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PETROGRAPHIC REPORT

Client: Arcon Exploration Plc
Sample type: Exploration drill core
Sample source: Galmoy Mine Site
Analysis required: Petrographic descriptions
Date: 28 January 2003

1 Samples

Five quartered 50 mm diameter core samples were supplied (Table 1).

Table 1: Sample details - exploration drill core
Arcon sample Sample depth  Petrolab saumple Dimensions Mass (g)
number {m) number {mm)

DDH 3245-112 152.35 AN 12-1 25x 105 164
DDH 3245-112 156.27 AN 12-2 25x 190 300
DDH 3245-104 150.10 AN 12-3 25x 165 263
DDH 3245-103 136.40 AN 12-4 25x175 220
DDH 3245-116 158.42 AN 12.5 25x 145 164

Analysis required. Petrographic investigation to establish textural and paragenetic
relationships of sphalerite and silver-bearing minerals.

2 Methods of investigation

The samples were examined as received using a Nikon SMZ-U stereomicroscope. The
microscope has a continuous zoom range of 7.5x to 75x and it is equipped with a 150W
continuous ring fibre optic illuminator.

Two 50 mm x 25 mm polished thin sections were prepared from each core sample in
positions assessed to provide maximum information about textural relationships
between the sulphide minerals (plate 1). Sections were investigated by conventional
transmitted and reflected light polarising microscopy using a Nikon Labophot 2A
research polarising microscope. Digital photomicrographs were prepared using a Nikon
- Kodak DC 620 professional camera body fitted to a trinocular head of the microscope.
Modal analyses were performed using a Prior 20-channel electromechanical point
counter. Stepping and traverse intervals were set to 0.5 mm. Five hundred points were
counted from each thin section. Scanning electron microscopy/energy dispersive X-ray
microanalysis was carried out at the Camborne School of Mines using a Joel GSM 840
scanning electron microscope fitted with a Link (Oxford Instruments) AN 10,000 thin

window energy dispersive X-ray analyser.
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3.1

Petrographic descriptions

Samples AN12-1A and AN12-1B (plates 1 and 2)

Major Minerals Approximate

abundance
sphalerite 51
gangue (dolomite - quartz - barite) 19
tennantite - tetrahedrite 16
galena 11
pyrite 3
Minor minerals
chalcopyrite trace
bornite trace
chalcocite trace
jolpaite trace
native silver trace

Three episodes of mineralisation are recognised in this core.

L.

I1.

I1I.

Growth of spherulitic and granular sphalerite. Some spherulitic sphalerite has
cores of tetrahedrite - tennantite. The spherulites vary in size between circa
5 pm and 40 pm. Sphalerite is overgrown by pyrite that occurs in large,
radiating growths of fibrous crystals and as coarse, xenomorphic grains.

Brecciation.

Growth of banded sphalerite and tetrahedrite - tennantite. This is the most
abundant mineralisation phase. Minor copper and silver mineralisation belong
to this episode. Chalcopyrite, bornite, chalcocite, jalpaite and native silver

belong to this phase.
Brecciation.

Deposition of sphalerite and dolomite in veins.

Sphalerite. The earliest sphalerite occurs as spherulites and irregular grains included in
pyrite. The spherulites are usually between about 5 pm and 40 pm in diameter. A few
are up to 120 pm in size. Some have cores of tetrahedrite - tennantite. The early
sphalerite appears amber to dark orange-brown in thin section. Quantitatively, it is of
minor importance and makes up < 5% of the sphalerite total (visual estimate).

Second stage sphalerite occurs in alternating layers with tetrahedrite - tennantite.
Individual layers of sphalerite are up to 10 mm wide. Each layer consists of fine,
banded, often fibrous material (schallenblende) that varies in colour between pale
yellow and orange-brown. Boundaries between sphalerite and tetrahedrite - tennantite
are’ moderately to strongly sutured. Liberation of sphalerite close to layer boundaries

might be difficult.
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The third phase of sphalerite deposition occurred in open veinlets. It forms pale yellow,
xenomorphic crystals that have simple margins with dolomite. Crystals are up to
300 pm in size. The late sphalerite makes up < 10% of the total (visual estimate).

Pyrite. Pyrite is early. It occurs in large, radiating masses and aggregates of
xenomorphic grains that overgrow early sphalerite and tetrahedrite - tennantite.
Brecciated pyrite occurs as angular clasts, up to 1.5 mm in size, that are cemented by
second stage sphalerite and tetrahedrite - tennantite.

Tetrahedrite - tennantite. Most tetrahedrite - tennantite belongs to the second
mineralisation episode. It occurs in alternating layers with sphalerite. Locally, it is the
dominant sulphide mineral, forming irregular bands up to 10 mm wide.

Semiquantitative scanning electron microscopy/energy dispersive X-ray microanalysis
(SEM/EDMA) shows the composition is close to tennantite. There are only slight
variations in iron and antimony content. Some crystals show appreciable quantities of
zinc. These are translucent in thin section, having a deep crimson colour. No silver was
found. This may simply be because its concentration is below the detection limit of the
analytical methods (circa 0.5%). Alternatively, the presence of arsenic may prevent
silver entering the tennantite lattice.

Copper sulphides. Traces of chalcopyrite, with secondary bornite and chalcocite,
occur as inclusions in tetrahedrite - tennantite and at contacts between tetrahedrite -

tennantite and dolomite. Grains are typically < 100 um in size.

Silver mineralisation. Two silver minerals are identified - native silver and jalpaite
(AgsCu)S. Both occur as discrete, xenomorphic grains up to 750 um in size. They have
a tendency to occur at margins between second stage sphalerite and tetrahedrite -
tennantite and dolomite but their distribution is very erratic over the scale of the
polished thin sections.

Galena. It occurs in a range of morphologies, varying from minute idiomorphic and
xenomorphic grains < 10 pm in size, to large, interstitial and sometimes rounded,
replacive masses in second stage sphalerite and tetrahedrite - tennantite. The latter are

up to 500 pm in size.

Gangue. The main gangue mineral is dolomite. Quartz and barite occur in minor
amounts. Quartz usually forms doubly-terminated idiomorphic prisms up to 300 pm
long. Occasionally, it has minute inclusions of sphalerite. Barite forms bladed crystals
up to 500 pm long. Both minerals occur as inclusions in pyrite and are presumed to be
of early date.
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3.2 Samples AN12-2A and AN12-2B (plates 1 and 3)

Major Minerals Approximate

abundance
sphalerite 49
galena ' 23
gangue (dolomite - quariz - barite) 19
tetrahedrite - tennantite 8
Minor minerals
pyrite 1
chalcopyrite trace
bornite trace
bravoite trace

The inferred paragenesis is slightly different to that recognised in sample AN12-1
though most minerals appear to belong to the second stage of ore deposition together
with small amounts of Stage III sphalerite. The host rock is dolomite.

Sphalerite. Most sphalerite occurs in banded masses of granular crystals that appear
amber to dark orange-brown in transmitted light. They have apparent maximum
dimensions between circa 2 mm and 10 mm. Some sphalerite forms cavity linings. It
has colloform texture (schallenblende) and the layers become progressive lighter in
colour towards the middle of the cavities. The last mineral to crystallise in the cavities

is dolomite.

Galena. Galena occurs mainly in bands of coarse, xenomorphic crystals that are
interlayered with and partially replace sphalerite. The bands have maximum measured
width of about 4 mm. Galena - sphalerite margins are strongly sutured and extremely
intricate on scales of a few micrometres, suggesting liberation of some sphalerite may
be extremely difficult. Replacive galena contains rounded inclusions of sphalerite and
tetrahedrite - tennantite, up to 500 pm and 200 pm in diameter respectively. It also
carries small, xenomorphic inclusions of pyrite.

Tetrahedrite - tennantite. In this sample most tetrahedrite - tennantite appears to be
later than sphalerite and galena. It occurs in veinlets that cut across interlayered
sphalerite and galena. Veinlets are up to 1 mm wide. Boundaries are simply-sutured
though the tetrahedrite - tennantite has inclusions of galena that are typically 50 pm in
size. Tetrahedrite - tennantite in this sample is opaque in transmitted light.
SEM/EDMA analysis failed to reveal the presence of zinc or silver.

Pyrite. Pyrite is rare. Some massive pyrite carries minute spherulitic inclusions of
sphalerite. This may be early, ¢f. Stage I pyrite in sample AN12-1. Most pyrite appears
to replace sphalerite and galena and, therefore, cannot be early like that in sample
AN12-1. It forms fine, fingering growths along grain boundaries between sphalerite
crystals. Crystal boundaries are intricate on a fine scale, suggesting good liberation
might be difficult.

Gangue. Dolomite is the main gangue mineral. Quartz occurs in clusters of prismatic
crystals up to 300 pum long. They occur as inclusions in dolomite and main-stage

-4 -
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sphalerite. The quartz, in turn, often carries minute inclusions of sphalerite. Barite
forms bladed crystals up to 500 um long. It occurs with dolomite in late, crosscutting
dolomite veins (Stage III).

Chalcopyrite. Chalcopyrite and subordinate bornite occur as isolated grains in
dolomite, often close to boundaries with sphalerite. They are usually < 100 pm in size.

Bravoite. Bravoite (Fe,Ni,Co)S; occurs as minute xenomorphic inclusions in sphalerite.
They are < 50 um in size.

Silver mineralisation. No silver minerals were found. If silver is present in
tetrahedrite - tennantite it is at levels below the detection limit of SEM/EDMA analysis
(circa 0.5%).
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3.3 Samples AN12-3A and AN12-3B (plates 1 and 4)

Major Minerals Approximate

abundancs
pyrite 37
sphalerite 34
gangue (dolomite - quariz - barite) 12
galena 8
tetrahedrite - tennantite 8
Minor minerals
chalcopyrite trace

The paragenesis is similar to that in AN12-1. Quantitatively, the Stage I mineralisation
is most important.

L. Growth of spherulitic and granular sphalerite. Some spherulitic sphalerite has

- cores of tetrahedrite - tennantite. The spherulites vary in size between circa

5 pm and 40 pum. Sphalerite is overgrown by pyrite that occurs in large,
radiating growths of fibrous crystals and as coarse, xenomorphic grains.

Brecciation.

II.  Growth of banded sphalerite and tetrahedrite - tennantite followed by banded
sphalerite - galena.

Brecciation.

III.  Fracture-filling pale brown sphalerite followed by dolomite.

Sphalerite. There are three phases of sphalerite deposition.

1.

Spherulites up to 50 pm in diameter that form inclusions in massive
pyrite. Some spherulites have cores of tetrahedrite - tennantite. It is dark
brown in colour and almost opaque in thin section.

Amber to orange-brown sphalerite occurs in alternating layers with
tetrahedrite - tennantite. The layers vary in width between about 40 pm
and 500 pm. Inter-layer boundaries are often strongly sutured suggesting
that successful liberation may be difficult. The layered sphalerite
sometimes carries small inclusions of pyrite and galena. ‘

Pale-coloured colloform sphalerite occupies late, crosscutting veins.
Commonly, matching layers of sphalerite, up to 2 mm thick, occupy the
vein walls. It is succeeded by dolomite. Inter-mineral boundaries are

usually simply sutured.

Pyrite. Pyrite is the most abundant sulphide mineral in this sample. It appears to be
early in the paragenesis. It occurs in sub-spherulitic masses of radiating crystals and
massive aggregates composed of coarse, xenomorphic grains. Locally, it is replaced by
marcasite. Spherulitic sphalerite, included in the pyrite, may be difficult to liberate
because of the complexity of inter-mineral boundaries.

-6-
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Tetrahedrite - tennantite. Small amounts of tetrahedrite - tennantite occurs as cores
to sphalerite spherulites in the Stage I mineralisation. Most occurs in interlayered
sequences with colloform sphalerite (Stage II). Only traces of zinc-rich tetrahedrite -
tennantite were found in this sample. No silver was detected.

Galena. Some galena occurs as coarse, xenomorphic grains that occupy interstitial
positions between pyrite and sphalerite of the Stage 1 event. They are up to 1 mm in
size. Galena also occurs as euhedral crystals in interlayered sphalerite and tetrahedrite -
tennantite. These are up to 100 pm in size. Small amounts of galena are interlayered
with sphalerite.

Silver minerals. No silver minerals were found, either by optical microscopy or
SEM/EDMA analysis.

Gangue. The main gangue mineral is dolomite. Quartz and barite are very rare. They
occur only as interstitial grains less than 100 pm in length. They are usually associated
with pyrite (Stage I mineralisation).
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3.4 Samples AN12-4A and AN12-4B (plates 1 and 5)

Major Minerals éﬁ)’f:gg‘;g;e
sphalerite 74
pyrite 13
galena )
gangue (dolomite-quariz-barite) 4
tetrahedrite - tennantite 4

The mineral paragenesis in this core sample does not correlate well with that
recognised in samples AN12-1, AN12-2 and AN12-3. Probably, it correlates with Stage I
and Stage III; the Stage II (sphalerite + tetrahedrite - tennantite) is absent. Fine-grained
sphalerite is the most abundant mineral. It is overgrown by and replaced locally by
pyrite + marcasite and galena. This fabric is cut by later, intersecting veins with coarse

sphalerite and dolomite.

Sphalerite. Early sphalerite forms fine-grained, disseminated crystals and irregular
masses that replace the host dolomitic limestone. Sphalerite is typically fine-grained.
Individual crystals are < 40 um in size though masses of almost pure sphalerite are up
to several millimetres in size. The early sphalerite is amber to medium brown in colour.
The second generation of sphalerite, in crosscutting veins, occurs as simple, pale yellow

crystals that are up to 600 pm in size.

Pyrite + marcasite. Pyrite occurs as disseminated, xenomorphic grains in the
dolomite and as radial growth of fibrous crystals that are up to 4 mm in diameter. The
cores of large radial masses are often replaced by marcasite. Subordinate pyrite occurs
as idiomorphic and xenomorphic grains, up to 50 um in size, in clay seams that appear
to define stylolytic boundaries in the host dolomite.

Galena. Galena occurs mainly as interstitial and partly replacive grains between
masses of sphalerite and radial growths of pyrite. Crystals are up to 4 mm in maximum
dimension. Subordinate galena occurs as intricate intergrowths with sphalerite
(possibly replacements) that have strongly sutured crystal boundaries. Liberation of
sphalerite in the intergrowth zones would probably be very difficult.

Tetrahedrite - tennantite. There are only minor amounts of tetrahedrite - tennantite
in this sample. It occurs as inclusions in galena. They are usually < 100 pm in size.
SEM/EDMA analysis failed to establish the presence of silver.

Silver minerals. No silver minerals were found in this sample, either by optical
microscopy or SEM/EDMA analysis.

Gangue. The host rock is dolomitic limestone. The principal gangue mineral is
dolomite. Quartz occurs rarely as prismatic crystals up to 300 pm in length. It carries
rare inclusions of sphalerite. Barite is rare. It forms bladed crystals, up to 200 pm is size,
associated with dolomite in late, crosscutting veins.
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3.5 Samples AN12-5A and AN12-5B (plates 1 and 6)

Major Minerals Approximate

abundance

tetrahedrite - fennantite 46
sphalerite 31
gangue {dolomite-quariz) 14
galena
pyrite

Minor minerals
chalcopyrite trace
bornite trace

This sample is dominated by Stage II mineralisation. The most important minerals are
alternating layers of tetrahedrite - tennantite and sphalerite.

Sphalerite. Small amounts of sphalerite are preserved as fine, disseminated crystals in
the host dolomitic limestone and as cotroded inclusions in pyrite. It is typically amber
to dark brown in colour. The largest masses of disseminated sphalerite have maximum
dimensions of about 2 mm. Most sphalerite occurs as colloform-banded
“schallenblende” that commonly lines cavities in brecciated dolomite. Successive layers

of sphalerite are lighter in colour.

Pyrite. Pyrite occurs in xenomorphic masses that overgrow and partly replace early
sphalerite. Narrow “seams” of pyrite often grow along boundaries between sphalerite
crystals forming very complex and intricate textures. The largest pyrite crystals are
about 2 mm in size but the fine intergrowth and replacement textures have scales of a

few tens of micrometres.

Tetrahedrite - tennantite. In this sample it is the most important sulphide mineral.
In the sections it appears as aggregates of grains that have dimensions several
centimetres. Locally, these appear to overgrow and replace sphalerite but it is likely
that they are parts of coarse alternating bands (the typical Stage II mineralisation). It is
opaque in transmitted light and SEM/EDMA analysis confirms that it is low in zinc.

Chalcopyrite. Chalcopyrite, sometimes partly replaced by bornite, occurs occasionally
as rounded grains up to 100 pm in diameter. It occurs mainly in discontinuous zones of
inclusions in tetrahedrite - tennantite close to interfaces with the host dolomite. Some

chalcopyrite forms inclusions in the dolomite.

Galena. Galena forms fine branching crystals and coarse, skeletal grains up to 10 mm
in size. It overgrows and partly replaces sphalerite and tetrahedrite - tennantite. The
residual sphalerite and tetrahedrite - tennantite then form rounded inclusions in the
galena. Small amounts of galena occur as bands of minute inclusions in sphalerite.
These are usually < 10 pm in size. They are quantitatively insignificant.

Silver minerals. No silver minerals were found, either by optical microscopy or
SEM/EDMA analysis.
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Gangue. The host rock is dolomitic limestone; the principal gangue mineral is
dolomite. Quartz occurs in minor amounts in both polished thin sections. It forms
doubly-terminated, prismatic crystals up to 300 pm long. It commonly contains
inclusions of sphalerite.

4
1.

g > 0

o

10.

11.

12.
13.

14.

15.
16..

Summary

Zinc - lead - copper - silver sulphide mineralisation has been investigated in five
diamond drill core intersections.

The tectonic setting of the mineralisation is not known.

The spatial relationships of the diamond drill cores is not known.

The host rock is dolomitic limestone.

Three stages of mineral deposition are recognised. They are designated Stage I,
Stage I and Stage III.

The three stages of mineral deposition are separated by two brecciation events.

The earliest mineralisation involves deposition of replacive sphalerite in host
dolomitic limestone + deposition of spherulitic sphalerite (+ tetrahedrite -
tennantite cores) in open space.

The early sphalerite is overgrown by and partly replaced by pyrite.
Subsequently, pyrite is partly replaced by marcasite.

The early ore of brecciated, creating open space for Stage II mineral deposition.

Stage 1I mineralisation consists principally of the deposition of sphalerite and
tetrahedrite - tennantite in alternating layers. Galena was deposited during late

Stage II mineralisation.

Silver, as native silver and jalpaite, was deposited in associated with tetrahedrite
- tennantite. Usually, the silver-bearing phases occur close to interfaces between
tetrahedrite - tennantite and dolomite. The reasons for this are not understood.

The distribution of native silver and jalpaite is erratic.

It is uncertain if low concentrations of silver are present in tetrahedrite -
tennantite. The detection limit of SEM/EDMA analysis is about 0.5%. An
alternative analytical method must be used to establish if low, but recoverable,
amounts of silver are present in tetrahedrite - tennantite.

In these samples the bulk of sphalerite belongs to the Stage II mineralisation.
This occurs mainly in coarse, irregular, alternating bands with tetrahedrite -
tennantite. Most sphalerite should be easily liberated because the bands are

generally coarse.
About 10% of sphalerite (visual estimate) may be difficult to liberate.

Stage I sphalerite is disseminated in dolomite or occurs as minute spherulites in
pyrite. Only sample AN12-4 has massive aggregate of early sphalerite.

-10 -
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17. Most sphalerite belongs to the Stage II mineralisation. It should be easily
liberated, except for that which is intimately intergrown with tetrahedrite -
tennantite at interfaces between layers.

18.  Late (Stage III) sphalerite should be easily liberated because it is coarse and has
simple crystal boundaries. However, on the basis of these samples, it is
quantitatively of limited importance (< 10% of total sphalerite).

19.  Silver occurs as native silver and jalpaite. They appear to nucleate close to
interfaces between Stage II tetrahedrite - tennantite and host dolomite.

20.  The distribution of silver-bearing minerals is clearly erratic on the scale of the
samples investigated. A better understanding of their distribution might be
obtained from a bulk sample, appropriately homogenised and screened.

James Strongman MSci ARSM
Petrolab

Old Cowlin’s Mill

Penhallick

Carn Brea

Redruth

Cormnwall

TR15 3YR

United Kingdom
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AN12-1 AN12-2 AN12-3 AN12-4 AN12-5

150 millimetres

Plate 1.
Low magnification digital images quartered diamond drill cores showing the positions from

which polished thin sections were prepared.
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Plate 2. Sample number AN12-1 (DDH 3245-112. 152.35 m).

A Spherultic pyrite overgrowing and replacing sphalerite and tetrahedrite - tennantite.

B Native silver intergrown with jalpaite at the interface between sphalerite and dolomite.

)]

Bornite growing close to the boundary between sphalerite and dolomite.

Translucent, zinc-bearing tennantite, low-zinc tennantite and pale-coloured sphalerite.

> U

, B C- plane polarised, reflected light. D - Plane polarised, transmitted light.
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Plate 3. Sample number AN12-2 (DDH 3245-112. 156.27 m).
A Early sphalerite (Stage I) overgrown by pyrite.

B Brecciated pyrite cemented by galena. Note the inclusions of spherulitic sphalerite in the
pyrite.

C Granular sphalerite with inclusions of prismatic quartz. quartz.

D Dolomite, granular sphalerite and minor pyrite brecciated and cement by coarse galena.

A B D- plane polarised, reflected light. C - plane polarised, transmitted light.
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500 micrometres
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Plate 4. Sample number AN12-3. (DDH 3245-104. 150.10 m).

A Early pyrite with spherulitic inclusions of sphalerite (Stage I) enclosed by galena,
sphalerite and tetrahedrite (Stage II).

B Spherulitic sphalerite (Stage I), some with cores of tennantite, enclosed by pyrite and
galena.

C Typical Stage I mineralisation with alternating bands of sphalerite and tetrahedrite cut
by Stage III sphalerite veinlet.

D Banded sphalerite and tennantite (Stage II) overgrown by Stage III colloform sphalerite.

- 15 -
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Plate 5. Sample number AN12-4. (DDH 3425-103. 136.40 m).
A Pyrite, with spherulitic inclusions of sphalerite (Stage I) enclosed by Stage II sphalerite.

B Fine-grained sphalerite with prismatic quartz crystals and interstitial galena.

C Stage I pyrite (with sphalerite inclusions) partly replaced by marcasite cut by a Stage I1I
veinlet of sphalerite.

D Fine grained, dark sphalerite (Stage II), cut by later coarse sphalerite and dolomite.

A, B, C - Plane polarised, reflected light. D - Plane polarised, transmitted light.
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' ¥ ‘:‘im ._
Plate 6. Sample number AN12-5. (DDH 3245-116. 158.42 m)
A Stage I colloform-banded sphalerite and dolomite.

Stage II sphalerite, with interstitial galena, interlayered with tennantite.

B
C Stage IT sphalerite + tennantite + chalcopyrite + galena in complex layered ore.
D Stage II interlayered sphalerite and tennantite cut by Stage III dolomite veinlets.

A - Plane polarised, transmitted light. B, C, D - Plane polarised, reflected light.
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