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Abstract--The N-S-trending Late Proterozoic Mozambique Belt in western Kenya is characterized by steep E- 
dipping foliation, generated during orogen-parallel shearing in sinistral ductile shear zones (Barsaloian event, 
-580 Ma). During the final stages of orogenic evolution, two NW-trending brittle sinistral fault zones, crossing 
the present Elgeyo Escarpment, were active (Loldaikan event, 580-530 Ma). One of these fault zones generated 
well-developed pseudotachylytes that are described in detail. A later dextral reactivation of the two fault zones is 
related to the latest event (Kipsingian event, 530-470 Ma) of the Mozambique orogeny. Petrological, geophysical 
and geological data show that the Kenya Rift follows the trace of an important crustal boundary between the 
Archean Tanzania Craton and the Proterozoic Mozambique Belt. Miocene extensional reactivation of the steep 
E-dipping 'Barsaloian' foliations at the Elgeyo and Nguruman Escarpments led to the formation of asymmetric 
rift basins bounded by E-dipping normal faults along the western rift margin. The brittle fault zones at the Elgeyo 
Escarpment, trending obliquely to the basement foliation are responsible for segmentation of the Elgeyo border 
fault and the abrupt change in the orientation of the northern Kenya Rift. 

INTRODUCTION 

INHERITED crustal anisotropies are zones of weakness that 
often play an important role in guiding deformation 
during early rifting (Burke & Dewey 1973, Zoback & 
Zoback 1980, Cheadle etal.  1987, Daly etal.  1989, Smith 
& Mosley in press). For the majority of African rifts it has 
been shown that strike-slip and reverse faults within 
Proterozoic orogenic belts were reactivated during Pha- 
nerozoic rifting and influenced the location of rifts, rift 
propagation and the geometry of rift bounding faults 
(Chorowicz 1989, Daly et al. 1989, Fairhead & Green 
1989, Versfelt & Rosendah11989). The East African Rift 
System (Fig. 1) broadly follows the trend of Proterozoic 
orogenic belts and is divided into a western and an 
eastern branch (McConnell 1972). The eastern branch 
follows the approximately N-S-trending Late Protero- 
zoic Mozambique Belt in Kenya (McConnell 1972). 

The location and the asymmetry of the Kenya Rift 
with generally E-dipping faults along the western rift 
margin indicates an intimate relationship between rift 
trend, fault geometry and pre-existing crustal structures. 
Well-exposed basement sections along the western mar- 
gin of the Kenya Rift and a reflection of basement trends 
in the orientation of the rift make this region an excellent 
site to study the possible influence of basement struc- 
tures on rifting. 

The purpose of this paper is: (1) to relate the observed 
late orogenic deformation patterns in the Mozambique 
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Belt to the various tectonothermal events that have been 
established for north-central Kenya; (2) to decipher the 
style and kinematics of the structures in the basement 
rocks along the western rift margin; (3) to show the 
influence of basement structures with respect to Ceno- 
zoic rifting; and (4) to differentiate Proterozoic and 
Cenozoic structures in the basement, The investigations 
were conducted along the western rift margin along the 
Elgeyo and the Nguruman Escarpments (Fig. 1) because 
of the close vicinity of basement rocks and Cenozoic rift- 
bounding faults. 

THE EVOLUTION OF THE MOZAMBIQUE BELT 

The Mozambique Belt is interpreted as the result of 
Tibetan-style continent-continent collision between 
West Gondwana (Archean Tanzania Craton) and East 
Gondwana (Burke & ~eng6r 1986, Shackleton 1986, 
Key et al. 1989, Berhe 1990). Shackleton & Ries (1984) 
and Shackleton (1986) suggested that collision with 
NW-SE relative plate motions was followed by a stage 
of post-collisional ductile shearing parallel to the plate 
boundaries. Detailed studies of Proterozoic rocks in 
north-central Kenya define six tectonothermal events 
for the evolution of the Mozambique Belt between 900 
and 470 Ma (Key et al. 1989). 

The progressive Samburuan  and Sabachian ( -830 
Ma) tectonothermal events account for subhorizontal 
gneiss foliations and recumbent folding (Charsley 1987, 
Key et al. 1989). While Key et al. (1989) reported SE- 
directed thrust faulting for the Sabachian event W- 
vergent thrusts are documented in regions west and 
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Fig. 1. Generalized geological map of Kenya with Cenozoic rift structures and major escarpments (Nguruman, Mau and 
Elgeyo). Inset shows location within East African Rift system. (N.R.) Nyanza Rift, Cenozoic cover rocks not shown (after 

Cahen et al. 1984, Shackleton 1986, Geological map of Kenya 1987, Key et al. I989). 

northwest of the Elgeyo and Nguruman Escarpments 
(Sanders 1963, 1965, Vearncombe 1983). Mineral 
assemblages indicate upper amphibolite- to granulite- 
facies conditions during these events. A considerable 
time interval separates the Sabachian from the sub- 
sequent post-collisional Baragoian  (-620 Ma) and Bar- 
saloian (-580 Ma) events. In the Mozambique Belt of 
Tanzania, U-Pb age determinations on zircons yielding 
an age of 715 Ma fall into this time interval and are 
interpreted to date granulite-facies metamorphism 
(Maboko et al. 1985) in the course of collision-related 
thickening and uplift. The Baragoian and Barsaloian 
amphibolite-facies events were characterized by pro- 
gressively tighter folding and transposition of shallow 
dipping fabrics into N-S- to NNW-SSE-trending and 
steep E-dipping fabrics. The Barsaloian event culmi- 

nated in orogen-parallel strike-slip faulting along major 
ductile shear zones (Key et al. 1989, Mathu 1992). 

The ductile events were outlasted by brittle defor- 
mation with pronounced sinistral strike-slip faulting 
along NW-SE-trending fault zones in the L o l d a i k a n  

(580-530 Ma) tectonothermal event (Charsley 1987, 
Key et al. 1989). These fault zones also affected the 
cratonic foreland of the Mozambique Belt. This is shown 
by the Aswa shear zone (Fig. 1) which separates unde- 
formed Archean rocks in the west from areas character- 
ized by W-vergent thrusts in the east (Sanders 1965). 
Open, asymmetric warps, trending roughly E-W, and 
N-S-directed compression at high tectonic levels are 
related to the Kipsingian (530-470 Ma) event which 
represents the final phase of isostatic uplift within the 
Mozambique Belt (Charsley 1987, Key et al. 1989). 
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THE BASEMENT ROCKS AT THE ELGEYO AND 
NGURUMAN ESCARPMENTS 

Lithology 

The basement rocks at the Elgeyo Escarpment consist 
of a wide variety of rock types. Two main types of 
gneisses occur but gradations between the two types are 
common. In addition, a basic granulite is present at the 
Elgeyo Escarpment east of Tambach and marbles are 
located further north close to Anin (Fig. 2). At the 
Nguruman Escarpment only felsic gneisses occur and 
contain abundant quartz, alkali feldspar and muscovite 
with variable amounts of biotite, plagioclase and sphene 
(Baker 1958). 

Quartz-feldspar gneisses are the dominant rocks in the 
basement at the Elgeyo and Nguruman Escarpments. At 
the Elgeyo Escarpment they consist mainly of medium- 
grained quartz, perthitic alkali feldspar and minor 
amounts of plagioclase. Additionally, small amounts of 
orthopyroxene or clinopyroxene occur as strongly 
altered relics in some of these felsic gneisses. Most of the 
pyroxenes are replaced by medium-grained green horn- 
blende. Fine-grained biotite is quite common and some- 
times biotite has replaced hornblende. 

Hornblende gneisses at the Elgeyo Escarpment con- 
tain medium-grained plagioclase, green hornblende, 
garnet, and usually minor amounts of quartz, perthitic 
alkali feldspar and biotite. Green hornblende formed at 
the expense of orthopyroxene and clinopyroxene which 
are common as relics in small amounts. At the escarp- 
ment mafic boudins of several meters length occur 
within the quartz-feldspar gneisses. They contain abun- 
dant garnet and clinopyroxene together with orthopyr- 
oxene, plagioclase and hornblende. The clinopyroxenes 
are mantled by orthopyroxene + plagioclase whereas 
the garnets have been partially replaced by symplectites 
consisting of orthopyroxene and plagioclase. 

The basic granulite body east of Tambach (Fig. 2) 
shows complex symplectite-like textures and a mineral- 
ogy that differs from all the other gneisses. Major 
constituents are garnet, clinopyroxene, orthopyroxene, 
amphibole and plagioclase. Spinel, rutile, zirkon, ilmen- 
ite and sapphirine occur as accessories. The symplectites 
include plagioclase, orthopyroxene and small amounts 
of spinel and sapphirine. 

Coarse-grained marbles with minor amounts of 
quartz, feldspar, diopside and sphene occur only along 
the northern sections of the Elgeyo Escarpment (Fig. 2). 

Metamorphic history 

Evidence for the early metamorphic history of the 
basement is preserved by the textures in the boudins of 
basic composition indicating the reaction garnet + clino- 
pyroxene + quartz = orthopyroxene + plagioclase. The 
orthopyroxene-plagioclase-spinel symplectite in the 
granulite body at Tambach results from the reaction 
garnet = orthopyroxene + plagioclase + spinel. The 
absence of quartz indicates a more silica-deficient en- 

vironment (Harley 1989). Both reactions have been 
described to indicate an ITD path (=isothermal decom- 
pression) in the granulite facies (Harley 1989). Rare 
sapphirine may have replaced kyanite by reactions simi- 
lar to those described by Johansson & M611er (1986). 

Comparable reaction textures in the hornblende 
gneisses and the granulite body indicate that the granu- 
lite body at Tambach underwent granulite-facies meta- 
morphism together with the gneisses. The transition 
from granulite-facies to amphibolite-facies conditions is 
indicated by the appearance of green hornblende and 
biotite in both the quartz-feldspar and the hornblende 
gneisses. The availability of water during these retro- 
grade reactions was possibly enhanced by the principal 
deformation event that mainly occurred during the 
amphibolite-facies conditions. Further retrogression 
was responsible for local sericitization of feldspars, 
which is most common near the two brittle fault zones of 
Tambach and Anin. 

Ductile deformation 

The intensity of the ductile deformation of the 
gneisses is dependent upon the quartz content of the 
rock. Lithologies rich in quartz are much more de- 
formed than the other rock types. The granulite body 
near Tambach is undeformed. It is interpreted to have 
been emplaced in the gneisses during collision-related 
reverse faulting with later dismemberment during 
strike-slip faulting (see below). In the hornblende 
gneisses the foliation is only weakly developed and 
results from the compositional layering between layers 
with varying abundance in mafic minerals. The poorly 
developed stretching lineation is formed by hornblende 
crystals with a weak preferred orientation. 

The foliation and stretching lineation at the Elgeyo 
and Nguruman Escarpments is well developed in the 
mylonitic quartz-feldspar gneisses. At the Elgeyo 
Escarpment the foliation strikes NNE to NNW and dips 
steeply to the east (Fig. 2). An abrupt change in the 
trend of the foliation occurs at 0°33'N at the intersection 
of the NW-SE-striking brittle Tambach fault zone (Fig. 
2). North of the Tambach fault zone the foliation strikes 
N to NNE and the stretching lineation has a shallow S to 
SSE plunge (Fig. 3a). South of the fault zone the 
stretching lineation also has a shallow plunge to the SSE, 
while the foliation strikes NNW (Fig. 3b). At the Nguru- 
man Escarpment the foliation strikes N-S and dips 
steeply to the east. The stretching lineation plunges to 
the SSE (Fig. 3c). 

The well-developed mylonitic foliation comprises 
layers abundant in quartz or feldspar alternating with 
thinner layers rich in biotite, hornblende and pyroxene. 
The foliation planes are defined by grain boundaries of 
quartz and feldspar as well as by the preferred orien- 
tation of biotite, hornblende and to a lesser extent 
pyroxene. The foliation contains a pronounced stretch- 
ing lineation comprised of quartz ribbons up to 3 cm 
long. Each ribbon consists of large elongate grains with 
well-developed subgrain boundaries indicating syntec- 
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tonic recovery during relatively, high temperatures 
(Schmid & Handy 1992). In addition to the quartz 
ribbons fine-grained elongate biotite flakes and horn- 
blende constitute the stretching lineation. The biotites 
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Fig. 2. Geologic  map of the Elgeyo Escarpment, northern Kenya Rift (after Lippard 1972, Chapman e t  al .  1978, and 
authors' own observations). Dextral sense of movement along NW-striking faults corresponds to the latest event during 
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Fig. 3. Lower-hemisphere equal-area projections of foliation and stretching lineation (a-c), pseudotachylyte fault veins 
(d), and slickensides with striations (e-g). (a) Elgeyo Escarpment north of Tambach. (b) Elgeyo Escarpment south of 
Tambach. (c) Nguruman Escarpment. (d) Pseudotachylyte fault veins in the Tambach fault zone. (e) Sinistral slickensides 
with striations in the Tambach fault zone. (f) Dextral slickensides with striations in the Tambach fault zone. (g) Foliation- 
parallel slickensides with striations indicating dip-slip reactivation during rifting at the Elgeyo Escarpment east of Tambach. 
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peratures can also be deduced from partial static recrys- 
tallization of quartz. 

The preferred orientation of biotite and hornblende 
as well as the syntectonic recovery of quartz show that 
the main deformation event occurred under amphibolite 
facies conditions. Preferably oriented pyroxenes are 
rare and may indicate the onset of ductile deformation in 
the granulite facies. It is assumed that the decreasing 
temperature during the deformation is responsible for 
the partial preservation of the syntectonic fabrics. 
Although the static recrystallization has affected the 
fabrics of the gneisses considerably microkinematic indi- 
cators are still recognizable. Biotite 'fish', S-C  fabrics 
and asymmetric porphyroclasts of feldspar and pyrox- 
ene indicate that the basement was deformed by left- 
lateral shearing (Figs. 4a & b). Steep dips and shallow to 
moderately plunging stretching lineations in the gener- 
ally N-S-trending foliation are compatible with major 
ductile shearing parallel to the orogen in a strike-slip 
regime. The lenticular shape of the undeformed granu- 
lite body at Tambach may result from the competence 
contrast between the granulite and the gneisses during 
this major ductile shearing event. The steeply-dipping 
contacts between the granulite body and the surround- 
ing gneisses, as well as the dismemberment of this small 
granulite slice are interpreted as additional indicators of 
strike-slip faulting subsequent to collision. 

The observed structures and fabrics are similar to the 
observations by Key et al. (1989) in the eastern parts of 
the Mozambique Belt of Kenya. These authors de- 
scribed major N-S-striking ductile shear zones in the 
Barsaloian (-v580 Ma) event during amphibolite-facies 
conditions. Shackleton & Ries (1984) interpreted N-S- 
to NNW-SSE-trending stretching lineations in central 
Kenya to indicate N-S-directed relative motion parallel 
to the plate boundaries. South-southeast-trending 
stretching lineation observed at the Elgeyo and Nguru- 
man Escarpments as well as shear sense indicators show 
that the Barsaloian event ( -580 Ma) was characterized 
by left-lateral strike-slip tectonics parallel to the orogen. 
A roughly N-S-oriented relative motion between the 
Tanzania craton and East Gondwana can thus be in- 
ferred. 

Collision-related strike-slip motion due to 'tectonic 
escape' is a general process in continental evolution and 
was also proposed for the Pan-African of NE and E 
Africa (Burke & ~eng6r 1986). The greenschist assem- 
blages of volcano-sedimentary sequences and associ- 
ated ophiolite complexes comprising the Arabian- 
Nubian Shield have been interpreted as a wedge of 
accreted oceanic island-arc material (e.g. Vail 1983). 
Subduction of the last remnants of oceanic crust in the 
Arabian-Nubian Shield was completed at around 500 
Ma (Gass 1981). We suggest that the N-S-trending 
Barsaloian shear zones may reflect the tectonic escape of 
thickened Mozambique Belt crust along the Tanzania 
Craton towards the Arabian-Nubian Shield. The 
required sinistral motions in such a scenario would have 
been accommodated by the Barsaloian shear zones at 
the western margin of the Mozambique Belt. 

Brittle deformation 

Apart from the important regional ductile defor- 
mation, there are numerous brittle fault zones that 
traverse the Mozambique Belt basement in NE Africa 
(Berhe 1990). In general, these fault zones are oriented 
NW-SE. Along the Elgeyo Escarpment the Tambach 
and the Anin fault zones are the most prominent (Fig. 
2), although there are numerous other fault zones that 
intersect the more or less meridianally trending foliation 
in the Mozambique Belt of Kenya (Smith & Mosley in 
press). These subvertical fault zones are often associated 
with pseudotachylyte veins (Charsley 1987, Smith & 
Mosley in press) that document important palaeoseismic 
activity (Sibson 1975, 1989). The best developed 
examples of pseudotachylytes are found in the Tambach 
fault zone. 

Tambach fault zone. The black pseudotachylytes in 
the Tambach fault zone occur in a host rock comprised 
of alternating layers of hornblende and quartz-feldspar 
gneisses. The layers are between 1 cm and several 
meters thick and the pseudotachylytes occur in both 
lithologies. The up to 3 cm wide pseudotachylyte fault 
veins are recognizable with lengths between a few centi- 
metres to more than 1 m. They are subvertical and strike 
uniformly NW-SE, i.e. parallel to the fault zone and 
oblique to the foliation (Fig. 3d). Injection veins also 
occur, but are much smaller and often change their trend 
abruptly. The geometry of pseudotachylyte fault and 
injection veins as well as the foliation is schematically 
illustrated in Fig. 6(a). 

The pseudotachylytes contain between 10 and 25% 
porphyroclasts comprised of almost exclusively quartz, 
alkali feldspar, plagioclase and only minor amounts of 
pyroxene, hornblende and biotite. The pseudotachylyte 
matrix is mainly made up of plagioclase microlites up to 
20/~m long, which commonly nucleated on plagioclase 
porphyroclasts (Fig. 4c). Flow structures (Fig. 4d) and 
microlites clearly indicate a melting origin (e.g. Phil- 
potts 1964, Maddock 1986). Microlites are usually ab- 
sent in thin veins and marginal contact zones with the 
host rock. In this case the pseudotachylytes consist of 
fine-grained rock-powder of cataclastic origin (Fig. 6b). 

The host rock of the pseudotachylytes contains 5-10% 
biotite (quartz-feldspar gneiss) and 20-25% hornblende 
(hornblende gneiss). The scarcity of these hydrous mafic 
minerals in the pseudotachylytes strongly suggests that 
the minerals were readily assimilated during the melting 
process due to their low shear yield strength and their 
low fracture toughness (Spray 1992). Thus the pseudo- 
tachylyte melt should have contained considerable 
amounts of water. A water content of at least 3% in the 
solidified pseudotachylytes is indicated by the sums of 
the major element oxides in the electron microprobe 
analyses of the pseudotachylyte matrix which fluctuate 
between 94 and 97% (Hetzel 1992). 

The pseudotachylytes contain no vesicles. Lithostatic 
pressure was therefore high enough to prevent exsolu- 
tion of a vapour phase from the melt. Sibson (1975) 
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Fig. 5. (a) Large slickenside, lunate fractures (L) and Riedel shear planes (R), defining sinistral sense of shear, Tambach 
fault zone. Arrow shows movement direction of missing block. (b) Anastomosing subvertical tension fractures refracted at 

foliation discontinuities (black arrows) in gneisses at the Nguruman Escarpment. 
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estimated a minimum depth of 2 km for the formation of 
pseudotachylytes without vesicles generated in an 
amphibolite-facies gneiss with a water  content of 1-2%. 
Maddock et al. (1987) calculated a palaeodepth of 1.6 
km for pseudotachylytes containing 3% vesicles in a host 
rock of tonalitic gneiss with roughly 0.5% H 2 0  and 
0.2% CO2. For these reasons a minimum depth of at 
least 3 km is a reasonable estimate for the generation of 
the Tambach pseudotachylytes. 

Field observation and inspection of thin sections show 
numerous sinistral shear bands that are always subparal- 
lel to pseudotachylyte fault veins (Fig. 6b). The shear 
bands do not offset pseudotachylyte fault veins, which 
suggests a coeval origin. The shear bands contain large 
amounts of biotite and ore indicating lower greenschist- 
facies metamorphism.  This excludes a near-surface for- 
mation of the shear bands and the associated pseudo- 
tachylytes. In fact, the stable growth of biotite and ore 
suggests that the minimum depth estimate of 3 km for 
the generation of the pseudotachylytes may be far too 
shallow and a depth of - 5 - 8  km is a more appropriate  
value. 

Fig. 6. (a) Sketch of the geometric relationships between foliation, 
pseudotachylyte fault veins, and injection veins at the Tambach fault 
zone. (b) NW-SE-striking pseudotachylyte fault vein. Lower part of 
sketch shows pseudotachylyte fault vein with cataclastic matrix (black) 
and matrix related to melting (stippled). For comparison see Fig. 4(c) 
& (e). In the centre a sinistral shear band is associated with biotite 

(hachures), ore (black) and Fe oxides (dots). 

Two generations of slickensides with subhorizontal 
striations occur in the NW-striking Tambach fault zone. 
The first group of slickensides (Fig. 3e) has only poorly 
developed striations due to yel low-brown fine-grained 
gouge zones several millimetres thick. Riedel shears 
with associated lunate and crescentic fractures (e.g. 
Petit 1987) indicate a sinistral sense of shear (Fig. 5a). 
The sinistral slickensides are interpreted as the result of 
fault movements  during aftershocks of the large earth- 
quakes that generated the pseudotachylytes. The energy 
released by these aftershocks produced the fine-grained 
gouge on the slickensides but was too small to cause 
melting. Thus pseudotachylytes,  shear bands and sinis- 
tral slickensides have a cogenetic relationship and are 
the result of seismic processes along the NW-SE-  
striking Tambach fault zone 

The formation of NW-SE-trending fault zones in the 
Loldaikan (580-530 Ma) event (Charsley 1987) and 
associated greenschist-facies metamorphic  conditions 
(Key et al. 1989) suggest that the Tambach fault zone 
was initiated at this time. Charsley (1987) pointed out 
that due to the lack of interference structures between 
Barsaloian and Loldaikan structures, these two events 
are likely to be contemporaneous.  At the EIgeyo 
Escarpment ,  however,  the ductile deformation during 
the Barsaioian event and the brittle deformation associ- 
ated with the Loldaikan event are clearly separate in 
time. This indicates that the two events followed each 
other during the uplift of the Mozambique Belt in this 
part  of Kenya. 

In contrast to the first group of slickensides associated 
with the pseudotachylytes, the slickensides of the second 
group in the Tambach fault zone show more variable 
trends (Fig. 3f). The subvertical slickensides are 
younger and are not associated with gouge layers. 
Microkinematic indicators document  dextral displace- 
ments. North-south-directed compression at high tec- 
tonic levels has been described for the Kipsingian (530- 
470 Ma) event (Key et al. 1989). As no disruption of 
Cenozoic strata is visible in the vicinity of the Tambach 
fault zone these dextral movements  are presumed to be 
related to this last event in the Mozambique Belt evo- 
lution (see below). 

A n i n  fau l t  zone.  The tectonic evolution of the fault 
zone near Anin at 0°41'N (Fig. 2) provides further 
evidence for the two distinct late-stage deformation 
events. The Anin fault zone juxtaposes hornblende 
gneisses and marble. In the fault zone numerous gneiss 
and quartzite clasts from a few centimetres to several 
metres in diameter  occur in a ductiley deformed matrix 
of pink marble. The ductile deformation of the marbles 
indicates temperatures  of at least 200-300°C for this 
event (Heard & Raleigh 1972, Carter & Tsenn 1987). 

We suggest that this first deformation also occurred in 
the Loldaikan event. The temperatures  during lower 
greenschist-facies conditions allowed the marbles to 
'flow' in a ductile manner ,  whereas the gneisses experi- 
enced brittle deformation.  In contrast, in the gneiss- 
dominated Tambach fault zone this deformation event 
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led to the formation of pseudotachylytes. Analogous to 
the later deformation in the Tambach fault zone, the 
Anin fault zone was reactivated by movements that 
produced subhorizontal striations in the marbles. Riedel 
shear planes and slickensides suggest right-lateral 
motion for these movements. 

Similar to the dextral strike-slip deformation at Tam- 
bach, brittle deformation at Anin is also interpreted to 
have taken place during the Kipsingian (530--470 Ma) 
event. The brittle nature of the second deformation in 
the marble shows that movements probably took place 
under near-surface temperature conditions, and that it 
was definitely separate in time from the left-lateral 
movements that had created the two fault zones in the 
Loldaikan (580-530 Ma) event. The NW-SE-trending 
fault zones thus acted as zones of weakness guiding late- 
stage deformation in the Mozambique Belt evolution 
under a changed stress-field. 

INHERITED ANISOTROPIES AND THE 
CENOZOIC KENYA RIFT 

Brief history of  the Kenya Rift 

The Mozambique Orogeny was followed by a period 
of cooling, exhumation and erosion, which finally 
resulted in a peneplain (Saggerson & Baker 1965, 
Wagner 1992). In Neogene time the region was affected 
by volcanism and normal faulting in the course of active 
continental rifting in the eastern branch of the East 
African Rift system. Between 15 and 7 Ma half-grabens 
were initiated at the western boundary faults along the 
Elgeyo, Mau and Nguruman Escarpments (Lippard 
1972, Crossley 1979, Baker et al. 1988). These move- 
ments occurred after widespread basalt and phonolite 
eruptions (e.g. Uasin Gishu Phonolites) that covered 
pre-rift Miocene sediments (e.g. Tambach Sediments) 
(Baker et al. 1971, Chapman et al. 1978). Continuing 
volcanic eruptions filled the initial half-graben between 
7 and 5.6 Ma (e.g. Kabarnet Trachytes) before antithetic 
segmentation of the eastern monoclines followed in the 
east (Baker etal. 1988, Strecker 1991). The overall trend 
of the Kenya Rift and its relationship to basement 
anisotropies on both regional and local scales shows the 
importance of pre-existing crustal and lithospheric struc- 
ture for the rifting process. A close relationship between 
rift bounding faults and basement structures is well 
illustrated along the Elgeyo and Nguruman Escarp- 
ments. These two regions are thus excellent sites in 
which to evaluate the influence of inherited anisotropies 
on Cenozoic rift faulting. 

Petrological indications 

On a regional scale, the vicinity of the Tanzania 
Craton to the west suggests an important deep-rooted 
crustal transition in the region of the Kenya Rift. Pick- 
ford (1982) and Smith & Mosley (in press) suggest that 
the rift location coincides with the eastern limit of the 

underthrust Tanzania Craton. The position of the cra- 
tonic margin is delineated by the occurrence of 
nephelinite-carbonatite volcanics, which are only found 
in areas with cratonic basement west of the rift (Smith & 
Mosley in press). According to Ashwal & Burke (1989), 
the different types of volcanism between the stable 
Tanzania Craton and the Mozambique Belt may be a 
function of compositional differences in the lithospheric 
mantle under these regions. They suggest that during 
Tibetan-style continental collision the depleted litho- 
spheric mantle under the Mozambique Belt was delami- 
nated and replaced by fertile asthenospheric mantle. 
With the onset of the Cenozoic thermal perturbation 
under East Africa the regions with fertile lithospheric 
mantle reacted favourably to thermal thinning of the 
lithosphere and generated large volumes of melt, which 
in turn led to widespread bimodal volcanism (Baker et 
al. 1971, Williams 1982). In contrast, the cratonic areas 
with depleted mantle lithosphere remained largely un- 
affected and caused negligible nephelinite-carbonatite 
volcanism (Smith & Mosley in press). 

The notion of a deep crustal boundary in the vicinity 
of the Cenozoic rift is also supported by the ITD-path of 
the granulite-facies gneisses at the Elgeyo Escarpment. 
The simplest geological history resulting in the observed 
ITD-path would have involved an initial stage of crustal 
thickening associated with collision and subsequent 
heating due to thermal relaxation (e.g. England & 
Thompson 1984). In such a scenario isothermal decom- 
pression would have followed in the course of isostatic 
uplift, erosion and possibly extensional tectonics affect- 
ing the thickened crust (e.g. Harley 1989). The resulting 
variations of crustal composition and thickness in the 
collision zone thus represent potential factors control- 
ling rifting during the onset of thermal perturbation (see 
below). 

Geophysical indications 

The effects of the spatially different asthenosphere- 
lithosphere dynamics in the course of active rifting are 
well documented by the trend of the boundary between 
these two layers under the inferred cratonic margin and 
under the Mozambique Belt (Fig. 7). According to 
teleseismic investigations an extremely steep boundary 
between the asthenosphere and lithosphere occurs im- 
mediately west of the rift; the same boundary is gentle 
and at a shallower position further to the east under- 
neath the region of the Mozambique Belt (Achauer 
1990, 1992, Green et al. 1991). The lithospheric asym- 
metry in the transition between Archean Craton and 
Mozambique Belt may therefore reflect a differential 
response of Archaen vs Pan-African-age lithosphere 
with respect to thermal perturbation during rifting 
(Strecker 1991, Smith & Mosley in press). Alternatively, 
an already existing asymmetric trend of the lithosphere- 
asthenosphere boundary could have been intensified by 
Cenozoic thermal processes. Studies on surface wave 
dispersion indicate pronounced variations in primary 
lithospheric thickness values in East Africa (Hadiouche 
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Fig. 7. Composite lithospheric E-W cross-section of the Kenya Rift. 
No vertical exaggeration (TC, Tanzania Craton; MB, Mozambique 
Belt). Simple shear in brittle upper crust is accommodated by pure 
shear in anastomosing shear zones in the lower crust. Modified after 
teleseismic observations (Achauer 1990, Green et al. 1991), seismic 
refraction profiling (KRISP 1991) and geological interpretations 
(Strecker 1991 ). 

et al. 1989). Coupled with chemical differences in the 
upper mantle, such an asymmetry would have rep- 
resented a prime site for thermally driven thinning. 

The interpretation that the rift follows a boundary 
between the Tanzania Craton and the Mozambique Belt 
is also suggested by paired Bouguer gravity anomalies 
along the rift trend (Nyblade & Pollack 1990). An E-W 
seismic refraction profile encompassing both areas 
across the Elgeyo Escarpment and the northern Kenya 
Rift at about 0°40'N supports the premise of two crustal 
domains in this region (KRISP 1991, Mechie & Maguire 
in press). The crustal profile is asymmetric with up to 40 
km crustal thickness west of the Elgeyo Escarpment and 
35 km for the Mozambique Belt crust east of the rift. 
Thus rift-related crustal thinning and asthenospheric 
upwarp are concentrated in the transition between the 
two crustal domains and are characterized by pure-shear 
(Green et al. 1991). In contrast, upper crustal thinning is 
accommodated by simple shear deformation leading to 
asymmetric basins due to inherited crustal anisotropies 
that guided and facilitated fracture propagation. 

Geological indications 

Reactivation o f  ductile shear zones. On a local scale of 
individual rift basins, the important western border 
faults mimic the trend of the steeply E-dipping foliation 
which had been generated by orogen-parallel shearing 
during the Barsaloian tectonothermal event. Along the 
Elgeyo Escarpment, steeply E-dipping slickensides 
superposed on foliation planes document a dip-slip reac- 
tivation along foliation planes in the course of rifting 
(Fig. 3g). At the southern terminus of the Elgeyo 
Escarpment, the influence of basement foliation on the 
strike of Cenozoic faults is highlighted by rift-related 
synkinematic fluorite mineralization along fault zones 
within the basement rocks, overlying sediments (Kim- 
warer Sediments) and 15 Ma old basalts (Elgeyo 
Basalts). The fluorite forms ENE- to E-trending growth 
fibres in the plane of the steeply E-dipping basement 
foliation (Strecker & Smith unpublished data). The 
influence of the steeply-dipping basement foliation on 

extensional reactivation is also indicated by NNW- 
trending phonolitic dikes that were injected along folia- 
tion planes and traverse the overlying sediments and 
basalts (Strecker & Smith unpublished data). 

The influence of the basement foliation on fracture 
propagation is further documented by tension fractures 
in Miocene sediments immediately south of the Tam- 
bach fault zone. The tension fractures are an integral 
part of foliation-parallel joint systems in the underlying 
basement rocks. The fractures are filled with calcite 
which grew at 90 ° to the 15(~-160°-striking fractures that 
traverse sandstones and individual basement-derived 
conglomerate clasts of the Miocene Tambach sedi- 
ments. An ENE-WSW-oriented extension direction can 
thus be inferred from the tension fractures for the early 
rifting history at the Elgeyo Escarpment. This is in 
accordance with the ENE-WSW to E-W position of the 
extension direction during Miocene to mid-Pleistocene 
time in the Central Kenya Rift as derived from fault 
kinematic analysis and dike orientations (Strecker et al. 
1990, Strecker & Bosworth 1991). The Pan-African 
Tambach fault zone juxtaposes a northern NNE- and a 
southern NNW-trending foliation domain. Extensional 
reactivation of the foliation in both areas has resulted in 
the pronounced change in the trend of the Elgeyo Fault 
(Fig. 2). 

A reactivation of basement foliation is also observed 
along the Nguruman Escarpment in the southern Kenya 
Rift. There the foliation in the quartzitic and micaceous 
gneisses strikes between N-S and NNW and dips steeply 
to the east, The Nguruman Fault is characterized by a 
10-40 m wide zone of fault gouge and breccia which 
follows the trend of the foliation (Crossley 1979). In 
areas where the gouge zone has been removed by 
erosion, anastomosing tension fractures (175-180°/ 
85°E) traverse the basement rocks. The tension frac- 
tures are refracted at discontinuities parallel to the 
foliation but continue downward after several centi- 
metres. The course of these fractures may represent a 
typical mode of fracture propagation and utilization of 
foliation planes for the formation of larger scale faults in 
this type of basement (Fig. 5b). 

As oppposed to compressive reactivation, an exten- 
sional reactivation of anisotropies may occur over a wide 
range for the orientation of Shmi, (o3) (Yin & Ranalli 
1992). The basement anisotropies in the region of the 
Kenya Rift must have bee, n favourably oriented with 
respect to the prevailing stress field. Furthermore, the 
cohesive strength of the pre-existing structures was low 
resulting in extensional deformation during the onset of 
rifting in the Miocene. 

Reactivation o f  brittle fault  zones. While the reacti- 
vation of E-dipping foliation during rifting is evident on 
both regional and local scales, the reactivation of the 
steep NW- to NNW-trending fault zones remains 
equivocal. However, field observation and analysis of 
multispectral LANDSAT "I'M images in the vicinity of 
the Tambach and Anin fault zones do not support a 
reactivation of the old fault zones beyond the rift mar- 
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gins. S ince  the  d e p o s i t i o n  o f  t h e  M i o c e n e  U a s i n  G i s h u  

P h o n o l i t e s  ( 14 .5 -12  M a ,  L i p p a r d  1972) and  the  T a m -  

bach  s e d i m e n t s  no  m o v e m e n t  has  o c c u r r e d  a long  the  

two  fau l t  zones .  Th i s  also e x c l u d e s  a k i n e m a t i c  l i nkage  

to  the  A s w a  s h e a r  z o n e  d u r i n g  r i f t ing ,  wh ich  has  b e e n  

i n t e r p r e t e d  as a r e a c t i v a t e d  C e n o z o i c  i n t r a - c o n t i n e n t a l  

t r a n s f o r m  faul t  (e .g .  C h o r o w i c z  1988). 

T h e  d i f f e r en t i a l  f au l t - l ine  sca rp  r e t r e a t  n o r t h  and  

sou th  o f  t he  i n t e r s e c t i o n  wi th  t he  A n i n  fau l t  z o n e  m a y ,  

h o w e v e r ,  be  t he  t r ace  o f  a N e o g e n e  t r ans f e r  faul t  tha t  

k i n e m a t i c a l l y  l i n k e d  spa t ia l ly  s e p a r a t e  n o r m a l  fau l t  seg-  

m e n t s  a long  the  p r inc ipa l  faul t .  D u e  to the  e r o s i o n a l  

r e t r e a t  o f  t he  E l g e y o  E s c a r p m e n t  t h e  su r face  e x p r e s s i o n  

o f  t he  h y p o t h e s i z e d  t r a n s f e r  fau l t  has  b e e n  c o v e r e d  by 

the  K e r i o  S e d i m e n t s  (Fig.  2). In  this sense  the  m o s t  

p r o n o u n c e d  c h a n g e  in the  t r e n d  of  t he  E l g e y o  E s c a r p -  

m e n t  at t he  T a m b a c h  fau l t  z o n e  m a y  also be  l i nked  to  a 

t r a n s f e r  faul t ,  wh ich  ac t ed  as a k i n e m a t i c  l ink b e t w e e n  

d i f f e r e n t  s e g m e n t s  o f  the  m a i n  b o u n d i n g  faul t .  

C O N C L U S I O N S  

(1) Pos t -co l l i s iona l  s inis t ra l  s t r ike-s l ip  f au l t ing  para l -  

lel to t he  M o z a m b i q u e  B e l t  O r o g e n  g e n e r a t e d  s t eep  

duc t i l e  s h e a r  zones .  Th i s  r e s u l t e d  in t he  f o r m a t i o n  o f  

s t eep ly  E - d i p p i n g  f o l i a t i o n  wi th  sha l low S S E - p l u n g i n g  

s t r e t ch ing  l i n e a t i o n  at t he  p r e s e n t  E l g e y o  and  N g u r u -  

m a n  E s c a r p m e n t s .  

(2) L a t e - s t a g e  b r i t t l e  d e f o r m a t i o n  in t h e  e v o l u t i o n  o f  

t he  M o z a m b i q u e  Be l t  a c c o u n t s  fo r  two  i m p o r t a n t  sinis- 

t ral  s t r ike-s l ip  faul t  z o n e s  at t he  p r e s e n t  E l g e y o  E s c a r p -  

m e n t  t r e n d i n g  o b l i q u e l y  to t he  fo l i a t ion .  

(3) O n  the  scale  o f  i nd iv idua l  rift  bas ins ,  t he  s t eep ly -  

d i p p i n g  fo l i a t i on  was  r e a c t i v a t e d  by the  m a j o r  rift- 

b o u n d i n g  faul ts  a l o n g  the  w e s t e r n  rift  m a r g i n .  

(4) T h e  b r i t t l e  N W - t r e n d i n g  fau l t  z o n e s  a re  r e s p o n -  

s ible  fo r  t he  a b r u p t  c h a n g e  in r if t  t r e n d  at t he  E l g e y o  

E s c a r p m e n t  a n d  m a y  act  as t r a n s f e r  faul ts .  L a r g e - s c a l e  

r e a c t i v a t i o n s  o f  t he  N W - t r e n d i n g  s h e a r  z o n e s  b e y o n d  

the  rift m a r g i n s  c a n n o t  be  d o c u m e n t e d .  
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