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INTRODUCTION 
At Eskay Creek, in the lskut River area of northwestern 

British Columbia (Figure 2-10-l), the bulk of the 21 zone is 
hosted within the Salmon River Formation: basaltic and 
andesitic rocks comprise a significant component of the 
Salmon River Formation in this locality. The mining reserve 
estimate at Eskay Creek is 1.04 million tonnes grading 63.8 
grams per tonne gold, 986 grams per tonne silver (operator: 
International Corona Inc. prior to August 1992; Homestake 
Canada Ltd. thereafteri. One of us (JML) has coordinated a 
regional mapping prqject in the Galore Creek, More Creek 
and Forrest Kerr Creek areas since 1988 (Logan and 
Koyanagi, 1989; Logan ef al., 1990. 1992); work by the 
remaining authors is part of The University of British 
Columbia (MDRIJ) project “Metallogeny of the Iskut River 
Area,” which commenced in mid-1990 (Macdonald, 1991; 
Ettlinger, 1991: Bartsch, 1992; Miller, 1992; Lewis, 1992). 
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Volcanogenic massive sulphide deposits a e frequently 
associated with either a bimodral. f&c-ma Fit volcanic 
assemblage, or a polymodal dacil:e-.andesite-rt yolite-basalt 
assemblage (e.g., Gibson and Watkinson, 1986; Large, 
1992). Recently, Edmunds el al. (1992) pope ed that bw:h 
acid and mafic volcanism, togr:tber with sedi nentation of 
tine-grained mudstones, are approximately cot, mporal w I:h 
mineralization in the Eskay Creek 21 zones. ln additiw, 
Batsch (1993, this volume, and manuscript in preparaticn) 
has described regional-scale altention spatial] y associat:d 
with mineralization to the south ol’E:skay Creel , and on ti‘e 
Eskay Creek mining lease. Thw: views and observations 
suggest collectively that it is cr~itical to asstss both tt.e 
environment in which such vokatlo-sedimenta y processr:s 
take place. and also the effects (of alteration. H ydrothernal 
alteration is commonly more widespread tha I associat’zd 
base and precious metal mineralization; if zonal patterns are 
present, alteration may provide useful vectors t, wards min- 
eralized centres of hydrotherma: syritems. 

In this paper we address: the !watigraphy of be volcanic 
components of the Salmon River IFormation; tl e petrology 
and lithogeochemistry of intermediate to ma ic volcanic 
rocks in Salmon River Formation, with the long term obje:- 
tive of determining their provenance and the em ironment ,,I 
which they formed; and the e~Ffii:cts of alteration in 1112 
vicinity of known mineralization. in order tc assess thz 
effectiveness of basalt lithogeocnemistry as an exploratiu~ 
tool. Basaltic rocks are particularly well wited t I a study of 
this nature, being more sensitive to alteration th m the asso- 
ciated felsic rocks, because :lwy are in greater di:;- 
equilibrium with hydrothermal fluids (which art commonl:i 
in equilibrium with minerals such as quartz, carbon%:, 
chlorite and potassium-bearing ptnes such a! potassium 
feldspar and sericite: Franklin, 19’0 Large, I9 22). 

BASALTIC ROCKS OF THE SALMON 
RIVER FORMATION 

Basaltic rocks are a significant component of he Juras:ric 
stratigraphic succession in the Iskut River are,. Origin;,1 
mapping of the area included all (of these mat c volcani: 
strata in the Unuk River and Betty Creek forma ions of th: 
Harrlton Group, and reserved the Salmon Rivet Formati,c 1 
for strictly sedimentary successions higher in secti,;)> 
(Grove, 19861, consistent with Schofield an< Hanson’s 
(1922) original definition for that unit. Sr:cond generati,a> 
regional mapping by provincial and federal i overnnxct 
surveys revised the lithologic definitions of Hare lton Gro~.q~ 
units, and recognized that the Salmon River Formatiw 
contained an upper, basaltic member in the eeitern Iskut 
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River area (Eskay Creek facies of Anderson and Thor- 
kclson. 1990). Description\ of the Mount Dilworrh forma- 
tion by Alldrick and Rritton ( IYXX) and Alldrick (I, u/. 
(I 989) provided a regional marker unit dividing the Salmon 
River Formation from older Hazrlton Group rocks. and 
greatly assistrd in its recognition. We now know that the 
basaltic portion of the Salmon Rivel- Formation is quite 
extensive in the edstern Iskut River. Unuk River and Forrest 
Kerr Creek areas, ,r.,s., Anderson and Thorkelson. IY90: 
Logan er (il.. 1990: Lewis. 1992) and that it locally forms 
accumulations up to 2000 metres thick (Read CI <I/.. 19X9). 
Anderson and Thorkelson (1990). and mol-e recetltlv Lewir 
er oi. (1992) suggest that a belt of pillowed basalt/c rocks 
along the eastern hank of the Unuk River. previously 
defined as the Unuk River formation. arc probably part of 
the Salmon River Formation and may extend southward to 
the Granduc area. This correlation implies a significantly 
younger age for the Granduc deposit than previously 
assumed. 

Salmon River Formation hasalts vary significantly in 
lithologic character and thickness. Sections of pillowed 
flows hundreds of metres thick occur immediately adjacent 
to stratigraphic sections completely lacking correlative 
strata, suggesting either local volcanic centres or consider- 
able basin relief during deposition. The most common 

lithotype in the eastern Iskut River area is pillowed to 
massive volcanic flows. At Treaty Creek, possible correla- 
tives to these Ilows pass upward into a thick sequence of 
hydrorlastic volcanic hreccias. On the wetern Prout 
Plateau, basaltic rocks undergo a southward transition from 
pillowed flows on Mount Shirley, to broken-pillow hreccias 
and volcanic breccias just south of Mount Shirley, to mas- 
sive volcanic flows farther south. 

North of the Iskut River, rocks of the Salmon River 
Formation underlie the area east of the Forrest Kerr fault 
(Read et al., 198Y), and extend 30 kilometres northward into 
the More Creek area, where fossil collections indicate early 
Middle Jurassic (Aalenian) ages (Logan ef al., 1992). The 
volcanic succession comprises up to 2000 metres (Read 
et al., 1989) of well-preserved, predominantly pillowed lava 
flows, sparsely pyroxene-phyric, mafic lava flows, 
scoriaceous lapilli-tuff hreccia (Logan et al., 1992) and 
subordinate, interhedded, cherty, black siltstones and white 
tuffs (pajama beds) characteristic of the Eskay Creek facies 
(Anderson and Thorkelson, 1990). Flow tops and facing 
directions are easily recognized. Interbedded fine-ash tuff 
and siltstone constitute less than IO per cent of the section. 
The basalt is dense, amygdaloidal and made up of fine- 
grained vitreous plagioclase and rare pyroxene phenocrysts. 
Subvolcanic gahhroic sills and dikes intrude the volcanic 



pile. Their mineralogy and textures are similar to pillowed 
and brecciated extrusive rocks for which they probably 
represent feeders. 

Contact relationships between the Salmon River Fomx- 
tion basaltic rocks and enclosing strata are varied through 
the area: one of the most extensively studied localities is 
Eskay Creek, where pillowed (e.g., Platr: 2-10-l j and brec- 
ciated basaltic flows (see Plate 2-12-4, in Roth, 1993, this 
volume) are separated from underlying f&c volcanic rocks 
of the Mount Dilworth formation by a thin mudstone layer. 
Well-bedded siltstone to fine-grained wacke overlies the 
mafic rocks in the Argillite Creek watershed; it is not clear 
whether these sediments are part of the Salmon River For- 
mation or the overlying Bowser Lake Group (SLY Bertsch, 
this volume). On the southern Prout Plaleau, Salmon River 
basalts overlie a mudstone and volcanic rock sequence 
similar in character tc Eskay Creek, and the upper contact is 

eroded. At John Peaks and Mown Madge, east of the Unuk 
River, Salmon River hasalts a~(! tectonicall) inter&\cd 
with mudstoncs and felsic volca~~ic rocks along an imbric.lte 
thrust fault system. and original stratigraphic contacts are 
obliterated. 

PETROGRAPHY 
Thin sections of basalt from the Eskay Creek mining 

lease contain plagioclasr as microphenocrysts end radiating 
microlites. very locally accompa,nied by min )r pyrox’:ne, 
which is more commonly obliterated by aIt< :ration (,Y.R., 
Plate 2-10-2). There is no petroqaphic evid mce for lbe 
timing of pyroxene-destructive alteration. Alo ‘g the we!.t- 
em edge of the Prout Plateau, v/h,:re the unit I xms a thick 
succession of pillowed flows on Mount Shirley textures, are 
characterized by ophitic pyroxenr: enclosing fe Idspar (F’l,ite 
2-10-3). Basalts in the hanging,wall of the 21 zone retain 



primary volcanic textures and plagioclase laths, although 
plagioclase and glass groundmass are locally altered by 
s&cite and chlorite, respectively. Very locally, carbonate 
alteration is considerable (visual estimates to 20%). result- 
ing in a buff-grey, fine-grained rock (e.g., exposed in Tom 
MacKay Creek on the Eskay Creek mining lease) in which 
carbonate (+ quartz) veinlets cut earlier magnetite veinlets 
in the mafic rock. 

Nonh of the lskut River, in quenched basaltic rock (close 
to pillow margins), acicular plagioclase laths form an open 
intersertal texture with dark iron oxide stained, devitrified 
glass and variolitic intergrowths of clinopyroxene and plag- 
ioclase. In other thin sections, an intergranular texture of 
randomly oriented, interlocking, subhedral grains of plag- 
ioclue and clinopyroxene is more common. Alteration is 
mainly lower greenschist facies: calcite, chlorite, chal- 
cedonic quartz and rare epidote line vesicles. Prehnite 
+quartz+chlorite%albite assemblages occur in thinly bed- 
ded, intraflow volcanic siltstone and tuffs. Radiating and 
“bow-tie” structures of prehnite (Plate 2-10-4) are similar 
to the “crystallites” described at Eskay Creek (Ettlinger. 
1991). North of the lskut River, however, these assemblages 
are not associated with known mineralization. Locally, pla- 
gin&se laths and microlite groundmass are altered to 
sericite, and chlorite forms pseudomorphs after clino- 
pyroxene. 

LITHOGEOCHEMISTRY 
The locally pillowed and brecciated volcanic rocks asso- 

ciated with tuffaceous turbidites and argilliceous rocks of 
the Salmon River Formation in the Eskay Creek area were 
termed, informally. “andesites” by earlier workers (e.g., 
Idziszek et al., 1990). Laws at a similar stratigraphic level 
in the Forest Kerr Creek area, on the other hand, are basal- 
tic, subalkaline tholeiitic composition, lying on an iron- 
enrichment trend on an AFM diagram (Logan and Drobe, in 
preparation). In addition, the Forrest Kerr Creek basaltic 
rocks plot as ocean-floor basalts on the discrimination dia- 
grams of Pearce and Cann (I 973). 

Here we present data (Table 2-10. I) comparing relatively 
unaltered and altered laws from the Prout Plateau and 
Forrest Kerr Creek areas, including samples of subvolcanic 
dikes interpreted to be feeders to overlying flows within the 
Salmon River Formation. These mafic dikes do not intrude 
overlying Bowser Lake Group sediments. The Prout Plateau 
samples have been further divided into a set collected from 
surface and samples from diamond-drill core in the vicinity 
of the Eskay Creek 2 I .?one. Total weight percent oxides for 
a small number of samples (e.g., AIM-lSK90.040, total = 
96.8 weight %) are low; in most of these cases, carbonate 
alteration (and, hence, loss on ignition) is considerable, 
commonly greater than IO per cent. Other samples included 
a significant sulphide component (~.a., CA-90-423-55.5, S 

Plate 2-10-4. Sample 8%DR.45 : Prrhnirr in Inw-grade volcanic rocks from the Forest Kerr area. 
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Figure 2-10-2. Total alkali silica diagram (after LeMaitre. 19X9): classification of volcanic rocks 
iLe Bas era,.. 1986). Circles are wlcanic rock samples from the Prout Plateau. squares are from diamond- 
drill core at Eskay Creek, diamonds are from Forest Kerr Creek: filled symbols arc those registering with 
A1>50% (refer to Table 2-10-l). 
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Figure Z-10-3. ZrlTiO, vs. Nb/Y diagram (after Winchester and Floyd. 1977). basaltic and intermedi- 
ate rocks in the lskut River and Fwest Kerr Creek areas. Circles are samples from the Prow Plateau, 
squares are from diamond-drill axe at Eskay Creek, diamonds ire from Forest Kerr Creek: tilled symbols 
are those registering with A1>50C/, (refer to Table 2-10-t ). 

= 47 300 ppm, gr 4.7 %). Caution is required in interpreta- 
tion of data from samples that contain elevated quantities of 
elements resulting from alteration. 

An “index of alteration” (included in Table 2-10-l) is the 
percentage ratio (K,O + MgO) X IOO/(K,O + MgO + 
Na,O + CaO), established originally for felsic rocks by 
Ishikawa et al. (I 976). The index is an assessment of altera- 
tion phenomena including “addition” of potassium and 
magnesium, with “removal” of sodium and calcium. This 
method can only be considered as a first-pass technique as it 
does not consider conservation of species, nor the effects of 
closure. Gemmell and Large (1992) demonstrated that the 
alteration index (AI) is applicable to intermediate and mafic 
rocks in the Hellyer mine, Tasmania. 

Figure 2-10-2 (silica total alkalis diagram, with rock 
nomenclature after Le Bas et al., 1986) indicates that most 
of the rocks are basaltic in composition. Outliers, with silica 
less than 41 per cent, are samples that have suffered consid- 
erable carbonate alteration (Table 2-10-l). most of which 
are from diamond-drill core in the vicinity of the Eskay 
Creek deposits. A small number of samples (4) are 
picrobasaltic. including one from the Forrest Kerr Creek 
area; the remainder of the Forrest Kerr data cluster tightly 
within the basaltic field. Prout Plateau rocks, on the other 
hand, exhibit a range in composition from picrobasalt, 
through basalt to trechyandesite and andesite. Two samples 
within the tephrite-basalt field have suffered alkali altera- 
tion and are discussed separately below. 



Trace element contents suggest alkaline basalt to sub- 
alkaline basaltic compositions (Figure 2-10-3; Winchester 
and Floyd, 1977). B:lralts from the Forrest Kerr Creek area 
again show a restricted composition. whereas Prout Plateau 
rocks show a range oP compositions from basaltic to andesi- 
tic. More data are required to assess whetha these dif- 
ferences reflect different, time-equivalent volcanic centres: 
unrelated volcanic events; a natural variation in basalt 
chemistry; or hydrothermal alteration. 

The alteration index date (Table 2-10. I ) suggest that the 
Forrest Kerr Creek sample set comprises il relatively 
unaltered suite. One sample (BDMOI- 109) from the Mount 
Shirley area of the Pmut Plateau has an index of SO.24 per 
cent. Six samples from diamond-drill core in the vicinity of 
the Eskay Creek 2 I zone and also two samples collected 
from surface in Tom McKay Creek. to the north of the 
Eskay Creek 21 zone. registered hi&h alterntion indices. The 
two outcrop samples (AJM-lSK90.082, -083: AI = 87.1% 
and 73.82%. respectively) were collecred from the projec- 
tion to surface of the hangingwall above the Eskay Creek 21 
mineralized zone. Gold contents in these two rocks are less 
than 20 ppb. Another basaltic samplr from a nearby 
exposure in Tom hlcKay Creek (AJhl-lSK%-086, Al = 
37.9%) did not register a significant Al using this approach. 
as the rock has apparently suffered carbonate alteration 
(CO, = 6.3 wt. 5%) and possible sodium addition (Nn,O = 
S.4 wt. %: Table 2-10-l). 

SUMMARY 
Intermediate to mafic volcanic rocks are a key component 

of Salmon River Formation hostrocks to the Eskay Creek 
precious and base metal deposits in the lskut River area of 
northwestern British Columbia. An initial appraisal of 
basalt petrology and geochemistry from the Prouf Plateau 
and Forrest Kerr Creek areas suggests that hydrothermal 
alteration related spatially and, by inference, genetically to 
mineralization, may be recorded in the basaltic rocks. The 
alteration signatures are revealed by a crude measure ot. 
alteration involving the oxides of potassium, magnesium, 
sodium and calcium. These preliminary results encourage 
us to investigate fullher the effects of mass transfer that 
accompanied alteration in the Eskay Creek mineralizing 
system. through the employment of more rigorous and 
quantitative analysis, such as that proposed by Pearce 
(lY68). 
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