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I. INTRODUCTION AXD AGERU

~ower Comnanyo 1t is one of txe wrinclpal GDpﬂu? aepoults in British

:'pf the Geslogical Survey of Canada by L. ?, Tolmage mhlch is iﬁ.the

course of publication.

this wori was donme, for help and a dv;ce at all times, Ac'nowledgoment is
- hore made of the use given the Wfitar by Ir. Dolmage of his manuscripts

~and maps on the 2rea. It is 1?@le admztted that s considerable'amount

expresses his thanks, Aporeciation is also voiced to Mr. Alexander smith

T

THE ORES Ur COPPLE MONTAIN

BRITESH COLUZBIA

’LMDGEWhgﬁg

" The Copper VMountain Mine whose ores are discussed in thig report

‘,is~a prqp@r%y,belanging to the Granby‘aonsolidaﬁed Za?in;fmg9 Smelting and

g

”olumbla rqnxvag thlrd with & prcductlon in 1G22 of. 2295a£¢7J8 pounds of

cegper aiong with small amﬁunts of gold ant silvers,

,he dem0axt is situated in the Similkameen District of British

Columbia, (Plate I), tuenty miles mm;z; of the Cenada, United States
f baund&rg and twelve miles south of rlqcetan with whleh 1t is connected

by =& gaaa auta ragd ar d Y brducn of Lha fettie Va&lev n&largad bolh of

hicn pass %nrough Ailomb7 whera tne mlne ores are GOﬁCGﬁt“ﬁ%Sda frxncetaﬁ

,fls EaQ milss east of ﬁancouvero

Fmr,a,dataileﬁ description of the physical features, the geology

=

aﬁé~eﬁnnomic aspects of the area ihe reader'is‘referred,to a publication

The writer is very grateful to Ir. ﬂolm”ge under vhose supervision.

4

of the Information profered here hes been obtained from Ir. Dalmage either

through personal contact or his manuécriptan For all this the writear
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PLATE 1.
Index map of southwestern British
. Columbia showing location of Copper

Mowntain.
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~gnd r, Tlifford 5. Lord for fre:vent relnful sugrestions.

The district ii situvated in the 5imil-ameen River basin which
: ié bounded on the 5ouﬁh by the Cascode Lountain System, on the north by
the inicrior piateaus of Britiéh Columbia and on the éast by the Ukanagmn
Valley.
The “imilrameen basin is part of the extensive, compuratively

flat platesu system whick ranges throus: central British Columbia, nlevations
, range from 3000 to’éoco feet., There is a gradual rise %o the south whore

the plateaﬁ merges with the high and ruxgedJSaséade Systema

- 353 Y

The Similkameen river is the chie? draiﬂagé feature of the arsa.
-1t rises in the Hozomeen mountains, & part of the Cascade systom, and flows
‘ndfth fo:Prineeﬁon where_i% unites with the Tulameen river. fThe trend is
theﬁ‘soutieast toa point just below the <9th parallel where the Tulamoen
flows‘iﬁto the  QiAnagan rivern |
P'The topagraphg is faz&ly m&turérénd is characteristic of o

plateaw reglon., It is o succession of flat topped ridges with a gentle
northvard slope. The vaiieys are V shaped exceplt where modliied by glacierss
The 1arg£r tributaries of the similimmeen are sepirated by rounded spurs,
Copper ilowstain being.exenpletive of the spur iying between the 3imilkameen
on thc‘west and Wolf coreeiz, it's largest tributary on the east.

The topogravhy of the area under immediate discussion iz shown on
the accomp&ﬁying Geological and topegraphical map (FPlate 11, in folldarj. A
section along the line AB'(?late 111} shows'the nature of tne {lat topped

rounded spurs and the ¥ shaped volleys. (Plate &V ).




PLAEE IV,

Photograph'ofMSimilkameen diver .
valley showing a tjpical V shaped
valley. The Similkgmeen River is
‘ entrenching iﬁselfvin the bottom. Part
of the mine workings can be seen in the

distance on the left. View 1ooking»souths



B
o
=



5

11I. GEOLOGY.

The Cspper‘ﬁounﬁain'district is part of a muchk 1arge?‘area which
‘is Quite‘éiﬁilar éeologﬁcallga “his district is aunded on the west by
the Cca;{ Aan 7e. Latmullta and on txe cast b Daxson 5 Shuswap. series
b nsi tvng of DP@C@WD?*&ESQTI ts° She Shnsﬁap series is overlain by the
;@ache Cre gl series consisting o¥ limestone and otber,sediments‘witﬁ
intéf@alafed vOlcmxics. The Hieole series of prsba%le Triassic &gefié
;found:abgve~the Cache Cree: and comsists of volecanics and argiilitoss
| ’na woli Lroeg zormnﬁian of probatlie Triassic age are the oldoest
"PQCKE encnuntered in the map area. These rociks ocoupy alarb part of ‘the
afen mipped, sre ent1relv volcanicg: ‘end are ﬂteemlv fclded aiong o north»est»
‘ aauiheaé%,axzso
yiﬂxﬁan@ing,into the Jurassic are more Vglﬂaﬁiﬂﬁ-ﬁna'sedlmﬁnﬁaﬁ
’thSQ are ahbve ih@ Gacherﬂreek«sérias, ﬁbmve these againfare’a tﬁiaﬁ
seriés of fine grained sediments with a few tuffs, yahgmnw in aga from

~ Upper eurasaio to iLower L”Ct&ﬁ@&ﬂﬂ«

-

Bat 011 tiic lnfrtul&ﬁﬁ on an immense seald took placs in the period.
: 2 ¥

éxténﬁing £onm khe late Jurassic to the fertiar&n~ These lntrﬁﬂions
consiétiﬁg~larwﬁ?w of VdFIOHJ:;k o of dlorltc WErE ra @onsible for tbe
folalna awﬁ elavatlon of txe older ?”rm%%ecng anﬁ the subseguent reces siﬁa
'°of nart and tﬁe reteﬁt on of tqm ve@t‘Of t%é,marine waters. ,This resultied
aig con&inental.' mcnts 07 Lower Cretaceous agﬁybéingvaeposiﬁadn

In Upper »retaﬂeou time inérnéion‘of batioliths was again the.
 order of evaftsuwith emntempaianecus folding and in some cases overturning
o¥.the older rogsis, This srogeﬁie mgvament Waéifoilowed by;arosign,

‘ ; PR I AR , s I e
extrusion of lavas and deposition of some continental Terjary sedimentgs.
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‘The Hiscene period was characterized by further orogeny. Intrusions

of batholiths and extrusions taling place ou ailarge scale.

These variouws periods of intrusive and exﬁrusive activity are
shoWn fa aieer%ain in the mep.aress. The older ;ol; Lresk volcanics are
1ntruded bv severa ug*%e—nzarlte stocks, the lwrg@at and most important

eccnomvcally telvg the Copper Mowmtain stock. part of xhlch ia Gfp@»@d in

the west central part of the shest. The Voigt stock oceupies s somewhat

a

~smaller area in the mortheast. This latter stock is probably conmected
with the Smelter lLae stock a small part of which is exposed in the canyon

‘of'the‘Similkﬁmeen,river in the extreme morih.

»eﬁmatzie and other d ‘ranging in age from Hesozoic to Tertiary

cut the uoli Crauz iazmstloﬁ uuu the stocks in various glaceso in tie

e&tremo northeaﬁt cornor is agmaller are@ om granite xnavn as the Verde

COresi graniteq‘Ppstkcligﬁaene 1&V&ﬁf0Vé31§ the older rocus in the northern

part of the sren, The thig: mantle of giacial materials shows that in

,QheSG‘Stbcké mderly a lsrge part of the area

35

Fleistogene time glaclers wers active over the regLon.

LOCAL GHOLOGY

{a) Older Rocks.

The oldes st rocos enccun%eraﬁ in. the‘map ares consist of g series

of velcani; "1oi¢§tu£fs and braoa as and adre called the Wolf Creeh foyma%ion»

-“epﬁ for two «tocas ‘and some

&Qﬁnger voloznios in the extrems norths The beqs of thxs fcrmaﬁlon strike

in a northwesterly direction and dip at steep angles.

The~séries,vafies ovey the srea,  In the sonth they consist of

_Tine-grained, well beade& and.banasd dari brown tnffes ,Amygdaloidal hasaiﬁ&

are exposed in tbe ;ic~nit south of the Copper ﬁountain stock in the

Similkameen eanyon. . The ?olf,creekﬁfarmatien in the northern part of the
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map area is made up largely of basaltic flows. A phase of this formation

composed of medium to coarse davk sreen breesias is very important in that

L it contains the orebodies of the district. This phase consists of angular
nd rounded green to vlagi porsbyriilc iragments in a {fine gralne& matTin,
augite and andesine-ilabradorite are ﬁhe dominant minerals withimingr amounts
of hormblende, 'bioﬁt-e and magnetites ‘ ' ]

Shearing is intense in Lil srmatiom‘and.pegmatitic material has
boen impregnated'widalyu_ |
ﬁquDolmage doubtfully correlates these roci s with Lawson's

Hicola Series of Triassic agee.

{b) STOCES. Phases.
Intrudeﬁ znto the steeply folded walf Oreek formation are Lwc and

merhans thres distinct stocus oi mediun coarse gra1neaymateria1 gnd dioriltic

' “infcomPOGitionc‘ Whe Voigt and Bmelter Laie stocks are probably one wn& the 5

sdme bexng eonmaated beneath the Terti 'ry lava flowss, The Coppor Aountain

siacy which ovangi a large area in the centrel portiom of the district

ﬁappeﬁ is of prime i rtance on @ccount of the relatlcn it bears to the

ore deposits. B R ; ' L ’
S f

The Coﬂpar‘ Hountain stock is & miles long by 3 miles vide and strikes

northwest. In composition it consists of Drthoclascg microciine, gla&qaclusa, ‘ 3
augite, blomlte, hnrnblende and apatites al in varying amounts. N |
A featureﬁcf this stocx is ita division into three well defined

zones consisting of a central core, an intermediate zone and an outer zones

TheSefzanes are well shown in the-é&nysﬂ,of‘the Similkameen river which
'euts across ﬁhe'ceﬁtre~of the sﬁocka, The three zones(?laﬁe 111} marhedLJ
dlffer botm in texture ana cam@oaltlona fneiesic structurss are~commcn in

‘certaln p&rto oi the stoc ~and faults with small displacement are fre;nently




(S

PLATE 11,

Cross sectlon along line 4B &s shown on

on accompanying geological map, Plate 11 {(in folder).

This section shows type of topography with V shaped

~valleys, the perpendicular nzture of the stock and

the relation of the orebodies and dykes to the stocke

“{See next pagel.
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fownd, yjhéLégter;zone iS’fiﬁe~graiﬁéﬁ and;ranges frbm s&enagabﬁro at the
“(margin ﬁo'syennéisrite on~the\innerﬂedge whefé it;gradés iﬁto the intermed=
iate zone; Thié'zone'is fairi* enarse in texture'énd variesyfrcm~syewsm.
:f:diariﬁe t§ mongqnitea; The contact between,thls zone and tne core is very
‘sharp and the texture cnanﬂes to tb@t of pegma tite; Acessory mlﬂerala

such as augate ana olotite dlsapno%r 0? are present only in small quaﬁ%iﬁies
,and’the;éominanﬁHminerals are those of the feldspar group along with
;apafiﬁe‘as‘the~apes§ory¢ Mmall ameunﬁs of cnalcapvr;iﬁ and bornite are
 scatteréﬁ,in this éome§ :

TheﬁstGGES“in'%he,nQrthern part of the ares are quite similar in

‘ hinekﬁl‘compusiﬁioﬁ to:-the Copper'ﬁeﬁntain~st§ck«bmt,ﬁiffer in thaﬁ‘th@y

’are‘uﬁifbfmfiﬁ‘chéracfero n sccomt of tnexr homoﬂanlety they are -

‘wrebably somewhat 1¢te£ in age than the Copper ﬁountalm stocks The Voigt
\iStndkanmem&s ovsr-a faxrlv'WLae ‘ares in the nar%nwegt part of uhe,aﬁéaﬁ
nxla the %melter Lake stocx occapieg only~a very small part in the canyon

v

of the EimiT en but- ewten&s for cme distance to- tne northes These two

1

stackﬂ ara. prcbably joined henea%a the feriiarg 1avas which appaar 0
sgparate tnemn They conslst of dark grey;medinmrgraineé augite diorite

, L s (
or. 8y enodj. ox‘;L fes

(¢} ou ER INT HUSIVES,

‘In*thefnai‘ c;n part of the ares iﬂ‘fhe vic 1£y of Lost Q0rse
gulch are 1rre¢ular Q%u poerlv ezpaaed 1ntrasion° conszstinw of ligh
calored aug;teodiorlte and ﬁlnﬁlsh grey monzonlﬁe or syenlteo aney are
1arwely in the form of dlkes anﬂ aontaln mlnor %mounts of pyrzte and

5 cnalcapyrxtee‘ This mlnerallz stion probably orlginatea from the stock -
magma as dz these intrusives0 k”hey are termeu the Lost Horse Intrusives

r

and are. slxghtly older than the stec?,
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In the areas adjacent to the stock are found syenitic pegmatite
‘:dykes made'ﬁp of 6rtboclase, albite,~hiatite and augite along with
,,diéseminated‘bornite and chalcoﬁyritec‘This pegmétitic material has beaﬁ

Ingectea into the shearea and fracuured volcanics of the %olfl Creek
fbrmatlon in. the form of dyﬁ@ua Ins@much as the pegmatite§’cnt the stocks
%héy are,olger bu{ 1ike the Lost Horge Intrusives they gre similar in
 m1neral compos ition and relation to the StOCa and thus no doubt of the
same Origin,

ﬂ larg@ number of wnlte and creamy white wrﬂnophgre and felsite
:porphyry dykes knovn as the ?”ine Dykes” (Plata V} are plantiful in~the
arez, especislly in tﬁe reglon adjacent to the Copper ﬁountaih and Voigt
‘stocks. They hinder efficient miﬁing to é,éoﬁsiﬁerable,extent,in ghe
‘GO?PS? ﬁouﬁﬁain’%inég These dykég‘eztEné‘for aanaiéerﬁble disﬁancesy vary
cwidth up to 1560 ieat and divide lnto branches and ccmﬁ together againe
,:Anese ayies trend north and souiu ana din veriicall as shown in Piatey;il
ana’Plate VI, The texture an@ cempasitipn are quiﬁgkﬁniformh kThéy cus
' thé!sav¢ral stocks sb are‘evi&ently 0ldé§,ﬂ;?ha;dgkéé themselves are cut
;by $ine,graineé,émygdaloidal andesiteiéykas whiqh ai%o cut the stockss -
These latter 43&@3*&;9 at~right angles tgvthe "Hline Dykes".

A la%ge body 0¥ reddish granite is ldtrudea into the rocis of the

district, a smell pa art of which exrenaa into the extreme nortne&st corner

of the map zrea. The granite is~ high in guartz ccntent wbich,distinguishes

it readily from the rest of the roc.s of the region. it ié'termed the
Verde‘Creek granita and is older than the Voigt stoeic as it cuts its Un
11tnolcglcal grouﬁd Irs-Dolmage correlates it with Camsell's Otter Creex

wranlﬁe of Post Uligocene ages




i . DLATE V.

Photograph of glory-kole at the Copper

Mountain Mine with large light colored "iline

Dyke'" well shown in the centre of the pictures.

In the lower part of the photograph fracture

o~

and foliation vplanes are shown.







PLATE VI, 2IG. I.
Photograph of glory-hole at

the Copper Mountain Mine . The

vertical dip of the “Mine Dykes"

is brought out in this vhotograph.

. PLATE VI. FIG. 2.
| Photograph of glbnyﬁhole at
Copper Mountain. N¥ote mantie of

. glacial debris,
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| {d) BIVRUSIVES.

’Beﬁse fine-grained amygdaloidal flows and also tuffs and breccias
ocour in tie northern part of the area. These overly'the Wolf Creex
formatlon unconformavly and ocutside the area overly Qligocene sediments

con;ormaalya

IVe ORE. TEpG 178,

{aj 37 KBC”U?ﬂ

The foliation and fracturzﬁm which occarxgﬁ as a rTesult of
stresses aftar intrusion of the Gopper iountain stock created channels for

he pasoa e of the ore bearing solutions. These foliation planes gnd the

.

ifractures control the tenor of Lhe ore to B marred e—tant As the stock
ﬂlowly cﬁoled pegnatitic material was sxuded Arom the nractwcaily congealed
 ~fmagma_resu1ting in the fsrmation of pegmatite dykes which penetrated the

Folf Creek formation., This was followed by the hydrothermal stage and the

+

~subsa equent osition of the ore‘aléng;the fracture - and foliation planes,
{

Still later the ”ﬁxne Dyires” were intruded and these are directly responsible
. z : ‘é N \‘w

é. s “ p
for the present structure of the org depa%its, ;

”The "Mine Dy es" , later in age tkan the penmatlte dykas and ore

h

:,bearlnw solutions, probably originat ed at depth while the'parent mALE 0
~the stock was still\liguidu  Eossibly they followeé up fracturs planes
‘parallel to the stocx to the earlleﬁ pegmﬂtite dykes ap& the orebod&esﬂ
o hese fractnre planes mlgnt be aQusea by tension following the cooling and
:SOllaichﬁtlon of the magma near therﬂtocx

‘1he foliation and fracturing extend over & zone several'bpndreﬁ

'fée, wide and parallnl to the len yth of the stock along the northeast &

contact, e SRR ; , 8 ' ; (




The ayzes’have cut into tre mineralized breceiasg of‘the wolf
Créek formation, "hev are peculiar in the way they divide and come
ﬁogether again; On account of tiis they might be termed "lode dykes" due
‘ﬁo’thsir similarity to a characteristic lode vein which shows the same

Y

‘tendencies. On the surface thase dykes divids the mineralized breccin

[z}

int§ a seriés bf orebodies which lie between the perpendicular walls of
‘%he‘dyxesc The minerall zation is cut off at the 1nt0r~bect10n of the
;dykésc‘ The edge of the ﬁlnara11zaﬁ10n and tre walls of the dykes are
sqbincident in most cases in the immediate vicinity of the stock contact.
These facts are well shown in the ﬁlaﬁ;on Plate VII where the orebodies on
the surface are outlined.
?hemoreboiiesipn ihe nunber £ e"el are also indicated. These
‘iﬁ;moét ca3es 1ié directlv baﬁ&éth,tﬁa surf&ce éhdwinﬂﬁ but are much
gmallef in slze. This glves some of the orebodic3 a perpendicular form
,fapefing at’d@pﬁh,‘
,En~the cross sections on Plate VII the relation of the orebodies
to the "Hine Dyges” is degicfaé@ The dykes hav i Vi ed the minéralizﬁd
(brenelas up into z number of smallmr 006b0ﬁ195¢. O the fourth and £ifth
’leveis in the mine anatheﬁ arebaag"s encomnterod lying azainst the stoax
contact. :?h;s orsbody ias not begn,&ffectéﬁ by ﬁhe‘“Mine'Eykes“; it's
éxteﬁt being contﬁolléé"hy,tha fracﬁufesa
Two 0f the main orebo&iea aré shown to be cont1naou from the
,surface’ﬁo the fifthvle?eliat~1@as? in the ssctions. They are bounded by
fitne "Hine Dykes". These two orebodiés were in all‘prgbability ong complete
mineralized zone mtil the intrugicn of the dykes which resul%ed‘iﬁitﬁe

,divisionuinto two separate bodies.

”he follatlon planes lie warzllel to the atoca while the fractures




Flan and cross sections of Copper Hountain
orebodies showing their relation to the "Mine Dykes"
and the contact of the Uppper liountain stoek., (Ses

next pags ).
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GEOLOGY AND STRUCTURE

oF

ORE DEPOSITS

AT

COPPER MOUNTAIN MINE

Scale |linch =300 feet
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i

are in a'ﬁireﬁfisﬁ at right angies to these, It is believed that the
féiiafien’planes furmed ﬁhe~lineg of weakness by whieh the “iline Iykes"
',msde theiv Jav into the mlneralxwea breccias in this V1c‘nitd, Tha
‘seéﬁioﬁs on Flate VII clearly show the relation between the stoek contact
and the fagzzu;es.c

3Adjase§t tgktha ore éep@sité but not affec%ing then to any extent
are sevérai Small faultfzonGEVStrzximg north axd south.
k ltlse ‘ént then that tho ;.-,1 ape, breadth, and pitch of the
‘farebaéies OWQ‘%heir ckaracteri tic structure to a largn ‘degree to the
‘Miine ‘yver” which‘have~penetra%ed.the mineralized breccias of éﬁe'ﬁolf

‘Creex formation in this locality.

{1} FRACTURES.
Ag a result of some ”orw of stress the brea 2% of the olf Croen
zoxn&tlen h“ve been intensely fractured. This fracturing is not uﬁifarm

*

,but varz 28 in intensity in different paris of the formation. These
f?actnres ara,vértical and normal to the contact of the stock, thus they
strize at right angles %o the feliatione.

The fractures are straight and spproxin: atoly parellel to one

‘anpther (Plate VIII]., In Wi&tﬁ‘fhey'Vgrygfbut most of themn are guile

<

*

gmall end do ﬁoﬁ‘exaeed an eignth of &n inchs In s some of the material
s&udied the fractures were more tﬁaﬂ*an_iaah,apart and guite regular while
’in'ciher speéimahé the fr&cturés were extremely close tgg@thaf and short,
Lhe fracﬁ e& 2res ﬁ?@?@dwﬂﬁiy‘impofﬁ ant in that *nay provided ths
cﬂaanTs for %ha gre b@arlkv aslutiansg Thay allowed the Jalutrom“ 1o
eneurate to mam: parts of ire'brecc_h , The;largerkfrasiurea and fgiiaéﬁaﬁ

planez Mfforded the main chanvels, while the smaller and more indistinct
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CPLATE VIII.

:

HMassive blocx of Copper Howntain ore

showing parallel fractures,
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VIII.



Jord;
L ia

~ones permitted the mineral‘heériﬁg fiuwids to spread throughout the rock.

”he copper minerals of the main minerallization period were
agposiﬁsd in these fractures, hence the grade of the ore depends on the
gize of the fracﬁurnganﬁ the freqmﬁmcy with whioh.thegyoécuro

 The fraciures are nS%‘cmnfine@ to the Wolf Creek formafion alone
but are fopné;also‘in the Copper Hountain Stock, principaliy in the
. ; , )

jviciniiy'of the ore déposits; ‘They are alse feuﬁd in theginterme&iate
ZQQéfo zhé stogk and near %he’pegma%ite»intermediate zone contact. These
arévmiﬁeraiizad\ta @ certain extent also.

A peouiiarity ofyfhe Tracture eysten 1s the fact thaﬁ‘iﬁ is almost

*

entiyelg absent in some places, while immediately adjacent , the opposi

bord

LR

is truss. Eg the oross sections on Plate VII the unmines glLZGh nartiaﬁ 9£ 
‘;tk Tolf 5%6@% formation between the dykes and adjacent u@ thp Btﬁﬁa.caﬁtdci

xsfe found to be free from f?act&resw~‘

10 fractures are 8&?316; than the perlod of ore deposiﬁion and

'jéomeﬁhat ?wtgr than the tock intrusione. Tho stressas that caused thenm
 fiGGfG wr}hw‘~y aativ over’a,p@riod_cf'ﬁimés The period of siress that

proﬁucedutbe-ﬁiéﬂr and mof@ aon@istéﬁt fractures hﬁing;sqmawhat strongor N

f%h&n tbat“pgr%lcn of’the period Which~§x0§uaad the smallerkonaﬁw The fact

j%héﬁ,theafgacﬁnre~sy9$em ig in zones is»élgc indicative of a longer period k

~ofstress.

: A large number of the: fraaturea are filled with pegnatitic material.

This is particularily true of %he lafgerfaneﬁ and.the material is essonti ally

welasge) snd mica with minor smounts of epidote,. augite and

“apatite. Guirﬁ" is emtirely a

absents Thus the pegmatitic material in the

ffac&QXGa:igVSyenitic@

Concentrated along the centre of the pegmatite veinlets which £111°




cald

the ixaciures are 1ﬂporﬁ nt copper mine,&lﬁfcousisting'0f$,borniteg'ah&icaw
: pyWLteﬁ halcociteg‘an@ covellite. These minerals which are formed more or

'less in a line dovm the cenire of the vein are of @ Tightly lator aze {Plate

*
t

IZ) than the pegatite material as they extend beyond the pegmatite veins
end further into the fractures,
’ The:smalléf ffaetures have not been intruded by the pbbuui71lc
‘”luldc but they are min@ralized with bornite and chalcopyrite.
“ﬂter caiclie veinlets qlso‘penetrateﬁ these fragtures, chicily

dovmn the centre, and in meny places oxtended beyond the vegmatites

t~5

T < . - Ty AT g N g
“{e ) RELA "’I Ul 74U CUPPER MOUWTAIN 5T0C0E.

The ore bodies of the Copper Mountain iine ncour adjecent(Plates

L10 end ViL] to the contact of the Copper Zowntain stock in breccias of
Lhe Wolf Creen formation, They are &i&mﬂﬁed.an the northeast side of %ﬁe,

“.atock #nd are in the form of severa 1 aLsilnct prebodies which ars_ﬁgrwmwc;
both to each cheﬁranﬁ to the sﬁ@@k eontacﬁg

Followingakﬂs;z

ik s ﬁwuafaﬁd previous

;tQ L%’s hydr cheﬁmg7

g‘ins“ DInoe L &

=4

‘result of stresseso t is clgar‘y evident that these_mingr structures were
:farmé@ afﬁar the,imﬁﬁmsiég, anﬁ~3éﬁtﬁe,ér®*is ia ‘W@?g csnxineu to {haug |
f%héyTﬂra thus/prévidﬁsfﬁa the by ozueﬁmal Siag@ Qi the StDB?‘WﬂiG} wWas
féespansibie for the ore deposition,

Py

?bét the orebcdios are'g@netidallg’réiat@é tb the stock is indicated
‘hy ﬁhe"é10se proximity netweeﬁ tnese Eadies and ﬁhe Btoek. Thé’presense
Lred @egmatitic,mate ial in the fracgtures in the brescizs ﬁhich is of the
"Same camposi%ion 28 the’pegm&tiéebcare 0¥ the stock indicates a common

*

Corigim, The absence of guartz in both of these is signifieant. 4 furtier




PLATE IXs
Camera lucida drawihg_of Copper Hountain ore
showing hypogene bornite. ‘The deposition of the

bornite has been controlled by the pegmatitic

material in the fractures, iagnification. X 54,



Brotite
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. lﬂﬁlﬁ&ticﬁ of the genetic relat the presonce of bornite and

~chalcopyrite in the fracturss in the stock, the pegmetitic core, and as.

ore mincrals in the breccias.

{a) o LP

quﬁﬁ
U8R,
?ﬁe‘ore‘at the Copper ﬁcuntain line consists of miner&liéed
brﬁcciasroffthe‘301f~8reek formation. These brecciaes are andesitic and
bas@l%i@ in composgition with quartz entirely absent. 7The deposit 18 of the
‘cmﬁtact metamorphic type and srades slightly more than 25. 45 has boen

stated this grade depends on the number and the size of the fraciures.

contact kave been improgonated

The breccias adjacent to thé stoci
with 1&rga‘qua111 ies of bpiotite and mugite. Under the microscope the oGk

P

LS seen to consist of feldspurs and auglite into which hove boen lntrodused
«’"rge quantities of blotite o proby nly some later augite. This zone of

bxotwte and augite 1s soRe pavts being almost froe from the

nol mifom,

lmpregnutvu while in other parts the biaiite and auglte are so intense
‘%uat,ib«i@ difficu,ﬁ to interpret the originel charecters of the rocks . 1%
,eccnrs~@revicué ﬁo the frs c%vring at the biotite and wug;tc ﬂre absont frOm
;thekf:agtﬁﬁssok' ' 3

Pisseminsted in the blotitized roc is found bornite znd chalcow
pyrite along Withwmégn@titea The magnotite may be an originel vonsti L tuent

i
.

0f the rock but it is more probable that 1t was introduced into the rogk

the bornite, chalceopyrite,

along with biotite and seaite.  The barftite and
_ckaleopyrite are importont but ¥ i' ok the loter period of metallizetion

 they would rot be in sufficient guantities o moke the brececias an ore.

¥ollowing the period of fracturing and

oliation, into

the moin




rock mass to 2 certain extent, and especially into the froctures was

infruded pegmatitic metevial and copper bearing solutions.

Jar}

B i)

- The pegmatitic material was the first to enter the Tractures. It
consisted of albite, oligoclase, microeling, mica, epidote, augite and
‘apatite. ZJome of these minerals along with the alterstion products have

penetrated t.o rock om each side of the fractures, especially the larger

[

ones. The result is & 1ight colored zone. These zohés are vhite to orecne
> =S ) L

of an inch away %he color

et

1ish in color adiacent to the fractures, while a
A has gradwally faded and the zone apﬁea?s to merge with the rest of the
rogite The mimerals in~£his zone are very fine and difficull to deteruino,
"It appears as if they ha§e liﬁaral1y plugged the rdak és copper minersls,
 m3gnetite aaé\hamatite are almost entirely absent.

e

Blightly later than the introduction of the pegmatitic moterial

el

+

and after 1t had cooled slightly =nd contracted to z2-cortain extont, conper
rich tenuous solutions followed alons the fractures and Gown the cantre of

The

]
b
e
o]
o
Pl
&n
?‘j
:
ft
n
8

the valnlots that 111 the Fractures and deposited import
‘Qée,ﬁine&éliz&tion‘eonsie%s of.hw?ai%@a Gﬁélcapyritei chaleneite, hemstite
,até c0ve11i€eQ These minérals‘a?e congentrated along the centrs of the
gegmatiteskin & Tailrly continuous line. - Small amounts of theﬁe”min@rais
are disseminéted thro&ghoﬁi the pemsatite also.

| ‘The zones bordering'thﬁkpagmatités have prevented the passagze of
the ore saln&ions,into,ﬁhefaarzgﬁﬁding rocic in tﬁeir'immeﬁiate‘vicimitwn
fiﬁ these areas 1t was noted that there was a~heéﬁy conaentratioﬁ of minerals
Cdnrdhe véinlatsa while imnediately zdjacent, minerciization was almost’
@ntiraly absent.

In the smaller fractureos pegmatitic material is absent to & large

~extent, often only a few scattored crystals being found.  However the
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ﬁénuous soiﬁﬁians p9thréted these fraa%ﬁreg and borniﬁe,,cﬁélcapyriﬁe;
andysame“chalcpci%e\was qeppsiﬁed,' 3u@e§g@neichaleociﬁe,kaovellitag and
 éha1e0pyriﬁe are absent from the smaller fractures.

- In some areas magnetite énd;hematiﬁe are cbnceutfated,b “here this

is the case, copper minerals are nearly always absents The ore is almost
 entiiel§'free_from~pyrite, it being noted in o&ly a few instances.
Adpout half of the ore suvplv is obtained b gﬁOfJ~hﬁlin” {plate Vi),

fthe remaxnder bV‘undergrouud stonln‘ ‘and uevelnpumentq

GANGUE.
- The gangue materiai‘inftﬂe Cop@er Mommtain ore consists of the
’minarals of*thb altered breccias of the Volf Creek formation. These breceias
}&re aﬁdesitie to basaltic. ~The‘minérals composing the ganguéyér@: various
feldspars, augite, biotite, epidote, apatite, magnetite, hematite, scricite
gnﬁkother'alééxation Qrgéuats, calbité9 and possibly some cnlorite.
| mhe ”Rlne Iykes® whera th@v penetrate “na cut the ofaso S are
waste and havw to be mined in mos t cases ag they are nat strong enongh ia
'.sﬁanﬁ,alane¢
ALFERATLOK.
- ?he“ﬁfeccigs¢%avc bgsﬁ iﬁteﬁsély altered by hydrothermsl sclutiéng»
éﬁinﬁting‘from ths étcﬁk magma. Heplacement has widened the fractures in
many places and ﬁhe‘minerals ﬁa?@ been attacke&'by<tbésa-solutions, The
 alﬁerati0n consists of biotite, augite, seriéite;’caléife, and some spidote
' and zoisiter, ’ | |
fﬁiotzte and augzte are widely snread.througaout the breccias.  The

ferro—magnesxan nineralu have been altured to. serlclte, and the orthoclase

?elﬁsp rs to sericita and calcite. The alter&tion of the plagioclase




2

féldSﬁafS bv the breadown ofthe solld solution of albite and anorthite into

;a dense aggreg&te comnosed of alblte or ortmoclase und x0isite or epidote,

falong wlth varlable amouﬂts of caiclte, serlclte and calclnm—alumlnum

531llcates,0ther than those of the eyidote gromp is termed sausseritization

by7williams§onlt avpoars that this is the type of alterntion that has

% Williams, GeH. U.B. Geological Zurvey, Bull. 62, page 67.

talken place in the Folf Craek*breécias to a certain extent.

Orthoclase being the nost resistant of the feldspars to ulteratlon,

{1& is as a result the mogt easzly ﬁiutlﬂ 1shable and the one frcesﬁ from

;alteratlone; Apatlte crystals have not been attacaed and stand ouﬁ cleafly»

The apatite is confined to the altered zone.
Alteratimn and bleaching by sericite is most common in the vicinity
of the fractures. This is probably responsible for the whitening of the

Z0Nes adjacent to the fractures. This alteration is distinetly later then

© the zngite and biotite.

e ) i I%&JALOGY ARD Péﬁﬂﬁ EHISIS.

" “frow the study of sectione is 4s follows:

The paragenisis of the ore at the Co@per Mowmtain Mine debermined

‘A; ,,ﬁﬁG§uTi
BARLY BORHIDE
B : ‘ CHALCOPYRITH
BEYPOGEES ‘
R HEUAT (T8
PYRINE
BORWITE
1 CHALCOPYRITE
CHALCOCITE
CALCITE

&
3
i

COVELLITE
SUPEAGENE : CHALCOCITE
o ' ‘ : CHALGOPYRITE
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“~”he sequenae of evants 1s 13&103%@& in ﬁhe fcllavmng summary»;

lf Creen\fafmatlon intrnded by‘&he Guyper aountaln StOan

fxf f?;ikblssemlnatzon in the breccias of tne wulf ﬁree& fcrmutlon of méghetlta,

: “ ;born1%e9 and ahalcomyrlte and the a&terat1on of thﬁ brecelas bv the 1nject10n\
w“* 1arge amaunts Df blotlte and auﬁiteo |

{/ ?er1oé of fracture and fOll&tlQnu;;’

‘Mfieyi ?ngaflhlc mmterlal 1ngected.1nts soma of ‘the fractures ant’ furuher
‘  ﬁa1{efé¥ibn Bd vlugs;n} of some mf tne channelwaysgf~n

3}5§, Late hvpowene minaﬁalizatzsn»_   . v

 ;  6, Galcite vexnletsa

’ﬂ bupergene ninerallzatlono: '

4

2 4Wagnet1tﬁ-

In the Copner Mountaln ore magnetite ocours as an acessory mineral -



resultingffrom,magmatie differentiation and is pyrogenetic,in*origino The
magnetite is fairly well‘scat%ered %hroughouﬁ the ore with local concenira-

tionse

Bcrniﬁef

;‘hhe bornzte at tue Covver Mountain Hine is one of the most impori-

-ant sulphlde mlneralua It is entlreiv tho rene in oriﬁmn and is associated
\wlﬁh chalcopyrlte and chalcocite. In the earlg h\boﬂﬁle Suage bornlte ig
‘Aound dlsaemln«ted %hroun% the breccias a2long with chalcopyrite. This

mineralizatiﬂn is not intense enough to form ore., Zhe breccias at this

2

stage beinx'in reality a protore, In the late hypogene stage bormite is

found associsted with chaleopyrite end chalcocite.
o)

‘Chalcopyrite:

e

Along with bornite, cbalaopyriﬁs formsvihe”most’important minerals

a e IS

. izatiom. It is fowmd with bornito dis semingted in the breucla e, with

bdrnite in the fractures, and.os & sujorgens mineral along the calcite

veins and projecting as blades and segrogated laths in bornite. The

Qfeiétidnships between chalcopyrite and boraite are discussed later.

Tematite: - L

Hématite oééurs fredu@ntlv‘associ&ﬁed.with magﬁetite'bu%‘défiretlv
latena Tt replaces ﬁhe magnetite both marginally @nd 1nternully iflaie

Fige 1)@ It*s relutlonehin ta other aneralizatlon is more difficult ua‘

determins. xn nn@ smeclmen in part culﬁr %hat was studled it is auite:

aﬁpaxeﬂi,that,hem tite is prav1ouﬁ to the later bornite and cbalgsnvra%ea

The crlterla indlcatlng this being, the presence in pits of the hematit@»af

Dblebs of borni%e, and in some places the borniia,be; replacéd by chaleo~

pyrites



Whére'borniﬁe borders hematlte; under high magnl)lcatlan it is
 noticed that a very thin rim o0f chaleopyrite separates it from the hematito.
This is indicative nd‘doubt‘nf later chalcopyrite and bornite.

. The hemgtite is confined Iargeiy'to the altered zone. Yhe solutions
carryin§7the hematite vsed ﬁhe‘fractﬁreﬂ a8 channelways, hut evidently
fbuﬁd n1fflcultv in penetratlnn to any distance from these fractures due to
the concemtratibn of pegmatitic material and alteration products in~aﬁd
;édjacent to the ;f‘rémturesq and thé canseqﬁent piugging of any;channelé that
jmight have existed.
Hematite was fopnd occufring>as‘distiﬁct~blades in the gangne

material (Plate 4, FigeZ)o It was evidently affected by later calcite.

.

Pyrite:

| Pyri%e3is éanspicuausiy absent from‘éhe ore, it being noted in
bnly a féﬁ instances ané then In only-small particies and wnder high
magnifications, uhere na%ea it appears to he hvpogenea It is found as

realduﬂl remnamts 1n hematite and early bornite.

- Chaleocites

“Thaleoeite is abun&ant’as‘a hypdgene mineral and is found with
bornite in xbe ffac%uf%g, uuphreyene bine CﬂleOGlte cccurs in smsller
Quanti%ie as vel nlct@ traverSLn% cn@Lcovyr;te and bornite in fractured
zones‘ and tu a. aertalr extent ﬁltz the dLSueﬁlﬂﬁteﬁ bomltea The super;®ne
chalccczte was formed as o nroduct of tbe renlac&ment of cnaicapyrlte and

barnite. The hypogene chalconcite ‘bornite relations are discussed at

greater detail subseguently.

Calcite:

Une of the last stages affecting the ore deposit was the'intﬁﬁf



PLATE 7. ¥FIG. I,
: Camera.iucida<dféwing showing

~ hematite(H) replacing‘magneﬁité(M)o

lagnitication X 275s .

PLATH K. FIG. 2.

»Cameré,lucida aﬁaﬁing shﬁwiﬁg‘7 -~
blades éf ﬁematiﬁe(ﬂ)'in gcngue(G),
Chalcopyrite(Cp)‘on‘edge‘of fielda

Magnification X 278, -






duction of calcitea “h@ calclte in she form of velnsv intricately cuts
iall tie mlnerals except those of sumorgane'ﬁrigina Calcite veins cut across
' ;and afe later ﬁhan, bornite(Plate iI. Fig. I.), magnetite(Plate XI. ¥ige 2,

ilchalcopvrlte(Dlate XII. Plg, I. ), hematite(Plate XII. ¥ig. 2p)§ and

: *il"pcgeme chalcoclte@ In some cases cleavage cracks in bornite have been

,fxlled Wlth thin materlalo‘ The supergene mineralization is dirsctly

 ra1aLe& to these calclte velna which are rctlculate in forms

kﬁypogénekﬁineralization:

. iln the writer's opinion,'the hypbvene mineralizaﬁion at the

Aiﬁepﬁéf ﬁdﬁﬁtain~@ine‘c§nsiéﬁs of two pemodsg the one an early stage and
'fthe'bﬁhéffé léﬁe stage. In the late hypcaene stage the early mrotore was’
;enrlched by the aﬁdition of more material and this resultea in the formation
‘fof an ore dap0s1t |

”he earlv uypcgmne stage of mlneralazntlon nccurred previous ﬁo
the f’meturing and foliation. Assoclated with the introduction of large
JTamounts of blaﬁlte and augite were minur amownts of sulphldes conglstlnﬂ of

‘°‘bornite chzc azd soma ah&lcopyrltea 1hase Sulp31deskwere carried in
famluLlan from the slowly cooling stock magma %ﬁd‘dissemimateé’throughcut

the breccias of the hol” braek fsrmatlono mhe composition of these solutions |

",wav such that bornlte anﬁ chalcapvrite were denoswteda Iron . and sulpnur

S were present ‘in ‘such proportionsg that both minerals were preclpxtateé with
7the chalcopgriﬁe yhase 1asting 1ittle long@r t?an tne boraite. ’hesef
: dlgseminatem.sulphlaes &re conflned chlefly to the altereﬁ zone of the
ﬂk:hreGClQSo"
The late hypogeﬁe phage of mznerailzatlon is resp0381ble for the

"fcre\atlcoyper Hountain. Lnﬁo ﬁhe Lractures and foliatlaqa of the breceias

A:‘ coppér'rich salﬁtiﬁhs psneﬁra%eé~and,uap031ted,born1te, ch&lcopyrlte and



PLATE ZI. »I1G. I.

Camera lucida drawing showing
caloite crystal in hypogene bornite.
his .i‘ndicaﬁes that calcite is
later than’bornifeg

Megnification X I50.

PLATE A FIG. 2.

Camera lucida drawing showing
calcite §ein cutting across and
1a%ef’than magnetita~and the gﬁnéuea

Calcite(C). Lagnetite(l).

Hagnification X 275,
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PLATE XII. FIG. I.

Camera iucida;drawing showing
 wein of oalcité(C) iater‘than'
chalcopyrite{Cpl. |

legnification X 85,

PLATE XII. TIG. 2,
, Camefa lucida'drawing showing
. veins of calcglte later than chalco=-
~§yrite(0p) and hématite(H). Note the
parallelism of the walls of the

calcite veins. lMagnification X 85,



PLATE XII. FIG, 1.
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cbalcoclte in falrly-1~rge amauntso The sulphides in these’fraeture ZONES
 @ccur ch;efly‘ln.masslve form Wluh Qllgni amoun%s dlosemlnaﬁed in the

'nerﬂgtltlc materlal xnloh encloses the velnletsa ‘Thegabsemce of pyrite is

‘held'reéponsible for the association of bornite@ chalcopyrite, and chaleocites

The f1rsﬁ mlneral to be Dreclpltated out- of the pmnetratlng
‘fSOiutlono was %ornﬁtc fN110 ed closeTy by ohalcopyrlte ané chaicocite. The
.;chalagpvrlte and GthCOClﬁe ara defrnctly la ter than;the b@rnite, Chaicociﬁe,

.and bornxte,, 3n&,born1te and,cnalcopvrlte'are fomd associated tageﬁhef

H;fbuﬁ not@en lonpyrlte &;w cha icaeife, ”he tenuous salmtﬁens that deposited

Ttne bornlte an& then the chalcopyrlte were . depleted in irom with only
 copper &nd,sﬂlphur'remainingé - As & result of thisVand.the~brea&down~df
 :borna a chalcoclte was the last m&n@r 21 to be pree %atedo |
‘L”k:‘«  That the chalcopgvzte was la%er than the bornite is definetly
}esﬁabllqheda- 1% Tims the barmi%@ and 1lﬂem of chaleonyrlte ;o?low cleam ge
‘plaﬂCB in barnlte(“late KIIlo Fige Is)e fhe»massive re@lacement of bornite
fby chalcoPgrlte is shown in a phoﬁog@aph ot a bcllsaea section of areiﬁlate"
f#lll; Flgo 2. ) wihere blades of cnalcanyrlte an much as an inch 1n lenwth BIO
4k;aeen to have the same pa t%efn as tha miaroacoplc blaées of chalcopyrit@

Klﬂ bornltcLPlate XIILQ Fige io's - This pattern is somewhat irmangular in

“:farmo inrther evidence of replqcemeat of bornite by enalsopvrlte Is shown
 .in'P1a%e lec'ﬁlgﬁe I&zg'where the barnite is "bitten"rintc,by the chalco-

upvrlte and the Gh&lCOW’rlﬁe forms ééwvéx curved outlxnes against the harﬁlteo

Jihe final 2 tlon of the ¢o: mer rich solutlons was the atﬁagx;by“
if?esé solutlons on bornlte4 ‘“hls resulte& in ahe nﬂrtlal breaking down

‘ 0§ oornlte and reolaeememt by cnalcoclte,,‘The fact that,the chalcopyrite

is not in QSSOCL&thn with chalgocite would seemjio;indicata that it is av

“,cése”ofyseléctiVQ association, with the bornite being the subject of




CPLATH XYII. FIG, I.

Mierophotograph showing lines of
chalcoPJrite(light>grey) following
cieavage planes in bornite(darﬁ grey ),
also chalcopyrite rimming and eating
into bornite. All indicative of later
chalcopyrite, The gangue is black.

ilagnitication % 550,

PLATE XILI. FIG. 2,

“hotograph of polished surface of

N

ore showing large blades of chalcopyrite

triangular pattern., This is

)

in
indicative of massive replacement of

bornite by chalcoprrite.



PLATE XIIl. FIG. 1.

PLATE ZL11i. #1G. 2.
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PLATE XIV. FIG. I. -
Camera lucida drawing showing

bornite(B) being "bitten" into and.

,Lreplaced'b§'chalcopyrite(Cp). Hbﬁev‘

curved convex outlines of chalgo-

pyrite against bornite.

Magnification X 550.

CPLATE XIV. FIG. 2.

Camera lucida drawing showing

chalcopyrite later than bornite.

5 s R -
The chalcopyrite forms convex out-—

- § T : . T
lines ageinst the bornite and a long

tongue of chaleopyrite extends into
&> A g d B

the bofnite,'Hemaﬁite(H)q,Gangue(G)o

Hagnification X 275,
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‘replacement,; if the chalcoclte were previous to the cnalcopvrlts it

would be expected that~it~wduld;atflaast;be ”rimmed”hy it in it's rim

 association withrboinife. ,‘

1he chalcoclte is belleved to be hypogend in orlglnc It is elear
whlte in color wnzcn is characterwotlc 0f hypogene cbalcoclte wmless
: admixed\zith covelllte vhen,;t then %a&es on.bluish tinme in placesc The
sumerbene cnaicoéité in ﬁhis ore is blue and this- dlstlnguishes ig from.ﬁhe

fhypogene cqalcoclﬁa but other crltarla are used. The~chalcocite is found

\1*t1n pTaphlc 1nﬁcrgruwthg u;th bornite in blaaes or laths éuﬁﬁing aeross
‘bornitsg and rlmming borniteg It is believéd,tﬁat Sé é result of,theéa
5réplagément“rélaﬁionshipsg'the’naﬁure of the chglééoiﬁe and it's associa%ion 
"w1ﬁn bornlte, and ﬁhe presence’ of chalcopyrite, that 1% is hypogens in
g origin and sllghﬁlg later 11 age than the bornltea

k ihe devositlon of all three of these mzner“ls is ﬁwobably a c se

f;oz snccessive uverTap, | / |

ihe gwaphxc 1ntarprowth baﬁween ihe bornlte aﬁa chalcoclﬁe(Plate
KVO Fipz 1&20} is 1nterpre«ed a8 rewlucementa In most ses where bornite

- mnd chalcecxte were stuﬂwed in the %ntergrowthse flna,veinlats Qf chalsoeiﬁe

”:amere ﬂo%ed cutt*ng into the immeﬂ stely ad jacent bornluee The fact that

the internTowth nbenomena is nat campleﬁe but is fonn& only in certain

S

 :parts of ﬁh@,vein;et“'ls fur%her indicaelen of renl Cement and not contemp-
Qranéoﬁs;&epositicn, “he lobat@ 1ncergrowth b@tween »nese two minerals
Varies~from extremely flne~undar the highest powers obtainable to quite

Ty

‘,GOarseoyf- here apﬁeara to b@,a g@adual transitlon from ﬂT&DﬁlG intergrowih

to renlaccment bv the. cnaractarlstla rim pattern. ;ﬁe chalcoclte axtends in

Wlﬂe maases 1nto %he bornzte and then branches ovat on tne Sideﬁ 1nt9 the

charaeﬁerlbtic lobate replacemenie Veinlets of cbalccaite traversing bornite




PLATE XV. FIG. I, and FIG. 2.
,EhotomiGTOgraphs ofvgraphic intefgrowﬁh
Of_bqrnife and chalcocite Whigh'is»intefﬁrefed,;'
as replacement‘of bornitec by chalcOcite{‘
: Borﬂite(dark gﬁey)c Cﬁaldocitg(whifé); Gangﬁe(hlaok)?

Magnification X275,



37

i.

¥iG.

PLATE XV.

2.

PLATE XV. FIG.




(Piafe'xvi;4 Fige 1.} seems to be undoubtea\proof of renlacement, and the
:fact that these veins sytenﬁ from a;rim of;chalcoqite(?late ZVIie Fige 24)
“ ! ‘
would add further'evidencea~ l
The oonﬁlnultv of the white chalcocite along the fractures from
‘tée areas of intergrawth to areas of rim replacement and traversing
  veimlats,definetly‘establishes the fact that it is all one generation of
idhalcééite¢ ’ ilnui 1ncicatlon of rep iaaemanﬁ is EVldGHCGﬂ by-hhe eatr" @;y
;minute micrd»Veinlets of chalcocite which 1n places txqverye the lobes af
I : { T ‘
bornite. , }
e o = \ e
”he last phage of the hvpagpnc anerﬂlﬁzatLon is royresented bJ
 0“161te valnlets whxch are fuuna wi zcsprea@ throxaﬂout the ore. They are
‘ reticu1at¢ in‘iorm ana are amnd cutting across sll the ore minerals
';ekcept €hbsé bf,éﬁpe?gena‘griginc wﬁhase;vgin;sts'ar@ important in that the
‘f‘supergeﬁa ébiu@icﬁs uSed them‘as passageways by which they were eunabled to
:\nénet~ate tHe crebnulcsc fﬁe su§érgﬁne minerais are directly assaczate@
~with,the caIcite'veinleté and the fraa%ufésf The fact‘%hgt’the calciﬁe
‘vemnletp cut tas bffnzta an -ébﬁlc&ai%ﬁ'mr§ h@ cifeé as further evidence
for the hypogene o. | i;ﬁ,ef« thesé‘ suiﬁh.idesf« z
‘ @hn walls of the eaictte veinsg 1n many placeﬁ ére di§tiﬁctlw
J~yafailéla ”hla suggests that there Wﬁu ‘possibly a eertaln &moant of

i fi 85 rii 1ater thun tnc mlnewallyatlon but prior to tpe 1ntraauct;0n of

calcite¢ R S o S

upergcne ﬁnrichment.k

SIn the boyper chntaln Hine sunergene’enrlcnmen is*nof &f very
"great 1m@ortancec It has broceeded frcm the ret 1culaiing veiniets‘af -
\03101t6 and the fraciuresn &ne simple Bul?hlﬁ@ of coppefg namely covellite

and chalcociteg;havé,reylaceé the copper iron sulphides bornite and



PLATE XVI. #LG. L.

Camera lucida drawing showing
a vein of hypogene chalcocite(Cc)
outting 8cross bornité(B)° Thg
ohaléocite~also rims the bornite,

Gangue(G). Lagnification & £75,

PLATE XVI. EIG. 2a

Camera lucida drawing sﬁdwing
chalcocite replacing bornite by the
vcharacteristic rim pattern. Also
blades of chalcocite in bornite
and massive replacement of bornite
by chalcocite. lematite(H),

ilagnification X 275,
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yéhélpbpyrife§
“The édtibn of éurfadg waters containing sulnhuria acid on hypo-

‘ﬁgﬁe barntta w1ll account for the xarmmt1cu of 30vellite, chalcoc:teq
’ Aerrous sulﬁhate @nd nv&rngen sulphide. The further reaction belween these
’ pro&ucts accauntb‘ or the super gene chalcopyrite presr‘ntn Yhe action of
'sumrlc uulahate, whlch is also Dreuant in these watlors, oun primary

halcopyrlte resulio Ln the f;rmatlnn of cavelllﬁeb The further reaction
ffbeﬁwaen cugrlc sul@hate and ‘covellite in the preuencc of" sulphuric acid -
Wlll resulu 1n chaIUQGTtea Covell te and chalcocite are pr@ci@itated,&fter

ferric sulphate'is absant or almost 3og§

# Lindgren, V. mlneral ﬁepuslts 1928@ z g@ 45,

ﬁpérgene aoﬁeAlwte which apzears to be ﬁlightlg‘oléer than the
o cﬂalcocxte is cqnflned chxefij to the fracturés,-*lf repléées bornite and
i'cﬁu103ﬁfflte mafgiﬂally(?late iﬁli, Fig“~l&2,)n it 1s also found replécing
éisseminated ﬁornit& in scattered areas:throughout the éreayit is only
”éhc%nftbla&vanta‘ un&er high vagnlilcatlbn. This is espe01a‘lv true where
covelllte replaces bornﬂta that lS &1ssem1natedo In geveral places if is
‘Q ;found as blaées cutking across_n&rf@% aegmenzs‘gf‘b@ﬁmiﬁ@i?l&ﬁ@ L. Fige 2}
ﬁhe marganal or rim_feglaceﬁanﬁ ié the be#t defimed.ané,ié well brovght oub
’in-Plate~K?IIL, Fig,fi;i &ovélliﬁe is,also fdund admixed‘wiih’hypégene'
_@hulccclten’~it;éppear:’as dark blue featnery ag greﬁétes sugge ting the
”brea lng aown and replacement of cnaleocxte by covelliteﬁ/
| KIn plaaes tho replacem@ntaéfjhyp gene sulphidés‘by chalémcite iB

fais{inééiyva superﬁene‘process; ‘fhis_chalcacit@ is bluisﬁ‘inlcbior,
'  ‘not ma531ve,’au; poeurs rewl weing. the three by;ﬁqene sulphides. In Plate-
’KVIIIQ hig; 2 it s shown=as a lath shaped velnleu cuttlmg acrosé chalon-

'j{pvrlte and bornlte and also as a segrega ted lath in the bornite. It is



Camera lucida drawing showing
supergene covellite(Co) revlacing
“bornite(B) and chalcopyrite{Cn).

A €% por e
i

Gangue{G)., Magnification ¥ 275.

PLATE.XYII, ¥FI1G. 2.

Uamera lucida dféwing showing
supergene covellite(Co) replacing
chalcoyyri#e(Cp)s The covellite

rims the chalcopyrite and it's

8-

[

sociation with caleite(C) is
shown. Gangue(G).

- Magnification ¥ 550,
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PLATE XVil. Fie. L.




PLATE:XVIIIQ FIG; I

Cémera lucida drawing showimg
covellite(blue) feplécing bornite
;fbrown) and chaicopyrite(yellow)o

Ganguelgrey). - Magnification % 275,

PLATE KVIIL.VEEG; 2;
;@mwalmﬁ@a&mﬁm;mmMng:
,goveliite (blué}‘replacing bornite.
A’iath of chalcocite(azure) cuts
acrogs bornite anq.chalcopyrite(Cp};
and there 1is a‘segPEgated iéth of :

supergene chalcoclte in bornite.

Magnification X 274,

{






confihed’éhieiiv to‘tha frucﬁuresn‘ ?ﬁe supergene blue chalcooeite in
,cerfain,placea as very fiﬁe biaaes{PlétekXix, Fig. 2,.) and feathery agnre-
k:gates‘in the hypogene~ebaICOCite-and~bormitéo

|  ander maéﬁifigatiOn of‘ﬁécyéiamététs; isolated blades of supergone
:chaicoéPQrite are noticed extending from reticu1a§ing calcite veinlets into :
;adjacent,hypogene'borniie{?late xz; Fige I&Zo}; Thesé blades of chaloopyrite
alsb*cocur~adjaceﬁt to the calciﬁe éainlets,butkdiﬁdssaci&iédo

The age relutlans betweem tnosa surergene‘minerdls could not

',deilnetlg be establlsneun 'Eheﬁrelaﬁions that were observed however suggests
\that the Goveillte is sligﬁﬁly ol&@f th&n thé éhéleocita and chalcopyrite.
 'The é perr@ne chalcowyrlie Lg founu onl in tnc largest fractures, prﬂbably

‘1ﬁdzcat1n’ tﬂat it ig the yoanwast uf the three.

it is helieved that‘the‘Oﬁe deposits of the Gomper iountain ﬁiﬁé
are diiectly related to tﬂe hydra%herm&l s%ag@ of the introsion of the
GOpﬁer ﬁoumtuln sincﬁa
The hypogene ores at this:ﬁine wors depositéd by hé§ magmatic
salutzoﬁ; emanailng from the caollng stock ma smia YheSe hot solukians
sens%ratma the hreoewnsg first @isa@mlnwilng bornite 4nc cha 1GOD?fLﬁ@naaﬁd
"then axter fraoturlnr fur?hcr mln rullz tion QOﬂﬁlbtlﬂF of bornite unalgc—
_pwrlte and cﬁalcocite@

@he ¢iose mrozimitv of the ore dsposits to the stoci as is shomn

in ”1&%6 ?Tl goeﬁu to be conclusxve evidence of the direct rél&ﬁi&nship of

these ores to t?a inirusxoag | |

The abﬁencs of gquartz from the‘orga'and the stock itself, and tge

‘presence of bornite and chalcopyrite in both adds further to the proof..



PIATE “I7. ¥IG. T.

Photomicrogwaph‘showing
covellite(Co) replacing bornite(s)
and chalcopyrite(Cp)o

Magnification X 275,

B

~éL&‘i’}£ TI¥e FIGs &

Phgtomicrograph showing a
fine. lath~-like veinleé of supergens
ghsleocite cutting across and
replécing chaicopyrite,

Magnification. X 277,
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PLATIB }(_Xo FIG@ I:» )
Camera lucida draWinv showinw

blades of supergene Ch“lCOpVPltG(Cp)

replacing bornlte( }; Tho relaﬁlon‘~:

between ChdlCOUJPlte na calaltm(C)

i8 shown. Magnification AJ&SOa

PLATE W, FIG. 2.

Camera lucida drawin@‘ﬂhow;ng
. blades of supergens chQIGOpyritefcé)lv
in bornite(B), Céveiliie is:SEown
replacing and cuﬁtlnm dCPOSS.bﬁfﬂLfea
vaeillte(Co . Ca101te(d)

Magnification X 2?5v
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5im ldrlty iﬁ mlneral compa 1tioﬁ lends further evidence to the
’geﬁ&tic relatiuuship'between thé_orebo ‘s and the intrusive. Pegmatitic
‘>,ma§erﬁai makes up'the oore'of_the sﬁdek and is.found in many of iﬁ@
fractures beolde% the large veins or a“ges in the VlClﬁlLy B the dawe lta’
&he large dvfeo‘ hat cut the ore au@osits conﬁaln quﬁrtv ln,nl eéss This

i‘f’ere‘ltiaues these dykes from the oldar rocks in mode ai‘ ori *una

| The CrOSs sectlcns in plate VII shows the orobsdleq para 1laling
tne contact of the stoci. One orebody is in direct contact wiih the stock
Vandgapgareﬂtly widens‘in‘depthp A5 previouély stated, tﬁéae Drebsdies
'ére ébntro1led’hp thé,extent bf fractgringn It would seem therefore , that
ﬁhe solutions %nat @eppsited the copper{ricﬁ ﬁinerals,ﬁmiﬁatsd,frsmkdeép’
‘ do&n gnd fol oﬁed uD thm channels afforded br the ioliationyplanes and the
fracture zgn&s, | |

“The fact thatyéhakwalls’of the stoek aro,verﬁical and it is ovoid

to cireular in plan, eonforms with the definition of = éruﬁ siackg Tﬁia ,
‘éﬁggés%s the @robabiliﬁy ?hén that the’Stock.Was formed as a pvatuhéreﬁea
‘féom a greater'magmatic,massfbeléwyr , *

It seems pvababla tnczeiore, that the ore beurlng solutions
‘_préceedod from the magma cn&mber'that was: responszble for tne stackn These
solutzom“ puneuraﬁcd upy wara'along the foliations and fractures and deposited
ftne mlneralskln the arder pr0v1onsl Ouflinede éhe‘whole proceéé is one
oz rcplacemenk as a resulu af cantact nctamorphism w1tn the fractureﬁ

"n&%ure of'the‘breccias~facilitatiﬁgxnetasgmatismgv

Ve U@my & CONCLUSIONS; BIBLIOGRAPHY,
,I.k,Thé Cbpper Hountain HMine is one of the threse principal

deposits of copper in British Columbia.



Zai A résume is givea of the topography and geology.

~53‘,?he‘éeposit is of the epigenetic, . contact metemorphic type,
or in other words pyrometasomatics,

4,  The source of the ores is believed to be the maoma chamber

from which the Copper ﬁuuntainysﬁoeh Qriginatédq

5. Alteration consisting of biotitization and sericitization

extends irregularly both‘in intensity and location from the stock contact

outwards. Along w1th the blotlthation the first period of mineralization
‘toclk place, when the breccias of the Uolf Creek formation weré mineralized

to 8 vertain extent.

6; The gungue material congists of the oxides magmetite, and
hemailta, @na Slllﬁaﬁes epidato, anu zoisite, along u;ﬁn apatite, Orﬁbaclase;
albite, biotite, and calcite.

| 7o ﬁracaurlﬂg and foliztion as a resuli of stresses aifected the
.olf Creek formaﬁlcn to an important exient addacent io the stock.

8o @ypog@ne mzner&lxzatlanvcozsists of an early and a lste stagee.

The early stage previous to tho fracturing and the late stage subseguent to

it

9, The late stage of hypogene minerall atlan thich iv the

Cimpor t&ﬁ£ one, eoqmidtad of the aep itlcn in ths fractures by Lueendlnf“

thermal‘soluﬁlons of borniteq chaloapyrite,~$xﬁccha$GOCi%e in {he order

- named. -

10, Calcite veinlets, reticulate in form, merk the end of the

‘hypogene period and are important.

11, Superg@né'solu%isns?have enriched the deposit to a certain

extent by the deposition of covellite, chalcocite, and chalcopyrite.
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