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ABSTRACT 
 

Petroleum geochemistry of oils in several depobelts of the world has been well documented based 
on biomarkers. However, there is paucity of data regarding the use of multi-variate statistics in oil-
oil correlation study, particularly in the Sub-Saharan African region. The purpose of the study was 
to gain an insight into the geochemical differences and identify their cause(s) through the 
application of bulk properties, biomarker indices and multi-variate statistics. Correlation of oils from 
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eight wellheads of three stratigraphic units within the Central and Eastern onshore Niger Delta 
Basin fields (AG and AS) were undertaken by gas chromatography-flame ionization detector. 
Utilization of bulk properties, biomarker indices and cross plot parameters somewhat separated the 
mature AG1-4, AS3 and AS4 oils deposited in oxic/suboxicshaly environment from AS2 oil 
deposited in anoxic fluvio deltaic environment. In-reservoir alteration and migration differences 
were the major factors responsible for the observed slight geochemical variability in the studied 
oils. Nevertheless, multi-variate principal component analysis indicated that the Central and 
Eastern onshore Niger Delta Basin oils were principally generated from similar organic matter 
sources. The implication here was that the geochemical variations in the studied oils were not 
significant, a conclusion corroborated by Pearson correlation model data. 
 

 
Keywords: Depositional environment; lithology; Niger Delta Basin; correlation; biomarker. 
 

NOMENCLATURE  
 
  API : American Petroleum Institute 
BL : Biodegradation Level 
CPI : Carbon Preference Index 
DBT : Dibenzothiophene 
DPR : Department of Petroleum Resources 
DW : Degree of Waxiness 
GC-FID : Gas Chromatography- Flame Ionization Detection 
HC : Hydrocarbons 
OM : Organic Matter 
PAHs : Polycyclic Aromatic Hydrocarbons 
PCA : Principal Component Analysis 
Ph : Phytane 
Phen : Phenanthrene 
Pr : Pristane 
SPDC : Shell Petroleum Development Company 
TETFUND : Tertiary Education Trust Fund  
TIC : Total Ion Current 
UCM : Unresolved Complex Mixture 

 

1. INTRODUCTION 
 
Correlations of oils are on the premise of the 
capacity to identify unique chemical and physical 
similarities amongst hydrocarbons in petroleum 
pool [1]. Biomarkers have been used as 
instruments to correlate oils based on important 
aspects of petroleum geochemistry: i. origin of 
their precursor molecules, ii. Paleo-
environmental deposition, iii. Source rocks 
lithology, iv. Potential source rocks thermal 
maturity and v. levels of petroleum hydrocarbons 
(HCs) biodegradation [2-6]. 
 

Multi-variate principal component analysis            
(PCA) based on co-variability of targeted 
variables has been applied in source 
characterization of OM in various components  of 
the environment by many researchers [7,8], 
limited number of data are available worldwide 
that utilize PCA in source correlation of oils     
(e.g., [3]). 

Previous studies revealed that the Niger Delta 
region oils are of one family of oils which 
originate from terrestrial and marine organic 
matter (i.e. mixed Type III/II; [9-11]) with the 
Central and Western deep offshore Niger Delta 
oils deposited under an oxic environmental 
condition [12 and 13], while those for the Coastal 
and shallow offshore were deposited under 
oxic/suboxic conditions [4]. Although the oils in 
this family indicate genetic affinity with source 
rock, some oil samples show geochemical 
deviation compared to others. In order to reduce 
the risks and economic cost associated with 
exploration, it is important to have an 
understanding of petroleum systems in the study 
area. Nevertheless, the necessity to gain an 
insight into the genetic relationship between the 
Central and Eastern onshore Niger Delta oils so 
as to establish any subtle differences or 
similarities among the studied oils cannot be over 
emphasized. Thus, to unravel some elements of 
uncertainty in identification of the petroleum 
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system, a detailed oil-oil correlation of the 
Central and Eastern onshore Niger Delta basin 
was for the first time undertaken in the present 
study. The aim of this work was to gain an insight 
into the geochemical differences and identify 
their cause through the application of bulk 
properties, biomarker indices and multi-variate 
statistic. The main objectives of the study were to 
apply biomarker parameters (n-alkanes, 
isoprenoid and aromatic HCs) distributions and 
multi-variate principal component analysis to 
correlate and compare the source, thermal 
maturity, depositional environment, level of 
biodegradation of HCs and lithology between the 
Central and Eastern onshore Niger Delta oils. 
 

2. METHODOLOGY 
 

2.1 Study Area, Geological Setting and 
Sample 

 

The Niger Delta is considered as one of the 
copious regions in the globe with high 
hydrocarbon production, having an approximate 
reserve of forty billion barrels of crude oil with 

greater than forty trillion cubic feet of natural gas. 
The Niger Delta is confined in the Gulf of Guinea 
and encompasses an approximate area of 
75,000 km

2
 with siliciclastic deposits of about 

9000 – 12,000 m wideness [4]. Its stratigraphic 
units are made up of an upper delta top 
lithofacies of continental sands and gravels, delta 
front paralicfacies of mostly sands and pro-delta 
marine shales. The region is subdivided into a 
series of independent depobelts representing 
successive stages of the delta development [13, 
14].The occurrence of oleanane in Nigerian oils 
points to Late cretaceous or younger source 
rocks [9]. Detailed description of geological 
settings of the Niger Delta Basin is provided in 
[3].  
 
The study sites consisted of the AG (about 15 km 
south-east of Sapele, Delta state) and AS (about 
11 km south-west of Port Harcourt city, Rivers 
State) fields (Fig. 1). AG is located Central 
onshore Niger Delta at longitude 5.3881

o
E and 

latitude 5.8732
o
N, while AS is located Eastern 

onshore Niger Delta at longitude 7.0602
o
E and 

latitude 4.9693
o
N and are about 178 km apart. 

  

 
 

Fig. 1. Map of the study Area 
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With the consent of Shell Petroleum 
Development Company (SPDC) and Department 
of Petroleum Resources (DPR), eight (8) 
selected crude oils were obtained at atmospheric 
conditions from 4 wellheads in field AG and from 
another 4 wellheads in field AS. These oil 
samples were selected among others as 
representative of the oil fields based on the 
spacing between wells about 200-300 m apart.  

 

2.2 Materials 
 
Dichloromethane and petroleum ether (Boiling 
point: 40-60 

0
C) were obtained from 

ShaghaiRuizheng Chemical Technology Ltd, 
China. Other chemicals used were 
Chromatographic grade n-hexane and methanol 
purchased from Sigma Aldrich (St Louis, MO, 
USA). Silica gel 40 (0.063-0.200 mm), anhydrous 
aluminium oxide 90 active neutral (0.063-0.200 
mm) used for column chromatography were also 
obtained from Merck.   
 

2.3 Crude Oil Analysis and 
Instrumentation 

 
Deasphaltation of the oils was carried out 
following procedures described in [4] involving 
precipitation in a petroleum ether (boiling point: 
40–60 

0
C)-dichloromethane (30:1 v/v) in a 

centrifuge at 2500 rpm for about 20 min. The 
separation of the deasphalted fractions into 
saturate, aromatic and heterocompounds (resins 
or NSO) was made possible by open glass 
chromatography using alumina (neutral, 
activated 2 h at 700 

0
C) promoted with silica gel 

(70/230 mesh, activated 6 h at 400 
0
C). About 40 

mL n-hexane was used to elute the saturate 
fraction, while dichloromethane (40 mL) was 
used to elute the aromatic fraction. Finally, a 
mixture of methanol-dichloromethane (40 mL; 1:2 
v/v) was used to remove the resin fraction. The 
eluents were reduced to near dryness using 
rotary evaporator [4].  
 

The gas chromatography-flame ionization (GC-
FID) analysis was carried out on an HP 5890 GC 
serial II. The separation was on a 30m long HP5 
column with inner diameter of 0.25mm and film 
thickness of 0.25µm. Hydrogen gas at flow rate 
of 2 mL/minute was “used as carrier gas. The GC 
oven was” initially held at 50 

0
C for 2minutes and 

then ramped at 4
o
C / minute to 300

o
C where it 

was held for 20minutes. Identification of peaks 
on GC-FID was done using relative retention 
time in comparison to standards, while peak 

quantification was done by relating the peak and 
concentration of each compound to standard. 
The mean and standard deviation values were 
calculated for the generated data set. The data 
sets were also analyzed by Pearson correlation 
model to understand the relationship between 
paired variables and principal component 
analysis (PCA), frequently employ to obtain 
components required to describe variance of 
detected data in a geochemical environment. 
The multi-variate technique handles large 
variables concurrently, and has been employ by 
geochemists in the determination of the sources 
of organic matter as well as their degradation in 
aquatic systems [7,8] etc. 
 

3. RESULTS AND DISCUSSION 
 

3.1 API Gravityanddegree of Waxiness 
 
The results of American Petroleum institute (API) 
gravity for the AG oils were in the range 45.4

o
 - 

49.9
o 

(mean = 48.2±2.1), while those for the AS 
oils were in the range 37

o 
- 43.2

o
 (mean = 

40.6±3.1) (Table 1). API gravity is used as a 
crude oil quality indicator. Oil samples having 
API gravities in the range 20° - 45° are 
considered as normal crude oils, those < 20° are 
often times biodegraded, whereas those higher 
than 50° are ranked as condensate oils [15,16]. 
However, API gravities can also be classified in 
the range of light to heavy oils thus: Extra heavy 
oils: < 10° API, heavy oils: 10° - 22.3° API, 
medium oils: 22.3° - 31.1° API, light oils:> 31.1° 
API. [1]. The results implied that the studied oils 
fell within the range of normal light crude with the 
AG crude oils not only showing greater degree of 
lightness than the AS oils but also suggesting 
lesser biodegradation of the former, supported by 
different bulk fraction compositions and n-alkane 
GC traces for the studied oils (see below). It also 
revealed that the AG lubricants are sunnier than 
the AS, and thus will have improved market 
value than the AS. The higher mean API value 
found for the AG oils relative to the AS 
suggested that this difference in API gravity was 
controlled by in-reservoir alteration rather than by 
differential entrapment of sediment. This 
assertion was based on the narrow depth 
differences between the AG field (Central Basin; 
9303 m - 9913 m) and the AS field (Easten 
Basin; 7408 m – 8670 m) as well as within each 
field where the studied oils were located      
(Table 1) [17]. As in the case of the studied oils, 
light oils are typically generated more from 
terrestrial than algal OM [1]. 
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Table 1. Bulk properties of the studied oils 
 

Bulk property AG1 AG2 AG3 AG4 Mean±SD AS1 AS2 AS3 AS4 Mean±SD 

API gravity 47.5 49.8 45.4 49.9 48.2±2.1 43.2 37.0 43.1 38.9 40.6±3.1 
Degree waxiness 1.8 1.5 1.4 1.7 1.6±0.2 0.7 1.3 1.4 1.1 1.1±0.3 
Saturates (%) 57.8 65.3 57.0 54.0 58.5±4.8 51.1 48.0 57.7 51.2 52±4.1 
Aromatics (%) 24.1 22.7 30.8 33.2 27.7±5.1 33.7 32.6 22.2 38.7 31.8±6.9 
Resins (%) 15.1 11.1 11.0 10.4 11.9±2.2 10.0 18.2 18.1 9.0 13.8±5.1 
Asphaltenes (%) 3.0 0.9 1.2 2.4 1.9±0.9 5.2 1.2 2.0 1.1 2.4±1.9 
Depth (m) 9913 9444 9303 9806 9617±12 7408 8670 7770 7557 7851±10 

 
Degree of waxiness (DW) for the AG and AS oils 
ranged from 1.4 – 1.8 (mean = 1.6±0.2) and 0.7-
1.4 (mean = 1.1±0.3), respectively (Table 1). 
Wax precipitation is a serious problem in oil 
production and transportation facilities. This 
canister outcome causes numerous harms such 
as decrease in the rate of production, increased 
power requirement and failure of facilities [17,18]. 
DW, expressed here as DW= ∑C21-C31/∑C15-C20 
(where C21-C31 represent carbon numbered n-
alkanes predominance in terrestrial OM and C15-
C20 carbon numbered n-alkanes predominance in 
algal OM), is used to classify the proportion of 
terrestrial OM in oils, presumptuous that land-
derivedmaterials donate a great molecular mass 
than usual component of paraffin to oils [19]. 
Popularly, DW <1 shows nature of low waxy and 
suggests organic algal marine source, whereas 
DW > 1 are mostly of higher plant deposited 
under reducing condition [20]. The results of DW 
indicated not only the fact that oils from these 
two fields were moderately waxy and 
economically valuable but also suggested that 
the AG and AS oils were predominantly 
generated from terrestrial OM source except the 
AS1 oil most likely generated mainly from an 
algal OM source. 

 
3.2 Saturate, Aromatic, Resin and 

Asphaltene Contents 
 
Saturate fractions for AG oils ranged from 54% to 
65.3% (mean=58.5±4.8), while those for the AS 
oils ranged from 48 % to 57.7% (mean=52±4.1). 
Aromatic fractions for AG oils ranged from 22.7% 
to 33.2% (mean=27.7±5.1), whereas a range of 
22.2% to 38.7% with a mean of 31.8±6.9 was 
found for AS (Table 1). Resin fractions for the AG 
oils were in the range 10.4 - 15.1% with a mean 
of 11.9±2.2, and those for the AS oils were in the 
range 9.0% - 18.2% with a mean of 13.8±5.1. 
Asphalthene fractions for AG oils ranged from 
0.9% to 3.0% (mean=1.9±0.9), while in the case 

of AS oils the asphaltene fractions were in the 
range 1.1 - 5.2% with a mean of 2.41. ±1.9% 
(Table 1).  
 

The results of percentage aromatic indicated 
greater tendency of AS oils to adversely impact 
the environment than the AG oils.  Environmental 
samples contaminated with more sulphur 
compounds (resin) such as dibenzothiophene 
were reported to be more resistant to 
biodegradation than those infested with lesser 
hetero-compounds due to the fact that sulphur 
poisons OM degrading microorganisms [21].  
The results of percentage resin suggested that 
the AG oils with lesser mean hetero-compounds 
were more environmentally friendly and lesser 
tendency to resist biodegradation than their AS 
counterpart. Heavy oils are reported to contain 
14% and above asphaltene with low API gravity 
values and are formed when specific species of 
algae degrades hydrocarbon deposits, leading to 
the loss of its lighter fractions and leaving behind 
their heavier counterparts [2]. The relatively low 
percentage asphaltene in the studied oils 
supported the light nature of these oils and their 
economic viability.  
 

Comparing data in the present study with other 
fields within the Niger Delta Basin, higher mean 
percentage saturate fraction was recorded for the 
Eastern coastal and shallow offshore oils [4], 
whereas similar values were found for the 
Western offshore oils [3]. The implication here 
was that the studied oils were of lower                     
fuel value than those of the Eastern coastal and 
shallow offshore Niger Delta. 
 

Higher mean percentage aromatic fraction was 
recorded for the studied oils than those for the 
Western offshore oils [3] and the Eastern 
coastal/shallow offshore Niger Delta oils [4]. The 
implication here was that the studied oils were 
less ecofriendly than oils from the compared 
fields. 
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3.3 Normal Alkanes and Isoprenoid 
Hydrocarbons  

 

The n-alkanes and isoprenoid HCs 
concentrations for the studied oils are presented 
in supplementary information 1 (SI -1). The total 
ion current (TIC) chromatograms of 
representative samples of AG and AS oils are 
shown in Fig. 2 a and b. N-alkanes in the range 
C8-38 with isoprenoid HCs (e.g. pristane and 
phytane) were observed and n-alkanes < C8 
were absent, most likely due to evaporate loss 
during laboratory protocols. The TIC peak areas 
were employed in the calculation of isoprenoid 
and n-alkane parameters presented in Table 2. 
 
AG and AS oils exhibited Carbon preference 
index (CPI) values of around 1 (Table 2). CPI is a 
good indicator of OM type in immature samples 
in which greater abundance of C16-18 n-alkanes 
imply an aquatic source, whereas a C27-33 odd 
abundance of n-alkanes are reflective of 
terrigenous OM [22]. Maturation of OM 
considerably modifies n-alkane abundance. CPI 
around 1 is observed in typical mature crude oils. 
Values of CPI recorded for the studied oils 
indicated mid-oil window thermal maturities at 
time of expulsion.A more robust thermal 
maturation aromatic biomarker parameters is 
needed to delineate the level                                           
of thermal maturity of the studied oils and details 
including terpane biomarkers will be available in 
our subsequent report.   
 
The pristane/phytane (Pr/Ph) ratios for the AG 
and AS oils ranged from 1.2 – 1.3 
(mean=1.2±0.1) and 0.8-2.7 (mean=1.4±0.9), 
respectively (Table 2). Pr/Ph is one of those 
parameters employed as markers of the 
environment of deposition. Low values of Pr/Ph< 

1 indicate highly anoxic/reducing hypersaline 
conditions, Pr/Ph between 1-2 indicate suboxic 
sea depositional environment including 
freshwater, brackish and marine, while Pr/Ph 
ratios between 2-4 indicate oxicfluvio-deltaic 
environment [22,2]. Values of Pr/Ph indicated 
that source rocks of AG oils were deposited in an 
environment under suboxic condition, while those 
for the AS oils were mainly deposited under 
oxic/suboxic conditions except the AS2 which 
tended toward anoxic depositional condition. 
    

The isoprenoids/n-alkanes ratios (Pr/nC17 and 
Ph/nC18) for the AG oils were in the range 1.3 -
1.5 (mean=1.4±0.1) and 1.7 - 2.3 
(mean=2.0±0.3), respectively, while 1.1-
1.8(Mean=1.3±0.3) and 0.5-1.7 (mean=1.3±0.5) 
were the respective Pr/nC17 and Ph/nC18 values 
recorded for the AS oils (Table 2). Generally, the 
Pr/nC17 and Ph/nC18 values for the AG and AS 
oils were greater than 1 except for AS1 oil with 
Ph/nC18 value of 0.5. In oil-correlation study, 
Pr/nC17 and Ph/nC18 give indication of type of 
OM but are also influenced by biodegradation 
and thermal maturity [23]. These authors were of 
the opinion that n-alkanes are generated faster 
than isoprenoids with increasing maturityin 
contrast to biodegradation. Pr/nC17 and Ph/nC18 
ratios decrease with thermal maturity of oils [24], 
and a cross plot of Pr/nC17versusPh/nC18 has 
been applied to classify source rocks and oils 
[25-28]. The Pr/nC17 and Ph/nC18 results implied 
that the studied oils were generally non-
biodegraded and that AS1 oil was not only less 
thermally mature but also relatively more 
biodegraded. Biodegradation is the mechanism 
that influences most of the world’s oils and their 
geochemical properties. Therefore, the 
exploration of oils is affected by the high costs of 
refining biodegraded oils. 

 
Table 2. Geochemical indices for the studied oils 

 

Sample ID                 Pr/Ph Pr/nC17
 
 Ph/nC18 CPI  BL  DBT/Phen 

AG 1 1.2 1.5 1.7 0.9 0.6 0.35 
AG 2 1.3 1.5 2 0.9 0.6 0.24 
AG 3 1.2 1.3 2.3 0.9 0.6 0.27 
AG 4 1.2 1.3 2.1 0.9 0.6 0.28 

Mean±SD 1.2±0.1 1.4±0.1 2±0.3 0.9±0.0 0.6±0.0 0.29±0.4 

AS 1 2.7 1.8 0.5 1 0.9 0.25 
AS 2 0.8 1.1 1.4 1 0.8 0.74 
AS 3 1 1.1 1.7 0.9 0.7 0.17 
AS 4 1.2 1.2 1.5 1 0.7 0.28 

Mean±SD 1.4±0.9 1.3±0.3 1.3±0.5 1±0.1 0.8±0.1 0.36±0.3 
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Also, AyobamiInengite, et al., 2017) [29] has 
reported high Pr/n-C17 and Ph/n-C18 and 
assigned these high values to oxic depositional 
environment. Mohammed and Ahmed 2016 [30] 
has also reported that a low Pr/nC17 and Ph/n-
C18 ratios indicates a source rock deposited in an 
anoxic environment. Therefore the depositional 
environment of the Eastern and Central Niger 
Delta basin is mainly dissimilar to those of Eagle 
Ford shale East Texas as reported by [31] and 
Biluo Co Oil Shale located in the northern 
Tibetan Plateau [32] but aligned with that of 
coastal and offshore Niger Delta oils [4]and 
Western offshore Niger Delta oils [3] which 
showed oxic-suboxic environmental conditions of 
deposition.The Pr/nC17 and Ph/nC18 results 
implied that the AS1 oil was from rocks deposited 
under open water condition, while the rest of the 
oils were from inland peat swamps [22]. A cross 
plot of Pr/nC17 versus Ph/nC18 (Fig. 3) revealed 
two main groups of oils based on OM type and 
their thermal maturity status. Although both the 
AG and AS oils were of similar mixed genetic 
origins (terrestrial over algal OM-Type III over II 
kerogen), the AS1 originated more from algal 
than terrestrial OM -Type II over III kerogen). 
Most of the AS oils (positioned in the lower 
portion of the plot) were slightly thermally            
less mature than the AG oils. In contrast, 
Abubakar et al., (2022) reported a predominance 
of marine algae (Type II) over terrestrial          
(Type III) OM sources in oils from similar 
Cretaceous Tanos Basin, Ghana as that of the 
studied Basin. 
 

Pr/Ph ratios versus API gravity have been used 
to differentiate oils from many Basins based on 
depositional environment and maturation level 

e.g. [2]. A cross plot of Pr/Ph and API gravity 
presented in Fig. 4 revealed a single oil (i.e. AS1) 
situated at the right top corner of the plot with 
highest Pr/Ph (2.7) and API gravity value of 43.2 
which was in agreement with an oxic 
environment of deposition and mature light oil 
expelled from a mixed OM source. An important 
feature of the plot was the slight shift of the AG1-
4, AS4, AS3 oils deposited under oxic/suboxic 
condition from the AS2 oil deposited under 
anoxic condition. This scenario appeared 
somewhat similar to the groups B, C and D in the 
Hughes diagram shown below. The main group 
where most of the oil samples plotted (i.e. group 
C in the Hughes diagram) showed higher Pr/Ph 
(>1) and high API gravity values (38.9 –49.9), 
while AS2 oil showed low Pr/Ph value (<1) and 
relatively lower API gravity value of 37. The API 
gravity and Pr/Ph ratios relationship somewhat 
largely differentiated Eastern and Central 
onshore Niger Delta Basin crude oils. This slight 
geochemical variability could not have been 
caused by sedimentary rock differential 
entrapment but rather by minor differences in in-
reservoir alteration, depositional environment, 
migration and OM types. 
 

3.4 Aromatic Hydrocarbons 
 

The concentrations of parent polycyclic aromatic 
hydrocarbon (PAHs) in the studied oils are 
presented in SI 2. The fact that mean levels of 
PAHs were relatively higher in AS (mean = 
263.2±150 mg/l) than in the AG oils (mean = 
207.8±65.2 mg/l) supported the earlier assertion 
that the AG oils were of higher quality and more 
environmentally friendly than their AS 
counterpart. 

 

 
 

Fig. 2a and 2b. Representative gas chromatograms of n-alkane distributions for (a) AG and (b) 
AS oils 
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Fig 3.  A cross plot of Pr/nC17 against Ph/nC18 indicating depositional environment 

 

 
 

Fig. 4. A cross plot of API gravity versus Pr: Ph ratio indicating maturity and depositional 
environment 

 
Dibenzothiophene (DBT)/Phenanthrene (Phen) 
ratio for the AG oils ranged from 0.24 to 0.35 with 
a mean of 0.29±0.4, while those for the AS oils 
were in the range 0.17 – 0.74 with a mean of 
0.36±0.3 (Table 2). DBT/Phen ratio is a good 
marker of lithology and the values for the studied 
oils were <1 reflecting mainly a shale lithology for 
the Eastern and Central onshore Niger Delta 
Basin [32]. Incorporation of sulfur into OM 
produces higher DBT level especially in an 
anoxic depositional environment. The low DBT 
content of the studied oils derived from an 
environment where sulfur reacts with iron 

species in the clay minerals not only supported 
the oxic-suboxic depositional environment but 
also the high premium placed on the Nigerian oil 
in terms of its exploration, production and 
ecofriendly value. Following Hughes diagram, a 
cross plot of DBT/Phen against Pr/Ph ratios    
(Fig. 5) showed that all AG oils, AS3 and AS4 
oils fell in the larger group (within zone 3; group 
C) which indicated that these oils were derived 
from shale-marine/lacustrine depositional 
lithology [32]. AS1 oil tended towards fluvial 
deltaic environment (zone 4; group D), while AS2 
fell within zone 2 (group B) indicating hypersaline 
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lacustrine depositional lithology with poor sulfur 
content [33,34].The dominant shale lithology 
observed for the Eastern and Central Niger Delta 
onshore areas indicated that the sedimentary 
rock that produced the oils contained high 
amount of OM and the rocks are most likely 
deposited in swampy environment conducive for 
the preservation of OM with good potential to 
generate large volume of petroleum. 
 

3.5 Biodegradation Level of the Studied 
Oils 

 

Biodegradation is a process that modifies the 
molecular signatures and bulk properties like API 
gravity of crude oils and sedimentary OM. The 
biodegradation level (BL) expresses the degree 
of loss of the lighter hydrocarbon fractions 
(aliphatics), which can be seen in the unresolved 
complex mixture (UCM) as hump at the baseline 
of the gas chromatograms. The larger the hump, 
the higher the degree or level of biodegradation. 
In the study, AS oils exhibited larger UCMs 
relative to the AG oils (Fig. 2a and b), implying 
that the AS oils were slightly more biodegraded 
than their AG counterpart, supporting the fact 
that the AG oils have better fuel value than           
the AS oils. Fig. 6 confirmed the fact that the AS 
oils were more biodegraded than the AG oils 
based on Peters and Moldowan, 1993 [23] BL 
scale. 
 

Low molecular weight PAHs (2-and 3-ring types) 
are more susceptible to biodegradation than their 
high molecular weight counterparts (4-, 5-, and 6-
ring type) [23,25]. Naphthalene and 
acenaphthylene (2- and 3-ring PAHs) in AS oils 
were lower in their mean percentage (10.7% and 
13.2%) than those recorded for the AG oils 
(11.9% and 14.7%), respectively (SI-2). The 
implication here is that the AS oils were more 
degraded than the AG oils, confirming the earlier 
data obtained from n-alkanes on biodegradation 
status of the studied oils.    

 

3.6 Correlation of the Studied Oils 
 

The study utilized Pearson correlation model to 
determine the relationship between the AG and 
AS oils and to estimate the intensity of the links 
[35]. The results of API gravity for AG and AS 
oils revealed a very strong correlation (r

2
 = 0.92), 

indicating that these oils were generated from the 
same family and were somewhat of similar 
quality and economic value. For Pr/Ph ratios, 
moderate relationship was found (r

2
 = 0.67). This 

revealed that some of these oils were not formed 
under similar redox depositional environment. On 
the other hand, CPI and BL strongly correlated 
with r

2
 values of 0.89 and 0.76 for the studied 

oils, supporting slight differences in maturity and 
biodegradation status of the studied oils, 
respectively (SI-3 a-d). 

 
 

Fig. 5. A cross plot of Dibenzothiophene/Phenanthrene (DBT/Phen) versus Pristane/Phytane 
(Pr/Ph) indicating lithology and depositional environment 
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3.7 Principal Component Analysis (PCA)  
 

To further determine the OM source relationship 
that existed among the studied oils, comparison 
of various compositional parameters between the 
AG and AS oils was achieved using a more 
robust multi-variate principal component  
analysis (PCA) method. In other words, all 
variables were used to examine samples 
relationship between the two fields based on 
changes in API gravity, degree of waxiness, 
saturate, aromatic, resin and asphaltene 

fractions, n-alkanes (C8 – C38) and isoprenoid 
(pristane and phytane) concentrations as                 
well as such ratios as Pr/Ph, Pr/nC17, Ph/nC18 
and DBT/Phen. Fig. 7 shows all samples 
positioned together in the right top corner                
of the plot. The implication here was that 
although bulk and biomarker parameters 
provided evidence of variations in depositional 
environment, lithology, biodegradation, OM                
type and maturity, PCA revealed the Eastern              
and Central onshore Niger Delta Basin oils were 
principally generated from similar OM sources. 

 

   
 

Fig. 6. Stages of biodegradation for AS and AG oils 
 

 
 

Fig. 7. Principal component analysis utilizing all variables indicating the studied oils originated 
from similar genetic sources 
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4. CONCLUSIONS 
 
Characterization and correlation of the AG and 
AS oils based on their depositional environment, 
OM type, thermal maturity and biodegradation 
state as well as lithology was undertaken. Bulk 
and biomarker parameters provided evidence of 
slight variations in thermal maturity of the studied 
oils, their environment of deposition, lithology 
and biodegradation status. These slight 
geochemical variability in the studied oils could 
not only be caused by differential entrapment of 
sedimentary rocks but also by slight differences 
in in-reservoir alteration, arising from differences 
in the physical and chemical properties of the 
oils, degree of biodegradation it has undergone, 
depositional environment associated with the 
degree of oxygenation in the water column , 
variation in sedimentation rate, migration 
occasioned by the presence of other geological 
features, OM types linked to ocean current and 
circulation as well as the level of primary 
productivity. The results indicated that majority of 
the studied oils were generated from a mixed 
source predominated by terrestrial over algal OM 
(Type III/II kerogen) deposited in oxic/suboxic 
shale-marine environment, while others were 
either deposited in oxichypersaline 
marine/lacustrine generated from a mixed source 
predominated by algal over terrestrial OM (Type 
II/III kerogen) or anoxic fluvio deltaic environment 
with relatively lower biodegradation level and 
thermal maturity found for the AG than the AS 
oils. Nevertheless, multi-variate PCA indicated 
that the Eastern and Central Niger Delta Basin 
onshore oils were predominantly generated from 
similar sources. The implication here was that 
the geochemical variability in the studied oils 
were not significant, a conclusion corroborated 
by Pearson correlation model data. The study 
can therefore help explorationists locate potential 
petroleum reservoirs, understand the geological 
history of Eastern and Central Niger Delta basin, 
identify potential production zones and design 
enhanced oil recovery strategies. 
 
To improve our understanding of the subtle 
geochemical variability in the studied oils, more 
oil and source rock samples will be needed for 
analysis of other saturate and aromatic 
biomarkers including their isotopic compositions. 
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SUPPLEMENTARY 
 

SI-1. Concentration in mg/l of n-alkanes and Isoprenoid Hydrocarbons for AG and AS oils 
 

n-alkanes AG1 AG2 AG3 AG4 AS1 AS2 AS3 AS4 

C8 1971.07 3250.07 3148.55 2097.64 1378.26 - - 430.71 
C9 1331.61 2191.21 2107.13 1403.53 1461.83 294.86 352.64 507.1 
C10 1096.27 1936.48 1860.2 1133.7 1847.41 431.53 527.44 658.4 
C11 886.04 1553.88 1526.57 882.75 1993.98 347.18 425.47 537.11 
C12 538.33 1452.58 1396.88 526.42 2076.41 461.54 537.03 877.32 
C13 730.17 1277.17 1217.36 707.79 2065.66 396.71 451.19 877.96 
C14 689.28 1167.02 1121.31 655.98 1959.8 406.89 455.09 895.83 
C15 593.99 1018.26 969.44 560.6 2269.11 353.27 386.26 806.36 
C16 278.04 501.3 485.61 235.61 1093.49 183.81 214.18 521.35 
Pr 469.73 1087.84 1055.22 424.18 2096.13 313.21 342.96 721.58 
C17 606.22 707.63 686.56 559.47 1183.21 354.5 379.81 890.21 
Ph 522.02 878.2 841.92 473.19 787.47 452.69 366.16 719.03 
C18 253.65 431.18 420.94 204.56 1688.5 322.06 214.95 479.73 
C19 486 955.35 773.96 412.37 1228.15 438.63 340.04 669.5 
C20 567.35 802.1 909.71 514.38 1978.52 491.28 422.18 769.74 
C21 535.67 913.3 877.48 466.02 1101.31 485.14 366.25 729.27 
C22 538.11 946.98 932.32 451.23 1084.32 447.72 356.38 721.08 
C23 574.46 695.73 692.58 498.43 1015.53 318.89 351.34 769.48 
C24 600.52 712.3 682.22 511.74 776.05 319.42 342.1 431.36 
C25 570.42 674.36 646.24 500.68 430.85 291.04 297.24 379.97 
C26 465.59 548.59 508.99 409.5 339.81 216.52 215.63 277.44 
C27 444.45 490.14 433.35 356.33 326.55 178.63 179.47 238.99 
C28 377.97 412.65 343.95 280.66 348.64 151.78 149.25 212.88 
C29 360.36 376.2 281.15 246.84 405.73 137.87 136.48 213.35 
C30 299.58 313.45 207.57 196.81 391.17 119.83 116.78 192.33 
C31 319.01 403.07 248.33 261.29 629.15 190.79 190.16 305.38 
C32 147.47 238.05 103.82 153.86 290.27 83.29 86.37 150.04 
C33 176.06 280.25 93.82 182.13 323.35 111.38 110.78 177.32 
∑C21-C31 5086.14 6486.77 5854.18 4179.53 6849.11 2857.63 2701.08 4471.53 
∑C15-C20 2785.25 4415.82 4246.22 2486.99 9440.98 2143.55 1957.42 4136.89 
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n-alkanes AG1 AG2 AG3 AG4 AS1 AS2 AS3 AS4 

∑C21-C31/∑C15-C20 1.826098 1.468984 1.37868 1.680558 0.725466 1.33313 1.379918 1.080892 
∑C27-C33 2124.9 2513.81 1711.99 1677.92 2714.86 973.57 969.29 1490.29 
∑C15-C21 3320.92 5329.12 5123.7 2953.01 10542.29 2628.69 2323.67 4866.16 
∑C27-C33/∑C15-C21 0.639853 0.471712 0.334132 0.568207 0.257521 0.370363 0.417138 0.306256 

 
SI-II. Concentration in mg/l of Polycyclic Aromatic Hydrocarbon (PAH) for AG and AS oils 

 

Compound Name AG1  AG2  AG3 
 

AG4 
 

AS1 
 

AS2 
 

AS3 
 

AS4 
 

Number of 
rings 

Molecular weight 
(g/mol) 

Naphthalene (NAP) 35.8 34.9 23.3 4.9 53.7 15.0 19.9 23.6 2 128.17 
Acenaphthylene (ACY) 37.5 36.6 24.6 23.3 65.2 19.2 24.9 29.2 3 154.21 
Acenaphthene (ACE) 26.9 26.2 17.3 16.6 48.0 13.2 20.1 23. 3 152.20 
Fluorene (FLU) 23.9 25.9 1.9 1.9 53.2 10.9 14.2 22.4 3 178.23 
Phenanthrene  (PHEN) 16.2 15.9 11.5 10.9 28.6 10.4 13.6 16.4 3 178.23 
Anthrancene (ANTH) 8.6 8.4 4.5 4.3 17.1 3.2 3.9 7.6 3 166.22 
Fluoreanthene (FLTH) 18.1 18.2 1.5 10.9 39.6 8.5 11.1 15.6 4 202.26 
Pyrene (PYR) 17.9 16.3 11.4 10.3 32.1 8.7 11.3 14.5 4 228.29 
Benz (a) anthracene (B[a]A) 17.5 17.0 11.1 10.5 34.8 7.9 1.5 15.6 4 228.29 
Chrysene (CHRY) 17.4 18.0 11.6 10.9 32.8 7.9 10.7 16.5 4 202.26 
Benzo (b) fluoranthene (B[b]F) 15.6 14.8 7.2 6.9 27.9 6.7 8.8 13.9 5 252.32 
Benzo (k) fluoranthene (B[k]F) 12.8 10.4 6.7 6.6 26.8 4.3 9.4 15.1 5 252.32 
Benzo (g, h, i) perylene (B[ghi]P) 10.8 8.7 6.1 5.9 24.0 3.9 4.8 8.2 5 252.32 
Benzo (a) pyrene (B[a]P) 9.7 6.8 5.4 5.4 13.6 3.5 4.8 8.0 6 278.35 
Dibenz (a,h) anthracene (DBT) 5.9 3.9 3.2 3.1 7.5 1.4 2.5 4.8 6 276.34 
Indeno (1,2,3-cd) pyrene (IND) 5.2 3.3 2.9 3.2 8.4 1.2 3.2 4.3 6 276.34 

Total  279.9 265.3 150.1 135.9 513.5 125.9 173.8 239.6   



 
 
 
 

Oyo-Ita et al.; Asian J. Appl. Chem. Res., vol. 13, no. 4, pp. 40-55, 2023; Article no.AJACR.100230 
 
 

 
55 

 

 
SI-III a-d. Correlation efficient plot 
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