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SUMMARY

Property - The Taseko Property is located 225 km north of Vancouver in southwestern British Columbia along the
eastemn flank of the Coast Range. The property consists of 108 units and is in the Clinton Mining Division. Access
is by four-wheel drive vehicle from Williams Lake (270 km) through the town of Hanceville, south to Taseko
Lakes, then east along Taseko River.

History - Gold was discovered at the Taylor-Windfall mine in the 1920's. The area in and around the Taseko
Property was actively explored between 1969 - 1976 as a porphyry copper-molybdenum target, and again in 1985,
for its epithermal gold potential. Geochemical, geophysical and drilling programs were carried out during these
periods. From 1988 through 1991 a new phase of geochemical, prospecting and drlling was implemented by
Westpine Metals Ltd., the present owner of the property, and associated companies. A smail program of mapping,
whole-rock analysis and diamond dnlling was completed in 1993.

Property Geology - The property occurs along an east-west contact between Cretaceous-age granitic intrusives of
the Coast Plutonic Complex to the south and a thick sequence of volcanic strata of the Taylor Creek Formation to
the north and west. An intense alteration zone up to 3 km in width occurs within the volcanic assemblage north of
and adjacent to intrusive rock.

The main showing occurs in the Empress area where copper-gold mineralization is found in intensely altered
volcanic rock. A pre-feasibility study of the Empress, using a cut-off of 0.40% cooper (not copper equivalent)
showed 1n situ resources to be 11,078,000 tons of 0.61% copper and 0.023 opt gold. The East Zone, 3,300 feet
east of the Empress, is similar to the Empress, but only three holes have been drilled into it. The Buzzer and
Rowbottom zones consist of chalcopyrite and molybderute which 1s disseminated and in vugs in granitic rock.

1997 Program & Results - Westpine, in collaboration with the Geological Survey Branch of the BC Ministry of
Employment and Investment, is currently undertaking a study to determine the area of occurrence and to assess the
quality of sapphires which are found on the Taseko Property. In 1996, drill core was examined, rock in the
Empress area was observed and core, rock and silt samples were taken.

In 1997, large samples of unconsclidated material were taken and concentrated on site for further study. Also in
1997, the samples collected in 1996 were concentrated, using heavy liquids, and were examined by a binocular
microscope. Several grains were examined by means of a scanning electron microscope for identification.

So far, blue (sapphire), colorless and gray conmdum have been identified.

Recommendation - The next step is to study coarse heavy mineral concentrates of 1997 samples using jigs and/or
heavy liquids in combination with microscopic examination and to evaluate the corundum.
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INTRODUCTION

Program - Westpine Metals Ltd., in collaboration with the Geological Survey Branch of the BC Ministry of
Employment and Investment, is conducting a study of the occurrence of corundum, especially the sapphire varnety,
on the Taseko Property.

In August, a Westpine geologist and a geologist and assistant from the Geological Survey Branch of the BC
Ministry of Employment and Investmertt spent 3 days on the property. In addition, a study was completed on the
heavy mineral fraction of samples collected in 1996 using a scanning electron microscope and chemicat analysis.

Location - The Taseko Property is located 225 km north of Vancouver, British Columbia, in the Clinton Mining
Division (Figure 1). It lies 10 km southeast of the southermn end of Upper Taseko Lake along the Taseko River, at
51°05" latitude and 123°24' west longitude, NTS Map 920/3W.

Access - The property can be reached by road from Williams Lake (270 km) or by helicopter from Gold Bridge (48
km), Pemberton (100 km), Lillooet (120 km) or Williams Lake (215 km). Access to the property from Williams
Lake is via Route 20 west to Hancewilie on paved roads, southwesterly along dirt roads to the Taseko Lakes, then
southeasterly along the Taseko River to the claim area. Four-wheel drive vehicles are necessary for sections of the
road south of Hanceville, and approximate travel time from Williams Lake is 6 hours. At the present time there is
no bridge over the Taseko River for access to the southern portion of the property. The river can be forded in the
vicinity of Granite Creek by a 4WD truck during low water levels, but it is risky when water level rises during
spring runoff and after major rain storms. A second crossing exists near Battiement Creek and is the preferred
crossing dunng high water. The property contains a network of old mining roads in various stages of overgrowth
which provides easy access to trenches, drill sites and mineralized showings in the area.

Physiography - Physiography of the claims area consists of a broad, U-shaped valley occupied by the Taseko
River and its numerous tributaries. Elevation on the property ranges from 4,900' (1,500 m) in the valley to 7700"
(2350 m) at mountain crests. At lower elevations the terrain is covered by lodgepole pine trees, with balsam fir and
white pine occurring at higher elevations. Glacial cover consists of morainal deposits and glacial drift that appear
to be refatively thin but extensive (typical depth is 3-8 m). Rock exposures are scarce and generally confined to
creeks and peaks on ridges.
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CLAIMS INFORMATION

The property is comprised of 8 four-post and 13 two-post mineral claims totalling 108 units held by Westpine
Metals Ltd. The claims are as follows (Figure 2):

Claim Name Units Record # Expiry Date

New Gold 1 6 208506 Sep. 24, 1998
New Gold 2 10 208503 Aug, 30, 1998
New Gold 3 12 208502 Sep. 12, 1998
New Gold 4 8 208507 Sep. 24, 1998
New Buzz 15 208505 Sep. 26, 1998
Mars 1 1 208579 Oct. 21, 1998
Mars 2 1 208580 Oct. 21, 1998
Mars 3 1 208581 Oct. 21, 1998
Mars 4 1 208582 Oct. 21, 1998
Mars 5 1 208583 Oct. 21, 1998
Mars 6 1 208584 Oct. 21, 1998
Mars 7 1 208585 Oct. 21, 1998
Mars 8 1 208586 Oct. 21, 1998
Mars 9 1 208587 Oct. 21, 1998
Mars 10 1 208588 Oct. 21, 1998
Mars 11 1 208589 Oct. 21, 1998
Mars 19 1 208590 Oct. 21, 2000
Mars 20 1 208591 Oct. 21, 2000
Row 16 208791 Aug. 14, 2000
Syn 8 208601 Nov. 4, 1999
Odin 20 209156 Jul. 13, 1999

PROPERTY HISTORY

Between 1909 and 1920, may large, bog-iron deposits were discovered by prospectors in the Taseko Lakes area.
Gold was discovered at the Taylor-Windfall mine in the 1920’s, followed by the discovery of copper-gold porphyry
mineralization in the vicinity of the current Taseko Property, in 1922, From 1930 - 1969, sporadic exploration for
copper-gold mineralization was conducted in the Taseko River basin by numerous companies. Activity increased
between 1969 - 1976 when the area was investigated for its porphyry copper-molybdenum potential by Scurry
Rainbow Oils Ltd., Sumitomo Metals Mining Canada Ltd., and Quintana Minerals Corp. In the mid-1980’s,
Westmin Resources Limited and Esso Minerals Canada explored for epithermal gold-silver mineralization in the
Taylor Windfall area, which also included a program of surface mapping and geophysical surveys on part of the
Taseko Property.

Alptne Exploration Corporation and Westley Mines Limited optioned the Taseko Property from New World Mines
Development Ltd. in 1988 after Scurry Rainbow allowed the claims to expire. A small exploration program was
implemented that field season, then m early 1989 the two companies vended their interest in the property to
Westpine Metals Ltd. The property was then optioned to ASARCO Exploration Company of Canada Limited in
1990 and 1991. ASARCO funded approximately one million dollars of exploration in search of copper-gold
porphyry systems but dropped the option in 1992, Westpine has continued to conduct small drilling, geophysical
and sampling programs to the present.
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REGIONAL GEOLOGIC SETTING AND MINERALIZATION

Regional Geology

The Taseko Property occurs on the northeastern margin of the Coast Plutonic Complex (CPC), as mapped by
Tipper (1969, 1978), Glover and Schiarizza (1987), Glover et al. (1986) and McLaren and Rouse (1989). Granitic
magma of the CPC intruded Middle Jurassic to Upper Cretaceous sedimentary and volcanic strata that had
accumulated within the Tyaughton basin. Coarse clastic sedimentary rocks, which dominate the axial regions of the
trough, interfinger with volcanic lithologic in the Taseko to Chilko Lake area (McLaren and Rouse). The volcanic
rock includes three main groups: intermediate to felsic pyroclastics and flows correlative with the late-Lower
Cretaceous Taylor Creek Group; conglomerates, sandstones, argillite and volcanic flows of the Upper Cretaceous
Silverquick Formation; and a thick succession of massive volcanic breccias, agglomerate, tuffs and basic flows of
the Upper Cretaceous Powell Creek Formation (Figure 3).

Intrusive rocks mn the Taseko area include quariz diorite to quartz monzonite. An extensive, advanced argillic
alteration zone exists at the contact between the CPC intrusives and adjacent volcanic - sedimentary strata, and can
be traced for over 18 km in an east-west direction.

Extensive thrust faulting of Late Cretaceous age has been documented in rocks adjacent to the CPC. The
Tyaughton basin underwent west-vergent thrusting from ca 100 Ma to 90 Ma, closely followed by east-vergent
thrusting (Rusmore and Woodsworth, 1991). As much as 100 km of crustal shortening occurred across the basin.
The youngest structural patterns that dominate the area are strike-slip faults that developed in Early Tertiary, which
include the Yalakom and Tchaikazan faults. The Tchaikazan fault has been interpreted as trending east-southeast
along the Taseko River valley (Glover, et al., 1986).

Significant mineral deposits in the region east of the Coast Ranges and within 100 km of the Taseko Property
include Blackdome, Bralome, and Fish Lake (see Figure 1).

PROPERTY GEOLOGY

Geology

The Taseko Property and surrounding area has been mapped in detail by a number of company and government
geologists (see References). Because of an extensive blanket of glacial till covering most areas below treeline,
outcrops are sparse and geologic mapping has been confined to exposures in creeks and the upper parts of ridges
and mountain tops. A wealth of information exists, however, in diamond drill core which totals over 11,000 m
(37,000 ft) to date.

The property is underlain mainly by the Late Lower Cretaceous Taylor Creek Formation and late Cretaceous to
Tertiary quartz monzonite, granodiorite and quartz diorite of the Coast Plutonic Complex (Figure 3). The contact
between the intrusive and volcanic rock is not exposed but is inferred from dnlling and geophysics to trend roughly
east-west across the property. The contact dips steeply to the north then becomes sub-horizontal at a depth of 100
to 200 m for a distance of at least 640 metres. This sub-horizontal, granitic “bench” has been defined by drill holes
to extend at least 1480 m east and 2800 m west of the Empress area.
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FIGURE 3: Geological Map of the Taseko Property and surrounding area (From Osborne and Allen, 1995).
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The Taylor Creek Formation consists of 5 units within the Taseko area. Osborme and Allen (1994) differentiated
six types of intrusive rock within the batholithic complex exposed on the property, including vaneties of quartz
diorite, granodiorite and quartz monzorite. Quartz monzonite-granodiorite is thought to underlie much of the area
beneath the alteration zone. North of the Taseko River the Upper Cretaceous Silverquick Formation, mainly chest-
pebble conglomerate, sandstone and argillite, and the Powell Creek Formation, mainly volcanic breccia and tuff,
occur.

Breccia pipes and andesite to felsic dikes and stocks that postdate the batholith and alteration occur within the
plutonic and volcanic units. Dike trends closely match those of prominent joint sets in the area: NW-SE and NE-
SW. Faults exposed in outcrop generally trend northwesterly (Allen, 1991), and fault zones in drill core are
common.

Structare

The main structural element on the Taseko are on the Tchaikazan which goes along the Taseko River. This fault
has not been identified in field work in the area.

Ewidence for other faults comes from field work, geophysical information and dnll core, West of Amazon creek
faults are fairly common and trend mainly northwesterly. Geophysical information from a Dighem Survey was
interpreted by Windels (1991). He concluded that major northerly - trending resistivity linears dominate west of
Amazon creek, whereas east of Amazon creek there is one northeasterly and one northwesterly linear. The major
magnetic linears are north, northeasterly and northwesterly.

Many examples of brecciation and gouge were seen in drill core.

Alteration

A large portion of the Taseko Property covers the 3 km wide alteration zone within the volcanic rocks north of the
batholith (see Figure 4). Rocks within this zone have undergone silicification and propylitic, argillic and
aluminosilicate alteration. A description of alteration of surface outcrops is found in Allen's (1991) report, and the
remainder of this report will concentrate on alteration seen in drill core.

Alteration of rock seen in most drill holes is so intense that determination of original lithologies is difficult if not
impossible. In these strongly altered zones, the degree of alteration and mineral variety is very diverse, often
changing over short distances (sometimes only tens of centimetres), which results in a very complex suite of rock
types. For this reason many units have been divided and labelled according to the dominant minerals present rather
than by protolith (see descriptions below). Enough drilling has been completed in adjacent, less altered areas to
indicate that these intensely altered lithologies were most likely original volcanic rocks. One of the main reasons for
suspecting this is the preservation of volcanic textures, which include breccias, compositional banding, and
porphyritic features.

Overall, the most pervasive type of alteration observed from drilling is a fine grained overprint of quartz and a pale
green mica. The green mica occurs locally within the Empress area as coarse clusters and has been identified by x-
ray diffraction to be pyrophyllite. Stamning of numerous pieces of core from this area showed only minor
potassium, which suggests that pyrophyllite is prevalent here. It is not known, however, whether all of the green
mica seen throughout the property is pyrophyllite, or if some of it is instead sericite. Pyrophyllite-bearing rocks
appear to be an advanced argillic alteration assemblage. Alunite has also been identified in this assemblage from
surface outcrops (Bradford, 1985).
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Other alteration minerals include quartz, pyrophyllite, andalusite, plagioclase, perthite(?), clay, chlorite, magnetite,
hematite, and more rarely corundum. Accessory minerals include dumortierite(?), tourmaline, fluonte, rutile,
sencite, apatite, and bastnaesite (a muneral identified by x-ray analysis containing the rare-earth elements
lanthanum and cerium). Gypsum, quartz, calcite and white or green clay are common as fracture fillings.

Some totally altered rock units have a consistent mineralogy and are repeatedly encountered in drill holes. The
following is a description of these units:

(1) QAS': QUARTZ-ANDALUSITE-PYROPHYLLITE ROCK: this rock is characterized by a mainly
equigranular texture composed of these three minerals in varying proportions. Additional
minerals in QAS include finely disseminated magnetite, clots of chlorite, specks of clay,
and gypsum veining (locally up to 1 m in width). It is assumed that QAS represents an
altered tuffaceous unit, probably crystal-rich and mafic in original composition.

(2) PQSA: PLAGIOCLASE-QUARTZ-PYROPHYLLITE-ANDALUSITE ROCK: rocks of this unit are
the most complex mineralogically of any on the property due to muitiple interconnected
textures and wide diversity of mineral assemblages. It is presumed at this point that the
complexity i1s a result of multiple episodes of fracturing of the QAS unit with additional
alteration imposed from subsequent hydrothermal activity. The mineralogy of PQSA
consists of plagioclase (which is white, green or pink in colour) and quartz that appear to
have been introduced along fractures in QAS. Associated minerals include pyrophyllite,
andalusite, magnetite, chlorte, carbonate, corundum, and clay (commonly an alteration
product of plagioclase).

{3) QR: QUARTZ ROCK: QR is presently thought to represent intense silicification. Typical mineralogy
consists of over 90% quartz with the remaining 10% being comprised of one or more of
the following, minerals: interstitial pyrophyllite, clay, magnetite, chlorite, carbonate, rutile,
or sphene. The quartz in QR frequently occurs as fine to coarse surrounded grains with a
texture resembling quartzite. Numerous volcanic features are perfectly preserved by the
quartz and include breccias, compositional banding and welded-tuff textures.

(4) OM: QUARTZ-MAGNETITE ROCK: this unit is very similar to QR, but contains greater than 5%
magnetite.  Chlorite, hematite and sulphides are common in this unit. Magnetite
constitutes 10 to 20% by volume of the rock and is locally massive, reaching 50 to 75%.
It occurs interstitial to quartz grains or as fracture fillings. Intervals on the order of tens of
meters of brecciated QR healed by a magnetite matrix are common. QM is typically the
deepest altered unut intersected in drill holes, situated below quartz rock and above quartz
diorite.

In addition to these units, vugs are common and contain coarse-grained minerals (>1 ¢m in size) of white quartz
{often as terminated crystals), plagioclase, calcite, books of chlonite, euhedral magnetite and pyrite and gobs of
chalcopyrite. Other, more rare minerals are molybdenite, apatite, sphene and rutile.

'Note: S stands for pyrophyllite.
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Mineralization

Prior to 1991, copper-gold mineralization was known to occur in four localities on the Taseko Property, historically
referred to as the Empress, Buzzer, Rowbottom and Mother Lode Showings (Figure 3). In 1991, two new zones
were discovered through drilling and are referred to as the Granite Creek Zone and East Zone.

Empress Showing: this is the main mineralized zone discovered to date on the property. Here, suilphides of pyrte
and chalcopyrite and, more rarely, molybdenite, pyrrhotite, bomite and native copper, are typically disseminated or
in fractures within intensely altered, alumino-silicate units. Microscopic examination of gravity concentrates of
mineralized core indicates the additional presence of trace galena, spalerite and free gold (Harns, 1988} In situ
resources are currently estimated to be 11,078,000 tonnes grading 0.61% Cu and 0.023 oz/t AU (using a cutoff of
0.4% Cu - not copper-equivalent). A study by James Askew Associates, Inc. of Englewood, Colorado (1991)
calculated 9,502,000 tonnes of muneable reserves in an open pit operation grading 0.582% Cu and 0.754 g/t Au.

East Zone: this zone is located 1000 m east of the Empress Showing and has been defined by three holes to date.
Here, copper-gold mineralization occurs over significant widths within altered volcanic strata. The geological
setting is simiar to that found in the Empress area.

Buzzer, Rowbottom, Motherlode and Granite Creek Zones: these zones occur within the intrusive rock of the
batholith. Mineralization typically consists of pymite, chalcopyrite, molybdenite and microscopic gold, either
disseminated or as replacements of mafic minerals. Anocther recently discovered zone, the Buzzer West Zone,
conststs of chalcopyrite and molybdenite in intrusive rock.

1997 PROGRAM AND RESULTS

Westpine Metals Ltd., in collaboration with the Geological Survey Branch of the BC Ministry of Employment and
Investment, is in the process of conducting a study on the occurrence of sapphire, a vanety of corundum, on its
Taseko property. The study has two phases:

Phase 1
a. Visit the property, examine core samples and take samples of core, rock and stream sediments.
b. Identify the composition and proportion of heavy minerals from samples through the use of a scanning

electron microscope and chemical analysis.

Phase I1

a. Return to the property, collect larger samples of unconsolidated matenial and concentrate the samples on
site.

b. Study coarse heavy mineral concentrate using jigs and/or heavy liquids in combination with a microscope
examination,

c. Document extracted corundum through personnel of the Geological Survey and further evaluate the
findings by two impartial experts.

In 1996, the first set of samples was collected. This study was reported by E. Lambert, 1996. In 1997, the
scanning electron microscope study and chemical analyses were carried out, results of phase I are enclosed, and the
second set of samples was collected. Figure 4 is a map showing the location of the 1997 samples.

-10-
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During the 1997 field program, 9 large samples of unconsolidated material were collected, sieved and washed to
pro-concentrate the heavy minerals. Table 1 is a table showing the volume of samples before treatment and the
weight after sieving. These samples will be used for subsequent tests.

In addition, heavy mineral concentrates from the 1996 samples were studied by means of a scanning electron
microscope and chemically analyzed. Blue, gray and colorless corundum were found. A report on this part of the
program, written by Dr. Simand! follows as an addendum to this report.

TABLE 1
Sample number Volume (L) Weight after sieving (Kg)
Before sieving

EM97-1 either 92 or 69 61
EM97-2 23 225
EM97-3 23 18.5
EM97-4 23 24
EM97-6 23 19
EMO97-6* 23 20
EMO7-6** 23 19
EM97-8 23 22.
EM97-9 23 21

DATA FOR SAMPLES COLLECTED IN 1997 PROGRAM

Data from G.J. Simandl

DISCUSSION

The search and evaluation of the occurrence of sapphires on the Taseko property is more than an esoteric scientific
study. Blue (sapphure), gray and colorless corundum has been found on the Taseko Property. Corundum is second
in hardness only to diamond. Sapphires have been used as jewel bearings in watches and other precision
instruments in manufacturing plants and chemical plants, in aircraft, boats, high-tech weapons systems and as
connectors for optical fibres. The reason for their desirability as beanings is because of their high hardness, their
lack of cleavage (making them highly durable), their very low coefficient of friction when highly polished, and the
fact that they are chemically inert and can be cut and polished without great difficulty. Because of their hardness,
sapphires have also been used as an abrasive, especially in the lens-polishing industry (i.e. eyeglasses). The use of
natural stones for jewel beanngs has been largely replaced by inexpensive synthetic gemstones.

According to Austin’s 1993 report, the average US 1992 wholesale purchase price of fine-quality, 1-carat sapphire
gem was $1,400 (US$). The average annual value of sapphire imports for the 10-year period ending in 1992 was
$22.40 per carat. The average annual value of sapphire imports for the 10-year period ending in 1992 was $83
million.

-12-
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RECOMMENDATIONS

Results of the study presently underway provide important information as to the quality of the sapphires occurning
on the Taseko Property. If it is found that the sapphires of medium to high gem quality, and if it is found that they
can be economically mined and extracted, then further field work is warranted to better define the extent of the
corundum-rich zone in the Empress area.

-13-
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Westpine Metals Limited, Vancouver, B.C. i
Fax: 604-634-5854

November, 19. 1997,

RE: Heavy Minerals, Liupress Deposit, SEM, Sspphire Potential ?

Dear Sir:

Here enclosed is the preliminary draft of the paper * Use of Heavy Minerals in Exploration for
Sapphires and Metalliferous Mineralization, Empress Deposit, British Columbia - 8 Preliminary Report.™ It
incorporatas reswlts of the scanning dllectron micrascope (SEM) work that you financed. Because nf the
mail strike you will have i pet satisfied with the faxed copy at this stage. Any comments, and
improvements will be appreciated and considered for incorporation into second version of this docerment.
The improved version will be submitsed for publication in the Fieldwork 1996, later this month. We
appreciate your support and hope that you find this drafi to your expectations.

Best Regards

I ol &
- EEJ: X t
B.C. Geological Survey

Fax: 250-952-0381
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Use of Heavy Minerals in Expioration for Sapphires and Meulliferous Minerslization, Empress Deposit,
British Columbis - 8 preliminary report.

G.J. Simandl', P. Jones’, S. Paradis’. J.W., Osborne’, G. Payie' and J. McLeod’
! Brmsh Columbia Geologxcal Survey, Victoris, B.C.
Dcpanmmt of Earth Sciences, Carieton University, Ottawa, Ont
Geo{ogml Survey of Canada, Pacific Geoscience Center, Sldney, B.C.
Westpme Metals Ld., Vancouver, B.C.
¥ Cominco Lid. Laborstory, Vancouver, B.C.

Key words: corundum, sapphire, heavy minersls, gold, base metals, exploration methodology.

Introduction:

One of the most commonly used exploration methods in regional reconnaissance is the sampling ot stream
sediments. In most cases, stream sediment anomalies are due 10 mechanics] dispersion of metallic minerals
or indicator minernls and to 1 lesser extent to transport of metals in solution followed by their
reprecipitation or adsorption op iron oxides and hydroxides, clay particles or organic material. The extent
of streamn sediment anomalies regardiess of their origin is generally restricted and decreases rapidly due to
dilution by steriie sedimentary particles (Wiltheim and Artignan, 1968). In northern environments, heavy
mineral sampling amplifics anomalies that could have been missed using stream sediments. These days,
heavy mineral surveys have become an important component in exploration for base-metals, niobiwem,
tantalum, gold, tin (Fletcher and Loh , 1996), barite, chromite, platinum group elements (Salpeteur und
Jezequel, 1996), kimberlite pipes (Fipke, 1989 and Schulze, 1994) and other mineral commodities. This
paper describes a heavy-mineral survey over the Empress, a copper-gold-molybdenum porphyry deposit
located 225 kilometres north of Vanceuver and 50 kilometres northwest of Goldbridge and the Bralome
mining camp (Figure 1). The primary objective of the survey was to determine if corundum
mineralization described by Simsnd] et al. {1997) could be detected. A secondary objective was to rest the
detectability of porphyry copper-molybdenum-gold deposit described by Osborne and Allen (1995)

Corundur is an alumina-rich minenal (A1,0,) that may be of variable color due to substitvgion of
metal ions for AP, Itis usually grey, bluc-grey, brown, yellow, green or colourless. Its gemstonu fire
known by their coloury, red for ruby and blue for snpphxre ‘!‘he red colour is linked to Cr’* conteni wlule
blue and green corundum have significant content of Ti'", Fe™ and Fe** and in some cases V**, Co? ér
Ni** (Phillips and Griffen, 1981). Most corundum gemstones are produced from placer or resndual deposits
derived by weathering and reworking of primary corundum bearing rocks. In the Empress deposit nreg,
corundum, in association with andalusite-pyrophyllite rock, was reported in several drill holes (Lambert,
1989, 1991a and b) and a boulder containing coarse corundum was found in 2 trench in 1990, New
concentrations of bouiders containing corundum coarser than 3 millimetres were found during the 1996
ficld season. Except for recent studies by Simandl et al. (1997), the potential for gem-corundum. -+~
mineralization in porphyry-type deposits has not been previousiy examined. o N \

.y
.. r ..\..'\
<4

- :\ \\‘
GEOLOGICAL SETTING \)

.4

The Empress deposit is located near the eastern margin of the Coast Plutonic Complex in rocks of the
Tyaughton basin. The regional geology of the area has been described by Tipper (1978). Glover & a/.
(1986), McLaren and Rouse (1989} and Schiariazza et o/ (1997). Rocks outcropping it the depgsit area
belong to the Upper Cretaceous Poweldl Creck and Lower to Upper(?) Cretaceous Paradise formatioss. The
deposit 15 located within en alteration zone that is 11 Kilometres long and up to 3 kilometres wide (Figure
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2). There are substantial changes in the nature snd intcnasity of alicration within the dutined trte

(McMillan, 1976; Bradford, 1985; Price. 1986). Because of the high degree of alieration and few nutcrops,

the nature of the protolith within the alteration zone in the Empress area is not well establishefl. Large

masses of Late Cretaceous granodiorite of the Coast Plutonic Complex outcrop south of the alerafion zone.

Smalier intrusions of Earty Cretaceous w Early Tertiary age consist of homblende-feldspar po which
-

{ocally grades into diorite and quartz diorite.
P
’\"‘\’{ }"-\\

y all information was acquired

DEPOSIT GEOLOGY

The Empress deposit occurs in an srea with very hittle outcrop and n
from drill core. There are three copper-gold-molybdenum bearing zones totaling 10 064 OOW tonnes
grading 0.61% Cu and 0.789 grams per tonne Au using cut-off grade of 0.4 % Cu (Osborne asd Allen,
1995). Near surface, the contact between rocks of the Powell Creek Formation and the Late Cretacegus
granodiorite ts nearly subvertical. Drilling indicates that it is sub-harizontal at depth, towards the Taseko
River. Westpine Metals Ltd. geologists divide the host rocks into four alteration assemblages and one
intrusive unit: quartz rock, quartz-magaetite rock, plagioclase-quartz-pyrophyHite-andalusite rock, quartz-
andalusite-pyrophyllite rock and granodiorite-quartz monzonite (Osborne and Allen, 1995). These rock

are the product of hydrothermal alterstion, in a porphyry system, of a volcanic or volcaniclastic
protolith (McMillan, 1976). A brief description of these lithological units follows.

Quartz rock (QR) is typically light grey and weathers brown. Tt consists of quantz grains (90 1o 95%),
minor quantities of magnetite (1 to 5%) and trace amounts of pyrophyllite, clay, chlorite, carbonate,
titanite, pyrite and chalcopyrite. In various areas of the property, Westpine geologists interpret OR as an
altered voicanic rock, explaining relict planar textures as banded rhyolite and welded tuff (Lambert, 1988,
1989, 1951a and b).

Quartz magnetite (QM) rock consists mainly of quart2 and magnetite with chlorite and hematite as
minor constituents. The magnetite content varies from 5 to 70 percent by volume, but typical content
varies from 10 to 20 volume percent. The distinction between the QM and QR upits is based on the
magnetite content.

The plagioclase-quarez-pyrophyllite-andalusite (PQSA) unit consists of several distinct alteration
assemblages that are too limited in extent 10 be treated separately at the current scale. The most
characteristic lithology of this unit is relatively coarse-grained (2 mm to 156 mm) cream-coloured, grey or
white plagioclase lenses. layers or irregular masses. These masses are rarely more than a few metres in
apparent thickness in drill core. At surfacs, large blocks of this material are several metres acrosy. They
are intimately associated with pale green, fine-grained to sphanitic zones consisting mainty of miscovite
and pyrophyliire, fine sericite and andalusite-rich areas that are highly irreguiar in shape. The hyllite-
andslusite zones are bluish grey. Corundum, magnetite and chlorite are the most common ssory
minerals. Corundum typically occurs in quartz-free zones within this rock unit. Detailed examimetion of
corundum-besring rocks indicates thet this mineral is found adjacent to a light grey or pinkish, coarse-
grained feldspethic rock comprised maialy of albite and srongly zoned orthocinse. Corundum comprises
trace amounts 10 tweo percent of the rock over widths of gencrally 0.6 to 21 metres, with one intersection of
34 metres, most of it within andalusite-pyrophyllite-sericite rock. Usually, corundum occurs within
andatusite but a few corundum grains are encased directly in feldspar. The corundum observed in drill
core iz dark to light blue in colour and the grains are commonly less than two millimetres in size. |
However, blue-black, suhedral crystmis up to 3 centimetres in length with hexagonal prism er steep
hexagonal dipyramidal forms, approaching barrel-shaped crystals, occur in surface float overlying the 76
zone. A heavy mineral concentrate of overburden from the 76 zone contains dark-blue corundum and
coloriess corundum crysials that have commonly light blue patches or biue, hexagonal cores. Petrographic
examination of corundum from the host rock indicates thal most of the fine-grained crysials are
microfractured or contain inclusions of pyrophyllite or diaspore. Some of the coarser crystais have
relativety fracture free Zones several millimetres across that may be gem quality. Individual corundum
crystaiz are separuted from the host by pale grey halos, 2 to 5 millimetres wide, that consist mainly of
coarse muscovite. Some corundum greins within copper-gold minerslized zones are rimmed by swiphides
{Simandl et 21, 1997), others are chemically 2oned.

Quartz-andalusite-pyrophyliite (QAS) rock is equigranular with grains less than 1 millimetre ta size to
aphanitic. Minor mineral constituents include magnetite, clay, chiorite and gypsum. Weathered surfaces
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are typically yellow-stained from the weathering of pyrite and fresh surfacet are sugnry and grey. This unit
does not contain the coarse plagiociase observed in PQSA.

Granodiorite-quartz monzonite weathers buff and is white to bluish on fresh surface. It is medium to
coarse grained and equigranular. It consists of feldspar, quartz, homblende and biotite with minor titanite.
This intrusive rock is the footwall to the deposit and forms the southem limit to the deposit.

Heavy sediment sampling and laboratory prucedure

Sediments from the several active streams druining the deposit arca (Figure 2) were sampled. Sarmple sites
were chosen in areas that favoured the deposition of heavy spdiments. Naturally concentrated grave! and
fines were screened to less than 6 millimetres. The siandard volume of sediment sampled equalled 7.0
litres. The samples were washed, removing light minerals and leaving enriched heavy sediment
concentrate and the size of the samples was reduced to approximately 174 of their original volume. This on
site pre-concentration was necessary to permit transport of samples for a period of 8 hours in backpacks, as
the program was not helicopter-suppérted.

Samples were dried in the oven and screened into-100 mesh, +100 to -20 mesh and +20 mesh fractons.
The finest fraction was analysed for major and trace elements using INA and ICP.

The +100 to -20 mesh fraction was passed through a magnetic separator. Tetrabromethane (TBE) was
subsequently used to scparste minerals with & density grester than 2.96 %/cm’ and methylene iodine (M)
was used to separaic heavy minerals with density greater than 3.32 g/cm”. The heavy liquid methodology
used is similar to that described by Mulier (I977). The mixture of mineral particles and sppropristr heavy
liquid is stirred inside a beaker to ensure complete wetting. The mincrals with densities greater than heavy
liquid (in our case TBE first and then with MI) sink. The float and sink are recovered and washed with
acetont.

The heavy mineral concentrates (the sink from M1 heavy liquid separation stage) were examined usng
binocular microscope and transparent corundum was identified in 4 samples. Other heavy minerals readily
identified include bright red-rutile, sulphides, epidote and magnetite. Selected grains were removad,
placed on electrically conductive carbon tape, and coared with & 250 angstrom conductive film of carbon.
The grains were then placed in the vacuum chamber of the SEM (scanning electron microscope) and
examitred. Identification of the grains was made by examining the x.rey spectrum collected from each
specimen. Several corundum grains were confirmed in 2 number of samples by this method.

For each heavy clement concentrate, a representative aliquot was selected, mixed ‘with
epoxy and glued 1o a standard petrogmphic glass slide. The epoxy was then cured on a hot plate and the
slide ground on a precision Buehler Petro-Thin to a thickness of about 40 microns. A series of polibhing
stages then foliowed 10 produce a polished thin section. These slides were then costed with conductive
carbon and viewed in the etectron microscope in BSE (back-scattered electron ) mode. 1n this mods, - ‘
minerals with 8 high mean atomic number reflect back more electrons than minerals with a low stogi v '
number. These variations in brightness (grey-level} are most useful in discriminating between mi
species in polished thin sections. Within the eontext of this study, corundum appears dark
viewed in BSE mode. Rutile, Fe-oxides, and sulphides are much brighter (Figure 3).

In one mode of analysis, a digital image is collected by the x-ray anslyser and the elec am -
placed upon the grain or grains of interest using the computer mouse. An x-ray spectium is collected and
the mineral identified from its spectrum. This combination of BSE imaging and x-cay analysis is effective
in mnéping 4 section and in order to obtain quantitative proportions of mineral constituents within a given
sample.
Specimens wers analysed on a JEOL 6400 digital scanning electron microscope interfaced 1o a Link
Sysiems XL x-ray analyser equipped with stage automation and digital beam control. Operating
conditions were 20 kv accelerating potential end a beam curreat of 2 nanometras.

Resuits

The stream sediment samples contained between 271 and 1557 grams of non-magnetic heavy fractien in
category -20 to + 100 mesh after TBE sePamrion., After MI processing this translated to 1.2 to 40 grams
of heavy minerals denser than 3,32 g/em™
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The selocted trace element composition of fine-fraction (-100 mesh) not treated by heavy fiquids is
presented in Table 1. The copper, molybdenum, goid and tungsten values are also displayed on Pigures
4a,b, cand d. These results indicane that the metal concentrations in the Empress deposit area ars high,
and probsbly the deposit would hava been detected using this methodology. However, only a small portion
of the regional helo was covered and therefore it is impossible to compare our results with truly regional
background values. The high goid concentrations are particularly interesting, however silver nn&:s
below the detection limit. Follow-up work will be carried cut to locate gold-bearing grains using

scanning electron microscope. Anomalous concentrations of tungsten ere 2150 of interest. Tungster was
not analysed for during the exploration or the development drilling of the Empress deposit.

In summary, we can say that the sample size that we have chosen is quite appropriaie for
prospecting in environments similar to the Empress area. However, larger samples would be necessary if
the sample density was lesser or the catchment area was larger. Rigorous sististical interpretation will be
miade when a complete suite of trace elemnents and major oxides will be available.

Corundum occurs either as gruy, colouriess or bluish, angular grains, transparent under binocular
microscope or a3 white translucent aggregate grains with a sugary appearance. Corundum was detdcted in
17 owt of 26 sampics (Table 2, Figure 4¢) and represents 1-30% of all heavy mineral purticles denwer than
332 glcm Several samples contain a transparent variety of corundum, either as colorless, blue or
colorless with blue cors grains. The large number of composite graing and their angular shape indisate that
corandurn is locally derived.

Yellowish and light green epidote (0 10 75%), iron oxides other than magnetite (0-100%) pink
rutile (0 to 30%}, ilmenite (0-17.8%), orthopyroxene (0 to 26%), clinopyroxene (0 to 14%), amphibote (0-
7.8%), titanite (0 to 7%), aluminosilicate (0 to 7%) (Kyanite, andalusite shou!d probably have been
climinated during heavy liquid separstion), barite (<1%). zircon (0 1o 1.8%), allanite (<1%) and
unidentificd silicate are other minerais observed. The variations in the proportion of the heavy mingrals
over a small arce demonstrate the importance of large samples and the need for careful microscopic
examination. Minerals that are charaaeristic of the metalliferous Empress deposit are pyrite, magnetite,
chalcopyrite snd pink rutile.

Of particuiar interest is the presence of scheelite detected in samples TA96.4, 10, 11, 2and (3 and
coinciding with above normal tungsten content in the fine fraction detected by chemical analyses.

Conclusions:

Corundum is present in most of the heavy mineral concentrates from the stream sediments
collected. The Empress deposit is covered almost entirely by overburden, that contains, at least locally,
corundurm. .
The study of bulk samples collected from overburden is required to determine if there is eme-g‘tmd
corundum with gem potential Atsuming conclusive positive results of coarse fractions collected in 1997
but not yet processed, a systematic overburden and bedrock sempling program will be required. It b’
probable that “sugary” corundum wiil be widespread throughout the altered area shown on Figure 2
reflecting regional alteration, however the number of samples containing angular transparent corundum
fragments, indicating gem potential, will be limited to immediate proximity of local coarse corundum
SOUrces.

At a by-product of this gemstone survey, the chemical analyses of - 100 mesh feaction of pénaed
mineral concentrate was successful in establishing that 7 litres samples arc adequate, but larger sampies
gre preferable for regional study in the Taseko Lake area. As expected the survey also detected the
signature of the Au-Cu-Mo deposit in terms of meratiic elements and more rigorous interpretation is in
progress. Scheelite grains detected near the deposit, coinciding with the above background W con
samples not upgraded by heavy liquids came as u surprise. The source of the sheelite in the hea
sediments remains to be established. The methodology developed during this study could
exploration for gem-quality corundum in the Taseko Lake area, and with appropriate
elscwhere.

>
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Figure 2: Geological setting of the Empress Cu-Au-Mo deposit with an associated corundups occurrence,
modified from Schiariazza (1973).

+52CrEArAgTa « M9 HORHANT

1 3ANNS Y TN TNER0 Ln [onl w3

e M[™ATATYT




B el =l == SR s == = = e R wen Y o S s ) tois B e [ woue JY wuo ) meb R wue

HCH LBL) » SloudbodnogDs

S DM

ol W], A8

LEULUGE [ UHL

EAH -]

11r 29y




fOLL. el

widied 7T olod-nisi-eTioTe

Lt i

LtULDuiLme oulsve

S

ile b B

al

‘\..
A =
g
®
g , .
L_2) 9 .
: X
c ® Q
o A -
T a E
N s :
- ,
W K o E
"

UTM Zone 10, NAD27 J UF O Sample site
L/ N\ 4 Diamond drill hole
Copper (ppm) with corundum
O <50 (™ 50-100 D 101150 @ >is0 m’u‘”r:‘e?c;““d“m

Figure 4a: Geographic distribution of sam

f ¢ ples, and summary of Cu concentrations
fraction (-100 mesh size) produced by penning only, Empress deposit area,

in the heavy mineral

B



D WU WD

Crlas: Ui

P D

DT+

Ciiboig-dodg—

\cd

UM T DRHMCH (DL

G UE i LRl

e

1l =ds 20

/

)/Ho .utas_ >z

2 - €2 €2 2 €2 0 €0 o o e e

£

'55‘&09

ETM Zone 10, NAD27
J [/ BN

\"-—--.\\ wg"vy/ 1000 D 1000 2000
g Gﬂ‘—/\/—\ '

O<6 ® e-10

Molybdenum (ppm)

P 1115

Figure 4b: Geographic distribution of sam
mesh) gpatysed was produced by

with corundum

QL0

’ O] Sample site
_¢_ Diamond drill hole

_;:i_ Known corundu

ples, and summary of Mo in the heavy mineral fraction (-100

Pauning oaly, Empress deposit

&rea.



[} FCiol wi

.,

[Pl olwit T iw

GhULwaiLHL Surve . sl Lol 7

e 2T

NS T

7(:3!::@[:’3

<

7E13 7E:  WSDRR TUGDRE WODREY T T T W - Su—f_i,'—“?"—[‘_f—f_“-_tj

o, Qedr

/_)/Hond/utas : 4:>z

_GW

'UTM Zone 10, NAD27 Sample site
Z- £ / Y Diamond drill hole
Gold (ppb) with corundum
O<t0  (®100500 Psor-1000 @ 1000 ahawn corundum
Figure 4c: Distribution of samples showing gold concentrations. Ay in heavy mineral concentrates (pre-

concentration by panning only, -100 mesh grin size), Empress depasit area,




(2D o= il

Slboudbo+4o0o-+ 14g.

oM ey =

BEULUGE L UHL aURVE

T

11 =l o7

s

)

O <10

SE860000N
UTM Zone 10, NAD27 ; J (© sample site
Z [/ N J - Diamond dril hole
Tungsten (ppm) with corundum

Known corundum
occurrence

M 10-50 D 51-100 @10

Figure 4d: Distribution of samples analysed for W. Heavy mineral concentrate (-100 mesh fraction) was

_produced by panning only) , Empress deposit area,

Yit: sy n

4 of



MU, 103 ridid-din

BRAMUH (BC) -+ gloddbodoood

GECLOGICAL SURLE

=T

11-28.97

el Sl =l ==l S S T S e J s S S G S S S S S e M -

Al

UTM Zone 10, NAD27
—Z [/ N\

Corundum Conteni ‘ with coI 'mlu' ul m'h ol
Oox @or1% P rasx P s1-10% @ >10% Known corundum
= occumence J




FULOs U

{4l 1 O0

- T - 7 -5
. . — T — — Tt —
L. - o \

Table ):Trace elem_em compogsition of hesvy mineral concentrates (partially coacentrated by panning only,
8o heavy hquidausod)
Element Au_ | 44fAs  IBa jCo & JCs e 88 _JCu Pv TN Twn TFe Cd_ |8 (v
Unils ppm ppm _lppm PEM 1% ippm jppm Jppm
Mathod NA_JINA_TINA_JINA|INA_JINA TINA TineA INA__ITICP ITICP [TICP [TicP [TiCP ITich TiICP [TiCP
Detection Lmil 3/ sl 03] %0 ] % 1 W oil 2F s 3 s 6ol os 5| 2
Fisld No.
1 TA%6-1 <5 24| s60] O] 80| 4 vif 34 $2) 28] 758) 761j<4 <3 243
3 TAD6-2 - ‘ . , A I
2 TA%6-3 o <l - 204
» TAS64 I T 5] T e o 486 oV 327 71i3] 121 23[<5 T 443
3 TAS6-5 170]<8 48] 200] 27/ 6e80[<i  |<i 3.8 671 e8] 34| i3 isaj<q I<z a2
'3 TAS6-8 <@ [<8§ J0{ 480f 5] 260 3l<i 29 78] 40| 27| e4i] 92d< 4 IS 3%
D TA96-10 2 [« ! 2800 17 218 3o 3) 68/ 38 20| #23] 5321 oales 183
r TA96-11 14]<5 35| s80] 20 a7ol<i 41 34] 83| a5 28] 10a1] 3271 5% <5 476
- TAS6-13 1360[<5 " |<5 [<80 23] 490 3[< 353|771 8a] 33 1] ve3| oal<s 5411
3 TA%6 14 1860]<S 9.2] 4%0] 14| 23q}<i. 8 22| 88[<5 | 23| a27] Bailc 4 L5 335
7 YA86-15 18[<s 13] 4d0] 14 Sl D I ) N T ) 642i< 4 [<5 .7
5 TA%-16 | a850|<s 23] 800/ 14 CY S T 122] 18] 23] 484 75 <4 |<§ 288
4 TAS6-17 —~ '1030]<5 16] 480 9 120 < 82 20! 171 307] sslc e <% 249
X [TA96-18 146]<s 19] 240 14] 300 A3 6| 18] 230 701 847« 4 [<3 39
o TA%6.19 56]<5 32| s90| 18] 150 & A8y 77] 16| 20| 18] 662)< 4 I<E 197
g TA%6-75 460[<5 11] 730 vol &2 3« 351 2] 8] ss1] sos 7)< 177
T TAS6-76 2 |<5 18} 4501 13] a0 2 ol 3% 35 58y 0] e14] 7071 13i<s 21
I3 TAS6-77 71]<5 170 &70] 33] 360] 3] 8] 29 65 <5 48] $84] 16.8l< 4 (<% 662
3 TA96-78 283|<5 21 450 86[ 610[ 3] 23| 3| &g 25] 71] 750 248]< 4 I<s 982
e TA95-79 11f<5 224 870 7] 270] S| 7] 28 33 Vi) 24] 517} 923[<q <3 348
3 TAS6-80 531{<5 21 100f 40| 620] 4] 12| 34| & 131 59] | 2230 o9l<s T 04l
3 = T - B i
(] —_————— e R } e S L -
3 TAS6-82 — . .
iy 1 a1 : —_ 1 1
'8 TAS6 83 1 307]<5 22|<87 | 51 wsa] i3 15083 7 TS vel 424]< 4 <3 120
TA9-84 e~ \ N ' bt | A ’ L .r : 1' 4 )| '
5 TAS6.85 285[<s 82| 8%0] 13/ 330] gl Limaool 20l 31 e et (~3 328
) T -
hed (Medran 158] 22| 480 175[ 245] 3] &4l a4l es 24| 27.5] 616 931 02 337
A Mean 509 6| 515 23.5] 3tof 29 75.9| 26.7] 312] 658] 12.4] a7 407
. Std.dev 1012 V71 2338] 128] e8| &7l Vark 2| 366 21.9] 18.6] 280] 8.08] 0.53 231
N ——
9
N
S
4



N

gt U

SO el | | BEE = SRR Sl = SR
PERTE sin Seel SR I wils N ST WNSHN R W WD SN BES

)
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