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ABSTRACT
The sediments of the Ajali Sandstone outcrop sections at Nkpologu,southeastern Nigeria were
studied for their facies variation based on primary sedimentary structures and pebble
morphometric analysis. The study employed the characterization of the litho-facies and pebble
morphometric analysis.The sand fraction of th e sediments are medium to coarse. Results from
process induced syn- depositional sedimentary structures indicated facies signatures of fluvial
origin with much influence of tidal activity. Tidal facies occur as herringbone cross bedded
sanstone,flaser-wavy bedded sandstone and bioturbated sandstone. Pebble morphometric
analysis indicated the predominance of high energy fluvial fractions. Minor high energy,
probably beach sediment is indicated by some individual clasts with Oblate-Prolate Index and
Maximum Projection Sphericity values of less than -1.5 and 0.66, respectively. Thin section
analysis of the pebbles shows that the sediments consist mainly of quartz, and low amount of
feldspar, which is an indication of granitic rock derivative. The sands and pebbles of the Ajali
Sandstone outcrop sections at Nkpologu may be a deposit in intertidal to continental depositional
environments.
Keywords: Ajali sandstone,flaser bedded, bioturbated, morphometric, oblate, prolate and
herringbone.

INTRODUCTION
The characteristic properties of sedimentary rocks are generated through the combined action
of various physical, chemical, and biological processes that make up the sedimentary cycle.
Sedimentary processes and conditions that constitute the depositional environment play a
primary role in determining the textures, structures, bedding features, and stratigraphic
characteristics of sedimentary rocks. Environmental analysis thus involves identifying
responsible elements or properties that have environmental significance (Boggs, 2006).
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Environment of deposition is the location in which sediment deposition occurs. It can be
defined in terms of physical, chemical, biological or geomorphic variables (Reineck et al., 1980),
and is characterized by a unique set of processes operating at a specified rate and intensity which
impart sufficient imprints on the sediment, so that a characteristic deposit is produced.
Environmental parameters can be divided into three groups: physical, biological, and chemical.
The physical process are the most important, as they provide the most basic information for
depositional environment interpretation (Reineck et al., 1980).
In studying ancient sediments, it is important to record all the primary sedimentary structure,
grain features and parameters, and bioturbation structures of individual units of a sedimentary
sequence, and try to interpret the hydrodynamic conditions under which the unit was probably
deposited. The lateral and vertical relationship of various units and the determination of their
geometry were studied, and these can be compared with models of comparable environments
based on information from the study of present day environment (Reineck et al., 1980).
This study presents stratigraphic interpretations for the Maastrichtian Ajali Formation. The
study area is located at Nkpologu near Nsukka southeastern Nigeria. The outcrops lie along
Nkpologu-Igbo Etiti road between longitudes 7o 27’E and 7o 35’E; and latitude 5o 40’N and 5o
55’N (Fig.1). It covers an area of 42.38 square kilometers, where good exposures are accessible
through road cuts, stream channels, and local sand mining sites.

Fig. 1: Topographic map of Nkpologu and its Environs.
Structural and Tectonics Overview.
The Tectonic history of Southern Benue Trough, southeastern Nigeria dates back to the
Albian. The Abakaliki-Benue Trough originated as a failed arm of the triple junction rift-ridge
system that, led to the separation of Africa from South America during the Aptian/Albian, as
suggested by Burke et al. (1972) and Nwachukwu (1972). The opening of these arms started in
Middle Aptian in the Southern Atlantic by crustal stretching and downwarping accompanied, by
the development of coastal evaporite basins. It reaches the Gulf of Guinea by Late Albian and
extends North East, to form the Benue-Abakaliki Trough. However the North East – South West
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trending Benue–Abakaliki Trough is thought to be the result of the Pre-Albian rifting of the
African Shield, prior to the opening of the south Atlantic, Uzuakpunwa (1974). Murat (1970)
identified three main tectonic phases in the Benue Trough which have controlled the
sedimentary filling of the sedimentary basin. The first phase began during Albian and was
characterized by movement along major NE-SW trending Benue–
Abakaliki Trough. This led to two stable areas on either side of the Benue–Abakaliki Trough,
called the Anambra platform on the west and Ikpe Platform on the East. On the Eastern flank,
there was the NW-SE trending Ikang Trough and the Ituk High as well as the Eket Platform, all
persisted into the Tertiary without Significant changes (Fig.2).
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Fig.2: The Tectonic Map of SE Nigeria during Albian-Tertiary (After Murat, 1970).
A second major tectonic event resulted from compressional movements along the established
NE-SW trend that led to the folding of the sediments of the Benue–Abakaliki Trough. This
resulted in a series of NE-SW trending folds that formed the Abakaliki Anticlinorium, and the
downwarping of the Anambra Platform, to form the wide Anambra basin and the narrow Afikpo
Syncline on the west and east of the Abakaliki Anticlinorium respectively (Fig.3 Kogbe 1976)

Fig.3: The Tectonic map of SE Nigeria during the Campanian-Eocene (adapted from Murat,
1970).
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The onset of this folding phase in the Late Santonian was accompanied by pronounced
igneous activities. These account for the occurrence of a large number of intermediate and basic
intrusions in the study area. This second tectonic phase was interpreted as the closing of an
embryo Benue Ocean (Burke et al., 1971). This was as a result of differential movement between
two parts of the African plate as a consequence of differences in the rate of spreading and
direction between the section of the Mid Atlantic Ridge opposite the bulge of Africa and south of
the Gulf of Guinea.
The third phase of Murat (1970), which occurred towards the end of the Eocene, was not
represented in the study area. But there are in its geological record, recent alluvial deposits along
the bank of the Cross River.
GEOLOGIC EVOLUTION
REGIONAL GEOLOGY
The Anambra and Afikpo basins are essentially components of the Benue Trough mega
tectonic structure. The Benue Trough is a failed rift arm of a triple junction (Olade, 1975;
Burke and Dewey, 1974). The sedimentary basins subsumed in the Benue Trough resulted from
the rifting and infilling processes due to the opening of South Atlantic. This was
initiated during the Late Jurassic – Early Cretaceous rift phase prior to the final separation of
Africa from South America (Edet and Nyong 1993; Ojo, 1990; Benkheli, 1988).
This trough is a northeast - southwest trending intra cratonic rift basin with horst and graben
structures (Fig 1). The Benue Trough is delimited to the north by the Zambuk Ridge and to the
south by the Niger Delta. The Benue Trough extends for about 1000km from the North to the
South. It is characterized by transcurrent wrench faulting and intense folding episodes. The
sedimentary fill in the western part of the Benue Trough is about 5000m in thickness while the
sedimentary pile is about 3000m in the eastern portion. This thickness variation is due to the
differential rate of subsidence observed in the basin (Benkhelil, 1982 and 1988; Petters, 1982).
The Cretaceous sea level history of the South Atlantic deduced from studies of deep sea
drilling project sites and continental margin basins show that major eustatic transgressions took
place in response to eustacy and tectonism in the Late Aptian – Albian, Late Albian –
Cenomanian, Turonian – Coniacian, Late Campananian – Early Maastrichtian and Late
Maastrichtian – Early Paleocene (Edet and Nyong, 1993; Ramanathan and Fayose, 1990;
Benkhelil, 1988; Petters, 1982; Reyment and Morner 1977). The generalized map of Benue
Trough and the Creteceous sedimetrary basins in Southern Nigeria is shown in Figure 1.
Studies have been carried out extensively by many geologists on the Cretaceous basins.
Early workers suggested that Cretaceous stratigraphic succession of the southern Nigeria
comprises of strata of three marine depositional sequences. The first phase is the Mid-Albian to
Cenomenian which is represented by Asu River Group and Odukpani Formation. This phase is
succeeded by the Turonian-Coniacian succession consisting of the Eze – Aku and Awgu
Formations, these Pre-Santonian strata were deposited in the Benue Trough (Nwachukwu, 1972,
Regment, 1965). The Abakiliki – Okigwe anticlinorium and the two flaking basins – the
Anambra to the west and the smaller Afikpo to the east originated from the Santonian tectonism.
The lithic fill of these basins constitute the proto – Niger Delta sequence comprising, the Nkporo
Shale / Enugu Shale, the paralic Mamu Formation, the Ajali Sandstone and the paralic Nsukka
Formation (Adeigbe, 2009; Odumodu, 1989; Amajor, 1986, 1984; Banerjee, 1979; Reyment
1965; Simpson, 1954).The stratigraphy described is
shown in table 1.
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Table 1: Lithostrstigrahic correlation between Calabar Flank, Abakaliki Trough, Anambra Basin
and the Middle Benue Trough (Petters et al, 2004).

AGE

MAASTRICH TIAN

CALABAR FLANK ABAKALIKI TROUGH
(Fatters et,al, in; rod)
(Ojoh , ISSO)
Nkporo

Mpo Hilic

Fm.

Shale FM

Akpoha - Ekori Sst.

CAMPANIAN

ANAMBRA BASIN
(Murat, 1972)
Mamu
Enugu
Owelli Nkporo

MIDDLE BENUE TROUGH
(Murat, 1972; 0ffodila, 1976)

Nsu
Ajali kka Fm
Sst.

Lafia

Fm

Afikpo

SANTONIAN

? ? ?
Wad atta
Limestone

Nkalagu Fm.

TURONIAN

E k e n k p on
S h a le
Fm.

Ezo - Asu Group

Agwu Shale
Agu - Ojo Sst.
Nora Shales

EARLY
CRETACEOUS

G and Older

Aw i Fm .

Asu

River

Ibli / Aglla Sst.
Group
Ngbo
Ekebeligwe

Mamfe
Fm

Asu River
Group

ALBIAN

Eze - Aku Shale
Group

Ezillo

CENOMANIAN

M f a m o sin g
L im est o n e Fm

Agwu
Shale

(Not Exposed)
B a s e m e n t

Makurdi
Sst.
Eze-Aku
Shale Group

Asu River Group

CONIANCIAN

N e w N e t im
M ar i F m .

Keana Fm
Awo Fm
Gboko
Arufu
Lst.
Lst.
Uomba

Basal Grite and
Sandstones (Not Exposed)

Fm

Basal Sandstone

C o m p l e x

Methods of Study
Six sections of the outcrops in Nkpologu area, were studied to gather data on the
stratigraphic succession, textural and lithologic variations and sedimentary structures. These data
were used to infer the possible depositional environment and the hydrodynamics of the
transporting medium. Sand samples were collected for grain size analysis, and pebbles, for
pebble morphometric studies.
In the study for pebbles, ten pebble size grains were selected randomly for measurement.
These measurements were carried out on the orthogonal axes of the pebbles which includes the
long axix, L; the intermediate axis, I; and the short axis, S. The dimension of the pebbles was
measured with veneer caliper, ruler or micrometer screw. The values were used for computing
the statistical parameters such as Zingg (1935), Wentworth (1922), Dobkins and Folks (1970).
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RESULT AND DISCUSSION.
The outcrops of Ajali Sandstone at Nkpologu are white through yellowish-white to tints of
greyish-white extensively stratified, 35-40m thick sandstone containing sparsly distributed
pebbles of various sizes, Fig.4 . Sedimentary facies of important notice in this study include
planar cross beds, cross laminations, trough cross beds, flaser beds, bioturbated beds mudstone
facies and herringbone cross beds. These facies are discussed and represented in figures 5- 10.

PLANAR CROSS BEDDED SANDSTONE FACIES

Fig. 4: General outcrop of Ajali Sandstoned at Nkpologu.
PLANAR CROSS BEDDED SANDSTONE FACIES
In Nkpologu the planner bedded sandstone facies is white to yellowish-white in colour, fine,
medium to coarse and even very coarse grained. Sorting is poorly to moderately well sorted. The
contact observed fluctuates between sharp and gradational depending on the associated facies
overlying and underlying it. Thickness varies from 0.5 to 10 meters. The planar cross bedded
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foresets are drapped with white clay probably kaolinite. The Fugar planar cross bedded
sandstone facies of Ajali Sandstone is yellowish –white and white in colour, medium to coarse to
very coarse- grained, moderately sorted with thickness ranging from 0.6 to 6 meters. Contacts
vary from sharp to gradational depending on facies type assaciated with it. This facies is shown
in Fig. 5.

Fig.5: Planar cross bedded sandstone facies exposed at Nkpologu
MUDSTONE FACIES
The mudstone varies in colour and in grain size. Some are silty while some have very fine clay
minerals. The colour of this facies varies from shades of white, milky, yellowish, and brown to
grey colours. At certain localities, these mudstones are iron-stained, giving them reddish - brown
coloration. Generally thickness ranges from about 6cm to 0.80 meter.This facies like the planar
cross bedded sandstone occurred in all the locations investigated in this study.Contacts with
associated facies is always sharp.. This facies often associates with the planar cross-bedded
sandstone facies, cross-laminated sandstone.

Fig. 6: Mudstone facies exposed at Nkpologu
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CROSS LAMINATED SANDSTONE FACIES.
This facies ordinarily formed when fine sands and coarse silts are subjected to gentle traction
current. Migrating ripples deposit cross- laminated sediments. Cross laminations do not form in
clay nor do they form in coarse sand or gravel. Cross laminated sediments occur in the lower part
of the lower flow regime with a low Froude number.. The facies is fine to medium grained,
yellowish-white in colour, fairly well sorted sandstone The average thickness of this facies in
this area is 0.9 meter. It showed mainly gradational contacts where it is overlain and underlain by
facies other than mudstone facies.

Fig. 7: Cross laminated sandstone facies exposed at Nkpologu
BIOTURBATED MASSIVE SANDSTONE FACIES
This facies is fine grained, well sorted, and white to grayish-white in colour, mild to heavy
bioturbation in some places of occurrence. In thickness, Bioturbated massive sandstone averages
1.3 meters in thickness.. The facies show extensive thickness ranging from 1to 2.5 meter. It is
white in colour, fine to medium grained, moderately sorted bioturbated with tubes of the
ichnofossil genius Ophiomorpha. It is underlain by the cross laminated sandstone facies and
overlain by the planar cross bedded sandstone containing lag deposits.

Fig. 8: Bioturbated sandstone facies exposed at Nkpologu.
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WAVY- FLASER BEDDED FACIES
The mud flasers of this facies are wavy in form. The mud flaser however fail to form
continous beds. The formation of this facies requires conditions in which new sand depositing
current only partially erode the crest of earlier formed ripple and the
mud layer draping over it.This facies is white, very fine to fine –grained, thinly bedded wavy
lenses of mud alternating with sand. It is best described as heterolithic bedded, characterized by
dominantly sand and isolated thin wavy lenses of mud. Bedding contacts are both lower and
upper sharp. This facies is associated with the underlying herringbone cross bedded sandstone
facies and overlying trough cross bedded sandstone facies. It’s thickness ranges from 0.5-1.25
meters.

Fig. 9: Wavy-Flaser bedded facies exposed at Nkpologu.
HERRINGBONE CROSS BEDDED SANDSTONE FACIES (H)
This is a form of cross bedding in which the forest in successive sets is directed in opposite
directions. The bipolar orientation of foresets seen in herringbone cross bedding is commonly
generated by the reversing current developed in many tidal environments. This structure results
in medium current where sand texture is medium –fine. In this study, the facies is yellowishwhite in colour, medium to fine grained, poorly to moderately sorted.

Fig. 10: Herringbone cross bedded sandstone facies exposed at Nkpologu.
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MORPHOMETRIC ANALYSIS RESULTS AND INTERPRETATION
In pebble morphometric interpretation, the dominant forms (shapes) of the samples were
obtained from the available data. The mean value of 10 pebbles were taken from the result
obtained, the mean values of elongation ratio, flatness ratio, maximum projection sphericity
index and oblate – prolate index range from 0.657 to 0.741,0.397 to 0.484, 0.605 to 0.899 and 1.738 to 1.044 respectively. According to Hubert (1968), the elongation ratio values for fluvial
environment ranges from 0.6 to 0.9. All the values of elongation ratio gotten from the
morphometric data fall within this range. Maximum projection sphericity of pebbles is generally
higher for fluvial environment (river) than for beaches (Dobkins and Folk,1970); Hubert,1968).

Table : Pebble Morphometric Analysis Result of Samples location 1

Table : Pebble Morphometric Analysis Result of Samples location 2
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Table : Summaries of Pebble Morphometric Analysis Results

Figure 50: Sphericity-form diagram for pebbles of Ajali Sandstone in the study (After Sneed
and Folk, 1958)
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Figure 51: Sphericity, Oblate-Prolate Index form diagram for particle shape of Ajali Sandstone
in sAnambra and Afikpo basins (After Sneed and Folk, 1958).
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Figure 52: Plot of Sphericity against Oblate - Prolate Index for pebbles of Ajali Sandstone in
the study area (after Dobkins and Folk, 1970)

Figure 53: Plot of Roundness against Sphericity for pebbles of Ajali Sandstone in the study area
(after Dobkins and Folk, 1970)
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Figure 54: Plot of Coefficient of Flatness against Sphericity for pebbles of Ajali Sandstone in the
study area (After Stratten, 1973)

INTERPRETATION OF PEBBLE MORPHOMETRIC ANALYSIS RESULT
Dominant forms (shapes) of the pebble samples were obtained from the analysed data. The
mean value of ten pebbles was taken from the result obtained. Mean value of elongation ratio
ranges from 0.657 – 0.741; value of the flatness ratio ranges from 0.397 – 0.484; Maximum
projection sphericity index ranges from 0.605 – 0.899 and the mean value of oblate – prolate
index ranges from -1.738 – 1.044.
According to Hubert (1968), the elongation ratio values for fluvial environment ranges from
0.6 to 0.9. All the values of elongation ratio obtained from analysis in this study fall within
Hubert’s range. Maximum projection sphericity of pebbles is generally high for fluvial (river)
environment than for beaches, (Dobkin and Folk, 1970; Hubert, 1968; Sneed, and Folk, 1958).
An imaginary magic line exist which distinguish pebble shape produced by surf processes
from that which occur during fluvial transport. The range of value for this “magic line” is from
0.65 – 0.66 (Dobkins and Folk, 1970). Pebbles whose values fall within 0.65 and above connote
river environment. Values ranging from 0.64 – 0.72 could also go for fluvial environment.
Pebbles whose values fall below 0.65 indicate beach environment.
Larger percentage of the results of maximum projection sphericity values fell above 0.65;
this result is an excellent indication of fluvial dominance. Results of the elongation ratio and
maximum projection sphericity index agree and reflect deposition of pebbles in a fluvial
setting.The difference in oblate – prolate index between the river and beach are not as marked as
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sphericity difference. Thus, if the oblate – prolate index for a suite of ten pebbles fall below -2, it
is about 87% certain that they are of beach environment, and if the values fall between -1 and +5,
it is 69% certain that they are of fluvial environment. From this study, the values range from
1.594 to 1.783. It follows therefore that the pebbles analysized in this study are predominantly
fluvial in origin.
In terms of the geometric forms which describe the three dimensional aspect of a pebble, ten
classes were established Sneed and Folk (1958), for pebble classification. These geometric forms
include: compact, compact platy, compact bladed, compact elongated, bladed, elongated, platy,
very platy, very bladed and very elongated.
The dominant forms for river pebbles are compact, bladed, compact bladed and compact
elongated. Forms common in beaches are platy, very platy, bladed and very bladed. From this
study, results fall within bladed, compact and compact bladed indicating that pebbles were
deposited in a fluvial environment. However river and beach environment share bladed form, it
is possible that the bladed pebbles were deposited in tidal influenced estuarine, hence a fluvial –
tidal / littoral environment of deposition. For environmental discrimination of pebbles suites,
sphericity values higher than 0.625 and oblate – prolate index less than -1.5 identify beach
pebbles, sphericity decreases with beach abrasion but remains constant or increases slightly with
fluvial transport Sneed and Folk (1958).
According to Dobkins and Folk (1970) Folk (1974) and Hubert (1968), large pebbles are
most discoidal in size for beach gravel. River pebbles have the lowest roundness, highest
spericity and neutral oblate – prolate index. They are uniform from one river to another, and
pebbles of all measured sizes have the same properties.
Using the various bivariate plots of maximum projection sphericity against oblate – prolate
index; and coefficient of flatness against sphericity, there is an indication that the pebbles were
deposited largely in environment shared between river and beach – a fluvial tidal zone. This
result agreed with the bivariate plots and facies analysis results distilled from this study which
show that Ajali Sandstones are deposits radiating between fluvial and shallow marine
environments (Fluvial – tidal zone). Scarcity of Pebbles in Ajali Sandstone shows that Ajali
Sandstone is reworked mainly from the pre – Santonian sediments.
SUMMARY AND CONCLUSION
Sandstones and conglomerates form important geological units that serve as reservoirs of
water and hydrocarbons. Ajali Sandstone is the most extensive sand unit of the Upper Cretaceous
that extends from the east to the west in southern Nigerian basins (Anambra and Afikpo).
Analysis of facies based on primary sedimentary structure resulted in the delineation of some
structures of tidal origin such as bioturbated, herringbone and heterolithic. These primary
sedimentary structures are diagnostic and pre-supposes that the depositional environment of
Ajali Sandstone was tidally influenced.
Dominant forms (shapes) of the pebble samples were obtained from the analysed data. The
mean value of ten pebbles was taken from the result obtained. Mean value of elongation ratio
ranges from 0.657 – 0.741; value of the flatness ratio ranges from 0.397 – 0.484; Maximum
projection sphericity index ranges from 0.605 – 0.899 and the mean value of oblate – prolate
index ranges from -1.738 – 1.044.
According to Hubert (1968), the elongation ratio values for fluvial environment ranges from
0.6 to 0.9. All the values of elongation ratio obtained from analysis in this study fall within
Hubert’s range. Maximum projection sphericity of pebbles is generally high for fluvial (river)
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environment than for beaches, (Dobkin and Folk, 1970; Hubert, 1968; Sneed, and Folk, 1958).
An imaginary magic line exist which distinguish pebble shape produced by surf processes from
that which occur during fluvial transport. The range of value for this “magic line” is from 0.65 –
0.66 (Dobkins and Folk, 1970). Pebbles whose values fall within 0.65 and above connote river
environment. Values ranging from 0.64 – 0.72 could also go for fluvial environment. Pebbles
whose values fall below 0.65 indicate beach environment.
Larger percentage of the results of maximum projection sphericity values fell above 0.65;
this result is an excellent indication of fluvial dominance. Results of the elongation ratio and
maximum projection sphericity index agree and reflect deposition of pebbles in a fluvial
setting.The difference in oblate – prolate index between the river and beach are not as marked as
sphericity difference. Thus, if the oblate – prolate index for a suite of ten pebbles fall below -2, it
is about 87% certain that they are of beach environment, and if the values fall between -1 and +5,
it is 69% certain that they are of fluvial environment. From this study, the values range from
1.594 to 1.783. It follows therefore that the pebbles analysized in this study are predominantly
fluvial in origin.
In terms of the geometric forms which describe the three dimensional aspect of a pebble, ten
classes were established Sneed and Folk (1958), for pebble classification. These geometric forms
include: compact, compact platy, compact bladed, compact elongated, bladed, elongated, platy,
very platy, very bladed and very elongated.
The dominant forms for river pebbles are compact, bladed, compact bladed and compact
elongated. Forms common in beaches are platy, very platy, bladed and very bladed. From this
study, results fall within bladed, compact and compact bladed indicating that pebbles were
deposited in a fluvial environment. However river and beach environment share bladed form, it
is possible that the bladed pebbles were deposited in tidal influenced estuarine, hence a fluvial –
tidal / littoral environment of deposition. For environmental discrimination of pebbles suites,
sphericity values higher than 0.625 and oblate – prolate index less than -1.5 identify beach
pebbles, sphericity decreases with beach abrasion but remains constant or increases slightly with
fluvial transport Sneed and Folk (1958), Inyang (2001,2002).
According to Dobkins and Folk (1970) Folk (1974) and Hubert (1968), large pebbles are
most discoidal in size for beach gravel. River pebbles have the lowest roundness, highest
spericity and neutral oblate – prolate index. The depositional environment of the outcrop sections
of Ajali Sandstone in Nkpologu based on primary sedimentary structures and pebble
morphometric analysis is interpreted as ranging from subtidal through intertidal to continental.
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