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ICOU MO.IKOVK":* 

SILVER MINERALIZATION AT GREAT BEAR LAKE, CANADA 

(Fig. 1-10 J 

A b s l r a i ' t : The m i n e r a l o g y of Ľ-Xi-Co-Bi-Ag depos i t s most ly at Ľ l d o r a d o 
Mine, Lcho Bay Mines, less al Canisell ftiver and Contact Lake In the C r o a t 
lioai- Lake area in C a n a d a was s t u d i e d . Besides before detei ' inined nat ive si lver, 
a e a n l l n l e and si r o m e y e r i lo the following si lver m i n e r a l s h a v e been d e t e r m i n e d : 
polybfisito, poarccitc, p y r a r g y r i l e , freibcrgilo and inck ins l ry i to . These s i lver 
m i n e r a l s do nol form one associat ion in the last stage of p r i m a r y m i n e r a l i z a t i o n , 
as was regarded before, b u t were depos i ted d u r i n g three stages of m i n e r a l i z a t i o n . 
T h e i r posi t ion is c o m p a r e d with k n o w n t h c r m o d y m i m i c a l s tudies . 

P e 3 i o M e : Bbuia H3yqeHa MHHepajioriiii U-Ni-Co-Bi-Ag MccxopoatfleHHH rjiaB-
HHM o6pa30M Sj ibaopaao M a n n , 3 x o Beit, B MeHbineii Mepe KaMaeji PriBep H K O H -
raKT Jlei'iK B oGjiaCTH Tpei-iT Bsp JleňK B KaHaae. KpoMe pauee onpeaejieHHoru 
caMopoÄHoro cepefípa, aKam-ma a CTpoMeňepuTa GBIJUI onpeaejienBi cjieayiomne 
MHHepajihi: nojin6a3irr, neapueHT. n u p a p r n p i i T , (j>paii6eprHT, MeiaincTpnnT. 3 T H 
MHnepajiBi He KpHCTajuiH3npoBajin BMecre BO BpeMH nocneimeii CTaaHH nepBH<mon 
MHHepajiH3auHH, i<aK npeanojiarajiocB pauee. HO o c a * a a j i n c b H3 paCTBopoB BO 
BpeM« xpex cTaanii MHnepajiH3auHH. rtocjieaoBaTejibiiocTb nx oca>K!ieiuiii cpasHH-
BaeTCH C H3BeCTHbIMH 3KCnepHMeHTajIbHbIMH HCCJienOBaHHHMII. 

1 -Xi-(.o-l! i-Ag d e p o s i t s :il E l d o r a d o M i n e . E c h o B a y . Cani se l l R i v e r a n d C o n t a c t 
' - i k e lie on t h e e a s t e r n s h o r e of ( ' .real B e a r L a k e w i t h i n t h e B e a r P r o v i n c e of 11 it-
C a n a d i a n S h i e l d (A. \V. .1 e I I i ľ ľ e 1948) . T h e a r e a c o n t a i n s v o l c a n i c a n d s e d i m e n t a r y 
r o c k s of til c E c h o B a y C r o u p 1.800 m . y. old (R. \Y. R o b i n s o n 1971 in .1. P. X. 
I ! ; i ( l I' fi " i el a l . 1972) . T h e s e r o c k s a r e i n t r u d e d b y g r a n i l o i d r o c k s a n d d i a b a s e s . All 
r o c k s e x c e p t d i a b a s e s a r e cut b y s y s t e m of o r e - b e a r i n g f r a c t u r e s , m o s t m e m b e r s of 
w h i c h t r e n d n o r t h e a s t e r l y . T h e v e i n m i n e r a l i z a t i o n o c c i i r e d a f t e r t h e lasl of [ h e g r a n i t i c 
a n d p o r p h y r y i n t r u s i o n s ' 1 . 7 0 0 in. y.) a n d b e f o r e ( l/ iOO in. y.) t h e m a i n d i a b a s e 
i n t r u s i v e a c t i v i t y f.l. P. X. ľ, a d h a m el al . 1 9 7 2 ' . T h e s o u r c e of m e t a l s in o r e w e r e 
b y ,1. P. X. I ! a <l b a m el al . I I 9 7 2 ! o r i g i n a l l y e n r i c h e d r o c k s of t h e E c h o R a y ( ' . r o u p . 

T h e first d e t a i l m i n e r a l o g i e a l e x a m i n a t i o n of t h e ( ' .real R e a r L a k e o r e s is l h a l o n e 
1 , 1 D. P. K i d d a n d M. I I . [ l a y c o c k (I9.'>5). T h e s e a u t h o r s d i s t i n g u i s h e d four 
c h a r a c t e r i s t i c t y p e s of ore m i n e r a l i z a t i o n : 
1. P i t c h b l e n d e w i t h Co-Xi m i n e r a l s 
2. Co-Xi m i n e r a l s 
• '. P h . Z n a n d (in s u l f i d e s 

\. N a t i v e s i l ver . Cu a n d Ag s u l f i d e s . 

"• ľ). C a m p b e l l ÍI9;).)) d i s t i n g u i s h e d five p r i n c i p a l s t a g e s of m i n e r a l i z a t i o n as 
f o l l o w s : 

1. I leinalile-qiiarl/. 
2. Pitchblende 
'!. Q u a r t z , c o h a l l - n i c k e l a r s e n i d e s a n d s u l f i d e s 

\. C o p p e r s u l f i d e s 

.>. S i l v e r , b i s m u t h a n d c h a l c o p y r i t e . 

I h e o b s e r v e d a s s e m b l a g e s a n d p n r a g e n e l i c s e q u e n c e of o r e m i n e r a l s a r c in g e n e r a l 

ICXDr. I. B o j k o v i c . C S c . Ceological Ins t i tu te oľ the Slovak A c a d e m v of Sciences. 
Brat i s lava. < Ihrnncuv mieru \ I. 



326 

agreement with above mentioned authors. Five stages of mineralization were observed 
in this s t u d y : 
1. Quartz veins with hemati te 
2. Pitchblende 
.'!. Ni-Co arsenides and sulfarsenides with native silver I. 
!\. Sulfides, sulfosalts and native elements with dolomite and ealeile. 

a) Native silver II and sulfides 
l>) Native bismuth and Bi-minernls 
e) Acanlliite willi Ag-sull'osalls 
(1) Native silver III with stromeyeri le and f.u sulfides 

."). Supcrgene minerals 
| ) . | ) . C a m p li c I I (1955) lists hreeeiaton after deposition of hematite with quartz 

and after arsenides. Fragmentat ion of pitchblende was observed by I). I'. K i d d and 
M. II. H a y c o c k (1935) as well as by I). D. C a m p h e I I (1955). Fragmentat ion 
of pitchblende and ils veining b y arsenides and sulfides and similar relation of arsenides 
anil sulfides wen- observed also in this slud\'. Differences with the previous authors shows 
post-arsenide mineralization. Silver minerals were uol deposited during the last stage 
of ore mineralization, but during the last three stages of ore mineralization. In the 
recent paper of .I. P. N. I! a d h a in el al. (1972) is mineralization of silver explained 
similarly during lasl three phases: Ag-arsenide. intermediate sulfide and sull'osall phase. 

I'aragenelie sequence was described more detaily In oilier papers (I. R o j k o v i c 
1970. I972i. Mere will he described the lasl three slages related to silver mineraliza-
lion. In Ihe third stage native silver I occurs with the Ni-Co arsenides and sulfarsenides 

*JM|«M 
|.'i„- | XMIJVC silver .1 1 rites fAg) with Kig. 2. Cross-shaped unlive silver (Ag) with 
„irmlilc ' n o . rammelshergitc (rin-liglitor) and niccolilc (nc), rammelshergitc (rm) and salllo-
sal'florile fsl'-darkeri rims. Carl coaled; one rite (sľ) rims. Carbon coaled, one mcol, 160 X. 

nic-ol SO X. 1'lioln I. 1! o i k o v i č. Photo I. H o j k o v i č. 
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(I. B o j k o v i c 197i). [n tlie Fourth stage occurs nalivr silver II will) ipiinaiililc, 
galena and sphalerite, in the association with chalcopyri lc occur acantite. polybasite, 
pcarecite, pyrargyrito and frcibergite and together with bomite . chalcopyrite. tetra-
hedrite. chalcocite and witticlienitc occur native silver III and s lromeyeritc. There is 
only one silver mineral associated with ihe supcrgone minerals — mckinslrvile. 

Silver minerals are widespread and important at the deposils studied especially at 
Echo Bay Mines and Camscll River Mine. Besides before determined native silver. 
aeanlhi le and stromoyerite the following silver minerals have been de termined: poly-
hasite. pearceite. pyrargyri le. frcibergite and mckinslrvile. 

. N a t i v e s i l v e r Ag. The earliest native silver I was deposiled with Co-Ni arse­
nides. Occurs as cubic crystals, as cruciform and dendrit ic aggregates or as irregular 
grains enclosed and rimmed by rainmolsbergilo. safflorile. skul lerudite. niccolilc and 
gersdorffile ifig. I. 2). Arsenide and sulfarsenidc rims suggest, that ibis portion of 
native silver crystallized mainly before arsenides. However the occurence of native 
silver within various arsenide rims, and as small irregular inclusions in niccolilc. 
suggest crystallization of some silver within at least the earliest pari of the arsenide 
deposition stage. Native silver has undergone some deformation and rcmobilizal ion. 
I bin veinlets ol remobilized silver cut the surrounding arsenide and sulfarsenidc rims 
'lig. •>). Later native silver I was replaced by aeanlhi le and silver sulfosalls. commonly 
as pseudomorphs retaining the shapes of silver crystals and dendrites ffig. /\). Locally 
silver was completely removed, leaving dendroform negatives which are now occupied 
by quartz (fig. 5). This is in disagreement with lbe succession proposed by I). I'". K i d d 

Kig. .'!. Dľľiiľined crystals and veinlcls of ľig. 4. Acantitc (ac) and polybasite (plh) ľor-
nalive silver 'Ag! with niecolite 'ne1 and ming pseudomorphs after sit\'cr dcudrites with 
gcrsdoľľľite (gf) ľinis. One nicot. Hid X. rims of arsenides mainly niccolilc. (nc). One 

Photo I. R o j k o v i č . nicol, 80 X. Photo f. R o j k o v i č. 
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and M. II. 11 a y c o c k I I !).'!."">• which places native silver as I lie latest ore mineral 
(accompanied by carbonate ganguc). with quartz as an earlier ganguc mineral. 

A later generation of native silver ' I I ' was deposited in association wilh ehalcopyrile. 
sphalerite, galena and tennanl i te . The mam portion occurs in veins as shapeless irregular 
masses intergrown wilh ehalcopyri le. sphalerite, tennanti te and galena. In vugs it forms 
wires or plates, but these can nol be regarded as supergene. so lar as the samples 
studied are concerned, since they also contain intergrown ehalcopyrile. galena and are 
replaced by acanthi le . This silver often veins other sulfides of this assemblage, mainly 
ehalcopyri le as well as earlier formed arsenides anil sulfnrsenides. 

The youngest native silver III occurs as small irregular inclusions in bornite in the 
assemblage: bornite. chaleocile. s tromcyeri le and wil liehenile. 

Ant imony and mercury-rich phases within Ihe ternary system Ag-Sb-llg. such as 
have been described from Coball (('.. M a l l s el al. I!)(S7), have not been found in the 
samples studied, where nalive silver shows only very low contents ol a n t i m o n y and 
mercury (wilh Sb up to ()..''> and I Ig up to O/i weigh! percent). This relatively low 
content of ant imony, as compared wilh thai in silver in the (!oball ores, is parallel to 
the different mineral assemblages. Breilhauptite associated wilh silver ore at Cobalt. 
has nol been found among ihe arsenides associated with native silver I at Great Hear 
Lake, and the laler silver II is associated wilh tennanl i te rather than wilh telrahedrite. 

A c a n I h i I e Ag-jS is associated wilh sneh silver sulfosalls as polybasile. penrceite. 
pyrargyri le and I'reibergile. as well as wilh ehalcopyrile. ll is ihe most abundant, silver 
mineral In this assemblage, ll occurs mainly as large aggregates of grains, commonly 
intergrown with silver sulfosalls (fig. 6), as vemlels and as pseiidnmnrphs after native 
silver. Perfectly developed d ihedra l crystals of . .argeulile" occur in vugs 'fig. 7). but 
under the microscope, distinct twinning lamellae can be seen in tliem (fig. 8). and the 
X-ray powder diffraction are those of aeanlhile ' lab. I), ll replaces native silver I to 
form cubic, cruciform or denlril ic pseudoniorpbs (fig. ' r . Irregular grams and veinlets 
of native silver II are enclosed and replaced. Aeanlhile is also very closely associated 
anil intergrown wilh ehalcopyrile. Some ehalcopyrile grams within acanthi le shov.' 
I'reibergile along the grain contact. Acanthile replaces galena and along wilh silver 
sulfosalls and ehalcopyri le. veins holh arsenides and the earlier sulfides such as pyrite 
and s p h a I e r 11 e. 

Microprobe analyses of aeanlhi le show sbglil departures from sloichinmetry. I bese 
seem Lo lie due to loss of sulfur during analysis. For this reason, the lowest possible 
beam current 15 KV. and the longest possible counting lime 20 seconds were used. 
Even so. slight (leficienc.es in sulfur content were obtained (tab. 2). 

P o l y b a s i l e (Ag. CU)KISIWSH is much less abundant than aeanlhi le. but ll is the 
mosl widespread mineral among ihe silver sulfosalls. lis occurence parallels thai nl 
aeanlhi le. and these minerals are often inlergruwn. both in veinlets and in pseudo­
niorpbs after silver dendrites (fig. '\. (i). 

Studies of synthetic as well as natural polybasile and pearceite have established that 
these two minerals are end-members of I wo distinct series: polybasile-arsenpolybasilo 
and peareeile-anlimonpenrceile. which are characterized by a dil lerenl unit cell (M. A. 
P e a c o c k — L. C. K e r r y 11)17. C. b r o u d e I I <)(>.">. II. T. M a i l 1!)()71. The 
upper I i m i t for arsenic members of the both series was proposed by (.. ľ r o n d e l 
(|!)(i.'i) al ")0 atomic percent of ant imony of the lolal As + Sh content. II. T. M a l l ' s 
(l!)()7) experimental study has proved lhal copper is an essential component ol these 
phases and has delimited contents. These minerals are homogeneous al 20(1 °(. ovei 
a cinnposil ional interval which extends for copper as lollows lin weight percent) : 

http://leficienc.es
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I'V- 5. Quartz (qz) Forming p s c u d o i n o r p l i s Kiii. (i. Latlis cif |>olylmsite (plbl inlor»ro\vn 
after silver dendrites. Dne nieol. 8(1 X. Pilotu will] ;ic;i n I h! Iľ fuel. One nicol. KiO X. Pliotn 

I. H o j k n v i ľ. I. ľ, ,, j | c „ v j ,-.. 

©•£ 

1 , 1 . 1 

: 

7. Isometric c rys ta ls of A^KS. Scale in I •" i ti. S. Twinning' lamellae in acanlliile. Cro 
tin. I'lioln I. H ii j k li v i ř. cil n i e i k I lil) X. I'll I. K o i k o v i č. 
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T a b i c I. X-my powder diffraction uennthite 
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I '.'J, 

1 Sample: 3-02-W-l 
2 Sample: 1-11-60-5 
3 L. C. I! i- r ľ v - K. M . T I i |> s o n 
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2.0í) 
2.04 
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1,475 
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L .336 

1902) 

arsonpolybasile ľrom 3.0 to 5.2: polybasite From 3.0 lo ľ.6; pearceile From 5.5 to I!)./ 
and ant imonpcarcei te From 7.!) to I!).'2. On iho contrary to tlie above mentioned 
results I). C. H a r r i s et al. (19(>5) sujigcsl lo return to llic original classification in 
which pearceile and polyhasite arc the As and Sh end-mcnibcrs ol one scries. 

A-Í..S 
I 

T a l i l e 2. I''.leelnin niici'iiprobe results on acaiilhite 

Weight % 

87,1. 
87.2 
80,7 
87.6 

12 

Ale 

100.00 
99 7 
99,0 
!)!).!) 

07 5 
07,7 
07.9 12,1 

Atomic proportion 

0.90 
0.95 
0.95 
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T a b i c 3. Electron microprobe results on polybasite, pearceite and pyrargyritc 

•Vg,(iSb2Su 

1 pl l) 
2 p l b 
:; pii> 
4 p l b 
••Vříi«A.s2SH 

1 ,„: 
2 pc 
Ag^SbS-. 
I ,„• 

Cu 

Weight "/„ 

Cu SI) .tal 

74,32 
73.3 
74,4 
73.0 
00.0 
77,10 
09,8 
09.2 
59.70 
H0.2 

2.9 
3,0 
2.8 
5.8 
— 

8/i 
8.2 
— 
_ 

10.49 
5.8 
4,4 
4,0 

12,0 
— 
— 
— 

22.48 
22 3 

2.7 
3,7 
3.5 
— 
0.72 
7.0 
0.7 
— 
0,3 

15.19 
14,3 
14,9 
14,0 
14,7 
15,82 
15.2 
15,5 
17.70 
15.0 

J 00.00 
99,0 

100,4 
98,5 
99,1 

:l 00,00 
100.4 
99,6 

I00.00 
98.4 

S b 

I plb 
2 plb 
; plb 

4 plb 
I pc 
2 pc 
I pr 

54,2 
53,0 
53.7 
48.8 
48,0 
47.8 
45.3 

I 
3,6 
3,7 
3.5 
7.2 
9.8 
9.0 

3,8 
2.8 
3,0 
7.8 
— 
— 

14.9 

2.9 
3.8 
3.7 
— 
0.9 
0.7 
0,3 

35.0 
36,1 
36,1 
30.2 
35.2 
36,0 
39,5 

Analyses of the ('.real Bear Lake polybasitc show substitution of a n t i m o n y by 
arsenic, hut a n t i m o n y prevails over arsenic. Copper contents range from 2,8 to 5.8 
weight percent Hah. 3), which correspond to the compositional limit of copper in 
polybasile according to II. 'ľ. H a l l (1967). As with acant.hite. [he silver sulfosalls 
yield microprobe values lor sulfur slightly below stoichiometric requirements, due to 
loss of sulfur during analysis. However, the analyses serve to distinguish between 
pearceite and pyrargyritc from polybasite (tab. 3). The identification of polybasile, 
ivas also confirmed by X-ray powder diffraction (tab. 41. 

P e a r c e i t e (Ag, LuJujAsjSn occurs only rarely, and is not as intimately inter-
grown with ncanthite as polybasile. However, like polybasite., il is closely associated 
with chalcopyrite. Xo ant imony was detected in the pearceite analyzed (tab. 3). The 
eontenl of copper varies from 8.1 to 8.4 weight percent, which corresponds more lo 
pearceite than arsenpolybasitc. according to II. 'ľ. H a l l (1967). The small size of 
lbe pearceite grains did not permit X-ray powder diffraction study. 

P y r a r g y r i t c Ag;>SbS:. occurs only rarely at Echo Ray Mines property. Il 
occurs inlcrgrown with polybasite and was determined bv (he microprobe analysis 
' lab. .'!'!. 

I' ľ e i b e r g i [ c (Cu, Ag. /.n. Fe)p.)(Sb. As)/,Si;i is one member of the complex 



T a b i c ''• X-ľav piiivdrr diffraction on pol\ !>;isilc 
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0.5 

I 

D.." 
; I 
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o.: 
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l 
3 

1.518 

3.02 
3.48 
3.28 
3,1í) 
3.01) 
2.88 
2.77 
2.7(1 
2 53 
2 12 
2 3/i 
2.21 
2.15 
2.1 ! 
2.f 17 
2.02 
1.077 
1.033 
1.802 
1.850 
1.701 
1.7'i 3, 
1.707 
1.058 
1.021 

IJ554 

1 S a m p l e : l-l 1-00-5 
2 I.. C. li r ľ ľ v - \\. M. T h o ,,i |> s o n (1962.! 

le lrahedri lc scries described al deposils studied (I. K o j k o v i č 1972). Freibergile 
occurs inlergrown will) llic above lucnlioucd silver sulfosalls and chalc.opyrite. Where 
chalcopyrile is enclosed in acaulliile. freibergile ľornis a lliiu run along the conlacl. 

Analysed freibergile conlains up lo 21.8 weigbl percenl oľ silver (lab. .>>. I his is 
substantial ly higher Mum ihe m a x i m u m of IS percenl silver reported by C. P a 1 a c h e 
el al. (19a a). However IV S. M o o r m a n (1968) reports freibergile associated with 
silver sulfosalls as containing up lo 'I'l percenl of silver. 

S i r o in c v e ľ i 1 e (lu1 + x A g ! _ x S occurs in a diffcrenl assemblage I coin lhal just 
described. 11 occurs in the lasl stage of hypogene mineralization, which is represented 
by Ihe assemblage: bornile. chalcopyri le. chalcocile and lelrahedrile. Slromeyeri le is the 
mineral mosl closely associaled will) chalcocile. Il forms aggregates wil.li grains up lo 
fid microns across with typical bircflection and strong anisolropv (fig. 9). In the (.onlacl 
Lake deposits si roineverile occurs mostly as irregular or tongue-like elongated aggregates 
in chalcocile. associaled with horuile. native silver III .and will ichenile. 

\ S u h r (li).")")) and S. I) j u ľ I e (19,58) have found lhal s lromeyeri le is more 

http://wil.li
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ľ a b I c 5. Elccli'oii luicroprnbe results on (Yeiborgite 

\ ( i 

Cuľ,Sb/,S13 

I 
15.8 
22.!) | i.: 

i ; 
i.: 

Weight (';„ 

Cu l-'c /..i Ag SI. As S 

5.8 
— 2!).2 -

21.0 27.2 , 1.2 
21.8 j 27,,'i ! 0 / 
21/i I 27,(i : 0.5 

25.0 
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21.5 
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total 

100,0 
101.2 
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100.5 
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22.1i I 1. 

'/.n j Ag SI) As S C u + K c + Z u + A g ; Sl. + As 

5.(1 
0.0 
li.l 

12,3 
12.8 
12.7 

11.1 
11.2 
11.5 

1.0 
o.:s 
0 / i 

12.Í) 
12,5 
'.2.2 

12.1 
V2.Í) 
',2.1i 

15.1 
11.5 
ll.í) 

AUunic proportion 

Cu. ľc. Zn, Agi SI.. As) 

12.00 
12.00 
12.00 

i.:;: i 
V0(1 
V17 

12.: 
.8í) 
.80 

copper-rich than (iuAgS. mul the I'oniuila proposed by .1. 1!. S k i n n c ľ !l!)(i(i) is 
< •«i! + x A ji-, _ x .S. where x ranges from zero lo 0.1. The analyses of (he samples studied 
arc in good agreement will) lliis formula and all show a higher ratio Cu : Ag than 1 : 1 

lab. (>). The association aeanlhite with sLromoyeritc, reported from die d r e a t Hear 
Lake ores by 1). ľ. K i d d and M. II. N a v e n e k (1935), has hecu eriliei/.ed by 
•h '>• S k i n n e r íl9(i(>i due lo ils desiquil ibrium. As was mentioned, in ibis paper. 
these Iwo minerals occur in different assemblages, which is in agreement with .1. I!. 
S k i n n c r"s i I9(!(>) experimental study. 

M <• h i n s I r >• i I c (!u0 8 + xAg] 2 - x S (formula proposed hy .1. I!. S k i n n e r cl al. 
I()()()). As was described before bornile occurs in assemblage with chalkopyrite, lelra-
hedrile. ehaleocite and stromeyorile. During local oxidation processes ehaleopvrile was 
partially altered lo covellile and goelhile. and bornile was locally almost completely 
replaced hy covellilo. idaile and goelhile. Instead of s lromeyeri lc. mekinslrvile and 
covellile arc present (fig. 10. lab. 7). suggesting the possible inversion of s lromeyeri lc 
during supergene processes lo mckinslryite and covellile (I. H o i k o v i č 1970i. Accord-
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ing lo Íl. \Y. R o b i n s o n — I'. I). M o r i o n (197.1) mckinstryitc replaces chalco-
pyri lc and dolomite in late sulfide phase together with sphalerite, galena I".',), aeanthi le . 
native bismuth (':'), native silver before deposition of cbaleoeile. 

T n h I ľ li. Electron mieroprobe results mi stromeyeritc 

Weight. "/„ Atomic % 

Cu Ag S Totn Cu Ag 

CuAgS 
1 
2 
.j 

31,2 
32,0 
32,1 
32,8 

53,0 
52.3 
52.2 
52.8 

15.8 
15.4 
15.2 
15,:: 

1.00.0 
ill).7 
99.5 

100.9 

3/1.3 
3/1.5 
34.8 

33.0 
33,1 
33.0 

32.7 
32/. 
32.2 

Atomic proportion 

L 
' Í 

n • i 

Cu 

1.02 
1.02 
1.03 

Ag 

0,98 
0.98 
0,97 

S 

0,97 
0,96 
0.95 

T a b l e /. Electron micropi'obc results on mckinstryitc 

Xu 

Cu0,8Ag[,,,S 
1 mck 
2 nick 

Cu 

23,94 
24,00 
24.59 

W< 

Ag 

00,9(1 
00,34 
59.50 

ight % 

S 

15,10 
14,97 
1.4.76 

Total 

100,0 
99.91 
98,91 

Cu 

27.39 
27,65 

Atomic 

Ag 

39.57 
39,45 

s 

53.03 
32,89 

% 

Total 

99.99 
99.99 

No 

Atomic proportion* 

C,i 

1 mck 
2 nick 

0.82 
9.82 

Cu and Ag calculated as Cu + Ag = 2, due to small leak (ď S. presuming S = I. 
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Fig. !). Stromeyerile aggregate (strom) witli Fiji. 10. Mrkinslrvite (nick) with covellite (cv) 
distinct pleocliroism is rimmed by and partly along grain boundaries and around aggre-
cnclosing chalcncitc (cc); One nicol. 80 X. gales of mckinstryitc. One nicol, 125 X, oil 

Photo I. K o j k o v i č. immersion. Photo I. K n j k o v i č. 

Paragenesis of ore minerals 

S t a g e .'!. Cobalt-nickel arsenides and sulfarsenides. 
Previous investigators (J). F. K i d d — M. H. II a y e o e k 193."); I). I). C a m p ­

b e l l 1955) regarded deposition of native silver as the final singe of pr imary mineraliza­
tion. However, the present s tudy suggests lhal the earliest native silver (1) was deposited 
with cobalt-nickel arsenides and sulfarsenides. With this change the Grcal Bear Lake 
ores become strikingly similar in sequence of deposilion to deposits such ihosc at 
Cobalt. Canada (W. P e t r u k 1968) or J á c h y m o v . Czechoslovakia (F. M r ň a — 
D. P a v l ů 1967). According to W. P e t r u k (1968) deposilion of native silver. 
at Silvcrfields in the Cobalt area, may have been promoted by a catalytic acli ľ the 
arsenide minerals. 

S I a g e 'Í. Sulfides, sulfosalts and native elements. 
I'hc earliest minerals of ibis assemblage are represented by pyrite and nrsonopyrite or 

with marcasile and sphalerite with the higher content of iron. These are followed by 
ehaleopyrite. galena and iron-poor sphalerite. The last three minerals als r u r with 
tennanti te and native silver 11. 

Exper imental dala concerning the minerals described are listed below: 
Minerals T e m p e r a t u r e of stability Author 

arsenopyrite-pyrite < ^9:1 ± 12 °C I.. A. C l a r k (I960) 
pyritc-marcasite < 432 ± 3 °C C. K u I I c r u d (1967) 



:!.",(; 

Accordingly lbe upper limit oľ lliis sulfide stage can l,r placed probably al 191 + VI °(. 

'"•l'l'ip ^ p l a c e m e n t of galena I,v acanthite and the voining of earlier sulfides by silver 
sulľosalts. aeanlhile and ehalcopvrile suggest llieir later deposition. S.Ivor sulľosalts are 
verv inlimalelv ass„cialed will, aeanlhile and chaloopyrite. Native silver is mostly 
,,.plaee<l by aeanlhile bul some portion enclosed in aeanlhile may be contemporaneous. 
Kxporimenlal dala concerning these minerals are listed below: 

Mineral T e m p e r a t u r e oľ stability Author 
< I7(i.:i ± O..") °C I''. V.. K r a e e k 11 916) 
> 176.:) ± 0..") °C V. C. K r a e e k 191(5) 

aeanlhiť.' + Ag 
argenlile (Ag-presont) 
aeanlhile . .premonitory" 
polysynthetic twinning 
sleplianile 

pyrargyi ile + argenlile 

ir,2°C L. A. 'ľa v I o r f 1969) 
< l ! ) 7 ± r > 0 C ('•• W. K e i g h in — IV M. 

I l o n e a f I 969) 
> 197 ± 5 °C V,. \V. K e i g h i n — IV M. 

I l o n e a H969) 

T h o s v s t c m Ag-S was studied by ľ. C. K r a c e k 11 ÍMÍil and A. .1. K r u e h 11957 
Boli, investigators describe aeanlbite as a low-temperalure monocbmc polymorph ol 
\,,,S which inverts al above listed temperatures to the body-ccniorod cubic poly­
morph, argenlile. The (".real Hear Lake aeanlhi le. since ,1 shows cubic morphology, 
as well as twinning lamella,, is consider..<l to have ľormed. al least m pari, through the 
inversion ol cubic argenlile l u g cooling. Il should be noted lhal the I w m n i n g J . r e -
vinuslv r arded as proof of this inversion and of original dopos.Uon above I// I.. 
is of itself a (louLlful criterion. The development nf twinning below this ^ " I x T i i t u n -
was reported l,v IV S a d a n a g a - S. S u e n o (1967). while I.. A. l a y 1 o r 1969 
„..„„•Is lhal . .p remoni lorV polysynlhelic twinning occurs as low as I..2 (.. Some portion 
„[' ('.real Hear Lake aeanlhile .Iocs not show twinning and may represent Ag2S deposited 
as aeanlhi le. implving formalion below 177 °C. liul most of aeanlhile ,s twinned and ,s 
associated will, polvbasile. ľvrnrgyr i le is rare bul is closely associated with the last two 
minerals. The association pyrargyrite with aeanlhile inverted Iron, argenlile) suggest 
deposition above 19/ °L. 

Bornile and ehalcocile will, accompanied nil,,en 
nickel-coball arsenides and sulfarsenides and some earlier sulfides. I he assemblage IS 
,,„,, , . ...„nplex al Lcho Bay Mines where is represented by bornile. rhaloopyri lc. lelra-

| | ľ ( | ľ i l ( , (.|,alooeile and si romeyorile. Al Contact Lake the last assemblage ,s accom­
panied bv ,lige,,ile. willicheuile and native silver III. 

Lxperimenlal dala relating to this assemblage are listed below: 
Te,,merali,re of stability Author 
< K);}.:, °(; K. II. H o s e b o o m (1966) 
< 7(; ± 2 °C L. II. L, " s e b o o m (1966) 
< So ± '2 °ľ. V.. II. ľ, o s e b o o m I1966i 

„ . . , . . . , , <!)':!.:', ± 0.7 °C •'• V. S k i n n e r (1966) 
! ' ' •' . I I ú < ( i 7 - I- •>•(' .1 IV S k i n n e r ( I 9 6 0 ) 

s l r o m e v e r i l e + ehalcoci le ^ l w J - _ >. . , 0 ( , 
Most minerals in this assemblage suggest equil ibrium temperatures below HID U 
S | a "' e ô Supergene minerals 
The effect oľ supergene processes in the Croat Lear Lake area are very scarce ami 

| ( „ . . , | (,\ \Y l o l l i ľ f e - personal Communications). Observations on the samples 
s tudied ' s , or, this view. The supergene minerals probably represent only the „„Hal 
stage of oxidation. 

rals vein and replace pitch blende. 

Minerals 
ehalcocile 
(liijenile 'eovellile přesolili 
digenile (djurleile present! 
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