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3.1 District Geology

3.1.1 Introduction

The Anvil Range Pb-Zn-Ag District is located in'the central
Yukon Territory near +the town of Faro (figure 2.1). The
district contains one of the world’s largest reserves of lead

and zinc in several deposits (figure 3.1) including the recently
re-opened Faro mine.

3.1.2 Regional Geology

The Anvil District is part of the Selwyn Basin (figure 3.2), a
large area of central Yukon where deep water shales accumulated
along the ancient North American continental margin during the
Paleozoic. The shales of the Selwyn Basin host most of Canada’s
large stratiform 1lead-zinc deposits, making it a metallogenic
province of world wide significance. Unlike the remainder of
the Selwyn Basin, +the rocks and ores of the Anvil District are
metamorphosed +thus the shales are converted to phyllites and

schists. The central part of the Distriet in underlain by a
large granitic body that cores an enlogate dome exposing the
metamorphic sequence (Figure 3.3). The District contains
several stratiform, lead-zinc-silver bearing, pyritic, massive
sulphide deposits hosted by Cambrian metasediments on +the
southwest flank of the dome. The Tintina Fault, one of the

major right lateral Cordilleran strike slip faults, passes just

south of the district (Figures 3.2 and 3.3) but is not directly
related to the ores. :

3.1.3 District Stratigraphy

3.1.3.1 Introduction

The stratigraphic sequence of Anvil Distriet ranges in age from

latest Precambrian to Permian. Two major divisions or
assemblages of strata are present. They are separated by a
poorly exposed interval of black shale of uncertain affinity
which contains late middle Devonian limestone lenses

(Tempelman-Kluit, 1972).

The lower division ranges in age. from late Precambrian to
perhaps FEarly Silurian. It is approximately 5 km thick and
divisible into three major mappable units (fig.3.4). From the

base these are non-calcareous metapelite of Mt. Mye formation,
calcareous metapelite of Vangorda formation and basalt and black
phyllite of Menzie Creek formation. Established formal
stratigraphic nomenclature does not apply directly to this area
but +the rocks-are very similar +to those of Kechika Group
(Gordey, 1981) south of the district in Pelly Mountains. The

lead zinc deposits occur within a restricted portion of the
lower division.
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e PCP =Pelly Cassiar Platform
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Allochthonous Paleozoic Arc Terrane and
related ophiolitic rocks

Intermontane Belt
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Figure 3.4 Diagramatic stratigraphic section of the lower Paleozoic
of Anvil Range showing the ore deposits in relation to stratigraphy.
Note that the bulk of the metavolcanics or metabasites are younger
than the ore deposits but that the deposits are approximately
coincident with the first appearance of substantial mafic igneous
material in the section. Note also the anomalous thickness of
carbonaceous rocks near the ore deposit trend.
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The upper division includes rocks ranging in age from Devonian
to Permian. In contrast to the lower division, the upper
division is characteristically cherty and conspicuously coarsely
clastic. All or part of the upper division may be allochthonous
with respect to +the lower. The upper division is host +to
stratiform barite deposits and to a number of interesting
geologic problems beyond the scope of this summary.

3.1.3.2 The Lower Division

3.1.3.2.1 Mt. Mye formation - e - -

The Mt. Mye formation varies from non-calcareous,
biotite-muscovite schist to non-calcareous, weakly carbonaceous,
light to medium gray muscovite-chlorite phyllites with lesser,
interlayed, black graphitic phyllite, marble, calc-silicate
phyllite or schist, metabasite and psammitic schist. At Faro
the formation is dominated by schistose variants of these rock
types. The formation is at least 2 kilometers - thick, its base
is not exposed in the district.

The upper portion of the formation is very similar +to the buff
weathering mudstone and blue-grey mudstone units described by
Gordey (1978) +to the east near Howards Pass and to unit 8A of
Blusson (1966) near Cantung. Correlation with these units would
imply the +top of the formation is Ilower Cambrian or possibly
middle Cambrian. Parts of +the Mt. Mye also resemble rocks
underlying those bPresumed correlative units locally, implying
the Mt. Mye probably includes rocks as old as Hadrynian.

’3.1.3.2{2‘ Vangorda formation

The Vangorda formation is characterized by light to medium~-gray,
calcareous, phyllitic rocks made up of very thin (0.1-2 cm)
interlayers of a) medium grey, non-calcareous, weakly
carbonceous, muscovite-chlorite pelite and b) 1light grey,
generally calcareous quartz + calcite + dolomite siltstone. 1In
areas of more intense metamorphism, such as near the Faro
deposit, the calcareous phyllite is altered to a harder, banded,
green, purplish brown and creme coloured calec-silicate. Other
rock types interbedded with +the calcareous phyllite include

metabasite and meta-tuffs, graphitic phyllite, and phyllitic
limestone. ,

Most metabasite bodies are medium-grained and equigranular, thus
they may have been sills; however, locally amygdaloidal margins
and a common association with thin bedded, tuffaceous rocks
suggests at least some were flows. Whole rock compositional
data shows that the metabasites are all of basaltic composition.
The bodies range from 1 to 100 meters in thickness and are up to
several kilometers in length.

The Vangorda formation varies between 0.5 and 2 kilometers in
apparent thickness with basic igneous rocks comprising
approximately 15% of the section. The formation becomes more



calcareous up section, paralleling an increase in metabasaltic
units. A major carbonaceous member occurs at the base of the
formation.

The Vangorda formation is lithologically similar to, though more
argillaceous than, Rabbitkettle Formation seen to the east
(Gordey, 1978, Gabrielse et al., 1873). Based on this
correlation the Vangorda formation may range in age from middle
or upper Cambrian through lower Ordovician.

3.1.3.2.3 Menzie Creek formation

The Menzie Creek formation is & unit of basaltic metavolcanic
rocks consisting of pillowed and massive flows with comparable
amounts of massive, coarse, monolithic breccias and lesser,
thin-bedded tuff and/or volcanic sandstone and siltstone.
Carbonaceous phyllite and brown siltstone interbeds northeast of
the Anvil Batholith contain graptolites of middle Ordovician or

lower Silurian age (Tempelman-Kluit, 1972) suggesting
correlation with the widespread Road River Formation black shale
and chert to +the northeast. The Menzie Creek formation varies

from zero to about 1.5 kilometers in thickness in and near the
district. It has been traced for 100 kilometers along strike
and 30 kilometers across strike, showing that it is one of the
largest of several basaltic units of its age in and around the
Selwyn Basin.

3.1.3.3 Relation of Stratigraphy to ore deposits

The ore deposits of Anvil District are stratiform and
stratabound to an approximately 150m thick interval straddling
the contact of the Mount Mye and Vangorda formations. The
deposits consist of one - to five thorizons of  sulphide
mineralization stacked one above the other within this interval.
They appear to be related +to facies changes involving the basal
carbonaceous member of the Vangorda formation.

3.1.4 Deformation, Metamorphism and Plutornism

The structural and metamorphic history of the Anvil Range is
complex and of considerable significance to the form and nature
of the ore deposits. During mid-Mesozoic, the district suffered
two periods of  dintense fold deformation and concurrent
metamorphism during which the gross structure of +the mineral
deposits was determined.

The first deformation (D1) produced & regional metamorphic
foliation (S1) axial- planar to tight to isoclinal mesoscopic
folds (Fi1) in bedding (So). Mesoscopic early folds are rarely
preserved in the district. Northeasterly inclined to upright,
northeasterly verging megascopic folds with shallow
northwesterly or southwesterly plunging axes appear to have
formed at that time.



. subparallel Fi1_ axes._

During the second event (D2), 51 was strongly crenulated and
ubiquitous close to tight mesoscopic folds in 51 were produced
(figure 3.5). Some of the largest megascopic folds known +to
have been formed during D2 are those at the Grum Deposit (Figure
3.8) and comparable folds in the Swim Deposit (Figure 3.12 ).
Parallel to the axial planes of these D2 folds is a crenulation
cleavage (S2) which imparts a well developed 1lithon structure
and pronounced fissility +to most rocks of +the district,
especially the strongly banded phyllites of +the Vangorda
formation. Fz axial planes and S2 dip shallowly, with axes

Three later, less intense periods of folding and associated
faulting followed. The later events (Ds through Ds) generally
produced open folds and weak crenulations in S2 related +to
broad, regional structures. An important exception to this
general rule is found in the vicinity of the Faro deposit where
the fourth event (Da) 1is quite intense. At Faroc +tight
mesoscopic  folds are developed in nearly pervasive 82 with
appreciable mica growth along S4 (see Figure 3.7 for examples of
fourth phase affecting outline of the Faro deposit).

During the later stages of the fold deformation history a large
granitic body (Anvil Batholith) was intruded into the
metamorphic sequence. Anvil Batholith ranges in composition
from granodiorite to quartz monzonite and textures include
equigranular massive, megacrystic massive and various strongly
to weakly foliated variants. Several K/Ar ages on the granitic
rocks vield ages of 85-100 ma (Tempelman-Kluit, 1972).
Intrusion of +the Anvil Batholith further deformed the
metamorphic sequence so that the overall structure of the
district is an elongate dome cored by the Batholith (Figure
3.2). In the later stages of batholith emplacement large
extensional fault displacements occured along its margins.
These faults determine the present day limits of several of the
deposits (Figures 3.9, 3.11 and 3.12).

Metamorphism was concurrent with deformation and was most

intense during the early deformations, especially D2 .
Metamorphic facies developed range from middle amphibolite
facies +to lower greenschist facies in a low pressure Buchan
facies series. Metamorphic isograds are roughly . concentric
about the Anvil Batholith. Faro, close to the Batholith (figure
J3.3) is strongly metamorphosed, while deposits such as Vangorda

are less intensely metamorphosed. This difference in
metamorphism is reflected in decreased grain size, increased
degree of mineral intergrowth, and lesser iron content of
sphalerite in the less metamorphosed deposits. This has a
significant impact on metallurgical performance of  Anvil
district ores.
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"Figure 3.5 Cross section through Vangorda Plateau and Grum deposit
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3.1.5 Ore Deposits

3.1.56.1 General Description

The lead, zinc, silver deposits of Anvil Range are of +the
sediment hosted, stratiform, massive pyritic sulphide type
(Gustafson & Williams, 1981; Large, 1980) or sedex type (Carne
and Cathro, 1982). They occur as a single +thick sulphide lens
with little or no interbanded metasedimentary rocks (e.g. Faro)
or as multilayered deposits with several thinner lenses stacked
approximately- - one- above the other with substantial
metasedimentary or metavolcanic interlayers (e.g. Grum and Dy).
An individual mineralized layer was deposited parallel +to the
bedding of the host sediments. It consisted of an upper, often
centrally positioned, lead-zinc rich, massive sulphide facies

and a lower and preripheral, lower grade, quartzose, disseminated
sulphide facies.

These sulphide sheets, or horizons, have since been deformed
into complex fold structures. The deposits are +thus elongate
parallel to the fold axes and associated lineations in the host
metasediments . The Faro deposit, which appears to be an
exception to this generalization, actually shows great internal
complexity in the geometry of high grade and waste layers.

Present day deposit lengths are generally +two to three times
widths; unfolded deposit dimensions range up to 4000 m across
their ameboid shapes. Individual sulphide horizons commonly are
10 to 40 m in thickness. The upper and lower contacts of
sulphide horizons are invariably sharp while laterally the
sulphides grade into the enclosing host rocks.

All deposits are composed of a small number of different
sulphide rock types. As noted above the suplhide rock types are
broadly divisable into massive. sulphides and dquartzose,
disseminated sulphides. There are pyritic, baritic, pyrrhotitic
and carbonate bearing variants of massive sulphide +types and
carbonaceous and non-carbonaceous variants of the quartzose
sulphide rock types. The typical spatial distribution of these
different +types is shown in figure 3.6 with great vertical
exaggeration.

The simplified arrangement of +the sulphide rock types in the
horizons is important since lead-zinc grade and metallurgical
performance varies by ore type. The baritic massive sulphides
are always high grade, easily grindable and yeild good grade
concentrates with good recoveries. On the other hand the lower
and distal graphitic quartzites are commonly low grade, hard and
produce lower grade concentrates or low recoveries. Other ore
types exhibit intermediate characteristics and performance.

All deposits show a variably developed, white mica-dominant,
alteration overprint in the wallrocks.
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There are presently five known lead zinc bearing mineral
deposits along a prominant curvilinear +trend on the south flank
of Anvil Arch (Figure 3.3). From northwest to southeast they
include Faro, Grum, Vangorda, Dy and Swim. Additionally two
lead-zinc deficient sulphide occurances, the SB and Sea, are
also known. Diagramatic sections through each of the major
deposits are shown in Figures 3.7 through 3.12.

3.1.5.2 Description of Sulphide Rock Types

3.1.5.2.1 Massive Pyritic Sulphides: (Unit 2F / 2F)

The massive sulphides consist of banded +to homogenous, usually
weakly foliated and/or lineated, massive pyrite with lesser
sphalerite and galena. Total sulphide content is at least 60%,
generally greater than 80% and commonly nearly 100%. Gangue
consists of quartz and/or barite and/or carbonates (calcite,
dolomite, ankerite). Accessory minerals include pyrrhotite,
chalcopyrite, magnetite, arsenopyrite and marcasite. At
amphibolite facies metamorphic grade, this rock type commonly
develops a buckshot porphyroblastic texture of pyrite in a
matrix of dark reddish brown to black lead-zinc sulphides. This
texture usually is restricted to rocks with economic lead-zinc
grades (Unit 2F). Hard, barren, massive pyrite, commonly with
disseminated, black, magnetite porphyroblasts, is widespread at
Faro particularly in the northeast part of the deposit.

3.1.5.2.2 Baritic, Massive Pyritic Sulphides:

The baritiec sulphides (Unit 2G) are strongly and thinly banded
massive sulphide/sulphate rock consisting of pyrite, galena,
sphalerite and commonly magnetic in a gangue of off-white barite
and lesser carbonates (calcite, dolomite, ankerite and probably
barytocalcite). The amount of barite may be as high as 50%;
non-sulfidic, massive barite does not ocecur in the Anvil
deposits. There 1is a complete gradation between this and the
above facies with 10% visible barite by volume being the
dividing line. This facies is usually quite high grade (10-15%
combined lead-zinc). Sphalerite is characteristically honey
coloured to reddish brown. Pyrrhotite is not commonly seen in
the baritic facies except in the Faro deposit where overall
pyrrhotite is more abundant.

3.1.5.2.3 Carbonate-bearing, Massive Pyritic Sulphides:

The carbonate bearing sulphides (Unit 2K) are similar to massive
pyritic sulphides but contain greater than 10% carbonate

(calcite, dolomite, ankerite) either as interstitial gangue or
as coarse patches and irregular blebs. This is a minor facies
and is not known with certainty to always be an original
composition <variant. The most common occurance of coarse
pinkish beige +to tan, ankerite ratches may represent
recrystallized original carbonate or re-worked

pre/syn-metamorphic veins. This variant is generally lead-zinc
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Figure 3.6  An idealized Anvil deposit based on cross sections of
osit. Such lateral and vertical zoning can be found in

the district. Massive sulphides are the central and
upper lithofacies with pheripheral and lower quartzose disseminated
lithofacies.
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. Figure 3.7 Cross section 130 through the southeast end of Faro zone
3. The pit outline shown is the present outline (as of June 1982 at
suspension of mining). The faults are part of the Big Indian Fault
set that separated zone 2 from zone 3, they are normal faults and
cut across the section at a small angle. The triangular symbols at
the northeast end of the section indicate the "breccia cap", a large
body of post metamorphic breccia apparently formed by explosive
activity during dyke emplacement.
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Figure 3.8. Cross section 78 W through the Grum deposit. The deposit
forms a complex D,/D, interference pattern which, despite the density
of drilling, is n&t et completely resolved. The faults appear to
have slip lines directed across the plane of the cross section such
that they "telescope" different deposit domains and appear not to
make good sense on an individual section. The F, closure just

beneath the overburden is confirmed on several aensely drilled
sections to the northwest down fold plunge. :
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Figure 3.9 A diagramatic longitudinal showing the plunge of the
Grum folded structure and the relation of the Grum deposit to the
Firth showing. Firth appears to represent slivers of Grum caught
in a large extensional fault, the Tie Fault, that separates
footwall amphibolite facjes metamorphic and granitic intrusive
rocks from hangingwall greenschist facies

4 all sulphide lithofacies
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Figure 3,10 Cross sections OE and 12E through the Vangorda deposit.
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Figure 3.11
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at the same scale as
the sections of the
other deposits. This
is not one of the
best drilled sections
of the deposit but
it illustrates the
relative paucity
of information at Dy
and the difficulty
of obtaining more.
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sw SWIM 118
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Figure 3.12 Cross section 118 through the Swim deposit. The basal quartzose ore J"
massive sulphides in the main horizon are divisible into an upper graphitic phyll ¥
baritic portion and a lower non baritic which is underlain locally metabasite  + .4
by a thin quartzose unit thus the appearance of a reversed cycle te

is not real. The upper quartzose mineralization presumably
represents the onset of a second incomplete (on this section
at least) cycle. Displacement on the fault at the base of the
deposit does not appear to be in the plane of the section, the
resolution of this problem is a matter for furthur exploration.
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poor. The variants with white interstitial gangue can be high
grade and locally they texturally resemble the baritic sulphides

3.1.5.2.4 Pyrrhotitic Massive Sulphides:

This rock +type (Unit 2H) consists of massive, finely
crystalline, usually well foliated pyrrhotite with less than 50%
pyrite porphyroblasts and highly wvariable amounts of sphalerite

and galena. Minor chalcopyrite is characteristic of +this
relatively copper-rich facies. Rounded to angular, rotated,
foliated quartzite or quartz-vein clasts 2 em or less in
diameter are typical. - -This is a minor facies and- is mot known-

with certainty to be primary as some pyrite in the massive
facies may invert to pyrrhotite during vregional metamorphism.
At Faro the pyrrhotitic facies is more volumetrically important
than the other deposits. Pyrrhotite rich ores are generally
much finer grained than non pyrrhotitic ores at Faro.

3.1.5.2.5 Ribbon banded, "graphitic", pyritic quartzite:

This wunit (Unit 2A)is a dark grey to black, well banded,
sulphide-bearing quartzite (metamorphic usage). Bands are: (a)
dark grey, very fine grained carbonaceous phyllitic quartzite to
siliceous phyllite (presumed metachert) and (b) light grey,
quartz-sulphide (pyrite-sphalerite~galena) bands. These bands
are usually 2 mm to 2 cm thick. Total sulphide content of unit
2A  is usually between 10 +to 30% but ranges from 2% to 60%.
Pyrite is usually the dominant species but higher grade examples

have sub-equal pyrite and lead-zinc sulphides. Lead-zinc
dominant variants with little pyrite occur but are not common
unless total sulphide content is low. Strong sulphide species

differentiation between bands, such that barren pyrite bands are
adjacent to or near sphalerite or galena rich bands, occurs but
is not generally the case.

3.1.5.2.6 Pyritic gquartzite:

The pyritic quartzites (Units 2B, C, D)are light to medium grey,

generally roorly banded, moderately +to weakly foliated,
micaceous quartzites with highly variable lead-zinc and pyrite
contents, Pyrite contents are generally 10% +to 40% ranging

between 2 and 60%. Although +there is a complete gradation from
massive to quartzose ores there is usually little problem in
separating this facies from the massive pPyritic sulphides as the
vast majority of examples have less than 40% total sulphides. A
minor variant of +this facies (unit 2B) shows low pyrite (< 5%)

content with lead-zinc sulphides predominant. Barite in major
amounts is uncommon in +the quartose this facies; carbonate
species are not typical but locally are abundant. Chalcopyrite,
pyrrhotite and magnetite-bearing varieties are COmmor: .

Sphalerite in the high grade examples is characteristically a
vibrant reddish brown. At Faro _ the more sulphide rich variants
of this facies are well developed along the northeast edge of
zone 3. They are spectacularly barren but contain = elevated
copper contents and are rich in magnetite. A similar facies is
developed at Vangorda and locally at Grum where the rocks are
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also quite gold rich and more clearly in the deposit footwall.

3.1.56.3 Alteration

Both wallrocks and certain ore facies of the Anvil deposits are
overprinted by a prominent, easily recognized, light beige,
white mica dominant alteration assemblage (Units 2L and 1D4).
This overprint facies is not a depositional unit and may form as
a reaction product between wallrocks and deposit forming
hydrothermal fluids, or as a metamorphic reaction envelope
unrelated to ore forming fluids or as combination of these

-pProcesseaes., In- the multi-layered deprosits, - this alteratiom

overprint appears discontinuous and - often best developed in the
footwall of a given 1lens or deposit as a& whole. At Faro, a
continuous envelope of +this lithology encloses +the entire
deposit with local (especially Zone 1) best development in the
hanging wall. The more intensely developed alteration
assemblages can cause frothing problems in the mill since they
contain talc or sericite that acts like talc

3.1.5.4 Lithologic Terminology

A consistent alphanumeric code for lithology for all Anvil
District deposits was introduced a number of vears ago to
facilitate storage of lithology data in a computerized database.
Since occasional reference to these codes is  made in the
following sections a brief note of explanation is in order. The
system works on the basis of a number followed by a letter and
then a series of numbers and or symbols. The first number
refers to metamorphic grade and hence structural level: 2 means
amphibolite facies (Faro) and 4 means greenschist facies (all

other deposits). The letter refers +to the major lithology as
shown in Table 3.1. The remaining letters and symbols are
modifiers as outlined in Table 3.2. Thus 4A4 is a lead-zinc

rich carbonaceous pyritic quartzite; 28479 would be the same
from Faro with pyrrhotite and chalcopyrite.

In some cases it is preferable +to refer +to a combination of
sulphide rock types, particularly in a mining context. In such
cases the letters are combined with the dominant component
listed first. Thus 2EG would be mixed 2E and 2G; 2BCD refers to
all non carbonaceous quartzites regardless of sulphide
species. Another common combination is 2CE which can refer both
to mixed 2C and 2E and semimassive sulphides between 2C and 2E
in character. At Faro there are now three ore types mined: 2A,
2BG and 2H. In this case 2BG means all the detailed sulphide
typres from B through G.

The mine models generally require an integer lithologic code and
it has generally not been possible to use the same codes for all
models; these codes are explained below for each model.
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TABLE 3.1 THE ALPHA PART OF THE LITHOLOGIC CODE FOR SULPHIDE

O RN GnmaodRgQoy

ROCK TYPES

thinly banded carbonaceous pyritiec quartzite
weakly to non-pyritic quartzite

lead-zinc poor pyritic quartzite

lead-zinc rich pyritic quartzite

pyritic massive sulphide

- buckshot textured pyritic massive sulphide -

pPyritic massive sulphide with >10% barite gangue
pyrrhotitic massive sulphide

non-pyritic or pyrrhotitic massive sulphide or
massive magnetite

pPyritic massive sulphide with >10% carbonate
gangue

foliated vein type quartz with sulphides

TABLE 3.2 LITHOLOGIC MODIFIERS FOR SULPHIDE ROCK TYPES

HBEOHXOONONBE WO

normal

siliceous

coarse porphyroblastic pyrite bearing
fine pyrite rich

lead-zinc rich

carbonaceous

barite bearing

pyrrhotitic

magnetite bearing

chalcopyrite bearing
undifferentiated carbonate bearing
calcite bearing

ankerite bearing

dolomite bearing



T

S

,,,,,

3.1.686 References

Blusson, S.L., 1966, Frances Lake, Yukon Territory and District
of Mackenzie; Geol. Surv. Canada, Map 8-1967.

Carne, EK.C., and Cathro, R.J., 1982, Sedimentary exhalative
(sedex) zinc-lead-ailver deposits, northern Canadian Cordillera:
Can. Inst. Min. Metall. Bull., v.75, p. 66-78.

Gabrielse, H., Blusson, S.L. and Roddick, J.A. 1973, Geology of
Flat River, Glacier Lake and Wrigley Lake map areas; Geol.
Surv. Canada, Memoir 366, 153 p.

Gordey, §S.P., 1978, Stratigraphy and structure of +the Summit
Lake area, Yukon and Northwest Territories; in Current Research,
Part A, Geol. Surv. Canada, Paper 78-1A, p.43-48.

Gordey, S5.P., 1981 Stratigraphy, structure and tectonic
evolution of southern Pelly Mountains in the Indigo Lake area,
Yukon Territory; Geol. osurv. Canada, Bulletin 318, 44p.

Gustafson, L.B., and Williams, N. 1981, Sediment-hosted
stratiform deposits of copper, lead, and zine: Econ. Geol.,
75th Anniversary Volume, p. 139-178.

Kuo, S.L., 1978, Geology and geochemistry of stratabound ore
deposits in south central Yukon Territory and southwestern
District of Mackenzie, Northwest Territories; Ph.D. dissert.,
Univ. of Alberta, Edmonton.

Large, D., 1980, Geological barameters associated with
sediment-hosted submarine exhalative Pb-Zn deposits: Geologisch.
J., Reike D, Heft 40, p.49-129.

Tempelman-Kluit, - D.J., 1972, Geology and origin of the Faro,
Vangorda and Swim concordant zinc-lead deposits, central Yukon
Territory; Geol. Surv. Canada, Bulletin 208, T73p.



T

N A

-

3.1.6 Geology of the Vangorda Plateau

The Grum and Vangorda deposits are located in a part of the
Anvil District referred to as the Vangorda Plateau. The Plateau
is defined as +the area between the headwaters of Rose Creek on
the northwest and Blind Creek on the southeast. it is
essentially the drainage basin of Vangorda Creek.

The Plateau is low rolling country between the rugged topography
of the Mt. Mye massif and Sheep Mountain. The bedrock exposure
is very poor, +there are several areas where glacial overburden
is many tens of metres -thick. -The area is heavily tree- covered -
below 1220 m (4000 feet) elevation with thick brush above that.

The geology of the northwest part of the Plateau is outlined on
three 1:5000 scale maps that cover the portion of the area to be
affected by development of +the Grum and Vangorda deposits.
Three additional maps show the distribution of drill holes in
the s=same area. The maps and the sections noted below are

available in supporting documents filed at Curragh’s Whitehorse
and Toronto offices.

The stratigraphy is as outlined rreviously. Most of the Plateau
is at greenschist facies with the high grade metamorphic rocks
in the core of the Anvil Arch and the granitic rocks of the
Anvil Batholith being separated from the low grade phyllites by
a complex system of extensional faults. The geological boundary
between the Vangorda Flateau and the Faro Block is the Tie
fault, one of these extensional faults with about 1 km of throw.

The structure of the metamorphic sequence underlying  the
Vangorda Plateau is indicated on a set of cross sections also at
a scale of 1:5000.

The stratigraphic position of the ores is indicated on those
sections. The available drilling and mapping indicates the
presence of a large isoclinal, S shaped, second phase fold which
overturns the stratigraphic sequence in the vicinity of +the
trend of ore deposits. Because of +this +the depth +to +the
favourable horizon increases rapidly to the southwest of the
line of deposits and open pit potential in that area 1is nil.
All available deep drillholes (at least +those deep enough)
southwest of the 1line of ore deposits have intersected a thick
sequence of siliceous graphitic phyllite with minor disseminated
pyrite and traces of sphalerite but none of the mineralized
facies typical of the deposits. All indications are that the
deposits are associated with the linear zone of the thickening
of this graphitic phyllite and  that the phyllite itself
southwest of +the line of thickening has limited potential.
Northwest of +the line of deposits stratigraphic levels exposed

~are deeper than the ore horizons thus the potential in that area

is also limited.

Along the 1line of deposits there are several areas requiring
further drill testing. Several holes will be required northeast
of the Vangorda deposit where a blind second phase fold hinge is



o

o

S

T

1 T

T

P

T

A A

D

predicted which could repeat the ore horizon and offer potential
for additional reserves. Between Vangorda and Grum is an
uplifted fault block that exposes the hinge of the large
overturned fold. There are several drill holes in this area but
few of them have fully tested the favourable stratigraphy. This
area being an upthrown block, is underlain by the more
southwesterly portions of the favourable horizon as traced
through the S shaped second rhase folds. At both Grum and
Vangorda the thickness and grade of mineralization in the deeper
more southwesterly part of +the favourable horizon decreases
substantially from that in the main deposit area while the
thickness of graphitic prhyllite increases. The limited sulphide
intersections in the upthrown block between Grum and Vangorda
are consistent with this observation in both the adjoining
downthrown blocks since thick graphitic phyllite is found at the
favourable stratigraphic horizon. Nonetheless at Dy, southeast
of this area, it appears that a second mineralized center is
developed southwest of the main deposit line with thick sections
of good grade mineralization. This observation along with the
fact that Anvil type deposits are characterized by rapid, highly
unpredictable facies changes shows that there is a possibility
of a completely isolated separate mineralized centre within this
fault block. It is highly unlikely that such a mineralized
center could be found in an open rit environment however. Only
a few holes would be required to evaluate the area between Grum
and Vangorda prior to construction of waste dumps. It 1is
essential that +this be done because this area is some of the
most attractive exploration ground in the Anvil Range.
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3.2 Faro Geology and Reserves

3.2.1 History

The Faro deposit was discovered in 1964 while drill testing
airborne electro-magnetic anomalies supported by other
indications. Mining at Faro began in late 1969 and continued

until 1982 when high costs and falling prices forced temporary
closure of the mine.

In November 1985, Curragh Resources bought the Faro mine and
other deposits in the Anvil Range from Cyprus Anvil Mining
Corporation. Waste removal from the Faro pit resumed in early
1986. The Faro concentrator resumed production in June 1986.

During 1986 1,842,000 +tonnes or high and low grade ore was
mined.

3.2.2 General Geoclogy

3.2.2.1 Stratigravhy and lithology

The Faro deposit occurs approximately 100m beneath the Mt.
Mye/Vangorda formation boundary. Stratigraphically this may

equate to the position of the lowest horizons in the Vangorda
Plateau deposits.

The immediate host rock of the orebody is
biotite-muscovite-andalusite schist (unit 1D) that grades
downwards into a coarse, gneissic botite-muscovite schist (unit

1C). A discontinuous graphitic phyllite unit about 6 m thick is
interlayered with the schists about 25 m above the ore deposit.
There are also several +thin interbands of strongly foliated
chlorite actinolite schist, or bleached and carbonated
equivalents of this mafic schist, above the orebody.

The Vangorda formation at Faro is represented by hard, dense,
banded calc-silicates (unit 3D) rather than the calcareous
phyllite that characterizes the Vangorda Plateau. This fact is
of considerable importance in blasthole drilling at Faro because
of +the rocks hardness. Amphibolite wup to 10 m +thick is
interbanbed with the calc-silicates and there are several thin
graphitic phyllite layers. The basal unit of the Vangorda
formation in +the Faro deposit area (unit 3A) consists of
graphitic phyllite, amphibolite and calc-silicates mixed in
subequal amounts.

Post metamorphic igneous intrusive rocks are more widely
developed at Faro than elsewhere in the district. There are two
clans of importance: a) & equigranular to subporphyritic
hornblende diorite to quartz diorite clan (unit 10E) and b) a
quartz-feldspar porphyry clan (unit 10F). The former occurs as
a large dyke truncating the deposit at its northwest end, a
smaller dyke along the fault between zones 1 and 3, an inferred
sill beneath +the breccia cap (see below) and several smaller
dykes. The latter forms highly irregular and unpredictable
intrusive bodies in the north part of zone 3.
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Associated with these dykes, or irregular intru

. : : ¢ sive bodies, and
the intersection of two important faults is a large mass of
heavily silicified post metamorphic breccia at the northeast

edge of the deposit in Zone 3. This "breccia cap" exaggerates
the problems of blast hole drilling because of its

extreme
hardness.
3.2.2.2 Structure
Faro is deeper in the structural sequence than other parts of
the Anvil District. - Consequently the structural picture is

rather different. The second deformation (D2) effect is very

strong at Faro. Virtually all sign of the first deformation has
been completely overprinted by Dz2.

The D2z axial planar schistosity (Sz2) is strongly developed and
is the plane of greatest fissility in all metamorphic rocks of
the Faro area. Sz dips 10° to 200 +towards the southwest or
west. Second phase folds are generally isoclinal with shallowly
northwest or southeast plunging axes. D2 is so strongly
developed that the structural sequence can be essentially viewed
as a stratigraphic sequence with ‘bedding parallel to 82. The
ore deposit is a tabular body parallel to compositional layering
and Sz2; internal layering in the ores is also rarallel to Sz2.

Three generations of later folds deform 52, compositional
layering and the ore deposit into close to tight northeasterly
verging folds with axial planes dipping 45¢ to 600 towords the
southwest and generally west or northwest plunging axes. The
late folds commonly have amplitudes of approximately one m and
folds of several +tens of m are inferred in the base of the
deposit (Figure 3.7). The size of these folds and the extent to
which +the deposit margin and internal banding geometry
defined by late folds as opposed to faults is

uncartainties in ore reserve estimation at Faro,

is
one of the major

FPaults postdating the fold deformation (and concurrent
metamorphism) are widely developed at Faro. Two sets are
particularly important: 1) a N20°W striking and steeply west
dipping set and 2) a East or NB60°E striking and genera;ly
steeply to moderately south dipping set. These two sets dgf}ne
a graben structure. Zone '3, which contains the remaining
reserves, 1is the central downtwrown block and Zones 1 and 2, now
largely mined out, are the upthrown blocks. Many other fault
sets are more locally developed, particularly in the area of the
JB phase. Seemingly random faults with small but cumulatively
significant displacement pose one of the most serious
limitations on accurate local bench reserve estimation from
exploration drillhole information.

52, along with joints and small gouge zones parallel to 8z, is
the primary element for consideration in slope stability. The
shallow to moderate southwest dip means that the northeast wall
of the pit 1is relatively unstable. Failures to date appear to
be surficial and involve platy rock fragments bounded by S2
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sliding slowly towords the pit. The possibility of larger scale
failures involving slip on S2 backed by some of the larger
faults dipping +towords the pit cannot be dismissed. The
relatively more massive and stronger rock mass of the northeast

edge of +the sulphide deposit is expected to butress the
northeast pit wall as the prit deepens.

3.2.2.3 Deposit Geology

Before mining, the Faro deposit was 2000 m along strike, 800 m
across strike and from a few meters to 90 m thick. The deposit

is & flat-lying, elongate, - asymmetric lens with a thick
northeast side and a thin tapering southwest side.

There is essentially one +thick horizon at Faro although this
horizon contains numerous cycles and several thin phyllite waste

bands are included. Locally a thin upper horizon is
differentiated from the main mass of the deposit, generally this
is too +thin to be mineable. Low grade sulphide interbanding

with high grade ore is widespread especially in the northeast
part of +the deposit. The low grade or waste sulphides pose a
major dilution problem, unlike phyllitic waste they can not be
visually differentiated thus are much more difficult to control.
Only blasthole assays can define sulphide waste. The thickness
of high grade and sulphide waste or low grade interbanding iz
commonly less than the 6 m (20 ft.) bench height rarticularly in
the northeast part of the deposit. This places basic limits on

dilution control using the current methods of ore sampling and
deliniation.

Ore type zoning is particularly strong at Faro. It follows the
scheme outlined above with a massive variably baritic upper
portion and a quartzose variably carbonaceous lower part
(figures 3.6 and 3.7). 1In addition there is a prominent very
low grade semi-massive zone along the northeast edge of zone 3
and unusually abundant (compared to other Anvil district
deposits), but erratically distributed, pyrrhotitic
mineralization in the southwest pPart of the deposit. Grade
zoning follows ore type zoning so that the base and northeast
edge of the deposit contains the lower grade mineralization
whereas the upper and southwest portion contains the higher
grade mineralization. Zoning was also obvious in plan view at
Faro. Zone 1 was rich in baritic ores thus high grade, zone 2
at the other end of the deposit was rich in carbonaceous
quartzose ore types  thus low grade and metallurgically
undesireable. Zone 3 has intermediate characteristics.

The greatest continuity in the deposit is along the deposit
elongation. Across this +trend the horizontal continuity is
relatively poor with gradual changes in rock type and grade in
the northeast half of the deposit and less abrupt grade
variation in the southwest half. The vertical continuity is
poor since there are rapid changes in rock type and grade across
the sub-horizontal layering. The ore deposit thus has & feather
edge assay boundary along its northeast edge. A better defined
lower assay boundary and a relatively sharply defined upper
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boundary. The southwest 1limit of +the ore is defined by the
gradual thinning of the deposit and the gentle southwest dip.

It is easy to make generalizations such as those above in order
to convey an impression of +the deposit however the Faro deposit
shows very complex internal wvariation. Between drillhole
variability is so great that commonly the rock type and assay
distribution in adjacent drillholes seem to bear no relation to
one another. This great variability places some basic limits on
the reliability of local reserve estimates.

3.2.3 Drilling Density

The Faro deposit was drilled off on 43 m (141 feet) spaced
sections with holes spaced nominally at 43 m along the sections.
Most holes were vertical. In some parts of the deposit fill in
drilling to 43 m has not been completed. In 1986 additional
fill in (to about 25 m) was added to the northeast side of the
AY phase because of difficulties in making accurate projections
with available data. The results of this new drilling are not
vet in a form suitable for mine planning.

J3.2.4 Reserve Calculation

3.2.4.1 Method and Procedure - "FI“ Model

The reserves used for Faro mine planning are derived from the
"FI" mine model, generated from October to December 1985 by
Cyprus Anvil Mining Corporation. The FI model is one of several
computer block models of the Faro deposit; reference +to some
others will be made herein. The F3 and T3 date from 1981 and
prior to completion of +the FI model were the most recent
complete models available. The F4 is more recent but was never

completed and thus is not useable for mine prlanning. The FI
model is an interim model that combined parts of +the F3 and F4
and incorporated extensive drilling results postdating

completion of the F3 and T3 models. The 1985 Kilborn analysis
of the Faro mine project used the T3 model results.

3.2.4.1.1 Block geology and drillhole information

The FI Model is a computer based block model with block size
15.25m X 15.25m X 6.1m high (50 ft. X 50 ft. X 20 ft. high).
The blocks are oriented North-South and East-West, at 45°¢ to the
elongation of the ore deposit and the geological sections. The
Mintec Medsystem release 10 software rackage was used to
generate the model and derived reserves. The model has since
been imported +to Curraghs software package, PC Mine, but all
model building calculations have were done by Mintec’s software.

Reserves for Curragh’s newly defined mining phases are
calculated by PC Mine.

The geological interpretive base was derived from two sources.
In the southeast part of Zone 3 (Sections 124 +to 133) the
geological interpretation is the most up to date possible (1983)
and is the same as that used for the F4 model. In the remainder
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of Zone 3 (Sections 117 to 123) +this new geological
interpretation was not yet available thus the interpretation
used was that developed in 1981 for the F3 and T3 models. This
did not take advantage of 1984 drilling. The interpretations
differ in the relative importance of folds and faults which
results in significant differences in bench to bench geology,
but for an overall section thru the deposit the cross-section
area, hence the volume, is not very different. There are some
artificial discontinuities evident in the resulting model where

the two interpretations join (this is largely in the CY phase
ore).

Block geoleogical code éssignment was based on 6 m (20 foot)
spaced bench plans of the geology. A block whose area is
underlain by more than 50% sulphide rock type was coded as an

ore type otherwise it was coded as waste. The actual block
geological code was defined by the unit occupying the maximum
plan view area within the block. One rock code was assigned to

each block and +that code was assumed to apply uniformly to the
entire block. The rock codes used are listed on table 3.3.
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TAELE 3.3 LITHOLOGIC CODES USED FOR THE FI MODEL

Rock Density

Code Description ) Used %
B o air w‘ 0
B 1 undifferentiated sulphides 0.085
ld 2 2A ribbon banded graphitic quartzite 0.083
- 3 2BCD pyritic quartzite 0.090
: 4 2CE semi-massive sulphides FO.OQQ
[‘ 5 2EF pyritic massive sulphides 0.107
’; 6 2GE baritic massive sulphides 0.112
{. 7 2H pyrrhotitic massi&e sulphides 0.104
F' 10 WASTE all types except calc-sil or sulph. 0.076
L. 11 WASTE calc-silicates 3D 0.076
r* 12 WASTE in blocks partially above topography 0.076
Lo

* Density is in tonnes per cubic foot
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The drill hole database used includes all holes in the deposit
to the time of model construction; +thus all holes prior +to
Curragh’s acquisition of Faro but none of Curragh’s 1986 holes
are included.. In the northwest half of the deposit the geology
has not been adjusted to reflect holes put down since 1981 but
the assays were used for interpolation.

All drillholes were relogged to a common standard between 1982
and 1984 and extensive checking of the assay and survey data for

.consistency was carried out by - Cyprus Anvil’s staff. - Not all

holes have been surveyed for downhole deviation. In these cases
an average deviation based on nearby surveyed holes was used.
As discussed below there are now known to be errors in the
collar locations of some holes on the order of 50 feet
laterally. This is apparently due to a small angular error in
restablishing survey control at some time and cannot be
corrected now. The error is largest in the more southeasterly
holes thus is significant in the JB phase and especially zone 2
but is thought to be less important in the AY phase. Apparently
not all holes in the JB are affected. Holes postdating the mid

70’s are thought to be consistent with the current survey
control.

3.3.4.1.2 Composite Calculation

Drill hole assays were composited on a 6 m (20 ft.) bench basis.
Assays, were weighted by length within the bench and specific
gravity of the constituent samples. High assay valves were
rolled back to the 95th percentile level before compositing.
Internal waste (3 m or 10 feet thick or less) was included in
the composites at zero grade. Composites were again clipped to
the 95th percentile before interpolation. External waste and
waste bands greater than 1/2 bench height (3 m or 10 feet) were
not included in the composite intervals resulting in a composite
shorter than 6 m (20 feet) long. This was done on the premise
that waste or ore thicker than half a bench height could be
separated during mining. This assumption is of questionable
validity and +the method of composite calculation will 1lead to
Erades that require a higher dilution in order to quote mill
feed than a calculation that averages an entire bench regardless
of material type. Part of the rationale in +this method of
compositing is that a given composite will be used on more than
one bench thus a composite from the margin of +the deposit will
be used to estimate the grade of the interior of the deposit and
in that case it would not be appropriate to have averaged in a
large amount of unmineralized material. All previous Anvil
District models have followed exactly +the same compositing

scheme . Thus this is not an explanation of differences between
model reserves.

A major improvement over previous models (particularly the T3)
was made in geological coding of the composites. FEach composite
was checked manually to ensure that it was coded consistantly
with the sectional geology rather than machine coded by detailed
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logged geology. Since large interpreted units often encompass
several smaller intervals of different geology, +this procedure
insured that the composite would be used to interpolate only
relavant units. The implications of this coding are discussed
in the next section.

3.2.4.1.3 Interpolation

Interpolation search volume was 69 m (225 ft.) along strike, 46
m (150 ft.) along dip and 8 m (25 ft.) vertically. Composites
were selected for interpolation on the basis of block geology
being equivalent to composite geology coding. No composite less
than 2.4 m (8 feet) long was used in the interpolation to avoid
biasing large blocks with small data points. One composite per
drillhole was allowed for interpolation to minimize vertical
averaging across banding in the stratiform deposit.

Interpolation was carried out in five passes starting with
strict matching requirements and a small search volume then
gradually loosening the restrictions to interpolate values into
blocks missed on previous passes without affecting the values
already assigned. The search volume was enlarged to as much as
76 m (250 ft.) X 53 m (175 ft.) X 32 m (105 ft.) high.

Where more than one composite was available to estimate a given
block they were weighted isotropically by the inverse square of
distance to the point being estimated as well as by the length

of the composite. The length weighting of composites was done
to avoid biasing large volumes of ore with assays representative
of only a small amount of material. In retrospect +this

bproceedure appears to have deweighted the assays from the
margins of the deposit relative to those in the core of the
deposit. Because of the grade zoning 1in the deposit this
probably has led to an overestimation of grade in marginal
situations but has 1little or no effect in the core of the
deposit. This proceedure is different from all previous Faro
deposit models except the little known F4 and probably is the
reason that the FI model differs from other calculations in

marginal benches and has tended to overestimate grade in the JB
phase (see below).

The implications of the geological matching requirement during
interpolation have not been tested due to lack of time however
some statements can be made in light of the rock type - grade
correlations and grade zoning described above. Since massive
ores tend to be higher grade than disseminated ores and massive
ores are more central and higher in the deposit than
disseminated ores, there will be a tendency to average grade
both by rock type and in space if there is no matching required.
The use of matching will tend +to make massive ores higher grade
and disseminated ores lower grade than would be the case without
matching. Because of the geometry of the deposit and its zoning
the higher grade ore will be more central and higher in
elevation in the case of matching than it would be without
matching. When a cutoff is applied to the block values computed
through geological code matching the tonnage above cutoff will
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be lower and the average grade higher than a reserve computed
without a matching requirement furthermore the limits of ore
will be higher in elevation and closer to the centre of the
deposit. Because of these rock type and zoning characteristics
of the Faro deposit it is considered essential to use matching
to produce an accurate picture of grade distribution. It is
however inescapable that a reserve computed through geology
matching will require = higher dilution factor than one computed
without matching. It is however considered more realistic for
dilution calculations to be made after the model is constructed
rather +than during interpolation when it will occur in

~uncontrollable and unpredictable fashion.

Specific gravity was treated as an assay and interpolated into
blocks. This is due to the variability of SG by rock type and
by grade as well as regional variations of SG within one rock
type. Sulphide blocks outside of interpolation range were
assigned an average specific gravity based on rock type. The SG
values used for interpolation were the pulp 8SG not +the whole
rock SG thus the value did not reflect porosity in the insitu
intact material. A number of comparative SG tests have been
done on Anvil District ores to determine +the degree of
overstatement of SG. In light of the results of +these tests
block SG values were reduced by 5% for quartzose ore types or
10% for massive ore types to correct for porosity in the insitu
whole rock. Previous Faro models have not had this correction
made if pulp SG was used (such as the F3 and T3 - these models
actually used an average SG derived from the pulp SG data not an
interpolated S@). Cyprus Anvil’s practice in quoting model
results as mill feed predictions was generally to reduce the
grade by 5% but not to adjust the tonnage; since the tonnage was
already overstated by use of the pulp SG value +this was hearly
the same as adding 5% dilution. Curragh’s approach is to
attempt to estimate the insitu tonnage and apply an appropriate
dilution factor later rather than attempt to make two sets of
corrections &t once.

3.2.4.1.4 Reserve Reporting

Reserves were computed for 6 ore types: 2A, 2BCD, 2CE, 2GE, and
2HE. Geological reserve computation was by a weighted average
of all blocks in +the model below topography +that exceed a
ceretain arbitrary lead and =zine content. Pit reserves are
reported by computing the weighted average of all blocks above
cutoff lying between two surfaces gridded on the same block grid
as the block model. The +two surfaces are an upper surface
representing topography or the previous rhase bottom and a lower
surface representing - the current rhase bottom. Blocks partly
above or below the surface are multiplied by the fraction of the
block that is between the surface elevations for that block when
computing the weighted average.

3.2.4.2 Methods and Procedure - F8608 Model

In August and September 1986 a new computer model of the AY and
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BY phases, the F8608 model, was constructed. This was largely
in reaction to the poor performance of the FI model in the JB
phase and concerns over the base geologic interpretation in the
AY and BY phase areas as well as some of the computational
methodology used for the FI model. This model only covered the
northwest portion of Zone 3 thus has not been used for long
range planning, it is only included here for comparison puUrposes
in order to help quantify the uncertainty of estimation of the
FI model on which the planning is based.

3.2.4.2.1 Block Geology and Drillhole Datsa

The F8608 model is a 3D block model made using PC Mine software.
Block size was 10.7 m (35 feet) along +the deposit, 7.6 m (25
feet) across the deposit and 6 m (20 feet) high. The coordinate
grid was rotated 45° so that rows of blocks are parallel to the

geological cross sections of the deposit rather than the mine
survey grid.

The geological control used in the model is based on new Cross
and longitudinal sections for the northwest part of zone 3
completed by R.S. Tolbert in early 1986. The 43 m (141 foot)
spaced sections were simplified and intermediate cross sections
created at 21.5 m (70.5 foot) intervals (or 10.7 m (35 foot)
where required). These sections provided geological control for
block geology rather than geological bench plans as have been
used for all previous Faro deposit models. This was done not
only because it is a quicker ©process to make cross sections but
also because a flat lying stratiform deposit is more logically
viewed in section rerpendicular to its direction of
predictability. The = sectional model approach also allows the
use of different bench heights without changing the geological
bench plans so that bench height optimization could be studied.
A drawback +to this approach is that if section to section
geology has not been closely coordinated and  a control section
is not provided for each row of blocks then the bench prlans of
grade distribution and ore type have a patchy appearance with
obviously angular contacts parallel +to the sections. This is
the case with the F8608 model but this problem is largely due to
having rushed +the model to completion without taking time to
refine the base geologic interpretation. The effect on reserves
is not +thought to be great but the lack of "smoothly flowing"
bench plans could cause problems in the mine prlanning stage.

As in all other models a block is considered homogenous and of
one material type. Block coding was based on digitized
geological sections with the geology at the centre of the block
assigned to the entire block. Assignments were made entirely by
machine and checked manually. In most cases 2 rows of blocks
were assigned according to the geology of one section since the
sections were 21.5 m (70 feet) apart in most cases.

Rock types used were the same as those used for the FI model
with +the exception of the waste lithologies where several
additional units were used (Table 3.4).
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3.4

Roek
Code

0

1

[de]

10
11
12
13
14

20

LITHOLOGIC CODES USED FOR THE F8608 MODEL

Density
Description Used x
air 0
undifferentiated sulphides 0.085
Z2A ribbon banded graphitic quartzite 0.083
2BCD pyritic quartzite 0.090
2CE semi-massive sulphides 0.099
2EF pyritic massive sulphides 0.107
2GE baritic massive sulphides 0.112
2H pyrrhotitic massive sulphides 0.104
WASTE schist and phyllite 1D, 1CD and 1C 0.076
WASTE calc-silicate 3D 0.076
WASTE calc-silicate breccia 3Dbx 0.076
WASTE intrusive rocks 10E and 10F 0.076
WASTE bleached schist envelope 2L and 1D4 0.076
WASTE unconsolidated overburden 0.060
WASTE graphitic phyllite 1E and Unit 3A 0.076
WASTE in blocks partially above topography 0.076

Density is in tonnes per cubic foot
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Drillhole data used was that already imported into the PC Mine
for the FI madel and is described above,

3.2.4.2.2 Composites

The composites used were those generated for the FI model since
they had geological codes assigned and considerable time was
saved by cutting +this corner. The length of the composite was
not used in PC Mine. A significant drawback to this approach
was that the geologic codes of the composites do not correspond
exactly with the sectional geology.. In general the massive and
quartzose ore type distinction is close but subdivisions within
massive or quartzose are not necessarily. This necessitated
‘changes to the geoclogical matching scheme during interpolation.
Note that problems with non full bench height compositing of

external and internal waste still would be present with this
composite data set.

3.2.4.2.3 Interpolation

Variogram analysis of Faro composites was not generally
sucessful. A tendency of a larger along deposit +than across
deposit range was indicated. The search volume {and hence
anisotropy) used was tailored to be a close approximation to
that used for the FI Model with the exception that +the search
ellipsoid was tilted to follow the layering of the deposit in
three domains. First pass interpolation used a seach ellipsoid
looking 69 m (225 ft.) along the deposit trend 46 m (150 ft.)
across it and 7.6 m (25 ft.) vertically. This was enlarged to
91 m(300 ft.) along the deposit, 61 m (200 ft.) across and 11.3
m (37 ft.) vertically in 3 passes,

Because to FI model composite data set was used geological
matching had to be relaxed from that used in the FI model
considerably in order to avoid large numbers of uninterpolated
blocks. Generally any massive ore type could accept the assay
value of any other massive ore type. The distinction between

carbonaceous and non-carbonaceous quartzose ore types was
dropped. Massive sulphide assays were not allowed to influence
quartzose sulphide blocks and vice versa. Semi-massive (2CE)

blocks were allowed to accept quartzose and pyritic massive ore
type assays,

A minimum of 2 composites was required to interpolate a block;
the maximum number of composites allowed was 6. There was no
limit possible on the number of composites from & single

drillhole but the flat search ellipsoid used precludes more than
two. ‘

Composite values were weighted by +the inverse square of the
distance to the point being estimated. There was no weighting

by length of composite and no minimum length of composite
stipulated.

A large number of test interpolations were run using different
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interpolation parameters to check the grade distribution
achieved wversus +the number of blocks +that could not be
interpolated. The most faithful reproduction of known grade
distribution was acomplished by using a flat search ellipsoid so
that only composites along the layer being estimated could be
used. More spherical search volumes create a false impression
of homogenous grade distribution by assigning high grades across

strata to areas known to be barren. To have a flat search
ellipsoid in PC Mine requires the use of a high degree of
vertical anisotropy. The logic of +the software +treats

anisotropy by adjusting distance in different directions. An
apparent. distance equal to.the actual distance divided by the
anisotropy factor 1is calculated and used for search and
weighting criteria. This results in every point on the edge of
the search ellipsoid being treated as if it were the maximum
radius of the ellipsoid away from the point being estimated.
Points a small distance off the principal plane of the search
€llipsoid are considered further away from those on the plane in
cases of a high vertical factor, Test interpolations and trace
blocks run during the tests did not reveal any problems arising
from this +treatment of distance but this is one of the major
differences between the F8608 and FI model methodologies.

Specific gravity is treated as an assay and interpolated into
blocks. This is due to the variability of SG by rock twvpe and
by grade as well as regional variations of SG within one rock
type. Prior +to interpolation the composite pulp SG’s were
reduced by 5% for qQuartzose ore types or 10% for massive ore
types to correct for porosity in the insitu whole rock.

Uninterpolated blocks were assigned the density 0.098 tonnes/cu.
ft. (see Table 3.4)

3.2.4.2. 4 Reserve reporting

Geological reserves were not computed since the model only
covers the part of +the deposit between sections 117 and 125,
Fit reserves are reported by computing the weighted average of
all blocks lying between two surfaces gridded on the same block
grid as the block model. The +two surfaces are an upper surface
representing topography or the previous phase bottom and a lower
surface representing the current prhase bottom. Blocks partly
above or below the surface are multiplied by the fraction of the
block that is between the surface elevations for that block.

3.2.4.13 RBesults

3.2.4.3.1 Geological Reserves

Geological reserves calculated from the FI model are - given in
Table 3.5 along with some previous figures of a comparable
nature. The Dome hand calculation covers a larger area than the
FI model +thus cannot be compared directly. Since nearest
neighbor sectional calculations such ' as the Dome one +tend to
report higher grades than inverse distarnce squared interpolated
models the difference in grade may not be significant.
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The 1985 Kilborn Report gives & rather large geological reserve
with an unstated cutoff grade or source, The source 1is
prresumably the Cyprus Anvil F3 model but no printouts could be
found to confirm it. It is not clear how this number can be
consistent with +the Dome figure let alone +the FI model. The
authors predjudice 1is to favor the Dome sectional calculation
reserve as the geological reserve for the Faro deposit since it

covers a larger area +than the current model and is well
documented.
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TABLE 3.5 GEOLOGIC RESERVES FOR THE FARO DEPOSIT-ZONE THREE

all values are undiluted and unadjusted

grade ore "~ Pb Zn Pb+Zn
‘category (tonnes) (%) (%) (%)
FI COMPUTER MODEL

+5%Pb+7Zn 22,793,000 3.28 5.14 8.41
4-5%Pb+7Zn 3,770,000 1.72 2.78 4.50
+4%Pb+7Zn 26,563,000 3.086 4.81 7.86

total metal at +4% Pb + Zn cutoff= 2,088,000 tonnes
DOME SECTIONAL HAND CALCULATION

+4%Pb+7Zn 29,251,000 | 3.13 5.03 8.16
total metal at +4% Pb + Zn cutoff= 2,387,000 tonnes
CYPRUS ANVIL (F3 COMPUTER MODEL ?)

+4%(?)Pb+Zn 33,000,000 3.0 4.6 7.6

total metal at +4%(?) Pb + Zn cutoff= 2,508,000 tonnes

Ag

(g/t)

41.
27.
39.

40.

chw
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3.2.4.3.2 Model To Model Comparisons

Table 3.6 compares the FI model - (actually the reserves computed
before the SG reduction so that the numbers are comparable) with
three computer calculated valves for phase A (for old phase A
not the current AY) all based on the same geology but varying in
computational methodology and in the case of FI for the assay
database. Also shown is 'a hand calculated reserve for phase A
based on & geologic interpretation done by the author in
September 1985 incorporating all drilling data available and
using a fault dominant as- opposed to fold dominant geological
interpretation.A In this phase the FI model reports a lower
tonnage at a higher grade that previous models. This is likely
due to more restrictive application of geology matching during
interpolation due to the greater availability of composites and
the more rigorous coding but may be partly due +to length
weighting of composites during interpolation.

The comparison of hand calculated reserves using new geology to
FI reserves is the most critical as it deals with estimates
derived from very different approaches. As shown on Table 3.6,
the FI model reports 9% higher tonnage than the hand model at 5%
lower grade. Much of +the grade reduction may be due +to the
comparison of a nearest neighbor to an inverse squared distance
interpolation but at the worst this comparison suggests the
reserves compare within 10% and within 4% on total metal.

The other phases do not compare as favorably as the A rhase.
The comparison of the FI, T3 and F3 models for the old A through
D phases of the Faro pit is shown on table 3.7. In every phase
the FI model reserve contains fewer +tonnes but higher grade.
The grade ineérease in the B to D phases is not however large
enough to compensate for the drop in tonnage and there is a drop
in total contained metal ranging from 7% to 10% averaging 6% for
the entire pit. The reasons for +this drop in total metal and
the comparable drop between the F3 and T3 models is not totally
clear;, the most likely explanation is the - restrictions on
interpolation caused by the requirement for matching geology
codes, The most direct test of this inference would be to
reinterpolate the FI model without geoclogy matching however this
has not been done. A clue to what is happpening is found in the
relative proportions of ore +types above cutoff. One would
exXpect that the grades being assigned to disseminated ore types
without good geologic control would be on the average too high,
consequently too much would be considered ore at a given cutoff;

the converse would be expected for the massive ore types. This
is the trend shown in Table 3.8.
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TABLE 3.6 COMPARISON OF SEVERAL RESERVE ESTIMATES FOR CYPRUS ANVILS & FHASE

DATE  MODEL TONNES Ph in Ag  Ph+In TOTAL METAL
+4% Fh+In {3 (%) (g/t) 92 {tonnes)

1985 HRKD 3,290,347 K 1.98 47 9.93 326,728
1985 FI &,595,315 3.83 3,62 48 9.4% 33%,757
1962 13 3,648,154 3.63 3.3 42 g.00 330,281
1981 F3 4,051,087 3,61 1.33 43 8.73 341,564
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TRELE 3.7 COMFARISON OF THREE COMPUTER BASED MINE MODEL RESERVES FOR
CYFRUS ANVIL'S A-D FIT DESIGN, FARO ZONE 3
lall values unadjusted except where noted otherwise]
****f*%f#**ff*#***#{}*k*i*PRELININQRY{******f**f*****#***¥i!***%*i!&f***!

TOTAL UNINTERPOLATED

TONNES Fb In Ag  PbtIn METAL BLOCKS

+61 ORE (%) %1 {g/t) {4) (tonnes) (tonnes)
FHRSE &
FI 3,593,315 3.83 J.62 8 745 339,797
13 3,668,154 3.63 .37 42 7.00 330,281 85,95
F3 4,031,087 3041 3,33 43 8,93 361,884 43,99
PHESE B
Fl 4,457,843 3. 78 3.32 48 7.0 405,664
13 5,129,459 3.49 a.12 43 B.BL 451,923 43,775
F3 3,201,380 3.42 a1l 44 - B.73 454,079 23,928
FHASE €
FI 3,681,857 3.69 3.33 48 8.93  328,78¢
13 4,127,797 3.3 4.98 44 B.34 332,308 167,454
F3 4,495,443 3.42 4,52 53 8.3 394,704 26,797

FHRSE B (includes J§ phacel

FI 3,906,200 338 5,57 80 895 149,606
T3 4,510,290 11 5.3 I 851 383,690 257,307
F3 5,036,489 343 5,47 3 B.29 M7,e76 31,100

TOTAL &-D PIT

F1 15,641,721 3.45 5,25 4 9.0 1,423,814 i
T3 17,435,900 352 5.9 4 BTL 1,518,200 544,687
F3 18,983,378 344 543 8 B.56 1,625,343 125,871

TOTAL A~D PIT RESERVES EXPRESSED 45 EXPECTED MILLFEED
{adjustments per users customary practice, see below)

FI 4 16,345,076 332 4.9 42 B.2B 1,352,625
T3 @ 17,435,900 335 493 0 B.27 1,442,291
F3 & 18,963,378 3.9 4.5 39 B3 1,544,075

¥ compared to 17,180,000 quoted by Kilborn in 1985 repart
F3 and T3 nusbers in this table taken directly off Mintec printouts.,

# 951 mining recavery and 10X dilution at zero grade

€ minus 5% to grades, no change to tonnage
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o Table 3.8 PROPORTIONS OF VARIOUS ORE TYPES ABOVE CUTOFF IN THE
[m T3 AND FI MODELS :
_ percent of total +6% ore
{w ore
L type FI model T3 model
r‘ i A 3.9 3.4
L BCD 12.3 19.9
CE 8.2 10.2
EF b1.4 49 .5
r‘ GE 9.6 8.7
b HE 14.5 8.3
!"'“
B
R
Loy
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Table 3.9 compares the expanded JR phase (again not exactly the
same as the current JB phase) as calculated by the FI model and
with a calculation done by Cyprus Anvil using the same assay
data and geologic interpretation. Cyprus Anvil’s approach wasg
to compute the actual area of geologic units on the benches and
make the most appropriate assay assignment +to these areas by
manual means. This comparison thus addresses the question of
how adequate the block representation of the geology is and how
the machine algorithms and computations compare human reasoning
and manual computations. The comparison is good; the major
difference being in . tonnage which is probably at least in part

due to the inability of 15 m (50 ft.) X 15 m (50 ft.) blocks to
show every geologic unit.

The results from the FI and F8608 models the AY and BY Phases
are compared in table 3.10 A to D. The F8608 computed tonnages
are very close to those of the FI model or slightly higher. The
grades are fairly consistently lower. The total metal for both
phases is within 2.2% of that calculated by +the FI model .
Despite the close comparison on a large volume basis, the bench
to bench variance is quite large with many benches being within
only +30% (see Table 3.10 B and D). As might be expected the
larger benches in the core of the deposit compare well.

3.2.4.3.3 Comparison To Blasthole Results

The acid test of a model is to compare to actual production
data. The FI model was not designed to accurately predict small
domains but was intended to acheive some degree of accuracy when
dealing with at best quarterly production. The model has not
fared well by comparison to blasthole results. This has been
traced back +to two definite problems a) very high dilution by
low grade sulphides caused by high grade bands that rarely
occupy a full bench height and b) incorrect DDH locations; and &

third possible problem, c¢) the length weighting of composites
during interpolation. .

The actual comparison of model results to JB phase blastholes is
detailed in table 3.1 . The table gives both the raw model and
diluted model results, the 5% mining loss is not taken for this
comparison since hoth estimates vrefer to the resource in the
ground. The model Predicts more metal than was actually blocked
out; 10% more for high grade ore (combination of some +6% and
some +5%) and 4% more at a 4% cutoff. The model over predicted
high grade tonnage by 6.5% and grade by 5.3%. At a 4% Pb + in
cutoff the model underpredicted tonnage by 4.4% and
overpredicted grade by 7.7%. Despite these fairly close results
for two quarters production +the bench by bench comparison is

rather poor. In the upper benches the model grossly
overpredicted tonnage and under predicted grade; in the lower
benches the converse was true. The upper benches model complex

fault bounded slices in the Big Indian Fault Zone; this area was
expected to prove to be difficult to estimate because the
geology was difficult to define using +the exploration
drillholes. On the 3850 bench the model prerformed worse than
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TRELE 3.9

DATE

1984 CAHC HaND R5H, 887 1.80 410

COMPARISON OF FI MODEL TO CYRRUS ANVIL'S HAND CALCULATION FGR
THE CYPRUS ANVIL JB EXTENDED PHASE

HODEL TGHNES Fh

in Az Pb+In TOTAL METAL
6L Fhtin v (i) {get) (%) {tonnes!
Fl 816,017 3Bl 6.19 10,00 81,602

a2 .90 85,030

o
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TARLE 3,10 &

CURRASN RESCURCES

o Ml

L

L

Cosparisan of £ ang FB208 sooels - FOR ay PHASE ONLY

N3 ANJUGINENTS FO

BENCH  joE

NUMHZR  ELEw,
17 3750
iq 50
15 3ne
2 1690
21 3670
22 3650
3 3630
24 3610

] 590

2% 3570
27 3550
28 353
4 3510
3o 3430
3 3470
32 1450
3 3430
3 410
ki 3390

TOTALS/AVERAGES:

TUAKES
+bY% DRE

3,840
33,330
49,290
17,620
31,330
43,5%¢
76,680

141,446
121,280
79,820
205,690
345,850
499,220
459,190
361,350
314,490
53,690
42,300
16,880

3,207,070

nlnlnnnnnnnnnNINEH

ko

R BILUTION OR NINING LOSS

in
23]

5.87
3.13
5.00
3.6
3.5
LRT

i“u

315

i

MDDEL |Fi;5{19|onnulnnnluuuunuunn

Ag Fo ¢ In
g/t 1
19.04 9.84
.75 9.28
54,99 .81
45,75 .07
38.07 8.35
37.53 1.30
37.33 7.42
32,90 8.0}
3.3 7.85
36,38 .74
.78 8.3
17.45 .88
44,84 8.83
.20 9.28
45.78 9.03
43,67 7.85
45.15 9.43
25.95 1.06
23.57 7.11
"2 8.45

LEAD
HETAL
{tonnes)

152
1382
1874
2851
1648
1347
420
4424
354
322
4681
13211
17782
18158
13572
9982
9427
1181
Jot

12244

1IN
HETAL
itonnes)

205
1710
2464
4390
2653
813
J288
4909
3749
3859
10485
19291
2299
25349
19068
14599
14498
1804
899

165235

e B
September 24, 193a

SILVER  To0TAL FENCH  TOE

FETAL  METAL NIUMBER  ELEV,
fgraas! itopnec:

303521 378 17 3750
2390743 3092 H i3
2710454 4340 19 e
3551115 704t 2 3890
1961953 4302 o 3670
1636020 3180 2 3650
2862771 5484 3 3630
4854458 11335 24 3610
3799482 273 5 3590
2902574 4181 2 3570
21004 17148 a 3550
17358485 32502 28 3530
22388522 44061 24 3510
3082211 43527 I0 490
16541158 3284t 3l 3470
13734722 24481 R 3450
11454357 23924 33 3430
1097474 2987 3 340
397929 1200 M 3390
H2037415 27479

]

it nODEL (H)nuuunnununnunnunnnunnu

TONNES
+62 ORE

3110
10,680
82,510
53,480
43,050
47,850
71,320

150,670
84,500
81,450

240,620

417,040

566,280

426,630

375,390

295,120

212,300
32,10
17,630

3,212,900
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Ag Pb ¢+ In LEAD ZInC SILVER  Tovac

tast)

105,00
964
46,73
45.41
48,25
48.87
49.99
30.47
27.01
48.87
23.89
48,30
47.68
52,05
44,89
8.57
&0
.31
2.7

46.92

0 METAL mEra METAL  NEtaL
{tonnes) (tonnes) lgrans) ltonnes)

12,44 202 8% 324550 87
8.58 1z 505 634923 ki
1.74 1972 2800 2939784 812
B.42 1770 273t 2427565 301
.77 1714 49 2077033 4207
.24 2021 2400 2338573 H2
9.4 2980 w2 3565501 6892
8.92 4885 ass 4391518 13449
8.24 244) 4528 2284792 5949
9.50 Jote e 3980704 T8
9.29 9540 14574 14043509 24214
9.61 16240 23855 20142198 40094
9.75 22355  3wm 11788 55229

10,27 18211 25809 22209121 43820
9.14 a4y 19854 14852008 3429
B.29 9IS 14490 14334549 24485
9.44 7828 12207 9703808 20035
1.14 2 1425 795542 PALY)
7.08 303 745 400289 124

312,719 178,383 150,762,176 300,082

¢

Cc 0
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Variance between the FBAOB and FI aodels for the AY phase

---------------------------- FERCENT VARTANCES [ANEN-0LD}/DLD) === m e e TTTTTT e mmoemomemeecea - ACTUAL VARIANCES CNER=OLBY /D) = e e
TGNNES Ph n Ay Pt e In LEAD LING  SILVER  TCTAL BENCH  TOF TONNES Fr In Ay Pho+2n LEAD UINC  SILVER  TOTAL BENCH 10
481 ORC 1) (2} n ) METAL - METAL  NETAL  AEIeL NUMBER  ELEV. +6Y ORE tn [#1] (1) () HMETAL  METAL  METAL HETAL NUMBER  ELEV,
% () [+4} 1) (tonnes) (tonnes) (ounces) Itonpec)
S5 -9 -l AT -0y “461 .01 -71% - i7 3750 130 =53 -0.07 -25.96  -2.40 ~30 41 -472 -9 17 3750
212,01 7.61 .5 0.3 B0 23580 23881 7R 23241 18 Ry 22,640 0.29 0.40 1211 0.7¢ L 1205 s1282 2174
RIS I TN} L P SR S0 | S ST -1.81 -10,9% ) N 13,620 0.87 0.39 8.28 1,08 -98 A3 4691 ~33t
452 L1t own 0.81 1.7 4981 60.7E 4631 Sh4 2 34%0 24,160 0.10 0,53 0.34 0.43 ::H 1659 37808 3540
.70 -9 <111 -2 -1au4r -3.8% 841 -5.51 oy 2 iy 8,480  -0.78  -0.84 -10.17 -1, 43 -4 160 -3380 %
-B.9Y 2581 -17.00 -23.20 21,97 s34 2041 -30.01 -28.12 2 3850 14,2600 -1,09  -0,85 -11.34  -1.94 -b34 -586  -20515  -124)
7.5 -5 -4 -2531 -3 ~18.8%. -18.5%  -19,7%  -17.51 23 3630 5,360 102 -1.23 -12.86 -2,28 -540 -846  -20520 1204
611 -8 -14,01 8.0 -10.28 -9.41 .31 . -5 24 3810 9,210 -0.11  -0.80 243 0.9 =438 -1448 1838 -2104
43,32 070 -11.41 16,01 -7.721 4.4y 27.0%  86.3% 3312 25 3390 3,840 0.02  -0,81 433 -0.59 1083 1220 44235 2304
“20% <2051 1881 -25.61  -16.5% L -8t -t -20.01 26 3570 (1,430 -0.80  -0,9% -~12.51 -{.7 -697 -B60 31481 -15%4
S -1 9,00 -16.91  -10.31 S30.70 -2t -3 -9.: 2 3550 (54,9301 -0.45  -0.50 . -9.10 ~0.96  -2940 . -4l08 -141309 -7068
ST - -8l -18Y -T.a2 ST %L -13.8n -18.91 28 3530 51,1900 -0.28  -0.45  -0.85 =073 3029 -4363  -g1284 -73%2
S -10.7% 487 631 -9.51 S -19.5 174 -1 2% 3510 (67,0600 -0.43  -0,50  -3.03 <093 4793 4375 -137978  -(1148
10.00 -9.31 9,91 -551 571 0.3 0.9 L -7 30 34%0 42,510 -0.40  -0.59 2.8 -0,9% -53 -0 25496 -293
- 241 -0.21 201 -l -6,01 -8,01  -1,81 -4.0% M 3470 (14,040)  -0.09  -0,01 0.88  -0.10 -89 -186 <9077 -1455
b.AL -4 .48 10,17 -5.31 0.1 L4 - 0.91 3 3450 19,370 -0.21  -0.24  -4,% ~0,44 7 209 -17518 214
19.5¢ 0.8 -0.81 . -1 -0.11 2041 8.8 18.01 19,41 33 3430 41,3%0 0,03 -0.04 0,5 -0,0! 1600 291 s{16 3891
29,21 .21 -L.M 670 -LIX 29,51 26.8% 3791 27.82 4 3810 9,560 0.01  -0.08 163 -0.08 269 30t 8605 430
4.3 401 -2.01 3.8 041 . -0.4%  -5,21 0.6  -3.81 35 3390 7500 0,12 -0.08 0.7 0.03 -2 -4 -4¢ -48

RIS ) S S B R <141 <581 -7.50 AVERAGE VARIANCE 15,8300 ~0.29  -0.40 -2.88 -0.49 SIS 13127 273 22403
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TABLE 3.0 C

CURRAGH RESDURCES
Cosparison of F{ and F8&08 models - FCR BY PHASE ONLY

O ADJUSTNENTS FOR DILUTION OR NINING LOSS

BENCH  TOE

NUMBER  ELEV,

i
2
2
23
%
25
2
27
L]
bal
30
3
3R
33
34
35
34
»
38

3690
3674
3650
3630
3810
3590
3570
3550
3530
3310
3490
3470
3450
3430
3410
1390
370
1350
3330

TINNES

441 ORE

a

2,770
11,930
0
0
3,650
51,380
120,300
176,490
252,270
319,950
471,540
745,720
540,290
529,470
679,850
428,320
305,530
109,550
410

TOTALS/AVERABES: 4,783,620

4]
(341

2,58
.14
0.00
0,00
3.78
7
3.4
3.93
3.52
4.2
4.03
424
4.06
3.81
313
3.02
2.9
78
2.82

3.67

4]
[14]

8,17
.75
0.90
0.00

3.7
4,83
76
4.62
5.60
3.55
5.83
3.54
5.22
4.84
4.83
4.89
3.26
.2

.24

-

i

“ Ag Pb+In
(/) a
2.05 a7
2781 10.89
0,00 0,00

0.00  0.00
.62 9.9
5L14 0 9.58
.05 8.5
585 6.4
513 B
NI X
B 95
56,23 10.07
038 9.5
40.87  5.83
LR K )
2.3 7.48
%.9%  7.85
2.8 8.0
0.8 7.8
£8.42 891

LEAD
METAL
(tonnes})

1
374

0

0

138
1948
4499
493t
ear7
13836
19018
31633
2137
19118
21273
12948
9053
Jo40
m

173648

Ill!llltlllllllIIQGG“lillINEN MODEL (FBbOE)lllllll.!!llll(ll‘lllfllll'l'll'l

i e

N R U A R
Septesber i, 1934

IINC SILVER  TOTAL BENCH  TOE TONNES

NETAL METAL  KMETAL KUNBER  ELEW, +4% DRE
{tonnes) (graas) (ternes)

171 69383 42 5 1690 0
925 331797 1289 K 70 ]
)] o 0 22 3650 2,360
0 [ 0 3 3639 0
198 173809 13 24 310 ¢
2958 2626736 4908 5 3990 1,420
3809 6499328 10309 26 3570 105,810
8403 10029927 © 15333 o 3550 191,470
11660 13455880 20537 28 3530 267,200
17908 20304987 31544 2 3510 272,490
26181 26125839 45199 v 490 471,420
43861 41929598 75094 St 3470 751,890
31002 27664000 53749 o 3450 489,640
27638 © 2164B143  4a754 3 3430 503,770
32084 21478482 54157 34 3410 706,020
19934 12576332 32882 N 3390 450,190
14943 B238172 2399 34 3370 243,000
3781 3270725 8801 n 3350 148,430
750 431084 127 38 3330 28,830
230596 217252222 426284 4,623,540

3.7

i

1

C

£
L

L& MODEL P I D b b L e 0

: Ag
igiti

8,00

0.00
61,00

0.00

0.00
50,00
54,45
43.08
69,03
66,52
41,81
56,51
55,03
.35
.3
36.45
370
34,04
nn

49.08

Fs ¢+ In
144]

0.00
0.00
13,99
0.00
0.00
8.03
9.73
9.04
9.58
9.65
10,09
9.83
9.04
%.02
8.3
7.45
1.7%
8.17
1.52

9.08

LEAD
nETAL
ttonnes)

7203
4286
75

175,217

TINC
METAL
{tannes)

[N
5725
8584
13833
14908
21220
42844
M13
2689
35748
19736
11642

704

1417

SILVER
HETAL
{graas}

¢

0

143940

0

0

71000
761566
11448220
18444549
18126307
29137999
42474243
26945379
19824841
24252493
16408075
7702128
505981
1133624

204,820 226,932,216

TOTAL
HETAL
{tonnes}

v

o

pa0}

0

Y

14
10300
16399
255%0
26295
47562
73891
18181
45430
39044
33383
18845
12136
2168

19,87

~

r—

L
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TABLE 3010 9
vartance tetween the FBAO0E and F1 madels for the BY phase
---------------------------- FERCENT VARIANCES ((NEW-DLD}/OLD) -
TGANES Pb in Ag Pb o+ In LEAD ZINC  SILVER  TOTAL BEKCH  10F
+b% ORE (24} [$3] [84] (11 METAL  METAL  METAL  NETAL NUMBER ELEV,
14} 1) 24} (%}
ERR ERR ERR ERR ERR ERR ERR ERR ERR 20 34690
ERR ERA ERR ERR ERR -ERR ERR ERR ERR 2} 3870
-100.01 -100.0% -100.0% -100.01 -~100.0% -100.0% -100,01 -100.0¢ -100.01 2 3850
ERR ERR ERR ERR ERR *ERR ERR ERR ERR 3 3430
ERR ERR ERR ERR ERR ERR ERR ERR ERR A% 3810
3516.91 S T L3 19,01 372041 4592.20 3599.71 4202.41 5 3590
13,70 -13.51 -10.81  -0.81  -12.01 =161 1.50 f2.81 0.2 2 3570
-7t -8Bt 0.70  -9.91  -L91 -3t -1 ooy -6.51 27 3550
=581 <2001 -10.70  -20.62  -15.01 S50 1570 <2601 -19.71 28 3530
1. 2,01 .31 -4 221 1’ 0.1 12,00 20,01 29 3510
0.00  -6.51  -3.81 -10.41  -5.01 5% 3.8 -10.31  -5.01 30 3490
-0.682 .n 221 -5 241 L9 L -Lu 1.8 L 3470
WA -t - -f; -m 12,5 10,91 2,71 H.b 2 3450
. -Ler -am L - 3.4 2.0 Ly .9 I3 3430
S SR 48 -0 AT -4 801 -1 -l A M0
A9 -L3n 521 -~19.41 3.0 -3 1,01 2541 -2,01 35 390
zn 0.01 11 -15.01 L3 nn 84 691 2.7 3 3370
B -NLEL -0 -3 -4 2040 -1 -4 -2m n 3350
~%0.01 0.41 LB BTN L0 Ml -1 -3 -se01 38 3330

A N | N X BN on 24 43 15X - AVERAGE VARIANCE

&

ki

Py

TONNES
+41 ORE

2,770
11,930
12,350}

0
3,650
49,940
14,490
14,980}
(14,930
47,460
140
15,970)
70,450
25,900

126,170)

(21,870}
62,530

139,080)

(14,4201

159,880

S R D A D G
ACTURL VRRIANCES (INEK-0LD) /0D - ommmmm e o cmmme o
b In fg Fb ¢ Zn LEAD TINC  SILVER  TOTAL BENCH  ToE
(0 (1) [§3} (L) RETAL  FETAL  METAL  METAL NUNRER ELEV,
(tonnes) (tonnes) (grass) f(tonnes)

2.55 6.17 25,05 8.72 71 m 2026 22 20 290
3.4 L35 2.8 10.89 n 925 9588 1299 21 3870
8,18 <181 <6100 -13.9¢ ~144 -184  -4204 -330 2 3650
0.00 0.00 0.00 0,00 0 0 [ [ 3 3630
3.78 LILY I Y YY) 9.19 138 198 5075 334 24 10
0.20 1.32 L4 1.52 1897 895 74628 4792 25 3590
-0.58  -0.58 0,43  -1.1 =75 B¢ 21543 9 2 3570
-0.38 0.03 625  -0,35 -8as -18L  -41356  -1064 27 3550
-0.88 -0.55 -14.90  -1.44  -2879 -2473 -139829  -5052 28 3530
0.08 013 -3.06 0.21 2248 3002 3817 549 29 3510
028 -0.22  -4.41 <050 -(324  -1039 -87955  -2363 3 3499
0.1 013 -0.28 0.24 589 414 -15904 1203 3 3470
-0.07  -0.18  -5.45  -0.25 529 3039 21082 5568 32 3450
-0.07  -0.12 1.52  -0.19 582 2 50 1324 3 0
.17 -0.23 -7 -0.40  ~2026 -6k -B1040  -4gRE 34 10
-0.05 0.21  -1.0% 0.22 -B48 198 111887 ~471 35 3%
0.00 0.10 -4n 0.10 1850 3301 1350 5152 3 3370
S0 002 419 0,13 -1 -2088  -S2241 -1IN A 3%
0.01 0.29 47 0.30 ~374 -887  -14614  -1041 38 3
-0.12  -0.05 -4k -0.47 452 I3 -2826% 8427 AVERABE VARIANCE
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TABLE 3.11
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COMPARISON OF FI NODEL PREDICTED BENCH RESERVES NITH 1986 MINE FRODUCTION IN JB PHASE AS BLOCKED OUT BY BLASTHOLES

bench

BLASTHOLE RESULTS

+
L
*
)

3890
3870
3850
3830
3810
3790
3770
3750
3730
3T

TOTAL

MODEL PREDICTIONS

3890
870
3850
3830
3810
3790
3710
3750
3730
3710

TOTAL

MODEL PREDICTIONS

* High grade is +4% PbIn and low grade is 4-41;

3g%0
3870
3850
3830
3810
3790
3
3750
3730
3o

TOTAL

high grade [¥] In Ag PbtZn
tannes ) [33] {g/t) [34]

44,180 31 470 7.80
20,378 330 5.30 B.40
29,549 2.41 3.83 6.2
8,920 2,19 4.8 130
99,840 119 4,4} .80
184,320 3,44 4,94 9.78
217,600 .73 §.43 35 7.1
208,249 Lt 480 43 L
261,111 .99 4.6 LK 7,85
115,682 2.98 4,80 33 7.55
1,262,809 .03 3.41 7,64
ING DELUTICN)
28540 L 5.01 34 8.72
10050 .17 4.7 4 7.9%
435000 4.33 7.84 2Ly
76000 3.98 6.55 il 10.5
83390 192 6,32 5102
113150 37 7.28 ] i1é
184900 3.42 3.8 49 9.03
222400 3.14 4.98 1] 8.1z
233320 3.05 5.07 3 8.12
228710 an 4.57 33 7.28
1,227,980 3.36 5.52 44 8.88

DILUTED
100 FERCENT MINING RECOVERY
10 PERCENT DILUTION
0 LEAD GRADE (X} OF DILUTANT
0 ZINC ERADE (2} OF DILUTANT
0 LEAD ¢ ZINC BRADE (%) OF DILUTANT
0 SILVER BRADE (g/t) OF DILUTANT

31,416 L 4,55 L4 7.93
11,055 2.88 4.35 2 .
30,050 3.94 6.95 47 10.68
83,400 3.62 5.95 44 9.537
1,729 3.5 3.75 Ly 9.3t
126,645 3.97 b.62 9 10,59
203,390 it 3.10 45 8.21
244,640 2.8 45 40 1.38
256,652 n 4.41 34 1.38
231,581 2.46 L15 12 6,62

1,350,778 3.05  5.02 [ XY

-1

€ & C s

total retal

tonnes

15,448
15,580
14,05
19,975

q7m
8,732

3,47

1,490
799
5,444
8,003
8,539
13,415
16,89
18,059
18,946
16,650

109,145

2,490
799
5,446
8,003
8,839
13,415
16,49
18,059
18,944
16,650

109,045

. e e

low grade
tennes

¢

500
B850
8250
22970
13950
16350
5200
12290
14710

127,370

4,950
9,845
9,075
25,2647
15,345
18,205
27,720
13,519
16,181

140,107

Fb
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o
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o
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2,15
1.68
1.87
1.53
124
0.9
1.4t
1.38
2.03

1,50

In
[¥4]

ot
=
£n

[N
-0 o
o=

en

o
a

-
il

PR I Ry
o
Mmoo

3

et
e

.99

.89
2.89
2.44
2.47
9
3.0
2.78
2,85
2.28

on all other benches high grade is +5% and low grade is 4-51

g Pb+ln tonnes

g/t (X} total ret:l
0.00 0

S.46 388

4,36 i

4.57 897

4.40 90t

4,40 263

24 4.38 1,514
= 478 3,133
34 3.34 4,414
32 4.680 2,370
4.83 14,189

0

3 5.55 250
1 5.03 450
1 4.93 407
35 4.42 1,061
28 4,56 434
22 4.37 73
36 4.4l 1,162
30 4.4 573

34 L 697

32 48 c5,91

0
505 750
8 457 150
M8 448 407
2 L0 1,08t
B A4S 83
20 397 3
3419 (82
7 4 573
L SR 497

———

1

all grades

(+41) tonnes

i
LR}

556,567

28,540
14,550
54,430
84,250
106,360
129,100
201,450
247,500
245,610
243,420

355,350

3,416
16,005
59,895
92,473
116,996
142,010
221,595
272,340
270,171
27,762

1,490,883

] o

Pb n Ag  FPbeln tonnes

[}1) [13] g/} {4} tota) metal
310 4.7 0 7.8 3,444
2.81 485 0 7.44 2,14
.2 3.6 ¢ 5.87 2,155
2,04 411 [0 8.77 6,877
2.97 4.09 ¢ 7.06 8,489
1.3¢ 4.87 0 8,27 15,1
.59 418 33 6,78 17,004
.79 L 39 7.00 15,189
2.75 L3 ¢ 709 24,389
2.58 d.14 i 8,73 11,103
2.81 4.30 7.11 110,667
L 5.01 5 8.12 2,490
2.92 429 43 7.2 1,049
3.92 .91 49 10,83 5,897
.79 6,19 49 9.98 B,410
344 5.59 48 9.03 9,600
4,04 4.84 5 10,86 14,051
LG 5.42 47 B.65 17,420
2.98 4.78 43 1.7 19,221
.97 497 37 7.95 19,518
2,68 4,45 15 7.13 17,347
J.20 5.29 4 B.49 115,006
3.37 4.55 Lk 7.93 2,4%0
2.64 3.90 3 6.55 1,049
3.57 5,28 4 9.84 5,897
3.43 3.43 43 9.07 8,410
3.12 5.08 “" 8.21 9,800
3. 58 5,22 7 9.89 14,051
2.93 493 a 7.86 17,420
1 4.35 39 7.06 19,22
.7 .52 33 1.22 19,518
2.4 4.04 32 5.48 17,347
2.9 4.81 39 .71 115,006

O]
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usual; this has been traced back to & drillhole which is now
known to be in the wrong place by comparison of pit geology to
the drillhole results. This errant drillhole caused the width
of a fault bounded panel to be twice what it actually was with &
corresponding overestimate of tonnage. The lower benches model
larger parts of the deposit in areas less affected by faulting
and the model produces better results there. The last bench is
starting to show the effect of another drillhole in +the wrong
place causing the elevation of the base of the ore zone to be
estimated lower than it actually is with a resulting shortfall

of tonnage. The cause of the generally greater overprediction
for zinc compared to lead is not understood. :

Table 3.12 shows a similar comparison for the FI model and the
blasthole results in the AY phase. The tendency to underpredict
the tonnage and overpredict the grade is clear. At a dilution
of 50% by 4% Pb+Zn material the model results would fit the
blastholes very closely; under 1% variance on total metal and
within 3% on all parameters at all cutoffs (Table 3.13). It is
probably not coincidence that in this area of the deposit there
is a great deal of low grade sulphides close to 4% Pb+Zn with a
few thin high grade bands. Table 3.14 shows the same comparison
for high grade ore and the F8608 model. For the few benches
mined this model seems to give a fair approximation of the pit

reserves; it is within 1% on total metal and ore tonnage but 11%
high on lead and 6% low on zinc.

3.2.4.3.4 Conclusion

The conclusion of these comparisons is that the FI model
compared reasonably well to other calculations on  the basis of
total metal and for a large enough volume of material was within
10% of actual production statistics, Despite this, it Was
unuseable for bench by bench predictions whithout an appropriate
dilution factor. The grade predictions of the FI model are too
high brobably as a result of inappropriate methodology but
mainly too low a dilution factor. Most importantly, dilution is

not average throughout the deposit and the choice of factor must

take account” local deposit structure in order to provide
reasonable predictions of millfeed. Furthermore without
accurate drillhole data, accurate modeling is impossible
regardless of calculation sophistication. On the average the FI
model will probably give a reasonable approximation of the long
term mill feed at a dilution of 10% however local dilution
Tactors should be tried in order to attempt to  better reflect
the short +term and sensitivity to higher dilutions should be
carried out at least on the marginal benches. The newer

modeling techniques should be extended to the remainder of the
deposit a soon as practical.
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TABLE 3.12  COMPARISON OF F1 MODEL PREDICTED BENCH RESERVES WITH

high grade
tench tonnes ¢

BLASTHOLE RESULTS

1]
(1,320
123,09

e
ils,252

L]

T6TRL 250,828

RODEL FREDICTIONS -iN§ DILUTION)

3750 3110
3730 10682
300 80410
3490 73260

T0TaL 167,460

MODEL PREDICTIONS DILUTED

Fb
%)

0. 00
.04
2.87

noe
20

2.47

4.5
3.85
3,02
3.08

o1

In
33}

0,00
3.89
4.49
4.45

P a3
o ry oy O
Ll R e

wn
on
(3]

I

Ag
ig/t)

103
59
46
42

44

100 PERCENT MINING RECOVERY
10 FERCENT DILUTION

0 LEAD BRADE (%) OF DILUTANT

0 ZINC GRADE (Y1) OF DILUTANT
0.00 LEAD + ZINC GRADE (%) OF DILUTANT
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3.2.5 Additional Work Required

In order +to provide reliable estimates of reserves on a short
term basis it will be necessary to drill additional fill in
holes. To fill in the current pattern to 43 m (141 ft.) minimum
on  the main 43 m (141 ft.) spaced sections will require 32
additional holes totalling 4270 m (14000 feet). 0f this total
20 holes totaling 2300 m (7500 feet) are in the AY and early BY
phases and have considerable urgency.

To upgrade +the drilling pattern significantly beyond the level
outlined above would be prohibitive in terms of cost and the
logistics of both drilling and data analysis.

While this core is still fresh it could be used for additional
metallurgical testing if required.

As noted above, the remainder of the deposit modeling should be
upgraded . to at least F8608 model standards. A new modeling
technique that treats PC Mine blocks not as homogenous single
geologic entities but as the sum of two or more material types
has been devised but not yet put into practice. This modeling
technique could help significantly with the treatment of low
grade and waste dilution and should tried soon. Work is already
underway on both these objectives. The first Priority however
is to produce an updated AY anbd BY (or BZ) model incorporating
the 1988 drilling which will help evaluate the gains from
additional drilling by comparison to the F8608 model.
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3.3 Grum Geology and Reserves

1.3.1 History

The Grum deposit was discovered in 1973 by AEX Minerals in Joint
venture with Kerr Addison Mines. Discovery was as the result of
drill testing a gravity anomaly in an area down fold plunge from
the Vangorda deposit along what was then a, as yet, poorly

~defined favourable trend.

Surface drilling in 1973 and 1974 indicated a significant
deposit; in 1975 and 1976 an underground sampling and drilling
pProgram, along with further surface diamond drilling, was
carried out to further define it.

Kerr Addison sold the deposit, along with Vangorda and Swim, to
Cyprus Anvil Mining Corporation in 1979. From 1980 to 1982
Cyprus Anvil drilled additional holes in and around the deposit
and reloged all existing holes in it. All available sulphide
intersections were re-sampled and re-assayed at that time.

3.3.2 General Geology

3.3.2.1 Stratigraphy and lithology

The Grum deposit consists of +three to five highly contorted
layers of massive and disseminated sulphide mineralization
within a 150m section of barren phyllite. The most important
mineralized horizon occurs just beneath the basal carbonaceous
member of the Vangorda formation. There are thin low grade
horizons within the Vangorda formation and more important
horizons in the upper part of the Mt. Mye formation.

At  Grum, the Vangorda formation consists of soft, highly
fissile, calcareous phyllites. Metabasites in the Grum area are
minor and tend to be highly foliated chlorite phyllite rather
than blocky, massive greenstones that. typify the Vangorda
formation elsewhere. The basal carbonaceous member of the
formation (unit 5A) thickens across the deposit from about 10m
in the northeast to as much as 80 or 100 m southwest of the
deposit. The sulphide horizons appear to be associated with the
northeast pinchout of this unit. Immediately above the main ore
horizon the carbonaceous rocks are soft, highly sheared and
gouged but elsewhere they are moderately hard, highly fractured,
black siliceous rhyllites.

The Mt. Mye formation also consists of soft phyllites which are
distinguighed from those of Vangorda formation be being
non-calcareous and less distinctly banded.

There arei no significant post metamorphic dykes at Grum. The
Anvil Batholith crops ocut 1.5 km northeast of the deposit but is
Separated from it by major faults. The batholith is unrelated

to the deposit and does not appear to have significantly
affected it.
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3.3.2.2 Structure

The ore layers at Grum are contorted into a complex, shallowly
northwest plunging, polyphase fold structure. The prominant S
shaped folds (figure 3.8) are second phase structures. They are
superimposed on a larger Z shaped first rhase fold. The
dominant plane of fissility (Sz) in the phyllites at Grum is
axial planar to the second phase folds and dips shallowly (100
to 309) generally to the southwest. This fissility is a major
factor in assessing slope stability for a Grum prit. The overall

deposit elongation parallels the axial direction of the second
rhase folds (3150 trend 110 plunge).

There are several important faults at Grum. The largest
displacements occur on moderately (350 - 450 ) dipping structures
that truncate the deposit at both its northwest and southeast
ends (figure 3.9). Neither of these structures would crop out
in an open pit but smaller subparallel faults will be found in
the pit. A steeply northwest dipping fault trending about 0600,
passes between sections 70W and 72W and downdrops the deposit
about 60 m to the northwest., A myriad of smaller faults were
mappped underground by Kerr Addison trending on the average 0800
and dipping steeply. Joints mapped underground and on surface
tend to strike 0600 and dip subvertically.

3.3.2.3 Burfical Geology

The subcrop of the ore deposit is covered by up to 100 m of
morainal material (tills) and better sorted galciofluvial silts,
sands and gravels. These unconsolidated sediments are water
saturated and may contain pockets of permafrost. The northeast
wall of any pit designs at Grum must contend with thick sections
of these sediments. Dewatering in advance of stripping may help
increase stability substantially as well as simplify operations
in the pit.

3.3.2.4 Qre Deposit Geology

As with other deposits in the Anvil Range a given ore horizon at
Grum tends to have a massive sulphide upper and central portion
and a quartzose, disseminated sulphide lower and perhiperal
portion. The horizons can be up to 30 m thick but are mostly 15
m or less thick. Grade is strongly partitioned into massive,
particularly baritic, sulphides thus the tops of horizons tend
to be high grade and the bottoms low grade (except of course
where the horizons are overturned}. The sulphide horizons are
separated by significant thicknesses of barren phyllite.
Interfaces between ore and waste tend to be sharp at the
stratigraphic hanging wall contact against barren phyllite and

gradational both at the footwall and laterally against sulphide
waste.

Grum, 1like Vangorda and Dy, has several characteristics that
distinguish it from Faro. In large part this is due to the
lower metamorphic grade the deposit has reached. The most
outstanding difference between Grum, and all the other Vangorda
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Plateau deposits, as opposed to Faro is the form of the deposit.
The Vangorda Plateau deposits consist of several distinct,
highly contorted horizons separated by barren phyllite waste.
Faro on the other hand 1is eéssentially one +thick horizon in
overall outline with lesser phyllitic waste but substantial
barren sulphide waste banding. This implies that dilution by
phyllite will be higher at Grum than at Faro. Faro however
contains considerable internal sulphide waste thus its dilution
is higher than might appear at first glance. It is none the
less inescapable that Grum has more potential dilution and will
have more complex mining problems than Faro. On the positive
side, the dilutant at Grum will be more commonly easily
identifiable phyllite rather than low grade sulphides as at
Faro. Experience at Faro shows that phyllite dilution is much
easier to control than low grade sulphides. Grum’s higher grade
if diluted at 3 times the historical 0% dilution used at Faro
3till gives Grum a higher average Erade.

The next most obvious difference is a finer grain size and more
complex mineral intergrowth, necessitating finer grinding than
Faro ores. Cyprus Anvil Mining Corporation had already made
modifications to its mill to accomodate this fine grind priocr to
shutdown in 1982. When a large proportion of feed comes from

Grum it will be necessary to utlize this grinding capability at
the expense of tonnage throughput.

At a given Pb + Zn cutoff grade, ores at Grum are higher grade
than those remaining at Faro, particularly in precious metals
relative to base metals. The average gold content of Grum is
Sseveral times higher than Faro. Similarily, other elements that
tend to be geochemical associates of gold: mercury and arsenic,
tend to be higher at Grum. The sphalerite at Grum, and likely
other Vangorda Plateau deposits, is richer in zinc due to lower
metamorphic grade and resulting lesser iron content. This will

help counteract higher pPyrite-sphalerite middlings expected with
Grum ores.

A feature unique to Grum among the Vangorda Plateau deposits is
the relative abundance of quartzose ore types, particularily
carbonaceous pyritic quartzites (4A) which comprise about 35% of
the reserves above 4% Po + Zn. It will undoubtedly create
challenges for maintaining  good lead concentrate grades, and
Probably necessitate stockpiling and rlanning campaigns of 4A
during which depressants are used.

3.3.3 Drill Definition & Information Base

The Grum deposit extends from section 52W in the southeast to
section 112W in the northwest, The deposit has been most
densely drilled between 62W and 86W and it is this portion of
the deposit for which bProven geologic reserves are reported.

Most of the deposit southeast of 88W has been drilled from the

surface on at least a 6lm X 30.5 m (200’ X 100’ ) pattern. Most
surface holes are vertical.



Between sections 62% and 86W the deposit has also been explored
by 15,000 m of underground drilling in fans from a ralr of
rarallel inclines following the deposit trend. The strike
length of the deposit examined from underground is 700 m,
underground workings, now flooded, total 2900 m. The fans are
most complete on even numbered sections (ie: spaced 61 m apart);
on the odd numbered sections 1in between some fill in drilling
has also been done from underground. The overall density of
drilling is on the order of 15 m X 30 m with local areas being
much in excess of that.

In the southeast part of the deposit additional fill in drilling
was done by Cyprus Anvil in 1980-1982 from the surface to more
closely define shallow ore for early production.

Total drilling at Grum 1is 67,200 m of which 15,000 m is
underground drilling and 52,200 m is surface drilling. Between
62W and 86W there is a total of 53,600 m of drilling in 372
drill holes (154 surface and 218 underground) of which 344 are
used in the current model . The remainder not included in the
model are underground holes that are at high angles to the

geological sections and some short holes that did not intersect
ore.

Without question Grum is the best drill defined deposit in the
Anvil District.

There are 9000 samples in the Grum deposit assay database.
Assay intervals generally average 1.5 m in length and are keyed
as closely as possible to sulphide rock types. 90% of these
were determined for Cyprus Anvil by Kamloops Research and Assay
Labs between 1980 and 1883. For most of these samples Pb, Zn,
Cu, and Ag assays are available. For 2/3 of these samples there
is also insoluble Fe, soluble (in hot concentrated HCL) Fe, Au,
and pulp SG. All assays were determined using a set of Anvil
District ore type standards for control. Rejects and N2 purged
pulps (by now somewhat oxldized) have been retained for
additional analytical work. There are no Bal or Mn assays
available nor is there systematic data available for Hg, As, Cd4
or any other elements.

The remaining 10% of the assays are from Kerr Addison samples
for which Pb, Zn and Ag only are available. Many of these
samples are from the holes not used in the ore deposit model.

3.3.4 Methods and Procedure of Reserve Calculation

3.3.4.1 Introduction

For the purpose of this evaluation a new block model, the GBE0SG
model, was constructed in June and July 1986. New reserves were
calculated for +the the deposit in two portions, one, from
surface (1336m maximum elevation) to 1088.5 m elevation and a
second from 1088.5 to 868.0 m. elevation. This was due to
software and hardware limitations bought about by a 1low bench
height (4.5m) and correspondingly larger number of benches.
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The PC Mine software package was used for grade interpolation
and reserve calculation. The block geology and composites had
been previously calculated using Mintec's Medsystem release 10.

The results of the calculation are outlined in Table 3.19 and
discussed below.

3.3.4.2 Block Geology and Drillhole information

The reserves are calculated from a computer based 3D block model
based on a set of cross-sections broduced by Cyprus Anvil
geologists in 1982, The sections are parallel to the columns in
the mine model and perpendicular to the elongation of +the
deposit. The cross sections are 61m apart (200 feet) and
provide the only geologic control for the mine model. These are
the same sections used for the sectional calculation by Cyprus
Anvil in 1983 (the Simpson-Adamson calculation) recalculated by
Dome in 1984. All sections are available in a supporting
document available at Curragh’s Toronto and Whitehorse offices.

The logging and drill hole orientation data used were the most
current available for the deposit. The interpretation of the
geologic detail is known to need improvement in a number of
areas particularly concerning +the correlatien of certain
horizons and the treatment of faults. A new set of more closely
spaced cross and longitidinal Sections is being brepared to
address these points of detail., For the +time being however
these shortcomings are of little consequence as most of the
deposit is so densely drilled that there isg little scope for
variations in geologic interpretation to change the volume of
the deposit significantly. The details of ore distribution on a
given bench can however change significantly. For the purposes
of annual rrojections of production the current geological model
is considered adequate.

The block geology was generated manually by laying a grid over
the geologic sections and hand coding the rock types. Block
dimensions are 4.5 m high, 8.0 m across deposit trend and 15.0 m
along deposit trend. These block sizes brovide a reasonable
approximation of the complex structure of Grum. Codes  were
assigned by visual estimation of the arealy most abundant rock
type. If the block was more than 50% sulphides it was coded as
a sulphide type, otherwise the block was considered waste. One
code is assigned per block and that code is assumed to apply
homogenously to the entire block. The sectional codes were
plotted, checked and edited for each section. The blocks in
overburden or air were assigned from interpolated grids
representing topography and bedrock surfaces based on digitized
contour maps. Blocks more than 50% above topography were coded
as air and more than 50% between topography and bedrock as
overburden. One generic waste code  was carried for the
remainder of the model not coded as air, overburden or sulphide.

The rock types used in the Grum model are summarized in table
3.15. Since there is a large amount of low Erade quartzose
mineralization in the footwall of mineralized horizons at Grum
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Separate code for base metal

This is inherrent in the
lithologic codes of 4C and 4D however exactly the same

distinction is made by the modifiers 4A0  and 4A4 (the latter
being the base metal rich variant). A similar distinction was
made between 4EQ and 4E4. The burpose of this distinction is to
avoid undue averaging of grade into the footwall (and vice

versa) and to improve modeling of the relatively sharp grade
Separation within mineralized horizons.

Sectionally assigned codes were applied to 2 columns of blocks
on either side of the section. Since the Grum deposit rlunges
to the northwest this assignment would create g stairstep
appearance in long section. By coincidence the diagonal of two
blocks in long section is rarallel to the deposit prlunge thus a
"plunge correction” was made by raising the first column of
blocks one level (southeast of the section) and lowering the 4th
column of blocks one level (northwest of the section). The
S5econd and third columns of blocks are kept the same:
This has no affect on deposit reserves. All this block coding
was done outside of PC Mine either using the Mintec Medsystem

release 10 software rackage or by manual means. The block codes
were reformated to suit PC Mine then imported.

DDH data was imported directly to PC Mine from Mintec output
files after reformating but not used since composites were also
imported from reformated Mintec output files.
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Table 3.15
86-06 Lithologic
Mine Model Code
Rock Type Description
1 \‘ "4A0 low grade, ribbon banded,
i graphitic, pyritic quartzite
|
2 4A4 high grade ribbon banded,
L graphitic, pyritic quartzite
3 }C low grade pyritic quartzite
4 4D high grade pyritic quartzite
5 ‘ 4E0 & 4K low grade massive pyritic
sulphides (K = carbonate
bearing)
6 - 4E4, 4J, 4F high grade massive pyritic
sulphides
7 - 4G baritic massive sulphides
8 | 4H pyrrhotitic massive
sulphides
9 | 41, mineralized altered wallrock
{ rhyllites
10 " all waste phyllite
11 | overburden gravel, sand & silt
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3.3.4.3 Composite Calculation

Composites were calculated by Medsystem on a 4.5 m bench basis
for holes steeper than 45°. For holes shallower than 450,
composites were based on 4.5 m horizontal intervals from the
drillhole collar. Composite intervals can range from 4.5 m to
6.5 m depending on borehole orientation. Waste intervals less
than 1/2 Dbench height (2.25 m) were considered internal waste
and included in the composite interval. Intervals greater than
1/2 bench height were external waste and not 1included. This
procedure was intended to accurately represent the grade of ore
in blocks of all settings but does not automatically include all
dilution in marginal composites. Such dilution adjustments must
be made separately.

Drill hole assay data were clipped to the 95th percentile levels
to avoid assigning unusually high assays to large blocks. These
levels are listed in table 3.18. Intervals with no measured
5.G. were assigned an SG depending on rock type as listed in

table 3.17. These are based on statistical analysis of the
measured data.

Composite calculation was carried out for the mineralized
sections using this modified assay data and weighting by length
and specific gravity. +The length of the composite within a
mineralized band was carried as well as the values since only

the 1length of the mineralized part of an 1interval was
composited.



Table 3.16

= Maximum Permitted Assay Values and SG Values

Pb 11.0%

. Zn 20.0%
Ag 175.0 g/tonne
Au 2.8 g/tonne
Cu 0.4%

= Pulp SG 5.0

Table 3.17

= SG Values Assigned For Each Major Ore Type

In Case of Missing Analytical data
Ore Type 5G

4A0 3.23

“““ 4A4 /4AF 3.31

- 4B 3.00

‘ 4C 3.45
= 4D 3.53
' 4E 4.32

B 4G 4.42
4H 3.86
43 3.87

r— 4K 3.84
4L0 3.11
4L,4 /4LE 3.28

Table 3.18

T

Maximum Permitted Assay and SG
For DDH Composites

PB 9.00%

ZN 17.00%
- AG 150.00 G/tonne
{ AU 2.30 G/tonne
- CU 0.34%

PSG 4.80

S R T R
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The final composites can be as short as 0.1 m if only a small
part of a mineralized band is within a composite interval. When
the composites were imported to PC Mine the length data could no
longer be carried. After calculation, the composites were also
clipped to the 95th percentile level as outlined in Tabhle 3.18.
Every composite was manually checked against the cross-sections
to insure that +the codes applied to sectional units were
consistent with the composite codes.

The modeling process up to this point is described in more
detail in documentation of Cyprus Anvil’s "G2" model produced in
1882 by P.I. Clarke and in 1984 by L.C. Pigage. Composite
calculation was +the last step carried out with Medsystem, the

remaining calculations, reporting and analysis was done through
PC Mine.

3.3.4.4 Yariogram analvsis:

Experimental variograms were calculated for the Grum composites
in vertical, across deposit (model 000%) and along deposit
{model 080°) directions. As was expected the variograms are
generally ambiguous. Those for lead are shown in figure 3.13 to
3.15. The variogram analysis shows the range along the deposit
is about 40 m and is greater than either vertically or across
the deposit. The approximately 20 m across deposit range is
uncertain but it can be argued that the along deposit range is
about +twice the across deposit. This conforms to what was
expected on geologic grounds.

3.3.4.5 Interpolation:

The geostatisitcal analysis done was not adegaute to use kriging
as as interpolation method thus inverse square distance
weighting was used following precedent set at Faro. The search
volume was an ellipsoid with major axis of 150 m parallel to the
deposit plunge and with a diameter in cross section of 106 m.
The elipsoid centered on the block being interpclated thus the
maximum distance a sample can be used to weight a block is 75 m.
A horizontal and vertical anisotopy of 1.41 was used. This
results in samples along trend being weighted +twice as heavily
as those across trend (with an anisotopy of 1.41 a sample 53 m
across strike 1is weighted +the same as one 75 m along plunge
because the sample is treated as if it is 53 X 1.41 or 75 m from
the block center, once this apparent distance is squared the
factor of 2 (= 1.412) appears). A search volume radius much
larger +than the range was used in order to insure that the
blocks in the less intensely drilled part of the deposit would
get grades assigned. Multi pass interpolation used for the
F8608 model was not available when the Grum model was built.

The most important test that a sample within the search volume
must pass before being used to interpolate a block is the
equivalance of geological codes. This is important in Anvil
district deposits because of the strong ore type zoning and
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coupled'grade zoning. The implications of this restrictive code

matching for use of the model are very significant and discussed
below.

The minimum number of composites required to interpolate a block
was set at 2, the maximum at 8. The minimum limit was set to
avoid the possibility that one very short composite could bias
an entire block, the possibility that two very short composites
could be used cannot be excluded however in most cases a very
short composite will be near a longer one.

Specific gravity was interpolated in the same fashion as other
assays. Unintérpolated sulphide blocks were assigned an SG of
2.7. SG was reduced by 5% in the final model in order to
correct the pulp SG to in-situ whole rock SG. The average SG’s

for the Grum deposit are given with the geological reserves in
tables 3.19 and 3.20.

3.3.4.6 Geological Reserve Reporting

Reserves were calculated by the weighted average of block values
for all blocks that exceed an arbritrary % lead plus % zinc
cutoff value. Geologic reserves are the sum of all blocks in
the model below topography but irrespective of any pit outlines.

Since there are two Grum models the results of the two models
were combined by a spreadsheet.

Sectional geological reserves were also computed for each cross
section by reporting the reserves within a rlan view polygon
representing the area of influence of each section (+ 30.5m from
the section 1line). The sectional reserves were needed to
compare to previous calculations which are largely sectional
hand calculations.

3.3.5 Results

3.3.5.1 Geological Reserves

The geological reserves calculated for Grum are summarized in
table 3.19 for the two constituent models and for the entire
deposit. Sectional geological reserves are summarized in table
3.20 for the entire deposit.

Southeast of section 62W the Champ zone is estimated to contain
a additional 1.7 milliion tounnes averaging 3.5% Pb, 4.3% Zn and
46 g/t Ag. This figure is based on sectional calculation and
quoted at a 4% Pb+Zn cutoff with no adjustment to reflect
dilution. Northwest of 86W there may be an additional 5 to 10

million tonnes of deep mineralization not vet completely drilled
off. ‘ :

3.3.5.2 Model to Model Comparisons

Table 3.21. and 3.22 A to D compare the newly calculated
reserves (GB606 model) to previous calculations on a whole



GBbla WODEL GEDLUGICAL RESERVES FOX THE THO CONSTITUENT MODELS
ARD EOF THE ENTIRE DEROSIT

GRADE VOLUKE 5.6. [RE LEAD IINC Fb o+ ZIn  BILVER
CATEGORY (bra! (tonnes) i i {1 (g/t)

ABOVE GRUM (1336.0 n ta 1088.5 )
w1 4,477,480 3.37 15,745,300 384 650 16340 4.0
4- 6% 1,942,920 32 6,045,990 LY X100 499 3.0

5% 6,620,400 330 21,831,290 330 5% 6.8

on
(%]
n

B

UNDER GRUM (1088.5 & to 868.0 )

+ 7% 1,880,820 .75 7,057,100 4,04 636 10,40 48.5

4 - 6% 522,72 337 1,780,776 L1 276 A8 1.5

51 2,403,540 167 6,817,870 386 568 I LY
TOTAL DEFGSIT {1336.0 & to BB.0 &)

6 1 6,558,300 348 72,627,400 390 buké 1036 5.4

§ - 6% 2,465,640 3.7 7,828,740 LIS 302 457 34

479,073,940 340 30,649,140 340 558 898 572

COMPRRISON TO CYFRUS ANVIL/DOME (SINFSON - ADANMSON) HEND CALCULATION
Uncorrected - see Tables 3,14 B and D

4 §,225,91t 3.96 32,611,000 3.48 5.72 9.76 a9
VARTANCE 9.7hx  -18.3%x -6, 0%* -2.2% -2.5% -2.4% -3.0%
new to ald
NOTES:

* Part of this difference in tonnage is due to aninterpolated blacks,
There are 707 such blocks in under grua and 314 in above grua, not &il of
this material will be ore however. Each block represents about 1900 tonnes of
material thus there i about 2,000,000 tosnes of un accounted for sulphides,

# The large variance in volume and specific gravity hetween the twa calculations
ic explained in the text and the notes for Tables 3.22 B and D.

BOLD
{g/t)

0.9z
7

.48

{18

0.99

£.00
0.82

.95
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TABLE 3.20

GEDLOGICAL RESERVES KY CROSS SECTION FROM GHA06 COMPUTER MODEL, 1964
TOTAL DEFOSIT, 4% #b + Zn CUTOFF GRADE

TOTAL
SECTION  VOLUME SPECIFIC TOMNAGE LEAD {INC SILVER  GOLD Ph+In  HETAL
BRAVITY .

{bem {tonnes) (%) oy {g/t) {g/t) %} {tonnes)
a6 U 484,180 3,07 2,114,210 .60 4.9¢ 46,0 0,44 7,59 - 140,597
B4 & 584,820 316 1,849,610 2.80 4.9¢ 47.4 .60 7.70 142,432
82 ¥ 787,860 J.40  2,4B0,540 3.19 5.35 36.5 .84 8.73 234,049
BO W 1,797,080 .33 4,340,270 3.t0 4.83 51.8 {03 7.9% 245,081
78 W 775,780 32T 3,195,500 .16 3.50 4.7 1.04 B.44 276,742
76 & 707,200 3.36 3,048,860 3.49 5,80 i8.4 t.o7 ?.29 283,138
AW 1,013,040 3.43 3,498,640 3.7z 6.20 62,3 1.03 .52 347,148
R 748,480 343 2,584,490 3.64 3.7 1.2 {.02 9.41 243,256
7004 674,780 382 2,449,940 3.848 8.5 63,6 1.04 10.43 235,415
68 H 355,320 370 1,314,280 4,10 6.2 4.7 1,60 16.37 136,297
b4 447,260 369 1,432,15¢C 6,14 5.7 b7 0,95 9.9 141,507
b8 ¥ 301,860 Jebt 1,091,070 3.7 3,52 61.2 0.599 7.30 104,484
b2 L8, 200 3.69 657,640 3.39 3.03 4.8 L10 .42 38,347
8,971,020 LA 20,439,420 3.41 &80 ar.3 0,95 .00 2,742,527

¥ The slight difference {0.1%) in tornage between this figure and that on table 3,13 is
due to & small amount of material cutside the area limits set for the cross sections
when computing these reserves,
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deposit and sectional basis respectively.

Unfortunately the calculations 1listed in table 3.21 are not
exactly comparable. The first 3 (A-C) are all based on
Kerr-Addison’s geological interpretation and assay data. The
Cyprus Anvil computer models differs in that some new assay data
was used but the bulk of the data was the same as A and B.

The last 2 (D & E on table 3.21) are based on the current
geological interpretation and +the current assay information
which nearly completely replaces Kerr-Addison’s data. These two
calculations reflect some ore in the. northwest part of the
deposit that was drilled off in 1982, this amounts to about
3,000,000 tonnes largely of low grade material on sections 78W
to BBW.

The early computer models did not use geologic control on
interpolation which tends to average grade between disseminated
and massive mineralization resulting in a larger tonnage of
lower grade material than a comparable sectional calculation
with sharp grade distinctions (compare A to B and C on table
3.21).

The G8606 model has attempted to counter this averaging effect
by restricting the choice of composites to the same rock type as
the block being estimated. The result is a closer comparison in
grade to the corresponding sectional calculation {(compare D to E
on table 3.21). The GB606 model however was not able to
assign a grade to every block due to the stringent matching
requirements and local paucity of assay information. Thus there
1023 uninterpoclated blocks representing about 2,000,000 tonnes
of sulphides distributed through the deposit. Only a portion of
this is 1likely to be over 4% Pb + Zn in reality but for the
purposes of the current model all of it is assigned a zero grade
and included as sulphide waste. Much of this material (about
700,000 tonnes in 423 blocks) is in the lower part of section
86W partly accounting for the poor comparison to the hand
calculation on that section (table 3.22D). The distribution of
uninterpoclated blocks by section in the two constituent models
is given in table 3.23.

A further complication in comparing the current model +to the
hand calculated reserves obtained from the same geological
interpretation is +that two prroblems were encountered with the
Cyprus Anvil/Dome calculation: a) there were some calculation
errors involving volumes above cutoff and to a lesser extent
tonnes on sections 78W to 86W and b) the SG used for sections
82W-86W was assumed to be 3.6 (because assay data was not
complete at the time the calculation was made)rather than the
measured SG that was used for the rest of +the deposit. In
retrospect the assumed value was too high as much of the
mineralization on those sections is considerably lighter. These
points have been adjusted for in Table 3.22B. Table 3.22D shows
the section by section variance between calculations. Between
the Cyprus Anvil/Dome calculation and the current one the grade
is almost always slightly down. In large part of this is
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Thdle 3,21

COMFARISON OF PREVIDUS CALCULATIONS OF THE GEOLGRIC RESERVES T0 THE FHA0E MODEL
]

4% Pb + In CUTOFF GRA

CALCULATION

KERR ADOISON - 1977
sectional hand calculation

KERR ADDISON / WORANDG -~ (578
computer block medel

CYPRUS ANVIL - 1981
61" computer block madel

CYPRUS &NVIL / DOME -1983
cectional hand caiculation
luncerrected, see table 3.29)

CYFRUS ANVIL / DCHME -1783
sectional hard calrulation
{corrected, see table 3.27)

CURRAGH RESDURCES - 194
*GB508* conputer block model

. -

ORE
{tonnes)

26,083,000

27,650,000

30,781,000

37,811,000

* 31,615,000

¢ 30,647,000

Fh

]
—

o
o

ed
en

Tt

on
"

wn

-

Fhtin

i
{’

%

fg
{nit)

]
Ex]

TOTAL
HETAL
(tannes)

2,738,715

~a

i

PO

Do

a3

i
2,442,480

TOAMS FiT
RIS

2,758,410

*  Includes on the order of 2,000,000 tp 3,000,000 tonnes of sulphides in the northwest
part of the deposit drilled off in 1982 after the other calculations were dene.
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TRBLE 3.22 A
RESULTS OF KERR ADDISON SECTIONAL CALCULATION, 1977
TOTAL DEFDSIT {both Vangorda Mines and AEY opticnl &% Ph+In CUTOFF
TOTAL
SECTION VGLUKE SPECIFIL TONNRGE LEAD TINC SILVER  GOLO Po+in  NETAL
GRAVITY
{bem} {tannes) {2} {%) {g/t} (g/t) %} {tunnes)
B4 W n/a nfa 1,678,744 3,59 5.80 83,0 nta 9.39 157,634
g4 u ala nfa 1,379,120 1,33 i 3.0 nia §.93 122,798
B2 H nia nfa 2,185,447 4.0 7,30 69,4 nfa 11,36 248,267
80 W ng o onfa 3,039,373 367 571 ab.0 néa 7.38 283,093
73U Ria nfa 2,918,497 .73 6.45 0.0 n/a 10,23 258,85
76 8 n/a nfa 2,732,810 4,08 8.2 81,0 fifa 10,32 282,028
T4 H nia nfa 2,778,445 4,13 5,63 b6, 4 nfa 16,78 259,517
724 n/a nia 2,223,718 4,10 6,44 a3.4 n/a 10,58 334,825
704 n/a nfa 2,226,492 8,77 7,45 57.0 fla {2.22 212,077
68 W nia nfa 1,736,341 4,53 6. 38 73 néa 10.53 189,787
&6 W nia n/a 1,377,821 4,81 6. 53 67,9 nfs 1134 156,520
64 4 nfa nfa 1,144,742 4.34 8,74 87.4 nia 110 130,054
62 W ila fifa 630,248 3.7 R 5.0 nia 7.95 62,711
6 to DeK n/a nfa 26,047,842 §.07 &.43 41,54 fifa L850 2,739,141
TRELE 3,22 &
RESULTS OF CYPRUS ANVIL/DOKE SECTIDNAL CALCULATION {SIHFSON-RDAWRON}, 1963
TOTAL DEFOSIT, 4% Pb + In CUTOFF GRADE
TOTAL
SECTION VOLUME SFECIFIC TOMNAGE LEAD ZINC SILVER  GOLD Phtin  WETAL
BRAVITY
{hcm) {tonnes) 14 (L {g/t} g/} {4 {tonnes)
B4 H 9,045 ¢ 3.7 3,221,532 .88 a2t LU nfa 8.00 260,627
a4 W 776,37 % 320 7,486,835 2.54 4,83 48.¢ nfa 7.6 191,239
B2 W & .. 989,573 % 329, 3,23b,846.  3.00 . 0 52.4 nia- 8.10 - 243,772
B0 ¥ # 1,118,740 3.38 3,783,293 33 34 Sh. 1 rifa 8.7z 329,743
7B HE 994,148 S.H 3,093,642 3.37 .94 a5 n/a 7.33 268,437
76 86,940 3.39 3,006,734 3.6l 5.06 §2.0 nia 1.67 290,751
74 W 934,978 3.46 3,237,299 3,64 5.97 b1.4 nfa 7,43 3L, 752
72 4 639,715 .62 2,389,111 3.8 5,1t 65.0 nia 7.91 36,761
0y 650,848 3.69 2,425,119 4,04 b.52 8.0 n/a 10,48 259,003
48 # 386,618 373 1,440,349 4,54 6.88 7349 néa 1i.42 t44, 458
G5 W 446,215 3.62 1,613,702 4,41 5,95 7L fifa 10,34 167,180
64 ¥ 282,718 3.68 1,028,545 3.684 575 62.1 nfa 9.5 98,437
62 W 176,190 377 T 632,340 332 o bb A3.0 nia 8.98 a6, 784
b2W to 8o 9,300,243 380 31,614,947 3.4% 574 .l nia 9,23 Z,51%,529

¥ fin ascueed value for 5.6.0f 3.6 was uced on these sectipns,
This is too high and has been reduced by 10% for comparison purposes,

¢ Volumes above cutoff have been recalculated due tg an ereor
in the original calculation,
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TRELE 3.22 C

FERCENT VARIANCE 0F GBSUE (TAB
TOTAL DEFOSIT, 4% Pb + In LUT

o

SECTION VOLUME SPECIFIC TOMNABE LEAD
BRAVITY
them! {tonnes) {L

8t H 26,13 -27.42
84 W 4.5 -15.9%
82 ¥ 2,70 -21.5%
o) W 42.8%  -15.64
78 W ¥.51 16,74
76 # 11.6%  -14.5%
T4 W 25,98 -3

72 4 t6.2%  -14.2¢
70 W 10,08 -19.7%

- EX~
[a=]
O

-24.3% -9.91

bé ¥ 1850 13,90
64 ¥l -6.3%  -12.8Y
52 ¥ 4,30 -14.4

THELE 3.22 1

FERCENT VARIANCE OF GBSO (TABLE 3.70) TO SIMPSON
TOTAL DEFOSIT, 42 Pb + In CUTOFF GRADE

SECTION YOLUHE  SPECIFIC TONNAGE LERD
GREVITY

them {tonnes) (1}
g6 W+ -31.41 -4,31 -34.3% -9,8%
B4 ¥ -24.71 8 PRy ~2.94
B2 W& 20,81 8L -10.7E 8.2}
BG W ¢ 15.94 -1,0% 14.7% ~6. 4%
By -1.8% 225 3.3% -4.3%
76§ 2.3 -0.9% 1,47 ~3.3
74 § 8.3% -0, % 8.4 174
72 W 13.4% -4, 61 B. 2% -4, 2%
i .87 -3.5¢ 1.0 ~5.0%
o8 o -8. 1% -0,7% -8.81 9.7
bb ¥ -0.9¢ 2,00 {,1% -6.0%
b4 o b.7% -0, 4% 6.1 ~1.4%
62 ¥ 4.7 -0. 71 £,.0% 1.6

S0 to GeY -394 IS T IR S A 1

¥ See explanation in text-comparison of
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probably due to the clipping df the extreme high end of the
assay and composite population which was not done in the Cyprus

Anvil/Dome calculation. The large variance in volume on
sections B0W-86W is partly due to uninterpolated blocks but must
be mainly due to differences in calculation method. The

computer model interpolated grade into each block whereas the
hand calculation averaged a large number of intersections to
arrive at the grade for large panels of ore. In light of the
relative paucity of drillhole information for some panels such
large variances are not surprising. The interpolation method

would be expected to give a more realistic picture of grade
distribution.

A check on the volume of sulphides above 0% Pb+Zn grade shows
that the volumes are essentially identical for the two
calculations: 11,125,546 cu. m for the Cyprus Anvil/Dome versus
11,166,660 cu. m for the present model. The comparison for
tonnage above cutoff for the two calculations with adjustment
for a lower S.G. on sections 82W to 86W gives 37,415,941 tonnes
for Cyprus Anvil/Dome versus 37,329,090 tonnes for the current
model (the original Cyprus Anvil/Dome calculation using their
S.G. gave 38,536,557 tonnes above: 0%). Thus it is clear that

the reserves only become inconsistent when a cutoff grade above
0% is used.



UNINTERPOLATED BLOCKS IN G8608
— GRUM COMPUTER MODEL

» 86 B84 82 80 78 76 74 72 70 68 66 64 62 TOT

Above 32 1 1 32 19 4 8 21 62 T4 48 12 0 312
Grum

Under 423 23 38 52 54 23 13 36 10 14 1 0 0 687
Grum

Total 455 24 39 84 73 27 21 57 72 88 47 12 0 9989

——

T

T
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3.3.5.3 Reliability of Reserves

The reliability of geological reserves is a difficult matter to
quantify at this time. The inadequate geostatistical knowledge
of the deposit has precluded determination of block estimation
variance. Thus quantification of overall deposit wvariance was
not possible. )

The density of drilling is. sufficient to limit the possibility
of major changes in deposit volume due to variance in
interpretation. Volume ranges of +10% would be possible.
Variance possible due to calculation methods is also not
quantified but changes of a few rercent would be possible
through adjustment of interpolation parameters such as
anisotropy, weighting scheme and range and perhaps more by
altering the geology matching scheme.

Based on the reproducability of geological reserve calculations
for the Grum deposit and the central rosition of the current
model in the range of values it seem reasonable to conclude that
on a global basis the geological reserves presented herein are
reasonable and probably reliable within + 10%, as such can be
considered proven. Local reserves on the other hand are not
nearly as reliable. In the vicinity of the dense drill pattern
around the underground workings the local reserves are
reasonably accurate however towards the reriphery there is
considerably more possible variance. On a bench basis variances
of +50% would not be surprising towards the deposit periphery
but lesser variances in the core of the deposit are likely.
Small +tonnage benches would of course be subject to high
variances. :

The earliest production comes from a long trough 1like pit
following the subcrop of the ore horizons. This part of the
deposit is the most densely dilled from the surface but only the
part southeast of 72W has been drilled from underground. The
drill density is at least one hole every 30.5 m (100 feet) on 61
m (200 foot) spaced sections, close to the current density of
Vangorda drilling. There is room for improvement especially in
light of the complex structure involving steeply dipping ore
layers. 1In general the earliest production is from an area that
is only moderately reliable but it is underlain by highly
reliable deeper reserves.

How well the reported reserves will relate to mill feed depends
on the type and degree of dilution allowed. It is recommended
to use a dilution of no 1less than 10% at zero grade with
alternate dilutions ranging to about 25% at 3% Pb + Zn depending
on the extent of low grade sulphide dilution experienced. As a
starting point 15% at zero grade would be reasonable but
sensitivity to dilution should be considered. As is the case
for Faro dilution will be site specific and a constant average
dilution will be an oversimplification.

The need to use a higher dilution than the historic 5% used for
Anvil District deposits in the past is brought on largely by the
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restrictive geology matching during interpolation. This
matching was not done previously thus the models tended to
dilute themselves in unpredictable ways during interpolation.
In order to present a more realistic portrayal of grade
distribution especially with respect to grade averaging into
otherwise barren sulphides, particularly footwall sulphides, the
modeling technique was changed. It is however necessary to
change dilution practice at the same time. This was not done at
Faro when using the FI model with the result that prdicted
tonnages were far too low and grade far too high compared to
blasthole indicated tonnage and grade.

The other major problem with the Faro FI model in the JB phase
has been traced back to drillholes now known to be in the wrong
place due to a survey error many years ago. This became
apparent by comparing drillhole geology to pit geology. At Grum
similar problems are not expected since more careful surveying
has been done and survey calculations have been checked for
errors; those found have been corrected. At Grum the drillhole
collars are still present thus surveyed locations could be
checked if desired. This was not the case at Faro.

3.3.6 Additional Work needed

The complex geoclogy of the Grum deposit and its multi-horizon
nature creates a great deal of difficulty in producing an
interpretation that it is consistent from section to section.
Horizons are indistiguishable from one another in drill core
thus it is only the iterative process of section by section
interpretation and comparison that can solve this problem, if
indeed a solution is possible. The current interpretation has
several inconsistencies that should be corrected. Additionally
60.5m spaced sections are too far apart and do not take account
of all drillhole information available. A new interpretation is
needed that will provide +the basis for a better and more
reliable model. 30m spaced sections should be made and
longitudinal sections as well as cross sections should be
interpretéd in order to better portray fault problems’. This
interpretation has already been started and should be finished
at the earliest possible date.

The Champ zone should be included in the overall deposit model
since mining that area might influence the overall pit economics
by lowering the main pit exit. Considering both zones together
might enhance the economics of both.

The geostatistical treatment of Anvil District deposits has
always been inadequate. This is largely due to the wide spacing
of drill holes. At Grum the drill rattern is dense enough to
produce meaningful analysis once the basic geologic data is
organized by the above interpretation. Such analysis should
allow better interpolation methods to be used than the simple
inverse square method used to date.

One of the major inadequacies of geclogic data at Grum is
geotechnical data. There 1is reason to believe that the 82



foliation under Doal Lake (in the northeast part of the pProposed
pPit) may be dipping northeast rather than southwest. This could
have significant implications for slope stability and the size
of the area required to be pre-stripped. A Program of oriented

core drilling is required to evaluate this question. These
holes should also sample the overburden to evaluate its clay
content and hydogeology. If +the overburden is amendable to

dewatering and can be kept dry then steeper slopes will be
bPossible than in the current water saturated state.

There is little known geotechnically of the proposed waste dump

sites; +the foundation conditions in these areas should ©be
studied. :

More metallurgical work is required particularly on the 4A
carbonaceocus ore type. Its abundance at Grum could have =a
serious impact on mine reserves 1if an economic treatment scheme
cannot be worked out. Separate consideration of the optimum
grind for 4A should be given since in hand specimen 4A is not
noticably finer grained than 2A  (unlike the massive ores) and
fine grinding exaggerates the problems of treating 4A. The

northwest half of the ore in the first years pit will be almost
entirely 4A.

The frequency distribution of specific gravity for Grum ores is
strongly bimodal with modes cerresponding to the quartzose and
massive ores. Consideration should be given to the pPossibility
of mechanical separation of the bulk of the ore types using this

density contrast rather than relying on separation during
mining.

It may be necessary to carry out fill in drilling in the area of
early production to more comfortably outline early reserves.

This work could be coordinated with the collection of
metallurgital samples.
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3.4 Vahgorda Geology and Reserves

3.4.1 History

Vangorda was the initial discovery in the Anvil Range. The
deposit was drill +tested from 1953 to 1955 by Prospector
Airways, a predecessor to Kerr Addison Mines. This drilling

showed a significant deposit existed but a production decision
was not warranted at that time. The deposit remained idle for

the following decade. Minor additional drilling was done by
Kerr Addison, largely for metaullurgical sampling, until +the
deposit was sold to Cyprus Anvil in 1979. Cyprus Anvil

geologists examined the available drill core and concluded that
it would be necessary to redrill the deposit to provide adequate
material to re-evaluate it.

In 1979 the portion of the deposit from 2W to 12E was re-drilled
with NQ core holes. Scattered core holes were put down in the
southeast part of the deposit. Because of anticipated poor
recoveries in this area it was judged advisable to drill this
part of the deposit with rotary methods. This fill in drilling
was done in 1981. Since 1981 no additional drilling has been
done.

3.4.2 General Geology

3.4.2.1 Stratigraphy and lithology

The Vangorda deposit consists of one major sulphide horizon
about 50 to 120 m beneath the basal carbonaceous member of the
Vangorda formation. The host rocks for the deposit are
dominantly non-calcareous phyllites, probably part of +the Mt.
Mye formation, however formational assignments near this deposit
are ambiguous. The reason for the ambiguity is largely due to
the strong wall rock alteration developed around +the deposit.
Most phyllites, especially in the deposit footwall, are
bleached, locally silicified and/or chloritic and sulphide
bearing. ' ' 7 )

A number of thin sulphide horizons occur above the main horizon;
one at the base of the carbonaceous rhyllites southwest of
(stratigraphically above) the deposit may equate to the main
horizon at Grum. In general these horizons are too thin or too
low grade to be mineable.

3.4.2.2 Structure

The Vangorda deposit occurs in the hinge of a large second phase
fold. Overall the deposit has the shape of a reclining M or a 3
in cross section, however there is considerable uncertainty in
the details of fold morphology. The deposit is elongate in the
northwest-southeast direction parallel to F2 fold axes. It has
been traced over a 1300 m X 200 m area.

The northwest half of the deposit plunges about 10° towards the
northwest but the southeast half has a sub-horizontal plunge.



The 82 foliation dips shallowly toward the southwest as at Grum
but is locally quite variable.

The deposit is truncated by a steep normal fault at its
northwest end. Many gouge zones were observed in drill core but
the orientation of the structures responsible for them is not
known. A number of faults parallel to S2 are predicted. These
are ‘“required” to make the structure and stratigraphy fit.
These low angle structures are best thought of as sheared out
fold limbs, they are not generally gouge zones and will pose no
more serious a problem for slope stability than the S2 foliation
itself and the myriad of small gouge zones that parallel it.
Several analogous structures are thought to be present at Grum.

3.4.2.3 Deposit Geology

The deposit is quite shallow, in most places subcroping beneath
glacial till. The till blanket is up to about 30 m thick in the
northwest part of the deposit but thin in the southeast.
Northwest of Vangorda Creek till cover is also quite thin.
Locally the basal overburden and uppermost broken bedrock are
cemented by iron oxides into a tough breccia.

The deposit consists of the same sulphide rock types as the
other deposits but two types are particularly prominant. In the
footwall (also the interpreted stratigraphic footwall) of the
deposit is a sulphide rich quartzite (4C and 4EC). This
quartzgite grades downwards into siliceous phyllite and
ultimately altered phyllite. Parallel to this downward decrease
in silica is a downward decrease in the abundance of sulphides
from gquartz rich semi-massive sulphide (4EC) at the top to
weakly pyritic altered phyllite at the base (4L). Most of the
sulphides in the quartzite are pyrite, however pyrrhotite is
generally present and locally abundant or dominant. Magnetite
is unusually well developed in the quartzite. The quartzite
contains only minor lead and zinc but 1is relatively rich in
copper and wunusually high in gold (see Table 3.24). The
quartzite is similar +to the 'semi-massive zone along the
northeast edge of Zone 3 at Faro and one of the lower ore panels
at Grum. From a reserve estimation point of view, The
significance of the barren pyritic quartzite is +that it is
beneath and sharply delinated from high grade massive sulphides.
For this reason it is important to restrict the selection of
assay composites during grade interpolation to equivalent,
geology otherwise excessive averaging of grade into the deposit
footwall and lowering of the overall deposit grade will occur.
Previous models of Vangorda have been subject to this averaging
effect, resulting in a larger tonnage of lower grade than more
selective calculations and creating the impression of ore deeper
than it actually extends.

The massive s%lphides that overlie the pyritic gquartzite are
commonly bariFic and rich in 1lead and zinc. The unit is
actually a migture of about 50% 4E and 50% 4G ore types but

separate treatment of pure types at Vangorda is not realistic
from either the point of view of mining or the level of detail
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carried in this model. Metallurgical predictions must take into
account the mixed nature of this dominant ore type compared to
the relatively pure samples on which test work was done. Of the
mineralization exceeding 6% Pb & Zn, 90% 1is barite bearing
massive sulphides (4EG). Most pyritic quartzite (4C and 4EC) is
sulphide waste on the basis of lead zinc content (see Table
3.24).

Of the other sulphide rock types only 4A is of any importance.
As 1is usual for these deposits it tends to be low grade and
peripheral to the deposit. Much of the 4A is actually part of
the upper horizon associated with the carbonaceous phyllite.

The shallow depth of burial of the deposit may create

metallurgical difficulties because of oxidation. Early
metallurgical work seemed +to show this however later work done
by Cyprus Anvil on fresh core achieved better results. The

limited core observed by the writer was not visibly oxidized and
oxidation is not extensively described in most drill logs below
the first few meters of bedrock. Recoveries in massive
sulphides are generally good except locally near Vangorda creek
and in the southeast end of the deposit (at Faro oxidized
massive sulphides yield poor core recoveries). In much of the
southeast end of +the deposit it is not rossible to give
recoveries based on recent drilling but old holes did not core
well and it seems prudent to assume that the portion of the
deposit southeast of 12E, where till cover 1is thin, will be
oxidized. This could affect as much as 1,900,000 tonnes of
baritic sulphide or 37% of the baritic sulphides in the
geological reserves.

3.4.3 Drilling Density and Information Base

In the portion of the deposit from 2W to 12E  there are 53
diamond drill holes in a 60 m X 30 m pattern. All holes are
vertical and all are NQ diameter. Collar locations have been
surveyed, checked and appear accurate. Assay intervals are 1.5
to 2 m long and are where possible are confined to one rock
type.

In the remainder of the deposit there are 8 recent NQ or HQ
drill holes but the bulk of the drilling (45 holes) is by rotary
methods. The pattern is also 80 m X 30 m. There appears to have
been a sampling problem with some of the rotary holes that has
resulted in unreasonable assays. These holes have not been used
in the current reserve calculation but they cast doubt on the
remainder of +the rotary holes. For this reason, where a
Prospector Airways hole was also available and good recovery was

‘obtained, the older hole has been used in rreference to a rotary

hole.

For most assay intervals there are Cu, Pb, Zn, Ag, Au., soluble
(in hot HCl) Fe, insoluble Fe and Ba0 assays. 01d diamond drill
holes generally only have Pb, Zn and Ag. The newer assays are
the same as those described for Grum.
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The lead assays from the older holes are suspect because a
correction for barium interference was not made.

3.4.4 Methods and procedure of reserve calculation

3.4.4.1 Introduction

The Vangorda deposit reserves were generated using a computer
based 3D block model, the V8607 model, made during June and July

1986. The PC MINE software package was used for all stages of
model construction.

3.4.4.2 Block geology and drillheole information

The model was generated using geologic control provided by 60m
spaced cross sections. The cross sections were newly
interpreted for this model in order to provide a uniform
structural concept for the entire deposit. The assumptions used
in cross section construction were:

1.) The deposit must fit the overall structural
setting of this part of the Vangorda Plateau as
defined by surface mapring and deep drilling
nearby. This work shows that the deposit is in

the hinge region of a large recumbent second
phase fold.

Z2.) Stratigraphic facings implied by Anvil cycles
were followed wherever possible. Of particular
importance was +the barren pyritic quartzite
(units 4C and 4EC) which shows strong
indications of being a footwall facies.

3.) Symmetric sulphide intersections were taken to
imply folds.

4.) The dominant deformation episode would be the
secohd phase implying a deposit shape similar
to Grum but different from Faro.

Assumption 1 and 2 together require highly attenuated folds in
order to produce a consistant interpretation. The resulting
fold shapes are consistent with the deformation style observed
in nearby outcrops on a small scale and with the inferred shapes
of more closely controlled folds at Grum. All sections are

included in supporting documents at Curragh’s Toronto and
Whitehorse offices.

At the density of drilling at Vangorda it is not realistic to
produce interpretations that differ widely in deposit wvolume
(changes in volume of +10% to 15% may be possible due to
interpretation) thus the current interpretation is adegaute for
long term planning even if there 1is disagreement on the
treatment of structural detail.

The rotary drilling results in the southeast part of the deposit
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proved to be difficult to interpret because the rock type
logging was not as pPrecise or reliable as the diamond drilled
part of the deposit. As a result of this uncertainty in the
base data there in more uncertainty in the geologic sections of
this part of the deposit.

The cross sections were digitized and block assignments made by
machine from digitized outlines. The logic wused for block
assignment is based on the geology at the center of a block.
The block is assigned one geology code and the block is
thereafter considered to be entirely that rock type.

Block size used was 4.5 m high, 4.5 m across strike and 10.0 m
along strike. This is essentially the smallest block size
practical that allows maximum resolution of geologic detail.
Rows of blocks are parallel to the geologic sections. The same
geological codes were applied to 3 rows of blocks on either side
of a section so that the blocks are essentially 60 m long but
each 10 m segment is treated separately for purposes of
interpolation. There are 45 levels in the model extending from
1209.5 m to 1007.0 m elevation (1879 CAMC Datum).

Drill hole data was imported as ASCII files into the mine
modelling system from the Hewlett Packard HP3000 based database

for Vangorda drillhole information. A number of reformatting
steps were needed.

3.4.4.3 Composite calculation

The assays were composited on the basis of geology with an
attempt to conform to a 4 to 6 m length. This composite coding
ensures that an interpreted geologic unit will only be assigned
an assay from a length of drill core that was actually used to
define the unit. In some cases these defined units will
actually contain two or more different geological types but this
simplification was necessary in order to produce units that
would be reasonable from a mining point of view with the minimum
number of necessary ore types. In general these mixed types are
related for example: mixed 4E and 4G or mixed 4C and 4A. The
minimum composite length was about 1 nm. Internal waste was
included in +the composites at a 0% assay valve. Unlike most
previous models, except the F4, bench composites were not used.

Assays were weighted by length of the sample but not by its
specific gravity. Since composite intervals tend to be
restricted to one ore type 8G welghting would have relatively
little effect. There was no "clipping" of assay valves to
arbitrary maxima prior to compositing calculations.

3.4.4.4 Interpolation

Interpolation was done in essentially +the same fashion as the
Grum G8606 model described previously. Experimental variograms
calculated from these composites showed only nugget effect due
to the relatively large drill hole spacing. For this reason the
anisotopy developed for Grum was used at Vangorda with a
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slightly larger search volume.Search volume rarameters were:

elongation: model 0300 (ie: along deposit trend)

prlunge: - 1Q0 (ie: 109 northwest rlunge)
horizontal anisotopy: 1.41

vertical anisotopy: 1.41 .
maximum range: 90 m (1.5 X section spacing)

minimum # composites used for a block :2
maximum # composites used for a block :8

Composites were weighted by the inverse square of the distance
from the composite center to the block center. A composite
could be used to interpolate a block only if its geologic code
matched the code of the block being estimated.

These interpolation parameters allowed most of the blocks to be
assigned a value. Two rock types - proved difficult +to
interpolate, 2EH and 2E. Since there is relatively 1little of
this material it was generally not possible to find 2 composites
within a search volume. For these rock types the lower limit
was reduced to one composite. Any remaining uninterpolated
blocks (total of 97) were assigned an SG of 3.0 and grades were
left at 0.0% (ie: the blocks do not get counted in reserves).

Specific gravity was treated as an assay and interpolated into
blocks based on measured pulp SG of composite intervals. These
5G@’s were determined by air pycnometer on assay pulps
consequently do not account for void space. For tight quartzose
ore types these SG’'s are high by about 5% and for vuggy, porous,
massive ore types they are high by as much as 10% based on
comparison of whole rock and pulp 8G’'s done on Grum, Faro and Dy
ores. In order to recast +the SQ data in terms of whole rock
values the SG was reduced by 5% in the final model.

Geological reserves were computed by weighted average of block

values between certain Pb plus 2Zn grades for all levels below
topography.

-

3.4.5 Results

3.4.5.1 Geological Reserves

Geological reserves at a 4% and 6% Pb+ZIn cutoff grade are
summarized in Table 3.24. The results quoted are for all
mineralization regardless of potential pit outlines. There has
been no allowance made for dilution or mining recovery in the
geological reserves.

3.4.5.2 Comparison of Geological Reserves

Two hand calculations have been done for the entire Yangorda
deposit. Both are based on the old drilling and assays for the

deposit. Table 3.25 compares these results to the present
model.

The oldest one by Prospector Airways is based on the triangular



TRELE 3.24 GECLOGICAL RESERVES FOR YANGORDA DEFGSIT FROK VE607 MODEL - NO DILUTION

rock type Lot tonnes  density Ph in Pb + In g Au
are type ix1000) {tnfbem) i (i i {g/t} {g/t)

PLUS & % P+ In

o

o

T

o

44 1 7.1 382,33 2,81 347 4,64 7.BY 0 39.74 (.68
4L Z 0.0 [.42 3.50 6.40 1,01 7.41 F7.51 177
4EC 3 0.4 21.41 3,63 2,97 3,79 6,75 46,65 .80
4 4 0.1 4,18 3.43 2.9 4.12 8,49 44.50 0,63
4ER 3 70.8 - 4,9i7.88 394 4.41 .83 10,34 44,03 0.7
AR 6 1.7 79,23 3,63 4.82 305 11,87 8315 T
7878l 1800 5,417.43 3.08 5.45 5770 W17 42,55 3.74
AET706 1
48 { af. 6 1,194.40 2.83 .86 3.0% 4.88  Z4.48 .44
4 2 9.5 194,12 3.27 2.3 2,08 4,42 25,82 0,79
4EC 3 14,1 286.99 3,48 2,78 2.49 4.68  33.18 .85
4E 4 1.2 207,56 3.78 1.5 2.87 477 3T 0,14
4EG 3 6.7 137.28 375 2.47 2,76 3.23 36,94 0.76
4EH b 0.9 19.13 3.73 2,43 2,95 3.3 34,3 G.41
TOTAL 1090 2,039.51 RIE 201 2,81 .85 29,3 0,33
HIRUS 4 ¥
44 { 6.2 3,724.08 .92 5.90 1,44 2.34 12.4 6,33
it 2 §2.8  4,393.74 3.27 (.77 £.00 7% 14,50 0,45
4EC 3 7.9 {,B42.5 3,67 1.33 134 .47 .37 2.504
4 4 2.9 299.17 .63 1.5 1,40 .99 17,48 0,26
4EG 3 0.1 3.88 343 G487 .86 HRR O S 0,65
4EH & 0.1 F.0% 2,99 .39 .49 0.88 5.95 G.08
T0TAL 0.0 10,270.94 3.4 4,95 1,23 PIDY: I O 057
TOTAL DEPOSIT {al) grades)
44 { 9.9 5,197.81 2.89 1.28 2,03 3.3 17,60 0,38
N 2 25,9 4,388.75 327 0,84 104 £%0 15,00 0. 46
4EC 3 12,1 2,150.90 3.67 {.47 1,41 2,98 233 0,33
4E ] 2.9 310.92 3,69 {47 2.02 3.8 25,03 4.23
4EB 3 8.5 5,061.05 3.9 4,45 374 10049 6324 0.73
AEH & ¢.7 118,45 3,62 3.42 4,34 .98 49.33 0. 46
TOTAL {06.0 17,777.88 3,42 .14 2,78 4,92 3L Y4 0.62
PLUS & 1
44 { 2. 1,576.72 2,83 2.48 3.42 .60 9,69 0,51
4L Z 2.8 195.54 27 2.37 2,07 4,44 24,05 0,80
§EC 3 4.1 308, 40 3,68 2,32 2,50 4,82 3.1t 0.84
4E 4 2.8 211,73 .75 1.9l .90 4,81 3818 0,15
4EG g 67.8  5,085.17 3.9 §.45 374 10,20 63036 0.73
4EH b L5 109.36 3.67 6,05 4,68 10.74 74,60 0.52
TOTAL 10,0 7,8%6,94 1.68 3,78 4,92 8.71 G346 G. 49
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method. The comparison to the bresent model is quite close.
The large variance in lead grade is expected as it is known that
the older lead assays were low probably because a correction for
barium was not made. The areal extent of this calculation is
not known but it may extend as far as 40E. The amount of ore in
the far southeast sections (between 30E and 40E) is slight but

this detracts from the comparison since the V8607 model only
extends to 29E.

The Kerr Addison reserves are based on a sectional calculation

by J. Paxton using sections between 4W and 30E by C.L. Smith in
1966.

These sections show unconnected enechelon pods of ore thus the
tonnage should be lower than the current model where the

assumptions outlined above imply +the pods should be connected
into fold patterns.

Previous computer models of Vangorda have only covered the
northwest end of the deposit (2W-13E). For purposes of
comparison to these models a separate reserve calculation was
made for the area covered by these models. The results are
given in Table 3.26 and 3.27.

As expected the current model reports higher grades but somewhat
unexpectedly the tonnage is higher or comparable. This may be
due to the fold interpretation used since zones that might be
thought of as disconnected pods are connected into continuous
horizons. The tonnage of the V8607 is higher than the 80-01
model (Table 3.27) because the volume of 4% material is about
10% higher, +this tends to confirm the above inference and is
within the realm of expected variance for +the density of
drilling.

3.4.5.3 Reliability of Geological Reserves

As a check on model computations, the areas of geological units
output during digitizing of unit outlines was used to compute
the volume of the overall deposit at a 0% combined cutoff grade,
The average S8G’s of the ore types was used +to calculate tonnes
of mineralization. This calculation gave a total deposit
tonnage of 18,921,000 +tonnes compared to 18,660,930 from the
block model (all +these tonnages are prior to 8G reduction), or
18,732,000 if the 97 uninterpolated blocks are included. No
check calculation of the grades was done.

There was not sufficient time available to compute reserves with
different sets of interpolation parameters. During test
interpolation, increasing the degree of anisotopy tended to
increase the spread in extreme block values. The effect on the

average is not known but bPresumably above a given cutoff the
average grade would increase.

On a small gold deposit modeled with PC Mine (P. Clarke,
personal communication, 19886) changing only the anisotopy
parameters from isotropic +to about the same anisotopy used for
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TABLE 3.75 EARLIER BEDLORICAL REGERVE ESTIMATES FOR THE ENTIRE BEFOSIT LOMPARED 70 THE veTor

—

[

tonnes density Fh In Fb+in g fu  tetal metal
{1000} (ta/bcm {4 {) (%) {g/ti {g/t) {tonnes)
[_“J
FROSPECTORS AIRWAYS / CHISHOLN €T AL. (extent unbrown - pay he 4§ to 40F)
high grade  {+417] 8,32 4,07 3. 14 4.5 8,12 80,33 0,69 692,474
e low grade L nat detersingg----w—-ommoeen-
. tatal depasit 19,959
KERR-ADDISGN / PAXTON frecalruiated to 3¢ to 29E)
high grade  {+417) 6,942 4.0 7 wmmeeem 1 B.47 ~mmmome- e 601,871
= low grade 2% KL S [ ot determingd-—--mm-ommoeee
— total deposit 14,081
L
THIS CALCULATION (3H to 29E)
m ' :
[L,J high grade { +4%) 7,457 3,48 .78 4.92 870 534 .69 64%,234
lak grade {-4%) 14,271 323 4,93 £.23 L1815z 0.57
r tatal deposit 17,728 3.47 214 2.78 4,52 3174 0,42
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TRBLE 3.26 ERRLIER GECLDBICAL RESERVE ESTIMATES FOR THE WORTHWEST PART OF THE DEPOSIT CONPARED TO THE V8607 AUDEL

tonnes  density Ph in  Pb+ia g fu  total metal % variance
x1G00) {tn/bcn) (%} (4} (%) {g/t! {gst) {tennes) (new-0ld)/old

79-07 MOBEL {i.e. the Vangorda Flateau AFE madel)

high grade (+4%) 6,751 4,20 3.3 4.4 8.1 a0.7 46,838 -11.4
Tow grade {(-4%]

total deposit

BO-10 HODEL {i.e. the V1 model)

high grade {+4%) 3,209 3,83 3.3 3.2 B.5 4.5 N 441,608 9.8
tow grade {-4%) 4,145

total deposit ¥,375 3,74

KERR RODISON / PRXTON (recalculated to 3W to t3E}

high grade 4,706 4,00 8.6 420,794 15,7
tow grade 3,831

total dencsit 10,738

TRES CALLULATION (3W TO 13E)

high grade (+4%) 5,471 3.59 3.9 3.0 8.9 5.4 .72 484,718

Tow grade {-4%) 3,695

total deposit 11,144 3,39 2.4 il 3.5 36.7 0.74
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TABLE 3.27 COMPARISON OF COMPUTER MODELS FOR THE NORTHWEST PART OF THE
VANGORDA DEPOSIT - V8607 TO 81-10 ( or V1)

The 81-07 model was a computer based 3D block model based on more
detailed geologic interpretation resulting in geologic bench plans rathe:
than just sections. Block size was 12m X 12m X 6m. Measured S.G. was use

VARIANCE
81-10 MODEL 86-07 MODEL (NEW-OLD) /OLD

4.0 % CUTOFF
TONNES 5209.5 5470.9 5.0
S.G. 3.77 3.59 -4.8
Pb (%) 3.31 3.88 17.1
Zn (%) 4,34 4.98 14.8
Ag (g/t) 47.8 55.6 16.3
Au (g/t) 0.74 0.72 -2.7
METAL (tonnes) 398.5 484 .5 21.6
VOLUME (bcm) 1381.5 1524.86 10.4

NOTE: in both 3.27 there is some doubt as to the limit

of the volume modeled to the NW. The 86-07 model is definitely quoted

for 3W to 13E, the older model may only cover 2W to 13E or possibly

2W to 12E. In the former case the 86-07 tonnage would be about 35,000
tonnes too high, in the latter they would be about 160,000 tonnes too hig
In the latter case the deposit volume and tonnage would be within 1%.
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Vangorda and Grum increased the tonnage above cutoff by about 5%
and the average grade above cutoff by 1 to 2%. This may have no
relevance to Vangorda but it does give some idea of the effect
of changing only computational parameters.

The above considerations along with concerns about the adequacy
of drill spacing suggest that it would not be wise to consider
the Vangorda reserves to be better than +10% to +20%. This is
especially true in the southeast part of the deposit where +50%
might be a more realistic estimate of possible variance to be
expected because of the rotary drilling.

When reporting reserves as mill feed it will be necessary to use
a high dilution as at Grum.

3.4.6 Additional Work Required

The major shortfall in the work at Vangorda is the drill
density. While the density may appear adequate in plan view the
picture in section is another matter. On some sections holes
have deviated away from one another creating a relatively large
gap Dbetween the ore intersections. Some of these problems

unfortunately occur where large proportions of the tonnage are
inferred to exist.

The 200° X 100° drill pattern is probably adequate to define
large deposits on a global basis however Vangorda is a small
high grade target. Everything rests on the accuracy of the high

grade reserves inferred to exist. The current drill density is
not adequate to reliably predict the reserves of such a small
body. Fill-in sections and fill-in holes on the current

sections must be put down at the earliest possible time before
committment +to this project is made. A staggered triangular

pattern should be drilled rather than the current retangular
prattern.

The question of reliability of the rotary drilled part of the
deposit “ust “be answered. Effort shduld be made”to “core this’
part of the deposit using large diameter core and heavy use of
modern artificial mud ingredients.

The other major risk for the Vangorda deposit development is the
state of oxidation of the Vangorda ore, this uncertainty must be
resolved. Considerable metallurgical work on the fill-in drill
core should be carried out in order to answer the question of
the extent of oxidation of Vangorda massive sulphides,
especially in the southeast rart of the deposit.

Metallurgical work should be done on the mixed massive sulphide
ore types used in the reserve definition rather than the pure
logging ore types that previocus work has been keyed to.



