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RELATION of ORE to FOLD PATTERNS at 
GRANDUC, R.C.* 

G. W. H. Norman 1 and J. McCue 2 

ABSTRACT 

The Granduc ore bodies occur in a folded metasedimentary member 200 feet thick between a thick 
massive porphyritic andesite footwall and a limestone hangingwall 40 feet thick which underlies ar-
gillite and greywacke. These formations are Triassic in age 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 plunge of drag 
folds and ore bodies appears to steepen with depth and may reverse to a north plunge in the 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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signed to the Hazelton Group, close the east side of the "Coast Range Ba lith* of granitic rocks. 
The sedimentary rocks in which this .posit occurs are unfossiliferous at Granduc Mountain, but can 
be traced north into beds at Unuk Ri 'er containing fossils of Upper Triassic age (Karnian). These 
are overlain by argillite, andesite, grey wacke and a conglomerate with granitic boulders. The con­
glomerate is part of sedimentary beds containing early Jurassic (Hettangian) fossils. The Coast 
Range Intrusives may include, therefore, members of Triassic or earlier age. 

The intrusive rocks at Granduc belong to three main groups whose relative ages are not certainly 
established. The oldest group is apparently confined to an area of Triassic rocks and consists of 
crosscutting stocks and irregular bodies ranging from diorite to granodiorite. The granodiorite of the 
oldest group is well foliated, suggesting introduction during deformation, but the diorites are unfo­
liated and in part are intensely sheared and converted to chloritic schist. Andesite and andesite 
porphyry dikes occur in the mine. These predate the ore and have been strongly sheared and folded. 
They may be assigned to the oldest of the three igneous suites (Triassic?) or to a cupriferous syenite 
group (post-early Jurassic) that occur directly north of the mine area. 

The other two groups of intrusive rocks are 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 andesite. These dikes are offset a few hundred feet by the latest 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_axe 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 percent 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 lower 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, occur in the finely laminated 
quartz-rich brown biotite schists which are derived from silty argillites. The carhnimtft nnnt.eni—of 
rocks in the orezone averages 3 or_£_percent. Chlorite occurs in small amounts only. Tourmaline, 
zircon, s^fieneand leucoxene are characteristically present. 

Hanging wall 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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grains or small fragments of sanic rocks. The limestone horizon, west of the B ore body and on 
the south side of the glacier, contains a volcanic conglomerate member above the lowest limestone 
bed. This conglomerate bed is inconspicuous on the northern side of Granduc Mountain, and may 
wedge out to the north. The rocks above the limestone horizon form the west side of Granduc Moun­
tain west of the Granduc ore zone and consist of brown biotite-rich greywacke locally grading into 
altered argillite or green argillaceous greywacke or tuffs. They are interlayered with old diorite sills, 
that have been altered to amphibolite and hornblende schist. 

Footwall Rocks. The andesite member below the ore horizon consists of porphyritic andesite 
with small to conspicuously large hornblende or altered augite phenocrysts. These rocks contain 
members with a uniform massive appearance suggesting flow rocks and have vague structures resem­
bling pillows southeast of the mine. The most common type contains fragments identical in composi­
tion to the enclosing matrix but lighter in colour. The fragments may be drawn out to several times 
their original length, and the rocks may be so highly cleaved and foliated that they have the appearance 
of thin-bedded tuffs or sediments. Interbedded with the andesite member are thin well-bedded andesite 
tuffs, similar in general appearance to members of the ore horizon. 

The porphyritic andesite member is in contact on the east with well-pillowed andesite lava. 
These rocks underlie 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 N15° 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 been made to date the various folds. It seems 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 to the point of rupture and cr folding without any slackening of t> ^ompressional s t r e s ses 
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 Leduc rivers were opened by a very conspicuous se t of joint planes, 
dipping gently north, along which quartz was introduced to form a multitude of ve ins , one to twelve 
inches wide, containing pyrite and traces of chalcopyrite. The system of joints indicates that tension" 
al^ forces acted on the rocks before the ore was introduced and provided openings for short spurs of 

^jTnlfhidp thnt r^tend out from ore poaies . Biotitization of wall rocks along the quartz veins i s con­
spicuous locally for distances of one foot or more, and is indistinguishable from strong biotitization of 
the host rock of all Granduc ore bodies. 

Drag Folds. The strike and dip of the axial planes of folds give the pattern of folding in plan. 
The plunge of the major folds is indicated to some extent at least by the pattern of drag folding, which 
is well developed in the bedded sedimentary rocks, and to some extent in foliated metamorphic rocks. 

Directly east of the Granduc Fault , on the south slope of the mountain, the plunge of drag folds 
increases from about 20° south at the top of the mountain to about 65° south near the glacier below 
the 3100 Level. On the south s ide of the glacier, 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 vertical 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 nro nnntxnlg nf the mint^ The ore bodies are "stringer lodes" of dis­
seminations, specks, s t reaks , s t r ingers , and irregular masses of chalcopyrite. pyrrhotite, magnetite, 
and minor^ pvrite 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 hepn m^ft inturnffflly cp'mpled 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 Cordillera-trending folds trending N 30° to 35° W 
on the west side of Granduc Mountain. On the west s ide of the Western-Granduc fault, on the north 
side of Granduc Mountain, the Cordillera folds are crossed by a se t 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 eas t of Central fault were overturned southward first and sub­
sequently cross folded by drag folds (amplitude 10 feet / ) striking north. In these two c a s e s , 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 s ide of Granduc Mountain, to 60° north across the glacier to the 
south. The increase 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 drag 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 s ide of a south-plunging anticl ine. 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 side south and down and the drag folds produced by this 
action plunge northward. The movements indicated by the anomalous zone are of an order of magnitude 
that seems unlikely to terminate abruptly, and may represent a form of shear in which the shear planes 
are sufficiently widely spaced to permit deformation by differential laminar flow, (0*Driscoll, 1964). 
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Along strike to the north where this zone passes into the massive andesite, there is evidence 
that this structure becomes a true shear zone, in which massive andesi te is converted to a schis t . 

Dikes and Chanrielways. Folds at Granduc are cut by a ser ies of andesi te porphyry dikes ranging 
from inches to ten feet or more wide, that apparently are related to the ear l ies t intrusive phase. Some 
dikes are intensely sch is tose and drag-folded and even the phenocrysts have been contorted by micro 
drag folds. The dikes cut through folds and, though in part folded, must have been injected after the 
folding was establ ished. The dikes are closely associated with mineral iy.Rtinn^ and acted apparently - £ 

as channel u , o y a f r t r minaroHfjn^ anlutinqg. This is suggested by the common occurrence of concen- ^ c 

trations of sulphides along their margins although the dikes internally are in general only vary sjjghrfy^ t-Otflfat 
replaced by ore. Solutions appear to have used faults and dike zones as channels to reach the con­
torted drflff-fol^ftd zones in which they deposited t'iieir mineral content. t.n fnrrn prp, hnHipm, The avail­
able workings at Granduc have not yet supplied clear evidence on the exact localization of ore bodies 
in the c re s t s , axial p lanes , or limbs of the folds. The tabular nature of some of the ore bodies rules 
out the cres ts of folds as a single control. 

^A 

SUMMARY AND CONCLUSION 

The structural pattern at Granduc is interpreted as an example of folded and faulted folds. The 
cross folding was one of the important preparatory conditions which controlled ore emplacement. The • * 
ore was deposited after injection of dikes which crosscut folds. Dikes form an important ore control ^ . ^ ^ t ' 
and their age relative to the folds and to the sedimentary rocks should rule out a syngenetic origin \ J 
for the ore. {ptrofjnction of chalcopyrite was preceded by much magnetite. epidoteT actinolite and ™ 
small amounts of garnet. A*i0C. ujl^k ti*\efh»e OK^cf ? 

Tourmalins fgr;hnr|itf^ is present in small s treaks 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 syen i te ) , 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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