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ABSTRACT 

The geochemical appraisal of oils from the Umutu and Bomu fields in the Niger Delta reveals that the 
oils from the two fields bear an appreciable similarity considering their biomarker characteristics. The 
ternary plots for the % C27, C28 and C29 steranes indicates that the samples consist of mixed terrigenous 
and minor marine inputs. The Pr/nC17 vs the Ph/nC18 plot indicate that the oils are derived from type III 
kerogen, inferring that the sourcing organic matter were deposited in an dysoxic–oxic environment. The 
plot also infers that the Umutu samples are slightly biodegraded while the Bomu oils are not degraded. 
All samples in this study show near similar maturity level.   
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1. Introduction 
 

The appraisal of oils provides detail 
information that could be used for comparative 
and correlation studies during frontier 
exploration bids. The gradual evolution of 
petroleum geochemistry from its conceptual 
mode to a more application based mode 
resulted to its extensive use in field 
development, i.e. location of injection and 
production wells for enhanced oil recovery 
projects, potential fluid communication studies 
in delineating compartmentalization, 
discerning and resolution of problems related 
to leaking casings and deconvolution and 
allocation of commingled production. In 
environmental oil geochemistry biomarker 
details could be applied to correlate 
leaked/spilled oils in the surrounding 
environment to the indigenous oils for 
evaluation of possible leakage after plugging 

and abandonment of wells, suffice to include 
that though specific parameters are used, 
certain standards are maintained.     
 
2. Geology of the study area 

 
The study area (figure 1) lies within the Niger-
Delta, which bears over 10 kilometers 
thickness of sediments. The area, which is 
typical of the Niger Delta Basin forms part of a 
geological sequence of the Quaternary and 
Tertiary formations of the Niger Delta 
sediments, consisting mainly of three main 
geologic formations, which are the Benin 
Formation, Agbada Formation, and Akata 
Formation (Sundararaman et al., 2002).  
 
Michele et al. (2010) identified the (Akata-
Agbada) petroleum system as the active source 
of the Niger Delta oils. The primary source 
rock is the marine-shale facies of the Upper 
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Akata formation, with possible contributions 
from interbeded marine shale of the Lower 
Agbada Formation (Magoon et al., 1994; 
Ekweozor and Daukoru, 1994).  
 
3. Sampling and Sample preparation  

 
Seven crude oils were collected at stratigraphic 
depths ranging from 9,800ft to 10,400ft for two 
producing oil fields namely: Umutu field and 
Bomu field onshore the Niger Delta. The crude 
oils collected were 4 samples from Umutu and 
3 samples from Bomu fields. The crude oils 
were collected with glass vials with Teflon 
caps and stored in the refrigerator at a 
temperature below 4°C prior to laboratory 
analysis.  
 

3.1 Fractionation of the oils  
 

The crude oils were fractionated into saturates, 
aromatics and polar compounds by column 
chromatography on silica gel. The standard 
glass column was packed with silica gel (SiO2) 
as the stationary phase, prior to which was 
rinsed with Dichloromethane and later with 
light petroleum spirit, the packed column 
rested on a pad comprised of activated cotton. 
The column was filled with petroleum ether. 
2g of Alumina was added to keep the surface 
stable. The oil sample was introduced, then the 
eluents gently, about 70ml of petroleum ether 
was added to elute the aliphatic fraction, 70 ml 
of dichloromethane (DCM) was used to elute 
the aromatic fraction while 70ml of methanol 
was used to elute the polars (resins). The 
aliphatic fraction were reduced with nitrogen 
stream to about 1 ml and diluted with 
dichloromethane for GC and GC–MS analysis. 
 

3.2 GC, GC–MS Analysis  
 

The GC-MS analyses for the aliphatic 
hydrocarbon was performed using a Hewlett-
Packard 5890II GC with a split/splitless 
injector (280°C) linked to a Hewlett-Packard 
5890II GC with a split/splitless injector 
(280°C) linked to a Hewlett-Parkard 5972 
MSD with an electron voltage of 70ev, 

filament current of 220μA, source temperature 
of 160°C, a multiplier voltage 1600V and 
interface temperature of 300°C. The 
acquisition was controlled by an HP Vectra PC 
chemstation computer in both full scan mode 
and selected ion mode. The sample (1μl) in 
DCM was injected by an HP7673 auto-sampler 
and the split opened after 1 min. Separation 
was performed on a fused silica capillary 
column (30m × 0.25mm i.d.) coated with 0-
25μm, 5% phenylmethylsilicone (HP-5). The 
GC was temperature programmed for 40°C – 
300°C at 4°C per minute and held at a final 
temperature for 20mins. The carrier gas was 
helium (flow 1ml/min., pressure of 50KPa, slit 
at 30ml/min.). The acquired data was on DAT 
tape for later processing. The data was 
processed using Chem Station G1701BA 
(version B.01.001989 - 1998) software and 
integration of peaks was done with the RTE 
integrator.  
 
4. Results and Discussion  
 
4.1 Type and quality of organic matter 
 
Organic matter typing has proved that the 
source and type of organic matter determines 
the quality of organic matter, if it is oil prone 
or gas prone. The Pr/nC17 vs Ph/nC18 plot 
(figure 2) show that all the oils plot below the 
diagonal. This indicates that the sourcing 
organic matter of all the oils in this study was 
deposited amidst sufficient oxygen; this 
invariably means the oils were sourced from a 
type III kerogen, which comprises degraded 
planktonic organic matter or high phytoclast 
inputs (unoxidised woody materials). Type III 
kerogen is mostly sourced from vascular 
higher plant materials, which is highly gas 
prone with little oil (Hanson et al., 2000). Oils 
with CPI ≥ 1 are also inferred to be sourced 
from epicuticular waxes of vascular land plants 
(Waples and Machihara, 1991; Peters and 
Moldowan, 1993). The mass chromatogram for 
the m/z 191 (figure 6) indicates the presence of 
oleanane, which is a diagnostic marker for 
sourcing organic materials that comprises 
vascular higher land plant materials 
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(Ekweozor, 1981). The plot of Pr/Ph vs. 
Oleanane/C30 hopane (figure 3) indicates that 
the Bomu samples are very identical with less 
higher plants inputs, while the Umutu samples 

show slightly dissimilarity which may suggest 
slight changes in deposited organic matter over 
time.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Map of Niger Delta showing the study locations. 

 

 

 
 

 

 

 

Figure 2.  Plot of Pr/nC17 vs Ph/nC18. 
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Figure 3.  Plot of Pr/Ph vs Ol/C30 hopane. 

 

 

 
 

 

 

 

 

 

Figure 4. Sterane ternary diagram. 

 
4.2 Source rock depositional environment 
 
The depositional environment is a major control 
on the type and invariably the quality of organic 
matter. The ternary plot using the % C27, %C28, 
%C29 is normally employed to discriminate oils 
according to their depositional environment or 
different source facies. The sterane ternary plot 
(figure 4) indicates that all the oils except U2T 
and U7L is sourced from dysoxic–oxic 
environments with minor marine influences i.e. 
low marine.  

The Pr/nC17 vs Ph/nC18 plot (figure 2) showing 
all samples lower than the diagonal indicates 
source rock in dysoxic–oxic environment 
(Hanson et al., 2000).The m/z 191 mass 
chromatogram show limiting occurrence of the 
extended homohopanes to C33, which is normally 
observed for source rocks deposited in deltaic 
environment where there is sufficient oxygen. 
The environment may be distal i.e. oceans, low 
marine or proximal i.e. estuarine, coastal; the 
sediments are normally fed by runoffs (Evamy et 
al., 1978; Eneogwe and Ekundayo, 2003; 
Mackenzie, 1984; Roushdy et al., 2010). 
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Table 1.  Peak identification for m/z 191 mass chromatogram. 

     
Peak Compound Formula MW Ion

    Monitored
Pentacyclic     

triterpanes     

Ts Ts: 18α(Η),2β (H)-22,29,30-Trisnorhopane C27H46 370 191 

Tm Tm: 17α(Η),21 β(H)-22/29/30-Trisnorhopane C27H46 370 191 

C29 17α(H),21 β(H)-30-Norhopane C29H50 398 191 

C29Ts 18α(Η),21 β(H)-30-Norneohopane C29H50 398 191 

Ole α- Oleanane    

C30 17α(H),21β(H)-Hopane C30H52 412 191 

Mo 17β(H),21α(H)-Hopane (Moretane) C30H52 412 191 

C31S 22S -17α(H),21 β(H)-30-Homohopane C31H54 426 191 

C31R 22R-17α(H),21 β(H)-30-Homohopane C31H54 426 191 

C32S 22S-17α(Η),21 β(Η)-30,31 -Bishomohopane C32H56 440 191 

C32R 22R-17α(Η),21 β(Η)-30,31 -Bishomohopane C32H56 440 191 

C33S 22S-17α(Η),21 β(Η)-30,31,32-Trishomohopane C33H58 454 191 

C33R 22R-1 7α(Η),21 β(Η)-30,31,32-Trishomohopane C33H58 454 191 

C34S 22S-17α(Η),21 β(Η)-30,31,32,33- C34H60 468 191 
 Tetrakishomohopane    

C34R 22R-l7α(H),21β(H)-30/31,32,33- C34H60 468 191 
 Tetrakishomohopane   

C35S 22S-17α(Η),21 β(Η)-30,31,32,33,34- C35H62 482 191 
 Pentakishomohopane    

C35R 22R-17α(Η),21 β(Η)-30,31,32,33,34- C35H62 482 191 
 Pentakishomohopane    

 

The mass chromatogram for the m/z 191 (figure 
6) indicates the presence of oleanane, which is a 
diagnostic marker for sediments deposited in 
deltaic environments (Ekweozor, 1981). Pr/Ph > 
3 indicates strong oxic conditions (Ten Haven, 

1996), while Oleanane/C30 hopane ≥ 3 is 
synonymous with deltaic environments, i.e. 
Gippsland, Mahakam, Mackenzie and Sumatra 
deltas.  
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Table 2. Biomarker ratios.  

  Sample      
 U2T U7L U4L U45 KD01 KD02 KD03 

Pr/Ph 4.05 2.31 2.31 1.88 3.36 3.44 3.40 

Pr/n-C17 0.56 1.30 1.35 0.77 0.48 0.45 0.44 
Ph/n-C18 0.16 0.16 0.65 0.42 0.16 0.16 0.16
nC25/nC18 0.53 0.49 0.67 0.64 0.40 0.38 0.37

CPI 1.01 0.72 1.08 1.02 1.09 1.02 1.04
(Pr +C17)/(Ph +C18) 1.52 1.52 1.58 1.26 1.40 1.53 1.50 

Ts/Tm 1.19 0.82 0.79 0.86 1.25 1.15 1.47 
Ts/(Ts + Tm) 0.54 0.45 0.44 0.46 0.56 0.53 0.59 

C29/C30hop 0.62 0.65 0.69 0.67 0.64 0.65 0.60 
OI/C30hop 0.37 0.72 0.72 1.03 0.32 0.31 0.03
Ole Index 0.37 0.72 0.72 1.03 0.32 0.31 0.03

Homo Index 0.03 0.04 0.01 0.01 0.04 0.04 0.05 

C30M/C30hop 0.15 0.14 0.17 0.17 0.17 0.14 0.15 
Sterane/hopane 0.08 0.14 0.13 0.20 0.09 0.06 0.02
22S/(22S+22R) 0.56 0.52 0.56 0.55 0.55 0.58 0.55 

C30*/C29Ts 6.57 8.35 6.86 7.39 7.03 7.20 6.36 
20S/(20S+20R) 0.60 0.50 0.51 0.50 0.63 0.55 0.46
C27 Steranes(%) 18.32 24.27 30.64 31.36 23.92 27.24 29.72 
C28 Steranes(%) 43.16 48.39 30.01 31.57 25.92 29.96 30.68
C29 Steranes(%) 38.52 27.34 39.35 37.07 50.16 42.80 39.60

αβ/αβ+βα 0.87 0.87 0.86 0.85 0.88 0.88 0.87
αββ/αββ+ααα 0.40 0.50 0.49 0.50 0.37 0.45 0.54 

 

 
4.3 Maturity of the oils  
 
The  CPI of the oils are all about 1.0 which 
implies slightly or marginally mature oils, 
however the sterane isomerization ratios ranges 
from 43% to 63%, this indicates that the organic 
matter sourcing the oils was at the oil window 
during generation of oils (Muhammad et al., 
2010; Peters et al., 2005;  Tissot and Welte, 
1984).  
 

The plot of Ts/(Ts+Tm) vs 20S/(20S+20R) 
(figure 5) showed some correlation, indicating 
that Ts/(Ts+Tm) increases linearly with 
20S/(20S+20R) (Hanson et al., 2000; Seifert and 
Moldowan, 1986; Peters and Moldowan, 1993). 

The plot also indicate that the Bomu oils show a 
fair cluster implying apparently very close 
maturity ranking, however, the Umutu oils show 
a slight variability in maturity of the Umutu oils, 
this on the concept of lateral maturity gradient 
represents successive charging fronts with 
varying maturity ranks.  

 4.4 Biodegradation 

The ratio of the isoprenoids to the normal alkanes 
serves as a screening indicator of biodegradation, 
the Pr/nC17 ratio in table 2 indicates that the 
Umutu oils are more degraded than the Bomu 
oils. However, based on the Ph/nC18 ratio, except 
samples U4L and U45 others did not show any 
significant level of biodegradation. The Pr/nC17 
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vs Ph/nC18 plot (figure 2) indicates that the 
Umutu oils are generally biodegraded, the level 

of biodegradation may be suggested as moderate.  

 

 

 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 5. Plot of Ts/(Ts+Tm) vs 20S/(20S+20R). 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 6. Mass chromatogram of m/z 191. 

 
 
 
 

37



    Bulletin of Earth Sciences of Thailand 

 

Onojake et al., 2014. Geochemical appraisal of crude oils in Niger Delta. Vol. 6, No. 1, 31-39 

5. Conclusion 
 
The suite of oils used in this study was obtained 
from the Niger Delta Basin; they comprise oils 
from Umutu and Bomu fields. GC, GC–MS is 
the analytical method employed.   
 
The Pr/nC17 vs Ph/nC18 plot indicated that oils 
were derived from organic matter deposited in 
dysoxic – oxic environment, which corresponds 
to near shore or coastal environment (proximal) 
and low marine, ocean (distal). The organic 
matter comprises mainly degraded planktonic 
organic matter, or high phytoclast/vascular high 
plant inputs (unoxidised woody materials).  
 
The CPI data and the Ts/(Ts+Tm) vs 
20S/(20S+20R) plots indicate that the oils are 
marginally mature. The Pr/nC17 ratio indicates 
that the Umutu field oils are more degraded 
compared to the Bomu field oils. 
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