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Abstract

Enderby Land in East Antarctica and its adjacent areas, which are closely related to the Indian Plate in their
geological evolution, have become one of the key zones for studies on how the Antarctic continent evolves. Based
on the isostasy and flexure theories of the lithosphere and using the CRUST1.0 model as the depth constraint, this
paper uses the gravity field model EIGEN-6C4 and topographic data to calculate the isostatic gravity anomalies of
Enderby Land and its adjacent areas. Then, the crustal thickness of the study area is calculated, and three
comprehensive geophysical interpretation profiles that vertically span the study area are plotted. The results show
that the flexural isostatic gravity anomalies in Enderby Land and its adjacent areas are closely related to the
regional tectonic setting, and the anomalies in different regions differ substantially, ranging from -50x10-> m/s? to
85x10-> m/s%. A zone of high isostatic gravity anomalies (30x10-5-80x10-5 m/s?) is distributed outside the
Cooperation Sea and Queen Maud Land, which may be plate remnants generated by early rifting. Except for the
Kerguelen Plateau, which was formed by a hotspot and has a crustal thickness of 15 km, the thickness of the
oceanic crust in other parts of the study area changes slightly by approximately 4-9 km, with the thinnest part
being in Enderby Basin. The thickness of the inland crust along the coastline increases with the elevation, with the
maximum thickness reaching 34 km. The isostatic gravity anomalies corresponding to the zone of high magnetic
anomalies along the continental margin of Queen Maud Land are negative and small, with an isostatic adjustment
trend indicating Moho surface uplift, and those on the edge of central Enderby Land are near zero, approaching
the isostatic state, which may be caused by the magmatism at the early stage of rifting. The continental-oceanic
boundary should be close to the contour line of the crustal thickness 10-12 km on the outer edge of the coastline.
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1 Introduction

During the early Cretaceous, with the splitting of the East
Gondwana continent, the Antarctic continent was separated
from the surrounding Australian, Indian, African and South
American plates, and the continental margin of the cratons in the
East Antarctic and ocean basins were gradually formed (McEI-
hinny, 1970; Markl, 1974; Davis et al., 2019). Enderby Land in East
Antarctica and its adjacent areas, located between 40°-80°E and
70°-60°S on the eastern edge of the Antarctic continent, were cre-
ated when the edge of the East Indian Plate was separated from
East Antarctica. The western part of the study area is extensively
affected by fault belts, and there is a narrow continental shelf on
the continental margin; the east part is affected by glaciers, so the
width and scope of the continental shelf dramatically change
(Stagg et al., 2004; Golynsky et al., 2013).

There is very little evidence for the earliest ages of earth’s
rocks, but researches of the bedrock outcroppings in the East
Antarctic Craton provide some information, especially rock dat-
ing of the Napier Complex in the Enderby Tula Mountains and
Kemp Land (Kusiak et al., 2021; Chauvet et al., 2021; Krél et al.,
2020; Belyatsky et al., 2011; Grew et al., 2008; Ishizuka, 2008a, b;
Harley and Black, 1997; DePaolo et al., 1982). A tectonic evolu-
tion model study shows that the orogeny of the Eastern Ghats
Province connected the Indian continent with the Enderby Land
in East Antarctica during the Mesozoic Gondwana continent tec-
tonic period (Meert and Santosh, 2017; Kanao et al., 2014; Gray et
al., 2008; Kanao and Ishikawa, 2004).The geological tectonic
evolution of the study area is closely related to the Indian Plate;
therefore, it is one of the key zones for studies on the breakup of
Gondwana and how the Antarctic continent evolves (Fig. 1).
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Fig. 1. Regional geological map of the study area. The terrain data are extracted from the ETOP01 model (Amante and Eakins, 2009),
with a resolution of 1'x1". The topographic data in local areas are supplemented by SRTM15_PLUS data (Tozer et al., 2019) with a
resolution of 15”x15", and the interval of elevation contours is 1 000 m. The main regional structures of the study are noted as: Queen
Maud Land, Enderby Land, Mac. Robertson Land, Gunnerus Ridge, Cosmonauts Sea, Cooperation Sea, Enderby Basin, Kerguelen
Plateau. The thick solid blue line represents the continental-oceanic boundary (COB) (Leitchenkov et al. 2014; Golynsky et al., 2013);
the thick solid brown line represents the COB proposed by Davis et al. (2019); the thick solid red line is the Enderby Basin Anomaly
(Gaina et al., 2007; Golynsky et al., 2007, 2013); the dashed black line is the boundary of Kerguelen Large Igneous Province (Golynsky

etal., 2013). The same notation is used in the figures below.

There are different opinions on when the Enderby Basin was
formed. Some believe that it was formed around 136 Ma (Davis et
al., 2016), but the period of seafloor spreading between the Indi-
an Plate and the Western Australian Plate occurred around
120.6-129.3 Ma according to interpretations of magnetic anom-
alies (Gee and Kent 2007; Williams et al., 2013). Marine geophys-
ical investigations in the Enderby Basin and its adjacent areas
and interpretations of related data can provide important data
and a theoretical basis for relevant studies.

Many comprehensive studies have been conducted in this
study area based on geological, geophysical and geochemical
data (Golynsky et al., 2002, 2013; Gibbons et al., 2013). An Antarc-
tic Continental Margin Magnetic Anomaly composed of broad
offshore positive magnetic anomalies exists on the edge of the
Antarctic continent and is parallel with the coastline. On this
basis, the Enderby Basin Anomaly (EBA) has been identified.
However, many scholars have argued about the causes of this an-
omaly. Some scholars have proposed that the EBA formed due to
the strong action of magma on the passive continental margin
(Hall, 1990; Holbrook et al., 1994; Gladczenko et al., 1998). Golyn-
sky et al. (2013) regarded the EBA, which is approximately 450 km
from the shoreline, as the continental-oceanic boundary (COB).
According to gravity-seismic joint inversion data and the depth of
the Moho surface, Davis et al. (2019) speculated that the COB
should be 50-100 km north of the 1 000 m isobath and 150-300 km
from the shoreline.

O’Donnell and Nyblade (2014) inverted the crustal thickness
of the Antarctic continent based on the latest shared high-preci-
sion data and the Airy equilibrium gravity model, constrained by
partial seismic sections, and contrasted it with the study of the

African continent on the conjugate edge (Hansen et al., 2012; Ni
and Helmberger, 2003). They proposed that the average crustal
thickness of the East Antarctic craton plate is 40 km, and its struc-
ture is also affected by the abnormal orogeny of the middle and
lower mantle. Ji et al. (2019) carried out 3D gravity inversion cal-
culations based on AntGG (Scheinert et al., 2016) and Eigen-6C4
(Foerste et al., 2014) data, and the results show that the entire
East Antarctic is dominated by high-density anomalies, locally af-
fected by magma under-invasion, the strength of the lithosphere
isreduced, forming a structural thinning area.

However, the current research on the crustal thickness of Ant-
arctica is mainly carried out on the continent with a large scale,
mainly on the deep crustal structure instead of focusing on the
study area (Haeger and Kaban., 2019; Chen et al., 2018; Hansen
et al., 2016; Lawrence et al., 2006). Few studies on gravity field in-
version and dynamic characteristics have been conducted in the
study area. The isostatic gravity anomalies are significant for ex-
ploring the interior structure and deep geodynamics of the litho-
sphere. Because the isostatic gravity anomaly can reflect the de-
viation of the actual crustal thickness from the isostatic crustal
thickness and the characteristics of the lithospheric density.
Meanwhile, the anomaly can overcome the positive correlation
between free-air gravity anomalies and topography and the sys-
tematic effects between the Bouguer gravity anomaly and moun-
tains and sea basins.

2 Theory of isostasy and flexure of the lithosphere

The theory of lithospheric flexure shows how the elastic plate
theory is applied in the lithosphere. As a rigid body with elastic
properties, the lithosphere is deformed by loads on the surface of
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Earth. The Moho surface is part of the lithosphere, so it can also
be deformed. In addition, there is a difference in the density on
both sides of the Moho surface, which indicates that its deforma-
tion can inevitably cause gravity anomalies.

The master equation of lithospheric flexure (Stark et al., 2003;
Chen, 2013; Jin and Jiang, 2002) is shown below:

DVVW + (pm — pc) §W = pcgh, 1)
where

ET,
b=na—oy @

T, is the effective elastic thickness, E is the Young’s modulus, o is

the Poisson’s ratio, pm is the average mantle density, o is the av-

erage crustal density, g is the acceleration of gravity, D is the ri-

gidity of the lithosphere, h is the terrain, and w is the deflection.
After the Fourier transform, the following is obtained:

Dk4W(k) + (pm — pe) gW (k) = pcgH (k) , (3)
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where k is the wave number, W (k) is the wave-number domain
deflection, and H (k) is the wave-number domain depth. At this
moment, using a fast method to calculate the gravity anomaly at
the undulating interface (Parker, 1973), the gravity anomaly
caused by the undulating interface w is
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where G is the gravitational constant, T} is the isostatic compens-
ation depth, and F is the Fourier transform. The study area is
characterized by substantial amounts of sea ice and sediment. To
properly remove the gravity effect of ice and sediment, the dens-
ity can be used as a reference to compensate for the material on
the layer mentioned above to the corresponding terrain for ter-
rain compensation and correction:

¢”+mrm“+m-%. (©)

dCI'LlSl dcrusl dCI'LlSl /

h:hisfhicefhs“"hw'

where h, is the seafloor elevation, h is the ice surface elevation,
h,.. is the ice thickness, h is the thickness of the sediment layer,
and d,, d,, d, and d_,, refer to the average densities of the ice
layer, the water layer, the sediment layer, and the crust, respect-
ively. Similarly, according to Eq. (6), the gravity effect caused by
the terrain & after compensation and correction can be ex-

pressed as
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In the end, the isostatic gravity anomaly is obtained through
the following equation (Sjéberg, 2009):

Agr = Ag — Agrs + Age, ()

where Ag is the free-air gravity anomaly.

Try different effective elastic thickness values T, to calculate
the curvature of the compensation surface hr,, then select differ-
ent average compensation depth T, subtract the Moho surface
depth hpygry o Of the CRUST1.0 (Laske et al., 2013), and calcu-
late the root mean square :

n

Z (hoi + hr, — hcrustion)’
= : ©

n

RMS =

Calculate to obtain the optimal average compensation depth
T, with the smallest RMS. On this basis, by calculating differ-
ent effective elastic thickness values and comparing with the
CRUST1.0, to obtain optimal T, and curvature of the compensa-
tion surface hr,, finally acquire the Moho depth (H):

H=Ty+hr,. (10)

3 Flexural isostatic correction

According to the theory of isostasy and flexure of the litho-
sphere, the optimal average compensation depth and effective
elastic thickness can be calculated based on the terrain depth,
crustal thickness and density difference. Then, the gravity effect
caused by flexural deformation and the isostatic correction are
calculated, and the isostatic correction is performed for the
Bouguer gravity anomaly after removing the terrain gravity effect.

3.1 Data

The Southern Ocean has always been a key area for geophys-
ical investigations. In recent years, scientists from different coun-
tries have carried out several comprehensive scientific investiga-
tions in this area and obtained a large amount of marine geo-
physical data. Nevertheless, due to a limited number of investiga-
tion voyages and data restrictions in this area, China has conduc-
ted few geophysical investigations in this area. The free-air grav-
ity anomaly used in this paper is derived from the gravity field
model EIGEN-6C4 (Foerste et al., 2014), and the height is 8 km
(Fig. 2).

The data of the ice surface elevation and ice thickness in this
paper are extracted from the ETOP01 model (Amante and Eakins,
2009), with a resolution of 1'x1’. The land and sea in the study
area have great undulations. To ensure accuracy, the topograph-
ic data in local areas are supplemented by SRTM15_PLUS (Tozer
et al., 2019) data with a resolution of 15”x15". In addition, to re-
duce the influence of boundary effects, the topographic data are
extended outward by 5°.

The density model of the water layer, ice layer, sediment lay-
er in the study area can be obtained by combining the thickness
of the sediment layer, the density distribution in the CRUST1.0
model, and the ETOP01 model parameters. The average density
of the crust is 2.67 g/cm3, and the average density of the mantle is
3.27 g/cm? (intercepting the model data in the study area to find
that the crust in the study area is only divided into two layers: the
upper sedimentary layer and the middle sedimentary layer, and
there is no lower sedimentary layer. The specific parameters are
shown in Table 1).

According to the above density parameter model, the average
densities of water layer, ice layer, upper sedimentary layer and
middle sedimentary layer were taken as 1.027 g/cm?, 0.917 g/cm3,
2.028 g/cm3, 2.314 g/cm3, respectively. The compensated terrain
can be calculated according to Eq. (6):
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Fig. 2. Gravity anomaly and orographic gravity effect in Enderby Land and its adjacent areas. a. Free-air gravity anomaly, derived
from the gravity field model EIGEN-6C4 (Foerste et al., 2014), and the height is 8 km, 10-5 m/s2. b. Compensated terrain, the average
densities of the water layer, ice layer, upper sediment layer, and middle sediment layer were taken as 1.027 g/cm?, 0.917 g/cm?,
2.028 g/cm?, and 2.314 g/cm3, respectively (Table 1). The topography was converted by density ratio to equivalent complementary
crustal terrain data, km. c. Terrain after compensation and correction, ice surface elevation minus water depth and ice thickness after
plusing compensation terrain, km. d. Orographic gravity effect, gravity effect calculated by terrain after compensation and correction,
10-> m/s?. e. Bouguer gravity anomaly, obtained by sbutracting orographic gravity effect from free-air gravity anomaly, 10-> m/s?.

Table 1. Density parameter model

Stratum Average diznsuy/ Density rfmge/
(g-em™) (g:cm™)
Water 1.027 1.027
Ice layer 0.917 0.917
Upper sediment layer 2.028 1.76-2.26
Middle sediment layer 2.314 2.28-2.39
Lower sediment layer missing missing
1.027 0.917
h :his_hice - hs + hw . 267 + hice . 267
2.028 2.314
hups . W hmids . W (11)

The calculation results are shown in Figs 2b and c. The calcu-
lated orographic gravity effect after compensation and correc-
tion according to Eq. (8) is shown in Fig. 2d.

3.2 Calculation of isostatic compensation depth

To reduce the influence of boundary effects, the boundaries
in the four directions, i.e., east, south, west, and north, are extended
outward by 5°. First, different effective elastic thicknesses can be
used to calculate the curvature of the compensation surface. The
test results show (Fig. 3a) that when the effective elastic thick-
ness T, takes different values, the minimum root mean square
(RMS) falls within the range where T}, is 25-27 km, which is con-
sistent with the calculation result of the Airy model (7,=0). There-
fore, the optimal average compensation depth T in this study
area is 26 km. After T is determined, the results can be com-
pared when T, takes different values. The minimum RMS of the
isostatic compensation depth for deflection and the interpola-
tion of CRUST1.0 is 4.91 km when T, is 6 km (Fig. 3a). According
to the calculation results, at 7,=26 km and T,=6 km (Fig. 3b), the
isostatic correction (Fig. 4a) and the distribution of the isostatic
compensation depth for deflection (Fig. 4b) can be calculated.
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4 Results and discussion

4.1 Characteristics of isostatic gravity anomaly

Isostatic gravity anomalies describe the isostatic state of the
actual crust to identify the characteristics of lithospheric density
(Zeng, 2005). According to isostatic theory, negative isostatic an-
omalies indicate that the density below the isostatic compensa-
tion surface is less than the normal mantle density. Therefore, the
isostatic adjustment in the study area is a process of Moho sur-
face uplift or mantle material upwelling. In contrast, positive iso-
static anomalies are caused by a material “surplus” or a high
density above the compensation surface. Thus, the adjustment is
conducted through breakup of the lithosphere or sinking of the
Moho surface (Wang et al., 2009; Zhang et al., 2020).

The isostatic gravity anomalies due to the deflection of En-
derby Land and its adjacent areas fall within -50x10-5-85x10-5
m/s? (Fig. 5). The results show that isostatic gravity anomalies are
closely related to the regional tectonic setting and vary by region
(Fig. 6). Negative isostatic anomalies appear in the nearshore
areas of Gunnerus Ridge, Queen Maud Land, the Cooperation
Sea, and parts of Prydz Bay, possibly because the actual crustal
thickness in the study area is larger than the compensation
depth. In particular, Gunnerus Ridge has the lowest isostatic
gravity anomaly of -50x10-5 m/s?, which reflects the difference in

the lithospheric fabric on the sea ridge and the isostatic adjust-
ment trend of the Moho surface uplift.

A zone of high isostatic gravity anomalies (30x10-5-80x10-5
m/s?) is distributed from 30°E to the sea area surrounding En-
derby Land in East Antarctica (in the Cooperation Sea), and the
outer side of the zone corresponds to the COB estimated by Dav-
is et al. (2019). The zone is located on the rift-thinning crustal
belt, and most of the sediments belong to the late rifting
products, irregularly distributed magnetic anomalies and fault
zones are identified (Rotstein et al., 2001), with high flexural iso-
static gravity anomalies (80x10-5 m/s?, Fig. 5), indicating that
compared to other positions, the lithosphere contains high-dens-
ity anomalous bodies, which may be the plate remnants pro-
duced by early rifting (Stagg et al., 2004). The isostatic gravity an-
omalies in most areas in the north of the zone are near zero, in-
dicating that most areas have approached the isostatic state.
However, a zone with high isostatic gravity anomalies (30x
10-3-60x10-> m/s2) is distributed in the middle area of the En-
derby Basin and the Kerguelen Plateau, which is consistent with
the fact that the Moho surface in this area sinks (Fig. 4b), and the
thickness of the crust increases (Fig. 7). Stagg et al. (2004) ob-
tained 7.60-7.95 km/s seismic wave velocity records on the 4 km
thick overlying crust by deploying several seismic stations in the
Enderby Basin and its adjacent areas, and speculated that it may
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be formed by the upwelling of mantle material caused by the
fault zone which was produced by thin crust, or caused by
magma intrusion into the crust. There are several traps of low
isostatic gravity anomalies between the Cosmonauts Sea and
Queen Maud Land, and the analysis shows that the thickness of
the crust decreases during the tectonic evolution of plate crack-
ing, which makes the isostatic compensation depth shallower
than the actual Moho surface and causes asthenosphere materi-
al upwelling and Moho surface uplift. The main areas in Enderby
Land and Mac. Robertson Land all have positive anomalies, with
a magnitude of 0-80x10-5 m/s2. In the central alluvial fan area of
Prydz Bay, there is a zone with high isostatic gravity anomalies
(25%10-5-80x10-5 m/s2), indicating that this zone has not yet
reached the isostatic state, and the depth of its Moho surface is
shallower than that of the surrounding areas.

4.2 Relationship between isostatic anomalies and crustal thick-
ness
Due to the difference in the processing results and the under-
standing of the geophysical data in the study area, there are
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doubts about the crustal structure and the COB of Enderby Land
and its adjacent basins. Based on a large amount of geophysical
data, Davis et al. (2019) divided the Enderby Basin and its adja-
cent areas into three parts according to the topography and geo-
morphology: western, central and eastern parts. The central tec-
tonic domain is divided into two zones with totally different
oceanic crust shapes by a high magnetic anomaly zone (EBA;
Golynsky et al. 2007, as shown in Fig. 8). The western tectonic do-
main has many fault zones and a very thin oceanic crust. On this
basis, it is speculated that the thin continental crust covers an
area with a width of 450 km, spanning from the coastline to the
EBA. However, the seismic reflection and marine magnetic data
reveal that this high magnetic anomaly zone corresponds to the
rise of the basin basement and oceanic crust oriented toward the
continent (Stagg et al., 2006). Therefore, this high magnetic an-
omaly zone is regarded as the COB (Stagg et al., 2004; Golynsky et
al., 2013).

For the aforementioned problems, this study analyzes the
changing and adjustment trends of the crustal thickness and the
flexural isostatic gravity anomalies in the study area by calculat-
ing the flexural isostatic gravity anomalies and plotting three
comprehensive geophysical profiles (Fig. 6).

GA229-35 starts from the Enderby Basin and ends in the Cos-
monauts Sea. Along the survey line, most isostatic gravity anom-
alies are positive, within —-10x10-5-15x10-° m/s?, but the isostatic
gravity anomalies between the previously identified COBs are
negative, and the isostatic adjustment trend is reflected by the
Moho surface uplift. The crustal thickness of previously pro-
posed COBs is 8-11 km, indicating an obvious decreasing trend
(from 20 km to 8 km). The depth of the Moho surface calculated
in this study is consistent with the results obtained by Davis et al.
(2019) and generally corresponds to the Moho surface inter-
preted by the seismic profile. The trend of isostatic adjustment is
also consistent with the interpretation results of the seismic pro-
file.

GA228-06 starts from Kerguelen Large Igneous Province and
ends in the central part of Prydz Bay. Along the survey line, the

60°

—400 —200 0
Magnetic anomaly/nT

200 400 600 800
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Fig. 8. Magnetic anomaly: derived from the global Earth Magnetic Anomaly Grid EMAG2v3 (Meyer et al., 2017), which compiled from
satellite, ship, and airborne magnetic measurements. The altitude of EMAG2v3 is 4 km above the geoid, with a resolution of 2'. The
solid blue, solid brown, solid red and dashed black line instructions are the same as in Fig. 1.
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isostatic gravity anomalies all fall within -10x10-5-22x10-5 m/s?.
For the first 200 km of the profile, the isostatic gravity anomalies
change significantly, and the isostatic adjustment shows the op-
posite trend. The isostatic gravity anomalies gradually decrease
in the second half of the profile, and the crust tends to become
isostatic. Changes in the overall crustal thickness exhibita V
shape, decreasing from 13 km to 5 km and then gradually in-
creasing to approximately 8 km. The position where the crustal
thickness becomes stable is in the south of the COB identified by
Stagg et al. (2004) and Leitchenkov et al. (2014). In the second
half, the position of the calculated Moho surface differs by 3-5 km
from that of the seismic profile, the isostatic gravity anomalies
are positive, and the Moho surface is downwardly adjusted.

GA229-30 starts from the Enderby Basin and ends in the Co-
operation Sea. Along the survey line, the isostatic gravity anom-
alies all fall within 2x10-5-16x10-% m/s2. Based on the previously
identified COBs, the crustal thickness of the position determined
by Davis et al. (2019) is close to 12 km, and there is a clear de-
creasing trend. However, the crustal thickness at the position
identified by Stagg et al. (2004) and Leitchenkov et al. (2014)
tends to be stable at 8 km. According to the numerical analysis of
isostatic gravity anomalies, the overall Moho surface along the
profile sinks. The depth of the Moho surface identified by the
seismic reflection profile is consistent with the depth distribu-
tion calculated in this study, and the difference is within +2 km.
Therefore, the COB should be in the south of the position identi-
fied by Stagg et al. (2004) and Leitchenkov et al. (2014) and close
to the position identified by Davis et al. (2019).

4.3 Interpretation of gravity and magnetic data

Forming at a speed of less than 15 mm/a, the western ocean-
ic crust in the study area is the youngest in the Enderby Basin,
with clear fault zones (Davis et al., 2016). Except for the Kerguelen
Plateau formed by the Kerguelen hotspot, which has a crustal
thickness of 15 km, the crustal thickness (Fig. 7) in other parts of
the study area changes slightly and is approximately 4-9 km, with
the thinnest part being in the Enderby Basin. The thickness of the
inland crust along the coastline increases with elevation, with the
maximum reaching 34 km. When defining the Continental-
Ocean Transition Zone on the nonvolcanic continental margin,
Minshull (2009) proposed that the crust becomes increasingly
thin toward the continental boundary. The crustal thickness in
the inland zone with negative isostatic gravity anomalies in Pry-
dz Bay is thin, with a thickness of 18-20 km, which indicates that
there may also be magmatism in the area that causes Moho sur-
face uplift. From north to south, there is a transition zone where
the crustal thickness obviously increases from 6-8 km to 12-15 km.
The analysis results of the isostatic gravity anomalies show that
the continuous volcanic activities may cause the crustal thick-
ness of Gunnerus Ridge to increase from 10 km to 18 km.

Based on the multisource magnetic data and the multichan-
nel seismic reflection profile data, the interface where the upper
crustal velocity plunges is determined as the COB. However,
upon analysis of the crustal thickness and the comprehensive
geophysical profile, we believe that the actual COB should be
close to the contour line of the crustal thickness 10-12 km on the
outer edge of the coastline, which approaches the COB proposed
by Davis et al. (2019).

The COB proposed by Davis et al. (2019) basically coincides
with the contour line for a crustal thickness of 10-12 km but is
different from the predicted position of high magnetic anomalies.
There is a zone of high magnetic anomalies along the continent-
al margin of Enderby Land in Antarctica. Golynsky et al. (2013)

believed that these anomalies are mainly caused by the basic or
ultrabasic magmatism at the early stage of continental breakup
(oceanic edge-effects); Jokat et al. (2010) proposed that they are
caused by the oceanic edge effect. The results of this study show
that the isostatic gravity anomalies corresponding to the zone of
high magnetic anomalies along the continental margin of Queen
Maud Land are negative and small, with an isostatic adjustment
trend indicating Moho surface uplift, and those on the edge of
central Enderby Land are near zero, approaching the isostatic
state, which may be caused by the magmatism at the early stage
of rifting (Fig. 8).

5 Conclusions

Based on the regional isostatic theory, this paper uses the
gravity field model EIGEN-6C4 and the digital elevation data of
ETOPO1 and STRM15_PLUS to calculate the flexural isostatic
gravity anomalies in Enderby Land and its adjacent areas. Then,
the crustal thickness of the study area is calculated, and three
comprehensive geophysical interpretation profiles are plotted.
Based on the isostatic gravity anomalies in Enderby Land and its
adjacent areas, the depth of the Moho surface and the crustal
thickness in the study area are calculated. In addition, this study
analyzes the crustal structure along the profile and the trend of
isostatic adjustment. The calculation results are consistent with
the previously obtained seismic interpretation profiles and the
gravity-seismic joint inversion results. The following findings are
obtained:

(1) The results show that the flexural isostatic gravity anom-
alies in Enderby Land and its adjacent areas are closely related to
the regional tectonic setting and fall within -50x10-5-85x10-5
m/s2. There is a zone of high isostatic gravity anomalies (30-
80x10-5 m/s2) between 30°E and the outer side of the Coopera-
tion Sea. It is speculated that compared to other positions, the
lithosphere has high-density anomalous bodies, which may be
the plate remnants generated by early rifting. There are several
traps of low isostatic gravity anomalies between the Cooperation
Sea and Queen Maud Land. Based on our analysis, we propose
that the thickness of the crust decreases during the tectonic evol-
ution of plate cracking, which makes the isostatic compensation
depth shallower than the actual Moho surface and causes as-
thenosphere material upwelling and Moho surface uplift.

(2) Except for the Kerguelen Plateau, which was formed by a
hotspot and has a crustal thickness of 15 km, the crustal thick-
ness in the other parts of the study area changes slightly and is
approximately 4-9 km, with the thinnest part being in the En-
derby Basin. The thickness of the inland crust along the coastline
increases with the elevation, with the maximum reaching 34 km.
The analysis results of the isostatic gravity anomalies show that
the continuous volcanic activities may cause the crustal thick-
ness of Gunnerus Ridge to increase from 10 km to 18 km.

(3) The isostatic gravity anomalies corresponding to the zone
of high magnetic anomalies along the continental margin of
Queen Maud Land are negative and small, with an isostatic ad-
justment trend indicating the Moho surface uplift, and those on
the edge of central Enderby Land are near zero, approaching the
isostatic state, which may be caused by the magmatism at the
early stage of rifting. This paper proposes that the actual COB
should be close to the contour line of the crustal thickness 10-12 km
on the outer edge of the coastline.
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