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'3 :sta sedimentary basin were examined for tempera-
- g-data quality. Most measurements ware made with-
-4 1o 8 hours of cessation of mud circulation. Such
-snequilibrium temperatures were corrected to ap-
roximately true formation values by appiying a numer-
3 solution to a modified Lachenbruch-Brewer's
ation. The subsurface tempsrature distributions
d on both the raw and correctad temperature
2, when presented as geothermal gradisnt magps,
ow that values are lowest over the cantsr of the Ni-
¢ delta, approximately 0.7 to 1.0°F/100 i, and they
-crease to about 3°F/100 ft in the Cretaceous rocks
the north.

The geothermal gradient map in
uld be used in the application of
uild-window concept for oil exgiora
woretically there is a consider
E Y hydrocarbon-bearing ints
~atis unexplored by current dri
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Oil exploration activity in

wliferous province has resu he acoum
n of thousands of well-log records i
weehole temperatures have been recorded. A
cowledge of subsurface-temperature distribu-
wnis valuable in understanding the geologic and
ophysical processes in this large and important
<dimentary basin.
The usefulness of well-log temperatures for
tothermal studies has been discussed by various
1 ;vestigators (Moses, 1961; Anglin and Beck,
#5; Schoeppel and Gilarranz, 1966; Harper,
‘971: Connolly, 1972; Summers, 1972). It seemed
“ident from these studies that temperature data
-m wells logged to total depth in the Niger delta
- “uld be used to derive estimates of regional tem-
#ratures and geothermal gradients in the area.

%DETERMINATION OF GEOTHERMAL GRADIENTS

‘ The temperature data used in the present study
¢ obtained from those wells in which the
“psed time between the cessation of mud circu-
‘ot 2nd temperature measurement has been re-
ded. This is because the degree of attainment
‘quilibrium is dependent on the elapsed time.
‘% imes ranged from 2 to 30 hours with 75 per-
“in the range of 4 to 8 hours.

peOthermal gradients were computed on the
“Imption of a linear increase of temperature
“h depth. With this assumption, the tempera-
“itatany depth can be specified by the relation;
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T. = o + tZ 8
where T, = wellbore temperature in °F at depth
Z ft, @, = mean surface temperature in °F, and a;
= geothermal gradient in °F/100 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
of °F/100 ft (Fig. 1). The map shows the presence
of a region of low geothermal gradier.t at the cen-
ter of the delta with values increasing outward in
all directions. The highest values are in Creta-
ceous rocks on the north. In this area, regional
irends 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:

T, =T = — A/t + a, @

where T, = the recorded bottom hole tempera-
ture, T, = true formation temperature, t; = hours
since cessation of mud circulation, « = duration
of mud circulation, and A = effect of sensible
heat and thermal conductivity. The quantities «
and A are difficult to determine or estimate.
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F16. 1—Uncorrected geothermal gradient map, Niger delta.

rever, where multiple logs are run to the same
three equations can be established which
the elimination of the quantities a and A,
resullant equation is given by:

- ’i’g{;"{;fz _ Tf‘:t}'—t[) + tpTr“T;t;
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I and the observed temperature
for given elapsed time—is plotted against the
elapsed time on semilogarithmic scale. Two

straight lines of differing slopes are derived for
the two wells (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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F16. 2—Temperature-buildup curve for Obetim and
Utagba wells and calculated equilibrium temperatures.
Temperatures are in °F and time is in hours. Well loca-
tions are shown on Figure 1.

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 correction temperature
approaches zero. So far, only two wells with data
amenable to this type of analysis are available.
Though limited, the available data suggest thatin
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
variation remained essentially the same.

SIGNIFICANCE OF GEOTHERMAL-GRADIENT MAPS

Geothermal gradients range in value from 0.7
to 2.7°F/100 ft for uncorrected data (Fig. 1) and
1.0 to 3.0°F/100 ft for the corrected data (Fig. 4)-
The gradients are lowest at the center of the delt2
and increase both seaward and northward. These
differences may reflect changes in thermal con-
ductivity of rocks, ground-water movement, an.d
endothermic reactions during diagenesis. Appli-
cation in interpretation of delta tectonics is limit-
ed by the absence of thermal conductivity and
lack of mineralogic data on clay sediments. How-
ever, the geothermal-gradient minimum coincides
approximately with the location of the Niger dfl‘
ta gravity minimum of Figure 5 (Hospers, 1963)
which corresponds to the area of the delta wher
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ximum. Geothermal The geothermal gradient map also may be uti-
tne north and south

lized as an exploration tool. Studies by Pusey
(1973) indicated that hydrecarbon generation
takes place within the temperature interval of 150
to 300"F (65 1o I150°C). In the concept of the.
hydrocarbon-liquid window, ranges in depth
within which 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 ft (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 ft (7,010
m) it is evident that significant thicknesses of po-

tentially oil-bearing sedimentary rocks have not
been tested.

ConcLusioN

The following conclusions can be drawn from
present investigations.

I. Regional ge.
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I. Regional geothermal gradients range from
17 1o LO°F/100 ft over the center of the delta
:ad then increase northward and seaward to a
naximum value of 2.7 to 3.0°F/100 ft. There is
:n inverse relation between the geothermal gra-
gient and depth to basement.

2. A considerable thickness of theoretically oil-
srospective undrilled sedimentary] rocks is pres-
ent. There is need therefore, to extend drilling
programs below the present depths of exploration
'activity because of the thickness of undrilled sedi-
mentary rocks which may be within the hydrocar-
bon-liquid window.
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