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Abstract  The study investigated hydrocarbon potential source rock for Agbada formation located in the Osioka south 
area, Western Niger Delta. Thirty (30) core samples from an appraisal well in Oil Mining Lease, OML 65 were investigated 
for total organic carbon (TOC), Rock-Eval analysis and vitrinite reflectance. The analytical results of the studied core 
samples revealed that they have generally good total organic carbon (TOC values ranging between 1.0 and 2.0%) contents, 
suggesting that there exist conditions in the Osioka south area, Niger delta that favour organic matter production and 
preservation. The Rock-Eval results indicated that 50% of the samples from Osioka south area consist of Type II kerogen, 
which are capable of generating both oil and gas at suitable temperature in depth. The remaining half of the samples has Type 
III kerogen which are capable of generating gas. From the vitrinite reflectance measurements, all the samples from Osioka 
South area reveal moderate source-rock grade. The Agbada formation can be regarded as having good petroleum source rocks 
and could be part of a petroleum system if sufficient burial and maturation have occurred.  

Keywords  Agbada formation, Core samples, Potential source rocks, Total organic carbon, Rock-Eval, Vitrinite 
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1. Introduction 
The Niger Delta is considered among the world’s best 

studied delta provinces. There are three lithostratigraphic 
units recognized in the Niger Delta namely Akata, Agbada 
and Benin Formations[1]. Source rock of the Niger Delta 
hydrocarbon has been a subject of controversy.[1] and[2] 
proposed the shale of the paralic Agbada Formation as the 
source rocks, while[3] and[4] argued that in most parts of the 
delta, the Agbada Formation is immature and suggested the 
source rock to be the marine shale of Akata Formation which 
are more matured. There has been much discussion about the 
source rock for petroleum in the Niger Delta (e.g.[5];[6];[7]; 
[8];[9];[10]). Possibilities include variable contributions 
from the marine interbedded shale in the Agbada Formation 
and the marine Akata shale, and a Cretaceous shale ([3];[5]; 
[7];[4];[8];[10];[11];[12];[13]).  

The Agbada Formation has intervals that contain 
organic-carbon contents sufficient to be considered good  

 
* Corresponding author: 
emmanuelkwesinyantakyi@yahoo.com (E. K. Nyantakyi) 
Published online at http://journal.sapub.org/geo 
Copyright © 2014 Scientific & Academic Publishing. All Rights Reserved 

source rocks (see data in[7];[14]). The intervals, however, 
rarely reach thickness sufficient to produce a world-class oil 
province and are immature in various parts of the delta 
([5];[11]).  

Based on organic-matter content and type,[5] proposed 
that both the marine shale (Akata Formation) and the shale 
interbedded with paralic sandstone (lower Agbada 
Formation) were the source rocks for the Niger Delta oils.  

[6] used ab-hopanes and oleananes to fingerprint crude 
with respect to their source--the shale of the paralic Agbada 
Formation on the eastern side of the delta and the Akata 
marine-paralic source on the western side of the delta.[7] 
further constrained this hypothesis using geochemical 
maturity indicators, including vitrinite reflectance data that 
showed rocks younger than the deeply buried lower parts of 
the paralic sequence to be immature.[8] argued that the 
migration efficiency from the over-pressured Akata shale 
would be less than 12%, indicating that little fluid would 
have been released from the formation. They derived a 
different thermal maturity profile, showing that the shale 
within the Agbada Formation is mature enough to generate 
hydrocarbons.[10] conclude that the source organic matter is 
in the deltaic offlap sequences and in the sediments of the 
lower coastal plain. Their hypothesis implies that both the 
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Agbada and Akata Formations likely have disseminated 
source rock levels, but the bulk will be in the Agbada 
Formation. In deep water, they favor delta slope and deep 
turbidite fans of the Akata Formation as source rocks. The 
organic matter in these environments still maintains a 
terrestrial signature, however, it may be enriched in 
amorphous, hydrogen-rich matter from bacterial 
degradation. 

[9] in a detailed source-rock study on side-wall core and 
cuttings from the Agbada-Akata transition or uppermost 
Akata Formation, concluded that there are no rich source 
rocks in the delta. With respect to oil potential, Bustin claims 
that the poor source-rock quality has been more than 
compensated by their great volume, excellent migration 
pathways, and excellent drainage. The oil potential is further 
enhanced by permeable interbedded sandstone and rapid 
hydrocarbon generation resulting from high sedimentation 
rates. The total organic-carbon (TOC) content of sandstone, 
siltstone, and shale in his study is essentially the same 
(average of 1.4 to 1.6% TOC). The content, however, seems 
to differ with age of the strata—a trend of decreasing content 
with decreasing age (average of 2.2% in the late Eocene 
compared to 0.9% in Pliocene strata). Bustin’s Eocene TOC 
average compares well with the averages of 2.5% and 2.3% 
obtained for Agbada-Akata shales in two wells[15].[7] report 
TOC values from 0.4 to 14.4% in both onshore and offshore 
paralic sediments.[14] report values as high as 5.2% in 
paralic shales from the western part of the delta. The higher 

TOC contents are limited to thin beds and are only easily 
recognized in conventional cores[10].  

The organic matter consists of mixed maceral components 
(85-98% vitrinite with some liptinites and amorphous 
organic matter)[9]. There is no evidence of algal matter and 
the shales are low in sulfur (0.02 to 0.1 %). Hydrogen indices 
(HI) are quite low and generally range from 160 to less than 
50 mg HC/g TOC.[16] believe that Bustin’s average of 90 
mg HC/g TOC underestimates the true source-rock potential 
because of matrix effects on whole-rock pyrolysis of deltaic 
rocks.[17] report HI values of 232 for immature kerogen 
isolates from Agbada-Akata shales. HI values over 400 have 
been measured[18]. Pristane/phytane in extracts range 
between 2 and 4[9]. Bustin found that both HI values and 
pristane/phytane change with stratigraphic position similarly 
to TOC contents (lower values in younger strata). He 
attributes these stratigraphic trends in organic-matter to 
increased dilution as sedimentation rates increased and 
possibly an increase in oxidizing conditions of the 
depositional environment. Organic geochemistry assesses if 
the rocks in an area are of the right quality and the right 
amount to form oil or gas. It is therefore important to 
recognize these rocks in the early stages of petroleum 
exploration for their evaluation. The presence of more than 
one source rock in an area makes it more attractive. 
Estimates of how prolific the source rock has been and some 
indications of the nature of the hydrocarbon products will be 
useful for effective hydrocarbon exploration.  

 
Figure 1.  Location Map of study Area 
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The aim of the study was to investigate geochemically 
potential source rock for Agbada Formation from a depth 
slice within Oil Mining Lease, OML 65, in the Osioka south 
area of the Niger Delta region using thirty (30) core samples. 
The research objectives were to determine the total organic 
carbon content, identify organic matter type and determine 
the maturity of organic matter (Ro). Figure 1 shows the 
location map of the studied area. 

1.1. Geology of the Niger Delta 

The Niger Delta, situated at the apex of the Gulf of Guinea 
on the west coast of Africa, covers an area of about         
75 000 km2. The geology of the tertiary Niger Delta province 
has been described by several workers ([1];[19];[3];[20];[5]; 

[10]; [21]). Basement tectonics related to crucial divergence 
and translation during the late Jurassic and Cretaceous 
continental rifting probably determined the original site of 
the main rivers that controlled the early development of the 
Delta. The Cenozoic development of the delta is also 
believed to have taken place under approximate isostatic 
equilibrium. The main depocenter is thought to have been at 
the triple junction between the continental and oceanic crust 
where the delta reached a main zone of crustal instability. 
The Niger Delta is a large arcuate delta of the destructive, 
wave-dominated type and is composed of an overall 
regressive clastic sequence which reaches a maximum 
thickness of about 12 km in the basin centre. 

 

Figure 2.  Stratigraphic column showing formations of the Niger Delta[26]. Modified from[10] 
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The Delta’s sediments (Figure 2) show an upward 
transition from marine pro-delta shales (Akata Formation) 
through a paralic interval (Agbada Formation) to a 
continental sequence (Benin Formation). These three 
sedimentary environments, typical of most deltaic 
environments, extend across the whole delta and ranges in 
age from early tertiary to recent. A separate member, the 
Afam clay member, of the Benin formation is recognized in 
the eastern part of the delta and is considered as an ancient 
valley fill formed in Miocene sediments. The formations are 
strongly diachronous[22] and cut across the time 
stratigraphic units which are characteristically S-shaped in 
cross-section. Most economically exploitable hydrocarbon 
in the delta is believed to be trapped within the Agbada 
formation. Virtually all the hydrocarbon accumulations in 
the Niger Delta occur in the sands and sandstones of Agbada 
Formation where they are trapped by rollover anticlines 
related to growth fault development ([16];[23];[24]). 

1.2. Hydrocarbon Source Rock 

There has been much discussion about the source rock for 
petroleum in the Niger Delta which has reflected in[6];[7]; 
[8];[9];[10]. Possibilities include variable contributions from 
the marine interbedded shale in the Agbada Formation, the 
marine Akata shale and the Cretaceous shale[3];[25];[7];[8]; 
[10];[11];[12];[13]. 

The Agbada Formation has intervals that contain 
organic-carbon contents sufficient to be considered good 
source rocks. The intervals, however, rarely reach thickness 
sufficient to produce a world-class oil province and are 
immature in various parts of the delta[5];[11]. The Akata 
shale is present in large volumes beneath the Agbada 
Formation and is at least volumetrically sufficient to 
generate enough oil for a world class oil province such as the 
Niger Delta. In the case of the cretaceous shale, it has never 
been drilled beneath the delta due to its great depth; therefore, 
no data exist on its source-rock potential[5]. 

2. Methodology 

2.1. Samples  

Thirty (30) core samples were recovered from an interval 
of an appraisal well within the Osioka south area, Western 
Niger Delta. The sample locations are shown in Fig. 1. The 
samples numbers and depth details are summarized in Table 
1. The core samples were taken to the Organic Geochemistry 
Laboratory, Yangtze University, Wuhan-China. The samples 
were oven-dried overnight at 110°C, pulverized, and 
analyzed using TOC/Rock-Eval pyrolysis techniques. The 
geochemical parameters including total organic content, 
organic matter type, maturity of organic matter (Ro) were 
determined in order to characterize the petroleum generation 
potential of the source rock. 

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

The TOC contents, hydrogen index (HI), the oxygen index 
(OI) and Tmax (temperature of maximum kerogen pyrolysate 
yield), were determined 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 S1 peak was measured by the Flame Ionization 
Detector (FID). Pyrolysis of organic matter was then 
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 (>C40) as well as the 
cracking of non-volatile organic matter. The hydrocarbons 
released from this thermal cracking were measured as the S2 
peak (by FID). The temperature at which S2 reaches its 
maximum depends on the nature and thermal maturity of 
the kerogen and this was measured as Tmax. The CO2 
produced from kerogen cracking was trapped in the 300 - 
390°C range. Upon further heating, CO2 was released and 
detected on a Thermal Conductivity Detector (TCD) during 
the cooling of the Pyrolysis oven (S3 peak). The HI was 
determined as the yield of reduced products of pyrolysis (S2) 
relative to the TOC (mg HC/g TOC) and OI is the yield of 
the oxygen and bound organic carbon (S3). 

Table 1.  Table showing the sample details 

Sample Depth 
Number Depth Interval Sample Depth 

Number Depth Interval Sample Depth 
Number Depth Interval 

1 2770 – 2775 11 2820 – 2825 21 2870 – 2875 

2 2775 – 2780 12 2825 – 2830 22 2875 – 2880 

3 2780 – 2785 13 2830 – 2835 23 2880 – 2885 

4 2785 – 2790 14 2835 – 2840 24 2885 – 2890 

5 2790 – 2795 15 2840 – 2845 25 2890 – 2895 

6 2795 – 2800 16 2845 – 2850 26 2895 – 2900 

7 2800 – 2805 17 2850 – 2855 27 2900 – 2905 

8 2805 – 2810 18 2855 – 2860 28 2905 – 2910 

9 2810 – 2815 19 2860 – 2865 29 2910 – 2915 

10 2815 – 2820 20 2865 – 2870 30 2915 – 2920 
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2.2. Vitrinite Reflectance 

Vitrinite reflectance (Ro) was measured on samples with 
Corg > 0.4%. In this study, Corg 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[27]. The polished blocks were investigated at a 
magnification of 500× 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 (l) 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 results of the TOC contents and Rock-Eval data for 

the studied core samples are presented in Table 2. Trend of 
TOC values of the samples with sample depth numbers (as 
shown in Table 1) is 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. For the evaluation of 
the generation potential, graphs of PG against TOC[28] and 
the Rock-Eval HI versus TOC[29] were plotted and shown in 
Figures 5 and 6 respectively.  

Table 2.  Rock-Eval Analysis of samples from appraisal well, Osioka South Area, Western Niger Delta Nigeria 

Samples Depth Interval TOC (%) S1 S2 S3 Tmax (°C) PG (S1+S2) OI HI Ro 

1 2770 – 2775 1.80 0.09 0.5 0.8 425 0.59 44 28 0.74 

2 2775 – 2780 1.78 0.08 0.7 0.9 430 0.78 51 39 0.84 

3 2780 – 2785 1.80 0.07 0.6 1.0 435 0.67 56 33 0.77 

4 2785 – 2790 1.67 0.10 0.4 0.8 428 0.50 48 24 0.68 

5 2790 – 2795 1.70 0.08 1.0 0.6 430 1.08 35 59 0.77 

6 2795 – 2800 1.65 0.09 0.5 0.9 430 0.59 55 31 0.79 

7 2800 – 2805 1.60 0.10 0.6 0.7 432 0.70 44 38 0.69 

8 2805 – 2810 1.65 0.09 1.0 0.5 430 1.09 31 61 0.66 

9 2810 – 2815 1.61 0.07 0.9 0.8 428 0.97 50 56 0.68 

10 2815 – 2820 1.63 0.08 1.0 0.9 429 1.08 55 61 0.76 

11 2820 – 2825 1.62 0.10 2.0 0.8 428 2.1 49 123 0.75 

12 2825 – 2830 1.63 0.10 1.0 0.7 432 1.1 43 61 0.67 

13 2830 – 2835 1.62 0.30 3.0 0.9 430 3.3 56 185 0.6 

14 2835 – 2840 1.60 0.20 1.0 0.7 430 1.2 44 63 0.60 

15 2840 – 2845 1.62 0.10 4.0 0.8 429 1.1 50 247 0.59 

16 2845 – 2850 1.61 0.20 2.0 0.8 430 1.2 50 124 0.67 

17 2850 – 2855 1.61 0.10 3.0 0.9 435 3.1 56 186 0.70 

18 2855 – 2860 1.63 0.20 4.0 0.8 424 4.2 49 245 0.74 

19 2860 – 2865 1.62 0.1 5.0 0.6 434 5.1 37 307 0.71 

20 2865 – 2870 1.63 0.20 3.0 1.0 433 3.2 61 184 0.70 

21 2870 – 2875 1.68 0.30 6.0 0.9 434 6.3 54 357 0.69 

22 2875 – 2880 1.65 0.20 5.0 0.8 432 5.2 48 303 0.67 

23 2880 – 2885 1.64 0.20 4.0 0.9 433 4.2 55 244 0.75 

24 2885 – 2890 1.65 0.10 7.0 0.9 428 7.1 55 424 0.68 

25 2890 – 2895 1.66 0.10 6.0 0.7 430 6.1 42 361 0.77 

26 2895 – 2900 1.65 0.10 4.0 0.8 435 5.1 48 303 0.77 

27 2900 – 2905 1.67 0.30 8.0 0.9 429 8.3 54 242 0.73 

28 2905 – 2910 1.64 0.30 6.0 0.9 428 6.3 55 366 0.74 

29 2910 – 2915 1.65 0.20 9.0 0.7 430 7.2 42 545 0.69 

30 2915 – 2920 1.65 0.10 8.0 1.0 429 8.1 61 485 0.79 

S1 and S2 are in mg hydrocarbon / g rock, S3 is in mg CO2; HI, Hydrogen Index (HI = S2 / TOC *100); OI, Oxygen Index (OI = S3 / TOC *100); TOC, 
Total organic carbon (wt %), PG, Genetic Potential (PG = S1+ S2) 
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Figure 3.  Trend of TOC values in the studied samples (Numbers 1 – 30) 

 
Figure 4.  Modified Van Krevelen diagram showing the organic matter types of the studied samples 



 Geosciences 2014, 4(1): 13-22 19 
 

 

 
Figure 5.  Generative potential for the studied samples[28] 

 
Figure 6.  Generative potential of potential source rocks of Niger delta, Nigeria 
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Figure 7.  Maturity, Ro (%) versus Sample Depth Interval (feet) 

3.1. Organic Matter (Kerogen) Type 

The organic matter type is a key important parameter in 
evaluating source rock potential and has important influence 
on the nature of the hydrocarbon products ([30];[31];[32]). 
[33] proposed that, for mature source rock, HI for gas-prone 
organic matter is less than 150, gas-oil-prone organic matter 
is ranged 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 14 
samples (with sample Nos. 1-12, 14 and 16) representing  
47% have HI values less than 150 which indicate gas-prone 
organic matter. Twenty three percent (23%) of samples (with 
sample Nos. 13, 15, 17-18, 20, 23 and 27) have HI values 
between 150-300 indicating gas-oil prone organic matter. 
The remainder (with sample Nos. 19, 21-23, 24-26 and 28-30) 
have HI values are greater than 300 (Table 1) which also 
indicate oil-prone organic matter. Additionally, 12 samples 
(with sample Nos. 1-10, 12 and 14) representing 40% have 
HI values less than 66 mg/ g, indicating ideal potential 
sources of gas generation.  

[31] proposed a genetic potential (PG = S1 + S2) 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, 
47% samples (with sample Nos. 1-10, 12 and 14-16) with PG 
less than 2 mgHC/g are either gas-prone rocks or 
non-generative rocks. Nine (9) samples (with sample Nos. 11, 
13, 17-20, 22-23 and 26) with PG values between 2 and 6 
mgHC/g are moderate source rocks. Seven (7) samples (with 
sample Nos. 21, 24-25 and 27-30) representing 23% with PG 
values greater than 6 mgHC/g exhibit good source rock 
potential at sufficient depths. The modified Van Krevelen 
diagram (HI versus OI) (Figure 4) for the studied core 
samples shows that about half (50%) of the samples from 
Osioka south area consist of Type II kerogen, which are 
capable of generating both oil and gas at suitable temperature 
and depth. The other half (50%) of the samples has Type III 
kerogen. These results confirmed the findings of previous 
researchers on the potential source rocks of Niger Delta[9], 
with respect to variation in kerogen types which may be 
related to the relative stratigraphic positions of the outcrops 
within the Niger delta. 
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3.2. Source Rock Richness 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.%). By 
and large, the higher the TOC, the better the chance and 
potential for hydrocarbon generation. According to[33], the 
TOC values between 0.5 and 1.0% indicate a fair 
source-rock generative potential, TOC values varying from 
1.0 to 2.0% reflect a good generative potential whilst values 
between 2.0 and 4.0% refer to a very good generative 
potential, and rocks with TOC greater than 4.0% are 
considered to have excellent generative potential.  

Based on this criterion, the TOC results of rock samples in 
this study reveal that all the sample sources from Osioka 
south area (Table 1) have good hydrocarbon generative 
potential regarding their TOC values of 1.0 to 2.0%. This is 
demonstrated in the plot of the Rock–Eval HI versus TOC 
(Figure 6). The good generation potential of all the samples 
in particular is well supported by the presence of type II & III 
kerogens (Figure 4). Figure 5 shows the generative potential 
for the studied samples.  

3.3. Maturity of Organic Matter (Ro) 

The Ro values (Table 2) of all samples are plotted against 
the depth interval in Figure 7. An overview of maturity 
distribution is provided by Ro data, which is considered to be 
the most reliable and most commonly used maturity 
indicator ([34];[35]). 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, all the 
samples from Osioka South area reveal moderate 
source-rock grade since their Ro values are between 0.7 to 
1.0%. 

4. Conclusions  
Results of TOC and Rock-Eval analyses of potential 

hydrocarbon source rocks of the thirty (30) samples in the 
Osioka south area, offshore Niger delta show that the 
prevailing conditions favoured organic matter production 
and/or preservation. This led to high organic matter contents 
of the samples in all stratigraphic intervals. About 50% of the 
samples contained predominantly Type II kerogen and were 
both oil- and gas-prone, and the organic matter content good 
generative potential. Furthermore, the remaining 50% of the 
samples contained mainly Type III kerogen and were more 
gas prone with moderate organic carbon contents and also 
exhibited good hydrocarbon generative potential. Results of 
the vitrinite reflectance measurement also revealed that all 
the samples from Osioka south area were moderate 
source-rock grade. The Osioka south area, offshore Niger 
Delta can be regarded as having good petroleum source 

rocks and could be part of a petroleum system if sufficient 
burial and maturation have occurred.  
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