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Abstract

Ten trace elements were determined by graphite furnace atomic absorption spectrometry (GFAAS) in fifteen kerogen samples from
five wells obtained from the paralic sequence Agbada formation in the Niger delta basin. The concentrations of the elements (As, Cd, Cr,
Co, Cu, Fe, Mn, Ni, Pb and V) determined ranged from 0.374 to 667.340 ppb with a mean value of 77.434 ppb (%RSD < 5) for the ker-
ogen samples analysed. These metals were selected for analysis for exploration and environmental considerations. The concentrations of
the metals in the kerogen were in excess of those obtained for the Niger delta oils except for Ni and V, which followed the expected trend
(i.e. there should be more trace metals in the kerogen than in the oil since kerogen is a precursor of petroleum). The results indicate that
concentrations of the metals decrease with depth. Also, concentrations of the metals decrease with increase thermal maturity of the ker-
ogens. Although, this trend could be altered in horizons with low organic richness. The ratios calculated from the metals are comparable
with those obtained for the Niger delta oils and indicate that the kerogens were derived from terrestrial origin. Kerogens of similar
organic matter type from different geographic sedimentary basins can be distinguished by the fingerprints of their metal contents.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The Niger delta contains post-Cretaceous sediments that
become progressively younger towards the south west. It is
a mature petroleum province and covers an area of
75,000 km2 in southern Nigeria. The lithologies represent
a variety of environments, ranging from marine through
deltaic and estuarine with coastal swamps, to lagoonal
and even fluvio-lacustrine.

The Niger delta sedimentary sequences consists of three
litho-stratigraphic units consisting, in order of succession,
the Akata formation, which is massive continuous shale
deposited under marine conditions, the Agbada formation,
a paralic sequence of inter-bedded sand and shale laid
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down in transitional environment and the Benin formation,
mainly fluviatile gravels and sands [1,2]. The main hydro-
carbon habitat in the Niger delta is the Eocene to Pliocene
sandstone reservoirs in the Agbada formation [2].

Studies on organic geochemistry of Niger delta oils and
rocks are fairly well documented in the literature [3–9].
Many reports on geochemical evaluation of this sedimen-
tary basin indicated that the organic matter of the Niger
delta to be mainly type II/III and type III [5,6,10–13],
which indicates substantial terrestrial organic matter input.
It has also been indicated that the oils from the Niger delta
are from one source type, such that one superfamily of oils
occurs in the delta [14,15]. This superfamily of oils is char-
acterized by abundant of higher plant input as evident with
high terrestrial biomarkers like oleanane, C29 steranes and
high pristane/phytane ratio [6,7,10,12].

Trace metal contents of oils and kerogens are of signif-
icant importance in the determination of origin of oil, type
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of organic matter, and maturity of oils and organic matter.
Barwse [16] used trace metals; particularly nickel and vana-
dium to classify oils of different origins, thermal maturity
and depositional environment were also predicted. A few
papers have discussed the trace metal contents of Niger
delta oils [17–21]. In all these papers, successive oil–oil cor-
relations were made with trace metals. The ratios of the
metals were used to predict the environment of deposition
and thermal maturity of the oils. However, no particular
study was devoted for investigation of trace metal contents
of Niger delta kerogens. Because kerogen is the direct pre-
cursor of petroleum and constitutes the bulk of organic
matter in source rocks, it is expected that the trace metal
contents of kerogen should be reflective of those in the
oil. Therefore, characterisation of Niger delta kerogens in
terms of their trace metal contents becomes very impor-
tant. In this study, we characterize the Niger delta kerogens
for their trace metal contents. We adopted a method of
analysis that we recently used for the determination of
metal contents of oils to afford a basis for comparison.
2. Experimental

Fifteen shale samples from five wells from the paralic
Agbada formation in the Niger delta were analysed
(Fig. 1). The samples were recovered in the depth range
of 8005–11580 ft (2440–3530 m). Soxhlet extraction of the
rock samples with a mixture of toluene and methanol for
removal of soluble organic matter (bitumen) was initially
carried out. Kerogen was isolated from the rock samples
by crushing it to fine powder and treated with HCl for
removal of carbonates and HF to destroy the silicates,
and reduction with lithium aluminium hydride for removal
pyrites. The kerogen was separated from the remaining res-
idue by gravity separation. The resulting kerogen has ash
content of about 5%.

The kerogen samples were prepared for analysis by
digestion with HNO3, HClO4 and HF. Standard solutions
Fig. 1. Map of Niger delta sh
of the elements with an analyte concentration of 1000 ppm
were used. The stock solutions were diluted with deionized
distilled water to prepare each working solution for
calibration.

Graphite furnace AAS analysis of the replicate digested
samples was performed using A Schimadzu model GFA-
EX7 graphite furnace atomizer with a Schimadzu AA-6800
atomic absorption spectrophotometer. A deuterium-arc
lamp was used for background correction. An aliquot of
the digested sample was injected into the graphite furnace
containing pyrolytic coating graphite tube by using a
Schimadzu ASC-6100 auto sampler. The analysis was
performed according to the Schimadzu manual.
3. Results and discussion

The trace element contents of the kerogen samples are
summarised in Table 1. The concentrations of trace metals
in the kerogen samples varied from 0.718 to 667.340 ppb
with an average of 77.434 ppb. Iron is the most abundant
among the trace metals determined. Among the biophile
metals (i.e. metals of proven association with organic mat-
ter), Ni was the most abundant, followed by V and Co in
that order. This is in a good agreement with distribution
patterns of these metals in Niger crude oils [19–21].

The concentrations of the trace metals determined were
compared with those obtained for Niger delta oils, which
were determined using the same analytical technique
(GFAAS), which had been reported [21]. As stated earlier,
since kerogen constitutes the bulk of organic matter in
source rocks, it is expected that trace metals should be
more abundant in kerogens than in crude oils.

Arsenic concentration ranged from 0.718 to 138.618 ppb
with a mean value of 56.755 ± 43.106 ppb. Cadmium con-
centration ranged from 5.592 to 37.606 ppb with a mean
value of 14.768 ± 8.883 (Table 1). These two elements are
rarely determined in oils and kerogens, yet they are of envi-
ronmental importance in terms of pollution. Arsenic, apart
owing location of study.
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from being a toxic substance to the environment, it causes
catalytic poisoning in the refining column. This baseline
data will help in environmental impact assessment during
oil exploration and exploitation.

Cobalt concentration ranged from 0.374 to 16.838 ppb,
averaging 4.96 ± 4.21 ppb for all the wells (Table 1). This
is in excess of concentrations in oils (2.60 ppb) from the
Niger delta (Fig. 2). This is as expected since kerogen con-
stitutes the bulk of organic matter in source rocks. It is
expected that concentration of metals in kerogen should
be more than in the corresponding oil.

Concentration of chromium in the samples ranged from
1.587 to 33.555 ppb, with an average of 12.52 ± 9.98 ppb
(Table 1). This averaged concentration is also in excess of
3.92 ppb in oils from the Niger delta (Fig. 2).

Copper and manganese have concentration ranging from
13.963 to 56.529 and 39.620 to 190.191 ppb, with the mean
values of 30.57 ± 16.709 and 52.26 ± 38.209 ppb respec-
tively (Table 1). The values are much higher than values
obtained for oils (6.82 and 3.51 ppb) respectively (Fig. 2).

Iron ranged in concentration from 283.184 to
667.340 ppb averaging 521.3 ± 140.423 ppb for the wells
(Table 1). The oils analysed using the same method have
averaged concentration of 83.19 ppb (Fig. 2). Iron had
the highest concentrations in both the kerogens and oils.
Studies by other workers [19,20] also showed the same dis-
tribution pattern. It then indicates that iron is most abun-
dant transition metal in Niger delta organic matter.

Lead concentration ranged from 4.267 to 172.284 ppb
with a mean value of 64.878 ± 53.093 ppb (Table 1). This
averaged concentration is in excess of an averaged value
(40.38 ppb) obtained for Niger delta oils that were deter-
mined using the same method of analysis (Fig. 2) [21]. This
result is also consistent with the expected trend.

Concentration of nickel and vanadium ranged from
1.367 to 37.801 and 8.228 to 16.829 ppb, with the averaged
values of 12.50 ± 9.773 and 11.22 ± 2.384 ppb respectively.
These values are less than the averaged concentrations
Fig. 2. Comparison of abundance of metal contents of kerogen and oil
from the Niger delta.
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obtained for Niger delta oils (24.25 and 16.8 ppb respec-
tively) (Fig. 2). It appears that nickel and vanadium enrich-
ment occurs in the oils relative to kerogens. The main
source of these two metals in kerogens and crude oils is
porphyrin complexes of these metals. If porphyrin metal
complexes were the main source, it is then expected that
the concentrations of Ni and V should be more in kerogen
relative to oil. Higher enrichment in oils relative kerogens
here could be a consequence of uptake of these metals dur-
ing migration of the oils. Lewan and Maynard [22] stated
that interstitial waters are the most likely source for
enriched concentrations of vanadium and nickel. It then
could be as a result of dissolution of these metals in the oils
as they encounter interstitial waters during migration,
which made the additional enrichment of these metals.

4. Trace metal ratios and bulk geochemical parameters

In the wells, concentrations of the metals decrease with
depth (Tables 1 and 2). Highest concentrations of the met-
als are to be found in low maturity crude oils [16], as well as
in biodegraded oils [20]. Thus, since crude oils are derived
directly from kerogen, decrease in concentration with
depth in the wells suggests increase in maturity of kerogens
with depth as Tmax values support this impression. How-
ever, there are anomalies in some wells. The anomalies
are due to other factors. For example, irrespective of the
depth, samples of higher thermal maturity will have lower
metal contents. A typical example is well C where C5 has
lower concentration of metals relative to C7 due to its
higher thermal maturity of Tmax of 569 �C. The high Tmax

value and low TOC value of sample C5 seem to be a puzzle.
Initial Rock–Eval pyrolysis of this sample indicated Tmax

of 440 �C and TOC of 0.21 wt%, which we presumed was
due to contamination. The samples were extracted with
organic solvents to remove extractable organic matter
including that from oil-based mud. The Rock–Eval pyroly-
Table 2
Ratios of transition metals and bulk geochemical parameters of kerogens from

Sample Depth (ft) Co/Ni V/Ni Fe/V V/V + N

A3 8005 0.233 1.078 35.059 0.519
A4 8390 3.857 7.863 56.655 0.887
A10 11060 0.104 0.267 30.778 0.211
B1 10190 0.392 1.672 30.814 0.626
B2 10390 0.288 1.742 46.035 0.635
B4 10590 0.335 1.76 32.406 0.638
C4 10128 0.359 0.508 72.129 0.337
C5 10199 0.187 3.317 31.239 0.768
C7 10249 0.147 3.225 68.341 0.763
D4 9680 0.285 1.046 63.68 0.511
D5 10100 0.640 1.297 47.715 0.565
D8 11580 0.468 0.676 41.8 0.403
E1 9230 0.730 0.466 54.164 0.318
E2 9440 0.382 0.927 45.079 0.481
E3 9650 0.527 0.879 52.802 0.468

Note: TTM – total transition metals, TOC – total organic carbon, Tmax – tem
HC/g TOC).
sis of the extracted sample C5 yielded the results presented
in Table 2. The issue of Tmax of sample C5 being an analyt-
ical artifact does not arise because of the analytical proto-
col employed. Although, it has low TOC value but Tmax

(thermal maturity indicator) has a good and expected trend
with the concentrations of the metals (Table 2). Since
genetic potential of this sample indicates gas prone, this
low organic matter concentration may be due to deposition
under oxic conditions [23]. Although, this may not account
for the high Tmax value for this sample. Rock–Eval pyroly-
sis may not fully define the oil proneness of a source rock
dominated by terrestrially sourced organic matter [24].

The trace metal contents show a good correlation with
total organic carbon (TOC) percentage in whole rock sam-
ple from which kerogen was isolated. In samples with high
TOC the concentration of most of the elements is low but
the relationship is not linear. It seems the effect of thermal
maturity predominates in cases where there are high TOC
values and low Tmax values; concentration of the metals
is influenced by thermal maturity of the kerogen instead
of its TOC.

Hydrogen index (HI) values for these kerogens ranged
from 61 to 239 mg HC/g TOC, which are comparable to
HI values obtained by other workers in the Niger delta
[10,12,13]. These values are typical of type II/III and type
III kerogens [10,12,25]. Genetic potential (S1 + S2) ranged
from 0.50 to 4.48 mg/g. These values indicate that moder-
ate source rocks with potentials for oil and gas [12,26] exist
for nine samples especially those in wells B, D and E (Table
2). Other kerogens are more gas prone. Both HI and
genetic potential do show any particular trend with the
concentrations of the metals. Other Rock–Eval pyrolysis
data notwithstanding, thermal maturity has strong influ-
ence on the concentrations of the metals.

Co/Ni ratios ranged from 0.104 to 3.857 (Table 2).
Apart from sample A4, which has value of 3.857, these val-
ues are comparable with those obtained for Niger delta oils
the Niger delta

i TOC Tmax (�C) TTM S1 + S2 HI

0.96 437 741.178 1.50 128
2.34 416 720.971 1.83 66
0.36 435 441.506 0.82 106
0.62 434 389.384 2.97 82
0.51 427 693.386 1.88 61
0.46 436 380.933 2.38 74
0.52 438 844.34 0.93 106
0.12 569 370.065 0.50 142
0.59 438 640.66 3.34 95
0.92 438 734.087 2.17 210
1.69 436 893.615 3.69 201
1.05 440 764.555 2.75 239
1.01 437 751.55 3.10 231
1.74 438 788.337 4.00 180
2.02 434 747.058 4.48 168

perature of maximum hydrocarbon generation, HI – hydrogen index (mg



Fig. 3b. Trace metal distribution patterns in well B.

Fig. 3c. Trace metal distribution patterns in well C.
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(0.023–0.420) of Akinlua and Torto [21]; 0.01–0.41 of Udo
et al. [18] and 0.09–0.53 of Nwachukwu et al. [20]. The
Tmax values of these kerogens, which are mostly greater
than 430 �C indicates that the kerogen samples are mature
except sample A4. It then suggests that Co/Ni ratio
decreases with thermal maturity. Co/Ni ratios are generally
less than 1 for the matured kerogens (Table 2). Fe/V ratio
is much greater than 1 (30.778–72.129) in all the wells
(Table 2). The values are in a good agreement with those
obtained for oils from the Niger delta [19–21]. V/Ni ratios
ranged from 0.267 to 7.863 (Table 2).V/Ni ratio increases
with decrease in thermal maturity (Table 2) [18]. However,
it seems that the TOC also has influence on this ratio. The
high values in these samples are either as a result of low
maturity or low TOC. For example, sample A4 has low
Tmax of 416 �C (low maturity) and high V/Ni value of
7.863, C5 has low TOC value of 0.12 and high V/Ni value
of 3.317. This suggests that V/Ni increases with decrease in
maturity and low organic richness. V/V + Ni ratios in the
kerogens varied from 0.211 to 0.887 (Table 2). These low
values are in consonant with low V/V + Ni values obtained
for the Niger delta oils [19–21]. These values are generally
less than 1, which is consistent with the values for source
rocks derived from terrestrial origin [27], which is charac-
teristic of the Niger delta.

The relative distribution of the metals in the kerogens in
each well is similar especially in wells B, C and E. (Figs. 3a–
3e). These fingerprints of the elements in the kerogen from
a well are quite distinct from the fingerprints from another
well. Metal contents of kerogens can be used to distinguish
kerogens of different geographic origins. Though, the
organic matter in the Niger delta and in the Cambay basin,
India are similar (i.e. type III and type II/III kerogens)
except that Cambay basin has two petroleum systems.
The organic matter from these similar basins can be distin-
guished by the fingerprints of metals in their kerogens. The
fingerprints of the metals in kerogens from Niger delta
(Fig. 4) are quite different from the fingerprints of the
metals in kerogens from North Cambay basin, India
Fig. 3a. Trace metal distribution patterns in well A.

Fig. 3d. Trace metal distribution patterns in well D.
[28] (Fig. 5). Iron is the most abundant element in the
Niger delta kerogen while chromium is most abundant ele-
ment in the North Cambay, India kerogen. This indicates
that the distribution of the trace metals in kerogen can be
used to distinguish kerogens from different geographic
origins.



Fig. 3e. Trace metal distribution patterns in well E.

Fig. 4. Trace metals fingerprints of kerogens from the Niger delta.

Fig. 5. Trace metals fingerprints of kerogens from the North Cambay,
India (Data from Dekawar and Sharma, 2000).
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5. Conclusions

The determination of some trace metals in kerogen sam-
ples from five wells from the Niger delta by graphite fur-
nace atomic absorption spectrometry shows that the
concentrations of the metals are relatively low. The low
concentration values are known to be characteristic feature
of organic matter of strong terrestrial input. The concen-
trations of the metals in the kerogens are in excess of those
obtained for the Niger delta oils, which is in a good agree-
ment with the expected trend.

Concentrations of the metals decrease with depth. Trace
metals concentrations also decrease with increase thermal
maturity. However, this trend could be altered in horizons
with low organic richness. Non-linear correlation exists
between the TOC and the concentration of the metals.
The ratios of the metals are comparable with ratios
obtained for the Niger delta oils. The fingerprints of the
metals can be used to distinguish one well from another
and kerogen from sedimentary basin from another.

Acknowledgements

We are very grateful to the Organisation for the Prohi-
bition of Chemical Weapons (OPCW) who financed the
research of A. Akinlua at the University of Botswana,
Gaborone, Botswana where part of this study was carried
out.

References

[1] Short KC, Stauble AJ. Outline of geology of Niger delta. AAPG Bull
1967;51:761–79.

[2] Evamy BP, Haremboure J, Kamerling P, Knoop WA, Molly FA,
Rowlands PH. Hydrocarbon habitat of tertiary Niger delta. AAPG
Bull 1978;62:1–39.

[3] Ekweozor CM, Okogun JI, Ekong DUE, Maxwell JR. Preliminary
organic geochemical studies of samples from the Niger delta, Nigeria.
Part1: Analysis of oils for triterpanes. Chem Geol 1979;27:11–28.

[4] Doust H, Omatsola E. Niger delta. In: Edwards JD, Santogrossi PA,
editors. Divergent/Passive margin basins. AAPG Bull 1990;48:
201–38.

[5] Akinlua A, Ekweozor CM, Ubwa ST. New classification Scheme of
Niger delta kerogen based on pyrolysis-gas chromatographic data. In:
Garg AK et al., editors. Petroleum geochemistry and exploration in
the Afro-Asian region. New Delhi: R.B. Publishing Corporation;
2000. p. 81–6.

[6] Eneogwe C, Ekundayo O, Patterson B. Source–derived oleananes
identified in Niger delta oils. J Petrol Geol 2002;25(1):83–94.

[7] Matava T, Rooney MA, Chung HM, Nwachukwu BC, Unomah GI.
Migration effects on the composition of hydrocarbon accumulations
in the OML 67–70 areas of the Niger delta. AAPG Bull 2003;87(7):
1193–206.

[8] Akinlua A, Ajayi TR, Jarvie DM, Adeleke BB. A re-appaisal of the
application of Rock–Eval pyrolysis to source rock studies in the Niger
delta. J Petrol Geol 2005;28(1):39–48.

[9] Akinlua A, Ajayi TR, Adeleke BB. Niger delta oil geochemistry:
insight from light hydrocarbons. J Petrol Sci Eng 2006;50(3–4):
308–14.

[10] Udo OT, Ekweozor CM, Okogun JI. Organic petrographic and
programmed pyrolysis studies of sediments from Northwestern Niger
delta, Nigeria. J Min Geol 1986;24:85–96.

[11] Bustin RM. Sedimentology and characteristics of dispersed organic
matter in tertiary Niger delta: origin of source rocks in a deltaic
environment. AAPG Bull 1988;72:277–98.

[12] Okoh AF, Nwachukwu JI. Organic geochemistry of Para-35 and
Mina-3 wells Niger delta, Nigeria. J Min Geol 1997;33(2):103–4.

[13] Nwachukwu JI, Chukwura PI. Organic matter of Agbada formation,
Niger delta. AAPG Bull 1986;70:48–55.



1364 A. Akinlua et al. / Fuel 86 (2007) 1358–1364
[14] Haack R, Sundararaman P, Dahl J. Niger Delta petroleum system.
In: AAPG/Asociacao Brasiliera de Geologos petroleo joint Hedberg
research symposium meeting abstracts, Rio de Janeiro, Brazil: 1997.
extended abstracts, unpaginated.

[15] Rooney MA, Matava T, Nwankwo BC, Chung HM, Lambert-
Aikhionbare. Geochemical characterization of the hydrocarbons
in the petroleum system of the south-eastern Niger delta. In:
AAPG International meeting abstracts, Rio de Janeiro, Brazil:
1998. p. 343.

[16] Barwise AJG. Role of nickel and vanadium in petroleum classifica-
tion. Energ Fuel 1990;4:647–52.

[17] Ndiokwere CL. Analysis of Nigerian petroleum for trace elements
by neutron activation. Radiochem Radioanal Lett 1983;59(4):
201–12.

[18] Udo OT, Ekwere S, Abrakasa S. Some trace metal in selected Niger
delta crude oils: application in oil–oil correlation studies. J Min Geol
1992;28(2):289–91.

[19] Oluwole AF, Asubiojo OI, Nwachukwu JI, Ojo JO, Ogunsola OJ,
Adejumo JA, et al. Neutron activation analysis of Nigerian crude oil.
J Radioanal Nucl Chem 1993;168(1):145–52.

[20] Nwachukwu JI, Oluwole AF, Asubiojo OI, Filby RH, Grimm C,
Fitzgerald S. A geochemical evaluation of Niger delta crude oils. In:
Oti MN, Postma G, editors. Geology of deltas. Rotterdam/Brook-
field: A.A. Balkema; 1995. p. 287–300.
[21] Akinlua A, Torto N. Determination of selected metals in Niger delta
oils by graphite furnace atomic absorption spectrometry. Anal Lett
2006;39(9):1993–2005.

[22] Lewan MD, Maynard JB. Factors controlling enrichment of vana-
dium and nickel in the bitumen of organic sedimentary rocks.
Geochim Cosmochim Acta 1982;46:2547–60.

[23] Demaison GF, Moore GT. Anoxic environments and source bed
genesis. AAPG Bull 1980;64:1179–209.

[24] Powell TG, Boreham CJ, Smyth M, Rusell N, Cook AC. Petroleum
source rock assessment in non-marine sequences: pyrolysis and
petrographic analysis of Australian coals and carbonaceous shales.
Org Geochem 1991;17:375–94.

[25] Akaegbobi IM. Application of geochemical techniques in kerogen
classification and source rock evaluation of the Agbada shale, eastern
Niger delta. J Min Geol 2000;36(2):175–89.

[26] Tissot BP, Welte DH. Petroleum formation and occurrence. Berlin,
Heidelberg, New York, Tokyo: Springer-Verlag; 1984. p. 538.

[27] Lewan MD. Factors controlling the proportionality of vanadium to
nickel in crude oils. Geochim Cosmochim Acta 1984;48:2231–8.

[28] Dewakar BR, Sharma R. Finger printing of trace and rare earth
elements in kerogen samples of North Cambay basin, India. In: Garg
AK et al., editors. Petroleum geochemistry and exploration in the
Afro-Asian region. New Delhi: R.B. Publishing Corporation; 2000.
p. 309–12.


	Trace metals characterisation of Niger delta kerogens
	Introduction
	Experimental
	Results and discussion
	Trace metal ratios and bulk geochemical parameters
	Conclusions
	Acknowledgements
	References


