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ABSTRACT

21.0. Introduction

The study area lies within the Greater Ughelli Depo belt, Niger Delta sedimentary basin of southern Nigeria. The
sedimentary sequence of the well shows changes in lithological characteristics (facies) or properties in the samples
collected. Based on organic-matter content and type, [1] used af—hopanes and oleananes to fingerprint crude
concerning their source and proposed that the shales of the paralic Agbada formation sourced the oil on the eastern
side of the delta while the Akata and marine-paralic (Agbada formation) sourced on the western side of the delta.
[2] further constrained this hypothesis using geochemical maturity indicators, including vitrinite reflectance data,
showing that rocks younger than the deeply buried lower parts of the paralic sequence are immature. Source rocks
are sedimentary rocks that are, or may become, and may have the potential to generate petroleum [3]. They form
one of the necessary elements of a working petroleum system. They are organic-rich sediments deposited in various

environments, such as deep-water marine, lacustrine, and deltaic environments.

Studies on the Tertiary Niger Delta have revealed three lithostratigraphic units [4] which are from bottom to
top. The Akata Formation, which underlies the entire delta, is dominantly of overpressure shale with age Paleocene
to Recent. The Agbada formation is a paralic sequence of interbedded sandstones and shale, and its age is Eocene to
recent. Benin formation is composed of coarse grain sand with gravelly admixtures, clay, and silts and is also
called continental sandstone. The age of the sediment is Miocene to recent.

1.1. Objectives of the Study

This study's objectives are: (1) To ascertain the hydrocarbon generation potential of the source rock, (2) To identify
facie types and analyze the characteristics of the sample, (3) To determine the organic matter type of the shale
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samples, (4) To determine the quantity of the shale samples’ organic matter (organic richness), and (5) To define
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the thermal maturity of the source rock or main hydrocarbon generation zones.
1.2. Location of Well #A1

The #A1 Well is a drilled deep well located in the Greater Ughelli Depo belt of the Niger Delta basin.
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Figure 1. Location Map of Well #A1 in the Depo Belt of the Niger Delta [5]
1.3. Stratigraphy of the Niger Delta

The Niger Delta caustic wedge formed along a failed arm of a triple junction system (aulacogen) that originally
developed during the breakup of the South American and African plates in the late Jurassic [6],[7]. The two arms
that followed the southwestern and southeastern coast of Nigeria and Cameroon developed into the passive
continental margin of West Africa. In contrast, the third failed arm formed the Benue Trough. Other depocenters
along the African Atlantic coast also contributed to deltaic build-ups (Figure 2). Although the stratigraphy of the
Niger Delta clastic wedge has been documented during Oil exploration and production, most stratigraphic schemes
remain proprietary to the major oil companies operating concessions in the Niger Delta Basin. The stratigraphic

evolution of the tertiary Niger Delta and underlying Cretaceous strata is described by [4]. The Petroleum Geology
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of the Niger Delta is represented in [8],[9],[10]. [11] developed a hydrocarbon habitat model for the Niger Delta
based on sequence stratigraphic methods. [12],[13] described depositional Environments, sedimentation, and
physiography of the modern Niger Delta. The three major lithostratigraphic units defined in the subsurface of the
Niger Delta (Akata, Agbada, and Benin Formations, Figure 2) decrease in age basin-ward, reflecting the overall
regression of depositional environments within the Niger Delta clastic wedge. Stratigraphic equivalent units to
these three formations are exposed in Southern Nigeria.
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Figure 2. Stratigraphic column showing the three Formations of the Niger Delta, the Marine Akata shale, the

paralic Agbada formation, and the continental Benin sandstone [10] Modified from [9]

1.3.1. Akata Formation

The formation underlies the entire delta and forms the lowermost unit. It is a uniform shale development consisting
of dark grey, sandy, silty shale with plant remains at the top. The Akata formation is typically over-pressured and
believed to have formed during low stands when terrestrial organic matter and clays were transported to deep water
areas characterized by low energy conditions and oxygen deficiency [11]. It is over 4000 ft thick and ranges in age

from Eocene to Recent and is believed to have been deposited in front of the advancing delta.

1.3.2. Aghada Formation

The formation is a sequence of sandstones and shales, with sandstone dominant in the upper unit and thick shales in
the lower unit. It is very rich in microfauna at the base, decreasing upwards, suggesting an increase in deposition

rate at the delta front. The grains are coarse and poorly sorted, indicating a fluviatile origin. The Agbada formation
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covers the entire subsurface of the delta and may be continuous with the Ogwashi-Asaba and Ameki formations of
the Eocene -Oligocene age. It is over 10,000 ft thick and is the major hydrocarbon-bearing unit in the delta.

1.3.3. Benin Formation

The formation comprising over 90% sandstone with shale intercalations, extends from the west across the entire
Niger Delta area and southward beyond the present coastline. The thickness, though variable, is estimated at 6000
ft. It is coarse-grained, gravelly, poorly sorted, sub-angular to well-rounded, and bears lignite streaks and wood
fragments. The formation is characterized by structural units such as channel fills, point bars, etc., which indicate
the variability of the shallow water depositional medium. The Benin Formation is thicker in the central onshore part
of the delta, where it reaches about 2,000 ft [14] and thins outwards towards the delta margins. The Benin

formation, with very little hydrocarbon accumulation, ranges in age from Miocene to recent.
#2.0. Methods and Materials

Five (5) ditch-cutting samples and five shale facies were obtained from Well #A1. The samples were collected at
different depths and analyzed for lithofacies description using rock-eval pyrolysis, TOC content, and
sedimentology. Ditch-cutting samples collected from the well were prepared and labeled, indicating the name and
depth of the well.

2.1. Sedimentology

A total of FIVE (5) ditch-cutting samples were collected from the well, and lithological description using a
reflected light microscope to obtain Physical characteristics such as color, texture, hardness, fissility,
shapes/roundness, mineral composition, and post-depositional diagenetic effect, etc. were noted. 10% of HCI
Chemical tests were used to determine the presence of calcareous materials. These properties are vital for the
analysis of lithofacies. Consequently, the well's sedimentary succession was generated by a geological model
embracing lithofacies, associated minerals, and heterogenetic and homogenetic zones. The lithofacies units present
are Shale. The five studied intervals with depths 7655-7670 (Ft.), 7805-7820 (Ft.), 8300-8315(Ft), 8360-8375 (Ft.),
8960-8975(Ft.) are shales, Grey in color and non-calcareous.

Table 1. Lithostratigraphic Model of the Well Penetrated by the Drill (Well #A)

LITHOSTRATIGRAPHIC MODEL OF THE WELL PENETRATED BY THE DRILL (B1-WELL)

TEXTURE
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2 8564 Grey fissile shale.Non calcareous Shale Shale(100%) Nil Nil Nil

3 8604 Grey fissile shale.Non calcareous shale Shale{100%) 1 Nil Nil Nil 1

4 10687 Grey fissile shale.Non calcareous Shale Shale{100%) Nil Nil Nil

5 10961 Grey fissile shale.Non calcareous Shale Shale{100%) Nil Nil Nil

KEYS

E SHALE
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2.2. Rock-Eval Pyrolysis

The hydrocarbon generation potential, maturity, type of kerogen, and Hydrogen Index (HI) values were determined
using DELSI -NERMAG Rock-Eval 1l PLUS TOC MODULE. The sample chosen to be measured on the
Rock-Eval is usually subsurface from freeze-dried material previously crushed for analyses on the coulometer and
CNS. The Rock-Eval pyrolysis method consists of a programmed temperature heating (in a pyrolysis oven) in an
inert atmosphere (helium) of a small sample (100mg) to quantitatively and selectively determine the free
hydrocarbons present in the sample, and the hydrocarbon and oxygen-containing compounds (HCO2) that are
volatilized during the cracking of the un-extractable organic matter in the sample (kerogen). During the pyrolysis
process, the oven is kept isothermally at 300°C for 3 minutes, and the free hydrocarbons are volatilized and
measured as the S1 peak (detected by Flame lonization Detector] P87FID). The temperature is then increased from
300°C to 550°C (at 25°C/min). This is the phase of volatilization of the very heavy hydrocarbon compound (>C40)
as well as the cracking of non-volatile organic matter. The hydrocarbon released from this thermal cracking is
measured as the S2 peak. The temperature at which S2 reaches its maximum depends on the nature and maturity of
the kerogen and is called Tmax. The CO, issued from kerogen cracking is trapped in the 300°- 390°C range. The
trap is heated, and CO2 is released and detected on a TCD during the cooling of the pyrolysis oven (S3 peak). S1=
the number of free hydrocarbons (gas and oil) in the sample (in milligrams of hydrocarbon per gram of rock). If S1
>1 mg/g, it may be indicative of an oil show. S1 normally increases with depth. Contamination of samples by
drilling fluids and mud can give an abnormally high value for S1.
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Figure 3. Cycle of analysis and the corresponding recording [3]
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2.3. Source Rock Potential (S2)

This is the amount of hydrocarbon generated through the thermal cracking of nonvolatile organic matter, S2
indicates the quality of hydrocarbons that the rock has the potential to produce should burial and maturation
continue. This parameter normally decreases with depth >1km.

2.4. Source Rock Potential (S3)

This is the amount of CO; (in milligrams of CO, per gram of rock) produced during the pyrolysis of kerogen. S3
indicates the amount of oxygen in the kerogen and is used to calculate the oxygen index. Contamination of the

sample should be suspected if abnormally high S3 values are obtained.
2.5. Tmax

The temperature at which the maximum release of hydrocarbon from cracking of kerogen occurs during pyrolysis

(top of S2 peak). Tmax is an indication of the stage of maturation of the organic matter.
#73.0. Results and Discussions
3.1. Total Organic Carbon (TOC) and Source Rock Richness

Five (5) samples comprising five (5) shales were collected from well #A1, washed, pulverized, and analyzed for
Total Organic Carbon (TOC) using a DELSI -NERMAG PLUS TOC MODULE analyzer. Approximately 100mg
of each sample was used, and the standard pulverization and hydrochloric acid (HCI) treatment for carbonate

removal was utilized before measurement.

Table 2. Organic carbon contents and rock-eval pyrolysis data analysis for shale samples #A1 Well

Sample TOC S1 S2 S3 GP 'I;max Pl HI Ol

(wt.%) | (mgHC/g) | (mgHC/g) | (mgCO./g) | (S1+S2) | (°C) (mgHC/g) | (mgCO,/g)
7655-7670 | 0.17 0.05 0.06 0.24 0.11 413 1.06 | 35 141
7805-7820 | 1.22 0.06 0.1 0.28 0.16 421 11 |8 23
8300-8315 | 0.17 0.08 0.1 0.25 0.18 435 11 |59 147
8360-8375 | 1.13 0.04 0.06 0.19 0.1 415 1.06 | 5 16
8960-8975 | 0.22 0.08 0.19 0.27 0.27 0 119 | 86 123

Table 3. Organic matter calculations

Hydrogen Index (HI) (S2/TOC)x100
Oxygen Index (Ol) (S3/TOC)x100
Production Index (PI) S1/(S1+S2)

Vitrinite Reflectance (RC) 0.0180xTmax-7.16
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Table 4. Organic matter measurements interpretation

TOC Total Organic Carbon
HI Hydrogen Index

Pl Production Index

RC Vitrinite Reflectance

MgHC/g Milligram Hydrocarbon per gram

MgCo2/g Milligram carbon dioxide per gram

Tmax Maximum Temperature

Ol Oxygen index

GP Genetic Potential

MgCl/g Milligram carbon per gram

Weight % | Weight Percentage

3.2. Source Rock Richness

The organic matter richness of source rocks is usually determined using the total organic carbon content, which is
the total amount of organic material (kerogen) present in the rock, expressed as a percentage by weight (TOC
wt.%). By and large, the higher the TOC, the better the chance and potential for hydrocarbon generation. The TOC
values between 0.5 and 1.0% indicate a fair source-rock generative potential, TOC values varying from 1.0 to 2.0%
reflect a good generative potential, whilst values between 2.0 and 4.0% refer to a very good generative potential,
and rocks with TOC greater than 4.0% are considered to have excellent generative potential.

Based on this criterion, the TOC results of rock samples in this study reveal that three (3) of the samples have poor
hydrocarbon-generating potential, and two (2) of them have good hydrocarbon-generating potential regarding their
TOC values, as shown in the table below.

Table 5. Total organic carbon interpretation of the sampled interval

Sample TOC (wt. %) Interpretation
7655-7670 0.17 POOR
7805-7820 1.22 GOOD
8300-8315 0.17 POOR
8360-8375 1.13 GOOD
8960-8975 0.22 POOR
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Figure 4. Histogram showing TOC values for the five (5) samples
3.3. Organic Matter Type/Organic Matter Quality

Type | kerogen: They are hydrogen-rich HI greater than 600 mg HC/g TOC, and this is predominantly oil-prone.
They are mainly generated by algae structureless debris.

Type 11 Kerogen: They are characterized by HI between 350 and 600 mg HC/g TOC, and this can generate both oil
and gas at appropriate levels of maturity. They are mainly generated by structureless planktonic and microbial
materials, primarily of marine organisms.

Type 111 Kerogen: Characterized by low to moderate HI of between 75 and 200 mgHC/g TOC and could generate
gas at the appropriate level of thermal maturity. However, humic coals (with Type I11 kerogen) may have HI up to

300 mgHC/g TOC and possess the capacity to generate oil. They are mainly generated by plant materials.

Type IV Kerogen: Exhibits very low HI, less than 50 mgHC/g TOC, and is formed under oxic (wildfire)
conditions. [16] suggested that at a thermal maturity corresponding to a vitrinite reflectance of 0.6% (Tmax 435°C).
Rocks with HI above 300 mg HC/g TOC will produce oil; those with HI between 300 and 150 will produce oil and
gas; those with HI between 150 and 50 will produce gas, and those with HI less than 50 are inert.

Table 6. Guidelines for accessing the richness of kerogen type after [16]

Kerogen Type Mg HC/g TOC S2/S3
I >600 >15

I 300-600 10-15
niane 200-300 5-10
11 50-200 1-5
v <50 <1
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Table 7. Hydrogen Index (HI) Interpretation

Sample HI (mgHC/g) Interpretation
7655-7670 35 TYPE IV
7805-7820 8 TYPE IV
8300-8315 58 TYPE Il
8360-8375 5 TYPE IV
8960-8975 86 TYPE 1l

3.4. Thermal Maturity

HYDROGEN INDEX (HI. mgHC/g)

1000

Il
200
TYPE I
150
. vl 200

TveEV | 5°
>

I rvpe

! TYPE Il

N

950
9200
850
800
750
700
650
600
550
500
450
400
350
200
I 250

350

300

250 200

150

100

OXYGEN INDEX(OImgCO/g TOC)

50

o)
0

Figure 5. Diagram Showing Organic Matter Type Modified after [17]

Table 8. Guidelines for accessing the thermal maturity of the source rock [16]

Maturation
Stage of Thermal Maturity for Oil
R,°C Tmax (°C) | PI (Si/(S:1+Sy))
Immature 0.2-0.6 | <435 <0.10
Mature
Early 0.6-0.65 | 435-445 0.10-0.15
Peak 0.65-0.9 | 445-450 0.25-0.40
Late 0.9-1.35 | 450-470 >0.40
Postmature >1.35 >470 -
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Table 9. Interpretation of the sample’s thermal maturity

Thermal Maturity Interpretation
SAMPLE Tmax °c | Ro Maturity Level
7655-7670 413 0.274 Immature
7805-7820 421 0.418 Immature
8300-8315 435 0.67 Peak mature
8360-8375 415 0.31 Immature
8960-8975 0 Undefined | Immature

77 4.0. Environment of Deposition

Terrestrial organic matter such as pollen, spores, and cuticles (Type Il & IV kerogen) is formed from higher
terrestrial plant matter lacking lipids or waxy matter. It forms from cellulose, the carbohydrate that forms the rigid
structure of terrestrial plants, and lignin, a non-carbohydrate polymer formed from phenyl-propane units that bind
the strings of cellulose together. Terpenes and phenolic compounds present in the plant of the samples suggest the

continental environment of deposition.
+75.0. Conclusion

The organic geochemical analysis of Well #A1, located in the Greater Ughelli Depo belt, investigated lithofacies,
organic richness, source rock quality (kerogen type), hydrocarbon potential, and thermal maturity. The five studied
intervals with depths 7655-7670 (Ft.), 7805-7820 (Ft.), 8300-8315(Ft), 8360-8375 (Ft.), 8960-8975 (Ft.) are shales,
Grey in color and non-calcareous. The richness of organic matter suggests poor to good source rock potential. The
genetic potential (GP) value indicates S1+S2< 2.0mgHC/g, which means that sediments have poor source rock
potential (little or no oil potential but some potential for gas). The type of organic matter evaluated using hydrogen
and oxygen indices and a plot of HI against Tmax shows Type Il and Type IV kerogen, respectively. Thermal
maturity of the sample deduced from vitrinite reflectance calculated and Tmax suggest that one (1) of the sample
has a value >435°c for Tmax and Ro >0.65% is matured for 8300-8315 (Ft), whereas three (3) of the sample
intervals had Tmax < 435°c and Ro <0.65% indicating immaturity 7655-7670 (Ft.), 7805-7820 (Ft.), 8360-8375
(Ft.), 8960-8975(Ft.). A continental environment was suggested due to the presence of Type IV and Type Il
kerogen in the selected samples from well #A1, which were investigated for lithofacies, organic richness, source
rock quality (Kerogen Type), Hydrocarbon Potential, and Thermal Maturity. The richness of source rocks was
determined using the total organic carbon content, the total amount of organic material (kerogen) present in the
rock, expressed as a percentage by weight (TOC wt.%). The higher the TOC, the better the chance and potential for
hydrocarbon generation. The TOC values between 0.5 and 1.0% indicate a fair source-rock generative potential,
TOC values varying from 1.0 to 2.0% reflect a good generative potential, whilst values between 2.0 and 4.0% refer

to an excellent generative potential, and rocks with TOC greater than 4.0% are considered to have excellent
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generative potential. Based on this criterion, the TOC results of rock samples in this study reveal that three (3) of
the samples have poor Hydrocarbon-generating Potential, and two (2) of them have good Hydrocarbon-generating
Potential regarding their TOC values. Type IV kerogen contains mostly decomposed organic matter in polycyclic
aromatic hydrocarbons with no potential to produce hydrocarbons, often referred to as inert in the endmember on
the hydrocarbon generative spectrum. The studied intervals for well #A1 indicate a high source capacity to generate
gas and poor petroleum potential. Based on the findings, given that the studied intervals show a high potential for
gas generation due to the presence of Type Ill and Type IV kerogen, it would be beneficial to focus on gas
exploration and production rather than oil by further probing and investigating the gas-bearing zones. Continued
studies to further determine the organic matter's thermal maturity, especially in the deeper sections, are
recommended to verify whether the kerogen types could evolve further toward oil generation under varying
conditions. Further studies should be carried out through regional geology investigations to re-evaluate and
correlate the kerogen types laterally for potential petroleum zones or if other areas may show favorable conditions

for oil generation.
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