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The deilesis of 01. -A deposit3 of mass1vt;, 	lfide 

type in the Noranda area and their relet-imship to intruolvc,  

bodies have been the subject of numerouu . .A.3011SSIODS. 

of the arguments were summarized by 	..1:17n (1941). 

Since that ti 	four ackJitional orebodies 141,vc bcun 

the East Waite, 4demont, Vauze, and Lake Dufault der)s-t.J. 

The Vauze mine, 'hic 	; l',11 subject of tli 

study is a s 1 deposit of about 330,000 tons of o 

country rock is relatively undeformed and re,,,,ional me 	r-

tism is of low iyade. Detailed geological T,:ppiag on Sur 

e ce and underground was available and sufficinnt ore was 

still in Anise In 19o3 foe the present study. 

The first part of this report concerns a 

geologic description of the deposits and country rock 

in the immediate -„,lcinity o the V6=0 mine and (Iraws some 

conclusions on the OiTifl of the ore. The second purt 

conccrn.41 otTiotry of the country rock in the area of 

the Vauzo 



Vue mine is siwated in tbc ilwa,a mining 

district about 10 miles nlrth and 311t1:! wea of the town of 

Moranda. ;,17.. Is located in Dufreanoy township at latitue 

1+O2113697 and longitude 79005100"W. 	zarface plant of 

Vau:,!4. MInc Ltd. can bc roacc,,,1 by a soc : ' rot T,ranc- 

ing west from highway no 4Q at a point 6 miles norUi of Norz,Nda. 

ToD0Frapilvs  

The level of Waite lake at 1,035 feet above 

ses level is the lowest elevation on the propertz7s. The Ane 

area is oqrrlAnded by hills ford 1.y,/ resistant rock unitu 

with a tan in L.;e eastern part. The highest point rrlaches 

1,400 feet and is situated south of top mine in an arou under-

lain by and,sltle volcanic rocks. The area north of tif' 

minc is Indorlain by diorite whicii forms a ii1l with an alt.-

vation of abr)ut 1,370 feet. ,:,,xcot for swamps in the minc, 

area, alot:c.t 	;.13res of Waite Lake, 	to ,:.Ue east and 

nortnonst -.1r the eriç, bedrock outcrop iv abundant for.ing 

about 2. of esrface. 

flofor o 	ore deposit was dioVered in 1957, 

the pr,perty tIndorwont several onanges Of aunc)rship. In the 



mid 1940's Mr, J. W. Forrest of Toronto and. associate- obtained 

claims in the area and. consolidated te.?1 into one 	1t. In 

1945, a new exploration. coNany, Vauze fault Mines Ltd., 

acquire control. of tie property which eonsist3 of 33 claims 

covering an area lf 2,640 acres in Dufrtif townolip, vita one 

adjoining claim in Duprat township. Geological and geophysical 

ere clq:Icted in 1945-4to, and 1)rj':.) 	,2,evcnty-seven 

holes were drilld and, no significant coalmorcial mineralization 

was found, In Rarc 1950, an agreement was reached with the. 

Consoliaated. Zinc iporation of.  Canada Ltd., and- following 

a reorganization, to•name of the company was cilazoa to Conso-

lidated Vauzo Mines Ltd. After detailed geolo4leal stuay nnd 

mapping under the airction of to .Consolidate Zinc .;orp.oration 

of Ganada Ltd., crilli•began in 1957. TLle first io1e, Af-77, 

interJected two feet of sulfides at a depth of 247 feet assaying 

4.9 copper, 2.7% zinc, 1.74 oz. of silver per ton, and 0.03 oz. 

of gold per ton. Twenty holes were drilled in this program an 

a small maE;sive sulfide deposit, known. as the fl-i zone, was 

outlined. in 195d, drilliag indict' an additional ore zone 

kaolin as the n.2 zone. After further detlied drilling,rrve 

were estimatod, at 105,750  tons of ore gra6lng L.7(4; copper, 

+.95% zinc, 2.28 oz. silvnr per ton, and 0.065 oz. gold per 

ton. I arch 190, shaft sinking began and subsequent under-

ground development and exploration indicated ore reserves as 





f 	ws: (1) A-1 Zones 144,000 tons of ore containing 6.(*; 

copper, 44% zinc, 2.2 oz. silver per ton, and 0.054 oz. gold 

per ton: (2) B-2 —,',1nOs 44,000 tons clouding 2.5 copper. On 

f thee; reserve figures, construetio. of a mill 

began in 	1961. In March of the same year, Vauze Mines 

acciuircd C'71-1,AittA Vauze Mines Ltd. and two and one-half 

clains coverin;; te alL.neralized area were converted 0 a mining 

concessiln (Novonhor 23, 1?61). in August 1964, 6herldbn 
(,eodnysics Ltd. of Toronto pilresed a controllin intcrt 

in Vauze Mines Ltd. In the srii4!, A' 1945,  V,:,!,1 Mines Ltd. 

was purchased by interests in tlie United C1,tats who are-

tae name to North Amoricn Gas Ltd. The Vauze property is 

17).ing retained by 6iieridan Geophysics Ltd. 

Production began on October 1, 1961. it;„ P. Graham 

(1964), mine manager et the Vauze Mine during most of the life 

of the mine, gives a full'account of the history •of rining, 

shaft-sin - lug, and milling operations includi c)lit figures. 

In octobe 1963, the B-1 zone was mined out and 

zinc pr6action ceased. After 40 months of production, the 

mine was closed on January 31, 1965, 	j.nai production fi,i;ures 

are sliwn in Table T. The B-1 zone pro6Acod about 1e3,000 tons 

of ore which contuined 	copffr, 3.9 zinc, 0,035 oz. of 

gold per ton„ and L. 	. of sliver pr LTA. The 7,j-2 zone 

produced about 191,000 tons of ore col4tinin 1..9 copper, 



negiiib1n inc, 0.0003 oz. gold per ton, and 0.20 oz. silver 

per ton. 

=LI 
VIAL.Llion7,;;;QA Vu4 4NJLT  

'Leap 	o,  

' ti 	 22,301 

62 	109,242 

163 	115,878 

ltAt. 

11,372  

Total 	3J4,75'J 

 

673,883 
3 4(9023'5 

2,to48 $708 183,000 

lear 

 

Oz. Œ. 
As. 

 

lbs. 

     

9b1 751 31,04 1,92 806 	• 405,202 

otd2 3289 1(00,93 9,701  1 13  
10 2148 87,470 71u . ,11,) J 	5C3 

't4 98( 15,902 3,328,000 AN 
0 331,556 

	

...10111,....111.41111.1.11•10 
	

MIMIMMNII. 	4. .40 

	

Total 7335 297,005 
	

22,32 292 	7133) , 711.o 

* Awaiting shipment of concentra 	ais to Lurope to 

determine value for 10C! 

*m Zinc production ceased at the 
	

f October, 1963. 
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4ilson's .rlemoir (i:141) on the Noranda 

District, ,,uebet..! is a (ilassic.1 .esctrition of the orea. The 

✓ uze dines Ltd. property i3 containcUj JJfl 	ccomparlying 

Paite »'J7ea Ma,3 N15'5k) rnich is of a scale of I in. to 600 ft. 

4Yilson describes tie rock types in te area alW establishes 

tne basis for stratigraphie nm•,e'aclat 	of Le various rock. 

units. 

Geolorical caappW was on in 3.911,  aid: 1946, 

propert: was heLl b: 4ae! '1.1fault nines Ltd. When 

thk 	opnr tcsa:; under 	control of the Coilsoliated Zdne 

Corporation., the property was remapded under 	direction of 

• C. J. ijwr13. A. large part of taw mappia was done by 

6pence in 1956, 19579  and. 1953,. 	with the ,aid of Lir p'aotos 

at a scale of I in. to 200 ft. Ills L»oloical map of tne pro- 

erty is presented as Plate I. i C. J. :dwards, 

• 'Unto Jarvil  coupleted most of 	underground geological 

3uppinr 117 to mine. 	r):11i1atihs .of toir maps ar€. presented 

as Plates 119  Li', 	9y,VI, an6 Vii. A 106, part of tile 

gw)loj.cal data prosened in the first part of this report i 

a result of thr 	tsc, 	p,articularly C. D. 4ence. 

In adaition, many of .1;e iaeas cJnceriAng origin of the ores 

wer proposed by thlem, 



*ow 

The study of thin secL)ns 	w41iroek 

lisLed . ,etions of the ore, 	tlupping at a. scale 

I in. to 10 feet of certlAn underground workings, are the 

thc 	d.d.t, of this rclport. 

In tire. field of' geochemistry, sevoral rock 

alla1yse3 Df rhyliite LIldesite„ abbrl z'l.nd granite are inc1u- 

0,0 iu 	 roport. 	xiiU1.r (1932) stlqaied the Waite 

area and corllued. that S)M 'of the l'::1(Ls were spilites be,csase 

of Ule 	hconedt of 	snn the low content of 420. hiûdle 

(1V!;52) 	 c77testve $tt:Ad of alteration. af th.e waii 

rock 	tcic base metal deposit of Lne area. J'e, was able to 

classify itaious types of :lterelon based .x.1 different types 

of deposits. 

"11  

2he VatAZC ain is in l'reoambrit;tn terrnin of tee 

6uperior :Orovinee. luo iite LAv area (Plat I) as mapped 

In. detail L Ç3. 	:;pence forms the basis :foz a presentation 

.of• the geology lf titc,,  area ar'ound tdo Vauze ore deposits. This 

vork and tnat of Wilson (1941) served to estab1is4 the !cal 

str6tigra) 	:I1Cu is now.  used by geoloists of the 

dutedine Corporation and of most caiuin companies in 
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the Horanda area. Tdc descript,i,.]w 	t'Ae variollo rocl!. 

is based on observaion of thesc. units in tde fiiAd and in 

dia. ,ond drill e0 	ny of L 	uterops scwn n the 4alte 

Lake area map were: visied 	tiAe t)Althor is rc!sponsible for 

the conclusions drawn f 	eflap. 

yj4ittin 

4i i, i 	1il report, did nt propose 

forlally strat4,raphic nomenclature for. te ;Arand,a district. 

WeVCTI 	named various rock unit 	Fiore 1, p. 7 nod 

suggested correlons in his 1'4.1e. 	p. 25. 'ne :nits 

under consderation in. the Waite Le nre. were named by 

	

1Lon tue. 	 ardesitel 	L,ake. 

La.c silieous ryolito, fmulet 	 Lakc rhyllito, 

Value Creek andesite, Value Creek rivolite, and tYd. i'.)fresnoy 

diorite mass. Edwards 	dr 	 litUt1:7 different 

nomenclature based on additional subsurfdde inforldtiou 

(Table II) 	in WilSon's report (19411  '2:able 	p. 25), 

the A.ulet rhyolite was consiaered onc unit, 7)ut ne Waite 

if..1111ct Hillj-Vatua Creek-Powelinti: 	osites 

were c-)usiUcred a single unit waen thickness waz calculated, 

VUU4Q (,:ret7.-aite Lake rhyolite are troted as correlati e 

but 	Vzo 	and Waite Lake siliceous rh:polites are 

considered separately. Diamond drill hole,  information shows 



that .1.71 unit which was callA by Wilson the vdRite Lake sili-

ceous rv1lite continuos in subtrface ach furtaer to the south, 

at least as far a 	Lie former East Waite ore boa. The . Aeolte 

wh1e ':)curs abov the Waite Lake siliceous r4yl1ite is a 

separate unit fi that which occurs below. Edwards suiw,eots, 

first of all, that the Waite Lake rhyolite and Waite Lakf7 

siliceous rh”lite be grouped and considered as part of the 

same period of rhyolitic volcanic activity of that this unit 

he called the Waite r4yollttn. la addition, the andesite that 

occurs above the Walt rolite is correlative to at least the 

Lyper part of the andeoite In tie Amulet area and therefore, 

*4e suggests that this andesite be named the Amulet andesite. 

The andesit wTlinh occurs below the Waite rhyolite is then 

ealled tb 	uLt andesite. On sure, the stratigraphie 

sequence outlined by Edwards is well established In the Waite 

Lax area west of the large 	lrite dike. Since correlations 

tl the north of the V4:flat+ rire caul eat of the diorite dle 

are uncertain, the n t a.clture oc6ii.lLihed by Wilson ite mttAned. 

TD tAe south of the ,.iL1-4.face pinc ,14t of the Waite riiyolite, it 

is difficult, if not impossible, 0 clistinguish between the 

imulet and aiLe andesiteas 



Gpologie Aap  

Lower 
Precambrian 
(Archean) 

i1s04 (1:)41) 

Walt() ni11;.; rdesite 

Waiter Lake i;illeeous 
ithyol Ito 

Waite Lake Rhyolite 

Waite Hills andesite 

Amulet Rhyolite 

ROCK UtL 	N14't  

A4wWp (1914) 

Amulet undesite 

a4. *,, 
4 4, 

14  

quite Andesite 

Amulet Rhyolite 

NOMLNCLATUltE qr SWEBAL VOLCANIC 
WAITE LAKE AREA  

MINE 
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Edwards points out that many, and perhaps all 

the orebodies in the Noranda district are found within thus 

four stratigraphie units and therefore has called this series 

of volcanic units the "Mine Series". 

The following discussion of the volcanic rocks 

deals with te "iUne Series" as proposed by Edwards (Table III). 

On the basis of a detailed examination of diamond drill hole 

number V-77 (Consolidated Vauze Mines Ltd.,) a further subdi-

vision of the Waite rhyolite has been made. Diamond drill hole 

If-77 was collared,  in diorite, penetrated about 110 feet of 

Amulet andesite4  the entire Waite rhyolite and Waite andezite, 

and the upper 200 feet of the Amulet rhyolite. It was drilled 

to a depth If over 3,000 feet. 



CL 
14v4A,Alatelluo 

intvive rook 

ntrurocks 

--,  0" roligg,;014;  

	 `46444.1,44.4440,44.4440,449.40.4.4  'VP ...14 "WA. 	  

'% ;tee?" (Dufrosnoy) diorit, 
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, 14)tadiabase‘Oikes 
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Glacial 
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",11 	AtIES"  

AMalot rhYolite 

The basal unit of the "Mine beries" is not 

exposed in the WLI1Le Lake area and only about 	upper 200 

feet is penetrated by D.D.H. no. V-77. It was not studied as 

thoroughly as the other units. In general, 	AmIlet rhtoIite 

is texturally more diverse than the Waite rhyolite. An outcrop 

southwest of Waite Lake near Dane are k shows a 200-feet thick 

section that may be of pyroclastic origin. Amygdules are 

common and, in places, so abundant as to indicate an original 

scoriaceous texture. Flow-top breccias are common. The rock 

is medium grays(  with a bluisi tine on fresh surface, and it 

weathers to light Lluisit gray o v,Lle blue-green. This unit 

is parallel to the upper units, !Atrikitv about north-south 

and dipping about 300E. 

kite ax:4g4ts. 

The entire Waite andesite transected by D.D.H. 

No. V 	produced 1,510 feet of core. Assuming a dip of 400, 

this represents a true thic.mess of about 970 feet. In the 

Waite Lake area, this rock unit outcrops northwest of Waite 

Lake. The attitude and shape of pillows in.icate a strike 

of I:15W to N200E and dips of 15° to 40°1.4 14c unllesitc is 

m All color descriptions are taken from the Geological Society 
of America's rock color chart. 
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u11-  light ilprenish gray to greerisil gra;, zinI weathers 

yellowish gray to grayish 	 is remarkably 

uniform in texture and composition. Fillos 	well deve- 

loped and commonly contai radial amygduIcs. 1:10v 	breccias, 

amygdules filled with quartz and epidote, arL cslaon trx- 

tures, and massive. andeste units and a few tin tuff units 

il- rbedded with pi wed un...ts. The pillowed 	tu 

most, 	LililL; 	..A41 core samplvs. From thin 	(Hio,n 

the major constituents are quartz, chlorite, 	t 

gioelase (probably albite), and &ctiliolite. 

tuents usually.  &re pyroxeno r uralite, calc..L 	rail l  

lucoxene wit tme.2 	ilenkiA,. The gral. 

very fine, less than 0.ul ,. ilict plagiocia 

fino grained also meastri,t1 	0.03 by 0.01 irtm.  

and tpidote in alcizd 	csolr grained. TL:,  contact 

between the Amulet rhyolite and t'le 	.,sesite is ai&rkee 

by a tin dacd fin trf! that contains pyrite a1nL , 	Ing 

planes. 

' 	 Y «Lakilig.142,21 

Between the 

P)CJ r!volic i 	O. 11.0774 7J ftet fcore 

iappr..1x..Le true thiknest3 of ',50 feet) consist :of a mc,dium 

darn gray to. mAisr4t rod, V4r&, and cila.rficturisticall.,7 flow 
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bvecciatO rock. The matrix is darker col,lred t11 the 

fmgments. In sel%surface, this unit iv 	 t.) 

portion of the Witv rnfTrlite mapped k; ,4)ence as ribU,on breccia 

south of Waite Lake anAi ,40st of the norasterly trending fault. 

The surface outc2-.1d.  are 	-. Large, light to medium gray, 

rounded,,rhyolitic fragments up ta several feet in diameter 

occur In a darker green flow-laminated matrix that e,.)klutilis 

quartz-filled circular spheres tip to 1 foot in 6]..ActLr. 

spheres have cavities la the center lined with c1,44,rtz crjol1s; 

others have silica concetrIcally layered like agate. 

Ltus of core samples from this. 

unit show plagioclase paenocrysts in a fine-grained, sh-work 

of relict plat:ioclase laths. The -rain size af the matrix is 

less than 0.09 mm. and* the phen 	't re up to Q.) mm. in 

1 ngth. A few partiAlly altered phenocriatz are sodic 

class (Anil). titijor cAus',,lLuonts are plai.:ioulase, 

and chlr1te with minor clear mica, actinolite, and opaque 

minerals. Traces of rutile limonite, 5040no, ;;;_rld mLrbomt4 

Occur, 

The textures of t,liJ; rock resealiae th,7,t of the 

andesites .rther than that of the rhyolites. The so6ic content 

of the plar,i0clase indicates a ciF, i;;ic coition. 



The contact between the trawiitional,and the 

Waite andesite or the upper Wit* rhyolite is not sharp and 

is not ma&ed by a tuMcelus unit. 

4z.AitP X4'-171.11g. 

The rocks of this unit, 11 .1. 	underlies the 

ore deposits outcrop mainly south of ite Lake in the south-

west corner of the Waite Lake ar (iate I). The rvolite 

that outcrops east of the N-S diorite dike in the sQQ.- cril 

half of the map is considered corroltive to the , Litc rvo-

lite in the Vauze mine area. In general, the unit ctries 

N200  Lo 30°E and dips about 3005L. The initial 5_3:J1,1: of the 

roc.: wIl.t in D.D.A. No. V-77 indicated 4 members. subsequent 

thin section studies showed that the original lower member, 

which is considered correlative to Wilson's Waite Lake rhyo-

lite, is sufficiently different to constitute a separate unit 

The Waite vvILA,y has, thev,fre tirc: members separated 

mainly by t4tural features. 

Lowe" ;1L9ber. The Ilver memr':v of the Waite rhyolite is the 

thickest member. It is exposed in 375 feet of core from D.D.H. 

No. V-77. Assuming a dip of 440  this represents a true thic.,ne:s:, 

of atout, 240 feet. The lower ,,(7),, ber is typically a mediwn to 

light graj„ mtsA.ve, Mot; rocL. It contains a few thin beds 
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tin 10 feet) of moderate red, flow-banded. .ivolite. 

No fAttnlpts were made 	subdivide surface 	osures of the 

rhyolite into lower and upper member.  but, in general, 

the "Jutorons seem to be more r,pressmUltive of the lower member. 

They consist of light-gray, massive and flinty rock 

places, of spherulitic (1?) or flow-brecciatrc7 3-.111colus rock. 

The tLlin lection photograph of Plate P-4, alugh ..- ypical of 

r4olitic ],ocks, is more representative T)f the lower 

m‘ciber. 	is flinty rock is fomed by an int,orleking, very 

firs-grained mixture of quartz and albite with miwv scattered 

grains of calcito, mai;netite cilloritc, clear mica, and spidote 

train boundaries are irregular and serrated 	_loarser-i:rained 

ar", s of quertz !nay represent a remnant scoriaeous tture. 

„ei-A-alm4 scorloe(lusist-spherulitic texture is rereoent6 in 

Plate 

Upper  embe".c. The upper member of the Waite 	as 

abserve6 in U.D.H. No. V-77 c'flaracteristically is a pink, 

flow-bu,;ed rh:7',1Litc,.. The 225 feet of core ro,,,rseilt an 

app-Ixinate true 	,icknes f 145 feet. This .:Ielber is well 

exp,-,se in underground workings, particularly on the 4th level 

(elate V). In the mine area, it has a moderate red to mederate 

ri4 brown color. TIlo reddish coloured rhyolite was not 

seen in outcrops of te Jaite rhyolite which is usually medium 
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to medium-dark gray and weathers to a lighter shade of gray. 

The flow blinds are highly con ,mte6 and of variable 'iliclness 

averaging about 5 to 10 mm. Titin sections of the rkyolite show 

e very fine-grained oixtlIre of quartz and albite vith ninc)r 

,', wy.l.nts of Carbonate, 	 maglietlt( 2  and 

fine-grained --t(:, .,itite 	iNelm;ions (Plate 	r.)2he band- 

i; Is formed by concentrations Jf dark minerals - muinly 

chlorite and carboncte - along sub-parallel curved surfaces. 

The specimens contain here and there a relict phenocryst of 

p.ioelase up to 2 mm. in length. 

This member is Iv_It v::cp-,sed on 

surfilc° but Is found in underground exposures (plates III and 

IV) and in diamond drill holes. It is an important member 

because it is restricted to the area underlying the ore 

deposits of the Vauze mine. Edwards and ::::;eco (oral edmmumi. 

cailn) have indicated that the Waite rhyoiite t 	;eri in Ule 

vieinit not only of the InatIZe dei,osits, but also of oLer deposits 

in (i,wanda district. The thickening in te .;auze mine area 

is due in larcl part to the presence of thg,  v;,Afize line brocciu 

which attains a maximum thickness of about; 1/, fcot. Ale ore 

deposits occur at the stratigraphie top of the unit. '4:11* Vauze 

mine breccia is for m06 if subrounded to anguLr frvents that 

are up 0 several feet across. The large fragmrntu Ilee,1 y 
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are abundant but t4e avcrage size is about 2-3 in in diam-

eter (Plato P-9) The rock i Usuall7 light ti medium gry. 

and the fragments are li hter-gray than th e 	'.111 jace.1, 

as 21o'd13 on ie P-9, the fragments were Acf,sed up from 

rhyolite flows und incorporated into the pyroclaz;tic 

broccia. A portion of the breccia contains sulfie fragments 

-(.1 will be disc:Inr1Pd under the section of this report do1141L, 

with the or depolts. At the top of the breccia, interbedded 

fine to coarse tuff and chert commonly occur. In an outer,)p, 

near coordinates 19,000 N and, 3,000 11 (Plate 1), the interbedded 

tuff and chert unit is exposed. The unit which may be the 

stratigraphie equivalent of the Vauze Mine brccia is :),At 

one foot thick and has individual beds lens than 4 al. tIlick. 

P rite, -,-;v.rrAotit and a trace of chalcopyrite are concentrated 

alcnz beiddina plane's. 

Thin section :ATI(Ues of the matrix of the breccia 

indicte a pyroclitla origin qate P-2). The rock is c.,posed 

of 	ar-like fragments in a siliceous mtrix. Quartz, opiijot, 

and calcite are major constituents with miwIr amount of seri-

cite, chioriL, and or minerals. Plate 3 is a photomicrogradb 

of the tuff that occurs at the contact. There is a strong 

iiuiiarity b6tveen the texture; in the t4ff sample and the 

breccia • The fragments are very sharp and long. Only the 

larger fragments (Plate P-9) sham any rounding. There it ry7) 
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apparent orientan, of fragments and the matrix is formed 

by recrystallized silica. The matrix or cement must have 

been introduced at an early stage or deposited almost con-

temporaneously in order to prevent settling and alignment of 

particules and breakage of the fragile needle-like fragments. 

The evidence indicates a water-laid origin for the tuff and 

pyroclastie breccia. 

41 let Lntles.its. 

The upper unit of the "Mine Series"I this Amulet 

andesite, outcrops south of Waite La;:e on both sides of the 

large diorite dike (Plate I). The attitude af pillows and 

several internal flow contacts indicate a strike of N100  to 

300E and a dip of 20 to 40 Si. The unit is formed by a series 

of interbedded pillowed lava3 and massive flows, with some 

flow top brecciss and tuffs. The rock is greenish-gray to 

medium-gray and weathers, like most undesites in the area, from 

a light brown to a moderate yellowish brown. In D.D.H. V-77, 

the basal section of the Amulet andesite (177 feet) is a 

medium L') tight gray, aphanitic rock with quartz nuc elolite 

dNygdules. The 35 feet of andesite above the Waite rhyolite 

;Amulet andesite contact is medium to light gray, massive, and 
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contains, in placee, feldspar phenocrysts that pre up to 

4 mm. long. If a 400  dip is assumed, the true 7ealcknees of 

this member is 22 feet. It is exposed in underground workings 

on the 3rd level (Plate IV) and was observed in surface expo-

sures but its continuity is not established. On surface and 

on the 3rd level, this member is 15 to 20 feet thick and is 

capped by a layer of interbedded tuff and chert e.e  to one 

foot thick, In a surface exposure near coordinetes 21,000 N 

and 4,000 E (Plate I), it Is i.illeved, and Lae interpillow 

material is heavily mineralized with pyrite and pyrrhotitv. 

Portions of the andesite are "dioritizede l  es 

a result of contact metamorphic effects allng 1Qrge diorite 

dikes. Near the diorite-andesite contact, frctures and 

faults cut the andesite. The andesite becomes progressively 

coarser-grained as the fault or fracture plane is approached. 

T4is indloates that solutions and hest derived from the 

elerete 	cllange an andesite to a diorite-looking rock. 

Dioritization of andesite can be pervasive, changing an 

entire andesite section into eiorite, and can extend up to 

several tans of feet into the intruded rock. Only remnant 

vslcanic textures, such as pillows, can be used to distinguish 

eetween the twe rock types. Andeslte is most easily dieritezed 

eut "diorit zed" reeollte was seen on the 4th level of the mine 
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in the 4-229 south cross-cut, The Amulet at..losite is estimated 

to be 20:,  dioritized for the first 140 feet of core. There 

are indications that this section is pillowed. 

Thin section studies of the Amulet a.(cie4ite 

Tro9rally show uniform textures and mineralogy and very little 

arTarw. change in composiLixi. Amygdules as large as 10 I 

are generally filled with quartz, but a few are filled with 

c51. 7)r1t nr epidte. Although abut of the original minerals 

41,-4vc.  been altered by low ade regional metamorphism, toxturcs 

usually arc well prervedi The Amulet andesite io 

tallinet  fine-grainod (loss than 1 mm,), and porphyritics 

l'omnant 

 

plagioclase phenocTi 	are up to 2 mm. in size. The 

size or the: 	 yx.)3ts in the matrix is only 

abut .63 by. 01 mm. 	 ne rocks  .41711  composed of 

a very fine-grained 	t-,Lr of actin:Alte, chlorite, and qmrtz 

with ninor_albite and epiIte. A few t:iin sections contain 

only dartially altered plaginclase. The ..Iyaltf.lre4 alclase 

is usually sodic andtne (1132). TUe p1 L lsk laths ust.11y 

are allned in one d/rtion along fl(xl lilietions, but not in 

the basal unit of the Amulet andesite (Plate 13-7). The rock 

contains enough. modal .quartz (18%) to be called. a dacite. 

Mash of the quartz is conticine in amygdules and it is diffielt. 

tl ascertain whether the quartz is primary- or oecondarY. Riddell 

(1952) 1,ms .lonfronted with the. Same problem and, on the busL; 
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	rinn17sis and sectin studies, concluded tat most 

the h.Lz,' was aerivoa fi,h)La the ..itore,tionf 17'i(n.ary minerals. 

In the Vicinity C* 	)Te devas4.t:. the .7.1ver- 

lyin, t. 	t: cjisuonly i 	leched. -)vcr 	thickness of less 

than 3 inches. A bi :cae 	it!:miy. also OCCUTS ni the 

tuff-chert 	 unit 	'tile Amulet ahdPsite. 

20'n in thin section, is a very fine - 

mitAxo of c:Jarth;:, cbonate, chlOrite ana sericite 

,dit'n minor amount 	 actinolite, plagliciase (probal.Y.y 

4,1bite) and epiaste. 

IJJLZTL 1X74, 

Peker,4_,„ 	„ 

Wilson in his 	 ,. 1„)) 

lists seventeen different ages of lntr sI 	. There ere ~~~:~~~®~ 

than seventeen rock types if varills 

axe e,)hoiaereu. In te Waite Lae -re-. odence 

J( J. 	InLru Lye a 	 W,P CI.U4Sf;i „.innir 

-ntrAs.ves 	veins, (2) ,i1r,Ltir. (3) f,et--,AaLuse arid 

4:11-oaso. 	rlcks 	ns.deru aere ai -a the main iL4 aa 

-n the uea ant those which 	 affect the ore eaas 

at the Vauze mine. The Inl: 	Intrusion that does 11)1, 

occur In the immediate 	c_..1,;,t' 	 nin, In The 

Proter)zlic N-a triadift, 
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Campbell (1962) has outlined the relative ages 

of intrusion in the Noranda district. The volcanic rocks were 

intruded first by diorite, then by granite and finally by 

diabase. He gi,fes the age of irtru,siln nf the diabase eikes 

as 1,740 million years and that of the diorite dikes as about 

2. 1 .00 million years. In the Yaw& mine area, the intrusive 

sequence (Table III) is in agreement with both itilon and 

Campbell. The Proterozoic diabaso dike intrusion ws pmceeded 

by 6iorite intrusion of two ages. The large N-6 trending 

diorite mass, called by Wilson, the Dufresnoy diorite mass, 

is the. youngest and is locally called the "teep" diorite 

from its attitude. The "Flute diorite tv:,s irreular con-

tacts but, except at a few p16.ces, the dip is very low. 

he metadiabase dikes in tnP mine vicinity are older than 

diorite intrusion. The oldest intrusiv rocks are those 

directly related to the deposition of vIIcnic rocks. 

Minop Intruskvels 

Numerous minor intrusives rocks of diverse 

composition occur in most rock types in the Waite Lake 

Several of these, noted on the 4th level (Plate V), have the 

texture and composition of diorite and are probably associated 

with the "Steep" diorite. Two fine-grained siliceous dikes 

penetrated part of the ore body (Plate X). The dikes are about 
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one foot wide and terminate near the top of the ore zone, 

They were faulted and the fractures filled with quartz and 

minor chalcopyrite and pyrite. Near the edges of the dike, 

flow laminations were found. Thin section examination shows 

that the rock is formed of extremely fine-grained (less than 

0.01 mm.) minerals. Quartz is the most abundant minorel pos-

sibly ',fith some very fine-Grained plagioclase. Chlorite is 

common with minor disseminated pyrite cubes which are more 

undtknt near the contact. The dikes probably are related to 

the extrusion of rhyolite and were intruded after the deposition 

of the ore. The chalcopyrite that occurs in ie crosscutting 

fault zones contains a minor quantity of small (less than 0.01 

1m.) 7:lebs of pyrrhotite whereas the chalcopyrite that occurs 

the ore zone usually contains abundant pyrrhotite and a 

minor quantity of sphalerite. The chulcopyrite in the fault 

zones that cut the siliceous dike is believed to have been 

remobilized from the ore zone at the time of the dike intrusion. 

Ettialtiabasp  

Intrusive rocks that are darker colored and 

finer-grained thall d1oi 	b:;1, coarser-grained than anueaites, 

with d',-,undant r.gascopic laths of plagioclase, are called 

ciabase or metadiabase dikes. Many of these dikes occur 

within volcanic sequences of andesitic composition (Plate 

I). In the mine area, a metadiabase dike has a maximum thick- 



nes of about 225 feet. 	iere the dike cuts the )re deposit, 

i is about 150-200 feet tuick. Altered rhyolite xenoliths of 

the wallroek were observed ln the 5th level. ',In freah surface, 

the metadiabase is medium dark i;ray to dark greenish gray 

and fine grained. In thin section the rock is seen to be 

copDsed of a non-oriented meshwork of altered plagioclase 

laths in a dark very fine-grained matrix. Clear euhedral grains 

of quartz are common and probably represent quartz deposited 

at low temperatures. The-average length of the relict plagio-

clase laths is about 0.4 mm. The major components are epidote 

and netinolite (in places andesine (An33)) with minor amount 

of quartz, chlorite, uralite and clear mica. ttcessory minerals 

are pyrite, ilmenito, leunoxene after sphene, apatite and 

zircon. Calcitc may be priiient in minor quantities - up to 

o• Iiicre are no major variations between the 

metadiabase dike that occurs in the vicinity of the ore 

deposits and that whAch occurs in an urea 500 feet away from 

the deposits. The dike rock near the ore deposit contains an 

estimated 2% more qua!'tz and 4% more chlorite and also more 

uralite and unaltered plagioclase. such variations are common 

in intrusive rocks and cannot be attributed to alteration 

by hydrothermal solutions. Adjacent to the metadiabase dike, 

a rock composed of over 75% chlorite and fine-grained, highly 

birefriagent clear mica represents altered rhyolite from the 

latter and tipper members of the Waite rhyolite. Solutions which 
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so greatly iii d the rhyolitr certz2.in1y wouldlaw,. zitc]ro. 

the 4rtdjabase* dike to a much creator extent, 

it is cnclutled that the -,'It:,1„se 

which is altered by rezional metamorphism, is cut by the 

"Flt 61,-)rlte, and contains xenolitilo of 0:11,-)I'ld and 

sericitized 'ilaite riwolitc, is post-ore. 

'Ttwtu D41 

'Tlat" d1414it is ne .7)71der 	te tvo. majlr 
diorite dis. Tho rcqative age relationship was estCrlis4ed • 
on the bais of inforLiation.provided by cores from a series 

of holes drilled in the vicinity of 23,000 X and 5,000 

(Plate 1). The distribation pattern of 'Ole mass in the Waite 

Lake area is irregular but it has an es.t-wost trending long 

axis. The general attitude of the HflaLu 	flass is 

horizIntl with an irregular base. ocn1Ly, the dip or tfle 

elntrAcL is as high as ao, buts  in general, it \mris irr 
200 to. 450* 

Thin sections show that tlw °1v.f,;" 	is 

more highly altmred than the "Steep" dioribe. Feldspars are 

altered with rev! excei',tig to epidote. 	riginal textures 

are well-preJevved„ 	:Iriginal minerals are altered. Thin 

sections tai:;en froN 	 flow-bavded diorite in the 



-30 - 

*billed margin sone contain unaltered feldspar (andesine 

(h1014)). In general, the major constituents are epidote 

and uralite, and, in places, plagioclase. The minor compo-

nents are chlorite, actinolite, quartz and chlorite with cal-

cite, zircon, magnetite and loucoxene as common accessory 

MineraLs. 

The youngest diorite mass is the "6tec.W' 

(U-)rite. It is a N-8 trending dike, about 2,000 feet thick, 

t4at ips :2)0-85 E. From evidence of surface ervposures ud 

drill .:ores, the "8teep" diorite is formed b: a minimum of 

Lhrea intrusions of similar composition. 

margins are common. The footwall contact is mrou by fa,4 t 

zone which varies from a few inches to tens of feet in 'u'idth 

and contains abundant disseminated cubes of pyrite, in addi-

tion to traces of chalcopyrite. In the 4-229 south crosscut 

(Plate V) the fault zone is about 15 feet wiae. Java (oral 

communication) reports that massiv.: sulfides were out by the 

"Steep" diorite in a raise between the 3rd and 4th level. 

Studies of intrusive '7.ontacts in diamond drill 1.)1. 	in the 

vicinity of the Pause mine indicate that the "otee Y' diorite 

intruded the "Flat" diorite. 



-31- 

Megascopically, the unit is a medium to dark 

greenish ray, medium to coarse-grained rock on fresh surface. 

weathered surface, the rock is a greenish gray to light 

brownis4 gray. In thin section (Plate P-8) the rock is bolo-

tayst%ilino, medium-grained hypidiomorphic-granu1ar with pia-

(An50.55) and uralite as the most common constituents. 

Alteration has been almost pervasive. i'lloclase relicts up 

to about 30 mm. long are well preserved but the mineral has 

been altered mainly to epidote. Quartz,. chlorite, and sericite 

miar clnstituents Actinolite commonly is a major con,  

stituGnt. Magnetite, ilmenite, apatite and sptiene are typical 

accessory minerals. Alterai;ion of minerals, particularly 

feldspar, iS less pronounced in the finer-grained varieties 

which occur near contacts and form part of the chilled margins 

of the intrusive rock. There are variations within the Intru-

sive. Some thin sections indicate that the rock is a gabbro 

in compositiln. The rock could be classified as a quartz 

gabbro or quartz diorite in some quartz-rich facies. The 

distribution of the various facies is not Lnawn. 

The diabase dike in the Waite Lake area is 

part of the McDougall dike (Wilson 1941, p. 1+t.). Its 

width is from 20 to 50 feet and its attitude is near verticiAl. 



The en échelon attitude of te dike is posulhted on te 

basis of geophysical data. 

Wilson describes the dikes as follows; 

"All of th later diabase dikes are more or 

less brown. coloured owinc, to the weathering of small scattered 

grains or crystals of pyrite. On freshly broken surfaces the 

diabase is a uniform, medium-grained, dark grey rock with a 

faintlz speckld appearance. It consists chiefly of elongated 

to rictan;:ular crystals of acid labradorite, augite filling 

the interspaces between the labradorite crystals and magnetite. 

In some thin sections, quartz, chiefly in micropegmatitic inter- 

rowth with a feldspar of much 'lower refractive index, is 

present. ii Flters quartz is fritirely absent. The less 

common constituents are apatite, 	amphibole, sericite 

and epidote, the amphibole being an alteration product from 

the augite wld the epidote and sericite from the feldspar." 

In the Waite Lake area (Plate I), the volcanic 

formations, have a general north-south strike and dip about 

300E. This probably is close to the attitude of the flows at 
t 	 c 

the time of deposition. Major fold* shie-alieemi--w4411--n excep.-

-tion. An east-west trending axis of a broad, open anticline 2w 
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ingested just north of Waite Le and west of the "Steep" 

diorite. Minor drag folds are associated With faults. The 

attitude of the contact between the Waite rhyolite and the 

Amulet andesite sharply chunims in the vicinity of the Pause 

ore deposits. South of Waite Lake and south of the "Flat" 

diorite cover, the contact strikes about 14.200N. and dips 

about 340E. The change in attitude is caused by a thickening 

of the Waite rhyolite rather than by folding. The attitude 

of the basal contact of the Waite rhyolite in the same general 

area does not change. 

No major regional faults occur in the . aite 

Lake area. Several minor faults that trend northeast-southwest 

are postulated in the southwest corner of the map (Plate I). 

Wilson (1941, p.51) infers a major eat-west fault along 

the depression which contains Waite Lake and extends east of 

the lake. He points out the differences in the stratigraphy, 

particularly east of the "bteep" diorite. Correlations are 

obscure in this area but subsurface information does not seem 

to indicate a major fault west of the "Steep" diorite. The 

Volcanic formations are continuous being interrupted. only by 

diorite intrusion. The Waite andesite-Waite rhyolite contact 

Gan be traced north of Waite Lake. A fault is possible at 

of the "Steep" diorite where correlations are difficult to 
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establish end te ittitude changes from 	ene.-17t1 northeast- 

setilvest 	 uth of coorillilate 23,500 N to a general 

eortost-southeaststrtk nrwth of the 23,500 N cooreinate. 

Three nor,' faults ark7 imprtant in tE Vaqze 

miuc area. Two'faralts cut Ina oi t 	orebodies ankl are 

well exposed ou t 13t lave' Ulate 	 fault to the 

east of coordinate 5:1200 E nna sreath of oflorelnute 22.2W0 N 

is a high angle reverse fa. it with 1* , hehand strio slip of 

50 feet. It strikes N 40.4W and. dips VOW;. 'J -2he not slip is 

not 	The second .ault, west 	thP isrst one, ij 

low azaje l 	*811p, thrust fault. 'ilio net slip is abut. 

4.7 feet, ftla fault 2Isno curves from N 15,00',4 tr) 	700W and 

dips seout 250L. The ,ore deposits z,re 4rag folded by both 

fueltswhich eut the ''...11.at" cAorite. Neither fault can be 

trued for core tan few gunared feet, The Vlird minree 

17wilt is a beiLJat 	1:4i0.41L0 It oceurs at tS,e. upper 

)tact of the le dep)Sit nnd a4dulet andesite l  or where the 

ore is absent, at 	 rhtolite-Amulet andesite contact. 

About 75% of all drill ere tnat penetrated this contact 

and ail undercround exossFes of the contaet snow evidence 

'of faultin„ It is 	hi ,h to lowungle, boddln, niu-slio, 

reverse fault. in th viinitne MirAP it ntries 	309E 

and. di2s 300  to 6006. The 	sith i2 	 an Inch 
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to about feet vide (Plate X). Horses of sulfides and 

andosite are common. The hanging-wall fault plane, which 

is the base of the Amulet andiesite, forked the upper limit 

of mining and was well exposed. On this surfaoe numerous 

slickensides and grooves indicate dip-slip movement. The 

fact that the bedding fault is cut by the two faults discus3ed 

above indicates that the bedding fault is the early fault. 

The final movement on the bedding fault was post-ore. 

1OJJQG OF THE O POOligti t TA VATZi: Mink  

GENERAL iggrdmuy  

The %reuse mine was developed to exploit two zones 

of sulfide accumulation. The geology of each zom is distinct 

yet the two deposits may have been connected prior to Uie in-

trusion of diorite. The sothern zone, called the U-1 zone or 

orebody#  was composed generally of massive sulfides located 

just brow the contact between the Waite rhyolite cnd tac 

Amulet andesite. Portions of the Vauze mine brecci member 

of the Waite rhyolite form part of this ore zone. Major sulfide 

accumulations do not occur in the amulet andesite. The nortern 

zone, called the B-2 zone or orebody, is formed mainly of dis-

seminated sulfides in chlorite. The host rock iS chloritized 

and sericitized rhyolite from both the upper and lower members 

Of the Waite rhyolite. The B-1 zone produced 163,000 tons of 



ore that tdv(Tvged 5.5% copper and 	,Line. The D-2 zone 

produced 191,000 tons --)1' -ate that averaged 2.54;; copper. 

hILILLL,LJOGX 

yrite and chalcopyrite are the most abundzAlt 

sulflOes in the Vauze orobodies. Pyrite tends to be concer-

trated in mnes of uniform crystallinity and grain size. Within 

fnrent zon;s the grain size of pyrite varies from about 0.02 

to 5 rem. Most,r,I.115 are cuhedral cubes or' pyritlorons. 

Th re are two ge:xr3.tions of rtrite, The early pyrite, which 

is the most abundant, is well broken and fractured and has been 

replaced mainly by silice. Chlorite, quartz, and sphalerite 

with minor chalcopyrit( 	in fracture's within the early 

pyrite grains. Crystal outlirio .)11  early , pyrite are in plz,x(1 

difficult to Jiseern. The later stage pyrite occurs ln minor 

amounts througt ,he ore zone as i3liated cubes with :1-7)un6od 

corners. The ::rain size is al 	uniformly about 0,1 mm. 

Very minor fr ,..;,uring has taken place, and no infilling was 

noted. 

lovrj„le 

ChLtlnlpyriki, is sc“ttered throuzhout the ore 

z-ino in all types of ore, and has been observed' as vein filling 
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In faults. It is most abundant in the mawilvo lfide zone. 

Chalcop7rite is interstitial betrieen chio , , quartz, pyrrho- 

tite ,ad sphalerite grains. 	mall 	;Li,r1 0.01 	blebs 

, of chalcop7r1 occur in most spi alerLt 	in. The texture 

of iost splorite-chalcopyrite is identical to the textures 

shown by lawley (1962, p. 140, fig. (8) and by Bastin (1960, 
P. 95, fig. 4). Bastin call the texture a replaocent of 

sphalerite by vhalcopyrite zilong twinning directions cald 

cleavage. Hawley suggests tit: the teture is the result of 

replacement of clicticopyrite y phalerite and implies that the  

chalcopyrite blebs are. remnants. In the po1iolwL',. spocica ,  from 

the Vauze ore bodies one can note that the ;:rin sizor oha].co 

pyrite is variable, It may reach 2 mm. an i dependant on 

the size of the avilale interstitial .;1.,6.c,c; small grains 

occur in small spaces, coarse grains art fx.ind in large spaces. 

The fact that the size of the opening appears toI;n11 the 

grain size indicates that chaleopyrite was omplaco 	tho 

ote;: minerals. Host chalcopyrite grains exhibit twin. 

Large pyrrhotite grains are abundant in chalcopyrite but snail 

"ex:7.4olutior0 L;16bs or pykk4otitc in ohalcopyit; 	xeraro. 

This indicates tenperatures of depoitl:),n bai cro; 2'50% (Lovering, 

1958). In the novt'lnrn ore zone, chalcopyrite occurs in frac-

tures and dissemitw,tions in chlorite. ;;;muli (less than c.o5 mm.) 
sp6a1erité inclusions are comison but pyrrhotito is ,7tbsent. 
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After pyrite and chalcopyrito, t 	pxt mlst 

abundant su1fidr 	pyrrhotite. Except fJr rro small (less 

than 0.01 mm.) blebs in t- halcopyrite, pyrrhotite occurs in 

discret- ols or croups of crystals up to 0.5 mm, but 

averaging about 0.1 mm. in diameter. The vrrhottte 

commonly exhibit euhedral hexagonal outlines with oarp crY1 

boun6aries. The margins of clusters of pyrrhotite crystals 

nr(,  5mooth and curvcA. Oome pyrrhotite niu,stre are concen 

tmted tAnd form indistinct layers in mt2.:-viv :;alfides. Pyrrho-

tite rarly occurs oW6side the massive skAlriLie zone and almost 

invariably is associated with chalcopyrite. Some sphalerite 

grains Lro in contact with pyrrhotite but only two graina of 

sphalr,ritp were observe with pyrruotite inclusions in s 

»irrhotite is absent in zones of tbundant pyrite. 

Two genova-2,,lns 	 r.o proscLt. the 

early sdhalerite occurs in irregular masses of 	 rin 

size, from less than 0.01 mmi up to 2 mn, and contl-Ins abundant 

blE,bs of chalcopyrite. The Inter sphalerite .COU.1"3 in veins 

aLl fault broccias and is free of chalcopyrite inclusions. 

This suggests temperatures of formation below 350°C. (1-,'Ivori, 

1958). Umall (less than 0,,L mm.) crystals of sphalerito foJ,“only 
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are associated with chlorlte-qut,rtz rich layers. Sphalerite 

r;ins averaging about 0. mn. 4,ith curved irregular -oundaries 

fund in chalcopyritc-pyrrhotite rich zonos in the .)ro_bodies. 

Larly sphalerite is most abundant and most plentiful in layered 

pyrite and quartv.chlorite zones. Some layers of almost pure 

carlj sphaierite, reach a thickness of 50 	but the averuge 

thickness is. about 1.5 ,mm. Sphalerite in the northern ore zone 

is common and is most abundant as very fine grains (less than 

0.03 mm.) in chlorite. Sphalerite also forms marina of vugs 

or pores, the centers of which aro filled with chaleopyrite 

containing small (0.05 - 0.10 mm.) sphalerite inclusiçms. The 

spbalerite in the northern ore zorv» contains blebs of ci'llco-

prite a5 described above. 

Magnetite 

Magnetite , eurs 	abununce in two zones. In 

the southern massive sulfide ore zone, magnetite occurs only 

above the 2nd level (Plate VIII). In the area of the 1st level, 

magnotito is the most abundant mineral in the ore zone. in the 

northern disseminated sulfide zone, magnetite occurs in the 

upper zone of the orebody, at the 3rd level (375 feet). 

In the southern zone, magnetite is equigranular (0.2 mm. 

average), euhedral and occurs as pods or lenses which average about 3 



tot. inches in iiametor near the,  second level, but increase 

in size toward 3urfane. It is aszociated with a small unount 

W7 quartz and chlorite grains and inclusions. Chklic2pyritc:12  

in minor quantitips, is interstitial in maznetite-rich series. 

This chalcopyrit is cimilr to t'ikat which accurs t4r3uhout 

the qrebody. 

In the nortaern zone, the magnetite is disse-

minated and occurs with cicipyrite and bornite in clorite 

zonos. It is coarser-gmirleU than in the southern zone, aver-

a6ing 0 mm. in diat,eter. The grains are partially replaced 

,!,,u4rtz and chlorite, and minll .(icopyrite occurs in free- 

Lai 	that cut the grains. 

Dornite was noted only 	north.crn :)Te 

and above. the 4th levl (r1750 foot). It ii most abuaIlant on the 

3r4 level near the so4t.errloost e!Aension of.  the. ore ne. 

(Plate IV) and near the iori 	ntact. It is a minor occur-

rence and was not noted elsowere in the ore deposits. Ujornite 

grain size is variable from small exsolution blb of less than 

0.01 mm. to ,irreguihr rns of tout 1 m, witn ezArved boundnries. 

Bornite ocours With callop.yrite ane in the same ceneml zone 

as maznetit* but on a oicroseopic scale, magnotit grins are 

zot closely assciated with bornite. 



Linnuadi (00384) 

6tumpfl and Clark (191+) founta a copper-neLl 

 in samples from the Vau 	ine. In addition, tney 

report the natur,1 )ccurrence of Co968 in the same samplPs. 

Ine polished specimen from 4-75 crown oilla (elate Xi  VX 74 B) 

contained a very small (less than 0.01 ) grain of linnaeite. 

EPArmittialc  minerf4A 

Quarto and chlorite are abundant constituent 

minerals in all ore zlnes. ::Aartz grains are subhedral and fine 

grained from less than .01 cum. to about 0.3 mm. Most of the 

coarser grains are clear with good crystal outlinos sugge ting 

low temperature formation. The fine-grained quartz also is 

clear but has irregular boundaries. Chlorite is euhsdral in 

well-developed blades. It is disseminated throughout the ore 

zones but is more abundant in t;t4c northern zone. The blades 

are about 0.2 mm. long but in the northern zone they reach 

ud to 3..1+ mm. long. 

Calcit.e is a minor constituent and usually 

is restricted to fault zones. Isolated calcite patches in 

tic ore zone probably represent fault zones. 
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4J411'4; 

The 72.; -1 ore body i3 located 3O rect southeast 

of the southwest corner of Waite. 	(Plato 1). Thls ore. 

zone is composed of two separate ,7)re bo6ics, both of which 

almost arc identical except in size. 	 The sl1 

orebody is known as the "Bost 1..wns" and the large orebod y is 

the nliuin Lens", Very little data was available rrom the east

lens bcczlse it almost was com9lotoly m:4.14ed out when this study 
began, . it produced.  about 1?4,-,000 txm of ore that contained 

about 3.*5.-. coppf)r and 2.5zin.f!.. The description of the B-.1 
orebody concerns. the 	lens. It is a. tabular body that 

tpors to a point, from surf 	tl a depth of 530 feet (elate X 

The maxinu strie length of the body is about 430 ffiet and 

ita lent L.,own dip is about 750 feet. The thickness of the 

oro dcd:;..1,ts in Ulu zone wIries from about 1 flot to 20 feet 
for an average of approxi,afty 7 feet. The thic:Icst sections 

of ore occur close to the eastern marj,1:1 of tie 	n lens above 

the 3r6 lvel and below the 1st 

The. 	orelies Pre located 	diatcly bulow 

the Waite brolite-Amulot andesitc o);)t-ty  in the -Ltze wine 
breccia member 	the Waite rayalite. The tuff beds tilt occur 

st the contact also contain sulfiti and form part rwiis ore 

zlne. 



The three important faults that are found in  

th c4 vicinity of the 3.l orebody have been discussed above. 

In additior, numerous small faults were m.pped6 4tlictl have 

no readily diseornible pattern. Small faults (Plate X) can 

be traced for several feet into the sulfides of the or 	ne 

owing to calcite filling along the fault. Most of till 

in the. sulfide zone. Displacement4. where discernibllull, 

sully Ipss nan one foot. A. fuult along the footwdll of Lao 

ori4dy is :it as persistent as the hanging-wall fault nor u; 

well defined.. Like the hanLinall fault, it is a high to 

low angle, idding, dip.sit o  reverse fault. The amount of net  

slip is anknow. 

A small fault wa noted in the 3O7 crown pillar 

in the foatwall at dn angle to the attitule of the deposits 

and its extension could be seen in the hangingwall country rock. 

The lnly evideace of faulting in the culf14as w Jisplacement 

iF 1,edde1 or layered sulfides 	minimum horizntl itrce 

If 1 foot. The f&%A.L plane was plt evi,ient in the sulfije 

The fault zone sociatoc with the 	11 faults 

is usuall: loss than an inca thick and commonly contPins calcite, 

quarts and minor pyrite. 2pidote and inor chlorite c.:re noted 

on ti' 5 wallrock of several faults. 



Detailed mapping of sevîz,1 sections of the main 

lens at a sca1n of 10 feet to 1 in (11tes VII, DL, and X) 

revealed vtirious types of zAllfides an the general pattern 

of their distribution. The sulfides types were mapped on the 

basis of differences in structure and texture 	-.Is was noted 

that the differences in texture reflectc'd differonces in uin-

emlogy. Three general types of sulfide; were,  roconizedt 

(4) "144.aue.A.§allIgge which occur roughly 	 onc, 

-oot of tiv,  ore zmle nnd are csed main of pyrite and 

sphc.-leritp; (2) ",l'iass;Ive 	" which usually form the 

remaimier of th,f, ore 2:onc, aild are composed primarily of chalco-

pyrite, pyrrotl.Lii iind pyrite; and (3) ukaala....41alug3n 
which art Ule stratigraphie eTiivalent of the m.msive suif ides  

and are coxpo.se of f”gments of culeopyrite, pirrflotite, 

sphalerite, 	4,/or pyrit in a matrix of Veuze 4inr Orcci. 

k'144P.  L f eR 

'i,c1:ered 	Lfies )c.clr just tallY the upper 

eontuet of the ore de sits with the Amulet ant, Since 

thP contact is faulted, they are just below the fault but at 

two locations,, the layered sulfides were seen in contact with 

Amulet ancesit without faulting. one location was above the 

3rd level about 15 foci; above stai,ion 116 and the other was in 



theth 	crown pillar about 1 u fu -t east of the 4-0 raise. 

At thesc places, tec andeeite wee silicified and slightly 

bleird and was underlain by a unit of about 4 to e inches of 

interbedded fine tuff and chart with a minor amount of inter-

beeded pyrite. The individual beds vary in thickness from 

to 15 mm. with an estimated average thickness of 2 mm. 

low the tuff-ohert unit, within a few ineee" pyrite pro-

ereasively became the dominant minerni. Tui'f wes not abundant, 

and silica and chlorite were interbeaded with pyrite, some 

ephalerite and very little chalcopyrito. The pyrite-chert (?) 

unit has individual beds (Nonomineralic units) up to 50 mm. 

thick with an average of about 2 mm. Indivieuel beds have been 

followed up to 3 feet alcne Lee dip. At seeerel localities 

the layered sulfiees were ;,!oted to be absento  such as, rw 

intn: flrac second level, neer station 12t (Plate 

The layering or beeeing in the sulfides is normally derellel 

te the contact. In the locality where layered sulfides are 

absent the attitude or the layers oh ages at the points eeere 

they return or dieuepear. Prom a position parallel to the 

upper contact the layers curve upward and are at an aisle to 

the faulted contact. The ieelleetion here is that the lest 

l!ovement of the fault is post-layering. The thickness of the 

layeree L':ulfides may reach about 6 feet*  (Plate ) but the 



estimated average is about 2 feet. Abovc,  t11,- 3rd level, the 

basal contact of 	'ored sulfides and mlssivo or treccia 

$uirid(q; is sharp (late P-10). Below tem third lnvel, in 

the wo5t aLlf of the 4-75 crown pillar, ar.ot4er variety of 

Layornd zalfides ocurAst. Thinly layered pyrite, svalerito 

it xlurtz is present in about the lippei't inches of the ore 

zone. Jelow tt )ne the suldes also are layered but chalco- 
pyrite and numerlus fragments of chlorite and chloritized 
rhyolite are abundant. Th- clorite fragments VLY; 

from less than a few millipletr3 up to 300 mm. (ono fool.), and 

average about 20 to 30 mm. They are rounded oC tend to be con. 

c*entrated in layers 30 to 50 mm. thick, and con:.inlous along 

5Art7-c for several feet. This type of livorod safide changes 

ovrr L. distance of a few feet into massive sulfides, 

At the easteri-. c;Id of the 4-75 crown pillar and just below the 

2rd l!vf1 twar the location of 	:*„). 2.3 (Plate Lid) 

lyre c sulfides became very silieous 4ind spitulerite is 

;..bumiant ,,44lfik.e. The sphalerite is ver/ f1he.4ter.L4in-d and the 

1a7ers have a mokieriltQ reddish orar .r to pale reddish brown 

(hone7) color. TrIr/ughout the 1ilroo sulfides, rottnded to sub 

rme 	i1.onite and chloritized rhyQlite fragments :_tre rabunhNnt. 

Thcir size is mall, averagini about 2 to 4 mm and rareli 

excee4iag 1.) mn. in diameter, 
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asive, euifides are loceted strat graphieLlly 

below the luyeredt1Ifiee5. The thickness of the zone iz 

variable from nothing)  u,.;e4 us in te o*tern part of the 4-75 

crovt illur ()lflte X) to a thickness of -%11-,:ost 20 feet near 

tu o easti-rn 	,Trf.' the main lens above the 31'1 level. The 

common MISSive szlIfies are chalcopyrito an! p2rrllotito. Quartz 

and olorite LrE3 Lsserninated throughout c,41d sphalerite is 

abunduet. 	itin the massive sulfides, irroc;ular patches of 

indistinct outlines are common. There are many sizes and 

varieties. One tzpe coLsists of chlorite and cliioritized 

rhyolite frazents that var:: in size from 1 tem. to 1 foot and 

c!Ahte.in disseminatoci pyrite. Cn,Armets of this variety rarely 

flro mlrc tu 3(.:). of tile v1u 	f the nu.ssive salfiee an:ze. 

Inother variety of fragments are tiv)se fi)rmed by minerals 

Istinct from the commi minerals of the zone. Magnetite-. 

rich fri&gments are abundant above the 2nd level and are illus- 

tre4 on the map of the 2-65 raise (PiLte VIII'. In the western 

of the 4-75 crown pillar (Plate.. 4 franents formed by 

either pyrite and quartz, or pyrite. und cp1rite,1r sphalerite- 

pyrrhotlte 	cicopyrite are common. ';)oe fragment, 	feet 

in lengttl, 	anular outlines and ribrp coztacts, was fored 

by mas4;ive si)Ltaltrite In a pyrito t  caicorrito, yrrotite, 
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quartz motri*, The upper yontdet of massive sulfides and 

layered suifiCe is sharp Ulate P.40) und generally 0 pa al 

to the ore zone-aite 	osite contact* LLtches up to 1 foot 

in diti.meter of ciopyrite-riCh. massiveulfides leur in the 

haningwall fault zone and as inclusions witin te lajered 

sulfides such as on the 	level, 3.0" raise (Plate 	The 

lower aontact is not as sharp as the -upper contact* Generally, 

the massive sulfides contuin more abundant pyrite be::::inning about 

one foot bwc t lower collUiot• This one-foot width is a 

transitional zono in which Vue mine breccia :tea progress-

ively mre abundant until t:.t the base, only dlsseminated pyrite 

occurs. 

In ior)14ted zones several feet in diameter, 

above the 3rd LIfyi zo- x: in massive sulfides, a peculiar form 

of pyrite was obl;crved. The zone is f)nwd by faintly layered 

pyrite 	has a porosity estimated to Ile Up to 30». 'L'he 

pores are elonte parallel to layerini; Lald re up to 1 by 3 mm. 
in size. Tho average pore 1,31.ZP il 005 mm. in the center 3f 

the zones the ?ores are empty4., but at ti-lerzins of the tone 

are approached thy becomef illc with chalcopi,rit and sprw-

leritft. Minor quartz occurs loath. 'tile pyrite which is similar 

in texture to the pyrite in layerc4 sulfies. it in uot.known 

w4ether the poro •itj is original or Secondary. 



Prqqçia j 

About a third of Al.o :ore zone exposed in the 

main ions in tc /5 crown pillr (late X) is formed by 

brecia sulfides. The broecia sulfides interfinur with 

glassive sulfides ),,rd bre 	stratigraphie equivalent. 

They are formed 	suifie fraLments with tue same matrix as 

the Vauze mine brecei (its P-11 (a) Lnd (b)). The fragme 

are subrohnded to angular, vary ir size fror . less tun 5 alm, 

to 2 feet in diameter, kAnd 	clomponed of any combination of 

minerals alreay ,lizeussed,'except mccRetite.1.4'rt.44monts were 

observed composcd of spli.:71 	pyri.&, chalcopyrito, i4rrho- 

tite, qtart:3 and CLTh !tk 	kLvarl:)us combinations of these 

rIlnerals. C4411eop.!rito-pyrrhtite, and. pyrite (usually in 

coarse cryat:alline cub: L: 	to 2( m.m4 across) r.:re the most 

common fragment types. Several ira 	woi! formd by 

fragments of suVides and rhyolitc,  and :°.'iloritized 

In a Value ratio breccia matrix, tdontim,1 ot4at descri.bed 

previously. This repreents a brc,, eciLed breceic. At least 

two periods of fragmentation and ci.,)nsolidation took. pltice. 

The upper contact with Le layered sulfides is sharp and 

the basal ecyntaet is 46scure- 	ee base of the ore wone is 

defined by tile ;:• bsonee of sulfide frants which are res- 

tricted to the upper few fet, of the rock unit. 	the 4th 

level near coordinates 22,200 N nd ',;1400 h two small pockets 



of breccia Sulfides were. eneeuneered. Vae pockets are bounded 

by faults but the relationship between tie faults and the 

breccia sulfides is not well known. One pocket is strati-

graphically about 50 feet below the contact. The contact 

between breccia sulfides and nessive sulfides is gradational 

over several feet and. is marked by an increase in the number 

of sulfide fragments dnd in 	camount of sulfikiles (primarily 

pyrite) in. the Vauze mine bOCC14. 

The presence of patches or fragments of sulfides 

and rock within massive sulfides suggests that the massive 

sulfides and breecia sulfides have a similar origin. 

14ationish,3.p of Ore to UltaliLions 

The relationship of the two silicelus Intrusion 

in the ore zone in the 4-75 crown has been discussed under tee 

-general heading Minor intrusives. ihe "Steep" diorite is 

reported as cutting the east lens of the 13-1 ore zone between 

the -rd and 4th levels. The "Flat" diorite cuts the mein lens 

near the surface. fn unfaulted contact of this diorite with 

the ore zone was observed in the stops east of the shaft o the 

lit level (Plate II). The ore ;6one near the contact is formed 

mainly of mgnetite wittl Ninor sp4alerite, pyrrhotite end chalco-

pyrite. several blocks of sulfides up t,o 1 foot in diameter 
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and of the same compoSition as Lhe ore were noted up to 3 

feet inside the diorite. Chalc:)pyrit was abundant and one 

block, about c4 Inc.es in ula.meter, was composed mainly of 

sphalerite. The diorite was fine-grained and contained flow 

laminations. Lay red sulfides were not observed in this area, 

The evidence indicates that the "Flat" diorite is post-ore. 

W140.0 Al.teSatloil  

Megascopic wallrock alteration in the vicinity 

of the main lens of the B-1 ore zone is slight. The Amulet 

andesite in places is bleached for a few inches. Thin Notation 

studies reveal that the bleachin is a reflection of intense 

sericitization. The andesite is niso. silicified but the 

extent of silicification is not well defined. The matrix 

of tte Vauze mine breccia in the transitional basal contact 

zone below massive sulfides is strongly chlorltizeU up to 

inches below the contact, In the Lreccia sulfide zone, there 

are numerous fragments of ',strongly chloritized rhyolite but 

te latrix is only weokly chieritized. 	breccia is darker 

near the ore zone due to a higher deree of c'lloritization. 

'4,1014;  

Yhe horizontal projection of the 13.2 orobedles 

lies at t 	castornmest edge of Waite Luke (Plats I). The 



B-2 ore zone is ford by two cylindrical ore shoots, known 

as the east ore shoot and the west ore siioot (Plate XI). The 

east ore shoot produced about 82,000 tons of ore that contained 
(.-lpper and the west ore $401t nrceti about 94,000 

ton of ore t.L contained about 2.0% coper. The east Oke 

shoot has an CAMP 	diameter of about 40 feet. It is terminated 

above the 3rd level by diorite and its base is the upper contact 

of a metadiabase dike (figure 2). The axis of the c:linder is 

about 460 feet long and plunLxf.; 	at N 400  W. The vet ore 

shoot is shaped 	an invete golf club. The section below 

the 3rd level 	1ic.L with an average diameter of 4o feet. 
The axis of the cylf,Lder L about 300 .4cet Long and p unos 

700  at N V5° W. Above the 3rd level, the orebody is slaLtded 

likc a tun with an average diameter of about 70 feet. 2he 

axis of thc cylinder is about 190 feet long ard plunges 100  

at N 100 	Both orebodies occur in the Waite rhyolite. The 

flr5t four levels of the mine, south of the st,Ift, are in the 

uf,)por member of the W ite rhyolite (figure 2), It was not 

possible to separate the rhyolite into members Ln nr,:t 	n9rtl 

of the shaft because of alteraLion of the rock. 

Although both ore shoots occur in rhyolite, 

they are slightly different. The east ore shoot is c;lin,ricr): 



and reolar, and the ore is composed of disseminated chalco. 

pyrit in coarse crystalline chlorite- Some :)f hr chlorite 

crystals are Up tO3 MM. across. Disseminated pyrite is present 

in minor amounts. The west ore shoot is somewhat irregular 

in shape. The chalc,jivrite is disseminated and occurs as 

fmctur-filling in tho chlorite matrix f a brecciated 

rhyolite (elate P-12). 	he fragments of rhyolite are as 

large a; 15 feet across end have been obloritised and serici-

tized. howevel:, the ore minerals, except for very -minor . . 

dissimimated• pyrite, occur in the matrix of thebreecia 

which is constituted of massive chlorite. Disseminated 

and vein'filling ore minerals were deposited below the 

metadiabase dike, but not in sufficient quantities to form 

minable deposits. 

The wallrock in the B.2 ore zone has been pro-

foundly altered. On the :rd and 4th levels, the transition in 

the Waite rhyolite cun be traced from a pills, rook flew- 

banded. und altered only 	regional metamorphism to a dark 

green'  highly altered 	ct. The chloritization and serici- 

tization of walirook transcends stratiraphie boundaries. 

The alteration zone is cy indrical is shape (figure 2 and 

Plates IV, 	VI, and VII) and has been traced by drill core 

to the Waite ande. ite. The str:. t. . rtthicelly highest expo-

sures occur on tae 3rd lvei (Pite IV). Where the alteration 

is mainly chloritization. 	t i. petiter depths sericitization 
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and chloritization of wallrock are prrvsive (,1Ltes p-13 

and P-b). In D.D.H. M-20 (Waite Lake i4in(Is kt0.) the 4ate 

andesite is fractured, moderately chlo, itized and sericitized 

and traces of chalcopyrite and pyrrhoUte are round in fractures. 

Coinciding with the increasing intensity of 

alteration as the center of the .1-2 cone is approached, there 

is an increase in the degree of brecciation and fracturing 

of the wallrock. The shape of the B-2 ore zone and its wall-

rock alteration evxmilons at depth indicate that this zone 

was the channelway for hydrothermal solutions that deposited 

sulfides in fracture, 'tarting at a depth of about 2,000 feet 

4nd altered the walirock 	 f roa at, least 2,000 feet 

to 1,000 feet and intne1î above 1,000 feet. FOr this 

rason the B-2 ore zne commonly is referred to us the 

"pipe" zone. 

Two intrusions cut the B-2 ore zone. The upper 

end of the east and west ore shoots is abruptly terminated by 

the "flat" diorite (figure 2). The metadiabase dike that 

occurs near the 5th level also cuts both ore shoots. On the 

5th level the metadiabase dike contains several large (up to 

2 feet) rounded fragments of chloritized rhyolite which appear 

to be identical to the adjacent wallrock. The aetadiabase 

dike shows no strong alteration effects nor brecciation. Unto 



jarvi (Oral communic.an) rc,,ports tat In thk vicinity of 

LlIfl -ire shoots the. "71at" diorite is not str,=Jngly altered 

brocci 

Bused on the rec,ilnal and detailed studies of 

tho volcanic roci:s and the,  ore a4?plv,its tA the Vtuxe mine, a 

number If conclusixis regarding title relationships can be drawn. 

1. The "Mt" diorite. cuts bot4 the 

oreboaies. If the diorite , =as ore-ore, the body would have  

acted as to ier7y1ous capr 	riic 	 tsolutilos 

L&r1.6. milsed deposition of orc nincr.als. If ttU VICTO true, the 

suifiCie xenolithL: woul bc the result of selective replacement. 

'Incetc Vsluze aine i.J.reccL, is n.::'rest near the diorite 

contact, the ticlzest sections tor ,)re 'Jaight be oxrpected near 

the contact. Cal the colatmtry„ the ore zone is thinner near 

t:T:ie contact tan at 01UP places away fron the contact, 

ceoltrie considerations oli4ht have 

been expected in the r-2 ;;,one, The. west are shoot aoes show 
a. change in 4ttitude Lyla u prom:lanced eniLrement of the 

minerialgexi gone. '21:1 eList 11-: shoot i.)oes not. It is termi-

nated abruptly by the "fiat" diriLe. 
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The diorite at the contact of the D-2 and B-I 

ore zones should be hydrothermally altered and contain some 

substantial mineral deposits within the fractured rock, pzJrti-

cularly aloh,4; tae faulted cJ.fltact. This is trA the 

Tnerefor, basca. on geometric rolationships bctween 6iteration 

zone, ore deposits and triteç ud on isolated Txcholiths of 

sulfides in diorite, it is concluded tat the oe deposits at 

the Vauze mine,  were formed prior to intrdsion of the "fit" 

diorite. Since the "flat" diorite is cut by the "Steep' Lorite 

the ore dopoits are pre-diorite 

The occurrence of magnetite in both the B.1 

and i12 ore zones may be related to diorite irLrus. . ie 

(1962) describes a ,ignetIte, pyrrhotite, pyrite relationship 

in. Japan where the magnetite zones ar; shown to 7ot tc,  result 

of çonlact metamorphic effects c . used by the intrusin of quartz 

diorite. The manetite znes in the Vauze deposits spatilly 

arc mlatcd to 1inrite intr,A3ion, Unfortunately, only one-half 

of the intrasive contact remains. The as:;ociation could be 

• fortuitous, as td e Acpurrence of magnetite also may reflect a 

change of physico-chemical conditions it the time of oposition. 

2, The .metadiabase"''die cuts the B-2 oreboJies. 

There is no evidence of alteration or ‘- eposition of ore minerals 

th dike. Xenoliths of chloritized llrock are ctined 

within the dike. Terefore4  the Ifretadisbaso'k dike is considered. 

as poot-,ore. 



3. The reltionhip between two minor siliceous 

:47 related to rholie V1 	i3( has been , Iscussed 

on pp. 2e-7 and it was consiCered that the 7J-1 ore deposits 

prc-siliceous dike. 

4. ne moat LAprtant 17z1.e 	 car be 

established from evidence .oe.hed from e. stdd of the B.-1 

t. 	:'at e and particularly of the type O i 	Down as breccia 

sulf:', dos (Plate P-11 (a) and (b)). Th  r: three possible modes 

of formLtion. of this xrc are (1) aolccive roplaceaant If 

special roCk fragments in a Vaune raine breccia; (2) brecciat ion 

with inclusion of sulphide fragments es e result of tectonic 

forces; and (3) depositl'on 	tdc. sur rides --ilr to formation 

of tbPa uppT part of thc au 	aiac. breccia., i4T10 subsequent 

incl,AsiJn of sulfide fraents during ..f,ormaion of the 

unit, i.e. contemporaneous deposition. brcciaa of a. si,7111 

type occur at several loelities in the NorLIrldadistt. 

rice (1)43) descri'.x.c pyrit fy!Lmonts in duff bf?5 in the 

sal Lie zone at N1Tanda ;*1.ins arid i4rice and ncroft 

(1948) mention similar zones at he 'Waite mine. The origin 

of the fragments has been attributed by the autorr tc selective 

replacement. 

Thin sectic,n studies indicate at the Vauze 

mine breccia matrix ilas a pyr-iciasic 	 Yn..0 unularity 



of tiAe fragments, -.,'IN.4pnts such as 

tidt sown op pLate  -11 (a) 	 jV r+ ti 	if 

brecci were formed. by tectonic processes. Aors 	;Ailfides 

t'ua 	wall fault zfl!nf:,  tsre all rounded. Therefore, 

'ctonic bV0VOIL ,":rY.,V1n. is rcatcd. 

heplacnnt 	c o,3car ih specimens from 

4e,posits. 	pyrite a:nd 	 c,re replaced by 

quart and 	orlte. 	pyritc .I.oplacos ;all arly minerals. 

'.:exttire$ in chaleow.ritc and sphalerite Uru '1.:, • pretod 

30A0 authors as 	lacement textures. If the h:,ris 

oder:tive 	CCtVVndmiAcd, ouo of the following sets 

:1-1* conditions ti-sit 	oNited to oxplit the Civerse. mine- 

ralogy of 	frauIents. 	 frLzmnts, prior to repla- 

cewnt, were of Ci fert compositions asid the solutions 

remained rcijitively c.).ustnt 	composition during, replaccment. 

if the replaced frants wer of tp sale composition, 

th:c composition of the solutios '7OLU hav. Shad to c)aiane. 

T40 composition of tam fragoonts differed and the ej4p0- 

ollAIII 	fluids canged. 

Tle Isst set of coil6ltions is the most logical 

if soleetive replaceont. is te primary mode of deposition. 

it is reasonabl(J to assr tilat '11.o 73-1 and 15-2 ombodies 

ar.; rolatcd. 	direct rorInt:1.ocn bo ostbilsod but 



çr.jeotiori of the axes of the B orebodies and the lonj. 

of the main lens of the b-1 ore zon lEtorsect. In addition, 

t'ae waito,Amulet massive orebodies have similar alteration 

zones which are direcly connected to tem (''ice and Bancroft, 

1948. Luffe1, 19). Then, the,laintins L,  formed the D-2 

orebo61es also formed the 11.4 oreic;7;. TAlc ore eposits in 

the 13-2 zone indicate changing ee.i77;ic&i. 	 t.)f ti.() so-

lutions. Sericitization was followed by chloritiation and 

finally by deposition of ore. minerals. Paragenotic ore mineral 

relationsf:lips indicate that pyrite was deposited first, followed 

by sphalerite and lastly, by chalcopyrite with zitror exsolved 

pyrrotite. However, there is no evidence of v s 	fluctuating 

eilemical conditions. One can only speculate about LaG arifinal 

mrpoitiaa of the fragments. The only fraents other thGr. 

the sulfide fragments seen in the Value mine brec: 	re. 

c41,1ritized rhyolite, fi 	tided rhyolite, scoriacous rhyolite, 

sphorulitic rhyolite and massive crilorite (Plates P-11 (a) and 

P-2). 

Tho easivst way to explain the occurrence of 

sulfides frar.ments is that of lontemporaneous aeposition 	t'[1Q 

breeds as a ielale. The immciaLo viinity of the V-Ze mine 

was E., site of ikrothermal and volcanic activity and it ,doos 

not seem unre4lorwl.ile, then, to conclude that sulfides were 



depoited in the throat. of a vent which was the source of t4e 

pyrclastic debris of the. Vauze mine•breccia. Ilrecciation 

of t4o sulfides. probably was produced by the explooivc. actt.rty 

in t;. ,  vent area and fragmental sulfides were iaclue Lu the 

upper portions of the.  rock unit along .with other voleanic 

fragonnts. 

If the breccia sulfides represent contempora-

neus Ue -)sitiln of suif i d: „tut, rock fragments, then thf,  Luit 

of the sulfides were dep)sited prior to deposition of the 

avorlying fine tuff and chart beds and prior to deposition 

of the amulet andesite. 

The evidence obtained from geologic studi 

the ore deposits at the Vauze mine supports a hydrothermal-

sedimentary ori;in of the ore deposits. Te,perat.ure studies 

by Campbell (1962) and Clark (1965) by the method of pyrrhotite-

pyrite geothermometry indicate primar; deposition temporatures 

of about 5250C. Mineralogical associations indicate two 

temperatures; the sdlerite with chalcopyrite blebs is used 

to indicate temp 	es of formation in excits of 3500C; chalco-

rito with pyrrtioii,e cxsolution blebs also inC,Iato temperatures 

of fTmation in excess of 2500C. liowever, a lz.tor 	aierite 

pr Lzibly was deposited at temperatures lower thrAn :;500C. 



Interpretation of temperature data is difficul I;EC iJtt 	the 

reflect sondary temperature effects. 1!:) 1,1.rt of 

the VaLA4e ore ue0:311; is farther than 500 	taway from either 

the "steep" Or the "(IA' diorites which ure post-ore. The 

"steep" diorite is 2,000 feet wide. Jaeger (1957) in a study 

on the intrusion of the dolentes showed that wallrock temper-

atures have to be below 10000 to obtain chilled borders in the 

intrusion and that wallrock temperatures, though dependant on 

thermal conductivity, could attain temperatur s of 600 to 7001G. 

1.;inly an intrision of t%is ma3nitude, which caused 

of the 	I 	al kfect the textures and distrition 

of sulfides in nrb,;,' dev)sits. 

Although traces of pyrite and chalcopyrite are 

widespread in the tuff along the ,t u;,,,:.Ilite,..kirtliesite contact, 

or accumulations of ore minerals occur in verj restricted 

areas. Petrographic ec.lee indicates that 	c.roks enclosing 

the ore deposits of the L-1 ore zone were deposite under water. 

The restricted area of deposition would not indicate deposition 

caused by a chemical roaepa between hydrothermal solutions 

and sea water (exhalative-sedimentary origin of Oftedahlt  1953) 

or a syngenetic 	as proposed by workers in the Rhodesian 

copperbelt (MendeiL;-Jhn, 1961) where deposits are very widespread. 
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The "relrokon type ores of japan are the most 

eleilar modern analogy to the Vallee ore deposits (inoshita l  

1929), (eummarized in Park and Macalarmid, 1964). The  

dc•Itz.; re formed in rhyolite-andesito flow and pyrocieetic 

rock aequencee of Miocene age. The do2neits are capped by 

tuff and chert and are zoned. The uppee ere zone la formed 

by layered seeelorite and galena with barite and io underlein 

by cheleopyriteexer4te ore. 6i1icified and pyritized volceeic 

breecia underlie the ore zone. The orebodies ueeelly occur 

nb A thickened rhyolitic rock seqeenee and are aeeeeiated with 

a pipe zone and magnesium metasomatism ef the walirock. The 

similarities with the Vauze deposits are striking except for 

the presence of galena and barite :L the upper ore zone. It 

is agreed that hydrothermal solutieno carried the metals but 

the method of emplacement of the Jepanese ores is believed to 

be eitner replacement of tuff and breccia or chemical precipitation. 

The. 13-2 ore deposits at the Vauze mine were 

formed by depoeition from metal-bearing solutions of hyer,:)thrmal 

origin. with partial replacement of wallrock along fracture. 

The Bel zone was formed by two proceeeez. The 	and 

breccia sulfides were formed by the mechanical aceumulatien 

of fragmnts produced by bretciation of oper-nlace 

ore Jeivait CÀU.3C Ii expiosione which simultewsly fjecttfi 

r- ev frazlentsp. V. Ae 1%yerod sulfides probRbly were 17,1red by 



chemical depl.stiln., perelaps as tac Aylrotnermal 

interactcd 	r.4.11 wAcro. 41at pr.ocessos lr set of physico- 

ehemicai C iCII.tions actually caJoid5h 	î devsit is 

the geologic evionceL L tac Vnuze oine in6icates 

deposition jring the last st ,a3 of rnyllic volcanic acti-

prL)r to. depooition of the otrerlin npuositie rocs. 

L5 'oIiV1iL p:lints summarize tnn reslts of 

t1'4c first 	 I-cof)ft s;;;IC also contain the principal 

cIncluslons rcq-a%ling t( 	 f L 	e ,Isits of the 

Vaux* Min( 

) VOIC4LiC r7).1-3 re 	lldest 11. 1.3 in 

the 	ite .4kke area. Volcanic activity in the area. beon 

vitLI oxtro.slon of andesite fIlllwed by extrusion or rhyolite 

and usually .orminated by .,,eposition of tuff ami 1flert 

with oalridcs. 

(2) At the emeiusiln If titeandesite- 

aito rft,;'onto pc:r11 	v11(nnic activity, the VaLsix nine 

wore. firmcd, 

(3) Region,a1 7Atahrpilism. alterc roost rucks 

the greenschist firs. jowevor, rahny pricL1Ty 



textures are pr€rved, ueh 	flow banding, pillow, Ln6 

broccia tvnturez. 

(4) Faulting and folding are minor in the Wai 

Lake arenifllicwed ore deposition. 

(5) The oldest intr-r:!.v rocks consist - yr 

numerous min)r Amtrusions with coitlons similar to the 

rocks which coLtain them. They are related to the volcanic 

activity which produced the extrusive rocks. Some cut the 

Vauze ore deposits. 

(6) The *metadiabase dike cuts the northern 

ore zo e at t:e mine and is the next youwest Intrusion. 

(7) Tho "flat" diorite dike cuts the *meta-

diabase4  dike and the northern and southern orebodies. 

(8) The "steep" diorite cuts the "flat" diorite 

and is tilc. youngest of the largo intrusive rocks. Only the. 

Protellic diaba2e dik a are younger in age. 

(9) Although rot iji1iy et,tmecte6)  the 

rortern. 13-2 ore on_.,!n and the southom 	ore zone are related. 

»rill- 0 the intrun of the dil,rite dAkal  ttr: tw:1 zris 

werc eonlitcd. ,'.;crir,tion wase....sod by intrctsion, and the 

con act 	link probably was removed by. or.o3in. 



(10) The occurrence of sulfide fragments of 

various coiipositiona tn e pyroclestic rterolite breccia is the 

basis to in er a pre-A-ulet andesite formation of the Vauze ore 

deposits. 

(II) The northern ore deposits were f ormed by 

hydrothermal solutions and are fractLtre-f1111,„ replv.cet:aont-

type deposits. 

(12) The southern ore deposits were formed 

by two procee3es: 	the massive sulfides and breeeif. sulfides 

were ,:,4eeqie-it131,  formed during volcanic acLivit;: 	t I roduced 

pyroclastic eoria; and (b) the layered sulfides represent 

recrystallized, chemically preeipiteted deposits, such as the 

Japanese "Kuroko" type deposits, and formed as a result of the 

rection Letwee vorotnermal solutions and marine wm4cr:7,. 

(13) The "connecting 	between the wo oro 

zones c)-Ained the evidence regarding origin of depositi)n 

ofLA, ,.:1slIe and breccia sulfides of the B-1 ore gone. The 

ditn are postulated to have been telethermal depts, 

i.e., L'ormed near surface because of the sudden release of 

pressure and lowering of te)aperature• 
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