THE GEOLOGY & ORE DEPOSITS OF THE SUMMIT
CAMP,

BOUNDARY DISTRICT, BRITISH COLUMBIA
by

HENRY THOMAS CARSWELL




In presenting this thesis in partial fulfilment of
the requirements for an advanced degree at the University
of British Columbia, I agree that the Library shall make
it freely available for reference and study, I further
agree that permission for extensive copying of this
thesis for scholarly purposes may be granted by the Head
of my Department or by his representative, It is under-
stood that copying or publication of this thesis for
financial gain shall not be allowed withbut my written

permission,

/})/f'f-pam% 7

Department of Geology and Geography

The University of British Columbia,
Vancouver 8, Canada.

Date April_&, 1957.




R

THE GEOLOGY AND ORE DEFXOUSITS OF THE SUWMMIT CAM-,

EQURDARY DISTEBICT, ESITISH CCOLUMEIA
by
HERNRY THOMAS CARSWELL

B.A., University of British Columbia, 19535

A THE-IS SUEBMITTED IN PARTIAL FULFILMENT OF
THL BEQUIBEMENTS FOB THE DEGREE OF
MASTER OF SCIENCEL
‘In the Department of Geolecgy and Gecgrarhy,

Divislon of Geology

ke accept this thesis as conforming to the

reguired standard ,

THE UNIVERSITY OF BRITISH COLUMEIA

April 1957




The Sumnit Camp, now abandoned, 1s located seven miles
north of the town of Greenwood in south-central British
Columbia. HMineral deposits in skern zones cf the camp Were
mined for their copper, gold, aﬁd sillver velues. The oldest
rocks in the Summit Camp are the contorted grey cherts of
the Xncb Hill Formation of Faleozoic (?) age. The Kuneb Eill
Formation is overlain nonconformzbly by the Paleoczoic Attwood
Series, made up of the shalés of the basal Eawhide Form=ticn,
the limestones, chert breccia, and limestone breccia ¢f the
Brocokxlyn Fcrﬁation; and the pyroclastices, lavas, and sreen-
stones cof The Eholt Formation. The chert and limestone brec-

=

cias of the Erooklyn Formation, interpretced by some earliier
workers as the results of siligificaticn ané tectonic breccis-
tion respectlively, are considered to be of clastic sedimentary.
crigin. There is a proancunced nonconformity petween the
Brooklyn and Eholt Formations. These sedimentary rocks were
intruded in Mesozocie (7) time by the Emma Intrusive consisting
-of guartz diorite, diorite and minor gebbro. This event was
foliowed by the emplacement of the Lion Creek Imtrusive, which
consists of quartz diorite and syenite. In Oligocene time

the arkoses of the Kettle HBiver Formation were deposited in

fresh-water bosins in the srez. Earlier rocks were intruded

by Mioceme (?) phonolite and pulaskite, that alsc gave rise




to fiows of similar compesition. Miocene (?) basic dikes zre
the latest rocks of the érea.“

Mineral Gegosits of the'camp contain magnetite, py-
rite, pyrrhotite, chalcopyrite and tetrzhedrite in & gangue

of skarn minerals. Skern has formed from Eroockiyn limestone

n

28 @ result of the zddition of heat and larze amwounts of 38i,
£1, znd Fe¥*¥ from the Lion Creek Intrusive. The intrusive
assimilated large amounts of -Ca znd CC, in The process. Ckarn
zones are controlled by proximity to the Lion.Creeg stock, or
by & contact of limestons with cther rocks, or by the yresence
of chammelways such as fauits or cermesble beds. Hetallie
minersis were intréduced intv the skuarn zones along fractures
ana foliation plames with fallihg temperature.

Epithermal preciocus metzl veins that cccur close to
the Mesozolic (7)) intrusives of the Boundary Uistrict zre not
found in limestone. It is belleved that these veins were em-
placed during =z late stage in thé cooiing of the plutonic rocks.
The earlier, higher temperature relessc of metals into the
skarn deposits may be.the result of {he assimilation of Clp
that locslly prevented the solidificztion of the shell of the
consclidated intrusive body. The mineralizing fluids res-
.ponsible for the epithermal velns uwere traépad—hithin the shell

end releaged at a late stzge by fracturing due to cooling.

»
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This thesis results from ficld work Gome in the

summer of 1956 for Rorands :xploration Company, amnd compila-

tion and lsboratory work during the winter of 1$56-57.

SUMMIT CAMP

The Summit Camp i between Eholt Creek and‘thé
Korth Fofk of Keitle Biver aboﬁt seven miles north-
west of Grand Forks, the main town in the bBoundary
Disirict ol south-central British Columbliz. lThe mineral
deposits of this Diétrict are low-graue copper
showingzs in skern snd silver - gold -~ lead veins. The
depoczits are associzted with granodioritic intrusives.
The total recorded productiOnkcf the Summit Camp is
11,672 oz. Au, 326,988 oz. Ag, and 17,980,390 1lb. Cu.

The mines and snowings that the writer aiamined
zre the Emma, Ore Denoro, Jumbo, ¥ountain Eose, E.C.,
Rathmullen, Shicikshock, Saillor Boy, E. Bell, and
Eluebell properties. The Lzncashire Lass,'whiqh might
be included among the mines of the Camp, ﬁas ngt .
visited.

The Summit Camp is subsidiary to the better-known
Phoenix Camp zbout three milés to the south#west, nowW
bein; reopened by Granty Consclidated Mining, Smelting,
- end rower Company. The Phoendx deposits are similar to

those of the Summit Camp, and hsve produced 22,000,000

bk W Ve R Lok [ A P Sl DAl g A T
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tons of ore averaging 1.5 copper (Seraphim 19 96 ) .

E. HISTORY OF THE AREA

The esrliest mining activiiy in the Boundary Dlstrict

L

was placer mining. In 1891, the Motherlode, Phoeniz,
andg Summit Camps were discovered, and shortly zfterward
smelters were bulillt at Greenwoocd znd Grand Forks.

cummit City, located on the hizhway nesr the Oro
Denoro Mine, was established in the late 15%0%s and
became the cenire of the mining population of the Summit - X
Cémp. Judsing: from the ruins of the abandoned settle-
mcdt it had a population of sboul TAfiy pcersoms. A4Lbout E
1904 the Columbia snd Northwestern Keilway and the
Fhoenix-Eholt and Phoenix-&rsgnmaéd railway spurs were

completed. Construction lent impetus to mining, which
seems to have reached a peak about 1910, then slackened
until 1922, wvhen it ceased except for sporadic lessing.
The.Gfeenwocd smelter shut down in io18. Attwood Copper
 Fines Ltd. concucted exploratiom work throughout the
Boundary District in 1951i-53. Late in 1955 Noranda Ex-
w;c;auion Company optioned fifty clzims in the Suamnmit Camp
and began exploration.
C. ZIZESCHEIFTION OF THE AREA

The topograrchy of the map-area ls subdued snd not

ru géd, with ukuvmticn. ranzing from 1,300 to 4,000 feet

Y zbove sea-level. The couniry is in summer generally dry



znd hot, the runoff being discharged by minor creeks.
kest of the divide ru;ning thrcough Eholt and Emma Mine
these creeke are tributaries of Boundary Creek, and
ecst of the divide they feed the North Fork of Kettle
Biver.
Timber snd brush are thick in the ereek vaileys,
in the wet drift-covercd cepressicms, and to a le:ser
extent on norih slopes, vrhile drier southerliy-facing
slopes ere $parsely covered with grass and scéttere& ircese.
Bedrock is mantled with a maximum thickness of ten
feet of @rift on the slopes, but in depressioms Arift
may be &s much és 100 fset‘thick (Wnhite, 1954). The glacizl
crizin of the drift is attestgd to by the heterogensity

of the rock fragments in it, and by numerous erratics.

A drumlincid treps the small pond near Loon Lake. Ia the

grift-covered botioms cuterop is eﬁtramély scarce, but on
slopes free of thick woous rock exposures are more pienti-
fule. |

Access {0 the map-zrez is provided by paved high-
way. #Hithin the arez the o0ld railway grades, wagoen
roczds, and loggirz roads allow easy tranmsport by truck
or Jjeep to most points. & foot-Lrzil was cut to the_Lime
Creek area in 1g56.
EXPLORATION PRCGE'M

During the summer of 1956 Norande Exploration

Company corried on an intensive search for copper deposits



in the map-zrea. The operation was based at the nearby
town of CGreenwood. Geologlcal, seli-potential, meg-

netometer, zud soil-sampling surveys were carried cut

on cut lines spaced at 400 feet. In the late summer a
drilling program was started, the targets being geo-
physical an& geochemical anomalies.
GECLOGICAL HAPFING
Two hundred scale geoclogical mapping was carried
on by traversing picket-lines. Althouzh the lines were
surveyed only by chain and compass, accuracy seeaxs
sufficient for the 1,000 scale compilation. Eoughly, the
arcea mapped st éOO scale is bounded by a circle of 4,000
foot radius with its cenire at the Bluebell Hine. The
remainder of the geclogy shownlon the 1,000 scale sheet
is 1,000 eczle recomnaissance work.
In gddition to this maprping program, the 0ld surface
wquings were mapped by plane-teble on éeparatg sheetis,
wiich were tied in by 2 plene-talle traverse. The caved
- portal of the Orolﬁenoro 2dit was opemed late in 1956,
and the accecssible workings mapped hy M.K. Menzies of
Norands Exploraiion Company.
Surface mapping 0f the area was moderstely difficult
because of the scarcity of ocutcrop amd the prevalence of

lovi-grade metamorghism. On the other hand, rocks are

- 1ittle weathered, =nd rozd snd railway cuts offer good

exposures.




LABQEATORY WOEBK

Laborciory work at The University of EBritish
Columbia curing the winter of 1956~-57 was based on &
collection of 170 specimens. Fifty-five thin sections,
four polished thin secﬁions,:énd thirteen polished sec-
tions were examined.
PREVIOUS -W0OEX

The earliest geological work in the Zoundery Lis-

trict was done by B.V. Brock,. who mapped the entire

District on a scale of cne mile to the inch in 1901

Brock, 1902). E.A. Daly mapped a five-mile wide sirip
eglong the International Boundary on 2 ome-mile scale in
1906 (Daly, 1912). In 13912, Le Eoy mapped the Phoenix
Camp ot 400 feet to the inch. ' In 1937, Mcunaughton ma.ped
the Greenwood-Phoenix zrea at 500 feet to the inch and
published his findings in a paper {1945) in which he
zgreed with the geological intgrpretatioﬂs of Le Hoy.

In 1951, Attwood Copper Mines Ltd. began explora-

ticn of the Phoenix, Summit, and Deadwood Camps. Khite

end Allen (1954) published 2 paper on geologiczl methods
nsed in this exploration program, which proved_very use-
ful to the writer while comducting a soil-sampling program
for Noranda. Geological work done for Attwood was

summarized bty Seraphim in a paper published in 1956.
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IRTROIUCTOBY STATEMLNT

The rocks of the map-area range in age from raleco-
zolc to Tertiary. The oldest rocks in the area are
mown as the Knob Hill Formation. It oulcreps at only
one place in the map-area. The rock, exposed at the
formztion's upper cocntzet, 1s a contorted grey chert.
The conbtact between the overlyin: Attwcod Seriecs is
probably noncenformatle. The Attwood Series, of Late
Paleczoic age (7), is represented in the map area by the
Brooklyn and Eholt Formations. The Brooklyn Formation
consists of limeéstone, chert breccia, and limestone
breccia. This formstion is overlain nonconformably by
the Ehelt Formation made up Qf pyroclastics, wz=ter-lain
pyroclastics, basaltic lavas, and the chloritized eguiva-
lents of these rocks. Outslde the map-zres, the Aitwood
Series contains the basal Rawhide Formation, which con-
sists of severzal hundred feet <f shzle.

Paleozoic rocks were intruded in Mesozcic (?) time
by the Emma and Licn Creek Intrusives. The Intrusives are

overlain by the Oligocene Kettle River Formation, which

(¥

iz composed of arkose. The Kettle Eilver Formation does
not outcrop in the Summit Camp. Country rocks are intruded

by Miocene (%) pulaskite sheets and stocke and phonolite

~dikes. The pulaskite intrusives geve rise 0 flows of




the same rock. 4ll earlier rocks are cut by late dikes

of varying but usually bzssaliic character.

B. TAELE OF FOEMATICNS
CEROZCIC Miocene (7) Basic dikes
Pulaskite flows, dikes, &and
sheets; phonclite cikes
Oligocene Kettle Eiver Formstion - arzose

MESOZOIC (7) Lion Creek Intrusive
Emma Intrusive

PALECZOIC Attwood Serles:

- Eholt Formation - greensicne,
basalt, andesite, tuff, agg-
lomerate, volcanic breccia

Erooklyn Formaetion - lime-
stone, chert breccia,
limestone breccia, and minor

" endesite flous

Bawhnide Formation - shzle

Knob HAll Formation - chierd

C. DESCRIPTION OF FORMATIONS
1. Xnob Hill Formation¥®
The Knob Hill Formztion cutcrops in the map-area
&t only one place -~ about 1,000 feet ezst of the
Shickshock showing, morth of Lime Creek. The rock
is =2 strongly contorted grey chert. The strata, up
to two inches in width, have in their less combtorted

parts a general north-west dip.

b Detailed descriptions of thin zmnd polished sections sre
incorporated in the appendix.




The contact of the Kneob Hill with younger rocks
is obscurea to the north by telus end. drift, but
it zppesrs tc contact the overliying Ehelt Formation
with 1little if any intervening thickmess of Brooklyn
rocks. T0 the south the ﬁnob Eill rocks contact

Erocklyn limestone that strikes north anc dips

vertically. The actuzl line of contact is obscured

by drift. The Enob Hill chert had here a 55-degree
south-west dip at the time of deposition of lime-
stons: these formations, then, sre nonconformable.

It would appear that the outcerop of Knob Hill chert
represents a hill in the old pre~Erooklyn erosicn
surface where lower horizons of Brooklyn sediments
were not deposited. :

The small=-scale crumpling of the Enob Hill
Formation does not persist into younger rocks. This
su_geste that considerable folding must have occurred
in the hiatus between deposition of the Knob Hill
and Erocklyn Formations.

In the Phoenix Cemp, the Knob Hill Formstion
consists larzely of cherty andesites, interpreted
by Seraphim (1956), p. 685) as of pyroclestic origin,
and massive andesites. Seraphim suzgests that the
environment of deposition of thece récks wWas marinc.
The age of the Knob Hill Formation is unkmown, but

thouzht to be Paleozcic.




2. Aitwood Beries .

(a} Rawhide Formation

The Bawhide Formation does not outcrop in
the map-zrea. In the Phoenix Camp it occurs &s
& .seguence of shsales éeveral nundéred feet thick
that is overlain conformably by the Erockliyn
Formaticon.

{t) Brooklyn Formation

The Breoklyn Formation comslists of lime-
stone, chert breccia, and limesione brecclz.
Limestone:

Brooklyn limestone outcrops over large areas
in The Summit Camp. The rock is in generzal
recrystallized and ¢onsists mainly of calcite,
¥ith minor chlorite and guartz. The following

anzlyses are given by Le Boy (1912) for Phoenix.

Tabvle 1

Brockiyn Mine Enobhill-Ironsides Mine

CaCo4 90.41% 98.40%
FeCO3 T S 0.31%
MgCUs trace trace
Inscluble,

mainly

silica 10.00% 1.50%

FpaH s -




The colour of the rock is generally white,
but may be brownish or-grey. The limestone in
the vicinity of the B. B¢ll Mine contains thin
bedas of massive chert as well as lenses of chert
breccia and nearby exposures contain shaly
partinzs. The limestOone 1s strongly contorted
in this area as a result of emplacement of =z
wvolcanic neck.

In places where recrystalliizstion has not
occurred, poorly preserved crinolid stems and
brachiopods are found that roughly date the
Erooklyn Formztion as Psleozoic or Triessic.

Because recrystallizaiion has obliterated
most of the primary étructures, attitudes may
net be often recorded, and tops are not certain.

On the hill north of the E.Bell Eine a
porphyritic andesite flow with a minimum thick-
ness of 40 feet occurs in limestone.

Chert Breccia:

The rock here termed chert breccia is Ges-
cribed by Seraphim (1956) and Le Boy (19i2) as
lying ai the base of the Brooklyn Formation in
the Fhoenix Cemp, with minor lemses &t higher
stratigraphic levels. However, in the Summit
Camp chert breccia appeafs to occur as lenses
distributed at various horizons within the

limestone. The presence of a major basal horizon




is possible, however, because the base of the
Erooklyn is exposed at only one place, and here
at a topqgraphic high in the surface of deposi-
tion.

In the Summit Caﬁp the chert brececiz is simi-
lar to that of the Phoenix Camp. Its largest oul-
crop is in the area around Lime Creek, but minor
lenses occur in limestone to the south-west along
the strike of the bedding.

Chert breccias from a cut on the ¢ld rzilway
grade north of the Phoehix Boed bears a strong
lithological similarity to some of the breccies
¢f the Phoenix Camp. In this rock the fragments
of chert ranze in shape from anguiar and faceted
to spherical and exhibit varying dezrees of
roundness (Plate I, c¢). Surfaces of the pebbles
are polished or finely pitted. The pebbles range
in ciameter from five millimeters to three centi-
-meters end in cclour from white through pink,
red, and smoky to black. In a neerby outcrop,
Jasper pebbles predominate. Fragmente abut in
many places uwith no sign of eocalescence. Banding
in pebbles is haphazard in orientation amd angular
fragments of limestone are fzirly common. The
pebties occur in z cerbonzte ﬁatrix that comprises

cnly about five percent of the volume.




At the gradationzl contact of this rock with
limestone, the calcite matrix comprises more of
the rock, chert pebbles are smaller ana more
rounded, and qusrtz veinleis occur.

A specimen from a lens of chert congiomerate
1,500 feet east of the B.C. KHine consists of
guartzite fragments up to 1.5 centimeters in
diameter embedded in a recryetallized carbonzte
matrix with minor éhloriteA(Plates i, &} 211, ¢j.
The matrix comprises 50 percent of the rock. The
pebbles are rounded and faceted cr roughly spheri-
cal. &1l pevbles show strongly pitted surfaces
that in thin section appear as crenulations cf
. their borders. The que&-tzite is inequisranular
and someé pebbles contain & lesser order of frag-
ments. The pebbles exhibit beddinz, which is not
parallel in the various frazments. The long axes
of flat pebbles are foliated in the plsne of bedd-
ing of nesrby limesione. Veinlets and patches
of secondary calcite occur in the gusrtzite pebbles
and single grains of guartz occur in the calcite
métrix. Calcite is recrystallized and somewhat
strained. |

The stronzly pitted surfaces of the pebbles
are probably due to an overgrowth of silica not

evidenl in specimens from other outcrops. The




guartz gsrains on the surfaces of pebbles enlarged
by seccndary growth exhibit cerystal faces toward
the calcite matrix.

Ccalescence of adjacent guartzite pebbles

ves observed in the siliceous resicue left sfter

byt

solution of the matrix in HCl. The quartz _srains
wnich grew to form the bridge between the closely
packed pebbles exhibit crystel faces. This
mincr deposition ¢f remobilized or secondary
sillicz muy account for the coazlescence of "jzs-
perold® fragments noted by Le Roy (19i2).

In an exposure on the highway = bed of
tuffzcecus shale intercalaeted in chert breccia
was cbserved. Chert.breccia deposited after the
ehale had been laid down conbtains fragments of
the shsle, =nd the shale bed shows signs of a
minor period of erosion.

Chert breccia occurring in the Lime Creek
area is much coarcser (fragments up to ten centi-
meters in diameter) and more markedly angﬁlar
than the types described zbove. However, it
exhiblite z similar degree of hetercgeneity of
colour of fragments.

because the chert treccia hzs been inter-
preted s the result of silicification, fracture

control of silica content of fthese rocks was




looked for in the field. No major control of
sllica content by faults, brececia zones or jolnts
was observed. The chert breccie near Lime Creek,
though near a fault, shows no evidence of sillci-
fication., A few minor guartz veiniets zccompany
silica overgrowth anc occur in limestone anc skzrn
assoclated with mineral deposits, but such sillca
occurs only as comb guartz or chalcecony.

The chert breccia of the Fhoenix Camp hss
been interpreted by Brock (1902), Le Boy (191z),
and McNeughton (1945) as Jespercid. This wa
defined by Spurr (1898) as *... a rock concisting
essentially of'crjptccrystalline? chalceacnic or
puenocrystalline silica which has formed by the
replacement of other materizl, crdinarily czlcite
or dclomite." Spurr notes that the mzcrescopic
charzcter of Jasperoid cimulates. that of 2
chert brececia or chert‘cenglomerate with a calcite
matrix. In the Aspen District described by

Spurr silicification is controlled by faults

=

and breccia zones that allowed access tc the
sillca~-bearing soluticns. Jasperocidal nuclel
coalesce to form so0lid chert leyers parallel
to the zcnes of shearing. The ore ceposits of

the Aspen District are invariably sccompanied

by Jaspercid.




In the Fhoenix Camp, Le Hoy Cbserved
what he interpreted as coalescence of Jasperw
cidel nuclel, resicual fragments of limesitone
in Jjasperoid, concentration of silicification
e2longz joints, and the invasion of intrusive and
volcanice rocks by similar silicificziion. He
ettributed silicification to solutions ascending
along fracturés end states that the sllicecus rocks
of the Enob Hill Formation are probably the re-
sult oi complete silicificetion of porous tuifs
by the same solutipns.

McNaughton (1945), in zddition to Le Eoy's
date, noted open spaces supposedly cus Lo con-
traction during replabeﬁent, end & few fragments
cf igneous rocks in Jasperold. He azreecs with
Le Ecoy that the rock here termed chert breccia
is the result of siliciflcation.

On the other hané, Seraphim (1956) mam;
talns that these rocks are of sedimentary origin,
and refers to them as %"sharpstone conglomerate".
some of the reasons for Seraphim's theory are:
(1) The chert f{ragments are banded, and in ad=-

Jacent {ragmentes orientation of banding is

haphazarc.

(i1) The composition of the fragments varies




over short cistances, the rocks belng sliate,
Jasper, chert, and rarely, igneous rocks.

(111) ®several cutcrops containing interbvecded
fragmental rock and siltstone or shaley
siltstone show gdoi scour end £ill structure®.

(iv) Limestone 'remmants' may be of sedimentary
origin. ,

(v} Fragments that appear to be windworn pebbles
oceur in the sharpstone conglomerzie.

‘(vi} Cozlescence was not observed by Seraphim.
Dr. W.H. White pointed out to the writer

an outcrop in Phoenix vhere chert brecciz ex-

hibits a gradationzl contezct with limestone

breccia. Both rocks here appear to be of sedi-
mentary origin.
To the obseervations made by Seraphim in

the Fhoenix Camp that favour a sedimentary

origin for chert breccia, the writer can add the

follovwing oObservations from the Summit Camp:

(1) Chert pebbles occur in contact with each
cther without coalescence (in the sbsence
of silica overgrowth}.

(ii1) No evidence of silicified zones along frec-
tures was observed.

(1ii)Orientation of flzitened pebbles in chert

breccia conforms to the bedding of limestone.




(iv) Some petbles have indisputatle sedimentary

shepes.

Most of Seraphim's obsarvafions WEre cOor-
roborated in the Summit Camp.
Limestone Ersccia: |

Llmestone brecels oceurs as lenses in ms=ssive
limsstone, The lencses commonly grace into chert
breccia, The limestone fragments are angular to
rounded, range in dlameter from one to ten cexti-
meters, and consist of calcite 6f varying grain-
size with minor chlorite and bilotite (Plate I;
2, b). ‘Angular fragments predominzte, but rounded
forms are common. In one exposure, limestone
fragmentis exhibit "piilow structure®, as if they
hazd been deposited clastically while still soft.
Thiis structure is believed to be the result of
fracturing and recrystallization'of czlcite glong
the fractures.

Brecclas consisting predominsmtly of lime-
stone fragments zare commonly pyritized. At the
Be Ca Mine, wellemineralized limestone is in
part of brecciated character. it is possible that
the clastic nature of the rock mede it susceptible

to replacement by cre-bearing solutions.
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Le Boy (1912) attribulec the limestone brec-
cia of the Phnoenix Cemp to faulting. No relation
of limestome brecciz to kunown faults was obsérve@
in the Summit Czmp. Sersphim (1956) designated
two 100-foot thick lenses of this rock found in
the Fhoenix Camp as Steawinder Limestone znd
interpreted it with reservations as a sedimentary
breccia. He noted that some fregments appear to
be broken apart in places but based hiis conclusions
meiniy on the assouclation of limesicne breccia
with chert treccis, which he believes to be un-
doubtedly of sedimentary origin.

The writer observed complete gradation of

limestone breceis to chert brecciaz in the Sunmit

Camp. It is therefore believed that the limestone
breccia 1s of sedimentary origin.
Origin of the Erooklyn Fermationm:

The asesociation of massive limestone with
clastic limestone fragments or chert frégmenta

is not uncommon. Sersphim (1956) visuzlizes the

massive limestone as havin: been deposited in

guleter, deeper water than the clastic phases:

Bapid erocion a2nd ceposition later formed
ihe Upper Erooklyn conglomerates and
greywacke. The u.per limestone 'brececial
bands mey have formed from €rosion of
the Lower Brooklyn limestone or of the
larger bands of EKnob Hill limesione than
now exposed.




It is comnsidered prcobable that the massive
limestone was deposited under quiel shzllow
marine comaitions khereas the lenses of brecclisa
were the result of sudden short influxes of =ili-
cecus terrigencus debris. Asgsociated sirong
local marine currente ercded the czlcareous scdi-
ments of the sea flcor, and deposited thelr lozds
as a gravel or rubble of umsorted chert, cquartzite,
limestone, shule, and ilgneous rock fragments. The
chert and guariziie pebbles are probably derived
from the siliceocus rocks of the Knob Hill Forma-
tion.

fLlthough chert conglomerate is in places
associated with chert leyers in limestone, these
do nct appear to have been the main source of
the chert pebbles. The fragments show signs of
long tramsport and there is no evidence of a
period of erosion after chert deposition. It
seems unlikely, therefore, that the chert fraeg-
ments were derived from the primary beds. ‘Al-
fhough erosion of all the clastic particles in
& marinc envircnment is not precluded, the
rreeence of rounded petbles of very hard rocks
and winde-worn pebbles incicztes & terrestrial

origin for some of the chert fragments.




(c)

Structure of the Brooklyn Formation:

The scarcity of relizble sttitudes in the
Srockliyn Formation makes interprelation of struc-
ture Gifficult. At best it might be szid that
the prevalence of bedding that sirikes north-ecast
andé Gips steeply north-west or vertically indi-
cates & general homoclinal structure or a series
of isoclimal folds with their axial planes cipping
vertically. DBecause Seraphim {unpublished mazp)
found to the scouth of the map-area ncerth-plunging
folds that can be projected into the Summit Canmp,
it lg probable that the latter idea is more nearly
correct.

Strong contortion:of limestone occurs in the
vicinity of the velcanic neck aﬁ the E. Bell Mine.
Here, folded chert boas have minor faults with

Oifsets of a few inches whereas the less competent
liméstoﬁe is unfractured. A few sm2ll darag folds
were noted elsewhere in limestone.

Because of the obscurity of the structure and
lack of outcrop of the base of the Brooklyn Forma-
tion, no estimate of its thickmess is sitempted.
Seraphim (1956) suggests a thickmess of 3,700 feeb.
Eholt Formation

ine nzme 'Eholi Formation' is hereby proposed

for a seguence of velcanics formerly included in




the Brooklyn Formation (Seraphim, 1956). The

rezsons for the separation of the two units are

the presence cf pronounced nonconformity between
the two and the marked difference in 1iithology.
The name 'tholt?' is taken from a railway staticn
in the map-arcz. The term, of course, has zurely
loczl significance.

Brock (1902, p.27) describes the Eholt rocks
of the entire area as follows:

Thie series of rocks consists of green
tuifs end vclcanic conglomerates and
brecelas, fine ash and mud beds, flous
of green porphyrite and crobably some
interbedded limestones end argillites.
The tuffs, conglomerates and breccizs
consist of a2 mixture of pebbles anc
boulders of porphyrite material vith a
great many frogments (probably a large
proportion) of the rocks through which
the volcanics burst. Pebbles and boul-
cers of limestome, argiliite, jasper,
snd chert are common. Such of serpentine
-and old grenite and 0lé conglomerate zare
much rarer. In form the pebbles and
boulders are rounded, subangulsr, angular,
and of irregular and fantzstic outline...
Someiimes the matriz seems Lo be formed
of porphyrite injected between the boul-
ders....Cuing to the alteration of these
rocks,..s it is not possible to separate
the porphyrites from the pyroclastics, on
the map. .

In the Summit Camp the fholt Formation con-

el

sists of tuffe, ggglomerates, wabter-lain pyroclcs

g
tice, volcanic breccizs, zndesitic and basaltic
flows, and the chloritized eguivalents of these

rocks. Some of these units zre shown on the map
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where possible, the remainder of ithe Enolt Formation

being designated as unsifferentiated. The map-

unit 'undifferentiated greenstone, basali, andesite,
and pyroclastics' includes chloritizecé types of

all facie

]

in addition to the few recogmizable
lavas. These stratified rocke consist of a series
of interbedded lenses.

Stratified Eholt Fyroclastias:

The tuifs and sgglomeraies end thelr meta-
morphosed eguivalents locally comprise a large
part of ﬁhe Ehclt Formsztion. The aggiomeraics
are cheracterized by a high percentzge of frag-
ments of country rocks, mainiy gquarizite probably
of Kwnob Hill origin, whereas few fragments of
Eholt lavas occur. Other fragments are of shale,
limestone, and tuff. The matrix of the egglomer-
ates is generally composed of fine tuff, but in =

few places the matrix 1s of andesite. The freg-

ments range in size from cne miliimeter to ten

centimeters.

The macroscopic appesrance of most of these
agglomerates is not obviously fragmental, the
fragments being indistinct cue to meﬁamorphism of
the rock &s a whole. Vhere the rock has been sub-

Jected to strong stress, agglomerates composed

predominzntly of gquartzite fragments simulate




the agpeurance in hand specimen of a contorted

impure quartzite. Such contorted rocks ocutcrop
cver small aress on the hill between B.C. Creek
and the western brench of REathmullen Creek.

The shapes of the fragments vary from sugular
t0 wore common rounded and spheroidszl forms sug-
geelive of squeous deposition. These rounded
shapes are exhibited by quarizite fregments. Une
specimen fyrom 200 feet west of the B.C. Hine has
guartzite fragments undoubltedly deposited by water.
The pebbles, spheroidal or faceted with smoctih
rounded surfaces, occur in & tuffaceous matrix
as thin (five to fifteen centimeters) strata inter-
caluted with bedded tuff (Plate II; ¢). In & ithin
sectlon of the sgglomerate irregular guartzite
fregments which have suffered iittle tremsport by
water can be seen as well as water-worn pebbles.

The matrix of the agglomerates in generzl is
tuffaceous and fine-grained, coﬁtainiﬁg larger
quartz grains derived from the same source as the
Ierger-pebbles. Being fine-grained emd for the
most part altered, the matrix is not easily inter-
preted, but appears Lo te composed of minute broken
and corroded crystzls of plagioclase, orthoclase,
end fregments of volcanic glass that in a few in-

stances exhibit shard texture.
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Cne agglomeratic tuff simulates macroscopically
é granite having inclusions of guartzitle and tuff.
Tnis rock actually contains large (up to two =milli-
meters) broken crystals of orthoclase, plagiloclase,
quartz, and minor magﬁetit&, and large ag§1omera-
tic fragments all cemenited by a small amount of
fine-grained tuff.

' The rocks referred to as tuff and in places
designated on the map all conlain some amount of
egglomeratic fragwents and consist mainly of ma-
terial similar to the maitrix of the zgglomerates.
White fuff compoused malinly of quartz grains cceurs
cn the hiil north of Emma Mine. This rock is
found also as xenoliths in Emma guartz diorite.
Fine-grained tuff from the iocality near the BE.C.
Mine has a finely stratified appearance attributed
o agueocus depcsition.l Coarse agglomeratic tuffs
cutcropping 1,000 feet to the south-west exhicit °
rough stratificastion intc layers about one centi- |
meter thick.

The tuffacecus phase of the stratified vol-
canics has been in places strongly altered to
cliunochlore, pennine, calcite, sericite, biotite,
kaclinite, and epidote. Eeplacing minerals take

the form of a fine-grained mat of crystals, oz in

the case of calcite, of irrepular patches and




veinlets. Agglomeratic fragmenls are rarcly sirong-
1y altered, but are cut by veinlets of the products
of alteration. Such zltered agglomerate is usually
recognizable in the hand specimen. In conseguence,
most of the rocks mapped as greenstone are prob-
ably derived from tuff snd lavas rather thaun from

agglomerate.

4

Extreme glteration associated with shearing

k

was noted in a few places, the resulting roci
being a fine-grained chlorite schist.
Lavas:

Hecognizable Eholt lavas ere less common than
Pyroclastics. They are typically basaltic and less
'ccmmonly endesitice. Ope ocutcrop of andesite ex-
hiblits flow banding, but the lavas are in gnerzal
devoid of primary structures.

A few baszalt dlkes that cut chert breccia
. north of Lime Creek mey be commected with Eholt
vulcanism. Due tc the similarity between Eholt
baszlts end basic dikes of lkmown post-pulaskite
age, some Ehclt velcanlic rocks may be wrongly in-
cluded in the Tertiary msp-unit.

Volcanic Breccia and Tuff Pipes:

TWwo volcanic pipes were found in the map-area.

They are filled with pyroclastic méterial similar

to that occurring in the stratified pyroclasiics,
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and are surrouncded by beds of these pyroclastics.
One of these necks is located 3,000 feet

north-cast of the B.C. Mine and is oval in plan
with a long axis of about 2,000 feet and a short

of about 1,000 feet. It is intruded by pulaskite
and later dikes. The Eholt volcanic breccia is
made up of mainly angular but in part rounded freg-
ments up to fifteen centimeters in dlameter. The
fregments are of fine-grained pink syenite of un-

known origin, chert, guartzite, shale, and tuff.

Thé rock 1s slightly foliated and in gemerai =ili-
cified.- Microscopic pztches of carbonate, crobably
pPrimary, and hematitic veinlets occur in the tuff
fragments. Although the limestone-neck comtact

is obscured vy pulaskite intrusions amd drift,

the geological body is Anterpreted as a volecamic
pipe on the basis of the angularity, coarseness,
and heterogencity of éompositlon of the breccia
fragments. In addition, the brecciaz contains the
carbinate remnants found in another velcanic body
more definitely identified ss a pipe.

This second pipe occurs immediately north-
west of the . Bell Mine. It is irregular but
roughly circular in plan with & diameter of about
2,000 feet, and 1s cul bty three types of later

dikes. The contact of the volcanic pipe with older
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rocks is exposed 600 feet of the muln shaft of
the H. Bell Hine. The only effect of thermal
metamorzhism on impure limestome &t the contact
is slight recrystaliization. The limesione 1is
strongly defcrmed, however, exhibitinz contortion
and fectonic brecciatiom.

The tuffs, brecclas, snd agglomerates filling
this pipe have in places a follated appesrance. In
general the rocks are dark green ané dense, with-
vague rounded to angular fragments. Although the
fragments are commonly chloritized and epidotlized,
dacite, cuarizite, and limestone Lypes can be recog-
nized. .The matrlx is in pari andesilic and in
part tuffaceous. The.tuffaceous phases of the rock
are composed of small crystal fragments of ortiho-
clase and plagioclazse; rounded chert, jasper, and
quartzite fragments; calcite and crystals of pyro-
xene. A thin section of a2 finer-grained tuff con-
tains 70 percent of broken feldsper crystals stronzly
altered to phyllosilicates and magnetite, guartzite
fragments and fragments of corroded and recrystal-
lized arenacecus limestone in a very fine-gralined
tuffaceocus maltrizx. The rock is pertly altered te
clinochlore and epidote. Hacroscopically the same
rock ghows strong patches cof epidotization, sna
calcite end hematite. The rocks of the pipe contain

disseminalied pyrite.




The interpretation of this rock as a volcanic
neck is based on the coniortion anmd brecciaticn of
limestone about the body, recrystallization of
limestone at the contzct, the rudely circular chape
of the body, and the strong alteration in the meck
that sets 1t apart from oiher Eholt rocis,

The concentration of chloritization and epi-

dotization in the rocks of the pipe is believed to

L4}

be commected with the formation of skern at in
B. Bell Hine.

Hecause nelther impure limestone in comiact
with the pipe nor limestone fragments within the
pipe have been converted to skarn it is unlikely
that the skarn zone at the B. Bell Mine is a result
c¢f Eholt vulcanism. The limestone-plipe contact
may have served as a chamnel for metasomatizing
fluids commected with the intrusion of Lion Creek
rocks. |

& small ocutcrop of coarse voleanic breccia
1,000 feetl west of tThe Euma Kine slong the Fhoenix-
Erolt grace may be part of a third volcanic pipe.
Fyroclastic rocks are very common in the vicinity.
Origin of the Eholt hocke:

The opening stages of Eholt vulcanism were
probatly marked by gulet extrusion of basic lavas

interspersed with steges of explosive vulcanisnme.
N t‘
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The occurrence of the breccia pipes described above
indicate that the final stage of Eholt vulcanism

was explosive. The fai
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roundinz of many of the agglomeratic fragaments
euggests that many of the pyroclastics are water~
lain. The rounded guartzite fragments, which are
common in the agglomerates, probably were derived
fme the same source zs the pebbles of the chert
breccia, and were in part deposited by water as
pevbles in & matrix of water-lain volcanic ash.
Structure of the Ehelt Formation:

The conbact between the Erooklyn snd Eholt
Formatioms is in part intrusive as described zbove,
but in gereral the ccnéact is & noncocniormeble
secimentary one in the Summit Camp. The fect that
the ettitudes of bedding: znd foliation in the two
formetions do not mateh is evidence supportinz this
interpretetion. In addition, Dr. W.H. ¥hite
{(personal communication) found an ancient weathered
zone between the twe formations on the hill north
of the FProenix Boad. The contact is wellrexposed
at the D.C. Hine, where, although unaccompanied by
encient weathering, it is definitely ﬁneven.

Due tou strong alteration of the rocks, the
nature of thelr fclding is obscure. Despite strong

contorticn, the general strike of the rocks can be
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seen to be northerly. Degause of the cbscurs

]

structure of these rocks no estimate of thelr

thickness is attempted

Minerzalization of the Fholt Formation

nolt rocks contaln few minersl ceposiis.

1

are eccnomic. A few "gopher holes" have been sunk
Oﬁ'pyr te concentrations assoclated with shearing
anc contortion in the Lime Creek and Zatimmaiien
Creek zreas, but, Judging from the old worikings
WOork was soon abandoned. Extensive pyritization
was incicated by self-potentisl work over the
Lime Creek showings. TIisseminated pyrite is cozme
in Eholt greenstones.
Cn the hill north of Emma Mine emc at the E.
Bell Hine, slight skamn metasomatism O EOOLT ro
is evident. The skarn is mineralized by magnetite
and sulphides.
Plutonic gdcgs
Ixn describing the plutomic rocks of the zrez,
Brock {1902, p.107} states: *Prom the way in which this
rock mzkes iis arpearance in all parts of the district
it is evident that the whole of it, af no mean depth,
is waderlain by this rock.”
ihe age of theeec rocks has been suggested to
be Mecozoic on the basis of correlation with similar

intrusives ¢of the south-central Province. In the Summit




Camp these rocks have been divided into two map-units
P

C

f s8lightly different age. The age relations were

esteblished by the dlscovery of xenolliths of one

lutonic type in the other (Flate IXI;b).
(2) Emmz Intrusive

The name "Emma Intrusive® is
small stock and a few dikes ocutcropping near the
Emma ¥Mine. The stock extends below the Orc Tenocoro
Mine. The rocks of the eomplex are of diverse
types. The most abundant rock type is quartz
diorite, but &iofite and gabbre also make up part
of the intrusive, Quartz gabbro occurs zt cniy
one oubcrop.

The texture is in general porphyritic, the 1i:zht-
coloured and strongly altered plagiocizse crystals
Torming the phenoerysis. The groundmzss consisis
of verying amounts of quartz, plagioclase, bioctite
or hornblende, chlorites, gn& accesscry maznetite.
Magnetite is partly eltered to hemaiite. Plagio-

clasge crystals are commenly zltered to = mass of

(45

fine-grained phyllosilicates thaet obscures the

Y

original character of the feldspar, andi the mafic
minerale are more or less chleorivized.

The rocks of this mep-unit are heterogeneous,
Eut most have in common such feztures as pheno-

crysts of plegioclesge in a medium- to fine-grained

L=

matrix and apprecieble content of guartz (five to
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ase is near cxdesine in
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forty percent). P
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composition. It is possible that these rocks are

[
a

pert cf & complex that includes basic phzses.

The contzct of Emma Intrusive with Erocklyn
znd Eholt rocks is accdmpanied‘by en only slightly
chilled mergin. Angular tuff and slightly meta-
somatized limestone xenoliths are founa within
the Erma Intrusive.

{(b) Lion Creekx Intrusive

The rocks of this map-unit consist cof cuartz
diorite and syenite for which the name"Lion Creek
Intrusive"is proposed. Lion Creek is the name of
the tributary of Eholt Creek that flows west from
Trmma Mine. Lion Creek rocks outeropy as a stock
(western boundary not mapped)} in the vicinity of
the Oro Dencro snd Emma Mines and s 2 body of
syenite 1,500 Teet west of the B.C. Hine.

The most abuncant fock of this map-unit is
guartz diorite with & tyrically cosrse-grained,
elightly inegquizranular texture. The rock is
typiczlly leunocratic. The primary mineral com-
position is, in order of abundance, plagloclase
averazing Ansg in compesition, quartz, hormblende,
blotite, orthoclaese, muscovite, and accessory
magnetite (Plate IIIje}. Quartz is commonly inter-

stitial, and in some places repleces feldspars asg
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irregular patehes. Feldspars are in most csces

stroengly altered to sericite, kaclinite, and other

1~+J
F_"i

phyllosilicates. ic minerals are in part
chloritized.

The coarse-zrained biotite syenite thai out-
Crops near the BJC. Mins hag orthoclazse 55 ths
predominant feldspar, but the less gbuncent plaglio-
clase has & comzosition (An45} within The rangze of

andseine. The rock contains slmost ten percent of

uartz. Because the plagioclases are of simliiar
B

b
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composition and both rocks zre leucocrztic, i
quartz diorite and biotite eyenite zre assumed to
be gemnetically related,

A 20-foot thick dike of very coarse-grained KL“\
granite porghyry cuts limestone on the Phoenix-
Eholt grade south of the Orc Denoro. Althoughthe\ /
dike was mapped as Lion Creek, its true relaticn
to other iguneous rocké is unlmowne.

The syenite sné quartz dioriie occurring in the
open plts of the Oroc Denorc Mine are strongly epi-
dotized, hematitizzqd and carbonatitized nesar the
extremely vsgue skarn eontact. This indicates
that the Lion Creek Intrusive may have been rés-
ponsible for the formztion of ékarn. A few narrow
Lion Creek dikes cut skarn in the Cro Uenoro pits.

The mzin stock has & very flatly &lipping roof
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benezth the Oro Tenoro Mine as can Le seen in

underground workings and deduced from drilling in

the vicimity. Brocu (1902, p.121) states that it

occurs at no great depth below the L,C, Hine,
Kettile Ziver Yormztion

The Kettle Eiver Formelion does not cutcrop

in the map-zrea, but occurs in the Boundary District.
Its age 1s establicshed s& Oligocene by plant fossil
éating (Le Roy, 1912, p.4l). In the Phoenix Camp the
formetion iz composed of arkose and has a thicknsss of
& few hundred feet. Xettle ERiver rocks throughcut the
south of the Trovince are interpreted as havin: been
deposited in fresh-water basins. At Phoenix, the Hettle

Eiver Formation is overlain with slight disconformitly

‘by Kiocene (%) flows.

- HMiocene (7) Igneous Eocks

These rocks, which are in part the "HMidwoy
Volcenic end Hypabyssal" rocks of Seraphim (1956),
include in the Summit Camp pulaskite flows, sheets
end stocks; phonolite dikes; and a few late basallic
dikes.
{(2) Phonclite Dikes
‘Three narrow dikes of phonolite occur in the
map-area: one intruding the volcanic neck near the
E. Eell-ﬁin&, ancther cutting Eholt, Emma, and Licn

Creek rocks 1,000 feet west of the Emmz Mine, and a
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thirdé ocutcrepping near the Hountain bose pit. In
hend specimen the rock heg a very fine-gralned
satiny texture andéd @ brown colour. The rock con-
tains =z Tew cavities thet appear o be the result
of wezthering ocut of phencrysts. In thin section
the rock proves te be composed of a fins-grained
ground-macs of ortheclase, plagioclase; bicth
and acgerinaugite with larger crystzls of necneline
and = Tew phenocrysts of pigeonite. Phonclite is
gimilaer in composition to pulaskite, descrited
below. These rocks are therefore belleved to be
very closely relasted.
Pulasikite

Pulasitite is defined a@s: Y... an alkaline rock
composed of soda-orthocluse, soda-microcline, and
microperthite and antiperthite. It may contsin
subordinate nephelline, sodalite, .or rarely, nosean.®
{(Williams et =21, 1954); Boih extrusive and intrus-
ive phzses of pulacskite cceur in the MEP=arEa «
The inirusive phase 1ls Ltrowvn to grey in coclour
and ls commcnly porphyriftic with a fine- to medium-~
grained mairix. The minerals are, in order of
abundance, small laths smd phenccrysis df perthite
and cryptoperthite; &lblite of the same habiti;

nepheline as inclusiocns in early minerals; biotits;

hornblence; riebeckiie; aegerinaugite, euhedrsl

O S S




magznetlitve; rare ianterstitial quartz; and very rare

pigeonite. Feldspars arc cloudy and strongly
altered to phyllosilicstes, and mafics are zltered
to pennine aad clinochlore. khere the rock is
chilled agalast uounbrj ocks it is green and
porpayritic with an aphanitic matrix. Inircsive

pulaskite occurs 1un che map-area as exlensively

outcropping sheets and stccks.

Fulaskite flows have & similar minmeraiogical
Lomp siticn but mafigs are more abundzmt and occur
28 larger crystals, and the feldspar phenscryszs
re larger (up to one centimeter)(Plate II;d}.

The lavas zre sligntly vesicular and amygdaloidal
where seen east of Ehélt station alonz the
Canadian Fucific Bailway. Pulaskite lavas can
be Gefinlitely distinguished {rom the intrusive
phase only by structural features.

Pulaskite lavas oceur toward the north of the
map=-ghecet. A discc nf“rmﬁgAe contact between the
flows and older racks showlng slight ancient weam
thering is visible at many places in reilway cuts.
The lavas ia a few places exhibit {low banding
which inSlcates that a tilting of some 35 degrees
0 the north-esst has occurred since the ocutflow
of the lava.

Fhonolite amd pulaskite have probably become
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undersilicated snd gained the czlcliun of their

sunced iaclusions
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The high seds comtent of the plagioclase, which
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would bhe expected to be calcic a

assinilation of limestone, can be explainzd by
Shand's (1$30) hypothesis of sinking ¢f the cense

( c) Basig TiKes
Included in this mans-unit are fine-grainsd
2 5

basic dilkke rocks of obscure reizbtiomship to the

other iznsous rocks of'the area. At least some

bt
[{}]

such rocks cccur as dikes in pulaskite. The di
rocke are norphyritic andesitves snd basaltis

g

~

commenly conbtain disseminated pyrite. Theg may
‘be related to the Miocene basalis that occur in
neny perts of interior British Columbi=z.
FAULTING
¥Me jor faults are indicated at tvwo places near
Liwme Creek. ‘The nossible fault on the slope to the
south of the creek was inferrad on topographic evidence

fter examination of zerial photographs. The probable

1]

feult in Lime Creek vallev shous apparent offcset, zZnd
) o 1]




shearin: and pyritizstion are visible along the trace.
Minor fzults snd shezr zones ere visible at many places
in the map-zrea, especially in mine workings. In some
cases these faults and assocliated joinis control copper

minevalization.

I1I. ECONOMIC GEOLOGY

The word ®"skarn®" is used in this thesis as
a term for s contact metasomatic or pyrometasomatic rock com-
posed mainly of lime silicates;

In the Summit Canmp, skarn has formed by the
metesomatism of massive limestone beds. The metasom=tic effects
are believed to be tﬁe result of the intrusion of Lion Creek
rocks. Figure 1 shows that in the Boundary Camp economic
copper deposits are associzted witﬁ limestone ocutcreps within
the projected boundary of the granitic body. Low temperzture
precious metal velns occur in rocké cther than limesione close
to the intrusives or within them. Deposits of this type have
rict been discovered in the Summit Camp.

A genetic relationship between the Oro Denocro-
Emma-Jumbo skarn zone and the Licn Creek quartz diorite stock
is indicatel by field relztions. Mineral deposits not within
this main skern zcne and noct obvicusly releted to igneous
activity are probably the result of igneous emanstions thab

ceposited ore minerzls under certzin strucltural conditiocons.

A



A. DESCRIPTION OF MINES
Table 11

Recorded Production of Mines of the Summit Cemp¥®

Ore Shipped Gold Silver

Property Year or Treated {oz.) {0z.} iziff?
Emma 1901-21 25k ,597 6,804 78,065 5 132 118
Emme-Dluebell 1927 24 R - 1,027
Bluebell  1938-39 389 259 122 530
Oro Len6ro 1903-17 136,447 3,74 30,652 3 727 19h
BCy 1500-19 103,476 1,002 2ik,275 9;025’707
Mountain Hose 190410 11,629 6 178 48,51k
gl B 5 WP asem
‘Jumbo 1505 -— - - e
REaethmullen 18c8 - — e —
"Sallor Boy 1899 o - . -
Shickshock 1899-1906 — -.- : -— _—

1. EB.C. Mine
The B.C. Mine is in the centre of the map-
area. The deposit, which ylelded ore of high grade
for the Eounagary District, is in Brooklyn limestone
and has & hanginguall of Eholt egglomerate. The aver-

age grade for ore extracted up to 1901 was 5.6 percent

-

- ®  Data from Index No. 3, B.C. Dept. Mines, 1956,
i1 -
-

Table I zmd B.C. Heports of Minister of HMines
for 1894-1939

R AN



Cu, 2.k5 oz. Ag, Bnd Q15 O0z. Au.
The workings (see¢ 50 scale mine nap) consist

of large open pit (nmow flooded)}, & shaft, and mauy

o

trenches. 4About 450 feet south-west of the main work-
ings i & zmaller seconc shgft. Legess o the mine is
proviced by & good airt rozd.

The following structural description is from
Brock's (1902) observations durinz the cperation cf
the mine in 190l. The main ore body is 65 feet wide
end 200 feet long, bescoaing smaller with depth. The
walls of the ore body are merely commercizl walls,
but the "marble line®™ is sharp. The minerzlized zone
is cutv by numerous sheevs of pulaskite thal comtaln
no inciusions of ore. Diamond drilling to = depth of

911 feet indicated the presence of ore below the 400~
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foct level, but increasing amountis of pul:
trusive proved ciscouraging. OGranodiorite was
encountered in drilling. A few dikes similar to those
of knovn post-pulaskite age are exposed in the main pit.
The gangue is limestone, skarn, and, sccord-
ing to Brock (1902), probably in part sltered Eholt
greenstone. EBrock noted the following minerals in
the gangue: garmet, guartz, calcite, dolomite, epi-
dote, zoisite, actinolite, chiorite, serpentine,
plagicclase, and kzolin (7). A specimen of cre from ;

the main pit comsists c¢f pyrrhotite replaced by
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chazlcopyrite that contains minute blebs and velinlets

of tetrahedrits. The metallic minerals repleace
granular guartz
stringers. The specimen is veined by iate calcite.
Spectrographlic analiyels inﬁioat=s the presence of

gold in pyrrhotite.

Ore minerals &lso replace fine-grained gsrmel-
epidote gkarn, limestone, and limestone breccia zs
mzseive pods aznd flae-grained disseminations. This
mineralization appears to be related to fawl 2, the

pods of massive ore occurring in their fecotwallis.

Emma Mine is cne of the major mines of tkhse
Camp. It is near the conééct of the main skarn zone
with Emma gusrtz diorite at the junction of the old
Phoenixz-Enolt and B.C, Mine railway spurs. Access is
proviced by these o0ld grades.

The workings consist of an inclined shaft,
four Geep open stopes, water-filled underground workings

on six levels, some trenches, and a prospect shaft

in ¢ld composite level plam indicztes that

the ore body was & north-striking lens 600 feet long

HI

by 30 feet wide. The ore body dipped eteeply to the
east and raked north. HMinerzlization grades off to the

noxth but appareatly. terminates abruptly to the south.




{(Unfortunztely there are no surface exposures of this
end of the minerslized zone.) The attitude of the ore-
body conforms to the bedding of limestone.

Skarn contzcts Lion Creek guartz dicrite at
the south end of the deposit (see 50 sczle mine mas).
The lens of skarn lies sgainst a steep contact of
Emga gquartz diorite. The skarn zone is cut by pulss-
kElte and gremodiorite dlkes. Strongly metamorphosed
Eholt pyroclastics ouicrop on the footwsll of the ore
zZone,

The hangingwall of the oreshoot contains a
diffuse unmineralized zone of calcite t«o torten feet
thick that parallels the follation. A persistent
one-foot thick layer of maselve magnetiic occurs ad-
Jacent to the calcite zone for a distencc of 250 feet.
In general, magnetite is loealizsd alonz folistion
planies, bubt sulphides ¢ommonly cccur as irregular pods
that are most numercus toward the footwell.

In hené specimen, skarn rauges in character
from fine-grained light-coloured andradite rock to
porphyroblastic replacements of marble by cozrse-
grained dark brown endradite, epicdote, and diopside.
In thin section, skern proves to contain in addition
calcite, zoisite, guaritz, and minor scapolite znd
plagioclase.

Cne specimen contalins breccizted fragmenis of
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andredite-dicpside skarn. Spaces between frsgments
have been filled wlth ceazrse-graiuned magnetilte with
some ancradite and diopside. The boundaries of the
fragments are partly replaced by magnetite. Another
specimen exhilkifs what are interprzted zs elonszste
brecciated fragments in an originally open fracture.
Some of these fragments are bordered by radisting

linozoisite crystals, and the area between ths en-

o

crusted frazments is occupied by magnetite with zinor
diopsicde. Breccizied skarn was not found in place.
Although some megpetite appears to have filled
most hes replaced coumtry roclk.

The metellic minerzls are magnetite, chal-

I S - -
¥

copyrite, tetrshedrite, end o very few minuice
isotropic blehs of an unidentified minerai. In most
ceses, nagnetite repleces skarn slong foiliation plames
end fractures., Pyrite replaces znd cuts megnetite.
Chalcopyrite replaces ezrliier metzllic minerals and
ellicate gangue as veinlets, ard calcite as irregular
bunches. Tetrahedrite and the unknown minersl cccur
in chalcopyriie ss minute blebs. Late calcite veilnlets
cut 81l esrlier minerals.

. It w=s Observed in the open stobes that copper
mineralization is strongest in the footwzll of the ore-

. body

g
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- The ferm *Swallow Hine" is used Oy Lk
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to dencte a pit on the Emma clalm {sse Index mop;.
This pit is 800 feet south-west of Emma Iiine proper,
and lies within the nain skern zone in lizne =ith tne
north-cast exlension of At (see 1,000 scale geclozical
map). The Swallow pit wes reportedly worked in con-
junctiun witn the Oro Denory Mlne. The workings con-
sist of 2 weter~filled pit with two stopes or arifts
in the north face and an ixncline in the south fece
{see =50 scale mineé map).

A steeply dipping lens of marble covers most of
the rorth face of the pit. Two Tlot~dlrping sui-
parallel faults are expoa*:.;d in this fuce. Skarm is
cut by & set of Jjointe parallel t¢ these fawlis. Lt
the norty-vect corner of the pit zomes of magnetile
occur aleng & breceia zone, snd a large zrea of mag-
netite is exposed in the east {ace. &t the neorth-ezst
end of the pit, pyrite end calcite replace skarn along
north-esst atriking steeply diczping folistion plares,

The fcllbwin@ observations regarding gangue
gnd metallic minersls are based on exeminsticn of
specimens collected from the dump. Skarn cousists cof
endradite, clinczolsite, actinclite, cuartz, calcite,

and sghene. Andradite is partly sltered to chlorite.
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Skarm replaces very ctarse~grained marble as coursge-

de -

to fine~zraincd sggrsgates. Desidual calclie occurs

l_}.
1
L
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nterctices between silicate crystals or as unre-

placed zZomes.

angue. Chaleopyrite, pyrrhotite,-and & littie tetra-
hedrliie cul magnetite, pyrite and sillcales and repiace
caleite extensively. Late caleite velnlets cut all
other minsrais.

Soms épecimens of ore show a strikins Trec-
clated bexture z2nd features sﬁr*sstin@ open-space
filling. Fiate Tiia illustrates ome of thess specl-
mens. Breszciation of follatsd anaradite skarm is

proved by th
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enguler fragments in thié specimen. These fragmeats !
were encrusted and slightly replaced by coarse-grained
magnetite and andradife. This stege was foliowed by |
cepoeifion of andradite alone, then by deposition of
epidclte amd radizting crystels of actinolite. The
final staze of open-space fillinz was the deposilion
of czlcite in the remaining space. Eeplacement of
eariier minerels by minor zmounts of sulphides then
ccourred. i

Paragenesie is similzar to that described 7 ;




above for other specimens cof brecciated skarn. The
main points in favour of an cpen—-space illing origin
of these textures are:
(=) The established brecciasted nzture of the originsl
skarn.

() The concentric nsture of the minerzl zones.

@

(c) The cockade texture of actinclite.
(d) The fact that & rough peragenesis holds for several
| SPECLImENS.

The medium that deposited the encrustiing
minerals may have been fluid moving through an copen
jumble of skarn fragments.

Jumbo Mine

The Jumbo Mine it ~ minor showing near the
noerth end of the mzin skarn zone. It lies in meta-
somaitized Erooklyn limestone near its contact with
Eholt volcanics. The showing was worked in 1905, but
has no recorded production. The ﬁorkings consist of
a shallow shaft, two open cuts, and three trenches
(see 50 scale mine map). The showing cazn be resched
from Emmz Mine by a badly overgrown wagon rozd.

The deposit is in an apparently narrow zone
of green andradite skarn that grades inteo slizhtly
metasomatized limestone breccia. Foliation of skorn
is parallel to the bedding of limestone. Minor shears

oceur at the north end of the main cut . The skarn




Lone anpecars Lo end to the north between the northerm

andradite orystals wiith inclusions ané intcrstitial

£i1lin:s of caleite, quartz, =nd scapolitc. The rock
is cut by velnlets of calecite znd Quartz, the guaortz

velnlets beling purtly replaced by magnetibe and ninor
specuariic., Choloopyrits wmd magpetliie ccour as ol

" ] , -y . e - > ey
replacing caicite which i interstitial teo garrve
el

crystals {Flate IXIX;c). In & polished section of the
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ore, these zod
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netite-nenmatite velunlst. Chaleopyrite comtainz z few

3 o4 . . - . 51 v ~ - ,‘.‘..
blebs of tetrahsdrite. Pyrite cubes replace gzrast

stone oz the hill north of
of ¢ore fron the dump consis
crystals and massive pyrrhotite eut and replaced by
chalcopyrite conbaining blebs of {etrahedrits. The
gengae is andrzdite skarmn, The deposit is sixiler to

the minor showings in Eholt rocks at the E.Bell Hine

{described below) axrd may be releted to & skarn zone

in underlying Erovklyn limestone.

The COro Lenorc ¥inc is in the centrs of the

wain skarn zone on the Phoenix-Eholt rallway spur.




The wlsible workings comsist of a azin adit,
about 1,000 feet of drifts on one level, five open
sitopes, and & Geep nrospect sheft.

The creshoots occur in a skarn zane that
appears to be flcored by a body of
The contact of the dlorite dips te the north—est &
& low angle. Country rocks are cut by the Licn Creek

stocle, which is evident in the open stopes {see 50

j

scale mins map). Skarm iz cut by narrow dikes of

diorite, Lion Creek quariz dlorite and puleskite

,3

t

The Lion Creel stoclk eontalins a roof pendant cor szlient
cf limestons converted to minerziized skzm t&at SO~
prises the north half of ths Oro Denoro deposii, the
sowth half being part of the main skarm zcms. Zoth
roof pendant s;md main skarm zZone oonbain glsseminate
metallic minsrals wiithin a few feet of the Lion Cresk
contact vhersas richer aone. cceur lon: fractures
further within the skarn bedies. Hagnetite replaces

skarn alongz foliation planes as a2t Emma Mine.

In general, ore-conirolling fractures are of
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ghly ¥E/V and E¥/15¢. ¥etallic
minerals arpear to be eomcentrated in the lower crotches

of the jintersections of froctures as well zs

5]

loxng the
verticzl fractures. Skarn contzins varying emounts of

6?eseminated ore minerals and some csleite veins conbain
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massive bunches of sulphides. At least one wide cal-
clte vein conmitalning brecciated fragments of skarm is
exposed in the underground workings. In the under-
ground workings a pulaesklte dike is not displaced by
faults which conbtrol minerélizaticn.

Skarn consists mainly of andradite with minor
amounts of diopoide, quartz, calcite, hematite, and
chlorite. Epidote occurs in places as irregular vein-
lets and is asscciated with chalcopyrite., Skarn is
mediun- 6 fine-grained in texture and is in places
folliated parailel to original bedding. Cozrse-grained
residusl czleite and late hematitic vein caleite cccur,
in places with brecciated inclusions of skarn. In thin
sections of vein.calcite,.brushed endradite may bs
seen in a matrix of quartz and czlcite.

Metalllic minerals replace sillicates and czalcite.
Magnetite and minor specularite crystallized together.
They repiace ganzue along fractures and foliztiom
rlenes or form irregular patches in skern and marble.
Pyrite replaces magnetite and gangue, and late chalco-
pyriterwith minute blebs of tetrahedrite replaces
earlier minerals. In a few instances veinlets of
magnetite cut pyrite, indicating thet deposition of the
two minerals was t0 some extent comtemporsneous.

Chalcopyrite and pyrite occur most commonly

as disseminated replacements of silicates or magnetite,
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or as pods of massive ore. Disseminzted pyrite end
pods of chalcopyritc are found al the borders of cale-
citic zomes, ané chalcopyrite occurs gs pods in soue
calcite bodies.

Some float found in the vicinity indicates
that a stage of {illing of fissures by cguartz occurred.
The specimen collectsd has & two-inch wide unmincralized
vuggy quartz veiln containirz brecciated inciusions of
skarn. The vein ls probably 2 post-mineralizzticn
feature related to late czlcite-quartz veins mentioned
above,

Hountsin Boge Hine

The Mountaln Bose Mins is 300 feet west of
the highway at the north-east end of a m=rrow branch
of the main skarn zons (see 1,000 scale map). The
workings may be resched by wagon-road from the B.C.
railway spur, The workings consist of a Geep open
stope from which ore was drawn into an adit {see 50
scale mine map).

Thé deposit occurs in & zone or skarn that
exnibits & gradational contact with Brooklyn limestioune.
Skarn wminerals replace limesione as scatiered por-
phyroblasts which bsoome smaller and more numerous
toward the completely nmeiasomatized rock. Irregular
pulaskite intrusives znd a phonolite dike cut skarn

and limestone. A4 prominent pzir of pre-pulaskite
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faulte (HE/B5SE) is evident in the open sbope.

Gangue consisie of {ine-grained green gaimet
skarn. FNetallic mixnerals are rare om the edges of
the stope, and the stope floor amd walls are inaccess-
ible, so the following observations are based on
examination of specimens of oxicdized ore colilecizdc
from the dump. Fine-grained magnetite crysizls replace
garnét. Pyrite replaces and cute garmet snd megnetite.

T i
iier metal-

Late pyrrhotite and chalcopyrite replsce ez

":f

1lc minersls, cut garmet, and replace residual calcite
between garnet crystels. Tetrahedrite occurs in
chalcopyrite zs minute blebs.

Because 1ittle ore ls exposed in the workings,
it is probable that the Mountsin Rose ore-body wos
completely minsd outb.

B, Bell ¥ine

- ‘The R. Bell ¥ine is ome mile south of the E.C.
Mine. The deposit lies in Brookiyn limestone sgainst
the contzct of one of the Fholt volesnic mecks. The
Workings may be rezched by good dirt rosd from.the
highway. The workings consist of a mein shaft, o
caved adit, six prospect cshafts in Eholt volcanic
breccia, and many trencﬁes.

Because there 13 no guterop of skarn or of the
ma2in zone of mineralizetion, specimens of cre and

gangue were cbtained from the dumps. High-grade




chalcopyrite occurs in marble end fine-grained skarne.
Coarse~ rained endradite anc pods of fine-grzined
clinozoisite replace recrystallized czlcite in some
specimens. In thin section gangue proves Lo LEe com=-

posed of zoned, partly an kLotropic andradite anc czl-

<t

cite, cuarts, pyrite, clinozoisite, diopside, speculzar-
ite, and chlorite. Euhedral andradite, radizatin: sprays
of hematite, and clinczoisite-dropside messes rezlzce
residual c¢alceite, Pyrite and pyrrhotite replace czl-
cite. Specularite veinlets cut garnet ané cyrite
and late czlcite-cuartz—ezrthy hemaitite veins cut
earlier minerals (Plate IIIj;a). Where skarm ccntzcis
Eholt volcanic brecciza, there 1s local replacemnt
of breccia by enmdradite, clinozeisite, pyrite, and
earthy hematite.

The minor shafts and trenches of the R.Eell
Mine sre in Eholt rocks that are streongly epidotized
and pyritized. Fractures in the rock comtein €scond-
ary copper carbonztes. In one trench & three-foot
wide zone is replaced by andradite emd caleite, and
minerailized by fine-grained mangancan magnetite, pyrite,
pyrriiotite, and chalcopyrite that show no mutuzl rela-
tions. ©Hock in thls trench is heavily cozted with

maxnganese staln cue to weathering of the memgencar

magnetite.
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Spectrographic anzlysis incicates the presence
of gold in the pyrite of the deposit. Dbecause skarm
containing much pyrite was stockpiled, gold content of
the ore is believed to have been appreciable tut not
recoverable.

Bluebell Mine

The Bluebell Mine is close to the B.C. iine
railway sovur 2,000 feet west of the Mountain Eose
Mine. The deposit is-in metasomatized Brooklyn lime-
stone near its contzct with Eholt voleanics. The work-
ings consist of two water-filled shafis.

Skarn outcrops zs patchy replacements of
limestone breccla by fine-grained brown andradite. A
specimen of ore from the dump consists of euhedral
coarse~grained pyrite replaced by magnetite.

Bathmullen Showincs

The Bathmullen showings are 3;000 feet west
of the B.C. Mine. The cdeposit lies in metusomatlized
Brocklyn limestione within 100 feet of én Ehclt vol-
canic pipe. Access to the showings was proviced by a
wagon-rozad up Eathmullen Creek, but this rcute is now
impassable. A recently built logging reoad from the
B.C. HMine pesses close to the mine.

Ore contained golé values ranging from {12
to {80, but there is no recorced productiocn for the

mine. Ore found con the dump consists of pyrite and
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chalcopyrite in fine-grained garnel-epldote skarn.

Sallor Boy Showlinz

' The Sailor Boy s howing is 1,000 feel norih-
east of the summit of thg pass at the hezsd of Lize
Creek. The depcosit is in metasomatlzed Brooklyn lime-
stone. The workings consist of a water-filled shaft
and a dump indiceting that about 350 fons of rock wers
minéd. There is no sign that any ore was shipped, butb
some strougly pyritizéd skarn was stockpilead.

There is no outerop at the sh=ft, but fine~
grained foliated light-brown garnet skarn is exzosed
100 feet to the west. "Ore® consists of large eunedral
cryetals of pyrite in a2 gangue of skarn. Fragmezis
of dicrite found cn the éump indicate thet an iriruse-
ive body wes encountered in mining.
shickshock Showing

The Shickehock howing occurs on the summit of
the hilll north of the Sailor Boy Mine. Skarn or lime-
stone do not outcerop in the immediate area, Eholt
greenstone beinz visible on the surface and in the
shaft. The Erocoklyn Formztion probably lies just
below the surface. The workings consist of a caved
prospect shaeft with & small dump. Old.repcrts inédiczte
that the showing wac explored from 1899 to 1906, but
1o production is recorded, nor is there evidence that

ocre was transported from the site. Specimens from the
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dump consist of massive magnetite replaced and cut by
chalcopyrite and calcite in a gangue of fine-grained
garnet skarn.

PEECICUS METAL VALUES

Despite the fact-that gold or siliver minersals
were not noted in polished sections, both elements cceur
in recoverable guantities in the ores of the Camp. The
presence of tetrazhedrite, wnich commonly confzins large
amounts of silver in solid sclution, may account for silver
Values;_ Tetrahedrite occurs only in chalcepyrite, and ;
copper values can be very roughly correlated with silver
values throughout the Camp. Spectrographic analysis cf
tetrehedrite-bearing chalecopyrite from the 5.C. Mine inui-
cates the presence of silver,

Gold may occur either in solicd solution or as
submicroscopic blebs in sulphides.(Edwards, 1954, p.112).
Spectrographic analyses indicate the presence of g2ld in ‘
pyrite and pyrrhotite but not in chelceopyrite. Belzations
of copper to gold values throughout the arez also indicate
thet chalcopyrite contains little or no gold.

SUMMARY OF CHAEACTER OF THE SKARN

Limestone is the conly rock sirongly a?fected

by skarn metesomatism. In the two places where the

“marble line®™ is visible strong recrystallizetion of cal-

cite is evident. Eeplacement of calcite by endradite and

|
|
!
cdlopside is perphyroplastic and coarse-~grained in the outer |
i
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zones, becoming finer-zrainec toward complelely melosomati-
ized rock. This fine-grained characﬁer may be attributed
to competition for growing space among meny cryetzls in
the intensely metascmatized rock.

The mineralogy of skarn is feairly unifo

throughout the Camp. The rock consists mainly cf garnetl
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of composition grossularitelo andraditego. The refr
inaices of all garnets tested lie above 1.8215 and the
specific gravities of clean fragments range from 3.722 |
to 3.742. The colour of andradite ranges from 1light green %
to dark brown. The darkmess of colour is thought {0 vary ‘
with slight variations in iron content. Skarnm contzins lesser
emounts of quartz, diopside, zoislie, clinozoislite, ac-

tinclite, chlorite, sphene, galcite, end scepolite {maria-

1ite?).

Typical skarn is medium- t0 fine-grained in |
texture and consists mainly of light-coloured endredite with
interstitial calcite and gquartz. Diopside, quértz, clino-
zoislte, zolslite, and scapolite occur as inclusions in !
endradite or as independent crystals. The skarm iec cutl
by lzte veinlets of guartz and calcite, and is replaced
by metalllc minerals. Purely thermal effects have resuli-
ed-only in recrystallization of calelte, even vhere the
origiﬂai limestione was asrenaceous. This indicates that
the temperatures cf skorn fermation were below the tem-

perature avbove which guartz and calcite cannot coexist.




However, it is possible that metasomalism mey have obli-

terated such contact metamorpnic minerals as wollastonite.

The orlginal vedding of limestons is preserve
ed in skarn in many places. There i1s no evidence ¢f open
space deposition of skarn minerals.

In a2 few places, skarn minerals hzve replaced
rocks of the Eholt{ Formation to a slight extent,
LOCALIZATION CF SKAEN METASCHMATISH ‘

The genetic relation between the Orc Lenoro-
Emma-Jumbo skaern zone and the Lion Creek stock 1s evicexnt
from field relations. Skarn zones not obviously related
to Lion Creek contacts appear to be comtrclled by:

1. The presence of fractures or permeable beds in lime-
stone thal acted as channelways for metasomallzing
f%iuids.

2. The presence of a contact of limestone with rocks less
susceptible to metesomatism. The contact mey have
served as a chamnelway er'“cap“ for the metasomatizing
fiuids.,

The example of the first type of control is
the long zone or series cf zones that extencs alonz the
strike of bedding of Erocklyn limestone end contzins the
Hountain Rose Mine. The remaining skarn zones of the area

are believed To be comirolled by contacts as outlined in

2, above. The rocks sgeinst which the metasomatized zones

lle are in most cases Eholt rocks. At the E. Bell HMine,

it

|
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alteration to epldote in the Zholt volecanic pipe is believed
to be relsted to skarn metasomstism. The Emma skarn zons
occurs against a footwall of Emma quartz diorite.

The Sallor 2oy deposit is not closely reiated
to a contact of Ercoklyn limestone with other rocks of
pre-pineralization gge. It is believed that ke localiza-
tion of skarn metasomatism zat the Sallor BEoy wzas effected
by the presence of & cap of Eholt rocks now removed Ly
erosion.

IAlIQ& OF SKABRN AND MINERALIZATION %

The theory that skarn melasomallisa is the |
result of intrusion of Lion Creek rocks is indicated from
field relations. ¥For example, where limesicne is in ccn-
tact with the Emma quartz diorite, there is ns skorn de-
veloped. Inclusions of marble showing only slighit repizce-
ment by garnet are present in the Emma intrusive.

At the Ore Dencro Mine, Lion (Creek rocks have
gradationzl contacts with skarn, the intrusive being
‘chloritize& and eplidotized. Meny largze limestone xenoliths
or rocf pendants occur in Licn Creek quartz diorite in
the vicinity. These Xenclilths are completely convertea
to skarn. Microscopic exeminstion of & speclimen of Lion

Creek rocks containing smzll incluslons of skarn showed

i
4]
il
4
+

the following sigmificant detzils:

et
i e

1. Surroundin:s graencdiocrite corntzins plagioclase (An3p)
) [ é < J

more sodic than the average (Ansg) for the stock.




2. Diopside and 2zoisite occur both in skaru and in grano-
diorite.

3. ¥ithin five millimeters of the contact the granitic
rock contains very little free silica, bui further
from the comtzact conizains 20 percent of guariz.

L., Accessory pyrite occurs in grsmnodiorite. ¥Witnin ten
millimeters of the skarn contact, pyrite is much less
abundant .

5« Garnet ocecurs in granbdiorite.

These yrelations indicate that Fe and Si were
removed from granodiorite by skarn, end that Ca was zided
to granodiorite; The sssimilation of Ca by grancdicrite
has not resulted in formation of feldspatholds becazuse of
&n sbundant supply of free silica. The plagioclase of the
granitic rock night be expected to have become more czlcic
than aversge due to acdition of lime. The reverse is true,
however. The sodic nature of the plagiéclase can be ex-
plained by Shand's (1930) hypothesis that calcic plegic-
clsse formed sinks due to its high specific gravity, its
place being taken by less dense s0dlic plagioclase. The
rresence of high soda plagioclase might alternstively be
explained by Daly's (1933) hypothesis that resurgent gaeses
removed Ca -- much COZ was evallable for the process. A
case of sodic plagicclase occurring at the contacts of

gkarn xenclith in andesite is mentioned by Erouwer (1928).
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In summary, 1t is sircngly indicated that
skarn metasomatism in the area is the result of emanatiocns
and heat from the Lion Creek intrusion during its soclidifi-
cztion.

Comparison of the compositions of skarn szngd
limestone show that replacement invelving the zddition and
removal of substantisl amounts of material hzs occurred.
The following calculation of the zmounts of replacement zre
based on complete volume for volume replacement of core
kilogram of siliceous limestone by 1.2 kilograms of skxzarn.
Beasonable estimations of average compositions of skarn
eand limestone were chosen. It is emphasized that thess
calculations are based on assumed average rock compcsitions

and hence have limited quantitative value.

Table IIX

1.2 kg. skarn - 85% (by Lei&hu} grossularitesg
anaraaitego, 5p ¢linczoisite,
5% diopside, 5% quartiz.

.G {Cczleculated) = 3.25

N

1 kg. limestone - 90% calcite, 10% quartzs.
S.G. {calculated) = 2.70

Fe''f Al Hg Ca  CO3 s1 oH o
Skarn 209.0 2k.B8 6.7 267.2 - 224.1 2.4 462.3
Ls. - - - 260.0 395 46,7 - 197.3
4dgition

to Ls. +209.0 +2L.8 46,

-92.8 =395 +117.4 +2.4 +65.0

-3




The resulting figures give & very rougn esti-

i

mate of the gains and losses involved in metasomatism.

: FEre % % o PR T .
Country rock gained large amounts of Fe == and silica and

S

lest substantial zmounts of Ca znd COB; Less imporizut

t&

[¢)]
e

gegurrenc

rare

&

edditions are Al, Mz, The

marialite (?) indicates addition of slight amounts of Cle

Skarn metasomotism was overlapped and folicwed

y deposition of megnetites This process and the procuction

o

of andrsdite involved introductlion of Fe"* and Cone

Swanson's (1924) hypothesis of replacement <f Fe

in mafic constituents of intrusives
sceurs in granitic rocks near skarn
ions liberated in this way woﬁld be
500 degrees centigrade according to

D —

FeO + CO2

seems tenable (diopside
contacts). Ferrous
oxidized by CO, zround
the formula:

{(Butier, 1923)

FeZOB + CO
These processes would provide the ferric
iron cof endradite, specularite, and magnetite.
Depositich of ﬁagnetite war closely followed
and overlapped by sulphide mineraziizatiom. tler (1923)
coneicers this o be the normal order cf deposition in

skarn depesiits and attributes the paragenesis to falling

temperature. Thne sulphide assemblzge is & mesothermal
one. The usual crder of deposltion for the Summii Camp

iz pyrite, pyrrhotite, chalcopyrite, followed by the

sulphosalt tetrabhedrite.




£ion. It 1s probable that the large excess of Ca axnd Cip

in the troduced fluids fended to combine znd precizitace
wnerever condliiions wers ap;rbpriate. farbhon Ggisyifs snd

€O, which have high partial pressures, couid provide crive
ing force for replacing flulds in general.

Fracture g¢ontrol of minerallzstion indiczties
that fracturling occurred during metasomatism, and th=t the
b@eaks produced umay have served as chamnelways for minsral-
izing flulds.

Localization of mineralization mainly within
skérﬂ zones aecsplie adjacenl limestoms bein. & more sus—

ceptible host rock may be explainsd in the followins way.

Mineralizing {luids reached country rocks lhrough the same
chennelways =28 skarn forming eranstions. Metals were pre-
cipitated in sksrn. Soluticons thst reached limesicrne with
some metals still present lost these rapidly by replsce-~
ment of calcite, permilting massive znd disseminzted
deposits zt the "'marble line. Such deposits were cbserved
gt the B.C. Hine.

The following is a generslized seguence of

skarn metasomatism and mineralizatilon for the whole canmp.




Falling Temperature

+1

Fracturing

Table IV

Calelite~guartz fissure filling velins I
Fracturing

Tetrahedrite

Chalcopyrite Sb Ag :

Fyrrhotite + Au 1635

Fyrite + hu

Celcite and guartz veins FEF 1

9

Deposition magnetite (py, specular-
ite) as replecements or fillings
in breccis zones, with minor gar-
net, epidote, and zctinclite

Brecclaticn, faulting, {racturing

Iieplacement ¢f limesione by skorn
minerals

41 ¥z Fe Si
Tne mutusl relations of the metailic
minerals =re shown in Figuvre 2.

BEELATICNSEIP CF FXAEKR TEPQOSITS [ND PRECICUS METAL
DEPOSITS OF THE BOUNDARY DISTEICT

The &1str1bution of the precicus metal depo-
sits of the Bounuary District is shown in Figure 1. 4is
may be seenfrom the diagram, these ore deposits are dis-—
tributed in country rock nesr the peripheries of granitic
bocies, Or in the granitic rocks themselves. Ko deposits

of this type have been discovered in the Summit Camp. The

-Vvelns occur in Eholt volcanics, Bawhide argillite, Knob

Hill rocks, or granitic rocks. Precious mebtal depesiis




Fig: 2.
b e o PARAGENETIC DIAGRAM OF ORE DEPOSITION
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are assocliated wWich limcstone at only Cwo places, ana

whichh wae ilower ia ting veins, Fissure Tilling raincr
tnen replacement is tne typical wmode of emplacement of
the veias, Ore coansisis of chalcopyrite, gzliens, coal-

coclie, sphzierite, pyrite, tetrahedrite, ruty silver,

01ld, and tellurides in a gangue of calecite

]
b
X
1
ks
or
l.. Y
et
o
-
o

Tablie V

Tons Shipped 4u {oz.) ag {oz.) Fb (1b.) Zu {(1b.)

Providence 11,451 5,867 1,361,833 400,288 258,100
Ko. 7 15,152 2,971 99,987 213,926 13,727
Dentonia 95,884 23,731 157,620 344,856 403

It is evident that the veins were very rich, especially
iﬁ'silver;

It is suggested that these deposiis are re-
iuzted to the final stages recorced in skarn dsposiis -

£

eposition of chalcopyrite~tetrzhnedrite end filling of

£

fissures and breccels zones by calciie and wuggy quaeriz
veins. It is pessible that the precicus metal deposits

represent @ final low temperature stsge of minersiizstion

not strengly affected by assimilation of limestome Ty the




t
at the Oro Dencro Hine of ore-controlling fault which is

~ &

N
i

magma. Fissures wers oroduced in intrusive and country

w5

rocks, perhaps by ccolin:z, and minerals were depositec
in the fissurss. The clustering of veins about and in

granitic bodies may indicate that low temperztures 5f
wall rocks and ors-bearing flulds permitted only shors

transport of melals before deposibtion.

P

%

Assinmilation of €O, by the intrusive =iy

Y]

have b&e" the czuse of the release of metals into sik=rxm

during an earlier stags of co0ling of the rocks. Carbom

diozide may have acted 23 & flux that prevented e=ar

comsolidation of the Inlrusive where it ¢contacts limesclms,

thereby allowlng early amiry of minerallizing flulds.

-I"!

i}

AQE OF THE SKARN DEPOSITS

It is prabable that the skarn deposits of

=

renitic intu-

the Summit Camp are due o the effects of

(53}

=

sicne. Although ths age of these intrusions is Thought
to e Mesozoic on ths basls ¢f correlastion viith sinilar

intruslons of kmouwn age that ocuur outside the Summit

Camp, the granitic rocks of the Boundary Tistrict may be
of ezrly Tertiary age. Whnite {perscnal communication) and

=

Zrock {1902) suspect a Tertliary age for the skarmtype of

}.,t'

mineralization in the Eoumdary Tistrict. Their best ev
dence is tThe arparent localizatlion of mineralization asgzinst
& dikes. The writer feels ihat the occurrencs

culask]

cut by a pulaskite dike iniicates & pre-pulaskite ages for

mineradization in the Summlt Campe.

R e e e e
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The regional disgram (Figure 1} of the area
shows that where bocles of limestone occur in the Camp,
there is & possiblility of finding ore. As yet, sezrch
for new orebodies buried benezth overburden hzs noil Leen
very successful. It is possible thai blind orebodies may
lie in the Brcoklyn Formztion below Eholt rocks or sulsse
kite flows. Close study of strongly pyritized and frec-
tured Eholt rocks might provide a clue to underlying
mineralization. WMore detailed mapping of &ll outcrcp in
cfitie&l areas might reveal the configuration of the

-
~ el

(=

Broocklyn-Enolt comtact, which controls skarn forms=t
in many deposits. Areas covered by Tertisry flows would
not be soc susceptible to geologleszl interpretation of
underlying structure, but deep-probing geophysiczl methois

might allow evaluation of such terrsin.
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The appendix contalins deseriptions of critical
oy typicel thin and polished sections. 1 general, one or
more typical thin sections from each mzjor formetion, scme
r&grL“CﬂtdtiVﬂ thin sections of skarn, and three of the nost

typical polished sections of ore are described.

POLISHED SECTIOHS

Folished Section 34 -~ dro Denorc Mine
Metallic Finersls |
. Hagnetite
Pyrite
Chalccpjrita
Specularite
Macroscopically ﬁh& specimen is seen to te
made up mainly of magnetife with some blaedes of specular-
ite. Magnetite comtzins pyrite and remn&ntq of germetl.
Micrbscoyi¢ally magnetite is seen to be Aintergrown with
specularite. Euhedral pyrite crystals appear to replazce
gangue and magnetite. Pyrite occurs slso as replacement
velns along fractures in mazgnetite. Chalcoyyrita gccurs
as parts of the same veins and as replacing blebs in garnet.
Pyrite presents euhedral faces tc chaleopyrite, suggesting

that the pyrite may have been earlier,




- 69 =

Folished Secticn 371 — Mounteln Hose
Metallic Minersls

Fyrite
Chzlcopyrite
Tetrahedrite
Magnetite
Pyrrhotite
Macroscopically the section can be seen fo
be made up of pyrite cut by pyrrhotite veinlets in &

gangue of skarn. The sulphides are cui by minute veinlets

tiones and blebs in sn area contzining many velnlels of

by
1

the same mineral. Under the microscope remmexnits of mog—
netite can be seen in pyrite. Pyrite replaces g minersl

intafstiti&l to garnet as well as garnet itself. Chalco-
pPyrite mineraliczation is related to an irregular fraciure,

Mimute blebs of tetrshedrite cccur in chalccpyrite.

Polished Thin Secticn 276 - Oro Denoro
7 Metallic Minersls

Chalicopyrite

fetrahedrite

Magnetite

The section consists of fine-grained :zrmet

skarn with some résiduasl calcite. One-half{ the section
is Taken up by chalcopyrite contalning remmants of calelite.

& few gralns of magnetite occur near the skern~chalicopyrite




contacts HMinute blebs of chzlcopyrite occur in fractures
in garnet. The malin mass of chalcopyrite is cut by
minmate fracture-fillings of tetrzhedrite that contains

inclusions of chalcopyrite which match the borders cof

)

the veins. Hetallic minerala‘and,skarﬂ gre cul by
guartz—calcite veiniet.
X SECTIOHRS

Thin Section 370 - Limestone Brecciza (Erocklyn Formation)

In hand specimen the rock is scexn to comsist

of rounded to subangular limestome fragments in a fine-
grained czlicite matriz. A thin section of the matrix
shows thzt it is made up of carbonzate grains .02 to .1

millimeters in dlemeter, and a few guartz, biotite, znd

chlorite grains. The section contzins smzll rounded pebbles

of banded chert and fine-grzined limestone. 4 single
largs (two_millimeters) erystzl of carbonate occurs in
the section.

Thin Section 265 - Tuff (Eholt Formation)

Fecroscopically this rock eimulates the
appearance of z fine-grzined msssive shale of siltstone
with 2 few greenish patches end & few small anguler freg-
menis. The rock is zctuzlly a fine-grzined agglomerstic

tuff contalining the following minerals:

Quartz 20%
Calcite 15%

Orthoclase  10%




Clays 454
Magnetite 1%

of bladed ul y
minerals 10%

The matrix consists of za fine-grained feltied
mass of clay minerals with a few grains of orthoclzcse and
magnetive. Angular fragments of guartzite up to four
millimeters in dlameter and fragmental sgprezates of Llizded
clay minerals occur in the cection. C(lay minerals ere
stzined by hematite. CLalcite feplaces the rock &s vein-
lebs and vagusly defined patches.

Thin Section 208 - Agglomerzte (Enolt Formation)

In hend specimen the rock is seen tc ecnizin
rounced to angular gquarizite -fragments in a tuffacecus
matrix. In thin section the agglomeratic fregments {.1
to one centimeter dismeter) are seen to have corroded
borders and fracture f£fillings cof tuff. The matrix is
composed of the followingz minerals:

Plezioclase (+ relief) 30%

Clinochlere 60%
Magnetite
Quartz 10%

Quartz and plagioclace are corroded and

altered to clincchliors.




Thin Secticon 291 - Quartz dicrite (Emma Intrusive)

Flagioclase - Ly 70%

3 5
Quarte 15%

Dictite 15%

being of plagioclase. Flagioclase is zoncd ixn 2n oscil-

latory manner, and is strongly altered to fine—-grzined
phyllcosilicates, The fine-grained matrix of the rock
consists of gquartz and plagioclase.

Thin Sectior 210 -~ Guartz diorite (Lion Creek Intrusive)

Quartz 20%
Plagiociase =~ -Ansg 503
Bictite 10%
Hornvlende 20%
Magnetite iz
Chlorite

The thin section contains neot only Licn
Creek cuartz diorite but sisc part of an inclusion of
Emma diorite (see Flate 1I:;b). The guartz diorite is
coarse-grained and eguigranuliar in texture. Hormblende
end plagicclzse are euhedral, whereas quartz is inter-
stitial. PFlgglioclaee crystazls are zonmed in an oscillatory

menner, and arg slightly alitered to phyllosilicates.
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Thin Ssciion 212 - Puiaskite

albite 15%
Eiebeckite ez
Aegerinsugite 2%

Cryptuperthite  70%

Biotite - B
Cnlorite . 2%
Hepheline 5%

Naznetite : 2%
The texture is porphyritic, feldspars
paenccrysts. The matrix is medium-grained. Pnenocrysis,
aegerinangite, and riebeckilte are euwheldral. Feldspars
ere in part altered to rhyllosilicates. Hagmetits occurs
as amhedral grains in the groﬁnﬁaﬂsg.

306 - Skarn {R. Bell Mine)

The specimen is of coerss-grained martle re-
placed by large euhedral crystals of garnet and pyrite.
Under the microscope the following minerals are evident:

Garnet - LOF

Pyrite 20%
Carbonate 20%
fuartz 5%

Chlorite 5%
The green garnet crystals are amisciropic
and concentrically zomned at theilr outer edges. Chlorite

replaces garnet along fractures. Pyrite appears to




ruined carbonate, but conforms to the
bouncaries of zaraet crystals. Pyrite crystals are sur-
rcunded by gromular guartz. Velnlets of granulsr gusrtz
exnd caleite cub garnet (Flate I1Ia).
1€}

mediuvm-sralinsg ZIeen

('!

Thin Section 332 - Skarn {(Jumbo Mix
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garnet skorm witii patches ©f carbonate, Llsseminsted
grains of magnetile and chaleopyrite occur, mosi cComonly
near caleites Thin, irregular hemstite veinlsts cut
sxzrn. Hinerals evident in thin section are:

4 ot

QRETTZ P
Garnet - 85%

Carbonate 10%
Hagnetite
Chalcooyrite
Hemallte

antigorite

Epiaote
Garnet occurs as euhedral crystals replucing
carbonsbe. Quartz occurs as rounded gralins in residusl
carbonata and with late cerbonste in velnlets and paitches
thzt replace gammeit. A few grains of @n epidote replace

carbponste. Antigoriie occurs as rounded aggregates of

radiating crystals nesr garnet in quartz, calcite, and to
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2 lesser exbtent in garnet.

assocliated with antigorite.

Fine-grained magnetite is

Opacue minerals replace

carborate but conform to the borders of quartz znd garnet.
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PLATE I

(a) Limestone brecciz at Phoenix

(p) Limestones breccia from Lime Creek

—

Crert brecclaz
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(&) = 1/2 - Crert conglomerate with silica overgrowth
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) x 1/5 - Brecclated skarm fragments eancrusted with
mazgnetite, actinolite, and calclte - Swus
pit.
sk - skarn; mag - magnetite; act - actinolite;
cale - calcite.

(b) x 1/2 - Rounded inclusions of Emma guartz diorits
in Lion Cr=ek qguartz diorite.

{c) x 1/3 - Upper: Eholt agglomerate
er: Eholv water-laln agglomerate and tuff.

x 1/2 -Fulaskite extrusive.
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PLATE IL




PLATE IIX

{(2) x 13 - Photomicrograph; plane-polarized 1light: pyritized
skarm from H. Bell Mine, showing cross cuitting cal-

cite velnlets.
Black - pyrite; grey - garmet; white - czalclte.

(b) x 12 - Pnotomicrogzraph; plane-polarized light: magmetite
ors from Emma Mine, showing unreplaced crystals of
garnet and remnante of the calcite that magnetite
has repliaced.

Bilack - magnetlite; grey - garmet; wnits - czlcits.

notomicrograpn, plane-polarized light: chert con-
g1
h

{c) x 11 - Pho
omerate (same as shown on Plate I; 4).

ert pebbles in a calclte matrix,

oy My

{é) = 15 = Fhotomicrozgrarh; X-nicols: Lion Creek quartz

dlorite.
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