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INTRODUCTION Immediately following the termination of the [L.ate

This paper presents an updated overview of the geology Triassic Nicola arc volcanism, a variety of in rusions ring-
and mineral deposits in the Hedley mining district, south- ing from dikes and sills to ma or batholiths v ere empleced
central British Columbia. The district contains the Nickel into the Nicola Group. These intermediate 10 high-fcvel
Plate gold skarn deposit, which is currently being operated intrusions, which vary from gabbro to graiodiorite and
by Homestake Canada Ltd. (formerly Corona Corporation), alkaline to calcalkaline in composition, rang: from 194 to
as well as several past-producing gold skarns: the French, 210 Ma in age, (Preto et ai., 1979; Monger, 1989; Parrish

Canty and Good Hope mines (Figare 2-5-1). It also includes and Monger, 1992). Some of the alkalic in rusions (.g.,
the Mount Riordan (Crystal Peak) skarn which is being Copper Mountain stock) are relaied to porphyry copper-
evaluated as a potential industrial garnet deposit by Polestar gold deposits, while some of the calcalkaline plutons (-.g.,
Exploration Inc. Brenda stock} are associated with gold-por porptyry
Early mapping of the district geology was completed by ~ copper-molybdenum orebodies (Carr, 1968; Preto. 1972;
Bostock (1930) and Rice (1947, 1960), and more recently Soregaroli and Wh;rmr‘d, 1976). lln the Hedh vy district, ths
by Ray and Dawson (1987, 1988, 1993, in preparation), and B‘romley bathollt.h, the Hedley intrusions ad the Mnur_]t
Monger (1989). Studies on the various gold skarns include Riordan stock (Figure 2-5-1) were all emplacad during this
early work by Camsell (1910), Bostock ( 1930). Warren and Late Triassic to Earty Jurassic plutonic episc de.
Cummings (1936), Billingsley and Hume (1941), Dolmage
and Brown (1945), and Lee (1951); recent investigations DISTRICT STRATIGRAPHY
have been completed by Ray ef al., (1987, 1988), Webster
{1988), Etlinger and Ray (1989), Ettlinger (1990), Dawson
et al., (1990a, 1990b), Ettlinger er g/, (1992), and Ray and
Dawson (1993 in preparation). In addition, details on the
Mount Riordan industrial garnet deposit have been pub-
lished by Mathieu er al., (1991), Grond et al., (1991) and
Ray er af., (1992).

The Nicola Group at Hedley iv a westerly tlickening, late
Carnian to late Norian calcarcous sedimertary and arc-
related volcaniclastic sequence that was diposited cn 3
tectonically active, west-dipping paleoslope Figures 2-5-2
and 2-3-3 ). Sedimentary facies changes anl paleocurrent
indicators suggest that the sediments in th: group werz
derived largely from an eastern source, although thz
alkaline and calcalkaline pyroclastic rocks higher in tha
REGIONAL GEOLOGY succession may have origizllj;,ted from the Ni :01%1 arc tc the

The Hedley mining district lies within the allochtonous west. The Nicola Group in the Hedley area is believed o
Quesnel Terrane of the Intermontane Belt, [t is situated at have been laid down across the structural h nge zone thet
the eastern edge of the Upper Triassic Nicola Group, close ~ Marked the rifted margin of the westerly deepening,
to its contact with Paleozoic and Triassic oceanic rocks of shallow-marine Nicola basin.

the Apex Mountain Complex (Figure 2-5-1). which is At Hedley, the Nicola Group sediment:ty succession
believed 10 be a deformed ophiolite (Milford, 1984). contains a number of newly recognized formations for
Elsewhere in south-central British Columbia, the Nicola which formal nomenclature is now proposed 1Ray and Daw-
Group unconformably overlies this package (Read and son, 1993, in preparation). The succession Figure 2-5-2)
Okulltch3 1977}, but at Hedle){ the contact is either faulted includes an upper, widely daveloped and hick (at least
or occupied by the mid-Jurassic Cahill Creek pluton. 1200 m) unit, the Whistle Formution: the fort 1ation consists

The Nicola Group consists largely of island-arc largely of alkalic and subalkzlic tufts and @ ffaceous ued -
supracrustal rocks that were deposited in un clongate and ments, and its base is occupied by an extensive limestone-
rifted marginal marine basin associated with an easterly boutder deposit, the Copperfield breccia, whi :h reaches 200
dipping subduction zone (Preto, 1979; Mortimer, 1986, metres in thickness. The angular to well-row ded limestone
16+7). West of the Hedley district, along the main axis of clasts are commonly | metre in diameter al hough, rarely,
the arc, the group reaches 6000 metres in thickness and is they reach up to 15 metres across; they ccntain shallow-
dominated by mafic, subaerial to submarine volcunic flows water bivalves, as well as conodonts that arc slightly older
and tuffaceous rocks in which limesiones are uncommon {late Carnian to early Norian} than the eifly to madde
(Preto, 1979). Fasther east at Hedley, however, the group is Norian faunas in the underlying Chuchuwayna and Hedley
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formations (M.J. Orchard, personal communication, 1989}
(Figure 2-5-3). One of the rare chert clast from the breccia
yielded radiolarians of Permian age (F. Cordey, personal
communication, 1983).

Limestone makes up 95 per cent of the clasts but rare
clasts of chert, argillite, siltstone, and volcanic and plutonic
rock are present. Many of the elongate argillite and siltstone
clasts are deformed which suggests they were onlithified
when they were incorporated into the breccia. Some appear
to have been scoured from the immediately underlying
sedimentary units, and many of these units show chaotically

disturbed bedding, presumably caused when the breccia
ploughed into the unconsolidated silty and argillaceous
sediments.

The Copperfield breccia probably represents a chaotic
gravity-slide deposit formed by the catastrophic slumping of
an unstable accumulation of shallow-marine reef debris
down the submarine paleoslope. This mass ploughed into,
and was deposited on the unconsolidated deeper water sedi-
ments of the Hedley, Chuchuwayha and Stemwinder forma-
tions (Figure 2-5-4). The breccia is probably analogous to
the modern megabreccias described along the Nicaraguan
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Figure 2-5-1. Geology of the Hedley district and location of the skarn deposits.
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Rise in the Western Caribbean (Hine ef «l, 1992}, These
megabreccias form thick {up to 120 m) and extensive
(27 km by 16 km) units and are believed to represent
seismically triggered bank-margin collapse features that
took place along the edges of low-relief carbonate platforms
(Hine er al., 1992).

The Whistle Formation is underlain by a succession in
which four sedimentary facies are distinguished trom east to
west: the thin (up to 200 m), shallow-marine. limestone-
dominant French Mine Formation in the east, the thicker.
siltstone-dominant Hedley and Chuchuwayha formations in
the central part of the area, and the thick (up to 2200 m),
deeper water and argillite-dominant Stemwinder Formation
in the west. Conodonts from the French Mine, Hedley and
Chuchuwayha formations indicate they are Late Triassic
{Carnian-Norian) in age (M.]. Orchard, personal communi-
cation, 1989; Figure 2-5-3), The sedimentary facies were
separated from one another, and partly controlled by north-
erly trending active growth faults (Figures 2-53-2 and 2-5-4);
these fractures, which were probably related to the basin-
margin rift structures, were precursors of the Chuchuwayha,
Bradshaw and Cahill Creek taults.

The Chuchuwayha, Hedley and French Mine formations
are underlain by a poorly understood sequence of mafic
tuffs with minor flows, limestone and chert-pebble con-
glomerate, the Oregon Claims Formation (Figure 2-5-2;
Ray and Dawson, 1993, in preparation}. The age of this unit
and its contact relationship with the overlying Nicola rocks
are uncertain. It may represent the oldest exposed section of
the Nicola Group, but it is more likely to be an older
basement on which the Nicola Group was unconformably
deposited, and could be a western extension of the Apex
Mountain Complex.

A newly recognized mid-Jurassic unit, the Skwel Peken
Formation, overlies the Nicola Group at Hedley (Figure
2-5-1). It has two members., The lower member, 1500
metres thick, is dominated by calcalkaline andesitic to daci-
tic lapilli and ash tuffs that commonly contain glassy,
strongly embayed and fractured quartz crystals. Minor
amounts of epiclastic sediments, welded tuffs and pyroclas-
tic surge deposits are also present. The thinner (maximum
400 m) upper member is dominated by massive andesitic
crystal tuffs.

We believe that the Skwel Peken Formation is the first
mid-Jurassic supracrustal unit recognized in south-central
British Columbia. The formation was laid down in a non-
marine, subaerial to shallow-water environment and is
believed (Ray and Dawson, 1993, in preparation) to repre-
sent extrusive volcanism related to the mid-Jurassic Cahill
Creek and Lookout Ridge plutons (Figure 2-5-1). Zircons
extracted from quartz-rich tuffs in the lower member give a
maximum U-Pb age of 1879 Ma (J.E. Gabites, personal
communication, 1992). Minor amounts of Cretaceous
Spences Bridge Group and Eocene Springbrook and Marron
formations are also exposed in the area (Figure 2-5-1).

Several episodes of plutonism are recognized. The oldest
resulted in the quartz dioritic and gabbroic Hedley intru-
sions that are associated with widespread gold skarn miner-
alization, including the Nickel Plate. Canty, French and
Good Hope deposits. Field evidence and equivocal radi-
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ometric U-Pb dating suggest they were intrude 1 during L ate
Triassic to Early Jurassic times. between 217 to 194 Ma
(J.E. Gabites, personal communication, 1997). The inru-
sions occur as large and small stocks, as sill dike swarms
and as isolated minor bodies; the swarms are areferentianlly
developed in the thinly bedded Chuchuwayh 1 and Hecley
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lected from the Nicola Group, Hedley district Numbers n
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M.J.Orchard, Geological Survey of Canada).
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formations. Some elongate bodies, such as the Toronto
stock, were intruded along easterly trending lineaments that
may have been late Triassic transform faults related to the
rifted basin margin,

A slightly younger plutonic episode resulted in the large,
granodioritic Bromley batholith and a related marginal
body, the granodioritic to gabbroic Mount Riordan stock.
The latter is genetically associated with the large, garnet-
rich Mount Riordan (Crystai Peak) skarn that contains
minor tungsten-copper occurrences. A radiometric U-Pb
zircon age of 194.6x35 Ma (Early Jurassic) is indicated for
the Mount Riordan stock (J.E. Gabites, personal communi-
cation, 1992), and a similar age of 1931 is obtained from
the Bromley batholith (Parrish and Monger, 1992).

A subsequent phase of granodioritic to quartz monzonitic
magmatism is represented by the Lookout Ridge and Cahili
Creek plutons. The latter, which commonly separates the
Nicola Group to the west from the Apex Mountain Complex
farther east, yields a U-Pb zircon mid-Jurassic date of
168.829 Ma (J.E. Gabites, personal communication, 1992).
These high-level plutons are spatially related to a suite of
minor aplites and quartz porphyry intrusions that yield a
Late Jurassic U-Pb zircon date of 154.5 +8 —43 Ma. The
plutons are believed to be the magmatic source of the

volcaniclastic package in the nearby Skwel Peken Forma-
tion (Ray and Dawson, 1993, in preparation).

The youngest major intrusion in the district is the gra-
nitoid Verde Creek stock (Dolmage, 1934) which is coeval
with the Early Cretaceous Spences Bridge Group (Preto,
1972); it intrudes the Nicola Group in the western part of the
district (Figure 2-5-1).

A rare, distinctive suite of leucocratic, calcalkaline minor
intrusions (or possible volcanic flows) is spatially associ-
ated with the Skwel Peken Formation. These rocks contain
magmatic garnet phenocrysts with almandine-rich cores and
spessartine-rich margins that are chemically and optically
distinct from the grossular-andradite garnets in the gold
skarns.

STRUCTURAL GEOLOGY

Two deformational episodes are identified in both the
Apex Mountain Complex and Nicola Group, although the
temporal relationship of the episodes between one rock
package and the other is unknown. The first and most
intense episode identified in the Apex Mountain Complex
resulted in tight to isoclinal minor folds with moderate to
strong, northerly to northeast-striking and subvertically
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Figure 2-5-4. Depositional history of the Nicola Group in

the Hedley area:

1. Carnian-Norian — deposition of the French, Hedley,
Chuchuwayha and Stermwinder formations onto the
Oregon Claims Formation adjacent to the rified east-
ern margin of the Nicola basin. Sedimentation was
from an eastern source and the facies were controlled
by active, normal growth faults that were precurser
structures for the Chuchuwayha, Bradshaw and Cabhill
Creek faults.

2. Late Triassic — catastrophic deposition of the Copper-
field breccia into the basin as a chaatic mass-gravity
slide from shallow-marine facies to the east. This was
possibly triggered by earth movements associated with
development of the main Nicola arc farther west.

3. Late Triassic — major airfalls of Whistle Formation ash
and lapilli wfts from an unknown source. Sedimentary
currents were still from the east but conditions did not
allow limestone deposition.
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inclined penetrative axial planar fabrics; no major folds of
this age are recognized. The second period of deformation is
onty locally developed in the Apex Mountain rocks. It
resulted in northerly striking, subvertical open folds, but is
not associated with any penetrative fabrics.

Both of the deformational episodes identified in the Nic-
ola Group predate the Skwel Peken Formation and the
Cahill Creek pluton which suggests they are pre-Middle
Jurassic in age. The first episode, which was only locally
developed in the Nicola Group, produced west to northwest-

striking minor flexures that were probably re ated to the
forcible emplacement of the Hedlev intrusion:. At Nickel
Plate, these structures partly cortrolled the goli| skarn min-
eralization (Billingsley and Hurne, 1941).

The second deformation in he Nicola Griup was the
dominant structural event in the district. [t resi lted in east-
erly overturned minor and majer asymmetric folds wih
northerly striking, steep westerly dipping axiil planes. It
produced a large anticlinal structure with its ax:s just east of
the Nickel Plate deposit. Locally, argillites i1 the Sten-

TABLE 2-5-1
COMPARISON BETWEEN THE NICKEL PLATE AND MOUNT RIORDAN SKARNS

Nickel Plate

Mt. Riordan —]

Host formation and age Upper Triassic Hedley Fm. ?Upper Triassic French Mine Fm?

Hostrock Predominantly siltstone, ?Massive limestone and

lithology minor limestone carbonate breccia?

Associated Infrusive rocks Hedlay intrusions (gabbro, diorite) Mount Riordan stock {grano fiorite-
gabbro)

Age of intrusions Post 219 and pre 194 Ma 184.6+5 Ma (Eary Jurassic)

(Late Triassic - Early Jurassic)

initial 875r/%58¢ 0.7038"

of intrusions

*
0.7044

Skarn mineralogy Banded, clinopyroxene-

No scheelite present.

dominant skarn with sulphides and scapolite.
Garnets generally anhedral and brown coloured. highly variable colour. Geni rally

Massive, garnet-dominant st:am.
Coarse, euhedral garnets wih

low sulphide content. Minci pyroxere,
actinolite, epidote. Scheelit.» present.

Upaque minerals Pyrrhotite, arsenopyrite,

minor chalcopyrite and rare pyrite

Magnetite, pyrrhotite, pyrite
mingr chalcopyrite,

Degree of skarn

Original sedimentary bedding

Virtuailly no prirnary structur s

alteration commonly preserved in skarn. preserved.
Approximate exposed 4 ki 0.3 km?

area of skarn

Maximum thickness of skarn 360 m At least 175 m

Geochemistry of
mineralization

Anomalous Au,As,Cu,Co,Bi,Te,Ag,8b

Anomalous Cu,W,Ag,Mo

Garnet composition Low Mn (< 0.5% MnQ)

Ad 15-80

Grossularitic cores, andraditic margins

Low Mn (< 1.0t % MnO
Andraditic cores, grossulari ic margins
Ad 45-98

Low Mn (< 1.0% MnQ)
Hd 40-95

Pyroxene composition

Low Mn {<1.3 % MnQ)
Hd 4151

* R.L Armstrong, personal communication 1989.
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winder and Chuchuwayha formations contain a fracture
cleavage related to this deformation, although elsewhere
axial planar penetrative fabrics are absent.

In addition to the above two episodes, a younger period
of folding has gently deformed the Skwel Peken Formation.
This post-mid-Jurassic deformation resulted in open minor
flexure folds with northeasterly striking axial planes.

ECONOMIC GEOLOGY

The Hedley district has important skarn deposits (Figures
2-5-1 and 2-5-2) as well as some minor gold-bearing quartz-
carbonate veins. The skarns are separable into two types:
older and more economically important gold skarns such as
the Nickel Plate, Canty, French and Good Hope deposits

TABLE 2-5-2
PRODUCTION FROM GOLD SKARN
DEPOSITS - HEDLEY DISTRICT

Deposit Ora milled Gold Sitvar Copper Grade
4] (kg} (ka) ] {Au g/

Nickel Plate

1504-19632 2 963 900 41705 4160 981 13.97

(Undergroundy

Nickel Plate*

(Opep pi)

19879 481 454 1512.4 8324 0 394

19887 B79 645 2714.9 2955.7 0 308

19897 1065 026 2462.8 32450 0 231

19900 1141255 2382.1 844.6 0 2.08

1991 1166 039 2842.7 677.7 0 243

Hedley Mascot

(Undergrggrg:l)

19361949 619 022 7248 1707 871 1.70

Total 8336 341 60 868.9 144234 1852 7.30

French

1950-19652 29 450 786 NA NA 2668

1957-19619 48158 817 & NA 16.96

198219632 4438 26 135 20 5.85

Total B2 048 1629 201 20 19.85

Good Hope

1946-19489 4241 89 NA NA 2098

19028 6874 7 119 0.6 11.20

Totat 11115 166 119 05 14.93

Canty

193919412 1483 16 NA NA 10.78

Grand total

tfrom skarn 8430985  E€2679.9 14743.4 1872.8 1.43

NA=Data not available
*Note: includes some opan pit production from the Canty deposit.

Sources

(a) MINFILE

{b) Mineral Statistics, EMPR Mineral Policy Branch
{c) Rice (1947.1960)

{d} Natlonal Mineral Inventory - NMI 92H/8

TABLE 2-5-3
PRODUCTION FROM VEINS - HEDLEY DISTRICT

Vain Ore milled Gold Sitver Copper Lead
o {kg) (kg} (kg) (kg)

Maple Laaf;, 5897 29.4 13.3 846 891

Plna Knot

1837

1882 1179 41 NA NA NA

{Banbury

Mines Ltd.)

Total 7075 335 133 848 89t
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that generally have low garnet/pyroxene ratios, and younger
skarns that have high gamet/pyroxene ratios, and contain
minor tungsten and copper but little or no gold. The Mount
Riordan {Crystal Peak) skarn is the largest of this second
type: it is a potential industrial garnet deposit with drill-
indicated reserves of 40 million tonnes averaging
78 per cent by volume garnet (Mathieu et a/., 1991; Grond
et al, 1991). Differences between the gold skarns, repre-
sented by the Nickel Plate deposit, and the garnet-dominant
Mount Riordan skarn are listed in Table 2-5-1.

Gold skarns have produced over 62 tonnes of gold from
8.4 million tonnes of ore (Table 2-5-2); over 97 per cent of
the gold was derived from the Nickel Plate deposit. By
contrast, the quartz-carbonate veins, such as the Pine Knot,
Maple Leaf and Gold Zone veins, have produced only 33
kilograms of gold (Table 2-5-3). The gold grade of the
Nickel Plate ore, worked during the early underground
operations, ranged from 12 to 14 grams per tonne gold,
whereas the ore currently mined by open-pit methods ranges
between 2 and 3.1 grams per tonne gold (Table 2-5-2). The
overall grade of all the gold skarn deposits mined in the
district is 7.43 grams per tonne gold.

The gold skarns are genetically and spatially related to
diorite-gabbro stocks and dike-sill swarms of the Hedley
intrusions. Economic gold skarns are hosted only in the
Nicola Group, and on both a district and mine scale are
structurally, stratigraphically and lithologically conirolled.
They favour areas where the Hedley intrusions cut the
calcareous, shallower marine sedimentary facies of the
Hedley and French Mine formations (particularly rocks that
are flat lying or gently dipping) but are absent in the deeper
water sediments of the Stemwinder Formation farther west
(Figure 2-5-2).

Economic gold mineralization is almost wholly confined
to the exoskarn, although locally the endoskarn is cut by
late, thin veinlets of auriferous sulphides. Exoskarn altera-
tion varies from narrow zones less than 10 metres wide to
large envelopes hundreds of metres thick. The largest
exoskarn envelope is at Nickel Plate where it outcrops over
4 square kilometres (Figure 2-5-5), is up to 300 metres
thick, and is estimated to contain between 0.75 and 1.5
cubic kilometres of altered rock. Alteration is characterized
by pyroxene-garnet-carbonate-scapolite assemblages, and
mineralogical zoning is present in both the mineralized and
barren skarns. This zoning generally consists of coarser
grained garnet-rich proximal assemblages and finer grained
pyroxene-rich distal assemblages (Figure 2-5-5). Gold-
pyrrhotite-arsenopyrite mineralization is preferentially
developed in the distal, pyroxene-dominant skarn, and is
associated with a geochemical enrichment in arsenic, cop-
per, bismuth, tellurium, cobalt, zinc, antimony, molyb-
denum, and nickel.

Significant geochemical and mineralogical variations are
seen throughout the gold skarns. At Nicke! Plate, chal-
copyrite and Cu/Au ratios increase westwards towards the
Hedley intrusion Toronto stock, and Au/Ag ratios are
greater than 1 in the northern part of the deposit and less
than 1 in the south.

Bismuth tellurides (hedleyite, tetradymite), arsenopyrite
and high pyrrhotite/pyrite ratios characterize the gold ore;

British Columbia Geological Survey Branch
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TABLE 2-5-4

CHEMICAL COMPOSITIONS OF THE HEDLEY INTRUSIONS COMPARED TO IGNEOUS ROCKS ASSOCIA I'ED

WITH BASE AND FERROUS METAL SKARNS

SKARN DEPOSIT CLASSES.
Au (Hadlay) Fe Cu Zn-Pb w Mo n
mean range mean range mean range mean range mean range mean range m: an range
502 54.56 {48.27-59.48) 615 (47.2-74.7) 63.5 (55.2-73.7) 662 (57.1-76.3) 689 (62.6-72.8) 740 (73.1-76.0} TEE  (75.4-78.0)
TiO2 0.67 [0.51-1.04) 0.8 0.2-3.1) 0.5 0.0-1.00 06 0.2-1.6) 04 (0.1-0.7) 0.2 {0.1-0.3) 03 (0.01-0.04)
AlaO3 18.49 {1551-20.24) 17.3  (13.1-223) 166 (143-204) 154 (121-163) 155 (140168 143 (13.015.1) 126  (10.5-13.8)
Fe203 139  {0.37-3.14) 20 (05586) 19 {0.03-3.2) 21 (1030 1.3 (0.2-23) - - 04 {0.0-0.9)
FeQ 586 {4.157.90) 38 0.4-11.2) 2.8 0.7-5.8) 24 {0.2-5.0) 20 (0.8-3.2} 0.5 (0.0-1.5) 1.0 {0.2-1.4)
Fep0aT 785 (5.83-10.94) 6.2 - 50 - 47 - as - - - 1.5
MnO 014  (0070.19) Q.1 (0.0:0.3) 0.2 {0.0-1.8) [+A ] {0.0-0.3) 0.1 {0.0-1.0) 004 (0.00.05) 0. {0.0-0.2)
MgO 400 {2.51-8.51) 23 0.2-4.9) 22 {074.2) 1.8 (0142 1.1 {0.1-2.6) 05 {309 0.: 0.1-0.4)
CaQ 856 (6.45-11.88) 57  {0.7-11.4) 43 (1878 40  (0.46.3) 32 {1.54.8) 1.2 0520 04 0.40.7}
Nag0 3.7  (2.04-4.79) 44 2877 33 (1.0-5.3} 35  (1.64.3) 34 (2740 31 {1.94.2) 24 {0.8-3.6)
K20 140  (0.53-2.54) 17 (0.3-34) 34 (1.3-5.4) 36 (205.2) 35 (2.4-5.4) 50 {2879 4 (4.2-5.0)
P20s5 0.18  {0.14-0.26) 027  {0.0-0.4) 0.25 (0.0:0.4) 026 (0.00.8) 015 (G103 008  {0.00.1) 01 {0.0-003)
FepQ3/FeD  0.24  (0.050.44) 053  [0.12-2.36) 068 (0.0t-1.04) 087 (0.496.18) 065 (0.09-1.23) - 0.0 001134
K20/Naz0 0.44  {0.20-0.66) 039  (0.05-0.85) 1.03  (0.38-1.71) 103 (0.53-3.08) 103 {0.61-1.87) 1.6 (0.67-4.16) 144 {11762
Number of
samples 28 18 17 17 3
*Oata for base and ferrous metal skarns compiled by Meinert (1983)
FepO3T = Total iron as FepO3

Geological Fieldwork 1992, Puper 1993-1
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also present throughout the ore are chalcopyrite and trace
sphalerite together with traces of bismuth, nickel and cobalt
minerals {(native bismuth, maldonite, breithauptite,
gersdortfite and cobaltite). Native gold, intimately associ-
ated with tellurides, occurs as minute blebs {(maximum 25
microns across) in arsenopyrite and less commonly in pyr-
rhotite {Warren and Cummings, 1936). The gold-sulphide
mineralization is generally coeval with widespread scapoli-
tization {Billingsley and Hume, 1941; Dolmage and Brown,
1945; Ettlinger er al., 1992). The close temporal and spatial
association between gold and scapolite suggests that
chlorine-rich fluids may have been important in the trans-
portation and precipitation of gold in the Hedley skarns.

The proposed model for the Nickel Plate deposit (Figure
2-53-6) involves metals being derived from the Hedley intru-
sions and transported by large volumes of reduced magma-
tic fluid into a strongly reduced calcareous sedimentary
sequence. Formation of the large exoskarn envelope was
accompanied by an early, high-temperature mineral
sequence of (1) biotite and orthoclase, followed in turn by
(2) manganese-poor, generally hedenbergitic clinopyroxene
(Hd;5.95), and (3} grandite garnet {Ad,s ). The overall
compositional zoning in the larger Nickel Plate garnets is
from grossularitic cores to andraditic margins, and both they
and the pyroxene tend to have a low manganese content (<1
and 1.5 weight %, respectively). Garnets are mostly
birefringent although some crystals have isotropic cores and
birefringent margins. Subsequently, at lower temperatures,
gold, sulphides, tellurides and scapolite, together with min-
erals such as prehnite, were deposited. Fluid inclusion stud-
ies (Eulinger, 1990) indicate the main pyroxene-garnet
skarn at Nickel Plate formed at temperatures (pressure cor-
rected) between 460° and 480°C, with average fluid sali-
nities of 18.3 and 9.7 weight per cent NaCl equivalent for
garnet and pyroxene, respectively. Homogenization tem-
peratures for scapolite associated with gold and sulphide
minerals were in the range of 320° to 400°C.

Compared to other magmatic rocks related to either cop-
per, iron, tungsten, zinc-lead, molybdenum or tin skarns, the
Hedley intrusions are enriched in iron and have the lowest
amounts of total alkalis and silica, and highest amounts of
calcium, magnesium and iron (Ray and Webster, 1991;
Table 2-5-4). The coarse porphyritic textures of some of the
Hedley intrusions suggest these rocks were emplaced at
shallow to intermediate depths. Low Fe,04/FeQ ratios and
the presence of ilmenite and pyrrhotite in the unaltered
Hedley intrusions, and high pyrrhotite/pyrite ratios in the
ore indicate that both the intrusions and the skarn-forming
fluids were strongly reduced. This conclusion is also sup-
ported by the presence of iron-rich biotite (Ettlinger, 1990),
native bismuth and hedenbergitic pyroxene.

Skarn overprinting of the intrusions, to produce endo-
skarn, was accompanied by variable increases in the
potassium and silica content and the K,Q/Na,O ratios,
decreases in magnesium and total iron, and sharp declines in
the Fe,0,/FeO ratios (Table 2-5-5). Many of these chemical
changes are related to the breakdown of the primary fer-
romagnesian minerals and their replacement by biotite,
orthoclase, quartz and clinopyroxene. Initial skam over-
printing of the Nicola siltstones, with the appearance of
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orthoclase, biotite and lesser albite, leads to gains in
potassium and sodium (see DDH401. Table 2-5-6).
However, as skarn alteration increases, these minerals are
replaced by clinopyroxene and garnet, leading to relative
losses in potassium and sodium and gains in iron, magne-
sium and manganese, together with increased K,0/Na,O
ratios (see DDH's 195 and 261, Table 2-5-6}. The dramatic
decrease of iron in the Nickel Plate endoskarn with pro-
gressive skarn overprinting is matched by a corresponding
increase of iron in the adjacent exoskarn. This suggests that
the destruction of the magmatic ferromagnesian minerals in
the intrusions led to the iron enrichment in the nearby
exoskarns. Thus, these minerals are probably the main
source of the iron in the ore zones and may also be the
source of the gold.

TABLE 2-5-5
COMPARATIVE CHEMISTRY (USING MEAN VALUES) OF THE
UNALTERED HEDLEY INTRUSIONS AND MODERATELY
AND INTENSELY ALTERED ENDOSKARN
IN THE NICKEL PLATE DEPOSIT

Elament Unaftered Moderatety alterad Intensely allered
Hedley endoskarn endoskam
Infrusions DOH401 PDH195 and DDH261
SI0; 54,56 5245 58.79
TiOy 0.67 074 0.52
Al30q 18.49 17.16 17.05
Fex03 1.39 0.3 0.24
FeQ 586 5.77 2.89
FeyOqT 7.85 6.66 245
MnO 0.14 0.14 0.07
MgO 4.00 476 a1
Cal B.56 8.80 B.70
NazO a7 292 361
KaO 1.40 254 333
P50 0.18 018 0.14
LOI 1.30 153 1.01
FepQy/FeQ 0.24 0.05 0.08
Kz0/MNay0 0.44 0.87 1.18
No. of 28 9 12
samples
Fey04T = Tolal iron as Fey O3
For drilthols locations sae Figure 2-XX-5,

TABLE 2-5-6
COMPARATIVE CHEMISTRY (USING MEAN VALUES) OF THE
UNALTERED NICOLA GROUP SEDIMENTARY ROCKS
AND MODERATELY AND INTENSELY ALTERED
EXOSKARN IN THE NICKEL PLATE DEPOSIT

Element Unaitered Unaltered Moderately Intensaly

limestone siitstone  altered exoskarn altered exoskarn
DDHac1 DOH195 and DDH261

Si0p 8t 57.97 55.01 4z2.41

TiOo 0.03 0.35 0.55 0.27

#505 o80 629 1245 5a7

Fa20g 0.06 0.82 0.20 3.35

FeQ 022 151 408 892

FagOaT 0.29 250 479 13.26

MnG on 0.9 0.10 044

MgO 1.37 1.90 3.91 282

Cal 49.02 16.48 1227 26.19

NayO 0.09 1.28 1.76 0.16

Kz0 0.15 1.17 376 1.30

P20g 0.09 0.21 021 0.31

LOI 39.53 9.64 163 835

FepOq/Fed 030 0.63 0.07 083

KO/Nag0 1685 1.06 5.02 365.84

No. of 5 & 23 29

samples

FayOaT = Total iron as FapOq
For drilihole locations see Figure 2-)0(-5,
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1t is postulated that a large thermal cell formed around the
Nickel Plate skarn (Figure 2-5-6). This probably resulted in
the influx of cooler, more oxygen-rich meteoric waters into
the bottom of the system which mixed with the magmatic
fluids and resulted in the deposition of sulphides and gold.
Consequently, ore horizons are preferentially developed
near the base and lateral margins of the alteration envelope,
close to its contact with underlying limestones. By contrast,
the upper and middle portions of the skarn tend to be barren
(Figure 2-5-6). This zoning has relevance regarding future
exploration of other, apparently barren, skarn outcrops that
may mask mineralization at depth.

WHISTLE FORMATION
T ]t
ﬁ?; Copperfield Breccia
HEDLEY FORMATION
Eilﬂ Limestane
[_-__] Siltstane

HEDLEY INTRUSION

[, T W Gabbro—~diorile

@ Fims~grainad silicaous

% pyroxane-K faldspar skorn
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Figure 2-5-6. Schematic diagram showing postulated
development of the Nickel Plate skarn envelope:

A: intrusion of the Toronto stock and associated sill-dike
complex.

B: Infiltration of hydrothermal fluids to produce a 300-
metre-thick, pyroxene-rich prograde skarn envelope with
upper fine-grained siliceous zone. Coarser grained and
gamet-dominant skarn developed adjacent to intrusions.

C and D: The formation of a large thermal cell around
the skarn leads to an influx of meteoric water into the base
of the system causing precipitation of the sulphide-gold-
scapolite orebodies. Some quartz-carbonate veins develop
along fractures above the envelope.
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A district-wide, east-to-west change in the metallogeny.
mineralogy and oxidation stat2 of the skarns is suggested.
Pyroxene-dominant and strongly reduced ska ns containing
gold, arsenopyrite and bismuth tellurides occ ar in the west
and central parts of the district, while nore oxidized
tungsten-bearing and garnet-dominant skan such as the
Mount Riordan skarn occur in the east (Ray ef al., 1992).
This zoning is partly due to the different secimentary sro-
toliths of the various skarns which reflect the original sedi-
mentary facies changes in the Nicola Grop across the
district. It is also related to the different age and composi-
tions of the associated intrusions responsibli for the gold
skarns and the Mount Riordar garnet skarn.

CONCLUSIONS

The Hedley district straddles the eastern te "tonic edgs of
the Late Triassic Nicola back-arc basin, ani its geology
provides an insight into how rnifting contro led the basin
margin, the easterly derived sedimentation, and develop-
ment of several economically important sedinentary facies.
Dramatic evidence of syntectonic sedimen:ation is dis-
played in one distinct marker horizon, the Coj perfield brec-
cia, which represents a chaotic gravity-slide « eposit of car-
bonate reefal debris. The breccia was probabls derived f-om
a shallow-marine, carbonate platform that anginally lav
immediately east of Hedley. Similar gravity-slide brec:cias
could be expected to mark proximity to the eastern bound-
ary of the Nicola basin elsewherz in British ( olumbia. The
Copperfield breccia probably has a similar origin as the
extensive modern megabreccia units that oce urr along the
margins of low-relief carbonuate platforms 11 the western
Caribbean (Hine er al., 1992).

In addition to several minor gold-bearing eins, the dis-
trict contains some major gold skam deposits as well as the
Mount Riordan garnet skarn which has indu strial mingral
potential. The latter is associcted with the 124 Ma (Early
Jurassic) Mount Riordan stock whereas the ghld skarns are
genetically related to the slightly older Hed =y intrusions.
The Hedley intrusions, in comparison with Jther igngous
rocks related to iron, copper. zinc-lead, tun isten, mo ybh-
denum and tin skarns, are the least differentited and Fave
the highest content of iron, magnesium, alu nina and :al-
cium. This chemistry reflects their derivation irom primitive
oceanic crust in an island arc environment.

In contrast to the rarer oxidized gold skarr s, such as the
McCoy deposit in Nevada (Kuyper, 1987; Erookes er af.
1990), and the McLymont property in noithern British
Columbia (Ray er al, 1991), the Nickel I'late. French,
Canty and Good Hope deposits represent clas sical reduced-
type gold skarn systems. Their reduced stite is demon-
strated by high pyrrhotite/pyrize and tow Fe, );/FeQ ratios
in the ore, and the presence of native bismuth, iron--ich
biotite and hedenbergitic pyroxene. Progressi--e skarn o ver-
printing of the intrusions and calcareous siltstones at Nicke!
Plate is accompanied by a sharp decreasc in thz iron conlzn:
of the endoskarn and a corresponding increase in iron in the
adjacent exoskarn. It is believed that the nagmatic fer-
romagnesian minerals in the Hedley intrusion s, which vere
broken down during skarn alteration, were th: main source
of the iron enrichment in the exoskarn.



The Hedley district still has good exploration potential
for gold-skarn discoveries, particularly as the Nickel Plate
model suggests that some of the larger, untested and appar-
ently barren skarn envelopes in the district may overlie
mineralization at depth. While underground mining would
not be economically feasible on the Nickel Plate ore cur-
rently being worked by open-pit methods, it should be
remembered that the ore extracted between 1904 and 1963
by underground mining graded 12 to 14 grams per tonne
gold.

The deposit model and ore controls postulated at Hedley
are applicable to other areas of the Cordillera. Tectonic
hinge zones marking rifted margins of island-arc or margi-
nal basins are considered to be highly favourable for gold
skarns. Such areas containing abrupt factes changes with
reduced calcareous sediments and porphyritic ilmenite-
bearing dioritic to gabbroic intrusions are ideal for gold
skarn development. In particular, exploration should be
directed to intrusions that are iron-rich (greater than 7%
total iron), have low Fe,0,/FeQ ratios and are associated
with pyroxene-dominant exoskarn systems containing early
orthoclase-biotite alteration, high pyrrhotite/pyrite ratios,
arsenopyrite, bismuth tellurides and scapolite.
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