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Figure 1 Bathymetric map and free-air gravity anomaly map of the study area. (a) Bathymetric map of the study area. The inset in the upper left corner
shows the location of the study area, the gray and blue solid lines represents the 2016 active-source OBS survey line!'”), the black solid line represents
the 2021 mid-Mozambique cruise active-source OBS survey line, the red circles represent the OBS stations used in this study, the black symbols
represent the OBS stations that were not successfully recovered or for which no usable data are available, and the red curve shows the location of the
Mozambique Fracture Zone!'!l. (b) Profile map showing the locations of the 20 OBS stations used in this study and the bathymetric profile. (c) Free-air
gravity anomaly map of the study area; seafloor topography and gravity anomaly data are included in GMT!'* !
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Figure 2 The time-corrected seismic profiles for OBS02, OBS08, OBS15, and OBS22. (a) Seismic profile of station OBS02; (a") location of phase
picks for station OBS02. (b) Seismic profile of station OBS08; (b") location of phase picks for station OBS08. (c) Seismic profile of station OBS15;
(c) location of phase picks for station OBS15. (d) Seismic profile of station OBS22; (d') location of phase picks for station OBS22. The upper panels for
each station display the seismic records, with the corresponding velocity reduction indicated in the lower right corner of figures (a)—(d). The lower
panels (a’)—(d’) mark the locations of the seismic phases identified in this study, including Ps phases (yellow dots), PsP phases (green dots), and Pg
phases (red dots)
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Figure 3 Initial model, ray tracing, and final inversion results. (a) The initial model, (b) the ray tracing, and (c) the optimal model obtained from the
inversion. (c¢) Displays the optimal model derived from the region with good ray coverage. The red circles and the numbers above represent the positions
and IDs of the OBS stations, the blue solid line indicates the basement interface, the black thick line represents the seafloor surface, the black thin lines
are the velocity contour lines (with a 0.2 km/sinterval). In panel (b), the grey curve represents the ray paths. To better highlight the sedimentary velocity
variations, panels (b) and (c) use the same color scale as panel (a), as shown in the lower left corner of (c)
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Figure 4 Distribution of fitting residuals. (a) The residual distribution of ray fits for the optimal model (red circles). The acceptable error range of
+0.06 sis represented by the black dashed line. (b) A comparison between the observed and theoretical arrival times for Pw waves, where the red short
lines represent the observed arrival times of Pw waves, and the black squares represent the theoretical arrival times of Pw waves. The acceptable error
range is +0.025 s.(c), (b) The comparison between the observed and inverted fitting arrival times, where the red solid line represents the theoretical
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Figure 6 Comparison of OBS Inversion Results with MCS Sedimentary Layer Depth Profiles. (a) Multi-channel seismic section®. (b) Comparison
between the MCS sedimentary layer basement and OBS inversion results: the black solid line represents the seafloor, the blue solid line shows the
sedimentary layer basement derived from OBS inversion, and the red solid line indicates the MCS basement interface. (¢) Comparison of sedimentary
layer thickness, with the blue line corresponding to the OBS inversion and the red line to the MCS measurements. (d) Sedimentary layer thickness
difference map, where the black solid line denotes the thickness difference and the red dashed line represents the 0 kmreference line
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Figure 7 Velocity anomaly (dV/p) map. The velocity anomaly structure is shown by subtracting the optimal average P-wave velocity of the

sedimentary layer(2.223 km/s) from the optimal velocity model
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Figure 8 P-wave velocity distribution map of sediment layers. The red line indicates the P-wave velocity in the sedimentary layers beneath OBS21 at
the southern continental margin of Mozambique; the orange line shows the velocity beneath OBS16 in the Mozambique Fault Zone; and the blue line
represents the velocity beneath OBSS5 in the Mozambique Basin. The gray, purple, and yellow areas correspond to the P-wave velocity ranges below the

seafloor along profiles Mz03, Mz04, and Mz05, respectively
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Tomographic imaging of sedimentary basement reflection
waves in the southern Mozambique continental margin
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This study examines the velocity structure and formation mechanisms of sedimentary layers in tectonically complex
environments, focusing on the inversion of shallow sedimentary velocity structures using wide-angle refraction seismic
data obtained from Ocean-Bottom Seismometers (OBS) with active sources. Accurate sedimentary velocity models are
crucial for developing initial crustal models and providing vital constraints for geological and tectonic analyses, especially
in regions where multi-channel seismic (MCS) data is lacking. These models are fundamental for understanding the
composition and structural heterogeneity of the Earth’s crust, particularly in continental margin areas where data is scarce

The research uses OBS data collected from the southern Mozambique margin, an area known for its dynamic geological
setting, shaped by complex tectonic and magmatic activity. These factors produce sedimentary layers with intricate and
highly variable velocity structures, making interpretation more challenging. The methodology employed involves three key
steps: (1) identifying sedimentary basement refracted and reflected phases (Ps/PsP) and crystalline crust refracted phases
(Pg); (2) performing high-resolution tomographic inversion using JIVE3D software to generate sedimentary velocity
models; and (3) validating the inversion results by comparing them to existing MCS depth profiles. The inversion reveals
significant variations in sedimentary basement depths and uncovers distinct high-velocity anomalies within the
sedimentary sequences, pointing to the impact of geological processes on the subsurface structure

The study offers several important findings. First, the sedimentary basement depths derived from the OBS inversion
show strong consistency with MCS depth profiles, validating the inversion approach and demonstrating the effectiveness of
OBS data for sedimentary modeling in regions with sparse or absent MCS data. This method provides an alternative for
subsurface characterization where conventional techniques are not applicable. Second, the sedimentary layers of the
Mozambique margin show pronounced high-velocity anomalies, interpreted as indicators of unique geological processes
linked to tectonic-magmatic interactions. These anomalies suggest the presence of subsurface features such as magmatic
intrusions, volcanic activity, or crustal deformation, all of which play a significant role in shaping the sedimentary
architecture of the region

By integrating regional tectonic evolution and comparing seismic data from surrounding areas, the study suggests that
these high-velocity anomalies are likely the result of combined magmatic and tectonic processes. These include syn-
depositional magmatic activity, such as intrusions and volcanic events, along with tectonic processes like crustal thinning
or differential subsidence. These findings offer a new perspective on the geological history of the region, highlighting the
role of both magmatic and tectonic forces in shaping sedimentary structures

The OBS-based inversion method presented in this study offers two key advantages, particularly in areas lacking MCS
data: (1) independent modeling, which removes the need for MCS data constraints and enables sedimentary velocity
analysis in data-limited regions, and (2) enhanced imaging, which improves the accuracy of deep crustal imaging by
refining velocity models. This method is especially effective for studying thick or laterally heterogeneous sedimentary
sequences, which are typical in tectonically complex regions. By generating reliable velocity models, this approach aids in
more accurate structural analysis of both the crust and upper mantle, advancing our understanding of continental margin
evolution. Additionally, this methodology has broad applications in other regions with limited access to MCS data,
providing a practical solution for geophysical research in challenging exploration environments

ocean-bottom seismometer, seismic tomography, sedimentary layer velocity structure, southern Mozambique
continental margin
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