about upper

crustal structures and sedimentary basins is still sparse and the

analysis of the gravity anomalies offers new insights. Isostatic

gravity anomalies are often used to investigate upper crust struc-

tures. However, compensating masses significantly reduce the

gravity effect of unknown sedimentary and upper crustal structures.

To separate these effects, we apply so-called decompensative

corrections to the isostatic anomalies for the Antarctic continent,

which reach values of up to ± 70 mGal. The obtained decom-

pensative anomalies well correspond to the known sedimentary

basins, such as in the areas of the Filchner-Ronne Ice Shelf and

Lambert Graben, and also suggest the existence of other large

sedimentary deposits both in West and East Antarctica, which are

not or only sparsely mapped by existing seismic surveys, e.g. in

coastal Dronning Maud Land and Enderby Land. A dipole-like

structure exists at the Transantarctic Mountains and the Wilkes

Subglacial Basin, suggesting the presence of isostatic disturbances

linked to the dynamic uplift of the Transantarctic Mountains and

thick sedimentary accumulations in the east. Extended positive

anomalies in East Antarctica are likely related to the old and dense

cratonic crust as well as to isostatic disturbances caused by the

transition from local to regional compensation around the Lambert

Graben.

Key words: Antarctica, decompensative gravity anomaly,

upper crust, sediments, gravity modeling.

1. Introduction

In recent years, big efforts have been made to

unveil the structure of the Antarctic crust and litho-

sphere using a variety of geophysical measurements.

However, in situ measurements are strongly hindered

by the ice shield covering 99% of the continent with

thicknesses of up to 4.5 km (Fig. 1b). Hence,

knowledge of upper crustal structures and sediment

distribution is still limited, especially in central

Antarctica. In particular, thickness and properties of

sediments also impact ice dynamics by influencing

basal controls and likely facilitating the onset of

streaming flow (Smith et al. 2013). Therefore, sev-

eral studies about sediment distribution were

conducted below ice streams (e.g., Bamber et al.

2006; Bell et al. 1998). Significant amounts of sed-

iments were also discovered below ice shelfs with up

to 8 km in the Ross Ice Shelf (e.g., Trey et al. 1999;

Wobbe et al. 2014) or up to 14 km in the Filchner-

Ronne Ice Shelf (e.g., Hübscher et al. 1996;

Leitchenkov and Kudryavtzev 1997), in the Wilkes

Subglacial Basin (up to 7 km, Frederick et al. 2016)

and in the Adventure Trench (* 10 km, Ferraccioli

et al. 2001) using mainly gravity, magnetic and

seismic data. Aitken et al. (2014) used gravity sig-

nals and depth to magnetic basement to detect

several sediment basins within Wilkes Land. Global

information about sediment thickness are available

from CRUST1.0 (Laske et al. 2013), however, data

coverage over Antarctica is sparse. Baranov et al.

(2018) compiled existing surveys to create an

Antarctica-wide map of sediment thickness but were

still faced with large gaps in data in the continental

interior that they filled by using a numerical inter-

polation scheme involving bedrock topography

information (Fretwell et al. 2013).

Gravity anomalies have been used successfully

before for investigation of density structures of the

upper crust in other continents. Commonly, the

isostatic anomalies of the gravity field are employed

for these purposes since the effect of deep density

variations can be effectively reduced from the

observed field by applying the isostatic correction

(e.g. Simpson et al. 1986; Blakely 1995). The
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isostatic anomalies are computed by subtracting the

effect of the deep density variations from the Bou-

guer gravity anomalies, i.e. associated with Moho

undulations that balance the topography load

according to an expected isostatic compensation

model (e.g. Simpson et al. 1986). If the principal

parameters of the compensating scheme, chiefly the

depth of the compensation and the effective elastic

thickness of the lithosphere, are chosen correctly,

the local and mid-wave components of the residual

isostatic anomalies should reflect the density struc-

ture of the upper crust. The long-wavelength

anomalies, which reflect the effects of the mantle

convection and glacial-isostatic adjustment, can be

easily filtered out from the residual field (Kaban

et al. 2004). The isostatic anomalies were often used

for investigations of sedimentary basins all over the

World, e.g. in Nevada (Jachens and Moring 1990),

the Los Angeles Basin (Langenheim and Jachens

1996) and Barents Sea (Ebbing et al. 2007). In

Antarctica, the isostatic gravity anomalies con-

strained with other geophysical data sets such as

aeromagnetic measurements have been analysed to

infer thickness of sediments across the Wilkes

Subglacial Basin (Frederick et al. 2016).

Unfortunately, the isostatic anomalies do not

reveal the full effect of the upper crust heterogeneity.

These structures are also isostatically compensated

(locally or regionally); therefore, the gravity effect is

substantially reduced by the opposing effect of the

compensating masses, especially for wide sedimen-

tary basins (Cordell et al. 1991). To refine the gravity

field induced by the upper crust heterogeneity, a

decompensative correction has been suggested by

Zorin et al. (1985) and Cordell et al. (1991), which

should be applied to the isostatic anomalies. The

decompensative gravity anomalies were then

employed for study of the density structure of the

upper crust in the New Madrid seismic zone and

Missouri gravity low (Hildenbrand et al. 1996), the

Rio Grande rift (Cordell et al. 1991; Wilson et al.

2005) and sedimentary basins in South Siberia and

Mongolia (e.g. Zorin et al. 1993). Recently, the

decompensative gravity anomalies were calculated to

study the structure of the upper crust of the Arabian

plate and surroundings (Kaban et al. 2017). As was

demonstrated in the last paper, the decompensative

anomalies are very sensitive to the actual isostatic

model and especially to the effective elastic thickness

(Te) of the lithosphere. Variations of Te have been

Figure 1
a Bedrock topography of Antarctica (Fretwell et al. 2013) and bathymetry of the surrounding ocean (Schaffer and Timmermann 2016). Key

tectonic units: AP Antarctic Peninsula, ASB Aurora Subglacial Basin, DML Dronning Maud Land, EL Enderby Land, FRIS Filchner-Ronne

Ice Shelf, GSM Gamburtsev Subglacial Mountains, LG Lambert Glacier, RIS Ross Ice Shelf, TOAST Tonian Oceanic Arc Super Terrane,

WARS West Antarctic Rift System, WSB Wilkes Subglacial Basin and b ice thickness (Fretwell et al. 2013)
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recently determined for the whole Antarctic continent

using the new high resolution data on bedrock

topography, ice thickness and on the gravity field

based on recent satellite missions and available ter-

restrial observations (Chen et al. 2018). Furthermore,

new Moho models, which are also required for

accurate determination of the isostatic and decom-

pensative corrections, have appeared in the last years

(An et al. 2015; Baranov et al. 2018; Haeger et al.

2019). These results provide a solid basis for com-

putation of the isostatic and decompensative

anomalies for Antarctica.

In the present study, we calculate the decompen-

sative gravity anomalies for the whole Antarctic

continent and use them to investigate the structure of

the upper crust and particularly for determination of

the sediments thickness in the basins, which are still

hidden under the ice shield.

2. Tectonic Settings of Antarctica and Initial Data

2.1. Tectonic Settings

Antarctica can be divided in two tectonically very

different regions: East Antarctica (EANT) is of

mostly Precambrian cratonic origin with a thick and

cold lithosphere, while West Antarctica (WANT)

consists of several crustal micro-blocs that only

reached its present day shape in the Cenozoic and is

characterized by notably thinner and hotter litho-

sphere (Danesi and Morelli 2001; Haeger et al. 2019).

The two regions are divided by the Transantarctic

Mountains, a 3500 km long and 200 km wide

mountain chain with elevations of up to 4500 m

(Fretwell et al. 2013). While they were not uplifted

by subduction or contraction (Morelli and Danesi

2004; ten Brink and Stern 1992), the exact uplift

mechanism is still debated (e.g., Behrendt 1999; ten

Brink and Stern 1992; van Wijk et al. 2008). EANT

consists of several subglacial orogens, basins and

rifts. A big plateau spans 0�–100�E and includes

Dronning Maud Land, which held a key position in

Gondwana formation and break-up. It includes the

Archean Grunehogna craton and the juvenile Neo-

proterozoic remnants of the Mozambique Ocean

called the Tonian Oceanic Arc Super Terrane (Jacobs

et al. 2015). The plateau is interrupted by the Lambert

Graben, a Mesozoic failed rift system (Lisker et al.

2003) filled by a glacier that is suggested to hold

large amounts of sediments (Baranov et al. 2018).

With elevations of over 1 km below sea level, the

Wilkes Subglacial Basin is one of the most

notable basin structures in EANT. In comparison,

most of WANT exhibits bedrock topography below

sea level, with the most important feature being the

West Antarctic Rift System, a 750–1000 km long,

mostly aseismic rift system (O’Donnell and Nyblade

2014). The bedrock topography with superimposed

names of tectonic key regions is displayed in Fig. 1a.

2.2. Initial Data

In order to obtain the free air gravity field, we

combine the EIGEN-6C4 model (Förste et al. 2014),

containing terrestrial and satellite data from GRACE,

GOCE, and LAGEOS with the purely terrestrial

AntGG model (Scheinert et al. 2016). The maximum

resolution for EIGEN-6C4 is 2190 spherical harmon-

ics degree and order, but actual resolution varies

locally depending on the ground data included in the

gravity field model. For Antarctica, this limits the

resolution to approximately 200 km (Chen et al.

2018). The AntGG model is a compilation of 13

million data points from ground-based, shipborne,

and airborne gravity surveys covering 73% of

Antarctica at a resolution of 10 km. Therefore, each

model provides reliable data at different wavelengths:

we employ the Eigen-6C4 model for k[ 250 km,

since it lacks high resolution information but provides

continent-wide coverage on long wavelengths and the

AntGG model for k\150 km, since it offers high

resolution information with large gaps in coverage

distorting long wavelength signals (Chen et al. 2018;

Haeger et al. 2019). A gradual transition is employed

for 150 km\k\250 km.

Subsequently, we calculate the Bouguer gravity

field displayed in Fig. 2a by removing the effect of

topography and of the ice and water columns. The

gravity effect of each load was calculated according

to (Kaban et al. 2016) using the reference densities

qw ¼ 1:03 g/cm3 for water, qt ¼ 2:67 g/cm3 for the

topography and a constant ice density of qi ¼
0:92 g/cm3 (Chen et al. 2018) within a 2�
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(222.4 km) radius around each grid point. We further

calculate the adjusted topography tadj displayed in

Fig. 2b by compressing the ice and water columns to

qt:

tadj ¼ tb þ
qw

qt

tw þ qi

qt

ti; ð1Þ

where tb is the bedrock topography and tw and ti are

the thickness of the water and ice column,

respectively. The extent of each load was determined

using surface elevation, ice thickness and bedrock

topography south of 60�S from Bedmap2 (Fretwell

et al. 2013) and bathymetry from RTopo-2 (Schaffer

and Timmermann 2016) north of 60�S. Initial reso-
lution of the Bedmap2 grids varies with location

between 1 and 5 km, which was adjusted to a con-

stant 10 km grid spacing in the calculations.

Figure 2
a Full Bouguer gravity anomalies and b adjusted topography calculated with respect to the reference density for the uppermost crust of 2.67 g/

cm3. c Map of the Moho depth with superimposed determinations from refraction, reflection, and receiver function data (circles) (An et al.

2015; Janik et al. 2014; Lamarque et al. 2015). d Variations of Te obtained using the coherence method with a central wavenumber of the

Morlet wavelet of 3.773 (Chen et al. 2018)
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The calculation of the decompensative gravity

anomaly requires information on the Moho depth

(Fig. 2c) and effective elastic thickness variation Te

(Fig. 2d). We use the map of Moho depth variation

by Haeger et al. (2019). They interpolate Moho

depths from receiver function, reflection and refrac-

tion measurements within a 150 km radius and fill the

remaining gaps using Moho depth constraints from

surface wave tomography. The Te variations used in

this study (Chen et al. 2018) were calculated based on

the coherence of Bouguer gravity and topography

adjusted for variations of bedrock topography and ice

thickness using cross-spectral analysis methods

employing the fan wavelet technique (Kirby and

Swain 2004, 2011).

3. Decompensative Gravity Anomalies

3.1. Isostatic Gravity Anomalies

In the first stage, the isostatic gravity anomalies

have been determined for Antarctica and surrounding

areas. In the spectral domain, the isostatic correction

can be formulated as the following (Kaban et al.

2016):

Dgic kx; ky

� �
¼ Gis kx; ky

� �
� tadj kx; ky

� �

¼ �2pGqC � exp �k � Mð Þ � tadj kx; ky

� �
;

ð2Þ

where k ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
k2x þ k2y

q
is the wavenumber, kx = 2p/kx

and ky = 2p/ky, G is the gravitational constant, M is

the Moho depth, which is chiefly associated with the

isostatic compensation depth, tadj is the adjusted

topography and q is its density. The factor C char-

acterizes the amount of the isostatic compensation

depending on the wavelength and effective elastic

thickness of the lithosphere (e.g. Turcotte and Schu-

bert 1982):

C ¼ Dqg=ðk4D þ DqgÞ; ð3Þ

where D ¼ ET3
e =½12ð1� v2Þ� is the flexural rigidity

of the lithosphere, Te is the effective elastic thickness

of the lithosphere, E is the Young modulus, m is the

Poisson ratio, Dq is the average difference of the

density of topography and the upper mantle material,

and g is the gravitational acceleration.

Eq. 2 cannot be used directly for calculation of

the isostatic correction in the spectral domain in case

of variable Te. Therefore, a convolution of the

adjusted topography with specific Green’s functions

depending on M and Te is employed as suggested by

Braitenberg et al. (2002), Wienecke and Braitenberg

(2007) and Dill et al. (2015) for modelling of the

lithosphere deformations under external load. It has

been demonstrated in the above papers that this

method is sufficiently accurate to describe a response

of the elastic lithosphere to the external load. The

isostatic correction and isostatic anomalies (Dgi) are

calculated as follows:

Dgi x0;y0ð Þ ¼ Dgb x0;y0ð Þ

þ
ZZ1250km

�1250km

tadj x0 þ x;y0 þ yð Þ �Gis x;yð Þdxdy

Gis x;yð Þ ¼ F�1 Gis kx;ky

� �� �
;

ð4Þ

where F-1 is the inverse Fourier transform, Gis is the

Green’s function, which depends on M and Te,

Dgb x; yð Þ are the Bouguer gravity anomalies.

These anomalies still reflect the effect of the glacial

isostatic adjustment and of the dynamic topography

associated with the mantle convection. It has been

demonstrated that this effect is dominated at the long-

wavelengths chiefly exceeding 3000 km (Kaban et al.

1999, 2004). At the same time, the effect of the upper

crust density variations in the isostatic anomalies

anomalies is limited to the wavelengths

1000–1500 km, which are determined by the maximum

value of Te (* 70 km, e.g. Audet and Bürgmann 2011;

Tesauro et al. 2012). Therefore, to reduce the effect of

mantle dynamics and GIA, we have applied a Gauss

type filter on the sphere with the boundary wavelength

(0.5 amplitude) equal to 2500 km (Kaban et al. 1999).

To avoid the ‘‘edge’’ effects, the isostatic anomalies for

Antarctica have been embedded in the global model of

Kaban et al. (2004).

The isostatic anomalies of the gravity field

(Fig. 3a) are dominated by small-scale structures.

Along the Transantarctic Mountains, a dipole-like

structure is visible with positive values along the

western flank and negative values toward the east.

The most notable negative features are located in
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northern Dronning Maud Land with up to

- 90 mGal. A ring of positive gravity anomalies is

located around the coast of EANT and is likely

related to the transition from continental to oceanic

lithosphere that is not sufficiently resolved in the

crustal input model.

3.2. Decompensative Anomalies of the Gravity Field

Following Kaban et al. (2017), the decompen-

sative correction (Dgdc) can be formulated in the

spectral domain as the following:

Dgdc kx; ky

� �
¼ 1

exp k � Mð Þ=C � 1
� Dgi kx; ky

� �
; ð5Þ

where Dgi stands for the isostatic anomalies and other

terms remain as in Eq. 2. This equation is based on

formulations of Zorin et al. (1985) and Cordell et al.

(1991), which are extended for the case of elastic

support (Kaban et al. 2017). It is clear from this

equation that the decompensative correction expo-

nentially increases with increasing wavelength and

approaches infinity. It has been suggested to apply a

high-pass filter to reduce the correction above some

boundary wavelength (k0) (Cordell et al. 1991). The
long-wavelength component is already excluded from

the isostatic anomalies in Fig. 3a, however, the

decompensative correction can still be overestimated

as demonstrated in Kaban et al. (2017). Following

their argumentation, a high-pass filter starting from

the wavelength 1500 km with a gradual decrease

toward longer wavelengths has been applied to Eq. 5.

The decompensative correction is calculated

using the same Green’s functions technique as for

the isostatic anomalies (Eq. 4) and is displayed in

Fig. 3b and exhibits larger scale features compared to

the isostatic anomalies. The most notable negative

decompensative corrections are located in Enderby

Land (- 75 mGal), in the Lambert Graben (- 64

mGal), the Filchner-Ronne Ice Shelf (- 60 mGal),

and the West Antarctic Rift System (- 50 mGal). A

similar dipole structure as in the isostatic anomalies is

visible along the Transantarctic Mountains and in the

Wilkes Subglacial Basin with positive values of up to

80 mGal in the west and negative values of up to

- 62 mGal in the east. Positive corrections are also

located in the Antarctic Peninsular and around the

Lambert Graben minimum (up to 47 and 52 mGal,

respectively).

The final decompensative gravity anomalies are

calculated through:

Dgd ¼ Dgi þ Dgdc; ð6Þ

and are shown in Fig. 4. The main negative anoma-

lies can be found in northern Dronning Maud Land

(- 120 mGal), in Enderby Land (- 143 mGal), in

Figure 3
a Isostatic anomalies of the gravity field and b decompensative gravity corrections

4406 C. Haeger and M. K. Kaban Pure Appl. Geophys.



the Lambert Graben (- 110 mGal), the Filchner-

Ronne Ice Shelf (- 80 mGal) and the West Antarctic

Rift System (- 73 mGal). Another negative anomaly

(- 110 mGal), interrupted by a narrow, elongated,

positive anomaly in the Northern Basin (80 mGal),

exists around the Wilkes Subglacial Basin and forms

a dipole-like structure along the Transantarctic

Mountains with the western flank exhibiting positive

decompensative anomalies (138 mGal). This positive

feature continues along the Transantarctic Mountains

toward the Antarctic Peninsula. The Lambert Graben

exhibits strong negative anomalies of up to

- 110 mGal while the surrounding region is char-

acterized by positive values of up to 104 mGal.

4. Discussion

The decompensative gravity anomalies can help

us understand the structure of the uppermost crust of

Antarctica where direct measurements are still rare.

An important if not the most important factor causing

negative anomalies is the presence of sediments.

Since knowledge about their distribution over

Antarctica is still limited, no correction involving

sediment has been applied in the initial processing.

We calculate the thickness of sediments by assuming

that negative decompensative anomalies are purely

caused by sediments. This assumption is not valid all

over the study area, therefore our results might be

overestimated in some places. As well, some basins

may be characterized by high density; in this case, the

actual thickness could be higher than predicted. As

density within sedimentary basins increases with

depth in different ways for different basins and tec-

tonic background, it would be ideal, if density–depth

relations for each individual basin were used. How-

ever, these data don’t exist for Antarctica and

therefore standard density–depth curves for conti-

nental and oceanic basins (Mooney and Kaban 2010)

are used in the calculations. The resulting uncer-

tainties in sediment thickness estimates depend

strongly on the thickness of the sedimentary basin.

Assuming that the uncertainties associated with

average density variations within a basin reach up to

± 0.05 g/cm3 and a decompensative gravity anomaly

of - 40 mGal, the density uncertainties translate into

thickness uncertainties of up to ± 1 km. It should

also be noted, that not every sedimentary basins may

be detectible using this approach. As mentioned

above, old cratonic sediment basins can be charac-

terized by very dense sediments that are almost

indistinguishable from the crystalline crust using

gravity data, which has been shown for e.g. the

Figure 4
Decompensative gravity anomalies
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Illinois and the Michigan Basin (Mooney and Kaban

2010). Additional compaction might be caused by the

ice load over the majority of the Antarctic continent.

Potential influence of this effect on the estimated

thickness has been investigated by shifting the orig-

inal density–depth curves. Where the ice is grounded,

the ice thickness was converted into equivalent sed-

iment thickness with respect to the average density of

the first 1.5 km of sediments (qeq ¼ 2:34 g/cm3) and

the density–depth curves were shifted accordingly.

The density–depth curves for the oceanic domain and

for the continental one with the compacting effect of

the ice load for 0, 1.5, 3 and 4.5 km are plotted in

Fig. 5.

The decompensative anomalies (Fig. 4) do not

contain the long-wavelength component and their

average is equal to zero. However, the actual effect of

the upper crust relative to a standard reference den-

sity of 2.7 g/cm3 should be negative (e.g. Mooney

and Kaban 2010; Kaban et al. 2014). Density varia-

tions in the crystalline crust relative to this value are

close to zero on the average (Christensen and

Mooney 1995), while density of sediments is gener-

ally lower. Therefore, for estimation of the sediment

thickness we should shift downward the field in

Fig. 4 by some constant level. It is hardly possible to

determine it from the existing data, however, esti-

mates for other continents demonstrate that the

average gravity effect of the upper crust is quite

stable. It is equal to - 17.5 mGal for North America

(Kaban et al. 2014) and - 14.6 mGal for Australia

(Tesauro et al. 2018), for which continents very

detailed models of the sedimentary cover are avail-

able. For Antarctica we use the lowest value

assuming that sedimentation is partially restricted due

to glaciation and sediments might be more com-

pressed under the additional ice load. This value is

anyway arbitrary and possible uncertainty might

reach ± 3–4 mGal translating into uncertainties in

sediment thickness of up to ± 0.9 km for sediment

basins of 5 km depth. For the deeper sedimentary

basins this uncertainty increases, but the effect of the

density uncertainty is much larger anyway. This is

taken into account in the interpretation of the results.

The resulting sediment thickness estimates

straight from the decompensative gravity anomaly

and considering the - 14.6 mGal shift, both with and

without considering compaction caused by the ice

shield are shown in Fig. 6. The maximum sediment

thickness is limited to 16 km, because the density of

deeper sediments would be indistinguishable from

crystalline rocks. Adding the corrections for the ice

load and for the reduced gravity effect of the upper

crust in the presence of sediments only changes the

amplitude, not the distribution of sediment deposits,

with both effects increasing the thickness. Despite the

uncertainty in the upper crustal correction, we will

discuss the sediment thicknesses obtained including

both corrections from this point forward. Therefore,

and because calculations of the actual thickness

strongly depend on the chosen density–depth rela-

tionship which is still unknown for Antarctic

sediment basins, we emphasize that all discussions of

the results should be done qualitatively instead of

quantitatively.

Figure 5
Variation of sediment density with depth for oceanic and

continental settings (Mooney and Kaban 2010) with the compact-

ing effect of grounded ice loads of 0, 1.5, 3 and 4.5 km thickness
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The most notable feature is the dipole like struc-

ture around the Transantarctic Mountains. The

western flank is characterized by high decompen-

sative anomalies while the eastern region as well as

the western margin of the adjacent Wilkes Subglacial

Basin exhibit very low values. This could be caused

by local isostatic disturbances originated from

extension forces of prior rifting in the West Antarctic

Rift System or from dynamic uplift of the

Transantarctic Mountains of possibly thermal origin

as suggested by several previous studies (e.g., Beh-

rendt 1999; Smith and Drewry 1984; ten Brink and

Stern 1992). Lawrence et al. (2006) state that uplift of

the Transantarctic Mountains can be explained by

conductive heating between cold EANT and warm

WANT alone along the entire mountain chain also

explaining the positive decompensative anomaly

values along the continuation of the Transantarctic

Mountains. They also state, that this uplift was

asymmetrical causing erosion of younger sediments

on the coastward side, exposing denser basement

rock and older sediments. This together with the large

sediment dispositions in the southern Wilkes Sub-

glacial Basin suggested by Frederick et al. (2016) can

also cause the negative decompensative anomalies

we observe. However, even though we confirm the

Figure 6
Sediment thickness calculated from the decompensative gravity anomalies (top row). A correction of the upper crust for the decompensative

gravity anomalies of - 14.6 mGal is considered in the bottom row. Left column: sediment thickness calculations without ice load. Right

column: sediment thickness considering compaction caused by ice loads
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presence of large sediment deposits, attributing these

negative variations purely to sediments as done in our

calculations leading to thicknesses of up to 16 km

likely represents an overestimation of the sediment

thickness. This value can be reduced if the sediments

have lower density than suggested. The western

Wilkes Subglacial Basin exhibits low sedimentation

(Frederick et al. 2016) and high decompensative

anomaly values which is likely related to denser

basement rocks. Adjacent, further sediment infill is

detected. The border of this feature coincides with the

Adventure Trench that has been shown to have

* 10 km sediment infill (Ferraccioli et al. 2001), but

is not limited to the trench.

Negative decompensative gravity anomalies sug-

gesting the presence of significant sediment

accumulations are also found in the West Antarctic

Rift System with a maximum infill at the transition to

the Ross Ice Shelf and a continuation in the western

Ross Sea. Sediment infill of the Rift System has been

documented by several studies in the past (e.g.,

Baranov et al. 2018; Laske et al. 2013), supporting

our interpretation. Anandakrishnan et al. (1998)

estimated a sediment layer of 2.8 km under an ice

stream (roughly 82�S, 121�E) agreeing well with our

estimates of * 2.5 km. While the above mentioned

studies mapped a relatively constant sediment infill of

2–3 km along most of the West Antarctic Rift Sys-

tem, the newly found thick sediment cover at the ice

shelf transition offers new insight into variation in

sediment thickness along the Rift System. Wobbe

et al. (2014) found evidence of a thick sediment layer

of up to 8 km under most of the Ross Ice Shelf. This

sediment layer continues in the Ross Sea with major

infill in the Victoria Land Basin, the Central Trough

and the Eastern Basin (Behrendt et al. 1991; Trey

et al. 1999). We only map sediment infill in the

western Ross Ice Shelf and in the Eastern Basin, with

the positive decompensative anomaly attributed to

Transantarctic Mountain uplift described above

masking potential sediments in the eastern ice shelf

region and in the other two sediment basins in the

Ross Sea. Trey et al. (1999) also predict high density

upper crust below the sediment basins, further

equalizing the gravity effect of low density sedi-

ments. Lindeque et al. (2016) further determined

sediment thicknesses along a seismic profile in the

Amundsen Sea Basin and found maximum thick-

nesses of almost 4 km around 145�W, corresponding

well with the location of a maximum in sediment

infill in our determinations.

The other large Antarctic ice shelf, the Filchner-

Ronne Ice Shelf is also characterized by low

decompensative gravity anomalies that translate into

sediment thicknesses of over 15 km. Two seismic

profiles crossing the Filchner-Ronne Ice shelf were

conducted in the past (Hübscher et al. 1996; Leitch-

enkov and Kudryavtzev 1997), independently

determining sediment layers of up to 13 and 15 km,

respectively, agreeing well with our determinations.

High sediment infill is expected in the Lambert

Graben when converting the low compensative

gravity anomalies to sediment deposits, which is

confirmed by previous studies (Harrowfield et al.

2005; Holdgate et al. 2005). However, thickness

determinations only exist offshore in the Prydz Bay

(Stagg et al. 2004). Their sediment thickness deter-

minations of 5–8 km lie well below our estimates of

up to 13 km, suggesting an overestimation in both the

Prydz Bay and the Lambert Graben. A ring of high

decompensative gravity anomalies surrounds the

Lambert Graben, possibly caused by older, denser

upper crustal rocks. Furthermore, Chen et al. (2018)

predict notable lithospheric weakening in the graben

structure compared to higher effective elastic thick-

ness estimates in the surroundings. This transition

from local to regional compensation might cause

disturbances of the isostatic equilibrium insufficiently

corrected for in the initial calculations, reflecting in

the above described anomaly structures.

Dronning Maud Land is chiefly governed by

negative decompensative gravity anomalies that can

be explained by sediment deposits. The largest sedi-

ment accumulations are predicted in coastal

Dronning Maud Land in the vicinity of the Grune-

hogna craton and the Tonian Oceanic Arc Super

Terrane and in northern Enderby Land. The coverage

of studies analyzing sediments in this region is still

sparse, making direct comparison difficult. Curtis and

Riley (2003) and Krynauw et al. (1994) found evi-

dence of sediment deposits when investigating the

Grunehogna nunataks, however no geophysical esti-

mate of sediment thickness or density has been

conducted. Gupta et al. (2017) studied the subsurface

4410 C. Haeger and M. K. Kaban Pure Appl. Geophys.



below Maitri station (70.76�S, 11.73�E) at the

northern edge of the decompensative anomaly mini-

mum estimating a sediment layer of 1.5 km. This

supports our interpretation of the feature as a sedi-

ment basin of possibly marine origin, as the Tonian

Oceanic Arc Super Terrane is proposed to be a

remnant of the Mozambique Ocean (Jacobs et al.

2015). Further south, we find thinner sediment

deposits underlying parts of the Recovery Glacier and

the Bailey Ice Stream. In the vicinity, Bamber et al.

(2006) detected sediment deposits of * 3 km

underlying the Slessor Tributary North using aero-

magnetic measurements.

5. Conclusions

Here, we present a continent wide study of the

decompensative gravity anomaly over Antarctica

revealing upper crustal structures. Isostatic gravity

anomalies are widely used for this purpose; they are

however still reduced by deep compensating masses.

The decompensative correction over Antarctica

reaches values of up to ± 70 mGal. Hence, neglect-

ing this effect might lead to misinterpretation of

upper crustal structures. Large positive decompen-

sative gravity anomalies are located around a

minimum in the Lambert Graben, which are probably

caused by higher density, old crystalline crust com-

bined with isostatic disturbances induced by the

transition from regional to local compensation as

suggested by analyzing effective elastic thickness

variations in this region (Chen et al. 2018).

Negative anomalies are translated into sediment

thickness, which is still largely unknown for

Antarctica due to the thick ice shield covering the

majority of the continent, taking into account the

compacting effect of these ice loads on sediment

density. The resulting sediment thicknesses are sub-

ject to large uncertainties caused by unknown

density–depth relationships for the individual basins

and the unknown reducing gravity effect of the upper

crust. Therefore, they should be understood as qual-

itative instead of quantitative estimates.

We confirm the presence of major sediment basins

in the Filchner-Ronne Ice Shelf, the northern Wilkes

Subglacial Basin and the Lambert Graben. Further

sedimentary deposits that were previously not or only

partially mapped are detected in both EANT and

WANT. Thus, we find maximum sediment infill of

the West Antarctic Rift System at the transition from

the continent to the Ross Ice Shelf and thick sediment

basins along the coast of Dronning Maud Land and

Enderby Land. Additionally, sediments are found

underlying major ice streams of the East Antarctic Ice

Shield like the Recovery Glacier, which might have

played an important role in ice stream formation and

dynamics. Known sedimentary deposits such as in the

Ross Sea are not mapped in this study but were

masked by positive decompensative gravity anoma-

lies caused by local isostatic disturbances due to the

dynamic (possibly thermally driven, Lawrence et al.

2006), uplift of the Transantarctic Mountains.
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