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Abstract

Field and granulometric investigation of Patti Sandstone were carried out with a view towards establishing the lithological
sequence, geological processes, textural characteristics and paleoenvironment of deposition of the sediments. Field study
entailed basic field procedures and sedimentological descriptions which encompass physical factors such as textural parameter,
composition, colour and structures; biological inference in terms of fossil content and chemical character in terms of chemical
composition and post depositional diagenesis effect. Granulometric laboratory procedure includes weighing and sieving of
samples with set of sieves; calculated cumulative percentages, software input of data to generate statistical parameters such
as mean, standard deviation (sorting), skewness, kurtosis and ternary diagrams. Field observations show that the lower part
of the outcrop section has alternation of claystone and shale; the mid-section shows coarsening-up sequence of shale, clay and
sandstone facies of a retrogradational system, while the upper part is composed of intercalation of claystone and sandstone
in repetitive pattern, various thicknesses and colours. The textural characteristics of the sandstone are generally coarse-fine
grains, reddish to greyish in colour, rounded to subrounded and moderately to well sorted. Structurally, the outcrops are
planar cross bedded, wavy laminated and concretional. Granulometric result categorized the sandstones into fine, medium
and coarse grained particles; well sorted to moderately well sorted, characterized by lateral retrogradational sequence from
the shoreline. The skewness varies from fine skewed, very fine skewed and symmetrical. Kurtosis values suggest multi-sourced
particles deposited in marine and fluviatile paleoenvironments.
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Introduction

The stratigraphic study of Bida Basin is important
in terms of its biostratigraphic and lithostratigraphic
implications to hydrocarbon generation and accumulation.
The emphasis in this study is the evaluation of the sandstome
facies of the Late Campanian to Ealy Maastrichtian Patti [1].
The area of study lies within the southern part of the Bida
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Basin, within Kogi State and Abuja, the Federal Capital
Territory. Sandstone samples were collected from outcrops
along the Lokoja-Abaji-Abuja highways (Figure 1). Bida Basin
has a maximum width of about 160 km, stretches northwest-
southeast for about 400 km from Kontagora in Niger State to
Dekina in Kogi State where it has contact with the Anambra
Basin.
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Lithostratigraphic section of the Bida Basin contains
conglomerate at the base which overlies the basement
complex, belonging to Lokoja Formation, outcropping in
many parts of the basin. The paleoenvironment of deposition
of the Lokoja Formation was first described by Braide [2,3]
and later by Okosun [4].

Previous studies on Patti Formation were more on the
determination of source rock potential and paleoenvironment
of the shale facies using organic geochemical and
paleontological techniques [5-7]. However, application of
sedimentology in the evaluation of paleoenvironmental
reconstruction of the Patti Formation is uncommon and not
well documented. Therefore, systematic geologic mapping

of the Patti Sandstone was carried out with intents toward
determining textural characteristics and paleoenvironment
of deposition of Patti Sandstone based on field and
granulometric studies

Geologic Setting

Bida Basin is an inland basin in Nigeria located in the
central part of the country geographically. The evolution of
the Bida Basin was hinged onriftbounded tensional structure,
formed as a result of drifting apart of South American plate
from the African plate [8,9]. Other researchers such as
Wright, et al. [10], Ojo [11] and Adeniyi [12] proposed a
wrench-fault tectonic model for the origin of the basin.

Figure 1: Map showing the location of the study area [1].

Formation highlighted [1].

Figure 2: Stratigraphy of Maastrichtian-Campanian formations in the Bida Basin correlated with the Anambra Basin; Patti
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Three lithostratigraphic formations were identified
in the basin [1,6,13]. The lithostratigraphic section of the
Bida Basin is characterized at the base by Lokoja Formation,
90-280 m thick, dated Maastrichitian-Campanian in age.
This is overlain by Patti Formation, earlier dated broadly as
Maastrichtian [6,14]. The thickness of the formation varies
between 70-100 m. Recently, the Patti Formation was refined
and dated on the basis of assemblages of pollen and spores,
dated Late Campanian to Early Maastrichtian [1]. The lowest
part of the Patti Formation was dated Campanian age while
substantial part of the section belongs to Early Maastrichtian;
stratigraphically correlated with Mamu Formation in
Anambra Basin [1] (Figure 2). The Patti Formation is overlain
by Agbaja Formation which is dominantly ironstone, 5-20 m
in thickness [2,3,15].

Methodology

Fieldwork was undertaken by ensuring that necessary
materials needed for the field such as clinometer, GPS, sample
bags, marker pens, topo map, hammer, chisel, masking
tape, hand lens, and dilute hydrochloric acid were taken
along for the exercise. The field exercise was systematically
coordinated especially along major highways of Lokoja-
Abaji-Abuja roads. At every oucrop visited, the location was
noted with aid of the GPS while other necessary lithologic
description was carried out by giving adequate consideration
to the physical, biological and chemical properties of the
sedimentary rock.

The physical characteristics of the outcrop description
include the main composition of the rock, textural attributes
such as grain size, angularity/roundness and sorting.
Others include colour, sand/shale ratio and structures. The
biological property noted was in terms of fossil presence
while chemical characteristics include noting presence of
calcite, iron, or other authigenic minerals such as glauconite,
pyrite, gypsum, or other form of anhydrites [16]. Importance
was the observation of accessory mineral such as biotite or
muscovite, iron or carbonate presence. The chemistry of the
rock took into cognizance the post depositional diagenetic
effects on the sandstone and clay deposits [16]. Outcrops
were logged from the bottom to the top by indicating various
facies, their respective thicknesses and associated litho-
characteristics. Photographs of the outcrop were taken to
indicate as they appear in the field with the various geologic
structures, stacking patterns and contact styles.

Granulometric analysis of the sandstone samples was
carried out in the laboratory following standard laboratory
procedures. The collected selected sandstone samples were
spread on plain white paper, coded to indicate site location.
They were spread and allowed to dry at normal room
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temperature while adequate separation of the sticky grains
was ensured by robbing the grains in-between the palms and
in-between fingers as required.

The sieves used for the grain size separation were the
Impact Laboratory Test Sieves (U.S. standard sieve size)
with a shaker and an amplifier. Thirteen sandstone samples
were subjected to sieving mechanism using different grades
of sieves in sizes of 1000, 850, 600, 425, 300, 212, 150, 75,
63um and base pan of 2mm in order to retrieve respective
weight of retained sand grains in each of them. The sieves of
different sizes were stacked on one another with the finest at
the bottom with attached base pan while the coarsest sieve
size was at the top, covered. The disaggregated dried samples
were weighed by chemical balance to 100gm; poured into
the topmost sieve, covered and placed on a shaker, ready
for sieve agitation at moderate frequency for about 15
minutes. After sieving the samples into sieve classes, grain
assemblage in each sieve was poured, weighed and recorded.
The procedure was repeated for all the thirteen samples
selected for the research.

The weight percentage frequency data was subsequently
converted to cumulative weight percentage. The results of
the sieved samples and their analysis with the aid of software
program were computed, input in the software. Sample
statistics were calculated using the method of moments in
Microsoft Visual Basic programming language shown in Table
4: mean, sorting (standard deviation), skewness and kurtosis.
Grain size parameters were calculated arithmetically and
geometrically (in microns) and logarithmically (using the
phi scale) [17]. Linear interpolation is also used to calculate
statistical parameters by the Folk and Ward [18] graphical
method and derive physical descriptions (such as “very
coarse sand” and “moderately sorted”). In terms of graphical
output, the program provides graphs of the grain size
distribution and cumulative distribution of the data in both
metric and phi units, and displays the sample grain size on
ternary diagrams.

Mean

The mean values are used to determine the average grain
size of the sediment which could be classified to be very
coarse, coarse, medium grained sandstone, fine or silt sized
sandstone. The variation in sizes is in response to current
energy whether high, medium or low. This indirectly is in
relation to course of the river whether it is in upper, middle
or lower course. It may as well be related to lateral variation
in response to hydraulic sorting, abrasion topography and
climate.

Graphic Mean Mz = (ﬂ16+ﬂ50+ﬂ84)/3
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Standard Deviation (Sorting)

This is an important parameter calculated and used
for the interpretation of the granulometric analysis. It is
determined from the Inclusive Standard Deviation calculated
from the probability curves for the samples. It is also a
measure of degree of sorting of the sediment.

#84—-@F16  @95-@5
o, = +
4 6.6
The Standard Deviation o, measures the scatter around
the mean. Therefore, it describes the transportation history
of the sediment which may be dependent on factors such

as source, depositional environment, distance of sediment
movement away from source, rate of deposition and so on.

Sorting classification range values according to Folks [18]
are given below:

<0.35@ = Very well sorted

0.35-0.55@ = Well sorted

0.50-0.71@ = Moderately well sorted

0.71-1.000 = Moderately sorted

1.00-2.00 = Poorly sorted

2.0 4.00 = Very poorly sorted

However, sorting achieved by sediments is dependent
on source of sediment, energy of deposition environment,
density of material, and differential rate of deposition.

Skewness

This is another statistical parameter calculated by the
program. The essence of skewness is to serve as a measure
of symmetry in the scatter of distribution. It can as well
be described as the degree of lopsidedness of the curve.
Therefore, Inclusive Graphic Skewness was calculated:

_ 016 + 984 - 2050 @5 + @95 — 2050
' 2(w84 - g6) 2(995 - 95)
Kurtosis

SK

The graphic kurtosis (KG) is the how much peak is the
distribution and measures the ratio between the sorting
in the tails and central portion of the curve. If the tails are
better sorted than the central portions, then it is termed
as platykurtic, whereas leptokurtic, if the central portion is
better sorted. Kurtosis is also a measure of the flatness of
the grain size distribution as it would appear on a simple
frequency curve. Flat distributions are platykurtic and
peaked distributions are leptokurtic. The samples that are
mesokurtic indicate that the sorting agent was uniform for
the entire grain distribution. It is calculated by applying Folk
and Ward [17] formula as shown in equation. The graphic
skewness values and their respective interpretation are
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presented in Table 1.

®95— D5
2.44(@75—@25)

Graphic kurtosis (GKQ) =

GKQ Values Interpretation
<0.67 Very platykurtic
0.67 -0.90 Platykurtic
0.90-1.10 Mesokurtic
1.10 - 1.50 Leptokurtic
1.50-3.00 Very leptokurtic
>3.00 Extremely leptokurtic

Table 1: The Grade Scale for Interpretation of Kurtosis (GKQ)
Values [18].

Results and Discussions

Field Study

Lithostratigraphic sections of encountered outcrops
in the field belong to Patti Formation. A typical exposure
revealed alternating sequence of shales, claystone, siltstone
and sandstone with ferruginous mudstone interbeds. At the
base of the outcrop section is a greyish claystone bed overlain
by 1.12m thick intercalated greyish shale. The shale units
are fissile, dark-grey to black in colour with abundant plant
remains (Figure 3). The shale facies is overlain successively
by greyish to yellowish and reddish to purplish clay layers
characterized by planar parallel bedding and planar cross
bedding structures at the top (Figure 4). Upper sequence
at the mid-section is defined by coarsening upward trend
of planar parallel siltstone and overlying wavy planar
structured, well sorted fine sandstone (Figure 5), suggestive
of retrogradational system depositional phenomenon during
increase in sea level [19]. Siltstone units are light grey to
reddish brown, beds thickness range from 0.11 to about 7
m. The sandstone units are fine to coarse grained with bed
thickness varying from 0.17 to 6 m (Figure3).

The upper section of the outcrop is characterized by
alternation of sandstone and claystone of varying colours.
The sandstones are generally of wavy planar structure
while the claystone beds are structurally characterized
by planar cross bedding and planar parallel beddings. The
sandstones exhibit variety of colours ranging from creamy
white through grey-yellowish to reddish brown. The colour
variation, especially the greyish colour may suggests that
some of the sandstones beds were deposited under anoxic
condition of a marginal marine setting. However, the reddish
colour imparted in them is an evidence of post depositional
diagenetic effect; resulted from percolated, precipitated or
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crystallised diagenesis of iron-rich minerals into more stable
iron minerals such as goethite or haematite autogenically
formed in the sandstone beds.

Sandstone units of various textural characteristics exist
within the Patti Formation. At some locations the sandstones
units are almost entirely of fine grained variety, also are
medium to coarse grained sandstones facies in other places.
The sandstone units are composed of wedged beds of 0.17m
to over 6m thick; colour ranges from creamy white through
greyish-yellowish to reddish brown (Figure 6). The main

component mineral grain is quartz which exhibits planar
cross bedding (Figure 4), wavy lamination (Figure 5) and
concretional sedimentary structures (Figure 6) representing
common features in the study area. The planar cross
bedding and wavy lamination structures result from angular
deposition of well sorted sediments from the marine water,
while gentle marine waves were also responsible for the
deposition of the well sorted fine to medium grains of the
Patti Sandstones. In most of the outcrops the sandstone units
are slightly indurated suggestive of fair amount of cement
binding the grains.

Description

Thickd pepth | Rock

ness Type Colour Grain Sorting | Diagenesis [Geometry
Moderate Wa
057 | o057 Reddishblack Fine Very v
Indurated Planar
e Moderate
192| 057240 Grey indurated | Planar
TTTTTITH Moderate
0.23 | 2.49-2.72 Reddish Grey Fine well very Wavy
- Indurated Planar
v Maderate
0611 2.72:3.33 Grey Indurated | Planar
0.32] 3.33-3.65 [[seveveen Reddish gre Fine Moderate Wavy
grey Well Indursted planar | Key/Legend
= Moderate
0.65 | 3.65-43
Grey Indurated Planar sandstone
o . Moderate
0.35[ 4.3-4.65 Reddish Black Fine well Very Wwavy
= Indurated | Planar Claystone
083 a65-5.48 Grey Moderare Planar
e B Moderate
0.41 | 5.48-5.89 ReddishBlack Fine well Very wavy
Planar
. Indurated
Ve
3.29|5.89-9.18 Grey ndoryed Planar
" . Very Wavy
0.5 | 9.18.9.63 Reddish Grey Fine Well Induraced Planay
Moderate
0.33] 9.63-9.96 Grey Indurated Planar
. . Very
0.20(9.96-10.16 Reddish Grey Fine Well \ndurated Wavy
Planar
Moderate
. cross
1.2010.16-11.45 Yellowish Grey Very Plonar
. Indurated
. - . Moderate
0.4811.45-11.93 [, 000uee Reddish Grey Fine Well nduratea | WY
Planar
N _ Moderate
0.4411.93-1237 " Light Grey Indurated planar
0.81)2.37-13.18 Grey Moderate Cross
" Indurated Planar
e Moderate
0.21)13.18-13.39
e Grey ndurated Planar
0.46[13.39-13.85 Moderate
i Grey i planar

0.33[13.85-14.18|| " Reddish Grey

Moderate

Indurated Planar

1.1214.18-15.3 |- Grey

Moderate

Indurated Planar

0.65(15.3-15.95 [[+ Grey

Moderate

Indurated Planar

Figure 3: Litholog and lithological description of an outcrop along Lokoja- Abaji- Abuja highway.

Figure 4: Planar cross bedding structure along Lokoja-Abaji-Abuja highway.
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Figure 5: Wavy lamination structure in sandstones exposed along the Lokoja-Abaji-Abuja highway.

e Y

Figure 6: Concretional sandstone with wavy geometry along Lokoja-Abaji -Abuja highway.

Granulometric frequency curve of each sample. However, an example of

such cumulative frequency curve from which statistical

The result generated from the software on the parameters such as mean, sorting, skewness and kurtosis for
granulometric analysis of the thirteen sandstone samples the analysed samples is presented in Figure 7.

from the Patti Formation were obtained from the cumulative
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Figure 7: Representative cumulative frequency curve.
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sorting, skewness, kurtosis, the sample types and sediment

names for the 13 samples are given in Table 2 below.

S/N Location Mean Sorting Skewness Kurtosis Sample Type Sediment Name
Unimodal,
1 BDA/02/A Fine sand Moderately well Fine skewed | Leptokurtic | moderately well Modera}te well
sorted sorted fine sand
sorted
2 BDA/02/D Fine sand Well sorted Symmetrical | Mesokurtic Unimodal, well Well sorted fine
sorted sand
Medium Moderately . . Polymodal, Moderately sorted
3 BDA/02/1 sand sorted Fine skewed | Platykurtic moderately sorted medium sand
. Moderately Very fine Very Bimodal, Moderately sorted
4 BDA/04/A Fine sand sorted skewed Leptokurtic | moderately sorted fine sand
. Bimodal.
5 BDA/04/C Fine sand Moderately well Very fine Leptokurtic | Moderately well Modera'Fely well
sorted skewed sorted fine sand
sorted
Medium Very fine . Trimodal, poorly Poorly sorted
6 BDA/05/B sand Poorly sorted skewed Platykurtic sorted medium sand
Trimodal
. Moderately well Very fine . ’ Moderately well
7 BDA/07/A | Fine sand sorted skewed Leptokurtic | moderately well sorted fine sand
sorte
. Very fine Very Bimodal, poorly | Poorly sorted fine
8 BDA/07/C Fine sand | Poorly sorted skewed Leptokurtic sorted sand
Coarse Moderately Very fine : Bimodal Moderately sorted
9 BDA/07/D sand sorted skewed Leptokurtic moderately sorted coarse sand
. Moderately . Very Trimodal, Moderately sorted
10 BDA/07/E Fine sand sorted Symmetrical Leptokurtic | moderately sorted fine sand
Medium Moderately . . Bimodal, Moderately sorted
11 BDA/07/H sand sorted Fine skewed | Platykurtic moderately sorted medium sand
Bimodal,
12 BDA/08/A | Fine sand Moderately well Symmetrical | Leptokurtic | moderately well ModeraFely well
sorted sorted fine sand
sorted
Medium Very coarse . Bimodal, poorly Poorly sorted
13 BDA/11/A sand Poorly sorted skewed Leptokurtic sorted sand medium sand

Table 2: Summary of textural statistical parameters of Patti Sandstone.

The sandstone samples were categorized into 3 vis-
a-vis fine, medium and coarse sandstone units in Patti
Formation. The fine sandstone facies are samples BDA/02/A,
BDA/02/D, BDA/04/A, BDA/08/C, BDA/07/A, BDA/07/C,
BDA/07/E and BDA/08/A (Table 2). Their grain size is fine
grained; sorting vary from well sorted- BDA/02/D, through
moderately well sorted- BDA/02/A, BDA/04/C, BDA/07/A
and BDA/04/C, to well sorted sample BDA/02/D. The sorting
trend in the fine grained sandstones suggests deposition
in marine environment. However, grain size lateral grading
from coarsening to fining increases landward and seaward
respectively in relation to the shoreline position.
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The sorting characteristic of the fine grain sandstones
depicts the energy of the medium of deposition to be
relatively moderate to low in capacity. This permitted
enough winnowing of the sediments as a result of interplay
of ebb, flood and probably longitudinal currents responsible
for effective winnowing which resulted into moderately well
sorted sediment, wavy lamination and planar cross bedding
structures typical of Patti Sandstones.

Medium grain size sandstone samples- BDA/02/I,
BDA/05/B, BDA/07/H and BDA/11/A are characterized
mainly by moderately and poorly sorted textural nature. In
terms of skewness, they vary from very fine skewed through
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fine skewed to very coarse skewed (Table 2). The medium
grained, poorly sorted sandstone were affected by fluvial
processes of relatively high rate of deposition, multiple
sourced channels, deposited in continental environment.
The moderately sorted, medium grained size sandstone
facies are suggested to have undergone same depositional
processes like the poorly sorted sandstones but possibly
deposited at the river mouth, characterized by relatively
low sedimentation rate. Sample BDA/07/D was described to
be moderately sorted coarse sandstone, bimodal skewness
(Table 2), transported by relatively high current, deposited
further away from the river mouth compared with the
medium sandstones, channel depositin a continental setting.

Sandstone Classification

Classification of Patti Sandstone was generated by the
software into ternary plot of gravel-sand-mud components.
All the 13 samples plotted in the sand component corner of
the ternary diagram as represented in Figure 8. A further
refinement of the sandstone classification using sand-silt-clay
distribution ternary plot to determine the relative percentage
of sand/silt particle ratio shows that all the samples plotted
in the sand component corner with minimum of 90% sand
and less than 10% silt component (Figure 9). Therefore, the
ternary diagrams further substantiate the samples to be of
sandstone facies of negligible silt and clay particles.

SAMPLE

TEXTURAL
GROUP:
SEDIMENT

BDA/O7/A
Sand

Moderately Well Sorted
FineSand

T

Gravel %

0%

0%

Nuddy Gravel

Grayel

Gravel

Nuddy Sandy
Gravel

Gravel:
Sand:
Mud:

0.0%
97.8%
2.2%

Very Coarse Gravel:
Coarse Gravel:
Medium Gravel:

Fine Gravel:

Sandy
Gravel

Very Fine Gravel:
Very Coarse Sand:
Coarse Sand:
Medium Sand:
Fine Sand:

Very Fine Sand:
Very Coarse Silt:

5%

Gravely ud

Gravelly Wuddy Sand

Coarse Silt:
Medium Silt:
Fine Silt:

Gravely
and

Very Fine Silt

Sightty
Gravely
Mud

Slightly Gravelly
Sandy Mud

Slightly Gravelly
Muddy Sand

Clay:

Sightly
Sand

Mud

Mud

Sandy Mud

Sand

Muddy Sand

1.9

sand:Mlid Ratio

91

Figure 8: Gravel-sand-mud ternary diagram (Patti sandstone).

SAMPLE  Bpa/07/A Sand

TEXTURAL
Sand

Clayey Sand | Muddy Sand

Sand %

Sity Sand

Gravel-
Sand: g73g

Mud: %2
%

0.0%

Very Coarse Gravel:
Coarse Gravel”
Medium Gravel-

Fine Gravel

Very Fine Gravel:
Very Coarse Sand:
Coarse Sand:
WMedium Sand-

Sandy Clay Sandy Mud

Fine Sand:

Very Fine Sand:
Very Coarse Silt
Coarse Silt:
Medium Silt:
Fine Silt:

Very Fine Silt:
Clay:

Sandy Sik

0.4%

Clay / Mud

Clay
12 SiltClay Ratio

Figure 9: Sand-silt-clay ternary plot (Patti Formation).
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Paleoenvironment of Deposition

Paleoenvironment of deposition of the samples was
deduced by considering different parameters. The river and
beach paleoenvironment was distinguished on the basis of
the extent of sieving process imparted on the sediment which
could suggest the distance of deposition of the sediment
away from the source. The sediment sorting values less than
0.88 (< 0.88) were considered to be deposited within the
lithoral and adjacent outer zone (beach) while the sandstone

samples having sorting values greater than 0.88 (> 0.88)
were considered to be deposited in the sublithoral and
adjacent inner zone (fluvial). Therefore, samples BDA/02/A,
BDA/02/D, BDA/02/1, BDA/04/C, BDA/07/A, BDA/07/H,
and BDA/08/A belong to the beach environment, whereas
samples BDA/04/A, BDA/05/B, BDA/07/C, BDA/07/D,
BDA/07/E and BDA/11/A are categorized in fluvial
environment (Table 3).

Sample Number Mean Sorting Skewness Kurtosis Paleoenvironment
BDA/02/A 2.18 0.58 0.15 1.48 Beach
BDA/02/D 2.12 0.38 -0.06 0.87 Beach
BDA/02/1 1.01 0.86 0.25 0.86 Beach
BDA/04/A 2.86 0.99 0.61 1.74 River
BDA/04/C 2.57 0.66 0.33 1.34 Beach
BDA/05/B 1.07 1.07 0.34 0.83 River
BDA/07/A 2.79 0.69 0.28 1.21 Beach
BDA/07/C 2.83 1.15 0.55 1.53 River
BDA/07/D 0.83 0.97 0.54 1.24 River
BDA/07/E 2.40 0.93 0.01 1.89 River
BDA/07/H 1.01 0.87 0.28 0.76 Beach
BDA/08/A 2.10 0.64 0.08 1.29 Beach
BDA/11/A 1.61 1.01 -0.42 1.23 River

Table 3: Summary statistical data comprising of Mean, Standard Deviation (Sorting), Skewness, and Kurtosis of Patti Sandstone

samples and their respective paleoenvironment of deposition.

The other criterion used in determining the
paleoenvironment of deposition of the analysed sandstones
samples are cross plots of the statistical parameters suggested
by Friedman [20]. Therefore, cross plot of skewness versus
standard deviation was used (Figure 10). The bivariant plot

in Figure 11 shows that 7 samples plotted within the fluvial
segment while 6 samples plotted in the marine. The number
of sandstone samples plotting in the fluvial and marine
segments of the bivariant diagram correspond to sorting
index interpreted in Table 3.

-

Figure 10: Bivariate plot of skewness versus standard deviation [3].
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Therefore, the Patti Sandstones texturally show that
they can serve as good hydrocarbon reservoir and aquifer
because they possess evidence of good porosity and
permeability features characterized by coarse to fine grain

size, moderately well sorted to well sorted particles, rounded
to subrounded in angularity and minor matrix contained in
the sediment component [21].

Figure 11: Bivariate plot of mean versus standard deviation [3].

Conclusions

Field investigation and sieve analysis carried out on
the Patti Sandstone show that the sandstone deposits
were affected by both progradational and retrogradational
systems sequel to fluctuation in sea level. The sandstone
facies were characterized by coarse to fine grains, greyish to
reddish in colour due to deposition under anoxic condition
and post depositional diagenesis effect. Field observation
further revealed that the structural elements are planar
cross bedding, wavy laminations and concretions in form of
loadcast are suggestive of marine and continental deposits.

Sieve analysis classified the sandstones into coarse,
medium and fine grains. The fine grains were deposited
by ebb, flood and longitudinal currents which permitted
adequate winnowing that resulted into in moderately
well sorted sandstones, while the medium and coarse
grain sandstone were deposited at the river mouth and
beyond in continental paleoenvironment. The porosity and
permeability is good because the ternary diagram suggested
dominant sand grain of over 90% and < 10% silt with little
or negligible clay particles present. Cross plots of statistical
parameters depict deposition of the sandstones in both
marine and continental environments.
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