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ABSTRACT

A study of Lhe Wire hills area and i Is relaliwiship to 

the massive sulphide deposit associated with iL is 

presenLed.

The geology of the 

through dacites to 

Lop. Cherts and 

with these rocks.

The study of drill coxes has revealed Lhat Lhe Wire hills 

sulphide Bodies occur in a sub— paral lei manner- sLi'iking 

to Lhe north-west and dipping Lo Lhe noi-Lh-east at abouL 

40° . The massive sulphide deposit shows effecLs of 

chloritization while Lhe hanging wall rocks show silica 

enrichmen L. Sulphide veins are quite common in Lhe

footwall rocks.

Wire hills area varies from andesiLes 

rhyolites associated wiLh Luffs at Lhe 

Banded ironstone are also associated

Tire dominant minerals in Lhe deposi L ax-e 

pyrrhotiLe while chalcopyri te, arsenopyriLe, 

gold and silver- occur- in minor- amounts, 

evaluation of Lhe deposit indicates sulphide 

over 4 million tonnes.

pyri Le and 

sphaleri Le, 

Preliminary 

reserves of
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Mi neralogical and sLruulural sLudies LogeLher wi Lli the 

chemical analysis indicate that lhe Archean massive 

sulphide deposit of the Wire hills is of volcanu^enio-

hydrothermal origin.
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CHAPTER 1

1 INTRODUCTION

1.1 Localion

The Wix-e hills area, is loealed in SouLh Nyanisa DisLr-icL, 

Nyariza Province about 90 km from Kisurnu along Lhe Kisumu— 

Kisii road anil uboul 24 kiu from Kisii town (Fig.l). The 

main Lownship in Lhe sLudy area is Oyugis which is 

looaLed in Lhe souLh-easLein parL. The sLudy area is 

about 140 sq. km and is hounded by Lhe laLiLudes 0° 28’

36"S and 0° 28’ 30MS and by longiLudes 34° 40’ 12"E and

34“ 46’ 12"E .

1.2 Phybiography

Wir-e hills occupy Lhe CeriLx-al parL of Lhe sLudy area. 

They are oi'ieuLed approximuLely NW-SE and consisL ol 

several peaks. These hills form Lhe highesL Lopo^raphic 

feaLure in Lhe sLudy area wiLh Lhe highesL peak reaching 

1663m above sea level. Thex*e are smaller- hills Lo Lhe 

east- and xiorLh-easLern secLious of Lhe sLudy ax-ea . In 

general, Lhe area has an alLiLude of beLween 1260m and 

1400m inox-easing southwards as one approaches Lhe Kisii 

highlands. The drainage is generally good and Lhe main 

rivers which drain Lhe area include Awach, Owade and 

Nyandiwa. The rivers flow norLhwards and wesLwards due



Fig-1 the maps showing location of study area
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Lo Lhe fall in alLiLude in Lhese direcLiuna. The eaaLern 

seeLion around Sinn ami weaLeni see lion around Karabok, 

Nyandiwa and Kwoyo are poorly drained, becoming awauipy 

dux’in^ Lhe rainy season.

1.3 ClituaLe

Most parLs of Lhe area experienoe high uwounLa of 

rainfall whieh is well disLx'ibuLed Lhx'oughouL Liie year 

wiLii a mean figux-e of lllBuuu. Long x-ains occur* dux'ing 

Mareh— SepLeuibex* and shox*L x*ains fall dux*ing Jaxiuai*y- 

February. The rainfall is conveeLional, aeeouipanied by 

ligiiLning and LhunderaLorma, axid falls mainly in Lhe 

af Lex-noons . The Lempex*aLures are generally moderaLe wi Lii 

avei’a^e minima beLween 15 —17° C and average maxima beLween 

25-30° C. Tiie Lempex*aLux*es Lend Lo increase nor Lii wards 

and wesLwax*ds in conLx*asL Lo Liie x*ainfall Lrend.

1 . 4  C o i u m u n i c a  L i o n

Tiie area is well sex'ved by all — weaLlier roada auiunii Lliem 

Liie Kisii—Kisumu road whieh is made of Larrnau.

%

Tiie Oyugis-Kendu Bay road Lravexses Lhe sLudy area in a 

NE-Lx*end. IL is classified as an all-weaLhex* road

LogeLhex* wiLii Lhe Oyugis-Rangwe-Houia Bay road (Fig.l). 

OLliex* moLorable paLiis form a closed neLwoxk in Liie area.
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1.5 Objectives of Ihe SLudy

The objecLlvea of the aLudy were:

(a) To uonfiru the geology of Lhe Wire hilla area.

(b) To find out how Lhe sulphide uiixieralizaLion la

related to Lhe Wix-e hilla rhyoliLie dome.

(e) To aLudy Lhe para^eneLic relaLionahip between Lhe

aulphide minerals.

(d) To inveaLi^aLe Lhe ulLeraLiona aasoeiaLed wiLh Lhe

aulphide deposit.

(e) To investigate Lhe metal and miiiex'al value of Lhe

depoai L.

IL is envisaged LhaL Lhe knowledge gained fx*oiu Lhis 

investigation will give more inf ox'iuaL 1 on concei-ning Lhe 

genesis of Lhe sulphide depoai L and asaiat in fux’Lhex- 

exploration oT Lhe sulphide mineral oucurrences in Lhe 

area. The work will also conLx'ibuLe new findings Lo Lhe 

geology of Lhe Nyanzian Gx-oup and its s Lx-aL igx-aphy.

1.6 Previous Geological Work

Previous geological wox'k in Lhis area is repor Led by

Saggeraon (1952) Lo daLe back Lo 1909 when CoaLea

examined Lhe area south of Winam gulf. He stud ied Lhe

area between Oyugis and Kuja river and examined Lhe 

mineral izaLion of of Lhe rooks of Wix-e hills and Lhe

sox-x‘oundixig areas. One of his findings was LhaL pyx-iLe
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is a L'uiuiuon mineral in Lhe Nyanzian lavas Lhough in small 

quanLiLies. CoaLes (1909) also examined regions of gold 

and graphite occurx-ence but reported LhaL they were noL 

of economic value.

Ollier Geolog is Is who studied Hie area as reported by 

Saggerson (1952) and HuddlesLon (1951) were: Oswald

(1914) , Coa Les (1930), Wayland (1931) and Ki Laon ( 1934). 

Oswald (1914) made a reconnaissance survey on Lhe geology 

of Lhe area between Lake VicLox'ia and Kisii highlands. 

CoaLes (1930) repoi’led on a gi’aphile deposit occurring a 

few kilouieLres noi'theasL of Wii-e hills, but commented 

unfavourably on iL. Wayland (1931) did some

reconnaissance geological mapping of western Kenya and 

descx’ibed a traverse to Lhe summit of Wix-e hills axid 

surrounding areas. He repurted traces of gold in quartz 

veins aruuud Lhe Wix-e hills. Kitson ( 1934) mapped Lhe 

then Nyansa Province covering an area of about 25,900 sq. 

km which included Lhe present Nyanza Province and Western 

Provinces. It is repox'Led LhaL lie submitted his reporL 

in the fui-rn of Lraverse notes. In his reporL, he

mentioned having visiLed Lhe area around Oyugis Lownship 

and indicated Lhe presence of xdiyoliLic rocks.

Huddleston (1951) in his reporL on Lhe geology of Kisii 

Distx-icL covered a part of Lhe study area. He noted Lhe

following:
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(a.) ThaL Lhe Wire hills are wade up of rhyolitic rucks 

associated wiLh Luffs arid agglomerates.

(b) Minor developments of graphitic maLerials associated 

with fine grained muds Lone, cherts and banded irons Lone.

(c) Traces of gold, especially near- Lhe contacts between 

Lhe Nyanzian lavas and graniLic inLrusives and also a 

copper- ore boulder containing uialaehiLe and azuriLe along 

a sLx-eaiu valley in Lhe area souLh of Oyugis township.

On Lhe basis of Lhese observations, he recommended 

further exploration of minerals in this area.

Saggerson (1952) carried out geological mapping of Lhe 

Lhen Kisuiuu District, whieh presently includes Lhe whole 

of Kisumu DisLx-icL, large sections of Siaya and SouLh 

Nyanza DisLx-icts and some pax-Ls of Western Province, all 

covering a LoLal area of about 2900 sq. km. In his 

reporL, he has:

(u) Indicated LliaL the geology of the area is dominated 

by Lhe Nyanzian lavas and a few outcrops of sedimentary 

rocks and inLrusives.

(b) Indicated Lhe presence of pyriLe veins within

Nyanzian rhyolites and andesites and also Lraces of gold

within banded iron formation.
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(c) Suggested a slraligraphiu succession for Lhe

Nyanzian volcanics Lo be as follows:

3. Rhyolites and daciles wiLb banded ironsLone and 

suboi-dinaLe Luffs,

2. AndesiLes, Trachy-andes1Les and Daci Les

1. BasalLs wiLh aubordinaLe banded ironstone and Lulfs.

He furLher su^^esLed LhaL Lhis succession is LhiekesL aL 

Wire bill and could exceed 3000m.

DeLailed exploi'aLion work in Lhe area dales back Lo Lhe 

late 1960’s and 1970’s when regional airborne geophysical 

surveys were carried ouL on Lhe potential areas of 

wesLern Kenya and Lhe Wire hills were among Lhe areas of 

special iuteresL. In 1983, Lhe Revolving Fund under Lhe 

auspices of UNDP carried ouL a ground sysLemaLic follow

up of Lhe airborne geophysical conducLors. The

geochemical work involved trenching and pedological 

sampling acruss Lhe anomalies. Theix- Lrace elemenL

analysis revealed high copper- values up Lo 2000ppm.

In mosL drill holes, 

were ixiLei'secLed wiLh 

of copper and si 1 vex-.

massive pyx-iLe —pyrrhoLi Le bodies 

occasional stringer mineralisaLion 

Geochemical assays of Lhe sulphide

deposiL revealed maximum copper and silver values of 4.5%
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\

CHAPTER 2

2 RESEARCH WORK METHODOLOGY

The following uieLhoils and Lechniques were used in 

carrying out Lhe work:

2.1 Aerial PhoLogx*aphy

Aex*ial phoLogi’aphs on a scale of 1:50,000 were uaeil.

Theix* in Lerpi'e La Lion indicaLed faulla, 1 iiieanieii La ,

lopographic vax*iaLions and liLhologic bouiuiariea.

2.2 Geological Field Mapping

The aiui of Lhe exeruiae was Lo unravel Lhe s LraLi graphic 

and sLrucLural hisLoxy of Lhe area. To accomplish Lhese 

objecLives, a gtjological field mapping was done on an 

area covering aliouL 140 sq. km on a scale ol 1 :40,000. 

The Lraversea were conducLed pex*pexid Leu lax* Lo Lhe sLx'ike 

of Lhe majox* liLhologic uni La, along river valleys, on 

hills and on raised grounds. Rock samples fox*

pe Lx*ogx*aphic and chemical analysis were collecLed. 

SLx'ucLural measui*eiuen Ls wex-e done which included

deLeruiina Lion of sLrikes and dips of foliaLion surfaces 

and of joinL Lrends fox* laLex* sLrucLural in Lex*px*e La Lions.
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ami 93g/ L i-espec Lively. The Revolving Fund recommended 

LlmL furLhei' work be undertaken Lo define Lhe exLenL and 

^rade of uiineral i za L i on . Fuj'Uiex: work was Lo include;

Re-logging of Llie cores, further analysis of major 

eleuien Ls from Lhe uoi'ea f de Lai led {Jeocheuiical woi'k and 

geophysical survey, deLailed ^eoloji ical mapping,

alrucLural analysis of Liie area and lurLher core drilling 

Lo deeper levels.

Following Lhe above reooiumeiida Lions , fur Lhei- explore Lion 

work was carried ouL in Lite Wire hills during Lhe 1986 

progi'aunue of Lhe Revolving Fund. This involved deLailed 

ground geophysical and geochemical work in an area ol 

abouL 86 aq. km.

This woi'k resulLed in re—defining LargeLs lor Lhe purpose 

of locaLing drill holes. Geochemical surveys involved 

Lrenching and soil sampling over anomalous zones fur 

laboraLory analysis. Drill holes were si Led Lhrough Liie

anomalies and in mus L cases massive sulphides were

inLerseoLed. Based on Lhe associuLion of massive

sulphides and acid volcanic rocks of Wire hills, Lhey

suggesLed LhaL Lhe geological seLLing could be a

volcanogenic environment in which economic massive 

sulphide mineralization might be expected (A. Johnson, 

Personal Communication, 1987). However, Lhey recommended 

further work Lo be done so as Lo determine Liie actual 

genesis oT Lhe massive sulphide deposiL in addiLion Lo 

re-logging of Lhe cores and analysis of Lhe major

eleiuenLs
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2.3 Core Logging

Core logging was carried ouL on eighleen drill holes sunk 

in Ihe area around Wire hills by the United Nations 

Revolving Fund for Natural Resources Exploration

(UNRFNRE) team. The recovered cores are kept by Lhe

Minis Lx-y of Environment and Natural Resources aL Lhe 

Mines and Geological Departiuent Nairobi . The logging was 

carried out so that Lhe mineralisation tx'end could be 

mapped and coi'relaLed and also to establish Lhe 

li Lhos Li'aLigx'aphy of Wix*e hills.

2.4 Petx-ogx-aphic Study of Rocks

The study of rocks in Lhin section under Lhe petrographic 

microscope was done to confirm and idenLify Lhe 

lithological types and to investigate Lhe hosL rock 

alLex-aLion products. The Lhin sections were made fx'oiu 

rock samples collected dux'ing field mapping and also from 

Lhe dx-ill cores.

2.5 Ox-e Micx'oscopy

This involved Lhe study of polished sections made from 

massive sulphide samples collected fx'orn Lhe dx'ill cores. 

The ox-e micx'oscopic examination was done Lo idenLify Lhe 

sulphide minerals and establish theix* textures and Lhe 

associated minerals.
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2.6 X-Ray DiffracLion Analyaia (XRDA)

X-x*ay diffx-acLion analyaia waa done Lo help idenLify 

unknown ore minerala and iuinex*al producla ariaing fx’orn 

hydx’oLheriual alLex-aLiona of Lhe hoa L x*ocka.

2.6.1 Powder Method

The X-ray DiffraoLouieLer uaed waa a Philipa Model No. PW 

1710/00. The X-ray beam uaed waa generated by a copper 

Lax-ge L Cul^ beam .

2.6.1.1 Theox-y

The baaia of Lhe XRD-analyaia ia on Lhe Wuff-Bragg 

diffraotioxi equaLion expreased aa:

nX = 2dain0 where xi=inLeger 

X = X-ray wavelengLh 

d = inLex-plaxiax- apacixig 

0 = Bx*agg angle

The uae of Lhe equaLion ia baaed on Lhe fact LhaL Lhe 

value of ’d ’ ia unique Lo a parLiculax- mixiex-al and if 

iL ia known in all poaaible dix-ecLiona, then Lhe mineral 

can be eharaeLeriaed. The value of ’ d ’ can Lherefore be 

obtained by finding 'X ’ and 0. If Lhe wavelengLh of Lhe 

X-ray ia aeL aL a conaLanL value, then ’d ’ will only 

depend on 0, for which Lhe machine ia aeL Lo deLex-iuine.
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The ins Lx’uiuenL was px-ogx-amiued such LhaL Llie goniomeLex- 

scans Bx-agg angles fruui 5° Lo 70° within which rnosL 

minex-als fall. The pulses fx-orn Lhe di f frac Louie Lex-

uuuuler are Lx-aced on a chax-L recorder in for'in of 

di ffx-acLograms.

2.6.1.2 Sample Preparation

The samples were crushed and gi-ound Lo fine powder- of a 

size between lŷ  ui and 10^m. Grinding Lo Lliis size was

done under- acetone Lo prevent decomposition ol sample 

dux'ing preparation. A slurry of powder was prepared in 

acetone on a microscope slide and as acetone evaporated, 

Lhe powder- settled and was left behind as a ’smear’ .

2.6.1.3 Mineral Identification

The system used was LhaL x-ecouimended by Lhe International 

Centre fox- Diffx-action Data and compiled by the Joint 

CommiLLee on Powder- Diffx-acLion Standards (JCPDS) . The 

JCPDS analyses are in two pax-Ls namely:

- JCPDS Diffraction file

- JCPDS DaLa book

The diffx-action file is a search manual which is arranged 

such that Lhe highest d—values are 1 is Led in a decreasing 

order corresponding Lo Lhe inLensiLy of peaks and 

possibilities given. The suspected mineral is thereafter*
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looked up in the Powder DuLa book whioh has search cards 

of particular uiinerals wiLli Lheir deLuiled 

dif f rac Louie Lx'ic descripLious .

The 20 values obLained from Lhe di f frac LouieLer cliarL were 

firsL converted inLo corresponding d-valuea using a 

conversion Lable. Fox- Lhe unknown minerals, Lhe

inLcnsiLies were assigned 100 while Lhe oLhers were given 

relaLive values Lo iL. The values were LabuluLed. The 

mineral wiLb Lhe d—value corresponding Lo LhuL of Lhe 

inusL inLense peak was looked up in Lhe JCPDS diffx'ucLion 

file and fux'Lhex- eon firmed by use of Lhe JCPDS Powder 

DaLa book.

2.7 ALorniu Absox'pLion Spec Lropho Lome Lx-y { AAS )

The ALomio Absox'pLion Spe Lropho Lome Le r used was a Varian 

TechLron AA6 model. The analyLical meLliod was used fox- 

whole rock assay Lot

(a) Characterise various lavas in Lhe sLudy area

(b) SLudy Lhe alLeraLion paLLerns associaLed wiLh 

uiineralizaLion.

2.7.1 Me Lhod

The insLrumenL consisLs 

elemenL of choice, a gas

of a 

soux'ce

hollow-cuLhode Lamp of 

of which oxygen aceLylene

wus used, a gas chamber' where Lhe liquid sample is
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aspi rated Lo ducuuipuHe Lhe molecules Lo give atoms In Lhe 

ground slaLe, deLeclor and readout, sysleui.

The Lheox'y of Lhe analysis is LhuL Lhe lamp which is Lhe 

lighL source emiLs a sharp line specLruui of Lhe elemenL 

Lo be deLeruiined which is passed Lhi'ough Lhe aLomic 

vapour. If an elemenL similar- Lo LhaL of Lhe lamp is 

present in aLomised vapour, Llien Lhe speclruui will be 

absorbed, a measure of which indicaLes Lhe amounL of Lhe 

elemenL presenL (McLaughlin, 1977).

2.7.2 Sauiple PreparaLion

The following procedure was carried out during Lhe 

preparaLion of Lhe samples of AAS analysis:

(a) Rock was pulverised and sieved and Lhe 100 mesh 

fracLion Laken.

(b) 1 gram of sample was Lhe Lhoi'oughly mixed wiLh 5 

grams of NajCOa as a flux in a plaLinum crucible and 

fused aL 1000’C unLil a clear melL was obLained.

(c) The sample was Llien dissolved in 50ml 1:1 HCL 

suluLion.

(d) The sample was Llien diluLed using disLilled waLer Lo 

have Lhe conceitLraLion wiLhin Lhe calibrated range of Lhe 

machine.

(e) The sLai'daxds fox* Lhe machine calibration were

prepared from lOOOppm sLock soluLions prepared from 

analytical grade chemicals.
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2.8 X-Ray Fluorescence Analysis (XRFA)

The XRF analysis was carried out on Lhe sulphide deposiL 

for Lhe invesLigaLion of Lheir major and minor elements 

and on monominerallic samples of pyriLe, arsenopyri Le, 

chalcopy ri Le for Lheix- minor and major element conLenL.

2.8.1 Fundamental Parameters MeLhod (FPM).

The theory lie hind Lhe method is discussed by Kinyua 

(1982) and Nox-rish (1977). For Lhe exciLation of

characteristic fluorescence X-rays, a radioacLive isotope 

source of Cd-109 was used and measured by Si (Li) 

detector. The above soux-ce is capable of excilinM K.- 

shells of elements from Calcium to Molybdenum and L- 

shells oT heavy atoms uptu Uranium. The use of

fundamental parameters method made it possible fox- 

quantitative analysis Lo be carried out since Lhe elemenL 

concentration can be relaLed Lo Lhe size of area below 

Lhe peak of Lhe characteristic X-x-ays.

2.8.1.1 Sample preparation and analysis

Samples were crushed and Lhox-oughly pulverised Lo

paxLicle size of less Lhan 50 microns. A known mass of 

sample and sLarch ox- cellulose were mixed and thoroughly 

homogenized. OuL of Lhe mixLure, pellets of mass between 

0.1 gram and 0.2 gx-arn were prepax-ed. S Lax-ch or- cellulose
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was used boLh as a binder- and a dilluLanl Lo minimise 

enhanueiuenL effeeLs. The pelleLs were exeiLed foi- 2000 

see. each while l.he wulLi—elewenL Lai'^el plus sample and 

wulLielemenL lar^eL alone were exeiLed for GOOseconda 

eaeh. This lasL sLage was performed Lo eorreeL for 

absorpLion eTfeeLs. The resulL ol XRF—Analysis are

presenLed in ehapLer 5.
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CHAPTER 3 

GEOLOGY

3.1 General Geology

The Wire hi 11a ax-ea lies wiLhin Lhe rocks of Lhe Nyanzian 

anil Kaviromlian Groups which are of Archaean age. These 

rocks LogeLhex- with Lhe accompanying gx*anites form a 

narrow sLx*ip of Archean rocks which ex Lend from 

norLhwesLern Tanzania Lo wesLern Kenya and Lhrough inLo 

easLei'ii Uganda ( Figure 2). They exliibiL low grade 

regional me Lauiox-phi sin of Lhe greenschisL facies.

The age of Lhe x-ocks of Lhe Nyanzian and KaviI'oxidian 

Gx'oups has been de Lex-mined by radioiue Lx-ic Lechniques and 

Lhe lowesL accepted Limit stands aL about 2550Ma. 

Analysis by Rb-Sr daLing fox- a x-hyoliLe outcrop sampled 

aL a localiLy about 2km. nox-Lh of Oyugis town along Lhe 

Owade river gave an age of abouL 2015 + /- 300Ma (Cahen 

and Snelling, 1966). The recent daLing of hornblende 

from Lhe Migox-i gx-aniLe which intrudes rocks of Lhe 

Nyanzian Group gave K-Ax* age of 2530 +/ —GOMa (Ogolla, 

1984 ). IL is however, considered LhaL Lhe hisLox-y of Lhe 

group extends back Lo aL leasL 3100Ma (Sanders, 1964 ) .

The geological succession uf Lhe Wix-e hills area is here
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Fig. 2 MAP OF WESTERN KENYA GREENSTONE BELT AFTER

SANDERS (1964)
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aLLeiupLed in lighL of Lhe knowledge of Lhe Nyaxi^ian- 

Kavix*oxidiaxi Group and fx-oiu Lhe xesulLs of Lhe presenL 

px'ojecL. The 1 i Lhos Lx-aLigx'aphy of Lhe sLudy area

suwmax'ised in Lable (1) below closely maLohes Lhe

previous ones proposed by ShuckleLoxi ( 1946) , iluddleslou 

(1951) and Sag^ersou (1952).

Table 1. Li LhoaLra Ligx'aphy of Lhe SLudy Area

Qualeraary and RecenL: LaLei'iLe, river

alluvium, black 

clays and soils.

...................... Unoonfox-iui Ly.........................

Bukoban Group: BasalLs

(Pi-ecauibx'ian)

......................... Uncunf oi'iui Ly......................

Nyanzian Group: -Banded ix-onsLone and

chex-Ls, x-hyoliLie

(Ax-chean) Luffs and agglomex’aLes,

xhyoliLes and flow 

brecciaLed x'hyoliLe,

— Daci Les

—Andes!Les
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Intrusi ves : Minor quax-Lz veins

Giant quarLz veins

(Px’ecaiubx'ian) Dolex’iLes

Gx-anites and 

Diox-ites (Arohean)

3.2 DeLailed Geology of the Wire Hills Area

In the Wix-e Hills area, Lhe geology is dominated by rocks 

of Lhe Nyanzian Group which are bo Lh vulcanic and 

sedimen Lax-y . Rooks of Lhe Kavirondian and the Bukoban

Groups are of minor occurrence while Lhe intrusives are 

dominated by the Oyugis granite and quaxLz veins. The 

x'ooks are described in deLail below.

3.2.1 The Nyanzian Group

The Nyanzian rocks LhaL occur in Lhe area include both 

vulcanics and sediments. The volcanic rocks are

represented by dacites, andesites, xhyoliLes and

associated pyx-oclas Lies. The sedimentax’y rocks include

banded irons Lone and cherts.
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3.2.1.1 Andesites

In Lhe area., andesile uulcrops are located about 7kui 

northwest of Oyugis around Kosele and Lo Lhe souLh of 

x*ivex* Awaoh Kibuoa. To Lhe nox'Lh and to Lhe wes L , Lhe 

andesites are bordered by dacites and rhyoliLes 

respectively .

In Lhe field, Lhe rocks axe bluish— ^reen, fine grained 

dense and show variable decrees of alterations and

deformations. In fr*esh ox- mildly deformed ouLcrops, Lhe 

rucks are uiasssive buL joinLed. In strongly deformed

zones, Lhe andesiLes are highly sheared resulting in Lhe 

development of sohisLosity in some ouLcrops. On

weathering along such shear* zones, Lite rocks break inLo 

thin slabs x*ieh in iron oxides LhaL have caused a reddish 

brown colouraLion on Lhern. MagneLiLe is frequently 

associated wiLh such weathering products. Quax*Lz veining 

is prominent in Lhe deformed zones and Lhe veins are 

emplaced within deformed rocks concordant Lo Lheir

foliaLion planes.

In thin section, Lhe major composing minerals include 

plagioclase, chlorite, augite, calciLe and minor amounts 

of sericiLe and iron oxides. The Lexture in thin section 

is typically porphyriLic, phenocrysts being mainly 

plagioclase feldspars and minor augiLe.
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Flow LexLure is commonly present. and is exhibited by 

crysLalli Les of plagioclases and sanidine (PlaLe 1). The 

crysLai 1 i Les are elongated in a particular Lx-end 

indicating Lhe direction of lava flow. The maLx-ix also 

contains Lhe same composition as Lhe phenocryaLs LogeLhex- 

with Lhe minerals lisLed above. The plagioclase is

dominantly andesine having an extinction angle of between 

15° and 25°. The andesine phenocrysLs ofLen show both 

polysynLhetic albiLe and Cax-lsbad twinning paLLerns. 

Interpenetrative Lwius of andesine were noted in one 

specimen in which Lhe twins enLex- each o Llier at an angle 

of abouL 90° . AugiLe fx-equently occurs as disseminated 

phenocrysLs Lypified by Lheix- high birefringence.

Quartz mainly occux-s in Lhe groundmass as a 

cryptocrystalline base as well as anhedral crystals. 

Some quartz also occurs as 'cloLs* anil as micro-veins 

Loo. Hox-nblende is rare buL when present, occurs as 

euhedral phenocrysLs. Secondary minerals are very

pxominenL in Lhin sec Lion and are represented by 

chlox-ite, sericite, calciLe and iron oxides in Lhe order 

of decreasing abundant.

Chlox-ite occux-s as greenish weakly pleochx-oic scaly 

masses in plane polax-ised lighL (PPL). In crossed pulars 

(XP) , Lhe mineral shows low bix-efriugence characterised 

by colours of Lhe first order orange. Chlox-ite shows good 

cleavages and extinction angle of less Lhan 6°. CalciLe 

commonly occurs and is determined by its characteristic
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( XP.X20 )

PLATE 1
Pho Louiicix-ô x-aph of andesiLe. Cry s Lai 1 i Lea are ol ancles ine 

and Lhey show a flow LexLux-e.
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Lwinning, z’hombohedral uleavagea, Lwinkling effeuL ami by 

its high inLerference colours in XP. The mineral occurs 

in Lhe grounduiass in Lhe form of grains, veins and as an 

alLeraLion producL of Lhe calcic-iuinerals.

SericiLe is a oouimon alLeraLion produc:L of Lhe silicaLe 

minerals. IL occurs in Lhe groundmass as small tabular 

flakes of high bix’efringence. Some sericiLe also occurs 

as dissemiriaLed flakes on feldspar’s. Iron oxides occur 

as dax’k and opaque minex’als wiLh irregular shapes and 

also as grains whioh are disseiuinaLed LhroughouL Lhe 

specimen.

Whole rock chemical 

LabulaLed in Table 

LhaL Lhe SiCh value 

ranges from 52% Lo

assay of represenLaLive samples are 

2. ExaminuLion of Lhe daLa I’eveal 

falls wiLhin Lhe andesiLe field whioh 

64% (HaLch, 1984, Carmichael el al,

1974 ) .

3.2.1.2. DaoiLes

The daoi Les occur in Lhe souLliern pax-L of Lhe sLudy area 

around Wii’e Hills forming a crescent shaped ouLorop 

(Map ). They are bounded Lo Lhe wesL and souLh-wesL by 

Lhe Oyugis gi’uniLe and Lo Lhe nox’Lh by Lhe x’hyoliLes. To 

Lhe souLh, Lhe daoiLes are overlain by Lhe Bukoban 

basalL.

In Lhe field, Lhe rooks are greyish Lo greenish grey fine 

grained, dense and occasionally flinLy. The ouLcrops are



t a b l e 2 WHOLE ROCK CHEMICAL ANALYSIS OF WIRE HILLS AREA ANDESITES (%)
OXIDE\ SPEC.NO. 1 46 1 47
Si02 59.21 59.49Ti02 0.75 0.83A1203 14.17 13.23Fe203 5.72 4.29MnO - 0.65MgO 2.16 1 .91CaO 4.20 2.17Na20 2.56 3.37K20 3.37 2.41P205 0.08 0.08Total 92.58 88.43

1 63 1 66 1 79 § 2

57.57 59.34 58.1 9 60.580.92 1.25 1 .50 1.17
15.12 14.17 16.06 14.17
7.15 7.86 8.58 7.15
0.16 0.13 1.00 0.13
2.25 2.50 2.12 2.16

14.44 12.01 8.48 6.23
2.02 2.16 2.02 4.85
0.24 0.36 0.84 1 .08
0.06 0.04 0.18 0.12

99.93 99.82 97.47 97.63
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generally liLhologically inliouiogenuus being highly 
ailiceoua in some uuLcxopa and Lending lo rhyolitic

composition, while others are more malic and approaching 

axidesiLic composiLion. On weathering Lhe rocks become

friable, yellowish or pale pinkish in colour and 

occasionally sLained reddish by iron oxides. The rucks 

fx-equenLly have dissemina Lions of pyriLe in euhedral 

grains and also as millimetre thick veins. In alLered 

zones, clear calciLe and quartz grains are presenL as 

inclusions in vesicles. Quartz veining is common and 

some of Lhe quarLz veins are auriferous. In some

outcrops, flow paLLerns are shown by vesicles which are 

sLi’aighLened and elongated into rods , some of which ax e 

infilled with quarLz.

In Lhin secLion, Lhe texture is Lypieally pox-pliyx'iLic and 

the phenocrysts often show flow paLLerns in which Lhe 

cry s Lalli Les are elongaLed in a preferred dix*ecLion. The 

maLrix is dominanLly fine grained. The phenocrysts are 

mainly composed of plagioclase feldspars Lhough Lhe 

pax'Liculax* minerals could not be de Lex-mined with much 

cex'LainLy due Lo Lhe alLeraLion which has masked Lhe 

albiLe Lwinning paLLerns. The quarLz comprise more Lhan 

40% of Lhe ruck. The uther prominent minerals include 

25% feldspars, 20% chlorite, 5% calci Le, 5% serioiLe, 3% 

iron oxides and 2% epidoLe.

Quax'Lz occurs in ’Pools’ and as anhedx-al grains

disseminated in Lhe groundmass. The quarLz ’pools’ are
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inferr'ed Lo represenl vesiulea which goL inrilled wiLh

silica..

ChloriLe, calciLe axid epidoLe are secondary minerals 

formed as alleraLion producls from Lhe mafic minerals. 

The abundance of chlori Le and epidoLe indicaLes LhaL Lhe 

px'imary mafic mixierals were compleLely alLered inLo Lhe 

secondary uiinei'als. ChloriLe occur s in Labular crysLals 

while calciLe occurs mainly ixx Lhe groundmass as small 

grains and veixis.

The epidoLe occurs boLh as Liny graixxs and as

disseuiinaLed rounded phenocrysLs. The epidoLe is pale 

greenish in PPL and occurs in euhedral masses which in XP 

shows strong birefringence characLerised by Lhird ox’der 

ixiLerference colour's.

Ii'oxx oxides occur* as opaque dax'k minerals dissemixiaLed 

LhroughouL Lhe specimen. Occasionally hemaLil-e occurs in 

box works sLrucLure while uiagneLi Le occurs as a 

replacemenL of Lhe mafic minerals.

SericiLe occurs in minor Labular flakes which ofLen show 

a prefTered orienLaLion and are characLerised by high 

ixiLerference colours ixi XP. Some sericiLe crysLals occur 

as x'eplacemenL of Lhe feldspax's.

Chemical analysis of Lhe daci Le are given ixi Lable 3.

Fx-om Lhe Lable, Lhe resulLs of silica (Si02) analysis 
Tails in Lhe x'axige of 64-68% which is considered Lo be
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TABLE 3 WHOLE ROCK CHEMICAL ANALYSIS OF WIRE HILLS AREA DACITES, m

OXIDE\SPEC.NO. 218 184 239
Si02 68.87 67.37 65.88
Ti02 1.08 1 .17 1.17
A1203 14.17 14.17 14.17
Fe203 5.72 5.72 6.43
MnO 0.13 1 .00 0.13
MgO 0.53 0.46 1 .41
CaO 3.48 3.57 7.40
Na20 4.72 5.32 3.64
K20 2.05 1 .20 0.75
P205 0.06 0.06 0.14
Total(%) 100.81 100.04 101 .12



29

the range fur a daeiLic ruck (HaLch, 1984).

3.2.1.3 RhyoliLea

The idiyoliLea fox'rn the dominant. ruck uni L ill Lhe aLudy 

area. The ryulilea uccupy the cenLral and eaalern

secLions, bounded by Llie andealLea Lo Lhe north weaL, 

dacitea and graniLea Lo Lhe suulh-weaL and overlain by 

Die Bukuban lrnaal La Lo Die aouLti east.. They overlie Die 

inLei'iuediuLe lavaa and irunsLune. The idiyoliLea have a 

maximum accuuiulaLiun on Lhe Wii'e hilla where aa a rock 

unit, Lhey aLLain a Lhiukneaa of mure Lhan 300ui. Baaed 

on Lheix* uiacruscupic LexLuxea, Lhe idiyoliLea can be 

subdivided inLo Lhree aub— uniLa. Theae subdiv iaiona are: 

fine gi'ained idiyoliLea, flow brecciaLed idiyoliLea and 

brecciaLed rhyoliLea.

(a) Fine Gi’ained RhyoliLea

Fine grained idiyoliLea are Die uioa L eommon among Die 

rhyoliLic rucks. The rucks are fine grained and flinLy 

ofLen breaking in a aplinLery manner producing sharp 

edgea which are LranslucenL Lo LransparenL. The rocka 

are highly siliceous varying in colour from creamy whiLe 

Lo shades of green and lighL pink. Maroon coloured Lypea 

have been noLed in drillcorea LogeLher wiLh yellowiah 

Lypea. There ia ofLen a porphy ri Lie varieLy in Lercalu Led 

wiLhin Lhe fine grained Lype. The phenoeryaLa observable 

in ouLcrups are mainly clear quarLx cryaLala in anhedral
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shapes measuring upLu 2uiai. The fine grained x'hyoliLes 

ofLexi wealher Lo a yellow ox* pale pinkish whiLe i’riable 

rook, commonly sLained Lo x-eddish colours by iron oxides. 

Fresh uuLorops of Lhis rock Lype have been noLed on Llie 

wesLern peaks of Lhe Wix-e Hills and along Owade river. 

The resL of Lhe occurrences axe alLered equivalenLs.

In Lhin secLion, Lhe LexLure is weakly por-phyri Lie in 

which Lhe phenocx-ysLs are embedded in a fine gx'ained 

gi'oundmass . The phenocrysLa ai'e mainly composed of

euhedral sanidine crysLals. The gi'oundmass is mainJy

composed of fine gx-ained quarLz and feldspar's LogeLhex- 

wiLh sex-ici Le and ir on oxides. The sanidine phenocrysLs 

comprise less than 2% of Lhe rock and occurs wiLh 

hexagonal crysLal uuLline. In LoLal, Lhe feldspars

comprise abouL 40% of Lhe rock.

The quaxLz phenocrysLs occurs in euhedral dipyx'amidal 

shaped crysLals while in Lhe groundmass Lhe quarlx occurs 

in anhedx'ul fine grained masses which comprise about 50% 

of Lhe ruck. Sex-ici Le occurs in very small scaly masses 

in Lhe groundmass charac Lex'ised by iL's high inLex'fex'ence 

colour's in XP. Some sex-ici Le crysLals occur- as a

replacemenL on Lhe feldspar- phenocrysLs. Serici Le

comprises abouL 8% of Lhe rock. Iron oxides fx-equenLly 

occur- in fine grained uniLs dissem i na Led LhxougliouL Lhe 

rock and consLiLuLe abouL 2% of Lhe rock.



31

In Lhe drill core sampl es , Lhe Fine grained rhyolites 

exhibiL inLense alleraLions wiLh abundance of serici Le 

and introduction of chlorite ami calcite. Theae laLLer 

minerals are aLLribuLed Lo hydrothermal aoluLiona which 

invaded Lhe ruck.

(b) Flow Brecciated RhyoliLe

Occurrencea of Lhe flow brecciated rhyolite waa mainly 

obaerved in drillcorea recovered from Lhe Wire hi 11a 

area. The rhyoliLe aLraLigraphical1y underlies Lhe Luffs 

and lapilli Luffa.

In hand specimen, Lhe rock ia fine grained, dense, 

siliceous and has well rounded fine grained rhyoliLio 

clasLs. The colour ia commonly leucocralic wiLh ci-eauiy 

whiLe shades although greenish colours do occur due Lo 

ehloriLizaLion, especially near Lhe mineralized zones. 

The LexLure is agglomeraLic and where there is

alLeraLion, Lhe clasLs Lend Lo be Lhe least alLered.

In Lhin section, Lhe rock is essenLially composed of 

quarLz and feldspars wiLh minor occurrence of calciLe, 

chlorite, sericiLe and accessory iron oxides. The

LexLure in Lhin section is mainly fine grained buL 

occasionally porphyriLic units occur-. Quartz occurs boLh 

as phenocrysLs and as anhedral masses in Lhe groundmass. 

The phenocrysLs have a di-pyramidal crysLal ouLline. The
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feldspar phenocrysLs when present are mainly aaniiline. 

The groundmass ia composed of quartz, feldspar and Llie 

seuundary minerals, namely; 10% sericile, 5% chloriLe and 

3% oaloiLe. Quartz comprises more Lhan 40% of the rock 

while feldspar- comprises abouL 35% and iron oxides about 

2%.

A distinctive feature of the flow brecciated rhyolite is 

Lhe absence of a distinct boundary beLween the clasLs and 

the matrix and also Lhe continuity in mineral composition 

fi'om Lhe maLrix Lo Lhe clasLs. The formation of Lhe flow 

brecciated rhyolites has been postulated by among others 

Spence, 1975 and Spence and de Rosen-Spence, 1975.

The formation is thought Lo be as a result of

aulobrecciaLion which occurs when a rhyolitic lava flow 

inLo water. The interaction beLween Lhe cold water and 

Lhe hot lava resulLs in chilling of Lhe lava frunL which 

Lhen solidifies earlier Lhan Lhe other- parts of Lhe lava. 

The chilled and solidified portions of Lhe lava are Lhen 

inco—operaLed inLo Lhe lava giving it an agglomeratic 

ouLlook. The chilled and solidified lava is more

aphariitic Lhan Lhe res L of Lhe lava which solidify 

slowly.

(c) Brecciated Rhyolite

The rock was only observed in Lhe drillcores recovered 

from Lhe Wire hills in Lhe drillholes 86/1, 86/10, RF/22,



33

RF/22 (Figure 3 uiul appendix ). The rock unil occurs in 

Lhe lower aLraLigx-aphic zones aL depLha exceeding lOOui. 

In drillholes 86/1 and RF/22, Lhe relative Lhiekness of

Lhe rook unit averages about 20m. While in drillhole

86/10, a x’elaLive Lhiekness of about 140m is present. 

The occurrence of Lhe rook unit in drillhole RF/21

extends below Lhe maximum drilled depth.

In hand specimen, Lhe breccias vary in size fx-oui less 

Lhan 5x5mui Lo 70x30uiin. The breccias are generally

leucocraLic being yellowish buL gi'eyish gx'een in some 

occurrences. In plaLe 2, Lhe ceiuenLing uiaLerial is

greenish and fine gx-ained buL occasionally iL has 

greenish fibre-like structures of chloxiLe. The breccias 

ofLen show minimal displacement and in such specimens Lhe 

opposing faces match and can fiL pex'fectly well when 

moved closer Lo each other-. The edges ol Lhe breccias 

are sharp but in mosL cases have been sinooLhened Lo 

varying exLenL. In Lhin section, Lhe breccias are

composed of fine grained x’hyoliLes in which quarts and 

feldspars are Lhe dominauL minerals. Sei'iciLe is

proiuinent but chlox’i Le is in minor- quanLiLy comprising 

abouL 2% of Lhe rock.

The occurrence of brecoias have been no Led in oLhex- 

counLx'ies where iL is associated wiLh volcanogenic

massive sulphide deposits especially within Lhe Canadian 

Arehean greens Lone belLs. The fonuation of Lhe breccias

has been hypothesised by many geologists, among Lhern
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PLATE 2
Photograph of bx-ecuialed 

(1) are cemeiiLed by a 

suioolhening of breccias

PHIVERS11 Y OP NAIROBI 
library

x-hyoliLe. The x-hyoliLe breccias 

ehlox’iLie uiaLei'ial. NoLe Lhe
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MiLchaw, ( 1974) ami Bi-ya.nL, (1968). Suwe ^euJugiaLa, 

udiuii^ Lhem BryanL ( 1968), favour an intrusive origin

while olhera favoui- explosive voloaiiism and yeL uLhera a 

LecLonic model. Most sLudies reveal LliaL Lhe breuciaa 

form close Lo Lhe venLs of ei-upLion and are a product of 

fracturing caused by Lhe explosive acLivity of Die 

volcaniaui.

For Lhe case of Die Wire hills brecciaa, a LecLonic model 

is postulated because of Lhe following reasons:

(a) While Die rhyolite brecciaa elsewhere are associated 

with sulphide mineralizaLion, Diese breccias oi Die Wire

hills are non—mineralized. excepL fox- Die hydx-oLhex-mal

alteration which lias affected Die cementing matex-ial and 

also Lhe breccias.

(b) The brecciated zones coincide with zones of faulLing 

as revealed by geophysical surveys and

(c) In one case Die unit is coincident wi Di zones of 

displacement of Lhe sulphide bodies (Fig. 13).

IL can Lhex-efox-e be concluded DiaL Lhe breccias 

originated from fault movements. The faulting superceded 

sericiLizaLion which reaulLed in Lhe rock attaining Lhe 

yellowish colour. The openings which developed resulted 

in Lhe migx-ation of hydrothermal solution upward. This 

solution x-esulted in Die smooLhening of Die shai-p edges
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of Lhe bx-eccias and deposition of uhloriLe within Lhe 

space between Lbe breccias. The direction of flow of Lhe 

solutions is indicated by Lhe growth of chlorite fibi-es 

which are elongaLed in Lhe direction of flow.

3.2.1.4 Garnetiferous Band

This x-ock uniL occux-s as a band which was noLed in 

dx’illhole RF/21 at a depLh of between 167m and 1 5 8 ju .  The 

rock unit occux-s between fine grained yellowish xhyoli Le 

and massive pyx’xhotiLe ore which form Lhe fooLwall x-ock.

In hand specimen, Lhe x-ock is pox-phy ri tic with x-eddish 

bx-own almandine gax-xjeL being pxoiuinenL and occurring in 

clusLex-s in a fine grained dax-k iJreen chlox-itised maLx-ix.

In thin section, Lhe texture is siuiilax-ly pox-phy x-i tic. 

The phenocx-ysts of almandine garnet comprises about 30% 

of Lhe ruck. The gax-neLs occur- in euhdex-al aggregates 

which show alot of fracturing, Lhe space in beLween 

being infilled wi Lh quax-Lz (Plate 3). Quartz comprises 

abouL 25% while chlox-ite accounLs fox- about 40% of Lhe 

x-ock. Ix’or» oxides and other- accessory minerals accounL 

fox- the x-euiaining 5%. QuurLz occux-s in anhedx-al masses 

associated with Lhe garnets and also as fine separaLe 

grains.

Chlorite occurs in green Labulax* and weakly pleochruic 

units while iron oxides occur- as opaque minerals
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( XP.X20)

PLATE 3
Pho Loiuiurogi-aph of a ^arneliferous rock, Garnels (1) are 

fractured and infilled wiLh quartz (2) . The hoyL rock

(3) ia highly ehloriLized for example ay no Led in Lhe 

righL hand aide of Lhe phoLouicrograph.
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disseminaLed within Lhe gruundiuass. The ehloriLe is a 

px-oducL of hydruLherual magnesian uie La soma Liu al LeraL i on. 

This x-esulLed in Lhe cuuipleLe alteration of Lhe feldspar's 

to chluriLe due Lo Lhe iniruducLLori of magnesium. This 

change resulLed in the release of silica which is 

expressed in fracLures in Lhe garnets as quart?..

The presence of garnels in Lhe rock possibly resulLed 

from high Lemperature hydro Lheriual alteration of Lhe 

aluminous xock. Since Lhe ruck is highly altered, iL is 

suggested LhaL Lhe altered rock was a Luff. Tuffs were

found, fx-oiu Lhe presenL sLudy Lo be more susceptible Lo 

liydx*oLhex'uial ul Lex'a Lions .

3.2.1.5 Quartz Porphyry

A typical occurrence of Lhis rock Lype is of limiLed 

exposure in Lhe sLudy area. However-, Lhe rock is

px'oiuinenL on Kisux-i hills northeast of Lhe muin Wix-e 

hills. Hex-e, due Lo 1 Ls high resistance Lo weathering 

and erusion, Lhe outcrop forms a high posiLive x-elief. 

The Kisux-i chain of hills quartz pox-phyx-y is displaced by 

a faulL LhaL Lr*ends N60*E in Lhe area just easL of 

Nyalenda (Map). Tlie rock is displaced Lo Lhe south by a 

distance of abuuL a kiloiuetr-e.

In Lhe field, Lhe rock is massive, jointed, whitish Lo 

pale-greenish ox* pale-pinkish and strongly porphy x-i Lie. 

The phenocx*ysLs are of euhedral clear- quartz crystals
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with typical pyx'amidal terminations. The quarLz crysLals 

vary in size from about lmui Lo lOuiiu, rarely exceeding 

14 miu. bu L on Lhe average about 2miu in cross-aeulion. The 

maLrix is ofLen medium Lo coarse grained and composed

duuinanLly of quartz. In some of Lhe outcrops,

especially a. L Lhe peak of Lhe hill, Lhe rock is

scoriaceous in nature giving it a porous f roLhy

appearance.

In Lhin seoLion, Lhe LexLure is porphyriLie and Lhe 

phenocrysLs are embedded in a coarse grained matrix. The 

rock is composed of abouL 70% quartz, 25% sericiLe, 2% 

iron oxides and about 3% feldspar's. The phenocrysLs ax-e 

mainly of hexagonal shaped quarLz crystals (PlaLe 4). 

These crystals are occasionally fractured or cracked and 

Lhe opened up spaces infilled with serici Liu uiaLex'ial. 

Feldspar- occasionaly occurs as highly altered

phenocrysLs. Most parts of Lhe feldspars are altered 

into sericiLe but Lhe rectangular crystal outline and 

weak carlsbad twinning are occasionally preserved. The 

matrix is dominated by coarse granular aggregates of 

Quarts. The quarLz grains of Lhe matrix appear well 

rounded and of nearly uniform size. Surrounding Lhe

coarse grained quarLz crystals are fine tabular 

aggregates of sericiLe. The abundance of sericiLe in Lhe 

matrix possibly explains lack of feldspar's in Lhe maLrix 

as they could have been completely altered inLo sericiLe. 

The iron oxides occur both as dark and reddish opaque 

minerals. The reddish colour which persists boLh in PPL
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( XP, X20 )

PLATE 4
PhoLoiuicrugraph of quartz porphyry. QuarLz phenoeryala

(1) are embedded in a medium grained matrix.
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ami XP indicates Lhe presence of haeiuaLile while Lhe dax-k 

and opaque wixxex-al in PPL and XP is possibly magne Li Le. 

The oxides occur as disseiuinaLed gx-ains in Lhe luaLx'ix.

The quax-Ls porphyry is suggested Lo be of volcanic origin 

mainly because of Lhe following reasons:

(a) No shax-p con Lac L exisLs beLween Lhe quax-Lvs pox-phyxy 

and Lhe other- volcanic locks.

(b) The quartz pox-phyxy grades laterally inLo Lhe oLher 

exLx-usive rucka, no Labi y Lhe fine gx-ained rhyolil.es uwuy 

fx-orn Lheix- uiaixi occurrences .

(c) Vesiculax-i Ly of Lhe rock on Lop of Kisux-i hill which 

Lhough is of luinox* exLenL, suggesLs a sub-aerial Lype of 

volcanisiu.

(d) The abundance of columnar joinLed ouLcrops on Lop of 

Lhe Kisux-i hill as uiosL uccurreiices of Lhis JoinLing 

paLLex-n have only been observed in volcanic rocks.

3.2.1.6 Pyx-oclasLic Rocks

%

The pyx-oclasLic rocks are of relaLively minor- occurence 

in Lhe Wix-e hills area. The rocks mainly occur- as

inLex-calaLions within Lhe x-hyoliLic rocks, but resulLs 

from Lhe dx-illcox-es reveal LhaL they often over-lie Lhe 

i-hyoliLic rocks. The rocks comprising Lhe pyroclasLic
tunits include Luffs, crystal Luffs, lapilli Luffs and

aggloiuex aLes .
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(a) Tuffs, CrysLal Tuffs anil Lapilli Tuffs

These racks are inLimaLely associated with each other and 

with the rhyolitic rocks in which Lhey occur- boLh as

intercalations and as an overlying unit. In outcrops,

the Luffs are someLimes difficult Lo distinguish from Lhe 

rhyolitic rocks especially when both rocks are weathered.

(i) Tuffs

The Luffs occur in Lhe northern and southern foot of Lhe 

Wire hills. In Lhe southern ouLcrop, Lhe band is about 

100-200m. Lhick and is sandwi tolled beLween Lhe

rhyoliLes. The rock is whitish pink, fine grained and 

weakly porphyritic with Lhe development of a greasy

LexLurts. The northern outcrop is highly sheared Lo a 

schistose rock, but in places, Lo slates where individual 

folia can be cleaved off Lhe rock with ease. This

intense shearing has been made possible by Lhe proximiLy 

Lo a fault zone which LransecLs Lhe Wire hills in a NNE 

trend. However-, Lhe overlying fine grained rhyoliLe is 

relatively underformed. The northern tuff ouLcrop is 

highly stained reddish by iron oxides which were possibly 

derived from Lhe overlying banded iron formation.

In thin section, Lhe Luffs are composed mainly of fine 

grained quartz crystals and also recrysLallized quartz 

masses developed along Lhe shear planes. The quartz
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comprises abouL 70% of Lhe rock, Lhe real being, 20% i ron 

oxides and 10% serici Le. The douiinanL ix-on oxide is 

haeuialile which shows a x-eddish colour bo Lh in PPL and in 

XP. Serici Le occurs in uiiuor Labulax- flakes which are 

colourless in PPL, buL slrungly bix-efxingenL in XP. BoLh 

serici l.e ami fhe liaeuiall Le grains show Lhe effecLs of 

shear sLx'ain.

(ii) Ci-ysLal Tuffs

The occurrence of crysLal Luffs were mainly noted in 

dx-illcores recovered fx-oiu Lhe Wix-e hills area. The rocks 

are fi'equeiiLly sLroiif'ly sheared and alLex*ed. The effecLs 

of supergene alLeraLions x'esulLed in Lhe forniaLion of a 

whiLish sufL x'ock in which clay minerals are douiinanL. 

The hydl'OLherinal hypogene alLeraLions on Lhe oLher hand 

I'esulLed in Lhe fox-inaLioxi of a highly chlox’iLised rock 

which Lends Lo a clilox-iLe schisL.

In Lhin secLion, Lhe crysLal Luffs are porphy r*i Lie and 

show Lhe effecLs of shear- strain. The mineral

composiLiun is douiinaLed by quarLz wliich compx-ises abouL 

50% of Lhe rock while sericiLe and/or- chlox-iLe coiupx-ise 

abouL 45%, Lhe resL being iron oxides and oLher accessory 

minerals. The quax-Lz occurs as euhedral crysLals and as 

angular fx-agmenLs disseminaLed in Lhe rock (Plate 5). 

The quarLz phenocrysLs and fx-agmenLs of Leri show corrosion 

effecLs where Lhe crysLal in exLx'euie cases, is reduced Lo 

shapeless wrecks (PlaLe 6). The waLrix is generally fine
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( XP, X20)

PLATE 5

PhoLomierophgi'aph of urysLal Luff showing quartz 

fragments and crystals (1) embedded in an alLered and

sheared matx*ix.



( XP, 20 )
PLATE 6

Photomicrograph of uryaLal Luff showing the corrosion 

effects on the quarlz crystals (1). The matrix has been 

al Lei eil Lo a chlorite and serioiLe rich rock.
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gx-ained buL dominaLed by uiinuLe Labulax- urysLals of 

seriijite which are ox-ienLed parallel Lo each oLher (PlaLe 

5). This indicaLes LhaL Lhe sex-iciLe cxysLals developed 

alon^ Lhe planes of weakness ^eneraLed by Lhe shear* 

fureea. Where hypogene alLeraLions doiuinaLe, Lhe auiounL 

of aeriei Le is reduced wiLh Lhe i nl.roiluuLiun of chluri Le 

and epidoLe.

(lii) Lapllli Tuffs

The lapilli Luffs were noLed in drillcores and 

ocuaaionally as siuall ouLcrops overlying rhyoliLic rooks 

of Lhe Wix-e hills.

The Lapilli Luff ouLerops were ofLen noLed Lo gx-ade 

laLex-ally inLo agglomex-a Les wiLh which Lhey are aliuosL 

6similax- exuepL for* Lhe size of Lhe f r agmenLs. In Lhe 

drillcores, Lhe lapilli Luffs uonsisLs of lapilli—sized 

fragmenLs which are commonly in Lhe range of beLween 2mm 

and 5mm diameLer (PlaLe 7). The maLx-ix is usually fine 

grained and commonly alLered Lo mica minerals which may 

be sex’iui Le or ehlox-iLe. The lapilli fragmenLs are

composed of x'hyoliLic and pumiceous rocks which are ofLen 

sheared inLo conf ox-uiable trends wiLh Lhe foliaLions. The 

shear- effecLs have modified Lhe shape of Lhe fx-aguienLs

such LhaL Lhey bulge in Lhe cenLre buL are fx-ayed at Lhe

ends. This could also be due Lo flighL i.e. shape

modified dux'ing Lhe flighL of Lhe fx-agmenLs {semi —
molLen).
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PLATE 7
Photomicrograph of lapilli Luff. 

(1) are pumice while Lhe cemeuL 

consolidated ash.

The laplli fragments 

(2) is fine grained
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Ix» Lhin sec Lion, Lhe X'oeks occasionally have cryslala of 

quax'Lz which are often corroded, buL angular' quartz 

f ragmen Is are also common. The cemenLing material is 

composed of fine grained quarLz LogeLher wiLh any of Lhe 

following minerals; euleite, chlorite, aeriuite and iron 

oxides depending on Lhe type and exLenL of alterations of 

Lhe rock. The uhlox-ite and Lhe sericiLe occur in Labular 

and fibi'ous aggregates while Lhe iron oxides occur in 

rounded gx'ains disseiu i naLed in Lhe specimen.

(b) Agglomex'a Les

The agglomex'a Les are of minor uccurrencu wiLhin Lhe Wix-e 

hills area. Outcrops occur as patches on Lhe Wix'e hills, 

along Owade river, in Lhe souLh area of God Nyango hill 

and also along a seasonal river bed west of Sino kagola 

School (Map 1 ) .

In Lhe field, Lhe agglomex'a Les consist of rock fraguienLs 

uieasux'ing upLo 50x40cm. On Lhe Wix'e hill, Lhe outcrops 

axe massive and Lhe fragments do noL show any alignmenL 

or shear- effecLs (Plate 8). The fxagmenLs are composed 

of fine grained x'hyoliLes which is also Lhe composition 

of Lhe oeiuenLing material. In Lhe outcrop souLh of God 

Nyango hill, Lhe fx'agmenLs show flow/shear effecLs where 

Lhe fx-aguieuLs point in a pax'Liculax- direcLion. The

outcrop along Lhe river valley wesL of Sino Kagola is 

abouL 30m. wide and more than 200m in length. The
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PLATE 8
Bol.h Lhe 

I'hyuli Lie"

cuiupos i L i o n .

PhoLomicrograph of an agglomei-aLe oulcrop. 

fragments (1) and Lhe cement are of
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agglouiex-aLe uulcrup is strongly sheared, striking E-W and 

dipping 70* Lo the norLh. The fragments are sub-rounded 

ami flaLLened, Lhe flat surface being pax-allel Lo Lhe 

sLx-ike. In this occurrence, Lhe eeuienLing maLerial is

relatively highly sheared and altered when coiupax*ed Lo

Lhe f x-agiuenLs .

The presence of agglouieraLe indieaLes Lhe existence of 

volcanic cenLres in Lhe viciniLy. From Lhe sLrucLux-e of 

agg 1 oineraLes on Wix-e hills as descx-ibcd above, iL can be 

in Lex-px-aLed LhaL Lhe volcanic venL is possibly close Lo 

Lhe hill Lop.

3.2.1.7 Nyanzian SediuienLary Rocks.

(a) Banded IrosLone

The banded ironstone is of common occurrence in Lhe Wix-e 

hills area parLiculax’ly where xhyoliLic rocks outcrop. 

The i runs Lone overlies Lhe x-hyolil.es unconforiuably and in 

places iL is overlain by Lhe xliyoliLes ox- Luffs. The

rocks are well disLx-ibuLed in Lhe s Ludy area with Lypical

occurrences on Pakla, God Nyango, MiLhui and Wix-e hills 

(Hap) . The rock outcrops usually fox-m areas of high 

x-elief due Lo Lheix- I'esislance Lo weathering and erosion 

caused by Lhe abundance of chex-L in Lhem.

In Lhe field, Lhe banded ironstone is highly fractured 

and occurs largely as floaLs such LhaL Lhe original
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bunding 

boulders 

f racLux*es 

i runsLone 

nature of

pa L terms are rarely preserved. The larger* 

are also eonLorLed and broken by smaller 

and micro-faul Ls . The ease with which Lhe 

is fractured is aLLribuLed Lo Lhe briLLle 

Lhe ruck due Lo Lhe chert layers.

In hand specimen, banded irons Lone typically occur* as 

chert bands alternating wiLh brownish-red iron rich bands 

composed mainly of haemaLlLe. The sixe of Lhe bands are 

variable and a fairly well developed banding on Pahla 

hill shows cherLy bands having a maximum Lhickness of 3cm 

alternating wiLh bands of iron oxides of Lhickness in Lhe 

range of 0.5cm Lo 1.5cm (Plate 9). The cherL rich bands 

frequently contain microbands of reddish iron oxides. 

Similarly iron rich bands do occasionaly con Lain 

microbands of chert layers in Lhe order of l-2mm in 

thickness. In Lhin section, Lhe cherLy layers consist of 

microcx-ys Lai line quartz which occurs in rounded or

spherical shapes forming a conLinous mass LhruughouL Lhe 

specimen. Under* crossed nicols iL shows a finely

speckled and twinkling apearance. Inclusions of coarse 

urysLals of quarts do occur* and appear* Lo be a product of 

recrysLallisution. Mierobunding is evidenced in Lhin

section where Lhin bands of iron rich layers occur wiLhin 

Lhe microcrystalline mass.
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PLATE 9

The phuLogf’aph is 

Pakla hill. The 

uherly bands (2).

of banded irons lone 

iron-rich bands {1)

uolleeled fx-orn 

allernale with
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(b) WhiLe Chert

The white chert occurs in a single outcrop on Lhe second 

highest peak of Lhe Wire hills. The rock is whiLe, 

massive, frequently joinLed and fractured. The outcrup 

has a diaineLre of abouL 30m and attains a maximum 

thickness of about a meLre. The cherL is very fine 

grained, non-banded and brittle. IL breaks in a

splinLery manner' producing sharp edges which are nearly 

transparent. The chert is noL mineralised wiLh pyi'i Le as 

opposed Lo Lhe oLher cherts which are associated wi Lli 

ironstone ouLorops. The chert overlies Lhe pinkish, fine 

grained rhyolites of Lhe Wire hills.

In thin seeLion, Lhe chert consists of 

aggregates of quarts observable in 

Inclusions of coarsely recrysLai1ised 

occurs within this rock unit.

The presence of the cherL aL the top of Lhe Wire hill is 

indicative of Lhe fact that this area was once a marine 

sed imentary basin. The conditions must have been quiet 

which made iL possible for silica Lo be precipiLaLed as 

colloids. The area was thereafter subjected Lo uplift 

which generated weathering and erosional processes. 

CherL being very resis tanL Lo Lhese processes remained as

micx'ocrys tal 1 ine 

crossed polars. 

quarLx commonly

a capping
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The Kav i rondian sedimenLs are rare within Lhe sLudy area. 

The rouksi are only I'epreaen Led by an uulurop of 

sandsLone. The sandsLone forma a email isolaLed exposure 

on Lhe mid-slope of Mawixa x-idge behind Gyugis town. The 

outcrop is abouL 10m Lhiok and is underlain by weaLliered 

dauiLes and overlain by Lhe pox-phy x-i Lie basal L of Bukoban 

age. The rock is medium Lo fine gx-ained and shows good 

bedding alructures. The beds dip genLly Lo Lhe souLh 

with magnitudes of between 10’ and 25* . This contrasts 

wiLh Lhe genexal direction of Lhe Nyanzian rooks which 

dip at high angles Lo Lhe norLh-easL . The difference in 

Lhe dip dix-euLion and magni Lude indieaLes LhaL a strong 

angular unoomformiLy exisLs beLween Lhe Kavirundian

sedimentary unit and Lhe underlying Nyanzian rocks.

In thin section, Lhe rock consists of mure than 50% 

quarLz, 2% feldspars, 30% clay minerals and abouL 18% 

ix-on oxides. The quax'Liz uccurs as round grains embedded 

in a fine grained grounduiass. QuarLz crystals are rare

but when presenL they occur- in a tabular- form with a size 

comparable Lo LhaL of Lhe ruunded quartz grains. Iron 

oxides and clay minerals form Lhe major- component of Lhe 

gxoundmass. Lhe clay minerals are dominated by sericiLe, 

kaoliniLe and minor chlox-iLe. The iron oxides are

dominantly reddish haematite buL magneLiLe-also occurs as 

disseminated rounded grains.

3 . 2 . 2  T h e  K a v i r o m l i a i i  G r o u p
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The Bukuban rocks are similarly of minor1 uccurreuue in 

Lhe sLudy area buL Lypieally occur capping Lhe Mawira 

ridge behind Oyugis Lown. The Bukoban rocks are

represented by an ouLcrop of porphyritic basalL. The 

basalt occurs overflying the Nyanzian dauil.es, and in parL 

Lhe Kavirondian sands Lories and Lhe Oyugis graniLe.

In hand specimen, Lhe rock is bluish-green, fine Lo 

medium grained and weakly porphyriLie. The phenoerysLs

are mainly feldspars whieh occur- as Labuiar crysLals 

reaching abouL 7mm long. The other phenoerysLs are of 

dark green augiLe. Some ouLcrops are amygdaloidal wiLh 

Lhe structures assuming spheroidal shapes which vary in 

size from 1mm Lo 5mm. The quartz LhaL occupies Lhe

amygdules occurs in Lwo fonus,namely I Coarse crysLals of 

quax-Lz Lypical of grow Lh in an open space and 

microcrysLai1ine quarLz Lypical of deposition of silica 

from a colloidal soluLion. PyriLe and quarLz veins are 

common in Lhe Bukuban basalL.

. In Lhin secLion, Lhe basalt is composed of Lhe following 

minex'als ; oligoclase, augiLe, serici Le epidoLe and

chlor-iLe. The plagioclase occurs as phenoerysLs and as

felLed small crystal laLhs in Lhe uiaLrix. The feldspar 

frequently shows alterations Lo sex-ici Le while Lhe mafic 

miriex*als alter Lo chlox-iLe and epidoLe. AugiLe occurs 

boLh as phenoerysLs and as disseminaLed crysLals within 

Lhe matrix. From Lhe succession determined fox- Nyanzian 
l

3 . 2 . 3  T h e  B u k o b a n  G r o u p
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and Kaviroiulian Groups by HuddlesLon, (1951), Lhe baua.lL 

uverliea Lhe Kavirondian and Nyanzian rouka wiLh an 

uncomfoirniLy. HuddlesLon, (1951), also divided Lbe rucka 

of Lbe Bukoban Group inLo Lower, Middle anil Upper Groups 

wiLhin Lhe Kisii series. Froui Lhe presenL sLudy, iL uan 

be inferred LhaL Lhe pox-phy i-i Lie basal L belongs Lo Lhe 

Lower- Group of Lhe Kisii sex-ies. The occurrence

repreaenLa a x-eunianL of an exLensive basal L ouLex-op now 

exuded foxiuixxg sxi ouLliex-.

3.2.4. Qualernary and RecenL DeposiLs

These deposi Ls include all Lhe supex-fieial lual.ex-ials 

found ixi Lhe sLudy area which include mainly soils and 

laLex-i Les.

(a) LaLeriLes

The laLex-i Les are widespread and occur as a x-eddish 

bx-own, coax-se grained and porous mappable lock unit. The 

lock caps uiusL of Lhe oLhex- rock Lypes wiLh Lhe excepLion 

of gianL quax-Lz veins and chex-Ls. Large deposi La of a 

Lhiekness exceeding 10m are fx-equenLly presen L on Lhe 

xhyoliLes fx-oia which Lhey are mined as a raw uiaLex-ial fox- 

road and building cons Lruc Lion. Dux-ing Lhe presenL sLudy 

iL was xioLed LhaL laLex-i Les developed on andesiLes, 

daci Les and gx-aniLes are of smaller- magniLude and of 

Lhiekness of less Lhan a metre.
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(b) Soils

Under- Lhis uaLe^oriaaLion are include gravels, alluvium, 

swamp deposiLs and residual soils.

Alluvium and gravels are px-esenL along river beds and are 

well developed along Lhe beds of major- rivers in Lhe 

sLudy area. Among Lhe residual soils, Lhe rnosL common is 

Lhe x-eddish-bx-own volcanic Lype which is commonly found 

overlying Lhe x-hyoli Les as a produeL of weaLhering. 

AndesiLes and daciLes commonly weaLher Lo black coLLon

soils buL in Lhe area ax-ound Oyugis, Lhe daciLes weaLher 

Lo x-eddish soil. Therefore, Lhe black colouraLion

observed is mainly due Lo Lhe presence of organic uiaLLex- 

since Lhese rocks mainly occupy Lhe low swampy grounds.

GreaL Lhickness of Lhe black coLLon soil however- occur in 

swamps irrespecLive of Lhe Lype of Lhe under-lying rock. 

The gx-aniLic rocks fx-equexiLly yield coarse gx-ained sandy 

lighL yellow brown soils. The gx-aniLic soils due Lo Lhe 

high conLenL of quarts are used as a raw maLex'ial fox- 

road consLrucLion and building purposes.

In general, Lhe rocks are commonly deeply weaLhered Lo 

depLhs exceeding 10m. In some places excepL on hill Lops 

where Lhe soil cover- is Lhin ox- lacking.
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The major* inLruaive rocks are gruni Lea and quarLz 

dioriLea while Lhe uiinur inLruaive uni La include doleriLe 

dykea and quarLz veins. The major inLruaives ouLcrop in 

Lhe weaLern and aouLh wesLern aecLiona of Lhe aLudy area 

while Lhe minor inLruaivea occur- Lhrough-ouL Lhe area. 

The varioua forms of Lhe inLruaive rocka are diacuaaed 

below.

3.2.5.1 The Oyugia GraniLe

Thia ia Lhe major inLruaive body wiLhin Lhe aLudy area. 

IL ouLcropa in Lhe area aouLh—wesL of Koaele and weaL of 

Mawira ridge.

In Lhe field, Lhe graniLe ouLcropa are eaaily idenLified 

by Lheir large fr-agmenLary bouldera LhaL a Land ouL in Lhe 

generally low alLilude.

In hand apecimen, Lire rock ia coarae grained, leucocraLic 

wiLh whiLe and pink feldapara in a leucocraLic maLrix 

apeckled wi Lli greeniah paLchea of mafic minerals. The 

rock occasionally lias dark green xenoli Lhs which are 

mainly compoaed of hornblende. The xenoliLha measure 

upLo 5cm in lengLh. The graniLe ia frequenLly

mineralized wiLh pyx-i Le which occurs aa diaaeminiLed 

euhedral cryaLala and aa minor- veitta.

3.2.5 InLruaivea
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In Lhin secliun, Lhe gru.ni.Le shows Lhe presence of boLh 

K-feldspars and Na-feldspars in variable properLions. 

The LexLure is porphyriLic in which Lhese feldspars form 

phenocrysLa. The main Na-feldspar idenLified is 

oligocluse which is also Lhe dominanL feldspar* and 

accounLs fox* ubouL 40% of Lhe rock. The oligocluse shows 

Lhe characLeris Lie lamellae Lwinning paLLerna buL appear 

cloudy due Lo secondary alLeraLiona. The K-feldspar 

preaenL is urLhoclase which comprises abouL 30% of Lhe 

rock. The orLhoclaae crysLals rarely show Lhe 

characLeris Lie Carlsbad Lwinning paLLerns which are 

masked Lo varying degrees by Lhe alLeraLions Lo sericiLe 

and kaoliniLe.

The samples collecLed from near Lhe conLacL zone beLween 

Lhe gx-aniLe and Lhe inLex*iuediaLe rouks, namely, daciLes 

and undesiLes, have higher* amounLs of plagioclases 

compax*ed Lo Lhose collecLed furLher inside Lhe graniLic 

field. This is due Lo Na—K chemical Lrunsfer beLween Lhe 

Lwo liLhologies during Lhe inLrusion of Lhe graniLe.

Quax*Lz which is Lhe second dominanL mineral afLer Lhe 

feldspars consLiLuLe abouL 20% of Lhe rock. IL mainly 

occurs in arthedral masses LhaL mainly infill Lhe 

inLersLiees beLween Lhe oLher coarse crysLals. 

Hornblende is presenL in a minor quanLiLy making abouL 6% 

of Lhe rock. The mineral is ofLen alLered Lo chloriLe 

and magneLiLe which LogeLher make upLo 4% of Lhe rock.
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The age of Lhe Oyugia gx-uniLe is suggesLed Lo be poaL- 

Nyanzian but pre—Bukobun baaed on Lhe obsex-vaLion of Lhe 

preaeiiL sLudy. During Lhe field uiupping iL was observed 

LhuL Lhe Bukuban baaalL overlies Lhe gx-aniLe al a quarry 

behind Oyugia (PlaLe 10). The baaalL waa found Lo have 

inclusions of gx-aniLe, rhyoliLea and ilaciles Lo^eLher 

wi Lh some quax-LxiLic pebblea. Theae liLhie fragnenLa ax-e 

sub-rounded Lo angular in shape indicaLing minimal 

ab fusion from Lhe Lime of release from Die parenL rook. 

Theae xenoliLhs commonly ooour wiLhin 4m from Lhe oonLaoL 

beLween Lhe baaalL and Lhe gx-aniLe. However-, no age 

relaLionsliip waa eaLabliahed beLween Die Oyugia grani Le 

and Lhe Kavirondian sands Lone.

3.2.5.2 QuarLz Diox-iLe

The rook ouours in Lhe area loeaLed abouL 2km souLh of 

Kosele rnarke L and iL forms Lhe ouLer uiax-gin of Lhe Oyugia 

gx-aniLe in eon Lao L wiLh Lhe andeaiLes and Lhe daoiLes. 

The px-efix quarLz is added Lo Lhe name dioriLe Lo signify 

Lhe high amounL of quarLz Lhan is oLherwise preaenL in a 

Lypieal diox-iLe.

This inLx-usive body is oharaoLex-ivsed by large bouldery 

ouLoropa which are resiaLanL Lo weaLhex-ing and erosion. 

The quartz diox-iLe is greenish in colour, medium Lo 

coarse grained in LexLure buL occasionally porphyriLie in 

which case Lhe whiLe phenocrysLs give Lhe rock a spoLLed 

appearanoe. Hox-nblende is fx-equenLly preaenL as small
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PLATE 10
A phoLograph showing Lhe 

basalL (1) and the Oyugis

conLacL 

g ran iLe

between Lhe Bukoban 

(2). The conLacL is

shown by Lhe arrow in Lhe phoLograph
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tabular dark green uryalala and pyriLe is a common 

accessox-y px-iuiax-y sulphide mineral.

In Lhin section, Lhe rock is composed of about 10%

quar- Lz, 70% andesine, 8% hornblende, 2% ens La Li Le, 5%

augiLe and Lhe secondax-y minerals, chloriLe, seriui Le, 

uiagneLiLe and calciLe uucuunL fox- abuuL 5% of Lhe ruck. 

Andeaine occurs aa phenocrysLa. These phenocrysls

frequently show mild Lo intense degrees of alleraLiuns in 

which seriui Le and kaoliniLe are fox-iued thus masking Lo a 

variable exLent, Lhe Lwinning paLLern. The ho x*n blende, 

ensLaLiLe and augiLe similarly occur- as phenocrysLs which 

are commonly alLex-ed Lo chloriLe and uiagneLiLe. The

uiagneLiLe occurs in ocLagonal crystals which are 

associated with Lhe chlox-iLized zones. Quax-Lz occurs in 

euhedral masses which infill Lhe inLex'sLices beLween Lhe 

phenocrysLs and occasionally in pools which x-epx-esenL 

secondary recrysLallizaLion.

3.2.5.3 Doleri Le Dykes

The dykes occur- in isolated uulcrups in Lhe Wix-e hills 

area (Map 1). Typical occurrences are found in Lhe areas 

around Kosele uiarkeL where a dyke iuLrudes Lhe andesites, 

2kui east of Oyugis town where another dyke inLx-udes Lhe 

daciLes and on Mawira x-idge where also another* dyke 

intrudes Lhe Bukoban basalL.
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In Lhe field, Lhe dykes uuuur as linear feaLures having a 

posiLive relief due Lo Lheir resistance Lo weathering and 

erosion. Where Lhe outuropa are noL massive, Lhe Lrend 

of Lhe dykes are characLeriaed by large bouldery 

fragmenLary uni Ls arranged in a manner describing Lhe 

Lrend of Lhe dyke. The sizes of Lhe dykes vary from a 

widLh of beLween lnt and 20ui buL Lhe lengLh occasionally 

ex Lends Lo abouL 100m.

In hand specimen, Lhe doleriLe dykes are medium Lo coarse 

grained and compacL. They are greenish in euluur buL 

ofieri speckled dark by Lhe mafic minerals which are 

largely hornblende. Pyi-iLe occurs bolh as a primary and

a secondary minerals forming disseminaliuns and veins 

respectively.

In Lhin sec Lion, Lhe Lex Lure is porphyriLic and Lhe 

phenocrysLs are emplaced in a medium grained matrix. The 

mineral compos!Lion of Lhe dyke include; 30% hornblende, 

2% augiLe, 60% plagioclase feldspars, 5% quartz, and Lhe 

remaining 3% us secondary minerals; chloriLe, sericiLe 

and magneLiLe. In some dykes, augiLe forms an imporLanL 

consLiLuenL and may accuunL for over- 10% of Lhe rock eL 

Lhe expense of horblende. Hornblende is Lhe main mineral 

Lhal consliLutes Lhe phenocrysLs buL euhedral prisma Lie 

feldspar crysLals also occur-. The composilion of Lhe 

maLrix is douiinaled by crysLalliLes of feldspars which 

also occur in small labular crysLals. Small disseminaLed 

grains of augiLe are often present.
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The age of Lhe doleriLe dykes is suggested Lo be pos L- 

Bukoban. This conclusion is reached froui Lhe observaLion 

Lha L Lhe dykes inLrude boLh Lhe Nyaxizian and Lhe Bukoban 

rocks. However-, some dykes may be pre-Bukoban especially 

Lhose observed wiLhin Lhe Nyanzian rocks. The inLrusion 

was sLrucLure conLrolled in LhaL Lhe Lrend of Lhe dykes 

coincide wiLh Lhe JoinL p a L L e m  in Lhe Wire hills area.

3.2.5.4 QuarLz Veins

The quarLz veins are sub-divided inLu Lwo! GianL Quax'Lz 

veins and minor quartz veins. The gianL Lypes have

widLhs of upLo 100m and lengLhs exceeding a kilomeLre 

while Lhe minor veins measure upLo 0.5ui by 5m in size. 

These quartz veins are described below.

(a) The GianL Quartz Veins

Two outcrops occur in Lhe sLudy area, one jusL belling Lhe 

Oyugis town and nearly parallel Lo Lhe Oyugis-Kisii road 

while Lhe oLher lies in Lhe area abouL 2kiu nox-Lh of Kwoyo 

School (Map 1). The quartz vein at Lhe Oyugis Lown 

trends N40° E while Lhe other- trends N70°E.

he veins are composed exclusively of coarsely cx-ysLalline 

white quartz. The structure of Lhe giant veins is such 

LhaL they are pervaded by minor- quartz veins measuring 

about 5cm ox- less in widLh (PlaLe 11).
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PLATE 11
PhoLograph showing Lhe Lhe structure of Lhe gianL quarLs 

vein. LaLer* quarLz veins and veinleLs intrude Lhe g iant 

quarLz vein as can be observed in Lhe central zone of Lhe 

pho Loiuicrograph. The penuil measur es about 18 oui. in

lent* Lh
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The orienlaLion of Lhe ininox- quartz veins wiLhin Lhe 

gianL quarlz vein is such LhuL Lhey lie parallel Lo Lhe 

Lreml of Lhe ^ianL quarlz vein (Fi^ux’e 4). The whole 

rock frequenLly conLain aciuular quar Lz cryaLals 

developed in open spaces. In Lhin seoLion, Lhe rocks are 

composed of euhedral crysLals of quarlz which occurs in 

inLerlocking a^gre^aLes.

Fx-om Lhe observation of Lhe sLrucLure of Lhe gianL quarlz 

veins, Lhe mode oT fox-umLion is sujg^esLed Lo have 

involved Lhe ix»jecLion of silicic fluids unLil Lhe veins 

aLLained Lheix- presenL size.

(b) Minor Quarlz Veins

Minor quarlz veins occur in mosL pax-Ls of Lhe sLudy area 

buL are more px-oiuinexiL in Lhe sLx-on^ly sheared zones. 

The areas of occurrences ixiclude Lhe norLhexxi section of 

Lhe sLudy area, around MiLhui hill and Lo Lhe easL around 

Nyandiwa School.

The quax’Lz viens are Lypically whiLe wi Lh coarse crysLals 

of quarlz px-omix»enLly developed buL in a few uccurx’ences 

Lhe veins are composed of non-crysLalline quarlz. The 

veixxa are composed of non—crys Lai line ijuax'Lz. The veins 

occur in Lwo seLs: NE-SW and NW-SE Lx-exuis (Figux*e 5).

The laLLer set of quax'Lz veins ax-e more proiuinenL and are 

associated wiLh Lhe sLxon^ly sheared zones. The NE-SW



68

F ig  U

N 40° E

O y u g is  fa u l t

DIAGRAM SHOWING THE STRUCTURE OF THE 

OYUGIS GIANT QUARTZ VE IN .
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Lreniling quax'L:̂  veins are inferied Lo have oi'iginaLed 

fi’uiu Lhe process of remobilizaLion of silica and 

alleralions of Lhe feldspar's as a resulL of uieLauiox'phisiu 

LhaL accompanied Lhe defox'iuaLion. ^ The oLhei' seL of 

quax'Ltt veins LhaL Lx'end in a NE-SW dix-ecLion axe uiixiox* 

and genex'ally have widLhs of less Lhan a cenLimex'e. The 

sLx'ixigei's were emplaced in Lension joinLs and possibly

are of Lhe same ox'igin as Lhe concordanl, veins alx'eady

discussed.

The mineralised quarts veins axe Lhose found ax-ouxid

Nyandiwa and MiLhui areas. The mosL iuipox'LanL elemenL 

presenL is gold. Around Nyandiwa area, Lhe quarLs veins 

are sLrongly auriferous pax' Liculax'ly Lhe area wiLhin 2km 

of Lhe graniLe—daciLe conLacL. The gold occurs

disseminated in Lhe vein and at Lhis local i Ly , Lhex'e is 

small scale mining acLiviLy going on.

3.2.6 MeLamorphism

The Lype of meLauiox'phic change no Led in Lhe area is due 

Lo x'egional ineLomorphism which has affecLed mosL rocks. 

The gx'ade of uieLamox'phisui is of Lhe ^reenschisL facies. 

This low grade meLamox-phisin affecLed mosL x'ocks of Lhe 

greens Lone belL in Lhe wesLern Kenya Archean belL 

(Shackle Lon, 1946; HoddlesLon, 1951 and Saggerson, 1952). 

Saggerson, ( 1952), postulates LhaL Lhe me Lamox-ph ism is 

due Lo Lhe inLense folding and faulLing Lo which Lhe 

X 'o c k s  were subjected px'iox' Lo Lhe Bukoban Limes. This
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could also be Lrue in Lhe sLudy area as a loL of shearing 

and faulting was no Led during Lhe field mapping. The 

degree is generally low, becoming phyiliLic In Lhe 

rhyoliLes and Lhe associated Luffs as well as in Lhe 

other volcanic rocks. In some areas, noLably along river 

Onger (Map) in Lhe noi’Lh wiLhixi Lhe andesiLe field and 

also Lo Lhe north east wiLhin Lhe rhyoliLes, a high 

degree of shearing is evidenL due Lo Lhe proximiLy of 

fault zones. The andesiLes and Lhe rhyoliLes are alLered 

Lo schists. The low grade regional me Laaorphism is 

eharaoLerised by development of Lhe following minerals; 

chloriLe, epidoLe, sericiLe, acLinoliLe and pervasive 

si1icificaLion. EpidoLe is common in Lhe intermediate 

rocks forming minor veins and brighL green patches. The 

effecL of chloriLe formaLion modifies Lhe colour- of Lhe 

rocks Lo pale-green.

3.2.7 Me Lasouia Lisrn

3.2.7.1 Processes of Me Lasouia L ism

The effecL of uieLasomaLisiii are mainly observed in dx-ill 

holes sunk in Lhe Wire hills area. However, a 20m band 

of epidoLized rock was observed close Lo Lhe conLacL 

between Lhe graniLe and Lhe daciLes. The alterations 

noted wiLhin Lhe drill cores are associated wiLh Lhe 

sulphide mineralizaLion of Lhe Wire hills.
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The alterations are of hydroLhermal origin and are 

distinctly developed in Lhe minex’alized zones of the 

rhyoliLie pile. The alLex'atioxis Lypically involve Lhe 

followixig px*ocesses r Chlox'i LizaLion, sex’ici Liza Lion, 

si 1 ioi f icaLion , cax-bona Li zation , decax'bona Li za Lion and

supervene alterations. Most of Lhe alLeraLions

accompanied Lhe uiinex-alizaLion px-ocess . The degree of 

Lhe alterations vax-y such LhaL ixi extreme eases Lhe 

ox'iginal roeh is difficult Lo idenLify px-ecisely . QuarLz 

and feldspax’s, Lhe most common uiinex’als in Lhe x'hyoliLic 

rocks, f reticently show Lhe effecL of hydx'oLheruml 

al Lex-aLioxis. Cx-ysLals of feldspax-s show alLex-aLion Lo 

serioiLe while quartz phenoci'ysl shows variable degrees 

of currosiun corresponding Lo Lhe exLenL of alLex^aLioxi of 

Lhe rock.

(a) SericiLizaLion

SexiciLe is a common alLex-aLion producL associaLetl wiLh 

mineralization Lhough nut as prominently developed as 

chlox-iLe. The minex*al occurs ixi small Labulax* flakes 

which in PPL are colourless with a low x’elief in balsam, 

buL high birefringence ixi XP. Whex-e serici Le is Lhe 

dominant alteration producL, Lhe x'ock aLLains a yellowish 

appearance as was no Led in x-hyoliLes.

SericiLizaLion is considered Lo be Lhe initial process 

LhaL occurs before mineralization (Roberts, 1978). The 

process uocurs in an acidic environment and involves Lhe
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inLroducLion of the hydroxyl (0H-) group inLo Lhe 

aluniinosilicalea, mainly alkali feldspars.

The reaclion leading Lo Lhe forniaLion of serioi Le from a 

K-feldspax- is given as ( RoberLs and Reax'don, 1978):

KAlSiaOg + OH- ------- > KAl3Si3Oio (OH)* + SiO*

The silica released is expressed in silieifioaLion.

(b) ChloriLizaLion

ChloriLe is strongly developed in Lhe fooLwal 1 rooks in 

Lhe luineralized zones and more so in Lhe Luffs. In Lhe 

highly alLered Luffs, Lhe ohloriLe develops as green 

fibrous aggregaLes which are orienLed parallel Lo Lhe 

shear planes. The rhyoliLes being more silicic and 

cornpacL, are resistant Lo Lhe alLeraLLons and hence show 

mild ohlori LizaLion. However, a breeeiaLed x'hyoliLe uni L 

described earlier (secLion 3.2.1.3 (c)) shows inLense

ohloriLizaLion of Lhe maLrix raaLerial buL only mild 

ohloriLizaLion of Lhe breccias. The edges of Lhe

breccias are however, corroded and rounded due Lo Lhe 

invading hydroLheriual soluLions. In exLreuie cases, Lhe 

rock aLLains a deep greenish black colour and a fine Lo 

medium grained LexLure. The rock so formed can be

referred Lo as massive chloriLe ox- ohlori Le sohisL when

Lhe rock is sheared inLo a schisLose uni L. These Lerms
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are invoked for eases where Lhe ehloriLe eonlenL of Lhe 

roek exceeds 75%.

An X-Ray Di f f rac Louie Lric (XRD) arialysis of clilox-iLe 

samples indicaLes Lhe presence of elinoohlore as Lhe 

douinanL ehloriLe species (Table 4). The adopLed formula 

of Lhe mineral derived from Lhe analysis is as follows:

(Mg, Fe, Al )6 (Si,Al)« Oio (OH)g. <JCPD dala book» 1984)

In Lhin secLion, Lhe mineral occurs in deep gx-een flaky 

weakly pleoehroie masses in PPL buL in XP iL shows a weak 

birefringence ofLen wiLh an oblique exLincLion.

The ohlori LizaLion process has been suggesLed Lo

supercede sericiLizaLion (RoberLs, and Reardon, 1978). 

The reacLions involve Lhe addiLion of magnesium and iron 

Lo Lhe aluminosiliouLes wi Lh Lhe producLion of chlox’iLe. 

The main Large L minerals in Lhe xdiyoliLic rocks are Lhe 

feldspars and sericiLe.

Table 4: XRD-DATA FOR CHLORITE

REFLECTION D-SPACING M INTENSITY %

001 14.2550 13

002 7.1382 100

003 4.7201 28

004 3.5479 91

005 3.1976 15

005 2.8313 15
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(c)

The

or

common mineral in Lhe chloi'iLised zones mill Iiex-e al 

occurs both as disseiuiiiaLed grains ami as minor- veins. 

Some of Lhese calci Le veins are associaLed wi Lh sulphide 

minerals , no Lably arsenopyri Le( clialcopy r-i Le and pyri Le. 

The eonfirrna Lion of Lhe idenLiLy of Lhe carbonaLe mineral 

was done by Lhe use of XRD-analysis (Table 5).

The sLrontf relaLionship belweeu caloiLe and Lhe foriuaLion 

of Lhe sulphide minerals shows LhaL Lhey axe of Lhe same 

origin. The carbonaLe was Llierefoi’e also conLained in 

Lhe mineralizing hydx-oLberuial soluLions.

Table 5: XRD DATA FOR CALCITE

ReflecLion D—Spacing iu InLensiLy %

CarbonaLizaLion

process of carbonaLlxaLion resulLed in Lhe [ormaLion 

calci Le as Lhe main carbonaLe minex'al. CaloiLe is a

001 3.8835 8

002 3.0482 100

003 2.8578 8

004 2.5082 13

005 2.2925 22

006 1.1035 21

007 1.9180 93

008 1.8806 29
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( i l )  D e c a r b o n a L i z a L i o n

DecarbonaLizaLion process is expressed by Lhe oucurrenue 

of a carbonaceous muLex’ial wiLhin fx’actui’es in Lhe

x’hyoliLe. The material is sofL, dark and has a Lypical 

gx-aphi Lie sLx'eak. An X — i'ay d L f f i'ac LomeLer paL Lei'ii

indicates Lha L Lhe uniL is not gx’aphiLic but consists ol 

a solid, non cx’ysLalline cax’bon. "lhe maLex’ial was

inLex’secLed by Lhe dx'ill holes 86/7 and 86/8 aL a depth 

of 160m and 160ui x’especlively (Appendix ) .

Correlation of Lhese Lwo drillholes indicate LhaL Lhe 

cai’bonaceoua maLex’ial occupies a fx’acLux'e zone which 

steeply dips Lo Lhe easL. WiLhin this fracLure, Lhe 

material also coals rhyoliLic fragments and is also

associated with aiinor chlox’iLe gx’ains . lhe presence ol 

chlorite within Lhis maLex’ial was revealed by Lhe XRD

analysis.

This cax’bonaceous matex’ial is unlikely Lo be of

sedimenLax’y or organic ox’igln when it’s mode ol

occux’X’ence wiLhin Lhe rhyolite is considex’ed. Ox’ganic 

carbon usually ocoux-s in sedimentary rocks as sLraLified 

units and noL as veins as observed in Lhis case. A

sedimentary ox-igin is also diseax’ded due Lo Lo Lhe

absence of sedimentary rocks associated wiLh it.
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However, aeveral occurrences of bi Luminous carbon veins 

have been no Led in i gneous rocks and in or near veins 

containing metallic sulphides (Krauskopf, 1967). 

Krauskopf (1967), posLulaLes an igneous origin fox* such 

carbon veins. He suggesLs Lhal Lite carbon is Juvenile in 

origin, having ox-iginaLed from Llie eax-Lh’s inLex-ior.

HuLchinson ( 1982), however, px-oposed a model, which is 

also favoured by Lhe preseiil study. The model involves 

Lhe decarbona11sa L ion of carbon dioxide by ferrous 

silicales Lo produce carbon. The x-eaclioxi is expressed 

by Lhe followixig equation:

CO2 + Fe-SilieaLes - MagneLiLe + Carbon + Si02

The Carbon dioxide is contained in the hydx-o Lhenual 

solution LhaL was in eonLaoL with Lhe rock. The process 

descx-ibed above accompanies the convenLional hydx-o Lhex-mal 

cycle which also results in Lhe px'ecipi LaLioxi of Lhe 

meLallio sulphides which are associated with Lhe carbon 

veins. IL is suggested LhaL Lhe explacemenL of Lhe

carbonaceous vein was fxaclure controlled, Lhe openixigs 

px-oviding Lhe channelways fox1 Lhe LransporL of Lhe 

hydx'oLhermal fluids which also contained Lhe generated

carbon
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(e) Silicification
I

The pi-ocess involves Lhe enx-ichuienL of rooks by silica 

which is deposited as quartz. Within Lhe mineralized

zones of Lhe Wix-e hills, silica enx'ichwen L is pronounced 

in Lhe fooLwall and hanging wall rouks. Such alteration

pa L Lerns have been noted in o Lhex- massive sulphide

deposi Ls of Lhe world (Matsukuiua and Horikushi, 1970;

Sangs Ler, 1972; Franklin, 1976; Boyle 1976; Ruber-Ls and

Reardon, 1978). In Lhe Wix-e hi 11s, silicifieaLion is

expressed in Lhe fooLwall rocks as quarLz veins while in 

Lhe hanging wall rocks iL involved pervasive quartz 

enrichmenL.

The source of silica is LhoughL Lo be contributed to a 

large extent by Lhe processes of chloriLizaLion and 

sericitization (Robex’Ls and Reardon, 1978; Rivex-in, 

1980). Boyle (1976), however, suggested Lhat it is a 

produc L of replacement reacLiun. The libei'aLed si lica 

was Lhen transported upwards as a component ol Lhe 

hydx'O Lhex’iual solutions. Whex-e cracks and fracLures were 

present, Lhe silica was px'ecipi La Led Lo form Lhe quartz 

veins. More intense si1icificaLion is observed in Lhe 

Luffs, cx'ysLal Luffs and lapilli Luffs. This facL is 

aLLi'ibuLed Lo Lhe porous naLure of these rocks which make 

iL possible fox- circulation of Lhe silica enriched

hydx'o Lhei'wal solutions Lo occur-. The rocks, in exLx-euie 

cases appear- as chex-Ly units in which Lhe occurrence of 

Lhe puuiiceous f ragmen Ls is diagnostic as Lo Lheix- 

original naLure.
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3.2.7.2 The GeochemisLry of AlLereil Rocks

Ten represenLive rock samples were luken from relatively 

unalLex-ed and variably hydx-oLhex-uially alLei-ed sections 

fx-oiu the drillcox-es and analysed by aLandard chemical 

me Lhods employing Atomic Absoi-pLion Spec Lx-opho Lome Lex- 

(AAS) (Table 6). By examination of the data in Lable 6, 

it is appax'enL that Lhe hydx’o Lhex'iual al Leration process 

is attributed, to varying degrees Lo Lhe changes in 

amounts of M g O , Si02 , CaO, and Lo a lesser exLenL TiC>2 

and P 2 Os . The chemical gains and losses dux*ing Lhe 

hydroLheriual altexation are represented by Lhe Leruary 

diagrams discussed below.

Fox* Lhe system SiC>2 — CaO — MgO, (Figux-e 6) relatively 

fx-esh xdiyoliLes plot nearer Lhe apex of Lhe Lx-iangle 

indicating low CaO and MgO values but wiLh progressive 

incx-ease in Lhe degx'ee of alLeraLion, the values of CaO 

and MgO increase while Lhat of Si02 decreases. The

product of alLeraLion becomes uiox-e Mg—rich and is 

expressed in Lhe fox'maLion of chlox'iLe. However-, Lhe 

increase in calcium outstrips the increase in magnesium . 

In Lhe system Si02-Fe2 O3 -MgO Lhe ploLs indicaLe a similar- 

Li-end when Lhe behaviour- of Si02 is considered (Figux-e 

7). The silica (Si02) is depleLed while MgO and Fe2 O3 

are enriched wiLh Lhe progx-ess in alLex-uLion. Dux-ing Lhe 

px-ocess, x-elatively more iron is inco-operaLed in Lhe 

px’oducL Lhan magnesium as indicated by Lhe ternary



TABLE 6 AAS ANALYSIS OF WHOLE ROCK SAMPLES (% wt)OF
1 2 3 4

o x i d e \s p e c .NO. 1 25 3.18 10.6 1 .28
Si02 77.71 75.80 78.35 70.47
Ti02 - 0.25 - 0.42
A1203 12.29 10.40 12.29 13.23
Fe203 0.82 0.79 0.82 2.00
MnO - - - 0.07

MgO 0.04 0.22 0.10 0.56
CaO 0.06 0.51 0.24 2.97
Na20 0.70 1 .94 4.21 1.13
K20 8.67 1 .69 1 .81 2.89

P205 - -Z. 0.04

Total 100.29 91 .60 97.82 93.78



FRESH AND ALTERED ROCKS
5 6 7 8 9 1 0

10.11 5.21 9.5 5.14 4.3 25.7
60.98 55.20 53.47 50.1 7 43.97 37.37

0.54 0.84 0.88 1 .04 0.79 0.96

12.29 13.23 14.18 13.23 14.18 10.40

14.29 15.00 10.00 23.58 10.72 27.15

0.52 0.20 0.52 0.32 0.13 0.84

1 .86 2.09 1 .46 2.35 5.80 3.25

3.71 2.27 6.61 0.49 8.64 8.85

2.16 2.70 1 .78 0.70 3.13 1 .24

0.72 4.10 2.65 2.77 0.41 1 .57

0.04 0.06 0.13 0.10 0.06 0.10

97.11 95.69 91 .68 94.75 87.87 91.73
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Table 6 ________Explanation
Diag Ref. Spec.Ref. Lithology and sample point
1 125 Rhyolite outcrop from VJire hill
2 3.18 Rhyolite from ddh 86/3 at 240m
3 10.16 Rhyolite from ddh 86/10 at 130m
4 1 .28 Altered rhyolitic tuff from 

ddh 86/1 at 165m.
5 10.11 Chloritized rhyolite from ddh 

86/10 at 250m.
6 5.21 Chloritized rhyolite from ddh 

86/5 at 190m.
7 9.5 Altered rhyolite from ddh 86/9 

at 140m.
8 5.14 Chloritized rhyolitic tuff from 

ddh 86/5 at 110m.
9 4.3 Chloritized rhyolitic tuff from 

ddh 86/4 at 130m.
10 25.7 Chloritized rhyolitic tuff from

ddh Rf/25 at 170m.

NB. Numbers used in the first column correspond 

to those in the ternary diagrams,

(figures 6,1, 8 & 9 )
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Si 0 2

Fig.6 Ternary Diagram for Si02 —CaO —MgO System.

Fig. 7 Ternary Diagram for SiO — Fe 03 — MgO System.



33
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diagx-am which plots Lowax-ds Lhe Fe2 O3 apex wiLh inurease 

in alLeruLion,

When Lhe behaviour of Lhe LoLal alkali conLenL as (K2 O + 

Na2 0) veraua MgO and Fe2 0a ia uonaidered (Figux-e 8 ) 

rela Li ve 1  y f reah rocka Lend Lo be richer in alkalis Lhan 

Lheir al Lered equivalents. This ia aLLx-ibuLed Lo Lhe 

facL UiaL x-hyoliLic rocka have abundanL alkali feldlspars 

which when alLered releaae Lhe alkalis which are Lhen 

LransporLed by Lhe hydroLhei’uial solutions Lhus causing 

Lhe depleLion. IL ia fux-Lhex- established in figure 8 

LhaL Lhe chlox-iLised rocka are x-ichex- in Fe2 O 3 and MgO 

than those ul Lered bu L not chlox'iLiaed. This indicates 

LhaL Lhe uiain source of iron and magnesium in Lhe alLered 

rocka ia Lhe chlox'iLe.

In Lhe system Fe2C>3 — MgO — AI2 O 3 , fx-esh rocks ploL 

closer- Lo Lhe AI2 O3 apex Lhan Lhe alLex-ed equivalents 

(Fig. 9). This indicates LhaL while Lhex-e ia a strong 

enrichment of FejOj and MgO in Lhe alLered rocks, Lhe 

amount of AI 2 O3 remains almosL consLanL. This ia

explained by Lhe fact LhaL aluminium is x-elaLively 

immobile in hydx*othermal aysLems (Rivex'in and Hodgson, 

1980).

3.2.8 Structures

The geological structures descx-ibed in Lhis chap Lex' are 

divided inLo two, namely: Major- and minor- sLruclures.



85

The minor structures include foliation, minor folds and 

joints while Lhe major* structures include regional folds 

and faulLs.

3.2.8.1 Major Structures

The s LrueLural map of Lhe whole of Lhe Wire hills area 

shows Lhe strike of Lhe foliaLions Lo be dominantly in 

Lhe NW-SE Lrend Lhough Lhere are some deviations from 

this Lrend (Fig. 10). In Lhe area around Kosele, Lhere 

is a deviation from Lhe general sLrike direction Lo a 

WNW-ESE direction. This change in aLLiLude of Lhe

foliaLioxis could be due Lo a monoclinal flexure or shear* 

faulL wiLh an axis in Lhe NE-Lrend (Fig. 10).

Accox*ding Lo Saggerson (1952) , a major* synclinoriuiu axis 

passes Lhx'ough Lhe nurLhern limit of Lhe sLudy ux*ea and 

piLches Lo Lhe south easL. Dur*ing Lhe sLudy, a ploL of 

Lhe foliaLion data on an equal area sLereoneL (Fig. 11) 

does not, however* indicate Lhe preaenue of a fold

precisely. This observation is made fx*om Lhe facL LhaL

most da La ploL as a single cluster* in Lhe ME - quadranL 

of Lhe sLeroneL. However, this could be representing 

just one limb of Lhe synclinoriurn proposed by Saggerson 

(1952). However, Lhe presence of a possible synclinoriuiu 

is supported by Lhe presence of congruent minor 

anticlinal and synclinal folds, for example, an anLicline 

was noted LhaL plunges Lo SE near* Kosele markeL.
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Fig 11 S ta t is t ica l  Diagram for the whole of 

W ire  H il ls  a rea.

206 Poles to Foliation planes .Contours are drawn 
at iiuervals of 3^,2,3. 5•/. per 1 •/• area
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However, from the geological oroas-seelion of Lhe Wix*e 

hi 11a area (Map) , iL can be infex*x*ed LhaL Lhe Nyanzian 

roekb were LighLly folded into iaoeliiml folda us is Lhe 

ease wiLh Lhe oLher Nyanzian rock occurrences

(HuddlesLon, 1951; Saggex*aon, 1952).

(b) FaulLs

Several faulLa have been delLneaLed in Lhe field and Lhey 

comuionly occur as linear1 feaLux*ea which Lraverse several 

uiappable liLhologic uni La. MoaL of Lheae faulLa Lx*end in 

a general NE direcLion buL a few minor conjugaLe faul La 

Lx*end in a NW direcLion (Map 1 and Fig. 10).

The major* faulL observed in Lhe area ia Lhe Wadh~Welo 

faul L. The faulL aLrikea in a N60* E direcLion and 

separaLea Lhe Wire hilla inLo Lwo: EasLern and wesLern 

hi 11a. IL exLenda for approxiiuaLely 7km from rhyoliLea 

in Lhe norLh Lhx’ough quarlz porphyx*y and daci Lea and enda 

aL Lhe daci Le—gx*ani Le conLacL in Lhe aouLh. The laulL 

reaulLed in Lhe diaplacemen L of Lhe quartz por*phyx*y and a 

similar diaplaceuien L of abouL a kilomeLre ia noLed aL Lhe 

x'hyoliLe — daci Le conLacL. The Lx*end of Lhe faulL ia 

coincidenL wii.ii Lhe Lx*exid of Lhe Mi rondo gianL whiLe 

quarLx vein and wiLhin Lhe faulL zone are emplaced Lhe 

Nyandiwa auriferous quartz veins. IL can Lhex*efox*e be 

concluded LhaL Lheae quartz veina owe Lheix* exiaLence Lo

Lhe Wadh-Welo faulL.
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lhe Pakla faulL is presenL in Lhe sou Lh eastern parL of 

the study area. IL strikes in a N50" E direction and 

ex Lends from just beyond Lhe Pakla hill in Lhe north Lo 

behind Lhe Oyugis Lown in Lhe south, a disLance of about 

7kiu. The fault has displaced Lhe irons Lone band on Lhe

Pakla hill by a disLance of more than 100m. The faulL 

zone on Lhe Palka hill is well indicated by a strong 

breccia Lion of Lhe ironsLone band. The deLached breccias 

and fra^menLs have been cemenLed by Lhe iron oxides 

released by Lhe breakdown of Lhe ironstone Lo form 

ferrocreLe. In Lhe souLh, Lhe trend of Lhe faulL zone

coincides almost exacLly wiLh Lhe trend of Lhe Oyugis 

gianL quartz vein. The eastern edge of Lhe vein is

ixrcised by a stream which most likely follows Lhe fault 

line as iL flows norLhwards. From these observations, iL 

can therefore be inferred again LhaL Lhe Oyugis giant 

quarLz vein was also emplaced in an opening created by 

Lhe Palka faulting.

The Nyaingu faults occur in Lire area .lying Lo Lhe north 

of Lhe Nyaingu hills, in Lhe NE secLion of Lhe sLudy 

area. The faulLs Lrend generally in a NW direction, and 

Lhe flow direction of river Awach Lo some exLenL is 

cunLrolled by Lhe strike of Lhe faulLs. These faulLs 

have caused severe ductile deformation of the rocks in 

this area such LhaL in extreme cases, Lhe original 

rliyoliLic rocks are sheared into slaLes.
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Rivex* On^ei- faulL zone Lx'ends about 10° E and occui's in 

the area east of Lhe Koaele uiai'keL. The fault line

extends fox" mox*e than 4kui. This zone is chaiauLerised l>y 

strong shearing in Lhe andesitic rocks and Lhe Ongex- 

liver flows along Lhe sLi-ike of Lhe fault. The faulL has 

caused a change in Lhe foliation trends, Lhe fault line 

being Lhe axis of Lhe deviation (Fig. 10).

Two oLher faulLs occur at Lhe Wix-e hills. One faulL

sLrikes in a N25°E and divides Lhe Lwo highesL peaks of 

Lhe Wire hills by a distance of about 500m. The other

faulL is minor and sLx'ikes in a N35°W. lhe Lwo laulLs

uieeL on Lhe Wix*e hill and Lhe angle beLween Lhe Lwo

fault — Lrends is abouL 60° . Frum Lhe value of Lhe angle, 

iL is inferred LhaL Lhe faulLs form a conjugaLe paLLei’n

and hence were fox’uied aL Lhe same Lime.

A minor faulL occurs in Lhe souLhex'n pax'L of Oyugis town 

and will be referred Lo as Lhe Oyugis iaulL. The

inferred exLenL of Lhe faulL is abouL 2km. IL cuts

across Lhe nox'Lhex'n portion of Lhe Oyugis giant quax'Lz 

vein and iL trends in a NW—SE direction with a nox’Lhex’ly 

dip. FracLuring and my loxii LisaLion is observable along 

Lhe fault zone especially where Lhe faulL LransecLs Lhe 

Bukuban basalt of Lhe Mawira x’idge. The age ol Lhe 

Oyugis faulL is suggested Lo be posL—Bukoban since iL 

affects boLh Lhe Nyanzian and Lhe Bukoban rocks.
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3.2.8.2 Minor SLruclures

(a) Foliation

FoliaLion is one of Lhe most 

in Lhe Wire hill area. IL 

Lhe Nyanziaii vulcanica. The 

features caused by folding in

common geological structures 

is prominently developed in 

foliation arises from planar 

Lhe project area.

The foliation measurements reveal that Lhe regional 

structural trend in Lhe Wire hills area is in Lhe NW—SE 

direction (Fig. 10). The sLrike of Lhe regional 

foliation, in general is between N60“W and N70 W buL 

readings between N20”W and N40*W axe occasionally 

recorded. The dip of Lhis foliaLion is Lo Lhe NE and 

ranges between 40” and 70’ but sometimes may be as high 

as 80’.

(b) Minor folds

Minor- folds are common in Lhe highly deformed areas, 

especially Lo Lhe norLh of Wix-e hills. These folds

mainly occur- in Lhe andesites and rhyolites and are 

generally LighL but some are open. The open folds are 

eiLher anticlinal or synclinal in naLure. A minor

anticlinal fold near Kosele occurs within Lhe andesite 

and it has a wavelengLh of about 3m and an amplitude of 

abouL 2m. The fold plunges Lo Lhe SE. Other minor- folds 

occur Lo Lhe NE of Lhe project area around Nyaingu hill.
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These ininox* folds are nearly symmeLrioal and occur as 

synclines and anticlines which are highly joinled and 

occasionally micro-faulLed. The Nyaingu minor folds have 

a wavelengLh of abooL 2m and an amplitude of abouL 0.4iu. 

These minor folds of the Nyaingu area were produced by 

severe deformation LhaL also culminated inLo faulting 

which are common in LhaL area.

(c) Joints

Joint development is 

Wire hills area and 

Two Lypes of Joints 

tec Lonic and columnar*

(i) Tectonic JoinLs

The Lectonic joints comprise longiLudinal and cross- 

joints. The former type of joints trend in a NW-SE 

direction and conform Lo Lhe strike direction of Lhe 

foliations. The cross-joints ox* Lransverse joints Lx*end 

in a NE-SW direction and perpendicular* Lo Lhe sLx*ike 

dix*ection of Lhe foliaiLon surface.

Longitudinal joints are more prominent in Lhe Wix*e hills 

area as indicated by Lhe rose diagx*am of jointing pattern 

(Fig. 11). The cross-joints defines a disLincL planar- 

feature which is fx*equenLly vertical but occasionally dip 

in Lite NW or SE directions. These opposite dip

a very common feature wiLhin Lhe 

affecLs nearly all liLhologic units, 

were noted in Lhe study area, namely 

joinLs.
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directions define a conjugate joint paLLex*n in which Lhe 

joint sets have a common a Lrike direction. Oblique 

joints do occur and have Lrends in Lhe NNE—SSW and NNW— 

SSE directions (Fig. 12). They are of minor development 

compared Lo Lhe Lwo oLher joint seLs described above.

Sheet joints are common in Lhe area around Nyaingu hill. 

Tlie joint occur as horizon Lai planar* feaLures wiLliin Lhe 

deformed rhyolites. They are associated wiLh Lhe folds 

in this area and hence have a common tectonic origin.

The longitudinal joinLs were formed along Lhe planes of 

weakness developed as a result of Lhe foliaLion of the 

rocks while Lhe cross-join Ls were furnied by Lensional 

forces Lhat acted perpendicular Lo Lhe direction of 

compression.

The orienLations of Lhe veins and Lhe joinLs exactly 

coincide (Figs. 12 &. 5). Inference can be made Lhat Lhe 

veins were emplaced along joinL planes. Prominent veins 

in Lhe NW direction indicate that Lhe joints were more 

well developed in Lhis Lrend and so was Lire subsequent 

widening of Lhe gaps.

In contrast, Lhe NE trending veins are fewer, longer and 

thinner, indicating Lhat a liLLle widening accompanied 

Lhe formation of these joinLs.
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Fig.i2 Orientation Diagram of all Joints from 

Wire Hills area.

A rose-diagram fo r 150 joint readings from the 
whole of w ire h ills  area
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(ii) Columnar JoinLs

Well formed columnar joinLing was exclusively developed 

on Kisux*i hill ouL of the enLire Wire hills area. The 

columnar Join Led blocks occur dominantly on Lhe peak area 

of Lhe quarts porphyry hill.

The columnar jointed blocks have varied number of laces 

ranging from four Lo eighL buL frequently five. The 

faces of Lhe polyhedra frequently have equal lengLhs buL 

in some cases Lhe faces have unequal dimensions. lhe 

blocks measure approximately 50—60cm aside and dip uL 

angles of beLween .70" and 80 Lo Lhe wesL (Plate 1^) •

Columnar jointing develops as a resulL of tension LhaL 

arises from Lhe decrease in volume which occurs due Lo 

cooling of Lhe rock. In classical examples, Lhe columns 

are mostly hexagonal in shape since Lhe Lensional forces 

LhaL develop are equal in all directions.

However, Lhe development of unequal and varied number ol 

faces in Lhe quarts porphyry indicates LhaL Lhe Lensional 

forces LhaL were developed were unequal, being sLronger 

in some directions Lhan others. The occurrence of Lhe 

columnar joinLs on Kisuri hill aLLesLs Lo Lhe extrusive 

origin of Lhe quarLs porphyry since most of Lhese joinLs 

develop in volcanic rocks.
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PLATE 12

photomicrograph showing columnar joinling
porphyry of Lhe Kisuri hills

J.I1 quarlz
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CHAPTER 4

SULPHIDE MINERALIZATION

Tlit; Wire hills sulphide deposit occurs in Lite norLhern 

flunk of Lhe nia in Wire hill. The evidence of

uiiaex'alizulion was revealed by exploratory diamond 

dr i 1 ling in Lhe area following geophysical surveys 

carried ouL in Lhe area dux'ing Lhe 1970’s. The sulphide 

deposit localised in Lhe area between Lhe Wire axid God 

Nyan^o hills.

4.1 Morphology of Lhe Sulphide Bodies

The Wii-e hills sulphide deposit consists of Lwo sulphide 

bodies which lie nearly parallel Lo each oLher buL Lend 

Lo converge at deeper* levels.

The mineralization occurred within Lhe modex-aLely sheared 

and altered volcanic rocks and Lheir pyroclastic

equivalents. These sulphide bodies axe found in Lhe 

lower zones of Lhe pyroclastic x'ocks close Lo Lhe contact 

with Lhe underlying rhyolites and dip aL angles oT

between 40" and 50* Lo Lhe NE. They are conformable Lo 

Lhe foliaLions of Lhe host rocks (Figs. 13&14).

The sulphide bodies vary in Lhiokness from a few metres 

Lo more than 30m. They are ofLen interlayered wiLh



98

KEY
SCALE 0 100 200 300 m1 ______ i______ I------ 1

■ ■ Massive Ore Dominant mineral

E M Tufls and lapilli luffs Faults and direction of shear
' o- O
H i

A1

Rhyolites
i

Drillhole, max depth and ref. no
Baseline

PD Pyrrhotite

Py Pyrite

Cpy Chalcopyrite

Apy Arsenopyrite

Fig 13 VERTICAL CROSS-SECTION OF

S U L P H I D E  B O D IES



99

B RF/23 RF/25 86/2 b'

0 1CX) 200 300 m
1 -----1----- 1----- 1

O 0 ** • O o ° o••.V 271m
SCALE

KEY

■ Massive Ore
Tuffs and Lapilli tuffs

„ OT,0°““ Rhyolites0 0 e
B B‘ 
1--- 1 Baseline
Fb Pyrrhotite
Py Pyrite
Cpy Chalcopynte
Apy Arsenopyrite
Po Dominant mineral

| Drillhole, max, depth and ref.no

Fig  1A VERTICAL C R O S S -S E C T IO N  OF

SULPHIDE BODIES
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lithological units, mainly Luffs and lapilli 

Luffs. These liLhic bands may constitute upLo a quarLer 

of Lhe whole sulpide body considered.

The structure and Lhe liLhology of Lhe sulphide deposit 

xs such LhaL Lhe massive sulphide bodies usually have 

sharp upper and lower contacts wiLh Lhe hosL locks (PlaLe 

13) .

The footwall rock-sulphide body contact is a biL diffuse 

due to Lhe high intensity of clilori Liza Lion which 

affected Lhe x-ocks. The sulphide bodies are fx-equexiLly 

underlain and overlain by chex-L ox- cherty Luff which 

thereafter grades into Lhe othex- liLhic units. 

Pe Lx-ogx-aphic studies reveal LhaL Lhe chex-Ls have a 

sedimentary ox-igin, possibly px-eci pi La Led fx-orn a 

colloidal soluLion.

Aftex- Lhe sulphide deposition, Lhe rocks were subjected 

to LecLonic processes. This is evidenced by Lhe faulLing 

and displacement of Lhe sulphide bodies (Fig. 13).

Along Lhe dx-illcores, Lhe fault zones are indicated by 

Lhe highly brecciaLed host rocks. These posL-

uiinex-alizaLion faults resulted in Lhe displacement of the 

sulphide bodies wiLh a downthruw of abouL 90m Lo Lhe 

south. The type of displacement which occurred indicates 

LhaL Lhe fault is normal since Lhe downthrow is in Lhe

direction of Lhe hade of Lhe faulL. These fault zones
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PLATE 13

A phuLograph of dx'ill cores showing Lhe Luff - pyrhoLiLe 

conlacl. Tuff is while ami pyrhuLiLe is brownish-grey in 

Lhe phoLogruph. Nole Lhe very sharp eonLucL beLween Lhe

Lwo zones.
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are non-iuinex*alized buL show modex'uLe Lo hit'll decree of 

alLeraLlon with Lhe formaLion of ehlorile In Lhe 

ceuienLinjg uiaLex*ial of Lhe breccias.

The mineral iza Li on is such LhaL in Lhe upper* levels, Lhe 

aulphitle minex’als are fx*equenLly dissemina Led in a cherLy 

base buL becomes massive in Lhe middle levels and Lhen 

Lapers Lo Lhe lower levels. However, mineral zonaLion is 

nut well developed buL chalcopyxiLe is more pxominenL in

Lhe sLringer zone Lhan in Lhe massive sulphide zones. A 

summary of Lhe characLerisLics of Lhe sulphide 

winex*alizaLion is given in Lable 7.

4.2 TexLures of Lhe Sulphide Bodies

Hacroacopiu and microscopic exaiuinaLion of Lhe sulphide 

bodies has revealed Lhe following LexLures: Massive,

banded, veined, disseminaLed, brecciaLed and colloidal. 

These LexLurea are discussed below.

4.2.1. Massive Sulphide Bodies

The sulphide bodies referx*ed Lo as massive con Lain more 

Lhan 80% sulphide minerals which are evenly dlsLx’ibuLed 

LhroughouL Lhe rock. The major* composing minerals are 

pyx-iLe and pyx*x*hoLiLe while chalcopyx*i Le and sphalex*iLe

are minor.
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TABLE 7 SUMM A R Y  OF THE C H ARACTERISTIC FEATURES OF THE WIRE HILLS SULPHIDE DEPOSIT

DDH SO. INCLINATION DRILL DEPTH INTERVAL OF T H I CKNESS OF MINERAL TO T A L CHARACTERISTICS
(DEG) ( m ) BODIES BODIES X THICKNESS

86/1 61.5 265 175-182 1 50 11 Pyrite-Pyrrhotite
226-230 4 30 C h a l c o p y r i t e ,P y r i t e ,Arsenopyri te

86/2 61 230 81-87 6 20 34 Banded Pyrite
103-106 3 20 Disseminated Pyrite
122-128 6 30 Disseminated Pyrite .Pyrrhotite minor.
168-187 19 80 Massive Pyrite

86/8 312 126-136 10 40 10 Brecciated Pyrite ore

86/9 218 76-79 3 30 13 Layered Pyrite
91-99 8 50 Weakly banded Pyrite

121-123 2 50 Banded Pyrite

RF/21 45 251 166-189 23 90 30 Massive Pyrrhotite
221-228 7 10 Disseminated Pyrite,Pyrrhotite,Chalcopyrite

RF/23 45 217 89-121 32 50 45 Massive Pyrrhotite
129-142 13 50 Massive Pyrrhotite.Chalcopyrite minor.

RF/25 60 271 96-114 18 70 35 Massive Pyrrhotite
139-156 17 60 Massive Pyrrhotite

RF/27 55 255 53-67 14 30 20 Layered Pyrite
103-109 6 60 Disseminated Pyrite

RF/33 60 288 53-93 40 90 49 Massive Pyrite
102-111 9 80 Massive Pyrrhotite .Pyrite minor.
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l a ) Massive Pyx'iLe Body

PyxiLe couiprisea mure Limn 90% of Llie body and occurs 

frequenLly in fine granular aggregates, which under Lhe 

oiiuroacope are well formed crystals. The pyriLe is

occasionally associated with oLhex- sulphide uiinex'als 

which occur in luinox* aaiounLs such as chalcopy x-i Le. One 

specimen of massive pyi'iLe body has coarse grained pyi'iLe 

crystals enclosed wiLhin Lhe fine grained pyi'iLe zone 

(Plate 14). The coarse crystals are inLerpraLed Lo be a

second genei'aLion pyi'iLe which ci'ysLallized from an iron

and sulphur x-ich solution that was enLi'apped between Lhe 

formed minerals. This solution cooled slowly resulting 

into coarse-grained pyi'iLe.

(b) Massive Pyx-i'hoLiLe Body

The body consists of fine grained pyi'i'hoLiLe as Lhe main 

sulphide mixxex'al while chalcopyx*i Le and pyi'iLe occur in 

Lhe minor sulphide minei'als. Pyi'i'hoLiLe comprises about 

80% of Lhe body while pyriLe and chalcopyri Le ofLen

comprise less than 5%. The other associated minerals are 

quart/, and chlori Le .

4.2.2. Banded PyriLe Body

The banded pyriLe body coxisists of pyriLe rich bands
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PLATE 14
Massive pyriLe body. The body shows two generaLions of 

pyriLe; fine grained (1) end coarse grained (2). The dark 

zone is chex-ly hosl rock
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-*11Lt*rlayeied wilh chex*Ly bands (PlaLe 15 and 16). The 

pyi'A Le i*ieh bands eonsisL of fine grained pyx*iLe. The 

baxxcls are occasionally folded, especially Lhuse LlmL 

occur* aL Lhe basal section of Lhe body (PlaLe 16). In 

the specimen, a unique feature is observed aL Lhe fold 

ex-fciisL where pyrx*hoLiLe lenses occupy Lhe zone beLween Lhe 

pyri Le bands. The occurrence of Lhe pyrrhoLiLe aL Lhis 

posiLion is inferred Lo mean LhaL Lhe mineral is of laLer 

^eneraLion and Lhe minex'ali zing soluLion was pushed under* 

pressux*e Lhrough openings creaLed by Lhe defuriuaLion.

4.2.3. Veined Sulphide Bodies

Veined sulphide bodies eonsisL of Lhe following:

Chalcopyri Le-py ri Le, pyx*iLe- arsenopyriLe and pyriLe- 

pyrx*hoLiLe. The mineralized veins and sLx*ingex*s are 

common in Lhe fooLwall rocks buL rarely do Lhey occur in 

Lhe hanging wall. The sulphide minerals are assooiaLed 

wi Lh Lhe inLensely ehloriLised zones of Lhe hosL rock, a 

facL which indicaLes LhaL Lhe mineralizaLion and Lhe 

alteraLion processes occurred sirnulLaneously.

(a) Veined Pyri Le-ehalcopyri Le Body

The couiposi Lion of Lhe vein is dominated by pyx*iLe 

occupies Lhe cenLral region of Lhe vein

chalcopyx*iLe forms Lhe uuLer margin (PlaLe 17).

This observaLion indicaLes LhaL Lhe mineralizing soluLion 

contained suffieienL quantities of copper, iron and

which

while
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PLATE 15
Bunded pyri Le body. The creamy-wh i Le bands (1) are

pyx-ite and the dark grey zones (2) are composed of chert.
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PLATE 16
Folded banded pyx'iLe body PyriLe x'ich banda (1) ulLerrmLe 

wiLli dax’k ^rey ohex'Ly bunds (2). The oonuuve side ol Lhe 

fold ox'esLs are minex'al 1/,ed with pyrx'hoLiLe (3).
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PLATE 17

A Lype of veined pyx’iLe body. Pyx-il.e Layers (1)

slLerxmLe wiLh silieified Luff layexs (2).
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sulphur’ Lo px'eoipi LuLe Lhe sulphide mixiex'als.

ChalcopyriLe was px’ecipi LaLed fix’sL axid Lhe x'esidual 

suluLion being richer ixi ix-on buL poorer in copper, 

deposiLed pyx*iLe. The bust rock is highly ailioified and 

Lhia indicaLes LhaL Lhe silieificaLion process proceeded 

Lhe uiinex'al i za Lion process.

(b) Veined Pyx'iLe Body

The veined pyx*iLe body consisLs of Lhin layers of pyriLe 

alLex'naLing wiLh ailioified Luff (PlaLe 18). lhe hoa L 

rock is mildly al Lex*ed Lo greenish colour while pyx’iLe 

occurs in fine Lo medium gx-ained aggx-egaLea. The 

mixxex’alized veins vary in size fx'om abouL 1mm Lo lorn in 

Lhickness while Lhe ailioified bands aLLain a Lhiekness 

of upLo 2cm. The hoaL rock has disseminaLed pyriLe 

grains which are occasionally cubic in shape and aLLain a 

size of abouL a uii 11 iuie Lre across.

(c) Veined ArsenopyriLe Body

The mineral, ax*sexiopyx*i Le, occurs almost exclusively in 

Lhe fooLwall rocks in Lhe fox’iu of veins. The mineral 

often occurs in euhedral shiny silvery-grey crysLals ix» 

associaLion wiLh quarLz and calciLe.

(d) Veined Pyx-i Le-PyrrhoLi Le Body

The vein deposiL ofLen occux'S in Lhe fooLwall rocks in
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PLATE 18
Veined pyriLe - ohaloopyriLe body. Pyi'iLe (1) occupies 

the ueiiLral zone and in it’a margin ia a zone rich in 

ohaloopy ri Le (2). The hoaL rook ia oherly and appeara aa

the dark grey zone in the photograph.
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Lhe fox-m of stx’ingexs and uiinoi' veins. The minerals

foxmixig Lhis Lype of deposiL are usually Fine grained and 

are occasionally associated with chalcopyi'i Le.

4.2.4 DisseminaLed Sulphide Bodies

The disseuiina Led bodies consist ol sulphide uiiaerala 

sparsely distributed within Lhe hosL rock. The common 

minerals comprising Lhe disseminaLed bodies include, 

pyrite, chalcopyriLe and py x*x*ho Li Le . They often occur in 

combinations of Lwo ox- inox’e.

(a) DisseminaLed PyxiLe Body

The disseminated pyx’iLe body consists ol pyx’iLe cubes of 

dimensions beLweexi luim and 4mm scattered within a chex’ty 

Luff (PlaLe 19). AnoLher disseminaLed pyriLe body 

similarly occurs in dx’ill hoLe RF/27 where well developed 

euhedx'al pyx’iLe cryslals are emplaced in a Luffaceous 

uiatx'ix. The uecurrence of Lhese euhedx’al pyi’iLe crystals 

indicate that the crystals t*x’ew in a soft Luflacious rock 

which allowed fox* unobstrue Led gi’owLh. The enviroiiiuent 

of f o r u m  Lion was possibly within a porous Luff unit axxd 

Lhe pyx’iLe crystals were deposited fx’om hydx’o Lhe rmal 

solutions. The intensity of silicificaLion indicates

that Lhe soluLion contained abundant silica as well.
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PLATE 19
DisseniinaLed pyi'ile body, 

ureaiuy-whi Le orysLals (1).

Pyi'iLe appeal's as Lhe euhedral 

The hos L rook is clierLy LufI .
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( )  DisseminaLed Pyx-1 Le - Pyrx-hoLiLe Body

The body consists of disseminaLed pyx-iLe cryslula in a 

pyx-rhoLiLe rich base. Sulphide uiinex-als consLiLuLe abouL 

50% of Lhe rock out of which the pyx-x-holiLe value is 

abouL 40% and pyx-iLe 10% (PlaLe 20). The pyx-iLe cx-ysLals 

measure between 0.1mm and 3wiu in sise and oecur within 

fine ^x-ained pyx-x-hoLiLe though some also occux- in Lhe 

cherty maLrix. Chalcopyx-i Le is occasionally disseminaLed 

in Lhe pyrrhoLiLe.

(c) DisseminaLed Chalcopy x-i Le - Pyx*iLe Body

The body consisLs of abouL 47% chalcopy x-i Le and abouL 3% 

pyx-iLe (PlaLe 21). The gaxiti'ue uiinex-als include chex-Ly 

quartz and chlox-iLe. Chalcopy x-i Le occurs in f el Led

axxhedx-al masses in which euhedx-al pyx-iLe crystals are 

disseminaLed. Some of Lhe pyx-iLe crystals contain

chalcopyx-i Le as inclusions. These inclusions are

observed boLh in macx-oscopic and microscopic scales. 

From Lhis observation, iL can be postulated LhaL pyx-iLe 

is a latex- mineral and during Lhe process of ILs

fo rmation, iL enclosed

ohuleopyri Le.

some of Lhe earlier formed
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PLATE 20
Disssseiuina Led pyriLe-pyrrhoLiLe body. Pyi’iLe appears as 

Lhe ereamy-whiLe zones (1) and pyrrhoLiLe Lhe dark brown 

zones (2). The oherLy hosL rook appears as Lhe dark

zones.
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PLATE 21
OlBseuiualed pyri Le-chaleopy rl le body. Greyish paLohes 

(1) are pyriLe while chalcopyrile ucuura as Lhe yellowish 

masses (2). The dark zone is silieified and ehx'oli l.ized

hosL rock.
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4.2.5 Bx-ecciaLed PyxiLe Body

Two forma of breuciaLed pyx-iLe bodiea occux-, one in which 

pyx-iLe fox-ius Lhe breccia while in Lhe oLher, pyx-iLe fox-uis 

Lhe uialrix aa well. The fix-sL Lype of body eonaiaLa of 

pyx-iLe fragwexiLs which are aubrounded and vary in size 

from abouL a inillimeLre Lo 10 uiiu in diameLx'e. The cemexiL 

xs dark, ^rey chex-Ly material. From Lhe aLrucLure of Lhe 

body, iL ia suggesLed LlmL brecciaLion x-esulLed in 

abrasion of Lhe fxugiueiiLa wiLh Lhe foriuaLiou of Lhe 

rounded graina. The ceuienLing cherL waa depoaiLed fx-ow 

Lhe ailica x-ich fluida LhaL flowed Lhx'ough Lhe open 

spaces afLer brecciaLion of Lhe body.

The oLhex- fox'ui of bx-ecciaLed sulphide body observed 

occurs in a lapilli Luff uniL. In aouie zones, Lhe

lapilli fx-aguienLs are ceiuexiLed by pyx-iLe buL in xuoaL 

zones, pyx-iLe alao forms fx-agmenLax-y concen LraLioxia 

(PlaLe 22). These pyx-iLe fx-aguienLs are infex-x-ed fx-om a 

LexLural chax-acLex-isLic, Lo be of replacemenL origin. 

The replaced maLerials are lapilli fragmenLa which were 

originally pumice. Such a replacemenL LexLuxe can be 

obaerved in plaLe 23 where Lhe pyx-iLe is px-efex-enLially 

localized wiLhin pumice fragmenLa. This preferenLial 

coxicexiLx-aLion of pyx-iLe waa favoured by Lhe poruus and 

permeable naLux-e of pumice. This condi Lion allowed fox- 

the accumulaLion of inixxex-alizaLion soluLion ixi Lhe
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PLATE 22
BrecciaLed pyi’iLe body. Yellowish paLehes are pyriLe (1) 

while lapilli f x-aguien Is are lighL-grey (2).
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PLATE 23
Replacement. pyx’ile body. PyxiLe cuxiuexi Lx’a Lions (1)

replace puinioe f x-agwen La. The hoaL rook which appears

dax-k ix» Lhe phoLogxaph ia ailieified lapilli Luff.
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caviLies and from Lhe soluLion, cryalala of pyx'iLe 

formed.

4.2.6. Colloidal ’Massive’ Sulphide Body

The eolloidal LexLure can be observed boLh in uiiurusuopiu 

and maurosuopic scales for Lhe ’Massive’ pyriLe in ddh. 

RF/33 (Appendix ) In hand specimen, Lhe LexLure is 

exhibiLed by Lhe body having concenLraLions wiLh 

spheroidal ouLlines (PlaLe 24). The spheroidal nature of 

Lhe deposiL is aLLx-ibuLed Lo colloidal preci pi La Li on of 

Lhe mineral (BasLin, 1950). The present observable 

shapes have been modified by exLernal forces and hence 

appear as disLoxded spheroidal uniLs. This Lype of

LexLure is more frequenL in pyriLe bodies and rarely well 

developed Lhe in pyrrhoLiLe bodies. The ease of

foruiaLion of colloidal LexLure by pyriLe compared Lo 

pyrrhoLiLe is aLLribuLed Lo Die high relaLive densiLy of 

pyi’iLe (5.02g/c.c.) which exceeds LliaL of pyxx’hoLiLe 

(average = 4.6 lg/c .-c. ) . The colloidal LexLure being a 

producL of surface Lension phenomena, is dependenL oxi Lhe 

densiLy of Lhe colloidal suspensions and LliaL of Lhe 

colloidal soluLioxi (BasLin, 1950). Therefore when Lhe 

soluL ion is capable of precipi LaLing boLh pyx-iLe axid 

pyx*rhoLiLe, Lhe pyriLe will Lend Lo foxm colloidal 

sLruaLures in preference.

UNIVERSITY OF NAlROBf 
klBBLARY
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PLATE 24

Colloidal pyriLe minerali&u Lion. Colloidal LexLure La 

shown by pyx-iLe eoiicen LraLiona (1) in uherl.
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4.3 Mineralogy of Lhe Sulphide DeposiL

T h e  mineralogy of Lhe deposiL is characterised by Lhe 

presence of sulphide minerals, wugneLiLe and Lhe 

mssociaLed gangue minerals .

4.3.1 Sulphide Minerals

T h e  major sulphide minerals indenLified include pyriLe 

pyrrhoLiLe, chalcopy ri Le and arsenopyriLe while

sphalerite occurs in minor- amounts.
£

(a) PyriLe (FeS*)

PyriLe is Lhe douiinanL sulphide mineral in Lhe deposiL . 

IL cons LiLuLes more Lhan 60% of Lhe sulphide minerals and 

occurs as an impurLanL consLiLuenL of Lhe massive,

disseininaLed, colloidal and veined bodies. The minerals 

occur- in fine Lo coarse grained aggregaLes. In Lhe

former case, iL forms Lhe massive bodies and veins wliile 

in Lhe laLLer, iL constitutes Lhe disseminated pyriLe 

body. In fine grained aggregaLes of Lhe massive body, 

Lhe mineral assumes a dull yellowish colour buL when iL 

occurs in coarse crysLals iL has a brigliL yellowish 

colour. The commonly associated sulphide minerals

include pyrrhoLiLe and chalcopyriLe.
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(b) Pyrrho Lite (Fei-,S)

Pyx'rhoLiLe is Lhe second abundanL mineral al'Lex- pyx-iLe. 

The ininex-al is pinkiah-brown and occux-a in fine granular 

^^re g a l e a  wiLli uiodex-aLe Lo uLrung magnetism. The

uiinex-al conaLiLuenLs parL of Lhe massive, veined and 

di aaeiuiua Led bodies. The oLher aulphide miuerala

commonly asaociaLed wiLh pyx-xlioLiLe include chalcopy x‘i Le 

and pyx-iLe while Lhe asaociaLed gaxigue uiixiex-als includea 

ehloriLe, quax-Lz and calciLe. The sLrong magnetic

px-opex-Ly of Lhe uiinex-al indicaLea LhaL Lhe vax'ieLy ia of 

uioxioclixiic Lype aa opposed Lo Lhe hexagonal vax-ieLy which 

ia non-magne Lie. Pyx-iLe grains LhaL occur in pyxx-hoLiLe

are boLh of replacement and px-iuiax-y ox-igin while

chalcopy x-i Le occux-a as inclusions in pyriLe.

(c) Chalcopy x-i Le (CuFeSx)

The ininex-al occux-a in bx-ighL shiny yellow anhedral 

masses. IL ia mainly present in Lhe aLringer none which 

underlies Lhe aulphide boilies. In Lhis zone,

chalcopyriLe occurs aa veins and disseiuinaLed uni La in 

Lhe host rook. ChalcopyriLe is Lhe main souroe of copper 

ixx Lhe sulphide deposiL and an XRF analysis of 

uiunoininex-allic sample of chalcopy x-i Le reveals LhaL Lhe 

supper coxiLenL is aa high as 11% (Table 11). IL’a most

associated aulphide minerals include pyrrhoLi Le , pyx-iLe 

and arsenopyri Le in ox-dex- of decreasing abundance. The
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associ tiled gan^ue minerals are ealeiLe, quarlz and

ehlori Le.

( «-l ) ArsenopyriLe (FeAsS)

Ax'sexxopyx-i Le fox-ius a minor fx-acLiun of Lhe LoLal mineral 

conLenl of Lhe sulphide deposiL. IL commonly occurs in 

ahixiy meLallie grey euhedral crysLals. The idenLiLy of 

Lhe mineral was furLhex- confirmed by X-ray diffracLion 

analysis (Table 8). The daLa agrees wi Lh Lhe diffracLion 

dala fox- araenopyriLe (JCPDS daLa book, 1984). The 

mineral commonly occux-s in veins where iL is associaLed 

wiLh calciLe and quaxLz in Lhe sLringer zone.

Table 8 XRD Da La fox- AraenopyriLe

Ref lecLioxi d-apacing mu. _____In Lena! Ly %

001 3.6928 30

002 2.8667 20

003 2.6828 100

004 2.5780 10

005 2.4617 80

006 2.2116 15

007 2.1035 22

008 1.9530 17
009 1.8240 55
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4.3.2 Gan^ue Minerals

lhe common ^angue uiinerals aaauuialed 

*uineralisaLion are: QuarLs, chloriLe and 

uiinerals are discussed in deLail below.’

wiLh sulphide 

calciLe. The

(a) Quartz (Si02 )

Quartz ussually forms Lhe dominant gangue minex-al

aasouiateil wiLh Lhe sulphide minerals . IL occurs in Lhe 

-Tox’ui of veins and anhedral masses associated with Lhe 

sulphide minerals. The quarLz veins are mainly

associated wiLh Lhe sulphide minex’als in Lhe stringer 

aone which underlies Lhe main sulphide deposiLs. The

quartz LhaL occurs in Lhe massive ores are

mierocrysLalline in LexLure and Lhe sulphide uiinex'als 

occur- within i L. The intimate association between Lhe 

quartz and Lhe sulphide uiinex-als indicaLe LhaL silica was 

an impox-LanL component of of Lhe mineralizing solution.

(b) ChloriLe (Mg, Fe, Al)c (Si, Al)« O, o (OII)8

The niosL imporLanL varieLy of chlux’iLe which occurs as a 

iaugue mineral is clinochlore given by Lhe above formula. 

IL occurs in deep green flaky and also in granular 

aggx-egaLes. Chloi-iLe often forms an imporLanL gangue 

mineral for Lhe pyr-x-hoLiLe deposi L. XL also occurs in
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m  i n o r quanLiLy in chalcopyri Le, araenopyrile and pyi-iLe

ilopoai Ls.

( «-: ) CalciLe CaC03

la Lhe only cax-bonaLe mineral idenLified by Lhe 

X R D  axialyaia. IL ocuux-s maixily in Lhe fooLwall rocks as 

vt*-i-ns whioli are eiLhex- conoordanl ox- disuox-danL Lo Lhe 

f o l i a L  ions. DisseiuenLed gxains of ualeiLe are also

euuiuion in Lhe highly ohloriLised hosL rooks. CaloiLe is 

a s s o e i a  Led wiLh Lhe sulphide minex*als mainly in Lhe 

sLxin^er zone. The fx-equenLly assooiaLed sulphide

uiixierals include! ArsenupyriLe, chaleupyx-i Le and

pyrxhoLiLe. ArsenupyriLe fox-ms euhedral disseuiina Led

drains in oalciLe. The close associaLion between Lhe 

carbuuales and Lhe sulphide uiinex-als indicaLe LhaL Lhe 

carbonaLe was also conLained in Lhe minex-al izing soluLion 

LhaL px-ecipi LaLed Lhe sulphides.

( 3 ) MagneLi Le ( Fe3 0« ) .

MagneLiLe occurs in dax*k grey, massive form which is 

strongly uiagneLio. The mineral is frequenLly inLiuiaLely

associaLed wiLh Lhe highly ohloriLised liLhologic uniLs 

arid occurs in disseuiina Led form and in bands of abouL 

10cm in Lhiekness. IL has been idenLified by iLs sLrung 

magneLic px-opex-Ly and by ore micx-oscopio sLudy. A vein

of chalcopy ri Le was noLed Lo occur- wiLhin magneLiLe.
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Wlitfn Lhe mode of occurrence of Lhe uiineral is considered, 

i L is suggesLed LhaL iL was formed as a resulL of 

cJxidaLion of ferrous silicaLes in rocks by water and 

carbon dioxide contained in Lhe invading soluLions as 

proposed by HuLchinson, (1982). The reacLions leading Lo 

blie formation of Die inagneLiLe is given by Lhe formulae 

b e l o w :

Fe- Silica Les + CO2 = Fe304 + C and

Fe- Si 1ica Les + H2 O = Fea O 4 + H2 (a



128

CHAPTER 5

EVALUATION OF THE SULPHIDE DEPOSIT 

5.1 InLex-px-eLaLion of Geochemical Data

The X-ray flouresence (XRF) analysis of monominex-all ic 

^sulphide samples arid Lhe corresponding sulphides were 

iinalysed fox- Lhe inajox- and uiinox- elemenL conlenLs (Tables 

9 and 10). The maximum values of Lhe elemenLs presenL 

txx-e as follows: 11.2% Cu, 0.35% Zn , 0.13% Pb, 14.74% As,

0.02% Sn and 0.002% Ad- The meLals and Lheir sources are 

l>x-iefly discussed below.

(a) Silver*

Silver commonly occurs in Lhe Wii-e hills sulphide deposiL 

wiLh Lhe highesL value of abouL 0.02% in clialcopyriLe 

deposiLs and an average of abouL 0.005% in pyx-iLe and 

pyx-x-hoLiLe deposiLs. The maximum concen Lxa Lion of silver 

in Lhe munuuineralliu samples is abouL 0.005% in pyx'iLe 

and pyx-i-hoLiLe and 0.067% in chalcopy x-i Le. The analysis 

indicates LhaL silver is commonly associaLed wiLh

chalcopyx-iLe Lhan Lhe oLher minerals. This is fux-Lhex-

confimied by Lhe currelaLion belween copper- and silver- as 

revealed by Lhe calculaLion of Lhe coefficienL of 

corx-elaLion which is 0.95 (Table 11).



TABLE 9 XRF ANALYSIS OF SULPHIDE BODIES
SPEC.NO. MINERALIZATION Ag Cu
1 .1 80 Pyrite 0.005 0.043
2.180 Pyrite 0.005 0.045
2.181 Pyrite 0.005 0.015
33.205 Pyrite 0.006 0.097
23.180 Pyrite 0.004 0.008
27.215 Pyrite 0.001 0.001
8.1 30 Pyrite 0.006 0.030
33.210 Pyrite 0.004 0.020
33.220 Pyrite 0.005 0.025
33.215 . Pyrite 0.005 0.029
21.180 Pyrhotite 0.002 0.004
25.105 Pyrhotite 0.001 0.005
1 .220 Arsenopy. 0.010 0.060
25.250 Arsenopy. 0.005 0.012
21.240 Chalcopy. 0.01 0 2.645
25.180 Chalcopy. 0.020 11.219

Excitation Source = Cd - 109 
Specimen number indicate drillhole and 

i.e. 1.180 drillhole no. 1 at 180m.

Zn Pb As Mn Sn
.011 0.020 0.020 0.086 nd
.040 0.043 0.085 0.144 0.005
.005 0.048 0.001 0.160 0.001
.004 0.012 0.127 nd 0.001
.005 0.066 0.001 0.236 -

.01 3 0.025 0.001 0.175 0.004

.01 0 0.001 0.010 0.024 0.003

.009 0.049 0.001 0.062 0.001

.01 1 0.046 0.001 0.238 0.008

.01 5 0.1 30 0.010 0.302 0.060

.01 0 0.009 0.006 0.980 0.020

.01 5 0.006 0.001 0.331 0.001

.021 0.001 9.513 0.181 0.008

.025 0.001 14.740 0.771 0.025

.065 0.012 0.100 0.141 0.006

.348 0.009 0.300 0.579 0.010

sampling depth

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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TABLE 1 0 XRF ANALYSIS OF MONOMINERALLIC SAMPLES. (%)
SPEC. NO. MINERAL Ag Cu Zn Pb As Mn Sn
1 .180 Pyrite 0.005 0.049 0.012 0.063 _ 0.087 0.003
2.180 Pyrite 0.004 0.012 0.039 - 0.01 2 0.050 0.003
2.181 Pyrite 0.001 0.008 0.045 0.026 0.012 0.050 0.003
33.205 Pyrite 0 .005 0.857 0 .080 0.007 0.113 0.048 0.006
23.180 Pyrite 0.001 0.001 0.012 0.008 0.010 0.010 0.005
27.215 Pyrite 0 .001 0.151 0.001 0.036 - 0.061 0.008
8.130 Pyrite 0.005 0.020 0.163 0.010 0.004 0.030 0.003
21.180 Pyrrhotite 0.001 0.008 0.002 0.122 0.001 0.001 0.003
25.105 Pyrrhotite 0.005 0.034 0.010 0.001 0.001 0.001 0.002
1 .220 Arsenopyrite 0.005 0.061 0.045 - 17.310 0.001 0.004
25.250 Arsenopyrite 0.009 0.015 0.013 - 1 9.153 0.001 0.002
21.240 Chalcopyrite 0.012 8.674 0 .040 0 .020 0 .020 0.094 0.003
25.180 Chalcopyrite 0.067 11 .657 0.284 0.019 0.010 0.114 0.010

Excitation Source = Cd - 109 Isotope 
The specimen number indicates drillhole and sampling depth 

i.e. Spec.no. 1.180 indicates drillhole 1 sampled at 180m. depth.
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1.20 0.03 0.01
1.80 0.02 0.01
4.00 0.02 *2.60 0.01 0.01
7.00 0.02 0.01

0.07 0.02
0.12 0.01
0.04 0.01
0.01 0.01
0.01 0.01
0.01 0.01
0.04 0.01
0.02 0.01
0.02 0.01

5.00 0.06 0.01
0.03 0.01

* 0.04 0.01
0.04 0.01

60.00 2.43 0.13
126.00 3.18 0.07
* 0.01 0.01

10.00 0.01 0.01
1 .00 * 0.01
0.80 0.21 0.03
1 .00 0.02 0.01

0.01 0.01
* 0.03 0.03

0.01 0.01
0.70 0.06 0.03
1 .60 0.08 0.02
0.60 0.01 0.06
0.70 0.01 0.12
15.30 0.49 0.08
0.40 0.01 0.05
0.80 0.01 0.09

T a b l e 11

0.40 0.010.80 t 0.010.40 0.01■*»

1 .00 0.01 0.03
0.03 0.300.80 0.01 0.330.20 * 0.42

* 0.01 0.08
1 2.80 0.01 0.09

0.26 0.081 . 50 0.02 0.091 . 30 0.02 0.057.30 0.10 0.081 . 50 0.01 *
0.03 0.08
0.01 0.03
0.01 0.020.80 0.01 0.020.20 0.04 0.082.00 0.07 0.100.90 0.04 0.251 .90 0.05 0.103.60 0.13 0.214.10 0.13 0.090.70 0.06 0.051 26.00 4.51 0.217.20 0.33 0.130.30 0.09 0.15* 0.02 0.170.80 0.03 0.22* 0.02 0.070.70 0.03 0.031 .00 0.09 0.050.30 0.02 0.054.50 0.23 0.040.40 0.01 0.030.40 0.02 0.057.70 0.11 0.08

Silver :mean=5. 51 9
Standard dev.=16.469

Copper : mean=0.134 
Standard dev.=0.499

Zinc: mean=0.057
Standard dev.=0.099

Correlation Coefficient, r,
Cu-Zn =0.1449 Cov.=0.00735 
Cu-Ag =0.950 Cov.=9.462

* = Cori'es ponding values nol used in 
the calculuLions•

0.05
0.03

0.03
0 .0 2
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11*) Co ppe r

The supper uonLenL in Lhe sulphide deposiL varies from 

0-001% in Lhe pyriLe and pyrrhoLiLe urea Lo abouL 11% in 

Lht; cbalcopyriLe deposits (Table 9). Monouiixiex'al 1 io

samples also re^isLered copper values beLween 0.001 and 

The billies L values were recorded in chaluopyri Le 

while Lhe coiiceiiLiaLiun in Lhe oLher sulphide minerals is 

low with no apparent Lrends. From Lhe analysis, iL can

be concluded LhaL chalcopyriLe is Lhe main source of 

cupper in Lhe Wire hills sulphide deposiL.

(e) Ziinc

Zinc: is a common me Lai in Lhe sulphide deposiL. The

average con lent of Lhe elemenL in Lhe deposiL is about 

0.01% in pyriLe and pyrrhoLi Le depusiLs while Lhe value 

in cbalcopyri Le ore is higher*, upLo 0.35% (Table 9). In 

Lhe monominerallic samples, Lhe zinc conLenL is low in 

pyriLe, pyrrhoLiLe and arsenopyrile but relatively higher- 

in cbalcopyri Le, reaching 0.28% (Table 10). Although no 

zinc mineral was separated fox- analysis, iL is considered 

LhaL splialeri Le forms Lhe main source of zinc as in 

Macaldex* (Ogola, 1984). The occurrence of sphalex-iLe in 

Lhe deposiL was revealed by ure microscopic studies. 

However-, Lhe mineral occurs in minor- quantities in Lhe 

deposiL. AlLhough higher zinc values appear Lo be

associated with ehaloopyriLe —rich zones, Lhe Lwo me Lais 

are noL paragenLically associated as revealed by Lhe low



-T rieieuL of eoi-x-elaLion be Lween Cu ami Zn of about 

° - 14 (Table 11) .

U )  Lend

l»fci lead ooiilenL of Lhe depoaiLa vary froiu 0.001% Lo 

t*.l»oi_»L 0.13% (Table 9). This is Lhe aame range for Lhe 

1 t a d  conLenL in Llie iuonominex-allio aamplea (Table 10).

A m o n g  Lhe aulphide minerals analysed , high ex* lead values

o c c u r  in pyriLe and lower- in clialcopyx-i Le and

sax-aenopyri Le. The source mineral f OX* lead waa noL

ooxif irned beoauae of Lhe failure Lo idenLify such

minerals under- x-eflieo Led lighL and by X-ray diffx-aoLion

(XRD) iiieLhods, buL iL ia assumed LhaL Lhe aulphide

tltfpoaiL have Lraces of galena aa ia Lhe ease in Lhe

Macalder massive sulphide depoaiL (Ogola, 1984).

( e ) Ax-sexxio

Arsenie uouiiuonl y oeeux's aa a eons Li Luert L ol Lhe sulphide 

depoaiL. The araenic valuea are fx-equenLly in Lhe x-ange 

of 0.001% Lo 0.1% in Lhe depoaiLa and similar 

ooneen Lx-a Lions have been uuled in Lhe aulphide ininex'ala 

(Tablea 9 and 10). The maximum arsenic value in Lhe 

depoaiLa ia about. 14% and Lhia was noLed in araenopy r i Le 

~ rich veins. The arsenic oonLenL ol arsenopyriLe waa 

nuLed Lo reach a maximum of 19.3% and henue ia Lhe main 

soux-ce of arsenic in Lhe depoaiLa (Table (10).
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( f ) Gold

Gold la of minor importance in Lhe Wix’e hills sulphide 

deposit. The element often occui’s in values of less than 

O.Olg/Lon and Lhe maximum value obtained by Atomic

Absorption SpecLrophoLometrio (AAS) method is 0.07g/Lon. 

Examination of Lhe AAS-analyLioal resulLs, reveals that 

frequently occurs in zones having high silver and 

copper values (Table II). From Lhis observation , i L can 

l>fc: concluded thaL Lhe eleiuenLs; gold, silver and copper

ax-e highly associated.

iU) Tin

Tin is a common constituent of Lhe deposit. IL 

frequently occurs in amounts varying from 0.001% to 0.01% 

ItoLh in Lhe monomineral lie and sulphide deposiLs samples 

(Table 9 and 10). Th e concentration of Lin, however does 

not follow any observed Lrend in reapecL to Lhe oLhex’ 

elemenLs.

5.2 EsL filiation of Lhe Sulphide DeposiL Reserves

liie evaluation of Lhe deposit is based on five dxvi.ll 

holes sunk in Lhe northern flank of Lhe Wix'e hills. The 

zone assumed Lo have uniform mineralization cover’s an 

area of ubouL 250m by 470m.(Figure 15).



136

250 m

Fig. 15 SKETCH DIAGRAM SHOWING THE 
DIMENSIONS OF THE EVALUATED 

BODY
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** Vi±l ua Ling Lhe size of Lhe deposiL, Lhe sulphide 

b-Jiditjij ar-e assumed Lo occur in a wed^e shaped structure 

14). However, Lhe upper- body (Figures 13 and 14) 

iicjL conaidered in Lhe evaluLion because of iL’s non — 

uu j. f o r m  nature and Lo Lhe faoL LhaL iL is inLersec Led by 

three drillholes which lie in a linear paLLern.

T'Hti dimension of Lhe evaluaLed sulphide body is taken Lo 

about 470m by 250m Lhick in Lhe upper- level and 8m 

l-h-Lcrk in Lhe lower* level (Figure 15).

T h e r e f o r e , Lhe volume is:

2 C Om x 470m x 8m = 940,000 cubic meLres

1 4 / 2  x 250 x 470m = 822,500

ToLal = 1,762,500

S ince Lhe body is abouL 50% mineralized by volume, Lhe 

affecLive volume is therefore 881,250 cubic metres. Also 

it is assumed LhaL since Lhe body is rich in pyriLe and 

pyrrhoLiLe and Lhe denai Lies of Lhe minerals are 5.02 and 

4.65 - 4.58 g/c.c respectively, Lhe density of Lhe

aulphide deposiL is taken Lo be Lhe average between Lhese 

densities i.e.

aulphide densiLy = (5.02 + 4.65 + 4.58)/3 g/c.

= 4.75g/c or 4750 kg/ cubic metre

Therefore, mass of Lhe sulphide deposiL

(881,250 x 4750) /1000
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CHAPTER 6

DISCUSSION AND CONCLUSIONS 

6.1 Discussion

li la now established LhuL Lhe Wire hills massive 

sulphide deposit occurs within Lhe Nyanzian rhyolitic 

x-ooks which form Lhe domical complex of Lhe Wire hills. 

The host rocks Lo Lhe sulphide deposit are sheared into 

sLeeply dipping uniLs which conform Lo Lhe general 

structural Lrend of Lhe rocks of Lhe Nyanzian Group as a 

whole.

Acoor-dirig Lo Sanders (1970), Lhe geological evoluLion of 

Lhe Nyunzian Group, within which Lhe Wire hills area 

forms a parL, began with Lhe growLh of volcanic island 

arcs LhaL had gently sloping volcanoes rising above Lhe 

sea level. From Lhe evidence of Lhe present sLudy, Lhe 

Sander's’ (1970) hypoLhesis appear agreeable in LhaL Lhe 

Wire hills volcanism is of a calc-alkaline rtaLure. This 

is suggested from Lhe rinding LhaL wiLhin Lhe sLudy area, 

there is a compositional variation in Lhe volcanic rocks. 

The rock sequence grades from calcic at Lhe boLLom Lo 

alkaline . aL Lhe Lop. Andesi Les occur in Lhe lower 

sLraLigraphic zones followed by daciLes and finally, 

rhyolites occur aL Lhe Lop, often associated wiLh iLs 

pyroclastic equivalents. Despite Lheir great age
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i Lhe Japanehti i a land area, par Licularly aL Kuroko 

(Sa.Lo, 1977 ). In the projecL area, Lhe aiulesiLes were 

p r e v  ioualy mapped aa Nyanzian basal La while Lhe tlaei Lea 

lumped LogeLher wi Lh Lhe rhyolites as being Lhe grey 

v a r i e t y ,  Saggerson ( 1952). Therefore in adopLing Lhe

p r e s e n t  classificaLioti, a Lhurough field mapping way 

e a r r i e d  out coupled wiLh boLh petrographic studies and 

w h o l e  rock chemical analysis.

T h e  s LraLigraphic sequence described above points Lo Lhe 

W i r e  hills as having been Lhe possible cenLre oi Lhe 

v olcanic eruption. This posLulaLion is 1 ui Lhei

supported by Lhe facL LliaL Luffs and agglomerates occui 

oil Lhe Lop of Lhe hills. The presence of agglomerates 

indicate a close proximity Lo a voleanie venL since Lhe 

agglomeraLio fragments are embedded in a lava ol similar 

coiuposiLion Lo Lhe fragments. This indieaLes LhaL Lhe 

fragments settled on a molLen lava ol rhyoliLic 

composition. According Lo Saggerson (19o2), Lhe

rhyolitic outcrop on Lhe Wire hills forms Lhe greaLesL 

rhyoliLe accumulation when Lhe enLire greenstone belL in 

western Kenya is considered. Gross ( 1973), I ui Lliei

postulated LhaL rhyoliLic and daoiLic rocks are LhickesL 

and abundant in Lhe succession of volcanu-sedimenLary 

formations in and around Lhe ancient volcanic cenLres. 

These facts puL LogeLher sLrongly poinL Lo Wire hills as 

being an Archean fossil volcanic centre.
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Lype of volcanisw LhaL occurred dux-ing Lhe eruplion 

Lht± Wire hills is sug^esLed Lo have been of an 

t-X-plosive naLure. This is deduced from Lhe observalion 

cliat pumice fra^iuenls form an essenLial component of Lhe 

^ a p i l l i  ai/ed f ragmenLs in Lhe Luffs. The eruption was 

Llxcrefore sub-aerial since Lhe pumice fragments can only 

f o r m  when air or volatiles are trapped in Lhe lava buL 

could 1 1 0L be possible in a submarine environmenL 

i=s-Lrioe Lhe large hydros Lie pressure involved would inhibiL 

Llit; escape of Lhe volatiles (Spence and de Rosen-Spence 

However-, parL of Lhe eruption must have occurred 

cnriler- water or Lhe lava flowed in water because auLo- 

b r ecciaLed rhyolites have been observed wiLhirt Lhe rucks 

o f  Lhe Wire hills. The auLo-brecciaLion of rhyoliLe 

o c c u r s  only when rhyolitic lava flows in water (Spence 

sand de Rosen-Spence, 1975).

T h e  morphology of Lhe Wix-e hills as describing a seuii- 

circular linear- paLLern is atLx-ibuLed Lo sLnicLural 

conLrol. The main structural control is suggested Lo 

have been a fracture zone which existed dux-ing Lhe 

Archean. This weak zone must have been sLx-iking in Lhe 

same trend as Lhat shown by Lhe present hills. The

existence of such structural weak zones and Lheix- 

influence on volcanism lias been pos Lula Led fox- oLhex- 

Archean volcanic cenLx-es in diffex-enL regions of Lhe

world (Goodwin and Ridlex-, 1970).
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T W  v o l c a n i c  of U.a Wire h i U .  aooo.„„„ioU b,

periods of voloanio eropLioos and periods or aedi.eniar, 

deposition. Sedimentary uniLa fur™ a notable portion or 

Lhe rocks of Lhe Wire hills area. These sedi.enLary 

rocks are represented by Lhe banded irons Lone and cherts 

which occur in iaolaLed paLehea within the Wire hills. 

The presence ol these rocks as described above indicates 

LhaL Lhe Wire hills area was once in a murine 

environment. The banded ironstone and chert outcrops 

LhaL now appear' in iaolaLed paLches are relicts defining 

Lhe existence of an ancient sea floor. IL can therefore 

be concluded LhaL these banded ironstone outcrops were 

once one uniform body which was uffecteil by various 

processes , namely , Lectonic, weaLhering ami erosion . lhis 

conclusion is reached from Lhe 1 ac L LhaL Lhese isolated 

outcrops occur at aiiuosL Lhe same ulLiLude. However, Lhe 

pure whiLe chert LhaL occurs capping Lhe Wire hills main 

peak possibly represents a later period or deposition or 

silica from an iron poor colloidal solution. The cherL 

was deposited on laLer rhyoliLic lava LhaL had covered 

Lhe earlier deposited sedimentary ironsLone and hence is 

relatively younger in age.

■ • « i u  different periods ofThe occurrence of Lhese dui m g
volcanism indicates LhaL subsidence resulLed

eugeosynclinal volcanism which occurred m  a large scale.

The formation of Lhe banded ironsLone uniLs in the basins
• 1 oiLaLion of chert and ironstone, involved rhythmic preca pA Laliui •

• •, led from colloidal silioa while
The chert was precip^L
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-*-X'on x-ioh bands were px'ecipi La Led fx*oiu Lhe i ron 

liarbonaLea and hydx-oxides {ShackleLon, 1946; Heukes,

1973; Gross, 1973).

The presenL geogx-aphical and geological posiLion of Lhese 

banded irons Lone and chei’L uni Ls is due Lo Lhe uplifL of 

Lhe area. The uplifL, especially of Lhe Wix-e hills, was 

possibly due Lo a later domal felsic volcanism. This 

suggestion is reached in Lhe lighL of Lhe facL LhaL Lhe 

W ire hills fox'in a xdiyoliLic dome and such douial volcanism 

has been proposed fox- Lhe oLher Arehean domical complexes 

(Goodwin and Ridler, 1970; SangsLer, 1972; IluLehinson, 

1973). The uplifL Lherefore promo Led Lhe weaLhering and 

erosional acLiviLes which removed Lhe overlying volcanic 

rocks but fux'Lhex- erosional acLiviLy was inhibited by Lhe 

resisLanL banded irons Lone and chex’L ouLcrops which torm 

caps al Lhe summits of Lhe hills.

The mineralisaLion of Lhe Wix'e hills area was as a resulL 

of Lhe submarine volcanism LhaL occurred in Lhis area. 

The sulphide mineralization is a Lypical pyriLic deposit 

where Lhere is a dominance of pyx'iLe and py/'X’hoLiLe as 

Lhe iron sulphide minerals. Generally, Lhe pyi'itic

deposits, according Lo Siaix'iiov ( 1976), mainly occur in 

Archean settings and in such areas, Lhe ore is a producL 

of volcanogenesis. The Lheox-y of volcanogenesis gives 

Lhe ox-igin of Lhe sulphide deposits as being governed by 

Lhe volcanisms associated wiLh Lhe massive sulphide 

deposiLs. The uiineralizalion resulted fx'om effusive
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hydro Lhermal acLiviLy and when Lhe uiinex-aliising aolulion 

reached Lhe sea floor, Lhe sulphide minei'uls were

deposiLed. Subsequent volcanic erupLions may cover Lhe 

sulphide bodies and hence Lhese bodies fx-equexiLly occur 

iuLra—aLraLified by Lhe volcanic rocks. The volcanogenic 

Lheox'y has been pos Lula Led fox- many Archean massive 

sulpJxide deposil.s by several author's who include 

SangsLex-, (1972); Hutchinson, ( 1973); Smirnov, ( 1976) and 

Spence, ( 1975). However*, Lhe arguuienLs fox-

volcano^enesis are opposed by those of Boyle, (1976) who 

prefex's a replacement ox-igin fox- Lhe massive sulphide 

deposi Ls.

The Wire hills sulphide deposi L is here suggesLed Lu be 

of volcano^enic-hy dro Lhermal origin. Sevex'ul features

which have been observed and are til iiuporLance in Lhe 

discussion of Lhe mode ol Toi'niaLioxi ol Lhe deposi L 

include! Simple uiineralogical composition, sharp contact 

between Lhe sulphide bodies and Lhe hosL rocks, lack of 

inLercuiuiauuicaLive veins between Lhe sulphide bodies and 

Lhe observed hydro Lhex'iual alLeraLion paLLex'ns.

The composition of Lhe sulphide deposit aL Lhe Wix'e hills 

is dominated by pyx'iLe, pyx'X'hoLiLe and minor- amounts of 

chalcopyri Le, arsenopyriLe and sphalex'iLe. Silver- and 

gold occur- in Lrace amounLs in Lhe deposit. Such a 

simple mineralogy has been advocated by various 

geologisLs such as Siuix-nov, ( 1976) and SilliLoe, (1977) 

Lo be typical of volcanogenic sulphide deposits whereas
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in an epigeneLic vein depuaiL or ore of replacement 

origin, Lhe precious meLals ofLen occur in subsLanLial 

aiuounls. AlLhou^h minex-als of replacement ox'i^in occur-, 

Lhey are of very small exLeuL ami mainly involve Lhe 

replacement of one sulphide mineral by another and not a 

rock by a sulphide mineral as proposed by Boyle, (1976). 

The Lype of replacement preaent is mainly Lhe interchange 

of pyriLe and pyrx-hoLiLe and Lo some extent chalcopyriLe. 

In a main replacement ore as is proposed by Boyle, 

(1976), Lhe replacement involves, Lo a lar^e exLenL, 

substitution of Lhe rock by Lhe sulphide minerals.

The Lype of contacts present beLween Lhe sulphide bodies 

and Lhe hosL rock is of mosL importance in inLerpreLing 

Lhe ox-igin of Lhe sulphide deposiL. An observed shax-p 

contact is inferred Lo imply Lhat Lhe minerals wex-e 

deposited on an alx-eady consolidated rock and that afLex- 

its deposition, a laLer volcanic eruption musL have 

occurred afLex- Lhe deposiL had consolidated and hence Lhe 

sharp con Lac L with liLLle ox- no interchange of chemicals 

with Lhe overlying volcanic rocks. This Lype of contact 

as noted in Lhe Wix-e hills sulphide deposiL has also been 

described in several volcano^enic sulphide deposits 

(SangsLer, 1972; Suiix-nov, 1976; Bowen, 1977; PlaLL, 

1977).

The Wire hills sulphide bodies are occasionally underlain 

and/or overlain by cherLy layers. The occurrence of 

these units indicates a sedimeatary oi'i^in of both Lhe
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cdxex-Ls and Lhe sulphide minerals. The presence of ohex'Ly 

layex-s have been observed in oLher volcanogenic sulphide 

deposits and in particular in Lhe Canadian greenstone 

b e l t  where Lhey are referred Lo as cherLy exhaliLe 

(Sangster, 1972, HuLchifison, 1973; Spence and De Rosen- 

Spence, 1975; Casselman and Miuduszewska, 1982).

Petrographic sLudies of Lhe Wix-e hills cherLy units 

indicate that Lhe rock units are chert since Lhe

microcrysLalline nature which indicates colloidal

precipi LaLion is observed. The cherts underlying Lhe 

deposiLs of pre—mineralisation while Lhose overflying Lhe 

deposits are of post-mineralisation age.

The volcanogenic origin of Lhe sulphide deposit at Lhe 

Wire hills area is furLher supported by Lhe lacL LhaL Lhe 

sulphide bodies are confoi'iuable Lo Lhe sLrike and dip oi 

Lhe host rocks. This is inLerpraLed Lo indicate LhaL Lhe 

mineralization occurred on a rock surface and was covered 

by later pyroclasLics as indicated by Lhe Luff layers. 

The process followed a cyclic paLli of alternated 

volcanisiu and sulphide deposition as shown by Lhe Lwo 

sulphide bodies occurring parallel Lo each other. In a 

veined epigeneLic deposiL, Lhe structure may form 

conformable units as observed above but minor veins would 

occur forming an in Lex*-cummunica Led network which is 

Inching in Lhe Wix-e hills sulphide deposiL. FuxLhex-, Lhe 

stx-uctures in a veined epigeneLic deposiL fx-equenLly show 

branohixig paLLex-xis which are incx-easingly complex upward
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(SilliLot;, 1977), a f a d  which is also lacking in Lhe 

Wire hills deposit.

The alLex-aLion palLexns as nuLed in Lhe Wire hills hosL 

rooks are diagnostic of a volcaxro^enic massive sulphide 

deposit. The alLex-a Lions are inLerpraLed noL Lo be due 

Lo Lhe reaction beLween Lite host rock and Lhe sulphide 

body buL a px-oducL of Lhe ininex-aliisa Lion process. The 

nl Lex-aLions, dominated by chlox'i LizaLion, silicif icaLion 

and sex-ici Lization have been descx-ibed in all

voluanogexiic sulphide deposi Ls (San^ster, 1972;

Hutohixison, 1973; 1982; Spence, 1975; Smirnov, 1976;

Franklin eL a l , 1981). These geoscienLisLs argue LhaL

Lhe alLex-aLion px-oducLs are due Lo hydx-oLhexmal solutions 

LhaL pass Lhx’ough Lhe host x-ocks and deposi L Lhe minerals 

on Lhe sea floor*. However, Boyle, ( 1976), argues LhaL 

these secondary mixtex-als fox-ui as a product of Lhe 

replacement px*oeess LhaL forms Lhe sulphide minex'als. 

This laLLer ai'gumenL by Boyle, ( 1976) is not favourable 

ixx Lhe Wir-e hills sulphide deposit due Lo Lhe fact LhaL 

such a large scale replaueuenL of Lhe hosL rock was not 

observed and also Lhe aLruclure of Lhe deposiL does noL 

favour* a replacement ox-i^in. On Lhe possibility LhaL Lhe 

alLeraLions are due Lo Lhe reaction beLween Lhe sulphide 

minerals and Lhe hosL x-ocks, SilliLoe (1977), Meyer- and 

Hemley (1967), argue LhaL a reaeLion halo would form on 

cither side of Lhe vein with Lhe inLensiLy decreasing 

outwards fx-om Lhe vein.

i
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I1! Lhe Wire hills deposit, Lhe main sulphide 

mineralization observed in Lhe fooLwall rooks is Lhe 

stringer Lype although sparsely disseminated
t

uixneralizaLion occasionally occurs especially in Lhe 

Luffaceous zones. These minor veined mineralization 

occurred during Lhe ascent of Lhe mineralizing solution 

Lh rough fracLures and fissures and hence are epigeneLic 

in ox-igin (Siuiruiov, 1976). These fracLures and fissures 

were Lhe ehannelways Lhx-ough which Lhe hydx-o Lhex-mal 

solution flowed Lo Lhe surface Lo deposiL sulphide

minerals on Lhe sea floor-.

The composition of Lhe sulphide deposiL at Lhe Wix-e hills 

area by containing both pyx-iLe and pyx-xdioLiLe is 

indicative of Lhe conditions aL Lhe Lime of formation of 

Lhe sulphide minerals. The presence of pyx-iLe in Lhe 

deposiL indicates LhaL Lhex-e wits a high sulpliur 

concentration dux-ing Lhe fox-uiaLion of Die minex-als. 

However, on Lhe other hand, Lhe abundance of pyx-x-hoLiLe 

in Lhe deposiLs indicates LhaL Lhex-e were pex-iods of low 

sulphur coucentraLions ox- LliaL Lhe activiLy of sulphur 

was low in Lhe soluLion (Suirnuv, 1976). Oxi Lhe

fo x-maLion of pyx-x-hoLi Le, Suiirnuv , ( 1976), fux-Lhex-

suggesLs LhaL a high oxidaLion - reduction poLenLial in 

an alkaline soluLion would px-omoLe Lhe Lx-axisiLion of 

Fel1 Lo Fe3 1 . This Lransiliun would favuur Lhe formation 

°f py rrho Li Le , more than pyx-iLe.
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^ • 2 Conclusions

1 * The Wix-e hills area repreaeuLa volcanic ruuka

cltjjjtjsi Led bo Lh aerially and sub—aerially . These volcanic 

r o c k s  are arranged in a semi circular paLLex-n because 

Llit±y were emiLLed along such fi'aclure zones.

2. The massive sulphide deposi L al Lhe Wix-e hills are of 

volcanogenic-hydrolhenual ox-igin because of Lhe following 

feaLures which are characLeris Lie of Lhe volcanogenic 

h y d r o  Lheraial deposi Ls:

(a.) ExisLence of shax-p con Lac Ls beLween Lhe sulphide 

bodies and Lhe hosL rocka.

11») The sulphide bodies occur- in Ler-a Lx-a L i f ied wiLh Lhe 

volcanic roeks.

(o) ExLensively hydx-oLhexuially alLered fooLwall rocks.

{d ) Chex’Ls fx-equenLly underlie and or overlie Lhe

sulphide bodies.

(e) Epigene Lie—vein sulphide uiinex-al iza L ion underlie Lhe 

massive sulphide bodies.

(f) Pyx-iLe and pyx-x*hoLiLe are Lhe douiinanL sulpiride 

minerals.

(g) Banding and colloidal feaLures occur- in Lhe massive 

sulphide bodies

3. The sulphide minerals were deposiLed in an

alLex-naLed I’hyLhmic volcanic erupLion and sediuien La Lion

sequence.
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“* * The known sulphide deposit, is estimated Lo be over 4 

“*illion tonnes .

5. A mure detailed exploration work is recommended and 

t h i s  should include deeper* drilling to about 1000m since 

voleano^enic sulphide mineralization can occur* at such 

tlfcipLhs .
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APPENDICES

A p p a r e n t  d e p th  (m)_______ LOG D e s c r i p t i o n

0mS o i l  

TUFF

A lte re d  w hite s o f t

Weakly sh e a re d  

End o f  w e ath ered  zone

LAPILLI TUFF

C o n ta in s  pumice and r h y o l i t i c  f r a g m e n ts  
which a r e  e l o n g a t e d  in  the  d i r e c t i o n  o f  s t r a i n

Weakly c h l o r i t i s e d

P in k i s h ,  p y r i t e  form s a lo n g  b e d d in g  p la n e s

MASSIVE SULPHIDE -  P y r i t e - p y r r h o t i t e  

B r e c c i a t e d  R h y o l i t e
B r e c c i a s  p a r t i a l l y  cemented w i th  P y r i t e  and 
p y r r h o t i t e

P y r i t e  s t r i n g e r s  and d i s s e m i n a t i o n s

VEINED ORE -  A r s e n o p y r i t e , p y r i t e  & c h a l c o p y r i t e  

LAPILLI TUFF

Some o f  the  pum ice f r a g m e n ts  a r e  r e p la c e d  by 
p y r i t e

S t r i n g e r s  o f  p y r i t e ,  c a l c i t e  & q u a r t z  
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LOG OF DDH NO. 86/2 Drilling angle = 61°, Maximum depth - 230 m

A p p a re n t  d e p th  (m)
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P a l e - p i n k i s h ,  s h e a r e d  and w e ath e re d

Pink  l a p i l l i  t u f f

End o f  w e a th e re d  zone 
Banded p y r i t e - m a g n e t i t e  o r e

C herty  t u f f  

P y r i t i c  c h e r t y  t u f f

C herty  t u f f  *

Se m i-m a ss iv e  p y r i t e - p y r r h o t i t e - c h a l c o p y r i t e  o re

C h e rty  t u f f  
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W hite, s o f t ,  n o n - m in e r a l iz e d
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FLOW BRECCIATED RHYOLITE
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C h a l c o p y r i t e ,  p y r i t e  and q u a r t z  s t r i n g e r s
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LOG OF DDH NO. 8 6 / 3 .  MAXIMUM DEPTH = 257 m

A pparen t  depth LOC_____D e s c r i p t i o n
S o i l

BANDED IRON FORMATION

RHYOLITIC TUFF -  Sh eared  and c h l o r i t i s e d

End o f  w e a th e re d  zone

Quartz and c a l c i t e  v e i n s  and d i s s e m in a t e d  
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H ighly c h l o r i t i s e d  t u f f
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M ild ly  c h l o r i t i s e d  flow  b r e c c i a t e d  r h y o l i t e .  
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S o i l

BANDED IRON FORMATION

RHYOLITIC TUFF -  b ro w n ish - g r e e n ,  c h l o r i t i s a t i o n  
i n c r e a s e  w i th  depth

LOG OF DR1LLHOLSE 86/4. MAXIMUM DEPTH = 248 m .
Apparent depth (m) LOG_____ Description

End o f  w e a th e re d  zone

Q uartz and c a l c i t e  v e i n s  common, p y r i t e  
d i s s e m i n a t e d ,  ro c k  i n t e n s e l y  c h l o r i t i s e d

FLOW BRECCIATED RHYOLITE
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P y r i t e ,  c h a l c o p y r i t e  and a r s e n o p y r i t e  v e i n s

A r s e n o p y r i te  p y r i t e  v e i n s

RHYOLITE: Bands o f  p in k  and y e l l o w i s h  p o r p h y r i t i c
r h y o l i t e s  a l t e r n a t e s

Se m i-m a ss iv e  p y r i t e  o re  

END
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LOG OF DDH NO. 86/5 , MAXIMUM DEPTH = 291 m

A p p aren t  depth (m) LOG______D e s c r i p t i o n
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S o i l

LAPILLI TUFF -  w eathered  t o  b row nish  c o l o u r a t i o n

RHYOLITIC TUFF -  h i g h ly  a l t e r e d  

End o f  w e a th e re d  zone

C h a l c o p y r i t e , p y r i t e ,  p y r r h o t i t e  and c a l c i t e  
v e i n s  in  h i g h l y  c h l o r i t i s e d  t u f f

C h a l c o p y r i t e ,  p y r i t e  and q u a r t z  v e i n s  in  
sh e a re d  t u f f .  The v e i n s  a r e  d i s c o r d a n t  t o  
s h e a r  p l a n e s .

C h a l c o p y r i t e ,  p y r i t e ,  c a l c i t e  v e in s

C h a l c o p y r i t e ,  p y r i t e  v e i n s  

LAPILLI TUFF

C h a lc o p y r i t e  v e in  in  m a s s i v e  m a g n e t i t e

RHYOLITE — g r e e n i s h —y e l lo w  and m a ss iv e

S t r i n g e r s  o f  c h a l c o p y r i t e  and p y r i t e  in  r h y o l i t e

FLOW BRECCIATED RHYOLITE -  w e ak ly  c h l o r i t i s e d

P y r i t e ,  p y r r h o t i t e  and c h a l c o p y r i t e  v e i n s  in  
the cement



LOG OF DDH NO. 86/6 Maximum depth = 196 m

A p p aren t  d e p th  (m)_______ LOG_____D e s c r i p t i o n

S o i l

RHYOLITIC TUFF 

Weathered to  w h ite  c o lo u r
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A p p are n t  d e p th  (m)______ LOG_______ D e s c r i p t i o n

S o i l

BANDED IRON FORMATION

White s h e a r e d  t u f f  

RHYOLITIC TUFF

End o f  w e a th e re d  zone

LOG OF DDH NO. 86/7, MAXIMUM DEPTH = 312 m

P y r i t e  g r a i n s  d i s s e m in a t e d  i n  t u f f
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LOG OF DDH NO. 86/8, MAXIMUM DEPTH ° 312 m

Apparent depth (m)_____LOG_____ Description
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LAPILLI TUFF -  s h e a r e d  and w e ath e re d  in  
b ro w n ish -w h ite

End o f  w e a th e re d  zone

G re e n is h ,  h i g h l y  sh e a re d  an d  fo ld e d  l a p i l l i  t u f f

C h l o r i t e  o c c u r  a s  e l o n g a t e  s t r u c t u r e s  w ith  
f r a y e d  ends

D is se m in a te d  p y r i t e  i n  l a p i l l i  t u f f  

Veined p y r i t e

Pumice l a p i l l i  f r a g m e n ts  a r e  r e p la c e d  by p y r i t e

B r e c c i a t e d  o r e - p y r i t e  form s th e  b r e c c i a s  and 
p a r t  o f  the cement

B la c k  c a r b o n a c e o u s  b ands 

C h l o r i t i s e d  l a p i l l i  t u f f

L a p i l l i  t u f f

H igh ly  deform ed  l a p i l l i  t u f f ,  w eakly c h l o r i t i s e d

D i s c o r d a n t  c a l c i t e  v e i n s  and d i s s e m in a t e d  
g r a i n s  common

C h l o r i t i s e d  l a p i l l i  t u f f

Pumice f r a g m e n t s  a r e  r e p l a c e d  by p y r i t e

Q uartz v e i n s  common

END
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S o i l

LAPILLI TUFF

P ale  p i n k i s h  w h ite  l a p i l l i  t u f f ,  m ild  
in c r e a s e  in  c h l o r i t i s a t i o n  w i th  dep th

LOG OF DDH NO. 86/9. MAXIMUM DEPTH = 218 m

Apparent depth (m) LOG_______ Description

L ayered  p y r i t e  in  s i l i c i f i e d  and sh e a re d  t u f f

Layered  p y r i t e  in  c h l o r i t i s e d  & s i l i c i f i e d  t u f f  

P in k i sh  l a p i l l i  t u f f

P y r i t e  form s m inor v e i n s  a l o n g  f o l i a t i o n  p l a n e s  

L ayered  p y r i t e  band

P y r i t e ,  p y r r h o t i t e  v e i n s

L a p i l l i  t u f f ,  l o c a l l y  a g g l o m e r a t i c

C h a l c o p y r i t e , p y r i t e ,  p y r r h o t i t e  s t r i n g e r s  
and d i s s e m i n a t i o n s
P y r i t e ,  p y r r h o t i t e  & a r s e n o p y r i t e  v e i n s

P y r i t e  and p y r r h o t i t e  v e i n s

D o l e r i t e  s i l l

FLOW BRECCIATED RHYOLITE

C h a lc o p y r i t e ,  a r s e n o p y r i t e  s t r i n g e r  in  r h y o l i t e

L 220 END
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A pparen t  d e p th  (m)_____ LOG_____D e s c r i p t i o n

S o i l
G ossanous fo r m a t i o n ,  form s boxw orks 

RHYOLITIC TUFF -  a l t e r e d  to  w h i t i s h - p i n k

Reddish  s i l i c i f i e d  t u f f s ,  l e a c h e d  in  p l a c e s  
form ing boxworks

LOG OF DDH NO. 86/10 MAXIMUM DEPTH = 266 m

P in k ish -b row n  t u f f  w ith  g r e e n i s h  s t r e a k s  

BRECCIATED RHYOLITE

The b r e c c i a s  a r e  f i n e  g r a i n e d ,  y e l lo w i s h  and 
r h y o l i t i c  in  c o m p o s i t io n ,  th e  cement i s  f i n e  
g r a in e d  and h i g h l y  c h l o r i t i s e d

P y r i t e  v e i n s  o c c a s i o n a l l y  o c c u r  in  the  cement

M ass iv e  f i n e  g r a i n e d  r h y o l i t e - y e l l o w i s h

P y r i t e  o c c u r  i n  d i s s e m in a t e d  g r a i n s  a s  v e i n s  
w i th in  h i g h ly  c h l o r i t i s e d  cem ent

RHYOLITE -  m a s s i v e ,  f i n e  g r a i n e d  and c h l o r i t i s e d  

P y r i t e  and c h a l c o p y r i t e  v e i n s

Bands o f  y e l lo w  and r e d d i s h  r h y o l i t e s
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LOG OF DDH NO. RF-21, DRILLING ANGLE = 45°, MAX. DEPTH = 251 m

A p p aren t  d e p th  (m)

r 0
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LOG_______ D e s c r i p t i o n

S o i l

LAPILLI TUFF -  W eathered to  r e d d i s h - p i n k

M ild ly  c h l o r i t i s e d  t u f f s ,  g r e e n i s h  s t r e a k s  
o ccu r  i n  b ro w n ish -g re e n  t u f f

End o f  w e a th e re d  zone

Sh eared  l a p i l l i  t u f f ,  c h l o r i t e  bands o c c u r  
a s  s t r e a k s .  C a l c i t e  and p y r i t e  v e in s  p r e s e n t

I n t e n s e l y  c h l o r i t i s e d  l a p i l l i  t u f f ,  p y r i t e  
and c a l c i t e  v e i n s  p r e s e n t .  D i s s e m in a te d  
p y r i t e  c r y s t a l s .

Y e l lo w is h  f i n e - g r a i n e d  r h y o l i t e  band, n o n - s h e a re d

g a r n e t i f e r o u s , c h l o r i t i s e d  b a n d ,  p y r i t e  ' c l o t s '  
p r e s e n t

MASSIVE SULPHIDE

P y r r h o t i t e  d o m in a n t ,  m inor p y r i t e ,  c h a l c o p y r i t e  
and a r s e n o p y r i t e

CHERTY TUFF -  c h l o r i t i s e d

C h a l c o p y r i t e ,  p y r i t e  & p y r r h o t i t e  d i s s e m in a t e d  
i n  the ro c k

RHYOLITE -  w e ak ly  c h l o r i t i s e d  

C h a l c o p y r i t e ,  p y r i t e  and p y r r h o t i t e  v e i n s

B r e c c i a t e d  r h y o l i t e

Cement i s  c h l o r i t i s e d  and h as d i s s e m i n a t e d  
c h a l c o p y r i t e ,  p y r i t e  and p y r r h o t i t e

END
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LOG OF DDH NO. R F /2 2 ,  DRILLING ANGLE = 4 5 ° ,  MAXIMUM DEPTH = 306 m

A p p re n t  dep th  (m)______ LOG_______ D e s c r i p t i o n

S o i l

LAPILLI TUFF -  h ig h ly  w e ath ered  

RHYOLITIC TUFF

B ro w n ish -g re e n  h i g h ly  s h e a r e d

End o f  w e a th e re d  zone 

H igh ly  c h l o r i t i s e d  r h y o l i t i c  t u f f

P y r i t e ,  c h a l c o p y r i t e  v e i n s  a l o n g  f o l i a t i o n s  

Q u a r tz ,  c a l c i t e  v e i n s

P y r i t e  v e i n s  and d i s s e m in a t e d  g r a i n s  i n  t u f f

RHYOLITE -  w e ak ly  c h l o r i t i s e d  

D is c o r d a n t  q u a r t z  v e i n s

M a g n e t i te  in  d e e p  gre e n  c h l o r i t i c  rock

C h a lc o p y r i t e ,  p y r r h o t i t e  v e i n s

B r e c c i a t e d  RHYOLITE -  cement i s  s t r o n g l y  
c h l o r i t i s e d

C h a lc o p y r i t e  and q u a r tz  v e i n s  common in  cement

C h a l c o p y r i t e ,  a r s e n o p y r i t e  v e i n s  i n  m a s s iv e  
END c h l o r i t i s e d  r h y o l i t e
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LOG OF DDH NO. RF/23 Drilling angle 50°, Max, depth 217 m

A p p a r e n t  d e p th  (m) D e s c r i p t i o n

BANDED IRON FORMATION

CHERT
P y r i t i c

RHYOLITIC TUFF

C h a l c o p y r i t e , p y r i t e  v e i n s  and d i s s e m i n a t i o n s  i n  
c h l o r i t i s e d  t u f f

S h a rp  c o n ta c t  

MASSIVE SULPHIDE

P y r r h o t i t e  d o m in an t ,  p y r i t e ,  c h a l c o p y r i t e  p r e s e n t

C h l o r i t i s e d  t u f f

P y r r h o t i t e  d o m in an t ,  c h a l c o p y r i t e  minor

P y r i t e  s t r i n g e r s  in  c h l o r i t i s e d  t u f f

FLOW BRECCIATED RHYOLITE

Y e l lo w i s h - g r e e n ,  compact & hard
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LOG OF DDH NO. RF/24 D r i l l i n g  a n g l e  = 8 0 ° ,  Max, d e p th  »  121 m 

A pparent d e p th  (m) LOG D e s c r i p t i o n

BANDED IRON FORMATION 

P in k i sh -R e d ,  l o c a l l y  boxworks

CHERT

F e rru g in o u s  

P y r i t i c

T u f f  -  c h l o r i t i s e d ,  20% m i n e r a l i s e d  w ith  p y r i t e  

P y r i t i c  c h e r t
LAPILLI TUFF — a l t e r e d  to  w h ite  c o lo u r  

C h l o r i t i s a t i o n  i n c r e a s e  w ith  d e p th  

P y r i t e  d i s s e m i n a t i o n s

C h a lc o p y r i t e ,  p y r i t e  s t r i n g e r s

P y r r h o t i t e  i n  i n t e n s e l y  c h l o r i t i s e d  ro ck  
END
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LOG OF DDH NO. R F-25 . DRILLING ANGLE = 6 0 ° ,  MAX. DEPTH = 271 m 

A p p aren t  d e p th  (m) LOG_________D e s c r i p t i o n

S o i l

LAPILLI TUFF -  h ig h ly  w e a th e re d  to  r e d d i s h  
c o lo u r

S t r o n g ly  a l t e r e d  and s h e a r e d  p in k  l a p i l l i  t u f f

W hitish  p h y l l i t i c  l a p i l l i  t u f f

P y r i t i c  c h e r t

MASSIVE SULPHIDE -  p y r r h o t i t e  dom inant, 
c h a l c o p y r i t e  and p y r i t e  d i s s e m i n a t e d

RHYOLITIC TUFF
C h l o r i t i s e d  and has  y e l l o w i s h  p a t c h e s  
S t r i n g e r s  o f  p y r i t e  and p y r r h o t i t e  p r e s e n t

MASSIVE SULPHIDE -  p y r h o t i t e  dom inant ,  p y r i t e  
d i s s e m in a t e d

Creamy-white h i g h ly  w e a th e re d  zone

P y r i t e ,  p y r r h o t i t e  s t r i n g e r s  and d i s s e m i n a t e d  
g r a i n s  in  c h l o r i t i s e d  t u f f

C h a lc o p y r i t e  v e i n  (= 10 cm w id th )

A r s e n o p y r i te  v e i n s  and d i s s e m i n a t e d  p y r i t e  i n  
c h l o r i t i s e d  t u f f

END



174

LOG OF DDH NO. RF/27. DRILLING ANGLE = 55°. MAX. DEPTH = 255 m.

A p p a re n t  d e p th  (m) LOG______ D e s c r i p t i o n
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RHYOLITIC TUFF -
BANDED IRON 
FORMATION

W eathered to  w h ite  s o f t  
fo rm a t io n

F e r r u g in o u s  t u f f s

Leached i r o n  fo r m a t i o n

L a y e re d  p y r i t e  i n  s h e a r e d  t u f f  

P y r i t e  cu b e s  (>  2mm) in  t u f f  

LAPILLI TUFF

Sh e a re d  and c h l o r i t i s e d ,  i n t e n s i t y  o f  a l t e r a t i o n  
i n c r e a s e  w ith  d e p th

MASSIVE ORE -  p y r r h o t i t e  dom in a n t ,  p y r i t e  m inor 

RHYOLITIC TUFF

S h e a re d  and h i g h l y  c h l o r i t i s e d  t u f f ,  p y r i t e  
d i s s e m in a t e d

P y r i t e  v e in  

RHYOLITE

C h a lc o p y r i t e  & p y r i t e  v e i n s  in  w eak ly  c h l o r i t i s e d  
r o c k

D is s e m in a te d  p y r i t e  cu b es  p r e s e n t  in  r h y o l i t e  

Y e l lo w i s h  R h y o l i t e

Y e l lo w is h  R h y o l i t e  

G re e n is h  r h y o l i t e

C h a l c o p y r i t e ,  q u a r t z  and c a l c i t e  s t r i n g e r s  in  
w e ak ly  c h l o r i t i s e d  r h y o l i t e

END
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LOG OF DDH NO. RF/33. DRILLING ANGLE = 60°, MAXIMUM DEPTH = 288.7 m

A p p a re n t  d e p th  (m) LOG_______ D e s c r i p t i o n

S o i l

LAPILLI TUFF -  w hite

H igh ly  s h e a r e d  t u f f

G ossan o us  fo r m a t i o n .  L each e d  fo rm in g  boxworks

MASSIVE SULPHIDE

P y r i t e  d o m in a n t ,  p y r r h o t i t e  d i s s e m i n a t e d ,  
s t r i n g e r s  o f  c h a l c o p y r i t e , banded in  p l a c e s

Banded and f o l d e d  p y r i t e  o r e  

H igh ly  c h l o r i t i s e d  l a p i l l i  t u f f

M a ss iv e  o r e .  P y r i t e  d o m in a n t ,  p y r r h o t i t e  
d i s s e m in a t e d

P y r i t e  v e i n s  w i th in  c h l o r i t i s e d  and s h e a r e d  
l a p i l l i  t u f f .  P y r i t e  ' c l o t s '  a f t e r  pumice 
fr a g m e n ts

RHYOLITE -  m a s s i v e  and p o r p h y r i t i c ,  w eakly 
c h l o r i t i s e d

D is se m in a te d  p y r r h o t i t e  in  m i l d l y  c h l o r i t i s e d  
r h y o l i t e .  S t r i n g e r s  o f  p y r i t e  and p y r r h o t i t e  
common

P y r i t e  v e in

P y r r h o t i t e  s t r i n g e r s  i n  g r e e n i s h - w h i t e - r h y o l i t e  

END
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A p p aren t  d e p th  (m) LOG_____ D e s c r i p t i o n

S o i l

RHYOLITIC TUFF

B ro w n ish -y e l lo w  t u f f  

C h l o r i t i s e d ,  s h e a r e d  t u f f

D is se m in a te d  p y r i t e

FLOW BRECCIATED RHYOLITE 

Y ellow  and h i g h l y  s i l i c i c  

B r e c c i a t e d  p y r i t e  o re

Y e l lo w ish  h i g h l y  s i l i c i c  f l o w  b r e c c i a t e d  r h y o l i t e  

P in k i s h  f lo w  b r e c c i a t e d  r h y o l i t e

W hitish  a u t o b r e c c i a t e d  r h y o l i t e ,  m i ld ly  s h e a r e d

D is se m in a te d  p y r i t e  in  r h y o l i t e  

End o f  d r i l l i n g

LOG OF DDH NO. RF/35, DRILLING ANGLE = 55°, MAXIMUM DEPTH = 138 m
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