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SUMMARY

The sampile consisted of minue 10 mesh material comprised of pyrite, sphlerite, galena, .
non-opaque minerals, minor pyrrhotite, marcasie, magnetlte, goethite, silver as well as some
chslcoche, digenits and covellite,

Coppar minerals wers assoclated In many gralns with sphalerte, galena and pyre as
Inclusions and as attached pariiclas - even as middlings. This will have a sarous atdverss effect on
the flotation of acceptable zinc and lead concentrates. A further complication is that the
secondary copper minerals presant tend to simas In milling and these slimag may result in
undesiratyle activation of the minerals ragurting in Pb reporting in 2n concenrates and vice versa as
well as Cu reporting In both products. ’

Tha sliver appears to be ascoclated with galana, probably as Inclusions of acanthite.
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INTRODUCTION
, A sampla idantitled as Sample No. V-00-PCOB8 was récelved In the Mineralogy laboratory
tor oxamination, The purpose of the examination was 10 determine:
1. the mineralogloal composition of the ore
2. the degree of oxidation
3. the dogree of liberation
4. the presence of secondasy copper minarals or sources of zinc (sphalerita)
activation.
A portion of the sample was briquetted and polished for microscoplc examination and for
photomicrographs of partinent features or obsarvations.
RESULTS
Lomposition: . The sample contained the following minerals. The volume percent for
oach was estimaied, '
Mineral Wt. %
Pyrite 35
Sphalerite 7
Galena 6
Chelcopyrite 1
Chakoolte <1
Digenite - <
Covslliie <1
Tennantita Trace
Pytrhotite 1
Marcasito 2
Cu (native) Traca
Ag Tracs
Magnetite 2
« Non-opaque 43
Other (goethtte) 2

TOTAL 100
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Results - Continued

Siiver appears to be present In galena, possibly as gcanthita. We deduce this trom the
larnigh prasent on the galena which Is characteristic of silver in tha lead sulphide. Native copper
- was identifled as 3 possibly ¢ minute inclusions in sphalerite.

 Qxidation: Gosthlte atter pyrite, pyhotite and marcasito was iientified with some

- goethite containing pyrite as subhedral 10 aimost euhedrs crystals as well as anhedral pyrite. It Is
unusual to find subhedral much less euhedral pyrita in goethlte, Alteration of chalcopyrite was
evident on some copper grains as tamish as well as the pragsence of tha minerals chalcocite,
digenta, coveliite and the four minute graing of metallls copper. Not al of the chalcopyrite
exhibhea pronounced alteration or tamishing but of thoss grains that did not an estimated 40
percent showed a grasner yoliow oolour than that of mh chaldopy'me and experiance Indicates
that such "off colour® chalcopyrite will not respond to beneficlation quite as readtly as fresh
chalcopyrite. The ratio of fresh chalcopyrite to the off-colour minera! 1o that exhibiling tarishing
and afteration was estimated to be 11:72.

The sacondary copper mierals represanted parhapg 50 parcent 10 80 paroent of the total
copper in the sample. Three grains of gaiena showed evidence of corroslon/errosion ¢f the
surface but the remainder of tha galena appeared to be freeh.

Oxidation I present In the eample therefore we may expect adverse reaction 1o flotation
by the minerals. Zinc, lead and copper concantrates may be most affected.

Degree of Liberstior; The sample consisted of minus 10 mesh matertal, therefore little
fiboration ie to be expected. Howsver, the following generalizations apply:

A. The seoondary copper minerals, particularty covellite and gigenite can be
oxpectad to form eimas In milling and this may affect the amenabifity 10 tioat
- of some minarals, particularly of the sphalerite or may result in diiution of zinc
concentratas by other mineralg. ,

8. Secondary coppéer minerals have replaced gome of the ohalcopyrite Inclusions
in sphalertte and have formed as coatings on sphalerite gralne. They may remain
as atlached particles or becoma smears on the Zinc mineral surfaces perhape
causing the mineral 1o respond as a copper mineral. The smaaring of sacondary
copper minerals or their glimas on othar minrals - pyrite, ¢alsna, etc. may cause
these minerals to respond in like manner ag the sphalerite. The alteration to
sacondary copper minerais of chalcopyrite associated with pyrite and galena will
have slmilar effects as that In sphaiertte.

(o} Soma free gralns of suphide and non-opaque minarals were observad but many
of thesa oontained inolusions of other suplhkie and the manner of this response
10 flotation would be questionable. We did not consider loeration deteérmination

10 ha valid nn minue 10 mash mataral




P Wi ¥V fisilv 1T W7 v

Y1 ee—ou 1 L1 2 1AM v LdRET AR M REIG@l Wit~

Resulta - Cominued

Secondary Copper Minerals:  Covellite, digenite and chaicochs were identified. Also,
some gralns of chalcopyrite showed surfacing atfacts such ag tarnishing and dulineas of colour on
freshly polished sutfaces. These minsrals and their assoclations are described more fully balow.

J Separalion of Sphalerfe and Galena: Both minerals are desarbed mors fully balow,

Coprer minerals wers associated wih some grains of both sphalerite and galéna and may ba
expected to have eome effect on the tlotation oharactaristics of each.
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MINERALS

SPHALERITE:

~ The zinc sulphida was present as occasional free prains measuning 400 micrematers and
smaller, but more commanly assoclated with other minerals as middiings grains. it also was
present as host 1or 1ing to medium sized i’mh.lslon's of galena, chalcopyrite, sacondary copper
minerals and occasional other minerale. lilustiation 1, 2 and 8 show the range of Inclusions
present (n sphalerita. Nliustration 2 also shows inclusions of product of atteration of chaleopyrite.
Ona fracture containe digenite and a few grains of metalic copper are present,

Sphalerite was present as grains wihout Inciusions as shown in lliustrations 4 and S.
Howaever, fractures in such gphalerita grains may and usually wers filled with seoondary copper
minerala. lliustration 5 shows one such fracture tilied with digenite and coveliite. These fracilures
- may be filled with galena and/or secondary copper minarals ae ie shown by the fracture in

- lustration 4.

Nustration 4, 5, 6 and 7 show another bad feature assoclatad with some sphalerite, that of
coatings and attachmaents of galena and secondary copper minerals. illustration 7 Is an exirame
example-of this surtace coating. Sphalerfte so aHected will be adversely activated with poor o null
geparation into separate concenirates of 2n and Pb - also of Cu If attamgted. The ore appears o
be faldy well zoned with a zinc 2one of no Inclusions In sphalerite to ona where chaloopyrite was
the dominant inoluslon 1o ene whers galena was the malor inclusion, The features shown In
Rlustrations 4-7 Incluslve, can guarantes the improbabilifty of an soceptable 2n concentrate without
¢aorificing recovery and posshily grace.

GALENA:

The lead sulphide was present In various associations with sphalerite, pyrite, copper
minerals and non-opague minrals. Thess associations included:
Cementing together and somatimes raplacing pyrita and sphalerite.
As Inclugions in sphalerite and pyrite and very raraly in ¢haicopytrite or gangue.
As fracture fillings in the 2inc and iron sulphides.
As occagional free grains measuring 200 micromilimeters and smaller.
Most importantly, alone or with the secondary eopper minerals 8¢ coatings or
surface attachmernts on grains of sphatadte as shown in lilustrations 4 to 7,

LB
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Minerals - Continued

The assoclation In tem $ above when the secondary copper minerals are present resufts
In 2ine concentrate contamination by lead and copper and In cortamination of kad concentrates
by zinc and copper. Three grains of galona ghowed alteration leaving behind a ‘boxwork’ of
palena and sacondary lead mineral. One euch graln I8 shown [n ilkstration 8. Some galena
exhibited a tarnished Iridescent surface which Is chamacteristic of alena cortalning silver in ona
form or other. Ggalana aleo was prasent as a ‘crummy koking’ coatlrg on same grains of pyrite.
Thig galena invariably was associatad with the secondary cobpar minarals.

it was not possible using the microcope to datermina the ratie of galena to copper mineral
in the coatings on sphalerite. '

CHALCOPYRITE:
o This mineral was present carnenting graine of pyrite; as inclusions of difterent sizes in
b sphalarite, occaslonally pyrie or galena and in gangue. Some chalcopyrte had been more
exposed 1o the processes of weathering than other grains of the mineral and the effects ranged
from tarnishing of chaleopyrite eurfaces through partlal to complete alteration to secongary copper
~minerais described below,

liustrations 9 and 10 lllustrate the camenting feature plua the tamishing and alteration to
digenite while fllustretions 1 10 3 show examples 01 chaicopyrite s inclusions In sphalertte. The
tamnishing of the chalcopyrite presents a cautionary sign for beneficlation. Experience has shown
such chalcopyrite to be rafractory during beneficiation. The grain slza ranged from &0 to smaller
than 5 micrometers. The ratlo of chalcopyrite pragant as fine grained Inclusions In sphalerits o all
other chalkcopyrite was estimated o be 1:3. :

''''




Minerals - Continued

SECONDARY COPPER MINERALS:
In decroasing order of abundance theee minerale were ohalcopyrite, digenite, covellite
and metallic copper. A trace of bornite may have been present but was 100 fine-gralned for

~ postive idontlfication. Thees minerale were the products of alteration of chalcopyrite. They were

prosent as occasional free paniclas and In other assoclations of chalcopyte. Miusirations 8 and 10
show minor digenite and a trace of chalcochte all after pyrite. The ona noteworiny assoclation has
been reterred to under the headings of sphalerite and galena. [t is shown in Blustrations 4 to 7
Inciusive and Is that of chalcocite, diganite ana covelitta present as a coating or attached fine
gralnad pariicles on sphalerite graing. In this mssaciation there slso may be fine grainad galena.
The net effect of thig feature or association wouk! be to make exceedingly difficult the separation
of sphaiertte from galena or chaleopyte. Sphalerite could respond ag galena or chalcopyrite and
the same could be saki for galena and chalcopyrie.

~ Secondary copper minerals such as chalcocite, digenite and covellite have a tendency to
form glime particies In miling/grinding and the presence of such slimes In a mixed org has been
known fo result in urwanted activation ot non-copper minerais in a sample. They could contribute
to the refractory problema of copper and lead mineras in and on gphalerite.

PYRITE:

This was the major sulphide minaral In the sample and was presert as anhedral to rare
nearly-euhedral pyrite, with i ware assoclated the sulphide minerals as comenting material,
attached particles and occasional inclusions. Individual graing measured as much as 500
them but tha grain gl2e for 80 peroent of the pyrite was smalier than 150 micrometers.
Some grains exhibited embayment and replacement - particularly by galena. A few pyrite grains
were affecied by galena with secondary copper minerals present as a crummy or gralmy ¢oating on
the surface of the pyrite. Most of the pyrite was homogenous but isolatad graing departed from
such pyrite. Examples of this consisted of Isolated grains of pyriie shot through or peppered with
2 micrometer and smaller particies of sphalerite and of a faw gralne of pyrite which contained
inokusiona of gaiena measuring 1 to 14 micrometers.

Some pyrite can be expscted to report In any concémrate prepared trom this sample
because of the prasence of coating or incluslon of the mlaral and perhape because of activation
by slimed secondary copper minerals.
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Mingrals - Continued

OTHER OPAQUE MINERALS:

This group includas among othars, the mingrals pyrrhotBe and marcasite (after pyrchotite).
Together, these minarals represent 8 percent or less of the sample, While most of these wo
minerals occurred together, Isolated fine-grained Incluslons of pyrrhotite were identified in

| aphalerite and pyrite. Qoethlie also was present In smali amount and probabiy rapresented
alteration of pyrite. However. one oocurnance of goethite had incluglons of pyrite gomae of which
was almost euhedral and exhibiting no 8ign of attack or alteration. An uhexpscled occurrence.
Magnetlie mada up appraximately 2 percent of the sample. It wag aseoolatad with the non-
opaque mingrals and occasionally with pyrite. Nelther magnetite nor gosthits are expected 1o
cause prebloma.

NON-OPAQUE MINERALS: .

Not all of the non-opaques wers Iidentified in this Investigation. This may be done as an
appendix to this repot - if i should be required. The major minerals present in this gmup were
GQuertz and feldapar.




