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aSf5nmblngeof quar t;z wack(':.l. MillC'l".lloqicdl :;tudy or tlll"' Footwall

minerali7.ltion ntlOWn tlwt ~3t,ibn it.o ,\I\d mcicur-y .In,' int if!l;lt.:ely

related and prodate t.ho Au-As minc'rilll zation. 'I'liu ntrong affinity

between Sb and Hg suqqcs t s imnaroli c or hot spring-type of

mineralization related to nearby VOlcanism, It is proposed that

the antimony mineralization ia related to a syngenetic, and

probably endogenous, hydrothermal activity synchronous to the

deposition of the Lust Hopa Formation, while the Contact minera-

lization is related to a younger I structurally controlled Au-As

hearing hydrothe:t'r.,al activi ty superimposed on the antimony

mineralization. The deve l opmerrt of a major thrusting event,

related to the first £'ltage of' tectonic deformation, played a

critical role in the mobilisation nnd the subsequent canalization

of the Au-As r tch hydrothormal fluid.



bllf;TR1}9.r,r.

'1'he Signal Hill Au-A~,-~3bdOPOD.i ts 1 I e in the uppe rmos t f01:'ma-

tions of the Archaean 'rati ach iec belt, located in northeast

B:>tswana.

The surface expo~ures of these potentially economic deposits

are confined to three main zones: "A" ZrJne, "B" Zone and the "F"

Zone. The !lA" Zone and "B" Zone are found within the sedimentary

assemblage of the Last Hope Formation, while the "F" zone lies

within the underlying volcanic Penhalonga Formation.

The Last Hope Form~tion sediments are characteristic of an

alluvial fan which debouched rapidly into a water bcdy , These

sediments were deposited synchronously with vo Lcan Lc activity

following an uplift of the underlying formations at the end of the

Penhalonga era.

At leC:\st four stages of tectonic deformation affected the

sign~l Hill area. The first stage was the combination of large

scale folding and thrusting.

of a regional ach Le t.oei ty.

evants created normal and

Tho second stage is the development

'rho third and fourth dofo]::mational

reverse faults followed by the

development of a cr cnu Lau Lon c loavn~Jt:\.

At the "A" Zone, two eli ntirwt zenca o r AU"'AS-Sbmineralization

have been identified; the Contact mineralization and the Foot~all

mineralization. 'rho. Cf,mtact mi.ner-a l i aat.Lon occur-s in a sheared

contact betWo.C\l1d diamictite! iwuc'mblago and underlying quartz wacke

facio;,. '1'he Footwall mincra li.aat.Lon it; hout.cd within Lenacs of

sheared, sllicitiud and suriciti~ud rocks, aGoociatad with boudi-

nac:rcd "chur t'' (Hlel/or (Judrt,~ v(dnu within tlw uil i.o i riert feott,.ml1
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1.2 GEOGRAPHIC SE'rTING OE' THE STUDY AIU:A

'rho Signal Hill Au-AG"'[HJ dnplItiitfl occur I n an m'CHl uituatcd at

tho southpl)st end of the 'l'ati (whi Dt holt in northeafjtc.l~n Botswana

(Fig. 1.2), and faB within tlw latitudes :no 00' and 21' ;:~5' south

and longitude 27 a :.H>, to 2? I) 60' (',wt..

Palcon).:)l~idge ExplorationG Botowantl, in joint ventura with

Mosotso InvQstmonta, hold two expLerrrt i on Li.ccnces WhlCh togethor

cover 35 Kmll,c.all.ed the Sif1nal Hill b1tK~k (Fig. 1.2). 'J.'ho signal

block.

Tho area lioB at an altitude ot approximately gUOm above Boa
lovol and io locat(~<l botweC'n two ma'jm' etwt\<liU'd flclwinq cphcmcrn I

rivers, namely tho Tati and tile Ramokwogbana rivers. The area is

covered by l~')wmepano trem; and thOl'f) uel'u};) except along tho rive:eo

whoro larCjor truoe; may 1)0 found.

oubDintoncn 1m'minq in tho tri bid I ,1lHlp.

.
'I
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and thorefore no model for tho origin of tho signal Hill Au-As-Sb

deposits has proviously been produced.

'l'hc main aImn of thin utudy arc:

A) to entublioh the local otraticp"aphy and the fJo(limcntary

environment of tho Signal Hill araa.

B) to establish tho nature, distribution and the relative timing

of the Signal Hill Au-As-Sb mineralization.

C) to establish the lole of str\l(~tural processes on the

location of tho oro.

A sedimentological, minoralo[,Jimll, g(')o(:hcmical and strnctural

study of the Signal Hi11 Au-AG"Bb d\'~1-,c~ito will provide th(.,

framcworl-::for c~otabli(lhing :l modol f'ct· the genGois Qf thoDe complex

deposits.



CHAPTER ONE
INTRODUCTION

1.1 Gena~al statement

'rho Archaean 'l'a.ti schist belt is 61tuated in tho ,:-:'rt:}lcast of

the Republic of BotsWi\na, and forms part of the Zillli abwe craton

(Fig. 1.1). This study is of tho signal Hill Au"'As"'Sb deposits

ivhich liCl in tho southclH'jtt.~rn po17til.ln of the Archa.ciln Tilti schist

bolt.

Tho Tati sch:!.f:lt belt COnOltlt:.::'1of var Icus Archaean meta'"

VOlcanic and SUbordinate mettloodimontnry rocks of low metamorphic

grada, The belt covers approximately 570 km!, and constitutes the

main source of gold in Botswana. In lOG', the geologist-explorer

Carl Mauch diccovorod the Monarch reefa in tho vicinity of

Frnncistown. A ohert gold ruol) followod the diu~ovcry, b~t Doon

tho [lctivitioo dw:i.ndlod anti iinully ut.oppud in liJGj~. Even after

130 years of gold nnd ether commodity production, tho origin ot tho

gola minot'ali.;at.ion nnd the' OVC!l'cll1\jt'oloCfV (')1' tho 'rati GvhiDi: belt

remain poorly underutood.

t~xplol:atj on v: l'k t:tl!Tiod out: by 1,\th!cmbl,'idfJP in tho t3ignnl

Hill urea hiH] Dutli.nod UI.'VU1'i\l Au-Au-nil minUl",lli;~('d aonca within

th.o uppurmcrrt tormdtiollU 01 t~hu 'l'<lti m;hj ut bult: tho I,UBt Hope

Formation und the undorlying Punhuloncrn Formation. Throe of theDe

potent.ial 101' both I'>:H11' 111111 uul ph ide Ol'C',

1
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amount;oof h.i!lIlJt, hllnded irom;hlll!' <lwl J illll':;tulH'. 'l'lw Fllnllathn)

it; Q(ll1l.'t'al1y not £,xU'w;ivply dl>v"lup"d, dlid m.i ln l y Cl'OP:; out in tlw

:10. tlwantorn P,\l't cr tJw :whint ladt (Fill, L;~, ApIH,~ntliGPuVlI and

',lIT), Althouqh Molyneux (11)'11) th'ncribpd ultramafic: r-ocks went of

the Matsl10jc rn.ii, the Old 'rati FOl'mation Io appazcnt.Ly absent in

tho eastern part of the bel t (l1('ar tho v i ll.aqe of Mnt(3ilo:je).

The Lady Mary Formation io composed 01 interdigitating mafic

and l~Gser amounts of ultramafic volcanic units, together with

minor il"ltcrbedded meta-nedimcmtary r-ocks including banded iron ...

stotie, 1imcwtone and quartz oelli sto. '1'lle proport ion of mat'Lc unit,::;

increases towarctn the upper contiact; , '1'110 fOl;'mat,ion OO(;U):'S along

the 00\.1+" ~):'n mar~l'ins of the oohiet belt:., fror,\ Franoiatown in the

northwest i., l';.lw Dout.lW'1stern extremi tj eD of the Dchiot belt 1 and

also in tho nantern part of tho GUlliot bolt (Fig. 1.2, Appendices

VII and VII 1) •

Al.onq tho ceuvhcrn murq inu ('1 tln' uch i.ut; bo lt; all unitG (Up

ntoc1ply tClwilrd tho (louthwt'ut and to the nouuh , BC'vm'lll l<:J,lalitioD

show wf'11-Pl'C'tH'l'vC'd mat io p i ll owud 1,IV,l and p iLlow broec:ia un i.t,a,

'1'11(' ntru(~tm'a 1 intol'lH'ptat ion oj the' p j 1 1oWl'll un it.o L1howymmqin9

dirnct',ionn towanh~ tilt' nor t.h , whi ol. in.t i,..\t('t~ 1'11,11' at t.tlC'GU l<:l,,~a-

I itino , tli!' :H'ql1!'n,,~I'L: nV"I'tlll'll!'.j O"iq. ;',:'). '1'h(' ('(Intact 11(ltWP('t1

J,;ldy M,ll'Y Fm'llldt'ji'll tlnd till' nld 'l'.tt i l"tHm.lt iun I:; I.·ll'dl'll' ll1dl'kl'd by

,\ ::tTllr'tll!'.tl di::"(ll'iLlIl'" wlll<'li h.u: 111'111id"lltil ir'd in UlI' 1 i,'lli dlld

(Ill tIll' J,illl.l::dt imdl.J•. ul til" T.1t i ;;"l!i::t ). .. 11 (rill, 1.. ',



Old '1'atil"ormati<nl. '1'110OiWtOl'l1part, t:hC'FOl:"Il,ationwas f'ol.ded
and truncated by a granitoid intruuiol1 which could be part of the
New Zealand batholith (Fig. l'll, }\ppc'ndice£;VII and VIII). The
Lower Old Tati Formation compriseD folaic lapilli tuffs and chert
units which ovorlie an assemblage of mafic volcanic and
volcanogenic units. 'rhis formation has not boen previousl:'t
recognized. According to Dr 1,1". Wilson (pel's.camm., Tati work-
shop, 1991), the felsic lapilli tuffs and chert units ara
comparable to the upper members of the Lower 13ulawayo oequencu in
Zimbabwe. The lower Bulawayo sequence contains an extensive
development of iran formatiol1o interbedded Nith basaltIc and
komatiitic flows (Fostor at al 198G (a».

2.2.3 Old ~ati Formation and Lady Mary Formation

The Old Tnti Formation was first described by Mason (1970) but
f < r ,4 not recognized by later wOl:'keru. 80th Molyneux (197l) and Key
(1976)I included the Old Tati Formation as a part of tho Lady Mary
Formation. However, bocauoe of the aboonco of common lithostra-
tigraphic markers in both formJciono, and the structural nature of
the contact botween thODe formations, the writer Dupports MaDon'o
conclusion that thcHlO ilD:;('lTlbl aqNl l'l~preG('ntdist ~~~~trorma+Lcns ,

'I'ho Old 'l'.lti Formiltion in l'ompo:1Pd 01 a repotitivc ocquonco of

:.orpel\ti.ni~~('du t t l'i\\\M1 it' l'\I\'~~~;, \'Ihidl l'i\nqC\ in ('.ompooit.10ntr on,

dunitp throuqh to kom.rt.i ito <l1H1 ,\}'(' int('1"(~1I1atf'd w1.th var teue



af the 3chint Lclt (Vi~. 2.1).

Fiqurn ;~.1: I.f'flll::t,.lti' l\Wl\llll'l' \\Thit'}) ,iomilMtn:; tho H,\hdlojf'
I·'or:mat ion , nu IlHq i I\t1'l' 1\<1 1 d, 'tnnlldl i1111wi t.h lwomiw'nt 1ilwat'lon::
pl.unrj i!Iff I '''''!>It'd 'hr' ::"111 h ,

l\11l.!,Il,i".1i nllil;; dill ::h,t'ply

'[IIi

1f 11' j '11 'i 1.1 '



2.2.1 Matsiloje Formation

Momb('l"'Goi the Matn i 10 i(' 1-'01'111dt ion uppu.n: in t.wo £jCPdl~l\+.;e

Lcculit i.cs , fil'nt in the (J,wtorll part 01 t.hu bol.t ncar the

Matsiloje vil111CJO, and accond l.y in tho t~outh(!LUltG' I, part at tho

belt" imrnecliat(~ly north of t.he 'l'ati r ivcr (Fig. 1.2, Appendices VlI

and VII!). 'rhis FOl:rnation W<lO fit'ot recognized by MaGon (1970).

He described it as a succcoo Ien ot. chloriti{.l and eLlLcecua s{~hist~:;

and phyl.l i teo ~.,Lrh thin i.nto:rl)(l(ldecl 1imcwtoncD. 'l'lwsCl rocks arc

cona Ldezed to roprC1SC'l1t shen rod tuffn and related pyroc.::lastic rocks

(Maoon 19'70). 'l'hc roc::k succcas tcn is dominntod by a thick

ircnstone momber-, wh i.eh var i.en from 10m, than :3 motors to a maximum

of approximately co metorn. 'rho.i. r-cnn .ene formati.on is ecmpoacd ot

altornat.in~1 thin Dodn 01 phyll.i b' (U\U otrongly magnetic, bltlck to

pale qroy chert unf t,n (1-'iq. ;1.1).

In 'l:hc c'HJt:ern p;wt 01 1:,ho 'rati GI.~hiGt bali:, in thl' vh:inity

of tho Mat~Gilo:i(' v i l.laq« (Fiq. 1.:1) , tho FO:l"milt:ion d.i..Pfl oto(.1ply

tcwnrufJ thi.~ went into the main l!olly Cl1 tIw Delli nt belt. In tho

Hout.hom;to:r'n part. ot thl' ''',Iti l;dliut bC'lt, tIll' Formdtion diptJ

ntC\oply towardr: tIl!' nout n (N'p,'nd.iu{'u VII arut VIII).

Manon (llnll), ob:;('l'vl'd l'ipplt 1.1111in,\ti\)11:; within il'Ot1Llton(l

memlwl"t1 loei\tptt in til,' 1',1:;tI'1I1 lhll't II! UW lH'lt llt',!.!' Miltuiloje

r i fhi' \llly-np.

J\"\'('l'dillQ 1.\1 t-Ll:;illl (I" '11, til" illll\:;h,1\1' in til" l.'.u:tc'rn pur t,

u1 nil' :wlli::1 j",n :;ll!l\v!: d t n int l1\ lit <II 111lt',lt 1111\ plIU\tJlIltJ liutWI't'll



'1'ab}I' ~~.l: :a.ld~:iql'aphy oj 'lill' '1'.11 i ::<'lli:;t )1,,11 .u t.r-r M.wun
(1'1'/11), Ml)lym'u>: (l'J'/I), J:"y (1'1'/1.) dud thin nt udy ,

! ST~ATIGRAPH·r OF TATI SCHIST BELT
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CHAPTER TWO
GEOLOGY OF THE TATI SCltIST BELT

2.1 General statement

The 'rati schist belt was firat described by Mason (1970) as a

"typical example of an Archaean grcem;tone belt which consists of

a compl.ex synformal enclave of lllet(lvolcanics and metasedimentary

schists s\trroundcd and intruded by a sequence of diapiric tonalite-

granodiorite plUtOllS".

The stratigraphic sUbdivisions of the Tati schist belt differ

considerably between pr-ov Loue workers and researchers (Table 2.1) •

In 1970 I Mason prod\lced the first geological map of tho, wholo Tati

schist belt, Which subsequently was modified by r.[.i.G. Molyneux in

1971 and R.M. Key in 1976. Key's map of the Tati schist belt was

subacquorrt Ly accepted (mel pub1i::;hod by the Botswana Geological

Survey, (Koy, 197G). Despite tho work done by th(~nQ previOlw

auchorn I tho l.i th'"otratigraphy and tho str\lOtural defo:t:'matiol'l.

affecting the 'rati ach i.at; belt has largely been ul'lCxplainecl. In

this chapter, several modificationo to Mason's and Koy's

interpretations ,u~o pr epouod in order to botter oxplain tho

stratigraphy and tho doformation ~ffacting tho Signal Oill area.

'I'hl'::t? modii-ic:i\t ione nr-o 1)(\0('\1 em tho author' n roccarch together

with an intorpret,atio'j (l1 tho I.,\\l1(1n,yt im,l(j(' 1)1 tho 'rat,! ochict

bolt.

11



A numbor- 01 Gur1<tcn litho:;t.2'ati1p'dphic Cl'oun··tw(:tiolln havo

been mapped in det,a i1 over out.cropp inq in'('Ilt;. ovoi- ar oau with no

surfaco oxposur e I lUdppinq WdU pert onn('d us i wJ tronchofl. 'rho

outcrop data rCGol'u(:d LncIude s ut.ruct.uru , thh~knoGfl, co Lour , grain-

size, texturi,l chnracte:r.'ist::icm, and bcucHnq foaturmj. l>.. mo(li:Eicd

geological map of tho Tati schist bolt at a Bcalo of 1:125 000 and
compilation maps at Beales of 1: ao 000 and 1: 2!jOO of th\~ area
overlying the oro deposits, have boon p:r;oducod and arc presonted in

Appendices VII, VIII and IX.

An tmdcrotnndil1e,:1 of t,ho go.oloH 1.0<11oet.ting, the mineralogical.

characteristics 01 th(~ 8igl1n1 Hi 11. dc!p()!jito and tho structural

controls, will aDell.at in producing a moclol which in tUrn would lI~ad

to further pr(~dic)tiorH3 of oro cecurxcnece , both in and outoidc the

Signul Hill ..ux'a.

1 !l



location of illl thu known 90ld mincu and uhow inqe in thu 'rati
S\chist belt.

1.4 RESEARCH OU'l'LINE

Tho current research was aimod at examining tho natura and
genesis of the Signal IlillAUMAa-Sb mineralization, with a view to
better understanding the local stratigraphic, structural and
lithological controls affecting the location of the arc.

This entailed caruful fjeld, und core examination of structure
and lithostratigraphy and an investigation of depositional envi-
l~onmonts•

The first phast of tho study was dovo~od primarily to a fiold
and coro examination, during which samples were collected.

I~rom tho "A" Zone, "B" Zone and "I~" acnce , cere from 35
boroholes are available. TheGe boreholos have been re-loggcd with
a greater omphau i.n on tho 11thoot:t.·atiqt"aphicdOOCl:iptj,o!1a and
sulphide minoralization.

A total of Ub thin ooctionu und G5 Gumploo for Whole rock
majol.' and tl'tlC(J U1C'IlH.'nt.u l\Ilillyu.l1l wcnc t1c!lot.,~tL\d ircm di.fferent

litlwlor;l.oo. 'l'll(>potrOtJruphic Hnt] <JccJchpmiGlilGtudioti on thODe
aamp l cn WC't'() Ill,Hlu to ,lUUl'tH~ thc' ir or j 11 ino <11111to ill1t\rprr't; the

Godlmontary unvirt,)I1ln'.!nt:;. l\ tutal 01 ·1;~ poliDhml occt.i.cne on
Doloctml rOrH.'('u(·nt,\t i.vuOl'U :\dll,plf':j iy, ·l'(' UGc'd to itlt:'ntify the oro

ccnutI tUl'lltn and till' Pill'dtp 'nut it~ :~t.'q\ll '111'1'. (J1'IJchumi('!i\ 1 ruou 1uo and

upouifiu 'Il\lvity ,It-tnl'lnill,lt'iUII d)" 1'1,,:;.'lIt,·.! in til\r"'lltli(.·(':~ I to VI.

IJ



locution of Illl thel known qold minus and anowi nqs in the 'rati
schist be Lt;,

1.4 RESEARCH OUTLINE

Tho current research was aimed at examining the nature and
genesis of the Sigmll Hill Au-As-Sb mineralizution, with a ViClW to
better understanding the local ctratigrnphic, structural and
lithological controls affecting the location of the ore.

This entailed careful field, and coro examination of structuro
and lithostratigraphy and an investigation of daposition~l envi-
ronments.

The first phase of the study was devoted primarily to a field
and core examination, during which samples were collected.

From tho "A" zcne , "13" Zone arid "F''' zones, core from 35

boreholeo ur c available). 'rhooo boroholan lLlVC boen r(~-loggod with
a grouter cmphac La em tho lithoGtl,"ntigraphic doac:t,'itJtionoi'lnd
sulphide mincr~li2ation.

A total CJi D!J thin GocticH1o and GEl oampl()s fOl~ whole rOCK
major an(l tril{j(\ o.lul1wnt.n ana lyuiu w(:ro lwlcmt.od 1.t'011\ difforont

lithol(')gioD. 'rho potr()(Jraphi(,~ und Cjt2<::>dwmic:al.otudieo on theo(.\
snmplce wm'c llhldu to ,llHi('t1Lj t.ho ir orij i.nu ,lnd to intol'pl'ot the

oodimentary onvir(mnwnt:;. A tUt.d] 01 4~! po lLahcd r.octiOl1!:; on

[lolol:t.odroprm~('ntdt i.Vl' ore' Dill11plflUwon' tH1UI.l to identify t.hCl ora

conut, it uont.o tAmI t.h« 11<U'd(JVll( 't: ic~D('(l\lf'!ll~t'. GU()t ihumien 1. r C!F\U 1to and

U[l(!i,:iti.l: (jl',lvityd,'U'nnindt I,JlI 'U·'.' }ll''';,I'lltl Ii in APP''lhlil.'pu 1 to VI.

IJ
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000 g (200,000 oz ) Au from Tati rc('.fs.
In 1867, the geologist-explorer Carl Mauch visited the area of

present-day F:rancistown. He discovered the Honarch reefs which had
previously been exploited in several open slots by ancients. The
mine resumed production in 1869 and hence is the oldest European-
worked gold mine in Southern Africa. A minor gold rush fol]~wed,
but by the period 1900-1910, the richest parts of the Tati reefs
had been exploited and the miners moved on to more lucrative
prospects in Rhodesia (now Zimbabwe).

A second peri.od of production in the Tati goldfield occurred
during the period 1933 to 1947, since then, activity dwi.ndled and
finally stopped in 1964.

During the period 1933-19b5, Tati output was 6 265 111 g
(201,428 oz) Au and 610 340 g (19,623 oz.) Ag from 944,700 tonnes
of ore. The biggest producer was the Monarch mine which yielded
3 357 ~30 g Au between 19~1 and 1949 (Molyneux 1971).

Since 1969, exploration work for gold and other commodities
were performed by several exploration and mining companies.
Falconbridgc has been involved in exploratio~ in the Tati schist
belt since 1976. Exploration work by Phe'lps Dodge and 1"alcon-
bridge led to a mining operation nt: snas ld min" (Fig. 1.3),

but unfortunately the mine c;:lOGt'dagain i I~ 19<\.... Several other
companies have at.tQmpted to exp l.c it; thE ::;;mi~llerreefs. Morox
Botswana b:l:'ou~lhtthe Hainbow mine back l.ntvproduction in 1988, but
was forced to shut down in 1989 and Mineral Holding (pty) Ltd has
been mi.ni.nq at BtH1,It1ZH ront o Inco 1982. Fiqure 1.3 snows the

'7



conncct i.nq Franc! ui.own und til,' vi 1; qe oI Hilt:; i Lo] l' on the

Botswana-ZimbabWe bordo!:'. BtH;h ilnd iar m tTilC}:G pl:C'uont:ly connect;

this road to t:hc Siqnal Hi 11 Au-M;-~;b dppo~;it,,;.

1.3 HISTORY AND MINING

"A mining emp i.r e existed in Mashonaland probably from about
600 A.D. to relatively recent times. This empire reached its peak
in the sixteenth century when the Zimbabwe edifices probably were
built. Prospecting methods employed by the ancients' were likely
to have been the panning ot stream gravels and sampling of

anthil19, The reefs were broken by fire-setting and as ventilation
methods were poor, min~ng rarely was undertaken at a depth of more
than 20m." (Summar 1969).

Ancient prospecting in the Tati goldfield was thorough and as

far as is known, only the Rainbow Mine waG actually discovered by
Europe,ans (Fig, 1.3). Summer (1969) I lists fifty-throe ancient
mines in the 'l'ati.dintrict and thruo i.nthe Vu}:we di.st rict; (~O km
north of Francistown). All tho anciont minos ware opon stapes with
tho Blue Jacket mino being the doepost, roachin0 a depth of some
25m (Fic:r. 1. :3) •

Bummor (J()(Jfl) I t:llll1.~lud(!d t.h.i t uxp Lo itncLon by anc i.unt;s o r tho

zone ot' nurfn.ce «nrLchment; oi !'i'c'h; in thu 'l'ilti l'oqicm W(H3 more or

1'1 ! "~I ,H)'Ull! '>In ,,;.:I'! (Jr'·J :: dn>! ,11 ill' '1':: C il"'d 1 ] Oil •
l : J (j /\. I). (I' '11;",'1';,1' 1 1 'II It I)

I,



int:;:u:':;lonhao lit:tlL'l.'ULltionddp ie, tilt! vc Lcano ...t;udinwnt.ary pi Lo

pcn'phyritic, adamc l l itt!G and ()l'mwdiorito:l whlch in ucmc CilD08

appear t.o intrude th0 main tonalitic and granodioritic batholithG,
and in other inotanceD appoar to grade transitionally into them.
(Fig. 1.2, Appendix VII). Only ene Dopurato body of granodiorite/
adamellite hae been mapped by Milmm. '1'1110body if; locat.ed north of
tho E.'lchhlt belt wi.thin tlw NtH'thul'n 11ilthoUth (1"i9. 1.~1, Appendix
VIl) • Its conuaenc with tlw Dur:t:ounding Northern b,ltholi th arc
gradatlonal over a distance of about hillf a kilometre. 1~e texture
developed in thGS(l rcwkD are typitmlly granit.oid and the mine:!::'al
assemblages consiat of Dodic plaqiocluac, orthoclasc, microclino,
quartz, biotito and opidote IMaGon (19'lO».

ch:c:.:mln:r:>tonalitiw plutons which ui.1COl'ding to MaHon (1970) and Kay

(1976" represent the younQcst granitic intruoiono in the aren.
Ilill Viow and Tnti River plutonc nro conoidored by Macon (1970) ac

q!ldl't;· I 'J!) ul i,,'''·.J'I~;(' ,\>,;t i minor l\\i"l'I)('1 in •.', hiut'iU>

('[1 id{Jt.(~



doeo not l'eprm.;(mt tho top 01 the voLcan ic pile of the Tati schist

bel t., It itl pr opoeed th,\t, t.he t.e l.oi.c vol eanf c uni to belong to the

right way-up momber s of t.no Pcnh,llon(fLl Formatic:m (north domain),

while the intrusive memboro belong to the Northern batholith.

2·2.7 Granitoid roeks

MaGon (1970) and CrOGKctt (1.96'1) mapped and described all the

granitoid }:mthol}':10 and plutoI'm which eurz-ounded and intruded the

Tati schiat bolt. The following oQcti(m Io a sumnary of ~hcir

observations and interprctaticno.

Th~co major typeD of grnnitic intrusions have boen distin-

guished in tho 'l'ati ar-oa by Munon (19'10). 'rhe moot commontype of

qranitoid intruoian iu roprooontotl by a sorios of tonalitic and

granodiori ti 0 batholi t:hn which form liP'gO ar euat.o embaymonts around

the Gohiot bolt. Tho Matoiloje, New Zealand and Northern batho-

liths arc part of tho most common typo of granitoid intrusion (Fig.
1.2) •

rI'ho hathol itlw an' mul t iccmponcnn })odieo ecno Irrt Inq mainly of

medium t~ coarBe~qraino{1 rock of tonalitic composition, averaging
about; 20~', qUdl't(~, 'l()',. 0.1 iqc){·l.w(' wi tIl minor mieroo tino , biotite and

ep idcuo , AnDl)~~idt(ld with tht'l;P ;,1'1' q,lbla~oi(:macuco and with.in thL~

"Ncn:·thern" batho.lit'll d few J,trqu (fl'(,(·n::tOlw rnli co WOl"O rccogl'1iznd
by Manon OW/D) Ilnd I~('y (1'1'/(,) (l\Pl)('n·lix VII).

At~G01'djllq t.o f-l.UHllI (l'UII), till' ntl(~oml t ypo of f]1'i\nit,t1id



Penhaloli<;JiJ. Forl1lutiol1 hllc ll(}Un ide'ntH Iud in tlw Bignell Hill ar ea

(Fig. ~LJ). I.)otuilr·d liUll);;trdtilll'dphh~ invcutit,1ut.l.cH1u t")l, tho Lant

Hope sc(limonts in thu 8i911i(1 Hill area ~;htlWll a riqht \>/L\y"up

ccquoncc with <l younq il\\1 elirt~ct iun t.ow.ittlu tilt' uouth (C:haptm.' !).

2.2.6 selkirk Formation

MUf.~on(H)'lO) awl Hey (l~l'/(j), dUDuI'Ll.JUdthe St~lkirk Fot'mution

(Tuble 2.1) aD a thick avorturned UUGco8uion of duuitic and rhyo-

litic Lavac and uDcocillted pyr(l~~la(;tiG ruckn, which ()t~cUl.'l·edut the

top of the volcanic pile. AGcording to them the SOlkirk Formation

cropo out along the northern part of the ochist belt in contact

with tht.: Northel'n hatholith, extending from Fl'anciotown to tho

Zimbabweun border. Molyneux (19'71) ccnoidored the selkirk

~'ormation to be younger than the othol': 9l:0mi:Jtonc formationo of the

'rati achiot belt, and eempcoud lartJaly of an Irrt rue Lvc bUGie

complex together witlt lUGGet amounts ot ducitic lavan. Wo~k dono

by '1'11l1t.ehtll~ (l!JUO) <lnl! DiocJi.riml (l')\)(J) hau indicated that the

Solkir}: Formation rc·1.c'rrpd to by N,\uo!) (l~),Jn) and Hoy (:to'lG), is

cempoued 111illnly 1J1 i.nt.l'\l:;ivu rCh:l~u ((Jl.',\lHllliori.t(~, torhlUto, llim:it~c

and Cjill:,}JrlZl) in contact ..:ith inturmullidt() lind J,olniu rnotu"vol,Qanic

rccku, tlwn'illl'(' :;\ll'l'Ultilltj r.y"lYl','UX (1,,'/1, o)luul'vlIti.onn. '1'111:"

})l'u:1t_'nt utudy h.u: illdkdtl'd 1h,\1 Ut" illt"l'lllt'di<ltr' ;\11\1 i o l o Ic I1lCO\'.(l-

vul\'dnil~ d:::".·mbl.l'!" ::11,,',·;::'\ l'lllllt \';")/=111' :;\l",'U:l:litill (u"t_' l'enhalonlJll

Form,\ti.un, Nell'tll dun:dln) In::t, '.I u! un uV('l'tul'l\ud uucceuu icn nc

111'UIJu:iI'd by Nd:;UIl (1"','11) dlld r",/ (1"/1,) .. J'lll'l'l'it)l'P, tilL; :',\IC~:u~JU.i(!n

,,;11



mdpp('d till' H<lUlI' 111'(',1 II)H1 iH(~lUd('d th« Liwt Hllp" 1 it.ho l oq iou it" H

oonfor-mab l.» ,lmH'mblaq!' w ith In 1'hl' 1'1'llhdlO!lt1d Fur')n.ttiol\ (TallIe :~.l).

'1'h(' I,(Hlt HopC' FCH'IU,\tinn cClw:int;; of v.rr iouu m"tdlwdil1wntiU'Y

!"ockn whi.oh form il (linc:ret:e hnnin in tlw 0('1\t1'<11 part 01 tlw 'l'ati

nchi nt; h(llt (Matlon, 'U170) (Fiq. 1.:q. 'I'hl' bulk of thf' ll\('t,wprli""

montnry l'c)(~kn arf' of o l arrt ic , vcdt';miGlant.i(~ (Il' V01CiU10(1Pllle

origin. Ln tlw ef'ntn~lf north ,mil nor+hvcur .U'P,tfj 01 tho baa in,

c1£\01:.ic oc>dinwntl1, nha Lo, vo l cnni c .uul vo l canoqenIo unito WCl't1

idcmti£i.cd. In till' r.outlwl'n ep(~tor 01 the !,ilnt HopnFOl:'matiotl, t.h(·

rock aOGorublago in mainly convaned 01 voleaniclnstic and vQlc~no-

gonic unitn (Appondtx VII) •

WC'Jl~k(~art·i('(lout in tn!' f1rmtl'(,d ntOl'n uj dr' 01 t~he baLl in

(vici.nity IJ1 Hiqnlll Hi 11 AU-An""::}) tl("')onit.n), han idontifiod a

ncqucnc« 01 mainly quar+z wad:f' fH'dimentu in1'm'1)e~)bed with

di nmi ct.i tp un itn.

On t'III' WI'nt nidi' Id th" llo\~;ill, 'lllf' L.\(:t !t0PI' FCll'm,l1'ion amI tho

l'enhitlonqd Fm'll\dt i un dl'I' ::"ll.lhlil'd by nu" t.on« (,unuan ntl·uL~t.\a'O

(F j q. ::.·1).

Innm})Pl'li 01 th" j"I::t lJ'lllll j!lInn,li inl1 urri k« .tnt! dip nub-pm-u l Lol tCI

till'> unl}prlyinq t'jlt'l't ,Inti it'<IfI::i,,!It, unit.u (1'flnh,!Inllqa Formation,

f',wt nl til!' 1<,1:;ill, r,·\, {1'I/I'1 ld'''lt il i,'1! d c'nIl1IH'I\\,lldl' c·(H1t,'.('t

}J;'iv,rt'I'n ill,' 1"'lIl1dl"II'I-I 1'\'lllld1 i"!l llld ; II" J"I:;t 111'1'" I,'lll'IlI,lt inn.

Iii ill" :~"tltl! ill,1 :'''Htll'',I'l ::)<1.':: "t 1tll' l'd:;!II, .ut \lrll"llll(n'~

)11011<1., 1'!J1l1 lI't l",tt·,""11 t h.: l,I:·t lJ"I" ~I)I !1 intl d(l<i t lu- un-u-rt v it«:



4) ill)Ut'h d0111a in

Wit.hin thin dom.i l n i\11 Li thol oq icu dip nUI('llly toward tho

Hauth and [lCmtiH'iwt. 'I'h!' r(JI~kn ptHltl('tW d wul1-doVQ 1oped scru.a-

ching lit1(',\t,lon whiuh plUIHJNl t'<lwiu'dn t'hC' nouuh io frequently

obecrvcd , II tWl v i.c inIt.y of niqnal Hill ,lr0H, th(~ rock asraemb l.aqe

cver i tco the Lady Mary Ff;lr'mation and tnrminaton nt~ tho "Main 'l'hrust

'rho "Main fl'l1ruot Front." is a

ott'uc','urQ of apl'n'k'xh(l"tely 1;' kIn 1C'l'Iqt:,h" which forms a large-oeale

arc. '1'hio otruot.Ul'(' [10;:~:n"11,J)U r.ho ot:ruGt.ural South domain from the

Gtruotural l':\H~t dom \ in. It 10 Guqgootf'd thnt this structure is

l:'elated t.e a m,Uor thl'IWt.ill<j even+ (Chaptm' 4). However, it~ is

not; cl car wlle'theY' 01' not' til<' Loner qonoat1 ntrunture (So\lthweot

(If the Di1l1\(' ntnwturl' or i1 tlH'Y ill'I' two indepcnlient ntl"u<.c~tu1~C(l.

outm'op::) .

2.2.S Last Hope Formatlon

, .,. .,~.



FiCftlrt' z , (,: l{1lt'].', tali', :I'~~ui(Ill ::111",'1 iIll{ 1iqht ''''J rny and weIl-bnnuc)d
chort unitr: w ith tt'l:~i' m,·t.t t ut t , A 1..1:1,11 dl!'rt unit (1) Dhows
an cr on ivo vullt,it't illl i 11,'01 with mr-t.a+tur t ItMtt'l'ial (~n. 'rho
f'e Laic ll\C,td"'tul! 1~lllIt.liw; th,' \oJ,d l·"dl.'Vli}Opl'li l'oqion.d ;1dti:lhJ:>ity.

struetme within t.he undorl yi nq unit.

J) T ,wt dum.r ill

wut>t ,HId ,'V,'l I j,,:, til., I iuh t W,I~ 111 ' r,ddy NdlY h'l !III t inn. ctwrt

unitu int ('l'b. 'ddt 'd w i t II I" I:;i•' .Il'11d 11it I" I 1 , til" Hi qna l Hill

i lIlt 'tl"V, \Vt'll ...banti['(l

IIIl i t t'IO_' ..I, i t II 'I'll" 1111 itIill ! t ' ;It\. ,t ,I t III I
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FiIJ\.ll"c· ~l.il: l>ll"Il" lH,'t I'VI,).'.mh' blul'lz within an i)g~ll(;)moratc
hout., U1HI\vill'l d liqld V/dY'IlI' ::l'I{UI.'W'I,.' '1'h(' bl.ouk d(~fClrn1()dthe
undorIy i.n] ,;,'dim"llt whi II' lll,jlllj j'mpLluf'd, tht' I' "l'lyin(J sodinH..mtn
.\1'(' nnt dill ul nll·d.



on Landsat image, from south of Francistown to the Sikukwe river
and then south to the Tati river (Fig. 2.3).

2) North domain

Units of' tho north domain dip towards the southwest (near
Francistown), south and southeast (ncar Texan gold mine). The
rocks possess a well-developed schistosity and a well-developed
late crenul.at.i.cncleavage, A relatively wcll ....dcvelopcd stretching
lineation which plungcD towards the south is also fl':equently
observed throughout the n01:~thdomain.

South of the Texan gold mine, chert and ironstone t~mbors
underlying the right way-up Last Hope Formation dip at 35 -400

towards the southeast (Appendix VII) .
The prominent alumina-rich horizon, which forms part of the

Penhalonga Formation described carlier, belongs to this structural
domain. V " ding to Mason (1970), this horizon is a succession of
aa l.ic t'.'1.1:Si:l'''Id a~J9lom(}ratenin which bedding I ('1ross-bedding,scour
structuree and pyroc Lasrtl,c"bombs" can be recognized. Figure 2.4,

shows a large meta-volcanic block within an agglomerate host. The
block cleform('(lt.ho under Ly inq acd iraent, while heing emplaced, the
overlying sodimonts ilrc nat duformed. This evidence indicates a
r iqht way-up Gf'qUCI1Ct'. Otlwl' ovf.dcncea far the l'ight way...up
oucccnn.Lon 01. the north domain Wiln q iven by Cain (1980). "'ound

ri.qht way-up ut.ruct.ur on in i<'lniu tuf1:: eant of Pcnhalonqa minc,
F.iqurc a ,n. n11o\1:; tIll' r i.qht;way-up ucquonoo within thC1flO f'el.oie
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distinct structural domains (Fig. 2.3);
1) a southwest domain which occurs in tho area south of

Francistown to the Sikukwe river and then extends
southeast from the Sikukwe rivel' to the New Zealand
bat.no l.Lbh ,

2) a north domain which covers the area from Francistown to
the Texan gold prospect.

3) an east domain which extends from the Signal Hill area to
the Texan gold prospect.

4) a south domain is located in th~ southernmost portion of
the Tati schist belt. It extends from the intersection
Of' the Long ccsaan structUl'c with the Main f),'hru.stFront
structure to the Signal Hill area (Fig. 2.~).

1) Southwest domain

Within this dcma Ln nll li thologiet~ dip steeply towards the
southwest. 'rho r-eeks possess a well.-dov('loped seh isnosity and a
late cranulation cleavage. A relatively well-developed stretching
lineation which plunges towards the south is frequently observed
throughout the domain. All momborn ar c overturned and show
younging directions towards the north, the northern boundary is
dr..~:f.'Lncd l..iY tho "J,onrl qo 0 ('hU1 " stiruccurc (F it1. 2.3). The "Leng
goasan" clt:ruct.ur(' \'It. nurt'aGe il.J 1\ i.('rnHJ Incuo B i li C.1L,\O\l[l and ceca ...

si.onally sulpbidLc r ock , No cletAi It'd f1tudy hun boon done along
t.hi~} nt.ructuro , hOW(,V(,l', it e,m be' traCt'(} in tho fiold ao woll ae



2.2.4 penhalonga Formation

"Pc:rtwl)f; the> mont var icd arid int:nrestinq t ormation Ln the
schist belt, tho Penhalonqa Formation, cons iat.s ot a series of
ca l.c-ach ie'cs (carbona.ted ach Lsti), Lime stoneu , quar-t.z -nchf stis , cher t;

and meta-volcanic (andesitic) rocks II (Mason 1970), Pyroolastic
rocks are commonly foupd interbedded with volcanic and sedimentary
uni~s. A prominent alumina-rich schist horizon containing kyanite,
chloritoid and pyrophyllitc occurs together with quartz-sericite
and chlorite schists. This horizon can be traced from near
Francistown in the northwest, to beyond the Texan gold showing in
the southeast over a strike distance of approximately 13 km (Fig.
2.3, Appendices VII and VIII). 'rhe thickness of this horizon
varies from 15m to up to 300m,

A au Lph Ld ic and occas Icna Lly l;.i 1.iCOOUfl Lronnt one formation
forms the Lowo r contact l)otwcel1the Lady Mary Formation and the
Penhalonga Formation. Tho contact between the 1'onha10nga Forma~ion
and tho ovar l.y i.nq I"wt Hope FOl'mdtion is cleUnotlted by anot.he r
major chert and ironstone member, namely the Signal Hill ironstone.
Tho composition ot the ironstone i~ dominated by siliceous non-
maqnet i.c clwrt cccuu l.ona.l l.y int~'rt'nddedwith Loca l massive bands 01'

mi\crnntito.

S{I'IIC{lI/('
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u lt.ru'ua r !t.' un it.u .

.1'c. ., dUp 1 i.:dt ion by

Fi'1I111' , " tI"rtli ',"'111,Iint! dirt '11"11 l11di,·,\t.'d by ,I p if Low in i1
1..ld,/ 'r·tll lium.r ! j"II', lildl i, uu i t I'll" 1I!111 dil': ;,;h"'l'Iy tClW<ll'IJ~,
I.h-: :'''111 h. 'I'll" ',1'111'1,,',' i:.: \.1V"1 t !llll' d.

In t.h-: I,'d t "111 P,ll 1",11' (Fi,t. I.,'), till' l"tdy

111\\1<11,1;: til>' \'" :',j • ,i\ t t hi
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1"i!lUl'Pt'. {. t1 and J. b, nh'lw tIlt' ql'owt.h 01

mr-t.amor-ph ic ch l ori t.o id and "pidot.!' tTyntn 1n ill qtltu'tz-n01'ici.t(1

mat rix ,

( '111'n and ironstone

A acta i1od (~ro[;n"':Jf·!'t· i(In IUilppprl immodiate 1Y Gout'll of tIll' "1,1"

zeno , ohowo that at leant 1 ivr- dintitwt. 'l.i t.ho l.oqi.ca l unit::> f01'm

thin memlJnl' (Fiq. 'i.e,). A Iiqht qn'y dwrt (Fier. 'L'l) in overlain

by a anl'k-l"mld inh j Pl'l'Uq i.nour. qnnu.m (Fit]. :L g). 1\ bn itJ(\ qon:mn

(nliqhtly mer-e :dli('(\('Jun t.linn t'hll l'(>tirliuh i(ll'ruqinouo qonmHl)

11).\1'1'1>: (Fiq. 1,'1) ov(>rlif'~l '1'111' b"iql' qunnan.

ovur t.i in in 1'LII"':1 II)' .\lInt'hfO}' 1 i'lh1 qt,·y ,'11.'1'1. \oJit'h 1'lll\ I'x\'l'ption

01 thl' 1iq111' ql'!'}' t'l1I'1'1 <It til" )lol;;", .i l l tll 1.11":11\ I,\I'il'n ,11'1' qt't1fko

1',d ly I\nt 1,11"l'dlly j·:,:t'·I1:'.i\.·", Lu t ,'<111 },,' !I:·....i !'H'dlly ,It. m'll'}~('l'

III 11 i;',nll: \ •

':;11' )',1 Cd] 1 iqht 'Il"'\" dll'! t i~, 1",',111,/ in1'·1'1 .. '.)dt\i with thin

lll~'mh(,t'n II! tr,lldllit i,', 11'1::i,' lIiI·t., t u l t (Ii,!. ",J. 'I'll,' 1'''ltj,jIl "t

1111101'·'·'1I1:.1',11l·j; .... i t hi n t li i.: ur. i ! ,k"l' \., :ILlqdr 1 "\'ld!'d:: tilt, tr,p

"i
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1'01'11\1: pnrt o 1 tIl<' 1" i(Tllt: WitY·'Up :1Il1'(~f':;:;j on. It cown !;t(; 01 it banal

mut.a-vol can.t c unit, foll(lw<'d by <i mlt'l~n~):dOll01 qUiu'tz-ul'l"ieit.t'

Dchi.Gtn intc'l'lH.'ddc'd with 1<'JGit~ llwhl~l<lpilli t.uti n and ovorl.u Ln by

tho Siglinl Hill chert and ironut onc (F.iq. J,i).

Meut-volcanic unit

A dark groc'tl, aphani.bic , illt(n'll1odint(1 to mni:ic voLcan ic unit

han boon eboervcd only In horolwl.n SPD··r)(i3 (Fi.q. :1 .1, Appondix l:X) •

The original minoral noaomblaqo has boon complotely metamorphosed
to a chloritoid - ch l.or-Lt;o 1, Ciu'btHlab' uchLo e ,

Qlwnz·.H'l'ici((' schis:

'I'hiD C1l1Gomb'l<HJ(> han L intono('ly nll",(,l't'd .md dcfor'med by

ncvcrn l cinicl't'mation ovon+u. 'l'bOlH' }'c}ck", nr o hiqhly ulwarod, l~iIi-

c:iLi!'ri, lH\l'lGiti;~(I[l .ind , ttl Vd1'1,lblf' Ih'lfJ'C'pn, dolomitii'.t'd (Fiq.

3.2). Within t.h in qllill·t:',,·n.'rit'it.I' Ddli:;t ,H.HlpmbliHIP, (1(wl'l'ill U\11)-

t.mit:n Dhow eOn(·f'lltl'.lt.ion:~ III l'()\lll!lt'li lr,ltlltH'llt:: (11 qU'Il·tl~ and

irmwtolw, ,H\ \,1') J d:; nllb-,Il\'IU!,11' tn .uuru l.u: t.r.utm•.'ntn 01 c,u'_

honat('<1 q\ltll't;~"!;ll'it'itl' ::I')li:;t ,11 till' :liU1H' (~t)mpo:;iti(lll ,\B the'

I1l<lt1'1x , (1"1 If. I. q. Jt i:; 111'"},,.;;,·d thdt nll':;(' ::llil-ullit:\ ,11'(' to rui o

mf1d~'ldpi 11 i t.n t r n ln1'·!'}II·dd,·d w l t.h in t lu : tjlld)'t :~'~::I'l'il~itl' :;l'llintn.

'I'll.' "1"" :~nlll' milll'l'011 i.~d1 illJl i:'· i nt illldtt'ly ,1:1::,\1'[,11,·\1 with ()lIP \11

t11,'::11 j(.J:d,· l'dl')'''lldt,tj )li,,1,1 j,q'illi t n t t :',llb"'llllit:'. (1.'i'l. l,I).



3.2 Penhalonga Formation

According to Manon (1910), Key (1916) and the cxplc~ation work
done by F~\lconbridgo 912clogiGtG ccut.h of t:lw si<)nal Hill bloc:k
(Fig. 1.2) f tho Ponhnlonga Formation in overturned with a younging
direction towards the north. In the east and northeast of the
Signal Hill block, tho Pentalonga Formation shows a right way-up
ouccession.

Due. to tho lack oi ouccreps , tho ov(.~rturnedsequence of the
J?enhalonga l"Ol:matiol1is exposed only in nix emall tl'enchos (LAH-Ol
to ou, LAR-03 as indicated in Appendix VlII), wheroas in the vici-
nity of tho "Ft! Zone, numerous '\:.:t·onches and :3 core borahole!> E.lhaw
a right way-up eequence of the upper members of the Ponhalonga
Formation (Appondix IX).

3.2.1 tower members of the Penhalonqa overturned soquenoe

The l!;')wC'rl1\(;!111.wnl of tho l'(mlhlloI1qli Formati(lll, 00[1Ot1t~llto II

acquence of intm'llll.'(liat:o l1wta"'volcanie un it.n int('r(~alat('a wi.th well

b0.ddC'.d aphan; tj C' vo 1u;mnqpni (' un itu, (111<\1o and a pr-om incnt, ct\l.'bo-
na 1'..(1\1 .i rOtH;tow' •

3.2.2 Uppal' VDnhalong~ Formmtion

'1'111' uppl'nrIl1:;1 1)1',!1II'))I'" III tilt' h'llhdlt11ltjd Funn,lt iun , i.u (IXllOU('cl

only in 1'11,'v io in l t v ul lilt' H}'H :~'II\I' (J\l'l"'II'lil"'~; VIII .Uld 1:,\), ilnd



ClIAl' 'l' 1m. 'l'mU:l';

GEOLOGIC1\I, SI::'l"rING 01? 'l'Im SIGNAL HILI. AREA

3.1 General statement

Despite work dono by Mn~on (1970) nnd Roy (1976) I very little
work has boon carrie' out prcvioucly en tho sedimentary aspect at
the Signal Hill arun.

'l\h~ LaGt Hope Format ion under 1ien approx imaue ly BO~:,of the

SiqnaJ. Hill block, while: tIl(!Pcmhalon9d FCll~lt1ution io proocnt only
in tho. Gouthcant: I cant ilnd nm't:hC'ilGt c1 tho block (1,'1.9. 1.2) .

!ntorprotation 01 tho [H~dimnntiu'Y anpoct. of, tho LaGt Hope

Formation wi.uc, dono by p>:nmillin(J vortical and latut'al Ic1(2ciimontary

oucccao Lenu fl:Cll1\ DC'V('r,\1 })ur('holm~ I out.cr'opu ilnd tronch cxpeuui-co ,

'1'11(' intpl'pl,,'tdtilllt nl t)),· VUlt'dld·' 1"H~}::, 01 tilt' l'(.lnlwloll'.fl

FormatieJn Willi do' (' un jWI IIIH'C'ho lUI< (I1H1 tl't'l1Gll oxpcuuruo ,

Clu(1nific,ltinn \I: tn.' !,d:;{ IlIIP" h l'ln.lt i,lfl uuui.mollt<n:y2'1),,).::: <lml thu

l'enhalcmq;\ FO!'md1'i,)J) t~CIJIHtittl'llt:; Wilt: l'l'!,viom;ly in 1,\ utate ()l

clnorJif:c;ltion H)!' tll,·!;'· l't!l!}::!, dud ::i,'vun,J1y, te, \l:;", vurt'ie,!l '\!let

1"l'\::(Jl'n1 ,1~HlO('idtiIHl:~ '>1 :!,'dil!II'l1t >I;:,:I'l\lbld'W:: tu dcll11P IJthIJiaciuu

md pf):;,libll' 1'1\,11)'1":" i r. tl,,· d"I",:;itj(lILti "nvil'<lnm"llt thnJltqh t i.me ,



Fiqul'C ;'!.In: :all',\l'(lti IJranUdll.1rih,' l'od: lOl\\tod at th() narq Ln of
tho HU 1 VIf'vJ P 1ut on I DC'f' Appcnd I x VI I •

2.3 Geoch~onolo9Y

ach iat; bolt.

Olcl 'l'llt.i Fornmtit, \ and {fPth'!' HllLiNdYdll [wf'iC';i in i'.imlklbwo, which in



Figure z , 'I : llndl '1 o1'11\('dton. I lit j,' -qt'itnod j 01'it. iL~r ock , Northorn
batholith <It l'I'};W,llH' qo l d mini' (I irr , 1. s , Alllll'lhlix VrI)

11



alignment of quartz and feldspar crystals in poorly developed thin
bands (1 to 2 mm +h Lck) t.ogethCl,'\Vi::!1 tho development. of sub-
pt,rallol cleavages (l<oy 197G). 'fhe w:t'itC'robserv(~d that the
foliation at the contact between the New Zealand batholith and the
Old Tati Formation is parallel ~o th~ contacts of the intrusions,
and similar in strike and plunges with the regional schistosity
observed over 81gno.l Hill's "A" and "FI! Zones (Fig. 2.8 A and B).

Mineral stretching lineations, defined by elongated quartz
and feldspar grains nrc developed on the foliation surfacQs and
plunge at approximately 500 to the south (l~ig,. 2.8 A). In the
cen.tre of thcsc tonalitic plutons, the foliation is weaker' and
frequently absent. Selkirk mine and Tekwane gold mine (Fig. 1,3)
are good localities where exposures of mostly undeformed tonalite
can be seen (Fig. 2.9).

The HUI ViDW tonalite hilS idorrt Ica l composition and at ruo-
tural deformation ac the New Ze,alanclbatholith e- thc' tonalitic
facies of the Northern b,\tholith at 'rekwane gold mine. Kay (19'(5)

mentioned that the Hill View tonalite was a "homcqcncoua rock with
nl) tectonic or ccmpcoi t Lcnn I fabric" and tlw:t;'(.~rore rq.J:reoento u

Figure
a , 10 ch1m<nwt:t'dt(~UtJlat 1ike the Nortlwl'l) and Now Zealand bCltholiths
the Hill View tonal ito in alao aftocted by planar feliation at the
margins, vlhile in r.ho c(~ntrC' th(~ 1'01 LltiCln .1£.1 wcake:e and fl~oquontly
abGent. 'l'h'"ll·Oi.IJl'U, i.t i.u not: clt'ill' "';ilf't hiT till' IIi] 1 Vi 1'\.I'tonalite
ropre:.H:.Hlb; a YOUlhIC'l' i.nt.ruo iem tll<111 t',lH' New ~~(',ll11l1cl or the Northern



FigUl:'c ~1.'l: I1iqhly .("I(ln:\I'd Ql',lI1ihdd r ouk It?catcd at, tho
contact b(~t\Veun t.h .. Nt'\'; ;"',ll,IIHI lllth'li l th and tho Natfdloje
l~ol:'mation (Aplwnd Ix VI I) .

A 11,20 B N
.1 n. 7 B

MINf 11;\\ UNfATll)N

*

Fi'IU1'" '.:~: 1\ ::t. )""111(1t ::I1'11.vin'l 1',>1,':, III tlll' luI jolt ion .md a
miru-rr J I ill"'lt i"ll .i t til" lll.tl''lin ,11 til.' N.'\,;~~·'.tl,'nd h.t t.l ro l it'll.
11.. :;1"""'1,],11 It) 1',,11':1 tit 1"1\1' 1'."t1I1I1.11 :,,'hi::ffJ::ity ,.!1!;"I'vl,d ovur
1'11" "A" ,Hid "F" ~"'lIf':; (1\1'1"'ndi,"':; \'1 I f .m.t 1\).

:~l _I



'l'h in piWkdqtl i:'. 1'}:P";"".j ill 11'''11\'11,':; m.i inl y in th« v ici ni.t.y 01

tho "CIf 1'.0110. NalTOW illtVlTll'l ~tiun:: lit thu Northern packLlqu wcr o

enccunner-cd .in two coro LJOX'('l!o]u:: drillrHI tram tho "All ZtJI1C. rrllif3

ptlckng!~ was not nt-ud il'd in dc'ta.i 1. N(~vortlwl cuo , surface! laupping

shows .i,nterboddud c.iam.ict:it.t' wi t:h numurous ttl in luyo1:.'s 01 quart:,¥,
wacke. 'l'ho mnjol,' t.:}l,u·uet.uriDtiG (')1 the Nortlwrn paekaqc iG ".;ho
broad transition from diamictite with n tino quurtz-ccricito matrix
tC'l diamictito with (\quartz Wi\Gk(~ lULl.trix. 'l'hr:\ lie" Zone mincx:'"tli-

zution appouro to bo locutod witllin thiD transition sana.

Within tho Fat Boy pilc~k'HJU, horrt 01 tho IlAIl Zonu miI101:<11i-

zirtion I numcr-euo ind ivi'lu;, 1 Cii,lltll \~titC' 1'IYOl"r1 have boon obGI:\rvod

(up to 10 individ,l,\l laym,'n in mill-un:l Glil~(j Ilorol\olu ,ini~01~~;o<Jtion)•

'rho thi,c:knoDD 01 theL)l1 i.ndi.v i.du.il IdYI'I'll vur'y t.r om lUClG than 1,

;\laO\lnt(~ ("it c~Lu~t:~ l'.tfl'(i!l'( 11"'L1 1,';:;: I'll"'l I, 11)' ttl 'JI)';,. They ill'U

lI'dtl'lX (:uI'l,urt, 1 dlld un..» ,r1I',j.

'1'\-:0~;Pt'l.it i,' 1,IYI'l';', ;,h"v! di;"t ill," iv» ('llll',\('t"rinth:~;. At '\:'.1\0

}l,1~H' tilth,' 1'>1"):01'11' d l,l»,'ky 1:"1,1 t u t I un i i i:', ·\\"'1 Ilill by \ pill).:

,llllnt!"\'ir,'. Til,· 1>1 '):y 1\<'1 i=t u t t unit ·''':;;:1::1:,.>1 d ::ll"dl','d, 1 inv

qr,l1n,'d, '(\1 III .: -: '1 i,'ll"

11',1'1:,"111;') \:itll 1,,;,;', III III \It ! \ \11 li' 1 !! t ' ~ 'rl~;' i!1 i 1'( tr!~:t_( t1l','
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F i<jtH'c' .J. 1'1: VU1't iI'd 1 (.l(,\"t it in ot t.rcuqh er'ofll.3"·lmdtj shew inq
COI1C,:V~' and t,mql'nt ia 1 f or~H't~;. 'l'hN;P rrouqh l~l'llnu··b('dn indicut;e
II riCJht W,\y"'up nf'qul'nul.' wi til yuunq inq tt;lW,ll'\iu t ho nouthW('l'lt.

niamicrite (clcic',\'

, 'I,J ~,
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1'l11'p10 qU:U't::

Photo :;11I)\o,/ll\\J par'a11('1 'l nmin.iui.onn within tlv.' (Jt'fly
waul~(', \o,/Dut 01 fault: i"ll'IH.
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serves as a geod marker horizon.

At tho. southwestern end of the "A" Zone, a fa(:ies of beige,
occasionally slightly silicified, trough cross-bedded quartz wacke
overlies the planar laminated quartz wacke (Fig. 1.11, Appendix
IX). Composjtionally the rock is similar to that of the planar
laminated quartz wacke. The sediment is coarse grained, poorly
sorted and texturally immature. IndividUal beds vary from 3 om to
20 ern in t:hiGknt:lrJs.Each bed is ccmposcd of a multitude of fine
laminations which form either tangential or concave fOl:sets ('ti'igs.
3.16 and 3.17). Cross-bedu observed in this facies, show that the
rock aSBomblage is the right way-up (Fig. 3.17). The transition
:€rom planar lmninat(.KxqUi1rtz wacke to trough cross-bedded quartz
wacke, although sharp in a few localities, is generally grada-
tional.

'l'hrec-dimenr;i,cnalcxposur eo of' tl:oufjh cross·,bcds in two
spoc.~i,fic10(mlitieB (l'.pper"(UxIX) were used to collect relj able
palaeocurrent meusuzemcnt;s , Ho(mlt~> indioate that in both Lcce -

lities tho palaeocurrent plttarn is unimodal. In the locality A,
tho avcrnqo eur-rorrt d i.r ecb Lon in plunging SOO 'towards 1.900

(Appendix IX). In tho locality H, tho averagQ cu~rant direction i8

plunqf.nq 3'l" tow,H'dG :~:HJ" (AppC'ndix IX).

l) o



Figurc .3.14:
G4m, :WO X.

Vr'J.'Y t',U'O z Lr ccn w.ithi.n ,t C{Uill:t,~ wacke , SD-O'1'7(

Planar laminated quint: lI'lIck!' /i/(1(',I'

lJI\I' 1,11<I I' ( i Ii \t. ! \'

, I· ) •



Figuro 3. l:~ : l'hotoltl hn'o{_tl'i\ph of qlhu'tG waoko showi ncr 11I1<Jl~ liu.'
quur.t~~ Lra1jmerrt:':; ill a quat't.z-~;ndGite mdt:t'.b:. 'I'hu r!).)}~ 1:.1
matriJ( ;',UPl:'Ol't!',l, !il'll-Olll, !.lo11\\, 100 X, X ni« •
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ments are relatively easily transported in debris flows because
they are supported in part by high buoya,lcy torccG due to the high
density of the mud in which they ,1""eaubme r-qcd, 'I'hey aLao mention
that subaqueous rapid mass flows have never been directly observed
and even the location and characterintics of modern examples are in
doubt.

A ccnglomerate is d coarse-grained clastic sedimentary rock,
deposited in a range of aqueous environments (Bates and Jackson
1984) I whereas an agglomerate is a voLcan ic breccia formed l::Jy
disruption of a solidified crust or hardened plug of lava (Bates
and Jackson 1984).

The terms debris flow, conglomerate and agglomerate, due to
their genetic connotation are not appropriate for descriptive
purposes of these sedimentary facies. The term diamictit, will be
used hereafter to classify these facies. Diamictite is a compre-
hensivo, nongenetic torm pr opcacd by Flint at al (1960) for a non-

sorted or poorly sor tcd , noricn 1Ci.U·COUS I torr i.qenous sedimentary
rock that contains a wido range of particle sizes, such as a rock
with aand and/or lilrqlH' p,ll't.il~1r~~; in a muddy l11'ltri>:.

3.3.1 Lithostratigraphy of tho Signal Hill nrou

1IiJl ,\l"\il: qu.i r t.z \";dC)':"1 p l a n.t r l.unin,lt('cl QUdl't:'. Will)ku, t:l.'ow,h

"



Figure 3.9: Ch~rt and ironstone breccla showing fragments of
angular felsic volcanic material within fine grained, ferruginous
cherty m~trix. For location Bao Figura 3.6.

3.3 Last Hope Formation

A sequ(!l1Gc of quartz. wackcs .i.nt:orbeddod with diamictitus,

it, Pf,lOl 1y ::ul'h,d dlld bimnda l wit.h

indi\' l(il[.,) I i(.'f~: \,



F19u1'(, l.?: Basal chert facies of the chert and ironst(."l:1'~
membor , dip towards the WN;t. For location see Figure :3. (i.

"

()
Figurf"~ 3 B: Dat']\; l"cHldiuh qOD~.hm undo rLy inq trie be Lqo qos snn ,
Both f ao l~1;1nre pi1rt of the cher-t and i ronut.cnc membar , TheEle
ftlcirlS d p tOl.vdrdf' tho \VC'Gt. Fen' l.oca t ion soc Fiqun, :3. G.
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CHAPTlm FOUR
STRUCTURAL DEFORMATION AFFECTING THE SIGNAL HILL AREA

4.1 General statement

ll'hepurpose of t.h Ls chapter is to describe the success Lva
structural eventis which affected the Signal Hill area and post-
dated the depo~lition of tho Last Hope Formation. A review of
previous structural investigations is first presented f~'lowed by
a detailed invBstigatiol carried out in th~ present study.

Most geological units within the Signal Hill block are south
dipping. Bedding and croas-laminations in the Laot Hopa sediments
indicate a right way-up sequence which youngs towards the south and
southwe~:lt. south of the Signul Hill block, tho Penhnlonga Forma-
tion is overturned and youngs towards the north, whilst in the eust
and northeast of the Signal Hill block, the pcnhalonga Formation is
right way-up.

Evidence of early phaoOG at deformation in tho Signal Hill
area, have bl":lenoutlinod in (;:halltor 3. '1'11000oarly ph':W08 dl.e ro

lutod i.ntIle' firDt inntHl1Cl' to t:I'(' detC)l'llll1t.ion and altoration (quartz
atiockwcr'k and pczvnui vo carbon<ll~i:wtion obaervod on vo l.cani.colast.s

of tho Ltwt: I!0lw (;,"lil11l'111:1, ,mel tll','l'C',lltc'l' by tinuplift: at tho and
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Distal alluvial fan interbedded witl: water-laid sediments

The first appearance of paru l.Le l and trough cross-bedded
quartz wackes (west of fault F098, Fig. 3.11), together with the
thinning of the diamictite lRYAro, cuggcctc a dictnl R'1tlViBl fan
cnv Lronmerrt, interbedded with a oral,ded channel environment. The
interpretation of the shape of the trough cross-bed quartz wackcs,
suggest that the palaeocurrent direction at these localities was
roughly perpendicular to the main axis, oriented cast-west of the
alluvial fan lobes. It is also suggested that the hydrodynamic
conditions h~d changed from higher Velocity current and/or
shallower water envf ronmcnt, to a lower veloci.ty current and/or
deeper water environment.

Block diagrams presented in the figure 3.22, summarize the
proposed model of an uplift along a ner-maI f~\ult to exp lain thn
l:.onfigurationOf the Last Hope Formnbrln and the 10c;:a1 unconformity
in the.vicinity of the Signal Hill.



and nruuorvat; ion of alluv.itd Lin , t ' tcit'fKlU1 ',(" eXltl:

alluvial funG arc juxtaposed in a te~t0nically active area lGub-
siding paGina).

'rho writor l1utjqo!:.;tuthat an uplift of the' underlying
formatiOllS along a normal fault, occur-red at th~ and of the
Pcnhulongu (\1: a . This uplift together with aynchronous volcanic
activity CQuld have boen rooponoiblc for the unconformity between
tho PCI1tlu:!,l')nqnFormntion und tho r :u:t Hopo l"o)';'m:ltiol'l,and £:'(')rtho

tho Last Hope Fo~matiol'l.
Evidence for the normal fault cnn bo :non in trenchCD STC-Oll

And STA-007 (Appendix IX), where in both trenches ~ sub-vertical
contact ~H'2paratcstho quart~-Gcrici to ochiot aoscmblago (p(.mhal""'ncja
Formatien) trom tho Northern and tho Fat Boy di~mictito packaqos.
Furthermore, in tronch STA-DO?, the fault iD characterizeci by d

zone of intense carbonati~ation and fcrmation of n thick layer of

un itu ami

oxplain thu uuQuost:I.1l1 tr"'lUt'nt. dlt"l'lldt.i.on from flubiHH.'l.dl

(lJ.i.dmj,ctito t,iwio:.,) to :,ubd'lUU()ll~ 1:IlVin'llml.Jl'lt:,l) (qUtU:tl~ wacke
i"wion) •



the pinnal' Lamina t od qu.u-rz waeb.> to tlw t.op oJ. Ull' tn)llqh boddu(i

from a higher veLoc it.y and/or nlHdlow('!' wdtet' c.iv ironmcrrc to a

lower velocity and/or dooper water onvironment.

Palaeocurrent mcusur ement.a t.akcn west 01 tho "A" ZmHl indicate

that the palaeocurrent diraction at this specific locality, was

rou(Jhly pcrpcmdic:mlnr t.c tlw l onq ax l c , oriontocl e'.wi:-wont, Ot the

Fat Boy diamictite packago.

Sedimcmtation i.n tho Lant Hope }JilGin, i.n tho vidnity of t.hc

Signal Hill e rco , occur rnd in two di.utinc:t: cnv ir cnmenns r

M in a prl.)xinFtl n l.J uv i.a I ran , and a
EI) uinta} alluvial tan intl.!!'j.lI\ddud w i.t.h Wdtl'l,'-laid

ncdi.n1C'ntn

Proxima! ,,/1/11 ial Jim

II. I r1 'I ,\II ,I I (U V I d j • I ~I • All .i l l uv ia l j,m .'.\ll t" :"\ll',I"1'i<ll ,\Ild/ul'

,,'1 Illtl ill'l

A,"'[ 'I" Ii 11' J t.o



sub-aquocun and nub-iHTial envii-onmont.a a1'(, euvinaqed to expLa in

tho prOBetlt. a:;:\('mb 1aq!' 01 d iami ct i it' a nd qua r-t;z W,1CKC'.

'1'11ef irnt appeur-anco of quartz wacke with int.er'na L Bodinwntary

structures, (planor laminated and trough craBs-beddod quartz wackc

fae 1.C('I ) f occurs WN'lt 01 f au l t F098 (Fig. :3 • 11 ) • 'I'hese quartz

waekes p 'c interbedded with thin layers of diamictite of the Fat

Boy packaqe , as well as scv(~rCil Immat.ur-c quartz wackcs , It has

been observed t.hat tho t.hickncGG of quartz wacke units with

intcrnal scdimcntnl,'Y Gtrueturon Inereascs rapidly from cas c to

west. Acco~~dinq to 'ruckcr (1989), planar laminatiot1 is most

commonly produ(.~(;l:iin two wUYG:eith.er by deposition from strong

currents, or by depo0ition from suspension (low-density turbidity

cur rcnna or from woak t.rnctIcn ourr-ont.sj , It hUD bean obncrvad

thut the ;.llnnar 1ant i lMtod quar t.z wacko rac ius arc t.oxturally

immat..1..l1'o, (;Oa1'CIO <p:aitwd and poorly nortc'ti, which mHJqo'>t:rJ that.

they woro f 01'11\('\1 by <iqlO;\ it j 1m t r om otronq cur-ront.o ,

Aceortlinq to l\(oirwC'}: .md Hinqh (198;J,)1 lilrqo-:walt> croau-

bcdd i.nq , jlH~ludin'r r.rouqh Cl'tHH1-bC'tln t.n icko.r than ~.I em, 'U'(\ 01

var ied Ol'jqin dnl! t111'Y .\I~q\lln' di11f11'('nt nlhll'H'll (from anquL.ll' to

t.nnflcmtial to 1'n!1l'dV .. tu ~dql1\oid.lI) d.up(\l1llinq on t.ho hydrodynami.c

Fipl(i obnl'l'vatiolUl

nhO\v th.t thl' liiqll<ll IIi I J tnlllqh \T(Il;t~-L,,'ddf'd t.H.~il.'~lpr(HJl'!.':l[j 1.1'om

,'OIlI',lve· ilt' til!' lo"thllil, tel .'II!II'dV" ,mil 1dnqr>lltLll tow,Il'Il,; tlH' telP 01



The filling material is similar in composition to the matrix of the

under Iy inq eli amictitf.l layer. '1'1lit) f ..:!aturm.3GugqCtlts t.hat the

car-aonat.Lz aui.on took p l.aco within tho quartz wacke prior to t.he

;:1'
t

i

~
,><

consolidation of the urdorlying diamictit.e mamber.

3.5 Discussion

It is interpreted that the quartz wackcs originate from a

mixture of fine tufflceOUB ane argillaceous material with highly

Variable amounts of detrital material. The diamictite packages are

mainly composud of volcanic derived sediment£; with variable pro-

portions of reworked clastic sediments (rounded to sub-rounded

chert, ironstone and granitold blocks). To producc thc concan-

tration ot vol can i.c clnsts preSClrc within these diamictite members,

a significnnt amount ot' vo l can io nctivity must have been syn-

chzonous wi.th tho deposit.ion of the Last Hope sediments. Each

individual bed of thOGe diumictite puckGgos reprcsonts a single

depositional event.

Individual diamictite layers do not Dhow signs of reworking

after dopon.it.i on , It in [l\HICJcotodthat tlwGCl oed.imcnt.s were

deposited in a 8ub-auri.ll rathor than a Dub-aqueous environment.

t r om euuIH'!I:;iun Ul' by t!f'pll::ith,HI t1'IJI\\ VI'I'Y h iqh l y conccrrcz-at.ed

f, I\



st.rong intcrnul deformation. 'l'lWUt! t;'(ltjltlLmt::; arc' ~;ub-r':>undlld to

r ounded an shape and t1ll1.ir D1ZL'G vu r icu from 1.~) to ~J.() cm ,

This packaqe is exposed in tr('lnChml ut tile "13" Zone located

roughly GOOm ccuch of tho "A" ZOlW (Appendix IX). Like tho

NorthCl;n packaqc tho 11)311 Zone i)ac}~(HJC Wilt> not nt.udied in deltail.

However, the sur race nmpping Ind Lcat.ce that tile ,IB" Zona packaqe i~;

similar in oomposition to th~~ I"at Boy puckaqc , 'L'hc.!fill" Zone mine-

ralization is located at the btu3a1 ccnuact; between the. liB" Zone

diamictite package and an undorlying quartz wacko facies.

3.4 Carbonatization

carbonntizution in pr caent; , 141til v-rr y inq :int:uli:;1 tj(.'t;, i.n dU ('lcdl-

ment,ary f'<'H..!iosof tlH.1 I,ilut, il()110 Format.ion. In mout; unitE) tho altc1-

rat.i.on had partiully rnplac~od thu mntir i.x 01 tho h~)ut unit (Fig.

:3. :lO) and hK1U fl"(.\(lUC!l1tly dlm(J(lt; t'ol11111Qtc'ly l'i.,)pLll~t.~d the mar.rLx elf

tho hout; unit (1"i9' :.l.;~l). }I,itJul'u J.;~l, :1howu IH\cd,tOl'od c.liumit.:ti.tu

miltl.' Ix l' ill inc] ,I :jlllilll 11'tlut.IU'I.' wi tll.i n thl' ave'}' 1y ing carbona tod

quar t.s wacke.

m,ttrix 01 climnj,ct on

took p laoc i.nto QvurlyilHJ UC'l'ti-,>cm:,(l}.i(l'.ltc,l qu;u·t:,,, wacke un i.t; , 'l'lw

tHJtl'CHp'aphy 01 the' j it Jill'! l!ldj"l'ldl in,lil'iltl':; ,I (~Ol':PCHijtion 01 ti no

(lU,u't::-HV1.'l\.:ith' m.rtr i.x w i t.l: ;"lll,dl J]''''JliH'lItL; (h dl.'tl'it,i.d qUin:t~~.

J., i



Fiqun' \",'(1: l.l11,U't~', \\'dl'b"n m.rtr ix p.u+i a l l y rppLwc\l by
(',\I'\l! In,lt i ".,It' ion, nl'D~·ut.h, 'l~'l1!.

Fi,pu'I' 1,,'1: ('dlbun,j1,'d 'pldl't: ''':,j,'LI' (l'f'ddi;~h'''llJ't'\vll) ovo rly iruj
.t thin didl1li.'t i.t.t: LI'i"I'. un.i l t . ),'d di,nni<'t itt,,;; m.ir ri x t i.Ll ud ,1
Ul11dll 11''1,-111)1' w i t h i n v h, 1"}"llyill'l 1',ll'b')1l,11,'d '!lld!'t.' I.Vdl'b'. 'I'h!'
yuunqillll dilf!·tl"ll i, 11"\11 11]1 ri uh t tn til" l r.t t ,



dark CJ1'(!(ln maccr-i.a t.. In addition, minor amount.u o r aphuni tic to

finely grained fuclwi\..ic and s Ll l.coouu Gl,ujt~;, pale be Lqo t.o

grey ish clasts with an Lnt.onco quartz ut.ockwor); and dar'<-·bl:.·ownish

intensively carbonated material have bocn observed. Those lutter

three types suggest that the flO1..l"':·C(~ rock was a Lt(.~red prior to it

erosion and incorporation in the d iam i.ct.I te Layer's . The pe t r-c-

graph ic work car r Lud out on vo Lcan Lc GlastG has identified an

assemblage of quartz-oCl'.h:it.D This
assemblage shows streng similarity to tho quartz-sericite schist
assemblage of the upper Penhillongu ~ormation.

'rho chert and i.zons tonc 1r aqmcnt;u '.a'c compcacd of aphanitic

siliceouB material. Within the ulnsts, laminations vary from well
to poorly banded, and in acme canes the laminae and bands nrc

doformed, possibly by slumping. PuW uluuts arc brocciuted by later

quartz stOckwork. They arc generally rounded to sub-rounded and

occasionally eub-unqu Lar in ~;h[\PC1. '1')1oir GJ,'.<w vary from 1 em to

20 em in diamator.

The qunr r.z vul.n \:l<1H\.,\ ill'!' IJ"lwr,d ly wh i to to lif,Jht gruy and

apho n i.n Lc , 'l'hcy iU'f.~ uUIl,111y l'l)undt"J to ,.;Ub-l~ound(Jd wi.th Giz(w

vo ryi nq from !.nnn tll<lll 1 em to " ,'m in di;I,,··tt'I'.

Nu m.ir ic



Petrographic s t.ud ics Of tllf> d iamict ir cs 01 the Fat Boy

packaqc , show th.lt the m.ir rix c{ln~;l~;t:; of rin« to coar-se quartz

anqu Lar frd\ll1l(.mts compr il3 inq po 1Y91'aHlllar aqgrcgates of detrital

sedimentary or iq in (chert and Lronat.ono ) (Fiq. 3.19). The

composition of the matr ix iu qt'IH.'ral1y similar to that of the

quartz wacke facies ~oBcribcd above .

...
'(.~

.\ .

Fiqul'1.' ,Lie): C\ld)on.ltL'll qu.n-t z-ucr ic ito m.itri x of a d i.am ic+ it;e
l ayc r ouppor+ inq .'til .mqu 1.11' L'(Jl1lpot1f1d qun r+ ('. truqmorrt , 81)-111,
41m, 100 X, f n ic .

'rill'!'!' typl'~; 01 vo rc.in io ! j',lql\1l'ntH rp}\t'I'~H'nt till' hulk of t.ho



and angular blocks of quartz sericl~e material (similar to the 'IF"

Zone's quartz-~;oricitQ r-ouk ) • 'I'll(' si z e of tr-aqmorrt s var Lea from

1cm to 15 cm. The GizD and concentration of fragmants decreases

from bottom to top (i.e upward fining). 'rho blocky meta-tuff unit

extends laterally for approximately 150 meters before pinching out

(Fig. 3.11).

The pink diamictite is characterised by 80-90% angular quartz

-sericite ± carbonate fragments (few fragments arc up to 35 em in

diameter) and a le~.:;or amount of rounded ironstone blor.ks in a

sheared quartz-se.ricite :f: carbonate matrix. QUe. .o.:lricite t

car bonat;e fragments are i.nterpreted to be of felsic vo Lcan i.c

or{.gin. Despite t.he high proportion of clasts I the pink di.a;ui.cti te

is matrix auppor t.ed ,

The overlying diamictite layers of the Fat Boy package expose

a sequence of more than 200 meters thick in the eastern portion of

the itA"Zone. However I the thickness decreases rapidly towards the

west (Fi.g. 3.11). Detailed mapp inq indicated that the lateral

extent of indj.vidual diamictite layers is limited. It is difficult

to trace a specific layer for mora than 150 meters, they pinch out

rapi.dly or arc abruptly tC'rmil1<1tod by other' Layer-s , tV(~st or the

fault "F098", the au rtacc C'xpl"C'Gl3ionof the Fat. Boy package i.::;

limited to fow thin sheared 'iamictito horizons interbcddod with

pr-bb I y qua r t.z wiwkt' 1 ,H~ iPl~ (F iq. l. 11). !10WOVOl', bln'pho 1t)}l (HPD-

OB] ami SIll-WIg)

t.h i.ck uequ('llC'(' (lj t:h,> p.J('J.;dq", \';:1il'\I ind io.rt.uu til,lt t.ho main body

of thp Pil('].·lql.' p!UJltl":; tu t tIl' \·;,,:;t •
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below tho Signal Hill ironstono.

Figura 4. ': P1IIyto snowinq t.Ilt' ecntiacf lwt."l'tm Ii (':hcl"t. str.atum
of t.he "B" 20110 tore'land dipl.inq duplex st ruc.curo and undo:t'lying
quartz wdclwD. 'I'll!) contact (hpn at nppr-ox imat.oly 50(1 t.owards
1t) () (I •

'lhl' Md in 'I'llrunt Front



north of th(~ contact bctwUl'11the overturned ucqucnco ilnd the right
way-up succession.

11) chert and ironst.one "blocks" of unit B show otacking of chert
and ironstone strata in an antiformul imbricate stack (Fig. 4.1).
The relative displacement of each individual stratum forming tho
imbricate stack, il3 about the name as the length of Qach LndLv i.duaI
chart and ironstone stratum.

C) southwest of the "B" Zone, several distinct chert and iron ...
stone strata were stacked 'together t:o fOl.·ma foreland dipping
duplex (Fig. 4.4) I the slip of individual stratum appears greater
than the length of the strata. All of these strata dip
moderatel.y (30 to 500) towards the acut.n and southeast. 'rhe
foreland dipping duplex sequence is cross-cut and displaced by tho
"\'iatortlJ.t\l] t (Fig. 4.4). '1'henorthc;:t'nmootmembcrn of the fc)reland
dlppil"lg dupLcx , pnlaont. uncontormaule corrtact.s with une.lorlyi.ng
folded quartz wacke unita (Fig. 4.3 and 4.4). Figure 4.3 prncont
an almost perpondicula~ (000) contact betwoon the foreland dipping
c1uplc:" (<.Hppilll] at !JO\) tLJWdl'tl,'J l!JO\J) and QUill·tZ Wiwk(![J (dipping at

and my ien it Lc rn.rt nrial , 'I'hu f.nu Lt 1~,111('dHilt!'!' Fault t.:t'tlncat,od and

.,
( tj



4.3.2 Main thrust and associated tlE" zone

A structure, upproximntely 1~ km long und turming a lnrgo-

scale arc, scp13.l"ates t.hc cvcr tur-ned P('t'Il1ulOl1C.13 acquence (South

domain, Fig. ~ • :3) from both the right wuy-up member-s ot the

ponhalonga Formation (East doma in , Pig. 2.3) and the Last Hope

Fo:rmatl.on (Fig::.. 1.2, 2.3 and Appcmdix V!!). South of tho "F"
Zone, this struoture scparates the PPJlhalonga Formation overturned

lithological units dipping at 30-45° towurds 100-135°, from the

upper Penhalonga Formution '3 right \"ay-up chert, ironstone and

volcanic units dipping at SO-GO~ tO~drds 2150 (Fig. 4.1). Further

southwest along strikc, thio utructure scparatc~ ..l the overturned

l?enhalonga sequence from right way-up quartz waoke and diamictite

fao,i.cs of the Last. llcpe Formation, clipping flO-GOO towards 140-160°.

Although the contact betwoen tho ovorturned Pcnhnlangn Formntion

and tho right way-up formations crop out only in one location (Fig.

4.3), the ntructul:.'o i.G c.in il y idontified on aerial ph'~tographG anti

on the r~andnat J.maqe , Fi9m~o 1.~~and Appond iccs VII to IX show t.he

trcwe (if t.llhi l;truutUl.'c. Fhlld l~vidl'I)(,U Gol1t'ctud.in tho vicinity

of t.he "F" Zan') anti till' "1''' Zcnw ;~uljq()nt. that a majot' t.hruut,

name l y "Main 'l'hl'lWt Frunt", l.Jl.·OUtlht tho o l dur ,Uld ovur-tur ncd Pcnhn ..

1 onqa Fornhltl.on \)VUl' 1'111.' youn'I"1.' l'iqllt way-up Gcq1.Wn(;:41 of upper

[l01'lha101')(ja and Lilut HCJ1'(' 1-",)1 '11\,\ t i(\IW •

'Ihin fiuld ,·vidl'llt'I' j;', "lil:·'·"1'<lt',,1.u~ 1011ow:

A) au :;l!u\·m in I'iqul'!' ,j • .1, Ill.' I'hl'rt dnli ii-onut.ono "bl'Jc~}:u" 01

unit A h.rve })Ut~n i.ohlc'i, idultl'd dlle! ,1lIl'llptly tpl.'minat:u in'mt.~di;ltely

'/ I)
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uout.ho ru 1 imb 01 th« uyru o rm d!; wpl1 .u : Idlllt:; 1'\ .lIlt1 Ft.. Fiquru

4.1, (dotail 3) lihow:, tho fau l t.cd contact (117) botwQon members A1

and A2.

indicates that M. 1:3 thl' cxuonsI on of Al .ind therefore, implies a

left lat(.n~nl movcmcrrt al.onu bill} t Ft'. The b l aok qousun prcocnb1 a

short lato:t.'ul cxucno ion, and if; prosent in only tht'cC "blocks" cf
unit A cher-t and ircnut onc , 'rhe' b l ack <Jo~wnnin therefore d uuef'u I

marJ.::cr to cst<:J.blish tho f)(~nLjO elf movement , Reg<:J.rdlcBs of tho So

orientation of un itt~ A and B chur t; and i r oncticnc I the regional

schistosity (82) is connistcntly dipping at b~-GOO towards 290Q and

han not boon af1c:cted by ioldinq arid rau l t Lnq cll'LWt'ib(~Ll aucve (Fig.

4.1, Appendix IX).

It in pzopoued th;,t tl\r, chert and iromitono un i t~J in the

vicinity of thu IIJ,'II ;~IlIlCI WI'l'I' 1(lld(~d ii!hl nulHwqulmt:ly laultod.

ro l Lnt.i on (nn.

"A" Zonc~ (Fiq. 4.;:). on lv tll" :;llUthC'l'n I imb of tho antij(ll'lll l'(',)



was related to slumping of blocks of Penhalongn Formation in the
Last Hope acdImenus at -the odgt\ of the ba s Ln , These apparent
chaotic Lr cnat.one mcmber s belong to two distinct and laterally
extensive chert and ironstone units, which form part of the Penha-
Lcnqa Formation (Fig. 4.:t, Appendix VI!!). Geological mapping
carried out northeast of the Signal Hill area shows two distinct,
laterally extensive and sub-parallel chert and ironstone units
within the Penhalongu Formation, name l.y Signal Hill chert and
ironstone, and unit B chert and ironstone (Appendix VIII). Basod
on tho interpretation of a Lan~Sat image and aerial photographs, it
is considered tht~t the unit A "blocks" (Fig. 4.1) ure an extension
of the Signal Hill chert and ironstone formation, while unit B
"blocks" (Fig. 4.1) are an extension of the unit B chert and iron-
stione forlllation (Appendix IX). However, as a .zcsu lt of approxima-
tely 400 ml.'b~n;of poorl y QutcroppimJ ar-ea be tween tlw "F" Zone t s

chert and ironstone units (units A und B) and the two distinct
chert and ironstone formati~nD located north, no dOfinite answer
can be obtained regarding their rulationohip. Tho disposition of
chert and ironst.one "blocks" of un itc; A and B I.n the vicinity of
"Fit ZOfW (I·'ic:r. <1.1), indicator; that: both un itu dc'a folded, followed
by faulting in unit A (Fl to Fa faults, Fig. 4.1) and imbrication
in unit B (FieJ. 4.1). Tho unit A fold i.~3 t.\ (;.11oGO synform, tho
scut.her-n limb of tho fold chows [l l'i..lJht V:;IY-UP GoqtlCl1CC, with an
infcrred axial plano dipping approximatoly ~U-GOO towards 1350,
This int~rprotation iu baGod mainly un tho ovorall disposition of
thooa l·l1m~t. mC'mbl'r(.l.



4.3 st~uctu~e of the signal Hill a~ea

Intorpr('tation of struc:tul',\ldat,l collt'L:t,udrrom tJw BignaJ

Hill area, and especially from tho chert and ironuton~ units of the
"1"" Zone (1"ig9. 4 .1, Appendix IX) outlined lour di.uu i.nct;phases of
de.formation. rl'h(~" F" Zone t s chcr t; and Lr'onaccne mambor~>, unit A,
(Fig. 4.1) are extension af the Signal Hill's chert and ironstone.
member-s I wh i.chstratigraphically culminate the Plmhalonga Formation
and underlies the Last Hope Formation. Chart and ironstone member-s

of unit B (Fig. 4 1) ara located stratjgruphical1y be.low the unit
A. The unit B is the extension of. tho chert and ironstone unit
located west of the Signal Hill's chert and ironstone (Appendix
VIn) • ThCH3e members ara dsoful otrati9raphic markers which
recorded deformation phases predating the development of tho
regional sch i.st.osLtiy(M'l(;;on' n S1, rl'abl(.~ 4,1). Mapping in tho
vicinity of tho "A" Zone, ni10wG that, tho Au-AD mi.ricru Li.aat.i.cn is

located along faulted contauts betweon diamictite and quartz wacke
tacico , anl) han buon dOPL)l;ltpt}bt'101'U the dtwolopmont or t.he
regional sohistosity.

4.3.1 m. eV'i)lnt

'I'hu ,11'11011'£'1'11' t~h'lt)til' Ilu~:it'ion (II ::,'vf'l ..t l .'h'·l't <lilt! l ronat.cno

unit:; in tllt' v ic in ir.y 01 t.hr- "1,'11 i~(llH' ( uni t.u A ,lilt! H, 1"1(J. 11.1.),

1\,1:\ nut l'l'!'ll ::dti::1.\('1'.l)l'i ty int"ll'l,,·t.·,1 Ill' plt'viuu,; wul'k(lru.

Mdl'tin (1'1,:,,), l'l'<'pu;:t'd thdt ttl" dld.,ti,' po:;itiulllll th('(a' un l r.n
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localities. In most instances the schistosity (Mason's Pi) has
destroyed this cleavage, Roth Mason's and Key's structural
interpretations together with the presont interpretation are
summarized in 'ruble! 4.1.

Table "',1: Tectonic events of the Tati schist bolt after Mason
(1970), Key (1976) and this study.

THIS STUDY

EVENTS AFFECTING THE TATI SCHIST eEL T

MASON (1910)

F5
$HLAfUUO tUlnA'" v·
PAnAurt r o Gl
t"rnll(;'fllflM cour nor
ron G(lU}

F4 r!trAVAor ntrOnMINn ('3

F3
nr r OU)ItHl r 2 ANt> f 1

wmniPnU\(l CnnUII.ATlllN
t':U flVAt'il

HHH~lINht FOUHi
tH)T wrort v OU5tHV(OF2

Ht<IIONAl. tiGHt~;'tt)fjlT't

r ms r Ht(~OGNIJ:Af:1.f
or 11U (lnMhTHH~

F1

KEY (1976)

J
OPCN WAf\PIHu ANII r.r.VlnA~
Aorr, or 1l00TTll rnACTURIUf

t nr.r or tH:X'rAL f"tLA1HiI ~URIf [R()UC QUARTZ VflN~

1
· I.AlIar MONOCllNI n AIW

F4 opr N f(1l o n

I
,(;I(:I(:::IIII:,~.I:)~ :::c:

F3

\ nt(lIOt~Al fiCHlbT(HdTY

f' 2. I UAlir MIN()fl '(It It

F 1 "" , 1 • ".!> .,,' "''',' i'

03 . 1'111NlilATt\lN CUAvA(j(

CONJU(ifiTUI (?)
'hUt r s t;'fI,TU~

02 IHIi!CHiAt f',('HI~i'rtV,IT'f

01 THHtl',rHHi fiN!"; MHioli
r III fl~,

1
! .. O(pt;~,lrIO'J 01 tAt',1 )l(,('E

I ru

I){I



north of the Tat.i schist belt (Tutume-Vukwe schist belts, Fig. 1.1)
and were not seen in exposed outcrops within the Tati schist belt
(Mason (1970), Litherland (1976) and Key (1976)). Neither Mason
(1970) I Litherland (1976) or Key (1976) described these fol~s in
detail.

The third episode (F3) is more widely deve l.oped , "It has
refolded the earlier structures and is responsible for the wide-
spread formation of one or more sets of crenulation cleavages. The
crenulation cleavage, although locally intense, is essentially a
non-penetrative stl:'ucturedependerrc largely (.n the lithology of the
host rock" (Mason 1970).

The fourth and fifth episodes recognized by Mason (1970) are
of a more brittle type of deformation. The fourth episode involved
the development. of a later .rl eavaqe which locally deformed the
c:r.enulation cleavage (1"3), 'I'hefinal episode, believed to be
closely associated with the fourth, includes faulting and shearing
of both the schist belt rocks and the adjauent gr~nitoids, with
development of broad shearing parallel tc schistosity, accom-
pan i.edby quartz vo i.naand mincri"lil.ation, P' ;(. structures trend
between north and north-northeast.. 'rltoy are vidcspread throughout
the schist belt and especially concentrated in the central-north
sector and in tho granodioritos to tho north.

Koy (1976) revisod Mason's tectonic interpretation without
int.roduein(J major ch.inqeu to tho flequ('m~o or event.n , UP. i.ntir-oduced

an early phaeo of lied or'm.rti on , whi.ch pl'edil.tcoMaDon' s Fl. Key
(H17G) dl'n(~!'ibc'd it ,It: ,I nlaty Cll'dV,lqP ob:.lt'rvQdin very few

68



4.2 Previous structural investigations

Mason (1970) recorded five deformational episodus in the Tati

schist belt. '1'ho first cp i.aode (1"1) involved the i'ornlutiC)n of the

regional schistosity (Table 4.1). A mineral stretching lineation

is frequently observed on sch is toa i ty surfaces. In the western

sector of the schist belt, tho lineution generally plunges towards

the west-southwest, Wh(.n_·CHHlturtl1C!:t' erwt i.t. plunges to the south-

west: south and soutiheant; . Miwon (l~'lO) remarked, however,

that the attitude of th~ lineation is usually constant in a given

az-ca. The schistosity and aL1[locl.at(>(:l,Li.ncnt Lon are developed in all
the formations of tho schist belt. Mason (1970) considered that if
the schistosity is regarded as all axial planar structure it must

represent a period of folding curlier than any recognised folding
in the schist belt. The apparent absence cf early fold closures
could bo exp t.vi.ncd i1: the fo l d ilXPU wor" mcr o or leos hcr i zont c I ..

Mason (1970), considered the regional schistonity to be a
p'.;.!ncltrati vo planar fytnlc:tU1"C.\ r e 1a tod to tho 1:L.st :t·ocogni z ab l e

porioll 01: dehll'l11i\t'. 1\'))1. 11th,' rt}liltionr;hip or tho stretch

lineation, OIHjPl'Vt'd Oil thc' ~.;chi:;to:;i ty t)Ul'LlO(,~; , with the
Li.ncau i.cne dt,vol0pt,d i.tt tIl'.' r:ldr'.filH~ thu r:ll:anito.i.d pLut.oria (Now

ZCliUill'ld pLut.on, 1·'jq. ;:.'1) i.: c'un;;id(l!",,!, the· l inc.rtion probably
r(lpl't':;!~nt:; .1 j",\t'l11'" 1'<11'.11.1,.'1 t. til" di!'vctjull 1)1 tUI)tonlc:

tr'Ul~.;por·t ,

'I'll,' ,;,,'tl!1d (ll'i,~.!d,· (F) )"! nli;',,,j hyNd:;U!l (l'l'/u), i.nvol vuu

tll(> tUl'lndtion



cJtAI)Tlm l<'lVE

MINImAI,I ZATION

5.1 General Statement

'I'hit1 ehap+er d incunfH'U t.ho nature and dintri bution of tll('

signal Hill mineralized zonOD, haDod on obDcrvations from surface
mapping and from borohole core jntel~octionG.

Thase 20nOG were briefly deacribod by Von Spaeth (1970) and
Molyneux (19'71), and have' been tho flub:j oelt of vat"1ous l.ntcrnal

reports from F(~ltrul1t Botswana ami from Y"alconbridge (Byron (1.983) I

HarWOOd (1.98G) I Blaine (1986), Blaine at nl ~1990), Audet (1990)).
Surface cxpocuren of t~hc known qold-nnHmic"'antimony minc:r:alizatiol1

Hl·~ oon1"in('(3.to four main ?onnCl, namol y] "A" zcno , "13" Zone, "G"

Zone and thn "F" Zeitln. t n illld.i t. ion a km 1unq aru.'!).1 e= in-no i 1

anomaly known an thp "WI :l.orw h.w bpPll :idnnti1i<,d. only tlH' "A",

"H" iln<i "F" :l.(lllC'l~ oil'" l'Il1J[:jdf'r'pd to bll }lntl'nt"i,dly ('('(lllonlieally

viabl!',

exi.dat.f on 01 1"11" milll'l',tli:~!'d ;~nnl':; (H'I~\Il'n til "Ii - ,0 nH'tol'(1 in

d!'pth.

r'j]
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" il !U"

:;tl'()llqly dnV,.]cl.(:Jpc'd t'!'I!l'l\llation clt'flVc1(10, wh i Ie tho our-round Inc

l'i,ntr.i :.: .ind i 1,enr tonc 1.1."1I11\I['ntu :.;}ww ncno Ol.' \v8,IVly devo Loped

l:rUIl111.atiun clo.ivaqe , Quart,,, \v;wko t'ac i.ou ohow 1,111)d(wp l()pnllmt~ 01:

clt.ldvilqn in ~dit'Ly I:OIw,L'tf.'nt throunhout; thu lilrrnal Hill ,11"(\<\ (Fi.q.

-1. I :.~). 'l'h(~ ntur, .op.lot', ,)1 pc I !'H til (:rC'T1U I at inn C1UilVlI[JQ (1"1q, I. l;'l)

.ui n. \1 i:~.\!'i"ll ,1:1,1 "!i

:~imi loll' tl'I'IViu, til" ,')'1'1)111<11i'lll 1~11',IVd('" flipt~ ,It una l Iowur <lwll":) t.o

til, !101'Ull',Wt r.h.m til!' llpl');l<li r uu l t.n ,



,
:.1
/,

, ,

". 1" •

01Hll'l'Vl'd within tilt' !.iul t In pJdll";~.

ft\ult:!:i and normal fau lt.u , dr:'~lcr:b(>d ,ilJ(l\'(}, .In,' part. 01 i\ conjugated

ftlult sycrt.:c\l\o, f:;!1ClW that tilt' ax in 01 till' max i.mum principal comprea-

l.

1\
J'

1"iq\11'\' ,1:.11: ::tt'I""'pl,1 ,'1 1\.1' ;;"l'r:;,tl ,1lId l"'\",,'l'lH' 1.IU11
:\1':;1'1'\1\;: ,111<1 tilt' .\;:;:(1"i,l1. i ; \1",;,: ::y,.:t"lli. TIll' .rx in (.)J tll"
l~l;l>;imul11 "!)ll\pl'I':~:;iv,' :,1)',';:;" (1'1) ll\ln'l":: ,'1) IU\'dl'd;~ (\':.~n, till'
illtpl'l1\",ii.lt,· .vx i.» i,") ! ltdl'!l':: ("j t"\idl',l,: ;"I'J dlld th,' m in l mum
! '1' ill' ' i I i l : : 1 ),';:;: 1, , : ) ). 1 \ HI' I' ;: ,i I 1. ,,': l) , i: : \ •,



tlw movement a l on« tau Lt; l,'(l'lfl, .1i1l'ctnd s», tht' mineralization aEj

wo 1 1 af; t.hc 1'r'lJ ion.i l ach intun i t: y. COW,)l'({lwnt 1y til i11 f au l t syutom

sch i:~tof; ity •

is a younqc r event than the' mino I all za t ion and the roc;; iona 1

FjqUl'!' ,1.111: 1'.:->111\:;111'(1,)1 t'l\.' r r-Lr t.Lonuh ip 1\"tw(l(m tht..1 l'PVe>lT1l'
i,mlt ny;;ir'lll dnd thl' 1\')1'\11011 t u u lI: :;y:;tl.'m. '1')\1' :wL'ond ny,;tom h<l~1
b(It'1l di:;pld\',d lly tilt' l'PVI'n;,' fdult' uy:;h'm, "1\" ;~lInl" no.rr f)'l(ln E.

Th,,::t, r.iu l to t;huw



ochiut:Qr:;.ity. In the vicinity uJ: th.;- s iqna I !lilLl:; llAII zone", the!

aChiotooity dips at a shallcw8r an~18 than thu beJdinq (Fiq. 4.8)
and crOSG-cuts the folded ~nd faultad chert und ironstono membors

south of the IfFII Zon~~ (Ol everrt , F'iq. 4.1). In tho 111·'11i:Clllt.'. arUil,

the l.'ogional. schistosity is wull developed in felsiG mottl-tuff

regardlcr:;s th{:.lir or-i.cnt.at.Lons (Figs. 2. G and .1.1). Thorn is a

slight variation in tho strike of the regional schistooity from the

cact (III"11 Zona) to tho wo~,t (IIAII zone) J (Appendix Ili.).

4.4 Late structural events

4.4.1 Late faults

A ,.I:r.1.00 at' normal faul ttll dipping 35 a tOWilt'ds U;W e cues the

entir~ ~"nal Hill sequenco (Figs. 3.11, 4.2, 4.7). Thoss fuults

have a s~ i,iotral nppm.'ont. latf:lral disp l.accment; t"unqintJ gcmul'.'nlly

from o , b to :J muter:;. Howove l' t :il!v()!'al 1:auJ.t:J I!xhl i.t. fg·edt.cr

appazunt; diGpLH~cmuntfl, up to '.lUU J"ut:C!l:U 1(.)1'the water fault (Figs.

3.11 and 4.2) I and apPl.'ox.i.mdtcd.y :.lii motel:':] for tho f,nllt FU~i8

(F.i.CJ:::;. 3.11 <lnd ·1.7).

13dt':t:f':!n \.;hi to qU(ll':t;~ m"tOl'i.,j Hi o).)uorvicd wit.hi!) ,~cvc:ral faul t,q

which cr op out. at tho "A" 7.ono. l~lwn prOGC'llt tho qunrtz vary

t r om 1 ron' to ~: em In thid:rw:i;i, ilnd i o 1;;111.'11' coneirrcent; n l cnq

the Gtri}~u 01 tho L.IUlt. Fi9Urf.l oj • .,. Uli(Jioh: t.IFlt a drat] fold c.hw to
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'rho "E" Zen!.!in lOCl\tod imnwcii.atoly uout.h of tho Main 'l'hl'twt

Front, and extonein for severa 1 }~i Lo m ·,tOl,·sto ttw nor cheauf and
southwest of the Signal Hill block (Appendices VII and VIII). The
"E" Zone is characterised by a hiqhly dolomitic and siliceous rock.
Erratically distributod within the "E" Zone dolomitic and siliceous
rock, are several dragged and folded blocks of banded ironstone and
what appear to be sheared fcIsie mcta-volcunic "xenoliths". The
surface area of these xcno1.Lths Varies from a faw square meters to
400 square moters (Fig. 4.5).

A locally intense stockwork of kyanito, nppoaro to have crys-
tallized late within the dolomit~c and siliceous host rock (Fig.
4.6). A serieG of late fractures, dipping at appr-ox imat e Ly 50"

towards 01.50 can be locally ObfH:lrV(;ld cl~o~1n-cutt.inqtlH.1 IIgo Zone

host rock (Fig. 4.7).
'1'he IIE" Zeit W !J inchus <1 nd ni;".J 1~; 01Lnl\(J ~;t.r i}~,,~dIll! c.in be

locally almont., but it in i.nviI:d.i1bly lOGilt.etl uout.h o I tho Main

'l'hl~UGt Front (AppundiceD VIII and ]X) .• All to Ldud dllt1 imbricatec\

ironstone mcmccrn dcncl.' i.bod in (;uct.i on o1.;'~, ar e 1oca tod 0 i thor

ncr-en or at tlll' Main 'l'lll'lwt Frunt.

'l'hin impli.ub t~h<lt the! "E" ~'.l.)lh.~ut.ruct.ur o cou Ld bu intimatol y

[H1~:;oei.atod with tlll' m.i in tln'u::ti nq (·Vf'llt.

Thu xunoLi t.nn O)~;\'l'Vt'd w i.t.nit: tilt, "E" Zl.)I1!· have lxwn

tt'ctcll1ic,111y .111{·I'h',j I,)'iel)' tu thr'ir in,'lm;1on in t.lll' liE" ZOIIt'.

Fi~r\lrc' 4.!i jlldj(~dh,(~ th.tr tll,'::" ;':1'l10) it!!:: h.rv- I,U"'1l rlr,Fj(ff>tl dr'd

1cJ1.r.h'd by 1'11,,11):11 :',"Il" ::tnl,:tl;)',', ,tli'! ttl"I"',IP"l dltf,,·t,'d by i'll"
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FirJU1'p ~1.11: ;;tibnitt, (Ht.) bt'illtJ n·pl.ll't'd 1 irwt.l y by cha l-
corrtIb it.o (1) .lIlll/Ot' u.irivu ,mtilllul\Y (1) .ind tlwn~<lltpl' by
nwtaeinndl.hlt'it(, .lthl/(ll' tllhll1t'f' \;'\ I in ,\ tH'c'(md (f,'l1f'l\ltion
qanquo , :H'i)«():ll, ;':~lm, (I;~ll X, l'!'l!,·,·t,·d l iqh z ) .

1"i'1I,I" I",,~ ~;t i lu i t . (::1») with in. 1\I:~inll:; III '1.1t iv» .mt il1luny
ill ,1Ild/," <'11<11,"" 1 i ln t t » \1) (Iliql, !t'lll',·t.lil"'" whit", ',11' 1(11t)
HI'11 \1::;, .'.: ,;,,11111>!" 1!1\;11 i',,'l x , l"'lllI'h'd l i.rt.t ) ,

1u:



5.3.1 St'bnite (m),'!;")

'I'll(> prNl(mt ntudy ohewo that the antimony minoralization

cccurn in two cHut:inct tlh,wOG:

A) an «ar 1Y pliuuo , and
B) ,t l'nmohili;~('d phaao

'l'11O(l(t arC' llHual1y monomd>

uern l i.o but can have Gm,111 incluu icru: 01 native' ant.Lmony and/or

cha l contib.i t.o , How'lv('l', tlHl'ly ntilmitu iii i11t;0 olHlorvod in

1 t in not cj.oar

wlwthol' or not tlH' monoml nc»..ilIo utillld.h' .rnd till' !itiLmitu-

n:pn·t1t\nt:. two Iii11e1'0l1t,

(11'1. • Ill) •



!j. 'I) .

(;old III i.nornl i;'.atior1 i.n i.ntimato 1y

occnoionnlly with forruginous, antimony-benring boudinugcd voinn.
Although erratic high valuos of .1.ntimoliY, up to 2.0':. f aro

no v ia ib l.e antimony hau tJ(wn

obnn:evod.

5.3 M:i.noro.logy of. tho "1\" ZonEI minero.lizLltion

':lci ;:nJph.i d·· "I'·,) f tUlIt Ult H ~\ ";1.
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"13" Zone mineralization

(APpc'ntLc:o::; vt i I ,md IX).

potc'nt:inl.1y "u(mmn.ic oro body apprcxilllil'tf.31y rso metcrt; in 'ltt'l.l<.('

lonqth.
nlinm'ali.:mtinn lIud tlw cent.act; minnl.'i,ili.::ation of t.lw HAil Um,·.

undcz-Ly i.nq .1. diamictito n imi.l a 1.' t.o that of t.ho "AI' Zano.

ve i.na contain llliU'li.1.VO nt.i.bni t.e in p l.acec ,

r.2.3 "e" Zone minornlizntion

voInu within t.ho hiqllly r;!1I'dl'l.'d Nor:tlwrn d.id:nl,,:t.i.tu p;lckaqCl

'1'111')'( t u!'U, no 1 ruuh (unwClilt.horcd)

t1l,' milH'l'.ll<H1Y i:: 1'1"'::"l1tl'1' 01'./,\ 111,1", 1\,I::,·.j Oll ,',urld,t,',· mdppin'i,

if;'
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while the core of the Footwall veins remain unaffected. This
suggests that the Footwall veins predate the formation of the S2
s,chistosity. Figure 5.5, shows a Footwall vein with maae Ive and
firlelydisseminated stibnite in sharp contact with the surrounding
sheared, silicified and mineralized quartz wacke. Several fine
fractures, mainly near the contact, but also throughout the
Footwall vein, have been filled by pyrite and arsenopyr Lce which
suggests two possi.ble scenarios. Firstly, the Footwall vein
preu<lcesthe pyrite and arsenopyrite mineralization, or tho pyrite
and arsenopyrite-rich mineralization predates the Footwall vein and
has been remobilized and filled fractures and r.leavages created
during the development of the regional schistosity. However,
Figure 5. G shows that the silicified and slightly mineralized
(stibiconite (Sb306(Oll))staining) q:.lartzwacke was tectonically
brecciated and thereafter replaced by pyrite and arnonopyrite-rich
fluids. This observation indicates that tho silicification and the
antimony enrichment of tho quartz wacke facies appeared earli~r
than the pyrite and arsenopyrito mineralization.

Whi 10 thoro ara DOm(~ .improsnive gelId va l.uea in i.enscs of
Footwall mineralizution, the distribution of gold 10 of an erratic
nature. Burface mapping and drilling indicates that both zones of
Footwall and Contact mineralization diverge westward and upward
(Fig. 4.1). No trace of tho Footwall mineralization has beon found
in tho OI:\C;tOl'11 pat't: ion at. tho "Ail Zatje.
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HAil zone , at Lt:n W('utOl'll »xt.rcm Lt.y (1-'i'1. ~).3). 'l'!"c> miuer-al i z atti.ort

in honncd within lonnun of uh('·al'!'ti, n iLi.ci ri.r«! and Gorieitizod

r ocke I tu:moc:iatl'd with bouu i I1n.qt'ti "dlOrt" ilnd/or quartz vedns

within the a iLi.e it iod tcot.wa l l iHl:wmblilqo 01 tho qum:,·tz wacke (Fig.

s .1). '1'110130cher-t boud i.nn andiCe)!; qUiu't,,,- vc inu arc the main host to

the antimony mi.neru Li.ztrtLon and we-rca cxploitnd at cur iace by

previous prospc'ct<n'tl. Lndi v i.uua 1. 1cncon of. FOIJtwnll are were mined

for ..mtimony in thn iat,e ltll\O 1 G (the dCPCH:d.t 'VFaO known as the "IJ,H,t

Hope" antim<my doponi'l:)

, "

fAlii t

Fiqul'P I" l I,"I\:;r.~ .• (f1 F(hl'\VJ,1l1 mim-ru l h~.\t inn w it.h l n tilt'
ni l ic iii o.t qll<ll't;· wl"k,' 1;\1'1"::, \(wttfld in ill., wl':;t('l'n 1'1)(1 oj tlw
"A" ':em!'.

illf'<JtJl'dilll'<i, ::1 i'lht 1)' ':ll'Hl'Y t";.;ill)'· dll<l it '';'\:; I' It t h.r t 1111' 11\\))',·



strike and down dll), qold iu not distributed unifo~mly within the
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Fi.gure b. 2: Di.ntdlmtion of qol.d td tihLr: the "All Zone 01'e body.
'l'ho ore bCJ(.ly ie dcti ned by a cut.-crr qrado of o .» AU 9/t.

From m10 tr('nc~hto the other (10 mctN'o apart.) qoLd in Locut.ed
within the diamictite layers and/or within the silicified quartz
w'H.~kO(1. 1"iqUl"P ~I.:~,nhOWH tlw,: in trench WI'A-O'/l), tho ore in

1(leat.cHI 1\\11.i nly wi tid II tilt' bottom mfimbel' 01 t.ho F,tt Boy p.rckaqo ,



I
1 (lfJ(J(l(\J

lt~:)f /I f BOY f'ACk/lGI

II. ',I QUAil J I WACI<:t

\ 11 ':ON 1/1,;1 MINI HAllI /I, ION :)110M PI HCWii>lON HOm HOI f

(,') I(J()IW/lll MINIHAll/fliiON ! 1'1) lIIi 1 COlli nOll! IIlll l

Figuro :j.1 CrofH';-[1Clt~t.i()n showing botih tho Contnet mlner-a-
Li.zut.i on and tho F'oot~wal1 minorn l izrrt.Lon , alonq tho Ii ne !J8'lfj E
("A" ZOlW qr i.d) ,

w('l\k li.moni t.o nt.\ininq. WI'lltWoll'tl and ,ll<lllq Ult.' "1\" Zono st.r iko ,

.',lItI.' ll\ i111'1'.1 I i;~.\t ion l'..,.

'1.1



5.' Mineralization typos and distribution

5.2.1 "A" Zona mincrillization

of more than l..!j km, OrH~ hundr-ed .ind titty t:rmlcht:'lJ, sa purcuss Ion

boreholes and 29 cored boreholes have delineated potentially

phase of tl10 "A" Zone mllwralizat.i,(Jll is not known ~.,.ith tho dOOpCt,t

mincruli2ation have been identified, namely
A)- Contact mineralization, and
B)- Footwall mineralization

'I'ht~ croGo-noct:.l.on pr0.['jent(.~d1.11 Figure !..i.l, nhcvs t.lw oOO\.1r-

rencm at both ;!tH1CW Q1. Att-Au-:;b minorc\li ;~ati()n and thcd.r

rclutionohip to one another.

('O/lt",'( mincrulizution

(Fiq • 'i. 1) •
\

"

"1
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5.:3.9 pyrrhoti till (1"1'1 x:q

pyrrhotite w,w obu!'l'vod .n on Iy one uampLe , wlwn' it occur-u ao

an annedrn I plHHH>.in clooo l::'platiolUlhip with ,u·n(m()pyr.itL~.

5.:3 .10 pyrita (1"OB,~)

Minor xencmcrph io to hypicUomorphi.c pyr.it,C' wit:h nml tiplc

inclusions at yanguo material lG found in ulono association with
the at'ocnopyrito (1".1(10. !).l(, ami !).~~IJ). I.nt'p pyrite a l so ii.llG

open fractures nnd cleavage planos related to lute dUiormation 01

the eouncrv l'c'wk .mti the ore zonr- ,

5.3.11 Gold (1\u)

Natlve qold wan roum; oxcIuni voIy .In v('ry ti no , 11'1'0 qrai.nn

wi til in tIl(' flOC(lnd qnnque cwnnr'il t ion (F i(It;. b,:D and ~I,;\'l). 'I'ho

(fold nunnr a r i<~tlti()n i:: ,HHHH'liitpd with tho u(,(!n!lIl pul nn 01 hydx'o"

thorm,ll t Iuidu whkh n l no l'('HUlh'd in till.' pn'cip,itati.oll III the
ilrtHnollYl'ib.' ;\lld pyri t.o (:.(". :;"t't ion '" >, J;!),

5.3 12 Gangue mineralu

l~dnq\11'minor.r l i: <It I' l>l ,'d"mll1dI11 11' qu.utr, \',11l!ill1.lh· ,\llt1 tCI ,\

11':',:01'1' .uuount ::''li''i1,' dlld "lll"l it". '.11.1.tl't;· ii: by 111' ttl" mou+

",lllll)1'll\ ""ll::t it 11"111 I \,:11,'1"'<1:', tll" '·,lljll.tl'lt •• ''lllt-'llt "<\11 1)1' hiqhly

11



t d '1.1. Illi 'J

F i(11.1!~(\ h.;\ U: l\t~::U!l.111dqn of C'ulwdl'd I ill ':;! 'l1ol1yr i tc (Apy) and
pcr oua xmHnnorphi \~ PY1'.i.t(' (l'y). }Iot.h phil~;P~; ,\}'(' 1.'p I ab ..Hl t,(J thc'
neC(llHlhydll'liht!l'l1hll ,'vunt, sn-uu.i , ti',I1t, (jinx, rcflt,(~1:t~'lliuht).

i til I'Vl l. j,'.

'J , '1, •. 1 :' ) ( 1,1 1 j ! , .
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5.3.3 Derthierite (FeSb;'SI.)

BC,t't,hierito l'"0,.,) pr(l[lent. an aniwdral cry~.;till:; ill

association wit.h Gtibnite (Fiqn. ~.).l;), and b.lb). It, in not. cluar'
if the relationship is ona of a replacemont or of a mutual inter-
growth. However, replacement to varying degrees of berthier\te by
chalcostibite and/or native antimony iu common,

~.3.4 Chalaostibite (CUSbR2)

chalcoutibite is found aD the first phase ot replncement 01

stibnitc and berthierite. 1t l'C.,,') exclusively anhedral, and
gt.;nerally dam.! not exceed :3 ~L in diame t er,
optical charact.cl'intic(, of the chul cosrtLbnd to wi th nat.i v« anti many,
thcso t.wopnaueo can ouai Iv bn U()!1ilHH'd (FHg~. ~,.n, 'l.~,l and !).l:q.

5.3.5 Chaloopyrite (CuF('h,)

Cha 1copy!'i tn han bO(ln t ound i II tl',IL~C~amount.u , in iu;sociation

with ntHmito and Clucanionally with nl'h,tll'l'itu. It in prc:::wntan
vory tInc , i.rroqular uh.ipod cryuLdu in, arid adjac~(lnt to, ntibni.to

and nphalr'rit,(' (!liq 'l.l;~).



event. (Figs. rj.] 1Ill. 14 I s , 1',).

5.3.2 Native Antimony (Sb)

Minute t 1 "K.(I:;; of n.rti ve antimony arc aaaoc iat.ed with tho
monomineralic stibnite and tho stibnite-berthiarite intergrowths.
They are present an anhedral inclusiuns more oftan within stibnite
than within bertllierite. However, due to the small size of these
Lncl us icns (3 to 'J )J,) and the !;imilaritioD in opt,ical char-au-

(Figs. 5.8, ~j.() and 'J. t;!).

Fiqure I), Ie.: l':,\l'ly frtilmit.c· (fib) and bcr uh i.cri t;e (Bo) partla.lly
rep l aced by (!hd.lL~(H1tibni.t(' ,Hid/or nati ve antimony and the qrowth
of late pyrite' (J'y) and iH'fH.'Tlopyd.t:.o (Apy), SD-003, fjflm, (320 X,
l'011('c+('11 l iqht.) .

H)'/



Figure 5.15: Stringer of remobilized stibnite located adjacent
to a pyrite crystal, SPD-08), 221m, (320X, reflocted light).

br eoc iat;ion and r omob i 1j Bat ion by a la.ter tecton l c event. 'rhe

pyrite and arscnopyritG crystals appear to be precipitated from a
hydrothermal tIu i.t lI.'latnd tel thin later tectonic c'\t(.'nt. F'iqure

s .« GU(jgC'Gtl\ tb •.lt tho antimony mine rn lt.zat ion is r o Letod t.o nhe

early porvanivr silicification and carbonntization of the quartz
WaCK(' IHH;t t'ock, r.it.hnr than to ttl!' Lat.e pyrite.'and lH'~lenopyrito

buar inq hydt'othf'l'l1\d.levcnr.

event I and 11,u; I i 110d ti no t r-act.urce within the q•.llH1UC;!material.

1()(i
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Figure 5.1:>': st.l cn it e (Sb) and bo r t.h i.e r it o (Hc') (!'t>plil\,:pd by
cha l cos t.ibit e and/or nat.i vc anr.Iu.ony) in clOL1(' r-e l.e tLonah ip with
sphalerite U'p) ilnd cha l copyr-Lt;o (cc), SPI)'''OHI, ~~~)rlln, (J20 X,
reflected lisht).

f
J

FiqUl'Q ').1 l: :;tilmitt' (~;)J) ,ilh'ctf>d by .1 l ator tel'toni,' cveut
(rruc+uree Lnl j 11 i.JY the second qC>lw.ratiun o r q(lllqllt ..~ mat.er-La L)
and the lJ1 ow+h 01 Jdtl' I.'uhpdr.ll .H',;,'nnpyrih· (l\pYi, Si",'OIH, ;"::Jm,
( .l.~0 X I ro t 1,'( ,t I'. I J iq]\t) •

1i I



FigurCl b , 1n : h",t ·w.! I I VI' i1\ wit 11 I11d~;~; iv.. .rn.I disseminated
stibnitl' p.i rt i,llly r"l'l,j\'"d hy ,;1 it,I.'Ollitf' (;;,'). 'I'll!.' photo shows
11 sharp cUllld"l b"jwI"'11 r n i.: 1.)"t' ....i l I V.. ill llld the surrounding
py r i.t;o .111<1 t h.: "r~;('nu],Yl i tc- mill' Idli,',,<1 ,"'Ilt', :;"\[('1',11 f i no
11',1,~t\lrl'~; t.hrouqh t.ht.' FO()tWdl! vr- i n 11,1:: 1",'11 r i l Lcd by pYI'itl>
dilli ,u'ul'noPY1'it(" t;l'[J"(!:c-;'i, ~;'Ill\I'I" l u: :,1,

Fiqut'f' ', ..11: l":('l,\ubili;'!,>'1 ;:til'llit!
11'ilt~t\ln\::;Cl !'.It t'd by d 1 it t'l' t",'tUll i.,'
(lCI~\ln; ,It t.hr- bor t.om 1,'! t.. :;l'D, U!;l t

l l crht.) .

,1;', I i1\. ' s tr inqe rs in
sphalr'X'lto (Sp)

(L'n X, r('flt\\.~t(~d
fl\lt_'Ilt" ..

~~:~lril,

Ln \



!i['[l ()G~

0 1/ 1'/',. .~~0/. 3<0/. 4\~/• !.ttil" (_J°/..,

I A\I
(

20'
"

JIlG3A

pHF'U ZON!': O!;E w
p:

j _\ t
w:r:

OG3 a I~ ~.<
w'50m" I' " ~

I

h:Lr.
01)1) C ~ .

""_""'" -';"' .."....-->~,.."',._."'..,.....,.., :·l,··,,()(lH r
J ~
I

\
l.AJ.. 19: I \.~ 0

W2: It:

1'6 I~ w
:t:

0 ~.
1 <\

(00 .. f' , w
i

\

:,t
0",

/<.
I, .. .,
I JlI;~ f

I (
" .. I .\I ., ! tHJ:" tl ", I \

,,' 'jV V (lG.~ H j,: 4"'- io-:::! \r 1. ..,"iO tn " , [NO I N "j

Fiqul't' ,•• 1:
Vlit'LIt i"n d
1"01'11\. \ t i<'1\ •

l· I
I J

[~A~j
f; I: J

'.II! IlT

QuAIn '<>I fW:ill
~\--:H~n

IT,L~IC MLTA ..
LAI'ILLI iliff
,:' CAfl[lONATfO

MI,TA·VOI.eANIC

~:I'h"l1ldti,' ::tl'dti'll'<lphi!' l'nnilp uhow inq till'
tid,'II, 1:,'1' .lnt! H'Iil 1"1 l'III'~,:; III th» Uppl'l' l'('nh,llouq,i
(Hul'l'iltli,' :a;1 II,"l

1 '". ,



::('d ilJII·n1 :;. '1')1, ' )",'l iillli I 1 t. Y III t II.· :~ll'l'j!1,' Vpl'! .\,:', Nh/y pl (1\ i "

h;l~~l'd 011 till' ,If 'I Id 1 '('nt i HUrl· ,},) i1 " til' ':'", t.' \l'I\1,'nt.:-, dIll i Ii' ;t

hydl'ut!ll'l'!\1dl 'llt'·l',ltion ((',11111, l I!i

mi no , ,~imhlllWl'

1 It, I,

:1: .'f "

r!

\ ,

, 1j

I;t

It II I: 1', , n 1 lid i , '.d , 1 \01 ,

1 1 h' )I I i .': , 'I 1 11'- Il! '1 " 'I j', ill

" iI' i 11 i t \ ., , flj II

I 'I ,1 iii'l " I I 11,11 1 t"

'I : 1 \ 1\ i 1Il \ : "
, til' ll· , I 11

i1 ,
I' " I ,

1



pt'UI net.

,1 '!'I,}r,)

(1. '}: ;'1) ) • tilt'

!{U\V('VI"',

1',"~"j , III ll\'Ilii I"

l'li"iiidl i "

, '.111 j i I 'II \·;1 P II \11 j 1 I,' In.; til

Ill, ,I, "1!'

i II \ 1 f "\,1 . ,
,;i

til I,

,I, \ I: Ii I! I '

11\ I \' t ~ 1 < '1 7.



CHAPTER SIX

LITUOGEOCUEMIS'l'RY

6.1 Gene~al statement

The purpose of this chaptcr io ta supp l.cmerrc the petrog1;'aphic

identificntion of volcanic rookH and their derivatives, to

establish geochemical correlations between AU, As, Sb and other

associate mineral$, and to tcnt,ativcly establioh a correlation

pattern oetwBon hydrot.hermal alterat53:m indicato).'~Gand tho Au, As

and Sb mineralization.

Geochomical anajys is wore carried out on 63 bor'eho Le core

aampl.on from tho signal Hill area. Pifty-f'ivc aanp l.os were

collected t rom bcr-chol,e intOl"SoatiolHl ~)f the "A" ZO'1f.> r and 8

samples wore collected irelH tho "F" ~~OIH). '1'hl' location£) of thelJo

drill holeD aro given in Appondix IX.

hanqinq wall l1tholotjioll.

I ,'j
Ii,'·



LITHOGEOCHEMISTRY

6.1 General statement

The PUl:POOO of thio chaptl3r is to Dupplcmont tho petrographic

identification of volcanic rocko and their derivatives, to

establish geochemical correlations between AU, As f Sb anl'\ other

associate minerals I and to tentatively estnblish a correlation

pattern between hydrothermal alt(n~atiotl indicators and the Au, As

and Sb mincl~:llization.

Geochemi.eal ana Lyei.e wer e carried out on 63 borehole core

samples from the signa:! Hill area. Fifty-five samples 'vere

col.1.octcd from bor'ehe l,o intcrD('(~ti()nn of tho "A" Zono, and 8

sampleD were collocted from the "1"" Zone. 1bc locations of thosc

drill ho Ico arc.! given in AppondJx IX.

han<]i.nqwall lLt.ho l oqi.uu,

antimony (:>:1\1") tr»: till' 1! "A" ZUlli' Ul'P :;,Ilnpl,'!; WI'l'(' imalYi'.C'(l by
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ore combined with a Footwall vein in silicified quartz waekes.
This Ore Zone 1, shows a c lore r-elar.LonsbLp between Au and As, and
a more erratic association with E;b. 'rhe Ore Zone 2 is located
approximately 10 meters further in the footwall, and is
characterised by brecciated Au-Py-Apy mineralized quartz wacke
facies and injected by barren quartz veins. In Ore Zone 2, the
same close relationnhi.p between Au and As exists I but So io
practically absent. A~suming that the Au-As mineralization of Ore
Zone 1 and Zone 2 are ot tho name origin, and if the antimony
mineralization was the latest phase associated with gold to
precipitate, as propof3Cd by Harwood (1986), then it could be
anticipated that the Au-Sb relationship in Ore Zone 1 and in Ore
Zone 2 would be the Game. Figure 5.28 shows that the Au-Sb
relntionship in Ore Zone 1 and in Ore Zane 2, is not the same,
which (luggests that the Au-As association has no relutionship with
the antimony mineralization.

Furthermoro, ov idonce of brit.tle ctc'i'o:rmationof the early
antimony minernl1zatinn by a Inter tectonic event with associated
gold-bearing hydrnthcrnml fluids haa been described and observod
mcgaocopicmlly and mi.cr-cuccp icnl.ly , '1'hone cnaorvn ci.cne indicate
that early antimony minerali~ation took place before the Au-Py-Apy
minnraJ i.'~i\ti on.
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the "A" Zone AU-AB-Bb d(~poGit l.U Pl'('G(mt(~d in Fiqure ~j.26.

,;>'111111 fl'll

, H/,!,:, };,Jlfill I
r~fdlVI /IN I !MilN,
tMIT/Ii:INNJFlltH[1 ::(HWiVIII'1

/Ill:;' NIll'YHIJI
HI!!II

I'l'iifilnlllll

;'Ild l"!!!/\Hl/

tIME

Figure 5.26: or o puraqcnes is of the "A" Zone mineralization,
Si.gnal Hill area.

Harwood (1.\)8G) , reported gudmundite (Ft~SbS ) It in c l.oao

intcrgrowth with GtUml t(' whLch i t appear-s to be rup Lac Lnq with a

eavccuo textUl'(~II.

par aqcnue i.e , However, in thiu Gtudy qudmund lc« WilD not obGc'cv(~(l.

5.4 Discussion

11::



B) A subsequent introduct.ion of siliceous mat.erial is associated
wit.h a t.ectonic event. which brecciated phase "a" I and created
coarser gl'ained dark gr(:lYidiomorphic quartz r) stals. These
quartz crystals are associated wit.h arsenopyrite-pyrite minera-
lization. Gold is found interstit:ially or fills in microfractures.
Figure 5.24 shows brecciated first gangue replaced by quart.:z-
carbonate-sericite with associated pyrite and a~aenopyrite.

C) A milky whi i:e barren quartz vein cross-cuts the two earlier
phases. '1'hequartz crystals within t.his quartz vein are very
coarse grained and do not host any mineralization (Fig. 5.25).

5.3.13 Ore paragenesis

It appenrs that several phases of hydrothermal alteration and
mineralization took place within the sedimentary assemblage of the
"A" Zone. It is proposed that the stibnite, berthierite, &pha-
lerite, as well as chalcopyrite, chdlcostibitc, native antimony and
possible metacinnaba~ite and/or Bchwazite were related to an early
phase of mineralization. It is not clear whether or not a certain
amount of gold was associated with thjs early phase. A second
inflUX of hydrothermal fluids was introduced, which resulted in tho
arsonopyrite + pyrite + gold minerali~ation. A third barren hydro-
thermal ovent is rolatod to Inter brecciation of the two earlier

In iHhl.itiol1, the f'arly antimony mineralization has
undcr qcno littnl' l()t~,ll remob i li,,,at,iol1. 'l'hopari1qonotic sequence of

117



Figure ~)"~!~i: Bl(',~ ... iutLon "II'.' I,) brittle dc1.,.)rmati(n 01: the qol.d
bearLnq sec(md qdnqlll' qCI)I>I',\j' j, -n (,ddt'!. co Lour) and i.lljl:~r:t,ioll 01
whit(.~ tnn:on qu.ut.« m.rt.o ri a l , :'l'll-'OB" ,::\(lmplt') 104,14.

Al ri.r.

wi t.hin the:;, dlL'.'ICd ,'purl \'1l:'1·.'

qanque .1:., ," limn:j f','cIlll;',lV," 01 t ino qr ...tltl.:d '111<11'1..:.

1111



Fiqure :).:n: Footwall v,:inI:Jlth:::tibnitt'''·bc:rthi€'rHc-£:lph.''llerite
mineralization. 'l'h.:' CJdIFJUt' 1;~ compouod almost exc l.usive l y of
quartz, SP[)"OBJ, :~;)nm, (;1<) x , t Nic).

Fiqlll'!'" ::1: l'i!.;t

(';11 1Y d! teet"<1 l,y .ui

..~d!'I"!lI'lt i -'ill iUll dnd

till' 'Il IIII' 1, oJ!t')' 'pI,at 'ldl1l]IH' t.cct.oni
!.jl f I "\','nt "J' I t It :atli'~"illlt'nt !'!.'p1.I"f.'m(·nt by
-r io i t.I ,1Ii,IlI, ::1'[, 1,::\, ,'1'.m, U':;.; 1 Ni .. ).

I I



BOY]" (19'71,1), tor: l1\n:;t ()l th" '!(lld .j"i)!,!.it;; ,1!,~;(lI'i,l(vd w ith '{lJld,*

quar t.z vr- iru: ,Illd/OJ' :;JlI'dl' ~',nl)l':;, 1.:1, :'\l<)',,::; .vn il'l<'11"""" dH q(JJd ;~u: ,::

,U'l' apprl>dcll'ld wh i 1.. :,.l .l!·c'l"'d;'.,'!.

; i ~ ,

H "

Zone miriora lizct.Lon , Both tlOI,,']'Pd';(' :;liIJl1t1y to\>/,Udli till' on' ,"jlll'

(han('j1n(:1 wall) I dn,,'1l dt th(' OI'n M>ll!' dnd l'i::C' in thf' ) (lot.w.ll 1 >!\'J,lY

from the <;)1'(' ;~(l11C'. NOlIt' of tIll' utlkl' lion,)" ('11'lll! nt.n (AHI fib, :'on,

Ni and eu) nhow ;IllY CtHT01,li ion w i t.li Hl' (Fiq. If. H!) dud HlJ (Fiq.

li.ll) i.n tlw hm;, rode Fiqul'l' h.'l indi".thlf; that to!' <tIl

mil1l:'rali1.c>ci ' ,,"~I' ,;: lit:tud in l\I'IH'It'1ix IV, d 1>1'1)<1,1 1',llTC'Lltlun

GXiGtD bntwu"JI till' d"\TC·,\tj(l or ill' .11111 Hb dlhl til" inl,'l'o;WU in qo l d ,

'l'hiu patt:l'rn dOl':! IH,t CfllT(·lai:" wl'll with a typh·.d. (.VJltl~'qUtll't,~

vc l.n in d Uh"dl ;"I!If ::y:;h'lll (Hoy}", 11)'/1.,).
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) I I ~ 1 ; .. t'
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G.El), while no statistieal s i.ern i t icant; correlation exi~~ts bet,wocn

AU and Sh (1':';; 0.32). 1"i'1111'os , (, Lndi.cat.eu that. no ciil:.'t:t!t.

correlation can be drawn l)etweetl 11i'1hqol.d va.tucs and 2n, Ni and cu

contierrcs , Also I no correlation exint,n b(\t~weel1zn, Ni, cu and Sb

(Fig. 6.7).

Although mercury (Hg) has boon repol:'ted to be associated with

diverse mineralized zones ("A" and "e" Zones, Appendix V), no

direct oorrelation between !Ig and AUI An nnd Sb can be obtained

froll thio data (Fig. 6.8). Howeve:r, results from two samples of

undcformed mnssive antimony oro ('I'ablo 6.1) show that high mer-cury

oontent (629 ppc , 4120 ppb) is aSf:'IOciatod with the antimony or!:~.

The presence of schwaz Lcc (fahl{)rrj group mineral, CUI2(At"Sb,Hg)S13)

as suggested in section 5.3.7, could explain these mercllry valuDs

as well as ~he high As contento (408 ppm, 624 ppm). No gold has

been detoc "·~(l in these namp l ca ,

'ruble (Ll: An, Ub, Hq and Au conr.onno of t.wo numplen 01. macs Lvc
antimony oro from "A" ~OlW mi.ner-a l i.aut.Lon ,

Sample As (ppm) Sh (ppm) i Ig (ppm) Au (ppm)

I !(j ··1 40B 1·1f)()() 629 nd

1102 ()24 1 ;'.()IJ() ·11 <10 I1~1

6.S HvJrQtharmal altoration
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where a slight build-up of these elements is observed. According
to Figure 6.3, a chaotic pattm'n for bct.h K20 and Na20 can be
observed throughout the ore zone.

The chemistry of the clastic components indicates derivation
of the material from a relatively Ti-enriched and Zr-depleted
source (Fig. 6.4). The chemistry of unaltered volcanic t'ragments
collected from diamictite facies (Appendix III), indicates a
variety of origins, from sub-alkaline basalt to andesite (Fig.
6.4) •

6.4 "A" Zone mineralization

The gold rich samples (~ 0.50 g/t) are characterized by As
contents varying from 0.024% to 5.13% (avg. 0.72%) and Sb varying
from O.OlO~; to 2.74~ (avq, O.SH), (Appendix IV). Gold minera-
lization is also associated with Zn (13.1 to 744 ppm, avg. 206
ppm), Ni (0.05 to 295 ppm, avg. 63 ppm) and eu (nd to 138 ppm, avg.
59 ppm) (Appendix IV). Mercury (Hg) has been detected in gold-
rich samplce coll.ect.edat surtace al.cnqtho "A" Zone with vaIues
ranging from 22 ppm to 740 ppm (avg. 2G5 ppm) (Appendix V). All
these el.emcnbu are enr-Iched w.ithin tho ora zona, compared to the
unaltered quartz wacke facies away from the ore zone (Fig. 6.3).
The Co, Cr and Ea contents do not Dhow any si.gnificant increase or
decreaso between tho oro ~onQ and tho unaltered host rock {Fig.
(l :~).

l'l1



at 1.9~ (Appendix III). consoquontly, direct compilrison of clement
contento in una Lt.o r od and <lltpred ruc}~u without any m<iun and volume

adjustment WiW daomcd auccpt.ab le ,

It)

HltYutl1t
HH'({JllI\i~lrt

o t tJ~lTr,

~t 'M I
H.\'jM 1

l~
1 II }~.

o 11\ hHt\t:~jn t
llf;';fll.T

(\1 I

llto/;

iJtl,\l\ I.' W V,\ n \,',

Figure 6.4: Zr/Ti02 - Nb/Y plot showing the claDSific<ltion of
tho quartz INiH:k.n fneion of the Last. Ilope Formation and vo lcun ic
fragmentn <:>1 diami ct ito t ac i(JG (af'l::,I:Hc Floyd und Winchester I

1978) .

6.3.1 Major and trace element behaviour.
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6.2.3 Chart unit

w1'. " Fp?O': .md :'. 'l'J wt

lo.~:; ort Icm itIon .md vo ry

low can and Ft,.'un indi";It<· thill t.h ir un it i:', uHdlt"l'ed. 'I'hi.u unit:

6.3 Last nope Formation
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Nb/Y plot (Fiq. (,.;') I (mqq(';;tu, ul t.hou-jh not (~ont~lu!;iv('ly (IInly on-

G.2.2 Quartz-sericite ochiot units

(dVq. ',;~.')
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defat'matian arid alteration. In addi ti.on, di lution due to possible
hydration and carbonatization, as defined by loss on ignition, is
highly variable but romain8 on dverage very higl1 (Appendix I).

Consequontly, the interpretation of the chemistry of the members of
the upper ponhalanga Fa;r.'mati.on,w it.hout. mass and volume adjustment,
will remain speculative.

Figure 6.1, shows that three distinct units can be outlined by
the general trend of K20, Na20 and MgO .

t~H"'OOACITt !W'r')LIT l.
11.1 DACITE

• ()t'J'~HT l--!lLHICl1l !,CHI:; 1 n: 1
t.H T f,' vru ChNIC 11: 1

..
tot I<AL\ !
"h',AU

l.~
li(),~

r'\~Ot$IT{:

. ',.
tJ ('I 1\~(lf~;1l t '"

IlA".AI T

0.1 L,'

I;t,,'y

Figure (i. 2: 21'/,1'iO;' - Nb/Y pl (It show j ncr tlH' eLtoni.! lea .on of
the volcanic rockn or thc' IlPPI'l' Pr>nhalonqil Fcn'matioll(aftl~rFloyd
and Winchestor, 1~1B).

6.2.1 Me ~-volcanic unit

: jill,', 1 4 • II B wt

.. AL'll~, (•• 4~, wr '., Nqu, ,h:, ppm tl1 "1' ..u ui !ll·l ppm ul Ni (Appuncli.x
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tho nch int; 1)('11' on murkodly di1tPl'lmt lH·,u'irHrn. 'I'hu l'(lqiollal dip

thr{mqhout mon1' OJ nw soh iIlt lH' 1t i:; to t.ho tlouth ot' :~o\lthwl'nt.,

'l'lw sun-

divi~3i0l1 01 t~llP p(mlmlonqa FOl'n1dt ion into dint inct. utl'UCt.lU'tl1

dcma i.na can n l.no ilpply t.o til(' whol o r;chiut bo l r, In t.hc uout.h and

t10uthwcst domn ina 1'11<'(;tratiq:t'aphic uucceun Lcn in Invoi-t.co , ...,ith

t:.he ultrmnafie/m<li ic pnaeco ooour rinq at th(~ top 01 the tltructural

succession. '1'11(' north and (!,wt doma ina cncw riqht. way-up r-ock

succeaa Lonu, Exc:opt for the' 1)1'o;H1 iU'cuiltion of tIl(> uch.i s t bolt,

major fold ntruc:turoB ar-c not pr-omi nerrt.

Positions of torullitic batholithn ami their marked effect on

the schh'lt-batlHJliths cont.act;n , GUqgC'[it,G that nho och i.ot; belt:

collapsed between thorn no they novod upwards into their preDent

pos iuf cno (Manon 1()'IO). BiU1Pcl on Miwon'n ntatonH'nt and in liqht 01

of tht" '!'ati pehint bel.t; , an intnl'prl'tiltiol1 01 r.ho nt'nwtural h iu-

i ,111



CH1\PTlm Sl'NF!N

DISCUSSION

7.1 General ~tatement

The scdimcnta10gical, ntructurnl, mineralogical and goo-
chDmic~l data presented in earlior chap tern of thin dissertation,
providt· the f:t"ameworkfor DGtablinhinq a modc l of the qenend.s of
th(.~signa 1 Hi 11 A\l-AEl~ Sb depend tt:;. '1'11000 complex dcpanits formed

AD A response t~ intor-related geological proccuses. These in~lude
early rh~sue of tCCtO\lJC activitic~ responsible for the deposition
of the Last HopI.! 'Jeri i.menua , oarly formation 01. tho antimony m.inera-

lization, later th~·UfYI.:i.fJ\r and i.oLdi nq events which control the gold

and <''11:'soni<:m.inorn1izntion and tinally p()nt-min(~rnli:7.at:ion t.et~tonit!
aeti vi t~i('(l.

7.2 struotural duformation affecting the Tati schist belt

BofOl"(, cno (~iln undnn:t,md the' :;t.nw;'.1l1'al (i('1 ot'l1lai' ion wl)ich

affoctod tll(' fliqn;\] 1Ii 11 ,11'(1.1 <llld it.n control on r no loedt,ion of

Au-As-Sb doponit~.;l, an llnrh\l·~;t.ll1dinq 01 tlw rnqicll1Hl Gt:rueturc
ilU(,l~tinq 1'111' who}" 'l'dti ,·,'t.':t 1)I'lt it; :1I>t't'H:1iU'y.

'I'll!' who 11' :H!t','!';;:', ill11 j;\ \';1';\).;1y mllt.uu"t'},jl()HP(i undnr (ll'('I·l\t\cjd nt

1'\('il'(> ('(llldition:; <llltl i:' inl,,:d"<1 h'tvl,·,'n ,1 :\1','1(';.: lit tl)n;llit'i(~

1·1',



;l i

, ',\ , I

2) the' pl'PtwnCI..' 01 :;phdlel'ih and/ur' (~ulphc";,llt:; and c i.nno liar
'\l"(' th(\ conr.r o 1) inq i act.nru i or om' ichnu-nt. r:.

3) undor muut oon« j t ionn morcurv i l; Lent; i rOlll the! Clxidi.,:t'd
zcnon 01 qol d dUl'o:.dtu pC·l,(.·cLilly \...hure thf' oxidation ll<Ui
lmon i.ntmll;(~ .md pro Lonqcd , \-i!lDl'l' the ox i.dat.Lon ir', lmm
OC'VOl'(' mel'nm'y 11IdY1';,:11ill it ill! onrl chmnnt..

In flt'ctic)l) ~J. 'I. '}lit h.u: bl'vll propCJsC'd t.hdt 101" the "A" ZOIW

m i.ner'a l Laat.Lcn thl' !tlt.'l'CU1Y coul d havc' boon int.iln'ltt'ly asaoc i.at.ud

wit.h tho oarly plll\Gt· 01 :;tibnih' minor-a Li z aui on , r,It.:lwr thcm br:d.nq

• I

:,



mass and/or volume changes, the rock assemblages were defined using
general trends of K20, Na20 and MgO as well as Zr/TiO? versus Nb/Y
pLot.s • Accord i.nq to tho ohom ioa I cl.a- siri.cat.Lon the rock BUC-

oession can be defined as follows: a mota-volcanic unit of sub-
alkaline basaltic origin occurs at tho base, followed by a sequence
of quartz-sericite schists of acid volcanic affinity (andesitic to
daeitie) I which in turn 1 overlain Ly cherty units.

The chemistry of the quartz wacke facies of the Last Hope
Formation indicates derivation from a relatively Ti-cnrichcd and
Zr-deplctcd source. FurthormOl'C'I vo l.canic fr(lgmcmtB from tho
diamictite uni t.s ind Lcat.o a nub-a Lka Iine basaltic to andcsl.ti.c
origin.

The lIAlI Zone gold minora] i ~:ation in clHu~acterized by u high
concent.ratjon of An, 8b and IIq. G()ld-rich namplol) show i.\ diroct
relat.ionship wi.th An, but. thcr'C' ie no cor-r e.l rrc ion with Sb and Hg.
Alt.hough till'. flAil Zon(' 01'(' nil()wn a Gl iqht (m:richnwnt in Zn, Ni and
cu , qo l d donn not nh(IW .mv c'olTc'ldti()ll with ttH.'nl' ulolU(mtn.

l:ntm~pr('t'\ti.()noj murcur-y w it.h Ln tlll' !IA" Zonn ClI'O l,ll

comp li cat.od by t.ll!'li1ct that nH'l'\~my iu a mob il.o l'lenwnt wh ich
could hnvo b(I('1) ;\11uetmi by :~\\ccl'lmivf'hydrot!wrma! acti vLr.ion and

by D('v(,l'1l1 dC'jOl'matiu)i,\) ('V"llt:;, W"dtlll'l'inq could ,tlrW have cauGod

c ithur oriri ohmont or d"l'l1't inn (lj UII' l1l"r,'lu'y !'ontl.'nt (Boyln 19'/9) •

A"I'unlilllf hl }lilY)" (IIi'i") 1 m,'n'UIS i:; .\ ,'011\\1)01\ 'H~l;()ci,\t!' 01

uo l.d in Pl'd,'t i,',llly .i l l tYI"':; 'It llV}Il)tl"lll' q,cld dr'pn:;ih;, but tJw

!'l"llll'nt i :. inv.u Llllly 1'1"::' nt !llily ill :'mdl! .uuount :"1 !IttI'll much

1 ,; ;



6. I) "gil Zone !~L:\letura
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!tynqUrlC'tic:t and probably nndorf!'noun I hvdrothlll'lM 1 theory pUJV idon

tho mont; natiDtH(.:tOl·Y' ,HWWI't' to oxpl.a in ttll' IJI'IW:1i'~ 01 1'h" oa rl.y lib

millPl'illizdtion.
l"ollowitiq and supcr Lmpoecc on tIw oilrly arrt i.mony mi.nerali-

aat ion of the "Alt zcno , a second l)lHH:;(~of hydrothermal activity

t.OCIK place precipitating gold alonq tho interface! pntweon 1:,1\0 Fat

Boy pankugc uno tho unde:elylnq quartz wi\ckp 1aeieu. '1'11io uocend

hy<h:othcrrmal (wunt Lo thonqht to be jntimnt.nly rolat(~d to the end

of the thruoting evont (IH) I the "E" Zone Dtl'~ucture and probably to

th~ rogi.;1:1u1 grCotHJG1hiotmctamorphi.nm. All of theoe evcnt.e poat ...

date t,ho cmnoo1.ioat.ion of the l ..llot. Ht'p('. Format.ion oedi.mn,nt'.G.

Subsidiary thruGtG and/or nhcaru in the' cmtwull of t.ho 'Main 'l'hrust

Frcmt (Fig. 'J.3) and rc'latcel te. the liE" ZOliO Bt,:t'ueturo, arc conui>

dornd to have (\et,cd no chunno l.o for tlw 9()ld and m~o('nic-ri.eh

fl.u idu and Gontrollml theil' 1inal tu·puipit.ation. 'rlH't1(' thl'UutG

and/or sllcara arc preferentially devcl~red along litholoqical

('(mt;wtn.

rfhn nynqi.'twt.i n }<,('''''<101omit i:~,It ion illhl t.he Piu'l y ant. imonv 1\\ i111'''''

1'<11i i~.lt.ion, p1'o1)\\}) 1y Pl". 'l"u', ',.1 t ht· "qnnmd II by entail! i(\11l llq II

t avour.tb 1f' pllyu iC(l~t'hf'm i '.',11 «nv i l'Oml)f')lt , nc'u(,t\!\,u'y 1 (11' tlw

fjuliLlC'qul.'nt (In 1d }It 1,\.'1P 1 t ,\t iun ,



illdil',\1pd tll;'t \I~ .. '·"I1""l1tl.;1 i"n "j ::1, ,\lId Ii'l ::'llpllid.':; in ::pdilll\)

.ut l ph i.d» :;,llIl1 iouu , ,1"1"'1;<1:' om 11", I" .. :;::un', t "ml"'I'.li Ill'!', pH,

!'!llli'putl',1I inn 01 t Iu : :",1\111 i"li, <llldj"l ttl" <j;.;id,tt l"ll :',1.lt" t>i th·,

,i , I

t.('l\\I'''l'.ltIH'f', IW'I'pa::1n'! pl"t;~:\ll"1 ,lI'idi,' "!1ndit iliW!, "xidat,inn ,mil

d i.lut.i on (11 U\P i l u i-u. loy ql·I\I!Il·i\'ld1i'1;~ w i l l (j,·\'t'.'d:!1 UII' uolubil.ity

of Hb dlld I!q·':;\llphi.",:;.

Abhnt: pt .\1. (lflgh), "1l1widl'l','d 1'lldt t umar-o l i o dnti l at;o otilqP

vnl('al1

,lntinhll l' pnl"idll\1' lIi ill lllll"'ll::nl iii Itl'd, "l'il'id::t j,' :!,'dillwntu and

t.ui io , (I('(~f\ll\:l.lllll'd by '·,ll·ll\)ll.l~ i :~.\t 1111\ dud :d I j"i j i",ll ion, at t.lw

Alpha'~(Tl"lv('l\,t111 ,1t\1im"I1'l nl'l' 1>,,,1'1', gll!,'hi::lllt Q!'t,,'IL',l'U!1(\ 11('11'..

n'imiLu' 1',1!'!'1' 1~\ili"I',lli;~.tt ii") ,'\1\ 1,,' ":-:pl,lilll"! by t he "Ha i l o

mi nv-r.i l iv.rr ion \\1<1.1,,111 (H'Il'<1,'li:~, I'1P").

hydrt)t ll,'l'm,\} 01''1 ivi t ',' 11")'1 ll" Illy \',d",llli:.l\1 ":q,,,,':;,;('d nfl hnt'

HpJ'ill'!!; Ill' !\llildl,>I •.,;', .11 1}1" t iml' 1>% th,' <I"I",::it j',ll !lj l'n\~l(H'oillq

t , ",) '1.1'1;'1' r ino to .1

\ 1 ! '1 '1 \ \ l , ~

.un i 1',< '~Iy

~I... WI it, J '.

"f'illl ii, I·,



:') ,11\ f'}liql'lH't iI' ill! i Itl'.l\ iou III d jov; t"l1ql!'l"ltUl't' hylllo~
UWl'lUdl t l u id ,It ,\ LIt,·}, ["t,I'!,', wh ioh l'u::t=' ...l.lt.t'[; t.ho
dopouf t i.on 01 the' I"l::t Hill''' HI'.jil1lf'ntu ,md thl' (!,ll'ly
lWl'VilD iV.' Cdt LHJIl,lt i:~<lt jon,

3) X'(lll\oLilill<lti(JtI c1 pn,~pxi:\tinfj qlilp'l)ptiv cr oynlJt'n.etit~
ant. Imony , 'l'h in ovonn WO\( 1d t hel'1'1 or o llout.-da te the
(iI'tJCl::Hioll !Jf UII' Lwt HoP!' IHJ.llll1\nt:; ,1:1 well aD tlH'
pt'l'V;WIVL' ciU"}:Ol1t\tizutitm but Ill'(',ldh'll tIl(' 1\u""1\"
mi no rn 1 i~,,;\t ion.

cially at the "Antiu'my-I,inn" ot t11.' Mun'hillon ql'eermtorH' b('lt,

South Mriea"

In h iu ntucly 01 tlw Antimony tit,t1ouitc; in ttl(' Murehinon l.' •.U1lJe,

initially 1.ntrmhll'!'tl by (m1)1\),u'1n(', DymwllillH1nt.n'y or oynqcnotLc-

hydrcthormal activltioo. Royle (10?~) mnntionod Govprn1 loc~litieo
unlUnd the world wlwrt' ,mt1mony and mercury dcpou it.i.on from hot

I\lIrl\l':1 dlld 1'.~d\\idlL:I;I· (l'd,'i), \I.'hitl· (l'lI,ll, Pit'~:::(ln dtHl 'l'uno l I

1411'{



ZOll'~; hilVI' )""'ll id"litil il'd, n.uno l v til. clmt,\ct Illw'ra-
li:~lti\)ll anl tl1" luot1t1.111 mi nor.t l iv.rt l ou.

Thl' c:nntill'l l'1in('rdli:~dtion I"~\'\ll':; .rt til" h.u r.il (~"lltdl't

1" t'V','pn till l'.lt 1,,1' dj'llhi,:tit. 1".,..};.ltT" ,\lid till' nnd"l'l"lnq
(PI,u't,~ V:,H:b·. 'l'hp IH.H.t !'O,'k:: ,It'!' ~;hl'dn'd dud WI'oj); ly
fj i 1 i, ~i1 i r,d •

'rho Foot,w,ll J 1:: iw'rd1 i c.it: ion j n pn'~11>nt j n n i] it' if j p.i
qua rt':: '" I<,'}.( 'n (j t llv ", Ii ~'tJIl\' ,11' i t » \';t :;tt »:n P):t n 1 ity .
It ('oll:;jnU; 111 1I'w1"[1 nl ::!t'.'dl·cd, :;i 1it'll jud and t'.H'ici-
t.i:~('d m;l't,1'1'1,11 d:::;nciilt"d w irn ,mtim<.my-rieh FCiI'ltwall
v» i ruv.

2) -mt.i mony ()l'l' (:'tiJlllitp, l)l'rthi('l it.o, ~:l'lldll'l'it(,<lilt!
chalcopyrite) in n'latl'(1 t.O an nar Iy ph.l'lI} of mllwra-
l i :..nion which prPll.ttc'n t.ho 1\u-l,,; min ..rdl L~dti()n.

3) it in 1)(' 1 i!'vt'd that>, t11(\ I'Wn~tll y it; int ili\.lh' 1Y ,W:;\I(' ia t.od
with tlw C'arly ant.f mony minr-rn l i v.rtLon , Mfll:cmy in
pl'r~~H'nt vJithin llH~,\cillllidl<ld~"c' (il' wh ioh
n'rd,wc'n ~;tibn"ib', n.u.Jv« «rit.Imony , lH U!iPl'ite ,md tho
ch.i 11'Ilnt ihi t.o .

4) tlll"I'/1 di::t.inet q,lrlltup 'J,'lWY'dtiUI):; n.ivo 1,I'C'l\ ldontilJ.(ld.
A (111111·t;~ and ciu'lK>r1atp r-i.uh q.mquo in t'E'latcd t.o tho
(.'111'1 y ill11'imony pll<l::;l'. A ~.,!)Ct<nd Cj' 'lH'l'dt i(In iu iH~t;tlt' Lltc'd
with the Au-An mi nor-a l.i aa+i on , and .\ third 1),\1" r on
u i Li cr-ouu q,ul'i\H\ 101'l\1cd duri nq till' Idtp dllt'til(' d"lOl'-
mnt.t on of t.ho hont; ,

'1) t'lw oint imony Ol't' W,I}1 ) 111'a 11 y n'lt\oid 1L~l'd <In it 1',ln be)
!;I'l'!\ 1i 11inq Lib'}' 11.II~t\ll·"L;.

I) 1J1.':;''l'vdt inn:: ;~ tn I., "dll h) ,';.:t 2'1I",J<l1 I',! t " 1 Ill.' "Ji" /(llll' ,
It i:: ('Oll:iid,)l'I'd t.li.n: U,,' ndlll,· :;U'UI'tlll" }'\'npon:;ibl" lor
till' l\u··An millO'l'lll i;'dti,'n 01 t h« "il" /1111" in a l uc
j'l'f'pU)I::ihlp fllr' til" ,\\1-{\;; mino ra ! i;~dj il'll 01 tl\(' liB" ~~onc'.

til" in"ldl i:ill'l r l u id: ,,'. I'" n1.,:,.!" 1,'1;' .u.: w i t n tIL"

dl'I""'it i<ill lIt til,· I l;:t !i"f'" :"',.in;'lIt ,1II.J ,,It). ttl" 1"'rVd'~
, " " ,' . .> I" .n. ;1 i: j t I"II I!) Ill!' '<l ) "y' ll" 11 I ',I ' ",Il Ii , !, ,t

I, '. ,
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Figure 7.3: Croon Goction chrouqh the I..J.wt Hope FornHltion i.r om
t.he ovo r cur-nod l'onhalollqft F01~m,ltion to the 1 ight way-sup P(mha-
10ngo Formation (location of the craGG Gccticn in Appendix IX).

7.4.3 ore chemistry, minor~logy and emplacemont

'l'lll' "iV' ZunI' 11liIH'l'dli;:,ttion i:: dlt'mi('dlly dldl'<it'tnriZt'lj by an

,r., : ~\ 1

\ )
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f.ol d incr U\l' rp'<lllittlicl nat.ho l it.h i.nt.r-uu iouu 'Ino! til,' Ul,·t..flll(ll"phi::m

t'('!;tlltinq train tlHWO dC'tOl'miltillll ,'v,mtD l'uuld h.ive pl,\yt'd a

critical 1'010 in tho mobi Li aar.i on dnd Uw fHlb~;(.'qu('nt; canalization

of tilL' Au··At; rich hydroUlt'rmi\l 11uid a l cnq tlw "E" zono t;truc:tlU'(~

'WlWCitlh'd w.lth t.h« mai n UU'lwtinq pvc'nt. 'l'hc' devulupmf.mt: elf t,ho

n'qiolvll Bt:hi~1tcmi.ty followed t.lu- illCnli1fWd t oLdinq and ccmpr-cn-

s Lona l offoGtn in tho nch iat bcdt pn;Hiibly due tel trw int.ruu i.on of

qraniti(.~ p l ut.ens £It h1(.11w1' 1(>vnhi in the cruat . 'I'll(.' t:11i1'd and

1.. '''l·tJ d!.ltm:mntion,ll (!vC'ntn I~rl'atpd ,) n0rioe of con:jugatc'd nor-ma l

and r.cverne faultn I'ol Lowr-d by tho developmcmt' ot cr-enu Lati i.on

c Ic!,' vagI' wi de l.y I.li,,~()rv('dt.hr-ouqhour t.lw whol (' 'rat i ach i.au 1)(.>} t.

An ,\pp.t!'cnt <tlHJuLll' ,llll:uniunii Ly I'xi~;tu ~Hd'w"UII tht..' F.it. Bc)y

p\W}'~d~W and tlw un<l('rlyin'J '1\1<11t;' w,(ckp f,Hdc·G. Cunt,wbi oxam ined

in I'C)!'!, int(,l'r;('(~t ionn ,\1'., hiqhly :,lIl',U'l'd and In'I..·ct'iati.'d. No undo ..

t urmod contact bc·tWI.'Vll till':;!' t WI) !lout n)\~~:uWilLi obGI'!'vod.

F\l1'Ull'1'11l011'/ it hd~; \)1'('11 U}l;;I'l'VI'<t t n.it I'uot\~,dl vol nu lHdclll'linq t.o

l!)<ltWdli n i l j c i I i.r»! qlldrt;~ Wdt').~,,;. du n.n. .Tn:;:: into t.h« Fat boy

'ltlll't;~ \,',I.'k,' d:~;:"I'ibldql' .: '1 t ,·\'1 '1Ii " lldt 111'1'. llq'li"VI'l", t h.' .unount

" 1 d i:"l ' I '1\'I'm, .111 I :: un l:n ""! i ,

t '
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Major t;1'ctoniu)\\ t o ll.owod 1:11('dnpon Lnion 01 tho r ccku ot tlw

shamva i.an Gl'OUp. 'I'll i fl Wiln accompan ie,d hy low to 1\\(I<1i UlU qrad L'

motiamorphLsnn and ovcnr.ua l l.y cuIm i.navud in the i.nt.r'usi on 01 t.ho ~L"l

Ga Sesombi and 2. (j Gil Chi Li.manzi (lui t(! or late' qnmi.t('[l, c.Bp('cial1y

in the wcstcl'n purt 01 the> Zimhabwo cr anon (Fcn.:tel' (·t ,11 (198(1<1».

Table".l: Zimbabwean Archncan greenstone succeao ien compared
to the Tati Gchiot belt otratigraphy (Foster at al (19860) Bnd
this st.udy).

ZIMBABWfaAN ARCHAEAN mU":.ENSTONE sUcceSSION

c o mp arud to THU TATI SCHIST BELT
Z1MDAOWGAN ARCHAEAN onGUNSTONU

'tATI SCHIST OIlL.T
Oll Group/Suit.., Oo\ullo

2.0 CHH.IMANZI r onntuc, Granodlorlto
.. Northorn Dathollth

Hill Vlow pluton2.1 SnSOMDI TrondhJomlto Othor BathOliths?

'::Itlotle e edlmonta with
I.AST HOPt! Fm2.1 GHAMVAIAN volcanism t otntc

UNGONI'Of1MITY
PCNHAL.ONGA I'm
LADY MARY Fm

OLD ,TATI rm
cowen 01..0 TATI Fill

MArsu.o,n: lm

2.7 UflP£iR
'IPPlZll DUl.AWAYO Fm

2.l1 GlllLNSiQNl

LOWl'U IHH,AWAYO I'ml,QWLH

GHr:LNSTONE
2.!.l '/

LJPpcn nU.INGWE Pm
LOWLIl nCI.INGWr. I'm

lJN(:C)NI'QHMITY

:L', GillAKW1AN
1 II", euutv.uunt W'lIi

nett ubuorvtJ(1

1',"



-\ "

1, il(

I,

,','Ill , ,1' 11

ill i 1J '11, \ ~( , oj, . ,
I, ,~( ,

"

~,i t tt ": j, i >11 t{ i

'\UTI, 11,"I

dJll j
" 1 I -111'1'1 1 !,. Int: I ., '_t I . \ \( II \. l! t ") , I 1 I Ij ',. j I , • !

In, \ t'hyq! i t I I : I' I i I I ,
" 1 \ til ,

i 1 11' 1 , II, I , , IIi • ,t ,. ' I l'

j 1"-', I "'I'l';, \1 ; I '1L t , 1:1 i l. ~ t;. • ; j " '\i I I I , II

III ,
i ; t' \.;! 1 .' ,I d~'i~' J JJ I 'I

t ! it I " I II i , 1,II , " I

, "Vi ;\1, 'Ii " ; 'II t

t I '1\ ,t

't I It i. I Ii i 1

(IJI : I I

i 1.

~1 1 in

, I

'j l '

y,

, III •.

; llU.

I I:i,'

it ' __'.1

! i "



The pivot point where the northern limb broke away and then
was pushed towards the soutihcr'n limb by the intrusion of the
Northern batholith, could be located at the position of ~he Hill
View Tonalite. 'rhis small pluton could have intruded along the
zone. of weakness created by the pivot point.

Several other structural features suggest that a major
teotonic event, younger than any tonaliti~ plutons, took plaoe and
also contributed to the deformation of the schist belt. This is
demonstrated in the southeastern portion of the schist belt, where
ch~rt and ironstone members of tho Matsiloje Formation together
with the regional schistosity huve been intensively folded (see
1l.ppendioesVII and VIII). considering that the regional foliation
(S2) ocourred late in the deformational history of the schist belt,
and that the development of the foliation was contemporaneous or
slightly younger than the consolidation of the tonalitic batholiths
and plutons (Chapter 4), then a younger event would have to be
interpreted to explain the folding of the regional foliation.

7.3 correlation of the Tati schist belt with Archaean greenstone
belt within the zimbabwe oraton

F(')stor at al (19!lGa) I provido a dotailed deucr i.pti.on of the

Arc.~haoan <)1.'OOnDt0I10 nuoceuni on in Zi.mbnbwe , 'rhoy dcaor i.bo tlw

Guccossion ns follows. Holicn 01 metaVolcanic rocks dominated by

mati.c a:ld ultrama1ie tYPC'l1 with minor' i('lnic varLcti.ca , known ;U1

the' neJ:hl}~wi;111 Group, 1'1'l'l'i'(;nnttlio 01dpGt iocko elf th~ Archnoar,
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APPENDIX II

Specific gra.vity determina.tion

~l}Jl'cifi(~ ql «vity (h,t!!l'minitt i.OlW Wf'l'H dow' u.: ill\! 'll'rlb ~,dmp!! ',1 f 1 1\1\

tl'rmc:llnu 1.01' wcmtllC.!l'C)d mat.erLa I dud f;,nnpii!ll r.rom 1)(»)"'1101,' ~;r'll iI
tor: ullaltl.'l',xi, alu!l'c"d .uid millulltli~",'d u.uup l.uu . All ,:,uupl,'(: \1"1·'
varn iGhQd wi t 11 w()uci wu.u l ~lll \ t () U'."d 1 Ill,.' p. 11'· 'l:) , A 1 11 P I,' 1H ,,.!l\
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CH1\lJTER I::IGH'r

CONCLtJSl()hS

In the d i.ucunu i.on of tlw 'J,.'uloqy 01 the ,';iqll.ll HiLl. <11'1"" and

of the ge!\cwis 01 tho comp l.cx l'll-At;'~;;b dt'l)(),;it,;, nllJnl'rCHlfl l.·UI.~

c l.us ions can be maliC'.

tit

'!1,1! '1 t. '1 r I i l : .1 \'.~ l
, . i :

l 1 1 i " , l',' Tl :1 1 ::1' II 1

t ! 1 i \ " ,
t

, I , i

I t' l' I i 1 , , : ! ii!·1 ~t t it,

'~.;. ,I , t,

, 1 "1 I I

i ,

I i.) A f;t.r·<\tit(ll'Jn and oC!!dl;i,)lldlly diGt'CH'(Lltlt pc.r va s i.ve

cnrbcnan izeti on .u t cct.cd the rtorr-uonuo l j (lated f~('dimcnt.s of t.b! Lant

ttopo F01'miltion Ifj woll as till.' volcanic unit" o t t.ho uppe r

Ponhalonga formation.
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APPENDIX VI

Major and trace elements analysis of rocks from the "E" Zone structure
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APPENDIX_Y f.QQn1l

':.}." Zone surface ore sam12hl§_g.91!g_c~~dand assayed by $§llJru§lBots't!?lla in 1982,.\.

G 1,1;' CJ H~ Ii 1.\.1 (11·.f, 1.1,; I; 1.1'-
l.temont

[la (ppm) ,1(};) .1G:.' ,Vrj '+.1,' .l1'i nit;

CII(ppml H£, 101' ~Jl !,It/ tV

?f\ (ppm) 101 131 ~~tl .j(l ., :,1

fl(J(ppm) !>I'X) ;';~) l(i(J (il "':1 '()

As eX1) b 1~, ;' 1() 0,14
(, " II ,''1,1

nb ('X,) 1 4~') 01:' 1~':-1:;1 1 j.j () ~lfj n ~"_i

All (gi\) OH!, u :'() ',,10 t.tu OU; 1', (XI



APPENDIX V

"A" Zone GUli'f!t:e ore sampl~. ~ollected and assayed by §_eltrust Botswana in 19!;@!.
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