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GEOLOGY OF THE NORTH BRADFIELD RIVER IRON 
PROSPECT, SOUTHEASTERN ALASKA 

By E.M. M ~ a I h m m ,  JR., andM. C. Bwm, JR. 

IBmnAm 

The North Bradfield W v e ~  iron prospect Is in mtbeaot~m slnska in rtlgged 
k r a h  about 8 milem m t h w &  of the Canadtan hnndarg and about 16 milem 
northeartt: of the heaa of BmdBeld Canal. The p w a m  includes magnet- 
iterich ore Wiw of pymmetammatlc oddn that are Imllzel in altssn. The 
skarn form8 a small PIT ot a northweatward-hdlag m f  pendant that ifl 
encloml in the compotllite Conat Rawe batholith. The domimnt mIrs of the 
mof pendant are jpelw, gmnnllte, whist, and marble. The ore, which ~pnalsta  
almmt entidy of magnetite, contains subrdlnate arnounta of hematite, hydrous 
Iron 8esqdoxldm, pgrrhatite, chalcopyrite. and malachite, The ore bodies are 
m d e 4  stratiform and app&rently dlmntinnoua. The largeet ow M y  e r p o d  
B traceable for about 350 feet along I t s  strike ma averagwr abont 25 feet In 
We-. 9s accnrate appraisal of me economic potentkl of the pros- was 
Prechded bg pmr wterop, 1-1 snow mvm, mand Jnadeqr~ate mbenrtace datft. 

ZNTRODUCTION 

The. N o d  Bmdfidd River inm pmqmt ia on the mainland of 
s~uthewbrn Alaska abut 40 miles mnthemt of Wrangell, 8 mi188 
muthw& of the international bundary, and 79 mimi north of K&h- 
i h  (fig. 1). A m  to the pmqect is mainly by aimmft, m& 
pmctically by helimphr. Skilled pilots can sometimes land mall 
bed-wing aircraft equipped with floats on suitable parts of the 
North Brad6eId River about 5 miles from fhs p-, but such 
landings, which ttm governed by water conditions including the va- 
garies of the shifting ~aorse of the river, irre nut alwap pomible. The 
prospect csn also ba m h e d  by hiking h r  a di~ance of about 15 
miles over i l l -def id  trails from the limit of n ~ v i g ~ b l e  w a r  art the 
head of Bradfield Canal, but overland travel is slow and Miow. 

The p v t  is within highly dissected terrain w& of the crest of 
the Coast Range, a 1.egion chamcterhd by steep topography, many 
swift streams, heavy pmcipittttion, many alpine glmiers, and KL few 
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mowfieIda. The prospect area m p s  in altitude h r n  400 ts 4,000 
h k  above sea level. The region supporh a denm fomst b low alti- 
tudes of 2,600 feet, but at higher altitudes the vegetstion consists of 
various p a s e a ,  shrubs, and lichens. 

1.-bdar map d *anthsn#tma Alaah ohowing the Imdw nf tbe North Br&ddMd 
Rl* Iron prwpcct. 



NORTH BRdDFfELD R m R  mm PRO8PECl', D3 

Rennsth Eichner of K a t c h i h  (oral mmmunic&Ition, 1980) n d d  
the iron- and copper-stained outcrops that chamchrize some of tjhe de- 
paits from the air during the summer of 1955. Lahr in the summer 
of 1955, Eichner's praspting partner, Paul Pieper of Rehhikan, 
inmtigatd the stains and &ked cIaima in the area. %wml mpm 
sentativea of & i  companies have examined the prospect, and their 
investigstiona were supplemented by an aeromagnetic sumy and by 
six diamond-drill holes totaling 186 feet in len@h. J. A. Williams of 
the Alaska Divjsion of Mines and Minerah (written mflvnunication, 
1960) bridy exmind the prospect during 1957. Enlargements of 
natnral e x p a m a  by lmal removal of overburden constitute the d y  
workhga. 

The few previous geolq$c inMigstima in the gememl @on son- 
s l s M  of mmaiasance mapping. The general geolw of the region, 
largely inferred from mapping done along the shores of Bradfield 
Canal, ia shown on m a i s s a n c e  m a p  by Wright and Wright ( 1908, 
pls. 1 and 2). Nwby mas of British Columbia ham been map@ 
by Kerr (1948) and by the Geological S m y  of Canada during "Op- 
peration Stikines' (1957). 

The present kmtiption comprid  (I) dehd& @ugh nmpping 
of an a m  of approximately 1% q u m  mil= that contains the best 
ontemp and the most, promising known mineral deposits md (2) 
reconnesiwnm geologic mapping of a contiguons area of 2 square 
miles supplemented by inhrpmhtion of aerial photographs md re- 
comai~ance by helicopter (pl. 1). All the mapping was done at  a 
male of 1 : 20,000 on a bpograpbic bn.m enlarged from the Bradfield 
Canal (W) quadrangle (1955). Two wedm during h e  and July 
1960 were spent in the field. A large part of the area that was mapped 
by mnnaissanca methods is c o v e d  by den- vqqhtion, and many 
north-facing hillaides in the araa were covered by maw during tha 
period of the fiddwork. It is unlikely that detded mepping of thia 
part of the area would yield significant additional data. A reeon- 
naismnce d i p - n d e  s t u m p  {pl. 1) was made of the part of the area 
that was mapped in detail. The Iaboratory investigations included 
th ind ion ,  polished--tion, spectmgmphic, and X-ray studies of the 
mka and minerah and mined identifications wing oil-immersion 
&hniquea. 

The miters p W y  acknowledge the cooperation of Kenneth 
Eichner and Pad Pieper, the owners of the prospect, who assisted 
the ievmtigstion in many ways, of Ralph Pmy of the Alaska Divi- 
sion of Mines and Minerals, who freely shared his knowledge of the 
pmqmt, and of Joe Soloy of Terneco Copters, who provided reliable 
and dependabln helicopter t~~~nsprtation. 



The regiona1 geology netrr the proepect is not well known. Jt iis 
characterized by plutonic m k s  of the Coast Range batholith and 
by metamorphic rocks of divem composition thmt form mainly north- 
west-trending roof pendants. Remnnaimnce maps by Wright &nd 
Wright (1008, pls. 1 and 8) show the region near the North Bradfield 
River tn be underlain by plutonic rmks. Ruddinffton and Chapin 
(1929, pl. I) mapped much of the Brea contignous to t,he eastern part 
of Rradfield Cand as gneiers during their monnaimnce mapping of 
southsagtern Alnsks, Mom m n t  work by Cansdian geologists 
(Herr, 1948, map 311A ; Qmloaical Survey of Canada, f 957, map 
$1957) indicates that the nearby p~rtEl of Briti~h Columbia, east 
and northeast of the prospect, am largely underlain by a variety of 
metamorphic Focka mging in age from pre-Permian to Triassic and 
by Mesozoic granitic rocks. 

Most m k s  at the prmpect ere of metamorphic origin and form the 
northern p ~ r t  of a cornplsxly folded roof pendant (pl. 1) that probably 
continues mutheaskward for m n y  miles. The major structural fa- 
ture in the northern part of the pendant is a syncline that plungw 
northwest and is o~erturned ta the southwe&. The pendant is en- 
mpad by quartz monzonih, probably the dominant batholithic 
m k  in the general area, md is intruded by d i h  or dikelike bodiw 
of qna&z diorite, aplite, and Jaskita. Along the North Rradfield 
River and aome of its tribahries, the cmalline mks are locally COT- 

emd by glacial till and flnvioglacial deposits of Quaternary age. The 
potential ore at the prospect forms masses rich in magnetite of pym- 
meta90mstic orign that am associated with skam within the met* 

The m-orphia m h  wem subdivided into five artngraphie units 
(pl, 1) : a lower gmeiq panulib and schist, marble, skam, and an 
upper gneiss that contains subordinate xhist and &am. Them rocka 
are probably mainly in the sillimanite-~h9rf!din~ subfwies of the al- 
mandine smphiblita f acies as defined by Fyfe, Turner, and Verh-n 
( 1958, p 230,231 $ . 

Mwzm Q-% nmm 

Gneisa of the lower nnit is distributed extensively in tha southwest- 
ern and southern partrs of the prospect a m  (pl. 1). It is well expoeed 
an Hi41 9405, whem it locally fonns craggy wterops an eteep south- 
facing hillkdes in the southern part of the area, and along several 
canyons cut by tribubrim of the North Bradfield River. 1n places, 



both east and we& of the river, gneim crops out forming b l d ,  deep 
cliffs. 
The lower gneiss forms the basal part of the syncline, and it is a v e ~  

l ~ i n  by grnnulite-schist and locally covered by unconsolidated fluvio- 
gl.lsci~1 deposits. It is intruded by quartz monzonih and by a few 
thin alaskita dikes and sills. The gneiss mntains numerous quartz 
veinleta as much as 3 inches thick that are parallel to the foliation. 
Conltacta between the gneiss and the other metamorphic rocks ace 
Rteep and gradational over several tens of fmt and appear te be 
conformable, but the contacts between the gneiss and the quartz mon- 
zonite are g m ~ l y  discordant. The gneiss is the thickest metamorphic 
unit, and in the muthem part of the map area its outcrop is as much 
as 5,300 feet wide, 

-OMBY I)RD PETBOG- 

The gneiss is medium gmhd and has minor hegrained fncim, 
It ranges f m  light to dark gray when fresh and is brown when 
weathered The gneissic texture is mused by alhmating felsic bands, 
2 to 4 mm thick, and msfic bands, 1 mm thick. The mafic bands, 
which cons& mostly of biotite, are locally stresky or lenticular and 
have well-dehed foliation. The dominant minerals of the gneiss 
am plaR.ioclase and quartz. Biotite wid, less commonly, hornblende 
 re the principal mafic minerals and canstitate between 10 percent 
and 40 parcent of the gneiss. The mineralogy of the p e i m  is sum- 
marized in tabla 1. 

0-AMm- 

F k b  of the granulite-dist unit f m  the noee and Is* parts 
of the limb of the syncline (pl. I). They mnfomably werlie the 
lower gneiss: and am o~erlain conformably by mnrble or &am The 
pnulite-mhist unit contains the lowermmt of the two main rn~&la 
horizons and a few small marble l e m  Thwe calca~'$ous rocks are 
dam-ibed under "Marble," page m. Gmulite and schist constitute 
the periphersl m k s  of the roof pendant throughout the north- part 
of the prospect area, where t h g  have been extensively i n t d d  by 
quartz monzonite. Tha intrusive mntacts are generally b r p  and 
discordant overall, m n  though most of hhe observed mntacta appear 
to be concordant. The granulibschkt unit is cut by a few dikes of 
almkite and aplite and is locally overlain by till. Owing to structural 
complexity, the thicknm of the granulibschist unit mmat be mu- 
W I y  determined. The maximum outcrop width of the granulib 
achist unit is about 1,750 feat. 
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itq and amphihlite. Mmy of the mks are closely related in m- 
position and texture and are difficult to distinguish fPom each other 
in the field 

The p u l i b  is a felsin mck that contains: quartz and plagioclase 
and subordinate biotite md hornblende. 'Its lem mrmnon mriants 
contain angite, diopside, or garnet. The schists am mafic mks that 
am rich in biotib. The minor amounts of p e i m  in the granulite- 
whist unit consist mostly of qua*, plagioclsse, and ~ ~ r g  horn- 
Mende md biotite. The impure quartzite mnsi8tS largely of a m ~ i c  
of h e - m i n d  quartz. The amphibolita ig mrnposd of hornblende 
and subordinate augih or diopside and plagiodsws. Except for the 
arnphiboIit~, which is dark brown to black, the rocks of the granulite- 
schist assemblage am mainly medium gray on fresh ~uPfaces and brown 
on wmthemd wxrfaoes. 
MQ& of the grmulita is gcan&l&ic in texture, bnt some of it is 

mkhi- or porphyroblastio. The prphymblastio varietim mn- 
t a b  coam-gmhed porphyrobh& of garnet or pyroxene. Analyses 
of the garnet porphyrchlask indicate that they am rich in the almanr 
dine molacula ma contwin l w m  amounts of pynope, p d a r i &  and, 
unmmmonly, spaaritite (table 2, samples 1 and 2) .  

t FeO dehmhed 8 obemlcal bg Leon& 8ea V.8. W1. !Foblimn Ca6 md 
MnO dsUnmhled b$ %-ray llummat tqma~orm by a. B m m a c k ~ :  C. M~~@'o.B. bnol. 
&ww. Cdrmhta on the awumptian that the fi818ted e d n a m e l m h l e s m ~ t  4he m l y e n ~ ~ m b e m  
prssent;theamonntotppro~ beingdeWmnhed bythsWmcebetweenthesumoftbeotherendnrembers 
and 1W percont. 

The schist wdea  f m n  a typical strongly foliated tihat is rich 
in biotite to s & s c h W  m k  rich in felsic mmtituenta Tka g n k  
and tb impure quartzite are inegdmly banded roclaq and the 
amphiobolib is g~moblaptio in texturn. 

1 
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11.938 
f 1. a1 



The mineralogy of the rocks in the gnmulibschist mit ia mm- 
nrurrized in bible 1. Semiqnantitativa spectmgmphic s n i t l p  of two 
ssrnplrn of schist am shown in able 3, Ths standard sensitivities of 
the 66 eIements swght in the miquantitative qmtmpphic  anal,lg.ses 
are s h m  in table 4. 

TABLB 3.-S-ntif&w qwdroprophic analyses of rocka a d  ors from tAa North 
Bradfild Riuer iron p-ad 

ras made f r  Bbelmmtg but onty elemrots that wwe debedad are 1l.rtad. numbem re-t 
mldvolnts or m a u ~  dsta on s &tr!c scale; km'e-s are mv&N tn tbe n-t &bar in the 
7. a, 1 b.O,T, 0.3 0.1 and so on h pnrcent. M major constftuent >I0 p r m t :  l e e d ~ s  muuht but not 
deteFfA. An~ystfk.  O. ~ a v h * .  U S. OW1 Survey. -pic l&#ons s h o r n  OIL blntn 1.1 

The marb1e oocnrs mmainly in two di- layers: a Imm layer 
within the gnmulih-schist unit and an upper layer that overlies the 
gsanulite~hist. Elsewhem, marble h m  smd3 lenslike masses within 
itha upper g n e i ~  and the pnuIib+schist. Two of these masses are 
shown on plate 1. The lower marble is largely in contact with gram- 
lite and schist and-less extensivsl y-with skam, alaskite, and qu& 
monzonite. The upper mnrble commonly overlim the gmnulite-schist 
and underlim shm, although--locally-it is in contact with mks of 
the upper gneiss unit and has been intruded by alaskite dikes. Con- 
tach between the d l e  and the other m b  are commanlg h r p  and 

aYapls Nma Or Cu 

............ 
........ ..... ...... ........ 

........ ............. ....... 
1 ....... 
7 ..*.... ........... -.-..... ........ 
8. ........... do .............. 

Sample - 
I ....... 
a ............ 
8 ....... 
1 ....... 
8 ....... 
n ....... 
7 ....... 
8 ............ 

- 

hmpla Name W V  K Yb Zf - 
---... ........ ....----.--. .-..--.... .....-.- 

- 
L 

....... a 
9 ...---- ...-. C 
6 ...... -... 
e... .... .......... ........ ........................ 
7. ...... Iron .......... ................ ..-.-. 
& ........... do.. ........... 003 ........ 

Nam@ 

BOW ........... 
do .,.,...... 

Mntbk ....--...- 
C h i ~  ( p ~ t  ... 
Qlartz djorlb.. 
a l~trte ......... 
ken om ......... 

do ........... 

Fe 

I 
7 

,A6 
8 

.a 
M 
U 

08 

o.w 
.,MI& 

.m 

. m a  

.nola 

K --- 
s 

-.;&i---....------...- 
3 
3 
s 

....................... 

M g  

a r 
7 
3 
a 
.IS 
. l a  
t 6  

-- 
La 

................ . a m  
- -  
.m 

........ 
................ 

aia 
,111 
"om 
. la  
.m 
-016 
. is  
. 7  

M o  
.---- 

.......... .......... .......... 
.+-.._-._- ---------- .......... 
<am 

<.OD9 

NB 

1 
a 
i 
a 
a 

-07 

Nb 

........ 
a m  
I::::: 
---+ ---- ........ ................ ........ 



Dl0 MINERAL REPOURCEB OF A L A 8 A  

T A B L ~  4.-8hdad a e d i t d i e s  for she 88 e I d a  in tAa wmip~&'rrs 
spixlragraphic andyata  

well defined, e m  though mme of them are hguIar. A few ma11 
pahhes of skam and m n  are rocalized along Mdhg surfam in 
parta of the upper marble. 

The marbles have been thickened and thinned by folding. The 
thichws of the lower marble ranges from 50 ta abut  250 feet, and 
the upper marble ranges in thickness from s few feet to a b u t  100 
feet. Convernirm of parts of the mafile, partid~rly mrne of the 
upper mmblq to skarn has also contribntd to the change in thicknes. 
The marble Tenme- common1 y average about %3O feet in thichm. 
Mu& of the d 1 e  is in beds between 4 and 10 feet thick, but the 

l o w e m  40 m 50 feet of the lower marble is generally characterized 
by thin marble beds only a few inch= thick. The 10wermost part of 
this marble is platy and is lmdly fractured and hthmd. The 
marble p e d y  forms bold outcrops that, in pkes, form cliffs 

?mROLDOI Aam P E T B Q I U F E T  

The marble is a whih, light-my, or bud c~ytdline rock that mm- 
m d y  weathers tan. It generally haa paor17 defined foli~tion, h d -  
ing, a n d - ~ f l o o ~ n l y 4 m u d ~ n a ~ ,  M& of the marble is rel&ively 
pure and consist9 almost entimly of a pnoblastic mosaic of mlcite 
and 1- than 1 or 2 percent other minerals. Minor variants of the 
mahle contain as much as 15 pemnt chonddite, dolomite, and 
tremdite. The dominant mloitre: is twinned and is mainly between 1 
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NORTH BRADFIELD RIVER IRON PROSPECT, Dl1 

and 3 mm in di~rneter~ but ih has size extmmes of 0.1 and 5 mm, The 
minemlolgg of the marble is summarized in table, 1, 

Qua* or calcih veinleh local 1 y cut the marble. A mnignantibtim 
~ t m g m p h i c  analysis of a sample from the lower marble horizon 
(tsble 3, aampla 8) show a, high calcium content and a fairly high 
magnesium content. 

m R M  

The skam is most exhmiive in the upper marblq prticuIsrly ad- 
jacent to the upper gneiss mi$ and less exhnsive in the upper gneiss 
and in the lower marble. The skarn is of economic interest, becam+ 
locslly-it -&ins iron am. 
Th e  skarn i s  commonly Imdized between marble and the m b  of 

the upper gneiss unit and 1- commonly between marble and mka of 
the pnulite-=hist unit. h l l y ,  the skam has been intruded by 
a p p h y s  of slaskite or quartz diorite. The contach b&w= shm 
and the other rocla am sharp bnt, in p l q  imgular, The wide- 
sp~.ead skmm that is misted with *e uppr marble haa a maximum 
thick- of about 100 feet, but most of it is between 20 and 60 feet 
thick. The other dram Mies are commonly 10 to 30 feet think 

The &am is a dense m k  that m m m d y  is dark my or dark p n -  
ish gray on frash surfwm and dark b m  on weathered surfaces. 
Tha skarn is mmpoesd mainly of prnet and diopside or augib, but it 
contains a variety of 1- abundant tmnstitz~ents. The mineralogy of 
the akam. is summarized in table 1. The minerals of the &am range 
frum 0.1 to 7.0 mm in diameter and avemgn betweem 1 ~ n d  4 mm. 
Parts of the &am m& slmost entirely of magnetita and m~~~tittlte 
high-gssde iron o m  

The garnet forms mainly orgstals that are eahedraE err subhedm1 
mid commonly contain numerous minute poilrilitic inclusions chidy 
of augite. It consists of a mixture of the andmdite and gmsmlarib 
molecdes; andradita ia p e r a l l y  the more abundant. Prupertiea of 
garnets h m  three of the sknrns am given in table 2 (mmpIes 3-51. 

b I r s  of the npper gneiss unit form the core of the overturned qn- 
cline ( pl, I). The upper gneiss is in conhct chiefly with skarn and, 
less aomonly, with the upper marble. Locally the p e k e  has baen 
intruded by apophps of almkite and quartz diorita and covered 
by till. Contracts betwwn the uppar gn8iss and other m h s  a m  corn- 



manly eharp. An murate debmination of the t h i c b w  of this unit 
is pmlnded by many minor folds, but the sppsmnt maximum thick- 
ness is a b u t  1,900 k t .  

The upper gneiss unit consists of gneiss and minor amounts of &am, 
schist, and mwble. The gneiss is s gray medium- to finepined m k  
that weathers brown. It is similar to the gneim of the lmer gneiss 
anit egcept that i t  lmlly contains diopside or sugite, The dominant 
minmh of the upper @us are plqimlam, quartz, and hornblenda 

Tha mineralogy of the upper gneiss is summarized in table 1. A 
gemiqnmtitative spectmgrrtphio analysis of a typical nugit*horn- 
blmde-andmine gneias from this unit js shown in table 3 (sample 4 ) .  

The minor whiat, skarn, and marble in the upper gneiss unit am 
a i d  a r  to such mks previously described. 

The geologic age and correlation were not eahbTi&ed for the m a -  
morphic rock of the roof pendant at the p- No f-ils were 
found in thm rocks, and mehmorphism probnbly oblitsmtd any 
fossils that may once have been present in the mka 

Buddington rrnd Chapin (1929, pl. 1) believe that the gneiss near 
the east end of Bradfield Canal was derived from mkn ranging in age 
f m Ordovician to J u m i c  or latar. 

Perhaps s mom definite correlstion can be made between the meta- 
morphic mIns of the North Bradfisld River and similar mlm exposed 
in nearby pat'ts of British Columbia, which are omlain by fmilifer- 
ons Permian l i m w n e  and are considered by Kern (1948, p. 22-26, 
map 3 1 U )  to be pmPermian in age. Mom m t  mapping by 
Canadim geologists (Geotogicsl Suwey of Canada, 1957, map 9- 
1957$, however, suglgests thwt mmt of thase metamorphic rocks of 
British Columbia am Permian or earlier pmmiddle Permian in age. 

Tho plutonic mdm at the are pert of the imrnposite Coast 
Range batholith and mnsist of quartz monzonite and quartz diorite. 
Quartz momnite is t h ~  dominant m k  in the plutonic m w  adjacent 
to the mf pendaat, and quartz diorite forms small mhfitie dikal ike 
bodies that cut the; pendant. The quartz monzonita intrudes rocks of 
the lower pteiss and the granulite and schist, and-lmally-it is over- 
lain by tiL1. The mntrtck relationships between qnam m o m i t a  and 
and the metamorphic mks have b n  previously d d b e d  b I l y ,  
the quartz rnonzonite at and near contacts is fmctured and shatted. 



A p o p h y ~  of quartz diorih, a8 much as 100 feet thick, have invaded 
rocks mainly of the upper gneiss unit and darn. 

Ths quartz monzonite is a h e -  or medium-pined leumcrstic rock 
hsving hypidiomorphic granular and cataclastic taxtures. Quartz, 
R-feldspar, and plap;imIase, which genemllp occur in nearly equal 
amounts, constitute between 90 ~ n d  95 percent of the rock. The quartz 
forms anhedral crystals leas than 1 mm acrw and occurs also aa late- 
stage quartz that occupiers fractures that were produced during cata- 
clwis. The IC-feldspar is in anhedral or subhedral microperthitic 
c r p t a . 1 ~  between 1 snd 5 mrn long and, in places, is grid twinned. 'fha 
K-feldspar sumunds and embrtys plagimlasa, and less commonly it 
fo~ms vermicular intmgmwLhs with quartz. The plagioclase f m s  
normally m e d  subhedral crystals that a m  lass than 2 nun long. It 
is main1 d i c  turdesina and calcic oligmlase. 

Awmsory minerals generally mnst ituh between 5 and 10 percent of 
the quartz monzonjta. They comprise hornblende, biotite, opaque 
minersls, qhene, apatite, zircon( I c ) ,  and monazite( 8). One sample 
of quartz m o m n i b  t.hat appamtly has d with the w d  k k  
dm contains augitq scapolite, snd misite. The plmhmism of the 
hornblende ia either X, tan; Y, tm; and 2, brown; or X and Y, light 
p n  ; 2, dark V n .  The pleoehmism of the biotita is X and Y, tan ; 
2, red brown. The sparse opaque minerals mnsist mainly of magnetite 
and ilmenite. The m n d a r y  rainsrals ~m day minerals that have 
altsred from feldspars, hematite and limonite( B) that have altered 
from magnetiim; and leumxene, chlorite, and dimmisib that have 
altered from ilmenih, biotite, and hornblende or a@% mpectively. 

The quarts diorits is a fine- or medium-grained rock of hypidiomor- 
phic granular or porphyritic texturn. It is flecked with mafic min~mls 
and stained greenish brown on weathered surf tws. 

!The dominant m i n e d  of the quartz diorite is plagioclasa, which 
mmonly forms normally zoned crystals of mdic andesine, Plagia- 
clme constitutes the phenocrgm and is the chief groundmass mmti- 
tuent of the porphfitic quartz diorite. Quartz, which forma fin+ 
grt~ined anhedral crystals, constitu- between 5 ~ n d  15 pemnt of the 
quartz diorita The common mafic minemls of the quartz diorite are 
hornblende and biotite. The hornblende is plmhroic with X, yellow 
or yellow PER; Y, brown or green; and 2, brown ar dmp blue green. 
Tha pleochmism of the biotite is X and Y, tan; 2, reddish brown. The 
minor wnsti tuents of the quartz diorite 4cre sphena, K-feldspar, mag- 
netite, Ilmenite(?), and allmite(?), and the secondary minerals are 
clay minerals and leumxene. A semiquantitative spectmgmphic anal- 
pis  of a quartz diorite is shown in table 8 (ssmpl e 5 )  . 



Dl4 MINERAL RESOURCES OF MAW 
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Field evidence for the a p  of the North Brafield River plutonic 
m k s  ia meapr. These m b  intrude metamorphic mks whose age 
mujd nd ba accumtely ascertained, and they are lmlly overlain by 
till af Quaternary age. 

Wright and Wright (1908, p. 71) consider the plutonic m b  of the 
C& Range bntholith in the Kebhikan and Wmnpll mining dis- 
tricts to be Mesazoic in age. Buddington and Chapin (1929, p. 258) 
cite evidence indicating th t  the rmks of the composite Coast Range 
blrtholith are late Jurassic or Early Crehcmm in age. Kerr ( 1948, 
p. 471, on the basis of his field work in British Calnmbi~, believes that 
the composite Coast Rmge batholith ranges in aga from Triassic 
to Early CreWus. 

More recent atbrnpts to date .parts of the Coast Rang  batholith by 
imtopic methods favor a C r s t n c ~ ~ t l ~  age. Matzkcr, JaEe, and Waring 
(1958, p. 6321, u ~ n g  the Id-alpha method, determind a diarite 
from Tolstoi Point, on Prince of Wales Island abut  53 miles S. 40° 
W. of the p e  (fig. I), to be 103 million yesrs old md a grano- 
diorite from T u r n  Lake, about 185 miles N. 31" W. of the pmpsct 
(fig. I), t. be 93 mXon yeam old. Both ages fall within the Cre- 
tatem8 Period. The diorite was oollectd and described by C. L. 
S a i n s b q  (lgbl, p. 3 3 W 9 ) ,  and the pnodiorite mm oollectad and 
mprbd on by George Plafker (1982, p, 148 $ . 
Rd@, Folinsbee, and Lipsbn (1901, p. 6943, on ths bw3ia of 

potassium-argon determinations on biotites from pni t ic  rocks from 
British Columbia and the Yukon Territory, conclude that 
the mld-Cmtaceous a m m  to have been the time of major lnhalon in Britfah 
Golnmbia, with theemplacement of the Foast Range Intmsiva mass, the Classiar- 
OmIneca batholith, a r l y  elementn of the Nebon batholith, and ou2lying p lut~ l s  
such as the It81 batholith of the Yukon. 

h y p ~ b p d  wks st the prmpct msist of alaagib that foma 
dikes md irrqphr dikelib mmcsses and of wbordinata aplite dikes 
The d&te W e e  are as mnch as 200 feet thick and 2,250 feet long 
md h v e  i n d d  the mulib-schist, &am, marble, and upper 
gneissl. The aplita dikes, which include minor pegmt~titic fttcies, are 
h m  $ 3 feet thick, and intrude mainly grandib and =hi& 
Both the alasEcite rand aplih dikes are localized in steep joints that am 
appmximately perpendicular to fold I&XW and in f m t m  that am 
parallel or subparallel to the foliation of the host mk. The hype 
b-1 mks m p m t  probably a late phase of the Co&st Range bath* 
lith and are pmhbly Cmtmmtls in age. 



FEmROljo(;lY A m  PZDT&Oa- 

The aI&te is a fine- to medium-~ined  l e ~ ~ a r a t i c  rock that is 
wkta or light gray. It is hypidimorphic granular in texture and 
msists pmponderantlg. of quartz, R-feldspar, and plagioclase. T h e  
plagiOGZwe is normally zoned throughotlt about 5 percent of the 
d c i c - o l i p h  range. The K- feldspar surrounds and ernbays plagi- 
o c l w  and is mainly grid twinned. Minor myrmekitic inbrpwtha 
have formed between pltxgimlw ~ n d  K- fel dspar. The lesser primary 
constituents am biotite ( which is plmhroic f~mm tan to dark brown), 
garnet, mapetite, and monazite(?), and the mndary minmls are 
hematite, clay minerals, and chlorite. A ~emiquantitative spectm 
graphic analysis of an dadcite is shawn in table 3 (88mp1~ 8). 
The aplite is a white ta light-gray rock that is h e  grained and 

momorphic p u l a r  in t~xture. It aonsists of atbnndsnt qua& 
and K-feldspar and minor %mounts of plagiwlase and biotite. Its 
coarse-grained pegmatitic h i e s  am corn@ mainly of quartz and 
perthitic K-feldspar. 

The mtrficial dsposita were only mmrily examined during the pm-  
ent investigation. They consist of till, which is exposed in a valley 
of a tributary of the North B d e l d  River, and of fluviog~~irrl 
deposits along the North Bradfield River (pl. I). The till consists 
mainly of large gmmitic boulders and probably is as much as abaut 60 
feat thick It was deposited by a =ding alpine glwier w h m  
terminus in f 960 was less than a mile east of the map@ nma The 
till is probably Iargely or entimy Recent in age, 

The fl nviogldal  de@k range in composition from h e  sand to 
bulders, but they itre wrnpsd mainly of gravel, They comprise 
fmgments of many m k  types, including diverse mebmorphic and 
igneous m h  These deposits probably are less than 25 or 30 k t  
thick in the ma& a m  Like th8 till, they are probably mainly or 
entirely Recent in ap. 

BTB- 

The stmctum at the pmspct is dominated by a mf pendant trend- 
ing northwest within the plutonic t~ch of the Coast Range batholith. 
The metamorphic rock of the mf pendant nm strongly folded. Tim 
mlajor ststructural feature in fie pendant appears to be a syrrcline 
that is overturned to the sonthw~t,  strikes h u t  N. 4QD W., and 
plungea about 20" NW. Many minor folds are superpad on the 
limh of t h i s  sgncline. 

The few faults that were wgniesd have displacemats of a few 
f& md could not lm t d  for more than 600 feet along S~&B 



Some of the h t u m  that am shown rts lineaments on plate 1 may 
represent faults, althongh most are probabTy joints. These features, 
which were plotted from aerial photci=gmphs, c m  be traced for several 
thousands of feet along strike and tram& both metamorphic and 
plutonic rocks, but m t  of them do not m displm gwlogic 
contacts. Minor faulting is indicatsd by local M u r i n g ,  shahbring, 
and similar W a s t i c  effects in both the metamorphic and the plu- 
tonic m&~ near the mntacts of the pendant. 

Joints m locally well formed in the metamorphic m k a  They 
crrmmonly strike N. 4O04W0 E. and dip diversely; less commonly, 
joints trend northwed, nearly parallel with the foliation. Moat of 
the northeast-st- joints am probably A 4  j oinb (joints that are 
virtually perpendicular to tho nxes of folds). 

The m y  minor folds general reflect the trend of the major struc- 
ture of the pendmt, but a few of them h n d  diversely fm the 
major ststructure. T h e  minor folds include many small anticlines 
and syndines, many which are omrh~med, and mdl dmg folds. 
Only a few of the minor folds are shown on plats 1. 

Foliation is well d e h d  in most of the metamorphic mks, par- 
ticularly in the schist and gneiss, whera it is k t  exemplified by the 
planar orientation of biotite. The foliation is probably parallel ta 
the bedding in  the^ rocks and wmmonly strika northwe and dips 
no~$Beast between 4 5 O  and %so, approximately conformable to the 
major synclinal strnctm Bedding is best defined in the marble, b u t  
locally-it can km recognized in some of the other mks. 

Lineations are common in the schist and granulite and are leas ex- 
tensive in the gneia. Most of the 1inea;tions d e c t  the a1inemen.t of 
minerals with an e10ngrtte habit, mainly hornblendda Some lineations 
am manifested by mullion structum that probably mark intemctiom 
Mwmn closely spaced &&urea and minor fdds. The linertations 
strike E3. 20°-400 W. and plunge 15"-50" NW. 

The h o w n  om at the prospact forms magnetite-rich bodim that 
are almost mkimly confind to the skarn in the upper marble. Mwt 
of the h o w n  om bodies owur in the muthem part of the prospect area 
(pl. I), alhhough two ore Mi= are known to ~ x u r  in the northern 
part of the area new the taminus of tha pendant. The northemmost 
ore Imdies are sepa&d from the main p u p  of om bodice to the south 
by north-facing hiusides that  upp port d e w  vegetation and are largely 
covemd by snow. The isolated outcrops m these hillsides d c e  tu 
mhblish the stm&urd continuity af the syncline, and additional ore 
bodies are probably concaled in this part of the m e .  



Nine ore bodies have beem found in the muthem part of the ama. 
Tbes~ are informally designated by the l&rs A ta I ( pl. 1). The 
surfat3e dimensions of several ore bodies wuId not lm defermined 
bemuse of poor exposures, and sum@ ore bodies may merge into othem 
beneath covered The two known ore bodies in the northem part 
of ~hhe srea are informally designated by the lettars J and K (pl. 1). 

The om bodies are crudely stratiform md roughly conformable to 
the folded metamorphic rocks, but some of them are b n f o d l e  
lm1ly. The ore bodies are mainly &ween 2 and PO feet thick and 
between 50 and 850 feet in strike length. Knowledge of their downdip 
configuration i s  scant. Ewch of the six qlomtory diamond-drill holes 
at the prospect penetrated betwen 3 and 86 feet of ore. M& of the 
ore bodiea probably rake northward at angles bedmean 15" and 45", 
virtually pamuel to the rake of the dominant lineation in the metamor- 
phic mks. A few of the ore bodim are localized on mjnor folds that 
are s u p e r p d  on the main syncline. 
In ddition to om bodies shown on the geologic map (pl. I) ,  the 

enem1 distribution of near-surf- ore throughout the p& of the area 
that was mapped in detail can ba inferred from the mnnaismca 
dip-ndle  survey that is also shown on plate 1. In this survey, the 
dip needle wm orientad in a vertical &west plane, and the vertical 
cumponent of the magnetic intensity was m r d e d  in a-s. 

This sumey shows local y ik ive  magnetic momlies along the upps 
&am, a strong anomaly over the s k m  in the upper gneisa, and a 
simiIar mom&ly over the skm of the lower marble. The shmg 
positive magnetic anomaly over the skarn of the Iawer marble in- 
dicates the presence of a c m ~ l e d  ore M y ,  as no ore-baring outcrops 
were o k d  in the l o w ~ r  narbla 

M& of the deposits probably contain h t w m  60 and 65 percent 
iron and mmtituh high-gmde iron ore. Their Gopper content is 
ermtic, but pmhbly most of the ore contains betffreen 0.1 and 0.5 
p e m t  copper. No ddi led  sampling was done in connection with 
this inveatiption, and the grade &&t~ are based on amlgses of 
hand qmcimens that m prbbsbly mpmsmtative of the om. 

The ore is fine grained and consists almost entimly of magntib; 
the magnetite forms a mosaic of imgular crystals that mga frwn 
lm than 0.1 to 1.0 mm in diameter but wmmonly are betwaen 0.1 and 
0.3 mm in diameter. The subrdinate metallic minemls of the ore %re 
pyrrhotite and chalmpyrite. The pyrrhotib genemJly occurs in i q -  
ular crystals k w e n  0.1 and 0.3 mm in diameter that are interstitial 
to magnetite, and the minor chdwpyrite forms veinla within the 
pyrrhotite. 



O x l d i d  minerals are incanspimous in most of the ora A m o b -  
wodhy amption is om M y  F, the site of the original dimvery, 
whom ontcmp a m  exbnsively stainad d d i s h  brown and p n .  
The oxidized parts of the om consist mainly of hematite and sub 
ordinate hydmus iron squioxides and malachite. Small suficial 
park of mme of the ore Wies are leached and porous and form 
mn. 

S o m ~  are contains s c a t t e d  relicts of rnin~mls typial of the dram. 
Thw mli* are chiefly a clinapymxene, probably augita, which was 
mom resistant ta replacement than its ammiabd minerals. 

The following pmgmph8 are brief dwriptione of the hown ore 
bodies that are shown on plate 1. Wnlm otherwise stated, all the om 
Mia am in skm that i~ m i a t e d  with the upper rnarbIe. 

Ore M y  A is kn the Bouthweat limb of the southern  pa^ of the 
main p d i n a  This om bodg is bordered on the west by alas* and 
on the east by the upper gneiss. Contacta between ora and alaskite 
are steep and imegnlar, and those between ore and gneiss are con- 
fomable and dip between Me ~ n d  60' NE. The om merges ltstemlly 
into &arn that mniains spam magnetite. The ontcmp of om body A 
is~tween20md40f~tthickandabut850 feetinstrikelength The 
om M y  mkea about 400 N. The om m i &  almost entirely of 
magnetit& A seaniqnantitative spectrographic analysis of typical om 
fromorebody Aisshownintable3 (sample7). 

The B om bodg is near the sonthemmost exposum of the b r n  
that is w i a t e d  with the nppr marble. It forms two outcmps, one on 
each limb of a minor spcIine that is rmperp~d on the main sgncline. 
The largest outcrop is on the western I imb and ontains om that is in- 
tsdttently distribnted over a length of about 100 f& and throughout 
widths ag mndh as 50 f&. The om M y  m b  about Ma N. The ore 
outcrop on the -tern limb i~ in contact with the upper gneim iss the 
east m d  with ~ h r n  rto the north, we&, and south A few mljent~ of 
quartz d i d *  lms than 6 inchas %hi&, cut the dram, The out- 
crops of om m I d l y  shined by yellow-brown hydrous iron msqui- 
oxidee and by maI~hita~ The ore on the east limb of the minor gyn- 
cline oocurs in dmm adjaosnt t~ marble. It is between 3 ~ n d  6 feet 
thick and crops out for a length of abod 100 fa. Its true bhml 
extent could not be determind bemuse of overbarden. 

Om body C is in a minor syncline that crops out on s small knoll new 
the southemm& limits of the upper msrble. The ore-baring skarn 
is conformable M w e e n  marble and the upper gneiss. The ore body 
is as mnch RS 28 feet thick, snd its smuata ontcmp is at least 200 feet 
long. The I ateral extent of ore eodd not be ascertained, bae~n,um snow 
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brdered the om outcrop to the east at the time of msp*g. The C 
o m W y  p l u n p  abut 200 N. Besides the dominant mwgnetitqthe 
om locally mntainft fnirly abundant p~~~hot i t e .  

The D om M y  forms two mtcrops that are saprated by a covamd 
a m  The om body is  on the gontheast limb of the =them part of the 
main sgncline. It averagas about 12 feet in thicknws, and w h  of its 
two outmop is abut  200 feet long. Om pmbably persists beneath 
the m v e d  smw dong strike from the northemmost outcrop of the 
D ore M y  to the C ore M y .  If this is the cam, the D om W y  ia the 
longest known om d e w t  at the pros+ The D ore body lies mainly 
btwaen the pnulite-schist and the upper gneiss. 
The E om M y  m u m  in a minor syncline that is exposad on a knoll, 

Because of topographic effmts, t,he sgncline has the outcrop w n b -  
tion of an anticline. The ore is associated with skarn and I--rble that 
form a lens in the nppsr gneiss Possibly the lens repmnta s struc- 
tr~ral high in the main syncline that exposes the upper marble md its 
d a t e d  skam. The ore body is between 5 and 10 feet thick and 
has iln amate outcrop abu* 300 fmt long. It plunges 95 N. 

The F ore M y  is in the west Iimb of the main syncline near the 
northern part of the area that WM mapped in detail. The om is 
e x p d  mainly in the h o e  of a c18 that is about 150 feet hi@, md 
neither rthe dimensions nor the of the ore body could be m 
m t e l y  appmisad. T h e  mEcs of the cliff am pemively stained big 
iron oxides and rnalaichite throughout a length of about 300 feet and 
a width of about 100 feet. The F ore M y  ia in skam, as much as 
100 fmt thick, ovarlying the upper marble. LbCsny, the sbm ie in- 
truded by alaskite dikes. Limited ohmstion of the F om M y  
indicates that the ore is spomdically distributed and that it d s t s  
mainly of hematita. A semiquantitative qmtrogmphic analysis of 
a mnple of high-grade ore from the F ore body is ~hown in table 3, 
(mmple 8). A few tmmI1 irregular cxmmtrations of mey~netite occur 
in the shm batween the F and the A ore bodies. 

The Q ore M y  is in the northeast limb of the main sgncline in en 
m a  that contains sevemE &or folda. T h e  ore foms two ou-s, 
each about 100 feet long and between 2 and 5 feet thick The ore is in 
skam that is associated with the upper m&le and with Jaskita and 
quartz diorita that are I w l l y  sheared 

The H ore body is in the northe& limb of the main sgndine. Tha 
ore body is in skarn adjacent ~ A J  rocks of the granulite-schist unit. The 
ore outcrop ia about 100 feet long and a magimum of 15 feet wide. 

The I om k d y  is in the northeast limb of the main sgncline near 
the northern margin of the area &nt was mapped in detail. The ore 
body is e-d over a length of abut 150 feet and a width of 10 
k t  and is in shm, Mwem the upper gneiss and the upper rnwbla 



The J and K ore Mias am in the northern part of the pendant. 
The J om M y  ie in ~ h r n  that intewenea between the pnulite-schist 
and the upper gneiss, and the R ore body is locdimd near the cuntact 
between skarn and the upper rnrtrbla AFaskite crop out in the vi- 
cinity of both ore badies. The J ore body crops otit oper a strike 
length of ahnt I00 feet and is 4 feet thick. The K om W y  mtaine 
pmdically distributed magnetita throughout a length of about 75 
feet and a width of 5 feet. 

The ore depdta am probably sf pyrometasomatie ofi#$n and have 
fmmed f mm hot imn-rich sman~tions that m ~ m a t i m l l y  m p l d  
parts of the h& m k .  The emm&ions probRbl y evolved f r m  a lab 
phase of the magma that, p d u d  the instwive racks. ear lie^ phases 
of tb mrna.tions =tad with parts, of the m~rble wallmk t~ produrn 
shm, and Eater iron-rich p h m  rep lad  parts of the skarn with 
magnetite-rich o m  

Intrusive roch crop out in the proximity of many of the depmits 
and are probably assmiated with most of the deposits, even though 
they may be mnceald. Many of the intrnsive M a s  are lma-lizd near 
the upper marble. Contacts between the uppsr marble and adjacent 
metamorphic mcks may have formed zonm of weakness dnring folding 
t h t  subquently facif-ftahd the ernplmmt of the inhs ive  rocks. 
Several of the ore bodies are lomled in minor folds, and the frae- 

t u ~ g  that commonly accompanied th- folds probably prwidd 
for the ore-fo- flnida. 

Am d q n a t e  appmissf. of the eoanhc potsntid of the pmqe& 
n 4 h t . m  additional geophysim1 snd physical explmtion, particn- 
larly a detailed magn~tic survey and d i m d  drilling. Paramount 
aims of any future explmtion should be to de-ine the mttents of 
the bown ore Wes, to earch for sdditimal ore in the covsred parts 
of the &am thst is m i a d  with the upper marble, and to invdi- 
eta the lower marble for skarn and om 

Existing information favors intaFpmting the dq&t as a m d  
high-gde iron pmspwh Whather or not it will Im amenable Q 
mining under cmmnt (1961) economic mnditims is contingent on 
the m3t5 of additional explomtion designed to provide a more ac- 
curst% knowldge of the extent of the o m  Mi== 
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