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Abstract

Crude oils from the Northern and offshore Niger Delta basin, Nigeria have been characterized by gas
chromatography-mass spectrometry (GC-MS) in terms of their thermal maturity, based on the distribution of
biphenyl and its derivatives. The crude oils were characterized by the dominance of Cy-biphenyl over other
alkylated homologues. 3-methylbiphenyl predominated over other methylbiphenyl isomers in the oils
samples. 3,3’-dimethylbiphenyl occurred as the most abundant compound among the Co-biphenyl
compounds in the oils samples while 3,5,4-trimethylbiphenyl dominated over other C3-biphenyl compounds
in the oils. The distributions and abundance of the biphenyl and alkylbiphenyls were found not to be
influenced by source facies and thermal maturity. The maturity dependent parameter computed from
alkylbiphenyl distributions (MBpR, DMBpR-x and DMBpR-y ratios) indicated that the oils have wide
variations in maturity status and that the oil samples are within oil window and this is further supported by
other maturity parameters computed from the saturate and aromatic biomarkers. This study showed that the
abundance and distribution of biphenyl and its derivatives can be used for thermal maturity of crude oil in the
Niger Delta Basin.
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Introduction be dated back to the Middle Cambrian, a period
that predates the evolution of higher plants
(Cumbers et al., 1987). Biphenyl and
alkylbiphenyls are combustion products of
benzene and alkylbenzenes (Takatsu and

Biphenyl and Alkylbiphenyls are important
constituents of petroleum and petroleum source
rocks, but have also been found in coal extracts

(AIexaerer et al., 1986a). Their biologica_ll origin _is Yamamoto, 1993). Kruge et al. (1994) found high
uncertaln: 'The_ compoun'ds are presen_t in organic oroportions of biphenyl in samples that showed
matter originating from different geological ages and high concentrations of semifusinite  and

different source types. Their occurrence can pyrofusinite. Semifusinite and pyrofusinite result
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from the partial combustion of organic matter.
Alexander et al. (1994) showed that the relative
abundances of alkylcyclobenzenes and
alkylbiphenyls in crude oils are of the same
magnitude. The authors therefore suggest, that
these compounds are formed via deposition of
oxygen-rich source materials in oxic depositional
environments.  Alkylcyclohexyl-benzenes and
alkylbiphenyls may be products of the oxidative
coupling of phenols (Alexander et al., 1994).
Besides the little knowledge on direct biological
precursors of alkylbiphenyls their potential as
maturity indicators is also sparse.

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). Biphenyl
compounds have also been demonstrated to be
very important in evaluating the maturity of crude
oil and source rock (Alexander et al., 1986;
Cumbers et al., 1987; George and Ahmed, 2002).
However, biphenyl and alkylbiphenyls have not
been studied or reported in the crude oils from
Niger Delta basin. This work is aimed at
investigating the occurrence and distributions of
biphenyl and alkylbiphenyls in the Niger Delta
crude oils in relation to their origin and thermal
maturity level.

Materials and Methods
Samples Collection

Forty one crude oil samples were collected in five
wells from five fields in the North and offshore of
Niger Delta basin. Samples were collected directly
from well heads (xmas trees) on the permission of
DPR using the oil field operators’ staff. Samples
collection follow international acceptable standard
and procedure. Collected samples were kept in the
laboratory before analysis.

Fractionation and Analysis

The oil samples were separated into saturated and
aromatic hydrocarbon fractions using silica
gel/alumina chromatography columns eluted with
n-hexane and dichloromethane:n-hexane (2:1, v:v),
respectively (Li et al., 2012).

The GC-MS analyses of the saturate and aromatic
fractions were performed on an agilent 5975i gas
chromatography (GC) equipped with an HP-5MS
(5% phenylmethylpolysiloxane) fused silica
capillary column (60m x 0.25mm i.d., x 0.25um
film thickness) coupled to an agilent 5975i mass
spectrometry (MS). The GC operating conditions
are as follows: the oven temperature was held
isothermally at 80°C for 1 min, ramped to 310°C
at 3°C/min and held isothermal for 16 min (Li et
al., 2012a). Helium was used as the carrier gas
with constant flow rate of 1.2 mL/min. The MS
was operated in the electron impact (EI) mode at

70eV, an ion source temperature of 250 °C and

injector temperature of 285°C. The identification
and elution order of biphenyl and its derivatives
were determined by comparison of their mass
spectra and relative retention times in the
corresponding mass chromatograms with those
reported in literature (Alexander et al., 1986;
Cumbers et al., 1987; George and Ahmed, 2002;
Li et al., 2013a, 2013b; Li and Ellis, 2015; Luo et
al., 2016). The relative abundance was calculated
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from integrated peak areas in the relevant ion
chromatograms

Results and Discussion

Occurrence and Distributions of Diphenyl and
Its Derivatives in Source Rock Extracts from
Niger Delta Basin

The m/z 154+168+182+196 mass chromatograms
showing the distributions of biphenyl and its
derivatives in the rock samples are shown in
Figures 1. The rock samples are characterized by

the predominance of C»- biphenyl over other
alkylated homologues as shown in Figure 1 and

Tables 1. The dominance of Co-byphenyl over
other alkylated homologues of biphenyl have been
reported in rock samples from the cratonic region
of the Tarim Basin NW China (Li et al., 2013b),
Proterozoic source rocks from middle Velkerri
Formation, McArthur Basin, Australia (George
and Ahmed, 2002), petroleum and ancient
sediments from Australia (Alexander et al., 1986;
Cumbers et al., 1987) and crude oils and
sediments from Potwar basin, Pakistan (Asif et al.,
2010). Among the methylbiphenyl isomers in the
source rocks, 3-methylbiphenyl is the dominant
compound while 2-methylbiphenyl occur as the
least or below detection limit in some source rocks
(see Figure 2). The predominance of 3-
methylbiphenyl ~ over  other  isomers  of
methylbiphenyl have been previously reported in
sediments from Tarim Basin NW China (Li et al.,
2013b; Li and Ellis, 2015), crude oils and
sediment extracts from Potwar basin Pakistan
(Asif, 2010). The 3,3’-dimethybiphenyl (3,3’-
DMBP) is the most abundant compound among

the  Co-biphenyl  isomers  while  2,3’-
dimethylbiphenyl (2,3’-DMBP) occur as least in

pattern of distributions whereby 3,3’-DMBP is the

most abundant among the Co-biphenyl isomers
have been previously reported in petroleum and
source rocks (Alexander et al., 1986; Cumbers et
al., 1987; George and Ahmed, 2002; Asif, 2010).
Also, there is predominance of 3,5,4-

trimethylbiphenyl (3,5,4-TMBP) over other C3-
biphenyl isomers in the rock samples as shown in
Figure. 1. This observation is consistent with the
results that have been previously published in the
literature (Li et al., 2013b; Luo et al., 2016).

Source faces, depositional environment and
thermal maturity of organic matter are important
factors  controlling the distributions and
concentrations of most molecular markers in
source rocks and crude oils. In this study, the
effect of source, depositional environment and
maturity on the distributions of biphenyls in the
source rocks were investigated by plotting the

abundance of Cp-C3 biphenyl against well-
established source and maturity parameters
obtained from the saturate and aromatic
distributions in the oils (Figure. 2). Figure 2a
shows the cross plots of the abundance of biphenyl
(Co-C3) against pristane/phytane (Pr/Ph) values in
the source rocks. The plots clearly showed no
correlation with the source and depositional
parameters (Pr/Ph), indicating that source facies
has no influence on the distributions and
abundance of the biphenyl compounds in the rock

samples. Similarly, the abundance of Cp-C3
biphenyl in the source rocks are plotted against

saturate (20S/(20S + 20R) Cog steranes) and
aromatic (MPI-1) maturity parameters in Figures
2b, and 2c respectively. The plots also lack any
correlation with the maturity parameters showing
that thermal maturity has no effect on the

the source rocks as Eresented in Figure. 1. This
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distributions and abundance of the biphenyl and
alkylbiphenyls in the source rocks.

Thermal Maturity Status of Niger Delta Crude
Oils based on the Distributions of Biphenyl and
Alkylbiphenyls

Alexander et al., (1986) proposed MBpR (3-/2-
methylbiphenyl ratio) as a thermal maturity
parameter while Cumbers et al., (1987) proposed
DMBpR-x (3,5-/2,5-dimethylbiphyl ration —x) and
DMBpR-y (3,3’-/2,3’-dimethylbiphenyl ratio-y)
maturity indicators in crude oils and ancient
sediments from Australia. George and Ahmed
(2002) applied these parameters to maturity study
in Mesoproterozoic sediments of the McArthur
Basin, Australia and observed that the
alkylbiphenyl ratios were sensitive to maturity
variations in the peak to late part of the oil window
but show little change at lower maturities.
Alkylbiphenyl ratios (MBpR, DMBpR-x and
DMBpR-y) have also been successfully applied to
assess the thermal maturity level of the sediments
from Mesoproterozoic Hongshuizhuang Formation,
Northern China (Luo et al., 2016).

The MBpR, DMBpR-x and DMBpR-y values in
the oil samples range from 3.59 to 120.79, 7.84 to
54.31 and 3.49 to 71.09, respectively (Table 1).
These values showed that oils have a wide range
maturity variations and also suggest that the oils
are within immature to peak of oil generation
stage (George and Ahmed, 2002; Luo et al., 2016).

The 20S/(20S + 20R) Cog sterane and MPI-1
values range from 0.28 to 0.47 and 0.61 to 0.96,
respectively (Table 2), indicating that the oils are
within oil generation window (Peters et al., 2005).
The cross plots of MBpR, DMBpR-x and
DMBpR-y values against reservoir depths are
shown in Figures 3a, 3b and 3c respectively. The
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plots lack any correlation with increasing burial
depths (Fig. 3). Also, for the purpose of
comparism, MBpR, DMBpR-x and DMBpR-y
values are plotted against other maturity
parameters such as 20S/(20S + 20R) Cog steranes
and MPI-1 in Figures 4a, 4b and 4c, respectively.
The plots of MBpR, DMBpR-x and DMBpR-y
clearly show a disagreement between 20S/(20S +
20R) Cog steranes and MPI-1, indicating lack of
relationship among the maturity parameters.

Conclusion

The occurrence and distributions of biphenyl and
its derivatives in the Niger Delta crude oils have
been investigated by gas chromatography-mass
spectrometry (GC-MS). Geochemical
characterization of the oils based on the
distributions of biphenyl and its derivatives show
that the oils have been sourced from source rocks
within  oil window. The crude oils were

characterized by the dominance of Cy-biphenyl
over other alkylated homologues. The 3-

methylbiphenyl  predominated over  other
methylbiphenyl isomers in the oils samples. The
3,3’-dimethylbiphenyl occurred as the most
abundant compound among the C»-biphenyl
compounds in the oils samples while 3,5,4-

trimethylbiphenyl dominated over other Cs-
biphenyl compounds in the oils. The distributions
and abundance of the biphenyl and alkylbiphenyls
in the oils were found not to be influenced by
source facies and thermal maturity. The maturity

dependent parameter computed from
alkylbiphenyl distributions (MBpR, DMBpR-x
and DMBpR-y ratios) indicated that the oils have
wide variations in maturity status and that the oil
samples are within oil window and this is further
supported by other maturity parameters computed
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from the saturate and aromatic biomarkers. This
study showed that the abundance and distribution
of biphenyl and its derivatives can be used for
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Table 1a: Geochemical Parameters Computed from Biphenyl Compounds and related Parameters in
Niger Delta Crude QOil

20S/20S+20
Biphenyl (%) R
Depth MBp DMBpR DMBpR Pr/P MPI-
Sample C29
(m) Co C1 Co Cs R -X -y h 1
ADL-1 2602- 34 218 427 319 361 0.41 0.73

2607 0 4 7 9 1581 9.26 19.98

2602- 3.1 216 426 32.6
ADL-2 2607 1 6 3 1 1729 1590 30.48 3.95 04 0.71

2702- 1.1 150 47.1 36.6
ADL-3 2704 7 5 3 5 2316 1159 24.97 548 04 0.61

2718- 3.6 21.8 449 295
ADL-4 2720 5 5 9 1 3279  9.69 20.78 >4 0.44 0.73

2759- 26 209 435 328
ADL-S 2763 8 0 6 7 1974 10.14 24.97 413 043 07

2766- 4.2 248 424 284
ADL-6 2770 5 3 8 4 17.83 9.49 20.78 43 045 0.78

2005- 35 236 432 294
ADL-7 2908 5 8 7 9 1966  10.38 21.92 4.08 0.45 0.79

2964- 45 248 423 281
ADL-8 2967 9 5 7 9 1828 1022 23.70 361 0.44 0.82

3064- 58 265 409 26.6
ADL-9 3052 0 8 5 7 18.58 9.88 2151 361 047 091

1749- 38 209 1385 36.6
OKN-1 1750 5 9 1 5 40.73  13.94 579 23 0.36 0.95

1892- 09 16.1 49.2 336
OKN-2 1895 9 3 5 3 7261  20.05 34.73 219 04 091

1905- 23 18.0 49.2 304
OKN-3 1907 0 5 5 0 2652 1418 24.43 211 0.4 091

1952- 3.6 208 396 359
OKN-4 1955 4 4 1 2 3567 11.67 Y A 0.33 0.93
OKN-5  2050- 2.6 192 483 297 3298 1844 2658 218 0.41 0.9
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2059 2 6 4 8

2369- 04 46.9 456
OKN-6 2555 1 704 O 5 53.54 38.84 65.06 229 039 095

2377- 6.4 233 447 254
OKN-7 2672 6 2 6 6 13.98 11.20 18.98 21 043 09

2469- 65 256 441 237
OKN-8 2782 3 0 5 1 2433 17.63 24.19 2.25 039 089

2485- 12 164 49.2 330
OKN-9 2793 0 6 9 5 53.68 18.97 31.36 218 0.41 091

OKN- 2489- 15 241 476 266 120.7

0 01 4 & 5 3 ) oiss  apay 272 036 076
OKN-  2521- 49 201 424 234

11 23 6 0 9 5 4695 1572 2765 292 033 07
OKN-  2530- 7.9 32.8 396 195 63 -

12 2537 5 ) 2 7 44.57 17.33 29.58

Table 1b: Geochemical Parameters Computed from Biphenyl Compounds and related Parameters in
Niger Delta Crude QOil

20S/20S+2
Biphenyl (%) OR
Depth MBp DMBpR DMBpR Pr/P MPI-
Sample Ca2
(m) Chp, C1 Cp C3 R X -y h 1
OKN-  2566- 219 372 36.0
13 2568 4.83 1 0 5 2064 10.28 22.53 2.49 0.35 0.94
OKN-  2677- 303 411 219
14 2683 6.47 8 7 9 2681 11.28 18.25 2.1 0.41 0.62
OKN-  3148- 245 464 271
15 3154 189 7 1 4 7525 18.76 31.27 2.28 0.38 0.65
OKN-  3593- 295 431 232
16 3605 4.02 6 4 8 4777 16.64 25.32 2.17 0.41 0.7
2207- 13.1 36.1 46.0
MJI-1 2216 466 5 2 7 359 7.84 3.49 2.93 0.28 0.76
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2070- 30.8 404 20.6
MJI-2 2081  8.05 9 3 3 4492 2146 36.33 333 0.4 084
MJI-3 2091- 30.3 398 211 333 0.36 0.83

2104  8.73 0 2 5 35.73  16.93 33.65
2096- 101 336 388 174

M4 o101 7 2 0 1 3804 1749 3442 37 031 096
MII-S 11(250171 5.66 157'2 3%2 427 423 841 4.28 2.14 035 0.78
MJI-6 11777779 9.39 2%4 3%9 221 2385 1306 2389 o2 034 082
M- 1177?357 9.63 327 391'1 12'5 3773 1751 3306 Tt 039 086
MJI-8 11?92201 9.14 223 377'7 227 1680 2031 2678 00 036 082
MJI-9 1293?;162 9.39 3%)'2 3%0 2%3 3603 2859 4429 >0 038 083
MJI-10 11%?7- 9.39 320 3?3'8 16;3 3349 1544 3220 83 038 083
MJO-1 11%45% 4.50 22'6 427 2?1'1 113'0 5431 7100 1° 0.45 0.71
MIO-2 12937998 4.30 3?3'7 42'2 223'6 6024 2576 3559 0 0.46 0.77
MJO-3 222124_ 452 2%8 427 227'8 5546 2610 3569 00 0.45 0.78
MIO-4 3;%3;% 2.65 26;7 425 2%0 54.69 1960  29.79 L7 0.45 089
WiB- 12%14(; 6.35 2?1'7 4%0 228 3283 1857 2201 0.42 086
WiB- 11%1517 6.62 165'6 3%9 362'8 1179 1537 1032 148 031 086

*MPI-1 (methylphenanthrene index-1) =15 (2- + 3-methylphenanthrene)/(phenanthrene + 1- + 9-
methylphenanthrene); Pr/Ph = pristane/phytane; MBpR = 3-methylbiphenyl/2-methylbiphenyl; DMBpR-x =
3,5-dimethylbiphenyl/2,5-dimethylbiphenyl; DMBpR-y = 3,3’-dimethylbiphenyl/2,3’-dimethylbiphenyl; Cog
20S/(20S+20R) = 5a(H), 144(H),174(H)-20S/(5a(H), 14a(H),17a(H)-20S + 5a(H), 144(H),17a4(H)-20R) of
Cog steranes; Cqg = biphenyl; C1 = methyl-; Co = dimethyl or ethyl-; C5 = trimethylbiphenyls
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Fig. 3: Cross plots of burial depths versus (a) MBpR, (b) DMBpR-x and (b) DMBpR-y for Niger
Delta crude oils.
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Fig. 4: Cross plots of (a) MBpR versus 20S/(20S + 20R) Cyg steranes, (b) DMBpR-x versus 20S/(20S + 20R) Cog steranes, (c) DMBpR-y versus MPI-1
for Niger Delta crude oils.
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