ABSTRACT
gecukrt
Copper mineralizetion is—presemi on the King Solomon and
Bluebell cleims in the Helm’hken Laend District, Vancouver Island, B.C.

e

It igﬁz?gggﬂgiqchalcopyrlte in greenstone#, chert and limestone of the
Sicker @roup and is associated with sulphides and oxides of iron. The
Sicker Qroup is folded and fsulted and intruded by diabasic,hypebyssal
rocks believed to be associated with the Franklin Creek period of
vulcanism. These intrusives rocks have been established as the Lower
Vancouver group in the Cowichan Leke drea (Fyles 1955). These disbesic
intrusions intélegny, along with the oldek$ sediments, have been extensively
intruded by dfke-like bod‘fs of gusriz=zsbbre=sné granitic rocks

believed to be associated with the Coesst Range period of intrusion.

It is commonly believed that the minerslization w=s occurred at the

close of this intrusive period. The areas and the deposits have been

faulted and k% slightly deformed since Cretaceous time.
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CHAPTER I

Introduction
The Cellardor Mines Ltd. is a new company which was formed

in 195371n view of exploring and mining the copper showings on the
/'foun}'afﬂ °‘f"'£eﬂ€/mcé£h

Copper #M&. in the western section,land District, Vancouver Islend,
B.C. This compeny, formed by Mr. Oswood McDonald, has staked 48
claims and has taken over 5 Crown Granted glaims. This thesis is
in the nature of a preliminary gegdepbe report dealing with the

+two
geology of 2 of these Crown Granted €leims, the Bluebell and King

L‘u_’ﬂu ‘-l"}t‘/‘u\"’.

Solomen. ThemBlﬂﬁhﬁll_ﬁnﬁzﬁrngsﬁninmeﬂ were chosen because thercont-
ained the original showing%n gﬁus havERg hed the most development work
done on them.
Locati‘én snd=H=

The area is located on the east side of Vancouver Island, between
Victoria end Duncen. The cleims ere situeted on a small burnt-over
hill at elevations of 600 to 1,200 feet ambove sea level. More
specifically the claims are located immediately north of the Koksilsah
River, some seven miles due south of Duncan. The group of claims
lies in the southeastern corner of the Helmcken Land District aﬁi;is ;
within the Victorie Mining Division. They ere traversed by the Canadien
National Railway's line to Cowichan Lake, and there is a siding called

immediately below the T30 fool level
the Xinsol Stationﬁ/iThey are connected by two poor gravel roads
aepproximetely 6 miles west of Cowichan Stetion and 12 miles from Duncan.
These roads have been impassable for ordinary vehicles during the winter
months.
History

The deposits in the Helmecken district were discovred about

1900. Within the next few years it became evident thst these depoiits

could be of economic interest and in view of this fact a small company



the King Solomon Mines Ltd. was formed in 1904 to scquire the King
Solomon and the adjoining Queen of Sheba claims from the original
prospectors. In 1905 forty tons of 8% copper ﬁgggshipped to thelyee
Copper l'-‘:;:m.pam:‘l.eta smelter at Ladysmith. In October of this same year

the Bl#é@bell claims was recorded and many properties in the vicinity

were begng actlggly explored. Dets%epmea?:wa#k=gﬁ=%he Strippings s/
tlae o/ri/ing a,f.ima//aa/ﬁs a/za/.szﬁa/’z"

small edit-end sheft—type proceeded on both the Bluebell and King
Solomon properties unitl 1907, when five carloads of 5-8% copper weswere
shipped from the Bluebell. This culminated most of the work done to
date on the Bluebell, but intermittent work continued on the King
Solomon until 1916 when the last shipment of 250 tons of 4% copper ore
was shipped to Ledysmith by Joe Gallo. The highest EEErwvening period
of activity between 1907 end 1916 on the King Solomon waséwu§{§12 and 1913
when 3%0% tons of 5% copper ore %gﬁ shipped and the long adit at the

580 foot level was driven. This adit was driven in an attempt to
intersect the ore body outcropping at the 750 foot levely, thus giving

a depth elong the dip of some 450 feet. In 1913 the workings were
abandoned after the adit had resched a length of some 650 feet.
Following thiafgo;teworthy work was done on the group of claims until
1958, when the Cellardor Mines Ltd. was formed with a £ view to further
developmentr ef the known deposits, an%jggophysically explorﬁ%g the

ad jacent drift covered areas. To deate this company has carried out

an extensive drilling programme to determine the extent of the known
deposits and has stripped, by bulldozer, an area to the east of the
Bluebell showings mcifde{cpoﬁng some copper mineralizati‘on

of undeterminable extent in greenstone. By the fall of 1959 the company
had completed their gedphysical survey and also a geologic and transit
survey. The geologic survey was carried out by a Japenese geologist,

Mr. S. Setoh, end #his map of the two cleims (with minor alterestions)

is presented in this thesis. The geophysical, self-potential, survey



produced two large anomalies approximastely 2,500 feet northwest of the
lower Bluebell workings. The company intends to strip the area by
bulldozer and to drill any mineralization exposed. Upon resurveying
the 580 feot level on the King Solomon claim it was discovered that a
mistake had been made in the original survey which accounted for the
failure of the development project in 1912. The company has set up

a drilling station approximately 550 feet from the portal of the adit
and presumably they have intersected the ore body, because they propose

to widen the lower adit and to raise a shaft to the ore body.

J

Field Work and Previous Work

The writer was first introdued to the area during the summer
of 1957 while working for two weeks on the claims ss an assistant to
Mr. McKechnie. The bulk of the informstion presented in this thesis
is based on material gathered during eight days of field work from
October 1959 to February 1960. On these occasions the writer mapped
the main workings by the tape and compass method, and familarized
himself with the geology of the claims as presented by Mr. Setoh's map,
while)at the same time,collecting specimens of the main rock types
which were lester studied petrographically and mineralogically in the
laboratory.

Geologic litersture on the cleime is scanty, with the only
detailed report being presented by £. H. Clapp, in his Geological
Survey Memoir of 1917 on the Sooke end Duncen Map-Areas. His informetion
on the cleims was based on field work done in the summer of 1912 and
1913. The regional geology as presented in this thesis is st
emtirely based upon the work done by £. H. Clapp and H.'C. Cooke in Wfte the

dh / eefooh,
summers of 1912 and 1913, withhgomerefereneeteo a Mester of Science

thesis and Doctor of Philosophy thesis by J. Fyles on the Cowichan Leke

area, Vancouver Island, B.Ce.



CHAPTER II
Regional Geology

The Helmgicken and Shawnigan districts are underlesin magnly by
late Paleozoic snd Mesozoic voleenices sedimentery and igneous rocks.
These rocks may be subdivided into three divisions: pre-grenitic
crystalline Paleozoic and Triassic rocks of the Sicker and Vancouver
groups, grenitic rocks comprising the Seanich grenodiorite, and
Upper Cretaceous detrital sediments of the Nanaimo Group.

The oldest exposed rocks in the ares sre=Faieszesie belong to the
Sicker Group of late Paleozoic age. The Sicker Gro#p consists dominantly
of sheered sediments which are partly volcanic in origin. They include
distinctive thin-beddeq}cherty, argillaceous snd feldspathic tuffs,
limestone, coarse and fine breccias, and greenstones (Fyles 1955). At
the top of the group crinoidal limestone and celcareous sediments
contain Lower Permian and Pennsylvenian fossils. Thus part of the
Sicker Group can be correleted with the Chilliweck and Ceche Creek Groups
in the interior of British Columbia.

The limestones in the upper part of the Sicker Group have been
found by Fyles in the.Cowichan Lake ares to be conformably overlain by
massive or pillow basalts, cslled the Franklin Creek volcenicse The
Frenklin Creek volcanics form the lower part of the Vancouver Group
and are believed to be of Triassic and (or) Permian age. Associated
and releted to these volcanics are sills, dikes, and irregularéintrusive
masses. The lava flows have been found by Fyles to totaljs'l,(’;:éOzofeet
in thickness, Toward the top of the sectioejé?:?irregularly distributed
lenses of dense, grey limestone referred toguthe Sutton formetion of
Upper Triassic age. These intercalasted limestones conformably overlie the

Franklin Creek volcanics sre sxe found to grade laterelly into fine-grained,

green or brick-red clestic sediments. The limestones are overlain by



fine-grained breccies.snd feldspethic sediments, partly of volcenic
origin, which mark the top of the Vancouver Group.

The Paleozoic and Triassic rocks are highly deformed into
northwesterly trending folds, many of which are isoclinal end overturned
to the northeast. These rocks h=vereszen cut by ﬁg granitic messes of

i atlory -"dymrw—ainpﬂm—go{the coast intrusions. These intrusives arec4f@J/K€
Saanich gran oz{rbh’;

;ﬂéﬁiiructuralléf%;;ge @gke-like bodies, and lithologically consists
mainly of gquartz diorite and quartz monzonite. Tbkﬂﬁém ¥ vigme-

In the extreme northern part of the Helmgcken and Shaéégan
districts Upper Cretaceous shales,ané sandstones aih conglomerates of
the Nenaimo Group unconformebly overlie Paleozoic end early Mesozoic
volcanics, sediments, and intrusive rocks. A basal conglomerate d?,the
Benson formation merks the bé%ﬁ?sf the Nanaimo Group, end XeZitsedf, ¢
overglain by sandstones and shales of the Halssm formation. These
detrital sediments lie perallel to the adjacent unconformity which
dips &% a%consistanyéégzizﬁ;;rabout 45 degrees to the north.

The Nan&imo Group hes been moderstely folded into westerly
A%as

trending, open anticlines and synclines, and;dissected by steeply

dipping faults, many of which have relgtively large offsets.

R



CHAPTER III
(71

Geology of the King Solomon and Bluebell Claims )
TERBL" Ceology
General Statement
The deposits of the claims occur in rocks aof & demimently of a
sedimentary sequence ﬁgg%possibly some minor volcgnics-ana asgocialed.
The sequence consists of highly sheared chert, greenstone, and lime-
stone that hes been placed in the Paleozoic Sicker Group by He M. A.
Rice (1957), from published end unpublished maps of the Geological
Purvey of Caneda and the British Columbia Department of Mines. Lo myfxf writec's
knowledge no stratigraphic work hes been done in the immediate viecinity
end presumebly these rocks have been placed in the Sicker Group by an
extension along strike of R;ééﬁa rock units of the Cowichan Lake area

the writer
(Fyles 1955). ¥rom study of the rock types and units,, ¥ feels that this

: /s /Zouﬁ// o 2xex?
compilation is correct even though the section which I-believe existis at
the Cellardor is not exactly the same as any portion of the sections

b | 'j/'
described by Fyles. This is because the g%%%d;ncludes thick sequences

of sedimentary and volcanic rocks with very few continucus markeﬁﬁﬂrgﬁ;t
of the units being lensoid in nsture. The succession at the Cellardor is
uncertain due to the fact thet the overall structure has not been completely
worked outy because of complication by minor folds, obscuré?gidding,
absence of top criteris, rather intense faufting and ﬂfesence of numerous
intrusive bodies. o ;
Sicker Sediments

The stratigraphic succession, here proposed, has not been worked
out with any degree of assurance and it is based entirely on the fact
that the rocks/where not complicated by faulting.and ménor folding}tend
to have the same relative dip end strike over feirly large aress. Boundaries

between the units have not been observed and it is quite possible that

they are gradationel. The King Solomon and Bluebell claims are essentially



underlein by asequence of approxiemtely 2,000 feet of greenstone,
cherty tuffs, chert and minor limestone, all of which generally strike to
the southeast and dip steeply to the northeast.

/iwir Massive Greenstones and Lenses of
. Cherty Tuffs

The lowest ppartcn of this sequence is observeble at the 580
foot level and on the adjoining cliffs. It consists of approxisitely
500 to 600 feet of massive strifctureless greenstones which contain
lenses of thin bedded, dark, bluish-black, cherty tuffs. The base of
the section is not exposed on the cleims and what lies below <% is
unknown. In the vicinity of the 580 foot level th?e rocks have been
highly sheared and fresctured so that no bedding was observed. On the
cliff's to the west however, for a distance of gsever 300 feet, four
lenses of the thin—bedde%}cherty tuff were found to consistently
strike 110 degrees and dip 66 degrees northeast.

The messive structureless greenstoneswhich make up the majority
of this section véﬁgg; from plece to place in composition and nature. This
is probably due to slight differences in the oriiginal rock and varing
degrees of low grade metamorphism. The massive greenstones exposed
along the cliff are the easiest tosBudy and present the freshest b s/
specimens. The rock weathers to a whithish-green, lesving in relief
numerous small fragments which make the rock appear like a fine grained
sendstone. In some of the severel heand_specimens studied, crystals of
plagioclase and dark green hornblende up to five millimeters in length are
easily recognized. Crystals of dark green, platy chlorite and crystals
of light untwinned feldspar are also easily recognized. The aphanitic
metrix which generally makes up forty to fifty percent of the rock is

haye & =2
medium to dark green end appears to be "cherty" textureé. Under the

petrogrephic microscope (fige 17) the rock was found to have a somewhat

clastic texture, A¢a¢44waa&4f as it contains the odd rounded volcanic

L}

rock fragment, but #2 mejorssy most of the rock consists of yndividual



C’?ﬁzhé with angular and sub-angular outlines. For a clastic sediment an
unusually large smount of these erystals were determined—to—be esctinolitic —
hornblende. The rock as = whole has & fairly good sorting of the coarser
fraction but it still hedé an extensive aphanitic, chloritic metrix.
Q@er the complete exposure the rock would be classed as a fine érained
grenaceous o The mode determined is as follows:

smell % opaques

small % epidote

30-40% chlorite (generally fine greined)

40% actinolitic-hornblende (14 degrees mex. extin. angle;
2 cleavages et 60 degrees; mod + relief;
cleer to dark green pleochroism)

10% plagioclese (polysynthetic twinning)

Aot rhe becalbda

It is proposed te—ea}%~%ﬂ&ﬁ«rockﬂgreenstone because it is within Ferminadl

7’/{6 amyuw/c/ifa. clerrsnof Bass e
the chloritic zone of metamngphisgm Ifhere is some question whether the

metamorphism is of a regionel or thermal nature. Because the rock
definitely lacks any schistosity and there are nuumerous intrusions in
e . @l G .

the area, it 1s suggested that igneous is the dominant
metemorphosing sgent. From the textures observed snd the fact that
the rocks contain lenses of well bedded sediments, the rock definitely
seems to have hed a detrital or pyroclastic origin. ﬁfag:gae fact that
the rock #s consists mainly of anguler and subangular fragments %k and
that it contains an exceedingly high percentage of actinolitic=hornblende
(which now d;?iyf%ﬁég appeers to be primary or which could represent
complete replacement of all the mafics in the originsl sediment), would
be indicative of very rapid deposition, typical of the eugeosynclinal
type. The rock has unusually good sorting for a greywacke but it is
the writers opinion thet the original rock was a feldspathic greywacke or
a tyffaceous feldspathic greywacke.

Varistions from this representative greenstone have been observed
in several specimens from the 580 foot level. The massive greenstone whichl
is located nesr the end of the adit was f und to be quite similar to that

exposed in the cliffs. It differsgjhoweveﬁjin thaéicontains several



and He

epidote stringers and a noticeable amount of finely divided pyrite

(up to 10%), a higher percentage of plagioclase (30-40%) and a lower
percentage of actinolitic-horngblend? (15%). This rock ke is veined by
chlorite, epidote, and amphibole which would indicate that at least
some,if not all of the amphibole,is secondary in origin. Other varietions
were found in greenstones closer to the portal where thirgﬁésﬁﬁkﬁﬁbﬁkv
alternate with numerous cherty tuffs. These greenstones probably

[ lermedinle | '
represent ap grein size between the —EFpe-grained

ff%;ﬁ €5
arenaceous, he aphanitic cherty rocksy) In hand_specimen they eof

commenly look mwen like peridotitesbecause they are very dark green

or even black in color and have many sheared surfaJLs of polished
chlorite which could be misteken for serpentine. On freshly factured or
ééégifsurfaces a fragmentsl texture can bezﬁéﬁﬁ?quhere seems to be
approximately ten to fifteen percent of’ leucocratic fragmentSAﬂ%

crys taols.
eeystels of feldspar and (or) quart%ﬂ There are also the a few larger
melanocratic fragments visible. lhese rocks are invariably veined by
hair-like stringers of sa* calcite. ¥Under she misressope=i% was fe.
Thin sections reveal that the rock consists mainly of very fine grained
chlorite with minor epidote @nﬁLﬁgaaymplagioclasq(hligoclas%; and quertz.
Also there are minor, rounded microlitic volcanic rock fragments which

vary slightly within themselves in texture and grein size, and woulXd

again suggest a clastic origin of the greenstones.

The cherty tufis which are found mlé?ly as lenses in the massive
aul
Wxgﬂﬁﬁgf e 7 §

/
greenstone, erezsurrounded bg a light green-grey weathered border ef
where exposesl, Aas
approximetely 1/16 inch thicks The weatherggjaﬂﬂﬁaﬁhs revealalvery

bedding
fine parallel laminag}varying from paper thin to & inch in width (fig. 11).
ThisAiaﬁﬁﬁﬁgiinaegfbedding is traceeble for dista:ces of twenty and

in places up to fifty feet. Some of the beds definitely seem cherty or

v her
siliceous, wheiggggztbersjémainly the finer bedé%)seem completely composed
of chlorite or other soft materials. No thin sections have been made of

this rock, but some o0il immersion studies were carried out and it was



ﬂ//-:'c& m%/éé/

£ofidd that much of the rock consists of chert which hed slight positive
relief with respect to an oil of 1.5419 index. There were also a few
birefringent specks of an undetermined mineral or minereals.
Upper Cherts, Limestones and Cherty Tuffs
The massive greenstone snd minor cherty tuffs seem to be overlain
by a succession of cherts, minor limestones end probably some cherty
tuffs which could have a maximum thickness of about 1,400 feet. In
actualitxjthe relationship of this uni%%o the greenstone unit is unknown
end it can only be considered ss overlgying the greenstones if the
15 a ssamw/
structure, esn.be-assumed continuous and right side up. Much of this
area is complicated by minor folding and sBe lack of good bedding.
e O =)
Where good bedding is observed 4£hsrp %s @re imwesible small folds presment, -/
except in the vicinity of the Lower Bluebell workings, but here the
stywcture is complicated by the massive Seeanich grenodiorite intrusion
/.
lge s
and minor faulting. The intervening area betweeekworkings and the Jower
a s ‘\—-7'
Sluebell hes_not—been studied extensively and no bedding or stfigctural
determinations were made.
The cherts are generally dark blue in color, but may be green
grexjor white. They occur in beds generally from one inch to simx inches
Fhi e .
« Interbedded with these cherts there may be color bands
generally about one-half inch in thickness. The cherts weather rusty

6&:'45/5'7 & Z(K
brown, purple, white, or black. Composition#%y they sz® mainly, micro-

cne! = ey, criz '7‘/"C.
crystalline silica, which may be recrystellized ta:ééfﬁfgzziné:éiaéﬁed ’

4,
qu&a%z?%f?ﬁﬁézzzzgfzéﬁge cherts also hsve impurities and some of the

darker variesjtes might be tuffaceous. Much of the chert contains
secondary pyrite which seems to increase in amount £#e adjacent to the
ore zones.

The limestone occurs intercalated with chert in beds mainly one
inch to one foot in thickness. This type of limestone occurs mainly

on the King Solomon claim in the vicinity of both iee's upper and lower



workings. It is fine to medium erystalline, blue to &uff in color

and usually weathers grey, but may weather buff or be covered with
purple manganese stain. It is usually cut by some calcite veinlets
andhas some epidote replacement. The only prominent mineral seen in
hend specimen is calcite but there may be other carbonates and some
organic material. It may Bgfﬁelics of what seem to be erinoide#f stems
end in one specimen of float some very pp poorly preserved corals were
exposed on the wiﬁﬁéred surface. From microscopic det%?gzéZi;g;fit wes
found that approximstely 90% of the rock consists of carbonste, most

of which is probably calcite, but with a good possibility of some of

the finer matrix being dolomite. There is approxmékely 1-2% interstitisl

quartz and there may be up to 10-15% opasques which are very likely

p{pff“’
carbonaceou%ﬁ The texture is that of & chemical rock, likely orisinelly
origin 2xjensicsly
of organic thigén4jhoweveﬁjit is % strﬁng}yg recrystallized. Some of
the larger grains are corroded and partially replaced by the finer
fe?/s!'euéo{ o be :
matrix waigheould-be dolomite. The rock s is essentially a fine to

medium grained, blue to buff marble.
Garnetite S A /Y
Another facies which was originelly limestone occurs at the
Lower Bluebell workings as messive garnetite. This should be close to
the top of the chert sequence. This garnetite forms a lenticular body

: and s
in chert, sad tbilp ofwhith afz either in contact with or a short

distance away from éékq;ge»dikeﬂigﬁé body of the Saanich granodiorite.

The lense has been cut by both pre-ore and post-ore feulis, hes uncertain
lateral dimensions to the east, qnd tends te finger out into the chert to
the north and northwest. In the vicinity of the main fault the lense has a
thickness of about eight feet, whereas in the vicinity of the small adit it
reaches a maximum thickness of twelve to fifteen feet. The rock is mainly
light to dark red in color and in places has?ﬁben blebs. It is composed

almost entirely of messive garnet but in part consists of closely packed,



fine grained, euhedral garnets. There is msuslly e smell percentage of

quartz and calcite, with perhaps some diopside or epidote occuping the

green areas. IN—the vielrmityof the—mein foult—the gernetite isD
repluced—by-messive—sulphides. In thin-section it wes found that the
rock has a mode as follows:

707 garnet (isotropic or slightly anisotropic; zoned;
high + relief greater than 1.73; colorless;
in highly brecciated crystels)

20% quartz (colorless; uniaxisl #; low relief)

5% calcite (variable relief; high biref., uniaxial =)

a small percentage of opaques.

It was found thet the calcite has been mobilized since the
formetion of the garnet and quartz, but the quartz}%eplaces both the
garnet and calcite. The criteria used for defermining this paragenetic

. = =
(l{;u'ef A&‘v?)
sequence ;is replacement along veins and corroded boundaries. he
anisotropic neture of some of the garnet would suggest temperatures of

of theskarn
formation, exceeding 800 degrees centigrade.

A
Vancouver Group

Sedimentary, pyroclastic,or volcanic rocks of age later than

3
Baleozoic areshsent on the claims but a diabasésgreenstone exposed near
the top of the hill could represent an intrusion associasted with the
Franklin Creek period of v{lcanism. Fyles (1955, p#.20¢ p.38) has
described altered diabasic intrusions of this period in the Cowichan
Lake area. This intrusion definitely cuts the surrounding Permian and
oldersediments and it #miturn is cut by the & Late Jurassic or Early
Cretaceous porphyﬁj’dykes. Therefore, the age reletion of Triessic and
(or) Permian would be correct.

The intrusive in han%magscimen appears éxestdty similar to the
greenstones oé,the lower cliff exposure, differing only in the weathering
characteristics. Whereas, the sedimentary greenstone weathers white with

an arenaceous texture, the intrusive greenstone commonly weathers with 7

¢ purple mangenese oxide steinSand brown iron oxide steint Hewewer, In



how eyer
thin sectiogﬁthe two greenstones differ greatly. The intrusive has

been retrogressively metamorphosed to an actinolite:albite-oligoclase
rock with a perfectly preserved sub-ophitic texture. There is no
evide:nce of any calcic plagioclase but there are relics of pyroxene in
the centres of some of the actinolite pgreims-umsleinpg-them psuedomorphs.
The mode of this rock is as follows:
40% plegioclase (albite Ang to oligoclase Anssj determined
by the perpendiculer to A method; low +
and low - relief, pejspntielic Xoianing)
50% actinolite (2 cleavages at 53°; mex. extinction angle
of 95°; biexial -, 2V = 80%; light green
pleochroism; birefringence »,020)

/ ¥ pyroxene relics
5% opaques 5

small percentage of chlorite
small percentage of sericite and ksasolin
In the field this rock would be called a greenstone, but it

was probably originally a diesbasic gabbro. For such retrogressive
metamorphism of a high temperature igneous rock, ususlly one of two
mechenisms ere needed to produce thege replacement reactions. One o f
these is shear stress and the other is passage of waves of aqueous or
other chemically active fluids through the rock. Inasmuch asstihe original
sub-ophitic texture has been perfectly preserved)it is suggested that
the rock has been metamorphosed by hydrothermal solutions.samd Because

this rock hes a simple mineral assemblege and the replacement has almost

gone to completion it would seem that this period of hydrothermal activity

i foo(ﬁ(ﬁ-‘cé

was : over a prolonged period of time. This period of
activity could well have been the one responsible for the emplacement
of the ore minerals.
Seanich Grenodiorite and Porphy{g nges ///;féii
The Saanich granodiorite and the porphyﬁy dykes as mapped on
the claims are believed to be associated with the Coast Intrusions of

Late Jurassic or Early Cretaceous age. These are the youngest exposed

rocks in the vicinity of the claims eﬁyept for the ore bodies.




Saanich Granodiorite
On the King Solomon and Bluebell claims the Saanich granodiorite

outcrops in one lesrpe, steeply-dipping mess which has one k ifke-like

-{f/m fated!

projection. The rock outcrops are massive*with a blocky fracture pattern,

gréd~most treve-bhoen—yglecieted. The surfaces wekther light grey to white

with occassional brown rust stains. The mafic minerals tend to be
leached out leaving the surfaces slightly pitted. There are darker
inclusions which usually do not exceed six inches in diameter and

which are generally almost completely altered. Epidote was found
filling some fractures. In handspecimen the rock appears to be

seriate s porphyritic and on ééfaverage containd about 20% mafic
minerals, 5% epidote, 5% pyrite, and a small verieble number of euhedral

plagioclase phenocrysts. There is no visible quartz and the rock

or”
might be called a porphyritic diorite fe—pessibly—e monzonite. In

thin section the rock has medium to fine grained phenocrysts of mainly
plegioclase and various flafic minenmlggs. LThese phenocrysts compose
greater than 50% of the rocke. The matrix consists essentially of a
granophyric intergrowth of quartz and albite (orthoclase?) with some
small angular fragments and vermiculate-type masses of chlorite and

epidote.s The mode is as follows:

2-3% pyrite
10-15% chlorite (light green, extremely low birefringence;
blocky patches; micaceous)
5-10% epidote (moderate + relief; slight yellow-geen
pleochroism; moderate birefringence)
3=4% biotite (biaxiel =, smell 2V, green & brown
pleochroism; one perfect cleavage)
5% hornblende (slight brown pleochroism; 2 good
cleavages at 600; moderate + relief;
14° mex. extinction angle)
35% plegioclase (1abradoritep”§ome andesine; normal,
reverse, regular and irregular
zoning; polysynthetic twinning)
20% quertz (interstitial; low birefringence and relief;
uniaxial +) ,
15% albite (and orthoclase?; interstitial; low negative
relief with respect to guartz)
less thaen 1% apatite (euhedresl; accessory, isotropic
end sections; length fast)



a
The rock is porphyritic &R, grenophyric quartz gabbro or quartz
diorite (fige ﬂﬁﬂ. A simplified paragenetic sequence is as follows:

1. apatite

2. plagioclase
hornblende ;} phenocrysts
biotite
5 quartz
albite
4. epidote
chlorite

5 pyrite
6. possib{f some recrystallization of quartz

There is some albite and epidote formed by ®e saussuritization
of the calcic plegioclase. The chlorite is distinctly replacing the
biotite. It is believed that this rock was emplaced as a mushy mass
of crystals by some passive process such as magmatic stoping. The
randomly distributed darker inclusiops could represent some of the
made~over stoped blocks. The body(definitelyyg;;;;;;;::;; cross—-cutting
thelgg;xisting sturctures. There also seems to be a general low grade
thermal sureole in the district with some restricted medium grade
metemorphism observed around the Bluebell area.

Porphy{?’D¥kes

The porphy{f qpkes consist# of irregular lensoid bodies with
vering dips and strikes. In the majority of cases, where observed,
they cross- cut pre-existing structures and only in a few places do
they take on a sill-like appearance. They are generally whitish to
greyish~gfeen in color and tend to teke éé:sariﬁgﬁ weathering characteristics.
In most instances the mafic minerals are leached on the weathered surfaces
but in one place it was noted that the mafic minerals were elevated
ebove the rest of the weathered minerals. The %ykes are usually highly
fractured and are impregnated with epidote, calecite, and pyrite.

These qykes heve varing mineral assemblages but Lhey are essentially
porphyritic with a smell percentage of feldsper {mein¥y phenocrysts
(mainly plagioclase) dhd}mafic phenocrysts which are typically altered to

chlorite and epidote and mey contain small quertz crystaels. In thin-



section the %?kes show some variations in composition and texture but

they do bear certsin similarities. They e all simiisr have similar

field relations; they are all highly altered with most of the primary
minerals being partly or wholly replaced; they often have a microcrystalline,
granophyric matrix. |

The %fke adjacent to Lee's Upper workings was studied and wés-
found to contain esbout 5% mafic minerals( blocky chloritic materiau,

30% feldspar, end 2-5% quartz in hand_specimen. The matrix was also
examined and found to be microcrystalline and to constitute about 50%

of the rock. Epidote is common in places in this kae. In hand_specimen
the rock appears to be a quartz monzonite to a quartz diorite. 1In
thin-section the rock was found to contain some unusual textures (fig. 11{;.
The originsl rock must have consisted of meinly plagioclese feldspar
phenocrysts and quartz phenocrysts in a very fine grained quartz-feldspar
granophyric metrix. This rock kewewer later had‘2#gz:ig;;é%éigni%i:iﬁgjzz
; o K
] « The spherulites consist of albite, and are seen
forming replecement borders around the gquartz and plagioclase, as
isoleted spherulites, and actually forming a pseudomorphsafter some
other type of feldspar. The remaining plecioclase crystals have been
more or less completely ssussuritized or sericitized and the originel
mafic mineralg have been completelyreplaced by chlorite and epidote.
Quite possibly this alteration sccompanied ore deposition.

The kae ed jacent to Lee's Lower workings is also found to be
porphyritic and granophyrie, but it lacks the spherulites of albite.
Here essesns*a¥iy the feldspar has been sericitized or ssussuritized
and only & small remnant core remeins. The grenophyric matrix is in
grain size somewhere between thst of the previous %fke and that of the
Seanich granodiorite.

fosely
The last porphy{ﬁ dykéi;tudied was one occurring in the 580 foot

’ L was ﬁuhAﬁLc i e
level pgf—the-mime. It tnngEﬁensﬁy 8 darker grey-green seier than the



other pyrophy{f/dikes end contains numerous obvious¥%y epidote nodules.

On a Sews surfece the @yke seems to have a cataclastic flaser or sugen

type texture but no evidence of shearing wes noted in the thin—section,4ﬁéﬁ%%bj
b tAeB1this texture is believed to represent some original flow structure.

The dyke is generslly finer greined and has = lower percentage of

phenocrysts than the others, and has undergone a different type of

alteretion which could perhaps account for its greener color. Chlorite

and less#abundant epidote are the alterstion products. The epidote is

found in grein aggregates which are often gpeudomorphddsefter plegioclase

and the chlorite is generelly found as finely divided greins in the metrix.

Correlatiqncbthqen,Sganiqh_Granodiorite,and the
Porphy{f kaes

Due to the fact thet the Sasnich granodiorite and the porphysﬁ/

?Pkes sre not seen in contact andjéﬁZy heve similer field relations,/hesﬁamdf;J,
wh&rte- they cut ecross pre-existing rock structures, it is believed that
the Seenich granodiorite and the porphyrgsdjkes might represent the

/%‘ﬂ”j) howde ver,
same period of ignecus intrusion. Ehe,ﬁhfficultiés erise’
hpwever upon detailed study of thin-sections. They have different
composition and somewhat different textures. It is the writerbs opinion
thaet the € differences cen be explained by the size of the bodies and
the differences in environment of intrusion. The granodiorite is
coarser grained snd has e definite consistent composition, wheress the
porphy{f’@ﬁkes have verious compositions and h;%;é&rdegrees of alteration.

e
The slterstion is the most difficult thing to explain, but perheps, to Fhe /5o - M

/

e
%maller,more highly frectured pﬂ%%ﬂygf&bodies adjacent to the 1Bwer

Hal 4 ey "

Hage) 1

ore deposit§4wer3;ﬁgre suseptable to different types of slteration than
tne more massive quartz gabbro. The difference in grain size df*the—
Sgdpici gfhrodiorite cen be expleined by the differences in the size of
the various bodies, thus each having varing retes of cooling. The
verietion in composition could be ascribed to'differing types of
contaminetion of the intruding bodies. The field relestions sﬁpport

this idea, inesmuch as the dfke adjacent to Lee's lower workings does not



contain any quartz, whereas the %fke ad jecent to Lee's upper workings

and the Saenich granodiorite both contsin considerable quertz, ﬂ@adqu”/
it is found that the latter two d&ﬁg%ntrude n;&m—rﬁ’q;u cherts, wheress,
the former presumabl?’intrudes underlying greenstones. Microscopic

=
criterie supporting a correlation ocomeisis—of the fact that these

three bodies ell are porphyritic with a granophyric metrix.



Mineralography
The mineralogy of these deposits is reletively simple,ané the
only ore mineral observed was chelcopyrite which has associated with
it pyrrhotite, pyrite, megnetite and specular hemmstite. The ares in
general is very high in iron minersls but in most cases thewe iron
minerals do not appear as if they would interfer with the milling and
concentratiag of the chalcopyrite. The fact thet the minerelogy is

simple and the chalcopyrite Tckurrernces in=-4the=uppessr=Einsbeil=are

/S usuelly massive snd-soeroe=gsedmed, make a mineralographic study of
limited value. N A insens n€Xl pAGL Lepe




CHAPTER III
Part II
THE DEPOSITS
General Description
The known copper mineralization on the King Solomon and Pluebell

cleims is exposed in '{}Vfi genersl localities: Lee's lower and upper

workings, the Bléaebell lower and upper workings, and the %e&i&eﬁﬁﬂg;
44 Castot theBluchel
stripped exres::'g which could possibly be included with the copper

occurrences of the upper Bluebell workings_since it occurs elong the

; 1
ntralizalt’®a :
strike of the controlling shear. The qﬁﬁﬁkr of the Upper Bluebell

ghowing occurs as disseminated chelcopyrite in the foot well of a sheer
whichuguﬁimasured $n the largest working has an sttitude of 037 degrees by
55 degrees southeast. This deposit is of low grade and is thought to

be of minor importance. The copper mineralizstion of the iower Bluebell
workings is of much grester importance and contains areas of massive
su%fbhidasand oxides which ere known to run ass high as 15 snd even 20%
copper, over short distances. These deposits occur in garnetite and are
of a contact metamorphic neture, though still controlled in part by
sheargs. Most of the garnetite in this deposit would only be of low
grade and only where it is brecciated by a shear zone does the high

grade ore occur. Unfortunestely these deposits are irregular and thus
difficult to explore and map. The/idéf(ife:{ of 4l deposiih lolfmeity e if
limited by the enclosing Saesnich granodiorite. When the writer studied
the#e deposit# the shafts and underlying adits were filled with water,
séntgégmhe wes unable to ascertain the vertical dimensions of the
chimney. It is known?howeveg that it extends downward for at least

one hundred feet. The lower deposits on the King Solomon claim are of a
different neture.esgedns They seem to be associsted with the porphyryV
intrusions and are both stratigraphically end structurally controlled.
The mineralization occurrence at Lee's upper workings is found in

fractures in chert and marble, and disseminated in the marble which JLWVL&v(

(A)



e

pry

{3 i
may or mey not be dolomitized. The dissemi#ted ore here would be of
minesble grede but again the deposit is of unknown veérties3Z extent and
is probably guite restricégted (the company likely knows the’é&ten@ﬂmﬁ

Sinet
tia are bezalse they have carried out en extensive drilling progremme

in the é;;;;i?ﬁzicinity). The mineralization at Lee's lower workings
oceurs as a body of massive iron sulphides with minor chalcopyrite.
fhis body hes an sttitude of 030 degrees by 35 degrees to the southeast
and is approximately twenty feet wide. From the observed mineralization
it would appear that these massive sulphides have the highest copper
values in the footwall. 1In the highest part of the surface exposure it
seems thet the ore has a stratigraphic controLFindasmuch aggit has
presumab%f’replaced the lid¥y di&?:“fﬁ the sediments. The sediments
here consist of thin interbedded chert# and limestone which have been
deformed into two minor folds (fige. 6) which trend southeast and have
approximately vertical axes. These folds are not expressed lower

down on the outcrop , and perhaps are only the deformed upper portion

of a single, larger fold.
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footwall is chalcopyrite and it is quite possible that there ﬁ%@ﬁt be
reater concentrations along this bresak.
Wk ﬂ{ii; L TLower Bluebell
The mineralization as it occurs in this deposit may be ¥ subdivided
into three main groups: the messive mineralization, the disseminated
mineralization in garnetite and the pyrite rich wall rock alteration
p#tse. The massive sulphides occur adjacent to the main shear zone

and presumably represent complete replacement of the brecciasted garnetite.

The parageneti;{sequence was noted here as being gangue, specularite,
cert Wi th et
magnetitetﬂpyrite as«#&e—e&%%y—m%ne#als%saad chalcopyrite bedng lates

£ e+ niing
The chelcopyrite replaces the other minerasls and makes up about

50% of the rock. The disseminated ore consiﬁé of about five to ten
percent of the garnetite skarn aneﬂﬁginly cemeisls=af chalcopyrite with
minor pyrite and megnetite. The pyrite rich alteration phase is

common earound the ore zones, but dofé not contain any economic minerals.
74;,placas-the pyrite almost completely replaces the pre-existing rock
which Is'n5t“Ts3%%%et&d&inmihefgarne%i%eﬂaﬁﬁ is mesme commonly tes chert.
In other places it might be found &t~ as fracture fillings, commonly
in the boundary shears of the garnetite. In these shears the pyrite

is usually breccisted indicating post ore movement. Accompaning the

/it has also been noted that the chert is affecﬁnﬁ?ﬁ
5.5(4 era A/

Hebnre. Gemerelly in the sresé wkere Fhe chert 131dark blue in color

but when its fractures are filled with pyrite there is an sccompanying

pyrite altersation

leaching or replacement tofwhite chert. When the chert is 65%ng more

)"?ﬁ/ﬂ—cei & par~ /
extensivelyﬂby the pyrite, it staris to r 3 eunhedrel quartz ﬁﬁyzgﬁzf
orgste¥s end becomes very vuggy with small radisting aggregates of
?ypsum grystals Pérued. To date these ¥fikse-are simply points of interest
but it is possible that they could be applied ﬁb exploration work.

Lee's Upper Workings

In the ore zone which is not well defined, approximately 15% of
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%ét {g/ue é-e//
The mlnerallzatmn found in the dpperBluéb@lls shear zone of the
Upper Bluebell showings constitutesonly a vary\éﬁéil percentage of the
(0 .
rock,which is mainly a soft, black-green chloritic ﬂgiii lhere is

minor pyrite and megnetite in the vicinity but the main mineral in hthe
/T A
The minerelization as it occurs in this deposit may be % subdivided
into three main groups: the massive mineralization, the disseminated
mineralization in gernetite and the pyrite rich wall rock alteration
pitse. The massive sulphides occur adjacent to the mein shear zone
and presumably represent complete replacement of the brecciated garnetite.
The paragenetic sequence was noted here as being gangue, specularite,
o Lot

magnetitetdpyrite as—#ﬁe—ea;&y—aiae#a&s,ssad chalcoryrlte b@%fﬁﬁ;atef‘
The chelcopyrite replaces tne other minerals and makes up about
50% of the rock. The disseminated ore consiﬁé of about five to ten
percent of the garnetite skarn an%{EZinly cemedsis—ei chalcopyrite with
minor pyrite and megnetite. The pyrite rich alteration phase is
common eround the ore zones, but do&é not contain sny economic minerals.
?éL,places.the pyrite almost completely replaces the pre-existing rock
which is-nﬁt“res%f%e%adkia_ihefgarne%i%e—aﬁﬂ is mesee commonly thee chert.
In other places it might be found j##t~as fracture fillings, commonly
in the boundary shears of the garﬁetite. In these shears the pyrite

is usually brecciated indicating post ore movement. Accompaning the

pyrite alterstion it has also been noted that the chert is affecteqffr

emeraﬁﬂf )

Hetnre. Gemerelly in the sresé where Fhe chert iafdark blue in color

but when its fractures are filled with pyrite there is an accompanying

leaching or replacement tofwhite chert. When the chert is Sﬁ%ng more
}"?//ﬂ-ce/ & ppr~ /

extensivelyzby the pyrite, it starts to r 3 euhedral quartz giyzgﬂkf

orfste¥s end becomes very vuggy with smell radieting aggregates of

yypsum grystals Pérmed. To date these PHidse-are simply points of interest

but it is possible thet they could be applied ﬁb exploration work.

Lee's Upper Workings

In the ore zoneiwhich is not well defined, approximately 15% of



the rock is minerelized with chelcopyrite and pyrite. The chalcopyrite

is usually in greater abundance than the pyrite but it may be vice versa.

The gaQ?apis usually celcite, which in some areas has simest been

almost completely dolomitized. The dark green chloritic gangue 1s found

/UPFJG%VI&#?in the smell shears in chert. The chalcopyrite here is

nge.*ﬁ?)

generally in massive blebjAwhich weather to irpegdescent blues and

yellows, and may be mistaken for pyrite which also weathers to an

irfﬁdescent yellow. In polished section the mineralization is seen

to be isolated blebs of sulphid#&replacing the gengue minerels. Quite

often they are in small veinlets but not intimetely associated. This

perhaps indicates two distinct periods of deposition.

Lee's Lower Workings
The mineralizstion is found as a body of massive sulphide replacement

ocecuping a shear zone. Pyrrhotite is far in abundance and generally

occupies the ggfyer centre of the zone with an increase in pyrite toward

both the upper and lower boundaries. Chalcopyrite is only found in

small amounts, seemingly in grcatest abundance near the footwall.

Pyrite is also found replacing the country rock away from the ore zone ,
412%%é§f§s euhedral crystals displaying a diffusion texture adjacent to

small fractures, ixncressing in smounttowerd—the—frestures. The

gangue in the ore zone generally consists of dark_s#licified gouge .

dskerial.
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chalcopyrite (CuFeSQ) - good pplish/ brass yellow colorj; hardness C;
extensive black powder when scratched, weakly
anisotropic; negative to all reagents except
HNOB-fumes tarnish.

pyrite (FeSg) - poor polishj pitted surfaces;y pele brass yellow colorj
hardness F, isotropic.

pyrrhotite (Feq_,S8) - fair polishj hardness C-D; strong anisotropismy
negetive to KCN, HgClp, FeCly, HNO§ and KOH surfaces Zsug
slightly brown, distinctly magnetit.

megnetite (Fe504) - strong megnetism, fairmplish; grey; hardness F,
isotropicy finely divided in chalcopyrite or also
pseudomorphic after specularite{Fr9. %#)-

speculer hematite (Fep0z) - slightly megnetic; good polishj galena white;
hardness G, distinctly anisotropic, grey to
black; platy habit.

unknown (figure 19) - feir pdlish, grey, hardness C; gives black powder,
anomalously black under crossed nicols, no
internal reflection; is not magnetic, megetive to
HCl, KOH and KCN on area smaller than a drop;
with aqua regis slight corrtsion of surface,
negative microchemical test for Zn; probably a
gangue mineral or secondary oxide(;‘;‘g.#/‘? :

Y X 23 VA S—
With a study of the paragenesis one generally finds that the

specularite, megnetite, pyrite and possibly the pyrrhotite are early
end the chalcopyrite is emplaced st a later stage and me possibly at a
lower temperatue. . S
(Vagsifrcaltion oF Jgpost?s

These would be classed as hydrothermal deposits with the

temperature of formetion of the chalcopyrite and pyrrhotite probably
% 3es .

around 500 degrees centigrade (approximete¥y). The anisotropism of
some of the garnet in the Lower Bluebell deposit would suggest
temperatues exceeding 800 degrees centigrade, but the ore minerals
probably came in leter, following this peak temperature. The criteria

for high temperature hydrothermal deposition would be the associstion,

simple mineralogy, absence of vugs, and absence of crustification.



Summary of the Controls
low AL

The controls of the deposits are s—eembimetien—ef stratigraphic
and structural. The overall control is the Sicker sediments and as
far as replacement is concerned, it is generally restricted to the

hotizons
limy #owee, except for th&a$ mineralization§ which occurset Lee's
Lower working where the massive sulphides seemingly replace all pre-
existing rock. From a closer study of the deposits, ‘it appears that
o Fro b
a structural coatrol is of equal importance to the stratigraphiiﬁ Er
;:fhall cases the ores are relsted to shearing. The Upper Bluebell deposits

@#geof the shear zone type, whereas,the Lower Blg@bell and both of Lee's
workings are a combination of shearing and selective replacement.

The intrusions in the area are another controlling factor. The
Lower Bluebell deposits are found in a narrow chimney or pendgnt of
Sicker sediments surrounded on three sides by t#® Saanich granodiorite}
el the King Solomon or Lee's showings are both associated with
porphyrf cyke bodies.

In summary, the controls are: the Sicker sediments, garnetite

and merble horizons, shearing and granitic intrusions(Saanich granodiorite

and certain porphyrf’qykes).



ECONOMICS #— foo I nole

fooluol*
51 should be noted that the writer's familiarity with &=
thaly
mineral dposits is limited and he does not know the exact grades of
¢  Mepecear jere e —

the Ehbwnzdeposits. n reviqud%heﬂoccurrences of the coppe;,if
:;;;;;;%;;“:I;;;;E;;r thet the known deposits could only be "high graded"
and mined at a profit by a small operation with good management. The
deposits definitely do not warrqnt the contruction of a concentrating
plant but quite possibly the ore could be shipped to Cowichan Copper

for concentration. The area as a whole appei;iwjo be of greater

promise since much of it is covered by drifﬁﬁ thus hes not been
completely explored. There is much mineralizetion in the rozés of

the district but it is generally confipn&dto iron minerals,although

it is highly possible that there could be economic concentrations of

copper. The area definitely warrgnts further exploration, perhaps by

2 combined geophysical and geochemical methods.
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