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RELATION of ORE to FOLD PATTERNS at
GRANDUC, B.C.*
G. W. H. Norman 1 and J. McCue 2

ABSTRACT
[ 4
The Granduc ore bodies occur in a folded metasedimentary momber 200 feet thick between a thick
massive porphyritic andesite footwall and a limostone hangingwall 40 feet thick which underlies ar-
gillite and groywacke. These formations are Triassic in ago and lie one mile east of Coast Range
granodiorite. The structure at Granduc consists of cross folds and faults striking N.N.E. across ear-
lier-formed N.W. folds. Drag folding accompanied both the earlier folding and later cross folding.

The latest drag folds are nearly at right angles to the trend of earlier folds. Granduc ore bodies
occur in folds striking N20°E which are parallel to the latest drag folds of the area. The plunge of
ore bodies roughly coincides with the average plunge of nearby drag folds. The south plungeofdrag
folds and ore bodies appears to steepen with depth and may reverse to a north-plungeinthe deeper
levels of the mine.

INTRODUCTION

The Granduc deposit, now being prepared for production, lies four miles east of the Alaska Pan-
handle and 560 miles in a 'straight line northwest of Vancouver. Stewart, the nearest town, is 25 miles
southeast at the north end of Portland Canal and provides port facilities for ocean going vessels.

The first recorded discovery of mineral in Granduc Mountain was made by ‘Wendell Dawson and
W. Fromholz on a prospecting trip up the Leduc River to its source in 1931. (Annual Report, Minister
of Mines B. C, 1931, page 47). Claims had been staked on Unuk River, 9 miles north of Granduc, as
early as 1899 but there is no record that prospectors at that time followed the Unuk Glacier to its
source at Granduc Mountain. It is even probable that in 1900 the lower Granduc showings were con-.
cealed by ice of the glacier which is decreasing in elevation at an annual rate of about 10 feet.

The copper showings at Granduc Mountain were subsequently staked in 1951 for Helicopter Ex-
ploration Co. Ltd., by E. Kvale and T. J. McQuillan. Granby Mining Company examined the claims in
1952 and started the surface and underground exploration of the property in 1953. Granby was joined
by Newmont later in 1953 to continue the underground exploration work. Total work to date consists
of approximately 18,500 feet of drifting and crosscutting and 361 diamond drill holes totalling 138,600
feet. The work has been done 3600, 3100 and 2475 feet above sea level. A 560-foot raise connects
the 3600 and 3100 levels; and a 625-foot shaft connects the 3100 to the 2475. The bulk of the drilling
has been carried out underground with holes averaging 384 feet in length. Surface drilling amounts to
about 22 percent of the total with holes averaging 600 feet in length,

GENERAL GEOLOGY

The deposit lies in a northwest-trending belt of Mesozoic volcanic and sedimentary rocks, as-
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stzned (o the Hinzelton Group, closo to the eaat sido of tho “Coast Range Batholith® of pgranitic rocks.
The sedimentary rocks in which this deposit oceurs aro unfossiliferous at Grandue Mountain, but can
be traced north into beds at Unuk Rivor containing fossils of Upper Trinsgic age (Karnian). These
are overlain by argillite, andesito, groy wacko and a conplomerate with granitic boulders. The con-
glomerate is part of sedimontary beda contnining onrly Jurassic (Ilottangian) fossils. The Coast
Range Intrusives may includo, theroforo, mombers of Trinssic or earlior ago.

The intrusive rocks at Grandue holong to throe main groups whoso relative ages are not certainly
established. The oldest group is apparontly confinod to an area of Triassic rocks and consists of
crosscutting stocks and ircogular bodios ranging from diorite to granodiorite. The granadiorite of the
oldest group is well foliated, suggosting introduction during deformation, but the diorites are unfo-
liated and in part aro intonsely shoarod and converted to chloritic schist. Andesite and andesite
porphyry dikes occur in the mine. Thoso prodato tho ore and have boen strongly sheared and folded.
They may be assigned to tho oldost of the throo ignoous suites (Triassic?) or to a cupnfnrous syenite
group (post-early Jurassic) that occur diroctly north of tho mine area.

The other two groups of intrusive rocks aro unfoliated. One group occurs as a northwesterly dike
swarm, which crosscuts the Granduc ore zone and consists of diorite and quartz diorite with chilled
margins of andosite. Those dikos are offset a fow hundred feet by the latost movements on the Granduc
and other parallel faults. Although clearly faulted by the late fault movements, they do send out sill-
like extensions within or marginal to the Granduc fault zone suggesting that the early fault movements
predate the dike swarm injection.

The Coast granodiorite masses, which are the other unfoliated group at Granduc, have not been
seen to contact the dike swarm. The general evidence suggests that these masses are also faulted
by the late movements on the Granduc fault, but were emplaced either after or very late in the series
of events that produced the complex fold-fault patterns at Granduc. A large specimen with biotite
alteration, associated with the ore, was taken by Dr. E. D. Kindle of the Canadian Geological Survey,
and may provide data on the age of the ore. This might supply information on the relative age of the
Coast Range granitic rocks and the Granduc structures.

GEOLOGY OF GRANDUC MOUNTAIN
(see Fig. 19-1)

Ore Horizon. The Granduc ore bodies A, B, C and F, now being developed, see Figures 19-2,-
3 and - 5, lie in a sedimentary unit 200 feet thick, the ore horizon, between a limestone member above
and a porphyritic andesite member below. Figures 2 and 3 indicate that mineralization is virtually
continuous in the ore horizon. The larger ore bodies are connected by strands of weakly mineralized
rock. The E and D ore bodies, not shown in the figures, are wider sections of the connecting strands
between C and F ore bodies, It has been possible to trace the altered strata in the ore horizon into
less altered types in a few places. The less altered phases are fine grained, well laminated argillites,
silty argillites, argillaceous siltstones, and medium grained feldspathic and andesitic tuff. Recrys-
tallization of these rocks in the ore horizon has converted the fine grained laminated rocks to ex-
tremely well compositionally banded, brown to pale grey quartz-rich biotite and sericite rocks, which
have been variously classed as schists, quartzites, and phyllonites. The feldspathic and andesitic
tuffs are converted to massive, or banded biotite, and biotite epidote actinolite schists, which con-
tain 10 to 40 percent quartz, 10 to 55 porcent plagioclase, 5 to 25 percent actinolite, 5 to 20 percent
epidote, with either brown and/or green biotite forming 15 to 45 percent. The more massive rocks are
more common in the lowor half of the ore horizon and form the host rock for the C ore body and the
lower parts of the B and F. The A, and upper parts of the F and B, occucr in the finely laminated
quartz-rich brown biotite schists which are derived from silty argillites. The carbonate content of
rocks in the ore zone averages 3 or 4 percent. Chlorite occurs in small amounts only. Tourmaline,
zircon, sphene and leucoxene are characteristically present.

Hangingwall Strata. The limestone horizon on the west side of the A, C, and F ore bodies is
about 40 feet thick and consists of several limestone beds, one to eight feet thick, interbedded with
calcareous argillite that is partially biotitized, and is locally fractured and recemented by calcite.
The limestone varies from pure carbonate rock to arenaceous varieties with a high content of sand
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graing ot small (ragmeonts of voleanie rocks. Tho limestono horizon, west of the B ore body and on
the south side of the glacior, contnins a volcanic conglomoerato member ahove the lowest limestone
bed. This conglomerpto bod is inconspicuous on tho northern side of Granduc Mountain, and may
wedge out to the north. Tho rocks abovo the limestono horizon form the wost side of Granduc Moun-
tain west of the Grandue oro zono and consist of brown biotito-rich groywacke locally grading into
altered argillite or groen argillaceous groywacko or tuffs. They aro intorlayored with old diorite sills,
that have been altered to amphibolito and hornblende schist.

Footwall Rocks. Tho andesito mombor below tho oro horizon consists of porphyritic andesite
with small to conspicuously largo hornblondo or altorod augito phenocrysts. These rocks contain
members with a uniform massivo appoarance sugposting flow rocks and have vague structures resem-
bling pillows southeast of tho mine. The most common typo contains fragments identical in composi-
tion to the enclosing matrix but lighter in colour. The fragmonts may be drawn out to several times
their original length, and the rocks may bo so highly cloaved and foliatod thatthey have the appearance
of thin-bedded tuffs or sedimonts. Intorbodded with the andesite member are thin well-bedded andesite
tuffs, similar in goneral appearance to mombors of the ore horizon.

The porphyritic andesite member is in contact on the cast with well-pillowed andesite lava.
These rocks undorlie the east side of Granduc Mountain east of the ore zone, and are cut by diorites.

Folds. The contacts of the ore horizon with the limestone horizon above, and the porphyritic
andeside below, provide marker horizons for determining the broader aspects of the structure of the

* mine as indicated on the accompanying level plans (Fig. 19-2 and 19-3) and cross section (Fig. 19-4).

Complex stretching and internal minor crumpling, folding, and thickening, are present. The A, C, and
F ore bodies lie in a south-plunging anticlinal structure with an east limb that has been partially
eliminated by shearing. The B ore body lies on the east limb of a syncline directly east of this anti-
cline. On the 2475 level, the B ore body thickens toward the axial part of this syncline.

The axial planes of the mine folds trend N 20° E, and dip about 70° west, roughly parallel to, or
slightly divergent eastward from the Granduc fault, which also dips about 70° west. This fault is a
bedding plane fault along argillites with a deep gulley as strong surface expression. It lies a few
hundred feet in the footwall of a much larger west-dipping fault. Along the larger fault, called the
Western Fault, rocks have been converted to a speckled green-white carbonate chlorite breccia in a
zone about 100 feet wide. The Western Fault separates the N 20° E trending folds of the mine from
flexed folds on the western side of Granduc Mountain. The flexing warps folds striking about N 35° W
at the northwest end of the mountain to a trend nearly parallel to the Western-Granduc faults on the
west side of the Granduc ore zone.

Axial planes of folds 7,000 feet southeast of the mine strike N 73° E and dip steeply north. Sur-
face mapping eastward indicates that the axial planes of these folds swing from N 73° E to S 86° E
in 5,000 feet. In the east end of the mountain, where folds striking S 86° E disappear beneath perma-
nent snow and ice, they are overturned south with axial planes dipping about 30° north. The east-
striking folds, east of the mine, are separated from the mine folds striking N 20° E by a large fault
called the Central Fault.

Granduc Mountain is, therefore, broken into three main fault blocks by the Western-Granduc Fault’

" on the west, and Central Fault on the east. If the pattern of folds in plan at Granduc Mountain is

followed across the fault blocks from northwest to southeast, it will be seen that the N. W. Cordillera
trend at the northwest corner of Granduc Mountain is flexed to the N 20° E direction at the mine; east
of the mine the trend is N 73° E, and farther east S 86° E. This pattern suggests that the earlier Cor-
dillera-trending folds were gradually buckled south-westward by forces acting nearly parallel to the
Cordillera trend. The buckling or cross folding, developed by these forces, was followed or accompa-
nied by cross faulting which broke the structure at Granduc Mountain into the three main fault blocks.
The older northwesterly-trending folds on the north side of Granduc Mountain are crossed by minor
folds trending N 15° E. The minor folds are roughly parallel to the mine folds and the Western-Granduc
Fault zone. They furnish evidence that folding was superimposed on folding at Granduc Mountain. No
attempt has boen mado to date the various folds, It seoms plausible to assume that the deformation of
rocks at Granduc Mountain was a continuous process that started with initial buckling of earlier-formed
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folds o the pomt of rapture and cross folding without any slackening of the compressional «treases
producing the deformation,

There is clear evidence underground that the Granduc ore was emplaced after the host rocks at
the headwaters of the Unuk and Ledue rivers were opened by a very conspicuous set of joint planes,
dipping gently north, along which quartz was introducod to form a multitude of veing, one to twelve
inches wide, containing pyrite and tracos of chalcopyrito. Tho system of joints indicates that tension.
al forces acted on the rocks hofore tho ore was introduced and provided openings for short spurs of
sulphide that extend out from ore bodios. Biotitization of wall rocks along the quartz veins is con-
spicuous locally for distances of onoe foot or moro, and is indistinguishable from strong biotitization of
the host rock of all Grandue ore bodies,

Drag Folds,  The striko and dip of the axial planes of folds give the pattern of folding in plan.
The plunge of the major folds is indicatod to some extont at least hy the pattern of drag folding, which
is.well developed in the bodded sodimentary rocks, nnd to some extent in foliated metamorphic rocks.

Directly cast of tho Grandue Fault, on the south slopo of the mountain, the plunge of drag folds
increases from about 20° south at tho top of the mountain to ahout 65° south near the glacier below
the 3100 Level. On tho south side of the glacior, opposite the 3100 Level, the plunge of drag folds
is about 60° north. The change from 20° to 65° south down the mountain north of the glacier to 60°
north 3500 feet further south on the south side of the glacier suggests a continuation of the steepening
of drag fold axes to vortical and finally to the overturned north plunge on the south side of the ice.
The accompanying longitudinal section (Fig. 19-5) indicates that there is an apparent relationship
between the directions of plunge of the ore bodies and the drag folds.

Drag folds form one of the ore controls of the mine. The ore bodies are “stringer lodes™ of dis-
seminations, specks, streaks, stringers, and irregular masses of chalcopyrite, pyrrhotite, magnetite,
and minor pyrite in crumpled zones. Sulphide replacements along the crests of minor folds are con-
spicuous in ore bodies, and in general, the better grade sections of ore bodies are in the parts that
have been most intensely crumpled by small drag folds.

Drag folds formed throughout the entire period of deformation at Granduc. Initially drag folds
formed as minor structures on flanks and crests of Cotdillera-trending folds trending N 30° to 35° W
on the west side of Granduc Mountain. On the west side of the Westorn-Granduc fault, on the north
side of Granduc Mountain, the Cordillera folds are crossed by a set of minor folds trending N 10° to
17° E that plunge 35° to 50° north. Folds with amplitudes of 100 feet # and axial planes trending
S 86° E, near the permanent snow line east of Central fault were overturned southward first and sub-
sequently cross folded by drag folds (amplitude 10 feet £ ) striking north. In these two cases, the
plunge of drag folds appears clearly to be controlled by the attitude of beds prior to drag folding.

Drag folds in the “Ore™ block between the Granduc and Central faults increase in plunge south-
ward from 20° to 60° on the south side of Granduc Mountain, to 60° north across the glacier to the
south. The increasc southward may be due to overturning of larger folds before drag folding developed
or to internal differential rotation of the block. The internal differential rotation may have developed
by revolution about a horizontal axes as this block was wedged southward between the blocks on
either side.

Drag folds in the “Ore” block northwest of Central fault on the north side of the glacier plunge
south with a 90° discordance to the north-plunging drag folds southeast of the central fault. The
sharp discordance is compatible with a strong northeasterly offset of the S.E. block, or uplift of the
S.E. block exposing north-plunging deag folds believed to occur deeper down in the Ore block.

Drag Fold Anomalies. Drag folds in the mine, with few exceptions, were formed by a relative
movement of west side south and up. This couple of forces produces the same effect as is produced
during the relative slippage of beds on the west side of a south-plunging anticline. The important
exceptions lie in a narrow zone between the C and the A and F ore zones. In this anomalous zone,
the relative slippage is reversed with west sido south and down and the drag folds produced by this
action plungo northward., The movements indicated by the anomalous zonae are of an order of magnitude
that seems unlikoly to terminato abruptly, and may ropresent a form of shear in which the shear planes
are sufficiontly widaly spaced to permit deformation by differontial laminar flow, (O'Driscoll, 1964).
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Along striko to the north whore this zone passes into the maagive andesite, there i9 evidencan
that this structure becomes a truo sheoar zono, in which massivo andosito ig converted to a sehigt,

Dites and Chaanelways. Folds at Grandue are cut by a series of andesito porphyry dikes ranging
from inches to ten feet or moro wido, that apparontly are rolatod to the earliest intrusive phase. Some
dikes are intensely schistoso and drag-folded and oven tho phenocrysts have heen contorted by micro
deag folds. The dikes cut through folds and, though in part folded, must have heen injected after the
folding was established. The dikos aro closely associated with mineralization, and acted apparently
as channel ways for mineralizing solutions, This is suggosted by the common occurrence of concen-
teations of sulphides along thoir margins although the dikos internally are in genoral only very slightly
replaced by ore. Solutions appear to have used faults and dike zonos as channels to reach the con-
torted drag-folded zones in which thoy doposited their mineral contont to form ore hodies. The avail-
able workings at Granduc have not yet supplied clear evidence on the exact localization of ore bodies
in the crests, axial planes, or limbs of the folds. The tabular nature of some of the ore bodies rules
out the crosts of folds as a single control.

SUMMARY AND CONCLUSION

The structural pattern at Granduc is interproted as an example of folded and faulted folds. The
cross folding was one of the important proparatory conditions which controlled ore emplacement. The
ore was deposited after injection of dikes which crosscut folds. Dikes form an important ore control
and their age relative to the folds and to the sedimentary rocks should rule out a syngenetic origin ,
for the ore. Introduction of chalcopyrite was preceded by much magnetite, epidote, actinolite and i
small amounts of garnet.

Tourmaline (schorlite) is present in small streaks parallel to bedding throughout the Granduc
deposit. The only intrusive rocks in Granduc Mountain that are known to contain tourmaline are small
bodies of light-coloured diorite (albite syenite), and the amount of.tourmaline in the rocks appears to
increase towards this diorite.

Green and brown biotitization of the wall rock is closely associated with the ore. A study of this
alteration should define the area affected by ore solutions and indicate whether the diorite and the
ore have a'common origin.
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