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Introduction

The BC Geologica Survey’s Dease L ake Geoscience Pro-
ject was part of Geoscience BC'sQUEST-Northwest initia-
tive, aprogramlaunched in 2011 to stimulateexplorationin
the northwestern part of the province along Highway 37
(Figure 1). In 2011, the BC Geological Survey completed
four field-based studies|ocated withina70 kmradius of the
Dease Lake community (Logan et al., 20123, Figure 1b).
These studiesinvestigated regional aspectsof stratigraphy,
magmatic evolution and metallogeny along part of the
Stikine arch, within the broader footprint of the QUEST-
Northwest airborne geophysical survey (Simpson, 2012).
They included regional bedrock mapping of the Dease L ake
and Little TuyaRiver map areas(Logan et a., 2012b, ¢); de-
tailed studies of the ages, emplacement history and mineral-
ization of the Hotailuh batholith (van Straaten et al., 20123,
b) and Snow Peak pluton (Moynihan and Logan, 2012); and
alithological and geochemical characterization of the Mid-
dle Triassic Tsaybahe Group (Iverson et a., 2012a).

The Dease Lake study area is situated within the Stikine
terrane, an extensive subduction-generated island arc mag-
matic complex that includes Late Triassic and Early Juras-
sic calcalkaline and alkaline plutons that are associated
with significant Cu-Aumineralization. Calcalkalineand al -
kaline Cu-Au porphyry deposits in Stikinia are hosted in
thick successions of Late Triassic to Early Jurassic(?) vol-
canic rocks and comagmatic calcalkaline (Scott et al.,
2008) and alkaline plutons (Barr et a., 1976; Lueck and
Russell, 1994). The deposits are localized along parallel
linear belts within high(?) level magmatic centres charac-
terized by zones of brecciation and alkali-rich hydrother-
mal alteration. The volcanic stratigraphy adjacent to mag-
matic centres often records the evolution of magmatism
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Figure 1. Location of the QUEST-Northwest Mapping—BC Geolog-
ical Survey Dease Lake Geoscience Project on the a) British Co-
lumbia terrane map (after Massey et al., 2005); detailed view b)
straddles the area covered by the Dease Lake (NTS 104J) and Cry
Lake (NTS 1041) 1:250 000 map sheets at Dease Lake, and shows
the locations of Geoscience BC Map 2012-08-1, Geoscience BC
Map 2012-10-1 and the sample locations for the geochemistry
study discussed in this paper.
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through changes in mineralogy (pyroxene, hornblende or
plagioclase porphyry flows) and chemistry (i.e., alkali-rich
stratigraphy), or through the presence of mineralized
subvolcanic clasts—all of which can provide vectors to
guide exploration for Cu-Au mineralization (Fox, 1975;
Allenetal., 1976; Panteleyev et al., 1996, L ogan and Bath,
2006).

In this paper major, trace and rare earth element chemical
characteristics of volcanic rocks collected during the 2011
programs, carried out by the BC Geological Survey in the
area of the Dease Lake (104J) and Cry Lake (1041) map
sheets (Figure 1), are presented. Volcanic rocks were col-
lected from the Middle Triassic Tsaybahe Group to charac-
terizetheinitiation of Triassic arc magmatism and fromthe
Late Triassic Stuhini Group to characterize its ongoing
evolution, which periodically culminated in porphyry Cu—
AuxMo mineralization (i.e., Schaft Creek, Galore Creek
and Red Chris deposits). A third suite comprises samples
collected fromaEarly to Middle Jurassic vol canic and sedi-
mentary succession, assigned to the Hazelton Group, that is
the same age asthe host rocks at the Eskay Creek gold mine
(Alldrick et a., 2004).

Regional Stratigraphy

The area covered by the Dease Lake and Cry Lake map
sheets (NTS 104J and I, Figure 1) straddles the boundary
between the Cache Creek and Stikine terranes, marked by
the early Middle Jurassic south-directed King Salmon
thrust fault (Gabrielse, 1998). At this latitude the Stikine
terraneis composed of three overlapping island arc succes-
sions, spanning 200 m.y. from Devonian to Middle Juras-
sic, and is represented by volcanic and sedimentary rocks
of the Pal eozoi ¢ Stikine assembl age, the Triassic Tsaybahe/
Stuhini Group and the Jurassic Hazelton Group. Arc-re-
lated plutonic rocks include the Devonian-Carboniferous
Forrest Kerr suite, the Late Triassic Stikine and Copper
Mountain suites, the Early Jurassic Texas Creek suite and
the Middle Jurassic Three Sisters suite (Anderson, 1983,
1993; Woodsworth et a., 1991; Brown et a., 1996; L ogan
et al., 2000). These plutonic suites are best exposed along
the Stikine arch, an east-trending area of uplifted Jurassic
and older rocksthat bound the northern margin of the Bow-
ser Basin. Long-lived arc magmatism in the Stikine arch
has produced diverse styles of magmatism (calcalkaline
and alkaline) and large Cu—Au-Ag+Mo mineral deposits
associated with some intrusive centres (i.e., Snip, Galore
Creek, Schaft Creek and Kemess).

Theoldest Stikinerocksinthestudy areaare Early Permian
limestone, phyllite, chert and metavol canic rocks exposed
in north to northeasterly trending structural culminations.
Volcaniclastic beds and coarse pyroxene-phyric basalt
breccias unconformably overlie these foliated late Paleo-
zoic rocks (Figure 2) and correlate with Early and Middle
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Triassic cherty sedimentary rocks and pyroxene-phyric
breccias of the Tsaybahe Group to the south (Read, 1983,
1984). The green augite porphyry volcanic rocksthat char-
acterize the type section at Tsaybahe Mountain (Read and
Psutka, 1990) are not easily distinguished from theyounger
Stuhini Group rocks and, as aresult, Gabrielse (1998) in-
cluded the Tsaybahe rocks as a unit within the Stuhini
Group, and considered thisgroup to encompassall Triassic
volcanic and related sedimentary rocks in Stikinia. For
lithogeochemical comparison in this study, the term
Tsaybahe Group has been retained for all the pre-L ate Tri-
assic crowded-augite-phyric basalt overlying Paleozoic
rocks (Logan et a., 2012c).

The Tsaybahe Group basalt brecciasinthe Dease Lake area
(Gabrielse, 1998; Logan et al., 2012c) dip north below a
pileof LateTriassic Stuhini Group arc rocks~2050 mthick,
comprised of pyroxene-rich volcaniclastic rocks and rare
pyroxene-phyric, plagioclase-phyric and aphyric basalt
flowsthat generally fineupward into astratigraphic section
that is dominated by unstratified coarse volcaniclastic de-
posits. The Stuhini volcaniclastic strata are pyroxene- and
plagi oclase-crystal—rich matrix-supported boulder to gran-
ule conglomerates dominated by pyroxenetplagioclase
porphyry clasts with lithic arenites and rare well-bedded
siltstone. The uppermost unit of the Stuhini Group com-
prises volcaniclastic rocks and basalt flows, and is uncon-
formably(?) overlain by Early Jurassic Takwahoni Forma-
tion quartz-bearing conglomerate and sandstone (Figure 2)
of the Whitehorse Trough.

Marsden and Thorkelson (1992) includeall Early and Mid-
dle Jurassic volcanic and related sedimentary rocks of
Stikinia in the Hazelton Group. As aresult, the Hazelton
Group includes awide variety of rock typesthat formed in
diverse volcanic environments over a large region. The
Hazelton Group in northern Stikiniaoverlies Late Triassic
calcalkalineand alkalinevol canic and sedimentary rocks of
the Stuhini Group and associated arc plutonic rocks, and is
overlain by Middle Jurassic sedimentary rocks of the
Bowser Lake Group.

Southeast of the study area, in the area covered by the
Spatsizi River map sheet (104H), Late Triassic Griffith
Creek volcanic rocks, Early Jurassic Cold Fish and Mount
Brock volcanic rocks, and Middle Jurassic Spatsizi sedi-
mentary rocks comprise the Hazelton Group (Evenchick
and Thorkelson, 2005). Brown et al. (1992) describe a
Toarcian to Aaenian calcalkaline volcanic and sedimen-
tary succession of Hazelton Group rocks at Cone Moun-
tain, 125 km southwest of Dease L ake within the area cov-
ered by the Telegraph Creek map sheet (104G). Like the
section east of Gnat Pass (this study), the lower unit con-
tains an abundant fauna that suggest a Toarcian age, but
rather than unconformably overlying intrusive rocks of the
Late Triassic Cake Hill Pluton (Henderson and Perry,
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Figure 2. Two schematic sections illustrating the stratigraphic and plutonic relationships for Stikine terrane rocks in the study area. Abbrevi-
ations: F, fossils; Z, U/Pb zircon ages described and referenced in text. Symbols for the six geochemical suites discussed in text: mKTv, Mid-
dle Triassic Tsaybahe pyroxene-phyric basalt; IKSv, Late Triassic Stuhini aphyric basalts; IXSpp, Late Triassic Stuhini plagioclase-phyric
basalt and andesite; [IKSmv, Late Triassic Stuhini latite porphyry; IKSpx, Late Triassic Stuhini pyroxene-phyric basalt; emJHyv, Early to Mid-

dle Jurassic Hazelton pyroxene porphyry.

1980), it overlies folded and faulted late Norian Stuhini
Group strata (Brown et al., 1992).

Southeast of Dease Lake and 5 km east of Gnat Pass, isa
well exposed, upright section of Early to Middle Jurassic
sedimentary and volcanic rocks (Iverson, et al., 2012a) that
nonconformably overly Late Triassic quartz monzonite of
the Cake Hill pluton (Anderson, 1983; Gabrielse, 1998; Fig-
ure 2). Coarse pyroxene-phyric basalt brecciaand volcanic
conglomerate comprisethe upper part of the section, which
has been dated as Toarcian using fossils (Henderson and
Perry, 1981), but is possibly asyoung as Bajocian, as dated
with detrital zircons (Iversonet a., 2012a, b). Thevolcanic
rocks are included in the Hazelton Group because of their
age, but arelithologically similar to pyroxene-phyric basalt
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breccias of the Middle Triassic Tsaybahe and Late Triassic
Stuhini groups.

Lithogeochemistry
Analytical Techniques

A total of 55 least-altered lithogeochemical samples were
collected: 42 volcanic rocks from 5 different units and 13
intrusive rocksfrom 5 plutonic suites (Table 1). This paper
focuseson the geochemical resultsof the Tsaybahe, Stuhini
and Hazelton groups (n=39). The samples were jaw
crushed at the BC Geological Survey sample preparation
facilitiesin Victoria. The crushed sampleswere sent to Ac-
tivation Laboratories in Ancaster (Ontario), where they
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were pulverized in amild steel mill to prevent Cr and Ni
contamination and analyzed for major and trace elements
using a lithium metaborate plus lithium tetraborate fusion
technique. The milled samples were mixed with a flux of
lithium metaborate and lithium tetraborate and fused in an
induction furnace at 1150°C. The melt was immediately
poured into asolution of 5% nitric acid and mixed continu-
ously until completely dissolved. This aggressive fusion
techniqueensuresthat the entire sample, including resistate
phases, dissolves. The sampleswereanal yzed for major ox-
idesusing an inductively coupled plasma—atomic emission
spectrometry (ICP-AES) technique and trace elements, in-
cluding rare earth elements, using an inductively coupled
plasma—mass spectrometry (ICP-MS) technique. Nickel
was analyzed by an ICP-MS technique following a four
acid digestion; beginning with hydrofluoric acid, followed
by amixtureof nitric and perchloricacid, andfinally hydro-
chloric acid dissolution. With thisnear total digestion tech-
nique, certain resistate phases (e.g., zircon, monazite, sphene,
gahnite, chromite, cassiterite, rutileand barite) may beonly
partly solubilized. Chromium was analyzed using instru-
mental neutron activation analysis (INAA), whereby sam-
pleswereirradiated in anuclear reactor and, following a7-
day decay, gammarays measured on germanium detectors.
Analytical techniquesand detection limitsfor all major ox-
ides and trace elements are listed in Table 1. Two blind
CANMET standards (see Govindaraju, 1994 for reference
values) and two blind duplicates of the jaw-crushed mate-
rial were included in the sample batch. Additional internal
quality control duplicate analysesfrom Activation Labson
powdered samples are also listed in Table 1.

During sample collection every effort was taken to avoid
altered material . Weremoved any obvious surfaceweather-
ing, veins and amygdules. However, petrography shows
that many of the samples are significantly altered, making
the use of major elements for classification or discrimina-
tion of petrochemical environments suspect. Geochemical
results presented in Table 1 show acceptable total weight
percent values (between 96.3 and 101 wt. %) and loss on
ignition values (between 0.28 and 7.8 wt. %).

Geochemical Suites Description and Results
Tsaybahe Group

The Tsaybahe Group comprises mafic volcanic rocks
interlayered with Middle Triassic limestone, chert and sili-
ceous thin-bedded sedimentary rocks. It is exposed in the
canyon of the Stikine River (Read, 1984) and extends north
into the Dease Lake area (Gabrielse, 1998; Logan et al.,
2012b, c). Theunit is characterized by thick accumulations
(200-270 m) of crowded augite-phyric basalt, basalt brec-
ciaand volcanic-derived clastic rocks. The basalt contains
1-3 mm, dark green euhedral pyroxene phenocrysts (20—
30%) and 0.5-1 mm, stubby white plagioclase laths (5—
20%) within an aphanitic, often vesicular or amygdaloidal
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green- or orange-weathering groundmass (Figure 3a, b,
plane-polarized light and crossed nicols). The basalt is de-
formed and hornfelsed to a biotite-bearing metavolcanic
rock adjacent to the Middle Jurassic Pallen Creek pluton
(Logan et al., 2012c), but elsewhere it is only weakly al-
tered to lower greenschist mineral assemblages that do not
define a penetrative foliation.

Eight samples of flow breccia, two samples of tuff breccia
and one sample from amassive flow plot in subalkalic ba-
salt and andesite fieldson the Zr/Ti versusNb/Y classifica
tion diagram of Pearce (1996) (Figure 4a). All the samples
plot as shoshonite or high-K calcalkaline seriesonthe SIO,
versus K0 diagram of Peccerillo and Taylor (1976) and in
the arc field (Shervais, 1982) and calcalkaline-arc basalt
field (Wood, 1980) on tectonic discrimination diagrams
(Figure 4b, c, d). Typical of basalts formed in arc settings,
all Tsaybahe samplesare characterized on aprimitive man-
tle-normalized spider diagram by light rare earth element
(LREE) and Th enrichment, and Nb and Ti depletion, (Fig-
ure 5a). However, the Tsaybahe volcanic rocks show dis-
tinctly less LREE enrichment than Late Triassic Stuhini
basalts from the Iskut River (Zagorevski et al., 2012) and
Dease Lake areas (Figure 5af).

Stuhini Group

Souther (1971) included all Late Triassic vol canic and sedi-
mentary rocks that lie above a Middle Triassic uncon-
formity and below the Late Triassic Sinwalimestoneinthe
Stuhini Group. In the Dease Lake area the Stuhini Group
has been subdivided into six Late Triassic map units
(Gabrielse, 1998; Logan et a., 2012b; Figure 2). From ol d-
est to youngest these are as follows: unit 1, a basal
volcaniclastic unit of mixed, massive to thickly bedded re-
worked volcanic rocks and rare aphyric basalt flows that
generally fine upward into unit 2, awell-bedded section of
sandstone-siltstonewith Late Triassic bivalves. Units 1 and
2 are overlain by unit 3, a thick package of coarse
plagioclase-phyric basalt and andesite flows, and subordi-
nate clastic rocks, and unit 4, isolated, thin units of alkalic,
sparse K-feldspar—phyriclatiteand maroon basalt. Unit5is
composed of pyroxenexplagioclase—phyric monomict
flow breccia and rare pillowed basalt that are interlayered
within unit 6, an upper unit of massive volcaniclastic rocks
containing plagioclase- and pyroxene-phyric basalt clasts.
Four petrologically distinct suitesof volcanic rocksarerec-
ognized withinthe Late Triassic Stuhini Group: aphyric ba-
salt (IRSv), plagioclase porphyry (IKSpp), latite porphyry
(I'KSmv) and pyroxene porphyry (IXSpx, Figure 2). The
plagioclase and latite porphyries of units 3 and 4 respec-
tively are mainly restricted to the medial stratigraphic pos-
ition between reworked vol caniclastic rocks of units2 and 5.
The aphyric and pyroxene-phyric basalt suites are concen-
trated inthe area south of Ross Creek (Logan et al., 2012c),
within the upper volcaniclastic unit 6.
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Aphyric Basalt

Aphyric basalt and basaltic andesite flows occur through-
out the massive, cliff-forming units of chaotic, nongraded,
matrix-supported cobble to pebble volcanic conglomerate
and associated vol canic sandstone that dominate the lower
and uppermost parts of the Stuhini Group. The volcanic

24

rocksinclude aphyric to sparsely plagioclase-phyric coher-
ent flows, tuff breccia and lapilli tuff.

Four samples of aphyric flow and one sample of sparse
plagioclase-phyric crystal tuff were collected for analyses.
Two arefrom the areasouth of Ross Creek and two arefrom
the upper volcaniclastic unit north of the Tanzilla River at

. S 5

Figure 3. Photomicrographs of Middle Triassic, Late Triassic and Early to Middle Jurassic volcanic units: a) Tsaybahe crowded augite-
plagioclase—phyric basalt breccia, plane-polarized light; b) crossed nicols; c) Stuhini sparse plagioclase-phyric andesite; d) Stuhini
crowded plagioclase-phyric basalt; e) Hazelton pyroxene-phyric basalt with twinned and oscillatory zoned inclusion-rich augite pheno-
crysts in plagioclase-pyroxene-olivine matrix (crossed nicols); f) detail of intergrown augite and olivine crystal in Hazelton pyroxene-phyric
basalt (crossed nicols). Abbreviations: cpx, clinopyroxene; ol, olivine; pl, plagioclase.
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Figure 4. a) ANb/Y vs. Zr/Ti classification diagram (Pearce, 1996) showing compositional range and classification for the Middle and Late
Triassic and Early to Middle Jurassic basalt in the study area. b) Classification diagram based on SiO, vs. K,O (after Peccerillo and Taylor,
1976), used to distinguish shoshonitic, high-K calcalkaline, calcalkaline and tholeiitic series rocks. c) Tectonic discrimination diagram
based on Tivs. V (after Shervais, 1982), used to distinguish between arc and non-arc basalt. d) Tectonic discrimination diagram based on
Th-Hf-Ta (after Wood, 1980), used to identify arc basalt (high Th/Ta) and theoretically distinguish between calcalkaline basalt, tholeiitic-arc
basalt and non-arc basalts. Symbols: mXTv, Middle Triassic Tsaybahe pyroxene-phyric basalt; [KSv, Late Triassic Stuhini aphyric basalts;
IRSpp, Late Triassic Stuhini plagioclase-phyric basalt and andesite; IRKSmyv, Late Triassic Stuhini latite porphyry; IKSpx, Late Triassic Stuhini
pyroxene-phyric basalt; emJHyv, Early to Middle Jurassic Hazelton pyroxene-phyric basalt. Abbreviations: CAB, calcalkaline basalt; IAT, is-
land arc tholeiite; E- and N-MORB, enriched and normal mid-ocean-ridge basalt; OFB, ocean floor basalt; WPA, within-plate alkaline bas-

alts; WPT, within-plate tholeiites.
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Tatsho Creek (Logan et al., 2012c). All plot in the
subalkalic basalt field on the Zr/Ti versus Nb/Y classifica-
tion diagram (Figure 4a) of Pearce (1996) and occupy ei-
ther the shoshonite, high-K, calcalkaline or thethol eiite se-
ries fields on the SIO, versus K,O diagram (Figure 4b) of
Peccerillo and Taylor (1976). All samples occupy the arc
field (Shervais, 1982) and calcalkaline-arc basalt field

(Wood, 1980) on tectonic discrimination diagrams
(Figure 4c, d).

The aphyric volcanic samples are characterized by LREE
and Th enrichment, and Nb and Ti depletion, characteristic
of basaltsformed in arc settings (Figure 5b). The primitive
mantle-normalized trace-element profiles of the basalts
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Figure 5. Primitive mantle-normalized (Sun and McDonough, 1989) extended trace-element profiles of Middle Triassic Tsaybahe and Late
Triassic Stuhini Group volcanic rocks: a) Middle Triassic Tsaybahe pyroxene-phyric basalt; b)—e) Late Triassic Stuhini aphyric basalt,
pyroxene-phyric basalt, plagioclase-phyric andesite (light green) and basalt (dark olive), and maroon latite; f) compares Tsaybahe
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IRSmy, Late Triassic Stuhini latite porphyry; IKSpx, Late Triassic Stuhini pyroxene-phyric basalt.
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overlap aphyric basaltsassigned to the Stuhini Group in ad-
jacent areas (Figure 5b, f; Zagorevski et al., 2012) and also
overlap pyroxene- and plagioclase-phyric volcanic rocks
from this study.

Pyroxene Porphyry

Pyroxene-rich basalt flows, breccias and volcaniclastic
rocksarethehallmark of the Stuhini Group in northwestern
Stikinia (Souther, 1971, 1972; Anderson, 1993; Gabrielse,
1998; Logan et al., 2000), and these rock types are widely
developed in the study area. Coherent pyroxene-phyric
flow units are often complexly interlayered with coarse
breccias dominated by pyroxene-phyric fragments and
finer epiclastic units rich in pyroxene crystals, generally
these units could not be mapped separately. Where distin-
guished, single flow units are commonly from 5 to 12 m
thick, with massive interiors and flow-top breccias. Some
flows contain subequal amounts of pyroxene and plagio-
clase phenocrysts, and others contain amuch greater quan-
tity of pyroxene than plagioclase phenocrysts. The former
are characterized by typically quite small (~1-2 mm),
subequal proportions of green or black pyroxene and white
plagioclase laths in a fine-grained green groundmass. The
pyroxene-phyric flows consist of typically 2-8 mm euhed-
ral augite phenocrystsinafine-grained green groundmass.

Three samples from massive flows (plus one duplicate)
werecollected fromtheareasouth of Ross Creek and north-
east of the headwaters of Auguschidle Creek. They plotin
thesubalkalic basalt field onthe Zr/Ti versusNb/Y classifi-
cation diagram (Figure 4a) of Pearce (1996). All plot as
shoshonite or high-K calcalkaline seriesonthe SiO, versus
K0 diagram (Figure 4b; Peccerillo and Taylor, 1976) and
inthearcfield (Shervais, 1982) and calcalkaline-arc basalt
field (Wood, 1980) on tectonic discrimination diagrams
(Figure4c, d). The Stuhini pyroxene+plagioclase porphyry
samples are characterized by LREE and Th enrichment,
and Nb and Ti depletion, characteristic of basaltsformedin
arc settings (Figure 5c¢). The primitive mantle-normalized
trace-element profiles of the basalts overlap pyroxene-
phyric basalts assigned to the Stuhini Group in adjacent
areas (Figure 5¢, f; Zagorevski et a., 2012).

Plagioclase Porphyry

The plagioclase-phyric volcanic rocks of unit 3 comprise
two suites: basaltic plagioclase-phyric flows occur south of
the Tanzilla River and andesitic plagioclase-phyric flow
rocksoccupy isolated areas north of the TanzillaRiver (Lo-
gan et a., 2012b, c). Both suites contain white- to cream-
coloured, 2-8 mm euhedral plagioclase phenocrysts, some-
times glomeroporphyritic, in a fine-grained green
groundmass. Intergrown fine plagioclase microlites and
clinopyroxene form a pilotaxitic matrix, with sparse
pyroxene phenocrysts present locally in the basaltic unit
(Figure 3c, d). The plagioclase porphyry flows are gener-
ally coherent, unlike fragment-rich breccia deposits of the
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monolithic pyroxene porphyries. Immediately south of
RossCreek (Loganet al., 2012b, c) isadistinctivetrachytic
plagioclase-phyric andesite characterized by glassy 4—
7 mm euhedral plagioclase crystals (5-7%) within a very
fine grained dark groundmass that locally is glassy green
and characterized by spherulitic devitrification textures.

Four of the eight samplesplot in subalkalic basalt field and
four in the andesite field on the Zr/Ti versus Nb/Y classifi-
cation diagram (Figure 4a) of Pearce (1996). On an AFM
diagram (not shown) the basalt samples are transitional
tholelitic to calcalkaline and the andesite calcalkaline. The
andesite samples plot as shoshonite or high-K calcalkaline
series, the basalts plot as high-K calcalkaline or calcalkal-
ine serieson the SiO, versus K ,O diagram (Figure 4b; Pec-
cerillo and Taylor, 1976). The plagioclase-phyric andesite
has low vanadium abundances and Ti/V ratios and plot as
non-arc basalts on Ti versus V diagram (Figure 4c; Sher-
vais, 1982). These samplesillustrate the problem of using
thisclassification with cal calkalinelavas which commonly
crystallize magnetite (strong affinity for V) leading to erro-
neous arc/non-arc designations. However, in the Zr versus
Ti (Pearce and Cann, 1973, not shown) and Th-Hf-Nb
(Wood, 1980) diagrams, which are unaffected by vanadium
compatibility during calcalkaline basalt evolution, all plag-
ioclase porphyry samples occupy calcalkaline arc basalt
fields (Figure 4d).

The plagioclase porphyriesare characterized by LREE and
Th enrichment, and Nb and Ti depletion, characteristic of
arc volcanism (Figure 5d). The primitive mantle-normal-
ized trace-element profiles of the basalt are distinctly less
enriched in LREE compared to the andesite and both over-
lap plagioclase-phyric basalts assigned to the Stuhini
Group in adjacent areas (Figure 5d; Zagorevski et al.,
2012).

L atite Porphyry

Unit 4 of the Stuhini Group includes a distinctive package
of salmon pink-weathering porphyritic latite, trachyte, ma-
roon-weathering basalt and epiclastic rocks that crop out
northwest of Hluey Lakes along the Hluey Lake service
road adjacent to a pink-weathering syenite porphyry (Lo-
gan et a., 20123, ¢). Samples were collected from a ma-
roon-coloured basalt/latite with abundant calcite-filled
vesicles, and phenocrystsof plagioclase, K-feldspar and bi-
otite in an aphanitic groundmass that locally displays
trachytic flow textures. It isuncertain whether the potassic
character of these rocksis primary or can be attributed en-
tirely to alteration from the adjacent syenite.

Chemical datafor the maroon volcanic unit isunder-repre-
sented (n=3) and suspect due to the substantial amounts of
secondary alteration minerals visible in thin section (K-
feldspar, hematite, carbonate, chlorite and quartz) and re-
flected in the high loss-on-ignition (LOI) values (Table 1).
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The samples plot as subalkalic andesite to alkali basalt/
trachyte on the Zr/Ti versus Nb/Y classification diagram
(Figure 4a) of Pearce (1996). All three samples plot as
shoshonite onthe SiO, versus K ,O diagram (Peccerillo and
Taylor, 1976) and in the calcalkaline arc basalt fields
(Shervais, 1982; Wood, 1980) on tectonic discrimination
diagrams (Figure 4b, c, d).

The primitive mantle-normalized extended trace-element
plots for the maroon volcanic unit are characterized by
L REE and Th enrichment, and Nb and Ti depletion, charac-
teristic of arc volcanic rocks (Figure 5e). Thisunit has dis-
tinctly higher LREE abundances than any of the other
mafic volcanic units studied, and also has elevated Zr and
Hf values, implying either an evolved source or extensive
liquid evolution (MUnker et al., 2004).

Hazelton Group

The Early to Middle Jurassic rocks exposed east of Gnat
Pass are subdivided into five units (Anderson, 1983;
Gabrielse, 1998; Iverson et al., 2012a, Figures 2, 3).
Units 1-3include 625 m of thin- or medium-bedded volca-
niclithic arenitewith pebbleconglomerate, siltstoneand si-
liceous ash tuff layers. Units 4 and 5 are monomict
pyroxene-phyric basalt conglomerate and flow breccias.
Five samples of basalt from the uppermost flow unit (unit 5
of Iverson et al., 2012a) and two samples of basaltic dikes
cutting unit 3 sedimentary rocks(lverson et al., 2012a, Fig-
ure2) wereanalyzed. Thebasalt isacoarse pyroxenetplag-
ioclasetolivine—phyric rock (Figure 3e, f) typically unal-
tered, but containing a lower greenschist-facies metamor-
phic assemblages of epidote, calcite, quartz and pyrite. Itis
dominated by euhedral, twinned and oscillatory-zoned in-
clusion-rich clinopyroxene phenocrysts within a finer
grained groundmass of plagioclase laths, subhedral to
anhedral olivine phenocrysts pseudomorphed by serpen-
tine and chlorite, pyroxene and opague minerals.

All Hazelton Group samples plot in the subalkalic basalt
field onthe Zr/Ti versus Nb/Y classification diagram (Fig-
ure4a) of Pearce (1996) and cluster around the overlapping
fields of shoshonite and high-K calcalkaline seriesat SiO,
concentrations between 47-50 wt. % on the SIO, versus
K0 diagram (Figure 4b) of Peccerillo and Taylor (1976).
They plotinthearcfield (Shervais, 1982) and calcalkaline-
arc basalt field (Wood, 1980) on tectonic discrimination di-
agrams (Figure 4c, d) and are tholeiitic to transitional
calcalkaline on the AFM diagram (Irvine and Baragar,
1971, not shown).

The Hazelton pyroxene porphyry samples are character-
ized by Thand L REE enrichment, and Nb and Ti depletion,
characteristic of basaltsformed in arc settings (Figure 6a).
Thetrace-element profilesoverlap pyroxene-phyric basalts
assigned to the Stuhini Group inthe study areaand adjacent
areas (Figure 6a).
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Discussion

The primitive mantle-normalized extended trace-element
plots for the Middle Triassic, Late Triassic and Early to
MiddleJurassic basalt samplesall display LREE and Then-
richment, and Nb and Ti depletion, characteristic of
calcalkaline basalts generated in an arc setting or derived
from the subarc lithospheric mantle (Jenner, 1996;
Figures 5, 6).

The normalized trace-element profiles for the LREEs (La,
Ce, Pr, Nd) and middle rare earth elements (MREES; Sm,
Eu, Gd, Th, Dy, Ho) for the Middle and L ate Triassic bas-
alts show progressive enrichment with progressively
higher stratigraphic position and relatively younger ages
(increasing La/Smyc; Table 2). The heavy rare earth ele-
ment (HREE; Er, Tm, Y b, Lu) abundancesoverlap but con-
form to this same pattern. The normalized trace-element
profiles for the Late Triassic basalts overlap Late Triassic
aphyric, pyroxene-phyric and plagioclase-phyric basalts of
the Stuhini Group in adjacent areas (Figure5; Zagorevski et
al., 2012). Therelatively high concentration of P,Os in the
Tsaybahe pyroxene porphyries (approximately twice the
average wt. % P,Os of the other basalt units) ishard to rec-
oncile with these being the most primitive type of basalt
(i.e., highest MgO, Cr and Ni and lowest Y and Nb/Zr; Ta-
ble 2).

The normalized trace-element profiles for the Hazelton
basaltseast of Gnat Passoverlap the profilesfrom Early Ju-
rassic Cold Fish and Mount Brock basalts of the Hazelton
Group (Figure 6b) in the adjacent Spatsizi map area (104H;
Evenchick and Thorkelson, 2005) but not the profilesfrom
rift basalts of the Early to Middle Jurassic Willow Ridge
Complex (Figure 6¢) in the Telegraph Creek map area
(104G; Barresi and Dostal, 2005). The Willow Ridge Com-
plex comprises a bimodal suite of basalt, basaltic andesite
and rhyolite, which spans the Toarcian-Aalenian boundary
(Early Jurassic to Middle Jurassic) and is age-equivalent to
thehost rocksat Eskay Creek (Alldrick et al., 2004). Primi-
tive mantle-normalized trace-element abundance patterns
for themaficrocksfromtheWillow Ridge Complex show a
slight enrichment of LREES sloping from Th to Sm and a
dlight negative Nb anomaly (Barresi and Dostal, 2005).

The primitive mantle-normalized extended trace-element
plotsfor the Hazelton basalt al so overlap the plotsfor intru-
siverocksof the age-equivalent Middle Jurassic Three Sis-
ters pluton (van Straaten et al., 2012b), but more precisely
match thetrace-element pattern for hornblende-augite gab-
bro of the Late Triassic Beggerlay Creek pluton (van
Straaten et al., 2012b; Figure 6d). The relative abundances
and trace-element patterns of the Hazelton basalt al so over-
lap those of Late Triassic pyroxene-phyric basalt from the
study area and the Iskut River area (Figure 6a; Zagorevski
etal., 2012), suggesting that successive M esozoic arc mag-
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Figure 6. Primitive mantle-normalized (Sun and McDonough, 1989) extended trace-element profiles of Early to Middle Jurassic Hazelton
Group ?yroxene-phyric basalt. Data sources for comparison: *van Straaten et al. (2012b); >Zagorevski et al. (2012), plus analyses from this
study; ® Evenchick and Thorkelson (2005); * Barresi and Dostal (2005). Symbol: emJHyv, Early to Middle Jurassic Hazelton pyroxene por-

phyry.

mas were likely generated from similar subduction-modi-
fied mantle and erupted rapidly with relatively short resi-
dence time in the upper crust to prevent substantial
fractionation or assimilation of more felsic material. In ad-
dition, a post—L ate Triassic pyroxene-phyric dike that cuts
the ca. 221 Ma Cake Hill pluton (Anderson and Bevier,
1992; van Straaten et al., 2012a) has an identical primitive
mantle-normalized trace-element pattern as the Hazelton
basalt, suggesting it may represent a feeder dike to the
overlying Hazelton Group volcanic rocks (Figure 6a).

Alteration Guides for Exploration

Major element mobility of K,O, NaO and CaO during
even low-grade alteration iswell established (Davieset al.,
1979) and, in areas peripheral to magmatic centres, under-
standing element mobility can provide exploration vectors
within hydrothermal alteration zones (Barrett and Mac-
Lean, 1993). The latite porphyry and plagioclase-phyric
andesite suites of the Stuhini Group are characterized by el-
evated K,O and/or Na;O related to secondary alteration.
Thelatite porphyry samples have high LOI values, mobile
low field strength elements (LFSES) including Th, and are
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located adjacent to a potassic intrusive centre and Cu-Au
prospect (MINFILE 104J 013; BC Geological Survey,
2012). However, ateration in the plagioclase-phyric ande-
site samplesismore subtle, with only slightly elevated LOI
values and no nearby intrusion or geophysical expression

Table 2. Selected element concentrations and ratios for the Middle
Triassic, Late Triassic and Early to Middle Jurassic basalts collected
fromthe area covered by the Dease Lake (104J) and Cry Lake (1041)
map sheets, northwestern British Columbia.

Uit LetSme Laisme® 7200 Nio Y Nbize
(wt %} {ppm}
emJHv 180-265 232 029 0172 154 002
FSmv  3.42-3.81 3.42 033 03F5 222 0.04
Spp 162-262 204 03 0417 215 004
TSy 153218 177 025 0376 173 003
MSpx  146-2.26 169 034 0387 192 002
mFTv  133-212 159 052 0268 132 001

'Unit: mETy, Middle Triassic Tsaybahe pyroxene-phyric basalt; IFSy, Late
Trigssic Stuhini aphyric hasalts; [TSpp, Late Tiiassic Stuhini plagioclase-
phyric basalt and andesite; [ESmyv, Late Triassic Stuhini latite porphyry;
Spx, Late Triassic Stuhini pyroxene-phyric basall, emJHy, Early to Middle
Jurassic Hazelton pyroxene porphyry

2 Average values

Abbreviation: NC, chendnte normalized
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(Aeroquest Airborne, 2012) indicativeof aburiedintrusion
in the area. Regional geochemical data (Jackaman, 2012)
for the area south of Ross Creek, where three of the four
plagioclase-phyric andesite samplesoriginate, indicatetwo
streams draining the area with anomalous copper values
(within the 95™ percentile) that warrant follow-up.

Conclusions

Middle Triassic, Late Triassic and Early to Middle Jurassic
pyroxene-phyric volcanic rocks occur in northern Stikinia
(Brownetal., 1992; Gabrielse, 1998; Iverson et al ., 2012a).
In this study, they have similar physical characteristics,
mineralogy and chemistry, which make them difficult to
distinguish from one another without independent age con-
straints. They have primitive mantle-normalized extended
trace-element patterns that display LREE and Th enrich-
ment, and Nb and Ti depletion, characteristic of calcalkal-
ine basalts generated in an arc setting. These geochemical
patternsoverlap those from correl ative unitsin adjacent ar-
eas (Evenchick and Thorkelson, 2005; Zagorevski et al.,
2012) and are also similar to those from Late Triassic and
Middle Jurassic calcalkaline plutonic suites in the region
(van Straaten et a., 2012b).

The Early to Middle Jurassic pyroxene-phyric rocks of the
Hazelton Group east of Gnat Pass are the same age as the
Willow Ridge Complex (Alldrick et al., 2004) and the bas-
alts of the Salmon River Formation (Anderson and
Thorkelson, 1990) at Eskay Creek. However, the basalts at
Eskay Creek have atholeiitic, N-MORB signature (Barrett
and Sherlock, 1996), which is different from the cal calkal-
ine, arc signature of the volcanic rocks east of Gnat Pass.
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