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Abstract

Mozambique’s continental margin in East Africa was formed during the break-off stage of the east and west
Gondwana lands. Studying the geological structure and division of continent-ocean boundary (COB) in
Mozambique's continental margin is considered of great significance to rebuild Gondwana land and understand
its movement mode. Along these lines, in this work, the initial Moho was fit using the known Moho depth from
reflection seismic profiles, and a 3D multi-point constrained gravity inversion was carried out. Thus, high-
accuracy Moho depth and crustal thickness in the study area were acquired. According to the crustal structure
distribution based on the inversion results, the continental crust at the narrowest position of the Mozambique
Channel was detected. According to the analysis of the crustal thickness, the Mozambique ridge is generally
oceanic crust and the COB of the whole Mozambique continental margin is divided.
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1 Introduction

Continent-ocean boundary (COB) and continent-ocean
transition zone (COT), as well as the formation of some special
structures at the Mozambique continental margin, are con-
sidered important references to study the splitting and drift effect
of Gondwana land. COB refers to the boundary between the con-
tinental crust and the oceanic crust (Basile, 2015). COB division is
mainly determined by the properties of the crust. In the past,
various geological and geophysical data of some regions in
Mozambique, such as water depth, gravity and magnetism, re-
fraction earthquake, and core sampling, have been collected
(Salman and Abdula, 1995; Kénig and Jokat, 2010; Leinweber et
al., 2013; Vormann et al., 2020; Moulin et al., 2020; Vormann and
Jokat, 2021). These works based on the geophysical measured
data have explained small-scaled or local geologic structures and
COB locations. However, the large-scale crustal structures in
Mozambique’s continental margin have been scarcely examined
in the literature. Hence, the calculation of the Moho depth and
crustal thickness through gravity anomaly inversion has been
proposed to study large-scale geologic structures and COB divi-
sion in the study area. More specifically, Nguyen et al. carried out
gravity inversion of the east Africa-Antarctica continental margin

and acquired large-scaled Moho depth distribution. More-
over, Gondwana land before the fracture was rebuilt by combin-
ing the magnetic and relevant data (Nguyen et al., 2016). Hanyu
et al. gained the Moho depth at the south Mozambique contin-
ental margin by performing gravity data combined inversion, and
determined COB at the south continental margin by combining
the magnetic data (Hanyu et al., 2017). On the one hand, the pre-
viously reported works in the literature lack regional Moho inver-
sion of the whole Mozambique continental margin. On the other
hand, the existing Moho depth information, which was detected
from analyzing many deep seismic profiles and could provide
constraints during gravity inversion of Moho, hasn’t been used
well.

The Parker-Oldenburg inversion method has been improved
according to Parker forward modeling formula (Parker, 1973) and
it has been widely applied to potential field interface inversion.
This method is often used in the gravity inversion of Moho
(Greenhalgh and Kusznir, 2007; Chappell and Kusznir, 2008; Bai
et al,, 2015). However, only single-point Moho depth constraint
during calculation can be provided, which is difficult for carrying
out real fitting in Mozambique’s continental margin, which has
great Moho relief. Wu Zhaocai et al. improved the inversion pro-
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cess of this method and developed an initial Moho interface by
using several known control points of Moho depth. Hence, more
reasonable inversion results of the Moho depth were derived (Wu
et al., 2017). Under this perspective, in this work, such an im-
proved multi-point constrained inversion method was applied.
The uniform scaled Moho depth and the crustal thickness mod-
els in Mozambique continental margin and the surrounding re-
gions were examined by using the Moho depth data from the
published deep seismic profiles as the deep constraint of Moho.
By combining with previously acquired seismic data in the study
area, the large-scale crustal structure characteristics and COB po-
sitions in Mozambique’s continental margin were systematically
analyzed.

Nowadays, Mozambique has been placed in the middle of the
Gondwana continent in many works in the literature on the re-
construction and dissociation process of the continent. The con-
tinental tectonic unit and COB formation were all influenced by
the splitting activities of the Gondwana land (Konig and Jokat,
2010; Leinweber and Jokat, 2011; Nguyen et al., 2016; Mueller et
al., 2016; Mueller and Jokat, 2019; Thompson et al., 2019). In the
Early Jurassic period (~180 Ma), Gondwana land was split gradu-
ally along with eastern Africa and formed the east Gondwana
land (Madagascar, Antarctica, India, and Australia) and west
Gondwana land (South America and Africa) due to the Karoo
mantle plume activities and violent magmatism (Leinweber and
Jokat, 2012). In the Late Jurassic period, the volcanic action
weakened and the east Gondwana land made a clockwise rota-
tion in relation to the west Gondwana land. Meanwhile, the east
Gondwana land exhibited progressive tensional fracture from
north to south along with the Davie Fracture Zone (DFZ) and
Mozambique Fracture Zone (MFZ), leading to the formation of
Mozambique transform continental and passive continental
margins composed of north section, middle section, and south
section (Sinha et al., 2019; Vormann et al., 2020; Vormann and
Jokat, 2021).

The north section (9°-16°S) of Mozambique’s continental
margin represents the transform continental margin controlled
by DFZ (Mueller and Jokat, 2019; Sinha et al., 2019). There’s the
oldest NE-SW striking magnetic anomaly belt M41 (~167 Ma) in
the eastern Somalia Basin (SB), indicating the initial splitting dir-
ection of Gondwana land (Gaina et al., 2013; Sinha et al., 2019;
Vormann et al., 2020). Sinha et al. determined the COB of the
north section of Mozambique’s continental margin according to
the extracted multi-channel seismic and gravity and magnetism
data (Sinha et al., 2019). Additionally, the north section of
Mozambique’s continental margin also developed an about 1 200 km
long sea ridge, which extended from south to north between
5°-20°S and was called Davie Ridge (DR). The terrain was di-
vided into north and south sections due to changes at 13°S. Ac-
cording to the multi-channel seismic data, nDR denotes the de-
positional characteristics on the flat base (Mougenot et al., 1986;
Franke et al., 2015). However, according to the works in the liter-
ature on deep seismic data on the south Davie Ridge (sDR), the
local crustal velocity structure is consistent with the continental
crust and it is actually a residual continental crust. As a result,
COB shall be closer to Mozambique’s coast (Vormann et al.,
2020; Vormann and Jokat, 2021).

The middle section (16°-21°S) of Mozambique’s continental
margin lies between DFZ and MFZ. According to the seismic
data, there’s a high velocity lower crust and seaward dipping re-
flectors (Leinweber et al., 2013; Mueller et al., 2016). Hence, the
middle section of the Mozambique continental margin is re-
garded as a typical magma-rich continental margin, which is

formed by the splitting of the Gondwana land toward the NW-SE
direction (Mahanjane, 2012; Leinweber et al., 2013; Mueller et al.,
2016). The south side of the middle section is the Mozambique
Basin (MB) where the oldest NE-SW magnetic anomaly belt
(M38n2n, 164.1 Ma) can be recognized (Mueller and Jokat, 2017).
Combined with the velocity difference shown in deep seismic
data, the COB at the middle section of Mozambique’s continent-
al margin can be determined (Mueller and Jokat, 2019). The spe-
cial structural unit close to the coastal zone of Beira High (BH) is
viewed as the residual continental land (Mueller et al., 2016).

The south section of the Mozambique continental margin
(21°-36°S) is located next to the Mozambique Coastal Plain
(MCP) and it is a transform continental margin formed by the
joint control of the tension crack and strike-slip effect. As a result,
the tectonic unit properties and origins, as well as COB and COT
division at the continental margin of the south section are more
complicated. In addition, the south section of Mozambique’s
continental margin is mainly developed with Northern Natal Val-
ley (NNV) and Mozambique Ridge (MozR), which are separated
by Ariel Graben (AG). Mueller and Jokat argued that NNV is an
oceanic crust with a magnetic anomaly belt, and COB divided ac-
cording to NNV leads to overlapping regions during the rebuild-
ing of Gondwana land (Mueller and Jokat, 2019). According to re-
search results on deep seismic data, the crustal velocity structure
of NNV agrees with the continental crust and it is a continental
crust undergoing magmatic floor invasion. Therefore, COB shall
be divided at the seaward side of NNV (Moulin et al., 2020;
Watremez et al., 2021). The crustal properties of MozR are still
under investigation. According to the works on seismic data, the
whole MozR is the abnormally thick oceanic crust formed by
magma, which was erupted by the mantle plume (Kénig and
Jokat, 2010; Leinweber and Jokat, 2011; Gohl et al., 2011).
However, from the analysis of the magnetic and gravity data, it
was demonstrated that the north MozR (nMozR) is the thinned
continental crust formed by stretching at the splitting of the
Gondwana land, while the south MozR (sMozR) is the oceanic
crust. Hence, COB shall be determined between nMozR and
sMozR (Hanyu et al., 2017).

2 Data and methods

2.1 Data source

The study area is located at the east Mozambique continental
margin (8°-36°S, 28°-52°E). The applied seafloor topographic
data were collected from the 15”"x15"” GEBCO_2020 global depth
grid data published by the International Hydrographic Organiza-
tion (IHO) in May, 2020 (Fig. 1a).

The gravity data were collected from the global gravity field
model with a grid space of 1'x1’, which was constructed by com-
bining CryoSat-2 and Jason-1 altitude measurement satellites
(Fig. 1b) (Sandwell et al., 2014). Deposition thickness data were
also collected from the total sedimentary thickness digital model
of the global ocean and marginal sea (GlobSed), with a grid space
of 5'x5' (Fig. 1¢). This model integrated the previously published
models and the new summarized data, and 29.7% of total marine
sediments were added compared to the previously published
sediment models (Straume et al., 2019).

Meanwhile, the deep seismic exploration data (OBS) of the
study area was applied (Leinweber et al., 2013; Mueller et al.,
2016; Vormann et al., 2020; Vormann and Jokat, 2021) and 165
Moho depth points (Fig. 1, Table 1) were extracted as the known
Moho depth control point for the constrained gravity inversion.
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Fig. 1. Depiction of the topography and main geological structures of the study area, the white circle refers to the OBS station in the
area (a); Free-air gravity anomalies in the study area, the dotted lines are magnetic anomaly strips (b); Sedimentary thickness in the
study area (c). SB: Somalia Basin; DFZ: Davie Fracture Zone; MozC: Mozambique Channel; BH: Beira High; NNV: northern Natal Val-
ley; MFZ: Mozambique Fracture Zone; nMozR: north Mozambique Ridge; sMozR: south Mozambique Ridge; MB: Mozambique Basin;
MadR: Madagascar Range; AG: Ariel Graben; MCP: Mozambique Coastal Plain.
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Table 1. OBS constraint points for inversion.
Name of measuring Number of the used

lines constraint points Source
AWI-20140100 25 Vormann et al. (2020)
AWI-20140050 25 Vormann et al. (2020)
AWI-20140150 20 Vormann and Jokat (2021)
AWI-20140130 20 Vormann and Jokat (2021)
20070201 27 Leinweber et al. (2013)
20070202 11 Leinweber et al. (2013)
AWI-20140010 37 Mueller et al. (2016)
Total 165
2.2 Method

The calculation process of Moho depth is schematically illus-
trated in Fig. 2. (1) According to free-air anomaly (FAA) and
depth data , the FA2BOUG (Fullea et al., 2008) was applied to
eliminate the gravity influence of seawater. (2) The gravity anom-
aly of the sedimentary formation was gained by performing Park-
er forward modeling (Parker, 1973). Next, it was deducted based
on the calibration in the first step. Thus, the Bouguer gravity an-
omaly was derived after the calibration of sedimentary formation.
(3) According to the gravity anomaly and known control points of
Moho depth, which were gained in the second step, the Moho
depth and crustal thickness were calculated by using the im-
proved “multi-point constrained inversion method”.

2.2.1 Water depth and topographic correction

The Fa2boug program (Fullea et al., 2008) was applied to cal-
culate the gravity effect of seawater. This program is applicable to
the published global gravity data and water depth data. Accord-
ing to the distance of the calculation point, the Fa2boug program
divides the surrounding area of the calculation point into a short-
distance region, a middle-distance region, and a long-distance
region. Different calculation modes shall be also applied to dif-
ferent regions to eliminate the influence of seawater gravity with-
in 167 km around the calculation point. This not only assured
calculation accuracy, but also increased calculation efficiency.

2.2.2 Gravity effect calculation of sedimentary layer

After finishing bathymetric seawater, the gravity anomaly
mainly includes the gravity effects of the sedimentary basement
and Moho. Hence, the gravity effect of the sedimentary layer shall
be calculated and eliminated to extract the gravity effect of Moho.
When the gravity effect of the sedimentary layer is calculated, the
sedimentary compaction model (Sclater and Christie, 1980) was
used to determine the density variations of the sedimentary layer
with depth. The calculation formula is as follows:

p(2) = pgpoge " + pg(1 — oge™¥?), (1

where py is the fluid density, p, stands for the solid density, ¢,
denotes the porosity, and d represents the depth attenuation

>
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parameter. These parameters were selected according to the fit-
ting results of drilling data from the deep sea drilling program
(DSDP) and previously reported works (Simpson et al., 1974;
Nguyen et al., 2016; Wu et al., 2017). During the calculations, the
sedimentary layer was divided into 50 layers vertically. The grav-
ity impact of each layer was also calculated through Parker for-
ward modeling, while the gravity effects of all layers were
summed to get the gravity effect of the sedimentary layer (Fig.
3a). After eliminating the gravity impact of the sedimentary layer,
the Bouguer gravity anomaly after sedimentary layer correction
was acquired (Fig. 3b).

2.2.3 Multi-point constrained Moho inversion

The calculation steps of multi-point constrained Moho inver-
sion were introduced as follows. (1) Linear regression was calcu-
lated according to the control point of the known Moho depth
and Bouguer gravity anomaly with the gravity effect of the sedi-
mentary layer being eliminated. Therefore, the initial Moho
depth was acquired. (2) The difference between the gravity an-
omaly of the initial Moho surface and the Bouguer gravity anom-
aly was calculated, and used to invert the corrected value of the
Moho surface depth. (3) The corrected value of the Moho surface
depth was added to the initial Moho surface depth to obtain the
new Moho surface, and the mean square error (MSE) with re-
spect to the constraint point was calculated. (4) Steps (2) and (3)
were repeated to calculate the MSE after iteration, thus reaching
the minimum mean square error. Finally, the inversion results
were gained. The comparison of Moho depth obtained by partial
inversion with seismic profile data is shown in Fig. 4.

The survey line in the southern continental margin are basic-
ally located at NNV, where the depth of Moho is more than 10 km
deeper than the northern Moho, and the crust thickness is also
thicker. The survey line at NNV indicates that it is a stretched
continental crust influenced by magmatism, and its crust density
is much different from that in other regions. Since our inversion
method requires a crustal density as an inversion parameter, if
the survey line at the southern continental margin and the north-
ern one are incorporated into the inversion process as con-
straints, no matter how crustal density parameter is selected, bet-
ter inversion results cannot be obtained. In order to obtain a
more accurate crustal thickness distribution of the Mozambique
continental margin as a whole, we only select the survey line in
the northern and middle continental margins, where crustal
density is similar to the depth of the Moho surface, as control
points to participate in the inversion (Table 1).

On the other hand, the interpretation of constrained seismic
profiles makes inversion uncertain. Authors of these seismic
modelings selected as constraints have a deep knowledge of the
continental margin of Mozambique, and the interpreted seismic
modelings are also widely recognized. At the same time, the sedi-
ment model also affects the inversion effect. The sediment mod-
el we used has also been widely used in gravity inversion by oth-
ers. The inversion results obtained by using these data are relat-

[ Parker forward

digital model )

complete Bouguer
anomaly

depth data

BGA after correction
of sedimentary layer

control point

D constrained
gravity inversion

crustal

Moho depth thickness

Fig. 2. Flowchart of inversion (FAA: free-air anomaly; BGA: Bouguer gravity anomaly).
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Fig. 3. Gravity effect of the sedimentary layer (a); Bouguer gravity anomaly after correction of sedimentary layer (b).
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Fig. 4. Comparison of Moho depth gravity inversion results and
deep seismic data interpretation results Measuring line MZ07 (a)
Measuring line 20070201 (b). The positions of the measuring
lines are shown in Fig. 1.

ively fitting to the actual situation (Fig. 4), and the mean square
error is 2.3 km. It’s going to support us to complete the relevant
research. Finally, the Moho depth and crustal thickness results
are shown in Figs 5 and 6.

3 Inversion results and discussion
3.1 Crustal structure characteristics in the north section (9°-16°S)

of Mozambique continental margin
The Moho depth in the north section of Mozambique's con-

tinental margin increased gradually from the west to east (Fig.
5a). The crustal thickness from ocean to continent decreased
from about 20 km to 12 km (Fig. 5b). The Moho depth of SB
ranges within 11-17 km and the crustal thickness is about 7-10 km
(Fig. 5b). These results are basically consistent with local profile
data interpretation in the deep seismic survey (Vormann et al.,
2020; Vormann and Jokat, 2021).

At nDR, the crustal thickness in gravity inversion was more
than 13 km (Fig. 5b) and the detected thickness according to
deep seismic data was about 11 km (Vormann et al., 2020). In this
region, the sedimentary thickness was great. Due to the influ-
ence of the strike-slip fault, the base structure was reconstructed
(Vormann and Jokat, 2021), which might be the reason for the re-
corded differences in the crustal thickness. At sDR, the crustal
thickness in gravity inversion was 14-19 km (Fig. 6a), which was
close to the interpretation of the deep seismic data (13-19 km)
(Vormann et al., 2020). According to the crustal thickness results
of gravity inversion, the thick crustal area at sDR protruded and
extended along with the SW direction (Fig. 7). The extension dir-
ection was consistent with the southern continental margin of
Madagascar. Moreover, the south crust of Madagascar thinned
quickly from continent to ocean, accompanied by serious
changes in the crustal thickness. This might demonstrate that
sDR and the south continental margin of Madagascar experience
strike-slip tectonic activities along DFZ (Fig. 6a).

At the narrowest position of the Mozambique Channel
(MozC), the mean crustal thickness was about 14 km and
reached 20 km close to Madagascar, which was far higher than
ordinary oceanic crust thickness. According to the deep seismic
profile, the crust close to the Mozambique area has no oceanic
crustal characteristics (Vormann et al., 2020). Moreover, accord-
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Fig. 5. Moho depth in the study area (a); crustal thickness in the study area (b). SB: Somalia Basin; DFZ: Davie Fracture Zone; MozC:
Mozambique Channel; BH: Beira High; NNV: northern Natal Valley; MFZ: Mozambique Fracture Zone; nMozR: north Mozambique
Ridge; sMozR: south Mozambique Ridge; MB: Mozambique Basin; MadR: Madagascar Range; AG: Ariel Graben; MCP: Mozambique

Coastal Plain.

ing to the previously reported works in the literature, relatively
large-scale magmatic activities at the Mozambique Channel did
not take place (MozC) (Mueller and Jokat, 2017), and there’s no
condition for the formation of abnormally thick oceanic crust.
Hence, it can be speculated that Madagascar and Mozambique
were connected by the stretching continental crust at the narrow-
est position of the Mozambique Channel, without any oceanic
crust (Fig. 7).

At Tanzania-Mozambique Margin, Sinha et al. determined
the COB positions according to multi-channel seismic data and
gravity and magnetism data (Sinha et al., 2019), which were al-
most overlapping with the 13.5 km isopachous line of the crustal
thickness from gravity inversion. Hence, the 13.5 km isopachous
line of the crustal thickness was used to determine the COB posi-
tions (Fig. 6a) in the south section of Mozambique continental
margin (11°-13°S) and COBs recognized by the existing deep
seismic data at nDR were approximately consistent (Vormann
etal., 2020; Vormann and Jokat, 2021). The determined COBs ex-
tended south along with Davie Fracture Zone (DFZ) until reach-
ing the positions near the Mozambique Channel (MozC)
(14.5°S/42°E). Because of the lack of deep seismic data in the
Mozambique Channel Sinha et al. determined the COB crosses
the Mozambique Channel. But according to the new works and
evaluation of the crustal properties in MozC based on deep seis-
mic data, it can be inferred that there is no oceanic crust (Vor-
mann and Jokat, 2021) and the determined COB turned to SE dir-
ection and ran through the northern region of MozC. This was
further northward than the COB determined by Sinha et al.

(Sinha et al., 2019). The COB determined subsequently extended
toward the northeast to the north section of the Madagascar mar-
gin along with the 13.5 km isopachous line of crustal thickness.
According to the determined COB in this work, it overlapped with
DFZ highly, indicating that the formation of COB at the north
section of the margin was mainly controlled by DFZ. Moreover,
the continental crust at MozC might be formed during the
NW-SE striking splitting between the east and west Gondwana
lands, and then it slipped southward to the present position with
the east Gondwana land along with DFZ.

3.2 Crustal structure characteristics in the middle section

(16°-21°S) of Mozambique continental margin

The Moho depth in the middle section (16°-21°S) of Mozam-
bique’s continental margin lifted up quickly, while crustal thick-
ness thinned dramatically from continent to ocean. The crustal
thickness of BH was about 20 km (Fig. 5b), which was consistent
with the interpreted value of the deep seismic profile. Since ab-
normally thick sediments between the NW side of BH and the
middle continental shelf of Mozambique exist, the velocity struc-
ture was complicated and it was difficult to determine the crustal
properties according to the collected deep seismic data (Mueller
et al., 2016). According to the gravity inversion results, the crustal
thickness of BH changed slightly from the ocean to the continent.
It was speculated that there is thinned continental crust between
BH and the continental shelf of the middle Mozambique margin.
On top of that, the crustal thickness gradient differences between
the continental side and the seaside of BH might experience
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Fig. 7. Crustal thickness map of the Mozambique Channel. The
brown translucent area is part of the continental crust. MozC:
Mozambique Channel; MB: Mozambique Basin.

twice tensional fractures with different degrees.

In the middle section of the Mozambique continental margin,
the COB positions revealed by previously reported works in the
literature (Mueller and Jokat, 2019; Sinha et al., 2019; Mueller et
al., 2016) were also approximately consistent with the 13.5 km
isopachous line of the crustal thickness and the 18 km isobath of
Moho depth (Fig. 6a). In deep seismic data or gravity data and
magnetic data, the positions of COB are shown in the Fig. 8. The
COB in this work was divided into east and west parts at the
boundary of MozB. The COB at the west of MozB was formed
during NW-SE splitting between the east and west Gondwana
land and it extended southwestward along with the 13.5 km iso-
pachous line from 17°S, by passing the broken BH in the middle
section. As far as the COB on the east of MozB is concerned, it ex-
tended southwestward to the south Madagascar margin along
with sDR and DFZ from 17°S. This COB was mainly controlled by
the N-S strike-slip action of the east and west Gondwana lands
along with DFZ. Hence, the determined COB was basically over-
lapping with DFZ (Fig. 6a).

3.3 Crustal structure characteristics of the south section (21°-36°S)
of Mozambique continental margin
The south section of Mozambique’s continental margin was
the Mozambique coastal plain (MCP), where the crustal thick-
ness thinned quickly from continent to ocean. Particularly, it de-
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Fig. 8. Geological interpretation of profile AWI-20140010. The free-air gravity anomaly (a). The magnetic anomaly along the profile
are shown (b). Geological interpretation of the profile (c) (Mueller et al., 2016).

creased from 24 km to 14 km within the scope of 100 km (Fig. 5b).
This result is in direct line with the crustal changes interpreted by
OBS data. Moreover, the seismic velocity structure was similar to
BH and was speculated that it was the extended continental crust
within 100 km of the eastern margin of MCP (Watremez et al.,
2021; Evain et al., 2021). The crustal thickness from the east of
MCP to the north of MB was 8-14 km, which was higher than the
common oceanic crust. However, the local velocity structure ex-
hibited obvious oceanic crustal characteristics and the anomaly
thickness might be caused by the violent magmatic activities in
the late stage (Watremez et al., 2021).

At NNV, Hanyu et al. reported that the crustal thickness in
gravity inversion was 11-14 km (Fig. 5b) (Hanyu et al., 2017). Ac-
cording to the gravity inversion results in this work, the local
crustal thickness was about 15 km. The crustal thickness of NNV
interpreted by OBS data reached 30 km, whereas NNV was a con-
tinental crust with magmatic invasion. The local crustal density
presented complicated changes due to magmatic effects, thus
resulting in errors in the gravity inversion results (Moulin et al.,
2020; Watremez et al., 2021).

At present, the majority of the works in the literature argue
that sMozR was oceanic crust influenced by volcanic-based activ-
ities (Konig and Jokat, 2010; Gohl et al., 2011; Hanyu et al., 2017;
Fischer et al., 2017; Matsinhe et al., 2021). However, there’s still
controversy over the crustal properties of nMozR. By thoroughly
analyzing the three-component magnetic data, Hanyu et al. didn’
t discover oceanic crustal characteristics, while the authors poin-
ted out that nMozR was the extended continental crust (Hanyu
etal., 2017). Other reports have concluded that the nMozR is an
oceanic crust based on seismic and magnetic data showing that

the velocity structure of the crust here is very different from the
continental crust (Konig and Jokat, 2010; Leinweber and Jokat,
2011; Gohl et al., 2011). According to the acquired inversion res-
ults (Fig. 5b), the crustal thickness of sMozR was generally about
11-14 km, reaching 15 km locally. The Moho depth was 16 -18 km
and the crustal thicknesses of nMozR and sMozR were basically
consistent with Moho depth. As a result, it can be concluded that
nMozR was also the abnormally thick oceanic crust formed upon
the strong influence of the magmatic activities during the split-
ting of Gondwana lands, same with sMozR.

In the south section of Mozambique continental margin
(21°-36°S), the 11.5 km isopachous line of the crustal thickness
and the 15.5 km isobath of Moho depth from the inversion res-
ults were close to the COB, which was determined in previously
reported works (Mueller and Jokat, 2019; Moulin et al., 2020;
Watremez et al., 2021). In deep seismic data, the positions of COB
and COT are shown in the Fig. 9. On this basis, COB at the south
section was plotted (Fig. 6b). The COB from 22°S to 28°S exten-
ded southward along with MFZ. However, different from the COB
determined by Hanyu et al. (Hanyu et al., 2017) at 28°S, it was as-
sumed that the MozR was the oceanic crust. Thereby, the plotted
COB turned to SW and it separated NNV (thinned continental
crust) and (MozR) (oceanic crust) through AG. Subsequently, the
delineated COB extended along with an 11.5 km isopachous line
of crustal thickness to near the southern Mozambique coastline.
By combining with COT at south margin and COT positions in-
terpreted by local seismic data, the 13 km isopachous line of the
crustal thickness and the 17 km isobath of Moho depth were used
as the inner boundary base lines in the whole COT at the south
margin. Similarly, they turned to SW at AG. In this way, there’s an
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Fig. 9. P-wave velocity models of profile MZ1 (km/s) (Moulin et al., 2020).

about 70 km wide COT at 36.5°W and it extended from 23°S.
Moreover, it narrowed from the north to south until reaching
27.3°S (Fig. 6b). According to the determined COB and COT, it
can be concluded that the formation of COT and COB at the
south margin was controlled by splitting and strike-slip of the
east and west Gondwana lands. In the Early Jurassic period, both
the east and west Gondwana lands had NW-SE splitting and the
COT at the south margin was also formed during this period.
Subsequently, the east and west Gondwana lands developed N-S
strike-slip along with MFZ in the late Jurassic period. Accord-
ingly, COT narrowed gradually from north to south, while COB
was distributed along with MFZ.

4 Conclusions

The seismic constrained gravity inversion of Moho can get re-
gional Moho distribution and crustal thickness distribution
matching with seismic detection results. This result provides ef-
fective information to study local geologic structures. According
to the extracted inversion results, a large-scaled crustal structure
at Mozambique continental margin was studied and COB was
determined. Meanwhile, according to the distribution character-
istics of crust and Moho structures at the Mozambique contin-
ental margin, the narrowest part of the Mozambique Channel is
considered to be continental crust. It connects Madagascar with
Mozambique. Also, the sDR and the south continental margin of
Madagascar experience strike-slip tectonic activities along DFZ.
More geological survey data is needed to provide constraints on
the location of the sDR at the time of reconstruction in Gond-
wana. In the south section of the Mozambique continental mar-
gin, the crustal structure distribution supports the fact that
nMozR and sMozR are both abnormally thick oceanic crusts
formed by the influence of violent magmatic activities during the
splitting of east and west Gondwana land. Moreover, COB is loc-
ated in the north part of MozR.

Acknowledgements
We would like to express our sincere gratitude to the experts
and scholars who have made contributions to this article.

References

Bai Yongliang, Wu Shiguo, Liu Zhan, et al. 2015. Full-fit reconstruc-
tion of the South China Sea conjugate margins. Tectonophys-
ics, 661: 121-135, doi: 10.1016/j.tecto.2015.08.028

Basile C. 2015. Transform continental margins — Part 1: concepts
and models. Tectonophysics, 661: 1-10, doi: 10.1016/j.tecto.
2015.08.034

Chappell AR, Kusznir N J. 2008. Three-dimensional gravity inversion

for Moho depth at rifted continental margins incorporating a
lithosphere thermal gravity anomaly correction. Geophysical
Journal International, 174(1): 1-13, doi: 10.1111/j.1365-246X.
2008.03803.x

Evain M, Schniirle P, Leprétre A, et al. 2021. Crustal structure of the
East African Limpopo margin, a strike-slip rifted corridor along
the continental Mozambique Coastal Plain and North Natal
Valley. Solid Earth, 12(8): 1865-1897, doi: 10.5194/se-12-1865-
2021

Fischer M D, Uenzelmann-Neben G, Jacques G, et al. 2017. The
Mozambique ridge: a document of massive multistage mag-
matism. Geophysical Journal International, 208(1): 449-467,
doi: 10.1093/gji/ggw403

Franke D, Jokat W, Ladage S, et al. 2015. The offshore East African Rift
System: structural framework at the toe of a juvenile rift. Tec-
tonics, 34(10): 2086-2104, doi: 10.1002/2015TC003922

Fullea ], Fernandez M, Zeyen H. 2008. FA2BOUG—A FORTRAN 90
code to compute Bouguer gravity anomalies from gridded free-
air anomalies: application to the Atlantic-Mediterranean trans-
ition zone. Computers & Geosciences, 34(12): 1665-1681

Gaina C, Torsvik T H, Van Hinsbergen D ] J, et al. 2013. The African
Plate: a history of oceanic crust accretion and subduction since
the Jurassic. Tectonophysics, 604: 4-25, doi: 10.1016/j.tecto.2013.
05.037

Gohl K, Uenzelmann-Neben G, Grobys N. 2011. Growth and dispers-
al of a Southeast African large igneous province. South African
Journal of Geology, 114(3-4): 379-386

Greenhalgh E E, Kusznir N J. 2007. Evidence for thin oceanic crust on
the extinct Aegir Ridge, Norwegian Basin, NE Atlantic derived
from satellite gravity inversion. Geophysical Research Letters,
34(6): L06305

Konig M, Jokat W. 2010. Advanced insights into magmatism and vol-
canism of the Mozambique Ridge and Mozambique Basin in
the view of new potential field data. Geophysical Journal Inter-
national, 180(1): 158-180, doi: 10.1111/j.1365-246X.2009.
04433.x

Leinweber V T, Jokat W. 2011. Is there continental crust underneath
the northern Natal Valley and the Mozambique Coastal Plains?
Geophysical Research Letters, 38(14): L14303

Leinweber V T, Jokat W. 2012. The Jurassic history of the Africa-Ant-
arctica corridor — new constraints from magnetic data on the
conjugate continental margins. Tectonophysics, 530-531:
87-101

Leinweber V T, Klingelhoefer F, Neben S, et al. 2013. The crustal
structure of the Central Mozambique continental margin —
Wide-angle seismic, gravity and magnetic study in the Mozam-
bique Channel, Eastern Africa. Tectonophysics, 599: 170-196,
doi: 10.1016/j.tecto.2013.04.015

Mahanjane E S. 2012. A geotectonic history of the northern Mozam-
bique Basin including the Beira High - A contribution for the
understanding of its development. Marine and Petroleum Geo-
logy, 36(1): 1-12, doi: 10.1016/j.marpetgeo0.2012.05.007


http://dx.doi.org/10.1016/j.tecto.2015.08.028
http://dx.doi.org/10.1016/j.tecto.2015.08.034
http://dx.doi.org/10.1016/j.tecto.2015.08.034
http://dx.doi.org/10.1111/j.1365-246X.2008.03803.x
http://dx.doi.org/10.1111/j.1365-246X.2008.03803.x
http://dx.doi.org/10.5194/se-12-1865-2021
http://dx.doi.org/10.5194/se-12-1865-2021
http://dx.doi.org/10.1093/gji/ggw403
http://dx.doi.org/10.1002/2015TC003922
http://dx.doi.org/10.1016/j.tecto.2013.05.037
http://dx.doi.org/10.1016/j.tecto.2013.05.037
http://dx.doi.org/10.1111/j.1365-246X.2009.04433.x
http://dx.doi.org/10.1111/j.1365-246X.2009.04433.x
http://dx.doi.org/10.1016/j.tecto.2013.04.015
http://dx.doi.org/10.1016/j.marpetgeo.2012.05.007

Yang Shihao et al. Acta Oceanol. Sin., 2024, Vol. 43, No. 2, P. 120-129

Matsinhe N D, Tang Yong, Li Chunfeng, et al. 2021. The crustal
nature of the northern Mozambique Ridge, Southwest Indian
Ocean. Acta Oceanologica Sinica, 40(7): 170-182, doi: 10.1007/
s13131-021-1747-9

Mougenot D, Recq M, Virlogeux P, et al. 1986. Seaward extension of
the East African Rift. Nature, 321(6070): 599-603, doi: 10.1038/
321599a0

Moulin M, Aslanian D, Evain M, et al. 2020. Gondwana breakup: mes-
sages from the North Natal Valley. Terra Nova, 32(3): 205-214,
doi: 10.1111/ter.12448

Mueller C O, Jokat W. 2017. Geophysical evidence for the crustal vari-
ation and distribution of magmatism along the central coast of
Mozambique. Tectonophysics, 712-713: 684-703

Mueller C O, Jokat W. 2019. The initial Gondwana break-up: a syn-
thesis based on new potential field data of the Africa-Antarc-
tica Corridor. Tectonophysics, 750: 301-328, doi: 10.1016/j.
tecto.2018.11.008

Mueller C O, Jokat W, Schreckenberger B. 2016. The crustal structure
of Beira High, central Mozambique-Combined investigation of
wide-angle seismic and potential field data. Tectonophysics,
683: 233-254, doi: 10.1016/j.tecto.2016.06.028

Nguyen L C, Hall S A, Bird D E, et al. 2016. Reconstruction of the East
Africa and Antarctica continental margins. Journal of Geophys-
ical Research: Solid Earth, 121(6): 4156-4179, doi: 10.1002/
2015JB012776

Parker R L. 1973. The rapid calculation of potential anomalies. Geo-
physical Journal International, 31(4): 447-455, doi: 10.1111/j.
1365-246X.1973.tb06513.x

Salman G, Abdula I. 1995. Development of the Mozambique and
Ruvuma sedimentary basins, offshore Mozambique. Sediment-
ary Geology, 96(1-2): 7-41

Sandwell D T, Miiller R D, Smith W HF, et al. 2014. New global mar-
ine gravity model from CryoSat-2 and Jason-1 reveals buried
tectonic structure. Science, 346(6205): 65-67, doi: 10.1126/sci-
ence.1258213

Sclater J G, Christie P A F. 1980. Continental stretching: an explana-
tion of the Post-Mid-Cretaceous subsidence of the central

129

North Sea Basin. Journal of Geophysical Research:Solid Earth,
85(B7): 3711-3739, doi: 10.1029/JB085iB07p03711

Simpson E S W, Schlich R, Gieskes ], et al. 1974. Initial Reports of the
Deep Sea Drilling Project, 25. U. S. Government Printing Office. :
287-346

Sinha S T, Saha S, Longacre M, et al. 2019. Crustal architecture and
nature of continental breakup along a transform margin: new
insights from Tanzania-Mozambique margin. Tectonics, 38(4):
1273-1291, doi: 10.1029/2018TC005221

Straume E O, Gaina C, Medvedev S, et al. 2019. GlobSed: updated
total sediment thickness in the world's oceans. Geochemistry,
Geophysics, Geosystems, 20(4): 1756-1772

Thompson J O, Moulin M, Aslanian D, et al. 2019. New starting point
for the Indian Ocean: second phase of breakup for Gondwana.
Earth-Science Reviews, 191: 26-56, doi: 10.1016/j.earscirev.
2019.01.018

Tomoko Hanyu, Yoshifumi Nogi, Masakazu Fujii. 2017. Crustal form-
ation and evolution processes in the Natal Valley and Mozam-
bique Ridge, off South Africa. Polar Science, 13: 66-81, doi:
10.1016/j.polar.2017.06.002

Vormann M, Franke D, Jokat W. 2020. The crustal structure of the
southern Davie Ridge offshore northern Mozambique - A wide-
angle seismic and potential field study. Tectonophysics, 778:
228370, doi: 10.1016/j.tecto.2020.228370

Vormann M, Jokat W. 2021. The crustal structure of the Kerimbas
Basin across the offshore branch of the East African Rift System.
Geophysical Journal International, 226(3): 2073-2102, doi:
10.1093/gji/ggab194

Watremez L, Leroy S, d’Acremont E, et al. 2021. The Limpopo
magma-rich transform margin, south Mozambique: 1. Insights
from deep-structure seismic imaging. Tectonics, 40(12):
€2021TC006915

Wu Zhaocai, Gao Jinyao, Ding Weiwei, et al. 2017. Moho depth of the
South China Sea basin from three-dimensional gravity inver-
sion with constraint points. Chinese Journal of Geophysics (in
Chinese), 60(7): 2599-2613


http://dx.doi.org/10.1007/s13131-021-1747-9
http://dx.doi.org/10.1007/s13131-021-1747-9
http://dx.doi.org/10.1038/321599a0
http://dx.doi.org/10.1038/321599a0
http://dx.doi.org/10.1111/ter.12448
http://dx.doi.org/10.1016/j.tecto.2018.11.008
http://dx.doi.org/10.1016/j.tecto.2018.11.008
http://dx.doi.org/10.1016/j.tecto.2016.06.028
http://dx.doi.org/10.1002/2015JB012776
http://dx.doi.org/10.1002/2015JB012776
http://dx.doi.org/10.1111/j.1365-246X.1973.tb06513.x
http://dx.doi.org/10.1111/j.1365-246X.1973.tb06513.x
http://dx.doi.org/10.1126/science.1258213
http://dx.doi.org/10.1126/science.1258213
http://dx.doi.org/10.1126/science.1258213
http://dx.doi.org/10.1029/JB085iB07p03711
http://dx.doi.org/10.1029/2018TC005221
http://dx.doi.org/10.1016/j.earscirev.2019.01.018
http://dx.doi.org/10.1016/j.earscirev.2019.01.018
http://dx.doi.org/10.1016/j.polar.2017.06.002
http://dx.doi.org/10.1016/j.polar.2017.06.002
http://dx.doi.org/10.1016/j.polar.2017.06.002
http://dx.doi.org/10.1016/j.tecto.2020.228370
http://dx.doi.org/10.1093/gji/ggab194

	1 Introduction
	2 Data and methods
	2.1 Data source
	2.2 Method
	2.2.1 Water depth and topographic correction
	2.2.2 Gravity effect calculation of sedimentary layer
	2.2.3 Multi-point constrained Moho inversion


	3 Inversion results and discussion
	3.1 Crustal structure characteristics in the north section (9°–16°S) of Mozambique continental margin
	3.2 Crustal structure characteristics in the middle section (16°–21°S) of Mozambique continental margin
	3.3 Crustal structure characteristics of the south section (21°–36°S) of Mozambique continental margin

	4 Conclusions
	Acknowledgements
	References

