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The Tulks H1ll Cu-Zn-(Pb) proapéctlia a 'vqlcaﬁogentc

massive sulphihe deﬁEuii located ‘tn central Newfoundland.
four sulphide leéses, with a tqtal_eﬁhnagé'of legs ‘. than 1
uil}ion to?}, arehosted by fers{c'ﬁyroclasctg and volcantce
rocks of the pre-Caradoc Viéforta Lakelcroup. " A relative
abundance of both-felstc'racléf;na Zn and Fb,adlsttngutshga

L ¥ = . ' ' v
this deposit from the stratigraphfically equivalent ones of,

a v . ¢
T

Notre Dame Bay. . . ’ e .
Hydrothermaliy altered rhyolirtc—-dacttlc ‘pyroclastic
. and 'volecantle rocks outcrop 1in the footwall, whereas a

tuffaceous chert and 4{ron formattion occur' An the

hangingwall. "~~~ Chequerboard albite, Fé/Mg- ;'cﬁlorite;‘“

"gericite and quartz overgrowths - on primary quartz
phenoérysts. are characteristic alteraiion féa;ures in the

footwall. The immediate stratigraphic base of (the ‘depostit

-

has K- and Mg(Fe)-rich zones; these zonee are thought to
have formed at the locus of hydrathermal fluid exhalatton.

A subvolcanic intrusion, called the Raven rhyolite, ts

-

’cbmagmattc with .the footwall rocks. It contains secondary

wicrocline (K~enrichament) and sulphide-rich vetnlets,

’

sugg€ating that (t played a part in the ptnéralta{ng

process. =~ l —

Banded sphaleri;e‘chaICOpyriée-galena .mineralisat{on-

- ’ i -

generally overlies ‘massive pyritite; the f%rmer two

minerals are algso’ common .in the s8tliceous stockwork.

.
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Galena . and tennantite bg&ome more common towet&q the

. I hahgingwill,lapbarenbl& at the expenase of chalcopyrite,

Uhile.nésenopytige ts qporadicé1iy dfi;ributedﬂ Coveliite,

“ bornite, ‘dtgehlte, eleci;ﬁn, magnétite, {lmenite a;d(
marcas{te are minor c9hpongnta.

Dolom}té'- gericite and siderite =~ Fe-chlorite are
;gharactéristic -minerai a;semblages of the tuffacg&ua‘chert
and the ifbn-.formg;ion,; regspectively. 'Pyrite 48 the
dqmtnant aulpgi&ﬁ in these chéri—rich_chemical Fedimenfs.

Tigpte éd {soclinal foldiné, with fgulttng parallel “to
the axtal planes,.is the besz«- developed phase (D1) of tﬁe

three documented deformation eﬁfspdes. Recunbent folding

{s AinPferred <to pre-date DI slnce the stratigraphy 1s

invérted}/ﬁnjbiliadt{on of the more plastically .deformed

sulphides ccompanied the development of . che Si

_—\

gchistostity. bl is thought to have occurred in a
brittle-ductile regime since annealed pyrite, "ﬁFh diaﬁinct

* pressure shadows,” both _otieqted__'subparallel - to St,

- .

typlcally lie adjacenf-to zones of'granulateﬁ pyrite (fault

zohes}).

&
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CHAPTER 1

INTRODUCTION .«
- i

1.} LOCATION AND ACCESS

Tulks Hill ts- located tn central Newfoundland INTS map
sheet 124/11) at' the northern Iextremlty of the
Annieopaquotch Mountains, between longltudes 57°10° 75"  and
57° 13 25%est and latitudes 48%31 20" and 48°25°00"norch

(Fi1g. 1l.1). Access i{s by a recently constructed logging

road from ,a woods camp (“Boebucks") owned and bperated by

Abitibt-Price Paper and Pulp Incorporated. The <camp . la
servtces by good logging roads from Mtllertoun,_a small
eetélement on the shores of Red Indian Lake, located at the
:southern end of highway 370.

Road access from the woods camp to the study area \may

' i
be restricted ducing times of heavy ratnfall due to

wash-outs, 8o thart eilther walking, muskeg tractor of
helicopter {8 the only viable meane of access.
Alternatively, access may be had by float plane, landing

either at the mouth of Tulka River or on the numerous lakes
purrounding the study area (eg. Costigan Lake), and thence
walking to the study area.

1.2 SIZE QE THE STUDY AREA ANb METHOD OF INVESTIGATION

The area of study 18 roughly rectangular {n w@shape
measuring approximately 960m by 2640m (Map 1).

Outcrop 1s moderate on top of Tulks H{1l} but generally
~N
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Figure

l.1: Locaction and access map for the Tulks Hill
prospect., Some of the place names and geographic
entities arte referred to in Chapters 1-3. :
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very poor {inm the heavily-wooded areas on the northern

slopes and southwest part of ;he map area. Qrtll core is
availablg, housed in a core shed at Buchans, some of uh;gb
was used to comstruct a cross—section of the T3 sulphide
lens (Map 3). Purther access to this lens ts -via an adit,
driven in 1980, whi;h exposes a section of host rock from
the footwall, through the mineralised -hortzon into the
hangingwall. Most samﬁlee were taken from the adit (whlcg
was mapped 1in detatl; Map 2) because thelr location with

regpect to the mine}alised pbrtzon, was accurately known..
Away from the adit, samples from outcrop were studied {n

P erence to drll)l core samples because of thetr known

1:3§tton: much of ‘the core tntersecting the other three

lenses (Map l)uwaa often ap}it and not always complete,

which therefore made its use gqueastionable. )

Surface mapping was atded by cut ) linee, mnow partly
overgrown, and stream sections cut by two brooks ﬁraintng
the eastern and western parts of the area, A contoured,
geologtcai map of Tulke Hill (Cooper, 1968), which located
both the cut lines and the major outcrops, was used asl a
topographic map only; the geology vas retncerpreted and a
new geologtcli map produced (Map 1).

Where there t{_}ﬁt;le,'outCIOp a lens shape and/or’
tnterfingering relstionahip of the rock units {8 {inferred,
for two reaaon?: A ;) felsic volcantc-pJQOclasttc rocks,
which ﬁredontnate at Tulks HIil1l1l, are . limtted 1n~cﬁ;£r

lateral extent and ofcen tinterdigitate with. adjacent
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lithologles; and b) the dominant cleavagé at Tulks Htll s
2

eubfarallel to the bedding, ‘trending NE-SW, -and {t (s

T —
presumed that .the rock units would n deformed-lnio ‘
' N
lensold shapes also ot{ented NE-SW.
1.3 PHYSIOGRAPHY
Two éhysiog}aphic subdivistions comprise Tulks Htll:
gently rolling pllateau—l'tlke' area {n the south, with an
average elevation of abproximacely 400m, and an area of
sloping ground in the north, locally with precipitously
vertical ¢li{¥fs (30m high). Tulks R(v;r, to the north of
Tulks Hill, i8 the main drainage for the area, flowing east
aﬂd enptytng {nto Rgd Ind1an Laker two small brooks, which
have theit source tn the plateau-like area of Tulke Htll,
dratn'north tnto Tulks River. -
o .
1.4 GLACIATION
Evidence for g}actattoh is generally abgent although
str{ae, orlented 330 degrees; were noted by Cooper (1968). ) .

A till of varying thickness, constisting predomtnincly of
e g

‘.grantte gneisg and granite boulders (Cooper, 1968), mantles
‘the lowér levels of the river valley enﬂ fillab depressions
within the plateau-like area.. Brratice of eericite schist ' --
(lqcal?) and omafic rock types ard common ta the

'
plateau-like area. . ~ .-




1.5 ‘PREVIOUS WORK

A brtef report on the sulphtde mineralogy at Tulks

Hill (Jambohr, 1983) ls the only published information that

{9 direccly relevant to the- present study.. 'Reglonal -

'geologl‘cal surveys by the Nfld Dept. of Mines and Energy
/

(eg. Kean, 19727b) include brief descriptiéns of, and

13 —
references to, the geology of Tulks Hill, which are useful
<ln terns of the regtonal 'acrattgraph'ic and structural
*
setting (Chapter 3). The most recent (unpublis\?ed)

detatled work at Tu:lk's H{ll {8 by geologists working for

"Abtt(bi-Prtce Mineral, Resources whose reports are oQ file

“at -the main company offlce {n .Buchans.

Cooper (1968) described the f" petrology and
_minegaltsacton at Tulks Hill and interpre‘teci the~
. mineralisacfon {n terms of the genetlc concepts of the day.

For exam-ple, "Hydrothermal fluids appear ‘to_have deposited

the sulphtdes {n tabular porous tlops of acid volcanic flows

.on the =mnorthwest 1Itab of the cent,:all anticline. The

»
-

deposit may be described as -," exogenetic and

¥

epigenetic."(p.2).

Brown (1964), Coward "(1965)', and Riley (1957) mapped

\

‘eAl_th_er all 6r partes of.,\"\'rulka HilY. All other mapping

J
[

‘pr'evioue ‘to Riley (1957) was per med by resident
geologists’ ';'o_f A.merfcanll 'S't.elt.tng and efining Compan'yo
(ASAi’.CO); thelir r‘epgrts are on file at the ASARCO office
l'n‘ ‘.EQ.Chana. . )

In 1661 a c0p§er a.nomaly wag detected ‘FJ’ tﬁe foot of

~




Tulks Hill after ge-;)chemtcal sampling of st;eam'wacers. In
the following | two yearsg detatled soll sampling . was
undettakeﬁ which deftned addit{onal copper anomalies.
Dismond drilling of the proel;edt wae begun (n 1963 and
continued {nto 1964, Some of thias drill core, housed at

Buchans under the supervistion of Abtrib{-Price - ASARCO,

was used {n the present s tudy.

l.é AIMS OF THIS STUDY

Detatled qapping of both the surface and un‘derground
geology, as we.ll as petrographtc, geochermlcal and
gtructural analysis of the host rocks and ' the gsulphide
mlneraltaar.iot;, were the >prtme objectives of the present
study. The a'cc,x‘xmulat-ed data allfe l’used to formulate =a
gel.mattc -model for chg Tulks 4111 sulphide depos'tt {n terms
of /'preaent‘ day 1{deas and concepts; - this {ncludes
c{etetminlng the environment of depoa{tYén of- the footwall
rocks, ‘Lheit cbmpositton,. style of avltebatton related to
eulphu;e deposition, the relationahlp.o_f the hanging@ail
‘litthologles to the sulphide depostt and ‘'the effects of
post-miner-é.llsation deformation. Also, an attempt ls made

to determine the chemical and fluld charactertiattcs at the

time of alcteration and sulphide deposttion.

N




' CHAPTER 2

\

,,«\ . . REGIONAL GEOLOCIC AND TECTONIC SETTINC
e

.2s]1 INTRODUCTION

Known bage metal volcanogenic maggive sulphide -
within the Central Volcanic Belt (CVB; Kean SE.
al., are restricted to the - Lower Palaeozolic
/(Cambf.ian-slilurlan). Dataiied _studies “of the Notre Dame
Bay.(h:HEB) deposits has led to a greater understanding of
bc;th ) "f.he stratigraphy ana metail&geny of <the Lower
Palaéozolc rocks of north-central Newfoundland (Dean, 1977,
1978; Kear.{ and  Strong, 1975; - Sctrong, 1977).
Congequently, NDB dominates the ’i;aéerpte:ations of 1‘:h,e
Cambrian-S{lurisn stratigraphy of central Newfoundland, and
ftgmay be useful to summ"arise its geology and metallogeny

before describing the stratigraphically equivalent rocks of

Tulks Hill.

2.2 CBOLCGY AND MINERALISATION Q_f_ NOTRE DAME BAY

Most of the iInformation  Dbelow 18 taken from Dean

(1978), with some additibnal information from Strong

(1977). A summary of the Lower Palaeozolc stratjgraphy of ™
LY

N\
NDB 18 given in Figure 2.1.

2+2.1, BASEMENT
. The Bectts Cove ophioclite {n western Notre Dame Bay 1is

.the best exposed example of the presumed basement which




"LATE ARC" VOLCANICS : Maflc~felsic volcanics,
both subacrial and
submarine

FLYSCH
BLACK SHALE (Caradocian)
CHERT

““EARLY ARC" VOLCANICS : Mafic-intermediate-fulsic
flows and pyroclasticsa .

Y

OPHIOLITE BASEMENT-

Figure 2.1: Stmplified lower Palaeozoic stratipraphy
’ of Notre Dame Bay (compiled from Dean (1978))
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numerous authors (Chufch and Stevens, 19713 Dewey and
Bird, 1971; Upadhyay et al., 1971) interpret to represent
oceadlc crusct. Cloﬁer‘to the. study area, the ophtoltitte
occurrences of the Great Bend, Coy Pond, Pipestone Pond and
'Anhiéopaquotch complexes (see Fig. 3.1) are algo remnants
of the basgement (Coiman—San, -1980; Colman—Sadd and
Swinden, 1982;' Dunning and Herd, 1980) alchough the timing
of their emplacement {s still dtsputed (Colman-Sadd, 1980;
Paja{t and Currte, 1978). Oceantic cruata} basement. is
.thought to have floored a wilde Lower Palaeozofc ocean,
called "lapetus'™ (McKerrow and Zlegler, 1572), the c¢losure
’ ) of which produced ophloli?e obduction and tﬁe Appalachian
orogen through colltstion of the opposing marginsg (Williams,
1979).

"+ Dunning and Krogh's (1983) V/Pb (zircon) age
deterninations for some of these Newfoundland ophioltte
complexes glve a q;rrou clustering of da:eﬁ . around 'upp;r
Lower Orﬁovtcian (485 Ma.) suggesting elcher a synchronous
ttme of formatlon or preferential preservation (obduction)
of oceanlc crust formed over a relatively shp}t tiﬁe range
(Tremadoc-Arenig).

Sulphide deposits within ophiolite complexes typically
have - a relatively. simple mine?;logy, viz. pytite, X
chalcopyrite ahd'ninor sﬁhalertie, although gold and silver
may also occur 1in sigﬁlftcant quantities (Hutchinsgon,
}980). Thie mianeralogy (s typical of the CVB ophiolites,

with = chroaite and magnetfite as common accessories




(Colman~Sadd, 1980;  Malpss and Strong, 1974).
2.2.,2 PRE-CARADOCIAN VOLCANISH

Conformably overlying the qg%iolic{c basemenr /7 are
volcantie and pyroclastic rocks (hereafter referred to as’
vol;anlc(e) and pyroclastic(s). respecrtively) of, naf(c. to
.lnternedlatg compogition with assoctlated gsed{ments.
Locally, feisic hori{zons, chert and dyke rock are developed

(Dean, 1978; Kean and Strong, 1975; Hart;n, 1971

Strong, 1977; Upathay, 1973; Upadhyay et al., 197}).

These rocks are thought to be related to subductlon of
lapetus oceantchcrust and the early sctages of formation of
an island arc system buillc upon that crust. This arc was
centered near Wild B{ghc—Horétone Hfrbour (f;g. l.l) and
persisted through to late Ordovtcian-glluﬁlaﬁ times (Yean
and Strong, l975; Payne and étrong, 1979; Strong, l9i3).\

A sgra;lgraphicaliy..équivalent uﬁ(t, the DunnAge
Melange, {s 1interpreted as a tectontlc slgmp depostt of
efther exiactnj llouer Ordovictan l}thologlea-»(iauthuest
portton; Hibbard, 1976) formed during Carodoctan times, or

" of more exot‘c and unique lithologtles (northveat)>for whlch‘

no {n-situ source terrailn can be {dentifled.
Copper (-zinc) mtneralisatfon of the Consoltdated
Rambler tine 18 ‘localtsgd within felsic hortizonas of the

- Paquet Harbour Group (Tuach, 1976) .




2.2.3 CARADOCIAN CHERT AND SHALE

Fo¥}ov1ng the eruption of subduction-related volcanics
there was ‘a period of quiescence marked by the deposition
of an extenslve chert and black shile sequence which
blanketed che volcanlcs._ This llthglogy is 1nter5reted by
many authors to sfgnal the closure of Lapetus (Dean, 1978;
De;n and Strong, 1975; Strong, 1977; Williams, 1979) and

in most areas deposition lasted for the whole of the

Caradocian epoch, In western NDB however,.only the lowest

fossi{l zones are preserved (Nemagraptus gracilisi due to
the depoaition of eésterly—ﬁrogradlng flysch derived from
rocks exposed 1in the west during Taconic (middle
Ordovician) uplifre.

At ﬁoet logationa a basal red and green—black <chert

and cherty shale sequence I8 overlain by a black

carbonaceous shale. Abundant radiolaria within the chert

suggest tha; these are ‘deep - sea cherts, altihtough 1t 1is
pqasible thaF part of the chert {s 1nor§anic (Dean, 1938);
Pyritic horizonsA are locally developed within the
shale which are -currently cthe subject of a .major
metalloéen;c-geochemlcal investigation (Dean and Meyer,
1981, 1982, 19837 1984). |
2.2.4 FLYSCH DEPOSITS /
An ensterl} prograqihg greywacke-conglomeracte seguence

of Upper Ordovician-Lower Silurfan age overlies the

Caradocian shale. Although the sequence 1s dfvisible into
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two units, Sansom: Greywacke overlain by the Coldson

Conglomerate, ' the% egsentially reﬁreaent different
lithofacies of the ;ame depositional eg;bode.

The Sansom 3 Creywacke is, characterised by
thickly—-bedded ;renaceous : units, R -although . basal

B 7
argillaceous horizons are prominent in the more westerly

localitlesﬁl Turbidicte dépositién is 1Indicated by scour

channels, convolute bedding, and slump and latraformational

‘breccias.

v

The Goldson Formation is.present only in eastern NDB,

with coralline fossils (Favosites, Halysites) indicating a

Lower Stlurian age. Massive, poorly-bedded Aong}omerates

iuith pluLonic, sedimentary and lifmestone clasrs are
characteristic, the latter suggesting the development of a
reef syscem 1nlthe shallowing -waters §f the basin. Minor
limy shale, \Agkillite and gandstone oceur at fome
localities. -
Thi{s shallow water deposit marks the {nfilling of the
“Caradoc basin"  and denotés the final degradaction of the

{sland arc ‘system of <dentral "Newfoundland (Ribbard and

Williams, 1979).

On New World Island (Fig. l.1) the flysch, black
shale and bunnage Mélange are suggested by McKerrow and

Cocks (1977) to be Kért of a Bingle etratigraphic ‘trench

£111" Bsequence. They ‘tncerpret the Sansom and Goldsan

"Groups” as an olistostrome and coarse-grained ax{al
) : )
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channel (faclep respectively, bo:h.fdrﬁed on the margin of
.the Nd;zﬁ American continent . prior to the _ clqsqre of
lapetus. Contrary to other publicattons (Dean, 1?78; Dean.
- and Strong, 1975; Strong, 19773 ‘ Williams, 1979),’they
sugéebt a IHiddle' Devonian time of <closure, using both
f#unal differences and ;he“ exiétence of "calc-alkaline"
volcanics (post-Caradocian volcanlcs as wused here) In
Newfoun&land, the Mari{times and Scotland as evibedce.
Williame (1979) suggests that the Reach Fault (Letueen New
World Island and the mainlané) 18 not the suture zone for
the Aclosure of Lapetus, as~suggestéd by McKerrow and Cocks

(1977), but rather it represents the positrion of a local

basin of deposition.

.
—_—

5.2.5 POST-CARADOCIAN VOLCANISHM
A resurgence of volcanic activity in the CVB occurred
fmmediateky after the ‘deposition .of - the chert-black
shale-fljsch sequence. It can be divided into three belts:
a) a central belt, known as the Roberts

Arm-Buchans=-Chanceport - Belt, dominaced by marine

lithologtes

b) two bounding belts, referred to as the Springdale

1

i .
Bele 1in the west and the .Botwood Belt 1in the east,

dominated by subaerial deposifu. - o




-

33 Roberts Arm-Buchans-Chanceport Belt: The base Qf each

S

group 18 marked by either an olistostrome or mafic-felsic

>

volcanics. Blocks of _volcanic rocks, conglomerate,
greywacke and limestone set {n an argillaceous mstrix

comprise the olistostrome, which probably resulted from

efther insctablilicy caused by <che renewal of volcanism

(Deap,|1978), or movement on the favlts bounding the
basin(s) of deposition (Arnmorc, 1983).
An overlying. sedimentary wunit, composed of slate,

-

greywacke, sandstone, tuff ‘and chert horizons wlith ainor
la;as, is ?8pped by a volcanic assemblage of pillow lavas,
agglomerates and cuffs. In most cases felsic volcanics are
more abundant towards the top and locally~developed
ignimbrites suggest subaerial conditions of depqsltlon for
some of the younger llthologiés.
The important polymetallic sulphide deposits at
Buchans are hoaceqiﬁy rocks,éf the Buchans Group (Thurlow
t al., 1975) of probable -middle Ordovicfan to early

Silurian age (Bell and Blenkinsop, 1981; Bostock, 1978).
Nowlan (unpub. e1nforma|:'ion) did retrieve middle Ordovician
cpno&onts from a 11me§tdne clast of a sedimentary unft in
Lhé Buchans Group but the fact <that {t 18 a clast

{ntroduces doubt for ‘lts significance with respect to the-

age of the Buchans Group.




b) Botwood and Springdale Belts: A lowermost sequence of

alternacing msubaerial mafic-eilfcic lavas and pyroclastics,
with {nterbedded red clastic sedimentary Hhorizons, i1s an
esaenilal characteristic of each belt, A red, ciastic
sedimentary unic overl{es all lithologies of the Botwood
Belt but occurﬁ‘only in the upper parts of the Springdale
Group in the Springdale Belt., Ignimbritic Ivolcanica, as
well as cross bedding, ripple marks and mud cracks in the
clastie lithologles, testlfy to a shallow uéter environment
of deposition, ‘

A marine seﬁuence of lithologies, the VLong Tickle
Formation- of the (utwell Group (Kean, 1973), primarily
"consisting of {nterfingering lavag, agglomérate, tuff and

. . .

limestone, is  also correlated with rocks in the sybaerial

Springdale-BelL (Dean, 1978).

2,3 DISCUSSION OF THE LITHOLOGIC AND METALLOGENIC EVOLUTION

OF TRE CVB
Figure 2.1 18 a summary of the '"typlcal" sctracigraphic
succeseion 1in the CVB: an ophiolite (oceanic) basemenr 1is

overlain by two volcanic Bsequences, the latter beling

separated - by a monotonous chert-black shale=flysch

~

sequence.
At Betts Cove, Upadhyay (1973) docuﬁented a8 change
froam tholeiitfc o calc-alkaline volcanism with a

conformable progression into the overlying 1island arc

Dean and Strong (1975) expanded this idea to

lithologies.




'propase a model, which {8 now generally accepted, of
calc-a;kaline volcantcs qverlying <thalellitic oceanlc
basement. The younger volcgnic gequence, which post-datex to.
continent-arc collisfon, 1s less eés(ly gxplained gn&
volcanism {n a subduction (c;lc~alkaltne) or rifc-type
environment i; possible (Arnott, 1983; Th;rlow, 1981 a,b);
It'has been‘qoted that the mineralogy of the sulphlde
depostits 1in _Neufoundlandl changes with the cqmpoutt(on of
the host rocks (Stephens et gi;, in press; Swinden and
Thorpe, 1in press), the NDB deposits (eg. Rambler)~haviny
less Zn and Pb'thanythoee\depoetts {n central (Tulks HULll)
and southern (S;;tckland) Newfoundland. This change (n
minéralogy corresponds to a change in host rock composltlohn
ftom( wmafic-dominated in NDB to felsic-dominated {n central
and southern Newfoundland. Hutchinson (1980) proposed cthat
the mineralogy of sulphide deposits 1is a reflectfon of
their cecténiC'gnv{ronment: mlneraitsation in §phlolttlc
rocks, generated near spreading centres, has 3 relatctively
gsimple mineralégy (chalcopyrite-pyrite), whereas depostts
tn primitive {island arcs are Cu-Zn rich. Deposits wlthtn
the mature parts of the same {sland arc tend to Qg richer
in Zn and Pb: a mixture of rifring and subducrion _
volcanigm {8 common tn these eqvtronmengﬂ, a fac; noted by
Cathlese—et al. (1983) for the Kuroko ‘deposits. The change
.1n mineralisacfon from ¢the baaéuent {nto pre-Caradoctian
volcanle rocks o('NBB suggest that the tectontic envlronment.
may be a control on the type of minetallsqtton. This

< —
S




1mplies. that the tectonic environment at Tulks Hill, which

has a Cu-Zn (-Pb) mineralogy, was dominated by a primitive

arc, possibly with locally-developed rifring to account for

-

-

the Pb in the'deposit.

. —

Mineral{satlon {n the poat—Ca}adoclan volcanic
sequences, which {8 dtistinctly bolymetalllc bht 1ocailsgd
{n {ts df{str{bucton (eg. Buchans, .Pilleys Igland), 1is’
suggestive of a mature {sland arc environment with
‘agsocfated rifting. Both Thurlow (i981 a,b) and Sctrong
(1973) have suggested that the poat—Caradocian.volcanlc
rocks were gknerated {n an ialaﬁd arc setting, and Arnott
(1983)- has suggested ¢cthat rifring*’ was dimportant in

’ !

post-CaFadoctsn c(mes.f,ri therefore_heems likely that the

post-Caradoctlan mineralisation was generated in a rifted,

mature arc.,
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CHAPTER 3

VICTORIA LAKE GROUP

}.1 INTRODUCTION

The host rocks to the Tulks Hill deposit are the
roria Lake Group (VLG; Kean, 1977b). It is an
emblage of volcanic and epiclastic rocks in central
oundland that crops out in a narrow, linear belt from
George IV Lake through to Grand Falls (Fig. 3.1), a
ance of approximately 175km, Conodonts of
virn-Llandeilo age, retrieved from a limestone horizon
%ﬁﬂ upper portions of the VLG (Keano and Jayasinghe,
), suggest that the VLG is correlative with
‘_E@ra&ocian volcanic rocks 1in Notre Dame Bay (Chapter
Model ages for Pb isotope data obtained for the Tulks
deposit suggest an age of 400-412 Ma for the Group
:  nden and Thorpe, in press): this age is too young
the VLG is known to underlie a Caradocian—age black
e and the conodont age is preferred.

The following generalised description of lithologies,
tigraphy and structural relationships is cowpiled from
ning et al., (1982), Herd and Dunning (1979), Jayasinghe
9), Kean (1976, 1977a, 1977b, 1978, 1979) Kean and

singhe (1980, 1981), Kean and Mercer (1978) and Mercer
8).




Figure 3.l

.

: Area of outcrop of the Victoria Lake Group;
volcanic rocks predominate in the southwest, whereas

‘eplclastic rocks. predominate in the northeast, Some

of- the place names and pgeographic and geologlic
entities are referred to {In Chapters 1-3. The
Harbour 'Round Formation (see text) has a limited area
of outcrop to ‘the {mmediate east of Red Indian Lake,
but for reasons of scale cannot be fncluded on this
map [see Kean, 1977a and 1978 for a detalled map of
the outcrop of the HarBour Round Formation).
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3.2 GENERAL GEOLOGY

A tentative correlatfon chart for - the various nmap

areas contafning all ‘or portions of the VLG is shown in

F‘igure 3.2, Younging directions are seldom seen and it fs
only (nferred chat the siliciec rocks overliie the maffc
.rqcks. Thg daghed lines are not {sochrons but connect’
similar lithologies - or related facfes. The thicknee‘e o"fl
these unics is difficult to determine because of faullr.e_d
contacts, poor outcrop, structural complexities and
lithological -a_lmilarity between and within units.

‘I‘w'o intrusive rock types are found: a)\ composite
plutons ‘comprising varible amounts of gabbro, diorite,
granodiorice, qimrtz—monzonite an& quarrz porphyry, and b)
medium to. flne-gtainedlgabbro-dior[te. . Both varieties of
plutons have elliptical -or ‘linear outcrop patterns,
‘suggesting post= or syn-tectoni¢c perlods 'o‘f intrusion
Arespectively. Some of these plutons fntrude the VLG and
~are thought _ to represent the sub-surface feeders to the

volcanic rocks of the VLG (Jayasinghe, 1979; Kean, 1978;

Kean and Mercer, 1978; Mercer, 1978)

3.3 STRATICRAPHY

An arbitrary two-fold lithological dlvisgion of the
Group {s made as follows:

a) dominant]ly malrine ¢dlastic sediments in the
northeast outcrop area,

b) dominantly volcanic-pyroclastic lithologies 1in the




Figure®3.2: Tentative correlation chart for the Viccor{a Lake
Group. The dashed llnes connect similar lfthologles
or related facles. See text for references used In
compilacion.
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: ' |
gouthwest outcrop area, |
An approximate common boundary Ibetwqen these twoO
g%oupa may be drawn between the Lake Ambrose (east) and
Buchanalmap sheetg (seé Fig. 3.2). .

3.3.1 NORTHEAST OUTCROP AREA

; , i
! Slates, siltstones, sandstones and: greywackes, with

minot- Interbeds of chert, red argillice and rare bastic

‘'volcanice, characterise the Group in this area. Locally,

conglomerate horizons and® minor intermedfate to felaic

flows and agglomerates are present (Kean aﬁd Mercer, 1978).,

A eingle 1limestdhe horfzon, exposed near the top of the

sequence {in - <the Badger map area, contains

’

Llanvirn-Llandeilo age conodonts (Kean and Jayasinghe,

» -

1980, 1981).

Sharp erosifonal bases and tops ‘are assoclated u;cﬂ
. full or partial Bouma sequences within the clastic
sedimencary units. - Numerous localised sedimentary
atruct;res Help to i{dentify younging directions but the

poor outcrop and repetitive lithological similarity hinders

>y

reglonal stratigrgphic .interpretations.

N

In the Noel PaJijs Brook region the VLG is

v : ] '
.progressively .metamorphosed towards the southeast wvhere
phyllites, schists and gnelsses replace the typical
g}eywacke—siltscone—chett sequence Gith - increasing

proximity to a granite-gneiss terrane (Jayasinghe, 1379).
/ '

-

A black shale, similar to that outcropping in NDB
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(Chapter 2). ‘overlies the VLG “in central Newfoundland but
its accurate delineattion, mainly” tﬁrough geophysics, {8
hampered: By {nterbedded greywacke, siltstone and chert

which interfere with the geophysfcal =<signal. Caradocf{an

graptolites within the shale confirm the pre-Caradoc age of

the un@erly?ng Victoria Lake Group. In Figure 3.2 the
Caradoctian. black shale and the _overlying
greywacke-conglomerate sequence 'is not included within "the
VLG, princgipally because of afratigraphic correlatfons with
the Caradocian black shale and overlying flysch dep;slts {n
NDB (cf. Kean aad Mercer, 1978). A~ simtlar, but.

apparently unfossiliferous, black shale {n the Noel Paul’s

Brook region 1s also correlated with the Caradoctan shale

outcropping {n the Grand Falls region.
3.3.2 SOUTHWEST OUTCROP AREA

Quartz-tich silicic rocks of rhyodacite composlition,
typlcally coarse pyroclastic breccias and crystal—ltfhic
tuffs, ére the \most cmmwnh 11Fhologies, altﬁodig
magsive flows and fine-grained tuffacagus rocké also occur,

(Kean, 1976, 1977a, 1977b, 1978).

_Mafic to Intermediate flowé, agglomerates and tuffs

—

are sporadically developed in_ the Star Lake (east) and
Victoria Lake areas, Cypically'occurring as Ilntcercalations
within the sflfcic rocks (Kean, 1976, 1978). In the Lake
Ambrose (west) area however, more extensive

mafic-intermediate horizons occur (Kean, 1977a). Interbeds

o,




(8}

{
of tuffeceous greywacke, sandstone, siltstone and black

shal_e " are pregent, partlic;xlarly in the Victorig Lake area
(Xean, 1976). Simil_ar rock ’l:ypes outcrop In the KXing
George IV and. .lLake Ambrose (-east) mAap‘areas (Kean, 1978;
:Kean-a>nd -Jayasinghe', 1981) ¢

Altered mafic pillow lavas -a‘;e faulted against the "
sufpnsed ba.sement (Annieopsquotch ophiolite) 1n>_ the
Vlct;,oria Lake region. If these ‘pillo; lavas mark the ba;;e
ofl the VLG tt proQiden a b?sis for suggesting a tentative

—

correlatfon of the VLG with the pre-Caradociao volcanics of
) .

NDB, le. the - mafic rocks L£n the Victorla Lake area are

eguivalent to the Snooks Arm Group, fB8r example, the latter

confo_rn{;bly overlying the Betts Cove ophiolite (Chapter 2).

<

3.4 STRUCTURAL STYLE OF THE VIC'TORIA.LAKE:CROUP

All l:ichologie'a of the VLG, exclud'ing some- of the
1Inzrusilo,ns ‘(Kean, 1976), possess a schistosity subparallel
to the beddfng (Herd and Dunntng, -1979).‘ It strikes
parallel to the trend of the:belt (NE-SW) =and dilps steeply
to't?_\e norfh:aest. A.

Rarely, distinect wély"-up and cleavagefbet'iding
relationships can be defined and the units young- to tﬁe
northwest and "l.z:tgef‘scale" tight to 1so6clinal folding 1is -
inferred _(Kean, 1976, 19773 Mercer, 1978),  Faulcs

parallel” to the ©beds, associated with the probable

isoclinal folding, are thought to be commonplace, although

e
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it 1is dif‘flcult 'te‘_:'/ document the amount and direction of
displacenment (Kean, 1976).

T};ie d'eiormatioln style and the ‘accompanying
green?ghﬁst grade of metamorphism are very .typtcal of the
.VLG and serve to disttngulsh it from 'thé overly{ing Buchans

Group (Kean and 'Jayasinghe, 1980).

3.5 RELATIONSHIPS OF THE VLG TO THE BASEMENT.

The VLG is probably correlative with the

pre-Caradoctan volcanics of NDB (Kean et al., 1981) which

implies an oéveani.'c_ crustal .asement (see Chapter 2).
Possible ophlolttic basement outcrope tn .the-King GeOI;.‘ge v
and Noel Paul’s Broog map sheet areas, although tﬁe
contacts are either faulted 5: unexposed (Jayasinghe, 1979;
Xean and Jayasinghe, 1981). Hedium-gratned. gab‘bro,
cumulate pyroxenite, .;md " minor dlorite ocecur fn the Noel
Paul'szrvo‘ok area (Fig.,‘ 3,2), although tntense de‘fornmtlon
. and alteration has converted the ortginal pyroxenes to
amphiboles (Jayastngﬂe, 1979), 1In the King George 1V map
area sheeted dykes,. pillow lavas and gabbro occur, probably
representing the upper portions of the oceanlc crualtal
basement (Kean and Jayasinghe, 1981). o ’

The Cormacks Lake Complex (Klr'\g George IV area)’ ‘nAy
represent Crenvikle age continental basement (Herd and
Dunning, 1979). 1t consgists of polydeformed bioti{te

gneise, guartzite, amphibolite, mlcn"-achtat, calc-silicate
. P .
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nits and a foliated granite. Garnets, pyrite and
u

magnetite are also sporadically developed. Multiple

deformation patterns suggest that the complex is older than

the less deformed ophiolitic material aand it 1is therefore

{nterpreted by Herd and Dunning (1979) to be a raft of

Precambrian continental crust.

Amphibolite—grade metamorphic rocks mark the base of
the VLG in parts of the Noel Paul’s Brook, Lake Ambrose
(east) and King George IV map areas (Kean and Jayasinghe,
1980, 1981) but are interpreted to represent
locally-developed prograde metamorphilc equivalents of VLG
lithologies rather than basement; a lack of polyphase
deformations distinguishes these rocks from the Cormacks

Lake Complex.

3.6 ROCKS OVERLYING THE VLG

3.6.1 TALLY POND GROUP

The Tally Pond Group is probably the overlying
lithological wunit in the Badger, Noel Paul’s Brook, Grand
Falls (west) and Lake Ambrose (west) map sheet areas (Fig.
3.2). Fine—-grained clastic and volcanogenic sediments,
overlain by mafic pillow lavas, flows, and breccias, with
intercalated felsic flows and pyroclastics, crop out 1in the
type area (Lake Ambrose (west)). Laminated siltstones, red
chert and shales are interbedded with the volcanics.

Mafic to intermediate flows, breccias and tuffs with

i ‘
Aterbedded siltstones and greywacke, which crop out in the




Grand Falls (ueét) and Noel Paul'b,'.lrook \ reglons
(Jayasinghe, 1979; Kean and Mercer, 1978) which are also
referred to as the'Tally Pond Group; although Jaygslnghé
(1979) does not use the term “"Tally Pond" for the units {n
the N;el,Paul's Brook reglon, the stml}artt9 {n lithology
suggesis .a prob;ble equivalence with those {n the type
ares. In the Noel Paul’s Brook regton felalec rocks of the

Tally Pond Group are (ntercalated with the VLG suggesting

that the base~of:the'Tally Pond Group'-ka dlachronous and

that ‘{ts lowest members are equivalent to Lhe‘uppermoac

portions of the VLG.
3.6,2 HARBOUR ROUND FORMATION

Finely-laminated grey-green stltsctone, red s{lt.tone
and Ichert, and aoinor mafle tuffaceous rocks cons{ltute t;;
Harbour Round Formatdion (Fig. 3.2). It has a itmlted
outcrop distribution and (s present only in the Star Lake
(east) and Lake Ambrose (west) .map " areas (Kean, 1977a,
"1978) . No 'contact relationships are seen with the
underlying VLG. Younger rocks in the Lake Ambrosé (east)
area are separated from the VLG by ;embera of the Tallyl
Pond Group augﬁestlng that the Harbour Round .Formatlon is
atfatigraphically equtv;lén: to the Tally Pond Group.

The southwestern extremi{ty of the area hags no outcrops
of Harbour Round Pormation. Instead, the Silurian(?)
polymict Rogerson Lake conglomerate probably oveiiiea the

Victor{a Lake Group (Keen, 1983; Kean and Jayasinghe,
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1981) sugpesting uplift'and erosion, and/or non-deposition,

of post-Caradocian rotks in this area.

3.7 LITHOLOGICAL COMPARISONS WITH THE ROCKS OF NOTRE DAME

BAY

¢

“A Caradocian black shale in both central Newf'gundland
and NDB suggeeés a connection. of the two areas {n miadle
Ordovici;n timeg. Pre-Caradocian lithological sequences in
the two areas are, hou;ver, quite different: there {8 a
relative abundance of felsic pyroclastics and volcanics 1in
the southern porti;ns of the VLG uﬁéch may, in part, be

_—

related to a difference in the basement type. It has been

~euggested (Colman-Sadd, 1%980; Swinden, 1982; Swinden and

Thorpe, in press) that continental crust may have played a
more . significant role 1in determ}ning the magma type 1n
central and southe;n Newfoundland, the felsic_‘ maémas
possibly befng generated by crustal agssimilation and/or
palingenesis. 1In south central Newfoundland _the Cbrmacka
Lake Complex 1is .an obvious candidate as evidence of such
continental crust. ‘It is interesting to note <that mno

)

outcroﬁs of Cormacks Lake equivalents are found in Netre

Dame Bay.

3.8 SUMMARY, ANTERPRETATION AND STYLE OF MINERALISATION 1IN

THE VLG

Two lithological facies comprise the 1linear belt of

tocks known as the Victoria lLake Group: felsic volcanic
¥




and pyroclastic rocks predominacte in the aouthwest uﬂereas
epiclasclc, gsedlmentary to;ks sutcrop fn che northeast.
Carad&clag age graptolices within the oVérlying black shale
confirm che pre—Carad;cian age of the VLG and pherefore
correlate the Group with the pre-Caradocian voicantc rocks
of NDB fChapter,Z).

Basement relapionships are not clear-cut and both
oceanic (Annieopsquotch ophiolfte) and continental

(Cormacks Lake Complex) crustal basement arve posslible;

this separates the evolution -of the VLG from- the
stratigraphically equivalent 1lithologles 'In NDB. Pb
isotope data’ (Sulhden' and Thorpe, In press) favour
continental crustal involvement durlﬁg magma genestis. An

unusual tectonic environment {8 therefore reqguired to
explain the chapge in volcanigm to the south of NDB; one.
such environment involves the transgression of island arc

volcanism across a continenta)]l boundary, as suggested- by

Swinden and Thorpe ({n press; see Fig. 3.3).

A}

Hineyalisation within the VLG also reflects the change
in both tge style of magma geqeeta and the related volcanic
rocks; volcanogenic massive ;ulphide deposits in central
and sqQuthern Newfoundland have locreased proportions of Zn
and Pb relative to Cu, a fe;ture that is thought :;

ieflqct an increased involvement of <continental crustc

(Stephens et al., 1983;. Swinden and Thorpe, in press).




Figure 3.3: Island arc migracion across a2 continental

boundary. This tecconfc dinterpretation has Dbeen
suggested by Swinden and Thorpe (in press) to explain
the abundance of felsic volcanic rocks, increased Zn
and Pb contents of volcanogenic massive sulphide
deposits 1in central and southern Neufoundland,and
changes in Pb igotope values (redrawn). :
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CHAPTER 4 °

THE GEOLOGY AND PETROGRAPHY OF THE TULKS HILL ROCKS

e

4.1 INTRODUCTION

+ The fulks H{ll rtocka crop >oqt {n the Dunnage
ﬁectonoetretigraphic zone of the Appalachf{ans (W{lliams,
1979) and more specifically within the Star Lake (east) map
sheet (ké;n, 19785. They are part of the southwest portion

>

of the VLG in which felsic volcanics -and pyroclastics are

dominant.

4.2 GENERAL STATEMENT

Table 4.1 compares the unit names used in this study
with those of Cooper (1968):. Cooper’'s geologlical map 1s
too generaliased fof the present study and was useg only as
a topographté and outcrop-location map. Maps of . the
surface (révtged) and underground (new) geology can> ﬁe
found 1in the baékﬂ pocket of this thesis (Maps } and 2,
respectively). -

In this chapter the geology and petrography of the
Tulks Hlli' rocks are describéd and {(nterpreted. The
sulphides of the "mineralfsed hortzon" (see Pig. 4.l) .are
d{sculaqd in Chapter 5.

7,
4.3 ROCK DESCRIPTIONS % -

Table 4.2 sBummarises the primary and secondary
) ’ 7

mineralogy of the 11 .rock types that crop out at Tulks

.
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Table 4.1 : Unit names used in this study

and by Cooper (1968)

-

THIS STUDY

.

.COOPER (1968)

Quartz crystal tuff
- Large quartz crystal tuff

Quartz crystal ‘_L.u'ff,.:__. ]
Blotite quartz crystal tuff
Rhyolitic breccia

Iron formation

Iron-formation
Siliceous stockwork
Black shale

Not recsgni;ed

Not recognised

Not recognised
Mafic dyke

Quartz veins

Sericitic acid volcnnicn'

Porphyritic chloritlc acld
_volecanlics

Blotitic acld volcantca

Fragmental acld volcanics

? Non porphyritlc . chlorltic

acid volcanfcs

Interm¢diate volcantces

Pyritic acid volcanfces

Black slate

Mvtaconglomerate

Black chert brecclia
Mecasiltstone breccia
Diabasc dyke

Quartz velins




IRON ?ORHATION
TﬁFFACEous CHERT
MINERALléﬁn HORTZON
STOCKWORK ALTERATION

FOOTWALL VOLCANICS : Quartz crystal tuff
Rhyolite breccta

, . 5 rhyolite flows
P RAVEN RHYOLI?E : (Black shale)

Flgure 4.1 :Tentative stratigraphy for Tulks Hill.




Table 4.2

: Summary of the primary and secondary mineralogy
of the 11 rock types that outcrop at Tulks Hill

PRIMARY SECONDARY j

Rock type Matrix Phenocrysts Phenocrysts Matrix Conments
Quartz Qtz Gtz  2mm) Chl;Ser Some lithic clasts
crystal tuft Ab ab > Ep

Bi—— 3 Ser:{hl
Large-quart: Gtz Orz ( 2mm) Qtz Porphyritic rhsulite
crystal Chl-Ser lithic clasts
turf Ab > ChliBis Ep Graded alb.te teus

Qrz Ab
Hem —————— Pyt
\B1otite~quartz itz Qe Ser Lithic clasts
lcrygtal Bi abil) Ah ——————— Ser.Bi
tukbt Kspari ') Bi{?!)—————— Chl
Llhglis {1tz ez Ser,farb Secondary Micrezcline
jenriched Bi > Uhl SUrrounds sericitic
rhvolite Ab Microcline alteratios
dltered Qrz Gtz Ser, LIl
[rhvelice Bi Carbh, Qrz
(Zrea) (Al Y ———> Car,Chi

Velcanie jtz Quz Qe Chequersoard albite
nreccla Ab(!) Al 1) =——————> Sar,8p Ser-chl in matrix

Kspar ——————3 Ser Bi Ppssible primary albite

LR Tl e Ak in rravmante

2 ~—3 Ch! e n frapments

8¢



Table 4.2 (contd)

Chloritic Chl Post-deiormational
Stockwork 7 s ? (Qez) mus covite
{Zren) {Ser)
Carb
Pyt-cp-sph
Siliceous Qtz Fdspar(?)————>Carb,ep Qrz,ser, Detormation destroys
stockwork Fdspar!?) Qrz{?) qtz carb,ep eriginal paragenetic,
pyt-cp-sph senuence
(Zren) Bi > Chi
Hem €&——— Pyt
Turtaceous Qcz Qtz Qtz-chl-pvt High M
chart Turt >» ser,chl High ¥a.0
Zren carb §
{Barite?) Ab >Ep.qtz
lron itz Zren Ntz Gtz-Fechl- bequerticard albite
Iormation 81 Apte ab —»Yer,ep pyt-carb ! cnlerite types
{ab) {Carb?) | Bi > Chl Ser
Sid.
Abbreviations : Qtz : quartz Ab : Albite Kspar : K-feldspar
Fdspar : feldspar Carb : Carbonate Pyt : Pyrite
Zrcen : Zircon Ep : Epidote
Bi : Biotite Sid : Siderite
Apte : Apatite Ser : Sericite
Cnl : Chlorite Hem : Hematite
Cp : Chalcopyrite Sph : Sphalerite

6t
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4.3.1 VOLCANIC ROCKS o )
Even though 1nten§e deformation and hydrochermal

“«

alteration have transformed the majority of the volcantic

rocks 1nto "quartz-eye" ser{cite-achists, volcenic features

are still recognised. For example, virtually -all quartz,

feldspar and biotite‘cryﬁtals are hroken, fractured and,

(W

locally, \exhivit graded bedding (Plate 4.1). Also, coarsge

rhyolite breccias are interbedded with these schists, ana

many rf the quartz crystals within both the rhyolites and

the pyroclastic units have regorption -margins. and/or

bipyramidal shapes (high temperature beta quartz) typical

Z .

of volcanic rocks (Platehk.Z).

A fine—ﬁrained fglsic'ﬁatrix {s common to all rock
types. Albite ts the domlnqnt- €eldspar, 1t;n pure
composition suggesting a secondary hydrothermal re;lncemén;

origin (see Chapter 8 and sectfon 4.4.2.2.1).

R S buartz-aericite-chlonlce crystal tuff

This 18 the dominant lichology ar Tulks HLll
({néluding 1t’s subgroupa) OCCUrrfng bofh as indlvidual
unics and as a ﬁatrix component Lo rh;qkite breccias kHap
). Alteration to siliceous stockwork, with accompanying

iron stainjng, (8 asporadically developed,

— . A bleached, grey-whicte veathering colour is

e )




Plate 4.1: Graded beds of albite within the large quartz
crystal tuff. Field of view 2mm x l.5mm (12x
magnification).

4 (‘z'
T

N

T SR T L e by T
L B R R
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- o e 7

! - RN

EElate 4.2

High temperature (beta) quartz typical of

vVvolcanic rocks. Recrystallisation of the
central portion of the crystal Clapi1xi) is
noteworthy. Sericite and quartz comprise the
matrix. Field of view 2mm x 1.5mm (12x

magnification).

41
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distinctive (Pla‘te 4.,3), with iocally—develbped green
patches of ' chloritie alterxatfon (Plate 4.64)., Quartz
phenocrysts ( <2mm.) and a ;‘aromlner.u schistosity,
_reflecting the abuandance of fine-grained ‘- sericite and
.chlortte, are char‘éc-ce;iljscic features of the outcrop.
Feldspar phenocyyscts, although preéent_ in thin sectiom, "are
not distince in the han‘d sample. -

Both tjecrystailised anhedral, and straln-frea
bipyramidal quartz, are present, Albicte cryscals (approx.
2om In length) are both bto‘klen and whole, and locally have
thelr long axes oriented subparallel to the Sl fabric
(Chapter 9); discontinuous, . dagger-like twinnjing ls a

. °
typical feature of some ‘albite crystals (Plate 4.5)..
Chloritised biotite phenocrysts are ‘similarly orfented and,

Ui

locally, have a rim of iron oxide. A oatrix of
~fine-grained quarcz, albite and chloritlsedl. blotité s
typlcal.

— "'A lack of discinct silica banding and heavy {ron oxide

_stains, as well as smaller quartz phenocrysts, distinguish

this rock from the siliceous stockwork and the large-quartz

cr’ystal‘-tuif, respectively.

i L . - —— . 3
- Two sudb-units are ildentifled:
. . '

) R A .
4,3.141.1 Large-Quartz Crystal Tuff

lts beat development ‘18 i{n the southern part of Tulka H{ll
7 where it. is 1interbedded with rhyol{te breccias and

flows(?), quartz crystal tuffs and {ron formation ().up 1).




Pinte

4.3: Quartz—sericite—chlorite crystal tuff.
Abundant quartz phenocrysts, a grey weathering
colour and a prominent schistosity are
characteristic. Sharpener is approx. 3.5 cm,
long.

L S el

4 .4 ; Chloritic alteration within the

quartz—sericite—chlorite crystal tuff.

Hammer
is approx. 33 cm. long.

43
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Plate 4.5:

44
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Photomicrograph of dagger—like twinning in

secondary albite. Associated minerals include
calcite, sericite, recrystallised quartz and
green chlorite. Field of view O.lmm x 0.07mm

(25x magnification).

Bl ate 4.6 :

Two fragments of large quartz crystal tuff

within a similar rock matrix. Note the large,
Erey coloured quartsz phenocrysts within the
sericitised fragments. Pencil is approx. 12
Cm. long and is aligned subparallel to the Sl

schiscosity.
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Gradational relattonéhipe ‘with the quartz crystalltuffe_gre
common and ‘conséquently the thickness 15‘ difficult to
determine. Alteration to siliceous stockwork is vaJlably
developed 1n the southern outerop; the boundary between
the altered and unaltered rock 1s distinct and the limits
of the alterafion are easfly m;ppEG.. Siﬁilar’alteration io
the northern part of- Tﬁlys Hill {s less d{stinct and a

.pacchwork outcrop pattern {s produeced., Included vféagments
of porphyritic rhyolite and the iargefquartz crystal tuff
{taelf'are locally de;elOped distinctive variations ' (Plate
4.6).

Large, rounded,'klaa;y"quar;z phenocrysts ( => 2nm,)

distinguish this sub-unit from the other quartz crystal

tuffs., Most phenocrysts are internally strained but not

recrystallised. Quartz overgrowths on smaller (< 2 mm.)

quartz phenocrysts {invariably contalin raddomly oxiented

sericite _ inclusions. The overgrowth 1ig 1n optical

continulty with the host phenocryst and is approximately
D.;mm.\ -thick (Plate »&.7){ Fin;-grained ' quartz, with ‘ -
seric;ce—muscovice and chlorite, comprise the ‘matrix. A -
fébr{p occurs only when theg component of plhty'ﬁinerals is

greater than the qu;rtz éomp nent; 1f the reverse occurs

then the chlorite and sericity are aligned along the quartz

grain bdboundaries,

‘e

. ‘Graded beds of randomly oriented albite and’ winor
quartz crystals (lmm. diameter), in a reduced matrix of
fine-grained quarcz, chlorite ‘aund epidote; are locally

.
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Photomicrograph showing a quartz overgrowth

on a high temperature (beta) quartz phenocryst.
Chlorite, recrystallised quartz and
locally—developed calcite, comprise the matrix.
Field of view O.lmm X O.07mm (25x%

magnification).

' 'P 1 -
\ dte 4 .8: Photomicrograph of fine—grained secondary

micr0911ne in the alkali—-enriched Raven
rhyolite. Twinning is poorly developed. 125x

magnification.




N

developed '(%lnte 4,1). Commonly, the overlying wunit
constste of flner-grained quartz, with =minor phenocryst
material.  Albite-rich lp-up <c¢lasts may be -presenr in
these overlying untcs.

Epido:;, zircoé, carfﬁhate and {ron oxide are common
accessory minerals. A

a

4.3.1.1.2\Bio§1ce—Quar£z Crystal Tuff

A btoéitefrtch unlt {8 locally developed in the aorthwest
parf ;f Tulks H{ll (Map 1). It 1s ‘thought to‘be.a
hydrothermally altered, facie;'variation of thev adjaceﬁt
lichologles, viz. rhyoli{te breccta, quarf: crystal tuff
nnd-large—quartz ctxstal‘ttff. Its southern coptact {8 not
exposed; however, towards the norfhk it grades 1n£o &
chlortttic quqrtz eryatal - tuff. It hasg a ﬁinimqn width of

10m. but 1trse lateral extent is unknown,

Abundaat, fresh-looking biotire and a khaki-brown

uedchettng colour distinguish this rock from the guartz

\

crystal tuff; quartiwgnd albice phedocrysts however, have
similar ctextural f:haraétertetlcd te the latrer. Sericite
,occurs as a matrix cononent,and ag a dugting to the albflte
phénocryacﬁ. Locaily, the albitel coantains quarte

inclusions. Hythekitically 'Lntergrbun,,plagtbclas% and

quartz occur as the only lithic¢ fragments.:
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4.3.1.2 Massive felsic volcanic rocks ("rhyolites")

Any massive felsic volcanic rock at Tulks Hill is
referred to as rhyolite (here and throughout the thesis).
Three sub—types are identified on the basis of their
alteration: alkali-enriched, bleached and
chloritised—sericitised. The last two sub—types are
combined under the generalised term of "altered rhyolite”.
This subdivision is for convenience only and is not meant
to imply that the alkali-enriched rhyolite 1s fresh.

Rhyolite crops out in the northern part of Tulks Hill,
herein named the Raven rhyolite, in both underground and
surface exposures and as smaller outcrops (uonamed) of
flows(?) interbedded with pyroclastic rocks in the southern
part of the map area (Maps 1 and 2). Lithological
characteristics are similar in the two occurrences but
because of chemical and genetic considerations they are
treated separately (Chapters 6 and 10).

Aphanitic rhyolite is most common. In general, mafic
minerals and quartz and feldspar phenocrysts are poorly

developed. The matrix is fine-grained quartz and

€Onsequently textural features are invisible to the mnaked

e ~
ye In 2all cases the lack of a distinct fabric is

chara :
Cteristic. Parts of the Raven rhyolite, however, are

8tron
8ly schistose in zones that are thought to represent

discrete faults (Chapter 9).




-
[

4,3,1,2,1 Alkali-enriched rhyolite : - S

Hand gamples hrg masgive and are coloured grey, orange ¢to
off-white or pale green. Bleéchiﬁg (as defined below) 1is

mptnimal although chlorice, sericlte and quartz veinlets may

occur.,

Y

Well-developed jotnting-and a wide exposure (> 15m.)

dist tngulsh the 'alkaiifenriched‘-porcion of the Raven
rhyolif; (Map 2). Poér;aurface'expoabre does not -peroft
lcs »accufaten delineation tql‘the east and west, although
topbgraphic‘éonaidenééionslsuggesF; that ite lateral extent

v

is 6&ninal.

'Quartz pﬁenocryats, carbon;té and/or .quartz vetn}etﬁ,
with or without Pyrice—chalcopyrlte minergltsation, are
loéally developed. vFeldspar phenocryste are rare. In hand

samples. In thi{n section, microcline overgrows a mixed

assemblage of sericite and/or carbonate, Dbut {8 only

visible at high _ﬁagntflcatlon. Microcline has a cloﬁdy“_

appearance th plane polariged 1light and ' dtsttncti@é
twinning 1is poorly developed (élate 4.8).

- Surface exposuresg of the alkalt~;nr1ched rhyolite are
intetbedded with wvolcanic bfeccias and bdoth varieties of
qhartz cryatal ::uff.is %Sundan: albite phenocrysts

(secondary) and a lack of K-feldspar are the only obvious

., mineralogical differences from the alkalt-enriched sanplés

of the Raven rhyolite.
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4.3.1.2.2 Altered rhyolite

4.3.1.2.2.1 Bleached rhyolite

A creamy-white Heatheylng colour witth faint {1ron-stailnting’’
i8 di{stinctive for this rock._(Plgte 4,9). It 18 best
developed at the contact of the Raven rhyolite aad {tron
formafion ‘(Map' 2). Aphanttic, bleached rhyolite also
odtcrops in the west part of the map area to the south of &
black shale-pyrite mineralised hortzon (Map ).

Scattered calctce chystals within a fitne-grained

quartz-serlicite gmatrix {8 a typical mineral assemblage of

‘the bleached rhyolite (Plate 4,10). Albite 18 sporadically

developed.  Samples  of bleached rhyolite from the wéstern
part of Tulks H1ll contain local concentrations of calctte,
assocliated with either sinuous =zones of recrystallisged.

quartz or as overgrowths of the matrix.

4.3.1.2.2.2 Chloritised-ser{citisged rhyolite“

Underground exposures of the Raven,rhyolite show the best
development of this rhyolite type. The colours of ;hé hand
sample depend upon the style of alteration; for example,

. .
chloritic alteration produces a green colour,

teas sericlttic alterakion produces a pale white colour

comparable te  the bleached rhyolite (Plate 4.11)..
Comumonly, unaltered portions of the Raven rhyolfte
; .

(alkali-enriched?) are 1ﬁtetepersed with these’horl;éhs but

they are not easy to sample., - e '

Mineralogically the alteration 1ls defined by chlor?fzzlh
' o (o

<
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Plate 4.9: Slightly schistose, bleached rhyolite. This
outcrop is to the west of lens T3 and is
approximately along strike from the Raven
rhyolite. Hammer is approx. 33 cm. long.
P1. . ’ ’
ate 4.10: Typical bleached rhyolite assemblage of
quartz, sericite and carbonate. Pyrite is
Scattered throughout this sample. Field of

View O.lmm x 0.07mm (25X magnification).



K

52

and serfctite, occurring as elther veinlets or tndi{vidual
need}e-like crystals within a felsic macrix.: Locally,
biotite and albite phenocrysts. are present. Quarte

phenocrysts, some with overgrowths, are 'aporadlcally

_deyeIOped.
. J—

Pyrite {s promi{nent {n the Raven rhyolite within N

<

carbonate-, chlorite- and quartz-rich veinletsa; howéver,

chalcopyrite {s rarely observed. These velnlets, {n s8sowme

case up to SO0 ca. thick, are probably related to

deformation,

4.3.1.3 Rhyolite Breccla

‘.Thé largest outcrop of rhyolite breccia (s tn the
southeast part of Tulks Hill, although {ts boundartes are
undefined because of a lack of outcrop, More typlcally tc
occurs as smaller, igsolated horizons with a limited lateral
exteht‘(Hap 1). All breccilas are matrix supported and have

an average fragment length of 12 cm; <certain horizons have

fragments up to 40 cm. in length, or rarely, 2m, in
length (Plate 4.12). Alteratilon effects, such as quartz
veinlets and bleaching, are more pronounced tn the

southeast outcrops.
Weathering coloure depend  upon the extent of

>hydrochermal alteration: breccias with a low degree of

alteration hav; a grey to off-white matrix colour and pale | ;

yellow fragments, whereas iptense alteration bleaches both
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Plate 4.11: Mixed sericite—chlorite alteration of the
Raven rhyolite. Pencil is approx. 12 cm.
long.
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ate 4.12: Volcanic breccia fragment, approximately 2m
long. The metal clip board is approximately 25

cm. long. This photograph looks west and
shows the Tulks River Valley (possibly a fault
: Zzone) and orange-coloured oxidised iron of the

8iliceous stockwork (far side of the gorge).
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the amatrix and the edges of the fragments. = Pyr{te

depoasition during such alteratlon is suggested by extenstve

.

goethite development éh the oxtdised porttons of the
: . \d

surface exposures (Plate 4.13). Extreme alteratlion may

deposit silica and sericite/chlorite within the fragmencs

of an altered breccta (Plate 4.14).

Cettain'outcrOPB of the ‘quartz crystal ¢ctuff. contatin
orange~coloured, lens-shaped, stliceous horizoms that bear
a superfl{clal resemblance to the rhyolité brecctas. 'These

"fragments” have indistinct outlines and typtcally lack

~quartz phenocrysts. Oxidised {ron within the fine-gratned

recrystalliged quartz matrix produces the orange colour.

These horizons could represént elther 'angrmed and
)} <.

hydrothermally altered fragments, or more likely, deformed

zones of hydrothermal stllctficacionr, ' Co

a) Ftegments:ASer{cittc alrteration of orthoclase - and.

albite-oltgocla%ﬁ_ phenocrysts ig'common; apart frog this,

the phenocrysts have a fresh appearance. Blotlte

phenocrysts, parct&lf} altered to <chloricte, accompany

recrystallised quartz {n the pressure shadows of atrailned

and fracctured quartz phenocrysts. Larger btotlte crystals
occur in associatfon with glomgroporhyritic plagloclase

possibly reflecfidg'a primary magmatic' assoclatfon.

A

“b) Macrix: Quartz phenocrysts, as well as clasts “showing

e

vermicular {intergrowths of quartz and plagioclaae




Plate 4.13: Goethite staining of a volcanic breccia
horizon. Fragments are oriented subparallel to
the S1 schistosity. Pencil is approx. 9 cme.
long.

Pla :
te 4.14: "Fresh" magmatic albite and sericite veinlet
} alteration in a volcanic breccia fragment.
Matrix is predominantly recrystallised quartz.

Note the continuous twin planes of the albite
(cf. Plate 4.5)., Field of view O.lmm x 0.07mm
(25x%x magnification).
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(myrmekite), accompany {ron-stained sericite,’ ‘minor

chlorite and recrystallised "£1ne33>ra'ined quartz ia €the
. ‘ - .'
~matrix.. Chequerboard albite phenocrysts (secondary) are

. proafnent. -

. ",‘ : . d./.

4

%Z.3,2_ ROCK TYPES P,ELAT'ED TO ALTERATION ) : ‘
Intensé hydrothermal alteratfon and deformation hag
produced two rock types, the protolith to which 18 thought

to be a tuffacgous auanit. : S

4,3.2.1 Siliceous Stockwork

This distinctive rock type 18 ‘defined by' abundant

chert—1l1ke _quaftz, with sericite, minor chlorite and eit'her

s ° ) . i : - ) - * ’
oxidised or fresh mi{neralisation, Surface exposures have’

developed a gossan which aids {n locating zones of

s

siliceous stockwork. A lag}i of silica bands and/or

extensive mineralisation distinguishes the host rocks from
the siliceo-ua stockwork:

Siliceous stockwork occura_l An bott{ surface An_d
undergr‘oundAexp'osu‘rgs (Maps | and 2); . gg‘ad?tiongl cfor'\tac.r.g_l
R -are. .typic"al, althouglb' faulted _c_ontact‘s *are obs;rved

» und;tground. " Grey quartz bands "(approx. 5.0Ic‘m t}iick)\
alternate ‘with thinner . (O.Sc‘n,-thick_.) Hi\-ite, setici_te/
(-ﬁ:hlor‘lte). . horizonsa. A rlbb~éd Qattqrn,. produced Dby, -

di1fferentfal erosion and reaoval of 'oeArlcite, is a

digtinctive charamrl'ati'-c of the surface éxpouurea and tef -

4
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[ i -

continuoue over many }etrea'(Place-b.IS). Cubic cavities:

N
~

tn the s{lice:oue horizons, as ﬁell: asg exteneiw}; fron
.ataini_.-ng, suggests oxidaltton and removal of pyrite.
In-thin ~a\ecl:ic;n, f’tactured‘ anhedral: 'aﬁd bipyramidal
‘quartz phénocrysfs- (0.5um.), decayed biocrite (0.3mm.) and
rarely, blrln‘)ken albite.pherocrysts, resemple "thosle of- the
qgai‘:z . eryscal tu_ffs iPla;‘_e '.6.16)_._ parger q'ua'rtz
phenocrysts occulr ; ;:héte a_lr.»é,ra'tion has affected the
large-quartz crlyq-tal" tuff, |
Deform‘atio.n-etructupea, such as polygonal and seriate
3tnin .boundari-;e, are comwmon 1in the n:n,ntr'ix quartz, as is -
p;elaéu-re at;adow.growtk; of ae.cond'aty quartz,’ sericite _a/nd
chlorite in Iche _ipu strain areas of. phehocrysts.
‘i‘ypically','tuo cle'avages' can be identified in- ;he .sericitel
Korizons .(Pllate. §.17). ; : S .
The._freshea: ‘exposures '-of the siliceous s.t'ockwor_k
dlteration are found un'.derg'ro‘un-d.l Here, quartz veinlets
vw.ith pyritp-'\and apha}erité are orfiented aubparal;e-l to the
sllica-s;.e.r:iéite bgndal-, although locally t.k;‘ley may.transéct
_thts" banding -(Piate -4.18)., Chalcopyrite is a‘: mi‘r‘tor.‘.
comp‘onent within the /stllc‘eou; stoc?work. A |
. . PO i

In thin section the sulphide veinlets are - intergrown

with ' quartz', chlorite and Mn-rich carbonate. Within'the

~

.matrix the pyrité_l-s_ -oft‘:@ 3ran¢1‘ated whereag sphalerite is -

s

smeared parallel to the dominant - fabrie. . Zircon-rich - -
l_ayero are prominent and probably represent "heavy ‘mineral

layers within che tuffaceous protolith,




Plate 4.15: Siliceous stockwork alteration.
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Deformation

has oriented the silica—-sericite bands

subparallel to the 51

schistosity.

Differential erosion has removed the sericite

to give a ribbed pattern. Hammer
33 cm. long.

Rlate 4.16:

Recrystallised quartz phenocryst

siliceous stockwork. Chlorite
OcCcupy the pressure shadows of the
Sericite, quartz and goethite
Comprise the matrix. Field of view

(12x magnification).

is approxe.

within the
and quartz
phenocryst.

"veinlets"
2mm X 1l .5mm



- Plate 4.18:
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Plate 4.17: Sericite portion of the siliceous stockwork

alteration. Two cleavges are present, the
later one (oriented NE-SW) crenulating an
earlier fabric (oriented NW-SE). Field of view
O.lmm x 0.07mm (25%x magnification).

Pyrite—-rich veinlets cross—cut a quartz-rich

band in the siliceous stockwork. Other
veinlets are oriented subparallel £o the Sl
schistosity. Pen cap is approx. 4 cm. long

and is oriented subparallel to Sl.




‘chalcopyrite VYeinlets occuy In spofadic concencratfons
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. R & g -
. . ‘

Peripheral parts of the stockwork alteratfon consist
of -a  mixed (not- .banded)  serfcice-silica alteration
eross=-cut by a network of {ron: oxtde -veinlets (Platenh?l9)f

It marks the boundary between the host rocks and the banded

- s{liceous stockwork type, although {t ts not dtfferentlated

on Map 1. ; '

A
N

4.3.,2.2 Chloritie stockwork

o

° -

-,

This wunit has a rglatlvely “narrow (approx. 2m.

thick) underground éxpoeure. Ite upper and lower contacts,

bournded by the siliceous stockwork, are faulced (Map 2).

e

>~ _Hand samples’are green to black in coleuy due to the

°

dominance of cHlbrtca, although green coloured sertcite (s

" locally prominent. Euhedral-anhedral pyrite, apd' sf{nuous

\

(Place £.20) 0 - Quartz phenocrysts and velnlets ‘are
. o~ ; .
generally a minor component. - -
Stderlte-rgcﬁ carbonate 18 more common—1{n samples
.. l,’ . RN ‘ .

taken from the eastern and weatern extremities of the untt

“where it is interbedded with _ sericite horizons of the

7

siliceous atéckéork (Plate 4.21).- At these locations

_pyrite'porphyroblaéts‘(up to 2 cm. - gquare), 1in both the

'serficite and chlorite horizons, are aligued subparallel to

the ‘S1 schistosity (Chaptéf 9). ¢
The only known goccurrenée' of randomly oriented

muscovite <rystals overgrowing the fabric 1is contained




G +19: Peripheral portion
alteration where
absent.

(originally
silica—-sericite rock.

Co . long.

Plate 4 .20 Chloritic stockwork alteration.
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of the stockwork

mineralogical banding is
goethite veinlets

A network of
mixed

pyrite?) cross—cut a
Pencil is approxe. 12

%

porphyroblasts and chalcopyrite are set

pyrite
in a fine—-grained, green coloured chlorite
matrix. Secondary covellite (blue) is also

Present. Pencil tip is approx. 3 cm, long.

Prominent
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Plate 4.21: Interbedded chloritic (black) and sericitic

(white) alteration, West Adict. Tight to
isoclinal folding can be discerned. Pyritic
mineralisation is restricted to the chloritic
alteration and is most abundant near the
pencil (upper left). Pencil is approx. 12 oms
long.

Plate 4.22; Tuffaceous chert in the North Adict.
Oxidised mineralisation at upper left is a
recent feature related to adict construction.
Pencil isg approximately 12 cm. long.

-
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within a sample of the chfﬁg}tié atockwork. This feature

must have formed during ppsl—deformdLional metamorphism,

—_—

A narrow (0.6m thick) mineralised, <chloritic horizon,
{8 exposed in the North Adit (Map 2). .Ites southern contact
ts faulted agalnst siliceous stockwork. .Iron staining .

\ ., ' . . d
obscures {ts northern contact but it too is thought to be

\

faulted (against Pron formation).

Magnesian carbonate (siderftic ad jacent to .the

i
7}

mineralisation) 1s .© relatively . abundant in a

quartz-chlorite-muscovite - matrix. Abundant sphalerite

mineralisation contrasts this chloritic stockwork with the

sphalér;te—ﬁoor footwall chloriric stockwork and suggests a

greater sgilmilarity to the siliceous stockwork, which has a

relative abundance of sphalerite. Zircon and epidote are

minor cowponents.,
ks

4.3.3 CHEMICAL SEDIMENTS

r

gr4;3.3.l.TuffaceOuewchert

This rock type .occurs in underground. expoéuree onlf,
immediately tg' the north of a thafic dyke (Map 2). Its

northern contact 1s " faulted against siliceous stockwork

.

1 -

while the céntaat ‘ulth. the dyke 18 iarked by a zone of
‘\'br;cclactoh. . ; o T .

Thin (approx. 2 cm.), white, s8sericite (-chiortte),

horizons alternate with, thicker (approx. lp cm.), grey-

‘| § v




64

chert—-like hortzons so ~that._tts ph}alcnl apéearangé ts
similar to the s({ltceous stockwork (Plate 4.22). Unlike
the slligeous stocipork; however, {t lacks sphalerfte
mineraltaatgon and has a relative abundance of orlen;ed
albite crystals; "Anhedral Mg-rich carbonat;: and winor
barite(?) are @tstinccive .cémponents; Zones of
recrystallised quartzvand profuse zircon mats may '}efleéé-
primary tuffaceous mate?ial, that (s, phénocrysts and heavy
mineral lag—txpe deﬁoslts, regspectively. . Altgned
‘(bedded?), euvhedral pyrite overgrows two cleavégea, a

feature that (s interpreted to represent post—deformattanal

annealing (Ghapter 9).

A ;eléged,rbck type.‘here called. the stiliceous ash,
has two small exposures 1{n ~ the Ea;t and West Adlts}
adjacent go thelﬂaia Hall (Map 2). In both c;ses the uppe}
and lower contagkékafe‘ﬁaulted.l A.gréy cploqt and a ;1ne,
grictty texture are- chafacgerlsctc. Hine?altsatton R
limited to diacqncﬂnuoﬁb stringers of euhedral and granular
pyrite, the iatfet type suggesting pogsible microsheartng
along f%e Sed&gng plane (Chapte; 9).

A minor chloritised biotite componehf accompanies the’
lamtnations of fine-gtiined quartz and_aertcité. Sahples
from the western exposure have a similar mlneralbﬁy but are
»more deforméd and contain-minor>amounts of carbonate (Plate

4.23).

’




Plate 4.23: Photomicrograph of a

sample of siliceous
ash. Bedded pyrite is folded with the
sericite. An earlier fabric is weakly
crenulated. Field of view O.lmm x 0.07mm (25x%

magnification).

Large, ragged chlorite within a
quartz—-sulphide veinlet of the iron formation
showing anomalous blue birefringence. Quartz,
sericite and pyrite comprise the matrix.
Associated mineralisation is fresh. Field of
View D.lmm x 0.07mm (25x magnification).
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4.3.3.2 Iron formation

The largeat surface exposure of the 1iron formatton

(see addendum 2) {n the gouth-central part of Tulks H(1l]l,

18 bounded by a quartz crystal tuff tn the’ north and a

rhyolite breccila horizon‘;n the south (Map 1). 1Its eascern

and western terminatibns are, not exposed and an '

interfingering relacipnship i{s {nferred. All other

outcrops of it are small (less than 10m. 1long), linear- to’

lens-shaped bodles {nterbedded with quarctz crystal tuffs,

In all cases contacts are conorm;blq. |
A digtinctive, brown-red u;athertng colour «contrasts

with thé, olive to dark green fresh surfaces. A speckled

appéarance to some gurfaces appears to be related to the

oxidation of sulphide mineralisation. Unlike mast rockas at

Tulks Htll a cleavage 1s- rarely seen, except In the

finer—-grained portions of cthe untit.

Two types of chlorite are- develoﬁed tn a stliceous

matrix:

a) Large, ragged crystals, associated with velnlets of

'coarse-grained quartz, showing distinctive anomalous blue

btrefringencé "(Placg 4.24)., -Hoat -cleav;ge trace
orfentations are p;rpendicular to the rock fabric.
Sulphide {nclustons are fresh. . -

55 Finer-grained, lath- to,A needle-shaped ’matrlx
chlofi:e, nhﬁr*pg/ an;nuloua olive~gréen colours in plane
polarised 113hf‘%§}‘te 4.25). Assoclated mtnerslisstion {=a

R

«




Plate 4.25: Fine—-grained,

needle—-shaped chlorite

the matrix of the ironm formation. Asso
mineralisation is oxidised. Field of
Ou.lmm x 0.07mm (25x magnification).
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within
ciated
view

Plate 4.,26:

Chert-siderite
formation (underground outcrop)e.

chlorite+quartz
matrix. The penc

"stringers" within the

comprise the bulk of

iron
Green
the

il is approx. 12 ¢em. long.
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) Quartz Iphenoc:yats Are not pro&inéh;, although
locally—-developed zones of recrystalitsed quartz (approx.
).0 mm.) probably represent such phenocrysts subsequenc!y-_'
deformed iato e mosafc of sub-gt;tn bogndatﬂes. .Fraétureéglﬂ

albite phenoétysts (<= } mm.), kinked biotite, serictlre,

carbonate, 1xon oxlde .pseudomorphs of pyrite and epldoce

- )

are locally prominent components.

Faulted "upper and lower contaucts are {nferred for the

underground exposures (Map 2). An ol{ve-green matrix with

thin stringer—like horlizons (<_ld cm; thick) of grey cherxt

8 and ° orange-coloured stderite-tich carbonate’’ ts
characterisrtic (Plate <4.26), These "strtngersﬂ are

. N ) ~ l\ .
continuous over a dlgstance of .0,5m, ':or more, anund

N

invariably terminate as right folds., '

Thin sectians of saaples from rhgbunderground exposure (

contain abundant, coarse-grained, subhedral slderfite-cteh ’
. ) v .

carbonate augens, associlated with Fe (-Mg) chlotttg :&né[og\

-3
quartz, enclosed by = matrix . of quartz and needle-like/]

pericité crystals (Plate 4.27). ‘A crude alignment of the
aiderite;rich carbonate {n s%mples from the southern part

of the outcrop 1s less vigible tn the north because of . a

“ I3

. decrease in the qarbonste content. ; o

Both fractufkﬁ and whole albiter crystals, ‘elongaced

subparallel to define a crude tabric; 3ce common Ln the

northern exposures as are thin sertcite "beds (<= 1 -mm.)

. . \
uhich ‘overlie some of the broken feldepar phenocrysts and

, I N

N a .’ N

' ‘i. | ': <\- -‘ : ": 2
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. Subhedral siderite augens, with
chlorite—guartz pressure shadows, in the iron
formation. The matrix consists of sericite and
quartz. Field of view O.lmm x 0.07mm (25x

magnification).

P
late 4.28; Well-developed chequerboard pattern of the

twin planes of secondary albite. Quartz,
sericite and chlorite comprise the matrix.
Calcite and epidote are locally developed
alteration minerals associated with the albite.
Field of view O.lmm x 0.07mm (25=

magnification).,




locally grade into more méss;ve sertcite horizongs without

any distfsct bfr‘eg_k. ~ The latter i-e-;l'thought to represent
primary gr'ading' of fine-gtrained tuffaceous material.

P—

Apparently, the sericite (tuff) increases at the expense of

the carbonate in the norcherly vutcrops.

Zircon, epldote and sericite are accessory @inerals.

-

3

4.4 INTERPRETATION AND DISCUSSION

4.4’.1 INTRODUGTION
Apart from the sulphide deposit itself (Chapcér 5),
3, . % . =" R :

Lwo types of tock predominate at Tulks Hill:

volcanlc*pyroclastic depoa}ts and 'chemical sediments.

Mineralogically and chi:mlcally _,_'th'e‘y are distimce:

\

alteratlion within -the volcanics 1is extensive vwhereas the

. {
chemical sed{ments contain a relatively "fresh" mineralogy.

\\

Since sulphide depositfon 18 a . hydrothermal phenomenon

s s
(Hutchingon, 198B2), alteration is- an inherent feature 50

\ . ‘e ¢ i
that the volcanics must. be older than the sulphides and

chemczcal gsediments, and henc_.x\ are termed.the Footwall

Yolcaniecs. : .o L

4.4.2 FOOTWALL VOLCANICS

4.4.2.1 Environment of deposition

A felsic protolith to the hydrothermally altered rocks
at, Tulks Hill is8 implied 'by the fractured quartz

phenocrysts, siliceous matrices and relatively abpndant
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rhyolite breccias. Chemical data, using the less mobile
trace elements, suggest a rhyolite to dacite composition
for the volcanic rocks {(Chapters 6 and 7).

Wwithin the tuffaceous rocks, graded beds of albite
crystals, as well as albilte-rich rip—up clasts and minor
interbeds of black shale (not differentiated on Map 1),
indlicate an aqueous environment of deposition, with
locally—-developed scour currents. Since whole and
fractured phenocrysts are intermilxed, and the feldspar
phenocrysts have a subparallel alignment, it may suggest
deposition by submarine debris flows which could
effectively provide fluidised flow—protection of some, but
not all, phenocrysts and would probably align the
phenocrysts subparallel to the flow direction. Scour
currents within these debris flows could rip—up albite
crystals and any unconsolidated rocks over which the debris
flow passed (eg. quartz crystal tuff). This mode of
deposition may also explain the generxral lack of grading
within the tuffaceous rocks ——— airfall pyroclastic rocks
should be sorted due to differential settling in seawater
(Schermerhorn, 1970). Schermerhorn (1970) also suggests
that a submarine debris flow mechanism is the best way to
€Xplain the presence of isolated, sharply bounded, volcanic
blocks within finer—-grained tuffaceous material; such
blocks OCcur at Tulks Hill (Plate 4.12).

A debris flow mechanism of deposition is preferred for

th
€ Trhyolite breccias since they are interbedded with the
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tuffaceous units. Flow—top brecciation of rhyolite lava
| is thought to be an unlikely method of formation
since 1ithic clasts are included in the matrix and graded
bedding 1is locally—-developed.
A debris flow origin has been suggested for the
artz-eye porphyry of the Bathurst camp (Davies, 1980),
e quartz crystal tuffs at Jerome, Arizona (Anderson and
Nash, 1972) and the <c¢crystal tuffs at the Woodlawn Cu—Zn
posit, Australia (Petersen and Lambert, 1979), all of
thich have volcanogenic massive sulphides. Initiation of
these flows could be through caldera collapse, a process
at may be common in mineralised felsic volcaniec terranes
Ohmoto, 1978; Ohmoto and Takahashi, 1983; Scott, 1978).

1s topic is discussed further in Chapter 10.

}o4.2.2 Hydrothermal alteration

Mineralogical, chemical and textural reconstitution
inherent features during hydrothermal alteration.
'ln the footwall volcanics two distinct types of
éﬁation are recognised: relatively weak alteration,
Aacterised by alkali-enrichment, aud moderate to intense
*ration with obliteration of the primary rock fabric

Siliceous stockwork alteration).



»
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v

4.4.2,2.1 Alkali-enrichment

4.4.2.2,].1 Secondary albite

This mineral {8 gxtentively developed .inm the tuffaceous

rockg and the matrix to the brecciés;' chemfcal anﬁlyaes of

such rocks always PRgive high Na20 values °SChap£er 6).

Therefore, a more correct term for these rocks would be

quartz-keratophyres (Hughes, 1973) but  &he . " igneous

N

Cerminology-is retained becsuse it 1s more informative.-

Most albite <crystals displef one or - more of the
% , .

following characteristics: a) quartz, epldote and/or -

e
»

calcite Lhclusions-; b) chequerboard twin planes ' (Plate

4.28); ¢)  pure composition (Chapter 6). All three
features are charactéristic of albite crystals Yorﬁgd by Na
mecasomgtism of pre-existing feldspars (Battey, 1955); the

preéence of Ca-rich wminerals (eg. epidote) as tnclusfons

probably reflects albite replacement of a more calecic

plagioclase, such as oligbclase or andesine.

a >

Jéxperfnéntal'?tudies of hydrothermally altered basalts
have‘ prpduc?d aibite at teﬁperaturésl-> 150 degrees
centigrade (Bischoff and Dickson, 1975; Hajash, 1975;
Mottl A;nd Holland,:l97§). All of the Na necessary for the

) : X
formation of albite 18 extracted from seawater. In these

.

ratios >10 fnhibic albite formation. Assuming that ‘the

experimental - data for basalts can be applied _to altered

felsic rocks, and of cdurse that the albite st Yulke Hill

18 hydrothermal - (as is suggeated by its pure composition;

; , _ - 9

same experiments however, it was shown that seawater:rock




Chapter 8), it suggerts that lov seawater:rock rat{os (<i0)

a

characterised thoee\aread distant from the mineralisatfon.

Also, the témpeiature 0 ormatf{on of albite, and theref@re

the ‘temperature of the hydrothermal fluid, must have been
® ‘ \

;greatei>£hah.150 degrees centigrade. Rosenbauer et al.

——

(1983) showed- that albitisation occurs only when N+ ions

are present in the hydrothermal sogdtion; the presence of

albite-~In the Tulks Hill rocks suggests that the fluid
contained H+ ions. Indirectly, this also suggests that the

hydrothefmal fluid was probably =& variation of.seawater

N

since base fixing (removal of Mg etc., -and the formation of

smectites with dbﬂcomgcanc release of H% 1lons to the
: S - L

solucion) can be besﬁ accomplished 1f séaﬁater —doainates

the fluid compaslfion (Rosénbaver et s81., 1983)., The

generation of H+ 1one will . also " lead to base "metal

leaching, mobilisation &nd :ransﬁortation (Bischéff et al.,

léBi). N
In somg/::ltances,lgericite occurs as .a dusting of
albite. Ae shown in Figure 4.2 aeti01FE formatipﬂ £ef1ecte
a lower Na+fH+ rAFio than that needed for albite fdfmation.

A lower ratio could result from albite formation when Na

-

_waa'ie?oved from the solution. Note also that albfite and

i

serfcite can coexist simply by Varyiﬁgﬂiﬁe H+ 1owW ratio:

an increase in the H+ {ion activity cam result "from base

fixing, as described above.

Secondary albitegis assoclated wich chlorite, sericite

and sulphide mineralisation: which may indicate a genetic

i




4,2% Activity - diagram. in = the system
- K2D-Na20-A1203-5102-HC1 at 300°C and )| ,kbar (adapted
frof Urabe and Scott (1983), after Helgeson et al.,
(1978)), . Lines 0l and 02 mark the probable ouce

limics of the fluid composition during alteratl of
thé foorwall pyroclastice -based on the abgence of
kaolinite (A) and K~feldspar, - and. the loced

development of paragonite. Line B 1s an average
fluid composition' for alterattah of the footwall
pyroclastics. Line. C-D represents the change in
fluid composition from the alkali-enriched portion of
the Raven rhyolite (C) to the altered portion (D);

this line could occur at any Na+/H+ ratio of‘ less
than ~4.5°ac 300°C. Point E is the speculsted fluid
composition during stockwork alteratlomg

-




Albite
- Paragonite
‘. - A e
‘KQOllnlte féldSpr
Muscovite
) > 3 5
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A

link of Na-metasomatisam with ac least .o of
. o & , .
hydrothermal alteration and - sulphide. | depostcion.

Quartz-keratophyres outcrop Iin the footwall of ‘xhe. lberfan

|
‘Pyrite deposits (Schermerhorn, 1970), the Stekenjokk-Levl

deposit of the Scandinavian Caledonides (Stephewns, 1982)
and the 'Seneca deposft, British Columbla tUrabe et al,
1983) suggesting that albitisation 1s | a common

i e L _

accompaniment to sulphide depogition in some ake#s.

4.4,2.2.1.2 Secédndary microcline Al ) ‘

. . |
The Raven rhyolite 4{s rthought to be cremporally and
P o an

, ‘ , | :
-apatially related to the footwall volcanits, not only:
because of trace element simifarities (Chapter- 6), but

because it _ has suffered alferation.'_ However, 1ita

B

alkali-encichment _is ctypically éericlte‘ “or, locally,

secondary microcline, rather -than aibite, and consequently
I

it is separated from the foorwall volcanics. ! ' - .

~ITt the northernupb;tions'of the Raven rhjolite, where
N .

' |
chloritlec alteration and bieaching are minimal, microcline
predominates over sericite, and 1locally, it ' overgrows .a

mixed assemblage of sertcite and carbonate. This suggests

‘ ‘

that K+ iod’actlvity in the fluid(s) became :dominant in the

northern porti{ons after a period of time when H+ and CO3--

fons dominated the fluid(s) composition (Meyen and Hemley,
a0 1

1967 ; Rose. and Burt, 1979; see line C-D in Fig. 4.2).

It 18 suggested thatr the 4ndcial period of hydration and

carbonation ‘of the Raven rhyolite correlates with a period
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of Na-enrichment in the tuffs, whereas microcline growth
reflects .a ‘later -phana of alteration dominanted by

K—a&d(tiod, in a manner similar to the . K-additian in' the

6;¥fs. ("‘ ‘ .

éVenrlqhment ot the Ravén rhyolite may indicaée a
generte  Lonk wich the <61 Shnas’ at;)v:kwiicm whick aleo hes 3
high K c;ntent,ulan&A 1t is Iconcegvable. that the.'Raven_
~rh}voliée 131 anaiogpus« to eithéf-the "whicte rhyolite lava
dome;?,;f Kuroko deposité (Ssato, ;E’Y) or the sub-;olcanlb
inprusions‘lthat are commonly associated with Precambrian -
sulphide deposits (Campbefl_gg »li.,_'1981§ Franklin and
fhérpe, 1982). it‘is {nteresting to note chat .carbonate -
éhlo;lte - quartz - aulphidé ;einleés are telativeiy-c;amon
in the Raven rhyoifﬁe; Nthia;may be evidence in support of
a génetic connection ~ with sulphide deposition and
hydro?hermal alteration. | » | .

4.4.2.2.2 20nes éi intense alteration {.

:Extreme alteration of the felslc footwall volcanics is
typikled by the ailTceous and chloritic stockwork
"alteration. l; both cases shattered quartz phenocrygts and
quérfz pseudomorphs of féidepar (siliceous gﬁpckwork only)
huggest a crystal tuff proc01}th: 8 high permeability and

mineral surface area probably atded increased fluid-mineral.

reactions within the tuffaceous rock.
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4.2.2.2.1 Siliceous Stockwork

thin the East Adit (Map 2), the quartz—-sericite stockwork
teration grades into a massive pyrite bed through an

rease in the number of pyritic horizons, providing
jdence of the genetic link of alteration and
eralisation (Plate %29V Since the sulphides
accumulated on the seafloor (Hutchinson, 1982) the
ockwork alteration must also have formed close to the
seawater - rock interface so that the stockwork alteration
jarks a zone of hydrothermal fluid expulsion and intense
eration where chemical change and mineral reaction are
imised. Similar alteration rock types are recognised at
Precambrian and Phanerozoic (Kuroko) deposits: for
xample, Riverin and Hodgson (1980) noted that the
enbach pipe has both sericite alteration and localised
of silicification; Shirozu (1974) discusses a
cite-quartz zone of alteration surrounding Keiko ore in
ko deposits.

At Tulks Hill the presence of carbonate
ests that the chemical conditions during alteration
slightly alkaline. Since seawater 1is typically
line this feature adds strength to the suggestion of

ation close to the seawater - rock interface.

+2.2.2 Chlorite Stockwork

rock, composed of Mg—rich chlorite, 1s restricted to

©of siliceous stockwork and sulphide mineralisation



Plate

e 29

80

Mineralised layers within the siliceous
stockwork (right) increase towards the
hangingwall (left) and eventually grade into a
massive pyrite bed. Siliceous ash is faulted

against the mineralisation. Hammer length is
approx. 33 em.
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2) implying a genetic link with mineralisation.

experimental work by Mottl (1983) has shown that

chlorites can form in hydrothermal environments when

awater dominates the fluid, the required Mg being
extracted from the seawater (Chapter 8). Thus, the
location of a Mg-rich chlorite horizon in the footwall of
1;gsu1phide deposit is compatible with the alteration
zones forming at or close to the seawater — rock interface.
Chlorite formation probably post—dates albitisation as

1ggested by the lack of albite within this rock type. A

WalSiOp + SFes, + 2B+ + 13H,0

2 (Froese, 1981)
N, 3 |
_— (FeSAl)813A1010(OH)8 + 2Na+ + lOHQS + 38102 <+ 5/202

Chloritic alteration is as common in wvolcanogenic
ssive sulphide deposits as siliceous stockwork alteration
Roberts and Reardon, 1978), typically defining a pipe

329& (Franklin £E al., 1981; Sangster, 1972). At Tulks

however, deformation has reoriented the alteration
into an elongate horizon trending subparallel to the
foliation (Chapter 9).

4.2.2.3 Other evidence for alteration

Mine’-’alogical evidence of alteration is dispersed
Hghout the footwall volcanics: sericite and chlorite

F in all rock types and locally become dominant (eg.



«

d

B2

‘quartz crystal cuff), The variation in composfcion of che
rchlorite within different rocks atc Tulks Hill, and its

significance in tecas of hydrothermal alteration, i{s

‘diecussed in Chapter B.

) ' - 1 )
» Quartz overgrowths on phenocry‘ste (phenoblasts) are

=

. « = " (¥ -
sporadically developed; . 1in all cases, sericice crystals

are randonly orfented within the overgrowth but-are absent
- PR

from the hoet crystal. 'This, asgociation with cthe

hydrothermal sericite, ag., well 'as their augen texcur'e,

Buggests- that the ‘overgrowth: ' is & pre-deformational
phenomenom and {s not a wetamorphic. feature (cf. Berge

(1981) and Hopwood (1976)), 1t is thought to have formed

~

during hydrothermal alteraction through deposition of quartz

N
,

from . silica-saturated brine. An tdentlcal feature isg
discussed by Frater (1983) for the Golden Grove Cu-2n

deplosir.' in Western Australia. Overgrowths on quarcrtz

N

phenocrysts within the Raven rhyolite suggests that the

rhyolite suf fered 'a similar phase of hydrothermal
. S ) '
~alteration, and it ts possible that the intrusion of the

Raven rhyolite was synchronous with -the deposition of the
fogtwall volcanics. O0Of course, this implies that the Ra.ven

rhyolite 1s an Iintegraf part ‘of the mln;ta-lising event(s).

Orange-coloured zanes of siliciffcation wilthtn the
quarcte cry;ataf— tl;ff!, now deformed into lens shapes, Ss
well ;e“diifv..nee pdges to mrome rhyolicte brecci; clasts, are

taken ‘as evidence of quartz deposition and hydrothermal

alteration during the passage of a hydrothermal fl.\‘nid
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through the volcanic pile. -

4.4.3 CHEMICAL -SED[MENTS' )

A tuffacepus cherxrt and an iron 'formation, which, - by
" analogy with Kuroko deposits (Kalogeropoulasx and s“)“"
1983), must overlfe the mineralfisatfion, are examples of
chemical sediments formed as “prectpitntq» from the &
hydrpthermal solution. Slightly alkaltne conditions during
dépositio_n and/or alteration Ls suggested by the‘preaencu
of carbonate in boﬁh_ rock types. The dpattal relationship
of these chert-rich rocks. to the mineraltsed hbrizon
suggests a hydrothermal ori{gin for +the chert: s{lica
supérsaturation within. the hydrothermal fluid, caused by
mi)lning cl>f the brine with cold Seawater, is invoked to
explain siltea retention (;nd not dispersion) at tha slte

) s
of mineralisactfon (Rimstidt and Barnes, 1980).

1 v .

4.4.3,]1 Tuffaceous Chert

Quiescent conditions during deposition is suggested by

a relative lack of volcalnic materlal:’_ minor gsericlite

hortfzons (2-3cm thick), /which are thought to be tuff, and a
few phenocrysts; are the  only evidence of volcanic
activity.. The cthickness of the ‘tuffaceous chert at Tulks

Hill (Map 2) far exceeds the thickness of the Kuroko .

tuf(aé'eous cherts (20-30 cm; Kalogeropoulas and Scotrt, .

1983), which may BsBuggest overthickening of the hortzon .
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Y

during deformatt{on (Chapter 9).
Hangingwall alteration 1is 'telvattvely minor, when
compared to the footwall volcanlcs, and manifests {tself as

dolomitic carbonate and chlorite, bo'l;:h minerals producting

s

relat{vely high Mg0 values in the whole rock chemical

analysis (Chapter 6). Mg-enrichment {s retai:tvely commom

{n the hangtngwall of the Kuroko depos{ta (Urabe, 1978)

"wh{ch s attributed to af\')’l'e'rak'nge" of hydrothermal flulds

after deposttion of the chert. Such a mechanism {g likely .

/ -

at Tulks Hill, probably with m}/i}ng of the Thydrothermal

solutfon with seawater to produce the alkaline conditions
o f o curbtma:'e@epot\‘tlon. Recent theoretical modelling of
Aulﬁhtde deposttion and }éragenesls, these late fluids
typically have high temperatures (>300 degre;as cent{grade);
at euch temperatures tuffaceous beds within the cherc,
conglsting of K <¢clay minerals, could be converted to
aer{c.tte.
A tuffaceous chert, termed the Key tufflte, outcrops
‘‘n the  hangingwall of dep.oalta at Ha:‘tagam'l Lake, Quebec
(Roberts" 1975)., 1Its handed ;ppeurance ts 1dentical to the
tuffaceous chert at Tulks Hill.

~

4,4,3.2 Iron Format{ion

An abundance of {ron-rich afinerals, speciflically
sldertte-rich carbpnate and Fe (-Mg) chlorite, in =

Necrystalllsed quartz matrix (chert), s interpreted am a




mixed sil{cate-carbonate facles of an {ron formact lon,

analogous to certai(n f{ron formations at the Bathursr canp

(satif, 1983). >

Whether or‘éb: the atdertte-r{ch carbonate is primary

or metamorphtc 18 difflcult to prdvé_on textural grounds
alone, stince any'carbonace ts suste;ttble to solution and
mobi{ltsatton dur{ng deformation (Ramdohr, 1969): the
{soclinel folding at.Tulks H{ll (Chaprer 9) would  Thave
realigned the <carbonate subparallel to the s;hlstodtty; a
rne.chanlsm that may have beeun responsible for the production
of a "pseudo—Augen"' texture. However, since lron-rich

.minerals are restricted to the lron fotmattion te HYEREeRtH

that primary Fe-Ca-Mg =-rich mineralg uére present within

this rock.

4.5 BRIEF SUMHARY AND STRATIGRAPHIC SUCCESSI1ON

"Structural complexitles at Tulks Hill arc a hinderence

to the establishment of an ., unequivocal strattgraphy,'
However, by analogy with other min{ng camps the spacttal ana
tenp&ral relat{onships of the Tulks H{ll rocks can he
determined. Algo, genetic modela for volcanogenic .mamstve
sulphtde deposticts are useful for deternining both the cause
and probable relatlive timting of alterattion, which
{ndi{rectly, also helpe to ;stabltsh the possi{ble ;equence
of depostition, Flgure 4.1 18 constructed using these llnei

of reasoning.

Na-enrichment {n the footwall volcanics smeparateas thea
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from the reuwalning rock types. Extreme alteration of the
volcanlecs (stockwork) {s lacaliaed at the base of the
nineralised hortizon \uhich tmpliéa a genetic link of the
stockwork to the mineréltsing event(s). K~enr{chment~ {n
the RaVen rhyoltite s simklar to the siliceous stockwork
which guggests not only a genettic link to the mineralising
event(s), but alsg that inétusion predates alteration and
eineralisation (le. {t {s probably comagmatic with ¢the
footwall ™" volc'antcs). Sulphide veinlets within che

' [ ]
alkalt-enriched portion of the Raven rhyolite support the

latter contentf{on. It {s speculated that the rhyolite ts

‘compatable to the lavs domes “and subvolcanf{e d{ntrusfons

(81llg) assoclated with other volcanogenic massive sulphtide
depon(ta.» |

- The tuffaceous chert and the iron fo}mation have both
a relattvely- fresh mineralogy and a low sulphide conten;,
which separates them from ¢the remaining . rock types.
Contacge are. faulted, but by analogy‘uith other deposits
they are thought to post-date the ma{n mineralising event.
Volcante rtocks {ntarbedded with the discal pﬁttions of the
tron-fornailon (see Map 1), a8 well as ﬁhenocrysts within
the tuffaceoua'chert, suggest that explosive volcanism did
not ceage completely dduring the deposition of the chemical

o .

sediments but rather {(t waned sligh;ly. Thua, the sulphide
deposit, since {(t contains no_obvious evidence of explostvé

volcantc activity, was deposited during a brief htatus in

volcaantsm.




CHAPTER 5

SULPHIDE MINERALOGY

5.1 XNTRODUCTION

.

Pyrite constitutes at leagt 70 X of the total eulphtde

conte:} at Tulks Hill, It pccurs as massive lenses at the

miﬂeralifed hori{zon (Plate 5.1) and as digseminations

within all rock types. Oxidation to goethite is common {n

’

the surfsce outcrops (Plate 5.2). Sphalerite is the most

ebundant economic minevral . and {3 vrcrestricted to the
- ‘
mineralised horizon and -the underlying stockwork

alteration. Chalcopyrite and galena are present in roughly
"equal amounts, the férmer decreasing at the expende of
galena towardae the .chemical sedimencts (hangtngwall).
Arsenopyrite, tennantite, bornite, covellite and difgenfice

are variably distributed accessory 'sulphide wminerals.-
A .
Jambohtr (1983) identified electrum (av. 68X Au) and ‘minor.

amountp of marcssite, magnetfite and flmentlite. Cubanite(?)

may also be present (Cooper, 1968). - k < Y
The following description of the sulphiée }mineralogy
. ‘

and textures {8 based on senples taken from;:he T3 lens

v i

(Map 2), as well as DDHs T60 and T90, khe latter
\ R u i

crogs—cutting T3 lens (Map 3). c°m§oaftion§1 varfations

and {mplications are discussed in Chapter 8. /

LY
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Massive pyrite at the mineralised horizon.
Blue—black mineral is probably covellite.
Pencil is approx. 12 cm. long.

Variably developed oxidised pyrite within the

siliceous stockwork alteration. Oxidation
ranges from complete pseudomorphs (right) to
rim alteration (centre). Field of view 2mm Xx

l.5mm (12x magnification).



5.2 PYRITE

Two pyrite types are {denci{fted:. ;3 masaive lenses,
and b) vetinlets and diaaemlﬁationa. within the rematinting
rock types. ' ‘

’

5.2.1 Massive pyrite

If'the pyé&te.content exceeda S0 X of the rock Jt ts
termed magsive. This éffecttvely restrlcps massive pyrltre
to the underground outcrope (Map 2), alcthough small ( < '3m
{tn lengch) bedded ;yrite hor{zons occur {n the quartz
cfyatai tuff to the south of the nlneraltsed hortzon.

Two eubtypea- are different{ated in underground
outcéop: (1) relagively ~ fine-gratned with prominent
cloaely-spacgd Jotnts, and (2) relatively coarse-gratned
ylth Ino Joints. Bothvtypes may occur {n the same outCcropy.

the boundary between them being sharp (Plate $.3).

5.2.2 Veinlet and digseminated pyrite

* Pyrite within vetnlets typilcally s euhedral and
coexists with quartz, tron-rich chlorite and, locally,
lron=rilch carbonate., In the st{liceous stockwork, where

such veinlets are best developed, they contain sphalerite

> ~
and serlcite.,. Theae Beinlets may croas~cut the sf{liceous

bands (Plate 4.18).
Disseminated pyrite {8 etther euhedral or fractured
and bdbroken. Pressure shadows assoctated with euhedral

pyrite suggest that annealing, to produce the euhedral

«




B THte 5.3:

Plate 5.4

Sharp contact between recrystallised pyrite
(beneath pen), interpreted to be a fault zone,
and well—jointed pyrite (to the left of pen) in
the East Adit. Folding has isolated a
"fragment" of chloritic alteration in the
recrystallised pyrite. Siliceous stockwork
alteration outcrops to the right of the
mineralisation. Pen is approx. 12 cm. long.

B T

. ¥ O T T
- . N -

]

Euhedral pyrite overgrows the S1 schistosity.
Quartz—-chlorite pressure shadows associated
with the pyrite are oriented subparallel to the
Sl  schistosity and locally have a sinuous
shape. Field of view 2mm X l1.5mm Cl2x%
magnification).
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pyrite, post—dates the deformation (Plate 5.4). In these
i{nstances pressure fringes of chlorite, sericite and/or
quartz are well—developed subparallel to the schistosity
(Plate 5.4). Granular, or crushed, pyrite typically occurs

in zones adjacent to the euhedral pyrite suggesting a

period of faulting after euhedral pyrite growth.

5.3 SPHALERITE

Sphalerite is restricted to the silliceous stockwork
and massive zones within the mineralised horizons (Map 2).
In the former case, 1t is associated either with veinlets
of pyrite (see above) or in thicker, milky—coloured quartz
veins cross—cutting the stockwork banding. The latter are
thought to be deformation—induced (Chapter 9).

Relatively thick beds of sphalerite are shown on Map
Dy where sphalerite comprises at least 50 % of the rock
(Plate 5.5). In hand sample, the sphalerite is brown to
deep red and is locally banded (bedded?) due to alternating
Pyrite (-chalcopyrite) horizons. Flexuring of some banded
Dineralisation is not uncommon. A honey—brown or pale
Yellow colour is distinctive when viewed with transmitted
lighe, the latter possibly reflecting its low Fe content
(Chapter 8),

Invariably, sphalerite i1is interstitial to any pyrite
although it may occur as bleb-like inclusions within pyrite
and Chalcopyrite. This is thought to result from pyrite

o
p rphyrgblastesis and chalcopyrite mobilisation,



Bed of massive sphalerite bounded by
siliceous stockwork (South Adit). Right—hand
contact is faulted. Hammer is approx. 33 cme.
long.

;
|
|
|
a

yﬁﬁ%e 5.6:

Inclusions of chalcopyrite (golden vellow)
and galena (white) in sphalerite (grey).
' Sphalerite is also included within pyrite (pale
yellow). Silicate minerals are dark grey.
Field of view 0.lmm % 0.07mm (25x
magnification).
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respectively (Chapter 9). Locally, chaleopyrite and galena

occur as 1Inclusions within -sphalerite (Plate 5.6). In
samples of the sili#eoue stockwork that: have a high
matrix:sulphide content the sphalerite ' {s orfented

subparallel to the fabric.

5.4 CHALCOPYRITE

Chalcopyrite 1is most abundant {in the chloritie
stockwork, alchough ainor amounts are sporadically
distributed in the silfceous stockwork and the footwall

portions of <the massive mineralisation. It decrenses in

abundance within the nminerallsed horizon towards the

contact with che tuffaceo&s chert, that {8, towards the
hangingwall. Centimetrelthick veinlets of chalcbpyrtte,
quartz and c¢arbonate occur {n the ;lkall-enrfched portion
of the Raven rhyolicte,

. Invariably, chalcopyrite. forms selvages'rto pyricte.
Millimet?e-elge recryafé}lisation zonesg within masuzye
pyrite often .host mobilised chalcopyrite (Plate 5.7), as do
fractures within lﬁdivid;al pyrite crystals (Plate 5.8).

Locally, chalcopyrite is sassociated with pyrrhotite
.(Plate 5.8), which {is alunique mineral assoglatlon la the
T3 lens at Tulks KHill, Pyrrhocite s a minor m{neral and

rarely occurs in any other associatfion, and therefore does

not permit the use of gphalerite as a geobarometer.




“late 5.8

Fractured and granulated pyrite (pale yellow)
host mobilised chalcopyrite (golden yellow).
Sphalerite (grey) and silicate minerals (dark
grey) are also present. Field of view O.lmm x
0.07mm (25x magnification).

Chalcopyrite (golden yellow) fills a fracture
in the pyrite (yellow). Pyrrhotite (pink) 1is
a4ssociated with the chalcopyrite only (centre
Oof the photograph). Dark grey to black mineral
is silicate gangue. 125x magnification.




5.5 GALENA , <

Megascopic galens is {dent{fied only in samples taken

from the hangingwall or dtstal portlons (lens T3b on Nip‘3}’
‘of the mlngfalihed horizon. ~Locally, chin ;< 1 am.),
'wisp-like galena ts  visible {n samplee of banded
sphaleritefpyfite. Microscoplc occh:reﬁcee' are found In
some wmassive pyrite and sphalerite-rich samples. However,
it {8 rare, 1{f not abs;nt, iq the slliceous stockwork,
Quartz veins cross-cutting the S1 schistosity contai{n minor
galena, ctypically wich ankerltic(?) carbonate, as in .the
Main Hall fault zone (Map 2).

Garepé, ixke chalcopyrite and sphalerite, oé?ufs ag-an

interstial wmineral to pyrite, although in samples from the

Hangingpall <he pyrite component is reduced and galena 1s

9

Interatitial to sphalerite (Plate 5.6). It may occur as

Y . ’
distincc bleb-like inclusions in pyrite but wmore ocommonly
it 1is interst{al to the three mafn sulphfde minerals. The
latcer may completely surround the galena to produce a
sieved texture (Plate 5.6).

5.6 TENNANTITE (Fehlore Group)

This mineral, which has a complex mineralogy (Chapter
8), 1s only identified Lfu drill cOre samples of the distal
portions of che mineralised horizo;. It. -<contains
1ﬁc1us(on; of cﬁalcopyrite, but fe surrounded by_galena.

The difference {in polishing hardness between galena and

tennantite, as well as its brown to pink colour, atd in the

(o]
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tification of tennantite.

Unlike most tennantites, which undergo brittle
mation (Ramdohr, 1969), this sample shows no signs of
-lastic deformation (unetched), reflecting the
pogeneous style of deformation at Tulks Hill (Chapter
Its matrix position therefore, is thought to be

ry suggesting a "late" time of formation relative to

*Jﬁ@her sulphide minerals.

ﬁuﬁgﬁENOPYRITE

~ This mineral is scattered throughout the mineralised
zon, without any consistency to its location. It has a
tured, brittle appearance in polished section, often

Kﬁing as "islands" within the more plastically deformed

des (chalcopyrite, galena and sphalerite).

NOR SULPHIDE MINERALS

~ Pyrrhotite, bornite, covellite and
site—pearceite(?) occur 1in accessory amounts. The
- mineral pair is intergrown with coarse chalcopyrite,
is too fine-grained to be analysed with the electron
robe.

Bornite may be present as a primary mineral associated
chalcopyrite in the main sulphide assemblage. Both
te and covellite occur as relatively coarse crystals
lated with chalcopyrite in quartz-vein boudins within

Schistosity (Chapter 9), strongly suggesting that
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_their presence ({8 pre—deformational (Plate 5.9). Some of
the covellite ~and bornite however, is found on the rims and
{n cracka of chalcopyrite and pyrite, euggestiné formation

- . during weatheritng and/or supergene alteracion.

5.9 INTERPRETATION AND DISCUSSION
' -~ . ) o
The sulphide mineralogy at Tulks Hill ts dominated by

massive pyrite but it also hss signi-ficant accumulattons of
! sphalerite, chalcopyrite and gal.ena. Asseuming that the
| local stratigraphy of- Tulks Hill {8 correct, there (s a
imineralog\ical -éoning of the deposit, both verctically dnq
laterally, from a chalcopyrite-riech footwall cthrough
® gphalerite-crich horizons- l‘nto a gafenarcennantlte—rfch
1 ‘ » hortzon (the lateral kdistai por‘tions ‘pf the T3 1b?ns {8
repeated by isoglinal /folding, as shown in Map 3). This Is
the typical sequence ofp mineral deposition in volcanogenie

magsgive sullphlide deposits (Larg‘e. 1977) which is borne out,
! further by the systematic decrease 1In the molé L FesS
i content of sphalerftes with incréasing proximity of the
-hangingwall (Cha-pter 8). This sequ’ewnti-al deposfition of

sulphtides 18 thought to reflect their decreased solubility .

. 56 the hydeathseusd Eluid (PHLudZa; Batien and Cramanike, -
1967) probably cavsed by a simple temperature drop (Solomon
-~and Walshe, 1979). Four mechanlisms are commonly proposed

@
for this temperature drop: ' a) miximg with cold (ae.a)water;

’

b) adiabatic decomprese{on .(throttling); ¢) heat loss

through contact with che wall rocks; d) boiling (Skinner,
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Pplate 5.9: Bornite (violet), chalcopyrite (yellow) and
’ minor covellite (blue) in a quartz—vein boudin.
Pen cap 1s approx. e, long.

e 5.10: Equilibrium triple junction developed in
massive pyrite (yellow), probably as a result
of annealing. Silicates and unidentified
sulphides are included within the pyrite.
Deformation has mobilised chalcopyrite (golden
yellow) along pyrite grain boundaries. 125x
magnification.
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1979). Mechanism (c¢) ta. unlikely to serloualy affect the
flutd temperature because rates oFf heat conduction are too
slow. Elther of ' the three other mechanisns (or .a
combination)Ncould preclpltate cthe sulphtides: Carbonate
‘within the .sillceous stockwork suggeests that bo{llng_
.prz;l;ably occurred (Holland and Maltntn, 1979) although the
severe Ce depletion in the stliceous stockwork, aat.-.ell as
the Mg chlorices withtn the stockwork, {mply seaunt;r
{nteract{on and therefore probable cooltng by mixtng (Graf,l
1977;:; Mortl, 1983).

Epi{genetic ntnerall'a_atlan,occurp as pyrite-sphaler{cte
ve:inleta within <©the s8t{liceous stockwork., Although these
veinlets are gubparallél to the\Sl /schistoslty (t (s
thought that they or{gtnally defined a network of velnleu;
within the siliceous stocKwork, ae shown by. the .local
occurrences of sulphtde velnlets crosd~-cutting che
slliceous hortzons (Plate 4.18),. This feature\ ta

I'conparable' to the kelko ore 'zone (undeformed) of the

. Japanese Kuroko depoatits (Sato, 1977) -é.\here the eplgenetlc

mineralisat{on has been {nterpreted .to\repre_aent a fosell
D . .

feeder zone for the hydrothermal flutds, (emedtately

beneath the seaua‘ter-rock ,tnr.erfac:e and\\\the are; of

sulphide deposition. The locatfon of alntlar\‘ eplgenettc

mineralisacion at Tulks H{ll, {mamediately beneath the
= )

sulphide niaéralisat(on: a8 well as the cross-cutting

relattonahlpb of - some 8ulphide veinlets suggests that the

sf{liceous stockwork marks a (deformed) feeder zone for the
S,

~
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m{neral{s{ng hydrothermal flufd.

" All sulphide textures are thédght to reflecc etther
deformation, wmetamorphism " or a combination of the two.-
Anngaied pyrite, as well as pyrite porphyroblasts withtn
the stockwork and the tuffaceous chert, probably reflect
growth’durtng higher mectamorphic temperatures. Su;hfgrowth
would explain the numerous inclusions of stilicacte matrix
and lower tenperature)eulph{dep (eg. Qalena) within pyrite
(Plate 5.6): because df Lts high form energy (Cralg and
Vaughan, 198}; Stanton, 1972) pyrite will always
}ecryatalliae as euhedra when 3tpuin3 {in free space or when
againet minerals of a lower form energy (éﬁ. sllicates).
If free space 418 not a;ailable, then the pyrtite crystals
{mp{nge upon each other at tpterfgclal-'angles of 120
degreesn, aa_shoun ianlate 5.,1L0., ¥etamorphic overgrowth of
chalcopyrite by aphale;lte.‘add vice~versa, 1is 'a probable
explanation of the incluatona {n | these ninerala;
exsolutton,i& not thought to be an appropriate mechanta;
for such_ a vast amount gf bleb~like incluaions (Barton,
1978; Wiggins and Cratlg, f980). Wide z20nes (approx. Ha.)
of - recrysc}llised pyrite, without a joint system, and
micro-sctale fault zones of grspulated pyrite-arsenopyrite,

v

both trending s\S:arallel to the Sl schistosity, define
d

toneg of britrle ormatfon (Plate 5.3). Such de¥Yormation

must post-date annealing (Chapter 9). It is. poseible that

3

these faulc zonea Tepresent prieary porosity wichin the

magssive pyrite: according to Atk{nson (1975) pore spaces
: ‘ . s




within a deforaing rock act as zongs of @etress relief.
Consequently, highly porous pytife would euféer the ravages
of deformatio;‘ more than adjacent horizons of massive
pyrite, 1le. it may act as a fault zone. Elongate pyrite
wighin these zones mavaave grown by a process of fluid or
stress agsglsted diffusion, the porosity of the layer afding
the fluid movement (Atkinmson, 1975), -

Plastice deformation features of chalcopyrite,

sphalerite and galena, are common at Tulks Hill; stringers

of. mineralisation are aligned subparallel/ to 'the Sl
) g ' .

schistosity, typlically occupying. area of pyrite

recrystalllsaction (cleavage) where the ws{rain {is lower'
/

(Plate 5.11). Polished :sections of che7e cleavage zones
cont{Ln granulace@ sulphides “floatiné“ in the plastically
deformed sulphides (eg. chalcopyrite).

Experimental work by Kelly and Clarke (1975)
decermined that chalcopyrite will not "flow” unt{l at least
100° ¢, at which time polysyntheti¢ deformation -tulnu
develop, leading <to a8 loss of s:rengiﬁ ;nd cbnaaquent
fdi{ure enabling plastic flow. At 'ihe pressures and
tempe}atures of greenachistsfacies mecb;orphism (approx., 13~
kbar and 300-500°C) ductility g the required mode of
deformarion. ' /

!
. Although such factors as grain sfze, strain rate and
lapurities Saffect the relative tiaing of plastic

deformacion {n sulphides, a crude ranking of satrength 1e

possible: at the teﬁperatures and pressures of greenschist
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511 Cleavage development within the massive
pyrite (yellow) causes granulation. Mobilised
chalcopyrite (golden yellow) occupies these low
strain areas. Field of view O.lmm x 0.07mm
(25x magnification).




" facles metamorphism sphalerite > chalcopyrite > pyrrhht(te

> galena. . Under etmilar condittons pyrite wtll deform

cataclastically (Atkinson, 197%),




CHAPTER 6

PETROCHEMISTRY

6.1 INTRODUCTIQN

)

;f51xE;’é£ve samples were analysed for major and: trace
Jflemente to determine the chemistry of the Tulks Hill
rocks. At least one sample from each rock type vas
ahalysed. The analytical techniques, precision and
accuracy are given In A&pendix I1. | '

Hydrothermal alteration 18 extensive fn the Ffodtwall
rocks ‘and the primary wmineralogy and rock'lextures‘are
usuvally absent, this precludes the wuse of a modal
ciasalflcatiop»ior the rocks. Only the chemical sedimeh:s.
which Jtratigraphically overlie the mineralisation, can ‘be
termed "fresh®” because their depoasition post—dated the matin

§ —
alteration event(s).

Most of :hé footwall rocks are @aterlain pyroclastic
deposits which therefore 1introduces a high risk for
alteration and the incorporation of "anomalous" material
for example, -heavy mineral lag-type deposits (zircon).

&

This precludes their wuse {n petrogenetic studies.. £ The
chemistry of the masgive felsic volcanic rocks hoéever, can
be uged to approximate the pridary rock-type because they

should be relatively freer from gueh effects.

Five natura] groupings are used for easifer . comparison

-

of the chemical characteri{istics. These are:

—




%
. -
rhyolite: »a) alkali—enriched rhyolite
b) altered rhyolite
2) pyroclagt{cs |
.3) chemical sediments
4) stockwork alteration
55 mineralised hor{zons
This chapger is diQided into 3 sectlons: the first
section describes the wmajor aqq trace element contents
within each group, the second sect