
 
    
   

 
 

Geothermal gradient of the Niger Delta from 
recent studies 

 1Adedapo Jepson Olumide, 2 Kurowska Ewa, 3 Schoeneich. K, 3 Ikpokonte. A. Enoch  
ABSTRACT 

In this paper, subsurface temperature measured from continuous temperature logs were used to determine the geothermal gradient of 
NigerDelta sedimentary basin. The measured temperatures were corrected to the true subsurface temperatures by applying the American 
Association of Petroleum Resources (AAPG) correction factor, borehole temperature correction factor with La Max’s correction factor and 
Zeta Utilities borehole correction factor. Geothermal gradient in this basin ranges from 1.20C to 7.560C/100m. Six geothermal anomalies 
centres were observed at depth in the southern parts of the Abakaliki anticlinorium around Onitsha, Ihiala, Umuaha area and named A1 to A6 
while two more centre appeared at depth of 3500m and 4000m named A7 and A8 respectively. Anomaly A1 describes the southern end of the 
Abakaliki anticlinorium and extends southwards , Anomaly A2 to A5 were found associated with a NW-SE structural alignment of the Calabar 
hinge line with structures describing the edge of the Niger Delta basin with the basement block of the Oban massif. Anomaly A6 locates in 
the south-eastern part of the basin offshore while A7 and A8 are located in the south western part of the basin offshore. At the average 
exploratory depth of 3500m, the geothermal gradient values for these anomalies A1, A2 A3 A4 A5 A6 A7 A8 are 6.50C/100m, 1.750C/100m, 
7.50C/100m,1.250C/100m,6.50C/100m,5.50C/100m,60C/100m and 2.250C/100m respectively. Anomaly A8 area may yield higher thermal value 
at greater depth than 3500m. These results show that anomalies areas of A1, A3, A5, A6 and A7 are potentially prospective and explorable 
for geothermal energy using abandoned oil wells in the study area.  Anomalies A1, A3.A5, A6 occur at areas where drilled boreholes were 
not exploitable for oil and gas but for the remaining areas where wells are so exploitable there appears no geothermal anomaly.  Geothermal 
energy is environmentally friendly, clean and reversible.  
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Introduction 
The geothermal gradient is the rate at which the earth’s 
temperature increases with depth.  This implies that heat is 
flowing from the hot earth’s interior to the surface. Among 
all other sources, the earth’s heat is believed to have being 
derived from the decay of radioactive elements, impact and 
compression of the earth in the release of meteorites, heat 
released from the electromagnetic effects of the earth’s 
magnetic field and heat released during tidal force on the 
earth as it spins along its axis and rotates since the land 
cannot flow like water, it compresses and distorts thereby 
generates heat. 
There are variations in geothermal gradient from place to 
place. It is determined from the measurement of 
temperature of rocks penetrated by borehole after drilling 
when the drilling fluids have reached the ambient 
temperature but this is not always achievable for practical 
reasons.  
The knowledge of the geothermal gradient of a place helps 
in determining the suitability of such places for siting  
geothermal plants for the generation of electricity that can 
be utilize for industrial, domestic and recreational activities  

 

and the predictions of zones that can house 
petroleum/crude oil and in the design of deep wells, 
cementing programs, oil and gas evolution history 
(Kerogen) as in hydrocarbon generation, migration and 
organic maturity. 
The major sedimentary basins in Nigeria are shown in 
Figure 1. They are: Niger delta about 12 km deep, Anambra 
Basin, Lower Benue Trough and Middle Benue Trough 
which are about 7 and 5 km of depth, Upper Benue Trough 
only about 3 km to the crystalline rocks,  Nupe Basin about 
1.2 km, Sokoto Basin(Part of Illumeden Basin) about 1.5 km, 
Chad Basin 7 km deep and finally Dahomey Basin, about 3 
km maximum of depth. The depth is important for 
geothermal exploration. Theoretically, higher geothermal 
gradients are expected in deeper basins, lower in shallower 
basins [18]. There are however exceptions from this rule: 
The highest geothermal anomalies were discovered by [31], 
in the relatively shallow Sokoto Basin, while the lowest 
geothermal gradients in Nigeria were recorded by [21], in 
the deepest Nigerian basin, that is in the Niger Delta.  
Few authors have worked on the geothermal gradient of 
Nigeria’s sedimentary basins. Historically, search for 
geothermal energy in Nigeria starts with report on hot 
water flowing from artesian wells drilled in Chad Basin, 
published in 1965 by two hydrogeologists, [8]. Then, [21], 
calculated the geothermal gradients in Niger Delta 
sedimentary basin from 1000 oil-well logs and reported that 
regional geothermal gradients range between 0.7 – 1.00F / 
100ft over the centre of the delta and then increase towards 
northwards and seaward to a maximum value of 2.7 to 
3.00F/100ft. He discovered an inverse relationship between 
the geothermal gradient and depth to basement. Also he 
recommended that part of the basin is undrilled, therefore 
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there is need to extend drilling below the present 2500m 
depths of exploration.  
The third step in geothermal exploration of Nigeria was 
made by [3], who investigated the geothermal conditions of 
the Chad Basin by analysis of thermal information from 64 
shallow boreholes drilled for water supply and deduced 
that the geothermal gradient of this Basin is between 2.70C 
to 50C/100m. In the same year at the international 
conference on Chad Basin held in N”djamena Chad 
Republic [29] presented geothermal maps of Chad Basin 
from results of temperature measurements in water from 27 
wells. The geothermal anomalies on the presented 
geothermal maps shows cool anomalous zone ~ 2- 30C/100 
m and warm anomalous zone~ 6.40C/100m. Three years 
later, in 1990, for the same Nigerian part of the Chad Basin, 
using temperature data of 12 oil wells [23] calculated a 
geothermal range of 2.160C to 5.260C. 
Then, in 1989, [31] presented to the Department of Geology 
Ahmadu Bello University his master’s thesis on geothermal 
gradient in Sokoto Basin using temperature data from 
boreholes drilled for water supply. He was able to locate a 
long narrow positive geothermal anomaly up to 100C/100m 
on the background of 30/100m. 
In 1999, [26] worked on data from 16 deep wells in respect 
of subsurface temperature variations and heat flow in the 
Anambra Basin and published that there are large 
variations in temperature gradients and heat flow within 
the basin. The geothermal gradients vary between 25 and 
49 ± 1°C km−1, while heat flow estimates are in the range 48 
to 76 ± 3 mW m−2. The highest geothermal gradients and 
heat flow values were computed for the wells located in the 
southwestern part of the basin north of Onitsha and Asaba. 
This part of the basin coincides with zones of thick, low 
conductivity sediments, low ground surface elevation, and 
hydraulic discharge zones. Their results do not support the 
general direction of increase in geothermal gradient, 
originally projected as south to north by earlier workers 
dealing with the Niger Delta data and, perhaps because of 
the very limited well data from the Anambra Basin, This is 
inconsistent with the results of the present study. 
Recently, in 2009, [22] deduced from logs of boreholes 
drilled for oil that the geothermal gradient in the Chad 
Basin, Nigeria ranges between 3.0 to 4.4 0C/100m with an 
average of 3.40C/100m and that the obtained gradient 
values are lower than the adjoining Benue Trough, 
Anambra Basin and Niger Delta. This difference they 
attributed to high tectonic activity in Chad Basin and the 
basin is considered unstable. However the geothermal 
gradient in this basin is highest at the centre and lowest in 
the northeast and southeast part of the basin. The relatively 
high geothermal gradient in the central part of the Chad 
Basin which is the Nigerian section indicates high thermal 
conductivity resulting in the conversion of oil to gaseous 
forms therefore the other areas should be the target for oil 
exploration 
Unpublished document kindly availed by [6], on his work 

on the Geothermal Energy Potential of the part of Middle 
Benue Trough in Nassarawa State using information 
obtained from the temperature measurements in 150 
boreholes drilled for water supply and some thermal 
springs (Akira, Ribi, Azara, Keana and Awe) discovered 
several geothermal anomalies up to 70C/100m on the 
background of 30C/100m. 
The other aspect of geothermal exploration in Nigeria is 
investigating the surface geothermal manifestations in form 
of the thermal springs and seepages, which occur mainly 
within sediments of the Middle and Upper Benue Trough. 
Akiri and Ruwan Zafi the water of the warmest springs in 
that area, described by [6] have temperature about 54°C. 
This may suggests the existence there of some, not yet 
known, geothermal anomalies.  
It is important to state that the last research work on the 
geothermal gradient of the whole Niger Delta sedimentary 
basin took place about forty years ago, hence the researcher 
opined that there might be new discovery in terms of 
geothermal anomaly in these areas because of the following 
reasons:-Increase in drilling activities which implies more 
temperature data, greater drilling depths and improved 
prospecting and exploration technology which allows 
accessibility of inaccessible areas three decades ago. So far, 
there is probably the only one (direct) geothermal energy 
utilization site Nigeria. It is a swimming pool where water 
from Ikogosi warm spring (370C) is used. It is located in 
south-western part of the country, in Ekiti State. Therefore 
it is considered necessary for Nigeria to develop its 
geothermal resource potential because of the occurrence of 
warm and hot springs in the country as an alternative 
source of energy complimentary to oil and gas 
This paper presents the results of the analysis of more 
geothermal data for alternative energy resource of the 
Niger Delta where oil and gas extraction extensively 
practiced now may exhaust in the year 2040. 
Geothermal power plants require no fuel (except for 
pumps) and are therefore immune to fuel cost fluctuations. 
Drilling accounts for over half the cost and exploration for 
deep resources entails significant risks with about 20% 
failure rate. The plant has minimum land and freshwater 
requirements. Geothermal plants use 3.5 km2 (1.4 sq. ml) 
per gig watts of electrical production compared to 32 and 
14 km2 for wind and coal respectively.  
Geothermal energy is used in space heating, agriculture 
and animal husbandry and electric power generation. 
Location, Extent and Accessibility. 
The Niger delta basin is situated on the continental margin 
of the Gulf of Guinea in equatorial West Africa between 
latitudes 30 and 60 N and longitudes 50 and 80 Et. It ranks 
amongst the world’s most prolific petroleum producing 
Tertiary deltas that together account for about 5% of the 
world’s oil and gas reserves and for about 2.5% of the 
present – day basin areas on earth. It is one of the world’s 
largest deltas covering an area of 75,000 km2 with a fill of 
about 12,000 m classic sediments. (Figures 1 & 2) It is one of 
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the prominent basins in West Africa and actually the largest 
delta in Africa.(Reijers ,1996) The Niger delta area covers 
Abia, Akwa Ibom, Bayelsa, Cross River, Delta, Edo, Ondo, 
Ebonyi , and Rivers states of Nigeria. The areas are easily 
accessible by good road networks. 
Geology of the Area. 
There are a large number of academic publications 
concerning the general geology of the Niger Delta  but few 
on the underground temperature distributions. Notably 
among the past workers are [34],[16],[28]. [34] described the 
Niger Delta as a large, arcuate delta of the destructive wave 
dominated type. A sequence of under compacted marine 
clays overlain by parrallic deposits in turn covered by 
continental sands is present throughout, built up by the 
imbricated superposition of numerous offlap cycles. 
Basement faulting affected delta development and thus 
sediment thickness distribution. In the parrallic interval 
growth faults with associated rollover structures traps 
hydrocarbons. Faults in general play an important role in 
the hydrocarbon distribution. Growth faults may even 
function as hydrocarbon migration path from the 
overpressured marine clays. Depositional environments of 
reservoir sands strongly influenced well productivity as 
well as recovery efficiency.  
[12] described the Tertiary sediments of the Niger Delta 
basin as deposits in three major sequences. The oldest 
sequence, the Akata Formation consists of the holomarine 
shale which ranges in age from Oligocene to Recent and is 
assumed to be the main active source rock in the basin. This 
unit is overlaid by the dominant Eocene to Pleistocene – 
aged marine sand-shale sequence of the Agbada Formation. 
The youngest sequence is the Benin Formation consisting of 
upper coastal plain sands and a massive continental 
sequence. Growth faults and roll over structures are the 
common trapping mechanism for hydrocarbon 
accumulation in the Niger Delta complex. Most oil fields 
are associated with these features. (Figures 2 & 3.) 
Materials and Methods 
The research methodology was analytical and descriptive. 
The temperature (primary data) were borehole data 
sourced from the Department of Petroleum Resources, 
Lagos and geophysical data from Shell Petroleum 
Development Company, an oil company operating in the 
area of interest with secondary information obtained from 
review of temperature distributions in this area. The 
temperature data were subjected to corrections, analysis 
and interpretation. 
Temperature log of six hundred wells were acquired from 
the Department of Petroleum Resources, Lagos an arm of 
Nigerian National Petroleum Corporation.(NNPC) The 
data were received in form of pdf file. In addition a 
Nigerian block map containing the names and location of 
all the wells has been acquired form Department of 
Petroleum Resources, Lagos. The map was received as 
computer – PDF file.  
By assuming a linear relationship of temperature and 

depth, the geothermal gradient was calculated. The results 
were presented in form of a table and used to plot the 
gradient map as well as some statistical analysis i.e the 
mean, median and mode of the obtained geothermal 
gradient. Since geothermal gradients are calculated on the 
assumption of a linear increase of temperature with depth, 
the temperature and depth relationship can be specified as 
follows: 
Geo gradient OC/100m = 
Corrected Temperature OC – Surface  Temperature tOC  χ 100 
  Depth (m) 
The corrected temperatures of the deep rock mass used for 
this research work were obtained by using three correction 
methods. They are: 1) American Association of Petroleum 
Geologist (AAPG) correction factor. GoM Waples et.al. 
(2004) correction factor, Zeta utilities borehole correction 
factor.  
Manual preparation of a base map with geothermal 
gradient map of the Niger Delta ensued after the 
calculation of the geothermal gradients for each oil well. 
Thereafter the maps were prepared with the use of 
Geographic Information Systems (GIS) software’s /tools 
viz., MapInfo, Global Mapper and Surfer. 
Results and Discussions. 
Temperature data was used for plotting map of geothermal 
gradient (Figure 4). The geothermal cross sections were also 
produced Figures 5 & 6  
In this research work, the highest geothermal values were 
recorded very close to the Cretaceous rocks outcropping in 
the North of Niger Delta while the minimum geothermal 
gradient obtained across the sedimentary basin is 
1.2OC/100m which is found at the central part of the basin. 
The maximum value is 7.62 OC/100m obtained at the north 
eastern part of the basin very close to Abakaliki 
anticlinorium, Oban massif and Afikpo syncline. The mean 
geothermal value is 3.29OC/100m; median is 2.53OC and 
Range 6.62OC/100m. The result obtained from this work is 
in conformity with [21] work which deduced from his work 
on Approximate geothermal gradient in Niger Delta 
sedimentary basin that the gradients are lowest at the 
centre of the delta and increase northward and southward.  
He opined that these differences and high geothermal 
range value suggest that the rates at which various wells 
attain equilibrium may be caused by such factors as 
differences in borehole diameter and thermal conductivity 
of rocks.  The geothermal minimum of this sedimentary 
basin coincides with the location of the gravity minimum. 
This area coincides with the area of the basin where there is 
maximum thickness of sediments. (Figure 5 and 6) The 
geothermal range conforms to the range found in 
tectonically inactive areas [21] 
It was deduced from the geothermal map (figure 4) the 
geothermal gradient is highest at the north eastern part of 
the basin and quite high at the south eastern part of the 
sedimentary basin offshore. The geothermal gradient map 
is also useful as an exploration tool in the oil industry [21] 
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Anomaly describes an edge of a structure. In this study, 
they are curvi linear in arrangement depicting /defining a 
structural edge. The structural edges are at the north 
eastern, south western and south eastern part of the basin. 
The structural edges are defined by a fault that could be 
referred to as Calabar Hinge line or eastern limit of the 
basin with the basement of the Oban Massif.(see figures 2 & 
4) The clustering of the anomalies in this work indicates an 
existence of a structure in the subsurface and is here 
referred to as a geothermal fracture. In Figure 4, the 
anomalies are linear to curvi-linear in surface arrangement 
along which there is no remarkable surface change in 
lithology but rather depicting /defining a subsurface 
discontinuity in lithology, that could cause change in rock 
conductivity. Two known borehole depth sections by [26] 
along profiles FF’ and BB’ across the basin were then 
plotted with the geothermal gradients here shown in 
Figures 5 and 6. Structural edges are obvious at the western 
and eastern extremes of the basin respectively, along these 
profiles. The break in lithology(ies) in the northeastern end 
of BB’ coincide with the geothermal fracture as defined by 
step faults. In the eastern part the structure is therefore 
correlated with the Calabar Hinge line or eastern limit of 
the basin with the basement of the Oban Massif [20[. Along 
the profile FF1 the structural trend describes the Okitipupa 
hinge line as a step faulted margin of the basin with the 
southwestern Basement Complex. It does not define a high 
geothermal anomaly; however, oil show (bitumen seeps at 
Araromi and Agbabu) around Okitipupa would prove to be 
energy alternative as different from the eastern edge where 
there is no oil but have geothermal energy indication. 
Araromi west and Benin west 1 are the extreme wells 
towards northwest and they show a shallow basement and 
a faulted structures. In cross section BB1, the show at the 
eastern part of the Basin is high and is obtained in Amojie-1 
and Ikpe-1 boreholes from shallow depth (Figure 6). 
The Aba/Umahia geothermal anomaly is interpreted from 
five boreholes ( Ikpe 1,Ngwa 1,Ikono 1,Ika 1,Ikana south 1 
and Ibesit 1 ) in which the rock temperature at their bottom 
ranged from 1800C to 2170C and their gradient ranges from 
6.14/100m to 7.62/100m while the geothermal anomaly is 
located within the Uyo/Iket oil field. 
The geothermal anomalies are named A1, A2, A3, A4, A5, 
A6, A7 and A8. The shapes of the anomalies are either 
rounded or ellipsoidal. (Figure 4). A1 anomaly lies North 
West of the cross river structural trend with the Calabar 
hinge line. It is close to the Onitsha/Ihiala area which is the 
structural end of Abakaliki anticlinorium and Afikpo 
syncline. The rock bottom temperature ranges from 
179.630C to 188.60C and geothermal gradient is high 
6.50C/100m in Nsukwa oil field 
In cross section BB1, the anomaly is shown at the 
southeastern part of the Basin; high anomaly is obtained at 
Amojie 1 and Ikpe 1 boreholes from shallow depth.  
 It is noted that the high geothermal anomalies occur in 
areas where boreholes are not producing oil and gas but for 

the remaining areas where oil wells are producing there is 
no anomaly and temperature gradient is minimal.  
Anomalies at depths ranging from 500m to 3000m are 
named A1 to A6 while the two remaining anomalies appear 
at depth above 3000m. A1 is located in the southeastern end 
of the Abakaliki anticlinorium around Onisha/Ihiala. 
Umahia areas and extends southerly. Anomalies A2 to A5 
are found associated with structural alignment of Calabar 
hinge line, a structure here describing the eastern edge of 
the Niger delta basin with the basement block of the Oban 
massif. Anomaly A6 is located in the southeastern part of 
the basin offshore while anomalies A7 and A8 locate at the 
south western part of the basin offshore.(see figures 2 & 4) 
At a depth 3500m and above A7 disappears probably 
because at that depth the temperature is not hosted in the 
rock while A8 appears this implies that with further 
investigation of greater depths more anomalies will be 
discovered while some may disappears. A2 and A4 are 
negative geothermal potential directly opposite anomalies 
A3 and A5. The findings from the Nigerian block map 
indicated that oil wells close to A2 and A4 are probably 
producing oil wells while oil wells that are of close 
proximity to A3 and A5 are likely non-productive. At the 
average exploratory depth of 3500m, the geothermal 
gradient values for these anomalies A1, A2 A3 A4 A5 A6 
A7 A8 are 
6.50C/100m,1.750C/100m,7.50C/100m,1.250C/100m,6.50C/1
00m, 5.50C/100m,60C/100m and 2.250C/100m respectively 
In this work, the recorded geothermal gradient is low in 
Warri and Port Harcourt areas (central part of the Niger 
Delta Basin). However pockets of high geothermal gradient 
values are recorded in the northeastern part of Niger Delta 
specifically at Ibesi and Adofi where there is elongated hot 
anomaly probably unknown due to fracture below. This 
indicates enormous/ great energy potential that can be 
extracted for various purposes. Energy exploitation will be 
optimal if sited around the northern and southern parts of 
the basin. At the offshore 6.2OC is recorded at Ikano, 
southern part of the Basin. A geothermal fracture trending 
NW/SE is recorded at Aba/Umahia axis. However it was 
observed from the results of this work that the regional low 
thermal gradients correspond with the large areas of 
subsidence beneath the deep Delta Basin mostly onshore 
and near shore.  
The result obtained indicated that the geothermal gradient 
of Niger Delta increases from the central part of the Delta 
outwards towards the northeastern and the southeastern 
parts of the Basin with the background geothermal gradient 
value of 2.53OC/100m. It was also observed that the 
regional geothermal relationship is non-linear but variable 
indicating a drastic change in gross lithology. The centre of 
the basin where there is exploitation activities is not 
indicating high geothermal gradient possibly because 
energy preserved is form of hydrocarbons from there while 
the high geothermal gradient areas are not indicating much 
occurrences. The geothermal anomalous areas could 
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possess great heat which is the alternative reservation of 
energy in the study area. 
Conclusions 
Minimum geothermal gradient value of 1.2OC/100m is 
found at the central part of the basin while maximum value 
is 7.62 OC/100m obtained at the north eastern part of the 
basin very close to southern part of the Abakaliki 
anticlinorium and western part of the  Oban massif and 
Afikpo syncline. The mean geothermal value is 
3.29OC/100m; median is 2.53OC and Range 6.62OC/100m. 
The following conclusions can be derived from the present 
study. 

1. The gradient range from 1.2OC/100m to 7.62 
OC/100m in the study area while the mean 
value is 3.29OC/100m. The lowest geothermal 
gradient is recorded at the centre of the basin 
and increases southward, northward and 
southeastward to a maximum value of 
6.50C/100m,7.620C/100m and 5.50C/100m 
respectively. 

2. Deductions from the drawn geothermal, 
geological cross-sections and maps are in good 
agreement. 

3. Areas of low geothermal gradient are mostly 
areas where the oil wells are prolific. 

4. Areas of high geothermal gradient are areas of 
gas wells .The oil must have been converted to 
gas because of the high temperature or energy 
preserved as heat 

5. There are high gradients in the western 
offshore and eastern flanks of the Niger Delta 
to about 5.50C/100m and areas of lowest 
temperature gradients occur at the nose of the 
Niger Delta basin and coincide with areas of 
maximum sediment thickness. 

Also in this work three positive geothermal anomalies 
60C/100m, 6.50C/100m and 7.620C/100m not known to the 
past workers were discovered onshore over the 
background of 2.50C/100m. To these two anomalies the 
names Adofi and Ibesit anomalies respectively are 
herewith given. Two positive geothermal anomalies ware 
discovered offshore with a peak of 60C/100m and 
6.860C/100m to which the names Ikano and Obianga 
anomalies are given.  
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Figure 1: Geological setting and location of the  
major structural units in Nigeria after Kurowska  
and Schoenich.(2010) 

 
Figure 2: Structural units of Niger Delta area. 
after Short and Stauble.(1967) 
 

 
 
Figure 3. Synopsis of Stratigraphy of  
southern Nigeria.( modified from Murrat 1970 ) 
 

 
Figure 4: Geothermal gradient map of Niger Delta Basin.  
Explanation 1. ʘ Borehole locations with temperature data  
used for the construction of this map. 2. Isograds in 
0C/100m and A1-A8 are geothermal anomalous areas. 
 

 
Figure 5: Northwest –Southeast section across line FF1.  
Explanation: 1 Isograds in 0C/100m. 2. Isothermal in 0C  
Source of the geological cross section is from Onuoha.K.M 
1999. 

 
Figure 6: Southwest –Northeast section across line BB1.  
Explanation: 1 Isograds in 0C/100m. 2. Isothermal in 0C  
Source of the geological cross section is from Onuoha.K.M 
1999. 
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