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Abstract Active tectonic fragmentation of continents is commonly accommodated by continental‐scale
networks of rift basins and microplates along the evolving divergent plate boundaries. Yet, little is known about
deformational processes that accompany the incipient stages of microplate development. We explore the East
Africa's Western Rift, where the Nubian‐Victoria plate boundary is collocated with a ∼200‐km‐wide region of
seismicity, low‐wave‐speed lithosphere, and hot springs that continue outboard of the commonly proposed
active rift axis and westward into the Congo Craton, across the polydeformed Precambrian orogenic belts. We
investigate a network of two contiguous, poorly studied rift basins in eastern DRC: the NW‐striking Luama Rift,
commonly characterized as a “failed” Mesozoic rift, and its adjacent NE‐striking Kamituga Rift, located
cratonward. We perform fault mapping, earthquake‐based stress inversion, reactivation tendency and fault
attribute analyses to characterize the axes and mechanisms of active extension. In the two rift basins, we unveil
and analyze previously unknown systems of 2–170‐km long active faults with 10–130‐m high scarps, and
resolve their contemporary stress states and length‐scale attributes. The results reveal: (a) failure‐optimal
orientation of faults in the contemporary EARS stress field, (b) fault‐length scale distribution that manifests
rejuvenation of the Luama Rift, and incipient rifting in the Kamituga Rift as a southwestward continuation of the
Kivu Rift. The axes of extension delineate a previously unknown microplate, herein named the “Itombwe
Microplate”; however, we propose that diffuse seismicity across the microplate indicates its non‐rigidity or that
microplate nucleation is still incipient.

Plain Language Summary The break‐up of continents is manifested at the Earth's surface through
the formation of rift basins and microplates. However, the deformation in the early stages of microplate
development and evolution remain poorly understood. This study focuses on the Western Branch of the East
African Rift System (EARS), where the boundary between the Nubian and Victoria plates overlaps with a
∼200 km‐wide zone of seismicity, hot springs, and low seismic wave speeds that extend westward into the
Congo Craton. We investigate two poorly studied rift basins in eastern Democratic Republic of Congo: the NW‐
striking Luama Rift, traditionally classified as a failed Mesozoic rift, and the adjacent NE‐striking Kamituga
Rift. Through detailed fault mapping, earthquake stress inversion, and analysis of fault scarp lengths, we
identify previously undocumented active fault systems that indicate ongoing tectonic activity.We find that these
faults are optimally oriented in the current EARS stress regime, suggesting that the previously considered
inactive Luama and Kamituga Rifts are reactivating. Together, these rifts bound a newly recognized tectonic
block, the Itombwe Microplate, which appears to be in an early stage of development.

1. Introduction
Divergent plate boundaries initiate as continental‐scale networks of rift basins and commonly initiate microplates
at adjacent rift branches or rift segments. Structures inherited from previous deformation episodes often facilitate
and guide the development of geometry, orientation, and evolution of the tectonic boundary at different scales
(e.g., Brune et al., 2023). At the scale of rift systems (>1,000s km), observations and numerical models suggest
that rift location and architecture may be controlled by the presence of crustal‐scale mechanical weaknesses such
as suture zones and other fault systems found in orogenic belts ringing ancient cratons (e.g., Corti et al., 2007,
2022; Daly et al., 1989; Gouiza & Naliboff, 2021; Laó‐Dávila et al., 2015; Withjack et al., 2012). At the scale of
individual rift segments (>100s km), reactivation of inherited basement structures such as anisotropic rock fabrics
or pre‐existing faults from previous tectonic events, exert a strong influence over strain distribution and the
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evolution and geometry of the overlying rift (Kolawole, Phillips, et al., 2021; Kolawole et al., 2022; Phillips
et al., 2016). However, failed rifts might not necessarily reactivate along the inherited weaknesses if the mantle
lithosphere has cooled and strengthened between rifting events, instead migrating adjacent to the original rift
(Naliboff & Buiter, 2015). At the fault scale, normal faults localize within the mobile belts (Kibaran, Ubendian,
Ruwenzori belts) at the craton edge (McConnell, 1967, 1972; Ring, 1994; Versfelt & Rosendahl, 1989).
Favorably oriented inherited fabrics, faults, foliation, and shear zones facilitate and modulate fault geometry,
strain accommodation, and seismicity (e.g., Corti et al., 2022; Kirkpatrick et al., 2013; Kolawole et al., 2018;
Ratcliffe et al., 1986; Samsu et al., 2023; Wedmore et al., 2020). For continental microplates in extensional
regimes, geodynamic studies suggest that the spatial distribution of inherited lithospheric weaknesses (e.g.,
mobile belts) exerts a first‐order control on microplate kinematics, and offset rift segments can facilitate
microplate formation (Glerum et al., 2020; Neuharth et al., 2021). Yet, little is known about active deformation at
incipient microplates in natural settings.

Here, we examine first‐order patterns of active deformation during the initiation of a continental divergent plate
boundary and extensional microplate. We explore this problem in the Luama‐Kamituga Rift Zone, located in the
eastern Democratic Republic of Congo (DRC), which hosts basement terranes that has witnessed polyphase
orogenesis of three structurally distinct orogenic belts: the Paleoproterozoic NW‐trending Ruzizian‐Ubendian
Belt, the Mesoproterozoic NW‐trending Kibaran Belt, and the heavily folded Karagwe‐Ankole Belt. Located
in the East African Rift System (EARS) (Figure 1a), the rift zone encompasses a network of two poorly studied
rifts, the “failed” Luama Rift and the adjacent Kamituga Rift (Figures 1b and 1c). We integrate legacy geology
maps, Digital Elevation Model (DEM) hillshade maps, rift morphology, reactivation tendency, and fault length
scaling analytical techniques to characterize the Luama and Kamituga Rifts. We present results demonstrating the
ongoing tectonic reactivation of the Luama Rift and progressive development of the Kamituga Rift, and provide
insights into the sources of stress perturbation that drive faulting, seismicity, and rift evolution. We show how the
inheritance of a polyphase orogenic lithosphere provides a template for microplate nucleation between the
evolving rifts.

2. Geological Setting of the Luama‐Kamituga Rift Zone
2.1. The Pre‐Rift Crystalline Basement

The pre‐rift crystalline basement of the Luama‐Kamituga Rift Zone is composed of three main belts: the Pale-
oproterozoic NW‐trending Ruzizian‐Ubendian, the Mesoproterozoic NE‐trending Kibaran and Karagwe‐Ankole,
and the Neoproterozoic Itombwe Belt. These belts evolved between the Archean Tanzania craton and the
Archean‐Paleoproterozoic Congo craton.

2.1.1. The Paleoproterozoic Ruzizian‐Ubendian Belt

The Paleoproterozoic (2.1–1.8 Ga) Ruzizian‐Ubendian Belt is a ca. 600 km‐long and 150 km‐wide transcurrent
NW–SE striking orogenic belt with a consistent NW–SE striking fabric (Figure 1c). It comprises the most
extensively studied Ubende Belt in Tanzania and its poorly studied continuation into the DRC (Ruzizian Belt),
across Lake Tanganyika. The Ubende Belt consists of 2,100–2,025 Ma high‐grade protolith, exhumed under
amphibolite‐facies conditions in the 1,950–1,850 Ma time interval; Paleo‐ and Neo‐proterozoic eclogites,
granitoid, and associated volcanic intrusions (Boniface et al., 2012; Boniface & Schenk, 2012; Boven et al., 1999;
Lenoir et al., 1994; Theunissen et al., 1996). On its northern end, the Ubendian Belt is overlain by metasedi-
mentary rocks of the Mesoproterozoic Karagwe‐Ankole Belt and metamorphosed sedimentary rocks and lavas of
the Neoproterozoic Malagarasi Platform (Deblond et al., 2001; Leger et al., 2015). Based on lithology and
structural characteristics, the Ubendian Belt is composed of eight terranes (Ubende, Wakole, Katuma, Ufipa,
Mbozi, Lupa, Upangwa, and Nyika Terranes), bounded by steeply dipping, mylonitic ductile dextral strike‐slip
shear zones (Boven et al., 1999; Daly, 1988; Theunissen et al., 1996). More recently, Boniface and Tsuji-
mori (2021) proposed three groups based on similar geology and age distribution: the Eastern Ubendian Corridor
(Katuma and Lupa Terranes), the Central Ubendian Corridor (Ubende, Mbozi, and Upangwa Terranes), and the
Western Ubendian Corridor, excluding the Wakole Terrane.

Previous studies have interpreted the Ubendian Belt to have undergone two main phases of deformation
(Daly, 1988). The adjacent Usagaran Belt initially developed as NW‐directed thrust sheets that overthrust the
Tanzanian Craton. Subsequently, the Ubendian terranes formed as a series of tectonic slivers that accreted along
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the margin of the Tanzanian Craton. Other studies proposed that an early Paleoproterozoic oblique suture pre-
ceded the main lateral shear deformation of the Ubendian Belt (Theunissen et al., 1996). Recent studies have
revisited the tectonic model of Daly (1988) to propose three discrete episodes of terrane formation and evolution
in the Ubendian Belt related to oceanic subduction and collisions between Tanzania, Bangweulu, and Congo
Cratons during the Proterozoic (Boniface et al., 2012; Boniface & Schenk, 2012; Boniface & Tsujimori, 2021;
Ganbat et al., 2021).

The Ruzizian Belt (Cahen, 1952, 1954; Lavreau, 1985) separates the two segments of the Mesoproterozoic
orogeny: the Kibaran Belt in Katanga (Kokonyangi et al., 2004, 2005), and the Karagwe‐Ankole Belt in Rwanda,
Burundi, Kivu, NW Tanzania and SW Uganda (Fernandez‐Alonso et al., 2012).

Figure 1. Map of the East African Rift System (EARS) and the Luama‐Kamituga Rift Zone study area. (a) Overview map of the EARS showingMesozoic and Cenozoic
active, failed, and reactivated rift faults, Holocene volcanism, GPS vectors with 95% confidence error ellipses (Saria et al., 2014), and regional earthquakes (gray circles).
The estimated average horizontal error of the USGS earthquake locations is 8 km with standard deviation of 2 km, and average vertical error of 3 km with standard
deviation of 5 km.Mapmodified fromAjala et al. (2024). (b) Shuttle Radar TopographyMission (SRTM)‐Digital ElevationModel hillshademap of the Luama‐Kamituga
Rift Zone showing earthquakes (white and red circles, USGS andDelvaux et al., 2017),moment tensors (Ekstrom et al., 2012), and the regional stress fields (white arrows,
Delvaux & Barth, 2010). (c) Geological map of the Luama‐Kamituga Rift Zone overlaid on a SRTM hillshade map (modified after Choubert and Faure‐Muret
(1987),Delvaux (1989),Kröner (1977), Laghmouch et al. (2018), Thiéblemont et al. (2018),Veatch andGeological Society ofAmerica (1935), andVilleneuve (1987)). In
the legend, RP1 refers to “Rift Phase 1,” corresponding to theEarlyMesozoic phase of tectonic extension inEastAfrica, popularly known as the “Karoo rifting event.”RP2
refers to “Rift Phase 2.” It corresponds to the Late Jurassic‐Early Cretaceous rifting event in East Africa, recorded inmanyKaroo rift basins, andmarking a reactivation of
the Karoo basins. RP3 refers to “Rift Phase 3,” corresponding to another phase of tectonic extension which initiated in the Miocene‐Oligocene. See Section 2.2 for more
details. (d) Elevation along profiles X–X′, Y–Y′, and Z–Z′, highlighted by white lines in panels b and c, showing geologic features of the rifts.
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2.1.2. The Mesoproterozoic Kibaran and Karagwe‐Ankole Belts

The Mesoproterozoic (1.1 Ga) Kibaran and Karagwe‐Ankole Belts trend NE–SW, extending from the Katanga
region in the DRC to the Ankole region in SWUganda. The outcrops of the Mesoproterozoic belts are surrounded
by outcrops of the Paleoproterozoic Ruzizian‐Ubendian Belt, associated with the unveiling of the Precambrian
terranes and terrane boundaries by long‐term erosion of the Mesoproterozoic cover rocks (Figure 1c). The
Kibaran orogeny reworked the western Ruzizian‐Ubendian terranes at the region of overlap (Luama Rift region,
Figure 1c). At the NamoyaMine, DRC (Figure 1c; other gold mines along the Ubendian Belt described in Dunn &
von der Heyden, 2022; Evans et al., 2012; Kazimoto et al., 2014), a large brittle shear zone hosting hydrothermal
gold alterations in Mesoproterozoic rocks (De Bie, 2015), strikes parallel to the Ruzizian‐Ubendian Belt fabric,
suggesting that the reactivation of the inherited Paleoproterozoic fabrics was likely not intense in the region of the
Luama Rift.

The Kibaran Belt consists predominantly of Paleo‐ and Meso‐proterozoic sediments, covered by younger Neo-
proterozoic and Phanerozoic sedimentary rocks that have been intruded by different generations of granitoid
rocks and minor associated mafic rocks. The belt has been interpreted as either having evolved during successive
stages of subduction‐driven accretionary and eventual collisional tectonics between ca. 1,400 and 1,000 Ma
(Debruyne et al., 2015; Kampunzu et al., 1986; Kokonyangi et al., 2004, 2005, 2006), as an intracratonic orogenic
chain with different consecutive periods of extension and compression (Klerkx et al., 1984, 1987), or marked by
an intraplate tectonic‐magmatic event at ca. 1,375 Ma in an extensional context (Fernandez‐Alonso et al., 2012;
Tack et al., 2010).

The Karagwe‐Ankole Belt has two structurally contrasting domains, the Western Domain and the Eastern
Domain, separated by the Kabanga‐Musongati alignment, which is composed of mafic and ultramafic layered
igneous complexes (Tack et al., 1994). The Western Domain is characterized by greenschist‐to‐amphibolite‐
facies Mesoproterozoic metasedimentary rocks and granitoid rocks, and the Eastern Domain is characterized
by basal conglomerate and metasediment (e.g., Fernandez‐Alonso et al., 2012; Tack et al., 1994). Recent studies
have discovered Neoarchean crust exposed in the Paleoproterozoic Ruzizian‐Ubendian terranes of the Western
Dominion, interpreted as representing a reworked NW margin of the stable nucleus of the Tanzania Craton
(Nambaje et al., 2020). Some studies have interpreted the Karagwe‐Ankole Belt to have developed under
intraplate conditions within the already consolidated Archean‐Paleoproterozoic Craton in ca. 1,375 Ma (Fer-
nandez‐Alonso et al., 2012; Tack et al., 2010), while other studies have suggested a convergent setting along an
active continental margin (e.g., Kampunzu et al., 1986; Nambaje et al., 2020; Rumvegeri, 1991).

2.1.3. The Neoproterozoic Itombwe Belt

The Neoproterozoic (1,020–575 Ma) Itombwe Belt is a >300 km‐long and >50 km‐wide fold‐thrust belt located
between Lake Kivu and Kamituga Rift (Cahen et al., 1979; Villeneuve, 1977). This elongated folded structure,
which hosts the Itombwe Synclinorium, is composed of metasedimentary rocks metamorphosed to greenschist
facies, diamictites of possible glacial origin, and granitoids (Gloire et al., 2022; Ilombe et al., 2017). The Itombwe
Belt has undergone two major deformation phases (Gloire et al., 2022; Ilombe et al., 2017; Walemba, 2001). First,
a phase of E–W axis folding during the Mesoproterozoic, and a second phase in an N–S synclinorium (Itombwe
Synclinorium, Figure 1c), representing the effect of the Pan‐African amalgamation of the Gondwana continent
(Ilombe et al., 2017; Villeneuve, 1977, 1987), and perhaps kinematically linked with the strike‐slip reactivation of
the Ubendian Belt during the Pan‐African orogenesis (Fernandez‐Alonso & Theunissen, 1998; Theunissen
et al., 1992).

2.2. Phanerozoic in East Africa

The EARS delineates the plate boundaries between the Nubian and Somalian plates and the Victoria and Rovuma
microplates in East Africa (Figure 1a). The EARS is composed of two active rift axes: the magma‐rich Eastern
Branch, which defines the Somalian‐Victoria plate boundary, and the magma‐poor Western Branch, which de-
lineates the Nubian‐Victoria plate boundary. The Nubian‐Victorian plate boundary is collocated with a zone of
high seismicity west of the EARS Western Branch, including multiple Mw > 5 earthquakes. Thus, seismic
hazards exist in the region, albeit at a low level (Delvaux et al., 2017; Poggi et al., 2017). This wide region of
seismicity extends >170 km westward toward the Congo Craton, outboard the previously proposed Western
Branch rift axis, and into the Luama‐Kamituga Rift Zone (Figure 1b). The rift zone is a network of two contiguous
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poorly studied rift basins: the NW‐trending Luama Rift and the NE‐trending Kamituga Rift, eastern DRC. The
adjacent Tanganyika and Kivu Rifts are considered active rifts that delineate the Western Branch rift axis, while
the Luama Rift and Kamituga Rift are commonly characterized as inactive rifts, with the Luama Rift considered a
“failed” rift (Figure 1a). Failed rifts, or aulacogens, such as the well‐studied Mid‐Continent Rift and the Southern
Oklahoma Aulacogen, are continental rifts that did not develop into seafloor spreading centers. Successful rifts
will eventually evolve into an ocean basin, but will commonly undergo multiple cycles of “failure” and reac-
tivation before break‐up (e.g., Brune et al., 2023).

2.2.1. The Geology of the Luama and Kamituga Basins

The Luama Rift is a >250 km‐long and 40–60 km‐wide graben that hosts several hot springs and large earth-
quakes (Mw > 5, Figure 2a). The basin is bounded by the Busindi and Kilunguye border faults and hosts the
Kataki andMuhala intrarift faults, first identified by Veatch and Geological Society of America (1935). The basin
initially developed during the Permo‐Triassic (Karoo) phase of rifting (e.g., Delvaux, 2001) and was later
reactivated by extensional tectonics in the Cretaceous (Roberts et al., 2010, 2012). As such, the Luama Basin is
composed of syn‐rift Karoo sediments (Figure 1c). The Luama Rift has been identified as coeval, collinear, and
parallel to the Rukwa Rift, with both basins being part of the NW‐trending Karoo‐age “Rukwa Trend” (Kolawole,
Phillips, et al., 2021). The Chisi Shear Zone has been inferred as the boundary between the Kibaran and the
Ruzizian‐Ubendian Belts in the rift (Kolawole, Phillips, et al., 2021).

The Kamituga Rift is a basin that is approximately 100 km long and 20 km wide (Figure 2b). The basin does not
appear to have a delineated, continuous border fault. Instead, the southern section of the Kamituga Rift hosts two
large synthetic faults, the Kisengela and Mizinga Faults, and the northern section of the Kamituga Rift hosts the
large Kasika Fault. The rift basin is dominated by Quaternary volcanics and siliciclastic sediments in floodplains
of the Elila River, either directly overlying the Precambrian crystalline basement or underlain by Carboniferous‐
Permian glacial deposits (Figure 1c; Laghmouch et al., 2018). The Carboniferous‐Permian deposits are wide-
spread, generally occurring as NW–SE trending exposures, and are cross‐cut by Quaternary faults (Figure 1c).
The absence of mapped fault‐bounded Karoo deposits indicates that the Kamituga Rift initiated in the Cenozoic,
further supported by Kampunzu et al., 1998. The volcanism in the region occurs in two volcanic provinces: the
Bukavu Volcanic Province, located in the southern section of the Kivu Rift, and the Mwenga‐Kamituga Volcanic
Province, located ∼50 km farther southwest of Bukavu and is confined to the northern section of the Kamituga
Rift (Figure 1c). The Mwenga‐Kamituga Volcanic Province is dominated by basaltic volcanics, emplaced around

Figure 2. Shuttle Radar Topography Mission‐Digital Elevation Model hillshade maps of (a) Luama Rift and (b) Kamituga Rift showing earthquakes, moment tensors
(Ekstrom et al., 2012), surface rupture scarps, and hot springs (Delvaux et al., 2017; Veatch & Geological Society of America, 1935).

Tectonics 10.1029/2025TC008815

COLET ET AL. 5 of 27

 19449194, 2025, 7, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2025T

C
008815 by M

eritxell C
olet - C

olum
bia U

niversity L
ibraries , W

iley O
nline L

ibrary on [09/07/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



5.8–2.6 Ma with three distinct stages of fissure eruptions (Kampunzu et al., 1998). The first volcanic cycle
occurred prior to the onset of the Kamituga Rift subsidence, while rift development took place between the first
and second volcanic cycle (ca. 4–3 Ma). The Kamituga Rift has been interpreted as having initiated during the
early stage of rifting, along with the rest of the Kivu Rift, but abandoned in a later stage when the active rift
migrated eastwards to the newly formed N–S trending Rusizi depression, south of Lake Kivu (Delvaux
et al., 2017, 2022). The Kamituga Rift has been regarded as the southwestern continuation of the Kivu Rift, given
that both rifts are collinear and share a common Neogene magmatic history (Delvaux et al., 2017).

In general, the Phanerozoic tectono‐stratigraphy of the Luama and Kamituga basins can be grouped into the
known tectonic events that are recorded in many basins in East Africa. The Carboniferous‐Early Jurassic units
(they are fault‐bounded in the Luama Rift) correspond to the earliest phase of tectonic extension in eastern
Gondwana, popularly known as the “Karoo rifting event” (Castaing, 1991; Delvaux, 1989; Kolawole, Phil-
lips, et al., 2021; Kolawole et al., 2022; Macgregor, 2017; Morley et al., 1999; Ring, 1995). Although this rifting
event was concurrent with the development of a convergent plate boundary zone in South Africa (the Foreland
Karoo Basin and the Cape Fold‐Thrust Belt; Ring, 1995), many of the intracontinental rift basins experienced
basin inversion leading to the failure of the rift basins in the Early Jurassic (e.g., Macgregor, 2017). In this
contribution, we refer to this Early Mesozoic phase of tectonic extension in East Africa as “Rift Phase 1” (RP1;
Figure 1c). The Luama Basin records mappable deposits of Cretaceous sediments, primarily confined to the
hanging walls of the Kataki Fault, and corresponds to the Late Jurassic‐Early Cretaceous rifting event in East
Africa, recorded in many Karoo rift basins, and marking a reactivation of the Karoo basins (e.g., Castaing, 1991;
Kolawole et al., 2022; Macgregor, 2017); herein referred to as “Rift Phase 2” (RP2). East Africa has been
experiencing another phase of tectonic extension, which was initiated in the Miocene‐Oligocene (e.g., Mac-
gregor, 2015; Roberts et al., 2012), herein referred to as “Rift Phase 3” (RP3).

2.3. The Modern Geomorphology of the Luama and Kamituga Rifts

Themodern landscape of the Luama Rift is drained by the Luama River (Figure 2a). The north‐flowing, <400 km‐
long Luama River is the axial stream of the basin and is a large tributary of the Lualaba River, one of the major
rivers in the DRC. The stream has five sources in the mountainous rift flanks, with two rising at altitudes >2 km
(Bernacsek et al., 1992). In the river's lower course, the river descends three waterfalls and several minor rapids,
but upstream, the basin tilts toward the Kataki Fault, and drains into a flat swampy valley which hosts a wetland
system known as the Luama Marsh, ca. 100 km in length and covering ca. 600 km2 (Figure 1d; Bernacsek
et al., 1992). Toward the Kataki Fault, there is an active depocenter where incising channels are eroding the
Mesozoic syn‐rift sediments (Figure 1d). Veatch and Geological Society of America (1935) also documented
extensive alluvial deposits in the southern part of the basin and at least two lake stages in the rift valley. The
modern landscape of the Kamituga Rift is drained by the <250 km‐long west‐flowing Elila River (Figure 2b),
which is also a large tributary of the Lualaba River. In both sub‐basins, the bounding surfaces tilt toward the
faults, and in the northern section of the Kamituga Rift, incising channels are eroding the volcanic sediments
(Figure 1d).

3. Data and Method
In this study, we integrate topographic analysis, displacement distribution, slip tendency analytical techniques,
and fault length scaling along the Luama and Kamituga Rifts. The work presented is primarily focused on
satellite‐based observations due to limited access to the study area, which was afflicted by an ongoing conflict in
the DRC at the time of this study.

3.1. Evaluation of Large‐Scale Rift Morphology Using Topography Data

The first‐order variations in topographic relief patterns across and along rifts provide key insights into the rift
structure, relationships between crustal deformation via subsidence and uplift domains, and surface processes
(e.g., Gawthorpe & Leeder, 2000; Jackson et al., 2005; Kolawole, Firkins, et al., 2021; Kolawole, Phillips,
et al., 2021; Laó‐Dávila et al., 2015). We assess the topographical roughness to understand the morphology of the
Luama and Kamituga Rifts. We divide each rift into 10 boxes and measure west‐to‐east topographic elevation
profiles using a one‐arc‐second (30 m resolution) Shuttle Radar Topography Mission (SRTM)‐DEM. The
topographic profiles are 70 km long for the Luama basin and 40 km long for the Kamituga basin, spaced every
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2 km, with sampling of elevation every 2 m. We stack each profile in each boxed area to obtain the sequential
topographic characterization along each rift. We then compute the power spectral distribution (PSD) from each
profile stack using a fast Fourier transform to quantify topographic roughness. We first remove the trend from the
profile, truncate the profile or add zeros to make the total length an integer power of two, then taper the resulting
sequence with a 10% cosine taper to reduce leakage from the side lobes of each spectral estimate (Bendat &
Piersol, 2011; Brown & Scholz, 1985). The largest wavelength is the length of the profile, which is 70 km for the
Luama basin and 40 km for the Kamituga basin, respectively. The smallest wavelength possible is 4 m, which is
twice the sample interval. The apparent flattening of the largest wavelengths (i.e., the lowest spatial frequencies or
wavenumbers) is an artifact of the measurement process. The removal of the profile trend forces the power at zero
frequency to be zero; therefore, all spectra will roll off rapidly at low frequencies (Brown & Scholz, 1985). We
describe one profile as smoother than another if its power spectral density is higher at longer wavelengths.

3.2. Fault Mapping in the Luama and Kamituga Rift Basins

We map fault traces using the SRTM‐DEM, along with multi‐resolution satellite images from Google Earth
(CNES/Airbus, up to 50 cm spatial resolution) and legacy geology maps (e.g., Choubert & Faure‐Muret, 1987;
Veatch & Geological Society of America, 1935). We construct a hillshade map from the SRTM‐DEM data to
outline and trace fault surface expressions using ArcGIS software and classify each fault into two distinct cat-
egories based on geomorphic criteria: potentially active faults and other faults. As no active faults have been
previously documented in the Luama‐Kamituga Rift Zone, we utilize legacy geological maps to initially identify
faults, including the Busundi and Muhala border fault system, the Kataki intra‐rift fault, and two hot spring
locations in the Luama Basin, as mapped by Veatch and Geological Society of America (1935). We then used
geomorphic criteria to determine whether a fault has recently formed a scarp via offset of Quaternary surfaces
implying that it is active (e.g., Burbank & Anderson, 2013). We delineate fault dip direction to be in the direction
of surface subsidence that is sediment‐hosted depocenters in the subsiding hanging wall adjacent to the fault trace.

We identify active faults based on evidence of displacement during the Quaternary period, as recent fault
displacement tends to preserve more clearly defined surface scarps compared to those faults that moved in earlier
geologic times (e.g., Kolawole et al., 2022; Williams et al., 2022). We classify faults as active by the presence of
rectilinear, continuous, steep scarp along the base of a footwall escarpment (Figures 3a and 3b). Additional
geomorphic criteria include offset Holocene surfaces, sharp surface expression with adjacent depocenters, control
of river geometry and disruption of river paths, abrupt truncation of active channels and bounding actively
subsiding swamp, and active hot springs (Figures 3c–3e). Although fault scarp degradation rates are not well
constrained, studies of Mesozoic rifts with similar fault scarps indicate that inactive faults have experienced
significant degradation since they were last active, approximately 65 million years ago (e.g., Kolawole
et al., 2022; Ring, 1995; Wedmore et al., 2024). As the Luama and Kamituga Rifts are located in a tropical, humid
climate that typically promotes erosion, the presence of well‐preserved, continuous, sharp fault scarps with
minimal degradation strongly supports recent (Quaternary) fault activity. We also combine the active fault
mapping with United States Geological Survey (USGS) earthquake catalog data from 1922 to 2024 to examine
geomorphic expression from recent earthquake ruptures (Figure 2). For the other faults, which are inferred to be
inactive, the primary geomorphic criteria are the presence of degraded scarps and erosional features. Our use of
the “inferred” designation is due to the uncertainty of whether the faults might be actively slipping at a lower rate
than scarp erosion is occurring.We developed an ArcGIS digital fault database for the Luama and Kamituga Rifts,
which is available in the Supporting Information S1, using the geomorphic criteria described above.

3.3. Field Ground Truthing of Active Rifting

Due to the long‐standing civil conflict in the eastern DRC, we are unable to conduct extensive ground‐based
fieldwork. However, we examine the surface manifestation of active rifting along the rift zones, using aerial
photography, and a few ground‐based field observations (see locations in Figure 2). In the Luama Rift, we provide
rift landscape observations from the southern (near Kalonda‐Kibuyu) and northern (in Namoya) sections of the
rift basin, including outcrop exposures and cores of Mesozoic syn‐rift units at the Namoya Mine in Namoya. In
the Kamituga Rift, we provide aerial photography taken on a flight from Bukavu to Namoya. We also assess rift
morphology at the southwestern tip of the Kivu Rift, where the rift transitions into the northern section of the
Kamituga Rift, as well as in the Kilombwe half‐graben in the western margin of the Tanganyika Rift, north of the
Luama Rift.
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3.4. Measurement of Displacement Distribution on Selected Large Faults

To understand how the displacement distribution relates to the source of the stress field, we measure the surface
displacement distribution of the fault scarp, which indicates the most recent slip on a normal fault. We focus the
measurement of displacement distribution on the Luama Rift due to the hard‐linkage of the basin with the adjacent
Tanganyika Rift, a characteristic that is lacking in the Kamituga Rift (lacks hard‐linkage with the Kivu Rift, its
closest known rift). We measured along‐fault scarp height using the SRTM‐DEM of the two most prominent
faults in the Luama Rift: the Busindi Fault, which is the north–east bounding fault, and the Kataki Fault, which is
the largest intra‐rift fault in the basin. This allowed us to compare the slip distribution in the border area of the
basin with that in the central regions of the basin. We extracted ∼1 km‐long fault‐perpendicular topographic
profiles every 1 km, carefully avoiding geomorphic indicators that might not be representative of the fault scarp
(e.g., river channels). We measured the local footwall relief (H) by fitting regression lines to the footwall and
hanging wall topography of the profiles and calculating the vertical difference between the extrapolated
regression lines at the maximum steepness on the scarp (Figure 3f; Avouac, 1993). We filter the resulting
measurements along‐strike using a 4‐km‐wide moving median.

3.5. Assessment of Contemporary Stress Field From Earthquake Focal Mechanisms in the Kamituga Rift

We perform stress inversion to study the contemporary stress field of the Kamituga Rift using a similar approach
to that of Delvaux and Barth (2010) and the methodology described in Delvaux and Sperner (2003). Stress
inversion is not possible in the Luama Rift due to unavailable focal mechanisms in the basin itself (Figure 2a). We
used the Win‐Tensor program (Delvaux, 2011, 2012) to input the given earthquake focal mechanism solutions
located in the Kamituga Rift (Table S1 in Supporting Information S1, locations shown in Figure 2b). The stress

Figure 3. Illustration of the methods for geomorphic characterization of active faulting in the Luama‐Kamituga Rift Zone and displacement distribution. (a, b) Examples
of active and other scarps (i.e., those that are “potentially” inactive), showcasing some of the criteria for active fault characterization. (c–e) Shuttle Radar Topography
Mission‐Digital Elevation Model hillshade, satellite, and slope maps of the Kataki Fault showing >90 km‐long fault scarps that deform the modern surface, and other
geomorphic indicators of active footwall uplift. P40 is the profile number for the displacement distribution. (f) Local footwall relief (H) measurement along the Kataki
Fault with example profile lines P31–P34. Yellow arrows indicate the Kataki Fault scarp. The insets show profile line examples; the black solid line represents the
regression fit to elevations in the footwall and hanging wall, the black dotted line indicates the maximum slope steepness of the scarp, and the red dotted lines represent
the vertical differences between the extrapolated regression lines at the maximum steepness on the scarp—all profile locations in Figure S1 of Supporting
Information S1.
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inversion method (Angelier, 1989; Angelier & Mechler, 1977) determines a reduced tensor which contains
the orientations of the principal compressive stress axes (σ1, σ2 and σ3, where σ1 ≥ σ2 ≥ σ3), and the stress
ratio R (σ2 – σ3)/(σ1 – σ3) which expresses the relative stress magnitude. The Win‐Tensor program first estimates
the tensor solution using the Right Dihedron Method to determine the range of possible orientations for σ1 and σ3.
Next, the iterative grid‐search Rotational Optimisation procedure is used with the initial tensor result as a starting
point. We used the misfit function inWin‐Tensor (described as f3 in Delvaux & Sperner, 2003; F5 inWin‐Tensor)
to minimize the misfit difference between the calculated slip direction and the resolved direction (α). The misfit
function is independent of the ratio σ3/σ1 and favors higher shear stress magnitudes and lower normal stress
magnitudes on the plane, promoting slip. The type of stress regime is also illustrated in Frohlich's triangular
diagrams (Frohlich, 1992). Every tensor obtained is associated with a quality rank parameter, which ranges from
A to E (A for very good, B: Good, C: fair, D: poor, E: very poor) as defined in Delvaux and Sperner (2003), with
D‐quality and below considered poorly constrained and unstable. Following Delvaux and Barth (2010), we first
inverted the focal mechanism data (Table S1 in Supporting Information S1) using both nodal planes, treating them
as independent data, to obtain a stress tensor. Due to the relatively limited number of focal mechanisms, we did
not remove any nodal planes from the inversion as the misfit angle did not exceed 30°.

3.6. Quantitative Assessment of Reactivation Tendencies of the Mapped Faults

We assess the reactivation potential of the mapped active faults under a given stress field (Morris et al., 1996).
Slip tendency analysis has been successfully employed to characterize the likelihood of fault slip in stress regimes
associated with normal faulting (e.g., Ferrill et al., 1998; Nkodia et al., 2022). Due to the lack of available
computed stress fields for the Luama and Kamituga Rifts, we test the stress tensors obtained from the surrounding
contemporary EARS stress fields and examine their respective likelihood to reactivate the mapped active faults.
As the Luama Rift is adjacent to the Tanganyika Rift, we test the north and south Tanganyika Rift stress fields
from Delvaux and Barth (2010) and the south Tanganyika Rift stress field obtained from teleseisms recorded
between 1977 and 2017 by Lavayssière et al. (2019). For the Kamituga Rift, we test the Kivu stress field from
Delvaux and Barth (2010). We also perform a stress inversion with the available earthquake focal mechanisms in
the basin (described in Section 3.5). The principal compressive stress axes and stress ratios for each regional stress
field are listed in Table S2 of Supporting Information S1.

Fault reactivation potential assesses the susceptibility of a fault, given its orientation and stress state, to slip under
the Mohr‐Coulomb criterion. Frictional sliding on a pre‐existing fracture occurs when the shear stress, σs, on the
plane exceeds its shear strength, σf. Frictional sliding also depends on the cohesion, C, the friction coefficient
μ = tan φ (where φ is the angle of internal friction), and the effective normal stress on the plane, σń (e.g.,
Angelier, 1989), such that:

σs ≥ σ f = C + σ′n tan φ = C + σ′nμ (1)

Following Morris et al. (1996), the slip tendency, Ts, is the ratio of maximum resolved shear stress, σs, to normal
stress σn acting on a fault or fracture surface under a given stress field:

Ts = σs/σn (2)

The normalized slip tendency, TsN, that is, values between 0 and 1, is obtained by normalizing the Ts values to
their maximum value, that is, TsN = Ts

max(Ts) .

For a fault to slip and reactivate, Tsmust lie above the lines of initial friction defined by its coefficient of friction
μ = tan φ. The effective coefficient of friction (μʹ) describes the maximum value of μ or the lowest value of pore
fluid pressure that allows faults to reactivate for a given stress state, without also inducing failure along optimally
oriented planes in intact rock. We use cohesion C= 20 MPa and μʹ = 0.55, which Williams et al. (2019) obtained
in their study of fault reactivation in southern Malawi. We use a dip of 60°, based on the average fault dips at the
Makala coal mine in the Luama Rift (location shown in Figure 2a, near Kalemie; Tshibangu & Descamps, 2016).
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3.7. Statistical Test of Fault Length Distribution

The spatial distribution of faults and the empirical fault length distribution provide a basis for evaluating the
phases of rift maturity (e.g., Grant et al., 2024; Gupta & Scholz, 2000; Michas et al., 2015; Williams et al., 2022).
We analyze the mapped faults using a statistical test to quantify the distribution of fault lengths in the Luama‐
Kamituga Rift Zone. We test two groups of fault length data, the mapped active faults in the Luama Rift and
the Kamituga Rift, respectively, to investigate the rift evolution phase of each basin. We follow the methodology
described by Williams et al. (2022) and Grant et al. (2024) and use a two‐sample Kolmogorov‐Smirnov (KS) test
to determine whether the fault length data can be described by a power‐law or exponential distribution (Clauset
et al., 2009; Massey, 1951). We first use a Maximum Likelihood Estimator to fit a power‐law and exponential
function to the data. Next, we apply the two‐sample KS test to determine whether the empirical data, which is the
observed fault length frequency distribution, can be considered a random sample from the theoretical distribution.
The theoretical distribution expresses the probability that a random variable L is greater than or equal to the fault
length l using the exponent ⍺ from the power‐law fit and the rate parameter λ from the exponential fit. lmin is a
lower bound used to estimate ⍺, and λ is used to account for the length below which the fault mapping is
considered incomplete. Following the criteria in Grant et al. (2024), we determine lmin by considering where the
cumulative length data begins to deviate from the broader trend that it maintains throughout the rest of the plot.
We choose the lowest fault length cutoff lmin= 5 km and lmin= 10 km for the Kamituga Rift, and lmin= 10 km and
lmin = 15 km for the Luama Rift.

4. Results
4.1. Rift Basin Morphology Along the Luama and Kamituga Rifts

To evaluate the first‐order patterns of active tectonics, we characterize the rift morphology using the topographic
stacked profiles along each rift (Figures 4a–4c). The Kamituga Rift along‐rift changes in rift morphology are
characterized by the flip in fault polarity from SE‐dipping faults and a large intra‐rift fault to the SW, to NW‐
dipping faults and large intra‐rift faults to the NE (Figure 4b). Based on this distinct character, the Kamituga

Figure 4. Topographic characterization of the Luama‐Kamituga Rift Zone. (a) Shuttle Radar Topography Mission‐Digital Elevation Model hillshade map with 15 km‐
wide, color‐coded boxes along each rift from which topographic profiles were extracted west to east. (b) NW to SE 40‐km‐long stacked topographic profiles for the
Kamituga Rift. (c) SW to NE 70‐km‐long stacked topographic profiles. (d, e) Power spectral density for three topographic profile stacks in the Kamituga Rift and Luama
Rift. A profile is smoother than another if its power spectral density is higher at longer wavelength. The morphology of the Luama Rift becomes rougher toward the
Tanganyika Rift, while the Kamituga Rift shows similar roughness across the rift.
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Rift is composed of two sub‐sections: North and South Kamituga Rift. For the Luama Rift, the rift morphology is
defined by the dominant SW dipping border fault (Busindi Fault) polarity, which remains uniform along‐strike of
the rift (Figure 4c). Intrarift faulting (e.g., Kataki Fault) accommodates more strain in the central region of the rift
basin and decreases northwards. Furthermore, our qualitative assessment of topographic relief “roughness” at the
scale of the rift basins reveals systematic along‐rift variations in calculated power spectrum densities (Figures 4d
and 4e). The power spectra for the Kamituga Rift (Figure 4d and Figure S2 in Supporting Information S1) mostly
overlap indicating that relief “roughness” is generally similar along the rift, but with the longer wavelength relief
dominating in sections where active fault scarps are less prominent (i.e., northern segment of the rift and in the
transfer zone between the northern and southern rift segments), indicating less erosion and depocenter devel-
opment (Figures 4a and 4b). For the Luama Rift (Figure 4e and Figure S2 in Supporting Information S1), the
longest wavelength relief signals are most dominant in the NE segment of the rift, where the basin hosts the
Luama Marsh, highlighting more vigorous erosion and depocenter development.

4.2. Distribution of Active Faulting in the Luama Rift and Kamituga Rifts

We mapped 85 faults for the Luama Rift, of which 43 are potentially active (Figure 5a). The active fault ori-
entations show a narrow unimodal distribution in strike (130°–160°). In contrast, the inferred inactive faults
exhibit a wider range and multimodal distribution in strike 30°–40°, 80°–90°, and 140°–160° (Figure 5b). We also
examined the fault segment orientations based on fault geometry, with 128 active fault segments and 141 inferred
inactive fault segments. The frequency‐azimuth distribution for fault segments orientation yields a similar pattern
to the whole‐length fault orientation, with active fault segments exhibiting a broadly unimodal range of 120°–
185° and inferred active faults exhibiting a multimodal distribution in strike, with wider ranges of 0°–20°, 50°–
60°, and 100°–180° (Figure 5b). The dominant distribution of dip directions is SW and W, with 45% and 29% of
the faults respectively, with the remaining fault dip direction being broadly distributed (Figure 5c). Wemapped 31
faults for the Kamituga Rift, of which the dip direction distribution is NW for 51% of the faults and SE for 48% of
the faults. The fault orientations show a narrow unimodal distribution in strike, in the range of 40°–60°, and a
slightly broader range of 30°–80° for the active fault segments (Figure 5b). The dip direction is predominantly SE
and W/NW (Figure 5c).

Figure 5. Fault distribution of the Luama‐Kamituga Rift Zone. (a) Shuttle Radar Topography Mission‐Digital Elevation Model hillshade map of the study area overlaid
with our updated faults color‐coded by their inferred status as either active or inactive. (b) Frequency‐azimuth distribution of the mapped faults grouped into active (red)
and inactive (blue), for the whole length and segments of the faults. The segmentation for the rose plot is based on geometrical changes along the faults. (c) Distribution
of fault dip‐direction.
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In the field, the escarpment of the Busindi Fault exhibits triangular facets, indicating active uplift of the footwall
(Figure 6a). The Namoya Gold Mine, located along a fault scarp near the northern end of the Luama Rift, exploits
hydrothermal gold mineralization that was found along a brittle shear zone (Figures 6b–6d; location in Figure 2a;
Wakenge & Matthysen, 2023). At the mine, core samples (Figure 6c) and field outcrops (Figure 6d) reveal the
presence of tilted Karoo shales on the hanging wall. The tilted Karoo units are sub‐vertical with superposed
secondary folds on a larger limb (Figure 6d). In the Kamituga Rift, we observe the presence of triangular facets at
the base of the Kasika Fault scarp in the northern Kamituga Rift, with transitions from linear incisive Ulindi River
channels in the footwalls to sinuous channels in the hanging walls of the Kilungutwe Fault, all indicating active
fault slip and footwall uplift in the areas (Figures 6e and 6f). Similarly, in the Kilombwe Half‐graben in which the
Kilombwe Fault bounds exposures of Karoo sediments (Figure 1c), we observe prominence of the fault scarp,
“depocenter” basin morphology with wetland development on the Kilombwe Fault hanging wall (Figure 6g).

Figure 6. Ground‐truthing the Luama‐Kamituga Rift Zone. (a) Photograph looking north toward the Busindi Fault near Kalonda‐Kibuyu (courtesy of Stefan Roman;
German Society for International Cooperation). (b) Namoya Mine in the Luama Basin. (c) Core from Namoya Mine. (d) Karoo outcrop in Namoya Mine. (e) Kasika
Fault, Kamituga Rift. (f) Kilungutwe Fault, Northern Kamituga Rift. (g) Kilombwe Fault, defining the westernmost border fault of the northern Tanganyika Rift. Note
the depocenter basin morphology and wetland development on the Kilombwe Fault hanging wall (courtesy of Stefan Roman; German Society for International
Cooperation).
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4.3. Distribution of Surface Displacement Along Prominent Surface Fault Ruptures

We measured 133 displacement profiles along the 172 km‐long NW‐trending Busindi Fault (Figure S3a in
Supporting Information S1). The distribution of displacement along the border fault shows that the fault is
subdivided into five main composite fault segments (CS). The southernmost segment and closest to the Tan-
ganyika Rift is the Southern CS, with the shortest length of 9 km. The Central CS is 70 km long with a maximum
local footwall relief of 133 m, which is also the maximum displacement of the Busindi Fault. The Northern CS is
21 km in length with a maximum local footwall relief of 100 m. The northernmost segments, Northern CS #2,
which is 27 km long, and Northern CS #3, which is 16 km‐long, have the lowest maximum local footwall reliefs in
the Busindi Fault of 75 m and 65 m, respectively. We interpreted sub‐segments in the Central CS and the Northern
CS, with an average sub‐segment length of 11.1 km, based on the locations of displacement minima along the
moving median curve. The Central CS has eight sub‐segments, and the Northern CS has 2. The segmentation
index is nine sub‐segments per 100 km.

The main intra‐rift fault in the basin, the Kataki Fault, exhibits an identical distribution of displacement pattern to
the Busindi Fault (Figure S3b in Supporting Information S1). We measured 99 displacement profiles along the
100 km NW‐trending Kataki Fault. The fault is subdivided into three main composite fault segments. The
southernmost segment is 55 km long and has a maximum local footwall relief of 47 m, the highest of the fault. The
Central CS is 23 km in length and has a maximum local footwall relief of 22 m. The northernmost segment is
22 km long with a maximum local footwall relief of 8 m. The Southern CS is subdivided into four sub‐segments,
while the Northern CS is subdivided into two. The average sub‐segment length is 14.1 km.

4.4. Contemporary Tectonic Stress and Resolved Reactivation Tendencies of the Luama and Kamituga
Rifts

The stress inversion of the focal mechanisms (Figure 7a) yields a pure normal faulting stress regime
(Rʹ = 0.50 ± 0.16). The maximum horizontal compressive stress (SHmax) orientation is NNE‐SSW (N16E°
± 30°). The tensor quality is C (SHmax/SHmin within ±20–25°), indicating that it is fairly constrained. Nodal
planes mostly strike NE–SW, with one plane striking NW–SE. The axis orientations of the stress tensor are
σ1 = 080/030, σ2 = 009/196, and σ3 = 002/286, with R = 0.5. The different stress fields applied to the fault
systems mapped show that several faults are more likely to be reactivated in the Luama and Kamituga Rifts
(Figures 7b–7f). For the mapped faults in the Kamituga Rift, we applied the adjacent Kivu stress field and the
stress inversion results (Figures 7b and 7c). The focal mechanism solutions stress inversion (Figure 7b) show
broadly lower TsN values than the Kivu stress field, with NE–SW striking and NW and SE dipping faults
exhibiting high TsN values, indicating that these segments are the most likely to activate. For the Kivu stress field,
most NE–SW striking and NW dipping faults show the highest TsN value, suggesting they can be reactivated,
whereas SE dipping faults show a low TsN value (Figure 7c).

For the Luama Rift mapped faults, most of the NW–SE striking and SW dipping faults can be reactivated when
applying North and South Tanganyika stress fields (Figures 7d–7f). The northern Tanganyika stress field
(Figure 7d) shows the highest value of TsN (TsN = 90%–100%, red planes) across all three applied stress fields
for NW–SE striking and SW dipping faults. The NW–SE striking and NE dipping faults, and the WNW‐ESE
oriented faults, show moderately low TsN values (TsN = 30%–60%, cyan‐green planes). The lowest TsN
value (TsN= 0%–20%, dark blue‐cyan planes) corresponds to ENE‐WSW striking faults. The ENE‐WSW planes
are misoriented for reactivation as they plot beneath the failure envelope in the Mohr diagram, which, together
with the lowest TsN values, suggests that the faults could not be reactivated in such a stress field. For the southern
Tanganyika stress field from Delvaux and Barth (2010), NW–SE striking and SW dipping faults also show a high
TsN value (Figure 7e). Contrary to the North Tanganyika stress field, active faults striking NW–SE and dipping
SE show a moderately high TsN value (TsN= 70%–80%, yellow‐orange planes) while N–S striking active planes
show a low TsN value. ENE‐WSW planes exhibit a slightly higher TsN value but remain misoriented for
reactivation in the Mohr diagram. For the second southern Tanganyika stress field obtained from Lavayssière
et al. (2019), NW–SE striking and SW dipping faults show a high TsN value (Figure 7f). TheWNW‐ESE oriented
faults show a moderately lower TsN value (TsN = 30%–60%), and NW–SE striking and NE dipping planes show
a moderately high TsN value (TsN = 70%–80%, orange planes) compared to previous field stresses. Overall, the
three contemporary EARS stress fields applied to the Luama Basin mapped faults show a broadly similar pattern:
NW–SE striking and SW dipping fault segments show the highest TsN value, indicating that those fault segments
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are the most likely to reactivate, and the ENE‐WSW planes show the lowest TsN value, suggesting that those
planes are misoriented for reactivation.

4.5. Fault Length Distribution in the Luama‐Kamituga Rift Zone

We present new data on fault length distributions in the Luama and Kamituga Rifts. For the mapped faults in the
Kamituga Rift, neither a power‐law nor an exponential distribution can be rejected (Figures 8b–8e). In the p‐value
plot, the power‐law fault length distribution cannot be rejected for any value of lmin. Similarly, the exponential
cannot be rejected for any value of lmin for the range 6 km < lmin < 7 km, where the p‐value is below 0.1
(Figure 8c). The exponential model shows a significantly poorer fit of survival function results but we cannot
reject the null hypothesis (i.e., p > 0.1) (Figures 8d and 8e). We note that for lmin = 10 km, both the exponential
and power‐law distributions show a high p‐value, with the power‐law model remaining the best fit with the higher
p‐value (Figure 8e). However, the fault distribution for the lmin= 10 cutoff is not robust enough, as it only uses 10
faults.

Figure 7. Reactivation tendency of mapped active faults in the Luama‐Kamituga Rift Zone. (a) Kamituga Rift stress field from focal mechanisms solutions stress
inversion (Delvaux, 2012). (b–f) Mohr‐Coulomb plots and equivalent lower hemisphere stereographic projections of mapped active fault segments within the Kamituga
Rift (b, c) and Luama Rift (d–f), color‐coded by the inferred slip tendency in contemporary EARS stress field (i.e., stress fields at the Kivu and Tanganyika Rifts).
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For the mapped faults in the Luama Rift, we cannot reject the null hypothesis that the empirical data is drawn from
a power‐law distribution for 10 km < lmin < 15 km (Figures 8f–8i). The exponential and power‐law fault dis-
tributions are statistically significant (p > 0.1), so we cannot reject either model for any value of lmin, except for
the range 11 km < lmin < 13 km for the exponential curve (Figure 8g). The exponential model shows a signif-
icantly poorer fit of survival function results compared to the power‐law model, indicating that the power‐law
distribution is the best fit for the Luama Rift fault length distribution (Figures 8h and 8i).

Figure 8. Fault length distribution statistics. (a) Shuttle Radar Topography Mission‐Digital Elevation Model hillshade map of the Luama‐Kamituga Rift Zone with
mapped active faults color‐coded by fault length. Insets: fault length histograms. Note the variable bin size to avoid gaps. (b–i) Statistical assessment of fault length
distribution in Kamituga Rift (b–e) and Luama Rift (f–i). (b, f) Cumulative frequency of faults greater than or equal to a given fault length. (c, g) Probability (ρ) that the
empirical data is a sample from the best‐fit theoretical power law or exponential distribution. (d, e, h, i) Empirical and theoretical fault length survival functions from a
two‐sample Kolmogorov‐Smirnov (KS) test for two different values of the lowest fault length cutoff (Kamituga Rift: lmin = 5 km and lmin = 10 km, Luama Rift:
lmin = 10 km and lmin = 20 km). A higher cutoff would result in ß too few faults to make the results statistically robust. The black horizontal line represents the p‐value
(0.1) below which the KS test rejects the null hypothesis. The inset boxes show the equations for the theoretical trends and their fit to the empirical trend (i.e., the p‐value
from the KS test).
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5. Discussion
5.1. Incipient Activation of the Luama and Kamituga Rifts as Segments of the East African Rift System
(EARS)

5.1.1. Surface Manifestations of Incipient Rifting and Incipient Reactivation of a Failed Rift

The presence of fault‐bounded Karoo and Cretaceous deposits in the Luama Rift and Kilombwe Half‐graben
indicates that these rifts accorded tectonic extension in the Mesozoic (Figure 1b; Choubert & Faure‐Muret,
1987; Laghmouch et al., 2018). However, our observation of oversteepened Karoo Shales in the Luama Rift
(Figure 6d) suggests that the basin was inverted during failure in the Early Jurassic period. The Kamituga Rift was
likely initiated in the Cenozoic as we do not find evidence of fault‐bounded Mesozoic deposits in the basin,
supporting the interpretation by Kampunzu et al. (1998). The Luama‐Kamituga Rift Zone showcases attributes of
an incipient tectonic rift undergoing reactivation. The rift basins host large earthquakes, such as the Mw 6.5 1922
earthquake. The sparseness of earthquakes is likely due to the limited number of seismic stations deployed in the
basins. Despite the lack of seismic coverage, the rift zone has hosted more than 50 recorded earthquakes, indi-
cating that the faults in the Luama‐Kamituga Rift Zone are seismically active. The rift zone is also included in
seismic hazard assessment maps (Delvaux et al., 2017; Poggi et al., 2017).

The first‐order rift morphology pattern offers insights into the rift structure and surface processes of rifts. The
Luama Rift morphology is dominated by the Busindi border Fault and the Kataki intrarift Fault, both of which
have displacement increasing toward the south of the basin. We also observe evidence of concurrent reactivation
of the Kataki Fault, as indicated by the presence of the N. Kataki alluvial fans (Figure 3d), suggesting active uplift.
The topographic expression of the Luama Rift becomes rougher toward the south of the basin, adjacent to the
active Tanganyika Rift, as indicated by the calculated power spectral densities (Figures 4d and 4e). We infer that
the rougher topography indicates that more weathering is occurring due to the uplift of the rift flank. Conse-
quently, the efficient weathering results in a geomorphologic expression that is characteristic of a transport‐
limited landscape. The Kamituga Rift morphology is characterized by the along‐rift fault polarity flip from
NW‐dipping to SE‐dipping toward the south of the basin, and the almost equally large Kisengela and Mizinga
faults located in the middle of the rift. The topographic expressions for each profile are similarly rough along the
Kamituga Rift, which could indicate a weather‐limited landscape. Based on these observations, we interpret that a
border fault has not been established across the Kamituga Rift, and the basin is divided into two sub‐basins: the
North Kamituga sub‐basin and the South Kamituga sub‐basin. The depocenter development is more prominent in
the southern basin, indicating that the South Kamituga Rift is more developed. In the northern basin, tectonic
faulting followed rift volcanics, as rift faulting is not pronounced in the hanging wall (in agreement with
Kampunzu et al., 1998). Alternatively, faulting occurred concurrently with volcanic dike intrusion, with dikes
absorbing most of the strain and thereby starving the faults of strain.

The distribution of the mapped fault scarps in the Luama and Kamituga Rifts, including a fault scarp exceeding
90 km in length, displays geomorphic indicators that suggest tectonic rift reactivation. The reactivated faults cut
and offset the hummocky erosional landscape of the exposed Cretaceous sediments. The faults also disrupt
streams by uplifting their upstream sections, causing them to down‐cut and erode into the landscape of the fault
footwalls, as indicated by the presence of triangular facets (Figures 6a and 6e). The spatial pattern of the mapped
faults suggests that the active faulting in the basins is widespread.

The displacement distribution illustrates the segmentation and modern slip patterns along the Busindi and Kataki
Faults, as well as their relationship to the stress field source. Overall, the Busindi Fault exhibits a greater intensity
of segmentation and a greater maximum throw than the Kataki Fault. The broad trend illustrated by the moving
median curves shows that both the Kataki and Busindi Faults exhibit a clear southward increase in throw
magnitude toward the intersection of the basin with the Tanganyika Rift, the nearest known active plate boundary
in the EARS. This displacement pattern suggests that there is increasing strain accommodation in the southeastern
section of the basin, proximal to the East African Rift axis, indicating the control of the East African Rift tectonics
on Cenozoic strain localization in the Luama Basin. All these observations suggest that the Luama and Kamituga
Rifts are another previously unidentified yet active segment of the EARS.
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5.1.2. Attributes of Active Rift Faulting and Implications for the Early Stage Plate Boundary Development
Along the Luama‐Kamituga Rift Zone

Fault length distribution in rifts depends on the magnitude of strain accommodated by faults and evolves with
increasing strain, as demonstrated by statistical analyses of fault patterns in computational and experimental
models (e.g., Cowie et al., 1995, 2005; Spyropoulos et al., 1999, 2002). Based on observation and experiments on
cracks, strain magnitude controls fault length distribution, which transitions from exponential at very low strains,
where fault nucleation prevails, to power law at low to intermediate strains, where fault growth prevails, and back
to exponential when the largest faults develop at higher strains due to fault coalescence (Spyropoulos et al., 2002).
Faults in continental rifts exhibit a similar pattern in terms of length distribution and evolution. Rifts initiate with
an exponential fault length distribution and subsequently transition to a power‐law distribution as the rift un-
dergoes the stretching phase and strain migrates onto large inward‐dipping faults (e.g., Grant et al., 2024). As the
rift maturity evolves, the fault length distribution may later return to an exponential distribution (e.g., Gupta &
Scholz, 2000; Michas et al., 2015; Williams et al., 2022). Our fault length attribute results show predominantly
power‐law distribution for both the Luama and Kamituga Rifts, indicating that fault length growth is occurring in
the basins.

Along with fault length attributes, the dominant fault dip direction is key in strain localization during rift evo-
lution, as strain localization dominates rift basin development and is manifested near the surface by a systematic
migration of fault activity (Cowie et al., 2005). At rift initiation, both inward and outward‐facing faults develop
with similar low slip rates. As strain localizes onto large inward‐dipping fault arrays, the outward‐dipping faults
become inactive, and the inward‐dipping faults develop higher slip rates. Subsequently, strain migrates toward rift
axes with strain rates at the eventual rift axis increasing, thus becoming the border fault of the rift while strain rates
over the flanking areas decline. Our results in rift morphology (Figures 4b and 4c) and fault dip distribution
(Figure 5c) indicates that the dominant fault dip for each basin is SW for the Luama Rift and NW and SE in the
northern and southern sections of the Kamituga Rift, respectively.

The analysis of the length distribution of active faults yields information on the phase of rift maturity of the Luama
and Kamituga Rifts. For the Luama Rift, strain is localized in the inward‐dipping SW faults, including the Kataki
Fault, resulting in a predominant power‐law distribution result; these results indicate that the Luama Rift is in the
border‐faulted stage of rift phase maturity. For the Kamituga Rift, we interpret the power‐law distribution result
and the polarity in the dominant fault dips as an incipient stage of rifting. Overall, these results suggest that the
Kamituga Rift is on the verge of entering its border‐faulting stage. A closer examination of the rift reveals that the
northern Kamituga basin has established a border fault, the Kasika Fault, but the southern Kamituga basin is
dominated by the Kisengela andMizinga synthetic Faults with similar length and offset, indicating no border fault
in that section of the rift. The Kisengela and Mizinga Faults could be considered the border fault if merged at the
surface, similar to the Bilila‐Mtakataka and Chirobwe‐Ncheu Faults in the S. Malawi Rift, where both faults
define border fault splays (Kolawole, Firkins, et al., 2021; Ojo et al., 2022). Thus, although the northern Kamituga
basin hosts the Kasika border Fault, the rift as a whole is not border‐faulted. Furthermore, the Luama Rift fault
lengths are generally longer than the Kamituga Rift fault lengths, indicating that more fault growth and strain
accommodation have occurred in the Luama Rift. Due to the asymptotically long‐scale approximation of time‐
space fault evolution (Spyropoulos et al., 2002), we infer that the reactivated rifts will continue to exhibit the
same fault length distribution before rift failure, and the fault length distribution will evolve as expected,
regardless of the length of inactivity periods.

5.2. Rift Initiation in Cold Continental Lithosphere

5.2.1. Regional Stress Field

Our slip tendency analysis indicates that the active faults in the Luama and Kamituga Rifts are optimally oriented
for failure in the EARS stress field, with a 0.55 fault rock friction coefficient and a cohesion of less than 20 MPa.
In the Luama Rift, NW–SE striking and SW‐dipping active faults exhibit the highest slip tendency to the adjacent
North Tanganyika stress field. Many of the other faults (inferred inactive faults) trend parallel to the active faults
with high slip tendency, suggesting that they may have started to reactivate but have lower slip rates. Somemay be
in the strain shadow of larger faults, resulting in erosion rates that outpace their slip rates. In the Kamituga Rift, the
mapped faults exhibit the highest slip tendency in relation to the adjacent Kivu stress field. The dominant dip in
the faults located in the northern Kamituga basin is NW, suggesting compatibility with the adjacent Kivu Rift
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stress field. In contrast, the southern basin is predominantly SE. This change in dip direction suggests a slight
rotation in the tectonic stress from the northern Kamituga sub‐basin to the southern sub‐basin.

Overall, the reactivated faults in the Luama and Kamituga Rifts are consistent with the contemporary stress field
of the EARS, suggesting that stresses from the active plate boundary are reactivating these faults. Inherited
weaknesses in the basement, most prominently the polyphase orogenesis intersection area between the Paleo-
proterozoic NW‐trending Ruzizian‐Ubendian Belt, the Mesoproterozoic NW‐trending Kibaran Belt, and the
Mesoproterozoic heavily folded Karagwe‐Ankole Belt, along with pre‐rift structures, including Karoo faults, and
the evolution of the stress field orientation, had a significant influence on rift evolution and probably controls rift
reactivation (Holdsworth et al., 1997).

5.2.2. The Roles of Melt and Inherited Lithospheric Boundaries

We explore the recently published full‐waveform inversion seismic tomographic velocity model of the litho-
spheric mantle beneath East Africa (van Herwaarden et al., 2023) for other possible sources of tectonic stress
perturbation. The shear wave speed model shows that there is a low‐velocity anomaly in the mantle lithosphere
beneath the Kivu Rift that extends beneath the Kamituga Rift and is collocated with the Quaternary Bukavu and
Mwegna‐Kamituga volcanic provinces (Figure 9). The lithosphere‐aesthenosphere boundary (LAB) depth is
estimated by converting the shear wave speed from the tomographic model into temperatures (Ajala et al., 2025;
Ajala & Kolawole, 2024). To calculate the LAB depth, a steady‐state geotherm is fitted to the shear wave speed‐
derived temperature profile below 40 km, based on surface heat flow between 30 and 90 mW/m2, to account for
uncertainties at lower temperatures. The LAB is then defined where the conductive and convective geotherms
intersect, assuming a mantle potential temperature of 1,300°C. The LAB depth estimated from the model rapidly
deepens beneath the southern Kamituga Rift (Figure 9b; Ajala & Kolawole, 2024). The LAB depths from
Priestley et al. (2024) show a similar pattern (see Figure S4 in Supporting Information S1 for a comparison with
earlier available LAB models). We interpret the low shear wave speed anomaly as a geophysical signature of
elevated mantle temperatures and the presence of partial melts in the thinned lithospheric mantle beneath the
Kamituga Rift. The Mwegna‐Kamituga volcanic field lacks caldera volcanic edifices, indicating that diking is
likely the primary mechanism of magma‐plumbing and surface eruption (i.e., fissure eruption). Thus, we argue
that lithospheric thinning and tectonic extension in the Kamituga Rift is hybrid: the northern sub‐basin is magma‐
assisted, and the southern sub‐basin is fault‐controlled. A similar hybrid rifting model has been previously
suggested for the Kivu Rift (Wauthier et al., 2015). We also argue that early lithospheric necking is the dominant
mechanism of lithospheric weakening and regional stress perturbation in the Kamituga Rift segment of the rift
zone.

Our observations of low velocity and thinned lithosphere beneath the Kamituga Rift supports that lithospheric
warming via melt emplacements in the crust and upper mantle facilitated rift initiation at the location, south-
westwards of the Kivu Rift. However, the relatively colder lithosphere beneath the reactivating Luama Rift
(Figure 9c) raises a question on the mechanism for lithospheric weakening to observe the persistent Quaternary
fault reactivation along the rift. We propose that the Kibaran‐Ruzizian suture in the Luama Rift represents a long‐
lived lithospheric‐scale zone of mechanical weakness in the rift zone that might be localizing the regional tectonic
strain (Figures 10a, 10c and 11). We note that the low shear wave speed anomalies observed in the Kamituga and
Kivu Rifts do not extend into the Tanganyika Rift or the Luama Rift (Figures 9c and 9d), probably due to limited
tomographic resolution or low melt volume in those areas.

5.3. Nucleation of the Itombwe Microplate: A Previously Unknown Microplate of the EARS

The reactivated Luama and Kamituga Rifts, along with the adjacent Tanganyika and Kivu Rifts, reveal the axes of
rifting in this part of the EARS' western branch. Considering the incipient nature of rifting in the Luama and
Kamituga Rifts, we propose these less‐studied rifts to be active segments of the EARSWestern Branch west of the
previously proposed axes of extension in the region (Figure 10a). The previously proposed axis goes through the
Kivu Rift and continues southward through the Tanganyika Rift. Our revision of the rift axes kinks westward
through the Kamituga Rift southwest of the Kivu Rift and again, kinks southeastward through the Luama Rift, to
eventually rejoin the central Tanganyika Rift. These results imply that the EARS Western Branch axis bifurcates
south of the Kivu Rift, maintaining two active rift axes: a western axis through the Luama‐Kamituga Rifts and an
eastern axis through the Kivu‐Tanganyika Rifts.
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Figure 9. (a) Shuttle Radar TopographyMission‐Digital ElevationModel hillshade map overlain by SVwave speeds at 70 km depth from the seismic tomography model
of van Herwaarden et al. (2023). (b–d) S wave speeds along profiles A–A′, B–B′, and C–C′, highlighted in panel a. The blue line represents the lithosphere‐
asthenosphere boundary (LAB) derived from the model of van Herwaarden et al. (2023) (Ajala & Kolawole, 2024), the green dashed line is the LAB obtained from
Priestley et al. (2024), and the pink solid line is the Moho depth from Baranov et al. (2023).
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The activation of the Luama and Kamituga Rifts, together with the Tanganyika Rift, delineates the nucleation of a
microplate, hereinafter named “Itombwe Microplate” (after the Massif D’Itombwe; Figure 10). The southeastern
margin of the microplate is bounded by the Kilombwe Fault and half‐graben (Figures 6g, 10a, and 10b) where
active rift subsidence is evidenced by the Kilombwe Marsh and active fault scarps on‐shore and west of Lake
Tanganyika. We define the Itombwe Microplate as a ∼10,000 km2 (∼80‐km wide, ∼125‐km long) tectonic block
that is evolving along the segments of the magma‐poor Western Branch of the EARS. We interpret the Itombwe
Microplate following the concept of Plate Tectonic Theory: a relatively small‐scale, rigid, geological block with a
consistent motion in present‐day space bounded by active (divergent) plate boundaries (i.e., the “micro‐block” of
Li et al. (2018)). In regions of active non‐volcanic tectonic extension, the plate boundary axes are often inferred
and defined from the spatial distribution of earthquake data collocated with Holocene fault scarps (e.g., Grant
et al., 2024; Mulibo & Nyblade, 2016). However, seismicity in the Luama‐Kamituga Rift Zone is more
concentrated within the rifts and diffuse across the microplate (Figure 10b). Previous studies have found that
incipient oceanic microplates do not necessarily behave rigidly and often experience pervasive internal defor-
mation before becoming more rigid at the later stages of development (Bird et al., 1998). The earthquake density
map of the Luama‐Kamituga Rift Zone (Figure 10b) highlights the presence of seismicity across the northern

Figure 10. The Itombwe Microplate and wider EARS rifting axes. (a) Shuttle Radar Topography Mission‐Digital Elevation Model hillshade overlain with shear wave
speed at 70 km depth, earthquakes, moment tensors, and local stress fields. The map shows our proposed revision of the EARSWestern Branch, which includes a wider
zone of extension characterized by the broader region of seismicity extending westward from the previously known EARS axis (i.e., Kivu‐Tanganyika‐Rukwa axis).
(b) Contoured earthquake density map gridded 0.25° × 0.25° and linearly interpolated.
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Figure 11. Schematic block diagram summarizing the three main tectonic phases of the Luama‐Kamituga Rift Zone. (a) The
initiation of the Luama Rift during the Mesozoic (Phase 1). (b) Fissure eruptions in the Mwenga‐Kamituga Volcanic Field
starting in the Cenozoic, 6 Ma, as dated by Kampunzu et al. (1998). The Luama Rift is inactive, a remnant “failed” Mesozoic
Rift. Diffuse brittle deformation is also occurring in the area north of the Luama Rift. (c) Reactivation of the Luama and
Kamituga Rifts and nucleation of the Itombwe Microplate. The white arrows are direction of tectonic extension. The stars
represent earthquakes.
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portion of the microplate, suggesting diffuse brittle deformation is occurring in the interior of the Itombwe
Microplate. We examined topography hillshade maps of the Itombwe Microplate for surface manifestations of
brittle structures and mapped several >15 km‐long rectilinear megafractures (Figure S5 in Supporting
Information S1). The megafractures are dominantly NNE‐striking, parallel to the Kamituga Rift, and thus may
have possibly nucleated earlier as regional distributed deformation across the region during the onset of
initiation of the Kamituga Rift. These mega‐fractures are favorably oriented to the Kamituga Rift tectonic
field (Figures 7a–7c and Figure S5 in Supporting Information S1) and might have taken up a small proportion
of the early‐rift extensional strain. Thus, we propose that the Itombwemicroplate is accommodating some internal
deformation, indicating either its non‐rigidity and/or penetrative deformation in the incipient stages of microplate
development.

An important criterion for defining an active microplate is independent and consistent motion, typically
confirmed through geodetic studies (e.g., the Victoria Microplate in the EARS, as described in Calais et al., 2006).
Here, the lack of GPS stations does not allow the evaluation of the kinematics of the Itombwe Microplate. The
microplate may probably be accommodating some rotational strain, and the 2.7 mm/yr geodetic strain rate
estimated for Tanganyika Rift (Figure 10a; Saria et al., 2014) is likely an overestimate considering active
extension in the Luama and Kamituga Rifts. However, there is currently no information on strain rates for each rift
due to the lack of GPS data in the Luama‐Kamituga Rift Zone (Figure 10a; Saria et al., 2014). Variations in rift
plate stretching rates along the bounding rift zones may induce internal deformation of the microplate and/or
apparent rotation of the microplate about a vertical axis. The presence of a strong lithospheric domain along a
continental microplate margin has been suggested as a requirement for rotation about a vertical axis of a
microplate (Glerum et al., 2020). The Luama and Kamituga Rifts are poorly coalesced and define an orthogonal
tip‐to‐tip rift interaction zone in the Namoya area, thus implying a “strong” intervening lithosphere that may allow
for the Itombwe Microplate's rotation. Similarly, if the lithosphere has not yet been significantly weakened
beneath the reactivating Luama Rift, it might remain strong, implying a possible rotation of the Itombwe
Microplate (Figure 9b).

We consider that the nucleation of the Itombwe Microplate is being facilitated by a “structural template” defined
by the reactivating (previously failed) Luama Rift and the inheritance of polyphase orogenic belts with orthogonal
fabrics (Figures 1c and 11). Along the western margin of the microplate, specifically the Kamituga Rift, there is
likely more magma‐influence on tectonic extension than along its eastern and southern margins, given the absence
of volcanics in the Luama Rift and the northern Tanganyika Rift. Geodynamic studies have shown that the in-
heritance of narrow accreted orogenic terranes, bounded by lithospheric‐scale suture zones, may nucleate
microplates during continental extension (Heron et al., 2023). We propose that the inheritance of the NW‐striking
Ruzizian‐Ubendian suture in the Luama Rift lithosphere, and the presence of a N–S striking strand of the Pre-
cambrian Chisi Shear Zone beneath the northern Tanganyika Rift axis (Figure 10a; Kolawole, Phillips, et al.,
2021) could have provided an inherited mechanical anisotropy template that aided the nucleation of rifts with
oblique/orthogonal axial orientations to initiate the Itombwe microplate.

If continental break‐up is successful along the rifts of the EARS, the Victoria, Itombwe, Rovuma, and Lwandle
tectonic microplates will form an archipelago of isolated or stranded micro‐continents, a phenomenon observed
worldwide (Irwin, 1972; Vink et al., 1984). Notable examples include Gondwana's fossil microplates now found
in New Zealand andMadagascar (Mortimer, 2004; Stern, 1994). Over geological time, these stranded microplates
might collide, amalgamate, and form new continents. One example is Avalonia, a Paleozoic microplate that
developed on the margin of Rodinia, rifted off and became a drifting microplate, and eventually accreted onto the
Baltica continent (e.g., Servais & Sintubin, 2009). The delineation of the Itombwe Microplate raises new and
exciting science questions on incipient microplates and how they respond to strain partition across their bounding
rift segments in the presence of localized magmatism.

6. Conclusions
We integrated SRTM‐DEM, distribution of surface displacements, rift morphology, Mohr‐Coulomb slip ten-
dency analysis, and fault length scaling to investigate first‐order controls on microplate geometry during plate
boundary initiation. We focus on two contiguous poorly studied rift basins, the NW‐trending Luama Rift and NE‐
trending Kamituga Rift in the EARS Western Branch, where the Paleoproterozoic NW‐trending Ruzizian‐
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Ubendian, the Mesoproterozoic NE‐trending Kibaran and Karagwe‐Ankole, and the Neoproterozoic Itombwe
Belt overlap in a polyphase orogenic intersection zone. Our results show that:

1. The Luama and Kamituga Rifts are undergoing early‐stage lithospheric extension, driven by the tectonic
forces of the East African Rift System (EARS).

2. Brittle reactivation of the Ruzizian‐Ubendian suture, along with other exhumed Precambrian shear zones,
accommodated rift initiation along the Kamituga and Luama Rifts, and may be playing an essential role in the
modern reactivation of the rift zone.

3. Overall, the Luama‐Kamituga Rift Zone marks the continuation of the EARS, delineating the nucleation of a
new microplate, hereinafter referred to as the “ItombweMicroplate.” The continuation of the delineated active
rift axes into the eastern Democratic Republic of Congo indicates that the zone of strain accommodation along
the Western Rift of the East African Rift System is significantly wider than previously thought.

4. Reactivation of failed rifts, Precambrian suture zones, and inheritance of polyphase orogenic belts with
orthogonal fabrics created a structural template for the development of Itombwe Microplate.

5. Diffuse seismicity across the microplate either indicates its non‐rigidity or incipient phase of development.
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