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Dear Sir:
Re: Preliminary Modal Surveys - Anvil Range Flotation Plant

We have now completed our modal studies on both sets of samples cut from the flotation
plant streams. In the attached technical brief we have summarized the results of our
studies. Since the samples provided in this program did not allow us to form process
loops, we can offer only limited interpretations of the significance of this data.

We believe that the following points may be of interest to you in your efforts to optimize
the metallurgical performance at the Anvil concentrator:

- Most of the galena lost from the lead circuit rougher tails is locked in binary
composites with sphalerite, with nonsulphide gangue, or in multiphase
composites which contain near equal amounts of sphalerite, pyrite and
gangue. Therefore, to improve overall lead recovery in the rougher flotation
circuit, more of these galena-bearing binary and multiphase particles will
have to be captured into the lead rougher concentrate.




About half of the galena losses from the lead cleaner-scavenger tail occur as
liberated grains of galena. Most of the remainder of the lead losses occur as
galena-sphalerite composites. It may be possible to reduce the losses of
liberated galena from the cleaner tail stream by physically pulling the lead
cleaner circuit more aggressively, or by adding some collector in the

cleaners.

Approximately half of the sphalerite in the zinc rougher tails occurs as
liberated grains of sphalerite. The remainder occurs as sphalerite-gangue
composites, which in our opinion, contain sufficient sphalerite to be readily
captured by conventional flotation techniques. Possibly the zinc rougher
flotation circuit is not yet optimized to achieve maximum recoveries of all

classes of particles which contain sphalerite.

The majority of the sphalerite losses from the zinc cleaner circuit tails occur
as liberated grains of sphalerite. A cleaner circuit malfunction, possibly
related to the capabilities of the flotation columns, and exacerbated by the
extreme complexity of the zinc cleaner circuit flowsheet would cause this
type of liberated sphalerite loss.

The zinc concentrate contains about 16 percent by weight diluents, of which
pyrite and gangue are the most important. Two thirds of these diluents are
liberated and could be removed by more efficient zinc cleaner circuit
operations. On a practical basis improvements in zinc concentrate grade of
the order 2-4 percent zinc at constant zinc recovery may be attainable.

Theoretical calculations suggest that improved zinc cleaner flotation circuit
efficiency will be more likely to enhance zinc concentrate grade, than finer
regrinding of the zinc cleaner feed, to further increase mineral liberation.
Laboratory testwork, involving repeated dilution cleaning tests of the
current zinc concentrate, would verify the requirement for improved cleaner

circuit efficiency.




Please contact us if you wish to review any aspect of this program or our interpretations of
the data. If you are planning any further plant surveys involving modal studies it may be
worthwhile reviewing your objectives with us. In this way we may be able to assist you to
select a sample suite, which will maximize the amount of information produced by your

modal investigations.

Meanwhile thank you for allowing us to participate in your project. Should the opportunity
occur, please visit us here in Kamloops at our new laboratory complex. We have
comparative modal data for all of the major lead-zinc stratiform concentrators currently in

operation.
Yours truly

S ‘@ . /% _A/éA’D
P.J. Brown, P.Eng. " T.H. Lafreniere, A.Sc.T.
Consulting Metallurgical Engineer Consulting Metallurgist

MARCH 1996
KM585/599
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1.0 Introduction

Samples, consisting mostly of plant tailings streams, were cut from the concentrator
circuits during surveys conducted in December, 1995 and February, 1996.* The
points in the circuit from which the samples were taken during these surveys are

indicated in Figure 1.

In the December survey, the plant samples were reportedly reprocessed in the site
laboratory, presumably to scavenge out galena or sphalerite. Unfortunately only the
laboratory tailings from this survey were dispatched for modal studies, thereby

limiting the amount of data which could be derived from this work.

The samples taken in the February survey were not reprocessed in the laboratory.
These samples are believed to be representative of the actual plant streams:
Accordingly the modal data can be used with considerable confidence to guide
future development programs at Faro. Most of the discussion, and interpretation of
data in this technical brief, refers to the information produced by the February

survey samples.

The modal data derived from both surveys are presented and discussed in this
technical brief with regard to mineral composition and mineral liberation in the
process streams. Using the modal data for February we have provided a
preliminary assessment of how lead and zinc losses to the plant tailings occur, and
indicated the remedial measures which might be taken in the plant to minimize these

losses.

* A more detailed discusston of the samples submitted 10 the laboratory for modal evaluation is presented in Appendix [.
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2.0 Lead Circuit Tailings

There are two tailing streams exiting the lead flotation circuit: The lead rougher tails

and the lead cleaner-scavenger. In the plant flowsheet both of these streams are

combined to form the zinc rougher flotation circuit feed.
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The Lead Rougher Tails

The lead rougher tails stream consists principally of silicates dominated by
quartzite. About one quarter of the material consist of pyrite with minor
amounts of pyrrhotite. Sphalerite and sparsely distributed occurrences of
galena constitute the remainder of the solids in these samples. The mineral

compositions of the lead rougher tails are summarized in Table 1 and are

similar for both surveys.

TABLE |
MINERAL COMPOSITION
Lead Rougher Tail
Mineral Mineral Composition - Weight Percent
December 1995 February 1996
—
Galena 0.4 0.4
Sphalerite 5.2 7.0
Pyrite 25.2 25.3
Nonsulphide . 69.2 67.2

Notes: a) These mineral composite data were taken
from Appendix 111, Tables 1C and 5C.
b) The December rougher tail samples has
been rescavenged in the plant laboratory.



The status of the minerals in the lead rougher tails streams is of interest.
Both of the lead rougher tailings samples possessed similar sizing
parameters of about 70 um Kgo and the overall distributions of the key

minerals into the various classes of association® were similar.

TABLE 2
MINERAL DISTRIBUTION BY MINERAL CLASS
Lead Rougher Tails

Minera} Class December 1995 (71pmKgg) February 1996 (68umKg,)
Ga Sp Py Gn Ga Sp Py Gn

Liberated Particles . 3 69 91 94 19 72 89 92
Binary with Galena - 1 <l ] - 1 <l 1
Binary with Sphalerite 17 - 2 2 13 - | 3
Binary with Pyrite <1 7 - 2 2 9 - 3
Binary with Gangue 52 17 5 - 44 14 8 -
Multiphase Particles 28 6 2 1 22 5 1 1

Notes: a) These data taken from Appendix (11, Tables 1A and 5A.
b) These date are two dimensional uncorrected estimates of
mineral liberation.
c) Standard mineral abbreviations Gn - galena, $p - sphalerite,
Py - pyrite, Gn - nonsulphide gangue.

The data in Table 2 indicate that most of the galena in the rougher tails is in
composite form: About 15 percent is present in galena-sphalerite binary
composites, which typically are structurally simple, and contain near equal
weights of galena and sphalerite. Most of the remaining galena is present in
structurally simple binary composite particles with gangue, or in multiphase

composites with gangue and sphalerite.

*See Appendix 1, Section 4.0 for a discussion of the criteria used to classify mineral assemblages.
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The L ead Cleaner-Scavenger Tails

The lead cleaner-scavenger tail stream consists of relatively fine particles,
averaging less than 20um in size. The dominant mineral component is
pyrite, which accounts for 40-50 percent of the sample mass.
Nonsulphides occupy about one third of the sample mass; Sphalerite and

minor amounts of galena, complete the mineral suite.

TJABLE 3
MINERAL COMPOSITION
Lead Cleancr-Scavenger Tails
Mineral Mineral Composition - Weight Percent
December 1995 February 1996

Galena 3.4 3.6
Sphalerite 17.4 20.3
Pyrite 42.3 49.4
Gangue 36.8 26.7

Notes: a) These mineral composition data was taken
from Appendix 111, Tables 2C and 6C.
b) The December cleaner-scavenger tail
stream sample was rescavenged in the
plant laboratory.

The concentration of pyrite in the lead cleaner suggests that the lead
roughers may be recovering a substantial amount of pyrite, which must then
be rejected in the lead cleaners. Based on the modal data available most of
the pyrite is probably liberated. The presence of the some of this pyrite may
be attributable to entrainment: However, some of the pyrite may be
chemically activated, and could perhaps be suppressed by modifying the

processing conditions in the lead rougher circuit.



In the February sample of lead cleaner tails, about sixty percent of the
galena was present as liberated grains of galena. The remainder of the
galena was present as composite particles with sphalerite. About one third
of the mass of these composite particles consists of galena, and should

render these particles recoverable in the lead cleaner circuit under normal

flotation conditions.

Mineral Class December 1995 (18umKg,) February 1996 (19umKegq)
Ga | Sp Py Gn Ga Sp Py Gn
Liberated Particles 7 77 95 93 58 83 92 93
Binary with Galena - 18 1 5 - 8 1 1
Binary with Sphalerite 46 - 2 2 30 - 2 2
Binary with Pyrite 7 2 - <l 2 1 - 3
Binary with Gangue 21 2 1 - 7 7 5 -
Multiphase Particles 19 1 1 <1 3 1 <l 1

Note; a) Datataken from Appendix i1, Tables 2A and 5A.

Since no sample of lead concentrate was provided in either survey, it is not
possible to determine the proportions of each mineral class which are
recovered into the lead concentrate. Future surveys should include samples
of the lead final concentrate and the lead rougher concentrate streams”® to

allow process loops to be formed.

*With these samples. the efficiency of the rougher and ¢leaner circuits and the contribution 10 mineral liberation made by the lend regrinding stage
would become apparent,




The Zinc_Circuit Tailings

The overall configuration of the zinc flotation circuit appears to be relatively
complex.* The potential for large circulating loads to occur with this flowsheet .
configuration is large. These recirculating loads could build up resulting in reduced

flotation residence times and contributing to increased zinc losses to final tails.

A zinc flotation-scavenger tail and an open circuit cleaner-scavenger tail both
discharge into the combined plant tailings stream.- Based on very limited data the

solids mass ratio in these two streams is estimated to be about 15:1.

LS

About three quarters of the solids in the zinc rougher tails consists of
nonsulphides of various types. Most of the remainder of this stream
consists of fragments of pyrite together with sparsely distributed

occurrences of galena and sphalerite.

3.0
3.1 The Zinc Rougher Tails
|
|
|
|
|
|
\
|
\

TABLE 5
MINERAL COMPQSITION
Zinc F Tail
Mineral Mineral Composition - Weight Percent
December 1993 February 1996
W Galena 0.3 0.5
Sphalerite 1.1 2.0
Pyrite 25.5 26.5
Gangue 73.1 7i.1

Notes: a) These data were taken from Appendix [11,
Tables 3C and 7C.
b) The December rougher tail stream sample
was rescavenged in the mill laboratory.

* Sec Figure 1 on page 2 of this report for a schematic presentation of the zine circuit Nowsheet,



TABLE 6
FRAGMENTATION CHARACTERISTICS
Zine Rougher Tails

Mineral Class December 1995 (71um Kgy) February 1996 (68pum Kgq)
Ga Sp Py Gn Ga Sp Py Gn

Liberated Particles 2 15 90 93 44 56 28 95
Binary with Galena - ! <l 1 - 3 <l <l
Binary with Sphalerite K} - 2 2 8 - 1 1
Binary with Pyrite 3 1 - 3 <l 3 - 4
Binary with Gangue || 64 50 6 - 42 32 1 -
Multiphase Particles 29 23 1 1 7 6 <1 <l

Note: a) Data taken from Appendix 111, Tables 3A and 7A.

In the February survey, about half of the sphalerite in the zinc rougher tails
stream was present as liberated grains. It is not known why these particles
were not recovered by the zinc rougher flotation stage. Possibly the
flotation residence time is inadequate, or more probably, insufficient
collector is being deployed in the zinc circuit to ensure maximum sphalerite

flotation kinetics.

About one third of the sphalerite in the zinc rougher tails was combined with
nonsulphides in structurally simple composite particles. On average these
particles contained about 45 percent by weight sphalerite. Based on our
experience with many other stratiform lead-zinc deposits, particles with this

composition should be readily flotable under almost any conditions.*

* It has been our experience that compasite particles containing greater than 15 percent by weight of the target mincral should be
efficiently recovered into a flotation froth.




3.2

The Zinc Cleaner Tails

The solids in the zinc cleaner tails stream are a relatively finely sized,

averaging less than 20um. Half of the solids in the zinc cleaner tails are

pyrite and most of the remainder are nonsulphide gangue. Small quantities

of galena and sphalerite are also present in this stream.

TABLE 7
MINERAL COMPOQSITION
Zine Cl Tail
Mineral Mineral Composition - Weight Percent
December 1995 February 1996

Galena 1.1 2.3
Sphalerite 2.6 16.1

Pyrite 51.1 46.8

Gangue 45.2 34.8 "

Notes: a) These data were taken from Appendix (1I,

b}

Tables 4C and 8C.
The December

The fragmentation data for the zinc cleaner tails are summarized in Table

8. The data shows that at this current particle sizings, the majority of

the minerals present in the zinc cleaner tails stream were completely

liberated from each other.

Of more significance is that in the February survey, most of the sphalerite

contained in the zinc cleaner tails was completely liberated. This is most
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unusual since liberated grains of sphalerite, when correctly activated with
copper sulphate and pi'ovided with sufficient collector, float very rapidly
indeed in most flotation circuits. This conclusion may be supported by the
December survey data where presumably the liberated sphalerite was
recovered from the cleaner-scavenger tails by rescavenging in the

laboratory.*

TABLE § -
FRAGMENTATION CHARACTERISTICS
i -Scav i
Mineral Class || December 1995 (22um Kg) |  February 1996 (19pm Kgg) |
" Ga Sp Py Gn Ga Sp Py Gg
Liberated Particles 2 12 94 89 62 81 88 89
Binary with Galena - <1 <l 3 - 2 <1 1
Binary with Sphalerite ! - 5 6 15 - 3 5
Binary with Pyrite <l 42 - 2 <l 5 - 3
Binary with Gangue 63 22 i - 17 9 8 -
Muliiphase Particles 34 24 <] <l 6 4 2

Note: a) These data were taken from Appendix 111, Tables 4A and 8A.

A major operational problem may exist somewhere in the zinc cleaner
circuit. We suspect that the zinc cleaner columns may not be operating
efficiently, causing a large circulating load of solids to develop. Given the
extreme complexity of the zinc cleaner circuit flowsheet, the existence and
growth of even a relatively modest circulating load would rapidly prove fatal

to circuit stability.

* If the laboratory concentrates had been provided for modal study this conjecture could be avoided.
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It is recommended that a modal evaluation of he zinc cleaner circuit be
undertaken as soon as possible. The survey could target individual sections
of the zinc circuit which may be contributing to losses of liberated and
composite sphalerite grains.® Alternatively, an overall zinc cleaner circuit
survey including the recirculating streams could be conducted over a 24
hour period. The results of a modal analysis on this suite of samples would

produce unequivocal evidence identifying the source of the current losses.

* Zinc circuit samples consisting of the cleaner feed, concentrate and tail streams are required 10 determine the efficiency of the
selected circuit at recovering the mineral species by class and by size range.
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The Zinc Concentrate

The zinc concentrate sample provided in the February survey was relatively fine at
23pum Kgp. The concentrate was contaminated with the diluents pyrite, galena and
nonsulphide gangue: Overall, these diluents constituted 16 percent of the zinc

concentrate mass.

TABLE 9
MINERAL COMPOSITION
Zinc Concentrate

Mineral Mineral Composition
Weight Percent

Galena 33
Sphalerite 84.0
Pyrite 7.5
Gangue 5.2

Note: a} These data were taken from
Appendix U, Table 9C.

The fragmentation data which are summarized in Table 10 for the zinc concentrate
indicate that the diluents galena, pyrite and nonsulphide gangue present in the zinc
concentrate are about 60 percent liberated. The unliberated diluents are locked in

composite particles with sphalerite in structurally simple associations.




FRAGMENTATION CHARACTERISTICS
Zinc Concentrate February 12, 1996

Mineral Class February 1996 (23pum Kgg) ||
Ga Sp Py Gn
Liberated Particles 58 87 64 62
Binary with Galena - 4 7 <}
Binary with Sphalerite 35 - 21 30
Binary with Pyrite <] 5 - 1t
Binary with Gangue 2 -
Multiphase Particles 2 7

Note: a) These data were taken from Appendix [[1, Table 9A.

Using the fragmentation data a mineralogically limiting grade recovery-curve was
formed for the zinc concentrate. The limiting curve shown in Figure 2 reveals the

following;:

- Removal of all of the liberated diluents from the concentrate would improve

the grade of the zinc concentrate from 52 to approach 58 percent zinc, We
estimate that about half of the diluents could be removed by a practical

cleaning process thereby increasing the zinc grade to about 55 percent.

- The improvement of zinc concentrate grade would coincidentally reduce the

nonsulphide gangue in the concentrate from 5 percent to less than 4 percent.
This effect of increasing zinc concentrate grade on the nonsulphide

component 1s demonstrated in Figure 3.
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FIGURE 2
MINERALOGICALLY LIMITING ZINC GRADE RECOVERY DATA
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The deployment of additional regrinding power to completely liberate all of
the sphalerite, now locked in the composites, could theoretically improve
the zinc concentrate grade from 58 to 62 percent zinc. However, we do not
believe that finer regrinding at this time will improve the grade of the zinc

concentrate until the operation of the zinc cleaner circuits are stabilized.
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ORIGIN OF THE ORE SAMPLES

In mid December, G&T Metallurgical Services received a group of four tailing
samples. These tailing samples were taken from the Anvil concentrator on
December 1 and 7, 1995 and then reprocessed through a laboratory flotation

machine. This group of samples are identified by the prefix KM585.

A second group of samples were received on February 29 and were grouped
together as project KM599. The process tailing samples in this survey were taken
from the same streams as the first survey, however, these samples were not
reprocessed in the laboratory. In addition to the process tailing samples, a final zinc

concentrate sample was also provided.

TABLE -]
Project Stream Samples Assays - Percent

Copper ] Lead I Zinc ] Iron
Dec.7 Lead Scavenger Tail (GH) 0.04 0.30 3.43 i2.3
Dec. 7 Lead Cleaner Tail (1) 0.24 2.92 11.6 20.8
Dec. 1 Zinc Scavenger Tail (KL) 0.02 0.28 0.69 12.6
Dec.1 Zinc Cleaner Tail (J) 0.13 0.94 1.78 24.8
Feb. 9  Lead Scavenger Tails. - 0.35 4.20 12.8
Feb. 9 Lead Cleaner Tail - 2.96 12.6 24.5
Feb. 9  Zinc Cleaner Tail - 0.35 1.25 12.9
Feb. 9  Zinc Scavenger Tail - 1.80 9.68 23.4
Feb. 12 Zinc Concentrate - 2.68 52.2 7.67

Note: a) The KMS58S5 process samples had been rescavenged in a laboratory
flotation unit by Anvil Mining technical staff,




2.0 ASSAYING PROCEDURES

The tailing and concentrate samples destined for mineralogical studies were assayed

at Kamloops by utilizing standard atomic absorption methods. The elements

selected for assay varied according to the requirements of the procedures. The

critical parameters for the atomic absorption analytical methods are summarized in

Table I-2.

TABLE [.2
DETAILS OF ATOMIC ABSORPTION METHODS
Element Wave Gas Relative "
Length Mixture Precision %

Acetylene-Air
Acetylene-Air

Acetylene-Air
Acetylene-Air

2
M

Notes: a) Wave length in nanometres (nm).
b) Measurements were made by Varian 475 and Perkin Elmer

3110 atomic absorption specirometers.

¢} Muliple element deierminations were based on the dissolution of

200mg solid sample in aqua regia and bromine.,

The zinc concentrate head sample was reassayed using standard titrimetric

procedures. The titrimetric technique used was the ferrocyanide method for zinc.

The accuracy of the titre method at the 40 - 70 percent contained metal range is

believed to be better than 0.3 percent relative metal content 95 percent of the time.



Canadian certified standards and several internal laboratory standards were used as

reference materials to check the atomic absorption and titre assaying techniques at

Kamloops. The metal composition of these certified reference standards are

detailed in Table I-3.

TABLE J-3
ASSAY CALIBRATION STANDARDS
" Standard " Metal Content - Percent |

" Lead Zinc Iren Silver Copper I
MP- 1a 433 & 03 19.02 £+ .10 6.2 697+ 2.2 1.44 4+ .01
KC-la 224 + .03 3465 + .15 10.9 1670 +_ 20 0.629 +.015
CPB - | 64.74 £ .12 442 + 04 843 + .06 626.0 + 6.0 | 0.254 &+ 004
CZN -1 7.45 £+ .05 4474 + .11 1093 £ .06 | 9300+ 3.0 | 0.144 + 003

Notes: a) The calibration standards are produced and certified by

CANMET, Energy, Mines and Resources Canada.
b) Reported assay data without confidence limits are not

centified values.

These values are used as secondary

reference standards only. Silver values are expressed in

grams per tonne,
metal.

All other values in percent by weight

At Kamloops, assay calibration standards were selected to approximate the chemical

compositions of the samples being analyzed. These standards were included in

each of the assay runs. The assay rechecks were performed on a random basis with

a nominal frequency of one in eight of the reported assay values.*

* Alternatively, when a calculated head assay was considered atypical, assay rechecks were instituted.




3.0

SAMPLE STZING PROCEDURES

LS
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Sieve Analysis

The flotation plant samples, were wet screened on a 400 Tyler mesh screen
ahead of cyclosizing. The oversize was dry screened on 65, 100, 150, 270
and 400 mesh. The minus 400 mesh dry screened material was added to the

wet screen minus 400 mesh material,

Cyclosizing Procedures

Sub-sieve size analyses on the process stream samples were performed on
the minus 400 mesh material using a cyclosizer. For the later group of
samples, cyclosizing was performed in combination with a pre-cyclone.
The pre-cyclone, operating at 550 Kpa removed the nominal minus 5
micron material from the sample via the pre-cyclone overflow.* The mass

of precyclone overflow ranged between 27 and 45 percent of the cyclone

feed.

The pre-cyclone under flow was introduced to the cyclosizer, and was split
into five sized fractions. The cyclosizer discharge was collected and
flocculated to recover the residual material. This material, which
theoretically averaged between 5-10um, equivalent Stokesian diameter,

formed a significant fraction of the sample.

The sizings determined in this manner were verified by making grain size

estimates using a graduated graticule. The comparisons between Ky,

* This technique was used in processing the second group of tailing and concentrate samples. These samples are identified under
project KM599. See Table 1 carlier in this appendix.



estimates based on the cyclosizer precyclone data, and the estimates

produced by direct measurements were excellent.

The elutriation time for the Kamloops cyclosizer was 20 minutes at the
recommended water flow rate. Water temperature varied between 4°C and
6°C during the cyclosizing work performed during this program. Typical
cyclosizer cut sizes for mineral standards are shown in Table I-4 for

reference purposes.

TABLE 14
TYPICAL CUT SIZES FOR THE WARMAN CYCLOSIZER
Mineral Solids Estimated Cyclosizer Cut Sizes (um)
$.G. C1 C2 C3 C4 Cs5 C6
Quartz 2.7 45 34 24 16 12 7
Sphalerite 4.0 29 22 15 10 7 5
Chalcopyrite 4.2 28 21 15 9 7 5 -
Pyrite 5.0 26 19 13 6 5
Galena 7.5 19 14 10 3 3

Notes: a) The cut size data shown were calculated based on pure standards
sheet.

b) The Csrange, when utilized, involves the use of a specially designed
small high pressure cyclone cutting at a nominal Sum. :

Using standard correction tables, the effective cut size of each cyclosizer

cone was determined for each sample tested. The cumulative percent

passing at size was estimated from a log-probability plot.* The effective

cyclosizer cut values indicate the Stokesian equivalent diameter in microns,

of the particles contained in the cyclosizer cones.**

Individual sizing sheets including the specific gravity estimates of each of

the pulp samples are presented together in Appendix II.

* The sizing data shown in this report is often expressed in terms of Kgo values: The values represent the theoretical square
aperture through which 80 weight percent of the original sample would pass.

** These cut sizes are subject of verification during the point counting procedures. Calibrated viewing graticules provide a method
for determining the physical sizes of the particles in any particular mount.




MINERALOGICAL AND POINT COUNT TECHNIQUES

The laboratory test samples from the Anvil Range samples were sized, mounted,
and subjected to standard point count and gross count studies. Four major
reference minerals were designated for this study.* They were galena (Ga),

sphalerite (Sp), pyrite (Py), and all classes of nonsuliphide gangue (Gn).

For each of these reference minerals, five mineralogical classes were recognized:
The classes were liberated, as binaries with each of the other three reference
minerals, or as multiphase assemblages. The designation mulitphase includes any
mineral grain encompassing three or more mineral phases. The liberation and
mineralogical data for sized fractions of the flotation feed are presented in Appendix

I to this report.

4.1  Point Count Procedures

The point count procedure adopted was to select an appropriate
magnification ranging between 50 - 700 times for the particles contained in
the sample mount. A 10x10 square graticule was then set randomly on the
field of view. Mineral grains which were intercepted by the graticule cross
hairs were identified, and recorded by direct entry into the logging

computers using a binary mineral ideatification code.

The binary assemblages were identified by first naming the mineral

intercepted by the graticule, and then the associated mineral. Ternaries were

* Chalcopyrite was present in the sized mounts. For the purposes of this study, copper minerals were excluded from the modal

analysis.



classified on the basis of the mineral intercepted by the graticule cross-hair.
For the purposes of the modal-mineralogical analyses conducted on the
Anvil Range samples considered in this program, some special mineral

classification criteria were adopted:

- The term 'liberated’ signified a mineral grain with less than the
equivalent of two percent of another mineral embedded, or attached
to it. For this reason some of the grains of sphalerite, with multiple
tiny inclusions of galena or pyrite, were classified as liberated in this
study. In these cases the inclusions amounted to less than 2 percent

of the estimated particle mass.

- ‘Binary' signified the presence of any particles containing two
mineral phases. Th_.e binary composites in the Anvil Range samples
most frequently observed were galena-sphalerite, spahlerite-pyrite
and sphalerite-gangue. These major classes of composites were

usually simple in structure.

- The designation "ternary’, or 'multiphase’ particle, encompassed ail
muneral particles with three or more mineral phases enclosed within
a single particle: Each of the phases contributing more than two
weight percent to the total particle make-up. These particles were
common in the coarser particle size ranges in the Anvil Range
samples. Typically these fnultiphase particles would contain pyrite,

sphalerite and galena in structurally complex assemblages.




A minimum of 900 individual particles were recorded for each of the

composite sample fractions examined. The data was converted to weight
percent content for each mineral present in the fraction, then checked
automatically by the computer for accuracy by comparison with the chemical

assay.”

Modified Gross Point Counting Procedure

This procedure involved determining the total number of particles bearing
the target mineral in an optical frame. Each particle was then examined in
detail and further classified. The discrimination criteria for the mineral
classes for this work were as liberated, as binary with other reference

minerals, or as multiphase assemblages.

Sufficient optical frames were inspected to ensure that a minimum of 100
particles of the target mineral were identified and classified. The liberation
characteristics determined from this modified procedure, were then applied

to the original point count data.

By adopting this procedure very large number of particles could be scanned,
and statistically significant sulphide mineral liberation values assigned to the

low grade samples.

*The computer convents weight percent mineral to assay percent by employing standard gravimetric factors before altempling any
data comparison between observed composition and assayed composition.



4.3  Accuracy of the Method

The agreement between measured and assayed mineral content for the major
components of each sample is invariably acceptable.* However, minor
components, accounting for less than about 10 percent of a sample,
occasionally exhibited poorer correlations. Table I-5 indicates the
approximate level of accuracy which is theoretically achievable with the
point counting method. These theoretical estimates are derived using
standard probability theory. The data displayed in the table is based on the

statistical evaluation of point count methods.

TABLE [.5
MINERAL CONTENT AND RELATIVE ACCURACY
POINT AND GROSS COUNTS

Point Counis Gross Counts

Mineral Absolute Error Absolute Error
(Percent) (20)% (20)%
| + 1.0 + 0.5
5 + 1.5 +0.5
10 + 2.5 + 0.5
| 30 +3.0 +1.0
50 + 3.5 + 1.5
80 + 3.0 + 1.0
90 + 2.5 + 0.5
95 + 1.5 + 0.5
99 + 1.0 + 0.5

Notes: a)  Point counts assume a minimum of 900 recorded intercepts per mount.
b)  Gross counts assume a minimum of 7500 grains scanned per mount.
¢} Percent mineral content is shown in terms of area percent, and has not

been adjusted for particle specific gravity.

*In fact, these mineralogical estimates described in this repont, are automatically checked against assay data by the data processing
computer. When a discrepancy is detecled, a mineralogical recount is executed. Where necessary, the sample is also reassayed to
verifly chemical composition, Appendix 111 contains comparisons of point count data and assuy-based estimates of sample
mineralogy by size range for each of the laboratory test samples,
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4.4  Stoichiometric Factors

The values of the factors used in this program on the Anvil Range plant
samples to convert metal assays to mineral assays, are summarized below in
Table I-6. The assay conversions are based on modifications of the

standard metal to mineral factors for pure mineral species.

TABLE J-6
ASSAY TO MINERAL CONVERSION FACTORS USED FOR
ANVIL RANGE PLANT SAMPLES
Element
% Samples Convert 10 Factor Used
Q
Lead All Galena 1.16 * Pb
Copper All Chalcopyrite 2.56 * Cu
Zinc All + Sphalerite 1.61 * Zn
Iron All Pyrite 2.15 * Fe

Note: a) A minor adjustment was made to account for interstitial iron contained in the
sphalerite lattice. Estimates from differential point counting suggest that the
interstitial iron contained in the sphalerite is of the order five percent,

The quantity of iron contained in the sphalerite crystal lattice is an important,
and occasionally, a highly variable parameter in stratiform mineralized
zones. Changes in the value of this factor may impose mineralogical limits
on metallurgical performance. It is recommended that the interstitial iron
level be determined by using EDX methods for future sets of Anvil Range

plant samples.”

* In fact, a considerable amount of EDX work has been reported for Anvil Range ores. Specific data regarding interstitial tron in
the sphalerite should be gathered on a regular basis.
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4.5  Stereological Corrections

In reflected light grain counting studies involving opaque minerals, a
problem in mineral grain classification becomes apparent. Clearly, it is
possible to section a composite particle through a given plane so that the
particle appears to be liberated. However, a liberated particle cannot be
sectioned in any plane so as to appear locked. The probability of this
former occurrence depends upon the relative amounts of the minerals within
a given mineral grain, and their structures which are encompassed within

the composite particle.

A series of corrections have been proposed to convert two dimensional
point count estimates into three dimensional approximations for the mineral
liberation characteristics. A simplified and conservative version of some of
these corrections has been applied to some of our calculations which are
reviewed in the report text. In contrast, the mineralogical data which are
displayed in Appendix III to this report are uncorrected and are two

dimensional observed modal distribution information.

To maintain the mineral balance in a given sample, the difference in value
between the two dimensional observed and the three dimensional corrected
liberation estimates, must be proportionally redistributed between the other

mineral classes containing the target mineral.*

* The usc of three dimensional liberation data are vsed extensively in estimating the potential for metallurgical improvements from
the modal characteristic of the samples,




Table I-6 illustrates the manner in which the mineral distribution data varies

with the applicatibn of these stereographic transforms.

TABLE I-0
AN EXAMPLE OF THE USE OF STEREQGRAPHIC TRANSEORMS
(Sphalerite in Zinc C
Mineral Class || Percent Liberated
_" Two Dimensional Observed | Three Dimensional Corrected
rLibe.ratcd 87 84
Locked with Galena 4 5
Locked with Pyrite 5 6
Locked with Gangue 2 2
(l Multiphase 2 3

Note: a} The example in this table is shown in detail in Appendix I11, Table 9A.

In this case, 87 percent liberation of sphalerite in two dimensions, decreases
to approximately 84 percent true sphalerite liberation in three dimensions,
after applying the simplified corrections. The metal which constitutes the
difference in sphalerite liberation in the sample (87-84), is then
proportionally distributed between the other sphalerite-bearing composites

present, effectively increasing their values.
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TABLE 11-1
CYCLOSIZING ANALYSIS

venger Tail (G/H) - December 7

Product Size {(um) Weight Cumulative
Limiting Effective % Retained % Passing
65 Mesh 212 212 05 99.5
100 Mesh 150 150 25 97.0
150 Mesh 106 106 6.3 90.7
200 Mesh 75 75 8.9 81.8
270 Mesh 53 53 11.3 70.5
400 Mesh 38 38 11.1 58.5
Cyclone 1 45 46 06 58.9
Cyclone 2 31 32 2.9 56.0
Cyclone 3 22 22 7.7 48.3
Cyclone 4 15 16 8.9 39.4
Cyclone 5 12 12 4.8 34.6
Total 100.0 b
Qperalting Conditions Measured Factor
Temperature (°C) 550 1.220
Specific Gravity 3.186 0.876
Flow Rate (mm) 180 1.012
Elutration Time (min) 20 0.955
Overall Factor 1.033
K80 Size (microns) 71
Particle Size Distribution
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TJABLE 11-2
CYCLOSIZING ANALYSIS !
KM - L.ead Cleaner Tail (I} - December 7, 19
Product Size (um) Weight Cumulative
Limiting Effective % Retained % Passing
100 Mesh 150 150 0.0 100.0
150 Mesh 106 106 0.1 99.9
200 Mesh 75 75 0.5 99.4
270 Mesh 53 53 1.9 97.5
400 Mesh 38 38 34 941
Cyclone 1 45 41 0.2 93.9
Cyclone 2 31 29 29 90.9
Cyclone 3 22 20 8.2 81.7
Cyclone 4 15 14 12.8 - 68.9
Cyclone 5 12 11 10.0 59.0
Total 100.0 -
Qperating Conditions Measured Factor
Temperature (°C) 5.50 1.220
Specific Gravity 3.7 0.782
Flow Rate {mm) 180 1.012
Elutration Time (min) 20 0.955
Qverall Factor 0.922
K80 Size (microns) 19

Particle Size Distribution
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TABLE II-3
CYCLOSIZING ANALYSIS F)

KMS585 - Zing Scavenger Tail (K/L) - December 1. 1 '

Product Size {um) Weight Cumulative
Limiting Effective % Retained % Passing
65 Mesh 212 212 0.4 99.6
100 Mesh 150 150 22 97.4
150 Mesh 106 106 6.1 91.4
200 Mesh 75 75 9.2 82.2
270 Mesh 53 53 1.8 70.3
400 Mesh 38 38 11.3 59.0
Cyclone 1 45 47 0.7 58.3
Cyclone 2 31 33 3.1 55.3
Cyclone 3 22 23 7.8 475
Cyclone 4 15 16 9.3 38.2
Cyclone 5 12 i2 6.2 32.0
Total 100.0 *

Operating Conditions Measured Factor

Temperature (°C) €.00 1.212

Specific Gravity 3.06 0.895

Flow Rate {mm}) 180 1.012

Elutration Time (min) 20 0.955

Overall Factor 1.048

K80 Size  {microns) 70

Particle Size Distribution
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TABLE 11-4
CYCLOSIZING ANALYSIS {
KM585 - Zing Cleaner Tail {J) - December 1. 1995 -
Product Size (um) Weight Cumulative
Limiting Effective % Retained % Passing
100 Mesh 150 150 0.0 100.0
150 Mesh 106 106 0.2 99.8
200 Mesh 75 75 09 98.8
270 Mesh 53 - 53 27 96.2
400 Mesh 38 38 3.9 92.3
Cyclone 1 45 43 0.2 92.1
Cyclone 2 ' 31 30 36 88.5
Cyclone 3 22 21 9.6 78.9
Cyclone 4 15 14 12.1 66.7
Cyclone 5 12 11 8.7 58.0
Total 100.0 **
Operating Conditions |  Measured Factor
Temperature {°C) 5.50 1.220
Specific Gravity 3.54 0.807
Flow Rate {mm) 180 1.012
Elutration Time (min} 20 0.955
Overall Factor 0.952
K80 Size (microns) 22

Particle Size Distribution
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TABLE 1I-5
CYCLOSIZING ANALYSIS

-

KM599 - Lead Scavenger Tail - Februyary 9, 1996 i
Product Size {um) Weight Cumulative
Limiting Effective % Retained % Passing
65 Mesh 212 212 0.7 99.3
100 Mesh 150 150 a5 95.9
150 Mesh 106 106 55 90.3
200 Mesh 75 75 7.9 82.4
270 Mesh 53 53 8.7 73.7
400 Mesh 38 3s 11.2 62.5
Cyclone 1 45 48 0.3 62.2
Cyclone 2 A 34 1.9 60.3
Cyclone 3 22 24 6.3 53.9
Cyclone 4 15 16 8.7 45.3
Cyclone 5 12 i3 58 39.4
Cyclone 6 7 12.1 27.3
Total 100.0 *
Operating Conditions Measured Factor
Temperature (°C} 4,50 1.24
Specific Gravity 3.03 0.904
Flow Rate (mmy} 180 1.012
Elutration Time {min) 20 0.955
Overall Factor 1.083
K80 Size (microns) 68

Particle Size Distribution
100.0 T
] ‘ g
o e
‘@
1]
1]
a p
t [
QO
e
Q)
o
10.0
1 10 100 1000
Particle Size um




TABLE |I-6
CYCLOSIZING ANALYSIS H
M599 - Lead Cl il - Februa 1996 '
Product Size {(um) Weight Cumulative
Limiting Effective % Retained % Passing
200 Mesh 75 75 0.0 100.0
270 Mesh 53 53 03 99.7
400 Mesh 38 38 1.6 98.1
Cyclone 1 45 43 0.2 97.9
Cyclone 2 31 30 1.9 96.1
Cyclone 3 22 21 9.3 86.7
Cyclone 4 . 15 15 14.0 72.8
Cyclone 5 12 11 11.4 61.3
Cyclone 6 7 16.6 44.8
TOtaI 1 00.0 wh
Operating Conditions Measured Factor
Temperature (°C} 4.50 1.24
Specific Gravity 3.56 0.805
Flow Rate {mm) 180 1.012
Elutration Time (min) 20 0.855
Qverall Factor 0.965
K80 Size (microns) 18
Particle Size Distribution
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TABLE II-7

CYCLOSIZING ANALYSIS -
KM599 - Zin venger Tail - Febru 1 4
Product Size {(pm) Weight Cumulative
Limiting Effective % Retained % Passing
65 Mesh 212 212 04 99.7
100 Mesh 150 150 2.9 96.7
150 Mesh 106 106 50 91.7
200 Mesh 75 75 7.6 84.1
270 Mesh 53 53 8.5 75.7
400 Mesh 38 38 111 64.6
Cyclone 1 45 48 0.5 64.1
Cyclone 2 31 34 2.0 62.1
Cyclone 3 22 23 6.8 55.3
Cyclone 4 15 16 9.5 458
Cyclone 5 12 13 6.5 39.3
Cyclone 6 B 10.6 28.7
Total 100.0 **
Operating Conditions Measured Factor
Temperature (°C) 5.00 1.23
Specific Gravity 3.03 0.904
Flow Rate {mm) 180 1.012
Elutration Time (min) 20 0.955
Overall Factor 1.075
K80 Size (microns) 63
Particle Size Distribution
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TABLE 1I-8
CYCLOSIZING ANALYSIS :
KM599 - Zine Cleaner Tail - February 9, 1996 ‘
Product Size {um) - Weight Cumulative
Lirniting Effective % Retained % Passing
65 Mesh 212 212 0.0 100.0
100 Mesh 150 150 0.0 100.0
150 Mesh 106 106 0.1 99.9
200 Mesh 75 75 03 99.6
270 Mesh 53 53 1.6 98.0
400 Mesh 38 38 42 83.8
Cyclone 1 45 42 0.2 93.7
Cyclone 2 Y| 29 2.0 91.7
Cyclone 3 22 20 10.5 81.2
Cyclone 4 15 14 13.8 67.4
Cyclone 5 12 11 9.6 57.8
Cyclone 6 7 18.0 39.9
Total 100.0 **
Operating Conditions Measured Factor
Temperature (°C) 4.50 1.24
Specific Gravity 3.76 0.775
Flow Rate (mm) 180 1.012
Elutration Time (min}) 20 0.955
Overall Factor 0.929
K80 Size (microns) 19

Particle Size Distribution
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TABLE 11-9
CYCLOSIZING ANALYSIS .
KM599 - Zinc Concentrate - February 12, 1996 |
Product Size (um) Weight Cumulative
Limiting Effective % Retained % Passing
100 Mesh 150 150 0.0 100.0
150 Mesh 106 106 0.1 99.9
200 Mesh 75 75 0.7 99.3
270 Mesh 53 53 25 96.8
400 Mesh 38 38 5.6 91.2
Cyclone 1 45 40 0.4 90.8
Cyclone 2 31 28 3.6 87.3
Cyclone 3 22 20 13.1 74.2
Cyclone 4 15 14 14.9 59.3
Cyclone 5 12 11 10.5 48.9
Cyclone 6 7 15.1 33.7
Total 100.0 -
Operating Conditions Measured Factor
Temperature (°C) 4.50 1.24
Specific Gravity 3.91 0.756
Flow Rate {mm) 180 1.012
Elutration Time {min) 20 0.955
Qverall Factor 0.906
K80 Size (microns) 23

Particle Size Distribution
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APPENDIX IIT - KM585/599

MINERALOGICAL AND MODAL DISTRIBUTION DATA
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TA 1A

F PERCE | NBY SIZE AND CLA
' il H ite - 7
KMS85
Size Range >75um <75pm=>C1 <C1>C4
Minera! Status Cp Ga Sp Py | Gn Cp Ga Sp Py ] Gn | Cp | Ga| Sp | Py | Gn
Liberated 201 0.0 0.0 89 (2241 207100 06 (201317133
Binary - Cp 00 [E] 00 | 00 | 00 | 00 [BEE
Binary - Ga 05 | 0.0 [Exgssf| 00 | 00 [ 0.0 | 0.0 hagit
Binary - Sp 08 | 00 | 38 [Euy] 06 | 04 ] 00
Binary - Py . . . 15 [ 0.0 | 0.0
Binary - Gn 00 [ 115] 39 s 0.0 | 12.9
Ternaries 0.0 9.2 2.7 . 0.0 5.3
Total 00 [ 211 ] 7.0 6.2 | 234 ] 00 | 22.0| 218 265 ]| 21.8 | 0.0 |13.5]26.8]334]|13.9
Size Range <C4>C5
Mineral Status Cp Ga Sp Py | Gn Py | Gn
Liberated 50| 46 4.7 28.7 | 354
Binary - Cp 00§ 00 0.0 00 | 00
Binary - Ga 0.0 0.0 0.0 : . 0.0 C.1
Binary - Sp =l 00 | 01 | 00 | 103 i 02 | 06
Binary - Py A 0.0 | 00 [ 00 | 12 [rikeE 04
Binary - Gn 0.0 [z 206 | 25 | 0.2 [T
Ternaries 0.0 77 { 034 00 | 00
Total 4.7 411} 388 | 29.2 | 36.1
Size Range Mineral Liberation-2 Dimensions Mineral Liberation-3 Dimensions
Mineral Status Cp Ga Sp Py [ Gn Cp | Ga Sp Py | Gn
Liberated 0.0 33 | 687 913|942 00 0.0 609 | 89.1 | 928
Binary - Cp il 00 | 00 | 00 | 00 [Eaad 00| 00| 00| 00
Binary - Ga 0.0 [E2ZE 1.1 | 0.2 | 08 | 00 [ 14 1.0
Binary - Sp 0.0 | 16.5 |[Fasa| 1.7 2.2 0.0 | V7.1 fasgras 2.7
Binary - Py 00| 04 | 67 [FFEE 24 | 00 | 04 | 84 [ 3.0
Binary - Gn 00 | 622 | 17.0 | 5.1 |y 0.0 | 54.0 | 21.3 | 6.3 [sadoe
Temaries 00 | 276 | 64 1.7 0.5 00 | 285 | 8.0 2.2 0.6
Tolal 0.0 {100.0§100.0{100.01100.0{ 0.0 |100.0]100.0] 100.0| 100.0

L

Noles 1) Cp-Chalcopyrite, Ga-Galena, Sp-Sphalerte, Py-Pyrite and Pyrrhotite, Gn-Gangue.

2} 0.0 Indicates these minerals were not observed during the counting procedure.

3} 75um sizing fraction corresponds to the Tyler 200 mesh screen. €1 lo C5 indicates cyclones
1to 5 on the Cyclosizer.

4) Because the <C5 fractlon is not counted an overall estimate is made by assuming the C5 and
<C5 liberatlon values ara identical.

5} The Total ling is the distribution of mineral in the size fraction. Original data is from the size
by assay and distribution tables.

6) The calculated libaration of the unsized product as measurad In two dimensions has been
convarted 1o three dimensions using an adaptation of correction tactors developed by Petruk,
Broussaud, and G & T Metallurgical Services.

7} The three dimension fieration is zero if the liberation in two dimensions is less than 20 percent.




TABLE 18
SIZE BY ASSAY AND DISTRIBUTION BASED ON METAL CONTENT
v r Tail ite -

Size Weight Assays Distribution
Fraction % Cu|Pb| Zn| Fe| Cu| Pb| Zn | Fe
>75um i8.2 0.35] 1.34| 4.00 211} 7.0 | 6.2
<75um>C1 23.0 0.29]3.31 136 2201 218|265
<C1>C4 19.5 0214791202 13.5126.8| 334
<C4>C5 4.8 01414111115 22| 57| 4.7

<C5 346 0.36]3.91]10.0 41.1)| 38.8(29.2
Total 100.0 0.30} 3.491 11.8 1001 100 | 100

Notes 1) The assays shown in this table are utilized to determine the mineralogical
distribution shown in Table C

BLE 1
1Z ND DI [ MINERA E
L ven il fis| ite - mber 7, 1

Size Weight Assays Distribution
Fraction % Cpl Ga| Sp| PyjGn |Cp|Ga| Sp| Py | Gn
>75um 18.2 04 20 85 }89.0 21.1) 70| 6.2 | 234
<75um>CA 23.0 03| 501291656 22.0|21.8|26.5(21.8
<C1>C4 19.5 02| 7.2 |43.21494 13.5)| 26.8| 33.4| 138
<C4>C5 4.8 02 ] 6.2 |24.6}69.1 22| 57| 47| 48

<C5 346 04 ) 591213724 41.1) 38.8) 29.21 36.1

Total 100.0 04| 52 |252|692 100 | 100 | 100 | 100

Notes 1) Cp-Chalcopyrite, Ga-Galena, Sp-Sphalerite, Py-Pyrite and Pyrhotite, Gn-Gangue.
2) Mineral assays are based on gravimetric factors to convert the metal to the pure mineral.
3) See appendix | for details of gravimetric factors.
4} An assay value of "0° indicates the assay value is less than the detection limit.
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TABLE 1D
ESTIMATED RE IVE PROP N N OF MINERAL IN
venger Tail ife -
Binary Propoition by Weight-2D Proportion by Weight-3D Compositon of Grains

Component Sp| Py |Gn | Cp|Ga|[Sp|Py|Gn|Cp| Ga|Sp| Py |Gn
Liberated 3.59[23.0|65.2{0.00|0.00(3.18| 224,642 0 | 100] 100 100 | 100
Binary - Cp 0.00] 0.00] 0.00 |55+ 0.00( 0.00| 0.00] 0.00 | 2ok 0 0 0
Binary - Ga we| 0.06] 0.06] 0.55] 0.00 |13+ 0.07)| 0.07| 0.69| 0 | x] 54 | 98 | 78
Binary - Sp Toes] 0.44]1.50(0.00] 0.06|F: ;| 0.55|1.88| 0 | 46 |"L5| 56 | 63
Binary - Py 0.35]i:: | 1.64| 0.00] 0.00{ 0.44 {3271 2.05| 0 | 2 | 44 [L5:7Y 56
Binary - Gn 0.89| 1.27 T3] 0.00} 0.19] 1.1} 159[F5 | o | 22 | 37 | 44 [ 2
Temaries 0.34|0.43]10.31]0.00]0.10]0.42]0.54[0.39]| © 7 28 | 37 | 27
Average Compaosition 5231 25.2(69.2|0.00|0.35] 5.23] 25.2| 69.2

Notes 1) The two-dimensional proportion of minerals Is a weighted estimate which is based on the
liberation and the mineral content of the unsized sample.
2) The three-dimensional daia is based on converting the two dimensicnal liberation data using
an adaptation of Petruk and Broussaud transforms.
3) Composition values of "0" represents values <2% and "100" represents values >38%.

TABLE1E
ATIV AY
v i ite -
SIZE Chemical Assay Point Count Assay
FRACTION | Cp [ Gaj Sp | Py |Gn | Cp | Ga | Sp | Py | Gn
>75um 04| 20| 85|890 04| 13 45938
<75um>C1 03| 50 (29.1| 656 09| 24 |27.2|69.5
<C1>C4 02| 72 (432|494 04| 98 |425]| 473
<C4>C5 0.2 | 6.2 | 24.6| 691 0.7 | 10.3| 26.4| 62.7

Notes 1) This table compares the mineral compaosition of the samples determined
by chemical analysis with the composition determined by point count analysis.
2) The point count data is based on the relative number of grains observed
for each mineral and thelr estimatad densities.




PROJECT: KM585

PRODUCT; Lead Scavenger Tails (G/H) Composite - December 7, 1995

SIZE RANGE >75um

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 04
Sphalerite 1.3
Pyrite 4.5
Gangue 93.8

I Locking for: Chalcopyrite

Locked in Binary With:

Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temaries
0.0 el 0.0 0.0 0.0 0.0 0.0
I Locking for: Galena l
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Ternanes
0.0 0.0 S 0.0 1.8 54.4 439
[ Locking for: Sphalerite [
Locked in Binary With:
Liberated Chalcopyrite (Galena Pyrite Gangue Teraries
3.7 0.0 0.0 28 55.6 38.0
I Locking for: Pyrite |
Locked in Binary With:
Liberated Chalcopyrdte Galena Sphalerite Gangue Ternaries
63.2 0.0 0.0 10.5 21.1 5.3
[ Locking for: Gangue |
. Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Ternaries

858 0.0

2.3 3.3 6.6

1.9




PROJECT: KM585

PRODUCT: Lead Scavenger Tails (G/H) Composite - December 7, 1995

SIZE RANGE <75um>C1

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 09
Sphalerite 2.4
Pyrile 27.2
Gangue 69.5

[ Locking for: Chalcopyrite |

Locked in Binary With:

Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Ternaries
0.0 : 0.0 0.0 0.0 0.0 0.0
| Locking for: Galena |
Locked in Binary With:
Liberated Sphalerite Pyrite Gangue Temaries
0.0 17.4 0.0 58.7 23.9
|_Locking for: Sphalerite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Ternaries
40.8 0.0 0.0 RN 13.3 33.7 12.2
| Locking for: Pyrite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
84.4 0.0 0.0 2.2 St 8.9 4.4
| Locking for: Gangue |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temaries
85.3 0.0 0.0 1.9 28 Aen 0.0




PROJECT: KM585

PRODUCT: Lead Scavenger Tails (G/H) Composite - December 7, 1995

SIZE RANGE <C1>C4

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.4
Sphalerite 9.8
Pyrite 425
Gangue 47.3
| Locking for: Chalcopyrite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Ternaries
0.0 ALy 0.0 0.0 0.0 0.0 0.0
| Locking for: Galena [
Locked in Binary With:
Liberated Chalcopyrite Sphaierite Pyrite Gangue Temaries
4.5 0.0 g 13.6 0.0 45.5 364
[_Locking for: Sphalerite |
Locked in Binary With:
Liberated Chalcopyrte Galena Sphalerite - Pyrite Gangue Temaries
75.0 0.0 2.8 o P 8.3 11.1 28
[ Locking for: Pyrite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Termaries
94.7 0.0 0.7 0.7 s 3.3 0.7
| Locking for: Gangue J
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Ternaries
95.8 0.0 0.6 26 1.0 P 0.0




PROJECT: KMS585

PRODUCT:

SIZE RANGE <C4>C5

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 07
Sphalerite 10.3
Pyrite 26.4
Gangue 62.7

Lead Scavenger Tails {G/H) Composite - December 7, 1995

[ Locking for: Chalcopyrite

|

Locked in Binary With:

Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
0.0 s i 0.0 0.0 0.0 0.0 0.0
[ Locking for: Galena |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
6.3 0.0 s 25.0 0.0 50.0 18.8
| Locking for: Sphalerite !
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
88.9 0.0 0.8 it 3.2 6.3 0.8
| Locking for: Pyrite [
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrit Gangue Temaries
98.3 00 0.0 0.8 R 0.8 0.0
| Locking for: Gangue |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Ternaries
g7.9 0.0 0.4 1.5 0.2 -3 : 0.0




TABLE 2A
MMARY QF P N
L. leaner Vi rTails(l)-D
KM585

Size Range >75um <75
Mineral Status Cp | Ga Sp Py | Gn Ga Sp Py | Gn | Cp | Gal| Sp | Py | Gn
Liberated . 0.0 0.0 0.0 0.0 . 0.0 25 55 33 | 001 06 |17.8]|34.1| 9.3
Binary - Cp sy 0.0 0.0 0.0 0.0 |aiimws 0.0 0.0 0.0 0.0 w3 0.0 0.0 0.0 0.0
Binary - Ga 0.0 |zeza| 0.0 0.0 0.0 0.0 [|&Ei 34 0.3 0.6 i
Binary - Sp 0.0 [ 0.0 00 | 32 [[Fax| 03| 03
Binary - Py 00 | 00 00 | 02 | 04 [gmmel 02 . . 6 fiEed Q.
Binary - Gn 00 | 00 00| 28 | 02 { 02 I 00 36| 02| 06 [Fn
Temaries 0.0 0.0 0.0 3.3 0.4 0.7 02 |00 43| 06| 03] 0.2
Total 0.0 0.0 0.0 9.5 6.4 7.0 46 | 0.0 |19.0|26.6| 36.4{11.4
Size Range <C4>C5 <C5
Mineral Status Cp Ga Sp Py Gn Cp Ga Sp Py Gn
Liberated 8.4 . 59 | 468 | 453 | 718
Binary - Cp 0.0 |Zfwsy 0.0
Binary - Ga 03 | 0.0 [mo==id 6.
Binary - Sp 0.0 | 00 | 31.4 [ime
Binary - Py . 0.0 0.0 | 52 I
Binary - Gn 0.0 1.0 0.2 0.0 [morss| 0.0 | 137 09 0.0 Py
Temaries 0.0 0.8 0.0 0.0 0.0 00 | 105 ] 0.0 0.0 0.0
Total 0.0 48 | 11.7 ] 108 | 8.8 00 | 668 | 553 | 458 | 75.2
Size Range _ Mineral Liberation-2 Dimensions Mineral Liberation-3 Dimensions
Mineral Status Cp Ga Sp Py | Gn Cp Ga Sp Py | Gn
Liberated 0.0 69 | 770 | 955 | 92.7 | 0.0 00 | 71.3 1 944 | 90.9
Binary - Cp Coozel 00 | 0.0 | 00 | 00 g 00| 00 00 [ 0.0
Binary - Ga 0.0 leniak] 182 | 0.8 5.0 0.0 |wesiasl 22,71 0.9 6.2
Binary - Sp 0.0 | 465 &zl 2.0 1.5 00 | 499 bperiicl 25 19
Binary - Py 00 | 67 | 23 || 04 | 00 | 72 | 28 [FEY 05
Binary - Gn 00 | 211 ] 15 8 |omaz| 0.0 ] 226 | 1.8 | 1.0 fEwih
Temaries 00 [ 189 ]| 1.0 | 09 . 00 {202) 13| 12| 05
Total 0.0 | 100.0| 100.0{ 100.01 100.0] 0.0 | 100.0| 100.0{ 100.0{ 100.0

Notes 1) Cp-Chalcopyrite, Ga-Galena, Sp-Sphalerite, Py-Pyrite and Pyrrhofite, Gn-Gangue.
2) 0.0 Indicates these minerals were not observed during the counting procedure,
3) 75um sizing fraction corresponds fo the Tyler 200 mesh screen. C1 1o C5 indicates cyclones

1 to 5 on the Cyclosizer.

4) Bacause the <C5 fraction is not counted an overall estimate is made by assuming the C5 and

<C5 liberation values are identical.
5} The Total line is the distribution of mineral in the size fraction. Original data is from the size

by assay and distribution tables.

6) The calculated liberation of the unsized product as measured in two dimensions has been
converted to three dimensions using an adaptation of correction factors developed by Petruk,
Broussaud, and G & T Metallurgical Services.

7} The three dimension liberation is zero if the liberation in two dimensions is less than 20 parcent.




9
JABLE 2B
IZE BY ASSAY A A N META
ner Y i -
Size Weight Assays Distribution
Fraction % Cu|Pb] Zn| Fe | Cu| Pb | Zn | Fe
>75um 0.0 0.00| 0.00| 0.00 00| 00| 0.0
<75um>C1 6.1 462|122| 229 95| 64| 7.0
<C1>C4 24.9 2.26|12.4]29.0 19.0| 26.6| 36.4
<C4>C5hH 10.0 1.42(136]|214 48 {11.7]110.8
<C5 59.0 3.36| 10.91 154 66.8| 55.3| 458
Total 100.0 2.97{11.6]19.8 100} 100 100

Notes 1) The assays shown in this table are utilized to determine the mineralogical
distribution shown in Table C

TABLE 2C
SIZE BY ASSAY AND DISTRIBUTION BASED ON MINERAL CONTENT
venger Tails (I} - m

Size Weight Assays Distribution
Fraction % Cp| Gal| Sp{ Py [Gn | Cp | Ga| Sp| Py | Gn
>75um 0.0 00} 00j00| 00 00| 00| 00| 0O
<75um>C1 6.1 54 118.3|48.8|27.5 95| 64 7.0 46
" <C1>C4 24.9 26 |186(619]| 168 19.0| 26.6| 36.41 11 .4
<C4>C5 10.0 1.6 | 20.4| 45.6] 32.3 48 | 11.7|10.8| 8.8

<C5 59.0 39 |164|328] 465 66.8]| 55.3]145.8| 75.2

Total 100.0 3.4 ]|17.4] 42.3] 36.8 100 | 100 | 100 | 100

Notes 1} Cp-Chalcopyrite, Ga-Galena, Sp-Sphalerite, Py-Pyrite and Pyrrhotite, Gn-Gangue.
2) Mineral assays are based on gravimetric factors to convert the metal to the pure mineral.
3) See appendix | for details of gravimetric factors.
4) An assay value of "0" Indicates the assay value is less than the detection limit.




i0

TABLE 20D
| ED R v PORT MPOSI F MINERAL GRAIN
L leaner i r Tails {1} - r7
Binary Proportion by Weight-2D Proportion by Weight-3D Compositon of Grains
Companent CplGa} Sp| Py |Gn | Cp|Ga|Sp|Py|Gn|Cp| Gal Sp| Py | Gn
Liberated 0.00|0.24| 13.4| 40.4(34.1(0.0010.00( 124139.9{335)1 0 | 100} 100{ 100} 100
Binary - Cp i 0.001 0.00] 0.00| 0.00 %5+ 0.00| 0.00] 0.00| 0.00 0 8] 0 0
Binary - Ga 0.00 ¢ 3.17[ 0.32| 1.83] 0.00 |45 3.96] 0.40(2.29| 0 [izw| 70 | 62 | 75
Binary - Sp 0.00| 1.60 77| 0.84| 0.56] 0.00| 1.72 i3 1.0510.70| © 30 i
Binary - Py 0.0010.23| 0.39 {55751 0.141 0.00| 0.25] 0.49 [i531 0,17 0 | 38
Binary - Gn 0.00] 0.73] 0.25] 0.33 |25 0.000.78| 0.32| 0.41 [.2=55 O 25
Ternaries 0.0010.65|0.18] 0.40]/ 0.15] 0.00| 0.70} 0.23{0.50}1 0.18| © 43
Average Composition [ 0.00] 3.44| 17.4] 42.3] 36.8] 0.00} 3.44| 17.4| 42.3]| 36.8

Notes 1) The two-dimensional proportion of minerals is a weighted estimate which is based on the
liberation and the mineral content of the unsized sample.
2) The three-dimensional data is based on converting the two dimensional liberation data using
an adaptation of Petruk and Broussaud transforms.
3) Composition values of 0" represents values <2% and *100" represenis values >98%.

TABLE 2E
COMPARATIVE ASSAY TABLE
| r venger Tails (I} - mber7, 1

SIZE Chemical Assay Point Count Assay
FRACTION { Cp | Ga | Sp | Py | Gn | Cp | Ga | Sp | Py | Gn
>75um 00;:00] 00| 00 00| 00]00] 00
<75um>C1 541183 488|275 3.4 | 23.2|47.5|25.9
<C1>C4 26|186{61.9]16.9 2.1 12411 60.0]13.8
<C4>C5 1.6 |204|456) 32.3 1.1 |1 25.7|149.5] 23.7

Notes 1} This table compares the mineral composition of the samples determinad
by chemical analysis with the composition determined by point count analysis.
2) The point count data is based on the relative numbaer of grains observed
for each mineral and their eslimated densities.



PROJECT: KMs85

PRODUCT: Lead Cleaner Scavenger Tails (1) - December 7, 1996

SIZE RANGE >75pm

WEIGHT OF MINERALS

Chalcopyrite c.0
‘Galena 0.0
Sphalerite 0.0
Pyrite 0.0
Gangue 0.0

11

[ Locking for: Chalcopyrite J
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temaries
0.0 R A B 0.0 0.0 0.0 0.0 0.0
[ Locking for: Galena |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
0.0 0.0 3 0.0 0.0 0.0 0.0
[ Locking for: Sphalerite |
Locked in Binary With;
Liberated Chalcopyrite  Galena Pyrite Gangue Temaries
0.0 0.0 0.0 0.0 0.0 0.0
[ Locking for: Pyrite I
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temaries
0.0 0.0 00 0.0 SRR 0.0 0.0
[ Locking for: Gangue ]
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Ternaries
0.0 0.0 0.0 0.0 0.0 G 0.0




PROJECT: KM585

SIZE RANGE <75um>C1

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 34
Sphalerite 23.2
Pyrite 475
Gangue 259

12

PRODUCT: Lead Cleaner Scavenger Tails (I} - December 7, 1996

[ Locking for: Chalcopyrite

Locked in Binary With:

Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Ternaries
‘ 0.0 T ] 0.0 0.0 0.0 0.0 0.0
|_Locking for: Galena I
Locked in Binary With:
Liberated Chalcopyrite Sphalerite Pyrite Gangue Temaries
0.0 0.0 34.0 1.9 29.2 34.9
[_Locking for: Sphalerite |
‘ Locked in Binary With:
} Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temaries
j 38.8 0.0 49.1 PR A ot 1.7 34 -6.9
[ Locking for: Pyrite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Temaries
78.4 0.0 4.7 4.2 9.5
[ Locking for: Gangue l
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Ternaries
71.4 0.0 135 7.3 36 4.2




i3

PROJECT: KM585
PRODUCT: Lead Cleaner Scavenger Tails (I) - December 7, 1996
SIZE RANGE <C1>C4

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 21
Sphalerite 241
Pyrite 60.0
Gangue 13.8
[ Locking for: Chalcopyrite B
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Ternaries
0.0 ] 0.0 0.0 0.0 0.0 0.0

[ Locking for: Galena |

Locked in Binary With:
Sphalerite Pyrite Gangue Temaries
50.5 5.0 18.8 228

Liberated Chalcopyrite
3.0 0.0 v

| Locking for: Sphalerite [

Locked in Binary With:

Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
67.2 0.0 27.5 S R 23 0.8 .23
[_Locking for: Pyrite |
Locked in Binary With:

Liberated Chaicopyrite  Galena Sphalerite Pyrite Gangue Temaries
93.6 0.0 1.1 3.1 S 1.5 0.8

[ Locking for: Gangue |

Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
811 0.0 9.0 6.3 1.8 i T 1.8
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PROJECT: KMS585
PRODUCT: Lead Cleaner Scavenger Tails (I} - December 7, 1996
SIZE RANGE <C4>C5

‘WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 1.1
Sphalerite 25.7
Pyrite 49.5
Gangue 23.7
Locking for: Chalcopyrite ]

Locked in Binary With:

Liberated Chalcopyrite  Galena Sphaterite Pyrite Gangue Ternaries
0.0 i i 0.0 0.0 0.0 0.0 0.0
[ Locking for: Galena |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
8.8 0.0 47.1 7.8 20.6 15.7
[ Locking for: Sphalerite ]
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Ternaries
846 0.0 i1.5 s T e 2.3 1.5 -0.0
[ Locking for: Pyrite ' |
. Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
99.0 0.0 0.0 1.0 § i 0.0 0.0
| Locking for: Gangue |
Locked in Binary With;
Liberated Chalcopyrite Galena Sphalerite Pyrite Temaries

95.5 0.0 4.0 0.6 0.0

0.0
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TABLE 3A
SUMMARY OF PERCENT LIBERATION BY SIZE AND CLASS
i venger Tail osite -

KM585
Size Range >75um <75um>C1 <C1>C4
Mineral Status Cp Ga Sp Py Gn Cp Ga Sp Py Gn Cp| Ga| Sp| Py | Gn
Liberated 00 (00 02 47 [189{ 00 00 ( 03 [ 226 202( 00 00| 1.9 {296(150
Binary - Cp Gl 0.0 1 00 | 00 | 00 jEEEH 00| 00| 00 | 00 [ZF: 00] 00|00} 00
Binary - Ga 00 [ 00| 00| 03 | 00 s 04| 05 |00 |EF 05| 01|01

Binary - Sp 00 { 00 0.0 . 0.0 0.7 g 0.4 03
Binary - Py 0.0 0.0 0.0 0.4 . : 0.0 | 0.7 | 5.6 [L¥8s 05
Binary - Gn 0.0 | 142 0.0 17.0 | 131 28 =l 0.0] 8.7 8.3 1.8 |[Lass
Ternaries 00 | 114 00| 87| 76| 04| 03 | 00]20]| 21| 03] 01
Total 0.0 | 256 00 | 265 246 ] 269 | 226 | 0.0 | 12.0/18.4]| 32.2] 16.1
Size Range <C4>C5 <G5

Mineral Status Sp Py { Gn Cp | Ga Sp Py | Gn

Liberated 1.5 6.0 6.1 0.0 16 | 111 | 275 | 323

Binary - Cp 00 | 00 | 00 |z 00 ] 00| 00 | 00

Binary - Ga seia 0.0 | 0.0 | 0.0 | 0.0 [Giy

Binary - Sp 00 | o1 EExRY o1l 04 ] 00

Binary - Py 00| 01 | 03 |Bs-d 00 | 0.0 . 0 &ty 0.2 |

Binary - Gn 00| 16 | 22 | 01 [Ez| oo | 223 16.1| 06 |FEaie

Termnaries 00 | 051 04| 00| 00| 00| 64 ] 3041 00| 00

Total 0.0 2.4 4.4 6.2 6.2 00 | 335 | 322 | 284 | 33.2

Size Range Mineral Liberation-2 Dimensions Mineral Liberation-3 Dimensions

Mineral Status Cp Ga Sp Py | Gn Cp Sp Py | Gn

Liberated 0.0 17 | 149 | 904 | 926 | 0.0 0.0 | 88.0 | 90.7

Binary - Cp B i 0.0 | 00 | 0.0 [&sx s 0.0 | 00 00

Binary - Ga 0 s 08 0.6 1.2 0.0 |5 - 0.9 0.7 1.6

Binary - Sp 0.0 | 2.8 [@E 1.7 2.2 0.0 | 2.8 laZeiin 2.1 27

Binary - Py 00 | 28 [ 1.3 [Fits| 34 | 00 | 28 | 133 [EET 42

Binary - Gn 0.0 | 63.8 | 407 | 6.2 |i= ”“:;TYE? 00 | 649 | 885 | 7.7 iy

Ternaries 00 | 289 ] 23.3 ] 141 0.6 00 | 264 | 273 1.4 0.8

Total 0.0 [100.0]100.0] 100.0] 100.0| 0.0 | 100.0| 100.0 100.0| 100.0

Notes 1} Cp-Chalcopyrite, Ga-Gatena, Sp-Sphalerite, Py-Pyrite and Pyrrhotite, Gn-Gangue.

2} 0.0 Indicates these minerals were not observed during the counting procedure.

3) 75um sizing fraction corresponds to the Tyler 200 mesh screen. C1 to C5 indicates cyclones
1 to 5 on the Cyclosizer.

4) Because the <CS5 fraction is not counted an overall estimate is made by assuming the C5 and
<5 liberation values are identical.

5) The Total ling is the distribution of mingral in the size fraction. Original data is from the size
by assay and distribution tables.

6) The calculated liberation of the unsized product as measured in two dimensions has been
converted 10 three dimensions using an adaptation of correction factors developed by Petruk,
Broussaud, and G & T Metallurgical Services.

7) The three dimension liberation is zero if the liberation in two dimensions is less than 20 percent.
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TJABLE 3B
SIZE BY ASSAY AND DISTRIBUTION BASED ON METAL CONTENT
Zi i Tail ite - r1.1
Size Weight Assays Distribution
Fraction % CulPb| Z2n| Fe| Cu| Pb| Zn | Fe
>75um 17.9 0.41] 0.83] 4.20 25.6]|20.5| 6.3
<75um>C1 238 0.32|6.75| 13.5 265246269
<C1>C4 20.2 0171 0.66] 18.0 12.0| 184 32.2
<C4>C5h 6.2 0.111 0511119 241 44| 6.2
<C5 32.0 0.301 0.73| 10.6 335322284
Total 100.0 0.29(0.72{11.9 100 ] 100 | 100

Notes 1) The assays shown in this table are utilized to determine the mineralogical
distribution shown in Table C

BLE
Z D Dl N MINERA EN
i i ite -

Size Woeight " Assays Distribution

Fraction % Cp | Ga | Sp | Py |Gn | Cp| Ga| Sp | Py | Gn
>75um 17.9 05112 9.0/(89.3 256|205 63 219
<75um>C1 23.8 04| 1.1]|289]|69.6 26.5]| 246/ 26.9| 226
<C1>C4 202 02| 1.0 |40.7| 582 12.0]| 18.4| 32.2| 16.1
<C4>C5 6.2 0.1) 08 |255(736 24| 44 ) 62| 62

<C5 32.0 031112271759 335|322,284133.2
Total 100.0 03| 1.1 ]255]731 100 | 100 | 100 | 100

Notes 1) Cp-Chalcopyrite, Ga-Galena, Sp-Sphalerite, Py-Pyrita and Pyrrhotite, Gn-Gangue.
2) Mineral assays are based on gravimetric factors to convert the metal to the pure mineral.
3) See appendix | for details of gravimetric factors.
4) An assay value of "0" indicates the assay value is less than the detection limil.
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- TABLE 3D
ESTIMATED RELATIVE PROPORTION AND COMPOSITION QF MINERAL GRAINS
i r Tail ite -

Binary Proportion by Weight-2D Proportion by Weight-3D Compositon of Grains
Component Ga| Sp | Py|Gn | Cp| Ga| Sp| Py|Gn | Cp| Gal| Sp| Py | Gn
Liberated 0.01|0.16] 23,1} 67.7]| 0.00| 0.00{0.00| 224;66.3] 0 | 100| 100 | 100 | 100
Binary - Cp 21 0.00( 0.00( 0.00{ 0.00 [;Z::4: 0.00( 0.00( 0.00[ 0.00 [zx] O 0 0 0
Binary - Ga Toia 0.01[0.141 0.91]0.00 |25 0.01] 0,18 114 0 Rl 52 [ 95 [ 84
Binary - Sp 0.01 |55 0.43| 1.60] 0.00| 0.01 [F5| 0.54| 200 o | 48 [F%5| 79 | 76
Binary - Py 0.01{0.120 5+ 2.46| 0.00| 0.01| 0143 3.08] 0 | 5 | 21 Lo 61
Binary - Gn 0.21)| 054157 %"'é 0.00(0.22] 0.64| 1.97 = O 16 | 24 | 39 loes
Ternaries 0.10]| 0.25]| 0.29]| 0.46| 0.00| 0.1010.30] 0.36|1 0.57| © 7 22 | 27 | 43
Average Composition j0.00] 0.33[ 1.09]25.5| 73.1] 0.00] 0.33) 1.09]| 25.5] 73.1

Notes 1) The two-dimensional proportion of minerals is a weighted estimate which is based on the
libgration and the mineral content of the unsized sample.
2) The three-dimensional data Is based on converting the two dimensional liberation data using
an adaptation of Paetruk and Broussaud transforms.
3) Composition values of “0* represents values <2% and "100" represents valuas >98%.

TABLE 3E
COMPARATIVE ASSAY TABLE
in v i ite -

SIZE Chemical Assay Point Count Assay
FRACTION | Cp | Ga | Sp [ Py |Gn | Cp | Ga| Sp{ Py | Gn
>75um 05|12 90(893| 00| 08| 08 |11.1]|874
<75um=>C1 04| 11(289|696| 00| 07| 07 |27.3]71.4
<C1>C4 02)1.01(40.7(58.2| 0.0 ] 0.3 | 1.4 |450]53.4
<C4>C5 01| 08]255]736( 00| 05| 05(306]68.4

Notes 1) This table compares the mineral composition of the samples detarmined
by chemical analysls with the composition determined by point count analysis.
2) The point count data Is based on the relative number of grains observed
for each minaral and thelr astimated denslties.
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PROJECT: KM585
FRODUCT: Zinc Scavenger Tails (K/L) Compaosite - December 1, 1996
SIZE RANGE >75um

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.8
Sphalerite 0.8
Pyrite 11.1
Gangue 874

[ Locking for: Chalcopyrite ]

Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
0.0 b S ¢.0 0.0 0.0 0.0 0.0

l Locking for: Galena _[

Locked in Binary With:
Sphalerite Pyrite Gangue Ternaries
0.0 0.0 55.6 44.4

Liberated Chalcopyrite
0.0 0.0 o

| Locking for: Sphalerite I

Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temaries
1.2 0.0 0.0 o v S T 0.0 49.4 49.4

| Locking for: Pyrite _I

Locked in Binary With;

Liberated Chalcopyrite Galena Sphalerite Ternaries
75.0 0.0 0.0 4.5 6.8
[ Locking for: Gangue ]

Locked in Binary With:
Liberated Chalcopyrte Galena Sphalerite Pyrite Gangue Temaries
86.2 0.0 1.4 34 8.1 0.9




PROJECT: KM585
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PRODUCT: Zinc Scavenger Tails {K/L} Composite - December 1, 1996

SIZE RANGE <75um>C1

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.7
Sphalerite 0.7
Pyrite 27.3
Gangue 71.4
[ Locking for: Chalcopyrite |
Locked in Binary With;
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
0.0 . i 0.0 0.0 0.0 0.0 0.0
[ Locking for: Galena ]
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
0.0 0.0 : 1.6 1.6 64.1 328
|_Locking for: Sphalerite |
Locked in Binary With:
Liberated Chalcopyite  Galena Pyrite Gangue Teraries
1.1 0.0 1.4 13.8 532 .30.9
| Locking for: Pyrite |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Gangue Ternaries
84.0 0.0 1.6 2.4 10.4 1.6
|_Locking for: Gangue [
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Ternaries
89.4 0.0 2.3 28 4.1 1.3
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PROJECT: KM585

PRODUCT: Zinc Scavenger Tails (K/L) Composite - December 1, 1996

SIZE RANGE <C1>C4

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.3
Sphalerite 1.4
Pyrite 450
Gangue 53.4
| Locking for: Chalcopyrite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temares
0.0 o o 0.0 0.0 00 0.0 0.0
[ Locking for. Galena |
Locked in Binary With:
Liberated Chalcopyrite Galen Sphalerite Pyrite Gangue Temaries
0.0 0.0 i e T 56 56 72.2 16.7
| Locking for: Sphalerite ]
Locked in Binary With:
Liberated Chalcopyrite Galena Pyrite Gangue Ternaries
10.1 0.0 29 30.4 449 11.6
| Locking for: Pyrite
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Gangue Temaries
91.8 0.0 04 1.3 g 56 09
| Locking for: Gangue [
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temaries
93.6 0.0 0.8 20 2.9 e 0.8
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PROJECT: KM585

PRODUCT: Zinc Scavenger Tails (K/L) Composite - December 1, 1996

SIZE RANGE <C4>CS5

WEIGHT CF MINERALS

Chalcopyrite 0.0
Galena 05
Sphalerite 0.5
Pyrite 30.6
Gangue 68.4
[ Locking for: Chalcopyrite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyiite Gangue Temaries
0.0 fniyeiis 0.0 0.0 0.0 0.0 0.0
[ Locking for: Galena |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temaries ;
4.8 0.0 s 4.8 4.8 66.7 19.0
| Locking for: Sphalerite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
34.4 0.0 0.0 2 LA 6.3 50.0 9.4
{_Locking for: Pyrite ]
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Gangue Temaries
96.9 0.0 0.0 ‘ 1.0 REL 2.1 0.0
| Locking for: Gangue ]
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temaries
975 0.0 0.7 1.2 0.5 0.0
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TABLE 4A
MARY QF NT LIBEBAT BY SIZE ANC CLA
in¢ Cleaner Tail t (J) - D ber 1.1
KMS585
Size Range >75um <75um>C1 <C1>C4
Mineral Status Cp Ga Sp Py | Gn Cp Ga Sp Py | Gn Cp| Ga| Sp | Py i Gn
Liberated . 00| 00§ 00 00| 00 ( Q.1 02 | &1 50 | 00| 02| 24320127
Binary - Cp sy 00 | 00| 00| 00 fane 00 ] 00| 0.0 | 0.0 [Fei| 00| 00 00| 00
Binary - Ga 0.0 [rmo ks 0.0 0.0 Rensn|l 0.2 0.0 0.1 0.0 [ZuEl 001 0.1 ] 0.3
Binary - Sp 0.0 00 ] 00 | 01 [E25] 1.8 | 09 | 00| 04 (5
Binary - Py 0.0 . . 0.0 § 00 | 04 6.9 Jmvahel 03 0.0 02
Binary - Gn 0.0 | 00 00| 00 [&5%5 00 | 46 | 5.1 o 0.0 | 8.7
Termnaries 00 [ 00| 0O [ 00O ] 0O ] 00| 52 73 | 01 03 [ 00]| 671} 6. .
Total 0.0 0.0 0.0 0.0 0.0 0.0 | 101 ]| 18.7 | 8.4 66 | 0.0 j16.2{22.2]35.0]{148
Size Range <C4>C5 <C5H
Mineral Status Cp Ga Sp Py Cp Ga Sp Py Gn
Liberated 0.0 01 0.8 9.7 6.0 1.3 8.6 | 458 | 64.4
Binary - Cp el 00 ] 00 | 00 sl 0.0 0.0
Binary - Ga ¢ 0.0 [y 2.1
Binary - Sp . 00 | 00 3.4
Binary - Py Lo 00 | 0.0 0.8
Binary - Gn 0.0 | 47.2 LR
Ternaries 00 | 21.0 . 0.3
Total 00 | 694 | 532 | 466 70.9
Size Range Mineral Liberation-2 Dimensions Mineral Liberation-3 Dimensions
Mineral Status Cp Ga Sp Py | Gn Cp | Ga Sp Py | Gn
Liberated 0.0 1.7 | 119 | 93.7 | 89.1 0.0 0.0 0.0 { 922 | 86.4
Binary - Cp iemeyl 0.0 | 00| 0.0 ) 00 x|l 00| 00| 00 | 00
Binary - Ga 0.0 [z 0.2 0.1 2.7 0.0 {ugsssd 0.2 0.1 34
Binary - Sp 00 | 06 poavcsl 48 | 5.7 | 00 | 06 lwem] 601 7.4
Binary - Py 00 | 03 | 421 [o%xill 1.8 | 0.0 | 0.3 | 478 |ilg 22
Binary - Gn 00 | 633|221 | 1.0 [ 1 0.0 | 644 | 251 | 1.3 |smiys
Temaries 00 | 341 {237 | 03 . 00 | 347 2681 04 0.9
Total 0.0 | 100.01100.0| 100.0( 100.0{ 0.0 | 100.0}100.0] 100.0] 100.0

Notes 1) Cp-Chalcopyrite, Ga-Galena, Sp-Sphalerite, Py-Pyrite and Pyrrhotite, Gn-Gangue.

2) 0.0 Indicates these minerals were not observed during the counting procedure,

3) 75um sizing fraction corresponds to the Tyler 260 mesh screen. C1 to C5 indicates cyclones
110 5 on the Cyclosizer.

4) Because the <C5 fraction is not counted an overall estimate is made by assuming the C5 and
<(C5 liberation values are idantical.

5) The Total line is the distribution of mineral in the size fraction. Qriginal data is from the size
by assay and distribution tables.

6) The calculated liberation of the unsized product as measured in two dimensions has been
converted to three dimensions using an adaptation of correction factors developed by Petruk,
Broussaud, and G & T Metallurgical Services.

7) The three dimension liberation is zero If the liberation in two dimensions is less than 20 percent.
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TABLE 48 )
SIZE BY ASSAY AND DISTRIBUTION BASED ON METAL CONTENT
i leaner Tail -

Size Weight Assays Distribution
Fraction %o Cu|lPb| Zn| Fe | Cu| Pb| Zn | Fe
>75um Q.0 0.00| 0.00] 0.00 00| 0.0 ] 0.0
<75um>CA1 7.9 1.20| 4.24| 255 10.1]119.7| 8.4
<C1>C4 254 0.60| 1.49] 33.0 16.2| 22.2( 35.0
<C4>C5 8.7 0.451 0.96| 27.2 421 491 99

<C5 58.1 1.12] 1.56| 19.2 £69.4|63.2| 46.6

Total 100.0 0.64|1.70] 23.9 ) 100 | 100 | 100

Notes 1) The assays shown in this table are utllized to determine the mineralogical
distribution shown In Table C

TABLE 4C
I l B MINE NTEN
i I il -

Size Woeight Assays . Distribution
Fraction % Cp| Ga| Sp| Py|!Gn{Cp| Ga| Sp| Pyl Gn
>75um 0.0 00| 00¢{00]| 00 00j00]| 00| 00
<75pm>C1 79 1.4 ] 64 |545(37.7 10.1119.7] 8.4 | 6.6
<C1>C4 254 0.7 22 |708(265 16.2(22.2135.0| 14.8
<C4>C5 8.7 05| 1.4 |58.2(39.8 42| 49 ) 99| 7.7

<CS 58.1 1.31 23| 411} 553 69.4| 53.2| 46.6{ 70.9

Total 100.0 11| 2.6 | 51.1| 45.3 100 | 100 | 100 | 100

Notes 1) Cp-Chalcopyrite, Ga-Galena, Sp-Sphalerite, Py-Pyrite and Pyrrhotite, Gn-Gangue.
2) Mineral assays are based on gravimetric factors to convert the metal 10 the pure mineral.
3) See appendix | for details of gravimetric factors.
4) An assay value of *0° indicales the assay value is less than the detection limit.
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_ TABLE 4D
ESTIMATED RELATIVE PROPORTION AND COMPOQSITION OF MINERAL GRAINS
Zin ner Tai - mber
Binary Proportion by Weight-2D Proportion by Weight-3D Compositon of Grains

Component Cp | Ga|[ Sp|Py|Gn|Cp|Ga|Sp |l Py |Gn |Cp|Ga| Sp| Py |Gn
Liberated .0010.02| 030} 47.9]40.3(0.00|0.00]0.00|47.1139.1| 0O | 100( 100} 1004 100
Binary - Cp so-2 0.00( 0.00] 0.00] 0.00 [5:57%] 0.00( 0.00 0.00| 0.00 2= O 0 o 0
Binary - Ga 0.00 55721 0.01]0.05] 1.23[ 0.00[T ;5] 0.01|0.06[1.54] 0 |i) 49 | 94 | 69
Binary - Sp 0.00| 0.01 i3] 2.44| 2.58] 0.00| 0.01 [53<s| 3.05|3.22| © 51 feecna 71 83
Binary - Py 0.00]0.00| 1.07 [.-78] 0.791 0.00{ 0.00 1.22[.v254 0,881 O 6 | 29 licged 60
Binary - Gn 0.00|0.69| 057 | 0.53 |~ == 0.00{ 0.70| 0.64| 0.67 [z 0 31 17 | 40
Ternaries 0.00;0.37]| 0.60| 0.17] 0.33] 0.00] 0.38]| 0.69( 0.21 0 22 | 41 13
Average Composition | 0.00] 1.09| 2.55]|51.1145.3] 0.00| 1.09]2.55]| 511

Notes 1) The two-dimensional proportion of minerals is a weighted estirmate which Is based on the
libaration and the mineral content of the unsized sample.
2} The three-dimensional daia is based on converting the two dimensional liberation data using
an adaptation of Petruk and Broussaud transforms.
3) Composition values of "0" represents values <2% and "100* represents values >98%.

TABLE 4E
COMPARATIVE ASSAY TABLE
Zin¢ Cl r Tail 1 -D ri,1
SIZE Chemical Assay Point Count Assay

FRACTION | Cp [ Ga [ Sp | Py |Gn | Cp | Ga | Sp | Py [ Gn
>75um 00| 00| 00| 00 00l 00| 00|00
<75um>C1 14 | 6.4 |545]37.7 08 775621353
<C1>C4 0.7 22 1706|265 03 12]78.8]|19.6
<C4>C5 05| 1.4 |58.2(39.8 041 1.7 | 59.3] 38.7

Notes 1) This table compares the mineral compaosition of the samples detarmined

by chemical analysis with the compasition determined by point count analysis.

2) The point count data is based on the relative number of grains observed

for each mineral and their estimated densities.
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PROJECT: KM585
PRODUCT: Zinc Cleaner Tail 1 (J) - December 1, 1996

SIZE RANGE <75um

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.0
Sphalerite 0.0
Pyrite 0.0
Gangue 0.0

[ Locking for: Chalcopyrite I

Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Ternaries
0.0 3 0.0 0.0 0.0 0.0 0.0

[ Locking for: Galena ]

Locked in Binary With:
Sphalerite Pyrite -  Gangue Temanies
0.0 0.0 0.0 0.0

Liberated Chalcopyrite
0.0 0.0

| Locking for: Sphalerite [

Locked in Binary With:

Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temaries
0.0 0.0 0.0 P 0.0 0.0 0.0
[ Locking for: Pyrite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries

0.0 0.0 0.0 0.0 o 0.0 0.0

| Locking for: Gangue I

Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temaries
0.0 0.0 0.0 0.0 0.0 5 5 0.0
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PROJECT: KMS585
PRODUCT: Zinc Cleaner Tail 1 {J) - December 1, 1996
SIZE RANGE <75um>C1

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 08
Sphalerite 7.7
Pyrite 56.2
Gangue 353

[ Locking for:

Chalcopyrite

Locked in Binary With:

Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Ternaries
0.0 : o 0.0 0.0 0.0 0.0 0.0
[ Locking for: Galena [
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
1.1 0.0 A 1.1 1.1 45.5 51.1
[ Locking for: Sphalerite |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Ternaries
1.0 0.0 1.0 st 351 25.8 3741
[ Locking for: Pyrite |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temaries
72.9 0.0 0.0 219 [imineeed 35 1.6
[ Locking for: Gangue |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Ternanes
75.6 0.0 22 13.0 39 R 5 5.3
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PROJECT: KM585
PRODUCT: Zinc Cleaner Tail 1 {J) - December 1, 1996
SIZE RANGE <C1>C4

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.3
Sphalerite 1.2
Pyrite 78.8
Gangue 19.6

| Locking for: Chalcopyrite |

Locked in Binary With:
te  Galena Sphalerite Pyrite Gangue Temaries
' 0.0 0.0 0.0 0.0 0.0

Liberated Chalcopyri
0.0 B

[ Locking for: Galena |

Locked in Binary With:
Sphalerite Pyrite Gangue Ternaries
2.7 1.4 53.4 411

Liberated Chalcopyrite
1.4 0.0 R

| Locking for: Sphalerite |

Locked in Binary With:

Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
10.8 0.0 0.0 SRy 46.2 16.1 269
[ Locking for: Pyrite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
A St

91.5 0.0 0.3 6.2

B 1.4 0.6

| Locking for: Gangue |

Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
859 0.0 1.8 7.4 4.3 S —— 0.6
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PROJECT: KM585
PRODUCT: Zinc Cleaner Tail 1 {J) - December 1, 1996
SIZE RANGE <C4>C5

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 04
Sphalerite 1.7
Pyrite 59.3
Gangue 38.7
[ Locking for: Chalcopyrite ]
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
0.0 Ly i 0.0 0.0 0.0 0.0 0.0
| Locking for: Galena f
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Termaries
1.9 0.0 i 0.0 0.0 67.9 302
|_Locking for: Sphalerite {
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Termaries
16.1 0.0 0.0 f i v o 42.9 23.2 17.9
[_Locking for: Pyrite |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temaries
98.2 0.0 0.0 1.3 0.4 0.0
| Locking for: Gangue |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temaries
90.8 0.0 2.9 48 1.1 04
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TABLE 5A
Li 1ZE
\ il -

KM599
Size Range >75um <75um>C1 <C1>C4
Mineral Stalus Cp | Ga Sp Py | Gn Cp { Ga | Sp Py | Gn [ Cp| Ga| Sp| Py jGn
Liberated 2.1 189 00 0.0 69 | 209 169} 0.0 | 0.4 ] 17.9)23.3] 123
Binary - Cp 00 | 00 L) 00| 00 | 00 | 00 [z 00} 00
Binary - Ga 00 | 1.0 | 0.0 =% 02 | 00 | 01 | 0.0 [ 00| 00
Binary - Sp 0.0 1.1 0.0 12 220 07 09 | 0.0 04 5.t 011 0.3
Binary - Py : : 2 [l 15 { 00 ( 04 | 25 [fowr| 09 (0009287 03
Binary - Gn 00 | 135 52 3.3 sl 0.0 7.7 4.9 2.5 [wii 0.0 | 45| 2.0 | 2.0 |vs
Temaries 0.0 3.8 1.7 0.6 0.5 0.0 5.7 2.4 0.4 0.1 00| 27| 0403100
Total 00 | 195 7.9 6.0 1230| 00 [ 1491169 | 245 | 19.0 ) 0.0 ] 8.9 123.2| 25.7} 13.0
Size Range <C4>C5 <C5>CB <C6
Mineral Status Cp Ga Sp Py | Gn Cp Ga Sp Py | Gn [ Cp| Ga]| Sp | Py | Gn
Liberated 0.0 05 53 6.0 5.6 0.0 22 11151103 1241 0011592931266 26.1
Binary - Cp e 00 | 00 | 00 | 00 i 00| 00| 00 [Zo&
Binary - Ga 0 FE2EE o1 ) 01 ] 00 vimnl 01| 01 ] 00
Binary - Sp 0.0 0.5 f’i’-*:’?‘:?‘-‘ﬁ;é_ 041 0.1 0.0 14 |=pnil 04 0.2
Binary - Py 00 { 05 | 04 [ 00 [ 00 | 00§ 07 [EEZd 0.0
Binary - Gn 00 | o5 | 06 | o1 [EFeE] o0 | 22 | 04 | 0.0 [FnE
Termaries 0.0 0.5 0.1 0.0 0.0 0.0 1.1 0.1 0.0 0.0 . . . 2 .
Total 0.0 2.3 6.4 6.2 5.8 0.0 6.7 | 128 | 105 | 127 ]| 0.0 | 47.6| 32.8]| 27.0] 26.7
Size Range Mineral Liberation-2 Dimensions Mingral Liberation-3 Dimensions
Mineral Status Cp Ga Sp Py | Gn Cp | Ga Sp Py | Gn
Liberated 00 ) 180 7153 891 ) 923 | 0.0 00 | 643 86.4| 904
Binary - Cp v 00| 00| 0o} oo S ool 00| 0ol 0o
Binary - Ga 0.0 | '+ 1.0 0.4 1.1 00 [Fz=7d 1.3 0.5 1.4
Binary - Sp 00 | 134 [E st 1.3 | 31 | 00 [ 166 53 16 | 38
Binary - Py 0.0 1.8 8.5 vl 2.8 0.0 22 ] 108 1= 3l 3.5
Binary - Gn 00 | 442 | 142 | 80 [E7| 00 | 546 | 177 | 99 [
Temaries 00 | 216§ 49 1.2 0.6 0.0 | 2671 6.1 1.6
Total 0 100 | 100 ! 100 | 100 0 100 | 100 | 100 | 100

Notes 1) Cp-Chalcopyrite, Ga-Galana, Sp-Sphalerite, Py-Pyrite, Gn-Gangue.

2) 0.0 Indicates these minerals were not observed during the counting procedure.

3) 53um sizing fraction corresponds to the Tyler 270 mesh screen. C1 to CB indicates cyclones
1 to 6 on the Cyclosizer.

4) Because the <C6 fraction is not counted an overall estimate is made by assuming the C6 and
<C6 liberatlon values are identical.

5) The Total line is the distribution of mineral in the size fraction. Original data is from the size
by assay and distribulicn tables.

6) The calculated liberation of the unsized product as measured in two dimensions has been
converted lo three dimensions using an adaplation of correction factors developed by Petruk,
Broussaud, and G & T Metallurgical Services.

7) The threa dimensicn liberation is zero if the liberation in two dimensions is less than 20 percent.




TABLE 58

IZEB AND DISTRI ICN BASED ON NT

venger Tail -
Size Weight Assays Distribution
Fraction % Cu| Pb|{Zn| Fe | Cu| Pb | Zn | Fe
>75um 17.6 0.42]|1986] 4.2 1951 79| 61
<75um>C1 20.2 0.28| 3.64| 146 14.9| 16.9] 24.3
<C1>C4 16.9 020]| 599|184 8.9 232|256
<C4>Cs 5.9 0.15|4.72]|12.8 23] 64| 6.2
<C5>C8 121 021|462 10.6 6.7 1128|1086

<C86 27.3 066524121 476]|32.8|27.2

Total 100.0 0.38|4.36]12.1 100 ] 100 | 100

Notes 1} The assays shown in this table are utilized to determing the mineralogical
distribution shown in Table C

TABLE 5C
SIZE BY ASSAY AND DISTRIBUTION BASED ON MINERAL CONTENT
v il -

Size Weight Assays Distribution
Fraction Y% Cp | Ga|Sp|Py|Gn |[CplGa| 8pi Py|Gn
>75um 17.6 0543287 (877 195 791 6.0 | 23.0

<75um>C1 20.2 033 59 |308|63.1 149] 16.91245| 19.0
<C1>C4 16.9 02| 96 385|516 8.9 | 23.2]|257|13.0
<C4>C5 5.9 02| 76 |26.7|655 231 64| 62| 58
<C5>CB 12.1 02] 741220703 6.71128| 1051127

<C6 27.3 08| 84 [25.1|65.7 47.6;32.8| 27.0| 26.7

Total 100.0 041 7.01}253|67.2 100 { 100 | 100 | 100

Notes 1) Cp-Chalcopyrite, Ga-Galena, Sp-Sphalerite, Py-Pyrite, Gn-Gangue.
2) Mineral assays are based on gravimetric factors o convert the metal to the pure mineral.
3) See appendix | for details of gravimetric factors.
4) An assay value of "0" Indicates the assay valus is less than the detection limit.
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JABLE 5D
ESTIMAT E VEP N NOF MINERAL Al
L v il -

Binary Proportion by Weight-2D Proportion by Weight-3D Compositon of Grains
Component Cp ] Ga| Sp| Py |Gn Ga | SpjPy|Gn{Cp| Ga| Spt PylGn
Liberated 0.08| 5.02] 22.6| 62.1 0.00]|4.52|219(608{ 0 | 100|100} 100 100
Binary - Cp 0.00] 0.00|= 7% 0.00] 0.00{0.00]000/3% ol o o] o
Binary - Ga 0.10] 0.76 i 0.09(0.13)10.95] 0 |sxw]| 85 | 93 | 80
Binary - Sp 73 0.32| 2.07 7 040|258 0 | 45 [Tl 35 | 67
Binary - Py 0.00| 0.01| 0.59 [E 2 0.01|074 s 236 0 | 7 | 65 T3, 48
Binary - Gn 0.00|0.19{ 1.00| 2.02 75" 024\ 125(28521F 7 o | 20| 33 | s2 |55l
Ternaries 0.00] 0.09| 0.34] 0.32 0.1210.431040]054] © 8 29 | 27 | 36
Average Composition | 0.00] 0.44 | 7.02| 25.3 0.44{7.02}253| 672

Notes 1) The two-dimensional proportion of minerals Is a weighted estimate which is based on the
liberation and the mineral content of the unsized sample.
2) The three-dimensional data is based on converling the two dimensional liberation data using
an adaptation of Petruk and Broussaud transforms.
3) Composition values of "0" represents values <2% and "100° represents values >98%.

Size Chemical Assay Point Count Assay
Fraction Cp| Ga| Sp| Py|Gn |Cp|Ga] Sp]| Py |Gn

>75um 05| 321 8.7 |87.7 05 22| 69903
<75um=C1 6.3 | 59130.8| 631 04| 67 ]33.9]|59.0
<C1>C4 02| 9.6 {385]51.6 04 111.0]|42.3|46.3
<C4>C5 02| 7.6 | 267|655 04| 76|29.5|624
<C5>C6 027412201703 04} 98 1267|632

Noles 1) This table compares the mineral composition of the samples delermined
by chemical analysis with the composition determined by point count analysis,
2} The point count data is based on the relative number of grains observed
for each mineral and their estimated densities.
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PROJECT: KM599
PRODUCT: Lead Scavenger Tail - February 9, 1996

SIZE RANGE >75um

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.5
Sphalerite 2.2
Pyrite 6.9
Gangue 90.3

l Locking for Chalcopyrite |

Locked in Binary With:
Liberated Chalcopyril Galena Sphalerite Pyrite Gangue
0.0 o R T 0.0 0.0 0.0 0.0

i 9y

[ Locking for Galena |

Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue
0.0 0.0 G e L 11.5 0.0 69.2

{_ Locking for Sphalerite !

Locked in Binary With:
Liberated Chalcopyrite  Galena phalerite Pyrite Gangue

8.0 0.0 3.0 N 2.0 66.0

| Locking for Pyrite l

Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue
35.0 0.0 0.0 0.0 o 55.0

Neirinirs

[ Locking for Gangue [

Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue
82.4 0.0 44 48 6.4 YR
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PROJECT: KM599
PRODUCT: Lead Scavenger Tail - February 9, 1996
SIZE ARANGE <75um>C1

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.4
Sphalerite 6.7
Pyrite 33.9
Gangue 59.0

[ Locking for Chalcopyrite [

Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temary
e T 0.0 0.0 00 0.0 0.0

| Locking for Galena |

Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary
0.0 0.0 & 8.1 27 51.4 37.8

[ Locking for Sphalerite |

Locked in Binary With:

Liberated Chalcopyrite . Galena Sphalerite Pyrite Gangue Temary
41.1 0.0 0.9 SR 15.0 29.0 14.0
| Locking for Pyrite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary

85.4 0.0 0.0 29 e Bt e 10.2 1.5

[ Locking for Gangue i

Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temary
89.4 00 0.7 45 4.8 ;o RGN 0.7




PROJECT: KMs599

PRODUCT: Lead Scavenger Tail - February 8, 1996

SIZE RANGE <C1>C4

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 04
Sphalerite 11.0
Pyrite 42.3
Gangue 48.3

[ Locking for Chalcopyrite

Locked in Binary With:

Liberated Chalcopyrit

00 BT

Galena Sphalerite Pyrite Gangue Ternary
0.0 0.0 0.0 0.0 0.0

[ Locking for Galena

Locked in Binary With:

Liberated Chalcopyrite

5.0 0.0

Sphalerite Pyrite Gangue Ternary
5.0 10.0 50.0 30.0

[ Locking for Sphalerite

Locked in Binary With;

Liberated Chalcopyrite
76.9 0.0

Galena Sphalerite Pyrite Gangue Temary
09 e 12.0 8.5 1.7

| Locking for Pyrite

Locked in Binary With:

Liberated Chalcopyrite
90.5 0.0

Galena Sphalerite Pyrite Gangue Ternary
0.0 0.6 7.8 1.1

. TAN SRt ik
s o e B0k 2

[ Locking for Gangue

|

Locked in Binary With:

Liberated Chalcopyrite
948 0.0

Galena Sphalerite Pyrite
0.0 25 25

Temary
0.3




PROJECT: KM599

35

PRODUCT: Lead Scavenger Tail - February 9, 1996

SIZE RANGE <C4>C5

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.4
Sphalerite 76
Pyrite 205
Gangue 62.4

I Locking for Chalcopyrite

Locked in Binary With:

Liberated Ch Galena Sphalerite Pyrite Gangue Termnary
0.0 L 0.0 0.0 0.0 0.0 0.0
[ Locking for Galena !
Locked in Binary With:
Liberated Chalcopyrite Sphalerite Pyrite Gangue Temary
20.0 0.0 i 20.0 20.0 20.0 20.0
| Locking for Sphalerite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Pyrite Gangue Temary
82.6 0.0 0.9 6.1 9.6 09
| Locking for Pyrite |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temary
96.0 0.0 1.0 1.0 i e g 2.0 0.0
[ Locking for Gangue |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary
98.2 0.0 0.0 1.3 0.5 Sioromiiig 0.0
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PROJECT: KM599
PRODUCT: Lead Scavenger Tall - February 9, 1996
SIZE RANGE <C5>C6

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 04
Sphalerite 9.8
Pyrite 26.7
Gangue 63.2
[ Locking for Chalcopyrite |

Locked in Binary With:

Liberated Chalco Galena Sphalerite Pyrite Gangue Temnary
0.0 ik 0.0 0.0 0.0 .0 0.0
[ Locking for Galena |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Termnary
333 0.0 5 16.7 0.0 33.3 16.7
{ Locking for Sphalerite ]
Liberated Chalcopyrite Gangue Ternary
89.3 0.0 33 08
| Locking for Pyrite
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temary
98.2 c.0 09 09 S B 0.0 0.0
I Locking for Gangue [
Locked in Binary With;
Liberated Chalcopyrite Galena Sphalerite Pyrite Temary
97.9 0.0 0.0 1.8 0.2 0.0
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KM599
Size Range >75um <75um>CH <C1>C4
Mineral Status Cp | Ga Sp Py [ Gn Cp | Ga | Sp Py Ga| Sp | Py | Gn
Liberated 00| 00 [ 00 (00| 00| 00{ 00/ 03] 09 0105 }127]25.0113.1
Binary - Cp Tl 00 | 001 00 | 00 |E=05 00 | 00 | 00 = 0,01 00| 00| 0.0
Binary - Ga 00 Zzt 00 | 00| 00 [ 00 [EZZH 01 | 00 43071 03
Binary - Sp 0.0 0 [EEE 00 | 0.0 | 0.0 ] 01 [ESEE 00 7.9 i) 1.5 0.8
Binary - Py 00 | 00 | 00 s 001 00 | 00 | 00 [z 04|09 B 2.8
Binary - Gn 00| 00| 00 | 00 [EE5] 00 | 10 03 [ 02 13| 36| 42 T
Tarnaries 0.0 0.0 0.0 0.¢ 0.0 0.0 0.6 0.3 0.1 221 07| 01] 0.3
Tolal 00| 00| 00! 00| 0000|171 10 13| 43 |00/[123]|222[316]{17.4
Size Range <C4>C5 <C5>C6 <C6
Mineral Status Cp Ga Sp Py | Gn Cp Ga Sp Py | Gn | Cp ) Ga| Sp ) Py | Gn
Liberated 00 | 1.7 | 99 | 120]| 94 | 00 | 74 | 173 [ 155 | 17.3 | 0.0 | 47.8]| 43.1| 38.4} 50.1
Binary - Cp Towsl 00 | 00 { 00 [ 00 FiFm 00| 00 | 00 | 00
Binary - Ga 0.0 f-=== 08 | 0.0 | 01 ) 00 55 07 | 00 [ 00
Binary - Sp 00 | 22 | : 02 | 00 | 27 [z 01 ] 02 P
Binary - Py 00 | 00 el 0.2 | 00 | 02 { 00 [gs] 0.0 4| 0.0 [EREE 0.
Binary - Gn 0.0 | 07 a0, 05 | 07 j 04 |pEiET) 00| 351 1.7 | 0.2 S8
Temaries 0.0 | 01 . . 00| 00| 00| 00| 00]o01)00|00]00]00]03
Total 00 | 47 | 1171 126] 98 | 0.0 [109] 187 [ 157 ] 175 0.0 | 70.3| 46.4{ 38.9]| 50.9
Size Range Mineral Liberation-2 Dimensions Mineral Liberation-3 Dimensions
Minera! Status Cp Ga Sp Py | Gn Cp | Ga Sp Py | Gn
Liberated 0.0 | 576|832 919 | 929] 00 | 468 79.0 | 89.9 | 91.2
Binary - Cp 0.0 | 00| 00| 00 [izi=S] 00 00 ] 00 ] 0.0
Binary - Ga 0.0 [T 07 | 06 | 0.0 || 94 | 09 | 08
Binary - Sp 0.0 | 305 2.1 0.0 | 381 [jomix] 2.8 2.6
Binary - Py 0.0 | 21 i 35 | 00| 26 | 1.3 jEasy] 4.3
Binary - Gn 00 | 7.1 S| 00 | 89 | 91 | 64 [Tie
Temaries 0.0 ] 29 09 1 00 [ 361! 12| 03] 1.1
Total 0 | 100 ] 100 100 ] 100 | o [ 100 | 100 | 100 | 100

Notes 1) Cp-Chaicopyrite, Ga-Galena, Sp-Sphalerite, Py-Pyrite, Gn-Gangue.

2) 0.0 Indicates these minerals were not cbserved during the counting procedure.

3) 53um sizing fraction corresponds to the Tyler 270 mesh screen. C1 to C6 indicales cyclonas
1 to 6 on the Cyclosizer.

4) Because the <C6 fraction is not counted an overall estimate Is mada by assuming the C6 and
<C6 liberation values are identical,

5} The Total line is the distribution of minaral in the size fraction. Originat data Is from the size
by assay and distribution tables.

6) The calculated liberation of the unsized product as measured in two dimensions has been
converted 1o three dimensions using an adaptation of correction factors developed by Petruk,
Broussaud, and G & T Metallurgical Services.

7) The three dimension liberation is zero if the liberation in two dimensions is less than 20 percent.
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TABLE 6B
z ND DI 1 ED
Lead Cleaner Scavenger Tail - Febryary 9, 1996

Size Weight Assays Distribution
Fraction % Cu|Pb| Zn| Fe | Cu| Pb | Zn | Fe
>75um 0.0 0.00| 0.0 | 0.0 00| 00] 00
<75um=>C1 2.1 2.54| 6.1 1149 1.7110] 13
<C1>C4 25.2 1.52| 11.1) 28.7 12.3122.2|31.2
<C4>C5 11.4 1.29] 13.0] 26.4 47 [ 1171125
<C5>C6 16.6 2.04|142{1228 10.9( 18.7| 15.8

<C86 44 .8 48813.1]21.0 70.3,46.4( 39.2
Total 100.0 3.10]12.6| 24.0 100 { 100 | 100

Notes 1) The assays shown In this table are utilized to determine the mineralogical
distribution shown in Table C

TABLE 6C
I BUT ED ON E
r Tail -
Size Whaeight Assays Distribution
Fraction Yo CplGa| Sp| Py|[Gn | Cpl Ga| Sp| Py { Gn
>75um 0.0 00 00 00] 00 00|00 00| 0.0
<75um>C1 21 291 99 | 31.0|56.2 17110 1.3 4.3
<C1>C4 252 1.8 117.9]619]|18.4 1231222316174
<C4>C5 11.4 1.5 [20.9] 54.5| 231 4.7 | 11.7|12.6| 9.8
<C5>C6 16.6 24 1229(466)282 109 18.7| 15.7| 17.5
<C6 448 57 121.1)1 429} 304 70.3| 46.4| 38.9| 50.9
Total 100.0 3.6 120.3|49.4]|26.7 100 | 100 | 100 ] 100

Notes 1) Cp-Chalcopyrite, Ga-Galena, Sp-Sphalerite, Py-Pyrite, Gn-Gangue.
2) Mineral assays are based on gravimetric factors to convert the metal to the pure mineral.
3) See appendix | for details of gravimetric factors.
4) An assay value of "0* indicates the assay value is less than the detection limit.
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TABLE 6D
ESTIMA E VE PROPORTION AND ITION OF MI |
Lead Cleaner Scavenger Tail - February 9, 1996
Binary Proportion by Weight-2D Proportion by Weight-3D Compositon of Grains

Component Cp | Ga| Sp|{ PylGn|[Cp|[Ga| Sp| Py|Gn | Cpl Gal| Sp| Py | Gn
Liberated 454(24.81 000t 1.69{16.1| 444|243 0 | 100| 100 | 100 | 100
Binary - Cp 0.00 { 0.00 |25t 0.00; 0.00] 0.00] 0.00 [is=4 0 0 o 0
Binary - Ga 0.35(0.17| 0.00|5:%23 19010441021 © (=22 58 | 83 | 40
Binary - Sp .2 0.99]| 0.56| 0.00| 1.37 [;55% 1.24| 0.70| 0 | 42 :
Binary - Py 0.00| 0.07| 0.21 (#5255 0.92] 0.00| 0.08] 0.27 ..o 1.16] O 17
Binary - Gn 0.00]0.26| 1.48] 2.54 5.~ 0.00| 0.32]| 1.85| 3.18 (s © 60
Temaries 0.00/0.10{ 0.19] 0.12]| 0.23] 0.00} 0.13] 0.24] 0.15] 0.29] 0O 16
Average Composition | 0.00 | 3.60| 20.3| 49.4| 26.7} 0.00| 3.60) 20:3] 49.4| 26.7

Notes 1) The two-dimensional proportion of minerals Is a weighted estimate which is based on the
liberation and tha mineral content of the unsized sample.
2) The three-dimensional data Is based on converting the two dimensional liberation data using
an adaptation of Petruk and Broussaud transforms,
3) Compeosition values of "0° reprasents values <2% and "100" reprasents valuas >98%.

TABLE 6E
PARATIV
Lead Cleaner Scavenger Tail - February 9. 1996
Size Chemical Assay Point Count Assay

Fraction Cp| Gal| Sp| Py[Gn | Cp| Ga] Sp| Py | Gn

>75um 00| 00{00, 00 00)00|00] 00
<75pm>C1 29| 99(31.0|56.2 1.9 11.0/23.6/634
<C1>C4 1.8 |17.9]61.9|18.4 1.7 | 17.4| 68.31 12.7
<C4>C5 1.5 | 20.9| 54.5] 231 1.1 121.5]|55.0(224

<C5>C6 2.4 | 22.9|46.6|28.2 1.2 | 28.4| 44.3| 26.1

Notes 1) This table compares the mineral composition of the samples determinad
by chemical anatlysis with the composition determined by point count analysis.
2} The point count data is based on the relative number of grains observed
for each mineral and their estimated densities.
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PROJECT: KM589
PRODUCT: Lead Cleaner Scavenger Tail - February 9, 1996

SIZE RANGE >75um

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.0
Sphalerite 0.0
Pyrite 0.0
Gangue 0.0

| Locking for Chalcopyrite |

Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue
0.0  pusuoias 0.0 0.0 0.0 0.0

[ Locking for Galena |

Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue
0.0 0.0 o i 0.0 0.0 0.0

| Locking for Sphalerite |

Locked in Binary With;

Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue
0.0 0.0 0.0 22 e AR 0.0 0.0
[ Locking for Pyrite |
Locked in Binary With:

Liberated Chalcopyrite  Galena Sphalerite __ Pyrite Gangue
0.0 0.0 0.0 0.0 e 5

[__Locking for Gangue |

Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite
0.0 0.0 0.0 0.0 0.0
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PRODUCT: Lead Cleaner Scavenger Tall - February 9, 1996

SIZE RANGE <75um>C1

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 19
Sphalerite 11.0
Pyrite 238
Gangue 63.4

| Locking for Chalcopyrite

Locked in Binary With:

Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary
0.0 i 7] 0.0 0.0 0.0 0.0 0.0
| Locking for Galena [
Locked in Binary With:
Liberated Chalcopyrite Galena Sphaletite Pyrite Gangue Ternary
0.0 0.0 & 4.4 0.9 61.1 33.6
| Locking for Sphalerite !
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Ternary
28.0 0.0 86 Y e 3.2 34.4 258
[ Locking for Pyrite
Locked in Binary With:
Liberated Chalcopytite Galena Sphalerite Pyrite Gangue Termnary
73.1 0.0 0.0 31 R 17.7 6.2
|__Locking for Gangue |
Locked in Binary With;
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Tamary
71.4 0.0 5.7 8.3 10.2 : - 4.3
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PROJECT: KM599
PRODUCT: Lead Cleaner Scavenger Tail - February 9, 1996
SIZE RANGE <C1>C4

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 1.7
Sphalerite 17.4
Pyrite 68.3
Gangue 12.7
| Locking for Chalcopyrite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Termnary
0.0 R 0.0 0.0 0.0 0.0 0.0
| Locking for Galena ]

Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Ternary

4.0 0.0 64.4 3.0 10.9 17.8
| Locking for Sphalerite ]
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary
57.1 0.0 19.4 i S 4.1 16.3 341
[ Locking for Pyrite |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Temary
79.2 0.0 2.3 49 0.3
| Locking for Gangue |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary
75.5 0.0 1.9 4.7 16.0 et 1.9
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PRODUCT: Lead Cleaner Scavenger Tail - February 9, 1996

SIZE RANGE <C4>C5

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 1.1
Sphalerite 215
Pyrite 55.0
Gangue 22.4

Locking for Chalcopyrite

Locked in Binary With:

Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary
Locking for Galena |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary
36.6 0.0 455 1.0 13.9 30
Locking for Sphalerite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Ternary
84.4 0.0 6.4 R 0.9 8.3 0.0
Locking for Pyrite ]
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Termary
95.5 0.0 0.0 0.9 DR 3.1 0.4
Locking for Gangue |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Ternary
95.2 0.0 0.6 1.8 2.4 : 0.0
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PRODUCT: Lead Cleaner Scavenger Tail - February 9, 1996
SIZE RANGE <C5>C6

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 1.2
Sphalerite 284
Pyrite 44.3

Gangue 26.1

|__Locking for Chalcopyrite |

Locked in Binary With:

Liberated Chalcopydite Galena Sphalerite Pyrite Gangue Temary
0.0 & 0.0 0.0 0.0 0.0 0.0
{ Locking for Galena |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temary
68.0 00  pEEEEiox] 250 2.0 5.0 0.0
[ Locking for Sphalerite I
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary
92.8 0.0 3.6 e 0.0 36 0.0
| Locking for Pyrite ]
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temary
98.8 0.0 0.0 0.6 T e e 0.6 0.0
[ Locking for Gangue |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Temary

98.4 0.0 0.0 1.1 0.0

0.5
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TABLE 7A
F PERCE | ZE AND
Zinc Scavenger Tail - February 9, 1996
KM599

Size Range >75um <75um>C1 <C1>C4
Mineral Status Cp | Ga Sp Py | Gn Cp | Ga | Sp Py | Gn | Cpt Ga| Sp | Py {Gn
Liberated 178 { 184 { 0.0 [ 5.1 ( 6.3 | 24.6] 14.0
Binary - Cp 0.0 0 Bnizd] 0070 00] 001 00
Binary - Ga 00 | 00 | 0.0 |E%5:4 16| 0.0 ] 0.0
Binary - Sp . | 00 | 03 | 00| 3.4 [l 0.0
Binary - Py 00 | 0.0 0.0 | 00 | 04 [E=~mnl 1.4 . 00| 00| 18 L 25 05
Binary - Gn 0.0 { 136 00 | 109 ] 9.1 3.1 i 51 681 3.7 |I> =
Ternaries 0.0 2.1 0.0 2.4 2.8 0.2 . . 1.7 1.0] 00| 0.0
Total 00 | 15.7 00 | 1331151 ]| 21.1 ] 199 [ 0.0 | 15.3] 16.3| 28.5]| 14.6
Size Range <C4>C5 <C5>C8é <C6
Mineral Status Cp Ga Sp Py { Gn Gn Sp | Py { Gn
Liberated 13| 23 | 62 | 641 10.8 36.9)29.1| 275
8inary - Cp el 0.0 [ 00| 00| 00 00 &% 00| 00| 00| 00
Binary - Ga 0.0 [iesy 04 0.0 0.0 0.0 | 0.0 ;22 0.7 1 0.0 0.0
Binary - Sp 0.0 0.8 [LiZ—] 6.1 0.1 G.i | 0.0 . . 0.2
Binary - Py 0.0 0.0 0.4 ps=oy 02 01 | 0.0 Q0| 0.7 %4 02
Binary - Gn 0.0 1.3 1.3 0.7 |Besad st 0.0 | 9.7 | 5.9 | 0.0 fakds
Temaries 0.0 0.3 0.3 0.1 0.0 00 | 00} 00| 00]00]00
Total 0.0 3.6 4.7 7.0 6.4 11.0{ 0.0 |45.1144.2(29.4]| 278
Size Range Mineral Liberation-2 Dimensions Mineral Liberation-3 Dimensions
Mineral Status Co | Ga | Sp | Py [ Gn | Cp | Ga | Sp | Py | Gn
Liberated 00 | 436 | 561 | 882 | 947 ] 00 [ 295 452 853 | 93.3
Binary - Cp EEE 00 | 0.0 | 00 | 00 EEE 00| 00 | 00
Binary - Ga 00 [Ty 28 | 00| 0o} 00 [(E22] 35| oo | 01
Binary - Sp 00 | 79 |y 07 1.1 00 | 9.9 [zl 0.8 1.4
Binary - Py 00 ) 00 ) 34 [F5g 37 ) 00| 00 | 43 [Boics| 47
Binary - Gn 0.0 | 420 | 315§ 106 |z 00 | 625 39.3 | 132 [pniss
Temaries 0.0 6.5 6.2 0.5 0.5 0.0 8.1 7.7 0.7 0.6
Total 0 100 | 100 | 100 | 100 0 100 | 100 | 100 | 100

Notes 1) Cp-Chalcopyrite, Ga-Galena, Sp-Sphalerite, Py-Pyrite, Gn-Gangua,

2) 0.0 Indicates these minerals were not observed during the counting procedure.

3) 53um sizing fraction corresponds to the Tyler 270 mesh screen. C1 to C6 indicatas cyclones
110 6 on the Cyclosizer.

4} Because the <C6 fractlon is not counted an overall estimale is made by assuming the C6 and
<C& liberation values are identical.

5} The Total ling is the distribution of mineral in the size traction. Original data Is from tha size
by assay and distribution tables.

6) The calculated liberation of the unsized product as measured in two dimensions has been
converted to three dimensions using an adaptation of correction factors developed by Petruk,
Broussaud, and G & T Metallurgical Services.

7) The three dimension liberation is zero if the liberation in two dimensions is less than 20 percent.
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JABLE 7B
SIZE BY ASSAY AND DISTRIBUTION BASED ON METAL CONTENT
i ven il - 1

Size Weight Assays Distribution
Fraction % Cu|[Pb| Zn | Fe | Cu| Pb| Zn | Fe
>75um 15.9 0391 08} 34 15.7] 10.5{ 4.4
<75um=Ci 201 0.26] 0.9 | 13.0 13.3]1158.1| 21.0
<C1>C4 18.3 0.33] 1.1 (193 15.3] 16.3| 28.4
<C4>C5 6.5 0.22]| 09 (133 36| 47| 7.0
<C5>C8 10.6 026 11 |11.4 70] 93| 9.7

<C6 28.7 062 1.9 1128 45.11 442|295

Total 100.0 0.39{ 1.2 |12.4 100 | 100 | 100

Notes 1) The assays shown in this table are utilized to determine the mineralogical
distribution shown in Table C

JABLE7C
SIZE BY ASSAY AND DISTRIBUTION BASED ON MINERAL CONTENT
Zinc Scavenger Tail - February 9, 1996

Size Weight Assays Distribution
Fraction % Cp | Ga| Spi Py|Gn|jCpl{Ga|Sp|Py|[Gn
>=75um 15.9 05| 13] 72910 158.7] 10.5] 4.3 | 20.3
<75um>C1 201 03] 15|27.8| 704 13.3]115.1]21.1| 19.9
<C1>C4 18.3 04| 1.8 |41.3{56.6 15.31 16.3| 28.5| 146
<C4>C5 6.5 03] 14284699 36| 47 70| 64
<C5>C6 10.6 031 1.7 1243|736 701 93} 97111.0

<C6 287 07] 3.0]27.2]69.0 45.1]1 44.2129.4127.8

Total 100.0 05|20 ]|265]|711 100 | 100 { 100 | 100 |.

Notes 1} Cp-Chalcopyrite, Ga-Galena, Sp-Sphalerits, Py-Pyrite, Gn-Gangue.
2) Mineral assays are based on gravimetric factors to converl the metal to the pure mineral.
3} See appendix | for details of gravimetric faclors,
4) An assay value of "0" Indicates the assay value is less than the detaction limit.
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TABLE 7D .
ESTIMATED RELATIVE PROPORTION AND COMPOSITION OF MINERAL GRAING
Zin venger Tail -

Binary Proportion by Weight-2D Proportion by Weight-3D Compositon of Grains
Component Cpl Ga] sp|Py[Gn[Cp|Ga| Sp | Py|Gn|CplGa|Sp| PylGn}
Liberated 0.00{0.20(1.11]|23.4| 67.3|0.00(0.13| 089 226(66.3| 0 | 100| 100 | 1001 100
Binary - Cp T 0.00( 0.00] 0.007 0.00 =507 0.00(0.00(0.00| 00054 O [ O [ © | ©
Binary - Ga 0.00 [S+53 0.05] 0.00] 0.03[ 0.00{3,:% 0.07]| 0.00( 0.04 O |y 60 ) O | 13
Binary - Sp 0.00| 0.04 [i:5) 017 0.78] 0.00{ 0.05 {227 0.22( 0.98( O | 40 [Zz°3 72 | 56
Binary - Py 0.00 | 0.00} 0.07 &5 2.66] 0.00] 0.00| 0.08 |:57:%[ 3.32| O 0 28 [+ 4 49
Binary - Gn 0.00| 0.19| 0.62| 2.81 [~ 0.00| 0.24| 0.78| 3.51 [z O 87 | 44 | 51 |
Temaries 0.00]0.03|0.12] 0.14] 0.32]0.00| 0.04| 0.15]0.18| 041} 0 5 | 20| 23| b2
Average Composilion | 0.00| 0.46] 1.97[ 26.5{ 71.1] 0.00]/ 0.46] 1.97]26.5]| 71.1

Notes 1) The two-dimenslonal proportion of minerals is a weighted estimate which is based on the
liberation and the mineral content of the unsized sample.
2} The thres-dimensional data is based on converting the two dimensional liberation data using
an adaptation of Petruk and Broussaud transforms, .
3) Composition valuas of "0" rapresents values <2% and "100" represents valuas >98%.

TABLE 7E
COMPARATIVE ASSAY TABLE
i \' il-
Size Chemical Assay Point Count Assay

Fraction Cp| Ga] Sp| Py|Gn [ Cp| Ga| Sp| Py | Gn

>75um 05| 1372|910 65 1.1] 50933
<75um=>C1 03| 1.5 |27.8|704 04| 16 | 30.8)67.2
<C1>C4 04 ) 18 |413|566 04| 1.1 | 38.6] 59.9
<C4>C5 03| 14 |284(699 05| 1.0(332]|654
<C5>CH 03] 1.7 | 24.3]{73.6 04| 22 | 28.8| 68.6

Notes 1} This table compares the mineral composition of the samples determined
by chemical analysis with the composition determined by polnt count analysis.
2) The point count data is based on the relative number of grains cbserved
for each minera! and thelr estimated densities.




PROJECT: KM599

PRODUCT: Zinc Scavenger Tail - February 9, 1996

SIZE RANGE >75um

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 05
Sphalerite 1.1
Pyrite 5.0
Gangue 93.3

l Locking for Chalcopyrite

il

Locked in Binary With:

Liberated Chalcopyrite  Galena Sphalerite Pyrite
0.0 i 0.0 0.0 0.0
|_Locking for Galena ]

Locked in Binary With:

Liberated Chalcopyrite
0.0 0.0

Sphalerite
0.0

Pyrite
0.0

[ Locking for Sphalerite

Locked in Binary With:

Liberated Chalcopyrite
0.0 0.0

Galena
0.0

Sphalerite

B

Pyrite
2.7

u_ocking for Pyrite

Locked in Binary With:

Liberated Chalcopyrite
214 0.0

Galena
0.0

Sphalerite
0.0

A )

Pyiite .

[ Locking for Gangue

Locked in Binary With:

Liberated Chalcopyrite
87.4 0.0

Galena
0.0

Sphalerite
2.3

Pyrite
84

Gangue

% 5.

Sides i o e ands

Ternary
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PRODUCT: Zinc Scavenger Tail - February 9, 1996

SIZE RANGE <75um>C1

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.4
Sphalerite 1.6
Pyrite 30.8
Gangue 67.2

| Locking for Chalcopyrite

|

Locked in Binary With:

Liberated Chalcopyrite. Galena Sphalerite Pyrite Gangue Temary
0.0 ot e 0.0 0.0 0.0 0.0 0.0
[ Locking for Galena [
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temary
0.0 0.0 S ety e d 0.0 0.0 81.8 18.2
| Locking for Sphalerite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary
18.4 0.0 0.0 ORI 26 60.5 18.4
|__Locking for Pyrite |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temary
84.4 0.0 " 0.0 0.0 : 2 14.8 0.8
[ Locking for Gangue |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Temary
925 0.0 0.2 1.4 5.5 0.4
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PROJECT: KM599
PRODUCT: Zinc Scavenger Tail - February 9, 1996
SIZE RANGE <C1>C4

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.4
Sphalerite 1.1
Pyrite 38.6
Gangue 59.9
| _Locking for Chalcopyrite |
Locked in Binary With:
Liberated Chaicopyrite  Galena Sphalerite Pyrite Gangue
0.0 e 'fé 0.0 0.0 0.0 0.0
| Locking for Galena ]
Locked in Binary With;
Liberated Chalcopyrite Sphalerite Pyrite Gangue
333 0.0 22.2 0.0 33.3
|__Locking for Sphalerite |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphale

ite . Pyrite Gangue

38.7 0.0 9.7 R et 9.7 35.5
| Locking for Pyrite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue
86.1 0.0 0.0 07 S ' 13.1

[ Locking for Gangue ]

Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue
96.4 0.0 0.0 0.3 3.3 ke
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PROJECT: XKM599
PRODUCT: Zinc Scavenger Tail - February 9, 1996

SIZE RANGE <C4>C5

WEIGHT OF MINERALS
Chalcopyrite 0.0
Galena 0.5
Sphalerite 1.0
Pyrite 33.2
Gangue 65.4
[ Locking for Chalcopyrite ]
Locked in Binary With:
Liberated Galena Sphalerite Pyrite Gangue Temary
0.0 0.0 0.0 0.0 0.0 0.0
[ Locking for Galena |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temary
35.7 0.0 e 214 0.0 35.7 7.1
[ Locking for Sphalerite ' i
Locked in Binary With:
Liberated Chalcopyrite  Galena Pyrite Gangue Temary
50.0 0.0 - 8.3 8.3 27.8 56
[ Locking for Pyrite [
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Gangue Temary
88.7 0.0 0.0 0.9 9.4 0.9
[ Locking for Gangue |

Locked in Binary With:

Liberated Chalcopyrite  Galena Sphalerite Pyrite
959 0.0 0.0 1.0 341

e
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PRODUCT: Zinc Scavenger Tail - February 9, 1996

SIZE RANGE <C5>C6

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 04
Sphalerite 22
Pyrite 28.8
Gangue 68.6

[ Locking for Chalcopyrite

Locked in Binary With:

Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary
0.0 e 0.0 0.0 0.0 0.0 0.0
[ Locking for Galena |
Locked in Binary With:
Liberated Chalcopyrite Sphalerite Pyrite Gangue Ternary
71.4 0.0 7.1 00 214 0.0
{ Locking for Sphalerite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary
83.6 0.0 1.5 2 1.5 13.4 0.0
| Locking for Pyrite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Ternary
99.0 0.0 0.0 1.0 0.0

| Locking for Gangue

Locked in Binary With:.

Liberated Chalcopynte
98.7 00

Galena Sphalerite Pyrite
0.0 0.7 0.7
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TABLE 8A
MMA F PERCE | BY SI
Zing Cleaner Tail 1 - February 9, 1998
KMS99
Size Range >75um <75um=C1 <C1>C4
Mineral Status Cp Py | Gn Cp | Ga Sp Py ] Gn | Cp] Ga| Sp | Py | Gn
Liberated 0.0 Q0 {00 (000005 19} 7.7 {00 08| 46 )269]16.5
Binary - Cp T 0.0 0.0 [===n 0.0 | 0.0 0.0 0.0 |5 007100 00| 0.0
Binary - Ga 0.0 |f 0.0 0.0 jdsii 0.0 0.0 0.5 | 0.0 |:=% 0.6 0.0 05
Binary - Sp 0.0 & 0.0 00 | 03 [55E 021 27 |00 24 . 24|15
Binary - Py 0.0 FE0 A 0.0 0.0 00 [PE23% 03 00|00 21009 19
Binary - Gn 0.0 0.0 0.0 2.1 26 0.3 Jazsad 00 54 3.0) 58 |03
Temaries 0.0 0.0 0.0 1.5 0.9 0.5 08 0014411510 086
Total 0.0 0.0 0.0 3.9 4.1 29 { 1201 0.0 }13.0] 11.8] 35.8] 20.9
Size Range <C4>C5 <C5>C6 <C6
Mineral Status Cp Ga Sp Py | Gn Cp | Ga | Sp Py | Gn | Cp [ Ga]| Sp | Py {Gn
Liberated 1.4 3.0 | 101 7.9 00 | 147 | 180 | 17.7 | 17.2 | 0.0 1 45.4|54.9]| 31.3| 40.9
Binary - Cp = 0.0 0.0 0.0 0.0 E=75EAl 0.0 0.0 0.0 0.0 [Lo 00| 00| 00
Binary - Ga 0.0 Li=td 0.0 0.0 0.1 0.0 Jiesel 0.3 0.0 0.0 08) 00 0.0
Binary - Sp 0.0 et 0.3 06 0.0 2.8 [Es-i 0.0 0.1 et 0.0 0.2
Binary - Py 0.0 5 [l 02 [ 00 | oo | 05 [ 02 1.6 {nir| 05
Binary - Gn 0.0 0.9 1.6 |z=dis 0.0 1.7 0.5 0.1 el 0, . 16| 02 % o=
Ternaries 0.0 0.6 0.1 0.1 0.0 0.0 0.3 0.0 00 | 00|l 00|08 00§ 0.0
Total 0.0 49 [120) 88 | 0.0 [ 192 196 | 178 ] 175 | 0.0 | 59.3| 59.6| 31.5] 40.7
Size Range Mineral Liberation-2 Dimensions Mineral Liberation-3 Dimensions
Minerai Status Cp Ga Sp Py | Gn Cp | Ga Sp Py | Gn
Liberated 00 | 623|811 | 878{834| 00 | 528 | 76.3 | B4.8 | 86.7
Binary - Cp o B | 00 | 00 | 00 [T 00 ) 00 | 00 | 00
Binary - Ga poieret 1.7 [ 00 | 1.4 0.0 jo=ra] 21 0.0 14
Binary - Sp 00 | 150 [zl 26 | 50 | 0.0 | 18.8 [Lagzs] 3.3 | 62
Binary - Py 001 00 | 47 |F5F 311 00 ) 00 | 59 [Fo2H 38
Binary - Gn 00 | 167 | 86 | 80 [y 00 | 2098 107 [ 100 [
Temaries 0.0 6.0 4.0 1.5 156 |1 00| 74 | 50 1.9
Total 0 100 | 100 | 100 | 100 0 100 | 100 | 100

Notes 1) Cp-Chalcopyrite, Ga-Galena, Sp-Sphalerite, Py-Pyrite, Gn-Gangue.

2) 0.0 Indicates these minerals were not observed during the counting procedure.

3) 53pm sizing fraction corresponds to the Tyler 270 mesh screen. C1 to C6 indicates cyclones
1 to 6 on the Cyclosizer,

4) Because the <C6 fraction is not counted an overall estimate is made by assuming the C6 and
<C8 liberaticn values are identical.

5) The Total line is the distribution of mineral in tha size fraction. Orginal dala is from the size
by assay and distribution tables.

6) The calculaled liberation of the unslzed product as measured in two dimensions has been
converted to three dimensions using an adaptation of correction factors developed by Petruk,
Broussaud, and G & T Metallurgical Services.

7) The three dimension liberation is zero If the liberation In two dimensions is less than 20 percent.




TABLE 88

AY AND ION BA N NT!
Zin r Tail 1 - r

Size Weight Assays Distribution
Fraction % Cu| Pb| Zn]| Fe | Cu| Pb| Zn | Fe
>75um 0.0 0.00}0.00| 0.0 00] 00 00
<75um>C1 6.3 1.2216.56| 10.6 39| 41 3.0
<C1>C4 26.3 0.971 4501 301 13.0]11.8] 35.0
<C4>C5 9.6 0.91|5.12127.7 451491118
<C5>C6 18.0 209|108 224 19.2| 19.6| 17.8

<C8B 39.9 291|15.0| 184 59.3159.6) 325

Total 100.0 195110.0]226 100 100§ 100

Notes 1) The assays shown in this table are utilized to determine the mineralogical

distribution shown in Table C

TABLE 8C
SIZE BY ASSAY AND DISTRIBUTION BASED ON MINERAL CONTENT
i il -

Size Weight Assays Distribution
Fraction % Cp{ Ga| Sp|Py|Gn | Cp| Ga| Sp{ Py | Gn
>75um 0.0 00] 00} 00| 00 00| 00] Q0] 00
<75um>C1 6.3 1.4 110.6]21.7]| 66.4 39 41] 29 |12.0
<C1>C4 26.3 11| 7.2 {83.9|27.7 13.0 11.8( 358 20.9
<C4>C5 9.6 1.1 | 82 58.7| 32.0 45| 49 |12.0| 8.8
<C5>C6 18.0 2411751 46.3| 33.7 19.2(18.6| 178175

<C6 39.9 3.4 |242|37.0|355 59.3]| 59.6] 31.5| 40.7

Total 100.0 23 |16.1]|46.8[34.7 100 | 100 [ 100 | 100

Notes 1) Cp-Chalcopyrite, Ga-Galena, Sp-Sphalerite, Py-Pyrite, Gn-Gangue.
2} Mineral assays are based on gravimetric factors fo convert the metal to the pure mineral.

3) See appendix | for details of gravimetric factors.
4) An assay value of "0* indicates the assay value is less than the detection limit.
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N TABLE 8D :
ESTIMATED RELATIVE PROPORTION AND COMPOQSITION QOF MINERAL GRAINS
Zine Gl Tail 1 - Fel 9. 1996
Binary Proportion by Weight-2D Proportion by Weight-3D Compositon of Grains

Component CplGa| Sp| Py lGn | Cp|Ga| Sp|Py|Gn|Cp|Ga| Sp|[ Pyi{Gn
Liberated 0.00]1.41[131}41.2]31.1|0.00| 1.20] 12.3{ 39.7| 301 *,9__ 100 ]| 100 | 100 | 100
Binary - Cp o= 1 0.00] 0.00{ 000! 0.00{ ;. :1000| oo looolooolz:l ol ol 0o O
Binary - Ga 0.00 | -5« 0.27] 0.00] 0.39| 0.00): -+ 0.34| 000 0.49| O [ .1 44 | O | 51
Binary - Sp 0.00]0.34 |2 4] 1.2311.73]| 0.00] 0.43 - ".{ 1.541 2,16} O 56 | - i B2 | 56
Binary - Py 0.00]0.00|0.76[ . ] 1.06|0.00|0.00]0.941". %] 1.33] © 0 38 | | 22
Binary - Gn 0.00]0.38| 1.38] 3.74 > * .1 0.00| 0.47| 1.73]| 4.67 &_ 0 49 44 78 |, Y
Ternaries 0.00|0.14{ 06 {0721 051(10.00]|0.17|081{0.91|0.63| 0 7 32| 36 | 25
Average Composition | 0,00 2.27| 16.1]| 46.8| 34.7| 0.001 2.27| 16.1| 46.8| 34.7

Notes 1} The two-dimensional proportion of minerals is a weighted estimate which is based on the
liberation and the mineral content of the unsized sample.
2) The three-dimensional data Is based on converting the two dimensional liberation data using
an adapiation of Petruk and Broussaud transforms.
3) Composition values of "0" represents values <2% and *100" represents values >98%,

Size Chemical Assay Point Count Assay
Fraction Cp|{ Ga} Sp|[PyjCGn|Cp| Ga]| Sp{ Py | Gn

>75um 00| 00| 00| QO 00{00)00]| 00
<75pm=>C1 14 1106(21.7]166.4 04 1108]22.1166.7
<C1>C4 11| 7.2 | 63.9|27.7 03|77 ]632|288
<C4>C5 1.1 8.2 [ 58.7]32.0 1.2 | 6.8 {57.1]35.0

<C5>C6 24 |17.5(46.3| 33.7 1.9 | 15.8| 46.5| 35.8

Notes 1) This table compares the minaral composition of the samples delerminad
by chemical analysis with the composition datermined by peint count analysis.
2} The peint count data Is based on the relative number of grains observed
for each mingral and their estimated densities.
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PROJECT:; KM599
PRODUCT: Zinc Cleaner Tail 1 - February 8, 1996

SIZE RANGE >75um

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.0
Sphalerite 0.0
Pyrite 0.0
Gangue 0.0
U_ocking for Chalcopyrite J
_ Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary
0.0 S LG 0.0 0.0 0.0 0.0 0.0
| Locking for Galena ]
Locked in Binary With:
Liberated Chalcopyrite  Galen Sphalerite Pyrite Gangue Temary
0.0 0.0 SRR 0.0 0.0 0.0 0.0
[ Locking for Sphalerite i
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temary
0.0 0.0 0.0 o 0.0 0.0 0.0
I Locking for Pyrite _]
Locked in Binary With:

Liberated Chalcopyrite  Galena Sphalerite Pytite Gangue Temary

0.0 0.0 0.0 0.0

0.0 0.0

[ Locking for Gangue |

Locked in Binary With:

Liberated Chalcopyrite Galena Sphalerite
0.0 0.0 0.0 0.0

Pyrite
0.0
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PRODUCT: Zinc Cleaner Tail 1 - February 9, 1996

SIZE RANGE <75um>C1

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 04
Sphalerite 10.8
Pyrite 22.1
Gangue 66.7
| Locking for Chalcopyrite ]
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary
0.0 - ] 0.0 0.0 0.0 0.0 0.0
{  Locking for Galena [
Locked in Binary With:
Liberated Chalcopyrite Sphalerite Pyrite Gangue Temary
0.0 0.c o 6.6 0.0 54 1 39.3
[ Locking for Sphalerite {
Locked in Binary With:
Liberated Chalcopyrite  Gaiena Sphalerite Pyrite Gangue Temary
12.6 0.0 0.5 i iod L S 1.1 63.7 220
[ Locking for Pyrite [
Locked in Binary With:
Liberated Chalcopydte Galena Sphalerite Pyrite Gangue Temary
66.7 0.0 0.0 7.8 et Bl 8.9 16.7

|_Locking for Gangue

Locked in Binary With:

Liberated Chalcopyrite
639 0.0

Galena Sphalerite Pyrite
4.4 225 2.8




PROJECT: KMS599
PRODUCT: Zinc Cleaner Tail 1 - February 9, 1996
SIZE BANGE <C1>C4

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.3
Sphalerite 7.7
Pyrite 63.2
Gangue 28.8

| Locking for Chalcopyrite [

Locked in Binary With:

Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary
0.0 e i 0.0 0.0 0.0 6.0 0.0
| Locking for Galena |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temary
6.2 0.0 & e 18.5 0.0 415 338
| Locking for Sphalerite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary
39.4 0.0 4.8 S TR 176 25.5 12.7
[ Locking for Pyrite ]
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Gangue Temary
75.0 0.0 0.0 59 s 16.3 2.8
|__Locking for Gangue |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Temary

78.9 0.0 22 7.0 8.9
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PRODUCT: Zinc Cleaner Tail 1 - February 9, 1996

SIZE RANGE <C4>C5

WEIGHT OF MINERALS

Chalcopyrnite 0.0
Galena 1.2
Sphalerite 6.8
Pyrite 57.1
Gangue 35.0

| Locking for Chalcopyrite

|

Locked in Binary With:

Liberated Chalcopyiite Galena Sphalerite Pyrite Gangue Ternary
0.0 2t o] 0.0 0.0 0.0 0.0 0.0
| Locking for Galena |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Ternary
31.6 0.0 : L0, i 18.4 0.0 50.0 0.0
{ Locking for Sphalerite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary
60.6 0.0 0.7 R T 9.9 17.6 11.3
[ Locking for Pyrite ]
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temary
83.8 0.0 0.0 2.3 R 13.5 0.5
[ Locking for Gangue |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Ternary
89.3 0.0 1.6 6.3 20 0.8
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PRODUCT: Zinc Cleaner Tail 1 - February 9, 1996

SIZE RANGE <C5>C6

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 19
Sphalerite 15.8
Pyrite 46.5
Gangue 35.8

| Locking for Chalcopyrite

]

Locked in Binary With:

Liberated Chalcopyrite Galena Sphalerite Pyrite
0.0 e ] 0.0 0.0 0.0
| Locking for Galena |

Locked in Binary With:

Liberated Chalcopyrite Sphalerite Pyrite
76.5 0.0 14.7 0.0
| Locking for Sphalerite |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Ternary
g2.1 0.0 1.3 o Shy b 26 26 1.3
[ Locking for Pyrite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Ternary
99 4 0.0 0.0 0.0 - i 06 0.0

| Locking for Gangue

Locked in Binary With:

Liberated Chalcopytite
98.4 0.0

Galena
0.0

Sphalerite
0.4

Pyrite
1.2
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TABLE 94
SUMMARY QF PERCENT LIBERATION BY SIZE AND CLASS
in rate - i
KM599
Size Range >75pum <75um>C1 <C1>C4
Mineral Status Co | Ga | Sp Py | Gn Cp | Ga | Sp Py | Gn | Cp| Ga| Sp | Py | Gn
Liberated 00 ( 00 0O} 00 0o} 00 ] 01 6.2 39 ) 41 | 00]15]2441294/( 72
Binary - Cp Bl 00 | 00 | 00 | 00 [Ehaol 0o | 00| 00 | 00 [E5 00| 00| 00] 00
Binary - Ga 0.0 Bz 00 | 00 | 0.0 0 [f5ni) 08 | 04 | 04 | 00 [l 16 ([ 42| 0.0
Binary - Sp 0.0 | 00 %] oo | 0o | 00 [ 31 [T 60 | 77 | 00 | 11420 126] 7.2
Binary - Py 00 | o0 [ 00 [EET 00 ] 01§ 06 L2 02 ]00]o02]|32]77] 00
Binary - Gn 0.0 0.0 0.0 0.0 0.1 0.6 0.7 [zl 0.0 | 0.8 1 0.9 | 2.1 (s~
Temaries 0.0 0.0 0.0 0.0 1.2 0.4 3.2 29 |00 |23 [ 1421 31
Total 0.0 0.0 0.0 0.0 4.7 86 | 1401 1531 0.0 {16.1131.4]|50.3]| 17.4
Size Range <C4>C5 <C5>C6 <C6
Mineral Status Sp Py | Gn Cp | Ga | Sp Py | Gn | Cp | Ga| Sp | Py | Gn
Liberated 9.7 57 4.4 0.0 85 | 154 | 68 97 | 0.0 4593141183366
Binary - Cp 00 | 00 0.0 Laioesl 00| 00| 00| 0.0 5 00 00| 00| 00
Binary - Ga . 0.7 0.5 0.0 0.0 ¥ty 0.3 0.4 00 | 0.0 |zi=>l 07 1.0 0.0
Binary - Sp 0.0 3.6 |Eisie 1.0 1.6 0.0 27 |inesl 0.4 28 | 0.0 |145kE5:.] 1.0 105
Binary - Py 0.0 0.1 0.5 sl 1 0.0 0.0 0.2 Exoas 00 ] 00 001 0.4 = i 00
Binary - Gn 0.0 0.2 0.1 0.0 s 0.0 0.2 0.1 0.0 l=i-sl 00| 1.2 | 0.1 ] 0.0 [luiss
Temaries 0.0 0.2 01 0.5 . 0.0 0.1 0.1 0.0 00 JoO|l 06| 01 00]-00
Total 0.0 55 | 111 | 7.7 7.7 00 | 1151161 { 76 | 125 | 0.0 |62.2]32.8]20.4|471
Size Range Mineral Liberation-2 Dimensions Mineral Liberation-3 Dimensions
Mineral Status Cp Ga Sp Py | Gn Cp Ga Sp Py | Gn
Liberated 574 | 871 | 64.0| 620 | 00 | 468 | 83.8| 55.0 | 525
Binary - Cp 00 | 00 | 00 | 00 [ 00| 00| 001 00
Binary - Ga 0.0 [:Eus| 4.9 6.5 04 0.0 : 8.1 0.5
Binary - Sp 00 | 353 [iswe®) 21.0] 29.7 | 0.0
Binary - Py 0.0 0.3 49 |izany 1.3 0.0 R .
Binary - Gn 00 | 25 1.8 | 2.8 [|@i=dl 00 | 34 2.3
Ternaries 0.0 4.5 2.1 5.8 6.6 0.0 5.6 2.6 . .
Total 0 100 | 100 | 100 | 100 0 100 | 100 | 100 | 100

Notes 1} Cp-Chalcopyrite, Ga-Galena, Sp-Sphalerite, Py-Pyrite, Gn-Gangue.
2) 0.0 Indicates these minerals wers not observed during the counting procadura.
3) 53um sizing fraclion corresponds to the Tyler 270 mesh screan. C1 to C6 indicates cyclones
1 fo 6 on the Cyclosizer.
4) Because the <C6 fraction is not counted an overall estimate is made by assuming the C6 and
<C#8 liberation values are identical.
5} The Tolal line Is the distribution of mineral in the slze fraction. Original data is from the size
by assay and distribution tables.
6) Tha calculatad liberation of the unslzed product as measured in two dimensions has been
converted to three dimensions using an adaptation of correction factors developed by Petruk,
Broussaud, and G & T Metallurgical Services.
7} The three dimension liberation is zero if the liberation in two dimensions is less than 20 percent.




TABLE 9B

IZE AY AN TRIBUTION BASED ON METAL NT
2Zin ntrate - 1
Size Weight Assays Distribution
Fraction % CulPb| Zn]| Fe| Cul| Pb| Zn | Fe
>75um 0.0 000} 0.0 1] 0.0 00| 0.0 00
<75um>C1 9.2 1.42148.6| 9.2 471 86| 11.0
<C1>C4 31.6 1.43| 51.91 9.7 16.1] 31.4| 40.0
<C4>C5 10.5 1.47]155.3] 7.0 55 |111.1] 9.6
<C5>C6 15.1 2.14|556]| 6.2 11.5| 16.1( 12.2|
<C6 33.6 5.19151.0| 6.2 622|328 27.2
Total 100.0 2.80|522| 7.7 100 | 100 | 100

Notes 1) The assays shown in this table are utifized to determine the mineralogical
distribution shown in Table C

JABLE 9C
IZE BY A AN INER TEN
i ntrate -
Size Weight Assays Distribution

‘Fraction % CplGa|Sp|Py|Gn|Cp|lGa]|Spl| PylGn
>75um 0.0 00| 00|00 00 coc|)oc0| 00| 0.0
<75um>C1 9.2 16 | 782|114 8.7 47 | 8.6 | 14.0| 15.3
<C1>C4 3.8 1.7 [83.6]11.9] 2.9 16.11 31.4| 50.3| 17.4
<C4>C5H 10.5 1.7 [85.0] 55| 3.8 55 |11 7.7 | 7.7
<C5>C6 15.1 251835| 3.7 ] 43 11.5|16.1| 76 | 125
<C6 33.6 6.0 (821] 45| 7.3 62.2| 328 20.4| 47 .14
Total 100.0 3.3 |84.0] 75| 5.2 100 | 100 ] 100§ 100

Notes 1) Cp-Chalcopyrite, Ga-Galena, Sp-Sphalerite, Py-Pyrite, Gn-Gangue.
2) Mineral assays are based on gravimetric factors to convert the metal to the pure mineral.
3} See appendix | for details of gravimetric factors.
4) An assay value of 0" indicates the assay value is less than the detection limit.
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TABLE 9D
A TIV BTION E Ml R

Zing Concentrate - Febryary 12, 1

Binary Proportion by Weight-2D Proportion by Weight-3D Compositon of Grains
Component Ga| Sp| Py |Gn |Cp| Ga| Sp| PylGn|{Cp| Ga| Sp]| Py |Gn
Liberated 1.87|73.2]4.78| 3.2 | 0.00]1.52| 70.5| 4.11| 2.8 0 | 100 ] 100 | 100 | 100
Binary - Cp L0 0,00 0.00 75 0.00] 0.00] 0.00] 0002l o | o | 0 | O
Binary - Ga 0.00 5 0.02| 0.00 [0 4.28] 060 0.03| 0 Lo 98 | 20
Binary - Sp 0.00|1.15% 1.56( 0.00| 1.44 Be=2=1 196( 1.95( 0 el 27 | 51
Binary - Py 0.00] 0.01 22 0.071 0.00( 0.01]| 5.18|=+ 55 0.08| 0 2 1 73 [iniy] 24
Binary - Gn 0.00] 0.08| 1.52| 0.21 [z 0.00) 0.10| 1.90( 0.26 [z © 80 | 49 | 76 |2Fi.s
Ternaries 0.00{0.14/1.7810.43)0.34! 0.00]0.18]2.22)0.54}0.43] 0© 5 66 | 16 13
Average Composilion | 0.00}3.25|84.0| 7.5 | 52 | 000/ 3.25|84.0] 75| 5.2

Notes 1} The two-dimensional proportion of minerals is a weighted estimate which is based on the
libaration and the mineral conient of the unsized sample.
2) The three-dimensional data is based on converling the two dimensional liberation data using
an adaptation of Petruk and Broussaud transforms,
3) Compaosition values of "0" represents values <2% and *100° represents values >98%.

TABLE 9E
M v YT
Zing Concentrate - February 12, 1996
Size Chemical Assay | Point Count Assay
Fraction Cp| Ga| Spl PylGn|Cp| Gal| Sp| Py | Gn
~

>75um 00| 003007 00 00| 00O} 00| 00
<75um>CA1 1.6 [78.2(11.4] 8.7 1.8 (78.2( 9.7 {10.2

<C1>C4 1.7 | 836119} 2.9 25838| 99| 38

<C4>C5 1.7 | 89.0| 55| 3.8 14 188.0] 711 36

<C5>C6 2.5 {895 3.7 | 4.3 291901 48] 2.3

Notes 1) This table compares the mineral composition of the samples detemmined
by chemical analysis with the composition determined by point count analysis.
2) The point count data ls based on the relative number of grains observed
for each mineral and their estimated densities.




PROJECT: KM599
PRODUCT: Zinc Concentrate - February 12, 1996

SIZE RANGE >75um

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.0
Sphalerite 0.0
Pyrite 0.0
Gangue 0.0
U_ocking for Chalcopyrite J
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary
0.0 G 0.0 0.0 0.0 0.0 0.0
| Locking for Galena |
Locked in Binary With:
Liberated Chalcopyrite Sphalerite Pyrite Gangue Temary
0.0 0.0 0.0 0.0 0.0 0.0
[ Locking for Sphalerite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue ~ Temary
0.0 0.0 0.0 B 0.0 0.0 0.0
| Locking for Pyrite B
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Ternary
0.0 0.0 0.0 0.0  [Eails 0.0 0.0
| Locking for Gangue ]
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Ternary
0.0 0.0 0.0 0.0 0.0 0.0
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PROJECT: KM599
PRODUCT: Zinc Concentrate - February 12, 1996

SIZE RANGE <75um>C1

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 1.8
Sphalerite 78.2
Pyrite 9.7

Gangue 10.2

{_Locking for Chalcopyrite !

Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temary
0.0 0.0 0.0 0.0 0.0 0.0

57

[ Locking for Galena |

Locked in Binary With:
Sphalerite Pyrite Gangue Temary
67.0 1.8 2.8 266

Liberated Chalcopyrite
1.8 0.0

[ Locking for Sphalerite H

Locked in Binary With:

Liberated Chalcopyrite  Galena Sphalerite Pyrite Gangue Temary
72.2 0.0 8.9 o T 7.2 6.9 4.7
[ Locking for Pyrite |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temary
27.5 0.0 2.5 42.5 et TR 5.0 225
[ Locking for Gangue |
Locked in Binary With:

Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temary
26.9 0.0 2.6 50.0 1.3 e 19.2
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PROJECT: KM599
PRODUCT: Zinc Concentrate - February 12, 1996
SIZE RANGE <C1>C4

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 2.5
Sphalerite 838
Pyrite 9.9
Gangue 3.8
I" Locking for Chalcopyrite ]
Locked in Binary With:
Liberated ChaIcopynte Galena Sphalerite Pyrite Gangue Termary
0.0 o .00 0.0 0.0 0.0 0.0
| Locking for Galena |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temary
9.4 0.0 ey 70.8 0.9 4.7 14.2
| Locking for Sphalerite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Sphalente Pyrite Gangue Temary
77.6 0.0 5.1 o 10.2 2.8 4.3
[ Locking for Pyrite |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pynle Gangue Temary
58.3 0.0 8.3 25.0 2 T 42 4.2
[ Locking for Gangue ]

Locked in Binary With:

Liberated Chalcopyrite Galena Sphalerite Pyrite
412 0.0 0.0 41.2 0.0
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PROJECT: KM599

SIZE RANGE <C4>C5

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 1.4
Sphalerite 88.0
Pyrite 7.1

Gangue 3.6

67

PRODUCT: Zinc Concentrate - February 12, 1996

[ Locking for Chalcopyrite

|

Locked in Binary With:

Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temnary
0.0 5 g 0.0 0.0 0.0 0.0 0.0
[ Locking for Galena |
Locked in Binary With:
Liberated Chalcopyiite Galena Sphalerite Pyrite Gangue Temary
26.0 0.0 e 66.0 1.0 3.0 4.0
I" Locking for Sphalerite’ |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Ternary
87.2 0.0 6.0 RS 4.3 1.3 1.3
| _Locking for Pyrite |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temary
73.3 0.0 6.7 13.3 o : 0.0 6.7

[ Locking for Gangue

Locked in Binary With:

Liberated Chalcopyrite
571 0.0

Galena Sphalerite Pyrite
0.0 21.4 14.3




PROJECT: KM599
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PRODUCT: Zinc Concentrate - February 12, 1996

SIZE RANGE <C5>C6

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 29
Sphalerite 801
Pyrite 4.8
Gangue 23

[ locking for Chalcopyrite

Locked in Binary With:

Liberated Chalcopyiite Galena Sphalerite Pyrite Gangus Ternary
0.0 AT 0.0 0.0 0.0 0.0 0.0
[ Locking for Galena |
Locked in Binary With:
Liberated Chalcopyrite Sphalerite Pyrite Gangue Ternary
73.8 0.0 o 23.3 0.0 1.9 1.0
| Locking for Sphalerite |
Locked in Binary With:
Liberated Chalcopyrite  Galena Pyrite Gangue Ternary
95.8 0.0 2. 1.3 0.4 ‘ 04
[__Locking for Pyiite i
Locked in Binary With:;
Liberated Chalcopyrite Galena Sphalerite Gangue Temary
90.0 0.0 5.0 5.0 0.0 0.0
[ Locking for Gangue |
Locked in Binary With:
Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue Temary
77.8 0.0 0.0 22.2 0.0 B 0.0
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