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Abstract—Granulometric analysis of the sandstone
facies of the Ise Formation have been studied. The
sand grains have low sphericity and range from
angular to sub-rounded. Histograms of the
sediments exhibit both unimodal and bimodal
trends. The outlay is dominantly asymmetrical with
varying modal class, which could be attributed to
variation in the energy of the transporting medium.
The cumulative curve of the studied samples is
typical of beach sands. The graphic mean ranges
from -0.25¢ (very coarse grained) to 1.59¢ (medium
grained) with an average of 0.63ch (Coarse grained).
The preponderance of coarse grained sediments and
lack of fine sands suggests strong to moderate
energy conditions of deposition and the particles
move in the flow as bedloads. The graphic standard
deviation ranges from -0.65¢p-0.66cp (very well sorted
to moderately well sorted), with an average of -0.18
¢ (very well sorted). The well sorted nature of the
sediments is probably due to rapid back and forth
flow of the depositing medium. The values of
inclusive graphic skewness ranges from -1.02¢-
1.49¢ (very coarse skewed to very fine skewed), with
an average of 0.08¢ (near symmetrical). The graphic
kurtosis ranges from 0.25¢-2.31¢p which indicates a
very playtykurtic to very leptokurtic; with an average
of 1.14¢ (leptokurtic). This wide range value
suggests that part of the sediment achieved its
sorting elsewhere in high-energy environment. The
bivariate plot of moment skewness vs. moment
standard deviation shows the samples plotting in the
beach sand zone, indicating in littoral environment.
The sediments are texturally mature with moderate
to high input of modifying kinetic energy. Linear
discriminant functions analysis indicates a shallow
marine beach environment. From the Passega
diagram, majority of the samples plotted within the
uniform suspension zone; while some appeared in
the gradual suspension zone. The uniform
suspension segment indicates the role of uniform
suspension in transporting segments.
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INTRODUCTION
The knowledge of particle size distribution and the
assemblages of heavy minerals in sedimentary rocks

effectively locate and use essential minerals to predict
their dispersal pattern when they re-enter the natural
environment and information about the source of the
sediment, provenance of the material as well as the
environment of deposition may be obtained from an
examination of the clast types present [1] [2]. Grain
size frequency distribution and textural factors may
reflect the mode of transportation and depositional
history of an area. Several workers have endeavoured
to infer depositional environment and hydrodynamics
from grain size data [3, 4, 5, 6, 7, 8, 9, 10, 11, 12. 13,
14. 15, 16, 17, 18, 19, 20, 21].

Heavy minerals have been used for provenance,
sediment spatial distribution, palaeodrainage pattern,
palaeogeographic  reconstructions, mapping the
bedrock geology and correlation studies in both
modern and ancient sediments [22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35].

The Dahomey basin is an extensive sedimentary
basin extending almost from south-Ghana to Nigeria
(precisely the Benin hinge-line). The Dahomey basin
(Fig.1) is a marginal pull-apart basin [36] or Margin
sag basin [37], which was initiated in the Late Jurassic
to early Cretaceous [38] separation of African and
South American lithospheric plates. A number of
authors have identified and described the eight
lithostratigraphic units in the Dahomey basin [39, 40,
41, 42]. In most parts of the basin, the stratigraphy is
dominated by sand and shale alternations with minor
proportion of limestone [42]. This investigative study
was carried out at Irolu and J4 reserve area, Ogun
State, in the south western part of Nigeria (Fig. 2).
This present study intends to make precise
deductions on the granulometry and heavy mineral
studies of the sandstone facies of the Ise Formation.

MATERIALS AND METHODS

Field work was carried out within the Dahomey basin
between Irolu and J4 area in Ogun State. A
systematic field mapping involving detailed surface
section measurement and construction of lithologic

particularly in the earth crust make it possible to sections; at each outcrop
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Fig.1.East-West geological section showing position, extent and thickness variation in the onshore Dahomey basin and upper
part of the Niger Delta, after [38].
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Fig.2. Location map of the study area.

samples were collected while lithologic units were
described. Twenty (20) fresh samples were collected
by cutting the inner part of the outcrop and in the
process contamination and other exogenic
transformations were avoided. The samples were
placed in sample bags and labeled using appropriate
code. A qualitative visual study was carried out on the
samples to describe physical features such as colour,
roundness, sorting, etc. Twelve (12) samples were
chosen for granulometric analysis. The samples were
dried in the oven to ensure proper dryness. After
drying, the samples were removed from oven and
allowed to cool inside the desiccators. After cooling,
the samples were weighed then the sieves were
arranged in descending order and mounted on the
sieve shaker. The samples were poured into the
upper sieves one after the other. The shaker was put
on and allow to shake for 10 minutes, after the
mounted set of sieves were removed from the shaker
and the content in each sieves was weighed against

the size of the sieve. Then the percentage retained
was calculated and this was plotted against the sieve
sizes. Sieving analysis was achieved by sieve shaker
using set of eight sieves agitating for about 10min.
The sieve used for this operation are as follows
1.18mm, 0.85mm, 4.50mm, 0.300mm, 0.150mm,
0.090mm, 0.075mm and 0.063mm. The percentage of
the aggregate was estimated. The grain size of the
5™, 16", 25", 50th, 75", 84", and 95"percentiles were
obtained from each cumulative curve drawn. These
were used to calculate the parameters for the Graphic
mean (M), Standard deviation (sorting) (SD), Graphic
kurtosis (K) and Graphic skewness (SK) based on [6].
For petrographic analysis, the sample was oven dried
to ensure proper dryness. Then, it was poured into
sample tray. The representative sample was taken by
using quartering method to ensure full representation
of the sample. The representative sample was poured
into the graduated plate. After mounting the grains in
Canada Balsam on microscopic slides. More than 100
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grains of each sample were counted with the ribbon
count method under the petrologic microscope in
order to ascertain different parameters such as grain
size, shapes, the various mineral compositions and to
estimate their modal percentages.

For heavy mineral analyses, Bromoform was poured
into the upper funnel with several clips on the
representative sample of the sediment was taken and
drop into the bromoform. The heavy minerals were
seen settling down into the bromoform while lighter
ones float. This was left for about five minutes to
ensure complete settling of the heavy minerals. The
clip was locked while the second clip is opened. This
allows the separated heavy mineral to run into the
filter paper inside the second funnel. It was allowed to
drain, the mineral was allowed to run through the
second filter paper and the bromoform was recovered.
Acetone was used to wash through the first and
second funnels to clean off the bromoform. Hot plate
was put on and the glass slide was also placed on the
hot plate. Canada balsam was dropped on the glass
slide. The separated heavy minerals were carefully
sprinkled on the Canada balsam. This was allowed to
cool and later, it was properly labeled. The heavy
minerals were later studied under petrographic
microscope.

STRATIGRAPHY OF DAHOMEY BASIN
Figure 3 shows a geological map of the Dahomey
basin, while Table 1 shows the lithostratigraphy the
basin. Previous work on the Cretaceous stratigraphy
of the Dahomey basin has recognized three
formations belonging to the Abeokuta group [41] as
follows; (i) The Ise Formation which is Neocomian to
Albian in age consist essentially of continental sands,
grits and siltstones. This is directly overlying the south
western Precambrian Basement Complex. (i) The
Afowo Formation which overlay Ise Formation
consists of coarse to medium-grained sandstones with
variable interbeds of shales, siltstones and clay. The
sediments of this formation were deposited in a
transitional to marginal marine environment during
turonian to Maastritchtian age. (iii) The Araromi
Formation consists basically of sand, overlain by dark-
grey shales and interbedded limestone and marls
occasional lignite bands. The formation conformably
overlies the Afowo Formation and Maastrichtian to
Paleocene age has been assigned [41].

The Abeokuta was conformably overlaid by Imo group
which comprises of shale limestone and marls. The
twolithosratigraphic  units under this group are:
Ewekoro formation which consists of thick fossiliferous
limestone. [43] described the formation as consisting
of shaly limestone 12.5m thick which tends to be
sandy and divided it into three microfacies. [44] further
modified this and proposed a fourth unit. It is
Paleocene in age and associated with shallow marine
environment due to abundance of coralline algae,
gastropods, pelecypods, echinoid fragments and other
skeletal debris. The Akinbo Formation overlies
Ewekoro Formation and it consists of shale,
glauconitic rock bank, and gritty sand to pure grey and

with little clay. Limestone lenses from Ewekoro
formation grades literally into the Akinbo shale
towards the base. The base is characterized by the
presence of a glauconitic rock. The age of the
formation is Paleocene to Eocene. The Oshoshun
Formation overlies the Imo group which is a sequence
of mostly pale greenish-grey laminated phosphatic
marls, light grey white-purple clay with interbeds of
sandstones. It also consists of claystone underlain by
argillaceous limestone of phosphatic and glauconitic
materials in the lower part of the formation and were
deposited during Eocene [42]. The sedimentation of
the Oshoshun Formation was followed by a
regression phase which deposited the sandstone unit
of llaro Formation [45]. The sequence represents
mainly coarse sandy estuarine deltaic and continental
beds which show rapid lateral facies change. The
coastal plain sands are the youngest sedimentary unit
in the eastern Dahomey basin. It conceivably
unconformably overlay the llaro Formation but lack
convincing evidence [39]. It consists of soft, poorly
sorted clayey sand and pebbly sands deposited
during Oligocene to Recent.

RESULTS AND DISCUSSION

Granulometric  analysis  provides  quantitative
information when a comparison of the character is
required from sediments deposited within a known
environment, such as a beach or along a river. It is
therefore most commonly used in the analysis and
quantification of present-day processes of transport
and deposition [47]. The grain size parameters of the
studied sandstones and their interpretations are
presented in the Table 2. The sand grains have low
sphericity and range from angular to sub-rounded.
Figure 4 shows the cumulative curve of the studied
samples typical of beach sands. Figure 5 are
histograms of the individual weight percent of the
sediments exhibiting both unimodal and bimodal
trends. The outlay is dominantly asymmetrical with
varying modal class, which could be attributed to
variation in the energy of the transporting medium.

Graphic mean (Mz)

This is the average size category or a measure of the
central affinity. The graphic mean ranges from -0.25¢
(very coarse grained) to 1.59¢ (medium grained) with
an average of 0.63¢ (Coarse grained). The
preponderance of coarse grained sediments and lack
of fine sands suggests strong to moderate energy
conditions of deposition and the particles move in the
flow as bedloads.

Inclusive Graphic Standard Deviation (ol)

This is a measure of sorting or variation in grain sizes
and indicates the fluctuations in the kinetic energy or
velocity conditions of the depositing agent [15]. The
graphic standard deviation ranges from -0.65¢-0.66d
(very well sorted to moderately well sorted), with an
average of -0.18 ¢ (very well sorted). The well sorted
nature of the sediments is probably due to rapid back
and forth flow of the depositing medium.
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Fig.3. Geological Map of the Dahomey Basin [46].
TABLE |. STRATIGRAPHY OF THE DAHOMEY BASIN
PERIOD Jones & Hockey (1964) Adegoke & Omatsola (1981) Agagu (1995)
Age Formation Age Formation Age Formation
Quaternary | Recent Alluvimm Recent Alluvium
Fleistocene — | Coastal Plain | Pleistocene — Fleistocene —
Oligocene Sand Oligocene Coastal Plain Sand Oligocene Coastal Plain Sand
Tertiary Naro Haro sandstone/Oshosun Haro sandstone'Oshosun
ertiary Eocene sandstone Eocene shales Eocene shales
Ewekoro Akimbo shale’Ewekoro Akimbo shale/Ewekoro
Paleocene Limestone Paleocene Limestone Paleocene Limestone
: Maastrichtian | Araromi shale Masstrichtian | AAraromi shale
Late Late Abeckuta . )
. . to Afowo sandstone/shale | to Afowo sandstone’shale
Cretaceous Senonian Formation _ . - .
Neocomian Neocomian
Ise sandstone Ise sandstone
Precambrian Basement Complex

TABLE 2. SUMMARY OF GRAIN SIZE ANALYSIS RESULT AND INTERPRETATION

Samples | Mean | Interpretation | Sorting | Interpretation | Kurtosis | Interpretation | Skewness | Interpretation
(Phi) (Phi)
Irolu 1 1.30 medium 0.27 Very well 231 Very -0.64 Strongly coarse
grained sorted leptokurtic skewed
Irolu 2 0.04 Coarse grained | -0.50 Very well 0.25 Very 0.26 Fine skewed
sorted platykurtic
Irolu 3 0.61 Coarse grained | -0.56 Very well 1.08 Mesokurtic 0.28 Fine skewed
sorted
Irolu 5 1 medium -0.5 Very well 0.91 Mesokurtic -0.11 Coarse skewed
grained sorted
Irolu 6 1.59 medium -0.31 Very well 1.77 Very -1.02 Strongly coarse
grained sorted leptokurtic skewed
Irolu 7 -0.25 | very coarse 0.5 well sorted 0.70 Platykurtic -0.90 Strongly coarse
grained skewed
Irolu 8 0.64 Coarse grained | 0.66 Moderately 0.68 Platykurtic 0.27 Fine skewed
well sorted
Irolu 9 -0.07 | very Coarse -0.65 Very well 1.29 Leptokurtic 0.09 Near
grained sorted symmetrical
Irolu10 | 0.73 Coarse grained | -0.51 Very well 1.29 Leptokurtic 0.38 strongly fine
sorted skewed
Irolull | 1.22 medium -0.31 Very well 1.31 Leptokurtic 0.40 Strongly fine
grained sorted skewed
Irolul2 | 0.14 Coarse grained | -0.09 Very well 1.12 Leptokurtic 1.49 strongly fine
sorted skewed
Js 0.65 Coarse grained | -0.2 Very well 0.97 Mesokurtic 0.40 Strongly Fine
sorted skewed
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Inclusive Graphic Skewness (SK)

Is a measure of grain-size distribution that reflects the
grain spread characteristics in the tails of the
distribution. The values of inclusive graphic skewness
ranges from -1.02d-1.49d (very coarse skewed to
very fine skewed), with an average of 0.08¢p (near
symmetrical). The usually positive skewness of fluvial
deposits results from suspension material overlapping
the sediment transported on the bottom through
traction and salting, due to the reduced turbulence of
fluvial current [15]. Positive skewness is due to the
competence of the transportation agent unidirectional
flow, and the negative is caused by removal of fine
grained tail of distribution by winnowing action [15]
[48] [49] [50] [51]. [52] indicated that negative
skewness has relationship with the intensity and
duration of high energy depositional agent through a
removal of fines (swash and back wash) of a high
energy ocean beach, for instance [48] added that
negative skweness can be caused by the addition of
materials to coarse fractions like shell fragments.
Generally, most beach sediments are slightly negative
skewed because of a small proportion of coarse
grains [53].

Kurtosis (KG)
It shows if the distribution is bell shaped, very flat, or
very peaked. That is: it reflects the sharpness or
peakedness of a grain-size frequency curve.
Sharppeaked curves indicate better sorting in the
central portion of the grain-size distribution than in the
tails, and flat-peaked curves indicate the opposite
[54]. The graphic kurtosis ranges from 0.25¢-2.31¢
which indicates a very playtykurtic to very leptokurtic;
with an average of 1.14d (leptokurtic). This wide
range value suggests that part of the sediment
achieved its sorting elsewhere in high-energy
environment. According to [55] and [56] variation in
the kurtosis values shows the reflection of the flow
characteristic of the depositing medium. Most sands
are leptokurtic and are either positively or negatively
skewed [57]; because most sands consist of two
populations (coarse, leading to negative skewness

predominant population and one very subordinate
population.

Relationship between granulometric parameters
The relationship between granulometric parameters is
significant for the interpretation of the transport and
depositional environment of sediments as pointed out
by several authors (e.g., [6] [7] [12] [17] [11] [13] [58]
[59]. The bivariate plot (fig. 6) shows the samples
plotting in the beach sand zone, indicating in littoral
environment. The bivariate plot between mean grain
size and sorting (standard deviation) reveals that the
grains are sands (fig.7a) that are very well sorted
made up of coarse to medium grained sand particles
(fig,7b). Only two samples are very coarse and both
are sorted. The energy medium may have caused the
removal of fine particles via winnowing action of tidal
waves. The scatter plot between mean grain size and
sorting kurtosis shows a wide range of plots in several
Kurtosis fields except the extreme leptokurtic zone
(fig. 8). Figures 9A and 9B are bivariate plots between
Skewness and Sorting against Kurtosis .respectively;
these also show the wide range of kurtosis fields.
Figures 10A and 10B are graphical relationships
between Mean size and Skewness; Sorting and
Skewness.

Textural maturity
Textural maturity of sandstones encompasses three
textural properties: (i) the amount of clay-size
sediment in the rock, (ii) the sorting of the framework
grains, and (iii) the rounding of the framework grains
[61]. Figure 11 is the textural maturity concept of [61];
sandstones containing more than five percent clay is
in the immature stage [54]. The framework grains in
immature sediments are poorly sorted and poorly
rounded. Presumably, immature sediments have not
undergone sufficient sediment transport and
reworking to remove fine-size material and produce
sorting and rounding of grains [54]. The sandstones
studied have clay less than five percent, with majority
well sorted and the grains not rounded; they can thus
be classified as texturally mature with moderate to

and fine, leading to positive skewness): one high input of modifying kinetic energy.
5.0 - \
301 o N\
3.0 - e o \
e o \
" 2.0 4 \
§ 1.0 4 \ Mainly
3 \ river
% 0.0 1 Mainly sands
-1.0 4 beach \
2.0 4 sands N
-3.0 - e \
-4.0 T T T A T T )
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Standard deviation

Fig.6.Grain-size bivariate plot of moment skewness vs. moment standard deviation, showing the fields in which most beach and
river sands plot. The sediments plotted in the beach sands field, [13]
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Fig.9. Bivariate plots: (A) Skewness vs. Kurtosis; (B) Sorting vs. Kurtosis, fields based on [60].

Linear discriminant functions

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
[15] Linear discriminant function analysis of the

sediments was established in order to characterize
the depositional setting based on the following
equations (Where MZ is the grain size mean, 01 is
inclusive graphic standard deviation (sorting), SK is
skewness and KG is the graphic kurtosis):
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(@) Discrimination between Aeolian and beach
environment (Y,)

Y, = -3.5688 Mz + 3.7016 51° - 2.0766 SK + 3.1135
KG

If Y1 is less than -2.7411, Aeolian deposition is
indicated and if greater than -2.7411, the environment
is beach. All the samples have Y; values that are
greater than -2.7411 (Table 3), which imply beach
environment.

Y; = 0.2852 Mz - 8.7604 51° - 4.8932 SK1 + 0.0482
KG

If Y3 is less than -7.419 the environments is fluvial,
and if greater than -7.419 the environment is shallow
marine. All the samples have Y; greater than -7.419,
which indicates shallow marine environment.

(d) Discrimination between Fluvial and turbidity (V)
Y, =0.7215 Mz + 0.403 51% + 6.7322 SK + 5.2927KG

(b) Discrimination between beach and shallow
agitated marine environment (5)

Y, = 15.6534 Mz + 65.7091 51 + 18.1071 SK +
18.5043 KG

If Y, is less than 65.3650, beach deposition is
indicated and if greater than 65.3650, it is shallow
agitated marine environment. All the sediments have
Y, less than 65.3650 which imply beach environment.
(c) Discrimination between shallow agitated marine
and the fluvial environments (Y3)

If Y, is less than 10.000, the environment is Fluvial
and .If greater than 10.000, the environment is
Turbidity. 75% of the samples have Y, less than 10,
this implies a fluvial environment. While 25% were
deposited by turbidity action.

Figure 12 show the cross plots of the linear
discriminant functions of the sandstone facies of the
Ise Formation which indicates a shallow marine beach
environment.
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TABLE 3. VALUES OF THE LINEAR DISCRIMINANT FUNCTIONS

Samples | Irolul Irolu 2 Irolu 3 Irolu 5 Irolu 6 Irolu7 Irolu 8 Irolu 9 Irolu 10 Irolu 11 Irolu 12 Ja
Y, 4.1516 1.0211 1.765 0.4183 2.3104 5.866 0.8849 5.6433 1.5849 -0.7502 -0.0767 0.0178
Y, 56.296 | 26.3873 | 55.2096 | 46.9278 | 45.4869 | 9.1705 | 56.1129 | 52.1665 | 59.2692 | 56.8953 | 50.4281 | 37.9951
Ys 2.9751 | -3.4389 | -3.8913 | -1.3228 4.688 2.1762 | -4.9219 | -4.0994 | -3.8676 -2.3881 -7.2679 | -2.0756
Y4 8.8849 | 3.2032 8.1676 | 4.8981 3.6871 | -2.4337 6.054 7.5532 | 10.0173 | 10.5453 | 16.0631 | 8.3119

100 - fian/Shallow] 8 - i
1AeolianfShallow! : i H .
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Fig.12. Cross plots of the linear discriminant functions of the sediments, Y1-Y; and Y2-Ys.

C-M Pattern
The way to determine the environmental conditions in
which sediment was deposited is to use the CM
pattern or the Passega diagram based on the
Parameter C (one percentile of the grain size
distribution) and M (the Median: 50" percentile of the
grain size distribution), as useful in the hydrodynamic
interpretation of grain size data. The Passega diagram
in Figurel3 features several fields, pelagic suspension
(T field), uniform suspension (SR field), gradual

suspension (QR field), suspension and rolling (QP
field), rolling and suspension-PO, rolling (ON field)
corresponding to the various transports and
sedimentation conditions in the marine, littoral or
fluvial domains. From the Passega diagram majority
of the samples plotted within the uniform suspension-
SR zone; some appeared in the QR zone, while two of
the samples plotted in the pelagic suspensions (field
T). SR (uniform suspension) segment indicates the
role of uniform suspension in transporting segments.

4 -

Fig.13. Passega diagram for the studied samples
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Conclusion

The granulometric analysis reveals that the sandstone
facies of the Ise Formation have low sphericity and
range from angular to sub-rounded. The outlay is
dominantly asymmetrical with varying modal class,
which could be attributed to variation in the energy of
the transporting medium. The graphic mean ranges
from very coarse grained to medium grained, which
suggests strong to moderate energy conditions of
deposition. The graphic standard deviation ranges
from very well sorted to moderately well sorted;
graphic skewness ranges from very coarse skewed to
very fine skewed; while the graphic kurtosis ranges
from very playtykurtic to very leptokurtic. A Bivariate
plot (moment skewness vs. moment standard
deviation)shows the samples plotting in the beach
sand zone. The sediments are texturally mature with
moderate to high input of modifying kinetic energy.
Linear discriminant functions analysis indicates a
shallow marine beach environment. From the
Passega diagram, majority of the samples plotted
within the uniform suspension zone; while some
appeared in the gradual suspension zone. The
uniform suspension segment indicates the role of
uniform suspension in transporting segments.
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