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Introduction

Contact metasomatic iron-copper deposits are very abundant
in British Columbia’ Hewevexr,, to dati/ most of them have proved
to be only modest sources of iron, cooper, zold and silver. Most
of the deposits are primaril&gpres‘of iron/but there is a completezA*”TV
spectran thr%%ﬁh & wha&eﬁ%opper and other sulfides are seriocus
contaminanfg!to thoge that are primarily ores of copper.

Prior to 1950, production from this type of deposit was negligilble,
but since thé: 3econd World War the rapldly expanding Japanese
industry has vrovided a market for the metals from thgﬁé deposits.
Moreover‘yere it not for this market it would be gquestionab e_i; any

.

of these deposits would be mined at present, for they4€gz;25me of
the smallest iron mines in the world (see Table 1). '

The present economic outlook For ithese deposits 1s somewhat
uncertain, Since individual orebodies &= quite small,
their 1ife 1s short; hence, if a company 1s to stay in business
it“must:%gigz%;%igh discovery rate. The generally small economice
reward 1s not, of course, an incentive fg; extensive exploration.

The small slze of deposits 1s not the only factor that could

a ; ‘ ;
have,ma jor economic influence on thls Industry. /as mentlioned above,

Goersel

most 1f not 21l of these mines would probably not be in production
today if 1t were not for the Japanese market>} Japan needs metals
and British Columbia has metals to sell; however, there is only
a gentlemen's agreement between the two countries. Japan has agreed
to consume British Columbia's ores as long as British Columbia does
% o - ~
not put restrlgtiyeééolicie%)on export of mineral commodities. So
. . A
far this arrangement has been very satisfaetory. Nevertheless, thig

gituation could change when Australian iron ore becomes readily

it s ok 8 P
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available, or when British Columbia decides to restrict exportation

of certaln mineral commodities. The latter could occur 1f 1t were

decided that British Columbia should not be so dependent on export
and Thue

revenue‘h@%'n&%h&?/ should establish secondary industries.

Even though the mines are small, they are very important to
the economy of British Columbia. At present about 2 million tons
of iron concentrates ﬁorth approximately 20.5 million dollars are
shipped annually to Japan. All these concentrates come from

the contact metasomatic deposits.

This paper will be™Pestricted to a descriptionyand discussion
. 4

of theMdrigin BF , since these are the M%Q;E
ones being mined. However, it should be understood that thls same
WW)

general type of depositloccurs 1n other varts of the province,

GT% cannot he mined for economic reasons.) Pre

- o Jore s 1

tione—where—the deposlits are copper ores ral
L s o A

is an exanple, but even here the iron concentrates are not shilipped

.

because of the high transportation costs of such a bulk commodity.

Location ol Deposits
The locationiof the deposits‘ﬁg?éhownﬁég‘Figure 1 ,and their
names with brief descriptions are given in Table 1. All the
econonmic ireon and iron-copper deposits occur 1n areas where belts
of Upper Triassic limestone are cutl by Goast/Zétrusions. Where

#

either one or the other is missing, there is a noticeable lack

of thisfyve of deposi%ﬁ For example, no significant orebodles of
this type have been found along the eastern contact of the @oast
Mountains plutonic complex from the Fraser River area north to the

Portland Canal area. Many seemingly sultable intrusions occur

[ e
in this region} kowever, there 1ls a lack of Upper Trisssic lime- ﬁg;ﬂfﬂL

stone. Ixperience has indicated that deposits tend to occur 1in #ﬁ;
clusters. Thus mines usually consist of a number of orebodies 4
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Intrusive igneous rock—chiefly Late Mesozoic

Flat lying lava, and some
sedimentary rocks —Cenozoic ‘ )

Flat or gently dipping sedimentary rocks
—Cretaceous and younger

Folded sedimentary rocks '
—chiefly Palaeozoic

Folded and faulted volcanic and sedimentary
rocks —chiefly Mesozolc

Foliated metamorphic rocks 55
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IT0WN ON INDEX MAP

eg and Probﬁble Mines

#]¢
“2,
a3
wd,
! 45,
#6,

e
#8.

#0.

Tasu Mine

Jib Mine

Jedway Mine

Benson River Area
a.Coast Cupper Mine
. Empire Mirie

Nimpkish Mine
Zeballos Iron Mines

Fe
Brynner Mine (KennedyZake)Fes

Texa§a Mines

Cralgmont Mine

+20.. Phoenix District

A
+1le

12,
13,
- +14,

:15-
3.

_#17..

v18.

#19,.
¥ 20,.

Prospects
shakan Penn.
Head of Bradfield Canal
Ernest 3Jound Ares
Kasaan Penn. e
(Mt. Andrew Mines)

Moira Inilet -

Gravina lgland

. Iron Mountain
Iron Duke
Pover River Area

#21e Irvam HIll

%220
#2350

24,

. Tofino COresk

Bugaboo _

Blue Grouse {Cowichan
Copper Mines§

Iype
Fe=Cu
Fe=0u
e
Cu=~Fe
Fe
Fe
Fe--Cu
Cu

Cu .

Fe(?)

Fa
Pe
Cu~¥Fa

‘ Cu<Fe

Cu=Fe

Unuk River (Max Property)Fe=Cu

Fe

Fe
Fe=Cu

Fe

Fe=Cu

Fe
Cu

> 40,000,000 tons 374 Fe ( #-3iis Cu ore)
>8,000,000 tons 49.5% Fe
4,700,000 tons 42% Fe

> 4,000,000 fons
depleted in 1963 2,400,000 tons mined}

probably >15,000,000 tons: (?)
over 14 yrs prod. 8,3005000 tons mined

from 3 plts 3
+26,000,000 tons 1.82% Cu & 20% Fe
in oxides
old district malnly depleted
> 5,000,000 tong .T7% Cu reserves left
= pocr in Fe oxides

old district

0ld district

probably »15,000,000 tons medium grade
Fe with minor Cu

> 5,500,000 Fons 22J6/¢

depleted mine

many small deposits w;mwﬁas -y v
depleted - prod. >8,000 tons Cu. conc.

# = deposits known to occur in or near Upper Triassic limestone

+ = deposlts known to occur in calecareous Paleozolic rocks

vol-
/ =-deposits known to oceur in Mesozoie rocks without evidence of
limestone unite 5

A < very little information 1z avallable on Alaskan deposits
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and in many instances hawe other mines nearby.
h‘

Exploration and Mining Problems and Techniques

Exploration for these deposits has proved to be exceedingly
difficulti. Since the orebodies consgist mainly of magnetite, one
'.would expect that they could be located easily using alrborne magneticéj
ﬁut this has not been the case. The problem is twqi?old. First, the
deposits and hence their magnetic anomalies are usually much smaller
than the normal flight inteiiii;g::::gbfor adeguate coverage, flight

=

lines”ﬁg;gﬁEEQBE#EEEEEEEEéEy clogely sﬁgced. Secondly, the coastal
areas,where most of the exploration is being carried out, are very

rugged, ,ﬁénce elevation control 1s almost impossible to achleve
) A

unless oxne resort todﬁggggggters which are very expensgive.
3 1 !

Even after an anomaly or seme showing%jﬁgge been dilscovered,
ma jor proklems still exist. Geophysical and geologleal ground
work are hampered by the Jungle-like undergrowth and heavy rainfall
that are characteristic of most of the cocast. It has also been
found from experience that tonnage estimates based on anything
but very closely spaced drill holes are of little value. Deposits
are characteristically irregular and typlecally end abruptly; hen?if
area of surface outerop may gilve no indication of the size of the
deposit, and projections far beyond drill holes are not warranted.
A few companies have had economie fallures by not doing sufficient
drilling before starting their operations.

The existence of large skarn zones has proved to be one of the
most useful guides to ore. NMost extensive skarn zones have assoclated

orebodies of reasonable zize,

S T———

Vtarory |


http://axp.ana4.ve

4-

Both open-pit and underground mining methods are Jdaf presentlw M=
use. However, the types used are restricted mainly to those which
are relatively inexpensive, such as normzl open-pit, glory hole,

!

unsupported stopiﬁ and random pillaif ﬂ#ziz;k‘

General Geology of Coastal British Columbila

1. Introduction

Recause most areassalong the coast are mountainous, highly
irregular coastlines characterized by 1slands and fiords result.

The mainland is bordered by the Coast Mountainéjwhieh extend for
aperoximately 100 miles inland, and the &Xes of the main islands are
also mountain chains called the Insular Mountalns. Lowlands border
a few shorelines, bu}/ in genera}{ they are less than 10 miles wilde.
Nevertheless, they are lmportant because they mark the edges of
major tectonic depressions)such as Hecate Strait and the Strait of
Georgila.

Even though over one half of Vancouver Island is not yet mapped,
it has been generzlly established that the coastal areas are underlailn
by rocks ranging in age from middle Paleozolc to Recent (see Figure
- 2). & r, Mesozolc rocks are by far the most abundant (see
Figure 1). 1In general, the oldegt rocks are found in the cores of
the mountain ranges with the younger rocks on thelr flanks closer 1o

n
the shorelines. This generallizatlon does not hold for areas such as
Southern Vancouver Island, which hrave zuffered repeated deformation.

2. Reglional Tectonic Setting

The reglonal tectonic setting of much of western British Co-
lumbla remains to be worked out. It has been estahlished, however,
that at least three fairly widespread perlods of deformation,
ranging from Lower Jurassic to Recent, have affected parts of the
area, In most regions, however, the rocks have suffered only

moderate deformation. Intense deformation has been restricted to



fault zones and intrusive contacts.

Most of northern Vancouver Island has been subjected to only
one period of deformatio?numn;Ams probably Jurassic or Lower
Cretaceous in agey whereaj/southern Vancouver Island and adjacent
areas have also been affected by post-Tertiary deformation.

The Queen Charlotte Islands have suffered at least two periods of
deformation thatthan their southern

counterparts.

Deformatlion accompanying the emplacement of the great batholithic

massges of the Coast Mountains was generally intense but m réglons;
T w

was ﬁestricted”fg_; zone within a few milesg of the contacts. Thermal

gradients near these areas were generally steep. Probably most
of the Coast Intrusions and asscciated deformation are Upper Jur-
agsic and Lower Cretaceous in age; however, some are pre-ilddle
Jurassic and others cut Upper Cretaceous sedimentary rocks. Most
of the present mountain chains were probably initially uplifted
during the Coast Range orogery (pre-Middle Jurassic to post-Lower
Cretaceous (21, p. 603.

Some important features of the reglonal tectonic setting that
should be stressed in regard to the ore deposits are as follows:

1. Most areas never suffered intense regional metamorphism
(greater than lower greenschist facieg) or deformation.

¢
2. Most area$ were always PGEEEEEPIE-"E 21wt only ,?

Wt i
minor areasﬂ;e_ng subjected to deep level conditions.

=

3. Most of the tectonlc events,including ore dé€rvosition, were

)
probably over by Mlddle Cretaceous timq,{%he ore deposlits under
: =

conglderatlion beég%/spatially and probably genetically related /Wwa

to intrusions of Jurassic and/or Lower Cretaceous %fs){
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ILithologic Units

The main lithologic units of western British Columbia are
shown in Fighre 2. #lthough thls dlagrammatic stratigraphic sectlon
is probably gene 7 :orrectﬂ’,” n%'gouj.d be emphasized that there
are many local varilations and also that the geology of a large part
of the area under consideration remalns to be mapped and studied.

For most of the region, the sequence from upper Paleozoic to
Mlddle Jurassic is as follows: several thousand feet of sedimentary in B,
rocks overlain by about 1,000 feet of siliceous, crinoidal lime- gjiii;éﬁ
stone, overlain by at least 10,000 and perhaps greater than 15,000 ﬁu/LJ(
feet of sodic basalts, overlasin by 1,000 to 4,000 feet of massilve Mf‘
limestone and calcareous sedlments, which in turn is overlain by
3,000 to 10,000 feet of intermediate volcanies and interlayered
sediments. In a few places where rocks of similar ages are exposed
tocthe east of the Coast Mountains, comparable sequences contalning
Permian limestone, Triassic basalts, Unner Trisssic limestone and

. have been recognized.
Jurassic intermedlate and acld voleanics, Younger rocks, however,

A
show much greater diversity.

Both of #¥%# maln llmestone unlts are sheet-like in natur?/gpﬁ
and represent intervals when most of the area was tectonically
gulet. Their origin 1s still somewhat 1n doubt; however, since
they contalin abundant benthonic fauna, at le%? in part they are

bioclastiec in origin. On southern Vancouver Island the Upper

Triassic limestone is a series of large lenses. On a regional scale

-

§

the only signifiecant lithologic differeﬁ?gxt&ﬂi'hﬂs*beeﬁ’recognised

étween the limestonesyis that the Permian limestone is generally

e
more silicecus.

The basaltic volecanics between the limestones are probably
a mixture of subaqueous flows and assoclated pyroclastics and less

abundant terrestrial counterparts. Preliminary investigaticns
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| LUMBIA
Thickness Age General Lithology 1. Name g
) S.Van, N Van, |[lexade | eeen
: | is. is; Lgland |Char., iIs
0-1000* | Fleist. glacial deposits | ' |
> 500" Mid, Olig, $.5. & congl, Sooke Im, &
- & Up, Mi@a g e
Early Olig. | bhasic intr.--some highly differen-| Sooke Inth
tiated:minor Cu deposits £ .
>6000° Eocene S.Van, le.--pillow lavas, breccias|Metchosin Magset
ete. Queen Char. Is.--pyrocl. ; Vole. Fm.
breceias, vhy. ash flows,dacites,
, bagalts,and : S, ' _
0-10,000 Cret, ghallow water marine & continzgfai NanaimoGrp.Low.
: S.S., shales, eongl, w/ith coalbeds {Up, Cret.) Cret,
Late Jur. abbro to granite but mainly gtz. '
& Ear., Cret, gioro & grgnadior. both syntece eqat i ke Lons
. tonie (eoncordant, foliated, assocl
migmatites, mod. to deep seated)
& post-tectonice (discordant, mase
e sive, high level) -
TGMWMﬁ Z £ : -asgoc, faulting, folding & meta,
/ 9%20 ﬁig* gur andesitic pyroclastics,flows, & voll Van. Vol, Bonan= Yaicoun
¥\ fesir 10,000° § i intrusions-some elastic sediments za Gr. ~ Fmg
o -in places rhyolites and dacites :
00a " Upper Tzi. mas. Lme., Which in places grades |sutton Guatsi-fla:bie [Kunga Lm
to: L upward into thin-bedded earbon- Ims, né Lms.| Bay' |i2 member
4000° . | , acecus Ims and argillites (lenses) | Fm,
LU, 0400 | Iriassic sodic basalt flows, plliow lavas, |vVan, (& |Karmute| ifexada| Karmute
: X breccie and agquagene tuffs Franklin |[sen Fm.| “fm..| sen fm.
,ﬁim -minor lme. nr. top of section Cr.)Vole E
-gome small magnetite bodies canics
-Mid. Van, Is, Section (top)
12,000-15,000 pillow lavas;
#100*pillow breceia; 7000°-10,000°¢
ol mas. flows with amyg. tops,> 1000%ifw =
5 brecclas, tuffs, & lavas @
10007~ |Lower erinoidal Ims, & calcareous Sicker 5 Oy
i Permian geds. Lms ot
280007 Permian thin bedded, cherty argillaceous [Sicker : 1Y
. & oldex(?) and feldgp.tuffs, fine vol. Volcanics
breccia, ‘greenst. some and,
bas, flows and lms,
-some radiolarian cherts, Mn beds
g tgo localities with known cherty
E= {1138




i
indicate that theserocks contaifi’typically about 11 to 13% iron
oxides (Fe0 and Fe203).

The Coast Intrusions are known to cut all units older than
Lower and Middle Jurassic. On noftherm Vanoouver Island they
are overlain unconformably by Lower Cretaceous sediments, and on
southern Vancouver Island they afe overlain unconformably by
Upper Cretaceous sediments., FHowever, a few intrusions , usually
grouped with the Coast Intrusions, are knewn to cut these same Upper
Cretaceous sediments. This stratigraphic information plus a few
radiometric dates indicate that most of the Coast Intrusions in the
far west were emplaced during Middle and Upper Jurassic epochs,and
a few were emplaced during the Cretaceous period.

Thégé intrusions are both syntectonic (concordant, foliated,
ete.) and post-tectonic (discordant, massive, etec.) and range in
composition from granite to gabbro (Figure 3). However, the great Oﬁ?“i;
%flk of them are quartz diorite and granodiorite.

Eastwood (5, p. 131) has noted that the intrusions commonly

have a dloritic or basic border facles near the magnetite deposits. N

Several authors have recently suggested that the Coast Intrusions #nf‘
MWIW FM

contain considerably more iron near the magnetite deposits)than 1
7

where they cut Permian rocks (5,11,15,and 18). There are few analyses
available to test their hypothesis. Nevertheless;eight chemical
analyses cited by Fyles ;ﬁié;;dicate that the combined iron oxides
range from about 1 to §/? where the intrusions cut Permlan rocks

while Sangster's (15) and Eastwood's (5) data indicates the intrusions

contaln from 3 to greater than 12% combined 1ron oxides where they
cut the upper Triassic and Lower Jurassic rocks. The latter authors
suggest that the 1lncreage in iron content 1s due to the assimilation

of vast amounts of the iron-rich Permo-Triasssic sodic basalts.
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Ca0O+*MgO*FeO*MnO

FIGURE & 3
Diagrom showing compositions of intrusions acjacert tc contact metasomatic magnetite dep it
e LA
Composition X is arithmetic average of analyscs erncirel 4 Fj; the dotled

Wworld averages of the grante-gabbro SErics % also shown for comparisor

WORLD AVERAGES
(Nockolds, 1954)

gr- grarite

gm- gquartz monzonite
gd- granodiorite

qd- quartz diorite

di- diorite

gb- gabbro

50

NOZO t KZO *Ai203 + Fee 03

“un bers refer to analyses, Table 12
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Mineral Deposits

1. General Description

The ore depositi/jﬁz most districts,/ consist of massive fine-
grained to dense magnetite and minor gulfides in garnet-pyroxene-
epidote-amphibole skarn. Almost - - ¥ the orebodies occur within
500 feet of the contact of a Coast Intrusion. As a rule they occur
well down the flanks of post-tectonlc, eprizone plutons; however,
some occur in roof pendants and a few are thought to be associated
with syntectonic, mesozone plutons. Tasu, the largest deposit
found to ##=s date, ls considered to be associated with a syntectonic

%

batholith (19). Relatively bhasie are-qazd vogst-ore porphyry dikes

have”ggggrzggé;;iy localized (‘commonly) in- the: mineralized are%g

2. Size and Shape of Orebodies

Geﬁepaiiyf?ggividual orebodies are relatively small, ranging
from less than one-half million to a few million tons. Only in a
few mines do individual bodies exceed ten million tons.

Orebodies are typically very irregular and, at many loczlities,

end abruptly. Their shape is generally of a number

£

of concordant and discordant forms related to bedding and structural

1)

ma’ are tabular-lensoid or lensoid %
' B : % ;

swarms conformable with bedding, “tabular discordantqparallel faults

features.

A 6 14
qn&other planar structural zones,améj%iﬁe-like discordan‘ﬁlocalized
» .
alonE_zones of structural weakness: :, The concordant lensoid
shepes, parallel to stratigraphic units, are most common. /;H éome
mines the bodies are nearly as wide as tﬁey are long, whlle in othei;/f

the length 1s much greater than_ﬁﬁg&? widthoe

3., Structural and Stratigraphic Controls

Both structural and stratigraphlc controls have been important

fs
in determining the sites of deposition. Deposits have heen loczlized
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in areas of intense deformation,both along faults and breccia-
My

pipe systems. Eastwood (5, p. 143) suggests that mogt of the

deformation found in re-entrants of intrusions;ﬁgjzﬁgzgﬂbeeﬁfcaused

By—tke differeé%e in structural response to intrusion) o# the briitle,

massive volcanics and the more plastic limestone In many instances,
however, evidence of pre-ore structures has been obliterated by
the extensive metasomatisnm;: henc%/ the importance of structural
controls cannot be fully evaluated.
o4
The presence of abundant lope~and post-ore porpnyry dikesélgeéf—
4]
L%e%?near the ore bodie:’also tends to indicate that condults were
he magma chamber below. Sincﬁ/’at many

periodically opened to

mines these dikes are thought tc be gse—tmtwe with ore deposition,

=

there 1is reason tc belleve that these structural condults were very
important in determining the migrationipaths:ofrthe ore-bearing solutlons.

As shown in Table 1, all/gf’the economic iron-copper deposits

are found 1n or near the Upper Triassic limestone; [therefore, the

conclusion thet=sthils limestone ;;f_ff;figr S ipobiant sheads
igraphic control en:depésitien-'s€ems inescapable. As mentioned above,
he shape of individual orebodies or skarn ZOQESZfiE_EEEX_§I§§§§)

=_.
1s primarily a function of lithology. Hermee "microstratigraphic" con-

ct

-

trols wer%qals important.

Bastwood (5, p. 127) states that the susceptibility to skarn-
ification varies with rock type. He gives the following series in de-
creasing order of susceptibility:(%ﬂ pyroclastici(%)andesite lavas

and intrusiona(ﬁ}lsland Intrusions, and @9 limestone.

¢—— Such featuresj/as garnet and epidote alteration rims on pre-ore
andesite dikes occurring in unskarnified 1imestonﬁ/were used to

determine this series.
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4. Mineralogy of the Skarn and Ore

| o E—78 gﬁarn and ore ten%ﬁ to be relatively
gimple and unifdfﬁ; The skgfm consists chiefly of garnet (andra-
dite—grossularite)/ifee Figure 4), pgz@xeﬁey4%iopsideuhedenbergiteﬁk
and epidote. Actlnolite, éerpentine, chlorite, anthophyllite, K-
feldspar and calecite occur in minor but variable amounts. Sangster

(15, p. 59) concludes that since seven major independent components

[inQ, Ca0, (Fe, Mn)O, MgO, Fe203\, Al;03 and Hzoj and only four W

mg jor phases (garnet, pyroxene, epidote amdrmagnétite) were involved
in skarnification, the,Mineralogical/?ﬁase/Rﬁle wag obeyed &?9(
/

thuay equilibrium was oprobably maintained. However, it should be

/—’_’——_—\\\_
pointed out that since the garnets are commonly ZOH?EL<EE,E.EE?iCﬁ/)
m complete solid-fluid equilibrium;?c—o:ld never have been

- — - - /‘,fe———-—_‘———____‘J,_-m’f

achleved. ,EEE;E?EFE; if equilibrium existed,, it had t¢ be restricted

L /’
to the solid-fluid interfaces of the garnets, and individual

garnet crystals could not have re-equilibrated with changing phy-
sical-chemical conditions in the flulds.

In all deposits magnetite 1s the most abundant ore miner%b
but chalcopyrite, pyrrhotite,and arsenopyrite are locally abundant.
Hematite, bornite,and sphalerite have been found in some devposits.
In all orebodies the magnetite is characteristically very low in
titanium. In many deposits there are minor amounts of scaly mag-

netite which could be pseudomorphic after hematite.

5. Paragenetic Sequence and Mineral Zoning

The general paragenetic sequence in most deposlts was:

(b)

L.) epidote (2} garnet ) madnetitfié- gulfide caleite aznd guart
E) E ILJ & Fé& & / } u /EU alel y rld_ua 7

(post-ore cavity and vein fillings). There was some overlap.
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In some deposlits there 1s conspicuous mineral zoning, from
recrystallized limestone or relatively unaltered intrusive rock, }W;ﬂwiﬂ
to epidote or actinolite skarn (g&t@?ﬁtfﬁﬁﬁ to garnet skarn, to 9
the magnetite orebodies. 3Sulfides are generally most abundant
in the outer skarn zones. The zoning occurs on both orebody and
hand specimen scales,

]

irregular and sosEwh=f dependent on the host rock. For instance,

Howeves, to some degree thle zoning 1s

magniﬁiﬁe hodles in limestone may have little or no assoclated v
skarn,jﬁgg eépidote zonef%gﬁﬂg completely missing. In these deposits
the garnet 1s usually restricted to the immediate vicinity of the
magnetite an%/ in many place?/ occurs only in the interstices.
Skarns formed from baslc lavas are domlnantly green rocks consisting
of epidote, actinolite, chlorite,and minor §Qﬂthophyllit%’u1;h zarnetl
occuﬁ%;ﬁg only in the most intensely skarnified areas. As a.rule hy
/
magnetite occure dlsseminated throughout a1l the skarn zones;

hencey the rigld zonal pattern does not hold true in detail.

6. Empire Mine

A brief description of the Empire Mine is lncluded since it
illustrates many of Fhe characteristic features of the deposits
(Figures 5 and 6)]‘Iﬂ&pica1 structural and stratigraphlc controls
are—present. The Q;Pry Wildow deposit consists mainly of irregular
gsheets and lenses of ore and skarn which have replaced volcanic
rocks near the intersection of the Upper Triassic limestone and
a fault zone. The Kingfisher ore zones are small, nearly cilrcular,
pipe-like bodies of magnetite localized along the same fault zone
28 the Merry Widow orebodye aﬁﬁ‘}he small Raven deposgit 1ls simply
part of an elongated mineralized zone of disseminated magnetite

that probably lies along another fault.
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Sangster (15) Bas studied the variation in iron content of
the Coast Copper stock away from the Eunpire deposits (Figure 5).
His statistical tests show that there 1s no significant trend
in iron content (av. 8.5%) with distance. He has slso shown
that the stock magnetite (1 to 11 wt. %) is much higher in titanium
than that of the adjacent orebodies. The stock magnetite was found
to contain from 5.6 to 8.4% tiﬁamiqu whereai/ the orebody
magnetite was found to contain less than .0074%. Textural features
indicate that the stock magnetite is late magmatic; hean/ the
deposits probably {formed under physical-chemical conditions
that were quite different from the late magmatic conditlons of the
stoek. It should be kept in mind, however, that the variation
in P-T conditions could be simply a reflection of distance from
the contact.

Origin of the Deposits

1. Introduction

=

There are many features of the deposits which should be reconciled

by any hypothesis qﬂ'the origin of the ores. These features are

semmsETzed as follows:

1. All deposits show a close spatial relationshio to
Coast Intrusions and Upper Triassic limestone.

2. The Upper Triassic limestone was = much more favorable
horizon for deposition than the Permian limestone.

3. Volcanle rocks and pre-ore dikes were replaced by skarn
and magnetite in preference to other intrusive rocks and
limestone,

4. In general skarn development was not extensive in limestone.

5. The general paragenetic sequence was from(l recrystallized
limestone or relat*ve unaltered volcanic or’ intrusive rocks o
%f epidote and garnet skarn (3) ma(netlfe[%) sulfides

/4
Y
7 Z g@ﬁzf /% ﬂuy/ﬁwéq
e e ey
f»uodzzzfgﬁaj 722{
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6. Both pre-ore and post-ore porphyry dikes and more
basic (dioritic) border facles in the main intru-
giong geem 1o have been loczlized near the deposgits.

7. Orebodies have been emplaced in grossly different
tectonic environments,belng assocliated with both
mesozone, syntectonic and eplzone, post-tectonic
plutons.

8. Extensive zones of iron denletion have not been found
in the immediate vicinity of the orebodies.

9. Many deposits occur in highly deformed re-entrants of
intrusicnsyand pre-ore faults and breccla-plpes have been
important structural controls on deposition.

1G. Most of the deposits were probably emplaced wéll down
the flanks of the intrusions’/gki¥s-ohly a’ 'few were
emplaced in roof pendants.

1l. The outer parts of the main plutons must have been
g0lid before the skarnification and mineralization
had ceased. However, these bodlies were probablyv still
near magmatlc temperatures during ore deposition.

12. Most deposits are remarkably poor in hematite and gquartz.

13. The stock magnetite adjacent to the Empire deposits
is very much alﬁhcr in titanium than that of the
ore _bodles.

2. Source 9£ Heat and Solutlons

Sangater (15) has estimated that the temperature of intrusion
was in the range -’ 900-800°C and that the temperature of skarn-
ification was in the range .~ 800-450°C. From the pyrite-pyrr-
hotite relations, he estimated that ore depositlon toock place

between 5504400°C. Alt hough his temperature indicators are of

m

.

dubious value and hi

2

oyrite-pyrrhotite temperatures definitely | 3,LJ%N

cannot be accepted, it 1s reasonable to conclude that his temp- ~7 /
Ate,

erature egtlimates are of the correct order of magnitude. Hence, Qw

the temperatures of skarn and ore formation were very much higher %MV‘EM

than those that can be accounted for by the geothermal gradient.

Moreover,they were very close indeed tc those of intrusion. It

35

is reasonable, therefore, to conclude that the heat source for

i%@
M/
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It also follows that the aﬂwwdg;;

i
intrusions were still near magmatic temperatures whlle the ores ﬁﬁuwﬁgm;

ore deposition was the nearby intrusion.

were forming.

= { M + 2
Holsers and Schneers(p.375) studies of the solubility of mag-

N

netite in dilute, HCl-bearing, aqueous scolutions at high temperatures

o

W

nd pressures have indicated that significant amounts of iron
can be digsolved in zecid hut 8s=not s Eass==ed 1n neutral or al-

kaline soluﬁions. They found also that solutions contalning NaBBOB’
NaHOOB, NaCl, or NaCE cqnnot carry significent quantities of iron

(p. 375). They dlso-demonstrated that limestone can precipitate
magnetlte and hematlte from these solutions. Thelr results,

thg considerztiowr—eof the importance of limestone in the formation

of contact metasomatic-type deposits, and the fact that no one has
given a r*ea.sonaﬂ::le_j alternate explanation of the transport and deposi-
tional processes involved, 211 strongly suggest that the ore-bearing
solutions were originally acid in nature. This single feature tends

improbable _
to indicate that it was highlyjwed==seds that the bulk ol the ore-

forming fluids were derived from the country rock. The intrusions,
however, would be quite plausible sources. This argument is based
on the belief that agueous solutioni/'long in contact with rocki/

should be =zlkaline or neutral, excen%&perhapg;‘in near surface

DA 1o L7 §>/557¢na bcho were— aH rm
™ 4 4!

A Ao il e s otest, B g asrt,

31 Source of Iron / Z i Lo, / WW"”‘/ 7 By

When considering the source of the iron, it is useful to entertain

environments.

the possibility that the ultimate and immediate sources are guite
distinct. Since,bott the Permiszsn ard Upper Triassic limestones
have been cut by the Coast Intrusions;ard only the Upper Triassic
limestone contains economiec lron and iron-copper deposits, 1t is

logical to conclude that incorporation of the iron-rich Permo-

Triasslc basalts by the intrusions was = necessary requisite for
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‘ore formatlion. Although this hypothesis must remain highly spec-
.‘..

nc alternate explanation

{
ot
[0}
W]
5
By
]
3
0
e

ulative until more evidenc
seems avparent.

Both Sangster (15) and Eastwood (5) strongly favor the
ad jacent intrusions as the immediate source of the iron. However,
their evidence is not convineing, and they have not explained how
the iron was "released" from the intrusiors Eastwood _(5) has
pointed out that the Brynnor orebodles at Kennedy Lake are probably
separated by one and one-half miles of intrusion from the Trlassic
bagalts, which are the only other reasonable source @fwthe iron.
This relationship, however, is true only for these deposits .

At other localities solutlons probably migrated up contact zones;
hence/ the writer sees no reason to belleve that other rocks
could not have made significant contributions to the lron content
of the solutions.

From présent knowledge it seems probable that the solutions
were derived from the intrusioniéeneath the orebodies., 1In ke
Lage—eF normal water-saturated magmas, the volatile constituents
would tend to move to areas of lower temperature and pressuresd=
that is, outwards and upwards. In the—esse—of the British Columbia

denosits there are three features which indicate that lateral

migration of solutions was insignifieant in the vicinity of the
orebodies:

1. 3tudy of known conduilts indicaté;solutions moved
mainly upwards. ,

2. There 18 a2 notlceable lack of iron depletion
zones adjacent ko the deposits.

3. The late magmatic magnetite in the stock adjacent to
the Emplre deposglts has a much higher titanium content
than that of the orebodies, indicating that the conditions
of formation of the two were very different.
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4. Mechanisms of Deposition and Replacement

Holser and Schneer, as mentioned above, have demonstrated
g ]
thef'importance of limestone in deposition of "magnetite. _Follow-
A 3
N

Aing thelir hypothesis, dilute, HCl-"Y&nd iron-beafinij acidic
solutions,initially, would attack and dissolve the limestone

until the increase in pH gEgg sufficient to cause the precipitation
of either magnetite or hematite. The fugacity of oxygen would
determine which of the two oxides would form.

This simple mechanism accounts completely for the formation
of the deposits in the limestone; however, 1t does not explain
why skarn += fcemed sl ==y 8T smws ond ore preferentially
replaced volcanic rocks adjacent to the limestone.

Sangster (15) has given & satisfactory explanation of these

¢
3

relationships. The limestone provided the essential chemical =
control for deposition, and the volcanics provided the essential jééﬁ}fhn
physlical control. The volcanics, being much more brittle than

the limestone, were more highly fractured and brecciated during
deformation. These fractured and brecclated areas provided

permeable zones for solution passage and extensive surface area

to facilitate replacement. The skarn was simply an intermediate

step 1n the rock transformation. However, the relationshipst

tend also to indicate that the skarn minerals were more stable

than the magnetite under the initial high temperature and low

"intensity" fof iron-metasomatismy(conditions.

The process of replacement was basically one of iron meta-
somatlsm. Iron, in a series of stages, replaced zll other catlons

in the host rock. dithout bemessi{ 2 o detailed discussion
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of the crystal chemistry, this replacement can bhe viewed slimply

as an exchange of cations and the change of bonding between Ok 10 &
closel =~packed and reasonably close — packed oxygen atoms.
| 1

If suffilelent activation energy were avalilable, the replacement fﬁww747kj
and accompanying diffusion would simply be processes whereby M4J¢w1ﬁ

a
there wasjcontinuing tendency of the crystals to maintain rMW”%
equilibrium with the ore-bearing fluids. | i e
5. The "Deuteric Release" Hypothesis pueeidins

7 _ dopenirorr ?

Mackin (12) and more recently Mackin and Ingerson (13) ’
have proposed the "deuteric release" hypothesis as a general
mechanlsm of ore deposition. An essential part of their theory
requires that early-Tormed mafic constituents in a magma be
altered by late magmatic solutions, thus freeing some of their
metal lons to form ore deposits. € . ' LT i

\ Another essentlial feature of their hyvothesis is that suitable
structures be formed in the crystallizing magma to permit the
egcape of the late magmatic solutions.

Since this hypothesis seems to be well Tounded for the Iron
Springs area, it wguld_b%;gonstructive to consider whether or
not this mechanlsm might have been instrumental in the formation
of the British Columbia deposits. Table 2 shows some of the
gimilarities and differences of the twe sets of deposits. IFrom
the avalilable information it would seem that the differences
are more numerous than the similarities.

The reasons for these differences may lie in the general
nature of the intrusions. As Mackin and Ingerson have pointed

t

out, a prime recguisite for the "deuteric releaze™ mechanisnm
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Table 2

A Comparison of Certaln Features of the Iron Springs
and British Columbla Deposlts

Iron Springs

deposits are of second order
magnitude containling greater
than 100 million tons reserves

orebodies are associated with
high level Tertiary laccollths
(related ignimbrites)

deposits occur mainly near the
top of the intrusions

the assoclated intrusions are
granodiorites that originally
contalned a normal or slightly
less than normal concentratlon
of Fe oxides (43.0%)

ore has replaced limestone with
little assoclated skarn

there are large Fe depletion

zoneeg near the deposits

(w20 vol. % of the rock has
lost~30 wt. % of its Fe)

probably ,both lateral and
upward megration of solutions
were significant

gites of deposgition were
governed by zones of sel-
vedged Joints formed in
upbulged areas of the intru-
sions
-through-going faults released
the solutlons

gsulfides were concentrated
near the outer parts of the ore

if, as hypothesized, the solution
were endogenous to the intrusions,
there was not an unlimited supply
of solutions to form the ores.

10.

British Columbia

size of individual deposits

or districts is much smaller,
generally ranging from 1 to 15
million tons

orebodies are zssoclated with
both high and moderately deep
level stocks and batholiths,
probably of Jurassic age

deposits occur mainly along the
gides of intrusions (a few in
roof cendants)

the associated intruslons are
intermediate in composition with
a slightly higher than normal
concentration of Fe oxides

(~8.5%

-~

Ce 0

ore has malnly replaced volcanic
rocks with extensive assoclated
skarn - some deposits have formed
in limestone with 1little
associated skarn

there are no obvious extensive
depletion zones near the orebodles

the solutions probably moved
chiefly upwards

there 1s no obvious cooling
joint control on deposition;

however,
country rock definitely influenced
the sites of deposition

=3ls0o depositsg tendﬂto be concentra-
ted in highly deformed re-entrants
in the intrusions

&
sulfides were concentrated near
the outer parts of the ore

source,-amounts and concentrations
of solutions remain unknown

K
v

permeable structures in the
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would be the pregsence of biotite and hornblende phenocrysts
that were formed at depth. Ifti.ls probable thatuthége phenocrysts
would be out:i of equilibrium with the late magmatic solutions
in high level environments; hence/ it 1s easy to visualize how
they would be altered and destroyed bﬂtheSe solutlons. However, g
it 1s equally difficult to visuslize how the maflc constltuents
of generally equigranular, massive intrusions of stock ama %§
even batholithic dimensions could be grossly out of equi ibrium N
with the interstitial liquild of the semi-consolidated magmas. \g
Mackin and Ingerson suggest that this is the general reason
why orebodies are not formed by batholiths. Perhaps Satherland
Brown, 3angster, Rastwood and Jeffery are correct in assuming
that the abnormally.high iron content of the intruslons was
fundamental in the formation of the deposits, even though thedir
detailed mechanisms of ore deposition remain unknown. ™ &
&. Summary

In conclusion 1t seems réasonably certain that both the
heat (energy) and the solutionsjzgre derived from the adjacent
or underlying Coast Intrusions} Houwewer, the source of the
iron 1s somewhat more of a problem. A satisfactory mechanism
for the release and transport of the iron from the intruslons
has not been presented. Moreover, since Sangster suggests that
most of the soluticns migrated up the contact zones, it 1s quite
conceivable that the volecanic country rocks could have contributed
considerable iron to thexscolutions.

Even though the immediate scurce of the iron 1ls somewhat
in doubt, the Permo-Trizasic basalts seem tc be a reasonable
ultimate source. Much chemical and geologic work, howéver,
remaln to be done to test this hyvothesis.

bearing,aqueous,acidic 2
Transvortation of the iron in dilute,HGI)Folutions, as
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described by Holser and Schneer, accounts for the apparent im-
portance of #ke limestone in causging 1ron deposition . Voleanic
rocks near the limestone were probably preferentially mlineralized
because they were relatlvely permeable to the ore-ferming

Tlulds, provided extensive surface area for replacement, and

were more susceptibieé to replacement than wese Other rocks in

the ares.



—

10,

11.

12.

13.

14,

15.

16.

REFERENCES

Racon, W.R., 1956, Iron-ore deposits in coastal and southwestern
British Columbia: in Minister of Mines, 2.C., Ann. Rept.,
. 125-134.

-—=-, and Rlack, J.M., 1952, Iron-ore deposits of Vancouver
Island and Texada Island: in Miniszter of Mines, 5.0., Ann.

Reptn’ p- 21?-2340

Carlisle, D. and Susuki, T., 1965, Structure, stratigraphy, and
paleontology of an Upper Triassic section on the west coast
of British Columbia: Can. Jour. Earth Sci., v. 2, 0. 442-484,

Bastwood, G.E.P., 1963, Brynnor and Sun-West devcsits: in Minister
of Mines and Petroleum Resources, Ann. Rept., p. 100-103.

B .0
e e s

-—-=--, 1955, Replacement magnetite on Vancouver Island, British

Columbia: EFOA. @EQ¥., v. 60, p. 124-148.
Fyles, J.T., 1955, Geolozy of the Cowichan lLake Area, Vancouver
Island, British Columbia: 2,C. Dept. of Mines, Bull. 37, 72p.

Hozadley, J.W., 1953, Geology and mineral deposits of the Zeballos-
Nimpkish area, Vancouver Island: Geol. Survey Canada Mem. 272,
82p.

Holser, W.T., and Schneer, C.J., 1961, BEydrothermal magnetite:
Gl S. Am- BUll., Vc ?6, p- 36;‘386.

Mines and

Jeffery, W.G., £
9‘:‘"101 »

Petroleum Resources,

1960, RBenson Lake: in Minister o
Ann. Rept., D.

-~
3.0,

-

s 1961,
v. 34, p.

Iron deposits in R.C.,t Western Miner and 011 Review,

28-33.

----, and Sutherland Brown, A., 1964, Geolozy and mineral deposits
of the major islands on the British Columbia coast: Western
Miner and 01l Review, v. 37, p. 51-55.

Mackin, J.H., 1947, Some structural features of the intrusions
in the Iron Springs district, Utah: Utah Geol. 3oc. Guidebook

to the geology of Utah, no. 2.

Mackin, J.H. and Ingerson, Earl, 1960, An hypothesis for the
origin of ore-forming fluid: U.S. Geol. Survey, Prof. Paper
400—B,p. 1-2.

Minagawa, H., 1963, Japan--the key to British Columbia's mining
regurgences; M¥Mining Eng., v. 15, p. 59-52.

Sangster, D.F., 1964, The contact metasomatic magnetite deposits
o7 southwestern British Columbia, Unpubl. Ph.D. thesis,
University of British Columbia, Vancouver, B.C.-

s, 1965, Colloform magnetite in & contact metasomatic iron deposit

(diszussion): ECON.@E6L., v. 60, p. 824-826,
gm . gé v/



- 17. Stevenson, J.S8., and Jeffery, W.G., 1964, Collcform magnetite in
' a contact metasomatic iron deposit, Vancouver Island: Eﬁﬁ%;
GE@%., v. 59, p. 1298-1305.

18. sSutherland Brown, A., 1962, Pyrometasomatic iron-copper deposits
on the west coast: Western Miner and 0il Review, v. 35,
P. 44-45,

19, ----, 1663, Tasu, Jedway and Jib Mines: in Minister of Mines and
Petroleum Resources, B.C., Ann. Rept., p. 13-21.

20. Uglow, W.L., 1926, Genesls of the magnetite deposits near the
west coast of Vancouver Island: Econ. Geol,, v. 21, D. 352-
363.

2l.White, W.H., 1959, Cordilleran tectonics in British Columbias
Am. Assoc. Petr. Geol., Bull., v. 43, p. 60-100.

22. Young, G.A., and Uglow, W.L., 1926, Iron Ores of Canada, v. 1l--
British Columbia and Yukon: Geol. Surv. Canada, 253p.



