
 

 

 
 

 

Edinburgh Research Explorer 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Deep structure of the Baringo Rift Basin (central Kenya) from
three-dimensional magnetotelluric imaging: Implications for rift
evolution

Citation for published version:
Hautot, S, Tarits, P, Whaler, KA, Le Gall, B, Tiercelin, JJ & Le Turdu, C 2000, 'Deep structure of the Baringo
Rift Basin (central Kenya) from three-dimensional magnetotelluric imaging: Implications for rift evolution'
Journal of Geophysical Research, vol 105, no. B10, pp. 23493-23518., 10.1029/2000JB900213

Digital Object Identifier (DOI):
10.1029/2000JB900213

Link:
Link to publication record in Edinburgh Research Explorer

Document Version:
Publisher final version (usually the publisher pdf)

Published In:
Journal of Geophysical Research

Publisher Rights Statement:
Published in Journal of Geophysical Research: Solid Earth by the American Geophysical Union (2000)

General rights
Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.

Take down policy
The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

Download date: 20. Feb. 2015

http://dx.doi.org/10.1029/2000JB900213
http://www.research.ed.ac.uk/portal/en/publications/deep-structure-of-the-baringo-rift-basin-central-kenya-from-threedimensional-magnetotelluric-imaging-implications-for-rift-evolution(a87ff6a0-583b-48b2-8c18-c70b80d3134b).html


JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 105, NO. B10, PAGES 23,493-23,518, OCTOBER 10, 2000 

Deep structure of the Baringo Rift Basin (central 
Kenya) from three-dimensional magnetotelluric 
imaging' Implications for rift evolution 

Sophie Hautot and Pascal Tarits 

UMR CNRS 6538 "Domaines Oc•aniques", IUEM/UBO, Plouzan•, France 

Kathy Whaler 
Grant Institute, Department of Geology and Geophysics, University of Edinburgh, Edinburgh, 
Scotland, United Kingdom 

Bernard Le Gall, Jean-Jacques Tiercelin, and Caroline Le Turdu 
UMR CNRS 6538 "Domaines Oc6aniques", IUEM/UBO, Plouzan•, France 

Abstract. Three-dimensional modeling of data from 31 vertical electrical and 24 
magnetotelluric soundings collected in the Baringo-Bogoria Basin (central Kenya 
Rift Valley) shows a thick succession of well-defined tectonostratigraphic units 
beneath the Recent deposits of the Marigat-Loboi Plain. They include from top to 
bottom, a sedimentary basin, -•1.5 km thick, controlled by N-S and N140 ø structural 
trends, and a thick homogeneous resistive layer related to the bottom of the basin, 
overlying a conductive structure, which cannot be clearly correlated with the 
Proterozoic basement. It is suggested that the resistive layer correlates with the 
mid-Miocene plateau-type flood phonolites which flowed over the early Kenya Rift 
during a major volcanic activity period. The conductive structure overlain by these 
lava flows could be a sedimentary basin developed during the initial phase of rifting, 
during the Oligocene-Miocene. The absence of a significant gravity low associated 
with this deep basin suggests a zone of dense intrusion deeper than 5-10 kin, 
not discernible with the magnetotelluric data but required to explain the gravity 
anomalies. The recognition of a deeply buried sedimentary succession lying between 
4 and 8 km beneath the lower Miocene volcanic series of the Baringo valley would 
provide new insights into the regional volcano-sedimentary stratigraphic succession 
and the rift development of the Kerio and Baringo Basins. 

1. Introduction 

The Kenya Rift is part of the eastern branch of the 
East African Rift System. It consists of a linear struc- 
ture that extends over •900 km from the Turkana Basin 

at 4ø30'N to the North Tanzanian Divergence (NTD) at 
2øS (Figure la). Between the equator and IøN, the cen- 
tral Kenya Rift is a 100-km-wide, strongly asymmetric 
graben structure with a double western margin delin- 
eated by the Elgeyo and Saimo/Kito Pass boundary 
faults, the latter delineating the Tugen Hills horst. Its 
eastern flank is marked by a series of en dchelon fault- 
scarps forming the Laikipia Rift Border Fault [ Chapman 
et al., 1978; Williams and Chapman, 1986] (Figures lb 
and 2). East of the Saimo Fault, the 50-km-long, 20- 
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km-wide Baringo-Bogoria Basin (BBB), presently occu- 
pied by the freshwater Lake Baringo to the north and 
the soda Lake Bogoria to the south, has been described 
as a classic easterly tilted half graben [Tiercelin et al., 
1980] and considered as part of the present-day active 
axial valley of the Kenya Rift [Chapman et al., 1978; 
Tiercelin and Vincens, 1987; Le Turdu et al., 1995]. 

The subsurface structure of the central and northern 

Kenya Rift has been documented by industrial reflec- 
tion seismic and gravity data, demonstrating that ex- 
tensional processes initiated during Paleogene time with 
the development of complex half grabens up to 7 km 
deep (the Kerio and Lokichar half grabens) [Morley et 
al., 1992; Smith and Mosley, 1993; Mugisha et al., 1997] 
(Figure la), in an area of great lithospheric complexity 
related to Late Proterozoic orogenic events [McConnell, 
1972; King, 1978]. Several regional seismic and grav- 
ity models have been proposed for the deep crust and 
mantle structure of the Kenya Rift; of particular inter- 

23,493 
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Figure 1. (a) Location map of the Kenya Rift. Modified from Dunkrey et at. [1993]. NTD, North 
Tanzanian Divergence. (b) Simplified geological map of the Kerio-Baringo Basins. 1, undiffer- 
entiated Pleistocene rocks; 2, Kapthurin Formation; 3, Karosi volcanics; 4, Baringo volcanics; 
5, Hannington Trachyphonolites; 6, undifferentiated Pleistocene volcanics; 7, undifferentiated 
Pliocene rocks; 8, undifferentiated Miocene rocks; 9, Tambach Formation; 10, Precambrian base- 
ment; 11, faults; 12, transverse faults, Late Proterozoic shear zones. KF, Karau Fault; IBF, 
Ilosowuani-Bechot Fault. 

I 

est here are those in the Baringo region [KRISP Work- 
ing Party, 1991; Swain, 1992; Achauer and the KRISP 
Teteseismic Working Group, 1994; Swain et at., 1994; 
Hay et at., 1995]. 

Recent structural field work and remote sensing stud- 
ies have provided new information on the structure of 
the BBB, with several structural blocks having been 
identified [Le Turdu, 1998] (Figure 3). Among them, the 
east dipping, N-S trending Bogoria block corresponds 
to a "giant grid fault" basin [Le Turdu et at., 1995]. 
North of Bogoria, the Baringo-Marigat-Loboi block cor- 
responds to a 30-km-long and 20-km-wide rhomb- 
shaped structure occupied by the Marigat-Loboi al- 
luvial plain and the southern end of Lake Baringo. 
This structure is bounded to the north and south by 
N140-150 ø trending lineaments (POKTZ and WMTZ, 
Figures lb and 3) which are clearly visible on SPOT 
imagery [Le Turdu et al., 1995; Le Turdu, 1998] and 
identified from gravity and aeromagnetic data as deep 
basement-controlled features [Smith and Mostey, 1993]. 

The importance of such deep basement structures dur- 
ing the evolution of the Kenya Rift has been clearly 
demonstrated by various authors [e.g., McConnett, 
1972; King, 1978; Smith and Mostey, 1993]. In partic- 
ular, NW trending basement structures corresponding 
to ductile-brittle shear zones active into the Late Pro- 

terozoic control the location of large transfer zones that 
segment the rift into several rhomb-shaped blocks (Fig- 
ure 3), as well as the distribution of large axial volcanoes 
to the south and north of the BBB [Dunktey et at., 1993; 
Le Turdu et at., 1995]. Earlier magnetotelluric, seismic, 
and gravity surveys suggested a 0.5 to I km sediment 
thickness below the surface of the Marigat-Loboi Plain 
[Rooney and Hutton, 1977; Swain et at., 1981]. On the 
basis of these geophysical results and structural field 
observations, the Marigat-Loboi Plain was interpreted 
as a typical "pull-apart" basin [Richerr et at., 1987]. 

In order to further investigate the deep structure of 
the B BB, we carried out a detailed geophysical survey 
by means of vertical electric sounding (VES) and mag- 
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netotelluric (MT) methods. Thirty-one VES soundings 
and twenty-four MT soundings were collected over the 
BBB, allowing us to obtain a full three-dimensional 
(3-D) geoelectrical model of the basin down to -•10 km. 
The interpretation of the MT data set provided some 
new insights that led us (1) to apply a new lithostrati- 
graphic rift succession to the Baringo axial basin, (2) to 
establish lateral correlation with the nearby Kerio half 
graben to the west, and (3) to discuss the mode of rift 
propagation across the central Kenya rifted zone. 

Section 2 provides a review of the regional stratigra- 
phy and evolution of the central Kenya Rift (between 
the equator and IøN). In section. 3 we present the geo- 
physical data collection and processing. The 3-D MT 
modeling is detailed, followed by a sensitivity analysis 
of our preferred model. Finally, in sections 4, 5 and 6 we 
discuss the implications of the model for the geological 
understanding of the area. 

2. Stratigraphic Outline and Evolution 
of the Central Kenya Rift 

The general evolutionary history of the central Kenya 
Rift is quite well documented by the interbedded vol- 

canic and sedimentary formations that outcrop above 
Precambrian basement rocks along the Elgeyo and 
Saimo/Kito Pass Faults escarpments to the west and 
along the Laikipia Rift Border Fault to the east [Chap- 
man et al., 1978; Andrews and Banham, 1999]. Detailed 
stratigraphies are presented in Figures lb and 2. 

2.1. From Paleogene to Mid-Miocene 

Rifting began during P aleogene time in the west of 
the central Kenya Rift and to the north with the for- 
mation of the fault-bounded Kerio and Lokichar Basins 

[Morley et al., 1992; Mugisha et al., 1997]. Contem- 
porary sedimentary formations (Kimwarer to the west; 
Kamego to the east) rest on the Precambrian basement 
(Figure 2). This first phase of rifting is also marked by 
intense volcanic activity that largely transgresses the 
limits of the initial rifted zone. It is represented in the 
central Kenya Rift by the 900-m-thick Elgeyo Basalts 
and Chof Phonolites on the western side, the 800- to 
1200-m-thick Sidekh Phonolite Formation in the central 

part, and the 1000-m-thick Samburu Basalts to the east 
(Figure 2). During this period, the •400-m-thick Tam- 
bach fluvio-lacustrine formation was also deposited. It 
overlies the Precambrian basement north of 0ø30'N and 
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Figure 2. (top) Stratigraphic series from the Elgeyo Fault to the west to the Laikipia escarpment 
to the east. (bottom) Simplified cross section of the stratigraphic series. Same legend as for 
Figure lb. UMV, upper Miocene volcanics; UMS, upper Miocene sediments; MMV, mid-Miocene 
volcanics. 
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Figure 3. Structural map of the central Kenya Rift 
valley between 0 ø and 0ø50'N. The location of the ma- 
jor faults is shown (WMF, Wasages-Marmanet Fault; 
BF, Bogoria Fault; KAF, Kapthurin Fault; KF, Ka- 
rau Fault; IBF, Ilosowuani-Bechot Fault; POKTZ, 
Porumbonyanza-O1 Kokwe Transverse Zone; WMTZ, 
Wasages-Marmanet Transverse Zone; BTZ, Bahati 
Transverse Zone). Stars indicate hydrothermal activ- 
ity. 

has been interpreted as filling a shallow sag basin [Chap- 
man et al., 1978; Morley et al., 1992; Mugisha et al., 
1997; Renaut et al., 1999]. 

This Paleogene to mid-Miocene phase of rifting ended 
with the deposition of flood phonolites that overflowed 
both rift shoulders, with the 500- to >1000-m-thick 
Uasin Gishu Phonolites on the Elgeyo escarpment, the 
Tiim Phonolites on the Saimo Fault escarpment, and 
the Rumuruti Phonolites to the east [Lippard, 1972; 
Griffiths, 1977; Chapman et al., 1978; Chapman and 
Brook, 1978; Deino et al., 1990] (Figure 2). 

2.2. From Mid-Miocene to Upper Miocene 

A second episode of rifting defined by Mugisha et 
al. [1997] is marked by (1) considerable fault displace- 
ment along the Elgeyo Fault, the western rift bound- 
ary, and (2) the deposition of the 400-m-thick fiuvio- 
lacustrine Ngorora Formation within a tectonically ac- 
tive half graben [Chapman et al., 1978; Hill, 1999]. Sub- 
sequent volcanic activity in this area resulted in the 
deposition of the Ewalel Phonolites, followed by the 
eruption of the Kabarnet Trachytes [Chapman et al., 
1978]. On the eastern border of the rift, the Tasokwan 
Trachytes were deposited by similar trachytic eruptions 
(Figure 2). Tectonic activity preceding these trachytes 
eruptions resulted in the formation of the eastern most 
of the Laikipia Fault escarpments and uplift along the 
Saimo Fault [Griffiths, 1977; Chapman et al., 1978]. 

2.3. From Lower P liocene to Present 

Several authors [Tiercelin, 1981; Bosworth, 1985; 
Morley, 1994] proposed that from lower Pliocene to the 
Present, tectonism, volcanism, and sedimentation mi- 
grated eastward from the western Elgeyo Fault into a 
narrow zone corresponding to the present-day axis of 
the rift. At 5.6 Ma, the Kaparaina Basalts were de- 
posited by fissure-style eruptions on the western side 
of this inner trough, corresponding to the immediate 
hanging wall of the Saimo Fault [Chapman and Brook, 
1978; Hill, 1999] (Figure 2). Then these basalts were 
deformed by major tectonic movements [Chapman et 
al., 1978], while lake basins developed on the hanging 
wall of the Saimo Fault [Bishop, 1971; Pickford, 1975; 
Hill, 1999]. Major faulting and uplift occurred along the 
Saimo Fault and resulted in the full development of the 
active axis of the Kenya Rift to the east [Baker et al., 
1972; Tiercelin, 1981; Tiercelin et al., 1981; Bosworth, 
1985; Morley, 1994] corresponding to the BBB between 
the equator and IøN. 

Intense volcanic activity resulted in the deposition of 
numerous, young volcanic products such as the Han- 
nington Trachyphonolites [Griffiths and Gibson, 1980], 
mainly on the western side of the BBB, and in the de- 
velopment of the Karosi axial volcano at the northern 
end of the basin (Figure 3). Contemporaneous tectonic 
movements and erosion along the Saimo Fault escarp- 
ment caused in the accumulation in the axial trough of 
the 125-m-thick Kapthurin fiuvio-lacustrine formation 
(KFm). 

2.4. Present-Day Structure of the 
Baringo-Bogoria Basin 

The BBB structure is complex and controlled by N0- 
10 ø and N140-150 ø basement- inherited tectonic trends, 
with minor influence of a N50 ø trend at the southern 

end of Lake Bogoria (Figure 3). The northern two thirds 
of the BBB comprise (from the south) the Marlgat- 
Loboi alluvial plain and Lake Baringo Basin, which to- 
gether form a 50-kin-long, 20-kin-wide rhomb-shaped 
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structure, with the Baringo Basin closed at its north- 
ern end by the Karosi volcano (Figure 3). 

The westernmost limit of the BBB corresponds to the 
Saimo Fault, with an immediate western border corre- 
sponding to the N-S trending Kapthurin Fault (KAF) 
(Figure 3), which cuts the KFm and contemporaneous 
lavas [Le Gall et al., 2000]. The southwestern edge of 
the BBB corresponds to the Maji Moto grid fault zone 
formed by kilometer-long, 10- to 100-m throw, anasto- 
mosed faults which intensely slice the Hannington Tra- 
chyphonolites Formation [Tiercelin et al., 1981; Gri- 
maud et al., 1994] (Figure 3). The resulting N-S trend- 
ing, easterly tilted blocks dip gently to the north be- 
neath the Marigat-Loboi Plain sediments, the contact 
following a N150 ø trend [Le Turdu et al., 1995]. 

To the east, the BBB is bounded by a complex strip 
of N-S trending, westward dipping, en dchelon synthetic 
and antithetic step faults of the Laikipia Fault, some 
with vertical displacements exceeding 1000-1500 m in 
places [Le Turdu et al., 1995]. The immediate east- 
ern border of the BBB corresponds to the Karau Fault 
(KF) that affects the Hannington and Karau volcanics 
(Figures lb and 3). 

To the south, the 600-m apparent throw, N-S trend- 
ing Bogoria Fault (BF) forms the eastern border of 
the Bogoria Basin. At the southeastern corner of the 
Marigat-Loboi Plain, the N-S tectonic trend expressed 
in the median segment of the BF is represented by a 
series of kilometer-long, east dipping structural blocks, 
the Ilosowuani-Bechot horst bounded to the east by the 
Ilosowuani-Bechot Fault (IBF), affecting the Hanning- 
ton lavas (Figure 3). At its northern tip, the BF gently 
curves toward N150 ø and coincides with the northeast- 

ern boundary of the Maji Moro grid fault system. 
The particular rhomb-shaped morphology of the 

Marigat-Loboi Plain is directly linked to the N140 ø 
trending structures identified by geophysical methods 
in the central and northern Kenya Rift as Precam- 
brian ductile-brittle shear zones [Dunkley et al., 1993; 
Smith and Mosley, 1993] (Figures lb and 3). The 
Porumbonyanza-O1 Kokwe Transverse Zone (POKTZ) 
defined by Le Turdu et al. [1995] (also named the 
O1 Arabel Fault Zone (OBFZ) by Smith and Mosley 
[1993]) forms the northern boundary of the Marlgat- 
Loboi Plain. Its southern limit corresponds to the 
Wasages-Marmanet Transverse Zone (WMTZ), which 
is clearly expressed at the surface by the marked carto- 
graphic curvature of both the Wasages-Marmanet Fault 
(WMF) and the BF, as well as by the fiexuring to the 
north of the Maji-Moto grid fault zone beneath the 
Marigat-Loboi Plain. 

The Recent to present-day sedimentation in the BBB 
is essentially of detrital origin. The major sedimen- 
tary bodies belong to three different types, alluvial fans, 
river channel systems, and lake bodies (Figure 4). All 
are linked to a complex perennial or semiperennial hy- 
drographic network and are mainly controlled by N-S 
and N140 ø structural trends (Figure 3). Alluvial fans 
develop along the faulted margins of the BBB. The cen- 

tral and northeastern parts of the Marigat-Loboi con- 
sist of complex channel systems, and up to 20 m of flu- 
vial to lacustrine holocene age silts (Loboi and Borgoria 
silts) crop out over a large area of the plain. Freshwa- 
ter and saline lake environments characterize the north- 

ern and southern ends of the basin, respectively, as 
well as strong hydrothermal activity mainly located in 
the Bogoria block [Tiercelin et al., 1980; Renaut, 1982; 
Tiercelin and Vincens, 1987] (Figure 3). 

3. Experiment and Data Processing 

3.1. Vertical Electric Soundings 

Thirty-one vertical electric resistivity soundings 
(VES) were collected in the Marlgat- Loboi Plain in 
the BBB, using the Schlumberger array electrode con- 
figuration (Figure 4). The maximum current electrode 
half spacing (AB/2) was 300 m. Typically, the apparent 
resistivity is <100 f• m near the surface. It decreases 
down to very low values, <2 f• m (Figure 5a), and, 
for some sites, increases at the largest electrode spacing 
(Figure 5b). 

0 ø 30'N 0 • 30'N 

0 ø 252q 0 ø 25'N 

0 ø 20'N 

zon• ? ;. 
Lake Bogoria 0 ø 20'N 

36 ø O0'E 36 ø 05'E 

Figure 4. Structural map of the Marigat-Loboi Plain, 
synthesized from remote-sensing analysis and field ob- 
servations. The locations of the MT and VES sites 

(solid circles) and of the seven additional VES sites 
(crosses) are shown. The surface area of the 3-D model 
is enclosed by a box. The heavy line is the profile used 
for the 2-D preliminary inversion. WMTZ, Wasages- 
Marmanet Transverse Zone; KF, Karau Fault; IBF, 
Ilosowuani-Bechot Fault; KAF, Kapthurin Fault. 
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Figure 5. Vertical electrical soundings' apparent re- 
sistivity curves at sites (a) 20 and (b) 16. The 1-D in- 
version contains differing potential electrode spacings. 
Dots indicate the measured data; solid lines indicate 
the response of the 1-D model. The resistivities (p) and 
thicknesses (t) of the four-layer model are given in the 
top right. 

The apparent resistivity data at each site were mod- 
eled with a one-dimensional four-layer resistivity struc- 
ture overlying a homogeneous half-space. The thick- 
ness of each layer is fixed (1.5, 1.5, 5, and 10 m) and is 
identical at each site. The number of layers and their 

thicknesses were chosen to provide a solution at all sites. 
A nonlinear steepest gradient method was used to de- 
termine the resistivity section at each site. The ob- 
jective function minimized was the squared misfit be- 
tween the data and the model responses, regularized by 
the addition of the sum of the squared differences of 
log(resistivity) between two adjacent layers multiplied 
by a damping parameter. The regularization ensured 
that spurious models were not obtained when data sug- 
gested less than four layers. The model responses fit the 
data well at all sites, as illustrated by the two examples 
(sites 16 and 20) in Figure 5. 

3.2. Magnetotelluric (MT) Soundings 

3.2.1. Data processing. We carried out 24 MT 
soundings at a subset of the VES sites (Figure 4) with 
the Short Period Automatic Magnetotelluric (SPAM) 
Mark III data acquisition system [Ritter et al., 1998] 
with induction coils (ECA CM11E). The horizontal 
electric and magnetic field time series were recorded in 
seven independent period bands (band 0, 0.0078125- 
0.0625 s; band 1, 0.0625-0.25 s; band 2, 0.25-1 s; band 
3, 1-4 s; band 4, 4-16 s; band 5, 16-64 s; and band 6, 
64-256 s) in the magnetic north, x, and east, y, direc- 
tions. The electric potentials were measured between 
two nonpolarizable C12-PbC12 electrodes, with a sepa- 
ration of 50 m. The recordings typically lasted 6 to 10 
hours, some during the day and others overnight. The 
station spacing was roughly 2-3 kin, depending on ac- 
cessibility in the field (Figure 4). The position of each 
station was obtained with a portable GPS unit. 

For each period band the electric and magnetic field 
time series were transformed into the frequency domain. 
The 2x2 magnetotelluric (MT) impedance tensor Z re- 
lating the horizontal electric (Ex, Ey) to the horizontal 
magnetic fields (Bx, By) was determined using the ro- 
bust remote reference method of Chave and Thomson 

[1989]. 
The data in the three shortest-period bands (0, 1, and 

2) are of excellent quality, leading to a very precise MT 
impedance. The data in the longer-period bands (3 to 
6) did not provide such good transfer functions because 
of the limited recording time and the lack of electro- 
magnetic energy in the period range 1-10 s, known as 
the dead band (bands 3 and 4). The longest reliable 
period common to all sites is 85.3 s, but either period 
128 s or 170 s or both are available at most of the sites. 

Examples of transfer functions at four sites (3, 9, 22, 
and 23) are presented in Figure 6. Both the amplitudes 
and phases of the off-diagonal terms (•y and y•) and 
the amplitudes of the diagonal terms (•x and yy) are 
shown. The amplitudes are expressed in apparent resis- 
tivity units (• m), and the error bars are one standard 
deviation. These four sites represent a fair sampling of 
the variability of the MT impedance across the BBB. 
They also illustrate the variation of data quality with 
period. In the dead band we had to remove several 
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Figure 6. Example of magnetotelluric impedance at four sites (3, 9, 22, 23) (see text for details). 

data points at most stations. Sometimes, the data at 
the longest periods exhibited nonphysical behavior such 
as abrupt changes of slope of the apparent resistivity 
and phase curves. In subsequent modeling (see below), 
we did not use all the available periods for numerical 
reasons. We selected a set of eight periods, 85.3, 42.7, 

21.3,2.0, 0.67, 0.25, 0.0625, and 0.0208 s for which the 
impedance was reasonably well-determined at all sites. 

Over a one-dimensional (l-D) medium, the tensor re- 
duces to a single impedance, while in two-dimensional 
(2-D) situations and in the 2-D reference frame the 
impedance tensor Z is purely off-diagonal. In three- 
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dimensional (3-D) situations the impedance tensor has 
all four elements nonzero. However, when a regional 
trend dominates the geological structures, the tensor 
may be decomposed into an apparent regional 2-D ten- 
sor and a distortion matrix that accounts for the local 

3-D geological features. Several decomposition tech- 
niques have been proposed in recent years [e.g., Groom 
and Bahr, 1992], which often assume that the local 3-D 
distortion is galvanic. Given the very conductive envi- 
ronment of the Baringo-Bogoria area, galvanic distor- 
tion may not dominate over the self-induction of locally 
deviated electric currents. A more general decompo- 
sition technique is therefore preferred. In the general 
case, reducing the impedance tensor to a purely off- 
diagonal tensor in order to recover a regional trend in- 
volves rotation angles of the field components in the 
complex plane. In addition, different rotation angles 
are needed for the electric field (E field) and the mag- m 
netic field (B field) [La Torraca et al., 1986]. Connil • 5- 
et al. [1986] show that one rotation angle may be set u. O 4- real for either the E field or the B field, leading to a 
conjugate complex rotation angle of the B field or the m 
E field, respectively. They also show that there ex- • 3- 
ists a rotation angle of the E field or B field real axis z 
that either maximizes or minimizes the impedance ten- 2 - 
sot. This angle defines a maximum E direction (MED) 
or a minimum B direction [Counil et al., 1986]. In a 
2-D geometry the MED corresponds to the strike of the 
2-D structure or to the direction perpendicular to it, 
depending on the nature of the medium underneath. 
Ninety degree rotations of the MED may be observed 
over a short distance when two sites lie either side of a 

large resistivity contrast. 
We applied this technique to calculate the MED and 

the maximum and minimum complex impedance values 
at each site and each period. The impedance is a min- 
imum in the direction perpendicular to the MED. We 
report the mean MEDs for the shortest and the longest 
periods in a histogram (Figure 7). The MED would be 
weakly frequency-dependent and similar at all sites if 6- 
a regional trend dominated the data. However, we do 

m 

not observe a single dominant trend in the MEDs. Two •- $ _ 
directions dominate' N120ø-140 ø at short periods and 

about N180 ø- 200 ø at long periods. Both directions are O 4 - 
well-documented tectonic trends (Figures 1 and 3) ß Ll.I 

3.2.2. Data modeling. The complexity of the 
• 3- 

tectonic setting in the BBB as well as the observed vari- 
ability in the MT impedance both with frequency and 

2- 
between sites suggest that 3-D modeling of the data is 
required. Recent progress in developing efficient elec- 
tromagnetic and MT 3-D forward solutions has allowed 
a marked improvement in the modeling of MT data, 
otherwise interpreted using a 2-D approximation [e.g., 
Mackie et al., 1996]. Solutions to 3-D inverse problems 
are still uncommon because of the numerical cost of 

solving the fully nonlinear induction problem and the 
limited number of situations where there are adequate 
data for 3-D modeling. 

Although the adverse field conditions forced us to 
limit the survey to the BBB with consequently no sta- 
tions on the edges of the area, we nevertheless consider 
that this data set is suited to 3-D inversion. The ap- 

proach used is based on the minimization of the misfit 
between the data and model response, carried out with 
a nonlinear steepest gradient method [e.g., Fisher and 
LeQuang, 1981] selected on the basis of simplicity and 
robustness. A full 3-D forward calculation is needed at 

_ _ 

0 ' ' ] ' ' I' ' ] '' ] ' ' i"' ' i ' ' I ' ' ...... .... 
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Figure 7. Histogram of the MED for (bottom) the 
mean short-period and (top) the mean long-period MT 
impedance (see text for details). 
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each iteration. This approach was used successfully in 
two dimensions on seafloor long-period MT data mod- 
eling [Nolasco et al., 1998] and in three dimensions on 
VLF data [Hautot et al., 1999]. 

Three-dimensional modeling of the data requires a 
careful preliminary parameterization of the region stud- 
ied. We determined the large scale layout of the 3-D 
model with preliminary 2-D modeling of the MT data 
along an east-west profile (Figure 4). The results from 
the VES soundings were used to define the shallow 
structure of the 3-D model. The sensitivity of the data 
to the main features observed in the final model was 

tested. Finally, we considered the effect of the topogra- 
phy of the escarpments on the model. 

3.2.2.1. Three-dimensional upper layers from 
the VES results: We generated four layers resistiv- 
ity maps from the 1-D resistivity sections obtained at 
each VES site (Figure 4). We observed that the resis- 
tivity sections vary smoothly across the BBB, allowing 
in,terpolation onto a grid that was subsequently used 

to parameterize the shallow portion of the initial 3-D 
model. The maps are presented in Figure 8. Layer I is 
uniformly resistive except near Lakes Baringo and Bo- 
goria. The resistivity increases smoothly from the SE to 
the NW in layers 2 and 3, which suggests a smooth tran- 
sition of the infiltration from the alkaline Lake Bogoria 
to the freshwater Lake Baringo areas. The resistivity 
structure in the layer 4 is more complex than in the 
upper layers and seems to be controlled by structural 
features. Resistivity of the bottom two layers was al- 
lowed to vary during 3-D modeling, while the two top 
layers were kept constant throughout the analysis. 

3.2.2.2. Initial 2-D and 3-D models: Analy- 
sis of the MEDs (Figure 7) showed that a single direc- 
tion could not be defined for the whole period range 
available. Nevertheless, given that the longer-period 
data are controlled to some extent by the mean N-S 
trend of the rift, we used 2-D inversion of eight MT 
stations along an E-W profile (from west to east, sites 
12, 11, 10, 9, 17, 20, 22, and 19; Figure 4) to define the 
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Figure 8. Electrical resistivity maps derived from the 1-D inversion of the vertical electrical 
soundings. In each layer the resistivity values obtained at each site are interpolated using the 
3-D model grid. 
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Figure 9a. Vertical grid used for 3-D modeling su- 
perimposed on the 2-D model obtained from the RRI 
analysis of the data along the profile depicted in Fig- 
ure 4. The finer grid (dashed lines) is used for accurate 
calculation of the forward solution. 

3-D starting model. We inverted both modes but only 
the off-diagonal terms of the impedance tensor using 
2-D rapid relaxation inversion (RRI) [Smith and 
Booker, 1991], with the transverse electric (TE) mode 
set N-S and the transverse magnetic (TM) mode E-W. 
The model region is 16.5 km wide and 7.5 km high. 
The resulting resistivity cross section obtained is pre- 
sented in Figure 9a. The top kilometer is very conduc- 
tive on average (•3 f• m) but with some resistive blocks 
(•20 f• m). Below this, the subsurface is generally more 
resistive with appreciable lateral variations. 

The 2-D model is used to initialize the 3-D modeling. 
The layout is composed of a central 3-D model of width 
equal to the width of the RRI 2-D model (Figure 9a), 
length 25.5 km and 8 km in the vertical direction (Fig- 
ure 9b). The 3-D model volume is parameterized by 8 
blocks in the x direction, 11 blocks in the y direction, 
and 12 layers in the z direction (the top four of which 
are from the VES resistivity model of Figure 8). The 
size of the blocks varies from 0.9 x 1.3 x 0.0015 km near 

the surface to 5 x 2. x 4.5 km at depth. Each block is 
homogeneous and is subdivided into a finer mesh to im- 
prove the numerical accuracy of the forward calculation 
(Figure 9b). The vertical grid is shown in Figure 9a. 
The resistivity in each cell is the average resistivity dis- 
tribution in the surface defined by this cell in the RRI 
2-D model. To the north and south of the 3-D block, 
the boundary condition is 2-D with a N-S strike. A 
1-D resistivity section of width 17.5 km is added to the 
east and to the west of the central 3-D block to make 

a total width of 52.5 km, with resistivity that of the 
easternmost and westernmost cells of the 3-D block. 

Following Mackie et al.'s [1993, 1994] suggestion of 
numerically filtering out the shorter-wavelength varia- 
tions of the magnetic field by extending the model be- 
low the lower resistive crust, we added a 1-D electrical 
model for a continental rift with a layer of 500 f• m 

from 8 to 15 km depth over a 10 f• m half-space [Rooney 
and Hutton, 1977; Jiracek et al., 1995]; this part of the 
model is not resolvable by our data. 

a.2.a. Modeling. The discrepancy between the 
data and the 3-D model response is measured by the X 2 
misfit estimator: 

X2 -- E (Z,•- Za) 2 O-2W2 (1) 

Z,• is the response function of the model, Za is the 
datum, cr is the datum standard deviation, and w is 
a weighting factor. The weighting factor is equal to 2 
(for a 95% confidence limit interval) except for a few 
data in the dead band and toward the longest periods 
where the transfer functions, in some instances, showed 
spurious behavior. For these data, w was increased to 
3. The summation is over all selected frequencies at all 
sites. We added a regularizing factor R to the X 2 misfit 
estimator, so that the objective function minimized was 
X 2 + X/•(cr). The regularizing term/• controls the resis- 
tivity contrast between blocks and is the sum over all 
blocks of the vertical and horizontal squared differences 
in the logarithm of the resistivity between two adjacent 
blocks, and X is a damping parameter to ensure that 
X/{ is of order X 2. 

The forward problem was solved with the 3-D finite 
difference algorithm proposed by Mackie et al. [1994]. 

1-D 

2-D 

! i i X ! ! ! ! ! ! ! ! i 

i i ! i ! ! ! ! i ! ! 

i 

_! ! _1•,____ ! . ! _l__ ! ! i! 
! ! ! ! ! ! ! ! 

-r--F I- ....... r .... I-- 

::; : 

,:-!-} .... , ,,_ 
_"' :-' 

.... i i i i 

-;-•-,'- ...... :- -4- -• .... :---q-44- 
-•-- i- -i- ...... i-- -q- •-i- .... i---4-44- 

i ! ! ! ! ! ! ! 

I I I i i I I I I I 

-r-F I- ..... i-- -'l- -r .... i-- -'l-ll- 

! ! ; ! ! ! ! ! 

I I I I I I I I 

I I I I I I I 

! i Ill ! ! ! ! ! ! ! ! ! ! ! l! 

I I I I I I I I I I I I I I I I I 

2-D 

1-D 

N 

i I 

6 s0'00 0000 s000 
m 

Figure 9b. Horizontal grid used for 3-D modeling. 
The open circles show the location of the MT sites con- 
sidered for the 3-D inversion. The finer grid is used to 
calculate the forward solution. The 1-D structure is the 

vertical resistivity profile at the edges of the RRI 2-D 
structure. 



HAUTOT ET AL.' MAGNETOTELLURIC IMAGING OF A RIFT BASIN 23,503 

The model parameters were the resistivity of the blocks 
in the 3-D part of the model from layers 3 to 12. The 
resistivities of layers 1 and 2, from the VES data, re- 
mained constant. The 1-D sections east and west of 

the 3-D central part were fixed during the minimiza- 
tion phase. 

The calculation was carried out in several steps with 
two successive sets of data. First, we considered the full 
tensor at all 23 sites and for eight periods, 85.3, 42.7, 
21.3, 2.0, 0.67, 0.25, 0.0625, and 0.0208 s (seven for 
sites 3, 4, 15, and 19), giving 1440 degrees of freedom. 
It proved to be difficult to adjust the small diagonal ele- 
ments of the impedance tensor because of large signal to 
noise ratios at some stations. Hence once the misfit no 

longer changed, we continued the calculation with a new 
data set consisting of the two off-diagonal impedance 
coefficients (amplitude and phase) of the MT tensor in 
the MED reference frame at each site. The MEDs were 

not included in the minimization. The total number of 

degrees of freedom was then 720. 
Once the misfit had reached a minimum, the 1-D re- 

sistivity values on the eastern and western sides of the 
3-D central part as well as the thicknesses of the layers 
were adjusted by trial and error until no further reduc- 
tion in the misfit was achieved. As a result, the total 
thickness of the 3-D part of the model, initially 8 km, 
was increased to 17 km. This moved the top of the con- 
ductive half-space that terminated the model to 20 km 
depth, in good agreement with the midcrustal conduc- 
tor proposed by Rooney and Hutton [1977] south of the 
BBB. The final root-mean-square (rms) misfit, defined 
as 

was 1.13. Here, Ns is the number of sites, the sum- 
mation over ls is from 1 to Ns, N95 is the theoretical 
X 2 misfit per site at the 95% confidence level, and (0) 
denotes this optimum model. 

The agreement between the data and the model re- 
sponses (the solid line) for selected sites (8-11, 14, 16, 
17, 18, and 21) is shown in Figure 10a. The ampli- 
tude of the minimum and maximum impedance in the 
MED reference frame is scaled to apparent resistivity 
in ohm meters. The error bars are two standard devia- 

tions. Most of the model responses fit the data reason- 
ably well, even at periods not included in the inversion. 
The observed and computed MEDs at sites 8-11, 14, 
16, 17, 18, and 21 are shown in Figure 10b. Although 
the MEDs were also not included in the minimization 

procedure, the model retrieved them well at most sites. 
In some instances, however, the calculated MED was 
off by •090 ø in a limited period band (sites 8 or 11) 
or aligned with the x or y axis (site 21). We observed 
that this happened when the maximum and the min- 
imum amplitude of the impedance were quite close, a 
situation where the MED is not well defined. 

A contour map of rms ø at all sites for the initial and 
the final models is shown in Figure 11. The final misfit 
is distributed smoothly between all sites. The fit to the 
northwestern sites is in general better than that to the 
southeastern sites. The 3-D resistivity distribution in 
the final model is shown in Plate la for layers 3 to 8 and 
in Plate lb for layers 9 to 11. The 12 layers of the ini- 
tial model have been reduced to 11 because the original 
layers 10 and 11 were found to be virtually identical in 
the final model. Beneath layer 11, the medium is I-D. 
The southwestern part of the model is masked because 
there are no data in this area. 

In layers 3 and 4 (Plate la) the resistivity distribu- 
tion has changed slightly compared to the initial VES 
resistivity model (Figure 8) and is well correlated to 
subsurface geology. We now recognize the contact be- 
tween the Sandal alluvial fan and the IBF (Figure 4). 
Farther north, on the eastern side, the conductor is cor- 
related with the Loiminang fan. Complex patterns ap- 
pear in layers 5 to 9 (Plate la). Alternating conductive 
and resistive zones are observed with approximate di- 
rections either controlled by the N-S trend and its con- 
jugate direction or by the N140 ø trend. The patterns 
change dramatically from layers 7 to 8 and from 8 to 9 
(Plates la and lb). Layer 10 is more homogeneous than 
the upper layers and is overall resistive. The resistiv- 
ity distribution changes abruptly in layer 11 where the 
medium becomes much more conductive than in layer 
10. 

3.2.4. Sensitivity analysis. The model presen- 
ted in Plate 1 reveals a variety of features at different 
scales and depths that may or may not be constrained 
by the data. It is necessary to investigate to what extent 
a given feature is actually required by the data. The 
model corresponds to a local (and probably not global) 
minimum of the misfit as a function of all model pa- 
rameters. The resulting misfi,t is a compromise between 
misfits at all sites and at all frequencies, given (1) the 
3-D parameterization of the BBB that we chose and 
(2) the data quality. Furthermore, the number of pa- 
rameters sought in the modeling is of the order of the 
number of independent data (880 parameters from 1440 
data). This implies that some parameters or sets of pa- 
rameters are not resolved independently. We could have 
improved the ratio of the number of data to the num- 
ber of parameters by using all periods available, but the 
numerical overhead would have been prohibitive. 

With the restricted number of periods used, it is not 
numerically possible to prove that we have obtained a 
global misfit minimum or to calculate the resolution 
(i.e., the detailed topography of the misfit function) of 
all parameters. We had to restrict the sensitivity anal- 
ysis to a set of key parameters, such as the thickness of 
each layer and the main geometrical features observed 
in the model, particularly at the greatest depths. 

The procedure chosen is simple. We changed one pa- 
rameter or one set of parameters, leaving all the oth- 
ers constant and calculated the corresponding change 
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Figure 10a. Comparison between the observed (symbols) and computed (solid and dashed lines) 
maximum (circles) and minimum (squares) impedances in the MED reference frames at nine sites 
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a linear scale from 10 to 180 s. The solid line is our preferred model response and the dashed line 
is for the new model, composed of layers 1-10 (Plates la and lb) and a half-space of resistivity 
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Figure 10b. As for Figure 10a for the MED at the nine selected sites. 
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Figure 11. Contour plots of the misfit per site for the 
initial 3-D model (contour interval of 1000) and the best 
fitting model (contour interval of 10). 

in misfit. We found as expected that although the fi- 
nal misfit is smooth over the BBB, its sensitivity to a 
change in the model parameters is quite variable from 
one site to another. Because of the geographical loca- 
tion and/or the data quality, the fit at a given station 
either may change significantly compared to other sta- 
tions or may not change at all. The pattern is some- 
times complicated: changing a model feature may de- 
crease the misfit at some sites and increase it at others. 
In some instances, however, a change in a given pa- 
rameter or a set of parameters may increase the misfit 
at all stations. In order to define a criterion to decide 
whether or not the misfit changed significantly so that 
the change in a parameter was no longer acceptable, we 
defined the following functions: 
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(Armsre)2 = 1 k [•12s(m)- •12s(0)] (3a) N• N9• ' 
ls 

(Arms+)2: I • {[X/5(m)- X/2s(0)] _• 0} (3b) Ns Is N95 ' 

(Arms_)2: I 2½• {[Xt2•(0 ) _ Xt2•(m)] > 0) (3c) Ns ls N9s ' 

e + = Arms +/rms ø, e- = Arms-/rms ø, 

5 TM __ Armsre/rmsø. (4) 
Nsp (Nsm) is the number of sites where the misfit in- 
creases (decreases) for a given change in a model pa- 
rameter, e- measures the fractional decrease in misfit 
per site, relative to the total number of sites, while e + 
measures the fractional increase in misfit per site, rela- 
tive to the total number of sites. When Nsp - Ns, 5 TM 
describes the total relative increase or decrease in misfit 

for all sites. We considered 0.1 (10%) for 5 TM or 5 + aS 
the threshold above which the value of the parameter 
tested was not acceptable. This is an arbitrary limit in 
itself, so we simultaneously considered the amount the 
parameter changed to reach this threshold as well as the 
number of sites that contributed to this misfit increase. 

Furthermore, any value of e- was acceptable unless the 
number of sites implicated was too small. The tests 
presented hereafter obviously only provide a semiquan- 
titative estimate of the sensitivity of the data to a given 
parameter or set or parameters but nevertheless are an 
indication of the robustness of our model. 

3.2.4.1. Layer thicknesses and 1-D basement: 
The choice of the layering of the model was based on 
the preliminary 2-D data inversion (see above). The 
number of layers required by the data and the uncer- 
tainties in their thicknesses must be considered. We 

already mentioned that two distinct layers in the start- 
ing model, between 1420 and 4920 m, turned out to 
be similar in the modeling. Hence they were combined 
into a single layer, now layer 10 (Plate lb), without a 
change in misfit. The sensitivity of the data to a given 
layer thickness was tested by varying the latter, keeping 
the rest of the model constant. Having set 5 TM to 10S;•, 
the approximate range of acceptable thicknesses is 45 to 
55 m for layer 5, 90 to 110 m for layer 6, 180 to 220 m 
for layer 7, 310 to 460 m for layer 8, and 630 to 770 m 
for layer 9. The relative uncertainty in layer thickness 
is therefore fairly small and ranges between about 10% 
and 20%. For these layer thickness variations the misfit 
increases at all stations. 

The uncertainty in the thickness of layer 10 is larger 
than that of the upper layers probably because the data 
are limited toward the long periods and do not resolve 
the bottom of the layer well. For 5m=10•, the thickness 
ranges from about 2.0 to 4.5 kin. Nevertheless, this re- 

sisrive layer is required by the data. A closer inspection 
of the misfit per site shows that they vary significantly 
over the area. For a thickness of 4.5 kin, 16 sites see 
their misfit increase (e+-0.14) and 7 sites have a lower 
misfit than the original model (e--0.08); for a thick- 
ness of 4 kin, •+=0.12 for 11 sites and •-=0.11 for 12 
sites; similarly, for a 2-kin thickness, •+=0.16 for 10 
sites and •--0.12 for 13 sites. Hence the actual range 
of thicknesses could be less than previously indicated, 
2.0 km to •-4.0 kin. 

Finally, the bottom of layer 11 (Plate lb) and the 1-D 
model of the base of the crust and top of the mantle 
comprising a 3-kin-thick homogeneous layer overlying a 
conductive half-space are not constrained by the data. 
The extent to which the conductivity structure of layer 
11 is constrained is discussed in section 3.2.4.2. 

In summary, the layering of the top first 1500 m is 
reasonably well constrained by the data. The presence 
of a resistive layer beneath is required and its thick- 
ness ranges from about 2 to 4 kin. This layer seems to 
overlay a more conductive heterogeneous structure, the 
bottom of which is not resolved. 

3.2.4.2. Resistivity structures: Testing the sen- 
sitivity of the data to the model resistivity distribution 
is complicated by the fact that it is numerically infea- 
sible to test the resistivity in each cell. Instead, we fo- 
cused on three main features whose resolvability by the 
data is questionable. We considered the sharp changes 
in resistivity from layer 7 to 8 and from layer 8 to 9. We 
also studied the sensitivity of the data to the structures 
observed in layers 5 to 7 (Plate la) on the southeastern 
edge of the area which has no sites directly above it but 
is bordered by several. Finally, we studied the robust- 
ness of the heterogeneous features observed in layers 10 
and 11 (Plate lb). The sensitivity of the data to the 
structure in layer 8 was tested by altering the resistivity 
distribution in this layer to an intermediate structure 
interpolated between layers 7 and 9. The value of e TM 
increased to 141%, and the misfit at all sites increased 
dramatically. We thus concluded that the rapid resis- 
tivity changes at this depth are required. 

In the zone extending from south of site 19 to the 
southern limit of the model from 18 to 370 m depth 
(layers 5 to 7, Plate la), the resistivity ranges from 
•-40 to •-500 gm. We multiplied the resistivity of the 
relevant blocks by a factor varying from 1/10 to 10. 
Acceptable values (•m _< 10%) are obtained only for 
factors of >0.5, i.e., the resistivities must be at least 
half their initial values, confirming that this resistive 
structure is required by the data at all sites. 

The resistive layer 10 in Plate lb shows an approxi- 
mate N-S axis, away from which the resistivity decreases 
from •-150-250 g m to •-20-70 g m to the west and 

east. In order to test whether or not this heterogeneity 
is resolved, we ran three models in which we set the re- 
sistivity in this layer to a constant value, first 195 g m, 
second equal to the mean log(resistivity) in the layer 
(54 g m), and third, 20 g m. The values for e + are 26%, 
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13%, and 23%, respectively (sites 16, 10, and 12 were 
affected); those for s- are 9%, 9%, and 10%, respec- 
tively (sites 7, 13, and 11 were affected). This indicates 
that a certain degree of heterogeneity seems necessary, 
but it is not possible to conclude definitively whether 
or not there is a resistive N-S axis. A mean value of 

54 f• m seems to be a reasonable compromise for this 
layer; a higher value does not seem to be acceptable. 

An important feature revealed by the modeling is that 
layer 11 is conductive (Plate lb). This part of the model 
is controlled by the data at the longest periods. For nu- 
merical reasons, the longest period used in the modeling 
was 85.3 s. The examination of the data (illustrated for 
nine sites in Figure 10a) shows that for periods _<85.3 s, 
some sites do not show a clear decrease in the appar- 
ent resistivity or an increase in the phase (11, 16, 21). 
At several sites, however (8-10, 14, 17), where periods 
longer than 85.3 s are available, the data clearly suggest 
that there is a good conductor at depth. 

Whether the conductive layer 11 (Plate lb) is re- 
quired by the data is first tested by replacing the layer 
and the underlying 1-D medium by a homogeneous half- 
space of resistivity equal to the mean resistivity of layer 
10 (54 f• m). This new model leads to an dramatic 
increase in misfit (sm-105%). 

Then the model, composed of layers 1-10 (Plates la 
and lb) and an underlying half-space of resistivity 
54 f• m, is used as the starting model for a new min- 
imization in which the half- space resistivity is held 
fixed. The new model (not shown here) is very sim- 
ilar to the starting model. Some resistivity contrasts 
increased, but a slight change in the mean resistivity 
of the layers is observed (the maximum variation be- 
ing for the layer 10, with a mean resistivity increasing 
from 54 to 61 f• m). The response of this new model 
is shown in Figure 10a. As expected, only the response 
at the longest period is significantly modified compared 
to that of the preferred model (Plates la and lb). A 
significant deterioration is observed at several sites (8, 
9, 10, 11, 16, and 17). For the eight periods used in the 
modeling, the largest increases in misfit are obtained at 
sites 14, 17, and 18 over the conductive zone observed in 
layer 11 (Plate lb), while misfit decreases are observed 
at sites 5, 8, 16, and 21 over the resistive part of layer 
11 (Plate lb). At periods longer than 85.3 s the misfit 
increases at most sites. This suggests that the hetero- 
geneous structure observed in layer 11 (Plate lb) is a 
feature resolved by the data. 

In order to test further whether the conductive het- 

erogeneity of the roughly N-S trend observed in layer 11 
(Plate lb) is a robust feature, the resistivity in the cen- 
tral area, •01-4 f• m, is increased to •06-20 f• m to the 
east and to the west. We first multiplied the resistivity 
values in the central area by a factor varying from 1/10 
to 10. Within the limit of sm=10%, the multiplying 
factor is limited to a range 0.5-2.0, and therefore this 
zone must be conductive. Now we need to determine 

if the roughly E-W resistivity gradient is resolved. For 

this purpose, we set the resistivity of the layer to be ho- 
mogeneous and equal to 1, 4, 7, 20, and 30 • m. None 
of these values leads to s+ less than 20%. This indi- 

cates that the hypothesis that layer 11 is homogeneous 
may be rejected. The misfit decreased at a maximum 
of 10 sites for a resistivity value equal to 7 f• m, and s- 
was equal to 11%. All the sites are in the central and 
northern part of the layer, which is compatible with a 
roughly N-S conductor bordered to the east and to the 
west by less conductive material. The results at site 1 
(at the southernmost part of the area) are inconclusive, 
and we cannot ascertain if the southern limit in layer 
11 (Plate lb) was resolved. 

3.2.5. Topographic effect. The Marigat-Loboi 
Plain where we carried out the MT soundings has no 
notable variation in topography, with an average alti- 
tude of 1060 m. However, the plain is bordered by high 
faulted escarpments (•0140 m) on its eastern and west- 
ern sides and to the south by flexural topography af- 
fecting the Hannington lava flows (Figure 3). The MT 
fields at nearby sites are susceptible to distortion by this 
topography [Ku et al., 1973], so we included a simplified 
model of it in the resistivity model obtained previously. 

The misfit was slightly improved (sm=-3%). There 
is no notable difference between the responses of the 
model with and without topography, which is as ex- 
pected given the very small change in misfit. Most 
of the improvement was observed at site 1. Clearly, 
the high conductivity of the Marigat-Loboi Plain filling 
limits the galvanic distortion associated with the topo- 
graphic features, except very close to them. 

4. Interpretation of the Resistivity 
Maps 

The resistivity maps obtained for the shallow subsur- 
face (Figure 8 and Plate la) can be interpreted from 
the surface geology (Figure 3), as well as by compar- 
ison with experimental modeling in similar geological 
contexts. The series involved in the central Kenya Rift 
correspond roughly to three main lithological groups, 
sediments, dominantly basic volcanism, and acidic base- 
ment rocks. The sediments are electrically very conduc- 
tive (of the order of 1 f• m). The volcanic series are, 
in general, resistive (a few hundred f• m to 1000 f• m 
or more) unless they are intensively fractured and the 
fractures filled with conductive material such as clays 
or hydrothermal deposits. Basement rocks are usually 
very resistive (>1000 f• m) unless they too are frac- 
tured [e.g., de Beer et al., 1975; Losecke et al., 1988]. 
On this basis, the alternating conductive and resistive 
structures in the upper 1.5 km of the MT model may 
be correlated with sedimentary fill and volcanic forma- 
tions. At greater depth the interpretation of the resis- 
tivity structure becomes more delicate and is discussed 
later on in section 5. 

In the upper 18 m (layers I to 4) the resistivity distri- 
bution inferred from the modeling of the VES and the 
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high-frequency MT data (Figure 8 and Plate la) can be 
related to the Recent sedimentary cover of the Marigat- 
Loboi Plain that comprises the Loboi and Bogoria Silts, 
which have been estimated to be •20 m thick, as well as 
the alluvial fan systems developed on both faulted mar- 
gins of the plain [Renaut, 1982; Tiercelin and Vincens, 
1987]. 

From 18 to 70 m depth (layer 5, Plate la) a con- 
ductive structure (labeled X) is bounded to the south 
and to the northwest by resistive features, which cor- 
relate with the main tectonic structures of the basin 

(Figure 3). To the southwest and northwest the re- 
sistive zone can be correlated with volcanic rocks be- 

longing to the Hannington formation (HFm), and vol- 
canic units associated with the fiuvio-lacustrine KFm, 
respectively. To the southeast, the resistive structure 
seems to correspond to the volcanic rocks that form the 
IBF structure. The resistivity contrast observed along 
a N140 ø trend may be correlated with the contact be- 
tween the recent sediments of the Marigat-Loboi Plain 
and the Hannington lavas and seems to correspond to 
the known position of the WMTZ on surface (layer 5, 
Plate la and Figure 3). 

The conductive areas (layer 5, Plate la) clearly cor- 
relate with the present sedimentary basin. Two main 
axes of deposition can be defined. 

1. A N-S axis, marked by a conductive feature sev- 
eral kilometers wide in the north of the area studied, 
clearly correlates with the downstream channels of the 
Molo and Perkefta Rivers and with the southern limit 

of the Lake Baringo sedimentary infill, bordered to the 
east and west by the distal parts of the Loiminang and 
Mar]gat alluvial fans (Figure 3). To the south this con- 
ductive anomaly is only a few kilometers wide and can 
be correlated with the morphostructural straight that 
links the northern end of Lake Bogoria to the Marlgat- 
Loboi Plain, presently occupied by the distal part of the 
Sandai alluvial fan and the downstream course of the 
Sandai River. 

2. An E-W axis correlates with lateral sedimen- 

tary fluxes from the western and eastern basin borders, 
linked to the Kapthurin, Ndau, and Perkefta Rivers to 
the west and to a possible ancient stream of the Sandai 
or O1 Arabel Rivers to the east. 

From 70 to 370 m depth (layers 6 and 7, Plate la) 
the resistivity distribution is simpler than in the upper 
layers and is dominated by a conductive N-S axis. The 
E-W axes are only expressed on the basin borders. The 
western, eastern, and southern borders of the basin are 
always clearly defined by moderately resistive features, 
linked to the volcanic rocks (HFm and older flows) af- 
fected by the KAF and IBF, and the WMTZ. Between 
layers 6 and 7 (70-170 m and 170-370 m), the S-W re- 
sistivity structure correlated with the WMTZ shows a 
significant shift toward the northeast, compatible with 
the existence of a flexural structure. The western bor- 

der corresponding to the KAF is less clearly defined in 
layer 7 and also reveals a lateral shift to the east. The 

width of the basin in layer 6 is similar to its value in 
the upper layers and appears to be well controlled by 
the N140 ø trend in layer 7. 

Between 370 and 1420 m depth (layer 8, Plate la, and 
layer 9, Plate lb) the resistivity distribution differs from 
the upper layers. The internal structure of the basin in 
layer 9 is dominated by two conductive, narrow struc- 
tures oriented north and north-northeast (Y and Z on 
Plate lb). In layer 8 these two structures are much 
narrower and are characterized by a higher resistivity. 
In layer 9 the extreme southern end of the area stud- 
ied shows a narrow, globally N-S oriented, conductive 
structure (U, Plate la) similar to the structure in layer 
7. To the west, the N-S trending border of the basin 
(volcanic rocks associated with the KAF) observed in 
layer 7 is present in layer 8 and becomes weaker in the 
underlying layer. The NW-SE trend of the WMTZ is 
still visible in layer 9 but less clearly than in the upper 
layers. 

Below 1420 m (layer 10, Plate lb) the resistivity is 
uniformly higher. This thick, resistive layer (2000 to 
4000 m, see section 3.2.4.1) is an important feature of 
the model. Its structural interpretation is discussed in 
section 5. 

Beneath layer 10, the medium becomes significantly 
more conductive (layer 11, Plate lb). The conductor is 
in the center of the basin and seems to have a more or 

less N-S trend. The data have no resolution at greater 
depth. 

5. Deep Structure of the 
Baringo-Bogoria Basin 

From the interpretation of various seismic and grav- 
ity data the top of the Precambrian basement beneath 
Lake Baringo should occur at between 2 and 5 km depth 
[Swain et al., 1981; Magui•e et al., 1994]. In the upper 
crust, seismic velocities of >6 km/s are consistent with 
granitic material [KRISP Working Party, 1991], which 
can be correlated with Precambrian basement (gneisses 
and amphibolites) outcropping in the Elgeyo Fault es- 
carpment [Sanders, 1963; Maguire et al., 1994]. Given 
that a high resistivity contrast can be expected between 
the sediments infilling the BBB and the Precambrian 
basement, the deep, electrically resistive layer (layer 10, 
Plate lb) could be made up of either volcanic rocks or 
Precambrian metamorphic rocks. 

The bottom of the sediments and volcanic series, at a 
depth of 1.5 km in our model, could therefore be the top 
of the Precambrian basement. If so, the deep conductive 
body in layer 11 is a surprising feature of our model. It 
is elongated roughly N-S and could reflect a deformation 
zone in the crystalline basement; its trend is compatible 
with the continental scale shearing of the Precambrian 
basement [Smith and Mosley, 1993]. Conductive zones 
have been associated with weak zones in metamorphic 
belts at crustal depths [de Beer et al., 1982], but the 
origin of the material whose properties give rise to low 
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resistivity still remains uncertain. A few possibilities 
are high temperatures or conductive material such as 
graphite or saline water saturating fractures [de Beer 
et al., 1975]. Electrical conductivity anomalies mea- 
sured in the Baringo area and its surroundings have 
been interpreted as arising from melting but at depths 
of >10 km, in the upper mantle [Rooney and Hutton, 
1977]. If we assume that the top of layer 10 is indeed 
the basement, then the conductive layer 11 is no more 
than 4 km into the basement (assuming a maximum ac- 
ceptable thickness of 4 km for layer 10). Furthermore, 
the mean resistivity of layer 10 seems to be <•0200 12 m, 
according to the sensitivity analysis, a value markedly 
low for the Precambrian basement. This does not ex- 

clude the possibility of the presence of a dike swarm 
at 5-10 km depth, related to the dense intrusion pro- 
posed to explain the gravity highs observed along the 
rift valley [Swain, 1992]. A hot and highly mineralized 
dike intrusion zone is probably electrically conductive. 
This would be compatible with the requirement that 
the medium be conductive over at least 8 km (see sec- 
tion 3.2.4) beneath layer 10 but would not satisfactorily 
explain the succession between layers 10 and 11, which 
is at too shallow a depth (4 km or so). 

It seems that without rejecting the possibility of the 
presence of deep intrabasement structures, we may also 
suggest an alternative hypothesis to explain at the same 
time the resistive layer 10 and the underlying deep con- 
ductive zone beneath: the resistive layer may be related 
to a thick layer of volcanic rocks underlain by sediments. 
This interpretation is postulated by analogy with the 
structural model proposed on the basis of industrial 
seismic reflection and gravity data by Mugisha [1994] 
and Mugisha et al. [1997] for the Kerio Basin located 
to the west of the Baringo region (Figure lb), consist- 
ing of a deep (>6 km) half graben containing Paleogene 
deposits. We suggest a similar structure for the Baringo 
Basin, with initial synrift sedimentary infill represented 
by the upper part of the conductive layer at level 11 (be- 
low 3.5-4.5 km depth). In this model the layer is over- 
lain at between 1.5 and 3.5 km depth by the resistive 
horizon that could be related to a thick pile of volcanic 
flows, possibly representing the lower to middle Miocene 
Samburu Basalts and Rumuruti Phonolites that reach 

a total thickness of 1750 m in the Laikipia and Saimo 
Fault escarpments (Figure 2). The low average resistiv- 
ity of this layer (54 12 m) could be due to the fractur- 
ing and thin conductive sediment series it is expected 
to contain. Thus this proto-Baringo Basin would be 
dated between Paleogene and lower Miocene time and 
should therefore be contemporary with the deep Kerio 
Basin to the west. The 2-D model derived from the seis- 

mic Kenya Rift International Seismic Project (KRISP) 
90 cross-rift profile [Maguire et al., 1994] shows a low- 
velocity structure beneath the Kerio Valley (5.6 km/s), 
at a depth of •08.7 km, which can be correlated with 
the sedimentary basin. The absence of a such structure 
beneath Lake Baringo (at the latitude 0ø38'N) suggests 

that the Baringo Basin must be restricted to the south 
of the POKTZ. An earthquake study [Tongue et al., 
1994] propose the existence, north of the POKTZ, of 
a dike system linked to a linear magmatic chamber at 
depth and feeding the O1 Kokwe and Karosi volcanoes 
(Figure 3). 

By comparing this interpretation of the Baringo 
Basin with the interpretation provided by Mugisha et al. 
[1997] for the Kerio Basin (Figures 2 and 12), it appears 
that the 500- to 1000-m-thick middle Miocene Uasin 

Gishu-Tiim Phonolite Formations, which are the lateral 
equivalent of the Rumuruti Phonolites in the Elgeyo- 
Saimo region, have been correlated on the Kerio seismic 
lines with a <150-m-thick seismic sequence (MMV of 
Mugisha et al. [1997]). Such a difference in thickness of 
this widely spread phonolite formation suggests another 
interpretation: We propose that the top of the Paleo- 
gene series as defined by Mugisha et al. could represent 
the top of the middle Miocene Uasin Gishu-Tiim For- 
mations (Figure 12). As a consequence, the 600-m-thick 
sedimentary and volcanic units (MS and MMV) corre- 
lated in Mugisha et al.'s [1997] model with the Tam- 
bach (MS) and Uasin Gishu (MMV)formations could 
be reinterpreted as a formation not known in outcrop, 
which may represent the lowest units of the Ngorora for- 
mation, including a possible 150-m-thick volcanic flow 
represented by Mugisha et al.'s MMV sequence. Such 
an interpretation, implying a much thicker (>800-m- 
thick) Ngorora Formation than previously advocated, 
is compatible with a sediment deposited within a time 
span of 4.5 Ma [Hill, 1999] in the axial part of a volcano- 
tectonically active basin IRehaut et al., 1999]. 

The new lithostratigraphic succession proposed for 
the Baringo Basin and correlated to the Kerio series 
should be associated with a deep negative Bouguer 
anomaly, similar to the one observed over the Kerio 
Basin [e.g., Swain et al., 1981]. However, the axis of the 
central Kenya Valley is characterized by marked gravity 
highs [Swain, 1992], while the BBB has a small (about 
-10 to-15 regal) low [e.g., Swain et al., 1981]. The 
current interpretation of the structure of the deep crust 
from the recent results of the KRISP 90 seismic profile 
combined with gravity data involves high-density struc- 
tures as shallow as 10 km to the north of the BBB re- 

lated to dike injection of material denser than the base- 
ment [Swain, 1992; Maguire et al., 1994]. Similar struc- 
tures have been proposed by Swain [1992] in the same 
area and along profiles crossing the rift to the south. It 
seems reasonable to assume that the high-density layer 
is also present beneath the Marigat-Loboi Plain. The 
MT data cannot resolve the structure beneath the top 
of layer 11 (Plate lb), but they do require the medium 
be conductive at depth. A possible transition between 
the top of layer 11, interpreted as a Miocene sedimen- 
tary basin and a deeper intrusion area, is indiscernible 
in the MT data. The indirect evidence for such a struc- 

ture is only provided by the anomalously small gravity 
low in the BBB. 
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Figure 12. Interpreted stratigraphic series from the Kerio Basin to the Baringo Basin. From 
left to right, log proposed by Mugisha et at. [1997], log reinterpreted in this study, log of the 
Eastern Foothills, interpreted log for the Baringo Basin (this study), resistivity log deduced from 
the resistivity model (this study). The resistivity log was established from sites 17, 18, 20, 21, 
and 23 in the northern part of the model (Figure 4). We show the minimum and maximum 
resistivity in each layer in the area delimited by the five sites. Keys are given in the caption to 
Figure 2. 

6. Structural Implications 

The new lithostratigraphic succession applied here to 
the Baringo Basin leads us, first, to discuss and mod- 
ify the structural interpretation proposed by Mugisha et 
at. [1997] for the adjoining Kerio Basin on the basis of 
industrial reflection seismic data and, second, to recon- 
sider the rift model previously applied to the central 
Kenya system along the Elgeyo_Kerio_Saimo_Laikipia 
transect that implied a progressive easterly shift of both 
volcanic and tectonic activity from Miocene times on- 

ward [Chapman et at., 1978; 
1987; Mortey et at., 1992]. 

Tiercetin and Vincens 

6.1. Evolutionary Model for the Kerio-Baringo 
Rift Basins 

Combining the known surface geology, reinterpreted 
seismic data (from the Kerio Basin), and newly acquired 
geophysical data set (BBB, this study) allows us to pro- 
pose a new lithostratigraphic succession (Figure 13a) 
and evolutionary model (Figures 13b and 14) for the 
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Figure 13a. Correlation between stratigraphic series from the Elgeyo Fault to the west to the 
Laikipia escarpment to the east. Baringo Axial Valley stratigraphic series are interpreted from 
the 3-D MT model. Note that we enlarged the reinterpreted Kerio log and the new Baringo log. 
Keys are given in the caption to Figure 2. 

central Kenya Rift. The sections of Figure 13b illus- 
trate five successive basinal templates from Paleogene 
times up to Present. 

6.1.1. Stage 1, from Paleogene to lower Mio- 
cene. During this first phase of rifting, the deforma- 
tion zone is located between a western rift boundary, 
the Kerio Fault (KeF) as defined by Mugisha et al. 
[1997], and an eastern boundary, the proto-Laikipia Rift 
Border Fault (LRBF) [King, 1978], which corresponds 
to a sparsely faulted flexure zone. Two, almost sym- 
metrical, westward dipping half grabens develop pro- 
gressively: the Kerio half graben to the west, bounded 
by the KeF, and the Baringo half graben to the east, 
bounded by a proto-Saimo Fault, separated by the Tu- 
gen Hills basement flexure zone. A similar scenario 
is known for the contemporary Lokichar basins in the 
northern Kenya Rift [Morley et al., 1992]. These two 
Kerio and Baringo half grabens are filled by several 

kilometer-thick sediments. A small part of this infill 
can be represented by the conglomerates and sands of 
the Kimwarer and Kamego Formations. It is suggested 
that the upper part of this sedimentary infill is repre- 
sented by the Tambach Formation, dated between 16 
and 14 Ma. Contemporary volcanic activity occurs in 
the Elgeyo and Saimo regions with the eruption of the 
Elgeyo and Chof Formations to the west and the Sidekh 
Formation to the east (Figure 2). These volcanic series 
may form part of the infill of the deep Kerio half graben. 
In the Baringo half graben this stage is correlated with 
layer 11 (Plate lb) of the resistivity model. No iden- 
tifiable sedimentary formation in this area could repre- 
sent part of this Paleøgene-løwer Miocene sedimentary 
infill. Volcanic activity in the Baringø-Laikipia region 
is represented during the lower-middle Miocene by the 
Samburu Basalts that form part of the Baringo Basin 
infill (Figure 13a). 
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Figure 14. Time chart of tectonic activity in the central Kenya Rift. (a) From Tiercelin [1981], 
Bosworth [1985], Morley [1994], and Mugisha et al. [1997]. (b) Our proposed interpretation. 

6.1.2. Stage 2, from lower to middle Miocene. 
The initial phase of rifting (Paleogene to lower Miocene) 
in central Kenya ends with a long period of intense vol- 
canism, marked by the eruption of the 500- to >1000- 
m-thick Uasin Gishu, Tiim, and Rumuruti Phonolites 
that overflow both rift shoulders and cap the Kerio and 
Baringo Basins. In the Baringo Basin these formations 
are interpreted as corresponding to layer 10 of the resis- 
tivity model. In the Kerio Basin, it is proposed that this 
lava formation coincides with the top of the Paleogene 
series defined by Mugisha et al. [1997] (Figure 12). 

6.1.3. Stages 3a and 3b (middle-upper Mio- 
cene). A second major phase of deformation affects 
the Kerio Basin. Considerable offset occurred along the 
western rift border, with the development of the Elgeyo 
Fault, and the erosion of the resulting Elgeyo escarp- 
ment contributes to the deposition in the Kerio Basin 

of the >800-m-thick fiuvio and lacustrine Ngorora For- 
mation. The extensive postfaulting volcanism resulted 
in the deposition on the western part of the rift of thick 
(330-700 m) upper Miocene lavas (Ewalel Phonolites 
and Kabarnet Trachytes) that cap the Nogorora For- 
mation. 

The eastern border of the rift is marked by a fault- 
ing episode that occurred before the eruption of the 
Tasokwan Trachytes (7.6-6.6 Ma), resulting in the sub- 
meridian structuring of the Laikipia complex N-S fault 
pattern that controls the distribution of the Tasokwan 
lava flows [Grijcfiths, 1977]. This observation suggests an 
interpretation of the two submeridian conductive fea- 
tures identified in layer 9 (Plate lb) of the resistivity 
model as two N-S elongated grabens, formed parallel 
to the Laikipia fault escarpments during this tectonic 
episode and infilled by sediments. These sedimentary 
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basins could be contemporary with the upper part of 
the Ngorora Formation deposited to the west in the Ke- 
rio Basin or with the Mpesida Beds dated 7.2-6.7 Ma 
[Hill, 1999] (Figure 13a). 

6.1.4. Stage 4 (Pliocene). The Pliocene period 
is marked by the concentration of volcanic activity and 
tectonic movement in the Baringo Basin to the east of 
the Tugen Hills. Between 5.4 and 3.9 Ma, fissure-style 
eruptions resulted in the deposition of the 600-m-thick 
Kaparaina Basalts on the hanging wall of the Saimo 
Fault [Chapman and Brook, 1978], followed by a ma- 
jor faulting episode that caused the deformation of the 
Kaparaina Basalts in close association with the devel- 
opment of the Lukeino/Chemeron sedimentary basins 
[Chapman et al., 1978; Hill, 1999] (Figure 13a). 

6.1.5. Stage 5 (Pleistocene to Present). The 
uppermost part of the resistivity model (layers 5, 6, 
and 7, Plate la) suggests that during this period the 
active axis of the rift is centered on the Baringo Basin, 
between the Saimo Fault and the easternmost Laikipia 
escarpment. The more resistive features visible in lay- 
ers 5 to 7 of the resistivity model clearly correlate 
with the 150- to 300-m-thick Hannington Trachyphono- 
lites and older lava flows (Kwaibus Basalts), which 
are affected by N-S trending faulted structures (KAF, 
IBF, and the Maji Moto grid fault zone) and by the 
N140 ø trending WMTZ. This could indicate that the 
N-S and N140 ø structural trends, having controlled the 
deposition of the initial rift sediments, still play an im- 
portant role during the more recent stages of basin de- 
velopment. 

The conductive, N-S trending axis (layer 7) can be 
interpreted as the main axial depocenter of the 125- 
m-thick fiuvio-lacustrine KFm that accumulated above 

the Hannington lava flows. The E-W conductive axes 
could correspond to the drainage of the Saimo Fault 
escarpment to the west and Laikipia escarpment to the 
east, during the deposition of the KFm between 0.8 and 
0.2 Ma. 

6.2. Consequences in Terms of Rift 
Propagation 

Defining the spatial distribution of the successive 
fault-controlled basins that developed since Paleogene 
times onward within the central Kenya rifted zone leads 
us to discuss and change markedly models of rift propa- 
gation previously applied to the Kenya Rift as a whole. 

According to previous models, based mainly on sur- 
face geology, rifting is believed to have nucleated, as 
early as Paleogene time, on the western side of the 
present rift, in the Kerio area, while to the east, the 
first evidence of rift deformation was only expressed 
during the late Miocene by moderate fiexuring along the 
Laikipia fault zone. During Pliocene to Recent time, rift 
deformation is assumed to have shifted eastward with 

respect to the Kerio Basin, focusing along the Baringo- 
Bogoria zone that belongs to the active axial trough of 
the Kenya Rift. 

The recognition of a Paleogene deeply buried basin 
beneath the Baringo axial rift zone allows us to propose 
an alternative rift model that differs significantly from 
the concept outlined above, revealing a more complex 
organization of rifting at an early stage of the process 
(Figure 13b). One of the main assumptions of our model 
concerns the initial width of the rifted zone, which is 
here estimated to be 50-60 km, i.e., nearly twice that 
of previous mo•dels (stage 1, Figure 13b). The resulting 
Paleogene rift system may involve two similarly westerly 
tilted half grabens separated by an intervening base- 
ment high that can be interpreted as a proto-Tugen 
Hills. 

During subsequent rifting stages the deformation 
seems to be largely distributed within the Kerio or 
Baringo Basin, but with no clear timing polarity. Dur- 
ing mid-upper Miocene times (stage 3, Figure 13b), 
extension occurs principally within the western Kerio 
Basin, which is seen to maintain roughly the initial half- 
graben arrangement. To the east, the next stage of 
rift development starts later, during the lower Pliocene 
(stages 4 and 5, Figure 13b). In terms of rift migra- 
tion, our model implies that the progressive widening 
of the rifted zone is accommodated by intrarift fault 
structures, possibly rejuvenating preexisting rift struc- 
tures (e.g., Saimo Fault), rather than by fault networks 
propagating outward (to the east) through unstretched 
domains. 

As indicated above, the initial geometry of the Ba- 
ringo fault-controlled basin during the Paleogene rifting 
stage is unknown. However, the different maps of resis- 
tivity distribution (Plate 1) suggest strong control by 
both N-S (Kapthurin) and transverse faults (WMTZ) 
on the successive depocenters. This structural con- 
figuration is clearly documented for layers 5, 6, and 
7 (Plate la). Therefore the Kerio and Baringo fault- 
controlled rift basins are likely to form synthetic half 
grabens bounded to the south by major N140 ø trending 
transverse fault zones. These are assumed to root at 

depth along large-scale basement discontinuities, and 
their geometrical relationships with the submeridian 
easterly dipping normal faults define an obtuse angle 
which is quite favorable for depocenter development, as 
has been shown for the Tanganika Rift (K. E. Lezzar et 
al., Control of normal fault interaction on the distribu- 
tion of major Neogene sedimentary depocenters, Lake 
Tanganika, East African Rift, submitted to The Struc- 
ture and Sequence Stratigraphy of Rift Systems, edited 
by J. R. Underhill, AAPG Memoir, 2000). 

By now comparing the 3-D geometry of the Kerio 
and Baringo half grabens, as inferred from the avail- 
able subsurface data sets, we observe marked differ- 
ences. According to gravity data the Kerio half graben 
is assumed to occur as a 25-km-wide and 100-km-long 
structure [Mugisha et al., 1997]. In contrast, there 
is no large Bouguer anomaly low associated with the 
Baringo half graben [e.g., Swain et al., 1981]. From 
its present-day surface geology the southern part ap- 
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pears as a much smaller rhomb-shaped fault-controlled 
structure, -025 km long (Figure 3). However, the ini- 
tial length of the Baringo Paleogene-Miocene deposi- 
tional area should have been much greater, as suggested 
by fault displacement-length scaling relationships gen- 
erally accepted for fault populations [Clark and Cox, 
1996; Nicol et al., 1996]. Thus the 6 to 7-km-deep 
Baringo half graben corresponds to a nearly 100 to 
120-km-long structure, i.e., quite similar to the adjoin- 
ing Kerio Basin. Subsequent fiexuring and fault seg- 
mentation of the Paleogene-Miocene half graben along 
transverse linear structures (Figure 3) accounts for the 
present-day lozenge-shaped geometry of the Baringo 
block. 

Finally, it should be noted that this model for the cen- 
tral Kenya Rift, which implies (1) a relatively wide ini- 
tial rift zone involving two similarly facing half grabens 
and (2) inward rift fault propagation, has also been 
proposed for the Lokichar-Lodwar half-graben system 
of the Turkana area farther north (Figure lb) [Morley 
et al., 1992]. Further subsurface geophysical investiga- 
tions, such as the MT approach presented here, should 
be now carried out on the intervening Suguta rift valley 
(Figure la) in order to obtain a complete picture of the 
deep structure of the central/northern Kenya Rift as a 
whole. 

7. Conclusions 

We present the results from an interpretation of a 
magnetotelluric (MT) survey in the Bogoria-Baringo 
Basin in the central Kenya Rift. Three-dimensional 
modeling of the MT data is carried out using an iter- 
ative nonlinear minimization approach based on a 3-D 
forward calculation combined with a steepest gradient 
technique. The sensitivity of the data to the main fea- 
tures of the resulting model is tested. The electrical 
structure reveals alternating good conductors and re- 
sistive layers down to 4-5 km in depth. The resistivity 
distribution in the upper 1500 m is well correlated with 
recent geological events. From 1500 m to about 4 to 
5 km, we obtain a thick resistive layer that we relate 
to the main mid-Miocene plateau-type flood phonolite. 
This layer overlies a conductive body, the top of which 
is interpreted as the sedimentary infill of a basin devel- 
oped during the initial phase of rifting. It is suggested 
that the continuation downward of this conductive body 
is related to the intrusion of dikes. The recognition of 
a deeply buried Paleogene basin beneath the Baringo 
axial rift zone allows us to propose an alternative rift 
model that differs significantly from previous concepts, 
revealing a more complex organization of rifting at an 
early stage of the process. 
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