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Abstract

Albian sediments represent the upper unit of Lower Cretaceous deposits only present in the offshore part of the
coastal sedimentary basin of Benin which belongs to the Dahomey Embayment, a province with high hydrocarbon
potential. The study of the particularities and potential source rocks of the Albian deposits is based on logging data
and rock samples from five oil wells drilled in the offshore basin. The study methodology focused on Gamma Ray
(GR) logging analysis. Rock-Eval pyrolysis assessment of clay sediments of this formation and their petrography. The
analysis of the GR profiles of the various wells made it possible to release sandstone and clay levels within the Albian
formation. Potential source rock indicated by gamma ray are silty-clay and silty-clayey sediments with high granularity
and varied vegetable detritus content (organic matter). The average values obtained during the Rock-Eval pyrolysis
of the sampled levels are 3.01% for the TOC and 6.04 mgHC/g for the S2 while those for the maximum temperature
(Tmax) and the d Hydrogen (IH) are respectively between 321 and 465°C and between 29 and 362 mgHC/gTOC.
These results indicate that the Albian Formation is a good to very good, mature, late-maturing, oil potential parent rock

that contains Type I, Il and II/lll kerogen.

Keywords: Albian sediment; Coastal sedimentary basin of Benin;
Gamma ray; Pyrolysis Rock-Eval6; Source rock

Introduction

The coastal sedimentary basin of Benin is one of the Dahomey
Embayment basins, a petroleum province where exploration
activities have been conducted for decades. The seismic and drilling
carried out allowed a best knowledge of the petroleum geology of
this province. After the discovery and exploitation of some oil field
in the Upper Cretaceous formations interest was extended to Lower
Cretaceous deposits in the Embayment coastal basins. In the Benin
coastal sedimentary basin, well tests carried out in Albian deposits (Lower
Cretaceous) proved to be positive and made it possible to envisage the
existence of an petroleum system of lower Cretaceous age. Thus, the
present study, based on log petrographic and geochemical analyzes of rock
samples aims to highlight the particularities and potential source rocks of
the offshore Albian formation of the Benin coastal sedimentary basin.

Presentation of the Coastal Basin of Benin

Geographical setting

The study area lies between parallels 5°45’ and 6°10” North latitude
and meridians 1°55” and 3°00” East longitude (Figure 1) and covers a
portion of the offshore of the coastal sedimentary basin of Benin whose
area is about 40102 km? [1].

Lithostratigraphy of the basin

The lithostratigraphy of the formations of the coastal sedimentary
basin of Benin reflects the different phases of the tectono-sedimentary
development of the basin which is closely linked to the opening of the
South Atlantic. This opening can be subdivided into four (04) phases
[2-8].

o Early rift doming stage: Late Jurassic to Early Neocomian
 Intracontinental rift stage: Neocomian (?) to Early Cretaceous

o Intermediate proto oceanic transitional stage: Cenomanian to
Santonian.

o And drift stage that lasted from Maastrichtian to the Holocene.

The lithostratigraphic synthesis of the Benin coastal sedimentary
basin presented in Figure 2 shows that it contains formations of age
from lower Cretaceous to Quaternary and that the Albian formation
rest in discordance of gullying on formation Ise [9-16]. The Albian
sediments studied in this work took place towards the end of the rifting
stage which is characterized by the formation of asymmetric horsts and
grabens and remarkable thermal subsidence [17-20]. During this stage,
several hundred meters of predominantly continental Jurassic and
Early Cretaceous sediments took place [18-22].

Methodology
Equipment

The bulk of the material used for this study consists of gamma ray
digital data and thirty-five (35) rock samples from five oil wells (R23,
R24, K25, G20 and G21). Samples consisting of cores and debris were
made of thin sections for polar microscopic observation and Rock-Eval
geochemical analyzes in the petrology and geochemistry laboratories of
the State University of Moscou.

Method

The methodological approach adopted consisted at first in
the choice of five wells having penetrated or traversed the Albian
formation. Then, diagraphic logs were constructed from gamma ray
data and interpreted. Finally, clay samples are taken from each well at
the clay intervals for petrographic study (observation of thin sections
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Figure 1: Location map of the study area in Dahomey Embayment.

with a polarizing microscope) and geochemistry analysis (Rock-Eval
pyrolysis).

Interpretation of logs: The determination of the lithology that led
to the lithological sections of the Albian formation from gamma ray
(GR) data is based on the method defined by Serra [23]. According
to this, for a GR record of which 200 API is 100% clay, the order of
magnitude of natural radioactivity is 10-80 API for sands; 80-100 API
for calcareous clayey sandstone; 100-200 API for clays. In general, the
high values of GR indicate the clay levels and the lower ones the sandy
levels ones.

Petrographic study of the samples - Realization and observation
of thin sections: Samples of cores and some cuttings were used to make
thin sections using the conventional method [24]. These samples were
described under a very high enlargment polarizing optical microscope
with microphotographs. The objective of this study is the determination
of the detrital or carbonate nature of the samples whose oil potential we
estimate. The focus is on the granularity and organic matter content of
the sampled levels (Figure 3).

Pyrolysis procedure: As a prelude to the analysis, the samples
were crushed and cleaned and then dried in a steamroom for half a
day at 45°C. After drying, they were sieved and stripped of metal debris
generally from drilling tools using a magnetic device. In accordance
with the standard Rock-Eval 6 procedure [25-29] for each sample,
100 mg of rock were heated for three quarters of the time hours under
inert gas (helium). The pyrolysis was conducted in a programmed
temperature increase regime of 25°C/min from 300°C to 800°C. Also,
pyrolytic parameters such as Tmax, S1; S2; S3; S4 were determined.
They were used to calculate parameters such as TOC; IH; IO; IP; PP..,,
very essential for the characterization of source rocks. The results
obtained were interpreted using the interpretation guide presented in
Table 1 [30,31].

Results
Lithological characteristics of the Albian formation

The Albian formation, included between the seismic horizons
H7 and HY, rests in unconformity of gully on the Ise formation. Its
drilled thickness varies from 190m (K25 well) to 690m (G21 well). It is
equal to 466m, 405m and 560m respectively in the wells R23, R24 and
G20. However, it should be noted that the wells G20 and G21 have not
reached its wall.

The analysis of the well-well correlation presented in Figure 4
shows that the Albian formation, subdivided into two members of
different logging characteristics, thickens as a whole from the coast to
the sea even if there is a narrowing between the wells R23 and K25. The
log signature analysis of each of the wells shows that the lower member
of the formation between the seismic horizons H8 and H9 is, as a
whole, mostly sandstone. Its base at wells R24 and R23 is characterized
by a thick clay layer indicated by high values of gamma ray. Indeed,
the interval from 2870 to 2790m at the level of the R24 well is marked
by gamma ray deflections with high values ranging from 50 to 146
API whereas at the well R23, the interval between 2884 and 3026.5m
is characterized by high frequency deflections and high GR values of
up to 174.33 APL In the wells K25, G20 and G21, the clay layer is also
observed with a smaller thickness at the K25 well. Unlike the lower
member, the upper member, limited by the seismic horizons H7 and
H8 is less thick. It’s characterized by an alternation of clayey and
sandstone layer of variable thickness, interposed in places of carbonate
laminae. These characteristics are indicated at wells R24 and R23, G21
by high frequency deflections and low to medium gamma ray values.
At the R24 well, the gamma ray values of the upper member of the
Albian formation ranged from 28 to 146 API with few values above 80
API (average value of gamma ray). It is the same at the well G21 where
the values are between 29.61 and 90 API. Also, in the R23 well, the
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Figure 3: Rock-Eval 6 Equipment of geochemistry laboratory of the Moscow State Russia University.
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Quantity TOC (%) $1 (mg HC/g TOC) S$2 (mg HC/g TOC)
Poor <0.5 <0.5 <2.5
Fair 0.5-1 0.5-1 2.5-5.0
Good 01-Feb 01-Feb 05-Oct
Very good 02-Apr 02-Apr Oct-20
Excellent >4 >4 >20
Quality HI (mg HC/g TOC) S2/S3 Kerogen type
None <50 <1 \
Gas 50-200 01-May 1]
Gas and Oil 200-300 05-Oct 1/
Qil 300-600 Oct-15 Il
Qil >600 >15 |
Maturation RO (%) Tmax (°C) TAI
Immature 0.2-0.6 <430 1.5-2.6
Early mature 0.6-0.65 430-440 2.6-2.7
Peak mature 0.65-0.9 440-450 2.7-29
Late mature 0.9-1.35 450-470 2.9-3.3
Post mature >1.35 >470 >3
Table 1: Interpretive Guidelines for the quantity, quality and maturation of a rock.
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lowest values of gamma ray are registered (20.08API) with a few that
reach 120 APIs. Contrary, in the K25 well, the gamma signature indicates
that the upper member is essentially sandy, whereas at the well G20, it is
more clayey as indicated by the high values of the gamma recording.

From this analysis of the Albian formation lithology, it appears
overall that it presents a variation of the lithological characteristics as

well according to the depth as of the North towards the South.

Petrographic characteristics of the Albian formation

The thin section of the E4 sample from the Albian formation has
a silty-clayey rock, fine-grained, poorly sorted with a average diameter
of 0.05-0.065 mm (Platel). The silty material, associated with debris of
variable sizes (0.02 to 0.12 mm) occupies a percentage of 50 to 55%. The
clayey cement rich in organic matter contains small crystals of quartz
feldspar and flakes of micas (Figure 5).
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Sample E11 taken at 2648 m is a silty-sandy red rock with pockets
of organic matter (Photol/E11 Plate 3). The crystals are rounded to
sub-rounded and occupy a percentage of 30 to 50%. This rock consists
mainly of quartz, potassium feldspar, biotite and accessorily sphene,
zircon. The authigenic minerals are chlorite and glauconite.

Plate 3 below shows different photomicrographs of samples E11
and E7. The analysis of these photomicrographs shows that it consists
of a sample consisting of silt (photol) and a mixture of silty and
psammitic material (photo2/E7 plate3) with areas soaked in organic
matter (photo3/E7 planche3). Detrital particles rarely sub-rounded and
between 0.01 mm and 0.2 mm in size are poorly sorted. The dominant
minerals are quartz (75%), potassic feldspar (10%) and micas (15%),
accessorily. it contains zircon and authigenic minerals such as chlorite
and pyrite.

From the microscopic study of the thin sections made from the
samples of the Albian formation, these samples are mostly clayey silts
(E7 and E10) and clay rich in quartz crystals (E4) while the gamma ray
data indicated purely clay levels. These samples are also rich in organic
matter (Figure 6).

Hydrocarbon potential of the Albian formation

Table 2 presents the summary of the results resulting from the
geochemical analysis of thirty-five (35) samples of argillaceous levels of
the Albian formation by pyrolysis Rock-Eval.

Petroleum potential of the Albian formation: The combined
analysis of the TOC and S2 values (Table 2) shows that most of the
samples from the wells R23. R24. K25 and G20 have their TOC greater
than 2% and their S2 exceeding 5 mgHC/g rock, testifies to the high
oil potential of the clay levels of the Albian formation. On the other
hand some samples from well G21 (E21 and E23) and from well G20
(E33) have TOC values (less than 2%) and S2 (more than 3 mgHC/g
rock) which indicates a good oil potential. Other samples (E22, E25,
E26, E27 and E28) are characterized by low TOC values (less than 1%
and greater than 0.5%). indicating their low potential. As for samples
E7, E11 and E28 characterized by low TOC values (less than 0.5%) and
S2 (below 1.35 mgHC/g rock) are not source rocks. In a general way, it
comes out from this analysis that the Albian formation has a good to
very good oil potential as shown in Figure 7.

Type of organic matter: A comparative analysis of the Hydrogen
Index (HI) and Total Organic Carbon (TOC) values for the majority
of samples shows that the Albian formation contains types III, II/
III and II kerogen (Table 2). Only the sample E1 of the well R23
indicate by its value of the Hydrogen Index (less than 50 mg HC/g
TOC), the presence of kerogen type IV. However, the analysis of
the diagram, Figure 8 shows a dominance of kerogen types III and
TI/111L

Thermal maturity of organic matter: The kerogen evidenced in
the analyzed samples being mostly of types III and II, the maturity of
the organic matter is indicated by a value of Tmax higher than 430°C.
Thus, the overall analysis of the different values of Tmax obtained shows
that apart from a few samples of the wells R23, R24, K25, G20 and G21
whose Tmax values vary from 321 (E11) to 429°C (E18), all other
samples are above 430°C and between 431 and 465°C indicating
early to late maturity of the organic material in the samples.
Moreover, the majority of the samples of the latter category have
a Tmax between 440 and 450°C corresponding to a high maturity
of the Albian. Also, it should be noted that the organic matter that
contains the Albian formation is as well in the oil and gas window.
The position of the samples analyzed on the Van Krevelen type of
maturity diagram below, Figure 9 allows to deduce a dominance of
samples rich in mature organic matter and the presence of immature
levels in all the wells.

Discussions

Lithological characteristics of the Albian formation

Analysis of the gamma ray profiles made it possible to highlight
along the studied wells that the Albian formation consists of alternating
sandstone levels of clay levels and in places of thin intercalations of
carbonates. This lithological description is in accordance with that
made by previous studies [9-12,16]. Also, it corresponds to the
formation described by previous study [6] in the coastal basins of
the Dahomey Embayment and in the offshore basin of the Ivory
Coast. In addition, the alternation of detrital levels found in these
lower Cretaceous deposits, the frequency of deflections of gamma ray
profiles. The presence of carbonate levels in the upper member of the
formation testifies to a deposit in a fluvial to marin environment. These

Figure 5: Microphotographs of sample E4 of the Albian formation with natural light (LN) and polarized light (LP).
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Photo 3

Figure 6: Microphotographs of samples E28 and E30 of Albian formation with natural light (LN) and polarized light (LP).
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Mesuared parameters Calculated parameters
wen CodelDepth oo oi(mgHClg | 2 (mgHClg $3 (mgCo,/g HI(mg HClg | Ol (mg CO./g
(m) rock) rock) Tmax (°C) rock) TOC (%) Pl | S2/S3 (%) T00) T0C) 2
E1(2730) | Cuttings 0.47 1.69 425 1.03 5.91 0.22 1.64 29 17
E2 (2760) | Cuttings 0.45 3.09 427 1.45 5.23 0.13 213 59 28
E3 (2865) @ Cuttings 0.57 5.89 432 1.72 6.98 0.1 3.42 84 25
R23 E4 (2890) @ Cuttings 0.56 4.65 429 1.65 6.5 0.11 2.81 72 25
E5 (2990) | Cuttings 0.12 4.05 458 0.27 34 0.03 15 119 8
E6 (3020) | Cuttings 0.09 4.43 459 0.31 3.56 0.02 14.29 124 9
E7 (2480) @ Carotte 0.09 0.24 359 0.07 0.15 0.27 3.43 160 47
E8 (2490) @ Cuttings 5.11 8.52 425 1.68 7.64 0.4 5.07 112 22
E9 (2610) | Cuttings 5.77 7.37 434 0.71 2.28 0.44 10.38 323 31
E10 (2620) | Cuttings 212 9.17 431 1.2 5.94 0.19 7.64 154 20
E11 (2648) | Carotte 0.55 0.49 321 0.12 0.27 0.53 4.08 182 44
E12 (2690) | Cuttings 0.67 5.82 431 1.3 8.44 0.1 4.48 69 15
R24 | E13 (2720)  Cuttings 0.34 5.48 439 0.71 1.91 0.06 7.72 287 13
E14 (2760)  Cuttings 0.31 9.19 465 0.5 3.84 0.03 18.38 239 16
E15 (2800) @ Cuttings 0.37 9.11 453 0.64 4.22 0.04 14.23 216 15
E16 (2820)  Cuttings 0.29 11.06 452 0.62 4.59 0.03 17.84 241 14
E17 (2830) ' Cuttings 0.27 10.45 456 0.58 5.32 0.03 18.02 196 11
E126(§(6))1 0- Cuttings 0.79 6.2 429 0.61 4.97 0.11 10.16 125 12
K25 E1g7(22(7))1 0- Cuttings 0.95 10.12 436 0.75 6.07 0.09 13.49 167 12
E2(2)7(52>g;10- Cuttings 0.34 9.13 436 0.79 5.5 0.04 11.56 166 14
E21 (3310) Cuttings 0.72 5.37 427 1.43 1.77 0.12 3.76 303 81
E22 (3490) @ Cuttings 0.06 0.62 439 0.34 0.55 0.1 1.82 113 181
E23 (3500) @ Cuttings 3.25 5.34 426 1.05 1.54 0.38 5.1 347 68
E24 (3690) Cuttings 0.18 3.37 438 0.24 1.12 0.05 14.04 301 21
G21 | E25(3720) Cuttings 0.18 2.28 440 0.77 0.63 0.07 2.96 362 123
E26 (3890) A Cuttings 0.1 0.92 435 0.38 0.54 0.1 242 170 70
E27 (3920) @ Cuttings 0.1 0.7 440 0.33 0.43 0.13 212 163 77
E28 (4010) @ Cuttings 0.27 1.19 439 0.24 0.46 0.18 4.96 259 52
E29 (4200) Cuttings 0.38 7.04 428 1.78 2.15 0.05 3.96 327 83

Oil Gas Res, an open access journal

ISSN: 2472-0518

Volume 4 -« Issue 2 + 1000155



Citation: Armand Kiki, Kaki C, d’Almeida GAF, Hounkpantini J (2018) Potential Source Rock of Albian of the Benin Coastal Sedimentary Basin. Oil

Gas Res 4: 155. doi: 10.4172/2472-0518.1000155

Page 8 of 10
E30 (4300)  Cuttings 0.86 6.85 437 1.57 2.63 0.11 4.36 260 60
E31 (4521) @ Carotte 0.16 3.31 458 0.09 2.43 0.05 36.78 136
G20 | E32(4581) Carotte 0.12 1.69 454 0.15 1.61 0.07 11.27 105
E33 (4770) | Cuttings 0.86 6.83 436 1.37 1.93 0.11 4.99 354 71
E34 (4785) | Carotte 0.13 7.19 460 0.09 4.57 0.02 79.89 157 2
E35 (4800) | Cuttings 4.09 7.55 440 1.15 3.19 0.35 6.57 237 36

Table 2: Rock-Eval parameters of Albian formation samples.
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Figure 9: Position of albian formation samples in the HI diagram versus Tmax.

carbonate levels have also been reported at the Albian formation
by different authors in the basin of Keta (Ghana), Togo, Nigeria
and even Cote d’Ivoire [32-35]. It is the same in the basins of Togo
and Nigeria [30,31]. The presence of these carbonate levels could be
explained by the marine transgression that marked the end of the
Lower Cretaceous.

Maturity of the organic matter and kerogen type of the Albian
formation

Considering the analysis of the Tmax values (from 321 to 465°C)
of the samples from the Albian formation, it appears that the organic
matter that it contains presents various states (early to high maturity
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and immaturity) of a well to another and from one level to another
in the same well. These various states of organic matter are related to
the nature of the sediment. In fact, immature levels are linked to clay
siltstones made up of coarser grains. These silty levels are reshuffle
coarser grain levels as indicated by the presence of authigenic minerals
such as glauconite and calcite revealed by the petrographic study of
some samples. The higher the sampling depth the higher the value of
Tmax and therefore the degree of maturity. This is well illustrated with
some exceptions in both shallow offshore (R23, R24 and K25) wells
samples as well as deep offshore wells (G20 and G21) (Table 2). The
maturity of the organic matter therefore intervenes at a depth that
varies from one well to another. The work of previous studies [36-39]
agrees on the late maturation of the organic matter contained in the
schistous levels of the Albian formation for which the Tmax values
vary from 435 to 465°C. However early maturation levels were also
identified by previous studies [36,37] in shallow offshore (wells R23
and R24) and a study [38] in deep offshore (wells G20).

From the point of view of quality of the source rock, our results
according to which the Albian formation has a good to excellent oil
potential corroborate those of the works of previous studies [10,14,36].
Indeed, the average values of the TOC and S2 of these different works
are respectively well above 1% and 10 mgHC/g rock.

According to the results of this work, the Albian Formation
contains a kerogen of type III, IT and II/III with type II dominance in
deep offshore. The work of previous studies [36,37] on the samples
from the wells R24 and S11 rather suggests the presence of Type III
kerogen while excluding the possibility that the formation contains
Type II kerogen in the shallow offshore. This possibility is confirmed
by our results. The presence of Type III and II kerogen in deep-
water reported by a study [38] in the clay levels of wells G20, G21
is consistent with our results. However, in the shallow offshore well
R24, the presence of Type IV kerogen has been revealed. In the Keta
Basin (Ghana), Type II and III kerogens were also found in the Albian
Formation [40,41]. It is the same in the Ivorian basin according to the
work of previous studies [42]. The presence of type II kerogen in the
Albian formation in the Embayment basins could be explained by the
existence of a particular sedimentation condition during the depositing
of this formation, notably sedimentation under the influence of rifting
with sea level variation.

Conclusion

The present study has found from log analysis that the Albian
formation, which represents the upper unit of Lower Cretaceous
deposits in the coastal sedimentary basin of Benin is characterized by
two dominant lithofacies: One sandstone and the other clay. These two
dominant facies are associated in places with thin carbonate levels of
variable thickness. The petrography of some sampled clay levels has
made it possible to highlight the clay to clay-silty and silty-clayey nature
of some source rock levels, which sometimes have high granularity and
contain organic matter. The Rock-Eval6 pyrolysis assessment of clay
levels indicates that the Albian Formation is a veritable source rock
capable of generating oil and gas. These characteristics have been
defined by TOC; S2; Tmax and IH values which vary respectively from
0.1 to 8.44%; 0.21 to 12.69 mgHC/g rock; 321 at 460°C and 66 to 411
mgHC/gTOC. It is generally mature at late maturity and contains type
IT kerogen; III and II/IIL
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