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IGHLAND Vallcy is 20 miles southeast of 
Ashcroft in southcrn British Columbia. The 

area is on the Intcrior Plateau at elevations ranging 
from 4,000 feet to 6,000 feet. Glaciation has COV- 

ered the country with a prevalent mantle of till. 
Fluvio-glacial deposits f i l l  the main valleys to 
depths of as much as SSO fcct. The pcrccntnge of 
bcdrosk esposcd i s  probably less than three pcr 
cent, although on the highcr ground this amount is 
greatly exceeded. Rock weathering is confined io 
places imniediatcly beneath an  existing or previously 
existing covcr of Tertiary lava flows. Copper dc- 
posits at such places are partly oxidized to shallow 
depths, and slight sccondary enrichment may occur 
in  fault zoncs. 

initial scale of 3.000 tons per day from a deposit 
containing ahout one per cent copper. 

Highland Valley is i n  the centre of the Guichon 
. batholith. This h:ltholith i s  ahout 40 milcs long 

in a northerly direction and ahout IG miles wide. 
It is firmly dated a s  early Mcsozoic. It consists 
principally of a rathcr uniform, massive quartz 
diOritC, termcd the oldcr quartz diorite, which has 
bccn repeatedly intruded by latcr igneous rocks. 
Several sizeable bodies of younger quartz diorite 
were first emplaced in various parts of the batholith. 
All the bodies of younger quartz diorite are incrcas- 
ingly porphyritic toward their margins, and some 
consist partly of granodiorite or  quartz monzonite. 

The coPPcr deposits of Highland Valley are main- I 
lY  of two related typcs, namely, bornite-chalcopyrite 
lodes of sniall tonnage and chalcoovritc-hornit- s i ~ c - . ~  , , ~ ~ ~ .  - - -.., 
seminations of large tonnage. Early p--,'.-.:-- 
bornite-rich lodes amounted to se. 
tons of milling ore and a small ton 
grade material. Early attempts to d,.,.,, " 
the large disseminated deposits on what is 
Bethlchcm property were consider~ri ~ie,--~. .  
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and it was not until the boom in copper price o f '  
1955-56 that determined efforts were m = d r  tr\ 0". 
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P h  this kind of deposit in Highland Valley. Ex- 
tensive trenching and surf?-- h..llr * 

Bethlehem Copper Corporat .",, ,,, ,. 
agrccment with A m c r i c ~ n  ~ ~ r ~ i ~ . ~  

- ---""..,I-".CY &",I$ 

mineralization were discovcrcd ~n~~~ cllh.r,.l.-. 

,, --....-..-.I. _I 

Corporation on their own conducted a tun,,# 
and undcrground bulk sarnolinr nrolrrammr 

~. . . . and Rcfining 
Company. From 1956 to 1958 over 50,000 feet of 
drilling was done and two ~ ~ n s m t ~ ~ r r t - ~  A-9s of. 

~~ - _-. .-.r-b~.m..iaccrcial 
copper deposits wcrc found on other properties ill 
Highland Valley. Subseauentiv. I l r f h l r h n ~ ~  qppcr 

:Iling 
I _~.o.I ......_ -f the 

two most promising deposits on Bcthlchem propcrty. 
The company is now planning production at an 

. 
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' 1 ~ 1 ) ~  g c d o p  :,iid i i i i r r w l l  dcposiis o f  1~li~:l iI:~n~l 
\'.tllc! wcrc tlcscrilul i n  105h 1.y \Vhitc. T l m n p -  
w > i ~ ,  : t i i d  >lc.l';Bp::ut.* ' I l icy \vow thc iirst tn  i iotc 
the >tru,,ttir;II :iswci:~fioti d IIic copper ( Ic lxxi ix 
\v i l l i  p ~ ~ q ~ l i y r y  intrii>i<vix iiiid o s p h ~ ~ i o i ~  Iwc 
1 ligIiI:iii<l Vitlloy yiiii::cr qii;trty. diorito cxlontls wcII 
lbqoiid t l ic liiiiits of tho  known inilwrtiint coppcr 
,iiin~ri,li,.~,li,~,i, I'roluhly :I siiiglc Iargc hody 01 
y n i t n ~ o r  qtiarlz tlinrilc cstcnds northward thrniigh 
Iho G ~ i ; i w c d  X1mint:iin iircii to a highly irrcgular 
conlact ag:iiiist older quiirtz dioritc on Ilcthlchcm 
propcrty. hlorc or lcss tonguc-likc hodics may cx- 
lcnd frnni this m a s s  to thc northwcst, north, and 
nnrthcast. ns far  as thc l in i i ts  of thc map-arca. 
Porphyry intrusions arc latcr than the youngcr 
quarlz diorilc. Thc porphyries constitute a stock 
and a dykc s w a m  which togcther occupy an arcn 
cnihracing all thc principal coppcr deposits of High- 
land V:illcy. The porphyry stock is at Icast 
niiics long in a northcrly dircction and has a maxi- 
niiini width of four to iivc niilcs. It consists of uni- 
forni granodioritc porphyry which is margbally 
chilled to an aphanitic porphyry. At Gnawcd ,Moun- 
t a i n  the contact is vcry irregular and breccia has 
developed adjacent to it.  

The dyke swarm conipriscs nuinerous porphyry 
dykcs sonic of which cut the porphyry stock. The 
swarm has a known length of about 10 niilcs and 
a width which dccreascs northward from about five 
niilcs lo lcss than three miles. Porphyry dykes arc 
spaccd across the swarni at  irregular intervals 
avcraging one dyke every 300 feet to 1,000 feet. 

*C.I.>l. Tmns.. LS. 1957, np. 273-2SD. 

'I'lic dcii\ity of l h c  s w i t r i ~  i\ hil ! l i ly wri;Ihlc; on 
I l c l l ~ l chcn i  propcrly i in i l  cl\cwhcrc, dyke\ occur vcry 
cIo\c logcilicr. Tlicir prcv:tilinl: trcntl v:Irius from 
pl:icc 1,) ~phcc i ts h w n ,  ; ( r i d  :I[ w rnc  loc:aliiic\ ihcrc 
::rc dykc.i of iiwrc t l i ; ~  OIIC trcntl. . I l icy dip ):en- 
cr:illy within 20 (lcgrccc of  vcr1ic:~I. In< l iv i i lo ;~ l  clykc\ 
scldonl cxcccd fcct widc :ind nimi :trc lc\\ t han  
60 fcct widc. They lcntl lo die o u t  within. :it nimt, 
ii fcw thouwnd feet ;)long \trike. :Ilthmtgh onc 
con\picuous dyke pcr\ist5 for at Ic;i\t onc milc. M m t  
dykcs arc of tlacitc porphyry, h u t  some arc quartz 
latilc in coniposition. The dyke% arc of more than 
onc agc. Corrc1;ition of ccrtain dykes with the 
porphyry stock have hccn made but cannot yet be 
considered final. 

Breccia is associatcd with porphyry at three 
placcs, nsmely. Gnawcd Mountain. Rcthlchcm. and 
Trojan. Thc composition. fahric, and field rclation- 
ships lcavc l i t t le  doubt as to the manner of origin 
of the brcccia. At Bcthlchcni it forms inclincd, 
tabular hodics as much as SO fcct widc and cxtcnd- 
ing as dcep as 800 fcct. Some of the hodics have 
wcll-dcfincd contacts, u,hilst others grade into veined 
and fracturcd wallrock. Thc breccia is a dcnw, 
tough rock without voids. It consists of rock frag- 
nicnts in an abundant matrix. which is plentiful 
enough to prevcnt alniost all contact bctuccn rhc 
fragments. The fragments are of porphyry togcthcr 
with one, or occasionally both. of thc quartz di- 
oritcs. Porphyry fragnicnts are mostly angular: those 
of younger quartz dioritc are anguiar or  subangular 
and those of oldcr quartz diorite subangular or 
rounded. 

Fragments of one rock type generally far cxceed 

Figure 2. (Lell). Dislrihnlion o/ porphyries and brcccia in Higliland Volley. Figlire 3. (Riglit).  Sin:piified 
gcolog~ical map of Berhlchcn: property. 
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t l i i  ot1iLm in  u ~ l t t i i i c .  ~ \ l t lw~~~ : l i  :L h - u l r t i i t ; :  i*  il(>t 

from onc-I , .~ l t  inch I<> ILW iticlics iii h i l t .  I'orphyry 
i r , t ~ m c n l ~  wltlcuii c \ s c c ~ I  (I i i ic l ic* .  ivl icrca\ t h w  
d older q u r t , .  L l i o r l i t s  ;,rc o i t w  i r w i  hix inchci 
IO t ~ ( o  tcct iii \i/.c. Still l,irgcr Ib!ocks occur hiit i h c v  
proluhly rcpr\wiit v i r t iu l l y  iindicpliiccd wallrock. 
I n  p l . w s ,  t l ic porph!r! ir:qiiciits rcprcsciit n:irrow 
vcins in qiwrtz dioritc. 1111: whole li:i\,ing Ik:n 
Crapiiciitsd and i i i jcctcd hy i i i i i t i i x  without much 
rot:ition or scpar,tfioti of tlic irnpnicntr. TaI~ul:ir, 
p la ty  iragnicntr of porphyry :ind youngcr quartz 
dioritc nrc coiiinion. suggesting that thcsc rocks wcrc 
well jointed prior to incorporation in thc hrcccia. 
Such iragniciits niny lrc sub-parallcl over distances 
of a foot or two; i n  gcncral, howcvcr. Ihc hrcccia 
lacks foliation. Ignoring chnngcs due L O  Ivoccsscs 
of rack nltcration. thc niatrix of the hrczcia shows 
little variiition. It is a wcldcd t1ios:iic of' sand- :iiid 
silt.sizc p:brticlc* ni:iinly of qu:lrt7, and fcldspar with 
w i i i c  chlorite. logctlicr with l;frgcr, partly hrokcn 
cryst;ds of fcld\p;lr which rcrcmhlc porphyry phcno- 
cnsts.  I t  is concluded that thc matrix is mostly 
porphyry which csploJcd during its final stage of 
crystallization. The csplosion rcsultcd from intru- 
sion of porphyry undcr special conditions. Thc 
mapma cntcred cold, fractured rock at rclntivcly 
shallow depths. It split into nunicrous conncctcd 
veins vhich were ' a t  once chilled and therefore 
crystallized. This crystallization was acconipanied 
by a drastic increase in the vapour pressure, which 
then cscecdcd the confining pressure. The suddcn 
espansion of volatilcs contained in the porphyry 
caused explosion and the dcvclopment of breccia, 

At Rcthlchcni, mineralization followed at least 
two later phascs of porphyry intrusion, neither of 
which arc known to cause brcccias. The latest por- 
phyry was a quartz lat i te which forms narrow, ir- 
regular dykes and veins, mainly in thc East Jcrscy 
zonc. This porphyry c;iuscd introduction of ortho- 
clasc into the rocks, including thc breccia. Rock 
altcration of othcr kinds occurred partly at about 
this tinie. and includcs silicification, scricitization, 
and arpillitic alteration. as wcll as the dcvclopmcnt 
of tourmaline, fibrous amphiboles, biotite, sodic 
feldspar, cpidote, chlorite. calcite, and zeolites. 

At Bethlehem three principal mineralized zones 
have so far bccn discovered. They are situatcd i n  

: , I U . ~ ~ ~  ~ ~ p p . , r c w .  1iio.t ir:,g~lic~lt, c m i m t u d y  r;tti;c 

ciiilx~ynicnts of thc youngcr quirtz dioritc. whore 
irrcgularly shaped margin playcd a largc part in 
localizing the niineralized structurcs. Thus, not only 
was the older quartz dioritc considerahly fractured 
by intrusivc prcssurc ironi the younger quartz diorite 
mass, but in addition the youngcr rock devclopcd 
a complex system of cooling-joints adjaccnt t o  the 
contact. A porphyry dyke (D-D on the map( intcr- 
scctcd this wcak zonc and was caused to swell and 
branch, producing a multiple intrusion. Thc hranch- 
ing shcets dip toward the fccdcr dykc, and brcccia is 
dcvelopcd along thcni or at their rcrminations. The 
wider niasses of hrcccia shown on the map. for 
cxaniplc at the lona zonc, prohahly represent a 
numbcr of breccia bodies separatcd by scrcens of 
lcss brokcn rock. Figure 4 illustrates the branching 
form ndoptcd hy  the porphyry intrusion. The sub-. 
scqucnt inincralization chicfly occurred in placcs. 
previously subjcct t o  rcpcatcd frncturing, intruion,. 
and hrcccinlion. I t  was prccedcd. and p:irtly con-. 
trollcd, by faulting. Whcrc the faults intersect prc- 
viously shattered rock thc lattcr is niineralized f o r  
some distance. Thus, the mincralization of the Jcr-- 

closing porphyry and youngcr quartz-dioritc, indicst- 
ing that thcsc niasscs localized the intense fractur-. 

0 

scy zonc conforms in shapc roughly with the en- 

ing which allowed sulphide dissemination. 

U 

Space Geology Programme 
The U.S.A. Department of thc Intcrior announccd 
recently that thc Geological Survey has cnihnrkcd 
on a $205,000 rcwarch progianimc in Astrogeology 
financed by the National Acronautics and Space 
Administration. This will not cntail nianncd flight 
by gCOlOgi\t5 to the moon, but'will be limited. to 
geologic analysis of photographs of sclcctcd areas 
on the moon, terrestrial cratcr studics. studics of 
matcrial of impact origin such as nictcoritcs, and 
studics of thc mcchanics of inipacting objccts. 

I n  the new studics to be undcrtakcn certain 
gcologic fcaturcs of the moon will be esamincd 
niorc closcly and largcr scalc diagrams will bc 
prcparcd of spccific arcas in tlic vicinity of 'land- 
ing sites sclcctcd for instrument-loodcd space whi- 
clcs. In ordcr to gain all possiblc geologic informa- 
tion availablc in singlc 3s wcll as stcrcoscopic photo- 
graphs, existing lunar photographic methods will be. 
supplemented by scvcral lines of investigatisn. 
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