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ABSTRACT 

The Lake Bogoria basin, here in referred to as the study 
area, is located in the greater Baringo-Bogoria basin (BBB), 
about 100 km to the north of Menengai geothermal prospect 
on the floor of Kenya Rift Valley (KRV). It is bound by 
latitudes 0o 00’ and 0o 30’N and longitudes 35o45’E and 
36o15’E within the rift graben. The study area is 
characterized by geothermal surface manifestations which 
include hot springs, spouting geysers, fumaroles/steam jets 
and mud pools. The area is overlain by Miocene lavas 
lavas, mainly basalts and phonolites, and Pliocene to recent 
sediments and pyroclastics such as tuffs, tuffaceous 
sediments, superficial deposits, volcanic soils, alluvium and 
lacustrine silts. The terrain is characterized by extensive 
faulting forming numerous N-S ridges and fault scarps. 

Gravity and magnetotelluric (MT) surveys were undertaken 
in the area to determine the heat source, characterize the 
geothermal reservoir, and evaluate the geothermal resource 
potential of the basin. 

Gravity survey results indicate Bouguer anomaly having an 
amplitude of ~40 mGals aligned in a north-South direction 
and interpreted to be due to a series of dyke injections and 
hence the heat source in the basin. The interpretation of 
Bouguer anomaly has been constrained by using previous 
seismic results. The MT survey results show three distinct 
layers in the basin. The first layer, overlain by high 
resistivity thin layers, is ~3 km thick and has resistivities 
ranging between 4-30 Ω-m. This layer is interpreted to be 
due to a combination of saline sediments and circulation of 
high temperature geothermal fluids. The second layer is 
~10 km thick and resistivity values range between 85-2500 
Ω-m. This layer is interpreted to be fractured basement 
metamorphic rocks hosting a steam reservoir where 
circulating fluids are heated by underlying dyke injections. 
The substratum is characterized by resistivities ranging 
between 0.5-47 Ω-m and is interpreted as hot dyke 
injections which are the heat sources for this geothermal 
prospect. The magnetotelluric results in this study are 
consistent with results of previous microseismic study in 
Lake Bogoria basin by Young et al. (1991). 

On the basis of gravity and MT results, the heat source in 
Lake Bogoria basin is due to cooling dyke injections 
occurring at depths of ~6 – 12 km in the subsurface. 
Gravity method however favours depths of ~3 – 6 km. The 
geothermal reservoir is probably two-phase and is attributed 
to condensation of high temperature steam from the 
underlying fractured basement metamorphic rocks. 

1. INTRODUCTION 

Kenya is dissected longitudinally by the East African Rift 
System (EARS), here in referred to as the Kenya Rift 
Valley (KRV) where medium to high temperature (>140oC) 
geothermal fields and prospects are located (Figure 1). 
These geothermal fields are associated with Quaternary 
volcanic centers and fissures/fault related to the rift floor 
fault systems (Riaroh and Okoth 1994; Omenda 2001). 
Only a few of these geothermal fields have been studied in 
detail for the purpose of mapping the heat sources and 
characterizing the reservoirs for the purpose of geothermal 
power generation.  

Gravity and magnetotelluric surveys were undertaken in 
Lake Bogoria basin. The purpose of the geophysical 
surveys was to map the heat source in the basin and 
characterize the geothermal reservoir. In this paper, we 
present the results of gravity and magnetotelluric surveys 
undertaken in the basin as part of an intensive geothermal 
resource exploration programme in Kenya. 

Figure 1: Location of Lake Bogoria basin 
(outlined by green box) within Kenya Rift Valley 

(modified from Mariita, 2003). 

Lake Bogoria basin geothermal prospect is located in 
Baringo-Bogoria basin (BBB), about 100 km to the north of 
Menengai geothermal field on the floor of central Kenya 
Rift Valley (KRV). It is bound by latitudes 0o and 0o30’ N 
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and longitudes 35o45’ E and 36o15’ E (figures 1 and 2). The 
geothermal prospect is characterized by spectacular 
geothermal surface manifestations which include hot 
springs and spouting geysers on the shores of L. Bogoria, 
fumaroles/steam jets and mud pools which extend for 
several hundred meters on the east bank of Molo river. The 
prospect area is overlain by Miocene lavas and Pliocene to 
recent sediments and pyroclastics. (Baker and Wohlenberg 
1971; Smith and Mosley 1993).  

Extensive faulting accompanied by block tilting 
characterize the terrain and these form numerous N-S ridges 
and fault scarps. According to Baker and Wohlenberg 
(1971) this complex network of faults and fractures 
suggests that tensional strain oblique to the primary rift axis 
is still occurring.  

Figure 2: Geology and geological setting of Lake 
Bogoria basin. 

2. PREVIOUS WORK 

Generally, the central Kenya rift valley and particularly the 
Lake Bogoria basin has been the target of a number of 
geophysical and geological investigations summarized in 
two special volumes (Prodehl et al. 1994, 1997). Other 
geophysical investigations include those by Simiyu and 
Keller (1998, 2000, 2001); Simiyu (1990); Mariita (2003);  
Swain et al. (1981, 1994); Swain (1992), Fairhead (1976); 
Hautot et al., (2000); Rooney and Hutton (1977); Young et 
al. (1991); Tongue (1992); Tongue et al. (1992, 1994) 
among others. Regional gravity analysis by Simiyu and 
Keller (2001) and Mariita (2003) indicate no existence of 
volcanic heat sources in Lake Bogoria basin. Gravity 
analysis by Simiyu and Keller (2001) along an axial rift 
profile show a series of positive gravity highs at Menengai, 
Eburru, Olkaria and Suswa geothermal fields (Figure 1). 
The gravity highs have been modeled as resulting from 
volcanic centers underlain by discrete mafic bodies having 
a density of 2.9x103 kg m-3 which are presumed to be the 
heat sources for these geothermal fields. Cross-rift gravity 
model by Mariita (2003) at latitude 0.6o N just to the north 

of Lake Bogoria basin geothermal prospect shows that this 
area is underlain by about 2-4 km thick of low density 
(2.3x103 kg m-3) Miocene lavas and sediments but there no 
evidence of volcanic intrusives which could be possible 
heat sources. According to Fairhead (1976), the Kenya rift 
valley is characterized by localized positive anomalies due 
to dyke injections. Magnetotelluric studies by Rooney and 
Hutton (1977) show that the Kenya rift conductor is 
probably due to high temperature and water saturation. 
Hautot et al., (2000) have identified a thick succession of 
well defined tectonostratigraphic units in Baringo-Bogoria 
basin and downward continuous layer related to dyke 
injections. 

Young et al. (1991); Tongue (1992); Tongue et al. (1992, 
1994) and have identified the basin as area as an area of 
relatively high seismic activity in comparison to other 
geothermal areas along the KRV, and a 12 km depth 
defining the brittle–ductile transition zone. 

Recent geochemistry work by Karingithi (2006) indicates 
that a geothermal reservoir exists in Lake Bogoria basin. 
The reservoir temperature ranges between 115 to 425oC and 
the upflow zone may be located in the area close to arus 
steam jets, between Molo river and longitude 36o E  
(figure 2). 

3. METHODOLOGY 

The principal aim of this study was to determine the 
variation in physical parameters that are associated with 
heat sources and, attempt to delineate and characterize the 
geothermal reservoir in Lake Bogoria basin. In order to 
achieve these objectives, the present study involved 
utilization of integrated geophysical methods namely 
magnetotelluric (MT) and gravity. Integrated methods are 
useful in geothermal resource studies since they 
complement each other and provide a subsurface image that 
can be used for delineating geothermal reservoirs and 
mapping the associated heat sources. Standard gravity and 
magnetotelluric (MT) techniques were utilized in an 
attempt to map the heat source and, delineate and 
characterize the geothermal reservoir in Lake Bogoria 
basin. 

Figures 3 and 4 show the gravity and magnetotelluric 
station coverage in Lake Bogoria basin acquired for the 
purpose of this study.  

Figure 3: Gravity station coverage in Lake 
Bogoria basin. 
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Figure 4: Magnetotelluric station coverage in 
Lake Bogoria basin.  

4. RESULTS 

Gravity survey results indicate a Bouguer anomaly having 
an amplitude of ~40 mGals aligned in a north-South 
direction (Figure 5). This gravity high has been modeled 
and interpreted to be due to a series of dyke injections 
(Figures 6 and 7) having a density of 2.90 g/cc, and hence 
the heat source in the basin. The modeling of Bouguer 
anomaly was constrained by using previous seismic results 
by Simiyu and Keller (2001); Keller et al., (1994a) and 
Braile et al., (1994). Seismic velocities were converted to 
densities using the expression by Gardner et al. (1974). The 
calculated densities were considered as the initial density 
values for the modeling of the Bouguer gravity anomaly but 
could however be varied within certain limits.  

Figure 5: Complete Bouguer anomaly in Lake 
Bogoria basin. 

The results of MT data modeling along N-S and E-W 
profiles (Figures 8 and 9) show three distinct relatively 
thick layers in the basin. The first of these layers, which is 
overlain by high resistivity thin layers, is ~3 km thick and 
has resistivities ranging between 4-30 Ω-m. This layer is 
interpreted to be due to a combination of saline sediments 
and circulation of high temperature geothermal fluids. The 
second layer is ~10 km thick and resistivity values range 
between 85-2500 Ω-m and is interpreted to be fractured 
basement metamorphic rocks probably hosting a steam 
reservoir where circulating fluids are heated by underlying 
dyke injections. The substratum is characterized by 
resistivities ranging between 0.5-47 Ω-m and is interpreted 
as hot dyke injections which are the heat sources for this 
geothermal prospect.  

Figure 6: East-West gravity model.  

Figure 7: North-South gravity model.  

Figure 8: East-West magnetotelluric resistivity 
model.  

Figure 8: North-South magnetotelluric resistivity 
model. 

MT23 MT12     MT17   MT04MT15MT11 MT03 MT14 
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5. CONCLUSION 

An axial gravity high is evident in Lake Bogoria basin. The 
gravity high is characterized by an amplitude of ~40 mGals 
and is the heat source in the basin. The gravity high is 
presumed to be due to cooling dyke injections. 

One dimensional full inversion of the MT data along East-
West and North-South profiles indicates existence of three 
distinct layers. The first layer, overlain by high resistivity 
thin layers, is ~3 km thick and has resistivities ranging 
between 4-30 Ω-m. This layer is interpreted to be due to a 
combination of saline sediments and circulation of high 
temperature geothermal fluids. The second layer is ~10 km 
thick and resistivity values range between 85-2500 Ω-m. 
This layer is interpreted to be fractured basement 
metamorphic rocks probably hosting a steam reservoir 
where deeply circulating fluids are heated by the underlying 
dyke injections. The substratum is characterized by 
resistivities ranging between 0.5-47 Ω-m and is interpreted 
as cooling dyke injections which are the heat sources in the 
area. 
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