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G & T METALLURGICAL SERVICES LTD.
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Facsimile Number (604) 828-6159

March 6, 1996

Vladimir Salatic
Plant Metallurgist
Anvil Range Mining Corporation
Postal Bag 100
Faro, Yukon YOB IKO

Dear Sir:

Phone Number (604) 828-6157

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 sununarized 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.
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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.
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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

P.I. Brown, P.Eng.
Consulting Metallurgical Engineer

MARCH 1996
KM585/599

T.H. Lafreniere, A.Sc.T.
Consulting Metallurgist
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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 I.

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 discussion of (he samples submiued 10 the laboratory (or modal evaluation is prescmcd in Appendix I.
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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.

2.1 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 I and are

similar for both surveys.

TAB! E J
MINERAI. COMPQSIllON

Lead RQugher Tails

Mineral Mineral Composition - Weight Percent

December 1995 February J996

Galena 0.4 0.4
Sphalerite 5.2 7.0
Pyrite 25.2 25.3
Nonsulphidc 69.2 67.2

Notes: a) These mineral composite data were laken
from Appendix III, Tables Ie and 5C.

b) The December rougher tail samples has
been rescnvengcd in the plant laboralory.
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The status cif 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 11m Kso. and the overall distributions of the key

minerals into the various classes of association- were similar.

TABlE 2
MINERAI. OISTRffilmON BY MINERAI. CLASS

Lead Rougher TaBs

Mineral Class December 1995 (7111mK..) February 1996 (6811mK..)

Ga sp Py Gn Ga sp Py Gn

Liberated Particles 3 69 91 94 19 72 89 92

Binary with Galena - I <I I - I <! I

Binary with Sphalerite 17 - 2 2 13 - I 3

Binary with Pyrite <I 7 - 2 2 9 - 3

Binary with Gangue 52 17 5 - 44 14 8 -
Multiphase Particles 28 6 2 I 22 5 I I

Notes: n) These data taken from Appendix III, Tables IA and 5A.
b) These dale are two dimensional uncorrected estimates of

mineralliberalion.
c) Standard mineral abbreviations Gn - galena. Sp - 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 I, Section 4.0 for a discussion of the criteria used 10 classify mineral assemblages.
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2.2 The Lead Cleaner-Scavenger Tails

The lead cleaner-scavenger tail stream consists of relatively fine particles,

averaging less than 20llm 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.

TABLE 3
MINERAL COMPOSmON

Lead Cleaner-Scavenger Tajls

Mineral

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 mineraJ composition data was taken
from Appendix III, Tables 2C and 6C.

b) The December cleaner·scavenger mil
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.
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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.

TABlE 4
FRAGMENTATION CHARACfERISTICS

Lead Cleaner-Scavenger Tails

Mineral Class December 1995 (I8~mK80) February 1996 (19~mK,o)

Ga Sp Py Gn Ga Sp Py Gn

Liberated Particles 7 77 95 93 S 8 83 92 93

Binary with Galena - 18 I 5 - 8 I I

Binary with Sphalerite 46 - 2 2 30 - 2 2

Binary with Pyrite 7 2 - <I 2 I - 3

Binary with Gangue 21 2 I - 7 7 5 -
Multiphase Particles 19 I I <I 3 I <I I

Note: a) Data taken from Appendix III, 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. tbe efficiency of the rougher and cleaner circuils and the conlribUlion [0 mineralliberntion made by the lead regrinding siage
would become apparcnl.
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3.0 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: I.

:L.l The Zinc Rougher Tails

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.

TABLE 5
MINERAI. COMPOsmON

Zinc RQugher Tajls

Mineral Mineral Composition - Weighl Percenl

December 1995 February 1996

Galena 0.3 0.5

Sphalerite 1.1 2.0

Pyrile 25,5 26.5

Gangue 73.1 71.1

Notes: a) These data were laken from Appendix III,
Tables 3C and 7C.

b) The December rougher lail siream sample
was rescavenged in the mill laboralory

• Sec Figure I on page 2 of Ihis report for 3 schematic presenl3lion of the zinc circuit Oowsheet.
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TABLE 6
FRAGMENTATION CHARACTERISTICS

Zjnc Rougher Tails

Mineral Class December 1995 (7 II'm K,.) February 1996 (681'm K,.)

Go sp Py Gn Go sp Py Gn

Liberated Particles 2 15 90 93 44 S6 88 95

Binary with Galena - 1 <I I - 3 <I <I

Binary with Sphalerite 3 - 2 2 8 - I I

Binary with Pyrite 3 II - 3 <I 3 - 4

Binary with Gangue 64 50 6 - 42 32 I 1 -
Muhiphase Particles 29 23 I I 7 6 <I <I

Note: a) Data taken from Appendix Ill, Tables 3A nnd 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 compositeparticles. 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"

• Il has been our experience that composite particles containing greater than 15 percent by weight of the target mineral should be
efficiently recovered into a flotation froth.
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3.2 The Zinc Cleaner Tails

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

averaging less than 20llm. 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
MINERAI. COMPQSillON

Zjnc Cleaner Tails

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 dala were taken from Appendix III.
Tables 4C and Se.

b) 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 provided 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 8.
fRAGMENTATION CHARACIERISDCS

Zinc Cleaner-Scavenger Tajls

Mineral Class December 1995 (221'm K80) February 1996 (191'm K80)

Ga Sp Py Gn Ga Sp Py Gn

Liberated Particles 2 12 94 89 62 8 1 88 89

Binary with Galena - <I <I 3 - 2 <I I

Binary with Sphalerite I - 5 6 15 - 3 5

Binary with Pyrite <I 42 - 2 <I 5" - 3

Binary with Gangue 63 22 1 - 17 9 8 -
Multiphase Particles 34 24 <I <I 6 4 2 2

Note: a) These data were taken from Appendix III. Tables 4A and SA.

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 laborotory concentrates had been provided for modal study Ihis 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.

It Zinc circuit samples consisting of the cleaner feed, concentrate and tail streams are required (0 determine the efficiency of the
selected circuit at recovering the mineral species by class and by size range.
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4.0 The Zinc Concentrate

The zinc concentrate sample provided in the February survey was relatively fine at

23llm Kso. 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 COMPOS!lJON

Zinc Concentrate

Mineral Mineral Composition
Weight Percent

Galena 3.3

Sphalerite 84.0

Pyrite 7.5

Gangue 5.2

Note: n) These data were taken from
Appendix III. 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.
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TAB! E !O
FRAGMENTATION CHARACfERISTICS

Zinc Coocenlrale FebOJ3[y !2 J996

Mineral Class February 1996 (23f1m K80)

Ga sp Py Gn

Liberated Panicles 58 87 64 62

Binary with Galena - 4 7 <I
Binary with Sphalerite 35 - 21 30
Binary with Pyrite <I 5 - 1
Binary with Gangue 3 2 3 -
Multiphase Particles 5 2 6 7

Note: aJ These data were Inken from Appendix Ill, 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 is demonstrated in Figure 3.
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FIGURE 2
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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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METHODS AND PROCEDURES
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.L..Q 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 I 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.

TABI.E I-I
CHEMICAL COMPQSmON OF WE PROCESS SJREAM SAMPLES

Project Stream Samples Assays - Percent

Copper Lead Zinc Iron

KM585 Dec. 7 Lead Scavenger Tail (GH) 0.04 0.30 3.43 12.3

Dec. 7 Lead Cleaner Tail (I) 0.24 2.92 11.6 20.8

Dec. I Zinc Scavenger Tail (KL) 0.02 0.28 0.69 12.6

Dec. I Zinc Cleaner Tail (1) 0.13 0.94 1.78 24.8

KM599 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 KM585 process samples had been rescavenged in a laboratory
flotation unit by Anvil Mining technical staff.
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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 1-3.

TABLE 1-3
ASSAY CALIBRATION STANDARDS

Standard Metal Content - Percent

Lead Zinc Iron Silver Copper

MP-Ia 4.33 ±. .03 19.02 ± .10 6.2 69.7 ±.. 2.2 1.44 ±. .01

KC-Ia 2.24 ±. .03 34.65 ± .15 10.9 1670 ±.. 20 0.629 ±..O 15

CPB - I 64.74 ±. .12 4.42 ±. .04 8.43 ±. .06 626.0 ±.. 6.0 0.254 ±.004

CZN -I 7.45 ±. .05 44.74 ± .11 10.93 ±. .06 93.00 ±.. 3.0 0.144 ±. .003

Notes: n) The calibration standards are produced and certified by
CANMET. Energy, Mines and Resources Canada.

b) Reported assay data without confidence limits are not
certified values. These values are used as secondary
reference standards only. Silver values are expressed in
grams per tonne. All other values in percent by weight
metal.

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 institUlcd.
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3.0 SAMPLE SIZING PROCEDURES

3.1 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.

3.2 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-IO~m, 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 Kso

• This technique was used in processing the second group of tailing and concentrate samples. These samples are identified under
project KM599. See Table 1earlier in this appendix.
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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 1-4 for

reference purposes.

TABLE I-4
TYPICAL cur SIZRS FOR TIlE WARMAN CYCLQSlZEB

Mineral Solids Estimated Cydosizer Cut Sizes (11m)

S.G. CI C2 C3 C4 C5 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 8 6 5

Galena 7.5 19 14 10 7 5 3

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

b) The C6 range, when utilized. involves the use of n specially designed
smaIl high pressure cyclone cutting at a nominal 5~m.

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 tenns of Kso values: The values represent the theoretical square
aper1ure through which 80 weight percent of the original sample would pass.
•• These cui sizes are subject of verification during the point counting procedures. Calibroted viewing grnticules provide n method
for detennining the physical sizes of the particles in any particular mount.
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4.0 MINERALOGICAL AND POINT COUNT TECHNIOUES

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 nonsulphide 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

III to this report.

4. I 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 10xi0 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 identification code.

The binary assemblages were identified by first naming the mineral

intercepted by the graticu!e, 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.
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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. The 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 all

mineral 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 multiphase particles would contain pyrite,

sphalerite and galena in structurally complex assemblages.
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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!

4.2 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 converts weight percent mineral to assay percenl by employing standard gravimetric factors before attempting any
data comparison between observed composition and assayed composition.
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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, 3iccounting for less than about 10 percent of a sample,

occasionally exhibited poorer correlations. Table 1-5 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 1-5
MINERAL CONlENT AND RELAJJ\fE ACCURACY

POINT AND GROSS COllNTS

Point Counts Gross Counts
Mineral Absolute Error Absolute Error

(Percent) (20)% (20)%

I ± 1.0 ± 0.5

5 ±1.S ± 0.5
10 ± 2.5 ± 0.5
30 ± 3.0 ± 1.0
50 ± 3.5 ±1.S
80 ± 3.0 ± 1.0
90 ± 2.5 ± 0.5
95 ± 1.5 ± 0.5
99 ± 1.0 ± 0.5

NOles: a)
b)
c)

Point COUniS assume a minimum of 900 recorded imercepts per mount.
Gross counts assume a minimum of 7500 grains scanned per mount.
Percent mineral conlent is shown in terms of area percent. and has nOI
been adjusted for particle specific gravity.

*10 (ael, these mineralogical estimates described in this report, are automatically checked against assay dala by the data processing
computer. When a discrepancy is detected. a mineralogical recounl is executed. Where necessary. the sample is also reassayed 10
verify chemical composition. Appendix III contains comparisons of point count dnla and assay·based estimates of sample
mineralogy by size range for each of lhe laboralOry tesl samples.
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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 tbe three dimensional corrected

liberation estimates, must be proportionally redistributed between the other

mineral classes containing the target mineral.·

• The usc of three dimensionallibermion data are used extensively in estimating the potential for ffiCtallurgical improvcmcms from
the modal characteristic of the samples.
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Table 1-6 illustrates the manner in which the mineral distribution data varies

with the application of these stereographic transforms.

TABlE 1-6
AN EXAMPI.E OF mE liSE OF SJEREQGRAPHIC JRANSEORMS

(Sphalerite in Zinc CQOcentrale)

Mineral Class Percent Liberated

Two Dimensional Observed Three Dimensional Corrected

Liberated 87 84

Locked with Galena 4 5

Locked with Pyrite 5 6

Locked with Gangue 2 2

Muhiphase 2 3

Note: a) The example in this lable is shown in detail in Appendix III, 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

diffe~ence 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 !

KM585 - Lead Scavenger Tail (GfHl - December 7. 1995

Product Size (um) Weight Cumulative

Limitino Effective % Retained % Passino

65 Mesh 212 212 0.5 99.5

100 Mesh 150 150 2.5 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 59.5

Cyclone 1 45 46 0.6 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 ..
Ooeratino Conditions Measured Factor
Temperature (OC) 5.50 1.220

Specific Gravity 3.16 0.876
Flow Rate (mm) 180 1.012
Elutration Time (min) 20 0.955

Overall Factor 1.033

K80Size (microns) 71

Particle Size Distribution
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Product Size (um) Weight Cumulative

Limitinq 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 3.4 94.1

Cyclone 1 45 41 0.2 93.9
Cyclone 2 31 29 2.9 90.9
Cyclone 3 22 20 9.2 81.7

Cyclone 4 15 14 12.8 . 68.9

Cyclone 5 12 11 10.0 59.0

Total 100.0 ••

I I III I I i II11 I I I I I I
I IIII I I I i III i I I ! II I

100010010

Particle Size urn

I I II I I II1II1ill !I

2

Particle Size Distribution

TABLE 11-2

CYCLOSIZING ANALYSIS
KM585 - Lead Cleaner Tail III - December 7. 1995

Ooeratinq Conditions Measured Factor

Temperature (0C) 5.50 1.220
Specific Gravity 3.71 0.782

Flow Rate (mm) 180 1.012

Elutration Time (minI 20 0.955

Overall Factor 0.922

K80Size (microns) 19
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TABLE 11-3
CYCLOSIZING ANALYSIS l

KM585 - Zinc Scavenger Tail (KIll - December 1 1995

Product Size (urn) Weight Cumulative

Limitino Effective % Retained % Passino

65 Mesh 212 212 0.4 99.6

100 Mesh 150 150 2.2 97.4

150 Mesh 106 106 6.1 91.4
200 Mesh 75 75 9.2 82.2

270 Mesh 53 53 11.8 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 47.5

Cyclone 4 15 16 9.3 38.2
Cyclone 5 12 12 6.2 32.0

Total 100.0 ..
ODerating Conditions Measured Factor
Temperature (0G) 6.00 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· Zinc Cleaner Tail (J) - December 1. 1995

Product Size (urn) Weight Cumulative

LimitinQ Effective % Retained % Passing

100 Mesh 150 150 0.0 100.0

150 Mesh 106 106 0.2 99.8

200 Mesh 75 75 0.9 98.8

270 Mesh 53 53 2.7 96.2

400 Mesh 38 38 3.9 92.3

Cyclone 1 45 43 0.2 92.1

Cyclone 2 31 30 3.6 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 ..

Operatinq Conditions Measured Factor

Temperature (0G) 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 11-5
CYCLOSIZING ANALYSIS

KM599 - Lead Scavenger Tail - Februarv 9. 1996

Product Size (urn) Weight Cumulative

Limitinq Effective % Retained % Passino

65 Mesh 212 212 0.7 99.3

100 Mesh 150 150 3.5 95.9

150 Mesh 106 106 5.5 90.3

200 Mesh 75 75 7.9 82.4

270 Mesh 53 53 8.7 73.7

400 Mesh 38 38 11.2 62.5

Cyclone 1 45 48 0.3 62.2

Cyclone 2 31 34 1.9 60.3

Cyclone 3 22 24 6.3 53.9

Cyclone 4 15 16 8.7 45.3

Cyclone 5 12 13 5.9 39.4

Cyclone 6 7 12.1 27.3

Total 100.0 ••

Ooeratino Conditions Measured Factor

Temperature (0C) 4.50 1.24
Specific Gravity 3.03 0.904

Flow Rate (mm) 180 1.012

Elutration Time (min' 20 0.955

Overall Factor 1.083

K80 Size (microns) 68

Particle Size Distribution
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Product Size (wnl Weight Cumulative
Limitinq Effective % Retained % Passinq

200 Mesh 75 75 0.0 100.0
270 Mesh 53 53 0.3 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

Total 100.0 ••

Operatinq Conditions Measured Factor
Temperature (0G) 4.50 1.24
Specific Gravity 3.56 0.805
Flow Rate (mm) 180 1.012
Elutration Time fminl 20 0.955

Overall Factor 0.965

K80Size (microns) 18
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TABLE 11-6
CYCLOSIZING ANALYSIS

KM599 - Lead Cleaner Tail - February 9. 1996
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TABLE 11-7

CYCLOSIZING ANALYSIS
KM599 - Zinc Scavenger Tail - Februarv 9. 1996

'.

Product Size (um) Weight Cumulative

Limitinq Effective % Retained % Passinq

65 Mesh 212 212 0.4 99.7

100 Mesh 150 150 2.9 96.7

150 Mesh 106 106 5.0 91.7

200 Mesh 75 75 7.6 84.1

270 Mesh 53 53 8.5 75.7

400 Mesh 38 38 11.1 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 45.8

Cyclone 5 12 13 6.5 39.3

Cyclone 6 8 10.6 28.7

Total 100.0 ••

Operatinq Conditions Measured Factor
Temperature (DC) 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

K80Size (microns) 63

Particle Size Distribution
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Product Size (urn) Weight Cumulative

Limitino Effective % Retained % Passino

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 0.3 99.6

270 Mesh 53 53 1.6 98.0
400 Mesh 38 38 4.2 93.8

Cyclone 1 45 42. 0.2 93.7
Cyclone 2 31 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 ..
Operatino Conditions Measured Factor

Temperature (OC) 4.50 1.24
Specific Gravity 3.76 0.775

Flow Rate (mm) 180 1,012

Elutration Time (minI 20 0,955

Overall Factor 0,929

KBD Size (microns) 19
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TABLE 11·8

CYCLOSIZING ANALYSIS
KM599 - Zinc Cleaner Tail - February 9, 1996
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TABLE 11-9
CYCLOSIZING ANALYSIS

KM599 - Zinc Concentrate· February 12. 1996 J

Product Size (urn) Weight Cumulative
Limitinq Effective % Retained % Passinq

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 2.5 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 ••

Operatinq Conditions Measured Factor
Temperature (OC) 4.50 1.24
Specific Gravity 3.91 0.756
Flow Rate (mm) 180 1.012
Elutration Time (minI 20 0.955

Overall Factor 0.906

K80 Size (microns) 23

Particle Size Distribution
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MINERALOGICAL AND MODAL DISTRIBUTION DATA
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TABLE lA
SUMMARY OF PERCENT LIBERATION BY SIZE AND CLASS

Lead Scavenger Tails IGIHl Composite - December 7 1995

~

Size Ranqe >75um <75 m>Cl <Cl>C4
Mineral Status Co Ga So Pv Gn Co Ga So Pv Gn Co Ga So Py Gn
Liberated 0.0 0.0 0.3 3.9 20.1 0.0 0.0 8.9 22.4 20.7 0.0 0.6 20.1 31.7 13.3

~ ~ ~

0.0Binary - Cp ; ,~,<\~",,,,,,, 0.0 0.0 0.0 0.0 t:<t;H'!i 0.0 0.0 0.0 0.0 Pr('>~~< 0.0 0.0 0.0
Binary - Ga 0.0 IF; 2;", :t' 0.0 0.0 0.5 0.0 J '''-'~''<:;~'' 0.0 0.0 0.0 0.0 (.s;;;;:; 0.7 0.2 0.1

,,,'*''1<1
M-'. ~'>fN1' ..
~

'F,:~_"·t.Binary - Sp 0.0 0.0 0.7 0.8 0.0 3.8 L;~:Ur;l 0.6 0.4 0.0 1.8 0.2 0.4;t::,>t<,1,

rc"yil;:' ~r" ." 0 -Binary - Py 0.0 0.4 0.2 1.5 0.0 0.0 2.9 0.6 0.0 0.0 2.2 j"~_N';~,",\ 0.1-<"~ ~ l~"'1 ~.'''',N' ,-.'

Binary - Gn 0.0 11.5 3.9 1.3 ~ 0.0 12.9 7.3 2.4 - 0.0 6.2 3.0 1.1 :.~:~~-.:: .~
~ ~

Ternaries 0.0 9.2 2.7 0.3 0.5 0.0 5.3 2.7 1.2 0.0 0.0 4.9 0.7 0.2 0.0

Total 0.0 21.1 7.0 6.2 23.4 0.0 22.0 21.8 26.5 21.8 0.0 13.5 26.8 33.4 13.9

Size RanQe <C4>C5 <C5
Mineral Status Co Ga So Pv Gn Co Ga So Py Gn
Liberated 0.0 0.1 5.0 4.6 4.7 0.0 2.6 34.4 28.7 35.4

Binary - Cp L':t;*k±1it 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0~- ;;'w_"<~...........
Binary - Ga 0.0 !£::;2<&'~ 0.0 0.0 0.0 0.0 ~ 0.3 0.0 0.1''''''>'' ""',

Binary - Sp 0.0 0.6 z;¥t;;,?ir 0.0 0.1 0.0 10.3
1'-' - ,,\~_·_o

0.2 0.6F""jr

Binary - Py 0.0 0.0 0.2
",.~';";-';",>.~ 0.0 0.0 0.0 1.2 u', 4.b 0.1't)11 ",0/\1 ~-'t ~:'-,h'·

Binary - Gn 0.0 1.1 0.4 0.0 jA_,d~i,,,'f. 0.0 20.6 2.5 0.2 t'0Q';::;;r;
m";'<".·~1"

Ternaries 0.0 0.4 0.0 0.0 0.0 0.0 7.7 0.3 0.0 0.0
Total 0.0 2.2 5.7 4.7 4.8 0.0 41.1 38.8 29.2 36.1

Size Ranae Mineral Liberation-2 Dimensions Mineral Liberation-3 Dimensions
Mineral Status Co Ga So Py Gn Cp Ga So Py Gn
Liberated 0.0 3.3 68.7 91.3 94.2 0.0 0.0 60.9 89.1 92.8
Binary - Cp t;-t:~-s:~; 0.0 0.0 0.0 0.0 rLi~}f± 0.0 0.0 0.0 0.0
Binary - Ga 0.0 b"","'y,.'tt 1.1 0.2 0.8 0.0 ~ 1.4 0.3 1.0t-~/f\>x,!'

Binary - Sp 0.0 16.5 Est>;: 1.7 2.2 0.0 17.1 - 2.2 2.7,;:,::;;";;;::,;;,':1-Binary - Py 0.0 0.4 6.7 1m -,... "' 2.4 0.0 0.4 8.4 bii>:,;t¥ 3.0=
Binary· Gn 0.0 52.2 17.0 5.1 :k'S;0tt!:t 0.0 54.0 21.3 6.3 ~
Ternaries 0.0 27.6 6.4 1.7 0.5 0.0 28.5 8.0 2.2 0.6
Totai 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-Galena. Sp·Sphalerite. Py-Pyrile and Pyrrhotite. Gn·Gangue.
2) 0.0 Indicates these minerals were not observed during the counting procedure.
3) 751-lm sizIng fraction corresponds to the Tyler 200 mesh screen. Cl to C5 indicates cyclones

1 to 5 on the Cycloslzer.
4) Because 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 minerai 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 percent.
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TABLE 1B
SIZE BY ASSAY AND DISTRIBUTION BASED ON METAL CONTENT

Lead Scavenger Tails IGtH) Composite - December 7 ·1995

Size Weight Assavs Distribution
Fraction % Cu Pb Zn Fe Cu Pb Zn Fe

>751lm 18.2 0.35 1.34 4.00 21.1 7.0 6.2
<75Ilm>C1 23.0 0.29 3.31 13.6 22.0 21.8 26.5

<C1>C4 19.5 0.21 4.79 20.2 13.5 26.8 33.4
<C4>C5 4.8 0.14 4.11 11.5 2.2 5.7 4.7

<C5 34.6 0.36 3.91 10.0 41.1 38.8 29.2

Total 100.0 0.30 3.49 11.8 100 100 100

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

distribution shown In Table C

TABLE 1C

SIZE BY ASSAY AND DISTRIBUTION BASED ON MINERAL CONTENT
Lead Scavenger Tails (GIH) Composite - December 7 1995

Size Weight Assavs Distribution
Fraction % Co Ga So Pv Gn Co Ga So Pv Gn

>751lm 18.2 0.4 2.0 8.5 89.0 21.1 7.0 6.2 23.4

<75Ilm>C1 23.0 0.3 5.0 29.1 65.6 22.0 21.8 26.5 21.8
<C1>C4 19.5 0.2 7.2 43.2 49.4 13.5 26.8 33.4 13.9
<C4>C5 4.8 0.2 6.2 24.6 69.1 2.2 5.7 4.7 4.8

<C5 34.6 0.4 5.9 21.3 72.4 41.1 38.8 29.2 36.1

Total 100.0 0.4 5.2 25.2 69.2 100 100 100 100

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

2) Mineral assays are based on gravimetric factors to convert the metal to the pure mineraI.
3) See appendix I tor 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 10
ESTIMATED RELATIVE PROPORTION AND COMPOSITION OF MINERAL GRAINS

Lead Scavenger Tails (G/Hl Composite - December 7 1995

Binary Proportion bv Weiqht-2D Proportion by Weiqht-3D Compositon of Grains
Component Cp Ga Sp py Gn Cp Ga Sp py Gn Cp Ga Sp Py Gn

Liberated 0.00 0.01 3.59 23.0 65.2 0.00 0.00 3.18 22.4 64.2 0 100 100 100 100

Binary - Cp h"u;~' 0.00 0.00 0.00 0.00 F}~",* 0.00 0.00 0.00 0.00 ""~>;.§\: 0 0 0 0~~o.'y"~:'

tc-\~'t* - L:<"'~7; -Binary - Ga 0.00 0.06 0.06 0.55 0.00 0.07 0.07 0.69 0 ~~;:;;1~ 54 98 78
Binary - Sp 0.00 0.06~ 0.44 1.50 0.00 0.06 '6-<\".j 0.55 1.88 0 46 t'i~:::;P 56 631""'''''1

,.,..".",
~

{ ,<y,i.,« \',~'-:I~~'Binary· Py 0.00 0.00 0.35 I ~~ "'1 1.64 0.00 0.00 0.44 :M';''"'''~> 2.05 0 2 44 56
Binary· Gn 0.00 0.18 0.89 1.27~ 0.00 0.19 1.11 1.59 ¢;.;.:;~,-,,~A 0 22 37 44 i;>~:-;j{

w _, %,;;y"""
Ternaries 0.00 0.10 0.34 0.43 0.31 0.00 0.10 0.42 0.54 0.39 0 7 29 37 27
Averaae Composition 0.00 0.35 5.23 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 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· represents values >98%.

TABLE lE
COMPARATIVE ASSAY TABLE

Lead Scavenger Tails (G/Hl Composite - December 7. 1995

SIZE Chemical Assay Point Count Assa
FRACTION Cp Ga Sp py Gn Cp Ga Sp py Gn

>7511m 0.4 2.0 8.5 89.0 0.4 1.3 4.5 93.8
<7511m>Cl 0.3 5.0 29.1 65.6 0.9 2.4 27.2 69.5

<Cl>C4 0.2 7.2 43.2 49.4 0.4 9.8 42.5 47.3
<C4>C5 0.2 6.2 24.6 69.1 0.7 10.3 26.4 62.7

Notes 1) this table compares the minerai composition 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 minerai and their estimated densities.
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PROJECT: KM585

PRODUCT: Lead Scavenger Tails (GIH) Composite· December 7, 1995

SIZE RANGE >751'm

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.4
Sphalerite 1.3
Pyrite 4.5
Gangue 93.8

Locking for: Chalcopyrite

Ternaries

38.0

Ternaries
43.9

Ternaries
0.0

Gangue
55.6

Gangue
0.0

Gangue
54.4

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 0.0

Chalcopyrite
0.0

Liberated
0.0

Liberated
3.7

Liberated
0.0

Locking for: Galena

Chalcopyrite Galena Sphalerite Pyrite
0.0 (:""''',(,'::;0;2:,;0,1 0.0 1.8

_L:::o",c",k",in",g",fo",rc:..:.o;S"'p::.:ha"'I"'e"'rit"'e '

Locking for: Pyrite

Locking for: Gangue

Galena Sphalerite Pyrite
0.0 10.5 f:i:i'liji;$..",:;j

Gangue Ternaries
I't;:~t~;t;y:'·fr~,:~ 1.9

Ternaries
5.3

Gangue
21.1

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
2.3 3.3 6.6

Chalcopyrite
0.0

Chalcopyrite
0.0

Liberated
85.8

Liberated
63.2
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PROJECT: KM585

PRODUCT: Lead Scavenger Tails (GIH) Composite· December 7,1995

SIZE RANGE <7511m>C1

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.9
Sphalerite 2.4
Pyrite 27.2
Gangue 69.5

Locking for: Chalcopyrite

Liberated
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 O~

Gangue
0.0

Temaries
0.0

Locking for: Galena

Liberated
0.0

Locked in Binary With:
Chalcopyrite Galena Sphalerite Pyrite

0.0 tl'r(\;Z"",;"*,,:4 17.4 0.0
Gangue

58.7
Temaries

23.9

Locking for: Sphalerite

Liberated
40.8

Chalcopyrite
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 ID::;'fli:f#$;·::;;l 13.3
Gangue

33.7
Ternaries

12.2

Locking for: Pyrite

Liberated
84.4

Chalcopyrite
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

A A 2 2 HS''-'''''''%''!''oc('j. . ::''''''''·-Ir'·'<>"-" ~-
Gangue

8.9
Ternaries

4.4

Locking for: Gangue

Liberated
95.3

Chalcopyrite
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 1.9 2.8
Temaries

0.0
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PROJECT: KM585

PRODUCT: Lead Scavenger Tails (GIH) Composite· December 7,1995

SIZE RANGE <C4>C5

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.7
Sphalerite 10.3
Pyrite 26.4
Gangue 62.7

I Locking for: Chalcopyrite

Liberated
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 0.0
Gangue

0.0
Ternaries

0.0

Locking for: Galena

Liberated
6.3

Locked in Binary With:
Chalcopyrite Galena Sphalerite Pyrite

0.0 lil/a,i!J;:::ct'¢lSl 25.0 0.0
Gangue

50.0
Ternaries

18.8

Locking for: Sphalerite

Liberated
88.9

Chalcopyrite
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.8 ft:\i11,:!tiSohiil 3.2
Gangue

6.3
Ternaries

0.8

Locking for: Pyrite

Liberated
98.3

Chalcopyrite
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.8 HSF0'~N?#¢;il

Gangue
0.8

Ternaries
0.0

Locking for: Gangue

Liberated
97.9

Chalcopyrite
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.4 1.5 0.2
Ternaries

0.0



8

TABLE 2A
SUMMARY OF PERCENT LIBERATION BY SIZE AND CLASS

Lead Cleaner Scavenger Tails III - December 7 1996
~

Size Ranae >75um <75 m>C1 <C1>C4
Mineral Status Cp Ga So Py Gn Cp Ga Sp Py Gn Cp Ga Sp Py Gn
Liberated 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 5.5 3.3 0.0 0.6 17.8 34.1 9.3
Binary - Cp '1:,-,;.-. ~,,'" 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0

-..........
0.0 0.0 0.0 0.0

~ ~ ;:C':'y\f
Binary· Ga 0.0 ,.",...,.,... 0.0 0.0 0.0 0.0 '~~~t .<' , 3.1 0.3 0.6 0.0 ,:-'0,",;" 7.3 0.4 1.0i,;:;}';;>~ ~ ~"< (~i~ f~t~,' .",,(

Binary - Sp 0.0 0.0 t:'~:L~i~\;1 0.0 0.0 0.0 3.2 ~ 0.3 0.3 0.0 9.6 t4~~-_~;,tt 1.1 0.7'" '1" <,

Binary - Py 0.0 0.0 0.0 t.;' ") ,} I 0.0 0.0 0.2 0.1
......",..,

0.2 0.0 0.9 0.6 ::~J ~ r 0.2~ ~ ~

Binary - Gn 0.0 0.0 0.0 0.0 ;::,~;~8j~; 0.0 2.8 0.2 0.2 >0:"'>'1(·, 0.0 3.6 0.2 0.6 J,.r:"',. r·
~

r"'~''.-->;~:·

Ternaries 0.0 0.0 0.0 0.0 0.0 0.0 3.3 0.4 0.7 0.2 0.0 4.3 0.6 0.3 0.2
Total 0.0 0.0 0.0 0.0 0.0 0.0 9.5 6.4 7.0 4.6 0.0 19.0 26.6 36.4 11.4

Size Ranae <C4>C5 <C5
Mineral Status CD Ga So Pv Gn CD Ga So Pv Gn
Liberated 0.0 0.4 9.9 10.7 8.4 0.0 5.9 46.8 45.3 71.8
Binary - Cp te;;Ax:;;~;! 0.0 0.0 0.0 0.0 ,'i;""r't ;;; 0.0 0.0 0.0 0.0

~ .......,.,.,... ~
~Binary - Ga 0.0 ;~~''*'t .31; 1.4 0.0 0.3 0.0 g-".tP* 6.4 0.0 3.0- !.:~~Binary - Sp 0.0 2.3 ~ '::~/ ::~J\ 0.1 0.0 0.0 31.4 ii;;:rS?~ 0.5 0.4

Binary - Py 0.0 0.4 0.3 ~ 0.0 0.0 5.2 1.3 ;:~f\·-;:;~:; 0.0~..
Binary - Gn 1.0 0.2 0.0 - ~?:'~D0;0.0 ";',,;'-\1";,~' 0.0 13.7 0.9 0.0('Y-'.',- ','",",

Ternaries 0.0 0.8 0.0 0.0 0.0 0.0 10.5 0.0 0.0 0.0
Total 0.0 4.8 11.7 10.8 8.8 0.0 66.8 55.3 45.8 75.2

Size Ranoe Mineral Liberation-2 Dimensions Mineral Liberation-3 Dimensions
Mineral Status CD Ga So Pv Gn CD Ga So Pv Gn
Liberated 0.0 6.9 77.0 95.5 92.7 0.0 0.0 71.3 94.4 90.9
Binary - Cp L",=,,,,,!,,,,,,, 0.0 0.0 0.0 0.0 ,,,,).,,,,,.p"~ 0.0 0.0 0.0 0.0HZ"t""'';~ . .
Binary - Ga 0.0 j;"f'i .::, ;d 18.2 0.8 5.0 0.0 i;W·icI4 22.7 0.9 6.2
Binary· Sp 0.0 46.5 1~ ~ > " « 2.0 1.5 0.0 49.9 :0(·,;,·._t",.;· 2.5 1.9<.iY'": .-, h"·P'·'H'<.'~

Binary - Py 0.0 6.7 2.3 ~hFii'4t\ 0.4 0.0 7.2 2.8 ':!~1L%;:4 0.5
Binary· Gn 0.0 21.1 1.5 0.8 rc'i;;)j,;i$ 0.0 22.6 1.8 1.0 L .... ,.j,•.,j

t;yv"'~-r"

Ternaries 0.0 18.9 1.0 0.9 0.4 0.0 20.2 1.3 1.2 0.5
Total 0.0 100.0 100.0 100.0 100.0 0.0 100.0 100.0 100.0 100.0

Notes 1) Cp-Chalcopyrlte. Ga-Galena. Sp·Sphalerite, Py-Pyrite and Pyrrhotite, Gn·Gangue.
2) 0.0 Indicates these minerals were not observed during the counting procedure.
3) 75~m sizing fraction corresponds to the Tyler 200 mesh screen. C1 to CSlndlcates cyclones

1 to 5 on the Cyclosizer.
4) Because the <C5 fraction Is not counted an overall estimate is made by assuming the CS 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 percent.
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TABLE 2B
SIZE BY ASSAY AND DISTRIBUTION BASED ON METAL CONTENT

Lead Cleaner Scavenger Tails (I) - December 7 1996

Size Weight Assavs Distribution
Fraction % Cu Pb Zn Fe Cu Pb Zn Fe

>7511m 0.0 0.00 0.00 0.00 0.0 0.0 0.0

<7511m>C1 6.1 4.62 12.2 22.9 9.5 6.4 7.0

<C1>C4 24.9 2.26 12.4 29.0 19.0 26.6 36.4

<C4>C5 10.0 1.42 13.6 21.4 4.8 11.7 10.8

<C5 59.0 3.36 10.9 15.4 66.8 55.3 45.8

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

Lead Cleaner Scavenger Tails (I) - December 7 1996

Size Weight Assavs Distribution

Fraction % Co Ga So Pv Gn Co Ga So Pv Gn

>7511m 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

<7511m>C1 6.1 5.4 18.3 48.8 27.5 9.5 6.4 7.0 4.6
. <C1>C4 24.9 2.6 18.6 61.9 16.9 19.0 26.6 36.4 11.4
<C4>C5 10.0 1.6 20.4 45.6 32.3 4.8 11.7 10.8 8.8

<C5 59.0 3.9 16.4 32.8 46.9 66.8 55.3 45.8 75.2

Total 100.0 3.4 17.4 42.3 36.8 100 100 100 100

Notes 1) Cp-Chalcopyrtte, Ga-Galena, Sp·Sphalertte, Py·Pyrtte and Pyrrhotite, Gn-Gangue.

2) Mineral assays. are based on gravimetric factors to convert the metal to the pure mineraI.

3) See appendiX I for details of gravimetric factors.
4) An assay value of ·O-Indlcates the assay value is less than the detection limit.
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TABLE 20
ESTIMATED RELATIVE PROPORTION AND COMPOSITION OF MINERAL GRAINS

Lead Cleaner Scaveoger Tails III - December 7, 1996

Binary Prooortion bv Weiaht-2D Proportion by Weioht-3D Comoositon of Grains
Component Cp Ga Sp Py Gn Cp Ga Sp Py Gn Cp Ga Sp Py Gn

Liberated 0,00 0,24 13.4 40.4 34.1 0.00 0.00 12.4 39.9 33.5 0 100 100 100 100
Binary - Cp jR,;\ti 0.00 0.00 0.00 0.00 ir"i;',;/< 0.00 0.00 0.00 0.00 ',~_viJl 0 0 0 0

~
(;~<',',' "

Binary - Ga 0.00 \1'""~:'~~; 3.17 0.32 1.83 0.00 f:~%tf#~i 3.96 0.40 2.29 0 b:;;,t:Y,~; 70 62 75
Binary - Sp 0.00 1.60

.........,
0.84 0.56 0.00 1.72 ~"'t d 1.05 0.70 0 30 ~ 68 69ti~::'t " == ~

Binary - Py 0.00 0.23 0.39 ~P "'<',, 0.14 0.00 0.25 0.49
,.",...",

0.17 0 38 32
,.,.."..."

29':"~~,- " <' J.' .' \ n~';':";;t'i
~

Binary - Gn 0.00 0.73 0.25 0.33 \2·p'F; 0.00 0.78 0.32 0.41 fl'''lJ" 0 25 31 71 '.,;7"i;-".;
·"'.F" -'-1 ~",--tr':7

Ternaries 0.00 0.65 0.18 0.40 0.15 0.00 0.70 0.23 0.50 0.18 0 43 14 31 11
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·dimenslonal data Is based on converting the two dimensional liberation dala using

an adaptation of Petruk and Broussaud transforms.
3) Composition values of ·0· represents values <2% and -100· represents values >98%.

TABLE 2E
COMPARATIVE ASSAY TABLE

Lead Cieaner Scavenger Tails III - December 7. 1996

SIZE Chemicai Assay Point Count Assa'
FRACTION Cp Ga Sp Pv Gn Cp Ga So Pv Gn

>75~m 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
<75~m>Cl 5.4 18.3 48.8 27.5 3.4 23.2 47.5 25.9

<Cl>C4 2.6 18.6 61.9 16.9 2.1 24.1 60.0 13.8
<C4>C5 1.6 20.4 45.6 32.3 1.1 25.7 49.5 23.7

Notes 1) This table compares the mineral composition of the samples determined
by chemical anatysls 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 densilles.
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PROJECT: KM585

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

SIZE RANGE>7511m

WEIGHT OF MINERALS

Chalcopyrite 0.0
'Galena 0.0
Sphalerite 0.0
Pyrite 0.0
Gangue 0.0

Locking for: Chalcopyrite

Locking for: Sphalerite

Ternaries
0.0

Ternaries
0.0

Ternaries
0.0

Gangue
0.0

Gangue
0.0

Gangue
0.0

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 0.0

Chalcopyrite Galena Sphalerite Pyrite
0.0 h~vi;:"t:~f!'~~5S;;:t~j 0.0 0.0

Chalcopyrite
0.0

Liberated
0.0

Liberated
0.0

Liberated
0.0

Locking for: Galena

Locking for: Pyrite

Locking for: Gangue

Liberated
0.0

Liberated
0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 I;;Et'l3."y,,:ji·A

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 0.0

Gangue
0.0

Ternaries
0.0

Ternaries
0.0
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PROJECT: KM585

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

SIZE RANGE <75J.1m>C1

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 3.4
Sphalerite 23.2
Pyrite 47.5
Gangue 25.9

I Locking for: Chalcopyrite

Locking for: Sphalerite

Chalcopyrite Galena Sphalerite Pyrite
0.0 GH}~"~f<1.~. ;.j 34.0 1.9

Ternaries
·6.9

Ternaries
0.0

Ternaries
34.9

Gangue
3.4

Gangue
0.0

Gangue
29.2

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:
Galena Sphalerite Pyrite

49 1 E'A"':;~K.".:;J 17. :W1(~t>~ ; .

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite
0.0

Liberated
38.8

Liberated
0.0

Liberated
0.0

Locking for: Galena

Locking for: Pyrite

Locking for: Gangue

Galena Sphalerite Pyrite
4.7 4.2 ri\'Sf'6"S'@")

Liberated
78.4

Liberated
71.4

Chalcopyrite
0.0

Chalcopyrite
0.0

Locked in Binary With:

Locked in Binary With:
Galena Sphalerite Pyrite

13.5 7.3 3.6

Gangue
3.2

Gangue
11."';2\ 2':$<1.0:':1

Ternaries
9.5

Ternaries
4.2
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PROJECT: KM585

PRODUCT: Lead Cleaner Scavenger Tails (I) • December 7, 1996

SIZE RANGE <C1>C4

WEIGHT OF MINERALS

Locking for: Sphalerite

Ternaries
0.8

Ternaries
1.8

Ternaries
2.3

Ternaries
22.8

Ternaries
0.0

Gangue
1.5

Gangue
0.8

Gangue
0.0

Gangue
18.8

Gangue
Lqp;$$ak:(tT#J

Locked in Binary With:

Locked in Binary Wilh:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
27 5 Eo :::4 :':i'/::"~ 2 3• tt"" .:".··,,~,.¥H" •

Galena Sphalerite Pyrite
9.0 6.3 1.8

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite Galena Sphalerite Pyrite
0.0 I%c6"21:,,%6'&'1 50.5 5.0

Liberated
93.5

Liberated
81.1

Liberated Chalcopyrite
67.2 0.0

Liberated
0.0

Liberated
3.0

Locking for: Pyrite

Locking for: Gangue

Locking for: Galena

Chalcopyrite 0.0
Galena 2.1
Sphalerite 24.1
Pyrite 60.0
Gangue 13.8

I Locking for: Chalcopyrite
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Ternaries
0.0

Ternaries
0.0

Ternaries
0.0

Ternaries
0.0

Ternaries
15.7

Gangue
0.0

Gangue
1.5

Gangue
0.0

Gangue
20.6

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:
Galena Sphalerite Pyrite

4.0 0.6 0.0

Galena Sphalerite Pyrite
11.5 [j;,,\i1if:t;Y';t<!! 2.3

Galena Sphalerite Pyrite
0.0 1.0 ti(.;f%;;;"';"'''cC11

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite Galena Sphalerite Pyrite
0.0 !,>:'I,t:£t,v.+'•.1 47.1 7.8

Liberated
95.5

Liberated
8.8

Liberated
84.6

Liberated
99.0

Liberated
0.0

Locking for: Gangue

Locking for: Sphalerite

Locking for: Pyrite

Locking for: Galena

SIZE RANGE <C4>C5

PROJECT: KM585

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

Chalcopyrite 0.0
Galena 1.1
Sphalerite 25.7
Pyrite 49.5
Gangue 23.7

WEIGHT OF MINERALS

I Locking for: Chalcopyrite
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TABLE 3A
SUMMARY OF PERCENT LIBERATION BY SIZE AND CLASS

Zinc Scavenger Tails (KILl Composite - December 1 1996

~

Size Ranoe >75~m <75 m>C1 <Cl>C4
Mineral Status Co Ga So Pv Gn CD Ga So Pv Gn CD Ga So Pv Gn

Liberated 0.0 0.0 0.2 4.7 18.9 0.0 0.0 0.3 22.6 20.2 0.0 0.0 1.9 29.6 15.0

Binary - Cp :J:;"'~:>i 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 """.y~nt.. 0.0 0.0 0.0 0.0
~ ~ ~

Binary - Ga 0.0 ($\t&t;; 0.0 0.0 0.3 0.0 b~ ~:<.",; 0.3 0.4 0.5 0.0 '~" ;w 0.5 0.1 0.1
~ .......... -Binary - Sp 0.0 0.0 ?~Eg;'TTi 0.3 0.7 0.0 0.4 ~ 0.6 0.6 0.0 0.7 1-;~»;t 0.4 0.3("it· ,I

fi~%3k,;£ ;J:';;,:-';;%j1 - 1:!tFi7Binary - Py 0.0 0.0 0.0 1.8 0.0 0.4 3.4 0.9 0.0 0.7 5.6 0.5

Binary - Gn 0.0 14.2 10.1 0.9 ;:-g;:>;;{¥ 0.0 17.0 13.1 2.8 lAF':·(~ 0.0 8.7 8.3 1.8 ! ,~k·"
f"""J~i

Ternaries 0.0 11.4 10.1 0.4 0.2 0.0 8.7 7.6 0.4 0.3 0.0 2.0 2.1 0.3 0.1

Total 0.0 25.6 20.5 6.3 21.9 0.0 26.5 24.6 26.9 22.6 0.0 12.0 18.4 32.2 16.1

Size Ranoe <C4>C5 <C5
Mineral Status CD Ga So Py Gn Cp Ga So Py Gn
Liberated 0.0 0.1 1.5 6.0 6.1 0.0 1.6 11.1 27.5 32.3

Binary - Cp ';i5~ -.. 0.0 0.0 0.0 0.0 "' ¥,"",' ~ .¥t 0.0 0.0 0.0 0.0, ~ .. "'1> ~1J>,y~ ,.~..........
Binary - Ga 0.0 ~ 0.0 0.0 0.0 0.0 ~'~A0.,,-} 0.0 0.0 0.2¥~::LVR to'f'~""',,'

Binary - Sp 0.0 0.1 i!:0P';)"!~ 0.1 0.1 0.0 1.6 2~t;{;~{t> 0.3 0.4
~

Binary - Py 0.0 0.1 0.3 tYd:J~'3:~ 0.0 0.0 1.6 2.0 :.;~;.._~_..'i":'; 0.2iB""">"~1'

Binary· Gn 0.0 1.6 2.2 0.1
-:,<l<'.:--.."".~.~-

0.0 22.3 16.1 0.6 ;;Qj::;~:~t""0pti1i ~

Ternaries 0.0 0.5 0.4 0.0 0.0 0.0 6.4 3.0 0.0 0.0
Total 0.0 2.4 4.4 6.2 6.2 0.0 33.5 32.2 28.4 33.2

Size Ranoe Mineral Liberation-2 Dimensions Mineral Liberation-3 Dimensions

Mineral Status CD Ga So Pv Gn CD Ga So Pv Gn
Liberated 0.0 1.7 14.9 90.4 92.6 0.0 0.0 0.0 88.0 90.7
Binary - Cp 1--;:;.r~\. '1; 0.0 0.0 0.0 0.0 Miy~':i 0.0 0.0 0.0 0.0
Binary - Ga 0.0 f±;(ipZ 0.8 0.6 1.2 0.0 ~ 0.9 0.7 1.6,. <:";"57

Binary· Sp 0.0 2.8 ~ 1.7 2.2 0.0 2.8 ;;;:~l"i'--"'+"_'!' 2.1 2.7.k;+',',.-;-t}
~

Binary - Py 0.0 2.8 11.3~ 3.4 0.0 2.8 13.3 i:.;L,~ 4.2l~?,lY:£-r.;:.. - ~

Binary - Gn 0.0 63.8 49.7 6.2 l,~;n#::;;f 0.0 64.9 58.5 7.7 i;-:,:'t;,;ir:&ii
Ternaries 0.0 28.9 23.3 1.1 0.6 0.0 29.4 27.3 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-Galena, Sp-Sphalerile, Py-Pyrite and Pyrrhotite, Gn-Gangue.
2) 0.0 Indicates these minerals were not observed during the counting procedure.
3) 7511m sizing fraction corresponds to the Tyler 200 mesh screen. Cl to C5 indicates cyclones

1 to 5 on the Cycloslzer.
4) Because 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 percent.
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TABLE 3B
SIZE BY ASSAY AND DISTRIBUTION BASED ON METAL CONTENT

Zinc Scavenger Tails (KILl Composite - December 1 1996

Size Weight Assays Distribution
Fraction % Cu Pb Zn Fe Cu Pb Zn Fe

>75~m 17.9 0.41 0.83 4.20 25.6 20.5 6.3
<75~m>Cl 23.8 0.32 0.75 13.5 26.5 24.6 26.9

<Cl>C4 20.2 0.17 0.66 19.0 12.0 18.4 32.2
<C4>C5 6.2 0.11 0.51 11.9 2.4 4.4 6.2

<C5 32.0 0.30 0.73 10.6 33.5 32.2 28.4

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

TABLE 3C

SIZE BY ASSAY AND DISTRIBUTION BASED ON MINERAL CONTENT
Zioc Scavenger Tajls (KIll Composite - December 1 1996

Size Weight .Assavs Distribution

Fraction % Cp Ga· Sp Pv Gn Cp Ga SP Pv Gn

>75~m 17.9 0.5 1.2 9.0 89.3 25.6 20.5 6.3 21.9

<75~m>Cl 23.8 0.4 1.1 28.9 69.6 26.5 24.6 26.9 22.6
<C1>C4 20.2 0.2 1.0 40.7 58.2 12.0 18.4 32.2 16.1
<C4>C5 6.2 0.1 0.8 25.5 73.6 2.4 4.4 6.2 6.2

<C5 32.0 0.3 1.1 22.7 75.9 33.5 32.2 28.4 33.2

Total 100.0 0.3 1.1 25.5 73.1 100 100 100 100

Notes 1) Cp-ChalcopyMle, Ga-Galena, Sp-SphaleMle, Py-PyMle and Pyrl11olite, Gn-Gangue.
2) Mineral assays are based on gravimetric factors to convert the metal to the pure mineraI.
3) See appendix I 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 3D
ESTIMATED RELATIVE PROPORTION AND COMPOSITION OF MINERAL GRAINS

Zinc Scavenger Tails (KIll Composite - December 1 1996

Binary Proportion by WeiQht-2D Prooortion bv WeiQht-3D Comoositon of Grains

Comoonent Co Ga So Pv Gn Cp Ga Sp Py Gn Cp Ga So Pv Gn

Liberated 0.00 0.01 0.16 23.1 67.7 0.00 0.00 0.00 22.4 66.3 0 100 100 100 100

Binary - Cp til':::.'!: 0.00 0.00 0.00 0.00 )1,,:,1, , 0.00 0.00 0.00 0.00 1>1,+, 0 0 0 0
~

Binary - Ga 0.00 ;",,,:~.,,.~»! 0.01 0.14 0.91 0.00 Ii.. ··f#" 0.01 0.18 1.14 0 ~ 52 95 84'<",i{;',i,,'

"'"""'" ''t.~<~'\

Binary - Sp 0.00 0.01 ~0ifu> 0.43 1.60 0.00 0.01 c"'";; 0.54 2.00 0 48 0~'¢;;1 79 76- r.) ''* ; 0.14 L.~,..:'" j ! ~/(: ?" ,Binary - Py 0.00 0.01 0.12 2.46 0.00 0.01 3.08 0 5 21 :'f '""." 61..............
i1~};;F{ ffi'i:gd r" ,.':"'~Binary - Gn 0.00 0.21 0.54 1.57 0.00 0.22 0.64 1.97 0 16 24 39 o·,·",t~,

Ternaries 0.00 0.10 0.25 0.29 0.46 0.00 0.10 0.30 0.36 0.57 0 7 22 27 43
AveraQe Comoosition 0.00 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

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· represents values >98%.

TABLE 3E
COMPARATIVE ASSAY TABLE

Zinc Scavenger Tails (KILl Composite - December 1 1996

SIZE Chemical Assay Point Count Assa'
FRACTION CD Ga So py Gn CD Ga So Pv Gn

>7511m 0.5 1.2 9.0 89.3 0.0 0.8 0.8 11.1 87.4
<7511m>C1 0.4 1.1 28.9 69.6 0.0 0.7 0.7 27.3 71.4

<C1>C4 0.2 1.0 40.7 58.2 0.0 0.3 1.4 45.0 53.4
<C4>C5 0.1 0.8 25.5 73.6 0.0 0.5 0.5 30.6 68.4

Notes 1) This table compares the mineral composition 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 minerai and their estimated densities.



Temaries
0.9

Temaries
6.8

Temaries
49.4

Temaries
44.4

Temaries
0.0

Gangue
13.6

Gangue
49.4

Gangue
55.6

Gangue
0.0

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
1.4 3.4 8.1

Galena Sphalerite Pyrite
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Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite Galena Sphalerite Pyrite
0.0 ~:;I;~;'!'~i.,\ic'l 0.0 0.0

Liberated
86.2

Liberated
1.2

Liberated
75.0

Liberated
0.0

Liberated
0.0

Locking for: Gangue

Locking for: Pyrite

Locking for: Sphalerite

18

Locking for: Galena

Chalcopyrite 0.0
Galena 0.8
Sphalerite 0.8
Pyrite 11.1
Gangue 87.4

WEIGHT OF MINERALS

SiZE RANGE>75f1m

PRODUCT: Zinc Scavenger Tails (KILl Composite - December 1, 1996

PROJECT: KM585

I Locking for: Chalcopyrite
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PROJECT: KM585

PRODUCT: Zinc Scavenger Tails (KIL) Composite· December 1, 1996

SIZE RANGE <75~m>C1

WEIGHT OF MINERALS

Ternaries
1.6

Ternaries
1.3

Ternaries
30.9

Ternaries
0.0

Ternaries
32.8

Gangue
10.4

Gangue
53.2

Gangue
64.1

Gangue
0.0

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
2.3 2.8 4.1

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Liberated
84.0

Liberated
89.4

Liberated
0.0

Liberated
1.1

Liberated
0.0

Locking for: Galena

Locking for: Gangue

Locking for: Pyrite

Locking for: Chalcopyrite

Chalcopyrite Galena Sphalerite Pyrite
O0 h",,,,,",·,,.,,1 1 6 1 6. t-'{]'h~T;r'+;1'~1';l,. .

..;.L",o:.,:c",k",in..g..;.fo",r.:..:-=S"'p;.:;ha"'le"'n"'·t"'e 1

Chalcopyrite 0.0
Galena 0.7
Sphalerite 0.7
Pyrite 27.3
Gangue 71.4



PRODUCT: Zinc Scavenger Tails (KlL) Composite - December 1, 1996

Ternaries
11.6

Ternaries
0.8

Temaries
0.9

Ternaries
16.7

Ternaries
0.0

Gangue
5.6

Gangue
44.9

Gangue
0.0

Gangue
72.2

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
0.8 2.0 2.9

Galena Sphalerite Pyrite
2.9 ls,t;;;;k,,;sl 30.4

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite
0.0

Chatcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite
t;:;i'::::J~'<"':;1

Liberated
93.6

Liberated
91.8

Liberated
10.1

Liberated
0.0

Liberated
0.0

Locking for: Gangue

Locking for: Pyrite

Locking for: Galena
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PROJECT: KM585

SIZE RANGE <C1 >C4

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.3
Sphalerite 1.4
Pyrite 45.0
Gangue 53.4

Chalcopyrite Galena Sphalerite Pyrite
0.0 b'·"l,·,'r;.'·0:::/1 5.6 5.6

,-,=,Lo",c",k~in,",g,-,f-"o,-,r:..::S::.tp",h",a",le::;ri",te,--- 1

I Locking for: Chalcopyrite
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PROJECT: KM585

PRODUCT: Zinc Scavenger Tails (KlL) Composite· December 1, 1996

SIZE RANGE <C4>C5

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.5
Sphalerile 0.5
Pyrite 30.6
Gangue 68.4

I Locking for: Chalcopyrite

Liberated
0.0

Chalcopyrite

kif':"! :,"c'"·1

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 0.0
Gangue

0.0
Temaries

0.0

Locking for: Galena

Temaries
19.0

Gangue
66.7

Locked in Binary With:
Liberated

4.8
Chalcopyrite Galena Sphalerite Pyrite

0.0 t{;,<:jc:t's;±;llj 4.8 4.8

c...:Lo::.;c",k:::.in",gc.:f;::orc:.:..::S"'p"'h::.:al"'e"'rit"'e 1

Liberated
34.4

Chalcopyrite
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

O0 E""' ,',-- .J 63. >e::~;c:-:\1,''''''(:::[ .
Gangue

50.0
Temaries

·9.4

Locking for: Pyrite

Liberated
96.9

Chalcopyrite
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 1.0 Ftrf:\;;;dfi:!,;B
Gangue

2.1
Temaries

0.0

Locking for: Gangue

Liberated
97.5

Chalcopyrite
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.7 1.2 0.5
Gangue Temaries

E~;,-;;%};f>,<,'';';l 0.0
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TABLE 4A
SUMMARY OF PERCENT LIBERATION BY SIZE AND CLASS

Zinc Cleaner Tail 1 (,J) - December 1 1996

~

Size Ranae >75Jlm <75 m>C1 <C1>C4
Mineral Status Cp Ga Sp Py Gn Cp Ga Sp Py Gn Cp Ga Sp Py Gn
Liberated 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 6.1 5.0 0.0 0.2 2.4 32.0 12.7
Binary - Cp ~;;<~:.{,'i;;;;d: 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ti~,,:> {": 0.0 0.0 0.0 0.0

~
':...7"'···0,;.:., "-_h\.",\<~r.

Binary - Ga 0.0
,...,.,.,.,...

0.0 0.0 0.0 0.0 ~ 0.2 0.0 0.1 0.0 ~,z,t.~2 0.0 0.1 0.3~,",~? O'~_'f ~j',",.~,- " (.,1. h

Binary - Sp 0.0 0.0 ~ 0.0 0.0 0.0 0.1 (·~·_~"·'.'·,'i~ 1.8 0.9 0.0 0.4 f,i';';::',1t 2.2 1.1y:~''¥-vw'; ~

Binary - Py 0.0 0.0 0.0 lfj,>ti!: 0.0 0.0 0.1 6.9 t":,,, ~"t'" 0.3 0.0 0.2 10.3 Y'<-',.;<{i<' 0.6H"'O'_~'W~." "'j~N';~"

Binary - Gn 0.0 0.0 0.0 0.0 ·h",,·~u

0.0 4.6 5.1 0.3 Ff:t:<;;; 0.0 8.7 3.6 0.5 CttS9!'C:-"'J\'?':'

Temaries 0.0 0.0 0.0 0.0 0.0 0.0 5.2 7.3 0.1 0.3 0.0 6.7 6.0 0.2 0.1
Total 0.0 0.0 0.0 0.0 0.0 0.0 10.1 19.7 8.4 6.6 0.0 16.2 22.2 35.0 14.8

Size Ranqe <C4>C5 <C5
Mineral Status Co Ga So py Gn Co Ga So Pv Gn
Liberated 0.0 0.1 0.8 9.7 7.0 0.0 1.3 8.6 45.8 64.4

~

:::;'_'2:t;~,,;tBinary - Cp f:;Z/A·ti 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Binary - Ga 0.0 c"-~FW}'''; 0.0

~

0.0 0.2 0.0 l::'~~'ih 0.0 0.0 2.1
Fj;£;;l~}!~- -Binary - Sp 0.0 0.0 0.1 0.4 0.0 0.0 I'·-'V~.,~;,. 0.6 3.4

i.i,/i~~"{

'1-'-'-:;-iY-':(,-, -Binary - Py 0.0 0.0 2.1 0.1 0.0 0.0 22.8 ","r}::';; 0.8
Binary - Gn 0.0 2.8 1.1 0.0 ;;y;~~n 0.0 47.2 12.4 0.2 ~~~\~~,t?.............,.
Ternaries 0.0 1.3 0.9 0.0 0.0 0.0 21.0 9.5 0.0 0.3
Total 0.0 4.2 4.9 9.9 7.7 0.0 69.4 53.2 46.6 70.9

Notes 1) Cp-Chalcopyrtte, Ga-Galena. Sp-Sphalerite. Py-Pyrtte and Pyrmolite. Gn-Gan9ue.

2) 0.0 Indicates these minerals were not observed during the counting procedure.
3) 75~m sizing fraction corresponds to the Tyler 200 mesh screen. Cl to C5 indicates cyclones

1 to 5 on the Cycloslzer.
4) Because the <C5 fraction Is not counted an overall estimate is made by assuming the C5 and

<C5liberation 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 unslzed product as measured in two dimensions has been
converted to three dimensions uslng 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.

Size Ranae
Mineral Status
Liberated
Binary· Cp
Binary - Ga
Binary· Sp
Binary - Py
Binary· Gn
Temaries
Total

Mineral Liberatian-2 Dimensions
Co Ga So Pv Gn
0.0 1.7 11.9 93.7 89.1

r::-;;rc.;; 0.0 0.0 0.0 0.0
00 c",_ 02 01 27.~ ...
00 06 r'I~~~'. 48 57• . ~'~~~T' •

0.0 0.3 42.1 \'i,;'ic.•;o:: 1.8
0.0 63.3 22.1 1.0 ;G"'·'!!"
0.0 34.1 23.7 0.3 0.7
0.0 100.0 100.0 100.0 100.0

Mineral Liberation-3 Dimensions
Cp Ga SP Pv Gn
0.0 0.0 0.0 92.2 86.4

In: 'I, 0.0 0.0 0.0 0.0
0.0 ;~fFl,'+:,' 0.2 0.1 3.4
0.0 0.6 n'£mi 6.0 7.1

0.0 0.3 47.8 t;~-;-~(i5S;~ "'\::':~,;
0.0 64.4 25.1 1.3 ".",,<
0.0 34.7 26.9 0.4 0.9
0.0 100.0 100.0 100.0 100.0
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TABLE 4B
SIZE BY ASSAY AND DISTRIBUTION BASED ON METAL CONTENT

Zinc Cleaner Tajl 1 (J) - pecember 1 1996

Size Weight Assavs Distribution

Fraction % Cu Pb Zn Fe Cu Pb Zn Fe

>751.lm 0.0 0.00 0.00 0.00 0.0 0.0 0.0

<75I.lm>Cl 7.9 1.20 4.24 25.5 10.1 19.7 8.4

<Cl>C4 25.4 0.60 1.49 33.0 16.2 22.2 35.0

<C4>C5 8.7 0.45 0.96 27.2 4.2 4.9 9.9

<C5 58.1 1.12 1.56 19.2 69.4 53.2 46.6

Total 100.0 0.94 1.70 23.9 100 100 100

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

distribution shown In Table C

TABLE 4C

SIZE BY ASSAY AND DISTRIBUTION BASED ON MINERAL CONTENT
Zinc Cleaner Tail 1 (J) - pecember 1 1996

Size Weight Assavs Distribution

Fraction % Co Ga So Pv Gn CD Ga So Py Gn

>751.lm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

<75I.lm>Cl 7.9 1.4 6.4 54.5 37.7 10.1 19.7 8.4 6.6

<C1>C4 25.4 0.7 2.2 70.6 26.5 16.2 22.2 35.0 14.8

<C4>C5 8.7 0.5 1.4 58.2 39.8 4.2 4.9 9.9 7.7

<C5 58.1 1.3 2.3 41.1 55.3 69.4 53.2 46.6 70.9

Total 100.0 1.1 2.6 51.1 45.3 100 100 100 100

Notes 1) Cp-ChalCOpyrit9, Ga-Gatena, Sp-Sphalerite, Py-Pyrile and Pyrrhotite, Gn-Gangue.
2) Mineral assays are based on gravimetric factors to convert the metal to the pure mineraI.
3) See appendix I 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 40
ESTIMATED RELATIVE PROPORTION AND COMPOSITION OF MINERAL GRAINS

Zinc Cleaner Tail 1 (J) - December 1, 1996

Binary Proportion by WeiQht-2D Proportion by WeiQht-3D Compositon of Grains
Component Cp Ga Sp Pv Gn Cp Ga Sp Pv Gn Cp Ga Sp Py Gn

Liberated 0,00 0,02 0,30 47,9 40,3 0,00 0,00 0,00 47,1 39,1 a 100 100 100 100
Binary - Cp li/0;"':' 0,00 0,00 0,00 0,00 t;i:o/~< 0,00 0,00 0,00 0,00 ~;;;ti\" a a a a
Binary - Ga 0,00 h>-;\!,'} 0,01 0,05 1.23 0,00 r,-;lX;:; 0,01 0,06 1,54 a ;c:Aj\.~~ 49 94 69

,'e-"';''''".", - ~

Binary - Sp 0,00 0,01 i~"~>"" 2,44 2,58 0,00 0,01 i"':'i ~"t 3,05 3,22 a 51 ::q:~,:i' 71 83- ~ 'i!"~"",,,. - ~Binary - Py 0,00 0,00 1,07 -,>",.t',J 0,79 0,00 0,00 1,22 L\:C:e ,j 0,99 a 6 29 f8;i14 60-Binary - Gn 0,00 0,69 0,57 0,53 i\?~;'.> 0,00 0,70 0,64 0,67 ';::;\'"};' a 31 17 40 ;«#;:)- <'."'~ .. ',

Ternaries 0,00 0,37 0,60 0,17 0,33 0,00 0,38 0,69 0,21 0.41 a 22 41 13 24
AveraQe Composition 0,00 1,09 2,55 51,1 45,3 0,00 1,09 2,55 51,1 45,3

Noles 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· represents values >98%.

TABLE 4E
COMPARATIVE ASSAY TABLE

Zinc Cleaner Tail 1 (J) - December 1 1996

SIZE Chemical Assay Point Count Assa
FRACTION Cp Ga Sp Py Gn Cp Ga Sp Pv Gn

>7511m 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
<7511m>Cl 1.4 6,4 54,5 37,7 0,8 7,7 56,2 35,3

<Cl>C4 0,7 2,2 70,6 26,5 0,3 1.2 78,8 19,6
<C4>C5 0,5 1.4 58,2 39,8 0.4 1.7 59,3 38,7

Notes 1) This table compares the mineral composJllon 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 their estimated densities.



25

PROJECT: KM585

PRODUCT: Zinc Cleaner Tail 1 (J) - December 1,1996

SIZE RANGE <751'm

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.0
Sphalerite 0.0
Pyrite 0.0
Gangue 0.0

Locking for: Chalcopyrite

Locking for: Sphalerite

Chalcopyrite Galena Sphalerite Pyrite
AA 1+"'·Y-cl.t'J"'/'~~~_""'~.,Q aa aa. ."'''.'''''''-''''':.:J. .

Ternaries
0.0

Ternaries
0.0

Ternaries
0.0

Gangue
0.0

Gangue
0,0

Gangue
0.0

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 0.0

Chalcopyrite
0.0

Chalcopyrite
fGg:::M:¥f#ttt:d

Liberated
0.0

Liberated
0.0

Liberated
0.0

Locking for: Galena

Locking for: Pyrite

Locking for: Gangue

Liberated
0,0

Liberated
0.0

Chalcopyrite
0,0

Chalcopyrite
0,0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 14<::d:,,::i::d

Locked in Binary With:
Galena Sphalerite Pyrite

0,0 0.0 0.0

Gangue
0.0

Ternaries
0.0

Ternaries
0.0
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PROJECT: KM585

PRODUCT: Zinc Cleaner Tai/1 (J) - December 1, 1996

SIZE RANGE <75Jlm>C1

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.8
Sphalerite 7.7
Pyrite 56.2
Gangue 35.3

Locking for: Chalcopyrite

Locked in Binary With:

Locking for: Sphalerite

Ternaries
37.1

Ternaries
51.1

Ternaries
0.0

Gangue
25.8

Gangue
45.5

Gangue
0.0

Galena Sphalerite Pyrite
0.0 0.0 0.0

Locked in Binary With:
Chalcopyrite Galena Sphalerite Pyrite

0.0 f:;;;g.':,1:Z<:;:'''::i! 1.1 1.1

Chalcopyrite
0.0

Liberated
1.0

Liberated
1.1

Locked in Binary With:

Locking for: Galena

Galena Sphalerite Pyrite
1.0 t:q'~;&;:";J,ta 35.1

-,L::;o:.;:c;:.:k;:.:in",g..:;fo::;r.:..:.:..P,Lyn:.:;·t"'e 1

Liberated
72.9

Chalcopyrite
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 21.9 1-;n~;b~'rg\0M]
Gangue

3.5
Ternaries

1.6

Locking for: Gangue

Liberated
75.6

Chalcopyrite
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

22 13~ 3~

Ternaries
5.3
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PROJECT: KM585

PRODUCT: Zinc Cleaner Tail 1 (J) - December 1,1996

SIZE RANGE <C1 >C4

WEIGHT OF MINERALS

Locking for: Chalcopyrite

Ternaries
0.6

Ternaries
0.6

Ternaries
.26.9

Ternaries
41.1

Ternaries
0.0

Gangue
1.4

Gangue
16.1

Gangue
0.0

Gangue
53.4

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:
Galena Sphalerite Pyrite

O3 6 2 t:'r4a, '" i I. • >,,';j'{< 'AJt'(;+~

Galena Sphalerite Pyrite
1.8 7.4 4.3

Galena Sphalerite Pyrite
0.0 lWi).;C S:·:r "!itl 46.2

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite Galena Sphalerite Pyrite
0.0 W-;,;'.ept.0~L, iA\'~ 2.7 1.4

Liberated
85.9

Liberated
10.8

Liberated
91.5

Uberated
1.4

Uberated
0.0

Locking for: Pyrite

Locking for: Sphalerite

Locking for: Galena

Locking for: Gangue

Chalcopyrite 0.0
Galena 0.3
Sphalerite 1.2
Pyrite 78.8
Gangue 19.6
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PROJECT: KM585

WEIGHT OF MINERALS

Ternaries
0.0

Gangue
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 0.0
Liberated

0.0

Locking for: Chalcopyrite

Locking for: Galena

PRODUCT: Zinc Cleaner Tail 1 (J) • December 1, 1996

SIZE RANGE <C4>C5

Chalcopyrite 0.0
Galena 0.4
Sphalerite 1.7
Pyrite 59.3
Gangue 38.7

Liberated
1.9

Locked in Binary With:
Chalcopyrite Galena Sphalerite Pyrite

0.0 &;.;';;;;;; ;~;tt"Is:1 0.0 0.0
Gangue

67.9
Ternaries

30.2

Locking for: Sphalerite

Locking for: Gangue

Locking for: Pyrite

Ternaries
.17.9

Ternaries
0.0

Ternaries
0.4

Gangue
0.4

Gangue
23.2

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:
Galena Sphalerite Pyrite

2.9 4.8 1.1

Galena Sphalerite Pyrite
0.0 1.3 E;.,;),~;;,.:;·.;l

Galena Sphalerite Pyrite
0.0 It.::!:!:';;;;,,':)!·,).:,l 42.9

Chalcopyrite
0.0

Liberated
16.1

Liberated Chalcopyrite
90.8 0.0

Liberated Chalcopyrite
98.2 0.0
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TABLE 5A
SUMMARY OF PERCENT LIBERATION BY SIZE AND CLASS

Lead Scavenger Tail - February 9. 1996

~

Size RanQe >7511m <7511m>Cl <Cl>C4

Mineral Status Cp Ga Sp Py Gn Cp Ga Sp Pv Gn Co Ga So Pv Gn

Liberated 0.0 0.0 0.6 2.1 18.9 0.0 0.0 6.9 20.9 16.9 0.0 0.4 17.9 23.3 12.3
Binary - Cp li'>¥?(~\~ 0.0 0.0 0.0 0.0 1<'j};/3 0.0 0.0 0.0 0.0 i.t,A 0.0 0.0 0.0 0.0-Binary - Ga 0.0 ~ 0.2 0.0 1.0 0.0 l::;i?Sij 0.2 0.0 0.1 0.0 '"sy;:"';.. 0.2 0.0 0.0("",~ "'"
Binary - Sp 0.0 2.3 : F,i d,~;: 0.0 1.1 0.0 1.2 ~L~L'i} 0.7 0.9 0.0 0.4 ~--'_ .._" '., " 0.1 0.3rt·~·"~''''·

Binary - Py 0.0 0.0 0.2
.-

1.5 0.0 0.4 2.5 ~ 0.9 0.0 0.9 2.8 !',;~:./, 0.3t'~b\1i:1 r'~Fr{_~ft

Binary - Gn 0.0 13.5 5.2 3.3 ti~g:,y$ 0.0 7.7 4.9 2.5 Ii "...,,>,,,.. -,,.,, 0.0 4.5 2.0 2.0 ;<;'i;V::;.,Jo:····0,,·'·:J;

Temaries 0.0 3.8 1.7 0.6 0.5 0.0 5.7 2.4 0.4 0.1 0.0 2.7 0.4 0.3 0.0
Total 0.0 19.5 7.9 6.0 23.0 0.0 14.9 16.9 24.5 19.0 0.0 8.9 23.2 25.7 13.0

Size Ranoe <C4>C5 <C5>C6 <C6
Mineral Status Co Ga So Pv Gn Co Ga So Pv Gn Co Ga So Pv Gn
Liberated 0.0 0.5 5.3 6.0 5.6 0.0 2.2 11.5 10.3 12.4 0.0 15.9 29.3 26.6 26.1
Binary - Cp _t'o'·J,/,,:,:A,c.,

0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0;jV;7"'\"'~""" NN' ,:1:..1zl' l'c' \~~1-Binary - Ga 0.0 ht.t",:j;-,i 0.1 0.1 0.0 0.0 ="""'" 0.1 0.1 0.0 0.0 i;r,N,'" 0.3 0.2 0.0
~

'1'/ '-k~

Binary - Sp 0.0 0.5 {.~:'~&~!' 0.1 0.1 0.0 1.1 l:\~,~ - " 0.1 0.2 0.0 7.9 f;;:~'-;'f 0.2 0.5A,y" "'"''it ~

Binary· Py 0.0 0.5 0.4 ~ 0.0 0.0 0.0 0.7 t~ ,~,,>,-<2 ,
0.0 0.0 0.0 1.9 ;7>:":: 0.1!+'jo.."::,.,,. ~ ~.: ~,~ .,;.

Binary - Gn 0.0 0.5 0.6 0.1 !;!Ji~;::j 0.0 2.2 0.4 0.0 """"""'" 0.0 15.9 1.1 0.0 ';;'.':;;)W)'1>;'tj;

Temaries 0.0 0.5 0.1 0.0 0.0 0.0 1.1 0.1 0.0 0.0 0.0 7.9 0.3 0.0 0.0
Total 0.0 2.3 6.4 6.2 5.8 0.0 6.7 12.8 10.5 12.7 0.0 47.6 32.8 27.0 26.7

Size Ranoe Mineral Liberation-2 Dimensions Mineral Liberation-3 Dimensions
Mineral Status Cp Ga Sp Py Gn Cp Ga Sp Py Gn
Liberated 0.0 19.0 71.5 89.1 92.3 0.0 0.0 64.3 86.4 90.4
Binary· Cp '';:Jiit', ' 0.0 0.0 0.0 0.0

.. " ..,~ ..

0.0 0.0 0.0 0.0r.;." '/I= •.... -

Binary - Ga 0.0 .~ ~A~;-1 1.0 0.4 1.1 0.0 7-:<-'ttli. 1.3 0.5 1.4
Binary - Sp 0.0 13.4 t:'<;+\{; 1.3 3.1 0.0 16.6 ~ J <.>, 1.6 3.8
Binary - Py 0.0 1.8 8.5 ~ 2.8 0.0 2.2 10.6 Lt",''''; 3.5k'S"'·"',".:)

Binary - Gn 0.0 44.2 14.2 8.0 r1'y1?#i1 0.0 54.6 17.7 9.9 ".,."",..,.
, _"...~>!r
~

Temaries 0.0 21.6 4.9 1.2 0.6 0.0 26.7 6.1 1.6 0.8
Total 0 100 100 100 100 0 100 100 100 100

Notes 1) Cp-Chalcopyrile, Ga-Galena, Sp·Sphalerile, Py-Pyrile, Gn-Gan9ue.
2) 0.0 Indicates these minerals were not obsorved during the counting procedure.

3) 53lim sizing fraction corresponds to the Tyler 270 mesh screen. Cl to C61ndicates 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
<C6liberatlon values are Identical.

5) The Total line Is the distribution of minerai 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 percent.
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TABLE 5B
SIZE BY ASSAY AND DISTRIBUTION BASED ON METAL CONTENT

Lead Scavenger Tail - February 9 1996

Size Weight Assavs Distribution
Fraction % Cu Pb Zn Fe Cu Pb Zn Fe

>7511m 17.6 0.42 1.96 4.2 19.5 7.9 6.1
<7511m>Cl 20.2 0.28 3.64 14.6 14.9 16.9 24.3

<C1>C4 16.9 0.20 5.99 18.4 8.9 23.2 25.6
<C4>C5 5.9 0.15 4.72 12.8 2.3 6.4 6.2
<C5>C6 12.1 0.21 4.62 10.6 6.7 12.8 10.6

<C6 27.3 0.66 5.24 12.1 47.6 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 determine the mineralogical

distribution shown in Table C

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

Lead Scavenger Tail - february 9 1996

Size Weight Assavs Distribution
Fraction % Co Ga So Pv Gn Co Ga So Pv Gn

>7511m 17.6 0.5 3.2 8.7 87.7 19.5 7.9 6.0 23.0
<7511m>C1 20.2 0.3 5.9 30.8 63.1 14.9 16.9 24.5 19.0

<C1>C4 16.9 0.2 9.6 38.5 51.6 8.9 23.2 25.7 13.0
<C4>C5 5.9 0.2 7.6 26.7 65.5 2.3 6.4 6.2 5.8
<C5>C6 12.1 0.2 7.4 22.0 70.3 6.7 12.8 10.5 12.7

<C6 27.3 0.8 8.4 25.1 65.7 47.6 32.8 27.0 26.7

Total 100.0 0.4 7.0 25.3 67.2 100 100 100 100

Notes 1) Cp-Chalcopyrlte, Ga-Galena, Sp-Sphalerlle, Py-Pyrlle, Gn-Gangue.

2) Mineral assays are based on gravimetric factors to convert the metal to the pure mineral.
3) See appendix I for details at gravimetric factors.
4) An assay value of '0" Indicates the assay value is less than the detection limit.
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TABLE 5D
ESTIMATED RELATIVE PROPORTION AND COMPOSITION OF MINERAL GRAINS

Lead Scavenger Tail - Februarv 9 1996

Binary Prooortion bv Weiaht-2D Prooortion bv Weiaht-3D Comoositon of Grains
Comoonent Cp Ga So Pv Gn CD Ga So Pv Gn CD Ga So Pv Gn

Liberated 0.00 0.08 5.02 22.6 62.1 0.00 0.00 4.52 21.9 60.8 0 100 100 100 100

Binary - Cp t?;<i¥i i',t>.::\l-"I ~ a0.00 0.00 0.00 0.00 $',,",<>'ii' 0.00 0.00 0.00 0.00 x~~;'~;n a a a
Binary - Ga 0.00~ 0.07 0.10 0.76 0.00 e:;~{t#:J 0.09 0.13 0.95 0 ~,t~i{k;~ 55 93 80'~~"\Q

Binary - Sp 0.00 0.06~ 0.32 2.07 0.00 0.07 ¥·:~L"% 0.40 2.58 0 45 ".l'''1>k,~ 35 67r='>' 1 ¥~JJ~/"

Binary· Py 0.00 0.01 0.59 - 0.00 0.01 0.74 rf~i";1 2.36 a 7 65 ,;,.'>...." • 48s'<~ '> 1.89 V),fP~j':,·- ::w,..J,·~.·,l tt"t.:,;5i r'of'Jyi;Binary - Gn 0.00 0.19 1.00 2.02 i.,-t..,i -r 0.00 0.24 1.25 2.52 a 20 33 52
Ternaries 0.00 0.09 0.34 0.32 0.43 0.00 0.12 0.43 0.40 0.54 a 8 29 27 36
Averaqe Composition 0.00 0.44 7.02 25.3 67.2 0.00 0.44 7.02 25.3 67.2

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 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· represents values >98%.

TABLE 5E
COMPARATIVE ASSAY TABLE

Lead Scavenger Tail - Februarv 9 1996

Size Chemical Assay Paint Count Assa
Fraction Cp Ga Sp Pv Gn Cp Ga Sp Pv Gn

>75~m 0.5 3.2 8.7 87.7 0.5 2.2 6.9 90.3
<75flm>C1 0.3 5.9 30.8 63.1 0.4 6.7 33.9 59.0

<Cl>C4 0.2 9.6 38.5 51.6 0.4 11.0 42.3 46.3
<C4>C5 0.2 7.6 26.7 65.5 0.4 7.6 29.5 62.4
<C5>C6 0.2 7.4 22.0 70.3 0.4 9.8 26.7 63.2

Notes 1) This table compares the minerai composition 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 ot grains observed
for each minerai and their estimated densities.
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Ternary
10.0

Ternary
2.1

Ternary
21.0

Ternary
19.2

Ternary
0.0

Gangue
55.0

Gangue
66.0

Gangue
69.2

Gangue
0.0

Gangue

R?-!';:: :ih"'-)

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
4.4 4.8 6.4

Galena Sphalerite Pyrite
0.0 0.0 rgt//0{-~<L::::4

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite Galena Sphalerite Pyrite
o.0 !t:':i%££,*,,\,81 11 .5 0.0

Liberated
82.4

Liberated
35.0

Locking for Gangue

Liberated
8.0

Locking for Pyrite

Locking for Galena

Liberated
0.0

Locking for Sphalerite

Liberated
0.0

PRODUCT: Lead Scavenger Tail - February g, 1996

WEIGHT OF MINERALS

SIZE RANGE >7511m

PROJECT: KM599

Chalcopyrite 0.0
Galena 0.5
Sphalerite 2.2
Pyrite 6.9
Gangue 90.3

I Locking for Chalcopyrite
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PROJECT: KM599

PRODUCT: Lead Scavenger Tail - February 9, 1996

SIZE RANGE <C1 >C4

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.4
Sphalerite 11.0
Pyrite 42.3
Gangue 46.3

Locking for Chalcopyrite

Locking for Sphalerite

Chalcopyrite Galena Sphalerite Pyrite
0.0 t:t':'::;:\:'l;'::~J 5.0 10.0

Ternary
30.0

Ternary
1.7

Ternary
0.0

Gangue
0.0

Gangue
8.5

Gangue
50.0

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
0.0 0.0 0.0

Galena Sphalerite Pyrite
0.9 r;&Ifr~;74r;1 12.0

Chalcopyrite
0.0

Locking for pyrite

Liberated
0.0

Liberated
76.9

Liberated
5.0

Locking for Galena

Liberated
90.5

Chalcopyrite
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.6 ~~
Gangue

7.8
Ternary

1.1

Locking for Gangue

Liberated
94.8

Chalcopyrite
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 2.5 2.5
Ternary

0.3
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SIZE RANGE <C4>C5

WEIGHT OF MINERALS

Ternary
20.0

Ternary
0.0

Gangue
0.0

Gangue
20.0

Locked in Binary With:

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 0.0

Chalcopyrite Galena Sphalerite Pyrite
0.0 ~'!:;1:S'<,~F';;;'J 20.0 20.0

Locking for Galena

Locking for Chalcopyrite

Uberated
0.0

Uberated
20.0

PRODUCT: Lead Scavenger Tail - February 9, 1996

Chalcopyrite 0.0
Galena 0.4
Sphalerite 7.6
Pyrite 29.5
Gangue 62.4

PROJECT: KM599(

Locking for Sphalerite

Locking for Gangue

Locking for Pyrite

Uberated Chalcopyrite
96.0 0.0

Ternary
0.0

Ternary
0.9

Ternary
0.0

Gangue
9.6

Gangue
llj;cr:;··,·",f·,eJI

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
0.9 liJ;tJ.;~%'i:;:;:\'4 6.1

Galena Sphalerite Pyrite Gangue
1.0 1.0 p'b,;;J'":':~:;-trfi) 2.0

Galena Sphalerite Pyrite
0.0 1.3 0.5

Chalcopyrite
0.0

Uberated Chalcopyrite
82.6 0.0

Uberated
98.2

(



Ternary
0.0

Ternary
0.8

Ternary
0.0

Ternary
16.7

Ternary
0.0

Gangue
0.0

Gangue
3.3

Gangue
33.3

Gangue
0.0

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
0.0 1.8 0.2

Galena Sphalerite Pyrite
0.9 0.9 tt:1;f¥$,;,:tiJ3~;.1

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite Galena Sphalerite Pyrite
0.0 1:".:.;,1\"j'i;ll1\;0J 16.7 0.0

Chalcopyrite
0.0

Liberated
97.9

Locking for Gangue

Liberated
98.2

Liberated
89.3

Liberated
33.3

Locking for Pyrite

Locking for Galena

Locking for Sphalerite

36

Locking for Chalcopyrite

Liberated
0.0

SIZE RANGE <C5>C6

WEIGHT OF MINERALS

PRODUCT: Lead Scavenger Tail - February 9, 1996

PROJECT: KM599

Chalcopyrite 0.0
Galena 0.4
Sphalerite 9.8
Pyrite 26.7
Gangue 63.2
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Size Ranoe <C4>C5 <C5>C6 <C6
Mineral Status CD Ga Sp Py Gn Cp Ga Sp Py Gn Cp Ga So Pv Gn
Liberated 0.0 1.7 9.9 12.0 9.4 0.0 7.4 17.3 15.5 17.3 0.0 47.8 43.1 38.4 50.1
Binary - Cp !"''--»,s:.',-<. 0.0 0.0 0.0 0.0 ;;,;;,p,;~ 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0k<"';"!<"""~' ~ -Binary - Ga 0.0 ~ 0.8 0.0 0.1 0.0 ~. ,,~\1~ 0.7 0.0 0.0

.,."".,..,
1.7 0.01{~";;':;tTi 0.0 t'::f";'>~' 0.0

""""""" ..........
Binary· Sp 0.0 2.2 'F_\"~""-V 0.1 0.2 0.0 2.7 ~,::rZ'i!~) 0.1 0.2 0.0 17.6 {t/:,,~:J:;t 0.2 0.5b\',)<';"h"-'"

Binary - Py 0.0 0.0 0.1 k''''' 1:14 0.2 0.0 0.2 0.0 ;.',:-:;~F;< 0.0 0.0 1.4 0.0
,,~,,~ ;,.~

0.0'<ii:z,r-,.,( ;;';; ~'t.~ 'f

Binary - Gn 0.0 0.7 1.0 0.4 t,CC;;"t::::>:tf 0.0 0.5 0.7 0.1 ~,;-.'y,_'.;,~A 0.0 3.5 1.7 0.2 :o'i} !,o"t
:"'<";*""'}~:~; Wi:;"t.

Ternaries 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.3
Total 0.0 4.7 11.7 12.6 9.8 0.0 10.9 18.7 15.7 17.5 0.0 70.3 46.4 38.9 50.9

Size Ranoe >75um <75um>Cl <Cl>C4
Mineral Status Co Ga So Pv Gn CD Ga So Pv Gn CD Ga So Pv Gn
Liberated 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.9 3.1 0.0 0.5 12.7 25.0 13.1
Binary - Cp ;>/r:;~~~; 0.0 0.0 0.0 0.0 n:;O",N 0.0 0.0 0.0 0.0 hf';'1.Y 0.0 0.0 0.0 0.0

~ .............
Binary - Ga 0.0 1,{~,,.,i',,,,A 0.0 0.0 0.0 0.0 L<"">"r7~ f 0.1 0.0 0.2 0.0 l"'""""i"':; 4.3 0.7 0.3

~ ~ };,,'t"'~

Binary - Sp 0.0 0.0 Lir'k"f 0.0 0.0 0.0 0.1 FNZ';b' 0.0 0.4 0.0 7.9 I~ 1.5 0.8~

Binary - Py ~ t'.&E!;;.i r:::,-':'';;;/i0.0 0.0 0.0 \""''::::~r:'''': 0.0 0.0 0.0 0.0 0.4 0.0 0.4 0.9 2.8
Binary - Gn 0.0 0.0 0.0 0.0 r:\7F;} 0.0 1.0 0.3 0.2 ~ 0.0 1.3 3.6 4.2 ;~;<','<:;4fHK";,:,ir,

Ternaries 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.3 0.1 0.2 0.0 2.2 0.7 0.1 0.3
Totai 0.0 0.0 0.0 0.0 0.0 0.0 1.7 1.0 1.3 4.3 0.0 12.3 22.2 31.6 17.4

Noles 1) Cp·Chaicopyrile, Ga-Galena, Sp·Sphalerite, Py-Pyrile, Gn-Gangue.

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

3) 53~m sizing fraction corresponds to theTyler 270 mesh screen. C1 to C6 indicates cyclones
1 to 6 on the Cycloslzer.

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

5} The Total line is the distribution of mineralln the size fraction. Original data Is from the size
by assay and distribution tables.

6) The calculated liberation of the unslzed product as measured In two dimensions has been
converted to three dimensions using an adaptation of correction (actors developed by Petruk,
Broussaud, and G & T Metallurgical SeNices.

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

CD Ga So py Gn

o 100 100 100 100

Mineral Liberation-3 Dimensions

0.0 46.8 79.0 89.9 91.2
;;p;;;;;\:j 0.0 0.0 0.0 0.0

0.0 tDXA; 9.4 0.9 0.8
0.0 38.1" ;~:';'::l 2.5 2.6
0.0 2.6 1.3 it;__\~';\ 4.3
0.0 8.9 9.1 6.4 h.;t.- .1

0.0 3.6 1.2 0.3 1.1

TABLE 6A
SUMMARY Of PERCENT LIBERATION ay SIZE AND CLASS

Lead Cleaner Scavenger Tajl- februar:y 9 1996

KM2lll

o 100 100 100 100

CD Ga So py Gn
Mineral Liberation-2 Dimensions

0.0 57.5 83.2 91.9 92.9
is;:,:;,,'': 0.0 0.0 0.0 0.0

0.0 tt';c; 'I 7.5 0.7 0.6
0.0 30.5 El",f3'j 2.0 2.1
0.0 2.1 1.0 "d:h::l 3.5
0.0 7.1 7.3 5.1 p;\~ii

0.0 2.9 0.9 0.2 0.9

Mineral Status
Liberated
Binary· Cp
Binary - Ga
Binary - Sp
Binary - Py
Binary - Gn
Ternaries

Size Ranqe

Total
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TABLE 6B
SIZE BY ASSAY AND DISTRIBUTION BASED ON METAL CONTENT

Lead Cleaner Scavenger Tail - February 9 1996

Size Weight Assavs Distribution
Fraction % Cu Pb Zn Fe Cu Pb Zn Fe

>75~m 0.0 0.00 0.0 0.0 0.0 0.0 0.0
<75~m>Cl 2.1 2.54 6.1 14.9 1.7 1.0 1.3

<Cl>C4 25.2 1.52 11 .1 29.7 12.3 22.2 31.2
<C4>C5 11.4 1.29 13.0 26.4 4.7 11.7 12.5
<C5>C6 16.6 2.04 14.2 22.8 10.9 18.7 15.8

<C6 44.8 4.88 13.1 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
SIZE BY ASSAY AND DISTRIBUTION BASED ON MINERAL CONTENT

Lead Cleaner Scavenger Tail - February 9. 1996

Size Weight Assavs Distribution
Fraction % Cp Ga Sp Py Gn Cp Ga Sp Pv Gn

>75~m 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
<75~m>Cl 2.1 2.9 9.9 31.0 56.2 1.7 1.0 1.3 4.3

<Cl>C4 25.2 1.8 17.9 61.9 18.4 12.3 22.2 31.6 17.4
<C4>C5 11.4 1.5 20.9 54.5 23.1 4.7 11.7 12.6 9.8
<C5>C6 16.6 2.4 22.9 46.6 28.2 10.9 18.7 15.7 17.5

<C6 44.8 5.7 21.1 42.9 30.4 70.3 46.4 38.9 50.9

Total 100.0 3.6 20.3 49.4 26.7 100 100 100 100

Noles 1) Cp-Chalcopyrite, Ga-Galena, Sp·Sphalerile, Py·Pyrile, Gn-Gangue.

2) Minerai assays are based on gravimetric faclors to convert the metal to the pure mineral.
3) See appendix I 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 60
ESTIMATED RELATIVE PROPORTION AND COMPOSITION OF MINERAL GRAINS

Lead Cleaner Scavenger Tail - Februarv 9 1996

Binary Pronortion bv Weinht-2D Pronortion bv Weinht-3D Comoositon of Grains
Comnonent Co Ga So Pv Gn Co Ga So Pv Gn Co Ga So Pv Gn

Liberated 0.00 2.07 16.9 45.4 24.8 0.00 1.69 16.1 44.4 24.3 0 100 100 100 100
Binary - Cp

"':-,-.><,:1.:
0.00 0.00 0.00 0.00 jq#i~~ 0.00 0.00 0.00 0.00 "'~"""''';' 0 0 0 0f¥'~~~'''V yt'f';\7it6'°,"&",,,:(,

Binary - Ga 0.00 "\'~ :~J 1.52 0.35 0.17 0.00 >~F'Y" 1.90 0.44 0.21 0 -r'~!?:t 58 83 40
""""""Binary - Sp 0.00 1.10 ? ,L~"", 0.99 0.56 0.00 ........".. 1.24 0.70 0 42 Pl,'t'_~~ 82 27

, __t,."

1.37 '"':prt'i ,'_·'4'".<"-"

Binary - Py 0.00 0.07 0.21 >""~ _.vc 0.92 0.00 0.09 0.27 :<:;;::~,1 1.16 0 17 18 "._,.j 27
~ ~

Binary - Gn 0.00 0.26 1.48 2.54 $11>';:: 0.00 0.32 1.85 3.18
,~.,,,,>"7'O

0 60 73 73 ii,''',:,1J"'J{;jkt

Temaries 0.00 0.10 0.19 0.12 0.23 0.00 0.13 0.24 0.15 0.29 0 16 29 18 36
Averaae Co';;;;-osition 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 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' represents values >98%.

TABLE 6E
COMPARATIVE ASSAY TABLE

Lead Cleaner Scavenger Tail - Februarv 9 1996

Size Chemical Assav Point Count Assa
Fraction CO Ga Sn Pv Go Cn Ga So Pv Go

>7511m 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
<7511m>Cl 2.9 9.9 31.0 56.2 1.9 11.0 23.6 63.4

<Cl>C4 1.8 17.9 61.9 18.4 1.7 17.4 68.3 12.7
<C4>C5 1.5 20.9 54.5 23.1 1.1 21.5 55.0 22.4
<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 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 obselVed
for each minerai and their estimated densities.
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PROJECT: KM599

PRODUCT: Lead Cleaner Scavenger Tail- February 9,1996

SIZE RANGE>75f1rn

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.0
Sphalerite 0.0
Pyrite 0.0
Gangue 0.0

Locking for Chalcopyrite

Locking for Sphalerite

Chalcopyrite Galena Sphalerite Pyrite
0.0 I>S;Y;;:,!?i;';;A;;3 0.0 0.0

Ternary
·0.0

Ternary
0.0

Ternary
0.0

Gangue
0.0

Gangue
0.0

Gangue
0.0

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 f'/F0tl~"4_,?{t<;ij 0.0

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite
0.0

Liberated
0.0

Liberated
0.0

Liberated
0.0

Locking for Galena

Locking for Pyrite

Locking for Gangue

Liberated
0.0

Liberated
0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 l;s;yiii&:1i$i!1

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 0.0

Gangue
0.0

Gangue

Ternary
0.0

Ternary
0.0
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WEIGHT OF MINERALS

PROJECT: KM599

Ternary
0.0

Ternary
33.6

Gangue
0.0

Gangue
61.1

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite Galena Sphalerite Pyrite
0.0 ('f!i.;:.:h\,£;r;::d 4.4 0.9

Locking for Galena

Locking for Chalcopyrite

Liberated
0.0

Liberated
0.0

SIZE RANGE <75~m>C1

PRODUCT: Lead Cleaner Scavenger Tall- February 9, 1996

Chalcopyrite 0.0
Galena 1.9
Sphalerite 11.0
Pyrite 23.6
Gangue 63.4

Locking for Sphalerite

Locking for Gangue

Ternary
4.3

Ternary
6.2

Ternary
.25.8

Gangue
34.4

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite Gangue
0.0 3.1 f{!;1::';',!:":;,:".,,g 17.7

Galena Sphalerite Pyrite
5~ a3 10.2

Chalcopyrite
0.0

Liberated
28.0

Locking for Pyrite

Liberated Chalcopyrite
73.1 0.0

Liberated Chalcopyrite
71.4 0.0



Ternary
1.9

Ternary
0.3

Gangue
16.3

Gangue
13.3

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
1.9 4.7 16.0

Galena Sphalerite Pyrite
2.3 4.9 p~t\lt;0];!#a

Galena Sphalerite Pyrite
19.4 I'nJi>lti':;t;•.:'q 4.1

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite Galena Sphalerite Pyrite
0.0 f!I'.;'y.'\':;:0."l 64.4 3.0

Chalcopyrite
0.0

Liberated
75.5

Locking for Gangue

Locking for Pyrite

Liberated
79.2

Locking for Sphalerite

Locked in Binary With:

42

Locked in Binary With:

Locking for Galena

Chalcopyrite 0.0
Galena 1.7
Sphalerite 17.4
Pyrite 68.3
Gangue 12.7

WEIGHT OF MINERALS

SIZE RANGE <C1>C4

PROJECT: KM599

PRODUCT: Lead Cleaner Scavenger Tail- February 9, 1996

I Locking for Chalcopyrite
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PROJECT: KM599

PRODUCT: Lead Cleaner Scavenger Tail- February 9,1996

SIZE RANGE <C4>C5

WEIGHT OF MINERALS

Locking for Sphalerite

Ternary
0.0

Ternary
0.4

Ternary
0.0

Ternary
3.0

Ternary
0.0

Gangue
3.1

Gangue
8.3

Gangue
13.9

Gangue
0.0

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
0.6 1.8 2.4

Galena Sphalerite Pyrite
0.0 0.9 1;;;;;;f,;:;;*W~l

Galena Sphalerite Pyrite
6.4 l;{t~j;; X!;"p,;;"sl 0.9

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite Galena Sphalerite Pyrite
0.0 F;#;F;tt;;11,;i!k~ 45.5 1.0

Liberated
84.4

Locking for Galena

Liberated
0.0

Liberated
95.5

Liberated
95.2

Locking for Pyrite

Locking for Gangue

Liberated
36.6

Chalcopyrite 0.0
Galena 1.1
Sphalerite 21.5
Pyrite 55.0
Gangue 22.4

I Locking for Chalcopyrite
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TABLE 7A
SUMMARY OF PERCENT LIBERATION BY SIZE AND CLASS

Zinc Scavenger Tail- February 9 1996
~

Size Ranoe >75um <75um>Cl <C1>C4
Mineral Status Cp Ga Sp Py Gn Cp Ga Sp Py Gn Cp Ga So Pv Gn
Liberated 0.0 0.0 0.0 0.9 17.8 0.0 0.0 2.8 17.8 18.4 0.0 5.1 6.3 24.6 14.0

",!"r,'e4t - -Binary - Cp 0.0 0.0 0.0 0.0 .h t,.4",," 0.0 0.0 0.0 0.0 }·''''o'''',.<,' 0.0 0.0 0.0 0.0
~ ~ H;·'·;:<~·'

Binary - Ga 0.0 ~ 0.0 0.0 0.0 0.0 r:,/UiK7; 0.0 0.0 0.0 0.0 ri"?;.:j 1.6 0.0 0.0~
Binary - Sp 0.0 0.0 C-""'" 0.0 0.5 0.0 0.0 (""X""'·; 0.0 0.3 0.0 3.4 r~);f,>"i 0.2 0.0~~'/i'-'i"F' J~'V1

Binary - Py 0.0 0.0 0.3 ~ 1.7 0.0 0.0 0.4 F;O:;":"J 1.1 0.0 0.0 1.6 C',':,}i: 0.5f-;{~'~;>iJ

Binary - Gn 0.0 13.6 8.1 3.1 ' ",ffi~' 0.0 10.9 9.1 3.1 """"c.,~<"",,,,· 0.0 5.1 5.8 3.7 1-"'/"':~ ':I:;,'~')~

Ternaries 0.0 2.1 2.1 0.3 0.4 0.0 2.4 2.8 0.2 0.1 0.0 1.7 1.0 0.0 0.0
Total 0.0 15.7 10.5 4.3 20.3 0.0 13.3 15.1 21.1 19.9 0.0 15.3 16.3 28.5 14.6

Size Ranoe <C4>C5 <C5>C6 <C6
Mineral Status Cp Ga So py Gn Cp Ga So py Gn Cp Ga Sp py Gn
Liberated 0.0 1.3 2.3 6.2 6.1 0.0 5.0 7.8 9.6 10.8 0.0 32.2 36.9 29.1 27.5
Binary - Cp 19,," ~~ II 0.0 0.0 0.0 0.0 t"",-,;(;-~;(~ 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0~.·,,'.-V··'O·Q

~ .........,.. --Binary - Ga 0.0 " "'" > ;lfr< 0.4 0.0 0.0 0.0 v'",'''' 0.1 0.0 0.0 0.0
~

0.7 0.0 0.0I"""V-o> ". .~.,.,.~.h, ... ,._., ;':4 4 c'tti;

Binary - Sp 0.0 0.8
,...",.,.""

0.1 0.1 0.0 0.5 ri(~:,';':;'(, 0.1 0.1 0.0 3.2 l~£\f·:;:i; 0.3 0.21,li v~ -Binary - Py 0.0 0.0 0.4 V<:i 1 0.2 0.0 0.0 0.1 t,;~.fr:F~ 0.1 0.0 0.0 0.7 ;-::." ,'t~,~ 0.2.,
Binary - Gn 0.0 1.3 1.3 0.7 == 0.0 1.5 1.3 0.0 ti#:s:t~t:: 0.0 9.7 5.9 0.0 1--';/f~;:;;\;rp;Zy}1

Ternaries 0.0 0.3 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 0.0 3.6 4.7 7.0 6.4 0.0 7.0 9.3 9.7 11.0 0.0 45.1 44.2 29.4 27.8

Size Ranoe Mineral Liberation-2 Dimensions Mineral Liberation-3 Dimensions
Mineral Status Cp Ga Sp Py Gn Co Ga Sp py Gn
Liberated 0.0 43.6 56.1 88.2 94.7 0.0 29.5 45.2 85.3 93.3
Binary - Cp I'Mb!:;!} 0.0 0.0 0.0 0.0 ·"",~,,,;,t:/ 0.0 0.0 0.0 0.0'>'>"""\,,, ..-. '" ~

Binary - Ga 0.0 -. ,"~/-;' ;. 2.8 0.0 0.0 0.0 Ft\i7c';} 3.5 0.0 0.1~",w,hd

Binary - Sp 0.0 7.9 FTi'''':~ 0.7 1.1 0.0 9.9 If""''''''+'4' 0.8 1.4"~-"·"'_'U"-Binary - Py 0.0 0.0 3.4 ";/r.)~ ;' 3.7 0.0 0.0 4.3 """""'" 4.7~
Binary - Gn 0.0 42.0 31.5 10.6 ;At,'i;¥% 0.0 52.5 39.3 13.2~"~"·~''''':''''·'N1
Ternaries 0.0 6.5 6.2 0.5 0.5 0.0 8.1 7.7 0.7 0.6
Total a 100 100 100 100 a 100 100 100 100

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) 53Jlm sizing fraction corresponds to the Tyler 270 mesh screen. Cl 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
<C6 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 Iiberal10n 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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TABLE 7B
SIZE BY ASSAY AND DISTRIBUTION BASED ON METAL CONTENT

Zinc Scavenger Tail - February 9 1996

Size Weight Assays Distribution
Fraction % Cu Pb Zn Fe Cu Pb Zn Fe

>751lm 15.9 0.39 0.8 3.4 15.7 10.5 4.4
<75Ilm>C1 20.1 0.26 0.9 13.0 13.3 15.1 21.0

<C1>C4 18.3 0.33 1.1 19.3 15.3 16.3 28.4
<C4>C5 6.5 0.22 0.9 13.3 3.6 4.7 7.0
<C5>C6 10.6 0.26 1.1 11.4 7.0 9.3 9.7

<C6 28.7 0.62 1.9 12.8 45.1 44.2 29.5

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

TABLE 7C
SIZE BY ASSAY AND DISTRIBUTION BASED ON MINERAL CONTENT

Zinc Scavenger Tail - February 9 1996

Size Weight Assays Distribution

Fraction % Cp Ga Sp Py Gn Cp Ga Sp Py Gn

>751lm 15.9 0.5 1.3 7.2 91.0 15.7 10.5 4.3 20.3

<75Ilm>C1 20.1 0.3 1.5 27.8 70.4 13.3 15.1 21.1 19.9
<C1>C4 18.3 0.4 1.8 41.3 56.6 15.3 16.3 28.5 14.6
<C4>C5 6.5 0.3 1.4 28.4 69.9 3.6 4.7 7.0 6.4
<C5>C6 10.6 0.3 1.7 24.3 73.6 7.0 9.3 9.7 11.0

<C6 28.7 0.7 3.0 27.2 69.0 45.1 44.2 29.4 27.8

Total 100.0 0.5 2.0 26.5 71.1 100 100 100 100

Notes 1) Cp-Chalcopyrite, Gs-Galena, Sp-SphaJerite, Py·Pyrite, Gn-Gangue.

2) Mineral assays are based on gravimetric factors to convert the metal to the pure mineral.
3} See appendix I 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 7D
ESTIMATED RELATIVE PROPORTION AND COMPOSITION OF MINERAL GRAINS

Zinc Scavenger Tail· February 9 1996

Binary Prooortion bv Weight-2D Prooortion bv Weioht-3D Comoositon of Grains

Comoonent Co Ga So Pv Gn Cp Ga So Pv Gn CD Ga So Pv Gn

Liberated 0.00 0.20 1.11 23.4 67.3 0.00 0.13 0.89 22.6 66.3 0 100 100 100 100

Binary - Cp
..--- ',,<i,.'hr. ,,'.,;;,<,,'..,
r;;~):L'5 0.00 0.00 0.00 0.00 .'t"';'. ·,,·,t 0.00 0.00 0.00 0.00 """':"":'7 0 0 0 0

Binary - Ga 0.00
~ 0.05 0.00 0.03 '0.00 f ;A:H 0.07 0.00 0.04 0

~ 60 0 13i~;~y:i
~

; '~'J')

Binary - Sp 0.00 0.04 L·:"i;tj 0.17 0.78 0.00 0.05 :;"o'r,:'"" 0.22 0.98 0 40 (.';,;,'-;1 72 56
'~y~-'"

Binary - Py 0.00 0.00 0.07 &;;:~~'FJ 2.66 0.00 0.00 0.08 ;</'ir1 3.32 0 0 28 ;'1':'",',', 49
~ - >:<t;h;!; - ~

Binary - Gn 0.00 0.19 0.62 2.81 ,'( f",,· r:'~ 0.00 0.24 0.78 3.51 0 87 44 51 ~............
Ternaries 0.00 0.03 0.12 0.14 0.32 0.00 0.04 0.15 0.18 0.41 0 5 20 23 52

Average Comoosition 0.00 0.46 1.97 26.5 71.1 0.00 0.46 1.97 26.5 71.1

Notes 1) The two-dimensional proportion of minerals Is a weighted estimate which is based on the
liberation and the mineral content of the unslzed sample.

2} The three-dimensional data is based on converting the two dlmenslonalliberation data using

an adaptation of Petruk and Broussaud transforms.
3) Composition values of ·0· represents values <2% and -100· represents values >98%.

TABLE 7E
COMPARATIVE ASSAY TABLE

Zinc Scavenger Tail- February 9,1996

Size Chemical Assav Point Count Assa
Fraction CD Ga SP Pv Gn Co Ga So Pv Gn

>75~m 0.5 1.3 7.2 91.0 0.5 1.1 5.0 93.3
<75~m>Cl 0.3 1.5 27.8 70.4 0.4 1.6 30.8 67.2

<Cl>C4 0.4 1.8 41.3 56.6 0.4 1.1 38.6 59.9

<C4>C5 0.3 1.4 28.4 69.9 0.5 1.0 33.2 65.4
<C5>C6 0.3 1.7 24.3 73.6 0.4 2.2 28.8 68.6

Notes 1} This table compares the minerai composition 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 their estlmated densities.
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WEIGHT OF MINERALS

PROJECT: KM599

Ternary
0.0

Gangue
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 0.0
Liberated

0.0

Locking for Galena

SIZE RANGE >751'rn

PRODUCT: Zinc Scavenger Tail- February 9, 1996

Chalcopyrite 0.0
Galena 0.5
Sphalerite 1.1
Pyrite 5.0
Gangue 93.3

I Locking for Chalcopyrite

Liberated
0.0

Locked in Binary With:
Chalcopyrite Galena Sphalerite Pyrite

0.0 ~;j'i~jK,:·",tj;l 0.0 0.0
Gangue

86.5
Ternary

13.5

Locking for Sphalerite

Locking for Gangue

Locking for Pyrite

Ternary
7.1

Ternary
·20.0

Ternary
1.9

Gangue
77.3

Gangue
71.4

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
0.0 2.3 8.4

Galena Sphalerite Pyrite
O0 f·Yf.'", '';bc·,"1 2 7. .•.. ~ "., ~}... .

Galena Sphalerite Pyrite.
0.0 0.0 l;#%;¥;,;g;5!$~

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Liberated
87.4

Liberated
0.0

Liberated
21.4
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WEIGHT OF MINERALS

PROJECT: KM599

SIZE RANGE <75Ilrn>Cl

Ternary
18.2

Ternary
0.0

Gangue
81.8

Gangue
0.0

Locked in Binary With:

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 QO

Chalcopyrite Galena Sphalerite Pyrite
0.0 ftd"t%'f;it{;:ij 0.0 0.0

Chalcopyrite
J? ;:';::1'"}";$d

Locking for Galena

Liberated
0.0

Liberated
0.0

Chalcopyrite 0.0
Galena 0.4
Sphalerite 1.6
Pyrite 30.8
Gangue 67.2

PRODUCT: Zinc Scavenger Tail· February 9, 1996

I Locking for Chalcopyrite

Locking for Sphalerite

Locking for Gangue

Ternary
0.4

Ternary
.18.4

Ternary
0.8

Gangue
14.8

Gangue
60.5

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
0.2 1.4 5.5

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Liberated
84.4

Liberated
18.4

Liberated
92.5

Locking for Pyrite
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SIZE RANGE <C1>C4

PROJECT: KM599

Ternary
0.0

Gangue
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 0.0

Locking for Chalcopyrite

Liberated
0.0

Locking for Galena

PRODUCT: Zinc Scavenger Tail - February 9, 1996

Chalcopyrite 0.0
Galena 0.4
Sphalerite 1.1
Pyrite 38.6
Gangue 59.9

WEIGHT OF MINERALS

Liberated
33.3

Locked in Binary With:
Chalcopyrite Galena Sphalerite Pyrite

0.0 IHP,':'~\:f;"M 22.2 0.0
Gangue

33.3
Ternary

11 .1

Locking for Sphalerite

Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue
86.1 0.0 0.0 0.7 L"i¥:;\;:,:;""J:".,,~3 13.1

Locking for Gangue

Ternary
6.5

Ternary
0.0

Ternary
0.0

Gangue
35.5

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite . Pyrite
9.7 ~.(t::'4$4*;::1 9.7

Galena Sphalerite Pyrite
0.0 0.3 3.3

Chalcopyrite
0.0

Locking for Pyrite

Liberated
96.4

Liberated Chalcopyrite
38.7 0.0



Ternary
.5.6

Ternary
0.9

Ternary
0.0

Ternary
0.0

Ternary
7.1

Gangue
27.8

Gangue
0.0

Gangue
9.4

Gangue
35.7

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
0.0 0.9 Li):;:";~::l.:i;·~:1

Galena Sphalerite Pyrite
0.0 0.0 0.0

Galena Sphalerite Pyrite
0.0 1.0 3.1

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite Galena Sphalerite Pyrite
0.0 l#i·MI1;'~·1";::t;·~ 21.4 0.0

Chalcopyrite
0.0

Locking for Pyrite

Locking for Galena

Liberated
0.0

Liberated
35.7

Locking for Gangue

Locking for Sphalerite

Liberated
50.0

Liberated
88.7

Liberated
95.9

PROJECT: KM599

PRODUCT: Zinc Scavenger Tail- February 9,1996

WEIGHT OF MINERALS

SIZE RANGE <C4>C5

Chalcopyrite 0.0
Galena 0.5
Sphalerite 1.0
Pyrite 33.2
Gangue 65.4

I Locking for Chalcopyrite
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SIZE RANGE <C5>C6

Ternary
0.0

Ternary
0.0

Ternary
0.0

Ternary
0.0

Ternary
0.0

Gangue
0.0

Gangue
13.4

Gangue
21.4

Gangue
0.0

Gangue
t'W';;~+'~1

Locked in Binary With:

Locked In Binary With:

Locked in Binary With:

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.7 0.7

Galena Sphalerite Pyrite
0.0 1.0 1;;\t::;$;;,t,,(J,t;,j;;1

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite Galena Sphalerite Pyrite
0.0 1:;-;J,s;;;~(:x9 7.1 0.0

Locking for Gangue

Liberated
99.0

Liberated
98.7

Liberated
83.6

Liberated
71.4

Locked in Binary With:

Locking for Galena

Locking for Sphalerite

Liberated
0.0

Locking for Chalcopyrite

PROJECT: KM599

PRODUCT: Zinc Scavenger Tail - February 9, 1996

Chalcopyrite 0.0
Galena 0.4
Sphalerite 2.2
Pyrite 28.8
Gangue 68.6

Galena Sphalerite Pyrite
1.5 l>~";;;;; ":;:;§I 1.5

--=L",o:;::ck;;;in",gLf:.:o,-r.:..P..l.y'-'rit:.:ec- I

WEIGHT OF MINERALS
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TABLE 8A
SUMMARY OF PERCENT LIBERATION BY SIZE AND CLASS

Zinc Cleaner Tail 1 - February 9 1996

~

Size Ranqe >75um <75um>C1 <C1>C4

Mineral Status Cp Ga Sp Pv Gn Cp Ga Sp Pv Gn Co Ga So Pv Gn

Liberated 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 1.9 7.7 0.0 0.8 4.6 26.9 16.5
Binary - Cp ~ 0.0 0.0 0.0 0.0 ti',!!,,!,,l 0.0 0.0 0.0 0.0

~ 0.0 0.0 0.0 0.0~ V',i"';

Binary - Ga 0.0 /"-'b1:;V;r 0.0 0.0 0.0 0.0 ht~~l,p:::t 0.0 0.0 0.5 0.0 t'f~-t 0.6 0.0 0.5
~

t;:t%:~/<';
~ -Binary - Sp 0.0 0.0 0.0 0.0 0.0 0.3 1"';', 0.2 2.7 0.0 2.4 \,;~,,'i 2.1 1.5

Binary - Py 0.0 0.0 0.0 f":c ",:~./ 0.0 0.0 0.0 0.0 (':'01:#; 0.3 0.0 0.0 2.1 ~ 1.9~

Binary - Gn 0.0 0.0 0.0 0.0 ;;:;;;J?,:h: 0.0 2.1 2.6 0.3 ~;i~<>:;.;;,ij 0.0 5.4 3.0 5.8 i': 'j; '~

Ternaries 0.0 0.0 0.0 0.0 0.0 0.0 1.5 0.9 0.5 0.8 0.0 4.4 1.5 1.0 0.6
Total 0.0 0.0 0.0 0.0 0.0 0.0 3.9 4.1 2.9 12.0 0.0 13.0 11.8 35.8 20.9

Size Ranqe <C4>C5 <C5>C6 <C6
Mineral Status CD Ga So Pv Gn CD Ga So Pv Gn CD Ga So Pv Gn
Liberated 0.0 1.4 3.0 10.1 7.9 0.0 14.7 18.0 17.7 17.2 0.0 45.4 54.9 31.3 40.1
Binary - Cp ,,\< "~'$'~,..t 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0

~

0.0 0.0 0.0 0.0"''''P>\.~;'' 'f C-"-i~:V
;.-..,.-.-<."............. .I,c"",," •..•

Binary - Ga 0.0 j\f_+~~,:S,~f 0.0 0.0 0.1 0.0 - 0.3 0.0 0.0 0.0 .(;-',':":"< 0.8 0.0 0.0..,,,,,-,,;~,,.-,
i'-iC-'" -Binary - Sp 0.0 0.8 ~hYZ~7;? 0.3 0.6 0.0 2.8 p;;z'.... ~ 0.0 0.1 0.0 8.7

~

0.0 0.2r9!'-.·~-·;.' v;,:,:,. I

Binary - Py 0.0 0.0 0.5 Eit-i"+f,' 0.2 0.0 0.0 0.5 k"~~':'''l 0.2 0.0 0.0 1.6 j',> ,--,'" 0.5
~ ~ ('."""'!

Binary - Gn 0.0 2.2 0.9 1.6 ;;..;.~;'; 0.0 1.7 0.5 0.1 f·-""+_~""n 0.0 5.2 1.6 0.2 -;".,.1 1"t" %\""'Y">"""j U,;-,-·.J:

Ternaries 0.0 0.0 0.6 0.1 0.1 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.8 0.0 0.0
Total 0.0 4.5 4.9 12.0 8.8 0.0 19.2 19.6 17.8 17.5 0.0 59.3 59.6 31.5 40.7

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

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

3) 53J.lm sizing fraction corresponds to the Tyler 270 mesh screen. C1 to C61ndicates 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 liberation values are Identical.

5) The Total line Is the distributlon of minerai In the size fraction. Original data is from the size
by assay and distribution tables.

6) The calculated liberation of the unslzed 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.

Size Ranqe
Mineral Status
Liberated
Binary - Cp
Binary - Ga
Binary· Sp
Binary - Py
Binary - Gn
Ternaries
Total

Mineral Liberation-2 Dimensions

CD Ga So Pv Gn
0.0 62.3 81.1 87.8 89.4

">';;r?"" 0.0 0.0 0.0 0.0
0.0 f,:,-",· 1.7 0.0 1.1
0.0 15.0 l4""t!j; 2.6 5.0
0.0 0.0 4.7 !CIS.L" 3.1
0.0 16.7 8.6 8.0 ;?;;;::::;l
0.0 6.0 4.0 1.5 1.5
a 100 100 100 100

Mineral Liberation-3 Dimensions

CD Ga So Pv Gn
0.0 52.9 76.3 84.8 86.7

,i, ·':'T:l.rt 0.0 0.0 0.0 0.0
0.0 i--,~cA; 2.1 0.0 1.4
0.0 18.8~ 3.3 6.2

g:g 2~~ 1~971·;·~;i~~~.~~41~3~.~8~
0.0 7.4 5.0 1.9 1.8
a 100 100 100 100
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TABLE 8B
SIZE BY ASSAY AND PISTRIBUTION BASEP ON METAL CONTENT

Zinc Cleaner Tail 1 - February 9 1996

Size Weight Assays Distribution
Fraction % Cu Pb Zn Fe Cu Pb Zn Fe

>75f1m 0.0 0.00 0.00 0.0 0.0 0.0 0.0
<75f1m>C1 6.3 1.22 6.56 10.6 3.9 4.1 3.0

<C1>C4 26.3 0.97 4.50 30.1 13.0 11.8 35.0
<C4>C5 9.6 0.91 5.12 27.7 4.5 4.9 11.8
<C5>C6 18.0 2.09 10.9 22.4 19.2 19.6 17.8

<C6 39.9 2.91 15.0 18.4 59.3 59.6 32.5

Total 100.0 1.95 10.0 22.6 100 100 100

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

Zinc Cleaoer Tail 1 - February 9 1996

Size Weight Assavs Distribution

Fraction % Co Ga So py Gn Co Ga So Pv Gn

>75f1m 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

<75f1m>C1 6.3 1.4 10.6 21.7 66.4 3.9 4.1 2.9 12.0
<C1>C4 26.3 1.1 7.2 63.9 27.7 13.0 11.8 35.8 20.9
<C4>C5 9.6 1.1 8.2 58.7 32.0 4.5 4.9 12.0 8.8
<C5>C6 18.0 2.4 17.5 46.3 33.7 19.2 19.6 17.8 17.5

<C6 39.9 3.4 24.2 37.0 35.5 59.3 59.6 31.5 40.7

Total 100.0 2.3 16.1 46.8 34.7 100 100 100 100

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

2) Minerai assays are based on gravimetric factors 10 convert the metal to the pure mineraI.
3) See appendiX I 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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TABLE8D
ESTIMATED RELATIVE PROPORTION AND COMPOSITION OF MINERAL GRAINS

Zinc Cleaner Tail 1 - February 9 1996

Binary Proportion by Weight-2D Prooortion by Weiaht-3D Comoositon of Grains
Component Cp Ga SP Py Gn Cp Ga Sp Py Gn Co Ga Sp Pv Gn

Liberated 0.00 1.41 13.1 41.2 31.1 0.00 1.20 12.3 39.7 30.1 0 100 100 100 100

Binary - Cp
~ ~

0.00
~

0 0""'- 0.00 0.00 0.00 0.00~ 0.00 0.0 0.00 t1\~.~ " 0 0-Binary - Ga 0.00 q 0.27 0.00 0.39 0.00 1', _4 0.34 0.00 0.49 0 :.,<". 44 0 51
~

Binary - Sp 0.00 0.34 """, :t 1.23 1.73 0.00 0.43
,..........,

1.54 2.16 0 56 ~ 62 56- ';-'~. -'.~

Binary - Py 0.00 0.00 0.76~ 1.06 0.00 0.00 0.94~ 1.33 0 0 38 .-.- 22' .
~ ~ -Binary - Gn 0.00 0.38 1.38 3.74
~

0.00 0.47 1.73 4.67 5*,/~ 0 49 44 78 f"""'""1;:;,,' ,.oj
~

Ternaries 0.00 0.14 0.6 0.72 0.51 0.00 0.17 0.81 0.91 0.63 0 7 32 36 25
Averaae Comoosition 0.00 2.27 16.1 46.8 34.7 0.00 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 minerai content of the unsized sample.

2) The three-dimensional data Is based on converting the two dimensionaillberation data using

an adaptation of Petruk and Broussaud transforms.
3) ComposItion vatues of ·0· represents values <2% and -100· represents values >98%.

TABLE 8E
COMPARATIVE ASSAY TABLE

Zinc Cleaner Tail 1 - February 9 1996

Size Chemical Assav Point Count Assa
Fraction Co Ga So Pv Gn Co Ga Sp Py Gn

>7511m 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
<7511m>C1 1.4 10.6 21.7 66.4 0.4 10.8 22.1 66.7

<C1>C4 1.1 7.2 63.9 27.7 0.3 7.7 63.2 28.8
<C4>C5 1.1 8.2 58.7 32.0 1.2 6.8 57.1 35.0
<C5>C6 2.4 17.5 46.3 33.7 1.9 15.8 46.5 35.8

Notes 1) This table compares the minerai composition 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 mlneraJ and their estimated densities.
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Ternary
0.0

Ternary
0.0

Ternary
0.0

Ternary
0.0

Ternary
0.0

Gangue
0.0

Gangue
0.0

Gangue
0.0

Locked in Binary With;

Locked in Binary With;

Locked in Binary With;

Locked in Binary With;

Locked in Binary With;

Galena Sphalerite Pyrite
0.0 f.(:i·,(-·;:t~;':~ 0.0

Galena Sphalerite Pyrite
0.0 0.0 0.0

Galena Sphalerite Pyrite
0.0 0.0 0.0

Galena Sphalerite Pyrite Gangue
0.0 0.0 t·tGiY,·;¥c~@i~i 0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite Galena Sphalerite Pyrite
0.0 U\;f,am;'1·:f,·~ 0.0 0.0

Locking for Gangue

Liberated
0.0

Liberated
0.0

Locking for Sphalerite

Locking for Pyrite

Liberated Chalcopyrite
0.0 0.0

Liberated
0.0

Liberated
0.0

Locking for Galena

PROJECT; KM599

SIZE RANGE >751lrn

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.0
Sphalerite 0.0
Pyrite 0.0
Gangue 0.0

PRODUCT; Zinc Cleaner Tail 1 - February 9, 1996

I Locking for Chalcopyrite
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PROJECT: KM599

PRODUCT: Zinc Cleaner Tail 1 • February 9, 1996

SIZE RANGE <75~rn>C1

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.4
Sphalerite 10.8
Pyrite 22.1
Gangue 66.7

Locking for Chalcopyrite

Ternary
22.0

Ternary
39.3

Ternary
0.0

Gangue
63.7

Gangue
0.0

Gangue
54.1

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyiite
0.0

Locking for Sphalerite

Locking for Galena

Liberated
0.0

Liberated
0.0

Liberated
12.6

Galena Sphalerite Pyrite
0.5 1,;",!-3;1 ,;./;/;·,1 1.1

~L~O:::ec~ki~ng~fo~r"':P...ly~ri:::te,- '

Liberated
66.7

Chalcopyrite
0.0

Locked in Binary With:
Gangue

8.9
Ternary

16.7

Locking for Gangue

Liberated Chalcopyrite
63.9 0.0

Locked in Binary With:
Galena Sphalerite Pyrite

4.4 22.5 2.8
Gangue Ternary

13".'.£;::#",:;¥1 6.4



Ternary
2.8

Ternary
3.0

Ternary
12.7

Ternary
33.8

Ternary
0.0

Gangue
16.3

Gangue
25.5

Gangue
41.5

Gangue
0.0

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
2.2 7.0 8.9

Galena Sphalerite Pyrite
0.0 5.9 ~i;;;:';i~';F;<~~l

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite Galena Sphalerite Pyrite
O0 I,' ..."" "..., 185 00. tq!P--~,~?~<-'-;:'"'''''' .

Liberated
78.9

Locking for Pyrite

Liberated
75.0

Locking for Gangue

Liberated
39.4

Liberated
6.2

Locking for Sphalerite

58

Liberated
0.0

Locking for Galena

WEIGHT OF MINERALS

SIZE RANGE <Cl >C4

Chalcopyrite 0.0
Galena 0.3
Sphalerite 7.7
Pyrite 63.2
Gangue 28.8

PRODUCT: Zinc Cleaner Tail 1 - February 9,1996

PROJECT: KM599

I Locking for Chalcopyrite
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PROJECT: KM599

PRODUCT: Zinc Cleaner Tail 1 - February 9, 1996

SIZE RANGE <C4>C5

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 1.2
Sphalerite 6.8
Pyrite 57.1
Gangue 35.0

Locking for Chalcopyrite

Liberated
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 0.0
Gangue

0.0
Ternary

0.0

Locking for Galena

Liberated
31.6

Locked in Binary With:
Chalcopyrite Galena Sphalerite Pyrite

0.0 H;;;h;;x,.y ·fr,X.~ 18.4 0.0
Gangue

50.0
Ternary

0.0

Locking for Sphalerite

Liberated
60.6

Chalcopyrite
0.0

Locked in Binary With:
Gangue

17.6
Ternary

11.3

Locking for Pyrite

Liberated
83.8

Chalcopyrite
0.0

Locked in Binary With:
Gangue

13.5
Ternary

0.5

Locking for Gangue

Liberated
89.3

Chalcopyrite
0.0

Locked in Binary With:
Galena Sphalerite Pyrite
1~ 6.3 2~

Ternary
0.8



PROJECT: KM599

SIZE RANGE <C5>C6

Ternary
0.0

Ternary
0.0

Ternary
0.0

Ternary
1.3

Ternary
0.0

Gangue
0.6

Gangue
2.6

Gangue
8.8

Gangue
0.0

Gangue
g:J<:g;;&~:'~t.>;:::i~

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
0.0 0.4 1.2

Galena Sphalerite Pyrite
0.0 0.0 Fj"'2"<'Li;":"1:J-,~

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite Galena Sphalerite Pyrite
0.0 (t,'·u/;:.<t;·,a 14.7 0.0

Locking for Gangue

Liberated
98.4

Liberated
99.4

60

Locking for Galena

Liberated
92.1

Liberated
76.5

Locking for Sphalerite

Locked in Binary With:

Locking for Chalcopyrite

Liberated
0.0

Galena Sphalerite Pyrite
1.3 E:;-i: ;h\'>it'':] 2.6

--=Lo::oc",k",in.::g<.:f"'0:c.r-'-P,Ly"'rit"'e 1

PRODUCT: Zinc Cleaner Tail 1 - February 9, 1996

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 1.9
Sphalerite 15.8
Pyrite 46.5
Gangue 35.8
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TABLE 9A
SUMMARY OF PERCENT LIBERATION BY SIZE AND CLASS

Zinc Concentrate - February 12 1996

~

Size Ranae >75um <75um>Cl <Cl>C4
Mineral Status Co Ga So Pv Gn Co Ga So py Gn Cp Ga Sp Py Gn
Uberated 0.0 0.0 0.0 0.0 0.0 0.0 0.1 6.2 3.9 4.1 0.0 1.5 24.4 29.4 7.2
Binary - Cp fo'Y~ ,S\ 0.0 0.0 0.0 0.0 ~;st/;,' 0.0 0.0 0.0 0.0 l/'~'r'::j 0.0 0.0 0.0 0.0,- .,

Binary - Ga 0.0 t,,,,t~, 0.0 0.0 0.0 0.0 J """ "'-'- 0.8 0.4 0.4 0.0 >\{:;~c\'( 1.6 4.2 0.0p,-,:,.;,,!,,''':'<

r::j}~i'l:,i:y~

",~"·,,,;.<NI

~ - \ A''''Binary· Sp 0.0 0.0 0.0 0.0 0.0 3.1 '-'·"'~'''f~f'' 6.0 7.7 0.0 11.4 tJ,-,h""-"" 12.6 7.2- r t' ,:-L""Binary· Py 0.0 0.0 0.0 Ik?1:,'~;;&'l;\ 0.0 0.0 0.1 0.6 ,'": ;:t:>,'f;':; 0.2 0.0 0.2 3.2 0.0
",,0·'''',-' ~, &:;i@;t·1

............
r'~~).i's;Binary - Gn 0.0 0.0 0.0 0.0 "'-;-"8& 0.0 0.1 0.6 0.7 0.0 0.8 0.9 2.1

Ternaries 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.4 3.2 2.9 0.0 2.3 1.4 2.1 3.1
Total 0.0 0.0 0.0 0.0 0.0 0.0 4.7 8.6 14.0 15.3 0.0 16.1 31.4 50.3 17.4

Size Ranae <C4>C5 <C5>C6 <C6
Mineral Status Cp Ga Sp Py Gn Cp Ga Sp Py Gn Cp Ga Sp Pv Gn
Liberated 0.0 1.4 9.7 5.7 4.4 0.0 8.5 15.4 6.8 9.7 0.0 45.9 31.4 18.3 36_.6

'» ..,,,,,~ , 55;;;, }~; -Binary - Cp ~ 0.0 0.0 0.0 0.0 ............ 0.0 0.0 0.0 0.0 ;~ ~~J:! 0.0 0.0 0.0 0.0
Binary - Ga 0.0 f2;ii;'7;~,l] 0.7 0.5 0.0 0.0 it~~:~~Jt 0.3 0.4 0.0 0.0 ~ 0.7 1.0 0.0t,; ~::;

Binary - Sp 0.0 3.6 r?;,£::\t?'j 1.0 1.6 0.0 2.7 r~:f':;,t:'~:~~ 0.4 2.8 0.0 14.5 L~:r,:'- ,: 1.0 10.5-Binary· Py 0.0 0.1 0.5 'O''''~''''~·~·~,~ 1.1 0.0 0.0 0.2 ;'~~"";j>H 0.0 0.0 0.0 0.4 ~ 0.0j"r:"-~'t~~ ~.i...~ ,,~""'" ..->l

Binary - Gn 0.0 0.2 0.1 0.0 (i;"~+:A,,,' 0.0 0.2 0.1 0.0 h ,-ti,_~hri 0.0 1.2 0.1 0.0 ""'" \'-"';"".y_',uA
~ ~

Ternaries 0.0 0.2 0.1 0.5 0.5 0.0 0.1 0.1 0.0 0.0 0.0 0.6 0.1 0.0 -0.0
Total 0.0 5.5 11.1 7.7 7.7 0.0 11.5 16.1 7.6 12.5 0.0 62.2 32.8 20.4 47.1

Size Ranae Mineral Liberation-2 Dimensions Mineral Liberation-3 Dimensions
Mineral Status Co Ga So Pv Gn Co Ga So Pv Gn
Liberated 0.0 57.4 87.1 64.0 62.0 0.0 46.8 83.8 55.0 52.5
Binary - Cp h}:!:~;;;;i 0.0 0.0 0.0 0.0 F)1¥tiji'St 0.0 0.0 0.0 0.0
Binary - Ga 0.0 ~,!~w, 4.1 6.5 0.4 0.0 liX~\J~(1 5.1 8.1 0.5
Binary - Sp 0.0 35.3 tg;~'+~){ 21.0 29.7 0.0 44.2 t;;<'?, :;:~·t 26.2 37.1
Binary - Py 0.0 0.3 4.9

-..........
1.3 0.0 t:';:~>;L/:;.··,,·.··,,'·,·1h"" 0.4 6.2 1.61'.......,,,,.,..,.,,

Binary' Gn 0.0 2.5 1.8 2.8 :'',.'1';''0'&/; 0.0 3.1 2.3 3.5 Pf'.:':',~mi1

Ternaries 0.0 4.5 2.1 5.8 6.6 0.0 5.6 2.6 7.2 8.2
Total 0 100 100 100 100 a 100 100 100 100

Noles 1) Cp-Chalcopyrtte, Ga-Galena, Sp-Sphalertte, Py-Pyrtle, Gn-Gangue.
2) 0.0 Indicates these minerals were not observed dUring the counting procedure.

3) 53lJ.m 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
<C6 liberation values are identical.

5) The Total line Is the distribution of mIneraI In the sIze fractlon. Original data Is from the size
by assay and distribution tables.

6) The calculated liberation of the unslzed product as measured in two dimensions has been
convened 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 9D
ESTIMATED RELATIVE PROPORTION AND COMPOSITION OF MINERAL GRAINS

Zinc Concentrate· FebruaN 12 1996

Binary
Comoonent

Liberated
Binary· Cp
Binary· Ga
Binary· Sp
Binary· Py
Binary· Gn
Ternaries
Averaae Comnosition

Prooortion bv Weiaht-2D Prooortion bv Weiaht-3D Comnasiton of Grains
Co Ga So Pv Gn Co Ga So Pv Gn CD Ga So Pv Gn

0.00 1.87 73.2 4.78 3.2 0.00 1.52 70.5 4.11 2.8 0 100 100 100 100
; ,,",of, 000 000 000 000 'd.,." 000 000 0.00 000 '"A•.' 0 0 0 0....... "'. . . . "."1,... . k_W • .••• ' ..'

0.00 !';';..1 3.42 0.48 0.02 0.00 rr.,,~!;{ 4.28 0.60 0.03 0 ,,,'"t·. 75 98 20
0.00 1.15 11St*':1 1.57 1.56 0.00 1.44 ;;J;",c; 1.96 1.95 0 25 ii.?!.; 27 51
0.00 0.01 4.14 ('·"It), 0.07 0.00 0.01 5.18 $:::1 0.08 0 2 73 r;:'.. ; 24
0.00 0.08 1.52 0.21 i~.•t::: 0.00 0.10 1.90 0.26 :;;:;\;; 0 80 49 76 f;fo.:::
0.00 0.14 1.78 0.43 0.34 0.00 0.18 2.22 0.54 0.43 0 5 66 16 13
0.00 3.25 84.0 7.5 5.2 0.00 3.25 84.0 7.5 5.2

Notes 1) The two-dimensional proportion of minerals is a weighted estimate which Is based on the

liberation and the mineral content of the unslzed 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· represents '(slues >98%.

TABLE 9E
COMPARATIVE ASSAY TABLE

Zinc Concentrate - FebruaN 12 1996

Size Chemical Assw I Point Count Assa
Fraction Cn Ga Sn pv Gnl CD Ga So Pv Gn

/
>75f1m 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

<75f1m>C1 1.6 78.2 11.4 8.7 1.8 78.2 9.7 10.2
<C1>C4 1.7 83.6 11.9 2.9 2.5 83.8 9.9 3.8
<C4>C5 1.7 89.0 5.5 3.8 1.4 88.0 7.1 3.6
<C5>C6 2.5 89.5 3.7 4.3 2.9 90.1 4.8 2.3

Notes 1) This table compares the mineral composition 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 their estimated densities.
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PROJECT: KM599

Ternary
0.0

Ternary
0.0

Ternary
'0.0

Ternary
0.0

Ternary
0.0

Gangue
0.0

Gangue
0.0

Gangue
0.0

Gangue
0.0

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 0.0

Galena Sphalerite Pyrite
0.0 li:~:!;~;;;~.{'?\;~}r:l 0.0

Galena Sphalerite Pyrite
0.0 0.0 l"iSf)'i!S~"':::21

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Liberated
0.0

Liberated

0.0

Locking for Gangue

Liberated
0.0

Locking for Galena

Liberated Chalcopyrite
0.0 Ei';,'ij;:"'[~l

Locking for Pyrite

Liberated Chalcopyrite Galena Sphalerite Pyrite
0.0 0.0 t"i\j,r;;",·l'ii·?)t'l 0.0 0.0

Locking for Sphalerite I

SIZE RANGE >75flrn

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 0.0
Sphalerite 0.0
Pyrite 0.0
Gangue 0.0

PRODUCT: Zinc Concentrate - February 12, 1996

I Locking for Chalcopyrite
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PROJECT: KM599

WEIGHT OF MINERALS

Ternary
26.6

Ternary
0.0

Gangue
2.8

Gangue
0.0

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite Galena Sphalerite Pyrite
0.0 f-l:::#:.::::;:::!#i;a 67.0 1.8

Locking for Chalcopyrite

Liberated
0.0

Locking for Galena

Liberated
1.8

PRODUCT: Zinc Concentrate - February 12, 1996

Chalcopyrite 0.0
Galena 1.8
Sphalerite 78.2
Pyrite 9.7
Gangue 10.2

SIZE RANGE <75J.lrn>Cl

Locking for Sphalerite

Liberated Chalcopyrite Galena Sphalerite Pyrite Gangue
27.5 0.0 2.5 42.5 I.'·"'-'),F.:!';;);;) 5.0

Ternary
19.2

Ternary
22.5

Ternary
4.7

Gangue

Gangue
6.9

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:
Galena Sphalerite Pyrite

2.6 50.0 1.3

Chalcopyrite
0.0

Chalcopyrite
0.0

Liberated
26.9

Liberated
72.2

Locking for Gangue

Locking for Pyrite
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Ternary
17.6

Ternary
4.2

Ternary
4.3

Ternary
0.0

Ternary
14.2

Gangue
4.2

Gangue
4.7

Gangue
2.8

Gangue
0.0

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Locked in Binary With:

Galena Sphalerite Pyrite
0.0 41.2 0.0

Galena Sphalerite Pyrite
8.3 25.0 fj,1S'Y;F:';'''y4

Galena Sphalerite Pyrite
5 1 Vi"'""~"'''4C'~ 10 2·JF )',..'" -:".~jt ~: .

Galena Sphalerite Pyrite
0.0 0.0 0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite
0.0

Chalcopyrite Galena Sphalerite Pyrite
0.0 f';"::J'lt'4lti~"".'1 70.8 0.9

Locking for Pyrite

Liberated
41.2

Locking for Gangue

Liberated
58.3

Liberated
77.6

Liberated
9.4

Locking for Galena

Locking for Sphalerite

Liberated
0.0

PROJECT: KM599

PRODUCT: Zinc Concentrate - February 12,1996

SIZE RANGE <C1>C4

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 2.5
Sphalerite 83.8
Pyrite 9.9
Gangue 3.8

I Locking for Chalcopyrite



67

PROJECT: KM599

PRODUCT: Zinc Concentrate· February 12, 1996

SIZE RANGE <C4>C5

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 1.4
Sphalerite 88.0
Pyrite 7.1
Gangue 3.6

Locking for Chalcopyrite

Liberated
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 0.0
Gangue

0.0
Ternary

0.0

Locking for Galena

Liberated
26.0

Locked in Binary With:
Chalcopyrite Galena Sphalerite Pyrite

0.0 B;,i0i,!!:1~G'?I;1 66.0 1.0
Gangue

3.0
Ternary

4.0

Locking for Sphalerite'

Locked in Binary With:
Liberated Chalcopyrite

87.2 0.0

Locking for Pyrite

Gangue
1.3

Ternary
.1-3

Liberated Chalcopyrite
73.3 0.0

Locking for Gangue

Locked in Binary With:
Galena Sphalerite Pyrite

6.7 13.3 F,!::,",;"c:0~;tj\l
Gangue

0.0
Ternary

6.7

Liberated Chalcopyrite
57.1 0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 21.4 14.3
Ternary

7.1
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PROJECT: KM599

PRODUCT: Zinc Concentrate - February 12, 1996

SIZE RANGE <C5>C6

WEIGHT OF MINERALS

Chalcopyrite 0.0
Galena 2.9
Sphalerite 90.1
Pyrite 4.8
Gangue 2.3

I Locking for Chalcopyrite

Locking for Sphalerite

Ternary
0.4

Ternary
0.0

Ternary
1.0

Gangue
0.4

Gangue
1.9

Gangue
0.0

Locked in Binary With:

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 0.0 0.0

Chalcopyrite Galena Sphalerile Pyrite
0.0 6::;;;,;,:,;3::2{·jl 23.3 0.0

Liberated
73.8

Liberated Chalcopyrite
95.8 0.0

Locked in Binary With:

Locking for Pyrite

Liberated
0.0

Locking for Galena

Locked in Binary With:
Liberated Chalcopyrite

90.0 0.0
Gangue

0.0
Ternary

0.0

Locking for Gangue

Liberated
77.8

Chalcopyrite
0.0

Locked in Binary With:
Galena Sphalerite Pyrite

0.0 22.2 0.0
Ternary

0.0
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