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~pproxjmate Geothermal Gradients in Niger Delta Sedimentary 8asin1 

lbslrae! More than 1,000 well logs from the Niger 
:eita sedimentary basin were examined for tempera­
':e-data quality. Most measurements were made with­
- ~ to 8 hours of cessation of mud circulation. Such 
',;nequilibrium temperatures were corrected to ap­
;'oximately true formation values by applying a numer­
,:dl solution to a modified Lachenbruch-Brewer's 
e:~ation. The subsurface temperature distributions 
;,sed on both the raw and corrected temperature 
;,:a, when presented as geothermal gradient maps, 
nw that values are lowest over the center of the Ni­
;~r delta, approximately 0.7 to 1.0';=/100 it, and they 
';rease to about 3°F/100 ft in the Cretaceous rocks 
:- the north, 

The geothermal gradient map in the Niger delta 
::uld be used in the application of tr-le hydrocarbon 
:Jid-window concept for oil eXpIOfs.:icn, it reveais that 
-~retically there is a considerabie thickness of poten­
',!y hydrocarbon-bearing interval in n-,a caira region 
-a: is unexplored by current dniiing programs. 

Oil exploration activity in the Niger delta pe­
':cliferous province has resulted in ;he accumula­
.en of thousands of well-log records in which 
wehole temperatures have ~been recorded. A 
cowledge of subsurface-temperature distribu­
~.:n is valuable in understanding the geologic and 
;:vphysical processes in this large and important 
"Jimentary basin. 

The usefulness of well-log temperatures for 
;:0thermal studies has been discussed by various 
~\estigators (Moses, 1961; Anglin and Beck, 
J65; Schoeppel and Gilarranz, 1966; Harper, 

371: Connolly, 1972; Summers, 1972). It seemed 
. :·.Ident from these studies that temperature data 
::·)m wells logged to total depth in the Niger delta 
:0uld be used to derive estimates of regional tem­
;~iatures and geothermal gradients in the area. 

D£TER~lI:'-1ATION OF GEOTHERMAL GRADIENTS 

_ The temperature data used in the present study 
. '''e obtained from those wells in which the 

::lpsed time between the cessation of mud circu­
. ":\IC :tnd temperature measurement has been re-

. This is because the degree of attainment 
~ eq~ilibrium is dependent 'on the elapsed time. 
',e times ranged from 2 to 30 hours with 75 per­

In the range of 4 to 8 hours. 
Geothermal gradients were computed on the 

ption of a linear increase of temperature 
, depth. With this assumption, the tempera­

at any depth can be specified by the relation: 
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Tz = ao + ajZ (1) 
where Tz = wellbore temperature in OF at depth 
Z ft, a o = mean surface temperature in OF, and al 
= geothermal gradient in OF 1100 ft. 

The most important locations within the Niger 
delta have mean annual temperature values of 
80°F (27°C; White, 1970) and this value is uti­
lized as mean surface temperature. 

A single value of geothermal gradient has been 
recorded for each oil well. Where several determi­
nations have been derived from many wells in an 
oil field, an arithmetic-mean value has been used 
to characterize the field. Generally, data were de­
rived from wells with depths of more than 10,000 
ft (3,048 m). 

The geothermal gradients are expressed in units 
oi °FlIOO ft (Fig. I). The map shows the presence 
of a region of low geothermal gradieLt at the cen­
ter of the delta with values increasin~; outward in 
all directions. The highest values are in Creta­
ceous rocks on the I1orth. In this area, regional 
trends are not defined clearly because of rela­
tively fewer boreholes. 

As temperatures had not attained equilibrium 
because of the short elapsed time (Raymond, 
1969), approximately true formation tempera­
tures were computed by use of a modified La­
chenbruch-Brewer equation (Connolly, 1972) 
which can be expressed as: 

Ti - Tr = - Alt, + a, (2) 

where Ti = the recorded bottom hole tempera­
ture, Tr = true formation temperature, ti = hours 
since cessation of mud circulation, a = duration 
of mud circulation, and A = effect of sensible 
heat and thermal conductivity. The quantities a 
and A are difficult to determine or estimate. 
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FIG. I-Uncorrected geothermal gradient map, Niger delta. 

However, where multiple logs are run to the same 
depth. three equations can be established which 
per:nir the eli~ination of the quantities IX and A. 

The resultant equation is given by: 

T~r,-t,) + T,t,-T1t, _ Tr{t}-J.JL± t,T,-T)I} (3) 
12-1, - T)-T, 

Equilibrium temperatl.!res computed on the basis 
of equation 3 for Obetim and Utagba wells are 
:;hown in Figure 2. Correctio.1 temperature--the 
temperamre difference betwem the true forma­
tion temperature and the ob!;erved temperature 
for given elapsed ti;ne--is plotted against the 
elapsed time on semilogarithmic scale. Two 
straight lines of differing slopes are derived for 
ihe two \vel!s (Fig. 3), These suggest differences in 
the rates at which various wells attain equilibrium 
and may be caused by such factors as differences 
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FIG, 2-Temperature-buildup curve for Obetim and 
Utagba wells and calculated equilibrium temperatures. 
Temperatures are in OF and time is in hours. Wellloca­
tions are shown on Figure I. 

in borehole diameter and thermal conductivity of 
rocks. The correction temperature diminishes as 
elapsed time increases and the two curves appear 
to converge between 40 and 45 hours after cessa­
tion of circulation and the currection temperature 
approaches zero. So far, only two wells with data 
amenable to this type of analysis are available. 
Though limited, the available data suggest that in 
the Niger delta oil province, a good measure of 
temperature equilibrium for wells logged to total 
depth could be achieved within 48 hours after 
cessation of circulation. 

A mean correction line AB is used in estimat­
ing the correction to be applied to the wells where 
only a single temperature measurement and cor­
responding elapsed time have been recorded. 

Geothermal gradients determined after correct­
ing to approximate equilibrium temperatures are 
shown in Figure 4. These show generally steeper 
gradients but the pattern of geothermal-gradient 
varia!ion remained essentially the same. 

SIGNIFICA.NCE OF GEOTHERMAL-GRADIENT MAPS 

Geothermal gradients range in value from 0.7 
to 2.7°F/100 ft for uncorrected data (Fig. I) and 
1.0 to 3.0 0 F / I 00 ft for the corrected data (Fig. 4). 
The gradients are lowest at the center of the delta 
and increase both seaward and northward. These 
differences may reflect changes in thermal con­
ductivity of rocks, ground-water movement, and 
endothermic reactions during diagenesis. Apph­
cation in interpretation of delta tectonics is limit­
ed by the absence of thermal conductivity and 
lack of mineralogic data on clay sediments. H,ow­
ever, the geothermal-gradient minimum coinCides 
approximately with the location of the Niger d:l­
ta gravity minimum of Figure 5 (Hospers, 196). 
which corresponds to the area of the delta where 
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FIG. 4-Corrected geothermal-gradient map. 
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FIG. 5-Bouguer gravity; map of Niger delta (after Hospers, 1965). 

thick:.l;.eSs of sediments is maximum. Geothermal 
gradients are steeper on the nOith and south 
·",·jere t.hicknesses of sediments, as inferred from 
?2.:::e:r: of variation of Bouguer anomalies, are 
Jess. Therefore, the geothermal gradient empiri­
cally seems to s.how an inverse relation with depth 
to the basemen t. 
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The geothermal gradient map also may be uti­
lized ,\S an exploration toot Studies by Pusey 
(1973) indicated that hydrocarbon generation 
takes place within the temperature interval of 150 
to 3OO"F (65 to 150°C). In the concept of the. 
hydrocarbon-liquid window, ranges in depth 
within .vhich liquid hydrocarbons are likely may 
be ·determined for any geothermal gradient (Fig. 
6). 

If it is assumed that the present temperatures 
represent the maximum values to which the sedi­
ments have been subjected, the depths of critical 
temperatures of generation and destruction of hy­
drocarbons in the delta region can be calculated 
on the basis of linear geothermal gradient. Thus, 
for example, oil may be generated in Obama field 
from a depth of 7,000 to 23,000 ft (2,134 to 7,010 
m) whereas in the Ihendiagu area on the north, 
the depths may range from 2,300 to 7,300 It (701 
to 2,225 m; Fig. 6). 

Present exploration activity does not extend 
much beyond a depth of 14,000 ft (4,267 m). Be­
cause the liquid-hydrocarbon window at the cen­
ter of the delta extends to about 23,000 It (7,010 
m) it is evident that significant thicknesses of po_ 
tentially oil-bearing sedimentary rocks have not 
been tested. 

Geothermal gradIent {"FIIOO HI 
CONCLUSION 

FIG. 6-Hydrocarbon-liquid window and theoretical 
oil prospects in various parts of sedimentary basin. The following conclusions can be drawn from 

present investigations. 
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I. Regional geothermal gradients range from 
:,} [0 LO°F /100 ft over the center of the delta 
lnd [hen increase northward and seaward to a 
:;l:nimum value of 2.7 to 3.0°F/100 ft. There is 
in inverse relation between the geothermal gra­
Jlent and depth to basement. 

2. :\ considerable thickness of theoretically oil­
~r05pective un drilled sedimentary! rocks is pre's­
~nt. There is need therefore, to extend :drilling 
programs below the present depths of exploration 
lcrj\'it)' because of the thickness of undrilled sedi­
mentary rocks which may be within the hydrocar­
bon-liquid window. 
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