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Abstract 

The Nickel Plate ore body in the Hedley district is the largest gold skarn deposit in 
C a n a d a . During the period 1904-1955 it produced almost 49 million grams of gold 
represent ing approximately half of the gold produced from all skarns in British 
Co lumb ia . The deposit it hosted by thinly bedded ca lcareous and tuffaceous 
si l tstones and l imestones of the Upper Tr iass ic N ico la Group , an accreted ocean ic arc 
assemb lage . T h e s e rocks are intruded by numerous sil ls, d ikes and smal l s tocks of 
sub-alkal ic , calc-alkal ine quartz diorite and diorite. Skarn alteration and related gold 
mineral izat ion overprints sedimentary and igneous rock and is zoned about the 
intrusive contacts. 

Skarn in the Nickel Plate deposit is pyroxene-r ich and is character ized by 
hedenbergi t ic pyroxene and aluminous garnet with an ore bearing assemb lage of aspi-
po-Bi- te l lur ides-Au. The early s tages of alteration are marked by the formation of 
biotite and quartz hornfels in siltstone and potassic alteration of intrusive rock. The 
biotite contains <0.55 mole fraction phlogopite and <2 wt % TiC>2 which are indicative 
of the reduced nature of this mineralization compared to porphyry-Cu sys tems. This 
early stage of alteration is cont inuous into formation of pyroxene skarnoid which 
cons is ts of intermediate pyroxene ( ^ 4 3 . 5 9 ) i n s ' , t s t o n e a n c l Mg-r ich pyroxene ( H d 5 . 
3q) and k-spar in intrusive rocks. The mosfvolumetr ica l ly important alteration style, 
and the primary host to gold mineral izat ion, consis ts of dark green, fine grained 
pyroxene ( H d g o - 9 4 )

 a n c J l e s s e r grandite garnet ( A d - 1 4 0 2 , ave. A d 3 5 ) which overprints 
earl ier hornfels ana skarnoid, and often completely replaces both sedimentary and 
igneous protoliths. Ore bearing sulf ides and scapol i te occur with the hedenbergite 
skarn and consist of pyrrhotite, arsenopyri te with inclusions of A u , hedleyite and B i , 
minor chalcopyr i te, sphaleri te and ga lena. Retrograde alteration in the deposit is 
l imited, with only minor to trace amounts of wollastonite, prehnite, epidote and chlorite 
replacing garnet and pyroxene. 

Fluid inclusion homogenizat ion temperatures indicate the main body of pyroxene-
garnet skarn formed at an average temperature (pressure corrected) between 460-
4 8 0 ° C with locally high temperatures of 7 0 0 - 8 0 0 " C . Fluid salinit ies averaged 18.3 and 
9.7 wt % NaCI equivalent for garnet and pyroxene respectively. Dissolut ion 
temperatures of halite daughters in pyroxene and quartz from skarn indicate a 
max imum fluid salinity of 37.9 wt % NaCI equivalent. Homogenizat ion temperatures in 
scapol i te assoc ia ted with sulfide mineral izat ion, indicate a lower temperature for this 
mineral izat ion in the range 320-400°C. 

Est imated phys iochemica l condit ions of formation based on the composi t ion and 
stability fields of major calc-si l icate and sulfide minerals indicate the hedenbergite 
skarn , pyrrhotite and arsenopyri te were deposi ted under similar condit ions of sulfur 
fugacity (log fS?=-10 to -2) and temperature (400-650°C) ; while a log f 0 2 = - 2 5 to -22 
is est imated fo r the hedenbergi te skarn. 
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Spat ia l t rends in pyroxene and garnet composi t ion and the distribution of fluid 
inclusion homogenizat ion temperatures indicate the eastern contact of the Toronto 
stock and the locus of diorite d ikes, such as the South dike, in the ore zone acted as 
critical conduits for channel ing of hyrdrothermal fluids. These two separate fluid pathfs 
may have resulted in the two different composi t ional trends found in pyroxene and 
garnet from locations in the ore zone versus those more proximal to the Toronto stock. 

Introduction 

The Nickel Plate deposit , approximately 225 ki lometers east of Vancouve r in 

southern Brit ish Co lumb ia , is the largest and economical ly most important gold skarn 

deposi t in C a n a d a (Fig. 1). Located in the Hedley mining district, the Nickel Plate ore 

body produced almost 49 million grams of gold during the period 1904-1955 (Ray et 

a l . , 1987). Th is represents over 95 percent of the total gold production from the 

Hedley district, and 51 percent of the total gold produced from all skarn deposi ts in 

British Co lumb ia (Ettlinger and Ray , 1989). 

The first detai led account of the geology of the Hedley district is by Camse l l (1910). 

Bostock (1930, 1940a, 1940b) a lso mapped portions of the district, and severa l 

workers have studied the Nickel Plate deposit and surrounding areas of known 

mineral izat ion in var ious detail (Warren and Cummings , 1936; Bi l l ingsley and Hume, 

1941; Do lmage and Brown, 1945; and Lee , 1951). Whi le these studies have resulted 

in a large descr ipt ive base for the deposi ts of the Hedley district, they do not attempt to 

synthes ize district geology with skarn alteration and/or gold mineral izat ion, nor do 

they answer quest ions relating to evolution of the hydrothermal sys tem and 

relationship between subsequent skarn and ore formation. Recent work by the British 

Co lumb ia Geo log ica l Survey and Mascot G o l d Mines Ltd. has added much to the data 

base of these deposi ts in light of what is currently understood about gold skarn 

deposi ts (Ray et a l . , 1986; S impson and Ray , 1986; Ray et a l . , 1987; Ray and Dawson , 

1987, 1988; Ettl inger and Ray, 1988, 1989). The present paper focuses on the 

mineralogy, pet rogenesis and hydrothermal fluid character ist ics of the Nickel Plate ore 

body. Data from over 400 electron microprobe mineral ana lyses , 117 fluid inclusion 
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ana lyses , and detai led logging of d iamond drill core suggest that the temperature of 

skarn formation, alteration sequence and sulfide mineral assemb lage in the Nickel 

Plate go ld skarn sys tem is distinct from base metal skarn deposi ts and that there are 

similarit ies and important dif ferences between the Nickel Plate deposi t and other 

Cordi l leran gold skarns . 

Geologic Setting 

The deposi t is located near the top of Nickel Plate Mountain, 3 km northeast of the 

town of Hedley. The region is part of the Interior P lateau of south central British 

Co lumb ia which in the vicinity of Hedley, has been deeply inc ised by the S imi lkameen 

River and its tributaries. Ove r 1,300 m of relief exists between the town of Hedley at 

520 m and the top of Nickel Plate Mountain. The current minesite is located on the 

eastern s lope of the mountain at an elevation of 1 700 m. I 

Mining activity in the Hedley a rea started in 1860 with the first instance of placer 

mining. Mineral c la ims were first located on Nickel Plate Mountain in 1894 with 

development on the property begining in 1899. Go ld production was initiated in 1904 

and cont inued with intermittent interuptions until 1955. During its early years , Nickel 

Plate w a s one of C a n a d a ' s largest gold producers (Camse l l , 1910). C o r o n a 

Corporat ion (formerly Mascot Go ld Mines Ltd.) is currently mining the Nickel Plate 

deposit v ia open pit and underground operat ions. Mineable ore reserves as of 

January 1, 1989 are 5.1 million tonnes averaging 2.98 grams gold per tonne (Corona 

Corp . Annua l Report for 1988). 

The Hedley district is si tuated within the Intermontane belt in the southern part of 

the C a n a d i a n Cordi l lera (Fig. 1). The Intermontane Belt is a mosa ic of individual fault-

bounded terranes consist ing primarily of Lower Pa leozo ic through Ju rass i c marine 

vo lcan ic and sedimentary rocks and comagmat ic intrusive rocks deposi ted in an island 

arc or marginal basin setting (Wheeler et a l . , 1988). These terranes were 
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amalgamated to form the framework of the Intermontane belt by latest Tr iass ic t ime, 

the resulting large superterrane then accreted to the continental margin in the 
i 

Jurass ic . 

Arc-re lated marine volcanic and sedimentary rocks of the Late Tr iass ic to Early 

Ju rass i c N ico la Group host the ore deposi ts of the Hedley district (Rice, 1947, Ray et 

a l . , 1986). Submar ine and subaer ia l vo lcanic brecc ia , augite and fe ldspar porphyry, 

crystal-l ithic tuff, argillite, siltstone and reefoidal l imestone form a belt up to 70 km wide 

and 190 km long in southern British Co lumb ia where it def ines the main portion of the 

Quesne l l i a terrane (Preto, 1977; Mortimer, 1986). Rocks of similar age and affinity 

occur futher north in Quesne l l i a and to the south in the U .S . (Mortimer, 1986). These 

N ico la Belt rocks are the host to severa l porphyry C u - M o and C u - A g - A u deposi ts and 

other gold skarn occur rences in addition to the deposi ts in the Hedley district (Preto, 

1972; Barr, et a l . , 1976; Ettl inger and Ray , 1989). I 

The oldest rocks in the Hedley district belong to the highly deformed Pa leozo ic 

through Tr iass ic Apex Mountain ophiolite complex (Fig. 1) which is separated from 

later N ico la Belt rocks further west by intrusions or major faults. No known gold skarn 

mineral izat ion is hosted by this sequence . 

Sed imentary and vo lcanic rocks of the Nico la Group are separated into three 

distinct stratigraphic sequences in the Hedley district (Ray et a l . , 1988). The French 

Mine, Hed ley and Stemwinder Mountain Format ions represent shal low, intermediate 

and deep water f a d e s deposi ted along the margin of a westerly deepen ing , fracture 

control led back-arc bas in . 

The easternmost French Mine Format ion hosts gold skarn mineral ization at the 

G o o d h o p e and French mines in the Hedley district (Fig. 1). It cons is ts of mass ive and 

bedded l imestones with interlayered units of ca lcareous si l tstone, chert pebble 

conglomerate and l imestone brecc ia. 
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Clast ic-r ich rocks of the Hedley sequence lie further west and are deeper water 

stratigraphic equivalents to the French Mine Formation (Ray et a l . , 1988). This 

sequence is over 400 m thick and is compr ised of thinly bedded ca lcareous and 

tuf faceous si l tstones, l imestone, argillite and minor conglomerate. The upper portion 

of this sequence is the host to gold skarn mineral ization in the Nickel Plate deposit. 

D e e p water f a d e s rocks of the Stemwinder Mountain Format ion form a 700 m thick 

success i on of organic-r ich, thinly bedded argillite, turbiditic si l tstone, s i l iceous tuff and 

impure l imestone. A s the l imestone beds se ldom exceed 3 m in th ickness, gold skarn 

mineral izat ion in this unit is limited, occurring most notably at the Peggy mine (Fig. 1; 

Ett l inger and Ray , 1989). 

Al l three s e q u e n c e s are conformably overlain by the Whist le C reek Tuff which 

represents the highest stratigraphic unit of the N ico la Group in the district. It consis ts 

of up to 1200 m of tuf faceous siltstone, andesit ic ash and lapilli and minor volcanic | 

brecc ia . L imestone is general ly absent ; however, an important marker hor izon, the 

Copper f ie ld conglomerate, lies at the base of the Whist le C reek sequence and 

contains abundant l imestone fragments (Ray et a l . , 1987). The Copperf ie ld 

conglomerate is interpreted to be an ol istostrome by the authors. 

At least three distinct suites of intrusive rocks are present in the Hedley district. The 

Hedley intrusions are the oldest suite, having been dated by U/Pb methods at 199 M a . 

They form stocks greater than 1 km in diameter and swarms of d ikes and sil ls up to 

200 m thick (Ray et a l , 1987). The stocks vary texturally and composit ional ly from the 

sills and d ikes in that the stocks are general ly equigranular and consist of biotite and 

hornblende granodiori te, quartz diorite, diorite or gabbro. Si l ls and d ikes are 

porphyrit ic, range in composi t ion from quartz diorite to diorite and minor gabbro and 

unlike the s tocks, are spatially assoc ia ted with gold skarn mineral izat ion. 

A second suite of intrusions consist ing of coarse gra ined, mass ive biotie +/-

hornblende granodiorite outcrops in the southeastern and northern portions of the 
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district (Fig. 1). Intrusion of the Cahi l l C reek pluton and Bromley batholith has resulted 

in hornfelsing of country rocks and local skarn development adjacent to the pluton but 
i 

no occur rences of gold mineral ization assoc ia ted with this suite have been reported. 

The Cahi l l C reek pluton has been recently dated by U/Pb from zi rcon at 168 M a . 

The third intrusive suite cons is ts of volumetrically insignificant fe ldspar porphyry 

d ikes upto 3 m thick. They postdate skarn alteration and gold mineralization and while 

their age is uncertain, they may be related to the overlying dacit ic volcanic last ic rocks 

of the S p e n c e s Bridge Group (Ray et a l . , 1988). 

Who le rock and trace element geochemistry of both unaltered and altered Hedley 

intrusions are presented in Ray et a l . , 1988. They point out the sub-alkal ic, ca lc-

alkal ine nature of the intrusions which are predominantly quartz diorites according to 

the normative classif icat ion of plutonic rocks by St recke isen and Lemaitre (1979). 

Ettl inger and Ray (1988, 1989) descr ibe intrusions from other gold-bearing skarn. \ 

deposi ts in British Co lumb ia and they a lso conc luded that the majority of these 

intrusions are sub-alkal ic , calc-alkal ine and mafic in composi t ion. 

A compar ison of the composi t ion of the Hedley intrusions with plutonic suites from 

other ore deposi ts is il lustrated in Figures 2A through 2D . A n alkal i-si l ica plot (Fig. 2a) 

shows that the Hedley intrusions fall into the is land-arc field of porphyry-Cu related 

plutons. Th is compar ison is also illustrated in Figure 2 B , an a lka l i -CaO ternary 

d iagram of porphyry-related plutons. O n c e aga in , the Hedley intrusions are l ime-rich, 

and largely fall into the field of Paci f ic and Car ibbean is land-arc plutons (Titley and 

B e a n e , 1981). A compar ison of normative mineralogy (Fig. 2C) shows that the Hedley 

intrusions are k-spar and quartz deficient compared to severa l porphyry-Cu intrusions 

and their normative mineralogy is most similar to intrusions assoc ia ted with Fe -Au 

skarns in A l a s k a (Newberry and S w a n s o n , 1986). Al though it will be shown that the 

skarn mineralogy in the Nickel Plate deposit d isplays a similar reduced nature as W-
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skarns, the Hedley intrusions are clearly distinct from granitoids related to scheel i te 

skarns (Fig. 2D). 
i 

The ore bodies forming the Nickel Plate deposit are hosted by westerly dipping, 

gently fo lded ca lca reous and tuffaceous si l tstones and l imestones, intruded by a 

swarm of semi-conformable diortic sills and steeply dipping d ikes (Bil l ingsley and 

Hume , 1941; Ray et a l . , 1987). Figure 3 is a surface geologic map of Nickel Plate 

Mounta in and shows the approximate location of the current minesite. Important 

features to note are the Toronto stock, which forms the largest mass of diorite on 

Nicke l Plate Mt., and the "marble line" which is stratigraphically, the lowest limit to 

mass ive skarn replacement (Bil l ingsley and Hume, 1941). Th is metasomat ic boundary 

is almost entirely conta ined within a 90 m thick l imestone unit historically known as the 

"Sunnys ide l imestone" (Camse l l , 1910). The marble line forms a concave-upward , 

bowl shaped sur face, which marks the boundary between pyroxene-garnet-sulf ide I 

skarn and underlying marble. Loca l , narrow projections of skarn occur below the 

marble line a long steeply dipping, northwest trending d ikes (Bil l ingsley and Hume, 

1941). The marble line is roughly concordant with the upper contact of the Sunnys ide 

l imestone, and dips westward with this unit, where it probably intersects the Toronto 

stock at depth (Fig. 4). C a m s e l l (1910) first made the important observat ion that 

productive ore bodies in the Nickel Plate deposit are all located near the top of the 

Sunnys ide l imestone in the overlying thinly bedded sediments. Economic quantit ies of 

skarn hosted sulf ide-gold mineralization are general ly limited to within 100 m of the 

marble line (Ron S i m p s o n , personal communicat ion, 1987). 

The uppermost limit of skarn alteration is less well def ined, and probably not 

exposed in the mine c ross sect ion (Fig. 4) due to eros ion. Ray et al . (1988) descr ibes 

hornfelsic pyroxene, quartz and k-spar in the "upper s i l iceous beds" which overlie the 

Nickel Plate deposit . Alteration also extends into the Copperf ie ld conglomerate which 

overl ies the Hedley and Stemwinder Mt. Format ions (Fig. 1). 
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Structural deformation in the Nickel Plate deposit is limited to gent le, smal l sca le 

folds, district-wide recumbent folding and large sca le reverse faulting. R o c k s on Nickel 

Plate Mt. are part of the western limb of a north-northeasterly striking assymetr ic 

anticl ine with an overturned eastern limb. (Bill ingsley and Hume, 1941; Ray et a l . , 

1988). Accompany ing this district-wide folding are northerly trending high-angle 

reverse faults which typically juxtopose older, steeply dipping strata to the west, onto 

younger rocks to the east (Ray et a l . , 1988). 

Sma l l sca le , northwesterly striking folds, formed early during emplacement of the 

Hedley intrusions, subsequent ly gave way to flat thrusts and fractures during the more 

brittle s tage of skarn development (Bil l ingsley and Hume, 1941). These structures are 

important local controls to ore formation particularly where clusters of folds and 

fractures intersect the Hedley sil ls. 

i 

Skarn Formation 

Skarn alteration surrounding the Nickel Plate deposit e n c o m p a s s e s a 6 square km. 

a rea up to 300 m thick and is the largest body of skarn in the district (Ray et a l . , 1988). 

Thinly bedded , ca lcareous and tuffaceous si l tstones and l imestones are the principle 

host to skarn formation. Comple te replacement of the sediments by fine grained 

pyroxene and garnet (exoskarn) is common , and although few examples of remnant 

si ltstone remain within the ore zone , primary sedimentary bedding is often preserved in 

the skarn . In compar ison , alteration of the Hedley intrusions is w idespread but not as 

intense as in the exoskarn . Pyroxene-garnet development in the dioritic sills and dikes 

(endoskarn) is only locally destructive of primary igneous textures. Var iably altered 

remnants of diorite containing relic porphyritc texture and phenocryst cores of primary 

hornblende or p lag ioc lase are common. 

It is well documented that the Hedley intrusions acted as an essent ia l component to 

formation of the gold skarn deposi ts in the district. C a m s e l l (1910) first noted the c lose 
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associat ion between economic ore bodies and the Hedley diorites, cal l ing upon direct 

intrusion of these bodies resulting in a contact metamorphic zone between the 

intrusion and surrounding sediments. More recently, Ray et a l . (1988) descr ibed 

systemat ic geochemica l changes as the result of progressive skarn development in 

the Hedley diorites and adjacent country rocks. However , whether the observed 

s tocks , d ikes and sil ls acted as the primary heat and fluid source ; contributing base 

and prec ious metals to the exoskarn v ia an exso lved magmat ic fluid is not certain. 

Figure 4 is a c ross sect ion through the Nickel Plate deposit based on detai led 

logging of 1225 m of d iamond drill core from 5 drill holes through the ore zone and 2 

holes to the west, outside of this z o n e , towards the Toronto stock (Fig. 3). Correlat ion 

of sil ls from near the Toronto stock to the ore zone is highly interpretive due to the 

d is tances between these a reas ; however, an apparent increase in the volume of diorite 

intruding the sect ion is observed in drill holes through the ore zone . Drill holes #514 j 

and 413 , located outside the main ore zone , 25m and 300m respectively from the 

contact of the Toronto stock, averaged 25 percent Hedley diorite d ikes and sil ls. In 

contrast, the five holes dril led through the ore zone averaged 39 percent diorite. This 

increase in diorite volume within the ore body is thought to be due to steeply dipping 

d ikes which acted as feeders to some of the si l ls, a relationship first suggested by 

Bi l l ingsley and Hume (1941). This locus of dike and sill activity in the main ore zone is 

cons idered to be critically important in concentrat ing hydrothermal fluids and gold 

mineral izat ion. 

Endoskarn 

The sil ls and d ikes within the Ni ickel Plate ore body have undergone widespread 

alteration and replacement by skarn. Al though this alteration somet imes results in the 

complete destruction of primary igneous minerals, the remnant igneous texture is often 

clearly p reserved. Least altered examples of diorite exhibiting relic igneous amphibole 
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and augite phenocrysts are somet imes present as irregular patches in the center of 

thick sill units. 

Deve lopment of endoskarn begins with early potass ic alteration of hornblende and 

augite phenocrysts . Brown biotite replaces these minerals starting with their cores and 

increasing outward towards the phenocryst rim. Alteration of the plagioclase-r ich 

matrix cons is ts of fine grained quartz and up to 10 percent finely d isseminated k-spar. 

Approx imate ly 0.5 percent pyrrhotite and trace amounts of arsenopyri te are also 

present in the matrix and it is not c lear whether these sulf ides are primary components 

of the si l ls, a s sugges ted by C a m s e l l (1910), or introduced by later hydrothermal fluids 

during the alteration process . This early s tage of alteration is rarely preserved and 

remains only in the co res of the thicker sill units. A n example is il lustrated in Figure 5a , 

a photomicrograph of remnant diorite from the inner portion of a thick sill near the top 

of hole #195 (Fig. 4). I 

Representat ive biotite ana lyses from the early potass ic alteration are presented in 

Tab le 1. T h e phlogopite mole fraction, assuming all iron as F e + 2 , var ies from 0.38¬

0.55. Cor respond ing weight percent TiC>2 va lues range from 0.5-1.8. The assumpt ion 

that all iron in biotite is F e + 2 is reasonable because the corresponding number of 

Si+AI cat ions, b a s e d on 20 oxygen and 4 O H " , ranges from 8.4-8.9. Thus there is an 

e x c e s s of 0.4-0.9 A l + 3 cat ions to fill the biotite Y-s i te. Summing the possible Y -

cat ions, M g , Fe " 4 * 2 , Ti and e x c e s s A l , g ives a range of 5.5-6.1, indicating room for only 

minor amounts of F e + 3 . A compar ison of these data with hydrothermal biotite from 

other ore sys tems is shown in Figure 6. The low phlogopite and T1O2 content of 

hydrothermal biotite from the Hedley sil ls compared to those from the San ta Rita 

porphyry copper deposit (Jacobs and Parry, 1979) and from potass ic alteration 

assoc ia ted with porphyry copper mineral ization in the M c C o y Creek district (Link, 

1985) is an indication of the reduced nature of Nickel Plate mineral ization compared to 

porphyry sys tems. Th is contrast is emphas i zed when it is cons idered that the M c C o y 
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Creek pluton is interpreted to have been emplaced in an is land-arc environment 

inboard of an active subduct ion zone (Link, 1985). This is the same deposi t ional 

environment env is ioned for the deposi ts of the Hedley district and other gold skarns in 

British Co lumb ia (Ettlinger and Ray , 1989). A lso shown for compar ison in Figure 6 are 

ana lyses of biotite from the Ka l zas wolframite vein deposit (Lynch, 1985), which like 

many S n and W deposi ts , is interpreted as also having a reduced character compared 

to porphyry deposi ts such as San ta Rita. 

With t ime, and progressing outward towards the sill margins, bleaching of the 

diorite results in a pale brown discolorat ion of the matrix; mafic phenocryst forms are 

still c learly visible. The early biotite and remaining hornblende and augite are replaced 

by either secondary amphibole of tremolite-actinolite composi t ion or Mg-r ich 

c l inopyroxene (Tables 1 and 2, F ig . 5b). Alteration to pyroxene is by far the more 

c o m m o n and it is the most diopsidic (Hd5_3Q) found in endoskarn. I 

With inc reased hydrothermal activity, b leaching of the diorite is more pronounced in 

hand spec imen and potass ic alteration is more abundant. Early diopsidic pyroxene is 

rep laced by k-spar and/or pyrrhotite. Al though not abundant, thin pyroxene-k-spar-

pyrrhotite veinlets appear to act as feeders, increasing the amount of potassic 

alteration until up to 90 percent of the phenocrysts and 60 percent of the matrix is 

rep laced by k-spar (Fig. 5c). The pyroxene present in veins with k-spar and pyrrhotite 

is clearly later and more hedenbergit ic (Table 2 and F ig . 7) than the early pyroxene 

replacing the mafic phenocrysts . 

Alterat ion in the sil ls is most intense along their contacts with exoskarn. The diorite 

is b leached white with no mafic phenocrysts remaining. These rocks have undergone 

extensive C a - N a metasomat ism with up to 80 percent of the rock replaced by 

p lag ioc lase (An24_52> Tab le 1). Pyroxene remains only as a skeletal framework 

outlining the relic phenocryst form and sphene occurs as an important alteration 

mineral. Pyrrhotite and chalcopyri te are present in only trace amounts. 
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Replacement of diorite by mass ive pyroxene-garnet skarn overprints the above 

alteration sequence and may result in complete destruction of original igneous textures 

(Fig. 5d). This pyroxene ranges in composi t ion from ^ 4 7 . 3 3 and is composit ional ly 

distinct from the earl ier d iopsidic and vein control led pyroxenes (Table 2, F ig . 7). 

However , this mass ive skarn is texturally and composit ional ly similar to the bulk of 

exoskarn (Fig. 8b), and when deve loped, makes it difficult to identify the original 

protolith. 

Exoskarn 

Skarn formation in the Nickel Plate deposit begins with early, isochemica l 

recrystal l ization of sediments and l imestone and evo lves through time into the 

complete metasomat ic replacement of the protolith by calc-si l icate and sulfide 

minerals, the final bulk chemistry of the skarn being distinctly different from the original 

protolith composi t ion. However , as pointed out by Einaudi et al . (1981), it is 

impossib le to clearly separate these two endmember p rocesses ; thus, in the Nickel 

Plate deposi t a cont inuum probably exists between purely isochemica l and purely 

metasomat ic events. 

The earl iest changes observed in Hedley Format ion sed iments involves 

recrystal l ization of siltstone and l imestone members to fine grained s i l iceous hornfels 

and marble repectively. In thin sect ion, the hornfelsed si l tstones consist of irregular, 

<5 micron s ize grains of quartz and potass ium feldspar with thin laminae of 

recrystal l ized calcite defining remnant carbonate-r ich lenses. Remnant patches of this 

hornfels are present throughout the deposit ; however, they appear to be most 

abundant near the upper margin of skarn formation. Thicker l imestone members 

consist of recrystal l ized calcite exhibiting metamorphic triple junction grain boundaries. 

This stage of hornfelsing and recrystall ization is bel ieved to be approximately coeval 

with initial emplacement of the Hedley intrusions. 
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The formation of biotite and c l inopyroxene hornfels and skarnoid fol lows 

recrystal l ization of the sediments . This process involves only local (centimeter scale) 
i 

exchanges in cat ions through circulation of an intergranular fluid. Skarno id 

development begins with alteration of the si l iceous hornfels by reddish-brown biotite 

occur ing as finely d isseminated grains and coarser clots which are fed by 5-10 micron 

wide biotite veinlets. A similar biotite alteration style occurs at the French mine, 5 km 

south of Nickel Plate (Fig. 1), where fracture control led biotite hornfels appears as a 

halo surrounding calc-si l icate skarn. 

A second stage of skarnoid is represented by the first occurrence of c l inopyroxene 

in the sed iments . It is fine grained and var ies from being unevenly d isseminated 

throughout the sed iments where it forms <10 percent of the rock, to being the most 

abundant mineral present occurring in anhedral crystal aggregates replacing up to 90 

percent of the sediment. Th is early pyroxene ranges in composi t ion from ^ 4 3 . 5 9 I 

(Table 2, F ig . 8b). Ear ly, d iopsidic pyroxene is a lso observed as isolated grains in 

marble beyond the marble line and like the skarnoid pyroxene, is bel ieved to be 

c a u s e d by limited, early fluid flow in response to thermal gradients establ ished through 

emplacement of the Hedley intrusions. 

Skarno id is gradat ional into purely metasomat ic calc-si l icate alteration character ized 

by pyroxene-r ich skarn . The early, general ly sparsely d isseminated skarnoid pyroxene 

g ives way to mass ive skarn, with the sediments and early skarnoid being replaced by 

more hedenbergi t ic pyroxene (Table 2). A s this iron-rich pyroxene cont inues to 

overgrow remaining hornfels and skarnoid, garnet begins to crystal l ize. Early garnet 

forms anhedra l m a s s e s up to one centimeter in diameter and contains numerous 

inclusions of earl ier pyroxene. Both isotropic and anisotropic garnet are present. The 

majority of garnets in the Nickel Plate deposit are grossulari t ic in composi t ion but 

range from A d 1 4 . g 2 and average A d 3 5 (Table 3, F ig . 8a); composi t ions of A d 7 3 _ 3 2 are 

limited to the ore zone . 
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With t ime, the amount of garnet in the skarn shows a minor increase relative to 

pyroxene. Garnet becomes coarser gra ined, more birefringent and exhibits complex 

sector and concentr ic zonat ion patterns which do not show any consistent 

composi t ional trends. The resulting pyroxene-garnet skarn is often strongly banded, 

with the coarser garnet bands replacing carbonate-r ich layers, while the pyroxene 

favors the clast ic-r ich zones . Typical ore grade skarn at Nickel Plate is fine grained, 

dark green in hand spec imen and consis ts largely of hedenbergit ic pyroxene with 

visible arsenopyr i te. 

Seconda ry minerals assoc ia ted with the main stage of pyroxene-garnet skarn 

include quartz, calc i te, k-spar, apatite, p lagioc lase, sphene , pyrrhotite, pyrite, 

arsenopyri te and i lmenite. The quartz and k-spar occur predominantly in narrow (<20 

microns) skarn veins with pyroxene which crosscut earl ier skarnoid and poikolitic 

garnet but appear contemporaneous with the main deposit ion of mass ive pyroxene- I 

garnet skarn. Apatite occurs most often as euhedral grains d isseminated in skarn 

hosted by carbonate-r ich protolith. P lag ioc lase and sphene are minor, fine grained 

components of the skarn. 

At the marble line (Fig. 9 ) , the outer most extent of calc-si l icate skarn is marked by 

sil icif ication of marble that may extend severa l meters away from the skarn contact as 

irregular pods of fine gra ined quartz resembl ing a s i l iceous hornfels. 

Sil icif ication also occurs well beyond the marble line where diorite sills c ross cut the 

underlying l imestone. D isseminated within this marble are minor amounts of ilmenite 

and rutile. The carbonate is completely recrystal l ized and partially replaced by quartz. 

Chlor i te, calci te, wollastonite and sulf ides, consist ing of arsenopyri te, pyrrhotite and 

chalcopyr i te, replace the quartz. 

C o a r s e potass ium feldspar is a lso noted in the lower portion of the skarn zone , 

most abundant near the marble line where it occurs with calcite and quartz and is later 

than pyroxene and garnet skarn. Sil icif ication and potassium feldspar alteration is also 
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reported in the "upper s i l iceous beds" overlying the Nickel Plate deposit where the 

host is predominantly thinly bedded crystal tuffs and clastic-r ich sediments (Ray et a l , , 
i 

1988). 

Retrograde alteration of pyroxene-garnet skarn to a lower temperature, hydrous 

sil icate assemb lage is not significant in the Nickel Plate deposit . -Ferroan-wollastonite, 

containing up to 5.09 wt percent F e O (Table 3) appears to be assoc ia ted with the 

latest s tage of mass ive skarn where it occurs in f ibrous clusters replacing minor 

amounts of garnet and pyroxene in both diorite and exoskarn . Local ly, mass ive 

epidote rep laces endoskarn , as in the steeply dipping South dike (Fig. 9), which 

contains approximately 70 percent epidote replacing phenocrysts and matrix. Calc i te, 

quartz, prehnite, c l inozoisi te, rutile and chlorite are also present in minor to trace 

amounts as late c ross cutting veinlets and alteration products of pyroxene and garnet. 

However , the limited nature of this alteration compared to gold skarn deposi ts near I 

porphyry sys tems (e. g. Fortitude and M c C o y N V , Myers and Meinert, 1989; Brooks, 

et a l . , in preparation) and the copper skarns at Whi tehorse, Y T (Meinert, 1986), 

separa tes the Nickel Plate deposit from those skarns exhibiting significant retrograde 

alteration. 

Scapolite 

Scapol i te is found in varying quantit ies throughout the deposit as an alteration 

product of p lag ioc lase phenocrysts in the sil ls, with gold-sulf ide mineral ization in ore 

zone exoskarn and as subhedral poikolitic crystals in marble beyond the outer limits of 

skarn formation. Do lmage and Brown (1945) report that scapol i te in the prophyry sills 

is Na-r ich (dipyre, Mar ia l i te 7 3- Meionite27) which suggests this alteration could have 

resulted from Na-CI metasomat ism of intermediate p lagioc lase. Ray et al . (1986) 

report a more ca lc ic variety, mizzonite, as solution cavity fillings in the Copperf ie ld 

conglomerate which immediately overl ies the Hedley Format ion. 
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Qualitat ive energy d ispers ive X-ray analysis (Kevex) of scapol i te from marble 

underlying the ore zone indicates a more meionitic composi t ion with a relatively low 
i 

N a / C a ratio. Scapol i te is a lso reported in marble at the Duchess mine in the Cloncurry 

district of northwestern Queens land , Austra l ia (Edwards and Baker , 1954), but there it 

has a diapyric composi t ion. It is assoc ia ted with a sequence of scapol i te-pyroxene 

granul i tes formed through Na-metasomat ism of ca lcareous sha les during regional 

metamorph ism. The authors conc luded that in the Cloncurry district, the formation of 

Na-r ich scapol i te in marble rather than Ca- r ich scapol i te, which would be expected, 

was a function of A l activity because of the coupled substitution of N a + 1 - S i + 4 = C a + 2 -

A I + 3 . A long these l ines, the Ca-r ich scapol i te found in marble at Nickel Plate could be 

the result of abundant A l re leased by the C a - N a alteration in endoskarn sill margins. 

Sulfide mineralogy and ore formation \ 

Sul f ides and related gold mineralization in the Nickel Plate ore body are often 

accompan ied by scapol i te deposi t ion, all of which continue past the main period of 

pyroxene-garnet skarn formation. Al though sulf ides were also deposi ted prior to and 

after this main period of gold deposi t ion, they are not general ly abundant and except 

for some isolated mass ive occur rences, are usual ly not present in quantit ies greater 

than 5-7 percent. 

The sulf ides present in decreas ing order of abundance are: arsenopyri te, pyrrhotite, 

chalcopyr i te, pyrite, sphaleri te, hedleyite, native bismuth, go ld, ga lena , maldonite 

( A u 2 B i ) and loellingite. Arsenopyr i te is economical ly the most important sulfide 

present, occurr ing both prior to, and directly assoc ia ted with gold deposi t ion. Camse l l 

(1910) reports its distribution is w idespread, being found in all igneous rocks of the 

district, in sed iments near intrusive contacts and as a primary constituent in volcanic 

rocks of the R e d Mountain (Whistle Creek) Format ion. He descr ibes two generat ions 

of arsenopyr i te; the later being less crystal l ine, having a bluish tint and "more often an 
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indication of good gold va lues than the well crystal l ized forms". Early arsenopyri te 

appears as euhedra l rhombs up to 1-2 mm long and is assoc ia ted with pyrrhotite and^ 

trace amounts of chalcopyri te in endoskarn. In sediments , the above associat ion is 

not as strong, as it commonly occurs as isolated rhombs poikolitically enclos ing 

remnant si ltstone and early skarnoid pyroxene. 

Mineral izat ion occurs in all rock types in the Hedley district but is most abundant 

and highest grade in pyroxene-dominant skarn. The main stage of gold deposit ion is 

often character ized by coarse grained scapol i te and arsenopyri te which contains 

inclusions of pyrrhotite, chalcopyr i te, Bi-tel lurides, gold and ga lena. The scapol i te, 

which compr ises <10 percent of the ore-bearing skarn , forms coarse anhedral 

m a s s e s enc los ing pyroxene and garnet in exoskarn , but is finer grained and 

preferentially rep laces plagioclase phenocrysts in the endoskarn . Arsenopyr i te, in 

contrast to its earl ier occur rence, is not poikolitic and anhedral forms are most I 

c o m m o n . It contains up to 0.73 wt percent Bi and 4.15 wt percent C o (Table 4). 

Bismuth-tel luride mineral izat ion occurs as inclusions of hedleyite, native bismuth, and 

maldonite. In pol ished sect ion, visible gold grains up to 35 microns ac ross a lways 

occur with hedleyite, both as inclusions or as fracture fillings in arsenopyri te. Go ld or 

hedleyite surrounded by calc-si l icate gangue without sulf ides is exceedingly rare. Go ld 

f ineness ranges from 770-860 (Table 4). 

Pyrrhotite appears to be the only significant sulfide to be deposi ted after the main 

period of gold deposi t ion. It occurs in late c ross cutting veinlets with prehnite and 

petrograhic ev idence suggests this late pyrrhotite replaces pyroxene, arsenopyri te and 

chalcopyr i te. 

Skarn zonation 

Skarn in the Nickel Plate deposit is distinctly zoned in terms of: 1) garnet and 

pyroxene abundance ; and 2) pyroxene composi t ion; and shows only a weak zonat ion 
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in garnet composi t ion. Garnet is most abundant adjacent to the eastern margin of the 

Toronto Stock where it consti tutes almost 50 percent of the skarn (Figs. 9 and 10). 
4 

This results in an average garnet/pyroxene ratio of about 1.1:1, with local , calcite-rich 

sed iments containing garnet/pyroxene ratios greater than 10:1. Eastward towards the 

ore z o n e , the garnet/proxene ratio rapidly dec reases to less than 1:5, with areas of 

almost pure pyroxene skarn occurring in the upper portion of the drill holes furthest to 

the east . 

Var iat ion in garnet and pyroxene composi t ion across the deposit is illustrated in 

Figure 11. Garnet shows a decrease in andradite content adjacent to the Toronto 

stock and in drill hole #262 on the eastern margin of the ore zone . Garnet therefore, is 

zoned about the South dike feeder zone and becomes Mn-rich and more a luminous 

both proximal to the Toronto stock and near the outer margin of the skarn envelope 

(Figs. 4 and 11). I 

Iron content of pyroxene from exoskarn is relatively constant from the Toronto 

stock to the western margin of the ore zone , averaging about Hd$2 (Fig. 11). East of 

the South dike the iron content increases sharply to H d ^ in drill hole #262. Thus as 

in garnet, pyroxene shows a composi t ional zonat ion relative to the South dike feeder 

zone exhibit ing proximal M g , and distal Mn+Fe-enr ichment. 

Summary 

Skarn deposi t ion in the Nickel Plate deposit is p receeded by isochemica l 

recrystal l ization of siltstone and marble. Biotite and pyroxene hornfels and skarnoid 

fol lows and overprints this early metamorphic recrystal l ization. Intrusive rocks are 

potassical ly altered and only display Mg-r ich pyroxene replacement of mafic 

phenocrysts during this early period of alteration. 

The main stage of skarn formation is character ized by dark g reen , Fe-r ich pyroxene 

skarn , lesser a luminous garnet, arsenopyri te and pyrrhotite; this main stage replaces 

all earl ier alteration, often resulting in complete destruction of original rock texture. 
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Sulf ide deposit ion cont inues past the main period of calc-si l icate skarn formation. 

G o l d is most abundant in pyroxene-r ich exoskarn and is intimately assoc ia ted with 
i 

arsenopyri te and Bi-telluride mineral izat ion. C o a r s e scapol i te often accompan ies the 

arsenopyr i te-Au mineral izat ion. 

The w idespread occurrence of scapol i te in the Nickel Plate deposit is unusual in 

skarn deposi ts . O n e explanat ion may relate the scapol i te to the C a - N a metasomat ism 

of diorite in the sill margins. The addition of N a to p lagioclase would re lease A l , which 

under favorable condit ions would react with C a in the hydrothermal fluids to form 

scapol i te. 

A n approximate correlation of time equivalent alteration s tages between the dioritic 

sills and d ikes of the Hedley intrusions and the sedimentary rocks of the Hedley 

Format ion is summar ized in Table 5. The spatial relat ionships of these alteration 

s tages is shown in Figure 12. A compar ison of the composi t ional and temporal I 

relat ionships between endoskarn and exoskarn alteration indicates that these two 

skarn types are quite similar in their gross mineralogy and alteration sequence . This 

may be the result of overprinting of diorite and sedimentary rock by a fluid-rich 

hydrothermal sys tem which evolved later than, and independantly of crystall ization of 

the Hedley sil ls and d ikes. 

Fluid Inclusion Study 

Ana l yses of fluid inclusions in skarn samp les from different locations in the Nickel 

Plate ore body were .used to estimate the temperature and salinity of the skarn 

forming fluids. 

Homogenizat ion and freezing temperatures were determined using a Fluid Inc. 

modif ied, U . S . G . S . gas flow heating/cool ing stage. Samp le preparation and 

calibration techniques and stage accuracy are descr ibed by Meinert (1984, 1987). 

Fluid inclusions from garnet, c l inopyroxene, quartz and scapol i te were ana lyzed. 

Discr iminat ion of primary versus secondary fluid inclusions fol lowed the recognition 
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criteria of Roedde r (1984). In contrast to many base metal skarns (Kwak, 1986), 

primary fluid inclusions are not abundant in the Nickel Plate skarn and when present, 
i 

are general ly less than 10 microns in diameter. Cl inopyroxene contained the most 

suitable inc lus ions for study, averaging 8 microns in diameter. They commonly occur 

as s ingle, isolated inclusions with a 1 c m X 1 c m chip often yielding only one or two 

inclusions. P lanar arrays of secondary inclusions are not present. In contrast, garnet 

conta ined numerous secondary inclusions making the identification of primary 

inclusions difficult. Inclusions in garnet a lso averaged less than 10 microns in diameter 

but owing to the coarser habit of garnet compared to c l inopyroxene, multiple 

inclusions were found in individual garnet crystals. 

The majority of the inclusions in garnet and cl inopyroxene are two phase liquid + 

vapor with an average vapor fill volume of 23 percent. Al l inclusions in c l inopyroxene 

and garnet homogen ized to a liquid upon heating, whereas in quartz, some inclusions} 

homogen ized to a vapor. No conclus ive ev idence for fluid boiling was found. Many 

inclusions decrepi tated prior to reaching their homogenizat ion temperature; data for 

these inclusions are only reported when shr inkage of the vapor bubble was sufficient 

to suggest homogenizat ion would occur within 20-30°C of the decrepitat ion 

temperature. 

Daughter minerals are present in <10 percent of the inclusions. Three types of 

daughters are observed , the most common occurr ing as subhedra l tabular grains with 

high birefr ingence is tentatively identified as nahcolite (Shepherd et. a l . , 1985). 

Al though rare, halite was identified in c l inopyroxene, garnet and quartz. Addit ionally, 

opaque daughters, too smal l for optical identification are found in c l inopyroxene and 

scapol i te. 

Al l primary fluid inclusions homogen ized over a temperature range of 210-730°C 

(Figs. 13A, 13B and 13C). Mean homogenizat ion temperatures for garnet and 

c l inopyroxene (Figs. 13A and 13B) are 384 and 368°C respectively. The highest 
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homogenizat ion temperatures (720-730°C) are from garnet in the lower portion of hole 

#514 which is adjacent to the Toronto Stock (Fig. 4). Homogenizat ion temperatures , 

up to 6 9 5 ° C also occur in c l inopyroxene from the bottom of hole #378, from exoskarn 

formed in the footwall of the South dike. 

Fluid inclusions in quartz homogen ized between 320-540°C and showed a 

systemat ic dec rease in temperature away from the Toronto Stock eastward to the 

edge of the ore zone (Fig. 13C) . Average homogenizat ion temperatures from quartz 

replacing marble at the marble line ranged from 514°C in the bottom of hole #514, to 

3 9 8 ° C in the bottom of hole #135 and 351 ° C in the bottom of hole #262. 

Scapol i te showed the lowest average homogenizat ion temperature (347.5°C), 

homogeniz ing in the range 320-400°C (Fig. 13C) . 

Fluid salinity w a s est imated from last ice melting temperatures using the equations 

of Sterner et al . (1988). Nine inclusions in garnet and cl inopyroxene y ie lded suitable I 

optical character ist ics to make this measurment . The remaining inclusions either were 

too smal l to view ice melting or showed no sign of freezing down to -175°C. In garnet, 

temperature of last melting of ice ranged from -24 to -4 .2°C with an average of -

16 .1°C, while in pyroxene the range was -9.5 to -2 .5°C with an average of -6 .6°C. 

This cor responds to an average salinity of 18.3 and 9.7 wt percent NaCI equivalent, 

respect ively. 

The rare p resence of halite daughters in c l inopyroxene and quartz indicates the 

skarn forming fluids conta ined greater than 26.2 wt percent NaCI equivalent for at least 

a part of their evolutionary history. This is supported by the low range of last melting of 

ice in garnet (-24°C) which also indicates NaCI saturation at s tandard condit ions 

(25°C, 1 bar). The temperature at which the halite daughters d issolve upon heating 

can be used to est imate total fluid salinity using the equation of Potter et al . (1977). 

For hali te-bearing inclusions in pyroxene and quartz from skarn , measured dissolution 

temperatures were 2 1 6 ° C and 296°C , respectively. This results in a total fluid salinity 
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of 32.7 wt percent NaCI equivalent in pyroxene and 37.9 wt percent NaCI equivalent in 

quartz. 
i 

The depth of skarn formation in the Hedley district is not well constra ined. A 

genera l lack of brecciat ion and veining in the skarn and an absence of near surface 

vo lcanic express ion of the Hedley intrusions suggest a depth >3 km (Burnham and 

Ohmoto , 1980). Converse ly , the inequigranular, weakly porphyritic texture of the sills 

and the lack of high temperature/pressure metamorphism of Hedley Formation 

sed iments prec ludes a deep level of skarn formation such as the 7-15 km est imated for 

some W-ska rns (Newberry, 1982). These general geologic constraints suggest an 

intermediate depth of skarn formation between 3 and 7 km. Therefore, in order to 

est imate the approximate pressure of skarn formation, a depth of 5 km for the Nickel 

Plate skarn deposit is a s s u m e d . Using a density of 2.70 g e m " 3 for lithostatic 

overburden and 1.00 g e m " 3 for hydrostatic head, a maximum (lithostatic) pressure of| 

1324 bars and a minimum (hydrostatic) pressure of 491 bars is est imated. The 

prevail ing pressure at the time of skarn formation was probably c loser to lithostatic 

pressure due to the features descr ibed above. Therefore, a value of 1 kbar is 

cons idered a c lose approximation of the pressure during skarn formation. Us ing this 

est imated pressure, the temperature correction d iagrams of Potter et a l . (1977) yield 

temperature correct ions of 95 and 9 8 ° C for fluid inclusions in garnet and pyroxene, 

respectively. This p laces the average temperature of formation for pyroxene-garnet 

skarn between 460-480°C and the highest temperatures in the range of 700-800°C. 

Discussion 

The different styles of alteration present in the Nickel Plate deposit exhibit 

systemat ic variat ions in mineralogy and geochemistry. However , extensive 

overprinting of multiple protoliths along with the numerous fluid channe ls offered by 

the many si l ls, d ikes and stocks present in the Hedley district, results in an alteration 
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pattern which is not as strongly or uniformly zoned as some other base and precious 

metal skarns descr ibed in the literature (Groundhog Z n - P b deposit , Meinert, 1987; 

Fortitude A u deposit , Myers and Meinert, 1989; Ca r r Fork C u - A u deposit , Atk inson and 

E inaud i , 1978, C a m e r o n and Ga rmoe 1987; and MacTung W - C u deposit , Dick and 

Hodgson , 1982). Nonethe less , the spatial , temporal and geochemica l variations can 

be used to construct a model illustrating the evolution of skarn and gold mineralization 

at Nickel Plate. 

Skarn mineralogy and zonation 

The large amounts of hedenbergit ic pyroxene and subordinate amounts of 

grossulari t ic garnet that form exoskarn in the Nickel Plate ore body were deposi ted 

under more reduced condit ions than typically found in skarns related to porphyry-Cu 

sys tems. This is i l lustrated in Figure 14 (modified from Einaudi , 1982) which shows the 

composi t ional range and average va lues for pyroxene and garnet from exoskarn in the 

Nickel plate ore zone . Garnet and pyroxene from Nickel Plate are clearly distinct from 

garnet and pyroxene found in porphyry-Cu skarns and plot in the reduced region 

character ized by Sn+W-skarns (Einaudi, 1982). A n important feature of Sn+W-skarns 

is their reduced calc-si l icate and sulfide mineral assemb lages which clearly separate 

them from C u - , F e - and Z n - P b skarns (Einaudi et a l . , 1981). 

The overal l trend of Nickel Plate skarn mineral zonat ion is centered on the locus of 

diorite d ikes, such as the South dike, in the ore zone . A s was illustrated in Figure 11, 

pyroxene becomes more manganese , and iron-rich and garnet becomes more 

a luminous away from this skarn center in the ore zone . Th is zonat ion pattern is 

thought to reflect the dominant flow pattern of hydrothermal fluids. Th is pattern 

contrasts sharply with the progressive dec rease in garnet-pyroxene ratio away from 

the Toronto stock (Fig. 10). A general dec rease in garnet-pyroxene ratio away from a 

central pluton occurs in most skarn sys tems and is thought to reflect overall 
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temperature/metasomat ic gradients (Einaudi, et a l . 1981). These skarn mineral 

zonat ion patterns in the Nickel Plate deposit suggest that there were two dominant 
i 

paths of fluid flow: one outward from the Toronto stock along permeable hor izons and 

diorite sill contacts, and a second outward from the locus of d ikes, such as the South 

dike, in the ore zone . Further ev idence for complex fluid flow paths is provided by 

spatial correlat ion trends of skarn mineral composi t ions. 

Py roxene from the ore zone in the Nickel Plate deposit exhibits a correlation 

between iron and manganese content which is different from pyroxene nearer the 

Toronto stock, outside the ore zone (Fig. 15). M a n g a n e s e enrichment in ore zone 

pyroxene is proportional to the hedenbergite content, a trend which can be 

approx imated by the relat ionship: mole percent Jo=0.04 x mole percent Hd + 0.4. In 

contrast, manganese content in the majority of pyroxene from outside the ore zone 

(drill hole #514 and #413, F igs . 4 and 15), is higher overal l and inversely proportional | 

to the hedenbergi te content. The enrichment of iron and manganese in pyroxene from 

the distal parts of a skarn sys tem has been reported for many different skarn types 

(e.g. C u skarns - C a n a n e a , Mex ico , Meinert, 1982; Fe skarns - Vancouver Island, 

British Co lumb ia , Meinert, 1984; Z n - P b skarns - Groundhog , New Mex ico , Meinert, 

1987), however the increase in manganese with a dec rease in iron as observed in the 

Nickel Plate sys tem outside the ore zone , is fairly unusual . 

Garnet composi t ions are more variable than pyroxene but still suggest two separate 

skarn mineral populat ions. In contrast to pyroxene, the manganese content of garnet 

from the ore zone is inversely proportional to the iron content (mole % Py=-0.01 A d + 

1.5). The negative correlation between manganese and iron is less strong in garnets 

from outside the ore zone (Fig. 16). These two discreete skarn mineral populat ions, 

one in the ore zone and one distal to the ore zone , are thought to result from 

independent fluid flow paths because there are no significant systemat ic dif ferences 

between the skarn protoliths. C h a n g e s in the oxidation/sulfidation state could explain 
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some of the partitioning of F e - M n between garnet and pyroxene but not the reversal in 

composi t ion trends observed between the different parts of the deposit . Further 

ev idence for multiple fluid flow paths in the Nickel Plate skarn sys tem will be presented 

later in the sect ions on fluid inclusion and sulfide mineralogy. 

Fluid inclusion data 

Fluid inclusion homogenizat ion temperatures in pyroxene and garnet suggest that 

the skarn-forming hyrdrothermal fluids were d ispersed from two separate locations 

that are currently represented by homogenizat ion temperature highs. This is illustrated 

in F igures 17a and 17b which are contoured c ross sect ions of average fluid inclusion 

homogenizat ion temperatures in garnet and pyroxene, respectively. A locus of high 

homogenizat ion temperatures in garnet are found in hole #514 adjacent to the 

Toronto stock; whereas , the highest average temperatures in pyroxene are from the \ 

bottom of hole #378, at the intersection of a thick sill and the South dike (Fig. 17b). 

Ave rage homogenizat ion temperatures in pyroxene appear to increase with depth 

(Fig. 18). However , no systemat ic variation in pyroxene homogenizat ion temperatures 

with d is tance from the nearest sill has been observed. These observat ions along with 

the high homogenizat ion temperatures in ore zone pyroxene and from garnet near the 

Toronto stock, suggest that the bulk of skarn forming fluids originated at depth and 

were channe led along dike contacts in the ore zone and along the margin of the 

Toronto stock to the west, rather than directly from the dikes and sills themselves. 

This is consistent with: 1) the large amount of skarn formed from sills and d ikes, 2) the 

high garnet /pyroxene ratios found nearer the stock, and 3) the Mn-enr ichment 

observed in pyroxene both at the stock contact and in the ore zone , near the marble 

line (see F ig . 23). 
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Geochemistry 

A n est imate of oxygen and sulfur fugacit ies during the main period of Fe-r ich 

pyroxene skarn deposit ion is shown in Figure 19. The stability f ields of major ca lc-

sil icate and sulfide minerals are drawn at 5 0 0 ° C and XCC>2=0.1. The common 

occurrence of hedenbergit ic pyroxene, pyrrhotite and arsenopyri te, and the absence 

of the assemb lage andradite-quartz pyrrhotite in the Nickel plate deposit limits log f S 2 

to the range -6.5 to -7.8. The range of oxygen fugacity is limited by the abundance of 

pyrrhotite with hedenbergit ic pyroxene skarn and the near absence of magnetite and 

graphite resulting in a log f 0 2 of approximately -22 to -25. The stability field of the 

hedenbergi t ic skarn in the Nickel Plate deposit is shown as the cross-hatched area in 

Figure 19. 

A genera l increase in the Fe-content of pyrrhotite occurs from west to east across 

the deposi t (Fig. 20a). The sporadic associat ion of pyrite with pyrrhotite indicates .thatI 

formation of these two minerals in the Nickel Plate deposit occurred at a S 2 and T 

condit ions which at least in part, def ines the pyrite + pyrrhotite univariant curve shown 

in Figure 20b. A l so shown is a cool ing path from higher temperature, low-Fe pyrrhotite 

found nearer the Toronto stock (point A) , to lower temperature, h igh-Fe pyrrhotite, 

occurr ing distal to the stock near the marble line (point B). Th is indicates fluids from 

which pyrrhotite and pyrite were deposi ted, had an average temperature range and 

sulfur activity of 600-650°C and log a S 2 = - 2 proximal to the Toronto stock and 

< 4 0 0 ° C and log a S 2 = - 7 to -8 at the marble line. 

The high average temperatures obtained from pyrrhotite composi t ion near the 

Toronto stock cor respond well with fluid inclusion homogenizat ion temperatures of up 

to 7 3 0 ° C in garnet from the same area. Within the ore zone , homogenizat ion 

temperatures of up to 6 9 5 ° C occur in pyroxene; while the highest average 

temperature est imated by pyrrhotite composi t ion is in excess of 5 0 0 ° C (Hole #135, 

F ig. 20b). Thus , fluid inclusion homogenizat ion temperatures are consistent with 
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temperatures calculated from pyrrhotite composi t ion, especia l ly when it is cons idered 

that the pyrrhotite temperatures are averages for each drill hole, individual pyrrhotite 

ana lyses as low as 45.0 atom percent F e within the ore zone and adjacent to the 

Toronto stock indicates temperatures of pyrrhotite deposit ion in e x c e s s of 7 0 0 ° C for 

these areas . 

Hedleyi te, gold, b ismuth, and maldonite commonly occur together as inclusions in 

arsenopyri te and are found only within skarn in the ore zone (Fig. 9). The presence of 

hedleyite indicates a max imum temperature of last equil ibration for this assemb lage of 

3 1 2 ° C ; while the separat ion of maldonite into its low temperature assemb lage , Au + 

B i , indicates that part of this mineralization cont inued to as low as 113°C (Barton and 

Skinner , 1979). A temperature range of 113-312°C for Au -B i mineralization is lower 

than that est imated for arsenopyri te deposi t ion. This is il lustrated in Figure 21 , a log 

a S 2 - T d iagram, showing the stability field of arsenopyri te and the variation in arsenic \ 

content with T and sulfur activity. Arsenopyr i te contains between 32.7 and 35.9 atom 

percent A s indicating an approximate temperature range of 400-550°C for this 

mineral izat ion. In the ore zone , arsenopyri te has a higher arsen ic content than 

arsenopyri te in drill holes #514 and 413 nearer the Toronto stock, which reflects a 

slightly higher temperatures during the main period of sulfide deposit ion (Fig. 21). 

Sulfur activity for the range of arsenopyrite composi t ions plotted in Figure 20 var ies 

from -4 to -10 log a S 2 , which is a lso approximately the s a m e range for pyrrhotite 

deposi t ion below 5 0 0 ° C (Fig. 20B) . Accordingly, the majority of arsenopyri te was 

deposi ted under similar condit ions of T and sulfur activity as at least some of the 

mass ive pyroxene skarn. 

Petrographic ev idence indicates that the bulk of Au -B i mineral ization is 

con temporaneous with arsenopyri te deposi t ion; whereas , mineral stability 

relat ionships indicate the Au-B i mineralization equil ibrated at temperatures 200-400°C 

below those for arsenopyri te. Therefore, Au-B i mineralization was probably 
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precipitated from the hydrothermal fluid during the main period of pyroxene-

arsenopyri te deposi t ion, being contained as lattice consti tuents of the arsenopyri te at , 

e levated temperatures. A s the system coo led , the hedleyite, gold and bisntuth 

exso lved from the arsenopyri te at temperatures approximately below 312°C . 

A range of sulfur activity for Au-B i mineral ization can be est imated using the sulfide 

mineral stability f ields shown on the log f 0 2 - l o g f S 2 d iagram f o r T = 3 0 0 ° C in Figure 22. 

The p resence of native bismuth rather than bismuthinite, and minor amounts of pyrite 

with pyrrhotite, p laces an approximate upper limit on this mineralization log f S 2 = -10. 

A lower limit of log f S 2 = - 1 5 can be further est imated by the dominance of arsenopyrite 

over the assemb lage pyrrhotite+loellingite. 

Summary and Conclusions 

The Nickel Plate gold skarn deposit is character ized by hedenbergite pyroxene, t 

a luminous garnet, arsenopyr i te, and Au-Bi-tel lur ide mineralization which overprints 

earl ier recrystal l ized sediments and biotite and pyroxene skarnoid. The bulk of the 

pyroxene-r ich skarn formed in the temperature range of 375 -575°C (pressure 

corrected) with temperatures locally as high as 700-800°C. This indicates the Nickel 

G P l a t e deposit formed at temperatures moderately higher than observed at ferrous and 

base metal skarns (Kwak, 1986; Meinert, 1984, Einaudi et a l . , 1981). The 

temperatures encountered at Nickel Plate may also be higher than those found at 

other gold skarn deposi ts (Myers and Meinert, 1989; Torrey, 1986) although the 

amount of fluid inclusion data avai lable from these deposi ts is very limited. 

Mineral stability relationships indicate that the hedenbergite skarn formed under a 

log f S 2 range of -7.8 to -6.5 and a log f 0 2 of -25 to -22. A similar temperature range of 

450-550°C and log f S 2 of -10 to -4 is est imated for arsenopyri te deposit ion based on 

composi t ional data. Var iat ions in pyrrhotite compost ion yield an average temperature 

for this mineral izat ion of 600-650°C and log a S 2 = -2 proximal to the Toronto stock, 
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and temperatures <400°C and log a S 2 = -7 to -8 at the marble line. The Au-hedleyi te-

Bi ore assemb lage indicates a temperature range of 113-312°C and log f S 2 of -15 to -

10. Petrographic ev idence suggests the Au-B i -Te mineralization was deposi ted with 

the arsenopyr i te, possib ly as a lattice constituent, and equil ibrated to its current 

assemb lage with falling temperatures. Thus it appears that the bulk of pyroxene-

garnet-pyrrhoti te-arsenopyrite skarn formed above 375°C , whereas the Au-B i -Te ore 

minerals last equi l ibrated, or possibly first precipitated, below this temperature. 

The c lose associat ion of arsenopyri te, gold and Bi-telluride mineral ization in the 

Nickel Plate deposit as well as that reported from other gold skarns (Torre, 1986; 

Meinert, 1988; Kuyper , 1988; Myers and Meinert, 1989; Ettlinger and Ray , 1989) 

separate these deposi ts from base and ferrous metal skarns. However , the large 

amounts of pyrrhotite and notable absence of iron ox ides at Nickel Plate suggests this 

deposit exper ienced more reducing condit ions than most other gold skarns. I 

Minera log ica l , geochemica l and fluid inclusion data from Nickel Plate indicates the 

p resence of two primary channels for d ispersion of hydrothermal fluids originating at 

depth (Fig. 23). The eastern contact of the Toronto stock acted as one of these fluid 

conduits resulting in high garnet/pyroxene ratios, high homogenizat ion temperatures 

and Al-enr ichment in garnet proximal to the stock, and the progressive decrease in 

temperature away from the stock as indicated by pyrrhotite composi t ion. 

A second channe l for the skarn-forming fluids occurred near the ore zone along the 

margin of steeply dipping d ikes, most notably the South dike. A n apparent thickening 

of sills in the ore zone and an increase in the percentage of diorite making up the 

stratigraphic sect ion there, suggests this South dike also acted as a major feeder to 

the Hedley sil ls. Fluid flow along these d ikes resulted in the observed high 

homogenizat ion temperatures in pyroxene, Mn-enr ichment in pyroxene east and west 

of this dike, and the sharp rise in Fe-content of pyroxene towards the eastern margin 

of the ore body. Two populat ions of pyroxene displaying different J o / H d ratios and 
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Mn-contents are probably a lso the result of skarn deposit ion from fluids migrating from 

these two fluid condui ts. 
i 

G o l d skarns , as a c l ass of ore deposit , are becoming increasingly important as high 

grade sources of go ld (Meinert, 1988). B a s e d upon this study, the first of a major 

producing gold skarn , the most important exploration features of a Hedley-type system 

are: 

1) Clast ic- r ich sedimentary sequence deposi ted in an ocean ic back-arc environment. 

A reduced wall rock assemb lage containing organic-r ich, thinly interbedded l imestones 

with tuf faceous and ca lcareous siltstone or argillite, is most favorable. 

2) Sma l l mafic bodies of sub-alkal ic , calc-alkal ine quartz diorite and diorite which form 

porphyrit ic si l l /dike swarms and/or equigranular plug-like bodies. 

3) Ear ly hornfelsing and development of skarnoid in the sedimentary protolith. This 

may consis t of biotite, k-spar, Mg-r ich pyroxene or quartz hornfels which with time, I 

evo lves into extensive replacement of sedimentary and igneous rocks by skarn. 

4) Ska rn cons is ts dominantly of hedenbergit ic pyroxene with lesser grandite garnet, 

and subordinate amounts of scapol i te, calci te, wollastonite, k-spar, quartz, biotite, 

prehnite, apatite, sphene , p lag ioc lase, epidote, rutile, cl inozoisi te and chlorite. A 

reduced, low total-sulfur ore bearing assemb lage consist ing of one or more of the 

fol lowing: arsenopyrite-pyrrhoti te-Bi tel lur ides-Au-native B i . Large amounts of sulf ides 

are not required. 

5) Moderate to high fluid salinit ies (10 - >25 wt % NaCI equivalent) and high fluid 

inclusion homogenizat ion tmeperatures (400-700°C) in pyroxene and garnet skarn. 

6) Al though the number of different skarn minerals present is relatively smal l , a 

complex mineral distribution and geochemica l zonat ion pattern results from dispersion 

of hydrothermal fluids along numerous intrusive and sedimentary contacts, and skarn 

replacement of a stratigraphically complex protolith. 
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Tab le 1. Representat ive electron microprobe ana lyses of biotite, amphibole and 
p lag ioc lase alteration products in endoskarn . * 

Table 2. Representat ive electron microprobe ana lyses of pyroxene from the Nickel 
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F ig . 1. Locat ion and surface geology of the Hedley district (compiled from Monger 
and Pr ice , 1979; Ray et a l . , 1988; and Gabr ie lse and Yora th , 1989). 

F ig . 2. Geochemis t ry of the Hedley intrusions compared to porphyry-Cu and other 
related plutons. A . Alkal i -s i l ica plot illustrating the is land-arc affinity of the Hedley . 
intrusions. B. A l k a l i - C a O ternary d iagram further showing the similarit ies between * 
Paci f ic and Car ibbean is land-arc plutons and the Hedley intrusions. C . Or thoc lase-
quar tz-p lagioc lase normative ternary illustrating the orthoclase-quartz def ic iency of the 
Hedley intrusions relative to porphyry-Cu plutons. The Hedley intrusions are most 
similar to intrusions assoc ia ted with F e - A u skarns in A l a s k a . D. Normative 
classi f icat ion of plutonic rocks after St recke isen and Le Maitre (1979) showing the 
quartz diorite nature of the Hedley intrusions and their distinction from W-skarn 
granitoids. Hedley data from Ray et a l . , 1988, other data adapted from Titley and 
B e a n e , 1981 ; and Newberry and S w a n s o n , 1986. 

F ig . 3. Sur face geology of Nickel Plate Mt (Mascot Go ld Mines Ltd. staff geologists). 
Line of sect ion A - B - C (Fig. 4) and approximate location of current open pit is a lso 
shown. 

F ig . 4. C r o s s sect ion through the Nickel Plate deposit (see F ig . 3 for location). 

F ig . 5. Photomicrographs of alteration styles in Hedley intrusion diorite. A . Remnant 
diorite from core of thick si l l . B. Early Mg-r ich pyroxene replacing igneous amphibole. 
C . Pyroxene-K-spar-pyrrhot i te veinlets cutting diorite. D. Mass i ve pyroxene-garnet 
skarn replacement of diorite. Note complete destruction of igneous texture. 

F ig . 6. Compar i son of hydrothermal biotite in the Nickel Plate deposit with biotite from 
the S a n t a Ri ta (Jacobs and Parry, 1979) and M c C o y Creek (Link, 1985) porphyry 
copper deposi ts and the K a l z a s wolframite vein deposit (Lynch, 1985). 

F ig . 7. Compos i t ion of endoskarn pyroxene formed in the Hedley intrusions. S e e text 
for d i scuss ion . 

F ig . 8. Compos i t ion of garnet (A) and pyroxene (B) from the Nickel Plate deposit . 



Fig. 9. Distribution of skarn minerals and sul f ide-Au mineral ization in the Nickel Plate 
deposit . 

F ig . 10. Variat ion in garnet and pyroxene abundance ac ross the deposit . * 

F ig . 11. Compos i t iona l variation in garnet (mole % Ad) and pyroxene (mole % Hd and 
Jo) ac ross the Nickel Plate deposit . 

F ig . 12. Ske tch illustrating spat ial relat ionships between endoskarn and exoskarn 
alteration styles in the Nickel Plate deposit . 

F ig . 13. Fluid inclusion homogenizat ion temperatures of garnet (A), pyroxene (B) and 
quartz and scapol i te (C) from the Nickel Plate deposit . 

F ig . 14. Plot of mole fraction Hd versus mole fraction A d illustrating the similarities in 
the reduced nature of calc-si l icate skarn from W-ska rns and the Nickel Plate deposit 
relative to porphyry-Cu skarns (porphyry-Cu and W-skarn data from Einaudi , 1982 and 
quoted sources) . 

F ig . 15. Hedenbergi te versus johansennite composi t ion of exoskarn pyroxene from 
the Nicke l Plate deposit . Two populat ions of pyroxene are represented by the 
composi t ional trend found in the ore zone , and from the d ivergence from this trend of 
pyroxene nearer the Toronto stock. 

F ig . 16. Andradi te ve rsus pyralspite composi t ion of garnet from the Nickel Plate I 
deposit . A s in pyroxene (see F ig . 15), two populat ions of garnet are also suggested. 

F ig . 17. Contoured c ross sect ion of average fluid inclusion homogenizat ion 
temperatures for garnet (A) and pyroxene (B). S e e text for d iscuss ion . 

F ig . 18. Variat ion in pyroxene fluid inclusion homogenizat ion temperature with depth in 
two drill ho les from the Nickel Plate deposit . 

F ig . 19. Log f 0 2 - L o g fSo d iagram showing stability f ields of major calc-si l icate and 
sulf ide minerals at 5 0 0 ° C and X C O 2 = 0 . 1 . Stability field of hedenbergit ic skarn at 
Nicke l Plate shown as shaded area. Mineral stabilit ies from Meinert (1980). 

F ig . 20 . A . Variat ion in F e and S-content of pyrrhotite ac ross the Nickel Plate deposit . 
B. Compos i t ion of pyrrhotite in atom percent F e as a function of T-log f S 2 from Barton 
and Sk inner (1979). Heavy line with arrow shows a cool ing path from higher 
temperature, low-Fe pyrrhotite found near the Toronto stock (point A ) , and lower 
temperature, h igher-Fe pyrrhotite from near the marble line (point B). 

F ig . 21 . Variat ion in A s content of arsenopyri te as a function of T- log f S 2 from 
Kre tschmar and Scott (1976). S h a d e d a rea shows range of arsenopyri te composi t ions 
from the Nicke l Plate deposit . 

F ig . 22. Log f 0 2 - L o g fS2 d iagram at T = 3 0 0 ° C showing stability f ields of major sulfide 
minerals found in the Nickel Plate deposit . S h a d e d a rea shows stability field of A u -
sulf ide a s s e m b l a g e from the deposit . Mineral stability f ields from Barton and Skinner 
(1979) and quoted sou rces therein. 



Fig. 23. D iagram summar iz ing temperature, mineralogical and geochemica l patterns 
observed in the Nickel Plate deposit . A lso shown are possib le hydrothermal fluid 
paths which are sugges ted by the indicated patterns. S e e text for detai led d iscuss ion. 



Table 1. Representat ive electron microprobe analyses of biotite, amphibole and 
plagioclase alteration products in endoskarn. 

M i n e r a l B i o t i t e B i o t i t e fimph. flmph. P l a g . P l a g . 
D e s c r i p t i o n 1 1 2 3 4 5 
Samp1e * 1 9 5 . 2 5 . 0 1 9 5 . 2 5 . 0 1 9 5 . 2 5 . 0 1 9 5 . 2 5 . 0 1 9 5 . 2 5 . 0 1 9 5 . 2 5 . 0 

NaO 0. 12 0.05 2 . 0 0 0 . 2 6 3 . 5 5 8 . 3 5 
F e O * 1 8 . 0 0 2 1 . 5 5 1 3 . 8 0 11. 19 0.51 0.08 
K 2 0 9 . 2 9 9.61 0.43 0. 12 0.08 0.24 

S i 0 2 3 3 . 3 5 3 5 . 6 7 4 5 . 9 8 5 4 . 4 7 5 0 . 9 4 6 0 . 6 9 
CaO 0. 10 0.01 1 1 . 9 7 1 2 . 7 3 1 3 . 8 5 5 . 4 3 

ft 1203 2 0 . 4 2 18.88 9.57 1.78 3 0 . 4 9 2 4 . 0 3 
T i 0 2 0 . 5 0 1.75 1.00 0.04 0 . 0 5 0.00 
MgO 1 2 . 3 6 7.66 1 2 . 5 7 1 6 . 3 0 0.06 0.01 
MnO 0. 11 0.80 0.25 0. 11 0.05 0.02 
OH 3.91 3.92 - - - -

T o t a l 9 8 . 16 9 9 . 8 9 9 7 . 5 6 9 6 . 9 9 9 9 . 5 7 9 8 . 8 4 
* f i l l i r o n a s F e O 
— n o t d e t e r m i n e d 

Number o F I o n s 
Na 0 . 0 3 0.02 0.57 0 . 0 7 0.31 0 . 7 3 
F e 2 . 3 1 2 . 7 6 1.70 1.35 0.02 0.00 
K 1.82 1.88 0.08 0 . 0 2 0.00 0.01 

S i 5 . 1 2 5.46 6.78 7.84 2 . 3 3 2 . 7 3 
C a 0 . 0 2 0.21 1.89 1.96 0.68 0.26 
fil 3 . 7 0 3.41 1.66 0 . 3 0 1.65 1.27 
T i 0 . 0 6 0.20 0.11 0 . 0 0 0.00 0.00 
Mg 2 . 8 3 1.75 2 . 7 6 3 . 5 0 0.00 0 . 0 6 
Mn 0.01 0.10 0.03 O . O l 0.00 0.06 
OH 4 . 0 0 4.00 

1 9 . 9 0 19.58 1 5 . 5 8 1 5 . 0 6 5 . 0 0 5.01 

fib 3 1 . 5 7 2 . 6 
O r 0.5 1.4 
fin 6 8 . 0 2 6 . 0 

D e s c r i p t i o n s : 
1 — R e p l a c e s a m p h i b o l e 
2 — R e m n a n t i g n e o u s a m p h i b o l e 
3 — S e c o n d a r y a m p h i b o l e 
4 — P r i m a r y p h e n o c r y s t 
5 — S e c o n d a r y p l a g i o c l a s e o n s i l l m a r g i n 



Table 2. Representat ive electron microprobe ana lyses of pyroxene from the Nickel 
Plate deposit. 

D e s c r i p t i o D i s t a l D i s t a l M n — r i c h M n - r i c h M n — r i c h M n — r i c h M a s s i v e M a s s i v e 
P r o t o l i t h L i m e s t o n e L i m e s t o n e S i l t s t o n e S i l t s t o n e L i m e s t o n e S i l t s t o n e S i l t s t o n e S i l t s t o n e 
S a m p l e * 2 6 2 . 1 2 7 . 7 2 6 2 . 1 2 7 . 7 5 1 4 . 3 6 0 5 1 4 . 3 6 0 1 3 5 . 1 4 1 . 7 2 6 2 . 9 6 . 2 1 9 5 . 2 0 . 7 2 6 2 . 3 8 . 5 

N a 2 0 0 . 4 3 0 . 2 9 0. 15 0.07 0.02 0.05 0 . 0 9 0. 11 
F e O * 0 . 0 0 0.28 1 1 . 3 9 1 1 . 4 7 2 3 . 7 5 2 3 . 0 1 2 1 . 4 7 2 1 . 0 3 
K 2 0 0.00 0.00 0.03 0.00 0.04 0.01 0 . 0 2 0.00 
S i 0 2 5 5 . 11 5 4 . 74 5 2 . 0 8 5 2 . 2 3 4 9 . 5 9 5 0 . 11 5 0 . 2 3 4 9 . 3 2 
C a O 2 5 . 4 2 2 5 . 5 9 2 4 . 6 0 2 4 . 7 6 2 3 . 3 6 2 3 . 2 6 2 3 . 5 2 2 3 . 8 7 

fil 2 0 3 1.59 0 . 7 3 0. 18 0. 15 0.07 0.07 O. 1 0 0.23 
T i 0 2 0 . 0 6 0.02 0.02 0.01 0.00 0.01 o.qo 0.03 
MgO 17 . 17 1 7 . 5 4 9.90 9.68 2. 12 2.54 3 . 6 8 4.22 
MnO 0 . 0 9 0 . 0 9 2 . 2 5 2.41 1. 10 1.68 0 . 8 1 0.90 

T O T R L 9 9 . 8 7 9 9 . 2 8 1 0 0 . 6 0 1 0 0 . 7 8 1 0 0 . 0 5 1 0 0 . 7 4 9 9 . 9 2 9 9 . 7 1 
11 i r o n a s F e O * 

N a 0 . 0 3 0 0 . 0 2 0 0.011 0 . 0 0 5 0 . 0 0 2 0 . 0 0 4 0 . 0 0 7 0 . 0 0 9 
F e 0 . 0 0 0 0 . 0 0 9 0.364 0 . 3 6 6 0 . 8 0 3 0.771 0 . 7 1 8 0 . 7 0 6 
K 0 . 0 0 0 0 . 0 0 0 0.001 0 . 0 0 0 0.002 0.001 0 . 0 0 1 0.000 
S i 1 . 9 8 7 1.991 1.988 1.991 2 . 0 0 6 2 . 0 0 7 2 . 0 0 8 1.981 
C a 0 . 9 8 2 0 . 9 9 7 1.006 1.011 1.012 0 . 9 9 8 1 . 0 0 8 1.027 
fil 0 . 0 6 8 0 . 0 3 1 0 . 0 0 8 0 . 0 0 7 0 . 0 0 3 0 . 0 0 3 0 . 0 0 5 0.011 
T i 0 . 0 0 2 0 . 0 0 1 0.001 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 O.OOO 0.001 
Mg 0 . 9 2 2 0 . 9 5 1 0 . 5 6 3 0 . 5 5 0 0. 128 0. 152 0 . 2 1 9 0 . 2 5 3 
MN 0 . 0 0 3 0 . 0 0 3 0 . 0 7 3 0 . 0 7 8 0 . 0 3 8 0 . 0 5 7 0 . 0 2 7 0.031 

Sum 3 . 9 9 4 . 0 0 4.01 4.01 3 . 9 9 3 . 9 9 3 . 9 9 4.02 

i t i o n s b a s e d o n 6 o x y g e n s 

mo 1 e 7i 

J o 0.3 0.3 7.3 7.8 3.9 5.8 2 . 8 3. 1 
D i 9 9 . 7 9 8 . 8 5 6 . 3 5 5 . 4 13.2 1 5 . 5 2 2 . 7 2 5 . 5 
H d O.O 0.9 3 6 . 4 3 6 . 8 8 2 . 9 7 8 . 7 7 4 . 4 7 1 . 4 



Table 2. 

D e s c r i p t i o H o r n f e l s H o r n f e l s E a r l y E a r l y V e i n V e i n M a s s i v e M a s s i v e 
P r o t o 1 i t h S i l l s t o n e S i l t s t o n e D i o r i t e D i o r i t e D i o r i t e D i o r i t e D i o r i t e D i o r i t e 
S a m p l e * 3 7 8 . 7 7 R 3 7 8 . 7 7 R 3 7 8 . 6 7 . 4 1 9 5 . 2 5 . 2 3 7 8 . 1 0 2 B 3 7 8 . 1 0 2 B 3 7 8 . 1 1 6 . 9 3 7 8 . 1 1 6 . 9 

N a 2 0 0. 0 5 0. 0 7 0. 19 0. 21 0. 12 0. 11 O. 10 O. 11 
F e O * 16. 1 9 14. 5 9 5. 6 3 4. 61 12. 8 2 11. 9 6 15. 9 0 17. 4 4 
K 2 0 0. 0 0 0. 0 0 0. 0 0 0. 0 3 0. 0 0 0. 0 0 0. 0 0 0. 0 2 
S i D 2 5 1 . 5 0 52 . 01 53. 6 8 53. 2 0 52. 1 9 5 2 . 6 9 5 1 . 5 9 5 1 . 0 6 
C a O 24. 12 24. 3 7 24. 7 7 24. 9 0 2 3 . 8 7 24. 3 2 2 3 . 8 0 2 3 . 6 7 

R 1 2 0 3 0. 0 8 O. 4 0 0. 4 2 0. 5 7 0. 2 8 0. 3 3 0. 16 0. 2 2 
T i 0 2 0. 0 2 0. 0 0 0. 0 6 0. 0 3 0. 0 3 0. 0 4 0. 0 1 0. 0 4 
MgO 7. 5 3 8. 4 9 14. 3 5 14. 9 6 9. 5 6 10. 16 7. 5 3 6. 8 3 
MnO 0. 7 2 0. 8 8 0. 18 0. 15 0. 8 8 0. 9 0 O. 5 2 0. 5 3 

T D T R L 100. 2 1 100. 81 99. 2 8 98. 6 6 99. 7 5 100. 5 0 9 9 . 6 2 9 9 . 91 
*R11 i r o n 

N a 0 . 0 0 4 0 . 0 0 5 
#Fe 0 . 5 2 6 0 . 4 6 8 
K 0 . 0 0 0 0 . 0 0 0 
S i 2 . 0 0 1 1.994 
C a 1 . 0 0 4 1.001 
R l 0 . 0 0 4 0 . 0 1 8 
T i 0 . 0 0 1 0 . 0 0 0 
Mg 0 . 4 3 6 0 . 4 8 5 
MN 0 . 0 2 4 0 . 0 2 9 

Sum 4 . 0 0 4 . 0 0 

0 . 0 1 4 0 . 0 1 5 0 . 0 0 9 
0 . 1 7 5 0.144 0 . 4 1 2 
0 . 0 0 0 0.001 0 . 0 0 0 
1.998 1.987 2 . 0 0 3 
0 . 9 8 8 0 . 9 9 7 0 . 9 8 2 
0 . 0 1 8 0 . 0 2 5 0 . 0 1 3 
0 . 0 0 2 0.001 0 . 0 0 1 
0 . 7 9 6 0 . 8 3 3 0 . 5 4 7 
0 . 0 0 6 0 . 0 0 5 0 . 0 2 9 
4 . 0 0 4.01 3 . 9 9 

0 . 0 0 8 0 . 0 0 8 0 . 0 0 8 
0 . 3 8 0 0 . 5 1 8 0 . 5 7 1 
0 . 0 0 0 0.O00 0 . 0 0 1 
2 . 0 0 0 2 . 0 1 0 1 . 9 9 9 
0 . 9 8 9 0 . 9 9 3 0 . 9 9 3 
0 . 0 1 5 0 . 0 0 7 0 . 0 1 0 
0 . 0 0 1 0 . 0 0 0 0 . 0 0 1 
0 . 5 7 5 0 . 4 3 7 0 . 3 9 8 
0 . 0 2 9 0 . 0 1 7 0 . 0 1 8 
4 . 0 0 3 . 9 9 4 . 0 0 

C a t i o n s b a 

mo 1 e % 
J o 2.4 2 . 9 
D i 4 4 . 2 4 9 . 4 
Hd 5 3 . 4 4 7 . 7 

0.6 0.5 2 . 9 
8 1 . 5 8 4 . 8 5 5 . 4 
1 7 . 9 1 4 . 7 4 1 . 7 

2.9 1.8 1.8 
5 8 . 4 4 5 . 0 4 0 . 4 
3 8 . 6 5 3 . 3 5 7 . 8 



Table 3. Representat ive electron microprobe ana lyses of garnet and wollastonite from 
the Nickel Plate deposit . 

M i n e r a l G a r n e t G a r n e t G a r n e t 
D e s c r i p t i o C o r e R i m V e i n - E u h e d 
P r o t o 1 i t h S i 1 t s t o n e S i 1 t s t o n e D i o r i t e 
S a m p l e * 5 1 4 . 8 6 5 1 4 . 8 6 5 1 4 . 1 8 1 B 

Na2Q 0. 0 0 0.01 0.02 
F e 2 0 3 * 5. 3 7 6.2Q 8.42 
K 2 0 0. 0 0 0.00 0.01 
S i 0 2 3 9 . 5 2 3 9 . 2 4 3 8 . 2 1 
CaO 3 6 . 0 3 3 6 . 3 4 3 4 . 8 7 

R 1 2 0 3 19. 3 2 1 8 . 8 3 1 6 . 4 6 
T i 0 2 0. 0 0 0.07 1.28 
MgO 0. 0 0 0.04 0.06 
MnO 0. 6 9 0.82 0 . 7 9 

T O T R L 1 0 0 . 9 3 1 0 1 . 5 5 1 0 0 . 1 2 
* F e O i n w o l l a s t o n i t e 

G a r n e t G a r n e t G a r n e t U o 1 1 . U o 1 1 . 
C o r e O v e r g r o u t h P o i U o 1 i t i c 

S i l t s t o n e S i l t s t o n e S i l t s t o n e S i l t s t o n e S i l t s t o n e 
3 7 8 . 7 8 . 5 3 7 8 . 7 8 . 5 2 6 2 . 3 8 . 5 3 7 8 . 7 1 . 9 R 3 7 8 . 7 1 . 9 R 

o. 0 7 0. 0 0 0. 0 0 0. 0 3 0. 0 2 
2 6 . 0 4 2 0 . 0 6 9. 7 8 2. 8 4 5. 0 9 
0. 01 0. 0 0 0. 0 0 O. 0 4 0. 0 0 

3 6 . 7 2 3 7 . 6 8 3 7 . 51 5 0 . 71 5 0 . 3 9 
3 4 . 2 4 3 4 . 6 4 3 4 . 6 3 4 4 . 6 7 4 2 . 2 4 
3. 6 7 8. 4 0 16. 5 8 O. 04 2. 5 9 
0. 12 0. 2 4 0. 3 7 0. 0 0 0. 11 
0. 0 8 0. 0 5 0. 0 3 0. 4 9 0. 0 0 
0. 15 0. 2 8 0. 58 O. 3 2 0. 26 

1 0 1 . 10 1 0 1 . 3 5 9 9 . 4 8 9 9 . 14 100. 7 0 

Na 0 . 0 0 3 0 . 0 0 0 0 . 0 0 3 0.011 O.OOO 0.0 0 0 0 . 0 0 1 0.001 
F e 0 . 3 5 0 0 . 5 0 8 0 . 4 9 0 1.605 1 . 2 0 2 0 . 5 7 5 0 . 0 4 7 0.082 
K O . O O l O.OOl 0.001 0.001 O.OOO 0.000 0 . 0 0 1 0.000 
S i 2 . 9 8 1 2 . 9 8 8 2 . 9 5 6 3 . 0 0 8 3 . 0 0 1 2 . 9 3 1 0 . 9 9 6 0.974 
C a 2 . 9 3 0 2 . 8 9 8 2 . 8 9 1 3 . 0 0 5 2 . 9 5 7 2 . 8 9 9 0 . 9 4 0 0.874 
R l 1 .668 1.515 1.501 0 . 3 5 4 0 . 7 8 9 1.527 0 . 0 0 1 0.059 
T i 0 . 0 2 3 0 . 0 2 5 0.074 0 . 0 0 7 0 . 0 1 4 0.022 0 . 0 0 0 0.002 
Mg 0 . 0 0 2 0 . 0 0 9 0 . 0 0 7 0 . 0 1 0 0 . 0 0 6 0.003 0 . 0 1 4 0.000 
MN 0 . 0 3 2 0 . 0 3 2 0 . 0 5 2 0 . 0 1 0 0.O19 0.038 0 . 0 0 5 0.004 

Sum 7.99 7.98 7.98 8.01 7 . 9 9 8.00 2 . 0 0 2.00 

C a t i o n s b a d o n 12 O x y g e n s : 

M o l e 7i 
p y r a l 1-1 1-4 2.0 0.7 0.8 1.3 
G r o s s 8 1 . 5 7 3 . 5 7 3 . 4 17.4 3 8 . 8 7 1 . 3 

R n d 1 7 . 3 2 5 . 1 2 4 . 6 8 1 . 9 6 0 . 4 2 7 . 4 



Table 4. Representat ive electron microprobe ana lyses of sulfide minerals from the 
Nickel Plate deposit. 

G o l d G o l d H e d l e y i t e flrseno. flrseno. f l r s e n o . S p h a 1 . S p h a l . 

B I 0.00 0.00 7 7 . 9 5 0.01 0.71 0. 15 0.00 0.00 
RS 2.59 2.91 3 . 8 5 4 7 . 5 3 4 1 . 0 5 4 7 . 7 1 0.02 0 . 0 9 
S 0. 10 0. 14 0.01 18. 15 2 2 . 15 1 8 . 0 8 3 3 . 2 4 3 3 . 4 3 
ZN - — - — 0 . 0 5 — 5 8 . 2 5 5 4 . 2 0 
AG 10.28 1 9 . 2 9 0. 0 0 0.00 0.00 0.00 0.00 0.00 
CD - — — — 0.00 - 0.88 1. 17 
RU 8 8 . 6 2 7 8 . 0 1 0. 0 0 0. 14 0.00 0.04 0.01 0 . 0 0 
CO 0. 12 0. 11 0. 12 1.33 0.00 4. 15 O.OO 0. 0 0 
T E 0.00 0.01 19. 9 9 0.00 0.00 0 . 0 5 0.03 0 . 0 0 
F E 1. 15 1.21 0 . 8 8 3 3 . 2 8 3 5 . 7 9 3 0 . 6 2 7.04 1 0 . 4 1 
CU 0.02 0.00 0 . 0 0 0.00 - O.OO — — 

T O T f i L 1 0 2 . 8 9 1 0 1 . 6 9 1 0 2 . 8 1 1 0 0 . 4 4 9 9 . 7 5 1 0 0 . 8 0 9 9 . 4 7 9 9 . 3 0 

N o t a n a l y z e d 



Table 5. Correlat ion between endoskarn and exoskarn alteration s tages in the Nickel 
Plate deposit . 

Exoskarn 

Early 

1) lsochemica l recryst. of sediments 

^ 2)Bioite hornfels 
T 

I 3 )Pyroxene and k-spar hornfels 

i 

4) Scapol i t izat ion of marble 

5) Pyroxene-garnet skarn 

6) Wol lastoni te-calci te-epidote 

7) Scapol i te-arsenopyr i te-B i -Te-Au 

8) Pyrrhotite-prehnite 

e 

1 
Late 

Endoskarn Equivalent * 

None . Sil l-dike emplacement 

Biot i te-amphibole alteration of 
mafic phenocrysts , k-spar 
alteration of matrix 

Pyroxene alteration of biotite 
and early pyroxene-k-spar-
pyrrhotite ve ins 

N a - C a metasomat ism of sill 
contacts 

Mass i ve pyroxene-garnet 

Epidote-wollastonite-calci te 

Scapol i te-epidote-cl inozoisi tei 

Pyrrhotite-arsenopyrite-prehnite 
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