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ABSTRACT

The Granduc Mine 1s near the British Columbila-Alaska
boundary in rugged mountainous country about 36 miles northe
west of Stewart B,C, The writer participated in detailed
surface mapping in the vicinity of the mine during the field
season of 1959. Rock specimens were collected in the field

- and examined microscoplcally in the laboratory. The results

of the latter investligation form the greater part of this
thesis,

The oldeat rocks in the area are north trending,
steeply dipping and isoclinally folded metavolcanic and
metasedimentary rocks that are belleved to be corrélative
with the ﬁazelton group, These consist of a basal andesite
complex which ig overlain by a large thickness of metasedi-
mentary rocks, The Hazelton group rocks have been regionally

metamorphosed and synkinematically intruded by small subcone

cordant bodies of foliated diorite and hornblende granow-

diorite, The metasediments are belleved to have formed from
greywackes, marls and sandstones that have been progressively

metamorphosed to form schists that can be classified in the

~quartz~alblte~epidote~bilotite subfacles of the greenschist

facles, Almost identical mineral assemblages are found in
the altered dloritic and metavolcanic rocks, and it 1s con=

cluded that these initially high temperature assemblages have




retrogressed during regional metamorphlsm to attain or apprdach
equilibrium in the same metamorphie facles. At a late stage

in the metamorphism strong differential movement was locale

ized in a quartz-rich member of the metasedimentary rocks in
& zone near the contaect with metavoleanic rocks. All rocks

in this zone have undergone retrogressive metamorphism, and

have attained equilibrium in the quartz-albite-muscovite
chlorite subfacies of the greenschist facles, .Drag folds
show that this dislocation metamorphism was related to the
formation of an antielinal structure that lles to tho east
of the map area., Some of the major structural ore controls
appear to have formed at this time.

The strongly~develeped iscclinal folding was later
flexed during or following intrusion of the Coast Range batho= j
1ith. Ore bearing solutions are believed to have been de=- f

rived from batholithic emanations and these were channeled

‘along crumpled and brecciated zones that formed during the

earlier period of regional metamorphlsm, : ;

Two mineralized zones are present and these are
essentially conformable with the metasediments and consist
chiefly of chalcopyrite, pyrrhotite and sphalerite. lMinerale
ization has replaced the host rock along favourable litho-
logic horlzons, but appears most heavily concentrated 1n.
brecciated zones., The deposit is classified as Mesothermal

Replecement,
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CHAPTIR I = INTRODUCTION

IOCATION AND ACCESS

The Granduc Mine 1s near the BErifish Columbia-ilaska
boundary in rugged mountainous country about 36 miles northe
west of 8tewart B.C., at latitude 56913'N and longitude 130°
22V (Figufe 1), Stewart B.C., at the head of the Portland
Canal, 1s the supply base for the area., Northland Navig-
ation steamships maintain a schedule hetween Vancouver and
Ctewart. Pacific Vestern Alrlines and Omenica Airways are
avallabls for charter flights in the area.

Access to the mine from Stewart is somewhat difficult
bécause of the rugged, mountainous terrain, and the presence
of extensive snow and ice filelds over much of the route. In
the winter months, Ysnow=cats™ can negotiate the difficult
terrain from Stewart to the mine over the snowecovered
glaclers. Access by foot travel 1s possible In the summer
months, but the journey is difficult, dangerousAand time-
consuaing,

Alrplanes ara used for transport of personnel and
all but the heavlest of equipment, which is brought in by
"snow=-cat”, Granduc Mines Ltd, has built a2 hangar and supply
depot at the alr-strip at Stewart. A dirt landing strip hag
been built on the west side of Granduec Hountain for summer
use, and in winter snow-covered glaciers form satisfactory

landing-strips,
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HISTORY OF THE PROPERTY

The first official reference to the Granduc showings
1s found in the 1931 B.C.Minister of Mines Report, Wendell
Dawson and the late W, Fromholz are reported to have ascended
the Leduc River in 1931 and located three claims that appear
to have covered at least a part of the present Grandue
property. The claims lapsed, and it was not until 1948 that
the showings were "rediscovered® by E, Kvale., E, Kvale and
T.McQuillan located claims on thase showings in 1951, Add-
itional claimus were located in 1952,

Granhy iMinlug Smelting and Powsr Co.Ltd. examined
the showings in 1952, and formed a new company, Granduc
Mines Ltd, Later, Newmont Mining Corp. Ltd., enterod into an
agreenent with Granby, whereby they would aid iIn financing

the development of the mine,
PREVIOUS WORX IV THE ARFA

The region drained by the Unuk Rlver remains one of
the major unmapped areas on the eastern flank of the Coast
Range Mountains. Regional mapping has been done in the
areas to the south, west, and north. HMost of this work has
been carried out by the Geological Survey of Canada, and the
United States Geological Survay.

A small scale sketch map of ths arsea anpeared in the

1935 B.C, liinister of iiines Report, whils a sketch map of the
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area imnedlately surrounding the mine appeared in the 1953 \
B.C. Hinicter of liines Report. In 1955, W.R.Bacon mapped 148

'square miles in the Granduc Area on a secale of 1 inch = 1 !
nile, As yet only a preliminary map of this work has been

released by the B.C.Department of Mines.
PURPCCT OF THE THES

The author participated in the mapping of a 40 square
mile area in the vicinity of the Granduc Mine during the
field season of 1959, Most of this area was mapped on a scale
of 1 inch = 800 fest, but asmaller portion near the mine was
mapped on scales of 1 inch = 100 feet, and 1 inch = 200 feet,

' Because of relatively high grade metamorphism, come
plex structure, and the lack of complete regional mapping,
it is difficult to correlate the stratified rocks of the
Granduc area with those mapped to the north and south. It is
hoped that the present study will help in understanding the
petrogenesis of the Granduc rocks, their correlations, and
the genesis and ore controls of the mineral deposit.

The laboratory study is based on 461 specimens from
which 128 thin sections, 3 polished thin sections, and 1%

polished sactlons were prepared,
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CHAPTTR II - PHYSIOGRAPHY

TOPOGRAPHY

The topography is that of a youthful rugged moun-
tainous region, which hasAbeen deeply dissected by river
erosion, and both Pleistocene and modern alpine glaciation.
The existing glaciers are fed by and in part consist of exe
tensive ice and snow flelds that cover as much as 60% of the
Granduc area. Snov-line on the ridges is at an elevation of
4000 to 5000 feot, and valley glaciers terminate at less
than 2000 feet elevation in the Leduc and Unuk Rivers,
Gradients on the main valley glaciers range from 500 to 1000
feet per mile, but hanging glaciers have gradients of 2000
or more feet per nmile.

Relief within the area is great, with peaks rising
to 7000 or 8000 feet from valleys or glacliers 2000 to 4000
feot in elevation., lountalns less thén 7000 feat elevation
tend to have smooth rounded tops, bnt the higher mountains
have sharp Jagged peaks. HMountain slopes are steep, some
averaging over 40° for thousands of feet,

The main valleys of the Leduc and the Unuk Rivers
below the glaciers are broad, flat-floored and "yu® shaped‘
as a result of glaclation, As the glaciers retreated, the
streams cut channels in ths flat, debris filled valley

floors,
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DRAINAGE .

The Granduc area is drained by the South Fork of the
Unuk River (shown as Gracey Cresk on some maps) and the Leduc
River. The former flows about 12 miles due north to join
the main Unuk River, which then flows 40 miles in a southvester=
ly direction to the head of the Behmn Canal in Alaska. .The
Leduc River flows 36 miles in a southwesterly direction, and
enters the Behm Canal about 14 miles south of the mouth of
the Unuk River, Both streams cut through the core of the
Coast Mountain system;

Tributary streams cascade down the steep slopes, and
either dlsappear beneath valley glaciers, or directly enter
the main stream channels alumost at right angles. Seasonal

variation In tae flow of these streams 1s very large.
CLIMATE

Precipitation 1s heavy and except for the suuamer
wonths largely in the form of snow. During the wintoer snow

pay rceach a depth in excess of 20 feet in the valleys.
FIORA AWD FAUUA

On mountains protruding from ths snov and ice flolds,
vegaetation is sparse, consisting almost exclusively of
heathar, and alpine grasses and flowers, On the slopes of

the main valleys below the toes of the glacliers, timber and

Ratie et o alater © il casiad : ~ - T TR Ty 24 " TOw———r




underbrush beccme increasingly abundant, Animal life in the
imuediate area is scant. Numerous warmots, ptarmigans and an

occacsional ermine were seen,
GLACIAL FEATURES

The Leduc and the Unnk Glaciers are the principle
glaciers in the Granduc area., Each consists of two main
forks that range in width from % to 1 mile, and are as much
as 4 miles long, Thcese are fed by the extensive snow and ice
fields that cover much of this region.

As stated previously, the gradient of the main valley
glaciers ranges from 500 to 1000 feet per mile, Steeper
hanging gluclers have gradients up to 3000 feet per mile,
These vary up to 1/4 mile in width, and are generally less
than #% mile long. Ice falls are common on some of the
steéper glaciers, (Figure 2),

The toes of the main glacliers are 50 to 100 feet
thick and drilling has shown that the ice is approximately 700
feet thick in the South Fork of the Lsduc Glacier near the
mine, Maps show that the toes of the main glaciers have ree
ceded at least % mile since 1955 and at the mine, the ele-
vation of the surface of the glacier has decreased 50 to 100
feet since 1953. (Figure 3).

Lateral, medial and terninal moraines are Cirques

and hanging valleys in all stages of development occur




Steep hanging glacier with ice falls, Note the well
developed cirque at the head of the glacier.

- the Unuk Glacier looking to the southeast., Granduec

in is in the background., Retreat of the glacler is
- by the sharply defined timberline,




elong the maln valleys and in the source areas of the glaclers,
Roches moutonnsees are fairly welle~developed on some slopes,

producing a terraced slope marked by subparallel rocx benches.
PHYSIOGRAFPEIC EISTORY

The nature of the stream gradients and the nar?owness
of the interstream divides, indicate that the area is approach-
ing a stuge of early maturity. Schofield and Hanson (1922, p
31) state that in the adjacent Salmon River district B.C.,
the Coast Range was almost peneplained during the Cretaceous,
end that the present valleys were eroded during the Tertiary
period, Buddington (1928, p.22) mgrees that a mature topo=-
graphy had been developed at least locally in pre-Eoccne
times in southeast Alaska, He postulates a considerable up=
1ift in postuﬁocene times, possibly in the Pliocene or early
Pleistocene. Buddington describes uplifted Tertiary send-
stones, conglomerates, and volcanic rocks that have a dip of
8° southeast, suggesting tilting as well as uplift.

The Léduc and Unuk Rivers cut through the core of the
Coast iiountain systen, and it is probable that these are pre-

Focene, antecedent strecms.

The Plelstocene glauciation later modifiecd the master
valleys of the Leduc and Unuk Rivers giving then thelr pro=-
nounced "U" shape. Vith ablation of the Plelstocene and-
Recent glaciers, these.valleys have been partially filled with

debris that now forms the flat valley floors.
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The Pleistocene Ice cheel appesrs to have reached a

paxinum elevation of 7700 feet above present sea level, |
¥ountain and ridge tops below this elevation are scouredhand
have distinectively rounded tops. A fev sharp jagged peaks |
ranging from 0000 te 8500 feet in elevation appear to be une
glaciated. Recent glaciers have further modified the top-
ography, and glacier features of mary kinds can be observed
in pll) stages of developmeht.

The South Fork of the Unuk River may have been
captured from the Leduc River., Uplift and possibly the
darming effects of the ice filelds may have caused the South
Fork to flow in a northerly direction in post-Pleistocene

tines,




CEAOTER 11X
Regilonal Geology

The Granduc area lies 13 to 5 wiles north and northe
easy of the eanst=rn contact of the granitic conplex that forms
the backbone of the Coast Hountains. The discussion of ree-
gionzl geoslogy will ba rastricted to a balt 40 to 60 miles
wide on the east flank of this complex, extending from the
Nass River, 20orth to the Stikine River (FPigure 1). The
Sranduc araa 13 centrally located in this belt,

Pre-batholithic rocks on the eastern flank of the
Cogst Mountalns consist of Palzaozoic and Mesozolc sedimentary
and volecanic rocks that huva been metamorphosed to varying
degreas, and ars commonly closely folded,

Paleozoic rociss occur in 1isolated patches in the
Iover Stikine and %Western Iskut River areas (Kerr 1948, p.22),
apparently outecropping in sroded antielinal structures that
parallel the axis of the Coast Hountains, Pre-Mesozoic rocks
have not bean reported in areas mapped to the south (Hanson
1929, 1935), Paleozoic rocks in tha Stikine Area aro pre-
dominantly sediments, characterized by abundant limestone,
vith ninor amounts of argillite, chert, quartzite, sandastone,
tuff, and thelr metamorphic equivalents, Although the
structure is complex, eand mos%t scctions are incomplete,

Kerr (1948, p.22) postulates a maximum thickness of 15,000

feet for Permlan and pre-Permian rocks.
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Sedlmentary and volcanic rocxs oi Mesozoic age and-
their metamorphosed equivalents form the major portion of the
rocks east of the Coast Range granitic complex. The sediments
consist largcely or greywacke, urkose, argillite, and tuifle
aceous rocks, with numerous thin beds ol limestone, saadstone,
and conglouweraie, Interbadded andesitiec and basaliic lavas
and related pyroclastic rocks are abundant and widespread,
alinough taeir distribution is irregular, Hoasurements of a
complete stratigrapnic section of sssozoic rocks in the
Stikine area is lacking, howsver, a minimun valua of 10,000
feet is suggested by Whits (1959).

The granitic coaplex of thz Coast NMountaln systems
includes rocks of widely variable conmposition that rangs in '
age frowm pre~Upper Jurassiec to posi~Lower Cretacsous, Hanson
(1935) mapped granite, graunodlorite, quartz diorites, and
related phases as a unlit in the Portland Canal area, whereas
Buddington (1925) and Xaerr (1948) emchazizz thoe conposite
naturas of ths batholith., This granltic complex intrudes pree

Iower Crataceous sedimentary and volcanlc rocks, and 1s overe

lain unconforirably by Tertiary volcanles and contincntal

sedluents,

The structure c¢f the Coast Mountains 1s extremely
complex., The Paleozoic and Mzsozolc roeks cccur in north to

northwesterly trending folds on thLe flank on the graxnitic

complex. In a few places remnants of pre-Mesczoic structure
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have been recognized, but for the most part, any older |
structures have been completely obliterated by those result-

Ing from Kesozoic orogeny.
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CEAPYEDR IV - GEOLOGY OF THE CRANDUC KINE AREA

INTRODUCTION

The oldest rocks in the Granduc area are a sequence

of metavolcanic and metasedimentary rocks of Lower lesozoic (%)

age. These have been closely folded and intruded by Coast
Range batlolithic rocks and by granitic dilkes and sills

that are genetlically related to the batholithic intrusions,
The major rockx~unlts are listed 1n hypothetical chronologic
order in a table of formations on page 15, and their general
distribution is shown on the areal map (Map 1), More de~
tailed 1ithologic map units are shown on Map 2,

In the following discussion, the Metascdimentary for-
mation has been divided into two lithologically distinctive
members that will be referred to as the Hine member and the
Schist mcnber. The former is characterized by closely folded
quartz-rich phyllonitiec rocks, whereas the latter consists
esscntially of plagioclase-blotite~actinolite~eplidote schists
and amphibolites,

METAVOICANIC ROCKS
Disgtribution

The metavolcanie rocks outerop chiefly along the
eastern side of the map area, In the southeastern corner of
the map sheet (iiap 1), the metasedimentary-metavolcanic cone

tact strikes in a northeasterly directlon, and disappears
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under the snowecap on Granduc Mountain. Mapping to the east
of this contact shows an epparent thickness of volcanic rocks,
that despite local complexities of structures, amounts to at

least 1000 feet thick. On the northwest corner of Granduc

¥ountain wetavolcanic rocks outerop in the crests of erroded,
north plunging anticlines, 1In this area, the strike of the
contact is in a northwesterly direction. The western contact
of a thick band of volcanie rocks cuts across the northeast

corner of iount Willibert.
Petrography

The petrographic study deals only with the extreme
western portion of the volcanic sequence on the south side of
Grahduc Mountain, Two complete sections from unsheared por-
phyritic andesite to the metasedimentary contaet vwere studied,
one on the surface and the other underground. Further east,
the volcanics consist of porphyritie (pyroxene and/or feld-
spar). end non-porphyritic flows, with minor amounts of

pilloved, brecciated, and fragmental types.
In hand specimen, the unsheared porphyritic andesite

consists of dark green phenocrysts of "pyroxene" averaging
about 1.0 mm in diameter, set in a fine-grained ( 0,195 mm
diameter), medium green groundmass, Generally these rocks

are structureless.,

In thin section, the phenoerysts are found to consist

of actinolite pseudomorphous after augite, Rarely small
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relict patches of augite can be observed., (The pyroxene has

noderate birefringence, ZAC = 36°, and in one instance the
typical 90° cleavaze was observed,) The altered phenocrysts |
are set in a flne-irained matrix composed of plagioclasé
(An3p), actinolite, chlorite and epidote. Many of the actin-
olite pseudomorphs exhibit a slight porphyroclastic texture
(Figure 4)., Plagioclase tends to be highly altered to seri-
cite and epidote, Relict albite twinning was observed in the
less altered areas. locally, almost all of the plagioclass
has been altered to epidote and sericite,
The average mineral composition of six porphyritic

andesites as estimated from thin sections is as follows:

Actinolite 47%
Plagioclase (An32) 26%
Epidote 9%
Biotite 6%
Sericite 5%
Chlorite 5%
Carbonate 2%
Sphene, Apatite 1%
Quartz 1%
Opaques 1%

Chiorite and biotite appear to be replacing actin-
olite warzin.lly and along erystallographic boundaries, '
Sphene, apatite and iron ore(?) are present as accessorles.

A relaiively thin layer of brownish to brownishe




gy

18

green rock occurs between the unsheared porphyritic andesite
and the quertz-rich phyllonltes of the Mine member. This” ]
brownish rock is dense and fine-grained with a rather granular
texture and a weakly developed schistosity. An excellent

clecavage and irregular colour banding parallels thls schis-

tosity. Occasionally, relatively large (up to 1.5 mm in

diameter) dark green grains of amphibole, and slightly greenish
anhedral ;razins of feldspar were observed. These are generally
orlented parallel to the schistosity., Pyrite occurs in finely
disseminated grains and also in lens-shaped concentrations

that parallel the schistosity. Lithologically similar rock

is found underground at the contact of the volcanics and

line member and near the Crapper Creek fault, but here, the

rocks tend to be greener in colour and somewhat more finew

grailned,

In thin-sectlion, these rocks conslst chiefly of por=-
phyroclasts of actinolite and plagioclase (An32) up to 1,0 mm
in length, wvhich tend to be oriented parallel to the schis-
tosity. These grains are fractured and shreaded, and pro-
gressively decrease in graln size as the contact with the
sediments of the lMine member 1s approached. (Figure 5). The
pggphyroclasts are set in a fine-grained matrix composed
esscntially of biotite, chlorite, and fine-grained plagioclase,
The micaceocus minerals in the matrix are oriented and produée
the schistosity in the rock. The average mineral composition

of seven of these sheared andesites is tabulated on page 20.
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Figure 4

Photomicerograph of a typical porphyritie
andesite., Many of the pseudomorphs of
actinollite are perphyroclastic (X16)
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Figura 5

Photomicrograph of sheared andesite,
Porphyroclasts of altered plagloclase and
actinolite are set in the finewgrained
schistose groundmass (X16).




Plagioclase (An32) 38%
Biotite 31%
Carbonate ) 11%
Chlorite 5%
Quartz 4%
Actinolite 3%
Epidote 3%
Scericite 2%
Opaque (pyrite) 2%
Sphene, Apatite 1%

Samples were taken underground across an intensely
sheared section where the Crapper Creek fault zone cuts the
volcarle rocks. The rocks in this zone consist of fine-
grained green phyllonites and somewhat coarser grained
chloritic schists, These rocks have a welledeveloped schise
tosity that 1s parallelled by lenses and layers of quartz-
rich chlorite~rich and biotite rich material. Crumpling and
drag folding is commonly found in the phyllonitie rocks,
Finely disseminated pyrite is abundant in the less«sheared
types,

In thin-section, these rocks were found to consist
essentially of green blotite, chlorite, sericite, carbonate
and quartz., Compositional banding is well=developed, with
micaceous bands znd lenses alternating with lenses rich in
either quartz or carbonate, Tourmaline (var, schorlite)

which 1s common in some of these rocks may have been introe-
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duced hydrothermally during shearing. A few rellct shreds
of actinolite persist in some of the less sheared specimens,
but these are extensively altered to biotite and chlorite.

These rocks are generally fine-grained { 0,15 mm dia-
meter), but some quartz-rich and carbonate~rich lenses have
an average grain size of up to 0.40 mm diameter., The iarger
size and the absence of any features indicative of stréining,
suggests that the material in the lenses crystallized ét a
late st;ge in the deformational history.

The average composition of five of these green

phyllonites or chloritic schists is as follows

Quartz 22%
Chlorite 21% |
Carbonate 19%
Biotite 19%
Sericite (¥uscovite) 12%
Actinolite 2%
Schorlite 2%
Opaques (Pyrite) %
Epidote 1%

Sphene 1%
MINE MIMBER

Distribution
The rocks of the Mine member occur at the apparent

base of the Motasedimentury formation, end overlie the meta-

21
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volcanice rocks, Their stratigraphic relationships are nost
clearly shown on the northeast corner of Mount Willibert

(Map 1), where their apparent thickness is 400 feet. On the
north side of Granduc liountain these rocks are interfolded
with the metavolecanics, and outerop in synclinal depressions,
On the scuth side of Granduc Mountsin, the apparent thickness
of these beds 1s probably large because of close isoclinal
folding. Infolding of the underlying metavolcanics and also
of the overlylng Schist member 1s suggested by the presence
of bands of these rccks within the Mine member, ’/ i

Petrography

The kine member rocks are charaecteristically fine-
grained, quartz-rich, and tightly folded. Included in the
sequence 1s a limestons markg@Jbed, and some Iirregular intere
bedded or interfolded bands of rocks that resemble those in
the Schist member. The Mine member 1s divided into the
following map units, each of which wlll be described

(1) Quartz-Sericite-(graphite~-chlorite) phyllonite
(11) Quartz~biotite-(chlorite) phyllonite

(1i1) Plagioclase-biotite~chlorite~(calcite) schist
(1v) Amphibolite

(v) Limestcne




Quartz-Serlcite~(Graphite-Chlorite) Fhyllonite

This unit is most commonly found in the lower part of
the Mine Series near the contact with the underlying meta=-
volcanics, The rocks are extremely fine-grained, the:grains
averaging less than 0,09 mm in dlameter, énd have a dull cherty
appearance, Colour varies from light grey or creanm t& dark
grey, with thin (less than & inch) colour~-banding frequently
welledeveloped,

In thin-section, compositional banding is a prom-
inent feature. Layers rich in quartz alternate with layers
rich in sericite (muscovite), and less commonly with chlorite-
or graphite-rich layers. Minerals in these layers tend to
be oriented parallel to the colour layering,

The quartze~rich layers consist of tiny interlocking
anhedral grains that have a crude parallel orilentation;
both physically and optically., Individual guartz-rich layers
or lenses tend to be equigranular, but adjecent quartzerich
layers or lenses may differ markedly in grain size, (Figure
6), Tiny micaceous laths (usually sericite), occur inter-
stitially to thé quartz grains, and these are oriented
parallel to either the foliation or to en incipient axial
plane cleavage that is visible in the more crumpled mica-
rich layers,

The micacecus layers consist largely of fine-graiﬁed

saericite (muscovite) associated with minor amounts of




Photomicrograph of quartz-sericite phyllenite.

Mlcrocrvupling is shown in the sericite-rich layers.
Hote the sharp contacts between egulgranular layers

of quartz, 4 few lenses of more coarse-~grained
recrystallized quartz are shown (X16)
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Figure 7

Photomicrogranh of a quartz-sericite phyllonite
showing an axliale-plane cleavage filled with late
quartz, Note thal gchislosity is marked by the
tiny laths of sericite (light) (X42).
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chlorite and biotite, Microcrumpling may be welledeveloped

in these layers with a new S~ plane produced that tends to
parallsl the axlal plane cleavage in the larger folds,

Locally, graphitewrich layers are present in these
phyllonites, TFine-grained graphite occurs 1nterst1tia#ly to,
and is included in fineegrained quartz, ;

More coarse~grained quartz (up to 0,60 mm diameter)
is found frequently in lenses that parallel the schistosity
at the crest of folds; and also in fractures that parallel
axial-plane cleavage, (Figure 7). %With, or near some of
these coarser grained aggregates are grains of sericite,
iron ore, chlorite, carbonate, and tourmaline (both dravite
and schorlite). The quartz shows undulatory extinction and
the development of Boehm lamellae, and some of the other
minerals are bent or slightly fractured.

Some of the specimens contain a few anhedral porphyro-
blasts of plagloclase (Ang) that are as large as 0,30 mm in
diameter., Tiny gralns of apatite and sphene are present as
accessorles,

An average composition for eight quartzesericite

sauples from the surface is as followss

Quartz 56%
Sericite (Muscovite) 23%
Graphite 10%
Biotite 3%

Albite (Ang) 2%
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Carbonats . 2% B
Chlorite 2%
Dravite & Schorlite 1%
Apatite, sphene,

iron ore 1%

tacroscopically, samples of quartz-sericite phyllonite# from
underground are identical to types obtalned from the suriace j
section, However, in thin-section several notahle differences ‘
in composition were observed. Little or no graphite is
present, and the percentagss of carbonate and chlorite are

much higher, An average of five quartz-sericite phyllonites

from underground is as follows:
Quartz 52%

Sericite (ifuscovite) 229

Carbonate 9%
Chlorite o
Albite (Ang) 3%
Iron ore %
Bilotite 1%
Sphene, Apatite 1%
Epidote 1%
Schorlite, Dravite .1%

Carbonate and chlorite occur in porphyroblastic
grains (up to 0,50 mm in dizmeter) throughout the rock; in |
anhedral grains 1in fructures; and assoclated with more coarse-

grained lenses and lenticles., Some of the porphyroblastic
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grains poikilobl:intically include small grains of quartz

- and sericite. Tourmaline (dravite and schorlite), iron ore, &

and coarscé-grainad quartz are commonly assoeciated with tha
carbonate and chlorite, |

As the ore zones are approached, thsre is a zrod-
ational increazso in the blotlte content of thess rocks; with

a corresyponding decrease in ths sericite and chlorite contont,

Quartz-Biotite~Lhlorite) Phyllonite

In hand specimen these rocks are texturally very
similar to the quartz-sericite phyllonite juét describead,
However, they are much darker in colour, ranging from medium
to dark brown to dark grasnishegrey, Foliation is marked
by alternating thin layers of browns and greys of varying
shades, Pyrite 1s comnonly present in trains of small grains
that parallel the foliation,

In thinesection these rocks are very fine-grained,
(averaging 0,01 mm.) schistose, and slightly porphyroblustie.
Compositional leyering 1s well~developed with thin alternate
ing layers of quartz-rich, bilotite-rich, and biotite-chlorite=-
rich material, The biotite varies in colour from brown fo
olive-green, with a single colour generally predominating in
a particular specinmen,

Sericite is present in appreciable quantities in some
of these rocks gonerally as tiny laths in the quartz-rich -

laysrs. Rarely, sericite is found in the micaceous layers,
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Figure 8

micrograph of a quartz-biotite phyllonite, UMNote
al zone contalning Y"rolled" aggregates of more
e-grained quartz, "iron ore" and carbonate. S»

s sre incipiently developed in the fine-grained
onite (X16),
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Figure 9

hotomicrogranh of a lense of more coarse=
rained quartz in a quartzebiotite phyllonite,
bte the thickening of the lense in the cresis
f the mierofold (X16).
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and it appears that nost of the biotite, and at least some of

the chlorite, has formed at the oxpense of sericite.

Epidote, schorlite, iron ore, chlorite, carbonate’
and lenses of coarser grained quartg occur in or adjaceﬁt to
the micaceous layers (Figures 8 and 9), Most of these min-
erals occur in subhedral to anhedral grains up to 0.20 mh in
diameter, many of which are unoriented, The quartz showé
undulatory extinction, and some of the other minerals are
bent or slightly fractured.

Albite occurs in anhedral porphyroblasts up to 0,20
mm in dilasmeter, Only a few of these grains exhibit simple
albite twinning. The porphyroblasts do not show a nreferred
orientation, some have thelr longest axis perpendicular to
the folletlon of the more fine-gralned schistose groundmass.

| Tiny grains of apatite, epldote, and sphene are

present as acccssories in the fine-gralned quartz-rich bands,

The average composition of six Quartz~biotite

(chlorite) phyllonites is as follows:

Quartz 47%
Biotite 264
Sericite 6%
Plagioclase (Ang) 6%
Epidote 4%
Touri:aline 3%
Opaques 3%
Carbonate 2%
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Chlorite 2%
Apatite, Sphene 17

Plagioclase-Biot1té-Chlorite-(Calcite) Schists

On the south side of Granduc Mountain, these rocks
occur on both sides of the limestone bed, To the west pf
the limestone, these rocks grade imperceptably into sheared
dloritic rocks that will be described presently., The rocxs
are dark brown to green in colour, and although fine-grained,
their average grain size is much larger than that of the
blotite-rich phyllonitic rocks. ILocally these rocks appear
markedly porphyroclastic with elongate *"metacrysts" of
plagioclase up to 3 ma long, set in a fine-grained schistose
groundniass, Follation 1s defined by the subparallel orien-
tation of biotite, plagloclase porphyroclasts (when present),
eand by thin colour layering.

Mieroscopically, these rocks are composed chiefly
of anhedral porphyroclasts of plagicclase (Angp) that range
in size up to 2,5 mm in length (Figure 10), These are sst
in a fine-grained biotite-rich groundmass, Many of the
large grains of porphyroclastic plagioclase are well twinuned,
and to some degree all are fractured. Smaller grains of

plagioclase in the blotite-rich groundmass appears to be

porphyroblastic, Both the porphyroblastic and porphyroclastic

plagloclase have tha same composition. As the original

plagloclase was reduced in grain slze by shearing of In-
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tomlcrograph of a porvhyroclastic plagioclase=
tite=chiorite~(calecite) schist, Porphyroclastic
gloclase (Pec) as well as smaller grains of porphyro-
stic plagioclase (Pb) are shown (X16).

Figure 11

otomicrograph of sheared limestone, Some patches
fine=grained granular quartz (Q) are present
te orientation of calcite cleavage traces (X42).
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tensity, the relatlive proportion of the porphyroblastic
plagioclase increased, The plagioélase has been altered
variably to fine-grained aggregates of epidote and sericite.

A few relict grains of actinolite were noted in soﬁe
specimens, the amphlbole was largely altered to biotite. 1In
some casés blotite appears to have altered to chlorite, l
particularly near lenses of coarse~grained carbonate—chl;rite-
quartz aggregates, .

Carbonate, chlorite, and some quartz occur in more
coarse-grained (to 0.30 mm dlameter) lens-shaped aggregates
that cut ecross the follation and include grains of plagioclase
and blotite, Fine-grained carbonate also "floods" the ground-
mass in 1lrregular zones that parallel the follation, Some
carbonate and quértz grains show optical staln, |

Fine-grained epidote, quariz, apatite, and sphene
are present as accessory minerals in the fine-grained biotite~

rich groundmass,

An average composition of these porphyroclastic

schists is
Plagioclase (An,,) 43%
Biotite 20%
Carbonate li%
Chlorite 9%
Sericite 7%

Epidote 3%




- actinolite, The actinolite occurs in subhedral to anhedral
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Quartz 2%
Apatite, Sphene 1%
“Iron Ore 1%
Actinolite 1%

Amphibolite

An irregular narrow layer of a fine-grained, dark
green schistose rock was observed at the 2C surface showing,
where the rock was closely associated with the porphyroclastic
plaglioclase~biotite schists. Fragments of a similar rock
were found in some ef the ore specimens from the underground
workings., Hicroscopic study showed that this rock is an
amphibolite,

In thin-section, the rock 1s fine-grained, schistose,

and porphyroclastic, and is composed almost entirely of

porphyroclasts up to 0.40 mm in length set in a fine-grained

matrix of the scme material., MNMost grains are bent and

shredded., Actinolite appecare to be altering to chlorite and
biotite along grain boundaries and cleavage traces.

“"Iron ore® and chalcopyrite(?) occur in euhedral to
anhedral gralns of varylng size included in or interstitial to
actinolite., "Trailns" of opaque minerals tend to parallel the

schistosity. A little quartz and sericite form fine-grained

lenses that parallel the schistosity,
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Limestone

The limestone occurs as a thin, highly contorted,
bed near the hanging wall of the Mine member sediments, on
the south side of Granduc Mountain, In hand specimen. the
limestone 1s fine~grained and varies in eolour from light to
dark grey or green. Where weathered the limestone has a
rough surface produced by small lenses and individual gfains
of more resistant material., Wweakly-developed colour layering
and mottling plus the orientatlion of lenses of other minerals
produce a follation that is parallel to the contacts of the
bed, Staining with potassium ferricyanide and ferric
chloride shows that the carbonate is calcite,

Two beds of limestone are reported underground where-
&s only one was observed on surface on the south sids of
Granduc Mountain., On the northeast corner of it, Willibert,
only a single bed of limestone is present in what appears to
be a continuation of the Mine member sediments, On the north
side of Granduc Mountain liﬁestone and Mine member rocks have
been involved in extremely complex folding. Both repetitlon
and locally great apparent thicknesses of these beds can be
explainad by tight folding.

In thinesection, these rocks consist almost entirely
of arhedral interlocking grains of calcite that éverage
about 0,15 mm in dlameter. An incipient foliation 1s marked
by the sub-parallel arrangement of coarser and finer-grailned
lenses of calcite, Some lenses contain carbonate that

includes tiny grains of opaque minerals, feldspar quartz,
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and epidote, whereas other lenses consist of clear, clean
calcite. One set of twin lamellae in the caleite tends to
parallel the foliation, (Figure 11). »

Small grains of feldspar, epidote, apatite, opaque
minerals, quartz and chlorite occur interstitially to the
carbonate gralns., HMost of the plagioclase (An35) 18 altered
to sericite and epldote, Many of the quartz grains show:
straln shadows, and in many linstances the grains appear fo
have been granulated.

The finer-grained and incluslon-free calcite appears
to have been recrystallized during matamorphism with sube
sequent granulation and bending of twin lamellse.

The absence of any indicatlion of reaction of the
calcite with the included quartz during metamorphism, in-

dicates that a high pressure was maintained in the pore fluids,
SCHIST MEMBECR
A. Distribution

Rocks of the Schist menmber of the Metasedimentary
formation outerop over most of the western part of the map
sheet, Because of complex folding the true thickness of
these rocks could not be determined accurately, but it 1s

thought to be sasveral thousand feet,

P




B. Petrography

| Plagioclase-~biotite~actinolite~epidote schists wifﬁ
interbedded amphibolites are the predominant rock types in
the Schist member., Several quartz-rich schists an& one thin
band of limestone are also present. The Schist member 1is
divided into the following units for study and description.

(1) Plagioclase-blotite-actinolite~epidote schist

(i1) Awmphibolite

(i11) Quartz-rich schist

(iv) Limestone

Plagloclase~Biotite-Actinolite-Epidote Schists

. These rocks are generally fine-grained, schistose,
and are either a dark reddish-brown or greenishegrey in
colour, Commonly the schists have alternating layers of
these colours. Such layering is parallel to the schistosity,

From the microscopic study it was found that the

schists can be reliably sub-divided inte two major groups
on the basis of colour. The reddish-brown schists consist
essentially of plagioclase and blotite, whereas the greenishe
grey varieties consist largely of plagloclase, actinoiite,

and epidote,

(1) Plagloclase-Biotite Schist. Megascoplcally the
plagioclase-biotité
schist is fine-grained and has an overall reddish brown

colour with thin alternating layers of lighter shades of

36
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brown and green, Foliation is expressed both by colour

layering and by a pronounced cleavage that has a micaceous
sheen,

Microscopically the rock i1s found to consist essén-
tially of small ( 0,10 mm diameter), anhedral, interlocking
grains of plagioclase (An34), closely assoclated with inter=-
stitlal, fine~grained, dark brown biotite., Both plagioclase
and biotite tend to be orlented parallel to the foliation,
Most of the plagloclase grains are untwinned with only a
few exhibiting simple albite twinning,

Actinolite occurs in slightly larger, subhedral to
anhedral grains that are oriented parallel to the schistosity.
This mineral is found disseminated throughout the rock, and
it is abundent in the thin greenish layers noted above,
Optical characteristics of the actinolite are ZAC * 20°, and
the mineral 1s pleochrolec ny = pale yellow, ny = pale yellow=
ish green, n, = pale green,

The average mineral composition of this variety of

schist is as follovs:

Plagioclase (An34) 50%
‘Biotite 27%
Actinolite | 7%
Chlorite 6%
Epidote 2%
Quartz 2%

Carbonate ' 2%
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Sphene, Opaque minerals 3%
Carbonate 2%
Tournaline (Schorlite) 1%

Chlorite occurs throughout the rock as small laths
and aggregates associated with actinolite and biotite,
apparently an alteration product. In some places biotite
appears to have formed at the expense of actinclite., Such
actinolite generally is not as pleochroic as the unaltered
types, possibly because of loss of iron to biotite. More
coarse-grained lenses parallel to the follation, and some
cross~cutting fractures contain aggregates of quartz and
carbonate with lesser amounts of epidote, chlorite,

schorlite and "iron ore", (Figure 12).

(11) Plagioclase-Actinolite-Epidote Schist.

This variety of schist is fine-grained, compact

and generally of a medium to dark green colour,
Follation 1s marked chiefly by the nresecnce of thin lighter
green layers, Cleavage 1g not as well-developed as in the
plagioclase-blotite rich schist,

Kiecroscopically, these schists are found to consist
essentlally of subhedral grains of light green actinolite
averaging 0,15 me in length, set in a matrix of fine-
grained (0,02 mm diameter) plagioclase. Interlayered with
this material are thin lenses and layers that are composed

chiefly of anhedral interlocking grains of quartz and
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. tomicrograph of a plagioclase~biotite schist
. ring a fracture filled with more coarse-grained
tzs chlorite and ®iron ore" (X16),
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Filgure 13
tomibrograph of a erumpled plagioclase~actinolite

ggte schist, Ths dark material is zctlinolite
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‘epidote up to 0.10 mu in diameter, Theso produce the
lighter coloured layers noted in the hand spscimens., &phene
and iron ore are present as accessories,

Blotite is closely acsociated with actinolite ané
appears to be an alteration product of that mineral, 1In this
variety of schist, as in that described previously, altered
actinolite is not as strongly pléochroic.

Most grains, and in particular those of actinolite,
tend to be oriented producing a well-defined microscopic
schistosity that parallels the compositional banding (Figure
13).

An average plagloclase~actinolite-epidote schist has

the following mineral composition,

Actinolite 40%
Plagioclase (Angy) 30%
Epidota 104
Quarta ‘ 15%
Biotite 3%
Chlorite 1%
ESphene and Opagques 1%

Anmphibolite

Zones of amphibolite as much as 400 feet wide occur
in the Schist member conformable to the follation of the
enclosing schists,

In hand specimen the amphibolite 1s dark green and

medium- to fine-grained, 6Small ( 1,0 mm diameter) dark
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green grains of hornblende are conspicuous in the finew
grained green matrix. Foliation is well-developed, expressed
mainly by the parallel orlentation of hornblende. A good
cleavage parallels the foliation, Near contacts with ths
batholithic rocks, the ampnibolite is comumonly more coarse=
grained,

In thin-section, the amphlbolite 1s found to consist
essentially of almsst egual amounts of olive-green hornblende,
and plagioclase (An44). The hornblende occurs as subhedral
to anhedral grains up to 1.0 um longy a few of which are
twinned on (100), Foliation is marked by the subparallel
orientation of hornblende grains whicih are set in & granc-
blastic wkatrix.of interlocking, anhedral grains of plagio=-
clase up to 0,30 mm in dizmeter, (Figure i4), Plagioclase
exhibits boih albite and pericline twinning. "Iron ore",
apatite, sphene und epidote are accessorles, Plagloclase
1s slightly sericitiged, and some of the hornblende appears
t0 be partly altered to biotite,

The average mineral composition of five amphibolites

is as follows:

Plagioclase (Ang,)  46%

Hornblende 39%
Biotite ' 3%
Quartz 3%

Sericite P
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Plgure 14

Photomicrograph of amphibolita. Subhedral
grains of hornblende (Hb) are set in a more
finsegrained granoblastic groundmass of
plagioclase (Pl). Some of the hornblende
is slightly porphyroclastic (X42),
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Sphiene 2%
Epidoie | 4 2%
Apatite 14
Opaques 1%

These rocks are holocrystuline, medium= to filnc-
grained, with a pronounced nematoblastic texture. In some
specimens inciplent cataclastic effects wore noted, Some
of the plaglcclase grains are granulated and exhibit sutured
contacis, and some hornblande laths are bent and shredded,
Alterstion effects ave slight, Compositional layering is
present in some amphibolites, with plagioclase-rich lenses

alternating with hornblende~ricii lenses,

Quartz-Rich Schist

Numerous layers of quartzerich schist oceur through-
out the Schist member. Most of these are less than 30 feet
wide, but several in the southwest portion of the map-area
(Map 1) may have a true thickness of several hundred feet,

Macroscopically these rocks are medlium-grained,
reddish=brown to pale grey or green in colour, and consist
essentially of layers of granoblastie quartz. Colour layer-
ing is generally well-dcveloped and locally thin ( 2.0 uwm)
lenses of more coarse-grained quartz accentuate the fol-
iation. An excellent cleavage parallels the follation, and
on clecavage surfaces a micaceous sheen 1s prominent. Finely
disseminated pyrite and a few small grains of feldspar and

amphibole were noted 1n some specimens,
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Although these rocks were not studied microscopically
it 1s suspected that most have a considerable content of

fine-zrained micaceous minerals,

Limestone

A single band of limestone that ranges in wildth from
15 to 30 feet was traced along the southeast side of Mount
Willibert and its probable continunation outcrops on the
south side of the Ieduc glacler., This map-unit is Inter-
bedded with plagioclase-biotite-actinolite-epidote schists,

In hand specimen, the limestone 1is mediumegrained,
pale grey to green in colour, and consists essentially of
interlocking anhedral grains of carbonate., Rezdy effere
vescencos with cold dilute ECL indicates that the carbonate
is calcite. Weathered surfaces are generally rough dus to
the presence of thin lenses and individual grains of maters
jal that is more resistant to weathering., Colour banding
and the subparallel orientation of lenses of less soluble
material produce a foliation in the limesitons, Thls llagw

stone 1s very similar in appearance to that which occurs in

the }Mine menmber.
LITMRUSIVE ROCKS
Distribution

The eastern contact of the main batholithic complex

is approximately two miles due south of the Granduc mine,
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where it is relatively regular and trends approximately
north 80° west. A few miles both east and west of fhe mapw
area, the contact resumes its normal northwesterly trend.!
Two miles northwest of the mine, irregular migmatite zones
are present near the contact of the Metasedimentary formation
and the bathollthie rocks. In this vicinity, an irregular
apophysis of granodiorite projects eastward from the main
body of the intrusive mass., This protrusion is shown on the
wvestern edge of Map-l, . Here, as well as at the contact
to the south, the batholithie rocks eut across the northe
trending schistosity of the metamorphic rocks.

Several smaller satellitic intrusiorsouterop on
and north of Granduc Mountain, The largest of these 1s a
subeconcordant, elongated mass of foliated hornblende grance
diorite, the south end of which is shown on the top of Map 1,
To the east of the body of hornblende granodiorite there is
a thinner (1000 feet) subcorncordant body of follated diorite.
It is probable that this is related to the irregular, highly
sheared and closely folded dioritic zone on Granduc Mountain
that extends from west of the mlne northward into the
"limestone basin", Small irregular outecrops of diorlte are
found both east and norih of the mine intruding volcanic
rocks,

Aplite and granodiorite sills occur in swarms as much
as 800 fcet wide on the mountains to the south and west of the

mine. Quartz diorite sills and dikes that range in width




from one foot to several tens of feet a2re found on Granduc

mountaln,
Petrography

Tne intrusive rocks are divided into the following
units for study and descriptions
(1) Hornblende granodiorité
(1i) Dioritic phase of the hornblende granodiorite
(114) Diorite ¥511l"®
(iv) Granodiorite
(v) Aplite and granodioriie sills
(vi) Quartz diorite = granodiorite sills and dikes

Hornblenda Granodiorite

The horndblende granodiorits is a medium-zrained,
lzucocratic, porvhyritic rock, consisting essentially of
phenocrysts of dark green hornblende and pale grey plogio-
clase up to 1.0 nm in diameter, set in a finer-graired
groundmass of anhedral quartz and feldspar. A well develope
ed foliatlon is produced hy the common orientation of the
hornblende,

In thinesection this rock was found to consist
essentially of subhedral to anhedral phenocrysts of plagio=-
clase (An3p) and hornblende thai average 1.0 mm in size,
set in a finer grained (0.30 mm) matrix of potash feldspar,

quartz, and plagioclase. The feldspars are partly sericitized.
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A strongly-developed preferred orientation of the pheno-
crysts, and to a lesser extent of the material in the ground=-

mass, produces the foliation and lineation that can be obe

served in the hand Specimens; Sphene, apatite and titanite(?)
occur a&s accessories, Epldote, chlorite and sericite are
probably deuteriec,

A typical hornblende granodiorlite sample has the

following mineral compositions 1

Plagioclase (Any,) 43%
Quartz 18% ]
Hornblende 12% ;
K-feldepar 10%
Epidote 7%
Sphene, Apatite 5%
Sericite 3%
Chlorite 2%
Opaques (Titanite ?) 1%

Dioritic Phase of the Hornblende Granodiorite

Irregularly shaped dioritie phases occur throughout
the hornblende granodiorite mass, but are most abundant near
the western contact of this body where it has intruded
porphyritic andesite,

The diorite is a medium~grained, mesocratic pore
phyritic rock with a hypidiomorphic granular texture.
Phenocrysts of dark green hornblende and light greenish




plagloclase are set in a fine-grained green groundmass,
Comnonly the phenocrysts have a preferred orientation pro=-
duecing a vwelle=developed follaticn. The dloritic phéses appear
to be the result of assimilation of and/or reaction with the
country rock.

In thin-section; the dlorite consists essentially of
phenocrysts of plagioclase (Anyg) and hornblende that average
1l mm in size, These are set in a fineregrained (0,10 mm)
groundmass of sericlte, epldote, chlorite, plagioclase, and
hornblende, The texture of tihe *ock is holocrystalline,
mediuz-grained, porghyritie, and hypidioworphic granular.

An inciplent poirphyroclastic texture is expressed loeally
by fractured grains and bent cleavage and twin lamellae.
Fuch of the plagioclase 1is altered to sericite and epidote,
and chlorite appears to have formed gt fhe expense ofvhorn-
blende, Sphene, apatite and tigggité are accessories,

An average nmineral composition of this dioritic
phase is as followst

Plagioclase (Angg) 46%

Hornblende 35%
Sericite 104
Chlorite g
Epidote 3%
Sphene, ipaiile 2%

=t
\

Opaques (titanite?)
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Smaller bodles of diorite that intrude the volecanic
rocks to the north and east of the mine are texturally and
compositionally similar to this hybid phase of the horne
blende granodiorite.

Diorite ®Sill®

This is a zone of essentially dioritic composition
roughly conformable with the metasedimentary rocks, that
is itself marginally sheared and locally closely folded,
The zone extends from a point immediately west of the mine
northward to the "limestone basin", and its probable northe
ern continuation occurs east of the hornblende granodiorite
mass. On the north side of Granduc Mountain diorite has
been closely folded along with the limestone unit of the
Mine member. At this place transitions can be traced from

normal diorite through carbonatized greenstones and greene

schists to mixed calc-silicate rocks. On the south side

of Granduc Mountain, the diorite occurs in a zone 500 to

600 feet wide immediately west of the mine, This concordant
body consists of a thin irregularly-shaped core of diorite
that grades through greenstone and greenschist, to very
fine-grained green phyllonitie rock. The gradation represents
progressive stages in the cataclastlic destruction of the
original dioritic mass by dislocation metasmorphism, The
petrographic study is restricted to that part of the dlorite
zone on the south side of Grandué Mountain where the zone can

be divided into three map units: (1) the dioritic core,




(11) the adjacent greenstone-greenschist zone, and (ii1) the

marginal green phyllonite zone,

Dioritic Core. Megascopically, this rock is a grben
medivm-grained, slightly porphyiitic

diorite. Dark green phenocrysts of hornblende(?) and cioudy
greenishe=grey grains of plagloclase are set in an alteréd
fine-grained green matrix. A fairly well-developed folia-
tion is produced by the subparallel orientation of some of
the phenocrysts,

Microscopically, the rock is foliated and holo-
crystalline, and consists essentially of highly altered

porphyroclasts of actinolite-~hornblende and plaglioclase set

in a fine-gralined matrix of epidote, sericite, chlorite,
plagioclase, and amphibole, (Figure 15). The original tex-
tute appears to have been hypidiomorphic granular, but this
yas been masked by the extensive alteration and granulation
of the primary silicates.

Plagioclase (An38) occurs in anhedral grains up to
1.5 ma in diameter, now almost coumpletely altered to seri-
cite and epidote. Alblte twinning can be seen in the less
eltered areas,

Most of the amphibole present in the section appears
to be iron-rich, actinolite (ZAC<20°), The actinolite is
pleochroic. (ny= yellowish to colourless, ny = yellowish-

green, nz= pale green to dark bluish green), Some green

50
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hornblende (ZAC = 286%) is also present, but the relative
proportions of the tvo minerals could not be accurately
deternined because of thelr similar colour, The amphibole
appears to be altered to chlorite along grain boundaries, '
Some of the amphibole is pseudomorphic afier pyroxene,
possibly augite, a few small isolated relicts of which per=-
sist in some amphibole grqins. This pyroxene has moderate
birefringence and a moximum ZAC = 48°, and in one instance,
pyroxene cleavagoe was observed,

The mineral cvomposition and relative mineral per=
centages are as follows:

Plagioclase (An38) 23%
Actinolite 207t )

Hornblende s¢t ) ?5%
Chlorite 10%
Epldote 254
Sericite 104
Sphene 5%
Apatite 1%
Augilte 1%

Greenstone-Creenschist Zone, These rocks border the
diorite core and re-
present an intermediate stage in the cataclastic destructilon
of the diorite,
Megascopically, these rocks are generally fine

grained, dark to medium green in colour, and may, or may not
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Figure 15
Photomicrogranh of sheared diorite. Porphyroclasts
of plagioclasa (Pl) and actinolite (Aec) set in a fine-
grained matrix of plagioclase, amphibole, epildote,
_chlorite and sericite (X16),
iy ﬁ#;l:ﬁ ¥ u&‘hm‘uwh‘ 6. ‘ AWk .-&u&.‘..-h'. s il : |
Figure 16 C
Photonicrograph of a greenschist., Note porphyro- [

elasts of plazioclase (Pl) set in the fine~grained f
groundmass (X42), _
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be foliated or schistose. An ocecasional small porphyroclast

of emphibole and feldspar may be observed, Thin bands of

1ighter coloured material that parallel the foliation are

present in the more schistose types,

In thinesection, the rock has a welledeveloped por-
phyroclastic texture; 8ericitized plagioclase (Anys) and
amphibole grains are extensively fractured, shredded and
oriented parsllel to the foliation. ?he porphyroclasts of
plagloclase and amphibole (up to 1.0 mm in the largest
dimension) are set in a finer-grained matrix consisting of

epldote, sericite, chlorite, plagioclase, and amphibolse,

(Figgre 16),

Two varlieties of amphibole are present, iron~rich
actinolite and hornblende. Some values of ZAC approach
28°, while others are less than 20°, Both minerals are
similar in colour, so that an accurate estimate of their
relative proportions could not be made,
The composition of a typical greenstone is as follows:
Plagioclase (An35) 3154
Actinolite  127% ;

Hornblende 102 22
Epidote ‘ 27
 Chlorite | 8%
Sericite (ﬂuscovite) | 5%
Carbonate | 3%

Biotite . 2%

2
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Incipient metamorphic differentiation appears to have

PRy

taken place producing compositicnel layering on an almost
microscopic scale, Alternating thin layers and lenses of

material rich in epidote, plagioclase or amphibole are
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At ¢ o™ s o7 o SN St R0 e . g o

common,

Most of the chlorite, epldote, biotlte, and sericite
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present in the rock 1s probably an alteration prodﬁct of the

primary silicates, } 3

Green Phyllonite Zone, The rocks of this zone, 2
marginal to the dlorite

“s311", have undergone the greatest effects of dislocation

metamorphlism,

1 | In hand specimen, these roclks are very fine-grained,
and generally medium to light green in colour, Foliation is
marked by thin, altornating bands of light and dark green

. material, An excellent cleavage parallels this follation.
Such rocks effervesce readily in cold dilute HC1 indicating
a high calcite contaent,

In thinesection, these rocks consist essentially of
porphyroclasts of plagioclase (An33) set in a fine-grained
(0,10 mm in diameter) matrix of chlorite, carbonate, and
plagiloclase (Figure 17 and 18), Grain size of the sericitized
porphyroclasts of plagioclase has been reduced to an average

of 0,45 mm diameter. A typical green phyllonite had the

following composition.




Figure 17

hotomicrogranh of a green vhyllonite., Note the
|Jagioclaqe porphyroclasts set in the fine~-grained
lohiqtoqe natrix (X42),

f
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Figure 18

hotomicrograph of a green phyllonite, Note zZone
'flooded® with carbonate {light)(f42),
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Plagloclase (An32) 40%
Chlorite 304
Carbonats 25%
Serlcite 3%
Opaques 2% ;

Chlorite and carbonate appear to have formed at the

expense of the amphiboles and epidote,

Granodiorite

No samples of rock from the main body of batho-
lithic rocks were studied. Buddington (1928, p. 180) found
that 16 analysed specimens of batholithic rock from an araea
about 10 miles south of the mine had the average composition
of quartz monzonite. Bacon (1955) mappsd the igneous rocks
24 miles south of the mins, and called thea medium-grained
granodliorite of the following composition:

Plagioclase (0ligoclase-Lndesine) 45%

Quartz 26%
Potash Feldspar 184
Biotite + Hornblende 97
Accessories | 2%

The rock in the apophysis that cuts the Schist
menber on the wast side of the mape-area 1s a medium-grained,
loc2lly porphyritic, lesucocratic biotite granodiorite that
consists essentlially of plates of dark green bilotite set in

a2 groundmass of interlocking anhedral grainsg.of feldspar

56




and quartz. Diotlto and feldsper commonly show a preferrcd

orientatien thet produces an inciplent foliation,

Aplite and Granodiorite €ills

Aplitic sills predouminate in the sill swarms on the
mountains to west and south of Grandue MHountain, but a faw
granophyrie granodiorite sills are present also in these.
swarms. The sills range from a few feet to 50 feet in thicke
ness, lLocally they cut the Schist member with slight dise
cordancy.

Macroscopicelly the aplite is leucocratic, medium=-
greined, and consists almost entirely of anhedral interlocke
ing grains of white feldspar snd quartz which are set in a
fine-grained siliceous matrix., In places these rocks are
marlkedly porphyritic, and some have a graphophyric texture,

In thinessection the aplite consists of anhedral
gralns of quartz, albitic plagloclase, and some potash feld=
gspar up to 2,0 mu1 in diamater, These are set in a fine-
grailned matrix of quartz, microperthite, microecline, and
potash feldspar, Biotlte, muscovite, apatite and epldote are
prasent in small amounts, The rock L8 holocrystalline,
hypidilomorphic gronuler, rmedium~ to coarse-grained and por-

phyritic. A typical specimen has the following composition:
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Plagloclase (4Ang) 45%
Quartz 309
Potash Feldspar 204
kuscovite 2%
Epldote 1% ;
Blotite 19
Apatite 14 |

The loss numerous granodiorite sills are sinmilar to
those found on Granduec Mountain, except that many have a more

pronounced granophyric texture in the groundmass,

Quartz Diorite - Granodilorite Sills and Dikes

Numerous sills and dikes are found on Granduc
- Mountain., These range in width from one foot to several tens
of feet. 1In handspecimen, the recks are medium-grained,
porphyritic, leucocratic 2nd consist essentially of altered,
}subhedral to anhedral phenocrysts of plagloclase (An3o - An36)
up to 1.5 mm in length set in a finer-grained groundmass,
Some phenocrysts are normally goned, having more albitic rims,
The groundmass consists of plagloclase (generally more albitie
than An30), quartz, hornblende, and chlorite. Potash feld=~
spar may or may not be present. Quartz and feldspar may form
granophyric Intergrowths in the groundmass, particﬁlarly in
dikes to the south of the mine nsar the contact with the

batholithic rocks.
iuch of the foldspar is altered to sericite and




epldote, ahd some cnlorite appears to have formed at the exe
pense of hornblende, &phens, apatite and titanite(?) occur
as accessories, .

The compositions of these dikes vary fron granodiorite
to quartz diorite, Relative proportions cf plagioplase:to
potash feldspar could not be accurately determined bacanse
of the intensive alteration of wmuch of the feldspar, but
plagioclase appears to predominate, The average composition
of four specimens from Grzpdue Mountain is:

Plagloclase (Anyg-Anyg 297%)

K-feldspar 10%%) 4%
Quartz 15%
Sericite 10%
Chlorite 10%
Epldote 6%
Hornblende 3%
Biotite 2%
Apatite, Sphene 2%
Carbonatse 1%
Opagues (titanite?) 1%

STRUCTURAL GEOLOGY

The "tops® of the steeply dipping stratified rocks
could not be ascertainsd with the available evidence. ILoc=-
ally, pillow structure was seen in the porphyritic andesite

east of the mine, gnd structures that might be graded bedding
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were observed in the Schist member in the southwest corner of
the map sheet, but because of complex folding these "top"
determinations couid not be related to the overall structure.
Howcver, the orientation of drag-folds, both small and la;ge,
on Granduc jiountaln 1s compatable with the presence of a
major anticlinal axis to the east.’ Further, the volcanic
rocks structurally underlie the metasedimentary rocks with
apparent conformity, so that unless the stratified rocks are
completiely overturned, the volcanic rocks must be older.
Overturning on a large scale would be required because the
westerly.dips in the volcanic rocks filatten markedly to the
east of the mine, If the volcanic rocks are older, their
map distribution also indicates a major anticlinal axis to
the ezst, Therefore, although the evidence is not conclusive,
it is bolleved that the Granduc mine is on the west limb of
a major anticline,

The matasedimentary formation 1s characterized by
tight 1soclinal folding with sharp crests, (Figures 19 and
20). Folds in the metavolcanic rocks tend to be more open
and have more rounded crests, (Figures 21 and 22), Ampli=-
tudes of the folds range from a few millimeters to hundreds
of feet, Huch of the apparent interbedding of map units seen
both on surface and underground is attributed to ‘repetition
by close folding. Ptygmatic folding 1s found in the igneous-
netasedimentary conplex of the dike swarms and migmatite |

zones on Mount Willibert,
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Figure 19

Tight folding in metasecdie-
ments displayed on a faceted
spur,

Figure 20

Isoclinal folding in a
quartz~biotlite phyllonite
in the 3250 level, TFace
is appreximately 6 feet
highl
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Flgare 21

Folding in metavolcanics to the east of the
rnine on Grandue Mounteain, Viev leoking
northeast,

Figure 22

tecunibent fold in "neared andesite on tov of
tranduc Mountain i* wmiles east of the mine,
iote thickening at the crest., Yhis outerop is
\wpproximately 20 feet wildae,
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Host of the rocks in the area are foliated, and
locally sheared and faulted., The structural eleuents are

consldered in detall in the following sections,

ANALYSIS OF FOLD STRUCTURES, FOLIATIONS AKD LIﬁEATIONS

Ths Grandue Area 1s divlded into flve zones (M&p 3),
for the fold analysis, Within esch of these gzones thar
oricntaticn of folizations were measured and the poles to
nlanes plotted and ceontoured on a stereogr;phic net (lower
hemisphere projecticn). Lineations were plotted on the same
diagram but were not contoured. Poles to axial~planes of
drag folds were plotted on separate dlagrams, In all zones,
there is a sitriking concentration of poles to foliation and
a correspondence of poles to axial planes that 1s ilndicative
of isoclinal folding,

On the south side of Granduec Mountain the average
strike of both follations and axialeplanes is north 3l° west
with a dip of 62° west in Zone I, and north 29° west with a
dip of 83° west in Zone II, In each zone, there is a con-
centration of lineations (fold axes) nsar the pole ﬁo the
great circle that ean be drawn through the contoured poles of
foliation. This indicates that the lineations are related
to isoclinal folding. In Zones I and II the average line
eation trends south 52° west with a plunge of 60° to the
southwest, and south 30° west with a plunge of 50° to the

south respectively., A few scattered lineations are present,
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and these probably represent the incipient modification of
the 1soclinal folds by a second period of folding. A warked
flattening of fold axzes to the north was found in a study
made along the 3750 drift at the mine. The plunges of fuld
axes were measured and the results averaged for each 400
foot interval of the 1600 foot tunnel. From south to north
the averages were 510, 390, 38° ana 23° respectively. |

On the northwest corner of Granduc Mountein and on
the esast sice of lount Willibert (zones IV and V recspectively)
there is a prunounced change in the structural trend as coue
pared withh ths arca previously meniticned., In zoncs IV and
V, the average trend of foliatlons and axial plasnes is rorth
44° west with a dip of £0° to the west, and north 34° west
with a dip of SOO to tho west respectively. In both zones,
lineations tend to plot along a line that bisscts a grezt
cirele drawn through thoe concentration of poles to follations,
A weakly developzd conecentraiion of linesations about the
pole (B) of this great circle shown in Zone IV, indicates
that a fold axls trending §33%% and plunging moderately south
is related to isoclinal folding. A second period of folding
is suzgented by thz scatterisgz of the ramalning lineatilons,
Lineations in zone V trend both northvesterly and southeaster-
ly wlth nc apparent concentration. These lineations represent
fold axls of {=scclinal foldes, hence the abssnce of a cone
centration 1z indicative of a second period of folding,

Zone IIX is an area of inflection in which the northe
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sasi structural trend of zones I and II swings to the north-
west tyend that is established in zones IV and V., 1Isoclinal
folding is indicated by the concentration of poles to folig-
tions and axiel-planses on the stereographic projeetion, Two
Phigh" points of poles to foliations are apparent, one indle
cating an averuge attitude of north 8§° east with a Verticél
Gip aiid lhe otihsr north 190 west with a verticel dip. Thse
forrer 1ls thought to reflect the structural trend of zones I
and II, whereas the latter reflects the northwssterly {rend
of zone IV znd V, ZLineations (fold axes of lsoclinal folds)
trend roughly north and south, wilth plunges to the south
tendinz to be stz2eper than thoss o the norith, Ths avsence
of a concentration of linsations is indicatlve of a second
perind of folding, |

Drag foldlag in ths metasodimentary zand motavolcanie
rocks indicatzs that ths 1soelinal folding is rolasied to the
fornation of the larze anticlina that 4s believed to lie to
the =2ast of the mine, Ths snticlines and synclines 1in Zones
ITY and IV and on the northwast comner of CGranduc Mounvaln
are interpreted gs largs drag folds vhich have the same sense
as the minor fold:s. The crigined “bY lincoticne (i.e. fold
axes of isoclinsl folds) producad hy reglenal metawcrphisn
probatly paralleled the kinwmatic "b" axle, with cougressional
fcress acting aleng ecast cr rortheast axes,

Both flcld obrarvations and graphic analysis supgest

3 e £ 1 e
30 2 7




66

that a later perind of folding is involved in the defor-

national hisiory of the area, and this 1s represented by
warping of the structural elements related to the 1soclinal J
folding, The axial truce of these broad, younger folds !
trend westerly (see Zone III and IV), A cyclographic repre-
sentation of the average foliation in zones II and IV .shows
that the fold axls of the younger fold trends approximately
due west, and plunges steeply. However, the distribution
and orientation of lineations (isoclinal fold axes) in
zones III, IV and V requires a more horizontal axis for the
younger folds, as regardless of plunge the trends of lineca~
tions have not been swung apprecisbly to the east or west,
Thls crinkling of the old "b" axils does not appear to have
taken place in zones I and II, as here the plotted lineations
have a pronounced concentration,
The strongly-developed structural trend (northerly)
of the isoclinally folded stratified rocks continues south of
the map-area and eventually is sharply terminated by the cone

tact of the Coast Range batholith, The cross-cutting ree

lationship of the batholithic rocks with respect to the isoe
clinally folded stratified rocks 1s shown also by the granoe
diorite apophysis on the east side of Mount Willibert, Hence,
isoeclinal folding preceded the intrusion of the batholithie

rocks, The second period of fulding is believed to have

taken place during, or after intrusion of the Coast Range
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batholithie rocks, Post-folding intrusion of quartz diorite
sills and dikez (considered closely related to the batholithic
rocks) is suggested by a sill-like body that cuts across'a

warped band of amphibolite on the west side of Granduc

Mountain., On the other hand, a fairly large continuoué quartz
dlorite sill that is present nzar the sncw line in-Zoné 111
appears to have been flexed by the second period of foiding.
Buddington (1928, p. 268) and MacKenzie (1916, p. 11l1) have
recognized Eocene folding in Alaska and northeastern British
Columbia with compféssional forces acting almost at right
angles to those that acted during Mesozoie orogeny. The

gense and time rolationship of such a compression is com=
patible with the flexuring produced by the younger folds in

the Granduc areae.
SHEARING AND FAULTING

A 1000-foot zone to the wast of, and including the
Mine member-metavolcanlc contact on the south side of Granduc
Mountain appears to have been a zone of structural weakness
over a considerable period of geologic time. The rocks ln
this zone were dynamically mectamorphosed to phyllonites in
the late stages of reglonal mstamorphism, Drag folding and
the development of axial plune cleavage indicate that this

initial differential movement was related to the formation

of the postuiated anticline that lies to the east of the mine,
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Evidence of particularly intense deformation at a
late metamorphic stage is evidenced by brecciated ore
specimens that contain fragments of both regionally meta-

morphosed schists and phyllonitlc rocks, The brecciated

" zone appears to have been a major channel for'mineralizing

solutions, Some question arises as to the time rélatibnship
of this economically important periocd of differential ﬁove-‘
ment and the second period of folding. ‘Several possibile-
1ties are discussed under the heading "Ore Controls®,

A set of late longlitudinal faults is found in the
area, These are poste-intrusive, and later than the second=-
ary period of folding. On the south side of Granduc Mountain
these faults trend approximately north 20° east and are
essentially parallel to the follation in the phyllonitic
rocks, To the north however, these faults appear to cut
across the foliation where the isoclinally folded rocks have
bcen flexed by second-period folding. Right-handed movements
are indicated by faulted quartz diorite dikes and steeply
plunging drag folds near the fault planes, Three such faults
have been recognized in surface mapping above the mine and
the total apparent horizontal displacement of a quartz
diorite dike 1s in the order of 1000 feet. The vertical
componaent of this moyement is not knovn,

The underground workings are essentially bounded

by two major faults, both of which are represented by gullies
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on the surface. The eastern most of these is the Crapper
Creck Fault which is well displayed underground just west of
the shaft on the 3250 level, where porphyritie andesites have
been intensely sheared to green phyllonite and chloiitic
schists over a wide zone, i
Mineralized shear zones of a minor nature are found
to the east of the map-area in the volcanic rocks, but‘these
are not of economiec significance, It is not known to which

period of shearing these are related,
PETROGENES IS
Metavolcanic Rocks

The andesitic volcanic rocks are extensively altered,
even where dislocation metamorphism has not been active,
Original ferromagneslian minerals have bsen altered to actin-
olite, chlorite and epidote, and the primary feldspars have
been altered to sericite and epidote,

The actinolite and epidote present in the unsheared
metavolcanics appears to have been unstable under the cone
ditions that existed in zones of differential movement, and
these minerals progressively disappeared as the intensity of
shearing increased. .ifuch of the bietite, chlorite and car-
bonate found in the shcared metavolcanics appears td have

formed at the expense of actinolite and épidote. Except in
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the more intensely sheared zones, plagioclase has been only
grenulated, ,

In the 3250 level, specimens were taken at 29 fopt‘
intervals across the Crappsr Creek fault zone, from altered
porphyritic andesite on ghe east, westerly through greene
stones and greenschists, to chloritic schists and green
phyllonites. The marked changes in mineralogy with the ine
tensity of shearing are graphically illustrated in Figure 23.
Actinolite is the first mineral to be affected in the high
stress envircnment, altering to biotite, chlorite and car-
bonate, Much of the quartz, and some of the carbonate and
chlorite present in the chloritic schist and green phyllonite
zone appears to have been derived from plagioclase and epidote
in this zone of intense shearing,

Concordant, more coarse-grained, quartz-rich and
carbonate~rich lenses are commonly found in the schistose and
phyllonitlc rocks, The mineral constituents in these lenses
show little evidence of straining (incipient undulatory ex=-
tinction in quartz, and bent cleavage traces in the carbonate).
It is thought that this material was "mobllized" during
shearing with subsequent recrystallization at a late stage of
ths dislocation metamorphism, Schorlite and some-of the
¥iron ore"™ in the more highly sheared rocks is thought to

have been introduced at a late stage,
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FIGURE 23

SECTION ALONG 3250 CROSS-CUT THROUGH THE CRAPPER CREEK
FAULT ILLUSTRATING CHANGES IN MINERALOGY IN THE VOLCANICS
WITH INTENSITY OF SHEARING
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Ignoring the relict porphyroclastic plagioclase and
actinolite, the mineral assemblage in the sheared andesites

can be classified in the biotite-chlorite subfacles of the

greenschist facles (Turner and Verhoogen (1951)). Locally,

in more highly sheared zones, the rocks contain appreciable
muscovite,

These rocks could be classified in the muscovite-
chlorite subfaclies of the greenschist facles,

The extensive alteration of primary silicates to
chlorite, blotite, epidote and sericite, and the more marked

changes in mineralogy in zones of differential movement,

are a result of retrogressive metamorphism of an initial high
temperature mineral assemblage.

MINE MEMBER

Quartz-Soricite~-{Graphite~-Chlorite) Phyllonite

The mineral assemblage in these rocks appears to be
in equllibrium (with the exception of the incipient alteration
of sericite and chlorite to biotite) and the rocks can be

classified in the mnscovite~chlorite subfacies of the green

schist facles (Turner and Verhoogen 1951), The original rock

was probably an impure sandstone, composed largely of quartz

and argillaceous material, with local concentrations of car=-
bonaceous material,

The more coarse~grained quartz lenses that are found
parallel to the schistosity, at the crest of folds, and in

fractures that parallel axial plane cleavage, represent

72
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mobilization and recrystallization at a late stage in the
history of the rock. Associated with these coarseregrained
aggregates are gralns of sericite, iron ore, chlorite, care
bonate; dravite and schorlite, Abundant tourmaline is |
found associated with sulphides in the ore zone, and it is
postulated that the tourmaline minerals, and possibly some
of the chlorite, carbonate and iron ore, have been hydroe
thermally introduced into the phyllonitic rocks., Strain
effects are exhiblted by the quartz and some of the other
minerals, indicating that erystallization took place before

differential movement had ceased.

Quartz-Biotite-(Chlorite) Phyllonite

The mineral assemblages in these rocks do not permit
classification of the whole group into a single subfacies of
the greenschist facies, Blotlite predominates in the micac-
eous bands of all rocks in this group, but most of this mater-
ial appears to have formed as a result of hydrothermal
alteration, The micaceous bands appear to have offered a
more permiable channel for hydrothermal solutions than did
the dense, fine-grained, quartz-rich bands. This 1s supported
by the more common occurrence of introduced and/or re-
mobilized minerals such as epidote, schorlite, iron ore,
chlorite, carbonate and coarser-grained quartz, in, or adja-
cent to the micaceous bands, In many blotite-rich rocks

sericlite persists as tiny laths in the dense fine-grained

Catat
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quartz-rich bands, and in others, some or all of the sericite

appears to have formed blotite., Apparently the rocks closer
to the ore zones have been subjected to sufficiently high
temperatures during mineralization to attain equilibrium ih
the biotite-chlorite subfacles of the greenschists facies,
whereas rocks further away are gradational into the muscovite-
chlorite subfacles of the greenschists facles. .

The original sediment from which those rocks were
formed was probably pelitic, possibly a sandy shale, Small
scale (i,e, in the order of mm's), Compositional banding
and lensing in these rocks is attributed to metamorphic
differentiation during the milling down of an assemblage

that was originaily of higher metarorphic grade.

Plagioclase=-Biotite-Chlorite~(Calcite) Schists

The mineral assemblage in these rocks does not permit
classification in & metamorphic facies, The relict plagio=
clase 1s indicative of a moderate to high-grade minersl
assenblage, but the extensive alteratlion of actinolite to
biotite 18 suggestive of a much lower metamorphic rank,

These schists are assumed to have formed from medium-
grained rocks that consisted largely of plagioclase and
actinolite. Dioritic and andesitic rocks that consist chiefly
of these minerals, have produced similar porphyroclastic
plagioclase-biotite schists in shear zones,

A dioritlc parentage for these rocks seems unlikely

g8ince the porphyroclastic schists are found immediately on
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elther side of the limestone band on surface. NoO ¢rosse
cutting relationships were observed, and it is difficult to
see how an intrusive could have been so neatly placed along
both contacts of the limestone band without disrupting it

on surface or at depth.

The possibilify of a volcanic origin for these
schists 1s ruled out because none of the knoun voicanic
rocks contain plagioclase grains as large as the feldspar
porphyroclasts found in the schists,

The close association of these schists with sedimenw
_tary rocks seems to favour & sedimentary origin. Amphibolites
of an appropriate composition are found in the Schist member
to the west, These conslist almost entirely of actinolite,
and a plagloclase (Ang,) that 1s somewhat more calcic than
that found in elther the dioritic or volecanic rocks,

The existence of these coarser~grained schists in
a zone that 1s characterized by fine~grained phyllonitic
rocks can be attributed to at least one of two factors,
Shearing intensity may have been less near the hanging wall
of the lilne member, or most of the effects of dislocation
metanorphism mey have been taken up in the quartz rich
sediments which would be nuch more unstable in a high stress
environment, |

In any event, the shearing effects were not strong
enough to initiate the chemlical breakdown of the plagloclase

in the porphyroclastic schists. Actinolite, however, has
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altered recadily to blotite and chlorite., The co-existence
rof these two minerals may permit classifying these rocks in

the blotite~chlorite subfacies of the greenschist facies.

b4

Amphibolite
The incipilent alteration of actinolite to biotite and

chlorite indicates that the mineral assemblage is not in
equilibrium, However, dilslocation metamorphism at this
point must have been of a minimum intensity. In all other
amphibole~rich rocks in the area, the actinolite is one of
the first miamerals to chemically break down in a stress en~
vironment, As the adjacent plagioclase-biotite-chlorite~
(calcite) schists appear to be approaching equilibrium in the
biotite~chlorite subfacles of the greenschist facies, the
amphibolite is also assigned to this metamorphic grade. The
plot of the composition of thils rock on an appropriate ACF
diagram (Turner and Verhoogen 1951, p. 466) indicates that
the amphibolite was derived from a calcareous assemblage,
possibly a marl, A sedimentary origin is favoured because
of the close association of the amphibolite with limestone

and other metasedimentary rocks.

Limestone

The finer«grained and lnclusione~free calcite appears
to have recrystallized during metamorphism, with granulation

and bending of twin lamellae taking place at a later time,

- The interstitial fine-grained feldspar, quartz, epidote,
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and chlorite probably represent siliceous and argillaceous

impurities 1n the parent limestone.
SCHIST MEMBER

Plagloclase~-Blotite-Actinolite~Epldote Schist

The mineral assemblage present in these rocks does
not permit ready classification in a conventional metamorphie
facles. The presence of moderately calcle plagioclase
(An34), epidote and amphibole 1is suggestive of an assemblage
of moderate netamorphic grade, Ignoring the lncipient alter-
ation of blotite to chlorite,and actinoliite to biotite and
c@lorite, the rocks could be classified in the almandine
amphibolite faciea (Fyfe, Turner and Verhoogen 1958, p, 230).
The coexistence of medium plagioclase and epidote is conside
ercd to be characteristic of the stauroclite~quartz sube
facies of this facies; which in turn is indicative of high
grade regional metamorphism, However, on the northeast
corner of Mount Willibert, these schists are separated by
approximately 300 feet of Mine member rocks, from massive,
slightly altered, porphyritic andesites. Nelther the VOle
canics nor ths phyllonitic rocks have been involved in high
grade regional mstamorphism,

Tilley (1924) showed that the greenschist facies of
Eskola embraced two disfinct facies, one characterized by

chlorite~epidote~albite, and the other by hornblende-0llgo=
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clase-epidote. Turner's (1933) work in Otago, New Zealand,

~ showed that schists consisting of pale hornblende-oligoclaéeu

epldote appear to be thevproduct of progressive regional

- metamorphism of rocks which had already formed as chlorite-

epidote-albite~calelto schists at lower grades of regional
metamorphism, Turner modified Tilley's subdivision by
reking calcite an addition constituent of the lower grade
assemblage, thus giving the two facies characterized by
chlorite -epidote-albite~calcite, and hornblende-ocligoclase=
epldote, Actinolite could be present in grades of meta-
morphism that were transitional to these two faeciles, The
esseniial factors relating the two facies is the instability
of chlorite in the presence of calcite, and the necessity of
maintaining a high'enough pressure of CO» to keep the car-
bonate from brezking down. The presence of hydrous silicates
(micas and amphiboles) in the Metasedimentary formation,

indicates that a high pore pressure did exist,
Turner (1935) proposed subfacies of the greenschist

facies based on CO, pressure, but this has since been abandoned.
However, he did show that an assemblage equivalent to that
found in the Schist member can form under pressure and
tenperature condlitions that exist in the upper part.of the
greenschist facles,

Ignoring the anorthite content of the plagioclase,
the mineral assemblage of these schists can now be classified

in the quartz-albhlte-epldote~biotite subfacles of the green-
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schist fzciez, (Fyfe, Turner, and Verhoogen 1958). This sube
fecice ig charcetoristic of low to moderate regional mota=-

porphism, and pore readily explains the close assceiation

of these schists with the relatively unaltered porphyritic
andesites,

Rear the batholithic contacts there is an increase
both in grain size and metarorphic grade of the schists,
This 1s chiefly due to thermal metamorphism, Some of these
rocks undoubtedly reach the amphibolite facies, since they
grade into migmatites in some places at the contaet with the
batholith,

& plot of the composition of these schists on the
appropriate LCF diagram (Fyfe, Turner and Verhoogen 1953,
p. 222) indicates that the rock is a "basic aussemblage".
The original zediment therefore is probably the derivative
of a baslic or semibasie rock, possibly from a terrain that
consisted of ths older andesitic essemblage. The great
thickness and relatlvely uniform eomposition of these rocks
suggest rapld erosion and deposition and the close assoce
iation with semibasle volcanic rocks is characteristic of
a eugeosynclinal enviromment., A typlcal sediment of this
envirenment is greywacke, Schists derived from g:eywackes
in Otago New Zealend have been described by Turner that are
almost 1dentical to those of the Schist member. It is there-
fere concluded thet the plagloclase ~actinolite-epldote~

hiotite'schists of the Schist rember also were orilginally




greywackes, or tuifacecus greywackes, The greater percentage
of lize sgilicales in the plugiocliase~actinolite-epidote
subdifision of these schists, suggests thai the greywackes
locally were more calcareous. ' |
Lenses cf coarser-gralined quartz and epidote are
comnmonly found in tho crests of both macrofolds and microe
foids., Apparently these minsrals "{lowsd" from areas of high
stress, und recrysiallized in the crests of folds where the
conflning pressures would be lower, Carbonate, schorlite
and iron cre are comuonly found associated with the more
coarse~grained quartz-rich egggregates, All of these coarsee-
: “grained minerals appear to have crystallized near the close

of dirferential movement., GQuartz and carbonate show only

clizht strain effects,

Amphibolite

f The mineral asgemblage of thece rocks permits

? classification in the stauroliteequartz subfacies of the
almandine amphibolite facies (Fyfe, Turner and Verhoogen 1958).
However, they are intimately associated with the plagioclase=-
actinolite-blotite-epidote schists which have been estabe
lished as being in the quartz-albite-epidote«biotite sub-
facies of the greenschist facies, and therefore must have

been subjected to the same pressure and temperature conditions
during regional motamorrhism. The lack of relict igneous

textures, the lack of thermal effects on the adjacent meta-
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sedimentary rocks, theilr uniform texture regardless of width,
and the complete absence of retrograde metamorphism seems

sufficient evidence to eliminate the possibility of these

being basic sills, It 1s therefore postulated that the |
amphibolites were originally lime rich sedimentary beds,

posslibly interbedded limy marls, Their coarser-grain size

and anomolous composition (i.e. an apparent higher grade
netamorphic assenblage) may be the result of the original

assemblage being more sensitive to metamorphism,

Qnartz-~Rich Schists

Thesa rocks are bslleved to reprasent argillaucsous
sandstonzs that have bsenr reglonally mstamorphosed to
quartz-rich schists or impure gquartzites. Grain size is much
larger than that found in ths quartz-rich phyllonites in
the riine member. Apparently dislocation msetamorphisa was not

as intense 1ln rociks of tha Schist 1manber,

Limestone
The thin limestone band prasent in the Schist member

was not studied microscopically. Handspeéimens of this rock
closely reserble the limestone unit of the Mine member,

and 1t is assumed that the petrogeneses are similar,
INTRUSIVE RCCKS

Hornblenae Cranodlorite

Irregular dioritilc phases occur throughout the
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hornblende grencdiorite wass, particularly at the western
contuct nortk of the mepe-area, where it has intruded pore
phyritic andesite, The wore basic phases sppear to be the
result of reaction with and/or assimilation of basic voleanic
end sedixrentary rockxs. All rocks in this subconcordant ine
trusive complex are well folliated, ’ f

A thinner ( 1000 feet) subconcordant body of foliated

diorite occurs 1/4 mile east of the hornblende granodiorite,

and this diorits 1s similar in composition and texture to

the dloritic phases found in the hornblende grancdiorite
intrusion., Thls thin diorite body appears to be ths northern
continuation of {he dioritic zone that is found on Granduc
Mountain., On the north side of Grandue Mountéin, the foliated
dlorite has been involved in the complex isoclinal folding,
and is considered to have been intruded synkinematically

during regional metamorphisa,

Diorite

The uncsheared and relatively uﬁaltered diorite on
Granduc Mountain is similar in conposltion and texture to
the dloritic phases that are associated with the hornblende
graenodiorite, A detalled study was made on the sout@ side
of Granduc Mountain west of the mine in the zone where altered
diorite has been transformed through greenstonss and greén~
schists to green phyllonites by dislocation mstamorphisa,
Figure 24 illustrates the changes in mineralogy with in-

creased intensity of differential movement,
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FIGURE 24

GRAPH ILLUSTRATING CHANGES [N MINERALOGY WITH INTENSITY
CF SHEARING IN DIORITE SILL
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The altered nature of the unsheared diorite core in

this zone indicates that the initial high temperature mineral

assemblaze of the intrusion has undergone retrogressive meté-
morpnism. Original ferromagnesian minerals have altered to
actinolite, and the plagloclase to epidote and sericite.

i

The seltered diorite grades into a greenstone-greenschist

_zone with only slight changes in mineralogy. However, the

rocks in this zone are markedly porphyroclastic, With a
further increase in the intensity of shearing, the greene
stones and greenschists are transitional into a zone of green
phyllonites., This transformation 1s characterized by the
chemical breakdown of the 1lime silicate minerals (actinolite
and epidote) to produce caleite and chlorite. The por-
vhyroclastic plagioclase has only undergone further mechsne
ical breakdown in the transitlon from the greenstone-green-
schist rocks to green phyllonite. Excluding the relict
plagioclase, the mineral asgemblage can be classified in
the muscovite-chlorite subfacles of the greenschist facles
(furner and Verhoogen, 1951), which is characteristlc of the
lovest grade of regional metaworphisnm,

The transition of altered diorite to green ppy-

llonite 1s clearly due to retrogressive metarorphlsm.
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- rocks have been involved in regional metamorphism, and all

Conclusions

Both'the stratifizd rocks and the earlier intrusive

erpear to have tended towards equilibrium in the higher

grades of the pgreensehist facien, The greyvwackes andg mérls
have been progressively metavorphosed to form schlsts tﬁat

can be classified in the guartz-alblie-epldote blotite
suhfacles of the greenschilst facies, Almost identical

rineral essgenbhlagres are found in the altered dlorlte and meta-
voleanics, and it is concluded that these initial high

temnerature essepbleages have undergone retrogressive meta-

rorvhisn to attalin or anproach eguilibrium Iin the same meta-

morphic facies., Uith subsequent dislocation metamorphisa,
the gquarta-rich sezdinmenis znd some of the igneous rccks have

undergone retrogressive metamorphisnm, and have attained equi-

i A e Sitas cabk b A s

libriuc in lower zrade subdivicions of the greenschist facles,

i

CORRELATION OF THE GRANDUC ROCKS

Metasedimentary and lMetuvolcanlc Rocks

Due to the lack of fossils, and the complex structure
in the area, the mectasedimentary and volcanic rocks in the
Granduc Area can not be rezdily correlated with established |
formations to the north or south. A tentative correlation |

will be atteupted on the basis of lithologic similarity,



Ihe presence of a thicl: saries of greywackes and the
abundance of semibasic volcsnies in the area, is suggestive
of a suogcosyncliinal enviroinment. Such condiiions existed
in both Upper Paleczolc and Hesozolc times. These periods
of sedimeniation were separeted by the Cassiar Orogeny'which
terminated Paleozoic deposition. | :

Kerr (194b), hus mapped Perwuian and pre-?ermiaﬁ rocks
in the Stikine Kiver irea, 25 mlles norihwest of the Cranduc
Area., He divided thepre-Permian rocks into two parts, =
lower part which consisted chiefly of fincegrained quarize-
rich ciausieic roecks, and an upper part which was made up
essentialiy of impure limestonc, Volcanie rocks are of minor
occurrence, and are reported only in the lower part of the
pre-Perwian group. Thick limestone beds are reported north
of the Granduc Area, but thelr relationshlp to the CGranduc
rocks is not known,

Triassie rocks in the Stikine Area, consist chiefly
of basal andesites, overlain by a thick sequence of grey-
vackes, &Some of the basal volcanlices are plllovwed, and {roge
menﬁal and porphyritic types are also reported. Tho volw
canlc rocks are overlaln by greyvackes and tuliaceous groye
wvackos, whicii Kerr belleves have been derived lafgely from
the underlyling volcanic rocks. Bands of black and dark grey.
argillite, some of them limy, and beds of brown sandsione are

reported to be widely distributed throughout the greywack
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sequence. Limestone 1s present in mwany pleces, usually in
local lenses, but in a few instances in fairly continuous
beds up to 100 feet thick, Fossil evidence indicates that
these sediments are Upper Triassic in age.

The Jurassic rocks described by Kerr . consist‘largely
of interbedded shales and conglomerates, with sonme tuffs,
greyvackss and argillites in the upper part of the series,
Locally thin andaesite and daclte flows are reported, Jure
assic-Cretaceous rocks consist of a basal andesite that is
overlain by a sequence of thick, massive, andesitic flows
alternating with sediments. Thece sediments include banded
jasper and chert, shales, greywackes and argillites, Upper
Cretaceous and younger sediments appear to have been de-
positad in an lncreasingly continental environment. Finerw
grained sandstones, arkoses, and shales interbanded with
conglomerates predominate,

Adrpitting the possibllity of local variations in the
depositional environment in a euwogeosyncline, it ig thought
reasorablo to assume that the general geological conditions
existing in the Stikine Area, some 2% miles to the north,
would clozely approximate those in the Granduc area at tihe
time of deposition,

On studying the Stilkine lithology, Kerr's basal
Triassic andosite and Upper Triassic sediments scems to closely

mateh the litholoygy found in the Granduc isrea. The pore




phyritic andesites are similar, and the thick greywacke se-
quence with thinly interbedded limey argillites would readily
correlate with the Metasedimentary Series, Further Kerr's
Upper Triassic rocks include relatively thin limestone beds
and "brown sandstones™, which could be equivalent to Qine
Series rocks, . f

Hanson (1935) mapped the Portland Canal Area just to
the southwest of the Crandue Area. All of hls sedimentary
and volcanic rocks (and their metamorphlc equivelents), with
the exception of very ninor amounts of Tertiary volcanics,
have been assigned to the Hazelton group. This group includes
rocks that are believed to range ffom Triessic to Lower
Cretaceous in age. Sedimentary and volecanie rocks similar
to those found in the Granduc Area, are found In the Hagelton
group. Sediments that Hanson belioves to be of this Grouf,
outerop on Hount White~Fraser, 6 miles due east of Granduc
Mountain.

Bacon (1955) mapped thae Granduc Area, and assigned
the metasedimentary und metavolcanic rocks to the Hagelton
group. In southeastern flaska, Puddington (1928) mapped a
series of sedimentary and volcanlc rocks of Upper Tricssiec
to lover Jurassic age, that seem correlative witﬁ the
Hazelton group,

The coriposite evidence suggests that the Granduc

retesedimentary and metavolcanic rocks are of lower liesozoie

4




age, possibly Triassic or ILower Jurassic., Age, and the
lithology of these rocks indicates that they are best corre=-
lated with the Hazelton group, .
Additional detailed regional work may prove cdrre-,
lation of some of Kerr's lMesozolc groupé with Leech's (1901)

Hazelton group,

Intrusive Rocks

The foliated dioritic intrusiorns were intruded into
the rocks of the liazelton group before or during regional
metamorphism, and vwere involved in complex isoclinal folding
wvith the stratified rocks., The well-developed fellatien in
the Glorile favours synkinematic intrusicn. Although the
relationship of the subconcordant gnelssic hornblende granoe
dalorite with other intrusive rocle in the area is rot known,
it is considercd to be clocely related in time to the ine-
trusion of the Giorite. FKerr (1040 p. 32) sites an example

of lornblende granodiorite boulders in Jurassic conglomerstes

“in the Stikine area. Buddington (1926 p. 219, 239) describes

hornblende andesine granodiorite intrusions of possible
Jurgssic age south of the mine, near Hyder Alaska, Doth
writers consider thst the more basic phases of the>Coast
Eange granitic ccmplex are older than the more acld types,
Granodiorite of the main Co:st Rangs batholith cats
the velledeveloped, northerly trencing structures in the

Huzelton group rocks. Granodiorite, guartz. diorite and
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aplite sills and dikes in the area are believed to he closely
related to the intrusion of the najor grahitic complex,
Quartz diorite dlkes cut across the sheared diorite zons'on
the south side of @Granduc lountain. The major part of.tha
Coast Range batholith In this area arpears to be latethhan
both regional wetamorphism, and the Intrusion of the diorite,

and is presumed to be Lowver Cretaceous or later in cge.
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wSCRIPTION OF THE ORE BODIECS

The ore occurs chiefly in biotite-rich phyllonific

and schistose rocks in the Mine member, Mineralized zones
are abular and esseniially conformsble with the'metasediments \
on the south side of Granduc Hountain. Two ore zones‘gave
been recognized, the A (west) and B (east), which range in
width from 25 to 50 feet, and 50 to 150 feet respectively.
At the 3250 portal, the two zones are approximately 400 feet
apart, but they appear to merge 1700 feet to the north, The
ore bodies persist at least 1500 feet below the 3250 level
(B.C.linister of liines Rept. 1955, p. 16); and there

appears to be a convergence of the two zZones with depth.
254,600,000 tons of ore averaging 1.62% copper are reported

to have been proved by diamond drilling (Bacon 1955). '
MINERALOGY l\

Mineralization consists essentially of pyrrhotite,
chalcopyrite, pyrite and sphalerite. A narrow band of
magnetite 1s locally present in the footwall of the 2B

surface showing.

Coarse-grained introduced quartz is present in
lenses and blebs that commonly parallel the foliatioh and
produce a "knotted" texture in the host rock, This later
quartz ls also found in fractures and axlal plane cleavages

that cut the foliatlion.
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Sulphides occur as disseminated grains, stringers,
and massive bands or blebs that are comuonly conformable
with the follation in the host rock. Concentrations are
also found adjscent to lenses of introduced quartz in fracte
ures in the gquartz, and in or near micaceous rich bands in
the country rocl, “ |

In hand specimen, the heavily mineralized samples
appéar to consist of finé—grained biotite~-rich host rock,
that is Iimpregnated with concentrations of sulphides and
introduced quartz, However, on cutting these specimens
for polishing, it baecame apparent that some of these r&cks
are brecclated, with sulphldes and introduced guartz filling
the interstices and replacing fragments of the host rock,
(Figure 25). |

Unbrecclated ore consists essentially of massive
and disseminated replacements of sulphldes and coarser-
grained quartz along planes that generally parallel the
foliation in biotite-rich phyllonites (Figure 26), The con=
tent of both sulphides and 1;troduced quartz drops off
rapldly away from the brecciated high-grade zones. Local ~
concentrations are present near blebs of introduced guartz
and in fractures in both phyllonitic and schistose rocks,

The ore specimens studied microscopically were
obtained from the underground workings, as the surface oute

croppings were generally too highly fractured and oxldized.
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Figure 2%

Brecciated ore. Fragments of quartze~blotite phyllon-
ite (B.P.) and amphibolite (A) are conspicuous on the
polished surface, Note interstices filled with sul=
phides and blebs of introduced quartz (Q) and carbonate
(C). Specimen is approximately 4 inches across,
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Figure 26

Replacement ore, Sulphides and introduced quartz
(Q) replacing quartz«biotite phyllonite along
favourable lithologic zZones. Specimen 1s approxe
imately 3 inches across.
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Figure 27

Photomicrogréph showing mutual boundar

relations of »
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yrrhotite (P) and chalco

pyrite (C). (X20).
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for polished sectlion preparation, Limonite, azurite,
malachite, chrysocolla and brochantité were identified in
the oxidation products on surface. In the polished sections
studied, the mineral assemblage consisted essentially ofﬁ
pyrrhotite, chalcopyrite and sphalerite, with minor amounts
»of pyrite and galena. Tentatively identified vere a few;
-tiny grains of tetrahedrite and loellingite, |

Pyrite, tetrahedrite and loellingite occur in ane
| hedral to subhedral grains that average less than 10 microns
in dizmeter, These minerals are included in the coarser~
gralned quartz and in aggregates of chalcopyrite and pyrre
hotite, The strqng subhedral habit of some grains, suggests
that these minerals crystallized before or during the
crystalllzation of the quartz, and before any of the other
sulphldes. These minerals were found in isolated grains,
and their relative paragenetic sequence could not be de=~
ternined,

Pyrrhotite, chalcopyrite and sphalerite occur as
fine disseninations in the coarser~grained quartz, but more
commonly &s replacements along fractures and grain boundaries
in the guartz aggregatas. For the most part, these minerals
appear to be later than the quartza,

Pyrrhotite occurs in large irregular aggregates
generally closely associated with chalcopyrite and sphalerite.
In nany instances these ninerals show nutural boundary ree

lations and intoerpenetrations that are suggestive of
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simultaneous erystallization (Figure 27), However, in some
high grade specimens pyrrhotite is definitely earlier than
chalcopyrite and sphalerite, In these, pyrrhotite is seen
rimning introduced quartz and in turn is rimmed and iocally

marginally replaced by a mutual intergrowth of chalcopyrite
and sphalerite (Figure 28), f

It wounld appear that pyrrhotite began to crystallize
before chalcopyrite and sphalerite, but that #s pericd of
deposition was prolonged so that some crystallized simultan=-
eously with chalcopyrite and sphalerite.

Chalcopyrite ocecurs in irregular aggregates of
varying size closely associated with smaller grains of
sphalerite, These minerals show mutual boundary relations
and interpenetrations that indicate simultaneous deposition,
Tiny blebs of chalcopyrite are comnonly found in sphalerite
and in a high grade, brecciated specimen, these are oriented
producing an exsolution texture (Figure 29). 8&mall anhedral
grains of sphalerite are found irregularly included in chalco=-
pyrite,

Galena occurs in anhedral grains up to 36 microns in
diameter, It is found as a replacement along the margins of
sphalerite and chalcopyrite, and at contacts of these sul-
phides (Figure 30). Smaller grains of galena are also found
included in the other sulphides, |

Covellite is present in fractures and along grain

‘boundaries in tetrahedrite, apparently an alteration product.
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Figure 29

Photonmicrograph showing exsolution of
" chalcopyrite (C) in sphalerite (S) (X90).

Photomicrograph of galena (G) marginally re-

- placing chalcopyrite (C) along a chalcopyrite~

guartz (Q) contact (X90).
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- The paragenstic sequence is 1llustrated in Figure 31,
Pyrite, loellingite, tetrahodrite appear to have been the
firét minerals to crystallize. Byrrhotite next began to
erystallize, followed by simultancous crystallization of
- pyrrhotite, chalcopyrite end sphalerite. Galena appears to
have been the last primary sulphide to crystallize.

The evidence of early crystallization of pyrrhotite
"‘(i.é, before the slmultaneous crystallization of pyrrhotite,
chalcopyrite and sphaleritse) and the exsolution of chalco=
pyrite in sphalerite is found only in the high grade brecce
iated specimens, This suggests & higher teuporature of the
mlneralizing solutions in the brecciated zone. Tho brece-
iated zone is considered to be a main condult for the
minerallzing solutions, and lowering of the temperature of
these solutions away from the brecclated zone 1s compatible

with a hydrothsrmal origin,
HYDROTHERMAL ALTERATION

- Biotite~rich schistose and phyllonitic rocks predomine
ate in the ore 2zones, Much of the biotite appears to have
formed as a result of hydrothsrmal alteration. Quartz-
sericite phyllonltes grade transitionally into guartzebiotite
phyllonites as the ore gzones are approached, Biotite first
appears in thoe micaceous rich bands, where it is commonly
associated witll tourmaline and other hydrothermally introduced

minorals. S3ricite persists in the donse, fino-grained

: LA AT g i s e

b e+ i i

e Y -




LT St "I - el

FIGURE 3I

VANDERVEEN DIAGRAM SHOWING THE PARAGENESIS OF MINERALIZATION
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quartz-rich bands of these rocks well intoe the ore zone,
The introduction of silica and schorlite, epidote,

carbonate and chlorite appsar to huve been closely assoc-

iated with mineralization, |

Blebs and lenses of coarsaer-grained quartz flood and
replace the host rock pfoducing a "knotted" texture in the
ore zones, 8ilification of rocks immediately removed from
the ore zones is slight,

Tourmaline (commonly schorlite), carbonate, epidote
and chlorite are assoclated with the sulphides in the ore
gone (Figure 32. These minerals are present also in
smaller amounts associated with finely disseminated sulphides
and more coarse-grained quartz 1n the adjacent phyllonitic
and schistose rocks where they fill fractures, cut the
foliation, and occur in discontinunous lenses parallel to the
foliation, Commonly, these introduced minerals are found in,
or close to, micaceous-rich bands in the phyllonitic rocks,
Possibly the micaceous bands were nore permeable than ths
dense, finewgrained granoblastic quartz rich bands, and
afforded channels for the ore bearing solutions.

Further study may show that silicification and the
zone of biatite alteration near the ore zones ﬁay be used as
a gulde in the search for ore, However, the intense siliw

cification seems to be too localized, and the available

~evidence shows that biotite phylloniteé and schists that
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Figure 32

Photomlcrogranh of replacement ore, Note
opaques repiacing the quartz-biotite
phyllonlte. Tourmaline (T) is associated
with the sulphides (X42).
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ere not related to mineralization are common throughout the

 area,
ORE CONTROLS ARD GEN®SIS OF THE DEPOSIT

It is concluded that the pre~dike zons of brecce
lation served as the maln condult for mineralizing soiutionl,
and therefore, the major cre control is of a structural
nature., Replacement of the host rock away from the brecce
lated zones appears to have been controlled by fuvouradble
lithologie and minor structursl reatures,

Micaceous bands in the phyllonitic rocks secm to
have been more favourable for the transmission of sulphide
bearing solutions than the dense, fins-grained quurtz-rich
bands., Higher concentrations of sulphides are coumonly
‘found in the crests of drag folds, in fractures, and in
axial plane cleavage.

Further work will be required to ascertain tho form
and the extent of the brecciated zone., The breccia can be
dated between syn-or posteregional metamorphism and pre=-
quartsz diorite dike. If the brecciated zone formed during
rezional metamorphism, it may have been involved in the iso-
clinal folding. Folding could explain the convergence of two
ore zones at depth and to the north, However, if the brescia
formed after regional metamorphism, a branching brecciated
zone would be required to explein the convergence of the

ore zones,
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The concentratlon of sulphides and of slightly
fractured and strained grains of hydrothermally introduced
silicates and carbonates in the crests of drag folds and‘in
fractures that parallel axlal plane cleavage suggest that
hydrothermal activity took place at a late stage in the
deformational history (Figure 33, 34). The early syhkinematic
intrusions are therefore eliminated as a possible source of
hydrothermal solutions. The aslternative source 1: emanations
related to the intrusion of the granodioritic batholith,.

The ore~bearing emenations from the batholith may have been
channelled into the Granduc structure along the south plung-
ing dragz folds on the south side of Granduc Mountain, If
the crumpling of the 014 "b" axis of the isoclinal folds

occurred during intrusion, but before mineralization, the

"flattenihg and reversal of plunge of many of the drag folds

to the north would not be a favourable structural feature,

The success of future development will depend on
the persistence of the brecciated zone to the north, and the
existence of appropriate tomperature and pressure conditions
to the south and at depth. Mineralographic studies indicate
that the mineral assexblage formed under moderate temperature.
conditions and it 1s conceivable that as the batholithic
contact is approached, temperature conditions mey not have
been favoursble for mineralization.

The dating of mineralization with respect to the

{ntrusion of the quartz diorite dikes cannot be made with
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Figure 33

Photomicrograph showing aggregates of more coarse-
grained quariz and opagues cutiing foliation in a
quartz biotite phyllonite (X16).
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Photomicrograph showing the replacement of a
quartz-biotite phyllonite by sulphides (X42).
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the available evidence. Although these dikog do cut the ore,
it is possible that mineralization occurred in post=dike
times, and that the dense dike rock was not susceptible to
replacoment., However, the brecciated zone which served as

a condult for the mineralizing solutions was formed before
the dikes were intruded,

The relative ages of the dikes and the second period
of folding is of scononic significance., Some or‘tho quarts
diorite sills appear to be folded with the wetasvdlwentary
assenblage, but it is possible that curved tension iractures
opened after the folding hud taken place, If the second
period of folding occurred after the intrusion of thu dikes
and sills, then the minsralized shear zons would be expected
.,to swing fo the northw§st. A similar flexure of the minurale
ized zone would result if the second period of folding took
place after phyllonitization and brecciation, but boefore
intrusion of the quartz diorite sills and dilkce¢s. Lowever,
if the folding took place during phyllonitization but before
brecciation, tho brecciated zone would not be bent, and the
ore bodies should continue their northerly trend. In the
former cases, the late post~dike faulting would offsat the

ore boGies with the west side moving to the north,
CLASSIFICATIOR OF THE ORE DEPOSIT

The Cranduc ore bodies are thought to have formed
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during & single generation of mineralization. Estimutes of
pressure and tewperature conditions that exisfed during

" deposition of the ore minerals must be obtained froa struot-

ufal and mineralogical features of the ore body. The close
agsociation in both time and space of mineralization und the
batholithic rocks suggests a hydrothermal origin, |

The mineral assei:blage found in the dbrecciuted zonus
is indicative of an intermediate temperature of formation
(Edwards 1954), Exsolution of chalcopyrite indicates that
the mineralizing solutions had s winiwmuw temperature of
350°C, A more absoluts geological thermometer that might be
applied to the Cranduc ore ls the iron.content of sphalerite
that has formed in equilibriuwm with pyrrhotite (Cawpbell,
195%).

Relatively high pressures appear to have oxisted
during the formution of tho ore depositis. The presunce of
hydrous silicates and the co-existence ol carbonate ahd
guartz is indicative of moderatesly high pressures. Considere
ing the postulated Eocene peneplanation and subsequent up-
1ift, it is suggested that the present ore bodlss were buried
to a depth of at least 4000 feet during mineralication. Low=
ever, the existence of the breccia und the hydrothermal effects
of only moderate intensity do not imply a particularly deep=-
seated environment. The deposit is classified as a leso-

thermal Keplacement,
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