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Introduction: 

The followi ng samples were submi tted for pol i shed thin sect i on 
preparat i on and mi croscopi c  examinati on. 

Head Samples (crushed materi al) 
Faro P i t  1 
Faro P i t  2 (V-DT- 12) 
Faro P i t  3 (DL-08) 
Faro 4 (Drill Cores) 

Concentrates 

Ta ilings 

Pb Concentrate 1 
Pb Concentrate 2 

Pb Ta ilings 1 
Pb Ta ilings 2 

Rock Samples 
V90-DT- 12 
V90 PL-01 

Hole V90- 12 
60044 , 60047 ,  6005 1 ,  60053 

Hole V90-79 · ,  
604 18 , 604 19 , 6042 1 ,  60423 
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Background and Objectivesz 

The maj or ity of these samples come from a new ore body to be brought 
i n t o  product i on at the Faro operat ion. I n i t i al metallurgi cal tests 
on drill core suggested no part i cular problems in mill trea tment of 
thi s ore. However , subsequent testing on the stripped ore body 
i n d i c ated severe treatment problems wi th certa in samples ,  suspected 
to relate to locali zed oxidat ion and/or leaching. 

Such s amples are characteri zed by a fa ilure to achi eve separat i on of 
g a lena from sphaleri te. Instead of a spe c i f i c  concentrate of galena 
bei ng obtai ned in the Pb flotat i on stage , sphalerite also floats -
produci ng a bulk concentra te. Apparently the sphalerite (whi ch 
normally requires activation by the add i t i on of Cu so4 to cause i t  
t o  float) i s  somehow self-act ivated i n  these aberrant s amples. The 
pri ncipal obj ective of the present study i s  to develop a 

· 

m i n eralog i cal explanat ion for thi s  behavi our. 

The head sample des ignated Faro P i t  1 represents typical materi al of 
the ori g i nal ore body. 

Head sample Faro P i t  2 (V-DT- 1 2) typ i f i es mater i al from 
body whi ch exhibits normal process i ng character i s t i cs. 
Concentrate 1 and Pb Ta ilings 1 represent products from 
of thi s ore type. 

the new ore 
Pb 
the milling 

Pk-o� 
The head samples des ignated Faro P i t  3 (DL-08) and Faro 4 (drill 
cores) are ore types from the new ore body whi ch exhib i t  aberrant 
tre a tment characteri stics. Pb Concentrate 2 and Pb Ta ilings 2 
represent products obta ined from the trea tment of such materi al. 

The sui te also includes a compari son pair of two grab samples of ore 
from the new ore body (V90 PL-0 1 and V90 DT- 1 2) .  These both c ome 
from the 1 140 bench - the f irst at locat i on 2 7E and the second at 
16E. PL-0 1 i s  vuggy , and behaves badly i n  flotat ion , yield i ng a 

bulk product. DT- 12 i s  non-vuggy and behaves convent i onally , w i th 
good separation of Pb from Zn a t  the Pb rougher stage. 

The rema i nder of the sui te con s i sts of var i ous ore types from the 
new ore body , as di fferent i ated in the logging of drill holes V90- 12 
and V90- 79. No i nformation was provi ded re the ir spec i f i c  tre atment 
characteristics. 

Summary of Mineralogical Observations: 

The ore samples making) up thi s sui te ·exhibi t the following general 
character i st i cs. They are ma s s ive to semi -mass ive sulfide 
aggregates cons i s t i ng predominantly of pyrite , sphalerite and 
galena , i ntergrown with a gangue composed o f  varying proport i ons of 
bar i te , quartz and carbonate . Primary accessory const i tuents ( not 
necessar ily present in all of the samples) are pyrrhot ite , marcas i te 
and magneti te. Low levels of chalcopyrite (from traces to about 
0.5%) are observed in most samples. 
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Mos t commonly the pyri t e  occurs a s  subhedral individuals , more or 
les s  dens ely disseminated through a matrix o f  gangue with int imately 
intergrown fine-gra ined sphaler i te and galena. Occa s ionally the 
pyr i te forms a compact aggrega te in whi ch gangue and Pb/Zn sul f i des 
consti tute a minor intersti t i al/cementing phase. The scale o f  
intergrowth of the galena and sphaler i te wi th the gangue and pyr i te 
ranges from a few microns up to a few hundred microns. 

Samples Faro Pit 1 ,  Faro P i t  2 (V-DT- 12) , V90 DT- 12 , 6005 1 ,  60053 , 
604 19 , 604 2 1 and 604 2 3  are all of thi s  general type , though varying 
i n  mineral proport i ons , gra in's i ze , Pb/Zn grade and textural deta ils 
(see ind ividual descripti ons and photomi crographs) . 

Sample 604 18 cons i sts predominantly of pyrrho t i te (and derived 
s ec ondary pyrite and ma rca s i te) . 

flr:·· . �t P�..c-r ::A� .. ,�./.. P�.;·/:...� { 
Samples Faro Pit � (DL-08) , Farb 4 (drill cores) , V90 Pt-01 , 60044 
and 60047 aie of s i milar general character to the main group (except 
tha t  60044 is unusually low in total sulfide s) .  However , they all 
exhibit a characte r i s t i c  altera t i on of the conta i ned galena. 

Thi s  alteration ranges from a d i ffuse dus t i ness or mottl ing of the 
galena , through d i st inct r ims and c ellular textures of a low 
reflective secondary product , to areas of soft , non-poli shable , 
porous material - somet imes packed with rel i ct specks and meshworks 
of galena. 

Thi s  effect is s trongly concentrated in the galena , but commonly 
extends i nto the assoc i a ted sphale r i te as mi cron- scale rims and 
gra in-boundary networks. The materi al of these features i s  o ften 
qu i te h i ghly reflect ive and looks l i ke actual galena (or some other 
sulf ide) rather than an oxi d i zed/secondary product. 

F ine-gr a i ned , blui sh materi al , having the appearance of secondary­
, \ type , enr i ched Cu��ulf i des (probably ma i nly intergrowths of 

c..·o" -r--chalcoc i te and d igeni te) , i s  s omet imes assoc i a ted with the galena 
alterat i on , or forms clumps , r i ms and threads in the assoc i ated 
sphaler i te. 

I t  i s  notable that the d i stribu t i on of the s econdary-type Cu does 
not seem to be spat i ally related to the acces sory chalcopyr i te. The 
latter o ften occtirs in minor quant i t i es in the same samples , but i s  
almost always fresh. 

Two of the samples in thi s altered group (Faro 4 and 60044) show an 
a d d i t i on al feature. I n  these the pyri t e  gra i ns are often strongly 
sha ttered , and veined by galena. They also appear to show vary i ng 
degrees of replacement - yield i ng areas of galena speckled with t i ny 
pyr i te remnants. Occas i onally sphaler i te appears to be s imilarly 
a f f ected. 

Nature and Origin of the Alteration: 

The small scale and int imate , often d i ffuse textural character of 
the galena alterat i on and the a ssoci ated sphaleri te-rimming 

J 
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phenomenon makes determi nat i on of the spec i f i c  mi neralogy o f  the 
consti tuent phases very d i f f i cult. 

X-ray d i ffract i on scans were run on three of the a l tered samples. 
Thi s  is a bulk method ,]the effect iveness of whi ch depends on the 
concentrat i on of the spec i e s  sought , and is lowest in 
mul t i -component mixtures . No recogn i zable response from the 
secondary products was obt a i ned in 60044 and 60047 , but sma l l  peaks , 
pos s ibly attributable to angl e s i te , were obtained i n  PL-0 1. 

The appl icat i on of micro-analyt ical techniques , l ike scann i ng 
e lectron mi croscopy or electron microprobe analys i s , a l so has 
l imitat i ons for the eluc i d a t i on of the a l terat i on mineralogy. The 
i ntr ica c i es of the intergrowths , the swamping effect of the maj or 
components (Pb , Zn and Fe) , the d i f f i cu l t i es of d i f ferent i a t i ng Pb 
from s because of overlapping spectra l peaks , and the i nabi l i ty to 
detect C (as in Pb and Zn carbonates) by XRF because o f  i t s  l ow 
atomi c number , are all  factors whi ch combine aga inst the effect i ve 
use of such methods. 

Probe work remains the best ava i l able pos s ibi l i ty of obta i n i ng 
add i t i onal information ,  but only i n  the context of a 
research-qual i ty study. 

The total absence (in the study samples) of l i mon i t i z a t i on o f  the 
ubiqui tous pyrite suggests that the observed altera t i on d i d  not t ake 
place under surface-related cond i t i ons of oxi dat i on and wea theri ng. 
Rather , the presence of the S-depleted Cu sulfides chalcoc i te , 
digenite and cove l l ite (albe i t  in mi nor proporti ons) i s  
character i s tic o f  the zone o f  secondary enri chment. Thi s  i s  
consi dered t o  have formed under oxygen-free cond i t i ons , probably at , 
or j ust bel ow ,  the water table i n  depo s i t s  whose higher l eve l s  were 
undergoing active oxida t i on , y i e ld ing downward-percol a t i ng , 
meta l-r i ch solutions. In the present case the hypothet i ca l  oxi d i zed 
zone would appear to have been removed by eros i on. 

The strong preferent i a l  a l tera t i on of galena observed. i n  the pre sent 
samples i s� however , atypical of thi s  mechani sm. Cu (and Ag) are 
the two e lements commonly transported and reprecipated as enri ched 
species. Pb is not known to be affected. Another po int to be 
consi dered is that secondary enrichment does not usual ly take pl ace 
i n  depos i t s  containing s igni f i cant amounts of carbonate (wh i ch tends 
to . neutra l i ze the aci d i c  solut i ons produced in oxi dat i on of 
sulfides and fix the l iberated metals i n  the oxi d i zed zone. 

Metallurgical Implications 

Al tered ga l ena , sphalerite gra ins wi th rims of remobi l i zed galen a, 
and blue secondary-type Cu sul f i des are all  notable consti tuents in 
the two m i l l-test samples (Pb concentrate 2 and Pb Ta i l ings 2) known 
to exempl i fy poor flota t i on behavi our . 

These same constituents are absent from the ore samples known to 
behave normally in flota t i on. One or a l l  of them are thus i n d i cated 
a s  a poss ible cause of the tre a tment problem. By extens i on , 
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ma t erial of the types represented by the rema i ni ng rock samples 
(60051 ,  50053 , 604 19 , 6042 1 and 60423 - and poss ibly 604 18) are 
con s i dered unl ikely to present a treatment problem (over and above 
any limi t a t i ons stemming from f i neness of gra i n) . 

Observa t i ons on the concentrate and tailings produced from the 
" d i ff icult " ore indi cate two princ ipal pecul i ari ties . Not only i s  
the intended Pb concentrate grossly contaminated wi th Zn { sphaleri te 
be i ng some 6 t imes a s  abundant a s  galena) , but the tailings s t i ll 
conta in substant i al galena; i . e .  i t  would appear that the flota t i on 
of galena i s  inhibi ted , a s  well as that of sphalerite being 
enhanced . 

However , the observat i ons do·not support the conclus i ons that the 
altered f orm of galena cons i st ently fails to float , whilst the 
unaltered porti on floats normally . Ne i ther does it appear true that 
the sphaleri te gra ins with r ims (or surface f ilms) of galena ( ?) 
floa t  whilst the normal sphaler i te rema ins suppressed . Both fresh 
and altered types of both-minerals are f ound in both products { see 
photomi crographs) . 

Of the mechan i sms suggested i n  your letter , the presence of s oluble 
salts in the ore i s  d i f f i cult to expla i n  in a present-day , 
non-desert , near-surface environment . However , i t  may be that the 
prevailing permafrost cond i t i on s  contribute in some way { p��vent i ng 
the leachi ng out of soluble pro ducts?) . In any event , �uch a n  
ef f ect i s  unl ikely t o  i nvolve P b  salts , most o f  whi ch are notably 
insoluble . 

Your exper imental f i ndings that a substant ial proport i on of the Cu 
in these aberrant ores is water-leachable i s  surpris ing . I f  thi s  i s  
a cons i s tent feature , it may well contr ibute to the flot a t i on 
problem . The solubility of part of the Cu i n  cyanide i s  less 
surpri s i ng , being expla ined by the observed presence of chalcoci te/ 
d i geni te/covelli te� 

My observati ons do not suggest a correla t i on o f  Cu content per s e  
with aberrant flotat ion propert i e s , but they d o  indicate that the 
pre s ence of enriched secondary- type Cu sulf ides i s  character i s t�c of 
the "bad " ore , whereas small quant i t i es of chalcopyrite are pre s ent 
in almost all the samples , i rrespective of type . I suspect , 
therefore, that total Cu may prove a les s  prec i se screeni ng 
cri teri on than cyanide-soluble - (or pos s i bly wat er-soluble) Cu 
contents . 

The present study provi des part i al explanat i on of your f inding that 
i mproved flotation behavi our i s  achieved if the undersi z e  port i on i s  
removed a t  the f i ne crush i ng stage . The most s trongly altered 
galena appears to be of a soft , fragile , porous nature , and may well 
concentrate i n  the fines a t  the crushing stage . However , there i s  
n o  part i cular ind i cation from the textural relati onships tha t  the 
r imming effects in the sphaler i te , and the more d i ffusely altered 
galena , would behave in thi s  way . In any event , these altered f orms 
have not been shown to behave cons i stently as regards their 
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flotation properti es. Useful i nformation might be obta i nable from 
m i croscop i c  examinat i on o f  s ome of the improved products achi eved by 
thi s  approach. 

Ind ivi dual mineralogi cal descri pt i ons are attached , together with a 
set of illustrat ive photomi crographs. The la tter provide a vi sual 
compari son of the salient features of the d i fferent samples in the 
sui te , w i th special emphas i s  on the alterat ion process whi ch 
appears , i n  some way , t o  influence the flotation properti es of the 
ore. 

J.F. Harris Ph.D. 

( (604) 929-5867) 



PHOTOMICROGRAPHS 

All photos are by reflected ljght at a scale of l cm = 85 mi crons , 
except where otherwi se stated. 

A. METALLURGICAL PRODUCTS: Good Treat•ent Characteristics 

HEAD SAMPLE: FARO Pit 1 

Neg. 1 87-0: Typi cal f i eld. Mineral fragments (crushed ore) a s  
follows: cream colour i s  pyr i t e; light blu e-grey (e.g. compos i te 
w i th pyr i te at right centre) i s  galena; dark grey (e.g. intergrown 
w i th galena , and a s  free gra i n  at bottom r i ght) i s  sphaler i te; 
yellow (selvedge on pyr i te gra in at upper left) is chalcopyri te; 
l i ght brown (centre top) i s  pyrrhoti te. Speckled , cream-coloured 
g r a i n  at far left is secondary pyr ite/marca s i t e , after pyrrhoti te. 
Thi s  colour key appl i e s  to all the photographs. 

Neg. 1 87-1: Part of a large fragment (colour key as for 187-0) . 
S hows typi cal texture of subhedral pyr ite gra i n s  (cream colour) in 
mat r ix composed of gangue (darkest grey: e.g. centre) with 
i n tergrown pockets of bas e  metal sulf i des: e.g. galena and 
sphaleri t e  at left; sphale r i t e  and chalcopyr i te at top right; 
sphaler i te ,  galena and pyrrhotite at lower r i ght centre. Note 
r ounded to sub-angular i nclu s i ons of sphaler i te (and occasi onal 
galena and chalcopyr i te) in the pyrite gra i ns. 

HEAD SAMPLE: FARO PIT 2 (V-DT -12) 

Neg. 1 87-2: Typi cal f i eld. Note much f iner scale of i ntergrowth 
than in previous sample. Fragment at left shows subhedral pyr i te i n  
m a t r i x  consi sting of f i ne-gra ined intergrowth o f  sphaler ite .(medium 
g rey} , galena (light grey) , and gangue (black) . Fragment at bottom 
r i ght i s  same components i n  s omewhat coarser , equ igranular 
i ntergrowth. Fragment at top right shows pyr i t e  grains set i n  
mat r ix of i ntergrown galena a n d  sphaler i t e. Fragments a t  extreme 
r i ght are gangue (barely d i s t i ngui shable from the black background) 
wi th tiny i nters t i t i al flecks of sulfi des. 

Neg. 187- 3: Field showi ng s ome other textural associations common 
i n  thi s  sample. Large fragment at lower left i s  intimate , 
f ine-gra ined intergrowth of galena , sphaler i te , pyrrhoti te and 
gangue. Elongate fragment a t  centre i s  of coarsely intergrown 
pyr i te and sphalerite , but note t iny d i ss em inated inclus ions of 
galena in the sphaleri te. F i eld includes s ome magnetite , s imilar in 
c olour to sphaler ite , but sl i ghtly browner-grey as opposed to the 
more blui sh-grey sphaler i te (e. g. bottom r i ght; upper left; and as a 
f ew d i screte clumps i n  the large polymine r al i c  fragment at lower 
left). 



Pb CONCENTRATE 1 

Neg. 1 87- 1 7: Scale 1cm = 42 mi crons. Typical f i eld. Cream colour 
i s  pyri te; l ight bluish grey i s  galena , med i um grey i s  spha l er i t e; 
dark grey i s  gangue (rare) . Also note one or two tiny gra ins o f  
chalcopyr i te (yellow) . The maj ori ty of part i cles are l iberated , but 
careful examination shows re lat ively numerous examples of galena/ 
sphalerite composi tes , and a few of pyr i t e/galena and pyri te/ 
sphaleri te. 

Neg. 1 87- 1 8: Scale 1cm = 42 microns. Another typical f i e l d. 
Colour key and comments a s  for 187- 17. Average particle s i z e  i n  
thi s  area of the s l ide i s  s l ightly higher. 

Pb TAILINGS 1 

Neg. 1 87-2 2: Scale 1cm = 42 microns. Typ i ca l  f i eld , showing part 
of a floccul ated c l ump of f iner�sized part icles (right) and an area 
of segregated coarser part i cles. Minera l ogy cons i sts of pyr i te 
(cream colour) , spha l er i te (medium grey) and gangue (very d ark , j ust 
d i st ingui shable from the black background. Note lack of gal ena. 
The components are l argely a s  l iberated part icles. Two spha l er i te 
gra ins at lower left have sma l l  inclus i ons of pyrrhot i te (buff 
colour) . 

B. METALLURGICAL PRODUCTS: Bad Treatment Characteristics 

HEAD SAMPLE: FARO PIT 3 ( DL-08 ) 

Neg. 1 87-4: Typical f i e l d , showi ng var i ous mineral fragment s . Area 
a t  upper right i s  pyrite wi th intergrown marcas i te (whiter) , 
probably secondary a fter pyrrhot i te; grey pockets are inters t i t i a l  
sphaler i te. Irregul ar-shaped gra in a t  bottom ri ght i s  spha l er i te 
(dark grey) with int imately intergrown g a l ena ( l i ght blui sh grey) ; 
thi s ga lena i s  of fresh , norma l appearance. Compare th& fragment at 
bottom left whi ch cons i sts of semi -ma s s i ve pyrite wi th an 
inters t i t i al/matrix phase of speckled grey materi al; the l a tter i s  
a l s o  ga lena , but o f  pervas i vely altered type. 

Neg. 1 87-5: Area at upper right cons i st s  of an i ntergrowth of 
spha lerite (dark grey) and gangue (darker grey) with scattered 
pyr i t e  euhedra. Note sporadic blue patches; these are secondary Cu 
sulf ides , predominantly d igeni te . Fragment at l eft centre shows 
pyr i te with inters t i t i al/cement ing phase of minutely intergrown 
cha lcopyrite , galena and sphal erite; note that thi s  chalcopyr i t e  
shows no s ign o f  a l t erat i on t o  blue secondary products. Fragmen t  at 
bottom left is an example of homogenous sphal eri te in relat ive l y  
coarse-gra ined intergrowth with pyri t e. 

Neg. 1 87-6: Scale 1cm = 42 mi crons. Hi gher m�gni f i cat i on shot of 
c entral area of Neg. 187-5 . Shows examp l e  of a sphalerite gra i n  
(left centre) having a part i a l  rim or surface f i lm o f  apparent 
g a lena. 
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HEAD SAMPLE: FARO PIT 4 (Drill Cores) 

Neg. 1 87- 7: Typical f i eld. Shows pyrite gra ins in matrix of gangue 
(darkest grey) wi th spars e  pockets of sphalerite and galena. Many 
of the pyr i te gra ins are fractured and cemented by an altered form 
of galen a  (note dusty , mottled appearance) . In gra ins a t  bot tom 
right and extreme left , the a s soci ated galena i s  speckled wi th 
blu i sh s econdary Cu sulfi des. 

Neg. 1 87- 8: Another typical f i eld. Fragment at upper left c ons i st s  
o f  compact pyri te wi th inters t i t i al chalcopyr ite (yellow) , shaler i t e  
(grey) a n d  gangue (black) ; ·the chalcopyr ite i s  fresh. Two d i ffuse­
margined , light grey areas a t  right cons i st of galena showing 
speckl i ng of s econdary products , grading to completely altered 
per ipheral zones (black) . Black areas in the cores of these 
fragments are vuggy cavi t i es from leaching or plucking of s ec ondary 
products. Not e  presence of fresh chalcopyrite in the upper area of 
altered galena , and of i ntergrown patches of sphaleri te i n  the other 
one. 

Neg. 1 87- 9: Scale l cm = 42 mi crons. Similar subj ect matter to 
18 7-7 (fractured pyrite cemented by weakly-altered galena) , but 
hi gher magn i f i cation. Clearly shows rimming of adj acent sphalerite 
gra ins by networks of remobili zed (?) galena. 

Neg. 1 87- 1 0: Scale l cm = 42 mi crons. Deta iled shot of area o f  
galena speckled wi th t i ny remnants of pyr i te - assumed to represent 
the unreplaced rema ins of gra i n s  whi ch were origi nally like the two 
coarser pyrite ind ivi duals. The galena shows strong margi nal 
altera t i on , gra ding to a low-reflect ive (dark) secondary product , 
more or less densely dusted wi th tiny flecks of surviving galena. 

Neg. 1 87- 1 1: Scale l cm = 42 mi crons. Examples of other 
man i fes t a t i ons of the alterat i on process. Gra i n  of coarse galena 
(l i ght grey wi th tri angular black cleavage pits) at top r i ght has 
colloform-textured rind of altered ma ter i al - incorporat i ng remnants 
of fresh pyr i t e  and chalcopyri te. Sphalerite gra in at centre bottom 
has an almost complete , thi n  rim of apparent galena. Larger 
sphaleri te gra in at top ·left also has a rim , i n  thi s ca se of blu i sh , 
presumably Cu-rich materfal. 

Neg. 1 87- 1 2: Scale l cm = 42 m i crons. Area of galena showi ng 
peripheral gradati on , v i a  speckled/mottled zones , to non-reflect ive 
and part i ally leached (black) altered materi al with lamellar 
remnants of galena. Note intimate complex contact rela t i onships 
(replacement?) of the parti ally altered (secondary?) galena w i th the 
patches of i ntergrown sphaleri t e  (e.g. lower centre; bottom left) .  
The gri nd ing o f  such material will clearly yi eld sphaler i t e  
part i cles rimmed by galena. 
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HEAD SAMPLE: FARO PIT 4 (Drill Cores) 

Neg. 1 87- 1 3: Scal e  1 cm = 42 microns. Another textural var i ant of 
the feature i llustrated in 187 - 10. An extens ive area o f  galena i s  
packed w i th minute angular shards (presumed repl acement remnants) o f  
pyr i te. At upper right the galena shows complex margins 
represent i ng alterat i on to porous , partly l eached secondary 
products. The ma i n  area of galena shows d i ffuse part i a l  a lteration 
to grey mater i a l , i nclud ing colloform/concentric texture s. Note 
sma l l  i ncluded gra in of chalcopyr ite (lower r i ght) ; thi s i s  fresh 
and apparently unaffected by the galena a lterat i on process. 

Neg. 1 87- 14: Sca l e  1 cm = 42 microns. · Area of d i f fusely a l tered 
(mottled) galena with concentric zonal textures around inclus i ons .of 
spha ler i t e  (partly repl aced ?) . F i eld also i ncludes fragment of 
sphaler i te { dark grey) at lower left showing a ltered periphery wi th 
f lecks of blue secondary Cu sulfides. Note tha t pyri te , a s  a lways , 
appears unaffected by these a lterat i on effects. 

Neg. 1 8 7- 1 5: Scale 1cm = 42 mi crons. Apparent rim replacement of 
pyr i te (cream colour) by pyrrhoti te (brown i sh) . Partly 
pyrrhot i t i zed pyr i te also occurs { r ight and lower left) as sma l l  
i sl ands i n  a matrix o f  intensely altered galena. The ga lena { l ight 
grey) shows peripheral gradat i on to non-reflect ive secondary 
mater i a l  w i th minute needles o f  rel ict galena. At upper left the 
r e l ict galena shows para llel l amellar form. 

Neg. 1 87- 1 6: Scale 1 cm = 42 microns. Deta i led view of textural 
relationships as shows i n  Negs 187-7 and 9 .  Shows fractured pyr ite 
{ l eft) ve i ned by galena (and possibly some pyrrhoti te) and mantled 
by an area of segregated galena speckled with t i ny angular shreds of 
pyr ite { presumably unreplaced remnants) .. Sphaler i te gra in { dark 
grey) at bottom right ha s galen a  rims , but so thin { < 1 mi cron) as to 
be virtu a l ly i ndistingu i shabl e  i n  the photograph. 

Pb CONCENTRATE 2 

Neg. 1 87- 1 9: Scal e  1 cm = 42 mi crons. Compare with Pb Concentrate 1 
{ Negs 187 - 17 , 18) .  Thi s  product { of notably fine parti cl e  s i ze) 
consi sts l argely of sphaler i te { med ium grey) . Galena { l i ght bluish 
grey) is minor. Note also presence of rela t ively coarse gra ins of 
free pyr i t e  (cream col our) .  Gangue (dark grey) is relat ively· 
abundant. 

Neg. 1 87- 2 0: Scale lcm = 21 mi crons. Maximum magn i f i c a t i on to show 
deta i l s. Ga lena rimming on sphalerite grains i s  fa i rl y  common (e.g. 
lower right centre; upper r i ght centre). Product includes accessory 
proport i ons of blue secondary Cu sulf i des , typically as very t i ny 
part i cl es. 
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Pb CONCENTRATE 2 

Neg. 1 87- 2 1: Sca le 1cm = 21 microns. Simi lar features to 187-20. 
Note galena rim on relat ively large , equant spha ler i te gra i n  at 
centre right. I rregular , speckled , l i ght grey gra i n  at centre i s  
al tered galena. Spha ler i te gra i n  at l ower r i ght centre has a rim of 
blue secondary Cu sul fi des. Field a l so includes a gra i n  of fresh 
chalcopyrite (yel low ; upper left) . 

Pb TAILINGS 2 

Neg. 1 87-23: Scale 1cm = 42 mi crons. F i e l d  i ncludes flocculated 
f i ne s  { upper left , bottom right) separated by area of segregated 
coarser particl es. Note presence of several gra i ns of ga lena ( l i ght 
blui sh-grey) in thi s central zone. Thes e  show part ial speck l ing , 
indi cat ive of incipient altera t i on .. F i eld also i ncludes a small 
grain of chalcopyr ite (yel low; bottom left) - whi ch ,  along w i th the 
galena , should have gone into the Pb concentrate rather than rema i n  
i n  the ta i l ings. . �  

Neg. 1 87-24: Scale 1cm = 2 1  microns. Maximum magn i f i cat i on to show 
deta i l s. · Note presence of galena (mostly apparently fresh} a s  
essent i a l l y  free gra ins (e.g. upper left , bottom right) , and 
compos i te with sphaler i te (top r i ght) . Galena is a lso a mi nor 
component of the floc of finer particles at lower left. 

Neg. 1 87-25: Scale 1cm = 2 1  mi crons. Shows presence of sphaler i t e  
gra ins r immed by galena { upper 'r i ght) a n d  b y  a ltered galena wi th 
intergrown blue Cu sul f i des (top left , bottom r i ght) . Apparently 
such material does not necessar i ly float readi ly. Field also 
i ncludes galena of fresh , norma l appearance (e.g. bottom lef t ;  top 
r i ght centre} , and a gra in of fresh cha lcopyr i te (upper left 
centre) . Note relat ively high content o f  gangue particles (very 
dark grey , j ust d i stingu i shable from the background) , mostly free o f  
sulfides. 

c. ROCK SAMPLE : Good Treat•ent Characteristics 

SAMPLE V90 DT-1 2  

Neg. 1 8 8-0: Typi cal f i eld. Shows equant pyri te individuals i n  
matrix o f  gangue (dark) , with i rregula r  impregnat i ons o f  sphal er i te 
(medium grey) and f i ne-gra ined galena ( l i ght blu i sh grey) . Pyr i te 
grains somet imes show s aw-tooth margins , embayed by the matr ix 
sul f i des. Note i nclus i ons o f  sphaleri te i n  a few pyr ite gra ins. 

Neg. 1 88- 1: Another typ ical f i e ld. Simi lar features to 188-0. 
Note very f ine sca le of intergrowth of galen a  wi th gangue and 
sphaleri te. Thi s  wi l l  necess i tate very f ine grinding for adequate 
l iberat i on. 

' 

J 
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D. ROCK SAMPLE : Bad Treatment Characteristics 

SAMPLE V90 PL-01 

Neg. 1 88-2: Typical fi eld. Compare with 188-0 ( DT- 12) . Style of 
i ntergrowth is essent i a l ly the same , but on a relat ively coarser 
scal e. Thi s  fiel d  also exempl i f i es a mild man i festa t i on o f  the 
a lterat i on of ga lena. Not e  grey al tered pha s e  ( darker than galena , 
l i ghter than sphaleri te) a s  occas i onal threads and spots i n  gal ena , 
and a s  r ims at contacts of ga lena with spha ler i te , gangue or pyri te 
( e.g. centre bottom ;  left centre) .  

Neg. 1 88-3: Example 
described for 188-2. 
or a s  smal l  cores in 
secondary product. 

of stronger development of galena altera t i on a s  
Fresh galena survives a s  remnants r immed by -

cellular boxworks of - the lower refl ectivity 

Neg. 1 88-4: Scale 1cm = 42 mi crons. Higher magn i f ication , to show 
det a i l s  of galena alterat i on. Note intergrowth of specks and 
concentr i c  zones of blue s econdary Cu sulfides in the a l tered ga lena 
at lower left. Sphalerite adj acent to a l tered galena at r ight shows 
thread- l i ke networks and m i nutely thin r ims of apparent 
( remobi l i zed?) ga lena , locally somewhat blu i sh. R ims and 
i ntergranular threads in the sphaler i te gra i n  at top left are more 
obvious�y blue and clearly cons i s t  ma inly o f  secondary Cu sulfi des. 
Pyr ite is strikingly unaffected by the alterati on. 

Neg. 1 88- 5: Scale 1cm = 42 mi crons. Deta i led view ,  showi ng diffuse 
n ature of intergrown blue Cu sul f i des i n  concentrica l ly zoned 
a lterat i on of galena ( at l e ft) . Field a l s o  i ncludes a rel a t ively 
coarse area of largely unal tered galena ( upper centre) . 

Neg. 1 88-6: Scale lcm = 42 mi crons. Exampl e  of Cu- r i ch ( blue) 
a l tera t i on concentrat ing i n  sphalerite ( med i um grey , upper part of 
f i e ld) . The adj acent galena i s  locally strongly a ltered i n  the 
coll oform/crusti fied style preval ent in thi s  sample ( centre top) , 
but more often ( extreme r i ght , upper left) i s  unaltered. Note blue 
Cu sul f i des as acicular growths i n  carbon�te gangue. ( me d i um-dark 
grey) a t  bottom right of centre ; and a s  cluster of smal l  granules i n  
pocket o f  total ly al tered mater i a l  ( black) a t  bottom , left of 
centre. 

E. ROCK SAMPLES: Mineralogy Suggesting Normal Treatment Properties 

SAMPLE 6005 1 

Neg. 1 88-14: Typical f i eld. Pyri te aggregate at lower l e f t  i s  
cemented by marcasite ( sl i ghtly l ighter i n  colour) and f le ck s  of 
galena. R i ght half of f i e l d  i s  a segregat i on carbonate ( bl ack) 
s tudded with pyri te grains , and having minor iritergrown spha l er i te 
( dark grey) .  Relat ively coarsely segregated pockets o f  g a l en a  occur 
in the contact zone. Grey , high rel ief area at upper left i s  
magnet i te. 

_I 



7 

SAMPLE 60051 

Neg. 1 8 8� 1 5: Simi lar general features to 188- 14 , but here t�e 
pyr i te aggregate is cemented by galena , and the carbonate 
segrega t i on (left hal f  of f i e l d ) is free of pyr i te and conta ins 
abundant intergrown sphaler i te and galena. Ragged buff-coloured 
area at bottom left i s  pyrrhoti te. 

SAMPLE 60053 

Neg. 1 88- 1 6: Typical f i eld. Shows wide s i ze-range of pyr i t e , 
grad ing down to tiny granule s  (left) . Note " fr i l led" margins of 
coarser pyr i te gra ins - probably representing overgrowths of t i ny 
granules. Interst i t i a l/matr ix phases are·minute ly intergrown 
galena , sphalerite and gangue. Fine gri n d i ng wi ll be necessary for 
a d equate l iberat i on i n  thi s s tyle of ore. 

Neg. 188- 1 7: Simi lar features to 188- 16 but i nclud ing sl ight ly 
coarser pockets of spha ler i te (right) and galena (bottom left) .  
Minute d i s seminated specks o f  exsolved chal copy r i te are v i s ible (in 
strong i l luminati on) i n  the s phaler i te a t  upper r ight. 

SAMPLE 604 1 8  

Neg. 188-18: Typical f i eld. Shows abundance o f  pyrrhot ite (buff 
c o lour) . Thi s  i s  extens ively altere d , and probably occurs a s  

-

remnant cores in cellul ar/concentr i c  growths of s econdary 
pyr i te/marcasi te. The black patches and. fl ecks i n  the latter are 
p i t s , indi cating its  porous character. F i e l d  includes rel a t i vely 
coarse s egregations of sphal e r i te (med ium grey) , locally w i th 
included clusters of f ine-grained pyrrhot i t e  and galena. Not e  rare , 
angular ind ivi dua ls of fresh pyr i te (e.g. upper centre) .  

Neg. 1 88-1 9: Another typi cal f ield o f  thi s  unusua l , pyrrhot i te-rich 
ore type. Simi lar to 188- 18 ,  but a l s o  includes extens ive areas of 
" dusty" brownish secondary-type pyr i te (lower r ight) , and patches of 
p l aty-textured , porous marcas i t e  (wh i t i sh ;  upper right centre) . 

SAMPLE. 604 1 9  

Neg. 1 8 8-20: Typical f i e ld. Note s impl e  mineralogy a n d  textural 
features. Thi s  mate r i a l  appears s imi lar to Faro Pit 1 ,  head s ample ,  
but has somewhat finer over a l l gra i n  s i ze. 

SAMPLE 60421  

Neg. 1 88-2 1: Typical f i el d. Compare with 188-20 and note wi d e  
range o f  pyr ite gra i n  s i ze ,  i ncluding some minutely granular 
material i n  intimate i ntergrowth wi th galena. Thi s  resembles Sample 
60053 (see Negs 188- 16 , 17) . The mineralogy is the same a s  that 
maki ng up the maj or i ty of samples i n  thi s  sui te: i.e. pyr i te , 
gangue , spha lerite and galena. 
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SAMPLE 60421 

Neg. 1 88- 22: Sca l e  1cm = 42 microns . Hi gher magn i f ica t i on to show 
deta i l s  of the f i ne-gr a i ned intergrowth - parts of whi ch appear 
unl ikely to be ful ly l iberatable. 

SAMPLE 60423 

Neg. 1 88-23: Typical f i el d. Low-grade mater i a l  consi s ting of 
compact pyr ite wi th i nters t i t i a l  pockets of gangue (bl ack) and minor 
s pha ler i te (dark grey) . 

F. ROCK SAMPLES: Mineralogy Suggesting Aberrant Treatment Properties 

SAMPLE 60044 

Neg. 1 88-7: Typical f i eld . Aggregate of gangue (very dark grey) 
wi th pockets of sul f i de s  cons i sting of fractured pyr ite mantled and 
ve i ned by mi ldly a ltered (partly dusty- looking) galena . The galena 
i ncludes i s l ands of sphalerite { medium grey) , often surrounded by 
swa rms of tiny granules of the same miner a l. Thi s  t exture could be 
i nterpreted as the result of partial repl acement of spha l er i te by 
the galena . Note s im i l a r i ty of thi s  sample w i th the Faro P i t  4 head 
s ample { Negs 187-7 , 9). 

Neg. 1 88-8: Area o f  strongly altered ga lena wi th dusty patches and 
col lofor� growths , grading to porous s econdary mate r i a l  { black) w i th 
t i ny flecks of remnant galena. Note rounded rel ict gra ins of. 
s phalerite in the a l tered galena patch a t  centre bottom. Cream­
coloured grains at l ower r i ght are fractured pyr ite cemented by 
a l tered galena . 

Neg. 1 88-9: Transmitted l i ght. Same f i el d  a s  188-8 . Shows 
c e l lular and spongy t exture of altered g a l en a  (white speckles are 
pores) . Orange patches are sphaler i te . Clear whi te patches are 
gra ins of barite or quartz . Bl ack { opaque) is pyr i te , galena . 

SAMPLE 60047 

Neg. 1 88- 1 2: Typ i c a l  f i e l d . Rather rounded , crenulate-margi ned 
pyr ite gra ins are d i sseminated though a mat r ix of ga lena wi th 
abundant islands o f  sphalerite . Thi s  sampl e  i s  essent i ally devo i d  
o f  gangue. The bl ack areas i n  the ph

.
otograph are holes -

represent i ng natura l  vugginess , pos s i bly empha s i zed by plucki ng 
during pol i shing. Thes e  areas may be l oca l i zed centres of complete 
a l terat i on { ?) and l eaching in a galena/spha leri te i ntergrowth in 
which the remaining galena appears l a rgely fresh. 

· 

Neg. 1 88- 1 3: Another area of the sample (contrast with 188- 12) . 
G a l ena { interstit i al to pyr i te) shows a lmos t  total conversi on to l ow 
reflect ive { dark grey) porous secondary products .  Note minor 
a ccessory chalcopyr i te (yellow) as ve inlet i n  pyri t e  { top) and 
r andom tiny gra ins (extreme left) . The chalcopyri te i s  fresh , 
d espite wholesale a l tera t i on of the a s soc i a ted galena. 



HEAD SAMPLE: FARO PIT 1 

Est imated mode 

Pyr i te 
Spha l e r i te 

Galena 
Chalcopyr i te 

Pyrrhotie 
Marcas i te

. 

Quartz 
Bar i te 

Carbonate 

60 
10 

3 
0 . 3 
1 
3 
9 

13 . 5  
trace 

.. 

Thi s  polished thin sect i on cons i s t s  of crushed fragments i n  the s i ze 
range 0 . 02 - 2 . 0mm . The fi ner fract i ons tend to be l iberated 
mineral gra ins , but the coarser fragments show something o f  the 
range of textura l  i ntergrowths present . 

The ore i s  clearly of a predominantly pyr i t i c  nature; with a quartz/ 
bar i te gangue . The commerc i a lly va luable consti tuents con s i s t  of 
spha ler i t e , predomi nant over galena , together with minor proport i ons 
of cha lcopyr ite . 

The pyr i te occurs a s  homogenous equant gra ins , up to 1mm or so in 
s i ze . Occasional ly these show adhering s elvedges (or rare 
inclusions) of galena , spha ler i te or cha lcopyr i te , or are s impl e  
compos ites with intergrowths o f  these consti tuents , o r  gangue . The 
va luable consti tuents occur , to a consi derable degree , as l i berated 
gra ins but ,  in part , are mutual intergrowths (sometimes including 
gangue) . The sca le of these intergrowths ranges from f ine to 
relatively coarse , and the general impr e s s i on from thi s  pol i shed 
sect ion i s  of a d i s t i nctly less f i ne-gr a i ned ore than that 
exempl i f i ed by the Faro P i ts 2 ,  3 and 4 s amples and some of the 
ind ividual core samples of the suite . Fragments of essent i a l l y  
homogenous sphalerite up to O . Smm , and o f  galena u p  t o  0.2mm , are 
relatively common . There are , of course , a l so examples of much 
f i ner intergrowths , down to 20 mi crons or so , but the overa l l  
impress i on i s  that a grind t o  -200 mesh would result in good 
l i berat i on . 

Minor accessor i es are pyrrhotite and fi ne-gr a ined s econdary- type 
pyr i t e  and/or marca s ite (probably der ived from. orig inal pyrrhoti t e) . 
These mostly occur a s  di screte segregat i ons , though pyrrho t i te i s  
occa s i onally seen i n  fine-gra ined intergrowth w i th sphaler i t e  and/or 
cha l copyr i te . 

Al l components appea r  fresh . 



HEAD SAMPLE: FARO PIT 2 

Estimated mode 

Pyrite 
Magnetite 

Spha lerite 
Chalcopyrite 

Galena 
Pyrrhotite 

· Marcasite 
Barite 

Carbonate 
Quartz 

32 
6 

11  
trace 

6 
2 
1 

25 
2 

15 

The overall composition of this ore (as represented by the material 
of the polished section) is less pyritic and richer in barite/ 
qua rtz gangue than that exemplified by the Pit 1 sampl e. I t  a l so 
differs in having a relatively higher content of galena , and in 
containing substantial amounts of accessory magnetite . 

However , the most striking difference from the Pit 1 s ample is the 
predominantly much finer scale of textural intergrowth exhibited by 
the cons tituents. 

Pyrite grain size ranges from 20 - 300 microns. I t  typically �ccurs 
a s  individual subhedral grains , disseminated though a matrix of 
intimately intergrown spha lerite , gangue , galena , magnetite and 
pyrrhotite (in various proportions) . It a l so forms semi-ma ssive 
aggregates intergrown with gangue , sometimes having sma l l  pockets o f  
the va luable constituents. 

Sphalerite is seen as segregated pockets up to about 200 microns or 
more in size , but galena areas seldom exceed 100 microns. For the 
most part both minera l s  show a considerably finer scale of 
intergrowth than this , in the range 5 - 80 microns. 

The fine intergrowths are mainly of galena and sphal erite , sometimes 
with gangue , or more rarely pyrrhotite , a s  a third or fourth 
component. 

Magnetite is relatively abundant , as smal l  granules in spha lerite 
and as aggregated clumps with tiny inclusions of sphalerite and 
galena. 

Cha l copyrite is very rare. 

Ore of this type wil l  require very fine grinding to achieve 
satisfactory liberation { see photomicrographs) . 

Al l components appear fresh. 



BEAD SAMPLE: FARO PIT 3 

Est imated mode 

Pyr i t e  
Sphaleri te 

Galena 
Pyrrhot i te 

Magne t i te 
Arsenopyri te 
Cha lcopyri te 

Altered galena 
Digeni te) 

Covell i te) 
Quartz 
Barite 

Ser i ci te 
Carbonate 

52 
7 
3.5 
2.5 
0.5 
0.5 
0.5 

trace 
trace 

18 
15 

0.5 
2 

Thi s  ore type i s  generally s imilar to the previ ous samples. The 
ove r a l l  galena content i s  comparable with that of the P i t  1 s ample , 
and the given assay seems high by compari son. Texturally the 
i ntergrowths are s imi lar to the Pit 2 sample , wi th a few fragments 
of generally coarser texture , s imilar to the P i t  1 mater i a l. 

Pyr i t e  forms ind ividual subhedral gra ins , 20 - 500 microns in s i ze. 
I t  a l s o  occurs a s  compact granular aggregates whi ch are large l y  free 
of other sulfides , except for minor flecks and intergranular threads 
of cha lcopyrite and/or galena. For the most part , the pyr i te 
ind ivi duals occur more or less densely di sseminated through a mat r ix 
of gangue with sporad i c  pockets of galena and sphaleri te. 
Occas i onal fragments are s een in whi ch the matrix cons i sts of Pb-Zn 
sul f i de s  w i th minimal gangue. 

Cha lcopyr i te is not iceably more abundant in thi s  sample than most of 
the others (though st.i l l  minor overal l). I t  occurs as spor a d i c  
inters t i t i a l  pockets in aggregated pyr i te , and a s  occas i onal ragged 
patches in gangue. 

Some coarse fragments of pyrrhotite (partly showing coll oform 
a l tera t i on to secondary pyri te/marca s i te) are present , and the 
overall proport i on of thi s  consti tuent is higher than in the other 
p i t  samples. Occa s i onal gra i ns of arsenopyrite are intergrown w i th 
the pyr i te aggregates. Magnet i te i s  much rarer than in the P i t  2 
s ampl e. 

Thi s  sample shows inc i p i ent development of the a l teration effects 
whi ch are more strongly d i splayed in the Pit 4 material and i n  d r i l l  
core samples V90 PL-0 1 , 60044 and 60047. A very small proport i on o f  
the galena shows di ffuse , dusty t o  crusti f i ed ,  rim-type a l tera t i on ,  
and the sample includes occa s i onal smal l ,  random patches of blu i sh 
secondary Cu sulfides. The latter are genera lly associated w i th 
spha lerite or gangue rather than chal copyri te (whi ch i s  typically 
fresh) . 



READ SAMPLE: FARO PIT 4 

Est imated mode 

Pyr i te 
Sphaler i t e  

Galena) 
Altered galena) 

Chalcopyr i te 
Secondary Cu sulfides 

Quartz 
Bar i te 

Carbonate 

39 
3 

10.5 

trace 
trace 
20 
27 

0.5 

Th i s  ore-type , though of simi lar ba s i c  minera logy to the other p i t  
samples , shows distinct ive features. The r a t i o  o f  galena t o  
spha ler i t e  i s  notably high ( a t  least a s  regards the mater i a l  making 
up the pol i shed sect i on); the pyr ite partly shows a d i st i nct ive 
fractured/fragmented texture , and locally appears to be rep l a ced by 
the galena; and the galena shows rather extens ive alteration. 

Pyr i te shows a very wide gra i n  s i ze , from i nd ividual subhedra up to 
1cm or more in s i ze (homogenous but for a few small galena 
inclu s i ons or ve inlets) down to swarms of mi nute remnants ,  2 - 10 
mi crons in s ize , in matr ices of galena or a ltered ga lena. Clumps of 
compact granular aggregates of pyr i te are a l s o  seen. 

Pyr i te grains can be observed in a l l  stages of fragmentat i on ,  
ve ining/cementat i on and assimi l at i on by galena. The latter shows 
vary ing degrees of alteration to un i dent i f i ed non-reflec t i ve 
secondary products. 

The textura l d ivers i ty of galena altera t i on process i s  best 
apprec iated by reference to the photomi crographs. The ga lena ranges 
from apparently fresh and norma l , through a mi ldly dusty and mottled 
appearance (incipient altera t i on) , to more strongly altered va r i ants 
cons i st i ng of specks and lattice works of remnant galena in a matrix 
of non-re flective secondary mater i a l. A f i n a l  stage of complete 
destruc t i on of the galena y i e l ds more or less extensive patches o f  
the secondary products (often d i f ficult to d i fferent iate f rom the 
pr imary gangue components). 

Somet imes the secondary products , and/or a remob i l i zed form of 
galena , appear to penetrate adj acent sphal er i te - commonly w i th the 
development of intergranular f i lms and d i ffuse patches of a s soci a ted 
blui sh secondary Cu sulfides. The latter are only rarely seen i n  
d irect association wi th cha lcopyri te , whi ch i s  a sporad i c  trace 
component of the pr imary polyphase intergrowth (though notably l e s s  
abundant than in the P i t  3 samp l e). Rather , they seem to have 
developed by mobi l i zation and reconst i tut i on of Cu held i n  solid 
solution (or micron-s i zed exsolved blebs) in the sphaleri te. 

The surface propert ies of the galena and , to some degree , the 
sphalerite in thi s m�ter i a l  wi l l  have been more or less profoundly 



Head Sample: FARO P i t  4 cont. 

mod i fi ed by the alterat i on , leading to non-standard behavi our of 
thi s ore type in flotat i on. 

Certain puzzl i ng incon s i stenci es exi st whi ch bear on the cond i t ions 
and processes which have caused the devel opment of thi s  d i s t i nct ive 
ore type. I t  i s  beyond the scope of the present study to pursue 
these in deta i l , but they present an interesting geolog i c a l  puz z l e. 
For ins tance , are the physical breadown ( mi crobrecc i a t ion) o f  pyr i t e  
and its  apparent replacement b y  galena i n  some way related to the 
prevalence of s econdary processes in thi s  sample? Could the g a l ena 
i tself be partly secondary or redi stributed? If the gal en a  
al tera t i on i s  a convent i onal surface-related weather ing/ox i da t i on 
phenomenon , why does the pyri te show no l imon i t i za t i on ?  ( and why are 
the Cu- enr iched sul f i de s , l i ke cove l l i te and d igenite , deve loped 
rather than oxi d i zed spec ies l i ke malachi te?) . 



Pb CONCBRTRATB 1 

Est imated mode 

Gal ena 
Spha l er i te 

Pyr i t e  
Chalcopyri te 

Pyrrhot i t e  
Gangue 

76 
1 1.5 
10 

0.5 
trace 

2 

Thi s  product has a predominant particl e  s i ze range of 2 - 40 
mi crons , plus scattered , coarser grains t o  70 mi crons. 

Galena i s  the principal consti tuent , with sphaler i te and pyr i t e  the 
chi ef impur i t i es. The non-sul f ide content i s  notably low. 

The maj or i ty of the pyr i t e  appears free. An est imated 20% o f  the 
pyr ite gra ins have small corners or selvedges of galena. 

By compar i son , a much higher proportion (50 - 60%) of the sphalerite 
gra ins show " corners "  of galena , or are s imple compos ites. 

Of the mi nor consti tuents , cha lcopyrite resembles the pyr i te i n  its 
locking characteristics (mainly free) , whi l st the gangue is more 
l ike the sphalerite (often w i th intergrown galena) . 

The sca l e  of the pyr i te/gal ena and sphal e r i te/ga lena locking i s  in 
the range 2 - 20 mi crons. 3 -phase locki ng of the se components i s  
notably rare. 

- j 



Pb CONCENTRATE 2 

Est imated mode 

Spha leri t e  
Galena) 

Altered galena) 
Pyri te 

Cha lcopyri te 
Secondary Cu s u l f i d e s  

Gangue 

56 
9 

7 
0.5 
1 

26.5 

Thi s  i s  a very finely ground product , a lmost ent i rely in the 
part icle s i ze range o f  1 - 35 mi crons. Very rare coarser gra ins , in 
the range 50 - 100 microns , are also seen. 

Its compo s i t ion i s  notably d i ff erent from that of Pb Concentrate 1 ,  
in that the ratio of gal ena to sphaler i te i s  virtually reversed. 
Also , i t  has a much higher content of gangue (non-sulf i de} mater i a l. 

The observed mineralog i c a l  proport i ons appear somewhat a t  odd s wi th 
the given a s say , the preponderance of spha le r i te and pauci ty o f  
galena being even more pronounced than the a s s ay d a t a  would suggest. 

Apa rt from the ir overal l  sma l l er average s i ze , the galena and pyr i te 
gra ins in thi s  sample are s im i lar to those in Concentrate 1 ,  being 
predominantly l iberated , angular particles. 

The spha l er i te shows a much l ower degree of Jack i ng wi th galena than 
i n  the previ ous sample , an est imated 90 - 95% of the sphaler i t e  
particles apparently bei ng free. The same i s  true of the gangue. 

Other important di fferences from Pb Concentrate 1 are observable. A 
proport i on of the spha ler i te particles show thin , part i a l  to 
complete r ims of apparent galena. Deta i l s  o f  thi s  feature are not 
easy to see , nor is i t s  overa l l  frequency eas i ly estimated , owing to 
the sma l l  s i ze of the grains and the extreme thinness of the 
coatings. Certa inly a proport i on of the "free" sphal er i te part icles 
are , i n  fact , of thi s  type. The photomi crographs provide a useful 
i llustra t i on. This feature i s  probably a mani festati on of that 
observed in V90 PL- 1 ,  where f i lms of "al tered galena• are seen 
penetrating sphaler ite gra in boundari e s  and contacts. 

I n  add i t i on ,  a proport i on of the galena part i cles are of more or 
less a ltered type , be ing of porous or minutely mi crogranular 
appearance and/or being dusted with low-ref l ect ive s econdary products. 

Another d i st inct ive feature i s  the presence of a minor proportion 
of blui sh , secondary Cu sul f i des (probably mixtures of covel l i te/d i gen i t' 
and cha lcoci te}. Thi s  mate r i a l  occurs i n  the concentrate as t iny , 
i rregular granules or cryptocrystal l ine aggregates , often in 
int imate intergrowth w i th galena - probably of a ltered or secondary 



Pb Concentrate 2 cont. 

type. I t  i s  also occa s i onally seen as a component of the 
g a l ena-l ike coatings on sphalerite (see photomi crographs) . 
Interest ingly , the maj or i ty of the chalcopyr ite grains in the 
concentrate are l i berated part i cles free of apparent surface 
a l terat i on effects. 



Pb TAILINGS 1 

Est imated mod e  

Pyr i te 
Pyrrho t i t e) 

Marca s i t e) 
Spha ler i te 

Magnet i te 
Chal copyr i te 

Gal ena 
Quartz 
Bar i te 

Carbonat e  

44 
1.5 

5.5 
1 

trace 
trace 
16 
12 
20 

Thi s  product has a part icle s i ze range of 5 - 100 mi crons. The 
pol i shed sect ion consi sts of patches of flocculated fines (pa r t i cles 
2 - 30 mi crons in s ize) alternat ing with d i spersed mater i a l  of 
coarser average s i ze (range 5 - 100 microns). 

Pyr i te and gangue are the predominant const i tuents. The pyr i t e  i s  
a lmost totaily (N98%) l iberated. Occas i onal gra ins have sma l l  
corners o r  inclusions o f  sphal e r i te. The gangue (a mixture o f  
qua rtz , bar i te and carbonate) i s  a l s o  mostly l iberated. About 5% of 
the gangue particles show minor intergrown specks of sphaler i te. 

Spha ler i te ,  the ma in accessory component , also shows a general ly 
h i gh degree of l iberat i on. A maximum of 10% of the sphal er i t e  i s  
locked a s  composites w i th gangue o r  pyri te. 

The predominantly l i berated s tate o f  the spha l e r i te in thi s product 
suggests that it should be read i ly recoverable in the Zn flot a t i on 
stage. 

Ga l ena i s  strik ingly rare in thi s  product , attest ing to excel lent Pb 
recovery. The vi rtual absence of included galena specks in 
sphaler i te or pyr ite gra ins i s  remarkable. The observed abundance 
of galena in the mounted port i on of thi s sampl e  appears cons i derably 
l e s s  than i s  indicated by the given assay (0.54% Pb). 



Pb TAILINGS 2 

Est i mated mode 

Pyr i te 
Sphal er i te 

Galena 
Chalcopyr ite 
Arsenopyr i t e  

Altered galena 
Secondary Cu sulfides 

Quartz 
Bari t e  

Carbonate 

45 
12 

1.5 
trace 
trace 

1 
trace 
18 
22 

0.5 

Thi s  product has a w i de part icle s i ze range. Ma ter ial in the lower 
part of the s i ze range ( 2  - 30 mi crons) occurs as sharply-de f i ned 
f locculated clumps in the s l i de , separated by d i s persed gra ins of 
coarser average s i ze (range 20 - 125 mi crons) . The mineralogica l  
r a t i os a r e  perceptibly d i fferent in these two types of mater i a l , 
w i th a much higher proport i on of pyri te vs sphaler i te in the coarser 
s i ze range. 

Compared w i th the opt ically est imated mineralogical proport i ons , the 
g iven assay appears l ow in Fe and high in Pb. 

The general composi t i on i s  similar to that of Pb Ta i l ings 1 ,  pyri te 
and gangue being the two pr i ncipa l  components. Note , however , that 
the gangue in thi s  samp l e  di ffers in containing very l i ttle 
carbonate. 

Both pyr i te and gangue a re predominantly as free part icles. The 
extremely high percentage l i bera t i on of gangue (est imated a s  c.99%; 
i .e. perfect , but for rare , t i ny inclus ions of sphaler i te i n  a few 
gangue particles) i s  somewhat surpr i s ing. Pyrite , by compa r i son , 
shows a not i ceably hi gher degree of locking than in Ta i l ings 1 ,  
chi e fly a s  a result o f  i t s  larger average particle s i ze. 
Approximately 20% of the pyr i te grains (chi e f ly the l arger ones) 
have sma l l  corners or s elvedges of sphalerite or , less commonl y ,  
gal ena. 

Spha ler ite shows a d i s t inctly higher average abundance in thi s 
product than in Pb Ta i l i ngs 1. Approxima tely 20% of the spha l er i te 
i n  the coarser s i ze fracti on i s  locked , occurr ing as corners and 
i nclusions in pyrite grains , and as compos i te s  wi th intergrown 
gal ena. Liberat i on i n  the f i ne s i ze ranges i s  more complete. 

Galena i s  notably more a bundant than in Pb T a i l ings 1 ,  indicating 
relatively poorer recovery in the Pb . flota t i on stage. Thi s  i s  
conf irmed by the low g a l ena content o f  the correspond ing concentrate 
(q.v.). An est imated 50% of the galena occurs a s  l iberated 
part icles , the rema inder be ing locked with pyrite and sphaler i te -
ma i nly in the coarser s i ze ranges. 



Pb Ta i l i ngs 2 cont. 

A proport i on of the ga lena gra i ns (both free and locked) have a more 
or less dusty or porous/microgranular appea rance , and probably 
represent an a ltered or secondary form. Th i s  mater ial often appears 
to include var i ous proport i ons of int imately intergrown secondary Cu 
sul f i des. 

The secondary-type galena (and/or Cu sul f i des) is a lso seen a s  thin 
coat ing s  to sphaleri te grains . The presence of such particles i n  
thi s product i ndi cates that the r imming feature does not 
con s i stently cause the premature float ing of spha ler ite so affected . 
In fact , the presence of s i gni f i cant proport i ons of free gra ins of 
the secondary or altered-type galena in the present product would 
suggest that i t  i s  relat ively reluctant to float (as  indicated by 
the l ow Pb content of the correspond ing concentrate) .  

Cha lcopy r i t e  i s  s l i ghtly more abundant in thi s product than in Pb 
Ta i l ing s  1 ,  though s t i l l  of very low abundance (c.O. l%) .  It occurs 
a s  free gra i ns and s imple compos i tes (wi th galena or sphaleri te) , 
most of whi ch appear fresh· - though some have mi cron or sub-micron 
coatings o f  s econdary sulfi des. 



ROCK SAMPLE V90 DT-1 2  

Est imated mode 

Pyri te 
Spha ler i t e  

Gal ena 
Magne t i te 

Chalcopyr ite 
Quartz 
Bar i te 

Carbonate 

30 
18 

5 
1 

trace 
20 
16 
10 

Thi s  s ampl e consi sts of d i s seminated , f i ne-grained pyr i te , in a 
quartz-ba r i te matrix with int imately intergrown sphalerite and 
galena . A weak , i rregul ar , l am i nar texture i s  def ined by thi n  wi sps 
or t r a i n s  of more concentrated pyr i te . One side of the sect i oned 
por t i on shows a gradation to a l ensy concentrat i on of semi -mass ive 
sul f i de s . 

In thi n  sect i on the matrix in the d i sseminated sulf i de port i on i s  
found t o  exhibit a pseudo-clast i c  texture o f  ind ividual sub-angular 
to sub-rounded gra ins of bar i t e  and lesser quartz , 0 . 1  - 0 . 6mm in 
s i ze , set in a minutely granular to cherty groundmass of quartz , of 
gra i n  s i ze 5 - 50 microns . Carbonate i s  a minor accessory , as 
random f lecks and granules . 

Marg inal to and wi thin the more mass ive sulfide area , carbonate 
become s the dominant gangue component . 

The pyr i t e  occurs as disseminated , individual , equant/subhedra l  
gra ins , 3 0  - 500 microns i n  s i z e . In the more massive por t i on these 
are in partial contact . Pyri t e  grain out l ines are typically 
mi nutely embayed by the f i ne-g r a i ned quartz and Pb/Zn sulf i des of 
the matr ix . Some pyr i te gra i n s  have smal l ,  rounded to angul a r  
i nc lus i ons of sphalerite or , more rarely , galena . 

The Pb/Zn sulf ides occur a s  an i nt imate impregnation of the cherty 
groundma s s  component of the matr ix . Much of thi s  intergrowth of 
galena , sphalerite and quartz i s  extremely f ine ( in the 2 - 30 
m i cron range) and i s  unl ikely t o  be fully l iberated at a pract i c able 
grind . Thi s  i s  part i cularly true of the galena , whi ch i s  a 
r e l a t ive l y  minor component compared to sphaler i te , in the sect i oned 
port i on of th.i s  sample .  I t  shows a maximum gra in s i ze of about 50 
mi crons . 

The spha le r i te , by compar i son , shows pockety segregations ( pure but 
for minor i ncluded specks of g a l ena and gangue) up to 150 mi crons 
or more . 

Magne t i t e  i s  a minor accessory , a s  occas i onal sma ll granules or 
aggregated clumps , genera lly w i th i n  spha lerite . 



Rock Sample V90 DT- 12 cont. 

Cha lcopyr i te i s  extremely rare in thi s sampl e , being con f i ned to a 
couple of small areas o f  t i ny specks associ ated with carbonate 
gangue . I t  i s  not seen a s  an exsolved component of the spha l e r i te 
in thi s sample. The lack of pyrrhotite i s  another notable feature. 

The sul f i des are fresh throughout . 



ROCK SAMPLE V90 PL-01 

Est imated mode 

Pyr ite 
Spha l er i te 

Gal ena 
Altered galena 

Chalcopyrite 
Secondary Cu s u l f i des 

Bar i te 
Quartz 

Ca rbonate 

32 
21 

8 
3 . 5  

trace 
0 . 5  

23 
7 
5 

Thi s  sample resembles DT- 12 i n  i ts general macroscopic character ,  
be i ng a more or less dense di ssemi nat i on of i nd ivi dual pyri te grains 
in a matrix of gangue and Pb-Zn sulfides . The pyr i te gra ins l oca l ly 
aggregat e  to form gradat i onal s emi -mass ive patches . 

In thin s ection the pr imary mineralogy i s  found to be s impl e  and 
very s imi lar to that of DT- 12 , though the pre s ent s ample i s  
s i gn i f i cantly coarser grained . 

The pr incipal d i fference - and the probable cause of the aberrant 
behaviour of thi s mater i a l  in the mi ll - i s  a n  int imate intergranul a r/ 
pervas ive development of secondary alteration i n  the galena and 
spha ler i t e . The sampl e  shows a s l i ght local vugginess on the macro­
scale . 

The pyr i t e  forms notably ragged-margined , equant ind ivi duals ,  50 -
700 microns in s i ze . These are homogenous ( apart from occa s i ona l 
tiny inclus i ons of sphalerite and galena ) and fresh in appearance , 
w i th no recogn izable development of limon i te . 

The matr ix con s i sts of an aggregate of equant to stumpy pri sma t i c  
gra ins o f  barite , wi th minor quartz and carbonate , of gra in size 20 
- 500 mi crons . The bar i te and quartz aggregate i s  int imately 
permeated , in cementing mode ,  by intergrown sphaler i te and galen a . 
The scale of i ntergrowth of gangue and Pb-Zn sul f ides ranges from 
about 10 microns to rel a t ively coarse , pockety segregati ons of 
sphalerite ( and , less commonly , galena) up to 200 or 300 microns . 

The alteration takes the form of a grey , low-reflective secondary 
mineral developing in the pockets of galena a s  d i ffuse to mi cro­
col loform/crust i f i ed rim textures and patches . I t  most commonly 
develops from the edges of galena areas ( in contact with sphal er i te 
or gangue) and works i nwards , in some cases t ot a l l y  repl acing areas 
up to 100 or 200 mi crons in s i ze . 

Locally the alteration product grades to a more or less strong blue 
colour , resembl ing the secondary Cu sul f i de s  cha lcocite and/or 
d i genite . Although very rare t i ny gra ins of cha lcopyrite are 
recogn i zable , the devel opment of the blue ( as opposed to the grey) 
a lterat i on does not appear spatially related t o  them . 



Rock Sample V90 PL-01 cont . 

The altera t i on , though typ i c a l l y  or igina t i ng i n  the galena , a l so 
somet imes extends as thread-l ike veinlets into the adj acent 
spha l er i te , and forms extremel y  thin �1 micron) f i lms along 
spha ler i te/gangue contacts { see photomicrographs) . The mater i a l  o f  
the se f i lms appears to have a reflectivi ty s imilar t o  that o f  normal 
galena rather than an oxi d i zed derivat ive . 

Although the total abundance of the alter a t i on products i s  not h i gh , 
i t s  d i stribution tends to be pervas ive throughout the minera l 
aggregate , and could wel l  have a profound ef fect on the surface 
proper t i e s  of the comminuted ore . 

J 



SAMPLE 60044 

Est imated mode 

Pyr i te 
Spha l e r i te 

Gal ena 
Altered galena 

Chalcopyr i t e  
Secondary C u  sulf ides 

Quartz 
Bar i te 

15 
5 
4 
9 

trace 
trace 

7 
60 

This sample consists of relat ively sparsely d i sseminated pyr i te i n  a 
mat r ix of gangue wi th rather i rregular , pockety concentra t i ons of 
g a lena. The d i stribution of pyr i te , as trains of i ndividual gra ins , 
def ines a crude laminar texture on the macro-sca le. The s ampl e  
shows a not iceable vuggy poros i ty. 

Gra in s i ze of the gangue matrix i s  predominantly i n  the range 50 -
300 microns , with bar i te ma i nly forming re l a tively coarser , equant/ 
sub-pr i smat i c  gra ins , abundantly scattered through a somewhat f i ner 
mos a i c  which is relativel y  r i cher i n  quartz. Carbonate i s  absent 
from the sectioned porti on. 

Pyr ite forms scattered d i s semi nated subhedra ,  50 - 500 microns i n  
s i ze. The pyrite grains in thi s sample are d i s t i nctive in be i ng 
strongly shattered. I t  i s  s omet imes recogni zably replaced by galena 
o r  s econdary products vi a networks of microfractures , and , i n  
extreme cases , reduced t o  clusters o f  angular remnants i n  a g a l ena 
mat r ix . 

The proport i on of sphalerite to galena i s  much l ower than i n  the 
other samples of the sui te. The sphalerite occurs as pockets up to 
150 microns in s i ze , and as clusters of tiny granules wi th i n  g a l ena 
o r  a ltered galena. The sphaleri te often appears fragmented , and 
more or less l eached out and replaced by secondary product s  a l ong 
gra i n  boundaries and microfractures. 

Galena i n  thi s  sample occurs i ntergrown with sphaler i te a s  a n  
i nterst i t i a l  permeat i on o f  the gangue ma tr ix. I t  i s  rela t ively 
abundant , and forms some pockets up to 300 microns or more in s i ze . 
I t  somet imes shows act ive replacement of sphaler i te and pyr i te whi ch 
occur within the galena a s  clusters of tiny remnants. 

The galena i s  extens ively and di ffusely a l tered to low-ref l ect ive 
secondary products , somet ime s  packed wi th mi nute l attice-works and 
granules of rel ict galena . The s ame , or related secondary mater i a l , 
par t i a l l y  replaces the adj acent sphaler i te . 

Cha lcopyr i te i s  seen as extremely rare t i ny specks . The b l ue 
secondary Cu sul fides (relat ively prominent in V90 PL-0 1) a r e  
l i kewi se extremely rare. 

Thi s  ore type i s  severely modi f i ed by altera t i on and l each i ng . 



SAMPLE 60047 

Est imated mode 

Pyr i t e  
Galena 

Spha l e r i te 
Cha lcopyri te 
Arsenopyr i te 

Pyrrhoti te 
Altered galena 

· Quartz 

70 
7 

15 
0.5 

trace 
trace 

7 
trace 

The sect i oned port i on of thi s  s ampl e  is a f i ne-grained ma s s ive 
sul f i de , lacking the l aminar fabr i c  apparent in mos t  of the other 
s amples of the suite . I t  i s  not i ceably vuggy and porous (see 
sut-off block) . 

In thin sect i on the -extreme pauc i ty of gangue i s  a striking feature . 
Rare flecks of f ine-grained quartz are recogn i zable but , overa l l , 
the sample con s i sts a lmos t  ent i rely of mas sive sul f i des . The pore 
spaces are typically coated with secondary Pg/Zn mineral s ,  and 
probably result from the part i a l  l eaching of the la tter . 

Pyr i te i s  the princ i pa l  consti tuent , occurr i ng a s  equant , s ubhedral 
ind ivi duals ,  20 - 400 mi crons in s i ze .  Thes e  are densely and r a ther 
evenly d i ss eminated (but only rarely in contact) through a matr ix of 
galena and sphaler i te . 

Trace accessor i es are arsenopyr i te (as rare ind ividual gra ins 
intergrown wi th , and of comparable s i ze t o ,  the pyr i te) and 
pyrrhot i te a s  occa s i onal t iny fl ecks interst i t i a l  to the pyr i te . 

Chalcopyrite i s  relat ively prominent compared wi th most o f  the 
s amples of the suite , though quanti tavely minor . I t  occurs 
sporad i cally wi thin the matrix assemblage as sma l l  flecks i ntergrown 
wi th gal ena and sphaler i t e , concentrating as a f ew patches where i t  
cements - and occas i ona l l y  f i l l s  fractures - in pyr i te gra ins . 

The sca l e  of intergrowth of galena and sphal e r i te interst i t i a l  to 
the pyr i te is  ma inly in the range 5 - 100 mi crons . 

Much of the galena shows a lterat i on ,  rang i ng from a dusty , tarni shed 
appearance to conver s i on to a totally non-po l i shabl e mate r i a l  
(apparently soft , and often leached o r  plucked out) incorpora t i ng 

mi nute specks and lattice works of rel i ct galena . The sphal er i te 
and the pyr i te do not seem to show a lterat i on of a spec i f i c  type 
(e . g .  to l imonite or smi thsoni te) , but they locally appear to be 
replaced by the altered Pb phas e . 

The complete freshness o f  the pyrite , i n  compar i son to the 
exteris ively altered nature of the galena , i s  a puzzl ing feature . 
Cha lcopyrite , l ikewi se , i s  apparently unaffected , even in immed i ate 

proximi ty to strongl y  a ltered g alena . 



SAMPLE 6005 1 

Est imated mode 

Pyr i te 
Pyrrhot i te 

Marc a s i te 
Spha lerite 

Chalcopyr i t e  
Magnet i te 

Galena 
Arsenopyr ite 

Carbonate 

60 
2 
6 
5 
1 
5 
6 

trace 
15 

Macroscop ically thi s  sampl e  i s  a rather featureless , f ine-gra ined , 
pyr i te-r i ch mass ive sul f i de. I t  includes a few di ffuse , sub­
parallel lenses or bands of sul f i de-poor mater i a l. 

In the pol i shed thi n  section i t  i s  found to con s i st essent i ally of a 
more or less closely-packed aggregate of cubic/subhedral grains of 
pyr i te ,  25 - 400 mi crons in s i z e. 

The gangue i n  the sect i oned port i on i s  d i s t inct ive i n  that i t  
con s i sts ent i rely of carbonate (unreact ive to d i lute aci d ,  and 
probably dolomite or ankeri te) . Thi s  forms a semi-conti nuous 
interst i t i a l  network throughout the pyr i te aggregate , and is the 
dominant consti tuent in the spora d i c , sul f i de-poor streaks and 
patches. 

Sphal er i te , galena and chalcopy r i te are minor accessor i e s , occurring 
(indivi dually or intergrown wi th one another and/or wi th carbonate) 
as intergranular threads and t iny angular pockets in the pyr i te. 
The i r  g r a i n  s i ze ,  in thi s a s s oc i at i on ,  i s  ma inly in the range of 
5 - 50 m i crons. 

Sul fides a l s o  occur as d i ssemi nated clusters and i rregular pockets 
in the ca rbonate segrega t i ons . Pyrrhot i t e  and magnetite are notable 
consti tuents in thi s context , whi lst sphaler ite and gal ena partly · 
form substant i ally coarser clumps (grain s ize 100 - 200 mi crons) 
than in the pyri te matr ix. Cha lcopyr ite i s  notably absent i n  the 
carbonate-r i ch area s . 

The pr incipal inter st i t i al/cement ing phase in the pyr i te adj acent to 
the carbonate segregat i ons is marcas ite - probably secondary a fter 
pyrrhot i t e . Marcas i te a l so occurs (though less prominently) a s  a 
minor i ntersti tial accessory throughout the pyr ite aggregate. 

Thi s  sample lacks the a l terat i on of cha lcopyr ite , galena and 
spha ler i t e  d i st ingui shing the previous two s ampl es (60044 and 47) , 
and appears totally fresh. The overall concentrations of galena and 
sphal er i t e  are rela t ive l y  low , but the textural intergrowths (though 
partly f i ne-grained) appear r e l a tively s i mpl e , and thi s ore type 
should not pres�nt part i cular problems in treatment. 



SAMPLE 60053 

Est imated mode 

Pyr i t e  
Galena 

Spha l er i te 
Chalcopyrite 

Carbonat e  
Ser i c i te) 

B i o t i te) 

72 
7 
5.5 
0.5 

14 
1 

Thi s  mater i a l  i s  of s imi lar general macroscopic appearance to 6005 1 ,  
except that - in the sect i oned port ion - i t  lack s  the s egregated 
sul f i de-poor streaks and patches of the previous sample. 

Pol i shed thin sect i on observa t i ons ind icate add i t i onal d i fferences 
i n  that pyrrhotite , marca s i te a nd magne t i t e  are a l l  absent. 

The gangue i s , as i n  6005 1 , ent i rely carbona te , l ocally showing 
pockets of rather coarse sparry habi t. I t  includes d i ffuse wi sps 
and patches of a minutely felted , brown i sh mater i a l  whi ch may be a 
form of ser i c i te or secondary b i ot i te. 

Pyr ite i s  the predominant const i tuent , as an aggregate o f  cub i c ,  
euhedr a l  t o  subhedral grains , 1 0  - 350 mi crons i n  s i ze. In part , 
the pyr i t e  coalesces to form c ompact masses , but mainly the angular 
interst i ces between pyr ite gra i ns are f i l led by carbonate and/or 
accessory sul f i des. Local ly the pyrite grains show crenulated 
out l i ne s , apparently represen t i ng cementa t i on by overgrowtHs o f--­
minutely f ine�grained pyr i t e , o ften wi th i ncorporated specks of 
galena , 1 - 10 microns i n  s i ze. 

As i n  Sampl e  60051 ,  ga1ena and spha ler i te (and occas i on a l ly 
chalcopyr i te) occur a s  i ntergranular threads and pocket s  i n  the 
pyr ite aggregate , having an e ffective gra i n  s i ze in the range 10 -
50 microns. There are a l so occa s i onal coarser segrega t i ons o f  50 -
200 mi crons . The sphaler i t e  i n  thi s  s ampl e  i s  d i s t inctive i n  that 
i t  i s  c on s i stently speckled w i th minute exsolved specks of 
chalcopyri te. 

Local segregated patches of pyri te-free carbonate gene r a l ly i nclude 
i rregular intergrowths of g a l en a , chalcopyr i te and sphalerite - of a 
simi lar gra i n  size to that i n  the pyr i t i c  matr ix. 

The sul f i des a re all  fresh , and thi s  ma te r i a l  should show simi lar 
treatment character i s t i cs t o  60051. Compared wi th the a ssay for the 
whol e  i n terval from 62.2 - 6 7. 1  ft. , the secti oned port i on appears 
atypica l l y  r i ch in galena and s phaleri te. 



SAMPLE 604 1 8  

Est imated mode 

Pyrrhot i te 
Seconda ry pyr i t e  

Marca s i te 
Pyr i t e  

Spha l e r i t e  
Magnet i te 

Gal ena 
Cha lcopyr i te 

Carbonate 
Quartz 

23 
28 

3 
1 
8 
2 
5 

trace 
30 
trace 

Thi s  s ample cons i sts of f ine-grained , mass ive sulf ide in whi ch the 
gangue component appears , i n  par t , to be in the form of sub-rounded ,  
c l a s t- l i ke bod ies (see cut-off block) . 

The pol i shed thi n  sect i on shows that the sample i s  of d i stinctive 
minera l ogy , be ing virtua l ly devo i d  of the euhedral pyrite component 
whi ch i s  prominent in the rest of the sui te. Instead , i t  i s  
composed essentially of pyrrhot i te and a secondary form of pyr i te , 
- c learly der ived by alterat i on of pyrrhot i te. 

The gangue i s  almost ent i re l y  carbonate , as an anhedral aggregate of 
grain s i ze 10 - 150 mi crons. Part of the sect i oned por t i on i s  
s omewhat porous. Thi s  appears t o  reflect a vugg iness i n  the 
carbonate , with open pores l i ned by coat i ngs of mi nutely granular 
crystals. There are scattered small gra ins of quartz , possibly a s  a 
part i a l  f i ll ing of the carbonate vugs. 

Pyrrhot i te , as mosa i c  aggregates of gra in s i ze 30 - 150 microns , 
forms c l umps and ramifying networks in complex intergrowth with 
carbonate . The latter occurs a s  rounded inclus i ons incorporated 
wi thin mas s ive pyrrhot i te , and as more or less d i screte , rounded 
pods (the clast-l ike bod i es) , up to 1 or 2mm i� s i ze . 

The pyrrhot i t e  shows extens ive a l tera t i on to minutely f i ne-grained , 
brown i sh ,  " dusty-looking " secondary-type pyr i te , which pseudomorphs 
the gra i n  f abric of the pyrrhot i te , or forms cel lular networks 
defined by the pyrrhoti te gra i n  boundarie s. Local ly the pyrrho t i te 
shows a lteration to porous , p l aty-textured growths of fi ne-grained 
marca s i t e . Occasional cubes of pr imary-type pyr ite occur within the 
pyrrhot i t e  aggregate or i t s  a l tered form. 

The acces sory sulfides (ga l ena and sphaleri te) occur ma inly i n  
i n t i mate intergrowth wi th the carbonate patches. Some pyrrhotite/ 
secondary pyri te and magnet i te are also part of thi s  association. 
The resultant multi-component i ntergrowths are on a scal e  ranging 
from 0 . 2mm down to a few m i crons. The galena (and minor 
chal copyr i t e , where seen) shows no sign of alterat ion , and thi s  ore 
type should be treatable , insofar as l i berat i on can be achi eved. 



SAMPLE 604 1 9  

Est imated mode 

Pyr i te 
Marcas i te 
Magnetite 

Spha lerite 
Ga l ena 

Chalcopyri te 
Quartz 

Carbonate 
Bari te 

35 
1 
2 

16 
7 

trace 
37 

2 
trace 

Thi s  i s  a f inely l aminated ore type , cons i s t ing of thin , para l l e l  
zones d i st ingui shed by vary ing r a t i o s  of sul f i des t o  quartz .  

Pyr i t e  i s  the predominant const i tuent , a s  ind ividual , cubi c  
euhedra l - subhedral grains , 0 . 03 - 0 . 5mm i n  s i ze . Quartz i s  the 
other maj or component , intergrown wi th the pyri te as f i ne-gra ined 
mosa i c  aggregates and coarser i nd ividual anhedra , in the s ame gra i n  
s i z e  r ange as the pyr i te . The latter cont a i n  abundant flu i d  
inclus i ons , up t o  25 mi crons i n  s i ze , often with act ive vapour 
bubble s . 

Sphal er i te and galena i ntimately permeate the quartz , locally acting 
a s  a matrix to the coarser quartz ind ividua l s . The pyr i te cubes 
sometime s  show s l i ght marg inal embayment (repl acement?) by the Pb-Zn 
s u l f i de s , which also (espec ially spha l e r i t e) form rounded , bleb- l ike 
to angular inclus i ons , 10 - 100 microns in s i ze ,  wi thin some pyr i te 
gra i ns . 

Sphaler i te i s  notably more abundant than galena in the sec t i oned 
por t i on of thi s sample. I t s  intergrowths include segregat i ons i n  
the range 10 - 200 mi crons , wi th a substant i a l  proport ion i n  the 
upper part of thi s  s i ze range . Galena i s  l e s s  abundant and 
generally f i ner gra i ned , it sel dom e�cee d i ng 50 microns . 

Accessory components i nclude marca s i te , a s  l ocal concentra t i ons of 
l ame l l ar -textured gra i ns (probably secondary after pyrrhot i te) 
intergrown wi th gangue and sphalerite - part i cularly in a few 
laminar zones i n  whi ch carbonate i s  the predomi nant gangue . 
Magne t i t e  i s  another accessory , as sporad i c , i rregular patches and 
granular clusters , general ly intergrown wi th spha leri te . 

Cha l copyrite i s  conf i ned to one or two ind ividual laminae , composed 
es sent i a l l y  of quartz w i th only very minor sulfi des . It forms sma l l  
inters t i t i a l  f lecks , 10 -50 microns i n  s i z e. 

Sul f i des i n  thi s samp l e  are fresh , and should be amenable to 
concentra t i on . 



Sample 604 19 cont. 

Note that the sect i oned portion contains es sent i a l l y  no bar i te. 
Thi s  i s  incons i stent w i th the a ss ay of 8.3% BaO (for the 4 '  interval 
from whi ch the sample came ) , and wi th the logged descr ipti on of thi s  
interva l a s  " mass ive bar i t i c  ore ". Thi s  d i screpancy presumably 
results from the sma l l-scale var i abi l i ty character i st i c  of depo s i ts 
of thi s type. 



SAMPLE 60421 

Est imated mode 

Pyr i te 
Sphal e r i te 

Galena 
Chalcopyr i te 

Barite 
Quartz 

Carbonate 
Ser i c i te 

40 
1 1  

9 
trace 
14 
14 
12 
trace 

The sect i oned por t i on of th i s  sample shows a weakl y  l ami nated fabr i c  
o f  rather evenly d i sseminated , f i ne-gra ined sulfides in gangue . 
Thi s  i s  d i srupted by d i scordant veinlets of a cream-coloured 
mineral . 

Th i n  sect ion examinat i on show that the gangue component cons i sts of 
a n  i ntergrowth of qua rtz , bar i te and carbonate ,  predominantly a s  a 
weakly-ori ented anhedral aggregate , of gra in s i ze 20 - 200 microns . 
The d i scordant vei ning i s  composed of carbonate w i th pockets of 
quartz and coarse , sparry bar i te , as gra ins 0.2 - 1.0mm i n  s i ze . A 
l i ttle f ine-gra ined ser i c i te i s  i ntergrown wi th the vei n  carbonate . 

Pyr i te i s  the most abundant sulf ide , exhibi t i ng s imi lar general 
t extura l form to that i n  the other samples . I t  occurs a s  
euhedral -subhedral , cubic indivi dual s ,  more o r  l e s s  densely 
d i s s eminated through a matrix of i nt imately i ntergrown gangue and 
Pb-Zn sul f ide s . The pyr i te gra ins often show marg inal embayment by , 
and somet ime s conta i n  i nclus i ons of , the galena and sphalerite . 

The maj ori ty of the pyr i te i s  i n  the gra i n  s i ze range 40 - 400 
�i crons . Local devel opment of f i ner�grained pyri t e , down to 10 
mi crons or less i s  also seen . Thi s  occurs i n  int imate intergrowth 
with galena and sphaler i te , as an interst i t i a l  pha se to the rather 
rounded , crenulate-margi ned pyr i te ind ivi dua l s  of l arger s i ze . Even 
the f inest pract i cable gr ind wi l l  be inef fect ive i n  liberat ing the 
va l uable components in thi s  interst i t i a l  assembl age . 

For the most part the i ntergrowth i s  s omewhat coarser and comparable 
to that in the other samples . Sphaleri te shows a grain s i ze of 10 -
250 mi crons , whi lst galena i s  somewhat f i ner - seldom exceeding 100 
mi crons . The coarser sphalerite patches i n  thi s  s ampl e  are 
d i s t i nctive in be ing evenly dusted wi th mi cron-s i zed ex- solut i on 
specks of cha lcopyri te . 

Cha l copyr i te also occurs as a few loca l i zed zones where i t  forms 
d i s s eminat i ons and sma l l  pockets in sul f i de-poor gangue patches and 
in carbonate veinlets . 

The sul f i des appear fresh and normal in thi s  sample , and such 
mater i a l  should be amenable to separat i on by flotat ion - except for 
tha t  port ion which cannot be ful ly l i berated by gr i nding . 



SAMPLE 60423 

Est imated mode 

Pyr i t e  
Sphal er i te 

Chal copyr i te 
Galena 

Carbonate 
Quartz 

Ser i c i te/Ta lc 
Clays ? 

53 
3 

trace 
trace 
12 
28 

1 
3 

The sect i oned port i on of thi s  s ample cons i sts of f i ne-gra i ned , 
inc i pi ent ly-banded mass ive pyr i te , i n  conformable { ?) contact w i th a 
sul f i de-poor , s i l iceous zone. 

The l atter makes up about 30% of the sl ide . I t  cons i sts es sent i a l ly 
of an anhedral , somewhat crenulate-margined aggregate o f  quartz , of 
gra i n  s i ze 20 - 150 microns. Thi s  is host to sporad i c  pockets , 
wi sps and networks of brown , micr i t i c  carbonate , felted ser i c i te ,  
and a l ow bi refringent , aggrega te- textured mater i al whi ch may be a 
form o f  clay or chlor i t e. Occa s i onal zones of d i s seminated pyr i te 
cubes w i th associ ated and/or included traces of chalcopyr i t e , galena 
and spha l er i te also occur i n  thi s  area. 

The ma s s i ve sulfide por t i on con s i sts predominantly of pyr i t e , as 
part i a l ly coalescent/compact aggregates of equant subhedral gra ins , 
20 - 150 mi crons in s i ze. Local coarser gra ins of pyr i te , up to as 
much as 800 microns , are a l s o  seen. 

The pyr i t e  
i ntergrown 
component. 
thi s case a 
granules of 

is associ ated w i th a matr ix/inters t i t i a l  phas e  of 
quartz and carbonate , w i th minor pocket s  of the clay- l i ke 

At one end of the s l i de gangue i s  aga i n  predom inant - in 
band of carbonate w i th only minor i ntergrown sma l l  
quartz. 

Pb-Zn sul f i des are very sparse in thi s sampl e. Sphaler i te forms 
occa s i onal small clusters of inters t i t i a l  pocket s  { 10 - 100 mi crons 
in s i ze) in the mass i ve pyri te. It also occurs - in s l i ghtly 
greater abundance and wi th associ ated chalcopyr i te - a s  i rregular 
permeati ons { includ ing patches up to 200 mi crons i n  s i ze) i n  the 
marg inal zones of the pyr i te- free gangue bands. 

Galena i s  essent i ally absent in the secti oned por t i on of thi s  
sample , and materi a l  of thi s  type would not , i n  i tsel f , consti tute 
ore. 


