
CHAPTER 3 INTRUSIVE ROCKS

INTRODUCTION

Plutonic rocks of northern British Columbia represent
at least seven intrusive episodes: Late Devonian, Early Mis-
sissippian, Middle(?) to Late Triassic, Late Triassic to Early
Jurassic, Early Jurassic, Middle Jurassic and Eocene (Drobe
et al., 1992; Anderson, 1993; Bevier and Anderson, 1991;
Woodsworth et al., 1991; Figure 3-1). Recent U-Pb dating
of plutonic rocks has identified additional episodes of intru-
sive activity, for example; a late Early Jurassic episode in the
Scud River area (Brown et al., 1996) and geochronological
dating in the Iskut River area demonstrates that intrusive ac-
tivity is nearly continuous for the entire period from
Sinemurian to Bajocian, 195 to 175 Ma (Macdonald et al.,
1996). Missing in this part of Stikinia are the mid and Late
Cretaceous plutons found further north and in central Brit-
ish Columbia (Armstrong, 1988).

Isotopic dating completed for plutonic and volcanic
rocks in the map area has allowed accurate age determina-
tion and “suite“ classification for several of the larger intru-
sions. The intrusive episodes are characterized by
distinctive suites of plutonic rocks and associated mineral
deposits (Barr et al., 1976; Sinclair, 1986; Alldrick et al.,
1987). For intrusions in the map area with no isotopic age
data, classification is based on intrusive relationships,
chemical and mineralogical composition and mineral de-
posit associations. For example, potassium feldspar
megacrystic syenite intrusives that cut Upper Triassic
Stuhini Group rocks and have associated minor copper min-
eralization, even if it is apparently minor, are assigned a Late
Triassic and younger age and grouped into the Copper
Mountain plutonic suite.

EARLY(?) DEVONIAN

Weakly foliated to schistose diorite sills and stocks in-
trude schistose Devonian rocks west of and at the headwa-
ters of Mess Creek (Figure 3-2, Photo 2-1). Where the
intrusions are less deformed equigranular, medium-grained
textures are preserved. These chloritic metadiorites grade
into penetratively foliated, pervasively deformed chlorite
schist in which intrusive textures have been completely de-
stroyed. The massive, textureless nature of these rocks are
distinctive and distinguishes them from similar chloritic,
schistose mafic tuffs and flows in which primary textures
are generally preserved.

In thin section, less deformed diorites contain
subhedral to anhedral clinopyroxene that is variably
chloritized and replaced by actinolite. Plagioclase is slightly
finer grained and moderately sericitized. In schistose rock,
actinolite pseudomorphs pyroxene and forms scattered nee-
dles of variable size throughout the groundmass. In these
same rocks, quartz locally forms over 50 per cent of the
groundmass as fine equigranular grains; it also occurs
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Figure 3-1. Distribution of the six main intrusive suites within the
study area.



sparsely as larger anhedral grains. Chlorite is abundant, and
the rock is cut by deformed sericite and quartz veinlets.

The metadiorite intrusions may be subvolcanic equiva-
lents of or feeders to mafic metavolcanic rocks of the same
age. Alternatively, they may be the diorite phase of the Late
Devonian Forrest Kerr pluton. The rocks are interpreted to
be the oldest intrusions mapped in the area, but are not con-
strained by age dating.

LATE DEVONIAN TO EARLY
MISSISSIPPIAN FORREST KERR AND
MORE CREEK PLUTONIC SUITES
(370-355 Ma)

An elongate, north-trending composite intrusion of
monzodioritic to tonalitic composition straddles 57° 00’ lat-
itude. It extends more than 30 km north into the Telegraph
Creek and south into the Iskut River map areas (Figure 3-1).
It is bounded to the east by the Forrest Kerr fault, which lies
within the Forrest Kerr and More Creek valleys, and to the
south by the Iskut River. The intrusive can be subdivided
into two plutons, the Late Devonian - Forrest Kerr pluton
(FKP) - in the south, and the younger, Early Mississippian -
More Creek pluton (MCP) - to the north (Drobe et al.,
1992). They are roughly the same size; each underlies an
area of about 250 square km. Mineralogically, texturally and
chemically both plutons are remarkably similar. They are
probably subvolcanic plutons since Late Devonian and
Early Mississippian extrusive rocks are well documented
for this part of northern Stikinia (Greig and Gehrels, 1995;
Mortensen in Sherlock et al., 1994), although intrusive
rocks of this same age were not recognized until recently
(McClelland et al., 1993; Friedman in Ash et al., 1997).

Contact relationships with the country rocks varies
along the length of these plutons. Dikes and sills of foliated
tonalite and trondjhemite intrude Early and middle Devo-
nian rocks along the west and south margins of the MCP.
Along this same contact, mid Carboniferous and Permian
carbonates nonconformably overlie the pluton in the vicin-
ity of Arctic Lake. Nowhere was the MCP observed to in-
trude rocks younger than mid Carboniferous. The eastern
margin of the MCP is faulted against Late Triassic rocks of
the Stuhini Group. It is nonconformably overlain by Quater-
nary basalts north of Tadehko Creek.

To the south, in the Forrest Kerr area, the FKP is thrust
eastward over Early Devonian limestone along its eastern
margin. The lateral extent and exact timing relationship of
this contact, however, is uncertain. Roof pendants of Devo-
nian or older sedimentary rocks, including carbonate, occur
at its north and south margin, and the western margin is
faulted against a series of steep, northeast-trending fault
slices of Late Triassic, Carboniferous and Devonian to Mis-
sissippian rocks. At the northern margin, the pluton is cut by
flat lying sill-like bodies and dike swarms of dark green
diabase of probable Jurassic age.
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Figure 3-2. Distribution of Late Paleozoic Forrest Kerr, More
Creek and Early(?) Devonian intrusive suites in the study area.
Sample sites, method and results are shown for K-Ar, Ar-Ar and
U-Pb age dating of these suites. Numbers correspond with data in
Table 3-1.



FORREST KERR PLUTON

The FKPis a 10 km wide composite body extending ap-
proximately 25 km north from McLymont Creek to north of
Forrest Kerr Creek (Figure 3-2). It is a texturally heteroge-
neous pluton and consists of a mafic phase of hornblende
monzodiorite, diorite and tonalite and a leucocratic phase of
granodiorite and biotite trondhjemite. The mafic phase is
thought to be the earliest; it forms roughly the northern half
of the pluton and the thrust faulted satellite body at its south-
east margin. The tonalite and trondhjemite form an inclu-
sion-rich phase which appears to be localized near the
margins of the pluton. Granodiorite forms the northwestern
margin and leucocratic biotite trondhjemite the majority of
the southern part of the pluton. The contacts between phases
are abrupt to gradational over short distances, often with
conflicting intrusive age relationships. In general the mafic
phases occur as inclusions within, or are brecciated and
veined by the more felsic phases.

The northern half of the FKP is a mafic, heterogeneous
mix of porphyritic to fine grained equigranular hornblende
monzodiorite with more mafic hornblendite phases.
Hornblende is chloritic and comprises more than 40 percent
of the rock; quartz is generally less than 5 percent, but varies
to greater than 10 per cent so the rock becomes quartz
monzodiorite. The remainder is subhedral plagioclase. Con-
tacts with the leucocratic phase are gradational over short
distances of complex intrusive mixing. Intrusive breccias,
gneissic si l ls and pendants of metavolcanic and
metasedimentary rocks are common. North of Forrest Kerr
Creek, the mafic phase encloses a 9 square km pendant of
contact metamorphosed Paleozoic rock. It separates
hornblende monzodiorite in the east from granodiorite of
the felsic phase.

The satellite intrusion north of Lime Lake is also
compositionally heterogeneous. The inclusion-rich phase
along the margins of this body consist of trondhjemite con-
taining numerous inclusions of mafic diorite to hornblende
tonalite. The inclusions are well rounded to irregularly
shaped and vary in size from 2 up to 100 centimetres. They
are always finer grained, seriate textured amphibolites and
comprise up to 65 percent (by volume) of the intrusive
(Photo 3-1). Margins of the smaller inclusions are character-
istically sharp and chilled. The larger inclusions generally
have more diffuse, gradational or irregular boundaries. The
proportion of inclusions to groundmass is variable, but local
zones within the trondhjemite contain rounded mafic inclu-
sions of roughly the same size. The chilled margins suggest
they represent inter-mixing of two magmas with higher tem-
perature magma injected into the host trondhjemite.

An intermediate phase of granodiorite forms the
fault-bound, northwestern margin of the FKP. It is com-
posed of coarse to medium-grained hornblende quartz
monzodiorite to granodiorite. Hornblende, which averages
20 percent, forms 5 millimetre crystal laths and poikilitic
clots; biotite, where present, is fine-grained and less than 5
percent. Quartz averages 10 to 20 percent. Feldspars com-
prise the remainder, with a 60:40 ratio of plagioclase to po-
tassium feldspar.

A quartz rich granitoid suite consisting of principally
biotite trondhjemite and hornblende biotite tonalite occu-
pies the southern half of the FKP. Leucocratic tonalite or
trondhjemite of the FKP is coarse to medium grained. In
places it is deeply weathered producing a sandy to rubbly
outcrop surface. It is pink on fresh surfaces and contains
about 30 to 40 per cent quartz and 5 to 7 per cent biotite, the
remainder being euhedral, light grey, white and pink feld-
spars. Potassium feldspar is present but rarely exceeds 5 per
cent. Hornblende is less common. As in the More Creek
area, the granite varies from equigranular to “quartz-eye”
porphyritic. Coarse grained quartz-rich phases with up to 50
per cent quartz occur north of McLymont Creek at its head-
waters and east of the Newmont Lake syncline. Flat and
steeply-dipping, primarily north and east-trending diabase
dikes, one to several metres wide cut the pluton. Epidote,
chlorite, quartz, pyrite and iron carbonate occupy fractures
in both the host and dike rocks.

A similar suite of rocks comprise a second intrusion
centered on the Verrett River and southwest of McLymont
Creek. The age of the Verrett pluton is not well constrained,
but its northern margin is nonconformably overlain by Late
Triassic andesitic lahar deposits of the McLymont Graben
(Kowalchuck, 1982) and we tentatively correlate it with the
FKP suite.

MORE CREEK PLUTON

The MCP extends approximately 25 km north from the
south fork of More Creek to north of Arctic Lake (Figure
3-2). It is approximately 10 km wide at its north and south
margins, pinching to only 5 km across the middle. Like the
FKP, this heterogeneous pluton consists of hornblende
monzodiorite, diorite, tonalite and leucocratic phases of
granodiorite and biotite trondhjemite. Fault-bound bodies
of these rocks caught up in the Mess Creek fault zone can be
traced 15 km to the north into the Mess Lake map area.
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Photo 3-1. Angular to subrounded inclusions of mafic diorite and
amphibolite in light coloured medium grained tonalite to
trondhjemite of the marginal phase of the Forrest Kerr pluton, lo-
cated north of Lime Lake.



The earliest phase of the MCP is an equigranular me-
dium-grained hornblende diorite. Hornblende and
plagioclase are the dominant constituents, although, in
places, 1 to 2 per cent biotite or minor clinopyroxene coexist
with the hornblende. In some outcrops, quartz is present to
as much as 5 per cent; it forms “eyes” averaging 4 milli-
metres in size, which often have a distinctive blue colour.
Parts of the intrusion are compositionally layered, with vari-
ations in hornblende to plagioclase ratios and crystal size.
There are also alternating zones of homogeneous diorite and
intrusive breccia tens of metres thick (Photo 3-2). The layer-
ing in general trends northerly and dips west. Amphibolite
forms irregular lenses and pods with diffuse margins grad-
ing into more typical hornblende diorite. Coarse grained
plagioclase and hornblende pegmatitic segregations de-
rived from residual fluids during crystallization vein the
early more mafic phases. Hornblende in these segregations
forms coarse clusters and rows of elongate crystals up to 20
centimetres long (Photo 3-3). Gneissic and foliated zones
within the intrusion are for the most part magmatic in origin.
They are characterized by lenticular-shaped enclaves of one
phase within the other and vice versa. Minerals in the diorite
are altered to chlorite, epidote, sericite and, locally,
actinolite. The crystallization sequence, evident in one
thin-section is clinopyroxene, hornblende, then plagioclase,
with an alteration overprint of actinolite±epidote±chlorite.

Fresh, unaltered hornblende is common and displays strong
brown-green to yellow pleochroism.

Apendant of ultramafic rocks, about 200 square metres
in area, crops out six km south of Arctic Lake. The ultra-
mafic rocks are intruded and surrounded by granite, and
nonconformably overlain by a small Quaternary scoria
cone. Lithologies include; massive, coarse-grained
hornblende gabbro, hornblendite and equigranular
clinopyroxene hornblendite, clinopyroxenite and biotite
hornblendite. Layering within the hornblende gabbro is de-
fined by zones that are slightly more enriched in
plagioclase. They average 10 to 50 centimetres in width, and
typically 3 to 5 metres in length. Hornblende crystals are
aligned perpendicular to the compositional layering (Photo
3-4). The boundaries are usually diffuse with hornblende
crystals protruding into the plagioclase matrix from the ad-
jacent hornblendite. Hornblende is mainly fresh and unal-
tered, but epidote veins are common and disseminated
epidote occurs in places. Poikilitic hornblende encloses
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Photo 3-2. Medium to coarse grained hornblende diorite cut by
pegmatitic apophyses of felsic biotite tonalite, at northeastern cor-
ner of Forrest Kerr pluton. Where the felsic layers and dikes co-
alesce, intrusive breccia zones consisting of both felsic and mafic
phases occur.

Photo 3-3. Hornblende plagioclase pegmatite segregation in
gneissic layered gabbroic phase of the More Creek pluton.

Photo 3-4. Coarse intergrowths of hornblende and plagioclase in a
layered hornblende gabbro forming part of the ultramafic pendant
situated 6 km south of Arctic Lake within the More Creek pluton.



clinopyroxene in the clinopyroxene hornblendite and mag-
netite in the biotite hornblendite. Biotite books in the latter
are up to 2 centimetres in size and green in colour, but are not
chloritized. Olivine is common in the hornblendite and is
weakly altered to serpentinite and iddingsite (Photo 3-5).
M a s s i v e m e d i u m g r a i n e d , c u m u l a t e - t e x t u r e d
clinopyroxenite with minor olivine also occurs. The above
textures and mineralogy are consistent with Alaskan-type
(zoned) ultramafic bodies (G.T. Nixon, personal communi-
cation, 1991). Thus, the MCP encloses remnants of a
pre-Early Mississippian Alaskan ultramafic complex.

Tonalite and trondhjemite comprise the granitoid phase
of the pluton. Textures are typical ly medium to
coarse-grained and equigranular. Quartz is usually the
coarsest mineral, and forms elliptical “eyes” that make up
between 10 and 30 per cent of the rock. In thin section quartz
grains invariably display undulose extinction and some
have pressure shadows. Potassium feldspar occurs as
anhedral, slightly finer grains between subhedral
plagioclase crystals. Both feldspars are weakly altered to
sericite. Biotite, which is chloritized (with minor epidote) or
rarely pristine, forms from 2 to 10 per cent of the rock.
Hornblende is uncommon, but where present occurs as
weakly altered crystals to 0.5 millimetres in size.

Magmatic foliation and gneissic zones are common,
particularly around the margins of the intrusion (Photo 3-6).
The fabric is developed at various scales from metre thick
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Photo 3-5. Photomicrograph of two rocks from the Early Mississippian ultramafic pendant. A) Biotite hornblendite, plane polarized
(above) and x-nicols (below). B) Clinopyroxene hornblendite, plane polarized (above) and x-nicols (below). Mineral assemblages of
clinopyroxene, olivine, hornblende and green pleochroic biotite are characteristic of Alaskan-type ultramafic rocks.

Photo 3-6. Lenticular, flattened mafic inclusion-rich gneissic
tonalite of probable magmatic origin occur locally along the east-
ern margin of the More Creek pluton.



zones of lenticular, flattened inclusion-rich tonalite to a
weak mineral foliation in biotite hornblende tonalite. At one
locality, the mineral foliation appears to be folded into tight
isoclinal folds of probable tectonic origin. Structural fabrics
are uncommon within the intrusion, but apophyses and finer
grained phases of the tonalite are tectonically foliated and
locally mylonitic. Quartz often forms larger grains within
equigranular fine quartz-feldspar trains (Photo 3-7). Albite
and pericline twin planes within feldspar and cleavage
traces within biotite are kinked. Actinolite and secondary
sericite are aligned and deflect around the larger quartz and
feldspar grains. The rock is weakly schistose where
micaceous minerals form more than 30 per cent of the rock.

Contacts with the diorite are commonly irregular and
curviplanar, with complex interfingering. Intrusive breccia
with angular blocks of amphibolite suspended in diorite and
diorite suspended in granite can be followed into areas
where the granite clearly crosscuts the diorite. The contact
between granitic rocks and diorite has been drawn as close
to such transition zones as possible. Where the diorite ap-
pears to be suspended as blocks within the granitic phase

(i.e. an intrusive breccia), the outcrop was mapped as
granite.

Numerous fine-grained aphyric and aphanitic dikes
and several types of plagioclase porphyry diorite dikes cut
the main Mississippian diorite-granite pluton. Most of them
are less than 3 metres wide, but a few larger dikes are ex-
posed above the south fork of More Creek and east of Arctic
Lake; they are discussed below.

GEOCHRONOLOGY

The FKP and MCP are composite bodies comprising a
felsic phase, which ranges from biotite granodiorite to bio-
tite tonalite and trondhjemite, and an older mafic phase of
mainly hornblende monzodiorite and gabbro composition.

The Late Paleozoic age of the Forrest Kerr Pluton was
first established with potassium-argon radiometric dating
techniques carried out by J. Harakal and D. Runkle (1989),
at The University of British Columbia. Potassium-argon
isotopic dates of 346±10 Ma and 343±12 Ma (K-Ar, biotite)
from biotite granite, suggested an Early Mississippian age
for the felsic phase of the pluton (Table 3-1). Subsequent age
dating of samples from the MCPgave cooling ages of 330±9
Ma (K-Ar, hornblende) for the diorite phase, from a sample
collected eight km southeast of Arctic Lake. Pyroxene
hornblendite from the ultramafic raft located six km south of
Arctic Lake, in the MCP has a minimum K/Ar age of
291±10 Ma (K-Ar, hornblende); this may be a partially reset
age, reset during intrusion of the felsic phases of the MCP.

To better constrain the age the argon
40

-argon
39

method
of radiometric dating was employed on hornblende mineral
separates of two diorite samples, one from the Forrest Kerr
Pluton (90JLO13-10) and the other from the More Creek
Pluton (91JDR9-4). Incremental heating techniques were
carried out and the 40Ar-39Ar spectra generated at
Dalhousie University (P. Reynolds, 1993). Hornblende
mineral separates from the diorite phase of the More Creek
pluton yielded broad U-shaped spectra suggestive of excess
argon, and an 40Ar-39Ar plateau age of approximately 350
Ma (Figure 3-3). The 40Ar-39Ar spectra from hornblende
separates of the FKP sample are discordant, indicate excess
argon and a minimum apparent cooling age of early Perm-
ian.
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Photo 3-7. Rare isoclinal folds and weak foliation developed in
hornblende quartz diorite of the More Creek pluton. Mafic inclu-
sions are fine grained amphibolite restite.

Figure 3-3. Hornblende
37

Ar/
39

Ar plateau date for diorite of the
More Creek pluton.



To improve on these, uranium-lead zircon geochronol-
ogy was completed on a number of intrusive samples and
country rocks to constrain the age of emplacement of the FK
and MC plutons (Table 3-1). This work was carried out at
the University of California, Santa Barbara by one of the au-
thors. Plutons were sampled from two localities in the For-
rest Kerr map area and one in the More Creek map area. The
presence of inherited zircon components was not detected in
any of the Devonian and Mississippian plutonic and volca-
nic samples analyzed during this study. Tonalite from the
centre of the FKP yielded a U-Pb zircon date of 369.4±5.1
Ma for the felsic phase of the pluton (Table 3-1, Appendix
13). This is interpreted to represent the age of crystallization
and emplacement of the felsic phase. The K-Ar date of
346±10 Ma from the same outcrop is re-interpreted to be a
cooling age. Hornblende monzodiorite from the satellite-in-
trusion north of Lime Lake yielded a U-Pb zircon date of
370.7±6.7 Ma (Table 3-1, Appendix 13). This body intrudes
Early Devonian carbonate, phyllite and intermediate
tuffaceous metavolcanic rocks (380±5 Ma; U-Pb, zircon,
Table 3-1, Appendix 13). The MCP was sampled approxi-
mately 7 km west of Hankin Peak. Heterogeneous, foliated
biotite granodiorite was collected and returned a U-Pb zir-
con date of 356.9 +4.3/-3.8 Ma for the felsic phase of the
MCP (Table 3-1, Appendix 13). Concordia diagrams for the

Forrest Kerr and More Creek plutons are shown in Appen-
dix 13.

INITIAL STRONTIUM

Strontium and rubidium isotopes were analysed for
diorite and granite samples from the Forrest Kerr pluton
(91JDR9-4 and 91JLO37-451) and from the More Creek
pluton (91JLO31-1 and 91JLO31-2) at The University of
British Columbia Geochronology Laboratory. The isotopes
are plotted on a

87
Rb/

86
Sr vs.

87
Sr/

86
Sr diagram (Figure 3-4)

together with 3 Stikine Assemblage metavolcanic rocks
from Holbek (1988).

The plot shows the data and the 370 Ma isochron line
drawn twice, through the diorite and granite samples of the
FKP. The initial strontium ratio calculations (Appendix 13)
for all four samples are based on a U-Pb zircon age of 370±3
Ma. At the time of the analyses these were assumed to repre-
sent four widely-spaced samples from coeval plutons. The
data set did not form a satisfactory isochron, and a regres-
sion on 3 points gave an age of 208±45 Ma, much younger
than the U-Pb age of 370.7±6.7 Ma, determined from sam-
ple 91JLO31-2. Subsequent U-Pb dating, recognized an
Early Mississippian age for the felsic phase of the More
Creek pluton.
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TABLE 3-1

U-Pb AND K-Ar ISOTOPIC DATES FOR IGNEOUS ROCKS

FIELD MAP ROCK PLUTONIC PLUTON DATING MINERAL AGE REF.

NO. UNIT TYPE SUITE METHOD (Ma)

81-HA19a MJMZ Quartz monzonite Three Sisters Yehiniko Rb-Sr Bi 170±16 2

81-HA19a MJMZ Quartz monzonite Three Sisters Yehiniko K-Ar Bi 172±6 2

81-HA19a MJMZ Quartz monzonite Three Sisters Yehiniko Rb-Sr WR 178±11 2

89VKO28-15 EJg Bi-Hb monzogranite Texas Creek McLymont Ck. K-Ar Hb 203±7 1a

AT-86-137-1 EJg Bi-Hb monzogranite Texas Creek McLymont Ck. K-Ar Hb 189±3 4

91-GC-1395 L>s K-spar porphyry Copper Mtn. Galore Ck. U-Pb ZrTt 205.1±2.3200.1 33

-1433 ±2.2

91-GC-1396 L>s K-spar porphyry Copper Mtn. Galore Ck. U-Pb Tt 205±1.8 3

91-GC-1398 L>s Syenite porphyry Copper Mtn. Galore Ck. U-Pb Tt 210±1 3

91-GC-1399 L>s K-spar porphyry Copper Mtn. Galore Ck. U-Pb Tt 197.2±1.2 3

T-169-504-557 L>Hd Qtz-feldspar porphyry Stikine Hickman U-Pb Zr 216.6±2 1d

81-HA10a L>Hd Bi-Hb granodiorite Stikine Hickman K-Ar Bi 209±15 2

81-HA10a L>Hd Bi-Hb granodiorite Stikine Hickman Rb-Sr Bi 216±4 2

81-HA10a L>Hd Bi-Hb granodiorite Stikine Hickman K-Ar Hb 221±8 2

81-HA10a L>Hd Bi-Hb granodiorite Stikine Hickman Rb-Sr WR 233±23 2

91-305 EMg Bi-Hb granite More Creek More Ck. U-Pb Zr 356.9+4.3/-3.8 1c

91JDR9-4 EMd Hornblende diorite More Creek More Ck. K-Ar Hb 330±9 1a

91JDR33-4-1 LDum Hornblendite Forrest Kerr Umafic raft Ar-Ar Hb 291±10 1b

89-JDR6-3 LDg Bi-Hb granite Forrest Kerr Forrest Kerr K-Ar Bi 343±12346±10 1a1a

91-246 LDg Bi-Hb granite Forrest Kerr Forrest Kerr U-Pb Zr 369.4 ±5.1 1c

91-226 LDg Bi-Hb granite Forrest Kerr Forrest Kerr U-Pb Zr 370.7±6.7 1c

One sigma errors for K-Ar and Rb-Sr dates, two sigma errors for U-Pb dates are reported, see Appendices 11, 12 and 13 for analytical

data. References: 1 = this report, a = Harakal, b= Reynolds, c = McClelland, d = Gabites; 2 = Holbek (1988); 3 = Mortenson et al. , (1995);

4= Anderson and Bevier (1990). Bi = biotite, WR = whole rock, Hb = hornblende, Tt = titanite, Zr = zircon, K-spar



The measured
87

Sr/
86

Sr value for the foliated granite of
the MCP (91JLO37-451) is marginally lower than the
87Sr/86Sr value of the diorites (Appendix 14), and may re-
flect a low-grade alteration which accompanied deforma-
tion. The two hornblende diorite samples, albeit from
separate bodies (FKP and MCP), lie within the 1 sigma error
along the 370 Ma isochron with whole rock initial

87
Sr/

86
Sr

value of 0.70429. The initial
87

Sr/
86

Sr value for the felsic
sample of the FKP is 0.70393, remarkably lower than the
mineralogically more primitive mafic phase. Initial
87

Sr/
86

Sr values from all four samples range between
0.7039 and 0.7043 and suggest a relatively primitive
magma source region; consistent with the juvenile Nd-iso-
topic signature observed from the granitic phase of the FKP
(McClelland, unpublished data].

MIDDLE (?) TO LATE TRIASSIC STIKINE
PLUTONIC SUITE (228-221 Ma)

Triassic plutons of northern British Columbia include
two main types: small Alaskan-type ultramafic bodies and
larger calcalkaline plutons; these correspond to the Polaris
and Stikine suites of Woodsworth et al. (1991). These
plutons are associated with, and locally crosscut, thick suc-
cessions of Upper Triassic Stuhini Group volcanic rocks. In
the Iskut River area they form small, northwest trending
bodies (Anderson, 1993); in the Telegraph Creek area
plutons are larger and trend northerly (Souther, 1972;
Brown et al., 1996)(Figure 3-1). Intrusive rocks of the
Stikine suite are restricted to the northern part of the study
area, where they intrude Upper Triassic volcanic rocks of
the Mess Lake Facies. With the exception of several small
isolated bodies, they comprise a single 2 km wide
north-trending pluton that extends from the headwaters of
Mess Creek 20 km north to the Schaft Creek deposit (Figure
3-5). The intrusion includes three main phases: plagioclase
porphyritic diorite, augite monzodiorite and hornblende bi-
otite granodiorite to quartz monzonite.

HICKMAN PLUTON

Amedium to fine grained, pink or grey hornblende bio-
tite granodiorite to quartz monzonite forms the western and
southern margins of the intrusion (Unit l>Hd, GS-Map). It
crops out on the east-facing slope above Mess Creek and is
probably an eastern extension of the main phase of the
Hickman pluton (Souther, 1972). Along its western margin,
numerous aplitic dikes that extend outward from the main
stock cut Upper Triassic volcanic rocks of the Stuhini
Group. The western margin or top of the stock is monzonite
where it intrudes Upper Triassic rocks, but east and down-
ward grades into hornblende diorite, commonly with en-
claves of dark grey hornblendite. The eastern contact is
poorly exposed and relationships are equivocal. The north-
ern margin is faulted against grey plagioclase-porphyritic
diorite. The monzonite portion of the stock is pink and
equigranular with up to 15 per cent hornblende. Where the
percentage of hornblende is higher, pink, fine-grained,
equigranular dikes to about 30 centimetres wide are com-
mon. The hornblende is subhedral and moderately altered to
chlorite and epidote. Plagioclase is weakly altered to seri-
cite. The mafic content of the stock locally increases until
the rock is fine to coarse-grained hornblendite with
hornblende crystals up to one centimetre in length. The
crystals are mostly weakly chloritized, though vitreous
hornblende is locally present. Narrow fracture-fillings
commonly contain carbonate, epidote and zeolite mineral
assemblages.

At the Schaft Creek deposit, the intrusion associated
with mineralization is a white, argillically altered,
equigranular monzonite to quartz monzonite. Quartz and
feldspar porphyritic apophyses intruded and altered the vol-
canic country rock. Several small outcrops of the monzonite
at the north edge of the Schaft Creek deposit are mineralized
along with adjacent volcanic rocks. Drill core intersections
of a porphyritic monzonite dike from the Liard zone were
collected and zircons extracted for U-Pb age dating. Sample
preparation and U-Pb analyses were carried out at the Geo-
chronology Laboratory of the University of British Colum-
bia by Janet Gabites (Appendix I2). A Late Triassic date of
220 +15/-2 Ma (U-Pb zircon) from mineral ized
quartz-feldspar porphyry is interpreted to be the age of dike
emplacement (Figure, Appendix 12). The Late Triassic date
indicates the leucocratic porphyry dikes at Schaft Creek are
comagmatic with the Hickman pluton and, because the
dikes are mineralized, mineralization has a minimum age of
circa 220 Ma.

OTHER STIKINE SUITE INTRUSIONS

Hypabyssal plagioclase porphyritic diorite (Unit L>pp,
GS-Map), crops out along the lower slopes of the Mess
Creek valley mainly west of the creek. It separates or-
ange-weathering monzonite of the Loon Lake stock from
the Hickman granodiorite to monzodiorite intrusive It was
mapped as a separate body, but may be a border phase of the
equigranular Hickman phase or related to the Loon Lake
stock. The monzodiorite is typically pale green; it contains
stubby plagioclase phenocrysts and rare chloritic
hornblende or pyroxene. The plagioclase is moderately to
highly sericitized, euhedral to anhedral phenocrysts to 4
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tonalite of the More Creek and Forrest Kerr plutons. Triangles are
Paleozoic Stikine assemblage metavolcanic rocks from Holbek
(1988).



millimetres in length. Scarce pyroxene forms anhedral
grains with rounded dusty margins. The groundmass is
highly altered to chlorite and epidote.

Plugs of pyroxene diorite crop out in several areas west
of Mess Creek (Unit L>pd, GS-Map). About 5 km south of
the Schaft Creek deposit, a small plug intrudes Upper Trias-
sic sediments. About 2 km south of the deposit, and also
about 5 km north of it, similar plugs intrude Upper Triassic
volcanic rocks, and a larger stock intrudes Upper Triassic
volcanic rocks in the northwest corner of the map area. The
p lugs a re main ly med ium-gra ined , g reen-g rey
augite-plagioclase diorite. They are generally associated
with plagioclase-phyric and coarse pyroxene-phyric dikes
and are probably genetically linked to them.

The three undated intrusions are tentatively correlated
with the Stikine suite based on intrusive relationships, geo-
chemistry and mineralogy. Late Triassic dates of 209±15
Ma (K-Ar biotite), 221±8 Ma (K-Ar hornblende), 216±4 Ma
(Rb-Sr biotite) and 233±23 Ma (Rb-Sr whole rock) from the
centre of the body, constrain the main phase of the Hickman
Pluton (Holbek, 1988; Table 3-1). The Late Triassic age of
mineralized porphyritic monzonite sills at Schaft Creek
places a lower limit to the age of the porphyry Cu-Mo-Au
mineralization (cf. Chapter 6: Mineralization).

LATE TRIASSIC TO EARLY JURASSIC
COPPER MOUNTAIN PLUTONIC SUITE
(210-195 Ma)

Late Triassic to Early Jurassic intrusive rocks of the
Copper Mountain Plutonic Suite (Woodsworth et al., 1991)
characteristically comprise small alkaline bodies, varying
from monzodiorite to monzonite to syenite. The intrusions
are lithologically complex with multiple intrusive phases,
and are metalogenically important because they are copper
and gold mineralizers in both Stikinia and Quesnellia. U-Pb
ages are similar (circa 200 to 210 Ma) for intrusions associ-
ated with porphyry Cu-Au deposits in both terranes. In the
Iskut River area, the Zippa Mountain intrusive complex
comprises at least four phases: gabbro and pyroxenite, bio-
tite syenite, quartz monzonite and hornblende plagioclase
porphyry dikes (Anderson, 1993; Lueck and Russell, 1994).
Multiple alkaline intrusions and associated ultramafic
phases are also present at Galore Creek (Barr, 1966; Allen et
al., 1976; Enns et al., 1995), in the Ten Mile Creek body
(Morgan, 1976) and in the Rugged Mountain pluton (Neil,
1992) in the Telegraph Creek area (Figure 3-1). U-Pb dates
of 205.1 ±2.3 (zircon) and 200.1±2.2 (titanite) for the potas-
sium feldspar megacrystic syenite porphyry at Galore Creek
(Mortensen et al., 1995) constrain emplacement ages and
brackets Cu-Au mineralization. Compatible Late Triassic to
Early Jurassic dates have been obtained from the syenite
phase (~210 Ma, M.L. Bevier, unpublished data) and
monzonite phase (213 ±4 Ma, K-Ar, hornblende; R.G. An-
derson in Hunt and Roddick, 1991) of Zippa Mountain, and
from the clinopyroxenite (209 ±7 Ma, K-Ar, hornblende;
Morgan, 1976) of the Ten Mile Creek body. The Loon Lake
stock (Figure 3-5) is tentatively included in this suite on the
basis of its composition and associated copper mineraliza-
tion. Narrow dikes and sills of trachytic potassium feldspar
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Figure 3-5. Distribution of the Middle to Late Triassic Stikine,
Late Triassic to Early Jurassic Copper Mountain, Early Jurassic
Texas Creek and Middle Jurassic Three Sisters Plutonic Suites in
the map area. Sample sites, method and age date results correspond
with data in Table 3-1.



syenite and small isolated plugs of monzonite, are also in-
cluded in this suite. The post mineralization potassium feld-
spar porphyry at Galore Creek contains a minor amount of
older inherited zircon (J.K. Mortensen, unpublished data);
consistent with the presence of Proterozoic inherited com-
ponents in the Zippa Mountain syenite (M.L. Bevier , un-
published data). However, the Galore Creek intrusive rocks
have juvenile Sr and Nd isotopic signatures (J.K.
Mortensen, unpublished data).

LOON LAKE STOCK

A north-trending hypabyssal stock of plagioclase-
hornblende monzonite porphyry (unit l>mz, GS-Map)
forms the eastern slope above Mess Creek (Figure 3-5). On
its eastern side it intrudes Upper Triassic sediments and vol-
canic rocks and, farther north, Late Carboniferous and Early
Permian rocks. The intrusion is nonconformably overlain
by Lower Jurassic conglomerate in a creek exposure about 4
km west of Arctic Lake. The western limit of the Loon Lake
stock appears to be faulted against intrusive (unit l>pp) but
the contact may in part be intrusive. Alarge coincident alter-
ation zone has coloured the intrusion and immediate coun-
try rock various shades of pink and salmon red which makes
it difficult to distinguish intrusive from volcanic rocks in
outcrop. As a result, altered porphyritic volcanic rocks may
inadvertently have been mapped as intrusion. The typical
texture of the stock is crowded porphyry with 20 to 40 per
cent euhedral plagioclase laths to 7 millimetres in length and
up to 10 per cent hornblende to 3 millimetres in length. The
rock is mostly salmon pink to mauve grey. Common varia-
tions in the texture include darker grey, less crowded
plagioclase porphyry and fine to medium-grained,
equigranular grey diorite.

Panteleyev (1973) recognized two stages of feldspar
porphyry at the Run showing, located at the western margin
of the stock. The older, subordinate phase is a pervasively
altered sericite and pyrite-rich rock. He described the main
phase as a mafic-poor, sparsely porphyritic rock containing
about 25 per cent seriate, fine to medium-grained pink
plagioclase phenocrysts in a brown aphanitic matrix. Chem-
ical analyses indicate a syenite or trachyte classification for
the feldspar porphyries.

Several small monzonite bodies, less than 1 square km,
are exposed northwest of Arctic Lake and in the lower
reaches of a small creek that drains west into Mess Creek.
Sharp intrusive contacts with Lower Permian limestone are
exposed west of Arctic Lake, where a small plug lies and ap-
pears to intrude along the contact between the limestone and
Early Mississippian granite. The contact relationship with
the granite along the eastern margin of the plug is not ex-
posed. In outcrop, the monzonite weathers light pink and is
brown or greenish purple on fresh surfaces. It is character-
ized by about 10 per cent plagioclase and 15 to 20 per cent
oxidized hornblende phenocrysts in an aphanitic hematized
potassium feldspar matrix.

NEWMONT LAKE PLUGS

Sills and plugs of plagioclase-hornblende porphyritic
monzonite to monzodiorite crop out around Newmont Lake.
The rocks are identical in appearance to the Loon Lake

Stock. They closely resemble the Newmont Lake Graben
Facies andesitic volcanic rocks and because they are distrib-
uted along the trace of the McLymont Fault there may be a
direct structural link for their emplacement. The rocks are
porphyritic and characterized by a hematitic groundmass
that is commonly purple to grey. Phenocrysts are pink
subhedral to euhedral plagioclase crystals (up to 50 per cent)
and hornblende crystals. Numerous round, recessively
weathered mafic xenomelts (melt inclusions) average 5 to
10 centimetres in diameter. Centimetre scale flow laminae
are common in some areas.

Seriate to porphyritic textures suggest a subvolcanic
environment of intrusion. In thin section plagioclase and
lesser anorthoclase phenocrysts are euhedral and generally
zoned. Most grains are moderately altered to sericite, typi-
cally with dusty cores and clear rims. Hornblende is clouded
with opaque oxides or chloritized. Potassium feldspar is in-
terstitial to plagioclase and hornblende. Quartz is a minor
phase and apatite is an accessory mineral. Carbonate is an-
other minor alteration product. The groundmass is very fine
grained with a trachytic texture; staining for potassium indi-
cates that more than 80 per cent of it is potassium feldspar.

SYENITE PORPHYRY

Dikes of coarsely porphyritic syenite (unit L>s,
GS-Map) crosscutting Upper Triassic rocks are common
between Hankin Peak and More Creek, where they form a
diffuse northerly trending dike swarm. Scattered dikes crop
out to the east and south of Hankin Peak as well. They range
from a metre to over 20 metres in width. Tabular, euhedral
phenocrysts of potassic feldspar in the syenite range from 2
to over 30 millimetres in size and average 20 per cent of the
rock (Photo 3-8). They are grey, pink or, where chloritized,
green. In thin section, they are generally only lightly dusted
with sericite. Anorthoclase phenocrysts are generally finer
but also euhedral and weakly altered. The phenocrysts often
impart a trachytic texture to the rock. Weakly oxidized, dark
green to yellow pleochroic hornblende occurs to about 5 per
cent of the rock. The grains are mostly euhedral, up to 4
millimetres in size and show diffuse zoning. The
groundmass is grey or pink and consists of very fine grained,
equigranular quartz and feldspar. Accessory apatite occurs
as euhedral microphenocrysts to 1 millimetre in size, minor
secondary carbonate and epidote are also present. Host
rocks are hydrothermally altered adjacent to the syenite
dikes and copper mineralization commonly occurs within
and adjacent to the dikes, although it is more abundant in the
volcanic host rocks. These dikes have textures and mineral-
ogy similar to those in the Loon Lake Stock.

EARLY JURASSIC TEXAS CREEK
PLUTONIC SUITE (189-195 Ma)

Plutons of the Early Jurassic Texas Creek plutonic suite
consist of calcalkaline, hornblende granodiorite and quartz
monzonite to alkaline, potassium feldspar megacrystic
monzogranite (Kerr, 1948a; Alldrick et al., 1987; Anderson,
1993; Woodsworth et al., 1991). These plutons define a
northwest trending belt parallel to the international bound-
ary, with igneous centres localized near Stewart, at the Iskut
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River and at the confluence of the Scud and Stikine rivers
(Figure 3-1). The Texas Creek pluton, in the Stewart area, is
a granodiorite with characteristic comagmatic potassic feld-
spar megacrystic dikes (Premier porphyry; Grove, 1971;
Brown, 1987). Mesothermal and epithermal precious and
base metal veins are spatially associated with Early Jurassic
potassium feldspar porphyries at the Premier, Johnny
Mountain and Snip mines and at Sulphurets in the
Iskut-Stewart area (Grove, 1971; Alldrick, 1991; Rhys,
1993).

The McLymont Creek pluton is coeval with the alkaline
variety of the Texas Creek plutonic suite (Anderson and
Bevier, 1990). Small porphyritic monzonitic plugs located
south of Hankin Peak at the Little Les and Biskut mineral
prospects and south of More Creek on the GOZ/RDN prop-
erty (Figure 3-5) are also included, based on composition
and associated mineralization.

McLYMONT CREEK PLUTON

The McLymont Creek pluton is a roughly circular body,
centered on McLymont Creek. It underlies a 36 square km
area situated north of the Iskut River. Coeval magmatic
rocks located south of the Iskut River are part of the Lehto
batholith (Read et al., 1989). The McLymont Creek pluton
is probably a satellite intrusion of the Lehto batholith and
therefore constrains any post-intrusion substantial
east-west motion along the Iskut River linear. The pluton is
a heterogeneous two-phase intrusion consisting of
equigranular biotite-hornblende granodiorite and porphy-
ritic potassium feldspar and hornblende monzonite. It is
variably altered from pink to a characteristic green colour
that reflects chlorite and epidote alteration assemblages.
The equigranular variety consists of medium to fine grained
intergrown plagioclase, potassium feldspar, hornblende and
quartz. Potassium feldspar porphyroblasts in the
megacrystic porphyries are commonly zoned and rimmed
by albite. They vary to 3 centimetres, but average 1 centi-
metre in size. Euhedral to subhedral hornblende ranges up to
1 centimetre in length. Quartz varies to as high as 15 per cent
and is interstitial to the feldspars. Magnetite is an accessory

mineral and hand samples are moderately magnetic. The
outcrop area of the pluton corresponds to a prominent aero-
magnetic anomaly on the 1:1000 000 aeromagnetic survey
map for Dease Lake (Map No-9).

Age controls for the McLymont Creek pluton (Table
3-1) include a potassium-argon isotopic dates of 203±7 Ma
(K-Ar, hornblende) for potassium feldspar megacrystic
granodiorite (this study) and 189±3 Ma (K-Ar, hornblende)
for a hornblende-biotite monzogranite containing alkali
feldspar megacrysts (Anderson and Bevier, 1990). These
and a U-Pb zircon date of circa 193 Ma (M.L. Bevier, un-
published data, in Anderson, 1993) indicate that this body is
coeval with the Texas Creek plutonic suite.

OTHER TEXAS CREEK PLUTONIC SUITE

INTRUSIONS

Stocks, sills and dikes of intermediate to felsic compo-
sition intrude Lower Jurassic rocks south of More Creek and
Upper Triassic rocks south of Hankin Peak. These are tenta-
tively included in the Texas Creek suite.

Small plugs and dikes of quartz feldspar porphyritic
monzonite are intruded along north-trending faults in For-
rest Kerr Creek valley north to the headwaters of Downpour
Creek (Figure 3-5). The plugs intrude Early Jurassic felsic
volcanic rocks adjacent to the Forrest Kerr fault on the
GOZ/RDN. Read et al. (1989) interpreted these to be
subvolcanic feeders to the felsic volcanic rocks that they in-
trude. The intrusion contains phenocrysts of potassium feld-
spar, up to 10 per cent, and lesser quartz, hornblende and
biotite, in a fine-grained potassium feldspar-rich
groundmass of quartz and plagioclase. They are commonly
potassically altered, contain finely disseminated pyrite,
sericite and quartz, and become oxidized so outcrops have
yellow and red colors that are easily visible from a distance.
Similar rocks intrude Late Triassic rocks north of More
Creek.

An unnamed stock of monzonite and several smaller
apophyses of monzonite to syenite (unit eJmz, GS-Map) in-
trude Late Triassic siltstone and volcanic rocks 6 km south
of Hankin Peak (Figure 3-5). The intrusion trends northerly
and is spatially associated with a series of thick,
north-trending diorite dikes. It is mainly a light grey to
pink-weathering, equigranular, medium-grained
monzonite, but grades into medium grey weathering,
seriate-textured syenite. Phenocrysts of potassium feldspar
range up to 1 centimetre in size and comprise 30 per cent of
the rock. Potassium feldspars are moderately altered to seri-
cite; plagioclase is completely sericitized. The altered
plagioclase phenocrysts comprise from 10-20 per cent of
the rock. Fine, chloritized hornblende and biotite make up
about 2 per cent. Veinlets and fracture coatings of quartz,
pyrite, minor epidote, calcite and actinolite are common by-
products of the secondary alteration.

A northeast-trending, isolated plug of feldspar porphy-
ritic monzonite (unit EJmz, GS-Map) intrudes Late Triassic
sedimentary rocks seven km north of the east-west flowing
segment of More Creek (Figure 3-5). A large gossan is cen-
tred on the intrusion and attracted early exploration work in
the area (Biskut, Voigtberg showing). The monzonite
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Photo 3-8. Weakly aligned, trachytic porphyry syenite sill, com-
prised of zoned potassium feldspar megacrysts in a massive grey
coloured chloritic feldspar groundmass.



weathers pink and contains 2 to 5 per cent fine disseminated
pyrite. It is strongly altered to potassic and argillic alteration
assemblages and most of the original textures and minerals
have been obliterated. In thin section, felty plagioclase,
anhedral potassium feldspar and quartz form the
groundmass. Biotite occurs as fresh euhedral grains and as
finer, subhedral, weakly chloritized grains. Quartz com-
prises up to several per cent of the groundmass as scattered
fine grains. Clots of coarsely crystalline sericite and carbon-
ate up to 2 centimetres in size are common. Quartz, sericite,
carbonate, unknown clay minerals and pyrite comprise the
hydrothermal alteration minerals. The fresh euhedral biotite
is probably primary. Apatite is an accessory phase.

EARLY JURASSIC AND YOUNGER
INTRUSIONS

Three monzodiorite intrusions located northwest, east
and south of Hankin Peak are tentatively assigned an Early
Jurassic or younger age (Figure 3-5). These are all me-
dium-grained, equigranular augite-plagioclase diorite plugs
with associated dike swarms and intrude Late Triassic vol-
canic and sedimentary rocks.

About 6 km south of Hankin Peak, a series of diorite
sills up to 100 metres wide intrude Upper Triassic siltstones
and sandstones. They are fine to medium grained and
equigranular with subequal amounts of plagioclase and
pyroxene. Contacts with the enclosing sedimentary rocks
are knife sharp. Hornfelsing adjacent to contacts has in-
creased induration of the sediments and resulted in a minor
addition of epidote and chlorite. Some of the sills have
poorly developed columnar joints. A similar diorite sill in-
trudes both siltstone and green andesitic tuffs 2 km east of
Hankin Peak. Parts of this diorite have a distinct felty texture
imparted by 40 to 50 per cent plagioclase laths to 4 milli-
metres in length, equigranular textures are also common.
The third body, north of Hankin Peak, consists of
propylitized, equigranular diorite. It apparently intrudes
Upper Triassic volcanic rocks, but relationships with the
volcanic rocks are confusing because intrusive textures re-
peatedly grade in and out of pyroclastic textures. The
pyroclastic rocks have been hornfelsed and partially assimi-
lated into the diorite intrusion.

MIDDLE JURASSIC THREE SISTERS
PLUTONIC SUITE (179-176 Ma)

Middle Jurassic plutons of the Three Sisters plutonic
suite (Woodsworth et al., 1991) consist of large, north and
easterly trending calcalkaline, quartz monzonite to granite
plutons in the western part of the Iskut River and Telegraph
Creek areas (Anderson, 1993; Souther, 1972; Brown et al.,
1996)(Figure 3-1). As well, in the eastern part of these map
sheets small plugs and northerly trending dike swarms of
bladed plagioclase-pyroxene diorite and gabbro (Logan et
al., 1990a) occur adjacent to north-trending regional faults
(South Unuk-Harrymel, Forrest Kerr, Mess Creek). The
western plutons are interpreted to have been in the root zone
of the Middle Jurassic arc (Anderson, 1993), and the mafic
dikes and plugs are feeders to Middle Jurassic (Aalenian to

Middle Bajocian) back-arc pillow basalts. Granite of the
Yehiniko pluton and the coeval diorite plugs and dikes are
included in the Three Sisters suite.

YEHINIKO PLUTON

Most of the Middle Jurassic Yehiniko pluton crops out
east of the map area (cf. Brown et al., 1996). Granite to
quartz monzonite of the eastern margin of the pluton in-
trudes Late Triassic volcanic rocks of the Stuhini Group east
of Schaft Creek and north of the Schaft Creek deposit in the
northwest corner of the map area (Figure 3-5). Much of the
contact is gradational across a zone of numerous aplite and
rhyolite dikes in the country rock (GS-Map, in back pocket).
Locally the contact is a simple curviplanar surface. The
southern contact with the Late Triassic Hickman batholith is
covered by overburden in the map area.

The main phase of the Yehiniko pluton is pink, medium
to coarse-grained biotite granite (Brown and Gunning,
1989a). Near its contacts with Upper Triassic volcanic
rocks, the texture is finer, the granite more fractured and the
colour grey to orange. North of the Schaft Creek deposit, the
apophyses of the intrusion consist of both aphanitic to
fine-grained, flow-layered pink rhyolite dikes and sills of
quartz-eye feldspar porphyry that may be younger. These al-
ter the country rock locally.

Middle Jurassic potassium-argon cooling dates of
172±6 Ma (K-Ar, biotite) and rubidium-strontium ages of
170±16 Ma (Rb-Sr, biotite) and 178±11 Ma (Rb-Sr, whole
rock) from a quartz monzonite phase are interpreted to be
the minimum age of emplacement (Holbek, 1988).

MIDDLE JURASSIC DIORITE AND GABBRO

INTRUSIONS

Coarse-grained pyroxene gabbro and diorite plugs and
sills are interpreted to be Middle Jurassic age on the basis of
similar mineralogy, texture and chemical composition as the
Aalenian to Middle Bajocian pillowed basalts (Unit mJHvb,
GS-Map) which they intrude. They crop out mainly within
and west of the Forrest Kerr fault zone and on ridges south of
More Creek, where numerous dikes and sills of dark
green-grey, fine to coarse-grained gabbro (Read et al.,
1989) intrude Lower and Middle Jurassic siltstone and
sandstone (Figure 3-5). Scattered dikes and sills intrude
Upper Triassic rocks around Hankin Peak and west of Mess
Creek.

Dikes less than about 2 metres in width are fine grained
and equigranular. Larger dikes and stocks, though mainly
equigranular, are locally felty textured with slender laths of
plagioclase to 4 millimetres in length. Anhedral interstitial
pyroxene is moderately to strongly replaced by chlorite.
Disseminated pyrite, up to 1 per cent, is commonly present.
Apatite is a minor accessory mineral and local alteration
patches and veinlets of carbonate and quartz. Asmall plug of
coarse grained gabbro intrudes basalts north of the conflu-
ence of Forrest Kerr Creek and the Iskut River. It weathers
light grey and consists of 10 to 20 per cent dark green
chloritized clinopyroxene to 5 millimetres in size. West of
Forrest Kerr fault, the dikes are weakly deformed, fractured
and altered to chlorite and sericite.
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In thin section, subhedral plagioclase laths form a felty,
tightly intergrown mass. Unaltered to strongly chloritized
anhedral clinopyroxene is interstitial to the plagioclase, and
usually contains small plagioclase inclusions. Minor zeolite
is interstitial to the plagioclase and pyroxene in the least al-
tered material, in more altered material, chlorite, carbonate,
sericite, and epidote occur.

AGE UNKNOWN

HORNBLENDE BIOTITE MONZODIORITE

Discrete north-south elongate monzodiorite plugs of
unknown age intrude Late Paleozoic strata west of Forrest
Kerr Creek (Figure 3-5). Where the intrusions are locally
heterogeneous due to abundant xenoliths of hornblende,
pyroxene and/or plagioclase porphyritic phases and youn-
ger felsic intrusive breccias, they resemble parts of the Late
Devonian Forrest Kerr pluton. Commonly the intrusions are
fine grained hornblende monzodiorite, that is locally foli-
ated, deformed and metamorphosed to a pale green colour.

The plugs are massive, medium grained bodies which
locally contain quartz proportions of quartz diorite and
quartz monzodiorite. Mafic porphyritic phases are common
south of Lime Lake. Quartz and plagioclase in these intru-
sions occur as glomeroporphyritic patches. Most feldspar
grains are deformed and moderately altered to sericite and
chlorite. They lie in a foliated groundmass of opaque-rich
actinolite with many opaque inclusions and chlorite.
Actinolite also occurs with quartz as glomeroporphyritic
patches. Epidote is common and zeolite fills microfractures.

Constraints on the age of these intrusions is limited.
Early Permian conodonts (M.J. Orchard, in Read et al.,
1989) have been recovered from a polydeformed sequence
of carbonate, siliceous phyllite, siltstone, tuff and graphitic
siltstone, that is intruded by two of these diorite bodies
(GS-Map); provides a lower age constraint.

ALTERED GRANITOID INTRUSIONS

Massive, silicified and propylitically altered intrusive
rocks are exposed along the western slopes of Forrest Kerr
Creek, south of the main bend (Figure 3-5). They are distrib-
uted along major north-northeasterly fault structures west of
Forrest Kerr fault (unit gd, GS-Map). Primary textures and
mineralogy have been obliterated. The rocks are aphanitic,
vitreous to dull green and thoroughly fractured. Pyrite is
ubiquitous as disseminations and in quartz-carbonate
veinlets. The rocks are cliff formers which weather white to
light green. Read and others (1989) mapped them as Juras-
sic feldspar porphyry and postulated they were subvolcanic
feeders for Early Jurassic volcanic rocks.

DIKES

In the centre of the map sheet, a large area is character-
ized by a complex series of mainly plagioclase-phyric ande-
site dikes which intrude both Devonian to Mississippian
volcanic rocks and the southern half of the Early Mississip-
pian More Creek pluton. In the dikes, plagioclase pheno-
crysts are from 2 to 5 millimetres in size. Some dikes have
seriate and some equigranular textures. Pyroxene is the only

mafic mineral. It is usually interstitial to plagioclase but also
forms less abundant , 1 to 2 millimetre phenocrysts locally.
Most dikes are weakly propylitized. Similar dikes, and
dikes which are pyroxene phyric, also cut the Late Devonian
Forrest Kerr pluton and Early to Late Devonian rocks east of
the FKP; their orientation is apparently random. In all of the
dikes clinopyroxene is moderately altered to chlorite and
epidote, and plagioclase is altered to sericite and epidote.
Crosscutting these porphyritic dikes are swarms of one
metre wide, aphyric, green to grey dikes (Photo 3-9). Sev-
eral of these plagioclase porphyritic dike swarms are ob-
servable in east-west creek valleys along the eastern margin
of the MCP. Similar plagioclase porphyry diorite dikes com-
prise an extensive northerly trending dike swarm along the
eastern margin of the Forrest Kerr pluton. The intrusions
cross cut one another at right angles but in general conform
to the regional west dipping foliation of the country rocks
and pluton margin (Photo 3-10).

Aphyric to sparsely feldspar phyric felsic dikes intrude
Late Triassic volcanic rocks in the More Creek area, 1 km
east of Hankin Peak. The dikes are up to 50 metres wide.
They are white to pale green in colour, flow layered and
spherulitic on millimetre scale. Mineralogically they corre-
late with Early Jurassic monzonite of the Texas Creek suite.

Lamprophyre dikes intrude Upper Triassic rocks east
of Forrest Kerr fault. A2 metre dike also intrudes Upper Tri-
assic (?) rocks southwest of Arctic Lake, and another 1
metre dike intrudes an andesitic dike complex of probable
Mississippian age or younger near the south edge of the map
area. The dikes are up to 10 metres wide and have conspicu-
ous biotite phenocrysts up to 2 centimetres in size. The ma-
trix grain size averages 2 to 4 millimetres.

Abasaltic dike, 1.5 metres wide, with 2 to 5 per cent vit-
reous plagioclase and a pristine grey groundmass, intrudes
schists along the east side of the headwaters of Mess Creek.
Mineralogically it is identical to the Arctic Lake basalts, and
was probable a feeder to these Pleistocene flows.
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Photo 3-9. Gneissic-textured hornblende diorite of the More Creek
pluton, crosscut by medium grained tonalitic dikes and younger
aphanitic to plagioclase porphyritic mafic dikes.



GEOCHEMISTRY AND TECTONIC
DISCRIMINATION OF INTRUSIVE
ROCKS

Major and trace element analyses of 39 samples of in-
trusive rocks from the map area are summarized in Appen-
dix 8. Analyses of 35 of the samples were completed at the
Ministry of Energy, Mines and Petroleum Resources analyt-
ical laboratory in Victoria. The data reflects the range in
composition of intrusions from the six plutonic suites recog-
nized in the map area; the Forrest Kerr, More Creek, Stikine,
Copper Mountain, Texas Creek and Three Sisters suites.
Four additional samples of metadiorite from the Mess Creek
area (Holbek, 1988) are included. These samples are be-
lieved to be the earliest plutonic rocks in the map area.

The data is presented using established chemical classi-
fication schemes to distinguish rock type and as well as to
establish tectonic affinities. The least altered rocks available
were collected in the field. The data were further screened
for alteration petrographically and geochemically using
K20/Na2O ratios and loss on ignition (LOI) values. Samples
with high loss on ignition values (5% or greater), and those
with anomalous ratios of the mobile elements sodium, po-
tassium, rubidium, calcium, strontium and barium are ap-
pended but were not used in classification or discrimination
plots. All intrusive rocks are classified according to modal
mineral contents using the QAP diagram (LeMaitre, 1989),
which uses the same classification nomenclature as
Streckeisen (1976). With consideration to the small size or
this data set, regional geochemical data from Logan and
Koyanagi (1994) and Brown et al., (1996) are considered
for the following general summary of the range in composi-
tions for each plutonic suite.

EARLY(?)DEVONIAN UNNAMED SUITE

Chemically, these rocks have subalkaline tholeiitic af-
finities and plot as quartz diorites and tonalite on the norma-

tive QAP diagram (Figure 3-8a,b,d). The intrusions are
peraluminous and straddle the line between volcanic-arc
granites and ocean-ridge granites (Figure 3-8c,e).

FORREST KERR-MORE CREEK PLUTONIC

SUITE

The Forrest Kerr and More Creek plutons are
subalkaline intrusions. The leucocratic phases are
calcalkaline while the mafic to ultramafic rocks plot as
tholeiitic on the AFM diagram (Figure 3-6a,b). A single
sample of granodiorite from the northwestern margin of the
FKP plots in the calcalkaline field midway between the
mafic and felsic rocks, suggestive of a continuum between
the two end member groups. The dashed line on the AFM di-
agram is the differentiation trend of a high-Al2O3, gab-
bro-trondhjemite suite located in southwest Finland (Barker
and Arth, 1976). The granodiorite sample from the FKP lies
along this trend (Figure 3-6b). Mafic rock samples from
MCP are scattered across quartz monzodiorite and tonalite
fields on the normative QAP diagram (Figure 3-6d), two
samples from the FKP plot in the monzonite field (not
shown). These hornblende diorite and hornblendite sam-
ples from the FKP have low K2O contents and their modal
classification as monzonite is inconsistent with their min-
eral assemblage. The leucocratic phases of both FK and MC
plutons cluster in the tonalite field on the normative QAPdi-
agram (Figure 3-6a,b,d). The single sample from the north-
ern margin of the FKP lies within the granodiorite field on
the normative QAP diagram and the An-Ab-Or diagram
(Figure 3-6c,d). The majority of the samples on the
An-Ab-Or diagram (O’Connor, 1965) lie within the tonalite
field, a single sample from the FKP lies in the trondhjemite
field. The clustering of felsic data points indicates similar
compositions for the two different aged plutons.

Major element variation plots of FKP and MCP rocks
illustrate the bimodal nature of these two suites (Figure
3-7a-f). However, the small data set (n=12) and possible
sampling biases could account for the apparent lack of intru-
sive phases with intermediate SiO2 contents. The increase
of Na2O and decrease in K2O from the mafic to felsic rocks
is clearly different from ”normal” calcalkaline suites. In
general, in these samples, MgO, FeO total and CaO show a
decrease with increasing SiO2 . Na2O increases from about
2 per cent for the diorite-hornblendite to greater than 4 per
cent for the felsic rocks, which are interpreted to be
tonalite-trondhjemites. Al2O3 increases from about 14 up to
17 per cent for intermediate SiO2 values and then decreases
to about 13.5 to 14.5 per cent for samples with greater than
70 percent SiO2 . K2O increases from less than 1 up to 3 per
cent for intermediate SiO2 values and then decreases to
about 1.5 per cent for the trondhjemitic rocks. The strong
Na2O enrichment and K2O depletion is the distinguishing
chemical feature of the trondhjemitic suite. A comparison
with published data (Figure 3-7) shows that the major ele-
ment variation trends for the Forrest Kerr and More Creek
plu tons resemble those for the c lass ic gabbro-
d i o r i t e - t o n a l i t e - t r o n d h j e m i t e s u i t e o f t h e
Uusikaupunki-Kalanti area, southwest Finland (cf. Arth et
al., 1978).
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Photo 3-10. Fine-grained green, diorite dike swarm from eastern
flank of the Forrest Kerr pluton, showing sharp, crosscutting and
complex contacts with the tonalite phase.
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Figure 3-6. Major and trace element geochemical plots for Early Devonian diorite (asterisk), Late Devonian Forrest Kerr diorite (filled
square), granodiorite (square), and trondhjemite-tonalite (half-filled square) and Early Mississippian More Creek diorite (filled circle) and
tonalite (half-filled circle); A) total alkali versus silica (after Irvine and Baragar, 1971); B) AFM plot (after Irvine and Baragar, 1971),
dashed line is differentiation trend of gabbro-trondhjemite suite of southwest Finland (Barker and Arth, 1976); C) normative plot of al-
bite-orthoclase-anorthite (after O’Connor, 1965); D) Shand’s index diagram showing relative alumina saturation (after Shand, 1951); E)
plot of quartz-alkali feldspar-plagioclase, based on modal mineralogy (after Streckeisen, 1976); F) ternary plot of Y+Nb versus Rb (after
Pearce et al., 1984).
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Figure 3-7. Harker variation diagram for the Late Devonian to Early Mississippian Forrest Kerr and More Creek
diorite-tonalite-trondhjemite suite. Major element variation trend line from gabbro-diorite-tonalite- trondhjemite of southwest Finland
(Arth et al., 1978).



The felsic rocks are also peraluminous, as indicated by
their Al2O3/(CaO + Na2O+K2O) ratios of 1.0 to 1.1 (Shand,
1951), a single sample of hornblende diorite from the For-
rest Kerr pluton plots as highly metaluminous (Figure 3-8e).
The relatively high concentrations of CaO (9.92 to 13.28 wt.
%, Appendix 8) for all of the mafic phases results in ratios
which plot to the left of the diagram. Trace elements show
volcanic arc signatures for both mafic and felsic suites (Fig-
ure 3-6f).

The fields from, five gabbro-diorite and four tonalite
from the Late Devonian to Early Mississippian Suite are
plotted on a mid-ocean ridge basalt normalized discrimina-
tion diagram (Figure 3-8, after Pearce, 1996). The fields for
both suites display patterns typical of volcanic arc lavas,
with strong enrichment in lithophile elements (Sr, K, Rb and
Ba) and a negative slope of the Nb, Ce and Zr trend. The ele-
vated concentrations of Nb and Zr, but lower Ti and Y abun-
dance’s relative to N-MORB are characteristic of
calcalkaline and high-potassium calcalkaline volcanic arc
basalts. Missing from this pattern is the significant negative
Nb anomaly with respect to Th (La) and Ce that is a key
characteristic of all volcanic arc basalts (Pearce, 1996). The
large negative Ti anomaly (with respect to Zr) of the More
Creek rhyodacite units (Figure 3-8c) versus the more basic
Lime Lake and More Creek basalts reflects the higher de-
gree of fractionation and accompanying crystallization of
Ti-bearing oxides in the more felsic units.

Tonalites and trondhjemites are plagioclase-
quartz-rich intrusive rocks containing less than 20 per cent
Fe-Mg minerals and 2/3 or more of the feldspars being
plagioclase. O’Connor (1965) defines the boundaries be-
tween tonalite and trondhjemite on the amount of albite
present (Figure 3-6c). Trondhjemitic-tonalitic suites are of
two general types; a low-Al2O3 type contains less than 15
weight per cent, and a high-Al2O3 type contains 15 weight
per cent or more Al2O3 (Barker and Arth, 1976). The low-
Al2O3 suites are characteristic of subvolcanic oceanic arc
environments and usually have low abundances of Rb and
Sr, slight enrichments in LREE, negative Eu anomalies and
flat HREE patterns. Plagioclase-pyroxene-magnetite frac-
tionation during the formation of these intrusive suites (Arth
and Barker, 1976). Geochemical studies and experimental
work indicate that trondhjemitic magmas are derived either
from fractional crystallization of mafic magmas or by par-
tial melting of mafic source rocks (Barker and Arth, 1976;
Arth et al., 1978; Johnston, 1986). The Forrest Kerr and
More Creek plutons may have been derived from differenti-
ation of mafic magmas that were generated by subduction
beneath a middle Paleozoic island-arc or may have been
generated by partial melting of mafic material (arc roots) at
depth. Partial melting has been suggested as a source of
trondhjemitic plutons in other island-arc settings (Gill and
Stork, 1979).

STIKINE SUITE

The Late Triassic Stikine suite is represented by 3 sam-
ples; one from each of Unit L>Hd, L>pp, and L>pd, and all
from the Mess Creek intrusive body. They range in compo-
sition from monzodiorite to granodiorite, with subalkaline,
calcalkaline to tholeiitic affinities (Figure 3-9a,b,d). The
hornblende diorite correlative of the Hickman pluton plots
in the tholeiitic field, similar to diorite from the Late Triassic
Tahltan Lake pluton (Brown et al., 1996). One sample plots
outside the main trend due to its very high iron content. This
is considered to be the result of magnetite accumulation, and
not sample contamination, because the sample also has high
P2O5 and low Cr relative to the other samples. The three
phases are characteristically I-type intrusions (Chappell and
White, 1974), metaluminous (Shand’s index less than 1.1;
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Figure 3-8. Multi-element geochemical patterns for gabbro-diorite
and tonalite-trondhjemite rocks of the Late Devonian Forrest Kerr
and Early Mississippian More Creek plutons. A) combined gab-
bro-diorite and tonalite fields of both Forrest Kerr and More Creek
plutons; B) Lime Lake (triangle) and More Creek (inverted trian-
gle) basaltic units; C) More Creek rhyodacite units. Normalizing
values (in ppm unless indicated) are: Sr=120; K=955;Rb=2;
Ba=14.5; La=3.96; Nb=2.7; Ce=10; Zr=90; TiO2=1.45%; Y=30;
Cr=250.
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Figure 3-9. Whole-rock major oxide classification and trace element discriminant diagrams for the Middle to Late Triassic Stikine, Late
Triassic to Early Jurassic Copper Mountain, Early Jurassic Texas Creek and Middle Jurassic Three Sisters Plutonic Suites.



Shand, 1951) and show volcanic arc signatures (Figure
3-9c,e).

COPPER MOUNTAIN SUITE

The Late Triassic to Early Jurassic Copper Mountain
suite is represented by two samples from the Loon Lake
stock and a sample of quartz monzonite from one of the
Newmont Lake plugs. The Loon Lake samples include a
dark grey, sparsely plagioclase-phyric variety and an
equigranular pink variety; both are chemically equivalent to
basaltic andesite. The Newmont Lake sample is a pink,
crowded plagioclase-hornblende porphyry chemically
equivalent to a high-potassium dacite. On the normative
QAP diagram of LeMaitre (1989), the Newmont Lake sam-
ple plots on the boundary between granite and quartz
monzonite, the Loon Lake samples plot in the monzonite
field (Figure 3-9d). The sample from the Newmont Lake
plug is subalkaline, the Loon Lake stock samples are alka-
line. Both have elevated potassium values relative to the
Stikine suite, but these are intermediate values in compari-
son to some end member syenites and shoshonitic rocks at
Galore Creek (Logan and Koyanagi, 1994). The intrusions
are metaluminous and show volcanic arc signatures (Figure
3-9c,e).

TEXAS CREEK SUITE

The Early Jurassic Texas Creek suite is characteristi-
cally altered and therefore poorly represented. Asingle sam-
ple from the McLymont pluton and one from an isolated

pyroxene diorite body represent the suite. The McLymont

pluton plots in the granodiorite field and the small plug lo-

cated east of Hankin Peak plots in the monzodiorite field on

the normative QAP diagram (Figure 3-9d). Both samples

are subalkaline; the McLymont pluton has calcalkaline af-

finities and the monzodiorite has tholiietic affinities (Figure

3-9a,b). They are metaluminous (Figure 3-9c), and both

show volcanic arc signatures (Figure 3-9c,e).

THREE SISTERS SUITE

A single, unaltered diorite sample from the eastern belt

of Middle Jurassic intrusions provides the only chemical

data for Three Sisters suite of rocks in the map area. Chemis-

try of the Yehiniko pluton indicates it is a subalkaline,

calcalkaline granite with peraluminous characteristics

(Brown et al., 1996). In the Forrest Kerr area the gabbroic to

dioritic intrusions of unit mJHb are a subalkaline, tholeiitic

suite, showing a strong iron enrichment trend. On the nor-

mative QAP diagram of LeMaitre (1989), it plots as quartz

diorite to quartz gabbro (Figure 3-9a, b, d). On the plot, the

intrusion composition lies very close to that of the extrusive

rocks which are spatially related in the field. The gabbro and

diorites are thought to be feeders to the pillow and breccia

flow basalts.
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