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ABSTRACT 

Geothermal energy has become increasingly important around the world for the past 

few decades. This renewable energy has been utilized for electricity generation in 

Kenya. Before harnessing and utilizing this energy, survey of the geothermal area 

must be done. Moinonin has several geothermal manifestations in form of fumaroles, 

hot altered ground and steaming grounds among others. Even with these geothermal 

manifestations, gravity survey has not been done in the area. There is need to explore 

the area in order to ascertain the presence of a heat source and to determine its depth 

from the surface. Ground gravity measurements of 132 gravity stations in Moinonin, 

west of Lake Baringo were carried out to image the subsurface geology and map out 

areas associated with high temperature intrusive bodies. At each station, elevation and 

location coordinates were measured using a Global Positioning System (GPS). The 

time at which the measurement in each station was carried out was also recorded. 

Measurement of the gravitational attraction exerted by the earth at the measurement 

station on the surface was done using a gravimeter with an accuracy of ± 0.1 mGal. 

Data reduction on the gravity data was done to take care of corrections. Gridding was 

then done using surfer software and bouguer anomaly map plotted. Profiles were 

drawn on the contour map along the discerned anomalies. Modeling was then done 

using Grav2dc software, along the selected profiles. This was to attempt to identify 

possible fault lines, presence and depths of anomalous bodies that may be heat 

sources. Gravity highs were observed to be widely spread on the northern and the 

southern part of the area. 2-D Euler deconvolution along the profiles shows that there 

are fault lines in Moinonin area, which form conduits for thermal fluid flow. The 

models developed show heat sources protruding up to between 500m and 700m below 

the surface. The density contrast of the models was between 0.2475gcm
-3

 and 

0.2850gcm
-3

, which is the density of an intrusive igneous rock. It was therefore 

concluded that there are thermal bodies in Moinonin. This confirms that the area has 

high potential for electricity production and there is need for exploration. The heat 

should be tapped to generate electricity. Other methods can now be used for 

confirmation and verifications of the heat reservoir. 
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CHAPTER ONE 

INTRODUCTION  

1.1 Background to the study 

Gravity surveys shed light on the structure and physical properties of geothermal 

fields. Hydrothermal activity around the Moinonin geothermal prospects is manifested 

by extensive occurrence of fumaroles, hot springs, altered grounds and thermally 

anomalous ground-water boreholes. In spite of the manifestations, gravity survey has 

not been carried out in Moinonin and therefore the structure and the physical 

properties of the sub surface of the area are not known. According to Dunkley et al. 

(1993), few gravity measurements have been performed in the Lake Baringo area by 

research groups. The Gravity survey information on the area is very crucial to all 

interested parties. Borehole drillers lack information about geothermal bodies in 

Baringo. One of the boreholes, the Chepkoiyo borehole, which was drilled in April 

2004, self-discharged water at 98
o
C (local boiling point). Kenya is endowed with vast 

geothermal resource potential along the wide Kenya Rift valley that transects the 

country from North to South. Exploration by Kenya Electricity Generating Company 

Ltd (KenGen) and Geothermal Development Company Ltd (GDC) in collaboration 

with the Ministry of Energy (MoE) reveals that geothermal potential exceeds 10000 

MWt and is capable of meeting all of Kenyaôs electricity needs over the next 20 years. 

Out of this potential, about 580 MWt and 18 MWt are being utilized for indirect and 

direct uses respectively. The Least Cost Power Development Plan (2008-2028) 

prepared by the Government of Kenya indicates that geothermal plants have the 

lowest unit cost and therefore suitable for base load and thus, recommended for 

additional expansion. Electric power demand in Kenya currently stands at over 8% 
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annually. In order to meet the anticipated growth in demand, more research has to be 

done. Lake Baringo Geothermal Prospect is one of the several important areas on the 

Kenya Rift floor that are associated with possible occurrence of geothermal resource. 

1.2 Regional geological setting 

Moinonin area is an unexploited geothermal resource located in the western part of 

the lake Baringo. Lake Baringo is located within the eastern floor of the Kenyan rift 

valley, which is part of the East African Rift System. It is bounded by latitudes 

0
0
30ôN and 0

0
45ôN and longitudes 35

0
59ôE and 36

0
 10ôE. Figure 1.1 shows the 

regional setting of Lake Baringo. 

 

Figure 1.1 Geology of the Lake Baringo in the Eastern (Gregory) Rift, Kenya 

(adapted from Chapman & Brook, 1978) 
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Lake Baringo is one of the important areas on the Kenyan rift floor that is associated 

with possible occurrence of geothermal resource. The Tugen hills, an uplift fault 

block of volcanic and metamorphic rocks lies west of the lake. The Laikipia 

escarpment lies to the East. The Baringo trachyte was described by Martyn (1969) as 

the óLake Baringo Trachyteô. The Baringo trachyte outcrops over 12km
2 

west of 

Kampi ya Samaki. It was the major source material for artifacts found in Kapthurin 

basin (Tallon, 1978). The striking appearance on aerial photographs is due to 

lineaments, which reflect pressure ridges resulting from the congealing of highly 

viscous lava. The trachyte is fine grained, black, streaked with green and locally 

speckled, an expression of glomerophyric clusters of dark minerals. Sanidine forms 

about 60% of the mode: otherwise aegirine-angite, aenigmatite and zeloilites are 

commonly observed in this section (Dagley et al., 1978).Thin basalt flows occur on 

the west side of the lake (Truckle, 1977) forming the greater part of the outcrops 

which Martyn (1969) referred to óBasalts of Nginyang typeô. They are well exposed 

on the lakeshores promontories between Kampi ya Samaki and west Bay, and further 

north at Logoratabim. The Baringo basalts are typically weather black with a rough 

texture due to vascularity. Columnar or rough blocky jointing is usual in the area. The 

lake has several small islands, the largest being Olkokwe island which is an extinct 

volcanic center related to Korosi volcano, north of the lake. 

1.3 Statement of research problem 

Moinonin has several geothermal manifestations in form of fumaroles and hot springs 

that discharge along the shoreline of the lake. Not much research has been done in the 

area to determine the presence and location of a geothermal body. Establishing the 

presence and location of a geothermal body in Moinonin area would be welcome 
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news to the locals, scholars and companies who exploit geothermal resources. The 

final process of harnessing the geothermal resource would improve economic 

activities in the area and create technical jobs and opportunities. Geothermal power 

doesnôt rely on the weather and therefore it is cost effective and reliable. Due to 

erratic and unpredictable weather patterns and climate change globally, the main 

source of power which is dependent on the water levels in the dams has been 

unreliable. The power supplier has had to resort to power rationing and producing 

power using petroleum run generators which is not environmentally friendly. This is 

also expensive and the extra cost of production has always been passed on to the 

consumers. In Kenya, the installed capacity of power generation has not increased to 

match the demand growth thus emergency power has been procured to satisfy big 

demands. In recognition of the importance and reliability of geothermal power and the 

energy requirement to meet vision 2030, the government has embarked on an 

ambitious generation expansion plan to increase the installed capacity through 

enhanced geothermal development (Simiyu, 2010).It is therefore necessary to carry 

out research in this region to determine the viability of geothermal resource and 

recommend exploitation to supplement power supply. 

1.4 Objectives of the research project 

1.4.1 General objective 

To study the extent of gravity highs in Moinonin area Lake Baringo, and determine 

whether they could be possible sources of geothermal energy. 

1.4.2 Specific objectives 

The specific objectives of this study were; 

i. To carry out ground gravity measurements in Moinonin area. 

ii.  To carry out data reduction and processing of the gravity data. 
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iii.  To model bodies with density contrast of possible heat sources. 

1.4.3 Rationale of study 

Insufficient energy supply is still a major impediment to economic growth in Kenya. 

Development in the economy is anchored on the provision of reliable, sustainable and 

environmentally friendly source of energy. Extensive faulting accompanied by block 

tilting characterizes the terrain at the western side of Lake Baringo which includes 

Moinonin area. These form numerous N-S ridges and fault scarps. According to Baker 

and Wohlenberg (1971), Baker (1986) and Baker et al. (1972, 1988), this complex 

network of faults and fractures suggests that tensional strain oblique to the primary 

rift axis is still occurring and there is need to make a deliberate effort to harness 

geothermal potential in Lake Baringo. 
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CHAPTER TWO  

LITERATURE REVIEW  

2.1 Geothermal system  

A geothermal system is made up of four main elements namely, a heat source, a 

reservoir, fluid which is the carrier that transfers the heat and fluid path ways (for 

example faults and fractures). Parameters that characterize a geothermal system are 

temperature, porosity, permeability and chemical composition of the fluid. The main 

interest is in areas where we get high temperatures, high pressure, high porosity and 

good permeability and low content of dissolved solids and gases in the water. 

Geothermal resource is associated with an area of Quaternary volcanism in which 

rhyolites dominate. Geophysical exploration for the resource during the early stages 

of development included dipole, Schlumberger, electromagnetic, head-on, gravity, 

seismic and magnetics and various levels of success were achieved.  

It was noted that whereas resistivity was the most important in identifying the 

reservoirs, depth of penetration was low for dipole and Schlumberger while 

interpretation of head-on data was ambiguous. Gravity survey of the shallow crust is 

used to indicate fault zones characterized by low density (Naomi, 1981). Precision 

gravity surveys have been used at Olkaria Geothermal Field in 1983 to monitor 

gravity changes as a result of geothermal fluid withdrawal (Mwangi, 1983). A review 

of the observed gravity data over each benchmark indicated changes over the years 

during monitoring period (Marietta, 2000).  The occurrence of late phases rhyolites 

(cementite) lavas and pyroclastic indicates the presence of shallow magma bodies 

since it has been established that they are products of protracted crystallization and 

crustal anatexis (Macdonald et al., 1987; Black et al., 1997; Omenda, 2000). Such 
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processes have the potential to transfer large quantities of heat to the upper crust via 

the shallow crustal bodies.  

2.2 Key benefits of geothermal energy 

Geothermal energy is competitive in terms of cost. Estimates indicate that it can even 

compete with large-scale hydropower (Stefansson, 1999). Geothermal power plants 

have near zero emissions, ( true for modern closed cycle systems that re-inject water 

back to the earthôs crust ) and very little space requirement per unit of power 

generated ( Karekezi and Kithyom,2008 ). This makes geothermal energy an 

attractive option compared to fossil fuel alternatives. Geothermal energy is not 

susceptible to seasonal fluctuations, and is available all year round. This is in contrast 

to hydroelectric power, which is affected by low rainfall and oil-fired power plants, 

which can be prohibitively expensive to operate when oil prices are high. Geothermal 

energy has other direct uses such as space heating and heating of green houses for 

horticultural farming (Lund et al., 2005). The knowledge base on geothermal energy 

is growing rapidly, with a sizeable expert team present in Kenya. 

2.3 Gravity method 

The gravity method measures the spatial variations in the strength of the gravitational 

field of the earth. The underlying concept is the idea of a causative body, which is a 

rock of different density from its surroundings. This causative body represents a 

subsurface zone of anomalous mass and causes a localized perturbation in the 

gravitational field known as a gravity anomaly. Because the force of gravity is 

proportional to the mass responsible for the gravitational field and inversely 

proportional to the square of the distance between any part of that mass and the 

observation point, a local lack of normal mass (say, a thick layer of low-density 
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sediments instead of heavy igneous rocks of negligible porosity) will result in a local 

gravity low.  A mass of unusually dense rock (gabbro intruding sedimentary rock or 

acidic volcanics) will generate gravity high. 

2.4 Ground gravity survey 

A wide range of geophysical surveying methods exists for exploration for geothermal 

energy as well as the monitoring of geothermal reservoirs under exploitation 

(Ndombi, 1981; Mariita, 1995; Simiyu and Keller, 1997). The type of physical 

property to which a method responds dictates the application. Although many of the 

geophysical methods employed require complex methodology and relatively complex 

mathematics in processing and interpretation of data derived, much information is 

derived from a simple assessment of the survey data. In gravity surveying, subsurface 

geology is investigated based on variations in the earth's gravitational field generated 

by differences of density between subsurface rocks. A subsurface zone whose density 

is different from that of the surroundings causes a localized perturbation in the 

gravitational known as a gravity anomaly. Volcanic centre, where geothermal activity 

is found, are indicators of cooling magma or hot rock beneath these areas as shown by 

the recent volcanic flows, ashes, volcanic domes and abundant hydrothermal activities 

in the form of fumaroles and hot springs. Gravity studies in volcanic areas have 

effectively demonstrated that this method provides good evidence of shallow 

subsurface density variations, associated with the structural and magmatic history of a 

volcano (Ndombi, 1981). There is a correlation between gravity highs with centers of 

recent volcanism, intensive faulting and geothermal activity.  
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2.5 Gravity surveys in Kenya 

According to Mwangi (2005), Kenya is one of the African countries that tap energy 

from the crust of the earth for electric power generation. Geothermal investigations 

started as long ago as 1956 when exploratory drilling was undertaken by a consortium 

of companies. It is observed that Kenya is endowed with vast geothermal resource 

potential along the wide Kenya rift valley that transcends the country from north to 

south as shown in figure 2.1. According to Simiyu (2010), Kenya electricity 

generating company limited (KenGen) and geothermal development company (GDC) 

in collaboration with ministry of energy have undertaken a detailed surface studies of 

most of the prospects in the Kenya rift which comprises Suswa, Longonot, Olkaria, 

Eburru, Menengai, Lakes Bogoria and Baringo, Korosi and Paka volcanic fields. 

Kyalo (2011) used the gravity survey in Arus area of Lake Bogoria where he found 

bouguer anomaly of approximately 40mGals along the north south of the lake. 
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Figure 2.1 Map showing Lake Baringo and other locations of the geothermal 

fields and prospects in Kenya (Omenda, 2007) 

 

2.6 Previous geophysical work in Lake Baringo 

Geophysical methods for geothermal exploration have been carried out around the 

prospects area since early 1980. According to Dunkley et al. (1993), a few gravity 

measurements had been performed in the Baringo area by research groups. The 

techniques that have been applied include seismic, gravity, magnetic and resistivity 

surveys. In 2004, KenGen carried out a gravity survey (Lagat et al., 2005) in this area. 

Data from this investigation was processed and corrected for terrain and drift before 
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compiling a contour map for the Baringo region. Gravity highs are evident to the 

western and northern rims of Lake Baringo. The National Oil Corporation of Kenya 

collected aeromagnetic survey over the whole rift zone at 300m above ground in 

1987. A qualitative examination of this data by Mariita (2003) indicated positive 

anomalies for the north riftôs volcanic centers superimposed over a negative regional 

background. Moderate values were recorded in the central region of the prospect area, 

while the lowest values delineate the sediments surrounding the lake.  

Mariita and Kilele (1989) demonstrated that the Ministry of Energy of Kenya carried 

out a few schlumberger resistivity measurements north of Baringo in the late 1980s. 

This was part of a reconnaissance study for geothermal potential in the region. An 

analysis of the soundings from these work indicated a discrete anomaly less than 20 

ɋm at depths of 1000m lodged northwest of Lake Baringo. Based on this data, 

KenGen in 2004 increased the number of stations to substantially mirror the resistivity 

structure of the Baringo prospect. Conversely, the limited number of soundings could 

not offer a definite image of subsurface structures and formations. 
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CHAPTER THREE  

MATERIALS AND FIELD METHODS  

3.1 Introduction 

Gravity surveys shed light on the structure and physical properties of geothermal 

fields. There are broad ways of geophysical surveying that makes use of natural fields 

of the earth. The natural fields make use of gravitational, magnetic, electrical and 

electromagnetic fields of the earth. These methods try to search for local perturbations 

in the natural occurring fields that may be caused by geological features of economic 

or other interest.  These natural field methods provide information on earth properties 

to significantly greater depths and are logistically simpler to carry out compared to 

artificial methods. 

3.2 Gravity instruments 

3.2.1 Sodin gravimeter 

One of the common unstable instruments used to measure relative gravity 

measurement is the sodin gravimeter. The mechanical arrangement provides the 

instability with two springs, one acting as the measuring device and the other alters 

the level of the reading range. It has an accuracy of +0.1 gu. It pivots a small mass on 

a torsion fiber against the torque provided by stretching a calibrated quartz spring. 

The main shortcoming is the drift due to imperfect elasticity of the springs and 

temperature changes during the study period of the day. This drift is monitored by 

repeated meter readings at base stations throughout the day. 
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Figure 3.1 Schematic diagram of the Sodin gravimeter 

 

 

Figure 3.2 The Sodin gravimeter 
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3.2.2 Global Positioning System (GPS) 

This is a satellite navigation system used to locate points on the earth surface. The 

GPS concept is based on time and the known position of specialized satellites. The 

satellites carry very stable atomic clocks that are synchronized with one another and 

to ground clocks. Any drift from true time maintained on the ground is corrected 

daily. Likewise, the satellite locations are known with great precision. GPS satellites 

continuously transmit their current time and position. A GPS receiver monitors 

multiple satellites and solves equations to determine the precise position of the 

receiver and its deviation from true time. At a minimum, four satellites must be in 

view of the receiver for it to compute four unknown quantities (three position 

coordinates and clock deviation from satellite time). 

 

Figure 3.3 Illustration of GPS receiver 

 

3.3 Field stations  

3.3.1 Area topography 

The Garmin GPS receiver was used to establish coordinates and elevation of each 

station. The area is generally flat with elevation between 960m and 1200m above sea 

level. Surfer software was used to draw a contour map showing the topography of the 

area as in figure 3.4. 

https://en.wikipedia.org/wiki/Atomic_clocks
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Figure 3.4 Area topography of Moinonin  

3.3.2 Field stations 

The survey covered an area of about 48km
2
. The gravity stations were along lines 

called profiles.  23 profiles spaced between 300m and 1000m apart were used in the 

collection of data. Each profile had a total length of between 500m and 4000m. 132 

gravity intensity stations were measured with a spacing of between 200m and 1000m 

intervals along each line as shown in figure 3.5. At each station the latitude, longitude, 

elevation, Grid Easting and Grid Northing was obtained using a Global Positioning 

System.  
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Figure 3.5 Spatial distribution of gravity stations 

 

3.4 Data acquisition 

The elevation and the location of the survey area were measured using the GPS. Once 

a survey area was located using the GPS, the gravimeter was leveled using the 

adjustable screws at the base of the meter. The dial reading of the gravimeter was 

taken and recorded on the field notebook. Time was also measured using a watch. A 
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base station was established at a convenient point in the site and was preoccupied at 

regular intervals during the survey day. The preoccupied base station was to check on 

the drift of the gravimeter. Readings of the gravimeter were taken along each profile 

along the Northings. The gravimeter measured the differences in gravity from one 

station to another. All the measurements were recorded in field book for each day of 

survey. Appendix1 and 11 show all the raw data collected from the study area for the 

gravity measurement stations and base stations respectively. 
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CHAPTER FOUR 

DATA REDUCTION AND PROCESSING  

4.1 Introduction 

Before the results of a gravity survey can be interpreted, it is necessary to correct for 

all variations in the Earthôs gravitational field, which do not result from the 

differences of density in the underlying rock. These include drift correction, latitude 

correction (gn), free air correction (gfa), bouguer slab correction (gb) and terrain 

correction (TC). 

4.2 Data reduction 

Data reduction is the process of removing all variations in the earthôs gravity field due 

to other factors other than the underlying rocks. Observed gravity (gobs) is the gravity 

reading observed at each gravity station after corrections were applied for instrument 

drift. These corrections were assumed to have accurately accounted for the variations 

in gravitational acceleration they were intended to account for. Any remaining 

variations in the gravitational acceleration associated with the Terrain Corrected 

Bouguer Gravity were assumed to be caused by geologic structure of the study area. 

4.2.1 Drift correction 

Gravimeters are sensitive instruments. Temperature changes and elastic creep in the 

springs cause readings to change gradually with time. This drift  was monitored by 

repeating readings at base station at different times of day, every 2-3 hours. The 

collected base station gravity meter readings were then plotted against time. A line is 

fitted to the readings to provide time rates of drift for the correction of the remainder 

of the observations, as shown in figure 4.1 below. 
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Figure 4.1 Drift curve for first day.  

 

Instrument drift correction for each station was then estimated from drift curves. For 

instance at 1020 hrs, the drift is 10. The drift was subtracted from the station dial 

reading to give the corrected station dial reading. For instance, for the station code 

KPS001,  

623-20 = 613.  

The difference between the corrected station dial reading and the dial reading of the 

reference station was multiplied with the instrument calibrated constant which is 

0.10062. 

 For station code KPS001,  

(613 ï 602) × 0.10062 = 1.10682.  

This product was then added to the absolute gravity of the reference station to give the 

observed gravity of the station under study. For station code KPS001,  

977641 +1.10682 = 977642.41.  

The process was repeated for all the gravity stations and Appendix III shows the drift 

corrections for each day and the consequent observed gravity for each station. 
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4.2.2 Latitude correction (gn) 

Gravity varies with latitude because the earth is not a perfect sphere and the polar 

radius is smaller than the equatorial radius. Also, the effect of centrifugal acceleration 

is different at the poles versus the equator. Thus, gravitational acceleration is larger at 

the poles than at the equator. According to woollard et al (1980), the relationship that 

fully expresses the correction that accounts for Earth's elliptical shape and rotation is 

as shown in equation 1; 

( )qq 4sin000023462.02sin005278895.00.185.978031 ++=gn           (1) 

Where ɗ is the latitude. Latitude value ɗ, for each station obtained from the GPS was 

substituted in equation 1 to obtain the latitude correction (gn) data as shown in 

appendix IV. 

4.2.3 Free air anomaly (gfa) 

A high station has gravity that is low since it is farther from center of Earth. 

According to Woollard et al (1980), the free-air correction equation as in equation 2 

was to account for gravity variations caused by elevation differences in the 

observation locations.  

hgfa 3086.0=                                         (2) 

Where h is the elevation in metres, at which the gravity station is above the datum 

(typically sea level). The elevation for each station obtained from the GPS was 

substituted in the equation 2 to obtain the free air anomaly (gfa). For the station code 

KPS001,  

01.31610243086.0 =³=fag  

The process was repeated for each station to obtain data as shown in appendix IV. 
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4.2.4 Bouguer slab correction (gb) 

Excess mass between the reading elevation and the datum elevation makes the gravity 

reading higher. According to Woollard et al (1980), the corrections that account for 

excess mass underlying observation points located at elevations  higher than the 

elevation datum (sea level or the geoid) is removed using the gravity international 

equation 3; 

h04193.0 r=bg                                    (3) 

Where ɟ is the average density of the rocks underlying the survey area and h the 

elevation of the area. The average density of the crustal rocks is 2.67g/cm
3
 according 

to Woollard et al (1980). Substituting this average value of the density and the 

elevation (h) for each station in equation 3, the bouguer slab correction for each 

station was obtained as shown in appendix IV.  For station code KPS001, 

64.114102467.204193.0 =³³=bg  

4.2.5 Terrain correction (TC) 

The presence of terrain always reduces the value of gravity. The correction shown in 

equation 4 was to account for variations in the observed gravitational acceleration 

caused by variations in topography near each observation point. A circular graticule 

known as the hammer chart was used to obtain the mean elevation for each 

compartment.  
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Figure 4.2 Schematic diagram of the hammer chart 

 

The graticule was laid on the topographic map with its center on the gravity station 

and the average topographic elevation of each compartment determined. The 

elevation of the gravity station is subtracted from these values to obtain the elevation 

difference (z) and the gravitational effect of each compartment is determined using 

the international gravity formula (Woollard et al., 1980) for the gravitational effect of 

a sector as in equation 4;         

                                                                                              

                                                                                                                           (4) 

 

where 

ɟ -average   crustal density 

n ïnumber of compartments in a zone 

r1 - inner   radius of a zone 

r2 -outer   radius of a zone 

z- Elevation difference, (mean elevation-station elevation) 
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Table 4.1. Table of quantities for Terrain correction 

 

 

 

 

 

 

 

 

 

From the results as shown in appendix IV, the terrain effects are observed to be low 

due to the subdued topography of the area.  

4.2.6 Complete Bouguer Anomaly (CBA) 

The main end product of gravity data reduction is the Complete Bouguer Anomaly 

(CBA). The CBA should correlate only with lateral variations in density of the upper 

crust and is of most interest to applied geophysicist and geologists. The Complete 

Bouguer Anomaly was obtained by making all reductions on the observed data. Using 

the international gravity equation (Woollard  et al., 1980), the latitude correction, the 

free air correction, the bouguer slab correction and the terrain correction was done on 

the observed gravity data as in equation 5; 

TCh0.041930.3086hgobsgt +-+-= rgn                          (5) 

Free air correction and terrain correction were added to the observed gravity while 

latitude correction and bouguer slab correction were removed from the observed 

gravity. For station code KPS001, 

Zone r1 r2 n 

F 390.1 894.8 8 

G 894.8 1529.4 12 

H 1529.4 2614.4 12 

I 2614.4 4468.8 12 

J 4468.8 6652.2 16 

K 6652.2 9902.5 16 

L 9902.5 14740.9 16 
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mGals -1542.620.1941114.64316.0155.979956977642.41g
b

=+-+-=

Appendix IV shows the CBA for all gravity stations. 

4.3 Data processing 

Once the basic latitude, free-air, Bouguer and terrain corrections were made, an 

important step in the analysis remains. This step, called regional-residual separation, 

is one of the most critical. Bouguer anomaly fields are often characterized by a broad, 

gently varying, regional anomaly on which may be superimposed shorter wavelength 

local anomalies. Usually in gravity surveying it is the local anomalies that are of 

prime interest and the first step in interpretation is the removal of the regional field to 

isolate the residual anomalies. Direct and mathematical estimates were used to 

remove this regional trend from the profiles. The corrected gravity data from the 

survey area was then processed to facilitate interpretation. This was done by plotting a 

gravity contour map using the complete gravity anomaly and the station coordinates 

from appendix IV and figure 4.3 was obtained. Surfer software was used in the 

drawing of these contours. Profiles were then drawn across the gravity anomaly 

regions. The profiles were digitized to obtain data that was used to make detailed 

study of the areas along the profile. Euler deconvolution was used to provide 

information on the presents of fault lines as areas of discontinuity and give an 

indication of the presents of shallow and deep anomalous bodies along the profiles. 

Anomalous regions were discerned from the gravity contour map as shown in figure 

4.3 below;  
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Figure 4.3 Gravity anomaly of Moinonin area. 
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CHAPTER FIVE  

DATA ANALYSIS AND INTERPRETATION  

5.1 Introduction. 

In this research study, profile and contour mapping was adopted in data presentation. 

From contour maps and 2D models, interpretation was made based on the distribution 

of gravity intensities in the study area. The gravity data was then analyzed via a suite 

of qualitative and quantitative methods and interpreted for determination of 

subsurface structures that act as conduits for the flow of geothermal water to the 

surface. Qualitative interpretation relied on spatial patterns that can be recognized in 

the data. This sought to identify the presence of faults, dykes, lineaments and folds. 

Intrusive bodies are often recognized by virtue of the shape and amplitude of their 

anomalies. Qualitative interpretation was complemented with several forms of 

quantitative interpretation that seek to provide useful estimates of the geometry, depth 

and densities of the gravity anomaly source.  

Broadly categorized as curve matching or forward modeling, quantitative technique 

rely on the notion that simple geometric bodies, whose gravity anomaly can be 

theoretically calculated, can adequately approximate gravity of  more complex bodies. 

In processing, interpreting and presenting data from this study, specialized software 

surfer 8 (golden software) and Grav2dc for modeling were used. Grav2dc calculates 

the anomalous field caused by an assemblage of 2-dimentional gravity bodies defined 

by a polygonal outline. 

5.2 Qualitative Interpretation 

The use of the surfer software and excel software assisted in developing a qualitative 

interpretation of the results. The profiles selected pass through areas of interest, which 



 

 

 

27 

 

 

majorly were areas of gravity highs. The golden surfer software was used to slice and 

digitize the profile to provide data that was analyzed and used to make the qualitative 

analysis. Euler deconvolution is a program within surfer software. It turns the gravity 

field measurements into estimates of gravity source body location and depth. The 

method is applied to survey profile data subset extracted using a moving window. In 

each window Euler equation is solved for source body coordinate. The source body 

geometry is specified by structural index SI. Euler deconvolution is only valid for 

homogeneous functions. A function f(v) of a set of variables v = (v1, v2,...) has a 

degree of homogeneity n, if; 

f (tv) = t
n
 f(v)      

where t is a real number. If f has a differential at v, then;  

v vɳ f(v) = nf(v)         

This is Eulerôs equation according to Stavrev et al (2007). The Euler deconvolution 

relies on solving it in appropriate cases. A field F which may be expressed in the 

form;  

F = A/r
N
  

will be homogeneous of degree ïN. For convenience the Structural Index (SI) is 

defined as N (= -n, i.e. the negative degree of homogeneity). 

5.2.1 Selection of profiles 

The profiles selected were in such a way that they majorly pass through the regions of 

gravity highs. The profiles AAô and BBô were cutting though the southern region 

which is predominantly of gravity high. The profile CCô passed through a wider 

region covering both gravity highs and gravity lows. Profile CCô also cut the two 
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profiles, AAô at around 2080m and BBô at around 2300m. Appendix V shows all the 

data for the profiles used in this study 

5.2.2 Gravity profile AAô 

The profile AAô as in figure 4.3 is about 3500m long and slightly slanting along the 

North West direction. Using surfer software, the profile was digitized, sliced and data 

scattered to plot curves of the profile trend. Figure 5.1 shows the profile with a 

regional trend.  

 

Figure 5.1 Profile AAô with regional trend 

 

The regional trend was removed to obtain figure 5.2, which is without the regional 

trend. 
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Figure 5.2 Profile AAô without regional trend 

 

The gravity anomaly increases up to a maximum value at 1200m and 2200 m along 

the profile. 

The data from the profile was also analyzed using Euler deconvolution. The Euler 

deconvolution was used to discern fault lines, causative deep and shallow bodies 

along each profile as shown in figure 5.3. 

 

Figure 5.3 Euler deconvolution of profile AAô data 

 

There are deep causative bodies at various points along the profile. An anomaly was 

observed to be between 800m and 1250 m at a depth of between 350m and700m and 
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between 2100m and 2500m at a depth of between 350 and 700m. It was also observed 

that there is shallow causative body at 750m at a maximum depth of 200m and 

between 2750 and 3000m at a depth of 300m. A discontinuity, which may suggest 

Fault lines were also observed at between 0m and 700m and between 1200m and 

1700m along the profile. 

5.2.3 Gravity Profile BBô 

The profile BBô as shown in figure 4.3 is about 4000m long and along the North -East 

direction as shown in. Using surfer software, the profile was digitized, sliced and data 

scattered to plot curves of the profile trend. The figure 5.4 shows the profile data 

scattered on a grid.  

 

Figure 5.4 Profile BBô with regional trend 

 

There is a small regional trend that is observed along the profile. The regional trend 

was removed and figure 5.5 shows the profile without the regional trend. 
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Figure 5.5 Profile BBô without regional trend 

 

The gravity anomaly is observed to be rising to a maximum value at 800m along the 

profile. At 2800m along the profile is another maximum value of the gravity anomaly. 

The data from profile BBô was analyzed using Euler deconvolution. The figure 5.6 

shows the results obtained from the Euler deconvolution. These results were used to 

discern fault lines, causative deep and shallow bodies along profile.  

 

Figure 5.6 Euler deconvolution of profile BBô data 
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There are deep causative bodies at the various points along the profile. At between 

1000m and 1250 m at a maximum depth of 600m and between 3250m and 3500m at a 

maximum depth of 500m were noted to have deep causative bodies. There is a wide 

shallow causative body at between 250m and 1250m at a maximum depth of 200m. 

Also between 2550 and 2900 is a shallow causative body, which is very close to the 

surface. There is only one major point of discontinuity along the profile. This suggests 

a Fault line at between 0m and 300m along the profile. Other discontinuities are very 

narrow and almost unnoticeable. 

5.2.4 Gravity Profile CCô 

The profile CCô as in figure 4.3 is about 14250m long and along the North - West 

direction. Using surfer software, the profile was digitized, sliced and data scattered to 

plot curves of the profile trend. The figure 5.7 shows the profile with regional trend.  

 

Figure 5.7 Profile CCô with regional trend 
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The regional trend was removed and figure 5.8 shows the profile without the regional 

trend. 

 

Figure 5.8 Profile CCô without regional trend 

 

The gravity anomaly goes on varying along the profile. At 6000m, the anomaly drops 

to a minimum value along the profile. The data from profile CCô was analyzed using 

Euler deconvolution. The figure 5.9 shows the graph obtained from the Euler 

deconvolution. These results were used to discern fault lines, causative deep and 

shallow bodies along profile. 
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Figure 5.9 Euler deconvolution of profile CCô data 

 

There is observed generally a shallow causative body along this profile at between 

250m and 4000m at a depth of 400m. Also between 4250m and 6000m at a depth of 

300m and at 14000m at a depth of 100m are observed to have shallow thermal bodies. 

The deepest causative body is at 4000m at a maximum depth of 1500m. Also at 

between 6250 and 8000m along the profile a maximum depth of 1500m is also 

observed. At 12000m along the profile at a maximum depth of 1800m was also seen 

to have a deep causative body. A major discontinuity (fault line) is observed to be 

between 0m and 250m. Discontinuities are also observed between 8000m and 9000m 

and between 1050m and 1100m along the profile. 

5.3 Quantitative Analysis 

The causative body of the gravity anomaly was simulated by a model whose 

theoretical anomaly could be computed. The shape of the model was altered until the 

computed anomaly closely matched the observed anomaly. Because of the inverse 

problem, this model could not be a unique interpretation, but ambiguity was 


















































