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ABSTRACT

The Bida Basin in the M ddle Niger is a shallow trough
filled with Canpani an — Maastrichi an marine to fluviatile
sedi ments. Four 1lithostratigraphic units which belong to the
Nupe Group have been identifed in the area of study:
Aranaceous, Argillaceous Ironstones and Laterits. These
have been grouped under the Bida Formati on, Sakpe I|ronstone
Formati on, Enagi Formation and Batati I|ronstone Formati on.
The laterite unit which is Quartenary to Recent in age, 1is
derived from the Ironstone facies.

The Ironstone Formations are oolitic and pisolitic and
occur at summts of stratigraphic sections while the laterite
unit is a product of the ironstone Formation. By field
observations a cyclic fining upward and |ocal coarsening
upward mpde of lithol ogic succession are deduced for the
Argillaceous and Arenaceous unit (Bida Formati on and Enagi
Formati on) -

I nvestigations of the textural properties of sedinents
in the area of study show that sandstones in the Bida Basin
are poorly sorted, positively skewed and | eptokurtic. The
use of bivariate plots for environnental discrimnation
i ndi cates an environnent of deposition that range from
fluvial to transitional for pebbles, while for sandstones a
more distinct fluvial environment is discernible in the area.
Anal ysi s of assenbl ages of heavy nineral indicates an
| gneous- Met anor phi ¢ provenance for sands within the studied
area, in addition to classification of sandstones, by
framework, matrix and cenment conposition which indicate a

moderate degree of maturity.



Vi i

Sedi mentary structures display characteristic bias
towards a relatively shallow regi me of deposition
Assenbl ages of sedinmentary trace fossil range between
Thai assi noi des, Ophi omor pha, Giossifungites, Cruziana to
Zoophycas indicating a rather shall ow environment of
deposition, while types and occurrence of sedimentary
structures suggests a fluvial environnents for the non-
ironstone facies units. The ironstone units are distinctive
with typical trough cross-bedding, broken shells, and
oolitic—pisolitic texture supporting a high energy possibly
tidal environment of deposition. Pal eocurrent anal ysis
i ndicates a northerly direction of paleoflow with a mean
azimuth value of 359. from cross bedding azinmuth measurement.

Finally, a general inference can be drawn for a
subsi dence origin for the Bida Basin, based on sedi ment
conmposition, nan—eccurrence of rift or volcanic related
features within the basin and simlarity of sediments with
that of the lullemeden Basin. Al t hough origin of the Bida
Basin seens related to tectonic activities in adjacent
basement areas: South—western Nigeria, and the Younger
arenite Province, but with clastic contribution mainly from
the I gneous and Metamorphic basenment conpl ex of South-Western
Ni geri a. An Al 1uvi al —Fl uvi al nodel of deposition is inferred
for the Aranaceoous and Argillaceous units while a shall ow
mari ne (lagoon, tidal inlet, or barrier island) environment
is inferred for the Ironstone facies probably related to the

Tethys transgression into Nigeria during the Tertiary,
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CHAPTER ONE

INTRODUCT ION

1.1 Location, Extent and Accessibility

The project area 1s located in Niger State of Nigeria
and covers an area of 3,731 km# (Fig 1). The area is
bounded by longitudes 5* 4&° 57" and 6" 15° E and latitudes
B* S5° 27" and 9° 28° S8" N covering portions of 1:100,000
Sheets 183, 184, 204, and 205. The area is traversed by
River Kaduna (and its tributaries) and by the tributaries of
River Niger (River Gbako, River Chanchaga). Accessibility
within the area of study 1s good, by various modes of
transport. Bida, which 1is the major town 1in the area of
study is linked westward (to Batati), eastwards (to Agaie)
and northwards (to Lemu) by Trunk‘A’'roads. River navigation
is also a mode of transportation along River Kaduna by the
use of canoes. Apart $rom roads (Trunk ‘A) and rivers,
numer ous footpaths exist and allow accessibility into

remote corners of the study area.

1.2 Previous Work

Relatively fewer geological studies have been carried out
within the Bida Basin compared to other sedimentary basins of
Nigeria. Studies 1in this area include accounts of the geo-
logy of the area by Falconer (1911) and Russ (1957). Dus
Preez (1949) studied the occurrence of oolites and pisolites
in Nigerian laterites, while Pullan (1967) gave a morphologi-
cal classification of lateritic i1ronstones and ferruginised
rocks in Northern Nigaria,?nnh“ﬁng present area of study.

More recently Adeleye (1971) and Adeleye and Dessauvagie

(1972) studied the stratigraphy and sedimentation in the

K“SH-MA ZAPMIM 1 iPrRLO
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Middle Niger (Bida) Basin. Ojo and Ajakaiye |

a gravity survey of the area to establish th

thickness and to suggest that the basin originat

sidence. Several hydrogeonlogical studies have b

out in the basin: Shekwolao (1983) evaluated the

potentials of the River Gbako catchment area:
investigated the groundwater potential in Niger S
earlier, hydrogenlogical wark within

the Geological Survey of Nigeria (Jones, 1953).

1.3 Present Work

The aim of the present

graphy and determine the conditions of sedimanta

sedimentary 111 of the Bida Basin. Like other

basins in Nigeria, various sources of basin fill

postulated using as a basis various

applied in environmental reconstruction. In th

the mode of succession of basin

analysis of sediments and sedimentary structures

studied to evaluate the stratigraphy and

sedimentation 1in the Bida Basin.

Kehi

Bida was carr

study is to evalunate t

parameters

$111, mineralogy

condi tions

1974) used

sedi ment
by sub-

n carried
roundwater
{1988)

nde

Hate. Much

1ed out by

he strati-

Hion of the

sedi ment ary

have been
normally
ils project,

and size

have been

of

A systematic mapping of the area was carried opt to mea-

sure the regional disposition of rock types and their rela-
tionships. Sections were also logged to determine facies
succession mode. Samples were collected (pnbblesrand sedi -

mentary rocks) for granulpmetric,

petrographic analysis. For paleocurrent anal

heavy mi

herals and

is, dip,

strike and azimuth measurements of rross beddings wpere taken.

The field work lasted about 2 months whil

=

sequent laboratory studies took months.

the sub-



1.4 Physiography
1.4.1 Relief and Drainage

The dominant topographical features of the

relate to the River Niger and its major

tributar

BEtudy area

ies: River

Kaduna, River Chancrhaga and River Gbako (Fig 1). | Away from
the rivers are the flood plains most of which consist of
gently undulating alluvium. The hills opccuring| here are

mostly conically shaped or flat topped ("mesa"

complete laterite or lateritic ironstones, rising

sh

aped) with

ko 40-45 m

above the surrounding country. An  example of such is the
Kochikota hill (Plate 1), about 10 km northwest| of Bida.
Thin soils characterize the lateritized areas, t 1n the

non-lateritic plains, the soils are reddish brown

deep profile, which according to Nwaijide (Person

cation) are actually lateritic soils too.

Practically all hills are fringed by promin

Many of these "mesas" have been stripped of the

ironstone cap to varying degrees, and have accor

transformed into irregular or rounded hills.

The drainage pattern is generally dendriti

this 1s a reflection of the

area. The major rivers draining the area are R

and River Bbako, and their distributaries,

watershed running parallel to these major rivers

is traversed more or less diagonally by River Gbako

the west, River Kaduna flows almost parallel.

river flows for about 50 km

joining the River Niger in the south.

uniformity of the geol

with

on the Bida sandstol

nd have a

1 Communi—

ent scarps.

it original

dingly been

el ((Fig 1),

hgy of the

i1ver Kaduna

the main

The area

while to

The Ghako

he hefore

Its directionh of flow,

like other major rivers around Bidg is north-so@ith (N-5).
According to Shekwolo (1983), River Gbako has ah average
discharge nf &0 mS/sec during the rainy seasfin and 3
m¥*/sec in dry season and the average rise of water in the




Plate 13

Flat topped (“"mesa" shaped)
laterite residual hill (10

west of Plda.)

coniecal
km North-
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rainy season is about 4 m and in the dry Jﬂasnn, the
river guage reads about 1 m. Drainage density in| the study
area is low, which Nye (19584) postulates, probably reflects

the widespread occurrence of deep regoliths, with| infiltra-

tion capacities high enough to absorb a large proportion of
precipitation. Such regnliths have bheen found to ektend well
into the savannahs of Nigeria and they possibly educe any
tendency for drainage densities to increase even ag precipi-—
tation intensity and the length of dry season incrpase , and
vegetation cover become reduced (Thomas 1%966a).| Although
Fournier (19462, Fig 26, p. 115) predicted for this| zone high
denudation rates. But these do not appear to be the case on
terrains of low relief (Thomas, 1974), like the ptudy area

18.

1.4.2 Climate

The climate of Nigeria is controlled by the i1pteraction
of two widely different air masses and the move t of the
zone nf convergence of these two air masses relative to the
ground. The zone of convergence is referred to as|the Inter
Tropical Convergence Zone (I.T.LC.7). In the rths of
November to March the dry north-easterly air stream| (Tropical
Continental Air Mass), often laden with fine red |dust from
the Sahara (Harmattan dust), dominates and leads to low
relative humidity, high daytime temperatures (abgut 3B°C),
northeast winds and virtually zero rainfall. At |this time
the 1.T.C.7 1s considered to be located to the sofgth of the
area under investigation. The subsequent nnrthuarT movement
of the I.T.C.7 increases the influence of the moistjure 1aden
south-westerly air mass (Equatorial Maritime) whigh becomes
dominant i1n Niger State from April. As a result, day time

temperatures are lower. There is relatively high humidity




due to winds from the southwest and the grnatTr part of
the annual rainfall occurs when the south-weslt wind is
dominant.

Applying the parameter of a worldwide system, fthe

climate of the area under study can be classifi

dry Eguatorial Tropical" with maximum

35.5°C (Shekwolo, 1983). The seasonal rainfall

‘I
temperaljure

as "moisk-
above

reqgime of

this area give rise tn a longer wet season nf aboull 7 months,

with an average rainfall of 250 mm and a shorter

of 5 monthse, with little or no rain. In general,

fall distribution can be said to be bimodal: that

sing two rainfall peaks. The mean annual rainé

general decrease westwardse within the Bida Basin

variability of monthly total rainfall. The rain

confirms the view that Bida Basin 1is a zone of

between the forested south of Nigeria and the Sud

fUdoh, 1978; p. 11), while the occurrence of exten

during the rainy season is common.

1.4.35 Vegetation and Soils

The area under study lies 1n the geographi

Nigeria termed the Middle Belt. It falls in tH

Guinea zone of transitional

Marked differences which occur at close interval

floristic composition and the open character of t

c belt

dry season
the rain—
is posses—
1} shows a
with high
all regime

transition

n savannah

ive swamps

of

e Southern

wonodl and of savannah Jegetation.

s« both in

he vegeta—

tion are often caused by variation in soi1l types, Hopography,

groundwater situvation and human interference (Udoh

119). The large rivers (Kaduna, BGbako, and

support open savannah with occasional trees, but t

of the smaller and seasonal streams are covered

woodlands or gallery foresis. The area i1s mostly

vegetation with tussocky grasses 1.4-3.5 m high

12682 p.

2

Chanchaga)

he valleys

with dense
uLd-r grass

and short-



boled broad leaved trees up toc 16.6m in height.

Parent material mas well as topography are the

influencing solls in this region., Fine to coarse grained
commwon along the river wvalleys, and inp the Fadamas,
usually hard when dry.

alluvium of the river flood plains. Thus, generally, the

be classified into fine to medium grained Nupe Sandstone solls,

alluvial soils and ironstone mineral soils., A vast expan

ls covered by fine to medium grained Nupe Sandstone soi

rise Lo swampy grasslsands or forest vegetation in placgs.

type accurs at  Baddeggl,
Research Station,

landscapes" are termed raw mineral soils (Maxlock, 1979:.

Lateritic 1ironstones are common

along Gbake river course and

The other kind of sall type found along

main factors
sands are

the soills are
except on Lhe
soil types can
river
ge of the areas
1s. They give
This soil
Baddeggl Kkice

" masa

They are nade

af ferrugionous capping and some very shallow lithousclg over ironpan,

In more advanced stages of the weathering of the ironpan

become more COmMMQN.

Where finally the ironpan is @bout

the lithosols

to be removed

completely by erosion, outcrops of sandstones (Raw mineral solls), very

shallow soils covered bty transported rubbles

boulders of ironpan) or both predominate.

1.% People and Occupatiaon

(around Bida)

The people af the Niddle Xiger regi

groups namely:
' Kupes, the Upland tribes like the Kanberis, Gwaris and

Hausa-Fulani tribes, scattered over wide areas. In the

the main occupation 1s farming {espec'ally rice} along

the Riverine tribes such as the Guunga was,

{which mhy comprise of

hn fall ipto 3
Lopawa and
forubas and the
areas of study

Lhe Fadama beds




close to the river valleys, petty trading and migration labour. There
is abundant farmland, especially the ferruginous tropical soils for
other crops like guinea corn, maize, groundnut, cotton and tobacco.
Fishing 1s also actively practised here along the rivears especially

kaduna, Gbako and Clanchaga
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CHAPTER TWO,

GECLQCY AHD STEATIGRAPHY

e. 1,

Synapsis of ueology and Stratigraphy

The Middle Niger (Bida) Basin is a gently downwarped t

rough by lacal

subsidence (Djo and Ajakaiye, 1974). The buried basement coaplex
probably has & high relief (Jones, 16495), which {s made of many
different rock types, often of a medium to high grade| metamorphism

(Russ, 1957,. The rrecambrian to probably Palenzolc base
overlain by sed'men's of the Nupe Croup (Taule 2.1.). 1t
the basement complex on which bthese sediments were lald,

the earth's

Cretaceous (Nupe Group) rocks were laid down (Adeleye, 197

Descavagie, 19..1),
The basement complex is direcily overlain by rounded

coarse conglomerates, <lay-sand-pebble adaixtures and cri

nt complex is
i{s clear that

accur da2ep in

crust and considerable-erosion (nok place before the Uppar

1; Adeleye aiu

ta sub-rounded

iss stratified

sandstones, locally with scattered pebbles, cobbles, |and boulders.
These basal sediments mry be of alluvial fan origin (Adeleye, 1974a).
They are conformably overlain by a litkology couppising mainly
sandstones, and sul idilary «claystones, tine congldmerates, and

siltstones. Both these beds and underlying ones are prubab

ly about 300 m

thick (Adeleye, 1974bjand are known by various names, Bida Sandstones

around Bida and Lokoja EBssal Fandstone around the Niger’Benue
confluence. The sandstones are gencraily angular to subangular, well
to poorly sortel and very fine to very coarse gralns and pebbly.

Arkoses and feldspartic sandstopes ere common in the basa

cquartzose sandstones dominate the upper parts

1 areas, while
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Table 2.1 Generalized Sequence of the Geslogic Historgvy of
the Middlie Niger Area {Russ, 1997)

Age Succession Rock TypsH

Recent and Tertiary Superficial deposite Laterite, |aJlouvium,
terrace and terres—
trial gravels and

sand

tpper Lretacenus Nupe ‘(aroupux_ Sandstones

Dider Grarmite Cycle  Buartz Veirs dole-—
rite intrysions
Pegmatitic, aplitic
and graniie dykes.
Branites dnd related

rocks

PreCambrian Drogenic phase Formation |of schists
Fording, Haulting
and (?) intrusions
of awriferious

quartz veins

Sedimentary cycle Mudstones| silt-
stones, Quartzites,
etc. later converted

to parascHicts

Earlipr peribod of Drthngneijes, ortho-
sedimentatior, intru-— srhists P ragnei Res

sion and metamorphism and Schisfls quartzitas

KAS i nurartz schiets etc.

L o



The basal beds are succeeded by dominant]ly goethi-
tic, onlitic and pisclitic ironstones of about 5 | m maximum
thickness. The ironstones form a prominent brealy of slope
along the "mesa"-walls in the Bida area. They are palled the
Sakpe Ironstone Formation (Adeleye, 1971). Laminati1ons and
thin to thick flat bedding are the most common strjuctures of
these ironstones (Adeleye, 1973). The ooclites commonly vary
from 1-2 mm, they are well formed, and spherical tp spheroi-
dal. The pisclites are restricted to the Bida |area where
they ocrur in the middle area of the lLower Ironstpnes. The
Lower Ironstones are overlain by predominantly arjgillaceous
strata dominated by siltstone. Where the Lower [Ironstones
are absent, the argillaceous beds conformably overlie basal
sandstone beds. The silitstones are commonly
thinly laminated or massive. These argillaceous members are

referred to as the FEnagi Siltstone Formation (Adeleye, 1971).

Another ironstone horizon, the |pper Ironstonese suceeds the

argillaceous strata. Around Bida, they are referfFed to as
the Batati Ironstone Formation (Adeleye, 1971). & maxlmum
thickness is about 15 m. They cap the "mesas" of fhe Middle

Niger under a layer nof lateritic bodies of variaple thick-
ness. The beds are dominanily politic and show| irregular
lithologic changes. Very subsidiary ferruginous clay-stones,
sandstones and shelly beds occur locally. The| beds are
generally massive although thin to thick flat bpedding and
laminations are locally well developed tﬁdnl-y[f 1973).
Occasionally the rocks show concretions in which fFesh look-
ing goethitic oolites and whitish kanlinitic clays pgnd guartz
silts are present.

Two principal sub-facies of oolitic ironstones are
present:

(1) Eoarse grained politic subfacies which is dominant around
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the Niger/Benuz confluence

(2) Fine grained oolitic subfacies, known as "Unweathered oolites"
around Lokola, Deklina Interbedded Oollites around Deklpa| (Jones, 195%)
and Lthe Kutlgl (Oolitlic aubfactes around Blda (Maloyd, 19710, [he
Lerms “coarae! and "ffue" ara gelative and carry no Peflolte gialn
size. According to Adeleye (1973), where the two spbfacies occur
together, the former overlies the latter with a shellly bed and/or
erosional surface in between. Altogether, the marine| to fluviatile

strata that fill the Middle Niger Valley, have been dated

Maastrichtian in age by plant and animal remains (Adelege,

Du Chene, et al 1978).

Ll

correlation of the Campanian Maastrichtian strata of ¢t

Valley as shown in Fig. 2. The stratigraphic correlati

This has led to a generallzed

as Companian -
1974b; Jan.
stiratigraphic

Middle HNiger

]-:r
n extends from

Sokoto and I[Ilo in the Iullemeden Basin through PBidgq, LokojJa, and
Dekina, in the MNiddle Higer Valley, The Bida Sandstones may be
correlated with the crosse bedded coarse sandstones iy the I1l1lo and

Lokoja areas.
correlated with the Lower (Sakpe) Oolitic Ironstones arq
may continue into the interbedded lronstones at Lokola,

and colitic (Middle Illo, and Sakpe Ironstone Formation)

The pileolitic clay horizon at Illo n&y possibly be

und Bida which
fhe plsolltic

are reglionally

overlain by duminantly argillaceous beds (Fig.2.), with theidlnry fine-

grained sandstones and lignite (Adeleye, 1973). This a

F¢illaceous bed

represents the Eungl Siltstone, which may be a lateral equivalent of the

Patti Formation at Lokoja but a facles change must be |

bocepted 1f the
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slltstones are to be copmpared with the coarse clastics overlying the

pisolitic clay at Illo.

with the Agbaja Formetion (Adeleye, 1072,

was formerly grouped with the underlying, argillaceous

Formations (Jones, 1958). In the north arounu 3Sokoto,

show a lateral facies change into the marine Duksmaje
2y

Cenozoic strata, whereas 1in Bida area the ironstones

cappings to the Campanian-Maastrichtian beds present.
A geological map of the study area is presenteua iIn

the occurence of the wmost predominant Bida

overlsin by the Cakpe (lronstone), Enagi

(Ironstone) Formations, A complete succession of

recorded in one location only Jima village), that 1

Enagi, and Beauutl formations. In other locations the

Formation 1i: absent. The undifferentia'ed laterite

*mesas” that form topographic peaks (Spot heights)

remnants of ironstones {that have been lateritized

formations are recognized along their slopes.

2.2 Local Stratigraphic Succession

Altogether, {7)

a total of seven
descriptions and terminologies applied, the nomenclature

American Commission on Stratigraphic Nomenclature (A A.P.

The Batati Ironstone Formation say be

toough the A

Sandst

{(Biltstone)

i

sections were laogged.

compared
gbaja Formatioa
Patti and Mamu
the 1ironstouves

Formation (Fig.

The Dukamaje Formatlon 1. overlain by younger Maastrichtian and

form resistant

Fig. 3. showing

one  Formwation,
and EBatati

formations was

Bida, CEakpe,
kpe Ironstone
hills forming
in this area
other

apd no

In all
is that of the

i lafd).

¢
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2.2.1. Stratigraphic Profile A (Location 1).
This section is shown in Fig. 4. A total of S lithologlc units can
be recognised. The basal unit (IFR1.) is clay, Bioturnbatiisn occurs as
branching and continuous burrows, trails and tracks., | Burrow linings
have a fairly uniform dlameter of about 0.5cm.  The unit has a thickness
of 1m. The unit is well sorted, greyish and has palygu?al mudcracks.
Directly overlying IFR, is a 40 cm thick, very fine|sand unit
(1FR2). The boundary separatiag this unit from the basal unit is
gradational (not well defined.) This unit i3 also bioturbated (Plate 2),
well sorted, greyish to brownish, Tbis unit is cross|bedded (Flate 2)
on a smoil scale (cmall scale cross-stratificaticn).
On top of this unit rests a pabbly sardstone unit {1FR3). which Is
poorly sorted with extremes of grailn sizes, trough |cross-bedded znd

about 120 cm thick. There 1s no preferred orientation nf perbble

direction., The unit 1is reddish brown,

Next 15 a conglomerate unit (1FR4) which consists almost conpletely
nf pebhle, cobble and boulder sized clastics, with little or no sedirment
matrix. The unit is 1% cm thick and falrly continuouws. The clastlics
are predomipantly quartz, while the matrix is ma of decomposed
feldspar and broken quartz grains. This unit Is capped by a lateritic
ironstone horizon which is dark brown, nodular, and inTuruted. This is
the topmost unit exposed aerially. Generally a coarsening upward
sequence can be diagnosed from this profile <IFR1 -1FR4). This section

is lcoated at 22 km outcide Bida on the Minaa - Bida rogd.




1M

13-

GRID: LONG. 69 11" 13" E
LAT, 9° 1" 4¢"N
5 LITHOLOGI(
wi | & L
I SECTION DESCRIPTION
-
[,
U ir 3 :':J Laterite
> E o 0 J.' g‘? 90‘9' :;?{0 00 QDOOC,O : Dog%) Conglomeratic  horizon
= B IR
— I Falbbly| sndctone
% '[ anediu; coarse  graned
A7) L —
:i ‘Z Very flne sand
o
% ilay | royish
g’ 2 - iy jyt:ra ked !
S -0
¢ Ts WEsTESTMSTCS TveslCong

KEY
Planar Planar x-beddinc
"ééx"hedding " |mean azimuth ’
Trough Trough x-bedding
& | x-- hedding ‘:/:_ mean azimuth
C-Clay S-Silt VFES.-Very fine sand

M.S.- Medium sand

Cong. - Conglomerate

. S.- Coarse sand

! jj Bidturbation
{Trace Fossils)

Q{P) 4 Quaternary
(Period)

F.S. - Fine sand

V.CS - Very ¢oarse sand

Profile
road)

Fig. 4. Stratigraphic
Bida -~ Minna

A (2Zwm 1o Bida




18

Flate 23 Fine san’ overlyins a clayshale unit
(both o! the I'ida formetion) with

in‘erstratal bloturbtation,
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2.2.2 Srratigraphic Profile B (Lacation 2)

)

This section i1s shown in Fig. A total of 5

are recognlsed. The basal unit (2 FR1) is a2 very fin
unit is 30 cm thick, whitish to yellowish and friable.

sorted with narrow size range,

Overlyiug unit ZFRl i{s a partially ferruginized cl

of 140 cp thickness,
burrows are praminent.
polygonal mudcracks,
a siltsontone (ZRFI) which iz 50 cm thézk, with tabular
stratification.

and moderately well sorted.

Overlying the third unit in vertical cuccession 1

:

It 1s reddish to yellowish in cold

The clay is massive and moders

The unit iz yelowlsh to reddish, displ

lithologic urnits
sand unit. The

Tha unit is well

——

yey unit (2FR2)

ur; bicturbation

tely sorted with

Tha thiird lithologic unit in vertical sucession is

and trough cross

2ys bigturbation

& a clayey unit

(2FR4) af 130 cm thickness. (ha unit 1is reddish, *asaive and less

intensi ely bioturbated (than the unit above), with go
Large scaled trough cross-sirastification is well
Forwing a capping above 2FR4 unit is a lateritic |

which is thirnly laminated, dark brawiu

f{ine-grained,
lateritic unodlules where laterization is at an advanq
ironstone unit also shows trough cross-beddiug.

Generally, a repetitive fining upward sequence caj

disp]

i graln sortiuog.
aved.

Lronstoue horlzon
with ocecasional
This

ted stage.

be dedured fronm

sectign B (2FR1 - 2FR4). This section is located 7 kT outside Bida an

the Bida - Zungeru road. .

2.2.%  Birstigraphic Proiile C  (Locatlon 32
This section is shawn in Fig. 6. A trntal of 3 114
recognised, The basal unit (3 FRL) 1s clay; greyd

hologic units are

sh, plastic with
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polygonal mudcracks. The unit (s 45cm thick.

Occurrn

ing within this

unit 1s a calcrete (CaCO3 bearing rock) horizon, which i whitish, loose

with rounded nodules. The calcrete horizon has a th

This wunit (3FRD)

root.iets (probably the taproots of plant from the superf|

common. The unit is well sorted,
Overlying the 3FR1 unit is a medium grained sandst

10 cm maximum thicknes, which is yellawish to brownish

has no observable biocturbation buri

flckness uwf 5 cm.

fows, but plant

lclal cover) are

pne (3FR2) about

nd pebbly. The

pebbles wich is predominatly quartz, are rounded to subangular, and held

together by a sandstone matrix. This unit

birturbation, and poorly corted (reflected as wide yrain
Forming a capplng above this sandsto unit (3FR2)
horizon (3FR3), that is fine-grained with a limonite (j
which appears friable and rusty.
On the whole the lithologic sequence exhibited in
- 3FR2), This section is fou

coarsening upward (3FR1

outside Lemu village (Bida - Lemu - Zungeru road).

2.2.4 Stratigraphic Profile D (Locatiop 4).

is crosg- beddesd without

size range).
is an ironstone

rellowlish) matrix

this section is

nd at about 2 km

This section is shown in Fig. 7. There a

lighologlc units exposed, There is a rapid and disti

in this sectian. The basal unit (4FF1)

sandstone). The unit is pooarly sorted, medium to c

quu. tz and feldspar peebles. It has a thickpess of

brownish to yellowish. There is no bioturbation and ne

Lying abuve the basal unit is a fine-grained, )

(4FR2), which is about 9 m thick, with evidence of of

appears arkosic

6

a total of 9
t facles changes
(felspartic
rse grained with
m;, the unit is

cross-bedding.

relowish sandstone

'ganic activity as
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bioturbation structures.
with a2 distinct boundary.

The next wunit 1in wvertical

(4FR3),
Vhitish to pinkish, and i{s about 8 m thickness. The umn
transition from lower sandstone (4FR2) 1s sharp and well
in vertical succession is

The fourth unit (4FR4)

succession 1is a fine

The unit is finer than the basal unit (4FR1)

sandstone wunit

This unit has fossil evidience as tracks, trﬂlls and burrows,

it is pebbly and
defined,

a cross-bedded,

moderately sorted, pebbly, reddish to brownish, medium grained sandstone

(Plate 3), It has a thickness cf 8m.

The fifth 1littnloglic wnit (4FR5) 1in vertical

siltstone,

thickness of 9m, well csorted and massive. The unit is n

The tour remaining lithologic units in this sectiq

AFR7, A4FRS8, and 4FR%? which are coarse sandstone, s

sandstone ard limonite-rich {ronstone respectively.

lithologic units are tablular and troug! cross- bedded

fronstone unit (4FR9) which displays perfect examples

stratification (plate 4). The siltstone unit (4FR7) is

that is greyish to yellowish and very fine-grained.

succescsior 1is
It has
on-bioturbated.

pn (D) are A4FR6,
iltstone, coarse
All the four
| e.peclally the
nf trough cross-

greyish to white

and friable,

units hawra thicknesses of Sm, 9O

four lithologic

respectively, the llighologic units in this section
cluse thickpnesses; the least being 6m while the maximum

This section (D), displays a repetitive fining upwar
section is lucated at Doko village, in the southernmos

study area,

The coarse sandstone unit (4FR6) 1is however pebbly.

The

6m, and 1lm
have relatively
is 1lm.

d sequence. The

L porticn of the
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Flate %t Crossebedded, m dlum grained sondstone

unit of the flda i ormation,
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FPlate 4: Trough cross-bedded ironstone unit

of the Batati formaotion,
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2.2.5 Stratigrapbic Profile E (Lacatiaon ¢

This section 1s shown in Filg. 8. There are a total of 9
lithaloglc units. The basal unit (7RF1) {s clayey sandstone (arkosic)
to {feldspartic sandstone, with angular to subangulalr, quartz and
feldspar pebbles in a sandstone matrix. The unit 1is poorly sorted,
brownish to yellowish, medium grained, and with a thickness of 7m.
There is no bioturbation and cross-bedding.

The next unit in vertical succession, is a fine grzined sandstone
(7FR2), reddish, mottled, moderately well sorted, with a thickness of
8m. The wunit is ferruginized and massive. No biloturbation 1is
observable and cross-bedding is absent,

The third unit (7FR3) 1is a cross-bedded very fine grained,
ferruginized (limonitic?) sandstone. Greyish tc yellowish the unit is
mottled, well sorted with biciurbation (burrows, tracks and trails),
The unit is 8m thick.

The fourth unit (7FR4) 1s a pinkish, coarse-grained, moderately
sorted and trough cross-bedded sandstone, The unit {s 9m thick and
bioturbated,

The fifth unit (7FE5), which i{s the thickest in this section (15m),
is a poorly sorted, reddish, bioturbated and trough cross-bedded
sandstone, which is friable and coarse grained.

The sixth unit is also c-andstone (medium to coarse grained),
mottled, reddish to brownish, well sorted, trough cross-bedded and has a
thickness of 9m.

Lighologic units 7FR? (7m) and 7FRE (La) are ferruginous sandstone
and ironstone respectively. Both are thinly laminated (Plate 5), trough

cross-bedded and brownish to reddish, The unit 7FRE& is mottled and
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Fig. 8. Stratigraphic Profile E (2km to Jima village)
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“late “: Thinly leasinmted Ferrurinous “-ndas-tone

unit of the Ensgi 'ormation.
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poorly sorted, while the topmost unit (7FR9) forms a la

that is nodular, reddish to darg brown and also mottled,

thick.
The section in location 7 shows a generally fining

that is repetitive. This is located at about 2km outside

2.2.6  Stratigraphic Profile F (Location 8).

This section 1s shown in Fig., 9. There are

lithologic units, All 1lithologic units in thls sect

topmost lateritic cappling are cross-bedded. The basal u

fine-grained sandstone, that appears mottled. Bioturbati

praminent with small scale cross-bedding. This unit 1

well sorted.

Above this unit (8FR1) is a coarse grained sandstone
6m thick, mottled, bioturbated, trough cross-bedded, redd
anpd well sorted. The burrow linings are clean.

The next unit in vertical succession is a medium to

sandstone (8FR3) that {5 reddish to brownish, trough cr

poorly sorted having a thickness of 8m.

The fourth unit (8FR4) is a fine sandstone unit wh

bloturbated, trough cross-bedded, well-sorted, having a t

The fifth unit (8FRS) which is 7 m thick 1s a cq

(arkosic), poorly sorted, with bioturbation structures,

cross-bedded, reddish and massive.
The topmost unit (8FR6) is a lateritic horizon that

powdery. The unit is about 3m in thickness.

nit

pss-bedded,

teritic capping

The unit is 3m

upward sequence

Jima village.

a total of 6

ion except the

(BFR1) is a

on (burrows) is

5 5m thick and

(BFR2) which is

ish to brownish

coarse grained

and

ich is reddish,
hickness of 4m.

narse sandstone

The unit is

is brownish and
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Fig. 9 Stratigraphic Profile F (Bida Town, behind
Govt. Girls Sec. Sch.)
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Generally, this sectien digplays a sequence that 1
The sectiion i1s located in the heart of Bida, behind the

Secondary School.

2.2.7 Stratigraphic Profile G (location 9)

This section is shown in Fig.10. There are a total

tdalts Iin thls section.

gandstone, that is dark brown eand friable

muscovite. [t bhas a thickness of 2.%5m and 1is well sort

The second unit (9FE2) in vertical succession is a

that 1s bhrownish, friable and cross-bedded. It 1z wel

thickness of Z m.

& fining upward.

;overnment Girls

of 4 lithologic

The basal unit (9FR1) is a vdry fine grained

with ghiny flakes of

d.
fire sandstone,

1l =sorted with a

The third unit (9FR3) is a repetition of the bapal unit in all

characteristics, with a thickness of 2.5.m.

The fourth unit (9FR4) Is another fine grained sanstune which 1s a

replica of 9FRZ except that it 1s lighter brown in cd
thickness of 1.m. |

This section (G) 1s also repetitive but cnarseJ
lithologic units accurring here are haowever friable in

This

bigturbation. section is located on the bank

about 2 km ¥orth of Wuya village.

2.3, Regional Facies Relationship.

texture

lour, aad has a

s upward. The

with nro

pbf River Xaduna,

A facles state is a recurring lithotype which s distinct from

others and 1s consistently recognizable through

1988, L

stratigraphic sections (Hoque and Ewajide,

units recognised in this study are defimed by domi nant

many different

| thostratigraphic

iithologic types
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and texture (especially grain size) with diverse kinds of primary
sedimentary structures. Boundaries in the sections logged are of two

types; the ({ntra stratigraphic boundaries, and inter stratigraphic

boundarises. The intra stratigraphic boundaries are mostly gradational
(not sharply defined) depicting not a ccaplete break in lepcaiticn (non-
deposition) or erosion but a change in hydrodynnamic regime (or energy)
of depositional medium. The inter stratigraphic boundaries and in some
cases the boundaries between (.0 different but vertically successive
beds of the same facies state (multistory lithology) a+e either clear
breaks {(observed by distinct changes in lithology) 1&_|Jepos{t1on or
eroslion surfaces, or scoured surfaces. Examples of intra and inter
stratigraphic boundaries are shown in Plate 6 and 9 reape:tIVﬂly.

A total of four lithostratigraphic units were observed in the 7
(clay-shale-siltstone) unit and (4, Aranaceous (Pebbly - toarse - mediunm

sections logged: (1) Laterite unit (2) Ironstone unit (E) Argillaceous
I
- fine sandstone’) unit,

2.3.1. Laterite Lithotype

Laterite lithotype occurring within the area of study are of two
major types. They are the primary and secandary types whi.. correlate
with those of Du Preez, ¢1949) and Pullan (1967), or types A or B and C
of Thomas (1974).

Primary laterites (Type A or B) occur as oolitic and pisolitic
concretions with concentric laminations, usually nodular and indurated.
They occur along summits and usuuily as cappings of ironstone units
(source of iron for laterilizatiom). They are continuous and often

vesicular. On the other hand, eecondary laterites | (Type C) are




PMate 6t Tntrsstratal facies boundary in the

Pide Form-tion.
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concretionary or detrital and occur as fragments, though occasionally
locally indurated. They are considered to be secondary because they are
not in-situ products but washed down to their positions by denudation,
as products of primpary laterites. The mineralogy of both primary and
secondary laterites are the same; quartz, feldspar- and oxides of iron
and alvminium, with quartz and felspars usvally cccurring as nuclei with
oxides of iron and aluminium occuring as coatings. VWhere indurated, the
matrix is made up af clay minerals {(Kaclinite). Laterite occuping in
location 1 (Fig 4) is a good exmaple of Secondary laterite, Vhile
aect;ons from locations 2, 3, 4, 7, 8 and 9 display good accurences of
primayry laterite (Plate 7 ), being products of the laterization of
ironstane units.,

Occurrences of laterites (Primary especially) within the area of
study have been enhanced due to favourable climatic and relief
conditions. According to Thomas (1974) conditions critical to laterite

formation include.

(1> Source of iron (Fe’* and Fe™")

{(2) Persistence of a steady state of low relief during a prolaonged
period of uplitt and denudation.

(3) Noderate precipltation.

(4) Mobility of iron as a result of presence o a reducing
environment (particularly due to praesence of organic aclds).

(5) Wetting and drying under subaerial conditions to bring about

hardening.
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Plate 7: Primary laterite cap ing a res!dual
hill
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2.3.2. lronstope Lithotype

The occurence of ironstone within the area of study is distinct and
regionally distributed. They occur as the topmost beds in all the
seven(7) profiles logged. Although Adeleye (1971) recognised two
Ironstone Formations (Sakpe and Batati) separated by the argillaceous
Enagi Formation. this has not been very well definedwithin the area of
study. Sakpe Ironstone Formation occurs in only one location (8),
succeeding the Bida Formation; while the Batati I[ronstone Formation
occurs in four locations (2, 3, 4 and 7), that |s, there was no complete
stratigraphic succession within the study are

The closest to such complete stratigraphic succession was observed
in Location 7, where yellowish to dark¥ brown ferruginous sandstone
(7FR3) occurs within the clastic unit but this cannot be referred to as
ironstone since the proportion of iron withic the unit is not enough to
merit such a name Jd{lronstane). Moreover, the beds succeeding this
ferruginous sandstone in Lacation 7 are not argillaceous which does not
possibly correlate thew as Sakpe lronstone Formation.

Description: The ironstone beds are generally massive, thin to
thick flat bedded, with locally developed laminations (FPlate 5). There
ie a predominance of trough cross-bedding with occurrences of trace
fossils and shelly beds (Locations 4 an? 7). The beds are dominantly
oolitic with subsidiary ferrugionous claystones. The oolites vary in
diameter rsaging between 0.8 and 1.3 mm (Plate 8). They are spherical
to subspherical with poorly defined ocutline. Dccasionally oolites
appear as moderately flattened ellipscidal structures having sharp
contact with the groundmass, and pisulites having diameters ranging

between 1.5-1.7 mm. The beds are usually fine grained, yellowish to
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Plate 83

Oolige occuring in *he ironstone

facies,(Mag x1c)



40

brownish, dominantly goeithitic and kaclinitlc, with vesicles filled by
white probably kaolinitic matter. The basal contact of the ironstone
units with the underlying units are sharp and well defined (Plale 9)

depicting an erosional surface,

2.3.3 Argillacegus Lithotype.

Argillaceous lithotypes f{(clay, silt, very fine sandstone) observed
within the area of study mostly occur interbedded with the aranaceous
lithotypes. Adeleye (1971) recognised the predominantly argillaceous
lithotypes of +the Middle Niger Valley as belonging to the Enagil
Formation describing them as dominated by siltstone with subsidiary
fine-grained sandstones and lignite., Though the occurence of lignite
has not been observed in this work, clay, siltstone and very fine
sandstone beds were oabserved with considerable thicknesses that can be
considered as the Enagl Formation . Two sections, Lacation 4 (Fig 7)
and Location 7 (Fig 8), display the occurences of Enagi Formation
conformably overlying the Pasal Bida Formation without the {intervening
Lower (Sakpe) Ironstone Formation.

Description: The beds occcuring as the argillaceous lithotypes are
typically fine-grained, ranging from clay size to fine sandstone, with
characteristic trace fossils. Boundaries with precceding units are not
prominent, closely representing more of an event of reduced deposition
or non-depasition rather than erosional surfaces, but contact with
succeeding beds are sharp. Argillaceous beds are greyish to yellowish
or whitish, massive and haid or soft and friable with occasional
claystone nodules, Planar cross-stratification (small scale) |is

predominant in the clays and siltstones. The siltstones are locally
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Plote 9: Laminsted ironstone exhibiting
sharp basal contact with medium

greined ferrusincus sandstone.,
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well sorted and occacionally ferruginized, with a thickness ranging from
a few centimetres to 2 m, Lhe ferruginized units being fractions of
centimetres thick. Two basic types of the argillacecus l{thotype
(facies) can be 1identified. One is well sorted, mpedium ta coarse,
micaceous, massive siltstone while the other is poorly sorted, sandy and
clayey. The first type is found in Locations 2, 3, 4, and 7 while the
second type 1s found in location (9) Polygonal mudcracks are common
within the clay units of this lithotype as seen in loca't-ns 1 aud 3,
signifying subaerial exposure (Reineck and Eingh, 1978).

The argillaceous lithotype commonly form near the top cf mesas and
near tops of residual hills, especially the sandy and clayey units, and
usually appear weathered.

In assigning the units within the argillaceous lithotypes into any
particular formation (Bida or Enagi) care must be taken Adeleye (19671)
recognised the occurence of an argillaceous subfacies within the Bida (
aranaceous)  Sandstone  Formation; he distinguished between the
argillaceous faclies that makes up the Fnagi Stlt=tone Formation from the
argillaceous subfacies af the Bida Sandstone Formatlion on the basis of
ferruginization and lamination of beds. Vhile the siltstope facles of
Enagi Formation are occasionally ferruginized and massive, the
argillaceous subfacies of the Bida Formation are typically non-
ferruginous and commonly soft and friable. Besed on fileld observations
in this work this distinction based on ferruginization and lamination is
confirmed apd seems plausible. A typical section of argillaceous facies
units belonging to the Enagi Siltstone Formation which is recognised in
this project occurs in Location (9) (Fig. 10) capped by Ilateritic

ironstone. This belongs to the well-sorted, medium to coarse, micaceous
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and massive sub-facies ldentified earlier in this chapter, while the

poorly sorted, sandy and clayey subfacies occurs in Location (2) (Fig.

83

2.3.4. Aranacequs Lithotype.

Aranaceous (Sandstone) lithotypes observed within the area of study
are o0f great vertical and aerial extent. Subsidiary lithofacies are
coarse-mediun-fine candstone, conglomerates, pebbly sandstones,
siltstones and claystones.

Description: Litholugic units belonging to this lithotype ranges
from cross-siratified to massive sandstones with extremely poor sorting
at the base containing pebbles, cobbles, and boaulder sized clastic
grains, with sorting becoming maoderate to good at higher horizons.
Contacts of beds with preceeding and succeeding beds are sharp
(erosional surfaces). The sandstones aof this lithotype are generally
angular to subangular, very fine to very coarse. Arkoses and
feldspartic sandstone are common in the basal parts, while quartase
sandstone dominate the upper parts. Massive appearance and flat beds
are most common in the basal portions of the sandstones in the Bida
area. The upper partc display large scale cross-stratificaticn. The
beds generally fine upwards with cccasiopaly cyclotbemic fining upward,
the type described by Allen (1965) and Visher (1965).

A type Aranaceous lithotype which belong to the Bida Formation is
shown in locatlions 4 (Fig 7) and 7 (Fig. 8). The aranaceous lithotype

also have trace fossils profusely dispersed in the upper well to

moderately sorted parts.
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2.3.5. lnterpretation.

By visual examinations of lithostratigraphic units described above,
a cyclic fining upward and local ceoarsening upward of facies transition
can be deciphered, Many cyclic patterns suggesting different stages and
hydrodynamic conditions of deposition can be interpreted. Miall (173)
suggested that most fining upward cycles originated by debris flow
sweeping across pediment surface and creating new channels in a fluvial
environment. He also noted that conglomerate beds could not be fitted
into a fining upward cycle and Le Interpreted them as deposits of debris
flood that did not result in the establishment of new channel systems,
so that once the flood has passed, the original fluvial pattern re-
established itself. Miall (1973) suggested that pebbly sandstones may
not be af different genetic origin to the conglomerates, the latter are
debris flow depnsits, whereas sandstone with scattered pebbles may
represent nen-violent run-off, the pebbles being carried as traction
load than in suspension., The presence of cross-bedding in some pebbly
sandstones confirms this interpretation. it 1s possible to apply
Allen's (1970) sedimentation model for fluvial cycles to the present
study area except that the study area has a paucity of sedimentary
structures which suggest the predominance of upper regime, plane-bed
flow (Harms and Fahnestock, 196%) during the deposition of the coarse to
medlum sandstone.

The siltstones which are often interbedded with this relatively fine
grained sandstones, overlying suncracked surfaces are probably flood
plain topstratum deposits resprectively, levee, backswamp, and crevasse-

splay environments., The oolitic ironstones suggests deposition in a
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shoreline high energy environment. This is supported most importantly by

the oolites which ressemble products of some oceanographic conditions

similar to the calcareoua oolltes of Tricial copastline (Shearman et al.,

1970).
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CHAPTER THREE

3.11ypes of Sedimentary Structures

Sedimentary structures are very important indicators of depositional
environment, They give some Indication of the depth and energy level of
the environment and o©f the wvelocity, hydraulics, and direction of the

currents which flowed across it.

Sedimentary structures occuring in the are of study are widely varied,
ranging from primary (inorganic and organic) to secondary types. Examples
of sedimentary strctures found include cross-bedding, inchnofossils (trace
fossiles, or leben-spurren), mud cracks, load casts, graded beddings and

calcrete,

3.1. 1Cross-Bedding

Cross-bedding {s abundant within the wvarious lighostratigraphic units
logged from the basal member of the Bida Sandstone Fnrmatinﬁ to the topmost
Batati Ironstone formation Both large (>S5 cm thickness) scale of Reineck
and Singh (1978) are observed. FPlanar and trough cross-bedding are found
although there seems to be a preponderance of trough over planar crass-
beds. Planar cross-bedding consists of tabular cross units, with diagonal
or sendibly planar contacts to the adjacent sedimentation umnit (Plae 10)
while the frough shaped types of cross-bedding hLave curved basal contacts
which are generally concave in shape at base, and are more common within

the Ironstone Facies (Plate 4) that is, occurence of Planar cross-bedding
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Flate 10; Vl:nar cross-bedded sandstone unit,
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decreases with ir rease In <ctratigrahic position of lithofacies. The
thickness of individual cross-bedded units vary from 3 cm (at Location 2)
to about 2 m (at Doko, Location 4). The boundary surface between the
adjacent cross-bedded units are predominatly erosional and less frequently
non-erosional. Where the boundary is ercsional, pebbles accuwulat~ at the
base of bedding planes or facies change becomes rapid with abrupt change in
ch» ‘acter; non-erosional surfaces have radational boundaries.

Plarar (tabular) cross bedding which consist of rlanar beds have
angular coniact with the basal surface of the set (or with the dpreceeding
bed) renging from as flow as 11° 1~ location 1 to a maxinmm of 45° 1in
Location 7, while trough-s! ped cross-bedding consiits of scoop sbaped beds
with tangential bases and higher dip angles ranging from a minimum of 20°
(in Location 7) to a maximum of 40° (in Location 4). Table 3.1 shows the
dip, strike and azimuth measurements for cross-beddings ubtained from each
locatlion, Measurements show 1ittle variatiosn in readings, with all
clustering within the 19* - 45°' range. The basis for the recognition of
these two (Planar and trough) types of cross-bedding is hinged on tbh
definition of Mckee and Welr «1453), that a set of cross-beds is a group of
essentially conformable cross-strata separated from other sedimentary units
by surfaces of erosion, non-deposition or abrupt change in character. On
the other hand cross-stratification hence bedding, is =2 product of down-
stream unigration of ripple, sand waves &aud dunnes which themselves
(ripples, sand waves and dunes) are downstreame-migrating bed forme
produced by unidirectional aqueous flow, their formation depends on strean

power and grain size (Fig. 11).

By plotting the raw uncorrected azimuthal messurements 0f cross- -
beddings on a rose dlagram, a preferred northerly direction (NNW - SSE) of

plaeflow is indicated over the area studied as shown in Fig. 12,
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TJabhle 3.1 Dip, Strike and Azimuth measurements of cross bedded units
from locations 1,2,3,4,7,8 and %, within the study area

Locatinn 1 Dip Deqgrees Strike (Pegrees) Azimuth {(Degrees?
34 4 24 18 I35 NNKW 340 NNW 3346 NNW 50 55 37
iocation 1 19 11 30 25 20 NNE 352 NMNKW 339 NNW 55 12 32
20 21 30 33 278 Whu 23 NNE 325 Wk 41 19 3ia
2z 28 39 334 Wi 330 WNNW 330 NN 33 33 340
22 30
x2 42 330 HNW 315 WHNW  2ZBO WNW 180 33 25
22 50 F20 NNW 14 &0 300
Location 3 38 35 3246 NNW 353 Whilki 358 80 280
24 28 340 NNW 305 Wk b= a7 310
24 25 352 NN 301 Whi 3542 NN 348 189
23 38 353 NNW 277 WkW 160 8
30 Z10 HWNW 2090 bk 0 303
20 ZA 289 WNW 230 WSK 285 300
35 40 279 H 120 S5W 24 20
Location 3 20 i41 SSE &
25 32 93 ESE 3I580
30 121 ESE 341 189
272 WKW
30 28 24 II0 NNW 3735 NNW &0 342 20
location 4 38 21 21 3358 NNW 354 NNW 252 33 34
20 24 29 290 WNW 320 NRR 355 o1 44
40 3& 27 280 WNW 311 WKW &1 a5 g4
27 38 37 315 NW J15 Whild 74 306 270
26 22 830 250 N 3I14 Whw 130 53 &h
25 29 490 MNE 285 WNW 0 50 8
43 27 25 38 NNE 278 WNW 355 b2 320
38 25 13 Z35 MW 290 WM 352 && 284
35 20 18 331 NN 15 NNE &4 72 270
28 20 18 333 hihNW i NHE &6 3i1 18O
24 21 22 3346 NNW 327 NN &8 53 270
45 A0 33 327 NNW 79 ENE &7 52 49
14 32 22 300 Wi &0 ENE 140 251 349
3 NNE 290 Whu 20 55 34
10 NNE 330 NNW 175 310 288
23 NNE 273 5 130
283 NhuW && 318 342
300 WNW &4 32
333 NNW 346 350
87 ENE 331 348
333 NNKW

335 NNW




S50

Table 3.1 {cont "d)

location 1 Dip Degrees Strike (Degrees) Azimuth (Degreec)
20 24 29
» loration 7 25 21 33 280 WNW 260 WSHW 312 WhNW IZd 301 144
24 29 243 GSW 190 SSW 308 WNW S2 44 197
27 24 ITO0 WNW 199 SS5W 298 173
45 38 E31 NNW 201 SSW 324 ? 197
30 27 290 WNW 105 ESE =1 345
23 33 270 WNW 148 SSE 10 33 284
283 WNIW 213Z SSW 345 288 312

350 300 314
328 33& 308
10 3241 294
1% 33B 354

2840 320
I4ag 204
358 273
35 26 29 189 58W 200 S5 230 4% 189
Location B 43 20 268 WSW  B14 NuW 312 WH 384 5S4 200
g9 215
30 Zo 300 WhNW 258 WSW 289 21 329
25 41 211 S5W 309 WnNW 310 5 300
190 550 300 3F2E 308

300 265 275
305 24940 210

v 270 347 350
Location 9 246 23 290 WNKW 305 NHNW 330 o &

25 30 J00 WHW 310 Wil 315 14 i0

40 25 189 SSW 294 WNW 05 348 12

284 3295 347
1% 300 350
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Z.1.2 Ichnotossils

Ichnofossils, trace fopssils, lebenspuren and biocturba-
tion structures (Richter, 1934, 19237, 1952) denote the struc-
tures formed by the activity of living animals within or on
the sediment surface. Reineck and Singh (1978) classified
them as organic primary sedimentary structures, while
Greensmith, (1978) and Tucker (1982) classified them as
biogenic structures.

The cccurrences of trace fossils within the study area
are varied and occasionally profuse. Plate 2 shows trace

fossils occuring essentially in the rlayey-siltstone unit in

Location 1. NDeccasional mottling of sandstone and ironstone
units are observable. The traces vary in orientation and
position of occurence. Some traces are epistratal (located

on the bedding surtace), coiled, curved and occasionally
radiating furrows occur formed by organisms systematically
ingesting sediment for food usually by mobhile deposit feeding
epibenthic organisms {(Seilacher, 1944). Some trace fossils
typically consists of a network of filled burrows, branching
and unbranched, these trace fossils are intrastratal (found
below sediment surface) formed by epibenthic and endobenthic
deposit feeders which live within a burrow system. Also some
burrows are simple vertical tubes, U-Shaped and sometimes
complicated. Many dwelling burrows are lined by pellets
which indicate dwelling position. Borings are also types of
trace fossils with bore linings. Another important structure
noticed is mottling. Mottling which iS5 also good indicator

of animal activity (Reineck and Singh, 1978), appears as

irregular distribution of sandy nests in clay © and
sandstone - siltstone units. Mottling in ironstone can be
seen as whitish pellets in a vertical, horizontal or

irregul ar sometimes rounded holes or cavities.
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Trace fossils {bhurrows especizally) are fairily
continuous and strech interstrata; that is bourrows
originating from within a unit can extend to the overlving or
underlying unit (Flate 2). Diameter of burrows ranges from
as little as S mm to a maximum of 5 cm, though trace fossid
Yength {(grazing ¥rails) are as murh as 30 cm, while resting
traces which are uwsually rounded have a diameter range of 5
mm — 3 cm with 5 central depression., The interpretation of
these trare fmssils is bassed on Seilacher's (1953a and 1947},
Seilacher (1953a), based on some secolopical factors, sugges-—
ted a rlassification which distinguishes five groups of trare
foesils —~ (1) Resting traces (2) Crawling traces (3) Feeding
nr Browsing traces (4 Feeding structures (5) Dwelling
traces. Seilacher {(1947) gave a bathymebtry based on the form
and patterns pf burrows, and conclnded there is  a general
gradation from vertical burrows in deep waler deposits, thus
retognising five ichnofacies namely Sknlithos, Blossifun-
gites, Cruziana, Zocophycos and Nereites with increasing
depths from the litroral sands o pelagic muds of marine
setting.

Illustration of common trace fossils opeewring in the
study area thus shows that they are essentially feeding, res-
ting, and dwelling traces, especially in situation where pel-
lat. remains are ghzorved. Rased on bathymery, there is a
prepanderance of vertical and branching traces over horizon-
tal trares, hence a shallow-water setting can be said to pre-
dominate over deep water, with characteristic Thalascinoides
and Dphimorpha trace +fossils (Tucker, 1982) occuring #requ-
ently. Hence ichnofacies assemblages based on characterictic
properties ran be seen to vary from Skolithos (which has
typical duwelling traces) throogh Glossifungites and Cruziana

to ZIopphycps {(which consist typically of feeding and resting
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traces’ but Nereites assemblage {s not discrernible.

3.1.3Mudcracks and Load Casts

Occurrence of mudcracks in the study area is restricted to the fine
to very fine grained, clayey, well consolidated, sandstone and clay. The
cracks are both radially and concentrically disposed, with wide and deep
principal fissures. The fissures are V-shaped, measuring about 2 cm deep
and 2 cm wide. A good occurence of mudcrack was recorded in Locations 1
and 3 in the clay units. Mudcracks or shrinkage cracks (Reineck and Singh,
1978) orininage by dessication and compaction of water saturated muddy
sediments, and also originate subaqueously as a result of synearesis
(Jungst, 1934). They signify intermittent subaerial exposures of surfaces
of dried-up ponds, coastal and inland sabkas, lakes and lagoons, abandoned
rivar channels, flood plains and intertidal zones (Reineck and Singh,
1978).

On the other hand load casts are sole structures, they occur as
bulbous, downward - directed protuberances of a sandstone bed into
underlying sedimentns are hydroplastic hence unstable, creating Iinverted
density gradient (Nwajide, 1987). Loadcasts bpnave limited facies
restriction, occuring within fine sandstone, siltstone, and clay units.
They occur as mammilarly mounds and as rounded inviduvals sometimes tapering
out at the ends. Usually the more dense unit (mostly sand) overlies a less
dense clay or siltstone. Plate 11 is a load cast structure showing coarse
sandstone unit overlyiug a fiper sandstone. The base of the loadcasts are
usue'ly concave upwards, with size diameter ranging from 5 mm to 8cm. Load
casts like mudcracks are classified by Nwajide (1987) as Iirregular

physically formed
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!late 11: Llocd cast cepicted by a coerse

rondstone unit overlying = fine

sandstor- .
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sedimentary structures. The origin of lpadcast is
thought to depend mostly on gravitational adjustment of a
diapiric nature, causing sinking of a denser unit into an
underlying less dense unit, in an unstable gravity field.
This is termed Rayleigh - Taylor instability (Leeder, 1982,
p. 114; Allen, 1982, p. 354) and such adjustment might need a

triggering mechanism.

3.1.4 Graded Bedding

Two types of grading have been observed within the area
of study which are the types of normal grading described by
Tucker, {(1982); (1) a gradual decrease in the whole grain
size up through the bed (2) a gradual upward decrease in size
of the coarsest grains within a bed. Grading was observed
mainly in the sandstone-siltstone UnilS most especially
arkosic (feldspartic sandstone) and poorly sorted units.
Most common is the +first type (gradual decrease in whole
grain size up through the bed) of grading, and particularly
in Locations 4 and 7 (Figs 7 and 8), although differentiation
between the two types of grading mentioned earlier in the
field is difficult. Reverse or inverse grading 1is another
common type 1i1n the study area {(though interstratal, across
facies) showing a coarsening upward of grain size up across
facies. This is particularly noticeable in location 1, 3 and
8 (Figs 4, 5, and 9). Such intrastratal and interstratal
grading reflects changes in energy and hydrodynamic regime of
depositing medium.

Acrording to Reineck and Singh (1978), origin of graded
bedding has  been attributed to turbidity currents, but
ocrasipnally graded bedding is observed in shallow water
sediments, where however they don't make thick sequences.

Graded beddings can also be produced by sedimentation of
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suspension clouds, deposition in the last phases of heavy
flood, by peripodic silting of delta distributaries andhby
settling of wvolcanic ash after an eruption. Locally on
intertidal flats and beaches reverse grading is found, but
usually thin. Observed graded beddings in this project are
probably a result of fluvial processes with fluctuating
energy regimes. It should however be noted that sections
logged are usually a fraction of a complete facies succession
representing various environments, hence a regional fining or
coarsening upward tendency can be determined by application

of statistics , i

3.1.5 Calcrete
The occurrence opf pedogenic carbonate deposits is not
normally considered to be a type of sedimentary structure
(Nwajide 1987), but carbonate nodules and concretions may be
taken as irregular structures since they originate post-
depositionally and invariably tend to deform the original
bedding (Collinson and Thompson, 1982), hence its disruptive
tendency makes it a defomational structure (chemically
induced) .
In the study aresa, the occurence of calcrete nodules in
a horizon was observed in Location 3 (Fig &), within a clay-
unit having a maximum thickness of about 5 cm.
The nodules are discontinous, the calcrete horizon having
a total length of about 3 m. Nodule sizes increase from the
edges to the central portion of the horizon, occuring within
a greyish clay unit with cracks.
Macroscopically, the calcrete appears whitish %o
greyish, highly indurated, breaking into rounded
nodules and dery matrix. In thin section, calcrete

contains corrided, poorly sorted, subangular - angular guart:z
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grains (nuclei) coated with calcite, minor feldspar, and
iron minerals. There is no contact between quartz grains
and the groundmase which is microcrystalline calcite.

The origin of calcretes in soil profiles has had consi-—
derable attention #from sedimentologists and pedologists
(Reeves, 1970; Steel, 19743 Allen, 19743 Arakel, 1982, etc).
Since the calcrete found within the area of study occurs in
clastic beds, the main mode of origin may be reasonably
assumed to be by precipitation (Collinson and Thompson,
1982). Reeves (1970) and James (1972) observed that the
ideal environment for calcrete formation is neither too arid
nor too humid, and as such calcrete does not characterise any
particular climatic regime . They contend that too little
moisture allows only surface accumulation of carbonate while
excessive moisture and relief causes regional leaching of
spil solubles. Nwajide (1987) believes an alternating
periods of rainfall and intense evaporation 1s necessary for
calcrete formation. Hence the occurence of calcrete in the
study area can be easily explained with the low relief,
alternating wet and dry climate and moderate moisture. The
most probable source of carbonate is likely to be the
carbonate rich lopess and wind blown calcium sulphate from
gypsum which Nwajide (1987) postulates is contained in the
well known saharan dust known as the Northeast trade wind.
Other surface sources of carbonate are decay of leaf litter

and octher vegetable matter (Goudie, 1973, p. 134).

3.2 Hydrodynamics

Hydrodynamic control is important in the formation of
physical syn-depositional sedimentary structures, examples of
which are cross-bedding and graded bedding discussed abhove.

Their hydrodynamic control is essential to understand the
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regime mpst favourable for their origin.

The downstrean migration of ripples, sand waves, and
dunes under rconditions of net sedimentation give ricse Fo
crosc—stratification. The interacktion of a fluid with a non-—
cohesive material such as sand produres features like ripples
and antidunes. Current ripples, sand waves and dunes are
downstream — migrating bedforms produced by unidirectional
Ogueous flpws, their formation depends on the flow strength
and the sediment grain size (Fig 11). There are small scale
ripples and large scale ripple=s (megaripples). Small scale
ripples are emall bedforms with gentle upstream <slopes and
steep downstream slopes. The loawest wvelocity capable of
producing small ripples (hence small ecale cross—bedding) in
fine sand is about 20 cm/sec {(Reineck and Singh, 1278} while
Rees (1944) gives current velocities of 8 - 15 cm/sec for
producing ripples fthence cross-beds} in c¢lay #free esilt.
Ragnold (19554} ctates that small +ripples cannot exist in
guartz sands of mean diameter greater than about 0.5687-0.71
mm, while Simons 2t al., (1945) accepts a mean diameter of
O0.& mm for the upper limit of small ripples. Generally Fflow
conditions under which ripples, sandwaves and dunes are

formed are referred to as lower flow regime (that is, Froude

number (1) . where Froude numher, F
= V/ighlts=
where V = flow velocity
g = acceleration due to gravity

h depth of flow
- F £ 1 characterises tranguil flow at which bedforms of
lower flow reqgime are stahle while F » 1 charactericses rapid

flow in which bedforms of upper flow regime are stable.

Graded hedding el result from either 1)
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sedimentation +From a current gradiial) by decreasing in
velocity and competency, or (2} sedimentation from a
suspension in which all sirzes are rarried and out of which
they ssttle. Hence graded berdding s not flow regime

restricted.

3.3 Palegecurrent Indicators and Reconstruction

Varinus structures and components occur  i1n sedimentary
rocks which permilt some inferences regarding paleoflow
directions af ancient streams, regional paleoslope patterns,
strand line configuration and other paleogeoqraphic features
{Royee, 1970). These are vechtorial properties which include
cross—bedding, cwrrent lineation, ripples marks, oriented
fossils, sole markings and grain fabric. The concern in the
present study in determining paleoflow is with cross—-bedding.
This is very uovbigquitecus within the area of study with a 3-
dimensional geometry with specific azimuths of maximum dip
direction, dip angle and strike of bedding. Table 3.1 shows
readings of aziputhg, stirike and dips obtained ¥from each
location, pbtained hy the use of Bruton compass. The method
of Raoyere (1970) was used for grouping the readings  inko
classes of 30O°

Bccording Yo Potter and Pettijohn (1977 the vector mean

of grouped data for an individual ocutcrop is obtained as
X = tan—1 wW/V
n

where W = Z n, Sin X

i=]
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0
where v = E n, Coe X,

i=1
where X, = midpoint azimuth of the i%*h class interval
¥ = azimuth of resultant vector
nay = number of ohssrvations in the i.n class
n = total number of chservations.

The magnitude or length of the resultant vertor is

R = (V2 + W2)1s2
while magnitude of resultant vector in percent is

L = (R/n)100
Table 3.2 below depicte statistical analysis nf azimath
readings for earh location. Based on values, (resultant
vector, magnitude of the resultant, and standard deviation)
rose diagrams were prepared for each laocation, which gives
the regional palencurrent map 2 preferred northerly paleoflow
direction (Fig 12), with a regional vector mean of 3I59°
(NNW) . Current rosee for most lncations cshow strong unimodal
trends (loratione 1, T, 4 and 9) while polymodal roses were
obtained for locatione 2, 7 and B, although the polymodality
are still marked by strong modes.

Rrcording to Potter and Pettijohn (1977) virtually all
alluvial, enlian and deltaic environments have unimodal
current roses, while tidal environments rhararteristically
have bipelar roses whereas some marine shelf sandcstones may
in addition have polymodal as well as unimodal rross-bedding
orientation, but tidal environments rcannot be rcompletely
ruled out as a ppossible depositional setting for sediments nf
the study area.

The strong unimodality of our current rpses and suppor-
ting evidence given by results of palecenvironmental dis-
rrimination carried out in chapter 4 gives esupport to an

alluvial setting coupled with the thick sequences recorded.
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Table 3.2 Statistical analysis of azimuth readinps tn obtain resultant
vectors (azimuth) for locations 1,2,3,4,7,8 and 9

Elass ni Ni niSinvi niCosxi
Location 1
i, = tan_, {(7.8&647/13.392)
1 1 0 O 1 :
1) 10 30 5. 000 8. 440
111 4 &0 3.454 2. 000 = 20 Q-
Iv - 0 O D R = (7_.4454% 4+ (13 _ 39023y 1r=
Vv - 120 8] D = 15_332
Vi - 1580 O (3] L = (R/A).100
VIii - 180 G 9]
VIIY - 210 O (3] = (1S.3I3I2/17} » 1DD
iX - 280 i o
X - 270 (3] O = 90.188B %L
. § ) - 200 0O O
XTI 2 330 — 1.000 1.732
37 748454 13392
location 2
A, = tan_y (3.634/4 098)
I 3 3] O 3.000
| @ 3 30 iS00 2598
II1I 2 &0 1.732 1.000 = 30° 48°
IV 4 90 5 _ D00 (] R = {Z.63484=2 + 4. 09H=) 12
v - 120 (3] 0 = F7_.09%9
VI - 156 (2] o] L = (R/An)Y_ 100
Vil 2 180 0 —-2.000
VIII - 210 (4] O = {7.099/18B) » 100
IX - 240 D 0
X 1 270 —1.0060 O = 3I9.439 X
X1 3 300 -~2.598 1.500
X13X - I50 D. 060 O
18 3.56345 &.098
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Table 3.2 (Cont "d)
Class ni ®i niSinxi niCosxi
lLocation 3
X. = tan—t (-2.232/74, 844}
I 4 0 8] 4. 000
It - 30 o
II1 - 60 3] = A3Z/ 327
Iv - S0 o R = (-2.2332 + A_B&LEE)1r2
Vv - 120 O = S5.354
v - 150D D 1. = (R/n)Y. 100
VII 1 180 D —1.000
VIIZ - 210 O = {5,.354/8) x 100
IX - 240 (3]
x - 27D 3] = Ak.925 U
X1 2 300 ~1_.732 1.000
X11 1 33D —0.500 0.8B&6
8 -2.232 4_8B&A
Location 4
Xo = kan—* {14_990/24_892)
1 7 O O 7.000
II a8 30 4_000 L. 928
I1l1 19 &0 14454 . 500 = 3Z1* 3
v S 90 5. 000 o R = (14.9902 4+ 24 _g92=)r/2
v 2 120 1.732 —~1.000 = 29.057
Vi 1 150 0. S00 -0, BaA L = (R/n}_100
VI 2 180 O ~2_000
VIIl - 210 o (3] = [(29.037s60) = 100
IX 2 240 -1.732 -=1.000
X 5 270 5. 000 (3] = 4B 428 4
X1 4 300 ~-3. 454 2.000
XI11 5 330 =2 500 4, 323D
&0 14 990 24 _g92
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Table 3.2 (Cont 'd)

Class ni »i niSinxi niCosxi

Location 7
X = tan—* (-12.062/22_150)

I 10 (8] (8] 10.000
II - 30 1.500 2.598
11X 1 60 0.866 0.500 = 3J1* 26’
v - 90 O O R = (-12.062= + 22_140F) 272
v - 120 (8] O = 2%5.230
VI 1 150 0,500 -0.Bbb6 L = (R/n).100
VII 1 180 0 —-1.000
VIIiI 1 210 -0.500 -D.Bb66 = (25.230/37) x 100
IX - 240 0 0
X 3 270 -3. 000 O = 5£8.189 %L
XI 8 300 -6.928 4_000
X11 9 330 -4 _ 500 7.794
37 -12. 042 22.160
Location B
X, = tan—* (-92.B30/46.35656)
I 2 0 0 2.000
11 1 30 0. 500 0.8B&6
¢ 0 I | 2 50 1.732 1.000D = 302* S&°
1v 1 0 1.000 (5] R = (-9.8302 + L .TbLL2) 172
v s} 120 0 O = 11.711
vI O 150 (3] 0 L = (R/n).100
VIl 1 180 0 -1.000
VIII 3 210 -1.500 -2.598 = (11.711/28) x 100
IX (8] 240 (8] 0
X 4 270 —4_ 000D O = 48.796 L
X1 i 200 —-bH. 0462 3.500
X171 3 330 -1.500 2.598

-9.830 &.36b

K
o
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Tabhle T.2 {(Cont 'd}

Class ni Mi niSinvi nilosxi

Locarion 9

Xo = tan~* (-3.598/11.964)

I 7 (3] 1.000 7.000

11 2 30 0 1,732

11t - &0 8, 0 = 3JZ43% 15°

JAY) - 0 o 1] H = (-3.5982 4+ 13 _94L42) 12
v - 120 O o = 12 493

vi - 150 (3 0O L = (R/n). 100

VII - 180 0 0

VIII - 21 O 8] = {12.893/1%) » 100

IX - 240 -1.000 O
X 1 270 —2.598B 0 = B3.2B7 %

X1 z 300 —-1.6000 1.500

XTI 2 330 -3.598 1,732

15 —2.232 11.948




e7

CHAPTER FOUR

MINERALOGY AND SIZE ANALYSIS

4.1 Scope of Work

This chapter involves the microscopic examination of the
mineralogic characteristics of the various facies states
present in the area opf study (in contrast to description
given in Chapter 2, which are essentially macroscopic), by
the study of the framework elements (Puartz, Feldspar and
rock fragments), matrix and cement composition, which would
be used in the classification of sandstones especially. The
fabric of the facies states are also studied, based on grain
relations, orientation, shape and roundness. Analysis of
heavy minerals has been undertaken, to study occurences of
heavy minerals within the various facies for possible
provenance evaluation.

The next stage in this chapter is size analysis, which
involves pebble morphometry and sieve analysis for paleocenvi-

ronmental diagnosis.

4_.1.1 Framework Elements

4.1.1.1 Buartz

This is the predominant framework mineral in all facies
unite studied. Percentage of quartz by volume varies from
greater than 95 per cent in the sandstone-siltstone facies to
about 75 per cent in ironstone facies where iron-oxide cement
has been introduced diminishing the percentage of guartz.
Both mono and polycrystalline varieties of quartz are
obhserved, with monocrystalline: polycrystalline ratio as high
as 4:1. Buartz crytals constituting polycrystalline types

seldom exceed S, mostly between 2 - 5 range, which according
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to Folk (1980) are typical of schists or recrystallized metamorphic terrain
and to a small extent in granites. Quartz of the sandstone, silistone and
clay +~its are fractured (Plate 12) with a single quartz crystal, having as
much as 8 crystal units; this is however not observed in quartz of the
ironstone facies, The mono-crystalline: polycrystalline quartz ratio in
the ironstone facies is even higher than 1n other facles. Undulatory
extenction i{s common in most quartz crystals in all facles units an
indication of stress i{n environment of derivation of such quartz (Folk,
1680). Undulose and straight extinction are commonly displayed by quartz.
Quartz are generally evhedral and less often subhedral. Vacucles are also
abundnat in some quartz grain giving a bubbly appearance. Composite and
semi-composite quartz grains are abundant 1in all facies except the
ironstone occurring as equant interlocking grains with straight boundaries,
but not always in optical continuity. Commong mineral inclusions in quartz
are zircon (most abundant), rutile and biotite (Plate 13). Overgrowths in
quartz are displayed in closely packed units usually in optical continuity
with the original quartz grain, sometimes separated by hematite or clay and

without .nclusions.

4.1.1.2 Feldspar

Feldspars observed have been mostly altered into clay minerals.
Feldspar identified are in an alteration transition stage 1nto clay
minerals hence thelr composition cannot be easily determined, They are

usually cloudy and with distinct twining (kPlate 14). Feldspar has been






