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Abstract

The Niger Delta Basin is a prolific petroleum province and is currently the only basin in which commercial petroleum production strives in
Nigeria. The Niger Delta Basin has received a lot of research attention but with fewer studies regarding the reconstruction of the age of source rocks
from their crude oils using biomarkers. The study aimed at reconstructing the age of the Niger Delta source rocks from crude oils samples from
the Basin. The age determination of the sample set was attempted by looking at individual age-specific biomarkers that suggested a source age as
well as looking at them together to have a clearer indication of the likely source age. Thirteen (13) crude oil samples from the “Y” Field of the Niger
Delta Basin were subjected to Gas Chromatography-Mass Spectrometer analysis. The biomarkers used in this study were; oleanane index (OI), C,,/
C,, ratio, C, /(C27-C30) ratio, and Pr/Ph (pristane/phytane) ratio, with corresponding mean values of 1.08, 0.76, 0.28, and 1.12 respectively. The
biomarker data based on some age-specific biomarkers, both individually and especially when used together, suggests a Tertiary age for the source
rock that generated the crude oils. These results are based on the occurrences of oleanane, Pr/Ph ratios, and the high C,,/C,, ratios, all indicating

Tertiary age source rock.
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Introduction

Biomarkers are compounds, chiefly hydrocarbons which are
detected in oils or extracts from rocks as current sediment and soil
extracts. Basically, biomarkers comprise composite organic mole-
cules whose chemical structures mostly remain unaltered during

diagenesis and oil generation processes.! This frequently appropri-

ates them to be tracked back to the indigenous molecules in for-
merly living organisms. They are recognized as molecular fossils
due to the aforementioned reasons. Structurally, they are similar
to and are alteration products of diagenetic processes of particular
natural products.! According to? biomarkers can be used to recon-
struct the age of source rocks. This is possible because certain bio-

markers appear not till their parent organism has developed, hence
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the availability of these compounds can be used as an age specific
marker. Age-diagnostic biomarkers are crucial, in that, they aid in
identifying the source of crude oils that may have journeyed several
kilometers from its source rock.? Even when samples of the source
rock are unavailable, biomarkers in oil that were inherited from
the source rock can be used for indirect correlation because they
provide information on its character, including the type of organic
matter, lithology, redox conditions during deposition, and age.?

Peters* indicated that sterane biomarkers are gotten from ste-
roids, which are vital components of eukaryotic cell membranes.
They added that steroids have been gathered by several organisms
from Precambrian to recent times. The study of Peters* indicated
that C,, and C,, steranes are regular components from green al-
gae while C,, steranes are abundant in red algae in marine envi-
ronment. The works of Moldowan® and Grantham and Wakefield®
pointed out that C,; /C,, steranes differ with the geological age of
source rocks of marine origin, hence the regular C,,/C,, sterane ra-
tio can be used to evaluate the age of oils generated from marine
source rocks. The differences in the ratio of C,,/C,, are explained to
be the result of variegation of sterane-producing organisms in the
Jurassic and Cretaceous periods, especially those that bring forth
C,,compounds over geological time.* Again, Peters* cautioned the
use of this ratio without other consideration due to certain exclu-
sions, such as land plant sources that have a high concentration of
C,, steranes. They added that the C,,/C,, regular steranes ratio is
best fitted to differentiating Paleozoic from Tertiary sources, which

applies only to marine organic facies.

Oleananes probably gotten from pentacyclic triterpenes in
angiosperms are the earliest angiosperm fossil found in Early
Cretaceous rocks.” Therefore, the availability of oleanane denotes
organic matter sourced from land plants, precisely angiosperms,
and of mid-Cretaceous age or younger.’” Moldowan® indicated that
angiosperms increased and spread rapidly in the Late Cretaceous
and became dominate the terrestrial biota by the close of the Creta-
ceous. Thus, oleanane is present, though in some cases in reduced
quantities, in a majority of crude oil samples from the Cretaceous
reservoirs in the world.

A higher concentration of oleanane strengthens an interpreta-
tion of a Tertiary source; the source rock most likely has Tertiary
age if oleanane is greater than 20%.° At low concentrations, other
compounds unrelated to oleanane can be mistakenly identified as
oleanane. The presence of oleanane does not rule out a pre-mid-Cre-
taceous source because oils generated from older strata could have
migrated through post-mid-Cretaceous strata. Conversely, the ab-
sence of oleanane does not rule out a post-mid-Cretaceous source.

Highly mature material or sources dominated by marine organic
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matter will have low concentrations of oleanane.

Geological Setting

The Cenozoic Niger Delta Figure 1 overlies an area that is over
256,000km? and it is situated in the Gulf of Guinea, between lon-
gitude 5°E to 8°E and latitudes 4°N to 6°N.° The Niger Delta Basin
is a prolific petroleum province and is currently the only basin in
which commercial petroleum production strives in Nigeria. Based
on the petroleum system, the Niger Delta has an active petroleum
system, which is Tertiary in age confined to the Akata-Agbada
sediment sequence.!’ The Niger Delta Basin fill is the youngest of
the three large sediment bodies that filled the aulacogen formed
after the separation of the African and South American plates. It
was initially built out over a transgressive Paleocene pro-delta as
river-dominated lobes which later coalesced and became high-en-
ergy, wave-dominated, and tide-influenced depo-belts.!* The delta
grossly consists of three subsurface lithostratigraphic units Figure
2 namely, the marine Akata shales, the paralic Agbada formation,
and the continental Benin formation. The Niger Delta is a hydro-
carbon province with ultimate recovery presently estimated at 40
billion barrels of oil, which is about 70% of the overall hydrocarbon
reserves of sub-Saharan Africa.'? The gas reserves in the Niger Del-
ta are conservatively estimated at over 40 trillion cubic feet.!* The
hydrocarbon was sourced from marine shales with land plant ma-
terials giving rise to mainly Types III and II organic matter within
an oil window that varied in depth from 9,000 to 14,000 ft. The res-
ervoirs are mainly shoreface, beach, channel sands bearing low sul-
fur/nickel, light waxy, nondegraded oils. light crude-bearing deeper
reservoirs have also been substantiated in some inland blocks.!**¢

Data and Method

Thirteen (13) crude oil samples from the “Y” Field of the Ni-
ger Delta Basin were used for this study. The samples were dea-
sphaltened and the maltene fraction fractionated into aromatics,
saturates, and polar fractions. The saturates and aromatics were
further subjected to Gas chromatography-mass spectrometry anal-
ysis. The biomarker chromatogram accession was controlled by the
chemstation software in selected ion mode (SIM). The n-alkanes
and isoprenoids for the analysed samples were distinguished using
m/z 85, the sterane biomarkers were detected on m/z 218 and that
of the triterpane and hopane were identified on m/z 191. The bio-
marker chromatograms were compared to that of Peters!” for the

identification of their peaks.
Results

The results and data analysis emanating from the study are pre-
sented in Table 1 and Figures 1 to 6.
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Table 1: Age-specific biomarker ratios for the studied crude oils.
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Figure 1: The general outline of the niger delta petroleum province, including shallow and deep offshore.?1°

Sample S01 | S02 | SO3 | S04 | SO5 | S0O6 | SO7 | SO8 | SO9 | S010 | SO011 | S012 | S013
Pristane/Phytane (Pr/Ph) 1.3 1.4 1.2 1.2 1.4 1.2 1.2 0.9 0.9 1.11 0.28 1.03 1.05
C,,/(C,,-C,,) Sterane 0.3 0.3 0.2 0.2 0.3 0.2 0.2 0.2 0.3 0.26 0.33 0.34 0.43
C,4/C,, Regular Sterane 0.8 0.8 0.5 0.7 0.7 0.8 0.8 0.7 1 0.73 0.53 1.02 1.23
Oleanane Index 1 1 1.2 1.1 1 1.1 1.1 1.1 1.2 1.11 1.1 0.99 1.02
Oleanane/(Oleanane + Hopane) 0.5 0.5 0.6 0.5 0.5 0.5 0.5 0.5 0.5 0.53 0.52 0.5 0.5
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Figure 2: The lithostratigraphic succession of the niger delta (Doust and Omotsola).'®
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Figure 3: Chart of age-specific biomarkers indicating the age of the source rock that generated the studied samples (in red
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Figure 4: A plot of oleanane index values versus the pristane to phytane (Pr/Ph) ratio of the samples (Wang)."®

140

ndex

Oleanane

.
.
L ] .f
L L ]
.. -
Jurassic/Creta l:emllsfl‘ ertiary .
0.50 1.00

C74/C9 Regular Sterane

Figure 5: Cross plot of the C,,/C,, Sterane against oleanane index of the samples (Moldowan).®
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Figure 6: Cross-plot of C, /(C,,-C, ) Sterane versus Oleanane/(Oleanane+Hopane) of the samples ( Peters).*

Discussion

As an angiosperm (flowering plant) indicator, Oleanane, a bio-
marker indicative of higher terrigenous plants, has been suggest-
ed.” The oleanane to C,, hopane ratio (considered to be the ole-
anane index) provided details on the depositional environment and
the age of source rock.?” An Oleanane index value greater than 0.2
suggests that the oil generating source rock is of Tertiary age.?' Ole-
anane index values lower than 0.2, on the other hand, are typical
of Cretaceous source rocks.?! The oleanane index for the analysed
samples varies from 0.96 - 1.24, having a mean value of 1.08 Ta-
ble 1. The oleanane index of greater than 0.2 (> 0.2) for the stud-
ied samples (Table 1) indicates the source rock that generated
the crude oils is Tertiary in age. The cross-plot shown in Figure 4,
proposed by Wang'® supports this and it is consistent with the age
suggested by the chart in Figure 3 for the studied samples. Peters*
indicated the plot of C, /(C,,~C, ) steranes ratios against oleanane/
(oleanane+hopane) Figure 6 gives a better assessment of the age of
source rocks from crude oils. The cross-plot confirms a tertiary age
for the oil generating source rock. Grantham and Wakefield® point-
ed out that the C,,/C,, sterane ratio increases steadily with decreas-
ing age of oil generating source rocks. High ratios of C,,/C,, sterane
have been used to distinguish the age of oils and source rocks.!®??
This course is as a result of the rise in the concentration of C,, over
C,, with time owing to the egression of coccolithosperes and dino-
flagellates at the close of the Paleozoic and the emergence of dia-
toms and silicoflagellates in the Late Cretaceous.® Again, Huang and
Meinschein® indicated that C,,/C, ratio is best suited for marine

source rocks or oils generated by marine source rocks. The ratio

of C,,/C,, of the analysed samples were high with an average value
of 0.76 Table 1, suggesting a Tertiary age for the source rock that
generated the studied samples. This is corroborated by the chart
in Figure 3. The plot of oleanane index and the C,,/C,, sterane ra-
tio for the samples Figure 3 further suggests a tertiary age for the
source rock that generated the examined oils. This is supported by

the cross plot in Figure 4.
Conclusion

Age-specific biomarkers have been used to reconstruct the geo-
logic age of the source rock that generated the crude oil samples
obtained from the Niger Delta Basin. The oleanane index for the
analysed samples varies from 0.96 -1.24, having a mean value of
1.08. The C,,/C,, ratios of the analysed samples are high with an av-
erage value of 0.76. The high abundance of oleanane as seen in the
oleanane index value coupled with the high C,,/C,, ratio suggests
a Tertiary age for the hydrocarbon source rock that generated the
studied Niger delta crude oils. Future studies should use isotope

geochemistry to corroborate the findings from the biomarkers
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