710z ‘4380190

T

i
P e R |
Y3nds) enusg Jeddn uiseq
- ®|0Zu0D ISHM 130N 9GuoD) Ts|

339YS oloq punoy €34y JO AZoj0a9

ot




GEOLOGY OF AREA AROUND DOHO
SHEET 152 GOMBE NORTH-WEST
GONGOLA BASIN UPPER BENUE TROUGH
BY
ABDULMALIK MUHAMMAD

06/18303U/1

A THESIS SUBMITTED TO THE GEOLOGY PROGRAMME,
SCHOOL OF SCIENCE, ABUBAKAR TAFAWA BALEWA
UNIVERSITY, IN PARTIAL FULFILMENT OF THE
~ REQUIREMENT FOR THE AWARD OF BACHELOR OF

TECHNOLOGY (B. TECH) HONOURS IN APPLIED
GEOLOGY

LG

OCTOBER, 2012

. Buubets AR E GALEWA
UNIWERSITY 115243y BAUOH)
§ BEBEAROH & [COLIRENTR SEQTION »
i URIVERSITY ARCHIVES

e = —e———




or. NK Samaila

Project Supervisor

Af

’ .,;$igﬁ............. ST e

LB Ahmad Isa Haruna




y -
{

\esis was written by me. Itis a record of my.
n presented in any previous application for a degree

J ”/.prl

el Datey. /ey

ABDULMALIK MUHAMMAD

Date: .ot

DR. {NK Samaila

! J,Prc_':ject Supervisor




5 dedicat bmy siblings Umar Muhammad, A ,"T 'S
a Muhammad, ‘and Halima Sadiya Muhammad, -thq';._:fa" )

- -
r

Mallam Muhammad Musa and to the loving memory of my late mum

1ammad. I love you all.




! A!fd;iinancial support towards my academic carrier. I am highly indebted to them.

e
22 My sincere gratitude goes to my supervisor Dr. NK Samaila for his tireless

effort in being with me at the field guiding and exposing me to various field
mapping techniques. And also for his constructive criticisms, support, advice and
useful corrections rendered during the course of this project. [ say thank you and

God bless you.

I would also acknowledge the effort of all the lecturers of geology program
like Professor E.F.C Dike, Professor D.M Orazulike, Dr A.l Haruna, Dr M.B
0 Abubakar, Dr A.S Maigari, Mal M.T Isa. Mal Ahmadu Tukur, and Mal Abdulateef

for teaching me the salient part of gcology.

My appreciation goes to my friends especially Umar Hassan tor working with
me at the field, and Musa Akor tfor his contribution one way or the other towards
the success of this work. My gratitude also goes to Engr Sadiq for his moral and
financial support towards the success of this project. [ will never forget the
contribution of Mallam Umar (Baba Amirah) for his financial assistance rendered

towards the success of this work.

~would also acknowlédge the effort of my well wishers, colleagues like Ameh

‘Abdulmajid Isa, Nurudeen Abdulhameed and neighbors like Kamal alias
L [

et ‘Olokoba, 'Aji Muhahammad, Jibo all of [jetu Villa Sabon Kaura for their

. -1".‘:.. or the Q.I.P?I: towards the success of this prgject. M.ay A
J " * ] .4 L : 3] ) L 1




List of figures
List of tables

Abstract

Introduction

Location and accessibility

Aims and objectives

Climate and VEZEtation. ... .......veveevererrirereeeinmneesneeeneeneenen, oS
Sre et




e |

ic setting of the Benue trough

atigraphy of the upper Benue trough

Basement complex

Bima Sandstone

2.5 Pindiga Formation
BRI GONEIIA FOIMAtiON .. .......cuocueerniiieaeiiionereeiaereneneeaennneaesonaonans 12

ORI GOMDE SANASLONE ......o.vvninieiniini ettt eieeieier e eeneaeneien s ensas e 12

2.8 Kerr-kerri Formation




{

. ¥ Ba =iy L L
_--'..__;‘_..-.-.tl...._... ..... eesesessesconaon Q000

-

4.1.3 Interbedded Fine Grained Sandstone with Shale Facics
4.1.4 Fine Grained Siltstone Facies

4.1.5 Pebbly Coarse Grained Sandstone Facies

4.2 Sedimentary structures

4.2.1 Convolute Lamination

4.2.2 Trough Cross-bedding

=W

Planar Cross-bedding
LN




CHAPTER FIVE: CONCLUSION AND RECOMMENDATION
5.1 Conclusion

5.2 Recommendation

............................................................................ 53-54

Reference.....
£19




ke 1 e SR L

BOERY I A Ty ; "
- LIST OF FIGURES
\1::' -;ological map of Nigeria showing the inland Basins...............
' 4"- Stratigraphic succession in the Benue Trough, Nigerian sector of the Chad

%{g the Mid Niger Basin and the relationship with the Niger-Delta
>

#ig.j Medium to Coarse Grained Red Sandstone Facies
Fig 4. Fine Grained Sandstone Facies.............cco.oovovevvenn. .o te e oiTe e RO 21
Fig.§ Thin shales interbedded with fine grain
Fig6. Thin shale bed.............coooiii 23
Fig.7 Thick shale bed within fine grained sandstone..................cooeiininn, 23
BRI RNTOsHalebed. . . ... o viieevnai i v e ek ales 24
Fig 9. Fine Grained Silstone Facies, showing some erosional surfaces........... 25
Fig 10. Pebbly Coarse Grained Sandstone

Fig.11 Convolute lamination in fine grained sandstone

L i
s -L;E',_ 2 Trough cross-bedding in Fine Grained Sandstone Facies

- ATEN g
Planar Cross-bedding very coarse grained sandstone........ R 29
=

L




i |

ined sandstone.. Lo AN G i, . g

Fig.20 Photomicrograph of sample A under plane polarized light...........c..occcveiniae.

R

Fig.21 Photomicrograph of sample B under cross nicols............co.oeecrierrervicenres 36

Fig.22 Photomicrograph of sample B under plane polarized light...........c.....c..c....36

Fig.23 Photomicrograph of sampie C under cross nicols........tu.uerncnicvrsnenennn 37

Fig.24 Photomicrograph of sample C under plane polarized light........................... 37

Fig.25 Histogram for sample A st i e sesssssssess

AL O EEa M OESAMPIE B..oooririrerseurearsiasineuirioneecstussssuecsssens crecorssoe iy aandedesen oL eteth

' - Fig.27 Histogram for sample C...

.......................................................................................

ti ve frequency curve for Sample A.

[ .

R |




y curve for Sample B........c.ccoeceerrreerressmnnn.

ative frequency curve for Sample C

LIST OF TABLES
Table 1: Result of Petrographic Analysis
TABLE 2: Sieve Analysis Result for Sample A

TABLE 3: Sieve Analysis Result for Sampie B........c.ccoceeviiceineiieins e
TABLE 4: Sieve Analysis Result for Sample C............ccoovvivnieiiiieieic e
TABLE 5: Sieve Analysis Result for Sample D.......cc.coveceiiiniirinninene e esieccenana

Table6: Interpretation of textural parameters from Granulometric Analysis




1
some bioturbations. Petrographic studies shows that the sandstone is

mineralogically composed of quartz, feldspars, micas, opaque 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, hine skewed. and leptokurtic

sandstone. The Upper members arc generally coarse to very coarse grained. poorly

sorted, near symmetrically skewed and mesokurtic sandstone.




alﬂﬁiﬁe.d (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 untif 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

modern processes could be used to interpret ancient sedimentary textures and
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2 5{“6)’ area is located within the Kwami Local Government Area of Gombe

e, Ifew‘l.(llometers away from Gombe town around Doho village. It covers a-

"

= .
b "~ land mass of twenty five square kilometers (25) km’.
" The area is bounded by latitude (10° 25' 0", 10°28' 0"} N and longitude (11° 12'
00", 11° 15' 0") E, sheet 152 Gombe NW map of the geological survey of Nigeria. -
The area is easily accessible by foot with a single tarred 1oad through the- area. -
_ Accessibility through the arca is also enhanced by several foot paths and stream’
‘channels. Geném]ly accessibility to the outcrops is easy. : T
1.2 AIMS AND OBJECTIVES 5
i i % : d 7.

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. o Ll
iy 4 50 &
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‘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.

1 The shorter dry season lasts from November to March. It is usually
accompanied by cold and dusty hanmatan wind. During the period. temperature
| drops from 31° to about 21°C. This scason 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.



Detailed lithostratigraphical and structural study on the cretaceous geology

s

]

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 geochcmistry of the Gongota 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.




 undemeath 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
(Figl). 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 Yola 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 pre-existing structures of the West African Shield, Benkhelil

1989). The Benue Trough lies on the Nigeria Basement Complex that belongs to
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, the Albian Bima Sandstone lies

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

a

» Middle Bima Sandstone with an overall thickness of 100 — 500m.

« 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

s

Sandstone of Cenomanian. it represents the beginning of Marine incursion into the
uppermost Benue Trough. The Yolde Formation was deposited under the
transition/costal marine environment and is made up of sandstone, limestone, shale

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

Pantami River in Gombe town and in the village of Yolde , 50km to Numan town.




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 Formation is at the quarry of Ashaka Cement
Factory at Ashaka village. Fika shate is composed of bluish-green carbonaceous

limestone.

Santonian was a period of deformation and folding in the whole of Benue
Trough, post folding sediments are represented by the continental Gombe

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



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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!!,Blma Hill in the Lamurde anticline, Falconer (1911), Carter et al (1963). Other
- description of Bima Sandstone were also provided by Popoff (1986. 198%) but the
most detailed account of it was provided by Guiraud (1990, 1992) who categorized

itinto Upper Bima (B3), Middle Bima (B2) and Lower Bima Sandstone (B1).

24 YOLDE FORMATION

i The name “Yolde” was proposed by Carter et al (1963) for the transition bed
recognized earlier by Falconer (1911) and Barber et al (1954) between the Bima
group and Pindiga Formation. It directly overlies Bima Sandstone and consists of
thinly bedded sandstone followed by alternating mud and shaly limestone

(Off'odile 1992). The most complete section of Yolde Formation is found at N — W

Formation, Lawal (1982) with Lawal and Maulade (198




stream and it is of Turonian-Cenomanina age and in marine sequence
onsisting 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
e Deba-Fulani Formation
+ Dumbulwa Formation

Gulani, and




Sty

gila

Formati ; e
Mmation makes up the Marine Upper Creteceous deposit in

| Basin of Carter et al (1963). It was first described by Falconer (1911),

and Jones (1934) included in there limestone-shale outcrop group. The

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

-

village, carter et al (1963). However, the better devcloped scction of this very

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

village (Obaje et al 1999).

27 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

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

S - rrogenised sandstone. Thin coal beds occur in localized areas and this
err :

e = it ] enVlronmt?ﬂt or
ted S Ca"lpanlan IviaaStIllChlaIl Ihe depOSltlo a f
.ma.

ic to continental (Offodile, 1975:).. i

L et . Law]
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~ In outcrops many of the sandstone and mudstone arc extensively fengmss
e d the highly indurated beds form low grade iron stones which is respoasiNe for

the rugged and hill topography characterizing most of the outcrops (Zsbhorsky ez al
3 1‘597). In the Sub-surface, the Gombe Sandstonc extends ta the west beneath mos

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

Zaborsky et al (1997) differenciated the Gombe Sandstone wmio T2

lithofacies. These facies are:

s At the base the Gombe Sandstone consist of rapidly alternating thin dacs of
silty shales and fine to medium grained sandstone with some intercaiatec thin
flaggy iron stone with individual bed thickness varying from few milimeatars @
centimeters. Bioturbation is common in this facies, mainly horizontal feeding
Thalassinoides type, though rare vertical burrows also exist.

Going upward, the sandstone bed become more consistent and crsIRUR

what is termed “the bedded facies". This second lithofacies consist of regubaty

s with interbedded with siy

2d, fine to medium grained quartz arenite




~The upper part of the Gombe Formation is termed *

the red sandstone facies”.

grained and generally show tabular cross-bedding. Higher up in the facios, the
sandstones are medium to coarse-grained and show large scale tabular cross-

bedding. Pebbly lags frequently occur along forsets and 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 facies as probably

. p(o‘dgltaic facies the red sandstone facies as fluvial while the bedded facies are




ary of Pindiga Formation and the Gombe Sandstone. The pollen of the

licated Mastritchian age.

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

,‘ f{foodile, 1979; Obaje et al, 1999) thus confirming earlier claims by Carter et al

| (1963) on the occurrence of coal within the Gombe 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 unconformably overlies Gombe Sandstone with an

timated thickness ranging {rom few meters to about 300meters. (Dessanvasic,

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

Keri Formation is made up of whitish grey

e to lacustrine.The Ker-

s and clay stones with the clay stones d°mi“a‘i“g the lithology

in Gombe Abba, in Duk‘u ami

stone

X b,y T d
ical sections are €Xpose
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. dual phase data acquisition methodology was adopted. These methods

1 r

mapping and laboratory techniques.

.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 reconnaissance survey was done to establish the extent of the study area
and strategy to be employed 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 determine accurate sample

| x
location. Orientation of structural features su

- Iy measuzed and map ped with the aid of the compass clinometers.
© i ;

ne at different locations were collecte

ch as fracture and jointing were

ample of Gombe Sandsto




o

‘logged and drawn to scae. The field equipm,

e i I
ass, hand lens, Gp 5. and measuring tape.

RATORY METHODS

présentative samples obtained from the field were subjected to both

32.1 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 (5) samples were selected and were carefully
disaggregated using a mortar and a pestle. Initial weight of 100g 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; 4.75mm, 3.35mm, 2.36mm. I.18mm, 0.850mm,

0.425mm, 0.300mm, 0.212mm, 0.106mm and 0.063mm. Each sample was sieved

8 5 period of 15 minutes using a mechanical shaker after which the individual
- 3

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

weight and cumulative weight percent were

~values of individual




ard deviation, graphic mean,

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

e 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 fiiable and consolidated sample was used.

The friable samples were initially impregnated prior to cutting, in order to harden
the sample. The samples were cach 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 ‘ine 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

ptical properties of the

t counting. Mineral identification was based on the o
i'

. r > '
kurtosis and skewness were calculated




RESULT

-« . APTER FQUR: PRESENTATION OF

HOFACIES

he Gombe Sandstone is typically fine to medium and coarse grained with colours
1

gir'l'g from brown, red, brick red whitish and purple. The lithologic units
Eni'zed in the study area are basically the Red Sandstones, Fine Grained

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

i ﬂle Pebbly Coarse Grained Sandstone are interbedded purple mudstones.

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 arc mostly hdrizontal burrows of

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

the horizontal burrows.
Erom the lithofacies studies in the area, the following facies were recognized:

The Medium to Coarse Grained Red Sandstone Facies

The Fine Grained Sandstone Facies

' Inter-bedded Fine Grained Sandstone with Shales Facies

1e Pebbly Coarse Grained Sandstone Facies.

LT

. ne Gra "nEf Siltstone Facies

B ¥ b
ini ’

U




4.11 The Medium to Coarse Grained Red Sandstone Faci
tes

These 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 illustrated in Fig.3

below.

one Facies.

Fig.3 Medium to Coarse Grained Red Sandst

20




432 The Fine Grained Sandst
one Faci
wes

This facies 18 brick
red in
COl()ur r
biowfbaﬁons of this facies i , 1ine graincd &5 & N
s 1s basic 1S ighl 3
Gfained SandStOne Faci 3|ly horizontal - y bioturbated. The
1eS ShOw Tows of or .
a large scale plan ganisms. The Fine
ar Ccross b .
eddlng and
constitute

the major outcr:
Op eXpoSe d 3
in the
Doho stream. This f
. S acie iS i
ustrated in the Fi
e Figd4

below.

Fj
g4 Fine Gr 4
ained Sandston® Facies showing planar cross-bedding
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pedded Fine Grained Sand
413 Ioter ray Sandstone wi
with Shale Faci
Cies

. facies is also exposed i T
This fact posed in the Doho stream. The shales are highl ey
| ; | ¢ highly fissile. Th
| tish, purple © ' i th -
o whitish, purple oF pinkish and occur either as thin beds or ive b
. massive beds within
fine G
pe fine rained Sandstones. These facies are illustrated in the fig.5, fig.6, fi
5, fige, fig.7

and fig 8 below.

Fig$ Thin shales interbedded with fine grain

22




s

Fig.7 Thick shale bed within finc 5an¢d sandstone

23




e, .
Fig 8. Thick shale bed

4.1.4Fine Grained Siltstone Facses

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 Brained

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

facies is illustrated in the Fig 9 below-




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

4.1.5 Pebbly Coarse Grained Sandstone Facies

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

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

¢ thickness of this facie is over 3 meters. This

clay clast. ( paraconglomeratc). Th
facics are exposed along major road cut in the study area. It is characterized by
planer cross bedding, and are siliciclastic and poorly sorted. Bioturbations rarcly
occur in this facies. This faci® lustrated in the Fig 10 below




42 Sedimentary structures

The sedimentary structures observed in the study area are mainly Pprimary

sedimentary structures that are formed 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,

Sowlute lamination sl bioturbations which are mainly dwelling traces of

L described below.
organisms. These various kinds of sedinentary structuses are Ges¢ ;




421 Convolute Lamination

P "ncture iS a SOﬁ i [ 1 f forms w
Sedlmenl dei(\l mation structure that
orms when f()ldln
| | g and
,”mpl'ﬂg o lamlnah Thi
i f occur. | IS structure are mostly hibited by he
on T h T T Sty - exhibitel ot

fterbedded Fine Grained Sandstone Facies. This is jltustrated in fig. 11 bel
' 1211 below
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onvolute laminations

rhedded Facies show ing ¢

Fig.11 Fine Grained Sandstone Inte

on the sandstone bed.
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2 Troueb Cross-bedding
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Fig.13 Planar Cross-bedding very coarse grained sandstone.

4.2.4 Fractures

wi 1 i andstone acies. This
T also found assoCiated ith the Fine Grained
Fractures are S | F -
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illustrated below.




Fig.14. Fractured cross-bedded rock

4.2.5 Bioturbations: These are mainty horizontal borrows of organisms and

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

the fig.15 below

Fig 15, Bioturbated fine grained sandston®
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126 Clay Clast (Para conglomerate)

t]le Peh‘)ly ( 0arse (il aﬂled Sa]ldst()]le facles 1[ 1S l“usuated n

the £ig.16 below

Fig.16 Clay clast in Pebbly Coarse Grained Sandston¢ Facies e

4.3 LITHOSTRATIGRAPHY
Two lithosratigraphic 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 jllustrated below.
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Rock Cement
Fragment | (%)
(%)

Mica |opaque
(%) mineral
(%)

Feldspar
(%)

Table 1: Result of Petrographic Analyss
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Fig 22 Photomicrograph of samP!

36

SRR




e

C under cross nicols showing moderately well
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JLOMETRIC ANALYSIS

osults of four samples selected for granulometric analysis are presented in
tables 1, 2, 3 and 4 below.

Size | Mesh Size | Weight %Weight Cumulative
(PHI) Retained (g) | Retained Weight %

\ -2.26

TABLE 2 Sieve Analysis Result for Sample A




;;

[ Mesh Size | Weight: %Weight Cumuiative

(PHI) Retained (g) | retained Weight %

-2.26 1L Shl 8.21 i 8.21

-1.75 8.51 6.18 14.39

-1.43 9.59 6.96 21535
a8 -0.25 27.90 20.25 41.60
0.850 Q25 25.40 18.44 60.04
0.425 1.24 37.67 2735 87.39
0.300 1.74 6.81 4.94 92:3304
‘;.212 2.24 3.90 2.83 95.16
0.106 (1131251 4.07 2.95 ) 98.11
0.063 4.00 257 1.86 99.97
TOTAL 137.73

TABLE 3: Sieve Analysis Result for Sample B

o T,




Size | Weight %Weight Cumulative
Retained (g) Retained Weight %

ysis Result for Sam ple C

TABLE 4: Sieve Anal




Sie [WeBh (% Weight | Cumuiatves
(PH1) Retained (g) | Retained Weight %

Lo
|

o

.00

.0

le D
TABLE 5: Sieve Analysis Result for SamP

is are presented in the charts below.

l esults of the gran.ulometric analys
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Histogram for sample C
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5 INTERPRETATION OF RESULT

~ The five lithofacies exposed at the study area falls into the lower member
“and upper member of the Gombe Sandstone. The Lower Gowbe Sandstone
member was interpreted by Zarborsky et al (2003) as sequence deposited in a
marine environment while the Upper Gombe Sandstone members are deposited in
continental environment. These lithofacies namely, the Medium to Coarse Grained
Red Sandstone Facies, the Fine Grained Sandstone Facies, the (nterbedded 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
' the sandstone suggests that the sandstones are ferroginised. The sorting of - the

k minaalg;ainsismoddnetopoor,andthegainsmangulntosub-mgtﬂm.

Emy




* dominant grain sizes falling under 3.24® implying that the samples are fine

grained.

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

deviation, skewness and kurtosis are summarized in table 6 below.

F ROt

Pl ‘

&lﬁ‘\’ﬂ’



ic | Standard | Skewness | Kurtosis Interpretation

Deviation

0142 |115 | 0.017 1.04 Coarse grained, poorly sorted, near

symmetrical, mesokurtic sandstone.

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

symmetrical, mesokurtic sandstone.

2.67 0.53 0.38 1366 | Fine grained moderately well sorted,

fine skewed, leptokurtic sandstone

D 2.35 0.51 0.31 1.23 Fine grained moderately well sorted,

fine skewed, leptokurtic sandstone.

Average | 1.325 | 0.827 0214 1.16 Medium grained, moderately sorted,

fine skewed, leptokurtic sandstone.

Table 6: Interpretation of textural parameters from Granulometric Analysis




<t

sedimentary rocks carry an inprint of the physical processes that resulted in
i ‘-tﬂéi'r?"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 environments for the Gombe Sandstones. These

environments are discussed befow.

4.7.1 Lower Gombe Sandstone

g

The fine to medium grained sandstone, the interbedded tine grained sandstone with
shale and the horizontal burrows of Thalassinoides 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

d as the possible depositional environment for the Lower Gombe

 is suggeste

dstone. This observation agrees with similar observation made by Zarborsky

hen he s

uggested that the bedded facies of the Gombe Sandsto



IR S A T

D W I - 3 . d
wer Gombe Sandstone is also an evid

.2 Upper Gombe Sandstone

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 composition 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.




4 Séndstone 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; Interbedded Fine
Grained Sandstone; Fine Grained Siltstone Facies and Pebbly Coarse Grained
Sandstone. The lower Gombe Sandstones are gencrally medium to fine grained, {
trough cross bedded, bioturbated sandstones. While the Upper Gombe Sandstone

members are generally very coarse grained pebbly, planar cross-bedded sandstones

z

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 composed of




vironment of the Obiﬁbe Sandstones

j, 'Ir,'lS'everal depositional eﬁvironments 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 depositio‘nal envirorunent of the

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

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

. particularly for the lower member of the Gombe Sandstone.
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