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Abstract The incipient Okavango Rift is one of the youngest rifts of the East African Rift System.
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Understanding the structure and deformation beneath the rift can enhance our knowledge of early-
stage structural features and rifting mechanisms of the entire rift system. In the study, we
collected continuous waveform data from 41 broadband seismic stations and used an ambient
seismic noise tomography technique to obtain Rayleigh and Love wave phase velocity dispersion
data. By inverting these dispersion data, we developed 3D shear wave velocity and radial anisotropy
models from the surface to the depth of 50 km. Results show that the middle crust of the
Okavango Rift exhibits low velocity and negative radial anisotropy (Vgy<Vsy ). suggesting the
presence of melts in the crust. However, high velocities observed in the lower crust of the rift
indicate that these melts may not be sourced from the underlying mantle. Therefore, our results
do not support the theory that the rifting was initiated by the intruded mantle-sourced materials.
Our radial anisotropy model shows that the lower crust and uppermost mantle beneath the rift
possesses positive radial anisotropy (Vsy >Vsy), together with the previous investigations, we
infer that the rifting might be initiated by the horizontal tectonic stresses from the relative intra-
plate movements within a preexisting weak zone. Additionally, the negative radial anisotropy

observed in the middle and lower crust of the southwestern Zimbabwe Craton agrees with the

previously proposed model that the crust of this region was thickened by the intrusion of the
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mafic Okavango Dyke Swarm.
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Fig. 1 Seismic stations distribution and major tectonic

units of the study region
The seismic stations used in the study include 3 AfricaArray
(AF) permanent stations (pentagrams), 21 Botswanan Network
of Autonomously Recording Seismographys ( BNARS) and Botswana
Seismological Network (BSN) stations (triangles), and 17 Seismic
Arrays for African Rift Initiation (SAFARI) stations (circles).
The background is the topography variation, the black solid
curves are the nation boundaries, the blue dashed curves are the
boundaries of the Congo and Kalahari cratons, and the white
dashed curves are the boundaries of other tectonic units within the
study region. The red rectangle on the upper right corner encloses

our study area. OR: Okavango Rift.
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Fig. 2 Empirical Green's functions (EGFs)
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(a) Rayleigh wave EGFs from the stack of cross-correlations of
the ambient noise waveform (Z component) between Station
NE212 (labeled on Fig. 1) and other stations, arranged by
station separation; (b) Love wave EGFs from the stack of
cross-correlations of the ambient noise waveform (T component)

between Station NE212 and other stations.
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Fig. 3 Phase velocity dispersion curves and ray-path coverages

(a) Rayleigh and Love wave phase velocity dispersion curves selected after quality control; (b) Ray-path coverage at all periods for

Rayleigh wave phase velocity dispersion; (c¢) Ray-path coverage at all periods for Love wave phase velocity dispersion.
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Fig. 4 Initial inversion models and resulting mean models
(a) The blue curve represents the initial inversion model for
shear wave velocities, while the red curve represents the inverted
mean shear wave velocity model of the study region; (b) Same as

(a) but for radial anisotropy estimates.
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Fig. 5 Selection of smoothing factors and calculation of residuals
(a) Using L-curve analysis to select the optimal Vsy smoothing factor (Asy = 10). The vertical axis represents the Vsy model
roughness, while the horizontal axis represents surface wave traveltime residual; (b) Similar to (a), but for optimal y smoothing
factor (A,=20); (c) Convergence of the average surface wave traveltime residual of 20 iterations. The inversion starts to converge
after the 5™ iteration (vertical blue dash line), and the average residual decreases from 1. 67 s of the 1° iteration to 0. 97 s of the
20" iteration; (d) Distribution of surface wave traveltime residual before (dark blue) and after inversion (light blue). The residual

after inversion more concentrates around zero, and the features of normal distribution are distinct.
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Fig. 6

Shear wave velocity checkerboard resolution test

Shear wave velocity checkerboard resolution test of 1. 0°X 1. 0° at different depths: (a) 5.0 km; (b) 10.0 km;
(¢) 20.0 km; (d) 30.0 km; (e) 40.0 km; (f) 50.0 km.
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Fig. 7 Radial anisotropy checkerboard resolution test

Radial anisotropy checkerboard resolution test of 1.5°X 1,5 at different depths: (a) 5.0 km; (b) 10.0 km;
(c) 20.0 km; (d) 30.0 kmj; (e) 40.0 km; () 50.0 km.
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Fig. 8 Vertical checkerboard resolution test

(a) Vertical shear wave velocity checkerboard resolution test along the E-W trending purple line marked on Fig. 7f; (b) Vertical

shear wave velocity checkerboard resolution test along the N-S trending purple line marked on Fig. 7f; (¢c—d) Similar to (a—b), but

for vertical radial anisotropy checkerboard resolution test.
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Fig. 9

Shear wave velocity distributions

Inverted shear wave velocity distributions inverted from the DRadiSurfTomo technique at different depths: (a) 5.0 km; (b) 10.0

km; (¢) 20.0 km; (d) 30.0 kmj; (e) 40.0 km; (f) 50. 0 km. KC; Kaapvaal Craton; NB: Nosop Basin; OR: Okavango Rift; PB:

Passarge Basin; ZC;
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Fig. 10 Uncertainty estimates of shear wave velocity (gy) distributions

Uncertainty estimates of shear wave velocity distributions from the jackknife resampling technique at different depths:

(a) 5.0 km; (b) 10.0 km; (¢) 20.0 km; (d) 30.0 km; (e) 40.0 km; (f) 50.0 km.
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Fig. 11

Topography variation and shear wave velocity cross-sections along two profiles marked on Fig. 9f

(a) Cross-section along Profile AA’. The upper panel represents the topography along the profile, while the lower panel shows the

shear wave velocity distribution between 0 and 50 km, with the gray curve representing the Moho extracted from a previous receiver

function investigation(Fadel et al. , 2018), the black dash lines separating different geological units, and the gray dash ellipse encloses

the upper and middle crust beneath the northeastern end of the Okavango Rift; (b) Same as (a), but for the cross-section along Profile BB
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Fig. 12 Radial anisotropy distributions
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Fig. 13 Uncertainty estimates of radial anisotropy (s.) distributions

Uncertainty estimates of radial anisotropy distributions from the jackknife resampling technique at different depths:

(a) 5.0 km; (b) 10.0 km; (c¢) 20.0 km; (d) 30.0 kmj; (e) 40.0 km; () 50.0 km.
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