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PETROGRAPHIC REPORT

Client: Arcon Mines Ltd

Sample type: Mine grab samples

Sample designations: GN3 drive sample (1)
GNG6 vug sample (2)
GN6 vug sample (3)
pyritic ore (4)
weathered pyritic ore (5)

Sample source: Galmoy Nine Site

Analysis required: Petrographic descriptions
Date: 23 December 2003

1 Samples

Five hand specimens from the Galmoy Mine Site were supplied for petrographic
examination, especially to investigate the occurrence and distribution of zinc
minerals. Polished thin sections, prepared from all samples, were studied by
conventional transmitted and reflected light polarising microscopy.

2 Method of investigation

All samples were examined as received, and after preparing cut and polished
surfaces, using a Nikon SMZ-U stereomicroscope. The microscope has a continuous
zoom range between 0.75x and 75x. It is equipped with a 150W continuous ring fibre
optic illuminator. Digital images of polished surfaces of all samples were prepared
using an AGFA Snapscan 1212u flatbed scanner operating at a scan resolution of
1,200 dpi. These are useful for investigating and iltustrating the macroscopic fabric of

the ores (plates 1 - 3).

One standard 75 mm x 25 mm polished thin section was prepared from each
sample. Thin sections were positioned to obtain maximum information about the
distribution and mode of occurrence of zinc minerals. Thin sections were examined
by conventional transmitted and reflected light polarising microscopy using a Nikon
Eclipse E600 research polarising microscope. Digital photomicrographs were
prepared using a Nikon DXM1200F 13.5 megapixel camera fitted to a trinocular head

of the microscope.

Image processing was carried out using imagePro Plus 5.0 image processing and
analysis software.
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3 Petrographic description

3.4 Sample No. 1 (GN3 drive sample)

Major minerals {> 10%)

pyrite/marcasite
sphalerite

Minor minerals (> 5%)
quartz
Trace minerals (< 1%)

galena

tetrahedrite — tennantite
jarosite

willemite

There are two episodes of sphalerite deposition.

The earlier stage consists of coarse granular sphalerite. Crystal size is typically
between 50 pm and 100 pm (plates 4A and B). Aggregates of sphalerite crystais
have dimensions of at least several millimetres. The sphalerite is generally pale
yellow and shows broad, concentric colour zoning. it has a dusty appearance
because it contains abundant minute inclusions. Sphalerite aggregates contain many
inclusions of idiomorphic quartz, up to 500 pm in size (plate 4A). Locally, sphalerite
was the first mineral to crystallise. Presence of idiomorphic quartz and absence of
pseudomorphic carbonates suggests open space deposition.

The early, granular sphalerite is locally recrystallised, forming mosaics of coarse,
idiomorphic and sub-idiomorphic, interlocking grains. The recrystallised sphalerite is
clear and unzoned.

Early sphalerite has very few inclusions of other sulphide minerals.

Some granular sphalerite, late in the early paragenesis, contains abundant acicular
(needle-like) inclusions of willemite (ZnSiOy), up to 100 um long, and minute,
granular inclusions of pyrite.

The early sphalerite is overgrown and replaced by colloform-banded pyrite and
sphalerite and massive marcasite. Colloform banding is on a fine scale; individual
bands are sometimes < 5 pm wide (plate 4C). Pyrite is partly replaced by marcasite
that forms coarse, radiating, bladed crystals.

The second phase of zinc sulphide deposition is also space-filling. Extremely fine,
fibrous sphalerite, forming colloform bands, overgrows the earlier, granular mineral
(plate 4D). Clusters and discontinuous bands of sub-idiomorphic gaiena, up to 3 mm
wide, occur within the banded sphalerite. Traces of pyrite and tetrahedrite-tennantite
are spatially associated with the galena. Sphalerite — galena and sphalerite — pyrite
boundaries are straight or simply sutured, suggesting easy liberation.

In the hand specimen (plate 1) the various textural elements show a crudely pianar
orientation, suggesting formation in planar veins during successive periods of
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extension. Lens-shaped cavities, paraliel with the banding, are further evidence in
support of space-filling mineral deposition.

Pyrite is slightly altered to iron oxides (haematite and limonite) and jarosite. The only
non-sulphide zinc mineral found in this sample is willemite. This occurs as
idiomorphic inclusions in sphalerite, reflecting high Si:S ratio during the eariiest

stages of zinc deposition. No secondary zinc minerals were found.

Implications for ore processing

1. The most likely difficulty in processing this ore lies in achieving successful
liberation of ate, colloform-banded sphalerite from the associated pyrite.
Intergrowths are sometimes on scales of <5 pm.

2. The only non-sulphide zinc mineral identified by optical microscopy was
willemite. It is quantitatively unimportant.

3. Pyrite is partly altered to earthy haematite and limonite and the secondary
sulphate mineral jarosite — KFe;(OH)«(S0.).. It is impossible to assess the
extent of oxidation from a single hand sample.
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3.2 Sample No. 2 (GN6 vug sample)

Major minerals (> 10%)
sphalerife
pyrite/marcasite

Minor minerals (< 5%)
galena
smithsonite

Trace minerals (< 1%)

tetrahedrite — tennantite
doiomite

quartz

jarosite

The fabric is dominated by partly brecciated, colloform-banded sphalerite made up
from broken spherulitic masses and interstitial fracture fill (plate 5A). Spherulites are
typically up to 5 mm in diameter (plate 5A). Usually, they have cores of
coarsely-crystalline sphalerite enclosed by banded sphalerite. Individual bands are
typically 50 um to 100 pm wide. The banded sphalerite varies in colour from pale
yellow to dark reddish brown. The spherulitic sphalerite is sometimes fractured. The
fractures are fitled with a later generation of very pale yellow sphalerite (plate 5B).
Several stages of brecciation and sphailerite infill are recognised.

The colloform-banded sphalerite encloses and overgrows broken fragments of
massive pyrite and marcasite (plate 5A) and idiomorphic quariz.

Pyrite and marcasite are early and are only preserved as broken relicts. These show
coarse radial growths made up from aliernating layers of pyrite and marcasite, up to

20 mm in size. There are sub-idiomorphic inclusions of sphalerite in the early pyrite.

They are between 20 pm and 50 um in diameter. Quantitatively, the included

sphalerite is not significant.

Galena is also earlier than the main sphalerite depositional stage. it forms coarse,
xenomorphic, often skeletal crystals up to 16 mm in maximum dimension. They are
overgrown by colloform-banded sphalerite. Galena carries inclusions of tetrahedrite —
tennantite minerals that are up to 100 pm in size. In the hand specimen galena
sometimes forms discontinuous bands up to 50 mm long.

This sample contains traces of idiomorphic quartz and granular sphalerite like those
in sample 1 (GN3 drive). They are overgrown by colloform-banded sphalerite. No
willemite was found in the granular sphalerite.

There are two groups of secondary minerals. Pyrite is altered around its margins to
earthy iron oxides and subordinate jarosite. Smithsonite (ZnCOs) overgrows and may
have replaced colloform-banded sphalerite (plate 5C). It forms equigranular, coarse
crystals that are inclusion-free and often internally zoned. Crystals have curved faces
that give rise to characteristic botryoidiat textures seen at void walls in hand
specimens. Subordinate smithsonite is interlayered with colloform sphalerite (plate
5C). tt is unclear if it is a result of alternating primary deposition, fracture filling or
selective replacement.
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Smithsonite is the main carbonate mineral in this sample. There are only traces of

Mine Grab Samples

dolomite.

Implications for ore processing

1.

Sphalerite should be easily liberated in this ore fype. Nearly all sphalerite
belongs to a single depositional event.

+ Inter-mineral relationships are predominately simple.

+ Boundaries between sphalerite and other minerals are usually straight or
simply-curved.

« Sphalerite contains very few inclusions.

Appreciable but unquaniified amounts of zinc are present in smithsonite. it
should also be easily liberated.

+» It has simple boundaries, usually with sphalerite.
+ Much smithsonite has free faces because if often lines vugs.

* |tis free from inclusions,
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3.3 Sample No. 3 (GN6 vug sample)

Major minerals (> 10%)

sphalerite
smithsonite
galena

Minor minerals (< 5%)

pyrite/marcasite
quariz

Trace minerals (< 1%)

tetrahedrite — tennantite
dolomite

The mineral assembiage probably represents the later stages of ore deposition. It
consists principally of coarse galena overgrown by pale-coloured, colloform-banded
sphalerite that is, in turn, overgrown and partly replaced by smithsonite.

Galena forms coarse skeletal crystals, up to 10 mm in size. The hand specimen
shows that it often occurs in discontinuous, sub-parallel bands that can be traced for
distances of at least 30 mm. it contains inclusions of tetrahedrite — tennantite, up to
100 um in size, and rare inclusions of quartz, up to 50 ym in diameter. Galena is
earlier than the bulk of sphalerite deposition though there are traces of earlier,
colloform-banded sphalerite and pyrite in the hand specimen.

The main-stage sphalerite in this sample (overgrowing galena) is colioform-banded,
and made up from very fine, fibrous crystals. These form thick, inclusion-rich bands
that are up fo 2 mm wide. The colloform-banded sphalerite shows shrinkage cracking
but no obvious structural deformation. The outer parts of the colloform-banded
sphalerite is extensively replaced and overgrown by smithsonite. Replacement
textures penetrate more than 1 mm into the colioform sphalerite (plate 6A and B)
while smithsonite-filied fractures extend through the thickness of the hand specimen

— at least 30 mm.

Smithsonite occurs mainly as coarse, equigranular crystals with fine-scale internal
zoning. It forms layers, up to 5 mm thick, that commonly line the walls of vugs. Free
faces (at the walls of vugs) are curved, producing the characteristic botryoidial
textures seen in hand specimen. Most smithsonite is inclusion-free but some
crystals, close to interfaces with colioform-banded sphalerite, have relict inclusions of
the sulphide. Growth zoning in smithsonite is defined by concentric bands of minute
iron oxide inclusions. Smithsonite is the principal carbonate mineral; there are only
traces of dolomite.

Implications for ore processing

1. Nearly all sphalerite belongs to a single depositional event. It occurs in large,
inclusion-free aggregates of colloform-banded spherulites that usually have
simple boundaries with other minerals. Good liberation should be easily

achieved.
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2. Smithsonite is coarse and occurs mainly in massive crusts lining voids. Good
liberation should be easy.

3. Sphalerite and replacive smithsonite, at the outer margins of colloform-banded
zinc sulphide, show fine and often complex intergrowths.
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3.4 Sample No. 4 (pyritic ore)

Major minerals (> 10%)

pyrite/marcasite
Minor minerals (< 5%}

sphalerite

galena

Trace minerals (< 1%)
willemite

The sample consists almost entirely of massive pyrite and marcasite that overgrows
and replaces fine, granular sphalerite and sub-idiomorphic quartz (plate 6C).

The early sphalerite — quartz texture is very similar to that in sample 1 (GN3 drive),
though the sphalerite is finer-grained and quartz is more abundant (circa 50%).
Some sphalerite carries traces of acicular willemite but it is quantitatively
insignificant.

Pyrite and marcasite form alternating, gently-curving bands made up from coarse,
radiating crystals. The iron sulphides contain many sphalerite inclusions (plate D).
These are usually single, isolated crystals that have simple boundaries with the
enclosing pyrite and marcasite. They are between about 50 fm and 500 pm in size.

No smithsonite was found.

Qxidation is restricted o the development of thin, discontinuous coatings of earthy
iron oxides and traces of jarosite on exposed surfaces of pyrite and marcasite.

implications for ore processing

1. This sample consists mainly of massive pyrite and marcasite; sphalerite is a
minor component,
2. Remnant early sphalerite (like that in sample 1) should be easily liberated

because it is fairly coarse and has simple boundaries with other minerals.
3. Inclusions of willemite in early sphalerite are quantitatively unimportant.

Sphalerite inclusions in pyrite and marcasite are generally coarse (> 50 ym)
and have simple boundaries.

No smithsonite was found.
6. Oxidation is restricted to thin discontinuous coatings on iron sulphides.
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3.5 Sample No. 5 (weathered pyritic ore)

Major minerals (> 10%)

pyrite/marcasite

sphalerite

iron oxides (haematite and limonite sensu fato)
Minor minerals (< 5%)

jarosite

galena

Trace minerals (< 7%)
galena

The sample consists of massive pyrite and marcasite that overgrows and replaces
earlier fine-grained granular, colloform-banded sphalerite intergrown with layers of
pyrite and marcasite. Both textural elements are cut by later veinlets of
coarse-grained sphalerite (plate 7A and B). Iron sulphides are extensively replaced
by secondary iron oxides and jarosite.

Pyrite and marcasite overgrow and replace earlier sphalerite. The scale of
replacement is often very fine; dimensions vary between < 10 pm and about 500 pm,
Inter-minerat boundaries are often intricate.

Traces of galena are present as inclusions in pyrite/marcasite and as overgrowths on
colloform iron sulphides.

Both pyrite and marcasite are very strongly oxidised. They are partly pseudomorphed
by iron oxides in which colloform textures are partly preserved. The most intense
alteration has produced masses of very soft, earthy limonite.

Implications for ore processing

1. Intergrowths and replacement textures between sphalerite and iron sulphides
are often on a very fine scale (< 50 pm). Boundaries are intricate. Successful

liberation of this type of ore will be difficult.
2. Abundant soft iron oxides and jarosite may cause difficulties in flotation.
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4 Summary

In these five samples sphalerite occurs in three textural domains that appear to
define a sequence of deposition.

1. Fine to coarse, granular sphalerite with idiomorphic quartz inclusions
{earliest). The fabric occupies domains that have maximum dimensions of at
least severat centimetres. Inter-mineral boundaries are generally simple. The
principal locking phase is quartz, ron sulphides and gaiena are predicted to
be less important locking minerals.

2. Fine-grained, colloform-banded sphalerite interlayered with and replaced by
pyrite and marcasite. This is quantitatively important in samples 1 (GN3 drive)
and 5 (weathered pyritic ore). Sphalerite — iron sulphide intergrowths are
fine-scale and may present significant liberation problems.

3. Pale-coloured, colloform-banded sphaierite (latest). This is the main
sphalerite~-hosting fabric in samples 2 and 3 (GN6 vug). Fabric domains
extend over at least several centimetres. The sphalerite is generally
inclusion-free. Inter-mineral contacts with paragenetically earlier assemblages
are generally simple. This sphalerite is overgrown by and partly replaced by
smithsonite. Fine-scale sphalerite — smithsonite locks are likely to form from
replacement zones.

All fabric domains are predominantly space-filling; they appear to have formed in
approximately planar veins characterised by successive phases of opening and
mineral deposition. Colloform textures predominate, suggesting colloidal deposition
followed by crystallisation and recrystallisation of primary gels. There is limited
reptacement at margins between the principal domains. Late deposition of sphalerite
occurs in fractures cutting colloform-banded structures.

None of the samples carry significant amounts of gangue carbonates — calcite and
dolomite. Smithsonite is locally imporiant as a late-crystallising phase. Its coarse
size, simple crystal boundaries and paucity of inclusions suggest it should be
recovered easily.

In all samples some pyrite and marcasite are replaced by iron oxides. In sample 5
(weathered pyritic ore) oxidative reptacement is very advanced. The oxidation
products include fine-grained, earthy iron oxides and jarosite — these minerals may
cause problems in flotation circuits.

Fine marcasite is very prone to atmospheric oxidation. it can oxidise readily during
stockpiling, forming earthy iron oxides and perhaps leading to secondary
cementation of the ore.
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Plate 1.

A Sample No. 1 (GN3 drive sample)
Digital image of polished surface showing the three principal fabric - paragenetic
domains.

B Sample No. 2 (GN6 vug sample)

Digital image of polished surface showing the two [ater stages of sphalerite deposition
with small amounts of smithsonite on the walls of a vug.
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Plate 2.

A Sample No. 3 (GN6 vug sample). Digital image of polished surface. The image shows a
cross section through the lining of a vug. Early pyritic ore is overgrown by colloform-
banded sphalerite and galena. The sphalerite is overgrown and partly replaced by

smithsonite.

B Sample No. 4 (Pyritic ore). Digital image of a polished surface of the hand specimen.
Granular sphalerite extensively overgrown and replaced by pyrite and marcasite. Pyrite
and marcasite are in turn cut by veinlets of later sphalerite. ~ Secondary iron sulphate
grew on marcasite after the sample was cut and polished (approximately 48 hours).

i
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Plate 3.
Sample No. 5 (weathered pyritic ore)

Digital image of a polished surface of the hand specimen. The image shows massive pyrite
and marcasite (almost black in oblique reflected light) cut by sphalerite veinlets (brown). The
iron sulphides are extensively altered to secondary iron oxides. Note the secondary iron
sulphate growing on the polished surface of marcasite.

TR

Page 13 of 17



Petrographic Report ArconMines Ltd
Mine Grab Samples
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| inclusions of
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gran ular °
sphalerite

Plate 4. Sam

A Early idiomorphic quartz in granular sphalerite. The sphalerite is overgrown and partly
replaced by pyrite (early sphalerite).

B Partial replacement of early sphalerite by pyrite (detail).

C Fine-grained, colloform bands of pyrite and sphalerite (second stage sphalerite)
showing potential for complex, fine-scale locking.
D Colloform sphalerite (stage 2) overgrowing granular sphalerite (stage 1).

A, B, D - plane polarised transmitted light. C - plane polarised reflected light.
|
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Plate 5. Sample No. 2 (GN6 vug sample)

A Colloform sphalerite enclosing early pyrite.

B Colloform sphalerite with shrinkage cracks filled with later clear sphalerite.
C Smithsonite growing between adjacent bands in sphalerite.
D

Coarse smithsonite overgrowing colloform-banded sphalerite. The opaque mineral is
pyrite partly replaced by brown iron oxide.

Thin section photographed in plane polarised transmitted light.
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Plate 6. Sample No. 3 (GN6 vug sample) Sample No. 4 (pyritic ore)
A Sample No. 3. Smithsonite replacing colloform sphalerite.
B Sample No. 3. Smithsonite filling fractures in recrystallised colloform sphalerite.

C Sample No. 4. Relict early granular sphalerite and quartz extensively replaced by
massive pyrite and marcasite.

D Sample No. 4. Inclusion of sphalerite in pyrite and marcasite.
A, D - plane polarised reflected light. B, C - plane polarised transmitted light.
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Plate 7. Sampte. No. 5 (weathered pyritic ore)
A Early spherulitic sphalerite overgrown by pyrite. The pyrite is cut by later sphalerite
veinlets.

B Fine-grained, granular sphalerite overgrown by pyrite. The iron sulphide is partially
oxidised. This may facilitate liberation but will lead to the formation of sphalerite
particles coated with iron oxides.

C Colloform-banded pyrite partly replaced by iron oxides.
D Marcasite strongly replaced by iron oxide.

Thin section photographed in plane polarised reflected light.
= T === =———— ——
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