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ABSTRACT

The Dixie 150 I7B, 18 and 19 copper zinc si1ver

prospects are three of several surphide lenses which occur

along a 45 km greenstone belt composed of regionally meta-

morphosed mafic volcanic, sedimentary and diapiric aranÍtic
rocks of Archean age. The g,reenstone bel-t constitutes the

southwestern extension of the Uchi Confederation Lake

greenstone belt of the Red Lake (Uchi) subprovince in north-

western Ontario. The prospects are located approximately

32 km southeast cf Red Lal<c, Ontaric.

The Dixie 150 18 prospect is one of the largest known

sulphide occurrences in the area. It is a vertical funnel-

shaped sulphide body contained within steeply dipping mafic

metavolcanic units comprising massive porphyritic and non-

porphyritic basaltic to andesitic flows, lapi11i tuffs and

sil-iceous tuffite which have been intruded by several lampro-

phyric dikes and small- feldspar porphyry sil-ls. Similar meta-

volcanic units with intercal-ated sequences of greywacke,

calcareous siltstone and impure limestone occur east and

northeast of the sulphide body.

Major element chemical- analysis indicate that the Dixie

150 18 massive flows are enriched in sodium when compared

to the lapilli tuffs and that both massive flows and lapilri

tuffs exhibit a strong iron enrichment trend and an accom-

panying trend towards alkali enrichment. The vorcanic rocks
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belong to the sub-alkaline field of voÌcanic rocks, prot
mainJ-y as a tholeiitic suite and are individually classified
as high-iron tholeiites of basaltic to and.esitic compositions
(although some high alumina andesites plot within the calc-
alkaline field).

Pyrite, pyrrhotite, sphalerite, chal_copyrite and mag-

netite are the major metarlic minerals and occur as massive

and disseminated minerarization. The sulphide mineral-i-
zation exhibits textural evidence of intense deformation,
recrystallization and metamorphic mobilization. Distinct
zínc and sil-ver distribution patterns are present within the
minerarization. compositional copper zoning within the

central portion of the sutphide body may indicate the loca-
tion of the discharge source for the hydrothermar sorutions.

A large cordierite-anthophylrit.e arteration zone com-

posed of a complex mineral assemblage of anthophylrite,

cordierj-te, quartz, chlorite and biotite is situated along

the footwall of the sulphide body. The cordierite-antho-
phyllite arteration zone is conformable with the flanks of
the surphide body but thickens, becomes discordant and

resembles an alteration pipe beneath the central portion of
the surphide mineralization. chloritization, cation hydro-

1ysis, silicification and biotitization are locarly important
alteration processes associated with sulphide mineralization.
Major eremenL chemicar analyses indicate that strong silica,
arkari and lime depletion was accompanied by intense iron,
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magnesium, sulphur and manganese enrichment within the

zones of sulphide mineralization. This relaLive enrich-

ment in iron and magnesium and. depletion in lime and

alkalies within the alteration zone may have been suf-

ficient so that cordierite-anthophyllite assemblages

developed within original chtoritic alteration zones

during high temperature (500 to B0Ooc) low to moderate

pressure (4 to 7 kbars) regional metamorphism'

The 150 18 sulphide mineralization may have been

precipitated during syngenetic (solfataric) processes

contemporaneously with enclosing volcanic sequences or

as epigenetic emplacement (stratigraphic trapping and

replacement) of mineralization following formation of

the volcanic Pile.

The Dixie 150 l-78 and t9 prospects are much smaller

mineralized veins and lenses of sulphide mineralization

contained within granitized metavolcanic tuffs which lie

parallel to the contact of nearby granodiorite intrusions'

Two main genetic possibilities exist for these prospects'

The sulphid.e mineralization may have been emplaced by hydro-

thermal ftuids emanating from the granodiorite intrusions

or by syngenetj-c processes during volcanism'
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INTRODUCTION

GENERAL STATEMENT

The Dixie f50 L7e , 18 and 19 copper-zinc-silver

prospects are three of several massive sulphide bodies

occurring within the southwestern extension of the Uchi

Confederation Lake greenstone belt. The Uchi Confederation

Lake greenstone belt is easily accessible by water, road or

float plane and has been extensively prospected and mined

since the turn of the century.

Several gcld occurrences \,,/ere investigated and mined

rlrrrìncr l.ha l¡f for nnrtinnq Of the L920 and 1930 deCadeS anduur !rrY

the greenstone belt has consequently been extensively mapped,

remapped and investigated for additional occurrences of gold

and base metals since that time.

Until recently, the southwestern extension of the Uchi

Confederation Lake greenstone belt containing the sulphide

occurrences under present examj-nation has been relatively

ignored or unmapped, and geological investigations within this

area are limited. General inaccessibility, numerous swamps

and extensive glacial overburden have hampered geological

investigations and mapping. However, the 1968 discovery of

the South Bay copper-zinc-silver ores located some 15 km east

of the .Dixie prospects and recent discoveries of sulphide

mineralization including the Dixie prospects has resulted in

considerable exploration in the southwestern extension of the



Uchi Confederation Lake greenstone bett. The area is

being actively explored by Selco Mining Corporation and

the ontario Division of Mines is mapping selected portions

of the belt.

SCOPE OF THESIS

The present research is an effort to establish the

geology hosting the Dixie I50 I7B, lB and 19 prospects

and the nature of the minerarization comprisinq the sul--

phide bodies. The research is also designed to investigate

some aspects of chemical petrology and mineralogy of the

enclosing volcanic rocks, alteration zone, metamorphism,

metal distribution and textural interpretation of Lhe

sulphide minerals with a view to understanding the probable

environment of minerarization. Emphasis is primarily given

to the 150 18 prospect which is currently one of the rargest

sulphide bodies discovered within the southwestern extension

of the uchi confederation Lake greenstone bert. The 150

178 and 19 prospects are much smaller and of little economic

interest. However, these prospects have been investigated ,

in some detail- and compared with the 150 IB prospect at

the end of this thesis.

The immediate research area is completely covered by an

extensive layer of thick gracial overburden which increases

the difficulty of geological interpretation and correlation
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pretation and research has been based upon diamond dritl

core j-ntersections which adequately outline the geology

and configuratJ-on of all- three prospects.

The author sampled and J_ogged the diamond drill core

from all three prospects during the fall of 1977. Rep-

resentati ve samples v'/ere corl-ected f rom ÌithoJ-ogicalry

distinct volcanic, sedimentary and mineralized units and

analyzed at the University of Manitoba.

Whol-e rock chemical analyses \^/ere obtained for 23

volcanic and sedimentary rocks and 24 rocks from the

cordierite-anthophyllite alteration zone. Two hundred

and eight thín sections were made for the Dixie prospect

rocks and 25 polished sections for the mineral_ized zones.

The area j-mmediately southwest of the prospects \^/as

visited during the field investigations. Approximately

one week was devoted to familiarization of the maìor rock

types within this area where outcrop is plentiful and

could be studied for comparative purposes and possible

correlation with the Dixie prospect volcanic rocks.

LOCATION AND ACCESS

The Dixie I50 L7B, 18 and 19 prospects are approxi-

mately 32 km southeast of the town of Red Lake and 10 km

northeast of the Griffith rron Mine on the western shores



of Bruce Lake in northwestern Ontario (figure I). The area

is reached by highway #I05 to a major forestry access road

located approximately 2 km north of Troutlake River. The

all--weather access road runs northeast from the highway and

terminates near the end of the studv area near the drill-

camp where a footpath runs north, branches off and connects

al-1 three prospect locations. The Dixie prospects occur

in an area of approximately 25 square km.

PREVIOUS GEOLOGICAI WORK

UntiJ- recently little geologicaf work has been done

within the area immediately surrounding the Dixie 150 I7B,

18 and 19 prospects " Selco Mining Corporation unpublished

geological maps based upon limited outcrop and magnetic and

gravity geophysical data provide the most detaiLed geological

compilations within the area. The geological base map used

for the initial interpretation of the area was the Dixie

East Part (Selco plan Di 1946) which was continually updated

and included information received durinq the L977 field

season. The progress map also covered almost the entire

length and width of the southwestern extension of the Uchi

Confederation Lake greenstone beIt.

The closest and most recent government survey includes

extensive geological investigations and mapping around the

Bruce Lake area by the Ontario Division of Mines (Shklanka,
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1970) . The mapping provided geological informatj-on south,

southeast of the Dixie prospects which would prove useful

whcn trwìno J-o internret an.d COrrelate the vOl-canic focks

around the Dixie prospects.
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REGIONAL GEOLOGY

The early Precam.brian Superior Province j-n northv¿estern

Ontario comprises seven easterly trending subprovinces.

Each represents a primary lithologic sequence which contain

characteristic Iithologies, structure and metamorphism

related. to different stages in crustal evolution (Ayres , I97B).

The Dixie I50 l-78, IB and 19 sulphide prospects l-ie

wíthin the Red Lake (Uchi) subprovince whích is one of the

major subprovinces within the Superior Province of north-

\.^/estern Ontario. The Red Lake (Uchi) subprovince is a block

of metavolcanic, metasedimentary and granitic diapiric rocks.

The block is dominated by several mafic to felsic volcanic

piles which are interconnected by several basaltic flows to

form a relatively continuous metavolcanic-metasedimentary-

granitic block extending from Lake winnipeg to Hudson Bay

(thurston and Breaks, f97B).

The Dixie prospects are situated within the southwestern

extension of the Uchi Confederation Lake greenstone belt

which is one of the major mafic to felsic volcanic piles

contained within the Red Lake (Uchi) subprovince (figure 2).

Di siinct volcanic cycles have not been recognized within the

southwestern extension of the Uchi - Confederation Lake

greenstone belt containing the prospects under investigation.

Hovúever, the vol-canic stratigraphy in the northeastern portion

of the belt (centred around the Uchi and Confederation Lakes,
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figure 1) is composed of three recognized cycles of vol-

canism (Thurston et aI, r97B). Each of these cycles have

been dated by the u - Pb method using zircons (Nunes and

Thurston, I97B). Cycle I contains a basal pillowed

basaltic unit overlain by a mixed unit of felsic pyro-

clastic and metasedimentary rocks, a second basaltic and

intermediate flow unit followed by coarse pyroclastic

breccias, marble, sulphide facies iron formation and chert.

A small section of felsic vitric crystal tuff and lapilli

tuff from the first cycle gave an age of 2959 t 3 million

vca!Ð.

rr.,^'l^ TT ¡nnt-¡ìnc a 1..¡qal ¡mr¡nÁ¡lnid¡l ni'llnr^¡orluy9¿ç !f vvaruq!r¡r

basaltic unit overlain by oxide facies iron formation,

chert and subaqueous pumaceous pyroclastic rocks which are

in turn overlain by felsic tuffs and lapilli tuffs (Thurston

et â1, I97B). The U - Pb zircon age from this cycle is

2800 ! 12 million Years.

CycIe fII also contains basal pillowed and massive

variolitic flows which are succeeded by more pillowed basalts

and andesite massive flows. The andesites are overlain by

guarLz and feldspar phyric flows, welded tuffs, Iapilli tuffs

with minor rhyolite and rhyolite tuff (Thurston et â1, 1978)'

A quartz and feldspar phyric flow indicated an age of 27 38 I

5 mil-lion vears for the third vofcanic cycle-
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STRUCTURE

The structure of the Dixie prospects is relatively
q'i mnl e - The volcaniC rOcks and 5gfljmg¡1,â rrz qê.rrrênr.êq r^ --'^-Iftty!ç. rrrs vvruqrrrv !vu^Ð q¡tq Ðçultttçltuq!l ÐçYuEt¡çgù ltqvE

a general east - west strike and dip steeply at angles

between 75 and 85 degrees to the south. Major faulting

does not occur within the immediate vicinity of the Dixie

prospects.

GEOLOGICAL AREA SELECTION AND GEOPHYSICS

Geological exploration within the southwestern

extension of the Uchi Confederation Lake sreenstone

l^relt i s nrimarilv restricterl fo cronlncrìr:¿] areas knOwn tO

contain base metal- occurrences within fel-sic (siliceous)

metavolcanic and metasedimentary rocks and to other l-inear

trends of volcanic rocks containing intercalated inter-

mediate to felsic (siliceous) units. The Dixie I50 178,

18 and 19 prospects were initially indicated by a regional

airborne combined Imput EM and magnetic surveys flown over

one particular area of interest containing intercal-ated

felsic volcanic rocks " The magnetometer survey conducted

over the vicinity of the 150 IB sulphide body is shown

in figure 3. Two large anomalies reaching maximum

intensities of 7000 and 7400 giaûtmas respectively straddle

the actual- sulphide bodv.
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The anomalies overlying the l7B and 19 prospects are

much smaller and proportional to the size of the mineral-

ized zones (see figures 34 and 38, Chapter II).

Horizontal- loop electromagnetic surveys were con-

ducted along grid systems Ín an attempt to pinpoint the

exact location and configuration of the rnineralized zones.

The 150 IB prospect responded as two distinct linear

electromagnetic conductors along a strike length of 680

m. Single electromagnetic conductors indicated the

150 I7B and 19 mineralized zones. Althouqh the mineral-

ized zones associated with al-l- three prospects are no-

where exposed, subsequent diamond drilling on the electro-

magnetic anomal-ies led to the discovery of copper-zínc-

silver mineralization under thick qlacial overburden"

DIAMOND DRILL HOLES AND GRID LOCATIONS

Figure 4 shows the grid and diamond drill hol-e locations

for the Dixie 150 L7B, 18 and 19 prospects. Figure 5

shows the detail of the 150 18 prospect in the insert on

r.i ^,.-^ ¡ mr^â r.fonlnrrrz and mineralization of aII three!rY urE r . rl¡s YsvrvyJ q¡rq

prospects have been well- outlined by diamond drill hol-e

intersections. The 150 18 sulphide mineralization has

been intersected by twelve drilI holes l-ocated at interval-s

for 310 m along strike of the electromagnetic anomaly.

The holes reach a maximum depth of approximately 150 m.
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Two holes tested the depth and extent of a smaller anomaly

located 350 m west and along strike of the larger anomaly

(figure 5). Atl dril1 holes dip between 40 and 50 degrees

into the sulphide body and enclosing volcanic rocks.

Three diamond drill holes outline the 150 19 prospect.

Two drill holes dip south and the other north at angles of

approximatety 45 degrees (figure 4) . The 150 l7B prospect

(figure 4) has been intersected by two drill hol-es' both

¡lìnn'inn nnrl.l.ra:cJ- ¡l- :nalog Of appfOXimately 45 degfeeS.

Drill hole 150 17B 3 faited to intersect mineralization

and is not of interest in this study.

Four additional electromagnetic anomalies \^¡ere tested

l-rr¡ o'icrht- rer:onnaissance dril-1 holes (18 Lt 2, 5, 7, 9, 11,pf

L2 and 13). These drill holes are located within 2 km east

and northeast of the 150 18 prospect. AIl holes failed to

intersect sulphid.e mineralization but provide useful docu-

mentation of the geology in those areas.
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CHAPTER 3
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LOCAL AND HOST ROCK GEOLOGY

LOCAL GEOLOGY

The rocks within the immediate vicinity of the Dixie

150 LTBt IB and 19 prospects comprise mafic metavolcanic

rocks with minor intercal-ated sequences of metasedimentary

and sporadic ul-tramaf j-c to felsic intrusive rocks.

The metavolcanic rocks consist of massi_ve and por-

nl-rr¡rìr-j¡ rnÄa5jlig tO baSaltj_C fIOWS and lan'ilti rrrffguv vqÐqaLru !rvwÐ qllg rqlj¿Irt Lu!I

with minor siliceous tuffite horizons. The metasedimenrarv

rocks consist of predominantly greywacke sequences with

calcareous sÍltstones and minor impure limestone. The

intrusive rocks comprise granodiorite and quartz diorite

stocks with smaller diorite and gabbro si11s, feldspar
nr¡rnhr¡rrz qìll^ -*¡ r^**-^*hrzro riiÞacI/v!lJ¿rJ!J Ð!rrÞ qIÌu IÕIil.yIUlJtrJ!ç q¿^çÐ.

The geology immediately enclosing the Dixie Ì50 1B

crrlnl-ri¡{a l-raÄrz COnSiStS alm6q.t- ont-iro'1 r¡ nf metaVOICaniCu¿! ç r-}, v

Flnr^rc :nÄ'ìãñiIli tUffS With nrarzr^za¡Þo CalCafeOUS Silt-Yv r ur¡ Y! 9 / vvqvl\ç ,

stone and impure limestone occurring east and northeast of

the sulphide body. The geology hosting the 150 - l_78 and

l9 prospects consists of volcanic rocks which have been

intensely metasomatically granitized into highly altered,

schi sf ose - feIsiC vOlcanic tuf f s intruded 1-rrz qê\¡êrâ'l 'l arcret lv+srv Lluvgu s)' JçVçlq¿ !q!\:,ç

crr¡noói or.i 1-o cf n^1. r'¡ -r arr¡r.l- z Ä.i nri ta fal ÄcñârV!qlIUurV!ILç ÐLvv^Þt ùItlafIE! yuq! L¿ UfUITLE, IEfUÞPAI

porphyry and gabbro sill-s and lamprophyre dikes.
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Further discussion concerninq the geology hosting

the 150 178 and 19 prospects is reviewed in detail in

Chapter 11 and is not considered in this chapter

HOST ROCK GEOLOGY OF'THE DIXTE 150 - ]-B SULPHTDE PROSPECT

VOLCANIC ROCI(S

GENERAL

The volcanic rocks within the immediate vicinitv of

the Dixie I50 18 sulphide body are massive and porphyritic
Er^--^ 1^*':1ri tuffs and siliceous tuffite. Figure 6 showsrr(JwÞ, IdPIIt-

the diagramatic stratigraphic column for the Dixie 150 18

section. The vertical thickness of the section is approxi-

mately 2I5 m and the section has been generalized. The

volcanic rocks have been broadly subdivided according to

distinct lithofacies characteristics recognized within the

volcanic pile. Each liLhofacies has been termed a unit and

o'i rzen ân'info-.-^1 -1.^L^L^r':r.âl dcsicrna.t-ion in order of strati-:rrvç¡1 q¡¡ rrr!vIlltaf ÕlpllatJeLauaf uçÞry¿rqLr

graphic development or decreasing age. A possible time break

imnosed hw 1-he dennq'ition and nrêr-.'in'ifatiOn Of the su.lnhide

mineralization and weathering and erosional development of

the siliceous tuffite suggests that l-ithofacies unit A may

belong to a separate forrnation entitled formation A and

lithofacies unj-ts B through D belong to a second younger
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volcanic formation entitl-ed formation B (figure 6). Litho-

facies contacts are generally poorly defined and range from

sharp to conformabl-e and gradational.

LITHOLOGY

MASSTVE FLOWS

Thick continuous seguences of massive flows are con-

fined to Unit C. Thinner individual massive flows are

intercalated with sequences of 1api1Ii tuffs in units A

and D. The massive flows are fine-grained, dark green-

gray to black units. The flows locally contain as much as

10e" elliptical quartz phenocrysts 1 to 2 mm in diameter

set in a fine-grained to aphanitic matrix (plate 1).

The flows have an average composition of 8.5% quarLz,

362 oligoclase or andesine, 36.5% hornblende, 5.5% biotite,

4eo actinolite, 42 garnet (almandine) with minor amounts of
an'i Àn{-a ¡:r'l-rnn={.o eori n'i {. a mi ¡rn^'l'i -a and OpaqUe ifOnvs!vv¿¡sev t ve!¿v¿ ee,

ore mineral-s; pyrite, pyrrhotite and magnetite (table 1).

The guartz grains are relativeJ-y evenJ-y distributed

throughout all sections and range in size from 0.1 to 0.2 ffi,

in concentration from 6.3 to 15% and averase 8.5%.

Individual grains are polygonal, equidimensional, equally

sized and recrystal-lized. Sutured grain boundaries and

intense undulatory extinction are common in most grains.
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PLATT I

tu4ASStVE FLOWq

CENTRE CORE ETCHED
WITH CONC. HF - SI-{OWIî{G
ELLiPTICAL QUARTZ
EYE PHEI{OCRYSTS

( BLACK ).

PLATE ?
PORPHYRITIE FL OWS

CENTRË CORË ETEF{ËD
WITF"I CONC. HF * SHOWING
LARGE PI-AG¡OCtASE
PHENOCRYSTS (WH¡rN ).
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^.,--!- ^,vL¡crr L¿ çyes are p]: esent in Some sections and range

in size from 1 to 2 mm, and usually account for 5 to 104

of the total- quartz. The quartz eyes are usually evenly

distributed throuqhout the sections but some l-ocal bead-

like concentrations aligned paralleJ- to foliation are

nracan# rhÄividual eyes are usually composed of a

mosaic of broken subhedrat to anhedral crvstals or frac-

tured, lenticular aggregates of shattered crystal fragments.

Stringers of small equidimensional quartz grains are

commonly aligned parallel to foliation. Lenses and

stringers of large composite quartz grains occur in a few

sections.

Oligoclase or andesine ranges in concentration from

2I.6 to 50? and averages 362 (tabl-e 1). The mineral occurs

as small equidimensional- recrystall-ized grains intimately

associated with quartz. Some large poikiloblastic grains

as much as 10 mm j-n diameter are present. Alteration of

oligoclase or andesine to sericite or epidote is mj-nor or

nonexistent.

Hornblende is the most abundant mafic mineral in the

massive flow unj-ts and ranges in concentration from 22 to

ABe¿ and averages 362. Individual l-aths and prisms range

in size from 0.1 to 0"3 mm. Orientation relative to

foliation is moderate to strong and some l-aths are moderateJ-y

poikil-oblastic. Hornblende almost invariably occurs in

elongated elliptical pods and as long continuous stringers
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TABLE I

MODAL ANALYSES FOR THE MASSIVE FLOWS

DRILL HOLE tB - r3-397 rB- to -7 7 r8-4-t2 6 B-r4 -t23 lQ-a-?a tB-7-t?8
QUARTZ r50 63 BB 77 78 47
PLAGIOCLASE 332 403 500 307 ¿16 403
HORNBL ENDE 475 ¡rì^ 2lB 390 4?9 370
BIOTITE l2 50 57 86 n2 I
ACTINOL ITE t38 8Z
GARNET t23 ro3 ?3
tr PITIôTtr 3?

CAR BONATE 35 49 T l7
<^

\4ICROCLINE 4 7 Þ 7 lo 6

O PAQUE S ?7 4 3 52 44

TOTAL tooo I 000 I ooo to00 tooo rooo

TABLE II

MODAL ANALYSIS FOR THE PORPI-JYR|T|C FLOWS

DRILL HOLE tB- B- 57 la-ft-248 rB- t3-262 rB - to-tl tB-8 -r77

OUARTZ 90 4A 6l AA

PLAGIOCLASE bul 320 452 336 4t4
HORNBLENDE too 231 327 ?oa 3t6

B IOTITE 2l trì¡ t49 42

ACT INOLITE il8 ill to9 70

GARNET BB ()l 6A

E PIDOTE 4? A qÂ

CARBONATE 44
SERICIT E tol 94

MICROCL INE ll 7

OPAO UE S to l2 20 to ?l

TOTA L to oo tooo tooo tooo rooo
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which contain only minor quantities of oligocl-ase or

andesine and quartz.

Biotite occurs as subhedral laths and prisms and

ranges in concentration from I to I2Z and averages 5.53.

The laths and prisms range in size from 0. l- to 0. 3 rnm

and are always fresh and unaltered. The crystals are

moderately to strongly aligned relative to foliation and

occur as small disseminations, individual scattered laths

and in places as long continuous chains. Biotite is

usually assocj-ated with other mafic minerals such as

hornbl-ende and actinol-ite.

Actinol-ite is closely associated with hornblende and

ranges j-n concentration from 0.5 to l-4Z and averages 42.

Individual laths and prisms exhibit a preferred orientation

parallel to foliation and range in size from 0.1 to 4 mm

poikiloblastj-c prisms.

Garnet occurs in most sections and ranges in concentra-

tion from 0.5 to LzZ and averages 42. Individual anhedral

crystals range in size from 0.3 to 2 mm and are comrnonly

red-brown. All- grains are stretched and el-ongated paralleJ_

to fol-iation and are highly poikil-oblastic with innumerable

quartz grain inclusions.

The distribution of epidote is erratic. Epidote ranges

in concentration from 0. 5 to 3Z and averases tU. The mi-neral

occurs as elongated angular crystal masses moderately aligned

paraIleI to fol-iation and rel-ict crystal segments are commonly

observed. Epidote is usually al-tered to clinozoisite and is
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concentrated preferentially near oligoclase or andesine grains.

Carbonate occurs locally as randomJ-y distributed tiny

blebs which range in size from 0. I to 0.3 mm and in con-

centration from 0. 5 to 5% , averaging 22. The close spatial

association of carbonate with ol-iqoclase or andesine and

epidote suggests that carbonate may be forning from the

al-teration of plagioclase mineral-s and epidote.

Sericite ranges in concentration from 0.5 to 5Z anC

averages LZ. The mineral is always associated with oligoclase

or andesine where it occurs as minor to pervasive replace-

menLs of whole oligoclase or andesine grains.
rìn=arra i ron ore mineral-s are represented by magnetite

with lesser amounts of pyrite and pyrrhotite. Magnetite

occurs as euhedral to subhedral cubes and octahedra and the

iron sulphides form irregular disseminations and stringers

which are commonly aligned parallel to foliation. The iron ore

minerals range in concentration from 0.5 to 6so and average 2eo.

The minerals are usuall-y contained within hornblende-actinolite-

rich lavers.

Trace amounts of zircon occur in alI sections. Zircon

usually occurs in biotite where it is surrounded by a pJ-eo-

chroic halo.

PORPHYRITIC MASSIVE FLOi^IS

Compositionally, the porphyritic massive fl_ows are

similar to the non porphyritic massive flows. The porphyritic



qÕõìlên-êq ârô l.rnmn^a-nrt- _i 
- !L ^: --Þçyuç¡rççÞ arE rrvrrrvyçr¡vuÐ ¡Â appearance over their entl-re

exposure in the drill holes and are essential_ly confined

to the central portions of unit C (plate 2) .

The porphyritic flows are characterized bv a fine _

---;*^r ^^^^*hlaoe of ¡nnrox'i maJ.alrz 422 nlirrnn'laqo ^ryrqrlrgu cL5Þclil.,v

andesine, 6eo guartz, 24so hornblende, 6Z biotite, Beo

actinoliLe, 3Z garnet with minor amounts of epidote,

carbonate, sericj-te, microcline and opaque iron ore minerals
(tabIe rI) .

The origoclase or and,esine phenocrysts have a uniform
size (0.0 to l-.5 cm) and distribution and may cornmonly

constitute 15% of the rock volume" The anhedral pheno-

crysts are strongly recrystal_lized and their primarv

euhedral tabular shapes are poorly preserved. some of the

oligoclase or andesine phenocrysts are partially replaced

by hornblende and biotite with minor sericite and are

commonly dif f icul-t to distinguish f rom the ground.mass.

Rare quartz phenocrysts ranging in size from 0-3 to 2 mm

occur in some zones where they maintain their well-
preserved subhedral equant shapes.

The groundmass in all porphyritic units has been re-
crystallized into a fine-grained assemblage of hornblende,

biotite, quartz and oligoclase or andesine.

Apart from the zone of sulphide minera]ization, the
porphyritic unit is the only unit which can be correlated
between drill holes with accuracy and serves as an excerlent
marker horizon within the volcanic pile.
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SILICEOUS TUFFfTE

The siliceous trìtfite is an indurated unit composed.

of a mixture of pyroclastic and sedimentary detritus,

especially fíne ash and sediment. The unit is siliceous,
€ìna-^r=jnaÄ bleached white 1-n crrarz-vzh'ilg and is restricted, vruqvrruu w¡¡f uç Lv g r ay -wttr

to a narrow zone immediately above the zone of sulphide

minerafization. rt is characterized by large concentrations

of quartz and continuous intercalated bands or laminations

of biotite ranging from 5 mm to 2 cm in thickness (plate 3).

The tuffite has an average composition of 392 quartz,

34e" oligoclase or andesine, 1B? biotite, 3Z rnicrocline with

minor amounts of actinolite, garnet, carbonate, epidote and

opaque iron ore minerals (table III). Quartz, the most

characteristic and abundant mineral in the tuffíte ranges in

concentration from 35 to 4IZ and averases 39Z. Ind.ividual

grains are equidimensj-onal and polygonal and range in size

from 0. l- to 3 mm except for larger elongated composite grains

which are concentrated into distinct l_enses, stringers and

narrow bands aliqned parallel to foliation. The smaller_:
polygonized grains are concentrated into distinct bands which

are devoid of any other minerals. The bands range in wÍdth

from a few millimeters to several- centimeters. Contaccs

between the bands, Ienses and stringers of larger composite

crystals and the fine polygonized quartz bands are sharp.

Quartz eyes are abundant in some polygonized

quartz bands and range in size from 0.4 to I mm, averaging
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PLATE 3
SILICEOUS ÏUFFITE WITH WHITE BANDS OF QUARTZ,

DARK BANDS OF tsIOTITE.
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TABLE III

MODAL ANALYSES FOR THE SILICEOUS TUFFITE

DRILL HOLE lB-B-260 tB- 4 -r4B tB-t7-376
QUARTZ 4t2 354 qUõ

PLAGIOCLASE 301 358 560

HORNBLENDE

BIOTITE tYb t46 I9B

ACTINOLITE 34 ?

GARNET t2 2

EPIDOTE ? 27 4

CARBONATE o 38 I
SERICITE

M ICROCLINE <ç 25 t4

OPAOUES t6 IB o

ÏOÏAL rooo tooo tooo

TABLE IV
MODAL ANALYSE S FOR THE LAPILLI TUF FS

DRILL HOLE tg-tz-?ol tB-4 -296 rB- t3 - t72 l8- r3-207 tB-8-97

OUARTZ t56 t36 t¿b 8l

PLAGIOCLASE 2aq ?tt 243 256 233

HORNBLENDE ta7 2s4 256 ¿ub

BIOTITE tc,7 t72 r94 lBl 2ql

ACT INOL ITE to4

6ARNET 5B 57 12

EPIDOTE 80 z^

CARBONATE 5Z 5l qE,

SERICITE

MICR OCLINE 2l 20 ?r\ 5 5

OPAOUES T 49 43 t2 ¿l

TOTAL tooo tooo I ooo I ooo tooo
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0.6 nrm" The quartz eyes consist of unbroken anhedral to
crrhhcdral r-rr¡stals.v^ _¿ .

Biotite ranges in concentration from 15 to 202 and

averages 188. The subhedral l_aths and prisms range in

síze from 0. l- to l- mm and occur as elongated disseminations

or long continuous bands and chains. Narrow bands are most

common where biotite concentrations are hiqh. The bands

range in width from 0.3 to 15 mm and contain minor amounts

of quartz, oligoclase or andesine and actinolite. Sharp

contacts occur between the biotitic and guartz-rich layers.

All of the grains are aligned parallel to foriation and are

unaltered "

Oligoclase or andesine ranges in concentration from

30 to 36U and averages 342. Individual grains are equi-

dimensional and polygonal and range in size from 0.1 to 3 mm,

averaging 2 mm. The polygonized grains are concentrated

into distinct bands which are intercalated with similar

quartz-rich bands. Contacts between the quartz and oligo-

clase or andesine bands are qradational into one another.

Microcline is erratically distributed throughout the

sil-iceous tuffite. It occurs in trace amounts in most

sections but does reach concentrations as much as L2Z bv

volume in two sections. Microcline usuall-v occurs as

randomly distributed equant grains which range in size

from 0. 1 to 0.7 mm although distinct l_enses and bands as

much as B mm in width and 2 cm in length occur in a few

sections. The mineral is rarel-v al-tered to sericite.
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Carbonate occurs locally as randomly distributed tiny

blebs which range in sj-ze from 0.1- to 0.3 mm. The close

spatial relationship between carbonate and oligoclase or

andesine and epidote suggests that carbonate may be forming

from the alteration of plagiocl_ase minerals and epidote.

Actinolite is present in a few sections and is usually

contained within the biotite-rich bands. Individual laths

are much larger than biotite and exhibit a strong orienta-

tion parall-el- to foliation.

Garnet is a rare constituent in the siliceous tuffite.

The Ìarge poikiioblastic grains are stretched paraIIeI to

fol-iation, excessively fractured and corroded and contain

abundant quartz grain inclusions. The grains are commonJ_y

5 to 7 mm in size.

Epidote is rare and occurs as tiny irregular crystal

^ -'li^^^¡ ñ---'l'l^'l !^***r-^-J t,qrqrrsr LU foliation.

Opaque iron ore minerals occur in minor amounts in all

sections. Magnetite is the most common mineral accompanied

by lesser concentrations of pyrite and pyrrhotite. Magnetite

occurs as sma1l (0.1 to 0.5 mm) cubes and octahedra and the

iron sulphides as irregular disseminations and stringers

aligned paralleI to foliation.

LAPILLI TUFFS

The tuffaceous units are stronqlv characterized bv

dominantly lapil-1i-size fragments set in a fine-grained
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ñô^irrm drÕên-.rrAv to black matfix. ThiCk COntinUOUS Se-Y '*_Ì

quences of lapilli tuffs are confined to Units A and D

¡1{-l.rnrrnl-r mj-n- qê.rlrênrrêq âre intefCalAted With maSSiVes! uI¡v qY¡I rLrrrrv

fl-ows in Unit C. The grayish-white to brown fragments

are commonly deformed and stretched paralle1 to foliation

(plate 4) . Many fragments are almost completeJ-y in-

corporated into the matrix and the distribution of the

fragments is erratic. Quartz eyes are abundant through-

out the units and some sections consist of a fine-<rrained

tuff whÍch exhibits well-defined banding or possibly

bedded characteristics (plate 5).

The lapilli tuffs have an average composition of 13%

quarLz, 262 oJ-igoclase or andesine, 242 hornblende, Ige"

l-rinfil.a- ?2 er.l.'i no'li{-o- 52 a=rnar- /ã'rmãñ|'i na\ ?2 øni|nl-aUfVUIUçt J_o qVU¿llvI¿Lçt J'o 9OIiIEL \qIlttaffqlIIç,1 , L'o çLrfuvee

?Z c'arl-ronai- e - aZ r.)nâcnrê ì ron Ore minerals with traces Ofv q!vv¡¡q çv t

zircon and sericite (table IV) -

/ìttarl- z r:yus! uê ,engies in concentration from B to LsZ and

averages 13%. The grains are polygonal, equidimensional,

recrystallized and range in size from 0.1 to 0.3 rrffir

averaging 0.2 mm. Bands, stringiers and l-enses of quartz

grains are conrmon and are aligned parallel to foliation.
r'^-.. 'r^*-^^ -rê ellinl-i¡-:l and â\/êrâ.fê 2 .lm.i n lenoth andlYIé].¡.y AglIÞg> 4Ig Errf yuJUaa eflu qvç!ovç ¿ erLL f¡r rsl¡y urr

0.5 cm in width. Lenses of much larger composite quartz

grains are al-so coinmon in certain sections and attain

widths as much as 2 cm and lenqths between 2 and 4 cm"

Quartz eyes are conmon in the tuffaceous units. They

are usually restricted to specific l-inear zones parallel
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PLATI 4
LAPILLI TUFFS

WITH STRETCHED
LAPILLI SIZE FRAGMETüTS
(WHITE) IN FINE GRAINED
(DARK GRAY) IV1ATRIX.

PLATI 5

LAPILLI TUFFS

WITH WELL DEFINËD
BANDING OR POSSIBLY
BEDDED CHARAET'HRISTICS
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to foliation and ranse in concentration from l0 to L5Z.

The eyes are usually 2 Lo 3 times larger than the surrounding

polygonized quartz grains and differ in their degree of
nar€anl-ìnn €-am unbroken anhedraI r:rvstafs to shatteredÌ/vr ruv sr¡rf usr qt vr J J uq

crystals and lenticular aggregates of broken quartz fragments.

ITnì.rrnl¡an n,r=rf z ê\/Þc. ã:-Þ .nhefiCaI and eXhibit UndUlatorvyuq! uê JÈ/rrs!¿uqr af Iu çÁIllvr L uf ruurq Lv!l'

extinction.

Ol i oor:'l aSe or andesine is íntímatelv ãssôci ated withr¡¡ Lrrrrq es¿J qoovurs LUU

quartz and occurs as small equidimensional recrystal-lized

grains and rarely as large individual poikiloblastic grains.

The mineral ranges in concentration from 23 to 31U and

averages 262. Most grains are relatively unaltered but the

larger poikiloblastic arains exhibit minor alteration to

sericite or epidot.e.

Hornblende and biotíte are the most characteristic

minerals in the tuffaceous units. Hornblende, the most

abundanf rãncres in cOnCentration frOm 18 tO 292 and a\zêrâõêqq v u! qYUr

242. The mineral ranses in size from 0. l- to 3 mm and occurs

as stubby, wefl developed prism faces concentrated into

dístinct bands, lenses and rods of segregated crystals.

The larcrer ¡rvstals tend fo he hiohlrz nnjþil_ObtastiC and all_¡/v

nrrzc{-a'l c cl'rnr.z a str¡-¡ncf ori enf af i on ¡-¡ârâ1le1 tO fOtiatiOn.È/sr s¿

Þi^+ìfô r1ñÃôS in COnCentratiOn frOm 16 tO 252 and aVe-^õêqllvrlr rv Lv LJ o al¡u qvçlqYgÐ

I9U. The subhedral laths and prisms range in size from 0.1

to 0.8 mm and are strongly aligned parallel to foliation.

The mineral commonl-v occurs in distinct bands ] cm in width

and as elliptical lenses 1.5 cm in length. Individual-
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grains are commonl-y scattered about within hornblende-

actinolite rich zones. The biotite laths are always

unaltered.

Actinolite ranses in concentration from 0.5 to 10U

and averages 3?. Individual subhedral laths and prisms

range in size from 0.1 to 0.3 mm and are commonly

scattered throuqhout hornbl-ende-rich zones or concenrrated

into distinct bands. Atl qrains exhibit a pronounced

orientation paralle1 to foliation. Particular sections

contain actinolite grains which are concentrated into well-

defined elliptical clots with mi.ror amounts of quartz and

oligoclase or andesine. The clots are commonly elongated

and in some places broken apart, boudinaged and sinuous

in shape. Some actinolite grains exhibit various degrees

of alteration to epidote and carbonate.

Garnet (almandine) is present in all sections examined

and ranges in concentration from 0 .5 to B% , averaging 52.

Individual- poikiloblastic crystals are 1arge, ranging in

size from 0.5 to 3 mm. They are reddish-brown, stretched

or eJ-ongated rel-ative to foliation and contain many quartz

grain inclusions. Grain boundarj-es are commonly excessively

corroded and numerous grains have been shattered into

angular fragments.

Carbonate ranges in concentration from 0.5 to 5e¿ and

averages 3ã. The mineral occurs as randomly distributed

blebs and continuous elongated masses aligned paraIleI to

foliation. Individual blebs ranc{e in size from 0.1 to
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0.2 Ítm and elongated masses commonJ_y reach 6 to B mm in
length with widths as much as 0.4 mm. carbonate is commonly

associated with actinol-ite and oliqoclase or andesine and

appears to form f rom the alteration of these tv,ro minerals.

A few carbonate veinl-ets are scattered about some sections.

Sericite, epidote, microcline ancl the opague iron ore

minerals in the tuffaceous units are similar in distribution

and characteristics to those described in the massive and

porphyritic flow units although the concentrations differ

s lightly.

SEDIMENTARY ROCKS

Sedimentary rocks within the vicinity of the Dixie 150

IB prospect comprise intercal_ated sequences of greywacke,

calcareous siltstone and impure limestone" Relative ages

of the sediments are uncertain but the occurrence of sedi-
ments intercalated with volcanic sequences suggests that the

sediments are approximatery the same age as the volcanics.

METAGREYWACKES

Metagreywackes are generally confined to the areas

north and east of the 150 lB sulphide body. Extensive

units \^/ere encountered in drill holes 150 IB 5, J, 11

and 12.

The greywacke is a light to medium gray fine-grained
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unit composed of poorly foliated to moderately schistose
sequences. All units are bedded although graded beddinq
l^/as never seen. rdentifiabl-e rock fragments were not
found within any sequences.

Biotite and hornbl-ende-bearing greywackes are the
most prevalent. These rocks are composed. of oligoclase

^*t^^.: *^or anoesr-ner euartz, and biotite or hornblende which mav

constÍtute as much as 302 of the rock volume. Garnet
porphyrobl-asts and microcline occur locally. carbonate
grains occur in arl units and commonry attain as much as

103 of the rock vol-ume. secondary mineral_s include
chlorite, sericite, opague iron ore minerals and epidote
(table V) .

CALCAREOUS SILTSTONE

carcareous siltstones are essentiarly confined to
drilt hores 150 lB 1 and 2 with minor intersecti_ons
in dril-I hores 150 - lB ll and L2 northeast and east of
the 150 18 sulphide body. The calcareous sil_tstone units
are light to dark gray, finery-laminated to thinly*bedded
graphitic sequences corlìmonly containing narrow beds or
l-enses of light gray carbonate, quartz and fine pyritic
lamellae lying para]1el to the bedding. some larger angurar
quartz fragments are also contained within the units.

The siltstones commonly contain approximately 4}ea fine
equigranul-ar masses of carbonate with subordinate biotite
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N¡/\-\^t 

^^r^lIVIUUAL /ìNALYSES FOR THE GREYWACKES
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and hornblende, minor quartz, origoclase or andesine, epi-
dote and garnet. cryptocrystalÌine semi-opaque masses of
irregurar to finely disseminated bands and lenses of
graphj-te, clay minerals and iron oxides usually constitute
as much as 803 of the rock volume. Extensive bands and

l-enses of sericite with minor carbonate and epidote are

intercarated with the cryptocrystalrine semi-opaque masses

in other sections of the siftstone units.

ÏMPURE LIMESTONE

Narrow units of crystafl-ine l_imestone were intersected
in drill hores 150 18 11 and 12 located to the east of
the 150 18 sutphide body. The units are light gray to
white, moderately bedded. and contain small lenses of well-
sorted clrrarf z. cÍi'ã i ns r^¡i J- h mì nnr d¡rÞ ñy^\7 l-a t-.'t ¡al- I -.rv!Luu yuq!L¿ y!qrfrÐ nrf Lrr 1r.------ :-*y to black lamrnae

which common]-y contain disseminations of quartz and. clay
minerals. The limestone is al-most entirely composed. of
interrocking equigranurar anhedral- calcite crystals with
small-er quartz grains scattered about the intersticies
between the calcite srains.

INTRUSTVE ROCKS

rntrusive rocks within the vicinity of the Dixie 150 lB

prospect include quartz diorite and feldspar porphyry sirl_s
and lamprophyre dikes. Distinct cross cutting contact and.
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structurar rel-ationships of the intrusive rocks suggests

that they are al-I younger than the encrosing volcanic units.

QUARTZ DIORITE

Quartz diorite occurs

and northeast of the l_50

intersections as much as 75

large sil-l--like bodies north

sulphide body. Continuous

thick were encountered in

5. A much narror¡/er dike was

qÞ

aô

m

drill holes 150 18 2 and

encountered in dril-l hole 150 IB L2 east and along

strike of the sulphide bodv.
rFl-ra ñrrã ?.rrr= ,TuoLtz aiorita is a medium-grained, grayish-green,

spotted rock composed of anhedral plagioclase, hornblende

and actinolite phenocrysts contained in a fine-grained

matrix of quartz, plagioclase, carbonate, epidote and

sericite. Plagioclase laths are extensively artered co

epidote and sericite and the amphiboJ-es have been slightry
altered to epidote and possibly magnetite. contact zones

appear to be marked by a finer-grained quartz diorite with
some weak l-aminations composed of hornblende and actinolite
aligned paralleI to the contact with the enclosing volcanics.

FELDSPAR PORPHYRY

Feldspar porphyry occurs as smal-l_

dikes within the immediate vicinity of

body. Dikes are usually less than 6 m
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between l-0 and 20 m. The rock is a medium gray to black,

medium-grained intrusion that is characterizecl by sub-

hedral l-aths of plagioclase from 0.5 to I cm in J_ength.

The laths are sparsely distributed or concentrated into
distinct clusters whi-ch constitute as much as 30% of the

rock vol-ume. Quartz phenocrysts are conmon and are much

smaller than the plagioclase phenocrysts. The matrix

consists of biotite, plagiocl-ase and interlocking fused

granular aggregaLes of quartz with minor amounts of horn-

blende, carbonate, sericite, muscovite and epidote with
trace magnetite and apatite.

The feldspar porphyry is in part spherulitic. Spheru-

litic intergrolths of plagiocl-ase and quartz form a matrix
around the plagiocrase and quartz phenocrysts. Epidote

and sericite occur as al-teration products of plagiocl-ase

and the porphyry is not as intensel-y metamorphosed as the

other íntrusive rocks or encl-osing volcanic and sedj_mentary

rocks. Contact relationships are sha¡p and fine-qrained
chilled margins are not present.

LAMPROPHYRE

Narrow dikes of lamprophyric composition are scattered

throughout the entire seguence of volcanic rocks hosting
the 150 18 surphide body. The dikes range in width from

0-1 to I m and average 0.5 m. The J-argest dike is }ocated

near the 150 - 18 surphide body and is closely associated
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r.7i t- ì-ì â 'l ârñô fal Iq¡âr n¡rrn\y¡y SillYvLYILJLJ o!r!

The dikes are dark gray-green and fine-grained with
distinct medium-grained biotite porphyroblasts or con-

centrations. Biotite is the dominant mafic mineral and

ocr:Ììrs fhrorohout the matfix and alsO aS larcre nornhrz-vvçu!r L¡rrvuy¡LULlL LIte li.tc-tLII)( d-Il(l cf IS(J dS r_-l-,.1 .rO-

blasts. Hornblende and actinol-ite also occur in the

matrix but rarely form porphyroblastic aggregates. Minor

concentrations of quartz, plagioclase, carbonate, magnetite

and zircon are present. The dikes are highly metamor-

phosed and intrusive contacts are sharp with well--defined

chil-led margins.



CHAPTER 4
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MINERÄIOGICAL CLASSTFICATION OF THE VOLCAN]C ROCKS

The tapilli tuffs, massive frows and porphyritic flows
were classified accordj-ng to their mineral_ compositions

previously shown in tabl-es r, rr and fv. sixteen speci-
mens \,vere classified according to streckeisen (Lg6l) in
the Q A P triangle where e, A and p represent total quarrz,
alkali feldspar and ptagioclase within the rock. The

modal analyses are based upon r000 point counts through-
out a thin section representative of that specific vol--

canic rock. Five of the sixteen cal-culations v/ere from

the lapitti tuff sequences, six from the massive flows and

five from the porphyritic flow sequences directly above

and along strike of the Dixie 150 lB sul-phide bodv.

The tuffs and flov¡s have similar mineraloqical com-

positions and plot essentially as andesites and basarts
with a few specimens of quartz andesite. The plots also

correspond to the tholeiitic basalt and andesite fields
(figure 7) .

GRADE OF META-}{ORPHISM

The mafic metavolcanic rocks are characterized by two

distinct mj-neralogicar assemblages. The first assembrase

comprises colourless to pale green actinol_ite and horn-

blende ca plagiocl-ase t chlorite and epidote. The second
and more diagnostic mineral- assemblage comprises dark green
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hornblende - plagioclase (oligocl_ase or andesine)

biotite t garnet. lulore felsic metavolcanic rocks contain

pl-agioclase (oligoclase or andesine) quartz biotite 1

garnet mineral assemblages (see tabl-es I - IV) .

The first mineral assernblacre is characteristic of

the upper greenschist facíes (Winkler, L916) . The second

acqaml-r] a¡o 'i c distinctive Of the lower tO middl-e amphi-

bolite facies and refl-ects low to intermediate pressure

facies conditions (Winkler, L976). Consequently, the

volcanic rocks enclosing the Dixie 150 1B sulphide body

ì.ra'l n¡a {- ¡ f l¡a moÄi rrm arrriln mel. amOrrlhi c fl.Omain WhiCh fânñêqurrt y!quç lLrç uqtrtvl[rf lrv uvrllqItI wII¿vtt Iq¡tyEÐ

from upper greenschist to l_ower - middle amphibolite facies

of metamorphism (Winkler, L9l6) .

METAMORPHTC TEXTURES TN THE VOLCANIC ROCKS

The most obvious metamorphic texture found throughout

the tuffaceous and massive flow units is schistosity. The

schistosity is accompanied by paraller alignment of biotite,
hornhlande - ¡r.finn'l'i+a eJ-rol-¡hoÄ ¡¡rno.t- --1.i-õ 

'l.i +.Lj¡¡vlrrurçrruç, qU LIII(JJ-It€, StI - - gf aAnS , IIt'nl-C

fragments and in places by narrow bands and lenses of quartz

and plagiocl-ase. Poikilobl-astic biotite, hornblende, garnet

and to a lesser extent actinol-ite developed in a svntectonic

environment as they are all aligned parallel to foliation.

The second most pronounced metamorphic texture is a

distinctive granoblastic texture which occurs in the guartz

plagioclase groundmass in all volcanic units. Extensive
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recrvsf al I i zat'i on r¿hir-h nnlvooniz.ed lhe rrtìârf z anã nlaain-I.vrJ u¡¡u \{uq! Lá q¡¡u plq:Jfv

clase groundmass also developed porphyrobl-asts of actino-

l-ite, hornblende and biotite.

Sutured guartz grain boundaries and excessive

undulatory (strained) extinction in many sections may have

resul-ted from a later staqe of deformation. This later

stage of deformation may have also been responsible for

retrograde alteration of plagioclase to serici-te, epidote

and carbonate; actinolite to epidote; and rarely biotite

to chlorite observed in some of the volcanic tuffs.

The metamorphic textures indicate a moderately complex

deformational history. Initial deformation created the

strongly pronounced fol-iation (schistosity) in alt vol_canic

units and resulted in oriented growth of poikiloblastic
l^ì ^+'; !^ L^-^1-r'l ende - ar:l- i nol'i f c ¡nd crernal- ¡l nna r^ri'f-hlMI Lç, lMlIlIUlIuu t qu L¿lIvlI Lç qllu yaf f l-

stretching, corrosion, crushing and fracturing of quartz

eyes, plagiocl-ase phenocrysts, some garnet porphyroblasts

and lithic fraqments.

The neriod of initial- intense deformation \^7ãs nrohalrlwÈ/! vvqv ¿J

followed by a period of extensive recrystallization rvhich

nrnÀrr¡aÄ {-l-ra sf ronolv nolyoOniZed natUfe of 1_he ollartZ andyv-_u u uu t¿qLu!ç v! u¡tç Yuq! L¿

nl:ain¡'l:ca ^r:ainS and the r-rr¡nnl-rl:q1-.in ân¡¡êârânrlê of theÐ ure qt/t/çq! qr¡vç v!

groundmass.

This period was then followed by a less intense de-

formaf iona'ì neri nÄ '^'l-''i ¡l-' ^":OdUCed l_OCaI SUtUred. bOrderS and

òv^òoeir:n rr-.1 1¡lef¿-lrr¡ ovJ-innfinn j¡ m=-.'n€ fl.ra ¡rrarl-cçÀuçÞÐrVE ullu\.**ev¿_¿ --,-*.,vLILrII _LlI lttd.Ily Ur Lrre LlUa!LL

ora'i ns^ Thi s defOrmatiOnal nerì nri m:rz h¿1¡g alSO induCedyur rvu rrLqJ rr
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minor retrograde alteration of' plagiocl-ase to sericite,

pni dof e and r:arl'ronate: ar-.i-i nnl i tc to en'i dote: and rarelv
, qv

biotite to chlorite.

PRTMARY VOLCANIC-SEDIMENTARY TEXTURES

Quartz and plagioclase phenocrysts represent the only

recognizable primary texture remaining in the massive and

nornhr¡ri t. i r' -F'l ^'.'ô n,r¡r.t- ^ r^^,1 ,r'; *- and feliCt lithiCyv!lJlly!auIU !I(JWJ. U_\)aLWL EJE-t UçuuIIIY

fragments are the only remaining primary textures preserved

in the tuffaceous sequences. Biotite layers and lamina-

t'i ons - or¡ded r^^'ir': .^- ^'^r ^orti no of olrar|' z. - nl acri nr'ì ¿ggL¿vlIÞ t Y!quçu UçuUIIry qllu ÞvI UIIIy vI I ua! L¿ t }lraYIvvIC

and microcl-ine grains, and high moda] concentrations of

microcline are the only relict primary textures within the

siliceous tuffite.

The relict fragments, although severefy deformed and

altered, only occur within the tuffaceous units. Most

fragments are less than I cm in length and average 3 mm.

A few larger fragments as much as 3 cm in length occur in

one section. The distributi-on of the frasments is erratic

but many have been stretched, elongated and fractured along

specific linear zones. Many fragments are almost completely

incorporated into the matrix.

The fragments occur as lenticul-ar clots of quartz and

plagioclase with minor amounts of biotite, actinolite and

hornblende. The borders of the frasments differ from

distinct to ghostly and gradational. Many irregular patches
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ôf cnrârt z. ãnð nì aoior:'ì ase with minor biotite and horn-v! Yuq! I/**Y

blende occur but cannot be call-ed fragments with certainty

In other sections, the fragments occur as actinolite

biotite-rich clots separated by granoblastic quartz and

plagioclase matrix. The foliation in al-1 the mafic

mineral-s in the volcanic units is al-so apparent in the

f raomen.l- s - A'ì 'l f raoments â.re l-enticular and stretched

parallel to fol-iation (see plate 4).

Þri m:rrz haÄrli na 'i n +he tUf faCeOUS Uni-tS iS COmmOnl vr ! rrl(q!J vvss¿r¡Y

obliterated through extensive metamorphic foliation and

recrystallization. The units appear to be layered but

l^rorlrli no i s no1- -r,-^--^ ^,.L^!-*!..: -!^Ã t ^^^ n'l a'l. a 5l FTOW-.Uçuurrry ¿Ð rrvu d.rwd.yÞ >L{JJÞLd.LIL-Ld-LgLI \Ðee yrauc ¿1. rl\

ever, in some sections bedding may be preserved and is

characterized by the following features. The tuffaceous

units are thinty bedded with bedding thicknesses ranging

from 1 to 10 cm. The bedding is usually defined by com-

positional or grain size variations throughout the

searìrênces ^ Redrli ncr nl ânês ârê .'ñmmônl w de'l i neaf ed klv areYuufrvur.

gradational increase in concentrations and size of horn-

hl onrio - hi ol- i te and actinolite laths.t v!vu!\

Linear arrangements of stretched relict fragments

also define bedding planes and size variation in quartz

--Ä ^l -^i nn]: -ôeÕn1- l-raÄrl'i na n'l ânêq i n f hoano pragrocrase grarns repr

more f el-sic tuf f aceous sequences.

f)rrer'l- z êves .ìccììr l_ hrorrcrhnrrJ_ al I J- he volcanic units)¿qq! s¿

but exhibit a pronounced increase j-n abundance in the

tuffaceous seguences. The quartz eyes are characterized
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by several distinctive features which suggest primary

phenocryst or amygdaloidal development. Each feature is

listed bel-ow in order of recurrence.

I I I Tho cllrâ rt ^ I rnrerzq mrrr.lr 1 arnør l-h¡n f l-ra\ - / -a -** L¿ gy gÐ aI Ë ct*,, *J

quartz grai-ns in the matrix.

(2) Many of the large crystals contain embayments which

âre diaonOStiC Of VOIC:ni¡ nr¡=rÈo nhen¡-¡crvs1-s-Y uqr Lá y¡ru¡rvvr J J uJ .

(3) Many lenticular aggregates of shattered, unsutured or

recrystallized quartz fragments and granular quartz

mosaics may represent extensively deformed and crushed

fnrmar nrr¡r{- z nÈrannnrr¡glg. VafiOUS St¡crcs Of mel¿-. vq!!vuÐ Ð uqYçÐ v! ILtç

mnrnl-'ì ^ CeStfUCtiOn Of ci n^'l a arr=rrz nhenOr:rvstq CanrrrrYrç Yuq! L4 t/rrçt¡vç!J Ð LÐ

be detected in several sections.

(4) The quartz eyes are evenly distributed throughout the

massive and porphyritic f l-ows.

(5) Those quartz eyes containing a core of al-tered plagio-

clase surrounded by a radial_ mosaic pattern of j_nter-

granular quartz may represent a two stage mineral-

nrnr^rJ-Ìr rtithin VeSiCleS in the ilâSSir¡e anfl nornhwritiCqr¡u t/v! yrrJ _

flows. Subsequent deformation produced the fractured

mosaic pattern of quartz grains and retrograde altera-

tion of the plaqiocl-ase core.
¡laho rrlra11- z ê\zêq nrol'rel-ll rz rênrêqanì- ral i ¡J- nrrarÈz nhonn-È'LvpapLl r uy!uru¡r u rçrrv L yuq! L¿ yf rçf rv-

crysts grown within a magma chamber and ejected with volcanic

debris, crystallízing phenocrysts contained within massive

=nrl nnrnl-r.z-ì .r- ig flows or rel i ct amvodâ l oj ; - r €.i 'r 'r ì -^^ within!Lre !rvvvo vr !e!rv yuqrvluel IIfI¿lIyJ

vesicles in the fl-ow sequences. The phenocrysts or amygdules



53

were then subjected to various stages of metamorphic de-

formation within their respective rock types.

Initial low grade regional metamorphism of potasslum

hoarincr illitic and chloritir- claws o'i r¡es rise to the

development of muscovite and chlorite. At higher grades

of recrional metamornhism- mUsCovite and chlorite become

nr^õrêqqir¡a'lrr ¡¡sl¿þ]s and react tO fOrm biotite (Winkler,
r-'ìJ!vv9¿vv4J

L976). Similar mineralogical transformations resulting

in the development of biotite may have occurred within the

siliceous tuffite.

Continuous layers of biotite invariably cap graded

^€ -'.^*r ,f *1 ^-.: ^^1 ^^^ .: .^ -he sil-iceous5equelrucÞ (Jr vL¿d-r L¿ ctrru IJrc¿9r(JLrf c¿Þe -Lrr L.

tuffite. Smaller laminations are usuallv intercalated

with fine grained well sorted layers of quartz and plagio-

clase. The biotite layers and laminations probably

rêrrrêqenl- fnrmer ¡roì'l lacer-"^ ¡¿^r^^'r"\ L^rizortq denositedIËl,rCÞEltL !U!ILrç! ArV!!rqvçuuJ \Ð]lqrJ / rrv!r¿vtlÐ uçyvÐ!r

through the action of water carrying a load of argillaceous

sediment. Similarly, graded bedding and sorting in many

'1 -,,^-^ -*,i 1^-^^^ ^F nr:¡¡f 'r ^-.: ^^'r ^^^ and mícroclj_neId.ycr > clrlL¿ rerrÞËÞ (Jr r¿LrÕ.r L¿ r Prq9ruef qÞE

r:l earl v i nfl.i ¡1af a flcnos'i 1. i on flrrarrnl.r +ha aCtiOn Of Wateferuu! rJ ¿r¡urvq uç seÀ/vÐ u¡¡!v uYlr

r.¡rrw.i no def r"i +^r -'.¡v+-o -r ^-i ^^r -^^ ^-d llr.)ssìhlv m'i CfO-uqr!JJrry uçu!ILct-L q\)d-LLL I yIo,Vf,uu-LÕ5e allu l- --

cl-ine. These minerals vlere probablv derj-ved f rom the

weathering and erosion of surrounding volcanic and sedi-

mentarv units within the area.
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CHAPTER 5
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THE DIXIE 150 - IB CORDIERITE-ANTHOPHYLLITE ALTERATION ZONE

A hydrothermal cordierite-anthophyllite alteration

zone situated immediatel-v beneath the footwall of the

sulphide body is composed of volcanic rocks which are

compositionally, texturally and chemically distinct from

all other rocks in the study area. The cordierj-te-antho-

phyllite alteration zone occurs as a narrow conformable

zone beneath the outer edges of the upper portion of the

sulphide body. The al-teratj-on zone gradually thickens,

becomes discordant and resembles an alteration pipe near

the centre of the sulphide bodlz which extends some 70 m

into the footwall volcanic rocks (figure ff).

As the sulphide bodv decreases in síze and l-ateral

extent with increasing depth, the cordierite-anthophyttite

alteration zone also decreases considerablv in lateral

extent. However, with increasing depth, the cordierite-

anthophyllite alteration zone begins to thicken and

attains max.imum thicknesses of at least 85 m beneath the

sulphide mineralization. The total extent of the cordierite-

anthophyl-lite alteration zone beneath the central portion

of fho errlnh'i dp l'rodrz is not- known. Drill hOIeS 150 IBr qrl/rr!ve

3, t6 and l-7 terminated within cordierite and anthophyllite-

bearing rocks. This central portion of the alteration

zone continues to greater depth, appears to be thickening

and may contain a number of undiscovered sulphide lenses at

decth.
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TABLE VI

MODAL ANALYSES FOR THE ALTERATION ROCKS

DRILL HOLE 4t9
t8- 17

408
18-3
r76

t8- to

251

t8 - t7

4Zl
t8- t8
2ro

t8-t8
?zo

t8 -r6
525

t8 - 6

t20
r8-t7 l8-t8 r8-4

OUARTZ t8 269 295 5r0 540 556 307 638 4?S

>LAG IO CLASE to4 45 ilo ? 46 7 5 to
ANTHO-
PHYI I ITF t65 ?l 255 t45 5l r63 t36 r3l to r29

BIOTITE t79 4? 42 t34 t? |2 59 ?4

\ CTINO L IT E too r6l il8

)OROIERIT E 55 t54 455

CHLORITE t90 738 ts9 t6 34 244 55 40 Ãa t84 27

GARNET 40 26 48 t5 ?3 ??o ¡o

EPIDOTE t4 I

qtrtrraf1tr 35 32

zrRcoN 7

OPAQUES 258 2?7 344 34 zel t55 t62 ¿no 84 Â¡ 60 IOB

TOTAL ro 00 looo 1000 I o00 t0 00 t0 00 to0 0 t0 00 to 00 too0 t000 t00 0
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Several mineralogical assemblages occur throughout

the cordierite-anthophyltit.e alteration zone. Modal_

analyses of various rocks from the al-teration zone are given

in table Vf. The major alteration assemblages based upon

modar and estimated visual mineraloqical abundance are

shown below:

(I) quartz cordierite anthophyl_lite

(2) quartz chlorite biotite t anthophvllite

(3) quartz anthophyllite actinolite + garnet

(4) chlorite

(5) anthophyllite chlorite t biotite and plagioclase

High modal- abundances of pyrite, pyrrhotite, chalcopyrite

and magnetite occur with all assemblages.

Rocks within the alteration zone are dark gtreen to gray,

very coarse-grained, siliceous and weakly fol_iated. The

altered volcanic rocks are generally characterized by a

coarse-graÍned porphyroblastic growth of anthophylliLe and

cordierite encrosed within a medium-grained matrix of quartz

and/or chlorite and biotite with minor sarnet. Fol-iation is

weakly defined by alignment of biotite grains and to a resser

extent cordierite and anthophvl-Iite Iaths.

I4INERÀLS OF THE ALTERATION ZONE

Cordierite ranges in concentration from 0. 5 to 45e" and

averages BU. The mineral occurs as large (B mm to 2 cm)

poikiloblastic lat.hs which contain numerous
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inclusions of quartz, sulphides, biotite and anthophyllite

Extensive alteration of cordierite to chlorite is colnmon.

Anthophyllite ranges in concentration from 2 Lo 342

and averages 15U. Anthophyllite exhibits a great variation

in grain size but usually occurs as large (1 to 3 cm)

poikiloblastj-c subhedral- to euhedral laths and prisms. It

also occurs as sheafs or fibrous radial aggregates of much

smaller (2 to B mm) prismatic crystals. Biotite and

chlorite commonly replace the large anthophyllite laths

along cleavage planes and fractures.

Chlorite ranges in concentration from l- to 142 and

averages 15%. The mineral generally occurs in massive form

or as continuous felted mats and commonly constitutes almost

the entire rock. Chlorite also occurs as smatl individuat

b.l-ades and as small reaction rims around cordJ_erite, biotite

and anthophyllite. The chlorite is al_ways dark green and

replaces al-l other minerals present.

Biotite ranges in concentratíon from 0.5 to lBZ and

averages 62. The grains occur as small- (2 to 4 mm) randomly

distributed subhedral laths aliqned parallel to foliation

or as radiating divergent clots or fetted mats within the

matrix between larger cordierite and anthophyllite laths.

Biotite is always partially chloritized.

Quartz rang'es in concentration from 0.5 to 642 and

averages 39Z. The quartz grains are extremely varíable and

irregular in size and shape (0.6 to 6 mm) but are generally

coarse-grained and occur as a conglomeration of highly
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irregular and multi-sized forms. The mineral usually

occurs within the matrix between larger cordierite and

anthophyllite laths r âS inclusions in cordierite and

cômmônl v as smal-l- CrOSS-CUt1_ i no r¡e'i nl ej- s-vuuu¿try Vç!t¡¡çUÈ.

Actinolite ranges in concentration from 0.5 to L2Z

and averages 3%. The actinolite laths resembl_e antho-

phyllite but the individual actinolite l_aths are usually

much smaller and tend to be more prismatic or fibrous.

Garnet (spessartite) ranges in concentration from

0.5 to 232 and averag,es 3?. The mineral occurs as large,

green, inclusion- f ree , euhedral , porphyrobl-astic crystaJ_s

which occur most profusely in association with large

concentrations of anthophyrlite. A few euhedrar crystals

are contained within very large anthophyll-ite laths. El-se-

where, small excessivery corroded, stretched and incl-usion

riddled anhedrar porphyroblasts are randomly distributed

throughout the altered volcanic rocks.

Plagioclase (oligoclase or andesine) ranges in con-

centration from 0. 5 to 11% and averagies 42. The mineral_

resembles quartz and usually occurs with quartz as variably-

sized individual- grains in intersticies between l_arger

cordierite and anthophyllite raths. Plagioclase is commonly

partially altered to sericite, epidote and rarely biotite

and chlorite.

Opaque iron ore minerals rangie in concentration frorn

6 to 35U and average L7e". Pyrite and pyrrhotite form

approximately 902 of the opaque iron ore minerals with
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minute concentrations of chalcopyrite and magnetite through-

out the arteration zone. Pyrite is generally more abundant

than pyrrhotite ]:ut both iron surphides have a r,vide range

in concentration.

The sulphide minerals occur as randomly distributed

highty irregular clots and el_ongated sinuous masses in

fracture and cleavagie pranes in numerous minerals and form

a continuous sulphide matrix that encloses many of the

grains. Many of the sulphide masses are weakly aligned

parallel to fol-iation. Silicate mineral replacement by

the iron sulphides is a common and extensive feature

observed throughout the alteration zone and does not ex-

hibit a preference for one particular silicate mineral

over another.

Magnetite usualry occurs as smarl randoml-y distributed
poikilobl-astic euhedral to subhedral crystals and irregurar

disseminations.

Sericite and epidote occur in minor concentrations

within the matrix where they represent alteration products

of plagioclase. Minor zircon is distributed within biotite
and chlorite as minute prismatic crystals commonly surrounded

by a pleochroic halo.
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,CHAPTER 6
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STRATIGRAPHIC CORRELATION OF THE VOLCANIC ROCKS ENCLOSING

THE DIXIE T5O 18 SULPHIDE BODY

The Dixie 150 18 sulphide body is defined by twel_ve

diamond drill- holes all situated immediately south of the

mineralized zone (figure B). The dril-r holes are ]ocated

along three l-inear arrays on the surface which intersect

the sulphide body at three different l_evels. The three

l-inear arrays are shown on figure 9 along with the east

west strati-graphic plane corresponding to the approximate

depths reached by each array. rndividual vertical north

south sections could not be constructed at various depths

throughout the surphide body because the dril-l- hores are

not located alonq the same section l_ines.

AtI dritl holes dip at an anglè of approximately 40

t 5 degrees north into the sulphide body and enclosing

volcanic rocks which dip at an angle of approximately 70

t 5 degrees south. The resultant angle between each

drilr hore and the dip of the vol-canic rocks is approxi-

mately 70 1 5 degrees and large enough so that perpendi-

cular stratigraphic sections can be drawn along each drirl
hole intersection without too much concern for the

variabitity in true thickness of each vol-canic unit and

fhê qrrlnhir{o l-rnÄr¡vvvJ .

stratigraphic correfation of the individuar vorcanic
rock types into distinct lithologicar members or subunits

has been developed along each l-inear array of dritt holes
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(figure 10). Section I is closest to the sulphide body

and correl-ates the volcanic rocks immediatelv above and

along the entire strike length of the sulphide body.

The section is approximately 308 m in J-ength and reaches

an average depth of 17 m. Section 2 intersects the

sulphide bod.y at intermediate depths and correlates the

volcanic stratigraphy further south or hiq.her up in the

strati-graphic sequence above the sulphide body. The

section is approximately 246 m in length and reaches an

average depth of I40 m. Section 3 outl_ines the sulphide

body at the greatest depths and correlates the vorcanic

stratigraphy even further south or at the hiqhest strati-
graphic levels above the sulphide bodv. This section is

approximately 230 m in length and attains a maximum depth

of 170 m.

The only vertical cross section of the Dixie 150 lB

sulphide body is shown in figure 10. This section is out-

lined by three drirl hores intersecting the mineralized

zone and volcanic rocks down to a depth of I7B m.

THE VOLCANIC UNITS ENCLOSING THE DIXIE I5O 18 SULPHIDE BODY

The relative rack of structural- deformation enabl-es a

reasonabl-e interpretation of the volcanic stratigraphy and

depositional- history in the immediate vicinity of the Dixie
150 - 18 sulphide body. The porphyritic fl-ows act as the

stratigraphic marker horizon in al-r sections. Fiqure 10
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shows the following significant stratigraphic features:
(1) Thick sequences of massive and porphyritic flows are

stratigraphicalry situated above the sutphide body.
(2) The porphyritic flows appear as a thin unit which

thickens considerably over the central portion of the
sulphide body and thins again farther south.

(3) The sulphide body is partialÌy capped by a thin dis-
continuous siliceous tuffite which is well- developed

at intermediate depths over the central portion of
the surphide body. The unit d.oes not appear else-
where in the volcanic stratigraphy.

(4) The sulphide body is situated primarily within tuffaceous
units which also cap the mineralizati-on in places.

(5) The arteration zone, situated immediately below the
sulphide body also r-ies within tuf faceous uni-ts.

(6) Another unit of Luffs with some minor intercalated fl-ows

reappears near the top of the stratigraphic sections
immediately above the massive and porphyritic frows.

(7) Larg'e ramprophyric dikes and smaller feJ-dspar porphyry
sills intrude al-t of the volcanic units but are more

prevalent near the central portion of the sectíons and

above the sulphide body.

All drill hole alteration intersections lie immediately
north or on the footwal-1 of the Dixie 150 18 sulphide body
(figure 10) and suggest that the volcanic units enclosino
the mineralization are stratigraphicarJ-y younger south or
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above the mineralized zone. Furthermore, graded beclding

preserved in the sil-iceous tuffite indicates that the

vol-canic units are progressively younger south or towards

the top of each section shown in figure 10. Many of the

volcanic sequences comprise intercalated frows and tapilli
tuffs which are too smal-I or discontinuous to allow
correlation from one drill hole to the next. one continuous

sequence may represent as many as a dozen individuaf flows

or segments of flows and lapirti tuffs. several of these

sequences have been grouped together as "intercal_ated flows

and tapilli tuffs" (figure t0) "

Apart from the twel_ve dril_1 holes outlininq the con-

figuration and encrosing volcanic rocks of the Dixie 150

l-B sulphide body, eight reconnaissance drill hor-es were

drilled over smal-l- erectromagnetic anomaries north, north-
east and east of the r50 18 prospect. Two drirl hol-es,

l-50 l-B 9 and 13 outlined a small mineralized zone

approximately 400 m along strike of the larger sulphide

body. All other drill holes fail-ed to intersect minerali-
zation but provide an account of the outlying geology.

The drill hole locations and respective geoJ_ogy are

shown on figure lt. Although correl-ation between drirl
hnl ac ì c nnf n^cci 1-rl a ^hô distinctive chanoe i n J- ho rre.l r¡rrr¡, vrre urJ ullrç Lr vE u..*.¡:rv vc\- _Lugy

is evident. Large continuous sequences of greywacke, cal-
careous siltstone with minor beds of impure limestoneessu¡

north, northeast and east of the Dixie 150 18 sulphide
body.
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DEPOSITIONAI HISTORY OF THE VOLCANTC UNITS ENCLOSING THE

DIXIE I5O IB SULPHIDE BODY

The generalized volcanic lithological sequences and

depositional- history is as follows:
(1) rnitial deposition of a tuffaceous unit with minor

interc;¡.lated massive f l_ows (bottom of sections I - 3,

figure 10 ) .

(2) Deposition of the sulphide base metar mineralization
with coincident deveropment of the alteration zone

(sections I 3, figure l0)1.

(3) Deposition of the siliceous tuffite immediately above

and only arong the extent of the sulphide body (section

2, figure t0) .

(4) Period of volcanism primarily associated with extrusion
of large massive and prophyritic flows (top of section
I and 2, middle of section 3, figure l0).

(5) Period of volcanism primarily associated with extrusion
:nÁ rlannqition of tuffaceous debri_s lton of qcr-tiq¡¡u se^,vil_Lrcln or tulraceous oeþrl_s \ __.- ____*on 3,

f i arrra i f_) .

(6) rntrusion of smalr lamprophyric dikes and feldspar
porphyry sills (sections I 3, figure ll).

r There remains a possibirity that the sulphide - base metalmineralization may have been incorporated into the vol-canicunits wel-l after stratigraphic developmenr.
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Continuous sequences of greywacke, calcareous silt-

stone and impure limestone may indicate a distinct environ-

mental transgression eastward from a subaerial_ or sub-

aqueous volcanic environment near the vicinity of the

Dixie 150 18 sulphide body into a deeper offshore marine

environment.
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CHAPTER 7
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THE DIXIE }50 18 SULPHIDE BODIES

GENER.AL

The Dixie t50 18 sulphide prospect consists of two

conformabler steeply-dipping, lenticular sulphide bodies.

Both sulphide bodies, one of which is much larger than

the other strike east - west and dip steeply to the south

| ç: ^,,v^ o \\!fYu!ç el.

The larger sulphide body is continuous along strike

for at least 280 m. The width is variable, attaining a

maximum of approximately 5 m in massive mineralization and

12 m in disseminated mineralization. Disseminated mineral-

ization is generally confined to the shallow western end

of the sulphide body and transforms downdip and along strike

into narrow massive mineralization. The disseminated

mineral-izaLion extends to a depth of approximately 66 m

and the massive mineral-ization reaches depths of approxi-

mately I45 m (figure B).

The smaller lensoid body located 390 m west and along

strike of the larger sulphide body is composed of massive

mineralization which attains a maximum thickness of 2 m

down to a depth of approximately 60 m.

The estimated in place mineral reserve for both l-enses

of sulphide mineralization is 330,000 tons grading 0.4 Beó

copper, 6.92 zínc and 0.43 ounces of silver per ton. The

larger sulphide body is open downdip and along strike for



other sulphide l-enses.

Figure 12 j-rrustrates the main surphide compositional

differences between the massive and disseminated mineral-

ization. The compositional- diagram is based upon visual

estimations and assays of surphide minerarization at 60 cm

intervals throughout arl- mineralized sections of drill- core.

The sulphide mineralization contains substantial quantities

of pyrite and pyrrhotite and only minor variation occurs

in the distribution of chalcopyrite and sphalerite in the

massive and disseminated minerarization. zinc-rich mineral-

ization is generalry massive and copper-rich mineralization

is disseminated (figure J-2).

DÏSSEMINATED MINERALIZATION MEGASCOPIC FEATURES

PyrÍte' pyrrhotite and subordinate amounts of sphalerite,

chalcopyrite and magnetite occur in the disseminated mineral-

ization. The disseminated mineralization consists of a

mixture of silicate and sulphide minerals with total sulphide

content ranging between 10 and 30% by vol_ume. Rel_atively

thin sulphide layers in many sections alternate with sutphide-
poor gangue silicate layers of approximateJ-y equal thickness

resulting in a pronounced layering. The silicate rayers are

characterized by diffuse accumuration of pyrite, pyrrhotite,

and chalcopyrite in discrete grains or stringers arigned
paralleI to foliation. Zones of intense deformation within
the sulphide-poor silicate layers are represented by relict
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streaks or stringers of granurated pyrite aligned pararler

to foriation in the silicate mineral-s and chalcopyrite and

pyrrhotite along cleavages in the silicate minerals.
Lenticul-ation and boudinage of earlier pyrite aggregates

throughout all- of the disseminated minerarization is common

MASSIVE MINERALTZATTON MEGASCOPIC FEATUR-ES

The massive mineralization contains 6O to g5Z sulnh.ide

minerals by volume which are generally concord.ant with the
foriation of the enclosing volcanic rocks and cordierite
anthophyl-rite alteration zone. pyri-te, pyrrhotite and

sphalerite with subordinate amounts of chalcopyrite,
magnetite and tetrahedrite are the sulphide and oxide

minerals.

The massive sulphide layers are pyrite- or pyrrhotite -
rich and spharerite is closely associated with pyrite. some

parts of the massive mineralization contain silicate lenses

which are aligned paraÌler to the fol_iation in the encrosing
wall-rock. The surphide mineralization commonry shows minor

folding of the gangue silicate mineral-s and conspicuous

banding is exemprified by variation in the proportions of
pyrite, sphalerite and to a resser extent pyrrhotite. Banding

is also obvious in monomineralric pyrite rayers by variation
in grain size and texture.

Promi-nent features of the massive mineralization in-
clude a streaky layering of pyrrhotite paralJ-el to fotiation
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in the warl-rock and pricative gneissic textures (plates

6 & 7). Granobl-astic texture is characterized by mosaic

development of equigranu,l-ar pyrite crystals. porphyro-

bl-asts of pyrite are commonly embedded in an optically
continuous spharerite matrix (plates B & 9). Brecciation
of the more competent pyritic rayers and ptastic flowage

of chalcopyrite and pyrrhotite deflecting around sil_icate
mineral fragments is common (plates 10 c 1l).

PYRITE

Pyrite i-s the most abundant sulphide mineral observed.

in the Dixie 150 18 surphide body. The minerar is
commonÌy present as subhedral cubes which range in size
from 0.1 mm to coarse crystals 2 cm across. rdiomorphic
crystals are commonry enclosed by sphalerite and pyrrhotite
(plates B & 9). where a number of crystals are massed

together, outlines are not welr- defined and resembl_e an

aggregate that is contained within an interstitial sphalerite
or pyrrhotite matrix.

Many crystals show extensive corrosion arong crystal
boundaries, fractures and parting planes which act as hosts to
embayments and tiny veinlets of pyrrhotite, spharerite and

silicate mineral-s. The embaymenrs are of the normal- rounded

form and range in size from smal-1 indentations to large cavities
Rounded inclusions of one or more sulphide minerars (primariry
sphalerite) are commonry enclosed within the qrains.
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PLATE 6
STREAKY LAYERING OF
PYR RHOT ITE PARALL äL
ÏO FOLIATION IN WALL
ROCK. (4 X)

FLATE 7
PLICATIVE GNEISSIC
ÏEXTURËS OF' PYRITE
AND PYRRFIOTITE (WHITE)
IN GANGUE SILICATËS

( BLACK }.
(4 x)
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PLATE B

POIKILOBLASTIC PYRITE
( W¡-{ITE ) ËMBEDDED I¡\ A
SPHALERITE - MINOR

PYRRHOTITE MATR IX
(DARK GRAY TO BLACK ).

(4X)

PLATE 9
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PLATE IO

BRECCIATION AND
GRANULAT!ON OF

CEMPETENT PYRITE
LAYËRS ( WHITE) Iru A
SP${AtERITE - MINO,ï
PYRRHOTITË MATRIX
(DARK GRAY TO BLACK ).

4X

PLATE I I

PLASTIC FLOWAGE OF

CHALCOPYRITE AND
PYR R $.IOT ITE ( WHITE AruD

L ¡GI.{T GRAY ) AROUND

GAT{GI..'E SILICATE
FRAGMENTS ( DARK GRAY

TO BLACK ). 4 X
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Tectonic brecciation and cataclastic deformation of

pyrite crystals occur in many sections (plate L2). Many

grains have been fractured or completely shattered to

form zones of sharply angular fragments enclosed in a

matrix of sphalerite and pyrrhotite (plates 14 , l-5 & 16 ) .

The alj-gnment of the fractures in many crystals suggests

â nôqq'i hl e rir\zq1- a'l 'l nnr=nÞri ¡ COntfOl On the lrreakaoevv¡r u! vr vtt Lf ¡9 v! uql\qYç

direction (plates 12 & 15). Fractures are always fil_led
J-r¡¡ ai J-har n¡zrrl-rn1--i {-a on}r = I ori J. a ar¡å /ar r.}r ¡ I ¡nnrtri loPI çIur¡ç! -yJ!!IIvuILE, Þ}/ltol-*+ee ! vrrqluvyJ!rLg

(plate f3). Zoned structure is conspicuous in a few

euhedral crystils and colloform or framboidal textures

of pvrite were not observed.

PYRRHOTITE

Pyrrhotite is a major constituent of the Dixie I50

1B sulphide body. It commonly forms equigranular multi-
¡r= ì na¿l n=#nhag and allOtf j nmnrnh i ¡ :rnrp6¡f pq of rzarig¡gL!lvrlrv!t/rrrv qyyrçyqLsÐ v! vq!.

sizes with gangue silicate minerals and sphalerite. In-

dividual grains are equidimensionaf and exhibit an elong-

ated form which coalesces to form ribbons or foliated

masses. A weak dimensional orientation of indivídual qrains

occurs in the ribbons and numerous qrains exhibit simultaneous

extinction (plate 6).

The foliated granular aggregates of pyrrhotite commonly

contain a few exsolution granules of sphalerite. The

granules are aligned along crystallographic boundaries in
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PLATE I?

SEVERE TECTONIC

BRECCIATION AND

CATA C LAST IC DEF ORMAT ¡OTq

OF- PYR ITE PORPHYRO -
BLASTS - 

W ITH

ALIGNI#Eil¡T OF FRACTIJRES

SUGGEST¡NG CRYSTALLO -
GRAPF{IC CONTROL ON THH

BRËAKAGË DIRECTION. 4 X

PLATI l5

MTAGhIIFIED PYRITE
PORP HYROELAST F'ffiOM

ABOVE SHOWING LARGE

FRACîIJRËS FILLED WITþI

CFIAI- C OPYR IT E A zuD MINOR

PYRRþIOT'ITE. 40 X
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pyrrhotite. More commonly, i-nnumerabl-e exsolution sranules
of pyrrhotite occur in sphalerite and also align along

crystallographic boundaries .

Pyrrhotite commonly occurs in intersticies between

silicate minerals and in many praces appears to have been

forced out of a "mush" of idiomorphic sir-icate minerars.

Pyrrhotite always exhibits mutual grain boundaries with
snhaIeri fe- ChaIr--onvritc renla¡aq nrzrrhn]..i{-a ¡Innn f¡ÐI/¿rqrç! ! uç. urrq¿vvt/J ! r Lç ! v¡.¿sver yJ - L -f actüf eS

and grain boundaries.

SPHALERITE

Sphalerite is the most abundant ore minera1. It
generalry occurs as extensive monominerarríc aggregates

that are composed of small- equigranurar grains which in-
variably show dihedrat angles at grain boundaries in
n"--1^^+'i +^ --rl rôñô=+. arl +r.'i nïì-i nrr r^rhan o¡_Ched. SOmeI/J ! !rrv ur uç qtlq I ËI/ed. Lc(.L Lwr¡rrrrr¡y wltgtl g L

aggregates form smal-r lensoid bodies that commonly lie
parallel to the foliated silicate minerals.

sphalerite is characterized in alr- sections bv profuse

exsolutÍon of pyrrhotite and less commonly chalcopyrite.

The exsolution granules are aligned along crystallographic

boundaries and twinning directions in spharerite and fruidal_

textures of exsolved pyrrhotite and chal_copyrite are presenc

(plates rl & rB ) . rncl-usions and embayments of sphalerite
in pyrite, magnetite and pyrrhotite are common. Mechanicar

disl-ocation features occur in some sections where sphalerite
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FLATE 17

CO5\d PLEX EXSOLUTION
OF PYRRHOTITE IhI

SPHALERITE ( DARK GRAY}"

40 x

PLATE I8

PROFUSË LACE-LIKE
ËXSOL UT¡ON ARRANGË-
MENT OF CHA L COFYRITH
EMt..¡LSCI¡D BODIES IN
SP!.{ALËRITË ( DAR¡( GRAY }.

t00 x
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is fractured into a series of narrow shards

CHALCOPYRTTE

charcopyrite is commonly contained within sphalerite
and rarely magnetite as minute incrusions in a variety of
exsol-ution patterns. observed patterns include rounded

emursoid bodies randomty distributed, trains of emursoid

bodies depicting cleavage directions in sphalerite (prate

r9) and rarely as rims around sphalerite grain boundaries.
Chalcopyrite has a strong affiliation with gansue

sj-licate minerals and commonly occurs in anhedrar form ín
veins, veinlets and intersticj-es in the gangue sil_icate
minerals (plate 20) " rt also fil-ls fractures and. cleavaqe
planes in pyrite and pyrrhotite and occurs in late stage

f ractures cutting across alr sulphide and sil_icate mineral_s.

chalcopyrite rarely occurs as equigranular and arl_o-

triomorphic aggregates in pyrrhotite. and. strain shadows

around pyrite grains . The mineral_ al_so mantl_es many pyrite,
pyrrhotite and silicate mineral grain boundaries.

MAGNETTTE

Magnetite is not a colnmon constituent of the Dixie r50

18 sulphide body. rt is anhedral, intimately intergrown
with the siricate minerals and forlows the foliation in the
silicate mineral- layers. Most magnetite occurs as irreqular



PLATT I9
TRAINS OF CHALCO PYRITE
EMULSOID BODIES
DEPICT¡ruG CLEAVAGE
DIRECTIONS IN SPHALËffiITE
( GRAY ). 4A X

PLATI 2C

CHALCOPYRITE (WHITE )
FILL ING FRACTURE VEINLETS
AND CLEAVAGE PLANES IN
GANGUE ( ANT I-IOPHYL L ITE )

SILICATES (DARK GRAY ). 4O X



BB

to elongated grains which have undergone catacrastic frac-

turing. Pyrrhotite and sphalerite commonly mout d about

the grains, invade many of the fractures and occur as small_

inclusions in others. In some sectic¡ns, magnetite is very

fine-grained and stretched into elongated shreddecl masses

which contain well developed sub-myrmekitic-graphic inter-
nrnr.zl-?rq ¡.2ì f h qrrrrnrrnÄi na nr7¡¡hOtite and f arel V ehal r:OnVri te|/J-L¡fvu¿uç q¡Iu !u!9rj vrrqr9vy]!!uu

lnl ¡f o ?'l I TÁ i nmnrnl-rì ¡ o'lhedral r:rVS1- al S Of maone1- .i te\r.!g ue v! _f r çqrr v! rrrqYrrc uI

were not observed in any sections.

TETRÀHEDRITE

Tetrahedrite is a rare constituent in the Dixíe I50

18 sulphide body. The minerar only occurs in sections which

contain considerable sphalerite. Tetrahedrite usualJ-y

occurs as minute exsolution granules and irregular shaped

graíns in sphalerite and rarely gangue silicate minerals,

magnetite and chalcopyrite (plate 22).

Cü, Zn, Ag Al{D IRON SULPHIDE COMPOSITIONAL ZONATIONS

The copper, zinc and silver

Dixie 150 - 18 sulphide body are

F'icrure l? ren¡ggg¡lg a horizontal

to west across the upper portion

ã\/efâafê ¡]en{- h n€ :nnrnvì m=f pl17 ?nqvçrevç uÇyulr v! q-L/I/tv^rruqLe!_I Jv

a vertical- zonation profile with

zonation profiles for the

shown in fìcrrr¡gg l3 and L4

or lateral zonation east

^€ !l^^ ^,-r*L.: jê ÌrÕdr¡ al- :nv! LlrË ÞLlIPII_LL__ *__J

m I-i ¡rrra 1A rôñr^can{-c¡rr. r rYu!ç r: !çlJIEùgtlLJ

rlon!1-r ¡f fl-ra arcfarn ^^^^uel/Lrr qu urrs çq-LE!Ir guvg
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PLATE 2I

SHEARED AND ELONGATTD
SHREDDf,D MASSES OF"

MAGruETIT'Ë IN GANGUA
( DARK GRAY }. 4 O X

PLATE 22

TË TRAHEER¡TE
CF{ALEOPYRITE
BY EUI".{EERAL
( GRAY). 40 X

( WF{ITE ) IN

E N CLOSE D

MA GN E T'ITË
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of the sulphide body.

Several zonation relationships are illustrated ín the

profiles. zínc forms an enriched core throughout the en-

+-i re srrl nhi de l-rndr¡ end i nr:reases in concentration towardsu!! ç r uryf rlsv vvuJ

the eastern extremities of the sulphide zone. High con-

centrations of z|nc are confined to the upper portion of

the sulphide body and gradually decrease with depth.

Copper is somewhat more variable. The highest concentra-

tions of copper occurs in drill hole 150 - fB - 3. A

uniform distribution of copper occurs with depth and a

-t j ñÌì+ anr.i ¡lrmonl- nf ñôlrlrêr âr.lt..leârs al Onrr 'l_ hp mnroi ns OfSIICIIIL ell.LIUllltlslrL vr çvyyur qI/ysq!r qrvrrY

the sulphide body. silver is associated with the higher

concentrations of zj-nc and forms an enriched central- core

in the western portion of the sulphide zone and a larger

concentration at the western edge where zi-nc is commonly

in excess of 15% bv volume. Sil-ver, Iike zínc, gradually

decreases in concentration with depth.

Mineral metal variation diagrams for each mineral-

izeð. section intersected by 5 major driII holes at various

depths throughout the Dixie sulphide body are shown in

figure 15. The dril-t holes extend over a distance of 600

feet along strike of the sulphide body. Drill holes I50

1B - L] and lB represent disseminated mineralization.

A few more relationships are shown in this figure '

M:anaf .i *.a i c nri m:ri I r¡ r:oncentrated within the disseminatedIaÕ911ç UI Lç IÐ |/! rrllq! !rJ

mineral-ization near the western edge of the sulphide body.

The greatest concentration of pyrite and pyrrhotite are
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superimposed upon the highest concentrations of zinc.

Pyrrhotite exhibits a weak association with copper-rich

intersections and pyrite exhibits a similar association

with zinc-rich intersections. The hiqhest concentrations

of copper, zinc and silver are erratically distributed

throughout the massive mineral-ization. Al-t three metal-s

tend to be concentrated at or near the marqins of the

sul-phide bodv in disseminated mineralization.

INTERPRETATION OF THE SULPHTDE TEXTUR-ES

The megascopic and microscopic features of the Drxie

150 1B sulphide mineralization indicate that the present

characteristics and textures of the mineralization resulted

from the interplay of differential stress, metamorphic

recrystallization and mobilization. The occurrence of large

pyrite porphyroblasts in the mineral-ization is indicative

of nucl-eation and growth resulting from metamorphisry and the

characteristic fracturing of the porphyrobl-asts is evidence

that the pyrite grains were subjected to subsequent tectonic

stress.

Healing of fractured pyrite porphyrobl-asts by chalco-

pyrite and pyrrhotite can be explained by plastic deformation

and mobilization of chalcopyrite and pyrrhotite whereas

pyrite tends to fail by brittle behaviour (Cfark and Kelly,

1973; Graf and Skinncr, 1970). Furthermore, characteristic

lenticulation, boudinage and catacl-astic brecciation of
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f,ormer pyrite aggregates, plicative gneissic sulphide tex-

tures and streaky layering of pyrrhotite paral-leI to

foliation indicate that metamorphism has modified the

sulphide mineralization from its initial configuration.

The intensity of metamorphism would effectively mask

Gr annihilate any primary textures such as col-l-oform and

framboidal structures that may have developed during

precipitation and deposition of the sulphide mineralization.

Consequently, environmental interpretation and paragenesis

of sulphide deposition based on sulphide textures and

assemblages is invalid, Clearly the initial mineralization

must have been syrFor pre-metamorphic"

TNTERPRETATÏON OF Cu, Zn, Ag AND IRON SULPHIDE COMPOSITIONAL

ZONATIONS

Plastic flowage and remobilization of chalcopyrite and

pyrrhotite is clearly evident throughout the Dixie 150 18

sulphide body. Rearrangement of the metals within the meta-

nrorphosed sulphide mineral-ization is possible as chalcopyrite

and to a lesser extent pyrrhotite have responded plastically

to deformative and chemical- processes either by solid state

flow or hydrothermal dissolution and redeposited elservhere.

Metamorphism may have mobilized chalcopyrite out of its

original position and redeposited the mineral along the

outer more dilatent margins of the sulphide body as is in-

di.caLed by the distribution of copper within the western
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portion of the mineralized zone (figure f3).

The behaviour of ore forming solutions in seawater and

physico-chemical problems involving Koroko mineralizíng

processes have been studied in detail by Sato (L912¡ L973).

Sato determined that copper-rich and Iead-poor ores

probably precipitate from higher temperature, lower salinity

brines which tend to be sulphur excess. Because the fluids

are sulphur excess and low density, chalcopyrite accumula-

tions would be expected to form in the vicinity of the dis-

charge vent. Conversely, sphalerite and galena ores woul-d

form in relatively low temperature systems and be precipi-

tated from highly sal-ine sulphur deficient brines. Such

brines will have a high density and tend to accumulate away

from the discharge vent (Sato, L972) .

Similarly, the relative sotubilities, transport and

deposition of sphalerite, chalcopyrite and galena in hydro-

thermal solutions has been reviewed by Large (1977) . Chalco-

pyrite solubility is susceptible to subtle changes in oxygen

fugacity in the Koroko type environment and to decreasing

pH in copper zínc mineralization typified by deposits in

the Archean greenstone belts of Canada (Noranda, Matagami

and Timmins districts). Such changes can lead to an abrupt

decrease in chalcopyrite solubility which causes precipita-

tion of chalcopyrite at the discharge vent or within the

hydrothermal pipe (as stringer or massive replacement ore)

while sphaJ-erite and galena sotubilities are unaffected and

remain in solution (Large, I971).



The highest concentrations of copper in the Dixie

l-50 lB sulphide body occur in samples from drill hole

150 tB 3. Also, the copper/zinc ratio throughout

this drill hote averages 0.26 whereas the average copper/

zínc ratio throughout the entire sulphide body is 0 - 07.

Drilt hole 150 - lB 3 terminated within cordierite

anthophyllite rocks (figure I0). This central portion

aÇ +l-ro crrl nhi ria l-rn^rz r.r¡nJ. i nlres to o:reAter dpnJ- h _ ânrrearsL.,,I L-IIE ÐUIyl¡¿UC UVUJ Vvlrurrruç- çv Yrusue!

to be thickening and resembles an alteration pipe (figure

r0).
The occurrence of high grade copper intersections

throughout drilt hole I50 18 3 suggests that the dis-

charge vent or source for the hydrothermal- ore solutions

l-ies within the west central portion of the sulphide body

(figure f0). This location also coincides with the

thickest extension of the cordierite anthophyllite alter-

ation that represents the fissure or channel through which

the hydrothermal ore solutions have migrated. The hig'hest

concentrations of zinc occur along the eastern extensíOn

^E !1-^ ^",1^1--i,l^ l-^/ir, (ç: 
^rrrô 

'l ?\ cìrñõ.âq]- inrr l_hef z.inr-(JL LllC ÞL(rPlrluE uvuy \!¿Yu!ç LJ I

nrêôi ni f ati on and rìenos'i t'i on occurred at considerable dis-
Èr! eu rÈ/r uq

tances from the proposed discharge vent or source for the

hydrothermal solutions.

The approximate location of the discharge vent or

source for the hVdrothermal solutions becomes a major priority

when searchins for additional lenses of sulphide mineral-

ization. Chalcopyrite precipitation wil-l- tend to occur at
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the discharge vent or within the hydrothermal (alteration)

ni no Thereforo - l-he ext-ension of the cordierite - antho-
I1!ì1ç. rr¡ulu r e¡tv

phyltite alteration zone beneath drill hole 150 18 3

lfiarrra lo) renresent-s an area that should be favoured in
\!rYu!ç Lvl

the search for additional- copper-rich sulphide lenses.
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CHAPTER B
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CHEMISTRY OF THE UNALTERED DIXIE I5O - 18 VOLCANIC ROCKS

INTRODUCTION

Twenty three representative samples of unaltered vol--

canic rocks were selected for major el-ement chemical

analysesl. The unaltered volcanic rock sampJ-es \,,/ere sub-

divided as follows:

B samples from massive and porphyritic fl-ows

B samples from the lapilli tuffs

4 samples from the silj-ceous tuffite

3 samples from greywacke sequences

Samn] es were selected from the masS'i r¡e and nornhr¡r'i 1-ìr-

fl-ows and lapilIi tuffs located stratigraphically above the

150 18 sulphide body and from reconnaissance dril-l hol-es

east and along strike of the sulphide body.

The analyses are shown in tables A1 to A3 in the

appendix. The range and average chemical composition for

each unaltered volcanic rock and sedimentary rock type are

shown on figure 16.

Barth norms v/ere cal-culated for a1l unaltered samples,

volatile-free after removing H20, C0Z and S recalcul-ating

the analyses to 100eó. The norm calcul-ations are shown in

tables A7 to A9 in the appendix. The tre20, /feO ratio is

Unaltered volcanic rocks represent
volcanic rocks not contained within
anthophyllite alteration zone.

the least altered
-.--------------'Ëne cororerrte
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low in all- analyses and only a few of the samples exceed

the upper limit for Fe203 determined from the equation

Z Fe20r: % Ti02 + 1.5 (Irvine and Baragdy, I97L). The

excess Fe20 2 determined from the equation should be con-

verted to FeO but the amount of Fe20" in excess \das

negligible in all samples. Furthermore, magnetite is not

abundant in any samples analysed. Therefore, the norm

cal-cul-ations were not adiusted for oxidation of Fe0.

A rejection limit of 3.8å total_ H2O + CO2 and ab-

normalJ-y high sulphur contents was applied to all samples

to minimize the metasomatic introduction of H2O, COZ and S

into the unaltered vol-canic and sedimentary rocks (Wil_son

et al, 1965). This criteria was also facilitated durinc¡

sampling procedures because samples with quartz, carbonate,

epidote and sulphide veins or clots were excluded. Al-l_

samples are well below the rejection limit and detectabl-e

sulphur is not present. In general, volatile contents of

the unal-tered volcanic and sedimentarv rocks are low and

not indicative of metasomatism.

Pl-ots of the chemical data are represented on various

diagrams (figures 17 27). The diagrams aid in determining

major chemical changes, delineating trends, detecting

specific forms of metasomatism and facilitating classification

of the various unaltered volcanic rocks.

Twenty four representative samplcs from the cordierite

anthophyllite alteration zone r¡/ere collected for major

erement chemicar anal-yses. The analyses are shown in tables
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A4 to A6. The cordierite anthophyll-ite alteration

samples are utilized as a direct comparative suite of highly

altered vofcanic rocks on several of the diagrams. In

addition to acting as a good comparative suite, metasomatic

chemical trends of these highly altered volcanic rocks are

exemplified on the diagrams.

Analyses of three greywacke and four siliceous tuffite

samples are plotted on a few of the diagrams. The sedi-

mentary rocks are plotted on volcanic diagrams to facilitate

classification and ensure that the sedimentary rocks are

chemically distinct from the unal-tered volcanic rocks.

AIt diagrams are interpreted in conjunction with the

bulk chemical analyses in tables A1 to A3 in the appendix.

CHEMISTRY OF THE UNALTERED VOLCANIC ROCKS

The weight percent of each oxide is plotted against

silica for the unaltered massive and porphyritic flows and

lapilli tuffs in figures I7 and 18. The trends have been

delineated by visual- estimation. Figure I7 shows an in-

crease in total FeO and a uniform decrease in MgO,41203

and CaO with increasing silica content in both volcanic

rock types. similarly, figure tB shows an increase in

Na2O and P2o5 , a constant distribution of K2o in the

massive flows and a somewhat variable decrease in K2O iu

the IapilIi tuffs with increasing silica. Tio2 is re-

latively constant in both volcanj-c rock types- Perhaps the
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most striking aspect of figures L7 and lB are the sym-

pathetic trends between certain elements in the massive

flows (shown by enlarged circl-es on figures 17 and rB).
Fl-ows with high 41203 contents are also characterized
by high cao and Na20 with correspondingry row Ti02 and

total Fe0 contents. Those flows which are characte rized.
by high Tío2 and totar Feo contents have low Ar201 con-

tents (figures L7 and 18).

The behaviour of the individuar alkaries can be

examined on the al-kal-i igneous spectrum diagram (figure
19) of Hughes (I972) with modification from Stauffer er
al- (L975) to incl-ude island arc thoteiities. Most un-

al-tered igneous rocks should ptot within the "igneous
spectrum" and those lying outside the boundary have und.er_

gone various degrees of potassium or sodium metasomatism.

The flows and tuffs form two distinct groupings on the
alkali icrnr.r¡rre ãi:ñrâm rFl-srr\q!! lvrrsuLrv r¡ìe flows c]_uster near the bottom

of the sodium field and exhibit a sliqht increase or en-

richment in sodium. The lapilli tuffs exhibit a larser
lateral- spread but remain within the unaltered isneous
Qnêõt rrlm

The CaO versus A1rO3 verses total_

diagram (figure 20) illustrates the simi
massive flows and 1apilli tuffs. There

towards the CaO apex of the diagram, ât

total alkali ratio.

alkali ternary

larity between the

is a strong trend

a constant Al_rO" /
L J/



FIGURE 19

NOO FIELD
2

HUGHES ( I972 )

SPILITE FIELD

106

THE ALKALI IGNEOUS SPECTRUM

DIAGRAM FOR THE DIXIE

VOLCANIC ROCKS ( HUGHES.I972)

.. 
IGNEOUS SPECTRUM

MASSIVE FLOWS

LAPILLI TUFFS

SILICEOUS TUFFITE

GREYWACKE

ALTE RED VOLCANICS

HUOHES (IS72) BOUHOARY

MODIFIED BOUNDARY OF STAUFFER ET AL

( rs75 )

FIELD

L

@

o

o

0

to

N

T

z
to

É

àe

Aôv 'a"Þ

KO
¿

,êe6

30 40 50

( Kzol K2ot Noo

OU T U

wf %) x roo

roo

MASSIVE FLOWS

LAPILLI TUFFS

SILICEOUS TUFF ITE

GREYWACKE

ALTERED VOLCANICS

KzO+ NozO (Wr%)

ALUMINA- ALKALI- LIME

Ato (wt %)
o

0

{
0

9$
9.

S Eâó9

96.
9

o

oo I
o$
o

"9

coo (w t%)

DIXIE VOLCANICS

I
ê

O^

FIGURE 20 TERNARY PLOT OF THE



107

A pJ-ot of total alkalies versus silica content for
the massive flows and lapill-i tuffs from the Dixie r50

l-B prospect ( f igure 2L) il_lustrates their sub-atkal_ic

nature (Irvine and BaragâÍ, f97I). The massive flows

show a trend towards increasing totat alkari content with
increasing silica.

The sub-alkal-ic field comprises thol-eÍitic and calc-
arkarine suj-tes. Four diagrams were employed to determine

which suite the Dixie vo]canic rocks bel-ong to. The mosr

significant chemical- difference between the two suites is
their alumina content which is shown by the Ar20? - norma-

tive pragioclase diagram (figure 22) . Most of the samples

plot within the tholeiitic fiel-d and have normative pragio-
clase compositions between Ar25 and An5g. The high al_umina

massive flows (150 18 4 - 126 and 150 lB I - 56)

plot separateJ-y within the cal_c-al-kaline field.

The A F M variation diagram (figure 23) indicates that
the massive flows and lapir]-i tuffs ptot within the thoreii-
tic field although the high al-umina frows plot within the

calc-alkaline fietd. The massive flows and lapirri tuffs
exhibit a well-defined erongate iron enrichment trend sub-

paraller to the FeO total MgO sicle of the diagram. An

accompanying trend towards slight enrichment in total
alkaries is also evident. The trcnd of evolution of the

massive flows and lapilri tuffs closery corresponds to ilre
trends of the skaergaard riquids (t{agcr ancl Brown, l_968)

the llawaiian thol-e iitic suite (MacDonard and Katsura , Lg64)
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and the Thingmuli volcanic rocks in Iceland (CharmichaeJ-,

L964). In contrast, the shaded region represents 70

analyses of mafic volcanic rocks (basalts and andesites)

from the Uchi Confederation Lake qreenstone bel-t

(Thurston et al, LglB). The Uchi Confederation Lake

lavas exhibit a well--defined elonsate iron enrichment trend

sub-para1lel to the FeO total Mal-\ -.i Ä¿ aF f 1îê rl'i aar¡mf19\J JrUE V! Lfrç U¿qV!qrrr

but do not show an accompanying trend towards alkali en-

richment that characterizes the Dixie 150 - lB volcanic

favq-.

The Jenson Cation Plot has been proposed as an alter-

native method for classifying sub-al-kaline vol-canic rocks

(Jenson, L976) " The cation plot discriminates between

díf ferentiation trends of kornatiitic, thol-eiitic and calc-

alkaline suites of volcanic rocks encompassing various rock

types such as komatiitj-c basalt, magnesium and iron rich

tholeiitic basalts, thol-eiitic andesite to rhyolite and calc-

^11--'ì.:*^ I^-^^',arr(ar.Lrre r¡asal-t to rhyolite. The Jenson Cation Plot (figure

24) once again is compatible with the tholeiitic nature of

the Dixie vofcanic rocks and vasuely defines a thol-eiitic

trend of iron enrichment. Most flows and lapilli tuffs

nl oj- i nd i i¡.i dìr¿- r 1 " ì^ ': -L j-ron tholeiitic basal-ts and!Jrv u rrrur v ruua!¿y qÞ lI-L9t.L l

andesites. The high afumina massive fl-ows plot separately

withi-n the calc-alkaline field as calc-alkaline andesites.

Miyashiro (L974) advocated the use of a sil-ica versus

total FeO/MgO diagram to classify the cafc-alkaline and

tholeiitic suites from island arcs. Alt of the Dixie 150
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18 volcanic rocks l-ie wel-I within the tholeiitic field and

emphasize the high iron concentrations which characterize

the massi-ve flows and tapít1i tuffs (figure 25).

Further subdivision of the unaltered vol_canic rocks

into "K - poor", t'averaget' and "K - rich" rock types is

possible on the An-Ab-Or diagram (fiqure 26) after Irvine

and Baragar (1971). Most of the lapilli tuffs plot with-

in the "average" rock field and show tittle variation in

sodium or potassium. However, the massive flows cl_uster

within the sodic field and around the K - poor andesite
raaìnn .Fl-,i c featUfe WaS f anì a1-ari o=rl-ier ôn the HrrcrþggsuÈ/!v uuu eu! rrç! vrr ultç rtuYl

(1972) alkali diagram and again reflects higher concentra-

tions of sodium and ]ow concentrations of potassium with-

in the massive flows when compared to the tapilli tuffs.

The final and perhaps most important cl_assification of

the sub-alkaline volcanic rocks involves the use of the

normative col-our index versus normative plagioclase composi-

tion which cl-assifies all sub-alkaline basalts, andesites,

dacites and rhyolites (Irvine and BaragãT, f971) . The

Dixie 150 1B volcanic rocks exhibit considerable scatter

but plot indívidually as basalts and tholeiitic andesites

(figure 27).

DISCUSSTON

Several of the variation diagrams illustrate some of
,ühe main chemicar traits of the Dixíe 150 18 volcanic rocks.
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Although there are only a l-imited number of analyses, a

few general observations may be made. The volcanic rocks

are sub-aÌkalic in nature (figure 2L) and plot within the

tholeiitic field with the exception of two high alumina

massive flows which plot in the calc-alkaline field
| ç: -,.-^ ^ 'l.) -) 25) .\rrvu!sJ LL L\

The massive flows are characterized bv low K"O and

hioh Na.O r-onig¡lg When Comoared fo J.he -l 1ñ'i'ì Ij r'.€ç^Lxs¿v vv¡ruçf rLÐ wltçrt vvr..r rolJIIIJ LLrIIb.

Both rock types exhibit an iron enrichment trend and an

accompanying trend towards al-kali enrichment (fiqures 23

to 25). The iron enrichment trend corresponds to the trend.s

of the Skaergaard liquids, the Hawaiian tholeiitic trend

and the Thingmuli volcanic rocks (figure 23) . The massive

fl-ows and lapilli tuffs from the Dixie 150 18 sulphide

prospect plot individually as high iron thoreiític basal-ts

with some tholeiitic and cal-c-al-kaline andesites (fiqures

24, 26 and 27) .

Chemical- characteristics of the massive flows and

lapi1li tuffs are difficul-t to assess because of limited
t_nnr.r't aå¡a nf the SUffOUndi¡n aanln¡r¡ i-.SUffiCient OUt.r:ronqlrs¿¡ly ysvrvyf/, r¡rÐu!!IUIgtIL \JL{uv!vI,

and textural homogenizing effects of later metamorphism.

Desoi tio .l_ hese 'li f f i c.l .l- i os. the chemistrv and mi nera'.| ruuJIJr uu urrerç u¿!!¿uur u!çÐ, LIItì CjIleIttIStI *,Cgy

may be indicative of primary features inherited within the

vol-canic rocks during formation or reflect an environment

where severar factors may have been important in contributinq

to the changes in cation composition between and within the

flows and tapilti tuffs. suggested primary features and
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environmental- factors attributing to the chemical charac-

teristics or metasomatic changes within the volcaníc rocks

are as foll-ows:

ll ) H'i oher sodium concentratì ons âcrìclmrl¡ni erì lrw I nr^¡\¿/

potassium concentrations in the massive fl-ows may

have been derived by primary crystal-lization from

(2)

magmatic solutions rich in sodium and low in potassium.

Similarly, the iron enrichment trend observed for the

Dixie 150 lB volcanic rocks mav indicate a trend of

evolution (primary fractionation) similar to the trends
nf .{-'l-ra cìz=ar^a1¡¡¡l 'l .i cilr.i de _ Hawaiian tholeiitic suiterr\aurur t

and the Thingmuli volcanic rocks in lcel-and.

Primarv differentiation and the formation of cumulates

within the magma in the volcanic edifice may explain

sympathetic trends between certain elements in the

massive flows (figures L1 and 18) and the occurrence of

calc-alkalíne hiqh alumina massive flows.

Assuming that the flows have been extruded within a

marine environment, the inclusion of sal-ine water with-

in the flows offers a specific source of sodium to

account for the characteristic compositional features.

The alteration of the deposited tuffaceous debris by

submarine reworking and weathering accompanied by

addition of cl-astic sediments (ash) and chemical

material (chert and carbonate) from the marine environ-

ment- mav harze had ã nrÕforrnd ef fect on the alkali

variability within the tuffaceous units, Tuffaceous

(3)

(4)
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(s)

rocks tend to be contaminated by the incorporation

of mud or ash material and sea water from the marine

environment. Thin section studies indicate that the

tuffs are locallv rich in mud and ash material. The

'i nr-ornoretion of mud and ash material intO these units

can account for the higher potassium concentrations

and marked variation characterizing the lapitli tuffs.

The tuffaceous units are also characterized bv hioh

iron concentrations. The increased iron concentrations

are mi nêrâl ocri r:al lv shown bv I aroe modal abundances of

hornblende, actínolite and biotite comprising the frag-

ments within these units and strongly suggests that

iron enrichment has partially resulted from incorporation

of those fragments into the lapitli tuffs.

Mol-amnrnþi n n?^^^õõ^ê 1l--i na i n 'l n¡:l m.i -r=+ì n-- a.rlvvçÞÞsÞ rçÞur rrrrvlqLrvilÞ -f

trapped meteoric, connate or juvenile saline waters may

have caused minor leaching and migration of alkal-ies in

the more porous tuffaceous units.

l.o/

SILICEOUS TUFF'ITE

Four sanples selected throughout the siliceous tuffite

were collected for major element chemical analyses and

oresented c)n f i cilrreq 16 anrl 19 tO 25. The most distinctive

chemical features of the unit are the low concentrations of

i ron and mâ.rnesium and the hi oh côncênfratiOns Of silica.

The tuffite may have developed during a quiescent period
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of volcanism- Accumulatj-on and compaction of volcanic

detritus (ash and sediment) derived from weatherins and

erosion of surrounding volcanic and sedimentary sequences

into a restricted basin or lagoon, ilay have lead to the

formation of the sificeous tuffite. The hiqh concentration

of silica and potassium probably reflects a large contri-

bution of detrital- quartz, potassium feldspar and clay

minerals incorporated into the tuffite during the quiescent
nari aÀ
Yç! 4vs.

GREYWACKE

rFl'rraa ^-evwar:ke samnl eS were coI]_ected for mainrrqrlryll uçq !v! ¡trqJ v!

^'t ^-^.^+ ^L^...j ^^-ì ^*-1-.^^^ l.ha q:mnloq ¡lrncanErcllt=lrL ullErttauG! érrd-Jy>eÞ. UlLUSell df g f ePIgSentra-

tive of the abundance and mineralogj_ca1 type occurring with-

in the sequences. The samples are presented on figures 16

and 19 to 25.

The greywackes and associated volcanic rocks have

ñ^mñãr¡'n'l a ^^ññ^ñ'i 
+-: ^*^ mha õrê\z\¡7â¡l¿oq â1.e Cl i rrh1- lr¡ en-vvrrlyqrqurç uvrLrlruÐ!LruflÞ, lr¡ç y!çJwqv^sÐ q!ç ÐrtvlrLrJ

riched in Na20, KZ) and Al20j. The most characteristic

feature of greywackes is their excess Na20 (Pettijohn, L915) .

Sample I50 18 - lt 55 does contain hiqh concentrations

of sodium. However, samples 150 IB I 166 and l_50

18 - 5 - 200 are strongly enriched in potassium and slightly

depleted in sodium - a feature not characteristic of grev-

wacl<es. The excess potassium is reffected in the large
modal abundance of potassium feldspar (table V). Sodium
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.-.ìnl.êrì1. annea-- !^ l-^ ^-.i*-ìrilv âssl-)cia1-od ¡¿i1.h nìao'i ¡-UUIILçlru qyyçqIÞ LV Vç yrr¡LLq!r!y qÐJvçrquçu wrL¡l y!sYr\

clase feldspar which is near albite in composition

(sample I50 l-B 5 - 200, figure 22) .

The high sodium content may be related to the weathering

and erosion of the sodium-enriched massive flows found in

fhc rzìr-initv of the crrevwâr-1-^ - and nclssìhle albiti-LfIç Vr9rrr!uJ v! u¡rç Y!uJ wquNg -EYUET]UçÞ qllu yVÐÞ!Urç

zation of plagioclase during diagenesis (Blatt et al, L9l2).

The high alumina content in comparison with the surrounding

volcanic rocks may indicate a contribution of cl-ay minerals

Ì.lôr^/ rêÐresented as numerous thin intercalated bands of

biotite found throughout the sequences (table V).

Enrichment in potassíum is more difficult to explain.

The associated volcanic rocks have K2O and potassium fel-d-

¡n¡nnn.r-rations several- times lower than that for the5l.JÕ! UUIIUçI¡L!qLlVIlù -çVç!qJ Lr¡llsJ rVVVç!

greywacke sequences. It is unlikely that excess potassium

folrlsnâr eould have been derived from the volcanic rocks.! e!su Y s¿

The granodiorite intrusions are the only rocks capable of

supptying large concentrations of potassium upon weathering

and erosion. However, the granodiorite intrusions within

the area are stratigraphically younger than the volcanic

anrl crrprzwar:ke c rFl. ^^] r^':'l 'l !V exì StS f haj- thearlu yrçJWqe^c be9uçII\-eÞ. l-Ilc PUÞÞf,J.-JJ-fJ-LJ ç^!Ður urruL

greywackes are arkosic but arkoses are generally restricted

in time and environments not found within the study area.

Tho ônl w ^,.*'r -*-+.i ^-^ rêmâ'i nì nrr 'l- Õ account for theIllg VTTTJ t=.ã.YIO]IALIVIIÞ !E¿IIqTIIIIIV LU

high potassium feldspar concentrations are metamorphic

nn.l- :--i '.- mnt-:anm=f i ¡ ñr^^âqqêS 1..¡f fani fl r^.-^^': r': ^'^ ^nd in-PU Lcl.s5I(.¿ltt itle Ld5U.ltl.d-LIL- IJ!UUC----- LrcIJUÞr Lrull q

compJ-ete weathering of the sediment rvith little or no post
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depositional solution and removal of potassium feldspar
taking prace (Gruskoter, rg64) . Finalry, potassium can ar-so

be adsorbed on various clay mineral-s contained within the
greywacke sequences. original adsorption of potassi_um on

clay minerals nov¿ represents potassium contained within
biotite laths and may consti-tute a large percentage of the
potassium concentration in the greywacke sequences.

Generally speaking, the major efement chemical
do suggest that the greywackes \,\iere derived in part
surrounding volcanic rocks.

^n:'l 
rzcac

from the

CHEMTSTRY OF THE DIXTE 150 18 CORDIERTTE ANTHOPHYLLITE

ALTERATION ZONE

The cordierite-anthophyltite alteration zone contains
artered vol-canic rocks that are chemicalry distinct from al-l_

other rock types - The range and average chemical composÍtion
for 24 samples throughout the arteration zone are given on

figure 16 - Figures 28 and 29 contrast the major oxide
chemistry of the unal-tered volcanic rocks with that of the
altered cordierj-te-anthophyllite volcanic rocks to determine
specific chemical- changes which occurred as the result of
superimposed hydrothermal alteration. Chemicat distinctions
between the artered cordierite-anthophyrl-ite-bearing and

unartered volcanic rocks are al-so shown on figures t9 to 2L

and 23 to 25.

A comparison of the total_ FeO / TiO2, IIgO / TiO2, Na2O /
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TiO2, KzO / TíO2 and CaO / TíO2 ratios from the 24

cordierite-anthophylrite arteration samples and from 6

unaltered lapilli tuff sampJ_es located along strati-

graphical-J-y equivalent horizons and above the arteration

zone gives the following values:

ALTERATION ZONE UNALTERED LAPTLLI TUFFS

FeO total / TíO2 = 25.26

Mgo / TiO2 = 5.7 4

Na2O/TiO2=0.46

KZO / TiO2 : 0.32

CaO/TiO2=2.05

FeO total / TiO2 = 12.06

Mgo/TíO2=2.54
Na2O / TíO2 = 2.23

RZO/Tio2=0.92

CaO/TíO2=4.68

Tio2 is used as a constant when comparing the ratios

between the cations in the two rock types because titanium
remains reratively constant and has simirar ranges of
values in both cordierite-anthophyrrite altered rocks and

unaltered lapilIi tuffs (figure I6). Unaltered lapilli

tuffs were selected for comparative purposes because the

al-teration zone is situated within former tuffaceous units.
Distinctive chemical- changes have taken prace through-

out the al-teration zone. These changes are as folrows:
(1) A strong enrichment in iron, magnesium, sulphur and

manganese (tfre ratios indicate a doublinq of iron

and magnesium).

(2) A depletion of al-umina and silica.

(3) A strong depletion of lime and alkar-ies (the ratios



L23

indicate substantial- Iosses of calcium, sodium and potassium).

(4) A moderate enrichment in water.

Nine cordierite anthophyl-l-ite al-teration samples

chosen from drill- hole 150 - l-B - 18 have been protted at

various distances throughout the entire alteration and

mineral-ized zone (figure 30 and 3f). The samples begin

in the unaltered hanging wall tuffaceous unit and terminate

within relatively unaltered volcanic rocks beneath the

alteration zone. Alr major e]ement oxides for each sample

have been plotted along with the characteristic mineral-ogy

from certain sections within the alteration and mineralized

zones over a total distance of approximately 90 feet (28 m).

Distinct major element variations are illustrated on

figures 30 and 31. silica exhibits a decrease in concentra-

tion away from the unal-tered hanging wall tuff throughout

t.he chloritic and first zone of massive sulphides. sirica

increases in concentration near the second zone of sulphide

minerarization and continues to remain relatively constant

throughout the remaining portion of the al_teration zone.

Al-umina refrects a simil-ar trend but exhibits a consistent

depletion near both zones of mineral_ization.

Iron anci sulphur exhibit very simil-ar chemical variations

throughout the alteration and mineralized zones. Both elements

show rarge increases in concentration corresponding to the

zones of massive sulphide deposition with depletion el-sewhere.

Magnesium concentrations are somewhat similar to the iron and

sulphur trends with the highest concentrations superimposed
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CHEIV1ICAL VARIATION THROUGHOUT THE

ALTERATION ZONE IN DRILL IIOLE I5O-IB-IB

FIGURE 3I

UNALTERED TUFF MASSIVE SULP¡-{IDE

CHLORITE ATZ.- CORD.- ANTHOPH.
ALTERATION

.e.
N6-
-K,

ñ
.É-

5

¡r}

q

llo

o
-r--- --- "ø

t80 ?oo ?zo ?40 260 (FT.)



L26

upon mineralization and an overall enrichment throughout

the entire alteratron zone -

conversely, calcium exhibits considerable depletion

throughout the alteration zone particularly near the zones

of sulphide mineralization. Concentrations increase out-

wards towards Iess altered volcanic rocks beneath the

alteration zone. Magnesium and cal-cium concentrations

al-so show a strong inverse relationship"

The alkalies show identical trends of considerable

depletion a\,^/ay from the unaltered hanging walI tuff to-

wards the zones of sulphide mineralization with gradual

enrichment towards less a1-uered. volcanic roclcs beneath

the alteratíon zone. Manganese and \nTater concentratrons

exhibit strong enrichment near the first zone of sulphide

denosi ti on immedi atel v adìacent to the hanging wall \^7ith
UEl./VÐ¿ urvra lrlurrvvrgev+J

Iittle variation elsewhere. Titanium appears to have been

nnl rz sl'i oht'l v denl etecl near the f irst zone of sulphidevr¡! )'

d.eposition.

DISCUSSION

From sequential relationships noted from polished

-^^L.:^^^^^^^.i^.1rì.]lî^rãinrzaq|.ia-+.innc|,l.r.in<ÞcuLr(JrtÞ, rrtçYoÞuvyrç u!rrr vv!u --YA.I?f(-)llSt LII-LlL SeC-

tion studies and bulk chemical analyses, the chemical

variations observed are directly related to various altera-

ri nn nr^nêecêq ^ñ-ìrrri nrr .l- hrnrrrrhrrrrf 1- he COfdiefite anthO-Llvll u!uuçÐoçJ (JUULTIT!lrY Lrl!v

phyllite afteration zor\e. Many of these chemical variations
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and alteration processes are refl-ected in the mineralogy

and bulk chemistry.

The increase in iron is mainlv attributed to abundant

disseminated pyrite, pyrrhotite and chal-copyrite occurring

throughout the alteration zone coupled with iron combined

in high iron modal minerals such as chlorite, antho-

nhwlI'i1-e- hiotite and minor actinolite. The hioh tr'r.^ô-r qv Lr¡fvrr Lç . rrfç ¡¡rYrr r ç2v 3

content is due in part to the presence of the relatively

high concentrations of disseminated iron sulphides.

High concentrations of iron within the chlorite zone

(figure 30) and very high iron and modal concentrations

of chlorite in sample 150 - 18 I1 408 (table A5 appendix

and table Vf ) suggest that the chlori-te within the al_t.era-

tion zone is relatively rich in iron. Zones of intense

chloritization are commonly associated with massive sul-

phide deposition. Although retrograde metamorphic produc-

tion of chlorite is a common feature throuqhout the altera-

tion assemblages, Iocatized concentrations of massive

chlorite immediately adjacent to sulphide deposition strongly

suggests that chloritization is locally a major alteration

phenomenon associated with the ore-forming processes.

Magnesium enrj-chment is shown by high modal abundances

of anthophyllite, cordierite and possibty chlorite.

Similarly, sulphur enrichment is clearly related to the

presence of iron, copper and zínc sulphides disseminated

throughout the arteration zone. Larse concentrations of

iron, magnesium and sulphur are associated with sulphide
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mineral-ization and indicate that all three erements were

major ore-forming constituents during the phases of

mineralizatio¡r.

Periodic ínflux of silica is a common feature observed

throughout the alteration zone. rn some zones, sirica is

intimately associated with sulphide deposition whereas in

others it is compretely devoid of any invol-vement with the

mineralizíng processes. silica has been removed from cer-

tain sections, remobili-zed and reconcentrated into others.

The inverse rel-atíonship between sirica and the iron and

magnesium concentrations (figures 30 and 3f) could be a

result of the addition of iron-and magnesium-rich sulphide

and sil-icate minerals such as pyrite, pyrrhotite, chalco-
pyrite, chlorite, anthophyllite and cordierite during

mineralization with coincident removal of silica. silicifi-

cation is generally sporadic but is locally rerated to
mineralizing processes throughout certaj-n sections in the

al-teratíon zone.

very row concentrations of sodium, carcium and potassium

are reflected in the absence of potassium ferdspar, horn-

blende, calcite and low modar concentrations of plagiocl-ase

and actinol-ite throughout the alteration zone. The strong

depletion or leaching of lime and alkaries particurarly near

the zones of surphide deposition could have resurted from

base exchange of cation reactions involving mineral hydrolysis
(hydrogen metasomatism) in the presence of water during the

ore-forming processes (Meyer and Hemley, 1967).
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Mangianese and water enrichment are clearly related to

srllnhide denosition and are nrnÌ-r:l-rlrz dorjiTgfl from mineral_-

ízing solutions rich in water and manganese. Manganese

enrichment is closely associated with the development of

spessartite (sample 150 tB L7 393, tabl-e A5 appendix

and table VI) near the zones of sulphide deposition. Small_

rrn¡nti ti es of m:r1 r.rãnêqê marr þ¿yg al-sO been ì ncornoraf ed in-...*J vuurr rrf vv! yv! q L(

to the mineralogical structures of chlorite and biotite as

manganese commonly substitutes for other cations in the

crystal l-attices. The moderate enrichment in water may

coincide with the development of cordierite, which usually

incorporates significant concentrations of water into its

mineralogical structure (Lepezin, L969) and other hydrous

minerals such as anthophvtlite and biotite.

The progressive increase in SiO2, AI2O3, CaO, Na2O and

K2O away from the sulphide mineralization and outwards into

relatively unaltered equivalent tuffaceous rocks below tkre

alteration zone reflects the decreasing alteration intensity

of the rocks. The most intensely altered volcanic rocks

lie within the zones of sulphide mineralization and suggest

that the various alteration processes (silicification,

hydrolysis, chloritization and biotitization) were more

active within the mineralized zones.
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CHAPTER 9
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ORIGIN AND FORMATION OF THE CORDItrRITE - ANTHOPHYLLITE

ASSEMBLAGES

The Dixie 150 lB alteration zone is characterízed

by cordierite anthophyl]ite mineral assemblages. The

assemblage is characteristicatly formed at shallow depths

either near or within contact aureoles, middle grades of

regional metamorphism or abnormally shallow low pressure

regional metamorphism of the Abukuma type (vfinkler, L961) '

rFl-,o J-ômnêrâi.ìrrê ol= metamOrOhism fOf theSe teffaineS Can
III9 uu¡LLVç! ¡rrv vl4¿rlv¡g

range from 500 to B00oC but the pressure seldom exceeds

4 Lo 7 kbars and a rather low 3 to 5 kbars for the Abukuma

type metamorphism (winkl-er, 1967) '

cord.ierite anthophyllite rocks are not wídely known

hosts for base metaf sulphide deposits although well known

occurrences have been described from the Rouyn - Noranda

d.istrict (De Rosen - spence, L969) , the Coronation Mine

in Saskatchewan (Froese, Lg6g) , the Blue HiII district in

Maine (Emmons, Lg}g), the Falum Deposit of central sweden

(Magnusson, 1960), the orijarvi area in Finland (Eskola'

1914) and the base metal deposits from the Notre Dame Bay

area of Newfoundland (upadhyay and smitheringale, L97 2 and

Bachinski, Lg76). Numerous concepts concerning the origin

and formation of the cordierite anthophyllite assembJ-ages

with base metal deposits have been proposed for these areas '

Eskola's cfassical study in the orijarvi area in L9L4 de-

monstrated that the composition of the rocks did not corres-
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pond to that of any sedimentary or igneous rock and for this

reason, their origin was attributed to contact metasomatism

j-nvol-ving an increase in iron and magnesium with depletion

in cal-ci-um and alkalies.

De Rosen - Spence (1969) proposed that the Rouyn

Noranda area deposits obtained their present mineral_

assemblages through contact metamorphisrn of pre-existing

volcanogenic sulphides in chloritic alteration zones.

Froese (1969) demonstrated that the cordierite antho-

phyllite rocks frcm the Coronation Mine represent original

zones of chloritization developed at the tj-me of minerali-

zation rather than products of high temperature metasomatism.

Bachinski (1976) considered the cordierite anthophyl-l_ite

al-teration assembJ-ages as isochemical, thermalfy rneta-

morphosed equivalents of ophiolitic cuperiferous iron sul-

phide ores and wal-l rock alterations in the chloritic zones.

He found that extraction of iron frorn the silicaLe fraction

would be required to account for most of the cordierite

anthophyl-lite assembJ-ages and aIl of the cordierite

biotite assemblages at Gull Pond, Newfoundland. In contrast,

Vallance (1967 ) suggested that deuteric or subaqueous dia-

genetic processes might alter basaltic host rocks to com-

positions suitable for the development of cordierite antho-

phyllite rocks.

The most appropriate concept of the origin and formation

of the cordierite - anthophyllite assembl-ages at the Dixie

150 18 prospect is an agglomeration of icieas put forth by
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De Rosen - Spence (1969) , Froese (L969) , Upadhyay and

Smitheringale (L912), Bachinski (I976), Gilmour (1965) and

Whitmore (1969). All- of the authors suggest that the rocks

â^ñrli roÄ {- lraì r nra-mol-amnrnhi n m-i nâr^ I nnrz J- lrrnrrnlr J-ha

action of hydrothermal- fluids enriched in iron and magnesium

^f --^r ^^-^-^-i., nrì a.i n :r-.f-.i na rllrrì nn .l-Ìro mi nor:l i zi nn nor.i arluI vufuollu9clrrv v!ryf¡r quL¿rl9 uu!IfIy LlIg fLIIII=IqIILL!r9 yg!lvs.

Thp nri clin l-rcqt exnlains fhe oÌ-rserr¡ed snatial_ relationshin

in the f iel-d between the cordierite anthophyll-ite rocks,

unaltered volcanic rocks and the sulphide mi-neralization.

The cordierite anthophyllite assemblages of the Dixie

I50 1B prospect probably acquired their pre-metamorphic

mineralogy from the addition of iron and mag;nesium from

hydrothermal fluids of volcanogenic origin coupled \,,/ith

Aanl oÈi nn of cel r.i rrm qnriì rrm end nn]_ aqqì rrm rlrrri nrr J-ho

mineral-izing period. The comparison of FeO total, MgO,

T{¡ô f-eô :nrl l\'la^ô / î; (\^ 1'^L: ^ ^ L^!-'^^.^ {-ha crr=+'i nr=nlri n:'l I r¡nZu t \-G\-/ olLu I\qZv / LLv2 !oLIUJ UsLwscfl Lfls ÞLIaL-LYIclyrr!vq!rJ

equivalent unaltered and altered tuffaceous units demon-

strates that enrichment in iron and magnesium accompanied

by calcium, sodium and potassium depletion has taken pl-ace

drlri no the mì nernl i z'i n.r nrr- mt^': ^ relative enrich-vu!!¡¡y ul¡L rrrrllg!aLLLLLl9 ITIUUEÞÞEÞ - Ill!-

ment in iron and magnesium and depletion in l-ime and aI-

kalies was sufficient so that cordierite anthophvllite

assemblages developed within the original chloritic al-tera-

tion zones during appropriate metamorphic conditions (high

temperature and low to moderate pressures). This concl-usion

is substantiated bv the absence of cordierite and antho-

nhwl I i 1. e i n âh' nF {-t-^ ^,.*-nrrnÄi na rrnal Èg¡gd VOICaniC fOCkSt/rrJ !rr Lç r¡1 qlry uI LlIlJ Ju!!vuI¡urrrY ultq! L



r34

which possess much l-ower concentrations of iron and mag-

nesium and have undergone similar grades or conditions of

mof ¡m¡rnlr i cm

The metamorphic regime suggested for the isochemical

transformation of pre-existing chloritic assemblages into

cordierite anthophyllite assemblages is normal middl-e

grade regional metamorphism (500 to B0OoC temperature

rânñô ¡nÄ d. lct 7 l¿l-r:rq lrrêc I T,arcre ioneoilr- r*-JÞLlre !a1r9e,¡. !q!Yç rYlrçvuÞ

intrusions or indication of anv igneous intrusive contact

aureoles do not occur within the vicinity of the Dixie 150

1B sulphide body which could explain the development of the

cordierite anthophyllite assemblages by high temperature

contact metamorphic processes. Furthermore' the characteris-

tic andalusite mineral assemblages belonging to very low

pressure regional metamorphism of the Abukuma type are

absent ín the surroundinq vol-canic rocks and alteration zorLe.
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AND GEOLOG]CAL

PROSPECT

HISTORY OF THE DIXIE I5O

GENETIC ASPECTS OF THE DIXIE I5O _ IB SULPHIDE PROSPECT

The refative lack of structural de

trusive activity within the area allows

nrnl-:{-ìnn n€ n-^ ^^-^-i- =-rl nanlnnir':lpIg LdLI(Jll (JJ- \JIE VËrrs-rÞ qtlu YçvrvYrvq!

Dixie 150 - 18 sulphide Prospect.

The following significant regional

been considered in the interpretation,

õrôqq qr'mi I:r'il-r¡ r^ril-h Arr-hean stl'lnhìde
Y!VÐÐ Ðr¡llrrq

canogenic environments.

formation and Ín-

a detailed inter-

h i sf orv of f.hef -"

observations have

:nd ¡l I crrcrcrogl a

:^*^^.:!^ .i* --/) l_LrgyuÞr LÐ Jrr v\

/t'\ rlhe .,ômmrlll occurrence of several sulphide lenses
\¿,f

similar to the Dixie prospect within volcanic rocks

of the southwestern extension of the Uchi Confedera-

tion l,ake greenstone belt (figure 2) suggests that the

occurrences are related to volcanism or at least the

same magmatic event responsible for the formation of

the volcanic rocks.

(2) Many of these sulphide occurrences (figure 2) are con-

tained within identical sequences of dominantly mafic

volcanic rocks (as described for the Dixie prospect)

crrñõôe+i nn a q{-r:f iar¡n}ri r- ¡nnl- rr¡l ôn slll nhi de de-ÞLrg9CÞUrI19 q Ju!quayrqy¡rrv

positíon.

S'i m'i larlrz f eatrrres from the Dixie sulphide body and
, !çs

enclosing stratigraphy also suggest genetic relationships
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with Archean sulphide deposits in vol-canogenic environ-

ments. These features include:

(1) The stratabound sheet-like nature of the sulphide body

enclosed within conformable volcanic units.
/1\ ml-^ ^ì^---) relativelv unal-tered contacts between the\¿) rrlË Þ1ro.rP

sulphide mineralization and hanging wall siliceous

tuffite.

(3) The l-ocation of the siliceous tuffite unit immediately

above the sulphide mineralization and nowhere else

within the volcanic stratigraphy.

(4) The presence of tuffaceous unj-ts within, overlying and

rrndorl rz'i n cr f he srr 1 nh i d g mineral- izatiOn .9g¿ÈJ¡¡¿g

(5) The presence of an extensive alteration zone along the

footwall which thickens and resembles an alteration

pipe beneath the centre of the sulphide body.

(6) Zoning within the sulphide body, although somewhat

vague, copper-rich sulphide assemblages do coincide

with the approximate locatj-on of the al-teration pipe

indicating the general vicinity of the discharge source

of the hydrothermal solutions.

(7) The occurrence of an identical, small-er sulphide body

located along strike and at the same stratigraphic

horizon as the larger sulphide body.

(B) The chemical changes within the al-teration zone, most

nnl-'i¡orl-rlr¡ i-On and magneSiUm enriChment With CalCiUm,

sodium and potassium depletion are identical to that de-

scribed for numerous Archean sulphide deposits in
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volcanogenic environments .

Based upon regional observations and r-ocal features
pertaining to the sulphide body and enclosing volcanic
rocks, the Dixie l-50 1B sulphide occurrence resembles

Archean surphide occurrences and deposits within volcano-
genic environments. However, one major contrasting fea-
ture between the Dixie 150 l-B prospect and most other
Archean sulphide deposits is the occurrence of minerali-
zation contained specifically within mafic vol-canic

rocks such as basal-ts and andesites. Felsic or rhyoritic
volcanic sequences whi_ch are al_most invariablv associated

with other Archean surphide deposits are totalry absenr

within the immediate vicinity of the Dixie 150 lB sul_-

phide mineralization.

The occurrence of sulphide mineralization in mafic

volcanic sequences as described for the Dixie prospect is
rare and unusual. such occurrences may represent a new en-

vironment of sulphide deposition that warrants considerabre

attention during further exploration activities within the

southwestern extension of the uchi confederation Lake

greenstone belt and perhaps other greenstone belts.

GEOLOGICAL SETTTNG AND HISTORY OF THE DIXIE 150 18

SULPHIDE BODY

The interpretation of

of the Dixie sulphide body

l- he oonl nrri r-el hi qtorrz ¡nrì qaJ-{- i narffJLvrJ qrlg JçUUr¡tY

i s haserì rrnôn f hp q.l- r:l. iarenhì nLrrç oL!qL!Y!qlr¡¡¿u



139

correlation of the enclosing volcanic units, regional

geological correlation from reconnaissance dril1 holes,

chemical considerations and sulphide and metal relation-

ships from the mineralized zones described in previous

r-hnntcrs- The infernreJ-ati_On wil-l- undOubt-ed'ì v need some

modifications as future investigations within this region

of the Uchi subprovince should provide further amd per-

haps more important evidence concerning the localization

and oenes'i s of the slrl nhi de mineral-izatinn i n 1- ho nrnnosedYv¿¡v'!s

models.

Two models of sulphide deposition and l-ocalization

within a volcanogenic environment are proposed for the

Dixie I50 18 sulphide occurrences. The first model in-

volves syngenetic (solfataric) deposition of sulphide

mineralization contemporaneously with the enclosing vol-

r-¡n'i r: sêr.rrênr:es - and fhe second model inr¡ol r¡es en'i ocnetic

(stratigraphíc trapping) emplacement of sulphide minerali-

zation following formation of the volcanic pile.

SYNGENETIC MODEL

After the close of the major volcanic events responsible

for the deposition of andesitic lapiIli tuffs with minor

intercalated massive andesitic flows (figure 32.A) a thin but

extensive layer of massive and disseminated iron, zínc and

copper sulphides was deposited on an undulating surface. The

mechanisms of sulphide deposition were probably similar to
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present day solfataric (hot. spring) activity. The metal-

bearing hydrothermal solutions approached the surface

through a smal-I structural fissure or fracture system

located beneath the central portion of the sulphide body

and precipitated within a smal-l subaqueous basin or lagoon

I n¡:f aÄ ='l an^ the f ]_ankS Of e me-inr rznl ¿:ani c, r:omn'l e¡¿!¿q¡arro v! q ¡LtqJ vr vv¿uqI¡!v uvrrrarlç^

(figure 328). The hydrothermal solutions were enriched

in iron, sulphur, magnesium, zínc, copper, silver, manganese

and water. High concentrations of copper within the sul_-

phide body indicate the location of the discharqe source

where the hydrothermal solutions entered the shal-low basin

or lagoon. The pipe-like cordierite anthophyllite altera-

tion zones represent the channelways for the ascending ore

solutions and the conformable fan-like expression of the

alteration zone along the flanks of the sulphide body re-
presents outward percolation of the sol_utions throuqhour

the porous tuffaceous units near the surface.

Following sulphide deposition, a period of quiescence

with resultant subaerial and subaqueous weathering and

erosion of topographically higher tuffaceous and volcani-

clastic units into the shall-ow basin or lasoon culminated

in the restricted development of the siliceous tuffite

immediatery above the massive and disseminated sulphides

(figure 32c). Renewed mafic vol-canism proceeded with the

extrusion of dominantly massive and porphyritic andesitic

flows (figure 32D) followed by a tuffaceous episode with

minor intercalated andêsitic flows (figure 328) over the
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entire sulphide body. The deepest location within the

basin or lagoon is situated over the central portion of

the sulphide body where the thickest and best-developed

section of the siliceous tuffite and subsesuent qreatest

accumul-ations of massive and porphyritic andesitic fl-ows

Çrrì-rcanrrarll intfUSiVe

nl ¡¡amon1. nf cô17ôr.'l ôñã I 'l
vrquçrrrçIru v! ÐçvEIeI ÞtttalI

-l 
:mnrnnhrzr-i¡ rliì¡a¡ | Firq¡rrI/!vl/frJrru uIÀEÐ \lr9urg

act'i rz'i i.w rêqìrlted in the em-

fel dsrlâr nornhvrv si I I s ãnd

32F) .

EPIGENETIC MODEL

Ore-bearinq hvdrothermal solutions can be deflected
a)r i mnorlcd l-rr¡ ql ef p qh¡l a ¡l =rr - j 1+-{-nna nr nJ-lrorv! r¿rryçuçu vJ J!quu , Ðtrarç, uray ¡ JII LJ Lvlru, v! vLtIç!

relativelv j ¡¡nor-'ì n'.- rnnÞ5. At the BUShv Creek lV.i neuuJ¡11 r'¡riru,

Fletcher Mine and Ozark Lead Companv Mine within the Vi-

burnum trend., southeast Missouri and in many of the fluorite

mines within the Cave in Rock district, I1linois, mudstone,

dense dolomite, siltstone and fine grained sandstone acr

as impervious barriers to ascending mineralizing sol_utions

and have ponded ore solutions at and below their contaccs

forming major ore bodies (Evans , L977; Paarlberg and Evans,

I9l7; Mouat and Clendenin, Igll and Grogan and Bradbury,

L967) - In the Quartz Hilt district near Divide, Montana,

sil-ver ores occur in short shoots or pipes in fissures in

crystalline limestone and as bedded repJ_acement deposits

at the contact between the limestone and an overlvinq
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calcareous shale (Taylor, L942) . Where the ore fissures

intersect the limestone-shale contac'u at riqht angles to

the strike of the beds, the ore solutions tend to "mush-

room" and follow the intersection of the contact by re-

n'l¡¡aman]. nf the l_imeStOne fOr Variable diStanCeS On

either side of the fissures. I,Vith minor exceptions, the

ore does not penetrate the calcareous shal-e contact

(Taylor, L942) .

A similar process may have concentrated ascending

hydrothermal ore solutions at the Dixie 150 IB prospect.

The sificeous tuffite is a dense, argilJ-aceous, fine-

orained unit .*Ä ^ the nhrzsir:al characteristicsyrqlrruu urrr u ürIU IJUòÐg-ÐEÞ UIIç yIrJ ÐIvqI

aF ã ñâfrrr:lr¡seu!s¿, nonporous irnpermeable barrier. The Dixie

150 18 sulphide horizon is contained immediately below

the siliceous tuffite and the contact between the minerali-

zation and the unaltered tuffite is sharp. The sulphide

mineralization does not penetrate the tuffite contact.

Following the deposition of the siliceous tuffite and

overlying volcanic units, metal-bearing hydrothermal

solutions may have approached the impervious tuffite through

small structural fissures which dissipated within the im-

permeable unít. The ascending ore solutions were blocked

l-rr¡ J_l-ra -i mnorrzìnrrc +.rr€fìfa nnnäarl ¡nrl l-ran:n qnraed-inrr ¡lr-lncrpl Lflg I1[|/ç! vtvqÐ Lu!!Iuçt yvrluEq allu uçYqrr Þlr!çqurrrY q!vrrY

the impermeable contact and other surfaces of discontinuity

to search out various routes or minor channelways through

or around the barrier. The greater permeabitity and pro-

nounced schistosity in the underlying tuffaceous sequences
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'-i !L ^ 1---^ tel dqrlâr nnrnhr¡rr¡ qi'l IWI LII A f Ar 9g !e!uÐyq! I/v!t/rtJ -f

The dikes are dark gray-green and fine-grained r,,,ith

distinct medium-grained biotite porphyrobtasts or con-

centrations. Biotite is the dominant mafic mineral and

^^ñìrre fl'rrnrr-hOUt the matfiX and alSO aS lar6¡e r:OrnhvfO-qrrv LreL LJILJ !

blasts. Hornblende and acti-nolite al_so occur in the

matrix but rarely form porphyrobl-astic aggregates. Minor

concentrations of quartz, plagioclase, carbonate, magnetite

and zírcon are present. The dikes are highly metamor-

phosed and intrusive conl-act-s are sharp with well-defined

chil-led marsins.



CHAPTER 4
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MTNERAIOGICAL CLASSIFICATTON OF THE VOLCANIC ROCKS

The lapitli tuffs, massive frows and porphyritic flows
were classified according to their mineral compositions
previously shown in tables T, rf and rv. sixteen speci-
mens vüere classified according to streckeisen (r967) in
the Q A P triangle where e, A and p repïesent total quartz,
alkari feldspar and pJ-agiocrase within the rock. The

modal analyses are based upon r000 point counts through-
out a thin section representative of that specific vol-
canic rock. Five of the sixteen calcurations v/ere from
the lapilli tuff sequences, six from the massive flows and

five from the porphyritic frow sequences directly above

and along strike of the Dixie r50 fB surphide body.
The tuffs and fr-ows have simir_ar minerafogicar com-

positions and plot essenti-alry as andesi-tes and basalts
with a few specimens of quartz andesite. The prots arso
correspond to the tholeiitic basalt and andesite fields
(figure 7) -

GRADE OF META}ÍORPHISM

The mafic metavorcanic rocks are characterized by two
distinct mineralogicat assembrages. The first assemblage

comprises co]-ourress to pare green actinorite and. horn-
blende - Ca plagioclase 1 chtorite and epidote. The second
and more diagnostic mineraf assembrage comprises dark sreen



L47

CHAPTER 11



l4B

THE DIXIE 150 L7B and 150 19 SULPHTDE PROSPECTS

THE DIXIE 150 - 19 PROSPECT

The Dixie l_50 19 grid is 1ocated approximately 2.4

km southeast of the Dixie 150 lB sulphide body. The

horizontal loop e.l-ectromagnetic survey over this grid out-
lined a continuous conductor on lines BE, L2E and I6E

(figure 34) " Three diamond drill- holes have tested the

anomary intersecting scattered low and high grade sections
of base metal mineral-ization.

Drilt hole 150 - .19 I on line BE intersected 0.312

^^ññô7 ? ^Aa' zLnc and 0. 38 ounces of si'l r¡or nêr {- nn a-ì oncr, J. v= o LLltv qf¡u U ¡ JO (JL_ttJ'(i(JÞ UI b_Lt v v! y_, Lvr¡ q¿v¡¡:J

2 m and drill- hote 150 Lg - 2 on line r-2 E intersected
L2z copper, 5.l-62 zinc and 4.25 ounces of silver per ron

along 0-6 m" Drill hole 150 19 3 was drilled on rine
16E to test the extension of the zone. This hole inter-
sected a series of narrow but zinc-rich massive veins

along a core length of 5.6 m averaging 0.L73 coppert 4.752

zínc and 0.05 ounces of silver per ton (figures 35 and 36).

The metavolcanic units enclosinq the Dixie 150 - 19

prospect are markedry different from those surrounding

the l-50 - 18 prospect. A large granodiorite intrusion

which l-ies immediately south of the conductor has completely
granitized the metavolcanic sequences into fractured, sheared

and highly altered schistose rock units. The metavorcanic

rocks consist of a strongly recrystal-l-ized assembrage con-
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sisting of fine to medium-grained biotite, chlorite, actino-

r ì ¡n nrr =r.{-z anri nl ao'i ôr:'l âse wit.h subordinate microcline.J-I LU r \4uA! L¿ .y+*Y

Large poikil-oblastic laths of biotite and felted masses of

chlorite are contained within a highly polygonized ground-

mass of plagiocfase, microcl-ine and quartz. Actinol-ite is

nracon1- ìn mân\,2 qer:fìOnS anÄ ¡nmmnn'lt¡ r-.\nStitgteS aS mUCh
v!vvvr¡ -..-_Iy ÐçV L!V¡lJ sf lU 9vllrfLtvII¿J

as BQU of the rock with only minor biotite and quartz or

plagioctase. Biotite, chlorite and actinolite always ex-

hibit a strong preferred orientation parall-el to foliation

and are commonly concentrated into elongated porphyroblastic

ecrcrrecraf es ^ C)rr¡rt z. ^nd nl acì or-l asc form an equígranularayYlçYquçr. vuq! L¿ qrrs t/ruY

nnt rzrr.¡n i z.oð cJroundmass which contains minor epidote, micro-
llvLJ a

cline, euhedral magnetite and sericite. Plagioclase and

to a lesser extent microcline exhíbit varying degrees of

al-teration to sericite. Sericite accounts for 402 of the

giroundmass in some sections.

The mineralized zones are contained within a very

coarse-grained and extensive alteration zor\e composed of

anthophyllite, actinolite, biotite, chlorite and mangani-

ferous giarnet with subordinate sericite, quartz, plagio-

clase, microcline and associated sulphide minerals. The

alteration zone is characterized by an increase in con-

centrat.ion of anthophyllite and actinolite and by a pro-

nounced increase in grain size of all mafic minerals.

Biotite and. actinolite exhibit extensive alteration to

chlorite, and plagiocl-ase is commonly completely repJaced

bv sericite. The alteration zone averages 20rr in width
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and lies immediately adjacent to, and mantles, the entire

outer margin of the granodiorite intrusion. The contact

between the granodiorite and the alteration zone is sharp,

although several- granodiorite dikes intrude outwards into

the metavolcanic seguences.

The granodiorite is a light to medium grayish-pink,

moderately foliated and medium to fine-grained rock. Quartz

and plagioclase are the dominant minerals although micro-

cline is tocally abundant. Biotite is characteristic of

the granodiorite and is commonly accompanied by chlorite

(pseudomorphic after biotite), magnetite, apatite, zLTcon,

epidote and serici-te.

A large body of metagabbro underlies most of the eastern

portion of the I50 - 19 grid. The gabbro is a dark green

to gralt medium to coarse-grained rock composed of blue-

green hornbl-ende and plagioclase. Magnetite, pyrrhotite,

pyrite and quartz are present in minor amounts. Secondary

epidote and sericite are,al-so present.

I'lumerous lamprophyric dikes occur throughout the gab-

broic and metavolcanic sequences. The dikes are dark grayish-

green, fine-grained, and composed of abundant biotíte and

actinolite with minor plagioclase and quartz. Biotite is

the doniinant mafic mineral although actinolite is comrnonJ-y

present as part of the groundmass or as porphyroblastic

aggregates. Some secondary epidote and sericite are present.

A sma1I medium-grained, grayish-green feldspar porphyrl'

dike was intersected in drill hole 150 19 3. Wel,l-
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zoned euhedral plagioclase phenocrysts as much as l_ cm

in diameter with smar-r-er hornbrende prisms constitute as

much as 35% of the rock. Both phenocrysts are contained
within a fine-grained quartz plagioclase groundmass

with secondary epidote, chlorite and sericite.
The mineralized zones consist of massive and dis-

seminated sulphide mineral-s. The sutphide minerals occur
as narro\^/, but high grade, veins, stringers and r-enses of
massive sphalerite and chalcopyrite with subordinate pyrite,
nrzrrhnJ-iJ-a ¡-n ^Li!^I1yr rI'u Lr re drrcr magnecr-te. The variation of pyrite r pyrrho-
.l-i le and m.aanofì fa -t-nLrse a¡ru ¡rroyl¡eu!Lç Lv uuy,uêr, zinc and si]-ver are shown in

figure 37 for drill holes 150 - t9 - t and 3. Distribution
r¡:J-J-arnc Fnrr/quuu!¡rÈ !v! copper and zinc are indistinct but the zj-nc
content is always much g;reater than copper. severar- high
concentrations of zínc are due to narrow vein intersections
which are usually devoid of copper. Magnetite is not abun-
dant in the minerarization. pyrite and pyrrhotite con-
centrations are r-ow and in many praces totally absent from
the richest intersections of base metals. silver content
is also ]ow and is not closely associated with the distri-
bution of zinc as in the l-50 18 sulphide body.

The availabre geologicar data suggest that the r50
19 mineral-ization has been emplaced by hydrothermal sol_u-

tions emanating outward from the granodiorite intrusion.
several factors favouring hydrothermar emplacement are:
(l) The mineralized and ar-teration zones rie immediater_y

adjacent and pararr-er- to the contact between the
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(3)

156

intrusion and altered metavolcanic sequences. The

metavolcanic sequences are excessively fractured. and

sheared near the intrusion. The fractured and sheared

t¡¡v ^âñ nrntzi¡lg a network a I ono wh i r-h hvdro1- herma Iu r¡e uwv!^ qrvrrY wt¡Içll !-t _-

fluids can migrate. Many of the fractures in the

alteration zone are mineralized, clearly indicating

that mineral-izing solutions have passed through the

rocks and deposited remnant mineralization in the

fractured and sheared zones.

The srllnhirle minefals haVe not rrndorrrnne metamornhi qm¡rv u utruç! yvr¡g rtlu Lqll(v! yI¡I ÐILl

in the form of recrystalÌization, cataclastic deforma-

tion and extensive replacement. continuous masses of
pyrite are rarely fractured or brecciated and several

colloform textures are well preserved - textures not

observed in the 150 IB sulphide mineralization.
Anno¡l aÁ tavl-rrroq i n nrzrì .|. ig SeCtiOnS an¿ se.'recfâ1- .i onrevLrv¡¡_ q¡¡u Ð9Y!sYqLMt

banding of sphal-erite and pyrrhotite are absent tex-

tures which are commonly observed in the I50 lB

surphide mineralization. Had the mineralization been

introduced into the metavolcanic sequences prior to
'l-l'ra ¡rrnnÄì nri l. o i n{. rrrc'i nn , the SUlphide minefaliZatiOnr¡¡ u! uÐ !vII

should exhibit textural evidence of simil-ar metamorphic

conditions.

Tn mânv qcr-J- i n-^ +1^^ ñ^!^-¡r.ll r.ani n Qêõrrôrrr ¡rlqr¡), ¡cu urùflS, Cne mgta\ --.a*-nCes f epf esent

highly al-tered (metasomatically granitized) material.

The exact concentrations of SiO2 , K2O and Na2O intro-

duced into the metavolcanic rocks is not known but the
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h ì oh al^rrrndance of micrôrl I i ne and olla rf z a'l ono f rag-q4v¿¡Y

tures, and plagioclase and quartz in the groundmass

strongly suggest the passage of hydrothermal fluids

from the qranodiorite intrusion.

(4) Hydrothermal alteration is pervasive throughout the

alteration zone and well out into the metavolcanic
qê.nlên.rês. IntenSe ChlOritizatiOn Of ferromaonaqi11¡¡v¡(¡qYr¡vr

minerals (biotite and actinolite) and extensive

saussuritization of plagioclase to sericite and

enido.l-c ârê maior alteration featureS in the altera-

tion zone and enclosing metavolcanic sequences. Hydro-

thermal alteration of this nature is rarelv observed

in the volcanic units surrounding the 150 1B sulphide
hnÄrz =nrl Onl V O¡1¡-.;llrS r "i ^- 1 'r.. -hrOlrohorrf J- he 150lvuJ qrru vlrrJ vuuu!Þ Ð[Jvraufuqa!y Lrr!vuyrrvuL Ltlç

1B al-teration zone.

In sufirmary, a hydrothermal emplacement origin is sug-

gested for the Dixie 150 l-9 sulphide occurrence. Hydro-

thermal fluids emanating outwards from the granodi-orite

intrusion intensely altered and introduced copper zinc

mineralization into extensive sections of metavolcanic

THE DIXIE 150 178 PROSPECT

The Dixie 150 I7B sulphide occurrence is situated

approximately L.6 km southwest of the Dixie I50 18 pros-
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pect (figure 38). The first diamond drill hole put down

tested a short, weak conductor and intersected an impressive

sulphide zone along I0 m which assayed I.44? copper, 7.34ea

zinc and 0.94 ounces of silver per ton. A second drilf hole,

passing below the first, encountered a much narrower and

lower grade sulphide zone at a depth of 6I.5 m below the

ini-tia1 intersection. This weaker intersection assayed

0.36% copper, 4.532 zinc and 0.18 ounces of silver per ton

along l- m (figure 39).

The geological setting of the sulphide zone is some-

what simil-ar to that of the I50 19 prospect located 3 km

along strike to the east. The metavofcanic tuffs consist

^ç = c]-rnnn'lrz rê.'r\7q1-¡llizoÁ aqqpml^rl¡cro nf hinl-ife- r-h'lnrìfc-(JI A Ð Llvr¡y¿y !ev!l'r eqrrr¿sU qJJç¡tWrqYg V! vlvu! uu, ! Çe t

actinoli-te, quartz and plagioclase with minor microcline,

sericite and epidote. Many of the sequences represent

granitized material as another large granodiorite intrusion

with several granodiorite dikes intruding the metavolcanic

sequences l-ies northeast of the mineral-ized zone. A small

semi-concordant quartz diorite intrusive body was inter-

sected in both drill hol-es. The diorite consists of a

medium-grained assemblage of hornblende, biotite and plagio-

clase with subordinate quartz and euhedral magnetite.

Several suartz diorite dikes also intrude the metavolcanic

seguences.

Important differences occur in the sulphide and altera-

tion assemblages of the 150 I7B prospect. The alteration

zone does not l-ie immediately adjacent to i.he granodiorite
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intrusion but occurs as intercalated bands and l_enses with-
in the sulphide mineral-ization. The entire mineral-izecl zone

'ic eônâr¡{-oÁ frnm {-ha nrrn6ç]j6fite intfUSiOn by a na'fowy! q¡¡vulv! l LE _Ltl LI (.lÞIUtt LJy d- ILd.L

seguence of granitized metavol-canic tuffs. The alteratj-on

bands and renses are composed of anthophyrrite, chlorite,

biotite and cordierite with minor quartz, actinorite, serj_-

cite and epidote. The surphide body consists of a large
single lens of massive pyrrhotite with pyrite and inter-
cal-ated alteration assemblages. sphalerite and chalcopyrite
commonly occur as discrete disseminations and repJ_acements

in the iron surphide minerars. chalcopyrite commonly occurs

as exsol-ution granules in spharerite and invades fractures
and intersticies in the alteration minerals. Maqnetite is
colnmon throughout the mineral-ization and occurs as shredded

masses and individual anhedral to subhedral qrains within
the iron sulphide minerals. High grade massive veinrers,
lenses or stringers of chalcopyrite and sphalerite do not

occur.

unlike the l-50 l-9 mineralization, the sulphide minerals

have undergone intense metarnorphism in the form of extensive

recrystallization, fracturing, shearing, renticulation and

boudinage. cataclastic deformation of pyrite aggregates,rvith

plicative gnej-ssic textures of pyrrhotite and minor fording
of the alteration bands within the sulphide mineralization,
are common features seen throughout the 150 - 178 mineral_ íza-
tion.

The rerative amounts of pyrite, pyrrhctite and magnctitc
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with copper, zínc and silver for drill- hol-e f50 - L7B I

are shown in figure 37. Major metal or iron sulphide

dis1-rihrrtion nâf1-êrnq ,arê nOt diSCernable but SOme minOr

features are simil-ar to the 150 - l-B mineralization. The

150 l7B mineralization contains considerable pyrrhotite,
n-'rì f a ¡nÄ mâñh¿{-i t-a '7;^^ fOfmS an enfiched COfe and be-yJrrLU

comes increasingly richer towards the margins of the sul-

phide body. Copper and silver, aJ-though considerably less

than zinc, show a cl-ose association with the distribution

of zínc throughout the intersection. The highest concentra-

tions, of côt..lrler and sil_ver Occur within i-he r:enf ra'l nOrtiOnqr _v'

of the sulphide lens where zinc concentrations are in ex-

cess of 202 by volume. In general, the sulphide and altera-

tion assemblages are simil-ar to the 150 - 18 mineral-ization

and markedly different from the 150 19 mineralization.

The available geological data suggests that two main

genetic possibilities account for the I50 178 minerali-

zation. The mineralization may have been emplaced by hydro-

thermal fluids emanating from the granodiorite intrusion

as seems to be the case with the I50 - 19 sulphide occurrences,

or deposited contemporaneously with the encl-osing volcanic

Several factors favouring the latter genesis are evi-

dent and suggest that the mineral-ization was derived from

volcanogenic processes.

(1) The suJ-phide mineralization has been metamorphosed and

refl-ects similar grades of metamorphism to those of
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the enclosing metavolcanic sequences.

(?\ The m.i nera I ooi r:a I r:omoosition of the metavolcanic rocks\L t

is relatively uniform on either side of the sulphide

l-ens. Megascopic influx of SiO2, K2O and Na2O is not

evident in the metavolcanic rocks between the grano-

diorite intrusion and the mineralized zone. Veinl-ets

of fractures composed of microcline or silica were

not observed.

1?l rTrzrlrn{-hormal alteration (chloritization of biotite and\J/ rrJu!vu¡¡e!

saussuritization of plagioclase to sericite and epidote)

i - ¡nr- ^rrvasive throughout the metavolcanic sequencesrJ lru L yç

and only occurs as a minor sporadic assemblage in the

alteration zone.

(4) Vein or stringer associated mineralization does not

occur and the fractures and shear zones in the meta-

volcanic sequences enclosing the sulphide minerali-

zation are not mineralized. Some remnant sulphide

mineralization would be expected had mineralizi-ng sol-u-

tions passed through the metavolcanic sequences.

lql Al1.craJ- ion ôr sr'1 nh'i dc as.qemh'ì acres do not occur im-\r I

mediately adjacent to the granodiorite intrusion. The

alteration and mineralized zone is completely enclosed

in metavol-canic tuffs and direct genetic association

with the intrusion is not apparent.

In summary, a volcanogenic origin is suggested for the

Dixie 150 LlB sulphide occurrence. The sulphide minerali-
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zation may have been empJ-aced as exhal-ative precipitates

during volcanism, or emplaced by hydrothermal fluids re-

l-ated to volcanismrand not the granodiorite intrusion.

Evidences confirming or even suggesting emplace¡nent of

the sulphide mineralization by hydrothermal- fl-uids ema-

nating from the granodiorite intrusion is lacking.
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CONCLUSIONS

THE DIXIE T5O 18 PROSPECT

(I) The I50 - IB prospect is contained within upper green-

schist to lower amphibotite mineral facies metavolcanic

and metasedimentary units comprising massive and por-

nhvri f i r-: €] ^,.^ I ^*i 1'r: !--trt^ ^.i 1-: ^eous tuf fite withLIUW5, Id.|1Il--LI LLILIÞ, Þ-LIJt

minor intrusive feldspar porphyry sills and larnpro-

phyric dikes. Primary textures include quartz and

^1 r-'i nn'l 3qp nhenor-rwst^ 'i .^ €'l ^..^ ^rariod hedd'i no andPIctgIL,,(-f aJç lrf rçrrvu!J Ð LJ -LII J--LUwÞ , Y!qusu uçuu¿rrY

qorti ncr of nrr¡rtz crraì ¡s in the SiliceOus tuf fite andrvr ç!1rY

relict fragments and bedding preserved in the lapilIi

tuffs.

(2) Metamorphic textures within the volcanic rocks suggest

that three phases of deformation have disturbed the

(3)

volcanic rocks.

The unaltered volcanic seouences have similar mineralo-

gical compositions. The mineralogical compositions of

the fl-ows and lapilli tuffs are classified as basalts,

(4)

andesites and suartz andesites.
ml-¡ f i-aÄ Ii+hn'lnni¡:l rrnln:nir. n'iIo onr. loqj nrrl-lIË 9El¡gIa¿!¿çg rr LIlv!vYrvqf vv!uqfr!v

and the depositional history for the I50 tB prospect

is as follows:

Unit (a) initial tuffaceous sequence development.

Iln i I lh'l rlanesi¡lon of the sif iceous tuf f ite.\v/

Unit (c) extrusion of massive and porphyritic flows.
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Unit (d) deposition of another tuffaceous sequence

sporadic intrusions of feldspar porphyry

sills and lamprophyric dikes.

(5) Metasedimentary greywackes, cal-careous siltstones and

impure l-imestones occur east and northeast of the sul-

nhi dp hod-, ^-,r ^,,--^¡r rJ. a'l t- ranscÍresSiOn--Jy ano suggesr an envr-ronmer,-*-

eastward from subaqueous or subaerial- conditions into

deeper water offshore marine environments.

(6) Major element chemical analyses of the feast altered

vofcanic rocks reveal:

- minimal volatile metasomatism.

stight alkali metasomatism reflected as sodium en-

richment and potassium depletion in fl-ows and an

overall variability in the Iapilli tuffs.

a strong iron and slight magnesium enrichment trend

for the massive flows and lapilli tuffs.

an accompanying trend towards alkali enrichment for

the massive flows and lapilli tuffs.

primary differentiation and crystallization of magma

in the volcanic edifice mav expfain the tholeiitic

iron enrichment trends and the occurrence of calc-

alkatine high alumina massive flows.

environmental and metamorphic factors may have at-

tributed to metasomatic changes (iron and magnesium

enrichment and alkali variations) within the volcanic

rocks.

the volcanic rocks belonq to the sub-alkalic field
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of volcanic rocks.

the vol-canic rocks plot mainly within the tholeiitic

field although high alumina massive flows plot with-

in the cal-c-alkal-ine field.

the flows are individually cl-assified as high-iron

tholeiitic basalts and andesites with some calc-

alkaline andesites.

the Iapi1li tuffs are classified as being basal-tic

to andesitic in composition.

greywackes \¡iere derived fron the surrounding vol-

canic sequences.

the siliceous tuffite contains a large detrital

component of silica and potassium.

(7) The 150 18 sulphide prospect is a zinc-rich sulphide

bodlz composed of pyrite, pyrrhotite, sphalerite, chalco-

pyrite, magnetite and tetrahedrite. Sulphide textures

indicate that the mineralization has underqone dif-

ferential stress, metamorphic recrystallization and

mobilization which considerably modified the sulphide

mineralization from initial configurations. Primary

textures are not preserved and base metal zonations

within the sulphide body (although slightly redistri-

buted) may indicate the discharge source for the hydro-

thermal solutions. Silver shows a close association

with high concentrations of zinc throughout the sul-

phide body.

(B) A large hydrothermal cordierite-anthophyllite altera-
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tion zone composed of quartz, cordicrite, anthophyll-ite '

chlorite, biotite and actinolite mineral- assemblages

is situated immediately along the footwall of the sul-

phide body. The cordierite-anthophyllite alteration

zone is conformable along the flanks of the sulphide

body but thickens, becomes discordant and resembles

an al-teration pipe beneath the central- portion of the

suloh'i rle mineralization. Silicification, chloritizaLLon,

cation hydrolysis and biotitization were major altera-

t- ì on r-lrôrlessês r.'l osel v associated with sulphide de-u¿vfr

UU>I LJUII .

Major el-ement chemical analyses throughout the cor-

ri'i eri te-anthonhrzl 1i l- e aI teration zone reveal:s¿s! r uu qr¡ s¡rvy¡¿J

a strong enrichment in iron, magnesium, sulphur and

IttalruolrgÞç.

= cr-?^ññ 'ranlelie¡ in lime and alkalies.ct ¡ uI urrv uç[Jr\

a slight depletion in silica and alumina.

a moderate enrichment in water.

Leaching of lime and alkalies and enrichment of iron,

magnesium, sulphur and manganese is coincident with

qnlnh'ide mìneral-ization. The mineralizrng hydrothermal

sofutions were enriched in iron, magnesium, zinc, sul-

phur, copper, silver, water and manganese. The rela-

tive enrichment in iron and magnesium and depletion

in lime and alkalies within the alteration zone may

have been sufficient so that cordierite-anthophyllite

assemblages developed wj-thin original chloritic altera-
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tion zones during high temperature (500 B0OoC)-Iow

to moderate pressure (q 7 kbars) regional meta-

morphism.

(I0) The 150 18 sulphide mineralization may have been

precipitated during syngenetic (solfataric) processes

contemporaneously with the enclosing volcanic se-

quences or as epigenetic emplacement (stratigraphic

trapping and replacement) of mineraLization beneath

the siliceous tuffite followinq formation of the

volcanic piIe.

THE DIXIE I50 - 178 and 19 PROSPECTS

The rocks encfosing the I50 L7B and 19 prospects are

markedly different from those enclosing the 150 - 18 pros-

pect. The metavolcanic sequences are hydrothermally al-tered,

strongly foliated, granitized volcanic sequences. The copper-

zína mineralization associated with both occurrences is

smaÏ1 and closely rel-ated to J-arge granodiorite intrusions

covering large portions of both prospects.

A hydrothermal emplacement origin is suggested for the

15ß - L9 suJ-phide occurrences. Metal-bearing hydrothermal

solutions ernanating from the granodiorite intrusion intro-

duced copper-zLnc mineralization into the vol-canic rocks and

intensely altered large sections of the metavolcanic seguences.

A volcanogenic origin is suggested for the Dixie 150

I7B sulphide occurrence. The sulphide mineralization mâ\/ h.:r¡¡¡
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been emplaced as exhalative precipitates during volcanism

or emplaced by hydrothermal- fl-uids refated to vofcanism and

not the granodiorite intrusion.

ECONOMIC RECOMMENDATIONS

(I) The Dixie 150 IB sulphide occurrence is contained with-

in the basalt anC andesite sequences and may represent a new

environment of sulphide deposition ín mafic volcanic piles.

Geological exploratj-on within the southwestern extensíon of

the Uchi Confederation Lake greenstone belt has been pri-

mari I w restri ¡#aÄ +^ nanl nrf i¡¡l ãreâs kn91¿¡ tO COntain SUI-

phide occurrences within felsic (siliceous) volcanic rocks,

or to other linear trends of volcanic rocks known to contain

intercal-ated felsic (siliceous) volcanic seguences.

However, the occurrence of the Dixie 150 IB minerali-

zation in mafic volcanic sequences should warrant considerable

geological interest and expand present geological exploration

within the Uchi Confederation Lake sreenstone be]t to in-

clude J-arge and relatively unexplored areas containing mafic

volcanic sequences.

(2) Diamond drill holes 150 18 - 3, 16 and 17 terminated

within cordierite - anthophytlite-bearing rocks of the hydro-

thermal alteration zone. This central portion of the altera-

tion zone continues to greater depth beyond the drill holes,

appears to be thickening and may contain a nurnber of undis-

covered sulphide lenses al- depth. Further drillincf on the
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Dixie 150 18 prospect should include the extension of

dri}l holes I50 18 3, 16 and L7 .

(3) The hig'hest concentrations of copper in the Dixie I50

IB sulphide body occur in samples frorn drill_ hole 150 18

3. The occurrence of high grade copper intersections through-

out dríll hole 150 18 - 3 suggests that the discharge vent

or source for the hydrothermal- solutions lies within the

conf ra'l norJ-i nn of 'l-ha qrrl nlri Äo ì-rnÄrzLlre ou!l/lr!uç !vuJ .

The approximate location of the discharge vent or source

for the hydrothermal solutions becomes a ma¡or priority when

searching for additionar ]enses of sulphide mineral-ization.

Chalcopyrite precipitation wil-l tend to occur at the dis-
¡l'r¡raa xzanf ^r within the hvdrothêrmã1 (al J-prai-innì n'ul1q! Vs vçf I u vI WI LI.IIII tlle LJ *- s e+v¡¡l yf Pe .

''Fl-rara€nra +he extensi-on of the cordierite - anthophvtliteçlv¿v t u^ug¡¡Ðrvlr v! ullç uv!g!ç!

alteration zorre beneath drill hole I50 18 3 represenrs

an area that should, be favoured in the search for additional-

copper-rich sulphide l-enses "

(4) The highest concentrations of sil-ver and the occurrence

of tetrahedrite are closel-v associated with concentrations

of zinc (sphalerite) in excess of 15% by volume. Microprobe

analyses of several- tetrahedrite grains indicate that tetra-

hedrite contains substantial- quantities of silver.

Therefore, during miJ-ling procedures, individuat separa-

tion and treatment of tetrahedrite and spharerite should re-

sult in greater silver recoverÍes from the Dixie 150 IB

qrrl nlli do 
^rÕc

(5) Chalcopyrite is the only major copper sutphide found
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throughout the Dixie 150 l-B mineralization. Chal-copyrite

almost invariably occurs as minute exsolution emul-soid

bodies in sphalerite and less commonly as minute veinlet

and fracture fillings in gangue silicate minerals, pyrite

and pyrrhotite.

Therefore, during milling procedures, separation and

treatment of sphalerJ-te should result in greater copper -

recoveries from the Dixie I50 l-B sulphide ores although

the minute chal-copyrite grain size may cause some initial

rrrinrìino and -^+':^- Äifficulties.
9!rrru!rr\J allu ÞsyaroLrvll vrl
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TABLE AI
MAJOR ELEMENT CHEMISTRY- MASSIVE FLOWS

TABLE A?
MAJOR ELEMENT CHEMISTRY_ LAPILLI TUFFS

D. D. H. 8- r3 - 379 r8 -ro - 77 r8-4 -126 tB -r4-r23 tB-t- r3l t8-7-56 t8-7-t?8 t8 -9-38

s i02 54. O5 ç¡. qrl 54.40 55.80 5t. to 56.50 56.90 58.60

Al,o. r2.95 ta 20 r8 t? t2. a2 t5. 60 t8.80 t3. 40 il .51

Fe.O. 5.61 3. 3r ?.64 3.02 1.7? l- tlb 2.to 5.24

FeO ro. o8 9.52 5. O4 to. r6 7.96 5. OO to.24 9.4?

Mgo 5. Os 3.85 3.45 3.7 2 7. O5 3. t8 2.30 2.1?

CoO 7.28 8.8 6 9.30 7.l4 9.75 7.95 6. OO 5.4?

No2O 2.75 2.8 5 3.7 2 2.90 2.53 4.25 4.07 ?Ã7

KO
2

o. 5l o.4l o.54 o.36 o. ?6 u. ¿l o. t6 o.43

H.o t. t4 t. t9 1.25 t- ¿l 1.56 o. 78 o.98 o.98

coz o. 05 o. r6 o.24 rì rì o ¡'\ ?a o.22 o. r3 o.23
-lio" 2.l6 2.20 o.7 2 t- ar o.8 6 o. 5? t.72 t. 35

P, ot o.24 o.26 0. 14 0.28 0.o B8 0. o68 o.24 o.37

MnO v..+¿ ñ ?A o.22 0.40 ô tq o. t5 o.43 o. 45

TOTAL roo.09 qq AA 99.78 Y:,. þ9 oa ô5 99.29 98.67 99.6 9

D. D. H. t8- 8- 97 tB-t7-3t7 ta-t?-201 t8-13-172 tB-t8-t87 I B-4 -29€ I -t6 -52 t8-8 - r57

s; 02 t ç 7E 57. rO 5t.75 57. tO 53.45 55. 50 55.65 54.85

A l2o5 il .92 t2. 98 t6. 28 t2.40 lo- 20 t3.19 t?.42 il. 96

F ezoJ 2.t7
".57

?.lo 4. t6 ?-32 4.O4 4. t6 4. ?5

F€O r5.52 | 1.52 9.58 ro.94 9.56 il.60 I t.44 il.50

M9o 3.32 2.85 3. r5 t.45 5. 78 2.48 2.02 3.8?

Co O 4.35 6. O2 to. 42 5. BO 5.50 5. 9B 4. B5 6.98

N ozo 2.58 5. 03 2.58 3. 05 2.9 3 ¿.o a 5.40 t.42

Kto t. so o.6 6 t. to l. 02 ¿-vv o.75 r. o2 0.6I

H.o t.62 l. t4 r.4 | r.34 t.57 1.20 o.9B t. t3

coz t.o5 o.6 0 o.55 o.65 I rìq o. t6 t. ol t. 76

T; 02 t.za o.72 l.t4 t. 40 0.9 8 t. Bl t.7l o.66

P. ot o.32 o.t7 o. t4 o.44 o. r6 o. 30 o.64 o. t4

MnO o.5B o.4 6 o.24 o.28 o.?4 0.45 ô 4,7 0.32

TOTAL 99.76 99.82 99.64 ro0. o3 99.78 too- r3 9 9.67 99.47
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MAJOR ELEMENT CHEMISTRY
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D. D. H. t8-8 -260 r8-r7-576 t8-4 - t48 r8-r7- 384 8-r- t66 r8-5-200 t8-il-55

s; 02 7t .65 70.r5 5 9.60 60.95 58. OO 67.90 57. 75

A1205 12.36 r2.58 I 3.98 r3.95 t3.32 t5 a4 t9. 56

Fe.O. t.48 o.54 2.ta ?.46 t. t3 o.26 0.95

FeO 4. OO 6. 04 6.76 8. ?O to.20 3. OO 4.7 0

Mgo t.98 ?.7 5 2.AO 3. t2 4. r5 ?.18 2.62

CoO 2.t2 2.OB 4.72 2.62 5.20 ?.48 5.?8

N o.O ?.7I ?.25 3.O3 2qq 2.37 q ,1 t.78

K.o t. 63 t.67 t.74 I tl 2.48 t.o? 4 .41

Hro t.o2 0.92 t.?4 2.40 t.?l o. 9l r.36

co. o. o9 0. o8 2.6 3 0.78 1..+.+ \J- to ^^7
T i02 o.46 0.5 2 o.72 o.77 o.58 o.52 o.52

Þñ,2"5 o. tl o. o88 o. tl o. r2 o. r7 o. t5 o. lt

MnO o.il 0. tB o.?3 o. r7 o-t? o.o93 o.t?

r OTAL oo 70 99.85 I9.74 roo. oo 98.37 lo 99.73

TABLE A4 MAJOR ELEMENT CHEMISTRY ALTERAT ION Z ONE

D. D. H. 8- 3- l7l r8-3 - I76 ra-t-taA r8 -3-219 tõ-o - t¿rJ t8 - 6 -t26 r8- 6- t3 6 t8- to -251 t8 -t6-5 2

s ;02 25.O0 2?.to ÉÀJA. 7Ã 63. 54.r0 þt. ^q 4 6.00 50.65 3 4.00

A1205 t4.44 ll t0 7.06 6.20 il.20 8.98 to. E^ 6. 75 F ÂA

Fê ô' -2 -5 t0.41 t2.25 8.66 7.7 9 't 7c, aqq 5.7I 16.4 4

Fe0 ?3.26 ?9.48 r6.64 t4.5? t4.9? 9.50 t4.68 20.56 23.76

Mso 7.70 6. 7B 2.95 4. BO 4.85 3.25 3.25 A 55 4.30

CoO t.50 t.90 t.l? I aa t.20 6.55 l qe t.6B

N o^O 0.68 0.51 o. t8 o.2l 0.58 rì al t. 18 o.l8 u..{ ,

Kro r.04 o. o5 0.33 o.l? rì 6A o. ?7 o.?4 o. t7

Hñ 3.30 r.53 o. Bo o. 3l o.74 2.O4 t. 64 1.24 r.o2

co.

T i0? 2.02 t.42 0.94 o.74 rÃô t.?4 r. 38 ô aÃ 0.66

P, o, o. 32 o. o9 o.o4 o.07 0.20 0. t2 o.2l o.o9 o.ol

MnO u. ¿Þ o. 4l o.035 o.t2 0.46 0. r9 0.6 | o.tl o. tl

Soz t5.05 t8. to. ?l 4.30 4. 08 4.30 1 qt 8.9 2 t5. ¡{Þ

CuO 0. 41 o.7l 0.28 0. r5 o.t? o.ll o. t2 o.l6 0.7 |

ZnO t. 47 l.bb o.o6 r.62 o. t2 o.62 0. o4 0.0 4 o.52

IUIAL 99.78 99.99 99.06 99.51 r00.2 3 to0.03 a7 I9. 29
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TABLE A5 MAJOR ELEMENT CHEMISTRY _ ALTERATION ZONE

D. D. H. r8-t6-528 r8 - r7- 39 8-r7- 408 t8- t7- 4 t6 t8-t7- 419 ß-t7-421 8-t7-449

s;02 37. t^ a,q aq 2 0.0o 4 9.60 29. OO 35.00 (t qc

A 12 o5 5. 76 to.o6 t?.tl 9. O5 9.94 to. qñ 3.9 4

Fe2 OJ t6. 4B t -óö t2.7? r3.o8 20.58 t7.3 4 qôl

FeO 20.66 23.20 21. l6 8.84 | 2.96 to. 42 ?4.54

Mgo 5. 02 4.tB t5.20 6.02 9.50 il. 20 3. OO

CoO l.Bo o.92 r. 30 ?.?5 t.30 t.92 o.58

N o.O o.26 o.2 6 o. o6l o.59 o.30 o.50 o.o9

Keo o.70 o.26 o. o? 0. t6 o.64 o. t7 1.6 4

H"o o.86 o.7 4 7 qq 2.Ol 2. r9 t.89 o.63

Coz

Ti02 o.72 o.46 r.88 t.t7 r.30 t.44 o.42

Proo o. o6 o. 36 o. ¡3 o. t2 o. t9

Mn0 o.t2 t.84 o.48 o.26 t.55 t.32 o. 048

Sot t6.88 n.Bz t?. 79 to. to t6.0 2 tl 93 t2.l5

CUO o.29 r.5l o.20 o.l9 o.22 o. t4 o.44

ZnO o.67 t. 99 o. Bo o. 8l o.66 0.85 o.56

T OTAL 99.50 too.57 too. r9 99.62 98.78 99.72 99.73

TABLE A6 MAJOR ELEMENT CHEMISTRY ALTERATION ZONE

D. D. H. tB-tB - 194 r8- t8 - 198 8 - rB-20€ 8- r8 - 210 rB-r8-220 t8-t8-234 8-18 -260 8-t8-274

s; o2 25.60 t9. 50 55.75 4t. to 5q RÔ ?4.7 5 51.65 39.20

å t2v3 7. ro 9.80 7.90 t4.68 6. to 7qa il.86 9.8 2

F ez03 2?.24 30.38 9.90 t2.78 ?ôa 26.62 5.6 | t?. 4?

FeO t5. 42 t0.80 7.36 9.82 t5. o2 r? aa t2.90 r8.46

M9o 7.8s 9.2 5 5. OO 7.6 5 6.28 7.90 3.28 4.7 5

CoO 3.65 o.52 t.?a 2.58 o. 4? 2- 58 8.28 7. t8

N o.O o.36 o. or8 o.54 o.99 0. r2 o. ?4 t. 8l l.o8

Kzo o.34 0.56 o. Bo o.3B o.64 o. 27 o.2l

Hao 3.22 4.38 2.26 t.24 t.7 7 2.t4 t. 28 t. 5l

coz
T;02 o.42 o.42 r. oB t. 78 o.7 4 o.82 t.48 t.3l

P, ot o. o6 o.o9 o. ro o. o9 o.o7 o. t2 o.2l o. t8

MnO o. 9l 2.32 o.20 o.26 0.38 o. 5B o.7 | o.66

sot to 46 23.44 7.96 7.?O 6.56 t8 92 o. t4 6 - ¿.1

CuO o.3 6 o. t9 r.50 o.22 ^ 
?7 o. t9 rì ô1 lJ. uO

ZnO t.78 ^ r( t.78 o.73 o.97 t.54 o. 04 o. o5

TOTAL 99.34 qq 6l 99.t6 99.26 99.56 98.9r 99.54 99.64
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D.D.H ¿bu
t8 -17
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lB-4
t4B

r8-t7
384

tB-l
too

ta-Á

200
r8-tl

u a7 0? 36.t8 | 6.37 ?3.32 t4.7 5 2t. 49 I t.6
2.75 3.94 3.4 5 6.t2 ¿.t¿ ?.8

Or to.o t^ ? t0.95 9.45 t4.35 a rìÁ

Aþ 26.O 2t.l 29.0 28.1 2 0.85 47.6 t6. 5

An to.2 to.l5 2 0.6 r2.95 t4.45 il.4 26.55
Ne

Lc

Wo I. TT

En LJ.Þ.{

Fs 0.8
D; ?.88
En 5.7 7q 7.6 9. r4 I t.24 O. Uõ 7.48
Fs 4.88 8.9 Y.bIJ ö- tb tô aa 3.9 4 6.32
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COMP An 28 An 32 An 4? An 32 An 4l An l9 An 6l
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