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of the Boundary District, British Coldmbia 
By R. H. SERAPHIM * 

INTIIOI~IICTION A N D  AcKNowl,eno- in the early years indicated that 
the values in copper, cold, and sil- MENTS 

HE R E C E N T  and Continuing 
actwlty In the Boundary dis- 

trirt. British Columbia: makes the 
puhlicntion of this paper timely. The  
following description nnd discussions 
arc hnsrd on two ycars’ erpcrience 
in the district as Ficld Manager and 
Gcologist for Attwood Copper 
Mines, Limited. 

Thc  Attwood project was organ- 
ized by Dr .  D. F. Kidd to r.e-ex- 
amine the Bonndary mining camp. 
Thanks are due to Dr.  Kidd, both 
for his intelligent guidance during 
the project and for his permission 

T . .  . 

_ _  ~ 

ver were low. Large capital invest- 
ments were required to develop the 
orebodies and build smelters. T h e  
discovery that the ore was practical- 
ly self-fluxing greatly enhanced 
the value of the deposits. 

The  Miner-Graves Syndicate com- 
menced develop~nent on the Knob 
Hill-Old Ironsides orebody in 1896. 
This Company purchased and  
merged with other interests until, as 
the Granby Consolidated Mining, 
Smelting and Power Company, it 
controlled most of the important 
ground in Phoenix. Granhy blew-in 
the first  fnrnace of its Grand Forks 

to pnblish this paper. 

interpretations presented a re  cred- the 
ited to the work of, and to discus- The  remaining valna1,le proper- 
sion with, Dr. W. H. White, Con- ties in Phoenix and the Boundary 
snltant Geologist, who worked for district were controllod by the New 
two firld hcayons on the project. Dominion Copper Company, tlle 
Howcver, thc author assnmcs the Consolidated Mining and Smelting 
responsibility for this presentation. Company of Canada, and the B. {C. 

I h .  C. D. A. Dalilstrom worked CopPCr ‘Company. 
with the author dllring the latter The town of I’hoenix was incor- 
stngm of thc project. His assistance porated in 1900. I n  1898 the Cana- 
and advice are gratefully acknowl- dian Pncific Railway, and in 1904 
edged. 

smelter in August, 1900. Fourteen 
million tons of ore were treated in ~~~l~ of tile data and many of the 

the Great Northern Railway, ex- 
tended their lines t o  reach the town. 

Production reached its peak in 
1913, when 1,300,000 tons of ore 
were mincd and shipped. The camp 
was abandoned in 1919, when the 
available ore reserves wcre ap- 
proaching exhaustion, and when 
lahoiir strikes in the Crowsncst 
coa1,field cut off the supply of coke 
for the smelters. The  Boundary 
canip had then produced about 22,- 
000,000 tons of ore averaging 
slightly over 1.6 per cent copper and ’ 
about 0.03 oz. per ton in gold and 
0.5 oz. ‘per ton in silver. Prodnc- 
tion since 1919 has been only a few 
thousand tons from spasmodic leas- 
ing. 

Attwood Copper Mines, Limited, 
acquired some of the old properties 
in 1961 an,d began intensive ex- 
ploration. Geological mapping indi- 
cated favourable areas and these 
were tested with tile inodern tech- 
niques of hiogcoclieniistry an$ geo- 
physics. Thc resulting ‘anoinnliea’ 
were analyzed and those suspected 
of indicating orebodies were diamond 
drilled. The only new orehodies 
found to date a re  extensions of de- 
posits discovered by the old-timers. 

HISTORY 

This account of the history is TABLE OF FORMATIONS 
gleaned from old reports and docu- 
ments which a re  listed in the Biblio- 
graphy, and from discussions with 
old-timers of the district. 

vicinity of Greenwood in 1891, and 
in that year staked the  Mother Lode, 
Crown Silver, and Sunset. H 
White staked the Knob Hill c 
Phoenix on Ju ly  15th, 1891, 
the end of the year other prospect- 
ors had staked most of the claims 
covering the valuable orebodies in 
the camp. Much gnrface work done 

*Moneta Porcupine Mines, Limited, 
Vaneouver‘ formerly Field Manager 
and Geolokist for Attwood Copper 
Mines, Limited. 

Prospectors were active in the TERTIARY 
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Fixtire 3.-S~ction of Rnwltidr Shale along Wear Koatenny Power Line. 

One sni:~Il csposiire contniried ward the enst i t  passes n~rdcr over- 
truticstr:d symmetrical ripple niark. bnnlen rnst  of the Rnwllide miiie., 
of aliout onc-ini,li frequency and  Eas t  of this oi;crbiirdeii 311 the ont- 
one-h l f - ine l~  amplitUde. These show crops f o w d  are  Knob Ri l l  forlna- 
that the al inlc  wiis laid dorm in tion. 
water \ritli little or no current, and T I E  only fossil found in t h e  shale 
that the beds are top-side up strati- is one imprint that  could have' been 
grii~~liically. either B graptolite or a fern-like 

the sout.hwest and is not, found be- The Rawhide formation, then, is 
yond the Gi l t  Itdge workings. To- 

The Rnwliide shale lenses out t o  Irond. 

a lens of s l idc  .lying I d o w  



Sriowsl~ne: :tnd Victoria ir3iares. Ooc 
o f  thesc int.riisivc is r a t  liy q i~ i r t z -  ( : I )  It zppca r s  iii two iiiidcr- 
clialropyrite rcinlcts i n  tlic S t c n -  ground lornlitirs that  ilic Tert iary 
xvindcr. The dyl~cs i n  tlw Stcniwind- iiitriisircs 1 ~ d  pirlicd r i p  incliisioris 
c.r mine ;iud in the old r:iilwny ~ d e  of nw. Ilo,vcvcr. tlio ro~:Ii i t1  i.liwc 
~ i c a r  tllc S~iorvsl~oe il,ii!c Iwnr n n  pl: rv~s is l~rcc&itcxl and goiigcy from 
;il,ulld:utcc of disscniinated pyritc, i:rdting nud tluis tlic O K  'inclwioiis' 
h i i t  l i t t i v  or  n o  Jirsc~ninnted chnl- tiwy IN: f:iillt drag. 
r~rpyrit.z. Tlicir :tltvr:tiion iiidic:itcs ( I t )  ' V h c  rvl:*tioil nS till: orc1,ndir.s 
t i n t  tl,c:y i l w  l)rc-orc. No ilicrcnnc to .Iiil.:i-('.rcl:iceoris intrusivcs li:~s 
i l l  ,,,inei.:,lis:,tioil ,$.:Is ,,,,tCC1 ,)<!3P 1II.CII ~ l ~ S c r i 1 , c a  i u  tl,c srctintr  :Ll,"1'c. 
thc ir  hoznidnrics. ,~. t TIIC widcncc strongly aiiggwts t h t ,  

Tlic Grct.nrrao,I q i i i i l - ! ~  di?r i t i  :it tlio Orn 1)cnor:i i i i i i i e  :rt Icnst, 
stock is i n  contact with clinlcopyrit,c,- tlic RRC ot the orclmly is ,Jura- 
I,cnring slwrn i n  thc I h d w o o d  Crctncoaiis. 
w~iitp. 1Iou.ercr. tlw rantact is ob- 1):itn siiggwtiug I l iat ,  tlic or(: dc- 
sciirrrl l>y dr i f t  (on surf:icc a i d  is Iwsits itmy 'Iw y i i i i g c r  t l i : i r i  lhc  
n I:inlt zone i ~ t  ,lrill p o w .  il'o re- 'i'crtinry roclis :tw :is fnllnws: 
lntion is npprr rn t  hctrrccn grnilc ( I )  Tlic ].:astern. or <Iowll clip, <:I- 
of ore and proximity to tlic intro- . tcllsinil of  tit,= Knol, Ilill-Irotlsidcs 
sire. The 1Iotherlode mine is 5,000 orehody a t  l'lioei~ix is immecliately 
feet west of this granodiorite con- on t.1t.c footuxwll n i  tllc Tert iary ar- 
tact. but snrnl l  hodies of granodiorite ' lose. Tert iary rock 111ay ha.ve pro- 
outcrop a few hundred fect east of  rirIc(1 n .'cap' f a r  tlac niioeralising 

at depth. I3rool~iyn forinxtinn, wliicli formerly 
T h e  contact betivcen t,lic 1)cnora m:rdc tlte lianging-w:alI, ~ n : ~ y  Ii:~ve 

diorite stock and mincrniiocd i,ocu croc1~:ii i l l  pre-Terti:lry timi:, 
skam is wcll e x p s e d  in the Orn nrlrl tl,e Tc7ti:)ry nuliose ilepositcrl 
l l e n o i ~ ~  mine. The garnet-cpidote aftc.r t,bis erosional pcl.ioil. I f  tllis 
sknrn p d c s  into the dioritc, nnd is tile c:lse, tiic Tcrti:rry rooli 111ay 
pockets of sknrli, miiicraliaed with , :also tmrtsct:t tlio n~i~xc:r:~lixe<l K O I ~ ~  

rlialcopyrite, are found scvernl I i m -  itself. Tile oilier orelbodics in tlle 
feet within the stock. T h e  Uounil:lry arc2 sliow no proximity 

grade of ore increases with proxi- to  tlic Tert iary sediments ;md CL- 
mity to the contact. Tlius, little doubt tl'ilsi\rcs no\%, csposed. 
exists that  the diorite here pro- ( 2 )  T l i o  Terti:try dykes in min- 
vided the mineralizing solutions. craliactl arc:~s nr,e strongly altered 
Since the other orebodies in the in places to clay lninernls a,ld seri- 
Roundary area are  similar in min- cite. Ko ~ 1 1 ~ 1 1  alteration is found 
eralization, i t  is probable tha t  they away .from the ruineraliaed areas. 
mere formed a t  the same time, and (3)  No detrital ore or sltsrn has 
that  the .Jura-Cretaceous stocks )teen foI,,,d in tile Kettle River form. 
Were tlie source of the  ore-forming 
flnids. 

McNaughton says "tlie Tcrt iary 
sedimentary and igncoiis rocks arc 
younger t l im the ore. deposits . . .", 
but ile gives no cvil~CnCC to SlllJpOrt . 'tory is far frntn coml~lcte, bilt tlle 
the statemeit. The cvidencc is as In:lin fcztllres lie1i 
follows: follows: 

(1) No e s p o s ~ r c .  lrXs beer, l o m d  T l l c  1mt:nicnt Knirb FIill forma- 
in  which niinernlisation transeets or tion of chcrt :mil milesitc, prolia1,ly 
replaces Tcrtinry rocks. A few of innriiil- deposition, w c w  partially 
places xere  notcd in which orc ap- uplifted and s,zvercly folilcd before 
p a r e d  to be of Iiighcr gradc close lh-ooklyc time. Tlic. uplift inust 
to Tert iary dykesl but these places Iinvt: formed rugged inountains, 
may be eoincidental, for patches of whiclr were derwid of  vegctation, 
'high grade' also occur with no ap- bnnlered hy inlets and hays of the 
parent  relation t o  the dykes. sea. 

(2) I n  the 'Copper Camp', second-, T h e w  bays and illlets were the 
ary copper min,erals liave been de- site of the Brooklyn deposition. 
posited in a trough formed by Ter- Erosion mas predominantly mechan- 
tiary dykes and arkose. However, no . i d ,  and r e r y  rapid. Tlie conglamer- 
primary sulphides were found - ates and minor greywackes and 
thiis tire only definite conclusion is sliales were roughly sorted during 
tha t  t l i e  secondary ore is post-:rer- n short  tr:iiisport and were depos- 
tiary. Incidentally, the copper ited i t )  lentimlrrr beds. The  mairi 
oxides are in a hematite gangue io  h i i d  of , limestoue, witll minor 
the 'Copper Camp'  and in :I limonite nlialc R I I ~  siltstone, was deposited 
gangue in the other oxi@ed de- during a periotl. of less rnpid erosion, 

itmiis in llic district. 

the mine workings and WCIY found soiutin,is. a Alternatei?. Iiowr~ricr, 

ation sediments. 

ILEGIONAL HISTOIlY 

. 'I r /  hc soiotio~i of tlir rcgion:tl liis- 



Strntigrnpliically alio\-c tliis 1:irge 
lil,,cstorie 1c:n.i is nnothcr t1ioosani1 
to fiftecn I ~ n n d r e d  feet  of sharpsttone 
conglomerntc a n d  iiitcrcnlntcd i n  this 
iipper coiiglomernte a r c  tlie two 
lenses, cnch nhont 100 fcct thick a t  
masimum, of limestone breccia or 
angular conglooiernte called tlie 
Steinwinder limestone. As discussed 
above, tliis rock may be either sedi- 
mentary or a tectonic breccia, 'but 
the association with the  sharpstone 
conglomerate indicates i t  is more 
likrly the former. 

T h e  two lenses of 'Stem3rinder' 
limestone ontcropping ' near  the  
Stemwinder mine have not been de- 
scribed in detaii b y  LcRoy. T h e  
l cnsrs  a r e  composed of angular t o  
sub-angular f r q p c n t s  of limcstone 
ranging in diameter from a few mil- 
limeters to  about one foot, a n d  
sparse  chert f ragments  ranging in 
diameter froin a fen- millimeters to  
about one inch. The matrix is lime- 
stone with minor qnartk. T h e  f r a g  
ments a r e  closely packed, a n d  in  
some places appear to  match their 
neighboura, as i f  they could be ,fit- 
ted together. This  matching is suf-  
ficiently ra re  t h a t  it could have oc- 
curred either by chance breakage, 
or by close packing effected by 
slight movements, between time of 
deposition and consolidation. 

T h e  writer has not  found a com- 
pletely satisfactory explanation of 
t h e  origin of the  lcnnes of  'Stem- 
winder' limestone, T h e r e  is no cvi- 
denro tlint tlicy a rc  associntcd with 
fnnlt zones. T h y  m y  bc scree. 
Tl iq  lic onc tlioiisniiil t o  fiftccn 
liiindred fc5t in tlic lianging-wnll of 
the  Inrge i l ~ d d e d  limestone band. 
Uut tlicrc is no  evidence'of n hiatus 
hetween the large hand and t h e  
Stemmindcr limestone; i.c., i t .  is not 
known how the  large band c o d a  be 
eroded to form fragments for the 
'Stemwinder' limestone. Only a short  
interval, dur ing wliicli the  scparat- 
ing '  band of cher t  fragmentals mas 
deposited, could have elapsed be- 
tween tlie deposition of the lomer 
l i r g e  limestone lens a n d  tlie Stem- 
winder lenses. T h e  problem is fnr th-  
er  considered below undet  the see- 
tion on Regional Histor,y. 

(C)-Bnsolt 

A few lenses of andrsitic to  bas- 
altic rock lie within and nnconform- 
ably nhovc tlie nrooklyn I imcstone.  
Oiitcrops of tliis rnck arc fotind on 
the rond from the Brooklyn mine to  
M m l i a l l  lake. and enst  of the Lml- 
r:ishirc Lass and  01.2 ncllorn claials, 
near  Denora townsite in  tlrc n.C. 
t h i n  area. T h c  area near  Lanca- 
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vliirc I,:ISS l ins h w n  sli!dictl in ilc- 
tail hy 1)r. JV. 11. ll'liite. .I iiovtli- 
trciidiiig 1,:iain of h:1s:iIt lies upon 
x rohbly snrfncc of 13roulrlpn linic- 
stonc. Tlie basalt estcnils nt 1r:ist ns 
f a r  ns Wilgreas (Loon) l:ikc, about 
two inilcs nortli of tlic 1.mimsliire 
Lass. 'The more a n d e i t i c  phases of 
this rock a r c  difficult to distin- 
guish from thc  massive Knoll Hi l l  
andcsite; conscqiicntly tlic rock may 
be incorrectly inappcd in  placcs. 

JLlR.4 -.CIU<.Til CEOUS INTR U- 
SIVES 

Sn .\lesoariic sciiiiiionts or vo1c:in- 
ics NYX depnsitwl i n  the I h u n d n r y  
District. A hatholitl~ of gratindinrite 
reportcd :IS .Jnm-Crctnceons nnder- 
lies niost of the I3ouiiii:iry Creek and 
Kettlc Ri rcr  drainngc areas a few 
rnilcs. nortli of tlic Greenwood area. 
Mesozoic intrusives in the a rea  
niappcd i n r l ~ u l c  tlie quartz diorite 
Rtnck wliicli iniderli,es the City of 
Greenwood, and the  qunrtir diorite 
stock which outcrops west of the 
Oro .Denora and Einina mines south 
of Eliolt.' Tlie rclntion of these 
stocks to  mincraliaation is ,discussed 
Inter. 

TRRTIARl' 

KETTLE RIVER AnicosIi 

Tlie Tert iary (Oligocene) Kettle 
R.irc,r Arkose fonns lenses a mile or 
two  long.. :tnd n few liiinilrcrl Ecet 
I l i i ~ k .  I t  is siiiiiliir i r i  nttitiirlc to tlic 
~ o ~ i l r r l y i n g  l l ~ ~ w k l y i i  ~ontt:xI,inii, l ' l i c  
1owvr:r rnnt.:$ct is ii~:trlicd hy a Icw 
f m t  o f  s1i:ilc : ~ t d  r rdMc with coal 
fragments. 1 n ~ I i ~ ~ i ~ l ~ i : d  betlc in  tlic 
formation r:innc from n f.cw Inilii- 
mctcrs t o  f i f t y  ,feet tliick. The thin 
beds a r c  s l ink and tlic thick beds 
are cross-hcdilcd conglomerates. T h e  
r a n ~ l o t n ~ e r a t c  p c l ~ l ~ l e s  in tlie lens of 
arkose exposed a t  Plioenis a r e  com- 
posed of arkosc only slightly more 
indurated than the arkose of the  
matrix. 

Tlii arkosc is well exposed a t  
Plioenis, extending from 1,nnn feet  
south to 3,000 feet north :of Victoria 
shaf t .  A lens of similar size is cu t  by 
t he  valley of Fisherman creek, a n a  
small outcrops were found in  the  
'Copper Camp'. At  Phoenix, tlic ar- 
kose is notnbly lcntiitiilnr along both 
s t h e  and dip. Near Victoiin sliaft 
the  arkosc i s  nliniit zoo feet  tlliclt 
and d i p s  cnstcrly a t  nlrout 60 rie- 
grccs. Solnc 1,500 fcet east, on the 
,.:ist lintit of  tlic: i ~ o r t l i - p l i ~ n ~ i n g  
Tc.rtiary Iwsin, t1i.r Brooklyn form- 
atinii is riircrtly ovcrlain by tlie post- 
;avkosc Riiriwiy Volrwiics. Under-  
ground workings indicate tha t  the 

: ~ T ~ O B C  r i ~ ~ t t ~ : l l s  m d  ICMCS OUL nlmiit 
1.000 f w t  Jn\rii (dill ( s w  Viguri: 1 
: t i i < 1  ScvtioiL G I )  I'igiirc 2 ) .  

T i i c  : i r k o x  w i t s  ~ ~ r ~ ~ l ~ : ~ l ~ l y  foriiieil 
from crosian of tlic mtcnsii'r: ma. 
of granitic rocks iiortli o f  tlic 
Ihimdary district. The basins a r c  
prolmlily rcmnants a f  basins which 
were f a r  more extensive before tlic 
glacial period. 

J I I U W A Y  V D L C A N I C S  

Tlic h1idw:ty Volcnnirs, v l ~ i c l ~  i w  
clllde lava flo,\.s ,of tu:1chyte, :m,le.i- 
itc, and I m a l t ,  lic coiiforii ial~iy,  or 
with slight iiisconforniity. on tlic 
Kettlc River ;~rkosc.  Thc flows arc  
far  moic  extensive tlr:in the :~rlmsc. 
mid prolmbly ol,scurc mnny inincr:il 
dcposits in tlic I?PCI~.  Tlic Ix~ttoms 
of the flows arc, in plnrcs, n i n r k e d  
by scorincioos b r c r ~ i n .  a s  along the 
south side of the West  Kootcnay 
Power T h e ,  no0 fcet southcast of 
Victoria shaf t .  Flow banding was ob- 
served in only one outcrop, about 
1,000 feet  east of Victoria shaf t .  

Associated with tlie flows arc  
liypabyssal intrnsives of syenitc, in 
places 'pulaskite' a n d  augite p o r  
plryry. These trsnsect all the older 
formations and merge into thc f l o w ,  
which they thus probably fed. I n  
tlie skarn zone a t  Phocnix, piiiaskitc 
dykes a r c  highly altered to  clap 
nnd/or allicd minerals, and 'mnsc- 
qiiently a r e  difficnlt to d is t in~nis l i  
and identify. Nortli of Wilgrcss 
(T,oon) I:~kc, i i i  t 1 1 ~  1l.C. Thisin. rht , -  
Iyirig sycnitc l m l i w  :irli: i ~ r y  :~l~uncl- 
nnt. 'rlicy outcrop ninirwt c w z t i ~ t i i -  

ously for sevcrnl ~lioiisnnil fcrt,. I'lat 
sliccts of syenite in the I3.C minr 
a r e  reported t o  Ire so ahondnnt tlint 
they scriotisly hindcred mining. Thc 
flows and liypahyssnl intrusives 
have a high and 'plinsy' content of 
magnctic minerals, making i t  very 
diff icul t  to prospect heneatli tli~em 
with magnetic geophysical mcthods. 

STRUCTURE 

~. K ~ o n  'Hr~r,  .F.oxnmnoN 
. .  

Xcitber well-defined .h idding  nor 
lioriaon m&liers have been found in 
the  Knoll Hil l  formation. I-Iowwer, 
zones which may Be bcds do exist 
locally. Wcst  of Knob Ril l ,  for es- 
;mplc ,  zones p r c d o i ~ i n a n t l y  of chart 
nltcrnntc with zones predomiunntly 
o i  :iniicsitk. T h e  zones iirc scvernl 
Imnilrrd Eect thick ;and trcnd north- 
wcstrrly {OY : I  fe\u tl~oiisnnd fcet. 
l't,rl~:~lts i t  f c x  i i i inil1i~ o f  diligtmt 
: ~ n d  dctail~:d ni:il,ping wonld unravel 
some of t ~ i c  stroctures in  the Knol, 
Hil l  formation, but Attwood did not 



undertnkc thc task 1icr:iusc only 
sninll and nmrgin:il-gr;~dc orcbodies. 
h n w  I,rrn found i u  t h  formation. 

k X < > r $  ~ ~ l l , l , - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ S  CON'TA<:T 

Only  m e  wti.rol>i o l i  tlic south- 
east  slope of 1)e;irininn 17idge, was 
fairnd spanning tlre contact of thc, 
Knob Hi l l  formation and the over- 
lying Attwaod series. T h e  contact 
herc appears  ronformahle; andcsite 
is dircctly o x r l n i n  by sharpstone 
cong1otnrr:ite with nu andesite ma- 
trix. Tlic roiitnct is 'frozen', i ~ i t h  no 
fanl t ing or distingnishal~lc hiatus. 
I hc trxwaitiori froin miissivo andes- 
i t r  L O  chert  pclihlc conglomerate 
with a11 nndesitir riiatris occurs with- 
i n  n few inclies. 

,. 

North of the  Gold Dsop work- 
ings, along the  old railway gradc 
now ascd as ii road, a few tens of 
feet  of overhurilen s c p r n t e  Brook- 
lyn  Formation sknrn (in a n  open 
pit) from Kinoh I-iill outcrops. Simi- 
Ixr f ractur ing and nltcrntion may hc 
obserrcrl near the ohscnred contact 

. 
of the Knolr Hil l  and Rrooklyn 
formations a t  the Sunset  mine in 
1)endwood. Tlie f rectur ing and 81- 
teration may be associated with the  
emplacement of tlie ore in  the Gold 
Drop ant1 Sunset  mines. Alternate- 
ly, i t  may be associated with a n  
unconformity or a large, flat, thrust-  
type  fau l t  zone bctween the Knob 
Hil l  and tlic overlying Brooklyn 

ate. T h e  varintions i n  the  rock typi: 
o f  tha lowcst UroiMyn tnenibcr can, 
1 Irclicve, be satisf:ictorily csplaincd 
liy the marked lateral grd: i t ion onc 
x.oold espect  tu f ind i n  deltaic de- 
posits of eongloincrnte and shale. 
But  andesite ant1 chert, such AS 

found in the  Knoh Hill formation. 
in most places do not lens-out in a 
thoosand or so feet along strilre. 

( 3 )  T h e  orogcny tha t  has con- 
torted and shattercd the Knob Hil l  
rocks has not involvcd tlic Brooklyn 
formation. Hcds and bedding ill the  
Brooklyn formation can he traced 
with little clrange in  attitude for  
several thousand fcet. 

( 4 )  T h e  frncturing and alteration 
rtrar the  Knob Hill-Brooklyn con- 
tnct, at the  Gold 1)rop nnd Sun.& 
niines, could he caused I>y tlirec pe- 
riods of weathering and erosion - 
early I3raoklyn, Mesozoic to Terti- 
ary,, a d  Ilcccnt - rntlrer than by 
iunlting. 

ATTwoon SEnm 

The tironsnnds of Icet of angular 
fragmental rocks in tlic Attwood 
Series must have originated under 
unusual conditions. T h e  angular 
frngmcnts nre positive evidence of 
rapid deposition. T h e  pr.csence of 
limestoue and of symmetrically rip- 
ple-marked shale indicates shsllow 
marine deposition. (A suitc of fossils 
inchidinn Svirifrr (Snir i f rr inn) .  ., . I ~1 I ,I 

formation. TcrchratdnP,  and sonic pclecepods, 
\V:LS found in the limcstnne. Since the  

tion is prohnhly n~iconformahlc to  material is no t  very diagnostic no 
tlic Knob Hi11 formation. T h e  reas- correlntion was rnndc. A late Palaeo- 
i n s  for  this I d i e f  a re :  zoic or Triassic ngc was proposed). 

( I )  ?'lie l3roaklyn conglomcrate, 1)etniled mapping of surface and 
as indirntcrl hy the angularity of nccessible vlirdergrorind workings, 
the  cher t  fragments, lras been trans- f o l l o i d  by di:imond &illing, u t  
ported only one or two thousands Phoenix, have provided more in; 
of feet  a t  most. Thus i t  must  he de- fornration pertinent to tlie problem. 
rived from a nearby formation, usitti- West  of the  Knob Hill-Oild Iron- 
out doubt mostly from the Knob sides orebody a r e  exposures of bed- 
Hill, T h e  chert fragments in  andesi- . ded sharpstone conglomerate for  
tic matrix (Brooklyn formation) 2,500 feet  (see Figure 1 ) .  These 
may lie npon cherty andesite (Knob rocks, including the replacement of 
Hi l l  formation) and subsequent tlic limy lens which forms the ore- 
lithification and metamorphism body, d i p  from 45' to 70' easterly 
would make the contact appear grad-  a t  the surface esposures. Yet, 200 
ational and conformnble. fcet  lielow surface, the  orebody and 

T i i  suninisry, the l ~ r o n k l y n  forms-  

the Plioenis canin. the  Knob Hill- One thousand feet 1lon.11 the  dip 
I3rooklyn contacting rocks are chert 
And sharpston,e conglomerate; south 
they a r e  andesite and sharpstone 
conglomerate; southeast they a r e  
cherty andesite and shale; east, 
wherc tlre outcrops mentioned above 
span th r  contact, they are cherty 
andesite and sharpstone conglomer- 

the orebody is npprosimntely f la t ,  
and t h e  2,500 feet  of fragmental 
footrvall rock has completely disap- 
peared. T h e  orebody is here under- 
lain by Knob Hil l  cherty andesite. 
T h e  statement ' that the  footwall 
sharpstone conglomerate is exposed 
for 2,500 feet west of the Knob 

I ~ i l l - ~ ~ o n s i d c s  orelindy is ~icrhaps 
niislending. West..dip;,in~ normal 
f;nilts foulid in tliu mint workings 
give, i n  plnccs, a duplication in plan 
(if the cart-dippirig s t ra ta ,  ;ind this 

tern may cont inw into the 
foot\vnll rocks. EIotvever, the sum of 
the normal movcments on tlic faults 
iiiapped underground docs not ex- 
ceed 200 feet. Thus,  2,000 feet  or 
mure of sharpstone conglomcrate in  
the footwall o l  the  orebody must lens 
out and f la t teu only a few hundred 
feet donu dip. 

Tlie dab1 would :~plicar best ex- 
plained by rapid deltaic dcposition. 
Several good exposvres of scoiir 
:ind f i l l  mere noted, hut only one or 
two expnsurcs show i:ross-bcdding. 

T h c  structural evidence, i n  con- 
jiinction with the litliological cvi- 
dencc, certninly suggests tliat the 
rock ia a sediment -- a n  angular 
chert-pcbblc, o r  shnrpstone, con- 
glomerate, ra ther  tliiin a silicified 
limestone Inter hrecciated. 

* >  1Iie copper orebodies am all re- 
placements of limestone o r  impure 
limy rock a t  or near contacts with 
other rocks. Chalcopyrite is the  ore  
mineral in  all  the  d.sposits. Ot.her 
metallic and sub-metallic minerals 
a r e  pyrite, s p e c u l a  licmatite, and 
magnetite; non-metallic minerals a r e  
cpidote, carbonate, nmphiliole, chlor- 
itc, quarts, garnet, pyroxcnc, and 
ear thy  hematite. I3cilding, i idicatcd 
by Imnils with varying concentration 
n f  the  abovc niincmls, is well prc- 
served locnlly in  nmst of the depos- 
its. T h e  relative perccntagc of the 
mincmla listed nhovc varies consid- 
crnhly along s t r ike h a  down dip 
in each deposit, a n d  some of the min- 
,erals a r e  f a r  inore abnndant  in some 
deposits than in  others. .4lmost all 
the  deposits. particularly those 
which a r e  more flat-lying, have a 
hanging-wall of skarn as much as 
200 feet  thick. Chalcopyrite miner- 
alization is most abundant  in  the 
carbonate-rich hands and in  narrow 
carbonate veinlets traversing the 
handing. Wi th  one or two exceptions, 
no noticeable increase ' in  chnlcopyr- 
i te  mineralization ivns found near 
faults. 

R i . r . ~ ~ i ~ h -  'PO I ~ ~ n u s r ~ r r s  A N D  Aoc 
OF DEPOSITION 

KO outcrops of the Jiira-Cretace- 
oils diorite o r  quartz  diorit,e stocks 
were found within two miles of 
Phoenix. Only three  dioritic dykes, 
a few tens of feet  thick, were found, 
onc in each of the Stemminder, 
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nnrl nil uodcrlying ro&h. 'l'lic 1w:r 
t ian tlic Tcrt ixry 1i:isiiis ~Iiorns 

n u ~ r k < d l y  siuct: Terti;try t iox.  TIx 
'Ccrti:ir? Iiasins are foiutd on what  
arc now ridges. Xrosion froiii Tert i -  
nry to  Rcccnt time ] ins cut rwllc?s 

P o t - T e r t i a r y  diastropiiisoi is er i -  
den t  froni tlic ninny f:inlts found 
rut t ing the Ter t ia ry  rocks. h w n r  
Imnying t lw  folding w n s  n rcgion:d 
tiltin,z of :it least 30 rlt:gr~t:s to the 
r:ist. l ~ , v i d m ~ !  for tliis tiltiiix C U I ~ C S  

froni tlw ottitudc of  the nrkosc heds. 
\vhir l i  d i p  nl, to ,1.5 drgrces  cnsterly 
lrotli a t  I'liwnis :tnd 0 x 1  l.'islierman 
rrrck.  T h c  initial d i p  ( d i p  a t  time 
o f  dr.pnsitioii) of tlirsc :irlcost: I d s  
\cniild hc :I ni:iziniiiin of  :10 dcgrccs. 
snd a prolmlile 10 to 20 degrees. 
I lins tlie arcn I ~ a s  h e n  tiltcd enster- 
1y about 30 degrees since Miocene 
time. 

I n  pre-Tert iary time, then, the 
Brooklyn hcda a t  Plioeiiix must have 
lain in  a nearly synimetrical trough, 
witli tlie limbs dipping about 30 
degrees toward the vertical or al- 
inost vertical axial plane. This  atti- 
tude could I i n x  been 'maintained 
a s  initial d i p  by the  heds of angu- 
la r  coiigloinerate. 

1 he liiglier e n d  of this trougli .was 
toward the soiitli. as ini1ic:itcd hy 
tiic following: 

( 1 )  T l i c  umin Iiiiiiil of I3rouklyn 
liiirestonc, wit11 niiiiov slinlc, grades 
toward tlic srrotli into Iiiny shale  
nnrl  grcywacke. wlilrli i n  tnn i  finger 
oiit into siltstont: and conglomcrat,e 
slwwing scoiir and fill. 
' ( 2 )  ?'lie Ilawl~ide slide, on the 
sontlieast liorder of till: trough, 
s h o w s  r ipple  mark. 

(8)  T h e  coiigloiiierates on the  
southvest  lrorder of the  hasin a r e  
more coarse illan elsewhere. 

T h e  lensing-out and flattening of  
the Brooklyn beds a t  a few hiindred 
fee t  depth can now he explained. 
Rather thnn  Icnsing out witlt dcptll, 
the  lensing out p r o l d d y  occnrtctl 
where tlie serliineiits niet the cast rim 
n f  t h e  lrnsin a t  time of deposition. 
East of the Phoenis  hasin, tlie 
Brooklyn sediments now dip and 
gent ly  roll a t  20 to  30 degrees 
zasterly down to the B.C. Basin. 
These sediments must hare been 
relatirely flat-lying in pre-Tert iary 
timc. 

Tlie orcbodies would also have to 
be tilted. ahont 30 degrees westerly 
to show their a t t i tude immediately 
a f t e r  depositioni assnming tha t  they 
a rc  Jura-Cretaceons in age. TIE 
Knob Hill-Old Ironsides orebody 
tlien occupied the trough of a shal- 

that t l K  t<q>ogwpl,y IK1S <~lli!ng<d 

as I~~IICI~ L',OOO feet  ( I , ~ . ~ , .  

,. 

r 1  

lev. sywliiic:. wit.li l i i i i l i s  diI)1>itig 
;ilrout 1'1) d r g r ~ \  to>v:n.d thc  a x i a l  
plniiv. 'l'lir ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l i - l ~ : ~ ~ ~ - l i i ~ l ~ - ~ ~ ~ ~ l ~ ~  
I)rop-Snow.ilioe o r d d y  w:ts :alinot 
1ioriznnt:il. 'The Ilrookiyn-ld:tho o x -  
lwdy dipped about *J,5 ilcgrees 
I?,, anri, i f  the  regionnl tilt estciidcd 
to I)cnd~von~I, the  S l o t l r r  I.ode 
J ipped  n!.niit 30 1iegrt:es easterly. 

1 S J ) I  1.1 i l i , . ~ i ~ ~  ~l~l~ , '"oA~l1'~s  

(;K,\Xl3Y-l<h'Oi! ~ ~ l I , i . - ~ ~ ~ ~ ~ N ~ ~ ~ ~ ~ S -  

VICTORIA, ETC. 
'rl,:, Kitoh i l i l l - l~~~i , s i~ l , , . s - \ ! i~ t~ , r i : ,  

nr~:hody i i r id i~ :ed  about 1 1,000,000 
t.ons, or  5fl pcr {'ent, o S  the c ~ ~ l i p : r  
or,: zniiiwl i n  tlir 13onndary : L I I : ~ .  

?'lie xkiirn mveloping the o re  ex- 
tends 3,000 f w t  from Phoenis  
towtisite sniitli  to tlie IVnr Eagle and 
Grey Eagle vorliings, thence arcs  to 
the east  tlirongh the Xonarch, and 
from there nortllehst and north 
through the Curlew and Gold Drop 
to tlre Snoirs1ro.e. Production from 
the \Trap ISagle an11 Grcy Eagle  was 
negligible. A f e w  tens of  thousands 
of tons of ore were mined from the 
llonarcli,  a i d  continnons ore from 
there to t1i.c Snowlioe provided 
:thout 4,000,000 tons. 

I n  plan, tlicn, tlre niiiicr;iliscd 
zone forms a 'u' wit11 the open end 
to  tlir: north. T l l c  hnse, to tlic sotlth, 
w a s  too l o w  grade to makc ore. T I E  
wcst Iiinlr of  tho.  'il' d i p  easterly 
nt illlolit 60 dcgrecs ncnr surface, lint 
S1:ittens to 10  o r  1.5 dcgrccs :L Sea, 
J i i i i i d d  icct (Inwn dip. 'This wcstcrn 
liinb follows a ridge (ICnol, hill) 
which, a t  tlic 1i:isr O S  tlic ' l",  o r  the  
south end, slnpcs down to tile sooth, 
causing tile oritcroi) to swing c u t e r -  
ly. Wcst-dipping norm:d faults ac- 
centuate tlic flattening of the de- 
posit and tlms also the  easterly 
swing. A west-dipping normal fault, 
stronger tlian those mentioned above, 
near the Monarch, brings the  min- 
eralizcd U J I ~ C  relatively np on tlie 
enst. I h t  of tlw hlonarrli, tilt: ore 
zone : m i l  tlic liillsidc dir, : i d  slope 
cnstcrljr,  nliriost p:ir:dlclinx mu: m -  
otlirr, (iii tlic c:istcrn l iu l l r  of the 
'.U'. Thc .mis of t he  'U'  ~ i l i ~ i ~ g c s  
nvrtherly aliout 10 dcgrees, under a 
capping of tlie Tert iary arkose and 
volcanics: 

West  : l i d  south of the iiiioeral- 
iaed z o n ~ ,  Lower Brooklyn : I d  
Knob Hill rocks :ire wcll espos,etl. 

E a s t  (do\vn d i p )  of the mineral- 
ized 'u' zone is a swampy area with 
vevy few ontrropr. The under- 
ground workings in the Snowsliot: 
s11ow two s t rong faults, O U C  dipi>iiig 
flatly west and tlie o t l m  stecpiV 
east, forming the eastern termination 

of  the ow x1011c~. ' l ' l t c  wck Ioii,iil i n  
o t t t c rq ) s  : ~ m l  drill c o w  c:isI. of tlii,s(: 
f:riilts i 5  s l h r p t o l i c  wng1onjcr:itc 
with clicrt ~ ~ 1 ~ 1 ~ 1 ~ ~  i n  i a  rliert. nutr ix ,  
tlic ~ i c b b l ~ : s  iwiiig Iinrcly dictingii- 
islinblc iron, the matrix. 'l'liis con- 
gionierntt: is siwil:rr to t h t .  fo i ind  
iutercnlntrd with tlic Rawliidc s1i:ilcs 
:iiril titiis, <,t i  litiio!ogii.:il 1.0 

ivni i ld lw h:rs:tl to till: on: zone. Thc  
drilling t o  GOO fcct  dcptlt f:ail<!:l to 
S i r d  citliou : t n  indimt,i:iu of tlic sk:irn 
m i i t :  or  definite J<noii IIill  or  It:iw- 
hidc fmtwidl  rocks: tiiris s tmvturnl  
correlation across tho c:wt tcrmin;il 
fnnlts is I:k<,king. ! \ ss :miug  t l n t  thc 
ii00 f r r t  I > I I I S  o f  I3rmiklyn E o y i w i l i o n  
i ' o ~ i t d  c:lst o f  tlic i : d t a  is 1 0 5 ~  

I~ro~,klyi t  foriimtioi,, 1,:ts:tI to tlic ore  
zone: gircs  no :inomaloos thickness 
to the lower Brooklyn liere, for  only 
n few tens of feet of lower Brook- 
lyn rocks l i t  between the OPC zone 
and the ICnoh Hil l  forluation west 
of  tlie east terminal faults. However, 
the locality where the lower Brook- 
lyn  thickness can he ascertained is 
600 feet west o f  the  faults, and the  
deep drill ho le  is 600 feet east of 
tliein. (Knob Hi l l  formation out- 
crops 2,000 feet east of tlie faul ts)  
(see Figuic 1 and Sections, I"ignre 
2 ) .  A local Iinsiii may have existed 
here Iieforc Brooklyn deposition, ac- 
counting for the :~i~oin:iloiis thickness 
fonnd in the drilling. 

'I'lie wcst liiiil, o f  tlic ' I "  W:IS the 
Knoh IIill-Iroiisirlr.s-\'ir,tori:, ow- 
body, 2,000 feet lorig, 1x11 to 160 feet 
wir lc ,  :lnd continuing for :tiloart 1,500 
fect down clip. T w o  notcropping ore- 
liodies, e:wh nlxi:it 7 5  {cot thick, 
cn;ilcsi.eil :ilwut 200 fcct down dill> 
 rid tlic Iroily gx:donlly flattcned and 
tliiniierl down d i p  to the east. T l i e  
skarn betwcrn the two outcropping 
bodies, and forming the gangue of 
the Iimging-wall body, is thinly 
banded (a few inches average width 
per hand)  carbonate-epidote-cillorite 
rnck. originally prohnbly a thin-bed- 
ded impure limestone. The banding 
is continoo;is and regular csuept for 
minor d r : q  f o l r l ~  ncxr thc strongcr 
faults. 1'111: foota-:rlI ontcropping nrc-  
hody s l ~ i ~ ~ v c i l  very  l i t t ls  hnding, hut 
contain::d on-strikc leiiscs of  quartn- 
carhonatc rork. particularly near thc 
north end of the mined zone. Before 
minernliz:~tion, these qllarts-rarhotl- 
a te  Imlies coiild liar,: heen citlicr 
fa i r ly  pure limestone into which 
qiuivtz mas latcr introduced or 'pen- 
not-brittle' limestone in whic l~  the 
quarta a.as la ter  reworked. LeRoy 
i h o w s  thK o w  zone in contact, though 
lip a siiiall fault, with barrel, lime- 
qivne on s t r ike  o f  tlie ow zone on 
the  iiortli cnd of .tile Virtori:, S o .  2 
It.vel irarkiiigs ( n o w  inaccessible). 
Diamond drilling indicates tha t  this 
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traiisitiounl l o  t.hc lirooklyn forma- 
tion. 

H N I o A . ~ ! ,  11 I.’o 1’1,) ( I  ! ion 
Thc Ilrooklyn i6,rmation is llost 

to a l l  the major  orehodies in the 
Boundary camp, and tlrcrefore, Irks 
received the nmst stud?. T h e  v r i t e r  
disagrees m:irkedly with former 
workers in  tlrr area on t,lie origin 
a n d  nonicurl:itim nf some of tile 
principnl nienibers of this forma- 
tion. 

(A)-(~(J,rg/o?r,ernle 

T h e  rocks which LcKoy has de- 
scribcti as j a q x r o i d  (siliceous roclis 
formed froin rcplnccmcnt of lime- 
stone) are beliered to  be sharpstone 
conglomerate. As discussed inter, t.he 
slinrpstoiic conglomerate lies, prob- 
nbly unconfonnnbly, on t h e  Kuob 
Hil l  series except where t,lie Raw- 
hide shale forms the base of the 
Attwood series. I.ying conformably 
above the  lower 2,000 feet  of coil- 
glomerote is a lnrge limestone lens, 
up to  two thousand feet  wide and 
about one mile long (see Figure 1) .  
This  lens is postnlnted as a n  unre- 
plnced remnant  by LeRoy. L y i n g  
conformably above the  limestone is 
another 1,500 to 2,000 feet  of 
sharpstone conglomerate, in  vliich 
a r e  intercaled two lenses of lime- 
stone breccia or conglomerate, 
named the  Stemwindcr limestone by 
the writer. 

LeRoy’s description of the series, 
and his evidence support ing his be- 
lief t h a t  the  chert-breccia rock is a 
jnsperoid, is quoted in  considerable 
detail because h i s  piiblication is now 
out of print. 

“The  lower or Brooklyn forma- 
tion consists essentially of limestone 
or i ts  replaced equivalents, while 
the upper  or Rawhide formation con- 
sists almost entirely of argillites . . . 
( T h e  Brooklyn) formation lies o n  
rocks of the  Knob Hi l l  group, the  
basal member of the  former being 
jnsperoid in  contact with the chert  
af tlie latter. T h e  formation is sus- 
ceptible of a t h r e e f o l d  division 
based on tlie character a n d  degree 
of alteration a n d  replacement of the  
limestone. It consists of (a) &ys- 
talline limestone with some associ- 
ated calcareous argillites; ( 6 )  a 
zone of jasperoids with some tuffs, 
argillites, and altered basic intru- 
sions, and ( ,c )  a mineralized zone 
comvosed essentiallv of earne t  ‘ a n d  

.I 

epidote. 
“The  limestone had orieinallv a . , ”  

very extensive development but is 
now represented by a f e w  isolated 
exposures, th? massea usually rest- 
ing  on a floor of jasperiod rocks. 
. . A complicated f a u l t i n s  with 

‘ a  
9’ 

\ 
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ahcnriug :tiid i>rccciiilioii, Iiiis prob- 
ably bct:n an  inportruit f:ictor in  as- 
sisting the  processes which have re- 
plnced so large a proportion of  the 
original limestone by quartz  a n d  
lime-silicates. , . . 

“Inclnded in thc zone of j a r  
pcroids are the jssperoids  proper 
w h i c h  are replacements of limcstone, 
:IS well :is other varieties derived 
froin tiiffr ; argillites, mid f m g -  
mentary masses of intrusive igneoils 
bodies which nrc occnsionaily en- 
countcrcrl only in thc underground 
workings. 

“The jasperoids consist of ovul, 
rounded, oblong, rind subangular 
pebble-like individuals of l ight  grey  
and white quarts, grey, pink, and 
hrownisii chcrts, and reddish-brown 
nnd liright md j asper  in B matrix 
of smnllcr .forms of the  same com- 
position, with calcite and chlorite. 
T h e  indiviilunls vary in size from 
microscopic grains to  masses six 
irlches or more in diameter. Along 
the contact of the jasperoids  and tlie 
(Stemwinder) limestone nnmerous 
residual f ragments  of thc la t ter  are 
included in the  former. T h e s e  occur 
for  several hundred feet  on either 
side of the contact, hut with a notice- 
able diminution of the limestone 
fragments as the  distance from the  
contact inerenses. I n  the  .field the  
rock often simulstes i n  appearance 
tliat of n breccia or conglomerate. 
A h m d i n g  is occasionnlly noticeable, 
with the roondcd cherty individuals 
in an  alignment wliich coincides in 
direction with the n.:l,jor joint ing of 
the  ndjnccnt limestone. The rock 
usually weathers light grey the 
roonded individnda s t n d  out in  re- 
lief ns :I result of the dissolving 
ont of the calcite matrix. 

“In the field, a l l  transitional 
forms are to  he seen, between crys- 
talline limestone on the  one hand 
a n d  typical jasperoid on the  other. 
T h e .  replacement takes place along 
bedding, joint, and fractnre planes, 
the jasper  growing in bands a n d  
tongue-like cstensions which in- 
crease by coalescing. T h e  replace- 
ment also goes on in  a more uni- 
form manner throughout the whole 
mass in t h e  case of some limestone 
bodies, where the siliceous solutions 
have followed the  finer a n d  almost 
microscopic planes of parting. I n  
such stages the  rock (shows) the  
pebble-like bodies s tanding out in 
high relief on weathered surfaces. 

“Under the  microscope the jas-  
peroid is seen. to be composed of 
oval, rounded, oblong, a n d  sub-angii- 
l i r  aggregates of cryptocrystalline 
or chalcedonic and microcrystalline 
quartz  in  a matrix of calcite, with 
some angular mosaics of quartz  and 

L, 

s;,l:ill ii,,,O,,,,li ,,f ],:#I,; qw! ,  <!t,t<>?. 
i tc  niid tirft,s of colourless mica 
(sericite?). T h e  calcite is the prc- 
dominnnt mineral of tlic matrix and 
may represent part o i  tlie original 
limestone which lias hcen rcdepos- 
itcd. Tlic siliceotis :Iggregates arc 
o v d ,  roundcd, oblong, or suli-angii- 
1311 individuals with siiiontli and 
creno1nt.c horderr. Some show 
tonguc-like cstensions i n d i e ~ t i u g  di- 
rections of growth, and irrrgulnr 
and rude dumbell forms. A Scw :ig- 
gregntcs hold s r d l  gr:mui:ir clusters 
of  calcite grains :LS incliisiarrs. i n  
some sli,dcs qi“ar:z cxystnls oi good 
form have dcvelnped freely in the 
calcite portion of the malzix. . . 
Jnsperoids, which wcre originally 
medium-grnined luffs, possibly morc 
or less c:~lcareous, show in addition 
to the above miii,eral constituents, 
grains and phenocrysts of pl:qio- 
clase fe ldspar  a ,few of wliicli show 
evidence of secondary growth, and 
fragments of porphyrites, porpliy-. 
ries, aplites, and effusive types of 
igneous rocks with a partially nl- 
tered glassy b a s e .  . . 

“ I n  the transitional types between 
the limestone a n d  jasperoids the re- 
placenient of calcite by silica fol- 
lows cleavage and contact planes of 
the calcite grains, tlie minute grains 
of quar t s  occurring a s  solitary 
grains or in  clusters in  the f i rs t  
stage. From this stage all types 
showing gradual  progression toward 
the typical. jasperoid niny he sem. 

“ T h e  siliceoiis rocks of the Brook- 
lyn  Formation and the Knob Hil l  
group jasperoids  and clicrts prob- 
ably linv,e n cominoii origin as re- 
gards  the source of the  silica. It 
would appear  tha t  the sourcc was 
ii deep-seated one, and tha t  the 
siliceous solutions rnay have been de- 
rived from t1i.e main gmnodiorite 
batholith during its early stages of 
invasion. . . .” 

T h e  writer is in synipatliy with 
LeRoy’s interpretation of the Series, 
because i t  does not reqnire an  ex- 
planation of the very unnsunl se- 
quence of sedimentation represented 
by the Attwoad series. However, the 
writer maintains tha t  the “jasper- 
oids’ are beds of angular, or sharp- 
stone, conglonrernte in  which the 
chert individuals are original pel,- 
bles, ra ther  than siliceous replace- 
ments. Subsequent metamorphism 
has produced a slight regeneration 
or reworking of some of the  quartz  
and/or chert, but little, if any, silica 
has  been added to  the .bulk of the 
formation since deposition. T h e  reas- 
ons for this belief follow: 

(I).-(a) The rock in  many 
places contnins cher t  fragments of 
different  colours, as mentioned hy 
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within a few inches of cnch 
IIC diatrihntion of these col- 

......I. . .ngn,cnts appears completely 
haplina:ird. I t  is ~io1111tfol tha t  the  
original limestane postnlatcd hg 1.c- 
Roy wns c m n p o d  of v:~r io~ i s ly  col- 
n i i r d  smnll  nnits in which the d- 
our wits  maintained hp the replacing 
silire, and even inore doubtfnl thnt  
the original limaston.: w w  n l l  of one 
~ ~ n l o u r .  and tlic replacing silica 
nhruptly changed colour while re- 
plering each sinnil unit. 

( 1 , )  Some of the cher t  frnginents 
are bandcd. nnd the a t t i tude of this 
bnndinp in neighhouring handed 
pehblcs i s  h a p h ~ ~ d .  

( c )  T h e  composition of thc ncigh- 
honrinp indiridiinls is not uniform. 

I n  an area a few feet  in  diameter 
tliere ‘are, besides the abovemen- 
tioned r.nriously coloured chcrt  peh- 
bles, sparse  pehhles of i p e o n s  rocks 
as mentioned by LeRoy, small slabs 
of slate, and rounded fragments of 
limestone. 

This  heterogeneity of colour, 
structure, and composition of t h e  
fragments composing the  ‘jasperoid‘ 
coold he maintained only if a hand- 
ed jasperoid with included remnants 
of igneous rocks, shale, a n d  lirne- 
stone were strongly brccciated. How- 
ever, the ‘jasperoid’ does not show 
the regional s t ructure ,  of a tectonic 
breccia. 

(2).-Tlie rock is hediled. Shnlc, 
impure liincstone, :ind siltstone Iteda, 
a iciv inrhcs to a few feet  thick, and 
f ine and conrse fragmental beds u p  
to x fern hundreds of feet  thick, 
hnre  conformnhlc contncts wlrcrcvcr 
ohscrved, except ,for several out- 
r rops showing scour and fill. Un- 
equidimensional fragments in  t h e  
fragmental heds a r e  rudely aligned 
parallel to the  bedding (see Figure 
4 ) .  

(a).--Scveral oiitcrops containing 
interbedded fragmental  rock a n d  
siltstone 01 s h d y  siltstone show 
good scour and fill structure. 

(4).-The chert  fragments in  the  
fragmental  beds which a r e  close to  
the beds of limestone, shale, or silt- 
stone a r e  smaller, more rounded; a n d  
hetter sorted in  size than  the chert  
fragments in  most f ragmental  beds 
elsewhere. Also, the fra.gmenta1 beds 
associated with limestone, etc., a r e  
much thinner than most .fragmental 
heds elsewhere. 

T h e  fragmental he& associated 
with the  Rawhide Shale  a r e  com- 
posed predominantly of smoky-grey 
chert fragments, well sorted, and 
metamorphosed to a quartzite. Only 
one or two fmgments ,of  jksper were 
observed in  the quartzite. These 
fragmental beds a r e  lenticular, but 

Figwe 4.-Bedded Brooklyn con- 
glomerate froin foorwall of Old 

Imnsider open pit. 

were ~ O W ~ I C P C  o l ~ r r v c d  transgrcs- 
sing the  bedding in  the s l ide.  

One  typc  of fragmental bed, DSSO- 

ciatcd with some of thc limestone, 
i s .  onosual. T h e  rock, termed the 
’Pennut-Brittle. Timestone‘ by the 
writer, is the rock LeRoy postulates 
as :L transitional stage in  the  silici- 
fication of limestone. T h e  rock cnn- 
tains many well rounded, frosted, 
whitc to light-grey chert  fragments 
of one-eighth to  ow-quarter  inch in 
diameter ill a limestone matrix. T h e  
ovoid fragments in  any  one bed have 
a very small range in  size. T h e  
chert  ovoids do not touch one an- 
other in  innrip of tlie specimens es -  
aniined. T h e  ‘dunibeil‘ forms men- 
tioned by I.eRoy were not  observed 
by the writer. Those which LcRoy 
noted coold have been formed from 
two touching chert ovoids. I f  these 

‘cher t  ovoids were formed by re- 
p1:ic.cincnt of liinestonc one woiild 
cspcct  tliciii to r:iry grc:~t ly  in  s i x  
2nd shape, and to he accompanied 
by veinlets of quartz. T h e  evidence 
strongly suggests t h a t  the  chert  
ovoids arc windblow~i pebbles. 

Beds composed of quartz or cher t  
san,d in a limestone matrix were 
fmmd in the area. T h e  sand in  these 
beds is probably windhlown. 

(R).--I.ell.oy incntions that  limc- 
stone remnants a r e  numerous in  the 
j i spcro id  near the  contact with 
limestone, and become less niinicrous 
as distance froin thc limestonc in- 
creasas. Tlrese limestone individuals 
or  ‘remnnnts’ a r e  found in great  
abundnnre near the  two Icnses of 
iirnestone hrcccin or conglomcrnte 
called the Stei~iwindar  Liinestone 
(Hee Irelow) oiitcropping near the  
Stemwinder inin,e (sce Figure 1). 
Thc individiials are rounded to soh- 
:~ngolar, irnd Iravc slmrp contacts 
with t.he encompassing frngincntnl 
clicrt rock. The writer helicvcs tha t  
thc limestone ‘remnants’ a r c  actonl- 
ly pehhles and bonldcrs deposited 
with the chert fragnients. It is r e d -  
i red  tha t  rlastic limestone is un- 
usual, and can exist only wliere the  
sediments have undergone very short 
transport. However, a short  search 
of geological literature resulted in  
f inding several other examples of 
limestone conglomerate. 

(B)-Lincstone 

Overlying the lawest or hxsal 
band of the sharpstone conglomerate 
in  the Phoenix area is :L lens of lime- 
stone reaching a maximini t,liickiless 
ef about 2,000 feet. T h e  limcstone 
is light-grey to crcanr, wit,], ahund- 
a n t  shalt nnd/or ,siltstonc laminn- 
tions in plxccs. I t  is continiloils f rom 
th,e I.daho mine a t  I’hoenix to  ncnr 
the Grent  Nortliern Railway grade, 
nlmut nnc n d c  north of tlic Iilnlio. 
Unfortunntclp, the nortliern tcrmina- 
tion is drift-covercd. Tlic limestone 
h n s  an appncu t  thirlincss of 1,500 
i m t  wlicrc i t  goes under the  dr i f t .  
Beyond the  drift-covered aren, 2,000 
feet  fa r ther  north, the  outcrops a r e  
Knob Hi l l  formation. T h e  southern 
termination, near  the  Idaho mine, is 
similarly abrupt, bu t  undergroLind 
workings afford good exposure en- 
abling one to examine the  termina- 
tion. 

T h e  beds of limestone, with minor 
shale and siltstone, grade, in a few 
tens of feet  a long strike, into a 
zone of alternating carbonate-rich 
and chlorite-rich bands. T h e s e  hands: 
of carhon:tte and chlorite arc n few 
inches thick, and are  uniform a d  
persistent. T h e y  probably represent 
‘hcdding. They continue south for  

Kootenay Power Line  (axvay from 
thc mincraliscd area of the Idaho  
mine the hands a re  andesitic tuff or 
greywacke and impure limestone 
rather  than  chlorite a n d  carbonate). 
South of the  Power Line  they a r e  
intercnlcated with and grade into 
fine-pebble sharpstone conglomer- 
nte. 

:ibnnt 2,000 feet  to near the w e s t  
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