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Introducti on 

The area of study i s the Vein claims, a vein type 

deposit, located in Northwestern B r i t i s h Columbia and he 

by Chevron Canada Resources es Limited. During the 1984 

f i e l d season one day was spent c o l l e c t i n g samples from a 

number of di f f e r e n t veins, which were used to prepare 

polished sections discussed in t h i s report. Microscopic 

analysis was used on the polished sections to determine 

mineralogy, textures and paragenetic relationships. 

Geochemical r e s u l t s were available only on a few of the 

samples used in t h i s report. 



Location and Access 

The area of study i s located in Northwestern B r i t i s h 

Columbia, roughly 96km South of A t l i n and 70km East of th 

Canada-United States border. The coordinates for the 

study area are ( 58 SO'N, 132 13'W). Access i s limited 

to helicopter as the nearest road i s at Telegraph Creek, 

roughly 50km to the Southsoutheast. 
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Geology 

The Vein Claims are underlain by Jurassic Takwohoni 

Group sediments comprised of s i l t s t o n e s , sandstones, and 

conglomerates. This assemblage o-f sediments has been 

intruded by an Upper Jurassic to Cretaceous aged hornbien 

d i o r i t e stock, which i s well exposed in the southwest 

portion o-f the claims. This i n t r u s i v e event has caused 

horn-felsing of the s i l t s t o n e and sandstone up to 1km away 

from the contact, and hornfelsing of the conglomerate up 

500m from the contact. 

A number of r h y o l i t e dykes and s i l l s , probably 

Tertiary age according to Souther, have crosscut the 

Takwohoni sediments, but are not seen to intrude the 

hornblende d i o r i t e . The dykes range from .5m to 2m in 

width. The mineralization i s associated with quartz 

veins, also probably Tertiary , which occur in the 

hornblende d i o r i t e and the Takwohoni sediments. These 

veins are traceable over 150m and vary in width from 2cm 

to 50cm. The quartz veins have v e r t i c a l to near v e r t i c a l 

dips, and have local swelling in which the veins attain 

t h e i r maximum width. 
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Gangue 

The main gangue mineral observed i n a l l of the 

sections i s quarts. Quartz i s the most abundant mineral 

in most hand specimens but not necessarily in polished 

sections. The quartz i s mainly coarse to medium grained 

although some f i n e grained cherty quartz was noted. Grains 

are euhedral to subheral, and often form vugs, and exhibit 

comb texture. The sulphides are both included in the 

quartz grains as in the case of arsenopyrite, and also 

c l e a r l y i n t e r s t i t i a l to the quartz as in the occurrence of 

s t i b n i t e . The quartz in a few areas possibly replaces 

arsenopyrite in a vermicular fashion. 

The only other gangue mineral present in the section 

i s c a l c i t e , probably Fe—rich as i t i s orangey white on i t s 

weathered surface. The carbonate occurs as crosscutting 

v e i n l e t s in the quartz veins. Carbonate grain s i z e i s 

generally f i n e , although there are some local coarser 

grains. No suphides appear to be associated with the 

carbonate veining event. 



Pyri^te 

P y r i t e occurs in varying amounts, and i s the only 

sulphide present in a l l sections. It generally occurs as 

subhedral grains of varied size, often in interlocking 

aggregates producing a granular texture. In one section i t 

occurs as ve i n l e t s in arsenopyrite grains. Deformation of 

the p y r i t e includes broken grains with minor brecciation, 

to strongly fractured an granulated grains which 

has produced aligned fragments. The grains and fragments 

are p i t t e d and corroded to varying degrees by goethite and 

limonite. Pyrite has mutual boudries with quartz, 

arsenopyrite, tetrahedrite and sphalerite, and appears to 

be replaced by s t i b n i t e on i t s outer edges in one case. 

Pyrite i s somewhat more abundant i n the Northern group of 

samples. 

ynsenopyrite 

Arsenopyrite i s present in most sections, and seems 

to be more abundant in the Southern group of samples. It 

occurs generally as wedge shaped euhedral to subhedral 

grains , medium grain s i z e . It also occurs as massive 

granoblastic aggregates which have undergone mechanical 



deformation, and exhibit c a t a c l a s t i c textures. No 

signs of post—deformation growth healing of arsenopyrite 

were observed, rotation of fragments and rounding i s 

evident. The deformation e f f e c t s are c l e a r l y more intense 

adjacent to the vein walls and grade to l e s s deformed 

grains near the center of the vein. Very few inclusions 

and no gold was found in the arsenopyrite under high power. 

Sphal eri.te 

Sphalerite occurs as large subhedral to anhedral 

grains, and i s present in half of the sections studied. 

The sphalerite i s r e l a t i v e l y dark gray, possibly indicating 

a high iron content. Although a good internal r e f l e c t i o n 

was not observed, positve i d e n t i f i c a t i o n could be based 

on the presence of chalcopyrite emulsion texture. Rows of 

chalcopyrite droplets probably define crystal1ographic 

d i r e c t i o n s in the sphalerite. Depletion of emu1 soid 

chalcopyrite in sphalerite near chalcopyrite fracture 

f i l l i n g , probably i s a r e s u l t of remobi1ization of the 

chalcopyrite. Sphalerite has mutual boundries with p y r i t e , 

arsenopyrite, quartz, and s t i b n i t e . It i s replaced by 

tetrahedrite and chalcopyrite along fractures. 



Most o-f the sections studied have at least some 

chalcopyrite. It occurs as ovoid droplets and tiny 

v e i n l e t s i n sphalerite, and also as ve i n i e t s in quartz. 

These occurrences represent two phases o-f chalcopyrite in 

the vein system. A t h i r d possible phase i s seen to 

surround s t i b n i t e grains. The emulsoid chalcopyrite in 

sphalerite i s commonly seen as rows o-f ovoid drops, 

de-fining c r y s t a l 1 ographic directions within the sphalerite. 

Remobi1ization of chalcopyrite i s evidenced by a depletion 

o-f emulsion texture seen adjacent to i r r e g u l a r i l y shaped 

chalcopyrite v e i n l e t s in some cases. The chalcopyrite 

occurring as vei n l e t s in the quartz has irre g u l a r shaped 

grains and a discontinuous nature, mainly i n t e r s t i t i a l to 

the quartz. 

l§?trahedr i.te 

Only two o-f the sections studied contain 

tetrahedrite. The same two also have the only s t i b n i t e 

observed. The tetrahedrite occurs as ir r e g u l a r v e i n l e t s 

in sphalerite along fractures and cleavages, sometimes 

having islands of sphalerite in the middle of them, 

suggesting replacement of the sphalerite. Individual 

tetrahedrite grain outlines are not clear owing to i t s 

i s o t r o p i c nature. Tetrahedrite also occurs with 



s t i b n i t e , appearing as a matrix to the -fine f e l t y mats 

o-f s t i b n i t e . S i l v e r assays support the presense of a 

s i l v e r bearing mineral in one of the two samples, the 

other had no data available. 

St !bn:i te 

Small amounts of s t i b n i t e (3—4%) occur i n two of the 

sections studied, one from the Northern group and one from 

the Southern group. The s t i b n i t e occurs as f i n e grained 

often f e l t y masses which are generally i n t e r s t i t i a l to 

coarse grained euhedral quartz c r y s t a l s . It also occurs 

i n t e r s t i t i a l to tetrahedrite grains, and within a few 

chalcopyrite grains. Numerous elongate c r y s t a l s are folded 

and warped, c h a r a c t e r i s t i c of i n i t i a l stages of s t i b n i t e 

deformation- I d e n t i f i c a t i o n was aided by oberving cleavage 

on radiating s t i b n i t e needles i n quartz, under crossed 

polare. 

Coyel 1 i_te 

C o v e l l i t e i s found in a few of the sections but only 

in small amounts where i t usually rims chalcopyrite grains. 

It also occurs as i r r e g u l a r i l y shaped grains near 



chalcopyrite- No evidence o-f c o v e l l i t e replacing 

chalcopyrite was noted, but i t s presence does indicate 

supergene sulphide conditions have been present in at least 

parts o-f the vein system. 

Goethite 

Goethite i s present in varying amounts in a l l sections 

studied. It mainly occurs as a -fine grained oxidation 

product along -fractures o-f p y r i t e grains and outside p y r i t e 

grains as rims. In one case i t has completely replaced a 

narrow py r i t e veinlet in arsenopyrite. 

Scorodite, although not p o s i t i v e l y i d e n t i f i e d in 

section, i s abundant in some hand specimens. It occurs as 

a -fine grained weathering product along -fractures of 

arsenopyrite grains, often with goethite-



Paragenesis 

The paragenesis of the veins studied was determined 

from grain relationships and textures seen both in hand 

specimen and polished section. The paragenesis of the 

Northern and Southern group of samples were considered 

together. 

Quartz i s the f i r s t mineral deposited as evidenced in 

vein walls of handspecimens where i t forms crustiform 

layers. Euhedral arsenopyrite i s next and i s found 

i n t e r s t i t i a l to the early quartz grains and within s l i g h t l y 

later quartz grains. It i s also the next closest band to 

the vein wall as seen in handspecimens. Wedge shaped 

arsenopyrite rhombs are commonly within p y r i t e . The 

coexistance of py r i t e with arsenopyrite allows an upper 

temperature l i m i t be placed on mineral formation at t h i s 

time of 491 C + or - 10. 

Sphalerite i s deposited next, commonly as f a i r l y large 

c r y s t a l s that are fractured and found within some py r i t e 

cubes, indicating the p y r i t e comes l a t e r . The emulsoid 

chalcopyrite as rows of droplets and pseudo—rods within the 

sphalerite has probably exsolved and been deposited 

simultaneously with the sphalerite. 

P y r i t e appears to be deposited next, i t crosscuts 

arsenopyrite and i s i t s e l f crosscut by a second generation 

of quartz. This second generation of quartz i s in the form 

of t i n y fractures f i l l i n g v e i n l e t s . 



A second chalcopyrite phase i s deposited with 

tetrahedrite simultaneously, and also by i t s e l f as 

i r r e g u l a r i l y shaped grains i n t e r s t i t i a l to gangue. 

Tetrahedrite invades sphalerite -fractures with no depletion 

at junctions where they cross. Islands of sphalerite in 

the tetrahedrite veins, probably indicate tetrahedrite 

replaces sphalerite. 

S t i b n i t e i s f i n e grained, i n t e r s t i t i a l to early 

quartz, and the l a t e r tetrahedrite. At t h i s stage the 

depositional environment has a maximum temperature equal to 

that of s t i b n i t e s melting point of 556 C , but in fact must 

be somewhat lower than the 491 C defined by arsenopyrite— 

p y r i t e equilibrium. This concludes the primary sulphide 

deposi t i on. 

C o v e l l i t e forms as a secondary mineral and usually 

rims chalcopyrite. At t h i s stage the veins are probably 

<. 5km from the surface environment. 

Narrow veins of c a l c i t e , with no associated 

sulphides, crosscut the existing gangue and sulphides. 

This i s followed by a b r i t t l e deformation event which 

causes microfaulting, and brecciation. Minerals closest 

to the vein walls have experienced the most severe 

deformation. 

F i n a l l y , near surface weathering has oxidized the 

sulphides of exposed veins to produce limonite, goethite, 

s c o r i d i t e , and s t i b i k e n i t e a l l of which are seen in hand 

sampi e. 
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Conclusi one 

Analysis of the combined observations made on the 

polished sections in t h i s study allow some conclusions to 

be made on the paragenesis and economic value of these 

vei ns. 

The s i l v e r anomalies r e s u l t from the presence 

of up to 5>1 tetrahedrite in the veins. Gold was not 

i d e n t i f i e d in the sections although assays indicate i t i s 

present. 

A temperature of 491 C + or - 10 can be assigned as 

the maximum temperature of deposition upon the formation of 

pyr i t e as i t i s in equilibrium with arsenopyrite. 

Only weak general1izations can be made of possible 

zoning of the veins. C a l c i t e veining and strong 

brecciation, along with r e l a t i v e l y abundant pyr i t e seem to 

be c h a r a c t e r i s t i c of the Northern group of veins. Whereas, 

abundant arsenopyrite and lower sphalerite are more 

ch a r a c t e r i s t i c of the Southern group of veins. 

Chevron holds the VEIN mineral property, but has been 

discouraged from further exploration because of the narrow 

vein widths, and the rather low precious metal grades. 

Added to these negative features i s the problem of s i l v e r 

being in the tetrahedrite structure, not only i s i t 



undesirable to have the antimony in the ore but i t also 

occurs as narrow v e i n l e t s which would cause d i f f i c u l t i e s in 

l i b e r a t i o n . High arsenopyrite contents are also 

undesirable as an arsenic contaminant can d i l u t e ore 

concentrations and create toxic byproducts. 



Appendix I: Photomicrograph 



(Photomi crograph 1) 
Photomicrograph a-f euhedral quartz (dark) , 
with -fine grained i n t e r s t i t i a l s t i b n i t e 
(sb), needles. Note the tetrahedrite t t t ) , 
also with minor i n t e r s t i t i a l s t i b n i t e . 
(Planed polarized l i g h t , 56X, V-10) 

(Photomicrograph 2) 
Photomicrograph o-f brecciated, milled, and 
fractured arsenopyrite grains. Post 
breccia quartz veins (dark), cut across the 
arsenopyrite (asp), p a r a l l e l t o aligned 
fragments. (PIane polarized 1ight, 40X, 
V-2) 



(Photomicrograph 3) 
Photomicrograph of arsenopyrite grains 
invaded by chalcopyrite and p y r i t e 
veinlets, and corroded along branching 
-fractures by scorodite. (Plane polarized 
l i g h t , 40X, V-lb) 

(Photomicrograph 4) 
Photomicrograph o-f tetrahedrite ( t t ) , i t s 
intergrain relationships and occurrence 
with s t i b n i t e , and sphalerite- (Plane 
polarized l i g h t , 40X, V-lc) 



(Photograph i) 
Photograph o-f sample V—8 rock slab, showing crosscutting 
r e l a t i o n s h i p s o-f cal c i te vei ns (c) , and mi crof aul t s . Nate the 
displacement of the chalcopyrite (cpy) near the top—center of 
the photo, and the di splacement of numerous carbonate vei ns. 
Granulation of chalcopyrite, arsenopyrite (asp), p y r i t e (py), 
and sphaleri te (sp), occurs along the mi c r o f a u l t s seen i n the 
Northeast part of the photo. 



Appendix II: Photograph 



Typical exposure of one of the veins, 

with subsequent weathering. The vein i s 

10 CM^and -w- crosscuts hornsfelsed 

s i l t s t o n e . (Strike 085, dipgg** -V-l ) 
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iflt&yCDiA&S O-f c j u a r t z : ( ^ 3 1 ) i> S/^Ajnuns cud is corf&de^ 

odwj frockr^ possibUt bij scovadi-k&X f t e - ( < w g « r ^ r & m s a r e 

bawdries. ^ r a ^ 

P A R A 6 £ " M £ 5 f 5 

X . 
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Hoiftdspetimen - Small fliw^k vein wflh mass/Ye aJSenopypfe, YetA has 

Cafoclasffc -tecKfgs are seen /idor jre/n yyaik, 4$ sheared 

duJr surface djspku pse^do ioxuwtfC Sfritftw'C j i/ic/to'dtio* „3fim o\ pseud. 

Poh'skeA Section 1% p^rifa* 

Opaque Mi/^ab; Ar5enopyrire ; f^nf^^halco^rife;Qt>tfthit* 

OPAQUE 

ptjri+e 

US arts 

fraf^ 

40 /.3m 

Qu^ftz.- QQSLwCS OS hjjo ph*****, one is e « ^ 4 W fuzfe- QWI* 
vUijh /hters+i'-hat asvenopt/nfa anM A*s minor fhzcfure,s; 

4ht oH)&r secure as narroto Va'nkts fcz ^e) * /afe-

cfafclopt4- tuheXw quartz. QOwts yjhtch e$m& twb 

Z OPAQUES MlN£RAL-

) Arsenopyvihz - occurs as- &&&& graAoihshc afjr^ak^ 
LJvch have. anderqontL -I ^ i d f r W e (ifflgjjtt m^ch^ieoJf d&rfntht* 

display ortacksis f^xiures, yfe QrsotytoJtM 
4oes noi sfeuJ My signs of posttfefcrn&fi^ ftedira 
H\Mty of willed up OTsencpycife by quartz, 
•the* c^htclaJf'S fexfw&A sh&^J rohdH&A &( 
'OAA oft. <3fawffif near one, *g -^e veif) t̂ a./(y 
3veraJl ̂  Ai?n'c h>A imposed on-H\e gyga 



- csscAoftfik $Bun5 nofe^ m ^aaffe- crystals (eathj fktse) 

M\tou.cj\\ -fta wtjckAiud d[Smd^^^ lajtfr qau/\$ afte^f like, shocf 

- 3 ^ u ^ cuNk scoaiihL. ̂  fefca. fiifj/^S, 3^3^ poodle {^^^ I/̂TAO 

1V15 bittn broken yout do wf appear -h 6c milled 
.1̂  recfucea in 5fz£.. 

( - / ^ J C h d l t o p i j M f e - jcc^5 as fmj gfoins isolated isifec&ti<d ^ qa/flU<-} OAA 

+i'/uj ^^A0j)jrjfe ^(^5, possihk replacement. TJk* chtLtcDfjrfk 

v. Ktroc one spot octurte^c^ a.&ociokM wi% ckaltopunk-

ChOfy ScorsXfe' e^iSih caries fexfr*r^ Luiih appeArS/occtcry as 

-

J 
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S a m p l e V- lb 

llanispedmri 

• 

Polished Section 

Grange- 6 W r t z . 

Spnaleri'fe 

2£ 

/ — 

m m . 

G l a f l r f e - — occurs 45 e u h a ^ h u 1k subhedral qrcu'nS, uJtWt i^iersffHal 

fn*duve$ -tte frcstrtofitjriie. and crosscute earlier- <^UAT1Z 
Crystals.C$3 0 

'H^T^ soLftiioes Mtti€$AL Cowers 

^ 1 ' r^ subhedrzU fa OAhednd CrusMs. Th*- t 

i e p i c f i ' ^ o f - C r & c i n j r ^ 

is uJe.ll fraxtufeM; fnojuj are 6raj)chi/i^ overall a. 
^ r e f e r r e d orlzAoJtior\ is flahA -ft'strifeof 

-'fcoafi'^r qtwried +he ofher ether sulphides curd 
has W { i (X fai'r / j : gocct polish* 

- £mdtu*e$ a r e filled p ^ / t i t y /></ tfu&rtk but QJSO 
btj pycrittpch^lc^ 

http://uJe.ll


(M ) P j j r i f e - occufi as suikdral grafa atfier isolate^ iek*&> $wgut) 
or as duster o-f- grains. Afe0 ocean a* imf /*> 7$fe 
aBeriopyfifc (™wimu*\ width* ur^) possilfij fepMc/Ve, as v&ftl^k 
as vefakfo sjplcuf off info $e ajisenopijri-fe. OA4 e*d in 
Middle e€ 4. %Out\. , . . 

g r a i n s > Wi / j a s^ooih but irregular outtl/\es. (-Uso) 
- iVicMes ^m^fffihtlerifejCoJ/iSj which HtmS^Ire^JIOY& V> 

jihjf dhaicDp^ritt^ dots* 
- a(#> atfeucs similarity fa ihtL pyhfe /A ^s^oiurf^fuet^) 

also poss 

( 3 )SpWjlenffe- /Wnor o c a ^ n ^ c e } only ^ jhn chtkapyrik as whkedmi 
uvdnAed grains 

(W<y £o/eJ|ffe - mi/ior acc*>rft£/ace chalcopyrite} not oppe*r fa 
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p if rife 
cjyxlcaptf 

! 

! 

s 
i 

] 
• 



Si-Ik (TASTi-IDO) Si-Ik (TASTi-IDO) 
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Sample, No. V-*? 

PolidM Section 

Opxf- /teals = YyriiL, $p &oS«% Chxlcofyrih 

OPAQV£5 

sphalerite. 
20 

5 

I 

I .2, 

calcife 
7o 

3 

subtalar -h> smbrou{\dm uA include bc>h&\ ^rajf\2 

' a\So occurs 0$ MccXnX f of &CeC£-\o^ - -Qne. grajA^M 

âltcfe.- crosscuts bJ' xfpe^rs & 6z pre.-IfeccJoJh^ as 
no disft'ncf ^/i^w y/e^feir are cb><en/e£(-



" Ho fiufatfU kotAA&oZS sphalerite *r didcj*ftjtifa> 

... 

m 

hep other /aMjzr 

/\ ~ r *a 1 >7 r . . 

^ c ^ U^^^IJ&l f̂tu^ Amend - /o eoAfa.tt fyf$ ffltffej VK^M 

oA^edml fcoh'Aj qmiAS fofwhes Me 

^oH^rih^i Write' anu,-4r»u# n* , 

! 
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tlandspecimen 

Polished Section 

Opaque wnedfc: Arsenopyri fe^ (xoefaifc^Sconrifefe^ Pytih. 

atsefwifriik 6Z 

3 

< I 
< l 

zo 

3 Kvi rt-i (fx S~m&\ 

•fn'Aij needles 

•fm^ment inducted m A ArxcK^re -G'/lifij cjdAeroct/b/i of- ^Ufrrtr. 
— crosscut bu $k - Cctfhen^ajCt, v&ift} 
- Oipfe^ fo be & po$S/j>lc 3rd ^Bfvdl&A of gttasfz in •/Jje (&tm 

Of \My, cd-H^Qh no c-rcf&c^Jctt'AG f^afaoris-kfls u)e,re Acted 
-the <y>(er of wfttf fyMUCtz. uUctS d\ff^tAi~ l A X -nt'c&fs, 

Iran Coxbondtt - ~fhe Sr^ntsh shu'nfng <o hm^sfied^m also distinct' 
here, W C^S^IOMU a_Ury fra duces , 77fe Gz^^cchL 
is tuihedfat. efctijr^u/ar- a^c{ OCCIMS as fofe 

- Me. coA he f idwizen ihe c^h&ncte a^t ^ f e <ac$*rft 
5^m; fa h<xve- a C&^CJZSItracts&n oiF ty/iu tfefr'Tvt oxtdt/ 

- S 1 2 Y - V ^ ^ ^ displays C&fbcrrtofa VZJA 
offset rL fourth 
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AKKAopurifa- qmt\5 are, suihedtoJ MtiftUf * occur & 
Coarse masses, tffa / ( * ^ ; i t fe. A 

Si 5. 

0LP&)Optjrit£ has bt£A tntc-facetf 

- -fn\cfur& £/% /;?<We /744rfe u//VK At/6'* 
Oxi<Xo&\tr\ fa fctr&tifc. "cLAd. qo'dtMt.. TTfe 

fWdVtjf appear- it ho*c cw>ed hreca'cd»r\ 
of- etrSeAopytife- Qfain utaJb , as -Pnyme^fr 
a.re- auyftf up in -filhto /vaferi'cd. 

- no rtpiacSvt, fê fu ês noted of <^ucui± i/y 

pa&ihlij iAdvdes saxQd'te- fractal û/" ' 
po5i{rvG' id&ntiricedf&n made— p 
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