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Abstract 
The depositional environment of the Gombe Formation around Arawa area was determined using grain size parameters in which nine sandstone samples and three pebbles were subjected to granulometric and pebbles morphometric analysis respectively. The granulometric analysis for the nine (9) samples of the Gombe Formation. The formation is dorminantly composed of fine grained sandstone, and mudstone interbeds. While the granulometric analysis plots showed a dominance of three sand populations indicating influence of transitional environment. The petrographic analysis indicates fluvia/ environments. 



1.0 INTRODUCTION 
CHAPTER ONE 

l. l General Introduction 

The area of study is located within latitudes 10°19'51"'N and 10°17'40"'N and longitudes 110I0'20"E and l l012'20E"' in Gombc sheet 152NW within and around Arawa area in the upper Benue Trough which is Gombe sandstoni:. The study area is located mainly at Gombe sandstone. 
The purpose of this study is to use granulometric analysis to interpret the depositional 
environment of Gombe sandstone. 

The. Gombe formation corrE!SpOnds to thenane"'GombeSi:rl<:lslone"which wa; proposed 
by Car

.
ter el al. (1963). The Gombc formation is made up of three major lithofacies which may 

ultimately prove recognizable as separate members. At the base, the Gombe formation consist of 

rapidly alternating thi;1 beds of silt, and fine to medium grained sandstone with some 
intercalations of iron stone (Zarborki, 1997). Individual beds vary from a few millimeters to few 

centimeters in thickness. Passing upwards. the sandstone bed becomes mares persistent up to the 

greater part of the bedded farcies. TI1c lith ofacics which is well exposed at Arawa are a consist of 

extremely regular bedded fine to fine grain s;incl and well sorted quartz wackc. Individual beds 

vary from a few centimeters to over one meter in thickness but even latter beds are characterized 
by internal laminations Dcnkhclil. ( 1989). Th.: bedded facies also contain channel-fit no 

sandstones. These sandstones too arc fine grain sand and show both cross bedding and internal 

. lamination. 

The present study covers an area of about I 6km2 and is based on a detailed study of nine 

(9) samples that were taking from the various locations. The sediments of the Gornbc Formation 

are predominantly composed of fine grain sandstones and well sorted. 

1.2 Aim and objectives 

The aim of this work is to carry out detailed geological mapping of area both within and 

around the area of Arawa on a scale of I :25,000 . 

Objectives : 
0 Production of a geological map on a scale of I :25.000. 

o Detailed study of the various Ii tho-stratigraphic units occurring in the area, their mode of 

occurrence, field relationships and geological structures. 



O Laboratory analysis of samples collected from the field. 

1.3 Location and Accessibility 
The area of study is located around Arawa area within latitudes J 0°19'51 "N and l 0° I 7'40"N and 
longitudes l 1°10'20"E and I 1°12'20"E (Fig. 2) in Gombe sheet 1�2NW. The area is accessible through numerous interconnected footpaths, motarable roads. a major 
road. 

1.4 Relief and Drainage 
The terrain is generally undulating. Outcrops generally consist of rocks that are sandstones. The 
drainage system in the study area is dendritic. The streams are flowing from northwest to 
southwest. Most of the streams are seasonal, overflowing their banks during rainy season. 

1.5 Climate and Vegetation 

The study area falls within the tropical climate zone. It is characterized by two seasons; a rainy 

season, which starts in May and ends in October and the dry season. which normally spans 

between the months of October and April (Fig I). The rainy season is the period when tropical 

maritime air mass travel; northward' over the study area from the Gulf of Guinea. The mean 

annual rainfall is 1015mm for Gombc where the study area is located while the dry season is 

characterized by an arid wind or tropical continental air mass originating from the Sahara Desert. 

During the dry season, there is liulc cloud cover and the temperature ranges from J4°C - 32°c 

(Nigeria Meteorological Agency. Gombe State). 

The study area is mainly classified as Sudan savannah region. which is characterized by grasses, 

shrubs and trees with large trunks. The grasses usually dry and the trees shade off their leaves 

during dry season and flourish again during the wet season. The vegetation is characterized by 

occurrence of trees such as baobab, mango, shea butter, and abundant grasses. 
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Fig. I: Showing Average of Temperature Rainfall ofGombc 

1.6 Settlement and Land Use 

The inhabitants of the study area are mainly indigenous Fulani. Kanuri, Tera and Hausa 

ethnic groups. The area is sparsely populated. Inhabitants practice farming as their dominant 

occupation. National integration brought about influx of other ethnic groups from the south and 

northern parts of the country which ushered in other businesses such as trading and building 

constructions amongst many others. 

1. 7 Review of Previous Work 

The Benue Trough is the most important of all the Cretaceous sedimen•·ry b · · 
"' asms m 

Nigeria. At its north-eastern end is an area commonly known as the Upper Benue Tro gh · 
u ' 1t 

bifurcates into an E-W trending Yola ann and N-E trending Gongola arm. The study area falls 

within the Gongola ann. 
The early studies, of the upper Benue Trough and Southern Somo Basin was carried out 

by Falconer ( t 911 ); Jones ( 1948); and Barber et al (1954); and was later elaborated by Rayment 

(196S). Falconer (1911) classified the Basement complex as older Granites of Pan-African 

Orogeny (600 :1: J 50 Ma) and also was the first person to use the term "Sima sandstone" for beds 

flit oc:curred at the type locality, The Sima Hill. Carter ct al (1963) divided the Sima Sanc1Jtones 
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into ''upper, m iddle, and lower" Th .. . 
. . 

· e Bima sandstone" was fonned at the base of sedimentary 
succession in the cores of great anticli . 

. ncs and directly overly the crystalline Basement. 
Studies on the lithostrati h grap Y of the Upper Benue Trough has been carried out by Enu, 

(1978); Lawal, (1982)· All' ' ix (1983) and Popoff et al (1983) described the sedimentary 
succession in the Upper Benue T gh be . . rou ginning with the continental classic Sima Group of 

Lower Cretaceous the tran ·t· al y . ' SI ion olde Format1on the Pindiga Formation and Gombe 

Fonnation, which are all L t c · · a e retnceous. Studies on the sed1mentology and structural 

framework of the sedimentary formation was done by Carter et al ( 1963). This forms the basis 

for all the later works. They undertook a regional study of the area covered by the Geological 

Survey of Nigeria 1 :250,000 series map sheets 25 (Pociskum). 36 (Gombe) and 47 (Lau). 

However, more detailed work has been done on the Upper Bcnue Trough because it has 

almost been entirely remapped recently through the work of Allix (1983): Bcnkhclil (1985. 1986. 

1988); Popoff (1988); Guiraud (1989. 1990. and 1993) and Zaborski et al (1997. 1998). The 

upper Bima member is entirely continental throughout the Upper Bcnue Trough consists of 

sandy deposits containing ubiquitous cros� - beddings and diversity of soft- sediment 

sedimentary structures (Samaila cc.al, 2005. 2006: Sama ila. 2007). Study of porosity loss in the 

Cretaceous Upper Sima Sandstone of chc Upper Bcnuc Trough (Samaila & Singh. 2010) has 

been done using different parameters. 
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2.0 LITERATURE REVIEW 
CllAPTER TWO 

2.1 Geology of the Upper Benue Trough 
The Benue Trough is a Cretaceous sedimentary basin in Nigeria. Reviews of the origin and 

evolution of this linear, NE-SW trending megastructure were provided by Benkhelil ( 1989) and 
Freeth (1990). The northeastern endof the Benue Trough is known as the Upper Benue Trough. It 
bifurcates into an east-west trending Yola Arm and a north-south trending Gongola Arm or 
Gongo la Basin (Fig!). Carteret al. (1963) described the geology of the Upper Benue Trough. They 
referred to the general area between the Yola Arm and the Gongola Basin as the 
"Zambuk Ridge", actually a zone characterized by a number of important NE-SW trending sinistral 
strike slip faults. 
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Fig. 2: Geological Map of Nigeria Showing Upper Benue Trough and Location of the Study Area 

(Obaje, 2009). 

The Gongola Basin is separated fiorn the Bomu (Chad) Basin to the north by an anticlinal 

feature known as the Dumbulwa-Bage High (Zaborski, et al. I 997). Concealed beneath the 
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Cenozoic sedimentary cover of the Bomu Basin are Cretaceous rift- like basins (Avbovo.�1 al. 1986). These in tWll form links with those of the West African Rift System in Niger and Chad Republics to the north. 

2.2.0 Stratigraphy or the Upper Benue Trough 
The basic lithostratigraphical successions for the Upper Benue Trough (Gongola Arm) were established by Carter et al. ( 1963) and modified by Popoff et al. ( 1986) Zaborski et al., (1997) considered modification of the stratigraphy by older workers necessary, largely because 

of the marine sequence making up the greater part of the Upper Creataceous. 

2.1.1 The Bima Snndstone. 

The Bima Sandstone a · 
1 f 

· · · · • conunenta ormat1on, 1s the basal part of the scdm1entary 
successions in the Upper Benue Trough . It lies unconfonnably on the Precambrian Basement 
Complex. It ranges in age from Upper Aptian to Lower Albian. The Bima Fonnation was named 
by Falconer (1911) after it type locality at Bima Hill. Carter e1 al. (1963). and Allix (1983) gave 
description of the sequences sub-divi,ion. ccmsi:;ting of three silicic la:.tic members: the Lower 

Bima (B1), the Middle Bima (62). and the Cppcr Bima (Bi). The Lower Bima Sandstone which 

is the oldest has been described in the Lamurdc Amici inc to consist of red and purple clays with 

occurrences of very coarse grained fcldsphatic sandstone. TI1c most basal sequence of the Lower 

Bima Sandstone is made up of sands and gravels with poorly defined planar cross bedding 

believed to have formed in alluvial fans (Guiraud. 1990). The Middle Bima Sandstone is 

composed of about 400-600m medium to very coarse grained feldspartic sandstone showing both 

trough and planar bedding with clays and shales (Guiraud, 1993. Zaborski et al. l997). The 

U B. S d t ne (B ) may attain more than 1700111 in thickness. It has relatively 
pper 1ma an s o ) 

h e Consisting of tabular cross-bedding, medium to coarse-grained 
omogeneous appearanc 

. as deposited in fluviatile braided river system (Guiraud, 1993). 
sandstones. This sequence w · 

2.1.2 The Yolde Formation 

The Yolde Formation (Cenomani an in age) marks the transition between the continental 

environment and the major Turonian tr'!fiSgression. It  was first recognize d by Falconer (1911) 

and later by Barber et al. (1954). The type Locality was designated in Yolde stream in  the 

western part of Yola Arm· It consists of a variable sequence of thinly bedded sands tones, sandy 
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roudstone a nd Shelly limestone Th . 
Gombe and Numan-Muri 

areas. . e formation overlies the Bima Sandstone (Fig 2) in both 
The Yolde Formation gives r" . •se to a subdued topography often with a sparse vegetation cover. It 1s poorly exposed in mo t s Parts of the Gongola Basin east of the Gongola River however, between Kubtogana, Alh ·· R h · aJi u u and Ruwan Kuka it occupies the core of a gentle 

anticlinorial structure in which good exposures occur (Zaborski ei" al., 1997). 
The most complete section in the Yolde Formation has been found northwest of 

RuwanKuka (Zarboski et al., I 997). Adjacent to the RuwanKuka fault, the feldspathic Yolde 
Sandstones contain siliceous cements in contrast to their poorly consolidated noture elsewhere. 
Nearly 150 meters of the Yolde Formation is exposed, though its uppermost and lower portions 
are not seen. The lower part of the forma1ion consists of alternating sandstones and dark grey 
mudstones. The latter frequently display prominent desiccation cracks on their upper surfaces. 

The sandstones are variable, mostly coarse-grained. trough cross-bedded sandstones reaching a 

thickness of overSm occur in the middle part of the section. Above. the formation consists of 

regularly bedded sandstones with argillaccous intcrcalations. Bioturbation (planolitcs) is 

common towards the top while groove mark' arc present on some beds (Zaborski ct al.. 1997). 

2.2.3.0 The Pindign Formution 

The Pindiga Formation. acco rding to Carter et al .. (I 963) and Barber ( J 957) is the lateral 

equivalent of the Gongila and Fika Formations in the Fika area and the Chad Basin and the 

marine sequence (Dukul, Jessu, Sekule. Numanha. and Lamja Formations) in the Yola Arm. 

Dukul Formation is the earliest of the marine deposits in the Yola Ann whose ammonite fossils 

(the Vascoceratids) was identified as a lower Turonian unit. The ferruginous Jessu Formation 

succeeds it. Another sets of limestone and shale intercalated beds succeeded the Jessu Formation. 

They are identified as the Sekule and the Numanha Formations. The Sekule Formation consists 

of thin to medium bedded limestone and grey fissile shale while the Numanha Formation has a 

more pronounced black shale beds. The stratigraphic succession of the Yola Arm terminates with 

the deposits of the elastic Lamja Sandstone (Fig. 2). It consists of fine grained parallel laminated 

sandstone with interbeds of thin limestone, coal seains and fossiliferous shale. 

. . F · consisting of thick marine shale, with limestone beds toward the 
The Pmd1ga ormauon, . . 

........__ . · to Santonian (Fig. 5) (Zaborski et al., 1997; Obaie et al., 

....., ranges m age from TuroDlan 
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1999). It overlies the Yolde Formatio · . . n m Gombc area. Zaborsk.ie1 al. (1997) subdivided the formation mto five members (Kanaw G I · a, u an1, Deba Fulani, Dumbulwa and Fika members). 
Z.2.3.1 The Kanawa Member 

The name Kanawa Format" 
d 

ion was proposed by Thompson, for a sequence of shales an intercalated limestone outcroppi ng around Kanawa to the east of Gombe (Zaborski et al. 1997). The Kanawa Fonnation corresponds to the (shale-limestone) member of the Pindiga Formation. 
The most complete section occur in the Pindiga stream (the type section of the Pindiga Fonnation) and in the Ashaka quarry. 

The Kanawa Member provides an excellent stra1igraphical marker horizon between the 
sandy unit above and the Yolde Formatipn below. It produces a low fca1urelcss lopography and 
weathers to a distinctive black colton soil which is heavily cuhivated in the s1udy area and in the 
few remaining virgin areas. fl is formed during 1he Lale Ccnomanian 10 Early Turonian 
transgression, which affected the entire Benue Trough and also !he Sahara region to the north 
(Zaborski et al., 1997). 

The greater part of 1he Kanawa 1-kmbcr consisl of a shaly mudstone. dark grey in color 

when fresh but showing much ligh1cr blue 10 green-grey colors in the weathered zones. which 

typically extends to depths of aboul '.!O 111. The limesloncs have thicknesses varying from a few 

centimeters to a maximum of 2 111. The li111cs1one is grey in color when fresh. and white, cream. 

orange to red when weathered. Individual limcs1one beds arc laterally non-persistent crystalline. 

These marly and shelly varieties most commonly occur as wackestoncs. Biostromal limestone 

less than J meter thick. composed of bivalve Picarula and bryozoans occur al Pindiga. The upper 

surfaces of the limestone sometimes show thalassinoides burrmvs and often represents a minor 

discontinuity surfaces with reworked fossils. cpifaunas. phosphatic mauer. glauconite 

concentrations and occurrences of exo-ammonites such 

P ud 'd d w,011·11oceras These horizons mark level of water deepening. 
as se asp1 oceras an · 

. . times persist into the few centimeters of shales directly overlying 
Glaucomte concentrauons some 

such horizons (Zaborski et al. i 997). 

2.2.3.2 The Gulani Member 

The Gulani Member consists of three units. Tue top unit is characterized by grey, white-

,Wamge-grey, coarse-grained, tabular cross-bedded sandstones. The middle unit is fine to medium 
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grained sandstone, grey and purple siltstones and a grey hard shelly limestone. The bottom unit is characterized by siltstone and thin Sandstones. The Gulani Member has an estimated thickness of about 230 m occurring at the Dogon Zaga area (Zaborski et al., 1997). 

2.2.3.3 Deba Fulani Member 
The name "Deba Fulani Member" . . 

. th .ddl 
is proposed herem for the mainly sandy beds occuring 

m e nu e part of the Pindi a Fo · 

. . 
g rmat10n over most of it outcrops. The unit has not been 

previously differen ti ated by the G 1 • eo og1cal Survey of Nigeria. Maps [sheets 36 (Gombe) and 47 
(Lau)] indicated it as part of the G b F . 

om e ormat1on and '"Gongila Fom1ation'". The Dcba Fulani 
Member appears to pass late all · h · r Y mto t e Dumbulwa Member south of the Dumbulwa-Bage 
High (Zaborski et al. ( 1997). 

The outcrop of the Deba Fulani Member south of Dcba Fulani is expressed 

topographically by a low ridge of undulating hills. it weathers to produce a thin. red lateritic soil 

with rcgolith composed of some boulders but mostly pebble-sized fragments of dense and naggy 

or vesicular ironstone (Zarboski et al.. 1997). 
Exposures in the Deba Fulani !\ 1cmbcr arc rare and no complete section has been found. 

Limited sections showing sequence' of sand,toncs and siltstones in beds of 5 to 15 centimeters 

thick are present in streams around the study area and especially to the west of Dcba Fulani 

(Zaborski et al., 1997). 

The basal part of the Deba Fulani Member can be seen at the Ashaka quarry. Its boundary 

with the Kanawa Member is transitional, occurring through a sequence of glauconic, feldspathic, 

calcareous sandstone, sandy shelly limestone and shales. An alternating sandstone-shale 

bove ·1ncluding thin laminated sandstones and thicker through cross-bedded 
sequence occurs a • 

sandstones with erosional bases. 

2.2.3.4 The Dumbulwa Member 

The Dumblwa Member represents the upper sandstone-shale portion of "Gongila 

Fonnation" of Carter et al., (1963). The .unit consists of sequence of coarse-grained, feldspartic, 

tabular cross- bedded sandstone. It reaches a thickness of about 200 m in Dumbulwa and Bage 

Hi lls and apparently passes laterally into the Deba Fulani Member (Zaborski et al., 1997). 

Zaborski el al., ( t 997) interpreted this rnember as fluviatile deposits. 
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2.2A The Gombe Formation 
The Gombc Sandstone is of Maastrichian age (Fig. 2) anll it is the youngest member of the Cretaceous series in Fika and Gombe areas. It consists of the sequence of estuarine and dcltaic sandstones, siltstone, shales and ironstones. The sediment is well-bedded sandstones, grits, siltstone, flaggy sandstone and clays. Coal beds have been reponed locally (Caner er al., 1963). The siltstone and flaggy sandstones from the greater pan of the formation occur in Gombc area. The formation rests unconformably on the older Cretaceous strata (Caner et al., 1963). It 

overlies the Pindiga Formation (Upper Part) and it is overlain by the Kerri - Kerri Formation. 

2.2.S Stratigraphic Sections in the Arca of Study 

2.18m 
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0.43 Gaf colored daf with mud �acks 

Fig. 3: Section of Gombe Formation 

2.2.6 The Kerri Kerri Forlllation 

The Kerri - Kerri fot'tllation of Paleocene age (Adegoke et al., 1978) is a continental 

series, consisting of toosely cemented  sandstones, siltstones and claystones lying unconformable 

on the folded Cretaee<JUS strata in fika a nd Gombe areas (Adegoke et al., 1986). 
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Fig. 4: Stratigraphy Succession of Bcnuc Trough (Tukur ct al. 2015). 
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J.0 METHODOLOGY 

3.l Field Equipment 

CllAPTER THIU;E 

Some of the field materials/equipment used during the fielll mapping include; 1. Safety boots 

2. Topographic map of the stud)( area 
3. A base map 

4. Global positioning system (GPS) 
5. Compass Clinometers 

6. Hammer 

7. Hand lens 

8. Sample bag 

9. Measuring tape 

3.2 Field Method and Sample Collection 
0 A reconnaissance survey wa, done to c-iablish the extent of the study area and strategy to 

be employed during the field study. 
0 The samples were collected along the areas traversed using a geologic hammer at 

various locations and at random due to the rugged nature of the terrain and also the 

extensiveness of some rock types. 

O Each location where sampling was c:mied out was located in a topographical map using 

G.P.S. 

0 Each of the samples collected was well labeled using masking tape for proper 

identification. 

0 Only fresh samples of the various rock types were selected for granulometric and 

petrographical analysis 

3.3.0 Laboratory Analysis 

3.3.I Procedure for Thin Section Preparation 

Samples brought from the field were cut using cutting machine. Samples were gumed on 

glass slide using Canada balsam and also the samples were polished to 2mm on the glass 

and grind and polished with ca.rborlllldwn powder of 0.6mm. 0.4mm and 0.2mm 

12 



simultaneOusly to make it thin and clear. The polished surface was coven:d with a thin glass cover slip using the same gum (Canada balsam). The glass slide was then placed on a heater at 
low temperature of 35° - 40°C overnight and all the air bubbles was expelled and dried properly. The glass slide was then allowed to cool for sometime and ready for petrographic studies. The glass slide helped in identifying the minerals by the use of a microscope, and also photographs of the slide were taken. 
Precaution 

. 
. . . . 

k th I s slide Overheatmg 
o When thmnmg and gnndmg, care must be taken not to brea e g as · · was avoided in order not to course cracks and u was ensure t at u 

. 
d h b bbles were expelled. 

3.3.2 Granulometric Analysis 

mg met was used for the granulomctric analysis. The 
Standard mechanical siev· hod 

samples were first disaggregated using a mortar and pcs1le. 200g of each sample was placed in 

the uppermost sieve of the stacked set of sieves. TI1e sieve were arranged with mesh sizes 

decreasing from top to bottom in the following order: .J.75mm. 3.35mm. 2.36mm. l.18mm. 
0.850mm, 0.42Smm. 0.300mm. 0.212111111. 0.106mm. 0.0063mm. and the pan (<0.063mm). The 

sieves were then covered and fa,1cncd again'' 1hc Endicott sieve shaker and allowed lo run for 5 
m inutes. Weight of the 111a1crials retained in each sieve was measured and recorded . 

The statistical measures of frequency distribu1ion were de1errnined graphically. The phi 

(<Ii) values were obtained using the formula <I> � - log,D where D is grain diameter (mm). The 

individual weight percentages were ob1ained by dividing 1he weight (g) of each retained material 

by their total and multiplying it by I 00. Whereas, the cumulative weight percentage were 

b · d b  dd' I · d'vi'dual weioht percentage of the first sieve to the next, and the answer 
o tame y a mg t 1e 111 1 " 

obtained is added to the subsequent weight percentage. continuously to the end. 

3.3.3 Cumulative Frequency Curves 

In the cumulative curve the weight percentage of the material retained on the largest  s i eve 

is recorded first. Th e  posit ion of the next point to be recorded will be fixed by the sum of the  

preceding percentage plus that of the material retained on the next (finer) s ieve, an d  so on.  

Cumulative curves can be ctrawn using e ithe r an arithmetic ordi nate  or a probab i l ity ordinate 

13 



3.JA.O Interpretation of Cumulative Curves 
In cumulative frequency curves, the method most commonly used involves plotting the cumulative curve and reading the diameter represented by various percentages. The various 

statistical parameters used as proposed by (Folk. 1957) are: 
1 .  Graphic Mean (Mz.) 
2. Graphic Kurtosis (KG) 

3. Inclusive Graphic Skewness (SK1) 

4. Inclusive Graphical Standard Deviation ( 0 1) 

3.3.4.1 Graphic Mean (Mz) 
Graphic Mean (Mz): This statistical measures reflects the overal l average grain size of 

studied samples was calculated using the fonnula below. 

M, = <1> 16 + <1>50 + <!>84 

3 

A description scale corresponding 10 the value of graphic mean as defined by Folk (1975) is 

given in Table 1 .  

Table l :  Descriptive Scale of Graphic 1'.lcan 

GRAPHIC M EAN (<!>) Mi. GRAIN SIZES 

< O  Y cry coarse sand 

Coarse sand 
0 to 1 .0 

Medium grained sand 

l.O to 2.0 
Fine grained sand 

2.0 to 3.0 
Very fine grained sand 

3.0 to 4.0 
Coarse silt 

4.0to6.0 

3.3.4.2 Graphic Kurtosis (Kc) 

This is the measured of degree of peakedness of the distribution curve. Graphic Kurtosis 

is given by the formula. 

I«; = <l>� 
3 

A description scale given by folk ( 1975) for Kurtosis is given in Table 2. 
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Table 2: Descriptive Scale of Graphic Kun, --- .... 
-GRAPHIC KURTOSIS (Kc) DEGREE OF PEAKEDNESS -<().67 Very Platykurtic 

0.67 to0.90 
Platykurtic 

0.90 tol . 1 1  Mesokurtic 

1.1 1 to 1 .50 Leptokurtic 

1.50 to 3.0 Very leptokurtic 
-�>3.00 Extremely leptokurtic -

3.3.4.3 Inclusive Graphic Skewness (SK1) 

This is the measure of the degree of asymmetry of the distribution curve. When sediment 

has more materials in the coarse tail (coarse skewed) the skewness in negative while if there are 

more materials in the fine tail (fined skewed) it is positive. and it is given by the formula of Folk 

and Ward (1975) below. The interpretations of the values of Inclusive Graphical Skewness were 

given in Table 3. 
SK1 = <1>84 + <I> 16 + 11>50 ... <1•95 - -'�:...:5_·::..2\1>_'-so ___ _ 

2(<1>84 - •I> 16)  <1>8� � <1>16 

Table 3: Descripti ve Scale of Inclusive of Graphic Skewness (SK1J 
- -- --

INCLUSIVE GRAPHIC SKEWNESS DESCRJP'flON TERM 
Very fine skewed 

+1 .0 to 0.3 Fine skewed 

+0.3 to 0.1 Near Symmetrical 

+0.1 to -0.1 Coarse skewed 

-OJ to -0.3 Very Coarse skewed 

-0.3 to -0.l 

3.3.4.4 Inclusive Graphic Standard Deviation (8 1) 

This is the measure of degree of sorting or uniformity of the particles size distribution 

about the mean in a nonnal distribution. It is given by the formula below. 1be interpretations of 

1lleae values were given in Table 4. 

15 
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6 1 = <!>84 + <!>16 + 

4 
<!>95 + <1>5 

6.6 

Table 4: Descriptive Scale of lnclusive Standard Deviation ( 0 1) 
INCLUSIVE STANDARD DEVIATH.�N DESCRIPTION TERM 
<0.350 

Very well sorted 

0.35 to 0.50 Well sorted 

0.50 to 0.71 Moderately well sorted 

0.71 to 1 .00 Moderately sorted 

1.00 to 2.00 Poorly sorted 

2.00 to 4.00 Very poorly sorted 

>4.00 Extremely poorly sorted 
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CHAPTER FOUR 
4.oRESULTS AND INTERPRETATION 
4.1 Geological of t�e Study Area 

11°10•1o"I. 

lt"l7'Ml"N 

Red sandstone tacies 

.. Bedded sandstone fac1es 

[2j Major Roed 

c:J lnfered boundary 

[---':] Major RIV•< 

\23 Minor River 

Fig. 5:  A Geological Map of the Study Area 

4.l.O Secr These ar:m.entary Structures 

� . mrem•I ""''""' of ..i;mrn• "" '" ""'""' """"· '";og • "'°"'' •ft 

_,.,.,,;"" 
. 

. 
. . 

. 

"'-
md •re d•�;f-' ;,<o oro""''· _,..,,.1. P"".d•Po'"'oo•I ""' biog";' 

� . "' ffoku, 2003). Th•Y "" ••Y ;mp0""'' fo• ID< ;o1.,,reo>l.oo of d<pO•l.11.oo•I 

Vtron 

. 

.. mont md fo< dorenn;ol.og mo w•Y of '°'' ,.,- m w "" of oompl� foldl.og, ""' 

'"' '''""""''" di«<';°' md p•'"''"'�phY· 1'< � ''"""" _...� ob�'' ;, 

dedu · 

d. 
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Plate 2: /\ P!:inc: l3cJd111� of Ci•"nhc Formation at location 5 

4.1.2 Cross Bedding 
This is one of the most oblivi111" ""linwntar� ,m1ctL1rC' in the stud) area consist of sets 

of bed that are inclined relative to '"'" a1w1hcr. I he· hc1b arc inclined in the direction that the 

wind or water was moving at the time of depo>ition. 

Plate 3: Troughs Cross Bedded Sandstone al location 8 
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4,1J) Data -presentation 

.u.1 intel'llretation and Discussion of Results 

Surti"\<>\ -""' of ""'"""' di<ri"'"'"' - """"''"" ...... ,,Jly. Th< 

_ .... _, '""'' ... """ " "'"®'" "" "' "'"" of ,.,;oo< """'"'' ,.,, •• 

Pbi@ va\ues were obtained using formula 

'"''""'' '"'""'"' ; s. ; "· ; 15. ; so. ; 15, ; .. '"' ° 95 "''®'� ,..,,, '" •• , .... '""'� 

� ::  \ogi.D 

were used in ca\culating various parameters (after Folk and Ward. I 957). 

4.2.2 Grain Size Data Table 

T ol>l< 5, Row d•IO f<>< ,,.,, 1om•''' =I y•\• f� '"°'' '°" I Goml< '°"''"� 

wC\gh1 % cumulative weight % 

t,acation I 

Sieve Phi(\J) 

sizC(rntn) 
4.75 

-2.25 

3.35 -\ .74 

2.36 
- 1 .24 

us -0.24 

0.85 
0.23 

o.43 1 .22 

0.30 
1 .74 

0.21 2.25 

o.1 1 3.IS 

o.os 3.64 

o.06 
4.06 

pan 
--rotai 

Weigh\ rc1aincd(g) 
0 

0 0 
0 0 
0 0.34 

o.61 o.ss 
1 . 10 1 .27 
2.53 o.1s 
1 .50 \.29 

2.ss Sl .77 

163.47 9.79 

19 .57 1.49 

2.97 2.11 

5.53 
199.92 

7.1. 

0 
0 

0 
03.i 
O.S9 
2.16 

2.91 

4.lo 
ss.97 
95,76 

91.25 
100.02 

,.,___ ........-.::u .. 1• . ..... 

if.i:.i.1?.��R l �F;;'B�L.EW1'. 
j\ r, \H�S\TVllBAARY 8M£MI 
r:.c.::�:..11c:t Oll.lj/#ltlll� �r.TilM 
� \.'!�1\JEF,t;:ll V �J:.:l)i�!, 
--�_., • . sz 
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Mean o a:rooo:nrnJ 0 l 

L -

L ' 

The mean is 2.8 and therefore the sample is a fine grain sand size particle. 

Standard deviation (D) L � .... � rJ (l.°11 

o�c� 

o�O� 
a OID 

0 [ll1IJ 0 [I.Ill. 

c cn:o ... sample is well sorted· 

lllmdard deviation is Q.46 and t11erefore u•C 

o�o� 
onroa:i:o 

5JJ:Illo:o 

o�
o� 

ii:DJKllO!f;JJ � 22 

l' 



0 �OIJ[D� 0 OIJ[DtlilJJJafu:i 
cn1lJ[Il -� 

o �� o anro� o �o� 
IJll[l IJll[l ClllD ClllD 

0 OlllJ 0 OilD 0 OilD 

1'\le skewness is O. \ 3 and therefore the sample is fine skewed. 

i<.urtosis (l<.)0 -orrnoo_ 0 � 
CJil!Jlla:noa::JJ (iiirrrnlrO('l!llJJ om 

o � 
o � L OI1.. 

".l'.11 

1'\le kurtosis is \ . I 0 and therefore the sample is tviesokurtic 

T>hl< 6' R>• d., !� w�••-"'' �''"" !� I�•\® 3 Goml< ""'"""' 

U>Cation 3 � 
Sieve Phi(O) Weigh\ rc1aincd( g) 

Weight % Cu1nu\ali"C weigh\ % 

0 
0 

siz.etrnm) 

4.15 
-2.25 0 

3.35 
-\ .14 0 

0 
0 

2.36 
-\ .24 0 

0 
0 

-0.1.4 o.46 

0.13 0.13 

\.\S 
0.23 \ .SS 

o.94 
\ .\1 

o.S5 
\ .22 4.55 

2.2s 
3,45 

o.43 
\ .14 2.96 

1.4S 4.9'.l 

o.30 
2.25 4.14 

1.31 no 

0.21 
'.l.\S 16S.S6 

s2.95 
90.25 

o.\ ' 
J,64 12.25 

6.1'.l 
96.'.lS 

o.os 

o.06 
4,06 2.s1 

\ .44 9J.S2 

4,3S 

2.\9 
100.01 

pan \99.95 

Total 
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Mean 0 (Y.ITlo:ni'!!] u � 111� 
n ., 

LILL u ­l.; 

The mean is 2.7 and therefore the sample is a line grain sand size particle. 

Standard deviation (D) 0 � 0 �n::i.1 
o ano:iil!l[l o cmi:oOJD 

0 Ulll 

D !lID 

O � D � 
o am 

o OIID o OilD 

o OIID 

The standard deviation is 0.46 and therefore the sample is well sorted. 

OODIJ:llJCJ]JIJlJ COJJOCOC[Jllll 
Skewness 0 -[]Jl(l'.IJoiO 0 -C[Jllllcif] 
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o �ontDCJl]ll{Do am:nonroarmm 
anmncmro (JlliltDOillD 

O� O� 
0 �o� 0 \Jill]O rotmOJD QUJJO [ffiI]: 0.52 

"".•«•""' " 0.5 l '"" _,"" "" ""'''' ,, ""'""'' ""' """"' 

. oa:ooo crornlJIJIJ 

\<.urlOSIS (l<.)0 � 0 � 
o � 6ii(iTuIJJ 
o�c or:L 

'fhe kurtosis is \ .30 and therefore \he sample is L,cptokurtic 

T•bl• 1 ·  ... '"' [� W'"''�""' "'°'»'' W t�•"" 5 of G�I< ••''"'"' 

Weight % C11nw\a1i'C \\'cighl % 

�-
Sieve 

Phi(\J) Wcig\11 rctaincd(gl 

0 
0 

CA.T\ON 5 

size(rnrn) 

4.15 
-2.25 

0 0 
0 

3.35 
. \ .14 0 

0 
0 

2.36 
-\ .24 0 

0.21 
0.11 

us 
-O.?A 

Q.41 
0.10 

o.49 

o.s5 
0.2'3 Q.91 

2.06 
1 .36 

0.4'3 
\ .22 

2.1'2 
2 .11 

0.1 1 

oJO 
\ .14 1 .42 

'3.55 
o.1S 

0.21 
2.25 

1.56 
S\.01 

11.52 

o.\\ '3.\S 
154.99 \'3.15 

94.Sl 

o.os '3.64 
121 .49 \.61 

96.49 

o.06 4.06 '3.'34 
100.24 

'3.15 

1.49 

pan ,99.94 

'1-ota\ 

·---

is 

� 



Mean O ocmorm� u �n ·i:n E.,,., 
o n 

L.llilJ u ­w 

i I 
·L! 

. er 
.

. 

Li LJl1 

The mean is 2.8 and therefore the satnplc is a line grain sand size particle. 

oa:u oTl . (l'TTl tT1 

Standard deviation (D) Li � Li [T.il 
o � o cmmmn 

o om 

0 �0 2!!? 
o om 

o ODDO OlID 
0 OilD 

The standard deviation is 0.41 and therefore the sample is well sorted. 

(JlllCOJJ(lll{ID co:ooro([J)]JJ 
Skewness 0 -a::o:roo:ro 0 aro:na:n 
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o �anroOD!!?o �(l!llJl� (Jllll[DanrD OJ)ill::DCllJIJJ 

O � oCJ!IOJ(llll 
(J:rJnOJ 'OOiiiill 

0 � 0 � 0 CIDIJJ 0 [1llDJ 0 Ol1D 

'(h< '''•""'' • O. I 4 '"' -'"" "" pm"' '' fm< •''•"' 

\(urtosis (K)O � 0 � 
IJDl.. 

\J � 
OLD -

L Jii.C tJL. 

°fl"""""'' \• I .0 '"' '"°"' �' I I< .,mp\< '' M<•0'""'' 

4.3.0 Data \J\terpretation 

'fable s data interpretation GR•\\>l\\C 

Sf\'!\ wc•-rtO� \GR••"'" ST ;\:'<DAR\) 

0£.V\1\ 'f\ON \NCt.\J5\\IE 

�tJ'AE \\'\£� 
5\(f.WN£.S5 (5¥J) 

(t.t\Z) (5\)) 
o.46 

Q.13 

5arnp\e \ I 2.s 
o.46 

0.5'2 

\ 2.1 
-

0.14 
Q.4\ 

(;R;\f't\\C 

\t-lCL\JS\Yf. 

5K.£.Wl'o!f.S5 (5\(1) 

\ .\0 
I JO 

1 .0 

2 
3 

I 5arnp\e 2 
2.S 

\ 5arnP\e 3 

4.3.1 sain\l\e Description . . I na\�sed were presented in Uie table oe\oW. 

\t of ind1"1dua.I sa.111\l e a  ' 

'fable 9: me interpreted resu Gn � p\UC oiVJ'B.1C 51" ,._trof-RD 

\'-I oRApr\lC � 

Sf\'I i..oc>-rio ,.,....,, v.ui<'°'\S wcwst'" o•"""o" 

2 

l'o!� 
(1(.G) 5\{E.Wt-fE.SS (SD) 

¢J (S\CJ) 
fine s\<ewed t We\\ s0rted 

fine grain "Meso\curtic 

saJl\P\e \ \
sand 

I saJlll'\e 2 \fine grain i..eptol<urtic 5ttong\"i fine We\\� 

s\<ewed 

sand - 27 



3 Sample 3 Fine grain I Mcsokurtic 

sand 

4.4.0 Petrographic Analysis 

Plate 4: Under plane polarized light 

Fine skewed I Well sorted 

Plate 5: Under crossed polarized light 

Statistical Computation of S11mplc I 

Table I 0: showing the count from the various slide positions of sample l 

2 3 4 Total 

20 7g 
Slide position 

Quartz 
Feldspar 
Rock Fragment 

Quartz "' 78I142 x '°o = 55% 

feldspar = 
21/142 x 1 00"' 14.8% 

Rock fragment = 43/142 x I 00 "' 30% 

1 7  
4 
10 
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_ - - <,5 fcldS\laf' - · · • 

• '"'"' !O Q <f ,>< ;.;.<iol Qo>•' - " . . . . • ; · ! o/o of 0"'"' • " ·' 0 0 o( • o<> !· O ••'" 

e . . ' ii \O I 00% ,vc ha' " - ' . . 

res"ectivel'j .  '4orrna\rz.1nio d . 1\w QRI' dia�ra"' hcl<"' . 

r (\ . vresClllC \\\ 

and30-I O/o oi fe\dsvars an is 

au aft%. 

f:e\d• 

\ 

\ 

aoettfrd� . . Qua\'\1-\\' ac\r-e 

\ p.,_A\..\ '4arn1n'b it as 

fig 1: QRf oiagrarn of sarnl' e . 
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4.4J Microscopic study of Sample 2 

Plate 5: Under plane polarized light !'late 6: llmkr "'"'cd p,1l.1n1cd li�IH 

Statistical Computation of Sample 2 
Table l l :  showing the count from the various slide positions of sampk 2 

-
Slide position I 2 3 -I Turn 
Quartz 1 8  20 1 9  20 7i 
Feldspar 4 5 7 Ji 2-1 
Rock Fragment 7 1 0  1 0  I I  1s 

�IJll 
Quartz /139 x 100 = 55.5% 

-

Feldspar = 24/139 x 100 =  17.2% 

Rock Fragment = 38/139 x 100= 27.3% 
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