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ABSTRACT 
The Expo propem is located on northern Vancouver Island a p  

proximately 360 km north& of Vancouver, British Columbia, 
Canada. The Hushamu deposit is located at 50" 40' 30" North 
htitude, 127" 51' 30" West longitude and is central to the 542 con- 
tiguous mineral chims which make up the 15 OOO k tare  - 
property. The d e w 1  is 26 km west-north& of the Island Cop 
per mine, one of British Columbia's fwe mqior porphyry Cu-Au- 
Mo dew'&. 

The Hushamu gold-coppr d e w 1  w w  dimverad in 1967. The 
mineralization is predominantly hosted within silhifrad and chlori- 
tized volcanic flows and tyffs adjacent to Quartz diorite and feld- 
spr  porphyry intrusiom. Within the mineralized zone subhide 
minen&occurmainlyasdisaeminatadchalcopyriteandpyritewithin 
the volcanic rocks and a h  in quartz vein stackworks d t e d  
with mgnetite. The mineralized zone is general& overlain by 30 
m to 200 m of silica and silica-holinitepyrophyllite altered rock 
at McIntosh Mountain. 

W a i n  geological fmtum including the gold-kh natm of the 
porphyry copper mineralization, the telescoped environment with 
pmerved argillic cap of epithennal @finit& the d t i o n  with 
porphyry stacks of intermediate composilion, and the abundance 
of hypogene iron oxi& (mgnetite) arm be COMparad with the gold- 
rich porphyry copper depmits of the Phil@pim and the gold-only 
porphyry systems of northem Chile. 

The Hushamu porphyry copper dewat  currently has a com- 
binad geological 'Brobabk" and "parsible" driU Mkated rermucre 
of 283.7 million t o m  estimated to gmde 0.28% Cu, 342ppb goki, 
and 0.009% Mo, at a 0.20% Cu cutoff. Within this resource there 
are an estimated 173.3 million minable ton= of the same aver- 
age grade and copper cutoff. 

A detailed statistied evaluation of copper, gold and molybde 
num was used along with an updated geological model to guide 
open pit optimization llsing a net smelter return (ABR) formula. 
The statirtiaal analysaprovided co$&m limit3 to the drill hole 
&. 7 h e N s R m o d e J a l l o ~ d e t a i l a d m ~ i h g o f t h e t w ~  
(mpper-gold) natwe of the depmit. The Hushamu deposit is cur- 
rently regarded rn a potential supply source for the arr'sting Island 
Copper concentrator which is lmted 26 km to the a. A pre- 
f d i l i t y  siudy compkted in Match 1993 providad apsitive oper- 
ating xenano and propaw€ that the ore be tramported by con- 
veyor to the Island Copper site. 

Introduction 
The Expo property which contains the Hushamu deposit is 

located on northern Vancouver Island, appro- 360 km north- 

bia, Canada (Fig. 1). This large claim group covers approximately 

tends over 20 km of ground immediately north, and parallel to, 
the west end of Holberg Inlet. The Hushatnu deposit is located at 
50" 40'30"' North latitude, 127" 51' 30" West longitude in the 
centre of the Expo property's 542 contiguous mineral claims. AU 
areas of the property can be reached by well maintained logging 
roads and forest tracks from Port Hardy. 

The Expo property is charactenzed ' by many low, northwesterly 

cised valleys with steep slopes. Elevations range from sea level to 
over 600 m. Within the claim block ridge tops are mmmonly about 
300 m above valley floors. The Hushamu deposit is located within 
a currently adive logging area; m-tly forest cover varies from 
mature stands of fir, hemlock, spruce and cedar to dense second 
growth, or to open clearcut areas of recent logging. The ridge tops 
are fairly open with only stunted evergreens. Rock acpormre is abun- 
dant in the areas of steep relief and on the higher ridges; however, 
thick humus development on the forested slopes and scattered resi- 
dual glacial gravels on the valley floors restrict geological mapping 
in these areas (Fii. 3). 

west of V ~ ~ C O U V ~ ~  and 25 km west of Port Hardy, British Chlm- 

15 OOO hectares, mainly within toposraphic map 92V12, and ex- 

to Westerly trending hills and ridges bounded by nac~ow deeply in- 

History 
In 1%3, the British Columbia Department of Mines published 

the results of a recently completed aeromagnetic survey covering 
the northern end of Vancouver Island (BCDWGSC, 1%3). The 
survey showed a northwesterly trending belt of magnetic highs on 
the north side of Holberg Met. Since magnetite-bearing deposits 
were of interest at this time, considerable exploration activity was 
generated examining all the magnetic anomalies in the area. 

The Expo claims were staked in 1966 by the Utah Construc- 
tion and Mining Company following the discovery of the Island 
Copper deposit to the east. This deposit was found within one of 
the magnetic anomalies in the belt north of Holberg Inlet (Perello 
et al., this volume). During the height of the exploration activity, 
Utah mntrolled most of the ground actending along the north shore 
from the east end of Rupert Inlet to the west end of Holberg Inlet. 
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Their properties included the large block of claims covering the Is- 
land Copper deposit, as well as the favourable geology on trend 
to the northwest (most of the present Expo property). The Expo 
property was extensively mapped at 1:2400 scale behueen 1%7 and 
1975, hut received only limited exploration from then until 1988. 
Utah’s exploration work on the Expo claims resulted in the dis 

covery of a large area of low-grade copper-molybdenum minerali- 
zation in the valley on the north side of Mclntosh Mountain. This 
occurrence was named the “Hushamu Zone”, after the name of 
a nearby lake. Rec0-e &emid sampling north and west 
of the limonitic outcrops on Mclntosh Mountain identified moderate 
copper anomalies in the soils. Further geochemical sampling, gee 
physical surveying and diamond drilling outlined copper minerali- 
zation snrrounding intrusive rocks, similar to the Island Copper 
occurrence. The zone was estimated at that time to contain 52.9 
million mineable tonnes grading 0.32% Cu, 0.008% MoS, and 413 
ppb Au with a stripping ratio of 2.21:l (Utah Mines Ltd., unpub., 

In 19800, Utah reactivated the Expo project to look at the gold 
potential of the Mclntosh Mountain alteration system. Multiple 
phases of intensely silicified breccia had previously bgn mapped 
at Expo. Subsequent recopnition of similar zones in the Pember- 
ton Hik area 5 km east of Hushamu led to asearch from 19531984 
for gold deposits of the Pueblo Viejo (Kesler et al., 1981) advanced 
ar@c type by Utah Mines’ geologists. 

The enhanced copper and gold values prompted the driUing of 
two holes, EC-154 and EC-155. Both of these returned significant 
gold and copper mineralization, but were not followed up hy Utah 
as they are over IWO m south of the original 52.9 million tonne 
ore reserve, and did not conform to the style of the Hushamu oc- 
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1975). 

cur~ence in the valley. 
Moraga Resources Ltd. optioned the property from BHP-Utah 

Mines Ltd. in 1987 and has since completed xveral phases of gee 
physical and geochemical surveys and diamond drill exploration on 
Hushamu and surrounding exploration targets. The drilling pro- 
grams at Hushamu were the centre of most attention because of 
the recent discovery of copper and gold reserves south of the origi- 
nal reserve block. The m t  reserves within the preliminary pit 
at Hushamu are 173.3 million tonnes grading 0.28% Cu, 342 ppb 
Au and O.W% Mo. The stripping ratio of the zone is 2.21. (D.G. 
Graham, unpub., 1993). The property is to be further developed 
as a joint venture between BHP Minerals Canada Ltd. (55%) and 
Moraga Resources Ltd. (45%). 

Applied Exploration Techniques 
The Hushamu deposit was initially indicated by the government 

airborne magnetics survey. This idenflied a belt of magnetiterich 
Bonanza Group volcanic rocks, with numerous magnetic highs, 
vending northwest from the Island Copper discovery. The interpre- 
tive work by Utah’s staff was followed by reconnaissance silt sam- 
pling, and eventually an extensive gridantrolled soil sampling and 
geological mapping program. The first drilling at Hushamu tested 
the strongest copper geochemical highs within the magnetic highs. 
A regular 122 m (400 foot) north-south oriented drill grid was es- 
tablished following the identification of a volcanic-hosted porphyry 
copper oaxmnce interpreted to be similar to that at Island Coppa. 

Lhing the early copper exploration at Hushamu (1968-1972), 
only two holes were completed along the McIntosh Mountain ridge 
top. During the 19801984 evaluation of the gold potential of the 
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area, one of the early holes, EC-86, revealed two zones that aver- 
aged 450 ppb gold over the two intervals hetween 13 m to 107 m 
and 146 m to 186 m. Copper mineralization in this hole is signifi- 
cant between 155 m to 192 m with 0.28% Cu, 530 ppb Au, and 
0.012% Mo. The second hole, EC-88, had 79 m of anomalous cop 
per (0.09% Cu) in the bottom half of the hole, with intermittent 
gold to 850 ppb. 

Rock geochemistry along the ridge at Mclntosh Mountain also 
revealed anomalous gold wnes related to the residual silica in the 
hydrothenndy acid leached breccias. Channel samples taken over 
approximate 3 m widths returned a range of clustered values from 
20 ppb to 400 ppb gold. Enhanced copper, molybdenum, arsenic 
and antimony are associated with anomalous gold over an outcrop 
length of 300 m. Gold analyses of surface chip samples range up 
to 1820 ppb. To the east of these exposures there are only scat- 
tered outcroppings because of the forest cover and the area is not 
adequately explored. 

Exploration by Moraga Resources Ltd. commenced in late 
November of 1987. Moraga’s work has included regional mapping 
with road cut samphg and follow-up grid soil sampling, computer 
modelling of the 1%3 airborne geophysical data, and 13 405 m of 
drilling to April 1994. In addition, archived soil sample rejects were 
mvered  from storage and analyzd for gold, arsenic, selenium, 
tellurium, bismuth and antimony. These samples had previously 
b g n  analyzed for only copper, and selectively dnc and 
molybdenum. 

The follow-up work, beginning in 1988, has also shown a snow 
gold-in-soil geochemical anomaly in the area of McIntosh Moun- 
tain. This was fust identified from the analyses of the soil sample 
rejects which had been archived by Utah in 1%9, and confmed 
by recent follow-up surveys. The gold anomaly (from 20 ppb to 
900 ppb Au) is quite distinct, and is in large part separate from 
the copper anomaly to the north (Fig. 4). The copper anomaly in 

the valley is defined by the 100 ppm copper contour and trends 
further to the northwest than the gold anomaly. This copper 
anomaly is four times the background value determined from orien- 
tation surveys (Young, 1%9). There is strong correlation between 
the l00ppm copper in soil and the 21oOgamma m&cs anomalies 
(Fig. 4). Outside the Hushamu zone, other copper a n o d e s  also 
have a dose relationship with zones marked by linear magnetic highs. 

Regional Geology 
Vancouver Island north of Holberg and Rupert Me@ is under- 

lain by rocks of the Vancouver and Bonanza Groups (Nixon et al., 
1993). These rocks range in age from Upper Triassic to Middle 
Jurassic. They are intruded by dikes and stocks of Jurassic and Ter- 
tiary age, and overlain by Cretaceous and Tertiary sedimentan 
rocks. There is a pronounced northwest regional trend to all the 
major lithologic units (Nixon et al., 1994). Figure 2 details the geol- 
ogy of the area north of Holberg Inlet. 

The Vancouver Group is described as follows (from bottom to 
top): 
(a) Basal Sediment - Si Unit: The wcalled “Daonella” beds 

Middle Triassic; 
(b) Karmutsen Formation: Basaltic flows and tuffs; Upper Triassic; 
(c) Quatsino Formation: Limestone; Upper Triassic; 
(d) Parson Bay Formation: Fine ash tuffs and sediments; Upper 

Triassic. 
The Bonanza Group consists of (from bottom to top): 

(a) Harbledown Formation: sediments; Lower Jurassic; 
(b) Bonanza Group: Andesitic ash tuff, and flows; Lower Jurassic. 

The Bonanza Group hosts the majority of the copper OCCUT- 

rences in the district with the large porphyy copper systems a p  
pearing in the lower part of the volcanic succession. Large 
dioritequartz diorite stocks of the Island Plutonic suite or “Island 
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Intrusions" intrude the Vancouver and Bonanza Group rocks. 
Quartz-feldspar porphyry (QF'P) dikes and irregular bodies OCCUT 
along the southern edge of the belt of stocks. The QF'P dikes are 
characterized by coarse, subhedral quartz and plagioclase 
phenoarjts set in a grey or pink, very fmegrahed, quartz and feld- 
spar matrix. They are commonly extensively altered and pyritized. 
At the Island Copper mine, these porphyries are enveloped by al- 
tered, brecciated and mineralized Bonanza Group volcanic rocks; 
(Perello et al., this volume). The porphyries are pyritized, exten- 
sively altered, mineralid where they have been b d a t e d ,  and are 
also cut by quartz hmiw stockworks. The quartz-feldspar por- 

of an acid-leached capping which has undergone advanced M c  
alteration (J.A. Perello, unpuhl., 1992). The occurrence is part of 
a large northwesterly oriented and north dipping, h y d m t h d  alter- 
ation system that covers an area of approximately 3 kmz. Figure 
6 shows a typical, simplified, geological Seaion. 

McIntosh Mountain is a major topographical feature immedi- 
ately to the south of the Hushamu zone (Fig. 5). It is a steepsided 
ridge, with cliffs on the west end. At the lower levels it is moder- 
ately forested, but has sparse vegetation above 640 m elevation. 
The ridge is predominantly underlain by intensely silicified brec- 
ciated volcanic rocks containing areas of auriferous quartz vein 

phyriti are thought to bedifferentiates of Middle Jurasslc fetcic 
intrusive rocks of the Island Intrusions (Muller et al., 1974). Creta- 

stockworking. Pyntic gossanc are nqible as east-west trending zones 
on the southwest and nonhea5t 5idm of the ridge. Mclntoch ridge 

mus sedimentary rocks overly tie Bonanza ~ r o u p  volcanic 
rocks; they have been variably referred to as the Longarm Forma- 
tion (Kyuquot Group), Queen Charlotte Group, or Coal Harbour 
Group. 

The most significant of the regional fault systems trends west 
to northwest following Rupert and Holberg Inlets. Near the west 
end of Holberg Inlet this fault splits, with the main branch follow- 
ing Holberg Inlet, and the other branch passing through the west 
side of the Stranby River valley. Another northwesterly to westerly 
fault system parses through William Lake, in the valley south of 
the Stranby River, and still another smaller system passes through 
Nal~witti Lake. 

Northeasterly trending faults comprise a subordinate fault sys- 
tem. In some cases, apparent lateral displacement in the order of 
several hundred metres can he measured on certain horizons. The 
airborne magnetometer data clearly show the major west-northwest 
trending breaks and the secondary conjugate sets of north& faults. 
The interseaions of these conjugate fault wnes appear to coincide 
directly with the copper-gold occurrences at Hushamu, Hep, Red 
Dog, and the Island Copper orebody. 

Geology of the Hushamu Zone 
Geochemical soil samphg in 1%7-1%8 defmed a large 

is truncated to the west by Hepler Creek. 
Drill holes EC-173, 174, 175, 179, 1SC-182, and 1Xl192 (Fig. 

5) intersected chlorite-magnetite altered Bonanza Group tuff under 
the silica-kaolinitepnophyllite cap which forms McIntosh Moun- 
tain. This underlying tuff unit and portions of the cap rock host 
ore grade copper-gold mineralization contiguous to the copper 00 
w e n c e  in the valley. These zones have contributed to the bulk 
of the recently increaxd ore reserves, and have raised the gold con- 
tent of the reserves. 

A wide stepout hole (EC-192) loo0 m southeast of the main 
wne also intersected anomalous (0.2%) copper from 1W m to 250 
m depth. The ground magnetic information suggest that a quartz 
feldspar porphyry dike system trends southeast from the Hushamu 
wne into this area. Two recent holes (EC-202 and E G W  between 
the main wne and EC-192 have umfmed the presence of exten- 
sive copper-gold mineralization in Bonanza Group volcanic rocks 
adjacent to a quartz-feldspar porphyry intrusive within 75 m of the 
surface. EC-202 intersected 256 m grading 0.245% Cu and 308 ppb 
Au 

Deposit Model 
The detailed understanding of the Hushamu wne geology was 

developed from the study of the drillcore. Only the intensely silici- . .  
northwar-trending copper anomaly lying immediately to the south 
of a ma of linear mmetic anomalies which ODNW the Huchamu 

lied upper 7 0 n a  of the hydrothermal altmtion system are e m 4  
alone, the ridge crests and in the deeply incised drainagcs in area\ .. 

valley Wig. 4). ~ h e s e  anomalies are close to the spectacular limo- 
nitic zone on the north side of McIntosh Mountain. One hundred 
and sixtm diamond drill holes totalling 24 785.31 m have ken 
completed in and around the wne to April 1994 (Fig. 5). 

The Hushamu copper-gold deposit was initially thought to 
underly part of the valley floor north of McIntosh Mountain, and 
part of the adjacent hillsides. Additional copper-gold mineraliza- 
tion has been identified south of the valley, under the limoNtic wm, 
during subsequent exploratim. The gossans are now sen to be part 

of rugged relief. The valley floor is covered by overburden. Exten- 
sive logging and associated road building over the past two years 
have provided only two new exposures of the lower part of the 
coppr occurrence to add to the geology, however, the road build- 
ing to the south and east indicates the large size of the pyrite alter- 
ation halo. 

The mineralized area is underlain by Bonanza Group andesitic 
volcanic flows and volcaniclastic rocks that are intruded by a stock 
of medium-grained diorite or quartz diorite, and feldspar-phyric 
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HUSHAMU GEOLOGY 
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FIGURE 5. Topography and drin hole locatiom in the Hushrunu deposit. 

and felsic dikes. The structure is dominated by a regional north- 
westerly trending fault system that runs parallel to the Hushamu 
valley, and which according to current interpdons (Panteleyev 
and Koyanagi, 1994), includes several shallow angle northdipping 
faults. Local northeastmly striking faults that are marked by t o p  
graphic breaks are thought to be closelyrelated to the mineralizati on. 

The Hushamu-McIntosh porphyry copper-gold system appears 
to be a telescoped and tilted hydrothermal system (Figs. 6 and 7). 
The key elements which characterize ' the mineralized system are as 
follows (J.A. Perello, unpubl., 1992): 

1. a deep porphyry copper-gold environment coincident with in- 
trusive bodies in the Hushamu valley; 

2. an intermediate phyllic to argillic environment on the slopes of 
McIntosh Mountain south of the valley; 

3. a shallow environment with advanced argillic, high-sulphidation 
epithermal features on top of McIntosh Mountain. 
The porphyry coppea-gold mineralization at Hushamu is charac- 

terized by multiple stage quartz-magnetitechalcopyrite-pyrite stock- 
works hosted by feldspar porphyry (Fp) and feldsparquartz 
porphyries (FQP) and the andesitic volcanic rocks. Disseminated 
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and hairline fractureumtroUed c o w  mineralization also occurs. 
Early and widesDread alteration is dominated hv chlorite together 

high sulphidation assemblage is typical of those found associated 
with advanced argillic alteration hi& in oorohvrv c o r n  svstems 

withminor a m o k s  of albitic feldspar and *tic clays wi&local 
remnants of earlier biotite-bearing K-silicate alteration assemblages. 
The cbloritedtad area is locally aossillt and overprinted by sbuc- 
maUy controUd phyllic alteration dominated by quartz and seri- 
cite, with some clays and trace rutile. The phyllic alteration is 
associated with vein, hairline-veinlet and disseminated pyrite and 
minor chalcopyrite. 

The intermediate levels of the porphyry system are associated 
with a large, multiple-stage hydrothermal breaia complex which 
dominates the landscape and geology of McIntosh Mountain. This 
complex, which includes miner- volcanic breccia units, 
magmatic-hydrothermal and phreatomagmatic breccia types, dis- 
plays an incipient wnation outward from the intmsive centre. Frag- 
ments of feldspar porphyry and feldsparquartz porphyry are 
dominant in the vicinity overlying the main dioritic intrusion, 
whereas andesite clasts prevail away from this intrusive centre in 
the contact area with propylitic volcanic wallrocks. Alteration in 
the breccias is characterized by abundant quartz, kaolinite, zunyite, 
diaspore, and minor pyrophyllite, all charactektic annponents of 
high temperature advanced a r a c  alteration assemblages. Where 
alteration is most intense, the rocks acquire a characteristic “mot- 
tled” W e  with irregular grey to huff or pink-coloured masses 
or patches of kaolinite, zunyite, dickite, and diaspore in a fine- 

. ~~ 

elsewhere (e.g. in-The Phi l i~p ines~d  dhile). pyrite is trk most 
common sulphide mineral present in this zone, averaging between 
five and eight volume per cent. Locally, the pyrite content may be 
as high as 30 70 particularly whereit occurs as a cement in late 
stage hydrothermal breccia and as relatively narrow massive veins. 

Part of the copper mineralization intersened in some holes at 
Mount Mclntosh (e.g. EC-206) appears to be part of a weakly- 
developed cbalcociteavellitc supergene “blanket” since chalcocite 
and/or covellite coatings on pyrite and bomite are commonly ob 
served. Enargite has been also obseyed to be partly to totally 
replaced by chalcocite and/or covellite. 

The uppermost part of the Hushamu-McIntosh mineralization 
is observed on the top of Mchtosh Mountain where a northwesterly- 
trending silica wne (“ledge”), containing intensely siicified 
hydrothermal breccias and vuggy silica rock, eross-cuts quartz- 
stockworks and porphyry-style mineraJization (e.g. holes EC-154 
and 155). Lithologies at the top of Macintosh Mountain are con- 
sidered by Nixon ef al. (1994) to represent a rhyolite flowdome 
complex. Alteration minerals include abundant kaolinite, zunyite, 
and diaspore and, most importantly, vuggy silica rock. The presence 
of the latter reveals that the ledge formed in a high sulphidation 
epithmal environment under extreme acidic conditiom. The acidic 
magmatic volatiles are believed to be derived from the underlying 

grained \iliceou5 cement. 
The breccia complex is clcarly intramineral in age for it con- 

m’nr abundant minerali7ed fragments of various lithologies and, 
it IS e r n s s ~ t  in turn hy hgh-level. st~cturallycontrollcd, quartz- 
vetned, modmely m i n d i d  IT bodies, py~ite-rich, phreatomag. 
matic (and phrearic?) pebble breccia dikes and late rhyolite dike. 
These breccia M i e s  are found near the top of Mclntoqh Moun- 
mn and arc intermed in diamond holes ECZl1,212, 154. 174. and 
175 on top of Mclntmh Mountain. Copper and gold mineraliia- 
tion within this b r a l a  complex consists of, in order of ahundmce, 
covellite. Lwmite. shalwcite, chalcopyritr and minor enargite. l l u s  

Porphyty Deposits 01 the  Nonhwestern Cordillera ot North America 

mling Hushamu porphyry synem. This e p i t h d  alteration 
sition is within 350 m vmically abovc the porphyry deposit in the 
valley (Fig. 7). hence the d d p t i o n  of the \yuem as ‘~telffcoped”. 
Structural compression of the mineralired z o n e  hy postae,  
nonhwarddpping normal faults i5 considered likely (Pantelojev 
and Koyanagi, 1994). 

Whole-rwk geochemistry for holes EC-154. I55 and by Pan- 
tcleyev and K o y a n ~ ’  (1993) shows that wggy silica rock is nearly 
dcplaed in all major elements exccpt SO, (up to %%). F%O, (up 
10 10.6%). and ‘fi0, (up 10 2.Xmo) and f u n k  suppons the ex. 
tmne hawleaching conditions associated with ledge formation at 
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North South 

McIntosh Mountain. Similarly, trace element geochemistty shows 
that vuggy silica rock is, in general, devoid of any significant cop 
per, gold, or molybdenum mineralization unless it contains miner- 
alized clasts with older quartz stockworks or veins. 

Recent age dating (Panteleyev and Koyanagi, 1%), indicate 
(K-Ar, Ar-Ar) ages of 172 Ma for the Hushamu stock hornblende 
and 171 Ma for the Hushamu &cite alteration. These dates indi- 

the distribution of copper and gold within rock types is unique. 
(Note that the deposit parametas are still defmed in irnpe'ial units, 
to conform with earlier work). 

Assay data of composites samples 20 feet in length, were fonned 
from hole data. These honoured geological boundaries, i.e. ande- 
site composites, only contained hole data coded as andesite. Again 
s h d e  statistical anal* within each of the five rock txxs showed 

~~~ ~ ~~~ ~~~ ~~~~ ~ ~ ~ 

cate a Middle Jurassic mineralidng event. 

Ore Reserves 
A detailed reevaluation of the geology of the Hushamu wne 

was completed in December 1992. The ensuing model was used to 
control a statistical evaluation of the copper and gold occurrence 
for use in a series of economic pit designs. The statistical evalm- 
tions were carried out by Montgomery Consultants Ltd. (G.H. 
Giroux, unpubl., 1993), and the pit optimization was performed 
by Steffen, Robertson and Kirsten Ltd., (0. Charbonneau, unpubl., 
1593). 

The gade model guided the pit optinhtion. The atlention given 
to the geostatistical evaluation provided very significant benefits to 
the ewnomics of the proposed pits. Figure 8 details the distribu- 
tion of copper minetdid rock within the Hushamu wne hy bench 
level, and includes the value of the contained gold (converted to 
a net smelter return). The fgures show that the gold content is close 
to 50% of the value of the mineral in any particular block. The 
distribution of gold and its relationship to the copper is critical to 
the viability of the project. The average grade of 0.28% Cu is not 
viable in the foreseeable future without the gold contribution. 

Geostatistical Evaluation 
In the geostatistical study the Hushamu hole data were sub- 

divided on the basis of .woloay into five rock types: siliceous 

copper and gold distributions to be unique for the combsite data. 
A study of copper-gold cornlation showed poor agreement in the 
area of ewnomic cutoffs. Samples with copper grades of 0.30Q0, 
for example, sometimes individdy had gold grades anywhere from 
0.001 odton to 0.02 odton (34 ppb to 680 pph Au). 

Semi-variograms for each variable were produced for each of 
five rock types. With the exception of altered andesites and basalts 
all were isotropic. For copper within the andesite unit a geometric 
anisotropy was indicatd with a maximum horizontal range of Nx) 
feet along the 045" azimuth. The range of maximum continuity 
in the vertical plane was 300 feet dipping 045" at 060" azimuth. 
An identical pattern was obtained for gold with ranges 700 feet in 
the horizontal plane and 300 feet p1-g 60" N at 045" azimuth. 

The geological block model was used to control the inmpla- 
tion process. A total of 503 580 blocks 100 hy 100 by 40 feet in 
dimension were coded with topographic and geological informa- 
tion. Kriging was used to interpolate a grade into each block wded 
as one of the five rock types. A total of 46 515 blocks were esti- 
mated. Results for the geological in situ resource at several copper 
cutoffs are shown in Table I (after G.H. Giroux, unpubl., 1993). 

In order to produce a block model suitable for input into an 
open pit optimization routine a single value was needed for each 
block. As a result a net smelter return (NSR) value was calculated 
in Canadian dollars for each block. This NSR value was based on 
metal prices, exchange rate, smelter and treatment costs and vary- 
ing recoveries for c o p w  and gold based on grades. 

pyrophvllite hrsda. siliceou\ brecaa. a l t d  andesite,.inrmwe and ThC computer opumized o& pit was designed for thc Hushamu 
relatively unaltered andesire. S i p l e  starlnical analpis showed that wne minerahtion during March 1993. The dara for the pit were 
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$3.54 NSR Cutoff 0.25% Cu Cutoff 

obtained from the fde of total drillholes, the geologjcal model and 
the statistical studies and NSR calculations by G.H. Giroux, (un- 
pub., 1993). The pit outline was engineered by Steffen, Robertson 
Kirsten Ltd. of Vancouver using the Gemcom Senices Inc. PC- 
Mine software, and the Whittle 4D optinkation program. This op 
bization was used to design the working pit outline including ramps 
@. G. Graham, unpub., 1993). 

The core of the zone has been determined as hosting a “possible- 
probable” mineable reserve of 173.3 million tonne (190.2 million 
tons) with an average copper grade of 0.272% CU; 342 ppb Au 
(0.010 opt Au); and 0.009% Mo. This deposit has a strip ratio of 
2.21 based upon a NSR cutoff of $3.32, excluding molybdenum 
and rhenium. 

Discussion and Conclusions 
The Hushamu goldapper deposit is predominantly hosted 

TABLE 1. Husharnu deDosit aeoloaical reserves 

within silicified and chloritized volcanic flows and tuffs adjacent 
to quartz diorite and feldspar porphyry inbusions. within the miner- 
alized mne sulphide minerals OCCUI mainly as disseminated chal- 
copyrite and pyrite within the volcanic rocks and also in quartz vein 
stockwork. assodated with magnetite. The mineralid wne is ganer- 
ally overlain by 30 m to ux) m of silica and silica-kaolinits 
pyrophyllite altered rock at McIntosh Mountain. 

On average approximately 50% of the gold is closely associ- 
ated with the copper. The most consistent gold dug are from hole 
within the chlorite-magnetite alteration zone. These are generally 
340 ppb to 445 ppb gold assodated with copper grades of 0.30% 
to 0.35%. There is a noticeable diminished gold grade with depth 
within the main wne. The northwest portion of the wne, however, 
genedy has similar copper and gold grades to the dgper levels 
of the main wne (100 ppb to 230 ppb Au with 0.27 Q7o to 0.35% 
Cu). This variation can be explained by block faulting. Gold also 
OCCUTS in discrete siliceous alteration zones within Late stage frac- 

Average grade above cuton 

De sc rl pt l o n cu cuton (Oh) Tons > Cutoff cu ( O h )  Au (ozlton) MO ( O h )  

Probable resource 0.20 256200000 0.275 0.m 0.008 
Possible resource 0.20 57400000 0.279 0.011 0.014 
Total resource 0.20 312600wO 0.276 0.010 0.m 

Probable resource 0.25 135500000 0.320 0.01 1 0 . m  
Possible resource 0.25 34800000 0.317 0.013 0.014 
Total resource 0.25 170300000 0.320 0.011 0.010 
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ture sets. Gold concentrations up to 1200 ppb and 1950 ppb Au 
across 0.3 m to 3.5 m occur in holes within the silicified zones, 
associafed with 0.4% to 1.0% Cu throughout the upper portion 
of the south extension (e.g. EC-1W191). 

The copper mineralhiion, which is mainly chalcopyrite, is simi- 
lar to that at the smaller Hep and Red Dog copper deposits to the 
northwest. These chalcopyritebearing occurrences are associated 
with feldsparquartz porphyry and quartZ-magnetite stockworks. The 
Island Copper orebody is similar, however, the bulk of the copper 
mineralization is in bio t iW Bonanza Group volcanic rocks, and 
the dike is quartz-feldspar porphyritic. Exploration indicates that 
the porphyritic intrusions are always associated with the dissemi- 
nated copper and magnetiterich mineralization. Gold mineraliza- 
tion and pervasive silicification, in many cases, appear to ovaprint 
the copper minerahtion and are commonly peripheral and over- 
lie the main minerahtion. 

The use of geostatistical studies in the calculation of ore reserve 
at Hushamu was necessary because of the relatively widely spaced 
(122 m) hole pattern, the two commodity nature of the deposit, 
and a number of geological complexities. Geostatistical analysis 
changed the earlier models of the deposit (G.H. Giroux, unpubl., 

ing the tonnage but increashg the grade. GeostatisticS also showed 
that the current hole density is adeqmte for both the gold and copper 
zones at a pbabbpossiile meme level. The north plunging, north- 

The hole density will increase during metallurgical sampling and 
slope engineering studies. This infill drilling will be used to con- 
f m  the projected zones of mineralization. The limits of the 
Hushamu deposit have not yet been fully delineated by the dia- 
mond drilling completed to date, and further exploration to the 
southeast and northwest is anticipated. 

1990; D. c h a r b o ~ ~ ~ e a ~ ,  mpub., 1990,1991) by generally d a r n -  

west elongation of the deposit is emphasized by the geostatiSti a. 
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