
CANADA 

DEPARTMENT OF :YINES AND RESOURCES 

MINES AND GEOLOGY BRANCH 

GEOLOGICAL SURVEY 

Pa.per 45-20 

GREENWOOD-PHOENIX AREA., 

BRITISH COUJMBIA 

By 

D .A. McNaughton 

OTTAWA, 1945 

gcase
Block -Black





Introduction 
History 

CONTENTS 

.............................................. .............................................. 
Field work a.nd acknowledgments . . .................. •· .... 

General geology.· •••••. ..•••••••••.• , .••..••••••••••.••••••• 
Table of formations .................................. 
Sedimentary rocks •••••••••••••••••••••••••••••••••••• 

Limestone ••••••.•••••••••••••••••.••••.••••.•.. 
Chemical analyses of limestones ••••••••••• 

Argillite ...................................... 
Kettle River formation ......................... 

Igneous rocks •••••••••••••••••••••••••••••••••••••••• 
Extrusive rocks , •••••••••••••••••.••••••••.••••• 

Andesite and latite ••••••••••••••••••••••• 
Midway group •••••••••••••••••••••••••••••• 

Intrusive rocks • •••••••••••••••••....•....•••..• 
Serpentine ••••••••••••••••.••••••••.•.••.•• 
Diorite, gabbro, and pyroxenite ••••••••••• 
Granodiorite •••••••••••••••••••••••••••••• 
Tertiary intrusive rocks •••••••••••••••••• 

Metamorphic rocks •••••••••••••••••••••••••••···~····· 
Meta.morphism of intrusive rocks •••••••••••••••• 
Metamorphism of volcanic and sedimentary rocks •• 

Jasperoid •••••••••••••••••••••••••4••••••• 
Chert ..................................... 
Undifferentiated chert, sediments, and 

volcanic rooks •••••••••••••••••••••••••• 
Lime silicate rocks with sulphides •••••••• 
Summary of metamorphism ••••••••••••••••••• 

Economic geology •.. _ ...•.•....••..•...•...••.•..•...•.••••• 
Quartz veins •••••••••.•..•..•••.•••..••••• , ••...••.•• 
Deposits of chalcopyrite, pyrite, magnetite, and 

hem.a ti te ........................................... . 
Deposits of pyrrhotite, pyrite, a.nd arsenopyrite ••••• 

Descriptions of· properties •••••• .- •••••••• -. •••••••••••••••• 
Bay claim •. , .••.••..•••••....•.•....••. , ..•••......•• 
D-yna.mo group ••••••••••• .••.••••••••••••••••••••••••.•• 
Elkhorn mine •....•......•....•.•.•...•••............• 
No • 7 inine ••••••.•....•.•..•.•••••••••••.••••••.••••• 
Providence mine •••••••••••••••••••••••••••••••••••••• 
Athelstan-Jackpot mine ••••••••••••••••••••••••••••••• 

Illustration 

Preliminary map - Greenwood-Phoenix, B.C. 

Page 

1 
1 
2 
2 
3 
3 
4 
4 
4 
5 
5 
5 
6 
6 
7 
7 
7 
8 
9 
9 
9 

ld 
10 
12 

13 
13 
15 
15 
15 

15 
16 
16 
16 
17 
18 
18 
20 
22 





GREENWOOD-PHOENIX AREA, BRITISH COLUMBIA 

INTRODUCTION . 

' " Greeriwood-Phoeriix map-area is in southern British Columbia, 
its southern boundary being 4.8 miles north of the International 
Boundary. The area is rectangular, and covers approximately 14 square 
miles. Greenwood, a town of about 200 inhabitants, lies in the valley 
of Boundary Creek near the western edge of the area, and Phoenix, a 
former mining town now practically deserted, is 3 miles east of Greenwood 
and 2,000 feet above ite Grand Forks, the largest se.ttlement in this part 

·of · British Columbia~ :Ls a bout 12. miies southea.st of Greenw:ood. ';['he area 
is characterized by a monotonous succession of rounded ridges and open 
valleys~ Relief is about 2,700 feet: Knob Hill, 1 mile southeast of 
Phoenix, reaches an elevation of 5~150 feet, whereas· Boundary Creek, at 
Greenwood station; is 2,450 fe et above .sea-level .• ' 

HISTORY 

The record of the early deve lopment of this part of southern 
British Columbia is e &sentially a chronicle of its mining history. In 
1890 the discovery of gold-copper deposi.ts at Rossland, some 40 miles east 
of Greenwood, stimulated '.Prospecting throughout the country, and in t~e 
foll'Owing year large, law-grade copper deposits were discovered near .Pho.enix .. 
By 1900 all the impormnt mines in the district had been pa~tly developed, 
a branch of the Kettle Valley railroad ha.d been constructed from Eholt to 
Phoenix, and smelters at Grand Forks, Greenwood, and· BounQ.a.ry Falls were. 
urider construc~ion. The branch line of the Great Northern railroad 
ccnnecting 'Phoenix and Grfu"l d Forks was completed in 1904. Production from / 
Phoenix district reached its peak in 1913, when 1,2501 000 .tons · of ore were 
mined and shipped, and slowly decreased thereafter. In 1919, when the 
available ore reserves were approaching exhaustion, labour strikes in the 
Crowanest coalfield cut off the supply of coke for the Granby smelter at 
Grand Forks' and forced the op e::-a tors at · Phoenix to a. bandon the mines. Phoenix 
district has produced about 15,000,000 tons of ore averaging slightly over 
1.5 per cent copper and about 75 cents a ton in gold and silver. 

The principal m:rning companies in the district were: the Granby 
Consolidated Miningr Smel tlng_. a nd Pdwer Company,.,. Limited, formed in 1901 
by the amalgamation of several operating companies in Phoenix; the British 
Columbia. Copper Company with mines at Deadwood camp and Phoenix, a.rid smelt ers 

· at Greenwood and ·Boundary Falls; the Consolidated Mining 'and Smelting Company 
of Ca.nads., Limited, with mines a t Phoenix; and the New Dominion Copper 
c·ompany, Limited, with mines at Phoenix and Deadwood camp. The development 
of low cost mining and smelting methods by these companies is one of the 
outstanding achievements in Canadian mining history. 

From 1920 to 1933 mining activity in the Greenwood district was 
limited to desultory development work on a few of the more promising gold 
a.rid silver deposits that, although discovered early in the history.of the 
diStrict, had never had a large production •. ·In 1933, the rise in the price 
of gold and ' the favourable treatment rate· for siliceous ores offered by the 

" Conso~idateci Mining and Smelting Company combined to awaken outside interest 
:i.n the district, and a r,iumber of mines were re-operi~d. · In general this 
recent development work disclosed l enticular quartz veins with erratic gold 
~onterit. Results at the Dentonia mine, however, were sufficiently encouraging 
to justify the installatfon of a. 100- ton flotation mill, which operated until 
the end of August 19~6. In September 1936 the Knob Hill and Ironside mine in 

"Phoenix was re-opened .• ore from this mine being hauled to a 50-ton flotation 
mill situated l mile rior~h of Gree:r:lVl~Odo 
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The fir st work :Ln--ihe' ar·~-h'-by the··:treolo-g foa T :-surv ey was a 
reconnaissance survey in 1901 by R,W. Brock, In 1 902 Brock mapped 
geologically a belt a bout 13 miles wide along the Internat iona l Boundary 
from Grand Forks to Midway. R.A. Da l y , ge<?log ist for t he Bounda ry Commission, 
later mapped a 5-mile b e lt 9.long the 'Inte-friaticmal Boundary. Det a iled 
geolog,iea l wofk~ vms done at Phoenix am?. at . , D.~adwood qa,mpJroni 1 908 to 1910 
by O .E. LeRoy of· the Geolo gica l Survey . · · 

·. r .. • · .. -· 

\ . 

. . "· ,~. 

'• FIEW WORK AND ACKNOl.n!LEI)GMENTS 
1 ' : • . .-. 

'• ' )\ • • . 

; · ! 

·· . · ' The ' fie ld work for . this r epo,rt was ca rri ed· OP f.r~m Jun:e 1 to 
October · 9, · 1 936. Me ssrs. W .T. Dempsey, ,W:.L.·Re&n.ond, Ke!lil eth de P. ~ratsori, 
and F. _Joubiii. render ed a bl e. a S$i s t ahc e. i n the fi e ld. .. . .. .. _. 

·L 

' The writer is a lso ind,ebted to ,various mining men of the. 
district for the ir courte sy; and co-operation. 

GENERAL GEOLO GY 

· 'The oldest · rocks in Gre.enwood-Phoenix area cons.t i tute. an 
assemblage o'f.' mixed s.edimentary an,d volcani c origin. .,The sedime;ntary .•. , ..... 
roc'ks ar El 'a:rgilli"be and lime.stone, a:nd a re, i n . pa rt a t l east , qf, ~Ca.rbo"nifE}t:OUS 
age . · The ;volc a nic· rocks are l a tite and andesi.te, and 'a.r e b e lieved t 'o b_e . · .c 

·e-hief1y ·-r-1ows.· Both'the· '.s,ed irrt~ntary and volcanic . rocks were :\.ntruded, ~~ 
Mes'0zoic time: , ' by •igneous rocks· that include, from ,qldest to youngest,,.,$m9.11 
bodi e s of •peridot:i:te,. 1pyroxenit§, g?-bbro , a nd diori"j; e , a rid, l a rger . boqies 
of .gi'artodiori t e • ' ·lri the vicini·ty _of Pl:io enix, l'ertiary sediments ,and -v9.Itjanic 
flows overlie "the a bove merttiened, s edimentary. and i gneous rQci<:s i:<ncqrifc)rrii.ably. 
The ·· young·e s t: consolida t ed · rocks · o f the ~r ea a r e dykes .. and ~i1ls -t~~ , r.~~ge , 
in·· colour !ind compo sit; ion, fr9m dark-9olour ed . diori tes to _li g};lt'."'.coloureq , 
alka.lic syeni t~s-. i ~ ~ -· · · · ·:, '' 

; .. ; -
·-· ' ': The Tertfary sediment a ry · anP. : i gneou.s , rocks a. r e younger th~·n .the . 

~ · · or.e :. depos·it·s ,Nith which th·is r e.port i .s ~i.nl.y conc ernec?. ... .. ~nd. will _ r e ceive 
only bri:ef tr.eatment. · · 

. . . . : ( 

Most of t h e Pa la eozoic sed i mentary ~nd volcan ic rocks ha ve under~ 
gone ·textura l: a nd mine r a logical cpa:ngfs since .. the~r consol:i.dation. They 
have been partly to compl etel y s ilici-f~ ed to .form j asperoid . a nd · cb.er :t, over . 
wide a'rea. s. 'This silicifica.-t ion .has .s o completely changed .the ir · o~fgiru;i.1 · • 

.. character tJ'Jait it is. impossibl e in many p l a c es t o distingui~h a :Lter eo , . 
. · 1ime:sto·n·e:s; and a rgillites from a:t~t ered volcanic rocks. I n ad.di ti.on t q_ having 

been s ilicifie d, ' t h e limestones have , been partly to comp_let£J1 y. r epl{lc ~ c?. in 
t he vicinity of Rhoenix by lime silicate minerals, ~ nota bly epidot'e aiJ.d garnet. 
In places the se· lirrie· silicate rocks conta in suffici ent. sul°'phicfos to' . . ,. · 
constitute low- gr a d e copper p,re. Neither t h e silicified ro.clis. nor the lime 
silica t e rocks a ppea r to bear any s patia l r e l a ti on to e~pos ed ' i ntrusive ro.~ks. 

'· . 
· · ···' Most of the Mesozoic J ntrusive ro:cks . ~~e b een al-te,r~d to som(;) 

extent • Pr.opy1i ti za ti on,· which -i nv,olve s . the f;l.1ter a :tion of Cla r k-qo lo.Ur.e a, 
mi"neral ·s to chlo-rit E3 s ,_e:pld;ote , e,.nd ·c;mrbonates a nd .the a l ':t;eration of. · fE!,l.d.sp~rs 
to e·p idote, carbonate·s~ ·. :D!nd: sericite, . is wide spread. SericitizatioJ'.I. i s · 

' cornmori, particularly a l .Qng mineral-bea,ri l').g f~ s~u,res .in. granqdiori t e ~ 
1 

':t:r;itrµsi v e 
masses •of a n ul tra ba sic r ock , p ro,ba bly pe ri,doti.te, have b.ee~ a 1tered -"j:;o; . . 
«ierperitine. Margi.n s of ·· Serpent.ine bodies a nd •serpentine . :rniiss.e ~ a dja c E?_rit to 
younger a cidic intrusi v.e 1'."0cks ~re, commonl y ~ i tered to ta. le a.nd t a J.c-:_, 

1 )· : carbonate rock a-. · · . , · 
·."it: 

~ .· 
· ~ 

· Ro.ck exposures a r e. good ,<:>n the steep hills~des bo:r:d?;'ing ~~tinda~y 
Creek a nd along the i n t er stream r id g.es., . but e ls ewhe.r e are · poor. About .50 · 
per cent of the area is cove r ed by drift. 
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TABLE OF FORtflA TIONS 

Q t Pl . t R t 11 .· d 1 . 1 ua ernary eis ocene ecen a.-. ·UV.3:UID an g acia 
and Recent drift. 

I 
. . . .. 

I ' ; 
Masse s of a lkalic syenite, _ .. 
syenite, and' diodte. .. 

Miocene (? ) ' 

Midway volcanic group: 
principall;r . augite . t:rachyte. 

Tertiary 

Oligocene . Kettle River formation: 
conglomerate, sand.stone, shale. 

' 

Mesozoic Granodiorite, diorite, gabbro, 
pyroxeni t _e , serpentine. 

- .. .. . - . . - .. . .. Limei:;tone, argill:ii;;e, andesite, -. .. . 

Carboniferous and la ti t e , in part altered to 
Palaeozoic in pa.rt chert, jasperoid, and lime 

. . . , .... . ... ' silicate rock with sulphide_s_. 
I 

· SEDIMENTARY ROCKS · · · · · · · · 

Patches of Palaeozoic sedimentary rocks ·occur ·with ja.-speroids in 
the vicinity of Phoenix and e lsewhere , and partly silicified phases are 
associated'with volcanic r6cks near the ·intrusive granodiorite ·body at 
Greenwood. Tertiar y sediments form a narrow, discontinuous band extending 
northe rly :f:rl9Ir\ near the ·wa. r Eagle mine ·to ·the ·Gilt Ed ge mine riear Phoenix. 

The Palaeozoic ·sedimentary rocks correspond in pa.rt to the Attwood 
series as mapp_ed in the Phoenix a rea by LeRoy.l The Attwood series 11\18.~- _ _ . 

1 
Geol. Surv., Canada , .r-.1em. 21 (1912). 

divided by LeRoy into the -Brooklyn formation, .consisting of lim~stone .and 
its altered equivalents, and the Rawhide formation, consisting of argillites. 
~a.sp~roids were b e lieved to b e chiefly silicified limestone and, cons8quently, 
to be a part of the Brooklyn formation. The Rawhide form~tion was found to 
overlie the jasperoids, and was, therefore, considered to be younger than 
the Brooklyn forITlf.l.tion. 

It has now been found: (1) that limestone , a. rgillite, latite, and 
andesite have all b een altered .locally to jasperoid; a'nd (2) that the 
jasperoids immediately below the argilli tes that had be en mapped with the 
Rawhide formation were formed by the silicification of argillites, not 
limestone; and, ther·efore, do not indicate that the argillites (Rawhide 
formation) a.re younger than the limestones (Brobklyn formation). Owing to 
the doubt a~ to the relative ages of the limestone and the a.rgillite, the 
formational names have not 'beeri employed in this' report. 



-4-

Limestone 

The main exposure of limestone i s on the west side of Montezuma 
ridge just north of Phoenix. Smalle r patches of limestone outcrop on 
"llll:mt-e~z::imi~:::r_i.::~l;.g~:~~9:::1:h~:.'l'l.Q!.::th -of. -the. S t .ernwind er mine., ... .a.nd._di scontinu.ou s .... 
. limy ;ba.P:ds, ~c.cur );q,_je;.~.peroid: · ~ea~ t11e .nor.theast c-or.ne-r--cirtEe·-ma:p::area· ~ . 
Several ·small out'crop s- ·or limestone were seen alcing the northeastern contact 
of the gr anodiorit e on the ·Lake , Last Chance , and Yellowstone claims. 

The_ limestone. is crysta lline , fine- to medium-grained, and white 
to dar'k grey.i)h 'br~vrn '· -. It is massive in most places, but thin-bedded , 
argillaceous ·' i1.m.~' ston~s are exposed in a r a ilway cut 2,000 fe et west of 
the Erooklyn--mi-ne and . . al so northwest of Providence Lake a long the contact 
of the limestone and j asperoid. Limestones strike north 30 degree s west 
to north i2. 'd.eg:r:ees ea.st a.nd dip at hi gh angl es . The est imated thickness 
of limest.on'e' in 'the a. r 'ea immed i ately north of Providence Lake is 1, 500 
feet-. · · ·· · · ·· ·· . ... --·· --···. . . .. _ .. 

Mo;s\ of the limestone is pa.rt ly si licified . · The ·thin sections 
exainineci' are inade up. of a.rt int erlocking mosa ic of ca. lei te gra.i.ns _ an~ 

·-........ 
· ir:r-0gular -a.ggr ega tes o f cryptocrystallin~ .. qua,rt.z .. . · 

C'hemical Analyses of Limestones 1 

~- . 

'' 

...................................... 
· .. F .. · eG.O,· .. 3 . • • • •• ~ .~: · · ·· ;•••.•• ............ , .. ... •.9:········ 
MgC03 

t • 

~~~~·~~·~~,~······~····~·····~······ 

)nso.l~bl~ (c.hiei'i°y ~i lica ) • ~ ••••••••••••• 

.. ,-:·. 

. ~·- : ·. 

· · ·- ·T··;,; ·11me·st6'rie, Brooklyn min."e . · ·· ···· ··---

I 

Per cent 

90.41 

0.16 

·tr. 

10 .oo 

100 .57 

II - Limestone , Knob Hill -Iron side .mine, 300-foot l evel • 

.. . ····r··-·· ... ····- ... ---..... 

II 
:.;· 

Per cent 

98 .40 

0.31 

tr. 

1~50 

100.21 
·. 

. F .G. Wait .; 'analyst. (LeRoy, 0,E.: Geol, Surv ... Canada, Mem • . 2;1, ,p • . ~4 
, (~ 912)). 

Argilli te 

· ' .Two patche~ of argill ite oceur in jasperoid southeast of Phoenix. 
Sma ll outcrqps ,of arg~H ite wer e also . seen 2 , 000 ,feet .no:r;thwe.st of .the 
Skylark mine i .n ·an .a lmost . c.omp l ete l y drift-,cover;ed are.a • • 

The ,a:r;°gillites are. fine . g;aine<j. .a nd tl:in, bedded~. :. The¥ weathe.r : 
lie::h+. .c;h" ~7'"' ~.£ ,b1~~ a.:ip:d !51'7Y, .-::inu ~:r:-~ blaq.k to gr ey on fre ~h fr.aoture . 
Coarser gr a,ined bands .. iii t he argillite resemble ,fine . chert conglomer.ates 
and parallel or cut 11.crosi; the o e ddiJ'.l:g a.t a sma11 angl e in the , expq~ures 
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a.long the old railway grades, 600 f eet southeast of the R~whtde mine. 
These siliceous bands a.re lithologicatly simila r to fine- gr a ined phases 
of the ja.speroidJ a nd some of tne bands can b e tra ced from the ar gillite 
to the surrounding j a speroid s . They a r e , t her efor e , r egarded as silicified 
bands rathe r : than ori ginal ela stic. beds in a.r gillii:;e s. 

The argilli tes nor-thwe s.t of th€'.. Skylar .k; mine str.ike north 10 
degrees west- and .dip'. 35 degr ee s east. The a r gilli te.s s'ou,theast ·or Phoenix 
are flat•lying at. the argillite-ja speroid. contact 50 0 f eet ea. st of the 
Rawhide mine, but e lsewhe r e. they strike ·from :north 40 d E;i v ee s east to north 
50 degrees we st and dip westerly a t ~l to 42 degre es. The e.stima:ted thfo):hess 
of the band of a r gillite 6 00 f eet southeast of the Rawhide mine is 300 feet. 
11!1ha.t may b e a poorly pre serveP. fos sil plant wa s found in tne argillites 800 
feet south.eas t of'. this ,mine . 

·1 

Kettl e River Formation 

"The ear lie st rock:;; of the Tertia ry a r e a sedimentary 
series deposited in .the .river s ap.d l ak es. The forma .. tion, 
once extensive through the district, is now exposed only in 
isola t e d" patche s, one of··which o·ccurs in t he· -Phoen-ix a: r ea 1 · 

r esting unconformably on t he Brooklyn formation . The rocks 
are conglomera t es , sandstone s, a nd sha i es with interbedded 
tuffs · i n ·c erta i n · localitie s• · The sandstones· and· sha l e s 
locally contain small s eams of impur e lignit e and plant 
rema.ins of Oligocene a ge •••. • .. ~ ..• The trend of the s trike 
is .northerly and the dip s a r e pr evailingly to .the ea st and 
vary from .10 de gr ee s to 60 degr ee s, the aver age be ing a.bout 
35 d eg~ ees. The maxim\,U1l thicknes s of the forma tion a s 
determined from logs of diamond drill hol es i s about 260 
feet." 1 

LeRoy, O,E .: Geol. Surv., Canada , Mem. 21, PP • 27- 28 a nd 42 (~91 2. ). 

I GNEOUS ROC KS 

Both extrusive a nd .intrusive i gneous rocks are widely distributed 
in Greenwood-Phoenix a r ea . The extr u sive rocks ar e of tv,ro a ges. The older 
group consists ma. inly of andesit e , and. is closel y associa t ed with the 
highly alter ed Palaeozoic sediment a r y r ocks. The younger group overlies 
the Kettl e River forma tion of Oligoc ene age unconforma.bly and is da ted 
a s Miocene by Brock, Da ly, and LeRoy . It consists of a ugite trachyte flows 
or closely r elated type s. The i ntrusive rocks .. include stocks , bo s s e s, 
and dykes of serpentine ~ py~o xE'.ni~e, gabbro, diorite , a nd gr anodiorite 
of Mesozoic age a nd dykes and siU s of Q. iori t e and syeni t e of Tertiary age . 

Extrusive Rocks 

The Palaeozoic group of. volca nic rocks i s made up of fine-grained 
a ndesite and latite f lows. · s ome of :the. coa r ser gr a i ned and porphyritic 
phases of thes e r ocks may be t he ol der se ri e s of porphyrites of L~Roy, which 
he thou ght mi ght be l ava s. · 

The andes ite and la t i t e f orm a wi de northwe sterly t rending band 
tha t extends from the Wi nni pe g mine t o Provi dence Cr eek . Smaller outcrops 

· of the se r ocks occur a. long t he Phoenix branch l ine of the Ket t l e Va ll ey 
r a ilroa d nor thea s t of Ha rtford j unctiqn. Many small pat ches of a.nd esite 
occur with the hi ghly. silic i fi ed sedimentary and vqlqa nic ~ocks exposed 
northea s t of Phoenix. 

' 
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The Terti ary lavas a r e a u gite tra chyte s or close ly related 
typ<Jo. They are we ll e xpose d on Dead.ma n rid ge northea st of Pho enix, 
and "orm .pa rt ,of i{he. Mid:way gro.u? . 

I ~- ;. I ; 
( _! . '·~ .. 

Andes ite a nd L'a t ite ...... ·. 
'·' 

And e site and 18.tite. cannot b e separated in th e hand specimen. 
They ;are .typica lly massive ., gr een, fine - gr a ined rocks conta ining 
hornblende, biqti t e , and . feldspa r. ·Pa rtly silicifie d "va rieties · n ea r 
bodies of. j~ speroid . have a distinct fr agme nta l appear anc e . Those f a cies . 

• exposed east · of .the, gr~no\].io~i t e conta ct on the Last Chanc e and La ke ·, 
. . , cls.imsarE) .dense, mas sive rocks in which' t h e cons tituent miner a ls a r e . too 

' Sm@.ll to be. 'recogniz ed megascopica:lly. 
. . ' . . 

. ' ' . . . . . ' . 
Microscopic study shows tha:'t the andesite a nd latite are made 

up largely of oligoclase , orthocla s e , pa r gasite , chlorite, a nd e pidote • . · 
The latites contain a bout e qua l amounts of orthocla s e and oligocla s e , and 
the ande sites slightly more o~i gocla s e . Ca rbona t e , biotite , a nd ma gnetite 
are pr e s ent in small amounts . .. : .·~ • .: .. .... . .. ..... .. : ... .. 

The andesites a nd l a tite s a r e be lieved to b e chi efly · volcanic 
flows. LeRoyl described thes e r~cks as the y occur in a much ' a lter·ed state 

1 
" -

Geol. Surv., Canada , Mem. 2_t, p. 3i · (1 912 / . 

. . ' 

in one part of the Phoenix .. ~ rea, · a s be ing tuffs, breccias , · a nd por:phyrites 
that he considered mi ght be. l a ;va s ~ Volcanic rocks ha ving a fr a gmenta l 
appea r a nc e wer e found by -:t;he w'ri t er to b e confined chiefly to the ir· contact 
zone with j a spe roid;.• . The fra gmerital a pp,earanc'e , iri the s e localities a t 
least., is due to s:llicifica tion a;nd, is not an origina l textur e . 

The age of th e a nde si t e a nd l a tite i s not known. LeRoy2 included 

2 . 
Op. cit. p. 30. 

them in his Knob Hill group , which he cons i der ed to b e older than t he 
limestone a nd a rgillite . The volcanic rocks a r e s e par a t ed f rom the 
limestone and .. argillite by bodies of j a spe roid t ha t may have been d erived 
from either J a nd thus no dir ect eyidenc e of t he ir r e l a tive age is a vailable. 
Structura l evidenc e is inconclu sive . 

_·,. 

Midway Grbup 

The ' 'l'e rtiaf.y, Midway lav~ s ·au t ·crop east of t h e a r ea of Ket:tle 
River beds. Th-e ffi.?.

1"i:rl ar ea of ··l av0.. ~ .. .-_ ...... · ~ ......... ~ ~ · ......... •·.• .•. · .. 

3 

"ha s a l ength of a li t tl e over a mil e a nd varies in width from.· 
1~100 to 2,000 fe et. To the south of the Canadia n Pa cific 
r a ilway, the l a va i s inconspicuou s as a topogr q:h ic fea ture , but 
t o the north a long Deadman r, idge it .. pr e s ent s st ee p s lope s with 
low esca rpment s .on ,bo_th eas t and west fla nks. The thickne ss, 
compiled from t}le logs of dia mond drill hole s, varies from a 
few inches . t;o 200 f eet , :.and is proba bly 300 'f ee t '6n part s of 
Dea dman Ridge ~" 3 · · 

Op. cit. P • 44 

The l a. va s a r e a u gite tra chyte s, . typica lly fine gr a i ned a nd 
porphyritic, with phe nocryst s of fe l!ispa r a.rid augi te . The grou:hdma.ss . 
consists of l a ths of orthocla s e and ,p lagioc l ase fel dspar, with pal e gr e en 
a u gite and irregula r pla t eE of bio~ite occupyi ng t he i n ter stic es. 
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Intrusi v.e Rocks 

About one-quarter of the a rea is underlain. by·intrusive rocks, . 
the mo st extend ve of which is granodiori te. Serpentine, pyroxenite, 
diorite, and gabbro form many ,smaller bodies throughout the area. 

Because of the scarcity of well-exposed contacts the order of 
intrusion could not be completely established . A rock now altered to 
serpentine has intruded the highly altered sedimentary and volcanic rocks 
and has been, •in turn, intruded by·diorite and granodiorite. Diorite, 
gabbro, and pyroxenite are b eliev ed to be connected genetically with the 
granodiori te, but may be slightly older. All these rocks are probably 
of Mesozoic age. The youngest intrusions within the area are dykes and 
sills of diorite and syenite that intrude the Tertiary volcanic flows. 

Serpentine 

·Intrusive bodies of a nearly compl etely serpentinized basic 
rock are common in the southern part of Greenwood-Phoenix area. · The 
largest of these bodies outcrops on the north side of Lind Creek Valley, 
2,700 feet east of Boundary Creeko It is about 4 ,000 feet long and attains 
a maximum width of 2;400 f eet. Smaller bodies of serpentine are exposed 
above the Argo tunnel near Gr eEinwood, and south and west of.Phoenix. 

The serpentine \Taries somewhat in litholo gical character from 
place to place~ Serpentine from th6 large stock on the north side of Lind 
Creek is hard, black on·.fresh fractur e, and weathers light greyish green, · 
whereas that exposed · in the vicirii ty of No . 7 mine and around the A thelstan 
mine is soft, li ght to dark green, .and has a distinctly greasy feel. It is 
traversed by nlimerous shear planes a long which the rock is soft and weathers 
to a light apple-green. Hard ukerriel s" between the shear planes are 
elliptica l in shape, dark gr een in colour,·range in l ength from a few inches 
to severa l feet, and resemble pillow structure i n l ava . 

Microscopic examination of the serpentine yields very little 
information as to the original nature of the roc k . Most of the sections 
studied are made up of colourless anti gorite and sma ll amounts of talc, 
magnetite, and .a brownish carbonate. Chro:nite, goethite, and a few relict 
grains of olivine were also noted. Magnetite is sufficiently abundant 
in some localities to caus e devia tion of the compass needle. 

Serpentine bodies are commonly a l terEid a long their mar gins to 
talc and talc-ca rbonate schists. This a lterat ion is more widespr ea d at 
the No. 7 and A thelstan mines, where the serpentine is intruded by younger, 
acidic rocks. 

S.erpentine intrudes the highly sili.cified sedimentary and volcanic 
rocks. It is, in turn, intruded by small stocks of quartz-feldspar 
porphyry at the Athelstan mine, a nd by a gr anod iorite dyke 500 fe et southeast 
of the E .P .u. mine. Similar occurrences of serpentine in the Ross land 
district of B'ri ti sh Columbia are considered to be of Mesozoic age. 

" Diorite, Ga.bbro, and Pyroxenite 

A group of dark-colour e d rocks that range in composi t'i..on ·from 
diorite to pyroxenite form stock~ and· oth,:;r small intrusive masses through
out the a r ea . Diortt e and gabbro are the most common types , although 
qua rtz diorites and .pyroxenites a r e not uncommon. Basic .borders occur 
around many of the larger stocks and gr ade i nto the rock of the central 
core;; Diorite, gabbro , and pyroxenite were not observed in contact with 
gra.nodiorite, .and their r e lative ages are not known. A body of quartz· 
diorite exposed on the boundary b e tween the Dimond fraction and Providence 
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claim is sheared, whereas granodiorite on the Providence cla im is massive 
and may thu c be the younger of . ~the t}\l(): ~ : Hoy~E)ver, quartz-bearing phases 
C?f. i;he diqrite do not differ gr eatly in appearance or mineralogic content 
fro~ . the g:r:anodiori t e; and they may be a bout the. same age~ 

The principa l outcrops of diori te, gab bro~ and. 'pyroxent te .lie 
in a fairly wide, northuvesterly _trending zone that extends from the 
Winnipeg mine to Providence Creek. Several small mass es of , diori te are 
.e~posed to . the east of Providence Lake • 

. The .di.orite in h~nd specimen i s a dark greyi sh gr~en rock of,. 
granular tex.ture;, with an liver age gra in size · between 2 and 4 mHl.imei;;res. 
The visiqle minerals are green to bhick hornblende l;lnd a gr eyish white 
feldsp,ar • .. Under, ' th e microscope t he rock is seen to be composed l arge ly: 
or' zoned, ' euhedra l to subhedra 1 plag'ioclase f eldspar a nd partly to . . 
completely chloritized amphibole with optical properties approximating 
those of pargasite. Orthoclase, biotite , e pidote, quartz, ca rbonate , and 
magnetite are pr e s ent in small amounts~ · Partly urali ti zed a u gite was noted 
in ~me section. The plagioc)ase feldspars range in composition from 
labradori te (Ab45An55') to oli goclase (Abg()A.n2o ). The more calcic parts of 
the crystals are almost c6rnpl etely a'rter ed to saussurite a.nd a.re .commonly 
surrounded by borders of clear untwinned feldspar. 

Quart~..:bearing pOO:ses of 'the di0rite r e sembl e the granodio:r:-ite 
that outcrops in the vicinity of Greenwood/ but conta in l ess quartz an;d 
or~ho~laseand have a ,higher percentage of mafic minerals. 

Gabbro.and pyroxenite are both dark rocks with.prominent subhedral 
. crystals of amphibole and pyroxene as much a s 1.5 centime\:;r es long . 
,Microscopic examim,i.tion shows that the ·principal minerals of .the gabbro 
· a r e' p~rgasite an d a. highly altered plagiocla.se fe ldspar ~ ; The rock is · . 
veined' by 6hlorite and carbona te! Aggr egates of finely divided, .a lmost 

. isotropic chlorit e common ly occupy the interstices between the :f e ldspar 
- 8.nd .pargasite. The pyroxenite is · compos ed of diallage and bronzitf!J in 
about equal amounts. · 

Grancidiorit e 

A. gra;nodiori te stock is well expos ed on the · steep, p1;1:r e hillsides 
on either side of Bounda r y Creek at Greenwood. The eastern: part of; tpis 
stock forms the l arges t intrus ive mass wi thin GreeniNOOd._Phoeni:x ar_ea ~· · .. It 
extends about 2 miles from north t o south and about 1.5 miles from we st to 
eas·t. .The e~stern conta ct is conc ea led by drift south of ·the Gr eenwood
Phoenix- ro_ad . Severa l small outlying masses outcrop on both .'the north, and 
south sides of the stOck. 

The rock is light grey, shows a uniform equigranular texture, 
and cbnt8:ins quartz, f e ldspH , bio'tite, hornbl·ende, , and epidote . Marginal 
phases ate .finer grained arid in pl~c es ·conta in i.rregular .ma:sses of quartz 
and epidote. 

. .. .. ' 

Microscopic · examinat ion '.fe'Veals about 35 per cent plagioclase, 
25 per c ent orthoch.s e <:tnd microcline, 25 per c ent quartz, and 15 per cent 
mafic minera ls. Acces sor y minerals include apatite, zoisite , and magnetite. 
The plagioclase feldspars a r e zoned 'and show both albite and pericline 
twinning . They range in composition from oligoclase -andes ine (Ab7()An30) 
to albite-oligoclasE? (AbggAn12) ~ ·' The central parts of the crysta ls a re 
altered to turbid aggtegates of sericite, zoisite, and epidote, and the 
mo.rginal she lls arE.: cir' clEiar untwinried· feldspn. Gr een , plebchroic chlori te 

. i .s the most a bundant ma.fie mineral and has replaced most Of the biotite a nd 
almost aLL .of the .hornblende. Epidote occurs as g r a ins i n t.he p l agioclase 
feldspar and a l~o as v e i n l et.s traver sing the ro~k • . · It is present. in a ll 
sect.ions arid . reaches a max imum of ove r 20 per c ent of the · rock . ·. Abundant 

---
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sericite and some carbonate have. bee~ found; in th~.~icinityo'r quartz 
veins, ·and are described under metamorphic r.ocks. 

Tertiary I ntrusive Rocks . 

. • •• 
1
' Bosses, dykes, a nd sills of porphyritic p:ubsk~te, :pprphyriti c 

diorite, and rehted types are common throughou.t th~ arei! ' rhey a;re ' 
typically fine-grained porphyritic rocks, but coar se-graine~ equ_i granular 
types occur in the le..rger bodies. They intrude the Miocene. (? )' 'flov/s 'near 
Phoenix, and are, therefore, the young~st consolidated rocks in the area. 

METAMORPHIC ROCKS 

The pFe-Tertiary sedimentary and i gneous rocks of Greeriwood
Phoenix area have uri.dergone a wide variety of textural and mi:r:i.eralogical 
change s since their consolidation . Both dynamic and ignec)l,ls ' metamorphism 
have been effective. Dynamic metamorphism has resulted i'n . th'.e formq,tion 
of local f ault breccias and zones of shearing i n some of the volcanic and 
sedimentary rocks. Changes i nduced· b~-. , igneous intrusion have been much 
more important and include: serpentinization, steatization, propylitiza.tion, 
and sericitization of . .the igneous. rocks; silicification of sedimentary and 
volcanic rocks; and the formation of lime silicate and' metallic miner als in 
limestone. 

Metamorphism of Intrusive Rocks 

Ent ir e bodies of an ultra.ba sic intrusive rock throughout the 
southern part of the Boundc.ry di'strict1 have been so completely serpentinized 

1 
Geol. Surv., Canad_a , Map No . 828. 

that it is impos sible to determine their original mineral composition. 
Microscopic study of the serpentine rock shows that it is mad~ up of 
colourless anti gorit e , m8.gnetite , chromite, goethit e , and a few residual 
grains of olivine. 

Margins of serpentine bodies, and serpentine bodies adjacent to 
younger a cidic intrusions, a r e alter ed to talcose ro.cks c.onta ining 
carbonate and , in pla ces, mariposite.. The general term carboriate · is used 
to designate a t le13.st t wo carbonate minerals, probably ank:erite and _calcite, 
that commonly occur in the a lter ed rocks. These minerals a r e coa rse grained , 
and in pl.qces constitute over 90 per cent of the talc:'.".carbonate rock. 
Mariposite is a conspicuous mineral. of t .he rocks exposed in the underground 
workings cif the Athelstan-Jackpot mine. This type of a lteration may be of 
considerable economic importanc e in that the carbona.tes :f,onned .are su'sceptible 
to replacement by mjneral bearing solutions. Thus at .the. Athelstan-Jackpot 
mine sulphide ore bodies occur as r eplac ement deposits in talc-carbonate, 
mariposite-carbonate: and carbonate rocks~ These rock9 occur in serpentine 
close · to intrus:lve bodies of quartz diori te. 

Changes that involved the alteration of mafic minerals to chlorite, 
' epidote, and carbonates, and of felds9ars to epidote, carbonates, and 
sericite have affected in some . degree a ll the intrusive rocks of the !3. r ea . 
The effects a re -most· prouounced in: granodiori te and diori te. and l east 
pronounced in the Tertiary intrusive rocks ~ Hornblende and biotite in 
granodiorite and diorite have been r eplaced by chlorite pseudomorphs or in 
places by mixtures of chlori te 'lnd magnetite. Chlori te .. also fills .. fractures 
in jasperoid and in vein quartz. 
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Sericite is common i n gr anod iorite along the mar gins cf minera l 
bearing fiss,µI;" e s .• . The .g;r anodiorite is .a ltered t o a cha l ky white r ock 
conta ining quar t z , complete ly sericiti zed orthoclo.se and' p18.giocla s e , .• 
chlori t e, and ca rbonate . · · · 

Silicifica tion ha s not been a common process in the i ntrusive 
rocks. Margins of the l a rge granodi~rite stock expos ed near the upper 
Dynamo · tun_ne;l, are, partly a l ter ed. to a .. rock made up of epidote and quartz, 
but elsewhere in t11e area fresh gr anodiori te cuts sil-.icified. sedimentary 
a nd vo.lcanic J:'Ocks .• 

.·.' 

Metamorphism of Volcanic and Sedi menta ry Rocks· 

Igneous me t amorphi sm of the volcanic and sedimentary rocks of 
Greenwood-Phoenix a r ea has been widespr ead. J a s peroid and che rt have 
been formed in- ~ many pl<;1. c e s , and near Phoenix the limestone, i n a ddit ion 
to b eing silicified, has be en partly to . comp l e t e l y r eplaced by epidote , 
garnet; .- and .actin.olite . 

. Jasp0roiQ. 
. ~- : ·. "" · ·. ·~ i -· . . ~ 

Ja.s·perOid, a s. d~fined .. . bY Spurr, is a 0 ....... :. -.o ·o.,ooo oo•••·· ····· 

"ro,c k 9,o~nsisting es sentially ·o;r cryptocrystalline, c ha lce<lonic 
or phanocrystalline silica wh ich has formed by the r epl a cement 
of some other ma t eria l ordina rily ca lcite or dolomite . The 
jasperoid may b e whi te or various shades of r ed, gr ey , brown, 
or black, the colo,ur s r esulting from diff e r ent forms of iron 
. . t• . 111 . . · in varying propor ions • · · .. .. . . 

Spurr, J.E .: Geolo gy of the A:::pen Mini'ng Distric t ; U .s . Geol ; Surv ., 
Non-. ·· 31-; · -p . 21 9 •. 

· ··Jasp-eroids ·foTmed .. ··by si1·icifica tion of .. argilli tes i:md. volcanic rocks and 
limes:top.e closely :re.semble one another and cons ist large l y of rounded' to • 
angular .. ,aggr egates of.crypto crystall ine quartz. 1 

' ; 

Jas pe roid s are widespr ead i n t he vic i nity of ·Phoenix. They fonn ·: 
a semicircula r band that ext ends from the north sjde of Providenc e Creek 
to the summit of .. E:nob Hi ll and . thenc e curves t o the east and passes unde r 
drift east of. the .Cur l ew mi pe . Vther masses of jasperoid are exposed near 
the . nor thea st 9on:1~ r of t he map- area , and on the We s t K?6tenay Power line . 
'.l00; f ee t east; of the L.ind Cr eek- Phoenix road. 

'1 . 

· .. ·-

, .. The .a lte,ra,tio.n of ,sed ime·ntary fl.nd volcani c rocks to jasperoid in 
Gr eenwood - Phoenix a r ea b ears no consis t ent spati S: l r e l ation t o· e xposed· 
in.trµ ·sivB r~e;ks, and it does not persi s t ent l y. favour ·any par t i cular horizon • 

. . _:I:ts . di .str ibµt ~o;p. is proba bly cont rolled by the s ourc e of the required 
:so.luti.Q.ns and .py the a va ilahi 'e channe l,ways . 

··- ·f 

, . · . l n the i,ncipie,nt stag.es of silfoification' of '' 'lime's'.tones a nd 
a r gillites , · the a lteration hB.s a t end,ency to f ollow bedd:in:g ·p1 a ne s ; but · 
may a l so follow joint and f ault pJ'.8.n·~ s S:nd t hus trarisgr ess 'th·E: bedding • . ~ 

, . _ThE:l. j a_sper:oid§ a re. gr ey , gr eEmish gr e-j, o r light brovmish r e d, 
~nd ,., consist of roµnded .t.O. angular ,fragments of gr ey 'chert and r 'ed or gr een 
ja.spe! .embedded . in a matrix . of 'ql!artz, fe ldspar, calCite, and chlorite • 

.... f 
·.1 : ! 

I ·' • ~ 

. ~ 
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"The individual fragments range in size from microscopic 
grains to ina.sses 6 inches or more in diameter. Along the' 
contact of the jasperoids and limestone numerous residual 
fragments of the l a tte r a.re included in the former. These 
occur for several hundre d feet on e ither side of the 
con ta.ct, but with a noticeable diminution of the lime stone 
fragments, as the dista nce from the contact increases. In 
the field the jasperoid0 often similate in appearanc e that 
of a breccia or conglomerat e·. 11 1 -

LeRoy, O.E.: Geol. Surv. , Canada ,, Mem. 21, po 35 (1912)0 

Fragments of a highly a ltered, coarse-grained i gneous rock 
.resembling some -phases of the diorite and fragments of a ltered andesite 
occur in the jasperoids in ~ f ew loca lities. 

Under the microscope the jaspero ids are seen t o be compos ed 
of rounded to suba n gular fra gment s of chert a nd jasper in a matrix that 
contains f ine to coarsely crysta lline gua.rtz, feldspar , epidote, chlorite, 
biotit-e , a nd muscovite. Unr e placed r emnants of the country rock were 
seen in the matrix in severa l sections. Pyrrhotite, cha1copyrite, 
magnetit e , a nd pyrite are present in minor amounts. The. fqigments of 
chert and j asper a re ma.de up of aggr egates of microcrysta'~line anhedral 

. quartz usually l ess tha n 0,,02 milli~e-cres -in diameter. The matrix contains 
quartz gr a ins r anging from 0.02 to more than 3 mil limetres , and l a th
shaped crystals of ·o:rthocla se and a lbite-oligocla.se that r .each a maximum 
of 4 millimetres . Epidote is r e lative l y a bundant i n jasperoid derived 
from limesj:;oneso 

Th€ rocks have be en wel l fractured . The l arger crysta ls of 
quartz and feldspa r in t he matrix are fractured a nd v e ined by finer quartz, 
chlorite, a nd carbonate , a nd the coa r sely crysta lline quartz usua lly shows 
strain shadows. The fragments of chert and - j asper _have been close ly 
fractur ed and re-c ement ed ::iy fine comb-·quartz,, chlori·c e;- a.nd carbonate, 
and these veinlets may e ither pa ss through the fragments and merge with 
the material i n the matrix, or occupy di3continuous cracks within the 
fra gments. ChJ_ori t e and carbona t e form many small veinle t s and a r e 
appa r ent ly the l ast mineral s to b e introduced i nto the rock~ 

The o':-i gin of jaspe roids as rociated with some of the or e deposits 
,in Ut a h has b een discussed by Lindgren: 2 Gilluly, 3 and Nolan4. They agree 

2 
. . +,,ind gr 13n, Waldemar: Geo lo gy and Ore Depo s its of the Tintic Mining 

U.S . Geo l . Surv.~ Prof. Paper 107, pp. 154~15 9 -

3 

4 

District, Utah ; 
(1 91 9 ). 

Gilluly, Jrunes: Geology and 0::--e Deposit s of the Stockton and Fa irfield 
Quadrangle s, Uta h; U. S . Geol. Surv.~ Prof. Paper 173~ pp. 97-101 
( 1 932 ) • 

Holan , T\B.: The Gold Hill Mining Di strict, Utah; U.S. Geol. Surv., 
Prof . Paper 177, pp. 93- 94 (1 935). 

that the initia l stage in its formation was the r ep l acement of lime stone by 
colloidal silica" EvBenc e for the colloida l origin of sil i<;a is 
furnished by ma s ses of chalc edony and by the pr e servation of colloform 
banding i n some of the agg1·egates of f ine ly crystalline qua rtz, The second 
stage was the crystallization of t he colloidal ma ss to form chalcedony or 
granula r quartz. The crys ta lliza tion involve d a cons iderable contra ction of 



-12-

volume and thus led to the for~ation of openings by shrinka ge and 
brecc ia ti on J Thise openin gs viere filled by f r esh suppli;ed 'of" colloidal 
s ilica, a :n,.d th;e ' proce s:o v.B.ro · repeated . ' The d ev e lopment and' size' of auartz 
crystals :l s ' '.tJeli·e'ved ·to b e dependent on the rate o f crys tallization; 
where cryst0.1lit.ation· of the colloida l silica ·was rapid, fin:e-gra'fued 
aggregates of a~hedral quartz · were produced, but wher e conditions favoured 
a slower r~te of crys t.a lli za:tion larger subhedra l to euhed!lal quartz 
crystal~ were form ed • 

. ! .• : 

In Gr eenwood-Pho eni x area, j aspero'ids that have been derived 
fr.om ar.gi11ite s .and volcanic ro.cks . a.~ . :we 11. a .s .. fr.o:in .lime stqpes r 13 sern:t? le ... __ 
those de scribed qy Lindgr en , Gilluly, a nd No l an , and are believed to have 
a similar origin . Evidenc e .of the collo'idal ,s iliCa•is furnished ·bj small 
masses ofcha.lcedony .. in sever.aJ thin 9!=lction1>, _Ev:i.deric e of.. _ th~ ___ .§ .~qg_pq, ___ .. 
stage,, that is the crystallization of .t he colloidal mass and the consequent 
contra'ction 'iri volume , "is furnished by cracks and vu gs i n the chert and 
jaspe·r fr agments and by the uniforinly br eccia t ed character of l arg;-e' masses 
of ja speroid. 

Chert : ; . ,, .. .. 

The terrri chert .is used i n thi s report to designate a group of 
fine-grained, 'siliceous rocks that, like the jasperoids, have been forrried 
by th.e si'iiCificati~n 'of sedimentary and vo lcanic rocks. In part the ·· 
.cherts occur in veins, blo bs, and l arger i rre gu l ar shaped masses in 'the 
undi'fferei?.tia t ed s.edimentary . and volcanic complex; elsewhere they have so 
completely replaced the country rock as t o l eave only a few scattere·d -
r emnants. dherts also occur a round t.he mar gins o'f' jasperoid bodies whe.re 
they have' a f a int brecciated appearanc e n ear the contact and may ha_ve been 
formed by t he coa l escing of chert fragments in the jaspero·id. The contacts 
of chert. against vol~anic rocks and jaspe roid a r e commonl y transitional • 

.. _,_ The cherts a re gr eyi sh ·white: grey, green, or bla c k . · 'The "black 
va.'ri etie s are carbonac eous • . UndE!r the micro scope they are s e en to be 1 

compos ed of f i ne - to medi um-grained quar t z that ran ges in ·grain s·ize from 
0 ;02 t6 0 .3 millimetr es , The larg·er gu.ar t z gra ins have ·sutu.red boundaries 
and a. r e veined by microcrysta lline: qua rtz of two gene rations. - .In general, 
quartz in c hert located neF.lr the larg"e g:r a nodiori te s tock is coa rs er ' gr a ined 
than that se·en e lsewhere. · 

The ori gin of chert and its re l at ion to jasper oid is not clear. 
: 'Conta cts' betv~een cher t and jaspe r() id a r e common i y gr a datfonal, and the 

brecciated ·ch<iracter of the jasperoid i s faint l y preserved in the chert. 
~:u ~.h c}le :r:.~ . . is be l;i.. f,) ved t<;:> .hav~ 'been f ormed by c oalescing .of chert aggr egates 
in t he jasperoid. LeRoy co.nsid er ed the c herts to b e silicified volcanic 
rocks, and the jasperoid to be s ilicified limestone• He states , 1· ••••••••• 

1 
. LeRoy, O.E.: Geel. Surv,, Canada, Mem . 21 , P • 38 ( 1 912 ) • 

.I. 

- ·I ,., 
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The present writer believes that both sedimentary and , 
locally, volcanic rocks ha ve been silicified to for'm j asperoid and 
chert in t he Greeriwood-Fho enix ar ea , a nd thus th9. t factors other tha n 
the origi nal litholo gica l character of the r ocks must have determined 
the typ e of r epl acement that tobk p l a ce. 

Undifferentia ted Chert, Sediment s , and Volcanic Rocks 

This gro up of rock s form ed a convenient map unit · fol'.' masses of 
partly silic ified vo lc a nic a nd s ed i ment ary roc k s wher e i n chert pr edominates 
but does n0t occur commonly. in l arge enou gh bodies to be ,rna pped · separ'l tely. 
Such rocks a re well expos ed a long t he Gr A.nd Forks - Phoeni Y rOf.td east of 
Phoenix. The highly alter ed rocks a long the northe rn and southern contact s 
of the gr anodiori te stock are a. l s o irtcluded o.nd consi s t ma i n ly of contorted 
schistose rocks that contain b lo bs and lit-par-lit bodies of fine- gr a iner, 
quartz. The quartz was apparently inj ected i n to the rocks after foldin g , 
for quar tz strand s cutting a cross the a xia l p l a n es o f contorted fo lds of 
microscopic size do not show a ny d is p l acement a long p l anes of s lippage . 

Lime - s ilica t e rocks compos e d of ga rnet, epidot e , ca lcite , and 
quartz occur locally on the Dynamo and Tilby c l a i ms on the south side of 
the stock and a r e included here . Othe r types i nc l uded are the pa rtly 
fi licified and fine l y banded rocks that 01Jtc ro p along the ea st s ide 
of Dead.man rid ge and t hat are b e li eved to be highly altere~ sediments. 

Lime Silica t e Rocks wi th Sul phi des 

Limestone a t Phoeni x has be en a lte r ed to lime si lica t e mine r a ls, 
a rid iri. places thes e miner a l s are a ccompan ied by sufficient sulphides to 
constitute low- gr ade copper ore . Severa l smal l mas s es of lime silicate rock 
with sul phides wer e a l so seen on the Tr ilby, Mayflower, a n d Dynamo cla i ms 
southeas t of Gr eenwood, Althou gh these wer e too small to be m8.pped 
sepa r a t e l y , s ev er 8. l o f th em on the Dynamo cla i m r-i. ;~ e noteworthy 8. S having 
been derived from g r anod iorite ins t ead of from limeston e . This a lter a tion 
of gr anodiori t e appear s to be confin ed brge ly to the mar g i n o f the stock 
on t h e Dyna mo claim. . 

The lime silicnte miner a l s and su lphides a t Fhoeni x wer e studied 
in cons ide r a ble detail by LeRoyl, who sta t es : 

1 
LeRoy, O .E .: Geol. E='urv ., C0.nada , 1.' ' em . 21, pp . 20-21 and 53-7C (1 912). 

11 The extensive deposits of low g r a de co ppe r ore , ·which have 
give n rise to the i mportA.nt mi n in g i ndustry a t Phoeni x , occur 
in a mi ner a lized a r ea of the Brook lyn limeston e which has a ll 
t he cha r a ct e r i s t i cs of a zone of conta ct metamor ph i sm . This 
zone i[O composed esr.entia lly of epidote a nd garnet, to gether with 
c a l c ite , quar tz a nd ch lo ri t e . Actinolite , tremoli te , zoisite , 
s erici t e 9.nd a pa ti te have been noted microscopica lly and , vTi th 
t he e xc eption of the fir st named minera l, occur in ver y trifling 
amounts . 

"The mine r a l zone li e s in re l <ttive l y wide arid shfl. llov troughs 
floor ed by j asperoid s , in steep nar ro w trou ghs i n lime stone •.•• •••••• , 
or a long the conta ct .between jasperoid and ·lime stone, and bet wee:r;i 
j aspe roid and the quartzose rocks· of the Knob Hill group ••••• , •• 

1 
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"The -0r e bodies .li e at different horizons i n this zone 
tho:ugh g~nera lly favour i n g th E'l 101~er .and ~ute~. portio:ri~ ~ . 

. and may b e consid e r eo simply as portions of. the ~in.Y,ra li zed . 
zone in w]:l ic.h ,the copp er or e has bee n sufficie ntly ,qq.nGeritr 9: ~E'ld 
to form workable d epo sits • . The o re bodies r a n ge .·in s~ zc from . 
l enses a bout 100 feet long · and 20 f eet thick to ext ens ive ma sses 
like the main or e body of the Knob Hi ll-Irons ide mine , which is 
about 2 , 500 feet long and has a rnaximu,_T(l thickness of 125 f eet 

: . · 

a nd a known width o f 900 'f eet. The .attitude of th e or e bodies 
va ries i n .diffe rent bodies , and a t differ ent points i n the same 
body,. from v ertical to a l most horizonb.l • • The r e i s .a pronounc e~ 
flattening of the d i p wi thdepth . The foot-wa ll is usua lly 
jasperoid, occa siona lly limestone, and , iii one :i,nstaric e_, the 
quartzose r ock$ of the F.nob _Hill g:r;-oup •. ,As ;a Dil e ~ the commercial 

_foot,.-wa il coin cide s with the structuro. l. The)i.angi ng.,-Vt"3. ll.i s 
0- lmost invar i ably a commercia l one , though i:;he ,pay ore i s '.JSually 
~harply ma r ke d. off from t he lower gr e.de by Q. gouge ~fi ll ed fissure 
of 1 slip'. 

"The ore throu ghout is r emarka bly uniform a nd is almos t se lf 
fluxing . It consist s of f:i,nely dis seminated c ha. lcopyrite , with 

'· pyrit e a nd hematite (specuh ri1'.e ), in a gangue compo sed es sentially 
of epidote , garnet, qua rtz, ca lc:lt e , and chlori te •. Magnet ite . 
. oc6urs _i n distinct ma ~ses , or l ens:like bodiesr both i n a nd a iong 
the borders of the ma i n or e bodie:;;. I n the case of the r.f.ona rch 
deposit magnetite forms one of the main or e bodie s. The cha lcopyrite 
ca rries a ll the copper , gold , and si l ver va l ues , the a vera ge or e 
conta i ning from 1.2 i;;o 1.6 .per .cent of copper with a bout $1.00 in 
gold and silver to the ton" • · · 

. \ i 
The para gene si s of the mi nera l s in the lime si l ic8.te r, ock s has 

. been ,stl,ldied a t Pho enix l and at the . M.o'th~r _ Lod ~ and Sunqet J'."i ne~2 3 mile s 

l 
LeRoy, (; .E • : op . cit. 

2 
Le.Roy, C .E .: 

'1 
Geol. Surv ., Canada , N:em . 1 9 , pp . 36 -39, 1 913 . 

we st of Gr eenwood . I t is a s follows: , Ei,pidote , gar;:q.et , and a c t i nolite 
were f orme d during t he early stage.s of_ t'he a lte rat~cin of the r ock • . 
Magnetite i s the oldest met8llic mi ne r a l 'and is probably i n gTeat pa rt 

- ·-- c0ntemporaneous · with· the ·lime silicate mine r a l s . - Chalcopyri te 'lnd 
heI!)a ti.t e ( specula r i te ) are l ater t han the ma gnetite s,nd the lime 
'sil icate ~inera l::: • Pyri. te nad a wide range i n time . of depos ition, OCC'-.lrring 
both prior to the cha lcopyrit e a nd as the l a st of the mine r a l s to 
crys ta llize . Calcit e and microcrystalli ne quart z are l a t e minera l s , and 
fill fi ne fracfur e s ~n the other gangue mine r a l s . If t h i s mi croc r ystalline 
qua rtz is of the same age a's the si lica introduc ed i n to the sed imentary 
8. nn volcanic rocks to form jas,peroid and .. chert i t wou ld i ndicate that 
silicifica ti6n took pia c e a fter the a lter a tion of l irnestol)e to lime 
silica t 'e r ock . 'F.i e ld _evidence, on the o:the r hand .• s ugges ts t hat .silicifi
ca tidn .occurred P,rior to ' the 'for mation of the lime silica te minera l s : 
( 1) on the Tr ilby anp. MR.yf lowe r .cl'3.ims sma ll masses of .lime s ilica.t e rock 
occur in the h i gh l y s ilicffied comp l ex of sed imentary and ".olca nic rock s, 
but do no t in themse l ves show a ny signs of silicification; (2) on t he 
Dynamo cla im, gr a.nodiorite has intr uded sj_ l icifi ed sedimentary and volca nic 
rocks and the margin pf the. gr o,podior ite s toc k i ;.s .in p l a c o s '.l l ter ed to 
ga·rrie"t,· epidote , an <:l c.oa rse l y crysta lline que:rtz; - (3) nea r Provid enc e 
Lake veins a nd' irr egular masses of py:r:rhoti t e , . magnetit e , pyrite , and 
cha1co"p'y'rfte occur as f i ssure f illings 'l.nd small repb.cement bodies in 
jasperoid ; (4) s pe cimens coll e c ted f rom the jasperoid lime silicate conta ct 
zones in Phoenix show epi dote 3.nd a ctinolite v e ining fragment::: ma d e up of 
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microcrystalline quartz. It is quite possible·· that . quartz vm.s introdu:ced 
over a wide range of time-, but in the V1rriter 1 s opinion the evidenc e 
ind:i.cQ.te.s .. t _ha. t _t he greater part of sil icificat ion occurred prior to the 
formation of siiicate minerals. 

· ·suririna.ry of Metamorphi sm 

In Gr eenwoo d-Phoeni x. area ja~pE>roid and chert wer e formed by 
the repla cement of volcanic and sedimentary rocks prior t o the intrusion 
of grafiodiorit e and related rocks, but probab ly at some time during the 
general advance of the;:;e bodies . Contemporaneous with , or shortly '.lft er, 
the consolidatiOn of the granodiorite certain unsilicified r emnant s within 

· the intrude-a rocks, and particular l y the limestone r emnants; wer e replaced 
by lime silicate minerals. Si milar alter ahon affectEJd the m<.:1rgin of the 
gr B.nod·iorite stock loca lly. : 

Lime silica te mineralsJ t ypica l of contact metamorphic conditions 
and undoubtedly formed a t high temperatures, are abundant near Phoenix, 
but bear no consistent r e lat ion to exposed intrusive rocks. The writer 
believes them to be r e l ated to an underlyi ng i gneous mass, the upward 
extens ions of which may be the expo sed stocks of granodiorite, diorite, 
and gabbro. 

ECONOMIC GEOLOGY 

Mine r a l deposits of Gr eenwood-Phoenix a r ea a r e of thr ee types: 

(1) Quartz veins 

(2) Deposits of chalcopyrite, pyri t e, magnetite , and hematite. 

(3) DEposits of pyr r hoti t e, pyrite, and a rs enopyr ite. 

QUARTZ VEINS 

Qua.rtz vei ns ar e common throughout the a r ea, but are pa rticularly 
numerous iri a nd a round ·bodie s of granodiori t e ~ They a r e l enticular , 
a ver age a bout 1 foot in vtldth, and attain a maxi mum of 5 feet. Pyrite, 
ga l ena , sphaleri t e , and cha.lcopyrite a r e common, and high assays in gold 
and silver have been r eported. A gene tic relation b etween the veins 
and the gr anodiorite and diorite is sugges t ed by their close a ssocia tion 
in the fie l d, a lthough the veins were, in part a t l east , formed after the 
solidification of the exposed parts of the intrusive rocks. 

DEPOCITS OF CHALCOPYRITE , PYRITE, lVtAGNETITE, AND HEMATITE 

Depos its of chalcopyrite, pyrite , ma gnetite, an·d hematite occur 
with the lime silica te minerals a t Pho,enix ; , Their geo lo gical relat ions 
are r ef err ed to above , a nd i ndividua l properties are described in detai l 
by LeRoyl. 

' 1 
LeRoy, O.E.: Geol·. Surv, , Canada , Mero.~ 2l, pp. 71-102 (1 912). 

Recent deve lopments in the Phoeni x camp include the re-opening 
of the Knobhill-Ironsides and Brooklyn mines i n the summer of 1 936 . 
Careful sampling of the remaining ore bodies in these mine s has shown tha t 
the gold content is, in places , considerably higher t han the average for 
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the ca1llp, which wa s a bout 0 .05 1,,,un c e to t he ton . Rec ent t e st s by the 
Bureau of Mi ne s on. concentra t e s from the Knobhi l l-Ironside s or e , ha.v e 
shown t 'hat pyrit e contains a.bout ha lf as much gol.d as cha l~opyr_ ite , · and~ 
consequeu"tly, is not ba rren a s was· f ormerly b e liev ed.1 -~ i 

1 
Op. cit., p. 61. 

. . 

.. DEPODTS OF :PYRRHOTI TE , PYR I TE , AtW ; ARS~NOPYRITE . 

. ' :Replacement depos its c har a cterized by t he s e miner a l s occur near 
. the mar g_ins of , bodi es : of gr anodiorit-e i a nd diorite . D ,e po s~ts of thi s type , 

which were worke d i n the vicin ity .of Gr eenwood and Pho enix. in the ea rly 
-days, i!ic.lude the La st Chanc e , ·Lake , Winnipeg ,_ and Athe ls tan.-Ja ckpot mine s. 
With the exc eptio n of the l ast, t hese p roper t. ies ha ve b een abanciop.ed for 

. many y ea.rs and t).1. e ir work i ngs a r e in.9.c cess i b l e . Th e Athelstan-Ja. ckpot 
Il'.ine is d es~ribed be low. 

DESCRIPTI ONS OF PROFERTIES .. 

Si x mining pro perties a r e d e scribed her e . Four of .tb,ese , 
name ly, Elkhorn, Providenc e , Dynamo, and Bay mines , a r e located i n 
Gr eenwood-Phoeni x a r ea , but t he No. 7 and Athe lsta.n-Ja. ckpot mine s li e 
to the south. The or e bodies a t the .Athe l s t a n-Ja ckpot mine a r e a rs enopyrite

_pyrite r epla c ement deposits; tho se al t he ·other p rope rties lie in qua rtz 
veins. 

BAY CLA IM 

Refer enc e :. B .C. Dept. of Mi nes : Ann , Rept . B .C. Mi n i s t er of Mi nes , 
1 92 2 a nd 1934 ; Lode Gold.Depos it s of~. B .C., Bull. 1, 1 932. 

This cla im is owned by R . Foreshaw of Gr eenwood a nd is s itua t e d 
1 mile east of the t own a t an e l e va tion of 3, 350 f eet . Record ed production 
from the pr operty prior t o 1930 is 83 tons of or e conta i n ing 249 oun c e s of 
gold and 114 ounce s of s ilver. Th e cla i m has b een worked b y l ea ser s during 
the _pa. st 2 year s and they ha:ve mad e s ev era l shipments of h i gh- gr a de ore to 

. :the Tra il sme lter. Und e r ground openings ,consi s t of tw-o inclined sha fts 
· and a.bout 20 0 fee t of drifting . Most · of t h is drift~ng has been done on tw-o 
l~ ve ls from t he southern inclined shaf t , which wa s f u ll of water during the 

'. summer of 1 936 . Conside r a ble stripping ·and tr enchi ng has b een done on the 
property. 

Th e country r ock expo s ed i n these workings is gr anodiorite 'intruded 
by narrow l ampr ophyr e dyke s. The granod i orite i s t he typica l ma ssive , 
medium-gr a ined rock of t he Gr eenwood stock . Sh earing and hydrother ma l 
a lter a tion of t he granodior i te adjac ent t o the minera l-bear i ng fis sure s ha ve 
produ9ed a gr een · s chi s tos e rock : t ha t i6 compos ed l a r ge l y of chlorite , 

· ca rbona t e , . 'and some qua rtz. The l a.mprophyro dyke s a r e . fine- to medium-gr a ined 
rocks a nd a 're t ypica 1 of t he d·ark~co lour ed T"ertia r y dyke s of t he ~rea . 

.. . The m.i ne r:a l . d~po s i t _is a quartz ve in tha t strike s north 15 de gree s 
ea st and dip s 35 t o 50 degr ee s ea st. I t ha s b eeri tra c ed for 500 f eet on 
the surf~ ce, ! and>-J~ri•ed from s ev er a l i n ches. to 3 .f eet in .w:i,dth_. The v e in is 
well d.e fine d in surfa c e workings north of the i nc lined shafts, but e lsewhere 
consists of b r anching qua rtz strand s t ha t enclo'se l en se s·· of mirterali ze d 
CO'J.ntry roc k . 
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The northern section of the vein has be en offset to the east 
by a fault that i s e xposed i n surfac e work:l.ngs between the inclined . : . 
shafts. This fault strikes south 70 degrees e~st and dips 40 degrees 
south • . The amount of offset i s nc·c known, as the 100-foot section of the 
vein between the . fault arid northern shaft has not been exp lored. 'I'he 
northern shaft has been sunk on the vein to a depth of 100 feet, and a 
small amount of "hi gh-gr ading" has been done from the shaft. Most of the . 
production from the property ha s come from the inclined shaft that is 
located on the squth · sid0 of th e f ault and has been svnk on the vein to a 
depth of 65 feet~ At e. depth of 65 feet the shaft passes from the ha nging
to the foot-vm. 11 of the sou t herly dippinr; f ault. Exploration work designed 
to loca t e the faulted section Of t he Vein On the under Slde Qf the f ault iNa S 
not succec sful. This work inc ludes a 40-foot drift ea st from the pottom of 
shaft, an inclined r aise from this drift to t he surface 1 a nd a shal low winze, 
all of which a r e loca ted in the crushed zone a long the faul t. 

Other f aults cut the ve in but do not dis pl ace it more thlln a few 
feet. Broken fl'agments of ve i n material in the brece;ia zone s and fr ee 
gold in fault gouge indicate that t her e ha s been some post .. mineral movement 
a~ong most of the cro ss faults . Shearing parallel with or a t an acut e 
angle .to the wails of the ve i n ; and a l ong thin septa of a ltered country 
rock in the vein: fractured the quartz a. long closely spaced par a ll e l planes 
b.efore the close of miner a lization. These fractur e pl ane s served as . 
channel ways for 1a t er · miner a lizing solut).ons and are now occupi ed i n some 
place s by thin ceams of metallic mine ra ls p chlo r ite, and ca rbonate , giving 
the vein ·quartz a distinctive banded a ppearance lmown a s ribbon structure. 
Ribbon quartz is a t erm commonly used to designate quartz posses s ing this 
structure. 

Pyrite, ga l ena, sph~l.l er i t e,, cha lcopyrite_. petzite , and fr ee gold 
comprise the ore mine r a l s in the qua rtz-ca rbona t e gangue . Finely crysta l1ine 
petzite with well-defined cubic cleavage has been mistaken for ga l ena in the 
Bay vein, but may b e distingu ished by its lighter colour: finer gr a in, and 
common association with fr ee gold. Pyr ite and an occa sional small piece of 
fre e gold a re found i n the a l terc:~d gr anodiori te ad ,jacent t o the vein fissures. 
High-grade or e shoo t s a r e characterised by minutely fractu r ed vitr eous quartz 
of greenish blue cast, by the pr esence of fine ly crysta lline pet zite , a nd 
by the absence of coar se ly crystalline ga lena and s pha leriteo 

The ratio of ore min~rals to gangue varies throu ghout the l ength 
of the vei n . The stoped section between the east erly striking fault and 
the southern inclined shaft conta ined hi gh- gr ade ore . Another we ll
mineralized section of the vein has r ecently been found in the hanging-vmll 
in the northern inclined shaft. Nor-l:;h of this shaft and south of the 
southern inclined sha ft the ve in is not a s we ll mineraliz.ed, and the future 
of the property appears to be depend ent on finding high-grade ore in the 
unexplored section of the vein north of the easterly striking fault. 

DYNAMO GROUP 

References : Ann. Repts. B .c. Mini st er of Mines , 1922, 1925, 192 7, 1931, 
and 1934 . 

The Dynamo group of seven claims is situated on the east side of 
Boundary Creek about half a mile southea s .. t of the Greenwood po.st office. 
The property was optioned to the Dynamo Mining and Milling ·Company, ·Limited, 
in 1934: and a considerable amount of development wo rk was done at that 
time. Very little work has been done si nc e October 1934. About 20 tons of 
ore shipped to the Trail smelter in 1934 yi e ld ed 7 .6 ounces €old: 165 ounces 

. silver, and 1,631 younds l ead. 
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Mine opening s consist of 
drifts totalling about 3,000 fe et. 
has been done ' a lb~g the veins. · 

three adit crosscuts and a few short 
A large amount of surface trenching 

· '· T 

•The property · lies a long the fioutherri contac t of the l a'.rge . 
granodiori te · stock. The rocks expos ed in the underground workings a're. 
granodiori te, s erpentirie , and the highly : a lter ed group of sedimentary 
arid volcani'c rocks; 

'.· A number of quartz veins have be en f ound within the granodiori te. 
They a.re l enticula r and '. probably do not average more than 10 inches in 
width. Pyrite, ga l ena , cha. lcopyrit e , and sphaleri te a r e the common ore · 
'minerals e 

ELKHORN MINE 

R~ferences: B .C~ Dept. Of Mines : Ann . Rept. B .C. Minister of Mines , 
1926, 1927, 'Uld 192 8 ; Lode Gold Deposits of B.C.: Bull. 1, 1 932 . 

The Elkhorn mine is situated i n Boundary Creek V~l ley about l ' 
mile north of Greenwood and about l,400 feet west of the Providence mine. 
The trans..;C .'inada hi ghway passes through the prope rty. The property consists 
of one claim and is owned by Geor ge White of Greenwood. Recorded production 
from the mine prior to 1 930 is 131 tons, which conta ined 145 ounces gold, 
9;470 ounces silve r$ and 13;586,pounds lead ~ An additiona l 32 tons of or e 

· shipped· to the Trail smelter iri 1935 yielded 14. 7 ounces go ld, 3, 890 ounc es 
silver, and , 2, 776 'pounds ·1 eaci . Undeiground openings consist of a 50-degree 
inclined shaft 270 feet i n l ength , wi th levels a t 65 and 270 feet , and ·an 
adit l eve l a t 110 feet. At the time of examination the mine was f lood ed 
below the adit l eve l and the 65-foot . leve l wa s a lso inaccessible. 

- ·- The Elkhorn cla: im lies a lmost 'entir e l y within· ·the belt ·of ·hi ghly 
-altered · rocks · that border the l arge gr anod iori te stock. .These rocks are 
· s iliC ified sedimentary and volcanic rocks, and are de scribed in some .detail 
in the ·description of the Providenc e mine. 

The or e occurs in .a quartz vein that has an average strike ·or 
north 50 degrees ea.st and dip s 45 to 65 de gr ees southeast . The vein has · 
be en traced about 250 feet by underground workings~ and ranges from a 
fraction of an inch to 16 inches in width . 

The vein i s cut ·by several f au lts that strike north 30 to 50 
· degr ees east and dip at low ang l es to the northwest. The hariging..;wa:ll 

has in each case moved dovm \Ni th r eference to the foot-"wall. Offsets 
along these faults r ange from a few f68t to 30 feet. On the· 110-foot level 
the vein is cut by tW-o po st-mineral f eldspar porphyry dykes, and has not 
been located b eyond the·dyke that i s exposed 135 feet northeast of the 
inclined shaft. The other dyke .• which is exposed in the l eve l a t the 
inclined shaft, has not offset the vein. 

Sphalerite~ ga l ena , chalcopyrite, pyrite , tetrahedrite, and ruby 
si.lver' (prbustite) a r e the. common ore minerals. Native silver w:as .. fOi..lnd 
above the 65-foot l evel of the mine . 

Commercial secti"ons :above 'the adit level have been stoped. 
According to Mr. White· the vein has not been located in the wor.king's below 

. the adit . level. 

NO. 7 MINE 

Refer ences : B.C . Dept, of Mines : Ann. Rept. B .C. ~,~inist er of ~Jfines, 1896, 
1897, 1900: 1901 , 1902, 1903, 1909 , 1 910 , 1 912, 1 934 , and 1 935; Lode 
Gold Deposits of B.C., Bull. 1, 1 932 . Geol . Surv. , Canada, Sum . Repts . 
1901 and 1902. 
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No. 7 mi ne is :;>ituated outside the ar ea on 'the south s i de of 
McCarren Cre ek about.4¥ ;~il es south of Greenwood, at an el evat ion of 
4,400 feet. A fair automobile road passes th.rough t he property and joins 
the trans-Canada highway a t Boundar y Fa lls, 3 miles to the west . .The 
property i ncludes three claims , which are owned by the Consolidated Mining 
and Sme l t i ng Compa ny of Canada , Lirrlited, and l eased to W.E o McArthur of 
Gre enwood. 

The mine was operat.ed i ntermi ttently from 1896 to 1910, ·and , 
a ccording to P.B . Free l and ,l the total production for 'tha t peri9d was 

1 
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7,453 tons, which yi e lded 1, 405 ounces go l d, 59, 482 ounces si lver, and 
8~ 1 000 pounds l ead . 1.~T .Eo McArthur shipp6d an additional 2p500 tons of 
slightly higher grade ore during 1934-36, making a total production of 

- about 10,000 tons. About 5, 500 f eet of under ground development 1vork was 
done to obta in th i s comparatively small production. I n addition a n aeria l 
tramline was constr ucted f rom the mine to the railway at Boundary Falls . 

Mine workings comprise a 320- foot inclined shaft, adit l evels at 
40 and 300 f eet , and intermed i ate l eve ls a t 100 and 180 f eet. Old mine 
maps shovr that t l:;l e und Fr ground work on these four l evels t otals about 
5,200 f eet . The 300-foot a dit l eve l is open from portal to f~ce, a distance 
of about 1, 900 feet , but the other l eve l s a r e part ly caved southeast of 
the inclined shaft. Other wo rkings i nc lude an ad i t drift 130 fe.et northwest 
of the 40-foot (No . 1) adit , a l ar ge number of surfac e pitsp and a deep 
tr ench a long the vein from which some underhand l3topi.ng wa:&--dona .. _ .... __ 

The surface geo lo gy in the vic i ni ty of the mi nera l deposit is 
compl ex , and i s partly obscured by overburden northeas t of the shaft house. 
The oldest rocks a r e gr een to bla ck, chloritic argilli t es 8.nd qua rtz-mica 
schists tha t outcrop on the northe~st side of t he vei~. These rocks are 
thinly bedded in places and str ike north 65 degre es we st and dip 50 to 70 
degrees northwest . 

The i ntru sive rocks i n the vicinity of the mi ne comprise 
ser penti ne, granite porphyry, a nd a wide var i et y bf dyke rocks 'of different 
ages . G.r een to bla ck serpentine a nd its shear ed and alter 'ed bor der phase , 
a ye llowi sh brown talc-ca rbonat e schist, form a northwesterly stri ki ng band 
about 100 f eet wide bet ween chloritic a r gillites on the northeast and 
gr anite po r phyry on the southwest . La r ger bodies of serpentine outcrop 
south and southeast of th e mine. The s erpentine is the typica l var i et y. found 
i n Gr ee:mrood~Phoenix ar ea , the thin sections studi ed being made up l a r ge l y 
of co lour l ess serpentine and carbonate. Magnetit e i s sufficiently abundant 
i n the s erpentine to cause deviation i n t he compa ss needl e . In . pl aces", l enses 
of ha rd, &r een , . f ine l y crystal line rock occur in the t alc -carbona te .$chi st 
and serpentine and suggest r emnan-cs of ori gi na l per i dotite , but exami nat ion 
under the microscope shows t hat the se roc ks hnve a lso been comp l et e l y a ltered 
to s er pentine . 

Gr anite porphyry form s an irregulqr, nort hwester l y trendi ng band 
that ext ends a cros c; the property and s epa r a t es the na rrow band of ser pentine 
a djac ent to the vein from mor e ext ensive bodies of se rpentine to the south. 
The gr a nite porphyry is s li ghtly to highly shea r ed , greenish white on fresh 
fracture, and i s compos ed mainly of quartz, ort hoclase, a l bite"'ol i goclase; 
and chlor itized mafic minerals. The rock is veined by'microscopic -seams of 
chlor i t e , epidote~ a nd c a rbonate • 

. > ' 
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A conspicuous feature of the geology of the mine is the l a rge 
number of dykes found close to the ore deposit. These dyke.s r ange from 
bioti te-albi te lamprophyre to light gr een quartz trachyte and are believed 
to be largely post-mineral. A highly sheared and part~y silicified 
la.mprophyre dyke along the foot-wall of the vein near the shaft is proba.bly 
pre-mineral. · Most of the dykes occur close to or a long the contact of the 
ta.le-carbonate schists and the chl_ori tic a. r gilli tes, and thus trend ·· 
northwest. Two notable exceptions occur: a biotite-a.lbite lamprophyre 
dyke exposed in an open pit 350 feet southeast of the shaft house and a 
qua.rtz-biotite andesite dyke exposed a t No. 1 adit cros s the contact and 
have a general northerly trend. These dykes send out apophyses 20 to 50 
feet in length along the contact. 

Ore bod~es occur, wi t hin a quartz vein that has an average strike 
of north 65 degrees west and dips 40 to 65 degrees northeast." It has· been 
traced for almost 1,000 f eet on the surface; and ranges frotn several inches 
to 5 feet in width, The vein fol lows the contact between the chloritic 
argilli·tes and the talc-ci=i.rbona t e schist. In places :the chloritic argilli tes 
form the hanging-wall and t a lc-carbonate schis ts the foot-wall of the ve~:ln, 
but usually one of the numerous dykes is present on either the hanging ... · or 
foot-wall of the vein. ' 

A large number of northeasterly striking faults displace the vein. 
Displacements along these faults range from a few feet to a lmost 200 feet. 
The maximum displacement was measured on the fault exposed in the southeast 
end of the 300-foot l eve l and on the surface 200 feet southeast of the long 
open-cut. The vein has not be en located beyond this f ault. Movement along 
these faults has been l argely post-mineral. Evidence of some pre-mineral 
movement is furnished by lenticular seams of unbroken vein quartz up to 8 
inches by 10 feet in the f ault zone exposed in the southeast end of the 
300-foot level. Subsidiary faults of small displacement are part of this 
same fault zone, and offset both the vein and the post-mineral quartz trachyte 
dyke. Thus this single fault zone has been the locus of both pre- and post
mineral movements. 

The vein is cut in two places by northerly striking lamprophyre 
dykes:. · and in severa l places has been eut a t an acute angl e by the quartz 
trachyte dyke that closely follows the con-Gact between the chloritic 
argilli tes and the talc carbona t e schists throughout the mine worki'ri.g·s . 

Sphalerite, ga l ena , and pyrite are the common ore minerals in the 
quartz vein• The most productive section was on the so.utheast side of the 
inclinedc shaft from the 180-foot level to the surfac e• .. These workings are 
now inaccessible . On the 300-foot l eve l the vein is _ lenticular and of· low 
grade. . . 

AJ.:' l -or e in the a cc e.s si ble pa rts of the mine ha:s 'b een removed'. A 
search for new ore bodies should be preceded by a careful study of the 
factors that have caused loca lization of ore deposition in .t .he upper levels 
of the mine • . Accessible stopes i n thi s part of t h.e mine 'dip ~t 16wer angles 
than the low-grade s ections of the vein on the 180~ and 300-foot levels. A 
stope contour map showing the relationship between assays and the altitude 
of the vein could be prepared from availab_l e mine plans and sections. If 
any consistent r elat ionship between the two could b e determined by this method 
it would be of great value in guiding future development work on the property. 

PROVIDENCE . MINE 
· ! 

•References: B.C. Dept. of Mines : Ann. Repto B.C. Minister of Mines , 1896, 
1897, 1903. 19041 1905, 1906 , 1918 , 1919 , 1920 ~ 1 921, 1924, 192 5, 1926, 
1 92 7, 1 928 , 192 9, and 1934 ; Lode Go ld Deposit s of B.C., Bu ll~ 1, 1932. 
Geol. Surv., Canada, Sum. Rept. 1902. 



-21-

The ·Providence mine i s s ituated on the north s id e of Providence 
Cr eek a bout 1 mile north of Gr eenwood. A· good automobile road connects 
the mine with the trans-Canada highway. The prope rty cons ist s of one 
c l aim and i s owned by vrm . Madden of Greenwo od. 

The mine has been operated intermittently from 1896. to the 
present time; and accor ding .to P.3 . Freeland1 the tota l production prior 

1 
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to 1 930 was 5 ;150 tons~ which yie l ded 3p225 ounces go l d, 746 , 95 1 Ol:ln ces 
s ilver , and 18 7"68 9 pounds J_ead, About 4,000 feet of under ground dev e lop
ment work was done to obtai n th i s production. 

Mine worki ngs consist of five l eve l s serv ed by two inclined 
shaf t s. The o:'._d shaft; now abandoned, i s about 450 f eet north of Providence 
Cre ek and gave accef:s to l eve l s 1 to 4 inclus ive . Leve ls 2 , 3, and 4 wer e 
establi shed at 50-foot i ntervals" An inclined winze connects l eve ls 4 and 5. 
A n ew shaft_, 100 feet north of Providence Creek and 470 feet s outhwest 
of the o ld shaft : haE: been sunk to 177 feet on an i ncline , with l eve l s a t 
56 , 121, and 1 77 f eet . The 56 ·~foot l eve l and the 121-foot l ev e l connect 
wi th l e -ve l s · 3 and 4, r espe0t i vely, of the old shaft. Leve l s 1 and 2 , and the 
oln shaft above l evel 2 , are par tly caved. 

Providsnce claim lies a lmost entir e l y withi n the h i gh l y alter ed 
.rocks that borC.er -the l arge granodiorite stock. The origina l nature of'-m0-.s__t _ 
of these rocks has been ob scured by shearing and widespread s ilicifi ca tion. 
Some o f them r esemble sil icified argi llites, wher eas others, which have a 
gr anu l ar appearance and are chiefly made up of aggr ega tes of hornblende and 
bioti te in a f :l_ne--gra i ned mat:"' ix of andesine , a.re probably of volca nic ori gin. 
The rocks r esembling silicifie~ a r gillites strike north 30 to 70 degr ees 
west and d i p 30 to 70 degr ee s northeast. Gr a nodiorite outcrops on the south 
side of Prov·i dence C:reek near the Providenc e -Freemont claim posts, and is 
wid e l y expo s ed in the lower wo r kings of the mine .• ~· heared hornbl ende-quartz 
diorite i s e~posed on the north side of Providence Creek close to the 
Provinc e - Dimond Fr action cla im line" This rock was n o t reco gnized in t h e 
unf!er ground vo rkings· . All of t hese rocks are c·ut by later Tertiary dyke s. 

The upper ::.ove l s, which are part l y inaccessible , are l a r ge ly within 
the si l icified rocks~ and l'fo ~ 5 level; p8.rt i cularly southwest of the incline d 
winze , is l arge l y within granodiori te. Shen.ring and hydrotherma l a l tera ti on 
a d ,-iacent to the mineral-·bearing f issures makes the identification of the 
various r ock types difficult. 

Ore shoots occur wi J.:;hin a quar t z vein that strikes north 50 d egree s 
ea st and dips 40 to 65 degrees southeast . I t has been trac ed under~round 
f or more t han 1 , 200 feet, and ro.nges from a fract ion of an inch to 22 feet 
in wi dth . Unbroken quartz rarely ext ends from wall to wa ll, a nd more commonly 
strands of quartz are separated by thin, l ent icula r bands of alter e d country 

. rock. The vein i. s irregu~a r in size and attitude on the :Lower l eve ls • . In a 

. f ew pla c e~ these changes can b e co r related wi th the passage of the ! vein f rom 
one rock to ano~her. Thu s , in the northeast-par t-of t he f ourth leve l the v e in 
pinches to a gouge-fi lled fissure on passing from the r e l at i vely ha. rd s ilicif i ed 
rocks to soft chlor i tic schists. On No. 5 l eve l the ve in appear s t o be mor e · 
per s i stent in the s:i.licif ied roc ks than · i n the gr anodi6ri te. 

Faults of at J_ea st two ages displaoe t he mineral-bearing f issure . 
The older group: 1~hich i s pre~·mi rieral in · 11.ge , strikes no rth 30 t o 50 d egrees 
east and dips gently northwesto Local r eversals of 'd i p were seen along 
severa,l low-angle fau l ts, a nd rolls in the f ault plane iJfe r e note d in every 
case v.rhE:re an individual f-:rnlt c ould b e traced for any distanc e . In each 
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case the hanging-wall has moved down with reference to the foot-wall, 
thus .. indi~ating no:;-mal faulting. Offse:ts along; these faults range from 
a · few feet to. 8-0 feet • . The maximum _offset was measured along a fault 
that is n()~ occupied by a post-mine.ral feldspn porphyry dyke • 

. 
Veins are in places slightly enlarged where they intersect 

these pre-miner a). faults, · and at . other places narrow quartz stringers 
may follow ' tJ:i.e. fault plane. The y ounger .group of faults strikes · north 
30 . degrees west . to north 10 degrees east and dips at high angles • . Di.s:
placeme-nts ·along these fa:ults ar·e small; They are post-mineral and offset 
the vein as well as the older group of faults. 

Sphalerite, ga lena, chalcopyrite, pyrite, te~~ahedrite (?), and 
ru.by -silver (proustite) ·are the con:rrn6ii ore 'minerals in the quartz-carbonate 
gangue. Native silver , free gol d:..and chalcocite were con:rrnon in the upper 
levEils'. 

. 
Exploration below the fifth l eve l, par ticula rly in the south-

western part .of the mine ... will be mainl y within granodiorite, and co~di tions 
on the fifth l eve l indicate that this makes a less favourable ' host than 

'' the sii'icified rocks of- th e upper leve ls. 

Scime ore might be found . in the upper l evels between the hanging
wall of the feldspar porphyry dyke and No. 2 l evel .. · This dyke follows a 
fault that offset's the-vein fissures 80 feet.on the second l eve l near' the 
old shaft~ The same dyke ~utcrops on the, surface 200 f ee t north of the 
new shi3.ft and is expos ed in the o.ld shaft between the second and third 
leve ls and can be traced northeast from there through sto~es to the third 
and fourth l eve ls. The ve.in has, been s:toped from No . 2 level to the 

- surface anq. from the third arid fourth . levels to the .foot-wall of the dyke.
A triang.\J.lar sha:ped block or'. ore ~hould exi st- between the hanging-wal l of 
the dyke and the f loor of the second .:· l evel. Some of this ore·may have been 
removed 1Jy' unrlethand stoping from the .second leve l ,, but no evidence of this 
c~~ld be ' _s~ ~n in the accessible part~ .of the · l eve l. 

·, i; ;. . 

A small amouni:; of exp lor~tion work .has been don6 on the third and 
·fourth l evels beyond the feldspar . porphyry dyke. The rocks exposed by this 
work are dhief'ly soft chloritic schists of .a type that is probably unable · 
·:fo maintain a f .i .s sure for any distance . These schists r e semble highly' .. 
al t er _ed phases of the sheared, hornblende quar tz diori'te that outcrops on 
the surface above thes.e workings. Explore. tion work within this quartz ·· 
dtorit~ on the adjoini'n g Dimond fractiona l claim failed to locate the 
northeastern extension of .the Providence . vein; and. it may be that the vein 

·.· tloe_s not' continue far il;itO .tJ:ie chlorit.i_C schists• . 

The vein was not examined on the southwest side of the new shaft. 
It has been stoped from the fourth level to the overlying creek gravels, .· 
and t he resultant i nf low of wate r necessitated the construction of a concrete 
bulkhead on . the fourtl) l eve l betwe en the shaft · and stope. 

: . i 

. . . 
ATHELS.TAN-JACKPOT MI.NE 

References: .B .c. ·I{ept ~ of ~Aines:; A~. Rept. B .c. Minister of Mines , 1904, · 
1910, 1911, 1 912,. ?- .nd 1935;. Lode Gold_ Deposits of. B .c·., Bull. 1, 1932. 
Geo.l. ~urv ~-, Caru=i.

0

d,a, _sUni .• Rep,t. 1;90;1. . a nd 1902._. 
,; .: ': .. : ; ·.,; .· . 

·: A thelsta.n-·J;3,ckpo·t mine is 'situated fl bout 5 miles southWest of . 
Greenwood on the north _si<fe .9f Taylor Creek at_ an elevation of about 3, 900 
feet. It is outs'ide' of Greenwood-Phoen i x area . Fa ir automobi l e roads 
connec t the mine with, Phoenix; and with the trans'-Canada highway about 10 
miles e~st of Grand Fo.rks. .The property i -s ovvned by W . E. :McArthur of 
Greenwcfod. Recorded productioH from the property prior to 1 930 is 36 , 614 
tons, whic~ contai~ed 5, :78,1 ou~ce-s go ld, -6,757 ounces silver, and - 15~ 965 
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pounds copper. The mine was operated during the s1..mrrner of 1936 and 
produced abou~ 40 tons of or e a month. The ore averaged slightly over 
one-ha l f ounce of gold a ton. It was hauled 14 miles by truck to Danville, 
Washington, and shipped from there to Tacoma for treatment. 

The present company is an amalgamation of the old Athelstan 
and Jackpot mines < These properties were developed by independent 
companies in the early days, and their underground workings were not 
connected. Considerable development work was done on both mines prior 
to 1912, but most of the openings are now inaccessible. The Athelstan 
ad i t is 1,100 fe et to the west and 300 feet above the · Jackpot adit. 
Accer:•s i ble workings at the Athelstan mine include a west.erly trending 
ad i t drift a bout 100 feet i n length, and a flat stope. Accessible workings 
at the Jackpot mine include a westerl y trending adit crosscut a bout 120 
feet in length, and an interior inclined shaft sunk to a vertica l depth of 
56 feet , ¥nth leve ls at 34 and 54 feet. Talc-carbonate rocks , serpentine, 
and quartz diori t e are exposed in these workings. The talc-ca rbonate rocks 
occur in serpentine adjacent to bodies of quartz diorite and its porphyritic 
phase a quartz-fe ld spar porphyry. The yout1gest consolidated rock& near the 
mi ne are the post-mineral augite po rphyrite dykes. Surface exposures are 
confined largely to prosp=;ct pits and caved areas over the old stopes. 

The talc-carbonate rocks weather brown and contain talc and 
ferromagnes ian carbonate in various proportions. Their outcrops .are marked 
by lir oni tic gos c:an produced by the oxidation of the carbonate. T-he rocks 
show some variation in lithologica l character from one loca lity to another. 
Sheared varieties consisting large ly of talc and serpentine with subordinate 
amounts of carbonate are common near the contacts of the talc-carbonate 
rocks ag.ainst serpentine. Mass ive varieties large ly made up of a brown
coloured ferromagnesian carbonate, probably ankerite, and some calcite are 
well e xposed around the A thelsta n surface workings. Other variet i es 
containing a conspicuous green mica , probably mariposite, are common in 
the underground workings of the Jackpot mine. Contacts between the talc
carbonatE! rocks and s erpentine are usually grada tional. The tota l extent 
of exposed talc-carbonate roc ks is not known, but they extend from an 
elevation of 4, 200 fee;t at the top of the hill above the A thelstan adi t at 
least as far as the Jackpot adit and outcrop over a maximum width of about 
550 feet. 

Talc-carbonate rocks here contain slightly mor e ca rbonate than 
those developed from serpentine else1.vher e in the a r ea , but. have pr obably 
been formed in a similar way by solutions richer in ca rbon dioxid e . 

These rocks a r e traversed by an irregul a r system of pre-mineral 
fissures that have strongly influenced the rising ore-bearing solutions by 
providing channe lways for t hei_n,, and gouge-filled barriers capable of 
deflecting themo 

The talc-carbonate rocks are intruded by quar t z diorite east and 
northeas t of the Ja ckpot a.di t and by sma 11 masses of quartz-feldspar porphyry 
south of the Athelstan adit. The quarti diorite is a greyish, fine- to 
medium- grained, equi granul a r rock containing orthoclase, oli goclase, quartz, 
and chloritized mafic mi nera ls. Pyrite is common in the form of veinlets 
and small irr egular m9.sses throughout t he rock. The quartz-feldspar porphyry 
has a similar miner al composition, and is believed to be a finer gra ined, 
porphyritic phase of the quar tz diorite. Along the north side of a caved 
stope 250 feet south of the Athelstan adit it is bleached and contai ns 
appreciable amounts of pyrite. In some plac es margins of the quartz diorite 
and t he intrud ed rocks are slightly silicified. Both the talc-carbonate 
rocks and the ore deposits are cut by numerous veins of calcf't8with a 
maximum width of 2 inches. 
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' The ore bodies ,at the Athelstan-Jnokpot mine: arE. · a rs enopyr ite 
and ,pyrite r eplacement deposits in .ta.lc..:ca-rbonate rocks,. , The' Shape a:i;id 
Size of several: Ore bod i es that were mined i n the .e~rly, .days can (le . 
inf err ed from the acc e ssible mine wor k ings . , At the Jac.kpot mine two of 
the ore bodies that were mined from the present adit crosscut were · 
cresc entr i6 in :'phin and p lunged from 10 to 40 degrees to thl') ea.st alo·1g 
the ir longest a:xis • . ·· They ranged in thi ckness from a f ew feet to < 25 , . 
feet and probably aver.aged 10 feet. They were stoped over a l ength o~ at 
lea.st 160 feet ~nd ove r a ·width of at least .40 feet . Narrow~r par~s of 
these 5$..me ore bodies have been mined during the past 2 years . At the 
Athelstan mine the only a ccess ible stope is about 60 f eet long, average s 
about 40: feet wide, 9.nd r ange.$ from 3 to 8 f eet i n height . A winze , . 
which ' was sunk in the. floor of this stope to a depth of 12 fe et durip.g 
the surmner~ of 1936" is entir e ly in ore ·. 

The .. foot- and h!ing ing-wa ll.s of the ore bodi e s commonly fbllow 
well-defined fis·i::ures, and. occasionally such fissures .alrn form the' lateral 

·• lirrii ts of the ore bodies • Su l phides may .extend f or a few inches beyond 
them fiesur es , but a. ire then extr eme ly er!'.atic . 

· Chemica l composition of the wall-rock .has .. also had a ma.rked 
influence on ore deposition. Those rocks containing a high percentage 
of carbonates were the most susceptible t o r epl a c ement Q.Y ·the ore-bearing 
solutions:, whereas those containing appreciabl e amounts of serpentine 
were ·appe.:r-ent.ly the least susceptible ._ 

The ore deposits are displaced by a numbe.r of northea :;;te rly 
striking normal faults that dip 40 to 7,0 degrees northwest. One of these 
faults i s well exposed at the we stern end of the ~arge stope in the ·. 
Jackpot rr\ihe. · The bands ·of ore t,ha t havi;. bee~ .stoped to .. the Sl)rface on the 
western or hanging -wall . side of thi.s fault are b e li eved to , be. the dovm- . 
faulted segments of the ore bodies below the fa.ult .. Anoth-e-r n(}r·tl=rweste.r:ly __ _ 
striking fault is expos ed at the western end of the At he lsta,n stope. · 
Although the direction of movement a long this fou lt. is not known definitely, 
it is rea·sonable to a::sume it. is simihr to the northeaster ly striking 
and northwesterly dipping faults in th e Ja ckpot mine, and is th~s a 
normal f ault. 

The common or e minera l s ~re pyrite a nd a rs enopyrite. In the 
zone of surface weathering thece are oxidized to limonite ar;id e. white 
arsenious oxide . Thes e oxide s f orm extensive d eposits in some places 
and have been shipped as ore to .. the Tacoma smelter. · 

;- · - : · · 
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