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Abstract—The morphology of the seafloor of the Madagascar Basin from Mauritius Island to the Southwest
Indian Ridge (SWIR) is represented by a ridge-echeloned relief of the spreading basement. The azimuth of
the relief differs by ~90° for the basin north of the SWIR and its wedge-shaped sublatitudinal rift system, sep-
arated by an abyssal escarpment. A genetic definition of this seafloor relief shape is given. This shape is
formed when the ancient basement breaks up and accretion of the crust orthogonal to the azimuth, which
existed before the rupture, begins. The formation of a wedge in the eastern part of the SWIR began about
41 Ma ago and is manifested by higher (1100 m) amplitudes of relief variations than at the basement before
the rupture (£250 m). The change in morphology is also associated with the change in the spreading azimuth
of the lithospheric block by about 24° north of the SWIR, which opened up a new space for accretion. The
morphology of the relief in the wedge and beyond shows the relationship of its parameters with slowdown in
the spreading rate by almost three times when the kinematics of the plates have changed. The high-amplitude
ridge-echeloned relief in the ultraslow segment of the SWIR with signs of nontransform displacement is com-
bined with the maxima and minima of Bouguer anomalies. According to the published data, serpentized per-
idotites and basalts are obtained in the localization of the anomalies. These rocks indicate the presence of
detachments with the exposure of ultramafic rocks and minimal magmatic output. Bouguer anomalies along
the regional profile perfectly reflect deep density inhomogeneties. For intraplate volcanic edifices, they have
a much greater deconsolidation in the upper mantle than near the active interplate boundary of the SWIR.
According to the seismic tomography data, the absence of a deep upwelling under the newly formed SWIR
segment and the presence of a “cold” gap in the “hot” lenses of the mantle indicates the action of tangential
forces in the lithosphere that are not associated with general mantle convection. The formation of the new
orthogonal rift system with ultraslow rates is an adaptation to variations in the kinematics parameters of the
adjacent lithospheric plates.

Keywords: Southwest Indian Ridge, abyssal escarpment, relief morphology, spreading rate and azimuth,
Bouguer anomalies, seismotomographic section, “cold” mantle
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INTRODUCTION

The geodynamic settings of the oceanic basement
formation in ultraslow-rate spreading ridges depend
on the plate kinematics and the thermal state of the
mantle in the area of a divergent boundary [1]. These
parameters have an impact on the thickness of the
brittle layer and the type of magmatism. The processes
that form the basis of tectonogenesis in the area of
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mid-ocean ridges and, in particular, the Southwest
Indian Ridge (SWIR), determine the morphology of
the seafloor relief, which is used to interpret the con-
ditions of crust formation. During the 29th cruise of
the R/V Akademik Nikolai Strakhov (Geological Insti-
tute, Russian Academy of Sciences, 2012—2013), the
seafloor relief of the Madagascar Basin between the
eastern end of the SWIR to the Rodrigues Triple Junc-
tion (RTJ) and Mauritius Island was studied (Fig. 1).
Few detailed surveys has been done in the basin, with
the exception of work directly along the SWIR. An
exception is the survey on board the R/V Marion
Dufresne (France), which was carried out to the south-
east of Mauritius Island and the fault zone of the same
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Fig. 1. Position of the regional profile with the seismic tomographic section of Fig. 5-5 and the age of the basement according to
[5]. The age interval 0—10 Ma is shown transparent. The relief is shown according to [9] in shades of gray for the oceanic area. A
light rectangle shows the position of the Mauritius polygon of the 29th cruise of the R/V Akademik Nikolai Strakhov (Geological
Institute, Russian Academy of Sciences, 2012—2013). A gray rectangle shows the tablet frames of Figs. 2 and 3. SWIR—Southwest
Indian Ridge; SEIR—Southeast Indian Ridge; CIR—Central Indian Ridge; RTJ—Rodriguez Triple Junction.

name, extending along the eastern slope of Mauritius
and Reunion islands, but not reaching the SWIR [2].
During the work of the Geological Institute, Russian
Academy of Sciences, it was established that the strike
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of the ridge-echeloned forms was changed during at
least two stages of the evolution of the ridge and its
western flank [3]. According to [4], the long-axis seg-
mentation of the SWIR is clearly manifested, reflect-
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Fig. 2. Anomalous magnetic field (AMF) of the eastern part of the SWIR according to [6]. Isolines with numbers, the age of the
basement (million years) according to [5]. Lines: brown, route of the 29th cruise of the R/V Akademik Nikolai Strakhov (Geolo-

gical Institute, Russian Academy of Sciences, 2012—2013); blac

k thickened, ridge axes; black dashed, 200-mile economic zone.

The numbers show the values of azimuths of the spreading accretion of the crust in modern coordinates in five-million-year inter-
vals calculated from the age matrix [5]. The blue rectangle shows the position of the tablet in Fig. 4.

ing local restructuring of plate kinematics during the
opening of its eastern part. The obtained detailed
bathymetric data also allowed us to make an assump-
tion about the contribution of serpentinization pro-
cesses to the formation of relief macroforms. To
achieve a more reliable interpretation of the geody-
namics of the area and the seafloor relief, bathymetry
should be supplemented with other geophysical data
reflecting the deep properties of the crust and mantle,
and forming a consistent factual complex. Such data
are the seismic tomography, the anomalous gravity
field in the Bouguer reduction, and the anomalous
magnetic field (AMF). For tomography, their thermal
interpretation is the main option for the origin of rate
variations. This interpretation is supported by mag-
matic processes; however, a connection with the
material composition and strain sensitivity may still
exist. The purpose of this work is to determine and to
prove the deep geodynamic factors of variations in the
structural pattern of the relief in the study area.

TECTONIC EVOLUTION OF THE AREA

The structure of the SWIR in the east joins the
Central Indian Ridge (CIR) in the RTJ area (Fig. 1).

DOKLADY EARTH SCIENCES

The distribution of the basement ages of the basin,
plotted on the basis of data in [5], shows change in the
isochron orientation by about 90°. The age of the
basement was determined on the basis of the AMF
data [6] (Fig. 2) and indexed linear magnetic anoma-
lies. The rupture of submeridional anomalies and the
formation of AMF with sublatitudinal orientation for
this area have been known for a long time [7]. It fol-
lows from the above-mentioned data that, during the
time from 43 to 41 Ma, the spreading basement of the
western flank of the CIR has been ruptured and a new
rift structure of the SWIR was inserted perpendicular
to the CIR near the RTJ. We calculated the map of azi-
muths of spreading directions according to [5]. The
azimuths for five-million-year age intervals are desig-
nated on the periphery of the sublatitudinal rift system
(Fig. 2). It follows from these values that the azimuth
of the spreading direction north of the SWIR in mod-
ern coordinates changed after the orthogonal rupture
of the western flank of the CIR. Before the rupture,
the average azimuth was 222°, and after the rupture it
was 246°. The jump-like change in the motion vector
of the lithospheric plate by about 24° opened a new
space along the SWIR rift for the accretion of the
2024
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Fig. 3. The seafloor relief of the eastern part of the SWIR according to data [9]. White thin lines, the route of the 29th cruise of
the R/V Akademik Nikolai Strakhov (Geological Institute, Russian Academy of Sciences, 2012—2013). White dashed line, 200-mile
economic zone. The blue rectangle shows the position of the tablet in Fig. 4. Red arrows, abyssal escarpment.

edges of the lithospheric plate split by the spreading
basement orthogonal to the initial direction. This
space has the shape of a wedge with an apex in
the RTIJ.

According to [8], the Eocene restructuring of the
kinematic parameters of spreading occurred almost in
all plates. According to [5], the Africa—Hindustan pair
to the north of the SWIR is characterized by a decrease
in spreading rates from about 6.3 cm/yr to about
2.1 cm/yr. The change in the spreading azimuth by
about 24°, which occurred at the same time (Fig. 2),
began to open a window in the wedge-shaped space of
the eastern part of the SWIR for the spreading accre-
tion of the crust at a rate of sin(24°) X (2.1 cm/yr),
which is about 0.8 cm/yr. Therefore, the eastern part
of the SWIR with ultraslow spreading appeared as the
form of adaptation to the new rift system due to the
rapid (in geological time) change in the kinematics of
the lithospheric plate blocks to the west of the CIR.
The indicated values of the spreading rates are illus-
trated by changes in the distances between the iso-
chrones of the basement age (Fig. 2).

Accretion of the magmatic basement with the
described change in the plate kinematics is accompa-
nied by the formation of the specific form of relief
(abyssal escarpment) (Fig. 3), which frames the wedge-
Vol. 518 2024
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shaped area formed after the change in the motion
parameters. Its definition, containing elements of
structure and genesis, can be formulated as follows: An
abyssal escarpment is an oceanic intraplate linear form of
the seafloor that is a step, hundreds of kilometers long
with slope angles greater than 10° and with a depth dif-
Jference of 1000 to 2000 meters. It is formed during the
splitting and tension of the ancient oceanic crust orthog-
onal to the azimuth of spreading that existed before the
splitting, and during the accretion of the crust, also
orthogonal to the initial azimuth with the formation of the
new ridge-echeloned forms of relief in the deepened base
of the escarpment, joining with older relief forms at angles
of about 90°. A detailed example of the abyssal escarp-
ment relief is shown in Fig. 4-1 on the basis of the mul-
tibeam bathymetry data. It should be noted that simi-
lar forms of relief may occur along the sides of passive
parts of transform faults under tension that is not
transformed into orthogonal spreading. The tension is
generally confirmed by deformations of the sedimen-
tary cover accumulated in the fault trough [12, 13].

RELIEF OF THE EASTERN PART
OF SWIR SEAFLOOR

The results of the multibeam bathymetric survey of
the seafloor relief of the eastern part of SWIR and the
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Fig. 4. (1) The seafloor relief and (2) Bouguer anomalies of the eastern part of the SWIR between the abyssal escarrpments
(arrows) according to the data of the 29th cruise of the R/V Akademik Nikolai Strakhov (Geological Institute, Russian Academy
of Sciences, 2012—2013). Position of dredges according to [10, 11]. (1) Shaded relief according to the digital model data on a grid
of 100 m, obtained by the SeaBat 7150 multibeam echo sounder; (2) combination of the seafloor relief with Bouguer anomalies.
The position of the polygon is shown in Figs. 2 and 3. The arrows show the northern and southern abyssal escarpments.

Madagascar Basin, made during the 29th cruise of the in Fig. 4-1 and Fig. 5-1, respectively. The digital ele-
R/V Akademik Nikolai Strakhov (Geological Institute, vation model (DEM) on a 100-m grid was obtained
Russian Academy of Sciences, 2012—2013), are shown  with the use of the SeaBat 7150 multibeam echo-
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Fig. 5. Correlation of geological and geophysical data along the regional submeridional profile, the position of which is shown in
Fig. 1. (1) Shaded relief of the polygon “Mauritius” of the 29th cruise of the R/V Akademik Nikolai Strakhov (Geological Insti-
tute, Russian Academy of Sciences, 2012—2013) according to the digital model on a grid of 100 m with indication of its position
within the profile; (2) profile of the age of the basement according to [5] with indication of the position of the azimuth change of
the ridge-echeloned and the edge of the wedge; (3) free air gravity anomalies (Faya) [14] and Bouguer anomalies [15]; (4) seafloor
relief [9]; (5) seismic tomographic section of the volumetric model UU-P07 [16], yellow arrows show the direction of the plate
drift in projection on the section plane.

sounder (Denmark). For the SWIR (Fig. 4-1), it illus-
trates the abyssal escarpment defined above. The max-
imum height of the escarpment is about 1600 m. In the
relatively higher parts of the basin floor, bounded by
the upper edge of the southern and northern escarp-
ments, the amplitudes of the basement relief, formed
at spreading rates of about 2.1 cm/year are £250 m and
are characterized by a regular structural pattern of
ridge-echeloned relief. The escarpment walls are
modified by vertical ledges, which are consistent with
the ridges composing the seafloor of the adjacent
Part1 2024
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abyssal basin. However, the marginal escarpments are
distinctly unconformable in azimuth with the spread-
ing structures composing the body of the wedge.
Within the limits of the wedge, defined by the ledge
geometry, this fact points to the rupture of the single
spreading basement and the emplacement of the pre-
viously non-existent rift segment orthogonal to the
CIR, which was illustrated by the AMF data (Fig. 2).

Spreading in the new rift segment of the wedge pro-
ceeds at ultraslow rates of about 0.8 cm/yr. As a result,
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the relief that differs from the relief of the basement
with higher rates on the uplifted wings of the escarp-
ments is formed (Fig. 4-1). Its ridge structure is char-
acterized by a significantly larger amplitudes of the
relief, about =1100 m. In addition, the maximum
height difference within the polygon from the bottom
of the rift valley (—5788 m) to the tops of isometric
mountains on its sides (—1170 m) is about 4600 m.
Such depths of the rift axis indicate accretion of the
crust under the conditions of low magmatic output
under slow spreading [17]. The increase in amplitude
of the seafloor relief with decreased spreading rates is
a typical property of oceanic rifting. It was shown
experimentally for the geodynamic setting with the
slowing-down kinematics of plates with a physical
modeling unit of the Earth Science Museum of Mos-
cow State University [18, 19].

The amplitude of the relief reaches its highest value
with the SWIR from 67°00” to 67°45” E, where the rift
axis is bent indicating its nontransform displacement.
In this example, this bend is inherited and repeats the
general geometry of the northern escarpment (Fig. 3),
which in this longitudinal interval has formed at a
local deviation of the spreading azimuth up to 253°
(Fig. 2). Comparison of the anomalous relief of the
indicated interval with Bouguer anomalies (Fig. 4-2)
in the semitransparent matching mode shows the pres-
ence of a very contrasting values of this reduction from
194 to 367 mGal. The largest scatter in the amplitudes
of Bouguer anomalies is observed directly in the zone
of nontransform displacement. The field of the maxi-
mum of near-axis anomalies was sampled by dredging
according to [10, 11]; serpentized peridotites were
sampled at the EDUL DR6 station (Fig. 4). This con-
firms the presence of spreading with a low magmatic
output and the exposure of dense upper mantle rocks
to the seafloor surface along the detachment planes.
At EDUL DR3 station (Fig. 4), basalts were sampled
that correspond to a small local minimum of Bouguer
anomalies, which is typical for magmatic structures of
the oceanic rifts.

The rift interval from 67°00” to 67°45” E contains
both extensive isometric minima of Bouguer anoma-
lies, which are most likely basaltic fields, and the min-
ima elongated along high-amplitude ridges, which
may be strongly serpentinized rocks of the upper man-
tle. In our opinion, in the absence of dredging data on
these ridges, the variant with altered peridotites seems
to be more likely. Comparison of the positions of
dredging with peridotites according to [20] with Bou-
guer anomalies is also an arguement in favor of this
version. About 70% of the serpentinites, described in
this work for the SWIR interval from 62° to 65° E are
localized at the maxima of the anomalies, the remain-
ing, about 30%, at the minima that coincide with the
high-amplitude ridge-echeloned relief.
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RELIEF OF THE MADAGASCAR
BASIN SEAFLOOR

The DEM of the Mauritius polygon on a 100-m grid
isshown in Fig. 5-1. The polygon is about 60 X 600 km
in size and extends from the southern boundary of the
200-mile economic zone of Mauritius Island to the
inner part of the SWIR wedge near the isochrone of
15 Ma. At 25°40" S, the polygon crosses the northern
limit of the wedge, where the azimuth of the ridge-
echeloned relief changes by about 90° (Fig. 5-1). The
similar pattern is observed from the detailed survey
data in the eastern part of the SWIR (Fig. 4-1). As was
determined from the AMF data (Fig. 2), this area was
formed by the rupture of the spreading basement and
by the initiated accretion of the oceanic crust at the
rupture site along a direction orthogonal to the rup-
ture and manifested in the form of an abyssal escarp-
ment. The Mauritius test site also shows an increase in
relief amplitudes at the transition to the ultraslow
spreading region inside the wedge-shaped area (Fig. 3)
associated with changes in the kinematics parameters
of a block of the lithospheric plate to the north of the
rupture.

The position of the regional profile (Fig. 1) outside
the limits of the wedge mainly run almost along the
same-age segments of the basement. The ages along
the profile (Fig. 5-2) have segments with constant val-
ues, which run along the basement with a sublatitudi-
nal orientation of spreading. The V-shaped change in
the ages on both sides of the ridge with a dramatical
increase in age over a small segment of space (low
spreading rates) can be seen only in the wedge-shaped
region of the SWIR adjacent to the RT]J.

Bouguer anomalies (Fig. 5-3) have almost constant
values within the same-age sections of the basins, but
show deep minima in the areas with zones of decon-
solidation in the upper mantle: the SWIR with a drop of
~80 mGal, Kerguelen Island with a drop of 290 mGal,
Mauritius Island with a drop of 150 mGal, and Farqu-
har Island with a drop of 250 mGal. All the active
magmatic zones listed are antipodally manifested in
the relief (Fig. 5-4).

According to the UU-P07 model (Fig. 5-5), Bou-
guer anomalies near the intraplate volcanic formations
in the seismic tomography section do not have vertical
supply channels in the mantle expressed in anomalies
of the “plume” type. However, in the depth interval
from 100 to 500 km to the south of SWIR and from 300
to 900 km to the north of it, “hot” lenses with signs of
horizontal stratification are established. The presence
of such lenses at these depths is found mainly in the
Indian Ocean. The vertical supply canals approaching
the volcanic edifices in the basins, most likely, have
widths smaller than the resolution of tomography in
this model (about 50 km). Directly beneath the SWIR,
at depths up to 1500 km, there is no upwelling “hot”
mantle flow; the horizontal “hot” lenses have a gap
beneath the SWIR represented by the “cold” mantle
Vol. 518
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volume. This indicates the absence of the connection
of this rift structure with mantle anomalies of the
“plume” type. Together with other specific features of
the SWIR formation, this indicates the presence of a
tangential impact on the horizontal kinematics of the
plate and sublithospheric currents formed due to the
processes not related to the general mantle convection
directly in this rift structure.

The eastern part of the SWIR with a wedge-shaped
structure, bounded by escarpments, arose as a zone of
the local rupture of the plate with a single tomographic
structure of the mantle beneath it and as a result of
tension in the process of adapting to the inhomoge-
neous kinematics of the African, Indo-Australian, and
Antarctic plates adjacent to the South Pacific Ocean.
An alternative estimate of the spreading rate from the
width of the “cold” vertical anomaly of the rates
beneath the SWIR structure (Fig. 5-5), equal to about
245 km, gives a value of 0.65—0.7 cm/yr, which is in
general agreement with the value obtained from the
AMEF data. During the formation of the rupture in the
eastern part of the SWIR, the ultraslow accretion of
the crust began with an orthogonal morphology of the
ridge surface of the basaltic basement, different from
the morphology of the faster western flank of the CIR.

CONCLUSIONS

(1) The intraplate oceanic form of the seafloor
relief, called an abyssal escarpment, is primarily
defined. The abyssal escarpment is formed during a
rupture of the ancient basement at the beginning of
accretion of the crust at the spreading azimuth, which
is orthogonal to the azimuth existing before the rup-
ture. Such a change in the direction of geodynamic
processes of the lithosphere accretion is confirmed by
the AMF analysis.

(2) The orthogonal wedging of the SWIR rift into
the CIR has formed the ridge-echeloned spreading
relief on the surface with the orientation differing from
the older one (older than ~41 Ma) by about 90° and by
the higher amplitudes (1100 m). The change in mor-
phology is associated with the rupture of the CIR
western flank, when the azimuth of the spreading of
the lithospheric block has changed by 24° north of the
SWIR. This opened the space for accretion of the crust
along the new rift system, which was separated from
the old basement by the abyssal escarpments, and
formed a wedge-shaped rift segment. The morphology
of the relief in the wedge and beyond its boundaries
shows that its parameters are related to the slowing
down of the spreading rate by a factor of almost three
with changes in the global kinematics of the plates.

(3) The high-amplitude ridge-echeloned relief in
the ultraslow segment of the SWIR with signs of non-
transform displacement coincides with the maxima
and minima of Bouguer anomalies. In the area of
these anomalies, serpentinized peridotites and basalts
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were sampled, indicating the presence of detachments
with exposure of ultramafic rocks and minimal mag-
matic output.

(4) Bouguer anomalies along the regional profile
fully reflect the deep density heterogeneities, which,
for intraplate volcanic edifices, have much greater
deconsolidation in the upper mantle than near the
active interplate boundary of the SWIR.

(5) The absence of a deep upwelling flow beneath
the newly formed segment of the SWIR and the pres-
ence of the “cold” rupture in the mantle “hot” lenses
indicate the action of tangential forces moving the
lithospheric plates and not related to the general man-
tle convection, but possibly related to the convection
in the upper mantle level up to 1000 km. The junction
of the eastern part of the SWIR with the CIR about
41 Ma ago formed a new orthogonal rift structure with
slower rates, which was the adaptation to variations in
the kinematic parameters of the adjacent lithospheric
plates.
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