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Key Points:

e Earthquakes cluster at the rift tips within a zone of distributed faulting in exposed
crystalline basement

e Highest Vp/Vs ratio anomalies occur at the modern and paleo- rift tips, collocated with
thermal anomalies

e Localization of upper crustal brittle damage and thermal-weakening on a rift tip likely
indicate initiation of lateral rift propagation
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Abstract

We investigate the upper-crustal structure of the Rukwa-Tanganyika Rift Zone, East Africa, where
earthquakes anomalously cluster at the northwestern tip of the Rukwa Rift, the eastern tip of the
Mweru-Wantipa Rift, and along the Tanganyika Rift axis. The current rift tips host distributed
faulting in exposed basement with little sedimentation. Here, we invert earthquake P and S travel
times for three-dimensional upper-crustal velocity models for the region. The highest Vp/Vs ratios
occur at the Rukwa and Mweru-Wantipa rift tips, and near a paleo-rift tip along an exhumed intra-
basement shear zone beneath the Rukwa Rift. Colocated distributed faulting, upper-crustal
seismicity, and thermal anomalies with high Vp/Vs ratios suggest a weakened crust at the rift tips.
We propose an ongoing strain localization and crustal softening at the rift tips, accommodated by
brittle damage and hydrothermal weakening of the crust, potentially representing a precursory
phase that may initiate unilateral rift tip propagation.

Plain Language Summary

Continental rift systems evolve by the lateral propagation, interaction, linkage, and coalescence of
isolated rift segments. Before linkage, interacting rift segments are separated by an elevated region
of exposed crystalline basement with little to no sediment cover. This exposed basement area is
progressively dismembered and down-thrown by the lateral propagation of faulting at the rift tips
and subsidence of rift hanging walls. However, a long-standing question remains on how strain is
localized onto rift tips to facilitate the basement deformation ahead of the rift basin. Here, we
generate 3-D velocity models of the Rukwa-Tanganyika Rift Zone, a region where earthquakes
anomalously cluster at rift tips. Our results reveal that most upper-crustal areas with low shear
wave velocity (Vs) and anomalously high compressional-to-shear wave velocity ratio (Vp/Vs)
occur at rift tips and are collocated with distributed faulting and geothermal anomalies. These
anomalies indicate localized zones of fluid-saturated fractured crystalline basement. Thus, we
suggest that at the rift tips, the upper crust is undergoing mechanical weakening by seismogenic
brittle damage and hydrothermal processes. We argue that focused tectonic strain at the rift tip
potentially represents a deformation phase that will facilitate the unilateral propagation of the rift
into new areas.

Keywords:
Continental rift, rift propagation, earthquake tomography, normal fault, brittle deformation



58

59
60
61
62
63
64
65
66
67
68
69
70

71
72
73
74
75
76
77
78
79
80

81
82
83
84
85
86
87
88
89
90
91
92

93

94

95
96
97
98
99
100

manuscript submitted to Geophysical Research Letters

1 Introduction

Inelastic deformation in regions of active tectonic extension manifests by tectonic and magmatic
deformation of the crystalline crust and its overlying sedimentary sequences in the rift basins (e.g.,
Brune et al., 2023; Pérez-Gussiny¢ et al., 2023). Active tectonic deformation in continental rifts is
commonly accommodated by widespread brittle deformation of the crust through faulting and
fracturing and accompanied by earthquakes (e.g., Muirhead et al., 2019; Kolawole et al., 2017,
2018; Gaherty et al., 2019; Zheng et al., 2020; Stevens et al., 2021). The rift-bounding and intra-
rift fault zones localize multi-scale fragmentation and communition of the rocks, allowing for
progressive crustal stretching along weak deep-reaching faults (e.g., Brune et al., 2023 and
references therein). The temporal, lateral propagation of the rift deformation into the intervening
unrifted regions separating the rift basins progressively evolves the rift system towards break-up
(e.g., Brune et al., 2023; Nelson et al., 1992; Zwaan et al., 2016; Zwaan & Schreurs, 2020;
Kolawole et al., 2021a).

Fault-related damage and distributed brittle deformation in the crystalline crust often create regions
of decreased bulk crustal density, manifested as anomalously low seismic shear wave velocity and
high compressional-to-shear wave velocity ratio (Vp/Vs) zones (Allam et al., 2014; Fang et al.,
2019). Also, regions where brittle damage allows the upwelling of hydrothermal fluids in the upper
crust are associated with relatively higher Vp/Vs values (Hua et al., 2019). In active rift settings
where surface volcanism is lacking, understanding the spatial distribution of upper-crustal seismic
velocities permits identifying mechanically-weakened zones where tectonic strain may be
preferentially localizing. Delineating these near-surface seismic velocity structures will help better
predict ground motion amplification during large earthquake (Ajala & Persaud, 2021; Cormier &
Spudich, 1984).

This contribution investigates how the earth’s crystalline crust accommodates and localizes
tectonic strain during continental rift propagation. We utilize recently acquired seismic data to
explore the upper crustal structure of the Rukwa-Tanganyika Rift Zone, an active magma-poor rift
zone along the East African Rift System, where previous studies have suggested a thick, strong,
cold lithosphere (Craig et al., 2011; Foster & Jackson, 1998; Yang & Chen, 2010; Hodgson et al.,
2017; Lavayssiere et al., 2019) and ongoing unilateral propagation of the rift tips (Kolawole et al.,
2021). A previous study (Hodgson et al., 2017) utilized the receiver function technique to map the
spatial distribution of crustal-averaged Vp/Vs ratios but lacked constraints on the shallowest
structure. Our results provide insight into the fundamental mechanism of strain distribution and
localization along actively propagating rift segments. Ultimately, the approach may advance our
understanding of how incipient divergent plate boundaries mature within active continental
environments.

1.1 The Rukwa-Tanganyika Rift Zone
1.1.1 Pre-Rift Crystalline Basement

The crystalline crust of the Rukwa-Tanganyika Rift Zone (Fig. la) is mainly composed of
metamorphic and igneous rocks of the Paleoproterozoic (1.85-1.95 Ga) Ubendian mobile belt (Fig.
1b). In the southwest, the Archean crystalline rocks of the Bangweulu Craton and its overlying
Neoproterozoic sedimentary sequences dominate the basement (Fig. 1b). The Ubendian Belt
consists of several amalgamated NW-trending terranes defining the orogenic belt that
accommodated the Paleoproterozoic collision events (2.025-2.1 Ga) between the Archean
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Figure 1. (a) Tectonic map of the Rukwa-Tanganyika Rift Zone showing the rift faults (Morley et al., 1999; Muirhead
et al., 2019; Kolawole et al., 2021a). Mw >5 earthquake epicenters are from the USGS, and the focal mechanisms are
from the Global CMT catalog (Ekstrom et al., 2012). Geodetic plate velocity data are from Stamps et al. (2008).
Regional extension directions are from Delvaux and Barth (2010) for the northern Tanganyika Rift and Lavayssiere
et al. (2019) for the southern Tanganyika and Rukwa rift basins. Heat flow measurements and their locations are from
Jones (2020). Sites of hot springs/hydrothermal vents are from Tiercelin et al. (1993), Lavayssicre et al. (2019), Jones
(2020), and Mulaya et al. (2022). (b) Geological map of the region, showing the cratons, mobile belts, terranes of the
Ubendian Belt and shear zones, and Cenozoic syn-rift sediments (modified after Hanson, 2003; Delvaux et al., 2012;
Kolawole et al., 2021a,b; Ganbat et al., 2021). Exhumed Precambrian shear zones (Heilman et al., 2019): CSZ, Chisi
Shear Zone; MgSZ, Mughese Shear Zone; MtSZ: Mtose Shear Zone.

Tanzania Craton and the Bangweulu Block. The terranes, comprising Ufipa, Katuma, Wakole,
Lupa, Mbozi, Ubende, and Upangwa (Fig. 1b; Daly, 1988; Lenoir et al., 1994), are now exhumed
due to long-term erosion and are bounded by steeply-dipping, ductile, amphibolite facies, strike-
slip shear zones (Fig. 1b; Daly, 1988; Lenoir et al., 1994; Theunissen et al., 1996; Kolawole et al.,
2018, 2021b; Lemna et al., 2019; Heilman et al., 2019; Ganbat et al., 2021). Their associated
ductile fabrics and bounding shear zones, commonly observed in basement exposures and
aeromagnetic data, are suggested to have influenced the development of Phaneoroic rift basins in
the region (Wheeler and Karson, 1994; Theunissen et al., 1996; Klerkx et al., 1998; Boven et al.,
1999; Heilman et al., 2019; Lemna et al., 2019; Kolawole et al., 2018, 2021a,b).

1.1.2 Phanerozoic Rifting History

The Rukwa-Tanganyika Rift Zone is defined by a system of NNW-to-NW-trending overlapping
rift segments, consisting of the Tanganyika Rift, the Rukwa Rift to its southeast, and the ENE-
trending Mweru-Wantipa Rift located just southwest of its southernmost sub-basin (Fig. 1). The
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rift zone records multiple phases of Phanerozoic tectonic extension, with the first phase occurring
in the Late Permian to Triassic, the second phase beginning in the Late Jurassic but peaking in the
Cretaceous, and the third phase initiating in the Late Oligocene and presently persisting (e.g.,
Delvaux, 1989, Roberts et al., 2012). Although studies show that all the rift segments are currently
active (e.g., Daly et al., 2020; Hodgson et al., Lavayssiere et al., 2019; Heilman et al., 2019;
Kolawole et al., 2021a), available data indicate that they do not all record the three phases of
Phanerozoic rifting (Delvaux, 1989).

Significant sedimentation and faulting in the Rukwa Rift (e.g., Morley et al., 1992, 1990) and
colinear Luama Rift (Veatch, 1935; Delvaux, 1991; Kolawole et al., 2021b) characterize the
Permo-Triassic (‘Karoo’) rift phase. The Cretaceous rifting event also included reactivated
faulting, tectonic subsidence, and sedimentation in the Rukwa Rift and Luama Rift (e.g., Veatch,
1935; Delvaux, 1991; Roberts et al., 2012). Cenozoic rifting initiated the development of rift basins
as segments of the ‘East African Rift System,’ featuring the reactivation of the Rukwa Rift and the
development of the Tanganyika and the Mweru-Wantipa rift segments (e.g., Morley et al., 1999;
Delvaux et al., 2001; Chorowicz, 2005; Daly et al., 2020). The current regional extension direction
is N74°E in the northern Tanganyika Rift (Delvaux and Barth, 2010) and N8O°E in the southern
Tanganyika and Rukwa rifts (Lavayssiére et al., 2019) (Fig. 1a).

1.1.3 Rift Faulting and Seismicity Patterns

The Tanganyika Rift basin is bounded by a system of large border faults that alternate polarity
along-trend of the basin (Versfelt and Rosendahl, 1989) and include the Marungu Fault, the Kavala
Island Ridge Faults, the West and East Ubwari Faults, and the Moba Fault (Fig. 1a). Whereas, the
large graben of the Rukwa Rift basin is bounded by laterally continuous border fault systems of
the Lupa Fault to the northeast and Ufipa Fault to the southwest (Heilman et al., 2019). The Ufipa
Horst represents the intervening basement block between the southern Tanganyika Rift and the
Rukwa Rift and is accommodating active deformation as evidenced by the ca. 100-km long scarps
of the Kanda and Kalambo-Mwimbi Faults (Fig. 1a; Delvaux et al., 2012; Kolawole et al., 2021).
Moreover, two prominent fault scarps extend westward from the Rukwa Rift tip across a basement
region to the eastern margins of the central Tanganyika Rift (Nkamba and Karema Faults; Fig. 1a).
The deformation zone of the Mweru-Wantipa Rift hosts a ca. 50-km-wide parallel fault cluster that
defines its southeastern margin within which the Lufuba Fault appears to have the greatest
escarpment height (Fig. 1a).

The entire Rukwa-Tanganyika Rift Zone records widespread seismicity (Figs. 2a, c—d) that extends
beyond 42 km depth, indicating that the seismogenic layer of the rift includes the uppermost mantle
(Fig. 2c—e; Lavayssiere et al., 2019). The events define clusters with focal mechanism solutions
that suggest steep, deep-rooting large normal faults (Lavayssiere et al., 2019), and highlight
localized active crustal deformation zones beneath Tanganyika Rift, Rukwa Rift, the Ufipa Horst,
and the Mweru-Wantipa Rift (Fig. 1a). Across the rift zone, the earthquakes commonly initiate at
the middle-crust and extend down into the lower crust, except the northwestern tip of the Rukwa
Rift (Katavi sub-basin; Figs. 2a, 2d) where the earthquakes primarily localize within the upper
crust (Lavayssiere et al., 2019). More interestingly, the axis of the Rukwa Rift has sparse
seismicity. Seismicity clusters at the Rukwa Rift tip extend beyond the margins of the basin
sediments, continuing outboard into the regions of the exposed pre-rift basement (Figs. 2a and 2d).
In the Tanganyika Rift, earthquakes mostly cluster within the rift axis and extend along most of
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the rift length (Figs. 2a and 2c¢). Heat flow measurements in the rift zone show thermal anomalies
in the central Tanganyika Rift, the south-central region of the Rukwa Rift, and within the basement
region ahead of the northwestern tip of the Rukwa Rift (Fig. 1a; Jones, 2020). The thermal anomaly
north of the Rukwa Rift tip occurs near NW-trending fault splays and Mw>5 earthquake epicenters
within the basement region. Furthermore, hydrothermal vent and hot spring locations coincide with
the border fault zones of the Tanganyika Rift and the south-central part of the Rukwa Rift (Fig.
la; Tiercelin et al., 1993; Lavayssiere et al., 2019; Jones, 2020).

1.1.4 Active Deformation in Rift Overlap Zones

At a regional scale, the Rukwa and Tanganyika rift basins are separated by an elevated region of
pre-rift basement with widespread exposures of Precambrian metamorphic rocks (Figs. la-b;
Kolawole et al., 2021a). This region of rift overlap, described as an overlapping parallel-to-oblique
‘rift interaction zone’ (Kolawole et al., 2021), is characterized by historical seismicity and active
faults that deform the modern surface (Delvaux et al., 2001; Lavayssiere et al., 2019; Kolawole et
al., 2021a). The faults are comprised of the WNW-trending Karema and Nkamba faults which
splay westwards from the Rukwa Rift tip (Fig. 1a; Fernandez-Alonso et al., 2001; Kolawole et al.,
2021a); and NW-trending faults that extend northwards towards the margin of the northern
Tanganyika Rift (Kolawole et al., 2021a). The longitudinal surface relief morphology of the
southern Tanganyika Rift shows a significantly steeper gradient than that of the Rukwa Rift tip
(‘rift tip” in Fig. 2¢ versus 2d). The asymmetricity of the relief profiles across the rift interaction
zone, bidirectional axial stream flow from the zone into the rift basins, and the variation of drainage
plan-form morphologies across the zone are interpreted to be controlled by a progressive
northwestward encroachment of the subsidence axis of the Rukwa Rift (Kolawole et al., 2021a).
Overall, the current stage of evolution of the rift interaction zone is inferred to be partially breached
(Kolawole et al., 2021a).

The Mweru-Wantipa Rift extends eastward and appears to be hard-linked with the border fault of
the western flank of the southern tip of the Tanganyika Rift. The region between the two rifts
defines an overlapping orthogonal rift interaction zone (Kolawole et al., 2021a). The continuation
of Lake Tanganyika into the Mweru-Wantipa Basin and the apparent coalescence of the rift floors
of the two basins suggest a breached rift interaction zone between them (Kolawole et al., 2021a).

2 Data and Methods
2.1 Travel Time Dataset

We focus on data recorded by the TANGA14 array, comprising 13 broadband seismographs
deployed along the Ufipa Plateau for 15 months from June 2014 through September 2015
(Hodgson etal., 2017). Travel time measurements were retrieved using the local seismicity catalog
of Lavayssiere et al. (2019) with 2213 events (Fig. 2a). First arrival times for both P and S waves
were manually picked on filtered seismograms resulting in 3187 P times from 1277 earthquakes
(resp. 3121 S times from 1261 earthquakes).

2.2 Body Wave Tomography

Using a one-dimensional (1-D) velocity model of the region as a starting model (Lavayssiere et
al., 2019), we iteratively introduce perturbations using the travel time picks. Predicted arrival times
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are computed by solving the eikonal equation (Vidale, 1990), and the corresponding model
changes to the travel time residuals are found using the backprojection algorithm of Hole (1992).
Due to the sparse station distribution, the model space is parameterized using a grid spacing of 5
km. Inversion regularization is achieved through varying smoothing sizes, which are changed
every five iterations and decreases with increasing iterations. The final models are selected from
the 26th iteration (Fig. 3) as subsequent models do not have substantially lower misfits but become
contaminated from noise overfitting (Fig. S1). To assess the model uncertainty, we employ a
combination of ray coverage maps and checkerboard reconstruction tests to determine areas of the
model reliable enough for interpretation (Figs. 3 and S2 — S15).

3 Results

We present our preferred velocity models as perturbations (Fig. 3) relative to the starting physical
model parameters used in the inversion (Fig. 2b) because the spatial resolution may cause the
absolute values to be less reliable for interpretation (e.g., Figs. S4 — S15). The 5 km model grid
spacing makes our selection of the 3 km depth maps (Figs. 3a, 3e, and 31) representative of the
average uppermost crustal structure of the model in the region, as can be verified in the cross-
sectional profiles of Figure 3. The overall distribution of upper crustal velocities generally reflect
the near-surface geology, which serves as a primary constraint for assessing the quality of the
models.

Our results show that slower P (Vp) and S (Vs) wave velocities are collocated with the sedimentary
basins of the southern Tanganyika and Rukwa rifts. Relatively lower velocities continue along a
narrow ESE-trending zone from the Tanganyika Rift to the northern end of the Rukwa Rift,
following the Nkamba and Karema faults. The Ufipa Horst separating the Tanganyika and Rukwa
rifts also show localized zones of Lower P wave velocities, collocated with areas of pervasive
surface faulting (Fig. 3a). However, unlike the P wave velocity distribution, the Ufipa Horst is
better defined in the S wave velocity model, demonstrated by the relatively higher values and
structural continuity (Figs. 3e and h). Within the eastern section of the Mweru-Wantipa Rift and
futher east towards the southern Tanganyika Rift, we observe moderate Vp anomalies collocated
with moderate to low Vs anomalies (Figs. 3a — b, e - f). Overall, the rift flanks and zones of
widespread exposure of the pre-rift basement exhibit relatively higher P and S wave velocities.

The Vp/Vs ratio map (Fig. 3i) and cross-sections (Figs. 3j — 1) show zones of anomalously high
values that are restricted to upper-crustal depths, the most prominent of which are: 1) an anomaly
at the northwestern end of the Rukwa Rift, an area dominated by basement exposures and
distributed faulting, 2) an anomaly in the southeastern interior of the Rukwa Rift, collocated with
the southeastern extension of the Precambrian Chisi Shear Zone (Fig. 1b), and 3) a broad anomaly
extending across the eastern end of the Mweru-Wantipa Rift through the transfer zone into the
Tanganyika Rift. These highest Vp/Vs anomalies commonly continue down to 10 km, except for
the Mweru-Wantipa anomaly, which continues laterally into the southernmost sub-basin of the
Tanganyika Rift, where it is strongly restricted to the sedimentary cover and shallow crystalline
crust (<5 km; Fig. 3j). Although there are elevated Vp/Vs ratio anomalies at >17 km depths beneath
the basins (Figures 3j — 1), our investigation focuses on the upper crust.
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Figure

3. Maps and profiles through the tomographic models showing the perturbations relative to the starting models in Fig.
2b. (a) 3 km depth slice through the P wave velocity model. Unreliable areas of the model are not shown. Dashed
black lines show the profile locations in b-d. (b — d) Profiles of the P wave velocity model. (e — h) Same as a-d but
for the S wave velocity model. (i — 1) Same as a-d but for the Vp/Vs ratios.

4 Discussion

Two of the three zones of the highest upper-crustal Vp/Vs ratios occur at rift tips where syn-rift
sedimentary cover is thinnest and basement exposures dominate the surface geology (Rukwa and
Mweru-Wantipa rift tips; Figs. 1b and 3i). These anomalies occur at or near known geothermal
anomalies, including hot springs, hydrothermal vents, or high heat flow measurement sites (Fig.
la). The anomalies are also collocated with earthquake clusters and distributed normal faults. The
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seismicity cluster at the tip is anomalous as it indicates the focus of active brittle deformation of
the crystalline crust in a region lacking well-developed rift basins. At the Rukwa Rift tip and
further to the northwest, the faulting pattern is generally characterized by splays of distributed
faults that extend outboard from the Rukwa Rift border faults (Fig. 1a). At the Mweru-Wantipa
Rift tip, the rift faults mainly cluster near the southern margin. Thus, we interpret the occurrence
of the high upper-crustal Vp/Vs anomalies at the modern rift tips to represent a localization of
mechanically weakened crystalline crust associated with brittle deformation and, potentially,
compounded by the thermo-mechanical weakening effect of hydrothermal upwelling through
fault-fracture networks. Studies have shown that anomalously high upper-crustal Vp/Vs anomalies
in crystalline basement terranes are typical of localized zones of high intensity of fluid-saturated
fracture networks, and zones of hydrothermally altered crustal rocks (Hauksson & Unruh, 2007).
Geothermal anomalies activate voluminous hydrothermal upwelling, which often utilizes fracture
networks as conduits (e.g., Pirajno, 2008), thus decreasing the bulk density and, consequently, the
seismic velocity of the crust.

Localizing mechanically weakened crust at active rift tips reflects a critical process that drives the
growth of continental rift systems. The northwestern tip of the Rukwa Rift is characterized by
geomorphic features and tectonic deformation patterns that suggest an ongoing northwestward
propagation towards the central and northern Tanganyika Rift (Kolawole et al., 2021a). However,
an outstanding problem is the mechanism for strain localization ahead of the rift tip. Earthquake
clustering at active rift tips ( Fig. 2a) indicates focused strain and stress concentrations analogous
to propagating microfractures (e.g., Martel, 1990; Kranz, 1979). At the rift scale, the intervening
basement region between the Tanganyika and Rukwa rifts has been shown to represent a rift
interaction zone (e.g., Nelson et al., 1991; Kolawole et al., 2021a). Similarly, the transfer zone
between the Mweru-Wantipa and Tanganyika rifts, primarily composed of minor sedimentary
cover (Fig. 1b) represents a rift interaction zone (Kolawole et al., 2021a). We argue that the rift
interaction zones in the Rukwa-Tanganyika Rift Zone are localizing tectonic strain that may
facilitate rift linkage and progressive dismembering of the intervening crystalline basement.

The location with a high Vp/Vs ratio in the central interior of the Rukwa Rift also lacks significant
faulting relative to the nearby intra-rift areas (Fig. 31). However, this anomaly is located along the
southeastern continuation of the Precambrian Chisi Shear Zone in the crust beneath the Rukwa
Rift sediments (‘CSZ’ in Fig. 1b; Lemna et al., 2019; Heilman et al., 2019; Kolawole et al., 2021b).
This anomaly is near a region representing a paleo-rift tip in the earliest development phase of the
Rukwa Rift during the Mesozoic (Kolawole et al., 2021b). Thus, since the high Vp/Vs anomaly is
rooted in the upper crystalline crust (Fig. 3k), we interpret that it likely represents either an
inherited geochemically altered and mechanically weak zone along the exhumed ductile shear
zone, or a localized zone of fracturing that is inherited from the Mesozoic rift phases.

Published analog, numerical, and conceptual models for rift linkage demonstrate that rift basins
can propagate laterally and interact when in proximity, leading to linkage and coalescence of the
rifts (e.g., Allken et al., 2012; Corti, 2012; Molnar et al., 2019; Nelson et al., 1992; Zwaan et al.,
2016; Zwaan & Schreurs, 2020; Neuharth et al., 2021; Kolawole et al., 2021a). Modelling and
observational studies of natural rifts have also shown that inherited crustal mechanical barriers,
nonoptimal rift interaction zone geometry, or unfavorable tectonic stress distribution can stall
lateral rift propagation (e.g., van Wijk and Blackman, 2005; Kolawole et al., 2022, 2023; Shaban
et al., 2023). In general, numerical models show that the stalling of a laterally propagating rift tip
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Figure 4. (a — ¢) Cartoons showing our proposed model of lateral propagation of an active continental rift basin and
the patterns of crustal deformation at the rift tip as suggested by the results of this study. We show that a localized
region of mechanically weakened crust develops ahead of the rift basin, facilitating the localization of strain onto

regions of previously unrifted crust ahead of the basin.
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creates a local zone of stress concentration or the development of a wide v-shaped zone of
distributed deformation (van Wijk and Blackman, 2005; Le Pourhiet et al., 2018). To the best of
our knowledge, the current geophysical study presents, for the first time, evidence from a natural
rift, revealing localized weakening of a laterally propagating continental rift tip. Thus, we propose
a new conceptual model for lateral rift propagation whereby before the inception of propagation,
brittle deformation is generally distributed across the crust along the rift axis (Time T1, Fig. 4a).
The inception of rift propagation is marked by an initial phase of stress concentration at the rift tip
associated with seismogenic upper-crustal brittle damage (and aseismic deformation at depth?)
with hydrothermal upwelling that eventually leads to the localized mechanical ‘softening’ of the
crust (Time T2, Fig. 4b). Finally, the weakened crust gives way to the development of a well-
established continuation of the border fault and rift basin ahead of the paleo-rift tip, and therefore,
creats a new rift tip ahead of the previously weakened crust (Time T3, Fig. 4c).

Conclusions

To understand how tectonic strain is accommodated along active magma-poor continental rift
zones, we constructed three-dimensional (3-D) velocity models of the crystalline crust beneath the
Rukwa-Tanganyika Rift Zone, East Africa. The result that the highest Vp/Vs ratio anomalies are
at the current and paleo rift tips represents, for the first time, geophysical evidence demonstrating
that an initial crustal softening of the rift tip may be required to initiate unilateral rift propagation.
Furthermore, we determine that localized geothermal anomalies and brittle damage facilitate the
softening. These new results provide compelling insight into how continental rift tips interact, link,
and coalesce to form continuous rift axial floors — a necessary ingredient for initiating large-scale
continental break-up axis.
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