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SUMMARY 

'the cample conslstad of mrrus 1 0 mseh material oomprlaod Of pyrite, &phalerite, galena, . 

non-opaque minerals, mlnor pyrrhotite, maroaste, rnagnetKe, goethite. silver as wen as some 
chalcocite, dlgenlte and covelllte. 

Co�r minerals were ueoclated In manygraln.i with 5phalertte, garena and pynte as 
lnolusbns and as attached particles - even as mlddlfngs. ThiS will have a sar!ous advo�o affect on 
the fJQtation of acceptable zL"lQ and lead concentrates. A runner ccmpucatiOn IS that the 
seconda!Y copper minerals present tend to sfimas In mllllr"Q and these 5limaa may resuH in 
uncloslrable activation of the mrnerals resulting in Pb reporting in Zn concenrates and viCe versa as 
well as Cu reporting In both products. 

Tha sliver appeara to be accoclatect wllh galena, probably cu' lnck.Jsiona cf aoamhite. 
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INTRODUCTION 

A Bampl9 ldantlfled aa Sample No. V-00-PCOB Wall received In the Mineralogy laboratory 
for examination. Tne purpose of the examlnation was to detennlne: 

activation. 

1. the minoralogloal OOnlJQG�Ion of the ore 
2. the degree of oxidation 
3. the degreo of liberation 
4. the presence of secondary copper minerals or sources of zinc (sphalerite) 

A portion of the sample was brlqueued and polished for miCroscopiC examination and for 

photomicrographs of pertinent features or observations. 

RESULTS 

CQmpgSft;oa: The sample contained the following mineralS. The volume percent for 

each was esiima1ed. 

Mineral wt.% 
Pyrite 35 
Sphalerite 7 
Galena e· Chalcop)'rlte , 
Cha�n• oc1 
Dlgenlte <1 
Covelllte ..c1 
Tennantita Trace 
Pyrrhotite 1 
Marcasae 2 
Cu (native) Trace 
Ag Trace 
Magnetite 2 
Non-opaque 43 
Other (goethite) 2 

TOTAL 100 
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ResuHa - Continued 

Sltvor appem to ba pre11nt In galen•, possibly a& aoanthlta. We aeduce tnls from the 
tamlsh present on the galena which Is characteristic of sliver In the leacl sulphide. Native copper 
was identified aa a possibly 4 minute inClusions In sphaleme. 

MaHon: Goeth�e after pyrite, pyrrflottte and rnarcasitO was ldentifiQd with some 
goethfte contalnl� pyrtte as suonedral1o armost euhedtal crystals as well as anhedral pyrite. It Is 
unusual to find subhedral muotl!Qu auhedral pyrite In goethfte. AlteMtlon of ch�lc;opyrlte W88 
evident on some copper grains as tarnish as well as the presence of the minerals chalcocite. 
dlgenita, covellito �nd the tour mlrute grQins of metll!llc capper. Not au of the chalcopyrite 
exl'llbtteo pronounced alteration or tarnishing but of tho$$ grains that did not an estimated 40 
percent showed a greene!' yellow oolour than that of ireah chaiCXJpyrtte and experience lnaicates 

thai such 'off colour" chalcopyrite will not respond to beneficiation QUne as raadlly as frosh 
chalcopyrite. The ratio of freoh chalcopyrite to th• otr-aolour mtneral to that ext\ibHing tarnishing 

and afterstlon was estimated to be 11 :7'2. 

The secondary copper mlarals reprasanted parhaps 50 parcent to 60 paroent of the total 
copper In the saJl1;Jle. Three grain! of garena shOWed evlderr;e of carroSlonlerroslon of the 

surface but the remainder of tha galena appeared to be fresh. 

Oxidation Is preunt In the umple therefore we may expect .:tvense reaction to fiOtatron. 
by the minerals. Zinc, lead and copper concentrates may be most affected. 

O�f99 or UQQrat/Qn: The sample consisted of minus 10 mesh material, thArefore little 
Dboratlon Is to be expected. However, the follow� generalllatlons apply: 

A. Tho aeoondary ooppor mlnorars, �rtk:Uiatly coveUite and algenlte can be 
opectid to form slmee In milling and thia may affect the amenablnty to float 
of some minerals, particularly of the sphalerite cr n.y result In dilution c1 zlrlc 
concentrates by other mineral$. 

B. Secondary ClCPJ)Qt minerAls have replaced 101M of thG ohak:opyrite Inclusions 
In sphalerite and have formed as ooa.tlngs on sphalenta gralne. Thoy may remain 
as attaChed particles or becOme smears on the !Inc mlnel'al surface• perhaps 
causing the mineral to re�rx:t u a �r mJnerat. The Sl'nQAJ1ng of secondaty 
copper minerals or their sl1mes on other mlnrals- pyrite, oalsna. etc. may causa 
these minerals to respond in like manner as the sphalerite. The alteratlon to 
seoonduy copper mineralS of Chaloopyrlte associated with pyrHe and galena will 
htlve almllar effscts as that In sphSiartte. 

c. Somo free grains of suphlcle and llOf'H)paque mlnarars were observed but many 
of thoca oontalnect lnolualons of other suplhlde and U'le manner of thiS response 
to flot•tlon would be queGtlonable. We did not consld•r liberation determinatiOn 
tn M vs:illrf nn mlnu• 1 n mAAh mmAI"'AI 
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Aesuhs • contlrued 

Stepnd•tY Cqpptr Min«rBlt: Oovellite, dlgenlte and c:halOOCit& were identified. Also, 
some grains of chalcopyrite showed surfacing affACts such as tarnithlng and dL.IIIneu of oolour en 
frtthly polished eurfaceiS. Theset minerals and their asSOCiations are descrlbed more fully below. 

&oarstfqo of SDt!afedtB and Galena: Both mlneralc are desorlbed more fully balcw, 
Coppor minerals were associated wHh some grains of both sphalerite and galena and may ba 
expected to have aome effect on the 1lotatlon oharacterlstics of each . 



�aKer1e1a Research� Faro Mine:# 8 

MINERALS 

SPHALERITE: 
The zn; sulphide waa present as ooeaelonal free grains measuring 400 miCrometers and 

smaller, but more commonly astoclated with other mlnerala ae mlddlngs gr.ln&. It also was 
present u host for tine to mediUm sized inClusions of galena, chaiOopyrie. secondary ooppar 
mineralS and ocoaslonal other mlnerall. Illustration 1, 2 and s ihow the range of InclUSionS 
present In sphalerite. Illustration 2 also shows inclusions of product of alteration of chal4opyrito. 
Ona fracturo contail'le dlgenlte and a t� grains of n16taUic copper are present. 

Sphalerlta wae preeent aa grains withOut InClUSIOns as Shown in Illustrations 4 and 5. 
However, fractures in 6Ud't aphaleri1e a rains may and usually wero fHied with secondary copper 
mlnerakl. Illustration 5 shows one 6UCh fracture fiUed w1tt1 digenlte and covellite. These fractures 
may be filled with galena and/or secondary ooppor minerals u Ia ehown by tho f!'Uure in 
Illustration •· 

Illustration 4, 5, Ci and 7 shOw another bad feature associated wfth some sphalerite, that of 
coatings and attachments of galena W'd Ncondary oopper minerals. llkJstratJon 7 IS an extreme 
exampled thiS SUr1a'Je coating. Sphalerite so affected will be adVersely attivated with poor to null 
separatkm into separate concentrates of Zn and Pb - also of Cu If atteJ'1llted. The ore appears to 
be fairly weu zoned wtth a zinc zoM of no lnckJsions In sphalerita to oM where chaloop)'l'ltt wae 
the dominant lnokmlon 1e one where galena was the majOr IncluSIOn. The features shOwn In 
Hlustratlons 4-7Jncluslve, can ouarantee the lrr.probablllty of an aooGptable zn concentrate without 
aaorificlng recovery and poAibJy graaa. 

GALENA: 
The lead sulphide was presert In varfoua associations with sJ)halerla, pyrite, eopper 

minerals and non-opaque minrale. These aeeoclatlons lnc:k.ldecl: 
1. cementing together and sometimes replaCing pyrite and sphalerite. 
2. At lnckltlons in sphalerite and pyrite and very rarely In cnak:apyrHa or gangue. 
3. As fracture flUings in the zinc and lFQn sulphldet. 
4. AI oocasional tree grains measuring 200 mcrotnlmmeters and smaller. 
t;, Most Importantly, alone or with the secondary mpper mlnerala as coatings or 

•urfaoe attaohments on graill8 of sphalerite as shOWn in lllustratkJns 4 to 7. 
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Mlnerall· Continued 

Faro Minei# 9 

Tho 8180Cfatlon In nem 5 above wnen the secondary copper minerals are present resu�s 
In zinc concentrate contamination by laad and copper and In contamination of lead concentrates 
by �no and copper. Three grains of galena showed a�eratiOn leaving behind a 'boxwork' of 
galena and &IM:Ondary lead mineral. One suoh grain Is shown rn llkJstratlon 8. Scme galena 
exhibited a tarnlsned Jrrldesoent surface which ls characteristiC of galena containing sDver In ana 
form or other. Galena aleo wa& preeent as l 'crummy Jooklng' coatlrg on some grains Of pyrne. 
ThiS galena Invariably was aSSOCiated with tlie secondarY QOI:IPEir mll\9ra!a. 

It was not possible uslf1J the microoope to datermins the ratio of galena to c:opper mineral 

In the coatings on sphalerite. 

CHALCOPYRITE: 
This mlllaral was presem cementing grains of pyrite: as inclustons ot different sizes In 

SDhalertte. oooaafollally pyrlle or ;.lena and In gangue. Some d1alc:opyrile hlild been more 

exposed to the processes of weathering than other grains of the mineral and the effect!l ranged 
from tarnishing of chaJCOp)'rtt& eurfaoes through partlaJ to complete alteratiOn to sec:ondai'Y copper 

minerals dascrl)ed below. 

Illustrations 9 and 10 IllUstrate the cementing feature pluA the tarnl•hlng and alteration to 
dlgenita while llluetretlons 1 to a ahow exarrpes ot cnarcopynte aa lnc:lusions In sphalerite. The 
tarnishing of the ol'lalcopyrlte presents a cautionary cign for beneficiation. &pertenet hea shown 
auch cnalc:opyrite to be refractory CIUrlr'Q beneficiation. The grain size ranged from 60 to smaller 

than 5 miCrometers. The ratb of chalcopyrtta present aa fine grained lnoluslone In sphalerite to au 
other chalcopyrite was estimated to be 1 :3. 
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Minarall • Continued 

SECONDARY COPPER MINI!RALS: 
In decroulng order of abundanoe theee minerals wero ohalcopyrlto, dlgenitt, covelllte 

ana mGtalllc copper. A trace of bomite may have been present but was too flne-oralned for 

positive idel'ltlflcatlon. ThGGe minerals were the pnxfucta of alteration of chaloopyrlta. They were 
present as oocastonal free particles and In other associations of chalCopyrite. mustratrons 9 and 1 o 
show minor dlgenite and a trace of ch•�e all after pyrfte. 'l'118 one notewonny aSSOCiatiOn has 
been referred to under the headings of sphalerHe and gsJana. It Is shown In BluwatiQns 4 to 7 
lnofustve and fe that of ohalcoclte, dlgenlte a net covelflta pl'8$ent as a coating or attached fine 

grained panicle& on sphalerite grains. In thla BSBOCiatlon there ahao may 1» fine grained galena. 

l'he nat effect of this feature or assoCiation would be to make exceedingly dlffCult the separation 

of sphalerite from galena or chalcopyrite. Sphal"rlte could respond as galena or ch,Jcopyrtte and 
the same could be said ror garena and chalcopyrite. 

secondary copper minerals such as chalcocite, dlgenlte and covellte have a tendency to 
forrn slime partlolat In mliDnglgtindlng and the preeonce of such tllmes rn a mlxad ore has been 
known to result in unwanted actlvatlon of I"'IO'l--CCpper mtnerals In a SBI'1'1Jie. They could contribute 
to the refraotolY problems of copper and lead mlneralis in and en spllalerfte. 

PYRITE: 
This was the map sulphide mtnaralln me s&.n1)1e and was preSEH1 as anhedral to rare 

nearty-euhadral pyrite, with II were auoelated the &ulphlde ninerals aa cementlnc� material, 
attached partiCleS and oooasiOnat InclUsions. Individual grains measured as ft1Jch as SOD 
mierOmaters but thG grain size for so peroent of the p)'lfte was smaller than 150 �rorneters. 
Some grains exhibited embayment and replacement - partlcuJarty by galena. A few pyrite grains 

were affeotod by galena with eeoondary copper mine raJa present as a c::rummy or grainy coa11ng on 
the surface of the pyrite. Most of the DYrlte was homogenous but iaolataa grains departed from 
su<�h pyrHe. Exafl1)1ee of this conslstett or Isolated gratns or pyrite snot tnrough or peppered wHh 
2 rnlorometer and smaller l)artlcles ot sphal8rfte and of a fsw grains of pyrite which eontained 
lnokJsicns of galena meaaurlng 1 to 14 micrometers. 

Some pyrite .;an be expected to report In any concemrate prepared from 1his sample 

because of the presence cf coating or rncknllon of the mlQrsJ and perh;pa because of activation 
b)l slimed eecondary copper minerals. 
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MineralS- Comloold 

OTHER OPAQUE MINERALS: 
This oroup includes among cthara, the minerals pyrrhot!e and maroashe (after pyrrhotite). 

Together, these mnerala repreaent 3 percent or less l1f the tanl;1ie. While most at these twO 
minerals occurred together, Isolated fine--grained Inclusions of pyrrhctHe were ldentiflad in 
sphalerite and p-frlte. GoethHe also was present In small amounr and probably represented 
alteration of pyrfte. However. one 0CC111'1'91"1C8 of goethite had inelutlons of pyrite aomo of which 

was almost euhedrat ana extllbldng no srgn or attack or deration. An unexpected occurrence. 
Magnetlte mad a up approximately a percent of the aanlJia. It wu usoolatQd with tho non­
opaque mlnarats and occasronarry wfth pyrHe. Neither magnetite nor goethite are e�pected to 
cause probloma. 

NON-OPAQUE MINERALS: 
Not al of the non-opaques were Identified in thiiJ Investigation. This may be dOne as an 

appendix to this repon ·If H should be required. The maJor minerals present in thia giOI.Jp were 
quw and feldspar. 


