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MINERALOGICAL STUDY INTO THE OCCURRENCE OF
DOLOMITE IN VARIOUS PROCESS STREAMS IN THE
ARCON MINES LTD ZINC FLOTATION CIRCUIT

1.0 SUMMARY

Dolomite occurs in all seven samples submitted for analysis as either liberated grains or,
more commonly, as complexly locked particles. The most common association is dolomite-
sphalerite, and to a lesser extent, dolomite-pyrite and dolomite-sphalerite-pyrite.

Chemical analysis of the final concentrate (Zinc Leach Concentrate) indicates it contains 1.2
wt.% MgO; mineralogical analysis confirms the presence of dolomite, some of which is
apparently fully liberated. The relatively high contents of Zn (3.7 wt. %) in the tailings (Zinc
Rougher Tails) also supports the mineralogical analysis that sphalerite is present as intimately
locked grains with carbonate.

In the light of the results above, it is suggested that re-examination of the method used to
leach the final zinc concentrate may result in a more efficient reduction in the dolomite
content, Further mineralogical work on in-situ ore may also prove useful as this will establish
the ubiquity of sphalerite-dolomite intergrowths throughout the orebody as a whole.

2.0 MATERIAL

Representative laboratory samples of the following streams in the flotation circuit were
supplied by ARCON Mines Ltd:

Sample 1 Primary Cyclone Overflow
Sample 2 Lead Circuit Tails
Sample 3 Zinc Rougher Concentrate

Sample 4 Zinc Cleaner Concentrate

Sample 5 Zinc Cleaner Scavenger Concentrate
Sample 6 Zinc Rougher Tails

Sample 7 Zinc Leached Concentrate

3.0 SCOPE OF WORK

This report covers chemical, particle size and mineralogical analysis of the submitted
material, as requested by ARCON Mines Ltd., and includes:

Chemical: to analyse all samples for Zn, Pb, Fe, MgO, Ca0, S, Ni, Co, and Hg by
wet chemical techniques, as submitted.
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Particle size to perform a particle size analysis on each sample using a Malvern
Mastersizer Micro, and assaying of sub-fractions produced from a

Warman Cyclosizer.

Mineralogical: to examine each sample microscopically in transmitted and reflected
light, and to undertake follow-up confirmatory analysis using a
scanning electron microscope (SEM). The main aim of this work is to
establish the mode of occurrence of dolomite within the flotation

circuit.

40 METHODOLOGY

For each sample, four sub-samples were produced so that head chemical, particle size,
Warman cyclosizer and mineralogical analysis could be undertaken on each one.

Head Chemical analysis
Due to the high level of zinc present in the submitted samples, it was decided to determine the

zinc by titration with EDTA. The other elements were determined by digesting the samples
with a 3:1 aqua-regia mixture, and analysis by Atomic Absorption Spectrometry (AAS).
Further details can be found in Appendix A.

Particle size analysis
Particle size analysis was performed using a Malvern Mastersizer Micro, and particle size

histograms produced using Malvern Instruments Ltd software.

Warman Cyclosizer analysis
Five sub-samples were produced prior to geochemical analysis. The weight splits for these

sub-samples are given below:

SAMPLE % % Cyclosizer 1 2 3 4 5 -5
+63um |- 63pm |  head (g) (® (® (®) (2 (® | @

Primary Cyclone O’flow | 43.9 56.1 56.1 3.78 8.31 10.55 4.88 2.78 |25.8
Lead Circuit Tails 424 57.6 57.6 3.19 8.09 10.26 4.32 2.59 |29.15

Zinc Rougher Con 32.8 67.2 50.0 7.41 11.04 9.83 3.80 2.22: |15
Zing Cleaner Con 3.0 97.0 68.5 432 0.06 14.00 6.94 432 [29.86
Zinc Scavenger Con 12.1 87.9 70.0 4.94 24.95 14.20 5.08 3.07 17.76
Zinc Rougher Tails 32.0 68.0 55.28 2.87 7.77 10.39 4.86 2.96 2643
Zinc Leach Con 37 96.3 70.0 7.48 11.01 13.73 6.86 4.41 [26.51

Mineralogical analysis

In view of the grain size and varied mineralogical composition of the supplied samples,
polished thin-sections (as opposed to polished blocks) were prepared for each sample
following the standard procedure outlined below:
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a. Take c.0.5 g of representative sample (as supplied) and mix with epoxy resin, and
place in a mould for 24 hours.
; When set, grind one face flat and lap with silicon carbide.
C Cold-bond the lapped surface onto glass with epoxy resin and leave for a minimum of
24 hours.
d. Cut and lap with silicon carbide, and finally lap and polish until thickness approaches
30 microns.

The polished thin-sections were examined using a NIKON petrographic microscope which is
set up to allow the analyst to easily switch between viewing the material in transmitted or
reflected light. This facility is particularly useful when investigating samples containing
combinations of opaque (sulphides) and non-opaque (carbonates) minerals.  Colour
photomicrographs were prepared using a colour camera mounted onto the NIKON
microscope and linked to a MITSUBISHI video copy processor. Mineral identification under
the microscope was performed using standard petrographic techniques, as detailed below.

Dolomite (CaMg(COs),) is identified in transmitted, plane polarised, light (PPL) by its
coloutless properties; thombohedral form and cleavage. In transmitted, crossed polarised,
light (XPL), it exhibits characteristically high birefringent colour. Sphalerite (ZnS) is
identified in reflected light by its distinctive light grey colour and isotropic behaviour. Pyrite
(FeS,) exhibits characteristic yellowish-white coloration and isotropism in reflected light.
Galena (PbS) appears bright white in reflected light and is normally isotropic.

Grain sizes of particles in the seven samples were determined using a graticule inserted
within one of the microscope eye-pieces. The textural associations of dolomite grains, and
the modal percentages reported in this study, were determined by visual estimation only of
representative areas of each polished thin-section. Polished thin-sections only provide 2-D
sections through particles, and therefore this method of analysis should only be considered
semi-quantitative. This should obviously be borne in mind when interpreting any of the

mineralogical data presented in this study.

Confirmatory quantitative mineralogical analysis of the main phases was carried out using a
JEOL Scanning Electron Microscope (SEM), fitted with a Energy Dispersive Spectrometer.

5.0 RESULTS - HEAD CHEMICAL ASSAYS

Analyses for the seven samples are documented in Appendix B. The most significant aspects
of the results can be summarised as follows:

MgO: This oxide should reflect the relative amounts of dolomite within the seven samples,
as dolomite is the only significant Mg-bearing phase present. Samples 1 and 2 are
similar and contain c.13 wt % MgO. Samples 3 and 4 show a significant drop in MgO
(c.7 and 2 wt %, respectively). Sample 7 (Zinc Leached Concentrate) contains small
but significant amount of MgO (1.2 wt %). The Zinc Rougher Tails (Sample 6), as
expected, contain the most MgO (c.15 wt %).
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CaQ: As dolomite is the main carbonate species present, this oxide should faithfully mimic
the MgQ content, which it generally does. The mineralogical observation that calcite
is present, however, will affect this assertion and should be bomne in mind when
interpreting these data.

S & Zn Samples 3, 4 and 7 (concentrates) show clear enrichment in sulphur and zinc
compared with the feed and Pb Circuit tails (Samples ! and 2). The tailings (Sample
6) contain significant amounts of Zn and S (3.7 wt v, and 6.2 wt %, respectively).

Phb:  Lead is clearly much lower in Sample 2 (Lead Circuit Tails; 0.32 wt. %) compared
with Sample 1 (Primary Cyclone Overflow; 1.0 wt.%).

Hg: Mercury remains constant in all samples (0.2-0.4 mg/kg) except in the tailings where
it is present in trace amounts only.

60 RESULTS - PARTICLE SIZE ANALYSIS

Histogram plots of ail samples analysed are presented in Appendix C.

70  RESULTS - WARMAN CYCLOSIZER ANALYSIS

Assay results for the Warman Cyclosizer sub-samples are provided in Appendix D.

80 RESULTS - MINERALOGY

The overall mineralogical composition of the samples is relatively simple and appears
restricted to the following four main phases: dolomite; sphalerite; pyrite; and galena.
Quartz, calcite and smithsonite have been detected but only in trace amounts. Textural
relationships between these phases, however, are Very complex. The petrography of dolomite
is the main concern here and therefore special emphasis is given 10 this phase in the sections
below. General comments on the mineralogical features of the samples are presented first.
These are followed by specific details on dolomite for each sample. Colour photomicrographs
of typical textures can be found in Figures 1-9.

8.1  Dolomite grain types

The mode of occurrence of dolomite has been examined in detail in all samples. Various
textural varieties can be distinguished. These are now summarised below and illusirated in
Figure 1 by grains observed in Sample 1.

Polycrystalline aggregates: {hese are fragments made up of mosaic-textured grains of
dolomite. The grain size of individual sub-grains are in the range 0.01 - 0.1 mm.
Characteristically pale brown coloration in PPL, these are the most common form of dolomite
observed.
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Crystalline dolomite: fragments of single, optically continuous, crystals, often exhibiting
thombohedral cleavage relationships. Generally clear and coloutless in PPL. They are
present in most samples examined.

Crystalline and microcrystalline: grains composed of crystalline dolomite and very fine-
grained dolomite (not resolvable even under the highest magnifications). Not common.

Bioclastic dolomite: rounded-subrounded grains (ooliths, shell fragments? etc) which are
often set in a matrix of finer-grained (presumably later-formed) dolomite. Not common.

8.2  Dolomite associations (refer to Figure 2 and Figures 4 - N

Dolomite has been observed to occur associated with all of the main phases. The most
common association is dolomite-sphalerite, and this is often in the form of complex
intergrowths/inclusions of one mineral inside the other. All gradations have been observed
from grains comprising dolomite with occasional inclusions of sphalerite, through to
sphalerite with minor inclusions of dolomite.

Dolomite-pyrite associations can take the form of a single dolomite ctystal in contact with a
single pyrite crystal. A more common situation, however, is for pyrite to occur within a
dolomite fragment as swarms of inclusions of variable size (some are too smail to properly
resolve even under the highest magnifications). Pyrite can also occur as micro-veinlets
within polycrystalline-textured dolomite fragments (see Figure 4).

Dolomite-sphalerite-pyrite associations are a common feature throughout the material
examined. Complex intergrowth textuzes are normally developed.

Dolomite-galena associations are rare and generally only occur in complex-textured
composite grains where other phases (such as pyrite, sphalerite) are intergrown with the
galena (Figure 8).

Dolomite-quartz associations have been observed, but are also rare (Figure 2).
8.3  Occurrence, relative abundance and grain sizes of dolomite

The results of a visual assessment of the mineralogy and textural setting of dolomite in
Samples 1-7, based on representative areas of polished thin-sections, are provided in Table 1,
and a summary of the main features is given below. Note: grain sizes quoted are in mm and
not in microns

Samples 1 and 2 appear similar mineralogically in that they are both dolomite-rich. Some
dolomite is ‘liberated but much is complexly locked with sphalerite, and to a lesser degree
pyrite and sphalerite-pyrite.

"In this report, the term liberated is used to indicate that, at least in 2-D, a grain is observed to
be composed of only one phase, and is therefore assumed to be free of inclusions or
intergrowths of a second phase in the 3-D. Locked, on the other hand, is used to indicate that
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a grain is not a single phase but is observed in thin-section (2-D) to be a composite one.
Locking can take the form of inclusions and/or intergrowths of one or more phases within the

host.

Sample 3 is clearly rich in sphalerite. Most of the dolomite grains present are locked with
sphalerite or pyrite when examined in some detail. A common feature is the presence of tiny
inclusions of both phases in the dolomite. Spectacularly complex intergrowths of dolomite
and sphalerite are a conspicuous feature (See Figure 5). Liberated dolomite is rare; one or
two grains were observed to reach 0.3 mm in diameter.

Sample 4 is richer in sphalerite and finer-grained compared with Sample 3. Of the small
amount of dolomite present (< 2 volume %), approximately half of the grains detected are
apparently liberated. Those that are locked are mostly attached to, or have inclusions of,

sphalerite and some pyrite.

Sample 5 is fine-grained and relatively dolomite-rich. Most dolomites are locked and many
display complex intergrowth textures with sphalerite and pyrite (Figure 7).

Sample 6 is the most dolomite-rich of all samples examined. Many dolomites are liberated
but most are locked because of inclusions and intergrowths of sphalerite and some pyrite

(Figure 8).

Sample 7 is very sphalerite-rich but dolomite is present in detectable amounts. A small
proportion are apparently liberated (estimated to be < 20 vol%, Figure 9) but most are locked
with sphalerite, some rarely with pyrite.

8.4  Other mineralogical features

A trace amount of the zinc carbonate mineral, smithsonite was detected in Sample 1
associated with sphalerite. A single grain of liberated galena was observed in Sample 2,
measuring 0.1 mm in diameter. In all other samples examined, galena was always found
locked with sphalerite (e.g. Sample 3, where a 0.5 mm grain was found attached to
sphalerite). Trace amounts of calcite were found in Sample 4, Zinc Cleaner Concentrate.
Quartz is generally not associated with opaques. Complex intergrowths have been observed
between sphalerite and pyrite, and are illustrated in Figure 3.

8.5  Quantitative SEM analysis of dolomite

Individual grains of dolomite in different textural settings were analysed by SEM EDS
microanalysis. The results, which are presented in Appendix E, show that the dolomite is
compositionally constant throughout the samples examined.
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9.0

CONCLUSIONS

Petrographic analysis of seven samples from a zinc flotation circuit has shown that
dolomite is present in all samples. Various textural variants can be recognised, the most
common being polycrystalline aggregates of dolomite. Fragments of single crystals of
dolomite also occur.

Liberated dolomite grains (at least in terms of 2-D observations, as afforded by thin-
section analysis), have been observed in all the samples examined, even in the Zinc Leach
Concentrate. However, most dolomite fragments occur as texturally-locked particles.
Locking occurs because of the ubiquitous occurrence of complex intergrowths between
dolomite and sphalerite; and dolomite and pyrite; and dolomite-sphalerite-pyrite. Pyrite
commonly forms tiny inclusions within dolomite grains, some of which are barely
resolvable even when viewed microscopically under the highest magnifications.

Analysis of individual dolomite grains by SEM EDS microanalysis suggests the dolomite
is similar in composition in all the samples analysed, regardless of textural setting.

The presence of liberated dolomite in the Zinc Leach Concentrate sample is unexpected
given the processing history of the material. This result is confirmed by the assay data
returned for this sample. The recognition of complex intergrowths between dolomite,
sphalerite and pyrite might have far reaching implications not only for the removal of
dolomite, but also for the successful recovery of sphalerite from the circuit. Such textures
may account for the significant amounts of Zn (3.7 wt. %) and S (6.2 wt. %) in the Zinc

Rougher Tails sample (Sample 6).

It is recommended that mineralogical characterisation of in-situ ore should be undertaken
to establish how prevalent complex intergrowth textures are between ore minerals and

dolomite within the deposit as a whole.
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Figure 1
Sample 1: Primary Cyclone Overflow. Photomicrographs taken in plane polarised light to
illustrate the variety of dolomite grain types observed. Top left & right: single crystals of
dolomite exhibiting characteristic rhombohedral cleavage. Middle left & right:
polycrystalline aggregates of dolomite. Bottom left: rounded dolomite grains surrounded by
later-formed dolomite. Bottom right: crystalline and microcrystalline dolomite. Grain
diameters are 0.5 - 0.1 mm in diameter.




Figure 2

Sample 1: Primary Cyclone Overflow. Reflected light photomicrographs illustrating some
of the textures observed in composite dolomite grains. Upper right & left: complex
intergrowth textures developed between dolomite (dark grey) and sphalerite (light grey).
Middle photos: examples of dolomite grains with complex inclusions and/or intergrowths of
pyrite (pale vellow) or sphalerite (light grey), or combinations of both. Bottom left: dolomite
rhombs in quartz (XPL). Bottom right: quartz (left) in contact with dolomite (right), taken in
PPL. All grain diameters are between 0.1 - 0.3 mm.



Figure 3

Sample 1: Primary Cyclone Overflow. Reflected light photomicrographs of textures
exhibited by grain types other than dolomite. All grains illustrated are pyrites (yellow) with
curious rounded inclusions of sphalerite (light grey). Lowermost photomicrograph illustrates
a dolomite grain in contact with this type of material. Grain diameters are 0.1 - 0.2 mm.



Figure 4

Sample 2: Pb Circuit Tails. Reflected light photomicrographs of representative dolomite
grains. Upper left and right: nerarly-liberated polycrystalline dolomite grains containing
minute inclusions of pyrite (left) and sphalerite (right). Middle left: sphalerite veinlet (light
grey) cutting dolomite. Middle right: Pyrite micro-veinlets developed within
polycrystalline-textured dolomite. Bottom left: Pyrite and sphalerite complexly intergrown
with dolomite. Bottom right: A grain of dolomite attached to pyrite and a grain of dolomite

intergrown with sphalerite. Grain diameters are between 0.1 - 0.3 mm.



Figure 5

Sample 3: Zine Rougher Concentrate. Reflected light photomicrographs of dolomite grains
illustrating the range of textural relationships observed. Upper: Two grains of dolomite,
almost liberated, and containing minute pyrite and sphalerite inclusions. Middle: Complex
intergrowth textures between dolomite and sphalerite (light grey). Bottom left: Dolomite
attached to pyrite. Bottom right: Complex grain illustrating the occurrence of dolomite,
sphalerite and pyrite, all intergrown together. Grain diameters are in the range 0.1 - 0.3 mm.



Figure 6

Sample 4: Zinc Cleaner Concentrate. Upper photo: dolomite with a few pyrite inclusions.
Middle photo: Two grains showing complex intergrowth textures between sphalerite (light
grey) and dolomite (dark grey). Bottom photo: Sphalerite with pyrite inclusions intergrown
with dolomite. Grain diameters c. 0.1 - 0.2 mm.



Figure 7

Sample 5: Zinc Cleaner Scavenger Concentrate. Upper photomicrograph: Two grains of
dolomite, left grain is nearly liberated with only minute pyrite inclusions; the right grain is
intergrown with sphalerite. Lower photomicrograph: Composite grain with pyrite, dolomite
and sphalerite all intergrown with each other.
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Figure 8

Sample 6: Zinc Rougher Tails. Reflected light photomicrographs of dolomite grains to
illustrate the range of textures observed. Upper left: Dolomite grains, some liberated, others
containing small inclusions of sphalerite. Upper right: Complex intergrowth between pyrite,
sphalerite and dolomite. Lower photomicrographs: detail of a grain comprising dolomite
intergrown with sphalerite and galena. Insets attempt to illustrate details of the intergrowth,
and the nature of conspicuous swarms of pyrite inclusions (brighter colour). Grain diameters

are 0.1 -0.4 mm.
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Figure 9
Sample 7: Zinc Leached Concentrate. Upper photos: Reflected light photomicrographs of

dolomite with inclusions and intergrowths of sphalerite. Grain diameters: 0.1 - 0.2 mm. Lower
photo: Backscattered Electron Photomicrograph to illustrate the liberated nature of some
dolomite (D) grains. ZnS = sphalerite.
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APPENDIX A
ANALYTICAL METHODS

Al Determination of Zine by titration with EDTA

Accurately weigh 0.5 g of sample into a 400 ml squat-form beaker. Carefully add 10 ml of
concentrated nitric acid, and cover with a watchglass. After any vigorous reaction has ceased
add a further 10 ml of concentrated nitric acid. Place on the edge of a hotplate and warm to
complete any initial reaction. When reaction has ceased, remove the watchglass and add
carefully and incrementally about 2 g of potassium chlorate. Replace the watchglass and
place the beaker on the hotplate to complete any reaction. When reaction has ceased remove
the watchglass, rinse into the beaker and wash down the sides of the beaker. Take carefully

to dryness and bake gently for 10 minutes.

Attack the sample stagewise with 80 ml of ammonium hydroxide (0.88 s.g. to which 5 ml 1:1
hydrochloric acid has been added) using four washes of 20 ml, breaking up any lumps and
decanting the extract carefully through a 12.5 cm No.40 Whatman filter paper into a 600 ml
tall-form beaker. Finally transfer the residue to the paper using 1% ammonium hydroxide and
washing well with the same reagent. Retain the iron hydroxide precipitate to complete the

.
analysis .

Warm the ammoniacal filtrate for about thirty minutes o remove excess ammonia. Cool and,
using a pH meter and magnetic stirrer, carefully adjust to pH 5 with acetic acid and back to
5.5 with hexamine. Make the volume up to 300 ml with demineralised water. Add a spatula
tipful of sodium fluoride to complex any remaining iron, then two spoon spats of sodium
thiosulphate to complex any copper. Add a spatula tipful of xylenol orange {1% In potassium
nitrate) and titrate with EDTA (ethylene diamine tetra acetic acid, disodium salt) from

magenta to a yellow end point.

Standardise the EDTA (28.467 g/} with aliquots (50 ml) of pure zinc dissolved in 1:l
hydrochloric acid made slightly ammoniacal. Cool and, using a pH meter and magnetic
stirrer, carefully adjust to pH 5 with acetic acid and back to 5.5 with hexamine. Make the
volume up to 300 ml with demincralised water. Add a spatula tipful of sodium fluoride to
complex any remaining iron, then two spoon spats of sodium thiosulphate to complex any
copper. Add a spatula tipful of xylenol orange (1% in potassium nitrate) and titrate with
EDTA (ethylene diamine tetra acetic acid, disodium salt) from magenta to a yellow end point
in method above (2.8 g zine dissolved and made up to 500 ml in a volumetric flask).

I ml EDTA =5 mg Zn

! Dissolve the iron hydroxide precipitate through the filter paper using hot 1:1 hydrochloric
acid, wash well and make up to 250 ml in a volumetric flask and analyse for zinc by AAS, at

a wavelength (1) of 213.9 nm.

Calculate the results for both determinations and add the two together for total zinc content.
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A2  Determination of other elements by Atomic Absorption Spectrometry

Weigh 0.5 g of sample into a 250 ml beaker, carefully add 15 ml of concentrated hydrochioric
acid followed by 5 ml of concentrated nitric acid. Cover with a watchglass and place on the
edge of the hotplate, warm untii reaction has ceased. Remove from heat and allow to cool.
Transfer to a 100 ml volumetric flask and dilute to volume with demineralised water. Filter
through a Whatman No. 42 filter paper and analyse for the relevant elements by AAS
{Lead A =217.0 nm, Iron A = 372.0 nm and Magnesium 2 = 202.6 nm).

A3 Determination of calcium content by titration with EDTA

Dissolution of Values

Accurately weigh 0.5 g of the dolomite sample and transfer to a 250 ml beaker. Carefully add
30 ml dilute (4M) HCl (rapid addition of the acid can lead to loss of material due to
effervescence). Quickly place a cover glass on the beaker and, when the effervescence has
ceased, place the beaker on the edge of hotplate and simmer for 10 minutes to complete the
dissolution. Remove from the hotplate and dilute to about 100 ml with de-ionised water.

In accurate work it may be advisable at this stage to check the pH of the solution by drawing
a small drop on a glass rod and spotting it on a strip of universal indicator paper. If the
solution is alkaline, add more 4M HCI until acidic.

Cool the solution to room temperature, transfer it quantitatively to a 500 ml volumetric flask,
make up to the mark and mix thoroughly.

Titration of Calcium Value at >pH12

Pipette a 25 ml aliquot of the test solution (prepared above) into a 250 conical flask and dilute
to about 100 ml (this ensures that Ca(OH), is not precipitated with the Mg(OH), when NaOH
is added. Add 10 ml triethanolamine solution (20% in water) to complex any iron, and then
add a 4M solution of sodium hydroxide carefully in small increments until the pif is adjusted
io about 10 (use wide-range indicator paper), then add 20 ml NaOH excess. Check that the
pH is greater than 12 and observe that a precipitate of magnesium hydroxide is obtained (this
is difficult to see as the precipitate is translucent and can only be seen afier gently swirling
the flask and then allowing time for the precipitate to settle).

Add a micro-spatula tipful of HSN indicator in NaCl (also know as Patton and Reeder’s
Reagent) and titrate with standard EDTA. At the end point the colour change is from red toa
pure blue. This titration is equivalent to the Ca value only.
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A4  Determination of total mercury

Total mercury was determined at the laboratories of Hyder Environmental. Their method is
as follows:

Elemental mercury has an appreciable vapour pressure at room temperature and exists as a
monatomic vapour.

Therefore if ionic mercury is reduced to elemental mercury by stannous chloride and argon
bubbled through that solution, the mercury will be rapidly volatilised into the gas stream.

Hg* + Sn®" + Hg" + Sn™'

‘This argon stream is then carried into the optical path of the Metlin Mercury Fluorescence
systern containing a mercury hollow cathode lamp. Excitation and fluorescence of the sample
then occur at a wavelength of 253.7 nm.

Range of application up to 4 pg/l
Quoted limit of detection 0.1 mg/kg






CSMA Minerals Limited

1 Primary Cyclone Overflow

APPENDIX B
CHEMICAL ANALYSES OF HEAD SAMPLES

Zn Pb Fe Ni Co MgO CaO S Hg*
12.9 1.00 4.5 0.04 0.02 12.6 21.0 10.7 0.2
2 Lead Circuit Tails
Zn Pb Fe Ni Co MgO Ca0 S Hg*
12.6 0.32 4.1 0.03 0.02 12.9 21.5 10.0 0.2
3 Zinc Rougher Concentrate
Zn Pb Fe Ni Co MgO CaO S Hg*
364 0.63 3.8 0.07 0.05 6.6 10.4 20.3 0.2
4 Zinc Cleaner Concentrate
Zn Pb Fe Ni Co MgO Ca0 S Hg*
55.2 1.06 1.3 0.05 0.03 2.0 34 2372 0.4
S Zinc Scavenger Concentrate
Zn Pb Fe Ni Co MgO CaO S Hg*
437 0.64 3.0 0.07 0.05 53 8.0 24.1 0.3
6 Zinc Rougher Tails
Zn Pb Fe Ni Co MgO CaO 5 Hg*
B 0.23 4.9 0.03 0.02 14.9 24.9 6.2 <0.1
7 Zinc Leach Concentrate
Zn Pb Fe Ni Co MgO CaO 8 Hg*
549 0.80 1.4 0.05 0.03 1:2 3.1 29.2 0.3

Note : * Hg is expressed as mg/kg all the other elements are reported as wt%







Result: Histogram Report

Sample Details
Sampte |D: ARCON MINING._ Run Number: 1 Measured: 21_May 1967 12:53
Sample File: CSMA Record Number: 850 Analysed: 21 May 1997 12:54
Sample Path: C\SIZERMUNDATAL Result Source: Analysed
Sample Notes: LEAD CIRCUIT TAILS
System Details
Sampler: internal Measured Beam Obscuration: 14.0 %
Presentation: 40HD [Particle R.I. = {1.5285, 0.1000);, Dispersant Ri. = 1.330Q]
Analysis Model: Polydisperse Residual: 1.308 %
Modifications: None
. Result Statlstics
Distribution Type: Volume Conceatration = G.0230 %Vol  Density = 2.650 g/ cub. ¢m Spescific S.A.= 0.2336sq. m/g
Mean Diameters: Dfv,01)= 339um D{v, 0.5 = BL62um D(v, 08} = 18717 um
D[4, 3= 79.93um D[3,21= 756um Span = 2.935E+00 Uaifermity = 8.346E-01
Size Volume Size Voluma Size Volume Size Volume
{um} Under % {um) Under % {um) Under % {um} Unider %
0.340 .10 1.80 624 10.00 19.07 58.00 47 .58
0.360 017 200 6.76 11.00 20,13 63.00 S0.16
0.380 027 210 7.02 1200 2t.18 §6.00 5148
0.410 0.45 2.30 7.52 13.00 2214 70.00 5317
0.440 0.66 250 8.02 14.00 23.08 75.00 55.29
0.470 0.87 260 8.26 15.00 24.01 80.00 57.37
6.500 1.08 280 8.72 16.00 24.35 £5.00 59.43
0.540 1.38 300 818 17.00 25.74 90.00 G1.44
0.580 1.67 3.25 an 18.00 26.56 100.00 65.34
0.620 1.95 3.50 10.23 18.00 27.35 108.0 67.22
0.670 2.28 3.7S 10.72 20.00 28.12 1150 7083
6.71G 253 400 11.18 21.00 28.85 125.0 74.21
0.750 276 423 11.62 2300 30.25 130.0 75.82
0.820 313 450 12.05 2500 31.56 1420 78.86
0.880 3.42 500 12,65 2700 32.81 150.0 81.65
0.940 368 5.30 13.30 29.00 3399 $160.0 84.21
1.00 Jez 5.60 13.74 3. 35N 170.0 56.54
1146 4.45 6.00 14.29 33.00 36.20 1800 88.83
1.20 4.60 6.50 14.96 35.00 37.25 2000 9217
1.30 489 7.00 15.60 37.00 38.27 200 83.63
1.40 5.18 7.50 16.22 40.00 39.75 2300 96.04
1.42 522 8.00 16.62 45.00 4212 250.0 97.79
1.50 548 8.50 17.40 47.00 43.05 260.0 98.44
1.60 572 2.00 17.87 50.00 44,42 260.0 99.34
1.70 598 8.50 18.53 53.00 45.77 300.0 99.95
i0 . . .L"\{olume ) 160
0

Particle Diameter {ppm.}
Mastersizer u Ver. 2.15

Maheerr Instruments Lid.
Mahbern, U
Tel =+ 44} {G)1684-892456 Fax +/44| {011684-BF2789

Serial Numbar: 32204 .02

24 May U7 4264



Resuit: Histogram Report

Sample Details
Sample 1D ARGON MINING Run Number: -2 - Measured: 21 May 1297 13:.02
Sample File: CSMA Record Number: &t Analysed: 21 May 1997 13:02
Sample Path: CASIZERMUNDATAN Result Source: Anatysed
Sample Notes: ZINC SCAVENGER CONCENTRATE
System Details
Sampler: Internal Measured Beam Obscuration. 13.5 %
Presentation: 4OHD {Particle R.I. = { 1.5205, 0.1000); Dispersant R.). = 1.3300]
Analysis Model. Polydisperse Residual: 0.476 %
Moadifications: None
Resuft Statistics
Distribution Type: Volume Concentration = 0.0203 %Vol Density = 2.650g/cub cm Specific S.A. = 0.3265sq. m/g
Mean Diameters, D{,01)= 365um D, 05)= 27.90um D03 = 7134um
Dis 3f= 33.02um D3, 2= 683um Span = 2.425E+00 Uniformity = 7.741E-01
Size Volume Size Volume Size Volume Size Volume
{um) Under % {um) Under % {um) Under % {um) Under %
0340 0114 180 5.32 10.00 22.86 58.00 5264
0.360 0.20 2.00 572 11.00 2446 63.00 85.94
0.380 0.31 210 594 12.00 25.99 66.00 arss
0410 0.51 230 6.41 13.00 2750 70.00 89.43
0.440 074 250 6.90 14.00 26899 75.00 9t.41
0.470 0.98 280 7.5 15.00 30.48 20.00 03.04
0.500 j.22 280 1.67 16.00 3198 85.00 84.37
0540 1.53 300 819 17.00 33.48 90.00 93.45
0.580 1.83 325 8.86 18.00 3495 100.00 97.02
0.620 2.1 350 a.52 18.00 36.51 1050 g7.59
Q.670 2.44 ars 10.19 2000 3803 115.0 98 40
0.710 2.68 4.00 10.84 21.60 39.55 1250 953.91
0.750 2.89 425 1148 2300 42 .61 130.0 99.09
0.820 322 4.50 12.11 25.00 43.65 140.0 95.34
0.880 3.46 500 13.33 2760 43 66 150.0 99.50
0.940 .66 5.20 14.03 29.00 51.61 160.0 99.61
1.00 384 5860 14.71 .00 54.50 170.0 09.68
115 4,19 6.00 15.59 33.00 57.30 180.0 93.73
1.20 4,28 650 16,64 35.00 60.01 2000 99.81
1.30 4.45 7.00 17.63 37.00 62.61 210.0 99.54
1.40 462 7.50 18.59 40.00 56,29 230.0 99.89
1.42 485 8.00 19.50 45.00 71.82 250.0 99.94
1.50 478 8.50 2039 47.00 73.83 2600 99,95
1.60 485 9.00 21.24 §0.00 76.61 2800 99.98
1.70 513 9.50 22.07 53.00 78.15 300.0 100.00
10 Volume (36) 500
L
1 o o
1 / g0
+ M)
1 _B0o
4 B0
—+ _AQ
1 y%? : B0
Fny
1 s 120
| 10
0 20
0.1
Pariicle Diameter (pm.)
Mahem Instruments Lig. Mastersizer p Ver. 215
Hatvern, LIK Sarial Murnber:  32294-032 21 May 57 1303

Tel=+[44] (0)1684-892456 Fax +[44] [0Y1684-892789



Result: Histogram Report

Sample Details
Sample {D: ARCON MINING Run Number: 3 Measured: 21 May 1997 12:10 -
Sample Fite: CSMA Record Number: 62 Analysed: 21 May 1997 1310
Sample Path: CASIZERMUNDATAL Result Source: Anzlysed
Sample Notes: PRIMARY CYCLONE QVERFLOW
Systemn Details
Sampler: internal Measured Beamn Chscuration: 13.3 %
Presentation: 4OHD [Particle R.!. = ( 1.5295, 0.1000);  Dispersant R.l. = 1.3300]
Analysis Model: Polydisperse Residual. 0.723 %
Maodifications: None
Result Statistics
Distributior: Type; Volume Caoncentration = 0.0195 %Vol  Density= 26504q/ cub. cm Specific 3.A.= 03321sq. mig
Mean Diameters: D01 = 28 um D{v,05)= 4425um D(v.09= 18128 um
Di4,3]= 64.94um O[3, 3= 8B8Zum Span = 3.578E+00 Uniformity = 1.112E+00
Size Volume Size VYolume Siza Volume Size Volume
{um} Under % {ur) Under % {um} Under % {um) Under %
0.340 0.1 1.80 6.76 10.00 2183 58.00 5750
0.2360 0.19 200 7.34 11.00 2309 63.00 60.00
0.380 0.29 240 763 12.00 243t 66.00 61.44
0410 0.48 2,30 8.21 13.00 25.49 70.00 63.30
0.440 0.72 250 8.77 14.00 2664 75.00 6553
0.470 0.95 280 905 15.00 27.74 80.00 67.66
0.500 1.19 280 9.59 16.00 2581 85.00 69.68
0.540 1.50 300 10.11 17.00 29085 9000 71 .60
0.580 1.82 325 10.74 18.00 3085 100.00 75.14
0.620 212 350 1134 19.00 382 to5.0 76.78
0.670 2.47 375 11.81% 20.00 32.76 113.0 79.78
0.710 274 4.00 12.46 21.00 3367 125.0 8247
0.750 2,99 4.25 12.98 23.00 35.41 1300 83.71
0.820 339 450 13.48 25.00 37.06 140.0 85.08
0.880 369 500 14.43 27.00 38.63 1500 §7.99
0.840 397 5.3 14,97 29.00 40.12 160.0 89.79
1.00 4.23 5.60 15.48 31.00 41.56 170.0 91.37
1.15% 4,80 6.00 16.15 3300 42,94 180.8 92.78
1.20 496 6.50 16.94 35.00 44 78 200.0 95.09
1.30 528 7.00 17.70 37.00 45.56 210.0 96.02
1.40 559 7.50 18.43 40.00 47,45 2300 97.54
1.42 5.64 .00 19.14 43.00 50.44 2300 98,64
1.50 588 8§50 1G 84 47 00 51.58 2600 a9 .04
1.60 618 2.00 2051 50.00 53.26 280.0 99.59
1.70 647 8.50 21.18 53.00 54.80 300.0 95.97
10
0
o1

Particle Diameter (pm.)

Masletsizer y Ver. 215

Mabvern Instruments Lid.
Serial Mumbar:  32201.02

Malvarn, UK
Tel:=+[44] (D)1684-892456 Fax-+{d4) (0)1584-892789

21 May 67 1311



Result: Histogram Report

Sample Details
Sample ID: ARCON MINING Run Mumber: 4 -Measured: 21 May 1997 13,18 -
Sample File: CSMA Record Number: 63 Analysed; 21 May 1987 13:18
Sample Path: CASIZERMUDATAL Result Source: Analysed
Sample Nates: ZING ROUGHER TAILS
- - i T System Details
Sampler: Internal Measured Beam Cbscuration: 12.8 %
Presentation: 4CGHD [Parficle R.I. = { 1.5205, 0.1000); Dispersant R.J. = 1.3300]
Analysis Model: Polydisperse Residual, 0.555%
Modifications: Nene
Result Statfstics
Distribution Type: Volume Concentration = 0.0144 %\ol Density= 2.650g/cub em Specific SA. = 0.4243sq.m/g
Mean Diarmeters; D{v,0.1}= 213um D v 0.5)= 20608um D v, 09) = 14277 um
D[4, 3]= 51.2dum D[3,2]= 5.34um Span = 5.363E+00 Unifarmity = 1. 607E+00
Size Volume Size Volume Size Volume Size Volume
{um} Under % (um} tnder % {um} Under % {um} Under %
0.340 013 .80 866 10.00 29.78 58.00 £9.02
0.360 023 2.00 9.46 11.00 31.44 63.00 70.96
0.380 0.37 2.10 9.86 1200 33.02 66.00 7205
0.410 0.62 230 1086 $3.00 3454 70.00 73.43
0,440 .89 2.50 11.45 14.00 36.00 75.00 75.06
0.470 1.48 2,60 11.84 15.00 374 B0O.0O 76.59
0.500 1.48 2.80 12.61 16.00 3877 85.00 78.03
0.540 187 3.00 13.36 17.00 40.08 90.00 79.3¢
0.580 226 - 3.25 1426 18.00 41.35 100.00 81.89
0.620 264 3.50 1513 19.00 42,56 105.0 83.03
0670 308 375 1596 20.00 43.74 1150 85.16
0.710 342 4.00 16,75 21.00 4436 1250 87.07
0.750 373 425 17.51 23.00 47.00 1300 87.95
0.820 4,24 4.50 18.24 25,00 46.99 140.0 89.58
£.880 463 5.00 19.61 27.00 5083 180.0 91.04
0.940 439 5.30 2038 29.00 5256 160.0 92.35
1.00 53 5.60 2112 .00 54,16 1700 93.52
1.15 605 600 2206 33.00 9567 1800 94.56
1.20 6.26 6.50 2318 35.00 57.00 200.0 096.29
1.30 665 7.00 2423 37.00 96.42 2100 95.89
1.40 7.00 7.50 2524 40.00 60.28 230.0 98.14
142 716 80O 2821 4500 6307 2500 95.96
1.50 743 850 2715 47.00 64.09 260.0 99 27
180 7.88 9.00 28.05 50.00 6555 2800 99,69
1.70 827 9.50 2893 53.00 66.91 300.0 899.58
0 Volume (%) 100
r
[
0
[+

Mastersizer |t Ver, 2,15
Serfaf Mumber: 3225102

Hakserm Instruments Ltd.
iMakrgrn, UK
Tel=+]44) (0)1684-892456 Fax +{d4] (D)1584-89278%

21 May 67 1318



Result: Histogram Report

Sample Details
Sample ID: ARCON MINING Run Number: S Measured: 21 May 1997 13:30 -
Sample File: CSMA Record Number: 64 Analysed: 21 May 1997 £3:30
Sample Path; CASIZERMUNDATAY Result Source: Analysad
Sample Notes: ZINC CLEANER CONCENTRATE
Systemn Details
Sampler: Internal Measured Beam Obscuration: 13.3 %
Presentation: 40H0 [Particle R.I. = ( 1.5295, 0.1000), Dispersant R.l. = 1.3300)
Analysis Model: Polydisperse Residual: 0.484 %
Medifications: None
Rasult Statistics
Distribution Type: Volume Concentration = 0.0136 %Vot  Density = 26309/ cub. cm Specific 3.A. = 0.4805sg. m/g
Mean Diameters: D{v,01)= 234um D{,05) = 1532um D(v.09)= 5188um
D[4, 3= 2385um D{3.2= 471um Span = 3.240E+0Q UUniformity = 1.130E+00
Size Volume Size Voluma Size Volume Siza Volume
{um) inder % {um) Under % {um} Under % {umn) tUnder %
0.340 017 1.80 803 10.00 3765 58.00 9229
0.360 0.30 2.00 8.70 11.00 40.22 63.00 83.73
0.380 0.48 210 .07 12.00 4285 66.00 94 .44
0410 0.79 230 9.85 13.00 4498 70.00 85.23
0.440 1.15 250 1088 14.00 47.20 75.00 96.02
0.470 1.5 260 1.1t 15.00 4933 80.00 29662
0500 1.87 280 1,99 16.00 51.38 35.00 87.09
0540 235 3.00 12.88 17.00 53.36 50.00 gv.44
0530 281 3.23 14.01 18.00 55.26 100.00 97.93
0620 3.24 350 15.14 19.00 57.09 105.0 98.09
D.670 373 3.73 16,26 20.60 58.85 113.0 88.32
G710 4.09 4.00 17.37 21.00 80.55 1280 98.48
0.750 4.4 4.25 18.45 23.00 6377 130.0 98.54
D820 4.89 450 19.52 2500 86.75 140.0 98.66
0.880 5.24 500 2157 27.00 69.52 150.0 98.77
3.940 5.53 530 2275 20.00 7207 160.0 98.88
100 5.7¢9 2.60 23850 31.00 74.43 170.0 95.99
1.45 6.29 &.00 25.38 3300 7661 180.0 9911
1.20 6.42 6.50 2715 35.00 78.81 200.0 99.33
1.30 6.67 7.00 28.84 37.00 80.45 2100 89.44
1.40 692 7.50 30.45 40.00 8292 230.0 99.64
1.42 6.95 8.00 32.00 45.00 86.36 250.0 9979
150 717 850 3348 47.00 B7.53 260.0 99 85
160 7.44 9.00 3492 50.00 89.09 260.0 29,93
1.70 7.72 a.5) 25,31 53.00 90.44 300.0 99.99
10 V'?_Iir?e ) . p— 160
e 90
0L
o1

Pariicle Diameter (Jm.}

Mastersizar p Ver. 2.15

Mahvem Instrumenls Lid.
Sarial Mumber 3220102

Makmim, L
Tel:=+[44] {{H1684-802456 Fax +[44] (0)$684-892789

21 May 07 13:30



Result: Histogram Report

Sample Details
Sample ID; ARCON MINING Run Number— 6 Measured: 21 May 1997 13:39 -
Samnple File: CSMA Record Number: €5 Analysed: 21 May 1997 13:39
Sample Path; C\SIZERMUNDATAN Result Source: Analysed
Sample Notes. ZINC ROUGHER CONCENTRATE
Systern Details
Sampler: Internal Measured Bearn Obscuration; 13.7 %
Presentation: 40HD [Particle R.I. = ( 1.5295, 0.1000);  Dispersant R.l. = 1.3300}
Analysis Model. Polydisperse Residual: 0.367 %
Modifications: None
Result Statistics
Distribution Type: Volume Concentration = 0.0228 %Vel  Density = 2.650 g/ cub. ¢m Specific S.A. = 02941sq. m/ g
Mean Diameters; D(v,0.1)= 376um Dv,05)= 41.74um Oy 09)= 12955um
C[4,3 = 5505um C[3,2l= 770um Span = 3.014E+00 Uniformity = 9.3%1E-01
Size Volume Size Volume Size Volurme Size Volume
{um} Under % {um) Under % {um) Under % {um} Under %
0.340 .10 1.80 5.30 10.00 19.87 58.00 6262
0.360 0a7 200 578 11.00 21.03 £3.00 6593
0.380 6.27 210 5.99 12.00 2244 66.00 67.79
0.410 0.45 230 6.48 13.00 23.24 70.00 70.12
0.440 0.66 250 6.97 14.00 2424 75.00 7279
0.470 087 280 7.2 15.00 2526 80.0C 75.23
0.500 1.08 280 772 16.00 26.25 85.00 77.44
0.540 1.38 2.00 8.21 17.0G 2723 90.00 79.45
0.580 1.63 3.25 8.82 18.00 28.20 100.00 8292
0.620 1.89 350 9.41 19.00 29.16 i05.0 64.41
0.670 219 375 988 2000 3012 115.0 87.00
0.710 241 4.00 10.53 21.00 31.06 12590 §9.15
0.750 262 425 11.07 23.00 3295 130.0 80.08
Q.820 283 4.50 11.58 2500 34.82 140.0 21.71
0.880 317 5.00 12.56 27.00 36.69 150.0 93.09
0.840 3.38 5.30 1312 29.00 38.55 1680.0 9428
1.00 356 5.80 13.85 31.00 40.40 170.0 95.23
1.15 385 6.00 14.33 33.00 42.73 180.0 96.07
1.20 405 6.50 15.14 35.00 44.05 200.0 97.40
1.30 427 7.00 15.91 3700 45.85 2400 97.92
1.40 4.47 7.50 16.63 40.00 48.50 2300 98.73
142 4.50 5.00 17.33 45.00 5274 250.0 59.30
1.50 467 8.50 18.00 47 .00 54.38 2800 99.5t
1.60 487 9.00 1864 50.00 56.76 280.0 40.70
1.70 508 9.50 19.26 53.00 59.04 360.0 89.99
10 Volume {%) 100

S

Particle Diameter (um.

Mastersizer p Ver. 2.15

Malverny Instruments Ltd.
Seral Mumbar,  32281.02

Maharn, UK
Tel:=+[44] (0)1684-892456 Fax +[4d) {0)16084-892789

21 May 97 12:41



Result: Histogram Report

Sample Details
Sampig 1D: ARCON MINING Run Mumber: 9 Measured: 21 May 1997 15:09
Sample File: CSMA Record Number: &8 Analysed: 21 May 1897 15:09
Sample Path; CASIZERMUWATAY Result Source; Analysed
Sample Noles: ZINC LEACHED CONCENTRATE
System Details
Sampler; Internat Measured Beam Qbscuration: 13.7 %
Presentation: 40HD [Particle R.I. = ( 1.5295, 0.1000%  Dispersant R.[.= 1.3300)
Analysis Model, Polydisperse Residual: 0.308 %
Modifications: None
Result Statistics
Distribution Type: Volume Concentration = 0.0151 %Vel Density = 2.650g/cub. cm Specific SA = D4411sg m/g
Mean Diameters: Dv.01)= 265um D05 = 1645um Di(v,0.9)= 4954um
D[4,3]= 2180 um D{3,2)= 513um Span = 2 850E+00 Unifarmity = 8 958E-01
Size Yolume Size Volume Size Volume Size Yolume
{um) Under % {um} Linder % {fum) Linder % {um) Under %
0.340 0.16 1.80 6.94 10.00 34.95 58.00 83.81
0.360 0.27 200 758 11.00 3753 8300 9542
0.380 0.43 210 7.80 12.00 40.00 66.00 96.21
0.410 0.72 230 863 13.00 42.38 70.00 97.08
0.440 1.03 2.50 9.40 14.00 44 68 75.00 97.94
0.470 1.36 260 9.80 15.00 4590 80.00 98.58
0.500 1.68 280 10.62 1600 45.06 85.00 99.05
0.540 211 3.00 11.48 17.00 51.14 90.00 99.41
0.580 2.52 3.25 12.5% 18.00 53.16 100.00 99.83
0.620 2,90 350 13.57 19.00 55.12 105.0 99.91
1.670 3.33 3.75 14.61 20.00 5702 1150 99.08
0.710 364 4.00 15.64 21.00 58.85 125.0 100.00
0.750 381 4.25 1685 23.00 62.34 1308 100.00
0.820 433 4.50 17.64 25.00 £§5.60 140.0 100.00
0.880 462 5.00 19.55 27.00 68.62 150.0 100.00
0.840 4.86 5.30 20.65 29.00 71.43 160.0 100.00
1.00 507 5.60 21.73 31.00 7403 1700 100.00
1.15 547 6.00 23N 33.00 76.43 180.0 T00.00
1.20 557 6.50 24,78 35.00 78.84 200.0 100.00
1.30 578 7.00 26.38 37.00 80.67 2100 100.00
1.40 508 7.50 2782 403.00 83.40 230.0 100.00
1.42 6.02 8.0 2841 4500 87.22 250.0 100.00
1.50 G619 8.50 3088 47.00 88.52 2600 100.00
1.60 6.42 9.00 3226 50.00 90.25 2800 100.00
1.70 867 2.50 J3.62 33.00 81.75 300.0 100.00
10 Volume (%) 100
-
1 // _ho
e
i Y _Bo
0

Maheern Ingfruments Lid.
Mabearn, UK
Tel=+f44[ {0 1160849692456 Fax +[44] (D}1684.-892769

Pardicle Diamster (pm.)

Mastersizer y Ver, 2,15

Serial Number. 3229102 . 21 May §7 1510






CSMA Minerals Limited

APPENDIX D
ANALYSIS OF WARMAN CYCLOSIZER SUB-SAMPLES

Note : all results are expressed as wt %o.

| Primary Cyclone Overflow

Zn Pb Fe 3 MgO Ca0
1 244 6.4 13.9 273 5.1 9.5
2 4.1 1.09 43 11.5 11.3 21.0
3 133 1.12 4.0 10.2 12.5 214
4 13.9 0.98 39 10.8 12.5 21.9
5 16.6 0.92 4.2 11.4 11.9 21.0

2 Lead Circuit Tails

Zn Pb Fe S MgO Ca0
1 26.7 1.00 42 270 5.3 8.7
2 13.2 0.24 4.7 10.2 13.2 21.0
3 t3.0 023 39 9.5 134 22.3
4 13.7 025 3.7 10.1 13.1 221
5 15.1 0.26 39 10.8 12.5 216

3 Zinc Rougher Concentrate

Zn Pb Fe S MgO CaQ
1 40.1 0.57 6.6 271 4.6 7.3
2 32.6 0.43 57 21.5 57 11.9
3 34.4 0.49 53 229 0.6 0.5
4 379 0.54 4.4 24.4 5.3 9.5
5 433 0.60 38 25.1 4.4 1.1




CSMA Minerals Limited

4 Zinc Cleaner Concentrate

Zn Pb Fe S MgQ Ca0O
L 56.9 0.50 1.4 303 1.3 2.6
2 533 0.85 1.6 28.5 2.4 4.1
3 552 0.99 1.8 28.6 23 37
4 56.7 0.86 L6 283 1.9 33
5 571 (081 1.4 28.6 1.9 2.9
5 Zinc Scavenger Concentrate
Zn Pb Fe 8 MgO Ca0
1 54.7 0.53 3.2 30.1 1.6 32
2 42.9 0.44 3.0 239 56 83
3 4.9 0.55 34 23.6 5.5 9.6
4 45.6 0.62 3.4 254 4.4 0.0
3 43.8 0.63 33 274 34 6.7
6 Zinc Rougher Tails
Zn Pb Fe S MgO Ca0
1 4.7 0.56 17.5 20.6 10.4 19.3
Z 2.4 0.15 5.6 62 157 25.8
3 2.1 0.14 4.7 5.7 16.1 27.5
4 2.2 0.15 4.6 3.7 154 269
5 27 0.18 4.8 6.2 15.3 313
7 Zinc Leach Concentrate
Zn Pb Fe 3 MgQ CaQ
i 60.1 0.62 1.2 307 0.91 1.8
2 578 0.62 1.4 300 1.6 36
3 574 0.70 1.4 303 L3 3.0
4 589 0.67 1.3 29.7 1.2 2.1
5 60.0 0.69 1.2 303 0.97 t.7
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