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The Tanganyika-Rukwa-Malawi (TRM) rift segment in western Tanzania is a key sector for understanding
the opening dynamics of the East African rift system (EARS). In an oblique opening model, it is considered
as a dextral transfer fault zone that accommodates the general opening of the EARS in an NWeSE
direction. In an orthogonal opening model, it accommodates pure dip-slip normal faulting with extension orthogonal to the rift segments and a general EeW extension for the entire EARS. The central part of
the TRM rift segment is well exposed in the Uﬁpa plateau and Rukwa basin, within the Paleoproterozoic
Ubende belt. It is also one of the most seismically active regions of the EARS. We investigated the active
tectonic architecture and paleostress evolution of the Uﬁpa plateau and adjacent Rukwa basin and in
order to deﬁne their geodynamic role in the development of the EARS and highlight their pre-rift brittle
tectonic history. The active fault architecture, fault-kinematic analysis and paleostress reconstruction
show that the recent to active fault systems that control the rift structure develop in a pure extensional
setting with extension direction orthogonal to the trend of the TRM segment. Two pre-rift brittle events
are evidenced. An older brittle thrusting is related to the interaction between the Bangweulu block and
the Tanzanian craton during the late Pan-African (early Paleozoic). It was followed by a transpressional
inversion during the early Mesozoic. This inversion stage is the best expressed in the ﬁeld and caused
dextral strike-slip faulting along the fault systems that now control the major rift structures. It has been
erroneously interpreted as related to the late Cenozoic EARS which instead is characterized by pure
normal faulting (our third and last stress stage).
Ó 2012 Elsevier Ltd. All rights reserved.
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1. Introduction
The geodynamics signiﬁcance of the Tanganyika-Rukwa-Malawi
(TRM) rift segment in the western branch of the late Cenozoic East
African rift system (EARS) has been the object of debate since
decades. It forms the NW-trending central portion of the S-shaped
western rift branch, between the N- and NE-trending Kivu and
Albertine rift segments to the north and the N-trending Malawi rift
segment to the south (Fig. 1). This system of differently oriented rift
segments has been interpreted in two different ways: (1) an
NWeSE opening of the EARS, with the TRM rift segment acting as
a transfer fault zone between the Kivu-Albertine and the Malawi
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rift segments (oblique opening model: Chorowicz and Mukonki,
1980; Kazmin, 1980; Daly et al., 1989; Chorowicz, 1989, 1990;
2005; Tiercelin et al., 1988; Wheeler and Karson, 1994) and (2)
a general EeW extension with dominant normal faulting suborthogonal to the trends of the rift segments (orthogonal opening
model: Ebinger, 1989; Morley et al., 1992; Delvaux, 2001; Delvaux
and Barth, 2010; Morley, 2010).
The TRM zone comprises the South-Tanganyika, Rukwa and
North-Malawi rift basins arranged in a rectilinear en-echelon array
(Fig. 2). The Uﬁpa plateau developed as a tilted block between the
Tanganyika and the Rukwa rift basin (Fig. 3aeb). These rift
structures are the result of repeated reactivation of the Ubende
belt in which they developed (Theunissen et al., 1996; Klerkx et al.,
1998; Delvaux, 2001). Since the last ductile to brittle-ductile
mylonitic shearing in the Neoproterozoic and before the late
Cenozoic development of the EARS, the TRM has had a rich
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Fig. 1. General setting of the East African Rift System (EARS) with sketch of the opening models. White dotted rectangle show contours of Fig. 2.

tectonic Phanerozoic history, as revealed by apatite ﬁssion track
thermo chronology, stratigraphic, magmatic and brittle structural
investigations (van der Beeck et al., 1998; Delvaux et al., 1998;
Roberts et al., 2010). During kinematic studies of the recent rift
faults, the presence of older brittle structures incompatible with
a normal faulting kinematics was frequently noticed (Tiercelin
et al., 1988; Wheeler and Karson, 1994; Delvaux et al., 1998;
Delvaux, 2001).

The TRM zone is also one of the most seismically active regions
of the EARS (Midzi et al., 1999; Mavonga and Durrheim, 2009). It
has several demonstrated active faults (Kervyn et al., 2006; Vittori
et al., 1997; Delvaux et al., 1998; Morley et al., 2000; Fontijn et al.,
2010) and ongoing seismic activity affecting most part of the
crust, down to w30 km (Camelbeeck and Iranga, 1996). The Rukwa
region was affected by a sequence of relatively strong earthquakes
between 1909 and 1919 (Fig. 2; Ambraseys and Adams, 1992). The
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Fig. 2. Geological map and terrane structure of Ubende belt with its general setting in insert. Epicentres of the 1909e1919 Uﬁpa seismic sequence with the December 1910 M 7.4
event. White dotted lines show section AeB of Fig. 3a and contours of Fig. 4. Insert showing the Pan-African geodynamic units.

main shock (Ms 7.4) occurred on December 13, 1910 (Ambraseys,
1991) near Sumbawanga town in the Uﬁpa plateau (Fig. 4a), but
no surface rupture was reported. The 160 km long Kanda fault
system which cuts the plateau in its middle is a likely candidate for
this event (Vittori et al., 1997).
This paper re-assesses the geodynamic signiﬁcance of the TRM
rift segment and contributes to a better understanding of its active
tectonics. It is based on a new detailed active tectonic, brittle
kinematics and paleostress investigation of the ancient and active
faults that affect the Uﬁpa plateau and the Rukwa rift basin at the
centre of the TRM segment. This allows to precise the role of the
TRM rift segment within the late Cenozoic rift system, highlight the
pre-rift brittle faulting and related paleostress evolution and to
detail the active fault architecture and segmentation. After presenting the tectonic context of the TRM rift segment, we investigate
successively the active fault systems in the Uﬁpa plateau and the
brittle tectonic evolution of the Ubende belt since the late PanAfrican by means of satellite and aerial remote sensing data interpretation, and ﬁeld studies.
2. TRM rift segment within the Ubende belt
The TRM rift segment largely developed within the Paleoproterozoic Ubende belt between the Archean Tanzanian craton to
the NE and the Bangweulu block to the SW (Fig. 2). The Ubende belt
is composed of 8 crustal terranes emplaced during the Paleoproterozoic in a right-lateral accretion process and bounded by
major steep to vertical shear zones (McConnell, 1950, 1972; Daly,
1986, 1988; Lenoir et al., 1994; Kanza et al., 2007; Temu et al.,
2007). From the margin of the Tanzanian craton to the Bangweulu block, it contains (1) the Katuma migmatitized biotite gneiss

invaded by granitic plutons, (2) the WansisieWakole schist
complex, (3) the Ubende amphibolitic gneiss complex with
remnants of granulite, (4) the Uﬁpa felsic gneiss complex, and (5)
the KateeKipili volcano-plutonic complex. Additional terranes
more to the SW are (6) the Mbozi ganulite sequence surrounded by
amphibolite gneiss, (7) the granitic gold-bearing Lupa block and (8)
the Upangwa anorthosite belt.
The main Ubendian metamorphic and deformation stage
(1886e1817 Ma) created a large shear belt with a pervasive gneissic
foliation in amphibolite facies, between residual granulite lenses
from an earlier orogenic stage (2100e2025 Ma) (Sklyarov et al.,
1998; Boven et al., 1999; Boniface et al., 2012). The KateeKipili
magmatism (1720e1740 Ma) sealed the contact between the
Ubende belt and the Bangweulu block (Lenoir et al., 1994).
In the late Paleoproterozoic, and possibly extending into the
Mesoproterozoic, the Mbale sandstones were deposited over the
Bangweulu block and the southewestern margin and northern
extremity of the Ubende belt. They are now exposed in the
marginal parts of the Uﬁpa plateau along Lake Tanganyika. More
focused crustal-scale mylonitic shear zones in retrograde greenschist facies later reactivated the gneissic fabric in a left-lateral way
during the Neoproterozoic, between 750 and 725 Ma (Theunissen
et al., 1992; Lenoir et al., 1994), contemporaneously with intrusion of the w750 Ma Mbozi gabbro-syenite complex in the Mbozi
terrane (Fig. 2, site 11; Brock, 1968; Mbede et al., 2001). The shear
zones mainly reactivated the terrane boundaries and contributed in
a dominant way to the structural pattern of the Phanerozoic rifts,
controlling the location and geometry of the rift faults (Daly et al.,
1989; Theunissen et al., 1996; Klerkx et al., 1998).
Most parts of East Africa and parts of southern Africa were
affected by Pan-African orogenic events during the Neoproterozoic
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Fig. 3. (a) Structural section across the Uﬁpa plateau displaying the south-westwards tilted surface affected by normal faults synthetic to the Uﬁpa border fault. Location indicated
as white doted line on Figs. 2 and 4a. Due to the important vertical exaggeration, the faults appear sub-vertical but they all dip w60 to the NE. (b) 3D view of the SRTM-DEM of the
Uﬁpa plateau, taken from the south and looking north (view angle on Fig. 4b). Black arrows denote the active fault systems that displace the etchplain-inselberg relief of the plateau.
White doted line show trace of structural section of Fig. 3a.

assembly of Gondwana (Fig. 2). East of the Tanzanian craton, the
Mozambique belt (650e580 Ma) formed during collision between
East and West Gondwana (Fritz et al., 2005). In the Ubende belt,
high-pressure amphibolite facies regional metamorphism overprinted the mylonitic texture at w1090 and 600e570 Ma (Boniface
et al., 2012). Further to the SW, the Luﬁlian and Zambezi belts
developed during collision between the Congo and Kalahari cratons
between 650 and 600 and 530 Ma, peaking at w550 Ma (Porada
and Berhorst, 2000; John et al., 2004).
Several episodes of rifting affected the Ubende belt, in late
Carboniferous-Permian (Karoo), Cretaceous, Paleogene and
Neogene times. They repeatedly reactivated the Precambrian
structural fabric, maintaining a permanent mechanical weakness

(Delvaux, 1991, 2001). The related rift sediments are well preserved
in the Rukwa basin (Dypvik et al., 1990; Kilembe and Rosendahl,
1992; Damblon et al., 1998; Roberts et al., 2010). On the Uﬁpa
plateau, only Permian series are preserved in the NamweleMkolomo coal ﬁeld (Fig. 2, site 1) as isolated and tilted blocks
separated by steeply dipping faults in an anastomosed network
(McConnell, 1947), typical of a strike-slip setting. Apatite ﬁssion
track thermo chronology (van der Beeck et al., 1998) evidenced
repeated phases of rapid cooling and denudation during the
Triassic (250e200 Ma), at the JurassiceCretaceous transition
(w150 Ma) and during the Paleogene (50e40 Ma). Volcanism
occurred in the Rungwe volcanic province at the triple junction
between the Rukwa, Usangu and Malawi rift basins (Fig. 2) during
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Fig. 4. (a) Active fault map of the Uﬁpa plateau. Colour-coded altitudes and interpolated river network from the SRTM-3 DEM. Underwater faults in Lake Rukwa after Morley et al.
(1992). Su: Sumbawanga town. White dotted lines show section AeB of Fig. 3a and view angle of Fig. 3b. (b) Details of the Kwera relay ramp and central portion of the Kanda fault.
Ka e Kaengesa, Mp e Mpui, La e Laela, Sy e Syshowe, Ta e Tamansenga.
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the Cretaceous (carbonatitic volcanism; Pentel’kov and
Voronovskiy, 1977), Oligocene (Roberts et al., 2010), mid-Miocene
(Rasskazov et al., 2003) and late Cenozoic (Ebinger et al., 1989;
Fontijn et al., 2010).
During the late Cenozoic, the Uﬁpa plateau rose between the
Tanganyika and Rukwa depressions, largely within the Uﬁpa
terrane (McConnell, 1950, 1972; Kilembe and Rosendahl, 1992;
Mbede et al., 2001; Delvaux et al., 1998). The plateau is strongly
uplifted on its NE side, reaching 2453 m a.s.l., in response to footwall uplift of the prominent Uﬁpa border fault (Fig. 3a). The latter is
composed of a series of interconnected overlapping normal faults,
deﬁning a >1000 m high topographic scarp (Fig. 3b) above the
Rukwa plain (lake level at 800 m a.s.l). The plateau itself is tilted
towards Lake Tanganyika and dissected by a series of normal faults
synthetic to the Uﬁpa border fault, all NE-dipping (van Loenen and
Kennerley, 1962; Vittori et al., 1997). The Kanda fault system is the
most prominent of them, with a tectonic scarp reaching 40 m high
and 160 km long. The plateau is partly submerged under Lake
Tanganyika (lake level at 773) in the Mpulungu sub-basin (Morley,
1988; Mondeguer et al., 1989; Sander and Rosendahl, 1989).
Despite its general tilting towards Lake Tanganyika, several
rivers drain the plateau towards the Lake Rukwa (Fig. 4a). This
reﬂects the combined tectonic control and the possible antecedence of the rivers. Alignments of inselbergs on the plateau on the
footwall of fault systems witness their long and multi-stage
tectonic history (Figs. 3b and 4a).
3. Active tectonic fault architecture and segmentation in the
Uﬁpa plateau
Architecture of fault systems are fundamentally different in
wrench faulting (e.g. Christie-Blick and Biddle, 1985) and normal
faulting (e.g. Marchal et al., 2003) contexts. In addition, fault
architecture and fault segment interaction and linkage are crucial
factors in seismic hazard assessment and for estimation of potential
earthquake rupture size (Scholz and Gupta, 2000; Soliva et al.,
2008; Nicol et al., 2010). In order to characterize the active fault
systems of the Uﬁpa Plateau, we compiled an active fault map and
investigated segmentation and linking mode using displacement
proﬁles (Fig. 4a).
3.1. Tectonic morphology of the Uﬁpa plateau
The Uﬁpa plateau has an inselbergeetchplain morphology (van
Loenen and Kennerley, 1962) which is derived from older erosional
surfaces (King, 1963) and formed as a result of repeated phases of
rapid cooling and denudation spanning from the Permian to the
Quaternary (van der Beeck et al., 1998). Such etchplain surfaces
commonly develop in East Africa as the result of deep weathering
and stripping within tectonically quiet regions in a seasonal tropical climate (Thomas, 1994). The lower part of the etchplain is
covered by laterite soil indistinctly over fresh basement, saprolite
or valley-ﬂoor sediments. Laterite crust develops in the soil when
the water table is lowered by tectonically driven river incision. In
the Uﬁpa plateau, the age of this surface is not precisely determined
but within the Rungwe volcanic province further to the southeast
(Fig. 2), laterite crust develops in the Songwe plain above a fresh
basalt ﬂow, dated at 0.55  1 Ma (Ebinger et al., 1989). In the Iringa
highlands, further east, a lateritic crust develops also in colluvium
deposits that cover the Ilima Stone Age archeological site. Therefore, this surface could be as young as late Pleistocene. The faults
that displace this surface are considered as active.
We carried out a combined interpretation of stereoscopic aerial
photographs and 3 arc seconds resolution SRTM-3 digital elevation
model, supplemented by an intensive ﬁeld and GPS topographic

survey. The morphological interpretations made with the stereoscope were transferred on geo referenced aerial photographs in
a GIS. The used aerial photographs are part of the most recent
survey performed in the 80’s for producing 1:50.000 scale topographic maps. As ortho rectiﬁcation of the aerial photographs could
not be achieved, they have been referenced geographically using
the derived topographical maps as a basis, with common control
points and 2nde3rd degree polynomial warping. The resulting
errors in the geometry were found reasonable for the scale of the
study.
3.2. Kwera fault and relay ramp
Along the eastern margin of the Uﬁpa plateau, the Kwera relay
ramp connects the northern and southern segments of the major
Uﬁpa border fault (Figs. 3b and 4a and b). It developed between the
two overstepping en-échelon synthetic normal fault segments in
a way described in Peacock and Sanderson (1991), Peacock and
Parﬁtt (2002) and Soliva et al. (2008). The relay ramp is tilted
towards Lake Rukwa and is cut at the base by a connecting fault.
Breaching appears however incomplete, the overlapping parts of
the fault segments still displaying some activity at their tip as in the
analogue models of Hus et al. (2005). The Kwera fault which forms
the tip of the northern Uﬁpa fault segment at the edge of the
plateau displaces a 1e2 m thick laterite crust by 10.2e10.6 m (DGPS
proﬁles; Table 1b). It is damming an old SW-directed drainage
system, forming Lake Kwera which is drained towards the Rukwa
depression (Figs. 3b and 4b). At the foot of the relay ramp, the
northern tip of the southern fault segment progresses towards Lake
Rukwa, elevating the early Holocene paleo-shorelines of the lake
(Figs. 3b and 4a). These observations show that both the northern
and southern segments of the Uﬁpa fault are active.
3.3. Kanda fault system
The Kanda fault system is morphologically the most prominent
and fresh fault system entirely situated within the Uﬁpa plateau
(Figs. 3b, 4a and b). A depressed valley formed at the foot of the
scarp, drained longitudinally in the two opposing directions, with
the water divide near Tamasenga village (upper left corner of
Fig. 4b). The Kanda fault has a relatively sinuous trace, ranging from
NeS to NWeSE in a general NNWeSSE orientation. Most parts of
the modern Kanda fault system follows old mylonitic shear or
brittle fault zones. It lies in the southeeastern prolongation of the
Mtose shear zone between the Uﬁpa and Ubende terranes and
further south at the contact between the Uﬁpa terrane and the Kate
granites along the margin of the Bangweulu block (Fig. 2).
Many aspects of the Kanda fault system resemble the general 3D
geometry of typical normal faults as described by Marchal et al.
(2003). Both lateral terminations of the Kanda fault system
present marked curvatures departing from the general trend
(Figs. 3b and 4b). In the central part of the Kanda fault system at the
foot of the Kipelenga Hills, a breached double relay ramp system
links left-stepping closely spaced and strongly overlapping fault
branches. Further south, several minor secondary fault planes
branch from the principal fault plane in the form of a slay between
Namonka and Lowe villages. On its southern extremity, the Kanda
fault terminates by a horse tail structure with several curved faults
in plan view.
3.4. Kalambo-Mwimbi fault system
West of the Kanda fault system and parallel to it, the Kalambo
and Mwimbi faults are straighter than the Kanda fault system, but
morphologically less well expressed (Figs. 3b and 4aa). They are
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Table 1
Fault scarp parameters determined from the Differential GPS (DGPS) and Handheld
GPS (HGPS) topographic proﬁles across the Kanda fault scarp and satellite faults.
Slope difference between the upper and lower parts of the displaced pediplain
surface and vertical offset of the morphological surface as illustrated on Fig. 5.
Proﬁles across Kanda fault
N Extremity of known fault
Kanda 2006 01D
Kanda 2006 01C
Kanda 2006 01B
Kanda 2006 01A
SumbaQuarry-N
SumbaQuarryETP
SumbaQuarry-S
Kiswite-N
Kiswite-S
Kanda 2006 02B
Kanda 2006 02E
Kanda 2006 02A2
Kanda 2006 03
Tamasenga
Tamasenga (trench site)
Kanda 2006 04
Kanda 2006 05
Kanda 2006 06
Sishowe-1 kmS Diff GPS
Kanda 2006 07 (Itela)
KipengelaN-T
KipengelaS-T
Kanda 2006 08 (Ilembo)
Tentula
Kanda 2006 09 (Kitete)
SKF-1E
SKF-2
XY_SKF
SKF-Y
Kanda 2006 10 (Mtiti)
SKF-6
SKF-5
SKF-4
SKF-3
S extremity of known fault

Vertical
Distance along Proﬁle
Slope
type
difference ( ) offset (m) fault (km)
0.3
0.1
0.7
0.9
1.1
0.6
0.3
0.7
0.7
1.7
1.4
1.2
1.0
1.8
0.7
0.5
0.5
0.0
1.0

0.6
1.8
0.22
2.1
3.2
3.8
0.8
0.1
0.0
0.2
0.9

0.0
5.9
6.6
7.2
11.5
13.3
14.0
11.6
23.6
17.3
16.4
16.9
16.7
7.4
7.1
6.0
12.9
19.5
19.0
35.6
41.9
39.1
37.8
32.0
45.0
12.7
11.61
27.9
16.8
30.3
16.6
8.9
5.0
15.8
12.2
0.0

0
1.92
2.40
3.53
5.01
8.70
9.45
9.70
17.76
18.10
19.80
20.80
21.83
28.41
32.70
33.85
36.26
41.63
45.67
53.47
57.40
62.96
63.75
68.96
78.68
98.58
102.93
106.01
106.64
108.32
108.90
139.80
144.92
151.90
152.45
158.30

DGPS
DGPS
DGPS
DGPS
DGPS
DGPS
DGPS
DGPS
DGPS
DGPS
DGPS
DGPS
DGPS
DGPS
DGPS
DGPS
DGPS
DGPS
DGPS
DGPS
DGPS
DGPS
DGPS
HGPS
DGPS
HGPS
HGPS
HGPS
HGPS
DGPS
HGPS
HGPS
HGPS
HGPS

Proﬁles across satellites
of Kanda fault

Vertical
Distance along Proﬁle
Slope
type
difference ( ) offset (m) fault (km)

Namonka, northern end
Tentula
Namonka-1
Namonka-2 (Trench)
Namonka-2 (Pits)
Namonka, southern end

0.4
0.2
0.0
0.3

Lowe, northern end
(junction with Kanda
fault)
Lowe-1
Lowe-3
Lowe-2
Lowe, southern end

0.4
0.6
0.1

0.0
4,3
4.9
4.3
4.4
0.0

74.78
79,44
80.30
80.63

0.0

79.04

DGPS

8.0
8.0
2.2
0.0

82.20
85.38
88.68
93.23

DGPS
DGPS
DGPS
DGPS

DGPS
DGPS
DGPS
DGPS

82.16

Proﬁles across
other faults

Vertical
Distance along Proﬁle
Slope
type
difference ( ) offset (m) fault (km)

Kwera-North
Kwera-South
Kalambo

0.1
0.2
0.7

10.6
10.2
26.1

DGPS
DGPS
HGPS

composed of several segments, forming an incompletely linked
fault system that reactivates the terrane boundary between the
Uﬁpa gneisses and the KateeKipili plutono-volcanic complex. The
Kalambo fault displaces also the laterite crust, but its scarp is much
smoother than for the Kanda fault. Investigated with a handheld
GPS (HGPS) proﬁle, the vertical surface offset is estimated at 26 m
(Table 1b). The scarp is sloping at an angle of 8 as compared to
w35 for the Kanda fault, suggesting that it has a slower slip rate or
became recently inactive.
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3.5. Single-segment faults
Smaller, single-segment faults have been identiﬁed between the
Kalambo-Mwimbi and the Kanda fault systems, near Kisumba and
along Lake Sundu (Fig. 4a). The Kisumba fault is weakly expressed in
a ﬂat cultivated surface, with an estimated 2e3 m high morphological scarp. The Sundu fault further south, is slightly better
expressed, damming the plain and isolating the Sundu seasonal lake.
Running into Lake Tanganyika, the Kasanga fault develops on
the SW side of the Uﬁpa plateau near the southern extremity of
Lake Tanganyika (Fig. 4a). It initially caused the diversion of the
Kalambo River towards the NW, but the latter was captured by
a small river and connected directly to Lake Tanganyika. This
formed the 221 m high Kalambo falls at the Tanzania e Zambia
border, the highest single step water fall in Africa. The Mpulungu
fault affects the southern termination of Lake Tanganyika, creating
an NE-facing step. The western Tanganyika border fault separates
the basin from the Bangweulu block.
3.6. Kanda fault displacement proﬁle and segmentation
The tectonic scarp of the Kanda fault system is well expressed
along most of its length (Fig. 5a). The observed fault scarp and
related colluvium are not single events features, but represent the
cumulative effect fault activity since the development of the
pediplain.
We reconstructed the displacement proﬁles along the fault
using the vertical offset of the laterite-capped etchplain morphological surface. A total of 32 topographic proﬁles have been
measured across the fault scarp, and on two satellite faults in the
Namonka-Lowe splay zone (Fig. 4b), using a Leica differential GPS
(DGPS).
Due to the large dimensions of the fault, time constraints and
accessibility difﬁculties, DGPS proﬁles could not be obtained for the
entire fault system at a regular spacing of 5 km. They have been
supplemented during reconnaissance surveys by 10 topographic
proﬁles measured with a handheld GPS (HGPS) that were found e
when locally compared to DGPS e of a satisfactory quality for the
present study.
The GPS data are reported on transversal topographic proﬁles
(Fig. 5b) and straight lines are adjusted on the upper and lower
surfaces of the displaced pediplain by linear regression, avoiding
the portions affected by erosion and by colluvium deposition. We
computed the vertical offset between the displaced surfaces at
a point along the proﬁle that correspond to the fault trace and
recorded also the difference in sloping angle between these two
surfaces.
The displacement proﬁle for the Kanda fault shows along strike
variations in throw (Fig. 6, Table 1). It presents a peak-shape top
with a steep gradient at the northern tip near Sumbawanga, a well
deﬁned low at Tamasenga, a V-shaped top centred on the Kipelenga
relay ramps in the centre of the proﬁle, a new marked low at Mtiti
and a less well deﬁned asymmetric low towards the southern tip.
According to the displacement and linkage models in normal fault
zones (Peacock and Sanderson, 1991; Marchal et al., 2003), the
observed pattern is typical for a relatively mature fault system
formed by the linkage of initially disconnected normal faults,
growing by increasing vertical offset together with lateral tip
propagation. This suggests that the Kanda fault is formed by several
initially distinct segments that are now strongly interacting and are
merged in a single fault system: the Sumbawanga and Mpui
segments and the less well deﬁned Mlenje segment. The marked
Tamasanga and Mtiti lows between them represent relicts of the
relay between the initial segments and indicate that their coalescence is still incomplete.
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Fig. 5. Kanda fault scarp south of Syshowe: frontal view and transversal proﬁle (vertical exaggeration: 3.33 x).

The shape of displacement proﬁles and displacement gradients
along faults and particularly at their tip reﬂect the extent to which
faults interact (Nicol et al., 2010). The displacement proﬁle for the
Kanda fault as a whole tends towards a characteristic elliptical
proﬁle of a single normal fault (Gupta and Scholz, 2000; Scholz and
Gupta, 2000) but is still far from a perfect ﬁt (Fig. 6). The northern
tip of the Kanda fault has a steep displacement gradient while it
bends into an NNE direction towards the Uﬁpa border fault (Fig. 4a).
This suggests some interactions with it. On its southern tip, the
Kanda fault terminates within the plateau relatively far from any
faults and does not seem to interact with the Uﬁpa border fault
(Fig. 4a). The v-shaped proﬁle at the center of the Mpui segment

corresponds to the Kipelenga Hills relay zone, but linking appears
complete and the high displacement reﬂect on the cumulating
effects of the two original overlapping segments (Fig. 4b).
The small satellite faults between the Kipelenga relay zone and
Mtiti (including the Namonka and Lowe faults) are branching from
the main fault and seem to develop in an orientation which favour
slip under the current stress ﬁeld (orthogonal to SHmax).
For all proﬁles across the Kanda fault scarp (Table 1), the slope
difference between the displaced topographic surface ranges
from 0.8 to 3.2 , with an average of 1.0 (positive sign when the
upper surface is more inclined than the lower one). A small positive
horizontal-axis rotation angle is what can be expected for a planar

Fig. 6. Displacement proﬁles for the Kanda fault system (data from Table 1, vertical exaggeration: 1200). The doted curve is the degree 2 polynomial ﬁtting to the displacement
data.
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fault displacing a concave pediplain, decreasing progressively in
slope from the mountain range towards the valley. Effectively, from
simple geometrical consideration, no rotational component
between the footwall and the hanging wall should be observed for
normal faulting along strictly planar faults, as opposed to listric
faults.
4. Ancient and recent fault-kinematics and tectonic stress
Fault-kinematic investigations of the TRM rift border faults by
Tiercelin et al. (1988), Chorowicz (1990) and Wheeler and Karson
(1994) suggest that the Lupa and Uﬁpa faults bordering the
Rukwa depression are dominated by right-lateral movements
under a strike-slip regime with a general NeS horizontal
compression. This is contrasting with their typical normal fault
scarp morphology and preliminary paleostress revision (Delvaux
et al., 1998) as with the present-day general extension deduced
from earthquake focal mechanisms (Delvaux and Barth, 2010).
Here, we provide a more complete revision of fault-kinematic data
and related paleostress inversion results based on new ﬁeld data
collection and their stress inversion in the view of a possible
polyphase brittle evolution.
4.1. Stress inversion of fault-slip data
Brittle data (fault planes with slip line and slip sense, tension
and shear fractures) have been measured at several sites along the
Kanda fault system and analysed for reconstructing paleostress
tensors with the program Win_Tensor (Delvaux, 2011), using the
procedure described in Delvaux and Sperner (2003) and derived
a.o. from Wallace (1951); Bott (1959) and Angelier (1989, 1994).
Stress inversion allows to reconstruct the 4 parameters of the
reduced tectonic stress tensor: the orientation of the three
orthogonal principal stress axes s1, s2, s3, (where s1  s2  s3)
and the stress ratio R ¼ (s2  s3) / (s1  s3) (0 < R < 1) which
expresses the magnitude of s2 relative to the magnitudes of s1 and
s3. These four parameters are ﬁrst estimated with an improved
version of the Right Dihedra method (based on Angelier and
Mechler, 1977). They are more precisely determined with an iterative rotational stress optimization which minimizes the slip
deviation between observed slip line and resolved shear stress and
favours slip on the fault planes (Delvaux and Sperner, 2003). For
shear fractures, slip along the plane is favoured by minimizing the
resolved normal stress magnitude (witch combined with the
friction coefﬁcient, impedes slip) and maximizing the resolved
shear stress magnitude. For tension fractures, the resolved normal
stress is maximized and the shear stress minimized. The data
processing involves an iterative procedure which combines stress
tensor inversion and data separation in order to eliminate
incompatible data and to group the measured dataset into subsets
when the entire dataset cannot be explained by a single stress
tensor.
The quality of the results is evaluated using the quality ranking
parameter QR for fault-slip data inversion as deﬁned in Sperner
et al. (2003). The horizontal principal stresses SHmax or Shmin are
computed using the 4 parameters of the reduced stress tensor
following the method of Lund and Townend (2007). The stress
regime index R’ is determined on the basis of the stress ratio R and
the most vertical stress axis in the forms of a continuous scale from
0 (radial extension) to 3 (constriction), with R0 ¼ R for normal
faulting regimes (0  1), R0 ¼ 2  R for strike-slip regimes (1  2)
and R0 ¼ 2 þ R for thrust faulting regimes (2  3) (Delvaux and
Sperner, 2003). The 1s standard deviations for the SHmax/Shmin
and stress regime R0 are determined using the uncertainties associated to s1, s2, s3 and R.
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In sites where multiple brittle events are suspected, we made an
initial data separation into subsets based on ﬁeld criteria and
determined their relative succession using the cross-cutting relations between faults of different generations and their geometrical
relations relative to the present-day normal fault scarps. We also
took into account the reactivation or earlier structures, but we do
not use obliquely superposed slip vectors on the same fault surface
as chronological criteria as it has been shown that slip vectors are
not always produced independently as a result of fault interaction
(Pollard et al., 1993; Cashman and Ellis, 1994; Gapais et al., 2000).
4.2. Fault-rock and brittle structures
A total of 6 sites have been studied along the trace of the active
Kanda fault scarp, in artisanal quarries near Sumbawanga, and
natural outcrops for the others. Most of them lie in mylonitic gneiss
(sites 3e7), except the northern site which is in aplitic granite (site
2). Most of them expose highly fractured fault-rock in the footwall
damage zone of the Kanda fault and evidence multi-stage brittle
faulting (Fig. 7a). The fault-rock zone can be 10 to more than 50 m
thick and consists of cohesive cataclasite with a combination of
low-angle thrust fault and high-angle strikes-slip faults. These slip
surfaces are often affected by chlorite-epidote metasomatism
(Fig. 7b) and some are covered by a reddish thin iron oxide ﬁlm
(Fig. 7c). They are interpreted as related to older faulting stages,
incompatible with the current normal faulting associated to the
fault scarp. Close to the fault scarp, the cohesive cataclasite faultrock is dissected by a series of sub-parallel high-angle slip
surfaces deﬁning fault-rock sheets that contain slip surfaces
inherited from older faulting stages. Against some fault-scarps, the
high-strain central core of the modern fault is occupied by and
irregular breccia sheet (Fig. 7d). The younger slip surfaces are ﬁlled
with incohesive cataclasite and are not coated with minerals.
The fault structure along the Lupa border fault at the Luika and
Saza falls (sites 7, 8) is similar as the one along the Kanda fault,
except that the host rock is massive granite instead of mylonitic
gneiss. The fault-rock contains numerous fractures with frequent
chlorite metasomatism. It is dissected into large sheets in parallelism to the major border fault.
4.3. Stress inversion results
Multiple faulting events are observed in most outcrops along the
Kanda and the Lupa faults (sites 2, 3, 7e9 on Fig. 2). The youngest
set of brittle structures observed in the high-strain fault core can
easily be distinguished from the old fault surfaces of the inherited
highly fractured damage zone as detailed above. Two clear fracture
subsets are evidenced at Sumbawanga along the Kanda fault (sites
2, 3). The older subset contains weakly inclined thrust to moderately inclined reverse faults with smoothed surfaces affected by
chlorite-epidote metasomatism. The younger subset has moderately to highly inclined oblique-slip to strike-slip faults. Two
subsets have also been observed in the lower Permian (Dwyka) coal
seams of the Namwele-Mkolomo coal ﬁeld (site 1), but without
a clear relative chronology. The remaining 9 sites contain only one
subset of brittle structures (sites 4e6, 10e15). Six sites (3e7, 10) are
located in mylonitic gneiss with brittle faulting overprinting the
ductile mylonitic fabric. The others are in magmatic (sites 2, 8e9, 11,
14) or in sedimentary rocks (sites 1, 12e13, 15).
The stress inversion results are reported in Table 2 and detailed
in Fig. 8. They are chronologically grouped in three large tectonic
stress stages (Figs. 9 and 10, Table 3):
 Stress stage 1 (Fig. 9a): This oldest stage is represented by 156
fractures, both low-angle (20e40 inclination) and high-angle
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Fig. 7. Fault-rock along the Kanda fault. a: Schematic structure in cross-section. b: Slickensided fault plane affected by chlorite-epidote metasomatism (site 2). c: Slickensided fault
plane coated by reddish iron-oxide (site 12). d: Recent fault scarp at site 2.

(70e90 ), and by 147 dip-slip to oblique-slip striae with strikeslip to reverse movement (sites 2, 3, 11e13). The 5 stress
tensors obtained have a transpressional to compressional
stress regime (R’ averaging 2.25) and SHmax oriented NEeSW. It
has been deﬁned chronologically in the multi-stage sites 2 and
3 along the Kanda fault. Single-stage outcrops are also attributed to this stage, in the Mbale sandstones along the
Namanyere-Kipili road (site 12), at the Kalambo falls along Lake
Tanganyika (site 13), and in the Mbozi syenite quarry (site 11).
Fractures from sites 2 and 3 along the Kanda fault are affected
by chlorite-epidote metasomatism and those at NamanyereKipili (site 12) are coated with iron oxide.
 Stress stage 2 (Fig. 9b): With 10 stress tensors in 9 different
sites, 284 slip planes and 262 slip striae, this stage is the best
represented. The fault planes are moderately to steeply
inclined (>60 ), bearing dominantly strike-slip slickenlines
(pitch angle > 45 ). The SHmax directions are NeS to NNWeSSE

and the average stress regime is strike-slip to transpressional
(R’ averaging 1.85). Along the Kanda and Lupa faults (sites 2e3,
5e7 and 8e9), the related fractures are observed inside the
fault-rock sheets which are bounded by high-angle normal
faults. They are coated with chorite-epidote along the Lupa
fault, while along the Kanda fault they are coated with iron
oxide (over older chlorite-epidote when reactivated). In
Namwele-Mkolomo (site 1), small reverse to strike-slip faults
in the coal seams give a thrust and a transtensional stress
regime, both attributed the stage 2. At Tunduma, in the Uﬁpa
shear zone (site 10), a dense system of conjugated strike-slip
faults cross cut the sub-vertical mylonitic planes, giving
a transpressional stress tensor with SHmax parallel to the foliation trend.
 Stress stage 3 (Fig. 9c): This last stage is deﬁned by 183 highangle normal faults, with a total of 103 dip-slip slip striae
recorded at 8 different sites. The SHmax directions are
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Table 2
Paleostress sites and parameters for the corresponding reduced stress tensors. N: number of fault & fracture data used for the stress tensor calculation, Nt: total number of measured data, s1, s2, s3: stress axis (pl: plunge angle,
az: azimuth), R: stress ratio, SH: horizontal principal stress directions with Max for SHmax and min for Shmin and 1s standard deviation. Regime with stress regime index R’, 1s standard deviation for R’ and regime qualiﬁcation as in
the World Stress Map (NF: normal faulting, SS: strike-slip, TF: thrust faulting), QR: quality rank (A: excellent, B: good, C: medium, D: poor).
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Fig. 8. Fault-slip data and stress inversion results. Lower-hemisphere Schmidt stereoplot of the fault-slip data subsets and corresponding stress tensor. Histogram of weighted misﬁt
function. Horizontal stress symbol as in legend at bottom. Details in Table 2 and Fig. 9aec. Bold arcs on the external circle show 1s conﬁdence regions.
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Fig. 8. (continued).

consistently oriented NWeSE parallel to the major fault trend,
except for Tamasenga (Site 4) where SHmax is more EeW. The
average stress regime is pure normal faulting (R’ ¼ 0.53). This is
consistent with the earthquake focal mechanism stress inversion results (NEeSW SHmax, R’ ¼ 0.50; data from Delvaux and
Barth, 2010). For the Kanda and the Lupa fault, this stage
corresponds to the latest movement that formed the fault-rock
sheets along the fault core, with major normal faults synthetic

to the master fault plane, minor antithetic normal faults and
strike-slip transfer faults (sites 2e4, 7 and 8e9). Site 4 at
Tamasenga shows slip lines in clay gouge at the contact
between the modern colluvial wedge and weathered fractured
basement (Fig. 7d). The fault-slip data collected by Tiercelin
et al. (1988) at the southern extremity of Lake Tanganyika
(site 15) were reprocessed to give a consistent normal faulting
regime with NEeSW extension despite the small number of

Author's personal copy

174

D. Delvaux et al. / Journal of Structural Geology 37 (2012) 161e180

Fig. 8. (continued).

Fig. 9. Maps of stress stages with major structural units and labelled paleostress sited with horizontal stresses and stress regime as in the legend. Details in Table 2 and Fig. 8. Faults
that are active during each stage are shown in bold. Then average parameters of stress stages are given in Table 3.
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Fig. 10. Synthesis of fault-slip data subsets and related stress tensors.

data. Normal faulting regime was also obtained at Sundu in
weathered gabbro along the Cameron bay (Lake Tanganyika,
site 14) but with an NWeSE extension.
Table 3
Stress stage parameters, with the total number of fracture data used (Ndata), the
number of stress tensors obtained (Ntensors), and the average horizontal compression
(SHmax) and stress regime index (R0 ).
Stress stages

Ndata

Ntensors

SHmax

R0

1:
2:
3:
3:
3:

156
284
183
11
20

5
10
7
1
1

60
169
144
124
32

2.25
1.85
0.53
0.50
0.60

Late Pan-African compression
Triassic dextral transpression
Late Cenozoic rifting, TRM trend
Focal mechanisms, TRM trend
Late Cenozoic rifting, Moreo trend

4.4. Geodynamic signiﬁcance of the tectonic stress stages
The three stress stages evidences a more than 500 Myr of brittle
tectonic evolution in the Ubende belt (Fig. 11).
Stress stage 1 is responsible for the ﬁrst brittle deformation
recorded in the Precambrian basement of the Ubende belt. It caused
dominantly trust faulting with horizontal compression at a highangle to the trend of the Ubende belt. The associated structures
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Fig. 11. Time evolution of regional stress ﬁeld in relation to known stratigraphic, volcanic and denudation events in the TRM rift segment.

affect the w750 Ma Mbozi gabbro-syenite complex (Fig. 9a, site 11)
and the mylonitic foliation along the Kanda fault (last metamorphic
overprint at 600e570 Ma in the nearby Ubende terrane) but they
do not affect the Permian sediments of the Namwele-Mkolomo coal
ﬁeld (Fig. 9b, site 1). This stage also clearly pre-dates the long
history of rifting that affected East Africa since the late
Carboniferous-Permian Karoo rifting. We relate it to an interaction
between the Tanzanian craton and the Bangweulu block during the
late stage of the Pan-African assembly of Gondwana, after the last
metamorphic overprint evidenced by Boniface et al. (2012) at
570e550 Ma.
Brittle structures from stress stage 2 are well expressed along the
main fault lines that control the architecture of the rift. These faults

now display dip-slip faulting but have been previously affected by
right-lateral wrench faulting. In Tunduma (site 10), strike-slip faults
affect the mylonitic foliation of the Uﬁpa shear zone. They also
deform the Permian rocks of the Namwele-Mkolomo coal ﬁeld (Site
1). They are related to a widespread transpressional inversion period
that affected a large part of central and southern Africa, but is still
poorly constrained in time between the later Permian and the late
Jurassic (review in Kadima et al., 2011). In the north-western
prolongation of the Ubende belt on the Congolese side of Lake
Tanganyika, the Lukuga coal ﬁeld exposes coal bearing Permian
shales and sandstones overlain in slight discordance by late Triassic
red sandstones near Kalemie (Fourmarier, 1914; Cahen and
Lepersonne, 1978). In the Congo basin, the Permian series are
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deformed by ﬂexural folding and trusting and discordantly overlain
by late Jurassic and Cretaceous (Cahen et al., 1959, 1960). Transpressional deformations have also been evidenced in various parts of
southern Africa (de Wit and Ransome, 1992), related to far-ﬁeld
stresses generated by the late Permian -early Triassic development
of the Cape Fold Belt (Ziegler, 1993; Visser and Praekelt, 1996; Trouw
and De Wit, 1999; Johnston, 2000; Delvaux, 2001; Giresse, 2005;
Viola et al., 2012). During late Carboniferous to mid-Triassic times,
the Cape Fold Belt was part of the Gondwanide passive margin
orogen that framed southern Gondwana and was related to the
Paleo-Paciﬁc subduction (Hälbich et al.,1983; Le Roux,1995; Newton
et al., 2006; Tankard et al., 2009). The Ubende belt could therefore
have been affected during the Triassic by a large dextral wrench fault
zone as proposed by Daly et al. (1992) that participated in the strain
transfer from the Cape Fold Belt to the Congo basin. This is supported
by the Triassic rapid cooling evidenced by apatite thermo chronology (van der Beeck et al., 1998).
Stress stage 3 corresponds to the most recent normal faulting
observed and is compatible with earthquake focal mechanisms.
Since the Triassic transpressional inversion (stage 2), a succession
of rifting stages span the late Cretaceous, Paleogene and Neogene
(Delvaux, 1991, 2001; van der Beeck et al., 1998; Roberts et al.,
2010). In absence of good stratigraphic constraints, stage 3 is
broadly related to the late Cenozoic to Recent rifting stage, although
the latter can be further subdivided into late Miocene e early
Pleistocene and late Pleistocene e Holocene substages (Delvaux
et al., 1992; Delvaux and Hanon, 1993). For most of the sites,
extension direction is consistently oriented NEeSW, at a high-angle
to the trend of the TRM segment. At the Cameron bay on the
western shore of Lake Tanganyika (site 14), extension direction
oriented NWeSE, at a high-angle to the trend of the Moreo and
Upemba depressions in Zambia and Katanga region of RDC (Fig. 1).
The latter are part of the newly formed incipient NEeSW trending
southewestern branch of the EARS.
5. Discussions
The goal of this study was to re-assess the geodynamic role of
the TRM rift segment in the opening of the late Cenozoic EARS. It
combines the investigation of the active fault systems to unravel
the current fault architecture and faulting dynamics, with faultkinematics and paleostress investigation to deﬁne the brittle
evolution of the Ubende belt in which the TRM segment developed.
The results show that the time dimension is crucial in understanding the geodynamics of rifting and that the pre-late Cenozoic
rift period was rich in brittle tectonic events that are still incompletely known.
5.1. Oblique versus orthogonal opening models for the TRM rift
segment
In the oblique opening model for the EARS (last update in
Chorowicz, 2005), the TRM rift segment plays a fundamental role,
acting as a dextral transfer fault system between the Tanzanian
craton and the Bangweulu block. This model is based initially on
a remote sensing interpretation of the fault architecture and was
later supported by fault-kinematic data and tectonic stress reconstructions. An important argument in this model is provided by the
Rukwa depression which is interpreted as a pull-apart basin
because it is deep, long and narrow, bounded by straight border
faults and apparently terminated to the NE by a normal fault curved
in plan view as interpreted from remote sensing.
In our view, however, the Rukwa basin appears as a typical rift
basin bounded by normal faults. The straight pattern of the border
faults is largely inherited from basement weakness zones
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(Theunissen et al., 1996) and an earlier strike-slip brittle stage (this
work). The proposed curved normal fault at the NE extremity of the
basin corresponds to the base of the Ilyandi sandy ridge (Fig. 2),
a paleo-shore line of former high stands of Lake Rukwa during wet
climates when it was overﬂowing into Lake Tanganyika (Delvaux
et al., 1998; Kervyn et al., 2006). The fault-kinematic data used to
demonstrate the strike-slip setting of the TRM by previous authors
have been collected and used without sufﬁciently consideration for
the multi-stage character of the border faults. Our work conﬁrms
that strike-slip faulting is dominant along the major rift border
faults, but shows that it reﬂects older tectonic events, unrelated to
the late Cenozoic period. Instead, the youngest brittle stage recorded is of normal faulting regime. All this consistently point to an
orthogonal opening of the Uﬁpa plateau and Rukwa depression
under normal faulting during the late Cenozoic development of the
EARS.
5.2. Strike-slip versus normal active faulting architecture and
implications
The detailed fault architecture and segmentation in the Uﬁpa
plateau is typical for normal fault systems, with relay ramps, curved
terminations and satellite faults. They are composed of a series of
normal fault segments that interact with each other. Probably
guided by structural weaknesses, they evolved by merging into
larger fault systems (Uﬁpa-Kwera, Kanda and Kalambo-Mwiumbi)
that are still incompletely linked. In this view, the Kanda fault
system is particularly important as it is suspected to have generated
the M 7.4 2010 Sumbawanga earthquake. A strike-slip fault with
such a sinusoidal outline in plan view would have a markedly
different pattern, with releasing and restraining bends developing
at discontinuities or zones of abrupt changes in fault orientation
(Christie-Blick and Biddle, 1985; Sylvester, 1988). Horsetail splays
are also forming along strike-slip faults but similar structures can
appear in plan view in association to normal faults (Marchal et al.,
2003). No lateral offset of the drainage systems is observed across
the fault scarps.
5.3. Pre-rift brittle tectonic history of the Ubende belt
A long and complex pre-Cenozoic tectonic history during the
Phanerozoic was already suspected (Klerkx et al., 1998; Delvaux,
2001), but the brittle faulting stages had not yet been investigated in terms of fault-kinematics and paleostress. The two pre-late
Cenozoic brittle stages evidenced in this work (the low-angle
thrusting and the high-angle wrench faulting) complete the
tectonic history of the Ubende belt. However, other tectonic events
occurred before the development of the EARS and are not represented in our brittle structures (Fig. 11): the Permian rifting and
Triassic post-rift extensional events that controlled the deposition
of the Karoo sedimentary sequences (Catuneanu et al., 2005) and
the Cretaceous and Paleogene rift sedimentation and carbonatitic
magmatism in the Rukwa rift (Dypvik et al., 1990; Kilembe and
Rosendahl, 1992; Morley et al., 1992; Mbede, 1993; Roberts et al.,
2010). It therefore appears that compressional events are better
recorded by brittle structures, while extensional events are marked
by sedimentation and magmatism.
5.4. Basement tectonic control and repeated reactivations
The three brittle faulting stages that developed in the Uﬁpa
plateau and adjacent basins reactivated long-lived tectonic lines of
the Ubende belt that bound or affect the tectonic terranes of the
Ubende belt. During late Cenozoic rifting, the terrane bounding
shear zones controlled among others the development of the Uﬁpa
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border fault and the Kalambo-Mwimbi fault system. Inside the
crustal blocks, mylonitic zones are also reactivated as seen in most
outcrops along the Kanda fault system. The latter reactivates
a tectonic line that extends further to the northeast, control the
structure of the Namwele-Mkolomo coal ﬁeld and connects to the
Mtose fault (Fig. 2a, b).
The degree of control of brittle fracture orientation by the
basement mylonitic foliation depends on the stress stages (Fig. 10).
The minor faults for stress stage 3 and the earthquake focal planes
follow strictly the orientation of the foliation. For the stress stage 2,
this tendency is less well expressed, with a large number of faults
that tend to develop as conjugated neoformed fractures across the
foliation. The fractures related to stress stage 1 seem not inﬂuenced
by the strike of the pre-existing foliation, probably because they are
weakly inclined while the foliation is steeply inclined.
5.5. Tectonic inversions and stress ﬁeld ﬂuctuations
The presence of recent tectonic inversions during the late
Cenozoic has been evidenced in the two branches of the EARS, in
the rift lakes (Morley et al., 1999) and on-land (Delvaux et al., 1992;
Ring et al., 1992; Le Gall et al., 2005). Despite the observation by
Morley et al. (1992, 1999) of possible inversion structures in the
seismic proﬁles of the Rukwa rift, we do not observe recent strikeslip movements in the Uﬁpa plateau nor along the border faults of
the Rukwa basin. Conversely, further south, in the triple junction
between the two branches of the EARS in the Rungwe volcanic
province (Fig. 2), recent strike-slip movements are observed in
Quaternary sediments and volcanics (Delvaux et al., 1992, 1998;
Ring et al., 1992; Fontijn et al., 2010) and are also indicated by
focal mechanisms (Delvaux and Barth, 2010). This shows that stress
ﬁeld in the EARS ﬂuctuates laterally, possibly in response to rift
segment interaction.
5.6. Stress re-orientations in the Ubende belt
In a recent paper, Morley (2010) examined the possible reorientation of rift-related stress ﬁeld by a weak basement fabric
in the EARS using the focal mechanism data and stress inversion
results of Delvaux and Barth (2010). He concluded that the
pronounced fabric of the Ubende belt in the TRM rift segment could
constitute a crustal-scale weak zone acting as a stress guide that reorient the SHmax stress trajectories parallel to it, inducing almost
pure dip-slip extension across normal faults that reactivate the
weak fabric. Our paleostress results for the recent (rift-related)
stage support this concept, and further suggest that it could also be
valid for the pre-rift brittle stages. The SHmax trajectories for the
Triassic transpressional inversion tend to be aligned with the trend
of the Ubende belt while those for the late Pan-African compressional event are orthogonal to it. According to Morley (2010), SHmax
trajectories tend to be deﬂected towards parallelism with a relatively weak vertical fabric, while they align perpendicular to zones
of relatively stiff material. This suggests that the Ubende belt was
weaker than the surrounding regions during the transpressional
inversion stage and stiffer during the late Pan-African compressional stage. It is consistent with the idea that the Pan-African
brittle compression is the ﬁrst brittle event that affected the
metamorphic fabric of the Ubende belt while the Triassic transpressional inversion affected the Ubende belt which was already
weakened by the ﬁrst brittle stage.
6. Conclusions
We revised the tectonic signiﬁcance of the TRM segment of the
East African rift on the basis of a detailed structural analysis along

the major fault systems in the Uﬁpa plateau and adjacent Rukwa
depression in Western Tanzania. The active fault architecture, faultkinematic and earthquake focal mechanism data and related
tectonic stress inversion results show consistently that extension
occurs sub-orthogonal to the NWeSE rift trend in a normal faulting
regime. This validates the orthogonal opening model for the TRM
rift segment and invalidates the oblique opening of the TRM rift
segment with the Rukwa depression as a pull-apart basin in
a dextral transfer fault zone.
We also evidenced the presence of two brittle regimes that predates the late Neogene development of the East African rift in this
region. The oldest occurred before the late-Carboniferous and
results from the interaction between the Bangweulu block and the
Tanzanian craton during the late stages of the Pan-African orogeny.
It is characterized by eastwards thrusting with compression suborthogonal to the trend of the Ubende belt (and future TRM rift
segment).
The youngest brittle stage (transpression with dominantly NeS
SHmax) affects the Permian rocks in the Uﬁpa plateau and seem to
pre-date the deposition of the Cretaceous sediments in the Rukwa
depression. It is the best expressed brittle stage, causing rightlateral movements along the major rift border faults and within
the Kanda fault in the Uﬁpa plateau. The brittle fractures from this
stage have been interpreted by some authors as representing the
current rifting stage, leading to the false conclusion that the TRM
rift segment forms a dextral transfer boundary between the Tanzanian craton and Bangweulu block during the opening of the East
African rift system. In our current view, this NeS transpression and
related dextral movements are of Mesozoic (possibly Triassic) age,
poorly constrained between the Permian and Cretaceous, in
response to far-ﬁeld stresses possibly generated at the southern
passive margin of Gondwana. As a consequence, the TRM segment
may effectively act as a dextral transfer fault zone but during the
Mesozoic rather than during the late Cenozoic development of the
EARS.
The active faults network in the Uﬁpa plateau and its transition
with the Rukwa depression present typical pattern of an array of
normal faults segments linked into fault systems (Kanda and
Kalambo-Mwimbi) or in relay ramps (Kwera). All these faults affect
the laterite-capped etchplain surface of the Uﬁpa plateau, undated
but likely of late Pleistocene age. They present signiﬁcant potential
for large earthquake as is shown by the occurrence of the Ms 7.4,
1910 earthquake near Sumbawanga.
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