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Mineralogy of Lead - Zinc Ores (2) ARCON MINES LTD

PETROGRAPHIC REPORT
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1 Samples

This report is concerned with the investigation of the distribution of lead in selected mine
grab samples from the Galmoy Mine Site. Arcon Mines Ltd selected 6 samples from 30
originally supplied for preliminary investigation. These are sample numbers 9, 14,16, 26, 29
and 30. Samples 9, 16, and 29 had been previously examined with reference to the occurrence

and distribution of zinc minerals.

2 Method of investigation

Petrographic thin and polished thin sections of specimens 9, 16, and 29 were available from
the zinc mineralisation study. They were used in this work. One 3”x2" petrographic thin
section was prepared from each of samples 14, 26 and 30. If the top of the specimen was
indicated (marked with white paint) the section was cut in an approximately vertical plane.
All sub-samples were impregnated with epoxy resin containing a blue dye prior to sectioning.
This facilitates the identification of open vugs and fractures. A single 1”x1” polished
specimen was also prepared from each specimen to facilitate identification of opaque phases
and investigate ore mineral textures.

Thin sections and polished specimens were investigated by conventional transmitted and
reflected light polarising microscopy using a Nikon Labophot 2A research polarising
microscope. High resolution, low magnification digital images of thin sections were prepared
using a modified 35 mm film scanner operating at a scan resolution of 2,900 dpi. Digital
photomicrographs were made using a Nikon - Kodak DC 620 professional camera body fitted
to the trinocular head of the microscope.

Scanning electron microscopy/energy dispersive X-ray microanalysis was carried out at the
Cambome 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 Petrolab Sample No: 9

Major minerals:
dolomite
Minor minerals:

sphalerite

pyrite

galena
Thin and polished thin sections show granular dolomite with interlocking crystals that vary in
size between approximately 200 pm and 500 pm. The dolomite has stylolytic sutures that are
defined by narrow zones of very fine-grained, sulphide minerals (plate 1A). It is cut by a later
network of sulphide veinlets, most of which are oriented in two directions approximately at
right angles. The veinlets are between about 50 um and 1 mm. Veinlet spacing varies from a
few millimetres to more than 40 mm. Near some vein intersections sulphide minerals also
occur as disseminated and massive crystals in the dolomite matrix.

The main vein filling mineral is pale brown sphalerite (schallenblende). It forms successive
layers of slightly varying colour that are mirrored on both walls of the veins, suggesting
episodic deposition during opening. Clear, colourless dolomite, pyrite and occasionally
galena, occur as, space-filling minerals near the middle of the veinlets. Veins are often
bordered by zones of very fine-grained, disseminated sulphide minerals (mainly sphalerite
and pyrite) that appear to have grown by replacement of the dolomite.

Occurrence of lead. Galena is the only lead mineral identified by optical mineralogy and
under the scanning electron microscope operated in back-scattered electron mode. It occurs

as:

L. Minute disseminated grains defining stylolytic sutures. Average crystal size is
approximately 5 pm. Clusters of galena crystals are up to 50 pum across. This form of
galena is quantitatively unimportant.

2. Galena occurs as cubic and xenomorphic, space-filling crystals in sphalerite veinlets.
Crystal size is typically between 25 um and 100 um.

3. Fine-grained, disseminated crystals that occur in dolomite near the walls of veinlets
and near some vein intersections.

4, As a major component of aggregates of sulphide minerals that generally occur at or
near vein intersections. Aggregates are up to 5 mm in maximum apparent dimension.
Typically they consist of coarse, interlocking galena and sphalerite crystals that carry
inclusions of idiomorphic or rounded pyrite (plate 1D). Grain boundaries between
galena and sphalerite are moderately to strongly sutured.
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4 Petrolab Sample No: 14

Major minerals:

sphalerite
pyrite
dolomite

Minor minerals:
galena

The sample consists principally of fine-grained, granular and sometimes colloform-banded,
pale brown sphalerite intergrown with subordinate dolomite. Pyrite occurs as idiomorphic
cubes and pyritohedra that vary in size between approximately 250 um and 1 mm (plate 2A).
They occur as clusters in dolomite and as irregular lenses in sphalerite The lenses are
typically 10 mm to 20 mm long and have maximum width of about 2 mm. Pyrite also occurs
as dispersed, often isolated crystals, in sphalerite.

Occurrence of lead. Galena is the only lead-bearing mineral identified in thin and polished
section or under the scanning electron microscope. There are two modes of occurrence.

L. Galena forms xenomorphic crystals that are intergrown with sphalerite (plates 2A,
2B). Apparent crystal size varies between approximately 200 um and at least 2 mm.,
Galena may form coherent, compact grains (plate 2A) or complex intergrowths in
which individual branches may only be a few tens of micrometres wide (plate 2B),

2. Galena occurs as isolated, idiomorphic and sub-idiomorphic crystals between 10 um
and 250 pm in size. Small crystals predominate (plate 2C).
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5 Petrolab Sample No: 16

Major minerals:

sphalerite

pyrite
dolomite

Minor minerals:

galena
marcasite
limonite

The main minerals are sphalerite, dolomite and pyrite. Pyrite occurs as fractured idiomorphic
and sub-idiomorphic crystals that are up to 5 mm in size and occur in crude lenses that are at
least 50 mm long (plate 3A). Some large crystals have replacement rims of marcasite up to
500 um wide. Pyrite and marcasite are usually enclosed by pale brown sphalerite that often
shows local colloform banding. The sphalerite, in turn, is intergrown with dolomite. Contact
zones between sphalerite and dolomite are extremely complicated. Minute dolomite crystals
develop in the margins of the dolomite. They are only a few micrometres in size. They
increase in size and abundance until they form a continuum in which sphalerite occurs as a
diminishing, discontinuous network developed at dolomite grain boundaries. Transition zones
are usually several millimetres wide.

Occurrence of lead.

Galena is abundant in this sample. The principal mode of occurrence is as elongate, interstitial
crystals and interlocking clusters of crystals enclosed by sphalerite (plates 3A, B, C, D).
Crystal clusters are usually up to 1 mm across though a few are 5 mm in maximum
dimension. Junctions between galena and sphalerite are often extremely intricate and closely
interlocking on scales of a few micrometres (plate 3C).

No other lead-bearing minerals were found.
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6 Petrolab Sample No: 26

Major minerals:

sphalerite
pyrite

Minor minerals:

dolomite
marcasite
galena
hemimorphite

The ore consists mainly of fine-grained, nodular pyrite that is partly altered to marcasite.
Pyrite and marcasite are enclosed by massive and colloform-banded sphalerite that is
intergrown with dolomite on a fine scale. The ore is brecciated and re-cemented firstly by
veinlets containing pyrite and by a later generation of sphalerite veinlets (plate 4A). Galena is
closely associated with sphalerite (plates 4B and C).

Early pyrite consists partly of aggregates of minute rounded crystals that have diameters
between a few micrometres and about 50 pm and also of large sub-idiomorphic grains that
probably formed by recrystallisation. The early pyrite merges into zones of very fine-scale
complex intergrowth involving pyrite + sphalerite, pyrite + sphalerite + dolomite and
sphalerite + dolomite. Intergrowths are on scales from about 1 pm to 20 um. The zones are
typically 200 um wide but locally the pyritic masses are enclosed by intergrowth zones that
have maximum dimensions of about 2 mm. Intergrowth zones merge into massive sphalerite
that contains open moulds formerly occupied by dolomite (plate 4D). Occasionally, sparse
acicular crystals of hemimorphite are developed along junctions between sphalerite crystals.

Occurrence of lead.

Galena is the only lead-bearing mineral. It has a strong spatial association with sphalerite. It
occurs as irregularly-shaped, interstitial crystals or groups of crystals in early sphalerite and in
crosscutting veinlets (plates 4B and C). Clusters of galena crystals are typically between
100 pum and 250 um across though individual galena crystals are often < 10 um in diameter
(plate 4D).
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7 Petrolab Sample No: 29

Major minerals:

sphalerite
dolomite

Minor minerals:

pyrite
marcasite
smithsonite
galena

The ore consists of anastomosing, discontinuous veinlets of fine-grained pyrite set in massive
and colloform-banded sphalerite that is, in turn, intergrown with dolomite. Very intricate,
strongly sutured grain boundaries are developed between pyrite and sphalerite and sphalerite
and dolomite (plate 5A). Pyrite also occurs occasionally as large, isolated crystals and groups
of crystals that are up to 2 mm in diameter. These are often partly or completely replaced by
marcasite. Sometimes they show rim-replacement by goethite or limonite. The enclosing
sphalerite and dolomite have limonitic staining along cleavage planes.

Occurrence of lead.

Galena is the only lead-bearing mineral. It is not abundant in this sample and occurs only as
rare inclusions in sphalerite (plate 5B). These include small, rounded grains and interstitial
masses between adjacent sphalerite crystals. Galena frequently appears corroded (plates 5C
and D) and it is bordered by carbonate. It was anticipated that this would be the secondary
lead carbonate, cerussite (PbCQOs), but energy dispersive X-ray microanalysis shows that it is
dolomite.
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8 Petrolab Sample No: 30

Major minerals:

dolomite
smithsonite
iron oxides (haematite, goethite, limonite)

Minor minerals:

dolomite
sphalerite
pyrite
galena
cerussite

This is strongly oxidised ore. It consists of poorly-defined stringers and irregular masses of
iron oxides set in banded, oxide-impregnated carbonates which include dolomite and
smithsonite (plate 6A). Sulphides occur only in small, corroded patches. The sample has
abundant vugs, up to 20 mm is size.

Iron oxides (goethite and limonite with subordinate haematite) occur in ill-defined, crudely
lenticular masses that have maximum dimensions of about 5 mm. They contain occasional
relict, corroded pyrite, sphalerite and galena crystals that are up to 1.5 mm in maximum size.

The oxides are enclosed by banded carbonates that include both dolomite and smithsonite.
Dolomite occurs mainly as coarse-grained, clear crystals between 250 um and 1 mm in size. It
alternates with finer, iron oxide-stained, granular smithsonite (plate 6B). Smithsonite is more
abundant than dolomite in the thin section.

Occurrence of lead.

In this sample lead occurs in galena and cerussite. Galena forms corroded crystals and groups
of crystals that are usually enclosed by iron oxide-impregnated dolomite and by goethite,
limonite and haematite (plate 6C). In a few instances galena is mantled by a high relief
carbonate mineral that was positively identified as cerussite by energy dispersive X-ray
microanalysis (plate 6D). Masses of secondary cerussite have dimensions that are similar to
the largest unaltered galena crystals in unoxidised ore samples.
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9 Summary

Six samples of ore from the Galmoy Mine Site have been investigated by optical microscopy
and scanning electron microscopy/energy dispersive X-ray microanalysis (SEM/EDMA) to
establish the occurrence and distribution of lead-bearing minerals.

1. In samples 9, 14, 16, 26 and 29 galena was the only lead-bearing phase discovered by
optical microscopy and SEM/EDMA.

2. In all samples galena has a very strong spatial association with sphalerite.

3. Most galena occurs as single crystal inclusions or crystal clusters in sphalerite or it
occupies interstitial positions between adjacent sphalerite grains.

4. Galena varies in size between < 10 um and about 5 mm. Most crystals are between
approximately 100 um and 1 mm in size.

5. Galena crystal boundaries are occasionally straight or simply curved (plate 1C) but
usually they are very intricate and strongly sutured on scales of a few micrometres
(plates 3C, 4B).

6. Sample 30 is very strongly oxidised ore. In this sample lead usually occurs as relict
galena partly replaced by iron oxides and dolomite (plate 6C). Occasionally, the
galena is enclosed by thick, irregular crusts of secondary cerussite (PbCOy).

10 Recommendations

These ores are very inhomogeneous over the scale of the hand specimens. They have
macroscopic and microscopic banding and they are frequently brecciated and re-cemented by
later generations of sulphide minerals. Only one thin section and one polished thin section has
been prepared from each hand sample. These are clearly not representative of the ore as a
whole, no matter how carefully the section positions are selected.

It is recommended that in any further work the hand samples are crushed and screened (e.g.,
-125 pm or -250 pm) and that polished thin sections of the crushed products are investigated
by optical microscopy and SEM/EDMA. Alternatively, it may be appropriate to investigate
mill feeds and products in order to gain an understanding of the distribution of lead in the ore
as a whole or in specific subtypes.
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Plate 5. Sample designation: AN 29.

A General appearance of ore. Irregular, discontinuous veinlets of pyrite in sphalerite and dolomite
(almost black). Sphalerite and dolomite are intergrown on a very fine scale.

B Inclusions of galena in sphalerite.

C,D Inclusions of galena and pyrite in sphalerite. The galena is corroded. It is surrounded by
secondary carbonate which energy dispersive X-ray analysis show to be dolomite and not cerussite.
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Plate 4. Sample designation: AN 26.

A General structure of ore showing granular pyrite (yellow) that is frequently altered to marcasite
(nearly white). The dark brown areas are carbonates partly replaced by iron oxides. The carbonates
include dolomite and smithsonite. The granular pyrite is cut by a pyritic veinlet (oriented approximately
N-S). There is a later set of sphalerite veinlets (grey) that host most of the galena in this sample.

B, C Galena inclusions in sphalerite.

D Minute galena inclusions of sphalerite near the margin of a hollow cavity produced by
dissolution of dolomite.
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Plate 2. Sample designation: AN 14.

A General structure of ore. Idiomorphic pyrite crystals, sometimes embedded in dolomitq, .enclosed
by sphalerite. Galena occurs mainly as intergrowths with sphalerite or occupies interstitial positions
between adjacent sphalerite crystals.

B Most galena occurs as complex intergrowths with sphalerite on scales that vary between a few
micrometres and a few hundred micrometres.

C Traces of galena occur as minute, isolated inclusions in dolomite.
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