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Abstract: Geochemical assessment was carried out at the Morendat East geothermal prospect by characterizing radon (220Rn) and 
Carbondioxide (CO2) concentration levels from soil-gas survey. The primary aim was to locate permeable zones and infer the presence 
of possible heat source linked to an active geothermal system. The secondary aim was to rank the prospect and facilitate its 
development by the private sector. This study focused on the distribution of Radon and Carbon dioxide concentration levels in the soil 
cover within Morendat East area located in Nakuru County. The area was considered as having potential for geothermal resource hence 
earmarked for study in the financial Year 2014/2015 by the Ministry of Energy and Petroleum. The location is characterized by scarcity 
of surface geothermal manifestations hence soil gas survey was considered appropriate for the study. Random sampling method was 
used and resulted in sampling 100 points in an area of about 90 km2. CO2 concentration measurements were done using an Orsat gas 
sampling apparatus whereas 220Rn gas concentrations were measured using a portable radon detector. The CO2 values ranged from 
0-5.4% while the 220Rn ranged from 0-2,834 counts per minute (cpm). Possible faults were inferred north of the prospect area due to the 
anomalously high levels of CO2 and 220Rn recorded.  
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1. Introduction 

In order to meet a fast growing demand of electricity 

in the country, the Ministry of Energy and Petroleum, 

Kenya has developed strategies for exploration and 

development of geothermal energy resources in the 

country, mainly along the East African Rift. Detailed 

surface geo-scientific investigations comprising of 

Geology, Geochemistry and Geophysics together with 

Environmental assessment are carried out using 

various methods before a field is committed for 

exploration drilling and finally steam field 

development.  

The Ministry of Energy and Petroleum also 

undertakes its own geothermal resource assessment of 

prospective areas, besides the ones being assessed by 

GDC (Geothermal Development Company) and Kenya 

Electricity Generating Company Limited (KenGen), 
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for purposes of ranking them. It is in this regard that the 

Morendat East prospective area was earmarked for 

initial surface assessment by the Geo-exploration 

Directorate of the Ministry during the Financial Year 

2014/15. 

1.1 Location 

The Morendat East prospective area falls within the 

Suswa-Olkaria-Eburru tectono-volcanic alignments 

which have already indicated the occurrence of high 

potential for geothermal resource that already being 

utilized for power generation (Fig. 1). It was only 

logical therefore that the area be evaluated for its 

potential, bearing in mind the close proximity of the 

Eburru Geothermal System. The Morendat East 

prospect area does not have sufficient geochemical 

surface manifestations (hot springs, steam vents and 

fumaroles) hence soil gas survey (radon and carbon 

dioxide)  was used to  detect possible  structures within 
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power generation. The main aim was to locate buried 

structures, assess the gas concentration levels and 

establish whether they could be linked to an active heat 

source below and finally rank the prospect for 

development by the Private investors. 

1.3 Geology and Structures 

Considerable geological-geomorphological work 

has been done in the area, largely in piece meal fashion 

by individuals, both professionals and amateur, since 

the later part of the 19th century. The area was however, 

first systematically mapped in 1955-1956 by Ref. [2] in 

response to interest in the development of geothermal 

power in the Kenya Rift valley at that time. 

The rocks of Morendat East area mainly fall into two 

main categories namely, Lacustrine/alluvial deposits, 

Lavas and pyroclastics. The lavas range from 

under-saturated basic to acidic rocks, i.e., the Trachytes, 

and Obsidian respectively found scattered on most 

parts of the prospect area. The pyroclastics, some 

consolidated and others incoherent, cover the greater 

part of the surface and comprise of great thickness as 

demonstrated in the process of spiking the ground 

during geochemical data collection. At the floor of the 

rift and the foot of the domes and cones, thick alluvial 

sediments (fine volcanic soils) are dominant with very 

few rock outcrops. 

Geological features and structures mapped out in the 

prospect area include the following: cones, domes and 

folds, faults, ridges and flanks and plains. The prospect 

area lies within the ring structure and this indicates the 

probability of a very wide spread volcanicity inferring 

a possible heat source at depth. From previous 

geological studies, radiocarbon dating of specific 

layers/volcanic products attributes this area to be 

dormant rather than extinct hence emphasize a 

continued presence of shallow heat sources. Major 

faults are longitudinal to the Rift System while minor 

ones trending east-west in this prospect. The structures 

are of huge implication in the movement and 

accumulation of both cold and hot water respectively.  

Lacustrine sediments and pyroclastics which have 

been deposited subaqueously in this prospect, consist 

of thermally insulating thick blankets of sediments 

covering basement rock and having relatively 

low-normal heat flow hence sealing geothermal system 

as a cap rock. The Mau Escarpment, which stands at a 

high altitude of 2,000-3,000 m above sea level, could 

be the recharge zone for this area. The pyroclastics 

some consolidated and others incoherent cover the 

greater part of the surface area and comprise great 

thickness in the flanks. The few geothermal 

manifestations in this prospect are associated with 

volcanic structures and altered rock types encountered 

during geological field mapping. Fig. 2 below shows 

the geology and structural pattern of the project area.  

2. Literature Review 

2.1 Carbon Dioxide 

Carbondioxide occurs in both magmatic and 

hydrothermal gases and is the most abundant gas after 

water vapor. The deep-seated faults in the crust tap 

magmatic CO2, which is transmitted to the surface 

where it is naturally lost through the soil. Carbon 

dioxide of magmatic origin is normally channeled 

through deep-seated tectonic structures close to the 

surface of the earth and then seeps out of the ground 

through the soil. However, dealing with CO2 anomalies 

especially in the Rift Valley ought to be treated with 

caution owing to the availability of localized sources of 

this gas as suggested by Ref. [3], i.e. CO2 can originate 

from other sources like organic matter, which are likely 

to give false impressions of a geothermal source. Due to 

its magmatic origin, CO2 has been found to be the most 

common gas in geothermal fluids. Concentration levels 

of CO2 in soils have been used as tool in geothermal 

exploration in various geothermal prospects in the recent 

years [4-8].  

2.2 Radon 222/220 Radioactivity in Soil Gas 

Radon (222Rn) has a half-life of 3.84 days while 

thoron (220Rn) has a half-life of 55 sec. These two are 
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Fig. 2  A geological map of Morendat East area (with scale and legend).  
 

noble gas isotopes belonging to the 238U and 232Th 

decay series [9]. They are produced continuously as a 

result of α-decay of 226Ra and 224Ra in rocks and 

minerals respectively. Due to thoron’s short half-life, 

its transportation is limited to a few centimeters either 

by diffusive or convective flows, as compared to radon 

[10]. Some of the thoron escape from the rocks and 

minerals to the surrounding fluid phase, such as 

groundwater and air, therefore it is difficult to measure 

its exact quantitative concentration. If we measure the 

disintegration of thoron, it shows a decrease during the 

first three minutes after collection of the sample, as 

opposed to the radon that presents a half-life of almost 

4 days [11]. Few investigations have been carried out 

relating to the mechanisms of which radon leak from 

minerals and rocks and the factors affecting the process 
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[12-14].  

Measurement of radon concentration and 

distribution in the soil-gas has been suggested as a tool 

for many geochemical investigations. These include: 

exploration for uranium, earthquake prediction, 

groundwater flow and assessment of geothermal 

resources. Soil-gas flux studies have been successfully 

applied in a number of fields for hydrocarbon, uranium 

exploration, geothermal exploration, volcanic and 

seismic forecasting [15]. However, it is important to 

take into consideration other mechanisms which may 

influence the gas distributions, like climatic effects 

(rain, humidity, and barometric pressure) that can 

significantly influence the amount of diffuse degassing, 

before interpreting spatial or temporal trends of diffuse 

gases.  

3. Materials and Methods  

Soil gas survey was undertaken in order to determine 

the concentrations and distributions of carbon dioxide 

and radon gas. This exploration procedure has been 

applied in geothermal areas during the surface 

geochemical studies. CO2 soil gas investigation 

procedure is similar to the one used in this study has 

been conducted in various volcanic areas to examine 

the mechanism of CO2 flux [16-18]. The same 

procedure has also been applied in the estimation of 

total volcanic flux from volcanic vents and diffuse 

flank emissions [19, 20], and to classify tectonic 

structures related to volcanic degassing [21, 22].  

The CO2 gas was measured as % of the total gas 

using the Orsat gas sampling apparatus. Soil gas 

samples were obtained using a spike, equipped with a 

steel outer jacket to penetrate the ground to a depth of 

0.7-1.0 m. The Orsat gas apparatus consist of 

absorption vessels and the burrete, which measure 

about 100 mls and contain a 40% potassium hydroxide 

(KOH) solution for absorbing the acidic CO2. The 

corresponding volume change in the absorption burrete 

represents the corresponding amounts of the CO2 gases 

in volumes given as percentage of the total gas.  

For the Radon sampling, the sample was collected 

from the same hole as of the CO2, using the portable 

RAD 7 equipment (emanometer) consisting of a 

cylindrical copper can, whose walls are coated with 

zinc sulphide where the radon decays into other 

radio-nuclides by emitting alpha particles. Three 

background counts per minute (cpm) of Radon were 

recorded at Five-minute intervals prior to introduction 

of the sample into the emanometer so as to measure the 

amount of Radon in the atmosphere presenting the 

background measurement. The soil gas sample 

containing radon was pumped into the decay chamber 

of RAD7 after which three more readings were taken at 

five-minute intervals to give the total radon counts 

from the soil. 

An infra-red thermometer was used to take the soil 

temperature by directly pointing it into the hole made 

by the spike and the resultant temperature recorded.  

Soil gas sampling points ranged from 500 m to 1 km 

depending on accessibility, proximity to manifestations 

and time. Areas covered by younger lava flow were 

almost impossible to sample hence few samples 

represent such areas, a total of 100 points were 

sampled. 

4. Results  

From the sampling survey, a total of 100 points were 

sampled, for the construction of the contour maps 

indicating the distribution and concentration of radon, 

CO2 and temperature. Factorial Kriging Analysis 

(F.K.A) method since the data were concentrated 

around a certain specific region due to inaccessibility. 

This method was also going to put into consideration 

the spatial features in the area by overlaying the 

contour maps. 

The mapping of temperature variations at or below 

the earth’s surface is an essential geothermal 

exploration instrument. The radon, Carbon dioxide and 

temperature concentrations obtained from the survey 

were corrected and used to construct distribution contour 

maps as indicated by Figs. 3, 4 and 5 respectively. 
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Fig. 3  Radon distribution in the Morendat East geothermal prospect.  
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Fig. 4  CO2 distribution in the Morendat East geothermal prospect.  
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Fig. 5  Temperature distribution in the Morendat East geothermal prospect.  
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5. Discussion and Conclusion 

5.1 Discussion 

From the results, several indicators of geothermal 

resource assessment were identified. Temperature 

results show an anomaly to the southeast though not 

very clear. The radon counts range between a low of 0 

cpm and a high of 2,834 cpm indicating the lava 

covered areas and the prospective permeable areas 

respectively. The %CO2 distribution in the area ranges 

between 0-5.4 percent, this is a probable primary way 

to locate permeable zones and infer the presence of 

possible heat source linked to an active geothermal 

system. The CO2 variance is attributed to diffuse 

degassing structures and also the biogenic contribution. 

Possible faults were inferred north of the prospect area 

due to the anomalously high levels of CO2 and 220Rn 

recorded. The Radon, Carbondioxide and Temperature 

distribution and structural pattern in the Morendat East 

geothermal prospect was linked to an active 

geothermal resource.  

5.2 Conclusion 

The high radon counts could be closely associated 

with the highly fractured area and a high heat flux. The 

spatial pattern of the CO2 flux anomalies as well as Rn 

soil-gas distribution suggests a structural control on 

diffuse degassing, in particular, along and near the fault 

floors. 

The Morendat East geothermal prospect indicated 

satisfactory permeability which was linked to a 

possible active heat source hence should be ranked for 

further exploration using other geochemical methods 

by probably reducing the sample collection interval 

from 1 km to 300 m apart coupled with geology and 

geophysics. 
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