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ABSTRACT

The geology of N geria indicates possible areas of
uranium mneralization. Radionetric anomalies have been
found both within the sedinentary basins and the basenent

conpl ex.

The Dinya-Koking area is one of these areas that have

radi onetric values above 5000 CP.S. The area falls
within the Proterozoic basenent rocks east of t he
Cretaceous Benue sedinentary basin.. Enpl aced within the
basenent rocks are rhvolitic rocks of Cenozoic age. The

rhyolite dykes lie along a North-South |ineanents believed
to be shear zones. The high radionetric values are found

to be closely associated with the rhyolitic bodies.,

Al'terations of rocks occur at the contact of the
basenent granites and rhyolites.. The alterations indicate
secondary processes, which were due to the action of
hydrot hermal solution during or/and after the enplacenent

of the rhyolites.
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The action of the hydr ot her nal sol ution s
concentrated along the contact and shear zones which acted
as channel ways al ong which the fluid circul ated.. I nt act
the shear zones and fractures were also the deep seated
structures t hr ough whi ch t he supercritical fluid
circulated and scavaged uranium and other netals that tend
to be enriched together with Uanium. The mneralizing
fluid itself was generated by the magmatic activity due to

gravitation and crystallization fractionazation-

Geochem stry of the rock sanples reveals a constant
depletion of the rock form ng oxides Cao, ngo and Na-o0
but. enrichnment of uranium potassium and other netals..
The enrichnment and depletion trend match closely to the
el enent correlation and elenent associ ations. . The
trend of elenments point to the fact that the mneralizing
fluid was rich in uranium, QO» Ni, Cu, 2Zn, Fe, m and
P. The presence of N and Fe in the mneralizing
solution confirnms its association wth the vol cani c
activity that led to the rhvolites enplacenents, while the
association of uraniumand the |. ithophil.es nust, be due to

| eaching and concentration in the hydrothermal solutions.
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Chapter |1

INTRODUCT 10N

Hoth economic and political considerations have become
fundamentally important in tha search for and exploitation of
Uranium ores. The uranium derived from the ores is used as
enerqgy fuel in nuclear reactors. It is also used to produce
radioactive i=otopes for uvse in industry, agriculture and
madicine . pDue to the economic and strateqic uses of uranium
many countries have embarked on intensive search and

axploitation of uranium ores.

In Nigeria research work on uranium mineralized areas
aimed At delineating economic uranium ore have gained momentum
over the past years. The government foo has shown interest
and given support to research institutions Aand other
establishments, such as the Nigerian Uranium Mining Company
(NUMCD), which are involved 1in exploration and research on

Uranium ores.

The works of Farrinaton, (1952): Djo.(1980): Bowden eft.
al., (1981): Oshin, (1984); Ushin and Rahaman, (1986): Okujeni
et. al..(1988): Funtua (1988) and many othars have indicated
that the aeographical location, geology and geological

history of Nigeria provide for a possible deposition of



uranium ores within certain geochemical terrains (Fig.1.1).
These terrains are areas within which some rock typas have

indicated anomalous abundances (above clark value) of uranium.

The result of these works which have indicated areas of
uranium anomalies, have motivated a lot of interest and the
naecd for furthar work 1in showinas with reported high
radiometric readings. The present work was undertaken to make
A datailed study of one of such anomalies at the Dinya-koking

Aareas near Jalingo in Taraba State.

1.1 LOCATION AND ACCESSIBILITY

fhe Dinva-kokinag area is jocated within Monkin Sheet 216
NW, which covers part of Taraba Stare, North eastern Nigeria.
The area lies adjacent to and east of the Benue trough. Jt is
bounded by Latitudes 8°47715"N and 8°49°30"N and lonatitudes

11936°25"F and 11°40°15"E.

The area is accessible from the Numan - Jalinqgo road where
it branches eastward ar Lankoviri villaqge to Zinq. It is Aalso
accessible from the northeastern part alona the Yola-Zinq
road. from Z2inq the area is accessible alonqg the southward
road that |eads throuah Monkin villaae to Dinva and Kokinag
areas (fFig. 1.2). The road from Monkin to Dinva and koking

Areas are seasonal beina motorable only durinag the dry ssason.
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Other areas within the mapped area are accessible throuah

numerous tTootpaths, connecrting viliages and hamlers,

1.2 Relief and Drainage

Tha area northeast and southeast of the Henue valliey 1=
underlain by basement rocks and scarttered occurrences of
volecanic rocks. The terrain rises somewhat reqularly towards
the Cameroon border, reaching maximum heights of 700 - 900
matres 1in the Mambila plateau reqgion. It is an area of

discontinaus mountain ranaes and dissected hiah level plateau

surfaces.,

wWithin the area of study, the landscape 1is qgenerally
flar and undulating with a few hills and low lvina whalebacks
and ridges. fhe lowest and highest points are S04 metres and
671 metres Above sea level respectively. IThe area 1s howeaver
bounded by towerinag ranges reaching 910 metres and 844 metres
above sea level in the northwestern and western part

respactively.

The surrounding hiagh lands are dissected by numerous
steapsided river channels which radiare in all directions fto
join larger rivers. The area is well drained by numerous
straams And rivers with a few areas in the southwestern part

liable to flood during wer season. lhe streams and rivers are
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Fig.1.2. Drainage. location and accessibility map of the study area .




Aall tributaries to river Kupini (Fia 1.2) which drains

northward to join river Banue.

1.5 Climate and vegetation

The climate of thea area ftalls within the southern
Savannah. The climatic zone which covers latitude 8°N and

119N coincides with the Guinea Savannah Veqgetation zone.

The weat season lasts for seven to eiaht months betwean
March and November with 1270 mm to 1525mm Mean Aannual
rainfali.

lemperatures in the zope are low and Jless variable,
usually between 27°C and 30°C of the mean daily minimum and
maximum. The relative humidity varies between 40% and 70% in
the arternoon and evening respectively while the mean annual

' cal em ™ per vyear.

dayliqght radiation is between 80 - 90 ki
Ihe dry season in the zone lastse from November to March or
April. durinqg which there are no rainfalls. Temperatures are

vary high during the day while the relative humidity 1is

aqenerally low.

There are two marked seasonal winds direction in the area.
the southeast trade wind blowing northeastwards during the wer
=@ason and the northeast trade winds (Harmattan winds),

blowinag southwestwards during the dry season.



The climate of the eastern borderiands comprising the
araa of study is intluanced baoth by lLatitudes and altitude.
The change in altituda has resulted 1in constant humidity
cloudiness, leaas sunshine, low temperatureas and less
evaporation. Line sauall are auite common especially before

and after the wat saason,

The dorminant plant species of the porthern Guinea
Savannah. [Isoberlina ooks and Isobsrina dalzieli. Monotss
kerstingii and Lapaca rtoopsnsis (syn. U, Somon) ocour where
bush burninga 13 not rampant. UWseful trees such as the
sheabutter or Karite (8urrvrosparnum paradoxim. Sub. S,
parkir) Tamarind ( ramaringus Indicg) locust beans trees
parkia sp. Vitex donianra, Afezelia aAfricana, (anielia QOliveri
and  the rubber Climber (lLandoiphia huelottl) are dgepnerally

prasarved,

The modiftication brouaht about by altitudes and bhence
climate has  also influenced the vegetation of the eastern
borderlands., which have plant species common to both temperata
and tropical climates, Byrophvtas {moszas), tree farn
(cynthea spp.). epiphvtes (orchid and byaonla) and lichen are
abundant with other plant species of temperate affinities

aecuring togethar with the tropical plants,



lL.4 PREVIOUS WORK

A review of the gecloay and concepts of aenasis relating

Lo important types of uranium deposits by Nash etr.al., (1981);
agave rise  to classitication of uranium deposits into  “Tyvpao
daposits” These ara deposits associated with céartalihn

geachemical provinces which demohstrate relationship to
specified rock types. From the classification the followina

"Type depasits” ware documented

(i) duartz-pebble conglomeritic deposits
{ii} uUnconformity Tvpe deposits
{i1i) Deposits in Ultramafic rocks
(iv) vein type deposits
(v) Deposits associated with iqneous rocks
(vi} Valcanogenic deposits
{vii} (Deposit= in Sandatonas and
{viii} The veelrie and calorets type deposits
Frevious work on Uranium Minperalization 1in Nigeria
include that of 0jo. (1980) on the prospect of finding Uranium
deposits in Nigeria. T§he work has indicated distribution of
Uranium  anomalies in  the sedimentary and basement rocks.
Oshin, {(1984) worked on the distribution of uranium and
thorium in the basement rocks. He indicated that some of the

oldar granites have as high as 30ppm uranium., Thea work by

ol



Ushin and Rahaman, (1986) on the tavourability of uranium 10
Nigeria also indicated that the peamatite= around Adada 1in
Adamawa and #&auchl State have as hiah as  7Zppm  Uranium
concentration while work on Niger-Nigeria younager Granites
province by sowden et_.al.. (1981) has shown thart the albite
aranite Trom Ririwai and Afu within the region has uranium

concentration of 100-145ppm.

Other works are those of Okuieni, (1987) on the
bioaeochemical investiqgation into use of Ieaf and bark of =ome
Savannah trees in prospecting for uranium 1n tha Upper Henue
Trough:; Okujeni, et.al., (198R) did a geochemical orientation
survey for uranium in pata syncline and Gubrunde horst of the
Upper Benue trough: Elegba et.al., (198BR) carried out a
feasibility of the geobotanical uranium exploration based on
bark sampies from Savannah trees:; while Lancelort and Maurin
(1985) rFuntua, 19RH:  Funtua et.al., (19972a and b) and
Daunleye, (1991) worked on the geoloaqy and aqgenesis of uranium

mineralizarion in Northeasrtern Nigeria.

Other aenloaical works covering the study area include
those of Carter at., al., (1963): Uvawoye, (1970) and
McCurry,(1970) on the aqaeology of the Nigearian pbasemant
complex. HBawden and Tuley., (1966) worked on the Land
resources of southern Sardauna and Southern Adamawa provinces.,

Uther workers include Ofoceagbu., (1976) who worked on the



interpretation of aeromagnetic profiles Aacross the &enpue
trouah: &enkhilil, (1982) worked on the evolution and oridain
of the ®enue trouagh while Wright, (1976); Hurke 1970 and
Dfoeabu, (1985) did a review of the qeoloqy and structural

satting ot the Henue trouah.

1.5 PRESENT WORK

The aim of the present work 1ncludes: A comprehensive
gaoloqical Tield mapping and production of a qeoloqical map of
the study Area:; o study the detalled geoloay and structural
satting of mineralized rocks, followed by a carerul samplina
of rocks 1n the ore zone and to undertake a study of the
petroloqgy and mineraiogy of the rock samples in both
handspecimen and thin sections toaether with a full
petrographic description of the difrerant rock types and their

Altered varieries.

Further work includes qeochemical analvsis of the rock
samplies  for determination of major and mipor alemants;
statistical treatment ot data to show enrichment or deplation
of elements in altered and unaltered rocks and interpretation
of the dara based on rrends of elements in the rock relatad

to uranium minaralizatcion.

L0



Chapter 2

GEOLOGY

2.0 Geoloqical Setting

The #&enue trouah of Nigeria is a (Cretrtacenus Intracratonic
Sadimentary basin of About AROOKkm  1ona And  130-150 kms.
widge. It 18 Tilled with rocks rangina Trom middle Albian to
Maestrichtian (Ofoeabu 1985). [he Cretaceous rocks within the
trouah are borderad on either side by the metamorphic
basement rocks. Ihe basement. complex 1< FPrecambrian 1in Aaqe
(Ovawove 1972). It consists of quartzo-feldparhic migmatites
and qneisses with occasional aquartzites, marbles and
amphibolites. According to Carter et. al..(1963) the
aquartzo-feldspathic miamatites are scattered remnants of hiahly
metamorphosed rocks which have entirely bean rtransformed to

Anactectic miagmaritas and qranites by aqranitization.

Pan African activity: - [he crystalline basemenr
borderina the Henue ©trouah AS in MANY pParts of Nigeria,
contains mAany major and minor intrusives (Carter at. al., 1965;
Cratchley and Janes, (1969): Reyment (1L965): Ovawove, (1972).
MoCurry. 1976). ihe older intrusives are rthe older aranites

while the Younqger Iintrusives inciude gqgranitic, basic and



dibasic rock types associated with dvkes-|11ke bodies

({Falconer., 1911; Uvawove, 1977:; McCurry. 1976: Wright 1976).

Ihe older qranities which are product or tha Pan-African

Oroaeny represeant a oycie of aranite avolution 1in which

anataxis And staqges of aranitization and maagmaric ACLiIVIty

were dispilayad. (Carrter eatv.al.. | 95 ), ihe YOUNGar

intrusives within the basement complex are mainly qranitic

peagmartites ., although diorites, doieritas and some svenire

occur. (Ofoegbu, 1985).

Cretaceous aActivity: The exraensive i1qneous activity that rook

place 1n the lower cretacenous was concentrarted within the

Benue trouqh. IThe 1qgneou=s phase was apparently most 1ntensive

durina the larte Albian times and had ceased by the end of

luroni1Aan.

Wwithin the genue trouah extensive Cretaceous volcanism

occurred Trom Albian to lare Cretaceous, Anorher wvolcanic

Activity coverina the rtrouqgh extended ftrom Cretaceous to

Recent rtimes.

Ccennzolic Activity - 1The most recent magmatic Activirty that has

aftfecrted some parts of the Niaerian basement 1s the (ertiary to

HuAarrernary volcanism. Within the Henue trough the younaar ofr

these wvolcanic intrusions are of Miocane-to Wuatenpary in  aqge

L2



aAnad Aare mainly basalric. Ihe proaucrt ot the canozoic

volcanism fTound within the trouah and east or the trouagh Are

considered to be the western exrtansion of the abunaant and

diverse Cenozolic volcanism of the Cameroon chains. (Wriaht.

L9786}

Fast ot rthe Henue trouah the basement consists oOr

scartered occurrences ot volcanic rocks which mainly are

basajits, but probabpiy 1nclude trachtytes, phonoiilres

rhvolites, tufrts and aqgqglomerates (Howden and lTuley, 1966).

Aqe determination tor the trachvres and rhvoliltes around

the study area qgave Rb-Sr whole rock ages between S1.7 M.A. to

45.5 M.A. (Ukeke, 1980 Duniop, 1983%) respectively.

2.1 Ganlogy of the Study Area

The geology ot the area which l1i1es immediarely easrt of the
Henpue trouagh 1S represanted by the Precambrian basemant. . i he
crystalline pasamant rocks consisr of migmatires, fine arained
aram res, porphyritic biotite aranites, eaquiqgranular gran) tes,

microarani tes and peamatl tes,

volcanic ACTivity 1n the Area 1s linked to the Cennzoic

volCcanism: the wvolcanic Aactivity nas produced lenticular

avke-like bodies orf rhyolites,



urher 1mportant qeologlical Tearyres 1n the area Aare
sStructuraes such as shear zones, JOoiInts and the dyke Ll1ke

rhyolite podies, tiag (Z.1).

Z. 1.1 sasement rocks (Precambrian)

Migmatites

Miamatl1tes Ars nor  BxXtAensively axposed 1in  rthe sStudy
Are\a. They ocour AS relicts rarrs and xenoliths withan  the
qranites. Ihe xepnoliths Torm <Sharp boundari®s wWiTh The

POrpRYriTic blortite araniteée and the Tine arailned aranite.

[he contact relationahip between the miamatites and the
agranires suggest that the migmatites Are older and were the
inNitial  basement rock 1nto which the aranites were emplaced.
A later event was the emplacement of microdranirtes dykes which

cut  ACross the miamarites and aranirtes (Plate 2.1).

he miqmatites are evenly fine arailned with
discontinous or nebulous Toliations defined by Alternating
ptyamatic foldinag of laucocratic granite components and pasic
anelssic  components which tend to give the rock a bandina

stLructure.

Ihe mineralnalcal compnsirtion of the rock shows thar the

basic gnelissic bands consist of biotite, muscovirte, 1imenirte

L4
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and maqnerire while the |eucoCratic aranitlic components are

Aassantially aquarrtz, teldspars and a tew qrains ot magnetite.

Hiotite, mUsSCovi e and the i1ron-minerals are avanly

disrtribured 1n the gnelssic component: while the |eucocraric

aranite componant  has sub-hedral aqareqgares of quarrtz and

rejidspars mainly microcliine evenly distribured. A CcAaretul

sStudy indicate that a qreater number or the blotite Arains are

Altered rto chiorite while muscovite 1s altered to maqgnetite.

AN Approximate visual modal anpalysis of the rock 1S shown 1n

(Tablea 2.1).

Mminerais 1 Z 5 ) 5 & / H
Quartz 3540 3540  35-40 3540  20-25  30.32 3531  50°60
Orthoclase  au-4% 40-45 Z8-350 45-4K 20=25 31-33 AH-47 rare
nicrocline 5-8 Z=3 =5 rare =5 rare rare rare
Plagioclase 2=3 H=13 27=75 rare 1L/=2Zu 3~4 rare rare
Blotite B-10 /-4 1= 172-14 21-74 271-30 rare rare
Muscovite Trace rare rare rare rare rare rare rare
Hematite rare Trace rare Trace trace Trace 24=721  AU-5U
maanetite  trace trace rare trace trace Trace trace  trace
fable 7.1 Approximate modal analysis ot the basement rocks and rhyvolltnes

(1) Fine grained qranite (7) tauigranular qranite (4 & 4) microgranii

(5 and &) porphyritic biotite qranite (/ and H) Rhvolites.

17/



Fine arained granite

fhe Tine qrained aranites occur A< i1rreqular bodies and
large pandants sScatrtared within the porphyritcic plocite
aranite. Ihey are represented 1n a few outcrops near om 1n
rthe southeasrtern part of the area and in the sSouthwasrern

pPArts. lhey raraly extend beyond i1ndividual outcrops.

the Tine arained aranite are equiqaranular and Tine qrained.
ihe quAartz corystals with litoie sSi1gns or sSLrain  Are  sawn
taagether with the Tteldspars. the Teldspars are mainiyv
arthoclase with A tew arains of albire and microcline, L he
Albite has rtina lamellae of twinninag, white microcliine exhiplt

POOr outlines or TArtAn TWiINNing.

Hetween the 1nterstices oT quarrtz and Teldspar occur
bilortite aqgregates which are parrtially or complertely alterasa
o chilorita. Ihe chlorita and biotite aqqregates Torm
INterlocking nerwork that derine a poor Toliartion. urher
minerals 1n the rock 1nclude muscovite and d1imenite  As
ACCRSSOry minerals. A modal analysis or the rock 1S given 1n

(rable 2.1).

forphyritic biotite aranite

Ihe porphyritic bilotite granite is the most exposed and

widely distribured rock 1n the study area. It 1S rapresanted 1n

i



YO% OT the exposed outcrops mappad.  Thay occur AS hemodgensous
masseas having sharp boundaries with t©nhe X&noLlths of
miamatites and rhyonlites but disconnordant boundaries with the
fine arained granites. The porphyritic biotite aranites were
emplacead during the lafte setages of the (Jldar dGranlites oyvole
Cartar at. al.. (1963} but before the emplacement of the

microdgranites and pegmatites.

e rock consists of larae phenocrvsts of feldspars
avenly cistribyted in the rock. The phanocryst aAre
responsible for the porphyritic texture of the rock. In  some
cutcraps the feldspar pheanocryst grace from laras  to  madium
sizes. Weak foliation in the rock is due to distribution of

streaky mica minarats around the aguartrz and faldspar minerals.

Thin Saction shows that the feldspars Aara mawniky orthociase,

microclinge and albite. The arthooiase ang microcline form the

phenocrvsts, fhe orthoclase feldspars occur as  annadral Lo
sub-hadral aqoragates  having string microperthites anrd

inclusion of biotite and 1ron=rich minerals. The few alpits
agaradgateas  were observed to disphlay intarmediate wioning.
The microclines Teldspars aenerally show weak outlines of

W1 nning.

Medium  darained dquartz of subhedral shapes are Wwidely

distributed 1n batwesn the feldspars. The duartz grains  are

{,



fractured and cracked qgiving rise to undulose extinction.

(he matic minerals in the rock consist of Hrismatic
bilotite aqareqates, a few arains of muscovite and ilmenite,
the bDilotite qgrains show pleocnroi=sm, well developed cleavaqe
planes and has patchy edqges. The pleochroism display
aresnish, brownish and reddish brown colours. A few ot the
arains have 1inclusion of allanita, sphene and chlorite,
aqiving rise to pleochroic haloes. The biorite and muscovite
aqareqates form clusters and alianment 1n betwean rhe
tfeldspars and quartz aqqreqates (piate 2.2). The alianments
of the minerals results 1o weak foliation in the rock and

augqgest post-deposirtional detrormartion.

fimeanire, allanmite, sphene and zircon which are sparse|ly
distributad in the rock form the Accessory minerals. A modAal

analysis of the rock 1= given in (fable 2.1).

faquigranular granites

The equigqranular aranites ocour As  small ouLorops
axposad alona river Kininil near Jakoro 1n the cantral part ot
the area. Ihe contact ralationship between the aquiqranular
aranites and other rocks could not pbe esrablished due to their
restricted exposure. According to carter et. al., (1963), the

equiqgranular aqaranirtes repreasent a phase oOf aqranitization

20
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intermediate beatween the miamatites and formarion ot the
porphyritic biotite qQranite. The equiqgranular daranirtes Aare
medium size aqarained and occur as massive bodies due to

si1liciticarion.

fthe rock 1is composed of quarrtz, orthoclase., albite,
microcline, bilotite, muscovite with magnetite and ilmenite as
accessory minerals lable (2.1). 1Two generartions of aquartz
are i1dentified in the rock. The small rounded crystals, <how
undulose exrinction due ro strain while the large aquartz
crystals that have resulted from recrystallization and silici-

ficarion, (Secondary aquartz) show no evidences of strain.

The most extensively distributed feldspars are the
orthoclase feldspars. They show micro-perthitic texture with
some qgrains exsolved to well formed lamellae. Exsolution in
orthoclase to albite and microcline 1s well displaved in some
of the grains. The orthoclase feldspars have i1nclusions of

chlorite and quartz (plate 2.3).

A few arains of chlorite occur berwesn the nreriocking
cryatals of quartz and feldspare<s. trher minerals 1nciluade

muscovite and allanirte which torm rthe AcCCessory minerals

22
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Microgranites

fhe microaranites are a disStinctive aroup of  arani Les

rnart occur as dvke-like pbodies., Iha microaranlites cur U A
Aall the other basement rocks. Thas I NAYCATR rne lAare
empiacemant OT mMICroaranites auring the Tinal  Sracgss oOr

Qranirti1zAartion.

I he microaran) re are A TIne daralned rock with
equiqranular aqaraaares of auAartz  Teldspar  ana =pAarsely
Aistriburea maric minerals. Mmicroscopically rthe rock 1=

composan 0T GUArTz. alpirte,. orrhocilase, microcline and binrire

WITHh A Taew AqQaredAatss oT 1imenite Aand allanite As  ACCRsSSOrY

minarals. (labie 2.1).

Ihe Aquartz crystals have roundsa to =ubD-n\eadaral shapes,

widely and evenly AIsSTrinured 1n rthe rore e auartz crystrals

show 11ttie or no Strain. e TelasSpars malnly orrthnoc ) ass are

A licria taraer 1n s1ze than rthe AQuartz crvsrai= rney A e

alsn wiaerly ana evenly distraiburea 1n rne rock “GIDIre and

microc)ine are Aalso present an Lhe rock I ne aANarnTz ana

TRIASDArsS Are closely 1nrerinrckad Wwnilie Th® MmATIC miInerals are

TtWISTen aArcing rhns InNTararyres

A TAW Dr1ISMATIC CPRYSTAIS AT bi1ortine  Are sparsely

MErrIpured 1N rne rock while a rew chiorite agqregates occur

AFONING Thé Inrersrices of the TtTelsic minerals. ACCRSSOry
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minerals 1n the rock inciude 11menite and allanite.

1.2 volcanic rocks (Cenozoic)

Rhyolites

volcanic rocks 1n  the study area are i1dentified as

royolites. ihey occur as lenses and dvke bodies alona an
Approximate N-5S linear trend. Ihe 1individual lenses or dykes
have averaqge strike lenath of S50 mertres. They are

separated over short distances and show chanaes 1in strike

direcrions.

The rhyolites are massive, fine qrained and brownish 1in
colour with spotty smoky stains due to hematization. The
rocks are brecciated and sheared (plate 2.4). Hematization and
silicification of the rock are clearly observed in
handspecimen especially around the sheared and mineralized

zoneas .

Microscoplically the rhyolites are cryptocrystalline,
with occassional microphenocryst of auartz, feldspar. i1imenite
and maagnetite set 1n A coryptocrystalline groundmass. It i1s
evident that the microphenocrysts of quartz, feldspars and the
matic minerals qrade in size to fine aqgqreqates that form the
cryprocrystalline groundmass. Huartz is the dominant mineral in

rhe aroundmass. Other minerals that occur in the rock are
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ilmenite, zircon. apatite which form the Aaccessory minerals

{1able Z.1).

some of the rhyolites show a natwork of veinlets which
are either filled with silica or hemartite. Ihe deposition of
=%ilica and hematite 1s responsible for the silicification and

hematization observed in handspecimen.

2.2 Structures
The Srructural features of the study area consist of
foliation, fault, trends of minor bodies and joints. Table

2.2 show the reading of structural trends obtainad fTrom the

area.
Strike in NO. Of MO. of Rhyolite dquartz and
Deareaes Joints Dykes felsic veins
020 =0 s s
20-40 / - >
40-60 9 - =
50-80 2 - 1
BO-100 3 - -
LO0O=- 120 K. & i}
120-140 22 8 Z
140-160 22 B} /
160= 1 BO / 1 1
fable 2.2 Statistics of joints, rhyolite dykes and

minor bodies trend.
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2.2.1 foliations

Foliation trends 1n basement rocks occur in the fine
arainad aranite., rthe porphyritic biotite aranite and
microgranite. Foliations 1n the miamatites are disoriented

while the rhyolites show no foliation trend.

fFoliations in the basement rocks are agenerally weak. the
trands are defined by minerals alianment especially the mica
mineral while rhe felsic minerals show no particular
orientation. The foliation trend in the basement rocks tall
between 60°NE and 85°NE. Foliation trends in the microaranite
ara concordant with their strike directions and also ftall

within the aeneral bearing of the foliation rtrend.

2R Faulting

Faunlting 1in the basement rocks was not observed. I he
basement however has bean i1ntruded by rhyolitic dykes, along a
north, Northeast lineament, they occur as disjointad bodies
which display changes in strike directions. The chanaes 1in
strike and displacement are probably Tault displacements

(ODkujeni pers. Communicartion).
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Z2.2.3 Minor bodies

A number of minor bodies such as quartz veins and felsic
veins run across the basement rocks 1n  two prominent
directions. Quartz veins in the area show A predominant NOrth
and Northwest Orientation. while the felsic veins run
predominantly 1in the porthwest directions. The quartz veins
occur mostly as fracture filling bodies while felsic veins

occur as intrusive bodies,

2.2.4 Joints

Joints are the most widely distributed structural
feature 1n the area. They occur mostly in the basement rocks.
A statistical display of the joints trend from the area has
shown that the northeast-southwast and northwest-south@ast are

the rtwo prominent joints trends (Fig 2.2).

rield observation show that several Jjoints run paraliel
over several metras. Some of the Jjoints are occasionally
filled with aquartz at intervals. 107 jo0ints  readinas wera

recorded durinag the study (Table 2.2).
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Fig.22 Rose diagram of joints trend
in the basement rocks .
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Chapter 3

MINERALLZATION AND ALTERATIONS

3.0 Mineralization

A radiometric survey was conducrted in the study area
usina Aan Hnn’ N.P. scintillometer. The survey indicated
cerrtain area with very hiah radiometric readinqgs. IThe values

ranaed between S00 C.P.S to 15000 C.P.S with an averaqe of

61l C.P.S. and a Standard deviation of 2398.

Areas that indicated very hiah radiometric counts were
found rto be associated with two rhyolite dykes. The dvkes
ware carefully sampled with radiometric counrs recorded Ar

those points. (Fi1g9. 3.1).

Fiqure (A.7) show the distribution of radiomarric values
plotted into histoarams. Fiaura (3.4%4) shows rthe areal
distribution pattern of radiomerric counts. Fiqure (3.4) 1s a

plot of the cumularive curve, using the raw data.

From the distribution of values in the histogram, values
from elaven points sampled occur above the average value while
apout. thirty-six values occur below the averaqge value, I he

areal distribution pattern on the other hand show that the

A1
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Fig. 31. Radiometric reading at sampled points
using SPP? NP scintilometer .
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hiah radiometric occur close o the contacrt zones of the

rhyonlites and qranites.

fThe plot of cumulative frequency of the radiomertric
valuas, presant values that give a straight line up to valuas

of 2000 C.P.S.., above this value, rthe curve chanaed abruptivy.

fhe radiometric counts above the average values obrained
from the Area together with the nature of rthe frequency curve
obrtained indicate that some of the vaiues were anomnlious. Ihe
anomolous values are possible indications that the rocks Are

minaeralized.



A1 SECONDARY PROCESSES

Orher evidences of mineralization 1n the study area were

observed from the affect of secondary processes on the rocks.

ihe pervasive alterations of the host rocks is seen as
effect. from hvdrothermal solurions that must have brouaht
about mineralization. The pature and extent of alteration of
the host rocks is discussed below. fhis 1s followed by the
alteration processes that took place during alteration of the

rocks.

Altered rocks

Due to the action of the hydrothermal solutions., Alonqg
the contact of the rhyolites and aranites, the two rock
responded by changes 1n petrology and mineraloay. The
alteration decrease with distance from the contact areas. The
changes in the alteration density with reference to distance
from the contacts of the two rocks has given rise to the
classificarion of the rocks into four alteration zones (Fiq

3.5). Ihe zones are:

(1) mildly alrered porphyritic biotite qranite
{11) intensely altered and <sheared porphvyritic biotite

aranite
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EXPLANATION

DUnaliered porphyribic  granite
Bﬂlld” altered porphyritic granite
lnlensely altered and sheared gramite
H;B Intensely altered and sheared rhyolite
% Mildly altered rhyolite

Brecciated rhyolife

@ Shear Tones

Fig.35 Zones of alteration intensity
and porphyritic granite.

in rhyolites



(111) midly altered rhvolites

(iv) intensely altered and sheared rhvolites

Mildly altered porphyvritic biotite granite

From the fresh unaltered porphyritic biotite qranite
towards the contact of the granite and rhyolites, the qranite
show a gradual increase in alteration intensity. This area 1=

classified as the mildly altered zone.

Alteration in this zone include recrystallization of
quartz to smaller aagqgregates and filling of veinlats, aquartz
grains that were yet recrystallized show evidences of strain
and fracturina. The orthoclase feldspars are less eaxsolved
with little microperthitic texture, while microcline and
albite <show s=hadow outlines. The feldspars qenerally have
cloudly outlines and exhibit alteration to sericite around the
edges. (Plate 3.1). Biotite 1is partially or completely
altered to chlorite, other iron-rich minerals are also altered

to hematite and introduced into veinlets,

Intensely altered and Sheared Porphyritic biotite aranite

The porphyritic biotite granite alona the contact with
rhyolites fall under the intensely altered and sheared zone.
in this zonea all the aquartz aqgqregates are

recrystallized to smaller agareaates that form the medium

39



Ml1lcadly alrerad agranitrtes

Crystals are c

the reldspars

AN AlTerartion

The pbi1orire
omplerely arstroved with
SNOWING perthitlic rexrure

O sericirte (photomicraraphn)



qrained qroundmass. The feldspars are completely altered to

saricite while piotite and chlorite are no lonqger presarved.

Maanetite and hematite derived from the alterations Aare
widely distributed in this zone. A network of veinlets filled
with hematite and silica is common. Other veinlets are those
of fine groundmass which cut across the medium grained

aroundmass and the quartz and hematite veinlets (plate 3.27).

Mildly altered rhyolites

Further away into rhyolites, the alteration intensity is
less than the rhyolites at the contact. Alterarion in this
zona is mild and 18 characterized by a continuous
crysptocrystalline qroundmass of aquartz, feldspar and a few

iron=-rich minerals.

Common evidences of alfteration are recrystallization of
quartz and in filling of veinlets., A network of hematite
veinlets are common. Some of the veinlets are characterized
by formation of a silica core and an outer layer of hematite

or vice-veresa (plate 3_3).

Alteration 1in this zone also involve introduction of
vainlets infilled with a finer arained aroundmass. 1he
veinletrs cut across the earlier formed auartz and hematite

veinlets. The introduction of fine arained aroundmass
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veiniets tend to give the rock a flow rexture.

Intensely altered and Sheared rhvolites
The rhyolites 1in contact with the aranites are the mos
intensely altersed and sheared. The rock consists of a
crysptocrystalline qgroundmass made up of quartz, 1lmenite,

magnetite and sericite.

Alteration in this zone is characterized by
recrystallization and devitrification of quartz to glass rods
and shards. The devitrified qlass and shards form clusters
which have given the rock a spherulitic texture (plate 3.4).
The devitrified glass also occurs as fracture filling grains in

veinlets.

An extensive network of skeletal hematite cover=s a larae
part of the rock and occurse as core or outer layers boderinag
devitrified aquartz veinlets. Some specimens in the zone have
A large network of hematite, while the remaining part 1s

composed of amorphous mass which is believed to be Opal.

Alteration processes
The wall-rock alteration was primarily due to some
certain processes during upward migration of hydrothermal
=olutions. The effect of some of these processes such as
silicification and hematization were mappable in the ftisld

(Fig. 3.6).



Plarte 4.4 - Intensely altered aranite. cvryprocrvstalline.
CIustars or devitririaea qglass qQiving rise o
spherullrai rexrure 1n the rock. The alAass
rods and shards also (1i1ine rthe ourer boundary
OT veinletrts composanq 0T A T1Nne| aral ned

arounamAass
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CHLORITIZATION

Chloritization of the wall rocks resul tad T rom
introduction of H?O and CU? while Fe‘ 04. MNO and ma0 warea
gained and Na20 and Ca0 lost. Tha reaction was due fto

hydrogen metasomatism.

In thin section the chlorite occurs as partchy gqrains filling

intarstices, fractures or veinlets. Chloritization 1n the

porphyritic biotite aqaranite resulted from the supply of

P 2+

mineralizing fluid rich in Fe” |, Mg and H+ to the wail rock.

SERICITIZATION

Sericitization of plagioclase around the margin occurred
a few crystals and increased with intensity of alteration.
Sericitization of the plagioclase resul ted from the
introduction of H,0 and co., and the redistribution of K, 0.
The reaction was due to potash metasomatism with sericite and

K=faldspars as the mineral products.

The alteration of biotite and other ferromagnesium
minerals became complete in 1ntensely altered and sheared
rocks . Thies means that the exchange reaction batwaan

potassium and sndium increased with alteration. This

45
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EXPLANATION

Silicification

[:El'.' Hematizalion
Silicification and Hematization

D Rare Silicification and Hematization

@ Shear zones

Fig.36. Rhyolite outcrop showing mappable alterations.
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justifies the fact that the K20/Na20 ratio i1ncreases with

alteration towards the foci of mineralization.

CARBONIZATION
with introduction of €O, in the wall rock S10, was
libaerated and driven off to be recrystallized in fractures and
veinlets. Generally the silicate structures were attacked by

Co.

> forming carbonates and releasing 810? which eventually

miqgrated into the wvein and lode sites where 1t was
reprecipitated as aquartz. (soyle (1961: 1979).
SILIFICATIONS

The process of silicification 1is recoqnized by an
increase 1in silica, manifested mainly by presence of fine
arained aquartz, chert or opal in the wall rock and by
precipitation of quartz in stringers, veinlets, fractures and
along the border zone of other wveinlets as was commonly

obsarved.

During silification, quartz is replaced and liberated to
be reprecipitated in adjacent structures and may be

reintroduced 1in the wall rock where it replaces carbonate

minerals.
HEMATIZATION
Hematization is characteristics of many uranium
mineralization. Increase 1in hematite with proximity to
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mineralization 1is a common phenomena. A shift 1in rez /l-e3

ratio is as a result of hematization.

Hematization was observed both macroscopically and
microscopically. It is pervasive especially alonag the sheared
and mineralized zones. In thin section, hematite form patchy
and skeletal interqrowth. that covers a larqer percentaage of
some samples, It occurs in association with magnetite and
ilmenite and tend to be deposited in stringers, fractures and

veinlets.

DEVITRIFICATION

pevitrification may have rasul ted from ajithar
spontanaous or qradual recrystallization 1in the intensely
Aaltered zones. The devitrified glass shards and rods occupy
veinlets or form clusters. The clusters have given rise to

spherulitic texture i1n the intensely alterad rocks,

pDevitrification in the rhyolites resulted from either
initial recrystallization or due to later processas of
shearing and/or introduction of mineralizing fluids. In some
of the intensely altered and sheared rhyolites, there are
precipitation of amorphous material ., formed bv

recrystallization of silica to opal.



Chapter 4

4.0 ME THODOLOGY

A general aqaeological mapping of the study area
covering 28 square kilomertres was conducted on a scale of
L:25,000. A detailed qeoloaical map of rthe Area

F1ig.(4.1) has been drawn and attached as appendix [11.

Within fthe area two dvkes were mapped in detail (Fia.
4.2) and sampled along Fast-west Cross profiles.
Representative samples across the rhyolite outcrops and
bordering basement rocks were taken alonag these profiles

at close intervals.

Thin sections of the samples collected from the study

area ware made for pertrographic studies.

4. Geochemical Analysis

The rock samples collected from the study area were
prepared for geochemical analysis: rirst, the samples were
broken to bits and pulverized into powder using a tunqgsten
Carbide Spex Mill. 1he powdered samples were then stored

in labelled sample bottles.
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Rhyolite (brecciated)

Porphyritic biotite granite

Contact

Shear zone

i . + /// Joint

Fig. 4.2. Geological and structural setting of
the mineralized zone
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The digestion of the powdered samples into liauid
form ware done so as to utilize such techniques as Atomic
Absorption Spectrophotometry (AAS), Spectrophotometry and
Flame photometry, for determination of major and ftrace

elements.

The HF/HE:].()$ mathod of digestion was used, most
si1licate minerals normally dissespolve in acids and mixrures

containing HClO5.

0.5 agrammes of rock samples powder was placed 1into
clean 25 ml teflon crucibles 2ml of perchloric acid
(Hclog,) "Analar” qrade 60% v/v was added to the crucibles
from a springe pipette Lo wef thea samples. 10 ml. of
hvdroflouric acid (HF) "apalar’arade 40% was fTinally
added to the crucibles. A blank solution was prepared by
addition of same quantities of perchloric acid and
hydroflouric acid to an empty crucible. ihe crucibles
containing the samples and the blank were all covered and

kept overniqght.

The next day all the crucibles werea heated on A
bpoiling waterbath for four hours, atter which the lids
ware removed to allow all the hydroflouric acid and
silicon to fume off. When no mora white fumes were

visible and only the few millimetres of perchloric acid
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remained, the crucibles were transfered to a sandbath s=sart
at 140° centiqrade, for the remainina perchaloric acid to
Tume off.

When the crystal mush was yat moist and no more fumes
were produced, I1ml perchloric acid was pipetted into all
the crucibles and the evaporation repeated,. when the
content were again just moist and no more white fumes were
visible the crucibles ware haif filled with distilied
watear and the crystal mush allowed to dissolve while on

the sandbath.

After the crystals had dissolved, the clear solution
werea removed and left to cool, After cooling theay were
filtered into 100ml volumetric flask and dirlured to volume
with disrilled water then shaken on a 1UUSM machine Ttor

five hours.

4.7 Analvtical Methods

42,1 Atomic Absorption Spectrophotometry for
determination of ca, Ma, Fe, Zn, Mn, Cu,
Cr and Ni

Analysis of the digested samples for determination of
the above outlined major and ftrace Alements wWAs done using
Parkin fcl.marH Model 2908 Spectrtrophotometre. Ihe machine

was set 1n Absorbance mode., with other sertings such as
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wavelength, lamp current and spectral band selecrted to

correspond with the eiement analysed.

AN ailr/acetryiene flame was used during the analysis.
IThe s=sample solutions were aspirated through the Atomizer
or nebulizer to pass the air/acetyiena filame, where the

Atomic vapour of the sample analysed was nebulized.

Light from A modulated hallow cathoda Lamp
corraesponding with the element analysed was salacted. The
light which is a sharp spectral 1line was Tixed to pass a
monochromatic wave selector, which isnlated the resonance

line required.

The resonance Jline which passed through the flame
aspirated with the sample sSolutions were parrtially
absorbed. The resulting beam that went throuah was

finally direcited to pass a photomultiphar tube detector

and amplifier. The amount of absorprion was indicated on
the readourt facility and recorded as percentaaa
absorption. Reading for all the samples, four standards

and the blank were dona and recorded.

i he workina principle of Atomic absorptinn
Spectrophotometry 1is based on the theory that the amount

of percentaqge Aabsorption of the resonance Jiqght Tor a
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specific element in a sample solution 1s proportional to

the concentration of the element 1n =olution.

The concentration of the slements determined were
calcularted using tha following formuliae and given as Parts

Par million (PPM) and percentaqe (%) Tor element oxldes.

flement Concentrartion (ppm) = X-Y(a+b).d

% Concentration of alement oxides = X-Y (a+b).d.100

(h+1).w.10%

X = % Absorbance of sample

Y = % Absorbance ot blank

h = Absorbance of higher standard "a" pa/mi
1 = Absorbance of lower Standard "b" na/mi

d = dilution

Ww = weiqaht of sample

Resuit of the analvsis for the all the samples 1i1s

attached in appendix 1.
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4a.7.7 Flame Photometry for determination ‘“{Jiﬁfﬂo_{
of Na and K H“;iﬂff.
Ihe EFLR Flame Photometer Model A was used for
determination of (Na) sodium and (K} potassium. lhe flame

photometer utilized air/butane gas which produced a fTlame
of 700°C to woooc. ihe heat produced by the flame was

most suitable for determination of alkali 2lemAants.

The machine was run by aspiration of thea sample
solution 1into the air/butane flame. This excited rthe
atoms of elements 1n solution to hiah enerqy level, and as
they reverted back to the ground eneray levels, they

emitted rays of lightrs.

for determination of Na and K, corresponding photocells
filters for sodium and potassium were used to filrter and
allow passagea of colour emissions from the flame which
correaponded to the respective elements. The emitted rays
transmitted throuah the photocells emeraed as spectral
lines, and supsequently went to the detector for

reqgistration.

Measureament of the light transmitted was read At a
readout facility calibrated into 100 units, The readinas
are rtherefore recorded as percentaqe transmission.

Measurements ware done for all the samples, the four
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standards and the blank solution.

The workinq principle of flame photometry 1s based on
the theory that the aroms of the measured elements are
anerqized to hiagh eneraqy levels, while in the flame., and
as they fall back to the qround enarqy states, theay eamit
liaght or photons that are characteristics of tho=e
elements. The amount of parcentage emission are als=o
proportional to the concentration of those ealements 1n

solution.

Aatter the measurements the percentaqe concentration
of <sodium and potassium were calculated using formula 11
for alement oxides as in Atomic Absorption
Spectrophotometry. fhe results for all the <samples are

attached in appendix 1.

4.7.5 Spectrophotometry for determination of phosphorus,
Titanium and Uranium

Phosphorus determination: The 8Baush and 1 omb™
spactronic 20 was usad Tor determination of phosphorus
(P, Oﬁl. Usina a blue phosphomolybdate complex method as
decribed by Riley (195R).

Reaqgents were prepared usina 168ml of 5S0% v/iv

"aristar” sulpheric acid diluted to | litre:; S -grammes of
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powdered amonium molybdate was dissotved and dijluted 1n
distilled water to 250ml- and 4.4 qrammes ot ascorbic acid

was also ddssolved and dilured to Z250ml in distilled water.

From the reaqgents a reducing solution was prepared by
mixina 762.5ml of AN Sulpheric acid, 232 ml  ammonium
molybdate, 366 ascorbic acid and 164.5m1 of distilled

water to make 1525m)l of the reducina solution.

0.047 arammes of potassium dihydroqgen phosphate was
dissolved and diluted to S00ml with distililed water to
make S50 pa/ml (P,0.,) Standard Stock Solution. A working
Standard solution was prepared by pipetting Iml, 3ml. oml
and 9ml of the 50 pa/ml Stock Standard Solution i1nto cliean
S0ml volumetric flask. 25ml of the reducing solution were

added to sach and diluted to volume with distilled water.

For the sample solutions and blank, S5Sml of the
solution were pipetted 1nto ciean S0ml volumetric flask,
and 25 ml of the reducing solution was added and diluted
rto volume with distilled water. Measurements of the
samples, four standards and a blank solution were carried
out on the Spectrophotometry using a red photocell At A

wavelenath ot 827 nm.
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Readinas on the 1nstrument were recorded as
percentaqe tranemissian and converted to paercentaqe

absorbance by the equation:-

Absorption (A)s -——------ log 1. - log I, - = = 111

Loqg 10 < Iransmission of blank (log transformed)
Log I, = Transmission of sample (loqg transtformed)
A = Absorprion.
A plot of converted absorption values of the

Standards plotted against concentrartion on a qraph ftormed
a straight line through the origin. (Fiqg 4.3%). Ihe plof
obeyad Hear = Law and was used for calibration of

phosphorus.

Calculation of the percentaqge  concentration (P?uq}

was determined using #seer s factor:-

ia/ml ofr PEUS 1N Standard =olution

Boar’s faptor = Sessssnsccsnsss s e SRR n .
Optical density of Standard solurion

Uprical density of standard solution
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Fig.4.3. Calibration curve for colorimetiric
determination for phosphorus.
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ua/ml (P?OS) ¥ dilution x Heer's factor x 100

weight of sample x 10

he calculated values of percentaqe leuﬁ) are
Aatrachad in appendix 1.
Titanium determination - Jitanium was determined on E

W.F.A. S100 Spectrophotomerer using a yallow titanium (1V)
Sulphate complex formed by hyvdrogenperoxide and sulphuric

acid as described by Riley (1958).

A colour reaqgent was prepared by mixina 200ml of S0O%

sulphuric acid (H?So ) "Aristar", 200ml phospheric acid

4

(Hépoq} (KDH) and 200ml 30% H.,0 "HDH" hydroaen peroxide in

2
a 1 litre volumetric flask and diluted to volume with

distilled warter.

A standard stock solution was prepared by fusing 0.10
arammes of 1102 with 2 qrammes potassium pyrosulphare in
A silica crucible. The mixture was heated until no more
fumes were given off. Ihe cooled melt was dissolved into
50ml  of 50% sulphuric acid, warmed and diluted to one

litre volume with distilied water.

Three Standard working solutions were prepared by
pipetting ?ml, 3ml and Sml of the 100 pna/ml standard stock

solution into three S0 mi volumetric flask. 1S ml of the
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reducing solution were added to each of the standard
solution and diluted to volume with distilled warer. This
produced 4 uya‘ml. & ua/mi and 10 ua/mi 1102 solution

respactivaly.

A plot of the converted absorption values were done
using equation 11 and the Standard absorption values were
plotrted Aaqainst concentration on a araph (fia.4.4). I he
curve passed throuah the origin. Eeer's Law 1< obeved and

the curve was used Tor calibration of Titanium.

iag/mil tTlO?J 1n Standard solution

BBOT 'S FACLOR § =rm e c o s e o e A o T S S =
Uptical density of standard solurion

Uprical density of standard solurion

uq/mlliio?) x dilution x Kear s factor x 100
B VO, B Seve s i i S i R i - Vil

ihe calculated wvalues of percentage iioz firtanium

(Ixide are atrtachad in Appendix (1).

61



x 10~

F

a

a
:|'5'

22

ABSORBANCE
-l
7]
1

) 1
12345&78910

CONCENTRATION {ppm)

Fig. &.&. Calibration curve for
colorimetric determina-

tion of Titanium.

62



Uranium determination:- Uramum was determined on A
W.P.A. S100 spactrophotomatrar using a method described by

Okujeni, (19%7).

Preparation ot reaqents i1nclude a stronag oxidizina
agent of 5S0% ammonium nitrare (G.P.R) 0.005% EDTA
prepared by measuring 4.5 aqrammes of fDIA and 175
arammes of ammonium Nnitrare, mixed rtogether dissolved and
dilured to 700ml with distilled water. The solution wWAas
acidified with 15mi of 1.4 nitric acid solution to

maintain a Low p.H.

uther reagents ware 0.001% arsenzo 111 used as A

colour reagent and an extraction solution prepared by

mixing 1:4 part ot tributyl phosphate (I1BP) and kerosine.

O.1915 qgrammes of U0 (N0 was dissolved and

2 32
diluted to 100 ug/mi uranium standard stock solution.
Ihree working standard solutions were prepared by
pipetting 2 ml, S5 ml and 10Oml of the standard stock
solution 1into conical flask and diluted to 100mi with

distillaed water. tach of the diluted solutions qgave

Zua/ml ., Spasml and 1opa/ml uranium concentration.

LOmlL ot the sample Standard and blank solution were
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separately pipetted into a separaring tTlask., toagether witnh

Lomi ot NH NOS/ fiA =olution and Sml  of iriputyi

4
phosphate/kerosine. the mixture was shaken and the
aquenus phasa separated trom the remaining non-AaguUeanus
phasea . Sml of aArsenzo 11l was later added ro the

separated aqueous solution and allowed to stand Tor thirty

minutes 1n order to achieve maximum colour devejopment..

Ihe <sampliles, standard=s and blank solutions were
measured on the Specrtrophotometer set At a wavelenath of

&55 nm and rthe percentage transmission were read.

fhe method used involved oxidation oT uranium 1n
solution by a strong oxidizing aqent NH4N05/FUTH.
acidified to maintain a 1low p.H. necassary Tor uranyi 1on
solubility. The tributyl phosphate/s/kerosine solution was
used to separate the aqueous phase trom the non-aqueous

phase, while arsenzo [1]1 was added as a colour reaqent.

A plot or the converted absorption wvalues (using
Equation 111) or the standard solutions were plortrted
Against  concentration on a araph a= ain  the case of
phosphorus and 1itanium. (he curve obeyed Heer's Law and

was used tor Uranium calibration (Fiqg. 4.5).
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na/mi(uy) in standard solutrion
gear’'s factor = ———~==memmcmmmm e ——————
UOptical density of Standard solution

------------------------------------- - = = VIl
Optical density of standard solution
P.P.m (1) Concentration =
= wag/mi(U)x dilution x Heer' s Tacror
---------- e ——— e — - = = = [ X

| he calculated wvalues of uranium concentration Are

arrached in appendix 1.

Ihe qgeneral principle ot Spectrophortomertry 1S based
on colour reacrtion. Colour development 1n a <Solution
may be Tormed independently or by addition or a colour
reaqant. . Flement concentration are measiured by
transmission of correspondlng spectral wavelenath throuah
rthe solution. ihe instrument measures rthe percantaqe
light transmission trom a monochromatic radiation through
A qgiven solution. A corresponding photocell 1s used ro
measure rhe optical density or the given solution. (1hat
1= the amount of Absorption auring transmission throuah

the solution).
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Elements in solution Aare responsibie for the
Apbsorption of the light during transmission 1in the
=olution. It 1S shown that Tor a certain element, the
number ot apsorbed aroms 1n a beam 1S proportional to the
product ot the pathlenatnh (1) and concentration (c)
expressed as:

l.0
log ---- = €l¢gc=--~- X
101
or A = Ele===- X1

fhe formula 1s generally known as Heer s |aw

£ = constant

1 = lengrh 11aght 18 Ttransmitred throuagh a solurtion

& oE cCONCentrarion

A = Absorbance .
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tvhapter 5

GEOCHEMISTRY

5.0 flement Distribution

ANalysis of the 1Tollowling major and trace ejemants, CAQ,
mal, Fed, KPU‘ Nazu. Pz Uﬁ. IIU?. mno, /n, Cu, CGr, N1 anda u

WAS cAarriead our on all the samples (&0).

laple (S5.1) shows the ranae, mean and standard deviartion
tor all tha eleaments. lable (5.7) shows the range, mean and
standard deviation tor all the upaltered,. mildly alterad and

intensely alteraed qgranites and rhyolltes,

Fiaure (5.1) shows the distripution or elements
conpcantrarion i1n the samples usina histoarams. e nistoarams
were plorrted usinag log transtormed values converrted Trom the
raWw dara. Cumulartive trequency curves tor all the e2lements

have also bpeen plortred and 1s Arntached 1n appendix 1.

5.1 maijor elements

Calcium/(Cao)

Analysis oT the samples shows That calcium oxide has a

ranas or 0.02% 1to L.Z24%, an averaqge or 0.054% and no stanaara

[Ta)



Standard
peviation

V.195

D atadbid

Q. S10

O.41.5

V. L1

0.0

Q. 050

42.4%7

14.65

S7.51

Element Ranae Mean
cag Q.20 - 1.250% U.05/%
Mav U.0086 - O.B820% 0.084%
Fey V.480 - 1L/.40% S.9Ha%
K0 0.05%0 - Z2.18B0% U. 1H&%
Nazu 0.054 - 5.00% O.199%
qub V.00 - U_./54% U.Lixg
o, Q.02 - 0.32% 0. UP%
Mmno Q.0Q02 = Q. 180% Q.OL/%
in P - ZAHppm 44 . ./4 ppm
Cu i /7 ppm Z20.41 ppm
Gr It - 1&Sppm 56010 ppm
ML 9 - 40 ppim 16 .45 ppm
L 9.8 = L/0.9ppm 4/ .19 ppm
fabie S.1 Range mean and standard deviation

Tor all the samples analy=sed (60)
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biotite aranite porphyritic biotite porphyritic biotite fnyolites Ryolite Alterea Rhyolite
aramte

kange Aean  St.Dey Ranqe hean  St.dev. fange  mean  St.0ev  Range  Mean  St.oev  Range  mean St fev Kange  nean §t.0ev
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aeviarion. Iha averaqe values for the unaltared rhyolires 1s

0. 7206% ANd 0.565% TOr rthe unaltered porphyritic blotite

aranite.

the Aaveraqe Abundance (Clark valus) of calcium  1n
rhvolites and qranites 1S 1L.14% and 1.455%% (Nockolds 1954 )
respactively. Ihe averaage values of he unaltered rhyol)ltes
and granite 1n the study area yndicare jower values than the

clark values for rhyolites and qgranites,

Flqure 5.1a shows the distribution of calcium and Tiqure

9.7 Shows the areal adistribution pattern or calcium 1n the

minerajlized zona. ihe distriburion pattarn SnNows decrease 1n

CONCARNTLrari1on rowAarads the contact zones ofr rnyolires and

aranires . ine aisrtriburion partrtern of calcium 1S simllar t©O

rhe distribution of mad and cu.

Maqgnesium/ (MqO)

Maaneasium  values caliculated as Magnesaum oxide pave a
range of 0.006% to O.H/0%, an avaeraqge of Q.0UH4% and a standard
deviacion of O.195. Ihe averaqe values tTor the unalreredad
rhyolite 15 0.131% and 0.272% tor the unaltered porphyritic

piotite aranite,

Ihe clark wvalues ot magnesium oxidae 1n  rhvolirtes and

agranites are 0.342% and 0.52% (Nockolds, 1954) respRctivaly.
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Fig. 5.2a. Areal distribution of Calcium (Ca0) at
Dinya - Koking mineralized zone .
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Fig. 5.2b.  Areal distribution of Magnesium ( Mg0)
at Dinya-Koking mineralized zone .
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the wvalues are higner compared to values obtained Tor the

royolites and aranites 1n rthe study area.

Fiqure (5.1h) shows the distribution of maanesium
composition  and tiqure (S5.2b) shows the areal distribution
pATTern or maanesium in the mineralized zone. 1he distriburtion
sShow higher values of concentrarion in rhvolites and alona the
CONLACT. betwean rhvolites and aranitres. Ihe daistribution 1s

sSimillar to that or calcium and copper.

lron/(Fazos)

I he rtotal iron content calculated Aas Fe,u., Wwas
dertermined Tor all the samplies. Results of the analvsis have
Shown that 1ron oxide concentration 1n the rocks has a4 ranqe
Oor 0.4H0% tTO0 17.40%, an average of A4.984% and a standard
deviation or 4.64H. |ihe averaqe value of 1ron in the
unaltered rhyolites 1s Z.946% and | .945% tor the unaltered

porphyritic piotite qraniLrte.

Ihe clark value ot 1ron 1n rhyolites and qranites are
0.8B60% and 1.25% (Nockolds, 1954) respactivaly. Ihe unalrtered
rovolites  and qranite in the study area show higher averaaqe

concentration than the clark values i1n rhyolites and qranires.

Fiqure (5.1c) show the distribution of 1ron oxide
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concentration and tTiqura (S.2c), shows the areal aistribution
pattern or iron oxide in  the mineralilzed ZOone. I he

distribution of 1ron oxide Shows 1NCreASA LOWArds the contact
or the rhyolilctes and dgranires and 1= simllar to the

dlstribution or [i1tanium oxide.

Potassiunl(nzo)

Potassium oxide values have a range or 0.05%% Lo 2. 18%,
AN average of 0.1H&6% and a standard aeviarion or U.510. I he
averaqge values of potassium oxide 1n unaltered rhyolites 1s
0.108% and 1.590% tor the unaltered porphyriric biotite

aranite.

ihe Clark valuaes of potassium 1n rhyolirtes and qrani tas
are  5.35% and 5.45% (Nockolds, (959) respAacrively. Ihe clark
values as compared o the rocks 1n the study area show niqgher

values ot concentrration,

rigure (5.1d) show the distribution or porassium
concentration Aand Tigure (5.2d) shows the Areal distribution
pattarn 1n the mineralized zone which 1s aenerally relacted to
rhe rhyolites, IThe nigh concentration 1n the rhvolites 15

SimilAar o  Thart o sodium oxide.

Sodiua/(uaZO)

Sodium oxide valuas range rtrom 0.054% Lo 45.00%, Wwith an

/5
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averaae or 0.195%% and a standard deviation ot O.415. I he
AvAraqge wvalues Ttor rhe unalitered rhyoililctes and unalrered
porphyritic plotirte aranitea are 0. 232% ana 1 .546%

respectively.

Ihe clark values or sodium 1n rhvolites and aranites are
Z.99%  and  4.08% (Nockolds, 1954) respacrively. Ihe clark
values 1ndicate  npianer values compared ro the aranites Aand

rhvolites 1n rnhe study Area.

Flaure (S5.1e) snows the areal distriburtion o7  Sodium
concentration and riqure (S.72e) shows the areal distriburtion
parrern 1n  the mineralizea zone. ine disrribution pattern
shows higher wvalues in the rhyolites and 1< =imilar to  the

distribution of potassium oxide.

Phosphorusl(92 0g)

The wvalues of phosphorus have a ranae ot  0.00%% o
0.734%, with an average of 0.118% and a standara deviation ofT
Q.131 . Ihe Aaveraqge values Tor the unalrtared rhyolitas  and
unalrterad porphyritic piontite qranite are 0.1725% and 0. 102%

respectrtivaly

lhe clark value ot phosphorus 1n royvolltes and dranlrnes
15 0.0/% And V. 18% (NOoCcKOolds, 1954) respecrively. Ihe clark

valiuie or rhvolires 1ndicares higner valuas rthan the averadqe

He
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Fig. 5.2f. Areal distribution of Phosphorus (P,0g )
at Dinya-Koking mineralized zone .
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value of rhvolirtes 1n the study area, while the Qranite 1n thea

STUay area nas nianer averaqe value than Lhe clark value,

riqure (5.1 T) shows the ddistripution of phosphorus
CONCENTIrALION ANd Ti1gure (5.7 ) show ©the areal aistribunion
pPALLErN or phosphorus  in  the mineralized zone. I he
disrtribution show higher values 1n the rovollres and alona the
CONTACT. . ihe distribution paccern 1s  Simillar ro Lhe

A1ISTribution paALtarn or ni1ckel.

ritanium/(110,)

l1ranium values range Trom O.02% o 0.52% with an
avarage or 0.0%% and a standard deaviation of 0.06. 1 he
Averaqgea values or  unalterad royolirtes and unal cerad

pOrphyritic plorite qQranite Are 0.16% and 0.70% respecrtively,

Ihe clark values of titanium 1n rhvolites and aranitas
Are 0.27% and 0.4/% (Nockolds 1954) respactively. Iha averaqe
values of rhvolites and porphyritic piotite granite show lower

valuaes than the clark values 1n rhyoliltes and qgranires.,

Fraura (5.14a) shows the distribution ot |Ji1tanium  values
and riqure (5.2q9) shows the areal distribution patrtarn in the
mineralized zone. |Ihe distribution 1ndicare higher values of
CcOnNCentrarion along the contact of the qranites and rhyoliltes.

The distribution pattern 1s similar to that of i1ron oxide.

HS
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Manganese (MnO)

Managanese values have a ranaqe ot 0.0025%% to O.1RO%, and

averane or 0.017% and a standard deviation of 0 .050 . I he

AVRraqge wvalues of manaanesa 1n the unaltered rhyolites and

porphyriric piotite aranl res are 0.005% and O.039%

resperrtively.

The clark value ot Manganessa 1in rhvolites and aranites

0.03% and 0.06% (Nockolds, 1954) respecrively. Ihe clark

value i1ndicares higher wvalues than similar rocks 1n the study

area.

Fiaure (5.1h) shows the distribution or manganese values

and fiqgure (5.7h) shows the areal distribution pattern 1n rhe

mineralized zone. The distribution shows higher values alona

the contacrt and 1s similar to the distribution of calcium Aand

copper.

5.2 ITrace elements

Zinc (Zn)

/inc values ranae from /.%ppm to Z235ppm, with an averaqe

of 44 _Zappm and a srandard deviation ot 49 .47. Ihe Aaveraqe

values ot zinc 1n unalterad rhyolites and porphyritic bilotite

HiH
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Fig.5.2h. Areal distribution of manganese (Mno)
at Dinya-Koking mineralized zone .
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Fig.5.2i. Areal distribution of Zinc (Zn)
at Dinya-Koking mineralized zone .
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aqranite are 49.5 ppm and 1S, 7ppm respactively.

I he clark wvalue of zinc 1n rhyolites 1s s0pPm

(Vinoaradov. 1962) and 40ppm (lavior, 1964) for aranites. I1he

clark wvalue shows hiaher values than similar rocks 1n the

study area.

Fiqure (5.21) shows the distribution of zinc values and
fiqure (S5.2c) shows the areal distribution pattern 11n the
mineralized zone. The distribution of zinc shows hiqgher
values in the rhyolites and the contact rones . I he
distriburion of zipc 1s simillar to thart of i1ron, titanium and

uranium.

copper (Cu)

Copper wvalues ranqge Trom Llppm T0  79ppm with an
average of 20.44 ppm and a standard of deviarion of 14.65.
The averaqge values for copper 1n unaltered rhvolites and
porphyritic biorite aranite are 1|3 ppm Aand 135 pHMm

respecrtively.

The clark wvalue of copper in rhyolites 1s 10 ppm
(Fwart. 1968) and 10 ppm (Tayvior., 1964) for qranites. The
clark values tor rhvolites and qgranites indicate |lower values

than similar rocks in the study area.
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Fig.5.2j. Areal distribution of Copper (Cu)
at Dinya-Koking mineralized zone .
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Fiqure (5.13) shows the distribution of copper

concentration and ftiqure (5.723) shows the areal distribution

pAttern 1n the mineralized zrone. ihe distribution of copper

shows higher concentration 1in the rhyolite=s ana alona the

contact.. ihe distribution pattern 1s <similAar ro rhe

distribution pattern of 1ron., titanium and uranium.

Chromium (Cr)

Chromium values have a ranqge of 11 ppm to 165 ppm, with
an  averaqge of 56.10 ppm And a standard deviation ot 3/7.3).
Ihe averaqge values ot chromium concentration in the unalrtered
rhyolites and porphyritic biotite aranite are 65.6 ppm and

57.5 ppm respectively.

The clark values of chromium in rhvolites and aranites
Aare BO ppm (EwArt etr. al., 1968) and 4 ppm (lavior 1964)
respactively. The clark wvalue of chromium 1in rhyolite
indicares A higher value than the averaqge vajlua of chromium 1n
rhynlites 1in the srtudy area, while 1n the aranites, the
parphyritic biotite qranite has higher averaqe value compared
to the clark value in qranites.

Fiaure (S.1k) shows the distribution of chromium values
and ftiqure (5.7k) shows the areal distribution pattern of
chromium in the mineralized zone. the distribution shows
higher concentrations 1n the rhyolites especially alona the

contacts.
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Fig.5.2k. Areal distribution of Chromium ((Cr)
at Dinya-Koking mineralized zone .
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Nickel (N1)

Nickel concentration values have a range or S ppm to 40
ppm with an averaae of 16.45%5 ppm aAnd a srandard deviation oft
9.67, the average values of unaltered rovolltes and
porphyritic biotite aranire Aare 14.5% ppm Aand 10 ppm

respectively.

ihe clark value of nickel for rhyolites 1< & ppm (Ewarrt
aer. al., 1968) and 0.5 ppm (laylor, 1964) for arantres,. The
clark values of rhyolites and qranites represent lower values
rthan averaqe values obtrained for rhyolites and qranites in the

study area.

Figure (5.11) show the distriburtion of nickel and tiqure
(5.21) shows the areal distribution pattern of nickel in the
minaralized zone. Ihe distribution shows hiah nickel values
in the rhyolites and alonag the contact of the rhyolites and

qgranites.

Uranium (U)

the wvalues of Uranium have a ranqge of S.6 ppm to 170.9
ppm with an averaqge ot 47.19 ppm and a standard deviarion of
26.57, The average value of Uranium in unaltered rhyolites
15 49.6 ppm and 14.55 ppm 1n the unaltered porphyritic biotire

aranite.
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Fig.5.2m. Areal distribution of Uranium (U)
at Dinya-Koking mineralized zone .
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The averaaqe value {clark wvalue) for Uranium in

rhvolites 1s S ppm (EwWArt et. al., 1968) and 4 ppm (Vinoqgradov

19627) tor granites, IThe averaqge composition of rhvolites and

porphvritic biotite aranite 1n the study area indicare hiaher

values than the clark values in similar rocks.

Fiaure (S5.1m) shows the distribution or Uranium
concentration valuas and ftiaure (5.2m) shows the areal
distribution of uranium 1in the mineralized zone. Generally
the composition of uranium 1= higher 1n the rhyolites than 1in
rthe qgranites, with the hiahest values obrained alona the

contact orf the two rocks.

5.3 Distribution trends

Flements distribution

I he distriburtion of elements 1n rhe delineated
Alteration zones of the host rocks i1ndicare that certain
elements were anriched while others were depleted (lable 5.5
and 5.4). Ihe removal or addition of these elements 1n the
wall rocks was caused by the inaress of mineralizing Tluid,
which was capable of depositing or removing certain elaments At
prevailina p.H. and E.h. condiftions. A clear picture of
depletion and enrichment in the alrered zones 1s shown in Tia.
(5.3 and 5.4) for the porphyritic biotite aranite and Ti1q9.

(5.5 and 5.6) Tor the rhyolites.
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can
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n

(HE

N1

=0. 285

=0.7261

+1.31

=1.43]

-1.588

-0.00%

=0.18

=0D.034

ta 0

=0.097

0. 005

=1.359

=1.760

-0 069

-0.027

-0.052

+5.05

lable

mildiy intensely
unaltered altered altered
porphyritic porphyritic  porphyritic
biotite biotite biotite
qranites aranite aranite
0.565% 0.05% 0. 726%
0D.277% 0.011% 0.175%
1.935% 5.745% 1. 740%
1.590% 0.161% 0.251%
1.546 U.158% U.286%
.124% D.115% 0.055%
0.02% U.70% u.oua%
U.039% 0. 005% 0.00/%
15.75 ppm 19.75 ppm 18,7 ppm
15.5 ppm 1 pom Y1.4 ppom
A7.5 ppm 0.0 ppm 51.4 ppm
10.0 ppm 17.5 ppm 17.4 ppm
14 .35 ppm 53.6  ppm 729.0 ppm
5.3 Loss and aain in the mildly and

porphyritic biotite aranite.

intensely altered

(Average values )

(A} losses and gains 1n the mildly altered zone in % and

PDm .

(B) Losses and qains in the intensely altered zone in %
and ppm.
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rhyolites
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altered
rhyolites
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altered
rhyolites

e o o
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39.58 ppm
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+0.005
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—0.01K

+0.01

=0.0135

=2.38

t7.8
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t6.11

+1.89

=0.uuy

=0.017

t1.558
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Tlable 5.4

Loas and gain i1n the mildly and intensely altered

Rhyolites (Average values)

and ppm.
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Depletion and Fnrichment trends
fvaluartrion of elements distribution 1in the unaltered

porphyritic biotite aranirte against the mildiy and 1ntensely

110,

Alrtared birortite granite reveal rthat Cao, Mqao, kzu. P.,0O 2

2 5"
MmN  Aand Na_,0 were continuously deplered in the mildly and
inrensely altered zone. The depletion 1S however qreatar 1n
the mildly altered zone. Another trend 1s the hiaher

enrichment of re0, /n, Cu, Cr, NI and U 1n the mildly altered

zone with slight decrease 1n the inrensely alrtered zone.

Elements disrriburtions 1n the unaltered rhvoliites
comparaed with the mildly and intensely altered rhyolites
raveal that Ca0, Ma0., NA,0 and Cr were depleted with 1nrensity
of alteration. Another trend 15 the enrichment of reo, K0,

lioz, MNO, Cu, N1 and ! 1n the alterad zones. Within the
rrend Fre0 and N1 depleted sliqghtly 1n the 1intensely altered
zona while K50, Cu and U increased steadily. MnO and liuz
more or 1ess maintained A constant increase in the two zones.
fthe last trend in the rhyolites 1s the /n, and Po0g which

depleted in the mildly altered zone and become enriched in the

intensely alterad zone.

1in compAarative basis the averaqe values of K 0, Na o,

FeO, Cr, Zn and U in the rhyolites are considerably hiaher

than those 1n the aranirtes. In the case of Fe0, Cr and U, the
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hiah wvalues in the rhyolites are comparaple to vajiue=s in the
mildily altered zone of the aranites. It 1s alsn noted that
cao, Na?o and K.,0 wvalums in the unaltered qgranites are

Z

comparativeiy very hiah.

Generally Ffe0, Cu, Nl and U have higher wvalues 1in
aranites than their clark values for similar rocks while Feo,
Mno, P?Uﬁ. Cr, Cu, N1 and U have higher values 1n rhyolites

than their clark values in similar rocks.

S.4 Correlation Analysis

The result of correlation, calculated as correlation
coaefficient ranqges from -1 to +1. A correlartion coefficient
of +1 or close o 1t 1ndicates a positive correlation while a
corralation ecoefficient of =1 or closea to it indicates A
neqgative correlation or inverse relationship with the second
variablie. A corralation coefficient of zero or coefficient
valuyes close to zero andicates little or no depandent

relationship with the second variable.

correlartion analyses were done for the population data

and the intensely altared host rocks.

fable (5.5) shows the result of correlation matrix from

(40) samples of the populartion data.
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The matrix result shows a sianiticant positive
correlation (>0.80) between Ca0, MqO, Na.,0 and (>0.5)
correlation betwean Cao, Mao, Na_0 and K,0. There is also A
significant positive correlation (>0.8) between Fe0d, N1, and
(>0.5) correlation between re0 - Ni, Cr, and Cu. Another
positive correlation {>0.5) exists between P,0g = Cr and u. A

negative correlation (>-0.5) does not exist between any of the

elements .

Table (5.6) shows the result of the correlation matrix
obtainad trom samples of intensely altered porphyritic biotite

qranite,

The result of the matrix indicates a positive corralation
(>0.6) batween a0l - MqgO, Na?o. tu, OCr and U. Anorher
positive correlation (>0.6 axists between Fe0 - hgo, P0q. 1IN,
Ccr and (20.7) correlation betwean Cr - Fa0d, N1, Zn and U, A

negative correlation (>~0.5) exists between Tioy - IB, Cr, N,

Fe0 and f-'?().-3 -

Table (5.7) shows the reault of the correlation matrix

obtained from samples of the intensely altered rhyolites,
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The result of the correlation matrix 1ndicate A
signiticant positive correlation (>0.7) bertween ao-mMqo,
K, 0. Na,O and a positive correjartion (>0.5) exists berween
Feo-pP,0g. MNO, Cu, Cr, N1, and U. Another positive corre-

lation (20.6) BX1StS hbAtwesn IiU? = €ao, Mqo. K,0 and Na.,0

A npegative correlation (>-0.95) exists between /n - PO

Zz D

Cr. Ni and u.
5.5 Principal Component Analysis

1 he Principal componant analysis concerns
rransformation of vVAriance to covariance ot the oriqinal
data. The covariance 1s qiven here As components. The
CoOmponNants Are qrouped 1nto different factrtors with

decreasing order of the percentade VAriance.

fFactor analysis has been extensively used in recent
yvears by geochemists to evaluate geochemical darta. 1his 1s
done to measure the strenath of any relationship amona the
variablnq and to show the gqgrouping of elements 1into
associations, due to the covariance structurea ot the
oriainal wvariables as well as the structurea ot the

factors.

fable (5.8) below shows the result of the calculatrtad

principal component analysis and the percentaqe Variance.
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tiqgure (5.7a) shows the plot between the Tirst and
sacond components. The plot reveals a cluster ot Ca0o, mMao.
Na.,0 and k?O in the top lett quadrant and a cluster of

z

Fe,0,. Cu. Zn, Cr. Mno ., P?Oﬁ. N1 and U on tha top riaht

auadrant while riu?. talls. 1n the bottom riaht aquadrant.

Fiaure (5.7b) shows the plot between the first and
rthird components. IThe plot produced a cluster or MqQo, Cao,
Nayo. 79 ol rio?. P,0g and U 1n the top left aquadrant and a

cluster of K?O. FeO, N1, Cu and /n 1n the top riaht

auadrant.

Fiaure (5.7c) shows the plot between the first and
fourth component. Ilhe plot produced a cluster of Na?o. mMaqoO,
Ca0, K;0. Zn and U 1n the top left quadrant and a clusrter
of Fe0, Cr, Cu, N1 and P,0g in the top riqght quadrant.

Ilo2 occurs singly in the bortom 1efrt quadrant.

Fiaure (5./7d) show the plort between the seacond and
rthird component. The plot produced a cluster ot Cao, Mo,

Na?o in the bottom left aquadrant and K?O in the bottom

riaht quadrant. P?oﬁ. liu? and Cr ocour in the top lieft

aquadrant and FeO, N1, MNO, Cu, Z/n 1n the top riaht aquadrant.

Figure (5./@) show the plot between the second and
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fourth components. The plot produced a cluster ot Cu, Feo,

N1, Ij02 and P,0g top in the left quadrant. and /n, Cr, U
and MnO 1n the top riaht quadrant, while Ca0o, Mao, Na.,0

and K?O occur 1n the borttom letTt quadrant.

Fiqure (5.7f) shows plots Tor the third and fourth
CoOmponents ihe plot produced Cu, N1 and Fe0O in the top
lefr aquadrant and /n, MnO and X.,0 1n the right top

Z

quadrant while, P,0g and Iio? occurs 1n the bottom lerrt
aquadrant and Cao, Na?O. MaqG., Cr and U i1in the bottom lieft-

quadrant.

flement Assoclation

Plots ot rhe fTactors measure the strenath ot
relationship between the elements and qive rise to element

associations.

Factor 1

MQO-Ca0-Na,0~K,0 Associlation. The associarion 15 due
to likholoagical tactors and describe the rock ftorming
minarals aroup. The association 1S similar to the
depletion trend obrtairned trom the population data. I he

association indicates an oxidizing environment in which the

elamants ware removed.



Factor 11

P.O. =) Assnclartion 1S a recurrent assoclartion in

25
some of the plots. Ihe highest factor loadinag 1s however
recorded in the second Tactor. Ihis association indicates
mineralization. FBO-P,0,~N1 AassOciation is also A

common ASsSOClIAtion 1n the plots with the hiahest facrtor
loadinag (>.35) 1n the second ftactor, the association

1ndicates enrichment orf the elements during mineralization.

Factor 111

Cu=Zn Association, shows a high factor loading
(>.35) 1in the third factor, the association 1S attributed,
to the rhyolites and its volcanngenic origin.
fhe PO, - U assnciation also has a strona relationship

diue to the same mineralizarion tfactors.

Factor 1V
Facror Iv reveals very weak association of Fe0O=N1 and

Ca0-MmagO-Na_ O~k 0.

7z £

5.6 cComparison between correlation and enrichment-
deplation trends

Resuits orf correlartion analysis show that correlation
ex1ats between CA0-MqO, Nayo and h?u. Othar elemants

correlartion are FeO-Cr, N1 and U and the P?Ub - U,
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Ihe Tirst correlated elements compare with the
depletion trend 1n the elements whille the second trend 1s
=1mi lar ro the enrichment trend. Ihe correlation of P?Ub

and U which talils borh in the depletion and enrichment

rrand 18 as a result of secondAary processeas.

Resylrs obtained from correjlation ot intensely
altered porphyritic bpilotite qranite show correlation
petween Ca0-mMaO.Na,0, Cu, Cr and U, Other correlartions

are those or K?O - 9205. in, Cr and N1 Aand between Cr -

Ni. Zn: a0 and U._

from the correlation results obtained Ttrom the
intensely altered granite, the Tirst correlation shows
simiiarity to the depletion trend i1n qranite. fhe absance
of K 0 in the correlation signiries inrermediate reaction
betwean the minaralizinag Tluld and the wall rock as K,0
went throuah exchanage reaction with Na_0. The presence of
Cu, Cr and U in the correlarion indicates initial leachinq
of the elements in the early staqge or interation between
the mineralizing fluid and the wall rock. IThe second and
rhird correlation, Aall represent the enrichment trends

which were due to the mineralizing tiuid.

correlation resyits fTrom the intensely altered
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rhyolites had correlation or Cao-mao, K?U and Na?u ana

another correlarion ot lio?-mno. FeO, and Cr.

ihe Tirst correlation compares wlth the Cao, mMaqo, Na 0
and Cr depletion trend, except Tor the absence of K,0 and
the presence of Cr in the depletion trend. Comparison of
the two trends shows that K,0 was enriched and chromium
which had rather high values 1n the rhyolites was removed

instead.

ihe enrichment trend in the rhyolites compares with
the second correlation and contirms, that K0, 110,. MnO,
Feo, Cu, CGr, N1 and U ware anriched. Ihe presance ot Or
in this trend 1s explained by the fact that though Cr was

removed fTrom the rhyolites 1t was sti1ll supplied by the

mineralizing tluid.

5.7 comparison of element association with element
correlation and enrichment-depletion trends

A comparison of the dirferent elements trends
obtained by ditffterent approaches may perhaps <shed more

light on elements Interrelationship.

lable (5.9) preseants All the element trends Tor a

AQUICK COMPArison.
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The Tirst element associartion CAa0-MAa0-Na,0-K,0. which
is due to Tactor 1 1s Simillar to the deplerion trends 1n
qranites and the correlation of the same elements in  the
population data. The association intTact compares with all
rtha depletion trends and correlation of similar elements
axcepft Tor the absence of KZU And presence of P50, liuz,
MNO, Cu, Cr and . Ihe prasance oTf these ealemenrts Also

aAppeAars 1in the plot orf tfactor I and 111 and tactor 1 and

¥

Ihe other associ1Aation quﬁ = U and FRO-Cr-N1 dus 10O
Tactor |1 and Cu=/n due to tTactor 111 aAll compare very weall w

similar alemenrts correlarion and enrichment Trends.
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cChapter &

DISCUSSIUN, CONCLUSIUN AND RECOMMENDAT LON

6.0 DISCUSSION

I ha metal loagenic Tearuraes ot the Archean ro
Froterozolc orystalliine pasement ot Nigeria have beean
discussaed and Attemprts made by many worker s, HBlack
(1980 ): wWoakes and Olade (19HB): ana OUlade and Woakes
(198K ): and many others to relate the distribution and
origin or mineral deposits within the west Atrican <shield
O major tectonic Teatures. According fto (wWoakes and
Olade 1988) the early Proterozoic of the Nigerian basement
was characterized by aold. diamond. and manqanese while
tin, molydenum, tunasten, Niopium-tantalum and uranium

merals were prodominantily of Proterozolc aqe.

Accordinag to Carcter et. al.. (1963): Ovawoye (1970):
MoCurry (1970) the aqranites 1n the study Area are
Proterozoic 1in aqe being product of the Pan African
oroqgeny. fhe wvolcanic rocks around the study Area are
product of the contipous sSpread of Cretaceous to Recent
vaolcanic Activity that covers the north-eastern pAart or

the Nigerian basement., while the rhyvolites 1n the study
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area are cennzoic in aqge. Wriaght (1976): Fitton (1987)
and are clearly ditfrerant Trom The Cretaceous volcanicity

that was confined to the Henus rtrouah.

the Structural settina of the basement rocks and
rhyolites confirm that the rhyolites are younger and were
emplaced later 1n the Proterozolc basement rocks, I he
shaar zone, 1n the basement rocks being the lineameants
alona which the rhyolites were emplaced. Mineralization
in this area 1s spatially related to the rhyolitic bodies
aspecially along the shear zones and contacrt ot the

rhvolites and aranites.

Nash et. al., (1981) 1dentified that vein type
depnsitrs includa Aall wuranium deposits rthar OCouUpY
relatively simple faults and Tracture. zones orten
axtending to depth of 300 - 1500 martres 1n a Vvariety of
host rocks. in another view (110 (1980) described certain
Uranium deposits Aas occurrina in Precambrian rocks .,
particularly Proterozolc rocks near sedimentary basins.
He pointed out that they are emplaced in shear zones 1n
aranites and metasediments with or without wvolcanics or
basic bodies that usually form traps ftor uranifarous
solutions. He concluded that these deposits are different

from vein type deposits, both 1n si1ze and oriain. From
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the two models, the structural setting or the mineralilzed
Area Tirts more closely with the model described by (0170

(1980 .

6.1 0Origin of mineralizing fluids

tvidences of leachina along the shear zones and
contact of the rhyolites and qranites, coupled with
deplerion of Ca, Mn and concentration of Cu  and N1
indicate that the hydrothermal solution responsibile Ttor

mineralization was ascending.

the oriqgin of the mineralizina hvdrothermal solution
18 Aassociated with the volicanic activity which was the
principal factor responsible for initial qgeaneration of
hydrothermal solution durina or/and afrer the emplacement
of the rhyolitic bodies. Ihe hydrothermal solutions were
formed Trom basaltic maama, Tirst by separation ot the
liaguird fraction of the melt by aravitarion and

crystallization ditferentiarion.

on rthe way throuah the fissure system rhe
supercritical liquid fraction became cooled and condensed
ro hot aqueous hydrothermal solution. After rormation of
hydrorhermal solution, Circulation around pore sSpaces

bacame impnssible. At this straqge the deep =eatad
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fractures, roaethar with the shear zones provided channel
ways alona which the hydrothermal solution circularted rto

rthe surtace.

&.7  Sources of Uranium and other Metals

Due rto the leaching of the wall rocks, some ocertain
elemenrts were depleted while others were enriched. I he

two possible sources of uranium and the mertals are:

(1) Throuah concentration of uramium and the =siderophilie
alements, FeO, N1 and Mn 1n the termal ftraction of the
maagma and
(11) Ihrouan leaching of uranium and other Lithophilic
elements mq. K, 0, Cr, Ii and the chalcophiiles Cu and Zn

from the crustal rocks.

The presence ot Feao, 10, Mno, Cu, N, Cr, Zn,
P,0g, and U in the mineralizina fluid As indicated by
the enrichment trend could be linked with the oriain of
the mineralizina Tluid. There 1s a rtendency for uranium
and other metals to ba concentrared 1n the lartar ftracrtion
of the maagmatic differentiartion. Uranium is aquite mobille
1N metasomatic reactions, the transport of uranmium to the

surface was then suiltable under a hiah fco, and low p.H.

4
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Uranium 1< lithophilic 1n nature, this explains 1rs

associ1ation with cr, Mno, and (Fe). The presence oft Feo

and N1 roagerther wirth uramium 1n the mineralizina tiuid

points  to the maamartic origin of the mineralizing fTlula.,

lhe Aassociation oOT uranium with the I1thophile on the

other hand. however draws artrteanrtion that uranium and the

assnclared elements were oconcentrared npot only by

ditTterantiation.

ihe other source of uranium and the other metals

could be associated with the basement granites., which have

niah wvalues of U, N1, Cu, and Feo above clark values ftor

aranl tes ., The leaching ot Uranium and other alements Trom

the aranites 1s qgenerally artrtributad to rthe supercritical

solurtion which ditrused and circulated in the pore spaces

and scavaaged uranium and other metals.

Generally the Telsic minerals contain much 1ess

uranium but the presence oTf biotite with (1-60ppm ) Aand

accessory minerals ot zircon with (100-6.000 ppm ),

allamite (30-100 ppm U) and apatite with (5-150 ppm U)

(all wvalues trom Clark et. al., (19664): Rogears and Adam

(1967 ) are 1dentitied as rthe minerals in the aranite TtTrom

which uranium was |eachad. Duea to rhe chamical

decomposition Oof the aranites., the other secondary sources
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of uramum Aand other metals 1in the mineralizina Tluid 1s

linked with the qgranites, Woake=s and uUlade (194K )

proposed that mineralization 1n the Proterozolc (and 1n

later rimes) were derived from crustal sources throuah

deep seated sSstructures as passaage wavs that mobilized

metals 1n the adijoining rocks.

Ihe alements correlation, depletion-anrichment trands
and elements association All collaborate the tact that the
mineralizing hydrothermal solution 1tselT was rich in some
elaments which point To its AsSociAtion wWith A maamaric
source. fhe trends also show a depletion trend which also
point to the fact that the solurtion was ascending and was
capable of Jeachina and concentrating uranium Aand the

othar martals.

Ihe transport of these elements was possible under
the oxidation nature of the hydrothermal =solution and the
mertasomatic reactions that accompanied its upward
movement. . pDeposition of  uramium and the metals was
primary due to chanaes 1in p.H. and r.h. conditions thart
preval led at the surface. Ihe conditions ware due to the
presence of hematite and reduction ot fco, fugacity.
peposition of uranium 1tself wAas achieved by reduction of

pitchblende from the mineralizina fluid. Thi=s ETY
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accomplished by oxidation of reduced i1ron 1n the wall rock

and equillibrium of hematite with the mineralizina

snolution. Ihe role of hematite 1n the reduction of

uranium has been citaed 1n many works. Rich (1977), 0jo

(1980), Nash et. al.., (19%]1). Ihere wa=s alsn a prererancea

of deposition of uranium and other metals in the rhyolites

due to 1ts basic composition.

6.5 CONCLUSION

I he aqrological sAartting ot the Dinvya-Kkoking

minaraiization 1s found to occur in a wvariety of host

rocks. The settina sugaests that the rhyolites were

amplaced 1nto the granites alona lineaments. AsS regardads

rthe Structural settina the presence of structures alona

which fluids circulated in the mineralized zons 1= similar

to whart 158 obtained 1n classical uranium velin-type

depnsits.

The origin of mineralizing solution 1n the study Area

1s associated with the volecanic activity 1n the area.

Thouah hydrothermal solution in vein tvpe deposits may be

aanerartad from basaltic maama., their upward movement are

not accompanied by emplacement of solid rocks. | he

difference in oriain bertween the deposit in the study area

and a classical vein type deposit 1s manitested mainly by
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emplacement of rhyvolites durina or betore the circulation

of hydrothermal solurtions.

In terms of mineraloqy and chemistry. pitchblende
deposition wAas Aaccompanied or preceded by deposition of
auartz and hematite. There was formation of carbonpate,
nickel and copper minerals with a high to anomolous
concentration of Cu, /n and N1 1n the mineralized rocks.
The mineraloagy and chemistry of the mineralization undar

study 1s therefore similar to vein type deposits.

The rwo tundamental differences between the vein type
uranmium deposit and the mineralization under study lie
laragely 1n the size and emplacement of rhyolires alonag the

shear zones.

In view of the writer, the vein type uranium deposit
is similar to the deposit in the study area 1in many
ASpeCTS even 1n origin. Ihe writer however aqrees with
(0Djo  1980) that certain types including the one under
study are vein-like, since they are not exactly vein type

deposits.
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6.4 RECOMMENDAT ION

rurrther work on the Dinva-Kkokinag mineralization 18

recommended to include a wider spectrum of alement

Analysis that could not be analysed 1n the present work

dua to lack of certain facilities. IThe study of polished

sactions will also be important to reveal tha mineraloqy

of uranium and those of other alements.

Studies on Tlulid inclusion and 1sotoplCc studies are

also recommended 1in order rto understand the history of

mineralization and nature of mineralizinag fluid. DPDrillina

and study of core samples would be necessary to evaluate

the extent and depth of mineralizarion
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