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Ten crude oils samples from onshore and offshore Niger delta were characterized based on their biomarkers
and isotopic composition by Gas chromatography-Mass spectrometry and Isotope mass spectrometry.
Abundance of pentacyclic triterpanes of hopane and oleanane skeletons and C,7-Cy9 steranes in the oils
indicates that they were formed from a mixed source (marine and terrestrial kerogen). The oleanane
concentrations permit source grouping of the oils into three families.

Various maturity parameters computed for the oils, especially those of aromatic biomarkers and aromatic
sulfur compounds (thiophenes) to some extent reveal an increasing thermal maturity with increasing
reservoir depths. The carbon isotope values lacked sufficient variation to distinguish maturity differences in
the oils. This observation is quite revealing in that oils whose associate gases had earlier revealed a consistent
increase in maturity with increasing depths, also have similar maturity values.

The implication of this is that the oils and associated gases might have been formed at different levels of

thermal maturity before being pooled together during migration into their present habitat.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

The Niger delta is one of the major hydrocarbon provinces of the
world, with an estimated reserve of about 23 billion barrels of oil and
183 trillion cubic feet of natural gas. Hydrocarbons within the basin
occur at different productive horizons at very great depth apart. One of
the questions these occurrences pose is whether the hydrocarbons are
of the same origin. The migration processes that determined the
pooling of the hydrocarbons at different depths are yet to be clearly
understood. It has been revealed from previous studies on the
molecular and isotopic composition of the natural gas from the
Niger delta that the gases were stacked according to their respective
degrees of thermal evolution and time of generation with the
shallowest accumulation generally being the least mature (Ekweozor
and Sonibare, 1998; Sonibare and Ekweozor, 2000). However, various
maturity parameters computed from the aliphatic biomarker dis-
tributions in the associated oils lacked sufficient variation to
differentiate the range of thermal maturities represented, unlike the
corresponding indices in respect of gases (Sonibare and Ekweozor,
2001). The ratios are also lower than the values expected for highly
matured oils. Up to now, it is not clear whether it is the aliphatic
biomarker maturity parameters that are not sensitive enough to
characterize the oil or whether the present molecular composition of
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the oils resulted from the effect of migration — fractionation and
migration-contamination. These two processes have been observed in
some basins that are of similar geological setting as the Niger delta
such as Mahakam delta in Indonesia (Jaffer et al., 1988b) and Gulf
Coast in USA (Curiale and Bromley, 1996).

It has been reported that many of the aliphatic biomarker maturity
parameters do reach equilibrium before the main stage of the oil
window and in some cases show inversion at high maturity levels and
as such are not effective maturity indicators (Farrimond et al., 1998).
Aromatics hydrocarbon maturity parameters have been reported to be
more sensitive to maturity differences in the mid to late parts of the oil
generation window (Radke, 1988). Aromatic sulphur compounds have
also been demonstrated to be very important in evaluating the
maturity of crude oil and source rock (Radke et al., 1986; Radke, 1988;
Chakhmakhchev and Suzuki, 1995a,b; Hegazi et al., 2003).

In the present study, we have looked at the isotopic composition
and distribution of aliphatic and aromatic hydrocarbons including
aromatic sulphur compounds (ASC) in the Niger delta oils. This is
aimed at improving our present knowledge of the geology of the Niger
delta within the context of the origin and occurrence of hydrocarbons
found in the basin.

1.1. Geological setting and hydrocarbon habitat
The Niger delta basin covers an area of about 75,000 km? and

consists of 9-12 km total thickness of regressive clastic sequences. The
stratigraphy (Fig. 1) of the thick sedimentary sequence is divided into
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Fig. 1. Niger delta: stratigraphy, depobelts and samples locations (after Ekweozor and Daukoru, 1994).

three lithostratigraphic units, namely; the Akata, Agbada and Benin
Formations (Short and Stauble, 1967). The Akata Formation, ranging in
age from Paleocene to Recent, consists mainly of overpressure shale
deposited under fully marine conditions. This Formation has not been
drilled in most parts of the delta, except at the continental margin.
Overlying the Akata Formation is the Agbada Formation (Eocene to
Recent), which is composed of a paralic sequence consisting of
interbedded sands and shales. It is about 4000 m thick in the central
part, thinning seaward and towards the delta margin. The Benin

NA-1

o]

W

I 0G-10

=g

*Pr

Formation, which is the youngest (Eocene to Recent), is composed of
mainly fluviatile gravels and sands. It is up to 2000 m thick in the
central onshore part and thins towards the delta margin.

The basin is partitioned into six to seven east-west bound blocks
corresponding to depositional belts or depobelts (Fig. 1). These depobelts
correspond to discrete periods of the deltas evolutionary history starting
from the oldest in the north, northern delta to the youngest, offshore in
the south (Doust and Omatsola, 1990; Ekweozor and Daukoru, 1984).
Each depobelt is believed to constitute a more or less independent unit
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Fig. 2. Saturated hydrocarbons distributions of representative oils from the Niger delta.
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Table 1
Source parameters from the saturated hydrocarbon and carbon isotope composition
Samples Field Depth Pr/ Pr/ Ph/ DBT/ 6'3C whole oil e EC
— Py nCy7 nCig PH saturate aromatics
(m)
NA-1 A 4646-5000 2.7 0.9 0.3 0.08 -26.2 -26.3 -259
NA-21 A 6488-6500 3.7 0.8 0.2 0.10 -26.9 =271 -259
NA-29 A 9594-9604 2.5 0.9 0.4 0.11 =272 =277 -26.3
FA-6 B 5812-5820 39 57 1.8 0.07 -26.8 =272 -26.0
FA-27 B 6812-6822 31 0.7 03 0.10 -26.7 -27.0 -26.0
FA-14 B 7288-7298 31 14 0.3 0.10 -26.9 =273 -26.2
0G-3S C 6085-6091 15 5.3 0.6 0.11 -28.3(-50.2)* -29.0 -274
0G-10 C 9418-9430 3.1 0.8 0.3 0.14 -28.6 (-44.4)* -29.1 -274
ME-10 D 5379-5388 29 0.8 03 0.13 -26.6 (-474)° =271 -26.1
ME12 D 9871-9877 31 0.8 0.3 0.12 -273 (-41.8)% -278 -26.1

2 §13C of associated gas.

with respect to sedimentation, structural deformation and hydrocarbon
generation and accumulation (Evamy et al., 1978).

Studies have shown that available source rocks in the basin exist
mainly in the lower parts of the paralic sequence (Agbada Formation)
and uppermost strata of the continuous marine shale (Akata
Formation). The hydrocarbon habitat of the Niger delta is mostly
within the sandstone reservoir of the Agbada Formation where oil and
gas are usually trapped in rollover anticlines associated with growth
faults. The thickness and age of the reservoir range from 10 to 20 m
and Eocene to Pliocene respectively (Ejedawe, 1986). The reservoirs
are widely spaced in depth in most of the fields.

2. Materials and methods
2.1. Samples

Ten crude oil samples were collected at stratigraphic depths
ranging from 4646 to 9877 ft in four producing fields of the
onshore and offshore Niger delta. The sample locations are shown
in Fig. 1.

2.2. 0il fractionation and Gas chromatography-Mass spectrometry
analyses

The oils were fractionated by column chromatography on silica
gel. The saturated and aromatic hydrocarbons and polar compounds
were eluted using n-hexane (20 ml), n-hexane/dichloromethane
(90:10, v/v/ 40 ml) and DCM/methanol (50:50, 30 ml) respectively.
Saturated and aromatic hydrocarbon fractions were analyzed by Gas
chromatography-Mass spectrometry (GC-MS) using single ion
monitoring (SIM) mode with an HP 5890 Series Il gas chromatograph
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Fig. 3. A cross plot of dibenzothiophene/phenanthrene (DBT/PHEN) and pristane/
phytane (Pr/Ph) ratios for oils from the Niger delta (after Hughes et al., 1995).

fitted with a 30 mx0.25 mm i.d fused silica capillary column coated
with DB-5 coupled to a HP 5970 MSD. The oven temperature was held
at 40 °C for 5 min and programmed from 40 °C to 300 °C at 4 °C/min.
The mass spectrometer was operated at electron energy of 70 eV, an
ion source temperature of 250 °C and separator temperature of
250 °C.

Terpanes and steranes were identified using m/z 191 and 217
fragments, respectively. Dimethylnaphthalene, trimethylnaphthalene
and tetramethylnaphthalene were identified by multiple ions m/z
156,170 and 184, respectively. Identification of phenathrene and
methylphenanthrene was based on multiple ion fragmentograms m/z
178 and 192, respectively. Dibenzothiophene and methyldibenzothio-
phene were identified on m/z 184 and 198 fragmentograms,
respectively.

2.3. Isotopic analysis

The determination of carbon isotopic ratios for saturate and
aromatic fractions was accomplished by converting the samples into
carbon dioxide (CO,) for mass-spectrometric analysis. The system
employed is a standard elemental analyzer (Carlo Erba Elemental
Analyzer) with carousel auto sampler, connected to an isotope ratio
mass spectrometer (Finnigan Delta S Mass Spectrometer) through an
interface supplied by the manufacturer. The MS measures the isotopic
value of the sample CO,.

3. Results and discussion

The origin of the oils in terms of organic matter source and thermal
maturity was determined based on the distributions of saturate and
aromatic biomarkers, aromatic sulfur compounds and stable carbon
isotopic composition.

3.1. Normal alkanes and isoprenoids distribution

The gas chromatograms of the saturate fractions of representative
oils from Niger delta are shown in Fig. 2. The chromatograms are
dominated by n-alkanes in the range of nC;4-nCyg, maximizing at nCyg
or nCy7. The pristane/phytane (Pr/Py) ratios for the oils range from 1.5
to 3.9 (Table 1). The high Pr/Ph ratios suggest oils derived from source
rock with a significant terrestrial contribution, deposited in an oxic
paleoenvironment (Didyk et al., 1978; Mello and Maxwell, 1990). The
ratio of dibenzothiophene to phenanthrene and the ratio of pristane to
phytane have been used to infer crude oil source rock depositional
environment and lithology (Hughes et al,, 1995). A plot of diben-
zothiophene/phenanthrene ratio (DBT/PHEN) versus Pr/Ph ratio is
shown in Fig. 3. The oils plotted within the marine shale/lacustrine
and fluvial/deltaic zone. The oils were further classified based on
kerogen source by plotting the ratio of Pr/nCy; against Ph/nCyg in Fig. 4
(Connan and Cassou, 1980). The majority of the oils plotted in the
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Fig. 4. Plot of Pr/n-C;7 versus Ph/n-Cyg of oils from Niger delta (after Connan and Cassou, 1980.

region of humic kerogen. This is in consistent with the terrestrial
organic input already inferred from the high Pr/Ph ratios.

3.2. Stable carbon isotopic composition

Differences in isotopic composition of oils and source rock have
been widely used in oil-oil correlation and oil-source rock correlation
studies (Fuex, 1977; Stahl, 1977, 1978; Schoell, 1984; Sofer, 1984;
Chung et al., 1992). The carbon isotopic composition of oil depends on
the 6'3C values of the kerogen from which it is derived. The isotopic
differences between the whole oils and the saturate and aromatic
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fractions of the oils are generally lower than 1.44%. (Table 1). The
carbon isotope values lack sufficient variation to distinguish maturity
differences in oils within the same field (Table 1). Oils whose
associated gases revealed a consistent increase in maturity with
increasing depth from our previous study also have similar isotope
values within themselves (Ekweozor and Sonibare, 1998). For
example, OG-3S (6085-6091 ft) and OG-10 (9418-9430 ft) oils have
613C values of -28.3 and -28.6 whereas the associated gases have 6'>C
values of -50.2 and -44.4 respectively (Table 1). This observation
suggests that the oils and associated gases might have been generated
from different sources but subsequently mixed during migration.
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Fig. 5. Mass chromatogram of m/z 191(terpanes) and 217 (steranes) of NA-21 oil from the Niger delta.
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Table 2

Peak identification on m/z 191 and 217 mass chromatogram of Niger delta oils

Peak Compound

Ts 18a(H)-trisnorhopane

Tm 17a(H)-trisnorhopane

C29H C29 Tm 17a(H)21b(H)-norhopane
C30DiaH C3017« (H)-diahopane

a-Ole a-oleanane

C30H C3017c (H)-hopane

Mor C30 moretane

C31HS C31 22S 17 o (H) homohopane
C31HR C31 22R 17 o (H) homohopane
C32HS (€32 22S 17 a (H) bishomohopane
C32HR (€32 22R 17 e (H) bishomohopane
C33HS (€33 22S 17 o (H) trishomohopane
C33HR (33 22R 17 a (H) trishomohopane
C34HS (€34 22S 17 o (H) extended hopane
C34HR C34 22R 17 « (H) extended hopane
C35HS (€35 22S 17 o (H) extended hopane
C35HR (35 22R 17 a (H) extended hopane
S21 C21 sterane

S22 C22 sterane

2700S C27 owx 20S cholestane

27RBR C27 BB 20R cholestane

270 R C27 owx 20R cholestane

28R C28 aow 20R ergostane

29aasS C29 aex 20S stigmastane

29aaR C29 aex 20R stigmastane

3.3. Saturated biomarker distributions

The mass chromatograms m/z 191 (terpanes) and 217 (steranes) of
a representative samples are shown in Fig. 5. The assignments of the
peaks labeled in Fig. 5 are listed in Table 2. Source and thermal
maturity parameters computed from the terpanes and sterane
distributions are listed in Table 3. The terpanes are dominated by
pentacyclic triterpanes of hopane (17a (H), 213 (H)-hopane and 17«
(H), 213 (H)-norhopane) and oleanane skeleton. A very low homo-
hopane index (0.02 to 0.04) indicates an oxic deposition environment
of the oil source rock (Sinninghe Damste et al., 1995). The presence of
oleanane is a good indicator of terrestrial input into the oil-prone
source rocks deposited in a deltaic environment (Whitehead, 1974;
Ekweozor et.al, 1979; Philip and Gilbert, 1986). The oleanane
concentrations permit source grouping of the oils into three families.
Samples from field A and B have Oleanane Indices ranging from 0.84 to
1.06 (Table 3). Field C and D oils have Oleanane index that range from
0.37 to 0.47 and 2.27 to 2.91 respectively (Table 3). These groupings
probably reflect the extent of higher plants contribution to the source
rock that generated the oils.

The abundance of C,7,-C,g sterane in the oil (Table 3) indicates an
origin of the oils from source rock of mixed kerogen types (terrestrial
and marine). However, the abundance of C,g sterane suggests greater
contributions from terrestrial materials (Huang and Meischein,
1979).

Hopanes and steranes include the biomarkers most commonly
used for maturity assessment (Seifert and Moldowan, 1978, 1981;
Peters and Moldowan, 1993). Hopane (Csg) po/pa+of3> and homo-
hopane (Cs,) 225/22S+SSR ratios for the oils range from 0.72 to 0.94
and 0.50 to 0.57 respectively (Table 3). These values are consistent
with generation from early mature source rocks (Seifert and
Moldowan, 1986; Peters and Moldowan, 1993). Steranes (Cyg) 20S/
20S+20R and BB/PR+oaa values range from 0.36 to 0.44 and 0.29 to
0.45 respectively (Table 3). These values further support the low
maturity status of the oils (Grantham, 1986b; Seifert and Moldowan,
1986). These maturity parameters have narrow ranges and lack any
particular trend with increasing depths in each of the fields. The
negative correlation between the C9 20S/20S+20R and Cyg PP/
BR+aa sterane ratios (Fig. 6) suggests that their variation is not
related to differences in thermal maturity of the oils.

3.4. Aromatic hydrocarbons distributions

The abundances and distributions of polycyclic aromatic hydro-
carbons and their structural isomers have been found useful in
maturity assessment of oils, source rock and coal (Radke et al., 1985;
Radke, 1988). It has been established that aromatic hydrocarbons
do change in a regular fashion with increasing maturity, thus a
number of maturity parameters have been developed based on the
distributions of alkyl naphthalene and phenanthrene (Alexander
et al, 1985; Radke, 1988; van Aarssen et al., 1999). Aromatic
hydrocarbons have in some cases been found to be more reliable
than the aliphatic biomarkers (Farrimond et al., 1998; Radke, 1988).
The mass chromatograms appropriate to naphthalene and phenan-
threne and their alkyl derivatives in the Niger delta oils are shown
in Figs. 7-9. The assignments of the peaks labeled in Figs. 7-9 are
listed in Table 4.

The presence and abundance of 1,2,5 and 1,2,7 Trimethylnaphtha-
lene (TMN) in the oils further support higher plants input into the oil
source rock. The presences of 1,2,5 and 1,2,7TMN have been attributed
to the contribution of angiosperms to sediments and petroleum by
Strachan et al. (1988) who further proposed 1,2,7 TMN to be derived
directly from the structural degradation of oleanane-type triterpe-
noids present in angiosperms.

Maturity parameters computed from the aromatic hydrocarbon
compounds in the oils are listed in Table 5. The DNR-1 and DNR-2
ratios derived from the alkyl naphthalene distributions in the oils

Table 3
Source and thermal maturity parameters computed from the saturate biomarkers distributions in Niger delta oils
Samples Field Depth Oleanane Homohopane Sterane po/ 225/ 20s/ PR/
index index *) BotoP 22S 20S BR+aa
8 +22R +20R

(ft) Cy7 Cas Cao C3o (€} Cao Co
NA-1 A 4646-5000 1.06 0.04 228 28.8 48.4 0.70 0.56 0.38 0.36
NA-21 A 6488-6500 1.06 0.04 22.0 26.8 51.2 0.80 0.52 0.39 0.38
NA-29 A 9594-9604 0.84 0.03 242 29.6 46.2 0.84 0.53 0.44 0.45
FA-6 B 5812-5820 1.04 0.03 21.0 26.7 52.3 0.73 0.57 0.36 0.37
FA-27 B 6812-6822 1.02 0.03 231 30.0 46.9 0.79 0.56 0.41 0.37
FA-14 B 7288-7298 1.04 0.03 24.5 25.0 50.5 0.78 0.56 0.41 0.37
0G-3S C 6085-6091 0.47 0.03 15.1 27.8 57.1 0.72 0.53 0.39 0.4
0G-10 C 9418-9430 0.37 0.04 204 258 53.7 0.75 0.55 0.44 0.37
ME-10 D 5379-5388 291 0.02 16.6 21.5 61.9 0.94 0.52 0.42 0.29
ME12 D 9871-9877 2.27 0.02 16.5 31.5 52.0 0.92 0.50 0.39 0.38

Oleanane index (OI)=18c(H)-Olenane/17c(H), 213(H)-Hopane.

Homohopane index (HI)=af> C3shomohopane (22S+22R)/Y.C3; C3;-C35 cfphomohopane (22S+22R).
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Fig. 6. Cross plot of various maturity parameters computed from the saturate and aromatic hydrocarbons for oils from the Niger delta.

range from 2.42 to 6.58 and 1.06 to 2.15 respectively (Table 5). NA-1U 2 ratios (Fig. 6). The TMNr and TeMNR ratio in the oil range from 0.43
sample from Field A, shows abnormally low values for these two to 0.59 and 0.41 to 0.52 respectively. Again, the NA-1U sample has
parameters. A positive correlation exists between the DNR-1 and DNR- abnormally low values. Fig. 6 shows the cross plot of the TMNr against
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Fig. 7. Mass chromatogram of m/z 156 (Dimethylnaphthalene) and m/z 170 (Trimethylnaphthalene) of NA-1 oil from the Niger delta.
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Table 4
Peak identification of aromatic biomarkers and aromatic sulfur compounds
(thiophenes) in the Niger delta oils

Peak Compound

26DMN 2,6-Dimethylnaphthalene

27DMN 2,7-Dimethylnaphthalene
13+17DMN 1,3 & 1,7-Dimethylnaphthalenes
16DMN 1,6-Dimethylnaphthalene

14DMN 1,4-Dimethylnaphthalene

15DMN 1,5-Dimethylnaphthalene

12DMN 1,2-Dimethylnaphthalene

137TMN 1,3,7-Trimethylnaphthalene
146+135T (1,4,6+1,3,5)-Trimethylnaphthalenes
167+126T (1,6,7+1,2,6)-Trimethylnaphthalenes
125TMN 1,2,5-Trimethylnaphthalene

1357 1,3,5,7-Tetramethylnaphthalene
1367 1,3,6,7-Tetramethylnaphthalene
1247 (1,2,4,7+1,2,4,6+1,4,6,7)-TetraMNs
1257 1,2,5,7-Tetramethylnaphthalene
1236 1,2,3,6-Tetramethylnaphthalene
1256 1,2,5,6-Tetramethylnaphthalene
DBT Dibenzothiophene

4MDBT 4 Methyl Dibenzothiophene
2+3MDBT 2 & 3 Methyl Dibenzothiophenes
1MDBT 1 Methyl Dibenzothiophene

PHEN Phenanthrene

3MP 3-Methylphenanthrene

2MP 2-Methylphenanthrene

9MP 9-Methylphenanthrene

1MP 1-Methylphenanthrene

TeMNR. It appears that there is no positive correlation between these
two values.

The Methyphenanthrene Index (MPI 1) is one of the most widely
used molecular maturity parameters (Radke and Welte, 1983; Radke,
1988). This parameter relies on a shift with maturity in the
methylphenanthrene distribution towards a preponderance of p-
type isomers. The inclusion of phenanthrene (parent compound) in
the ratio is intended to compensate for facies-dependent variations
in the degree of phenanthrene alkylation (Radke et al., 1982). MPI 1
may be used to estimate the equivalent vitrinite reflectance value (%
Rc) for crude oils because of its linear relationship with vitrinite
reflectance throughout the conventional oil window (Radke and
Welte, 1983). The MPI-1 and MPI-2 values for the oils range from 0.60
to 0.86 and 0.63 to 0.91 respectively (Table 5). The two parameters
show a consistent increase with increasing depth in most of the
fields. A cross plots of these two values give an excellent correlation
(Fig. 6).

3.5. Aromatic sulfur compounds distributions

Aromatic sulfur compounds are common constituents of sediments
and crude oils. They have been found very useful in paleoenviron-
mental and maturation assessments (Hughes et al., 1995; Radke et al.,
1986; Chakhmakhchev and Suzuki, 1995a,b, 1997). IMDBT has been
reported to show the lowest thermal stability among the four-
methydibenzothiophene isomers (Hughes, 1984). The 4-/1-MDBT
ratio (MDR) has been proposed as a maturity parameter (Radke et al.,
1986; Chakhmakhchev and Suzuki, 1995a,b, 1997). The ratio generally
increases with increasing maturity in oil and source rock. The ratio can
be used to give equivalent vitrinite reflectance (%Rm) for oils.

The distributions of the dibenzothiophenes in the representative
oil are shown in Fig. 8. 1-methyldibenzothiophene (1MDBT), 2
+3methyldibenzothiophene (2+3-MDBT) and 4-methyldibenzothio-
phene (4-MDBT) were identified in all the oils. This distribution
suggests that the oils are of low thermal maturity. The MDR and %Rm
values for the oils range from 3.50 to 7.94 and 0.77 to 2.37 respectively
(Table 5). The ratios increase with increasing reservoir depths in some
of the fields.

4. Conclusions

Saturated hydrocarbon molecular composition of Niger delta oils
revealed that the oils were formed in source rocks containing mixed
kerogen (marine and terrestrial) deposited in a deltaic depositional
environment. The aliphatic biomarkers maturity parameters show
that the oils were formed from early mature source rocks but lacked
any maturity trends.

Maturity parameters based on aromatic hydrocarbons and sulfur-
containing aromatic compounds were generally well-correlated and
allowed maturity trends to be established. Aromatic biomarkers and
aromatic sulfur compounds (thiophenes) to some extent reveal an
increasing thermal maturity with increasing reservoir depths in most
of the fields. This study shows that a full integration of oil-source rock
correlations and the study of biomarkers that are migration indicators
are necessary for better understanding of petroleum generation,
migration and accumulation in the Niger delta.
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