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Abstract — 14 subsurface samples from 3 wells
(denoted as well A, B, C,) were selected for analysis of
geochemical and sedimentary characteristics for the
purpose of inferring on sediment classification, maturity
and paleo - depositional settings of the Afowo
Formation of Dahomey Basin. The study areas are
located at Ayede-Ajegunle with coordinate 6.58 N, 4.62
E as Well A, Araromi-Obu/Ago Alaye with coordinate
6.59 N, 4.54 E as Well B and Ajegunle with coordinate
6.60, 4.60 E as Well C. Grain size analysis was carried
out, parameters computed for were mean, mode,
standard deviation, kurtosis, and skewness. Sediments
from Well A range from fine to very fine grained sizes.
However, samples between depth 69m and 72m have
their grain sizes ranging from medium grained to very
fine grained. The grains are moderately sorted to very
well sorted, platykurtic to mesokurtic and symmetrically
skewed. The grains from Well B range from fine to very
fine grain sizes.

The grains are mostly moderately sorted, mesokurtic to
very platykurtic and symmetrical to strongly coarse
skewed. The result of grain size analysis for core
samples from Well C are largely fine grained. The grains
are moderately sorted, platykurtic and fine skewed. The
sandstones found in wells B and C should be relatively
closer to the distal position of the basin and reflect single
source of sediment supply (largely unimodal). This is
due to the comparatively narrow range of grain size
observed. Multivariate analysis shows that the
environment of deposition was dominated by fluvial
activities.. Major elements analysis result showed higher
SiO2 with an average of 69.3%, AlO3 with an average
of 12.9% and Fe203 with an average of 3.49%.

Relevant crossplots with the oxides were used for
classification, maturity index and depositional setting
inference. From the crossplot of Log (Fe203/K20)/Log
(Si02), 11 of the sediments are classified as Iron Sands
while 4 of the samples were classified as Iron Shale.
Scatter plot of SiO2/AlI203+K20+Na20 shows that
climatic conditions at deposition were humid to semi —
humid. The chemical index of alteration (CIA) values

All rights are reserved by UIJRT.COM.

for the sampled locations ranges from 98.97-99.90 with
an average of 98.61 while the chemical index of
weathering (CIW) ranges from 98.21-99.89 with an
average of 99.53. Observation from the thin section
showed that quartz percentage made up 75% with the
absence of feldspar and lithic fragment while iron makes
up for the rest 25%.

Upon this, the ferruginous sandstones can be said to
belong to the class of Quartz Arenites. It is obvious that
from the above results that the sediments were of fluvial
origin and its source rock was exposed to intensive
weathering which depicts matured sediments.

Keywords — - geochemical analysis, —sedimentary
characterstics, tar sand, despositional environment.

INTRODUCTION
The Benin (Dahomey) Basin is one of a series of West

African Atlantic Margin basins that originated during
the period of rifting in the late Jurassic to early
Cretaceous. (Omatsola andAdegoke, 1981; Weber and
Daukorou, 1975; Whiteman, 1982).

The basin expanse stretches along the coast of Nigeria,
Benin Republic, Togo and Ghana in the margin of the
Gulf of Guinea. It is separated from the Niger Delta in
the Eastern section by Benin Hinge Line and Okitipupa
(Wilson and Williams; 1979; Coker and Ejedawe, 1987,
Onuoha, 1999).

The eastern Dahomey basin of the Nigeria sector which
is a host to the Tar Sand contains widespread wedge of
Cretaceous to recent sediments that builds up towards
the offshore about 3000m. The basin has sparked up
much geological interest as a result of the occurrences
of bitumen, and other industrial minerals (Nton 2001).

Exploration for hydrocarbon commenced in this basin in
1908, near Okitipupa, east of Lagos, where bituminous
sands outcrop. The Tar Sand belt stretches to about 120
km by 6 km in Southwestern Nigeria from the Okitipupa
ridge/ western edge of the Tertiary Niger Delta to as far
west as ljebu-Ode in Ogun State.
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Fig. 1 Generalized geological map of the Eastern Dahomey

Basin showing area extent of the tar sand deposits.

Modified after Enu (1985)

Extensive work on this heavy oil deposit has been done,
ranging from: its geology, oil saturation and its reserve
evaluations as well as sedimentary characteristics of the
associated sands (Adegoke et al. 1980; Enu 1987).

The physicochemical properties of the resource in
relation to production and processing have been studied
(Oshinowo et al. 1982; Oluwole et al. 1985). The origin
of the bitumen has been discussed (Coker 1990 ;). Enu
(1985) delineated two horizons: X (shallow) and Y
(deeper). The shallower can be harnessed by open cast
mining, and the deeper horizons by steam-assisted
gravity drainage.

STUDY AREA
This study sets out to examine the geochemical and

sedimentary characteristics of subsurface occurrences of
the bituminous sands from 50m down, based on
available data. These characteristics will then be applied
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for sediment classification, infer on sediment maturity
(which is key index for basin maturity) and paleo —
depositional settings.

The study areas are located at Ayede-Ajegunle with
coordinate 6.58 N, 4.62 E, Araromi-Obu/Ago Alaye
with coordinate 6.59 N, 4.54 E and Ajegunle with
coordinate 6.60, 4.60 E. Samples used for the study
were obtained from three cored holes labelled: Wells A,
B and C respectively, Fig. 2.
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Sedimentary Fill of Dahomey Basin Research methodology
Studies carried out by Jones and Omatsola and Adegoke Fourteen (14) selected core samples were used in this
(1981), Hockey (1984), and Agagu (1985) who study. The lithological logs of the borehole of each
depended on earlier works done by Reyment (1965), location were produced by logging the core samples.
shows that in most part of the basin, the stratigraphy is Samples were collected from each lithofacies for
dominated by sand-shale repetitions, with occurrences laboratory analyses which included: geochemical and
of limestones and clays. grain size and thin section analysis.
Jones and Hockey (1964) Omatsola and Adegoke (1981) Agazu (1983)
Age Formation Age Formation Age Formation
Quaternary Recent Alluvium Recent Alluvium
Tertiary Pleistocene-oligocene Coastal plain sands Pleistocene to oligocene  Coastal plain sands  Pleistocene  Coastal plain sands
e
Eocene Ilaro Eocene HNaro Oshoshun Eocene llare Oshoshun
Paleocens Ewekoro Paleocene Akinbo Ewekoro Paleocene  Akinbo Ewekoro
Late Cretaceous Late Santonian Abeokuta Maastrichtian-Neoco- Armromi-Afowo-Ise  Maastrich-  Araromi Afowo Ise
mian tian-Turo-
nian-Neo-
COMuan

Precambrian crystalline basement rock

Fig. 3. Age and stratigraphic relationship of the formations of the Dahomey basin (Adapted and modified by various

Authors)
RESULT AND DISCUSSION o LITHOLOGY DESCRIPTION
Core sample description from the study area
Lithological description of the study area was based on " N omdomraiioh Wt oot et i ey (XMt St
the available core samples collected from the three [ SRR ML
24 No core sample

locations. The columnar lithological descriptions of the
studied wells are shown in Figs. 4, 5 and 6. T

o Light grey muditone, soft and non fisshe: with low F3%) ingut of wery fine grased,
o= micavaows sonds ot ave gt ey I colowt, baguier. viry well ovied, bt poocly comuniod

Depth No core sample

m) | LITHOLOGY DESCRIPTION

Very fine 1o fine grained micaceom sands. ight @ oy i (olowr, mbmoended, moderaely
:\_\’ serted. DUt poorty comented with relatvery Jow (<15%) of Drown 10 Igh | g vy med sone thet
a0e 30f1 and 00 fisle.
No core sample
Very fine 1o fine pramed sand. ight g ey cobowr, sebrounded, moder ately 10 ied, (o0 Miing
T8 o fermaginous materials. bt poo iy Cemented: with relatively moderate (<IN input of ight
erey el . and non fisile.

Very Sark grey shale/ mudstone, soft 1o moderately hard, fissile to non-fissile: with low (<S%) A3-36

Q input of very fne gained. micaceous sands that are ight grey in colour. angular. and well
sorted.

57-69 No core sample

42-5 No core sample

¥t 10 modlom groined Mok, Fght 7oy n olenc, Sbmguier 0 Subiomaded Light grey mudvione. 308 and 200 fisshe; with relatively iow (<20%) ingut of very fae
= micacesus mineral, fubangular very wel 10ted. consisting of fesvuginous mateslats but
poorly temented .
s Very fiae 10 fine graied sand. subanguier, modedately 50 Med. hat poorly cemented; with 0w
=~ (<10%) mpet of grey muditones that are soft to moderately hard, and non-frslle.

No core sample

_ Very fine 19 fine grained sand. wlogr, 2 rourged.
5> sarted. bt pooty cemented: withlow (<SN) inpet of muose hat e noo-isie.

"»poorly sorted. and poorly cemented: with relatively low (<20%) input of
mudstones that are grey in colour. soft and aon fissile.
E:/\ Fine @ ained sand, Igh1 grey in colour. 1ubanguler 10 rounded. mod evately

Sorted. but poorly cemented: with moder ate {<30%) imput of mudstones.
[, Very fine to fine grained sand, subrounded to rounded, moderately

sorted. but poorly cemented with moderate input (<355) of mudstones

-~ Very fine ta fine gramed wand. Sght grey in loar, angular. mod et ately sarted, but poorly
: ” comentrd: with low (<20%) 01 4ark @ ey MtLts nes T are mod evately hard and non. fimite.
s Ve e 10 e grand micacrous tad, beowaih i colowt. wbrowsded, madesately

3rted. DUt pOrly (€men 1ed: With moder ate Ingut (<A0N) of mudyiones that are non-fivie
No core sample

78-50|

~ Very fine grained sand. gt grey s cotour, wwivounded. and very well soned: with low [(5%)
put atbrownih medstoner Mt are moder ety vorted and non-$ssiie

= Very fiae 15 fiae grained nd. MM ey n (00w wdeounded, well Wrtad. but poorly
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Very fime 1o fine grained sand. ight ey in (iowr. wdrounded, moder stely sorted. but poorty
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90-9! ot are 50 10 haed, and oo fssie ST VE F M
MST VF MS

MST VF
> Very fine grained Fine grained
KEY: - Very fine grained- Fine grained- - Mudstone/ KEY: sandstone sandstone Mudstone

sandstone 5! shal . R
i i Fig. 5 Log-section of core samples (Well B)

Fig. 4 Log-section of core samples (Well A)
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Dep™ | | ITHOLOGY DESCRIPTION

{m)

Darkgrey mudstone, soft to moderately hard, and non fissle: with low input (<10%) of very
“fine to fine grained sands hat are angu lar, moderately sor ed. BuT poorly cemented.

57-63| | No core sample

C) Dark grey mudstone, soft to moderately hard, and non-fissie; with relatively mod erate

63-66 (<30%) input of very fine sand that are subangular, very well sorted, but poorly cemented

66-75 No core sample

75-78

Very fine 1o fine grained sand, brownish 1o ght grey in colour, roended, and well
sorted, consisting of ferrugimous materials, Dut poorty cemented; with redatively
moderate (<40%) input of grey coloured mudones that are soft 1o moderately

hard, and mon fissile.

i
MST VF

¢

KEY:

Grain size analysis

Derivatives from parameters such as

Very fine grained-
sandstone

roundness,

sphericity, grain size and sorting, from grain size
analysis, are suitable tools to deduce the provenance and

transport history of sediments.

- Mudstone

Fig. 6 Log-section of core samples (Well C)

The use of grain shape to identify sedimentary
environments assumes that grain morphology reveals
environmental history (Krinsley and Doornkamp 1973
;). The results obtained from this analysis carried out on
the samples are displayed on table 1.

Table 1 Results of grain size analysis

S/IN  Sample No. Mean SD Kurtosis Skewness Interpretation
1 Well A (69- 2.594 1.039 0.759 —0.045 Fine sand, poorly sorted, symmetrical,
72) platykurtic

2 72-75 2.891 0.753 0.694 0.098 Fine sand, moderately sorted, symmetrical,
platykurtic

3 75-78 2.656 0.936 0.740 0.049 Fine sand, moderately sorted, symmetrical,
platykurtic

4 90-93 2.400 1.062 1.054 0.069 Fine sand, poorly sorted, symmetrical,
mesokurtic
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5 Well B (60- 2.971 0.732 0.733

63)
6 66-69 3.080 0.974 0.912
7 69-72 3.101 0.924 0.844
8 72-75 2.656 0.936 0.740
9 75-78 2512 1.043 1.099
10 81-84 2.640 1.021 0.779
11 84-87 2.596 0.925 0.771
12 WellC(54- 2.901 0.680 0.602
13 ?62-66) 2.613 1.056 0.883
14 (75-78) 2.971 0.732 0.733
AVE 2.745067 0.915214 0.810214

Interpretations from grain size analysis

Data obtained from lithological description and grain
size analysis confirmed that the core samples from well
A (Ayede-Ajegunle) range from fine to very fine grained
sizes (Fig. 6). However, samples between depth 69m
and 72m have their grain sizes ranging from medium
grained to very fine grained. The grains are moderately
sorted to very well sorted, platykurtic to mesokurtic and
symmetrically skewed. The particle size for core
samples from Well B (Araromi-Obu/ Ago-Alaye) range
from fine to very fine grain sizes. The grains are mostly
moderately sorted, mesokurtic to very platykurtic and
symmetrical to strongly coarse skewed. The result of
grain size analysis for core samples from Well C
(Ajegunle A4) are largely fine grained. The grains are
moderately sorted, platykurtic and fine skewed. The
sandstones found in wells B and C should be relatively
closer to the distal position of the basin and reflect single
source of sediment supply (largely unimodal). This is
due to the comparatively narrow range of grain size
observed.

Multivariate Analysis

According to Sahu (1964), using the statistical method
of analysis of the sediments to interpret the variations in
the energy and fluidity factors seems to have excellent
correlation with the different processes and the
environment of deposition. Multivariate analysis of the

All rights are reserved by UIJRT.COM.

0.040 Fine sand, moderately sorted, symmetrical,
platykurtic

0.724 Fine sand, moderately sorted, symmetrical,
platykurtic

-0.703 Very fine sand, moderately sorted, very

coarse skewed platykurtic

0.049 Fine sand, moderately sorted, symmetrical,
platykurtic

0.019 Fine sand, poorly sorted, symmetrical,
mesokurtic

-0.074 Fine sand, poorly sorted, symmetrical,
platykurtic

0.127 Fine sand, moderately sorted, fine skewed,
platykurtic

0.251 Fine sand, moderately well sorted, fine

skewed, very platykurtic

—0.074 Fine sand, poorly sorted, symmetrical,

platykurtic

0.040 Fine sand, moderately sorted, symmetrical,

platykurtic

0.127615

sediment samples was carried out using the following
equation:

Shallow Marine/ Fluvial

Yu = 0.2852M-(8.7604(SD)?)-4.8932SK+0.0482KU

If Y> 7.4190 environment is shallow Marine

If Y< 7.4190 environment is Fluvial

M- Mean

SD- Standard Deviation (Sorting)

Sk- Skewness

Ku- Kurtosis

Yy = 0.2852M-(8.7604(SD)?)-4.8932SK+0.0482KU

Yu=0.2852(2.745067)-(8.7604*0.837617)-
4.8932*0.127615+0.0482*0.810214

Yu = 0.782893-7.33785-0.62445+0.039052
Yu=-7.140355.

Multivariate analysis shows that the environment of
deposition was dominated by fluvial activities. Thus, it
can be inferred that the sediments are of fluvial origin.

Geochemical Analysis

Core samples recovered from boreholes were analyzed
for major oxide geochemistry. As shown in Table 4.7b,
SiO2 was found ranging from (51.44-84.47) %, with an
average of 69.63%, Al2Os ranges from (7.23-24.9) %
with an average of 12.49%, Fe2Os ranges from (1.63-
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6.26)% with an average of 3.49%, MgO ranges from
(0.03-0.04) % with an average of 0.032%, CaO ranges
from (0.01-0.15) % with an average of 0.04%, Na?O
ranges from (0.01-0.02)% with an average of 0.015%.
K20 ranges from (0.019-0.19) % with an average of
0.11%, TiO2 ranges from (0.74-1.65) % with an average
of 1.02%, MnO ranges from (0.01-0.01) % with an
average of 0.01%. The relatively high Al,Os; values
accounts for lithic fragment content. According to
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Cingolani et al 2003, chemical alteration of rock during
weathering, can lead to depletion of akalis and alkaline
earth element and preferential enrichment of Al;O3
while low values of the other oxides may be attributed
to chemical destruction under oxidizing conditions
during weathering and digenesis.

Sublitharenite

Quarts

15 Arenite 7 55

Subarkose

LOG(SI02/AL302)

Fig 7 Sandclass system of classification for well samples. Log (Fe203/K20)/Log (SiO) after Herron 1988

From figure 6 which is the scatter plot for the well
samples, it can be observed that out of 14 samples
analyzed for major element that 4 plotted in Fe-Shale
field while 10 plotted in Fe-sand field. This points out
the significant Fe content of the samples. Generally, the
samples are classified as Fe — Sands based on Herron’s
Sand class geochemical classification for terreginous
sediments.

Source area weathering

According to Nesbitt and young 1986, previous work
done on clastic sedimentary rocks show that their
chemical composition is mainly dependent on the
weathering conditions at their source rock area.
According to them, evaluation of the degree of chemical
weathering and alteration can be determined by
calculating the Chemical Index of Alteration which is

All rights are reserved by UIJRT.COM.

defined as; CIA= (Al,03/(Al,03+Ca0+Na20+K;0).
This works well when Ca, Na, and K decreases with
weathering intensity. Chemical Index of weathering
(CIW) proposed by Harnois 1988, is similar to CIA
except for the exclusion of K20 in the equation and it’s
defined as (Al,O3/ (Al,03+Ca0+Nay0).

Both indices are interpreted similarly with value of 50
representing unweathered upper continental crust while
values of roughly 100 depicts highly weathered
materials. Low CIA values (50 or less) might also reflect
cool and/ or arid conditions (Fedo et al 1995). The CIA
values for the sampled locations ranges from 98.97-
99.90 with an average of 98.61 while the CIW ranges
from 98.21-99.89 with an average of 99.53. It is obvious
that from the above results that the source rock was
exposed to intensive weathering

21
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Maturity and Climatic Condition during
Sedimentation

SiOy/Al,O3 ratios of clastic rocks are sensitive to
sediment recycling and weathering processes and can be
used as an indicator of sediment maturity. With
increasing  sediment  maturity, quarts  survive
preferentially to feldspars, mafic minerals and lithics.
(Roser and Korsch, 1986). Average ratios of SiO2/Al>03
for unaltered igneous rock ranges from 3 (basic) -
5(acidic). Values of SiO2/Al,03 >5 in sandstones are an
indication of progressive maturity (Roser et al 1996).
From the result of the analysis, the ratio of SiO2/Al;0;
ranges from (2.07-11.66) with an average of 7.10. In this
case the high value of SiO,/Al;O3 ratio indicates high
maturity and low clayness. According to (Prothero
2004), sandstone usually contains clay minerals growing
on its grain surface or in the pore spaces. An approach
towards investigating detrital mineralogy has been
proposed by (Cox et al 1995; Madueke et al 2014). This
is the Index of Compositional Variability (ICV) which
is defined as: (Fe;O3+Na,O+CaO+MgO+TiO2)/Al,Os,
More matured sandstones display lower ICV values less
than 1.0 and those sandstones are derived from cratonic

i3
g

i} 5 10

environment. While those with values greater than 1 are
immature mineralogically. From the result of the
analysis the core samples have ICV values ranging from
(0.10-0.66) with an average of 0.43. Thus the sediments
are mineralogicaly matured this is supported by relative
silicate oxide dominance.

Scatter plot of SiO2/Al,O3+K20+Naz0 has been used by
Suttner and Dutta, 1986 to interpret climatic condition
during sedimentation. This discriminates between
humid, semi — humid semi-arid and arid climatic
conditions. This could also be an index to further infer
on degree of chemical maturity. From the scatter plot
figure 8 all the samples plotted within humid and semi
humid section but one on the arid region. The more
humid the weather condition the more chemical
reactivity is expected. This is because water will act as
a catalyst to leach out labile or less stable chemicals like
the Na;O and K,O components thus making the more
stable chemicals like SiO, relatively higher. This can
serve as an index for both chemical and mineralogical
maturity of sediments.

Semi-Arid

1] T

AD3+K20+Na2 0

Figure 8 Scatter plot of SiO»/Al,03+K,0+Na,O showing climatic condition during sedimentation.
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Thin section petrography

Observation from the thin section showed that quartz
percentage made up 75% with the absence of feldspar
and lithic fragment while iron makes up for the rest 25%.
Upon this, the ferruginous sandstones can be said to
belong to the class of Quartz Arenites.

= -

Figure 9a — 9f. Thin section petrography.

Table 2 Modal analysis from thin section for subsurface samples

Mineral Modal Modal Modal Modal Modal Modal
Analysis Analysis Analysis Analysis Analysis Analysis (%
(%) for (%) for (%) for (%) for (%) for )for Slide 6
Slide 1 Slide 2 Slide 3 Slide 4 Slide 5

Quarts 50 70 70 75 65 60

Fe-lron Mineral (Hematite) 50 30 30 25 35 40

Others Nil Nil Nil Nil Nil Nil
CONCLUSION sediments are matured. Inference was made on climatic

Geochemical and sedimentary characteristic derivatives
has proven a veritable tool in sediment classification,
maturity and depositional environment prediction. 14
subsurface samples from the Afowow Formation were
subjected to geochemical analysis and sedimentary
characterization, from relevant geochemical cross plots,
the sediments were classified as iron sands after Heron
1998. This is due to abundant quarts and iron content
which are depicted by high content of SiO2 and Fe203
respectively. Result from index of compositional
variability (ICV) which is a method in investigating
sediment mineralogical maturity showed that the

All rights are reserved by UIJRT.COM.

condition during deposition, the sediments were
deposited under humid and semi humid conditions. This
ensures chemical stability of sediments as all the
unstable elements would have been leached away by
water. The high values of chemical index of alteration
(CIA) and chemical index of weathering (CIW) showed
that the sediment were exposed to intensive degree of
weathering at source area. Observation from the thin
section showed that quartz percentage made up 75%
with the absence of feldspar and lithic fragment while
iron makes up for the rest 25%. Upon this, the

23
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ferruginous sandstones can be said to belong to the class
of Quartz Arenites.
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