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INTRODUCTION

This thesis is the ﬁutéome of a proposal made in the spring of

1962 by W, C. Mertin to Falconbridge Nickei Mines Limited ana Leke
Dufault Mines Limited. .Mr, Martin suggested the application of
geochemical_préspecting technigquss to the problem of finding blind ore
bodies on a propserty of Lake Dufault Mines Limited, the sité of a new
Ease‘metal discovery. The writer was employed to make preliminary studies
for this purpose. He spent the first month of the summer of 1962
absorbing facts and ideas"about-the geology of ths area. The remainder
of the summer was sﬁent collecting diamond drill core samples for
chemical analysis. bhemical analyses were parformed in thé Department
of Geological Sciences, McGill Univérsity.

| It -is the purpose of this thesis to report the results of this
geochemical study and to interpret the chemicel fesatures of the host
rocks of the Lake bufault Mine on the basis of what is known of the

geology of the Noranda area in general and of the Lake Dufault Mine in

particular, -



Wilson (1910) and Cook, James and‘Mawdsley (1931) provided the
first sumﬁary reports on the geology of the Noranda area. Wilson's
(1941) mgmoii remains @ standard reference. moré receptly, Robinson
(1951), Dugas and Hogg (1962), Gilmore (1965) and Roscoe‘(1965) have
contributed to the gsneral knowledge of the Noranda aresa.

The first chemical cdata from the Noranda erea were published by
Wilson (1941) who noticed, among other things, that the volcanic rocks
had a "...large proportion of soda in c&ntrast with the smail content

- of potash...", a relation first suggested by Schindler (1934) from
petrographic data. Additional'chemical data were presented by Riddell
@ (1952) who esj;ablished the chemical features of wallrock alteration in
the district. Lickus (1965) gives many chemical anélyses of rock on-
the property of Vauze Mines Limited. Rascos (1965) published chemical
anglyses for major units of the Noranda volcanic rocks plus some chemical
analyses of minerals.

Many studies of individual mines have been recorded,vthe most
detailed of which include that of the Horne Mine by Pfice (1933, 1934,
1949) and that of the Vauze Mine by Lickus (1965). |

Wilson (1941, p. 60) lists the following structural festures
associated with the massive sulphide ore deposits of the Noranda
district: 1. faults, 2. pyroclastic and tectonic breccia in volcanic
rock, 3. dimpermeable rock "barriers" above the dsposits and, in some

% cases, 4. enticlinal folds. Wilson alsoc reviews conflicting arguments



which bear on the rglationship of "late" diabase dikes to ore. Wilson
favored a post—diébase age for the Noranda deposits and hence, like
many of his contempofaries who studied the geology of ths Noranda
district, believed that the sulphide ore bodiés were formed after their
host rocks had been deformed end metamorphosed. ~
Since Wilson's memoir was published, additional informatibn has

becomé available and many éeologists, perhaps influenced by the work of
such men as Oftedahl (1958) and Stenton (1960), have come to realize
that an alternafs hypothesis is gpplicable to tha problem of ore genssis
in the Norande district. They propose that the Noranda ore deposits and
the volcanic rock in which they occur are contemporary products of

" Precambrian volecanic activity centered in the Noranda erea. This idea
was under serious consideration at the time of the C.I.M. Symposium on
Massive Sulphide Deposits in 1959 (Gill, 1959). It has been advocated

_ strongly during the past year by Gilmore (1965), Lickus (1965), and

Goodwin (1965).

@
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LOGICAL SETTING

|

' NORANDA AREA

t

INTRODUCTION

The Noranda ore deposits are all located in en ellipticélly
shaped area (80 x 20 mile%) of intermed;ate and silibeoué volcanic
rocks of Prscambrian age. These'rocks were celled fhe "B;aké River o
Group" by Gunning and Ambrose (1939) (fig. 1). To the south and parallel
to the‘long axis of this area lies the east-trending Cadi;lac-Bbuzan
fault zone. - South of this major "break" lie greywacke and conglomerate
which give way still fufther south to metamorphosed sedimentary rocks
mixed with éraniéé and~gneiss. All of these rocks are.covered in places
" to the south and Qest by conglomerate and greywacke. The érea to the
north, east and west of the Noranda afea consists mainly of mafic.
volcenic racks and intrusives with minor bands of silicecus volcanic

and sedimentary rocks.

EFFUSIVE ROCKS

Andesite

The rocks in the Noranda areaz that can be definitely recognized
as flows range in chemical composition from basalts to dacites. Roscos
(1968) notes that the less mafic flows occur higher up in the sequence.

Pillows and amygdalss are common in these rocks, and minor flow brsccia



and chert have been reported. Microscopic examination of thin sections
- of andesite usually reveals clouded plagioclase feldspar with the
aiteration pfoducts, sericite, chlorite, actinolite, calcits and
epidofa, plus some quartz.‘ Therefore the rocks of the Noranda area are
‘properly placed in ths greenschist fecies of regional metamorphism.

Schists are found only in fault zones.
Rﬁxolite

The only siliceous rocks in the area tha% might Se classed.as
flo@svare small irregularly-shaped bodies of quartz-Feldépar porphyry.
One of these bodies has‘a flat basas, a dome;like top end a long axis
which trends N. 70° E. (staff, Lake Dufault Mines Ltd.). This "dome"
ié located 4,000 feet south of "the Lower A".ore’body of the Amulet
mine but is exposed only in a small erea on the surface. It is
suggested that these small silicsous bodies are the so called
‘ "endogenoué domes" found so often in areas of siliéeous volcanic
activity (Rittman, 1962). |

The remainder of the siliceous rocks have been called fhyolita,
rhyolite flow breccia, rhyolite breccia and rhyolite tuff. In the |
opinion of the writer essentially all of this rock is pyroclastic.
Most of the rhyolite units are thin relative to their areal extent and
thus have a generel form inconsistent with the shape of true siliceous
lava flows, Often the most massive-asppearing rhyolite can be seean, on
closer examination, to consist entirely of‘fragments. The writer is
convinced that detailed petrographic examination of the siliceous rocks

of the Noranda area would, in most cases, reveal pyroclasts. A minor



amount of bedded tuff occurs with much of the pyroclastic rock.

INTRUSIVE ROCKS

The intrusive rocks of the ares include a myriad of dikes and
 sills of widsly varying size, shepe‘and cﬁmposition. Soms sills ars
closely related to fhe effusive rocks in the Noranda area (e.g., quartz
porphyry, "metadiebase") and some dikes cut across all rock structures

- {e«g., "late" quartz-diabase). Many of the massive sulphide ore bodies
are cut by dikes and probable sills (Lickus, 1965). Only the larger
infruSive bodies for which some chemical data are available are describad.

here.

Flavrian and Powell Granite

The Flavrian and Powell grenite bodies are similar in many
respects. Both intrusive masses contaiq abundant inclusions of rhyqlite ‘
and other rocks, both ere altered to a moderate degree with ﬁhe develop=- |
ment of chlﬁrite, sericite, epidote and carbonete, and both cut andesite

and rh*olita. On the basis of limited chemical work both.have the sams
chemical composition (table 5, p.42 ). Both are alsc similar, chemically,
to the rhyolite which they cut. This evidence suggests that the Flavrian
and Powell Qranite and the rhyolite of the Noranda area all were

crystallized From'magmas of similar composition.
Lake Dufault Grancdiorite

The Lake Dufault granodiorite is located to the east of the

. Flavrian mass, cutting andesite, rhyolite and diorite. The western



half of the stock is relatively fraee of inclusions and is less altered
than the Flavrian and Powell granite. The sastern half of the stock is
a‘mixed rock.(Webber, 1962) and contains a possible pendant of rhyolits
in which the MacDonald ore.body occurs. One analysis of a dacite flow
at Vauze Mine corresponds to the few chemical analyses given for the
gfanodiorite (Lickﬁs, 1965) (table 5, p.42 ). The texturse of granodiorite.
apophyses in country rock is as coarse as that of the main body (Wilsen, .
19&1); It would sesm therefore that the granodiorite intruded an elrsady

hot country rock.
Diorite Dike System

A mep by J. Boldy (map I) shows a dike system around the Flavrian
aﬁd Powsll granite masses which, according to Wilson (1941), is composed
of quartz diorite, diorite, gabbro, diorite porphyry and albite granite.1
The variety of rock types plus the fact that internal chilled contacts
" have been observed in one of the larger dikes (Lickus, 1965), suggest
that the rocks of the dike system have been intruded in a series of
pulses. "Flat" or sill-like diorite is known to occur east of the
Amulet mine, east of the Lake Dufault mine, at the Vauze ore body and
near the Fréncoeur mins. Irregulerly shaped areas 6f diorits are
probably the "flat" or sill portions of the system. The dike portions

of the system have steep dips so far as is known and actually lie along

1. Some of Wilson's rock types may actually be unrelated to the
diorite dike system. They may be massive portions of andesite
flows or sills closely associated with the flouws.



faults. Theée faults have a smaller apparent dip slip away from the
Flavrian granite. The impression is gained that the diorite of the
dike system encloses volcanic rock which was broken into huge blocks,
possibly as a result of suﬁsidence in the area of the Flavrian and

Powsll granite bodies.

STRUCTURE

Foldihg and Faulting

The sfructure of the Noranda area is relatively simple. Ths
only strong deformation has occurred along the southern border of the
area @here ths voléanic rocks bscame involved in the deformation along
the Cadillac-Bouzon fault zone; Here, faults are numerous and the
volcanic formations eres folded. North of this deformed area the rocks
are only gently folded (if 2t all) and the greatest deformational svent
seems to have been the faulting referred to in connection with the
emplacemsnt of the diorite dike system.

“Late" diabase dikes are offset by fauits but are otherwise

undeformed (map 1), (Wilson, 1941, p. 47).
Lineaments and Domes

Many air photograph lineaments mark major faults, and post~ore
faults have been noted at the Vauze (Lickus, 1965) and Lake Dufault
mines (staff, Lake Dufault Mines Ltd.). Some lineamsnts have been
shown to havs greathsignificance for it is et intervals =long them

that thickening of the rhyclite occurs. The Lake Dufault, Vauze and



Waite ore bodies are found at the top of locally thickened sections of
rhyolite (Lickus, 1965; staff, Lake Dufault Mines Ltd.), a fact which

suggests that;rhyolite end ore may be genetically related,.

MASSIVE SULPHIDE DEPOSITS

Gold-bearing quartz veins are found in most of the rock typeé
present in the Noranda erea, including the Flavrian and Powell granite.
Minor, chalcopyrite beering, quartz veinlets are present in the Powell
granite on the Don Rouyn property and in extrusive rocks throughouf the
district.

All of the massive sulphide ore bodies in the Noranda area ere
found at the stratigraphic top of a siliceous pyroclastic rock unit
axcept ths upper ore bodies of the 0ld Weite mine and the Amulet
"Upper A" ore bodies, The host rock for these ore bodies is sndesite.
The hanging wall rock for many ore bodies is bedded tuff or andesite.
The ore bodies ars tabular and their larger dimensions are essentially
parallel to the nearsst stratification or flow contact. 1In recent years
many geologists have considered theses features, which are common to many
ors deposits, as suggestive of a close reslationship betwsen ore formetion
and an early volcanic environment (Thomson, 1960).

The massive sulphide ore bodies are easily grouped into
combinations of (1) pyrite-sphalerite ore and (2) pyrite-~chalicopyrite-
pyrrhotite ore with or without sphalerite. Roscoe (1965) describes a
large scale stratigraphic zoning in the Noranda district sulphide
deﬁosits. Sphalsrits, of'ten interlayered with pyrite and pyrrhbtite

(Lickus, 1965), is concentrated at the top of the massive sulphide ore
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and chalcoﬁarite is morse common'near the base end stratigrapﬁically

below massive ore in eltered, mineralized rhyolite. This zoning holds
true fﬁr the Horne deposits even though the strata are tilted to a
vertical attitude. Roscoe suggests that such zoning in vertical strata.
must have been developed when the strata were in a sub-horizontal position.
Interesting sulphide breccias have been noted at the Vauze mine (Lickus,
,1965)’ at the West MacDonald deposit, and st one of the Horne ore baodiss
(Roscoe, 1965). Roscos states that the breccias “"contain displeced and
corroded sulphide fragments end siliceous fragments thaévcan:be envisaged
as bounced about during explosive fumarolic activity and recemented by
sulphides and some siliceous material, These features suggest‘deﬁosition
at?the surface, perhaps within loose tuffaceous materiaels." At the

'@ED Vauze.mine, Lickus describes sulphide fragments of contrasting mineral

compositicn side by side in agglomerate. He suggests that fragmentétion
of.sulphides must have been contemporaneous with the Tormation of the
agglomerate. In summary, this evidence suggests that a genetic relation~
ship exists between the Norande aﬁea sulphide deposits and the volecanic

rocks in which they are enclosed.

ALTERATION

The most striking feature of alteration in the Noranda area is
the occurrence, with some of the ore bodies, of "Dalmatianite," a spotted
rock containing biotite, cordierite and enthophyllite.

"Dalmatianiteﬁ is not found al the largest group of ore bodies

.in the district (the Horne mine) where only chlorite and sericite
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alteration is present. The significant facts of wallrock altsration in
the Noranda area have been given by Riddell (1952). He shows that two
styles of wallrock alteration coerSpqnding to two types of massive
sulphide ore deposits ére present in the district. Sodium, magnesium
and calcium have been leached, potassium has been fixed or =added, énd
sericite has been formed in altered zones near massive sulphide bodies
which contain pyrite and sphalerite but only minor copper. UWhere copper
is present in the massive sulphides, magnesium has been added and
chlorite has been formed.” Sodium, calcium and, in some places, potaééium
have besn removed from this last type of altered zons.
The chemical composition of "Dalmatianite" zones is similar to

that of the chlorite~sericite zones (Riddell, 1952; Lickﬁs, 1965) .

| At the Vauze mine an altered zone containing an unusually high
amount of magnesium occurs stratigraphically below the massive sulphide
ore body in fractured, mineralized rhyolite (Lickus, 1965). No magnesiﬁm'
seems . to have been added to andesite which forms the hanging wall of
massive ore. This is also a feature of the Lake Dufault deposit as
described in a forthcoming section. It is the opinion of some geologists -
who have studied the Noranda district, and the writer concurs, that the
andesite which now forms the hanging wall of massive sulphides in these
deposits should contain some added magnesium if the flows wers pressant
at the time the sulphides were emplaced; A "Dalmatianitaupipe" within
.andesite cohnects the "Lower A" and "Upper A" ore bodies in the Amulet
mine area. Otherwise, magnesium metasomatism in andesite is rare.

MDalmatianite" alteration zonas have been reported only in arseas

~ neer the Lake Dufault, Waite and Amulet ore bocies, all of which are
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close to the Lake Dufault granodiorite stock. - It seems likely that
biotite and "Dalmatianite" develop from the isocchemical contact
metamorphism of chlorite-sericite alteration. Riddell (1952) describes

a concentric mineral and chemical zoning in "Dalmatianite" at the

' #Lower A" ore body, Amulet mine. The mineral zoning is, from the center

oufward, anthophyllite (gedrite)-biotite, cordierita-anthophyliita
(gedrite)~biotite, cordierite~-biotite and biotite end is, in the opinion
of the writer, most probably caused by chemical zoning in a pre-existing
cﬁlorite-sericite élteration zone. fagnesium and iron are present in
largs amounts in the altered rock and increase as potassium decreases
ﬁowards the center of the zone. Thermal metamorphism of a chlorite-
sericite mass having this chemical zoning would result in the formation
of biotite until potassium is used up, cordierite until aiuminum is
used up, and anthophyllite (gedrite) if thefe is enough magnssium, iron
and silica left to satisfy its requirements. Lickus (1965) reports a
similar type of chemical zoning in a chlorite-sericite "pipe" at ths
Vauze mine.

The existence of a contact metamorphic aureole near the Lake
Dufault granodiorite stock is suggested by the work of Schindler (1934)
on the old Waite-Ackerman-fMontgomery property. He described pyroxens
in andesite up to 200 fest away from granodiorite and biotite in andesite
as far as 1,200 feet away from the granodiorite-andesite contact.

The.anthophyllite-cordierite asssmblage of the "Dalmatianite
pipes" belongs to the hornblende-hornfsls facies of contact metamorphism

(Turner and Verhoogen, 1960, p. 511-520). These authors "tantatively

_correlate the hornblende~hornfels facies with temperatures of about 550°

to 700°C. in the pressure range PHog = 1,000 - 3,000 bars."
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LAKE DUFAULT MINE AREA

INTRODUCTION

‘The large Noranda properties of Lake Dufault Mines Limited are
located mainly iﬁ Dufresnoy and Duprat townships approximately five miles
directly north of Rouyn-No:anda (mep I). The propertiss can be.sub-
divided into two arsas, one south and one nortﬁ of the Lake Dufault
granodiorite stock. The southern area is neér the mined-out Amulet
ore bodies, The northern area lies east of the mined-ouf Waite and
Vauze ore bodies and is known as the Norbec aréa. The Norbec area
consists of three‘faulted blocks of andesite and rhyolite separated by
diorite of the dike-system.. These blocks are bounded at the north by a
northeast trending fault and at the south by the Lake Dufault granodiecrite
stock. The Lake Dufault ore body is located in the central block.

Geochemical samples were taken from the entire Norbec area.
ORE BODIES

The Lake Dufault ore body, actually two ore bodies, is a typical
Noranda~style occurrence having a lens-shaped massive sulphide portion
underlain by a fractured zone containing vein and disseminaﬁed sulphides
(fig., 2). The messive body measures 150 feet by 400 feet by S50 feet.
The longest dimensions lies in the plane of the contact between hanging-
wall andesite and foot_ wall rhyo}ite. [lassive ore contains pyrite,
pyrrhotite, sphalerite, chalcopyrite, magnetite and traces of galena and

constitutes 1,644,400 torns of ore grading 9.3% zine, 4.6% copper, 2.6o0z.
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silver end 0.040z. gold. The low grade fracture zone is located
stratigraphically below the méssive body. The economically important
mineral here is chalcopyrite, but pyrite, pyrrhotite, sphalerite and
magnetite are common. That part of the fractured section which makes

ore hgs a crude elliptical shape. To date, 545,000 tons of ore grading
1.6% ﬁopper, 0.1% zinc, 0.20z. silver and 0.0030z. gold has been proved
in this location. The long exis of the fractured and mineralized zone

is pa:éllal to the long exis of the massive sulphide body and is connacted
to massive ore by two pipe-like fracture zones. Layered sphalerite-
pyrrhotite~pyrite ore is found at the top of the massive sulphide body.
Shearad and structureless areas are common in massive ore. Coarse

pyrite "nodules," similar to those reported by Kinkel (1963) in
recrystallized ore, are present. A large scale zoning is present in
massive ore as zinc increases and copper decreases toward the'stratigraphic
top away from the chalcopyrite~-filled fractures below (staff, Lake Dufault

Mines Ltd.).
HOST ROCKS

Amulet andesite' forms the hanging-wall of the massive sulphide
ore body. Waite rhyqlite1 forms the foot_wall of massive ore and is
host to the ore of the fractured zone. Bedded, cherty tuff is found
mainly between endesite and rhyolite. Dugas and Hogg (1962) and Lickus

(1965) review the stratigraphy of the general area.

1. These units were called Waite Hills andesite and Waite Lake siliceous
rhyolite by Wilson (1941, p. 7). The terms "Amulet andesite" and
"Waite rhyolite" are used by the staff of Lake Dufault Mimes Ltd,
and by Lickus (1965) for the seme units in the Vauze mine area.
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Amulet Andesite

The Amulet andesite is characteristically pillowed and amygdaloidal
(Plate 7, fig. 1; Appendix H). Rassivs sections are common and some of
thess are aimost certainly dikes and sills,

Alteration which is common throughout ell of the andesite conslsts
. of thres mein types: (1) chlorite, actinolite, epidote énd sericite
which have developed from the breakdown of plagioclase feldsper and mafic
minerals during regional metamorphism; (2) patches of epidote, quartz
and calcite, and (3) white, sericitic patches. Small laths and phenocrysts
of aitered plagioclase feldspar are common.

Biotite has formed in the andesite in pleces close to diorite and
granodiorite. |

Chlorite, actinolite, sericite, quartz, calcite, pyrite, and
pyrrhotite are often~found in amygdales, small fractures and spots
throughout the andesite. Away from the contact with massivs sulphides
only scattered bits of chalcopyrite with pyrrhotite end, very rarely,
sphalerite have bsen repbrted. Chalcopyrite seems to have a much wider
distribution in andesite fhan does sphalerite.

A major type of alteration of andesite is present mainly et its
base (Piate 7, fig. 2; Appendix H), Here, the development of quartz-
carbonate veinlets has accompznied the large scale development of sericite
which changes the greenish andasite to a tan colored rock. Shearing
always accompanies this alteration which is ssen elsewhere, well away
frqm the base of the éndesite in other shear zones and, on a small scale,
ad jacent to some fractures. This alteration is commonly absent where

"andesite forms the foot-wall of massive ore.
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Beddad, Cherty Tuff

Bedded, cherty tuff occurs mainly at the contact of andesite and
rhyolite put'it also has been sesn well within the rhyolite. It is
charactsrized by numerous, thin, alternating leyers of light to dark
gray chesrt and green chlorite (Plate 9, fig. 1; Appendix H). The bedded
tuff is usually from two to twenty feet thick end seems to be thickest
near ore. Pyrite and pyrrhotite are the most common sulphideé present
and are usually concentrated im thin leyers. Chalcopyrite and sphalerite
are of'ten present. The contact between the bedded, cherty tuff and the
underlying rhyolite is vague and unmarked in some placeé. Tuff at the

main contact is sometimes shearsd almost beyond recognition.

Waite Rhyolite

Microscopicvand quantitative X-ray diffraction sxamination of
the rhyolite has revealed the presence of sodic plagioclase feldspar
both as phenocrysts and cryptocrystaline intergrowths with quartz in the
matrix (A. R. Graham, personal communication).' Flékes of chlorite and
sericite, specks of magnetite_and moszics of quartz are common.

Far from being massive and uniform, the rhyolite exhibits a hostl
of internal structures (Plates 1 to 5; Appendix H). The most common
structure is a vague breccia, often bafely discernible on a fresh surfacs,
consisting of small (1" diameter) gray fragments in a slightly lighter
matrix (Plates 8, 9;'Appendix H). Other light colored, largs, often
angular fragments or Elocks of highly vesicular rhyolite occur in a

matrix which varies from a vague breccia through uniform and massive gray
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rhyolite to a relatively sofé chloritic and sericitic rock (Plate 5;
Appendix H). Another uncommon but interesting variety of breccia
consists of small (about 1"), chloritic and sericitic, often deformed
(stretched, flattened) fragments ;n a very dense, leminated, cieah,'
lavendsr, pink or gray, 6herty~éppearing matrix (#late 2; Plate 9,
figs. 2a, 2b; Appendix H). Dthervless common breccias occur, as well
as much rhyolite which sppears massive or, at the most, vesicular or
laminated. It is probable that almost all of the Waite rhyolite is a
complex of very fine to coarse tuff, welded and nonwelded, which was
deposited, at least for the most part, subaqueously. This latter
condition is suggested by the presence of bedded, cherty tuff at the
top and, in some places, within the rhyolite. |

Like other rhyolite units in the Noranda area the Waite rhyolite
is thin relative to its areal extent and like other deposits of the area
the Lake Dufault ore body is located on a thickening of the rhyolite.

‘Sericite has formed along fractures, in Spdts, or over large
areas throughout the rhyolite. Quartz, celcite, chiorite and epidote‘
often occur in the rhyolite in spots and fractures. The borders of ~
magnetite-ilmenita grains are altered to leucoxene.

The only large scale local alteration in the rhyolite is below
the massive ore body in a fractured and mineralized zong_(Plata 63
Appendix H). Here, the rhyolite has been completely ceconstituted and
recrystallized. A relatively narrow zons, present along the base of
the massive ore, consists of pyrite, sphalerite, chlorite, sericite,
gafne§ and magnetite in épots and fractures in the rhyolite. Below

this zone and extending through it in places, is an extensive zone
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characterized by the presence of chalcopyrite, which is disseminated
and in fractures. The amount of chalcopyrite in this zons increases
' upwafd as a function of the size and frequency of fractures. A major
featurse of this éltaration zone is the development of a mosaic of clear,
strain-free quartz grains. Sericite is present as flakes and chlorite
appears as rossttass as well as sﬁattered flekes. Cordierite;
anthophyllite, biotite, chlorits and garnet have been found in this
zéne. It appears that the copper-rich zone is latér than and cuts
across the narrower pyrite-sphalefite-magnetihe-chlorite zone bensath
massive ore.

Apart from the fractured and aitered,zones beneath the ore no
- locallized alteration zone was seen in the rhyolite. Pyrite and
pyrrhotite are disseminated throughout the rhyolite in scattered specks
and are very rarely present in veinlet form in spite of the fact that
the rhyolite is well fractured in many places. Quartz-carbonate-chlorife;
veinlets and fractures conteining essentially no sulphides often are |
found in rhyolite containing relatively large amounts of disseminated
sulphides (Plate 9, fig. 1a; Appendix H). Sulphiaes occurring in
distinctly fragmental rhyelite ere almost entirely confined to the
matrix. Three of four polished sections of pyroclastic rhyolite,
examined with a reflecting microscope, revealed very fine disseminated
sphalerite with coarser pyrite and pyrrthotite only in the matrix of the
breccia. The fourth‘section revealed no sphalerite but a Fe& grains of
pyrite and pyrrhotite were noticed in the breccia matrix. Outside of the
ore zone, éphalerite is more noticeable and chalcopyrite is lesé

noticeable in the rhyclite than they were in the overlying andesite.
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Magnetite is a conspicuous accessory minerel.

STRUCTURE

Thé most svident structural features in ths Norbec aree are
faults, lineaments, thickened rhyolite-éﬁd the Newbec breccia.
Evidence of folding has not been mepped although Wilson (1941) placed |
fold axies to the west and northwest of the Norbec area. The contact
bétween Amulet andesite and Waite rhyolite, often the locus of bedded,

cherty tuff, is commonly referred to as the "main contact.”
Faulting

The Norbec area is relatively undeformed. The main epigenetic
structures are largs northwest trending, steep faults now occupied by
diorite dikes. Movement along these faults has formed three fault
blocks and caused the reising of the volcanic rock in the eastern part
of the Norbec area. The "mein contact" and bedding in tuff in each of -
these fault blocks dip moderately (30°) to the east. Northwest end
northeast trending faults are found in the Norbsec area. Some of the
faults have shallow dips and one offsets part of the Lake Dufault massive
sulphide ore body (fig. 2). Some movement may have occurred along the

"main contact."

Lineaments _and Domes

. Northeast (N.- 70° £.) and northwest (N. 20° W.) trending air
photo lineaments, some of which sre known to be expressions of fault

zones, cut across the Norbec area. The Lake Dufault ore body occurs on



a broadly thickened section of rhyolite near the intersection of two

of these lineaments (staff, Lake Dufault Mines Ltd.).

Newbsc Breccia

A circular exposure of breccia, the Neuwbec breccia is located
in the scutheast cornsr of the Norbec arsa. Wilson (1941) compares
this breccia to breccia pipes in Leadville, Colorado, which are said

to be of volcenic origin.
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CEOCHEMISTRY OF THE HOST ROCKS

CENERAL APPROACH

The "main contact" in the Naﬁbeé area of the Lake Dufault
Mines Ltd. property is a moderately dipping plane piercedlby several
vertical diamond drill holes. Usﬁally four samples from andesite
immediately above the contact and three tﬁ four samples from rhyolite
immediately below the contact were taken from ?he core of each drill
hole available for sampling. Each sample represents approximately
twenty five feet of drill core. Cherty, well-bedded tuff was alsﬁ
sampled where it occurred in drill core at the main contact. All the
samples wera.analysed for as many elements as time and opportunity

permitted.

SANMPLING PROCEDURE

Rhvolite and Andesits

The object of sampling was to obtain a sample representing
twenﬁy five feet of rhyolite or andesite in a drill core. This was
accomplished by a systematic sampling procedure which was suggested by
Dr. A. R. Graham of Falconbridge Nickel Mines Limited. Two-inch long
pieces of core were collectec at twenty—inch intervals over twenty five
feet df core, giving fifteen pieces in one sampls bag. Each ;ampla

weighed approximately three pounds. Dikes were excluded from the sample
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and where necessary the length of the sampled core was adjusted slightly

so that the sample would st least appear to be homogensous.

Tuff

Because of the heterogeneity of the bedded, cherty tuff it wes
necessary to split in half the complete diamond drill core and to use
one of the halves as a sample. Only the bedded veriety of tuff was
sampled, and, for sach drill hole, ons sample represents the total

amount et the main contact (one exception, three samples in DOH #21).

SANMPLE REDUCTION

The entire content of one sample bag wes crushed to ﬁne quarter
inch size in a steel plated jew crusher, This material wes split down
to a large handful using a Jones splitter. The sample was then brought
to minus one hundred mesh using 2 Braun disk pulverizer with ceramic
plates. The fine product was split down using a Jones splitter so that :
a portion would half fill a small vial, All of the crushed and

. q
pulverized sample was saved,

SANPLE PREPARATION (BEYOND REDUCTION)

The rest of the sample preparation involved weighing, mixing,
fusing, crushing, grinding and filling of sample containers depending

on which of the four analytical procedures was being f‘ollowed.2

1. Appendix G, figure G1.
2. Appendix G, figures G1, GZ, Gs, G4.
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buring the course of the three years of anelytical work some of the
techniques of mixing and crushing wers chenged and'many different

workers weres involved in semple preparafion.

ANALYTICAL PROCEDURES

Four analytical procedures were employed using a G.E..model
XRD 3 X~-ray emission spectrogreph end a JAGD 3.4 meter plane grating
spectrograph,

The SiOz,'Alzns, Ti02, Mn0, Totel Fe as Fep0x, K90 end CaO
contents of the samples were determined by an X-rey fluorascence method.
The powdered rock sample was mixed with a flux (lithium tetraborate),
fused, pulverized and packed by hand into a plastic sample holder."
Natural materials analysed by-the National Bureau of Standards (N.B.S.)
and the Geological Survey of Canada (G.S.C.) wére used as standards.

Nap0 and I1g0 in the samples were determined with an optical
spectrograph using material prepared for the X-ray method but mixed with
graphite.2 The lithium of the flux acted as an internal standard. .
The N.B.S. and G.S.C. materials were used as standards.

The Co, Cr, Cu, Ga, Ni, Sf, Y and Zr contents of the samples
were determined by an opticel spectrographic method.3 fhe powdered
rock semple was mixed with a flux (lithium cerbonate), fused, pulverized,
combined with grephite and packed in cupped gfaphite electrodes., Indium
was added as an internal standerd, Salts and oxides of the metals were

added to an artificial base for standards.

1. Appendix G, figurs G1.
Zz. Appendix G, figures G1, G2, table G2.
3. Appendix G, figure G3, table G2.



The Ag, Bi, Cd, Ge, Pb, Sn, end Zn contents Qf the samples
were determined by an optical spectirographic method.1 The already
powdered sample was ground to an extra fineness (about two hundred
mesh), mixed with graphite and packed in cupped grasphite electrodes.
Antimony was added as an internal standard and the sample in the
electrode was covered by a graphite eleétroﬁe cap. Salts and oxides
of the metels ware added to an-artificial base for stendards.

All enalyses using the optical sﬁectrograph were done in

duplicate.

1. Appendix G, figure G4, table G2,

25



Table 1

Sempls Preparation and Analytical Error

Andesite #970 Rhyolite #965

L XZCp R [ %t Cy R
S:.chg 18 '51.2%8.6% 1.059 16 74.3% 5,0% .9178
T:.Dz% 18 1.26 £ 5,9% « 447 16 0.26%9.1% « 4755
A1203¢ 18 20.0% 7, 7% 7912 16 13.9%14.2% 1.380
Mn0% .18 0.11% 5.6% «305 16 0.49% 3.0% «0497
Ca0% 18 7.3 22,9% 1938 16 3.4% 4.0% .1326
K20% 18 0.47%14,9% » 4562 16 1.40% 6.6% «2008
- Mg0% 17 6.2+11,1% .5529 16 1.20% 9,4% « 1132
Nag0% 17 3.5%11.1% - .5528 16 1.35 +20.,9% .9002
"Ag ppm 17 0.34% 53, 7% 1.119 - 19 1.05% 24,8% .4178
Co ppm 17 72+ 13,99 . 4805 15 5.7% 20.,9% —
Cr ppm 18 - 227%13.6% . 4618 8 51% 27.5% 1.34
Cu ppm 18 72 £ 30.5% . 3593 16 312+ 20.4%  .2915
Ga ppm 18 26 £10,5% 6322 16 30%9,3% . 6026
X Ni ppm 18 167t 30.3% . 7218 15 306 3'-78.7% -8420
@ - Pb ppm 16 1.4%66.4% « 7554 19 15.6% 16.4% .1683
Sn ppm 16 S.2* 63.3% 9978 19 1.3%27.8% 3142
Sr ppm 16 260 = 30, 2% .9265 16 414% 25,3% .9843
Y ppm 18 20 217.1% «6528 16 62%+19.3% « 8961
Zn ppm 18 227%19.5% « 4578 19 357%10.3% 1167
Zr ppm 18 176+ 17.5% «9994 16 462 27.9% « 7564
a-
Cp = —— x 100
A R
R = Cy (enalytical)
C (total)
Ca = relative deviation (analytical)
o = sample standard deviation
R = mean of N replicate analyses
N = number of analyses
R = ratio of analytical deviation to total sample deviation
C(total) = sample deviation calculated from all samples except

thase near the ore’ body
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- REPLICATE ANALYSES : ESTIMATION OF ANAL!TICAL AND SANELQ
' ' PREPARATION ERROR

Dne sample of andesite (#970) and one sample of rhyolite (#965)
wers analysad repeatedly throughout the entire period of analytlcal
work. Variations in the results are caused by srrors in the analytical
and sample preparatipn‘stages. |

Tha'sample relétive deviation (Cp) due to analytical and sample

- preparation errors for sach of the two replicate samples was calculated

according to formula (1):

Ch = o= x100 "o = 1‘\/N2Xl . (S_'.Xi) (1)
: % i N i=1 el
Where o = sample standard deviation
N = number of analyses per sample
X3 = an individual analysis
X = arithmetic mean of N analyses
Cp = relative deviation (analytical)

The results are given in Table 1.

Presentation of Cp (relative deviation attributable to enalytical
error) helps to point out that any one analysis represents a range of
éossible values. In this report, the value in question is actuelly ths
average of N analyses (X), and the analytical error in ths averagez is

€a/A/N. For example if there are four individual analyses in one drill

kest estimate O‘F
1. To convert semple standard deviation to, population standard davzatlon
multlply by N/@ - T
L > '
2. CA/WﬁI might be called the “"relative" error of the mean.
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hole, sixty-eight percent of the time the real value of their average

should be within the range represented by xi-CA/‘\/A_or xt CA/Z. 1f
there were no real variations in the concentration of an element in four
samples from a drill héle the analytigal error would result in a mean
value having a 95% chance ‘of being in the range x+Cp. 1 When C, 1s
large (that is, greater than 15 or 20%) this expression of confidence
cannot be used. For discussion of this point see Ahrens and Taylor
(1961, p.116-118),

Cp was calculated from thé repeatéd analysis of one sample and
cannot be strictly applied to all samples, For>example, Cp may vary as‘
a function of the level of measurements. Also the 95% limits are based
on a normal distribution. It is therefore an approximate figure and as
such is only a guide (the best one we have) to establish confidence in
the analytical results.

The ratio, R, bet;een the analytical relative deviation and the
total relative deviationz indicates approximately how much of the total
variation in the samples can be attributed to errors in sample preparation
and analysis. Since C, the total relative deviation, is not accurate for
all but normal, unimodal distributions, R is only an approximate figure
for many elements. Nevertheless, only greatly anomalous values wuld seem .
significant for an element having R close to unity while analytical error
would seem relatively insignificant when dealing with anomalous values

for an element having R less than 0,2.

1. e.g. if x = 10.0% and Cy = 5%, x+ Cy = 10.0%+ 5 x 10.0% = 10.57%.

Joe

2 All samples close to the ore body have been removed from the
calculations (i,e., those from diamond drill holes 135, 151,
163, 132, 133, 142, 149, 127, 128, 12¢, 125).



P | . Table 2 -
| ‘Analysis of Errors of Manipulation
e

@ | .m0 Mo

s T : 1l o o S
_Aralalyt’ica-l ’ . -'009_64 000264 .00201 .00649 ,o00676

Fep05 MmO Kg0

2 » e | L
SBmple Preparation ,00559. ,00042 .00099 .00485 00170
S , w o

-
sa

nl

1. relative ,va‘xfia‘nc'e';” formula (2).

29

mplé Reduotion ~ .00067 = .00114 = .00008 .00164 . ,00035

- Total... .~ .0140 00420 .00398 .01286 ~.00881
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ERROR _IN_SAMPLE REDUCTION

Tn ordsr to estimate the error created by pulverizing and
splitting and to compars this error with the error in sample prepafation
(beyond reduction), a hierarchical modsl of replicate analysis was used.

The relative variance (c2; formula 2) of a small numbér of
replicate analyses was calculated at three levels: (1) analytical,

(2) sempls preparation, and (4) sample reduction (Shew, 1961).

B ‘% ) NZ 2 Nooy2
= N : X: < Xs X4
N-1 i:‘ll-(i:’ll) 1?1")1_ (2)

relative variance
individual analysis
number of analyses

Q
N
Ll

H
B

Since the factor __ N is included in formula (2) c2

N -1

is an

"uﬁbiased sstimate" of the population relative variance.  The total
relative variance is the sum of the relative veriances caused by
analytical error (caz), sample pfeparation srror (cpz) and sample
reduction error (crz).

c? = ca2 + .2+ ¢t

Table 2 gives the results of this analysis and shows how little of the

total relative variance is attributable to errors in sample reduction.

1. For definitions see p.23
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fFETHOD OF PRESENTATION OF RESULTS

Data Charts

All the analytical data are summarized on charts (charts 1
to 42; Appendix.By. By means of three grephs, a single chart shows
for any one element and rock type: (1) the averags value, X, of the
individual enalyses for each drill hols, (2) the sample standard
deviation of those valuss (091, and (3) the individual values them-
selves (x). Thus much pertinent information about the distribution
of one eleﬁent in rhyélite or andesite can be ebtained by looking at
ons chart. The individual analyses ars plotted from left to right in
the order in which the samples were taken. Thus, for andesite, the
@ . last sample in a drill hols is closest to the main contact. For
| rhyoiite, the first sample is closest to the mein contact. Note that .
the numbers on the vertical scale of thé graphs of averagé aﬁd individual
values do not always start at zero. This fact should be kept in mind
when comparing the values appearing on one graph with those on anocther
gréph.
The horizontal lines on these grephs ere an attempt to designate
background and anomalous values. The values which the horizontal lines
represent were chosen after a study of the form of the frequency

distribution of the element in question in andesite or rhyolite.

1, The symbol o is used to designate sample standard deviation in the
ASTH FManual on Quality Control of [Meterials referred to in this
report. A more commonly used symbol is "s." '
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Fig. 3 From Smirnov, 1963
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Frequency Distribution Disorams

All the analytical data are summarized on columnar frequency
distribution diagrams (histograms) (Appcndix A). These diagrams provide

ths esasisst and clearsst way to illustrate the behavior of an element

'in a group of samples or, as in this case, in rhyolite or andesits.

The anomalous values of en element were separated from background -

~values on the basis of thse form of its frequency distribution. The

frequency distributions obteined can be placed in five groups: °
I - Unimodal (ons peak) symmetrical curves (fig. 3a); 11 =~ Unimodal.
asymmetrical curves with positive (or negative) skewnsss (fig. 3b);
III -~ Bimodal or multimodal curves (fig.'Sc); IV = " Symmetrical or
asymmetrical curves with some samples containing less thaﬁ detectable
amounts of an element (a frequency much ggeater than zero in the lowest
valued class interval of the histogram) (fig. 3d); and V .- the so-
called J-shaped curves without a peak (fig. 38) (Smirnov, 1963).
Elements which show a frequency distribution close to being
unimodal and symmetrical (Type I) are referred to as being normally
distributed. |

Tvpe I. Unimodal symmetrical curves (fioc. 3a)

When values for an element in a system (rhyolite or andesite)
are close to being normally distributed, anomalous values are chosen -
by a method outlined in the ASTM Manual on Quality Control of NMaterials,

1951, Part 3, Section Sb, p. 61

1. A curve is drawn by smoothing a histogram.




.,

 Where: X

Formulae for Data Chart Lines (for Normal Dietributiona)l

Central Line Limiting Lines

for averages (xy x :;i t. 30
for individuals (x) -~ = X '?§;# 5
for sﬁanderdgdevietiohe;(c)‘ o ’i32:.33'ff"

the grand average of obeerved values of X for all

- eamplesz _ 5 v
JEE;? the weighted average drill hole standard deviation‘
NE number of samples per arill hole

g 20,5642  for N a2
:62 . 0.7236 - for N= 3
6y % 07979  for Nz 4
oy = 0,8407  for Nz 5

cg 1s a factor that is a function of N and
expresses the ratio between ths expected velue of s;for
a large number of samples of N observed values eeeh and |
the true standard ﬁev;ation (o) of the universe sampled,

Values of cg = ¢ avoroach a maximum of 1 as the
ql

number of observed values (N) increases. The expected value

of o is based on a normal distribution.

1., ASTM Manual on Quality Control of Materials, 1951, Part
3, Section 9, p. 61l.

2. except those from drlll holes close to the orebvody
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For normally distributed elsments, the grephs for averages (%)
aqd individuals (x) are marked with a streight dashed line.(cantral
line) and two symmetrical solid lines (limits). The central line marks
the grand average content of aun element in the rock (%) and 2all values
outside the limiting lines1 ars aﬁcmalous. Figure 4 gives the formulae
which wére used to calculate the limiting lines.?

The spread of the background limiting'lineé for aﬁarages and
standard deﬁiations should depend on the numbsr of samples per diamond
drill hole (N). The limiting lines for éverages'are approximately 3.8
standard deviations if N = 2, 2.4 standard deviations if N = 3 and 1.9

standard deviations if N = 4. The 1imitihg line for o does not vary

signifiéantly with the number of samples (N). The limiting line on
the graph of individuals is at 3o

All the formulae for calculating limits are based on the choice
of three T's as a limit. This means that, assuming ths background
values have a normal distribution, 0.3% of the anomalous values are
actually background.

Tvpe 11 = Unimodal asymmetrical curves with positive
skewness (finm. 3b)

Background and anomalous values forming distributions of

Types 11, III, IV, and V were separated using judgment only.

1. ULB = upper limit of background; LLB = lower limit of background.

2. Values for samples close to the known ore body were not included
in the calculations because of the good chance these values could
belong to another distribution. f this proved to be the case
these valuss would show up as znomalous on the graph. If not, it
should be clear that no real harm was dome by removing thess
samples. The samples removed are from drill holes 125, 127, 128,
129, 132, 133, 135, 142, 149, 151, and 163. :
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In this case, Type II, we can make an assumption to aid in our
choice of a limit to beckground. The assumption is this: background
values form a normal distribution, therefore the left branch of 2

positively skewed, unimodal, asymmetfical curve corresponds to the

" left branch of the symmetrical curve of the background values (Smirnov,

1963). It is then possible to sketch in the'right branch of the
symmetrical background curve. All velues above the highest valual
falling on the normal curve would then be anomalous.

Because of the uncertsinty involved in designating anomalous
values in distributions of Types I1I, III, 1V, and V the range of
anomalous values was sblii up into two or three groups as shown on the
histograms. RangeAa to b could be celled possibly or probably anomalous
while ranges greater than b might be called anomalous.

Type 111 - Blmodal or multimodal curves (fig. 3c)

)
Anomalous values were dlstlnou1shed in multzmodal dlstrlbutlons

by assuming, as was done for Type I1 distributions, that the hlghest
pesk represented a symmetrical background distribution. Other lower
peaks represent distributions of anomalous values.,

Type IV - Asymmetrical curves with_a frequepcy greater
than zero in_the lowest valued cell of the

histogram (fig. 3d)

Type V - J=sheped distributigns (fiq. 3e)

Choosing anomalous values for these two classes of frequency

distributions is strictly guess~work. One can only designate the most

~ commonly occurring values as background and pick an upper limit to the

background using good Jjudgment.
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As mentioned previously, the anomalous values have bsen
claessified further into two or three ranges marked a-b, b-c,)>c on

the histograms presented here.

Tables Summarizing the Vertical Distribution of Elements {Appendix E)

If the top half of the samples of rhyolite from a drill hole
shows highei concentrations of an slement than the bottom half, this
drill hole was included in the first column of Tables E~1 and E-2; if
not, a record was made in the second column. Groups of samples from
drill holes wers split into categoriss of "two samples only" and "three

or more samples."

The same was done for the bottom of the andesite (Tables E-3, E-4).

METHOD OF PRESENTATION OF RESULTS FOR SAMPLES OF TUFE

The results for tuff were treated differently because aof the
small number of samples. In Tables C~1 through C~6 (Appendix C) the
analyses of tuff samples are arrénged in columns in order of increasing
values. The middlemost value of each column is the median. Samples of
fuff from holes near the known ore body are noted with an asterisk.,1
If the chemical compositions of thesse samples were not related to the
presence of ors, the velues would occur ideally'in equal numbsrs on
either side of the median. If, then, the ratio (r)2 of the number of

"near ore body" semples in the 0 - 50% range to the number of them in the

1+ Diamond drill holes cutting tuff near the ore body: 163, 135, 190,
139, 181, 159, 164, 144, 174.

2. r =#3in 0 - 50% range
# in 50 - 100% range




50 - 100% range is 4/5 or 5/4 no significant veariation in the tuff is’
demonstrated. Only the values for those slements which look
interesting (r = 3/6 or betjher) are plotted on a plan of diamond

drill holes (figs. 38, 39, 40).
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Element -

Sil2
Alo03
Feq03
- Fe0
Fe
Mg0
Cal
NagD
KoO
-TiO02
Mn0

Analyt

ical Qggé for Standard Semples, G-1, W-1, CAAS Syenite, CAAS Sulghigg.

G-1

Fleicher’

72.64%

14,04
0.87

' 0.98
0. 41
1,39
3.32
5. 45
0.26
0.03

0.04ppm
2.3
22
13
18
1-2
49
4
250
13
45
210

Sakrison

784 3%
25.4

1,783
0.38
1,36
3,52
5,32
0.28
0.03

<0.3ppm
1.0
30
15
30
2
44
534
12
200
427

1. Fleiiher (1965)
2. Webber (1965)
3. Fe (total) as Feglq

W=-1 CAAS syenite
Flei}her Sakrison - Webber? Sakrison
52.64% 6143% 59, 45% 64.3%
14.85 18.2 9,58 15.4
1,41 == ' 2.27 -
8.74 10,8 5.44  7.8°
6.62 7.8 4,07 4,5
10.96 10.7 10,32 9.
2.07 2.30 3,24 3.8 -
0.64 G.€5 2.75 . 2,4
1.07 1.06 0. 49 8. 45
0.16 0.17 0.40 0.38
0.06ppm - 0.26ppm 1.6ppm 0. Sppm
52 61 19 29
120 242 - 58 125
110 - 119 25 .37
16 22 18 3
78 78 42 68
8 17 516 485
3 - 11 12 ' 8
180 252 320 -
25 20 _ 447 , 670
82 192 - 200 192
100 143 3048 -

CAAS sulphide
Webber  Sakrison

34.,52% 44.7%

9,46 . 15.8
~ 25,07
22.87 -
3.93 4,41
3,96 3.9
1,03 2.65
0.63 ’ 0.72
- 0.81 D.86
0,11 . 014
3.9ppm 0. 5ppm
546 510
368 -
8291 ~
13 -
13103 -
. 248 265
1 4
110 168
21 15
298 1640
108 253

¢ e1gey

68



40
ACCURACY OF RESULTS

Each of the standard samples, G-1, W-1, CAAS syenite and CAAS

sulphide, was analysed once. Table 3 presents the results of these

"analysaes along with the "prefeirad values* for the elements from many

qnalyses of the standard samples as given by Fleicher (1965) and
Webber (1965).

Lerge, systematically high discrepencies are noted for 5102,
Alp0s, Cr, Ga, Sr, Zn and Zr. Conclusions which must be tempered'by

consideration of these discrepencies are noted in the forthcoming

sections.

Analyses for some of the above-mentioned elements have relatively
low precisions (Table 1), a factAwhich‘may account for a part of the
inaccuracies. The background valus given for each element in andesite
and rhyolifa in this work is the most common value (statistical mode) of
more than two hundred analyses and thus is free from error caused by
low precision.

many.of the above-mentioned eleménts afe-present in the standard
samples in amounts near the lower detection limits of the analytical
procedures used in this work. This is true of chromium in G~1 and CAAS

syenite, strontium in W-1 and CAAS sulphide and zinc in G-1 and W-1.

" This may account for some of the inaccuracies noted for these slements.
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A1203

Fe as Faz03
Mg0 -

Ca0

Nao0Q

K20

Ti02

Mn0

MAJOR ELEMENT CONTENT OF THE HOST ROCKS

ANULET ANDESITE

mode mean
(%), , (%)
52.5 52.4
164 - 183
9.4 9.3
5.2 4.9
10.3 8.9
2.9 2.8
0.5 1.1
1.1 1.20
0.6 0.19

Tabls 4

WAITE RHYOLITE

mode meaan
(%) (%)
77.0 75.5
13.6 14.2
4.5 4.9
0.5 1.4
2.5 2.6
2,7 3.1,
1.3 1.5
0.23 0.32
0.10 0.16

41

TUFF
median range
(%) (%)
61.0 15.4
15.8 B4
1362 15.8
1.5 2,6
5,5 8.0
é.B | 2.6
1.7 2.0
0.68 G.68

0.15

0.14
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PUBLISHED ANALYSES.QF NORANDA AREA ROCKS

N s,  Mg0;  FeC  Fe03 . M0 CaD N0 K0  Ti0p M0 Rittman's!
: ‘ o- (1962)
12 48}523» -12.90 1,3 3.53 6.25 10.11 1.94 0.40 1.42 0.27 1.0
-3 49,1 15,3 13,7 6.7 1.2 2,0 0.2 1.5 0.23 «8
1 49, 42 14,64 - 9.12 2.1 6.80 10,47 2,32 8.30 0.94 0.22 1.07
4 50.1 14.1 13.6 7.6 - 8.1 3.5 0.1 1.8 0.27 1.8
1 51.75 17.487 9.16 2.96 9,40 9.16 5.20 1.37 1.15 & . )
1 53.86 14.56 g.16 1.36 C T7.44 2.49 1.38 1.01 1.04 " 0,10 .5
1 53,91 14,72 7.12 2.53 5.00 6.50 3.40 0.26 1.48 0.16 1.2
1 54,02 15.67 . B.46 2.38 4,12 7.14 4,84 -0.64 1.63 0.01 2.7
3 54,4 17.1 9.9 4,0 9.1 3.5 0.3 1.6 0.17 1.3
10 1 55.35 15.0 742 1.55 5.03 5,72 3.82 0.85 1.18 0.16 1.8
11 6 56.5 15.6 9.7 6.3 5.6 4o 0.3 1.3 0.20 1.6
12 1 57.87 14,53 6.16 2.04 4.62 6.12 3623 0.69 1.1 0.16 1.0
13 8 58.2 17.0 T+ 4 3.8 7.8 4,0 g.€. 1.3 .17 1.4
14 1 £8,3 16,63 5.85 1,42 4.18 8.31 3,08 0.62 1.12 0.16 1.0
15 1 58,56 14,18 5.06 1.85 4.27 4,77 3.1 1.66 0.93 0.17 1.4
i6 -1 60.28 15.08 T.42 1,60 2.9 3.77 5.52 0.219  1.60 0.12 1.9
17 1 62.66  13.80° 6,90 1.73 2.3 2,48 3.84 1.29 0.85 0.14 1.3
18 4 66.0 1647 4.0 2.4 4,8 4,2 1.4 0.5 .07 1.4
19 1 68.72 14,33 2.32 0.99 0.83 2.84 6480 0.55 0.70 0.08 2.1
20 1 72,12 11.00 2.7 1.22 0.30 2,46 2.10 2.52 0.24 0.09 o7
o = (NapD + 520)2 : a o of less than 1.8 demonstrates a strong to extreme calc-alkaline affinity.

§i0p - 43
N = number of analyses,

Except for Roscoe (1965), the enalyses originally were presented along with analyses for water and
other minor constituents. '

§ etqel

[4/4



21
22
23
24
25
26
21
28
29
30
31
32

O = =3 A =3 a3 (] =2 ~> D =2 b

510,

72.90 -

73.79

- 74,76
. 74,60

74,89
75.3
76.00
6. 42
78,7
76.78
85,11
60,5

A1203

10,90
11.83
11.50
11,43
13,27
12.5
11.27
11.08
11.5
11.21
7.97
17.4

2
1. o= (Nag0 + K20)” ; & o of less than 1.8 demonstrates a strong to extreme calc-al
5i0yp - 43 -

Fel
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AORN = =3p 0 =N 56N
@ -3

PUBLISHED ANALYSES OF NORANDA AREA ROCKS

2,51
0,72
1.77
1.84
0.36

0.67
1422

g0

1.02
0.62
0.77
0.66
0.40
1.3

0,73
0.60
0.5

1.33
0.05
2.1

Cal

Na20

3, 83

3.94
4,89
3,87

4.25

"Ko0

Ti0,

0.25
0.39
C.20
0.25
0.22
0.2

0.52
0.19
0.2

0.28
0.25
0.6

Mn0

0.04°

0.07
0.03
0.03

o

CnMOOOE
o oo Q—
[3)} SN

Rittman's1

o (1962)

«8

o 15
1.2
1.0
«67
1.3
.9

.9

o7
. 43
«30
2.5

kaline affinity.
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12.

13,
14.
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17.

18,
19.
20.
21.

22,
23.

24,

Table 5 (cont'd)

PUBLISHED ANALYSES OF NORANDA AREA ROCKS

“Flat" diorite, Waite Leke Area, Duprat Twp., Lickus
(1965). ,

Gabbro in Waite and Amulet Andesites, Roscoe (1965).
"Steep" diorite, Weite Lake Area, Dufrasnoy Twp.,
Lickus (1965). .
Basalts, pre-Blake River Group, Kirkland Laks and
Noranda Areas, Roscoe (1965).

Pyroxene gabbro, Dufresnoy Twp., Wilson (1941).
Waite andesite, Waite Lake Area, Duprat Twp., Lickus
(1965). ‘ :
'Metadiabase," Weite Lake Area, Dufresnoy Twp.,
Lickus (1965).

Massive andesite, Dufresnoy Twp., Wilson (1941).
Diorite in Waite and Amulet andesite, Roscos (1965).
Waite andesite, Waite Lake Area, Dufresnoy Tup.,
Lickus (1965).

Waite andesite, Blake River Group, Vauze Drill hole,
Roscoe (1965)..

Amulet andesite, Waite Lake Area, Duprat Twpe.,
Lickus (1965). _
Amulet andesite, Veuze drill hole, Roscoe (1965).

‘Amulet andesite, Waite Lake Area, Dufresnoy Twp.,

Lickus (1965).

"fetadisbase," Waite Lake Area, Dufresnoy Twp.,
Lickus (1965).

Unaltered andesite, Amulet Mine, Riddell (1952).
"Transitional" dacite, Waite Leke Arsa, Dufresnoy Tup.,
Lickus (1965). :

Lake Dufault grancdiorite, Roscoe (1965).

Rhyolite (trachyte), Amulet-fiine, Riddell (1952).
Waite rhyolite, Waite Lake Area, Dufresnoy Tup.,
Lickus (1965).

Weite rhyolite, Vauze Mine breccia member, Dufresnoy
Twp., Lickus (1965). '

'Flavrian granite, Duprat Tup., Wilson (1941).
Waite Rhyolite, lower member, Waite Lake Area,

Dufresnoy Tup., Lickus (1965).
Waite rhyolite, upper member, Weite Leke Area,
Dufresnoy Twp., Lickus (1965).
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. 26.

27.
. 284

29.
.30
e

32,

Table 5 (cont'd)

PUBLISHED ANALYSES OF NORANDA AREA ROCKS

Powell granite, Rouyn Twp., Wilson (1941).
Flavrian Lake sodic granite, Roscoe (1965).
Unaltered rhyolite, Amulat Nine, Riddell (1952).
Waite rhyolite, Weaite Lzke Area, Dufresnoy Twpe,
Lickus (1965). . :

Waite rhyolite, Roscos (1965).

Rhyolite, Duprat Twp., Wilson (1941),
Spherulitic, micropegmatitic rhyolite, Duprat Twp.,
Wilson (1941). :
Syenites, Matachewan (Ontario), Duparquet,
Dasserat, Noranda, Roscoe (1965).

figure 5. Peacock's alkali : lime index for rocks from
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the Noranda area.
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BACKGROUND VALUES EOR_ELEMENTS IN THE 1HOST ROCKS AND
THEIR SIGNIFICANCE

MAJOR ELEMENTS

Background values (statistical modas) for major elements in
Anulet andesite, waité rhyolite and tuff obteinaed in this work are
presenﬁed in table,lt.1 Analyses of Noranda area rocks were eollected
from the literaturs and ars presented in table S.

Variation dieagrams for the Noranda rocks are presentea in
fig.'ﬁ. The Niggli values for "alk," plotted againstv“si," are
presented in fig. 7. The resulting graph caﬁ bz compared with a
similar plot of oceanic alkaline and orogenic calc-alkaline rocks
(fig. 8) (Wilson, HeDeB., 1965). Peacock's alkali-lime index is given
in fig. S and Riftman's.(1962, p. 110) sigma values are presented in
table 5. These parameters show that rocks from the Noranda area have
no élkaline affinity aﬁd thét, with the exceptién of minor syenits,
all the rocks belong to a single, highly differentiated, calc-alkaline
volecanic suite. The distinction between the Norenda volcanic suite
and the spilite suite is less clear. The average spilite is a basalt
with high contents of soda (Nay0 - 4,99) and titenia (Tilp - 3.2%)
(Turner and Verhoogen, 1960, p. 271). Roscoe's sverage basalt, from
the Kirkland Lake and Norenda areas, contains much less of these

constituents (Roscoe,,1965). On the basis of 261 analyses, H.D.B.

1., Chemical analyses obtained for Waite rhyolite and Amulet andssite
in this work have come from samples within one hundred Veet of the
wmain contact® and therefore do not represent the whole of the units.
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figure 9. COMPARISON OF THE MAJOR ELEMENT COMPOSITION OF ANDESITES,
'BASALT, GRANITE AND CONTINENTAL CRUST. Filled rectangles, andesite
from Japan and New Zsaland; unfilled rectangles, mafic andesite from
Japan and New Zealand; @, Amulet andesite; +, Nockolds (1954) average
andesite; 0, granite; X, basalt; -, continental crust (after Taylor
and White, 1965)

Analyses of New Zealand and Japanese andesite are by Taylor
and White (1965). :

The data for granite and b%salt were compiled by Taylor and
White from Daly (1933), Kolbe (1965),“ and Turekian and Wedepohl (1961).

The data for continental crust are based on & 1:1 ratio of
mafic and siliceous rocks and were compiled by Taylor and White from
Poldervaart (1955) and Taylor (1964). '

1. Average of 11 wet. chemical analyses by He. Soutar, McGill University.

2. Kolbe,-P., Ph.D. thesis, Australian Nationel University, 1965.
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Wilson concluded that the Archean volcanic racks (mostly from Ontario)
belong not to the alkaline or spilite suites but to the basalt-andesite-
rhyolite association typical of continental and island arc‘areas (wilson,
HeDe B, 1965). In fact, it is not so much‘a high soda content but a
distinct1y>low potash content which' characterizes the Noranda volcanic
suite. This deficiency in potash is diécerngble in the Amulet andssite
(figg 9) but is particularly'noticeable in the Waite I;hyolite1 which
éontai&s'1.3 per_cent K20 compared to S5.35 per_cent Ko0 in Nockolds®
(1954) average calc-alkalic rhyolite. The Flavrian and Powell granites
are qheﬁically very similar to the Waite rhyolite and it is probable
that both rocks were formed from the same magma. If this is correct,
the original alkali content of the Waite rhyolite must not have been
altered by a process such as alkali transfer during devitrification.
Twelve of forty eight samples of Archean rhyolite analyzed by Wilson, are
chémically similar to the Noranda rhyolite (Wilson, HeD.B., et al, 1965).»
Except for_increased amounts of iron and possibly potassium, the median g
contents of major elements in tuff are intermediate when compared wifh
the compositions- of Amulet andesite end Waite rhyolite.

Recent work suggests that potash deficient rhyolite is one of
the end products of an extreme differentiation of a relatively
uncontaminated, oceanic, tholeiitic magma (Engel, 1965). This idea is
supported by the fact that practically ell reported analyses of

relatively young, potesh-poor rhyolites come from VOlcaﬁic islénd areas

1, Although "rhyo-dacite" is a more appropriate term for this Unit,
the term "rhyolite" is retained because of its common usage.
Nockolds' (1954) average rhyo-dacite contains 3.01 per cent Ko0.



SOME -ANALYSES OF LOW POTASH, HIGH SILICA ( >'?0%), VOLCANIC ROCKS

LOCATION

SAIPAN AND GUAM

. JAPAN
Northeast
Izu-Hakone Area
Kamitaga Dacite Dome
Shikotsu District
Aira District
Usu Volcano
Hakone Volcano
Asama Volcano
Agagi Volcano
Narugo Volcano
Akita~Yake~-Yama Volcano
Kozu~-sima
Nii-Zima Volcano
Atosanupuri Volcano

NEW ZEALAND

SUMATRA
Krakatau Group

SAKHALIN ISLAND

EASTER ISLAND GROUP

NO. OF

ANALYSES
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'REFERENCE

Schmidt, 1952

"Yagi, 1962

Isshiki, 1964

- Kuno, 1950

Ishikewa et al, 1957
Ishikawa et al, 1957
fMinikami et al, 1950
Kuno, 1962
Kuno, 1962
Kuno, 1862
Kuno, 1962
Kuno, 1962
Kuno, 1962
Kuno, 1962
Kuno, 1962

Ewart, 1963

9 erqay

Westerveld, 1952
Verokhov, 1952

Bandy, 1937
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SOME -ANALYSES OF LOW POTASH, HIGH SILICA ( > 70%), VOLCANIC ROCKS

LOCATION
KANCHATKA

EAST KAMCHATKA
Uzon

ALASKAN-ALEUTIAN ARC
WASHINGTON

ALASKA
Katmai

YELLOWSTONE
CHILE
SO0UTH SANDWICH ISLANDS

ICELAND

'

NO. OF Naz0 K20 _
ANALYSES PER CENT - PER CENT REFERENCE

11 | 3.7 3.1 - Tomkeiff, 1949
" 4.4 .2.4 Vlodevetz and Piip, 1959
3 4,2 2.7 Tomkeiff, 1949 k
1 | 3;2 1.0 Coombs, 1952
2 4.2 2.8 Fenﬁer, 1926
1 4,6 2,5 Coombs and Howard, 1960
2 2.9 1.3 Caserfano, 1963

X 87 0.7 Gass, 1963

4 4,7 3.2 Carmichasl, 1962

(Py3u00) 9 8Tqe)
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~ judged tb be at the edge of the éial of ‘the continents (table 6).
Potesh deficient Cenozoic volcanic rocks of the waestern United States
'bccur in a narrow zone parallel to the Pacific Coast. Increasing
potash content in voléanic rocks eastward from the coast was correlated
.with a thickening of the sial as demonstrated by the decreasing Bouger
'‘qravity (moofe, 1965). Relatively young volcanic rocks become
progressivaly more pofash rich toward thé Asian continent across the
Japanasé and Indonesian Islands (Ishikawa and Kaisui,‘1959), (Kund,
1960), (Rittman, 1962, p. 159). |

Vast ereas of relatively young, siliceous volcenic rocks occur
closer to the center of continents but these rocks almost always
contain abundant potash and correspond to Nockolds® (1954) averages for
rhyolites. Engely (1965) states that “...tholeiitic lavas, conteminated
with Si, K and the chemically coherent trace elements énd radiogenic
isotopss from the sial, also have been the predominant or only magma
generatad in the mantle under the continents."

If Engel's' suggestion is correct we are presented with two major
mechanisms for the generation of siliceous rocks. One involves the
essimilation by a tholeiitic magma of sial under the continents and,
presumably, differentiation which produces rhyolite containing potash
and soda in roughly egual, and substantial, amounts. The other mechanism
involves the extrems differentiation of a tholeiitic magma, with a

.minimum of.assimilatioﬁ of sial, probably in a wet environment (Usborh,
1959), at the edges of continents or in island arc areas and produces a
potash deficient, siliceous Tock referred to most often in the literaturs

as soda - rhyolite. Accumulation of volatile substances during such
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a differentiation process wouldvpesult in much explosive volcanic and
hydrothermal activity.

The major element analyses of the Noranda area rocks support
two ideas. - Fi:st, the Noranda rocks belong to a single highly
: differentiéted volcanic rock suite which is similar to younger ektremely
differentiated rock suites found at the édges of continents, especially
aldng islana arc systems. Secbnd, the closs association of both the
No#anda ores and much recent solfataric éc_tivity to the pyroclastic
varieties pf‘this.suité of rocks suggests that the Noranda ores and the
recent sulphur and sulbhide deposits of the voleanic islands’ may share
a similar origin.

The Canadian shield, locals of.many of the Norande-type of ore
bodies is also, on the basis of e Féw analyses, the site of soms potash-
poor rocksb(Engels, 1965; Wilson, H.D.B.,.1965; Maxwell et al, 1965).
Othsr examples of this association are the Mattagami area, Quebec
(Sharp, 1964), the North Coldstream Mine, Port Arthur, Ontario (Giblin,
1964) and the East Buchans Mine, Newfoundland (Relly, 1960). Outside

/Canada * |, examples are the Jerome area, Arizona (Anderson and
Creasy, 1958) and the Shasta district, California (Kinkel-et al, 1957).
Other areas in the world where soda~rich (and therefore possibly potash=
poor) rocks have been reported associated with massive pyritic deposits
inclﬁde the Philippines, Alaska, Scandinavia, Central Eurcps, Cyprus,

Turkey and the Ural mountains in Russia (Kinkel, 1962).

1. For an excellent review of young sulphur and sulphide deposits in
Japan ses Mukaiyama (1959).



Ag
" Co ..
Cr.

Cu

Ga

Pb

Sn

Sr

TRACE ELEMENT CONTENT OF THE HOST ROCKS

WAITE RHYOLITE
mode mean

(ppm) (ppm)

A7 .38
mostly<1
mostly <4D
20 104
- 27 30
1 7.8
0.7 2.4
0.5 - 1
370 s
50 70
180 394
260 405

- ANULET ANDESITE

mode mean
(ppm) (ppm)
.18 .24
43 .. 53.8
185 197
7m0 119
24,5 24.5
50 104
0.3 1.0
2.5 !
150 197
20 24
160 240

180 180

Table 7°

TUFF
median range
(ppm) . (ppm)
1.25 4,36
85 7.3
150 176
700 2213
25 . 19
60 77.9
4.6 24.8
4 21.1
540 285
32 . - 23
800' 3925
260 223
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figure 10. COMPARISON OF THE WAITE RHYOLITE WITH THE CONTINENTAL
CRUST AND THE AVERAGE FELSIC ROCK. -®, Waite rhyolite; +, average
felsic rock; =, continental crust. ‘

The data for the average felsic rock are from Vinogradov
(1962). :

' - The data for continental crust are based on a 1:1 ratio
of mafic and siliceous rock and are from Meson (1960) (cf. figs. 9
and 11)0
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TRACE ELEMENTS

The'background:values (statistical'modes) of many trace elemants
in the hpst rock of the Lake Dufault ore body are assumed fo represent
the original contents of these elements in the rocke Othér trece
elements have been added or removed to such an extent that rock
'containing.original amounts of thesse elements may have been sémpled
only in a few places. . Background values of the trace elements are

presented in table 7.

Waite Rhyolite

The background values of trace elements in Wailte rhyolité are
plotted in fig. 10 aleng with abﬁndance data for the eafth;s crust and
felsic rocks. The ea;th's crust is assumed to be composed of equal
portions of siliceous and mafic rock (Mason, 1960).

| Cobalt, pickel and chromium

Thé Waitse rhyolits, mhen compared with the average felsic
rock, contains very small emounts of Co, Ni, and Cr. tlager and Mitchell
(1951) in their study of the coﬁtents of trace eléments in the rocks of
the Skaergaard intrusion, showed that Cr, Ni and to some extent Co, are
concentrated in sarly rocks so that later rocks contain little or none
of these elements. These elements are concentrated in early-formed
mineraﬂs in a crystallizing magma and, therefore, become depleted in.
residual melts produced by fractional crystallization.

Lead and tinﬁ

The small amount of lead in the Waite rhyolite may be relsted

to its low potassium content. As reported in an earlier section,
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Engel (1965) suggests that magﬁa.generated in the mantle undsr the
continents bécqmes contaminated @ith radiogenic isotopes as well as
.potassium from the siai. Unlike the Amuiet andesite (fig.'12),'the.
" Waite rhyolite has a low tin content.

Zirconium, strontium and xttrigg

The background zirconium' content of the Waite rhyolite is less
than that of granophyres associated thh differentmated basic bodies
like the Skaergaard 1ntru51on (300-500ppm or more) but greater than
that of the'majority of rhyolites or quartz-monzonites and granites
of the orogenic belts (200ppm or less) (Chao and Flei; her, 1960).

The zirconium content of the Waite thyolite is similar to that of soda-
rhyolites and quartz latites reported by Chao and Fléi@her'from the
Aleu£ian Islands. Alkalic volecanic rocks contain much greater amounts
of zirconium than volcanic rocks of the calc-alkalic or tholeiitic
series.

The Waite rhyolite has a high strontium to calciym ratio. High
ratios of strontium to caleium in many rhyolites and pegmatites have
besn reported by Turékian and Kulp (1956) who suggest that these ratics
may be & consequence of magmatic differsntiation by fractiqnal
crystallization.

Wager and Mitchsll (1951) showed that yttrium tended to
substitute for calcium in "late" pyroxene in rocks of the Skaergaard
intrusion. The Weite rhyolite contains slightly more yttrium than the

average felsic rock (fig. 10).

1. Analyses of standard samples (table 3) show that the background
values of zirconium and strontium given in this work may bs
erroneously high.
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Gallium

The gallium1 content of the Waite rhyolite is slightly highef
than that reported in felsic rocks (fige 10) and in siliceous volcanic
brqcks from Kamchatka (Borisenok, 1959). Gallium shows no tendency to
become concentrated in rest magmes and becomes separated from aluminum
ohly,during supeigeqe alteration.

‘ Silver, coppser and zinc .

‘The Backgraund contents of Ag and Znn in the llaite rhyoliﬁe ara -
higher than their‘contants in the average félsic rock. The background
content of cﬁpper in the Waite rhyolits is similar to the average copper
" content of felsic rocks (Vinogradov, 1962;.wedepoh1, 1953, 1962).2

Variations of these elements in the Waite rhyolite clearly show that

large amounts have been added during ths ore-forming process.

Amylet Andesite

The background trace element composition of the Amulet anqasite
is plotted with analyses of andesite from New Zealand and Japan,
estimates of'the.trace element cqntent of the average granite, basalt
and continental crust (Taylor and White, 1965), and abundance data For
andesite and other intermediete rocks given by Vinogradov (1962)

(fig. 11).

1« Analyses of standard sampiea (table 3) show that the background
values of gallium and zinc given in this work may be erroneously
high.

2. The value for copper is higher than Wedepohl's average for
felsic rocks.
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QED figure 11. COMPARISON OF THE TRACE ELEMENT COMPCSITION OF ANDESITES,
BASALT, GRANITE AND CONTINENTAL CRUST. Filled rectangles, andesite
§ from Japan and New Zealand; unfilled rectangles, mafic andesite from
. ' Japan and New Zealend; 8, Amulet andesite; +, Vinogradov's (1962)
average andesite and intermediate rock; 0, granite; X, basalt;
-, continental crust (after Teylor and White, 1965).

Analyses of New Zealand and Japanese andesite are. by
Taylor and White (1965).

The data for granite and bas?lt were compiled by Taylor
?nd N?ite from Daly (1933), Kolbe (1965)' and Turekian and Wedepchl
1961).

The data for continental crust are based on a 1:1 ratio
of mafic and siliceous rocks and were compiled by Taylor and Whits
from Poldervaart (1955), Taylor (1964).

1. Kolbs, P., Ph.D. thesis, Australian National University, 1965,
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Cobelt, chromium, nigggLJyKing

The background values for Co and et in Amulet andesite are
higher than their usual contents in andesites whersas that for nickel
is normal. - The same is true of andesites from Japan and New Zealand.
Analyses of pyrite from the Noranaa area given by Roscoe (1965) showed
unusually high amounts of tin and cqbalta' The background tin.content
of the Amulet andesité is significantly higher than the tin content
6f andesite from Japan and New Zealand (fig. 11).

Lead :

The background content of lead in the Amulet andesite ié lower
«han the lead content of the average andesite. New Zealand and Jepanese

andesites show the same feature (fig. 11). This deficiency in lead

‘parallels the potassium deficiency in these rocks.

Zirconium

The background content of zircohium2 in the Amulet andesite is
lower than Vinogradov's (1962) average and higher than the zirconium
content of andesites from Japan and New Zealand (fig. 11) and the
Aleutian Islands (55ppm,~13 analyses) (Chao and Fle%?her, 1960). The
zirconium content of the Amulet endesite corresponds to that of the
andesite from the Cascade Mountains in California and Oregorn. What
is perhaps more significant is‘the fact thaf the content of zirconium
in the Amulet andesite (180ppm) differs relatively little from that in

the Waite rhyolite (260ppm). This minimal veriation is typical of the

1. Analyses of standard samples (table 3) show that the background
+ values of chromium given in this report may bs erronsously high.

2. Analyses of standard samples (table 3) show that the background
values of zirconium given in this work may be erroneously high.
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basalt~-andesite~dacite~rhyolite series of the Circum-Pacific region
" (Chao and Flei?har, 1960). Thess authors show that the alkalic rock
se#ies is hiéher in zirconium and shows a more pronounced increase of
zirconium from mafic to siliceous composition. The calc-alkalic rocks
of the Southern California betholith and the Caledonian rocks of
Scotland have irregﬁlarly varying zirconium contents.

Stropntium

The Amulst éndesite has a much lower baékg:ound content of
strontium than is usual in endesites. It is quite posaibia that this
&as Eaused by the leaching of some of the original strontium, especially
at the base of the andesits (fig. 42).

Yttrium and gallium.

The yttrium and gallium1 ccntents of the Amulet andesite are
essantially_the same as that reported in other andesite.

Silver, copper and zingc

The background contents of Ag and Zn1 in the Amulet andesite
are very similar to thoss in the Waite rhyolite and are higher than thé
Ag and Zn contents of the average intermediate rock. The background
copper content of the Amulet andesite is higher than that of the Waite
rhyolite and higher than the average copper contents of intermediate
rocks (Vinogradov, 1962). It will be éhown in forthcoming sections
that certain amounts of these elements have been added to the Amulset

andesite.

1. Analyses of standard samples (table 3) show that the backgrbund
values of gallium and zinc given in this thesis may be
erroneously high.
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Conclusions

- It has been suggested in a previous ssction that the rocks of
the Noranda 'area belong to a single volcanic rock suite which is similar
to suites of younger, extremely differentiated volcanic rock found at

the edges of continents, especially along island arc systems. A

" comparison of the contents of trace elements in the Weite rhyolite and
. Amulet andesite with the smell amount of data aveilable for volcanic

rocks from volcanic islands lends some support to this idea. Of special

significance in this regard may be the unusuelly low lead content of the
Weite rhyolite end Amulet andesite. Engel (1965) suggests that hagma\
generated under the continents would become contaminated with radiogenic
elements as well as with potassium.

The contents of other elements in the host rocks suggest a
similarity between these rocks and rocks from volcanic island areas.

Thess elements are Zr in the Waite rhyolite and Co, Cr, and Zr in the
Amulst andesite.

The unusually low contents of Co, Cr and Ni in the Waite rhyolite
compéred with the average felsic rock may be explained by the tendsncy of
these elements to become depleted in residual melis produced by frac?ional
cryétallization.

The Waite fhyolite and the Amulet andesite contain unusually
high background amounts of Ag and Zn and the Amulet andesite has a high
background copper content. As shown in forthcoming sections, these

elements have been added to the host rocks during the ore-~forming process.
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Bedded, Cherty Tuff

The median values in tuff of elements found concentrated in
oré (Ag, Co, Cu, Ni, Pb, Sn; Zn) are higher than the background values
of thése elements in either Vaite rhyolite or Amulet andesite. The .
range.of values for each.of these elements in tuff is also greater than
thét of any of the other elements (Cr, Ga, Sr, VY, Z:).’ This feature

of the tuff implies a relationship between it and ore.

DISTRIBUTION OF ELEMENTS IN.THE HOST _ROCKS

LATERAL DISTRIBUTION OF ANOMALOUS VALUES OF ELEFENTS IN RHYOLITE
AND_ANDESITE

Perusal of the date charts (Appendix B) shows that the average
value (X) for an element in the rock sampled from one drill hole is in
'many cases beyond the limits of background. The significance of these
“anomalous" values is established by plotting them on diamond drill
.hole plans (figs. 12 to 33). One plan is given for each element with
more than just a few anomalous values in rhyolite or andesite. Those
drill hols iocations marked with opsen circles denotevrhyolite or andesite

which contains background amounts -of an element.
Rhyolite

Rhyolite which contains $i0;, Fe (total as Fep03), Mno, Mgo,

Na20, Ag,. Co (?),1 Cu, Ni, Pb, Sn and Zn in anomalous amounts was

1. Because most samples contain less than detectabls amounts of Co, results
for this element are not plotted on a plan of diamond drill holes.
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sampled from several_diamond drill hoies. Rhyclite directly below the
massive sulphide ore:body, mainly in an altered and mineralized zoﬁe, is
deficient in Si02 and NapO (figs. 12 and 13). Rhyolite confaining
~abnormally high amounts of nicksl was cut by several drill holes
scattered throughout the property (fig.‘14)a The "ore-major" and
"ore~trace" elements, Fe (total as Fe03), MnO, MgO, Ag, Co (7?), Cu,.
Pby Sn and Zn occur in abnormally high amounts close to the sides of

- the massive sulphide ore body and in the altered and mineralized zone

beneath it (figs. 15 to 22).
- Andesite

Andesite conteaining sbnormally high amounts of Alp0z, Ca0,
Kgd, Ag, Co, Cr, Cu, Ni, Pb, Sn and Zn was cut by ssveral diamond drill
holes in the Norbec area. Anomalous Qalues for Al,0z, Cal, K20, Co, Cr,
Ni, and Sn are scattered throughout the area (figs. 23 to 29). The
“ore~trace" elements in andesite (Ag, Cu, Pb, Zn) occur in amounts
greater than background over the massive sulphide ore body (figs. 30

to 33).

Summary of Anomalous Values

On tables in Appendix D the average value for each element
from each drill hole is designated as background (equal to "O"),
probably anomalous (equal to "1")1 and anomalous {equal to "2").2

For normally distributed elements, values outside background limits

1. Values betwesn "a" and "b" on the histograms (Appendix A).

2. Values outside of "b" on the histograms (Appendix A).



67

(uis, LLB)'are weighted as anocmalous (equal to "2% pr "=2% respectively).
Results for the “ore-elements" are summed end the sum is plotted on
diamond drill hole plens (figs. 34 to 36). These figures confirm the
contention‘that the "ora-traﬁe".and "ore~-major" elements are present in
anomalous amounts in the host rock over, under and close to the sides of
the massive sulphide ore body. The northwest Norbec section is the only
other sémpled part of tﬁe property which may have been similarly

effecteds The results are further summarized oh tables B8 and 9, p.ﬁ?ﬂgo,

LATERAL DISTRIBUTION OF ELEMENTS IN BEDDED, CHERTY TUFF

Analyses of tuff samples are treated as described previously
(pe37). The only elements which seem to have a lateral diskribution
related to the massive sulphide ore body are Pb, Cd, and Zn (figs. 37,

38 and 39).

- VERTICAL DISTRIBUTION OF FLEMENTS IN RHYOLITE AND ANDESITE

Very simple graphs constructed from the data of tables E1, E2,
E3 and E4 (Appendix E) show which elements tend to be present in greater
or lesser amounts near the main contact (figs. 40, 41). For rhyolite,
the ordinate of the grephs is the number of holes in which the top half
‘of the sampled section contains a higher concentration of the element
-than does the bottom half. The abcissa is.the number of holes in which
the top half of the sampled section is deficient in an element. The base
of the andessite is tested in fhe same way. If, for a.given element,

there is no variaticn at all in meny drill holes, the plot of that

element would fall close to the origine If a given element has 2 random

~
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Figure 13
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Figure 19
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Pb rhyollte
Figure 20
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Figure 22
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Figure 29
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Figure 30
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