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THE ORE DEPOSITS
OF
NICEKET PLATE MOUNTAIN
HEDLEY, B. C. ‘

1 2
By Paul Billingsley and C. B. Hums

I. Introduction.

Nickel Plate Mountain coincides closely with that portion
of the Hedley mining district vhich is of economic interest. From
it has come almost the entire past produstion, and the active
‘mines of the present epoch, lNickel Plate-sunnyside and Hgdiey
Mascot, lie in a compact group near its summit. L

The Hedley district, vhich is 210 miles due east of Vancouver,
is situanted in the Ckanagan Range of southern British Columbla,
vhere this rather goentle uplift is deeply dlssected by the canyons
of the Similkameen and its tributarles. The reglon is essentially
part of the Interior Plateaun province (Fig. 1) but is adjacent to
easterly elements of the Coast Range.

The Simlilkamoen canyon, 4,000 fcet in depth and frequently
leés than 4 miles from rin to »im, traverses the district from
‘northwest to southeast. The deopest and marrowest portion of the
canyon lies between Hedley and Keiemsos. 18 miles to the southeast.
A% Hedley an important tributary, Twenty lMile Creek, enfters Irom
the'north in a bold canycn, making a focus of unusualiy rugged
topograrhy. Hickel FPlate lMountain occuples the sector to the east
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of this junction {See Plate 2) and its flanks are ringed by the \\
eliffs of Twonty iile ocanyon on the west and by tﬁose of the |
similkamoen canyon on the south. On the east it slopes gently
to the hanging valley of Elghteen lile Creek and. on the nporth with
only slight loss of elevation it merges into the moderately hilly
surface of the plateau. The elevation et Hedley is 1,700 Zeet; -
the sammit of Nickel Plate Mountain is 6,200 feot; and the general
average of the plateam is about 6,000 feet. o

Up to the present time Hickel Plate Mountaln has produced

4wo million tons of ore averaging one~half ounge gold from a

single system of interrelated orebodies, the Nickel Plate, and
one~quarter million tons from half a dozen lessei scabtered ore-
bodies, the Sunnyside 1, 2, 3, 4, 45 and Bulldog. The Hickel Plate
system was developed and explolted from 1ts outorop foxr 2,000 feet
down the dip as a slogle operation, by the Hedley Gold Mining Co.
and its predecessors. Independent ownership of the lascot Fraction
claim necessitated at this point a Jump of over 200 feet, boyond
vhich the orebodies were followed for an additional 600 feot of
slope distance by the same operators. The sunnyside l, 2, 3, and
4 orebodies were also discovered and mined out during these
operations. » )

The Hedley Gold Mining Company properties, discovercd between
1898 and 1903, were closed down, permanently as was then believed,
in 1930. Thesoc have become since 1932 the foundation of the current
output of the Kelowna Exploration Company. The lassot Fraction,
with its blocks of ore developed prior to 19320 but intact inm 1935,
has singe that time supplied the Hedley Mascot Company production.
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V¥iith the dual operation the Nickel Plate gystem of orebodies,

which yielded in the years before 1930 a maximum of 75,000 tons

per anpum, has now far several years becn mined at the rate of
150,000 tons and this rate will be somevhat increased. Both new
oompanies havs been aggressive in attacking the geological and matai-
lurglcal problems of the deposits, and have pooled information to
mtual benoeflt. As a result the limits of knovn ore have been
extended for hundreds of feét on elther flank of the o0ld stoped

out strip, with Kﬁlowné taking the lead; and the downward limit

of known ore has beon pushed from the elevation of 4,800 feétNto
&.500 foet, under Hedley Mascot pioneering. These developmonts

have made possible the establlishment of ore reserves far greater
'than ﬁere evor in sight bofore in the Hedley district, and have given
assurance of sufficlent life to justify a large progran ofkimprove-
ment s of mines, mills and commnities. |

¥hile no longer, as in its youth, Canada's largest géld

producer, Nickel Plate Hountain is today a more substantial |
beuefit'to the people of its dependent commnities than it could
ever_be}af that time. Its production of gold is larger and yet

hag been stabilized at a rate which avoids crowiing the mines and
vhich permits orderly exploratioh 1n.advance of extraction. The
'Keldwné Exploration Company acceps thls balance between pioneéring
geological study, exploratory workings, blocking out of ore reserves,
extraction, milling, camp improvements, and communlty welfare as

the sane and desirable program for a mining operation. It is the
evolution of geoiogic ideas, the contribution made by geology to
this mining program, and the techniques which have proved effective.
whioh wo shall discuss in thls papere. '




1I. History®

1898-1902 .

The discovery of ore on Nickel Plate lMountain followed the
porml course of pioncer prospeoting. Gold placers on the
similkameen, although relatively small, led prospectors into the
district as'early}as the 1860%s. fThe first claims on Hickel
Plate lountain were recqr&e& in 1894, but their gossans while'gold-
bearing, proved low grade. Ore of commexcial prémise was &iscovered
in 1898 jJust below and sast of the summit, vhen the prospectors
Vollaston and Arundel located the Hickel Pléte claim to cover the
one surface expression of the HNickel Plate systepn of orebodies.
éhls outcrop, partially oxidized, could be panned with good results
although specimens showed abundantly the characteristic arsenopyrite
of the primary ores. Such spocimens, seen in Vietoria the same -
year by M. K. Rodgers, while in the field for Marcus Daly of Butte,
80 abttracted him thet he went imediately to the prospect, then
reached by 30 mlle road and horseo trail from»Pentiaton.

The senioxr wrliter of this paper was privileged as a young
gsologist in Butté to make a pumber of mine examinations with
M. X. Rodgers. He recalls the general geologie philosophy with
which that eminently successful ors hunter apprached a prospect.
It was not assays alone that guided Rodgers; rather he was in-
fluenced by the broad picture as it might show intensity and extent
of mineralization. He demanded in a prospect wldespread strong
alteration, big pervasive mineralization, as well as good values.
There is 1ittle doubt, therefore, that the great garnet-silica cap

l. Plates 3 & 4 will assist the reader in following this
portion of the paper.
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on Nickel Plate Mountain end the ample widths o2 silicate roock
peamod and impregnated with arsenopyrite and pyrrhotite, contri-~
buted heavily to his prompt optloning and exploration of the
Nickel Piate prospect. It looked like "elephant country".
Recognition of thzs may be considered as Stage I in the evolution
of geologlos knowledge of Niokel Plate Mountain.

The next goologlical problem was to convert the two dimensional
) purface gossan into a three dimensional mass going intc the ground
i in‘a definite aircction. fThe prohlcm'vas complicated by the
presence, across the gossan, of a strong north*south steep fault,
along which the free gold was espcclally rich, and First efforts
were devoted to this, the Rodgers fault. The first deep tunnel,
Adit 3, cut it at 150 feet below the outerop to f£ind it valueless,
however, and drifting, raising and sinking on the fault falled to
develop ore. GIQSer obserVation suggested then that the ore
structures might correlate with the obscure west~dipping beddlng
rather than with the prominent stecp fault planes. This hypothesls,
applied to exploration, brought early}rcsults- Adit 3, extended
into the mountain, encountered down the dip of the beds from the
outcrop great bodles of ore which, prouptly developed by workings
and 8iamond drill holes, justified the immediate inauguration of
a program for production; involving the construction during 1902,
% and 4 of power plant, tramvsy down 4,000 feet of mountainside,
and mill in the valley. This demonstration of bedding control
may be taken as Stage II in Hickel Plate geologye.



1902-1909 |
Tho active production poriod under Daly control lastoed

from June 1904, to Augast, 1909. In these five years the mill

treated 167,000 tons with en gverage asasy 0f «696 oz. Daring

this Qeriod the bedded oros were exﬁraate&\fras:&ﬁlt 3 to the

purface, mking the great Gloxy Hole stope, and wore beiQWﬁq ‘dovm=

ward by loclines on the footwall, which had proved to be‘fbrﬁsd

by the top ef a porphyry sill. A simple gulde secened t0 have been

established shereby the ore beds oould bo readlly projected to and

* §3entificd on decpor levols. Adit 4, 150 feot below Aﬁit 3, was

yun in 1903 on this belief, which &% rudely dispelled. For the

ore s not cncountered at the antlolpated polnt, barron porphyry

instoad persisting for three hunlred feeh across the ore zons (Fig.2)

simltanoously, the inclinos coning down from ALt 3 were Joslng

the orc in steep fanlio. This seoenad $o tho ﬁaly estate an appropriate

“timo t0 reolinanish the sole ovnership, and in tho sumier of 1909 the

control passed into the hands of the nowly orpganized Hedley Gold

Mining Company.e ‘
shortly after the reorganization, the orosscuts and drills

on A3Lt 4 level began to emcounter ore--rich but in small quantities—

wedgea into erotches whero porphyry on the foot wall meﬁ porphyyy

on the hanging wall. But these narrow crotches proved on develop-

ﬁent t0 oxpand with dopth into norml widihs of ore formmtion, and

with the disoovery of this Stage III in the growth of goologieal

copsepts hsd baon roached. At this stage 1t was roalized that ore

and porphyry, vhile in altermate layers, were irrogular in that
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the porphyry might swell and obliterate, locally, the ofe-bearing
formation. When, thereafter, this phenomenon was encountered, the
individual stops might be abanioned but general exploration continued
t0 push forwarde.

Heanwhile; after studies made in the regioq and the mine in
1907 and 1908, Charles Camsell published in 1910 his memolr on the
gedblogy and ore deposits of the Hedley district. This work at once
raised geologlcal knowledge o a new level. The sedimentary forma-
tions were deseribed and named, the ligneous rocks were mapped and
classified, and the structure of Nickel Plate Mouptain was worked
" out within the limits of acouracy appropriate to the scope of the
study. All subsegquent progress has been built on this solid
foundation. In the Hickel Plate mine, Camsell was unfortuhate in
coming when dovelopuent downward had been checked by the complexities
on the Adit 4 level. He dld, however, record one observatlon of
profound significance, not recognized as such at the time or for
many years thereafter. Desoribing the Glory Hole stope, in the
vicinity of Adit 3 level, ho says: '
| "In the Nickel Plate mine the orebody does not follow contin-
uwously the same stratum of mlneralized limestone, but cuts across
the beds at a sharp ahgle. end passes from one bed to anéther. as 1t
goos dovaward. This is due {0 the fact that the intrusive gabbro,
i‘ﬂwhich is the footwall of the orebody, has not been injected exactly
elong one of the bedding planes of the limestone beds, but cuts
soross them at a sharp angle. The dip of the gabbro is from 25° to
30° while that of the sedimentary rocks is from 16° to 20° . The
orebody follows the igneous rock, so that in the mining of 1t the



operabions will follow along one bed for soms dlgtanco, until the
ore becomes low grade, then a Jog will be made to a lowor bed,
and that followed until 4% also passes into low grade rock. The
result ié that the hanging wall, if it could all be seen, would
gppear as a serles of inverted steps, with wlde flat spaces, and
ghort jogs at right angles t0 the plane of these.”

» A better description of the essential Nickel Plate struoture,
in section, has never been penned. For this acutely angling gabbro
p fothall thus describéd by Camsell in 1909 is the "midway Dike™

- found by Kelowna geologists in 1932-33 to boe thoe backbone of the
entire Nickel Plate syctem of orebodiss, (Fig.3), which is in all
pfobability fidenticsl with the "Hot Sill™ recognized by Hedley-
Mascot geologlsts In 1938-39 as the dominant control of ore in thelr
property. But during the twenty year life of the Hedley Gold
Mining Company, there was no recognition that Camsell's observatlions
jdentified a through~going acute-angled master dike, distinet from
the many sills of simllar composlition which closely parallel the
bedding. Parallelism of beds and porphyry was accepted as the
normal relationship, except for erratic plnches and swells of no
significance. As has s0 often happened in the application of
geology to mining an accurate observation of complex relatlonships
fajiled to win acceptance ovér simpler but vagune generalizations, or
to be followed through in all its implications.
1009-1921

' Nevertheless, mach oré‘ﬁas discovered by the Hedley Golad
Mining Company under the mepagement of Gomer P. Jones, with

B. V. Knowles as minlng superintendent. The orebodies below Adlt 4

I T T T T T e



proved rich and persistent. !Mill capaclty was lncreased to

150 tons per day in 1911 and to 200 tons the next year, and with
the larger voluma it boocame possible to treat somevhat lower gra&e
ore, 80 that the mill feed was brougnt down to about .55 oz.; an
average which vas maintained for twelve years, during wnich 700,000
‘tons of ore were mined. In exploration the bold step of deep hole
drilling from the mountaln top, alming ét the projected trend of
the ore zone sii or seven hundred feet beldw, was taken and proﬁed‘
_sucaessful. (One hole cut 70 feet of .99 o0z. ore). Smll local

; 1n¢11nes within the confines of the orebodies were soon aband oned
therefore, and a new inclined shaft, the Dickson, was commenced,
woll in the footwall of the system of stopes and pointed north-
westerly dovmn the long axis as indlcated by the drilling. As sub-
sequent developments have proved, this sha £t 1ocation could not
have been im@rovod upon.'

The geological problems of this period, from 1912 to 1921,
vhen Dickson Incline énd stopss reached the Mascot Fractionclaim
liné. were concerned éhiefly with the so-called Central Fault zone,
a system of steepbarallel faults and dikes vhich, trending
westerly, angles across the system of orchbodies (which run north-
westerly) (Pl.4). Encountered first on Adit 4 level, at the-north
end, the Central Fault zone was a harassing complication on all
jevels below. It made a strip 60 feet wide in which no ore was
found. South of this the stopes, coming down from the Glory Hole,
wedged out above the Dickson level, while pnorth of 1t no ore was
found above the 4th level, though the stopes extended down contin-
wously from there to the Masocot 1ine on the 11lth level. Loocal
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opinion was content to accept this pattern without interpretation.
The oreboaies were regarded as spreads raklng diagonal;y down

the dip of smoothly %ilted hedding, inﬁorrupted but otherwise
unaffected by the "Central Dike". This, stage IV of geological
thought, remained a8 the ssitablished dogma th:oughout the reua%n~
ing 1ife of the Hedley Gold Mining Company.

1922-30. ‘ |

In 1922, having falled to reach any agreement with the owner
of the Mésoot Fraction which wonld permit mining the orebodies known
" to enter that claim, the Hedley company drove a orosscut on the.
12th level across the lfascot and attacked the ore on the farther
side. By 1926 these deep.stopes had been pushed down from the 12th
to the 16th level, while the Dickson Incline, also crossing the
Mascot Fraction, reached the 15th level. Below the 15th level, at
4,850 feet elevation, now and disturbing phenonmena appeared vhich
stopped the further dowoward progregs of routine developmente.
Strange locse brecclas, composed of all varieties of the formatlons,
appea:ed in tho places vhere firm ore-bearing beds were duec. In
these brecclas v&lues.fell off to mere traces of gold.

Meanwhile, it had been found impossible for several years to
maintaln the average grade of mill feed, dsspite curtailment of
production. The twelve year average 0f «65 0z. dropped to .40 0z.
in 1922, t0 37 0z. in 1926 and to 31 o0z« in the year following,
as mining became concentrated on the lower levels on both sides of
the Mascdt Fraction. fThe geologlc dogma was modlfled, therefore,
in two vays, to reach Stage V;

(a) The gold content of the orebodies diminlshed downward, a
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trend beecoming apparent at about the 8th level.

{b) The bottom of ore had been reached on the 16th level.
where it ended inm breccia. '

These modifications, both now knovn t0 be erroneous, grow
vout of misapprehensions; The orebodies proper werce not leaner
on the lower levsels; the over-size étopes had merely been caréied
into marginal low~-grade mterial undexr pressure to maintain the
ﬁill tonnage. The Nickel Plébe pystem of orebodies did not bottom
on the brescla; this material merely interrupted certain individual
" orebodies, mch as dld the swollen porphyry on Adit 4. But it has
requlred wany years of study, apd the correlation of drill and
underground data in and adjacent to the Mascot claim, to dispel
the illuslons of Stage V of the geologlc picture.

special studies by outside gesldgiéts became frequent as the
orebodies grew harder to find and %o follow. Botsford of Arizona
in 1926 gaveespecial attention to the surface of Nickel FPlate |
Mountaln, and recommended diamond drilliné on a large checkerboard
pattern o test the posslbilities of other ore systems. This progranm
was carried out during the next few years with no success. The
holes, loocated without reference t0 structure or possible ore
ocontrols, were too widely spaced to be likely to hit ore by the
mere law of probability.

Billingsley of Utah in 1927 mapped the mine in detall, with
esp clal attention to folds and crumples in the beds vhich might
correlate with trends of orebodies; and searched also, on the
surface, for repetitions of such structures wvhich might carry oré.

systems. His report to the Hedley Gold Mining Company in 1927
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emphasized the importance of these fold axes, especlally the lain
Nose which coincides with the stopes south of the Central Faulti
between 7in level and surface, and the adjoininé Trough on the north
vhich contains the stopes north of the Central Fault below the 4th
level (Pl.4). Thig fault, ;n fact, is for a long dlstance colncldent
with the common steep 1limb between Nose and Trough. It was noted
that existing stopes in the llickel Plate mine occupled only portions
of the pattern made by these structures. Exploration was recom-
mended ln the remaining portions, especlally; {Seo Pige3a)

(E) 1In the Trough on and above the 4th level, north of tne
Central Fault.

(D) On the Nose below the 7th level, down to the Mascot 1ine.

(D) To the socuth of the breccia on 15th and 16th levels, at
greater depth. _ ,

Outside of the mine, exploration was reoommended (A) on the

Nickel Plate nose axis in beds of the Sunnyside ore horizon, to
the southeast of the Glory Hole; (B) on the Bulldog anticlinal

axls in the same Sunnyslde bgﬁé; and (C) on the Climax structure,
e fault~-dike zone vhlich seens to prolongz the Bulldog axis toward
the northwest.

H. S. Bostoek of the Canadian geological survey‘was studying
Nickel Plate lountain and its ore deposlts during these séne.years,
and his report-was written in 1929 and published in 1930. He
mpped on a large scale (1 to 1200) the sumlt region of the
moun ta in, expanded and refined Camsell's descriptions of the forma-
tions, and brought down to date the account of mining developmentis
and orebodies. The report ls full of precise and valuable mineral-

ogical and petrographic dats; but its most striking contribution
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took the form of a beautifully constructed perspoctive drawing
of tho stopes and principal openings on the Hickel Plate ore
systom. Hero for the first time the reader could at a glance catch
the form of the complex pile of orebodies. Time and developmént
havo compellod soms modifications in Bogtock's corrslation of ore-
bodles, for the dicplacement of the Central Pault and the swlng
of the beds backvfrém Noso to Trough are greater than he reallzed,
and Nos. 1 and 2 orebodics are successlve "shingles” stepplng down
the Miaway Dike, rather than faulted parts of a single ore bed.
. Hevertheless, ﬁhis report sérvea, with Billingsley's study, %to
inaugurate a new Stage VI ia the evolution of geologlc ideas about
Kickel Plate llountalns

| Tho way was now opened for a triasl of exploxation under the
guldance of structural controls, and a start was in fact nade.l But
the exhaustien)of the ore in the Nickel Plate mine in 1930 mde
’ impossible the contirued persistent exploration vhich has been sub-
sequently found esseantlal in these highly complex structures. Early
1n71951'the Eodley Go0ld Mining Compamy vwas obliged for laoi of
ore to end Lts opsxrationms, which had been carried on continuously
except for short intervale in winter since 1902.
1930~1934 4

As thecdlatter of the stamps in the Hedley mill dled dowm,

to cease for'four years, and the drills stopped their endless
gnawing into the depleted orebodies, the opportunlty was presented,
es at no time in the history of Nickel Plate lMountain, for long,

1. A concise account of the operation in this final period

of the Hedley Gold Mining Company vas written by the
staff, and published in these transactions in 1929.
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carcful geologic study under no pressure of time, and for further
evolution of geologic ldeas regarding the control and position

of tho orebodies. For the consclusion that all important ore,
excopt the Mascot block, had been found and mined out seemed oub
_of accord with the evidence. As Billingsley wrote in 1932 %0
John V. Morcexr of the South American Development Company : )

“ohe known cemmerclal oreboaies do not adequately fill in
the pattern made by structure anmd alteration....s The Nickel Plate
gtopes aras no£ central %o the alteration blot, but close to its
" northern edgoe; and they are tled to no structural feature which
is not duplicated elsevhere in the area.... The existing stopes
indicate that within the essential minerallized area, orebodiés are
localized by ceriain relatlonships of favorable beds, sills, dikes,
and folds or orumples.ss... It is therefore highly probable that |
properly coordinated exploration will discover new ofebo&ies within
this well defined quadrant of intense alteratiou-"

Aftor persopal investigation on the ground, ¥ercexr accephed
this intervrotation, and in the sutumn of 1932 the Soﬁth American
Development Company %took an option on the properties of the Hedley
Gold Mining Company. %he ensuing geological study conducted by
Billingsley with assistance from Augustus Locke of California began
almost immediately to uncover essential but heretofore neglected
~ elements of the owebody pattern. |

(a) The downward angling sheet of porphyry, noted by Camsell
in 1908 in the Gloxy Hole stope, was found to continue down in
the pame way throughout the mine, and to carry on its back the

successive shingle-like orebodies so well shown on Bostock's



15.

drawlng; that is, all but the lowest one, which clings to its
under side. This angling porphyry was christened the Hidwéy Dike
(Pize3) . 4

(b) The fold pattern--lain loss and Trough, as reﬁorted in 1927,
wag now seen t0 be emphasized by minor sharp ecrumplings, which
corrolated with "rich cores™ of the orebodies.

(¢) The “"Central Dike"™, 60 feet wide, was resolved into a paif
of faults followed by two or three narrow “brown" dikes. Viithin |
this zone, and between these dikes lay segments of the ogabodies.
tained paok 200 feot castward from the Maln Nose and dippihg steeply
northward into the Trough (Fig.4); Discovery of these segments
permitted correlation of the ore beds mcross the fault zone. As
this.proved the former correlations by the Hedley company to bo
incorrect, the old system of numbers for the ore bods was repiaoed
by @ color scheme, in which the beds were called Purple, Red, Orange,
and Yellow. from the top down. The upper three beds are above the
Midway dike; the Yellow Bed is beneath it.

(d) "he orebodies, Nickel Plate and Sunnyside alike, wore found
to correlate in a general vay with the "mérble 1ine"; that is, with
fhe no-man's land thich separates the highly altered (garnet,
epldote, calecite) po?tion of the beds from the fresh unal tered
sediments into vhich this pagses on north, east and south. This
correlation explained the shift southward of the successive lower
orebodles in the Nickel Plate system, and also the distribution of
the Sunnyside and Bulldog orebodies along the top of a flattish

fresh limestone floor beneath the mass of garnetized roock (Pl.4).
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(e) The norﬁhwest tren& of the Nickel Plate system proved to
coinclide uatu the oourse of & transverse steep dike, the Flange,
valch in turs follows the southern lirmd of the Maln KHose. The
concept vas thus expressed ip Moy, 1933:- ‘

"The thrae uoper ore beds {all but the Yellow) are at the same
time on the nose of the anticline and within a trough formed by
the Flange and the Midway dikes. The iargest gstopes of thé mine
are in this structurs; the others are elthoer in the Yellow bed on
tho pose below the Midway, or in the Orange bed along the sopth '
gide of the Flange."™ (Fig.5)

The addition of those olements brought the geologic ploture
up to Stage VII. Exploration was carried on throughout 1933 and
1934 by the Kelowna Exploration Co., a subsidiary of the south
Amdrican Development Co., on the basis of Billingsley's 1927 roecom-
mendations, sharpened to insorporate the above concepts. By December,
1934, newly devselopod oro'reservos were sufficient to permit re-
sumption of miping and milling on the old scale. By th;s time,
also, the price of gold had increesed from {20 to {34 por ounce.
Since the new ore vas of approximtely the average grade taken out
by the Hedley Gold Mining company; the new price provided a sub-
stantial additional margin of profit, which permitted increascd
exploration and development expenditures. WVithout such large
eurrent expenditures the geological program of subsequent years could
hardly have been carried out; since the search for ore én Nickel
Plate Mouniain requires intense and costly coordination of workings

and arill holes.

'4
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19325-1940
The autumn of 1934, vwihlch witnessed the resumpilion of
productlion at the Nickel Plate mine under the munagement of
V.« C. Douglass, saw also the awakening of the llscot Fraction from
its long hibernation. Usiﬁg by egreenent the workings anpd facili-
ties of the Mlckel Plate, a Vencouver synaieaﬁe usder the geological
guldance of Viector Dolmage drilled and measured the known ore-
bodies of that olaim and found them suffiocient %o justify a self-
eustalned mining oporation. During 1935, while the Nickel Plate
was mking ilts first year's run and pushlng ibs exploration into
the sunpyside beds on the Malin Nose axis, the He&leﬁ-&hscot was
establishing its camp on the western elifds of the'mnuntain. driving
a 5,000 foot tunnel into the orebodles, building a ﬁill in the
valley, and connectihg tﬁnnel mouth and mill with a steep aerlal
tram. ZProdvcetion started in Avpril, 1935.
From that date up to the present (gsepteuber, 1940) Hedley
has had two continuous operations, Hedloy MaSGOt‘maintaining a
production of about 60,000 tons per year, whlle Kelowua, synchroniz-
ing minc developments with expanslon and luprovement of the mill,
has steadlly stopped up its tonmage, the flgures belng:
64,800 in 1936
78,000 in 1937
68,600 in 1938
90,200 in 1939
100,000 in 1240 (at present rate)
The output of new ore in the current revival of Hedley has

amounted to 725,000 tons, of which Kelowna has supplled 450,000
and Hedley lascot 275,000. |
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The geological picture has been staadily enlarged during these
operations, with competent loéal staffs in both properties closely
mpping the advancing cross-cuts, drifts and stoﬁes. The daily
secrutiny of fresh faces of ore, for which thore is in mining geology
no substitute, has brought to light detailed relationships between
the ore and its environment vhich materially tighten the control of
exploration.

In the Xelowna mines the chief results have been as follows:
-‘(See Pl.4 and 5) Nickel Plate gystem;

(a) Development of Red and Purple orebodies in Trough north of
Central Fault from 4th level up to Adit 4.

(b) Discovery of new ore bed, the Upper Purple, above the Purple,
from which it is separated by a unique "chert breccia"™ sheet; and
developnment of this bed from above Adlt 4 ddwn to lascot line.

(c) Discovery, to the northeast of the Trough, of a second
‘anticline, the North Nose, which carrlies ore shoots in the Red,
Purple, and Upper Purple‘beds. along an axial dike, the HNorth Flange.

(d) Development of Orange and Yellow orebodies on Maln liose
gsouth of Central Fault from 7th to 12th levels {latter reaches
Mascot line); and still farther southwest into an adjoining
syncline. In this area the orebodies in the lower beds are in-
ereasingly focussed at the intersection of the angling Midway and
the steep Flange dlkes; with Orange ore above the lidway on
el ther side of the Flange, and Yellow ore beneath the Midway in
similar position.

{e) Discovery in this southwestern region of produc tive beds

below the Yellow.
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Sunsysiae System: |

{a) Devaiopment of the high grade Sunnyside ore dliscovered on
the lain Xose in 1935, by a long crosscut into the footwall of
thelnickel Plate stopes. The local staff under Hume has been
especially concerned with determining the shape and course of this
gystem of rich orebodies, and its control by the combination ;f
enticline, axial dikes and sills (Fige6). .

(b) Dovelopment of an orebody at shallow depth on the Bulldog
crumple, an orchody represented on the surface by low grade |

pyrrhotlite only.

In the Hedley-Mascotb property the most sighifieant results

have been obtained in depth. ' |
(a) Yellow and Lower Yellow ore have been followed-down from
the elevation of the Xelowna 12th level into virgin ground in the
southern part of the lMascot Fraction. The close association_with
Midway (Hot Sill) and Flange persists. |

| (b) Bold deep drilling along the western line of the ¥ascot,
from the tunnel level at 4800 ft. elevation, has found entirely new
deep ore in and south of the confusing breccia reglon vhich seemed
to bottom the HNickel Plate system. This new ore, which lies between
4500 and 4300 feet elevation, is belng vigorously explored in both
Mascot and Kelowna ground to the westward. The best lnterpretation
at present is that it is made up Of several new ore "shingles" with
interleaved sills stepping down the Hot slll, vhich steepens to 60
degrees or more at these depths. The important Flange dike continues
on into this region and here, as above, seems to be medial to the

most productive strip. The orebodies in detall appear to conform to
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the control pattern established by Hums in the Sunnyside area. To
reach this ore Hodley-laseot has driven a new low tunnsl at 4300
ft; elevation, while Xolowna has bogun to sink an inelino shaft
below the 15th level. |

' Thegse recent and current developments have carried the
evolution of the geologic ideas into Stage VIII. Thls represents
our present concepts, but we know that even thls elghth stage is
not final. In this paper we have deliberately followed through
. the evolution of geologic ideas in this long lived district from

the beginning, for the purpose of emphasizing the vaiue of time and
the necegsity of change and growth. If geology 1s to become an
.instrumenf of precision, fitted to cope with theproblems of ore
discovery, the geologist must be free to observe, to interpret
objeotively without slavery to dogmas or to the published word, and
especially without emotional defense of his own former ldeas,
whether published or not. For the observations of one year cannot,
in a growing science, be mere repstitions of those of the years
vast. Closer or larger scale mapping, attention to obscure features
formerly igpnored (like internal structure in grénite), emphasis on
now relationships, will bring different conclusions even in
Videntical placese.

So we pags on to describe the geology of Nickel Plate Mountain

end its ore deposits as it appears in the light of the pfesent stage

of evolution of ideas.
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III. Regional Geologlc Framework.

It will have becoms apparent, from the above narration of
the_mining history of Nickel Plate Hountain, that geological
understanding of these'ofebodies has grown principally as a result
of recognition of thoir close dependence upon the enveloping
structures. Orebodies‘hefe, as elsevhere, exist not in a vacuum
nor in a homogenous matrix, but in the midst of formations cerumpled,
~recrystallized, faulted and flooded with melts and other fluilds.

- And these procosses in turn are not the result of_loéal forces and

" energles, special to Hickel Plate lMountain. They are creations of
f1elds of force vhich permeate the reglon and produce reglonal
motions and regional structure patterns in which Nickel Plate Hountain
takes its proper place. It is impoxrtant %herefore to orient the
Hodley district in respect to those reglonal forces and atternse.

Plate 1 shows the general geologicvpattern of the Horthwest
Boundary reglon in vhich Hedley lies. Despite the many blank areas
in vhich informmtion is lacking, the large foatures of the pattern
are clear. These are on the east: the Northern Rocky Mountaln
thrust system and the selkirk-Purcell~Cabinet mountain systen,
separated by the Rocky MHountaln Trench. On the west: the thrust
slices of Varmcouver Island, the Coast-Cascade RangeAplutons, and
the thrust slices of the eastern Coast Rahge. And in the center,
occupylng the Interior Plateau, a shield~like complex made up of
the Shuéwap and Relson ﬁiﬁtons and intercalated flattish septa of
pediments and voloanies. To the south of the Cascade Range and of

the Shyswap-lelson complex is the Columbla River lava in a Pacific
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embayment. The plutonic systems are apparontly defiectéa east-~
ward around this ombayment, resuming a southward course in the
Idaho pluton and thencoe swinglng back southwesterly across Oregon
toward the Sierra Nevadas. (Fig.7)

In this great bulge of plutons, the mjor structural feature
of the North American Cord§llera, the Hedley reglon occuples a
significaﬁt place. Together with the Malameen platinum belt and
Copper Mountain, it is in a crotch caught between the southeast
trending front of the Coast Range and the northeast trending "orust”
‘i of the Shuswap shield, a rajor reentrant or "syntaxis" of the
Cordilleran plutonic arc. This recntrant we may call the Xamloops-
Simllkauwén wedge. It is 100 miles wide north of Okanagan lake,
taporing to 50 miles at the internmational boundary and to a final
point near the junction of the Okanagan with the Columbla River,
(Pl1.2) It is océupied in part by Carboniferous, Pormian and
Mesozoic (mainly Triassic) sediments and volcanles, essentiélly the
same formtions as are found ﬁo‘the eagtward entangled in the
Shuswap system. They are here folded rather steeply on westerly,
southwestérly aéd southerly axes. |

The other parts are filled ﬁdth huge masses of granite.
¥here well studled these masses axe found to be compound, that is,
of several "agesa" (or stages, as we novw prefer to say). Along
the boundary, for example, V. A. Daly finds the Remmel and Osoyoos
gneissoid granitic bodies with about 63 percent silica to be

" followed successively, by these types:
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l. Similkameen, older phase 66% silica
2. Similkameen, younger phase 67-705 silica
%, Cothedral, older phase 71% sillica .
4. Cathedral, younger phase 7656 silica

Phe femic elements diminich In the granita’masses as the
gilica iporeases, but each "batholith" is bordered and in part-
robfed by excessively femle complex bodles vhich appear to be -
sediments recrystallized and enriched in these elements. In other
words, the salic elements stay behind in the nodes of granltlza-
‘,tion, while the femics, more mobile, have been carried to the
‘margins. Sedimentary formtions of medium composition have thus
been split during the process of recrystallization by hot gases
and flulds into highlysalic and highly femic parts (like the bands
in pegmatized schist or injection gneiss) which are ultimtely
gseparated geographically by the outward migration of the femic
carrierse.

Ko doubt the sallc fluiés travel also to some extent; farther,
however, as aqueous pegmatite than as granlte melt. VWhile "intrusive"
granite contacts are knowm, erosg-cutting the formation, we have
seen none that deﬁan& invaslon by melt from remote "deep seated
gources™. TFor these great granite masses cannot alvays have_cry-
stallized at great depth. Many are shown by thelr contacts to be
g0 recent (Rommel, post-Cretaceocus to Otter and céthearal. post~
Oligocene) that no great thickness of cover could have existed.

In no cass is great depth of cover demonstrated. But whether the
accepted interpretation be one emphasizing reorystallization or

one emphasizing-intrusion by mobile melts, there can be no doubt



that thig Kamloops-similkameen wedge has been the seat of‘yide~
spread and emphatic heoat effocts, whlch vary from granite bodles

2000 square miles in surface area, like the Okapagan batholith, down'
to gracite and pognatite "cores™ in close folds, like Copper lountain,
and even to alteration plpes, funnels and spreads of gilicate
minerals such as suglte, epldcte and garnst, as at Nickel Plate
Mountain. And these effects are in large part as recent as post-

Ollgocene.

IV. Geology of the District.

The geology of ﬁickel Plate Mountain has been described in
print by Camsell (1910) and Bostock (1930). Camsell published a
map of the entire mountain on a‘scale of one inch ¢$0 1000 fecet, and
Bostock one of the productive area only on g scale of one inch to
600 feet. The Hedley district is included also on Bostock's map
of the Penticton quadrangle, on akscale of one inch to 2 miles,
and the recently published Hedley, Keremeos and Wolf Creek quadrangles
on a scale of one inch to i mile. The general features are thus wsll
known, and can be summarized very briefly hexe (Pl.2).

Triassic formtions, argillites‘with minor limestone, and
volecanics, lie in rather close folds vhich trend across the distrioct
from northeast to southwest and south. These foids. a mile or so
north of Nickel Plate Mountain, are flanked by the southein front
of the huge Okanagan granitic mass, while twenty miles to the
south they plunge end on into the similkameen batholith.
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The similkemeen canyon from Hedley to Keremsos gives a cross
seotion of this belt of folds. At Hedley g the west flank of an
antieline, with beds dipping 25 to 30 degrees north&ast. Four
miles below, at Sixtecn Mila creck, the eagt flank turns dova on
a vertical 1limb. A second anticline crosses at the mouth of .
Ashnola Creek, and a third just wost of Xeremeos. The east limbs
of these are also steep, and the system ends at Keremeos in a
porth-south belt of steep dips, close 6r ovérturbed folds and
p faults, beyond waich lie metamorphoseﬁ schistose Carboniferous
'argillites. The sechion is one of assymmetrical folds showing
pash to the eastward, with close crumpling (and thrust faulting)
against the orystallline Ealeozoic mass.

Just beyond Hedley, on the weqtern edge of the section, the
beds also turn up into a zone of steep and overturned dlps, through
which passes the Bradshaw fault. The Trisgsic belt as a whole,
therefore, appears to be a corrugated slice eighteen miles wide
caught between eastward thrust zones at either edge. The sllics,
betweon northern and southern granites, is twenty-five to thirty
mile s long. The beds in the eastern hal? are mainly meta-volcanies;
those in the westersn half, minly arglllites. Limestones are found
on the two limbs of the most westerly anticline, at Hedley aﬁd
gixteen Mile Creek respectively; and on Apex Mountain, a fow
niles to the castward.

In addition to the andeslites and basalts which are integral
parts of the Triassic series, the similkameen district is rich in post-
Triassic crystalline rocks. These include serpentine, hornblendlte
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and pyroxenite, as recrystalllized contact phases of the Triasslc
beds close to the great granites; auglte syenite, etc., as
alkalli~rich rinms df these granites; the granites themselves;
diorites and hornblende-andesites in mltiple bedded sheets and
crogs-ocutting dikes; auglte-andesltes and gabbroé in stocks and
angling sheets, and acidic and basic porphries in a boxwork of
"thin dikes. These heat effests are most pronounsced on the ends
.. of the slice. On the southern end, mrginal %0 or within the
similkameen granite mss, are the augite syenites of Xruger Mountaln,
" the hornblendite 6f Richter Mountain, the gabbro of upper Ashnola
Creck, and the basic complex of Snowy and Chopaka iountains. On
the northwestern flank, close alongside the Okanagan granite, are
"~ the andesite~diorites. the gabbros, the granodiorite and the late
aclidloc and basic dlkes. These varied igneous rocks are clustered
'in especlal abundance along the Bredshaw thrust zone, with the

strongest concentration at Hedley end Nickel Plate Mountaln.
Y. Goology of Nickel Plate Mountain.

" Introduction.

Seen from a distance, as from the southwestern slopes of the
similkameen Valley near Hedley, Hickél Plate Mountain preéents the
aspest which won its native pame, Kyisk-ming, or Striped Mountain;

& name used also by Dawson in 1877 in the first geological deserip-
tion of the reglon.

It is stripcd because the steep cliffs on the similkameen
face expose 2000 feet of west dipping light lime arglllites interbandd
with ipnumerable rusty dark sills; this tilted pile resting on oliffs
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of granite. Tho upper cdge of the granite dips Wésterly also,

but more gently than the overlying formation, the layers of vhich
are truncated by fhe contact. All observers siunce the tims of
Dawson have correctly appraised this general pattern. DBut there
has been a steady evolution of ideas regarding its relationship to
its surroundings and the nmature of its limiting structures, and
also regarding the characier of itz rock layors and the details of
thelr deformatlion and alteration.

Limiting Structures (Pl.3) .
The striped formatlon of Nickel Plate Mountain is floored by

granite and capped by brecclas. On the socutheast, as 1t rises
toward the axis of the Hedley anticline, it 1s eroded away by
Bighteen HMile Creek; on the northwest it dips down, breccla cap
and all, agalnst the Bradshaw fault zone, vhich 1s also west~dipping
but steeper than the lickel Plate beds. Thug, betwcen fhe flatter
granite floor and the steeper Eradshaw fault the striped beds must
ultimately wedge out not far bslow the valley level.

The breccias are in two sheets vhich converge downward
'tdward the Bradshaw fault and with it outline two subslidiary slices
in the upper part of the wedge. The lowor of the three slices, then,
.oonslsts of the banded argillites between granite and lower or
Climax breccia; 1t conposes the great mass of Mickel Plate lountain.
The middle slice, consisting of argillite with a large lobe o7
gabbro, occupies the summit rldge, Climax Bluff, and the north-
western slopes as far as Windfall Canyon. The upper slice rests

on the Copperfield breccla, which angles acrcss the north end of




Nickel Plate Mountain and down the morthern cliffs of Windfall
Canyon. It compoges the mass of Red Mountain, which is made up
'like Hickel Plate'ﬁmuntain of thin bedded sediments and tuffs
banded with dark sills. Fig. 8 shows the general relation of thesse
slices in plan and seotlon. The nature of the structure, the
character of the breccias, the detall of drag-folding, ana'thé
apparent repetition of identical formations above the breccla and
to the west of the Bradshaw fault zone, suggest that the Climax ’
and Copperfield brecolas and the Bradshaw fault are common members
"of a thrust‘zone, which converge northwestward like leaves of a
book t0 a single steop structure in depth. The granite floor

has the attitude of a still flatter leaf out of the same book.

This sumnary statement involves concepts vhich have nod
appsared in the published descriptions o the mouutain. Camsell
recognized the thrust pature of easterly elements of the Eradshaw
faul t zone, but rogarded the general displacement as normal; L.e.,
down on the northwest side. He dia, however, note the strong
resemblance between the "Aberdeen" formatlon, Wwest of the fault,
end the "Redtop™ formation, lowest member of the series on the
east slde. This resemblance in a large way 1s apprareat to any
observer who Trom the Similkameen valley combines in a single view
the Redtop cliffs on the southern face of Hickel Plaie Hountaln and
the crumpled Aberdcen beds on the rugged faco of Stemwinder lMountalin.

‘The breccias of Climax'Bluff and Viindfall Canyon were well
described by Camsell. The lowest, or Climax broocia, he regarded
&s a phase of the "Kingston llmestone", vhich he considered the
uppernc st member of the Nickel Plate serles (Recent more detalled

mapping places it mbch lower.) Ooncernlng the Kingston limestone
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Canmsell sayst-

YA satisfactory desoription.....is hardly posgiblececeefrom
the fact that there is no portion of the whole Cache Creek group
of the Hedley district that has sufforsd so mach alteration and
deformation as this limastdne.;... It hags been folded, féulteq,
brecciated, or thoroughly.silicifiea, so0 that its recognition
depends almost wholly on its position..... A foew hundred feet to
the south of Climax Bluff a very highly altered band of rock
occﬁpies the horizon equivalent to the Kingston limestone. This
rook was un&oubté&ly originally a limestone, but has been metamor-
phosed and silicifiede.....in the form of a recrystallizatlon,
with the formation of large orystals of quartz, garnet, epldote and
gomo tourrmline and axinite....s On large outorops, there is strong
evidence of brecciatione.... This brecclation probably'took place
before the alteration.....and is consequently now somewhat obscured
by it. -

wcontinuing northward from Climax Bluff.....we find a
peculiar brecclated 1imestone.....made up of angﬁlar limestone

| fregments, varying in slze from a few lnches to several feet in
diameter.' These are cemonted together with an igneous oement,
which, however, forms a very small proportion of the wholé Y0CKeeoes

"pollowing the breccla beé along the ridge to the north, the

cementing material changes from andesitic to calcareous, aud we
£ind remnants of a small band of fine grained conglomeratGecesce
genérally. though not always, parallel to the beddibg planes of
the limestons. The whole oceurrence is peculiar and d}fficult to

account fOreesee”
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The Viindfall Canyon brecclas, which we now call the
copperfield breccla, are. discussed as follovs.

wFrom Windfall Ridges..sslimestone breccla forms a well
marked bed, lying on top of ana below beds of volcanic material,
which can be traced right across Red ¥ountain into Bradshaw Canyon.
The volcanie beds both above and below 1t are not brecclated,
and it is probable that the breceiation of the limestone was
effected by hot voleanle rocks alongside it, or the compression
. and sinking of the loose voleanic tuffs on virich it rests. Boyond
‘and to the west of Braa»haw canyOn.....the Kingston limestonc.eess
is seen 0 have resumed its normal massive charagter, and no
breccia%tion is apparent in it. The overlying VOlcanic naterials
have elso pinche&'out..... dﬁlacbount of the absence of brecclatlion
to the west of Bradshaw Cénﬁon. the belief is strengthened that
the brecclatlon vas due to the.ssssvolcanic rocks."

This explanation leaves unexplained the strangely inconsis-
tent stratigraphlo relationqhips. -

(a) At the Kingston mine the “limestone“ is a thin-bedded series
overlaln by pormal Nickel Plate argillites and underlain by bended
limo ergillites and dark cherts in thin layerse.

(b} On Climex bluff the limestono brececla ls overlain by highly
pilicified ergillites of the upper Bickel Plate serles, and is
upderlain by normel Nickel Plate argillites, heavily garnotizod.

(¢) In Viinafell Canyon the limestone breccia rests on éiliéified
argiliites and is overlaln b& the tuffaceous argillites of the Red

Mountain formation.
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(a) Viest of Bradshaw Canyon the "Xi ton limestone" is over-
1zin by "Aberdeon®™ arglllltes, vhich as Camsell says "are very
gimilar to those of tho Redtop formation”. |

It seems impossible to account for these inconsistenscles,
as aid Camsell, by variations in primary deposition within such a
close range; for these plaoes are all within a one mile radius of
Climax Bluff. HNor do the breccias look like slump or vdlcanioc
breccias. In 1927.‘When Billingsley first mapped éomé of ﬁhe area
. on a large scale, he encountered this aifficulty, and disoussed it
with Bostock, who generously spared avday froufhié owﬁ work for a
Joint visit to eritical outcrops. No concluslon was than reached,
and in his publication in 1930 Bostock aid not depart definltely
from the Gamsell hypothesis. | |

His descripbioné are as follows:-

nst the top of the upper siliceous beds (of the Hickel Plate
formation), quantities of coarse brecoia ocour intercalated with
banied quartzite fe&s.....'mhe proportion of brececia reaches a
maximim of 50 per cent in the vicinlty of Climax Bluff. It de-
oreases to the northeast..;.. The brecoias are of twovvarieties,
one similar to that described in the paragraph aboée (i.e..qomposed
of angular fragments ofrlight golored, fine-grained, banded rock,
variously orlented and surroundéﬂ by émaller fragments of the same
rock, all of vhich are cemented into a solid mass'of uniform ‘
strength and hardness), though somstimes containing blocks as large
as 2 féet long. The other is consplcuous for the quantity of
metamorphic silicates and coarse caleite present in 1t..ces A

thickness of 90 feet of coarse breccla of this second variety ocourse.
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"Red Mountain Formation: The lowor stratae.....consists pre-
dominately of coarsse breccias. The base of the formatioNesssecs
consists of a vaguely stratificd mass of angular fragments embedded
in a matrix.....composed of fine, sandy, and tuffaceous partioles
with scatterod grains of coarser sand and chert bebtbles. The
cement is partly calcareous. The Pragments are chiefly of lime-~
stone, but also of the banded siliceous rocks. The maximam
dimension is generally from 3 to 6 inches, but occaéicnal blocks
2 t0 3 feot long ocoux.™ |
| Bostock does not attempt an explanation for these strange
formations. |

With the advent of lelsurely detalled mapping in 1932, it
became evident that these brecclas are»functionsAof motion,
alteration and recrystalliization rather than vagaries of original
sedimentation. Thelr thickest expansions were found along sharp
folds in tho beds; <flattlish planes of movement proved t0 be per-
sistent along their extent; and microscopic study showed the
groundmass to be largely made up of crushed and finely broken
count:y rock. The councept held at present by the writers, there—
fore, is as stated above that the brecclas were made fundamsntally

on thrust planes; that they dilvide the rock pile of Nickel Plate

and Red Mountain into slices, each of which has indepondent
bedding attitudes approximating but not identical with the strike
and dip o the boundling thrusts.

At the base of the mountain is the granodlorite. As was
shown by Camsell, the top of this is flatter than the overlying
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beds ond truncates thom with a drag to the westward; and the
contact thus made is & locus of aplito, vhich conds tongues

upvard along beaﬁiag‘plasos and acuﬁeiy augling shears. (FLlg.9)

A large dlke of granodiorite also rises above tho contact,
following a steep northwost fracture across the southers slopes

of tho mountalne. The aplito, inm our prosent comcept, is a prcauot
of rocrystallisation, by mpans of flulde vhlch were gui&ed in ’
general by the coa%act but which pressed out alpo alorxD tributory
ghapnelss IXay not the granodiorito {tself be an earlier prodnet of

@ similor process? Recent mapping ghows it to be fnll of interml

gtruotures parallel to tho contact, and $0 be sgplit & fow hundred
feot below tho top by a aadimmﬂtanyrsepium of the pamo flattish
attitude; both Toatures vhich may be regarded as indleative of

. Pupdamontal flattish control. Ve sugges$, thercfore, that a lower

elemont of tho Eradchaw book of thrusts provided such a control,
along vhich sheets of granodiorite first built up, to be followed
by iesser aplite sheots along the rargins. An lnteresting lllus-
tration of this type of structure les found near Nickel Plato Lake
gix milos eant of the mountaln, vhero sucocessivo sheets of grano-
dlorite about 20 feot thilok are parta& by cqual thicknesses of
goediments; the whols pile &lpplug ently to the northvoste.

Interpal Structure

The orchoaring portion of Hlockel Plate lountaln is limitsed,
80 far ag is now knowmn, %o the lovest sllce of the threoe, Llee.,
that ope with a granodiorite floor and a roof of Climax broccla.

It is composed of westerly dipping sedimonts which have boen sud-

divided as followa:



Cornsoll ' Bostogk
Elokel Plate Formation - Bickel Plate Formtion
Eingoton limootone ' surmlt beds 300 £%.

Uppor sillceous beds 160 4

Middle @ivision 500 ft. Productive bods 200 Lbe
alternating bands ~ Lower silloeoug beds 170 2t.
of limestono and
guartuzite Sunpyscide produstive beds 200 It

sunnysldo Limostone 200 Tt. Sunnyside limocatone 100 ft.

Redtop formtion

Vhilce there hao boen in rcoent yoars na»impartant roviglon
of this stratigrophy, thore is a tondonoy now {0 lay greator stress
on alteration and recryotallization, vhlch ave bollieved to have
converté&_be&s originally very simllar loto such widely diversiflod
ond products as rerble, ohors, “quarbzite®, skarn (garnet-epiééte«
augito~calelte); and posolbly, vhere the rocks have previously boen
broken, oven t0 skarn-porphyry brocela, chert broocla, chort poxphyry -
, broceia and by gradual transition to porrhyry itcelf.

Jnst as alsecration has growm in slgnlllioance st tho oxpenso
of original sclirwntation, £0 has deformtion grown at the exponse
of’origiaal bedding. It is rccognizoed, now, that many of tho nogt
' consxicuaus lincamonts of the mountain are not bedding planes.
although closgs to those in attitude, but are suporimposed shoars
and thrust surfscecs. Eveon the porphyry "sills" gso sbundant through-
out the atratigraphioc column, are o a great oxtent oontrollea by
these shears. A clouse ccerutiny from the valley of tho oliffs above
the grapite basce will estabdlish this fact. Thus it is that tne

8ills so frequently broak scross beds or fork to enclose wedges ol
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argillites of varying thicknesses. In general (and this is cor-
roborated in detail in tho stopes) the true bedding is more
contorted than the contacts of the sills. Often the confacts will
coipcide with the beddiag on the gentle lich of a fold, but will
cut out across the bedding on a steep limb. This is the behavior
of thrust shears in compressed wosk formtions, where bedé both

orumple and slide one over the other. A fow of those angling

lineaments are more persistently cross—~cutting in pature than others.

. These aré the loci of breccias and of cert=in porphyry aprecads Or
ﬂ dikes. They.are miniatures of the Climax and Copperfield breccia
thrusts themselves. |

As a consequence of this pefvasive motion the arglllites of
the orebearing slice are full of orumples oX greater or lesser
amplitude. Some are limited fo the confires of a single stratum;
others are sharpest in one stratum but persist with dinlnishing
intensity‘into upper or lower horizons; ~The c¢liffs of stemwinder
Mountain show typical ezaéples of both. A few affect the entire
gseries of beds ln the slice. These last are developed on northwest
‘axes, transverse therefore to the mJjor Hedley anticline. They
angle down its westériy limb toward thé Bradshaw fault zoneo, and
reflect a shortening of the ore-bearing slice ipo a northeast-
southwest direction. Across the mountaln five folds of this order
have been mpped; Red Eagle, Kingston, Tipple, Bulldog. and Nickel
Plate (Pl1.3). OFf these the Red Eagle crumple 1s southwest of the
large northwest granodiorite dike and is in fresh unaltered forma-
tions, but the others occupy the main focus of intrusion, alteration

and ore. Xach is asccompanied by northwest axial faults, some of
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viaich are Followed by dikes of both pre-ore and post-ore porphyry .
The EKingston crumple lies immediately northeast of the grano-
diorite dike. It is a broad fold with axls trending woest-northwest;
and the south 1imb, with dips up to 70 degrees, ls the steeper.
The axis is occupled by a dlorite mass several hundred foet in-
width. The Kingston prospect lies astride of this, the oroppings
on the Kingston elaim following its southern margin (Fig.10) vhile
those of the Hetropolitan are on its northern edge. The strong
. skarn alteration of the productive area lies to the north. Farther
to the eastward the Xingston diorite dike flares ouﬁ in a series
of intercalated cills and sheets, which occupy about thirty per
cent of the sﬁratigraphic column on the southeast flank of Nlckel
Platexﬁbuntain.
The Pipple crumple is consplcuous on the southeastern spur

of the mountain, passing necar the tipple at tho head of the inclined

tramvay. It has not been traced farther to the northwest. This crumple

also is steepest on the southwest limb, so that the combined effect
of the Kingston and Tipple folds is to appreciably ralse the panel
of ground to the northwest. This high panel has a breadth oI

6000 feet, extends through the Bulldog and Nickel Ilate cramples
with intervening minor flexures, and turns downwards steeply agaln
into the ﬁiokel Plate trough. The trough marks :oughly the northern
1imit of skarn alteration. Thus the high panel 1ls the seét of the
funnel of alteration in which lie the orebodies of Hickel Flate
Mountain; and it 1s also the focus of maximum dsvelopment of
interéalated si1ls and of gabbro intrusions. It is the ore-bearing

atructural unit of the mountain.
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Porphyries.

Porphyry sills, ‘sheeds and dikes are prevalent throughout
the entire formation of lilckel Flate Mountaipn above the granite
floor, but they are partiocularly numerous within the high panel,
vhere they make up from 20 to 50 per cent of the $otal thicknebs.

‘Apart from the post-ore dikes, which will ba disousued
later, these porphyries appear suporficially to fall 1nto two
groups; a dark hornblenie-rich group vihich can bevdescribed as
. dlorite, dlorite~porphyry, or andesite-porphyry, acd a light
‘golored group, rich In pale augite, vhich has the composition of
gabbro. Camsell in 1910 made this basio distinction.

In 1927 Billingsley, in connection with surface mapping,
sent & collection of rock types to Horman Swmith of Boston, petro-
grapher. Smith reported that only one rock type was present,
pamely, diorite, and that the pale rock was an elteration proauét
of this, mde by the addition of seconday eugite. The efidenee
seemed convincing in many cases, but not in all.

Bostock, in 1930, followed Carsell 1n recognlzing a southern
parent stock from which spiead apophyses of dlorite porphyry and a
northern éarent stock with apophyses of gabbro. He noted the fact
however, that diorite appears again “oavthe north slde of the area
containing the gabbro porphyry. IO sharp line ¢an be drawn between
the areas of gabbro porphgiy and those of diorite porphyry, silnce
transitional gradations occur between them." For purposes ol
mapping he mde an arbltrary division, callihg all the porphyrles
gabbro in the area between the Bulldog and ﬁickel Plate crumples,
inclusive. This means practioaliy the high panel in vhich the

argillites contaln the maximmm alteration.
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The Xelowna examinpation in 1932 took as a major problen
the nature of these porphyries and thelr rolationship to Phe OTCe.
Several hunired rock specimens wore collected and about half were
studled microscopically by Harrison Schmitt ol Hanover, Hew quico.
This investigation wont far tovard clarifying the puzzle. ‘schmitt
gongluded:

1. The general porphyry tzpe, including almogt ail the sllls
in the high pancl itself, is dloritle, properly called hornblende
i diorite porphyry or hoxnblende andeslte pdrphyry. The primry
phenocrysts are hornblendle and labradorite.

2. Gabbxro is also presont, making up the holocrystalline
Climax stock and certain porphyritic low-angle sheets in the high
panel, vhich are apophyses from that stock. The primary phenocrysis
are guglte and labradorite. ’

8. Vilthin the high panel all rocks are highly altered, the
chiof change being the replacement 0of hornblende and occasionally
foldspar by secondary pale auglte (leucauglite). The only distinction
left therefore is the presence of prlmary augite in the gabbros
in addition to the universai}seoondary leucauglte. DBut this ls a
vital distinction, for it identifies the latost pre-ore porphyry
and correlates this with a late stage of deformation characterized
by low~angle thrusts. The Climax stock itself rests on and was
obviously guided by the Clirmax breccla, a thrust zone.

The Flange dike so far as sampled from the Adit %o the 6th
level appears to be a phase of the diorlte type 1ln vwhich andesins
takes the place of the labradorite and quartz 1s sparingly present.
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A spoclmen from the Climax dike gave similar results, as to certain

of the larger sillls. Camsell nofes a similar andesine-quartz-

dlorite as oscuring in the stocks or in the largest apopyses near
the stockse.
Post-ore porphyries are of several types, two of vhich-are

important in the mine. fThe brown dikes were olassed by Camsell as

"yoratophyre™, with acid plagloclase and quariz phenoorysts in a
groundmags of alkaline feldspars with sowe quartz and hornblende;
Schmitt classified this rock as s0da rhyolite porphyry. These

brown dikes, seldom over 15 feet wide, run northwesterly through

the high panel. They often follow axial fractures and are abundant
in the Central fault zone vhich follows the steep limd between the
Bickel Plate nose and trough. Vhlle post-ore, the brown dikes
recolved some of the last products of the mineralization, especially
pyrrhotite, blebs of vhich in the brown porphyry are surrounded by
pale halos of altoration.

The black dikes cut everything else and are unminerallized

and unzaltered. They have phenocrysts of horublende and bytownlte ln
& groundimass of fine feldspars and glass, and arce thus andesites.
These black dikes, from an inch to ten feet wide, run norﬁhjsouﬁh,
and are nearly vertical. They interrupt the ore like a concrete
wall but have no other relationship to it.

The manner of emplacement of 21l these pérphyries is a matter
of great interest, vhether they moved In as melts and widened thelr
channels by wedging apart the mails, or ags fluids, more or lesg
acueous, that converted the walls by replacement into the crystalline

egsregate now called porphyry. Klckel Plate Hountaln offers a
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a mgnificent field leboratory for the investigation of these
matters, but the study is yet to be made. (Pl.3). |

some blts ef evidence are, h&wever. at hand.

1. The "chert brecclia™ sheet vhich lies at the base of the
Upper Purple ore in the Nickel FPlate line has been studled mic?o-
scopically along its course through the ore zona‘and eut into the
fresh rock to the northward. In the southern pért of the ore zone

it is a psrphyry;' in the central part it is a fine grained brecocia,

.with chert Ffragments in a groundpass of fine graibed seoondary

" guartz. sohmitt classed specimens of this phase variously es meta-

andesite tuff end as recemented hornstone breccias. In the mine
workinws however, it is soen %0 be 'intrugive‘ in attitude. sending
off numsrouG apophyses across and along the bedding. As mapped,

1t has the fbrm typical of aplite replacements xhlle 1ts petrooraphy
resembles thatb of Tintic 'pebble dikes'. Ve regerd it therefore as
formed by prograssive recrystallization of argillite brecclated
along branching low angle shears. Out in the fresh reglon north of
the oxe zone it appears as ™a ghaly limsstone or limestone vwhich
has been brecciated and recemented by calcite and quartz”. (SGhmiyt)
| 2. Indlcative agaln of the growth of porphyry in place by
reorystallization is the coarse 'nigger head' type of breccla found

in the Nickel Plate mine along the Flange-lldway Junction fron

gurface to lowest levels. where it occuples large portions of the

ground. The same material also mkes up much of the eastern part
of the Climax gabbro lobe. In the mine this breccla displays at
once rounded f.agments of garnet, epidote and augite in matrix of

"porphyxry", i.é., horihblende, labradorite, auglite, dipyrite and
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epidote, and the direot reverse. It is impossible to state whether
the fragmonts are predominately silicates or altered porphyry.
From the surface, specimens of Climax fock vere soent to Schmlitt;
from matrix, Irom porphyry fragments and from apparent intrusicns.
The petrographic reports are identical; mota-gabbro. Other
specimens 0f the "sedimentary™ portlons of surface brecclas were
roported as calcareous sanistone (?) made up of hornstone, quartsz,
and caleito. mnmeta-dacite (?) tuff (?), made up of hornstone,

’ plagloolase and quarbzite; meta-dacite (?) tuff (?) made up of
guartz and piagioclase ﬁiﬁh rmch scoondary dipyrite’and leucaugite;
and mota-daclte porphyry (or tuff) made up of plagioclase, gquartisz
“and actinolite or sericite. As sSchmitt says, "This rock by further
alteration might become like {43 (calcareous sandstone). Was it
fragmontal originally, or were both porphyrles?

3« Alonz the easternmost branch of the Bredshaw fault is a
porphyritic "aike™ described in the field as folléws.—

"Intrusive quartz porphyry or granite porphyry. Blg feldspar
phonoerysts, many quartz henocrystse” Schmitt (1933) found this to
bo a npegmatitic alteration of a shale (?) or tuff (?). The fine
graincd fadrlc of quartz represents the oxiginal rock."

4. Vhere delails of contacts are avallable, as in thé Hickel
Plate stopes, they are found to be erratliec; that is, the porphyxy
intermittently turns from fellowing L0 corossing the beddinz and at
gsuch places sends off irregular apophyses, mch as does the apllite
“in Camsell's sketch of the south face of Hickel Plate rountalin.
(Fiz.9) %he shanos are more easlly explained by a process of

recrystallization than by the movement of molten magma.
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5. Invarlably the porph&ry‘sills and sheets show the
bedd ing of the meighborhood. Also they contain very many gsepta
of mota=-argillite from a few inches t0 a few feet in thickness.
In drill cores it is frequently necessary to log a dozen thin
alternating layers of porphyiy and arglllite. These occurrences
resemble coarsely layered injection gneisses. It is difficult
ﬁo see how sﬁch thin septa could have been presérvad had the
porphyry 1a$ers come in as mobile melts. 7

Vith these Ffive features in mind we are tempted to attribute
- the entire dlorite~-gabbro complex boxwork of sheets and dlkes to
an early stage of recrystallization by hot flulds (or gasés)
following shears and fractﬁres, rather than by entry to the xrock
pile of true migratory melts. But final decision can well walt
on the colleation and analysis of the abundant avallable and yet

untoucheé field mterial.
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Alteration

Al teration hés been found significant in recent years'
as a halo around orebodles and as the final stage of pre-
paration for thelr introduction. In the belief that it might
here also provide guideé to the discovery and,unaerstanding
of ore it has received close attention im the studles under-
taken since 1932.

) Camsell (1910) .recognlzed thaf “thé question of the'-

| mobamorphism of the Nickel Plate formation is one vhich ls
;ntimately connected with a study of the 6rebo&ies-~ It is
certaip that the impure limestones, and those lnterbanded with
quartzites, have suffered more intense and widespread meta-
morphism than the purer massive limostone members of the top
and bottom of the formationm. This metamorphism, as he pointed
out, consists in the development within the sedimentary beds

of an intimsto intergrowth of garnet, epldote, pyroxene (diopside),
tremolite, axinlte, and calcite. He regarded thls as "econtact
motamorphism” produced directly by the intruslon of the diorite-
gabbro complex, and included the sulphides argenopyrite, pyrrho-
titel chalcopyrite and sphalerite as contemporaneous componaéts.

Bostock (1930) differed from Camsell as regards the
relationships of the arsenopyrite with the gangue mineralse
After presenting evidence fot the later age of the sulphldes
he szys: "These relationships of the chiel ore and gangue minerals
are Ilnterpretod as shoving that the formation of the gangue

silicates took place before that of the sulphides.”
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The Kelownavstudies {1932-40) have confirmsd Bostock's
interpretatione The sulphides were precipitated‘in channsls
vhich pervaded the strong but brittle garnet-spidote-dlopside
aggregate. Bub going beyond Bostock, the Kelowna geologists
have concluded that these earlipr sllicates also developed from
fluids moving on channels, and that these channels were determined
by brecclation, low-angle thrusts, and beddlng slips rather than
by igneous contacts, except where these cross the beds and so
mke through-going breaks. The preferénce for arglllareous and
guartzitic strata as against pure limestone, as noted by Camsell,
is attributed to the greater incidence of deformation and fracturing
in varied formations, and to the'ability of sillceous beds to
maintain open channels. Fractures in limestone walls heal them-
gelves;, those in quartzite valls do not.

The mass of silicate or skarn alteration is found, as we
have seen, within the high panel between Bulldoé and lilckel Plate
orumples. It replaces the enﬁire pile of liickel Plate forma tlon
from the top of sgnnyside limsgtone,througb fhe Climax breccia |
and up to the lobe of Climax gabbro which caps the summlt of the
mountain. XKeels df altoration hang doun alobg the northwest
dikes into and through the sunnyside limestons itself.' The core
of this mass is principally garnet, with epidote and diqpsiae;\
the uﬁper erust is fine grained silica, vhile the margins, north,
south and basal, are ragged and contain much caleclte m&th‘resiaual
. ribs of vwhite orystalline limestone. The floor of unal tered
Pormtion follows the top of the Sunnyside limestone, execept Ior
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the keols above mentioned, across the genitral part of the high
panel, but on both margins frosh material 1s found hlgher and
higher in the Nickel Plate formation. Beds vhich are golid
skarn silicates on the south flank of the Nickel Plate nose,
for exa_mple, are mixtures of these silicates with calcoite and
mrble in the adjoining trough to the northward and become Iresh .
argillites a few hundred feet farther nérth. (Fig.ll) The
game oondit;oa in reverse ig found as the south margin is orossed
toward the south and southwest. As willl be soen later, the
oreboiies are dlstributed within or olosely along the inper
pide of these ragged margins, or in the floor close to the
xeels, vhich are similarly ragged and rich in calclite. This
sorrelation betwoen ore and marginal alteration is agaln
attributed to the structural causes. The strong skarn, vhen
close t0 and mixed with the more plastic marble and argillites,
was more easily broken than when in large homogeaeoué masses.
The mixture favored channels of alteratlon and recrystalllization.
¥ithin this great cup the porphyries are as much aeffected
as the sediments. Here are found the pals auglte-bearing phases
vhich were ipdiscriminately olassed as gabbros. Evidently the
fluids of the alteration stage were not contemporaneous with the
intrusions; they wepe for the most part subsequent, and altered
porﬁhyries and argillites alike. . Vv
Eicrdsooyio studies made by Harrison schmitt for the
Kelowa 1nvestigation_show two oxr three sbages of progressive
replzoement in the porphyries. In stage 1, leucaugifte grows at

the expense of original hornblende and auglte, if any. 1In stage
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2, the secondary leucauglte is replaced by epldote, dipyrits,
pargasite and sulphidos; while original labradorite or other
plagioélase gocs.to sericite, dlpyrite, and carboratses. In
stage 3, cracks are filled with leucaugite, dipyrite, carbon-
ates, chlorite, quartz (very little) and arsemopyritc. stil{.
later comes the pyrrhotite. Schmitt sald, (March, 1933) :

%auglte appoars to have formed continuously from ah early
magmatic stage t0 almost the (latest) hydrothermal stage-- It
is suroly interegting %o ses primary hornblende alterlng to
augite, a reversal of the normal order. In soms cases common
hornblende altered to pargaslite, then to suglte, then the augite
back to pargaslte! The tendéncy of the alteration in general
seems %o ﬂave boen to decrease the iron. Scapolite (especially
dipyrite), next to leucauglte, is the most characteristic and
abundant aslteration product, represénting of courge the intro-
éuotion of mach chlorine™. |

A tabulation of Schmitt's results showed that the dipyrite
correlates closely with proximity to orebodies. Normally less
than 5 per cent. of the altered porphyry, near stopes 1t ranges
from 25 to 70 per cent. - - |

One general aspect of the alteration deserves considera-
tion. Here, as g0 often elsevhere, the pervasive reorystalliza4
tion decreases the iron content, vhich ig thus made avallable
for reprecipltation in marginai halos and in specialize&’chanhels.
This sifting process may provide the source of the widespread
pyrrhotite found on lNickel Plate lMountain, particularly in the
fresh dark &ioritas Just outéide the productive area. May it not




47

elso provide a scurce for both the iron and the other metals
which, precipitated in late spoclalized channels, make up the

orebodles?

VI. Orebodies of Nickel Plate lountain.

Paragenesis

The orebodios eonsist of cortain sulphides disseminated
in the necessary amounts in speciel portions of the skarn and
marble alﬁeratian'complex. Commercial values are in gold, with
minor silver and coppere. Other metals may, under favorable
maxket condltlions, add to the value of the ore; notably grsenie
and cobalt. But throughout the long history of Hickel Plate |
Mountain gold has boen the essential valueble producte.

As has becn stated above, 1t is now known that the
sulphldes wero precipitated later than the skarn, and that they
were introduced along cracks, often of microscopio size. Studies
by Bostook (1930} established an order of precipitation as
between the #arious sulphides. His soquence is:

"Argenopyrite first; then chalcopyrite; and finally
pyrrhotite‘ Chalcopyrite has replaced arsenopyrlte to somé
extent, but has preferrcd the gangﬁe mingrals with the exception
of garnet. Pyrrhotite in turn has replaced chalcopyrite and
the gangue minerals with the exceplion of garnst. -~ After the
fracturing of the garnet and arsencpyrite crystals-~~the
deposition of the min quantity of chalcopyrite and then pyrrho-
tite took place. Tho arsenopyrlte that, assccieted with caleife,

T g ey T (T SR
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occurs in veins, is thought to be of slightly later deposition
and to correspond with the later arsenopyrite mentioned by
Camsell™. | |

Bostock did not determine the relationship of the rather
sparse sphalerite.

Harrison Schmitt (1933) confirmed and sharpened Bostock's
sequonce. Working with scores of type speolmens from various

orebodies, he found sequencesg such as these:

In sediments In Porphyry
garnoet , hornblende
calclite plagloclasge
leucaugite leucauglte
dipyrite aipyrite'
arsenopyrite arsenopyrite
chlorite calcite
quartz  lawsonite (%)
clinozolsite '~ clinozoisite

(a) The arsenopyrite 1s intlmately associated with the dipyrite.
(b) Dipyrite, chalcopyrite, pyrite, clinozoisite, clacite and
chlorlte are closely associated.
(c) ©Pyrite, sphalerite and "unknown" are the latest minerals.
Sstill more refined studies of the sulphides themselves
have besn carried on in recent years in the ﬁniversity of
British Columbia by He. V. Warren, J. M. Cumings and others for
the Xelowna Company. Sope 0f their earlier conslusions, which

were published in 1936, are glven below:
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“The following paragenesis is suggestced.

(1) Formation of silicates.

(2) Introduvetion of arsenopyrite. (HOTE. Cobaltite
occurs as tiny 1hclusions in and completely
gurrounded by arsenopyrite.) *

(3) Introduction of pyrrhotite, chalcopyrite and

| sphalerite.
{4) Fracturing and veining of ore by calcite stringers.
_ The gold appears t0 have been deposited in and contemporan-
eously with arsenopyrite--- Numerous tiny inclusions of gold-~
from 7 microns down $0 the limit of microscoplc resolution--are
distributed erratically throughoaf the arsenopyrite, without any
apparent tendency t0 bo conbtrolled as to size or locatlion by the
enclosing sulphide. Although gold occurs directly in pyrrhotite
in a few places, it is commonly in or surrounied by arsenopyrite
“even thohgh pyrrhotite is the doﬁinant mineral in the sectlion”.
Considering all these petrographlc data together, it would

appear that the gold was brought into the orebodies at a stage
closelyAfollowing the development of secondary leucauglte, by
fluids from vhich dipyrlite and arsenopyrite were als0 preclpitated
in olose association. In later stages fluids of different com-
position brought in sphalerite, chalcopyrits, 6113020131te. eta.,
but 1ittle or no gold. Here on Hickel Plate Mountain, therefore,
the gold is not, as 1s so frequently the case, brought in by the
latest flulds and precipitated in a quartz gangue. If Viarren's

diagnosis of contemporanelty with arsenopyrlite is correct, it
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was brought in with the earlieét sulphides and was precipitated
in a gangue chiefly of the scapolite, minsral, dipyrite,

Structural Controls

The orchodies are contained in the beds of the Nickel
Plate formation, fron Sﬁnnyaide limestone aiﬁost to the Climax
breccia. Originslly weak, plastic lims argiilites, these beds
show in detall many crumples and slicing through these many
small shears approximating the bedding planes. @ut from the
earliest stages of defcruation‘factors appeared vhich tended
to reduce the plastiocity, inorease the strength of'the pilg and
prepare 1t for the ore channels.

First was the introductlon of the sill-like sheets of
hornblende-aioritejporphyry, coupled closely in time with the
dikes of hornblende*abaesine-porphyry. Esgentlally dontemporaneous
with the crystallization of the primary porphyry minerals was the
developmont of calcite in the adjacent argilllites, converting |
then in part to marble. WVith this coarsening of grain throughout
the rock plle canme increased perviouéness. permitting the hot
fluids to reach and recrystalllize entire masses of the foimation,
paking the widespread garnet-leucaugite al teratlon and furtﬁerv
soarsening and stiffenlng the ;odks. _

The Nickel Plate formation, vhen this stage was ieéched;.
was no longer plastic. Deformtion took place mainly‘on thrusts.
and fractures instead of by ocrumpling. True, the orumples con-
tinued to grow and the porphyry sheets are bent oﬁ them, but these
bends are far less acute than those in the argillites, an& they
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are accompanied by flattlsh shearlng between beds and porphyry,
by exial faulting, and by crackling and brecciation on the axes.
These grosser bresks provided the channols for the next stage
of recrystallization, in vwhlich arsenopyrite and gold0éama in
With dipyrite, calolte and clinozoislte. Continued deformation
| cracked the arsenopyrite, etcs., and the later sulphides,,
chalcopyrite, sphaleriftec, pyrrhotite end pyrite followed, and
with gangue minerals occupled the oracks and completed the‘
mixture now mined as ore. The structural control of the ore-

" bodles, the reason "™vhy gold is where it is", is thereforc a
resultant of the combined processes of porsistent deformation,
intruslon, recrystallligatlion and precipitation in progressively
limlted ohannéls.

The orebodies are found grouped along the folds, vhere
they are controlled in closer dotall by sharp cxumples and by
flattish shears; ahd ospecially by shearlng cracks along low-
angling sheets of the "Midway" type and transverse "Flange"
dikes. Such cracks, mineralized with thin seams of dipyrite-~
arsenopyrite rich in gold, appear $o provide the mjor channeis
through which the ore-bearing fluids rose-from the depths and
' spread out into the thick tabular "mntos" of which the orebody
systems are composed.

There are three general systems, each system coincldont
with a certain portion of the aslteration cupe.

‘Rickel Plate System lies along the northern margin, with

orebodies principally in the central horizons of the Nickel Flate
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formation. The marble line marking the outer limit of skarn
is found on the northorn cdges of thesc orbodies, (Fig.ll).

sunnysido System lies along the floor, with orebodles 1in

the lower horizosns of the lickel Plate formation. The marble
Yine is found boneath these orebodles. (Fig.l2).
Bulldog System lies along the southern margin, with ore-

bodies in the lower horizons of the Nickel Plate formation.
{Bulldog orebeds are approximately the same as Xing ston. for
the westward slope of the mountain betweon these proapaots is,
it aqythibg, a little Steeper than the dip of the beds.) The
marbleAline is found on the southern edges of these orebodies.
(FigelO).

Nickel Plate System

The Nickel Plate System (Pl.4 and 5)'13 by far the most

thoroughly explored and developed. Its cluster of orebodles is
known now to have a length, down the domlnant axls, of ét loast
3000 fcot, and to range from an elevation of 5900 feet at the
Nickel Plate Glory Hole to 4300 feet on the west slde of the
Mascot Fraction. The breadth of the cluster, along the strike

of the individnal ore beds, is 500 feot on Adit 4 (5600 feet elev.)
and sonmsvwhat more on the iZth level, (5000 feet elev.) ab the
eastern side of the lascot, vhich is the lowest level with a wide
spread of development. At 4500 feet, on the western side of the
Mascot, the developed breadth is about 250 feet. The stopes of
the Hedley Gold Mining Company period lie in a strip about 200

' feet'in breadth which angles &own across ﬁhe.cluster. as noy

enlarged, from the southern edge on the upper levels to the
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northern edge on the lower levels. (Fig. 13).
The enlarpged clusber coincides, primarlly, with the

Nickel Plate crumples, which comprise the following elements:

(Fig.14) '
| - {a)
Folds Associated Dikes

le Minor Korth li0S6scessssessses Horth Flange

2. Major Trough

B cee eessssasssscsssassesess Central Dike

4. HMajor laln Hose

6o vor essssssssscsssssescssee Flange

6. Hinor South Trough

.7. Iinor  gouth Nose

{;) ««s OFf hornblende-andesine-=porphyry. Brovn and Black dlkes
are not considered signiflcant. ‘

The fault and dike patterns are largely coincident. Qhey
make & bralded shear system with dominant west-northwest members
and subordipate northwest members. The indicated motion is
westexly on the noxrth side, and in the system shortening of the
ground has taken place from the northeast to southwest, producing
the crumplos which strike northwesterly; and lengthenlng has takeb~
place from northwest %o southeast, pioduoing steep normal ténsion
faults vhich strike north by east. In addition to the andesine
porphyry dikes which are shown on Fige. 14, the sgystem carries
brown dikes elong the dominant and subordinate shear planes, and
black dikes along many of the tenslon faults. Such is the

general sbtructure in plan.
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In axial, or norbhwest section, the structuves involve
the intercalated porphyry spreads, the anzling Midwey dike with
1ts mineralized slear cracks, the “shingles®™ of ore along the
baock ard bottom of the Midway, stcep cross~faults and the urper
end lower 1limits made by silica cap and limestone floor re-
spectively. These are shown on Flatec b. Qn this it should be
notea that the majority of spreads are composed of norml horn-
blende~labradorite porphyry; that at least two, No§ 1 811l above
sunnyside ore, and Big Sill beneath Yellow ore, are quartz-
andesinc hornblende porphyry; and that the Midway usually shovs
gome primary eugite, making 1% a gabbro. Note also that the
alteration in both porphyry and argillite is most intense and
gold valuocs highost close to tho Midvay, and that noither floor
nor top of altcration conform precisely to bedding. The Ore-
bodies above the lidway grade oub t0 aseay linits toward the
pnorthwest, while those beneath that dike grade out toward the
southeast. VWhere the Midway is of gentle dip the orebodles on
its back may maintain their commercial gold content for as mch
as 3000 foet (Purple ore from Glory Hole to 15th level), but
vhere, as below the 12th level, the lidway steepens and enters
- the beds below thé Yellow, the individuval layers of ore appéar
to fade oubt within a Ffew hundred feet. Here, however, the llidway
or Hot Sill itself may be £0 heavily mineralized as to becoms
ore. The ocross faults (and associated black dikes), with dis-
Placements of 20 or 30 feet, have in goneral no correlation with

primry gold values; but in upper levels partial oxidation may
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have resulbed in curichment along them. %he Rodgers Zault at
the Glory Hole 1s the classic example of thls. Thegso favlts,
however, by brinoging footwall or hanging wall porphyry across the
ond of a stope, complicate mining and in 0ld deys frequontly led
to the premture abandonment of an orobody. ’

In ecrogs, or northeast seotion, (Fig.15), the Hickel
Platc system prosents a complex pattern of folds, bent porphyry
"gheets, axial dikes and fanlts, with altoration progressing out
porthward in the higher beds and with ordbodles fitted into the
foldocd beds between the porphyrles, and particularly into tho
aorners between lfidway sheet and Flange dike, end Chert~Brecocla
cheot and Horth Flapge dike. Confornming to the altoration edge,
the higher orcbodles are staggered to the northward with respect
%o the lover onos. Basically this stagger of alteration and ore
may be due to the fact that the Hickel Rlate llose is steepor
on the north limb, 80 that its axis ls farther porth in the
higher horizons. It is exaggerated by the fact that later, post-
porphyry deformation tended to £l loe the structure along Lflatb
shears, with a northward movement of the upper slices, and
mineralization worked out on these shears.

The position of the chloritized porphyry~arglllite breccla
on the steep 1imb betwecen Nosc and Trough, at the cro;alng of
Contral Fault and xidway dike, is also well shown on this cross
geotion. This brececia ls a loose rubbly crackled complex of

highly altered fragments coated with such late-stage minerals
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ag trenolite, chlorite, parite and lavuscalte. Apparently a
conduit of such rubble canalized the final flulds along this

traco. On the lower levels (Fiz. 16) of the Hickel Plate Mine

this brecela expands 1ntb the beds betwsen Central fmult and Flange
dike end takes the place of ore, seriously complicating explora-
tion. ‘

gunnyslde gystem

fhe Sunnyside orecbodies lie about 500 feet stratigraphically

below the Nicke)l Plate Yellow ore bed, between Noe. 1 sill and the
top of the coupact dark blue Sunnyside limestone. (Pl.5). Bub
they are less depsnﬁent vpon bedding control than has been supposed.
As has beon stated above, the floor of the skarn alteration does
not conform in detall to the top of the llmestono, but works up
and down throuzh the beds below No. 1 8ill and drops inte keels
along trangsverse éikes. The orebodies hug the lower margin of
altoration rather than any spoecific horizon. They also syuchronize
with crumpled zones and with dikes vhich traverse these in
westerly end northwesterly directions. Sunnyside ore is typicallj
richer in caleite than that of the Nickel Plate orebodles, and
it may Ea very poor in arsenopyrite and other sumlphides. _

" fhe aspeot of the Sunnyside orebodies in plan is given in
Plate 4. The controlling features may be summarlzed as'follows:

‘Sunnyside 4% (Fig.12), consists of major high grade ore-

bodleg, the richest yet found on Nickel Plata Mounta ln, located

in the corner vhere the skarn aslteration flatténs out southward
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from i%s northorn myrgin. They lie aloung a'zone of northwest
erumples, identical with the southern part of the Hickel Plate
zone. In this gone are two tranéverse dikes vhich diverge in
a westerly direction., The morse northerly dike follows an anti-
‘elinal nose and along it 1s a deep skarn keel vhich cuts down.
through the Sunnyside limestons into undexlying thin banded
cherty beds. Across the top of thls keel is a spread of porphyry .
the Flipper Sill, vhich makes vwith the two dikes, intersections
like those of tho Flange with the Midvay. (Fig.6). The ore-
bodies ere nested into the orotches mado by these intersections,
principally into the ones above the Flipper. Vhile the ore shows
bedding replacement it seldom goes out on the beds és‘fai ag b0
feet from the dikes. In contrast, it follows up along the dike
for 100 feet or more. ' ' '

fhe contacts are strongly sheared ana mineralized and
porphyry itself may become rich ore, particularly in the eastern
end of the orebodies vhere the two dlkes meet. $he upper part
of the ore on the morth slde of the nofth dike is made up of skarn-
porphyry bresola identical with that already desoribed in the
Nickel Plate orebody system; Tovard the west the alteraﬁien
floor drops dovn across the beds more sharply than the Flipper
S8ill (rig.l2), and the ore diminishes westerly in size and valuse
es it gets farther Irom the undérlying marble line, much as does
Nickel Plate ore as it is followed southerly from the northern

mrble line.
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One hundred feet above the Flipper sill is Noe. 1 sill,
composed like the Flange and other transverse dikos of anlesine-
quartz-diorite. As Fig. 6 chows, orebodles are being developed
above this also in the crotches made by the north dike. These
orebodies in turn lead upward and castward toward the old siiver
Plate tunnel, in vhich in early days spots of ore were discovered
but were not aggressiveiy déveloped.

Sunnyslde 4 is a miﬁor low grade orebody, found omly near

the surface st the collar of No. 4 incline.» It lies along the
top of the marble, following gently west-dlpping beds which
almost immediately as traced westward, turn up on a strongly
brecoiated exls into a belt of steep easterly dips. Theo ore

was lost at the breccia which however shows low gold values in
drill holes bgtween sunnyside 4 and the silver Plate. This
breccia, with the accompanying belt of steep east dips, seems to
be contimuous on the surface in a porth-south direction from Silver
Plate and tho end of Sunnyside 43 to Sunnyside 3 vhere the steep
dips mark the cast edge of the orebody. The inlets of ore in all
three‘instancee seem to rise along this belt of sharply reversed

structures.
sunnyside 3 has moderately large and rich orebodlies vhich like

thoso of sunnyside 43 hug the sides of a dike vhich is axial to an
anticlinal crumple (Fig.l7). Here the crumple is very sharp, for
the east 1imb is vertical; and is assymmetrical, the axis (and

the dike) dipplng 60 degrees southwesterly. A keel of alteration
along the dike outs down into the bedded cherts beslow the Sunnyside
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limestone. The orcbodies lie largely wlthin this kesl, and are
pearly 150 feot beneath lo. 1 siil. Dowvn dip to the nor thwesh
thoy are cat off by a steep northeast fault.

Ssunnyside 2 although the largest orebody of the sunnyside

System, with a production of 100,000 tons of ore of good gradé
(1 oz. gold per ton), occurs in a structure of moderate intensity,
a northwest plunging syncline. The rich core of the orebody
goincided with the axis'of the syncline, from vhich ore spread
out on the bods just below lo. 1 sill for 200 feet on the west
limb and for 100 feet on the east lirb, vhich at that polnt turned
down on a mild anticlinal axig. Fhether this reversal is prelimlnary
to a'plunge down into steep“east dips, as at Sunpyside 3, cannot
be ascertained for lack df‘cr0ppings.

The orebody exbtends down for 200 feet westward from the
outorop on a floor of marbleized argillite, diminishing somevhat
in slze and in golé value. mhere it is cut off by a large north-
east fault of steep southward dips, a fault which cuts across also
the south end of the Sunnyside 3 outecrop. Apparently the northwest
slide has been displaced toward the southwest by motion with a large
horizontal.compenant} Despite the drag along this Lfault the
sunnyside 2 structure rgmains mild at the west end, anml the
strong orumples with axial dike (?), within vhich its inlet
would be expected to lile, have not been found in that difection.

sunnyside 1is imsignificant. It ocours on a very mild

antioline which is traversed by a small dike. Like Sunnyside 2

this ore is along bedding close below FHo. 1 Sill and rests on marble.
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In general, the Sunnyslde orebodies which are highest
stratigraphically, like los. 1 and 2, show the widest spread
on boddling, vwhile those deepest in the formation cling most
closely to the dikes. In this eategory are Nos. 3 and 43. This
relationshlp accords with that found, as already stated, in tﬁe
Nickel Plate system of orebodies. It also agcords with the pattern
of the porphyries themselves, which riso from the base of Nickel
Plate Mountain as stocks and dikes, %0 sprecad into the maze of
s8llls and angling sheets after they enter the Nickel Plate forma-
tion. From porphyry to ore the flulds have found mostly sbeep
fracture channels in and below the sunnyside limestone, and mostly
flattish shear channels in the overlying highly altered argillites.

Bulldog gystem
The south 1imit of the alteration floor opn which lie the

five sunnyslde orebodies is reached on the BﬁllaOg claim, 1000 feet
to the south of Sunnyside 2. Here the alteration mrgin turns
upward and successive beds of skarn above the Sunnyside limestone
run out southward into fresh blus argillites. south of the Bulldog
workings even the beds above lioe. 1 Slll are umaltered.

‘ In the workings themselves, howsver, the floor of alteration
is 8till almost 100 feet below Nos 1 Sill, and in this inpterval

lies the Bulldog orebody. It colncides in position with the

common limd between an anticline on the southwest and a syncline on
the northeast, the complete fold plunging north by west,mucﬁ like that
of Sunaysidé 3+ Like that also, thls Bulldog fold contalns an axial
dike, and ocarrylng the resemblansce to a further degreo, the BEulldog
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orebodies arecut off below by a steep northeast fault.

On the surface the Bulldog minsralization is chilefly
pyrrhotite, with some chalcopyrite and spﬁalefite and 1ittle
arsenopyrite or gold. In this it resembles marginal portions.of
many Nickel Plate stopes. On the lower tunnel level, however,
arsenopyrite and gold in commerclal amounts are present and an
orobody has been developed, promising well for furéher exploration
down this Bulldog orumpled zone toward the northwest.

As the southern mrgin of the alteration is followed beyond
the Bulldog, it oxosges the Horsefly, Rollo and Warhorse clainms to
the Xingston. In this course it is intercepted by sundry con-
plexities of structure, of which the most notable are steep east-
west fractures in the Horsefly end a flat west-dipping thrust (%)
plane traceable from the Rollo to the Kingston. All of these carxy
intermittent spots of mineralization assoclated with a weak
marginal type of alteration. The Kingston has the most substantial
ghowing (Pig. 10) and the strongest alteration, but its ore is
high in chalcopyrite and pyrrhotite with low arsenopyrite, ro-
sombling the Bulldog ore at the surface. Still other ococurrences
of mineralization are found well within the skarn to the northward
of this alteration margin, high up in the Hickel Plate beds and
close under the silica cap. The best are on the I. X. L.,

Exchange Fraction, Climax, and Copper Cleft clalms (Pi. 4).

The first two of these seem to he smreads along bedding close to
low-angle dikes of the Midway type; vhile the two latler are ,
fissure fillings along the edge of transverse dikes of Flange type._
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The precise form and Iimportance of all remain to be determined.
But they show that some at least of the ore mineialization vent
for great distances into and up through the heart of the skarn
in the alteration cup. The concept that these are upward leaks
from important orebodies dowm near the floor of the alteration

mast be conslidered, and Lif possible tested.
VII. Technique of Ore Hunting

Choice of Places

It will be clear from theée brief deseriptions of the
developed orebodles of Nickel Platé Mountain that no routine
method will automatically discover and develop new ore. INelther
can any slimple geomsﬁrioal method thoroughly test so large a
threc-dimonsional mass as Nickel Plate Mountain. There mst be
a selegtion of preferred targets of practical siée. vhich can
be successlively tested to =& conclﬁsive resulte. .
| Such preferred targets wili be the places vhere there is
a concentration of the features already ibuna in the stoped
areas; such ag---
(a) sStrong alteration, preferébly skarn mixe& with calcite
and close to the marble line. .
(b) strong struéture. anticline-synoline with some steep
bedding.
(o) High proportion of porphyry spreads with intense
bleaching by leucauglte and with a high content of

a4 lpyri te.
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(d) Low-angling porphyry sheets of Midway-Hot Sill type.

(e) Transverse dikes of andesine-quartz-diorite.

(£) strong shearing and fisguring. '

(g) Miperalization of the gold bearing stage, that is,
arsenopyrite-dipyrite, calcite, clinozolsite. Cga1~
copyrite is indicative of marginal ore. UPFyrrhotite
bynltself is not a good oriterlon, being far more
geperally distributed than the ore.

L These foatures are dlscovered by careful surface mannlug,
supplementea by drill-hole records where such are available. gSome
new drliling from the surface may be Justified to determine the
attitvde of (d4) (e) and (£) and the depth of the marble line;
but until detall of structure is worked out in underground
openings such drilling cannot be expected to hit the rich core
of an orebody oxcept by good luck. '

Plate 6 presents the preliminary stuay of Prospecting

Area A, one of the'preferred targets recommended by Blllingsley
in 1927. This study was followed by the drilling of two holes
from the surface vhich suppliea‘additional data 69 the position
of the whlte marble floor but which found no ore, although one

" oore showed asacording to G. P. Jones, an interesting association
of arsenopyrite and gabbro. The closing of the mine In the same
year stopped further investigation until the Kelowna Campalgn

of 1933-34, the results of which are shown in Figurs 12. The

orebodies as now known have also been added to Plate 6.
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The point we wigh to make inthug setting up the "before
and after™ comparison is that precise and costly underground
exploration is essential to the thorough testing of even such a
comparatively well known target as Area A of 1927. This féot
was not fully recognized at that time. The Kelowna campalgn |
involved a long crossout from the MNickel Plate workings, almed
for the heart of Areca A.‘ Y¥hen this crosscut neared Ho. 1 sill,
which was known %0 make the roof of the "orebeds", it was swung
toward the north in oxdexr to hit the marble floor near the northern
‘i edge of the crumpled belt. Before reaching the mrble, the cross-
cut encountered such strong mineralization in the form of caleite,
quartz and pyrrhotite, with some arsenopyrite and golda, that the
campaign proper was delayed whilé this was explored. It is now
known t0 be a "halo™ above the orebodiese.

subsequently the marble line was reached and the crosscut
tarned t0 meander sonthward on this. Within 100 feet 1t encoﬁntered
a charp anticline with a transverse dike and strong ore minorallza-
tion, vhich developed into the first of the suonyside 43 orebodies.
To s0 develop it has required, howevef. hundreds of feet of drifts,
erosscuts and ralses, and thousands of feet of ghort carofully
pointed diamond drill holes. Hruly there is no broad and eésy

way to find an orebody on Nickel Plate Mountaln.

Drifting and Drillling

.The nature of the underground exploration in the vicinlity
of an orebody is best illustrated inm the lilckel Plate mine. Ve

take as an example the developmsnt oflnower Purple ore north
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of the Central Fault, botween the 13 end 5 levols. (P1.7)
The Workiégs north ol the fault from vhich this progranm
was gonducted were, ad chown, confined to & long crosscut on
the 4th lével close slong the Central Feult, with no ore; and
g short arift on the 1j level, with a small stope. The gtageé
of work were as follovwsi-- A ‘
{(a) Drift on footwali 07 ore bed to ﬁetermiﬁe its structure.
Thig led to delinmipation of Trough and North Nose, of
Chert Breccia sheet, and of North Flange dlke.
(b) Drill fens of short diamond-drill holes o search £or
ore on folds and in corners betweén llorth Flange and
Cherd Breccia; : |
(o) Vihen ore shoota have boon found trace them upwards and
downvards by fapns of holés aimed at the controlling
gstrustures fron sultable places on uppor and lover
lovels. . »
(a) In general, any discovery of ore, however small, should
be vigorously followed up; and any unexpected blank or
"po good" holes should be checked, for such blanks may
be due io fault gaps or to interruption by steep Or
transverse dlkes. IOur expefience has boen that every
shoot of ore, nO matter how esmall, has a long dimenslion.
It is e manto, not a kildney, and is persistent along
i4s channel. The problem is to find and define the

channel and to project it correctly up and dovmn.




Stoping

Geological coantrol of stoping is merely a further roe-
finemsnt bf the control of drifting. lapping must be eairiea
on along all the faces of tho advancing stops because of the
ever-present danger of interruption by dikos or by cross faulis.
(Fig«18). Frequently the dlke will follow a fault, and the ore
beyond will be offset up or dovm from a fow feet to as much as
twenty. In 0ld and familiar reglons the faults and dlkes are
knovn and their ef?fects can be foretold, bubt ln now ground offgets
~mst be estimated. shdrt dlamond drill holes can be vory helpful
under these conditionse.

The greatest care, however, is exorclscd ln keeplng track
of porphyry contacts and of bedding attitudes. Both are obscure
and erratic, yet supremely important. Porphyry, which has been
quietly following bedding planes for hundreds ol feét, will abruptly
turn up or down steeply and crosscut ths ore beds, obliterating
the orcbody. Or the beds themselves, which have mintained a
consistent west dlp of 25 degrees throughout an enbire stope,
will without warning swing back and dlp 60 degreos morth. It
is not alwvays easy to detect these bends, for shearing following
the o0ld douminant dip may continue out across the new limb,
giving tho illusion of persistent uniformity. In ons classle
‘instance an 0ld stope had been stopped along its north edge
from Adit 4 down to the 4th level, a slope dlsbance of 450 feet,
supposedly at the limit of pay ore. Yet the orebody had merely
turned sharply downward on the steep limb of the Malin Nose.



It was subsequently developed for en aiditional 200 feet around
the Trough. {Fige 19).

The trick, in making geology serviceable in the stoplng
of ore, is t0 maintain at all timos a consolousness of the th?es
dimencicnal nature of those orebodics. The ore can go anywhere
in threc dimenslonse - The way it actually has gone is inferred
through familiarity with its environment. If 1t is Uppox Purple
ore, for example, tho footwall is chert brcccia, and if this
can be Tound agaln, as by tho help of short drill holes, the trail
can Ve picked upe. (Pige 20). If it is Orange ore, lylng above
the angling Midway, due allowance must be made for the vagaries‘
of that porphyry sheet. And so forth. A

Constant attention $o these detalls has beeh proved %0
make the differcnce betveen stopes aavancing_steadily from level
to level along the course 0f thelr ove shoots, and stopes
abandoned here, there and everyvhere as hopelessly squeezed out
betweon porphyry wallss |

It is just as important to reccognize a true end of ore and
to know vhen t0 cease further efforts. The distinction ls
strﬁcture. Along the controlling structure, we must be'perSiS*
tout; but going evay from 1% we mist expest 0 reach natural
1imlits. Exemples have been mentioned already of oOre spreading
avgy from a marble line and playlng oul, end of ore shingles along
the Nidway which go only so far out into the hanging wall oxr foot
well beds. The geologist in the stope mast constantly keep in
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mind all of these relatlonchlps. And for hls reward the
regident geeloglot vislting 8aily ond mapplog cach new face

in crosgont, drift ard stops, leovyns the goology as can no

one sloe. Inovitably hie galna new concopts from the wealth 0?
new observatiohs, znd in due tlme he advances tho geologlcal
theory of thae mino and the distrlet into a new stage of its

evolntiose
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