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Geperal Statemenk

The genaesis of ore deposits of massive sulfide
type in the !»randa area and thelr relationship to intrusive
hodies have been the sublect of numerous discussions, Most
of the argunents were summarized by M.Z. Wilson (1941).
sinece that time, four additional orebodles have been founds

the bast Waite, .uemont, Vauze, and Lake Dufault deposits,

The Vauze mine, whicnh is the subject of this
study 18 8 small deposit of about 330,000 tons of ore, The
eountry rock 1s relstively undeformed and rezlonul metamore-
phisn is of low jrade, Detalled geologiesnl mapping on sur-
face and underground wes ovalleble and sufficiont ore wasg

still in place in 1l%9¢3 for the preseni study.

The first part of this report concerns a
geologle deacription of the deposits and country rock
in the immediate vieinity of the Vauze =zine and draws some
conclusions on the origin of the ore. The secomd port
econcerns gaochenistry of the country rock in the area of

the Vauze orebodles.



Locatdon and ;gcess

The Vauze mine is situated in the Horarda mining
district about 10 miles north and slightly west of the town of
Noranda, It is loeated in Dufresnoy township at latitude
LoO21IENE and lonpitude 79905Y00"W, The surface plant of
Vauze MHines Ltd. ean be reached by a secomiary road Lranch-

ing west from highway no Lo at a point 6 miles north of Noranda. /
Lovography

The level of Waite luke at 1,005 leal above
ses level is the lowest elevailon on the property. The mine
ares is surrounded by hills forxed Ly resistent rack units
with a breach in the eastsrn part. Tihe highesi point reasches
1,400 feet znd is situated south of the mine in &n ares under-
lain by andesitie voleaniec rocks. The area north of the
mine is underlain by diorite which forams a hill with an sle-
vation of abuut‘l,B?S feet. Lxcept faﬁ svamps in the naine
area, along the shores of Wailte Lake, and to the emst and
northeast of the mine, bedrock outerop is abundant forming

-y §n?

apout 258 of the surface.

distory

Before the ore deposit was discovered in 1957,

the property underwent several changes of ownersiip. In the
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mid 1940's Mr, J. W. Forrest of Toronto snd associates obtuined
claims In the area and consolidated them into one unit. In
1945, a new exploration company, Vauze Lufault Mines Lid.,
acquired control of the property which consists of 33 clalms
covering an area of 2,00 acres in ﬁufresna; townsnip, with one
adjoining elaim in Duprat township. Gaolagicél and geophyslecal
“é;é%ﬁﬁ%r@ eompleted in 19LS-hé, and 1950-52. OSeventy-seven
holes were drilled and no significant ecommerclal minersalization
was found, In Hareh 19%, an agreement wes reacned with the
Consolidated 4ine Corporation of Canada Litd., and following

& reorgenization, the name of the eompany was changed to Conso-
lidated Vauze Hines Lid, After detuiled geological study and
mapping under the direetion of tue Consolidated Zine Corporation
of Canada Ltd., drilling began in 1957, The first hole, V.77,
intersected two feet of sulfides 2t a depth of 247 feet assaying
4,9% copper, 2.7% zinec, L.7% oz, of silver per ton, and 0,03 oz,
of gold per ton. Twenty holes were drilled in this program and
a2 small massive sulflde deposit, known &s the B-l zone, was
outlined. in 1958, Grilling indlcated an additional ore zone
known a&s the ﬁ»& zone. After further detslled drllling reserves,
were estimated at 105,750 tons of ore grading C.74p copper,
+e954 z2inc, 2,20 sz, silver per ton, and 0.06% oz. gold per

ton. In Hareh 1900, shafit sinking began and subsequent under-

ground development anc exploratlion indleated ore reserves as
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followss (1) B-l Zone: 144,000 tons of ore eonteining ¢.0%
eappar,‘h.7% zine, 2.2 o2. silver per ton, and 0.054 o0z. ¢nld
per ton; (2) B=2 Zones hh,GGO tong grading 2.5 copper. on

the basis of these reserve figures, construction of a mill
began in ltay 1%1. In March of the sume year, Vauze Mines Ltd.
acquired Congonlidated Vauze Mines Ltd. and two and one-half
claims covering the wmineralized area were converted to a mining
concession (Hovember 23, 1261). In August L9¢h4, Sheridan
Geophysics Ltd. of Toronto purchased a eontrolling interest

in Vauze Mines Ltd. In the spring of 1905, Vauze Mines Ltd.
was purchased by interests in the United ﬁtatas who &=n~cnungi§;~
the name to Korth American Gas Ltd., The Vauze property is

being retained by Sheridan Geophysies Ltd.

Production began on Qetober 1, 19¢l. k. P, Graham
(19¢k), mine manager at Lhe Vauze Mine during most of the Life
of the mine, gives a full aceount of the hisbtory of nining,

shafl-sinking, and ailling operations includling cost figures.

In october 19¢3, the B-l zone was mined out and
zine productlion ceased, After LD months of production, the
mine was closed on Junuary 3l, 190%. Pinal production fipures
are shown in Table I. %he B-l zone produced about 163,000 tons
of ore whieh contained %.3% copper, 3.9% zine, 0,035 oz, of
gold pﬁruﬁan, and l.50 oz, of silver per ton., The 1«2 zone

produced about 191,000 tons of ore econtulning 1.9% copper,
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negligible zinec, 0.00d oz, gold per ton, and .20 oz. silver

per ion.

Lear

‘ol 22,301 073,683

62 109,242 3,409,285

"3 115,878 2,648,708 183,000

'l 125,965 ®

65 11,372

Total 304,753

Year Oz. Uz, 1bs. ibs.
~Au. Ag (1. “n.

"6l 751 31,048 1,962,808 LO5,202

w2 3289 160,593 9704 ,818 3,451,970

'o3 2143 37,%78 7,002,110 3,432,5.8

teh 966 15,902 34328,000 Eo

ey 101 1,384 ~ 331,55

Total 7335 297,005 22,329,292 74337,740

% Awvalting shipment of concentrates of metals to Lurope to
dotermine value for 19GL=u%

¥ 4inc production ceased st the end of October, 1903,
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M, E. Wilson's memoir (1941) on the Noranda
District, Quebec is a classical description of the area. The
Vauze Mines Ltd. property is contained within the accompanying
Waite Area Map (4554) whiech is of a scale of 1 in. to 800 ft.
Wilson describes the rock types in the area and establishes
the basis for stratigraphic nomenclature of the various rock

units,

Geological mapping was done in 1945 and 1946,
when the prﬁplrty was held by Vauze Dufault Mines Ltd. When
the property came under the control of the Consolidated Zine
Corporation, the property was remapped under the direction of
Re Co Jo Edwards. A large part of the mapping was done by C. D.
Spence in 1956, 1957, and 1956, with the aid of air photos
at a scale of 1 in. to 200 ft. His geological map of the prop-
erty 1s presented as Plate I. R, C. J. Edwards, C. D. Bpence,
and Unto Jarvi, completed most of the underground geological
mapping of the mine, Compilations of their maps are presented
as Plates I1I, III, IV, V, Vi, and VII. A good part of the
geological data presented in the first pasrt of this report is
a result of the work of these men, particularly C. D. Spence.
In addition, many of the ideas concerning origin of the ores

were proposed by them.
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The study of thin sections of the wallrock
polished sections of the ore, and the mapping at a scale of
1 in. to 10 feet of certain underground workings, are the
author's contribution to the basic data of this report.

In the field of geochemistry, several rock
analyses of rhyolite, andesite, gabbro and granite are inclu-
ded in Wilson's report. &chindler (1933) studied the Waite
area and concluded that some of the rocks were spilites because
of the high content of Na20 and the low content of Kp0. Kiddle
(1952) completed an extensive study of alteration of the wall
rock for the base metal deposits of the area. He was able to
classify various types of alteration based oa different types
of deposits.

GENERAL STATEMENT

The Vauze mine is in Precambrian terrain of the
Superior Province. The Waite Lake area (Plate I) as mapped
in detail by C. D. Spence forms the basis for a presentation
of the geology of the area around the Vauze ore deposits. This
work and that of Wilson (19%1) served to establish the local
stratigraphy which is now used by geologists of the Consoli~
dated <inc Corporation and of most mining companies in



the NHoranda area., The description of the wvarious rock types
is based on observation of these units in the field and in
diamond drill cores. Many of the outerops shown on the Waite
Lake area map were visited and the author is responsible for

the conelusions drawn from the map.
- BRUINO

Wilson, in his 1941 report, did not propose
formally a stratigraphic nomenclature for the Noranda distriect.
However, he named various rock units on Figure 1, p. 7 and
suggested correlations in his Table II, p. 25. The units
under consideration in the Waite Lake area were named by
Wilson as the Waite Hill andesite, Waite Lake rhyolite, Walte
Lake siliceous rhyolite, Amulet rhyolite, Vauze Lake rhyolite,
Vauze Creek andesite, Vauze Creek rayolite, and the Dufresnoy
diorite mass, Edwards (1900) proposed a slightly different
nomenclature based on additional subsurface information
(Teble II). 1In Wilson's report (1941, Table 1I, p. 25),
the Amulet rhyolite was considered one unit, but the Waite
iills-Amulet iills-Vauze CUreei-Powell-Pontiac andesites
were consldered a single unit when thickness was calculated.
The Vauze Creek-Waite Lake rhyolite are treated as correlative,
but the Vauze Lake and Waite Lake siliceous rhyolites are
considered separately. Diamond drill hole information shows
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that the unit which was called by Wilson the Weite Lake sili-
ceous rhyolite continues in subsurface much further to the south,
at least as far as the former Last Walte ore body. The andesite
which occurs above the Walte Luke slliceous rhyolite is a
separate unit from thaet which occurs telow, Idwards suggests,
first of all, that the Waite Lake rhyolite and Waite Lake

- slliceous rhyolite be grouped and considered as part of the

same perlod of rayolitle voleanic activity §§$%hatvthis unit

be called the Walte rhyolite. In addition, the andesite that
oceurs above the Waite rhyolite is correlative to at least the
upper part of the andesite In the Amulet area and therofore,

f$he suggests that shis andasite be named the Amulet andesite,

The andesite which occurs below the Waite rhyolite is then

ealled the Walte andeslte. On surfeace, the stratigruphie
sequence outlined by Idwards is well established in the Waite
Lake area west of the lurge l-S diorite dike. Since correlations
to the north of the Vauze mine and east of the diorite dike

are uncertain, the nbmnuclature established by Wilson 1is retained.
Lo the south of the surface pinchout of the Waite rhyolite, it

is difficult, if not impossible, to distinguish between the

Amulet and Yaite andesites.



Lowver
Precambrian
(Archean)

Wilson (1941)
Walte Hills andesite
Waite lLoke Siliceous
Rhyolite
Waite Lake Rhyolite
Walte Hills andesite

Amulet Rhyolite

Bdwards (1960)

Amulet andesite

Waite Rhvolite MINE
SERIES

Waite Andesite
Amulet Rhyolite
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Edwards points out that many, and perhaps all
the orebodies in the Noranda district are found within these
four stratigraphic units and therefore has called this series

of volcanic units the "Mine Series®.

The following discussion of the voleanic rocks
deals with the "Mine Series™ as proposed by Edwards (Table III).
On the basis of a detalled examination of diamond drill hole
number V-77 (Consolidated Vauze Mines Ltd.,) & further subdi-
vision of the Waite rhyeclite has been made. Diamond drill hLole
V-77 was collared in diorite, penetrated about 110 feet of
Amulet andesite, the entire Walte rhyolite and Walte andesite,
and the upper 200 feet of the Amulet rhyolite. It was drilled
to a depth of over 3,000 feet.



CENOZOIC Uneonsnlidated Gla elal and post-glacial
scd lnents depnsits
PLUTEROLOIC Intrusive rocks Diabase dikes
“Steep™ (Dufresnoy) dlorite
"Flat! dlorite
Intrusive rocks Apetadiabase¥ dikes
Minor intrusive rocks
(various ages)
ARCHEAN

Voleanic rocks

Amulet andesite
Waite rhyolite

Vauze Mine Breccia

Upper mombey

Lower member
iransitional dacite
Waite andesite

Amulet rhyolite
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YOLCARIC ROCKS - "MINE SERIES"

Amplet rhvolite

The basal unit of the "Mine Series" is not
exposed in the Waite Lake area and only about the upper 200
feet is penetrated by D.D.H. no, V-77. It was not studled as
thoroughly as the other units. In general, the Amulet rhyolite
is texturally more diverse than the Waite rhyolite. An outcrop
southwest of Waite Lalke near Iune creek shows a 200-feet thick
section that may be of‘pyraclastie 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 gray® witih a bluish tinge on fresh surface, and it
veathers to light bluish gray to pale blue-green., This unit
is parallel to the upper units, striking about north-south
and dipping about 30°9E,

Waite andesits

The entire Waite andesite transected by D.D.H.
No., V=77 produced 1,510 feet of core. Assuming a dip of 40O,
this represents a true thickness of about 970 feet. In the
Walte Lake area, this ro¢ik unit outcrops nortiwest of Waite

Lake., The attitude and shape of pillows indicate a strike
of F150W to N209E and dips of 15° to 4O®PE. The andesite is

% All color descriptions are taken from the Geological Society
of America's rock color chart.
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usually light greenish gray to greenish gray, and weathers
yellowish gray to grayish orange. The unit is remarkably
uniform in texture and composition, Pillows are well dove-
loped and commonly contain radial amygdules. Flow-top breccias,
amypdules filled with quartz and epidote, are common tex-
tures, and massive andesite unite and a few thin tuff units
are lnterbedded with pillowed units, The pillowed units are
most abundant in emremﬂampléa. From thin section exauination,
the ma jor constituenis are quartz, chlorite, epidote, pla-
gloclase (probably alblte), and sctinolite. Hinor consti-
tuents usually are pyroxene or uralite, calcite, rutile, and
leucoxene with traces of 1lmenite. The zralu size is ususlly
very fine, less than (.0l mm, Reliet plagioclase laths are
fine grained also measuring about 0.03 by C.01 mm. Quartz
and epidote in amygdules are coarser grained., The contact
between the Amulet rhyolite and the Walte andesite is marked
by & thin bedded fine tuff that contains pyrite along bedding

planes.
iransitional Daeotlc Hock Undi
Detween the Walte andesite and the stratigraphi-

cally upper Waite rhyolite in D,D.H., No. V=77, 75 feet of core

(approximete true thickness of 50 feet) consist of a medium-
dark gray to moderate red, hard, and characteristically flow
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brecclated rock. The matrix is darker colored than the
fragments. In subsurface, this unit is ecorrelated o that
portion of the Walte rhyolite mapped by dpence as ribbon breceis

south of wWaite lLake and wesi of Lhe northeasterly trending fault.,

SLE Tl g

;o Luarge, lisht to medium gray,

The surface outerops are
rounded, .-rhyolitie fraguents up to several feet in dismetey
ageur in a dﬁr&@r preen flow-laminsted matrix that contains
quartz-filled circular spheres up to 1 20t in diameter, Gome
spheres have cavities in the center lined with quartz corystalsy

others have silice concentrically layered like agate.

Ihin sectlon studles of core samples from this
anii show plaglmclase‘phﬂnwarysta in a fine-grained, mesh-work
of relict plagloclase laths. The grain size of the matrix is
less than 04,09 mn. andg the phenocrysts are up to U.9 mm. in
length. & few partially altered phenocrysts are sodic oligo~
clase (Anyy). Mujor constituents are plagioclase, epidote,
and chlorite with ainor clear mica, actinolite, and opeque
minerals. Traces of rutile, illmenite, sphene, and carbonate

oecur.

The textures of thia rock resemble that of the
andesites rataer than that of the rhyolites. The sodic content

of the plagioclase indicates a dacitic compnsition.
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Aaca b

IThe contact between the transitional and the
Welte andesite or the upper Waite rhyolite is not sharp and

is not marked by a tuffaceous unit,
dalte rhvolite

The rocks of this unit, which underlies the
are deposits outerop mainly south of Waite Lake in the south-
vest corner of the Waite Luke area (Plate I). The rhyolite
that oulcrops east of the K-E diorite dike in the southern
half of the mup is eonsidered eorrelative to the Waite rhyo-
lite in the Vauze mine area, In general, the unit strikes
N209 to 30%E und dips about 3098L. %he initial study of the
rock unit in D.D.i. lin, V=77 indicated b members. Oubsequent
thln section studies showed tnaﬁ the original lower member,
whieh is considered corrolative to Wilson's Walte Lake rhiyo-
lite, 1is sufficliently different to constitute & separate unit.
The Walte rhyslite hus, therefore three meubers separated

mainly by tdgﬁurﬁl features,

Lower Hember. The lower member of the Waite rhyolite is tne
thickest member. 1t is exposed in 379 feet of core from bL.D.H.
No. V=77. Assuming a dip of 402 this represents & true thickness
of about 240 feet., The lower member is typically a medium to
light gray, mussive, {linty rock. It contains & few thin beds
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(less than 10 feet) of moderate red, flow-banded ruyolite.

Ho attempte were made to subdivide surface sxposures of the
Waite rhyolite into lower und upper member but, in general,

the osuterops seem Lo he more represencetive of the lower member.
They consist of light-gray, massive and flinty rock and, in
places, »f spherulitic (?) or flowebrecclated siliceous rock.
The thin section photograph of Plate P-k, althaugh Lyplecal of
many rayolitie rocks, is nmore rayfesanuﬂtiva of the lower
meaber. This flinty roeck 1s formed by an interlocking, very
fine-grained mixture of quartz and albite with asinor scattered
grains of calcite, magnetite, chlorite, clear mica, and epidote.
Grain boundaries are irregular and serrated. Coarser-grained
areas of quartz may represent e remnant scoriaceous texture,

& mixed scorliaceousg—spherulltic texture is represented in
Plate -5,

Upper rember. The upper member of the Weaite rhyolite as
observed in U.D.H. No, V=77 characteristically is a pink,
flow-banded rhyolite. The 225 feet of core represent an
approximate true thickness of 1h¥ feet. This nmember 1is well
exposed in underground woriings, particularly on the Lth level
(Plate V). In the mine ares, it has a moderate red to mederate
readish brown eolor. Yhe reddish coloured rhyolite was not

seen in outerops of the Walte rayolite which 18 usually medium
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to medium-dark grey and weathers to a« lighter shade of gray.
The flow bands are highly contorted and of variable thickness
averaging about % to 10 mm. Thin sections of the rhyolite show
& very fine-~grained mixture of quariz and albite with minor
amounts of carbonate, serilcite, chlorite, magnetite, and very
fine-grained hematite dust inclusions (Plate P-k), The band-
ing is formed by concentrations of dark minerals - mainly
chlorite and oarbonuta'~ along sub-parallel curved surfaces,
The specimens contaln here and there & reliet phenoscryst of

plagioeclase up to 2 mnm, in length,

lenber. Tlidis member 18 not exposed on
surface but ls found in underground exposures (plates III and
IV) and in diamond drill holes. It is an ilmportant member
because 1t is restricted to the ares underlying the ore
deposits of ﬁhe‘V&uza mine. HNdwards and Spence (oral communi-
cation) have indicated that the Waite rhyolite thickens in the
vieinity not only of the Vauze deposits, but also of oitter deposits
in the loranda distriet, The thickening in the Vauze mine area
is due in large part %o the presence of th& Vauze mine breceic
which attalins & maximum thickness of about 1/0 feet. The ore
deposits occur &t the stratigraphic top of the unit. %The Vauze
mine breccia 1is formed of subrounded to angular fragments that

are up to several feel across. The large fragments locally



are sbundant but the average slze is about 23 in, in diame
eter (Plate P-9), The roek 1s usually light to medium gray

and the fragments ere lighter-gray than the matrix, In places,
as shown on Plate P~9, the fragments were slcked up from pre-
existing rhyolite flows and ineorparated into the pyroelastie
breceia. A portion of the breceia contsins sulfide fragments
and will be diseussed under the sectiion of thls report dealing
with the ore deposits. At the top of the breceia, interbedded
fine to couarse tuff and enert commonly oceur. In an outerop,
near coordinates 195,000 I and 3,000 & (Plate 1), the interbedded
tuff and chert unit is exposed., The unit which may be the
stratigraphic equivalent of the Vauze Mine brecein 1s about

one fool thiek and has Individual beds less than % mm, thiek.
Pyrite, pyrraotite and a {race of chaleopyrite are concentrated

along bedding planes.

Thin section studlies of the matrix of the breccia
indicate & pyroclasilie origin (Plate P=2)}. The rock 1s composed
of shard-like fragments in a siliceous matrix. waertz, spidote,
and caleite are major constituents with minor amount »f seri-
cite, chlorite, and ore minerals. DPlate =3 is a photomicrograph
of the tuff that occurs at the contact. There is a strong
similarity between the textures in the tuff sample and the
breccia. The fragments are very sharp and long. Only the
larger fragmentsl(ﬂlate P=g) 3haﬁ any rounding. There is no
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apperent orientation of fragments and the matrix is foramed
by recrystallized silica. The matrix or cement most 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,

The upper unit of the "Mine Series", the Amulet
andesite, outerops south of Walte Lake on both sides of the
large dlorite dike (Plate I). The attitude of pillows and
several internal flow contacts indicate a strike of N10° to
309E and a dip of 20 to QO 8E. The unit 1s formed by a series
of interbedded plllowed lavas and massive flows, with some
flow top breccias and tuffs, The rock is greenishegray to
medium-gray and weathers, like most andesites 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 fedt) is a
medium to light gray, aphanitie rock with quartz and chlorite
amygdules., The 35 feet of andesite above the Waite rhyolite-

Amulet andesite contact 1is medium to light gray, massive, and
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contains, in places, feldspar phenocrysts that are up to

L4 mm, long. If a 40© dip is assumed, the true thickness of
this member 1is 22 feet, It is exposed in underground workings
on the 3rd level (Plate IV) and was observed in surface expo-
sures but its continuity 1s not esteblished. On surface and
on the 3rd 1eve1,'this mambcf is 15 to 20 feet thick and 1is
capped by a layer of interbedded tuff and chert up to one

foot thick. In a surface exposure near coordinates 21,000 N
and 4,000 E (Plate I), it is pillowed, and the interpillow
material is heavily mineralized with pyrite and pyrrhotite.

Portions of the andesite are "dioritized", as
a result of contact metamorphie arrecta along large diorite
dikes, HNear the diorite-andesite contact, fractures and
faults cut the andesite, The andesite becomes progressively
goarser-grained as the fault or fracture plane is approached.
This indicates that solutlons and heat derived from the
diorite can chuange an andesite to a dlorite-looking rock.
Dioritization of andesite can be pervasive, changing an
sntife andeslte section into diorite, and can extend up to
several tents of feet into the intruded rock. 0nly remmant
voleanice textures, such as pillows, can be used to distingulsh
between the two roek types. Andesite is moat easily dioritized
but "dloritized" rhyolite was seen on the 4th level of the mine
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in the L=229 south cross-cut. The Amulet andesite ls estimated
to be 207 dioritized for the first 1W0 feet of core., There
are indicatlons that this seciion is pillowed.

Thin section studies of the Amulet andesite
generally show unifore textures and mineralogy and very little
apparent chenge in coampositlon. Amygdules as large as 10 mm.
are generally filled with quartz, but a few are filled with
chlorite or epidote, Although most of the original minerals
have been aliered by low grade regional metamorphism, textures
usually are well preserved, The amulet andesite 1s holoerys-
talline, fine-grainod (less than L mm,;, and porphyritic.
Remnent plagioclase phenocrysts are up to & wum. in size. The
grailn size of ithe plagloclase ghosts in the matrix is only
about ‘bs'by,.ﬁl ma. (Plate =1}, The rocks are composed of
a very flne-grained ailxture of aatinolita, ehlorite, and quarts
with mipor albite and epldote. 4 few tuin sections eontaln
omly partially altered plagiaeléae. The unaltered plagioclase
is usually sodic andesine (én32). Thne plaginclase laths usually
are allsned in one direction along flow lineatlons, but not in
the basal unit of the Amulet andesite (Plate P=7), The rock
contains enough modal quartz (18%) to be called a dacite.

HMaeh of the quaiﬁz is contained 1In amygdules and it is difficult
to> ascertain whether the quartz is primary or secondary. Hiddell

(1952) was confronted with the same problem and, on the basis
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of chemieal analysis and section studies, concluded that most

of the quartz was derived from the alteration of primary minerals.

In the vicinity of the ore deposits, the over-

ying andesite commonly 1s bleached over a thickness of less
than 3 inches. A bleached andesite zone also occurs above the
tuff-chert bed which caps the basal unit of the Amulet andesite.
The bleached andesite, as seen in thin section, 18 a very fine-
grained mixture of quartz, carbonate, chlorite, and sericite
with minor amount of pyrite, actinolite, plaginclase (probably
albite) and epidote.

Wilson in his Table of formation (19%1, p. 6)
lists seventeen different ages of intrusives. There are more
than seventeen rock types if variatlons within age groupings
are considered. In the Waite Lake area, Spence (Plate I)
subdivides the intrusive rocks into four classess (1) minor
intrusives and veins, (2) diorite, (3) meta-diambase and (4)
diabase. The rocks considered here are the main intruslons
in the area and those wiich directly affect the ore deposiis
at the Vauze mine. The only major intrusion that does not
accur in the immediate vieinity of the Vauze mine is the
Proterozolc N-8 trending diabase dike,
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Campbell (1962) has outlined the relative ages
of intrusion in the Horanda district. The voleanic rocks were
intruded first by diorite, then by granite and finally by
diabase. e gives the ege of intrusion of the diabase dikes
as 1,740 million years and that of the diorite dikez as about
2,400 million years. In the Vauze mine area, the intrusive
sequence (Table III) is in agreement with both Wilson and
Campbell. The Proterozole diabsse dike intrusion was preceeded
by diorite intrusion of two ages. The large N-5 trending
diorite mass, ecalled by Wilson, the Dufresnoy dlorite mass,
is the youngest and is locally called the "Steep" diorite
from its attitude. The "Flat" diorite has irregular con-
tacts but, except at a few places, the dip is very low.

The metadiabase dilkes in the mine viecinity are older than
diorite intrusion. The oldest intrusive rocks are those

directly related to the deposition of voleanic rocks.

Mipor Intrusives

Numerous minor intrusives rocks of diverse
composition oceur in most rock types in the Wulte Lake area,
Several of these, noted on the 4th level (Plate V), have the
texture and composition of diorite and are probably associated
with the "Gteep" diorite., Iwo 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 chalecopyrite 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 mineral pos-
sibly with some very fine-grained plagloclase. Chlorite is
common with minor disseminated pyrite cubes which are more
abundant 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 oceurs in the crosscutting
fault zones contains a minor guantity of small (less than 0,01
mm.) blebs of pyrrhotite whereas the chalcopyrite that oeccurs
in the ore zone usually contains abundant pyrrhotite and a
minor quantity of sphalerite. The chalecopyrite 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.

Hetadiabage

Intrusive rocks that are darker colored and
finer-grained than diorite but coarser-grained than andesites,
with abundant magascopie laths of plagioclase, are called
diabase 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-
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ness of about 225 feet. Where the dike cuts the ore deposit,
it is about 150-200 feet thick. A4ltered rhyolite xenoliths of
the vullrbcx were observed on the 5th level. On fresh surface,
the metadiabase is medium dark gray to dark greenish gray

and fine greined. In thin section the rock 1s seen to be
compnsed of a non-oriented meshwork of altered plagioclase
laths in a dark very fine-grained matrix. Clear euhedral grains
of qu&rté are common and probably represent quartz deposited

at low temperatures, The average length of the reliet plagio-
clase laths 1s about O.% mm. The major components are epidote
and actinolite (in places andesine (Anyy)) with minor amount

of quartz, chlorite, uralite and clear mica, Aeccessory minerals
are pyrite, ilmenite, leucoxene after sphene, apatite and
zircon. Calecite may be present in minor quantities - up to

10% by volume, There are no major variations between the
metadiabase dike that occurs in the viecinity of the ore
deposits and that which occurs in an area 500 feet away from
the deposits. The dike rock near the ore deposit contains an
estimated 2% more quartz and 4% more chlorite and also more
uralite and unaltered plagloclase. £uch variations are common
in intrusive rocks and connot be attributed to alteration

by hydrothermal solutions. Adjacent to the metadiabase dike,

a rock composed of over 79% chlorite and fine-grained, highly
birefringent clear mica represents altered rhyolite from the
lower and upper members of the Waite rhyolite. Solutions which
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80 greatly altered the rhyolite certainly would have altiered

the #metadiebase® dlke to a much greater extent.

It is econcluded that the "metadiabasge™ dike,
whieh 1s altered by regional metamorphism, 1s cut by the
"lat" diorite, and contains xenoliths of chloritized and

sericitized linlic rivnlite, iz posteore,

HL] "

The "I'lag" diorite is the older of the two major
dlorite dikes., The relative age relationship was esteblished
on the basis of information provided by cores from & series
of holes drilled in the vicinity of 23,000 N and 5,000 L
(Plate 1). The distribotion patiern of the mass in the Waite
Lake area 1s irregular but it has an esstewest trending long
axls. The general attitude of the "Flat" diorite mass 1s
horizontal with an irregular base. Locully, the dip of the
contact 1s as high as 809, but, in general, it varics fronm
200 to L5O,

Thin sectilons show that the "Plat" diorite is
more highly altered than the "Steep" diorite. Teldspars are
altered with few exceptlons to epidote. ¢riginal terxtures
are well-preserved, but original minerals are altered, Thin
sections taken from fine-grained, flow-banded diorite in the
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chilled margin zone contain unaltered feldspar (andesine
(An3y)). In general, the major constituents are epidote

and uralite, and, in places, plagloclase. The minor compo-
nents are chlorite, actinolite, guartz and chlorite with cal-
cite, zireon, magnetit§ and leucoxene 88 common accessory

minerals.
tSteep® Diorite

The yonngolt‘dierito mass 1s the "Steep®
diorite. It is a N-B trending dike, about 2,000 feet thick,
that dips B80-89 E. From evidence of surface exposures and
drill cores, the "Steep" dlorite is formed by a minimum of
three intrusions of similar composition. Internal chilled
margins are common. The footwall contact ia marked by a fault
zone which varies from a few inches to tens of feet in wildth
and contains abundant disseminated cubes of pyrite, in addi-
tion to traces of chalecopyrite. In the 4-229 south crosscut
(Plate V) the fault zone is about 15 feet wide. Jarvi (oral
communication) reports that massive sulfides were cut by the
"Steep" diorite in & raise betweecn the 3rd and 4th level,
Studies of intrusive contacts in diamond drill cores in the
vicinity of the Vauze mine indicate that the "Steep" diorite
intruded the "Flat" diorite,
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Megascopically, the unit is a medium to dark
greenish gray, medium to coarse~grained rock on fresh surface.
On weathered surface, the rock is a greenish gray to light
brownish gray. In thin section (Plate P-8) the rock is holo-
erystalline, medium=grained hypidiomorphiec-granular with pla-
gioclase (Angp.s5) end uralite as the most common constituents.
Alteration has been almost pervasive., Plagloclase relicts up
to about 30 wmm, long are well preserved but the mineral hus
been altered mainly to eplidste. Quartz, chlorite, and sericite
are minor constituents. Actinolite commonly is a major con-
stituent, Magnetite, ilmenite, apatite and sphene are typlecal
accessory minerals. Alteration of minerals, particularly
feldspar, is less pronounced in the finer-grained varieties
which oeccur near contacta.ahd form part of the chilled margins
of the intrusive rock, There are variations within the intru-
sive. Bomg thin sections indicate that the rock is a gabbro
in composition. The rock could be classified as a quartz
gabbro or quarts diorite in some quartz-rich facies. The

distribution of the various facies is hot known.

Riabase Dikes

The diabase dike in the Waite Lake area is
part of the MecDougall dike (Wilson 1941, p. 46). Its
width is from 20 to 50 feet and its attitude is near vertical.
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The en échelon attitude of the dike is postulated on the
basls of geophysical data.

Wilson describes the dikes as followss

"All of the later diabase dikes are more or
less brown coloured owing 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
faintly speckled appearance. It consists chiefly of elongated
to rectangular crystals of acid labradorite, augite filling
the interspaces between the labradorite crystals and magnetite.
In some thin sections, quartz, chiefly in micropegmatitic inter-
growths with a feldspar of much lower refractive index, is
present. In others quartz is entirely absent, The less
common constituents are apatite, green amphibole, sericite
and epidote, the amphibole being an alteration product from
the augite and the epidote and sericite from the feldspar.”

SIRUCTURE

In the Wailte Lake area (Plate I), the volecanic
formatilons, have & general north-south strike and dip about

309%E, This probably is close to the attitude of the flows at
LAty (R § e irf-'-.‘rt: {

the time of deposition. HMajor folds are-absent with on exeep--
-tion. @&n oast-west trending axis of a broad, open anticline is
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&a@iﬁ&%gd Just north of Waite Leke &nd west of the "Steep"
diorite., Minor drag folds are assoclated with faults. The
attitude of the contaet between the Waite rhyolite and the
Amulet andeslite sharply changes in the vieinity of the Vauze
ore deposits. ©South of Waite Lake and south of the "Flat®
diorite cover, the contact strikes about N.209E., and dips
about 30°F. The change in attitude is caused by a thickening
of the Walte 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 Waite
Lake area. Several minor faults that trend northeast-southwest
are postulated in the southwest corner of the map (Plate I).
Wilson (19%1, p.S51) infers a major eastewest 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 "Steep" diorite., Correlations are
obscure in this area but subsurface information does not seem
to indicate a major fault west of the "Eteep" diorite. The
voleanie formations are continuous being interrupted only by
diorite intrusion. The Waite andesite-Waite rhyolite contaect
can be traced north of Waite Lake. A fault is possible east

of the "Bteep® diorite where correlations are difficult to
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establish and the attitude changes from a general northeast-
southwest strike south of coordinate 23,500 N to a general

northwest-southeast strike north of the 23,500 N coordinate,

Three minor faults are important in the Vauze
mine area. Two faults cut one of the Vauze orebodies and are
well exposed on the 1lst level (Plate II). The fault to the
east of coordinate 5,200 E and south of coordinate 22,600 N
is a high engle reverse fault with right-hand strike slip of
50 feet., It strikes I 409 and dips 70°E., The net slip is
not known. The second fault, west of the first one, is a
low angle, dip-slip, thrust fault. The net slip is about
47 feet., The fault plane curves from N 500W to § 709 and
dips about 25N, The ore deposits are drag folded by both
faults which cut the "Flat" diorite. Neither fault can be
traced for more than a few hundred feet. The third minor
fault is a bedding plane fault. It occurs at the upper
contact of the ore deposit and Amulet andesite, or where the
ore is absent, at the Waite rhyolite-Amulet andesite contact.
About 75¢ of all drill core that penetrated this contact
and all underground exposures of the contact show evidence
of faulting. It is a high to low angle, bedding, dip-slip,
reverse fault. In the viecinity of the mine it strikes N 809E
and dips 30° to 6098, The fault zone is less than an inch
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to about 8 feet wide (Plate X). Horses of sulfides and
andesite are common., The hanging-wall fault plane, which

is the base of the Amulet andesite, formed the upper limit

of mining and was well exposed. On this surface numerous
slickensides and grooves indicate dip-slip movement. The

faet that the bedding fault is cut by the two faults discussed
above indicates that the bedding fault 1s the early fault.

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

The Vauze mine was developed to exploit two zones
of sulfide accumulation. The geology of each zone is distinct
yet the two deposits may have been connected prior to the in-
trusion of diorite. The southern zone, called the B-l zone or
orebody, was composed generally of massive sulfides located
just below the contact between the Waite rhyolite and the
Amulet andesite., Portions of the Vauze mine breccis member
of the Waite rhyolite form part of this ore zone. Major sulfide
accumulations do not oscecur in Lhe amulet andesite. The northern
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-1l zone produced 163,000 tons of
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ore that averaged 5.5% copper and C.4 zine, The -2 zone

produced 191,000 tons of ore thaet averaged 2.5 copper.
HINERALOGY
Zyrite

Pyrite and chaleoprrite sre the most abundant
sulfides in the Vauze orebodies. Pyrite tends to be concen=-
trated in zones of uniform crystallinity and grain size. Within
different zones, the grain size of pyrite varies from about 0,02
to £ mm. HMost gralns are ocuhedral cubes orvyyritanéérans.

There are two generatlons of pyrite. The early pyrite, which
is the most abundant; is well broken and fractured and has been
replaced mainly by silica, Chlorite, quartsz, amd sphalerite
with minor chalcopyrite occur in fractures within the early
pyrite grains, Crystal outlines of early pyrite are in places
diffieult to discern. The later stage pyrite occurs in minor
amounts throughmut the ore zone as isolated cubeg with rounded
corners. The grain size is almost uniformly about 0.1 mm,

Very minor fracturing has taken place, and no infilling was

noted.

Ghaleopyrite

Chaleopyrite is scuttered throughout the ore
zone in &ll types of ore, and has been observed as vein filling
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in faults. It is most abundant in the massive sulfide zone.
Cheleopyrite is intersiitlsl between chlorite, quartz, pyrrho-
tite and sphmlerite prains. Smell (less than 0.01 mm.) blebs

of ehaleopyrite occur in most sphalerito grain. The texture

of most sphalerite-chalcopyrite is ldentieal to the textures
shown by lawley (1962, p. 140, fig. 63) and by Bastin (1960,

p. 95, fig. ¥)., DBastin calls the texture a replacement of
sphailerite Ly chaleopyrite along twinning directiona and
cleavage. Hawley suggests tiwmi the texture is the result of
replacement of chaleopyrite by sphalerite and lmplies that the
chaleopyrite blebs are remnants. In tue pallahéu specimens from
the Vauze ore bodies one can note that the grain size of chaleoe
pyrite is variable, It may reach £ mm,., and 1s dependant on

the slze of the available interstitial spuce: small grains

oecur in smell spaces, coarse grains are found in large spaces.
The faet that the size of the opening appears to control the
grain slze lndieates thut chaleopyrite was omplaced after the
otuer minerals. llogt chaleopyrite gralns exiiblt twinning.
Large pyrriwtite gralns are abundent in ehalcopyrite but small
ﬁaxsmlutian" blebs of pyrrhotite in chaleopyrite are rure,

This indlcates temperaturcs of depositlon below 250% (Lovering,
1953). 1In the northern are zone, chalcopyrite oceurs in frace
tures and disseminetlions In chlorite. Omall (less than 0.05 mm.)

sphalerite inclusilons are common but pyrrhotite is absent.
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After pyrite and chalcopyrite, the nexi most
abundant sulfide is pyrrhotite. Except for rare small (less
than 0,01 mm.) blebs in chaleopyrite, pyrrhotite occurs in
diseretc crystals or :roups of erystals up to 0,5 mm. but
averaging about 0.1 =mm, in diameter. The pyrrhotite grains
commonly exhibit euhedral hexagonal ﬂutlinaa with sharp crystal
boundaries, The margins of clusters of pyrrhotite erystals
are smooth and curved. OGome pyrrhotlte clusters are concen-
trated and form indistinet layers in massive sulfides. Pyrrho-
tite rarely sceurs suiside the massive sulfide zone and almost
invariably 1s assoclated with chaleopyrite. Some sphalerite
grains are in contact with pyrrhotite but only two prains of
sphalerite were observed with pyrrhotite inclusions in sphal-
erite. ﬁfrrhotite ls absent in zones »f abundant pyrite,

Subelerite

Two generations of sphalerite are present, The
early sphalerite occurs In Irregular masses of variasble grain
slze, from less than 0,01 ma, up to 2 mn, and eontains abundant
blebs of chaleopyrite. The later ayhaierite seceurs in velng
and fault breeclas and is free of chaleopyrite ineclusions.

This suggests temperatures of formation below 350°C. (Loveriug,
1958), Small (less than 0.0L mm.) erystals of sphalerite commonly
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are associated with chlorite-quartz rich layers. ©OSphalerite
grains averaging about 0.5 am, with curved irregular boundaries
are found in chalecopyrite-pyrrhotite rich zones in the orebodies.
Early sphalerite is most abundant and most plentiful in layered
pyrite and quartze-chlorite zones. Some layers of almost pure
early sphalerite, reach a thickness of 50 mm., but the average
thickness 1s 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 margins of wvugs
or pores, the centers of which are filled with chalecopyrite
containing small (0,09 - 0.10 mm.) sphalerite inclusions. The
sphalerite in the northern ore zone contains blebs of chaleo=-

pyrite as described above.

Hagpetlte

Magnetite occurs in abundance in two zones. In
the southern massive sulflde ore zone, magnetite occurs only
above the 2nd level (Plate VIII). In the area of the lst level,
magnetite 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
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to ¢ inches in diameter near the second level, bLut increase
in size toward surface, It is assoclated with a small smount
of quartz and chlorite grains and inelusions, Chalcopyrite,
in minor quantities, is inlerstitial in magnetite-rich zones.
This chaleopyrite is similar to that which ocecurs throughout

the orebody.

In the northern zone, the magnetite is disse-
minated and accurs with cnalcopyrite and bornite in chlorite
zones, It 1s coarsere-grained than in the southern zone, aver-
aging O0.% mm. in dlameter. The grains are partially replaced
by quartz and chlorite, snd minor chalcopyrite occurs in frace

tures that cul the gzrains,
Eornlte

_ Dornite was noted only in the nortiiern ore zone
and above the bth level (550 feet). It 1s most abundant on the
3rd level near the southernmost extension of the ore zone
(Plate IV) and near the diorite contact., It 1s a minor ocecur-
rence and was not noted elsewhere in the ore deposits. Bornite
grain slze 1s variable from suall exsolution blebs of less than
0.01 mm, to irregular grains of avout 1 mm, with curved boundaries,.
Bornite oceurs with chaleopyrite and in the same general zone
as magnetite but on a miarasanpie scule, magnetite ygrains are

not closely assoclated with bornite.
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Linnasite (Coss,)

Stumpfl and Clark (1964) found a copper-rich
iinnaeite in samples from the Vauze mine. In addition, they
report the natural occurrence of Coglg in the same samples.

One polished specimen from 475 crown pillar (Plate X, VX 7% B)

contained a very small (less than 0,01 mm.) grain of linnaeite.
Hon-Hetallic Minerals

Quartz and chlorite are abundant constituent
minerals in all ore zones., Juartz grains are subhedral and fine
grained from less than 0.0l mm. to about 0,3 mm., Most of the
eoarser grains are clear with good crystal outlines suggesting
low temperature formation. The filne-grained quartz also is
clear but has irregular boundaries. Chlorite is auhndral in
well~developed blades. It is disseminated throughout the ore
zones but is more abundant in the northern zone. The blades
are about 0.2 mm. long but in the northern zone they reach

up to 3=k mm, long.

Caleite is a minor constituent end usually
is restricted to fault zones. Isolated calcite patches in

the ore zone probably represent fault zZones.



The B-1 ore body is located 350 feet southeast
of the southwest corner of Waite Lake (Plate I). This ore
Zone is composed of two separate ore bodles, both of whieh
almost are identical except in size (Plate XI). The small
orebod; is known as the "Hast Lens" and the large orebody is
the "Main Lens", Very little dats was available from the east
lens because it almost was completely mined out when tois study
began., It produced about 14,000 tons of ore that conta ined
about 3.5 copper and 2,55 zine. The deseription of the Bl
orebody concerns the main lens. It is a tabular body thut
tapera to a point, from surface Lo & depth of 530 feet (Flate XI),
Ihe maximum strike length of the body 1s about 430 feet and
its length down dip 135 about 750 feet. The thickness af the
ore deposits in the zone varies from about 1 foot to 20 feet
for an average of apprmximé%iy‘7 feet. The thickest sections
of ore oceur close to the eastern margin of the main lens above

the 3rd level amd below the lst level,

The B=l orebodies sre located immediately below
the Walte rhyolite-Amulet andesite contact, in the Vauze wuine
breccia member of the Wailte riyolite. The tuff beds that ocour
at the econtact also eontain sulfides and form part of this ore

LONE,
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The three important faults that are found in
the vieinity of the =1 orebody have been discussed above.
In addition, numerous small faulls were mappedy Fnich have
no readily discernible pattern, ©Small faults (Plate X) cun
be traced for several feet into the sulfides of the ore zone
owlng to caleile filling along the fault., Host of them dissipate
in the sulflide zone, Displacenent, where ais¢orniblﬁ;”5mull,
usually less than one foot, A fault along the footwall of the
orebody is not as persistent as the hangingewall fault nor as
well defined. Like the hanging-wall fault, it iz a high to
low angle, bedding, dip-slip, reverse fault. The amount of net

slip is unknown,

A small fault was noted in the 3075 erown pillar
in the footwall at an anple to the attitude of the deposits
and its extenslon could be seen in the hangingwall ecountry rock.
The only evidence of faulting in the sulfides was displacement
of bedded or layered sulfldes for a minimum horizontal distance

of 1 foot. The fault plane was not eviuent in the sulfide zone.

The fault zone associated with the small faults
iz usually less than an ineh thiek and commonly contuins caleite,
quertz and minor pyrite. Epldote and minor chlorite were noted

on the wallrnek of several fuults.
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Detalled mapping of severul sections of the mailn
lens at & scale of 10 fert to 1 in (Flates VII, IX, and X)
revealed various types of sulfides and the genersl pattern
of their distribution. The sulfildes types were mapped on the
basés of differences in structure end texture but is was noted
that the differcnees in texture reflected differences in uin-
eralogy. Three general types of sullldes were recognizeds
1) 2
foot of the ore zone and are composed mainly of pyrite and
sphaleritey (2) “"Magsive Sulfides"” which usually form the
remainder of the ore zone and are composed primarily of chalco-
pyrite, pyrrhotite and pyrites and (3) “"Breccis iulfides"
which are the stratigraphic equivalent of the mussive sulfides

g" which occur roughly in the upper one

and are composed of fragments of chaleopyrite, pyrraotite,

sphalerite, snd/or pyrite in a mutrix of Vauze mine breceils,

Layered sulfldes occur just Lelow the upper
contact of the ore deposits with the Amulet andesite, Since
the contaet 1s faulted, they are just below the fault but at
two locations, the layered sulfides were seen in contaet with
Amulet andesite without faulting. One location was above the

Jréd level about 15 feet above station 116 and the other was in
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the 4=75 crown pillar about L0 feet east of the L~-¢95 raise.

At these pluces, the andesite was silicified and aiightly
bleached and was underlain by a unit of about b to ¢ inches of
interbedded fine tuff and chert with a =minor amount of inter-
bedded pyrite. The individusl beds vary in thickness from

0.5 to 15 mm, with an estimeted averuge thickness of 2 mm.
Below the tuff-chert unit, within a few lnches, pyrite pro-
gressively became the doaminant mineral., Tuff wes not abundant,
and silica and ehlorite were interbedded with pyrite, some
sphalerite and very little chalcopyrite. The pyriteschert (%)
unit has individual beds (ilononineralic units) up to 50 ma.
thiek with an average of about 2 mm. Individual beds have been
followed up to J feect aleng the dip. At several localities
the layered sulfides were noted to be absent, such as, for
instance on the second level, near station 126 (Plate VIII).
The layering or bedding in the sulfides is normally parallel
%o the contact. In the locality where luyered sulfides are
apsent the attitude of the layers changes st the points where
they retuarn or disappear. From a position parallecl to the
upper contacti the layers curve upward and are at an angle to
the faulted contact. The fmplication here is that the last
movement of the fault is post-layering. The thickness of the
layered sulfides muy reach about ¢ feet, (Plate L), but the
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estimated average 1s about 2 feet. Above the 3rd level, the
basal contact of layered sulfides and massive or breccisa
sulfides is sharp (Plate P-10)., Below the third level, in

the west half of the 4-75 crown pillar, another variety of
layered sulfldes oaaurﬁ%#. Thinly layered pyrite, sphalerite
and quartz is present in about the upper ¢ inches of the ore
zone. Below that zone the sulphides also are layered but chalceo-
pyrite and numerous fragments of chlorite and chloritized
rhyolite are abundant. The chlorite fragments vary in size

from less than a few millimeters up to 300 mm. (one foot), and
average about 20 to 30 mm, They are rounded and tend to be con-
centrated in layers 30 to 50 mm. thiek, and continuous along
strike for several feert. This tyve of layered sulfide changes
graduelly over o distance of a few feet into massive sulfides.
At the eastern end of the %=75 crown piller and Just below the
2nd level near the location of U.D.H. No, 2=3 (Plate i1}, the
layered sulfides become very siliceous and sphalerite is tne
abundant sulflde. The sphalerite 1s very fineagrained and the
layers have a moderate reddish orange %o pale reddish brown
(honey) eolor. fThroughout the lavered sulfides, rounded to sub=
rounded culorite and chloritized rhyolite fragments are abundant.
Their size is mall, averaging about 2 to 4 mm, and rarely

exceeding 10 mm. in diameter.
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Uassive fullides

HMassive sulfides ure located stratigraphiecally
below the layered sulfides. The thickness of the zone is
variable from nothing, such as in the eastern peart of the 4-79
erown pillar (Plate X) to & thickness of almost 20 feet near
the eastern mar;in of the main lens above the 3rd level, The
common massive sulfides are chalcopyrite and pyrrivilte. Quartz
apd chlorite are disseminated throughout and sphalerite is
abundant, Within the massive sulfides, irregular patches of
indistinet outlines are common. There are many sizes and
varieties. One type consists of ehlorite and chloritized
rayolite fragments that vary in size from 1 mm. to 1 foot and
eontein dissemlnated pyrite. Fragments of this variety rarely
form more than 305 of the volume of the massive sulficve » ne.
another variety of fragments are tnose formed by minerals
distinet from the common minerals afktne Zone, Magnetite-
rica fragments are abundant above the 2nd level and are illuse
trated on the mep of the 2-u% raise (Plate VIII). In the western
half of the 4=7% erown pillur (Plate X) fragments formed by
either pyrite and quarta, or pyrite and sphalerite, or sphalerite-
pyrriootite and chalecopyrite arc comwon, One fragment, 3 feet
in length, with angular outlines and sharp contuacts, was formed

by messive sphalerite In a pyrite, chalcopyrite, pyrrhotite,
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quartz matrix. The upper contaet of massive sulfides snd
layered sulfide i1s sharp (Plate P-i@) end generally 8 purallel
to the ore zone-Waite andeslte contact. Putehes up to 1 foot
in diameter of chalcopyrite-rich massive sulfides occur in the
hangingwall fault gone and as inclusions within the layered
sulfides such a8 on the 3rd level, 3-0% raise (Plate iX). The
lower contaet 15 not as sharp as the upper contact. Generally,
the massive sulfides contein more abundant pyrite berinning about
one foot above the lower contact. This one-foot width is a
transitional zone in which VauzZe mine brecela becomes progresse
ively more abundant until at the base, only dlsseminated pyrite

AQCUrs.,

In isolated 2ones several fect in diameter,
above the 3rd level and in massive sulfidesg & peculiar form
of pyrite was observed. The zone is formed by faintly lavered
pyrite and has a porosity estimated to Le up to 304. The
pores are elongate parallel to layering and are up to 1 by 3 am.
in size. The average pore size is 0,05 mm. In the center of
the zones the pores are empty, but as the margins of the zone
are approached, they become filled with chaleopyrite and Bphe=-
lerite. Hinor quartz oceurs with the pyrite whieh is similar
in texture to the pyrite in layered sulfides, It is not known

whether the porosity 1s original or seeondary,
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Breccia Sulfides

About a third of the ore zone exposed in the
main lens in the =75 erown pillar (Plate X) is formed by
breccia sulfides. The breccia sulfides interfinger with
massive sulfides and are their stratigraphic equivalent.

They are formed by sulfide fragments with the same matrix as
the Vauze mine brecels (Plates P-11 (a) and (b)). The fragments
are subrounded to angular, vary in size from less than 5 mm.
to 2 feet in diameter, and are composed of any combination of
minerals already discussed, except magnetite, Fragments were
observed composed of sphalerite, pyrite, chalecopyrite, pyrrho-
tite, quartz and chlorite and various combinations of these
minerals. Chalcopyrite-pyrrhotite, and pyrite (usually in
coarse crystalline cubes up to 20 mm. across) are the most
common fragment types. ©Several fragments were formed by
fragments of sulfides and rhyolite and chloritized rhyolite

in a Vauze mine breccla matrix, identical to that described
previously. This represents a breeciated breccla. At least
two periods of fragmentation and consolidation took pluce.

The upper contact with the layered sulfides is sharp and

the basal contact is obscure. The base of the ore zone is
defined by the absence of sulfide fragments which are res-
tricted to the upper few feet of the rock unit. On the Lth
level near coordinates 22,200 N and 5,400 E two small pockets



‘w'

of breccis sulfides were encountered. The pockets are bounded
by faults but the relationship between the faults and the
breccia sulfides is not well known. One pocket is strati~
graphieally about 50 feet below the contact. The contact
between breccis sulfides and massive sulfides is gradational
over several feet and 1s marked by an inerease in the number
of sulfide fragments and in the amount of sulfides (primarily
pyrite) in the Vauze mine breccia.

The presence of patches or fragments of sulfides
and rock within massive sulfides suggests that the massive
sulfides and breccia sulfides have a similar origin.

The relationship of the two siliceous intrusion
in the ore zone in the 475 crown has been discussed under the
general heading Minor Intrusives. <‘he "Steep" diorite is
reported as cutting the east lens of the B-l ore zone between
the 3rd and 4th levels. The "Flat" diorite cuts the main lenms
near the surface. An unfaulted contact of this diorite with
the ore zone was observed in the stope east of the shaft on the
lst level (Flate II). The ore zome near the contaet is formed
mainly of magnetite with minor sphalerite, pyrrhotite and chalco~-
pyrite. OSeveral blocks of sulfides up to 1 fool in diameter
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and of the same composition as the ore were noted up to 3

feet inside the diorite. Chalcopyrite was abundant and one
bloeck, about ¢ inches in diameter, was composed mainly of
sphalerite., The diorite was fine-grained and contained flow
laminations. Layered sulfides were not observed in this area.
The evidence indicates that the "Flat" dilorite 1s post-ore.

Hallrock Alteration

Megascopic wallrock alteration in the vicinity
of the main lens of the B~l ore zone is slight. The Amulet
andesite in places 1s bleached for a few inches. Thin seetion
studies reveal that the bleaching is a reflection of intense
sericitization. The andesite is also silicified but the
extent of silicification is not well defined. The matrix
of the Vauze mine breccia in the transitional basal contact
zone below massive sulfides is strongly eanloritized up to 6
inches below the contact. In the breccia sulfide zone, there
are numerous fragments of strongly chloritized rhyolite but

the matrix is only weakly chloritized. The breccia is darker

near the ore zone due to & higher degree of chloritization.

The horizontal projection of the D=2 orebodies
lies at t he easternmost edge of Waite Lake (Plate I). The
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B-2 ore zone 1s formed by two cylindrieal ore shoots, known

as the east ore shoot and the west ore sivwot (Plate X1). The
east ore shoot produced about 82,000 tons of ore that contained
about 3.0% copper and the west ore shoot produced about Ok , 000
tons of ore that contained ebout 2.0% copper. The east ore
shoot has an average dlameter of about 40O feet, It iz tersminated
above the Jrd level by (lorite and its base 1s the upper contact
of a metadiabase dike (figure 2), The axis of the cvlinder is
about 460 feet long and plunges (52 at M LO? W. The west ore
shoot is shaped like an inverted golf olub. The section below
the 3rd level is eylindrieal with an average diasmeter of L feet.
The axis of the cylinder is about 300 feect long and plunges

70° st N 45° W, Above the 3rd level, the orebody is shaped

like & bun with an average dlsmeter of about 70 feet. The

exls of the cylinder is ahout 190 feet long and plunges 100

at N 10° W. Both orebodies occur in the Waite rhyolite., The
rirst four levels of the aine, gsouth of the shaft, are in the
uppsr weamber of the Waite rhyolite (figure 2). It was not
possible to separate the rhyolite into members in the arez nortn

of the shafi because of alteration of the rock.

Although both ore shoots oecur in rhyolite,

they are slightly different, The emst ore shoot is eylindriesl
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and regular, and the ore is composed of disseminated chalco-
pyrite in coarse crystalline chlorite. ©OSome of the chlorite
erystals are up to 3 mm. across, Disseminated pyrite is present
in minor amounts. The west ore shoot is somewhat irregular
in shape. The chalcopyrite is disseminated and ocecurs as
frecture-filling in the chlorite matrix of a breceiated
rhyolite (Plate P-12). The fragments of rhyolite are as
large as 15 feet across end have been chloritized and serici-
tized. However, the ore minerals, except for very minor
disseminated pyrite, occur in the matrix of the brececia
which 1s econstituted of massive chlorite. Disseminated

and vein filling ore minerals were deposited below the
metadlabase dike, but not in sufficlent quantities to form
minable deposits.

The wallrock in thc.B~2 ore zone has been pro-
foundly altered. On the 3rd and %th levels, the transition in
the Waite rhyolite can be traced from a pink, rock flow-
banded and altered only by regional metlnnrphism to a dark
green, highly altered rock. The chloritization and serici-
tization of wallrock transcends stratigraphic boundaries.

The alteration zone is eylindrical is shape (figure 2 and
Plates IV, V, VI, and VII) and has been traced by drill core
to the Waite andesite. The stratigraphically highest expo-
sures occur on the 3rd level (Plate IV)., Where the alteration

is mainly chloritization., At greater depths sericitization
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and chloritization of wallrock are pervasive (Plates P-13

and P-6). In D.D.H. M=20 (Waite Lake Mines Ltd.) the Waite
andesite is fractured, moderately chloritized and sericitized
and traces of chalcopyrite and pyrrhotite are found in fractures.

Coineiding with the increasing intensity of
alteration as the center of the B-2 zZone 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 extensions at depth indicate that this zone
was the channelway for hydrothermal solutions that deposited
sulfides in fractures, starting at a depth of about 2,000 feet
and altered the wallrock moderately from at least 2,000 feet
to 1,000 feet and intensely above 1,000 feet. For this
reason the B=2 ore zone commonly 18 referred to as 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
S5th level the metadiabase dike contains several large (up to
2 faet) rounded fragments of chloritized rhyolite which appear
to be identical to the ad jacent wallrock. The metadiabase

dike shows no strong alteration effects nor brecciation, Unto
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Jarvi (Oral communication) reports that in the vicinity of
the ore shoots, the "Flat" diorite is not strongly altered
or brecciated.

SRIGIN OF THE ORES

Based on the regional and detailed studles of
the voleoanic rocks and the ore deposits at the Vauze mine, a

number of conclusions regarding time relationships can be drawn.

1. The "flat" diorite cuts both the B-l and
B-2 orebodies. If the diorite was pre-ore, the body would have
acted as the impervious caprock whieh trapped the solutions
and ceused deposition of ore minersals. If this were true, the
sulfide xenoliths would be the result of selective replacement.
8ince the Vauze mine breccia is thickest near the diorite
contaect, the thickest sectlions of ore might be expected near
the contact. On the contrary, the ore zZone is thinner near
the contact than at some places away from the contact.

Similar geometric considerations might have
been expected in the B-2 zone. The west ore shoot does show
& change in attitude and a pronounced enlargement of the
mineralized zone. The east ore shoot does not. It is termi-
nated abruptly by the "flat" diorite.
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The diorite at the contact of the D=2 and -1
ore gones should be hydrotihermally altered and contain somo
substantial mineral deposits within the fractured rock, parti-
cularly along the faulted conitset. This is not the case,
Therefore, based on geometric relationships between altersation
zone, ore deposits and dinriteyg and on isolated xenoliths of
sulfives in dlorite, 1t is concluded that the ore depnsits at
the Vauze mine were formed prior to intrusion of the "{flag™
diorite, iilnee the “flat“ diorite is cut by the "steep” diorite,

the ore depnsits ure pre-diorite.

Yhe occurrence of magnetlie in both the Hel
and =2 ore Zones may be related to dlorite intruslon. Ysusue
{1902) describes & mapgnetite, pyrrhotite, pyrite relationship
in Japan where the mupgneiitc zones are shown to be the result
of contact metamorphic effects cuused by the intrusion of quartz
dlorite. The mapgnetlite zones In the Vauze deposiis spacislly
are related to dJdiorite lmtrusion, Unfortunately, only one-half
of the intrusive contuct remains. The assoeiation could be
fortultous, &8 the occurrence of magnetite ulso muy reflect a

change of physico-chemical conditions at the time of deposition.

2., The *metadlabase™ dike cuts the B2 orebodies.
There is no evidence of alterstlion or deposition of ore minerals
within the dike, Xenoliths of cnloritized wallrocic are contained
within the dike. Therefore, the "metadimbase® dike 1is consldered

as post-ore.
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3. The relationship between two minor siliceous
dikes probably related to rhyolite volcanism has been discussed
on pp. 26-7 and it was considered thut the B-1 ore deposits

were pre-=siliceous dike,

4. The most important time relationship can be
established from evidence obtained from a study of the Bel
ore zone and particularly of the type of ore known as breccia
sulfides (Plate P-11 (a) and (b)). The three possible modes
of formation of this ore are: (1) selective replacement of
special rock fragments in a Vauze mine brecciaj (2) brecciation
with ineclusion of sulphide fragments as a result of tectonic
forces; and (3) deposition of the sulfides prior to formation
of the upper part of the Vauze mine breccia and subsequent
inelusion of sulfide fragments during formation of the rock
unit, i.e. contemporaneous deposition, Breccias of a similar
type occur at several localitles in the Noranda district.
Price (1948) describes pyrite fragments in tuff beds in the
No., 5 sulphide zone at Norande Mines and Price and Bancroft
(1948) mention similar zones at the Waite mine. The origin
of the fragments has been attributed by the authors to selective

replacement,

Thin section studles indicate that the Vauze
mine bLreccia matrix has a pyroclastic origin. The angularity
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of the fragments, particularly of sulfide fragments such as
that shown on Plate P-1l (a), would not be retained if the
breccia were formed by tectoniec processes, Horses of sulflides
in the hanging wall fault zone are all rounded. Therefore,

& tectonic breccla origin is rejected.

Replacement textures ocecur in specimens from
these deposits. Early pyrite and magnetite are replaced by
quartz and chlorite. Late pyrite replaces all early minerals.
Textures in chalcopyrite and sphalerite are interpreted by
some Authors as replascement textures. If the hypothesis of
selective replacement is admitted, one of the following sets
of conditions must have existed to explain the diverse mine~
ralogy of the fragments. (A) The fragments, prior to repla-
cement, were of differsnt compositions and the sclutlions
remained relatively constant in composition during replacement.
(B) If the replaced fragments were of the same composition,
the eomposition of the solutions would have had to change.

(C) The composition of the fragments differed and the compo~-
sition of the flulds changed.

The last set of conditions is the most logical
if selective replacement is the primary wode of deposition.
It is reasonable to assume that the B-l1 and B-2 orebodies

are related. No direct commection can be established, but
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projection of the axes of the B=-2 orebodies and the long exls

of the main lens of the D=1l ore zone intersect., In addition,
the Waite-Amulet massive orebodies have similar alteration

zones whlch are directly connected to them (Price and Bancroft,
19483 Guffel, 1948)., Then, the solutions that formed the B2
orebodies also formed the el erebodies. The ore depnsits in
the B=2 zone 1ndie&ta'changing chiomical conditions of the 30w
lutions. &erieitization was followed by chloritization and
finally by deposition of ore minerals, Paragenetic ore mineral
relationsiiips indlcate that pyrite was deposited first, followed
by sphalerite and lastly, by chalcopyrite with minor exsolved
pyrrhocite, ilowever, there 1s no evidence of vasily fluetuating
chemical conditions., Une can only speculate about Che osriginal
campmaitianlaf the fragments. The only fragments other than

the sulfilde fragments seen in the Vauze mine breccic are
ehloritized rhyolite, flow-handed rhyolite, scoriaccous rh&alite,
spherulitie rhyolite and massive calorite (Plates P-11 (a) end
P=2) .

The easlest way to explaln the neceurrence of
sulfides fragments is that of eontemporaneous deposition of the
breceia az a whole. The immediate vicinity of the Vauze mine
was & site of hydrothermal and volcanle activity and it does

not seem unreasonable, then, to conelude that sulfides were



deposited in the throat of a vent which was the source of ihe
pyroclasiic debpris of the Vauze mine breceia. Hreccintion

of the sulfides probably wuas produced Ly the explosive activity
in the vent area and fragmental sulfides were included in the
upper portions of the rock uanit along; with sther voleanie

fragments.

L&'thn breccla sulfides represent contempora-
neous deposition of sulflde and rock fragments, then the bulk
of the sulfides were deposited prior to deposition of the
overlying fine tuff and chert beds and prior to deposition

of the amulet andesite,

The evidence nabtulned from geolopie studies of
the ore depnslts at the Vauze mine supports a hydrothersale
sedimentary ori;in of the ore depnsits. Temperature studies
by CamplLell (1962} and Clark (1965) by the method of pyrrhotite-
pyrite geothermometry indicate primar, depasitisn teamperatures
of absut 5259C, Hineralogical assoclatlions indicate two
ﬁempératuras: Lthe sphalerite with chaleopyrite blebs is used
to indicate tempersiures of formation in excess of 3509C; chaleow
pyrite with pyrrhotite exsolution blebs also indicate temperatures
of formation in excess of 2509, iowever, a luter sphalerite

probably was deposited at temperatures lover than 3500C,
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Interpretation of temperature data is difficull because Lhe

data may refleect secondary temperature effects. No part of

the Vauze ore deposits is farther than 500 feet away from elther
the "steep" or the "flut" ulorites whdeh are post-ore, The
"gteep” dlorite is 2,000 fect wide, Jaeger (1957) in a study

an the intrusion of the dolerites showed that wallrock tempors
atures have to be bélaw 30000 to obtain chilled borders in the
intrusion and that wallrock tamparatmf&s, though dependant on
thermal eonductivity, could attain teoperatures of 600 to 700°C .,
Certainly an intrusion of this megnitude, which czused dioriti-
zation of the andesites could ¥ffect the textures and distribution

of sulfides in nearby deposits.

Although traces of pyrite and ehaleopyrite are
widespread in the tuff along the rhymlite»énéesite contact,
ma jor accumulations of ore minerals oneeur in very restricted
areas. retrograpnie evidence indlecates that the rocks enclosing
the ore deposits of the -1 ore zone werc deposited under water.
The restricted area of deposltion would notl indieate depnsition
caused by & chemical reaction between hydrothermal solutlions
and sea weter (exhalative-sedimentary origin of Oftedahl, 1353)
or a synpenetie origin as proposad by workers in the Rhodesian

copperbelt (Mendelsohn, 1961} where deposits are very wideapread,
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The "Furoko® fypc ores of Japan are the most
similer modern analogy to Lthe Vause ore deposits {(Minoshita,
1929), (summarized in Park and MacDiasrnld, 1964%). The Japanese
deposits vere lformed in rhyolite-zndesite low and pyroclastic
rock sequences of Mincene age. The deposits are capped by
tuff and chert and are zoned, The upper ore zone is formed
by layered sphalerite and galena with barite and is underlain
by ehaleopyrite~pyrite ore. OSilicified and pyritized voleanie
breceis underlies the ore zone. The orebodies usuully oceur
on & thickened rhyolitie rock sequence and are assoclated with
a2 pipe zone and magnesium metasomatism »f the wallrock. The
similarities with the Vauze deponsits are striring except for
the presence of galena and barite in the upper ore zone., Lt
ia agreed that hydrothermal solutions carried the metals but
the method of emplacement of the Japanese ores is believed to

be either replacenment of tuff and breccia or chenical precipitation,

The D=2 ore deposiis at the Vauze nmine vere
formed by deposition from metal=-bearing solutions of hydrothermal
origin wvith partiel replacement of wallrock along fractures.
The B«l zone was formed by two proeesses, The massive and
breccia sulfides were formed by the mechaniesl accumulation
of fragments produced by brecclation of open-space tolethermal
ore deposits caused by explosions which simultaneously ejected

rock fragments, The layered sulfides probably were {ormed by
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chemical depostion, perhaps as the hydrothermal solutions
interacted with marine watera. What processes or set of physico-
chemical c onditions actually caused sulfides to deposit is

not known. But the geologle evidence ait the Vauze mine indicates
deposition during the last stages of rhyolitic volcaniec acti-
vity prior to deposition of the overlying andesitie rocks.

BULHRINL AD CONCLUSIOND

The following points summarize the results of
the first part of the report and also contain the principal
conclusions regarding the geology of the ore deposits of the

Vauze mine.

(1) Volecanic rocks are the oldest rocks in
the Waite Lake area. Volcanic activity in the area began
with extrusion of andesite followed by extrusion of rhyolite
and usually terminated by deposition of tuff and chert
with sulfides.

(2) At the conclusion of the Walte andesite-
Waite rhyolite perlod of wvoleanic activity, the Vauze mine
deposita were formed.

(3) Regional metamorphism altered most rocks
in the area to the greenschist facies, However, many primary
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textures are preserved, suech &s flow banding, pillow, and

brecola textures.

(4) Faulting and folding are minor in the Waite

Lake area and followed ore deposition.

(5) The oldest intrusive rocks consist of
numerous ainor intrusions with compositions similar to the
racks which contain them. They are relsted to the voleanic
activity which produced the extrusive rocks., Eome cut the

Vauze ore deposits.

(&) The ¥metadlabase™ dike cuts the northern

ore zone at the mine and is the next youngest intrusion.

(7) The "f£lat” dinrite dike cuts the Pmeta-

diabase® Jilke and the northern and southiern srebodies,

(8) The "steep® dlorite cuts the "flat" diorite
end is the youngest of the large intrusive roeks. Only the

Proterozoic diabase dikes are younger in age.

(9) Although not physically connected, the
nortiern B=-Z2 ore zone and the southern l=1 ore zone are related.
Prior to the intrusion of the diorite dikes, the twn zones
were connccted. Lepuration was caused by intrusion, and the

connecting link probably was reasved by erosion.
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{(10) The oceurrence of sulfide fragments of
various eompositions in & pyroelestie rhrolite breccla is the
baﬁis.tm inﬁer a pre-Amulet andesite formutlon of the Vauze ore

deposite,

(11) The northern ore deposiis were formed by
hydrothermal solutions and are fracture-filling, replaceuent-

type deposltis,

(12) Yhe southern ore deposits were formed
by two processes: (a) the massive sulfides and breccia sulfides
were meessntesltly formed during voleanic activity that produced
pyroclastic debrisy and (b) the laysred sulfides represent
recerystullized, chemically precipituted deposits, such as the
Japanese "Kuroko" type deposits, and formed as & result of the

reaction between hydrothermal solutions and marine waters.

(13) The "eonnecting link" betweern the two ore
zones contained the evidence regarding origin of deposition
of the massive and brececia sulfides of the B=l ore zone. The
depasits aro postulated to have been telethermal deposits,
i.e., forned near surface beecause of the sudden release of

pressure and lowering of temperature,.



This part of the roport econtains total chemlcal amalyves of the
various rock typos in the site Laiw avea and the results of smalyses
for major constituents by “~ray flucrepcones sl for volatils tracs
elemonts by optical speetrograph, The latier analypes were asde 4o
the ore deposits in order to investigate chemiocal guldes in the search
for ore deposits,

A5 SERICAL ATAZEES

Tables IV, ¥V, VI and VII contaln total chemical smalypes from
particalar rock types of the “aite Lake area, lNorss wre not oaloula-
tod ouving to the oomplex mineralagy,

sawlet Andealte

Sample 1 in table IV represcnts the bassl 275 feot of the imulot ande=
sits, The hole from which the eove was analysed 1s located about 2,90
foot south of Bel orebady, 7he composition is almost similar to ‘ilson's
endosite (1941, p.l4) and 1% closely apjroximates Vinegradov's date (10%)
for medion rooks with the following slight difforencos: the andesite in
the Jaite Lake ares contains more Fed and g0 and lowr smounts of
AlgDg and K0y Cumple 2 wes talmn fros the Asalot andesits eaat of the
"gteop” dlorite, It is closer in composition to Vinogradov's (19%)
sedisn rook or Hockelds' (1994) sverage andesite, The TiNQ, MuD, and XD
contents is vory similar in ssmples 1 and 2, The andesite east of the
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CHEMICAL COMPOSITION OF THE AMULET AMDESITE

CONSTITURIT  Sample 1 Semple 2 AJiilson  B.Virogradov  C.loekolds

840, 5787 53.30 Sk o 002 57.0 She20
*53.132 1.11 1.1z 1.63 079 L3k
&12&3 1a&333 16,63 15.47 17.5 17.37
Fo 0y 2 o Oy 1l Re38 3.72 Jeb8
Fel £.16 Se86 Bkt 3.0 2P
Mnl Ol .16 O 0.7 0.15
gl Leta LelE hel2 et Ledb
Cal 612 £.31 Todis €70 T.92
fla 0 3.23 308 bofl 362 3.67
50 069 .62 RN 2,01 1.11
1450 0,000 e Q0L

P2Os 0,19 Gud7 Calsle Uel5 o8
0 = 2,68 3ol 0.77 .83 Gu €
Hal = Q.02 Q.02 el

COy 0ed7 1.19 L 41

iro, Colildy Uelidds

F 0,06 0,06

€1 G. 00 C.Qa

8 Gu05 Uit 009

i:l-aﬁ‘3 O.00L 0007

10 ﬁa% D-W

Bal) 0,019 020

S50 G20 G.19

Cud 0. S0 PRV Y

@ .001 Ueli2

Lol P | .01

V404 0.025 0,037

bote: All values are weight percentages,
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1. imulet andegite; “alte Lake areaj Duprat Toumship, umebecs

Ae

Yalte Lake Minse Lid) from DD, Me26, depth 19240 ftj
coordinates 23,0991, 4,078E,

imulet aniesite cast of the * " diorite; ‘aite laim area,
Pufvesnoy Township, Jusbeey Vause Mines Lidj from D00,

Yilson - massive andesite, Dafresnoy Toumghip,

B = Vinogradov - median roek

C = lockolds = (average! andesite,
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diorite contains more 005, This is shown in the modal compesition by
a higher tonor of caleite,

dalte Fhrolite

Samples 3, 4, oot 3 ia table V are from the various members of the
Walte rhyelite, 7The oaly notable difference is in the larger amownt of
P03, Fe0, g0, snd Cad in tho 7auwe mine brecoia dus to ite slight
alteration, The composite smples of the Valte rhyolite have almost
sinilar composition. As ia the Asulet andopite samplos, there is a
high COp content in sasple 7 from east of the diorite, Although the
asounts of Haz® and X0 wary elightly, the rotio of the compounds ap-
proaches that of Vimogradov's seld rook (7inmogrsdov, 19%). Sample 6
contains less {0, Aly0q and move silica than average rhyolites
(Vinogradov, 19% and Nockolds, 1954)s The composition of the Vaite
rhyolite is very umifors,

zalle iodeeite gad ‘ragpltiongl Daclie

The samples of the Valte andesite (7able VI) were talen prineie
pally to compare the composition of the unit as a whaole and ite oo
position in the pipe sone, The composition ie striiingly similer to
that of the imilet andepite (Table I7), The following signifiecant
changes are noted in the pipe sons: there is an incresse in FeO and Mg0d
and a deercase ia Ca® and Hapl, This indlcstes altaretion of the felde
pare and accounts for the groater sbondance of chlorite in thin pection,

By comparison, sasple 10 contalns more Ti0p and PO and lsss ilyDg
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CHEAICAL CORPOBITION OF THE SAITE BOOGLITE

[VENT Semple 3 Semple & Sencle 5 Sample € Sample 7 A Vinogradov e Koukol

T2 50 ThotO TheTE Tl Ta.72 TL00 73.86
Cud5 0e20 U0 Q.19 Ok CeJde Vedd
10,90 11.43 11,50 11.08 11,00 ke 30 ideh5
Ze51 1.8, .77 1.22 de22 154 125
2.8¢ de54 2405 154 2.7 1.88 0.75
Ueldy 0,03 0.03 Geliy .09 a8 GeU3
1.02 Oetib Q.77 0. 60 030 Co'Vis Qe 2
1.6h los2 33 § 1,61 N 1.82 1.3
383 37 LoE9 L37 2,10 Jeta 2.99
1.09 1.72 1.18 1.15 2052 LO2 535
Q0,000 Co 00 0.000 6,000 R
Calk Gelits el 0.02 Ol002 Oulh5 Q.07
1.15 .98 .75 (P § 133 075 Co78
0,03 0.3 G.03 0.1 0.02
1.43 1.3 Q.69 Qe:3 2.86
C.02 0.03 0.0 U0l Qo7
0.05 QoG 0.06 G.08 007
.01 0.0 G0 c.1 U2
0.0t C.02 0.20 Ual2 Qed3
0,001 0.000 0.001 C.0 0.00L
.00 0,001 000 0.001 Q.001
0.03 O.045 0,045 De 00 Qe
G015 0,007 0,006 G.a12 Oe 008
Qol2t 0.00L 0005 0,002 0. 002
0.000 g.0 0001 G, 001 C.0
Vel (PR ¢ 0,00 - -
- - - C.00 -

All values are weight percenta;es.
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Walte rhyolite, 7suse mine breccla memberjy Jalte Lam erea,
Dufresnay Township, Lusbecy Veuse Minos Lidy from D.D.Jl. 7=77,
depth 260 « 330 fi ecoordinates 22,2928, 51228,

Waite rhyolite, Upper memberjy Yaite lLake ares, Dufresncy Towune
ghip, yusbeecs 7ause Mines Lid) frem D.D., 777, dopth 390 =
600 f£t3 occondinates 22,2020, 5123,

“aite rhyolite, Lower memberj “alte lLale ares, "ufrevsncy Toun-
ship, Juebee) Vause 'Mnos Ltd,; from D.0.H, =77, depth 610 -
980 f%; ecordlmates 22,2904, 512%W,

Weite rhyolite, Composite semple %0 ft, south of Vause ove deo-
positey Valte Laite area, Dufresansy Township, (uwsbeey Vause
Minee Ltdes from DoD.ile Vel3d3, depth 570 - 1100 £, coordie
nates 21,0064, 513%E.

Waite rhyolite, Composite sample cast of the "Steey” diorite
Haite Lake area, Dufresncy Tounship, Luebeej Vause Mines Ltd,p
fros Deieile 177, depth 400 = 790 f,.) coordinates 28,3004,
16,4008,

Vinogradov = aeld rock,

Hockalde = aworage caleealikali rhyolite,
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CHEXICAL COMPOBITIONS OF THE WAITE ANDUSITE
AND THME TRANSITIOMAL DACITE

CORBTITIENT  Semple 8 ’m;:lt 9 Saaple 10 Re mm

510, 55.35 53.86 62.6¢ 63,58
740, 1.18 .04 0.25 Oubly
AL,04 15.00 14,56 13.80 16.67
r.zo’ 1.55 .36 1.73 2.3k
Fel T2 Pelb 6,90 3.50
#n 0.16 0.10 0.14 G.11
gV 5,00 T odeds 2.31 2.12
Cal Se72 249 doisl 335
Sa,b .82 1.3€ 3.8 3.98
lzﬁ Q.85 1.0 1.29 L.40
L0 0,000 G, 001 0.000

anj J.i#t Dad3 Quid? Gad7
HO + 2,85 537 .71 0u 56
HyO = 0,07 0.02 0408

ma 0.5 141 D60

Zro, 0.0 0.1 O.00

F Q0% U, 09 G 07

s § 0,00 GaUl O.00

8 0.2 060 0.16

crzuj 0. 001 G, 00) G001

Vo0 0035 0.03% 0.003

Mo C. 006 .07 0.001

Bas 0.029 0035 0.04LC

8 0017 0,005 0. 004

Cul 0,00k, O.412 Qe

Col 0,001 N5 | C.00L

inG .01 Ol O.0k

hoter ALl values are weight percentages,



8. WYalte andesite, Composite semple; '‘alte lLake area, ‘ufresnoy
Tounship, Lusbocy Gause Mines Ltd.y from DJD.il. =77, depth
1080 - 2960 ft.y cocordinates 22,2021, 51223,

9. Weite andesite, Composite sample ia "pipe” some, Jalte lLake aree,
Daprat Tosmship, Jmeboes Jalte lake Mines Ltdej from DeDele
Me20, depth 1120 = 2200 f4.3 ocoordinates 23,0990, 48768,

10, Trensitional Dacite; Unit detwsen Waite rhyolite and Valte
andogite; Walte Lake avea, Dufresmay Township, <usbaej Vaure
Mines Ltdep from D 0.0, =77, depth 990 - 109 £t.3 coordina-
tes 22,202, 5023,

A, Nockolds ~ average dacite,
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TABLE VIX
CHEMICAL COMPOSITIONS OF SOME WAJOR INTRUSIVE ROCKS

CUNSTITUERT Sample 11 Sample 12 Sample 13 Sample 1L A. lockelds

£40, 4942 48,52 5956 53.91 51.86
110, 0.9 Luk2 0.93 L8 1.50
K10, T 12.90 14,18 .72 16,40
Fe 0, 2.1 3.53 1.85 2,53 2.73
FeO 9.12 1.3 5.06 7e12 6,97
inG 0.22 0.27 0,17 0.16 0.18
HgO 6,80 6425 be27 5.00 6.12
Cad 10,17 10,11 b7 650 £.40
Na,0 2.32 1.9 3.1 3440 3436
K 0 0.30 0uk0 1.66 Os26 1.33
14,0 0,00 0,000 0,00 0,000

Po0 0,07 0.10 0.19 0.27 0.35
Hy0 = 2,70 2,70 2.75 3ol 0,80
HO - 0.02 00k 0.03 0.05

co, 0.6k 0,15 1.0 1.00

zro, 0,00 0400 0.01 0,01

¥ 0.07 0.05 0.20 0.05

Gl 0,06 Deli2 Calud 0.0

S .13 0.13 Ga09 Uod

Cr,0, 0,00 0,001 04006 0001

140 0.02¢ 0,005 0,005 0.002

Bad 0,008 C.008 0s0k6 0,012

850 0.012 0,001 04020 0.02

cud 0,012 0,026 0.002 0,00k

Co0 0,004 0,004 0,001 0,001

00 0,01 0,01 0.01 0.01

¥,0 0. Okt 0,064 0.021 0.03

liote: All values are weight percentages.
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*OTERP® Diorite, (Vilson's 1741) Dufresnoy dlorlty massy
Walte Lake axea, [ufresacy Towmship, Jusbee) Vause Minos
lAdes from Delldl. =162, dopth 10 = 760 fi.) coordinates
20,8068, BIE,

FLAT® Diorite; Ualte Lake area, Duprat Tounship, . usbee)
Valte Lake 'ines Ltd.; frea Delleile Me2l, dopth 40360 ﬂu’
coordinates 22,8080, 4383,

SMETADLABASE®, Conposite sampls 500 ft, south of "pipe” soneg
Walte Lale area, Dufreengy Towmship, Jusbeej Veuse Mines Ltd,s
from DeDelly 777, dopth 8=860 i, and M40=960 ft.) coordine=
tes 22,2920, S22,

SHETADIABASE®, in smyea of "pdpe” sonw; Valle Lele area,
Dufresnoy Township, .usboey Vaume Minss Ltd.s from D.D.H,
V=78, depth Ti0 - B75 ft.; cooriinates 23,90, PT4E.

Ao Hoekolds - average diorite,
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and Ca® than Nosckolds' (1954) everage dacite. 7he Na20 and %20 contents
are almost identieal,
sgkraaive Tooks

The asalyses (table Vii) show that the “steep” diorite is closer
to & gabbro in composition shoreas the "flat" diorits [(semple 12) is
closer to an average dlorite (Nockolds 1954). 7he slight difforences
do mot Justify e change in teruinolagye

Samples 13 snd 14 were talea from the metadisbase in order to eom~
pare the unit nsar, and auay frou the pipe goms, The regults imdlcate
a basic difference not attribuable to alteration, The semple auay from
the pipe (sample 13} has a very high ellies content, In thin section
sbundant clear cubadral quarts greins are noted, Othervise the rookp
ase guite sisilar,

sencleglan
The chemical amalywee indlicate that the elassification of the rocke

es rhyolites and andepites ig cormect, ihelr high cantent of Hagd, cou=
pared to a lov content of €30 and AlDs sonfirsa Sehindlerts (1934) ob~
sorvations that the rocks are spilitised,

The major cbjoet of this study s to dotect anomalous chenieal
canditions in the vicinitly of the ore deposits, 4 m00%t ove deposits



in the area are stratigraphloally controlled, the geochenloal stady was
concentrated near the favorsble contaet,

The ssmpling techni uos and snalytieal sethods used are described
in the ippendixn,

Listxibution of the velatile Srace elegenis

A mothod of Yeray fluoresosncs wvas used to detormine the olemontis
Ca, Zn, B, Ag, 2n, In and Cd (soe Appendix),

Under oach olement, the precigion of tho mothod and the dlstribu~
tion vithin veriouws geological unite ave discussed,

Somer

The precision of five copper valuss is variasble (see table VIII
1o Appendix). At the 95 confidence lovel the error ranges from 9,5
to M,2%, For the five copper walues, the precisiom of the sethods is
the maximu: error or 21%, Thas, for emampls, if & semple has an indie
cated mean of 1000 ppm, 92 times out of 100, the truwe mean will bo bate
woon 790 and 10 pom,

Zuo major Gifficultiies arome and hampered good resulte for oapper.
Firet, thore 18 a high content in aoet rocks oven far gusy from the ore
doposits, The high background value attomsates the copper halo, Second,
because many samples coataln sulfides, sorious coppor contamination ie
diffiealt to oliminate, Sample preparstion equiyment is contaminated
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even though meticulous cleaning procadurss are followed,

Distribution of copper valuse in Vaunse rocks is illustrated in fie
m.‘;‘; 6,?@8;“””’“‘?,1}1:. HIﬁﬂm.

The snalysls of variance ghows that there is 1ittle variation of
copper content in rock units mear or adjscont to the Tause ove depoeit
as compared with rock units at distences of soversl thousanis of foeot,
However, an samalous copper condition exists moar the ore doposite, but
a stady of copper valwes obtalmed fram the contaet tuff (Map ¥V) shows
that large halos ave not apperent, The same conalusions can be reachad
from a study of the verticsl sectlons (figz. % &, 7 and 8, ad Mgp ¥III),
The Veuse nino breccis contains high copper valuss, sem grester than
4,000 pom {Map X111}, In gonarsl, the copper comtent of ihe ‘mulet ande-
site 13 higher than that of the Walts shyolite, oxeept in D.0.H. Hos.
VellO and Hell (Map XIII, V=88 (fig. 6), 158 (fig. 7), end Ve8% (fig, 8],
The detall samplas from underground workings shov the sase gonorel rolae
tionghize, 1.0, higher copper conteat in the imglet andeaito and an anow
malous area legs than 100 feet acvoss, The distribution of copper valws
in the pipe sooe (D2 ore sone) is erratic, The nstare of the pipo some
minerslization which osours as dissemination and fracture filling in
brecolated altersd rhyolite would explain the erratic distridution of
the volatiles trace slsments,

in suumary, the precision of the wmlytical copper mothod ia & 217,
The copper anoealy msar the ore deposits is vory restricted, and the



eaqpper contont of the imulet andegits is higher than that of the alte
riiyolite eoxcopt for the "ause mine brecols member, The tuff at the cone
tact containe high beackground valuss of copper,

=hag
Of all elements analysed, sine ig the laast sceurate, ha poor re-

sulte cen be attributed in lervge part to the intensity in the region of
the sine spectral lime, Iine conitent ranges from 3 theoretioal lov ve-
1ue of =400 ppm (moasured on o relative seale) to 10,000 pym, Uping the
largest probabls error st the 957 confidence lowel, the precision of tho
mothed 10 g 387,

The distribution of sine values e showm in figares 5, 6, 7 and 8,
and on Maps VI, XIII, XTI emd XXIII. Map XVI contains intercating
rosults, The valus of sine in the contact tuff sesploes inereases mariedly
at a dlotance of about J00-400 foot from the Ysuse deposit,. The diffe~
rence in valwes, as shown in the variance analysils, is great enough to
overcone presision and contamination affects on individuwal saxplos,
There is a suggestion of a similar inciesse at the Sast ‘alte deposit,
Taff easples frum DeDeile Nom, =25 and ¥=26 gave anomaloas resalte.

The anomalise are real dut it ghould be noted that esveral geclogical
fostures may cauoe anomalous sine valuss, ‘he poot-ore intrusion of
diorite and othor ignsous rocks could hgve been accampanied by hydrothege
nal solutions responaidle for the deposition of enough sine to cause
anomalous valuss, Holss V=128, Veldl and V-89 situsted nsar Del ore
deponit and very close to a lov angle thrust feult which cut and dreg



folded the deposit, contaln very high sino valuss, 7he anomalous sontent
may be related to the fact that the fault gone has been permosted by so-
lutions, Several fsult brecelss were noted in underground vorkings that
sonteinsd cosrge erystalline sphalerite in the matelix,

The jmulet andosite containg more sine thas the Valte rhyelite,
Map XIIX chows o marked incresse in the content of sine in the Amulet
andosite over the Teuss ove doposit, The analyeis of spot saples is
not oconsidersd mlishle, but 1t indleates low sine content of the overw
lying andeglte 1a such hola. This peinis to the necossity of cantion in
the interpretation based on sine analysis alome, The underground some
plse show the pa=e gemorsl resulis,

The samples of inulet endesite lmmediately adjecent to D=1 ore some
on both the Ird and 4th levels (VO-4l, Vie1E1) have low sine contont.
The same situstion is noted in several dismond drill core samples (VelN0,
Veld5, fig.9; VLX), V-86, fig.lD) VelSS, Ve8I, fig.lly and elld, Map
IIII)s The couse of the lov sine vuluss Just above the ore somw contaot
is unknowne

To sumsarise the results of sine analysis: 1) the precision is
poor, being only 38¢ at the 9% confidence lewel; 2) even Ath poor
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vhich can bs related to ore deposite; 3) the extent of the sine halos

is a minimus of 300 to 400 foet slong the contact and valwee higher than
bacikground are cbserved in samplos of the overlying andesitey 4) baske
ground sine values of andesite ssuples are higher than those of rhyolite
sanpleg,

e
The precision for lead ves ootablished for valuss of 500 ppm. The

majority of veluwe in Vnupe samples are nesr, or legs tham, 900 ppm,
Therefors, the precigion of 19 given iu Table VIII is valicd for this
study. "he lowr linit for sn scourate analysisz is 0 ppm,

The distribution of lead veluss 1o shown in figuwres 5, 6, 7 and 8,
and on Maps XVII, ¥III, ¥VI and XXIII, Very littls detectabls lead i
found in either rhyunlite or andesite but socmo 1s contalned in most san~
ploe of taff, The ineresso in lead content toward the Vaume Del ozubody
is abrgpt, the halo extending omly for 100 to 200 fest, 7Three holes in
the viedinity of the mime, V=128, Vel and V=89 contalin high lsad values
a8 wll =8 high sine values, It is peasible that the lsad was carrisd
by sclutions related to the thrust fault desoribed above in the seetiom
on sine, The caly galena found in the mine area ceccwred in a thin care
bonste-filled fault. Two other holes, fos, M=25 and 5-138 (Vaite Asulet
hola), have high lead values, This ancmaly occurs in the same genoral
area as the sine anomaly. Even though D,D.iH, He26 contains lov dotece
table mine, spot samples indicate high valuss in endesite end rhyolits,
Backtground lsad veluss for sadesite and shyolite are below the detoctas
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ble limite of the smalytical mathods, High detoctable lsad valuss gono-
rally are confined to the wallrock in the ifmmediate vicinltiy of the ore

deposit (figures 5, 6, 7 and 8 and Map XIID).

Moot vallrock samples do not contaln detectable quantities of lesd
except in the Lmwediate vicinity of the are deposit, The saximum laad
halo ie 100 to A0 feot, lead enomalios are coineldent vith sine ancse=
lios,

Silver
The aenalysis method for silver is the moot acourste (Tabla VIill,

The tests made over a range of valuas frem 10 ppa to 500 ppo indicate a
noxinun error of 10F at the 5% confidence level. Tho lover limit of

accurste silver smalyeis is 10 pm. The wopor limit of detectability

vas not definod bocsuse the pilver eontent of sll Vaumo semples is below
500 ppme Most sauples contain lose than 100 ppm silver,

The distribation of silver values is illastrated on figures 9, 10,
11 end 12 and on Maps XVIIX, XIV, X¥I and ¥XIII. As in the ecoo of lead,
dotactable amounte of silver tand o ocsour in tuff ammplos st the “aite
rhyolito-imulst andesite contact, 7The baoiyground content of tho andesltis
and rhyolite samples is below the dotootable limits of the method, emcopt
for thope immedigtely adjecont to the ot sone, The %endency in the
viciality of the ore doposit is for higher silver content in andesitos
than in rhyolites (Map XIV, Ve93, V=132, Y=134; fig. 9, Ve126; fig. 19,
=88 fig.ll, 7=85), The underground seples tond to shovw the seme pate
torn (Maps "XI and ¥XILI)s 7he distribution of values of the silver
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eontont of tuffs is not as well defimed ss for sine and lead, but defi-
nite trends are ovident, The oxtent of a halo wround the Tause are doe
posit is not well defined owing to the difficulty of determinlaz thw
baciground valow,

e silver results can bo sumarised as followms: The pwacigion is
10%; the silver content of andesiteons axd rhyolites is less than the dow
toctable limit, emseyt imeedistely adjacent to the ore deposiis silver
anomalies ccour near and over ore doposlts but the halos are not well
delinited,

in
Procigion data aye ocbitalmed only for two values of tin conteat -

200 sand 100 pyme The tin content of cll Taume saples exesjpt two is
below 500 prm,. The lower limit of scourate analyeiz is 80 ppm, A% the
9% confidencs lawel, the precision of the analytiecal method i 297,

The disteibution of tin values is showm on figwes 9, 19, 11 and
12, snd on Maps XIX, XIV, ¥XI ond ¥XIIL, Map ¥XI, shodng the distrie
bution of valuss in underground chip samples fros the Xd level, indie
sate that very fov sawples of rhyolite contain tin in detectable smounts,
ihe andestio contains detectabls smoumts wvhieh inerease mar'mdily near
the ore doponit, the distribution is not the same for the 4th lavel
sanplos (Map IXIII) vhich indicste a content of the andepite balov de-
teotable limits, A tia snomaly ocours in tuff sesples moar the Vause
ore deposit (Mep XTIX)., 7he halo is very restrieted and exbends to
loss than 100 fost, The three holes that contain high sine and lead



value, V-l28, V=120 snd ™89, and D.0.J0. 008, #2325 and .25, alse contaln
high tin, 7ho basigroun! values for tin in andesite and rhyolite is
boelow the detectabls limit excort in a fov andesite smaples, ik in the
case of ailver, detectable quantities of iin oceur in both andosite and
rhyolite immedlately adjecent to the Vaume ore deposit {(o.g. fig.9, "=13;
and fig. 10, V=86),

The anslysis methoad for tin has a precision of 2%, Tin ancmalios
cocur over ore deposits, but the hale is very restricted - laps than 100
foat, The average tin contont of andesites and rhyolites is balow the
detectable limit, bal incroases in wallrock adhscent to the ore deposit,

ingls

initial results from Vause semples indiceted that o large mumber of
samples contained dotectable amounts of indiuns, But, uhen all deta were
gathered, the valuse had no distinet trends, Iz the optical spectrochoe
aical sethod, indius is wsed as intermal standard and this may cause con-
tanination, The soures of conlamination during the sample preparation
procedure is not lmowm,

it the 95 confidence lavel, the precision of the snalytical mothod
for indium is 206, The lower limit of seccurate detection le 2.0 ppm,
The sathod is very sensitive to indius and the sontont of most samples
in belov %0 ppa,

The distribution of indimm comtent in Veuse ssmplos is showm on fie
gares 9, 10, 11 and 12, end on Maps Y7, XIX, "XI and ¥XiIl, A discernie
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ble pattsrn of distribution of indius content is not spparent, Ome poasis
ble esception is the pattern shown on Map Y¥ vhich reprossntis the indim
contant of tuff semples, Ho anomaly or halo ia apparent over or ssar
the Vause el ore gone, lowwer, su snonaly ocowrs in the sawe gonoral
vieinity vhere zins, load, silver and tin contents wre snomslous near
Deligll, HoBe Me25, Medi, "el0 snd Hell, M»l2 hap a very high indium con-
tent, Undorground samplos on the 2d lewel (Mep YXI) suggest highes in-
digs content in andesite rocks, ihe 4th lewsl samples (Map XXIII) bave
almogt the game smount of indium for both andesits and rhyolite,

he shecnoe of any pattern in the distribution of indium strongly
suggests contamination during amalytleal proceduares, ihe precision of
the method 1s 208 and detectability is lov (2.0 ppm),

lxmim

The qmalitative work on Vanse samples at the bogianing of the study
inlicated detectable amounts of cadmium, After having anslysed sbout
half of the Veuse samples, only two were found to contain detectable
smounts of cadmium, After all data were obtained and stendard esmples
plotted on graph paper for woriing curws, cedmium seusitivity was shown
to bo very poor. Ihe lower limit of scourste detectability ia sbout 500

ppm and the cadmiun content of aluost all Vause samples are below that
1limit,

Riatribation of malor couutituenia

Slightly less than 0 samples of tuff and underground chip were
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analywed for sajor congtitueuts by JY-ray fluorescence and optical speow
trography. The precision of the techniquop sre deseribed in the Appendis,
Only trends can be postulsted from the results. he Jd leowl chip sam~
ples show variations of chemical eomposition nesr the Hel i some, The
4th lovel sanples wvere selected to show changes in chemioal compopition
mar the Be2 pipo or sone, 7The last oot of samples are from the taff
bed at the Yaite rhyolite-inulet andesite conmtect, The variationn sve
digeaspod bdelode

8=l lene

The iaportant consideration in this some is the variation in compor
sition vithin rock units as the contact or ore sone is approached (Map
1¥il)e Three compounds, Ti0z, Cad and M) ghow no slignificent change
but the andesite containe more sbundant smounts of all thiwe, Tho distri-
bution of X0 1s erratic, Total Fe, Mg and Nas) amounts are higher in
andesites bul deocrease systematically as the contact sone Lo ajproached,
From about 90 foot sbowe the ore deposit, total Pe changes from 13,70 to
7.9% 5 foet above the contacty in the pume pamples 'gd changss from
618 to 2,508, and Nag0 changes from 1,64 to less than 0,107, Ia the
same samples, 5105 increases from 35,73 to 63,308, In the sawples of
the “aite rhyolite, totel Fo and Mgd emounts increase from X to 40 feet
bolow tha ocre doposit to a fouv feet below the contach, Total o inecreae
ses from 1.65 10 4,13 and ¥g0 lncveases from .04 to 2,390, a0 dee
eroases from 3,00 %0 l64%. 85805 appears to decreass but the dlstribu-
tion of wvuluss is erratic,
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Samplon of the De2 oro sone were selocted to show chemical varise

tions in the Vaite rhyolite from unsltered rock to brecclated chlorle
tised rock (Mep "XIIl), The volatile truoce olemonis and several major
conptitaents such as 5103, 30, total Ve, sad Mgd hawe erratic digtrie
bution, 7407 aad Mn) amounte are consistent in most swnples regardless
of the ssount of slteration, 7Thore i a decrease in the smoumts of Cad
and Hag0 in semplon taken moar the DeR ore sone relatively to thowe talen
29 to 300 feet south, The deercass is from L,20=0,871 to 0a200.40%
Cady and from L.002,008 to 0,100,208 Hagl.

The results of major constitusnt snalynis of tuff semples (shewn on
Map XXIV) wre not conclusive, Home of the compounds shov systematie
varistions. Tho only cosclusion that csn be reached is that the tuff is
chomically closer to andosite than %o rhyolite, The silieca content is
low «= maar andesite -- but the values aye errstic varying bLetwen
48,47 and 65,17%, The 7102 and Ca? content is slighily lower then
that of mont andosite sanplos.

SEAEX

The parpose of the chemical smalysis vas to stady the diptribution
of pelect alements and compounds arcund the Vause ore deposits, particu-
larly in the taff lying betwen the Vglite rhyolite and the Amulet andesite,

Analyeis of Vause samples for 15 elsments and compounds was comple-
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ted, ibout 10 gamples vere snalysed for the following volatile traco
olements: Copper (Cu), Zine (Zn), load (Fb), Silver (Ag), Tin (Sn), To-
dimm (In), end Caduimm (Cd), About 9 samples wore amalysed for the
following constltusnts: 5103, Ti0g, Cal, 120, MmD, total Fe, Mgd and
Ragde

The results of the volatile traco clement analyses wore not to om
pectations, They may be sumarised as followst

1) The oadmiun content is below deteetabls limita,

2) The copper and indium results are poor dus to contamination,

3) Zine distribution shows an anomalous hale ihich extends wp
to 400 fvet away from the ore along the comtact tuff horison,

4) loed, silver and tin results indicate snomalous halos but
Jess extonsive then that for sine,

5) A large anomaly in most of the volatile eloments io imiicsted
near the corner of the proporties of Vause Minse L, Jalte
Lake Mimos Ltd and Valte Amulet Mines Iid,

6) Both the andesite and rhyolite in the immediate vicinity of
the D=l orebody comtain anomalous amounis of most volatile
oloments. In the rhyolite, the halos are restrioted ueually
to less than a fow feet or tens of feot exoept vhere the Vause
mine pyroclastic breceis is thick, The halo in the underlying
andesite extends wp to 100 feet in places, but the roeck unit
is out by diorite and a cmplete svalustion of the dlatribue
tion of truce olementis wvas not posaible,
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The apalysos of the major constituent indicate slteration of both
the andegite and rhyolite adjacont to the conformable ore deposit, The
andosite is silicifiod and has lost some Fo end Mgd, P and MgO have
beon added to rhyolite and Nag0 content has decreased, Chenges in the
andestite ocecur uwp to U foot awey from the are comtact, In the rhyolite
the change is apparent % to 40 feet from the comtact, The changes in
the pipe sond are not as well dofimed, o end gD have beon added in
gomes of chloritisstion. The content of Nagd, Cad and K0 decresses
toward B2 ore sone, The distridulion of major constitusnts in tuff
shous uo distinet trends,

The most relisble sampling techalque is core splitting, This methad,
however, is not alvays feasibls, Fepults obtaimed by the systematic
sampling procadure are reliabls, The spot sample procedurv uped in
sampling diamond drill coves ig inadequate,

It is coneluded that the presence of an ore deposit in this area
can give rise to detestadbls geochemical anomalies, The sine anomalies
are the largest, but these and some of the other anomslies may bo cauped
by geologic conditions other than the presence of an ore deposit, Tuff
pamples ean giwe firet indlcations of anomaloup conditions, It is be-
lioved that systematic pampling and analywis of andesite and rhyolite
for sine and load and for the major constituente Nag0, Mgd and total Fe,
can give walusble information on possible areas of ore deposition,



Samullng “echaiquen
A method of systemetic saspling vas used to oliminste bias cn the

part of the smpler, Four procedures wore used, (1) The entire core
of the tuff badg vhich lie at tho contact wus eplit and sasplod, Most
dismond drill eorup from the Yaite laie and Vouse ¥Mine properties amd
only select cores from the Valte-imulet property were sampled, (2) Sane
ples wvere taken of the other roek units 100 foot above and below the
Yaite rhyolite-imulet andesite contact, ™he rock units were separated
on the basis of color, texture and mimeralogy. The minimus thicuwmes
of the sanpled seetions van 12,5 foot and the maximum 100 feet, Zach
samplo consists of 2-in, plecss of vhole core talen systematioslly at
intervals of 12 iachen, (3) Anothor procedure conaisted of taking four
spot samplas of vholo core 4~in. in length % fuet and 25 foot below
and sbove the Weite rhyolite-imulet andesite contact, (4) The last
saspling procedure involved talking chip samples at intervals of 5 feet
at various underground voriings,

sSample Lrepsritlan

The preparation techniques used are standard procodures for goo-
chomical snalyses at MaGill University. Minor changes ere reguired
bacarss of the large musber of saaples that had to be processed, The
oxact stopa are oullined in figwe 3, A five place wighing asccuracy
was used, he sample and added material wore thoroughly mimed, Ffoor
mixing can introduce very large errors bacause the ratio betwsen lknmmm
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compounds end unknowns would not be unifors throughout the sampie.

lae % slumina contamination by the ceramie plates used in pulve=
rising, anslysea for Alz0q vore not dome, 7o somo extent, there is also
iron contemination by the plates used in crushing, Howsver, the semple
at this stage is very large and the sffects of conteminstion which were
not evaluasted experimentally are lilely to be emall,

4nglytles] Methodg
Throe analytical methods were used for deterwination of elements

and compounds (fig.3)e 1= “he first method which requires fusing of
the samples is by the Jenoral Bleotrie YRDe3 Teray flucresconcs squipw
mout, It was used for quantitative deteruination of 5103, Ti0g, Cad,
E20, total Fo, and Mnd, 2= Dwec are exeitation and the Jaco planegrating
344 moter spectrograph wus used to detect the light conptitusnts Mg0 ond
Ragls 3= The thind method wvas used to deteot certain volatile traoce
olomonte like Ag, Sn, Od, Zn, Cu and Fb aftor a gualitative work was.
done to find out which elementia were detectable, The procedure, based
on vork: dome by Ingamells and Surh (1963), is sesmiwquantitative, Fowde-
red samples wore mimed to graphite in the proportion of 10 parts %o 1,
The graphiteo contaimed 1,7% Sb for en internal standard, The samples
were pacied in 3/16 in, diamoter olectrodes, covered with boller eape
and aroed for 1 mimste st 15 amps with the gpectral range control at
9.87 for sscond order expogures.

in the optlieal spectrochonieal procedures, the calculstions to ob=
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taln relative intengity ratios were dome on MelGill's IBM 7040 computer,

Execigion of volatile troce elemontn anslynes

It is mecessery to note that the analytical mothod used for the de-
terminetion of the volatile trmes alemonts is semi-quantitative, The vee
luse in parte per willion are aonly relative and are reliable within lie
uite set by the precislon of the method vhich is established in the fol-
lowing ways The anslysis of a sample for ono element is repeated and,
sssusing nommal digtribution, statistleal tesis are spplied to the re-
sulta, The precigion of the analysis is then established at a particular
amount, such as 100 gpms This procedure is repeated for various elemont
eontanis in order to egtablish the precision over a range of valuea.

Many analytical proceduree, partieulsrly those used in this study,
have a lower snd an uwper limit of detectablility, Optical spectrache-
nical methads rely on photographic methods for yuantitative repults, iheon
the intensity of e gpectrsl line approaches the inteneity of the baole
ground, larger errors in detection ooceur, Very dari lines (high concenw
trations) imtroduce the same type of arrors. A megative valus indicates
the pressnce of an olemant but does not allov even an eatimation of the
valuasg.

he preecision of a method is caleulated on the basis of its probable
error at the 991 confidence lownl, 7The error is caloulated by the fole
lowing formula:

Py of the mean w 1,96 (a/g=l) (00) vhere
x

x = aritheetic mean



% 1,96 is the confidence coefficisnt at 99¢ lavel
8 = standard deviation
0 z mmber of sanples

To deternine aignificaent differences in slement content, the aamples
vere claesified into 16 groups (table IX) based om roek type and geoloe
giec snvironment, 7o test the null hypothesis assuming nomal digtridu-
tion, analysis of varianee was done, The Smedecor I test led to the data
presented on table ¥, Comparisons were made only betuwesn sauples of the
gane rock Yype. For owample, rhyolite ssaples from the pipe sone arve
compared to rhyolite sesplog in the vicinity of the sgouthern are sone
but andesite samplog are not compared to rhyolite,

£recision of malor conptituents snalvees
The major constituente analyses were carried out by tuo wll osta-
blighed techniques, The content of 510y, Ti0y, Cal, X0, D and total
Fe, van obtained by Y=ray fluorescence analyticsl procedures, and that
of ¥Mg0 and Nagd by cptical spoctrographic mmalytieal procedures, The pro-
bable error at the 95 confideace lewel was established for sach compound
(Tuble VIil)e Semples "(=352 were used to determine the precision of the
analysie by Yeray fluorvgcence, Five duplieata sgmples were made and
enalysed after secondary crushing to establish the total error of the me-
thods The optical spectruchealeal anslysis errer was established by ten
repititions of analysis of samples "~77 and V=82 £, In addition, the Mg
analysis for sample V0=-352 was repeated five times, The Hay) content of
V(=352 vas bolow the limit of accurate detactability and could not bo used,
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TAHLE Vil

CONST ITUENT ANALTTICAL  SAWPLE - 2 ‘
T HOR HO. n x 8 & C P.E.”fﬁ}
s40, Pt V0352 5 7367 40 219 .o Lo @ 28
140, APt w352 5 017  O.0036 0.06 .13 13.0
Cal it VO 352 b Geldy QUL 0. 07 i 2044
B0 P VU 352 5 1.2 Col oG W13 12.9
0o S Fasli Vo 352 5 «03 0.000025 0,005 .12 1n.e
Total Te. Pt v 352 5 50 OudZ 0u65 A4 13.2
Hel Clsmit YO 352 5 3.56 0.03 C.l8 .0k 3e6
g0 OSmit YI7IF 10 L.83 0. 04 0,20 .03 1.9
gl (il Ve E 10 Lol QU5 Ue22 R 3.9
Na 0 i L T Lel2 G55 OuTh W07 bot
Iilzﬂ Ot va s o L. 78 (e 30 Ue55 A1 T8
iFeliy, lersy Fluorescence major elsmernt procedure; Ofiel, Optical Spectrochemiesl ssjor elecent
procedure; (S-¥, Uptical Spectrochemical Volatile trace element proeedure; n, mumber of anzlyses;

%, sample mean (major elements expressed as walgbt per cent, volstile trace slements expres:ed s
partes per wil lon; 02, smple variance; o, sample standexd devistion; €, coefficimmt of varistion;

() pr--ghble ervor of the s:mple mean * 952 confidenco level.

Fak .” }



COESITIUENY ARALYTICAL

SANPLE

HET 0D Ko, N 3 o° s ¢ Pullagg (%)
Zn Chml YeIe b 755 L7523k 28 o3 38,0
In Ot V& B L 170 13500 350 e dled
in (¥ 500 ppm Std.* 12 500 €889 a3 0l 13.4
ig CSa¥ 500 pre St 11 500 Y028 95 «17 10.3
Ag 0=V 100 ppm Std, 9 100 & 9 A 10,2
Ag ¥ 50 ppa Ste, i2 50 L 12 o8 17.5
A UGV 10 ppm Std. 10 10 196 1 2 e
6 08V SO0 ppm Std. 12 500 28900 170 25 M8
n v 100 ppa Std. 9 100 2500 50 oJ7 255
In 0S¥ 50 ppm Std. 11 50 196 14 25  lh.9
In 08=V 10 ppam SR4, & 10 6.25 2.5 .22 16.0
In 05V 5 ppm Std. AL 5 4.0 2.0 .32 19.6
Cu BT vV 7 b 1220 17689 133 «08 95
Cu Oy 500 ppm Std. 11 500 7225 165 20 17.3

& 500 ppm Std., the 500 parts per willion standard smple.



CORSTITUNRT

ABALYTICAL

SAAPLE

#THOD BO. a F o2 s ¢ PoRagg (%)
(g O5=V 100 ppm SLé. 9 100 1600 LG L 2.2
u ot 50 ppm Std. 12 50 625 5 W27 15.8
Cu Ui 10 ppm Stdé. 10 1o €25 <5 «22 20.9

) )



TAHLE IX
GROUPING OF HOCK SAMPLES POR ARALYSIS OF VARIAKCE

GROEP EQ. AREA (ef Plate 1I1) RICE TYPE EEMARES

1 A Ryelite

2 A Hyolite from L.b.H, lips, 725, ledb, H=l0

3 A Fhyolite lisar Vsuse ore deposit.

& A Vauge Mine Freccia Rratisgraphically directly Lelow
Vouse ore diposit,

5 A Higeolite From undergroursi chip samples of
unaltered Fhyelite.

& A golite From underground chip samples near
"Fipe" sone - Chloritised fhyolite

7 i Andesite

g A frciesiLe Spot. samples frem D.U.H. Vos, #=25,
Fmdly Yl

9 & Ancesite joar Vaume ore deposit.

10 A indesite From underground chip samples.

i1 A Tare fear ore smue.

12 AnS Yali From D.l.i. los. W25, /=2, #=10

i3 A Tulf

1L B Taff

15 BED Tafy

16 i Yafy
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¥ = 4 sigoificant difference octume belwen sampls variences.
= Ho gignificant difference oxlste betusen sample varianoe,
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Ca

COMPARISONS  Ag

=15

13.13

12-15

13-15

1415

Uit

15=16

T = 4 pignificant differsnce occours between sample variances,
0 = Ho significant difforonce ovowrs between sample variances,



The precisiom of MgD and Hag) analysis as presented in the table is the
total error of the mothod at the 99 confldence lovel,

With the Yepray procedure, except in the case of CaD analysie, all
arror valusg are below 13,27, The higher probable error for Ce can be
attributed to the lov amount of Cal in samples V=352, Therofore, ewsent
for valuss close %o the lover limit of securate detsctability, the preci-
slon of analysis by Yeray fluoresconce is 4 139, For Mgd, the maximum
probable error 18 $ 47 and for Nagld, 7.0%,

The 4.4% precision of the 8109 content shown on Table VIII is mip=
loading., 7he precision is only as good as the precision of the etandard
working curve from which the valuss are taken, The working curve is
draun from a serics of samples with inown silica content wvhich have been
prepared in the same manmer as the samples to be analysed, In the T=ray
fluorescence analytical procsdures, the sillca content of the standards
is plotted agoloat the number of counts per 20 secomdis, ™o curves ob-
talned for ather compounds are satisfactory but in the case of silies,
the polints are gesttored and the resulilng curve is questionable, The
true preclsion is much lose acourate than the 4,47 indicated in the taw
ble. An estimetion of the errce by drawing parallsl cuwrves containing
nost of the scattered pointe, givee shout g 0%, it T,00F 8103, the
error is § M.00%, At 50,007 810,, the ervor is § 10,007 810,
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a8g X1

aroe

T0TAL RO,

COMPANISONS 510 710 MmD Mgd Cad Napd K0 Fe OF 148

—

8

13333333123

135

10=5

¥ = A pigaificant difference occurs botuwsen sampls variances,
0 = No significant difforence exists between sample variances,
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