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ABSTRACT

The gold occurrences north of Isanlu (Kwara State)
were investigated using conbi ned geol ogi cal and geoche-
m cal prospecting nethods. The general geol ogy, stream
sediments and gold in heavy mneral concentrates were

surveyed.

The area studied is part of the schist belts of the
S WN gerian Basenent Conplex and the geology is
favourable for gold being simlar to the Ilesha schist
belt. ld mneralization occurs in primary quartz veins,
di ssemnated in anphibolites and al so in secondary el uvial
and alluvia deposits.

Data obtained fromthe stream sedi nent survey were
subjected to statistical interpretation and it was found
that the |lognormal distribution pattern appears to be the
one nost applicable to the data . The heavy m neral
survey was used to field-check for gold occurrences as the
I nvestigations progressed, and it also prove its worth in
confirmng anonalies detected by the stream sedi nment
survey. The significant correlation that exists between
Pb/Qu and Pb/Zn was taken to probably distinguish vain
mneralization fromdissemnated mneralization in
anphi bolites. Wiether or not they are indicators for gold

remai n uncertain.



The investigations succeeded in delineating known
gold occurrences and has indicated sonme prospective gold
targets. Gone of the known occurrences have been assessed
partially and are reconmmended for further detail ed work.
The met hods of investigations used were useful but the
heavy m neral survey is a better exploration tool at this

st ago.
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CHAPTER 1

INTRCDUCTICN

1.1, Objectives of the Work

The Nigerian Mining Corporation has initiated a
mineral exploration programme in the former Ilorin and
Kakba Proaovinces of Kwara State. This programme (named
Kwara Gold Proiject) covers a total area of about 46300
squarce kilometers which lies between latitude 79 16'n
to 11° 8'N and longitude 3“24'E to 6% 45'E. The area is
covered by N.M.C.'s ASEPL Number 258 and an unnumbered
one, all of 1978. This thesis covers part of the abocve
programme.

The primary objective of the prooramme was to locate
geld deposits that can be exploited with minimum capital
expenditure and in the shortest pessible time, It was
therefore planned that a systematic search for gold
placers and primary gold deposits would be carried out.
This wounld include, for the placers, the study of
gecmorphological features associated with placer accummu-
lation, heavy minerals in the drainege and surficial
products. For the primary depesits, it would incglude the
study of the geology, Sfream sediments and vein materials,

The fieldwork lasted from January, 1983*;0 July, 1983

with some later visits to complete the study.



1.2, Location and Accessihility

The geolcgical, cenchemical and heavy wineral inves-
tigations which form the basis of this thesis was concen-
trated in the northern part of Izanlu (Sheets 225 NE and
NW, 1.50,000). The area covers about 1140 square
kilometers, situated between latitude BOIE’N to 80 30N

© 00'% and is in the former

and lrngitude 59 33'E to 6
Kabba Province {(now Oyi L.G.A ) in Kwara State Figure 1).
The southern part of the study area is accessible by
a few all seascon posda which link some villages. The
northern part of the study where most of the work was
carried out is an extensive forest regsecrve with no human
habitation and ne motorable rtoads, There are, however, a
few tracks used mostly by hunters. The inaccessibility

has limited the extent of the work and coverage is not

complete,

1.3. Climate and Vegetatien

Rainfall in Bgbe, the nearest weather statioen, has a
mean «f 1845mm, characterized by double peaks in July and
September and concentrated mainly Letween May and October
(Jeje et al, 1982).

The entire areaz lies within the Woodland Savanna
belt and is characterized by a seasonally luxuriant Jrewth

of vegetationn,
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[scaLe 1:2,000,000

EXPLANATION

Sedimenis
Older Granitcs
Quartzites
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Basement Complex
( undifferentiated )

ISANLU -~Area of study.

FIG. 1. LOCATION OF THE STUDY AREA WITHIN THE
SOCUTH - WESTERN NIGERIA BASEMENT COMPLEX

( AFTER G-S-N- 1974 ).




1.4, Geomerpholegy

The study area is drained by River Fampe (Ovi)y’
and its, tributaries. Generally, the relief of the area
is moderate with gentle rolling terraip and flat plains,
Occasstonal occurrences of hill maossifs and round topped
hills are enceountered. The valleys of River Kampe and
its major tributarivs are kroad and cften contain alluvial
terraces, The vallev-side slopes Letween the trikutaries
are long and gently inclined at 29 to ?n, and have
mostly convex - rectilinear - concave profiles (Jeje
et al, 1982). The general geomorphisc pattern of the
area can be shown in the section in Figure 2.

1.5, Previcus Work

There had not reen much geological work done in the
study area though many workergs were interested in the
southern part of Sheet 225 because of the mineralization
of Cassiterite - tantalite - crlumbite in pegmatites.
The few workers that previously studied various aspects
ef the area include:

(i) Jagues (1944 - 45); from his reconnaissance survey
he gave a specific account of the country situated
between latitude 8° 00'N to 8° 40'N and longitude

¥}

57 20'E tn 6° 20'E. He recorded the mineralizatiocn within
the pegmatltes;, of cassiterite and celumbite/tantalite,
as well =28 gold in quartz veins in the araea. In his

description of gold workings on guartz veins in the area,

he noted among other things that "“there are no records of



any reliable sampling or fssay undertaken in connection
with a2ny of the workings, so that the relation bhetween
values and vein widths or countrv rocks cannot he assessed”.
(11} Macloed (19€2) wrete a memcorandum on the tole

deposit north of Isanlu Makutu,

{iiiy Arogundade (1973} reported on the geology of the
Isanlu Area, Sheet 235, 1:100,000.

(iv} Bafcr (1981) worked on the nccurrences of Sulvhide
mineralization in the Egke Area of Snuthwastern Nigerias,

the coverage nf which extended to parts »f the area of the

present study.

1.6. Mcthodoloegy of the Present Work

A combined geclogical and geochemical investigation
was planned and carried cut. Thisg inc¢luded geological
mapping, geochemical sampliny of stream sediments and
cellecting heavy mineral concentrates all nn a scale of
1: 50,000 and sampling interval varies frem 1/74km te 2kn.
Traverses were usually taken alcug streams and rivers; and
a total of akowut 1,700 line-kilometers were covered by
vehicle and on foot. This coverage was achieved within
about 150 geclogist man-davys.

Detailed investigation of some primary and secondary
prospects has heen carried out hy detailed mapping and
sampling of mineralized veins and pitting and sampling of
gold eluyium and alluvial placers,

Rir photegraphs were examined bhut were available for

only part of the study area and were not found to be very



useful tormls for the work., Hewever, SLAR and LANDSAT
Imagaries of the region were examined and revealed some
structural features of importance. Aeromannetic map of
the 2rea was not availlable for examination,

The nverall extent of the field investigations was

limited by the coming of the rainy season.
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2.1, INTRODUCTION

Tfhe arca of study falls within fhe Precamhrian
Basement Complex of SW Nigerie (Figure 1), which in the
context rf African geolagy is a part of the Pan-~hfrican
mobile helt forminag the eastern flank of the West Rfrican
Craton {Wo=kes and Bafor, 1282),

Rahaman (1976) described the Frecambrian of Sﬂ
Nigeria and grouped the major roeck units. as follows:

{i) Migmatite~gneiss complex comprising hiotite-hornblende
gneisses, quartzites and guartz schists, small lenses
of C&lC*silicaté rocks, rictite - annblende schists
and amphirolites.

{(ii) Slightly migmatised to unmiqgmatised para-sc¢hist

and metaigmoeous racks which.consist of pelitic schiat,
guartzites, amphiholites, talcose zrocks, metacconalo-
merates, marbles, and calc-silicate rocks.

{(iii) Charnokitic rocks.

{iv) Older Granites which comprise rocks varying in
compogition from granodiqrite to true granite and
votassic syenite.

{v} Unmetamorphosed dolerite dykesg helieved to the

youngest.':'



Turner (1983) described the three main groups of
Schist belts of SW Wigeria. The Western group (mainly
the Isevin) oceurs near the western frantier of SW Nigexiea
and is not shown in Pigure I, Thoe central belt {Ife-Tlealin)
with its early mafic to ultramalfic igneous sulte, mabkg
the pessibhle site of a former ocean Lasin, The castern
group of schist belts (Igara, Owe, Kakla, Jakura) contain
shelf or miocgeosynelinal deposits with ne azssccliated ignenus
rocks. The area nof study is situated roughly in-between
the central and eastexn groups of schist helts but is
closer to the eastern group.'

The most easternlv schist belt in the Southwestern
Nigeria, as descrihed by Turner (1983}, is distributed
aroun the Okene migmatitic nucleus. It trends HNHEW with
a length of only 50km {the Igara) and is jeined to the
NW = trending Owa helt. Similar litholagies occur in
gchiset belts in the Kahba, and Jakura aress, Porphvritic
granites intrude the centre and margins of the helts.

The TIlesha schist belt, acccrding to Turner (19283)
lies east of the Ibadan Archaen tc¢ Lower Proterozoic
magsifs. It has a N-&£ length of over 200km. It consists
of two structural units with contrasting litholeaies;
separated by the NNME - trending Ife fault zcne. The
western unit consists of amphibelites, amphibole schists
and pelitic schists with much intimately associated trondh-

jemiti¢ granite, gneiss and pegmatite. It shows 2



moderately open stvle of folding with K-35 axes., EBast of
the fault, quartzite is dominant, occurring taogetheor with
gquartz schist, guortezn-feldspathic gneiss and minor iron-
rich schists and quartzites, This ig the Effon Isammite
Formation and shows tight iscelinal foléds,

The area ~f the present study has nct been described
by either Rahaman (1976) or Turnsr (1983} in their work
on the Precambri;n and schist belts of £W Nigeria respec-
tively. The study area, as mentioned ecarlier, is situated
closer to the ¢asterly schist helts of SW Nigeria hut dees
not resemble them in many respects - notahbly its E-W
trend and its widespread wvolcanics and gold mincralization.
The casgtern helts are knowh to contain na widespread
volcanic rocks and also lack gold mineralization. FHowever,
a possible correclation may exist between the study area
and the Ife - Ilesha schist kelt. This can ke substantiated
from the occurrences of widespread motavelcecanics
{amphibeolites) and gold mineralization which are charac-
teristics of the two areas. The study area mav Le a
fragment of a former ocean hasin or an extension of the one
proposed for the Ilesha belt hy Turner (1983),

The present mapping has considerabhly extended the area
formerly known tr bhe underlain by metasedimentary and

metavelcanic rocks.



10"

2.2. GEOLOGY
The main lithologic units mapped in the area of

gstudy include:
7. Surficial Deposits |
6. Quartz Veins
5. Fagnatites
4. Older Granites
3. Metavolcanics (Amphikbolites)

2. Metasediments

I. Migmatite-gneiss Complex

The geology ¢of the area is shown in Figure 2.

2.2.1, Migmatite -~ gneisg C-mplex

The migmatite-gneiss complex predeminates in the
northern and north-eastern part of the areca occupying
about one-third of the total area of study, and is thouaht
to bhe the oldest rock group in the area,

In hand specimen the uneisses are usually graey,
foliated, hintite and/or horntlsnad. dquartzn - feldspathico
rocks., Alternating mafic and quartzo feldspathic materials
define banding in the migmatitic gneisses. In thin
sections, quartz and feldspars jointly form the bulk of
the mineral composition in the simple bictite gneiss
which predominates (Plate I). In these dneisses, plagio-
clase and K-feldspar cccur in abcut equal proportions.
Mica, mainly biotite and some muscoyite are aligned and

indicate foliation in the rock fabric. In migmatitic-
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Plate 1.

Biotite gneiss. Quartz

. and feldspars form the bulk
composition while foliation
is defined by alignment of
micas.

X polars.

o Plate II.

Migmatite gnedss. A fairly
coarse band of quartz and
faldspars bordering a
finer-grained fcliated band
f of gquartz, feldspars and
mices.

X polars,

v,

Plate 1II,

Mignatite, The absence of
K-feldspar and abundance of
biotite, hornblende and
epidote representing an
epidioritic composition.
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gneisses, (plate I1I) placioclase is subordinate to
K-feldspar. 1In migmatites, (plate III) K-feldspar is
absent and hornhlend . biotite and epidcte arc common,
reprasenting an epidicritic cemnosition., Textures

Y
generally are ccarse to medium grained in most of the

es. Accessonrv minerals include sphene, apatite,
zircon and cpaque minerals.

Biotite gneiss is the commonest rock-type in the

- complex while the complexly fclded migmatite occnur only

~ in a few localities. Aplo-pegmatitic gneiss occurs

l!ﬁnhlly near contacts with granite masses. The occurrence

)f 'augen’ gneiss has been noted aleng the Dogon-Daji

- sheared zone. The textural variations of the gneisses

| can often be cbserved in the same lccality and it has not

been possikle to show them as separate units at the scale

-
-

of the mapping.

2.2.2. Metasediments. -

The metasediments are essentially schists and
quartzites, and occupy the southern half of the study
area and are part of a more extensive belt to the south
and west. They are believed to unconformably overlie the
gneisses and are intruded and bordered by granites and
alsc invaded by swarms of volcanic rocks.

The metasediments are generally regarded as forming
a supracrustal cover upon an ancient gneissic basement

and subsequently folded prior to the emplacement of the
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Older Granites (Russ, 1957; Ajibade,127C; Rahaman, 1976
and, Turner, 1983).

The Schists. In hand specimen, the schists are fine

to meMium grained schistose rocks of argillacenus te
arenageous character. In thin section a tvpical schist
contafins up tr 50 percent guartz 2nd alse about 50 percent
mica _1th few feldspars which have teen altered t£o muscovite

d sericite. The mica minerals are bintite, muscovite

and sometimes scricite (Plate IV). The mica minerals

Lf make up the bulk compecsition in micaceous schists. Garnets,
'K
=1 sphene and cpague minerals are the common accessory

minerals. 1In sheared schists (phyllonites) cataclastic
texture is developed (Plate V) and consists cf azggreqgates
of quartz porphyroclasts which form porphyrerkhlasts in a
very fine grained matrix of i;l—defined mineralogy.
Tourmalinized schist (Plate Vi) show alternating hands
of quartz and tourmaline. The tcurfMaline may have heen
introduced and may be replacing the feldspars and micas in
the schist. Opagque minerals ore common and may be
alteration products.

The schistose units mapped consist of mica-schists
and quartz-schists with argillaceous and arenaceous
characters respectivelv.

The Quartzites. The quartzites form prominent ridges

' which outcrop in few locations and are closely associated

p=aT

with the schists and amphibclites.



14.

Plate IV,

Mica~schist,

The alignment and segregation
of the mica minerals give

the rock a well-defined
schistoaity,

X polars,

Plate V,

Cataclastic texture in
sheared schist (phyllonite)

X polars.
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In hand spescimen, they are quertzitic rocks which
vary from maessive granular types to folilated, usually
fissile types which tend to weather zlong foliation plaenss.
Some degree of ferruginization has been cbserved 1in some
specimens.

In thin section (Plate VII), the guartzite consists of
more than 80 psrcent quartz, Mice {mainly muscovite) and
feldspars form about 10 percent of the bulk composition
and thelr alignment defines folietion in the rock, Zircaon
(or xenotime) and opaque minerals are accessory minerals
observed in the thin section. .

These quertzites are probably products of recrysta-
llization (of the gquart-rich facies of the sediments) as
indiceted by the 120° contacts between the guartz grains
{Plate VII).

2.2.3. Metavolcanics (Amphibolites).

These rocks are widespread and extensive occurrencas
have been noted in the northern part of the study zrea.
Collectively the amphibolites o:cupy about one quarter of
the total study area. They often occur as minor bodies
in the form of dykes, sills and plugs. These amphibolites
bodies occur in both the schists and the gneisses. There
may be two gsnerations of amphibolite, though no mappable
differences were noted, Their true attitude is difficult
to ascertain because they are generally only sesn as float

or boulders. True outcrops are seldom ssen, as such their

mapped geological boundaries represent the approximate



Plate VII.

Quartzite
Foliation

and micas.

X polars,

is defined by allignment of Feldspars



L4

extent of the amphikolite boulder occurrences. Jaquces
(1945) described the amphibolites as prolal ly representing
altered lrasaltic rocks associated with the metasediments.
They may be derived from possibly Iasaltic rocks (Bafor,
1981) .

In hand specimen, they appear usually massive dark
green to almcst black amphibole'- bearing metamorphosed
rocks of probhably wvwolcanic origin., The altered varieties
appear greyish. The textures of amphilbdlites vary from
fine to medium grained.

= ___In thin secticn, a typical amphibolite (Plate VIII)

:T1é§niilt of two amphiboles: horn'lende and tremnlite-

actinolite which jeintly form more than 5C percent of the
buik mineral comnosition. These usually occur as large
grains and laths. Quartz and sodic plagicclase (An35 -
An‘o) feldspars ferm the remaining 40 percent of the
mineral composition and are rathg; finer cgrained than the
amphiboles. Accessory minerals include garnets, zoisite
and opagques (some of which have lheen identified as pyrite).

The mineralogy is slightly different in altered
amphibolities. 1In the talcose varieties, the bulk mineral
composition is made up of fikrous aggregates of tremolite-

actinolite and talc which form more than 90 percent

(Plate IX). The remaining percentage is made up of
ller grains of quartz and plagioclase. Some of the

iolite-actinolite is altered teo talc and an isotropic
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Plate VIII.

Typical amphibolite. Two
amphiboles (hornblende and
actinolite - tremolite),
quartz and plagioclase
feldspar are the characte-
ristic minerals,

X polars,

Plate I1X,

Talec - amphibolite,

Fibrous aggregates of tale
and tremolite - actinolite
are common. The isotropic
mineral may be serpentine,

X polars.

FPlate X,

Steatite (soapstone).
A Congists predominantly of
aggregates of talce
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mineral suspected to bhe serpentine (FlatelX). In extreme
cas;a of alteration the rocck apprears mon-rineralic with
predominantly €filrcus aggregates of talc (Plate X' ). 1In
the silicified amphibolite (Plate XI .), there is evidence
of enrichment of guartz and garnet, also a rarity of the
amphiboles which are mainly tremclite-actinclite. In some
cases the garnets enclose guartz grains.

The most common of the amphibolites is the massive
dark green type which often contains disseminated sulphide
minerals (mainly pyrite). 1In altered zones especially
near quartz veins and other mineralized bodies, talcose
amphibolites are most commen - probably represent products
of extreme hydrothermal alteration (Mac Leod, 1963). The
silicified, garnet rich amphibolites with pyrite are more
atsociated with sheared zones and are probably products of
extreme silicification along such zones. ‘'Granitization'

-

and pegmatization of the amphitolites have been observed

near contacts with granitic bodics.

2.2.4, Older Granites

These are Pan African granites and form part of the
Basement Complex. They usually form conspicous hill
massifs and have intruded the gneiss complex, the schist
formation and the amphiliolites. Pegmatitic bodies are
characteristic of their contact zones. The granites are
of two types and mav differ in age; these are the pornhy-

‘ritic granites and the medium-grained granites.



Plate XI

Silicified amphibolite.
Note the rarity of the amphiboles : and the abundance
of gquartz and garnets.

X polars.



The Porphyritic Cranites.

Fudesn
These cccur extensively to the eoxtreme southwestern

part of the study area around Irunda villace {(Figure 2).
Alignment of feldspar phenocryst and dark minerals
is observed in outcrops, all in a N-S trend. Also
observed are minor bhodizs of migmatitic material which
may represent xencliths. In thin section. the granite

consists of large phenocrysts of Plagioclase (Anz" )

o~ Ao
- which is often zoned (Plate XII:). K-feldspar occur less
» il

monly and quartz is commcn and fcrms abrut 30 percent

of the bulk compcsition. EBiotite, sericite, chlorite andé
oxides constitute the dark minerals which occur in
atrix. Accessory minerals include sphene, apatite,

and clinozoisite.

‘;ggg Medium-grained Granites.

:'ibese granites occur in the northwestern part and to
:;bnthern parts of the study :rea. The granites are
prmly medium-grained and have pegmatitic centact zones.
In thin section (Flate X1II), guartz fcrms ahout 30
-h'nt. the feldspars forms about 60 percent and the

A constituting alout 10 percent of the hulk composition.
rally, K- feldsparsis sulordinate to plagioclase the

a is mainly muscovite and some biotite. The crushed or



Plate XII.

Porphyritic granite.
Large plagloclase phenocrysts in a matrix
of guartz, feldspars end dark minerals.

X polars.

Plate XIII

Medium-grained grarite with cataclastic textures.

X polars,
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2.8.5; Pegmatitea

Pegmetite bodies have been ohserved in gneisses,
schists, amphibelites and granites, most commonly within
contact zcnes of cranites. They occur usually as veins,
dy kesg” and.lenses. Generally the p;gmatitcs are wide-~
spread in the southern part of the studv areaz and decrease
considerably nocrthwards. The southern pecmatites may be
part cf the pegmatite belt cof Central Niceria (Matheis
and Caen-Vachette, 1983),

In thin secticn, large crystals of quartz, feldspars
and micas cccur in akout equal proportions. K-feldspar
perthites are very commen (Plate XIV) and plagicclase
composition tabeo - Ab75)'indicates stronc albitization.

The micas are riotite and muscovite with more muscovite

than biotite. Disseminations of tourmaline, cassiterite/

el
Er
e

columbite and sulphide minerals are observed in a few

locations within the study area.

ork but only eight of these form mappable units and were
» pped and sampled. The most significant and important
‘i?l“tha Ckolom Reef and the Dogon=-Daji - Kachakacha group
of veins, from which cold was won in the past.

The Okclom Reef. (See Ficures 2 and 3) is an auriferrous

jartz vein which outcrops continously £5r atout 800m and

'7wyia!ter occurs intermittently for about 3km along the
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Plate XIV,

Pegmatite texture. Large guartz grains and
K-Feldspor perthites ars commaon,

X polars.
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strike. The average width of the vein is abrout 2m, It
strikes at about N1C'E (NKE) and dipping steeply at 8C°
east or west; but it has been found to ke disjointed at
the southern end and strikes N50 E (NE). The wallrocks
are gneiss, amphikclite and myvlenite (See Figure 3).

The vein guartz is found teo Le shattered in many
places along the strike length and such shattercd zones
often contain films and dissemination of pyrite, chal-
copyrite, arsenOQYritg. oalena and iron oxides, mainly
along fracture surfaces. €Cold specks arz seldom seen
The only type of wallrock alteration ohserved is silici-
fication and such silicified wallrocks are exposed only in

few locations due to past mining activities which were

gneiss and amphibolite. The complex contacts

te a possirle complex folding of the amphilolite
gneiss and no relation with vein structure can
»served. This suggests that the Okolom vein minera-

on post dated the complex folding of the two rock
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Dogon-Daji -~ ¥Kachakacha group of Veins (See Fig. 4).

This group consists of a seriecs of quartz veins which
occur in a preominent shear zonc consisting of silicified
schists, amphibclites, biotite fgneisses and mylonites.
The zone persists for about 6%—ku in a N-S direction.
Some of these veins are auriferous and gold was won from
them in the past.

The most preminent of these veins is the Dogon-Daji
vein which strikes N-S and outcrops intermittently for
abeocut 1lkm, dipping steeply at 70 - 80"E. The width varies
between 1 to 2m. Hylonites,gneisses anéd amphikolites are
the asscociated wallrocks.

To the west of the Dogon-Daji vein, a group of gquartz
veins, lenses and stringers run subparallel tc the Dogon-
Daji vein and are mainly in mylecnites and silicified

- amphihonlites (Figure 4). These are the Kachakacha veins

from most of which g0ld was weng,in the past.

- 2.2.7. Surficial Deposits.

Surficial pracesses of weathering, erosion and depo-

rmation cf products which include laterites, eluvial and
alluvial placer devosits.

| Widespread lateritic development has leen clbserved.
.ulateritic formations have heen identified at different
”“Z;{zaphic levels which may represent erosicmnal surfaces

ng erosional cycles. There is, thus, clder and vouncer
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lateritic formations. The colder lateritic formation
characterizes the upper mnst part of the ‘'ancient' pebblwy
alluvium deposited along major stream and river valleys
(Figure 22). This laterite is prssibly a transporteé
(Secondzry) type. The younger lateritic fcrmation is
develcped on the present erosional levels aover amphibolites,
schists, socme gncisses and over '‘recent' loamy alluvial
occurrences. Arogundade (1973), hcewever, identified three
cycles of erosicn characterized by distinct lateritic
formations in the Isanlu Area.

The eluvial placers are mainly foun? in the giginities
of mineralized quartz veins and silicified zecnes. The
alluvial placers are confined tc valleys of major streams

and rivers and usuallv cccur as alluvial terraces. These

placer deposits are discussed in mrre detial in Chapter 5.

2,3. STRUCTURE

:—_ 2.301- Introductiocn.

In Nigeria the schist relts are confined to a NNE -

trending zone about 300km wide in the western nart cof the
antry (Turner, 1983). Over most cof the southwestern
egion the regional strike of foliation within the schist
is roughly constant in a N-S direction with variations
NW - SE and NE - SW directiens (Rahaman, 1976).
+ the trend of the schist lelt in the study area

md to be E - W and has greatly deviated from the

dlia.



common NNE, and N-S trends of most schist lelts in the
Southwestern Nigeria; but the directicns of foliatien in
the schists is similar to those of octher V'erlts, approxi-
matelyv N-S5. i

SLAR and LANDSAT Imagery interprestations (Figure 5)
reveal a persistent NE - SW structural trend over the
region. A lesger E-W trend has alsc Lheen ol'served.
These trends may e associated with rock fabric structures
and linearments formed by topographic and structural

features.

o T e 18 Foliation.

In gneisses, the predominant foliation trend cohserved
is NE - SW with average dip ~f JSDE. In some cases the
trend diverges up to NW - SE. In the schists, schistosity
is well developed and trends predcminantly N-S and vertical.
In guartzites, foliation is NE - SW trending.

2.3.3. Folds.

Major folds have nnt been delinite? in the study

area because of pcoor exposure and lack of marker units.

In gneisses, disharmonic folding is cemm~n which may

- indicate complex fclding pattern or local folding in fiarly

-_5§£gh qgrade metamorvhism (Plate XV!). The axes of such

- folds trend NNE - SSW and conform with the regional trend.
prominent N-S5 schistosity in schists may indicate axial
anes of tight folds. The outcrop nattern of the

phibclites may indicate complex folding.
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Plate Xxv

Disharmonic +o1ds in migmatite -

gneiss complex.
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2.3.4. Fractures.

Field mapping reveals the existence of fractures,
some infilled by ouartz. Gaping joints are common and
have an irregular trend. No major fault displacement
has heen observed from the fieldwork; however, SLAR
imagery shows a major linearment in a N-S directien

coinci@ing with the zone of Okolom Reéf (Figure 5).

2.3.5. Shear Z%Zones and Mylonites.

Rock tvpes indicating shearing have heen noted in
many parts of the study area especially around the
Dogon-Daji - Kachakacha sector. Most of the major rock
units have been sheared to varying degrees. Intense
shearing has been accompapged by silicification and/or
Mylonitization depending on the 2ffacted rock units.

The shearing affected the area in a N-S direction.
Silicification is widespread in the shear zones.

In gneisses and schists within‘tha zone, silicification

culminates in the development of the numerous quartz veins,

lenses and stringers (Figure 4). Silicified amphilkolites

may be the products of response to shearing by the rocks.

These rocks show massive replacement of most of the bulk
‘minerals by quartz and resulted in the formation of hard
esistant rocks (Plate XI ), Many of the silicified

phibolites occur within known shear zones, bLut are not

ays restricted to such known zones.
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Mylonites a2re possihkly derived from the gneisses
and schists, and are classified as phyllonites according
to Higgins (1971) and S1bscn(1977). These phyllonites
are highly schistose, finegrained and resemlble phyllites
and mica-schists (Ajihade, 19282). They form bodies a
few hundred metres across with 2 persistent N-S schistosity
and usually contain quartz lenses and stringer which are
often auriferous (Plate XVI). 1In thin section (Flate V)
the mylonites consist cf aggregates of cuartz which form
perphyroblasts in a very fine grained matrix of ill-
defined mineralocgy. Mica minerals which are aligned

give the rock a definite schistosity.

2.4. METAMORPHISM.

‘Rahaman (1976é) reported that the metamorphic grade
in the Southwestern Nigeria PBasement Complex ranges from
greenschist to amphibolite facies.

In the area of study two types of metamorphism have
been recognized. The first aﬁ& the major type is
regicnal metomorphism which prevailed in the whole
region. The second type is dislocation metamornhism and
is often restricted te particular zones, This has
brought alout cataclasis and the development of mylo-
l;aitas in the zones ~f dislocation (or shearing).

The minerals - talc, tremolite - actinolite,
nblende, biotite, muscovite, sericite, gquartz and

garnet are characteristically common in the area of
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Plate XVI,.

Weathered mylonite (phyllonite) with quartz
stringers ot Kachakacha. Gold was won from the
weathered rock in the past.

-



study. This assemhlage is diagnostic of upper greenschist
to locwer amphibelite facies of metamorphism.

The schigts may he of higher grade because of the
relatively high amcount of garnets contained in them,
Amphibolites, quartzites and gneisses are “vpical of the ’
amphibenlite facies (Milovsky, 1982). The migmatite-
gneiss complex is of higher grade of metamorphism than the

metasediments and amphibolites.

2.5, GEOLOGIC EVOLUTION,

The pre - Pan - African rocks of Nigeria are largely
gneisses and migmatites. These form a basement to schist
kelts which, although of Upper Proterozoic age, have been
comparcd with the oreestone helts in Archaean gneissic and
granitic terrains (Wright amd McCurry, 1970). The Pan-
African tectonics imposed the generally N-S structural
trend on the regicn; its magmatism:> led te wideséread
emplacement of granites and changckites:; and its thermal

‘activity set mineral ages in the 500 - €00 Ma range in

~ almost all rocks of the area (Turner, 1983). *“The Zibaran

ures and magmatism. There is thus 2 coincidence of
t belts of Kibaran and Pan African age in the same
* according to Turner, (1933), which makes it Qiffi-

_a&diatingnish between them if both occur.
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Southwestern Nigeria, in common with the prest of
the Precambrian rocks in Nigeria lies within the zcne
of Pan - African reactivation GO0 #+ 150 Ma. The gneisses
are probakly Elurnean (1950 + 250 Ma) or rlder Rahaman ,
1976) .

- Field relationships and petrochemical data suggest
that the Ilesha metasediments rerresent Proterozoic
supracrustal sequences that are derived from granitoids
and are deposited in en envirconment that iﬁ‘comparable to
an eugeosynclinal dcmain (Elueze, 1981). The guartzites
appear to represent metamorphesed sandstones (Jagues,
1945) in the Eghe area. Deswardt (1953) and Oyawoye
(1964, 1272) believed the quartzites of Southwestern
Nigeria to be preminent members of the Newer metasediments
and are younger than the gneisses. Dempster (1967)
showed the quartzites as relonging to twe aqges, the clder
‘ones are interranded with the gneisscs and the vounger
kelong to the Psarmite formatiens. The quartzites of the
study area belong to the later group.

B The amphibolites in Eghe area have heen described by
1 Bafor (19792) as tholeiites typical of an oceanic environ-

ment but because of the interlayered sediments he suggests

- a Red-Sea- type fault-bound marginal basin., The amphibo-
ﬁ?;g.g in the Ilesha area have been shown Ly Elueze (1962)

to be largely metatholeiites because of their strong
fl'i- _

tro-chemical and petrogenetic affinity with thcleiites.
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The amphibolites in the study earea are similar toc the cnes
describad by Bafor [(1878].

Most of the pegmatites in the Egbe arec and their
corresponding Older Granites are Pan-African esmplaced
between 562 to 545 Ma (Mathies and Caen-Vachette, 1883),

The quartz veins in the study area are thought to
represent products of extreme silicification along zones
of dislocation. Pargeter, (1958) holds a similar view on
the gquartz veins in weathered schists around Diko in
Abuja area of Central Nigeria.

The study area forms one of the schist belts of
Southwestern Nigerisz Basement Complex but differ in many
respects from aother neilghbouring schists belts. It has
an E-W morphological trend and cannot be correlated with
the nearest belts (such as the Kabba belt) but rather shows
similarities with the more distent Ilesha belt. The
geological compositiaon of the area cansists of an eugeo-
synclinal sequence on an ancient gnelissic complex with
assoclated granitic bodies, similar to the Ilesha belt
(Elueze, 1981),

The mylonites are brought asbout by dislocation
metamorphism (Higgins, 1971; Ajibade, 1882) of both the
gneissic basement and the metavolceno -~ sedimentary rocks.
The Pan-African tectnoics brought about ths folding
together of both the gneissic basement and metasediments

with the imposition of the N-S structural trend on the area.
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This has preochalbly masked the pre-Pan-African trends. The
Pan~-African magmatism led tc the emplacement of the
associated granites.

The amphikbclites could he products of ocean hasin
opening in an eugecsynclinal demain similar to the models
rroposed for the Iicsha belt (Flueze, 1982). Whether or
not the amphibelites in the gneisses and in the schist
are of the same age has nct been ascertained. Lowever,

a possibility may exist that the amphil'olites in the
gneisses &ould be the same gcnerations as those in the
schists, and vere intrusive feeders to the now ercded
supracrustal cover sequence,

The pegmatites and quartz veins in the area can
seemingly be conly related to Pan-African tecctonics and
magmatism, though Mathies and Caen-Vachette (1983)
sugaest that scme mineralized pegmatites are much yvouncer.

Generally, the study area May ke considered to
represent a marginal belt of a large NE-trending eugeosyn-
clinal basin (Figure 1) beginning from the Ilesha area tc
the cretacecus Niger Basin, and probably extending up to
the Zungeru area. Olade and Elueze (1979), in considering
the evolution of Pan-African demain of SW Nigeria, con-
cluded that the schist bkeltsz evolved as ensialic mobije
belts pased on their petrochemistry. Recently, contrary
opinion have bcen expressed that thz metavolcano-

sedimentary sequence in the Ife - Ilesha area exhibit a
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characteristic stratigraphic evolution, typical for the
Archaean granite-grecnstone terrains with the regicnal
occcurrence within a mokilz belt and metamorrhism has

masked its real geological setting (Klemm et al, 1984).
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CHAPTER 3

MINERALIZATION

The Isanlu area wes egxtensively explored for gold
and tin/tantalite in the period 18308 - 1850s. In the
northern part covered by the present work, gold was
axtensively worked from primary quertz veins and secondary
alluvial and eluvial deposits . Searching old records
and reports, combined with field work has found most of
these primary and secondary mineralization which are
described in this Chapter.

3.1. VEIN-TYPE GOLD-SULPHIDE MINERALIZATION

Vein-type mineralization comprising quartz, gold and
sulphides occur in the form of gquertz veins, lenses,
stringers and other silicified bodies; and are usually
related to zones of dislocation brought about by fracturing
and/or shearing. Some of these bodies ars asscciated with
the mltered wallrocks of major veins. The sulphide
minerals observed include pyrite chzlcopyrite (ersenopyritel,
galena and sphalerite which usually cccur disseminated in
the gquartz bodies and as films along shattered portions of
the quartz veins. Gold occurs in natives form but is seldom
seen. Oxfdes, often secaondary, are seen cccurring in massive
forms along with the sulphides in some veins. A catalogue

of the main quartz veins mapped is given in Table 3.1. showing
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some information including anzlvtical values of Au, Ag,
Ccd, Cu, Phb agnad Zn. The two most prominent of these veins
are the Okolecm Reef and the Dogon-Daji - Kachakacha qgroup
of veins whose main geoleqgic features have been descriled
in Chapter 2. Sec aiso FTigures 3 and 4.

The guartz -~ gcld -~ sulphide veins are hydrothermal
in origin (Smirnov-et-al, 1883); with the fractures and
dislocation zones acting as permealble conduits for the
discharge of the hydrothermal fluids from wvhich the guartz,

geld and sulphides were precipitated

3.1.1. Sampling and Analysis.

The Okolom Reef has l'cen mapped in detail at a scale
of 1: 2,000 and sampling was done alnng grids at approxi-
mately 50m intervals (Figure 3). At the points of inter-
section of the grids with the main vein and other minor
veins and lenses, each sample washpellected by chipping
the vein quartz across its width. A total of 44 samples
each weighing about 2kg were collected from Okolom Reef.
The other veins nmapped at 1:25,0C0 and 1:50,000 are shown
in Figure 2 and Tzkle 3.1 and at least cne sample was
collected frcm each vein. All samprles were sent to N.HM.C's
Laboratory in Jas.

In the iaboratory the samples were first crushed to
about 1 to 2 cm sizes. Further crushing and grinding,
using pulverisers and grinders respectively, reduced the

8izes to - 1BO mesh sizes. These were packed in polythene
-



bags for chemical analysis. All samples were hot-
extracted and analysed (using AAS) for Au, Rg, Cd, Cu,
Pb and Zn, using the same procedure described for stream
sediment samples in Chapter 4.

Analytical results are taktulated in Table 3.1 and
also in Figure 4. Graphical representation of the values

is shown in Figure 3 for Okelnm Reef.

3.1.2. Metal Distribution Characteristics.

The discussion below heolds only for Okolom Reef
because it is only here that the 44 samples were collected.
In the other veins, the samples collected were toc few
(in most cases only one) to warrant the interpretation
done for Okolom Lalow.

The data chtained from the analyses of the 44 samples
from Okolrm Reef (Sce appendix (i)) were studied and
‘interpreted using simple statistical methonds. The use of
electronic computer has been usaful in this respect and
the SPSS version have heen used as descrited in Chapter 4.
Some statistical parameters of importance for the
six elelement (Au, Rg, C&, Cu, Pk and Zn) studied are

shown in Takle 3.2. helew.
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Table 3.2. Some Statistical fata for the six elements

studied in Ckolom Reef, values in pom.

' |
Ru Ag* ?d' Cu Ph Zn '
il |
I 1
Mean : 3 1.5 2 | 44 16 16.6
Median 0.3 1.0 2 ! - 2 7
Mode 0,2 o 3 20 1 4
Standard Deviaticn S 2 2 50.6 | 52 2.5
Minimum Value (o} (o] 0 5 0 2
Maximum Value 56.91 9 4 268 327 117

Histoqram constructed for the arithmetic and legarith-
mic values of each of *he six zlements have Lheen shown
in Figure 6, showing their relative frecuency distributicn.
The following observations can bhe made from the histo-
grams about the distribution of the elcments:
- Au shows, twe populations, but roth shuw neither normal
nor lognormol distribution prttern.
- Ac and Cd show no defined pattern bec2use nf the
discrete nature of their values (See appendix (i)), kut Cd
tends towards lroocnermal.
- Cu shows some lndications of a normal nattern cemprising
overlapping population sets.

= Pk and Zn show conspiccusly skewed pattern of normal and

ia legnormal distribution.
3%
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Distribution curves
distribution of the elements along the length of the resef,.

The correlation matrix below shows inter-element relation-

ships in the resf.
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(in Figure 3) heve shown the

Log-transformed data were used for correlation

analysis using the SPSS version,
Correlation analysis was dons and the results sxpressed
as correlation coefficients (p) and levels of significance

(s) Table 3.3).

Teble 3.3.

Pearscon Product Moment

Au Ag Cd Cu Pb Zn
s=0.001 | 0.0089 0.477 | 0.010 0.004 0.453
p*1.000 0.327 | 0.5981 0.502 0.189
s=0,001 0.015 | 0.001 0.001 0.10¢ g
p=1.000! 0.260 0.258 0.265
s=0.001| 0.044 0.045 0.044 Cd
p=1.000] 0.2 0,205
Cu
g=0.001 b 0.018 6.081
pe1.000| ©.276
Pb
| _s=0.001| 0.035
p=1.000
Zn

s=0.001
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Significant correlation 1s shown to exists betwsen
Au and Pb, Ag and Fb and Ag-and Cu and these relationships
have bean reflected in curves of slement distributions
(Figure 3) along tha.length of the main Ore - zone of
Okolom Reef. These assoclations probably Indicate that
Ag follows Pb in galena. The Au/Pb associatlon may be
explained by the mututal occurrences of Au and galsena in
the Ore zaones which has baeen reported (Weakes and Bafor,
1982) in other gold occcurrences in the Nigerian Basaement.

The indications of more than one population of some
of the elements (notably Au, Cu and Pb) in the Okolom
Reef shown 1in Figure 6 may be exploined by the nature of
pccurrances of the elesments in the Resf. Thils can be
distinguished into a fairly uniformly distributed low
values of the s2lements along the Reef and restrilicted
concentrations of high vealues associated with tha main
cre-zones of the Reef.

3.2. DOISSEMINATED PRIMARY GOLD - SULPHIDE MINERALIZATION
IN AMPHIBOLITES

Sulphide minsrels occur disseminaoted in the amphibo-
lites., The main sulphide mineral 1s pyrite and is
widespreod. Anaolyses indicete gold content in the
amphibolites to be high (average of about OU.1ppm} as
shown 1in Table 3.4, The gold values in the amphibolites,
though high, are within the range ¢f gold values 1n

amphibolites in other parts of the world (Bayls, 1979},



Talla 3, 4B .
Analvtical results of amphikelites in the =tudy area
{(Values are in pom)
Sarzle %o, | Descrintion Location Al Ag cé Cu FE Zn
RE £1Q7 Silicificd- Near 0.05 [ 2.0 l1.¢ 102.0¢f B.S 22.5
' anphilkolite Odosin
RK 4122 Talc - Ckolom .10 11.0 1.8 47 .00 5.2 15,0
anrhikeolite Reaf i
KK 7001 Axphibolite Okolom 0.18 [ 2.0 1.4 g.01 2.5 1.0
RX 302 Amy hibolite Okolom .10 Q 3.0 82.0 3.¢C 23.0
EK 303 Ami hivolike Tkolonm C.0% t1 g .12 3.0t 2.0 i6.0
RK 306 Amrhiltolite Dkolom 0,10 [ C 2.4 51.0 6.0 a.0
RK 307 Silicified Kachkache 0,11 (¢ n.C0B 5.0 4.9 4.0
o " amphirolite C ot
RK 211 Amphilolite Dogeon=-Daji| ¢.C7 | C N,08 | 1t2.01 7.0 6.0
Average = ¢.09 11,0 1.23 5CG.4 | 4.75 11.56
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The gold values do not vary greatly in the different
varietles of altered amphibolites, This may mean that
thers was no reletlonship betwesn the gold mineralization
and the alteretion processes that affected the smphibo-
lites. The volues of Cu, Fb and Zn in ths amphigolitas
may indicaote the presence of other sulphide minerals 1in
the rock.

Work elsewhere suggests that gold occurs in sulphides
(Boyle, 1979), The amphibolites have bGeen shown to be
largely metatholelitic and contain disseminations of
sulphide and oxide minerals that dre intimately related
ta the gold mineralization 1n the Ilesha area (Elywze,

1582),
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3.3, ELUVIAL AND ALLUVIAL GOLD DEPQOSITS

The eluvial agold deposits ~ve formed from mechani-
cal and chermical coancentration of the gold and
asscciated minerals in the weathersd residue overlying
oY near aurifercus deposit (Dovie, 1979). 7Two of such
occurrences of eluvial deposits have heen nroted to bhe
associated with tha Oknlem Feef and the Xachakacha
silicified zones. Only the Ckolem eluvial deposit has
been studied in some detail (Chapter 5). The Okolom
eluvial extends for at least 500m on either side of the
vein and the depth to weathered hedrnck is ahout 1Im.

The alluvial gnld placers are confined to the
valleys of major streams and rivers in the study area.
They are concentrated ir streaks in stream or river
gravels and sands. The major occurrences of the
alluvial placers axe found in the valleys of River
Ossam and its tributaries {Ficure 2 and 22). Such

occcurrences have bheen studied in some detail {(Chapter S5).

3.4. METALLOGENY

Flueze {1U82) inferred that the sulphide and oxide
minerals in the Ilggha amphibolites are essentially
syngenetic. DoSwardt [(1953), Cnerayvy (1974) and Elueze
and Olade (1977) helieved that the gold in the minor veins
and more important alluvial deposits in the Ilesha area

has its source in the amchibeolites. - sita Tileisia aold-
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Chemical analyeis af the amphibelites in the Isanlu ares
have shown the amphibolites to be gold boearing similar
to the ones in Ilecha uroas. .-

The origin of primery gold-vein deposlts has been
oscrlbed to the leaching of gold froem rocks (especlally
basic volcanics] during metamorphism, either by largs
yolumes of circuloating hydrothermcl solutions or by
diffusion - migration in & hydrous envirunment (Boyle,
1878): and subsequenticoncentration and deposition in
?ﬂvourable dilatant structursl snvironments [(Woakes and
Bafor, 1982). In the Isanlu arsa, a favourable structural
gnvirenment for hydrothermolly rangsportsd gold does exist
in the form cof fractured zones, and the scurce of the gola
mey be ascribed to the assoclated amphibolitss,

The gold-sulphide mineralization in the mofiec amphibolites
is probably syﬁgenatic. Subsequent techtono-metamorphic processes
have brought about the remobilization of the pold and the sulphide

minerals and also their subsequent concentration and deposition
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in the quartz veins. These processes mgy have been connected with
Poan-uifricgn tectonism and the magmatisn pay well have provided

the heat necessary.
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CHAPTER 4

GENCHEMICAL PROSPECTING

4.1, SAMPLING DEQCEDURE

Investimaticn of stream Sedliments and heavy minaral
concentrates from the drainace channels was cnrried cut
in the area of study, where-ever fceess was possible,
within the period of the fieldwerk., The sampling of
stream sediments and for heavy mineral concentrates has
reen fdeone concurrently frorm the stream bed of the drai-
nage syvstem: hut occasicnally VYonk alluvial materials
were sampled for the heavy minerals. Figures 7 and B
show the locations of the samples collected ns stream
sediments and heavy miﬁeral concentrates reswectively.
Sample intaearvals vary bhetween one sample per 250m to
about one sample ner 2km depending on phyvsical crnditions.
The stream sediment somples were analvsel for Au, Ag, Cu,
Tk, Z2n, Fe and Mn te determine geochemical data «f these
elements and their assnciation with cold mineralization
in the studvy aren. The heavy minersl concentrates
obtained ky panning were uses? mainly Tor field checking
for the accurrence nf gold in the drainage channels as the
geoluaical and geochemical investicaticn continued and
te guickly help delineatae areas of high Au-values which
minht indicate alluvial vlacerz. The concentrates waich
reflect the compesition of mechanicol secondary dispersieon
halees, help te recenstruct a picture of the desintegra-

tion, tramsportatinn and concentration of primary geola
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mineralization (Xreiter, 1868),

The presence of visible alluvial «old in panned
concentrate has led to the discnvery of a vast number of
the world's important 70ld deposits. Geld in pannpod
concontrate has heesn found to he a more reliable indicator
of mineralized area in the Absarck Mountains of Wyoming
and Mantana, U.8.2.( Anteweiler and Cawunphell, 19282}.

The samplineg of the twe medin simultaneously is cost-
efficient and the elimination of one would not necessary
reduce the cost of the operation significantly.

Decausc of the high costs of geochemical analvses
it was necesgary tc bhe selective and srmnles from twWo
arens were chnsen for analysis to evaluate the usefulness
of this method nf aeochemical prespecting. Even within
the chosen areas not all samples vere chosen. The two
areas are marked A and ' {on Figqure 7} which are considered
mineralized and 'lrarren' respectively in respect te knowan
primary gold occurrences; but hoth areas include amphihn-
lites, believed trn he associated with gold in the =study
area. A tatal of 160 streanm sediment samples were
selected out of which 1172 were from A and 41 from R,

Again, due te the high cast of geochemical analyses,
only a few clements could be congidered for the analvses
at this time. Since it has bheen nlscrved that the primary
mineralization in the study area is a ogoldequartz-sulphida

tyre, Au, Ag, Cu, Fh and Zn were sclected and alsn Fe and
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in
Mn hecauvse of their role/'scavonﬁinq' {adgorptian) and

creating false anomalies of the hase metals. Thus,

seven elements Aw, Aqg, Cu, I'h, %n, Fe and Mn were analvsed
in the 160 strenam seliment samplece from A and . AS

was alsn consideres for analysis but lack of the necessary

chemicals at the time preventad ite determinastvieon,

4.2, SAMDLE COLLECTION AND REZARATION

4.2.1. Heavy Mineral Concentrates.

The method of samplinoe heavy mineral concentrates
congists of collecting twe headpan - velumes (approxi-
mately 0.016m3) of sediments to represent one sample
from a sito, usually ner~r rock outcrcmns in the strean
channel which were consideresed faveuralle far heavy mineral
concentration. The material was deslimed hy panning and
screened throuch 11 ans 18 mesh siecves. Those mesh
fractions were further panned to alout 10 to 20 grams,
This concentrate was packed and sent tec the nzar-hy field

laboratory for analysis Ly amalgamation.

4.2,2, Strocam Sediment Samplcs.

Conventional geochemical procedurss are ceherally
inadequate in the context of the use of gecchemistry in
regional reconnaissance for gold depostts . An aprreciation
of rasic prohlems of samrpling related to the nature of
gold and its distribution in geclcagic media is needed

{garris, 1982),



The sanplina »f the stream sediments was in most
cases blascd teowards matevial with heavy mineral concen-
tratisrn as samples were collectad from the same locations
as the material f-r manning ~ Iinfaect aften from the same
materianl nricr te panning.,  This mavy explain the very
high values of gold nhtained and discussed in Sectinn
4.5.5.

in order tc ohtain a representative sample of secdincnt
at a site, a small apount of fine sediment shruld lhe
coellected at three tr six localities aleng 5 - 10m of
stream led and comnogsited into a4 single container (Rose
et al, 1779}, nrut in this c¢ase alout one to twe kilogr-ms
of scdiment were taken at a sinagle site along tha straam
ked as one sample and it was collected from material
selented to he high in heawy mineral concentrates.

The samvles -were packed in volvthene hags, with
their relevant Arainage data receords, and sent to the
M.M.C.'s Latoratory in Jeos frnr preparation and analveis,
In the lalorateorv, the gsawnles were dried in either hot
air ovens (2~ 4 hours) or in corruagated zine sheets under

sunlight depending on the weather and the wetness of
the samples. The samples were later disagoregated
uging mortar and poestle and sieved throuch 130 mesh brash
screens, either manually or using electric slieve shaker.
The 180 mesh samples were then packed in prolythene bags

and were raady for chemical analwvsis.
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4.3. SAMPLE ANWALYSIS.

4,3.1, Heavy Mineral Concentr=te

Tha analvsis of the heavy nineral cencontrates

chtained by pannine was Jdane v amalgamation process in

the field latrroratorv. This involved the maistening of
the concentrate fractions (which were abont 10 - 20
grammes) wiih water and then werzury wrs added to the
wet samrles In testuhbes. The mercury frrmed atmalaanm
with any gold nrosent in the sawmples., The amalqagam was

separated and then disszpnlved in TM HNGQ and the gold

was nrecipitsted. The gold grains vwere whshed with —ater,
dried and weighoed on a METTLE® balance. The weiaht of
the gold (in gram@ )} was econverted and 2xpressod as
grams per cubic metre of sample matarial. The values in

5.3 - -

g/m” were later pletted on the base map (Figure 8). The

convaersion was Aensa ag follows:
3 .
2 headpan -~ fulls = C.0rl6m {16 litres)
(one sampla)
If, for example, there was 0.MN5%g Auw in cna gample. the
. : . . . 3

value will be e¢xpressed as 0.05 x 62.5 = 3,128g/m .

(0.016 % 62.5 = 1im ).

4.3.2. Stream Saediment Samples.

The 160 stream sediments samples from arszas A and R
were analysed for hw, Ag, Cu, PL, 2n, Fe and Mn bv atonisc
ahsarption spectrophntometry (AAS) using the PYE UNICAM SPY

model., All the analyses were dene in the NMC's
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lahoratory in JIns,

211 samples were hot extracted (%x) usinr N, 4 Held
(3:1) heated in a water bath with one gram of samnle for
akour two hours. mhe veolume was then made un o 20ml and
run ¢n the AAS. FPor Auw, 20¢g of sample wos heated in a

o

o
furnnce (707 to H00°CY} for about cne hour teo eliminate

impurities suech as organic matter. The samele was then
moistened with water and HN03 + K5r04 addea, The sanmple
was shaken thoroughly and the volume made up to 20ml
'with water, 4ml of MIDK (Methyl isckutvl ketone)] was
added and shaken and then centrifudged te separate the
organie layer. The MIDK extracted and concentratel the
An inte the nraaniec layer. fThig was then run nn the AAS;

and the concentration is exnressced in parts per millien (ppm}.

4.3.3, Gecochemiacnl Analyscs

foutinae checks were carried out by duplicate analysis
of every tenth sample te deteymine the repeatability of
the onalvtical methed. Werkino stan?nrds were also
frecuently osnalvsod to determine the repeoatabilitv ~f the
AMAS. The zre=sults of the cvunlicate analvscs are proesented
on Tahle 4.1. It can e okserved that the differences
hetween paired values are not verv significant.

As the analvses were carried cut as part of the
routine work of the NMC Geochemical Lakoratery svecial
replicate analyscs were not censidered necessary for this

study. The laboratory has given 90 ~ 29 percent as the
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confidence 1imit (or the measure of Precision} for thelir
8nalyses,

The rsliability of the analysis oF the heavy
mingral Concentratg by amalgamatiogn was not determined,
Table 4,1,

Results of the duplicate analyses of 13 selaectad

Sémples. {valygsg in ppm}

Somple No. A [ag oo EE ca |

ROK 4080 - 0 17.012.0 |8.0 | g.90 {
j 0 2.1 |g.o8 1.00

4 [2.p 3.0 I

0 | 2.0 1.4

o

. 7.8 ‘ 2.8_—]
l5 8 8 L]
LR

ROK 4p42 0.05 |- [* - - -

—r— ———

ROK 4psg -

ROK 4094 0.85

—

RIIK 4086

GK 3116

GK 4233

GK 5784

GK 4078

—— e

GK 7058

GK 7031 ’

oK 3123 To.

GK 2214

Maximum ¢
"Variationn
from mean
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confidence liwmit for the measure of precision}y for their

analvses. 1
The relialilitv of the analvazis of tho hoavy

mineral concentrate Iy amalgamation was not determined.

Tatlie 4.1,

Regulte of the ﬂﬁplicate Anslvses of 13 selcotend

gamples. {values in ppm)

Sample ¥e. ] 2w e | Cu h Zn ca
ROK 4070 - o li17.0] 2.0] 8.0 |e.ee
- 8! 16, ¢ 2.1 g.08 1.a0
RUOK 4056 - mn 26,0 2,4 2.0 1.0
1 - 0 .0 4.0 2.0 1.4
nOR 1004 n.85 (1.2 19¢ 1.0 7.0 2.0
" .00 |12.0 132 1.5 8.8 1.6
ROK 40722 0,05 - - -
' 72,05 ~ - - -
RIIK 4096 - 2.5 iar.0 .2 16,1 2.8
v - 2.6 12.0 IS 21 .F 2.0
GK 311¢€ - 1.2 11 .4 S 100
v - 1.2 11.4 2.2 ) 300 -
GK 4233 - 2.0 o2 1.2 41.5 -
b - 2.0 8.1 1.2 41.8 -
GK 5784 - 3.4 11.¢0 1.8 S -
" - 3.4 11.0 2.1 8,4 -
GK 407¢ - 1.0 zZa. ¢ L . an 2
. ~ 3.0 28.0 |58.0 |45.0 -
GK 7058 G,45 - - - - -
" 0.50 | =~ - - - -
GK 7031 0.3 - - - - -
N G, 3 - - -~ - -
GK 3129 0.2 - - - - -
" 0,2 - - - -
GK 2214 0.5 - - - - -
" 0.6 - - - - -
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4.4, STATISTICMEL TPEATMENT OF AAS ANALYSESDS

Tha data ochtainer from genchemical analvses arxe
tabulatoed in Appendizes (14) and (iii) and were subjected
to simple statisticnl analvses and interpraetation uwsing
statirrical methrds,

The use of the eclectrnnic compuber haz been uscful
in the statistical ancolyses of the data, The vork was
carriasd out in the A.".U. Computer Cenktra using the
Voge lbhack Model programe of N University, U.S.%, 8088
versinm 6,50 of 76/04/01, The Br&5 (Statirtical Fackage
for Social Sciences} was used to find genaral statistical

parancters and far the Pearson Correlation Mnalysis.

4.4.1. General Statistical Deta.

Table 4.2. shows some statistical data- + nf
impertance chteined for the seven elements {Au. Ag, Cu,
P, Zn, Pe and Mn) analyscd in the 117, 41 and 140 stream

saediment samples from 2, ¥ and A and & conbinsd rospectivoly.

1
A

All figqures arc rranded-off.
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Statistical

in stream sediment sampies.

data for the sewven elements

B1 .

rnalysed

B {119 sammles)
Au Ag Cu il A Fe Mn

Mean 1.7 2 24 14 15 0333 730

Maedian 0.5 z2 20 g a7 3263 502

Mede LT 3 20 1 G 2R S0
Standard Dev. .0 1.5 31 17 4N 6135 121458
Minimum Value ¢ 4] 4 1 3 72 8BG
Maximumn Valuae 37.5 ) ixra o4 370 LRGC0 125¢0

It (11 samples)
! .

Mean 1.0 3 2iy] 17 5f. 7873 604

Median Y, G 2 16 Z 34 fdn2 497

Mode .5 2 20 1 22 3lae 200
Standard Dev. 1.5 3 12 in RS 5846 g2l
Minimum Value Q.03 o & 1 7 764 130
Maximum Value 8.6 16 541 56 392 185%8 3500

A+ LO(10Q samples)
i

Meaon 1.6 2 23 1% (R aa59 702

Maedian AN 2 20 3.%13n%.5 7723 8502

Mode 0.3 3 2040 ) X2 n52a 500
Standard Dev, 4.1 2 28] 14 54 cTalal Ings
Minimum Value o iy 4 1 3 726 ao

d_A.
Maximun Value [37.5 16 3321_ﬁ£ 170 20000 12500
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4.4.2. Freaqguency Distributions.

Distributicon pattesrns of_the elzments considered
have feon mtudined graphicslly. This included the constrau-
tien of higstoarams en normal arithmatic oaper {(Fi~vurng
g, L1, and 11) and constructieon of cumulative freaquency
distributiocn curvess (CFD) on nrolaklity graph rapers
(Figures 12, 13 and 14},

The historrame of the arithmetic nnd logarithmic
values of sach of the seyen elements have beaen constructerdd
for Aren A, MArvea I and for the twe areas conbined,

The cumnlative freguency Jdistrilhution curves (CFD)
using the Lercltier [(1269) methed have alsn heen constru-
cted for the seven elewent e in the three set »f Adata
considered above. The main rurpose in crnstructing the
CFD curves foar the seven element population in tha arsas
considered ﬁaé t» check further if +hey fit a logneormal
Alstrikution (Lercltier, 1969), and 1if they do to estimate
graphically some kasiec parametsre such as backgrounds,

thresholds and different populations.

4.4.3. Pearson Correlation.

Tearson Ccrxxelation Analysiz was done an the
different sets of data to stuly inter-clement relationshirs.
The analvses was done using the SPSS computer vrogramme.
The results are shown a2s corrclation matrices in Tables

4.3, 4.4 and 4.5 ghowing corralation relationships lLetwesn



FIG-9 ~

Histograms of frequency distribution (i1 °%) of arithmatic end {ogorith
of Au, Ag,CuyPb,Zn, Fo und Mn in stream sediments of Arec A.
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Histograms of frequency distributsr i %) of orithmotic and logar:

of Au, Agy Cu, Pb,2Zn, e and Mn in <trecm spdimants of Argn 2.

A

{ L :,_ .
- |
30" -
P‘._- ....' v‘.
R 20- ' :.
. *% i
M o r—;-". "
| XN
P A XY ';‘ ‘4 '.' - : rem .
~l5 ~b4 03 03 o'y
: tog. )
S g- PPm Alu
& 409
Jad .:.s?o
- . ./. :.' l‘.-. _
* 10‘ " l'
'. P :f '..: ) L"‘t :l
- - L] - . . ! ..
;:" ‘:".‘:‘ v “-"-.'. A A
° €+ . ' o 5 ‘ 4 P
1 a 4 04 d.q ok 08

. ' PPm Ap I | . oot i A

log- PP Cu

o
M
i

o !




FIG. 10 conta

erd e e

(' 9 b ,;‘:

“ﬂ

‘° - F
0/, ‘\-... . .
o SR P
:‘;. -:, :.‘-
L I 5 2
o] Fl=
[ | Lo}

06 b0 4 ¢ a2 26
log. PPm Zn

40

% | |

2o~ 7‘

"-

LS K AN
[

T e

LN
= . L=
[

-1 {.4

R K I 4 S ) o ¥ .
e V'8 28 32 36 4o
e leg. PPm Fa

[ et

o | 1 e i

Zerl Pl)e .

-3 . \.‘ e t
/D '-u_\ :' :
‘o- 'i .'. ‘hc
:‘l . -

o e LT i

.9 as§ 21 37
log PPm Mr

¥
.
1
P =
S e
L T 1
Gl .
\ - :
1
o




AT (1 ) e LA ki |l e om

FIG1 - U S T

Histograms Cf frequency distribution tin %) of arithmeti- ard logarithmic  values
of Au ﬁ{g.Cu Pb,Zn, Fe and Mn in slream sediments of area A cnd B combined .
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|  FIG. 12 ;
_ Cummulative fraguency distribution _Ammg Curves for Au, Ag,Cu,Pb, Zn,Fe and Mn in stream sediments
R (119 Samples) from Arca A. — (Adopted from Lapaltiar, 1969) :
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FI1G. 14

Cummulative frequency distribution [(CFD} for Au, Ag, nf_u_: Zn,Fe and Mn _= stream - uun.ana..a

(160 Samples) from Areas A and B Combinad. (Adopted from r.uu_:p_.» 1969} - e
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elements
The resulis
Pearson Correlation Uneffliclients

sirnificance

Talkle 4.2,

Correlation Maotrix,

in Area &,

ara

expressaed,

{s).

LArea I

and

tha

(<)

twa

and

araag combinead,

the level

for aach paity of elements,

of

chowing relationships between

as

I

b

e

seven element studied in drea A, (I = Pearson Correlation
coefficient; & = level cof significance) . (for legarithmic
values) . d
AU AT Cu Tl n Fe Mn
p=1.00Q 0,110 =2 173 |L.¢.025 |o,005 0,100, 18,547 A
T
§=0.001 0,115 7.030 0,394 F0.314 .12 0.305 [
p=3 0001 051 0,238 0,080 Q.02 CL.168 Ag
s=0.001] 0.291 | o.ons jo.180 lo.159 10,034 “
p=1.000 ™, 305 v, 212 -0 . 002 m.0%4H cu
t
$=0,001) 0,001 |[0.210 D82 0,274
p=1.00N0] " 529 rO.EOQ CLOBN PE
=0 Ui [ Ol L Ry § C.257
p=1.0G0C~0,002 [ ~5.029
. Zn
ssC ol 0,150 G, 374
p=l.000) C.S5C62 Fe
s=CG.0onli 0,001 .
n= 1, OO
p=1.0 Mn

o Y
H=0

Nalent|

~——

=T Lo v AT R
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Takle 4.4
Correlation maktrix (for lecarithmic wvaluee}), showine
ralaticonships hetween sevan elsment studied in irea .

(0 1 Pearseon Corralation Caefficicont; § = level of

sigrificance).

Ay rg Cu Ph Zn Fe Mo
p=1.000 [ 0.217 (0.096 [0.167  |-0.001 {-0.172 [c.oe4 L
(AR
e=c.001 L v.ome  lo.27s  lo.14s £.499 | ¢.140 ln.346
P=1.000{0.157 |=0.067 |-0.148 [-0.212 [0.027 |
| 8=0.001[C.163 0.294 | c.178 | c.o91 [o0.423 ‘
p=1.000]0.212 0.394 | c.260 lo.366 g
5=0.001{0.091 0.005 | o0.08c Jo.oos |
p=1.000] 0.283 l-c.214 J0.157 |

ls=0.or1 | 0.03¢ | 0,004 10.163

p=l,00¢1 o.024 lo.aes
g=0,001] 0.440 }0,379

p=1.000{0.191 Fe

gs=0.C0110.,116

= o
p=l.0000 Mn

g=(), 001
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Table 4.5
Correlation matrix ¢f logarithmic valuecs showing

relaticonship hetwean seven alemgnt stulied in Arcas 5

and ¢ combined.

Au Aor Cuy FE 5 n Fa Mn
p=1.00 [C.130 [~0.202 [0.0235 [0.20C Qo062 0,040 o
§=0,001]C. 005 0.068 (0,374 fo.358 lo,218 |o0.270 |

p=1l,00 0.0603 ¢.135 Q2,023 C¢,022 £6.134 g
§=0,001] ©.190 |0.044 [0.387 | C.388 | 0.0AS L
p=l.00010.2783 n.252 0.0a7 0,106 Cu
s=0,00110.00) n.001 0,278 n,091
b p=l.00010.459 ~0.,243 1 -0,076 oh
§=0,001{C.001 ¢.00] 0,169
p=1.000[~0.072 | ~0.022 .
5=0.00 0,182 0.350
p=1.000] 0.521 Fe
5=0.001 0,001 o
pev 01| M

4.5, INTERPRETATION AND DISCUSSZION

Distribution pattern of the elements c¢onsidered vary

between a near lconarmal pattern to an uncleaxr pattern

o g -

displaved by some nf the elemfnts, notably Ag and Eh,
 Figures 9, 10 and 11 show these fecatures. The legpormal
distrikbutionn pattern appear te he meost applicable to the
result of the gerchemical survey, as shown in the histo-
grams., Legarithmic values of the metals displayad some

sort of a symmetrical forms. From the histrgrams it can be
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ahserved that Au, Cu, 2n, ancg Hn digplayed =2 fairlwy

distinct legnormal pattern in the three areas astudiad

(Areas A,r and AL combined}). ¥b shows two porulations,

The pattern of Fe is partliy legnermal and partly negatively

skewed natterns. The CFD {(Cumulative frequency distribution)

curves discussed keiow shed further licht e¢n the possihi-
lities. Ag showe n confused {uncertain) pattern and can

only be represented by few class limits.

The application of Lepeltier (1969) method using C¥D

curves has hFeern «f great help in defining the distributinn

patterns of the metnls considered. Ficures 12, 13 and

14 show the distritutien patterns {using the CFD curwves) nf
the elements in the three areas A,D and A+, The plots

are constructed on probability scale. These curves have

made the lognormal and stherwise distribution patterns

more definite and As such estimation rf hasic¢ statistical

data graphically is wossikle. It has Leon feund that the
ugse of this methnd for tha data aveilalkle would be of a
greater helv in the interpretation than the histoarams :

and are therefere recommendoed hencueferth as the methed to

he used for the statistical interpretaticn of the analytical
data. However, Ag remain problematic beoesause of its wvary
few classes and has not sheown any definite pattern on the
CFD curves., Apart from this all others show a sort of

pattern. Au (excert in R), Cu, Zn, Fe (excepnt in ') and Mn
all show single populations lognormally digtribtuted in the

CFD curves. Pbh shows & sort ¢f Ltwoe poepualations.
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The CFD curves have been used te estimate hackground valucs,

5%

deviation ccefficients and thy-cheld valuse (lavals)

using the Lepeltier (1%69) methad,

ALELL., Lackground,

4 stralight line on the ¢FD curvas denates a single

ropulatinn leancrmelly distributed, Tsing these curves,
the Iueckground is estimated graphicrlly v the intersection
of tho aistribution curve {line)with *hae 50% ordinate.
The values are of . course rounded off (Figures 12, 13 amgd 14},

In the case of a merfeoct loqgnormwmal curve, the backgreound
thus estimated corresponds to the made and the median and

can he taken to bte the aeemetric mean of the set ef the
values [(Lepeltiey, 19¢9). In this study nerfect curves
have not heen achieved and thus the background values

gstimrted are onlv clrse ko the mode and median {(Tohle 4,2).

4.5,2. Daviationn Coecfficient

For a lognermal distrihution, 685 of the populatien
fall “etweon b - 5 and b + s({1, = hackground, 8 = standard
deviation) nr that 32% are cutside these limits. Thus 16%
of the values will fall abeve r+s and 16% helow h-s. In
the CFD curves (Figures 12, 13, and i4), the values L+s and
h~s c¢ap e obtained by projecting the intecrsecticn of
the distribution line {curve) with the axrdinates 1% and
84% ragpectively on the absoissa axes. Thercfare the geometric
deviation (8™) which is & Inctor, is nbtained hy dividing

Ty the backgryound (I}, the value read freom the preiectinn

* . - -
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of the intersection of the 16% Iine with the distributien

curve on the 50% nrdinate,

4.5.3., Thresho%ﬂ;
In the case of gsvmmetrical distrihuticon {either
normal or locnarmall), 95% of +he individval values fall
betwesen b 4 2s and ¥ - 23; that is to say onlv 2%% of the
pepulation exceed the upper limit b + 25 (lepeltiexr, L369Y,
This unper limit is conventionally taken to he the thresh:1la
level (t) azbove which the values are considered as ano-
malcus (Lepeltier, 196%; Sinclair, 1974: Roege, et al, 197%)
sraphically . thresheld levels can he calculated from
the CFD curves using the fermula ¢ o= hxs*2; cr simpply the
threszhold (t) can be csetimated directly from the curves
(Figures 12, 13, and 14) as the intersacticn of the Aistri-
bution line {(curve) with the 2% §5 ordinate. The caleculated
threshold (Tahle 4.6) and the cstimated threshold apg
found to differ slichtly due to the rounding off figurns

and construction scale of the later.
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Tabhle 4,6,

Calculated and estimated threshold values for the
glement (Au, Cu, %n, FPe and Mn), that show deiined

lognormal Aigtribuatieon €frem the CFD curves,

Element | » e o= hxs*z tezamtimataor! Aren
t~calculated

Au 0.6 o.3 6.5 2

Cu 18 ]j? 52 Lo

Zn 3€ 2.1 159 150 A

F 8,000 2.0 32,000 30,000

Mn 506 2.4 2,880 2,300

Au 0.0 3.0 4.5 5

Cu 16 2.0 G4 &0

Zn 20 2.0 112 1600 T4

Te 6,000 3.2 61,440 e, 0a0

Mn 500 1.8 1,620 1,500

N H .6 3.3 £.5 £

Cu 17 2.1 71 70

zn 30 2,1 i3z 1AC RAT

Fe 00 2.5 37,500 37,000

Mn 500 2.0 2,000 2,000




Ph shows a distinct two povulations legnormal
distribution in the histeqrams (Figures 9, 10, and 11},

It is easier te estimate the thresh~ld values from the
histograms using the Rose et al (1379) methed for twe
populations of an element shown Iy histogrsms of legarithmic
values. Th=2 estimated threshelds of DY in the three areas
are shewn in Figures 9, 10, and 1l and are as follows:

Area A, t Ph = 4dppm

Area B, t Pr = 8Sppm

Arean D4R, t Ph = Tonpm.

The thresheld values of the elements are kv all
indications vory high ¢cnnsidering the range of the Jdata.
This is neot unugual with the Lepeltier methed since anly
2%% of the sets nf populations will fall aknve the thres-
hnld in a lognermal distribution., It can he abhserved

that in the c¢case
value in B
It is doubtful theat,
plontted on a mop,
worthy of £allow-up,
difficult to
ancmalies. Tesides,
cide with
e

even dune to local

hy chanco,

© and prioritize such anomalies,

cf gnld only

(Appendixcs ii and

they will indicate

known mineralized

Farthermore,

fivn values in A and ecne

iiji)lconstitute ancomalios.

i¥ these few points {anomalies) are

favouralle Areas

If that ig Aone, it would le b

ascertain the extent of the influence of such

grme of the points do not even coin-

hodies and seme »f them nay
drainage featurcs or may even accur
it would be difficult to compare

In otherwords this is
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considered not the hest way to make visual presentation
of the Qigtritution characteristics of the elament populae
tions on +the map; in-as-mouch-as *ue moeps g.ould providae

information that sare worthy of fallow-un survey.

4,.5,2, Geochenical Maps,

Another methnd {or selecting thresholds (as described
by Regse et al, 1372 is e plet the analytical data on a
map and centour or atherwise separate hioh values ftrom tha
low values. & cluster of high wvalues has a Ynw probabkility
of occurring hy chance (according to Rose et.al., 197%)
and ray reflect a mineralized area. Thieg metherd is usar
Ey ploatting low, medium and hingh values of the seven elevents
- Au, Rg, Cu, Ph, ¥n, Fe and Mn rmn the nmap (Figures, 15,
16, 17, 18, 19, 20, and 21).

Tt ig interesting to mhserve from the gooachemical maps
that many clusters of higqh values of most 0of the elements
are closely associated with known mineral occurrences.
Thus, other high walues can be related to unknown rnineral
occurrencns which are targets for follov-up survey and

thesa are discussed in sestion 4.5.7.

4.5.5, Geochemical Characteristics of Element Distributions

Geold (hu). The statistical features and distribution

pattern of Au in the three areas have heen shown., The
most noticeable feature is the generally very high level
of Ru Iin the styeam sediments,., Thisz may be attributed to

two factcrs: (i) semples were crllected &t sites selectedd






leso L 2km

SCALE 1 100000




ILOTIN







.!
i
;

—-—— -w




820N o ILOTIN

) ILAFIN







HB.

to maximize heavy mineral concentration, and (ii) hoth
areas d and & are geolodgically very faveurahle for BRu which

is heliecved

{r

»~ he Adispersed threuogh ammhibnlites (Elueze,
1982) in bbeh areas.

The threshold value cof &.5rzm of A is higher than that
of L-3.5ppm. This may be interpreted to indicate more
gources of Au in A than I in forn nof the Au ~ hearing
auartz veins. The exwtent of Au disperginn train in the
stream sediments {(as a heavy mineral) has been shown to
extend for many kilometers downstream {(Dovle, 197%}). The:
concentration lcvel of Au in this survey may he related
to suitable econnditions feor alluvial concentraticens héinq
present gince most cof the samples were collected from
sites considered suitakle for heavy mineral concentration.
Nevertheless, high Au valuces are found up to one kilometer
in the downstream drainage channels from five of the main
Au-~bearing quartz.veins (Pigure 15).

High values in the mador drainage channels nf the Kampo
and Ossam are net considered to he indicative of muart=
vein mineralization in the immediate clvinity (except
whers the Dssam cuts the Doogon-Dajl vein system) but are
probarly alluvial concentrations whose source may bhe distant.
Several nther hiagh and medium values pédur without associwl
ated knpown vein mineralizaticn and usually upstream «f the
knowrn veins, These are marked I £n V inFigure 15 and are

further AdAiscussed in section 4.5.7.
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Au shows o laock of significant correlation with any
of the other elements (Tablses 4,3, 4,4 ond 4.5] in the
three areas. This may indicate that only Ad is carried
in discrete grains in the dispersien train in the madium
gsampled whereas other elaments move partially in solution.

Silver {(Agl. The general dilistribution of Ag has been
prablematic resulting in ill-defined patterns in both
histograms and CFD curves. The problem arises from the
lock of 'egnough' classes of concentration to allow for
statistical interpretatien. This may bae traced to the low
concentratiaon lsvel of silver in the medium sampled; which
makes deatection difficult and problematic., Furtharmare,
the lack of significont correlation with any of the othaf
glements including Au is difficult to explain. As o result
of these problems 1t seems np reasonable interpretation
can be made from Ag in the stream sediments, Even in the
map (Figure 16} no individual or group of high values can

be related directly to any known minperalized quartz velns,

Copper [Cul. Histograms (Figurses 8, 10, and 11) show

a sort of bimodal lognormal patterns for Cu, This has not
been reflected in the CFD curves (Figures 12, 13, and 14},
Instead, the CFD curves for Cu fit well to o lognormal
single population pattern. The CFD curves are considerad
more reliable than the histograms 1in testing lognormal
distribution. Since Cu vaelues show o lognormal singls

population, Cu is therefare cansidered to ococur as a single
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population in the three cases.

Cu values arc most likacly te be assmdiated with the
amnphibeolites in loth areasas 3 and I and the veln mineraligza-’
.tion net sufficiently rich in Cu t~ econstitute a socond
population.

fnlv two hisbk Cu values can e relatad toe “he known
mineral occurrences in gquartz wveins (Figure 17}, Many
medium values oare wideswread and cur-acress all lithnlegizs
and drainage types. This may explain the extreme mobility of
Cu with scurces in amphibalites and mincralized guartz
veinsz.

Significant cnrrelation exists hetwesn Cu and FY in °
A and such correlation is lacking in T. Howaver, there is
no significnnt corraelatinn existing Yetween any elenent
pairs in B. The cnmbination nt vaiues nof the twe areas A
and I: shows n significant ceorrelatirn letwean Cn and 2n in
5&Hition to the Ehe hetwveen Cu 2nd *k in ™. Tha siﬂnifica;f
correlatinmn between Cu and PE oand Cu and® On may indicate ;.

common sSource congisting of a chalcophile asscociation,

Lead (DL, Fl* shows two distinct pevulations in bheth

the histograms and the CPD curves, hut the histograms show
this.bettéé.;nﬂjéréwﬁseﬁ to estimate threghealds és discusséd
in section 4.5.3, e Coe i
There ie » gignificant correlation letween Pr and
.éﬁ ﬁﬁé Ck and 2Zn in A and the Yach f it in It (Talle 4.3, A‘ﬁ

and *,%). The combhination of the dota in A+% show ancther



.significant crrrelatien Letween P and Pe. The Cu - PP - Zn
association has treen reflected in the ¢orrelation analysis.
This associatinns are retter defined in A which wav suggest
theilr rnle as indicaters of the quarta-gold-sulphide wein
minerzlization typical ~f the area (A).

In Figure 189, somae of the high Pl value can he
éirecﬁiy felated te the known gquartz vein minervalizotions,

Some of the high valucs con e due to adsorption by Fe-nxide

as indicated by the correlation between Tk and Fe,

Eine ("n). A well-defined lngnormal distribution

pattern in kloth the histograms and the CFD curves [(Figures
9, = 14} in the three arcas (A,? and [+%) . The siqgnificant
correlation that exist hetween Zn and Ph and Zn and Cu
{Tables 4.3, 4.4 and 4.%}) has been discussed.

Some of the high 2n values (Figoure 19%) are assccinted
with knewn, gquartz vein mineralizations. The many others
may indicate undetected mineralized Lodies or due to effects

of adserption by clays and eorganic matter.

Ircn(Fe}) and Manganesc (Mn). Generally Fe and Mn

(except in )} show logneormal pattern (Figures 8 - 14). Iﬁ

N, & Aistinct twe nopulations of Fe emerage (Figure 13).

Thelémrrelatinn that exist between Fe and Mn (Tables 4.3 and

4.5} is a common feature of trosical weathering conditions,
In Figures 20 and 21, it is ohserved that the high

valnes of Fe and Mn are se widespread that are very

Aifficullt to related tn onv feature.,
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4.5.6, Geld in Heavy Mineral Concentrate.

- The heavy mineral survey was restricted tc Au as a
:hemvy mineral. The purpese of the method has been briafly
discussed earlier in this Charter., Firmure & shows the
distribution of Au in the heavy minerals in the aren of
stﬁdy. Since mest heavy mineral and stream sediment sampleé
were collected from the same sites, this method of survey
will e useful in con€irming or cotherwise of patterns of
Aun distribution obtained in the drainages by either method,

Figures 0 and 1% show that spatial distributien of
Auw i1n heavy minerals and stream sediments respactively.
Manvy areas of high Au wvalue coincide in both fiqures and .i
these are the ones asscciated with known An-bearing hadies
and othey arens that arae favcurahle for Ju occurrence. For
example, the three Au-bearing quértz veins AdArained hvw

River Ossgam arec associated with hiah Au values in Yoth

PR LA

Tigures 8 and 1%, sn also the yicinity of Okolom Reef.
The narea marked I in ¥igure 1% which sheowg onnsistent hich
Au and other metal values have “een plpked-up as an area

nf high Au-~values in the heavy mineral survey. Infact

h

many other areag such as T to V in Figqure 15 nf high An
values not related to known Au-hearing veins coinecide in
beth Figures 2 and 15, Bowever, most of these are not

unexnected as the media sampled are a2ll faveourahle for P

.

the mechanienl accummulation of Au in the drainnqge.
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This shews that either methods (stream sediment ox
heavy minaral survey! desrite their short-comings can ke
used affectively for Au at recrnnaissance stave to cuatlina
areas warthv of frllow-up survey. ILiut the heawy mineral
survey is a more effective exploratian toél for Au in this
case as it is cheapgrv.,quicker and gives results in the
field. ¢ : o

Cne particulsr feature observed in the heavy mineral
survey using the amalgamation pracess is the ultra-—sensi—j
tivity of the weighing instrument compared to the stream

sediment AMS pethod. I rfan ke ohkserved that up to

0.001g1m3 {equivalent of .74 prm} can be detected by the'?

nmalgamation method, whereas such sensitivity (detection})

cannot be achieved v the AAS used,

4.%,7. Summary .,

L The geochemical patterns of the element distrihution

ﬁave heen enumerated. Many features may be useful in the
application of the gecchemical patterns rfleseribed to the
prospecting for Au deposits. o | hi
:.-.'ﬁfhe'pfiﬁérfrhu—quartz vein mineralization are refleéﬁgé
Py high Au walues in stream sediments and heavy minerals
though the widesnread nature of the valucs indicate a lcnj
disversion train of Au. i
Lognormal distribtution pattern appesrs to bhe the onew

most applicable tn meost of the element studicd in the it

three areas. The uncliear patterns of some elements
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: i
obhservad in T may be due to the small number of samples
cengidered compared te those for n,  YHowevor, this "kearran®
area () {(with rsgarxds teo primoryv Au-guartz velns) has a
lower thresheld value of 2w (1.5 pam) and other elements
than o (.5 ppm) known to include wineralized veins,

Several arcas (marked I - V) of high Du valuwes inclu-

ding the Cssam VYalley in Tigqures £ and 15 have no mineralized

valn ocutcrens and therefore need further investigations,
The Ph/Cu and PL/Zn conrrelation may e sivnificant

in cutlinin~ areas of vein mineralization since the lack of

T

it ehnracterise the "karren® area (I3). o

The overall hick Aa Iackground values 15 indicative nf

a metallogenetic area favourable for Au.

R R T




CHAPTER 5

5. EVALUATION OF PROSPECTS

Following the combined genlcogical and meochemiwoal
_invcstiqation some gold prospects have Peen delineated
in fhe:study area fer necessary attention. These
rrospects include primeary vein deposits and eldvial and
alluvial placer deprosits located during the invastigatinn. $
“Préliminary evaluatinn of the potentials of thase prospects
has bheen attempted to examing their characteristics to
ﬁetermine if they could e worth follow-up work. . ”-?i’
| Ceveral areas are alsc indicated by stream sediment
and heavy mineral survey to Le pntential sources of gold
notably some primary vein-type mineralization as yet. £
unfound.(and there may also he secondary mineralization)

that rzguire detail fallow-up.

i g e

5.1. OKOLOM REEF.

The Okolom Reef {as discussed in Chapter 2 and 3}
is the mest prrminent of al; the guartz veins mapped in
the stuldy area. It carries a.gold - sulphide mineraliza~-
tion and is assnciated with mineralized minor riuartz lenses
and stringers in the wallrocks. The nain zZone of the Resfl
extends for ahcut 300m alono strike leanh and contains
significant values of gold and mineor values of silver,
cadmium, copper, lead and zinc. : e
Yast mining activities were concentrated mainly in tﬁa

weathered altered wall-rocks which evidently are decomposey

o

[ —

! e
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'L;na.enriched by seénndary processes. What isg seen today ;i
of Okaolom Reef ig a bleock of vein rfguartz flanked hy deep
excavations uswvally on both gides representing the zone

~f the enriched altered wallrcocks (Plate XVIIV, The evalua-
tion of the Cknlom Reef from the present work was hinderad
Ly lack ~f contincus exposure due tn past mining activity
and alsc lack of sub-surface sample materials, Much of the
vein and wallrock naterial which cculd reveal the necessary
geologle infermation were removed or dJdisplaged Ly past
miners. The present evaluation was done utilizing only

the vein auartz. This handicap should bhe taken into consi-

deration while assessing the potentials of the Reef. :

v

5.1.1. Evaluation of Metal Content.

The sampling and analysis of the vein samples (as
discussed in Chapter 3) has enalled the identification of
the main metal-xich zone (ore shoot) of the Gkolom Reef.
This zone can alasn be cutlined from the cwacentration of
past minineg activity {See Fimure 3). These indicated that
the zone extends c¢ontinously for abcut 800m alenn strike
length. The fnllowing average yrades of metals have been
calculated: o

Au = 2.34q/tonne

Ag = 1l.5g/tnnne

Cu = 0,005%

rt = o©.003%

. Zn = 0,002%
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It ran e obhserved that only the greda of Au dis .1 -7
significant and possitle mineahle, and is the only one
to ke evalyuated in this exercise,

The only recurd of subsurfnece geology has heen
reported in the Quarktzyrly Reviews of tha Mines Iaspecw
torate of Nerthern Nigeria (1648 -~ 1950) . It was roported
that two shafts verz sunk in the altered wallrook and one
shaft in the main voein gquarto. It was repoxiad that the
naximum depth attained was 55 feeg (L7 .76m). The zerne of
oxidation and secondary onrichment wns.reportad te persisy
up to 30 feet {~ °.,0m) lovel which marked the herundary
hetween altered and unaltered cores. The Minegs Insnpectorat.
Review further reported that geld values of cver lez per
ton were mined from the nxidized zone tut onlvy few dwt) of
gold were okhtained from the unoltorad zone.

The past minsrs have had great limitaticons Lo the
extent of mining dues to lack of eguipment and the mining
of such primary denesits were nlandonegd dve to the cmer-~
ganece of the Tlesha alluvial daerosits of late 1940=.
Tersonal ceomnents from some of the 014 miners indicated a
widespread lack «f safety in the mines lgzading to mine
accidente pricy te the movement to the Ilesha fields.

In the present evaluation, 90l1d metal coentent has
teen estimated for the rlock of thae vein guartz onlv.

This rlock is alout 80O0m long with averace width of 2Zm

and extends to Ym depth representing the portion of the
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Reef within the zone of cxidation and secondary enrichment,

Volume of tlreck of velin sunrtes = lér&r0m3(800x2x9}
Epecific nravity of ouartz = .6

Averase grada of gold = 2,%g/tanne
Topnpnage {velune x £.0) = 37 440 tonnes

Gold content {Tonnage x grade) 27,6109 Auw

22,8170z, hAu.

This sstimation indicate that abeout 2560 tray ocunces
0f gnld might e won fyem the hlock of vein guartz arove
the 9m level (mining involves losses of metal). In
addition some secondarily enriched wallrock material might

be mined rut this cannct re guantified at this stage,

5.2. ORKOLOM ELUVIAL DEPOSIT

Most of the mineralized ¢uartz veins and slicified
zones are associated with eluvial gold depogits in form
of metal-rich weathered residue in their immediate
vicinities. The mest extensivs dovelepoments of such
deprsits are centred around the Okolom leef and the Dogon-
Daji-Kachakacha zones which carry numerous minaeralized
velns, lenses and stringers of quartz. In these two arcas,
the eluvial dernosits occur as a blanket-like deprasits on
a relatively flat-1lving terrain; and have heen mincd for
gold in the past., Mining in the past was cvidently on
a small scale in pockets which indicate sglective mining

of the pay streaks.
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Puring the prresent wnrk, the Okolom cluvial depasit
has heen investicoated., Svetematic pitting was corried
out in an areas of about ’.25(‘1,(.'3(3{_117;:3 within the immediate
vicinity nf the rain zone of the Feef (Figure 3). Tuenty
nine pits werwe sunk to the kedrock in the eluviam ani
wiere spacged at a vyegular interval ~f 1C0Om. Mne sample
each was collected from the pits, with two headpan-volumes
of pit material (- 0.016m3} caollected o35 representative
as possible tao represent one samiple, Uzguallvy., a s-rt of
channels were <ut in the walls of the pits from the surface
to hedrock. The sampled materianl.. was than panned to
nktain the heavy fractiaons which were anszlysed by amalgama~
tion yrocess (Chapter 4) and the resul® ecxproessed in q/m3
{Table H.1).

it has reen fcund that the average thickness (depth
to bedreck) of the eluvium is alont O.8m. The npittinng,
however, revealed that the gold is not uniformly distri-
buted in the eluvium bhut the arld valueg are restricted to
some kockets in the eluvium. The mainrity of the pits
showed no gold valus, This may mean that cither suach places
are barren or they have keen extracted by past mining,
The indtications of widespread past mining mav mean thit most
nf the gold in the S%kolom eluvium had Feon mined an? the
few values ohtained in some pits may ke waste tailings of

the past mining.



Table 5.,1.

Data oktained frem pits in Ckelam Eluvial depogit.,
PIT 2AND SAMPLE NG, | THICKNESS DLEITH (M) . GLLD VALUE r__-'/m3
TTK 4100 1L.¢ 0,025
PTK 4101E .8 0.031
" 41028 0.3 0.0n3
" 4103E 1.04 Nil L
" ALGAE 0.5 .
" 41058 0.7 "
" 41 06F O.f "
" 4107E .8 "
" 4108E 0.7 o o
" 4109E 0.5 "
" 41108 — 0.7 N
" 4111E 0.6 "
" 411 2E Q.7 0,031 -
" 4113B 0.B nil .
" 41141 0.7 0,025
" 4115k C.7 0.025
" 41368 .7 i)
T 4117E L 0.8 Hil
" 411EE . 0.6 N ~ Q.003
" 41198 0.8 i1
® 41208 1.2 o .
" 4121E 0.8 '
v 4122R 0.7 v
" 41235 1.0 0,062
" 4124E n.4 Nik
" 4120E 1.0 *
" 41 26E 1.0
" 41278 0.7
PTK 4128E 1.0
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5.3, ALLUVIAL PLACER DEPOEITS

Alludvial placer occurrences are develnaped in the
pPresent water coursesg aleng the valleys of mest w9 jor
streams and rivers; the most prowminent reing along the
valleye of Rivey Ossam and its trikutaries. The alluvial
placer nccurrences within the Ossam Valley ore extensive
in sceme wnlaces, but are generally erxratle ir their cccurreon-
ce {(Ficuvres 2 and 22). Thesa alluvial plecer rccourrences
ara found £t~ Fe geld-bearing wherever they woare studied.

To study these alluvial placers, five pits were sunk
in locaticns within the ccourrences alenag the Ossam Valley
(Pigqure 22). Pits-were sunk to the Fedrrck and sampling
was caorried out such that «ll lithologi¢e units were samplad
separately znd a yocpresentative channel sample was collected
also frem each pit. This was to study the nature of the
gold oeccurrences with respect to the lithelegic layers
constituting the placers. Faech sample wag collected as
twe hecadpan-volumes (~0.016m3) of alluvial waterial, This
was then panned =2nd analysed by the Amalagamatisnn process.

At the points of pitting, pits were lrcated 30m from
the stream hank up-slope. This wns done to check whether
the zlluvial sucresesions, which are seen oa the banks,
extand up to 30m away from tha stream channels., It was
chserved that at the points of pitting, the alluvial
placeyr thickness varies from 2.5 tno 4.2m with average

thickness of alout 3.5m, It is rengsonahle to assume that
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the alluvial placer ocecurrences maintain this thickness for
about another 20 t¢o 30m up~slnpe, T has therefore heen
gstimated tnat the alluvial placers extend frr aprnroxi-
mately S0m on noth sides of the stream channels (Figure 22},

It was nbsgserved that the lower ruartz-peblie alluwvial
rlacer (wash) carries most of the gold values. Therefore,
the ¢old content tends to increase from the surface downe
wards to the bedreck., The lower layer near the bhedreock
carries the hichest values as is usual in alluvial derosits
{hoyle, 1979).

From the analysis of the five pits dug, average grade

: 3
of the alluvial placers was estimated tr he about C.15 g/m

(approximately 0.1 dwt.}.

Other potential alluvial gold placer occurrances are
widespread in nther stream and river vallevs in the area
{Figure 2} kut have nect been investigated during the present
work.

The indiceted averacge gold grade of O.lSﬁ/m3 ig not
rich, but the consistent and widesnread occurrence of aqold
in an oxtensive nrea like this dees require further work

to locate hidher grade secticns for development.

5.4, ECCNOMIC CCNSIDERATIONS.

It will ke prawature to conclude on the acenomic
viability of the aold depcsits studied. Heowever, the work
done nas heen successful in delineaxting some potontial
gceld resources in the aren studied and their viahility ar

otherwise can hbe datetrnined with some follow-upn work,



5.4.1., Ckolam Reef.

The Okelem Foe? yein ~uartz has Yein wstimsto o
average 2,300/ tenne ept ¢entaing gome 2V, 000 tonnass teoA
depth f 9w with a todal gontainoed aold of alouk 2,000
troy runces., In additicn scme addicional mincralization
may Ye availalle furing any onan wit minine aneration
from the szecendarilv enriched wallrecks. & ™ Cinmnond
drillinmg is eszential to promarlv cvalunte the oo teontial
of thias dennsit. Hrwever, aven {~r opaen =it operations
the crade seems leow and anv expleoeitaticrn mav be Jderansent
on o crnsidarabla increase in aveilalle tannacne or ths
use nf a2 molile treatreast 2lont. "t such rrades any
rmeration is verv dependent on World g0ld rrices,

.eurrently at » recHnrd low level,

5.4.2. O0Okrlrn Eluvial VDepnsit.

It secerms tha 213 in the cluviun arcund tha Ckelem
Reef hald leen exmleited by nast minearg on? there Jecsn't
seaem te have anv valualble anld ccocurrsnces left in it.
As such it ig deultful whether <ny further investiment

~n it may viel? any favouralle result.

5.7.3. @0Casam Valley Placer Nencsits.,

Tha Tssam Volley alluvial rn»lacers have been assessced
rnly using five irrsecularlvy smaced rits, The averace
qrade ~f the og~1d placers was estimated tr e abeut Goldwt.
which ig cemnaral’'le t~ the Ilesha nlacers that are
crngldered sconemicalils viahle My the Nigerian Minin~

Corporatiaon ~nd ars currantly opereted ot a pilet scale.
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the Oscam Valley nloeer Jdepesits and the Tlcocsha Phasg
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CHATTEL &

6, CONCLUSTIONS AND RECCHMMESDATICONS

.1, CONCLUSTONS ,

The feocle~i¢c Tramework of the awes studied has
been falrly understocod. The general ceoloole sebt-up is
conparshle to the Ilesha schizt helt. hoty nonsist of

metavolcano - sediwantary rocks ~»nd widespread gold

in

mineralizaticn simlilar +¢ grecenstons helts., The araa

cf the nresant study is certainly one of the schist haeltis
af the Southwestern MNigoeria Pasement Zomplex nnd haa

neot bacn given the nocesscrvy attention by many workors.

It has kaen found that the relt is more extensive than
hitherte considered. A prebler revoinsg wit™ ace relation-
ehips of the diffarent rock units rmarped. Manv tnctonic
aspects tco, remain_obscured.

Mineralization is wavidently two kvuoes: the vein-tvpe
ond disgenineted tyvpe in amphibolites where eold and
gulphid. & are the vrincinal componsnts. Derived from
these, are nroducts nf secondar v nrocegseg wvhich nre
mainly metal rich {(m2inly gold) cluvial and zlluvial
dernosits. The origin of the geld rinegralization is
upcertrnin: howewver, the structural conbtrnals of the mina-
ralization has keen understecd. Whather the amphihelites
are the source rocks nr =are minerclized 1like tho guart=z
veins is naot understeod. Howgver. recent mndels of gold

mineralizaticrn s discurged earlier, FTaveour the inlyusnce

of qranitic intrusiong with the frocturcs snd shear zZanes
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actine as structural crntrels ~f the mincraliratinom,
Brth tho gronitic bodies, froactures and shear zonee rccourx
in the studv area.

The method of concurrent sampling »F sgtraarn sefiments
and heavy mineral fractions usad in thoe waeechesmical
prosnceting was found te be useful in maxinizine £inld
opportunitice Lbut 1s not cost-afficient. The uscfulness
of using strean sodiments 2nd heavy mineranle ag ~xplora~
tirn Loerls 2t reconnal ssanco chaoge for gealad have boen
asse cecd, It was Tound thiat the heave minersl survew
is a Lketter sxplqratison teol Legause it ie muickor,
cheapes: "nd nives result in the fiald te gsuide fieldwork.

The usefulnge of the rtream sedimont in acechemical
progoecting has heon realiscd but was characterized
by liritaticns due to costs and sampling arrers. Dua
tr costs onlv few sample cornuld e sncmlwvsed for ge fow
@elemente. Sampling and analvtical methods must sAacri-
fice precision feor speed due ts the nature ~Ff the
prospecting and appropriate attenticon has not been given
te achieve a Lomecnnecus cellection of samples from tha
manyv types nf streams and lithological units. Since
statistical internrotation is a kev te denchamicnl
nresnection, o raliable statisticoel interprotatieon
reguires that a ora=at qunntifv ef datn be trcatced and
that these data be hemcgenerus (Lepeltier, 12€9),

Lognormal distributicn pattern appeanrs to be
the one mrnst apnlicable to the rosults of the stream

sediment survev. The unclear pattorns schrwn Iin Arez B



may ka due to the small number ~f samwnies tonsiderad,
The mrst nnticaabkle feature 1: the coner=lly vary high
level ~f o-1d in the gtreom sadimoat s and harwvye minar:les,
suage rting that the ares 1g faveurzblle for o4-1d
~acurrnnce s, Thae higher threahesl@ Lovel of oold in
Area 0 than Axca §F and the existence of siemiificant
correiatien «f PL/ACa and Pb/En :nl- in the farmear hnsg
bean interprotad to indicate the proscace »f meldw
bearins cuartz veine in Avea A relative te B, Tha
threshrld lovel of orld in Area D is attriboted toe thao
grld mineralizatiocn in the amnohibelites, Area B has

bhe
bean found teo "barren” anlv to oecld-guartz wvoins,

Sy

e

Grld

(t

n the gtream safircentg shaws no sigqnifiennt crrra.
Iatieon “with anyv of the cther 2lamantes studied. This
mav be due teo the different nmedia of dismoresion, whoro
anld is cgarricd intn dispersicn treoin Aag discrote
grains wherears tha other bLase motals ars troken chewmically
inte the train.

The surve ¥ has ended up in delineiting scme mrosooo-
tive targets for ~nld depnsits., Thesn include the
Okolem Reef, Osszem Vallew and the arcas with anerclous
metal values (Darticularly neold) raovealed by strean
sedimoent ge~chamnicel survey and algo confirred® kv the
heavy rineral survoew., All these ccuped with the
favourakle cacloay makes the area of groat potential
value for -inld, Il these tornats are furthsr nssessed

thoy mav end Wp Meeting the obijectives ~f the prroramme.



6.2. FRECOMMENDITIONS,

1. Th: wast arxues noeht af the trossnt study arge remain
unexnlcred s was not eecverad by tho —raeant vrrl, T
nay be that - siriler neolocical and goochemical
Feature=s continued nrrthwards, Tharefrroe, & recounnai-
ssancs: survey ig diserable teo cover the ~rea. rem thae
result of the sy eent work, a combine” naclecical nad
hanavy minaral survay ie stroncly roconnande?,

2. IL ig hopad that thes Hotentialg oF thnji&%ﬂiad fer
gnld will net he over eEchesied. ®Bven Ty, RUW. Bovie
durin his visit te Higerian Minine Qorncraticen's G01A4
Projeectes in 1923 remarked. "In rrisrity T would rank

tha Iperinde an? Qkains Jerosits for egual sthenticon,
followed by the bDukki Mines, dwalli Pregoectz pnd the

shear zrnes norihwo st nE Ok~loen Minzs".

3. Tha Okholom Recef Jesarves rmore detailed aznl-ration,
the magt ameronriste method sheul.l he disnmend Arilline.

4. 8nil geochemistry and diamond Jrilline are
reacenranded o adeauestely cowvar and assass the Dooen-Dail-
Krnehnkachs sfhear zones.

5. Clese grid banks drillineg is roquirad o further
evaluate the Ossar Vallew alluvial oold derosita.
Recgennalssance rittinas can be d-ne te study kb other
alluvial ogcurrence £ not studied in this vork.

6, Petailed investications involving soil gzochenistry

should be carried out in the high veld value arcas

marked I - ¥ in Fiqure 15.



7. Finally, the cconomic meotentiale of the wides-
pread tale denposite should be investigatad to comnliimsnt
the Country’se current Arive towards local inAustrinl

rav matorinls.,



3.

10.

41.

112,

REFERENCES

Ajibade, A.C., 1976. Provisional! ctasstfiecation
and correiatlion of the schist belts of NW Nlgerla,
In Geology of Nlgerla, Kogbe (Ed) P. 85 - 90.
Ellzabethan Pub. Co., Lagos.

AJlbade, A.C., 982, The cataclas!ic rocks of the
Zungeru reglon and thelr tectonic sign!flcance.
Journ, Min. Gzol. I8{(2)P. 29 - 41,

Antweller, J.C., and Campbell, W.L., 1982. Gold

1n Exploration Geochemistry, Freciouszs metals in
the Northern Cordillera. The Assoclation of
Exploration Geachemists. Levinsan (§ o).

Arocgundade, C.0., 1973. Geology of the Isanlu Araa,
Shest 225 (Isanlu} 1:100,000. LUnpubl, Geal,
Surv. Nig. Rpt.

Bafor, B.E., 1979. Volcanogenlc - sedimentary
formations in parts of SW Nigeria. Unpub. Ph.D.
Thesis, Unlv. of Belgrade,

Bafor, B.E., 1881, The occurrences of sulphide
mineralization in the Egbe Area of SW Nigerias.
Journ. Min, Geol., 18(1)F., 175 - 178,

Boyle, R.W,, 1879. The Geochemistry of Gold and
its deposits, Geol., Surv, Can. Bull. 280 PP. 584,

Boyle, R.W., 1883, Brief Summary of Consultancy
to Nigerian Mining Corporation on Gold {Unpubl.}

Cooray, P.G., 1974, Soms aspects ef the precam-
brian of Nigeria - A raview, Journ. Min. Geol,
8(1) and (2) P. 17 = 43,

Demspter, A,N., 1967, GBecl. Surv. Nig. Sheet 61
Akure, 1: 250:0041,

-

DeSwardt, A.M., 1953, The ge olugy of the country
saround Ilesha, Nigeris. Gegl., Surv. Bull, Np, 23
PP, S54.




12,

13.

14,

15,

16,

17.

18.

19,

20,

21.

22.

113.

Elusze, A.A., 1981, .Gaochemistry aand tectonic
setting of metassdimentary rocks of the schist belt
of Ilesha Area of SW Nigeria. Jour. Min. Geal.,
18(1IP. 194 - 187,

Elueze, A.A., 1982, HMegtallograp hic studies of
cre minerals in the amphibolities of Ilesha schist
belt, SW Nigeria, Jour. Min., Geol., 18(2)P} 53 - 58.

Elueze, A.A. and QOlade, M.A., 1977. Gaology of the
Ilasha Area and relatianship to gold mineralization,
Jour. Min. Geol. 14(2)}P. B0,

Harpris, J.F,, 18982, Sampling and analyticaml requirements
for effegctive use of Geochemistry in Exploration for
gold. In: Precipus metsls in the Northern Cordillera.

The Association of Exploration Geochemists. Levinson (d).

Higgins, M,, 1971. Cetaclastic rocks., Prof,. pap.
U.5. Geol, Surv. 6487 PP, 97.

Jaques, E.H,, 1845, The geology of the Egbe Dilstriect,
Kebba Provipce, Geol, Surv, Nig. Rept, No, 1188 [(Unpubl.?

Jeje, L.K.,, AdeJuwon, J.0., and Nin-tr+~-~, 0.7J,, 1982
Physico - Chemical changes in soils subject to sheet
wash eroslon, Oyi, L.G.A., Kwara State., Jour. Min,
Geol, 18121P, 132 - 139,

Klemm, B.D., Scheneidsr, W., and Wagner, B., 1898&4

The Precambrian metavolcanc-sedimentary seqguence

east of Ife and Ilesha SW Nigeria. A Nigerian 'grsen -
stone belt' Journ. Afri. Earth Sc. 2(2)P. 181 ~- 178,

Kreiter, .V.M., 1968. Gaalogical prospecting and
exploration, MIR Publ. MOSCOW.

Lepeltier, C., 1869. A simplified statistigal
treatment of geochemical data by graphical presentatlan.
Econ, Geonl, B4pP, 538 - 5840,

Macleod, W., 1963. Memorandum on the Isanlu Makutu
talc deposit, GCGeol, Surv. Rept, No, 1138 (Unpubl.).




23.

24,

25,

26,

27,

28,

30.

31,

32,

Hié

Mathels, G,, and Caen = 'Vachetta, M., @83, & - Sr
Isotoptc study of rare = rmetalh daring and» &rren
pagmatltes in the Panm African reactivation zone of
Nigeria. Jour. Afri. Earth Sc, 1{2} P, 35~ /40,

Mitovsky, A.V., B 82, Mineralogy and patrology.

Mines Inspectorate cof Northern Nlgeria, B 31 - r56.
Rept. No. C.P 6, C.0 2, C, 832, C,8 4 and AR /B .
In the Natienal Archieves, Kaduna.

Clade, M.A, and Elueze, A.A., B 7 ., Petrochemistry
of the liesha amphb &lites and Precam Fian crustal
evolutlon in the Panm African domian of SW Nlgeria.

Al

Precam . Ras, 8, P, 303- ¢318,

Oya oye, M, 0., B 64, The geology of the Nigerlan
Basement Complex., Jour. Nig, Min. Geol. Metall,

Soe. Volt. |1.

Oya dye, M, 0, ¥ 72, The Basement Complex of Nigerfa.
In African Geology, b adan., Dessauvegie and Whiteman
(Eds.?. Gecl. Dept. Univ, b adan, Nigerfa, P.6%37,

Pargeter, R.C,, @58, The aurjferous quartz velins
near Dike, A 4ja Division, Nlger Province., Geol.
Surv, Nig., Rept. No. 173,

Rahaman, M,A,, B 76, Reviet lof the Basement Geology
of SE Nligeria. In Geology of Nigeria, Ko & (Ed.)

P, 41 - 58, Elizé éthan Pw |. Co, Lagos.

Rose, A.W,.,, Ha kes, H,E,, and Weéb:! . J.S5., 7.
Geochemistry in mineral exploration (2nd £d.) PP.657.

Academlc Press,

Russ, W,, B 57, The geology of parts of Niger, Zarla,
and Sokoto Provinces ¢ I[th special references to
occurrences of gold, Geol., Surv, Nig. Bull. No.27.
PP. 42. |




33.

34.

35.

36 .

az.

38,

39.

115.

Sibson, R.H., 1877, Fauif rocks and fault mechanisms.
Geol. Soc. Lond., 133(3)P. 181 -~ 214,

Sinclair, A.J., 1874, Selecting of thresheld values
in geochemical data using probabllity graphs,
Jour, Geochem, Explor. 3 P, 1289 - 149,

Smirnov, V.I., Gilpzburg, A.1I., Grigeriev, V.M., and
Yakovlev, G,F., 1883, Studies of mineral deposits.
PF. 288. MIR Publ., MOSCOW, .

Tennant, C.B., and White, M.L., 1953, Study of the
digtribution of some geochemical data. Econ. Geol.
54, P. 1281 -~ 42490,

Turner, D.C., 18983. Upper Proterozonic schist bselts
in the Nigerian sector of tha Pan-African Provinge
of West Africa. Precambrian Research, 21. P. 55 - 79,

Woakes, M., and Bafar, B.E., 1982, Primary gold
mingralization in Nigeria. 1In Gold 82: The geology,

geochemistry and genesis of gold depgsits., Foster (Ed.].

Geol Sec. Zimbabwe, Spec. Publ. No. 1.

Wright, J.B,, and McCurry, P., 1870, A reappreizal of
some aspects of Precambrian shied geology: Discussion,
Genl. Sec. Amer, Bull,, 81, P. 3481 - 3482,




1186

APFENDIX (i)
Analvtical regsults (in pom) of 44 rock samples from

Ckolom Reef.
Serial | Eample ?hu i#g ' ca i Cu l-;b Zn
NG. Mes ’ !

1. ROK/A050 {C.05 I 3 3 132 i 1 22

2, " 4051 | 0,05 1 3 112 1 7

3. » A0R2 | 0.05 2 1 30 1 3

4, " 4053 | O 0 K 12 G 3
5. " a4nha | 0,10 2 2 5 ¢ 2
6. " 4055 | G O 3 22 CG.7 5

7. " CO56 | 0.1 o] 3 2 & 2

8. " 4057 1 2.€5 A K 12 3~ 4

9. " AQ5F | © O g 21 2 4
lo. " ‘059 | 0.27 2 2 74 17 13
11. v 2060 [ 0.17 2 2 ] 0.5 4
12. " AC6EL [ 2.75 1 4 %7 13 55
13, " ADE2 | .10 e} 2 11 1n 4
14, " 4063 0.70 1 k! 1] 3 6
15. " 4064 | 3,34 2 O 53 14 50
16, " 4065 | 16.85 3 3 £1 3 8
17. i 2066 | 2,20 1 3 29 2 22
18. . 40671 3.37 2 1 20 9 4
19, " A063 ] 13.25 7 2 267 327 117
20. » AC69 | 0.6 1 3 31 2 50
21, . 4070 0.05 1 3 38 2 62
22, " 40714 4.75 0 2 g | 3 3

'




117

ADPPENDIX (i) CONT'D
- .

Serial Sample i At ca 1l Pl Zn
Ho. Neo, .
23, ROK/AODTL IO 9 L 126 1 24
22, ® A73|0.23 2 3 25 6 43
25, . 4074 ]12.85 0 1 £z 7 5
26. " ANTS |0 .32 2 1 20 1 47
27. ' 4076 10,285 0 2 g 1 7
28, v 4077 (0.10G 2 2 g4 26 5
29, " Ad07311.15 1 o 42 H 3
o, " 207%0.80 O 0O ki a9 in
31. " 2080 4,90 0 1 17 2 8
32, " 408110.28 1 1 8 1 7
33. " 408210,40 1 2 04 L 3
34, " d05310.5%0 2 4 19 10 31
35. " 40820 .32 1 3 26 O 14
36. " £08510.23 e 2 5 4 16
37. " 405G 0.23 2 3 3 1 10
38, " 400710,23 3 2 11 O 4
39, ¥ 4088/ 56,920 © 4 15 40 6
40. " 40901 5.95 1 2 33 20 &
41, " 4091{C.23 2 £ 58 5 12
42. " 40921 0.90 0 o) 2 7 4
£3. " 40831 0.20 4] 1 £ o} 6
a4, II RO¥. /4094 O.15 2 2 186 1 9




APPENDIX (ii)

Analytical rosults {(in ppm)

Bamples from Area

. l}V

missing valué].

of

118.

119 stream sedimont

n
S/No. |Sample Ho.| u Ag Cu | Fh | &én Fa }Mn
1. GK/1152 o.20| 3{ o |1 {256 ] 3650 250
2, " 1154 1.80 4120 |36 266 | 9600 300
3. v 5180 0.00 2114 15 26 | 1554 960
4, f 2208 0.80 1 9 2 Tl 5462 2006
5. » 2212 G.30 1] 15 2 19 | 12594 500
6. Y2213 1.25) 3] 16 |1 12 | 21600 | 900
7. § 2214 ©.50 31 24 1 33| 21700 500
8. hoo2238 0.30 2] 18 1 2 8330 180
9, " 2220 1.90 1j 12 21 24 | 12400 4800
lo. 2224 3.607 2] 20 2 64§ 11924 580
i1, n2049 5.20 51 25 2 16 § 11188 520
i2, " 4051 0.30 2| 3& 5 22 | MV MY
13, * 4053 Q.04 3| 16 2 %y 10,000 12500
14, " 4054 0.15 21 28 |14 36 | 12594 590
15. " 4055 0.55 21 21 |14 16 2772 1600
16, " 4056 0.60| 0] 12 2 17 5320 180
17, " 4058 My 1} 20 1 1z 3264 260
18, " 4059 1,25 of 11 2 11} 10396 520
19, " 4060 1.50 3] 20 8 121 21200 1200
20. " 4063 0.80 2l 20 | 2 13| 14900 MY
21, " A065 0.35 3| 22 8 20 28583 720
22, " 4068 0.45{ 2! 10 ! g A6 3234 560




APPENDIX (i) CONT'D
A

S/No. Sample No.} Au Agy Cul ©p ;Zn Fa Mn
23, | GK/2060 0.0 ! 3 1 2al 1 | 1 7842 | 600
24. | v 4071 0.30 .0 28 1 20 '2ma00 ! 500
25. " 4072 o503 | 210 14| gy 5533 | 1570
26. " 4074 16,25/ 2 | 24 211 20 132 926
27. | " 207s ¢.30 |2 | 171 3 g a1ng 340
28, 1" 4076 0.3013 20061 29 37600 | 1500
29, " 4078 D.15 02 | 200 124 |11189.| 7130
30. " Zo8n .25 |1 | 13 14 | 3m 1914 S40
31, " 4083 1.50 42 ( 21| 29 {36 2460 150
32, " A0854 0.30 13 j 22121162 {19200 800
33. " a0s7y 7.10 20 25 | 36 5000 500
34 " 4090 0.30 | 3 el 11 ¢ 5500 300
35, " 4p91 0.30 12 134§ 4 |a2 |2z000 1500
36 " 4093 0.30 o | 13] 2 |2 5056 130
37, " 41083 1.80 {3 {2071 1 1793 5510 380
38. | " 4109 1.25 11 197 2 |i04a | agpe 500
39. v 3110 1.70 |2 | 2011 |20 2660 | g1
0. vo4111 .30 t2 13336 170 |10395 220
a1, I» 4113 37.50 e [ 11 1 |23 7843 220
22 " 4114 0.80 12 51 1 130 7716 160
43, " 4115 0. 35 332 [ 23 |2 4666 320
a4, | a11g 0.35 {3 | 24 |2p jao 6193 1840
45, Y4117 6.30 |2 Pal 1in 9200 | 800
45 . " £120 C.30 12 |20 {44 ;51 lisg30 230




APPERDIX (3i) TCNT'D

A

/o, *.‘far;mle- m! Iu b Ar [ Cu t Pbl “n 'i Fe l Mn
— i ! e U R S
R e O T TR T IR AV P
an. 4177 ! coan oz b ban | 70,5 % 270
449. 4312 ° ; AN A O IR « anen 720
59, 1129 5 LAt P I R | §928 120
51 4129 i b.ant P af 3] 7o A106 0
K2, 1v 2130 i 205003 ) 14 en | 30 | sasg 70
5™ }" 4132 | n,qzi 2 l2s| 2 1-05 8554 | 200

\ AN . |
54,\\ © 4189 1 0.90) 3 | 36| 4B | 48 !15550 i 240
. A{ 4170 ['9 aol 2 | sl 2| 7 i15850 ! 100
55 . \an b ozurep 2 fza ] ss | L sana 350
a7, 1 4240 [.D,SS’ v {211 ca| 44 4550 A0
55, . 4242 ! .00} 5 114 11 14 | 12an 400
50, v 4240 I G.90| 1 11 1 7 12230 440
50, v 4248 !_U.zu 0 60 1| 15 [=21a0m | 1500
62. |7 8179 i 0.350 3 | 29 %)a 56 4330 f 560
£3. |" 5180 0,300 o0 | 1= ; 2| 22 | 14024 | 240
B4, 1" 5161 a.30] 3 { 12 | 1 5 aang I 1200
85, v 5157 n.90f 2 § 2144 | 35 7200 | s00
g6, |’ s184 ¢ 1.75] 3 Pty oz 8 2 8264 i 6§50
57 GIAEL P LT I LR I iﬂzana [ 200
oy 5187 ; 0.55} 3 1 43]36 0 an 151 ! 120
59, " 5180 i 0.55{ 2 1201 28 ! 32 1 4554 % 660
70, " 514D } 0.75% 3 g 361 1) a7 6528 ; 330
71 5194 1 0.30) 3 1240140 34 | 1300\ 500




.

APPEND IX™ (11) CONT ‘D

124

A~ ‘ .
g/No. Sample Mo. ! Au Ag Cu é;%_Zn Fe Mn
72 . GK/5166 120 | 4 3t |1 i 2 9138 | 640
73. v5407 30.00 | 4 4 {1 { zz 108401 400
74, " 5140 2,40 | 2 25 | aal 49 |1sman | &o0
75, " 5199 0.30 | 3 32 | 21 as  [12398 | 280"
76. 1 *» 7002 1.25 { 2 20 & 28 37 3234 | 1450
77. " 7004 0.s6 | 3 18 14 a6 guses {100
70, " 7005 2,30 | 3 10 | 14l 27 1396 | 350
749. " 7027 5,80 5 9 i LB 113808 16560
80.. ALY 0.3 3 25 4 25079 li12284) 170
81 n 7033 2,25 | 1 ap 11 14 252001 1200
B2. " 7034 0o.80 | 3 26 2{ 8 (18400 1400
e3. " 7036 0,30 | 3 14 | 211 72 7000 | 500
B4, " 7038 [ 0.35 | 3 33 | 211 4t 7u48| 600
45, " 72040 09.5) | = 206 { 21| 35 sae2 ! 240
65 . " 7048 5,50 1 3 g b o2sl a4 23301 840
87. " 7052 0.45 { 3 24 | ac| a2 77221 3320
8. " 7054 0.45 { 4 13 | 36l 74 4650 8O0
89, " 7058 0.45 | 2 g4 | 481 124 | 4884l 1080
90. " 73859 0.70 | 3 40 | 44t 44 | 17452 330
91, " 70460 0.45 | 1 58 21 26 3526/ 25U
92. " 70863 0.30 | 3 13 11 16 | 12500 400
93. " 7084 1,20 1 8 1, 12 | 12100 sa0
94 . " 7065 3.601 3 21 | 32 39| 14800 1100
- 85, > 7087 5.32 ] 3 11 1 17 771¢ 280



APPENDIX (4i) conf o

A
S/No.| Sample '\_lo.i ﬁﬁ,u I Ag! Cu i F s f ZnT e Nn—r
i 1

9. GK/7037 1,60 I 1 5 1 12 1 4792 | 220
a7. " 7069 0,30 ; ootz | o : 14 9360 [ 3500
9t "n7n n.zo | oz 7 1 50 4000 400
gg, " 7071 v.sn |y s | 10 | a0 72 120
160, " 7074 300 2z |zo 30 20 ! 1a200 500
101, " 7076 Ih.4m :2 33 2 | 2@ 6526 360
102, "7078 0.45 | .9 51 21 | 82 5254 209
103, " 7080 0,80 ;1 21 2 | 2z | 12502 340
104, " 7081 .30 | 1 20 | 24 28 MV My
105. " 7082 .80 | -z |36 31 231 14500 | 110
1085, " 7087 n.40 t 2 |52 | a6 | an 5780 330
107 70491 0,30 2 7 1 12 E400 400
108 " 7003 1.15 | 3 |11 1 ’ 11 BHNO 500
109, " 70945 0.30 | o |29 1] 29 274521 330
110 ~ 7105 6.40 | 4 |24 21 18 | 10132 330
111 T 5131 Z.40 ! 3 |22 3] 23 | 21500 500
112, " 5195 9. 30 | 3 |15 2 1 13! 1800 500
143, " 2223 2.05 1 2 154 ¢ 20 ) 128! 1g74p 220
114, "2217 .35 { 2 |19 { 1a a0l 2000 480
115, " 4067 1.56 | 0 |ag ] 35! 2528 | 41050
118, " 4086 1.50 1 2 {35 ! 4 851 14000 520
117, " 4118 .60 o l1g 1 4. 65 3848/ 180
116., "o4123 0.85 I_G 39 8 270l 3650 | §50
119, | " ?025 1 0.70 l q 188 |8 ! 107 5320 570




APPENDIX (111)

2%,

Analytical results (in prm) af 41 stream sediment

samples from Area o2,
‘S/Na. Sample Nc')-.--H;“-.u r-,g_:,-f Cu. Ph n Fe h L "n
1. CK/2193 0.55 :} 54 | 28 |40 3188 | 600
2. v 2189 g.20 ! 3 E12 i 1 15000 | @90
3. Y2200 0.68 { 3 i g i U L LR 850
g, r 2202 a.a0f .2l 1 vy } 10398 | 570
5. " 3086 0.45 h‘3 20l 26 115 | 2088 | 240
B. P 3088 0.60 ] 2|24} a3 !y I 1guan | 440
7. " 3108 275§ .2 1 12 8 |25 ! 5330 | 200
8. noa114 a.60 j16 ! @ 1 130 i 5792 ! 200
g. " 3114 0.2G | 1|24 | 28 {293 7515E 520
|
10. " 3148 g.50 | 1|11 2 | 381 12800 ; 800
11, " 3118 G.30 i 0|14 11 240 o026 % 170
12. " 3147 5.60 | 3,18 2 zai 14000 E L)
13, " 3120 c.sop 3 f1e 1| 33l 7ies E 140
14. v3127 0.30 2 |30 |2 i 521 13452 | 570
15, » 3128 .20 | 2 |11 { 1 E iz{ 18200 | sog
10, v 3931 a.50 | 2 529 ! 2 : 501 B5ga ; 230
17. " 3135 0,45 1 2 |22 23i~92l 45585 | 250
18. " 3137 1.10 | o |24 E 1i240] 7648 | 130
19. w4202 3.60 | 3 8 % 11 7} 5188 | 200
20. " 4263 2,50 % 2, 4 E 3Rt 29 024 { 200
21. " 4205 1.60 ; 2 !20 % 14| 22 1550i 240
22. v 4205 E 0.60 g 2 118 E 11 17 6462} 200




124

APPENDIX (iii) CONT'D

B
S/No.| Sample Nn.m;;"b_mﬂg. tu | Pof zn| Fec Mn
23. GK/4208 0,70 |2 20 { an [ 22} 2004 960
24, " 4208 N.76 |7 12 | sq | iz | 113z 260
25. " 4214 1,50 |3 z 11 21 13200 800
26, n4215 g.03 |2 i 1| 22| 31sg 160
27. " 4218 6.0 |2 5 1 41 5388 250
28, " 5217 n.15 |2 20 | 36 . 721 atay 340
29. - 4224 2,65 |3 22 G4 6z ] 2200 500
3n, Y Y 0.50 {3 10 | a5 | 4 1sgoo 250
31. " 4227 0,75 |2 24 | s6 | 45| 371 580
32. ¥ 42219 1.25 o) 27 1 39 13452 260
33, " 4230 9.30 |1 19 2 61 15600 l1iun
39 | v 4232 jo.zs iz s {se [ az] 2772 | 240
a5, 4233 | 0.50 |2 sl 1 a1 10132 340
35, v 4234 6,76 |2 10 | 4+ | s6 | 2316 |124n
37, " 5027 H.30 {2 43 2 | za| 18528 924
38. " 5025 0.75 |z 36 | 48 [ 39 1600 {3800
3g, n 2497 0.70 |10 | 54 t 1 75 2904 4640
40. | = 2203 nuso | 3 | oso ; 2 | &5 14324 | 690
41, 0 v 3134 L a.40 1 3 | a5 | 4y 57 | 3234 720
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FIGURE 7

LoeATIoN oF STHEAM SEniMENT
SAMPLES IN THE STUbY AAEA.
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