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Abstract The western Indian Ocean is a key region for investigating lithospheric evolution, as it records
a complex interplay of tectonic, magmatic, and mantle processes. Constraining crustal thickness across this
area is therefore essential for understanding how these processes interact and shape the region’s geodynamic
development. In this study,weapply teleseismicP-wave codaautocorrelation tomapcrustal thickness across
the western Indian Ocean using data from 54 ocean-bottom seismometers (OBSs) and 7 land-based seismic
stations. Our results reveal pronounced lateral variations in crustal thickness, ranging from ∼4.3 km beneath
young oceanic crust near the Central Indian Ridge (CIR) to ∼25.85 km along the eastern margin of Madagas-
car. The oceanic domain exhibits a mean crustal thickness of ∼7.01 ± 0.27 km, consistent with global oceanic
averages. Volcanic islands within the Mozambique Channel show crustal thicknesses between ∼11.21 and
23.98 km, whereas those in the Mascarene Basin display values of ∼10.73 km and ∼14.63 km. These local-
ized zones of crustal thickening beneath volcanic islands likely reflect long-lived magmatic underplating and
hotspot-related intrusions. Collectively, these findings provide new quantitative constraints on the tectono-
magmatic processes that govern crustal formation, modification, and isostatic compensation in this geody-
namically complex region.

Non-technical summary The western Indian Ocean (WIO) is an ideal region for understanding
how the Earth’s crust forms and evolves. This area includes oceanic crust, volcanic islands, and continen-
tal margins, all shaped by tectonic movements, volcanic activity, and deep mantle processes. However, the
thickness of the crust beneath many parts of this region remains poorly understood, mainly because collect-
ing geophysical data in the ocean is difficult. Estimating crustal thickness in this region is important because
it helps us understand how ocean basins form and how volcanic islands develop. In this study, we used seis-
mic waves from distant earthquakes recorded by 54 ocean-bottom seismometers and 7 land-based seismic
stations. By analyzing the echoes of these waves within the Earth, we estimated crustal thickness across the
WIO. Our results show that the crust is thin beneath young oceanic areas near the Central Indian Ridge, much
thicker beneath Madagascar, and beneath volcanic islands. These thicker areas likely formed when magma
was added to the base of, or inside, the crust over a long period. This study provides a regional map of crustal
thickness for theWIO and helps improve our understanding of how tectonic and volcanic processes shape the
seafloor and adjacent continental margins.

1 Introduction

Understanding the geometry of the Mohorovičić dis-
continuity (Moho) is fundamental for constraining
crustal thickness and structure. It provides key in-
sights into lithospheric formation and evolution, the
mechanisms of isostatic compensation, and the trans-
fer ofmagmatic flux from themantle to the crust (Stein-
hart, 1967). Despite considerable advances, many parts
of the crustal structure remain poorly resolved, espe-
cially in many marine regions, owing to limited obser-
vational coverage. Passive seismology offers a robust
framework for imaging subsurface structures usingnat-
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urally occurring seismic signals; however, its applica-
tion in oceanic settings is often limited by the availabil-
ity of seismic stations rather than methodological limi-
tations. Where sufficient data exist, passive seismic ob-
servations provide valuable constraints on crustal thick-
ness and enable independent testing of isostatic mod-
els derived from surface topography (e.g., Kearey et al.,
2009).
The western Indian Ocean (Fig. 1) provides an ideal

setting for investigating crustal and upper-mantle struc-
tures, as it exhibits a complex interplay between tec-
tonic plate motion, seafloor spreading, fracture zones,
and mantle upwelling. This region encompasses the
Central Indian Ridge (CIR), the Southwest Indian Ridge
(SWIR), the Mascarene Basin, the Mozambique Basin,
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the Rodrigues Triple Junction (RTJ), and major fracture
zones such as the Mauritius Fracture Zone (MauFZ),
Mahanoro Fracture Zone (MhnFZ), and Southern Bous-
sole Fracture Zone (SBFZ). These structures document
a long history of plate reorganization and magmatic ac-
tivity, spanning from the Late Cretaceous to the present
(Lénat, 2015). Tectonically, the region is governed
by the divergent boundary between the African and
Indo-Australian plates, expressed as the CIR, a slow-to-
intermediate spreading system connected to adjacent
ridges through the RTJ (Fisher et al., 1971).
Our study utilizes earthquake data from the RHUM-

RUM (Réunion Hotspot and Upper Mantle – Réunion
Unterer Mantel) experiment (Barruol et al., 2017), a
large-scale passive seismic deployment conducted from
2011 to 2015 around La Réunion, located in the West-
ern Indian Ocean, ∼800 km east of Madagascar and
∼200 km southwest of Mauritius, together with a per-
manent GEOSCOPE station also located on La Réunion
Island (Fig. 1). This region is volcanically active, with
La Réunion’s hotspot volcanism persisting since ∼65
Ma. Its age-progressive hotspot extends several thou-
sand kilometers to the north, linking La Réunion to
the Deccan Traps (∼3000–3500 km away) and the Sey-
chelles (∼1800 km to the north), providing compelling
evidence for a deep-rooted mantle plume beneath the
island (Barruol and Sigloch, 2013; Owen-Smith et al.,
2013). The RHUM-RUM project was designed to im-
age mantle structure from crust to core in order to in-
vestigate this plume hypothesis (Barruol and Sigloch,
2013; Barruol et al., 2019; Tsekhmistrenko et al., 2021).
Several geophysical studies based on this dataset have
since provided important insights into the lithospheric
and upper-mantle structure of the region. In particular,
Rayleigh-wave tomography and ambient noise analyses
have revealed marked lithospheric heterogeneity, ex-
pressed as variations in upper-mantle velocity, seismic
anisotropy, and broad crustal structure linked to past
and ongoing tectono-magmatic processes (e.g., Maz-
zullo et al., 2017; Hable et al., 2019). Receiver func-
tion studies have further provided valuable local con-
straints on crustal thickness in parts of the region (e.g.,
Fontaine et al., 2015; Dofal et al., 2021, 2023; Dofal,
2021), while broader-scale crustal thickness estimates
have also been inferred from the CRUST1.0 reference
model (Laske et al., 2013).
To investigate Moho geometry beneath the western

Indian Ocean, we employ teleseismic P-wave coda auto-
correlation. Although receiver function techniques are
widely used to estimateMohodepth, resolving the inter-
face beneath oceanic crust, typically only 5–8 km thick,
can be difficult because the Moho phase already arrives
1–2 s after the direct Pwave and therefore requires high-
frequency data and a strong signal-to-noise ratio (SNR)
(Kawakatsu et al., 2009; Audet, 2016). Furthermore, re-
verberations generated within sedimentary layers and
the water column can mask the Moho arrival and re-
duce vertical resolution, complicating direct interpre-
tation of the interface (Audet, 2016). The autocorre-
lation approach overcomes several of these challenges
by enhancing reflection phases from sharp discontinu-
ities and improving sensitivity to fine-scale lithospheric

structure (Sun and Kennett, 2016; Wang et al., 2020).
This method has been successfully applied in a range
of tectonic environments. For example, Phạm and
Tkalčić (2018) and Saneesh et al. (2026) used this tech-
nique to estimate ice thickness in Antarctica. Viens
et al. (2022) employed P-wave autocorrelation to im-
age the sediment–bedrock interface in the Kanto Basin,
Japan. Alemayehu et al. (2023) and Ouammou et al.
(2025) delineated Moho structure beneath Ethiopia and
Morocco, respectively, while Plescia et al. (2020) in the
Bighorn Mountains (Wyoming, USA) and Gupta et al.
(2025) in the Himalaya demonstrated the effectiveness
of the method for crustal imaging in orogenic settings.
Building on these advances, this study aims to derive
the crustal structure beneath a geodynamically impor-
tant sector of the western Indian Ocean, encompassing
six volcanic islands—Europa, GrandeGlorieuse, Juan de
Nova, Mayotte, Tromelin, and La Réunion—to improve
our understanding of regional lithospheric processes
using teleseismic P-wave coda autocorrelation.

2 Data and Methodology

2.1 Data

In this study, we utilize earthquake data recordings
from 61 broadband seismic stations (Supplementary
Table S1), comprising 54 ocean-bottom seismometers
(OBSs) and 6 land-based stations, deployed during the
RHUM-RUM experiments (Barruol et al., 2017), to-
gether with a permanent GEOSCOPE station on La Réu-
nion Island (Fig. 1; RER). The RHUM-RUM network
spanned an area of roughly 2000 × 2000 km². It in-
cluded 57 broadband OBS stations surrounding La Réu-
nion, complemented by 37 temporary land stations in-
stalled on adjacent islands and along the coast of Mada-
gascar. Three OBS stations with operational periods
shorter than 5 days were excluded from the analysis.
As this study primarily focuses on crustal structure de-
rived from teleseismic P-wave coda autocorrelation of
the OBS dataset, only six well-studied land stations, to-
gether with the well-established RER station, were re-
tained to provide limited comparison with and valida-
tion of the OBS-based results, while also improving spa-
tial coverage.
The RHUM-RUM stations were operated over differ-

ent time periods between 2011 and 2016, whereas sta-
tion RER has been in operation since 1986; the corre-
sponding data durations used for each station are listed
in Supplementary Table S1. The marine seismic ar-
ray consisted of broadband OBSs provided by multi-
ple international instrument pools (DEPAS, GEOMAR,
and INSU). The instruments were equipped with three-
component Güralp CMG-40T sensors with a 60-s corner
period andNanometricsTrillium240 sensorswith a 240-
s corner period. Detailed information on instrument
specifications anddeploymentperformance is provided
in Stähler et al. (2016).
We retrieved vertical-componentwaveformsof earth-

quakes with moment magnitude Mw ≥ 5.5 and epicen-
tral distances between 30◦ and 90◦ from the RESIF data
center (Fig. 2) using the ObsPyDMT Python package
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Figure 1 Map of the western Indian Ocean illustrating bathymetry, topography, and the distribution of seismometers. Red
triangles mark the positions of the 61 stations analyzed in this work. SWIR: Southwest Indian Ridge; RTJ: Rodrigues Triple
Junction; CIR: Central Indian Ridge; MauFZ: Mauritius Fracture Zone; MhnFZ: Mahanoro Fracture Zone; SBFZ: Southern Bous-
sole Fracture Zone. Island stations are located on Europa (EURO), Grande Glorieuse (GLOR), Juan de Nova (JNOV), Mayotte
(MAYO), Tromelin (TROM), and La Réunion (RER).

(Hosseini and Sigloch, 2017). The epicentral distance
range ensures that the direct P-wave arrivals remain
well separated from other seismic phases. Each wave-
form was trimmed to an 80-second window, starting 20
seconds before the theoretical P-wave arrival time pre-
dicted by the ak135 velocitymodel (Kennett et al., 1995).
Traces with poor SNR or indistinct P-onset were manu-
ally identified and removed from the analysis. The re-
tained traces were resampled at 40 Hz, and both mean
and linear trendswere removed before further analysis.

2.2 Methodology
Teleseismic waves arriving at a seismic station can be
approximated as plane waves (Fig. 3). The P-wave coda

of these distant earthquakes contains multiple crustal
reverberations that encode information about subsur-
face interfaces. Autocorrelating the coda waveforms
produces a single pulse and its mirrored reflection at
time zero, effectively converting the transmission re-
sponse of themedium into a reflection response (Wape-
naar et al., 2004). In this study, we isolate the causal
part (positive side) of the signal and suppress the zero-
lag pulse using a taper function. The most prominent
pulse in the resulting one-sided autocorrelogram, re-
ferred to as the 2p phase (Fig. 3), corresponds to the
P-wave with a single reflection at an interface. This
phase represents the cumulative contribution of all sig-
nals sharing the same time delay relative to the direct
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Figure 2 Distribution of teleseismic earthquakes (red dots) and seismic stations (blue triangles) used in this study.

phase (1p) and reflected phase (3p) (Phạm and Tkalčić,
2018; Phạm, 2019).
The time delay of the 2p phase is expressed as:

t2p = t3p − t1p = 2H

√
1

V 2
p

− β2 (1)

where H denotes the depth of the reflector, Vp is the P-
wave velocity, and β is the ray parameter. The 2p phase
typically shows a negative polarity due to the phase re-
versal caused by free-surface reflection. To enhance
these reflection signatures, we adopted the processing
strategy of Phạm and Tkalčić (2017) and Phạm (2019).
The pre-processed seismic traces are transformed

into the frequency domain using a Fast Fourier Trans-
form (FFT). Their complex spectra are then normal-
ized with an adaptive spectral whitening function, ap-
plying awhitening bandwidth (∆W ) determined empir-
ically. This parameter is critical for effectively recover-
ing reflection phases from autocorrelograms, as it gov-
erns the extent of spectral smoothing and thus balances
noise suppression with the retention of coherent struc-
tural information, and helps reduce sediment-related
resonance in the autocorrelograms (Wang et al., 2020).
Following the approach of Phạm and Tkalčić (2018) and
Phạm (2019), ∆W is selected by examining resonance
patterns observed in the linear stack of whitened power
spectra, which originate from P-wave reverberations
within the crust. Supplementary Fig. S1 illustrates the
influence of ∆W on vertical-component autocorrelo-
grams at station RR07. Resonance peaks become dis-
tinct when ∆W exceeds 0.4 Hz, showing a characteris-
tic spacing of approximately 0.45 Hz, corresponding to
a vertical two-way travel time of ∼2.2 s, which implies
a reflector depth of ∼7.3 km, assuming Vp = 6.65 km/s.
Empirically, the optimal ∆W range corresponds to one
to two times the resonance spacing (∼0.45 – 0.9 Hz).

Additionally, ∆W was found to vary inversely with the
depth of the reflecting interface; hence, different sta-
tions require slightly different empirically derived ∆W
values (Supplementary Table S2). The whitened spec-
tra are autocorrelated and subsequently converted back
into the time domain using the Inverse FFT. A cosine ta-
per function is applied to attenuate the central peak of
the autocorrelograms, and a zero-phase band-pass filter
(0.5–2Hz) is used to enhance the sharpness of reflection
phases. To further improve the SNR and suppress inco-
herent energy, including source-side scattering, depth
phases, and effects related to source time functions,
individual autocorrelograms are combined using the
phase-weighted stacking (PWS) method of Schimmel
and Paulssen (1997) with a stacking order of one (Phạm
and Tkalčić, 2017). The resulting PWS stacks reveal dis-
tinct negative-polarity phases, interpreted as potential
reflections from the Moho discontinuity.
The two-way travel times t2p of the identified reflec-

tions are converted to depth using the relation:

H ≈ t2pVp

2 (2)

Constant P-wave velocities of 6.65 km/s for the OBS sta-
tions and 6.5 km/s for the land stations, together with a
velocity uncertainty (δV p) of 180 m/s, are adopted fol-
lowing Szwillus et al. (2019). The total uncertainty in es-
timated thickness (δH) is calculated as:

δH ≈ Vp δt2p + δVp t2p

2 (3)

Here δt2p denotes the uncertainty in the picked de-
lay time of the 2p phase. To quantify this, we apply a
bootstrap resampling approach (Tibshirani and Efron,
1993), in which individual autocorrelograms for each
station component are resampled with replacement,
and the reflection delay times were selected from each
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Figure 3 (a) Schematic illustration of P-wave reverberations within a layer of thickness H overlying a half-space. (b) A cor-
responding one-dimensional P-wave velocity model, assuming a constant P-wave velocity of 6.65 km/s within the layer, was
used as input for the analysis. (c) One-sided vertical-component autocorrelogram (ZAC) derived from the model, where 2p
denotes the P-wave single reflection phase.

resampled stack. The standard deviation derived from
100 bootstrap iterations is taken as the uncertainty in
the time delay.

2.3 Synthetic Experiment
Before applying the technique to real data, we con-
ducted a synthetic experiment to evaluate the effective-
ness of the P-wave coda autocorrelation technique in re-
solving a major subsurface discontinuity in the oceanic
environment. The experiment simulates full seismo-
grams recorded by a receiver on the abyssal plain above
a horizontally layered medium, with a water column
overlain. The interface is modeled to represent the
Moho and exhibits a positive reflection coefficient. Be-
cause the events considered are teleseismic, with epi-
central distances >2500 km, which is much greater than
the depth range of interest, the incoming waves can be
approximated as plane waves.
First, we generate the structural impulse response to

a plane-wave arrival at an OBS located on the abyssal
plain at 4000 m below sea level using the open-source
Python package Telewavesim (Audet et al., 2019). The
model includes an overlying water columnwith a veloc-
ity of 1500 m/s and a density of 1027 kg/m³ (Raitt, 1963).
A one-dimensional Earth model with a 7 km-thick crust
and an average P-wave velocity of 6.65 km/s was used
(Fig. 4a; Szwillus et al., 2019). Epicentral distances are
converted to ray parameters to define the incidence an-
gle of the incoming plane wave. Second, we simulate
the source-time function andpropagation effects by cre-
ating randomized low-frequency waveforms. For that,
we generate an array of normally distributed random
numbers with a mean of zero and a standard deviation
of one, with a time duration uniformly distributed be-
tween 8 and 12 s, approximately equivalent to a Mw 6.0
earthquake. This time series is low-pass filtered using
a third-order Butterworth filter to emphasize the low-
frequency content and tapered at both ends. The corner

frequency is randomly selected between 0 and 0.5 Hz.
The final synthetic seismograms are obtained by con-
volving the structural impulse response with the ran-
dom sourcewaveforms for each epicentral distance. An
example of the waveform component and the complete
synthetic seismogram is shown in Fig. S2 of the supple-
mentary material. The synthetic traces are then auto-
correlated using a spectral whitening bandwidth of 0.5
Hz and a zero-phase band-pass filter between 0.5 and
2 Hz (Fig. 4b), and subsequently stacked using phase-
weighted stacking (PWS; Fig. 4c).
The resulting PWS clearly reveals a pronounced

negative-polarity arrival at the expected travel time
(∼2.1 s) of the reflected P-wave (2p), demonstrating
the method’s reliability and resolving power. The PWS
also shows the effect of water-column reverberation,
marked asWCR. The arrival times (tw) of these pressure
reverberations accumulate with delays proportional to
the water-column thickness, occurring at integermulti-
ples of

tw = hw

√
1
c2 − q2 (4)

where hw is the water depth, c is the acoustic velocity
and q is the horizontal slowness. In our case, however,
these reverberations do not significantly affect crustal
thickness estimation, because all OBS stations used in
this study are located at sufficiently large water depths
(Supplementary Table S1), causing water-column mul-
tiples to arrive relatively late in the P-wave coda and
therefore not interfere with the Moho-related phase
(Fig. 4; Fig. S2). Moreover, we do not observe sig-
nificant water multiples in either the teleseismic wave-
forms or the corresponding autocorrelograms (Fig. S3).
The weak expression ofWCRmay reflect seafloor prop-
erties, including low impedance contrasts at the wa-
ter–seafloor interface, which can reduce the strength
of water-column multiples in OBS data (Thorwart and
Dahm, 2005). We therefore infer thatWCR exerts only a
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Figure 4 (a) Input one-dimensional P-wave velocity model consisting of a 4 km-thick water layer with Vp = 1.5 km/s, over-
lying an oceanic crustal layer with Vp = 6.65 km/s and a major discontinuity, interpreted as the Moho, at 7 km below the
seafloor. (b) One-sided vertical autocorrelograms of individual synthetic events are displayed as a function of epicentral dis-
tance. (c) PWS of the one-sided vertical autocorrelograms, where 2p denotes the phase associated with reflections from the
Moho, and the water column reverberation phase (WCR) is also indicated.

negligible influence on the crustal thickness estimates
derived in this study.

3 Results

We estimated the crustal thickness beneath 61 broad-
band seismic stations (7 land stations and 54 OBSs)
distributed across the study area (Supplementary Ta-
ble S2). The 2p delay time was determined from the
prominent negative phase identified in the stacked ver-
tical autocorrelograms. Fig. 5 presents examples of
individual event autocorrelograms and their PWS for
four stations, including one land station on La Réunion
(RER) and three OBS positioned throughout the study
region (RR01, RR07, RR27). The locations of these sta-
tions are shown in Fig. 1. In each example, the dom-
inant negative phase (2p reflection phase) in individ-
ual autocorrelograms is marked with a black dashed
line. The examples illustrate that individual autocor-
relograms can become noisy, making the identification
of major reflection phases challenging. To address this,
we applied PWS, which strengthens coherent reflection
phaseswhile suppressing randomnoise. The PWS auto-
correlograms for the remaining stations are presented
in Supplementary Figures S3-S6. Station RER (Fig. 5a)
exhibits a dominant negative phase at ∼4.5 ± 0.018 s,
corresponding to a comparatively thick crust of ∼14.63
± 0.47 km. Although the phase coherence in individ-
ual autocorrelograms at RER is weaker than that ob-
served for the OBS stations, the stacked result reveals a
clearer and more stable Moho-related phase. This em-
phasizes the importance of stacking, which enhances
persistent Moho signals while suppressing incoherent
noise and event-dependent variability. The reduced co-
herence of individual autocorrelograms at RERmay re-
flect both data quality and structural factors. In addi-
tion to elevated ambient noise levels typical of island
stations (Stutzmann et al., 2000), previous studies sug-
gest the presence ofmagmatic underplating beneath La
Réunion (Fontaine et al., 2015), resulting in a more gra-
dational crust–mantle transition rather than a sharp in-

terface (Dofal, 2021). This reduces the impedance con-
trast at the Moho and may lead to weaker and less co-
herent reflectedphases in individual traces. In contrast,
station RR01 (Fig. 5b) shows its principal negative phase
at∼2.15 ± 0.020 s, indicating a crustal thickness of∼7.15
± 0.26 km. Similarly, RR07 (Fig. 5c) displays a negative
phase at∼2.23 ± 0.018 s, corresponding to a thickness of
∼7.40 ± 0.26 km, whereas RR27 (Fig. 5d) yields a delay
time of∼2.30 ± 0.017 s and an inferred crustal thickness
of ∼7.65 ± 0.26 km.
We linearly interpolate the crustal thickness esti-

mates from all 61 stations to generate a spatial map of
crustal structure and the associated uncertainty distri-
bution (Fig. 6). The corresponding distribution of 2p
delay times is shown in Supplementary Fig. S7. The
Madagascar region is masked in our crustal thickness
map (Fig. 6) because Madagascar itself is underlain by
continental crust, where significant lateral variations
in crustal thickness are expected and cannot be reli-
ably constrained with the available data. In contrast,
the area near the SWIR, although it also has relatively
sparse station coverage, is not masked. This region lies
within the oceanic crust, where crustal thickness varia-
tions are typically more gradual and fall within a nar-
rower range, allowing meaningful interpolation even
with fewer observations. Across the entire study region,
2p delay times range fromapproximately 1.3 to 7.9 s, im-
plying crustal thickness variations of ∼4.3 to ∼25.8 km.
The associated uncertainties range from∼0.014 to 0.181
s, translating to thickness uncertainties of ∼0.18 to 0.79
km.
The thickest crust is observed beneath station RUM2

(∼25.8 ± 0.77 km) on the eastern coast of Madagascar,
whereas the thinnest crust occurs beneath OBS station
RR53 (∼4.3 ± 0.19 km). The OBS stations show a mean
delay time of∼2.10 ± 0.022 s, yielding an average crustal
thickness of ∼7.01 ± 0.27 km. As expected, the land sta-
tions exhibit a higher average 2p delay time of ∼5.48 ±
0.018 s, corresponding to a crustal thickness of∼17.82 ±
0.53 km. Among the land stations, EURO on Europa Is-
land shows aprominent negative phase at∼5.10 ± 0.02 s,
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Figure 5 Individual vertical autocorrelograms as a function of epicentral distance (°) (left) and their corresponding PWS
vertical autocorrelograms (right) for four representative stations (RER, RR01, RR07, and RR27) shown in Fig. 1. The dashed
lines highlight the coherent phase across the autocorrelograms, interpreted as the Moho discontinuity. The PWS autocorrel-
ograms for the remaining stations are presented in Supplementary Fig. S3-S6.

corresponding to an average crustal thickness of∼16.58
± 0.52 km. At GLOR on Grande Glorieuse Island, the
phase occurs at ∼3.45 ± 0.01 s, indicating a thickness of

∼11.21 ± 0.37 km. Station JNOV on Juan de Nova Island
exhibits a delay of ∼5.72 ± 0.01 s, resulting in a crustal
thickness of ∼18.61± 0.57 km. At MAYO on Mayotte Is-
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land, the main negative phase at ∼7.38 ± 0.02 s corre-
sponds to a thickness of ∼23.98 ± 0.72 km. Whereas sta-
tion TROM on Tromelin Island exhibits a delay of ∼3.30
± 0.02 s, consistent with a crustal thickness of ∼10.73 ±
0.37 km.

4 Discussion

In this study, crustal thickness refers to the depth from
the station level to the Moho discontinuity (i.e., be-
low station level, bst) identified from the autocorrela-
tion analysis. For volcanic island stations (RER, TROM,
GLOR, EURO, JNOV, andMAYO), this definition includes
both the underlying pre-existing crust and the over-
lying volcanic edifice. To compare stations at differ-
ent elevations, we shifted the single-station models so
that all reported depths are referenced to sea level
(bsl); these values are listed in Supplementary Table S2.
Previous receiver function studies in the region have
also provided important constraints on crustal thick-
ness (e.g., Fontaine et al., 2015; Dofal, 2021; Dofal et al.,
2023). Building on these earlier results, the autocorre-
lation method applied here offers greater sensitivity to
fine-scale lithospheric structure and reduces sediment-
related resonance in autocorrelograms through spec-
tral whitening (Wang et al., 2020), thereby enabling
clearer and more robust imaging of the oceanic Moho.
However, independent constraints on sediment thick-
ness beneath the stations could further refine the ve-
locity model used for time-to-depth conversion and im-
prove the resulting crustal thickness estimates.

4.1 Crustal Thickness Beneath Volcanic Is-
lands and Continental Margin

We estimate crustal thickness beneath six volcanic is-
lands, as well as one station located along the eastern
coast of Madagascar. The islands of Europa, Grande
Glorieuse, Juan de Nova, and Mayotte are situated
within the Mozambique Channel, where the nature of
the underlying lithosphere remains a subject of active
debate. Moreover, the recent seismic crisis near May-
otte (Dofal et al., 2021; Cesca et al., 2020), the plume-
related volcanism at La Réunion (Li et al., 2003), and the
tectonomagmatic complexity of the Mascarene Basin
nearTromelin highlight the importance of obtaining ro-
bust crustal thickness constraints to better understand
the tectonic and magmatic evolution of the western In-
dianOcean. TheRUM2 station yields a crustal thickness
of∼25.85 ± 0.77 km, consistent with values expected for
continental crust within the Androy volcanic domain,
which was intruded by the Ambalavao magmatic suite
between ∼550 and 510 Ma (Tucker et al., 2014). This es-
timate is in good agreement with the findings of Rindra-
harisaona et al. (2017), who reported aMoho depth of 29
± 1.5 kmat the same site using joint inversion of RFs and
surface-wave dispersion data. Considering the uncer-
tainties associated with these different techniques, the
two estimates fall within overlapping error ranges, rein-
forcing the robustness of the crustal thickness obtained
in this study.
Europa Island is situated on oceanic crust that lies at

a depth of approximately 3 km below sea level (Smith
and Sandwell, 1997). Our analysis indicates a corre-
sponding Moho depth of approximately 16.58 ± 0.52 km
(bst). The presence of such a relatively thick crust be-
neath Europa is consistent with previous observations
by Mueller and Jokat (2017) and Dofal et al. (2021). This
thickening could be caused by magmatic underplating
associated with prolonged and polyphase volcanic ac-
tivity in the region, as suggested by the island’s tectono-
magmatic setting and themagmatic events documented
in the surrounding area (Georgen et al., 2001; Courgeon
et al., 2016). Grande Glorieuse Island shows a Moho
depth of 11.21 ± 0.37 km (bst), in close agreement with
the receiver function estimate of 11.6 ± 0.02 kmreported
by Dofal et al. (2021), as well as with the independent
observations of Phethean et al. (2016). Juan de Nova
Island, located on a ∼2 km-deep seafloor (Smith and
Sandwell, 1997), displays a comparatively thick crust of
∼18.61 ± 0.57 km (bst). This value is consistent with the
∼20 km Moho depth reported by Vormann et al. (2020)
and Dofal et al. (2021), and likely reflects crustal thin-
ning from an originally ∼35 km–thick continental crust
during the opening of the Mozambique Channel (An-
driampenomanana et al., 2017). Mayotte Island shows
an even greater Moho depth of ∼23.98± 0.72 km (bst),
which agreeswellwith theH–κ stacking result of∼25.86
± 3.9 km reported by Dofal et al. (2021). This substantial
crustal thickness may be attributed to long-lived mag-
matic underplating associated with approximately 20
Myr of volcanic activity (Michon, 2015).

The crustal thickness estimated at the RER station
on La Réunion (∼14.63 ± 0.47 km) is in close agree-
ment with previous RF studies conducted at the same
station. Earlier analyses of RER based on RF inversion
and joint inversion approaches generally report Moho
depths of∼13–14 km (Fontaine et al., 2015; Dofal, 2021),
along with a shallow low-velocity zone at ∼2–3 km
depth, interpreted as the volcanic edifice (Zelt and El-
lis, 1999; Fontaine et al., 2015). Independent constraints
from seismic refraction profiles further support aMoho
depth of∼13 km (Charvis et al., 1999; Gallart et al., 1999;
Gupta et al., 2010). The close correspondence between
our estimate and those derived from independent anal-
yses supports the robustness of the inferredMohodepth
beneath La Réunion. The moderately thick crust be-
neath the island is likely associated with magmatic un-
derplating linked to hotspot-related volcanic activity;
however, the presence of efficient magma ascent path-
ways and limited underplating may have constrained
excessive crustal thickening, as suggested by previous
studies (Hable et al., 2019). The crustal thickness be-
neath Tromelin Island is estimated to be ∼10.73 ± 0.37
km, a value that aligns well with previous receiver func-
tion results of ∼9 km reported by Barruol et al. (2018)
and Dofal (2021). This agreement suggests that theMas-
carene Basin, where Tromelin is located, is underlain
by comparatively thin oceanic crust, in contrast to the
thicker crust observed in thenearbyMozambiqueChan-
nel.
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Figure 6 (a) Crustal thickness map (linearly interpolated) shown relative to station level (bst) and (b) the corresponding
uncertainty distribution across the study area. Black triangles indicate seismic station locations. Black solid lines denote
seafloor age contours, with ages labeled in white boxes near the contours in Ma. The region over Madagascar is masked.

4.2 Crustal thickness variation across the
oceanic domain

As illustrated in Fig. 6a, crustal thickness across the
oceanic domain varies from ∼4.3 ± 0.18 km to ∼8.89 ±
0.31 km. The mean oceanic crustal thickness derived
in this study (∼7.01 ± 0.27 km) is consistent with the
global average reported in CRUST1.0 (Laske et al., 2013).
The oceanic lithosphere beneath the study region spans
an age range of 0–160 Ma (Fig. 6), with younger crust
occurring near spreading ridges such as the SWIR and
CIR, and progressively older crust characterizing the
major seafloor basins, including the Mascarene Basin
(∼90 Ma) and the Mozambique Channel (∼150 Ma). Al-
though an apparent spatial correlation between crustal
thickness and plate age can be observed in our dataset,
this relationship should not be interpreted as evidence
for progressive crustal thickening through time. In-
stead, crustal thickness largely reflects the magmatic
and tectonic conditions prevailing at the time of forma-
tion (e.g., Wang et al., 2011). An overall oceanic crustal
thickness of ∼5–6 km is observed around the SWIR and
CIR, consistent with the normal oceanic crust formed
at spreading centers (Wang et al., 2011). Localized un-
dulations are present, which may reflect variations in
magmatic activity, including episodic or focused melt
delivery from the upper mantle that can locally thicken
the crust (e.g., Li et al., 2015). Farther from the ridges,
the Mascarene Basin exhibits an average crustal thick-
ness of ∼10 km, whereas the Mozambique islands are
underlain by thicker crust, averaging ∼17 km. These
thicker crusts likely reflect a combination of magmatic
addition, including hotspot-related volcanism andmag-
matic underplating, and the inheritance of stretched
and thinned continental crust associatedwith the open-
ing of the Mozambique Channel (Charvis et al., 1999;
Fontaine et al., 2015; Andriampenomanana et al., 2017;

Dofal et al., 2021; Dofal, 2021).
To examine lateral variations in crustal thickness in

greater detail, we constructed four profiles across the
study region and projected stations located within 50
km of each profile onto the corresponding sections
(Fig. 7). AlongprofilesA–BandG–H (Fig. 7a and 7d), the
Moho is relatively flat, with depths ranging from ∼10.3
to 11.6 km and ∼8.8 to 11.8 km (bsl), respectively, in-
dicating laterally uniform oceanic crust in these areas.
By contrast, profiles crossing La Réunion (Fig. 7b and
7c) show a localized Moho deepening to ∼13.8 km (bsl),
highlighting a distinct crustal root beneath the island
relative to the surrounding basin. This geometry is con-
sistent with previous studies that infer a magmatically
modified crust beneath La Réunion, including an un-
derplated body at the base of the crust and an overlying
volcanic edifice (Charvis et al., 1999; Gallart et al., 1999;
Fontaine et al., 2015; Dofal, 2021).

5 Conclusion

This study provides a detailed characterization of
crustal thickness beneath the western Indian Ocean us-
ing the teleseismic P-wave coda autocorrelationmethod
applied to the earthquake data from 54 OBSs and 7
land seismic stations. The resulting crustal thickness
estimates reveal significant spatial variability, ranging
from ∼4.3 km beneath the oceanic crust near CIR to
∼25.85 km beneath the eastern coast of Madagascar.
The mean oceanic crustal thickness of ∼7 km is consis-
tent with global averages, whereas locally thickened re-
gions beneath volcanic islands such asMayotte, La Réu-
nion, and Europa suggest magmatic underplating and
hotspot-related crustal accretion. The distinct deepen-
ing of the Moho beneath La Réunion supports the pres-
ence of a magmatic underplated layer linked to the is-
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Figure 7 (a–d)Maps of the study area showing the locations of four profiles (leftpanels) and the correspondingPWSvertical
waveforms from stations within 50 km of each profile (right panels), highlighting variations in crustal thickness along the
profiles. In the left panels, black straight lines indicate profile locations, red triangles mark seismic stations, and green lines
denote spreading ridges. The geographical boundary of Madagascar is also shown. In the right panels, black triangles mark
the projected positions of seismic stations, with station names labelled above. Black dots denote the prominent negative
phases in each autocorrelogram, and the connecting black line traces the inferred crustal thickness variation along each
profile.

land’s hotspot activity. These findings offer new quan-
titative constraints on crustal architecture and provide
a valuable foundation for future investigations into the
tectono-magmatic processes that govern crustal forma-
tion, modification, and isostatic compensation in this
geodynamically complex region.
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