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ABSTRACT 

The geologic field mapping exercise carried out at Doho reveals that the rock unit 

exposed in the area are the Gombe Sandstone. Two members of the formation 

namely: the Lower Gombe and Upper Gombe Sandstone were mapped in detail. 

The sandstone consists of some sedimentary structures such as cross-bedding and 

some bioturbations. Petrographic studies shows that the sandstone is 

mineralogically composed of quartz, feldspars, micas, opaqu,e mineral, with quartz 

having the largest percentage of the rock composition. Granulometric analysis of 

the sandstone reveals that the lower member of the Gombe Sandstone are generally 

fine to medium grained, moderately well sorted, fine skewed, and lcptokurtie 

sandstone. The Upper members are generally coarse lo very coarse grained, poorly 

sorted, near symmetrically skewed and mesokurtic sandstone. 



CHAPTER ONE 

1.0 INTRODUCTION 

HISTORICAL REVIEW OF SEDIMENTOLOGY 

Sedimentology is the branch of geology that deals with the study of sediments both 

lithified (sedimentary rocks) and unlithified, and the processes by which they were 

formed. The term sedimentology was first used by A.c., Trowbridge in 1925 

(Waddell, 1933) but did not come into usage until the 1950s.The word sediment is 

derived from the Latin word sedimentum meaning settling. An interest in 

sedimentation and the origin of sedimentary rocks dates back to the very 

beginnings of geology. 

Many scholars have contributed to the foundation of modern sedimentology. 

Among these scholars are Leonardo Da Vinci, James Hutton and Smith. By the end 

of the nineteenth century, the principle of uniformitarianism was firmly established 

in geological thought. The work of Sorby (1853) and Lyell (1850) showed how 

modem processes could be used to interpret ancient sedimentary textures and 

structures. 

Throughout the i 960's the main focus of research was directed towards 

understanding of sedimentary processes by studying the bed forms and 

depositional structures in the field and in the lab. 

1 



With the result of field and laboratory analysis, one can accurately intnpret �· 
environment of ancient sedimentary rock. 

· 1.1 LOCATION AND ACCESSIBILITY 

The study area is located within the Kwami Local Gpvemment Are� of Gomhe 
State, few'kilometers away from Gombe town around Doho village: It covers a· . 

land ma�s of twenty five square kilometers (25) knl. 

The area is .bounded by latitude ( l o0 2 5' O", I o0 28' O") N and longitude ( 11° 12' 

00", 11° 15' O") E, sheet 152 Gombe NW map of the geological survey of Nigeria. · 

The area is easily accessible by foot "·ith a single 1arrecl road 1hrough rhc· area.· 

. Accessibility through the area is ::ilso cnh:mccd by se\eral fn111 p::ith� ::incl stream· 

·channels. Generally accessibility to th.: oulcrops is easy. 

1.2 AIM;S AND OBJECTIVES 

' 
The main objectives of the study include the following: 

To understand the general geology of the area. 

To deduce the mode of deposition of sediment in. the area based on 

sedimentological·and petrological analysis. 

.. 



acquire skills and techniques for geological mapping, field data 

acquisition and interpretation. 

1.3 CLIMATE AND VEGETATION 

The area like other parts of Nigeria has two (2) different seasons; the rainy 

seasons and the dry season. The rainy season is usually longer and associated with 

intermittent heavy down pours in the month of July and August. The season begins 

around late April and ends around September/October. 

The shorter dry season lasts from November to March. It is usually 

accompanied by cold and dusty harmatan wind. During the period. temperature 

drops from 31° to about 21°c. This season covers the months of November to early 

February and sometimes extends till March. The vegetation cover is predominantly 

made up of short shrubs and short grasses. 

1.4 SETTLEMENT AND LAND USE 

The people living in the study area are mostly Tera.tribe, but other ethnic 

groups such as Fulani and Hausas also live in and around the study area. 

The major land use is farming. The farmers practice maize, groundnut, beans 

and millet cultivation. Cattle rearing are also very common among the Fulanis. 



SOME PREVIOUS GEOLOGICAL WORK 

Carter et al (1963) provided the foundational work .on the geology of the 

Upper Benue Trough. The obvious influence of strike-slip tectonism on its 

cretaceous history has been reported by Benkhelil (1989) and Guiraud et al. 

(1989). 

Detailed lithostratigraphical and structural study on the cretaceous geology 

of the Gongola Basin of the Upper Benue Through have been documented by 

(Zarborski et al 1997; 
'
zarborski 1998). Zarborski (2003) presented a summary of 

the cretaceous geology of the Upper Benue Through, North-eastern Nigeria . 

Abubakar MB (2006) presented a detailed biostratigraphy, 

paleoenvironment and organic geochemistry of the Gongola basin of the Upper 

Benue Trough. 

Dike (1993) show that there is a rapid change in facies of the Keri-Keri 

Formation from one Keri-Keri basin to the other. 



CllAPTER TWO: LITERATVU UVUW 

2.1 GEOLOGIC 8E'ITING OF THE BENUE TROUGH 

The Bcnue Trough originated from the Cretaceous rifting of the Central 

West African basement uplift. It forms a regional structure which is exposed from 
the northern frame of the Niger Delta and nms east-wards for about I 000 km to 

underneath the Chad basin where it terminates. ( Benkhelil, 1989). 

Benue Trough is divided into Upper, Middle and Lower. The Upper Benue 

Trough bifurcates into a S-W trending Yola Arm and N-S trending Gongola Arm 
(Fig l ). Carter et al (1963) produced the foundation on the geology of the Upper 

Benue Trough. 

Zambuk Ridge is referred to the general area between the Y ola Arm and 

Gongola Arm. a zone characterized by a number of important NE - SW trending 

sinistral strike slip fault. The origin of the formation and evolution of the Benue 

Trough is related to the opening of South Atlantic Ocean were probably partly 

controlled by p�sting structures of the West African Shield, Benkhelil 

(1989).The Benue Trough lies on the Nigeria Basement Complex that belongs to 

the rejuvenated Pan-Africa Mobile Belt. 
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2.l STRATIGRAPHY OF THE UPPER BENUE TROUGH 

The Upper Benue Valley according to Barber (1957), is recognized by two 

folding periods of cenomanian and post Maastritchian ages, in both the two sub­

basins i.e. the Gongola and Yola Arm, the Albian Bima Sandstone lies 

uncomfortably on the pre-Cambrian basement (Fig.2) and is subdivided into; 

• Upper Bima Sandstone with an average thickness of SOOm. 

• Middle Bima Sandstone with an overall thickness of 100- SOOm. 

• Lower Bima Sandstone with an average thickness of 0 to over 1500 meters. 

Yolde Formation is Cenomanian in age and lies uncomformably on the Bima 

Sandstone of Cenomanian, it represents the beginning of Marine incursion into the 

uppermost Benue Trough. The Yolde Formation was deposited und.:r the 

transition/costal marine environment and is made up of sandstone, limestone, shale 

and mudstone units. The type locality of Yo Ide Formation are along the valley of 

Pantami River in Gombe town and in the village of Yo Ide , SO km to Numan town. 

In the Yola Arm of the Basin, the Dukkul, Jessu, Sekuleye Formations, Lamja 

Sandstone and Numanha shales are of the Turonian - Santonian equivalent of the 

Pindiga Formation. 



The Turonian - Santonian deposit of the Yo la Arm is lithogically and paleo­

environmentally similar to those in the Gongola Arm except Lamja Sandstone, the 

type locality of the Dukkul Formation is in the village ofLakun. 

In the Gongola Arm Sub-basin, the equivalent Gongila and Pindiga 

Formations plus possibly younger Fika Shales lies uncomformably on the Yolde 

Formation. These Formations represents fully marine incursion into Upper Benue 

Trough during Turonian to Santonian age. 

Lithologically, these Formations are characterized by dark carbonaceous 

limestone and shales intercalating with pale coloured limestone. sandstone and 

shale. The typical locality of Gongila Fom1ation is at the quarry of Ashaka Cement 

Factory at Ashaka village. Fika shale is composed of bluish-green carbonaceous 

limestone. 

Santonian was a period of defonnation and folding in the whole of Benue 

Trough, post folding sediments are represented by the continental Gombe 

Sandstone ofMaastrichtian age and the Kerri-Kerri Formation of Tertiary age. The 

type locality of the Gombe Sandstone is along the bank of Pantami Ri�er in 

Gembe town. Good exposures of Gembe Sandstone are found in the study area and 

also found at Birin Fulani village. 



2.2 BASEMENT COMPLEX 

The entire sedimentary unit of the Upper Benue Trough lies over the 

Basement Complex of the Pre-Cambrian age (Fig2). It is also referred to as Older 

Granite and composed of migmatite, manzonite, chanokite, diorite, gneiss of late 

Achaen and Pan-African ages of 2.5Gg and 600Ma respectively (Dada 1980, 1983 

and 1985). However, the tertiary volcanic intruded Basement Complex in various 

locations. 
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� 
Pliocene < .... 
Miocene u:: 0 0: 
Oligocene t3 
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e (!) 
� 

Turonian a: "' "' 
Cenomanian 

-
Alb1an ---
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Fig.2. Stratigraphic succession in the Benue Trough, Nigerian sector of the Chad 
Basin, the Mid Niger Basin and the relationship with the Niger-Delta. 

2.3 BIMA SANDSTONE 

The Bima Sandstone comprises the oldest sediments in the Upper Benue 

Trough. It directly overlies the crystalline basement rocks. Its type section is at 

Sima Hill in the Lamurde anticline, Falconer (19 I I), Carter et al ( 1963). Other 

description of Bi ma Sandstone were also provided by Popoff ( 1986, 1989) h•Jt the 

most detailed account of it was provided by Guiraud ( 1990, 1992) who categorized 

it into .!2ru>er Bima (B3), Middle Birna (82) and Lower Birna Sandstone (B I ). 

2.4 YOLDE FORMATION 

The name "Yolde" was proposed by Carter et al ( 1963) for the transition bed 

recognized eru·lier by Falconer (1911) and Barber et al (1954) between the Birna 

group and Pindiga Formation. It directly overlies Birna Sandstone and consists of 

thinly bedded sandst
.
one followed by alternating mud and shaly limestone 

(Offodile, 1992). The most complete section of Yolde Formation is found at N - w 

of Ruwan Kuka village nearly l500 meters exposed. The Yolde Formation is 

indeed a transitional sequence between continental Bima and marine deposit of 

lower part Pindiga Formation, Lawal (1982) with Lawal and Maulade (1986) 

suggest late Albian to Cenomanian age for Yolde Formation. 



PJN])IGA FORMATION 

The name "Pindiga" Formation was proposed by Carter et al (1 963) for the 

calcareous bed and clays and shale previously by Barber et al ( 1954). It directly 

overlies the Yolde Formation and make up a greater part of Upper Cretaceous 

deposit in the Upper Benue Trough, the type section of this Formation is in the 

Pindiga stream and it is of Turonian-Cenomanina age and in marine sequence 

consisting of fossiliferous limestone and shale together with sandstone intercalated 

with siltstone, Benkhelil ( 1985). 

Pindiga Formation is divided into Gongila and Fika Formation by Carter et 

al (1963) while Zarboski et al ( 1997) sub-divided it into: 

• Kanawa Formation 

• Deba-Fulani Formation 

• Dumbulwa Formation 

• Gulani, and 

• Fika Formation. 



GONGILA FORMATION 

The Gongila Formation makes up the Marine Upper Creteceous deposit in 

the Chad Basin of Carter et al {1963). It was first described by Falconer ( 1911 ), 
Rebums and Jones (1934) included in there limestone-shale outcrop group. The 

base of the formation is defined by the first appearance of real marine sediments 

conforrnably above the less developed Yolde Formation. 

This type section of the Gongila Formation is a small hill side near Gongila 

village, carter et al ( 1963). However, the better developed section of this very 

formation is seen in the limestone quarry of the Ashaka Cement Factory at Ashaka 

village (Obaje et al 1999). 

2.7 GOMBE SANDSTONE 

Gombe Formation was proposed by Carter et al (1963) for the Gombe grits 

and clays previously identified by Falconer ( 1911 ). It varies from few millimeters 

to few centimeters in thickness. It overlies the Pindiga Formation in the 

stratigaphic sequence and it is a flat lying alternating thinly bedded fine to medium 

grained ferrogenised sandstone. Thin coal beds occur in localized areas and this 

has been dated as Campanian - Maastritchian. The depositional environment of 

this Formation is Deltaic to continental (Offodile, 1975). 



There is a marked angular unconformity between tlt,mhc � _. Emi­
Kerri Formation and underlained by Fika Fonm1tion. 

In outcrops many of the sandstone and mudstonc arc c\tcnshd� fer.�� 

and the highly indurated beds form low grade iron stones \\.hkh i!> �u<;J:-..: h 

the rugged and hill topography characterizing most of the outcrop$ {Z�h_)I'S.j.� �a. 

1997). In the Sub-surface, the Gombe Sandstone extends to the \\'eSl � a.�  

of the Kerri-Kerri Basin (Dike, 1995). 

Zaborsky et al (1997) differenciated the Gombe SandstOf>e .;;:� :'""-� 

lithofades. These fades are: 

• At the base the Gombe Sandstone consist of rapidly altemat.<-g t" - �.::5 �/ 

silty shales and fine to medium grained sandstone with some .nre-ca.a:::-:: :---

�e':"�TS� flaggy iron stone with individual bed thickness varying from fe\\ r­

centimeters. Bioturbation is common in this facies, mainly horiz oota <eec -� 

Tha/assinoides type, though rare vertical burrows also exist. 

• Going upward, the sandstone bed become more consistent and con5'ttw"te 

what is termed "the bedded fades". This second lithofacies consist of� 

bedded, fine to medium grained quartz arenites with interbedded with sity 

clays and flaggy iron stones. Individual beds vary from few cen� to CM!f 



one meter in thickness. The latter beds are characterized by internal 

lamination. Occasional horizontal burrows are found in this lithofacies. 

• The upper part of the Gombe Formation is termed "the red sandstone facies". 

It is composed of brick red coloured sandstone, though sometime grey or 

white. In the lower part of the facies the sandstones are fine to medium 

grained and generally show tabular cross-bedding. Higher up in the facii:?.;, the 

sandstones are medium to coarse-grained and show large scale tabular cross-

bedding. Pebbly lags frequently occur along forsets ana bottom sets. Purple 

and light grey shaley mudstones are interbedded. 

The Gombe Sandstone was interpreted by carter et al (1963) as a sequence 

of estuarine and deltaic sandstones. This was further supported by Ojo et al 

(1999) where high diversity of Nypo-like pollen of Echimonocolpites and 

Spinizocolpites type of pollen and spore suggest estuarine conditions similar to 

mangrove, swamps. 

Zarbosky et al (1997) interpreted the basal transition fades as probably 

prodeltaic facies the red sandstone facies as fluvial while 'the bedded facies are 

shallow marine perhaps deposited in hypersaline sea. 



An Up p er Maastritchian age first attributed to the Gombe Sandstone by 

r et al (1963) has been confirmed by Lawal (1982) who found a marked 
,rte 

ase in marine micro-fossils (foraminifera, dinoflagellates, and arcritarchs) at 
decre 

• 
the boundary of Pindiga Formation and the Gembe Sandstone. The pollen of the 

later indicated Mastritchian age. 

Coals are intercepted at shallow depth of about 1 5-35m in Gembe area. 

The seams are generally thin, though one seam was reported to be up to 2m thick 

(Offodile, 1979; Obaje et al, 1999} thus confirming earlier claims by Carter et al 

{1963) on the occurrence of coal within the Gembe Sandstone. The Sandstone 

dips to the North-west with varying amount of dip from 7° to 12° {Thompson , 

1958). 

2.8 KERR-KERRI FORMATION 

The Keri-Keri Formation unconfonnably overlies Gombe Sandstone with an 

estimated thickness ranging from few meters to about 300meters. (Dessanvasic, 

1975) and Dike (1993), the depositional environment of the Keri-Keri Formation 

is fluviatile to lacustrine.The Ker-Keri Formation is made up of whitish grey 

sandstone, siltstones and clay stones with the clay stones dominating the lithology 

in most places. Typical sections are exposed in Gembe Abba, in Duku and 



CHAPTER THREE 

3,0 METHODOLOGY 

A dual phase data acquisition methodology was adopted. These methods 

are the mapping and laboratory techniques. 

3.1 FIELD METHOD 

The field method is a geological work that is targeted at describing the rock 

types and other structural features. The field methods was carried out in two ways. 

A reconn aissance survey was done to establish the extent of the study area 

and strategy to be emp loyed during the field study. 

A detailed geological field mapping along streams channels, road cuts, and 

on outcrops. 

Observations and description were made on the rock types in terms of 

colour, grain sizes, mineral composition, sedimentary structures and fossil content. 

The global positioning system (GPS) was used to dete1111ine accurate sample 

location. Orientation of structural features such as fracture and jointing were 

systematically measured and mapped with the aid of the compass clinometers. 

Representative sample of Gombe Sandstone at different locations were collected 

lli 



exposures were logged and drawn to scale. The field equipment uJed were !JaI111DCr, compass, hand lens, G.P.S. and measuring tape. 

3.2 LADORA TORY METHODS 

The representative samples obtained from the field were subjected to both 

granulometric and petrographic analysis. 

3.2.1 GRANULOMETRIC ANALYSIS 

Granulometric analysis was conducted only on the sandstones collected 

during the field work. This was used to determine their grain size distribution. 

A total number of five (S) samples were selected and were carefully 

disaggregated using a mortar and a pestle. Initial weight of I OOg of each 

disaggregated samples was placed in a standard set of sieves arranged in an 

increasing mesh size from bottom to top. The mesh sizes of sieves used from top to 

the bottom respectively are; 4.7Smm, 3.3Smm, 2.36mm, 1.18mm, 0.850mm, 

0.425mm, 0.300mm, 0.2 l 2mm, 0. I 06mm and 0.063mm. Each sample was sieved 

for a period of 15 minutes using a mechanical shaker after which the individual 

weight retained on each of the sieves was obtained using a highly sensitive digital 

balance. The values of individual weight and cumulative weight percent were 



ounuiative frequency curve and histograms were plotted for each sample. The 
va}ues of standard deviation, graphic mean, kurtosis and skewness were calculated 
fro!ll the cumulative frequency curves. 

3.Z.2 PETROGRAPHY 

A total of four (4) rock samples were selected from the samples obtained in 

the field and thin sectioned for petrographic studies in the laboratory. 

The thin section preparation of the samples was based on the method 

described by Ireland ( 1971 ). Both friable and consolidated sample was used. 

The friable samples were initially impregnated prior to cutting. in order to harden 

the sample. The samples were each mounted with the polished side on a glass 

slide using Canada balsam. The mounted sample was ground initially with a coarse 

abrasive and later with sludge of fine abrasive on a glass until the slide was tine or 

thin enough for individual mineral identification. The prepared thin sections were 

then examined under a flat stage petrographic microscope·under both plane and 

cross- polarized light. Modal compositions of the mineral were determined by 

point counting. Mineral identification was based on the optical properties of the 

mineral. 

Photomicrographs of the slides were taken to clearly show the mineralogical 
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CHAPTER FOUR: PRESENTATION OF RESULT 

4.1 LITBOFACIES 

The Gombe Sandstone is typically fine to medium and coarse grained with colours 

ranging from brown, red, brick red whitish and purple. The lithologic units 

recognized in  the study area are basically the Red Sandstones, Fine Grained 

Sandstones, Coarse Grained and the Pebbly Coarse- Grained Sandstones. Within 

the Pebbly Coarse Grained Sandstone are interbedded purple mu dstones. 

Bioturbation is very prominent especially in the fine grained sandstones. 

Bioturbation also occurs in the Red Sandstone Facies and the Coarse Grained 

Sandstone Facies. These bioturbations are mostly horizontal burrows of 

Thalassinoides type. Vertical burrows of Skoli1hos also occur but not as frequent as 

the horizontal burrows. 

From the lithofacies studies in the area, the following facies were recognized: 

i. The Medium to Coarse Grained Red Sandstone Facies 

ii. The Fine Grained Sandstone Facies 

iii. Inter-bedded Fine Grained Sandstone with Shales Facies 

iv. The Pebbly Coarse Grained Sandstone Facies. 

v. Fine Grained Siltstone Facies 



4.ll The Medium to Coarse Grained Red Sandstone Facies 

fhese facies is reddish in colour and is highly bioturbated. It is usually associated 

with highly weathered cobles and boulders. These highly weathered rocks 

constitute the rugged hilly topography of the study area. The bedding surfaces of 

the Red Sandstone Facies are hardly exposed in most areas, but where they are 

exposed, their dipping amount rarely exceed 8°. This facies is ill ustrated in Fig.3 

below. 

Fig.3 Medium to Coarse Grained Red Sandstone facies. 
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z 'fbe Fine Grained Sandstone Facies 
4.1 

'[bis facies is brick red in colour, fine grained and is highly bioturbated. The 

. � . ..h.,tions of this facies is basically horizontal burrows of organisms. The Fine 
btOllll,,.. 

Grained Sandstone Facies show a large scale planar cross bedding and constitute 

the major outcrop exposed in the Doho stream . This facie is illustrated in the Fig.4 

below. 

F ig.4 Fine Grained Sandstone facies showing planar cross-bedding. 

21 
;';;._, , . . , 1 . ,  " ' �Alflt'A 11\/rff: . • • Q4UGH1 · ' i RE8f)fi:" .  • • • • • 'CTIDll I J··. 

I L'�'.',"", ;:i,'Y A.'i211 · t .. J 
-- - c - �  -· 

' 



sertJeclded Fine Grained Sandstone with Shale Facies ._1J f8 

. facies is also exposed in the Doho stream. The shales are highly fissile. They 'fhtS . 
are whitish, purple or pinkish and occur either as thin beds or massive beds within 

fin Grained Sandstones. These facies are illustrated in the fig.5, fig.6, fig.7 the e 

and fig.8 below. 

Fig.5 Thin shales interbedded with fine grain 
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Fig.7 Thick shale bed within fine grained sandstone 
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4.1.4 Fine Grained Siltstone Fades 

This facies is brick in colour with a thickness of about 1 .2 meters. This facies is 

also moderately well sorted and shows little bioturbations. Also the Fine 'rained 

Siltstone Facies are horizontally bedded and often shows erosional surfaces. This 

facies is illustrated in the Fig 9 below. 

24 



Fig 9. Fine Grained Silstone Facics, showing some erosional surfaces. 

4.1.S Pebbly Coarse Grained Sandstone Fades 

This Facies are brownish to pinkish in colour with intercalation of mud stones in 

some part. The Pebbly Coarsed Grained Sandstone Facies is often associated with 

clay clast. ( paraconglomerate). The thickness of this facie is over 3 meters. This 

facies are exposed along major road cut in the study area. It is characterized by 

Planer cross bedding, and are siliciclastic and poorly sorted. Bioturbations rarely 

OCCur in this fa · ..-...;� facies is illustrated in the Fig 10 below. 

CICS. I mo> 
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4l Sedimentary structures 

The sedimentary structures observed in the study area are mainly primary 

sedimentary structures that are fonned during the deposition of the sediments. The 

primary sedimentary structures are the variety of cross-beds that include: through 

cross-bedding and planar cross-bedding. Other structures include: fractures, 

convolute lamination and bioturbations which are mainly dwelling traces of 

organisms. These various kinds of sediroentarY structures are described below. 

26 



4.z.1 Convolute Lamination 

. tfUCture is a soft sediment deformation structure that forms when folding and 'fh!S S -
ling of lamination occur. This structure are mostly exhibited by the crumP 

bedded Fine Grained Sandstone Facies. This is i l lustrated in fig. I I belo\\ Inter -

"' .. 

·"'- -:. . . ... 

:7( --r: 

Fig. I I Fine Grained Sandstom: Interh.:dded Facics sho'' ing conv olute laminations 

on the sandstone bed. 
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AJ.l 1rouP Cross--bedding 

tore are mostly foWld in the Fine Grained Sandstone Facies, consisting of 
'fbis stfUC 

•• .iding unit in which the bounding surfaces are bowed. It is shown in fig. 1 2  
cross·oc;u 

\)eloW-

Fig. 12 Trough cross-bedding in Fine Grained Sandstone facies. 

4.2.3 Planar Cross-bedding 

Pl - '"",_bedding oeo"" in boID Fino Grainod """'""" FW« ,. Pobbl> 

Coarse GTained Sandstone facies. This is shown in the figl3 below. 

28 



Fig.13 Planar Cross-bedding very coarse grained sandstone. 

4.2.4 Fractures 

Fractures are also found associated with the Fine Grained Sandstone Facies. This 

fracture trends in the north-west and south-eastern directions respectively. This is 

illustrated below. 
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Fig.14. Fractured cross-bedded rock 

4.2.S Bioturbations: These are mainly horizontal borrows of organisms and 

characterizes the Fine Grained Sandstone and Siltstone Facies. This is illustrated in 

the fig.1 5 below 
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..z-6 Cla1 O.St (Para conclomerate) 

are found on the Pebbly Coarse Grained Sandstone facies. It is illustrated in � 
the tig.16 below 

Fig.16 Clay clast in Pebbly Coarse Grained Sandstone Facies 

4.3 LITHOSTRATIGRAPHY 

Two lithosratigrapbic sections of the Gombe Sandstone were drawn to scale one 

each for Lower Gombe Sandstone member and the Upper Gombe Sandstone 

member. These sections are illustrated below. 
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... rE1'lloGRAPHY 

·-' 0f four sandstone samples were thin sectioned and studied for their mineral f.. tOlal 

c0lllp0sition. The samples include the Red Sandstones, Fine Grained Smd::tones 

and coarse Grained Sandstone. The result of the petrographic analysis carried out 

on the four sandstone samples are summarized in the table 1 he low. 

sample Quartz Feldspar Mica opaque Rock Cement Matrix 

Number (%) (%) (%) mineral Fragment (%) (%) 

(%) (%) 

A 62 15 2 8 3 s s 

B 65 23 1 3 - s 1 

c 54 17 5 4 , 8  7 s 

4 7 6 10 4 
D 50 22 

4.00 \ S.5 4.25 6.25 3.75 

Average 57.75 19.25 

Table 1: Result of Petrogra phic Analysis 

? 
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Fig.19 Photomicrograph of sample A under cross nicols showing poorly sorted 

sediments. Quartz is represented as (Q). 

0 

Q 

Q 

0 

• 
.. 

Fig.20 Photomicrograph of sample A under plane polarized light showing opaque 

minerals (0) and quartz (Q) 
35 



Fig 21 Photomicrograph of sample B under cross nicols showing poorly sorted 

sediments. 10 stands for iron oxide, 0 stands for opaque minerals and Q is quartz 

Q 
10 

IO 

Q 
Q 

Fig 22 Photomicrograph of sample B under plane polarized light 
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Q 

Fig.23 Photomicrograph of sample C under cross nicols showing moderately well 

sorted sediments. 

Q Q 

Rg.24. _ .... of """""' ,. ........ ......... .... - ,_. 

under plane potarized light. Quartz is represented as (0) 
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4.S GRANULOMETRIC ANALYSIS 

the results of four samples selected for granulometric analysis are presented in 

the tables 1, 2, 3 and 4 below. 

Mesh Size Mesh Size Weight %Weight Cumulative 

{mm) {PHI) Retained {g) Retained Weight % 

4.75 -2.26 10.90 9.12 9.12 

3.35 -1.75 7.93 6.61 15.7 

2.68 -1.43 8.12 6.75 22.48 

1.18 -0.25 28.38 23.67 46.15 

0.850 0.25 22.28 18.57 64.72 

0.425 1.24 30.66 25.55 90.27 

0.300 1.74 3.70 3.08 93.35 

0.212 2 .24 2.44 2.03 95.38 

3.25 3.91 3.26 98.64 

0.106 

1.48 1.34 99.98 

0.063 4.00 , 
119.5 

TOTAL 

TABLE 2: Sieve Analysis Result for Sample A 
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Mesh Size Mesh Size Weight · %Weight Cumuiative 

(mm) (PHI) Retained (g) retained Weight % 

' 
4.75 -2.26 11.31 8.21 8.21 

3.35 -1.75 8.51 6.18 14.39 

2.68 -1.43 9.59 6.96 21.35 

1.18 -0.25 27.90 20.25 41.60 

0.850 0.25 25.40 18.44 60.04 

0.425 1.24 37.67 27 . 35 87.39 

0.300 1.74 6.81 4.94 92.33 

0.212 2.24 3.90 2.83 95.16 
, 

0. 106 3.25 4.07 2.95 98.11 

0.063 4.00 2.57 1.86 99.97 

TOTAL 137.73 

TABLE 3: Sieve Analysis Result for Sample B 
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'Mesh Size Mesh Size Weight %Weight 

(mrnl (PHI) Retained (g) 
Cumulative 

Retained Weight % 

4,75 
-2.26 - - -

3 .35 
- 1.7 5  - - -

-
2.68 -1.43 - -

-
1.18 -0.25 - -

--
0.850 0.25 -

0.425 1.24 6 . 1 6  4.00 4.00 

0.300 1.74 3.31 2.15 6.15 

0.212 2.24 4.61 2.99 9.14 
'I 

0.106 3.25 116.47 75.58 84.82 

0.063 4.00 
23.33 14.95 99.77 

TOTAL 

TABLE 4: Sieve Analysis Result for Sample C 

• 
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� Size Mesh Size 
tAesh 

Weight 
(mml (PHI) Retaln.s1l t�I 

% We� 
Retained 

- I 

4.75 -2.26 0.00 -· �0.00 , 
0.00 --

3.35 -1.75 0.00 t 0.00 0.00 
- -- � 

2.68 -1.43 0.00 0.00 0.00 

I 
-

1.18 -0.25 0.00 0.00 0.00 

0.850 0.25 0.00 0.00 0.00 

0.425 1.24 10.32 ! 8.26 8.26 ... 

0.300 1.74 7.41 5.93 14.19 
-

0.212 2.24 8.23 6 .59 20.72 

, 

0.106 3.25 
79.54 63.67 84AS 

0.063 4.00 
19.43 15.55 \ 100 -

124.93 100 I --

TOTAL 

TABLE 5: Sieve Analysis Result for Sample D 

The results of the gran.ulometric analysis are presented in the charts belQ<'l'<I· 
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� U l!ft'DPBTA'nON OJ' USULT 

The five litboficies expoecd • the study Ila falls ink> the lower manber 
and upper member of the Gombe Sandatone. The Lower Oombe Sudstone 
member wu interpreted by Z8lbonky et al (2003) as sequence deposited in a 

marine environment while the Upper Gombe Sandstone memben are deposited in 

continental enviromnenL These lithofacies namely, the Medium to Coarse Grained 

Red Sandstone Facies, the Fine Grained Sandstone Facies, the lnterbedded Fine 

Grained Sandstone Facies and the Pebbly Coarse Grained Sandstone Facies are 
similar to three lithofacies described by Zarborsky et al ( 1997). 

The various cross-beddings namely the trough cross-bedding and planar cross 

bedding are generally dipping in the north west and south eastern directions. This 

indicates the paleocurrent direction, which is the direction of flow of the 

transporting agent responsible for the deposition of the sediments. 

The result of the petrographic analysis of the sandstone indicates that quartz 

is the dominant component of the Sandstones . Other minerals present includes 

feldspars, opaque minerals and iron oxide. The presence of iron oxide in some of 

lbe sandstone suggests that the sandstones are fmoginised. The sorting of the 

lllinenl grains is modcnte to poor, and the grains are aoguJar to sub-engular. 
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The result of the granulometric analysis from the statistical charts in fig.26 

and fig27 (histograms) indicates that sample A and Sample B are polymodal with 

the dominant grain sizes falling under 1 .24<1>. This indicate;; in samples A and B, 

the dominant grain sizes are coarse grained sandstone. Samples C and D from the 

histograms in fig.28 and fig.29 indicates that these samples are unimodal with the 

dominant grain sizes falling under 3.24$ implying that the samples are tine 

grained. 

General interpretation of textural parameters such as graphic mean sizes, standard 

deviation, skewness and kurtosis are summarized in table 6 below. 
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Sample Graphic Standard Skewness Kurtosis Interpretation 

Number mean Deviation 

A 0.142 1.15 0.017 1.04 Coarse grained, poorly sorted, near 

symmetrical, mesokurtic sandstone. 

B 0.136 1.12 0.15 1.02 Coarse grained, poorly sorted, near 

symmetrical, mesokurtic sandstone. 

c 2.67 0.53 0.38 1.366 Fine grained moderately well sorted, 

fine skewed, leptokurtic sandstone 

�I D 2.35 0.51 0.31 1.23 Fine grained moderately well sorted, 

fine skewed, leptokurtic sandstone. 

Average 1.325 0.827 0.214 1.16 Medium grained, moderately sorted, 

fine skewed, leptokurtic sandstone. 

Table 6: I nterpretation of textural parameters from Granulometric Analysis 
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4.7 Discussion of Result 

All sedimentary rocks carry an in print of the physical processes that resulted in 

their deposition and later alteration. Understanding of these inprints in the field 

lead to proper interpretation as regards to how the sediment were deposited and 

subsequent event that happened to them after their deposition. 

Based on the facie characteristics, petrographic and granulometric analysis 

carried out on the sandstones, two depositional environments where interpreted 

as the possible depositional environ ments for the Gombe Sandstones. These 

environments are ·discussed below . 

. , 4.7.1 Lower Gombe Sandstone 

The fine to medium grained sandstone, the interbedded fine grained sandstone with 

shale and the horizontal burrows of Tha/assinoides that characterized these facies 

suggest that these facies were deposited in an environment where there is little or 

no existence of tidal or wave action i.e. quiet environment where low energy 

favored the deposition of fine to very fine grained sediments. The lower shoreface 

is suggested as the possible depositional environment for the Lower Gombe 

Sandstone. This observation agrees with similar observation made by Zarborsky 

(2003) when he sugge
.
sted that the bedded facies of the Gombe Sandstone where 

deposited in a shallow, quiet, marine environment. 
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The moderately well sorted Lower Gombe Sandstone is also an evidence of quiet 

environment with very. low energy of deposition. 

4.7.2 Upper Gombe Sandstone 

These members are very coarse, poorly sorted, nearly sym metrically skewed, 

mesokurtic, planar cross-bedded sandstone. Bioturbations are less prominent in 

members of these facies. The coarsening upward sequence of the Upper Gombe 

Sandstone deposit accompanied by a pebble composit ion suggests a fluctuating 

energy of deposition. The siliciclastic nature of the sediments and almost complete 

absence of marine trace fossils suggests that the Upper Gombe Sandstones were 

deposited in a continental environment. 

A generally high energy fluvial depositional agent such as storm activities was 

suggested as the agent of deposition of the pebbly coarse grained sandstone. The 

presence of clay clast (para conglomerate) in the pebbly sandstone suggests that 

this sequence marks the end of a sequence and the beginning of another sequence. 
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CHAPTER FIVE: CONCLUSION AND RECOMMENDATION 

S.1 CONCLUSION 

The field mapping exercise carried out at boho reveals that Gombe Sandstone is 

the Formation that characterized the area. The two members of the Gombe 

Sandstone namely; the Lower Gombe and Upper Gombe Sandstones are well 

exposed in the study area. Five lithofacies were mapped. These facies are: Medium 

to Coarse Grained Red Sandstone; Fine Grained Sandstone; lnterbedded Fine 

Grained Sandstone; Fine Grained Siltstone Facies and Pebbly Coarse Grained 

Sandstone. The lower Gombe Sandstones are generally medium to fine gn ined, 

trough cross bedded, bioturbated sandstones. While the Upper Gombe Sandstone 

members are generally very coarse grained pebbly, planar cr:oss-bedded sandstones 

with no bioturbation. 

The Granulometric analysis of the sandstone reveals that the sandstones are 

generally poorly sorted but the Lower member of the Gombe Sandstone is 

moderately well sorted. The colors of the sandstone range from red to reddish 

brown and from pinkish to whitish. 

Petrographic analysis shows that the sandstone is mineralogically compo�ed of 

mainly quartz, feldspar, mica, opaque minerals and iron oxide. 
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The depositional environment of the Gombe Sandstones based on facie 

characteristics reveals that the sandstones are deposited in shallow marine (lower 

shoreface )  to continental (fluvial) environment. 

5.2 RECOMMENDATIONS 

Several depositional environments have been proposed for the Gombe Sandstone. 

These environments are fluvial, beach, estuary, and shoreface respectively. In 

order to settle these controversies as regards to the depositional environment of the 

sandstone, it is recommended that further research should be carried out on the 

Gombe Sandstone so as to come up with a single depositional environment 

particularly for the lower member of the Gembe Sandstone. 
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