GEOLOGICAL SURVEY OF CANADA
OPEN FILE 4164

Recent advances in geological framework and
correlation in the Anyox Pendant and Georgie River
area, northwest British Columbia, and their
implications for mineral exploration

C.A. Evenchick, V.J. McNicoll

2001

©Her Majesty the Queen in Right of Canada 2001
Available from
. Geological Survey of Canada
601 Booth Street
Ottawa, Ontario K1A OES8
Price subject to change without notice



TABLE OF CONTENTS

PART 1
INTRODUCTION ...t e e e e e e e e 1
REGIONAL GEOLOGIC FRAMEWORK . ... .. e 1
Stikiniaand Bowser Basin . .. ... ... ... . 2
U-PB GEOCHRONOLOGY ...ttt et e et et 3
ANYOX PENDANT .. e e e e e e e e 4
Previous work and explanation of correlation problem .................. ... ... ... 4
Geology of Anyox Pendant . .......... ... . . . 6
Bowser Lake Group . ...... ...t it 6
Ageand Correlation . ........ouiiit it e e 7
Hazelton Group - eastern volcanic belt ............ . ... .. ... ... .. .... 7
Ageand Correlation . ........... .. e 8
Sheared granitic Unit .. ........ ...ttt 8
A o e e 9
Hazelton Group - central and western metavolcanic and metasedimentary belts

.......................................................... 9
Ageandcorrelation ............ ...l 10
Conglomerate . . ........ouuiiitinni it 10
Sandstone . ........oiiii i e 11
Siliceous fine-grained sandstone ......................... 11
Mafic intrusive compleX . ... ... e 11
A ot e 12
Swamp Point metagranite . ............ ... i e 12
AgE e e 12
Tertiary roCKS . ... oo e 12
Regional stratigraphic and tectonic implications of U-Pb ages in Anyox Pendant . . . .. 13
Age of eastern volcanic belt, Anyox deposits, and overlying turbidites ....... 13
Regional correlation and terrane affiliation ................ ... ... ..... 14

Interpretation of depositional setting and structural evolution of Anyox Pendant
......................................................... 15
GEORGIE RIVER AREA .. .. e e e 17
Previous WorK ... ... e 17
Geology of Georgie Riverarea ............. ...t ininineannnnn. 18
Bulldog Creek pluton . .. ... ..ot it 18
Ageandcorrelation ....... ... ... L L 19

Stuhini Group and? Hazelton Group - pyroxene-bearing volcanic and
volcaniclasticunit .. ........ ... 19



Outram Lake porphyry . . ... ..ot e 22

Age of coarse volcaniclastic unit and Outram Lake porphyry ......... 23
Outram Lake Porphyry . .......... . it 23
Andesiticcrystal tuff . ........ ... ... . . 23

Hazelton Group - fine-grained clastic rocks with minor volcanic rocks and
thyolite . ... .. 23
N 24
Conglomerate ..............cuiiiiinininininnannnnnnn. 24
Carr Ridge rhyolite flow .......... .. ... ... .. . .. ... 24
Structure of Mesozoic rocks . ... ... 24
Tertiary TOCKS . ..ottt 25
Implications of U-Pb ages for geologic evolution and regional correlation .......... 25
Regional correlation and terrane affiliation ................ ... ... ...... 25
Interpretation of geological evolution of Georgie Riverarea ............... 26
IMPLICATIONS FOR MINERAL EXPLORATION . ...... ...ttt 28
ACKNOWLEDGEMENTS . . ..ottt ettt e et e et e e et eae e 29
REFERENCES .. e e e e e e e e e 29

PART 2

FIGURES (all on separate poster-sized sheet)

Figure 1
Figure 2
Figure 3

Figure 4

Figure 5
Figure 6

Figure 7

Location of study area and major regional geologic features.
Generalized geology of northwest Nass River area.
Geologic map and cross section of Anyox Pendant

Correlation diagram showing lithologies and positions of strata and dated samples
in Anyox Pendant and Georgie River area relative to those in the Iskut region

Interpretation of depositional and structural evolution of Anyox Pendant
Geologic map of Georgie River area

Interpretation of depositional evolution of Georgie River area



INTRODUCTION

Anyox Pendant and the lGeorgie River area are located in the central Coast Belt of the Canadian
Cordillera (Fig. 1), and are part of a region of rich base and precious metal mineral deposits such
as the stratiform Eskay Creek-type deposits. The study areas are underlain by sedimentary,
volcanic, and plutonic rock of subgreenschist to upper greenschist facies metamorphism.
Complex structural geometry obscures primary stratigraphic relationships, severely restricting the
use of stratigraphic correlation as a tool in the exploration for stratiform deposits, or
interpretation of regional tectonic history. This report presents an interim synopsis of a new
geological framework, integrated with new U-Pb geochronologic data, and their implications for
interpretation of the stratigraphy in the Anyox Pendant and Georgie River area, and for regional
stratigraphic correlations. These facilitate regional comparisons of stratigraphy and tectonic
environment, and identification of prospective strata which may host economically significant
stratiform deposits similar to the Au-Ag rich Eskay Creek deposit.

The report and accompanying diagrams are a summary of data and interpretations in two
papers intended for publication in a peer-reviewed scientific journal, and derives from a poster
presentation at the Cordilleran Exploration Roundup, Vancouver, January 2000. The Open File
format provides a timely release of our interpretations so that they may be of more immediate use
to the explorationist. To meet these objectives some rock descriptions are abbreviated,
supporting U-Pb analytical data are not provided, new ages are quoted as “approximate”,
expanded discussion of interpretations of ages, geochemistry data, and tectonic implications are
not provided, and revision of the preliminary interpretations arising from a thorough review
process are not included. We recommend that those who wish to use the U-Pb dates in a
rigorous manner refer to the published papers when they are available. All diagrams are

presented on one poster-sized sheet accompanying this report.

REGIONAL GEOLOGIC FRAMEWORK

The western Canadian Cordillera (Fig. 1) is composed of suspect terranes which evolved
separately early in their histories, and were subsequently amalgamated into the Cordilleran

“collage” (Coney et al., 1980; Gabrielse and Yorath, 1991). Important zones of amalgamation


rdupas


coincide with the metamorphic-plutonic Omineca and Coast belts, with the result that terrane
boundaries are obscured by metamorphism, complex structures, and large volumes of plutonic
rock. The Coast Belt is composed mainly of Mesozoic and Cenozoic plutonic rock, and
subordinate pendants of metamorphic rock, some of unresolved terrane affiliation. At the
latitude of Anyox Pendant and Georgie River area, the western boundary of Stikinia is obscured

by the complexities of the Coast Belt (Fig. 1).

Stikinia and Bowser Basin

The stratigraphic and plutonic framework of northwestern Stikinia is summarized by
Anderson (1993), and Gunning (1996). It is composed of volcano-plutonic arc assemblages of
Devonian to Permian age (e.g. Stikine Assemblage), Late Triassic age (e.g. Stuhini Group), Early
to early Middle Jurassic age (e.g. Hazelton Group), which are overlain by the Bowser Lake
Group overlap assemblage. The Paleozoic arc succession, not widely exposed, comprises three
successive volcanic cycles, each subaqueous, and each followed by a sedimentary cycle including
carbonate deposition (Gunning, 1996). Basaltic, calc-alkaline, and alkaline successions are all
present. The only depositional gap known was coeval with intrusion of the extensive Late
Devonian Forrest Kerr Pluton (Gunning, 1996). There is no continuous sequence of Stikine
Assemblage rocks, and no single composite section adequately describes the assemblage
(Gunning, 1996). It was deformed and uplifted prior to deposition of Mesozoic arc rocks.

The following overview of Mesozoic arc successions is summarized from Anderson
(1993). A different interpretation of the Jurassic part, specific to the Eskay Creek area, is given
by Macdonald et al. (1996a). Middle and Upper Triassic strata comprise the Stuhini Group.
Depending on locality, the group comprises alkaline to subalkaline mafic volcanic rocks or fine-
grained siliceous clastic rocks, and volcaniclastic rocks intercalated with volcanic flow rocks.
Closest to the study area, Middle Triassic strata comprise clastic and volcaniclastic rocks
intercalated with mafic volcanic breccia and tuff (Anderson, 1993). Upper Triassic strata are
more widespread, and are divided into five facies based on age, proportion and composition of
volcanic rocks, and type of intercalated clastic rock (Anderson, 1993). Mafic volcanic rocks are

characterized by clinopyroxene-phyric flows and tuff whereas felsic volcanic rocks are



characterized by crystal lithic tuff and sparsely feldspar-phyric dacite (Anderson, 1993). Upper
Triassic Stuhini Group strata are comagmatic and cospatial with felsic to ultramafic intrusions of
the Late Triassic Stikine plutonic suite (236-221 Ma).

The Hazelton Group is a result of five alkaline and calc-alkaline to tholeiitic magmatic
episodes of latest Triassic-earliest Jurassic through early Middle Jurassic age (Anderson, 1993).
Earliest Jurassic and early Middle Jurassic volcanic belts trend north, whereas Early Jurassic ones
trend northwest (Anderson, 1993). Lower Jurassic strata consist of fine- to coarse-grained
volcaniclastic rocks, overlain by a distinctive welded and nonwelded tuff unit. Upper Lower and
lower Middle Jurassic strata are called the Salmon River Formation, and consist of a lower,
bioclastic, member (Toarcian-Aalenian) and an upper member (Aalenian-Bajocian) divided into,
from west to east, a calc-alkaline volcano-plutonic (arc) assemblage, the Eskay Creek (back-arc)
facies, and Troy Ridge (basinal) facies (Anderson, 1993). The Au-Ag rich stratiform Eskay
Creek deposits formed in the back-arc basin setting represented by the Eskay Creek facies
(Anderson, 1993). Comagmatic with the Hazelton Group are the alkaline Copper Mountain
(210-200 Ma), calc-alkaline Texas Creek (195-189 Ma), an unnamed (ca. 186 Ma), and the calc-
alkaline Three Sisters (179-176 Ma) plutonic suites (Anderson, 1993).

Stikinia amalgamated to the Jurassic western margin of North America in early Middle
Jurassic time, resulting in closure of the Cache Creek ocean, cessation of volcanism recorded in
the Hazelton Group, and the beginning of deposition of the Bowser Lake Group in the Bowser
Basin (e.g. Ricketts et al., 1992). Because Bowser Lake Group rocks were derived from the
Cache Creek terrane (Fig. 1) and deposited on Stikinia, they are considered to be an overlap
assemblage on Stikinia. The group is composed of an interfingering complex of lithofacies
assemblages representing submarine fan, slope, shallow marine, deltaic, and nonmarine
environments of deposition, of Middle Jurassic to Cretaceous age (Evenchick et al., 2001).
Closest to the study area it is composed primarily of submarine fan facies. Strata of Stikinia and
the Bowser Basin were involved in folding and thrust faulting in Cretaceous time, resulting in the

Skeena Fold Belt (Evenchick, 1991a).

U-PB GEOCHRONOLOGY



U-Pb dating was done at the GSC Geochronology Laboratory utilizing methods described
by Parrish et al. (1987). Goals of dating were to provide constraints on the chronostratigraphy
and to understand the magmatic history. During the sampling, intrusive units were preferred,
particularly if an intrusive relationship with stratified rocks was established. However, exposed
primary contacts and felsic volcanic units appropriate for dating, particularly in the Anyox
Pendant, are rare. For this reason, detrital zircons from clastic samples were analyzed to place
maximum (i.e. older) limits on the ages of the clastic rocks sampled. These must be within the

interpreted age of the map unit.

ANYOX PENDANT
Previous work and explanation of correlation problem

The pendant is composed of an eastern part of folded sedimentary rocks whose
distribution, but not age, has been relatively well understood for several decades (e.g. Carter and
Grove, 1972). A western volcanic-sedimentary-plutonic terrane is poorly known owing to
difficult access and poorly understood structural style, which is characterized by ubiquitous high-
strain zones. At the boundary between the two regions are Cu-rich stratiform massive sulfide
deposits of the Anyox mining camp. Economic potential of this horizon provided the impetus for
studies from the early 1900's onward, with the focus on mineralization, alteration, and
geochemistry of rocks near the deposits. Reconnaissance mapping by Carter and Grove (1972)
divided the western pendant into 1) units correlative with Lower and Middle Jurassic Hazelton
Group, and 2) units composed of phyllite, schist, and gneiss, of unknown protolith age, believed
to be metamorphosed in the Jurassic. The eastern part of the pendant was correlated with Middle
Jurassic Salmon River Formation of the Hazelton Group (Carter and Grove, 1972; Grove, 1986).
Succeeding research focussed on the Anyox deposits, but differing interpretations reflect an
ongoing uncertainty in age and stratigraphic correlation. Sharp (1980) used lithology and
geochemical signature of tholeiitic basalts in the Anyox camp to infer an ocean basin or back-arc
tectonic setting. A correlation of the volcanic rocks and overlying sedimentary rocks with Upper
Triassic Karmutsen Formation and Lower Jurassic Kunga Formation, respectively, of the Queen

Charlotte Islands led Sharp (1980) to infer that the strata belonged to Wrangellia. Ore bodies



were noted to occur at, or ten’s of metres below or above, the volcanic-sedimentary contact.
Subsequent work on Pb isotopic ratios on galena in the deposits was interpreted to support a Late
Triassic age for all strata in the pendant (Alldrick, 1986). Additional Pb isotopic analysis and
Sm-Nd systematics, however, led Smith (1993) to conclude that rocks in the vicinity of the
deposits are Early to Middle Jurassic age; he used geochemistry to further suggest correlation
with Spider Peak Formation of Methow Terrane (then thought to be Middle Triassic age).
Macdonald et al. (1996b), focussing on lithogeochemistry of the Hidden Creek Mine, the major
(past) producing mine in the pendant, recognized normal mid ocean ridge basalt (N-MORB) (and
lesser transitional (T) - and enriched (E)-MORB) compositions, and interpreted the environment
of the deposits as mid-ocean ridge, without attempting stratigraphic or terrane correlation.
Sherlock et al. (1996) considered the deposits and host strata to be Triassic age based on
comparison of sulfide mineral assemblages and geologic setting with the Windy Craggy and
Granduc deposits of Alexander and Stikine terranes respectively (Fig. 1). The age of turbidites
overlying the deposits was constrained by U-Pb detrital zircon geochronology to earliest Jurassic
or younger (Childe, 1997), consistent with the presence of nearby, but poorly preserved, Jurassic
ammonites (Goutier et al., 1990). Alldrick et al. (1996) believed the volcanic rocks hosting the
deposits and the overlying sedimentary rocks to be Upper Triassic strata, and interpreted the
western half of the pendant to be Devonian or older to account for a U-Pb age of 363 +/- 3 Ma for
a “diorite sill” of unknown geologic context. Several attempts to date the mineral deposits
directly were unsuccessful (e.g. Childe, 1997). Because no stratified rocks had been definitively
dated and there were no strong grounds for stratigraphic correlation of any unit, and only indirect
arguments supported pre-Devonian to Jurassic age for the western strata, terrane affiliation and
the regional geologic and tectonic significance of the extensional environment associated with the
stratiform ore deposits, remained speculative.

The eastern sedimentary unit is correlated with lithologically similar rocks of the Middle
and Upper Jurassic Bowser Lake Group based on regional mapping of the pendant beyond the ore
zone (Evenchick et al., 1997). Tentative correlation of the underlying volcanic rocks and ore
deposits with Lower and/or lower Middle Jurassic Hazelton Group, and delineation of new map

units farther west established the current geological framework (Evenchick et al., 1997). For



example, the Devonian “diorite sill” of Alldrick et al. (1996), originally recognized and sampled
by R.W.J. Macdonald west of Mount Clashmore (personal communication, 1996), was
recognized to be part of a fault-bounded map unit whose age cannot constrain that of adjacent
units (Evenchick et al., 1997). The newly established geological framework of the pendant and
new geochronologic data presented below help constrain regional stratigraphic correlation and a

model for evolution of the area.

Geology of Anyox Pendant

Anyox Pendant is underlain by 400 km? of volcanic, sedimentary, and plutonic rock (Figs.
2, 3). Strata were deformed and metamorphosed prior to intrusion of early Tertiary granite and
Tertiary mafic dykes. On the west, a Miocene and/or younger brittle extension fault separates the
pendant from migmatitic rocks (Evenchick et al., 1999a). Sedimentary and volcanic rocks in the
eastern half of the pendant have well preserved primary features and relationships. In contrast,
intrusive, metasedimentary, and metavolcanic rocks in the western half are structurally
interleaved by a network of cataclastic and mylonitic shear zones which locally obliterated
primary features and entirely obscured large-scale stratigraphy. These rocks were informally
called the Clashmore complex to emphasize their structural complexity (Evenchick et al., 1997).

Rock units are described from east to west.

Bowser Lake Group

Folded and locally hornfelsed mudstone, siltstone, and sandstone turbidites occupy the
east part of the pendant. Siltstone and mudstone are dark grey on weathered and fresh surfaces,
and are massive or laminated. Sandstone is light to medium grey on weathered and fresh surfaces
and is typically medium grained, although gritty beds and fine pebble conglomerate are present.
Thick-bedded medium-grained sandstone locally has irregular calcareous concretions. Strata
occur as massive or parallel laminated medium-grained sandstone fining up to siltstone and
mudstone, in T,g, Tz, and lesser T,z turbidites. Sedimentary structures include common
graded bedding and flame structures, and less common convoluted bedding, cross bedding, and

rip-up clasts. Clast types include chert, feldspar, monocrystalline quartz, polycrystalline quartz,



and minor lithic grains.

The structural geometry of the turbidites is characterized by coherent mappable folds.
They are northwest and northeast trending, upright to overturned (to the east), gently plunging,
and generally tens to hundreds of metres in wavelength. An increase in structural complexity
towards the western and lower contact of the turbidites is apparent on the slopes north of Tauw
and Bonanza creeks, where folds are tighter (locally isoclinal), shorter wavelength, and cut by
numerous faults. Planar fabric (commonly slightly phyllitic) is apparent in many fine- grained
semipelitic rocks and scattered in medium-grained sandstone. It is defined by alignment of
biotite, locally muscovite, and trains of fine opaque minerals, and commonly is a crenulation
cleavage near contacts with Tertiary granite. In semipelitic rocks it is locally overprinted by a
contact metamorphic assemblage of randomly oriented biotite, andalusite, muscovite and rare
cordierite, associated with the Tertiary intrusions.
Age and Correlation

Correlation with the Bowser Lake Group is based on strong lithological similarities with
turbidites 8 km to the east that are part of contiguous Bowser Lake Group strata (e.g. Evenchick
and Mustard, 1996), and on well preserved Late Bathonian ammonites about 2000 m
stratigraphically above the base, on Granby Peninsula (locality Fs on Fig. 3). The preliminary
Bathonian to Callovian age ( H.W. Tipper, personal communication in Evenchick et al., 1997),

was recently revised to Late Bathonian (T.P. Poulton, personal communication, 2001).

Hazelton Group - eastern volcanic belt

Pillowed and massive volcanic flows and breccia, with minor siliceous volcanic and/or
sedimentary rock underlies the Bowser Lake Group with a conformable contact. Volcanic rocks
are light to dark green weathering, with aphanitic or fine-grained groundmass containing feldspar
and/or hornblende phenocrysts. They are tholeiitic basalts and basaltic andesites, and are mainly
N-MORB in composition (Macdonald et al., 1996b). Tuff occurs as light coloured siliceous
lenses up to 100 m or more long, and commonly 3 to 10 m thick. Rhythmically- and thin-bedded
metachert, locally pyritic, discontinuously marks the top of the volcanic sequence, and hosts the

eight sulphide ore bodies comprising the Hidden Creek Mine (e.g. Macdonald et al., 1996b).



Rocks in the western part of the map unit are similar to those near the eastern contact. For
example, at the geochronology sample site (locality A in Fig. 3), close to the western boundary of
the unit, approximately 95% of outcrop is mafic pillowed volcanic rocks, which locally face east,
and 5% is tuffaceous siltstone which occurs as lenses 0.5 to 3 m thick and up to 30 m long. The
tuffaceous siltstone has fine layering and graded bedding. Rocks across the eastern volcanic belt
are cut by shear zones and intruded by metagabbro. The gabbroic sills were considered by Sharp
(1980) to be subvolcanic feeders to the volcanic flows, and Childe (1997) has shown that two of
the intrusions have tholeiitic magmatic affinity.

Folds are rarely discernable in outcrop. The only stratigraphic marker horizon that
delineates large, map-scale folds is the contact with Bowser Lake Group. Planar fabrics are
commonly steep and north-trending, and the number of shear zones appears to increase westward.
The western boundary of the eastern volcanic belt is a fault contact with cataclastic to mylonitic
granitic and quartzo-feldspathic rock.

Age and Correlation

Tuffaceous siltstone 200 m east of the western boundary of the unit was sampled for
U-Pb geochronology (locality A, Fig. 3). The age of the rock is interpreted to be younger than ca.
186 Ma, the age of the youngest detrital zircon analyzed (V. McNicoll and C. Evenchick,
unpublished data, 1999).

Tentative correlation with the Hazelton Group was based on stratigraphic position
conformably below the Bowser Lake Group, and on rock type (Evenchick and Holm, 1997). The
age of the tuffaceous siltstone is consistent with this interpretation, but the complex structure of
the unit precludes simple extrapolation of age from the sample site at the west side of the unit, to
the east contact. Correlation of the unit as a whole will be discussed in a later section in light of

regional geologic context and the new U-Pb age constraints presented for all units.

Sheared granitic unit
A north-trending belt of cataclastic and mylonitic granitic rock separates the eastern and
central volcanic units. Deformed granitic rocks are cream to white weathering, with 3 to 15%

biotite and chlorite. All varieties from crush breccia and protocataclasite with random angular



fragments of granite millimetres or centimetres across, to cataclasite with oriented fragments, to
protomylonite, mylonite, and ultramylonite with sub-millimetre scale quartz ribbons, and less
common “c-s” structures and shear bands occur throughout the unit. Foliation is defined by
composition, fine trains of opaque minerals, grain size, and orientation of micas. Tectonic lenses
of metagabbro and metavolcanics are minor constituents, but range up to hundreds of metres
long. Quartzo-feldspathic mylonite accounts for approximately 25% of the unit, probably
includes protoliths other than granite, and contain biotite, chlorite, and minor muscovite.

Feldspar grains are altered, broken, fractured, and locally internally strained. Quartz occurs as
partially recrystallized grains, or grains made of subgrains, with irregular grain boundaries, and as
ribbons made of very fine equant subgrains and recrystallized grains.

The planar fabric is steeply east-dipping on ridges at the head of Tauw Creek, steeply to
moderately west-dipping east of Mount Clashmore, and moderately west-dipping north of Mount
Clashmore (Evenchick and Holm, 1997). Lineations are moderate to steeply plunging, most
commonly down-dip in the plane of the foliation. Interpretation of sense of shear indicators at
several locations is west-side-up.

Age

A sample of the least deformed granitic rock was collected from the eastern side of the
unit for U-Pb geochronology (locality B on Fig. 3). It is leucocratic, medium grained and
composed of 45% quartz, 20% potassium feldspar, 20% plagioclase feldspar, and 15% biotite;
accessory minerals include zircon, apatite, and titanite. The crystallization age of the granite is
interpreted to be ca. 177 Ma (ca. early Middle Jurassic; V. McNicoll and C. Evenchick,
unpublished data, 1997).

Hazelton Group - central and western metavolcanic and metasedimentary belts

West of the sheared granitic unit are highly strained metavolcanic and metasedimentary
rocks and metagabbroic sills and/or dykes, divided into two belts by a fault-bounded mafic
intrusive complex. Rock types include black phyllite, green and grey chlorite phyllite,
metasandstone, minor heterolithic conglomerate, siliceous tuff and siltstone, volcanic breccia

with chlorite phyllite matrix, pillowed volcanic rocks, and minor marble and calc-silicate rock.



Metamorphic mineral assemblages include chlorite, actinolite, and epidote in greenstone and
metagabbro. The grade of metamorphism, high degree of strain, and large volume of gabbro
intrusions combine to reduce stratigraphic continuity and precision of stratigraphic correlation.
There is no apparent organization to the distribution of the rock types, except metacarbonate,
albeit minor, is more common in the western belt. East and west of the highest point on Mount
Tournay is more than 1000 m (structural thickness) of metagabbro and very fine- to medium-
grained metaclastic rocks, interleaved with equivalent proportions of metagabbro. Metavolcanic
rocks, including pillowed volcanic flow rocks, are minor. Intrusive relationships between gabbro
sills and sandstone indicate that, locally, sill intrusion postdated turbidite deposition. The eastern
contact of the central belt is best exposed east of Mount Clashmore, where strongly foliated to
mylonitic greenstone on the west is in contact with quartzo-feldspathic mylonite, including
tectonic lenses of granite, on the east.

Planar fabric is steeply east or west dipping, but ranges to moderate east dipping along
Portland Canal (Evenchick and Holm, 1997). As with other units in the Clashmore complex,
heterogeneous development of planar fabric results in tectonic lenses, of all scales, of weakly to
moderately deformed rock containing well-preserved primary sedimentary or igneous features,
bounded by strongly foliated to mylonitic rock where even the protolith is questionable.

Age and correlation

The age of this unit is constrained by U-Pb geochronology on detrital zircons from
samples of clastic rocks including: (i) heterolithic conglomerate (ii) sandstone, and (iii) siliceous
fine-grained sandstone (sample localities C, D, and E respectively, on Fig. 3).

Conglomerate A sample of heterolithic conglomerate was collected from a tectonic lense east
of Mount Clashmore (locality C, Fig. 3), 70 m west of the eastern contact of the central
metavolcanic - metasedimentary belt. The conglomerate has structural thickness of a few metres,
is bounded by lineated pillow breccia and siliceous mylonite on the west and quartzo-feldspathic
mylonite on the east, and is also associated with tectonic lenses of pillowed volcanic rocks, and
metagabbro. Clast types include chert, limestone, grantoid (80%), and fine-grained lithic
fragments. The age of the conglomerate is interpreted to be younger than ca. 178 Ma, the age of

the youngest detrital zircons analyzed (V. McNicoll and C. Evenchick, unpublished data, 1997).
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Sandstone Medium-grained sandstone was collected east of Mount Tournay, from the middle
of the 1000 m-thick structural section of metagabbro and fine- to medium-grained metaclastic
rocks near the east side of the western metavolcanic - metasedimentary belt (locality D on Fig. 3).
In thin section, angular grains of feldspar or quartz are dominant; rounded grains and lithic clasts
are less common. Prograde and/or retrograde metamorphic biotite and chlorite are rare. The
youngest concordant analysis for detrital zircon indicates that the age of the rock is younger than
ca. 183 Ma (V. McNicoll and C. Evenchick, unpublished data, 1998).

Siliceous fine-grained sandstone  This sample is part of a succession of fine-grained and thinly-

layered siliceous metaclastic rocks with a structural thickness of 50 m at the west side of the
western metavolcanic - metasedimentary belt (locality E on Fig. 3). It is composed of poorly
sorted, subangular clasts of quartz, feldspar, polycrystalline quartz and lithic grains. Most clasts
are fine sand size, but some are up to coarse sand size. Prograde and/or retrograde metamorphic
minerals are biotite, chlorite, and actinolite. The sandstone is younger than ca. 186 Ma, the age
of the youngest detrital zircons analyzed (V. McNicoll and C. Evenchick, unpublished data,
1999).

All samples from the central and western metavolcanic - metasedimentary belts are Early
Jurassic or younger in age, and permit correlation with Hazelton Group if the strata are part of

Stikinia (see below).

Mafic intrusive complex

A fault-bounded belt of metaintrusive rock separates the units described above. Rocks are
fine to coarse grained, and are massive, weakly foliated, cataclastic, mylonitic, or gneissic. The
compositions, textures, and structures are heterogeneous and greatly variable across strike.
Although the protolith of many highly-strained rocks is uncertain, primary igneous textures are
present locally, but meta-clastic rocks are absent. These characteristics suggest that the unit is
primarily metamorphosed mafic to intermediate intrusive rock.

Blocky outcrops of rusty to orange, pink to orange, brown, dun brown, light green, and
dark green weathering serpentinized ultramafic rock occurs along a pronounced linear depression

which defines a belt 20 to 80 m wide bounding the west side of the intrusive complex.
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Examination of thin sections indicates that the ultramafic rock may be entirely serpentinized.
Planar fabrics in the intrusive unit are steeply dipping and lineations are generally steep. The
sense of shear in a 20 m wide shear zone northwest of Mount Clashmore is west-side-up.
Age

A leucocratic phase of the mafic intrusive complex yielded a Devono-Mississippian U-Pb

zircon age of 363 + 3 Ma (locality G in Fig. 3; Childe, 1997).

Swamp Point metagranite

At Swamp Point, on the west side of the pendant, metagranite forms two homogeneous,
isolated, 100 m long shoreline outcrops. The rock is white weathering, medium grey on fresh
surfaces, has a very fine-grained groundmass of quartz and feldspar, and moderately well
developed planar fabric defined by concentrations of biotite and hornblende. The monzogranite
comprises 20% quartz, 55% feldspar (sub equal amounts of plagioclase and potassium feldspar),
15% biotite and 10% hornblende. Quartz occurs as equant anhedral grains with irregular grain
boundaries and less commonly as elongate grains. Feldspar occurs as very fine grains (<<lmm)
with diffuse irregular grain boundaries. Biotite and hornblende are fresh, weakly to moderately
well oriented grains, concentrated in mafic-rich lenses one to several millimetres thick which
define the planar fabric. Contact relationships of the metagranite with other units are unknown.
Age

The U-Pb crystallization age for a sample from the southern of the two outcrop areas
(locality F on Fig. 3) is interpreted to be ca. 186 Ma (V. McNicoll and C. Evenchick, unpublished
data, 1997).

Tertiary rocks

Rocks to the north, east, and south of the pendant are granite, with lesser quartz
monzonite, quartz monzodiorite, and granodiorite, commonly with less than 15% mafic minerals.
The dominant structures are joints and brittle faults. U-Pb zircon ages range from ca. 61 to 53
Ma (V. McNicoll and C. Evenchick, unpublished data, 1998). Abundant mafic dykes dip steeply
northwest or southeast, and their ages range from 38 to post-22 Ma (V. McNicoll and C.
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Evenchick, unpublished data, 1999). Volcanic rock capping the summit of Mount Newport is ca.
22 Ma (V. McNicoll and C. Evenchick, unpublished data, 1998).

Regional stratigraphic and tectonic implications of U-Pb ages in Anyox Pendant

The regional correlation diagram (Fig. 4) summarizes the new U-Pb ages. The clastic
samples are no older than their youngest detrital zircons, which are late Early Jurassic and early
Middle Jurassic age. The similarity of rock types across the belts, all of which were sampled,
indicates that the majority of stratified rocks in the western pendant are Early Jurassic or younger
in age; the conglomerate is early Middle Jurassic or younger. If the base of the Bowser Lake
Group is not significantly diachronous across the study area, the presence of Late Bathonian
fossils 2000 m above its base limits the dated clastic rocks to between latest Early Jurassic age
and Late Bathonian age. Regionally, however, the base of the Bowser Lake Group is at about the
Bajocian - Bathonian boundary, which further restricts the age of the dated clastic rocks to latest
Early Jurassic and early Middle Jurassic age. At least some of the volcanic rocks and intrusions
are early Middle Jurassic, and possibly Early Jurassic age, as well-based on the interpretation that
the gabbros are subvolcanic feeders coeval with the volcanic rocks (Sharp,1980), and the
observation that the intrusions cut clastic rocks near the dated Mount Tournay sandstone. It is
possible that faulted panels of older rock may be structurally interleaved with the dated strata.

The two samples of intrusive rocks are also Early and early Middle Jurassic in age. The
sheared granite (ca. 177 Ma) is close to the age of the youngest grains in the conglomerate detrital
zircon sample. The Swamp Point metagranite (ca. 186 Ma) is close in age to the youngest
zircons in the other three detrital samples, which could well have been derived from this or

coeval intrusions.

Age of eastern volcanic belt, Anyox deposits, and overlying turbidites

Based on the detrital zircon geochronology, host rocks to the Anyox deposits are part of a
volcanogenic succession of early Middle Jurassic and possibly Early Jurassic age. The deposits
have not been dated directly. They are on the eastern side of the eastern volcanic belt, whereas

the dated tuffaceous siltstone is from the western side of the eastern volcanic belt. The distance
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between the sampled rock and deposits, and the structural complexity of the region between,
leave open the possibility that the deposits are part of an older fault sliver. Geological context
provides additional information bearing on interpretation of the age of the deposits.

The volcanic succession hosting the deposits is overlain by turbidites. Lithologic
correlation of the turbidites with Bowser Lake Group is strongly supported by well preserved
Late Bathonian ammonites. The turbidites are conformable and continuous stratigraphically with
the clastic rocks which host the highest grade ore zones at the Hidden Creek Mine, where lenses
of stratiform ore occur both above and below the sedimentary-volcanic contact (e.g. Macdonald
et al., 1996b). Detailed work on the deposits has resulted in the interpretation that they are a
result of hydrothermal activity which spanned the transition from mafic volcanism to amagmatic
distal turbidite deposition (Sharp, 1980; Macdonald et al., 1996b). Continuity of hydrothermal
activity that began with the volcanism, through the beginning of widespread clastic deposition
stratigraphically continuous with turbidites of the Bowser Lake Group, is the basis for
interpretation of a minimal hiatus at the volcanic-sedimentary boundary, and therefore an Early or
early Middle Jurassic age for the stratiform Cu deposits and host rocks (see Fig. 4).

The nature of the clastic stratigraphic unit directly associated with the deposits is critical
to the discussion of their age. The thin succession, a few metres to a maximum of 100 m thick,
comprises mainly fine-grained clastic rocks, immediately overlies the volcanic rocks, hosts some
mineral deposits, is locally affected by hydrothermal alteration, and lacks the medium-grained
arenite and wacke most characteristic of the Bowser Lake Group. The thin succession could be
correlated with either Salmon River Formation (Hazelton Group), or basal Bowser Lake Group.
The important relationship relevant to the age of the deposits, however, is that these clastic rocks
which overlie the volcanic rocks appear to pass continuously upward into turbidites of the

Bowser Lake Group.

Regional correlation and terrane affiliation
The age of strata across Anyox Pendant eliminates some of the options for correlation and
terrane affinity proposed in earlier studies. The rocks are either part of the Hazelton Group of

Stikinia, or coeval strata of another terrane. Anyox Pendant is separated on the north, northeast,

14



and east from continuous outcrop of Stikinia by ca. 15 km of Tertiary granite. Early and early
Middle Jurassic strata of Stikinia are overlain by the Bowser Lake Group. If correlation of
Anyox Pendant turbidite successions with Bowser Lake Group is valid, then either underlying
strata are Stikinia, or a pre-Bowser Lake Group terrane boundary must have occurred in the 15
km wide arcuate belt now occupied by Tertiary granite. The coincidence of such an arcuate
terrane boundary surrounding the pendant, now entirely obliterated by Tertiary granite, is not
considered likely. The terrane amalgamation would have been coeval with, but within 20 km of,
continuous sedimentation represented by the transition from extensional volcanic environment to
entirely distal turbiditic deposition, that lacks a clastic record of such a terrane amalgamation.

The regional correlation diagram (Fig. 4) summarizes the Jurassic and Devonian
lithologies in northern Stikinia, and emphasizes the commonality of rock types. Western Stikinia
is a rich potential source area for the detrital zircons analyzed, and for correlative plutonic suites
to the two intrusions dated. The age of ca. 177 Ma for the deformed granite is the same as ages
obtained for the Three Sisters plutonic suite and rhyolite flows at Eskay Creek. The age of ca.
186 Ma for the Swamp Point metagranite is within the range of ages for the Texas Creek plutonic
suite and the age of the Eskay porphyry. Other detrital zircons in the ca. 178 - 200 Ma range are
interpreted to have been derived from local sources in western Stikinia, and are well represented
by ages of plutons in the Copper Mountain, Texas Creek, an unnamed suite, and Three Sisters
plutonic suites. Lastly, the Devonian intrusive unit (363 + 3 Ma; Childe, 1997) is similar in age
to the ca. 370 Ma Forrest Kerr pluton (Logan et al., 1993).

In summary, there are no definitive arguments for correlation of Anyox Pendant strata
with Stikinia, but the geological problems associated with placing a terrane boundary between the
pendant and Stikinia to the east, combined with the remarkable similarities in age and nature of
magmatism, lend strong support to the correlation. If this is the case, the strata belong to the
Hazelton Group. Coeval Middle Jurassic strata with similar lithologies are known from the
Salmon River Formation of the Hazelton Group in Iskut River and Telegraph Creek areas (Fig. 1;

Evenchick, 1991b; Anderson, 1993; Macdonald et al., 1996a; Roth et al., 1999).

Interpretation of depositional setting and structural evolution of Anyox Pendant
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A model for the interpretation of the depositional and structural evolution of Anyox
Pendant in Figure 5 involves the range of U-Pb ages, the local and complex sources for clastic
rocks, and the presence of Devonian intrusive rocks bounded by younger rock. Pillowed lavas
and turbidites which host the Anyox deposits were deposited in a subaqueous environment, and
in an extensional environment based on their composition (e.g. Macdonald, 1996b). These rocks
are correlated with strata farther west in the pendant based on the strong similarity in lithologies
across the western pendant, and the similarity in ages determined by U-Pb geochronology.
Unpublished lithogeochemical data (R.W.J. Macdonald, personal communication, 2001) suggest
that gabbroic rocks in the western belt are chemically similar to those in the east.

Early(?) and early Middle Jurassic volcanic and(?) volcaniclastic strata overlie a diverse
assemblage that, in addition to Devonian intrusive rocks, may include Triassic Stuhini Group,
and Permian and older Stikine Assemblage (Fig. 5a). Early Middle Jurassic and underlying strata
were intruded by the Early Jurassic Swamp Point metagranite (Fig. 5a).

In early Middle Jurassic time volcanic and volcaniclastic strata accumulated in an
extensional environment, and at ca. 177 Ma were intruded by granitic rock (Fig. 5b). Locally
derived clastic rocks at Maple Bay and Mount Tournay may be either Early Jurassic or early
Middle Jurassic age. In contrast, the conglomerate east of Mount Clashmore is restricted to early
Middle Jurassic age, and has a large range of detrital zircon ages. A local source for the older
grains could potentially have been provided by extensional faulting, as shown schematically for
the uplifted Devonian horst (Fig. 5b), or, they may have had a distal source. Gabbro sill and dyke
intrusion of clastic rocks of ca. 183 Ma or younger age (Fig. 5b) constrains some gabbros to 183
Ma or younger, but it is unclear whether gabbroic intrusion spanned Early Jurassic through early
Middle Jurassic time, or was limited to a short interval between ca.183 and 166 Ma. Between
178 Ma and the end of Bathonian time (ca. 160 Ma) hydrothermal activity resulted in the Anyox
deposits, volcanism waned, widespread clastic deposition of the Bowser Basin began, and at least
2000 m of Bowser Lake Group turbidites accumulated (Fig. 5b,c). The Devonian unit is shown
schematically as a horst in Early and/or early Middle Jurassic extension in order that its uplift and
unroofing provide detrital zircons to an early Middle Jurassic basin. An alternative interpretation

is that the Devonian unit was emplaced structurally into the Jurassic units during Cretaceous and
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possibly younger deformation.

Folds in the Bowser Lake and eastern Hazelton groups are considered to be part of the
Skeena Fold Belt because of the similarity in age and structural style. Shear zones in the western
pendant are interpreted to be upper mid-crustal expressions of the same contraction that formed
the folds in the Bowser Lake Group in the eastern pendant, and the Skeena Fold Belt regionally.
Development of the shear zones may have been facilitated by the presence of numerous Early and

early Middle Jurassic extensional faults in sub-Bowser strata.

GEORGIE RIVER AREA
Previous work

Reconnaissance mapping in the 1970's by Grove (1986) recognized that stratified rocks in
the Georgie River area (Fig. 2, 6) are part of the Lower Jurassic Unuk River Formation of the
Hazelton Group. The region was shown to be underlain by one undivided unit except for a
north-trending sliver of gneiss of unknown protolith, presumed to be metamorphosed in the
Jurassic (Grove, 1986). Numerous property descriptions exist in assessment reports, but until
1999 the only other published research on the area was part of a more regional study of the
Stewart District (Alldrick et al., 1996). In that report the geology of Georgie River Mine is
described, host strata were tentatively correlated with Upper Triassic Stuhini Group, and a U-Pb
date on a granodiorite dyke was presented (187.2 +3.5/-0.9 Ma; Alldrick et al., 1996; locality G
in Fig. 6).

Mapping in the late 1990's established the foundation of the current geological framework
(Evenchick and Snyder, 1999; Evenchick et al., 1999b). Stratified rocks were mapped as two
clearly distinct units separated by a stratigraphic contact, and were tentatively correlated with
Hazelton Group. The stratigraphic section was interpreted to be capped by a large (> 1 km thick)
rhyolite accumulation at the south boundary of the area (Evenchick and Snyder, 1999). In
addition, it was recognized that the region is not a “pendant” because granitic rocks at the north,
formerly thought to be Tertiary, are similar to, and continuous with, the Jurassic Bulldog Creek
pluton mapped to the north by Greig et al. (1994). Two new intrusive units were recognized, but

the sliver of gneiss mapped by Grove (1986) was not found. The following pages present an
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overview of the geology, and new geochronologic data which constrain the ages of units. These

are the basis for succeeding interpretations of geological evolution and regional correlation.

Geology of Georgie River area

Georgie River area is underlain by about 400 km? of intrusive, volcanic, and sedimentary
rock, bounded on the east and south by Tertiary granite and on the west by a late Tertiary brittle
extensional fault (Fig. 1, 2, 6; Evenchick et al., 1999b). Rocks along the north boundary are part
of the Jurassic Bulldog Creek pluton, which is continuous with Jurassic and Triassic strata of
Stikinia (Greig et al., 1994). Stratified rocks are herein divided into three rather than two units.
The new unit, restricted to the northern half of the pendant and described below, includes
pyroxene-bearing volcanic flows and coarse volcaniclastic rock, and is intruded by quartz
feldspar porphyritic felsic dykes and sills of Early Jurassic age. It is tentatively assigned to the
Stuhini Group, but may include some Hazelton Group strata. The U-Pb zircon data presented
below support the previous correlation of the two units in the southern third of the pendant with
Lower and lower Middle Jurassic Hazelton Group. The lower of these is composed primarily of
coarse volcaniclastic and volcanic flow rocks, and is intruded by the Outram Lake porphyry. It is
overlain stratigraphically by a unit of fine-grained clastic rocks with less than 30% volcaniclastic
rocks and rhyolite flows. A large area of unexamined rock in the northern two-thirds of the
pendant is shown in Figure 6 as undivided Stuhini and Hazelton Group.

Strata are at lower greenschist facies metamorphism, with an overprint of biotite hornfels
particularly evident on Colling Ridge and north of Carr Ridge. Large scale structural geometry is
obscured by the absence of marker horizons in the volcanogenic units. In the upper, fine clastic

unit, bedding delineates abundant tight folds. Units are described from north to south.

Bulldog Creek pluton

The intrusive unit along the north boundary of the study area is medium-grained,
equigranular to slightly porphyritic, biotite-hornblende granodiorite to quartz monzonite. It is
pink and green weathering, homogeneous, with minor leucocratic aplitic zones and fine-grained

zones, and is everywhere cut by epidote veins with chlorite and local, weak K-feldspar alteration
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envelopes up to several centimetres wide. Cataclastic fault zones millimetres to several metres
wide are common.
Age and correlation

The rocks mapped are continuous with lithologically similar ones to the north of Bulldog
Creek known as Bulldog Creek pluton that were dated (by K-Ar on hornblende) at 181 + 8 Ma by
Greig et al. (1995). The sample site for the U-Pb age reported here is locality A in Figure 6; the
rock type is as described above. The crystallization age of this sample is interpreted to be ca. 193
Ma (V. McNicoll and C. Evenchick, unpublished data, 1999), significantly older than the
previously reported K-Ar age. The pluton strongly resembles other members of the Texas Creek
plutonic suite in composition, mineralogy, alteration, and age (Fig. 4).

The contact between Bulldog Creek pluton and stratified rocks of Georgie River area has
not been observed, but the relatively young K-Ar age led to an erroneous assumption that the
pluton was roughly comagmatic, and possibly intrusive into the volcanic and volaniclastic rocks.
The pluton is now known to be older than the coarse volcaniclastic unit, but its age relative to the
pyroxene-bearing unit less clear. The pluton has the following relationships with bounding
strata: (i) it is older than all other dated rocks; (ii) the contact is subparallel with bedding in the
volcanogenic succession,; (iii) although the contact is covered, rocks on both sides have been
examined within less than 100 m of the contact and are not obviously more strained than
elsewhere; and (iv) some of the rocks examined near the contact belong to the Hazelton Group,
but others are of uncertain stratigraphic position. If all strata bounding the pluton are as young as
the coarse volcaniclastic unit of the Hazelton Group, the contact is either a nonconformity or a
fault. If strata are as old as Stuhini Group or earliest Jurassic Hazelton Group, the contact is
either intrusive or faulted. More detailed examination of strata near the contact is required to

distinguish between these options.

Stuhini Group and? Hazelton Group - pyroxene-bearing volcanic and volcaniclastic unit
The succession on Colling Ridge and western ridges of Mount Brown is light grey to
green grey weathering, and resistant to weathering. Exceptions are local areas of dark green

weathered pyroxene-bearing volcanic flow rocks and sandstones. Colling Ridge is underlain by
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interbedded volcanic and volcaniclastic rocks intruded by quartz-feldspar-phyric felsic intrusions.
Volcanic flows are commonly <10 m thick; in the north they make up <10% of outcrop, and in
the south locally up to 90%. They are pyroxene-phyric basalt or andesite, locally with pyroxene
phenocrysts to 1 cm across, and plagioclase-phyric andesite. Most flow rocks are massive, but
rare pillowed plagioclase-phyric flows occur in the south. Debris flow conglomerate and flow
breccia derived from both types of flows are common, and on southern-most Colling Ridge make
up 80% of outcrop. Massive, immature feldspathic sandstone units at least 10 m thick are
common in the north and central areas, and similar massive sandstone is locally interbedded on
the scale of several metres with thin-bedded fine-grained sandstone. Fine-grained sandstone and
siltstone comprise less than 10% of the Colling Ridge succession. K-feldspar and quartz
porphyritic felsic dykes and sills, locally up to 20 m wide and 80 m long, are common in the
north, rare in the central area, and absent in the south. One body with a well exposed intrusive
contact was sampled for dating (locality B in Fig. 6).

On the northwest ridge of the Mount Brown massif, strata are similar to those on Colling
Ridge except felsic intrusions are absent, and flows are more common. The ridge is underlain by
coarse pyroxene porphyritic basalt flows and associated pyroxene-rich volcaniclastic rocks. Flow
rocks dominate the central portion of the ridge. They are commonly homogeneous and massive
but are locally pillowed or crudely flow-layered; amygdaloidal varieties and flow breccia are rare.
They contain 5-20% euhedral to subhedral pyroxene phenocrysts 1-10 mm across, and locally, 5-
10% plagioclase phenocrysts 1-2 mm across. Fine-grained sedimentary interbeds make up less
than 1% of the flow-dominated succession. Minor amounts of andesitic flow rocks occur mainly
in the southwest. They are massive to rarely pillowed, and range from aphanitic to plagioclase-
phyric or plagioclase- and pyroxene-phyric. Southwest of the primary volcanic succession, flow
rocks are interlayered with units of boulder and pebble conglomerate, and sandstone, 5-10 m
thick. They are most abundant, comprising at least 15% of the exposure, at the southwest end of
the ridge. Most volcaniclastic rocks are pyroxene-rich, indicating derivation from the adjacent
flow rocks. Minor thinly-bedded feldspathic volcanic sandstone and rare siliceous fine-grained
sandstone are also interbedded with the more mafic clastic rocks. The short ridge southwest of

Mount Brown has similar lithologies to the northwest ridge, but flows are minor and feldspathic
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sandstone is more abundant. In all areas stratigraphic and facies relationships within the unit, as
well as the large-scale structural geometry are unclear owing to the lack of markers, paucity of
bedding, and presence of local high-strain zones.
Age

At the high point north of Georgie River mine, on north Colling Ridge (locality B, Fig. 6),
massive, grey-weathering, quartz-feldspar-porphyry intrudes fine-grained, bedded volcaniclastic
rocks. The intrusion is strongly porphyritic to megacrystic, comprising about 10% potassium
feldspar phenocrysts 4-10 mm across, 40% potassium feldspar phenocrysts 1-2 mm across, 10%
quartz phenocrysts 1-2 mm across, 30% very fine-grained quartz/feldspar groundmass, and 10%
randomly oriented fine (1mm) porphyroblasts of biotite. The crystallization age of the rock is
interpreted to be ca. 190 Ma (V. McNicoll and C. Evenchick, unpublished data, 1999), restricting
the host rocks to 190 Ma or older.

Hazelton Group - coarse volcaniclastic and minor volcanic unit

Strata south and southeast of Mount Brown are light grey to green grey weathering, and
resistant to weathering. Exceptions are areas of intense rusty weathering, particularly at the high
peaks of Mount Brown. Strata are dominantly heterolithic, poorly sorted, unbedded, and matrix-
supported volcanic conglomerate with a matrix of coarse- to medium-grained sandstone
consisting of angular to subangular quartz, and feldspar and mafic mineral crystals and
fragments. This rock changes southward to volcanic sandstone as clasts and matrix decrease in
size. Feldspathic sandstones are fine- to medium-grained and commonly massive. Thinly-
bedded to laminated fine-grained sandstone and siltstone are rare. Volcaniclastic rocks are
intruded by tabular and pod-shaped bodies of porphyritic to sparsely feldspar megacrystic
quartz-amphibole-plagioclase porphyry similar to the Outram Lake porphyry, described below.
Clasts in the volcanic conglomerate also have similar texture and composition to the Outram
Lake porphyry, indicating that the intrusion, or its extrusive equivalents, may have been the
source of fragments in the conglomerate. High-level intrusion of the Outram Lake porphyry into
unconsolidated sediments may have resulted in similar relationships.

The southeast-most strata examined are on ridges north and northwest of Mount Guanton.
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Heterolithic and monolithic volcanic conglomerate forms units metres to tens of metres thick.
They are interbedded with subordinate medium- to coarse-grained, immature, feldspathic
volcanic sandstone. Sandstone is poorly to moderately well sorted and massive to indistinctly
bedded. Thinly-bedded to laminated fine grained sandstone or siltstone with rare thin siliceous
(tuffaceous?) beds are minor. A sheet of andesitic crystal tuff at least 50 m thick occurs 100-300
m below the top of the coarse volcaniclastic unit on the ridge northwest of Mount Guanton
(sample C, Fig. 6). It has cream weathering, is massive, homogeneous, and has grey to pink fresh
surfaces. An irregular basal contact with underlying volcanic conglomerate is overlain by a few
tens of centimetres in which subtle compositional layering and amphiboles are aligned parallel
with the contact. The tuff may be made of several depositional units; above the basal one, large
boulders (to 1x3 m) of the tuff occur in overlying clastic rocks. The tuff is composed of 35-40%
plagioclase phenocrysts to 3 mm across, strongly altered to epidote, sericite, and opaques; 25-
30% biotite after acicular amphibole, and 35% altered groundmass of feldspar and trace quartz.
Texture and composition are similar to some clasts in the volcanic conglomerate and to the
Outram Lake porphyry. As with the pyroxene-bearing unit, stratigraphic and facies relationships,
and the large-scale structural geometry, are unclear owing to the lack of markers, paucity of

bedding, and presence of local high-strain zones.

Outram Lake porphyry

The intrusion south of Outram Lake is composed of quartz monzonite with plagioclase
phenocrysts and megacrysts, and amphibole and quartz phenocrysts. It is homogeneous, with
variations in phenocryst size. As noted above, clasts of similar composition and texture occur in
the volcaniclastic unit on the ridge northwest of Outram Lake. The southeast contact with
volcaniclastic rocks is complex and includes numerous dykes and pod-shaped bodies of felsic
and intermediate compositions and textures, that crosscut volcaniclastic rocks. Fault breccia is
also present in the complex contact zone. The observation that this intrusion is compositionally
similar to intrusions that cut the coarse volcaniclastic unit, and to some clasts within the coarse
volcaniclastic rocks, is the basis for interpretation that the Outram Lake porphyry is roughly

coeval and cogenetic with the volcanogenic clastic rocks, and intrusive into them.
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Age of coarse volcaniclastic unit and Outram Lake porphyry

Samples which constrain the age of the coarse volcaniclastic unit of the Hazelton Group
include those from: 1) the Outram Lake porphyry (locality C, Fig. 6), and 2) andesitic crystal tuff
northwest of Mount Guanton (locality D, Fig. 6).
Outram Lake Porphyry The Outram Lake porphyry was sampled near the mouth of Ashwood

Lake (sample locality C on Fig. 6); the crystallization age is interpreted to be ca. 190 Ma (V.
McNicoll and C. Evenchick, unpublished data, 1999).

Andesitic crystal tuff A sample of cream weathering, grey, massive, homogeneous feldspar

crystal tuff was collected from the northwest ridge of Mount Guanton. The age of the rock is

interpreted to be ca. 190 Ma (V. McNicoll and C. Evenchick, unpublished data, 1999).

Hazelton Group - fine-grained clastic rocks with minor volcanic rocks and rhyolite

A unit dominated by siltstone and rhyolite overlies the lower, coarse volcaniclastic and
volcanic unit northwest of Mount Guanton. There the unit is at least 80% siltstone and very fine-
grained sandstone. The characteristic dark rusty weathering of the unit results from weathering
of abundant disseminated pyrite which occurs as 0.5 mm euhedral cubes or amorphous blebs.
Also present are minor medium-grained volcanic sandstone, siliceous thinly-bedded or laminated
siltstone, and rare clast supported conglomerate. South of Ashwood Lake, siltstone is associated
with spherulitic rhyolite. Farther southwest, the peak north of Carr Ridge is underlain by rusty-
weathering pyritic siltstone and rhyolite, minor andesite flows, volcanic conglomerate, and
sandstone. The base of the section is a mixed unit of volcanic conglomerate and siltstone, with
small rhyolite domes, based on interpreted stratigraphic facing (see Evenchick and Snyder, 1999)
and assuming that internal deformation in the siltstone unit has not affected the overall
stratigraphic succession. These strata are overlain by pyritic shale and siltstone with a structural
thickness of at least 200 m. These two lower units include thin lenses of carbonate, rare rhyolite
flows(?), felsite dykes, and mafic volcanic rocks. The siltstone is overlain by volcanic sandstone
and conglomerate, and the section is capped by rhyolite more than 1 km thick which is locally
underlain by thin eutaxitic tuff. The base of the rhyolite is heterogeneous and contains massive

flow rocks, flow layering, monolithic breccia, and spherulites. Interbedded sediments occur
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higher, and the upper part of the rhyolite is dominantly flow laminated, with lesser breccia (see
Fig. 6 of Evenchick and Snyder, 1999). The rhyolite unit is inferred to represent a hyaloclastite
breccia dome.
Age

Samples collected to constrain the age of this upper-most unit include conglomerate from
west of Mount Guanton, about 200 m above the base of the unit, and the large (> 1 km thick)
rhyolite accumulation at the south boundary of the study area (sample localities E and F,
respectively, on Fig. 6).
Conglomerate  The sample of pebble conglomerate is from a section of interbedded
conglomerate and feldspathic volcanic sandstone on the north side of the peak west of Mount
Guanton (sample locality E, Fig. 6). The age of the conglomerate is constrained to be younger
than ca. 185 Ma, based on the age of the youngest detrital zircon analyzed (V. McNicoll and C.
Evenchick, unpublished data, 1999).
Carr Ridge rhyolite flow  White to rusty weathering, massive, flow-layered, spherulitic rhyolite
flow rock was collected from the peak north of Carr Ridge (sample locality F, Fig. 6). Its age is
interpreted to be ca. 176 Ma (V. McNicoll and C. Evenchick, unpublished data, 1999).

Structure of Mesozoic rocks

Mesozoic rocks display brittle deformation and local ductile deformation features. Rocks
are folded on mesoscopic and presumably larger scale, but the lack of bedding in most areas
precludes analysis of the large scale structure, except that, in general, poles to bedding indicate
west-northwest trending folds. North Carr Ridge and on the slopes of Mount Guanton the
dominantly fine-grained clastic unit exhibits tight folds up to several hundred metres wavelength.
The unit includes highly chaotic fault zones subparallel with bedding. Weakly to intensely
foliated rocks are scattered throughout the area in high-strain zones tens to hundreds of metres
wide which bound regions with little or no penetrative fabric. Brittle deformation features are
common, and include thin cataclasite seams to wide fault breccia zones, in addition to discrete

planar faults with slickenlines.
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Tertiary rocks

Biotite hornblende granite bounds the stratified rocks on the south, and forms two stocks
cutting strata of the Georgie River area. It is homogeneous, equigranular or slightly porphyritic
or K-feldspar megacrystic and locally includes granodiorite and quartz monzonite. A sample
from south of Mount Guanton yielded a U-Pb zircon age of ca. 50 Ma (V. McNicoll and C.
Evenchick, unpublished data, 1999).

Granitic dykes are abundant, and range from fine- to coarse-grained equigranular to
porphyritic biotite, hornblende, or biotite-hornblende granite, granodiorite, quartz monzonite and
monzodiorite. Most are steeply dipping and strike northwest. Alldrick et al. (1996) reported a U-
Pb age of 50.7 + 0.1 Ma for one of these dykes.

Brown and green weathering mafic dykes with chilled margins are common; most strike
northeast. None have been dated in Georgie River area in this study, but they are similar to mafic
dykes in Anyox Pendant area which range from 38 to post-22 Ma (V. McNicoll and C.
Evenchick, unpublished data, 1999). Tertiary rocks are cut by numerous Miocene or younger

brittle extensional faults (Evenchick et al., 1999a).

Implications of U-Pb ages for geologic evolution and regional correlation
Regional correlation and terrane affiliation

Figure 4 summarizes the new U-Pb dates which tightly constrain the ages of rocks and aid
in correlation of strata in Georgie River area. The Bulldog Creek pluton (ca. 193 Ma) is clearly
older than the previously reported K-Ar age (181 = 8 Ma; Greig et al., 1995) for the pluton, and
all other rocks dated in the Georgie River area. The ages of the felsic intrusion on Colling Ridge,
the Outram Lake porphyry, and andesitic tuff are all ca. 190 Ma. The age of the felsic intrusion
on Colling Ridge limits the age of the volcaniclastic rocks it intrudes, part of the pyroxene-
bearing unit, to older than ca. 190 Ma. Strata near the intrusion, in the vicinity of Georgie River
Mine, were tentatively correlated with the Upper Triassic Stuhini Group (Alldrick et al., 1996),
presumably based on the presence of pyroxene. We extend this tentative correlation to strata
farther south on Colling Ridge, and to the western ridges of Mount Brown. Considering the

structural complexity and absence of clear stratigraphic distinction between the Stuhini and
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Hazelton groups, however, it is possible that the unit includes lower parts of the Hazelton Group.

Ages of the Outram Lake porphyry and andesitic tuff, both ca. 190 Ma, confirm field
interpretation that the Outram Lake porphyry is coeval with the volcaniclastic rocks near the
intrusion, and narrowly constrain deposition of the coarse volcaniclastic unit to ca. 190 Ma. The
conglomerate sample from the overlying fine-grained clastic unit has detrital zircon grains as
young as ca. 185 Ma, which limits its age to 185 Ma or younger. The stratigraphically highest
sample dated (ca. 176 Ma) is from the rhyolite at the southern boundary of the area. All dates
support the lithological correlation of the coarse volcaniclastic unit and higher strata with the
Lower and lower Middle Jurassic Hazelton Group.

Stratified rocks and intrusions have strong similarities with coeval rocks in Stikinia, as
shown in Figure 4, and are continuous with Stikinia strata in the vicinity of Cambria Icefield (e.g.
Greig et al., 1994). Bulldog Creek pluton is slightly older than the coarse volcaniclastic unit and
is part of the Texas Creek plutonic suite. The Hazelton Group consists of a lower, volcanogenic
unit of Early Jurassic age which is also coeval with the latter stages of Texas Creek magmatism.
Bimodal volcanism is associated with the upper, dominantly clastic unit, which is correlative
with the lower Middle Jurassic Salmon River Formation of the Hazelton Group. The ca. 176 Ma
age for the thickest and highest rhyolite demonstrates that this succession is contemporaneous
with magmatism at the end of Hazelton Group (Three Sisters plutonic suite), and notably, that

associated with the Eskay Creek deposit (e.g. Childe, 1997; Roth et al., 1999).

Interpretation of geological evolution of Georgie River area

The evolution of the Georgie River area, as constrained by the U-Pb data presented
herein, is illustrated in Figure 7. Details of the earliest history (Fig. 7 a,b) are unclear owing to
the uncertainty in range of age of the pyroxene-bearing unit and uncertainty in which unit is in
contact with the Bulldog Creek pluton, whereas the late Early Jurassic and early Middle Jurassic
history is well constrained.

The oldest dated event in Georgie River area is intrusion of the Bulldog Creek pluton at
ca. 193 Ma. Whether it was intruded into the pyroxene-bearing unit, or higher, or lower strata is

uncertain, but if the pyroxene-bearing strata are at least in part correlative with Stuhini Group,
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deposition of at least this part of the unit preceded intrusion of the pluton (Fig. 7a). The
pyroxene-bearing unit (Upper Triassic and? Lower Jurassic) is dominated by volcanic flows and
volcaniclastic rocks derived from pyroxene- and feldspar-rich primary volcanic rocks. Common
flows, flow breccia, and the thick succession of immature, feldspathic, medium- and coarse-
grained volcaniclastic rocks, interpreted to be debris flow deposits, indicate proximity to an
andesitic or basaltic volcanic centre, and rare pillows indicate subaqueous deposition.
Interbedded fine-grained clastic rocks are distal turbidites deposited during times of relative
volcanic quiescence. Assuming that at least part of the unit correlates with Stuhini Group, Late
Triassic and? earliest Jurassic age deposition of these strata was followed by intrusion of the
Bulldog Creek pluton at ca. 193 Ma (Fig. 7b). If the pyroxene-bearing unit includes strata
younger than 193 Ma, the younger strata were deposited on either pre-193 Ma stratified rocks
(Fig. 7c, optionl) and/or the pluton (Fig. 7c, option 2). The latter scenario requires Early Jurassic
uplift and erosion of the upper part of the pluton and host strata.

The coarse volcaniclastic unit was deposited at ca. 190 Ma, contemporaneous with
intrusion of the Outram Lake porphyry and deposition of the andesitic crystal tuff near the top of
the unit (Fig. 7d). It was also coeval with intrusion of the quartz-feldspar-porphyry dyke into the
pyroxene-bearing unit on Colling Ridge. The large volume of coarse, poorly sorted conglomerate
and coarse feldspathic sandstone of the coarse volcaniclastic unit of the Hazelton Group represent
debris flow deposits, perhaps proximal to an andesitic volcanic centre. Minor interbedded fine-
grained clastic rocks, found throughout the unit, are distal turbidites deposited during times of
volcanic quiescence. There is no indication of subaerial deposition.

Conglomerate about 200 m (structurally) above the contact between the coarse
volcaniclastic rocks and overlying fine-grained succession was deposited at ca. 185 Ma or later
(Fig. 7f). Therefore, between ca. 190 Ma and 185 Ma (or as young as 175 Ma) the region
changed from a site of voluminous volcanogenic deposition to one dominated by fine-grained
distal clastic deposition, with rare conglomerate (Fig. 7¢). It is unknown whether the contact
represents a hiatus of minimum 4 Ma, or whether sedimentation was more or less continuous, but
changed abruptly in character at ca. 189 Ma. The upper part of the fine-grained succession

contains minor mafic volcanic rocks, volcaniclastic rocks, and rhyolite domes, which indicate a
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change to intermittent bimodal volcanism which lasted through deposition of the highest and
thickest rhyolite at ca. 176 Ma (Fig. 7g). Indications that the upper unit formed in an extensional
environment may be the change to bimodal volcanism, and accumulation of an unusually thick
(>1.5 km) pile of rhyolite. Strata were subsequently folded during the Cretaceous contractional
deformation associated with the Skeena Fold Belt, intruded by granitic rocks and mafic dykes in
Early Tertiary time, resulting in biotite hornfels in many areas, and cut by brittle extensional

faults in the Late Tertiary (Fig. 7h).

IMPLICATIONS FOR MINERAL EXPLORATION

The rock types, new ages, and relationships described in this report highlight the
similarities in age (early Middle Jurassic) and general tectonic setting (extensional) of strata in
Anyox Pendant and Georgie River area with strata that host the Au-Ag -rich Eskay Creek deposit.
An additional similarity between Anyox and Eskay is the composition of mafic magmatism,
which is of tholeiitic N-MORB (with minor E-MORB) affinity; Anyox includes a minor T-
MORB component (Macdonald et al., 1996b; Roth et al., 1999).

Although the presence of significant VMS deposits in Anyox Pendant has been known for
many decades, their relationship to other VMS deposits regionally was under-appreciated owing
to their poorly known age and correlation. It is now clear that the Anyox deposits are at the same
stratigraphic level as the Eskay Creek deposit. Notable differences between Anyox and Eskay
are: 1) the Anyox succession appears to have a thicker succession of pillowed basalt, and ore
zones are at the top of, and overlying the basalt, whereas at Eskay the pillowed basalt succession
is thinner, and overlies the main ore zones, and 2) rhyolite is in the footwall of clastic
mineralization at Eskay, whereas rhyolite is not significant in the upper part of the Anyox
succession; felsic magmatism at Anyox may be represented by tuffaceous rocks lower in the
succession.

New U-Pb ages of strata in Georgie River area emphasize the economic significance of
the new map units. The lower volcanogenic succession and related intrusions are now known to
be coeval with magmatism associated with the Snip, Sulphurets, and Premier deposits and

districts, and Bulldog Creek pluton is coeval with Premier porphyry magmatism. The younger,
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dominantly fine clastic, succession is similar in character to that at Eskay Creek in its association
of bimodal magmatism, fine-grained clastic deposition, and presence of rhyolite high in the
succession. Most importantly, the rhyolite near the top of the Georgie River succession is now
known to be the same age as clastic mineralization at Eskay (see Fig. 4). Our new understanding
of litho- and chronostratigraphy within the succession expands the potential for Eskay-type VMS
deposits into Georgie River area.

The style and grade of mineralization at Eskay Creek is interpreted to have been
facilitated by water depths shallow enough (<1000 m) to permit hydrothermal fluids to boil near
the sea floor surface (e.g. Roth et al., 1999). Anyox and Georgie River strata were deposited in a

marine environment below wave base, but there are no data to estimate water depth.
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