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Abstract

This study aimed at characterizing and classifying crude oils with the view of
inferring source rock characteristics from the chemistry of oils and thus infer-
ring the hydrocarbon resource potential. The use of Gas Chromatographic-
Flame Ionization Detector traces (GC-FID) in indicating Kibiro, Nzizi2 Mur-
ram Pit, Runga, and Sonso is heavily biodegraded oil seep samples and Mputa-
1, Mputa-3, Mputa-4, Waraga-1, and Nzizi-2 oil samples are non-degraded oils.
From the Ternary diagram, Mputa-1, Mputa-3, Mputa-4, Waraga-1, and Nzizi-
2 oils belong to Paraffinic oils while Kibiro and Nzizi-2 Murram Pit oil seeps
are classified as Paraffinic-napthenic oils, and Runga and Sonso oil seeps be-
long to Napthenic oils. The plots of Moretane/Hopane vs Ts/Tm, 20S/(20S +
20R) for C,; sterane vs 22S/(22S + 22R) for Cs;;-homohopane, and saturates,
aromatics and NSO + Asph and ratios of app/(app + aaa) for Cy-sterane and
Ts/(Ts + Tm) show that the studied oil seep and oil samples originated from
mature source rock which has tendency to yield significant amount of hydro-
carbon. A plot of DBT/Phen vs NH/Hop, diasteranes/Steranes vs dH/29T's and
ratios of CPI, DBT/Phen, Pr/Ph suggests that oil and seep samples are derived
from shale source rock which yields significant quantity of hydrocarbons.

Keywords

Biomarkers, Source Rock, Cross Plot, Hydrocarbon

1. Introduction

1.1. Background

Crude oil is a complex mixture of hydrocarbons consisting predominantly of ali-
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phatic, alicyclic and aromatic hydrocarbons. It also contains small amounts of ni-
trogen, oxygen and sulfur compounds, some organometallic complexes, notably
of sulfur and vanadium, and dissolved gases, such as hydrogen sulfide (Onojake
et al., 2015). A crude oil study, utilizing detailed geochemical analysis of a repre-
sentative suite of samples, is an excellent way of identifying and comparing sam-
ples sourced from source rocks located within a given basin (Onojake et al., 2015).
The common methods for geochemical characterization of crude oils are the meas-
urement of API gravity, sulfur content, biomarker fingerprints, crude oil composi-
tions and stable carbon isotope ratio §C%o (Naglaa et al., 2014; Onojake et al.,
2015). The relative amounts of normal alkanes, isoprenoid, aromatics, and sulfur
compounds, are characteristics of oils derived from a particular source rock (Naglaa
et al., 2014). This study investigates the oils from Lake Albert basin, a sub-basin
within Albertine Graben, which, is a part of the East African Rift System (EARS).

The EARS comprise the Eastern arm and the Western arm, popularly known as
the Albertine Graben. The Western arm is approximately 2100 km long and com-
prises a series of elongated, narrow rift valleys extending from Lake Malawi in the
south to Lake Albert in the north and it is the principal potential petroleum pro-
spect in Uganda (Lirong et al., 2004; PEPD, 2011). It comprised NE-SW trending
narrow rift troughs or a series of discontinuous faulted segments formed by tec-
tonic episodes of both extensional and compressional regimes. One such troughs
located in the Albertine Graben is the Lake Albert basin (Figure 1), the focus of
this study.

Eastern Lake Albert basin (Figure 1), forms part of the Albertine Graben, a
frontier basin in the Western part of the East African Rift System which has seen
a bee-hive of activity in the recent past. Its hydrocarbon potential is highlighted
by a number of recent discoveries of oil and gas (Lirong et al., 2004). Being a fron-
tier basin, important geological parameters that inform the resource potential therein
are poorly constrained. For example, lithology, depositional environments, and
the organic matter type in source rocks are unknown. This implies that the re-
source potential in the Graben remains unresolved with negative impact towards
government efforts to attract international oil companies. The poor understand-
ing is partly due to the fact that source rocks have not been penetrated in this part
of the basin.

The understanding of source rock lithology, that is, carbonate versus silisiclastic
has an important bearing on the source potential and indeed, the resource poten-
tial. For example, generation and migration through carbonate lithology is known
to be very efficient compared to in silisiclastic lithology due to the surface activity.
Moreover, some sections of the literature on the geological history of the Albertine
Graben, indicate the possibility of thick pre-rift sediments of the Karoo, the marine
carbonates that were wide-spread in Africa during the carboniferous (Abeinomugi-
sha & Kasande, 2009; Kiconco, 2005).

In the current oil study, geochemical inversion is used as a modern approach of

inferring crude source rock characteristics from the chemistry of hydrocarbon ac-
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cumulations and seeps (Bissada et al., 1992). This is because pertinent source rock
information is absent, because exploratory drilling focused strictly on structural
highs and failed to penetrate the deeply buried, effective basinal source facies.
Biomarkers are used in crude oil study to provide information on the organic
source materials, environment of deposition, thermal maturity experienced by a
rock and the degree of biodegradation (Onojake et al., 2015). Biomarkers are ap-
parently used in petroleum industry to identify groups of genetically related oils, to
correlate oils with source rocks and to describe the probable source rock deposi-
tional environments for migrated oil of uncertain origin (Hakimi et al., 2011).
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Figure 1. Map showing the location of the wells and seepages from which samples used in this study were obtained (modified from

PEPD, 2011).

1.2. Statement of the Problem

In the Albertine Graben, drilling has only targeted hydrocarbon traps, with no due
consideration to source rocks, the primary geological element from which the oils
are derived and which, also determines how much petroleum is potentially avail-
able for entrapment. This implies that uncertainty surrounds such information

about source rocks, such as their lithology, their organic matter attributes, depo-
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sitional environments and maturity, with attendant impact on the resource po-
tential of the area. Oil-source rock correlation in the Albertine Graben by Lukaye
& Okello (2015) indicated a negative correlation between the oils and the sus-
pected source rocks, and therefore implying existence of a number of source rocks.
This implies that oil-source rock correlations in the Albertine Graben remains
elusive thus a gap in knowledge about source rock lithology and maturity which

control the hydrocarbon reserves potential.

1.3. Main Objective

To geochemically characterize and classify the oils of the Eastern Lake Albert ba-
sin with the view of projecting source rock characteristics and thus infer the pe-

troleum potential therein.

Specific Objectives

Specific objectives included:
(1) To establish maturity of the source rock responsible for the oils under study.
(2) To determine source rock lithology from which the oils under study came

from.

1.4. Significance of the Study

This study is invaluable to petroleum geochemists because it enables projection of
source rock characteristics and potential hydrocarbon resources in the basin and
thereby increasing the efficiency of hydrocarbon exploration and production in
the Eastern Lake Albert basin. This research will add more knowledge and infor-
mation to petroleum geochemists about source rock characteristics in the Eastern
Lake Albert basin, and use it for future reference, and it will have positive impact

to the economy of the country.

1.5. Justification of the Study

The information of crude oil-source rock obtained from this study will be useful
for MEMD in reviewing its oil and gas policy, and on license safeguarding petro-
leum sector as well as use on bids to attract International Oil Companies for in-

vestment in the Eastern Lake Albert basin for feasible social economic importance.

2. Methods

Materials

This current study utilized quantitative data, mainly of geochemical data analyzed
using High Performance Liquid Chromatography (HPLC) and Gas Chromatog-
raphy-Flame Ionization Detector (GC-FID) and Gas Chromatography-Mass
Spectrometry (GC-MS) of oil seeps and oils recovered from some of the wells in
the Albertine Graben drilled by Tullow in 2007. The data from the wells, namely
Waraga-1, Nzizi-2 Murram Pit, Nzizi2, MPuta-1, Mputa-3, Mputa-4, Runga,
Sonso and Kibiro seep obtained from the Directorate of Petroleum (DOP), En-
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tebbe, Uganda. The relevant data was subsequently selected and presented in the
workflow (Figure 2) to illustrate systematic flow of the methodology and

analysis.

HPLC, GC-FID and GC-
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Figure 2. Workflow chart summarizing steps in methodology on how specific (I and II) and main objectives (s) were attained.

3. Results

3.1. Introduction

Data and interpretive ratios obtained from quantitative data-set were tabulated
and various interpretive ratios/values and figures derived. The identification and
selection of data was based on the importance of each parameter in relevant to
specific objective. Where necessary, as in the case of HPLC data, data was normal-

ised before plotting to appropriate interpretive diagram.

3.2. Assessment of Biodegradation

The extent of biodegradation among oil and oil seep samples were assessed from
HPLC and GC-FID data. From the HPLC data, it can be seen that Mputa-1, Mputa3,
Mputa-4, Waraga-1, Nzizi2 oil samples have saturates/aromatics ratios greater
than 1 indicating non-degraded oils while Kibiro, Nzizi-2 Murram Pit, Runga and
Sonso oil seep samples have sats/aros ratios less than 1 indicating biodegraded oil
seeps. This is actually expected given that they have been exposed to oxidation
during seepage.

The GC-FID traces for all oil seeps are indicated in Figure 3(a). It noted that
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Kibiro, Nzizi-2 Murram Pit, Runga and Sonso have no traces of n-alkanes (n-Ci,
n-Cis, Pr and Ph) and their baseline humps have been elevated to greater extent,
implying heavy biodegradation concurring with observations and interpretation
of sats/aros from HPLC data above.

The 5 traces of GC-FID for oils (Figure 3(b)), show intact n-alkanes (n-Cy, n-
Cis, Pr and Ph) and a relatively straight baseline humps. These samples represent
oils recovered from Mputa-1, Mputa-3, Waraga-1, Mputa-4 and Nzizi-2. This clearly

suggests that these oils are non-degraded.

3.3. Classification of Crude Oils

A plot of saturates, aromatics and NSO + Asph on Ternary diagram in Figure 4. It
shows all non-degraded oil samples plot in P zone indicating Paraffinic oils, and
biodegraded Kibiro, Nzizi-2 Murram Pit oil seeps plot in PN zone indicating Paraf-
finic-napthenic oils, and biodegraded Runga and Sonso oil seeps plot in N zone in-
dicating Naphthenic oils. However, the fact that oils are biodegraded implies that

the classification as Paraffinicnaphthenic and Naphthenic may be unrealistic.

FID O ; UG001C
2H Heavy biodegraded seep Kibiro
21
141 No traces of Elevated
] biomarkers « baseline hum

A
0 T T T T T

0 10 20 30 40 50 60
FID . NG002C
204 Heavy biodegraded seep N’Zin-2
21 Morrum Pit
Elevated

No traces of

. »~ baseline hum
biomarkers

*
I T, T, 17,711

10 20 30 40 50 60

0
FID . UG003C
16 Heavy biodegraded seep Runga
i Elevated
No traces of + baseline hum

biomarkers

[
[ T T 1,11

ofH—
0 10 20 0 4 s €0
FID UG004C
1sH Heavy biodegraded seep Soso
14 Elevated
1 No traces of baseline hum

biomarkers

| I I T A

0 40 50 60

(a)

o
a
=)
8

DOI: 10.4236/gep.2025.138022 456 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2025.138022

E. A. D. Daniel

FID
100 { Non-degraded oil -C17 GP-I  UG006C
80 - Mputa-1
60 1 Stable baseline
P, hump
40 7
/
20 p
0 - I I. | N
1 ) 3 7
FID )
100 { Non-degraded oil n‘Cn n'Czo GP-1 UG006C
80 / n-Cig Maraga-1
60 - [ ’/ Stable baseline
44 P, hump
20 /
0 -
i 2 4 6 ] 10 12
FID 1 nC C
100/ Non-degradedoil 7-Cis n-Ca GP-1 UGO007C
/ n -Cls Mputa-4
o /
60 - ) Stable baseline
40 - }’; hump
201 /
o i J sl Ll L], | L
i 2 4 6 8 10 12
FID :
1001 Non-degradedoil n-Cg n-Cz  GP-II UG009C
_C Nzizi-2
80 18
60 1 / Stable baseline
hump
404 P
20 " Il ,/
0 L | MK T s ainm IJ
i 2 4 6 8 10 12
FID . -C
100/ Non-degraded oil 7-Cis n-Cyy  GP-Il UG009C
n-C 882.7m
80 - 18
[ F | Stable baseline
60
‘ | hump
20 p
0 L ] ) wda g el N Il l /
(b)

Figure 3. (a) Reconstructed GC-FID traces of saturated hydrocarbons for all oil seep
samples. Note that Kibiro, Nzizi Murram Pit, Runga and Sonso samples have no nalkanes
traces, and with elevated/raised baseline humps suggesting possible heavy biodegradation;
(b) Reconstructed GC-FID traces of saturated hydrocarbons for all oil samples. Note that
Mputa-1, Mputa-3, Waraga-1, Mputa-4 and Nzizi-2 have n-alkanes peaks with normal
baseline humps suggesting non-degraded oils.

The GC-FID data are presented in Appendix A2 as raw data, and the following
values of n-Cys to n-Csq, Pr, Ph and ratios of Pr/Ph, Pr/(Pr + Ph), waxiness, CPI,
OEP, and TAR were later screened out for various interpretations and plots to

attain specific objectives.
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Figure 4. A Ternary diagram showing plot of sats, aros and NSO + Asph suggests all non-
degraded oil samples (Mputa-1, Mputa-3, Mputa-4,Waraga-1 and Nzizi-2) plot in P zone
indicating Paraffinic oils and Kibiro and Nzizi-2 Murram Pit (biodegraded) oil seeps plot
in PN zone indicating Paraffinic-napthenic oils, Runga and Sonso (biodegraded) oil seeps
plot in N zone indicating Napthenic oils (plot derived from Tissot & Welte, 1984) and
bolded pointing arrow illustrating increasing maturity (Echegu, 2013).

3.4. Characterization of Oils

The source rock characteristics (e.g., maturity, source rock lithology) are deter-
mined from chemistry of oils using various plots and geochemical interpretive

templates as discussed below.

3.4.1. Maturity of the Source Rock

The use of geochemical parameters of sats, aros and NSO + Asph as illustrated,
shows that Mputa-1, Mputa-3, Mputa-4, Waraga-1 and Nziz-2 oil has high ratios
of saturates to aromatics suggesting maturity, and biodegraded seeps of Kibiro
Nzizi-2 Murram Pit Runga and Sonso has low ratios of saturates to aromatics sug-
gesting immaturity (Tissot & Welte, 1984; Echegu, 2013).

A plot of ratios of 20S/(20S + 20R) for C,;-sterane vs 22S/(22S + 22R) for
Csithomohopane for all oil samples is indicated in Figure 5. All oil samples studied
plot in a region that indicate high maturity illustrating that the oil samples origi-
nated from mature source rock.

A plot of Moretane/Hopane vs Ts/Tm ratios for oil and oil seep samples is in-
dicated in Figure 6. Except for Kibiro oil seep, most of the samples (Mputa-1,
Mputa-3, Mputa-4, Waraga-1 and Nzizi-2) plot in a zone that illustrates deriva-

tion from mature source rocks.
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Figure 5. A plot of 20S/(20S + 20R) for C27-sterane vs 22S/(22S + 22R) for C31homohopane
ratios showing all oil samples plot in a region that indicates high maturity (plot derived from
Peters et al., 2005; Seifert & Moldowan, 1986). All oil samples plotted originate from mature
source rock.
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Figure 6. A plot of Moretane/Hopane vs Ts/Tm (Trisnorhopane/Trisnorneohopane) ratios
illustrating most of oil samples (Mputa-1, Mputa-3, Mputa-4, Waraga-1 and Nzizi2) plot
in a zone that illustrates mature source rock and Kibiro seep plot in a zone that shows
immature source rock (dotted lines drawn from Mackenzie et al., 1980; Seifert & Moldowan,
1980 in Malik, 2012; Waples & Michihara, 1991).

The sterane ratio apf/(app + aaa) for Cy-Sterane with values 0.67-0.71 sug-
gests oil window maturity for the source rocks (Seifert & Moldowan, 1986). The
ratio of Ts/Tm range between 1.37 and 1.54, suggesting that oils are generated
from mature source rocks.

On the contrary however, data from app/(app + aaa) for (Cy-Sterane) ranges

from 0.2 and 0.27 indicating a derivation from immature source rock.
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The disagreement between the two maturity parameters could be as a result of
the catalytic effect of siliclastics, that is, iron and aluminium in siliciclastics cata-
lyse the transformation of trisnorhopane to trisnorneohopane (Waples & Michi-
hara, 1991).

The geochemical maturity parameter Ts/(Ts + Tm) reaches equilibrium at 0-
0.62 from low maturity to high (Waples & Machihara, 1991; Mackenzie, 1984)
while the Homohopane maturity parameter 225/(22S + 22R) for Cs;-exhibits high
maturity at 0.570.62 (Seifert & Moldowan, 1986). For the oils under study, the
ratio of Ts/(Ts + Tm) is ranging from 0.580.61 while 225/(22S + 22R) for Cs-
homohopane ranges 0.56-0.59. This suggests that the oils and oil seeps were gen-

erated from mature source rocks.

3.4.2. Source Rock Lithology
A plot of DBT/Phen vs NH/Hop ratios for oil and oil samples is indicated in Fig-
ure 7. All oil and oil seep samples plot in a region that shows derivation of oils

from shale source rock deposited in oxic-sub oxic environment.

1.2
I Mputa-1 [l Mputa-3 [EMputa-4 ™ Waraga-1 B Nzizi-2

1 Carbonate source rock O Kibiro seep
_________________________________ -
i
0.8 i
c 1
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c 06 1
[ I
= 1
D o4 :
1
0.2 I
[ ] [ ) le) :

9)
0 $ !
0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2

NH/Hop

Figure 7. A plot of DBT/Phen vs NH/Hop (C29 norhopane/C30 hopane) ratios illustrating
all oil and oil seep samples plot in a region that shows shale source rock deposited in oxic-
sub oxic environment (plot is derived from Peters et al., 2005; Hakimi et al., 2011).

CPI ratios greater than 1 shows shale source rock and CPI ratios less than 1
suggests carbonate source rock (Palacas et al., 1984; Moldowan et al., 1985) and
ratios of diasterane/sterane less than 1 are suggestive of carbonate source rock and
diasterane/sterane greater than 1 suggests shale source rock (Mello et al., 1988).
The CPI and diasterane/sterane ratios amongst the oil samples under study is in
the range of 1.091.11 (Table 4.3) and 1.28 - 1.50 respectively. This suggests that oil
samples are derived from shale source rock. This statement may not be conclusive
since CPI and Pr/Ph are usually influenced by maturity and depositional environ-
ment.

The ratio of DBT/Phen under 1 shows shale source rock while Pr/Ph ratio from
1 - 3 suggests shale source rock. On the other hand, Pr/Ph ratios greater than 3

shows shale (coal) source rock and DBT/Phen ratios above 1 indicates carbonate
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sourcing (Hughes et al., 1995). The ratios of Pr/Ph and DBT/Phen for the oil sam-
ples under study range from 2.93 - 3.16 and 0.03 - 0.15, respectively. This suggests
that oils are derived from shale source rock with small quantity of coal sediments,
however, this may not be conclusive because Pr/Ph ratios are always influenced
by depositional environment, and maturity and may not be preserved well.

A plot of dh/29Ts vs diasterane/sterane ratios for oil and oil seep samples is
illustrated in Figure 8. All oil and oil seep samples plot in a zone that suggests

shale source rock.

B Mputa-1 BN Mputa-3 EMputa-4 W Waraga-1 M Nzizi-2C1 Kibiro seep.

o
a4
o
°
23 ®
[e2}
N
-
o
2
Shale source rock
1 1
Carbonate source rock :
1
0 1
0.5 0.6 0.7 08 0.9 1 11 12 13 14 15

Diasterane/sterane

Figure 8. A plot of dh/29Ts (diahopanes) vs Diasterane/sterane ratios indicating oil and oil
seep samples plot in a zone that suggests shale source rock (dotted lines drawn from Peters
& Moldowan, 1993; Seifert & Moldowan, 1979).

4. Discussion
4.1. Introduction

The main aim of this study was to geochemically characterise and classify the oils
with the view of inferring the source rock characteristics from the chemistry of
oils. In this study, the GC-FID traces and sats/aros ratios were used to assess the
biodegradation of oil and oil seep samples as highlighted in Figure 3(a) and Fig-
ure 3(b), Chapter 4. The derived geochemical parameters, interpretive ratios/val-
ues and various plots were also used. This chapter discusses the findings of the

study.

4.2. Assessment of Biodegradation

According to Hakimi et al. (2011), crude oil samples with sats/aros ratio greater
than 1 shows non-degraded crude oil and that if the ratio is less than 1 it suggests
biodegraded crude oil. The saturate and aromatic fractions for this study. In ref-
erence to this study, oils from Mputa-1, Mputa-3, Mputa-4, Waraga-1 and Nzizi-
2 are non-degraded while Kibiro, Nzizi-2, Murram Pit, Runga and Sonso are bio-

degraded.
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Gas chromatograms of saturated fractions from representative crude oil sam-
ples suggests non-degradation if there is dominance of n-alkanes with no change
in baseline humps and biodegraded if n-alkanes are absent and there is change in
baseline humps (Hakimi et al., 2011; Malik, 2012). GC-FID traces for Kibiro, Nzizi-
2 Murram Pit, Runga and Sonso show these oils are therefore biodegraded. Wa-
raga-1, Mputa-1, Mputa-3, Mputa-4 and Nzizi-2 oils on the other hand have traces
of n-C;; & n-Cy3, and Pr and Ph and with normal baseline without humps. These

oils are therefore not biodegraded.

4.3. Classification of Crude Oils

Oil enriched with higher saturates than aromatics, naphthene and NSO is classi-
fied as paraffinic high waxy oil type (Hammad et al., 2015). Tissot & Welte (1984)
in their research, they observed that crude oil samples with high ratios of saturates
to aromatics are paraffinic oils, and crude oil samples with low ratios of aromatics
to asphaltenes and NSO are classified as Paraffinic-naphthenic oils. The lowest
ratios of asphaltenes and NSO belong to Naphthenic oils. Based on the saturate-
aromatics-NSO-asphaltene abundances in the oils studied (Figure 4), Mputa-1,
Mputa-3, Mputa-4, Waraga-1, and Nzizi-2 are classified as Paraffinic oils. Runga
and Sonso on the other hand are classified as Naphthenic oils, Kibiro and Nzizi-2
Murram Pit are classified as Paraffinic-naphthenic oils. These seeps might have
undergone a stage of extensive migration and expulsion which exposes them to
microbial activity, in actual sense, if the seeps were preserved at better conditions
then, they would have been regarded as paraffinic oils. Consequently, the crude

oil of Eastern Lake Albert basin yields commercial paraffinic oil.

4.4. Characterization of Oils

The geochemical characterisation of oils was used to infer the source rock charac-
teristics from oil-characterisation covering aspects such as source rock maturity,
source rock lithology. It might be apparent as the oil have suffered from biodeg-

radation, thermal alteration and migration effects.

4.4.1. Maturity of the Source Rock

According to Peters et al. (2000), ratios of saturated to aromatic hydrocarbon
components in crude oil increases with increase in maturitiy while polar to as-
phaltenes ratios decreases with decrease in maturity. This agrees with geochemical
parameters highlighted in Figure 4 for the oils under study. The data shows that
oils under study, with exception oil seeps, were derived from mature source rocks.
The derivation of oil seeps from immature source rocks as suggested by the data
may be due to biodegradation, which implies the biomarkers were not preserved
well, if preserved, in which case, they could as well be derived from mature source
rocks. This maturity status of source rock in the Albertine Graben is also con-
firmed by Kiconco (2005).

The maturity of the source rock is determined using the geochemical templates
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of 20S/(20S + 20R) for C,;-sterane and 22S/(22S + 22R) for Cs;;-homohopane

highlighted in Figure 5 and ratios of 20S/(20S + 20R) and 22S/(22S + 22R) in

the range 0.57 - 0.6 and 0.58 - 0.59 suggesting that studied oil samples are gen-
erated at high level of maturity, therefore the oil samples are derived from ma-
ture source rock.

Maturity of the source rock was determined using the geochemical interpretive
template for Moretane/Hopane and Ts/Tm (Figure 6). The data suggests that
non-degraded oils are derived from mature source rocks. This is concurrence with
the work of Jarvie et al. (2007). The biodegraded Kibiro oil seep however, plots in
a zone suggesting derivation from immature source rock. Lirong et al. (2004) re-
ported that Kibuku oil seep was derived from an immature source rock. Appar-
ently, oil seeps seem to be derived from immature source rocks, an indication that
the seeps are completely different in origin to the nondegraded oils. Perhaps also
indicating different sourcing within the basin.

The maturity parameter of apf/(app + aaa) for Cy sterane has an increasing
maturity status from 0-0.70 (Malik, 2012; Onojake et al., 2015). Ts/Tm ratios
greater than 1 suggest mature crude oils (Sun et al., 2016). For the oil samples
under investigation, the ratio app/(app + aaa) for Cy steranes ranges from 0.20-
0.27 while T's/Tm ratio range from 1.37 - 1.54 (Table 4.4) and Ts/(Ts + Tm) ratio
range from 0.58 - 0.61 suggesting mature oil and oil seep samples derived from
mature source rock concurring to a statement of Sun et al. (2016) that suggests
mature source rocks.

In the above plots and interpretative ratios used in determining the maturity
status of oil and oil seep samples, it is suggesting that oil samples are generated
from mature source rocks and oil seep samples from immature source rocks. This
interpretation, however, is conservative given that the oil seeps are biodegraded
and therefore the peaks used could be unrealistic. Generation at higher maturity
for both oils and oil seepages is implied. This also means that large amount of
hydrocarbons could have been delivered by the source rocks.

e Biomarker ratios indicate mature oils (e.g., Trisnorhopane, trisnorneohopane,
moretane, sterane and hopane isomer ratios), some inconsistencies of C29
sterane suggest biodegradation effects or mixing.

e (29 norhopane is thermally stable across a wide range of burial depths and
temperatures. Its stability means it doesn’t degrade or react easily, allowing it
to persist in mature source rocks and crude oils.

e The BB > af > aa isomerization of hopanes with increasing thermal maturity
is wellestablished. The €29 norhopane /17a(H), 21B(H), hopane ratio changes
systematically with thermal maturity, making it a reliable maturity proxy.

C29 norhopane abundance can be influenced by the type of organic matter and
depositional environment and severe biodegradation can eventually degrade C29
norhopane.

4.4.2. Source Rock Lithology

Source rock lithology is inferred using geochemical parameters of DBT/Phen vs
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NH/Hop highlighted in Figure 7 and dh/29Ts vs diasterane/sterane (Figure 8).
Interpretive ratios of CPI, Pr/Ph suggest that oil and oil seep samples are derived
from shale source rock. This is concurring with previous work by Kiconco (2005)
and Lukaye (2016), who stressed that the dominant source rock in the Albertine
Graben is shale source rock. Shale rocks are known as excellent source rocks, with
early maturity characteristics and migration efficiency compared to carbonate
source rocks. This, therefore, implies that a significant amount of hydrocarbons

could have been generated by the source rocks.

5. Conclusions and Recommendations

5.1. Conclusions

a) The summary of this study is in brief outlined below.

e The crude oil of the Eastern Lake Albert basin is of paraffinic class which yields
commercial hydrocarbon.

e The oils and oil seep samples are derived from mature source rock meaning
that mature source rocks have tendency to deliver a significant amount of hy-
drocarbons.

o The source rock lithology inferred is shale suggesting that shale source rock
delivers a significant amount of hydrocarbons owing to its expulsion and mi-

gration efficiency.

5.2. Recommendations

o The existing geochemical data of 4 oil seep and 5 oil samples are limited, which
makes the study not conclusive.

e Lack of source rock data that would help in direct correlation of source rock
characteristics rather than inferring source rock characteristics from oils.

e Some of the geochemical parameters used in methodology were not preserved
well and therefore could not be relevant enough in their uses as per the specific
objectives. This mainly applied to oil seepages which are biodegraded.

In relation to the above identified problems, the following recommendations
have been suggested for further research in the Eastern Lake Albert basin of the
Albertine Graben.
¢ This study recommends to MEMD and DOPEP to make the source rock data

available to help in characterization and correlation of source rock and oil-
source rock characteristics rather than inferring source rock characteristics
from oils.

e More wells in the Eastern Lake Albert basin are needed in order to have suffi-
cient geochemical data to help in correlation of source rock and oil-source rock
so that the study is conclusively attained with confidence rather than inferring
source rock characteristics from oils.

¢ The study also recommends the use of more accurate geochemical parameters

in achieving specific objective so that the research is conclusively attained.
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