Osoyoos 22
Report of g
Microscopic Examination of Ore

from Hedley, B. C,

John M. Cummings, M.A.Sc.




In 811 eix samples of ore were sutmitted by V.C. Dougles,
Zglowns Exploretion Co., sccompsnied by deseriptions snd assayse

A poliched section, typiesl of easch type of ore, wes
prepered end studied. A detsiled desoription of essh followae

Ssmple £1

Sirsenopyrite ore from 4§ level, usuelly hipgh grade,
a2pey 2420 088, por ton.” ‘ '

degugoopic
Section included one piece of nmageive ersencpyrite anmd

ong plece of gengue in contact vith moesive sroenopyrite.

Hinorels identified:

Araeno te Caleite
lingite Garnet

- Cobeltite E{:&:h

Unimown Grey Hinersl Other silicates

Pyrotite

Arpenopyrite (Feiss). Predominently snhedrsl end meseive, elthough
developing oryetel form in & fow cesos egainst gengue mineralse
Setwoen ercssed nicels exhibits o cosrsely orystelline neture, with
tiny inclusions of_ caloite end silicster tonding %o be srranged




Fiate 1

Unreplaced fragrnent of epidote lying along a eryetal boundary
in arsenopyrite, containing a bled of pyrrhotite. Hage x 800

Lilate 2

ioilingite (light blus) and arssuopyrite (light grey). Showing
blebs of pyrrhotite (brpwm), and the unknown grey minsval (darker
grey with rough surfage) replacing arsenopyrite. Gongue material is
blaacke. Mage x 800
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along oxystel marging (Plate 1), es well sz being scattered
errsticslly thyough the minersle

A Jittle ervsenopyrite is found in & rethsy finely
disseninsted form, ocenrring ss amhedrsl orystels in sillcetes,
elose to the margine of the mesaive varietye

Iellnzite (Pehsgle Oscurs s rere younled blebs ond inclueions

within srsenopyrite. (Plate 2).

Observed properties: ‘
Color - slose to FeisS but with s alightly more bluish caste
Herdness - relief slightly lower then FeisSe |
Crossed Nieols - etrongly snisotropic. 180° oxtinctions
Zteh Resctions - HiOj steins surfece brown, fumes ternish -

resction less violent then upon Feiss.
Other resgents negative.
Hicrochemiesl - impossible to cobhtain meterial uncontsminsted by
FelnS. A test run on & conteminsted sample
Fielded only Fe,is, and an indefinite rosction
for sulpimur, probably attributsble to FeinS.
A polished section of lollinzite, prepared for comparisen
purposen, exhibited identiesl propertica to the ebove, except
for the absence of sulplmr from misrochemiosl tests.

Cobaltite (Cois8) (2) Hoted omly under 1000 megnificstion, is rave,
end ocoure as tiny inclusions in srsenopyrite. In one place (Plste+ )
engloses "islands™ of pyrrhotite, in snother (Plete 5 ) 1o found
surrounded by arsenopyrite.

Color - 1light pinkish to violet graye

Herdness - relief slizhtly sbove FedsSe




okite (browm).
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- showine eobaltitel 7) gvigzgg}
fr n sentre of arsenepyrite, also tuwo
Gangue ic blacke ?mx
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Fiate 4

reenopyrite and gobaltite(?) {via @t
$ite i&m m, in the ﬁaiéfuﬁﬁi‘ttzs. z
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Croseed Hicols - fsotropic to feintly snisotropic.
Eteh Resctions - HNOg doubtfully positive.
Other reagents negetive.

Hiecrochenical - @ semple of ersenopyrite conteining & bled of
this minorsl yielded, in addition to Fe,ls,
and 8, & wesk but definite test for Co.

Guoting Camselll

A Yk .: y A Ty 21 . . fedlay A BITIE - Hem .
3 S e b a AT AL i

"The presence of cobalt was slso suspested in combinstion with the
arsenopyrite, making the minersl species dansite. But it hss not
been sotuslly determined se such thoush the oeenrrence of hydrous
srpanste - exythrite - on the outerop of the Hickel Plate Ore body
lends weight to this suspicion.”

A series of microchemicel tests wers run on pure sYsence
pyrite, with negative results Tor Co in every csse. Since under
the conditions of the test s percentsge ss low es 0.3 Co 4n the
srsenopyrite would have becn detected, denaite (PeisS with 3-97 Co
raplseing Pe) would seem to be shsent. The presence of cobslt iz
probebly sttributsble to eobsltite or o closely ellied minersle

Hoted in only one plasce (Plste 2).
Color - sootly grey - verisble color from light to mediunm gray
 on rotation in plene polerised lighte
Hariness - relief h}n srsenopyrite or lollinsite.
Crossed nicols - highly enisotropie - 90° extinetion.
Etoh Resctions - derkened by ENOg.
Other reagents not applieds
Hiervochemissl - impossible. -

i
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Byxrhotite.  Occurs disseminsted through the gengue between
eryotel bomndaries of, snd replseing, eiliestese In only e few
pleces conteots ersenopyrites There thie is the csse blebs of
pyrrhotite occur in exsemopyrite nesr the conteet. (See plates 1,
2, 3, & 4e)

Beither cheleopyrite mor sphalerite were present in the

Golde famevous tiny inecluaions of gold {from 7 microns down to the
14mit of mieroscopic resolution) sre distributed erretieslly throughe
p_he controlled

as to glsze or locstion by the enclosing sulphide.
{1) Gold was moted in srsenopyrite, ddetributed errvsticslly
throughout the constituent exystels of the more massive meterisl.

Bo z0l1d wes seen in the well exystallised type, but due to the small
grentity of this present, the sbsence of visible gold conld mot be
FE scoepted ee & definite Mwﬂmiﬁ of valunos in this cese.
(2) Ho gold wee observed in pyrrhotite or in the gangue nminernlse
(3) One grein of gold oeeurred between cobeltite (7) end
ersenopyrite (see Plste 4)e Otherwise there is no apparent control
of velues by either eoheltite or lellingite.

Dae to the extremely finely divided form of the pold, no
guantitetive anslyeis wes sttempted. At leset 507, however, is
emsller than 2 microne in sise, the remsinder lying for the most
pert below & miorosn, the larpest obecrved being 7 mierons in diemeter.

In only & few asses was 20ld secen in ersenopyrite without
etching by nitric seid. After etching with 1:l HEO, for even &
nmetter of seecnds, however, mmerous graice commonly appesred in o
previously barmxen field. A notable feature was thet every grein wee




Flute 5

Gold in arveenopyrite (afier stehing). Hote the "eratsrs® surrouniw
ing each pold grain. The size of the photomierograph represents a
200 mesh sereen sine. The largest grain visible is approximately
4 nmierpns in diameters '

Hate &

Gold grains in arsenoyyrite {after etohing). Note “cyaters®
ahout graing, These greins are about 3 mierons in dlaseter.
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surrounied by @& "erater” or "pit”. (See plstes 6 & 6)

4 grein sbout 6 miorons in sise wes observed in en
unctohed field of srsenopyrite (See Plate 7)s At one end and
m,-m;mmm=rm¢l/smammtmu.
edther ¢ coating or & separate mm; too emall to sllow of @
deteminstion of its true nsturees After etching for 30 secs. vith
1:1 HNOg, mmupuiunmuumm bntmmm
by & "ereter" of some sise, the grey"minersl® having dissppesred.

The poasidility of the gold beding masked by a grey coeting would .
therefore sppear uniikely. Another grein, 5 microns in disneter, /
located in en unetehed fiecld was likewise partially eneclosed by the

same groy “"mineral".

{1) The feot that pold sppesrs resdily, only sfter etching,
is probably sttributable te "mmesring™, the same Aiffionlty being
commonly encountered in ettempting to study inclusions in srgen~
tiferouns gelonne _

{2) The ubigquitous "eraters®, mentioned shove, sve probebly
due to eleectrochemiosl sotion between gold snd ersenopyrite, or some
eoating on gold, end evsenopyrite. Date in thds conmeotion ere
lscking, but farther resesrch aslong these lines might be helpful
ia proving or disproving the pressnce of e soatinz on the golde

(3) The grey "minerel” associsted with the pold is essily
soluble in nitrie seld. iAs to 1ts nature snd composition it is ot
present inpossible to hasaxd e gueds.

Genpue inerslse A only the refleeting mieroscope wes employed
the gangue minorysls were not atudied in detsil.

Gslcite,~ cosrsely crystalline messes and tiny inclusions in




Sefore Ltehiing

Grain of pold §5 niovons in length) in arsenepyrite.
fiote grey mineral(?) at left end of gold grain before stehing,
amdi its ocomplete removanl after etching. Note alse 4he
extenzive “orater" developed by etehings



enlphides. The esleite ia relstively free from sulphides, end
sppesrs to be residusl. '
WW.Mﬂmn,m pyroxaens, otee
4 plumeblne minerel is found in the gengne msterisl end
was ot first nietehen Tor e metallie. It proved, however, to be
traneperent, highly pleochrede, with & high mﬁﬁ index, ond

{1) Inclusions of unreplseced silleates sre common in the
sulphides, even in messive m&mﬂu; vhere they commonly lde

{2) Crystel boundaries of silicstes hove exerted dofinite
direstive influence on replseing sulphides.

filiestes appesr to have procaded end to have baen repleced
%y the sulphides, only gernet remeining immmmno.

{3) Arsenopyrite shows clesreut orystsl bounderies sgeinst
pyrrhotite, but holds inclusions of the latter, meny slong cryetsl
boundsries as disclosed by polsrised light, while no inclusione of
sysenopyrite ave found in pyrrhctite.

| senopyrite iz probebly older than pyrrhotite.

Ho criteris were moted for the definite determinstion of the
sge-ralationships of lollingite or cobsltite. In plate 4, pyrrhotite
ogeurs as islanis in cobeltite(?) surrounied by srsenopyrite. Codale
tite might sppesr to be older then srsenopyrites It iz probebly
eontemporaneocus, however, a8 is lollingite.

izsenopyrite replseed silicetes in prefevence to csleite,
slthough garnet was unaffocted. Pyrrhotite likewise preferred
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eilicates, replecing outwarde from erystal bhoundaries for the most
perte It appesrs to have hed only e olight veplacing power with
reference to srsenopyrites
All the pgold cbserved under the mieroscopes appesrs to
have been ocontemporanceuns with mm*ﬂtu
The following succession is sugpested:
ls Formation of silicaten.
2+ Introduetion of arsenopyrite, closely sssocisted with
ecobaltite(?), lollingite, and gold.
3e Introduetion of pyrrhotite, probebly overlapping the end
ptagee of arsenopyrite deposition.

Semple 2

"pyrrhotite orve, 200 level, extremely hish grede. Asssy
7480 os8. per tone" )

3 pleces of massive pyrrhotite were ineluded in the section.

Hieroseopdc
o embas 0 Galetan siisastes
Chalco te
Sphalerite

2yrxhotite. Forms the bulk of the semple, cosrsely cryatslline se
ovidenced by polarised light, =nd contasining es inelusions numerous
emoll isolested masses of sresnopyrite snd greins of gangue mineryels,

the distribution of both being spparently independent of texture
within the pyrrhotite.




Plate 8

High grade Pyrrhotite showing disseminated
arsenopyrite, and a few grains of gold.
100 mesh grid superimposed.



out the wmtits (sce Plate 8), m as clusters or smell mssses,
into which pyrrhotite hes extended tongues slong crystal boundaries.
Blebs of pyrrhotite in srsenopyrite greine sre cormons & group of
8¥0te

i micrometrie analyeis shoved the folloving resmlie:
FeisS foyrms 127 of the section, distribmted in the
following sime ranges:

150 miorons - = = = = Ge88 100 megh « = = 6F
@160 100 " « == = 1850 <100 200 mesh - - 336
2100 B0 " = w e = 4558 =200 385 " = ~ 300
- B0 P eww- 3150 <325 800 " = - 308
-800 * Le X

Present as small irreguler mespes in the pyrrhotite
gommoniy agaitmt srsencpyrite, the lsrpest obecrved beinpg but 150
miorens in diemeter. Forme in the section exemined, not over 050
of the vhole maste

Sphalarite Hoted in few instances as tiny isolsted “islunde”™ in
the pyrrhotites

Golde  Ceoours e dissemineted greins (fyom ¥l mierone down to
submiorcscopic sizme), sesttersd throush the ove, commonly surrounded
by or in contset with arsenopyrite, but in ¢ fow ceses being found
direotly in pyrrhotite.

A micrometric snslysie showed that visible pold, exceeding
3 microns in sise, iz sufficient to sccount Dy values belwaen




Plate 2

Tyviecal oecurrence of gold intimately associated
with arsenopyrite in high grade pyrrhotite ore.
200 mesh grid superimposed.

Plate 10

Largest grain of gold observed (0.91 microns).
Note close association with arsenopyrite.

200 mesh grid superimposed.



Flate 11

6 typical osourrences of gold in high grade pyrrhotite
ore. OGold - tlaeck, Arseuopyrite - hatched, Chaleopyrite =
stippled, and Pyrrhotite - white.

Camera lucids dyamings = Hage X J00
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8 « 10 oss. per ton. Prectiocslly sll the gold in this type of ore
therefore exceeds 5 miorons in cize.
The sise distribution 4s ss follows of gold noted:

B0 miocrons - - - 11% 200 mosh = = « 118
“B0 40 " e« e= 34 «200 385 nesh - « 147
40 20 " ««=630 °F 5 800 * = 63
20 " w12 - 800 " w2

About 5O% of the pold is directly sesocieted with srsence
pyrite, the remsinder occurring pertly im close proximity to
arsenopyrite end psrtly es “"islends™ in pyrrhotite.

There ie no necessity of etohing this msterisl to bring
out the poide For the seke of comperison with #1, zold in ersence
pyrite wee etched with 1:1 EiOg for up to 2 minutes without sny
tendency to exhibit the "ersters™ charscterietie of the fomsr
gsample. The pold is of & rich deep color, end no evidence of any
sssocisted grey "mineysl” wes seche

Gonge Minerclse Caleite, epldote, gernet, snd other silicates
are present as inclusions in the sulphides.

Veinletn of caloite were sleo noted outting through the

O%Ce

Egxepeneris |
{1) Penetration of pyrrhotite tongues slong eryetel

boundaries into messes of srsenopyrite with ineluaiona of pyrriotite
within srsenopyrites

_ {2) Apparent lasck of structursl contyol of pyrrhotite upon
the locetion of arsenopyrite grainse
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(3) simmltencous extinetion of greins ovor some erves.

Tould seem to preclude the poseibility of srsenopyrite
being youngey than pyrrhotites On the other hand sli three eriterie,
taken in conjunetion, would strongly favor sn older sge for the
erpenopyrites.

Gold would sppeer from Pigs. 4 & 6 (Plate )/ ) to be cone
W with sreenopyrites This is in sgreemeant with ite
g-unl reletions elsevhere in the netiah

Cheleopyrite from Fige 3 (mto /!'} would seem younger then
srsencopyrite and older tham pyrrivtite., o other evidence was
fortheominge
' The following persgenesis ie suggested:

ﬁl Formation of silicates.

(2} Pertisl replsecement of siliestes by evsenopyrite sccompenied
by golde

({3) Replscement of remeining silicetes, end pertisl replseement
of srsencpyrite by pyrrhotite and “Myﬂt‘o

(4) Vesning of ore by leter caleite. :

Some gold mey heve been introduced with pyrrhotite, Imt
the bulk of the gold is probably ettributable to the ersenopyrite
ningralisations



"Pyrractite ore with some chalcopyrite, 600 level,
similar senples have been erratie wui from former experience, we
expected this sanple to run about 0.30 oss. Assay 0.72 ozs. por
tone

2 samples of solid sulphide ore were mm for exanina~
tion. They were chosen to include both chaleopyrite and pyrrhotite
in roughly equal proporticnse

Caleite
Hilicates

Pyrrhotite anleopyrite Form the bulk of the secticn. Hach
mummmmumtmower.mmmmamw
ef the boundary mone, esch mineral is relatively free from inclusions
of the others MMwwmmﬁmmawmbm
minerals, and both sulphides replece silicstes out from orystal

3l Ogours as seall rounied imelusions in both enlphides,
and although forming & eonspliouous constituent of the ore forms not
over 2% of the section.

g L L E (nly 3 minute graius of this mineral, ccourring as
islands in pyrrhotite, were noted.

Zyrites  Une small cube of prrite was seen in pyrrrhotite.
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lo gold was geen in this section.
Gangue.  The ususl gangue minerals sre present in this scotione
Zaragenesip

Chaleopyrite, pyrriwtite, and sphalerite seen te be
contemporaneous in this section, Jointly replacing the siliontes.

"Argenopyrite ore, 500 level, has dbeen running consistently
lowe Assay 0e0J0 oZse. per ton.”
Leganoopio
A seotion was prepared of two typiocal pieces of solid

~ argenopyrite ore.

Uigroseopic

Only arsenopyrite, pyrrhotite, and subordirate chaleopyrite,
with typical gangue minerals were noted. . |

o gold was seen, bul apart from the apparent absence of
lollingite and cobaltite, and the slightly higher persentage of
chaleopyrite, the section sppeared identical to #l. Even the
nagnitude of erystallisation in the arsenoyyrite, as revealed by
polerized light, was not materislly different.

A definite age relationshipy bLetween pyrrhotite and arsenc=
pyrite was revealed in ome place, however, and is reproduced in
Flate /Z o Nere pyrrhotite definitely f£1lls fractures in arseno=
pyrite, und is consequently youngere
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Fyrrhotite veining and replucing arsenc~
pyrite along orysiael boundaries and ineipient
fracturesn.

Camera Lusida druwing. Hage x /000
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Sample J5
“Lreenopyrite ore, 600 level, usually low grade. Assay
0e58 02Z8e per tone"

Twoe pieces of massive arsenopyrite were secticuod.

The general desoription of sample 74 will suffice here,
except that J or 4 tiny grains of gold were noted in arsenopyrite.
There is a slightly higher percentage of chalecpyrite here than
in [4e

Sample ;6 -
- "Arsenopyrite, chaloopyrite, pyrrhotite ore, 1500 level,
has beaen econsistently low grade. Assay U.l6 ozse per tone"
Hegascopie
Two typieal pieces were sectioneds

Arsenopyrite, chaleopyrite, pyrrhotite, and gangue are

present in roughly egual amcunts, accompanied by miner guantities of

sphalerite.
Yo gold was soone

Arsenopyrite is well erystalliszed, but contains inclusions

of gangsue minerals.
Eyrrhotite and chaleopyrite oecur as irregular masses,

apparently replacing gangue minerals and flowing around arsezopyrite

crystals.
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Where either chaloopyrite or pyrrhotite asre in contact
with arsenopyrite it is common to find Siay bleba and siringers of
these sulphides in the lattere

The following paragenesis is suggested:

(1) Formation of silicatess
(2) Arsenopyrite replecing gangue mineralse
(3) Pyrrhotite, chalcopyrite, and sphalerite.

The following minerals were identified in the sections

- axaninel.
Arsenopyrite Caleite
Lollingite Garnet
Cobaltite (7) Epidcte
Other silicates
sut
copyrite
g,nﬂﬂ":&“
<
Gold
vonparigen of hish grede with low grade pyrrhoiite ore

(1) Bigh grede pyrrhotite ore contuined arsenopyrite, in a
finely divided fom, making up about 124 of its voiume; the low
grade sanples examined eontained only negligible amounts of arsenc~
Iyrite. -

(2) Chaloopyrite occcurred in almost negligible amounts in
the high grade ore while comprising & small but important censtituent
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Yo distinet aifferences were noted between high grade and
low grade arsenopyrite ore apart fyom the presence or absence of
noticeable nmetalliec gold. However:

(1) The high grade ore ezamined contained little or no
chaleopyrite. A hisher pereentage of chalcopyrite was associated
with the lower grades of arsenopyrite. There was likewise a slight
ingrease in the amount of chalecopyrite with inereasing depihe

(2) Iollingite, cobaltite, and the unknown grey mineral,
were noticed only in the high grade ore

A8 only one section of each type of ore was prepared and
exnmined, however, it is not suggested that the above be aceepted
as generalisations.

. (1) Gold is present in a finsly divided form (from 7 miorons
to limit of mieroscopic resolution), scattered erratieally through
arcenopyrite without any apparent contrsl by contaets, crystal
boundaries, fractures, ete. Gold cgcurs more coarsely disseminated
through high grade pyrrhotite (91 miersns to 3 microns) and is

usually, though mnot always, closely assseiated with arsencpyrite grains.
(2) In only two cases was pold noted before the arsencpyrite
ore had been etched with nitwie acid, the applieation of this resgent,

even for a few seconds commonly suffiecing to bring out & namber of
graine, in an otherwise apparently barrven field; there was mo
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neceusity to eteh pyrrhotite ore to bring out the gold.

(3) Zach gold grain in arsenopyrite ove, aftor etehing,
was surrounded by & "erater®. Ye such eoraters uppeared after
etohing pyrrhotite ore, even where the gold greains were completely
enclosed by arsencpyrito.

(4) Twe greins of gold were noted in arsenopyrite without
etehing. In easch case & grey minevel(?), eompletely removed by
sudbsequent etehing, was noted in intinate assoclation with the gold.
Ho such grey minersl(?) was noted with the gold in pyrrhotite ore.

{2) 4s pointed out in the body of this report, the failure
of gold grains to appear in high grade arseopyrite, without etehing,
is probubly attributable to "smearing”, slthough why the effect
should not extend te gold im high grade pyrrhotite as well is hard
%o explaine

{3) The ubiguitous "eraters” found asbout gold grains after
etoling high grade arsenopyrite, are probably due to some elestro=
chemiesl action along the contactss The question is, however, if
the action is attributable te the poteatial differences between gold
and srpenopyrite alone, why “craters® are not formed about gold
particles enclosed by avesnopyrite in the high grede pyrrhotite ore.
#hether the difference in effect is attributable to a coating of some
sort on the gold im one 9ase or the other is &% pressnt wnkuows, but
further ressarch slong these 1ines might be merited to find whether a
conting exists, and if so, its amenability to flotation or cyanidation.

(4) The grey minersl(?) sssociated with pold in the arsenp=
pyrite ore, might be, in reality, nothing more than lead gouged from




the polishing lap during the proecess of preparation. Ths fast,
however, that it was noted ouly in two places, and then only in
intinate asapociation with gold, would make this appear exeeedingly
unlikely, when it is considered that in all the sections polished,
under identical conditions, mo othor indication of sush & possibil-
ity was fortheominge Here agsin would seem a suggestion for further
research = to determine the nature of the soating, if possible, and
the extent of its cosurrences

2. Introduction of arsenopyrite.
3. Introfunotion of pyrrhctite, chaleopyrite, and sphalerite.

2 & 3 probably overlapped to some extents The relations
between pyrrhotite, chaleopyrite, and sphalerite are not clear bub

Avsenopyrite has replaced silieates preferentially over
galcites :

Pyrrhotite and ohaloopyrite Jikewise replaced silicates
preferentinlly = their replacecent of arssnopyrite has uot been
extensivee

The major part of the golid appears combemporaneous with
argenopyrites. Some gold may de assoviated with the other sulphides
but 43¢ mot appear under the microsoopes | |



