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Avrticle history Abstract. In order to recognize and characterize the sources rocks in the BX well,
Received: December 12, 2022 samples of this well have been selected and analysed using Rock-Eval pyrolysis
Revised: March 1, 2023 method and another set samples were prepared and observed through microscope
Accepted: March 10, 2023 for visual kerogen characterisation. The total organic carbon of BX well sediments
varies between 0.41 and 3.41 wt%, with 1.29 wt% on average. These high values
Keywords: indicate good organic matter content in this well. The hydrogen index (HI) of
offshore, geochemical, stratigraphy, the studied samples ranges from 49 to 292 mgHC/groc, With an average of
Rock-Eval analyze, petroleum potential 109 mgHClgroc, indicating mainly a type 111 kerogen. This kerogen is composed of
humic material (vitrinite and inertinite) and amorphous organic matter with marine
microfossils (dinoflagellate cysts and micro-foraminiferal linings). Thermal ma-
turity parameters show that, Maastrichtian, Campanian, Early Senonian and Turoni-
an are immature with Tmax Values below 435 °C. However, according to Tmax Values,
samples reach oil window in Albian at 9840 ft while spore colour index indicate
that this limit can be put at 9210 ft into Cenomanian age. The section from 7260 to
7590 ft in Campanian interval displays the best qualities of source rock. This sec-
tion is composed of good quantity of type 111 and type 11/111 kerogen with moderate
hydrocarbon potential, but this source rock is immature to generate hydrocarbons.
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Hcropus ctaTtbn Annorauust. OToOpaHsl U IPOaHAIM3HPOBAHBI METOIOM Tposm3a Rock-Eval
Tlocrynmma B pemaxumro: 12 nexabpst 2023 T. 00pasiibl U3 CKBaKMHBI BX, 1711 TOro 4T00BI ONPENEUTh U OXapaKTepH30BaTh
Jopaborana: 1 mapra 2023 . UCXOJHbIE MOpoAbl B HeW. Jlpyroil Habop 0Opa3loB MOATOTOBJICH M IPO-
IIpunsTa k my6mukanum: 10 mapra 2023 1. CMOTpPEH C TOMOIIBI0O MUKPOCKOMA JIJIsl BU3YAIbHON XapaKTEPUCTUKA Kepo-
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reHa. Obmiee comepkaHHe OPTaHUYECKOTO YIIEeponaa B OTJIOKEHHSIX CKBa-
xuHbl BX Bapsupyercs ot 0,41 1o 3,41 BecoBbix %, B cpennem 1,29 Beco-
BbIX %. Takue BBICOKME 3HA4YEHHUS YKas3bIBalOT Ha XOpOIlee CO/AepKaHHe
OPraHMYecKoro BEIeCTBa B 3TON ckBakune. Bonopoansiit nuaexc (HI) uccre-
JOBaHHBIX 00pa3noB konednercs ot 49 no 292 mrHC/rTOC, B cpeanem
109 MrHC/rTOC, uto yka3pIBaeT Ha HaJIM4YME B OCHOBHOM KeporeHa Tuma III.
OTOT KEeporeH COCTOMT M3 I'YMHHOBOI'O Marepuana (BUTPUHUTA U MHEPTH-
HUTa) U aMOpP(HOr0 OPTaHMYECKOr0 BEIIECTBA ¢ MOPCKMMHU MHKPO(OCCH-
JTHAME (QUCTBl THHOGDIIATEIUIAT U MUKPOGOPaMUHU(PEPOBBIE OTIOKECHUS).
[TapameTpsl TepMHUECKOH 3peNoOCTH IMOKA3bIBAIOT, 4TO MaacTpUXTCKUH,
Kamvmanckwii, pananii CeHoHCKMA ¥ TypOHCKHMIA TIEpHOJIBI SIBISIFOTCST HE3pe-
JIBIMA CO 3HAYCHUAMU Tmax HIDKE 435 °C. OmHaKo, COrTacHO 3HAYCHHUAM | max,
o0pasipl JocTHraroT HeTIHOro OkHa B AnbOe Ha BbIcOTe 9840 (hyTOB,
B TO BpEeMs KaK MHJEKC L[BETA CIOpP YKAa3bIBAET, YTO 3TOT INPEIEII MOXKET
OBITH yCTaHOBJICH Ha BbicoTe 9210 (hyTOB B CEHOMaHCKOM BO3pacte. Yua-
cToK oT 7260 mo 7590 ¢yToB B KaMIaHCKOM HHTEpBaje IEMOHCTPUPYET
JydIye KayecTBa UCXOJHOM mopoibl. JlaHHBIN pa3pe3 COCTOUT U3 XOpolie-
ro konuyecrBa keporeHa tuna III u tuna II/III ¢ ymepeHHBIM yrieBozo-
POIHBIM TOTEHIIMAJIOM, HO 3Ta UCXOJHAs IIOpOJa He3peias Ul TeHepaluu
YIJIEBOJIOPO/IOB.
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Introduction

Geologically, Cote d'lIvoire is characterized by
a Precambrian basement, which occupies 97.5% of
its total area, and a later sedimentary basin (Lower
Cretaceous BC), the incipient part of which occu-
pies 2.5% of the Cote d' Ivoire. The sedimentary
basin of the Ivory Coast consists of two main zones:
Onshore and Offshore.

This article is based on the results of analysis of
rock samples from the BX well, located on the shelf
of Cote d'Ivoire. It presents the results of qualitative
and quantitative geochemical analysis of 136 sam-
ples using Rock-Eval pyrolysis and visual analysis
of kerogen. The interpretation is based on published
geochemical data and comparative data from pre-
viously drilled wells in the Ivoirian Basin.

The purpose of this study is to recognize and
characterize source rocks by determining the quantity,
quality and maturity of organic matter as defined [1].

1. Results and interpretation

The geochemical log (Figure 1) shows the evo-
lution of each parameter with depth. Well BX
shows that:

— the organic matter content of this well is ge-
nerally good (1 < TOC < 2 wt%);

— samples contain mostly kerogen with poor
hydrocarbon potential (S2 < 2.5 mgHC/grock). Only
the interval from 7260 to 7590 feet, in Campana,
contains kerogen with good (2.5 < S2 < 5 mgHC/Qrock)
hydrocarbon potential;

— hydrogen index and oxygen index of the
studied samples indicate the predominance of mixed
type 111 kerogens capable of generating gas;

— thermal maturity increases with depth and
samples reach the Alba oil window.

The mass content of TOC in this well is usually
less than 4% and fluctuates between 0.14 and 2.15%
of the mass. Samples with moderate energy source
(TOC < 1% mass) make up 44.67% of the total
number of samples from the well, while moderate
(1 < TOC < 1.5% mass) energy source is 23.33%
and good source rocks (TOC > 1.5% mass) make up
only 32% of the total samples from the well (Figure 2).
These percentages indicate good primary produc-
tivity and/or favorable organic matter retention.
In the Cote d'Ivoire Basin, studies have shown that
significant parent rocks typically have TOCs greater
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than 1.5% mass, which in this well is represented in ~ with an average value of 1.71% mass. Source rock
32% of the samples (Figures 2, 3). characterization is not limited to the amount of rec-

Samples from the studied well show a good orded organic matter, since TOC is not the only in-
content of organic carbon in the Turonian (average  dicator of oil potential, and many rocks with high
0.68 wt%), Cenomanian (average 0.59 wt%) and  TOC values may have low oil source potential due
Albian (average 0.88 wt%) periods. A slight increase ~ to the quality of the kerogen content. Thus, high
in organic matter with a good content of TOC  TOC values are a necessary but not a sufficient cri-
(1 < TOC < 1.5 % mass) is noted in the Early Seno-  terion for good source stone material (Table 1).
nian (average 1.03% mass), Campanian (average The type of organic matter and the potential for hy-
1.30% mass) and Tertiary (average 1.48% mass) pe-  drocarbon formation must also be taken into ac-
riods. The Maastrichtian interval is the richest in or-  count in order to more accurately characterize the
ganic matter. TOC values range from 1.42 to 2.15 source rocks [2].
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Figure 1. Geochemical log of well BX
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Table 1
Values of Rock-Eval 6 parameters for the stratigraphic horizons of well BX
Depth, m S$2, mgHC/gocx Toaxs 'C TOC, % weight HI, mgHC/goc
Min 0,46 413 1,42 32
Maastrichtian Max 2,17 433 2,15 126
(5310=7050) Moy 1,22 418,7 1,72 70
Nb 34
Min 0,68 409 0,64 91
Campanian Max 4,33 434 1,64 264
(7050"-7860) Moy 2,26 420 1,31 163
Nb 16
Min 0,5 425 0,66 49
Early Senonian Max 1,38 435 1,51 118
(7860"-8700") Moy 0,81 430 1 77,8
Nb 18
Min 0,3 439 0,27 63
Turonian Max 1,06 435 1,02 112
(8700'-91807) Moy 0,62 432 0,68 90,6
Nb 11
Min 0,23 432 0,37 61
Senomanian Max 0,68 440 0,82 102
(9180°-9690") Moy 0.49 433 06 80,67
Nb 12
Min 0,24 430 0,14 56
Albian Max 1,52 440 1,66 137
(9690°-12 000°) Moy 0,7 438 0,88 83
Nb 45

2. Type of organic matter

The type of organic matter and oil potential are
an important factor in the evaluation of potential
rocks and have a significant impact on the nature of
the hydrocarbons formed [1; 3; 4].

Hydrogen index (HI) values range from 32 to
264 mgHC/groc in the BX well, which is mainly
composed of type Il kerogen (Figure 4). The com-
position of organic matter in sediments and sedi-
mentary rocks reflects the vast number of variables
that affect the terrestrial or agquatic environment in
which it is formed, its transport to the site of deposi-
tion, and its change after deposition [5]. Thus, the
type of kerogen is classified on the basis of organic
geochemical and optical properties. Different types
of kerogen produce different types of hydrocarbons.
In general, type | kerogen (HI > 600 mg and type Il
(300 < HI < 600 mg), usually obtained from lacus-
trine and marine rocks, is the best kerogen and is
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capable of generating liquid hydrocarbons [6]. Type
111 kerogens (50 < HI <200 mg), which mainly con-
sist of woody materials, are gas-permeable [7; 8].

From a practical point of view, the IH-10 dia-
gram can locate different types of organic matter in
their characteristic areas of origin. Organic material
is usually in type I, which indicates the gas con-
tent of the source.

According to a petrographic study in transmit-
ted and ultraviolet light, kerogen contains mainly
amorphous organic matter, which is found in abun-
dance in the Maastrichtian, Campanian, Turonian
stages and in the upper part of the lower Senonian
stage. Wood organic matter consists mainly of ter-
restrial-derived structure in the form of degraded
phytoclasts (vitrinite) and was found in abundance
in the lower part of the Lower Senonian, Cenoma-
nian and Albian. Inertinitis is also present locally in
small amounts (0 to 15%). Fluorescence is the abi-
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lity of organic compounds to produce luminescence
(visible light) when irradiated with blue light and
UV excitation. Organic compounds that have good
fluorescent properties are interpreted as rich in hy-
drogen (high lipid content), rocks with a low hydro-
gen content are characterized by little or no fluores-
cence. The Fluorescence Preservation Index (FPI)

characterizes the fluorescence intensity of an amor-

100.04

10.04

S2 (kgt)

1.04

phous matrix compared to a palynomorphic matrix
and is important for both maturity and kerogen
composition. FPI [9] defines 5 categories that corre-
late with hydrogen pyrolysis indices of immature
samples. Under fluorescent light, the fluorescence
retention index (FPI) of this kerogen shows average
retention (FPI between 2 and 4) for hydrocarbon

generation (Figures 5, 6).
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Figure 4. Change in S2 Rock-Eval as a function of total organic carbon (TOC)
of well BX in logarithmic coordinates and in color
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Figure 5. HI-OI plot of well BX with stratigraphic coloured references
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A clearer idea of the type of kerogen is present-
ed in Figure 7, which takes into account the influ-
ence of kerogen maturity (y-axis = Tmax) depending
on the hydrogen index. This graph clearly shows
a cloud of points belonging to pure type kerogens
and mixed type Ill, prone to gas formation. Tmax
values usually indicate immature organic matter.

3. Oil potential

Oil potential measures the ability of kerogen
to generate hydrocarbons at maturity. In the BX
well, the oil potential (S2) ranges from 0.63 to
4.78 mgHC/groek in the studied samples. Such low

values (average S2 = 1.36 mgHC/gr.«) are indica-
tive of a weak or good oil potential of kerogen.
Figure 8 shows the change in S2 with depth.

Figure 6 shows that in the Tertiary, Maas-
trichtian, early Cenonian, Turonian, Cenomanian,
and Albian intervals, S2 values are less than
2.5 mgHC/gwck, indicating a low oil potential in
these ages, which cannot be considered as source
rocks. Only the 7260 to 7590 ft interval at Kamapan
has good oil potential with S2 values between 2.5
and 5 mgHC/greck. This interval contains parent rock
that can generate sufficient hydrocarbons when it
reaches maturity.
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Figure 8. Diagram of dependence of S2 on the depth of the well BX

4. Thermal maturation

The thermal maturation parameters used to as-
sess the degree of organic maturity in this study are
Tmax and SCI data [10; 11].

The Tmax value, which indicates the maturity of
the parent rock, increases with depth [5]. However,
faults, folding, dips, geothermal gradients, migrating
oil, sample quality, amount of organic matter, min-
eral matrix in the rock, and analysis errors can lead
to differences in obtaining accurate Tmax values [12;
13]. Maturity assessment based on Tmax Values ge-
nerally indicates Tertiary to Cenomanian immaturi-
ty of kerogen. The samples reach the oil window in
the Albian at a depth of 9840 feet (Figure 9) [14; 15].

The total organic carbon (TOC) in the BX well
sediments ranges from 0.41 to 3.41% mass, averaging
1.29% mass. Such high values indicate a good or-
ganic matter content in this well. The hydrogen in-
dex (HI) of the studied samples ranged from 49 to
292 mgHC/groc, with an average of 109 mgHC/groc,
indicating the presence of mainly type Ill kerogen.
This kerogen consists of humic material (vitrinite
and inertinite) and amorphous organic matter with
marine microfossils (dinoflagellate cysts and micro-
foraminiferal deposits). The thermal maturity pa-
rameters show that the Maastrichtian, Campanian,
early Senonian and Turonian periods are immature
with Tmax values below 435 °C. However, according
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to the Tmax values, the specimens reach the Albian
oil window at 9840 feet, while the spore color index
indicates that this limit can be set at 9210 feet, in
Cenomanian age. The section from 7260 to 7590
feet, in the Campanian interval, shows the best qua-

lities of the source rock. This section consists of
a good amount of Type Ill and Type 1I/I111 kerogen
with moderate hydrocarbon potential, but this
source rock is immature for hydrocarbon generation
(Table 2).
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Figure 9. Diagram of T, versus well depth BX with stratigraphic coloured references
Table 2
Summary of Rock-Eval 6 well BX parameters
Age Hydrocarbon Maturity Type of mother rock coT Note
potential
Maastrichtian 5310-7050 Low Immature Type lll Good No mother rock
7050-7260" Low Immature Type lll Good No mother rock
. . Average value.
Campanian 7260-7620 Average Immature Type lll/Type lI/1 Good Mother rocks for gas
7620-7860" Low Immature Type lll Average No mother rock
7860-8430" Low Immature Type llI Good No mother rock
Early Senonian
8430-8700" Low Immature Type lll Average No mother rock
Turonian 8700-9180" Low Immature Type lll Average No mother rock
Senomanian 9180-9690" Low Immature Type lll Average No mother rock
Albian 9690-12 000’ Low Early-mature Type lll Average No mother rock
Conclusion This source rock contains good amounts of Type Il and

Geochemical analysis of samples from well BX al-
lowed us to identify potential source rocks for this well.
The 7290-7620" interval in the Campanian demon-
strates the best qualities of the oil and gas bearing rock.

84

Type /111 kerogen with good hydrocarbon potential,
but is not yet mature for hydrocarbon generation.
At a high degree of maturity, this potential source
rock can generate moderate amounts of oil and gas.
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