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Abstract: This research characterized the potential source rock of 3 exploratory wells from the Central (Saltpond) Basin,
Ghana. Ten (10) samples each of the drilled cuttings from the three key exploratory wells were geochemically characterized
for total organic carbon contents (TOC), rock-eval pyrolysis techniques and vitrinite reflectance measurements (Ro). The
results revealed that they have fair to good total organic carbon (TOC) contents, suggesting that there might exist
conditions in the Saltpond Basin that favour organic matter production and preservation. The rock-eval results showed that
all the samples from the 3 exploratory wells contain predominantly types II and III kerogen with a capacity to generate gas-
oil and gas respectively. They have good generation potential. Results of the vitrinite reflectance measurement also reveal
that all the samples from the 3 exploratory wells have poor to low source-rock grade. The Saltpond Basin can be regarded
as having fair petroleum source rocks and could be part of a petroleum system if sufficient burial and maturation have

occurred.
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1. Introduction

The Saltpond Basin is amongst one of the hydrocarbon
provinces in Ghana. The basin has been exposed to some
level of exploration activity since the 1970’s. From the
exploration activities and reservoir assessment done on the
basin, it had been described as a poor prospect for
petroleum accumulation [1].

The Saltpond Basin is a Paleozoic wrench modified pull-
apart basin centrally located between the Tano-Cape Three
Points and Accra-Keta basins. It covers an area of
approximately 12,294 km’. Sediments in the basin were
deposited in non-marine to coastal marine environments,
and range in age from Ordovician to Cretaceous. The basin
has been stratigraphically divided into formations based on
lithofacies and depositional environments [2]. These are
from oldest to youngest: Elmina Sandstone (Late
Ordovician-Early Silurian), Takoradi Sandstone (Devonian),

Takoradi Shales (Middle Devonian-Early Carboniferous),
Efia Nkwanta Beds (Late Carboniferous-Permian), Sekondi
Sandstone (Triassic-Early Jurassic) and the Lower
Cretaceous sediments. The structure of the basin is
characterized by multiple faulting, which has resulted in a
complex set of horsts and grabens.

The only known and proven petroleum system in the
Saltpond Basin is the Lower Paleozoic Petroleum System.
This system has Devonian source rocks and Devonian to
Carboniferous reservoirs. The two main source rocks are
the Lower and Upper Takoradi Shales. These are dark grey
shales with predominantly Type II kerogen and moderate to
good TOC and HI values. The reservoirs are sandstones of
the Takoradi Sandstone Formation. Trapping is both
structural  (fault-bounded blocks) and stratigraphic
(sandstones interfingering into shales) with sealing
provided by the Takoradi Shale Formation. Burial history
reconstruction and geochemical analysis indicate the source
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rock was mature for hydrocarbon generation in the Middle
Cretaceous.

The Saltpond Field was discovered in 1970 by the
Signal-Amoco 10-1 well. The well recovered light crude oil
from the Devonian Takoradi Sandstones. The maximum
production attained was 4800 bopd from 1978 to 1984.
Production declined from 4,800 bopd and by 1985 the field
was no longer economical to produce and operations were
stopped. In 2000, the Ghana National Petroleum
Corporation (GNPC) and Lushann-Eternit Energy Ltd
entered into a joint venture to form the Saltpond Offshore
Producing Company Ltd (SOPCL). This venture enabled
them attract the needed investment to redevelop the field
and provide for its decommissioning. The current
production average is 300 bopd from 2 wells.

The geology of the coastal region and continental shelf
of Ghana is part of the geology of the Gulf of Guinea
Province of West Africa. The Gulf of Guinea Province
includes the Ivory Coast, Tano, Saltpond, Central, Keta,
and Benin Basins and the Dahomey Embayment in the
northwestern part of the Gulf of Guinea. These basins share
common structural and stratigraphic characteristics, in that
they are wrench-modified basins [3] and contain rocks

ranging in age from Ordovician to Holocene [4]; they are
therefore grouped together as one province.

It is primarily the particulate remains of phytoplankton
that form organic matter in most marine and many aquatic
sediments. As sedimentary organic matter is buried, it
experiences progressively higher temperatures and
pressures. In most sedimentary basins, the onset of
petroleum generation begins at approximately 60°C to
about 120°C, at depths greater than 1 km [5].

The most basic question in the exploration of an area is
whether petroleum-source rocks are present and whether
their quality and quantity are sufficient to have generated
commercial volumes of oil and or gas. Recent
developments in geochemistry have made the identification
and evaluation of source rocks more precise and more
operational.

The aim of the study was to characterize geochemically
potential source rocks for Central (Saltpond) Basin, Ghana.
The wells used in the study were PFI 13-A7, PFI 13-Cl,
SIGNAL 13-1. The objectives of the study were to
determine total organic carbon content, identify organic
matter type and determine the maturity of organic matter
(Ro). Figure 1 shows the location map of Saltpond Basin.
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Figure 1. Location map of Saltpond Basin showing the 3 exploratory wells [6]

1.1. Location of the Study Area

Saltpond Basin (Figure 2) is found along the Atlantic
coastline of the Central region of Ghana. It is located
between 0° to 2°W and 4°N to 5°N and extends from the
coastal areas of Winneba in the east to the vicinity of
Sekondi-Takoradi in the west. Saltpond is situated 328 km
south (162°) of the approximate center of Ghana and 102
km west (248°) of the capital, Accra. Saltpond and its
surrounding areas have an average elevation of 62 m above

sea level. The Saltpond Basin falls in the jurisdiction of the
Mfantseman Municipal District. Some nearby towns are
Abandze, Ankaful, Kete, Aga Point, and Anfeo.

1.2. Regional Geological Setting

The coastal basin offshore Ghana, located along the
equatorial Atlantic Margin in the Gulf of Guinea, West
Africa, was developed as a result of the events which led to
the break up and pull-apart of South America from Africa.
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The basin and sub-basins off south and southwestern Ghana
form a part of this complex. From west to east, the coastal
basin of Ghana is divided into three district provinces
namely Tano-Cape Three Points — Dixcove Basin, Takoradi
Arch (Saltpond Sub-basin) and Accra-Keta Basin.

The Saltpond Basin is situated on the Takoradi Arch,
located on the northern up-thrown side of the Ivory Coast
Fault, immediately West of its intersection with the Accra
Fault. The Fault runs westward parallel to the coast for a
distance of more than five hundred miles, offshore western
Ghana and the Ivory Coast, and forms the northern flank of
a thick upper Palacozoic-Mesozoic sedimentary basin [6].
Saltpond is on the landward shelf which is covered by a
relatively thin veneer (9000 ft) of these sediments, resting
unconformably on the Devonian Elmina Sandstone. This
sandstone outcrops onshore in the coastal areas between
Cape Coast and Sekondi, and in a small area of Accra. The
upper Palaeozoic-Mesozoic section above the Elmina
sandstone thickens abruptly seaward to the Saltpond area,
probably across a near shore fault system, and then again
thickens seaward across the Ivory Coast Fault.

1.3. Geology and Geochemistry of Central (Saltpond)
Basin

The Saltpond Basin is one of the four sedimentary basins
and situated in the central offshore Ghana. The total size of
the basin is approximately 12,294 km® with 205 km?” onshore
and the remaining 12,089 km® offshore with about 95% of it
lying in shallow water. The basin has been classified as an
offshore sedimentary basin, comprising precisely offshore
Takoradi, Saltpond and West of Accra [7].

The Basin is limited to the north by the Precambrian
Basement; to the east, a hinge line separates it from the
Benin Embayment whilst the western limit between the
Cote d'Ivoire and Saltpond Basin appears to be an easterly

or lateral sedimentary onlap. The Saltpond Basin is one of
several pull-apart basins developed in the West Africa
coastal area [1]. The basin consists of Palacozoic to recent
deposits, which were influenced by two major tectonic
events: the Pan-African Orogeny and the event related to
the rifting, break-up and drifting of the African and South
American continental plates. Ordovician-Silurian rocks
were deposited on the Precambrian basement overlain by
Devonian and younger shallow marine sandstones and
shales. Sediments in the Saltpond basin range from
Palaeozoic to Cenozoic in ages. The stratigraphic sequence
of the Saltpond basin beginning from the oldest to the
youngest is as follows; Ajua shale, Elmina sandstone-
Silurian, Takoradi formation- Lower Devonian to Lower
Carboniferous, Efia Nkwanta formation- Carboniferous to
Triassic, Sekondi sandstone-Triassic to Jurassic, and
Interbedded sand or shale sequence (Barremian)—Albian.

Geochemical data indicate that the Takoradi Shale
Member, Lower Cretaceous and Upper Cretaceous have
source rocks potential. The Total Organic Carbon (TOC)
values range from 0.5% to 2.0%. The organic matter is of
Type II kerogen in the Takoradi Shale Member and Type III
in the Aptian shales. Sandstones of the Devonian-Lower
Carboniferous Takoradi Formation are the only proven
reservoir rocks in the basin to date [1], and produce oil in
the Saltpond field.

Two petroleum systems have been identified in the
Saltpond Basin [1]. The Takoradi - Takoradi Hypothetical
Petroleum System is based on the interpretation that the
hydrocarbons found in the Saltpond field have been
generated from the Takoradi Shale Member (Takoradi
Formation). =~ The Cretaceous-Cretaceous  Speculative
Petroleum System is based on the assumption that the Lower
and/or Upper Cretaceous shales form the source rocks.
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Figure 2. A map showing the location of the Saltpond Field (modified from [6])
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2. Methodology
2.1. Samples

The core samples were recovered from an interval of the
3 exploratory wells within the Saltpond Basin, Ghana. The
wells and their depth details are summarized in Tables 1, 2
and 3. The core samples were taken to the Organic
Geochemistry Laboratory, Ghana National Petroleum
Corporation (GNPC), Tema-Ghana, where they were oven-
dried overnight at 110°C, and pulverized with the aid of
pestle and mortar. The crushed rock samples were analyzed
geochemically by TOC contents, Rock-Eval pyrolysis
techniques. The samples were geochemically investigated
in order to determine the total organic compound, identify
organic matter type, determine the maturity of organic
matter (Ro) and hence characterize their petroleum
generation potential.

2.2. Total Organic Carbon (TOC) Contents and Rock-
Eval Analyses

The pulverised rock samples submitted to Organic
Geochemical Laboratory, GNPC, Tema-Ghana, were
analysed for TOC contents, hydrogen index (HI), the
oxygen index (OI) and T, (temperature of maximum
kerogen pyrolysate yield), using Rock-Eval II instrument.
The oven was initially kept isothermally at 300°C for 3
minutes during which time the free hydrocarbons were
volatilized and the S; peak was measured with a flame
ionization detector (FID). Pyrolysis of organic matter was
later performed at 300—600°C with a temperature rise of
25°C/min. This is the phase of volatilization of the higher
carbon number hydrocarbons compounds (>Cy) as well as
the cracking of non-volatile organic matter. The
hydrocarbons released from this thermal cracking were
measured as the S, peak (by FID). The temperature at
which S, reached its maximum depended on the nature and

thermal maturity of the kerogen and this was measured as
Tmax- The CO, produced from kerogen cracking was
trapped in the 300-390°C range. The trap was heated, and
CO, was released and detected with a thermal conductivity
detector (TCD) during the cooling of the pyrolysis oven (S;3
peak). The HI was determined as the yield of reduced
products of pyrolysis (S,) relative to the TOC (mg HC/g
TOC) and oxygen index (OI) was the yield of the oxygen
and bound organic carbon (S;).

2.3. Vitrinite Reflectance

Vitrinite reflectance (Ro) was measured on samples with
Corg more than 0.4%. In this study, C,, values were all
above 0.4%. For microscopic studies, the samples were
embedded in an epoxy resin, and a section perpendicular to
bedding was polished [8]. The polished blocks were
investigated at a magnification of 500x% in incident white
light and in incident light fluorescence mode, excited by
ultraviolet and violet light. The Ro measurements were
conducted using a Zeiss Axioplan incident light microscope
at a wavelength (I) of 546 nm with a Zeiss Epiplan-
Neofluar 50%, 0.85 oil objective. An yttrium aluminum
garnet standard was used, with an Ro of 0.889%.

3. Results and Discussions

The TOC contents and Rock-Eval data results for the
studied samples of the 3 exploratory wells are presented in
Tables 1, 2 and 3. The TOC values versus depths for the 3
exploratory wells plot is generated and presented in Figure 3.

In order to characterize the organic matter type (kerogen
type) of the samples, the modified Van Krevelen diagram
(HI versus OI) is displayed in Figure 4. Graphs of genetic
potential (PG) against TOC [9] and the Rock-Eval HI
versus TOC [10] were plotted and shown in Figures 5 and 6
respectively in order to evaluate the hydrocarbon
generation potential.
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Figure 3. TOC values (%) versus Depth (feet) in the 3 exploratory wells
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Table 1. Rock-Eval Analysis of samples from SIGNAL 13-1 well, Central (Saltpond) Basin, Ghana

SIGNAL 13-1
i o, T(f/:? SS S g PGGeS) O HL PIS/SHS) (o0
1 4120 0.90 0.1 1.0 1.2 439 1.1 133 111 0.09 0.43
2 4330 1.14 0.2 1.7 0.9 437 1.9 79 149 0.11 0.46
3 4470 1.03 0.15 1.1 0.8 435 1.25 78 107 0.12 0.43
4 4680 1.02 0.1 1.3 0.4 440 1.4 39 127 0.07 0.44
5 5740 1.23 0.5 1.1 1.1 434 1.6 89 89 0.31 0.49
[ 6070 1.24 0.2 1.4 1.3 435 1.6 105 113 0.13 0.48
7 7290 1.27 0.1 1.6 0.4 442 1.7 31 126 0.06 0.47
8 9300 0.91 0.4 1.1 1.4 438 1.5 154 121 0.27 0.53
9 9610 0.92 0.4 1.3 1.3 438 1.7 141 141 0.24 0.50
10 11840 1.02 0.3 1.9 0.5 439 2.2 49 186 0.14 0.52
Table 2. Rock-Eval Analysis of samples from PFI 13-A7 well, Central (Saltpond) Basin, Ghana
PFI 13-A7
lfl?n':llfiis l()fi';g‘ T(f/:? Si S Ss (T“é) (sl:fsz) o1 HI  PIS/(S+S)  Ro (%)
1 7820 1.78 0.4 3.5 0.7 432 3.9 39 197 0.10 0.45
2 7920 1.85 0.5 3.9 0.7 432 4.4 38 211 0.11 0.52
3 7930 1.67 0.6 3.1 0.5 429 3.7 30 186 0.16 0.53
4 7950 1.96 0.4 4.0 0.6 429 4.4 31 204 0.09 0.56
5 7960 3.77 1.7 13.9 0.7 429 15.6 19 369 0.11 0.41
[ 7990 2.02 0.7 4.5 0.5 430 5.2 25 223 0.14 0.48
7 8010 1.40 0.3 3.0 0.6 435 33 43 214 0.09 0.52
8 8090 1.53 0.3 4.0 0.5 432 43 33 261 0.07 0.53
9 8120 1.24 0.3 2.9 0.6 435 32 48 234 0.09 0.48
10 8130 1.95 0.5 8.1 0.5 435 8.6 26 415 0.06 0.59
Table 3. Rock-Eval Analysis of samples from PFI 13-C1 well, Central (Saltpond) Basin, Ghana
PFI 13-C1
Numbers (o) (g S S S o8 eesy O MU PIGUSHS) Re)

1 2550 0.69 0.1 0.4 0.4 429 0.5 58 58 0.2 0.52
2 3350 0.68 0.1 0.8 0.4 432 0.9 59 118 0.11 0.43
3 4010 0.60 0.2 0.5 0.8 429 0.7 133 83 0.29 0.45
4 4270 0.85 0.6 1.0 1.6 427 1.6 188 118 0.38 0.45
5 4750 0.66 0.1 0.9 0.3 435 1.0 45 136 0.08 0.46
[ 4930 0.64 0.1 0.5 0.3 433 0.6 47 78 0.10 0.47
7 5100 0.76 0.2 1.1 0.3 436 1.3 39 145 0.15 0.44
8 5370 1.40 0.2 2.0 0.3 436 22 21 143 0.09 0.44
9 5580 1.80 0.2 4.7 0.3 439 4.9 17 261 0.04 0.43
10 5610 1.80 0.2 2.9 0.3 439 3.1 17 161 0.06 0.44

*S) and S, are in mg hydrocarbon / g rock, Ss is in mg CO,; Rock-Eval hydrogen index (HI =[S, / TOC] *100); Rock-Eval oxygen index OI, (Ol = [S;/
TOC] *100); TOC, Total organic carbon (wt %), Potential of Generating Hydrocarbon (PG = S+ S,), PI, Rock-Eval production Index (PI=S,/( S+ S5)
and T.x (heating temperature at which peak of S, Occurs), and vitrinite reflectance data of samples from the Central Basin

3.1. Organic Matter (Kerogen) Type

The organic matter type is an important parameter in
evaluating source rock potential and has important
influence on the nature of the hydrocarbon products ([11];
[12]; [13]). [14] proposed that, for mature source rock, HI
for gas-prone organic matter is less than 150, gas-oil-prone
organic matter ranges between 150 and 300, whereas the
oil-prone organic matter is more than 300 HI. Thus, it is
very important to determine the kerogen types of the source
rocks as they have a first-order control on the hydrocarbon
products after maturation.

The results from this study showed that for SIGNAL 13-
1 well, samples 1-9 have HI values less than 150 which
indicate gas-prone organic matter (Table 1). Also sample 10
for the same well has an HI value between 150-300, which
indicate gas-oil prone organic matter.

For PFI 13-A7 well, samples 1-4 and 6-9 have HI values
between 150 and 300 which indicate gas-oil prone organic
matter. Similarly samples 5 and 10 for the same well have
HI values greater than 300 (Table 2) which indicate oil-
prone organic matter.

For PFI 13-C1 well, samples 1-8 and 10 have HI values less
than 150 which indicate gas-prone organic matter. Similarly
sample 9 for the same well has HI value between 150 and 300,
indicating gas-oil prone organic matter (Table 3).

[12] proposed a genetic potential (PG = S; + S,) for the
classification of source rocks. According to their
classification scheme, rocks having PG of less than 2 mg
HC/ g rock correspond to gas-prone rocks or non-
generative ones, rocks with PG between 2 and 6 mg HC/ g
rock are moderate source rocks, and those with PG greater
than 6 mg HC/ g rock are good source rocks.

Based on the above criteria, samples 1-9 for SIGNAL
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13-1 well have PG values less than 2mgHC/g and are gas-
prone rocks or non-generative rocks. Similarly, sample 10
for the same well has a PG value between 2 and 6mgHC/g,
meaning that it is a moderate rock.

For PFI 13-A7 well, samples 1-4 and 6-9 have PG value
between 2 and 6mgHC/g, meaning that they are moderate
rocks. Similarly, samples 5 and 10 have PG values greater
than 6mgHC/g meaning they constitute good source rocks
at sufficient depths.

For PFI 13-C1 well, samples 1-7 have PG values less

than 2mgHC/g and are gas-prone rocks or non-generative
rocks. Again samples 8-10 have PG value between 2 and
6mgHC/g, meaning that they are moderate rocks.

The modified Van Krevelen diagram (HI versus OI)
(Figure 4) shows that almost all the samples from the 3
exploratory wells consist predominantly of Types IT and III
kerogens, which are capable of generating gas-oil and gas
respectively at suitable temperature in depth. Only 2
samples from PFI 13-A7 well consist of type I and are
capable of generating oil.
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Figure 4. Modified Van Krevelen diagram showing the organic matter types of the studied samples

3.2. Kerogen Type and Generation Potential

The organic matter richness of source rocks is
determined usually using the total organic carbon content,
which is the total amount of organic material (kerogen)
present in the rock, expressed as a percentage by weight
(TOC wt.%). The higher the TOC value, the better the
potential for hydrocarbon generation. According to [14],
the TOC values between 0.5% and 1.0% indicate a fair
source-rock generation potential, TOC values varying from
1.0 to 2.0% reflect a good generation potential, TOC values
between 2.0 and 4.0% refer to a very good generation
potential, and rocks with TOC higher than 4.0% are
considered to have excellent generation potential.

Based on this criterion, the TOC results of rock samples
in this study reveal that for SIGNAL 13-1 well, samples 1,
8 and 9 (Table 1) have fair generation potential source
rocks because their TOC values fall between 0.5%-1.0%.
Again samples 2-7 and 10 from the same well have good
generation potential source rocks because their TOC values
fall between 1.0-2.0%. (Table 1)

For PFI 13-A7, samples 1-4 and 7-10 (Table 2) have

good generation potential source rock because their TOC
values fall between 1.0% and 2.0%. Again samples 5 and 6
for the same well have very good generation potential
source rock because their TOC values fall between 2.0%
and 4.0%.

For PFI 13-Cl1, samples 1-7 (Table 3) have fair
generation potential source rocks because their TOC values
fall between 0.5%-1.0%. Similarly samples 8-10 for the
same well have good generation potential source rock
because their TOC values fall between 1.0% and 2.0%.
This is demonstrated in the plot of the Rock—Eval HI
versus TOC (Figure 4). The poor to fair and moderate
generation potential of all the samples in particular is
supported by the presence of type Il & III kerogens though
only two samples from PFI 13-A7 indicate type I kerogen
(Figure 4). Figure 6 shows the generation potential for the
studied samples. It is also worth pointing out that almost all
the samples from the three exploratory wells fall within the
field of typical gas prone and gas-oil prone source rocks
[10] as shown in Figure 4.
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Figure 6. Generation potential of potential source rocks of the Central (Saltpond) Basin

3.3. Maturity of Organic Matter (R,)

An overview of maturity distribution is provided by Ro
data, which is considered to be the most reliable and most
commonly used maturity indicator ([15]; [16]). According
to them, the Ro values between 0.5 and 0.7% indicate low
source-rock grade, Ro values varying from 0.7 to 1.0%
reflect a moderate source-rock grade, Ro values between
1.0 and 1.3% refer to a high source-rock grade. Based on
the above criteria, for SIGNAL 13-1 well, samples 1-7
have poor source rock grade because their Ro values are
lower than 0.5%. Similarly samples 8-10 for the same have
low source rock grade because their Ro values fall between
0.5% and 1.0%. (Table 1)

For PFI 13-A7 well, samples 1, 5-6 and 9 have poor

source rock grade because their Ro values are lower than
0.5%. Similarly samples 2-4, 7-8 and 10 for the same well
have low source rock grade because their Ro values fall
between 0.5% and 1.0%. (Table 2)

For PFI 13-Cl1, samples 2-10 have poor source rock
grade because their Ro values are lower than 0.5%.
Similarly sample 1 for the same well has low source rock
grade because its Ro value falls between 0.5% and 1.0%.
(Table 3)

The Ro values of all samples for the 3 wells are plotted
against the depth in Figure 7. From the figure below, all the
samples are concentrated between Ro values of between
0.4% and 0.55% and the depths values between 3000ft and
11,000ft. It shows a fairly distributed plot.
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4. Conclusions

The results revealed that the three exploratory wells in
the Saltpond Basin, Ghana have fair to good total organic
carbon (TOC) content, suggesting that there might exist
conditions in the basin that favour organic matter
production and preservation. The rock-eval results showed
that all the samples from the 3 exploratory wells contain
predominantly Types II and III kerogens with a capacity to
generate gas-oil and gas respectively. They have good
generation potential. Results of the vitrinite reflectance
measurement also reveal that all the samples have poor to
low source-rock grade. The Saltpond Basin can be regarded
as having fair petroleum source rocks and could be part of a
petroleum system if sufficient burial and maturation have
occurred.
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