STRATI GRAPHY AND SEDI MENT OL OGY OF THE AREA AROUND BI DA,
NI GER STATE

BY

OLUFEM ROBI NSON OLUGBEM RO
B.Sc.  Geology (A.B.U, 1995)

A THESI S SUBM TTED I N PARTI AL FULFI LLMENT OF THE REQUI REMENTS

FOR THE AWARD OF THE MASTER OF SCI ENCE IN GECLOGY

DEPARTMENT OF CGECLOGY
FACULTY OF SCI ENCE
AHVADU BELLO UNI VERSI TY, ZAR A

JANUARY, 1989



DECLARATIDN

I declare that this thesise is based on the recsult of
recsearch carried out by me; that it is my own composition
and that it has not heen previously presented for a higher
degree at any University or Institution.

Information derived from published and unpublished work

has been duly acknowledged.

’:Em; __E)Q Lainiion "L"\lZ\E’GI

DLUGBEMIRD, Robinson DOLufemi Date




CERTIFICATION
This Thesis entitled “Stratigraphy and Sedi.enfn!dgg
the Area Around Bida, Niger State” by Dlufemi Robinson Dlugbemiro
meets the regulations governing the award of the degree of
Master of Srcience in Geology (Sedimentology) of Ahmadu Bello
University, and ie approved for its contribution to knowledge
and literary prngpn#‘ai'inn.

5P s 9//?0

Chairman, Supervlsor Committee

/&@Jw\\ Zhla

er, Supervxs’:w‘y Committee [ /Date

&‘\/\h/&-\ %ff /9‘7

gT'a of Departm*t w, [D/ate

M o~2 %0

Dean, Postgraduafte % School Date




DEDICATION

This project is dedicated to

Nelson Handela

and the oppressed people of South Africa



ACKNOWLEDGEMENTS

I wish to acknnw]edge the support and assistance nof my
Supervisore; Drs C.€ Mmajide (Genlogical Survey of Nigeria,
Kaduna)i S.7. Abaa and E.C. Tke. Mich thankes and gratitude
goes tn Dr Nwajide who inttiated the project and whose
criticisms and suggestions, both on the field and in the
laboratory are evtremely invaluable. My immense appreciation
to Dr S.7. Ahaa for critically going through the thesis and
offering useful and valuable comments and Dr E.C. Tke whose
guidance and suggestions, saw the completion of the thesis.

Other membere of staff’'s contribution are acknowledged
esperially Mecscrs M. Wpakes, F. M. Sakoma, N. Dbaije and Mrs
Adetuniji for not only making necessary literature available
when needed but alsn for their useful suggestions and
assistance. My colleagues in the M. Sc. classt Messrs T.T.
Funtua, Y. Adamu, J. el-Naffaty, A. Chup, R. Panladi, P.
Agbata, and 1. Adolke, have given me all the encouragemente.
To them T am most grateful.

Moral assistance from friends especially Abipla Banwp is
deeply appreciated. T thank Mallam Babha Bobai for processing
the photographs, Emmanuel Durn for the cartegraphy work and
James Bale of NAPRI for typing the thesis.

The moral and financial asesistance from my parente are
deeply appreciated. Everybody's assistance would forever

remain memorable.



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.
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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.



30

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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well sorted neat burrow
trails

Sandstone ( fine) reddish
mottled well sorted

Campanian — Maastrichtian (Stages)

c's IVFSI FS'MS'CS'VES

Fig. 9 Stratigraphic Profile F (Bida Town, behind
Govt. Girls Sec. Sch.)



32

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)
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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
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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
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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
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Plate 123 Composite (fractured) Tuartz crystals

within a Basal “andstone unit, (Magnie

fication x 16,



.

rlate 13: UQuartz crystal with zircon and

biotite inclusions. (Magnification x 6.3)
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identified within sandstone, silstone and ironstone units, apprearing
colourless in plane polarized light and brownish to yellowlsh under
crossed nicols with albite twining, (Plate 14). They comprise less than
0.5 per cent of total composition of the thin sectlioms {2FR1, B8FR2)
where they occur, and in most cases do not exist at all elther in fresh
or altered farms. Feldspar commonly occurs embedded within clay mineral
matrix or iron oxide cement giving rise to little or no contact with
quartz, The sparse bccurrence of feldspar cap easily be sexplained as
due to its susceptibllity to destruction by tramsportation, erpsion and

weathering.

4.1.1.3 Rock Fragments

Commcn rock fragments observed are feoliated fragments of older rocks
(metamorphic). They are commorly found in all facies units but to a
lesser extent in the ironstone. Foliated rock fragments exhiblting
distinct cleavage and platy characterisitics are interpreted by Blatt et
al., (1980) as metamorphic rock fragments precisely of gneiss migmatite
or schistose origin, Rock fragments make up about 10 per cent of the

volume of sandstone, and stilstone unlts.
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4.1.2 J¥atrix

¥atrix is made up of clay minerals and 1iron hydroxides in all
lithofacies studied. Clay mineral types 1include: kaolinite (most
abundant), gibbsite, and chlorite. The sandstone, siltstone and clay
unite are characterised by kaolinite and chlorite minerals while the
ironstone facles matrix is made up of predominantly kaolinite and less
commonly gibbsite,

Kaolinite occurs as colourless to weakly coloured fine grained
agregates appearing as dusty alteration of feldspar (Plate 15) or as
cloudy aggregates, with weak to nil birefringence (White ar grey).
Chlorite appears colourelsss to pale green and yellow, =nnd as tiny
flakez (fibrous), foliated, fine grained, and plecchroic. Un the other
hand gibbsite is coloureless to pale brown occuring as whorls or
botryoidal or stalactitic forms. Gibbsite is fibrous and fine gralned
too.

In as much as the oaccurence of other c¢lay mineral types
(montomorillinite, illite, etec) have not been observed thelr oaccurence
if any, would be negligible. Generally the matrix of the various facles
units make up between 20 - 30 per cent of the entire volume of the
lithofacies with a2 higher matrix percentage in the sandstone, giltstone

and clay units than in the ironstone unit.

4.1.3 Cement

Cement i{s the chemically precipitated mineral material that occurs
in the spaces among the individual grains of a consolidated
sedelmentary rock (Gary et al., 1574). ¥ithin all units studied

(sandstone, slltstone, clay and ironstome) the cement is made up of



Plate 15:

- 74 -

Kaolinite (in thin Section) occuring as the

dominantlv, cloudy clay mineral matrix in a
Siltstone unit.

(Magnification x 6.73)
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oxides and hydroxides of irom. These include in order of abundance
hematite, geothite, limonite and very rarely siderite, pyrite and
magnetite. The hematite cement cuts across facies boundaries while
limonite, siderite and magnetite are observed only in the ironstone
facies units.

Hematite is distinguished from other iron oxide minerals and most
opaque minerals by red internal reflections in reflected light and blood
red colour. Hematite occurs as cement within the interstices of
framewark elements. Reniform or botryeidal forms are common and are the
major components of the Oolites im the Oolitic Ironstone unit (Plate 8.)
It is the most abundant {by volume) of all ironoxide cement present.
Goethite nccurs as fibrous, highly colour yellow ta brawnh, acicular or
botryoidal forms, with distinct colour banding (Plate 16), can be
distinguished from hematite by the opaque or distinctly reddish colour
of hematite. Limonite, on the other hand apears yellow to yellowish
brown showing colloform structure, resulting in an indistinct boundnary
with co-existing geothite {(which can also be classified as cement).
Siderite, pyrite and magmetite are observed only as local occurences,
with pyrite occuring opaque and yellowish in surface relfection,
slderite appears as colourless to pale yellow, oolitic with isochromatic

rings, while magnet{te ocfurs cpaque in section and grey in relfected

light.

Percentage of cement by volume increases from the basal sandstone
facies units upwards becoming most predominant in the ironstone facies.
The upper level ironstone facies units might have been responsible for

the introduction of ironoxide cement into the lower sandstone, siltstone



16

r1ate 16: Goethite cccurin: as

matrix ele.me.r\t ?n a busaé (-

stone unit. (F-anif'cation x 16)
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4.2 Fabric

According to Friedman and Sanders (1978), the fabric of
a sediment refers to the arrangement of particles (or
crystals) in terms of their (1) Drientation of shape and size
(2) Mineral composition (3) Packing and (4) Sorting.

Another factor considered in this work under fabric is
roundness of grains, while the second factor above (mineral
composition) has already been discussed in the previous

section (4.1.1), hence would not be repeated.

84.2.1 Grain Sizes

There is a general decrease in grain size from the
basal sandstone units upwards through the siltstone, clay-—
stone units with the smallest framework and matrix grain
sizes in the ironstone units, this could be due to increased
reworking, hence a fining upward segquence, or an increased
distance of transportation or could even reflect differential
intensity of weathering of framework and matrix elements.
Basal sandstone are generally poorly sorted with both coarse
and fine grain sizes coexisting (Plate 17) while the silt-
stone faries units display wuniform medium sized grains and
the claystone units are fine grained. The ironstone units
are of equiqranular grains (well sorted) with grain sizes in

the fine - medium range [(Plate 18).

4.2.2 Grain Relation

This factor expresses the type of relationship existing
between grains, thai is, types of grain contact. Type of
contacrt exhibited by any rock type would depend on degree of
packing or post depositional distruption of fabric (or
previous packing). There is no clear preference of grain

relationship between different facies studied. A1l upits
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Plate 17: Foorly sorted Basal ‘andstone

(Magnification x 6,.3)
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Flate 18: [Floating grain fabric eof ironstone,

wvith equiasngular well sor'ed quartz
erystals
(Magnification x 6.3)
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and clay units by groundwater mlgrnllgn. that 1s, introduced by downward
migration of fron nxide minernle,

display point, line, sutured and concavo-convex contracts. FPacking
within the {ronstone units 1{s relatively lonse compared to the
sandstone, siltstone, and claystone units. In the sandstone, <=iltstone
and claystone units, grain contacts are hindered by the presence of
abundant matrix, while in the {ronstone units graln contacts are
hindered mainly by iron-oxide cement. However, it was observed that the
degree of grain contact i{s directly related to the amount of matrix and
cement present, that is the higher the amount of cement and matrix, the
lower the number of grains having contacts, "Floating"” graln fabrics
(Plate

are also common, especially in the sandstone, and ironstone units

17 and 18), although compact arrangemant of prains al=0 pecur in Basal

sandstone,

4.2.3 drain Orientation

There 15 no preferred orientation of framework elements within any
of the units studied. This is equally significant in ftself, as the
preferred orlentation of framework grains indlcates the direction of
depositing currents, while the nan proferance of a direction conld alnn
be indicative of multidirectional current or post-depositional

distruption of iriginal orientation (Nwajide, Personal Communication).

4.2.4 Grain Shape and Roundness
Classification of shape and roundness 1is based on the format of
Shepard and Young (16961 Fig. 1), presented in Fig. 13. Generally the
sandstone, silistone, claystone units, have average grains that are
subangular to subrouvnded (3 - 4) while the {ronstone units are more
rounded with average of subrounded to rounded (5 - 6).  Table 4.7 =shaws

mean graffncie: o s v v R



Fig 13 . - Six classes for visual estimation of particle round-
ness. Redrawn from Shepard and Young (1961, Fig. 1).
l = very angular; 2 = angular; 3 = sub-angular; 4 =
sub-rounded; 5 = rounded; 6 = well-rounded,
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shape and roundness values from thin section and

binoccul ar studies for all s units studied.

4.3 Heavy Mineral Analysic

Minerals with specific gravitiezs greater than 2.85% are

defined as "heavy" whereas those of liesser specific gravity
are referred to as "light" {(Royee, 1970},
Procedure

In this study, sblution of tetrabromethane (CHBrY is
used as the separating medium. Having sieved all 33 samples
{Refer 4.4}, a % gm portion of the 355 - 500 microns inter—

val (mixed}) gamplecs were introduced into tetrabromethane in a
separating funnel and stirred well, after which they are left
for maximum separation to be achieved {(when no discernible
grain movement occurs). The ‘sinksheavy) fractions were
sopatr-ated into labelled filter papers, and the float (iight)
fractions in other labellied Ffilter papers. Excess bromoform
was drained off intn beaakers Ffor reuse. The separating
funnels were washed with acetone, and also the filter papers,
removing any remaining tetrabromethane with the acetone at
the completion of separation of each sample. These procedures
were carried out in a fume cupboard, as a satety precaution.
The samples on filter papers were placed under infra-red
lamps, for both sinks and floasts to dry. Once dried each
fraction wids weighed and labelled, using the sample refer-
ppce numnbar. The dried sink samples were then mounted on

glides, for identification by a petrographic microscope.
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4.3.1 Result

The heavy mineral population are dominated by the
ppaques (between B0 — 9% per cent with an estimated average
of 90 per cent), rircon, tourmsaline,and ritile. Sillimanite,
topaz, hornblende, kyanite, garnet, and stauroclite are present
in accessory amounts. Tablie 4.1 shows percentages of light
and heavy minerals present in samples anal ysed.

Close study by reflertad l1ight shows that the ppagues
comprise ilmenite, hematite, limonite, magnetite (?} and
tracres of leucoxene. The grains are commonly anhedral and
angular. Many sub angular to subrounded grains also occur.
Plate 220 shows hematite grain occuming as subangular, while
rounded grains are rare.

Zircon is next to the opagues in the order of abundance.
It forms betuween 3 to 20 per cent of the total heavy mineral
populations, with an estimated average of 10 per cent. The
most common  forms are  angular, priématic, enhedral to sub-
hedral. Zircon shows a higher degree of roundness than other
heavy minerals with etched or pitted suwrfaces and probably
gas bubbles as inrclusions (Plate 21).

The next major mineral, touvrmaline forms from 0.1 to 9
per cent of the heavy mineral population, with an actimared
average of 3 per cent. Both angular, &mall to medium size,
prismatic, enhedral to subhedral forms and large grains are
present. Tha bluish and black varieties of tourmaline are
mostly present (Plate 22).

Rutile may be entirely absent or make up about one per
cent {1%) af the heavy mineral populatrion with an estimated
average of 0.5 per cent. The dark red and black variesties
are present, usually anherdal and needle like (Flate 235 .

Topaz, hornblende and sillimanite occur as large angular

grains. Topaz appear: - irregular, or as cleavage fragments.
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Table 4.1 Weight Percentages of Light and Heavy Minerals

Sample No. Light Minerals Heavy Minerals
Wt FPercentages Wt Percentages
(gm) (%) (gm) (L)
1FR, 4.90 97.94 0.10 2.04
1FRa 4.92 98.37 0.08 1.63
1FR= 4.85 96.91 0.15 3.09
2FR, 4.85 96.91 0.15 3.09
2FR= 4.82 96.27 0.18 3.73
2FRs 4.88 97.55 0.12 2.45
2FRa 4.90 97.96 0.10 2.04
3FR, 4.90 97.96 0.10 2.04
3FRa 4.95 98.99 0.05 1.01
4FR, 4.95 2R. 599 0.05 1.01
4FR=a 4.89 97.75 0.11 2.25
4FR= 4.85 96.91 0.15 3.0%9
4FRa 4.89 97.-75 0.11 2.25
4FRe 4.84 946.469 O.14 3.31
4FR, 4.81 94.05 0.19 3 TS
4FR» 4.87 97.33 0.13 2.67
4FRa 4.92 98.37 0.08 1.463
TFR, 4.81 946.05 0.19 .93
7FRa 4.83 6. 60 0.17 3.40
7FR= 4.88 27.55 0.12 2.45
7FRa 4.91 98.20 0.09 1.80
7FRe 4.83 94.460 0.17 3.40
7FR. 4.8B46 97.20 0.14 2.80
7FR» 3.98 79. 460 1.02 20.40
8FR, 4.80 946.00 0.20 4.00
8FRa 4.95 98.99 0.05 1.01
8FR= 4.83 26.60 0.17 .40
B8FRa4 4.87 97.33 06.13 2.67
8FRe 4.82 96.27 0.18 Sl
9FR, 4.83 946. 60 0.17 3.40
9FR= 4.85 956.91 0.15 3.09
9FRs 4.81 96.05 0.19 3-95
9FRa 4.80 96.00 0.20 4.00

MEAN 4.8389 96.705 0.1562 3.295




B

Flate 19: Hematite ‘as a heavy mineral)

occurring 3s subangular = sub
rounded gralinse.
(Magnification » 16)
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“late 20: Zircon (as a heavy mineral), showing

@ high degree of roundness, with oteh

anct plttec surface. (Magnificati n x
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Plate 211 Tourmaline (as » heavy mineral)
»s prismatic, gubhedral

eccurin

grain (Magnification x 16).
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Hornblende oaccocurs as cleavage ¥fragment with ragged ends
appearing very dark to pale green displaying distinct colour
2oning while gsillimanite occurs as fFlatitpned or slerder
grain, colouwless with high hirenfringence. Kyanite occurs
as pale blus bladed to columnar fibrous to splintery frag-
mentsa. Garnet occurs chararteristically reddish without
cleavage but conchoidal fracture. Lastly, staurolite occurs
as dark to reddish brown, rectangular to prismatic and
irregular fragments (cometimes yellowish brown).

These accesory heavies” make up a neqligible percentage

{sbout 0.0Z per cent) of the entire heavy mineral population.

4.3.2 Environmental Implication

The heavy mineral content is a function of Ffive very
romplex variahles. The five variables are (Folk, 1980)
{1} Litbhology of the source area
{(2) Differential stanility of minerals to weathering in
source area.
(3) Durability of mineral to long rcontinued abrasion
(4) Hydraulic factor - differential transportation of
minerals hased on shape and specific gravity leading to
changes in mineral ratio
{5} Poet-depositional survival factor; or intrastratal
csolution or surficial weathering of less stable minerals.
M all the Ffive wvariables stated above the first
{iithnlnogy of source areal is the most important variable to
which heavy mineral analysis is used in inferring, and which
thic work is mpost particolar in determining.
Pettijohn {19275) gave characteristic suites of detrital
mineral for ditferent cource roeks (Table 4.2). The table
displays detrital suites for & source rock types, with pver-—

laps of detrital minerals recorded consistently. Interence

hY



Takle 4.2 Detritzl mineral

sowrece rock types

8

suites characteristic of

Rewor-ked Sediments

Parite

Glauconite

Quartz (ecpecially)
with worm overgrowkth)

Cheart

Buartzi te fragmentis lortho-

quartzite type)

Low=rank Metamorphic

Slate and phyllite fragments

Biotite and wuscovite
Feldspars generally absent

Leucoxene

High—rank Metamorphic

Sarnet

Hornhlende {(blue—gresn
variety)

Kvanite

Sillimanite
Andalusite

Staurolite

Acid igheous

Apatite
Biotite

Horrnblende

Lruroxere
Rutile
Tourmalire, rounded

2ircon rounded

fuartz and guartzite frag-—
ments (metaguartzite type)
Touvrmaline {(amall pals
brown esuhedra carbonate

inclusions)

Quartz {(metamophic variety}

puscovite and biotite

Feldopars {(acid plagipecl ased

Epidotes
Ioisite

Hagrnetite

Zircon, suhedra
Quartr (ignepus variety)

Microcline
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Table 4.2 Detrital mineral suites characteristic of

source Fock types

Monazite

Muscovite

Sphene

Basic igneous

Anatase

Augite

Brookite

Hypersthens

Ilmpnite and Magretite

Ehromite

Pegmatite

Fluorite

Tournaline, typically blue
(indiconlite)

Garnet

Monazite

Magetite

Tourmaline, =mall pink

suhedra

Lteucoxene

Mlivins

Rutils

Plagioclase, intermediate

Serpentine

Buscouvite

Topaz
Albhite

Microline

- Pettijohn {(1975)
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of source rpock can be made from this table by noting ths
highest concentration of heavy minerals opbeerved in this

study within a particuvlar sowrce rock type. Based on this

assumption a concentration of observed heavy minerals is

noticed in the High-low rank metamorphic - Arid igneous -

Mataporphic source rock types (Tabkle 4.2).

4.4 PEBBLE MORPHOMETRY

4.4.1 Introduction

The purpose of pebble morphometry is fto serve as an aid
in environmental diagnosis (Nwajide and Hoque, 1982). The
sandstone siltstone and rlay wrnits of Bida and Enagi Format-—
ions contain pebblec of feldspars and quartz. Pebbles occur
in two distinct modes, as pebbles of poorly sorted basal
sandstone units and as slightly pebbly sandstones and silte-
stone, with sharply defined lower parts, with indistinct
upper boundaries as pebhles become less frequent in an
increasingly sandy groundmascs. The thickness of pebble beds
ranges between % cm and 15 cm averaging 10 cm. The pehhbles
show neither imbrication nor preferred orientation of their
long axes. In the second mode of occurence, pebbles con-
stitute part of a conglomeratic sandstons, with litrtle
sandstone matrix. Feldspar and gquartz pebbles are both
pextrabasinal. Felidspar pebbles are infreguent, ocouring
occasionally as large phenoclasts, mostly tabular in shapse.
Feldspar pebbkles have been discarded in morphometric stubdy
because they are too soft to be sampled and are not suffici-—
ently abundant. fuartz fvein gquartz} pebbles appear to be
the most amenable to morphometric studies; they are most
abundant and their origirnal shapes and forms are likely to

have been modified only by attrition (Nwajide and Hogue,
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1982) rather than feldspars that are easily weathered. A requiremtnt of
gratn alze annbyala, which shonld be met by any measurement Lo hinlgue 19
that since there may be a relationship between size and mineral specles,
the technique should be applied to one mineral only (Griffiths, 1967).

In the presant study, the cholce of quartz seems justified.

4.4.2 Method of Study

A total of 134 pebbles were collected. Twenty (20) each from 1FR3,
1FR4, 3FR2, 4FR1, A4FR4, AFr6 while fourteen (14) were plcked from AFR2
due to insuficiency of quartz. Pebbles were not plcked from 7FRI]
because the pebbles ocfuring in this unit are made up of decomposed
feldspars.

The pebbles in each batch were washed and numbered serially. The
Long (L), Intermediate (I) and Short (S), pebble axes were measured
using a Vernier Calipers based on the method recommended by Folk (1980,
P. 10>, and the roundness of each pebble was estimated using the chart
of Shepard and:Young (1961) showin in Fig 13. The values of each of the
L,1, and 8 and roudness for the pebbbles were averaged, (Table 4.3).

From these values the following parameters were computed:

]

(1) Flatness ratio 5/L Sanmes (1966)

(2) Elongation ratio 1/L Sames (1966)
(3) Maximum Projection Sphericity = (S/LI)'77

Sneed and Folk €(1958),
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Table 3,3 Horphemetric Aralysiz of Febbles

Sasple No 5 i L B/ L L-1/{L-8] AR/L-1s3 0P Index Roupgness
1FRah 0.8006 L0 240 0,333 0,542 0.5687 (.59 5,624 g
1FRB 1.600 1,25 2108 DA% £.595 5,373 8,725 5,733 ]
R 1,500 1,300 3,300 D.4%7 0. 485 0.947 0.755 5.781 5
1FRsD 6.800 115 Z2.308 D348 b, 500 0,767 5.623 7,569 4
1FRE 1.000 1,50 2300 6.435 0,565 0.75% 0,595 5,104 3
§FRsF {750 Lad 2090 0,397 0.571 0,867 0.507 5. 569 3
§FR.E 1,550 19060 3.400  D.4354 0,559 9,811 ¢.719 6,821 3
JFRH 1,150 1,560 2,006 0,550 0,750 §,556 0.73% 1.0th 4
IFRs1 0,799 1,050 2000 0,350 0.535 0,71 0.515 5. 400 5
Ry ¢.960 L2% 190 0.474 0,658 0, b58 0.499 169 3
iFRK 1.300 1,706 2,356 .55 0723 0,619 0.75i 2,195 L
IFRi 1,100 18606 2,400 D.438 0,750 {1, 4561 . 554 -, Bl 3.
1FRM §.250 L7660 .00 0,847 0.567 5,743 0,678 5,876 4
1FRsN 1.109 1400 1900 D579 0.737 0,625 0.769 2,18 S
iFRy0 1,100 1.450  f.908 0,579 0.763 0,562 9,760 1,078 5
IFR,P 1,100 1,55  2.950 0.489 0,489 0.409 0,703 2,712 )
PR 1,160 L300 2,356 0,489 0.578 0,824 0.745 b, bb2 3
IFRyR 1.150 1.600 1900 §.505 0.842 . 400 ¢.758 -1,853 b
HE 0,985 1,800 2,100 D405 0.857 0.240 9.57b -h. 420 b
1FReT 1,020 1,680 2,9%0 0,585 0.780 4,529 0. 780 0,502 ¥

Hean 1,073 473 365 DLAA9 0,632 0. 649 0,496 3.548 4,300
5.0 9,240 0.5 048 6.0RD 011 0,163 0.0b4 3.847 £, 863




Table 8,7 Horphometric Bnalysic of Pebbles
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Saaple Mo g I L &L It {L-1/L-5F R/ DR Index Roundnecs
1FRLB 1400 800 2,850 0,528 $.7%2 b, 4ah 8. 704 -1, 137 b
HIA 1.306 2,050 2,550 0,499 0774 8.30% 0. 678 -1.131 5
1FRI 1. 500 3.800 3,800 0,423 $.895 D.182 0,583 -7.558 &
1FR.D 1600 2,050 2,508 0,h40 0,829 R 6,793 £, D00 b
IFRE 1.05¢ 1,700 2,800 D838 0.708 6.518 0,687 (2. 820 b
IFRF 1.450 1,850 2,850 0,509 0,659 0714 0,738 4,210 4
IFRS 1.1506 LA0G 2800 G479 0,108 0.560 {, 487 1.2 i
1R 1,550 2,150 2,800  0.5i% 0,758 6. 481 0. 708 -0 358 ]
1°R, 1.500 2,080 2,150 D.p%B 0. 930 p.274 0,806 ~3.B%7 5
1FR 1,550 2,800 3,050 0508 9.787 0,433 0.890 -1.313 b
1FRK §.45 MG 3100 5.4 0,778 0,424 0. 656 -1, 618 5
A 1,600 2,300 3,350 D.a92 0.708 8,574 B 700 1,539 3
1FRN 1.200 2,800 2,500 D4 .28 0.254 0.591 -4,971 4
1FRN §.500 2,350 2,806 0,571 0,83% 4,375 p. 710 -2.1%6 )
iFRD 1.5%0 2,200 300 DN 0,611 . 4683 D. 672 4,287 §
A 1.15% 2,150 3008 0,383 0.750 0. 405 .58} -2.47% 3
IFR.8 1.500 2,200 Z2.800 0.5%) .78 5,500 0,74 0. DG 3
HIA 2,150 2,250 1.4k 0,532 0, 862 6,970 0,845 h. 685 b
IFRS 1.700 2,850 T.A00 0,500 0,721 §.559 §.703 1.579 5
IFR,T 2,250 LI 296 0,577 0795 {685 §.748 -1, 285 b
Nban 1.515 2,85 2,970 p5I3 0,755 0,485 §.700 -0, 169 4,800
8D 0,297 0,404 0.4T% 9,082 0075 0. 155 8.070 3.224 1,856
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Teble 4,7 MNorphoaetric Asalysiz pf Pebbies

Saaple No e H L siL I {L-D/IL-5) 1R LD B Index Roundness
IFRaA 0.950 1450 2,000 £.4%5 0. %75 9,810 0,732 b2 4
IFR.B f1.9%0 1,300 L9000 0.500 1) 0. b2 D715 2,632 5
IFRyC 0,900 1,980 1,880  b.588 0.710 0. 453 0.780 .34 3
FRD 0,750 1006 1,550 0.484 0. b4 0.487 D713 3. 870 )
SFRE 0.95¢ 1,200 1,800 9,59 6,756 fi, 615 0.778 1,943 5
IFRF .958 1,360 2,600 0,475 D, 450 0. b4T 6,792 3.509 L
FRE 0,760 1,550 5.900 0,38 .21k 0,292 5,550 5. bh2 )
SFRaM 1,100 .30 L7806 0,629 0.743 0. 493 081 3.044 4
Wil 0. 500 D.BSD 1500 D.80D 0,557 0.732 0. 456 5,551 3
SR 1, 000 1150 L.ab0 0,714 0.821 0.525 {853 1,751 5
IFReK 6,700 .20 LeOO 0,479 0754 0,434 0,674 -1,7248 5
IFReL 0.90G0 1,350  1.50 0,581 £.805 0. 45) 0. 748 -0.663 5
IFRM 9,730 1,056 1400 9.5k 0.750 £.539 0.724 0.718 5
JFRN 0.550 L2300 1,806 D38 b,hvy b.530 5,512 -1, %43 A
IFRD n.700 1,000 1.850  0.424 0. b0b 0. 604 0087 4,328 }
IFRP . p00 1.4 1.850 0,354 D.BRT 0,524 5.593 0,555 4
IFR.D 0. 800 1L,oS0  1.850 0,552 0,724 0,815 0.749 2.0%0 4
JFReR $.850 1,600 1,350 0,530 0.741 0,700 0,812 KR T 3
IFRe5 0, 450 1,050 1,900 0,433 6. 790 0.529 0. 445 0.67% 3
IFR:T 0, 800 1260 4,500 9.533 0300 0.429 0.708 ~1.33% L)
Sean 0.84B 1153 1,830 9.501 6.719 0,590 0.704 1,644 4,160

£.D 6,132 0153 0,199 014 0.075 0.124 0.089 2,854 0. 54
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Table 4.7 Morphowetric Bpalysis o} Pebbles

Sampie No g ! L S/L {4 -I11/1L-BY 5=/ bs2 bP Index Roundnese
§FR & 1.500 2.350 .800 0.53% 4,815 0. 34 0.5699 -2.871 ]
3FR,B 0, 550 1,400 3,800 9.361 778 0,345 A -4, 245 4
4FR.E 1. 800 1.960 3,200 0,500 0.594 £.832 D, 750 b.287 4
4FR.D 1.45 20 2,700 0,537 0,815 0. 406 0,707 -1.862 4
§FRE 1,200 1,580 2,300 0,572 0.574 0, kB2 &,739 3,480 ]
JFR,F 1,000 1900 2,300 0,435 0.71% I T3 0,639 -0, 3856 §
§FR. & 1. 500 1.800 2.806  9,5% 0,543 0,749 0,764 5,023 5
4FRH §.200 1.5 2,38 0,501 0,537 0.9597 0,788 8,942 3
R I i, 06D Lo 2520 0,387 D532 f.93% 0,769 1. 109 4
4FR,) 5,900 1,200 1,850 0.48h 0. 648 0. LB% 0,713 1.8 2
FRX 1.100 1,200 2,500 0,440 . 480 0,999 9.739 %739 3
#FRL 1,209 1300 150 0,533 $.7%54 D, 524 £.722 0, 847 4
#FR, % 1.350 1400 1,850 0,730 D757 0.900 9,889 5,481 ¥
4FR N 1.250 1.Bon 2300 D.EAT 8,847 0.421 0. 483 2,408 4
R0 1.200 1.500 1800 5,432 §_789 D.57§ 0,79 1,130 4
£FR, P 1. 00D 1.800  2.300 0,435 0.783 0.385 0,833 -2,653 4
IFRD 0.900 1100 1.900 D.A7H h.579 b. B 0.72% 6329 ]
AFR R 1,700 .00 2200 D545 $.773 D. 500 0,177 .000 3
RS 1,300 LEDE 2,900 0,450 0. BDE nEN b, ans 1.0%% 4
R, T 1. 65D 2.200 2.R00  §,815 0,845 0,400 G763 -1, 52 3
Mean §.205 A23 0 L8 0,817 0,59 {630 0,727 2,565 4,000

1
53 8.152 0.386 .38 0.0%0 8.121 0219 8,072 §.453 0. 549




Table 4.7 Morphometric Bralysic of Psbbles
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Sample o 5 ! L s/L 9 -1 FIL-8) (R/LIYS  OP Index Roundness
AFRsA 0.900 1,106 2,300 0.39% 0.478 0.857 0.584 9.128 3
4FRsB 0.600 1,100  1.800  0.333 0.611 0,583 0.567 2.508 3
AFRC 0,850 1,100 2,000 0,425 0.558 0.782 0.599 b.bak 3
§FR,D 1.150 1550 ).BSD DLR22 0818 0. 429 0.772 -1.187 :
IFRE 1.100 1,20 1758 0.629 0.714 0.769 0.821 5,280 2
AFRyF p.800 1,000  1.900 0,421 0.524 0,818 0,49 7.581 1
4FR,E H.700 1000 1,400 0,500 0.714 0.571 0.705 1.429 L
AERH 0.700 1.000  1.400  0.500 0.718 0,571 0.705 1.829 B
iFR1 0.9%0 1.150  1.800 0.5 D.719 0. b00 0.732 1,891 I
$FRyd 1.100 1,300 1,400 D.588 0.213 0, 500 0.835 1,452 2
PR 0.800 £.200 1.550  0.516 0.774 0,447 0.701 -0,587 1
AFR,L 0.700 0.800 1300  0.528 0. 515 0,833 0.778 5.196 3
LN 0,700 p.900 1,200 9,583 0.750 0. 50D 0,758 LM 3
AFRN 0.7060 1,200 1.400  0.500 0,857 0.286 0,553 -4.285 3
Mean 0,972 .18 LLd6 0.543 D. 494 0,626 0.7123 2.7 3.147
S8.D. 0.174 195 0.305  9.098 0.118 0.148 0.049 1,485 0. 583




Table 4.3 Korphosetric Analysic of Pebbles
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Sample No g 1 L S N (-1 EL-8)  (RJLTYr/3 0P Index Roundnpss
AFRLA 1,100 1,700 2,100 0.524 0.810 0. 400 0,597 -1.908 :
4FR,P 1,200 1,400 2,000 0,500 0.700 0.750 0. 801 4,147 !
AFRC 1.100 1,200 1,900 0,579 0.432 0.875 0.810 5477 i
4FRD 1.350 1450 2,100 0,643 0. 490 0.847 0.843 5.708 B
AFRE D.900 1.550  2.200  D.409 0.70% b.500 D.519 0. bOb 3
AFRF 1.750 1300 2,200 0.56B 0.591 n.937 0.817 7.870 3
LAY 1.000 1.350  1.850  0.541 0.730 0.588 0.737 1.627 -
4FRMH 1.100 1,500 1,900  0.579 0.842 0.375 0,381 ~2.159 )
1FR,] 1.000 §.200 1,900 0,526 0.532 0.778 0,760 5.29% B
FR,J 0,750 1,600 1.750  D.429 n.918 0, 150 0.58h -B.159 2
AFRX .950 1,200 1,700 0.559 0.706 0,557 0.762 2.987 1
FR,L 0,706 1.200  1.800  0.389 0.5667 0.545 0,610 1.157 3
AFRN 1,000 1.050  1.450  0.490 0,724 0,889 0.869 5.638 S
AFRN 0.900 1.100 1,650 0,545 0.667 £.733 0,754 4,275 3
4FRD 1.200 1.700  3.550 0.138 0479 0.787 0. 620 B. 491 3
AFRpP 1,100 1.600 1,800 0.b11 0.889 0.285 0.749 -1.502 3
$FR0 0., 800 1,080  1.500 0,533 0.700 0.5687 0. 741 2,683 3
AFRA 1,000 1,500 1,700,588 0.8R82 D.28b 0.732 -1.679 ¢
IFRS 0.850 1.200 1,500  0.567 0.800 0,442 0.738 0,570 3
¥FRT 0.850 1,100 1,650 0.51S 0. b6b67 D. 588 0.73b 1. 650 4
Mzan 1,005 1.353  1.910  0.537 0.721 0.511 0.717 1.999 3,550
5.0 0.172 0.221  0.845 0,087 0.108 0.228 0.118 4.382 0.805




Tahle 4.3 Morphometric Analysis of Pebbles
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Sample Ho ] i t 5/L I L-N/L-8) (R OF Indey Roundness
§FR B 1,200 1,600  2.9%0  D.444 {552 0.745 0.877 6,390 §
§FR:D 1.500 1.556 2,780 0.5%6 0.574 0,959 0,813 8.2%4 5
#RL 1,560 1,360 3700 0.M05 0.51% 0,818 D. 684 1,860 3
4ERD 1. 100 1.900  .%00  0.379 0.4655 0.554 0. 603 1.4hb 4
FRE 1300 2,000 2,400 0,623 0,813 0,444 0,777 -5, 889 5
4FR.F D. 906 1.200 2,400 0375 B, 580 £.808 0,455 R, 00D 4
4FR5 1.200 1.890 2,10 9.571 0.857 0,333 0.725 <2,919 5
AFRH 1,050 i.500 2,106 0,500 0.754 9.51 0.705 1,429 4
R §,000 LIS 1750 6571 6,657 0.B00 1.792 5,254 3

- 4FRJ §.000 1,450 2,750 0,444 0,644 0. b40 0.6H 1. 145 ]
#FR.K 0,904 1,500 1,900 0,474 0.789 0. 400 0.457 -2, 110 3
R 1,400 1.850 2.400  0.983 0,771 8.550 0.761 6§, 8459 4
AFR.H 0,960 1,80 2180 0.429 0.6%0 0.582 0.543 0,972 3
4FRHN 0,986 1.300  1.836  0.4B& 6703 0.57% . 494 1,626 3
R0 1.100 1. 1800 0.41) 6,889 0,284 0.749 -3.507 )
4FRP 0.950 1306 2,150 0.442 0. 60% 6708 %.5686 4,711 3
1FR.R 3,900 1.600 1,900 363 0.882 0,300 0.643 -3,532 3
4rR.7 1,050 1,250 Lo 0,514 0,595 0,81 0,749 b. 154 4
4FR.5 0,950 1.200 1.856 0.418 . 649 0.TRH 0,741 4,319 4
4FR,T i, 000 1,150 1,700 0,598 678 0. 786 $.500 4,85 3
Fean 1. 100 1513 LHE 6,502 {1,683 0,518 8,712 2.618 L350
. 0.213% 0.270 8.83%  0.679 0,15 0,194 0,059 3.874 $.7539
Total 42,891 54,275 95,214 275,287 494, 500
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{4) Dblate - Prolate Index (DP)

1IOL-F - 0.5

L -5

S/L

Dobkins and Folk (1970)

These parameters eventually becomes useful

environmental diagnosis {(Fig 14,

I - VII) and Table 4.4).

in
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4.4.3  Results and Environmental implications
Elatness Ratig

The magnitude of grand mean flatness ratia for pebbles (0.507) 1=
about the marine ramge (0.40-0.50) as sugested by Lutig, 1962) with a

fluviatile range of 0.25-0.35 (Table 4.4).

Elopgation Ratio

The grand mean elongation ratioc obtalned for pebbles (0.704) falls
within Lutig's (1962) turrent type flowing water or in brooks and
rivuolets which, Lutlg (1962} suggested accumulates with elongation

values of 0.65-0.79 (Table 4,4).

¥aximum Projection Sphericity {(wp)

Dobkins and Folk (1970 reported that 0.66 sphericity line best
separates beach and river pebbles, while lower values are typical of
beaches, and higher values (> 0.66) suggest fluvial origin. Hence grand
mean sphericity values for all pebbles fall within rivers (Fluvial)

range, Table 4.4),

Qpblate - Prolate Index {OP)

The OP index fur pebbles under study has a grand mean value of 2.062
which is within the -1.00 to +5.00 range whkich Dubkins and Folk (1970,
Fig. 21) classed as fluvial with 69 per cent certainty. Also following
Dobkins and Folk (1970 Fig. 21), a bivariate plot of maximum projection
sphericity index values against OF index has been drawn and plots

indicate more of a fluvial environment of depositiion for pebbles than

iittoral (Fig. 14, I - VII).
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Table 4.4 Susmary of Environaental diagnosis froa Pebble Morghosetry

IFRy IFR. IFRe
WORPHOMETRIC Characteristics Environsental Characteristics Enviranaental Characteristics Environaenta)
Indication indicaticn Indication
FLATNESS Mean value = Marine Mear value = Mot diagnostic Mean value = Marine
RATID 0.489 & 0.085 Lutig (1957 0.513 # 0.082  Lutig (1962) 0.501 & 0.104  Lutig (1982)
ELONGATIDN Mean value = Fluviatile Mean value = Non-#luviatile Mean vilue = Fluviatile
RATID 0.852 % 0.116 Lutig (1962 0.755  0.079  Lutig (196D 0.710 £ 0.075  Lutig [1982)
MAI. PROJECTION Mean value = Fluviatile Pean value = Fluviatile Mean value = Fluviatile
SPHERICITY 0.595 % 0.064 Dobkins and 0.700 £ 0.070  Dobkins and 0.704 £ 0.089  Dobkins and
Folk (1970) Folk 11970} Folk (1970}
DBLATE PROLATE Mean value = Fluviatile with Mean value = Fluviatile with Mean value = Fluviatile with

INDEY OF 3,448 £ 3.847 E91 certainity -0.369 3 3.224 9% certaimity 1.846 £ 2.B5b 91 certainity
Dobkins and Dobkins and Babkins and
Folk 119701 Folk (1970} Folk [1970)
PLOT OF ROUND- 1SI Fluviatile Transitional 102 Fluviatile Littoral to 151 Fluviatile Transitional
MESS AGAINST S50 Transitional to Littoral  35Y Transitional Transitional b01 Transitional to
ELONGATION 351 Littoral  Sames (1966, 531 Littoral Sases (1954, 751 Littoral Littaral (Sames
Fig 16} Fig 16 1955, Fig 18)
FLOT OF OP 101 Beaches Fluviatils 201 Peaches Fluviatile 151 Beaches Fluviatile
INDEY ABAINST 901 Rivers Dobkins and BOI Rivers Dobkins and 751 Rivers Dobkins and
SPHERICITY (Hp) Folk (1970),  5S51 Littoral Falk (1970} Falk (1970}
Roundness (I}  Mean value = Non-aarine Mean value = Non-paring Mean value = Non-earine
3 Lutig (1942) 48 Lutig (19862) i Lutig (1962}
Subrounded- Subrounded- Subrounded-
Rounded Rounded Rounded
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Table 8,8 Sumsary of Environsental dizonosis fros Pebble Morphometry

AFR 4FR 5 iFR,
KORPHOMETRIC Chararteristics Environsental Characteristics Environmental Characteristics Envirpnsental
Indication Indication Indication
FLATNESS Mean vzlue = Mot Diagnostic Mean value = Not Diagnostic  Mean value = Not Diagnostic
RATID 0,517 £ 0,080 Lotig (1962) 0.51% £ 0,098 Lutig (1952) 0,537 £ 0.087  Lutig (196D)
ELONGATION Wean value = Fluviatile Nean value = Fluviatile Mean value = Fluviatile
RATID 0.59 & 0.121 Lutig 1196D 0,691 + 0.518  Lutig 1196D) 0,721 £ 0,108 Lutig {196D)

MAY, PROJECTION Mean value =
SPHERICITY 0.727 £ 0.072

OBLATE PROLATE Mean value =
INDEY OP 2.555 + 4.453

Fluviatile
Dobkins and
Folk 11970}

Dobkins and
Folk 119703

PLOT OF ROUND- 20T Fiuviatile Transitional

Mean value =
0.72% & 0,089

Mean value =
2,728 % 3,585

T1.47 Fluviatile

Fluviatile
Dobkins and
Folk (1970)

Fluviatile
Dobkins and
Folk 119700

Fluviatile

Mean value =
0,717 £ 0,118

Mean value =
1.999 & 4.742

50X Fluviatile

Fluviatile
Dobkins and
Folk (1970)

Fluviatile
Dobkins and
Folk (1970}

Fluviatile

NESS AGAINST 40 Transitional to Littoral 28.5% Transitional Sames (1966,  45Y Transitional to
ELONGATION 200 Littoral  Sases 11944, Fig 1) ST Littoral Transitional
Fig 16} Saees 19656,
Fig 18
PLOT OF OP - 107 Beaches Fluviatile 51 Beaches Fluviatile 51 Beaches Fluviatile
INDEY AGAINST  90Y Rivers Dobkins and 951 Rivers Dobkins and 5% Rivers Dobkins and
SPHERICITY (Wp) Folk (1970}, Folk 119700 Fplk 11970)
Roundnese (1)  Mean value = Mon-saripe Mean value = Non-sarine Mean value = Non-szrine
40 Lutig (1962} T1.43 Lutig (1952} 15.5 Lutin (1962}
Subrounded Subangul ar- Subangular-
subrounded Subrounded
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&
Yabie 4.4 Sumsary of Envireasental dizgnosis from Pebbls Worphosetry v
3R,

MORPHOMETRIC Chararterictire Environsenta)

Indication
FLRTNESS Mean value = Marine Brand mean = Marine
RATID 0,502 & 6,079 Lutig 11962) 0.507 Lutig (1942]
ELONBATION ¥ean valve =  Flpviatile Brand sean = Fleviatile
RATIE 0,685 & 0. 115 Lutig 11962} 0. 704 Lutig {1962}
MAY. PROJECTION Msan value = Fluviatile Brang wmesn = Fluviatile
SPHERICITY 0.712 & 6.059 Dobkins and §, 71t Dobkins and

Folk {1978 Foik {970}
DRLATE PROLATE HMean volue =  Fluviatile Grand sean = Fluviatile
INDEX OP 2.418 & 3.874 Dabkins and 2.062 Dobikins and

Falk (1970} Folk (1970}

Total Transitiona) tp

PLDY OF ROUND- 300 Fluviatile Transitional 211.81 Fluviatile  Fieviatile
KESS AGAINST  45Y Transitional %o Littors] 3I3%.6Y Transitional Sames (19hé,
ELONGATION 250 Littoral Sames {1908, 185.07 Littoral Fig 14}
Fig 16)
PLBT OF 0P 107 Beathes Fluviatile 75% Reaches Fluviatile
INDEY AGAINST 957 Rivers Bobkine and 5151 Rivers Debkins and
SPHERICIYY {up) Folk 119743, Folk {1870
Roundness {1)  Mean value =  Non-sarine Srand ®mean = Won-parine
9.5 Lutig {1953) 40. 84 Lutig t192)
Subangular- Subr punded

subrovnded
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Roundness vs Elongation Ratio

Following Sames (1966, Fig. 16) a bivariate plot of roundness vs
elongation ratio has been drwan (Fig. 14, I - VII) which shows a not too
distinct environment for most of the pebbles, although grand total
values in per cent (%) (Table 4.4) show more bias of pebbles to an
environment that range between fluviatile and 1littoral than a
completely fluviatile environment (that is, 211.4 per cent fluviatile,

323.6 per cent Transitional, 165 per cent Litoral).

Qblate-Prolate Index vs Sphericity

Following Dobkings and Folk (1970, Fig 12) a bivariate plot of the
maximum projection sphericity values against the OP index has been drwan
(Fig. 14, I - VII). The plots indicate more of a fluvial environment
for pebbles and the grand mean total for all plebbles show this with 75
per cent of pebbles belonging to beaches and 615 per cent belonging to

rivers (fluvial, Table 4.4).

Roundness

Roundness has been known to be a poor indicator of depositional
environments because pebbles become rounded after only a short distance
of transport (Pettijohn, 1975). Lutig (1962) has however suggested the
55 - 66 per cent roundness range as characteristic of fluviatile pebbles
while 80-95 per cent range characterises marine pebbles. The very low
roundness values obtained from pebbles in this study may thus be
suggestive of closeness of the depositional site to source area. Also
the choice of roundness scale by Shepard and Young (1961, Fig.l1l ), as

shown in 13, could be a factor since there are other charts or roundness
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that have beon proposed by differenct workers (SBames, 1966G; Fowars,
1953, Fig. 1, p. 118), and morenver the subjective pature In determining
roundness values might cause wvarlatlon with different workers, The
grand mean roundness value abtatned for all pebbles (s 40. 14 per cent
(sub-rounded) and suggests a non-arine environment based on Lutig's

(1962) classification.

4.5 Sleve Analysis

The Primary purpose of sievae analysis 1s to determine particle size
distribution In sands, According tn Friedman ((1979) distribution of
slize relate to (1) the avallability of different sizes of particles in
parent  materind 2y  procesaes ogpmiafting whoere  the  codiments  nre
deposited, particularly the competency of flow and (3) concenbration of
particles in suspension. Hencne differences in slze [frequency
distributions among sand may correlate with their various orlgins, and
their terminal depositional environments, Vith poorly remented
sandstones and unconsolidated sands, sfeving 1s the wmnst popuiar
technique (Tucker, 1982). Once the grain size distribution has benn
obtained then the sediment can be characterised by serveral parameters:
mean grain size, mode, median grain size, sorting, skewness and

kurtonsls.

4.5,1 Method of Analysis

A total of 3 samples were collected from sandstone, siltstone and
clay units Jogged from different locations. Indurated sanmples were
disagregated to restore the grains to the condition they were in, at the
moment when they were depostted with great care to avoid fabrie

destruction, by working the sediments in a large mortar with a rubhber

pestle.

Nf each sample, 200 gm portion was walghed for sieving, ., e



W4

at a mesh 1interval of 1/2 phi which 1s a recommended
accurate interval, but in this study the 1/2 phi interval
has a gap at 0-1.0 phi interval due to the non—-availability
of 0.5 phi or 0.71 mm mesh screen.

A sieving time of 15 min was adopted as adequa’t_e, and
was consistently applied for all samples, though usually a
range of between 10 and 20 min is considered accurate.

Appendix 1 shows sieve results obtained with columns of
cumulative wt %L and wt % respectively, and critical statis-
tical parameters needed (5, Pis, $25, bso, 475, ¢8a, P9
obtained from cumulative #frequency graphs plotted for each
sample on a probability graph paper (Appendix 2). Alsc shown
in Appendix 3 are smoothed frequency curves obtained by
plotting gradients of cumulative frequency curves on an
arithmetic scale graph, (Folk, 1980). This is *to enable a
visual interpretation of size distribution. Several size
parameters of environmental significance have been calculated
from phi values obtained from the cumulative frequency curve
on probability paper. These size parameters (Table 4.%)
below have been calculated by use of both graphic and moment
measures. This is to enable comparison and because of the
use of these parameters I(derived by moment measures) in
environmental discrimination by Friedman (197%9),although
moment measures is usually thought to be more accurate since
they are more sensitive to environmental process than graphic

measures (Friedman and Sanders, 1978).
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Table 4.5 Size Paramseter and their Formalas

Farameters Moment Measures Braphic Measures
fmp * dbis + HSO + 84 +
Mean ' 100 2
Standard Deviation § (Mo — X)=®)1s=" faa-p15 + P95 — bS5 +
OR () 100 4 &b

Sorting

Skewness Ftmo—X>y > PBA+P16-G25 + PISHPS-2450 +
1006= 2{984-015) 2{395-35)

Kurtosis fima — X)e* Phos — 05 +
10004 2.84 (P75 — H2S)

Mean cubed fi{mg — X)}="

Peviation 100

Simple skewness $95 + PS5 - 2{PEOI#

Meaasure {(xs)

Simple sorting $os — @S

measurege (S05) 2

Madian : 90th percentile valus+
* — Friedman and Sanders {(1978)

+ — Fplk and Ward (1957)

#* — Friedman (1979)



Table 4.6 shows results (size parameters)

byt both moment and graphic measures,

and WVard(18957)

e

measures are presented below;

sorting
< 0
0:35 - 0
Qo = 1
1.00: - 2
2.00 - 4
0.35 - 0
> 4
Skewness
-1.0 to
-0.3¢ to
-1. 10 ta
-g. 10 to
0.30 to
Kurtosis
< 0.
0.8%7 - D,
0.90 - 1.
L1y = 1
1.850 - 8.

.35

.00

2. 00

.00

.50

.00

-0.30

-0,

10

.19

.00

Yerbal term

Very well sorted
Well sorted
Moderately sorted
Poorly sorted

Very Foorly Sorted
Wall sorted

Extremely Poorly sarted

Yerbal term

Very negatively skewad
Naegatively skawed
Nearly symetrical
Positively skewed

Very positively skewed

Yerbal ternm

Very platykurtic
Platykurtic
Mesokurtic
Leptokurtic

Very leptokurtic

obtained from sieve analysis
Verbal sclaes and terms by Folk

to described these size parameters obtalned by graphic

(V. N.B.)

(N. S}

(N. S

CFiae 3

(V.P.S.)

LN

P



» 3. 00 xtromely leptokurtic (k. P2

In an attempt. at environmental discrimination (diagnosis), bivariate
plots af Friedman (1979) have heen utiliced,  Six of hia blvariate plots
have been utilised as shown In Fig. 15 (] Vi, In all en=os Lhe
paramters on the ordinate and abscissa axes pf the bivariate plobts are

with reference to Table 4.6,

4.5.2 Results and Environmental lmplications

A close inspection of Table 4.6 and a comparison of wvalues obtained
for both graphic and moment mensures show variation which s acspocially
pronounced  for the higher moments and especially the menn cubed
deviation values obtalined by moment measures are too large to be truly
representative of the samples,

These anomalies could be explained as due to:

(1) Incomplete disaggregation of samples which gives room for
coagulated, sand, silt, clay and iron minerals to be
represented as monomineralic gratns

(2)  In using moment measures, 1t has been postulated that as higher
moments are reached size parameters attain high values,
Friedman €1979), hence this is relfected Iin the wide variation
of values obtalined from graphlc and moment measures., Therefore
for this work the values obtained by graphic measures are
considered more reliable than those obtained by moment

measures. .

4.5.2.1 Mean Grain Clze

The mean grain size obtatned for all samples siaved from all

different locations is [.634 1} 1.613 phi (Table 4.%) which belongs to

the medium sand sized class (Ventworth, 1922). Exactly 50 per cent of

the 32 samples whose mean grain sizes were calculated by graphic

measures have mean graln sizes within the medium sand sized class (1-2

pBidue s 5 ss@ v wow
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Table 4.6 Size Analysis ParasetersiDerived fros Sieving)

HOMENT MEASURES INTERPRETATION tFolk 2nd Ward, 1957
Sample Bean Standard Mean Tubed Skewness  Kurtpsis Sorting Skewnpss Kurtosis
Nusber Deviation Deviation 5.0
[3Ird acsent)
1FR, 3,601 3,065 -29.4600 -1.028 1.179 V.p.S VN5 t
1FRy 2.793 1.980 - 7.99% -1.030 1,353 P.5 VNS L
1FRy 1.312 1.389 - 0,450 -0. 243 1.848 P.S N5 V.
2FR, 4,79 3.298 =29, 530 -0.826 0.720 V.P.S LR.S P
R 1443 0,559 - 0,262 -1. 498 10,377 n.S ? E.L
Ry 3.489% 2.1 -10.593 -0.983 1.076 V.R.S V.H.5 A
2FR, 4,24 .7 -19.691 -0.97} 1.068 V.P.5 VNS ¥
IFR, 3. 508 2.501 -18.984 -1.079 1.336 V.P.5 VNS L
IR 2.044 1,733 -5.23 -1.00h 1,811 P.5 VNS V.1
4FR, 1186 2.799 -13.998 -1.152 1.533 V.P.§ ? v.L
1FRe 3.078 2.398 -14.297 -1.042 1.305 V.P.5 V.N.S L
4FR, 2.04% 1.5685 - 5. 243 -1.09% 1.579 P.S V.4.5 v.L
4FR, 1.8482 1,485 - 3.520 -1.075 1.825 P.5 VN5 V.1
AFRy 3,55 2.557 -23.831 -1.022 1.170 V.P.5 W5 L
4FR, 1.964 1,583 - 2.567 -0. 647 1.500 P.5 VNS V.l
¥R, 2.710 1,654 - 3.4 -0.934 1.093 P.5 V.N.S K
iR 1.9%1 1.153 - 219 -1, 403 2.993 P.S 7 V.1
TFR, 2.025 2.093 - b 183 -0, 570 1.042 v.P.S VNS |
TFRy 2.400 1.822 - 5. 454 ~1.049 1.378 P.S V.N.S !
TFRy 373 2.9713 -25.59 -0.974 1.052 V.P.S V.N.S L]
TFRy i.400 1.392 - 1.840 -0, 682 1,363 P.S V.N.§ L
TFRs 1.311 1,526 - 1,238 -0.288 1.387 P.5 N.5 L
TFR, .16 3416 ~36.593 -0.918 0,914 V.P.5 V.N.5 ]
TFRy 2.7%9 2.399 ~-13.452 -0.975 1.154 v.p.5 VNS L
8FR, 3.5689 2.715 ~15.451 -0,822 0,73 V.P.5 V.NLS P
R 1.724 1.408 ~ 1.780 -0, 480 1.562 P.5 VNS v.i
BFRy 2.708 2,055 ~ 7.524 -0. 847 1.04% V.P.5 V.N.S A
BFR, 1.b3b 3.017 ~28.5633 -0, 897 D.503 v.p.8 VNS "
BFRy 1.874 1.712 - 3,653 -0.728 1.578 P.S VNS VL
9FR, 5.176 3.430 ~38.578 -0.954 1.014 v.p.8 VNS A
9FRe 5.978 1.978 -50.297 -0.799 0.6b7 V.P.5 VNS P
Ry 4.893 4.193 -b4.3586 -0,873 0.810 E.P.8 V.K.S P
9FRy 4,506 3.805 -40.821 -0,741 0.5h4 Vv.p.8 V.S v.p
fiverage 1,054 2.335 -16. 11} 0,902 1,522 VP8 V.N.§ v.L
5.0 L2217 0.880 16.022 0,258 1.635
102,099 15,729 -511.4674 =79.781 S0.240

P = Platykurtic E.L = Extrearly Leptokurtic
V.2 = Very platykurtic N.§ = Negatively skewed

M = Mesckurtic V.N.5 = Very negatively skewed

L = Leptokurtic P.S = Poorly sorted

V.L = Very Leptokurtic V.P.S = Very poorly sorted
E.P.5 = Extreasly poorly sorted
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Table 4.6 Size Analysis Parasetersilerived fros Sieving)

GRAPHIC MEASURES INTERPRETATION
(Folk and Ward, 1957)

Sample Wean Sorting Skewness Kurtosis Ist Per- 50th Per- Simple  Simple  Sorting Skewness Kurtosic
Nusber centile centile  Skewness Sorting
BRISUrE spasure

IFR, 1.917 1575 0.19%  0.3%  ? 1.00 0,90 2350 RS, (RS VP
1FRe 1L433 1,09  0.185 1018 -0.500 1,300 0,600 1800 PS5, PS5 ¥
I1FRy 0.833 1.086 0.217 L1 2 0700 0,90  1.8% P.5, iP5 L
2, 2.37 0.97 0.028 1105  0.300 2,350  0.100  1.550 NS, WS M
b N 2067 1239 0.106 1005  -0.200 2.050 0,300 190 PS5,  (P.5) W
¥Ry 213 1028 0.237 127 -0.190 1950 0700 1700 P.5, (BB L
28, 2.433 0.842 -0.017 1197  0.000 2.400  -0.280  1.80 W5, NS L
IR, 2.100 1433 0.088 0.8  -0.85 2,000  0.30  2.170  P.S, WS P
TR 0.957 2 ? ? ’ 0.900 2 ? ? 3 7
¥, 1L717 1.186 -0.19 0952 2 1.900  -D.650 1975 B.S, SN
R 1.583 1.232  0.031  1.161  -0.950  1.500  0.350  2.125  P.S, LS L
4Ry 1,067 1.000 0125 095  -0,290 1,000 0,500 1550 MRS, (PS5 M
i, 0.987 ° ? ? ? L0509 ? ? ? ?
¥R 1.767 1.185 -0.180  0.843 7 1,900 -D.700 1800 P.5, NS P
¥R, 0.997 1.085 0.441 1353 -5.000 1000 1120 190 P.S, RS 1
¥R, 1.550 0.573 0,087  §.571  0.000 5.550 0400 1.150 MWS NS WL
iR 1433 0.822 -0.38  LM3 7 1,500  -0.950 1475 WS, VNS L
7R, 0.733 7 ? ? ? 0.5 7 7 7 ? ?
TFRe 1,383 0.B44 -0.024  0.98  -0.800 1400  -0.150 1,325 M., WS
TRy 1,933 £.234 0.0 093  -0.60D 1950 6,200  2.050  P.5, R
7R, 0700 0.87 0.215  1.480 2 0.500 075  1.625 M5, 9 1L
TR 0.75 1.229 0.22%6  5.266  ° 0.550  1.820 2240 PS5, PS5 L
TR 1.97 1.268 0.106  0.784  -0.400 1.900  0.250 2.025 PS5, .5 P
7R, LAS3 1230 -0.050  1.063  -0.850 1500  ~0,300  1.750  P.S, D
8FF, 1783 0.659 0235 1B 0200 1750 1000 13S0 AMS, RS vl
8% 1.050 0927 0.458  1.018  -0.500 0750 1,320 1.4% M5, VPS5 M
aFR, 1400 1.023 0.310 1472 -0.300 130 175  L.975 PS5,  WRS L
BrR, 1733 1,073 -D.059  1.408  -1.000 1.800  -0.050 1975 .5, S L
“& b | 9 2 g 9 0,800 9 ? 9 b 7
98, 2.817 1.19% -0.035  0.902 7 2.800 0356 1925  P.5, S m
Whe 3.067 0750 037 0.9%  1.500 2500  0.800 125 NS, VPS5 ¥
R, 2.150 1.268 0.323  0.708  ° 1.800  1.000  5.900 RS,  V.P.5 P
%P 2,15 0.591 0,383 1L.49 7 2.050  1.050 1,025  AMS VRS L
Average  1.534 1045 0.108 1117 -0.38 1.9  0.432 1.5 PS5, RS L
5. 0.513 0,262 0981 0,300 0.59%  0.57  D.bbs 0.3

52.280 30.392 L4 32,289 -6.150 51,450 12.520  50.900

P.S = Poorly Sorted H.5 = Nearly Syasetrical

{P.5) = Positively Skewed W.P.5 = Moderately Poorly Sorted
V.P.5 = Very Positively Skewed K.W.5 = Moderately Well Sorted
N.§ = Negatively Skewed N.S5 = Mnderately Sorted

7 = Wgt available
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while 25 per cent belongs to the fine sand class (2-3
phi}, 21.88 per cent belongs to the coarse sand class (0-1
phi) while 3.12 per cent belongs to the very fine sand grade
{3-4 phi). This suggests that in the real grain size sense
by graphic measures there are no silt and clay units which
have heen classified into the argillaceous facies in the
previous chapter (2), by visual inspection. But the grain
size ranges (O-1, 1-2, 2-3 phi) within which mean grain size
of sieved samples occur, appears normal because Pettijohn et
al., (1972) postulated that there occurs a deficiency in the
=2 to =1 phi (granule), =1 to O phi (Very coarse sand) and 3
to 4 phi (Very fine sand) grain sizes classes in not only
fluvial sediments but also wind-blown, off-shore and heach
environment.

Different reasons for such deficiencies have been attri-
buted to different factors ranging from hydrodynamic, trans-
portational, insufficient supply at source and mechanical
instability of grain sizes within the deficient ranges. The
low occurrence (3.12%) of mean grain size in the deficient

range cannot be considered signi-ficant neir can the occur-—
rence of mean grain size in the popular ranges be used as

diagnostic of any environment.

4.5.2.2 Standard Deviation or Sorting

This represent the spread pof grain size distribution and
gives an indication of the effectiveness of the depositional
medium in separating grains into classes, types of sediment:
source, and grain size distribution during transportation.
Mean value of sorting by grahic measures is 1.045 % 0.242
which according to Folk and Ward (1957) is poor sorting. Of
the 29 samples whose degree of sorting were rcalculated by

graphic measures (Table 4.6), 18 (462.07%) belongs to the
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poorly sorted class, 7 (24.14%) are moderately sorted, 3

(10.34%) are moderately well sorted, while only one (1)
(35.45%) is moderate to poorly sorted. The general poor
sorting is an indication of the incompetency of depositional
medium in separating grains intn clasees, or a reflection of
grain size distribution as released at sediment source or
uneven sorting during transportation. According to Tucker
(1982) sediments which were deposited quickly such as storm
beds, or were deposited from viscous flows, such as mud
flows, are generally poorly sorted; sediments which have been
worked and reworked by wind or water, the sandy deposits of
deserts, bheaches and shallow shelf seas are much better
sorted. Based on these assumptiong sediments analysed have
not been much worked or reworked, that is, desert, besach or
shallow shel$ environment of deposition are not strongly

favoured by this parameter.

4.5.2.3 Skewness

This is a measure of the symmetry of distribution, which
apart from calculated wvalue can best be visualised from the
smoothed frequency curve (Appendix 3). If the distribution
has a coarse "tail" that is, excess coarse material, then the
sediment is negatively skewed, if there is a fine "tail" then
the skewness is positive. IFf the distribution is symmetri-
cal, then there is no skewness. Based on the mean skewness
value obtained by graphic measures (Tahle 4.46) which is 0.108
+ 0.181, positive skewness values can be inferred (Folk and
Ward, 1957). 0Ff the 29 samples whose skewness values were
calculated, 11 (37.93 per cent) are positively skewed, 3
(10.34 per cent) are negatively skewed and 1 (3.4%5 per cent)
is very negatively skewed. The conelusion is that there is a

tendency towards positive skewness to nearly symmetrical.
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According ta Friedman (197%9) by {urther reasoning, dist-
ributinn of particles in + sandswill ke influenced greatly
by condition that deterwmine what happens to the fine parti-
rlas forming suspended Inad i river {(gand}), and that analy-
cis of size freguency distribution of sand revealed that
sands depnsited by rFivers almost invariably contain  fine
particles frum the suspended lpad. The presence of these
fine particles is shown by the stretching out or "trailing
off" of the =size freguency curve to the right of the mean,
which indicates pbsitive skewnese. Aleso, despite many
exceptinns the frequency distributions of most river sands
display positive numerical values for skewness. This results
largely ¥rpm the presence of the fine-grained +raction
{(Friedman, 19561, 1%42b, 19&7), by contrast, sands deposited
on the parts o¥ hearhes, where the hreaking waves continupu-—
sly wash thin sheets of water back - and forth, invariably
lack admixture of fine—-grained particles, having symmetrical,
negatively skewagd or slightly positively skewed distribution.
Hence, it can be inferred that sedimente analysed are of

river {(fluvial) origin.

8.5.2.4 Kurtoeis

This is a measure of the peakedness of size distribution

pon a fFrequency curve. It has little genlogical significance
{Tucker, 1982). The mean kurtosis value obtained by graphic
measures for the 29 gamples T s dig 10117 % O.301 which

can be classified as teptokurtic (Felk and Ward, 1957). O
the 29 samples, 11 (37.93 per cent) are lgptokurtic, 11
(37.93 per rcent) are mesokurtic, 4 (13.79 per cent) are
platybkwtic, 2 (4.89 per cent) are very leptokurtic and 1
{3.45 per rent}) is very platykurtic. Thus, there iz a

general tenderncy for sediments towards = 0 leptohkurtic to
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mesokurtic, that is, grain size distribution 1i1s neither
widely spread nor narrowm in range, that is, neither comple-

tely flat nor very peaked.

4.4 Bivariate Plots

Several bivariate plots have been invented by different
warkers, but those of Friedman (1941, 19&62b, 1967, and 1979)
have been of great surcess in attempts to discriminate
environments. He attempted to define the relationship
between textural para-meters and depositional processes for
beach, dune and river sands based on scatter plots for sands
of various origins. These have heen used in the present
study in an attempt to infer paleo-environments of sediments
in the area of study. Figure 15 (I—UI] shows six bivariate
plots which all indicate fluvial (river) setting as deposi-
tional environmentE) for sediments analysed. All size para-
meters employed in the bivariate plots are values derived by
moment measures (Table 4.56) except for Simple sorting measure
{SNs) and Simple skewness measure (xs) and of rcourse first
percentile which is obtained +from cumulative frequency curve

on probability graph paper.

4.7 Classification and Maturity

The method o©of classification of sandstone proposed by
Petti john et al., (1972) , modified from Dott, (19448)
presented in Fig 16 below is utilised in the classification
of sandstone . - units studied. This classification is
based on mineralo-~gical composition (Duartz, feldspars and
Rock fragments) and percentage of matrix. Based on this
classification system, of the 24 sandstone units recognised
in the field, 14 (44.567 per cent) are Duartz arenites, while

8 (33.33 per cent) belong to the Arkosic Arenite family.
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This is shown in Table 4.7 while the siltstone, clay-
shale units remain unclassified.

On maturity, Fplk (1951) described four distinct stages
of textural maturity of sandstones (immature, submature,
mature and supermature) in terms of removal of clay content,
degree of sorting, and increase in roundness of grains.
Table 4.7 shows degree of maturity attained based on factors
stated above Ffor sandstone, siltstone and claystone
units and show a varia-tion from immature to mature. The
proportion of undulose quartz in total quartz population of a
sandstone is often used as an index of maturity (Nwajide and
Hoque, 1985). Undulosity in quartz indicates a high stress
state of the grain resulting in thermo-dynamic and mechanical
instabhility (Baltt, 1947), these grains are therefore more
susceptible to fracturing or to solution. As there are stil)
abundant recognizable amounts of strained quartz particles
preserved an incompleteness of the textural maturation pro-
cess is suggested, evcept where maturity has been inferred by
consideration of other factors e.g. percentage of matrix
(Flay cuntant} in which case abundance of undulose quartz can
be explained as dues to nearness opf source or the dilution of
the orignal detritus from source by undulatory guartz during
transportation or even at deposition.

Because of the mechanical and thermodynamic instability
of polycrystalline guartz grains, the amount of polycrystal -
line quartz in a sandstone has been used to evaluate the
maturity of sandstones (Blatt and Christie 19683, Conelly
19465, and Blatt 19467). The high incidence of polycrystalline
quartz is indicative of a low textural maturity stage of the
sandstones, hence reworked sediments become progressively
more mature as the proportion of polycrystalline quartz

grains decreases in successive cycles or in a down—current
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direction. From Table 4.7 it is clear that there 1is a
consistent abundance of moncrystalline over polycrystallins
quartz grains with monocrystalline: polycrystalline ratio
ranging from as high as 20:1 to 10:1, hence maturity can be
inferred based on this factor.

Reference to Table 4.7, shows majority of the sandstone
units to be Guartz Arenites, eucept where other factors like
percentage matrix {clay) negates such interpretation,
although according to Nwajide and Hoque, (198%) care should
be taken in assigning textural maturity stage based solely on
clay content since the presence of clay matrix may be dus to
post—depositonal enrichment. Thus Bida sandstone falls into
two groups (Tahle 4.7), Ouartz arenites and fArkosic Arenites
(due mainly to matrix content). The last column on Table
4.7 is a #inal Judgement {(maturity stage) based on the
several factors that affect maturity and obhservation in thin

section studied.
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Table 4.7 Results of the MWicroscapic E:asination of Aranaceous and Argillaceous facies Units lin area of studyl

Sasple Grain Shape Roundness Modal Percentage of Ratioc of Mono- Ratio of Sand Maturity
ND. {Kean) Bean) ____ - crystalline to  undulose type
B Quartz Feldspars Mica/Rock Matrix Ceaent Polycrystalline ta non-

Shephard and Young fragaents guart: undy!ose
{1981, Fig 1} quart:

IFR, Euhanqu‘.-;r-:_ 2-3 5 X (30 (& (2 20:1 20:1 Zlaf-—-!na‘urs
subruunded

1FR, Subrounded- 3-4 9 4.5 . = it (5 12:1 20:1 Buartz Mature
rounded hrenite

IFRy  Subangular- 3-4 50 3z -0 5 ¢S 18:1 20:1 Arkosic lamature
Subrounded Arenite

¥R Angular- 2-3 10 Hil D 68 ¢ 2021 20:1 5ilt-  Mature
subangular Stone

Ry  Subangular- 23 2 Nil ‘20 (18 (1D 20:1 20:1 Clay Immature
Subrounded [$erruginizad)

¥R,  Subangular- 34 5 - - (A0 (& (10 20:1 20:1 Silt- Mature
Subrounded stons

28,  Subangular- -4 L2 5 (45 (7 (5 15:1 2001 Clay~ Iasature
Subrounded

IR,  Subangular- 1-4 L2 2 (W (W (2 10:1 20:1 Clav- lesature
subraunded
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Subrounded frenite

iR,  Angular- 2-3 b0 3 1o (10 5 12:4 20:1 Arkosic lmsature
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Subangular fArenite

4FRy  Subangular- 3-4 86 Nil 4 (2 {10 10:1 20:1 Duartz Imsature
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4R,  Subangular- 3-4 1] (-5 4 {5 { 15 20:1 20:1 Duartz  Mature
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iFRe  Subrounded- 3 2 S 2 15 18 20:1 20:1 Clay- lamaturs
Subangular S:lt

§FRy  Subangular- 1-4 28 Hil & X {5 (10 151 206:1 Buartz Mature
Subrounded Arenits

4R,  Subrounded- 3-4 5 3 (20 (7 <10 2011 20:3 S1lt-  Mature

Rounded Stone
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CHAPTER FIVE

BASIN SYFTHESIS

5.1 Depositional Environmenis

As a follow up to investigations carried out in earlier chapters,
where stratigrahy, mineralogy and size analysis and sedimentary
structures observed were discussed, a synthesis of these paranters is
pow attempted to determine depositional environments, mode of transport
and paleogealogy of sediments in the Bida Basin, by i{nferrence from
studied area. |
5.1.1 Sira1is:ﬁphx_ni_ihﬁ_nrﬂﬂ_ﬂﬁ_ﬁludx'

This is highly significant in interpreting conditions and
environments of deposition of sedimentary fill of the Bida Basin.
Stratigraphic successions obgserved in the area of study (Chapter 2)
follow two general patterns,

(1) Cyclic fining upward (Locations 2, 1, ?, 8 and 9)
(2) Coarsening upward (Locatlons 1 and 3).
Although the first case {e more common and infact predominates,

there appear to be four mejor types of segquences.

(1) Fine sandstone ——- Very fine sandstone -—— Conglomerates ——~ Pebbly
candstone —-- Medium sandstone =—~ Coarse sandstone,
(2) Coarse sandstone ——- Pebbly sandstone ——~ Medium sandstone -~

Coarse .sandstone.
(3) Conglomerate --- Pebbly sandstone =-= Medium sandstone —-- (oarse

sandstone

(4) Coarse sandstone -—~ Medium sandstone --- Pebbly sandstone.
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Whether or not the cycle patterns are distinct is
not very clear, however Allen (1970) and Pettijohn (1975)
ascribed these fining-upward sequences to a fluviatile
{(meandering river) origin by analogy with deposits of
modern streams.

Coarse members represent deposits of the channel and
point bhars, Ffine grained members represent flood plain
deposits, while cycles with abundant calcareous matter (cal-
crete in Location 3) formed under arid to semi-arid condi-
tions (Allen, 1970 and Pettijohn, 1975). Additionally the
occurrence in the area of study of sharp and locally erosion
hased sandstones (Location A4) passing upwards into finer
sandstones and silt 1is characteristic of fining upward
alluvial sequences (Allen, 1970).

The cases of coarsening upward seguences (Locationsl and
3) can bhe explained as representing a prograding delta sequ-
ence which Pettijohn (1975) postulated ise characterized by
fine grained dark shales, at the base and end with coarse
grained and locally gravelly sandstones, which is the situa-
tion obhserved in Laocation 1, although the importance of
facies transition from cparse sandstone to conglomerate (as
in Location 1) was discarded by Miall (1973), as due +to
debris flood flow interrupting gquieter surfare run-off pro-
CPESSPS. Also the coarsening upward section identified in
Location 1 could be a fraction of a whole sequence (which is
not ohservable) that may not necessarily be coarsening
upward. The occurence of pebbly sandstpnes may or may not be
of different genetic origin to the conglomerates, while cong—
lomerates are results of debris flopd, pebbly sandstones rep-
resent non-vialent run-off, the pebbles being carried as a
traction lpad rather than in suspension, Miall (1973). On

the other hand, the siltstone unit which are often inter-
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bedded with thin, relativity fFfine grained sandstones,
could be interproted as flopdplain top stratum depnsits
representing, leves, backswamp and rcrevasge splay environ—
ments, G}l len, (1965).

Based o these theories, the rcyrlic sedimentation
retorded (Locations 2, 4, 7, 8 and 9 are interpreted as dus
p fal)

(1> Simpple wandering of rivers of deposition

{2} Varyving base levels pf deposition or

{3 Varving tectonie artivity in the souwrce area leading to
increased sediment supply. It is also possibkle that the
above stated fartors operated simultanenusly. While the
coarsening upward sequences recorded (Lacation land 3) are
indicative nf a prograding deltaic environment or one simi-
lar to it with intermittent guiet run—off and debris flond

operating alrernatively.

5.1.2 Mineralogy and Size Analysis

The mineralogical composition and size analyesis para-—
meters of the sedimentary rocks studied, are factors depen-—
dent on not only environment of deposition but also of source
area gaology and transportational history of sediments.

The result of pebble morphometry and thin section study
of roundness indicate: a high degree of roundness of pebbles,
where they ocewr in pebhbhly sandstones or as congQlomerates,
depicting a high energy mediom of deposition, possibly
debris flow medium while the non-pebhly sandstones, silt-
stone, and clay-stone uwunits studied . in thin section
showing a low degree of roundness of gquartz grains,ecpecially,
ie indicative of nearness onf sowrrce, or 2 preservation aof
grain roundness distribution a2t souwrce or even contamination

by more angular grains during transportation or at
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deposition. This i1z supported hy the view of Blatrt et
al., (1980},

Packing of framework grains in the aranacecus and
argillaceous facies units, is more compact in the basal unit
and less compact at higher lavels. Trnis could be explained
as dug to the higher energy levels responsible for the depo—
mition of hasal wunits, hence the removal af much of the
intervening clay matrivy or the higher degree of weathering at
nigher levels whirh easily rconveris Jabile feldspars inte
matrix clay. Onother poscible factor is post-depositional
disruption which might result in original parcking of grains
bring disrupted by the sudden change in energy regime of

depositional medium giving rise to a less compact arrangement

of framework grains. This is expected esperially in a
fluvial regime, where +Ffluid medium of fransportation
features frequent changes in energy. Such post-depositional

disruption might lead to further intreoduction of rlay matrix
{Nwajide and Hoque, 1783).

The ironstone facies record a higher grain roundness
values, although in a more cement {iron—oxide) dominated
groundmass. Alsoc the occurence of well rounded spherical to
subspherical oplites 1% - strongly comparahle with those of
the recent calcareocus oolites of the Trucial coastlines, as
described by Shearman et a3l., (1970). The predominance of
goethite in assprciation with the iron—-oxide cement suggest
that the sowrces of the ironstone faries wevre rich in iron,
since Porrenga {1%47) have shown that goethite is probahbhly
the most stable clay mineral under very shallow subtidal
conditions in tropical seas. Perhape the goethite ie in
association with primary ferruginous materials derived from
the same sources 2s the wnderlying formation, where iren-

oxide alsn occur althopugh not in equal amounts. The
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occurrence of kaolinite is also compatible with the above
deductions, since according to Rateev et al., (1969},
recent kaolinitic sediments are almost exclusively restricted
to the tropical and sub~tropical zones of the world. Also
the similarity bsetween the detrital quatrz grains in the
faries and those of the underlying aranaceous and argilla-
ceous UNits and the occurrence of zircon and tourmaline,
suggest a common source for the underlying facies and the
ironstone facies, which makes it easier to explain the source
nf the ferruginous matter as heing of primary origin rather
than authigenic. Although it is conceivable that parts of
the ferruginous materials were secondarily derived through
leaching by the penscontemporanenus ground water of under-—
lying formations. The presence of clay in the groundmass is
evidence of a fair supply of argillacceous ferruginous
rlasts, while the size pf the rlasts suggest that the sedi-
ments reached the depositional site through the agency of
weak currents. Such streams would be comparable with those
of the very mature modern flood plains. This is supported by
the fact that the ironstones sit on faries with argillaceous
content. By analogy, therefore, it appearsthat the ironstone
facies were deposited under acquatic conditions of marine
affinity, possibly open lagoonal tidal deltas, tidal inlets
and channels (Adelesys, 1973).

Dn size analysis, the use of statistical measures to
die criminate betwen sande of various origin has been under-
taken. Friedman (1979) consider mean—cubed deviation as one
of the most effective of these measures followed by standard
deviation. While the standard deviation has been used in
this project, the values obtained for the mean—-cubed dsvia-—
tion are tno high to be considered as realistic (Tabhle 4.4)

and thus discarded, other parameters are skewness, first
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percentile and mean.

However , Friedman does use two graphic measures - the
Simple Sorting Measures (S0s) and Simple Skewness Measure
iS and S) introduced for simplicity in computation and also
to "assign to the tails of the distribution the importance
which they deserve in environmental analysis™. The various
combination of these parameters have been utilised in this
project, and a consistent pattern of a fluvial {river)
environment of depesition 1s shown (Chapter 4), for the

aranaceous and argillaceous faries units in the areas of

study. lLikewise, bivariate plots based on pebble size
parameters - Flatness ratio, Elongation ratio, Maximum
projection Sphericity Index, 0Oblate - Prolate Index, and

roundness plotted after several workers (Dobkins and Folk,
1970, and Sames 1966, Fig 1) depcit pebble environments that
ranges from Ffluviatile to transitianal,

Futher by sieve analysise, cumulative frequency curves
obtained (Appendix 3) show modality of the aranareous and
argillacepus facies. Unimodality and bimodality gre the
predominant curve pattern§, except Ffor 3FR, and BFRxz where
more than two modes were displayed (polymodality).

Shapes of frequency rcurves have been used to deduce
environment of depositions (Petti john, 1975). Unimodality is
usually ascribed to fluvial sands, while bimodality is attri-
buted to wvigorous current action in tidal (beach) environ-
ments, although fluvial sands displaying bimodal distribution
are also known (Petti john, 1975). Polymodality is a reflec-
tion of the mixtures of two or three grain population related
to differing modes of sediment transport due to the awareness
that many distributions are composites of two or three sub-
popul ations.

Although Bagnold (19241) thinks that these bimnodal



V4L 5 af

]

distributions could result from the sampling procedure in
which materials collected are from distinct beds each with
its own population, ﬁut according to Pettijohn (1975), there
are many bimodal distributions produced within single layers
which seem to be two peopulations deposited in the same
episode of deposition. The bimodality displayed by most
sediments in fthis study can thus be attributed to the rco-
existence of two grain population related to not necessarily
differing modes of sediment transport but differences 1in
energy of transportation and deposition, while unimodal dist-
ribution is ascribed to be a result of deposition in a
fluvial environment with a single grain population. However,
polymodality is interpreted as heing due to mivxtures of dif-

ferent sediment population existing together.

S5.1.3 Sedimentary Structures and Paleocurrents

Sedimentary structures observed in the area of study are
widely varied and highly significant. They are particularly
important bhecause their presence helps to estahlish the con-
ditions prevailing at the time of deposition, or after depo-
sition.

Cross bedding is the most prominent of all sedimentary
structures chserved. The mechanism that produces most cross-
bedding is encroachment by avalanching down the lee slope of
dunes, ripples, bars, fans, or small deltas and sorting of
grains is alsp produced by the avalanching process. Although
cross bedding may also be formed by the other mechanisms of
deposition, (Allen, 1948). Cross bedding on a very large
scale, with beds inclined at angles of only a few degreess ics
formed by accretion of sands on point bars during the mig-
ration of meanders (Blatt ot al., 1980). Cross bedding is

especially a product of changing flow regime as observed in

4
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this work. Arcording to Blatt et 21., (1980) in fine
to medium sands a waning current might deposit a bed or beds
with the following sequence: lenticular, low-angle lamination
(formed by antidunes), plane lamination (upper-regime flat
bhed), large scale trough and planar cross—bedding (formed by
dunes and sand waves), small-scale cross—-lamination (formed
by ripples). Cross-hedding is not random but tends to show a
strong preferred orientation in a given formation, this is in
the form of the strike, dip and azimuth orientation, although
so far no particular style or scale of cross bedding is cha-
racteristic of any particular agent and/or environment, but
very large scale (which is not observed in this work) is pro-
bably either eonlian or marine rather than fluvial (Potter and
Pettijohn, 1977). Cross-bedding azimuth readingsplotted on
current roses for all the 7 locations in Fig 12, display a
mean northerly paleoflow directions. A1l lprations except 2
and B display unimodal current direction. Location 2 is
strongly himodal, while B is weakly bimodal, such bimodal
patterns are suggestive éi beach environments (Potter and
Petti john, 1977). 0Ff importance however is the mean azimu-
thal palenflow direction which is northerly, further confir-
ming that the sediments under study (in the Bida Basin) are
derived from the igneous and metamorphic basement complex of
southwestern Nigeria.

Mudecracks and lnad casts are essentially post deposi-
tionally (or diagenetic) formed physical sedimentary struc-—
tures. While mud cracks are formed as a result pof subaerial
exposure of sediments, load casts are Pﬁuﬁmed by gravitatio-
nal instability of a denser layer overlying a less dense one.
Mudcracks originate by dessication and compaction of water
saturated muddy (or shale) sediments (br suba quepusly by

synaresis (Jungst, 1934}) signifying intermittent subaerial
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exposure of surfaces of dried wup ponds, coastal and
inland sabkas, lakes and lagoons, abandoned river channels,
flood plains and intertidal zones, (Reineck and Singh, 1978).
Although the problem remains to determine if observed mud-
cracks are ancient or modern. Load casts are a pointer
towards the occurence of a denser medium on a less dense one,
meaning that a stronger regime of deposition was responsible
for the upper dense layer.

Graded hedding is thought o originate by a waning
turbidity current. According to Pettijehn (1975), it is a
feature primarily of sandstone and principally of graywackes
in the paleozepic and older sequences, though it is not con-
fined to these rlassenf sands or sandstone alone. Several
workers have explained graded beds in several ways, (Coleman
1924, Bailey 1930, Pettijohn 1934, Kuenen and Migliorini
1950} . But most importantly graded bede record a single
short lived epicode of deep water sedimentation beyond the
reach of normal bottom currents and waves, by a dense turbi-
dity flow which may be product of marine slump triggered by a
vionlent mechanism. Also significant is the fact that graded
beds are usually a record of a waning current {(Reineck and
Singh, 1978). Occurrence of graded bedding in the area of
study therefore represent a gradual decrease in energy of a
fluid medium (with reducing competence) responsible for the
deposition of the graded beds. This 1s most especially
common in fluvial environments where bpccasional turbidity
currents develop.

Another sedimentary structure, though pedogenic ic
calcrete which has been reported worldwide (Goudie, 1973
Steel, 1974; Allen, 197843 Arakel, 1982, etc) is a nodular
carbhonate accumulation that forms 1n neither too arid nor too

humid region, hence uncharacteristic of a climatic regime,
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although Gile, et al., {19446 postul ated the common
occurrence of such authigenic carbonate in soils of arid
regions. The oocurence of calcrete lor caliche) in Location
3, precisely could as explained in Chapter =, be favoured by
low relief, alternating wet and dry climate and moderate
moisture. The occurence of the calcrete in a clay-shale unit
is however significant, since Pettijohn (1975) reported the
occurence of such calcrete accumulation among fine—grained
members of a fining upward segquence produced by a meandering
river, representing flood plain deposit. The presence of
such rcalcareous accumulation in Location 3, rcould be
explained as authigenic ip origin, within a clay-shale unit
of a flood plain deposit (or alluvial fan) in an alternating
arid and humid environment.

Consideration of ichnofossils is necessary in any dis—
cussion nf sedimentary structures, since ichnofessils (or
trace fossils) are records of conditions and events prevalent
during deposition. As mentioned esarlier in Chapter 3, -

Stuchj n¥ rommon trace fopssils occuring in study area show
that they are essentially feeding, resting and dwelling tra-
ces especially in situations where pellet remains are ohser-
ved. These are common in the ironstone faciss units, and
based on bathymetry a2 shallow water environment is favoured
over deep water environment of deposition for the ironstone
units which have more vertical and branching burrows predomi-—
nating. Characteristic Thalassinoides and Skolithos assemb-
lage are ohserved especially in ironsstone units, while the
Sknlithos and Ophiomorpha assemblages are well displayed in
the aranaceous faries wvnits. Cruziana and Zoophycos assemb-—
lages are more common in the argillaceous facies units. The
tapering nature, combined with the concentrir “shells of the

burrows in the ironstone units reflect variations in the
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chemical and/or physical states of the environment in
which the burrowers lived. Such changes are salinity,
temperature, #fluctuations in the water table (Dodd and
Stanton, 1981). During unfavourahbhle conditions, the
organisms might have ~ -retreated far down into their holes,
while under succeeding favourable conditions, they would come
vp pushing aside, the newly derived debris partially filling
their holes — hence the geometry of burrows. Also the occur-
rence of flat bedding within the ironstones units suggest
that the kinetic energy levels nof the depositional environ-
ments may have been fairly high, as above. Such variations
of physical and chemical states, high kinetic energy, and
trough shaped cross-hedding, is consistent with the inter—
pretation of a beach, tidal inlet, lagoon or barrier iSland
for the ironstones. This i1s consistent with the various
environments of deposition that have been postulated for
ironstones. Cayeux (1909, 1922), roncluded that the iron-
stone of Armorica and Lovraine were deposited under certain
environmental rconditions somewhat similar ¢to those of
calcareous onlites. Taylor (1949, p. 79) concluded that the
Northampton Sand JIronstone might have been deposited in "a
shallow epi-continental sea, gulf or lagoon freely connected
with the open sea and subject to considerable wave and
current action. James (1954), presented a theoretical model
of ironstone faries, different from those of Cayeux (1909,
1922) and Taylor (1949). Although James (1954) agreed that
the ironstonese represent shallow water accumulations, he
thought that their deposition, at least those of Precambrian
ironstones of Lake Superior region, were in restricted basins
separated from the open sea by thres-holds. The work of
Yanitsky (19h1) has shown that fresh water onlitic ironstones
could occur.

Another schoeol of thought believes that some oolitic and
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pisplitic ironstones have evolved From the concretionary
action in gel (Pulfrey, 1933). Adeleye (1977 reported that
a similar mechanism of conretionary action, in lateritic spils
has also been advanced for some vague parts of the ironstones
of the Middle Niger Valley of Nigeria by Du Preez (1949,
1952) , Jones (1955, 1958B), and that their deduction arose
from the inability of the authors to find any fossil debris
within the Nigerian ironstones. The paucity of fossil occur-
rence in the ironstone facies is indicative of an unstable
thighly #fluctuating) envireonment Which 1Snot conducive for
survival of living organisms.

As for the aranaceous and argillaceous facies, pattern
and extent of occurence of ichnofacies depicts a rather shal-

low water environment of moderate energy, where physical and

rhemical conditions are more stable. A coastal alluvial
plain, flood plain, prograding deltaic environment is
inferred.

5.2 Provenance

The provenance of the sedimentary i1l pf the Bida Basin
has been discussed by several authors and has inevitably led
to the postulation for the possible origin (mode of forma-
tion) of the basin itself (Adeleye 1971, 0Ojo and Ajakaiye
1974, Shekwolo, 198B3). The two - provenance and basin origin
seem intertwined. Based on the esvidence of heavy minerals
and sedimentary structures Adeleye, (1971) suggests that the
depositional medium of the Nupe group of sediments has Tts
source in the Igneous and Metamorphic basement of South-
Western Nigeria. 0Djo and Ajakaiye (1974b)sin an attempt at
investigating the mavimum thickness nf the sedimentary strata
and general shape and origin of the basin suggested a mavimum

possible thickness for the Cretarenus sediments of not more
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than 2 km (of the order of 1 km). They went further to
attribute positive residoual anomalies over parts of the
basin to high density Metamorphic basement and to masses
which are probably of schist composition, without any trace
of deep fractures or faults. They drew a conclusion that
the basin originated as a result of local subsidence associ-
ated with the adjacent Younger BGranite Province tectonic
activities in the Jurassic time and to a lesser extent the
Benue valley, thus rcausing thining and subsidence of the
basin. Shekwolp (1983) discarded a rift origin for the basin
based pn the arguments nof Holmes (1965). Holmes (1945) heli-
eves that basins formed by rifts are produced by differential
warping on a regional scale and are uvusually accompanied by
marginal and interior faults, other effects are associated
volcanisems, igneous activitiee and intermittent uplift. Also
typical rift valleys have widths of about 50 % 13 kms. None
of the above observations occur in the Bida Basin which is,
gently downwarped with width of about 1465 kms (Shekwolo,
1983) and no evidence of wvolcanism or igneous activity. The
isostatic subsidence hypothesis seems more plausible,
although associ-ated with tectonic activities within adjacent
basement areas - the Younger Granite Complex, and the Base—
ment Complex of southwestern Nigeria.

Evidences from heavy minerals, types and mode of occur-
ence of quartz and paleocurrents in this project 3 in sup-
port of the derivation of the clastic components of = the
Bida Basin from the igneous and metamorphic basement complex
of southwestern Nigeria. This is clear from the subeguant,
slight to strongly undulose, composite (with two or more sub-—
individuals) and elongate quartz predominant in the aranace-
ous and argillaceous faries. Folk (1980), interprets such

properties as having a metamorphic provenance especially by
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the rather straight boundaries of compnsite quartz
grains. Buartz in ironstones are monocrystalline, strongly
undulose, non-composite with vacuoles. The rather low
occurrence of polycrystalline and composite quartz in the
ironstone faries is attributable to the high energy state of
depositional environment which splits poly and composite
grains i1nto individuals. No evidence of volcanic gquartz can
be found in any of the facies.
Heavy mineral assemblage {(Chapter 4) are distinctive of
igneous (plutonic) and metamorphic provenance (Petti john,
1975), while the evidence of rcross-bedding azimuth is in
favour of a northerly direction of paleoflow of the medium of
deposition of sedimentary rocks studied. Contributions
towards the basin #il1l by the Younger Granite Complexes which
are plutonic cannot be completely ruled out esperially based
on evidences of heavy mineral assemblages and properties of
quartz , hence the suhsidence o0of the Bida Basin seems related
to tectonic activities in the Younger Granite region.
Likewise contribution towards the Bida basin 111 by the
Benue Valley, is even more remote, due to associated igneous
activities in the Benue trough, because no volcanic property
of quartz2 or any other mineral is observed. Most importantly
the northerly direction of paleoflow makes such rontribution

not easily ronceivable.
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CHAPTER STX

DISCUSSION AND CORCLUSIQNS

The geology of the part of the Bida Basin under investigation, is
rather monotonous. It comprises mainly the Mupe group of sediments, the
alluvium and the laterite capped hills. The Bida Sandstone Formation
cansiste of massive and flat bedded sandstones, subsiduary claystones,
fine conglomerates and siltstones. The sandstones have gralns that are
generally angular to subangular, well to poorly scorted, fimne to very
coarse and pebbly. The basal heds are succeeded by dominatly goethitic
onlitic and pisolitic ironstones with iron-oxide cement forming a
prominent break of slope along the mesa-walls in the Bida area and is
referred to 5 the Sakpe lronstone Formatien.

The Sakpe <(Lawer Irongtone) Formation may or may not overlie the
basal Bida Formation. Hence the argilllacecus Enagl Formation can
overlie elther the basal sandstone or the Lower Ironstone. The Enagi
Formation 1s fine grained sandstone, siltstone and <laystones, commonly
laminated or massive, On top of the Enagl Formation is the Batati
(Upper Iromstone! Formation, forming capping of mesas under 2 lyer of
laterite of wvariable thickness. The beds are dominatly ocolitic, with
subsidiary claystones, and shelly beds, generally massive with thin ta
thick flat-bedding and lamination.

The study of the mineralogy and investigation of textuyral paramters
by size analysis of sedimentary rocks within the area of study has been
valuable in not only determining environment of deposition but also in
provenance determination. Pebble morphometry, sieve analysis, thin

section, , |,
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studies and heavy mineral analysis &2 especially valuable
in *this respect. Roundness was used for environmental
discrimination by bivariate plots of Sames (1964, Fig 1) and
in interpretation of environment after Lutig (1952). a
predominantly fluviatile to transitional environment of
deposition was deduced for not less than 90 per cent pebbles
studied. Likewise, by the bivariate plot of Dobkins and Folk
{1970), where Dhlate - Prolate Index was plotted against
Maximum Projection Sphericity (Yp), majority of pebbles
though at a lower percentage were interpreted as having a
river environment of deposition.

Sieve analysis on the other hand, despite the incomplete
intervals of mesh, aided in determining size parameters like
skewness, kurtosis, sorting, and mean grain sizes. Results
show most sands in the Bida Basin teo be poorly sorted, ?Osi%
tively skewed and \eplokurtic in distribution (Table 4.5),
with grain size frequency distribution curve showing bimoda-
lity of grain sizes. The use of varied combinations of
these parameters in environmental diagnosis after Friedman
(1979), as shown in Fig 15, indicates a consistently fluviatile
friver) environment of deposition. While the study of rocks

bB thin section has been especially useful in sandstone
classification and determining degree of maturity. Majority
of sande belong to the BOuart> Arenite group, while others
belong to the Arkosic Arenite group. Siltstone, Claystones
and Ironstones are not classified. Heavy mineral analysis
resulted in an assemblage of heavy minerals that clearly
excluded a wvolcanic provenance for clastic grains, but an
assembl age related to an igneous (plutonic) and metamorphic
terrain provenance.
Sedimentary structures, hence paleocurrent analysis has

been very useful too. Although ichnofacies may not bhe very
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distinctive due to limitations of extent of study, a
loophycos, Cruziana, BGlossifungites and occasionally Nere-
ites assemblages can be delineated. Paleocurrent analysis is
however distinctive of sediment source cf the Igneous and
Metamorphic terrains of South-western Nigeria, herause of the
direction of azimuths of cross-beddings which is predomin-
antly nportherly in orientation. Although the ironstone
facies environment of deposition could he rather shallow and
high energy, Adeleye (1973) however suggested that environ-
ment of deposition of ironstone facies could be closely
linked to the Tethys transgression in the Tertiary (Fig 17).
Finally, further work need be done in this area especi-
ally on the concentration of mesa-capped (lateritic) inserl-
bergs in this area. Their mode of formation and the geomorp-
hologic agents responsible need to be investigated, due to

their near perfect geometry.
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APPENDIX 1

Report of Sieve Analysis

Sample No. 1FR,
Method of Analysis: (a) Screen type: Half-phi interval: ASTM
(k) Sieving time: 15 min.
Weight of sample: 200 gm
Note: To get cummulative weight percentage, divide earh
figure by the last number in the cummulative weight
column and multiply hy 100

Class Interval Retained Corr— Cum. Cum wt  We. %
on sipve ected wt . A
mm phi wt {(gm) wt (gm)
2.800-2_000 -1.50--1_00 0.00 0. 000 0. 000 0. 000 0. 000
2.000-1.400 -1.00--0.50 5.8% 5.882 5.882 2.941 2.941
1.400-1_000 -0_.50- 0.00 18.12 18.281 24,162 12.082 9.141
1.000-D. 500 0.00- 1.00 51.12 51.574 7S.737 I7.8BAK9 25.787
0.500-0.355 1.00- 1.50 21.597 21.762 97.499 48_750 10.881
0. 355-0. 250 1.50- 2.00 21.04 21.227 118.726 S9.363 10.4614
0.250-0.180 2.00-~ 2.350 21.37 21.560 140_.2846 70.14% 10_780
0.180~-0. 125 2.50- Z.00 15.36 15.494 155.782 77.891 7.748
0.125-0.1046 3.00- X,.50 6.27 6£.326 162.108 81.054 Z.162
D.106-0. 067 Z.50- 4,00 15.44 1S.577 177.68% 88.84% 7.789
0.063-0.045 4.00- 4,50 1X.76 © 13.882 191.S67 95.784 65.941
< 0,045 > 4_.50 8.356 f.4Z4 200.001 100,000 4.217
Sieve loss 1.76
Total weight 198. 24

Statistical Parameters:
#5 = -0.303 016 = 0.20; 025

= 0.55; 0S0 = 1.40;
075 = 2.80; 084 = %.45; 095



APPENDTX 1

Report of Sieve Analysis

Sample No. 1FR=
Method of Analysis: (a) Screen type: Half-phi interval: ASTHM
{b) Sieving time: 15 min.
Weight of sample: 200 gm
Note: To get cummul ative weight percentage, divide each
figure by the last number in the cummul ative weight
column and multiply by 100

Class Interval Retained Corr— Cum. Cum wt Wt. %
on sieve ected wt. %
mim phi wt  (gm) wt (gm)
2.800~-2.000 -1.50--1.00 1.48 1.491 1.491 0744 0,744
2.000-1.400 -—-1.,00--0.50 3.956 3.991 5.482 2.741 1.9946
1.400~-1.000 -0.50- 0,00 P53 9.583 15.065 7. 555 4_792
1.000-0.500 0.00- 1.00 S8.76 59.213 74.278 37.139 29,607
0.500-0, 355 1.00- 1.50 38.50 z8.797 113.075 S56.578 19,3299
0.355-0. 250 1.50- 2.00 x2.24 x2.489 145.544 72.728 146.245
0.250-0. 180 2.00- 2.50 17.58 17.716 163.280 81.640 8.858
0.180-0, 125 2.50- .00 18.19 18.330 181.410 0. 805 9.145
0.125-0.106 3.00- IS0 9.80 9.876 191.484 95.74% 4.978
0.106-0.056F .50~ 4,00 2.38 2.398 19%.884 96.942 1.199
0.063-0.045 4.00- 4.50 2.60 2.620 194.504 98. 252 .10
< 0.DA45 > 45D x.47 T.497 200 001 100,000 1.749
Sieve loss 1.53
Total weight 198.47

Statistical Parameters:
05 = -0.203 0146 = 0.480; 025 = 0.70; OS50 = 1.30;3
075 = 2.15; 084 = 2,603 095 = 3,40




AFPPENDIX 1

Repoprt of Sieve Analysis

Sample No. 1FRS
Method of Analysis: (a) Screen typer Half-phi interval: ASTHM
(b) Sieving time: IS5 min.

Weight of samplie: 200 gm
Note: To get cummul ative weight percentage, divide each

figuwre by the last number in the cummulative weight

column and multiply by 100
Ciass Interval Ratained Corr— Cum. Cum wkt Wt. %

on sieve actad wt. “x
mm phi wt {gm) wt (g)
2.800-2_000 -~1.50--~1.00 4.81 4.928 4.828 2.414 2.414
2.000-1.400 —-1.00——0.50 10.49 10.529 15. 357 7.4679 5,255
1.400-1.000 -0.50- 0.00 25.25 25.344 {40,701 20.331 12.572
1. 0000, 500 D.0D- 1,00 B&. &D BL.922 127.8623 £3.812 43, 441
0. 500-0. 395 1_00- 1_50 24.24 25.034 1S2.46548 76.328 12.517
0.355-0.250 1.5%0~ 2.00 14.356 14,421 146%. 077 B4.539 2.211
0. 250-0. 180 2.00- 2.25 224 o.294 178.371 B, 184 4_447
0.180-0. 195 2.50- 3Z.00 12.15 12.195  120.546 95.283 £.098
9. 125-0. 106 3.00- 3.50 0,13 0.130 190.4%¢ ?5.348 0. 0&S
0. 1046~D_ QL3 3.50- .00 5.49 S5.711 194,407 98, 204 2.8%4
0. 0&3-0. 045 4.00- 4.30 0.88 0.883 197.2%0 9. £45 0.4842
< D045 > 4. .50 270 2.710 Z200.000 100,000 1.355

Sieve loss O.748

Total weight 199, 25
Statistiral Paramsters:
05 = ~0.703; Ols = -D.15; O?S = 0_10; 0S50 = 0.70;
075 = 1.40; D84 = 1.95; 095 = 3_10



Sample No.

Weinht nf sample:
To get cummulative weight percentage, divide each

Note:

APPENDIX 1

Report of Sisve Analysis

2FR,
Method of Analysis:

200 gm

{aY Screen type:
(k) Sieving time:

Hal ¥ —ph
1% min.

i interval:

ASTH

figure by the last number in the cummulative weight
eolumn and multiply by 100

Class Interval Retained Coryr- Cum. Cum wt WL, =
on siave erted wt. y A

mm phi wk (gm) wt {gm}
2.800=-2_000 -1 _50--1.00 O. 000 0. 000 0O_ 000 O QD0 0_ 000D
2_.000-1.400 =1.00--D_50 0O_100 G.102 0. 102 DL 051 N, 0513
1. 400-1_000 0590 0,00 O 750 O, TFTR2 n_8454 o432 n_3A1
1. D00-D.500 00N~ 1,00 1Z_840 14. D70 14, 934 T_oALT 7. 035
0. 5000, 355 1.00— 1.50 17.4810 17. 699 I2.633 1£.317 g. 850
0.355-0.230 1.30-— 2,00 4. 490 37.097 &9, 730 48865 18_549
Q.250-0, 180 Z2_00— 2.2% 44 580 AT7_45L& 117184 S8.859F 22,728
0.1806-0.125 2.50— F.00 27.110 F7.727 1534.913 77.457 18.844
0. 125-0_104 300~ Z_ 50 23,950 24.348 179_.2541 B9_&31 12,174
0. 10600463 EZ.S0— 4. D0 11.710 11,905 191 . 166 o95.583 5.953%
0.063-0_045 A, 00— 4. 5O &, 87 L£.984 198,150 099,075 . 492

< 0.04% > 450 1.82 1.850 200,000 100.000 O_Q25

Sieve lnss x.27
Total weight 196.73

Statistiral Paramoters:
05 = 0.B3; 014 = 1.20; 025 = 1.80; 050 = 2.35;
0% = 2.95; 0B3 = 3.25; 098 = Z.95



APPENDTY 1

Report of Sieve Analysis

Samnls Noo 2ERL
Hethod of Analysis: {a) Screen type: Half-phi interval: AGTHM
(b} Sieving time: 15 min.
Weight of sampler: 200 gm
Note: To get cuommulative weight percentage, divide each
figure by the last number in the cummblative weight
column and multiply by 100

Class Interval Retained Coryr-— Cum. Com wd W %
on sieve ectad wt . y 4
mim phi wt f(gm) wt {gm)
2.8006-2.000 -1.50--1.0D 0.000 0. 000 a0 Bo0 Q. 060 O, 000
2.000-1.400 —-1.00--0.50 0._290 0.290 0. 290 0. 145 .145
1.400-1.000 —-0.50~ O.00 4.730 4, 732 5.022 2.511 2.3456
1.000-0.500 0.00- 1.00 33.870 33.885 38.907 I9. 454 15.943
0_S00-0.355 1.00- 1.50 25310 5.3 &4.,228 F2.114 132 &A1
0. 3550250 1.50- 200 Z4. 540 34_556 98.7084 49.392 17.278
0.250~0. 180 2.00- 225 30550 IN. S84 129.348 L4 574 15 222
0. 180~-0.12%5 2.50- FZ.00 32_590 ZZ_ 505 151.953 80.977 14 303
0.125-0. 106 I.00- 3.50 3.540 Z.0562  165.515 a2.758 1.7813
C. 1060, 0483 3.50- 4,00 23,170 23.180 188.49% 94,388 1i.950
0O_0&353-0.04% 4 00— 4 30 7.84 F.844 195539 28, 370 3,922
< 0,043 > 4_.50 3.44 3,462 200,001 100.00% 1.731
Sieve loss 0. 09
Total weight 199.91

Statistical Parameterc:
05 = D.30; 01L& = 0,90 0I5 = 1_253 050 = 2, 05
075 = 2.80: 0B4 = 3.85; 09T = 4_10



Sample No.

APPENDIX 1

Report of Sieve Analysis

2FRy
Method of Analysis:

Weight of cample: 200 gm

Note:

(a} Screen type:
() SBieving time:

Half-phi
15 min.

To get cummulative weight percentage,

interval:

ASTH™

divide each

figure by the last number in the cummulative weight
celumn and multiply by 100

Class Interval Retrained Cory— Com. Cuom wk W4 %
on sipve acted wi . 7

mm phi wt (gm) wt (gm)}
2.800-2_000 -1.50--1.00 0. 000 0. 000 . 000 0. 000 0. 000
2.000-1.400 -—-1.00——0O_50 0, 450 0. 452 O, 452 0,224 D224
14003 000 —0 _S0- 0,00 I 06D I.072 3.525 1.743 1.53
1.000-0, 500 0.00- 1.00 15. 880 15.945 19.471 9. 734 F.97Z
0. 500-0, 355 1.00- 150 37070 37.2248 =L A9 28.%x848 19 451732
0. 3855-0,. 250 1.5%0~ 2.0D00 &§7.280 A7 . 477 iD4_ 132 S2.065 23719
0. 2300, 180 2.00- 2.%0 A4 _&HTC 45 8464 150,994 FE.498 23,432
D_186-0_ 135 250~ F,.00 B.72D B.7546 159.752 7074 4_7=78
O_.125-0_1046 Z.00— 3.50 14, 140 154.207 175.959 g87.98o 8.104
D.106-D_0563 E.50— 400D 12,980 14_6078 189_997 94,999 7019
O.0L3-0. 045 4. 00— 4 50 & OG0 L0485 1960562 98.03%1 3.033

{ 0,045 > 4_50 3.930 Z.945 200,008 100,004 1.973

Sieve loss 0. 830
Total weight 199_170

Statistical Parameters:
0% = O.£03 014 = 1.20; 025 = 1_40; 050 = 1_95;
07% = 2.%0; 084 = T 25 095 = 4_.00



Sample No.

Method of Gnalysis:

Weight of sample:
To get cummulative weight percentage, divide each

Note:-

APPENDIY 1

Report of Sieve Analysis

2FR,

200 gm

{a) Screen type:
ib) Sieving time:

Hal f-phi

15 min.

interval:

ASTM

figure by the last number in the cummulative weight
column and multiply by 100

Class Interval Retained Corr-— Cum. Cum wt Wt %
on sieve ected wt. y 4

mm phi wt (gm) wt (gmd
2.800-2_000 ~1_S0--1_00 0. 000 0. 000 O_Nnon (AP alals) (a3 alalsl
2.000-1.4800 ~1.00--0_50D 0.120 D.120 O.120 0. 0D 0. 060
1.400-1_000 ~0_50- 0O_.00 1.810 1.813 1.93%= 0_.9487 0907
1. 000-0_ 500 O_00- 1_00 114680 11.498 1Z.6731 &£.8154 5.849
0_500-N_T55 1.00- 1_.50 10,950 10,9646 24_%597 12299 5.48%=
0. 355-0. 250 1.50- 2.00 23,750 33.801 58. 398 29,199 14 901
0.250-0. 180 2.00- 2_.50 a7 _ 770 47_.8472 10L£.240 53.120 23,921
0_180-0_ 125 2.50- JZ_00 52.040 52.118 158.358 T79_179 24_0DO59
0.125-0.10&6 3.00- 3I.=0 18.110 18.137 174.49% a8a.248 9.049
0. 106-0_, 0= T.50- 4_00 20_ 490 20_521 197.016 op._s08 10,261
0.06=-0_ 045 4.00- 4_.50 2.050 2.053 199_04&9 90 _ 53 1.027

< 0.045 > 8450 0.930 D.931  200.000 100. 000 (o . V2 8

Sieve loss N.310
Total weight 199_700

Statistical Parameters:
05 = 0.803 016 = 1 457 025 = 1.90: OSSO = 2_40;
075 = 2.90; 084 = T _25; 095 = 375



Sample No.

Weight of sample:
To get cummul ative weight percentage, divide each

Note:

APPENDTY 1

Report of Sisve Analysic

IFR,
Method of Analysis:

200 gm

{a) Screen type:
(b)Y Sieving time:

Hal f-phi
15 min.

interval:

ASTM

figure by the last number in the cummul ative weight
column and multiply by 100

Class Interval Retained Caorr-— Cum. Cum wt  WE. %
on sieve ected wt . %z

mm phi wt fgm) wt (gm)
2.800-2.000 -1.50-—1.00 0.770 0_.736 0.736 0. =68 O 368
2.000-1.4800 ~1.00--0.50 2.340 2.359 =.095 1.548 1.180
1.400-1.000 -0.50- O.00 7.560 7.620 10.715 5.358 =.810
1.000-0_500 0.00- 1.00 42.470 42,808 55.5923 26.762 21_404
0. 500-0, 355 1.00- 1.50 20.170 20.331 7Z.854 Z6.927 10,1656
0.355-0.250 1.50~- 2.00 24.740 24.937 98, 791 49_.394 12,469
0.250-~0. 180 2.00- 2.25 246,860 27.074 125.845 &62.933 13.537
0.180-0, 125 2.50- .00 25. 930 256,136 152.001% 74, 0D 17,0468
0.125-0. 1056 Z.00- .50 7.150 7.207 159.208 79. 604 3.6048
N.106-0,063 Z.50- 4,00 21.090 21.258 180, 4545 90,233 10,4629
0.0563~0.0485 4.00- 4.50 12. 050 12.186 192.612 9&. 206 &LH.0T7

< 0,045 > 8,50 7.330 7.7X08 200,000 100,000 3.694

Sieve loss 1.580
Total weight 198. 420

Statistical Parameters:
05 = 0.00; 016 = 0.560; 025 = 0.903 050 = 2,003
075 = 2.953 084 = 3,703 095 = 4,34



APPENDIY 1

Report of Sieve Analysis

Sample No. 3IFRz
Method of Analysis: (a) Screen type: Half-phi interval: ASTM
{b) Sieving time: 15 min.
Weight of sample: 200 gm
Note: To get cummulative weight percentage, divide sach
+igure by the last number in the cummulative weight
column and multiply by 100

Class Interwval Retainad Corr-— Ceem . Cum wt W&, %
on sieve ectead wt. A
mn phi it (gm) wt {gm?
2.800~-2.0060 -1.50-—1.00 20,000 20.145 20. 145 16073 106.073
2.000-1_400 =1 00--D_50 20,160 20 3086 a0, 453 20224 10153
1.400-1.000 -D.50- 0,00 20. 850 21.001 &£1.452 I0.726 10,501
1. 000-~0_500 0.00- 1,00 47060 42.36% 103.817 S1.909 21.183=
0. S00-0, 355 1.00~ 1_.55 1&£. 260 1£.680 120,497 &0.249 8. 340
0, 3550250 1.50- 2.00 20. 380 20,528 181035 70.573 10, 264
0.250-0, 180 2.00=- 225 19_950 20.093 1461_120 80.5&6£0 10_048
0.180~-0.125 2.50- 3.00 18,020 18,151 179.271% 89 _&£34 9.075
0.125-0.10%8 300~ .50 1ZX_950 14. 051 193,322 Vb SHED 7.02&
0. 106-0.0463 3.50- 4.00 3,100 2123 194,445 8_223 1.5942
0_0A3-0_ 045 4_ 00— 4 .50 1.840 1.873 192.310 99_159 6937
€ 0,045 > 4,50 1.4670 1.682 200.000 100.000 0. 841
Sieve j¥.1-1- 1.4490
Tntal weight 198, S40

CStatigtiral Paramstercs
05 = 72 : 0158 = =0_F0: 025
075 = 2.20; 084 = 2.70; 093

"

~-0.2%; 050

3.35

©.90;

HOH



APPENDIY 1

Report of Sieve Analysis

Sample No. 4FR,
Method pf Analvysis: (A} Screen type: Half-phi interval: ASTH
(b} Gieving time: 15 min.
Weight of sample: 200 gm
Note: To get cummulative weight percentage, divide each
figure by the last number in the cummulative weight
column and multiply by 100

Clacss Interwval Retained Corr— Cum. Cum wt  WE. L
on sieve ected wt . “
mm phi wt (gm} wt  {gm)
2.800-2,000 -1.50—1.00 . 470 3. 424 Z.494 1.747 1.7437
2.000-1.400 —1.00—-0,50 5. 630 S. 669 Q. 1565 4,582 2.835
1.400-1.000 -0.5%0— 0.00 16,420 10,491 19,654 .827 5.246
1. 0000, 500 0,.00- 1,00 32,680 32.904 52.558 26.279 16,452
0. 500~0. 3595 1,00~ 1.50 18. 770G 18.899 71.457 5. 729 9.450
0. 385~-0,. 250 1.50- 2,00 37,160 37.414 109.8B71 S4.435 18,707
0. 250-0. 180 2.00- 2,25 F1.980 32,199 141070 70535 146.100
0.180-0.125 2.50- 3.00 40,520 40,797  181.8467 90,934 20,3799
0.125-0.106 300~ 3.50 5.030 S.064 184.93 3. 45656 2.532
0. 106~0. 0463 F.350- 4.00 12. 450 12.8545 192,474 9,738 &, 273
0.0563-0.045 /_00- 4_50 G, 450 G.456% 199.939 9%, 970 0. 232
< 0.04% > 4.50 6,070 0.070 200,009 100,005 ¢. 05
Sieve loss 1.360
Total weight 198. 640

Gtatistical Parameters:
05 = -0,.403 016 = 0.45; 025 =
075 = 2,607 0B4 = 2.80y 095 =



Sampla MNo.

Weight of sample:
To get cummulative weight percentage, divide sach

Note:

APFENDIX 1

Report of Sieve Analysis

4FR.,
Method of Analvysis:

200 gm

ta} Screen type:
(b} Sieving time:

Hal f —phi
1S min.

interval:

ASTH

figure by the last number in the cummulative weight
column and multipiy by 100

Clace Interval Retained Corer— Cum. Cum wt WY, Y
on sieve ected wt Z

5373 prhi wt (gm) wt {gm)
2.800-2.000 «1_S50~~1.00 1.7g0 1.781 1.781 C.g91 0.891
2.000-1_ 400 —-31.00——0.50 &£.810 5.814 8.59% 4. 398 3.407
140010080 -0 50— 0_00 1G.200 15,907 19502 o751 5_4%s4
1. 500-0. 500 D.00- 100 42,710 42_73h I2.2=8 I1.119 21 _ 348
Q. 500-0. 355 1.00—- 1.50 32800 22.820 95,054 47 .529 15.410
0, I55-0. 250 1.50—- 2,00 38.200 T3.227  13F.281 LL . 56481 19112
O. 3500180 2.00- 250 25. 660 25.67% 158,956 73478 122,838
0.180-0.125 2.50— 3.0D 17,460 17.470 174424 88_213 /.73%5
0. 125-0.104 3.00— 3.90 Z.210 I.212 179.5638B 89.81% 14604
0. 106-0.08F Z.50- 4,00 135450 13458 193, 094 Qs 548 &_T29
0.063-0.045 4.00- 4.50 3.7460 I 762 1946858 98, 409 1.881

< 0,045 > 4,50 3.140 A.142 0 200, 000 100, 000 1.571

Sipve lpss D120

Total weight 199, 880
Statistical Parameters:
05 = ~0.3%5; 016 = 0.40; 025 = 0.BOD2 OS50 = 1_403
075 = 2.30; 084 = 2_.75: 095 = 3_.90



Sample No.

Weight of sample:

APPENDIY !

Report of Sieve Analysis

4FR,
Methnd nf Analysis:

200 gm

ta) Screen type:
{b) Sieving time:

Hal f-ph
15 min.

i interval:

ASTH

Note: To get cummul ative weight percentage, divide esach
figure by the last number in the cummulative weight
column and multiply by 100

Class Interval Retained Corr- Cum. Cum wt . %
on sipve ected wt A
mm phi wt f(gm) wt (gm)

2.800-2.000 -1_50-—-1_00 0.290 0.291 n_291 0.1456 0.144
2.000-1_400 —1_00—--D_50 7.780 7.809 2.100 4_ 050 2.905
1.800-1.000 —-0_50- 0_00 20. 7460 20.878 28.938 14 _ 4569 10_.419
1. 000-0_500 ND.00~- 100 T2.280 72.512 101.450D S0.72% T6.2546
0.5S00-0_355 1.00- 1_.5S0 29.770 29.8982 131.332 L5 666 14_.941
N, 355-0.250 1.50- 2_00 Z4._790 z4_921 165.25= 83.127 17._441
0.250-0_.180 2.00- 2.50 17.5460 17.462& 18%.879 91_940 8.821=
0.180-0.12%5 2.50- T_00 7.48410 7.438 191.317 95. 659 %.719
0.125-0_1054 Z.00- X.50 1_5460 1.5656 192_.883 94.4472 0.78%
0. 1046=-0_ 043 T.50- 4.00 =.080 .092 195 975 97.988 1.544
0.06T-0_04%5 4_00- 4_.50 1.820 1.827 197_802 98. 901 0.914

< D_0D4S > 8450 2.190 2.198 200_000 100,000 1.099

Sieve loss 0. 750
Total weight 199250

Statistical Parameters:
05 = -0.40; 0146 = 0,103 025 = 0.35; 050 = 1.00;
075 = 1.75; 084 = 2_.10; 095 = 2.90




APPENDTX 3

Report of Sieve Analysis

Sample No. 4FR,
Method of Analysis: (a) Screen type: Half-phi interval: ASTM
(b) Sieving time: 15 min.
Weight of sample: 200 gm
Note: To get cummulative weight percentage, divide sach
figure by the last number in the cummulative weight
column and multiply by 100

Class Interval Retained corr— Cum. Cum wt WE. %
on sieve ected wt x
mm phi wt (gm) wt (gm)
2.800-2_.000 ~1_S0--=1_00 16£.470 146,549 16,549 a.27% a.275
2.000-1.400 ~-1_.00--0.50 11.470 119525 28.074 14037 5.7563
1.400~-1.000 -0_50- 0.00 16.790 16£.871 44_945 22.473 8.474
1. 000-0. 500 0.00- 1.00 51.510 51.758 L. 703 49.352 25.879
0.S500-0_355 1.00- 1.50 32.340 32.496 129,199 &A_LK00 146.7248
0.355-0.250 1.50- 2.00 41620 41.821 171.020 85.510 20 _911%
0.250-0.180 2.00- 2.25 16500 16.S80 187.4600 9=_800 8.290
0.180-0_125 2.5%0- 3.00 LH.30D &£.330 19Z_.930 QL _9LS 165
0.125-0.104 3.00- 350 4_020 4_039 197 949 og_98s 2.020
O 106-D_ D467 EZ.S50-— 4_00 1.750 1.758 199 727 99. 844 0.879
0. 0&3-0.04% 4_.00- 4_50 0.190 0.201 199.928 99_.944 0.101
< 0.045 > 450 0. 080 O.080 200_008 100, 004 0_.04n
Sieve lnss D_9460
Total weight 199_040

Statistical Parametercs:
05 = ? 3 016 = -0_40; 025 = O_10; 0S50 = 1.05;
075 = 1.70; 084 = 1.95; 095 = 2.465




OPPENDIX 1

Raeport of Sieve fAnalysis

Sample No. 4FRg

Method of Analysis: DETM

Hal f—phi interval:

15 min.

{a) Scresn type:

tb) Sieving time:

Weight of sample: 200 gm

Note: To get cummul ative weight percentage, divide each
figure by the last number in the cummulative weight
column and multiply by 3100

Class Intsrwval Fetained Corr-— Cum. Cum wt Wi ¥
on siBve ected wt . A

mm phi wt  {(gm) wt {g)
2.800-2_000 =1.50~-1,00 0. 000 0. oo 0_ad0 O. 000 0. 000
2.000—-1._.400 —-1.00--0.50 5.000 5.035 5. 035 2.518 2.518
1.400-1_000 -0_.50— 0,00 14_340 14440 19475 Q.7TIa 7.220
1. 000-D. 500D O.00- 1. 00D =1.800 32.023% 51.490 25.749 14H.M12
0.500—0_ XI55 1.00- 1.50 a2.010 22,1448 738652 5,831 11.082
0. 355-0. 250 1.50~ 2,00 EIZ.010 3I3.2413 10L. G032 53.452 156,421
0. 250-0. 180 2.00- 2,25 2&4_370 26555 133.459 L&_729 1X_ 2789
0.180-0_ 125 250~ Z.0N0 a1 450 a1 _ 750 175.208 g87.4504 20 _B75
0. 125-0_104 3. 00— 350 19,050 19182 1924_391 97194 2592
O, 106-~-0, 063 Z.50~ 4,00 {_9%0 4, 9455 199, 354 o9 _A78 2. .48%
0.0683-0.045 4,00~ 4.7J0 D. 3460 0.44F 199_819 99.910 0.232

< D.04% = 4_50 n. 136 0,181 200,000 100,000 D091

Sigve loss 1.390
Total waight 198. 610

Statistical Parameters:
0S5 = ~0.25; 016 = O0O.50; 025 = 0.95; 050 = 1_.90;
075 = 2.70; 088 = 2. 9N0: 095 = Z_35



APPENDIY 1

Report of Sieve Analysis

Sample No. 4FR,
Method nf Analysis: (3} Screen type: Half-phi interval: ASTHM
(k) Sieving time: 15 min.
Meight of sample: 200 gm
Note: To get cummul ative weight percentage, divide epach
tiguwre by the last number in the cummulative weight
column and multiply by 100

Class Interval Retained Corr-— Eum. Cum wt Wt. X
on siepve ected wt. s
mn rhi wt (gm)} wt {gm)
2.800-2_ 000 -1 _S0—1.00 1.900 1.922 1.922 0. 941 D. 961
2.000-1_400 -1.050--0.50 4.810 4.8565 &.787 3.394 2433
1.400-1 000 -0 50— 6.00 14_4480 14_808 21.59%5 10,789 7.404
1.000-0_500 D.00-~ 1 00 TL_RA20 TT.702 99, 297 49 _4L49 38 051
0. 500-0.355 1.00- 1.%0 4% . 950 44.478 145.775 72.888 23.239
O, 3350, 250 1.50=- 2.00 28.370 26_5696 174.471 H7.2346 14_748
0.250-0.180 2.00- 2.25 4. 900 £.979  181.450 2G_725 I 490
0.180-0.12% 2.50- Z.00 7.490 7.57& 1B2.02% 94,513 3.7688
Q13250106 .00~ F.50 0_200 1.001 190,027 9% _014 0_501
2. 106-0, DAF E.50- 4,00 4._810 4_846%5 194.892 Q7 _AAL Z2_#Z%3F
0. 086%-0.045 4. 00— 430 1.810 1.831 194.723 8. 362 0.216
¢ 0045 > 84_50 3.24¢ I.277 200,000 100,000 1.639
Sieve loas 2.270
Total weight 197 _730

Statistical Parametorcs:
05 = ~0.38B; 014 = O.14; 025
07% = 1.55; 084 = 1.85; 095

woH



APPFENDIX 1

Report nf Sieve Onalysie

Sample No. 4FQR..
Method of Analysis: {(a) Screen typer Halé-phi interval: ASTH
{b) Sieving time: 15 min.
Meight of samples: 200 gm
Note: To get cummulative weight percentage, divide pach
figure by the last nomber in the cummulative weight
calumn and multiply by 100

Class Interval Fetained Corr— Cum. Fum wt W, ¥
an =isve ected wt . A
mm phi wt {gm) wt (gm)

A.800-2. 000 -1.50—-1.00 0,010 o_010 0.010 0. 0805 O, 00%
2.000~1. 400 ~1.Q0—-=0_50 0O, O90 0. Q90 0_100 0. 050 1. 045
1.3400-31.0060 -0_.50- H.00 1710 1.718 1.818 0. 909 Q. B59
1. 000-0. 300 O_00— 3_D0 22_07N 22170 2% _989 11.994 11,085
0. S00-0_ 355 1.00- 1_50 £5.8920 L. 1898 90.1746 45.088 3I3.094
0. 355-0. 250 1.50- 2.00 7%.080 FR.4837 1689.513 84.8B07 39,719
0. 2%0-0.180 2_00- 2 %0 12.X%10 1Z2_ 366 181.979 Q0. 990 &5.18%
0.180-0.,125 2.850- Z_00 1Q.420 10447 192 _448%5 Qh. 223 5.72%Z4
0.125-0, 106 3.00- 2,50 0| 980 Q. 284 (9% 430 QL.TIS 0. 492
0. 10468-0_ DA Z.50—- 4 00 3120 x.1X%4 194 _S464 oa. 2872 1.547
0. 0630, 045 4. 00— 4. .520 Z2.200 |, 2.210 19B.774 99387 1.105

< 0045 > a.5D 1.220 1.226 200,000 100,000 D.AIR

Sieve lpss 0_900
Total weight 199, 100

Statistical Parameters:
05 = 0.460; 016 = 1.10; 02% = 1.25; 050 = 1.55;
07% = 1.85; 0B84 = 2_.00y 09% = 2_90



Sample No.

Weight of sample:
To get cummul ative weight percentage,

Note:

APPENDIX 1

Repart of Sieve Analysis

AFRg
Method of Analysis:r

200 gm

{a) Screen type:
b} Sieving time:

Hal f—phi interwval:

19 min.

ASTH

gdivide sarch

fiqure by the last number in the cummul ative weight
eplumn and muldiply by 100

Class Interval Retain=sd Core-— Curm. Cum wt Wt X
on siave ected wk ., A
mm phi wt (gm) wt {(gmi}

2.800-2_ 000 ~1_50--1_00 3.720 E.7446 I.7AL 1.873 1.87=
2_.000~1,. 400 =1_0D0--D_50 4 H40 &4, 572 a.418 4. 209 2.3386
1. 4001000 —0.50— 0,00 7430 7.482 15,900 F.950 3I.741
1.000-0. 500 0.00- 1.00 I4.4650 34, 891 50791 25.796 17,448
0. J00--0_ 355 1.00- 150 Z2.7%0 Z2.978 /3. 769 41 885 14 289
0. 3550, 250 1.50— 2,00 76.510 77.042 140,811 BC.4046 3B.521
0O_250~-0_ 180 2_00- 250 28, 3890 28577 199_7T38 QH_L£94 ia 259
0. 180-0. 125 2.20- Z.00 T.340 T.A391 194,779 8. %30 Z_694H
0. 12%-0. 104 F.00- 550 G, 490 .49 197 272 98534 0.247
0. 1056-0. 0863 3.50— 400 1,260 1.269 198.541 99271 0635
0. 06%-0.045 4. 00— 4 50 0O.570 0.%574 199.11% 99 558 0. 287

< D.045 > .50 0,880 0.885 200.001 100.000 O. 443

Sieve loss 1.380
Total waight 198 A20

Statistical Parameters:
DS = ~D.3B; 016 = 0.50; 025 = 1,00; OS50 = 1.A0;
075 = 1.90; 0B4 = 2.10: 095 = 250



APPENDIX 1

Report of Siove Analvyeis

Sample No. 7FR,
Method of Analysis: (a) Screen type: Half-phit interval: 65TH
ib} Sieving time: 15 min.
Weight of sample: 2060 gm
Noter To get cummulative weight percentage, divide esach
figure by the last number in the cummulative weight
column and multiply by 100

Class Interval Ratained Corr-— Cum., Cum wt Wt. X
on sieve ected wt. 4
mm phi wk  (gm) wt (gm)
Z_g00-2_000 ~1_50-~1_00 23,080 2X_170 2X_170 i1.585 11_58%5
2.000—-1.43400 -1,.00--0.50 13_040 13122 36.292 18.1484 b. 563
1.400~1_000 =0_.50- 0_00 22.180 22_284 %8.578 29.289 11_143%
1. 000-0_500 0.00- 1.00 &5 420 655732 124_310 &2_195 3I2.BkA
0. S00-0. 355 1.00- 1.50 21.310 21.5613% 145,923 72.952 10.807
0. 355-0_250 1.50- 2.00 17.310 17.5%4 14K3_517 B1_759 8797
0. 250-0_ 180 2.00=- 2,25 Q790 .837 173.354 a56.&£77 4.919
0.180~-0. 125 2.90- .00 10.860 10.912 184,244 Q2.133 3.456
0.125-0_104 Z. 00~ I_50 2,010 2020 13428546 3. 14% 1.010
0.106-0_0563 3.50- 4.00 a.780 S.822 195 108 97.554 4.411
0. 043-0_045 4_00- 4_50 I.2560 I.274 198_384 99192 1.438
< 0,045 > 4,50 1.610 1.618 200.002 100.001 0.809
Sieve loss D, 250
Total weight 199050

Etatigticral Parameters:
o5 = 72 s 016 = —D.&Ty OZ25 = —06.20: 0350 = 0.40;

y

075 = 1.60; 084 = 2,203 095 = 3.70



Samples No.

APPENDIX 1

Report of Sieve Analysis

7FRz
Method of Analysis:

Weight of sample: 200 gm

Note: To get cummulative weight percentage, divide each
figure hy the last pnumber in the cummulative weight
column and multiply by 100

(a) Screen type:
(b) Sieving time:

Hal ¥ -—ph
1S min.

i interval:

ASTHM

Class Interval Retained Corr— Cum. Cum wt WE. %
on sisve ected wt . A
mm phi wt f(gm) wt (gm)

2.800-2_ 000 —1_S0-—1_00 0_.24&0 0.252 0262 0.131 0. 131
2.000-1.800 —-1_00--0_50 1.380 1.389 1. 4651 N_B2& D. L9
1.400-1_ 000 -—-0_50- 0,00 7.120 7.168 8.819 4_410 3.584
1. 000-0_ 500 0.00- 100 59.120 59.5146 AHB.3IZS T4.1468 29.758
0.500-0,. 355 1.00- 1_.50 40,8460 41.13T4 109_449 S4.735 20_.547
D.E55-0.250 1.50- 2_00 a45.080 4%5.382 154.851 T77.4245 22,591
0.250-0. 180 2.00- 2.25 30.520 I0.724 185.57% 92.788 15.342
0.1B0-0.125 2.50- 3.00 9.180 9.241 194_814 97.408 a4 4521
0.125-0. 105 IZ.00- 350 0. 990 0.997 195.813 Q7.907 0_499
D.104-0_ 043 Z.50- 400 z.810 2.8346 199_4£49 99.82%5 1.918
0.056=-0_045 4_00- 4.50 0.280 0.282 199_.931 99 _.944 0,141

< D045 > 8,50 0.07D 0,070 200.001 100. 001 0. 035

Sieve lopss 1.330
Total weight 198.470

Statistical Parameters:
0% = 0.05; 016 = 0.55; 025 = 0.80: 0S50 = 1_40;
075 = 1.95; 084 = 2.20; 095 = 2_.70



AFPPENBIX 1

Report nf Sieve Analvyeis

Sample No. 7FRy

Method of Analysics: ASTHM

Half—-phi interval:

1% min.

ta) Screen type:

(h) Sieving time:

Weight of sample: 200 gm

Note: To get cummpul ative weight percentage, divide sach
figure by the last number in the cummulative weight
eolumn and multiply by 100

Class Interval Retained Corr- Cum. Cum wt WE. %
on =iaveo erted wt . L
i phi wkt {gml wt fgm)

Z2.800-2.000 ~1,.50~—1_00 Q. 480 D.ABL O. 486 .24 0.24=
2.000-1_400 -3 _DO——D_ 50 255D 2.594 . 080 1.540 j.297
1.400-1.000 =-0_50- O0_00 L. 8240 &. 30 10.010 5 _0DnS P ¥t
1. 0000, S00D o.00- 1,00 #0_780 41,315 51.325 25.4563 20.4658
0. 500-0D. 355 1.00- 1.50 23.1&0 23,444 74.78% I7.395  11_.732
0. 355-0.250 1.50- 2.00 27.1580 27.5185 102.30% =1.15% 13758
G.250—-0. 180 2.00- 2.25 25.850 25.189 128_.494 &4_247  1Z.009%
D, 180=-0. 125 2.50- X.00 34200 34,549 165,183 |81.572 17325
0.125-0. 106 Z.00- Z.50 16.270 1£.487 179.4627 B%.814 g.242
D, 106-0, 063 F.50- 4, 00 Z7.710 T.812 187.4356 SE_718 X.904
0. 083-0. 045 4_ 00— 4.50 11.680 11.225 198 6462 99_3I31 S.613

£ 0.04% » 4.50 1,320 1.337 200,000 100,000 0. 6569

Sieve loss 2.590
Total weight 197.410

Statistical PFarameters:
05 = ©0.00; 014 = 0.70; 025 = 1.00; 0S50 = 1.95;
075 = 2.80: 0884 = Z.15; QF = 4 10



APPENDIXY 1

Report of Sieve Analysis

Sample No. 7FR,
Method of Analysis: {(a) Screen type: Half-phi interval: ASTM
fb) Sieving time: 15 min.
Weight of sample: 200 gm
Note: To get cummul ative weight percentage, divide each
figure by the last number in the cummulative weight
column and multiply by 100

Class Interval Retained Corr-— Cum. Cum wk WE. %
on sisve ected wt . y <
mm phi wt (gm) wt (gm)
2.800-2.000 -1_50--1.00 4_310 4_.526 4.5246 2.263 2.263
2.000-1.400 ~1.00--0_50 7.800 8. 005 12.551 h.265 4._003
1.400-1_000 =0_50- 0_.00 20.820 21.3467 33.898 15.949 10.484
1.000-0_500 0.00- 1.00 10&6£_410 109.206 14=_.104 71.552 5S4_403
0.500-0.355 1.00- 1.50 23.960 24.589 147.4693 83.847 12.295
0. 355-0, 250 1.50- 2.00 9. 450 9.904 177.597 88.799 4_952
0.250-0.180 2.00- 2.50 10.130 10.395 187.993 93.997 5.198
0.180-0.125 2.50- 3.00 6£.990 7.174 195,147 97.584 35657
0.125-0. 1054 3.00- 3.50 0. 490 N.S03 195.4&70 97.835 0.252
0.106-0. 05 3.50- 4.00 3.760 3.859 199.529 99.7465 1.930
0.063-0.045 4.00- 4.50 0.390 0.400 199.929 99. 9465 0.200
< 0.045 > 8450 0_.070 0.072 200.001 100.001 D.0356
Sieve loss S5.120
Total weight 194_880

Statistical Parameters:
05 = ~0.45; 016 = 0.00; 025 = 0.20; 05D = 0.AD;
075 = 1.10; D84 = 1.50; 095 = 2,60



APPENDIX 1

PReport of Sieve Analyeis

Sample No. 7FRg
Method of Analysis: {(a) Screen type: Half-phi interval: ASTH
{b) Sieving time: 13 min.
Weight of sample: 200 gm
MNoter To get cummulative weight percentage, divide each
figure by the last pumber in the cummilative weight
column and multiply by 100

Class Interwval Retained Corr— Cum. Cum wt Wk, 4
an sieve ected wt %
il phi wt fom) wi {gm}
2.800=-2.000 =1_50—=1_00 5910 A£.9172 &£ 9132 3. 454 z.as5s6
2.000-1.4800 —1.00—0D.50 146_500 156. 504 23,8156 11.708 8252
1.400~1_.000 -0.50- 0.00 30. 000 3D.008 S3.424 26.712 15.0D04
1.0060-0.500 O_00—~ 1_O0 74480 TE. 499 129 923 LA _9&2 3FH.2E0
0. S00-0_355 1.00- 1.50 24_58H0 26£.587 156.510 78.255 13.204
D.355-0_2%0 1.50- 2_00 14.780 14.784 1731.294 85. 5647 7.392
O_3%0-0. 180 2.00~ 2,50 7.070 7.072 17B.3&A g9.18% I 534
0.180-0_125 2.590- 3.00 8.310 8.312 184.478 QI_339 4.1546
0. 125-0. 104 3.00- 3.50 1.360 1.3&60 188_038 24019 0. &80
0. 104-0. 063 3.50- 4,00 B._480 8.482 194.520 98. 2560 4241
0. 04630045 4_00— 4_50 1_380 1.380 197.900 9H_950 Q. L90
< 0.045 > A.50 2.100 2.101 200.0D01 100.001 1.051
Sieve loss 0, 050
Total weight 159 950

Statistical Parameters:
05 = 0,883 0146 = —0_303 029 = —D.05; 0S50 = O_45;
07% = 1.40; 0B4 = 1.90; (095 = Z &0



APPEMDIX 1

Report of Si=ve Analysis

Sample No. TFRg
Methad of Analysis: (a) Screen dyper: Half-phi interval: HB5THM
(b Sieving time: 15 min.
Weight of sample: 20D gm
Note: To get cummulative weight perrentage, divide each
figure by the lazt numher in the cummulative weight
column and multiply by 106

Class Interval Refainad Corr— Crm. Cum wt WE. %
on sieve ected wi. .
mm phi wt (gm) wt  (gm)
2.800-2_ 000 -—1_50--1_00 D220 D_229 0,222 0.111 0.111
2.000-1. 400 ~1.00—0.50 0. 9200 0. 207 1.129 0.3565 0. 454
1.400-1.000 -0.50- 0_.00 5. 4650 5. 895 &£.824 3.412 2.848
1. 000-0_ 500 O.00- 1,00 48.230C 48 S5&72 51.384 2623 22,281
0_500-0. 355 1.00- .50 25.450 23.637 T, 023 37.512 11.819
0.355-0. 250 1.50- 2.00 2B. 490 28.717 103,740 51.870 14_359
0. 250~-0_ 180 2.00- 2,25 27.700 27.921 131, 46581 &5.831 13.963
0.180-0, 125 2.50- 3.00 25 A70D 23.958 155.519 F7.7460 11,329
0.125-0, 104 3.00~ E.50 18.3%0 iB8.49&6 174,015 87. 008 9.3248
0. 1046-0_083 Z.50- 4,00 16,150 106,231 184 _244 92,123 =
0. 0450, 045 4_00— 4.50 11.010 11.098 195344 Q7672 5.549
< 0,045 > A4.50 4. &L20 4,657 200,001 160.0013 2.329
Sieve loss 1.3280
Total weight 198.420

Statistical Parameters:
05 = 0.1% 3 06 = ©. 707 029 = 1_00: 050 = 1, 90;

~— o - - - —_— =ma - -~ -



APPENDIX 1

Report of Sieve Analysis

Sample No. 7FR.

Maethod of Analysis: Hal f-phi interval: ASTHM

15 min.

{a) Screen type:

{b) Sieving time:

kWeiqght of =ample: 200 gm

Note: T get cummul ative weight percentage, divide each
figure by the last number in the cummulative weight
column and multiply by 100

Class Interwval Retained Corr=-— Cum- Cum wt WE. 4
on sireve ecten wk . A
mm phi wt {gm} wkt {(gm)

2_800~-2,000 =1,50~~1.00 1.190 1,192 1.192 D_EB94 0_S5945
2_000-1.400 =1_060—-0D_.50D S . 4450 5. 4468 b.LLD 3.330 2734
18001000 —0.50- D_00D 11530 11.547 18. 207 9. 104 =. 774
1. 000—0_ 500 D_DOH— 1,00 S50.370 S0, 447 &9. 650 4325 25,220
0.500-0. 35% 1.00—- 1.50 32.040 F2.087 100,737 ®O.34580 1&.044
0. 35%5-0. 250 1.50- 2.00 445,290 84_3%7 147.0%24 73.547 2Z_179
0. 250-0. 180 2_OD- ZF_IO% 2. 4690 23,724 170,818 a5. 409 11.8982
0_180-0_12% 2.50— Z.00D 17, 400 17_42% 1889 24% Q4 122 8.713%
0. 1250, 1046 3.00- .50 3.210 .91 182.150 Q&4 O30 1.9%8
00,1060, 063 X.S50- 4,00 4_ 79D 4,394 194555 ol 278 2,199
0. 043-0.045 4,00~ 4.50 1.5B0 1.582 198.13%7 9% . 049 0.791

< 0.045 > {50 1. 85460 1.86 200,000 100,000 0.932

Sieve loss 06290
Total weight 199_ 710

Statisgtical FParameters:
05 = —0.30; Otb = D.35; 025 = 0.70; 050 = 1.50:
075 = 2. 05; 084 = 2. 45 095 = 3.0



APPENDIX 1

Report of Sieve Analysis

Sample Mo, 8FR,
Method of Analysis: {(a) Screen tvper: Half-phi interval: ASTHM
th) SBieving time: 1% win.
Weight of sample: 200 gm
Note: To get cummul 2tive weight percentage, Bivide sach
figure by the last number in the cummulative weight
column and multiply by 100

Class Interwal Ret aincd Corer-— Cum. Evm wt WE. A
o sisve ected Wk, p 4
mm phi wt {gm? wt (gm)
2.800-2.000 -—-1.30--1.00 0.010 0_010 O_010 0. 005 0,005
2.000-1_.400 ~1,.00--0.50 0.010 0.010 0020 0.010 000
1_400-1. 000 -0,.50-— 0,00 1.010 1.045 1.0465 6,533 0.523
1_000-0_500 D.00— 1.00 124820 12.847 13,912 &L_954 &H. 424
0. 500~-0_35% I_00- 1,50 40, 650 42,048 SS5.950 27.980 21.024
0. 355-0.250 1.50- 2.00 B7.480 Q0. 489 144_449 73095 A5, 3245
O 2550-~0. 180 2,00~ 2.25 20_970D 31.001 177_45%0 g2_725 1% _S01
0. 1800, 135 2.50- Z.00 75820 F.F79 185 229 92.561% 3. 890
0.125-0.10& 3.00~- 3,50 1.4610 1_665 1856894 93.447 0. 833
0. 104-0, 0463 Z.50- A4.00 2. 480 ?.808 1948 700 g8. 350 4.903
0. 0630045 4,00~ 2_50 1. 830 1.583 198.283 F_142 LA A5
< 0,045 ' > 5.50 1. 6560 1.737 200,000 100,000 0.859
Sieve loss &, &S50
Total weight 19%.356

Statistiral Paramstere:
05 = 0.920; 0168 = .30 025

= .45; 050 = 1.75;
07% = 2.0%5; 084 = 2.30; 095

g1
™
v
o



Sample® No.

Method of Analysis:

Waight of sample:
To get cummul ative weight percentage, divide sach

Note:

APPENDIY 1

Report of Sieve Analyeis

BF R

200 gm

{a) SBcreen tvype:
{b) Bieving time:

Half-phi interval: ASTHM

15 min.

figure by the last number in the cummulative weight
column and multiply by 100

Clags Interval Retained Corr— Cum. Cum wt Wk, %
on sieve rCLed wt. A
mm prhi wt (gm)} wt (gm?

2.800-2.000 -1.506-—1.00 G. 400 0. 400 G. 400 0. 200 Q.2606
2.000-1.400 -1.0D0--0.50 1.540 1.580C 1.240 0.970 G776
1.400-1.000 ~0.50~ 0G.00 11.5%0 11,592 13.532 &. 7445 5.794
1.0006-0.500 0.00—- 1.0D 25.3480 125.3%5%9 135.891 LP.8446 LHT.LBG
0.500-0,395 1.00- 1.350 8.530 B.531 147422 FE.TLL {4,284
0,.355-0.250 1.50- 2.00 15.290 15.292 162.7148 8i.357 T.6488
0.250-0.180 2.00—- 2.50 18. &62C i8.4623 i81.33 QoL 669 F.I12
0.180-0,12% 2.50- 3.00 16.870 10.872 192.209 ShH. 105 S. 4348
0.125-0.104 3.00~ IS0 0. 720 D.720 192.92% P4. 465 GO. 356G
0.1046-0_.043 3.50- 4.00 4. 050 4,058 194,980 78, 420 2.028
0. 0563-0.045 4,.00—- 84.50 2.270 2.270 199.250 99425 i.135

< 0,045 > .50 O.7580 0.750 200.000 100.00D 0.375%

Sieave loss 0.030
Total waight 199,970

Statistical Parameterss
0S5 = ~0.08; 014 = 0.25; 025 = 0.40; 080 = 5.75;
075 = 1.60; 084 = 2.15; 095 = 2.90




APPENDIX 1}

Report of Sisve Pnalysis

Sample No. BFRg
Method of Analysis: {2) Sereen typer Half-phi interval: AGTHM
th) Sieving time: 15 min.
Weight of sample: 200 gm
Note: T get rommualative weight percentage, divide sach
figure by the last number in the cummulative weight
column and multiply by 100

Class Interwval Retained Corr- Cum. Com wt Wk, 4
on sieve ected v E 4
mm phi wt (gm) wt (gm)
2.800-2_ 000 -=31_50--1_00 0, 400 0400 O, 400 0. 200 O, 200
2.000-1_ 400 -1.00—0_.50 1.340 - 1.540 1.940 0.970 O.770
1.400-1.000 —0O.50- O.00 11.3590 11.592 13532 &.74A 5.7%%
1_000-G_500 O_00~ 1_00 3125340 125.3559 138.8%1 £9. 4484 (2 ABD
0.500-0.355 1.00- 1.50 8.530 8.531 147,422 73.71t 1. 2565
Q.355-0.230 1.20- 2,00 15,290 15.292 1562.714 21 _3%7 PA-T 7
0.250-0_180 2.00- 2580 18. 620 19423 191,337 0. 6569 g.312
0.180-0. 125 2.50- 3.00 16.870 106.872 19Z2.209 94,105 5.4356
0_125-0. 104 3.00~ 3.50 O, 720 0.720 192.Q929 PbH. 465 0. 340
0.1056-0. 043 3.50- 4.00 4 D50 A.0%1 194.980 8. 490 2,024
0. 063~0. 045 4.00- 4_50 2.270 2.270 199,250 g99. a25 1.135
{ 0.045 > 8,50 O TS0 D.750 200,000 100 000 0375
Sieve loss 0. 030
Total weight 199,970

Statistical Parameters:
05 = —0.08; 0146 = D 25; 025 L
079 = 1_.4&03 084 = 2. 183 095 2.90
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Sample Nao.

Weight nof sample:
To get
figure
c ol wunn

Nore:r

ARPENDIX 1

Report of Sieve fnalysis

BFFiy
Method of Analvysig:e

{a)

200 gm

cummual ative weight percentage,

Screen type:r
(b) Sieving time:

Hal f—-phi

1% min.

interval:

ASTH

divide sarch

by the last number in the cummulative weight
and multiply by 100

Class Interval Retained Eorer— Cum. Cum wt WL. X
on siove artern wt . r

mm phi wt {gm) wt (gm)
2.800-2_ 000 ~}_50--1_00 0.130 0.130 0. 130 [ P & TN 0_DLS
2.000-1.400 —1.00~-0_50 1.000 10002 1.132 O.5b65 0.501
1. 400~1_000 =050~ 0_00 S, 000 5.010 &, 142 T.OF77 2,505
1.000-0_ 500 0.00- 1_.00 &5_830 &5 . PLD 72104 3L, 052 32,981
0.500-0_355 1.00- 1.5 47.350 A7 445 119 559 39.780 23.723
0. 355-0, 250 1.30- 2.00 =27.830 I7.904 157,455 IR 72R  18B.957
Q.250-0_18D 2.00- 2.50 15.893%0 iS. 842 173.317 846 L59 F_931
p.1B0-0. 125 2.590- IZ.00 F.380 P.399 182,716 91.358 4_700
0. 125-0,.104 I.00- 3_50 2.330 2.X35 185.05!% 92 524 1.148
0. 1056-0. 0463 Z. 50— 4.00 1.500 1.503 184. 554 QFI. 277 D, 752
0. 043-0_,045 4, 00— 450 9.320 9.339 195.893 97.347 4_4LTD

< DO.04% > 84.50 £_100 4_108 200,001 100, 001 2,094

Sieve loss 0_410
Total weight 189, 500

Statigtiral FParasmetercs:e
05 = 0,20z 016 = 0.40; 025 = 0.BO: 050 = 1.30;3
075 = 1.90; 084 = 2.30: 09% = A_15



APPENDIX 1

Report of Rieve Analysis

Sample Nn. BFR,
Method of Analysis: (3} Screen type: Half-phi interval: ASTM
(b} Sievirng time: 15 min.
Weight of sample: 200 gm
Note: To get cummulative weight percentage, divide each
figure by the last numbher in the cummulative weight
calumn and multiply by 100

Class Interval Retainead Corr- Cum. Cum wt WE. %
on sieve ected wk. A
mm phi wt {Qm) wt (gm)
2.800-2.000 -~1.50—1_.00 1_990 1.6802 1.992 0. 9%4 O_F95
2.000-1.4500 ~1.00--D.50 4. 690 4. &95 &.4&£BB 3.344 2.348
1.460-1.000 —-0_.50~ O.00 A_&H90 &.4698 13384 &, 693 =.349
1. 0000, 500 O.00— 1_00 27.070 27.103 40._ 499 20245 13,552
0. 500-0.355 1.00- 1.50 28.840 28.87% L9344 J4_45682 14438
0.355-0. 250 1.50- 2_.00 7. 150 57.219 125.583 6%, 292 28 410
0. 250-0. 180 2.60- 2.25 34. 700 34.782 161.335 BO. &3 17.371
0. 180~-0, 125 2.50~ 3.00 185460 18.582 179.%07 g9 954 g.291
0.125-0. 1056 F.00- 3,50 4_070 4.07% 18%.982 91,531 2,078
0. 104-0. 043 3.50- 4,00 10.550 1054683 194.545 Q7._273% 5.282
0.0&63-0.045 4_00-~ 4_30 I 700 3.704 198_3249 92.125 1.852
¢ O.04%5 450 1.780 1.752 200, 00] 1060, D01 0 875
Sieve loss 0.240
Total weight 199 740

Staticstiral Paramsoters:
05 = =0,20: 016 = O.795; 025 = 3.
073 = 2.30; 0B4 = 2Z2.453 095 = 3.75



- AFPENDIX 1

Report of Sieve Analvyeis

Sample No. BFRe

Method of Analysis: {(3) Screen fype: Half-phi interval: ASTHM
(h) Sieving time: 15 min.
Weight of samplie: 200 gm

To get cummiil ative weight percentage, divide each
figure by the last number in the cummulative weight
column and multiply by 100

Note:

Class Interval Retained Core—- Cum. Cum wt Wi, X
nn sipve ected wt . x

mm phi wt {(gm) wt fgm)
2.800-2.000 -~} _S0--31_0D0 7080 37091 T7_09)3 19.5456 1A.S45
2.000-1.800 —-1.00—0. .50 14, 500 14. A08 51. 695 25.848 7.303
1.800-1_ 000 —-0_50- 0 00 1Z.910 1Z.914 £5. £LO9 2,905 &H.9AST
1. 0000, SO0 O_00- 1.00 45 4460 A5 474 111.083 =5.5472 22_737
O.500-0. 355 1.00-~ 1,50 I5.370 25.378 13246.4561 6£8.231 12489
0. 3580250 1.50- 2.00 26L.920 25.928 147389 81.695 1354548
O_2%0-0, 180 2.00- 2.25 iZ. Q70 12.074 175. 863 |7 . 732 &, 0%7
0.180-0_1235 2.50—- .00 Q.230 Q. 232 1084 495 Q2._349 4 _46146
O_125-0_104 F.00- I _HO 2.320 2.321 187_.014 9x.o08 1.141
O_ 1060043 3.50- 4_.00 A_ 1RO H.1A2 193,179 Q4L_589 Z.081
0.0&3-0.045 4.00— 4.50 3.0580 I.051 194 229 98,115 1.524

< 0045 > #4846 I.770 2.771 200,000 100.000 1.884

Sieve loss 0. 040D

Total weight 199,240
Statistical Parameters:
05 = 3 3 9156 = 7 3 025 = -0.4035 OO0 = O.80;
07% = 1.7%; 084 = 2_20y 095 = Z_70



Sample No.

Method of Analysis:

Weight of sample:

APPENDIX 1

Report of Sieve Analysis

9FR,

200 gm

{a2) Screen type:
th) Sieving time:

Hal f-ph
15 min.

i interval:

ASTM

Note: To get cummul ative weight perrentage, divide each
figure by the last number in the cummulative weight
column and multiply by 100

Class Interval Retained Corr— Cum. Cum wt Wt %
on sieve ected wt %
mm phi wt (gm) wt (gm)

2.800-2_000 -1.50--1_00 0. 000 0. 000D 0. 000 0. 000 0. 000
2.000-1_400 -1.00--0_.50 O.000 0. 000D 0. 000 0. 000D 0. 000
1.400-1_000 —-0D_.50- O_.00 2.190 2.221 2221 13013 1.1311
1. 000=-D_500 0.00- 1.00 15.570 15.792 1B.0173 9. 007 7.894
O.500-0.355 1.00- 1_.50 9.370 2.504 27.517 13.7599 4.752
0.355-0.2%5%0 1.50- 2.00 248 _4K10 24_9541 S2.478 26.239 12.48B1
0.250-0.180 2.00- 2.25 31.880 32.334 |4.812 42 406 16.1467
0.180-0.125 2.50- 3.00 25.420 25.985 110.797 55.399 12.993
0.125-0.1056 3.00- .50 2.180 9.311 120.108 &£0. 054 a4_45s56
0. 106-0.0463 3.50- 4.00 44 _ 520 45.256 1565.35648 82.682 22.628
0. 063-0_ 045 4_00- 4.50 22.300 22.618 187.982 93.991 11.309

< 0.045 > 4_50 11._850 12.019 200.001 100_001% 5.010

Sieve loss 2.810
Total weight 197.190

Statistical Parameters:
0S5 = 0.703 016 = 1. 603 025 = 2.00; 0S50 = 2.80:
075 = Z.75: 0B4 = 4.05: 095 = 4_.55



APPENDIX 1

Report of Sieve Analysis

Sample No. 9FR=
Method of Analysis: (a) Screen type: Half-phi interval: ASTM
(b) Sieving time: 15 min.
Weight of sample: 200 gm
Noter To get cummul ative weight percentage, divide sach
figure hy the last number in the cummul ative weight
column and multiply by 10D

Class Interval Retained Corr— Cum. Cum wt W, %
on sisesve ected wt. A
mm phi wkt (gm) wt (gm)
2.800-2.000 -=1.50--1.00 0. 000 0. 000 0. D00 0. 000 0. 000
2.000-1.4800 -1.00--0.%0 0. 000 0. 000 0. 000 0. 000 0. 000
1.400-1.000 -0.50- 0.00 0. 000 0. 000 0. 000 Q. 000 0. 000
1.000-0,500 0.00- 1.00 0.1460 0. 145 0.1465 0.083 D.08%
0.500-0.355 1.00- 1.50 2.1460 2.230 2.395 1.198 1.115
0. 355-0.2%0 1.50- 2.00 5.530 5.710 8. 105 4.05= 2.855
0.250-0. 180 2.00- 2.50 =1.160 32.173 40.278 20.13T9 146,087
0.180-0.125 2.50- Z.00 57 .940 70.150 110.428 55.214 35.07%
0_125-0_104 3.00- 3.50 25.740 26.598 137.026 &£8.513F 13%.299
0.106-0. 053 3.50- 4,00 4150 3I5.26% 172.287 846.144 17.671
0.063-0_045 4_.00~ 4_.50 12,980 13402 1854689 92_845 5.701
< D.D&S > A4S0 13,860 14.311 200,000 100,000 7.156
Sieve loss &H. 300
Total weight 193.700

Statistical Parameters:
05 = 2.05; 016 = 2.480; 025 = 2.60;3 0S0 = 2.90;
075 = 3.65; 084 = 3.90; 095 = 4.55



Sample No.

Method of Analysis:

kWeight of sample:

APPENDIX 1

Report of Sieve Analysis

9FRx

200 gm

{a} Scresn typa:
(b} Sieving time:

Hal f-phi

1S min.

interval:

ASTH

Note: To get cummulative weight percentage, divide rach
tigure by the last number in the cummulative weight
column and multiply by 100

Class Interval Retained Cory— Cum. Cum wt Wk, %
on sieve ected wt. *

mm phi wt {gm) wk (gm)
2.800-2.000 -1.50—1.00 O, ono O_ 000 o, 000 0. 000 O 000
2.060-1_400 —~1._00-——0.50 Q. 000 0. 000 0,000 . 00D D, D00
1.4800-1_.000 —0,50— 0.0D Z.0480 2.074 3.078 1.538 1.57%58
1. 0000, SDH0 0.00— 1.00 31.%70 31,242 35.0189 17.50%9 15,971
0. 500-0. 355 1.00- 1.50 47.880 483,444 893,452 41.731 24 222
0. 3550, 250 1.50- 2.00 24_420 24_708 108.170 54.085 12.3%54
O.230-0, 180 2.00- 2.50 1.950 1.973 110,143 o, 072 o_987
01800125 2.50- ZT.00 19 570 12.801 129 _944 &4, 972 S.901
0.125%-0.106 3I.00— 3.50 24.990 25.285 155,229 77615 12,692
0. 1066=-0, 0463 .50~ 4,00 25. 020 25.3886 180.4615 QO.308 17.5831
0. 05630, 045 4, 00— 4,50 15. 340 15.521 1945.1346 28. 0649 T.761

£ 0,045 > K50 Z.820 F.8LS 2005001 100,001 1933

Sieve loss 2.3X0
Total weight 197.670

Statistiral Parameters:
05 = 1.45; 0lé = 1,703 025 = 1.803 050 = 2.05;
O75 = 2,45 084 = 2.70; 095 = 3I_70



APPENDI X 1

Report of Sieve Anal ysi s

Sanpl e No. 9FR*
Met hod of Anal ysis: (a) Screen type: Hal f-phi interval: ASTM
(b) Sieving tinme: 15 m n-
Ueight of sanple: 200 gm
Not e: To get cummul ati ve wei ght percent age, divi de each
-figure by the last nunber in the cumul ati ve wei ght
colum and nultiply by 100

d ass Interval Ret ai ned Corr— Cum Cum wt W .
on sieve ect ed Wt . /.
mm phi w (gm) w (gm
2.800-2.000 -1.50-41.00 0. 000 0. 000 0. 000 0. 000 0. 000
2.000-1.400 -1,00-90.50 0. 000 0. 000 0. 000 0. 000 0. 000
1. 400-1. 000 -0.50- 0.00 0. 000 0. 000 0. 000 0. 000 O. 00O
1. 000- 0. 500 0-00- 1.00 2.770 2.730 2. 730 1. 370 1. 390
0. 500- 0. 355 1. 00- 1.50 8.410 8. 439 11. 219 5.610 4. 220
0. 355- 0. 250 1. 50- 2.00 70. 140 70. 333 81. 602 40. 301 35.192
0. 250-0. 190 2.00- 2.50 76. 330 76.594 153. 196 79. 093 33. 297
0. 180-0. 125 2.50- 3.00 25. 270 . ow s 183.553 91.777 12.779
0. 125-0. 106 3.00- 3.50 3. S80 3.393 137. 446 93.723 1-947
0. 106- 0. 063 3.50- 4.00 6. 080 6. 101 193. 547 96. 774 3.051
0. 063- 0. 045 4. 00- 4.50 3.070 3.081 196. 628 93. 314 1.541
< 0. 045 > 4.50 e ‘T T 200. 000 100.000 X. 036
Si eve | oss 0. 690
Tot al wei ght 199. 310

Statistical Paraneters:
05 = 0.40; 016 = 0.95; 025 = 1.20; 050 = 1.30;
075 = 3.40; 084 = 3.70; 095 = 4.20



APPENDIX 2.
CUMULATIVE FREGQUENCY CURVES ON
A PROBABILITY GRAPH SCALE .
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Prohahtlity paper for plotting gratn-size distributions.
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APPENDIX 3.
SMOOTHED FREQUENCY CURVES ON
AN ARITHMETIC GRAPH SCALE .
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