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Introduction

Calcalkalic porphyry deposits are well documented (See-
dorff et al., 2005; Holliday and Cooke, 2007). In contrast,
alkalic porphyry deposits are less well understood. Lang et
al. (1995D, ¢), Jensen and Barton (2000) and Cooke et al.
(2007) highlighted the economic significance of alkalic
porphyry Cu-Au deposits and noted the subtle but signifi-
cant differences from calcalkalic systems, as well as varia-
tions within the porphyry class itself. Alkalic porphyry Cu-
Au deposits are known in only a few metallogenic terranes,
notably the Triassic and Jurassic marine volcanic arcs of
British Columbia (Barr etal., 1976; Lang et al., 1995¢) and
the Ordovician and early Silurian Lachlan Fold Belt in New
South Wales, Australia (Cooke et al., 2007).

Galore Creek is an alkalic porphyry Cu-Au district located
within the Stikine Terrane at the western margin of the
Intermontane Belt in the Canadian Cordillera of northwest-
ern BC (Figure 1). The interplay between breccia formation
and mineralization events is integral to ore deposition in
several BC alkalic porphyry systems, namely Mount
Polley, Galore Creek, Copper Canyon and Crescent
(Afton-Ajax area).The Southwest Zone Cu-Au breccia-
centred deposit is one of 12 mineralized centres in the Ga-
lore Creek alkalic porphyry district and provides an impor-
tant case study in the role of breccias in alkalic porphyry
systems. Hosted in brecciated intrusive rocks that are dis-
tinctly younger than Central Zone Cu-Au mineralization
(Schwab et al., 2008), the Au-rich Southwest Zone pre-
serves late stages of magmatic-hydrothermal activity in the
Galore Creek district (Enns et al., 1995; Schwab et al.,
2008). This paper presents detailed coherent and clastic
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Figure 1. Mapped extent of the accreted Quesnel and Stikine
ocean-arc terranes, major alkalic Cu-Au porphyry deposits and
morphogeological belts. Galore Creek is located at the western
margin of the Intermontane Belt, approximately 70 km east of
Wrangell, Alaska. Data sourced from BC MapPlace (BC Geologi-
cal Survey, 2010).
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rock descriptions and parageneses in the Southwest Zone.
The data presented are based on detailed drillcore logging
of boreholes and a compilation of NovaGold Resources
Inc. data on two cross-sections.

Regional Geological Setting

A collage of allochthonous oceanic and proximal to distal
pericratonic terranes was accreted to the western margin of
the North American craton during the Late Paleozoic to
Late Mesozoic (Monger and Irving, 1980; Monger et al.,
1982; Coney, 1989). McMillan (1991) grouped the Stikine,
Cache Creek and Slide Mountain terranes, and parts of the
Quesnel and Yukon-Tanana terranes into the Intermontane
Superterrane. Quesnel and Stikine arcs host several alkalic
intrusive centres and porphyry Cu-Au deposits of similar
age (Figure 1), as well as calcalkalic porphyry Cu-(Mo-Au)
deposits. Similarities in rock type and geological history
between the Stikine and Quesnel terranes, including the
presence of the silica-undersaturated alkalic porphyry de-
posits, have led workers to believe that they are segments of
the same Triassic arc (Wernicke and Klepacki, 1988; Nel-
son and Mihalynuk, 1993; Mihalynuk et al., 1994). The
alkalic Cu-Au deposits in both the Stikine and Quesnel ter-

ranes are products of two discrete alkalic magmatic events
at the end of the Triassic and in the early Jurassic (Mor-
tensen et al., 1995), and are interpreted to have formed out-
board of ancestral North America in island-arc tectonic
settings (McMillan, 1991).

District Geology

The Galore Creek alkalic intrusive suite is one of the largest
and most silica-undersaturated complexes (Figure 2) to
host porphyry Cu-Au deposits (Lang et al., 1995c¢). Galore
Creek alkalic intrusions were emplaced between 210 =1
and 200.1 £2.2 Ma (Mortensen et al., 1995), and are hosted
in supracrustal rocks of the Upper Triassic Stuhini Group
(Figure 2B). Syenite, monzonite and monzodiorite stocks
are hosted in rocks of shoshonitic affinity consisting of
augite-phyric intermediate volcanic rocks, pseudoleucite-
bearing phonolite and associated volcaniclastic rocks
(Langetal., 1995b, ¢). Kennecott Corporation defined a se-
quence of 12 intrusions for the Galore Creek alkalic intru-
sive suite (I1-I112; Enns et al., 1995), which is modified
herein. The porphyry Cu-Au mineralization in the nearby
Copper Canyon area is also hosted in alkalic intrusions
(Bottomer and Leary, 1995).

Figure 2. A) Major tectonostratigraphic elements of northwestern British Columbia (modified from Wheeler and McFeely, 1991; Gabrielse
et al., 1991; Logan and Koyanagi, 1994) and location of the Galore Creek district (red dot) and Copper Canyon occurrence. The red box
shows the location of Figure 2B. B) Regional-scale geology of Galore Creek district, showing the location of the Copper Canyon alkalic por-
phyry Cu-Au occurrence (modified from Logan and Koyanagi, 1994; Enns et al., 1995). Abbreviations: BT, Butte thrust fault; CCT, Copper

Canyon thrust fault.
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Hydrothermal alteration and mineralization are developed
in the multiphase complex of alkalic intrusive and host
shoshonitic volcano-sedimentary rocks. Twelve zones of
Cu-Au mineralization are known (Figure 3). The largest
deposit is the northerly-elongated Central Zone (Lang et
al., 1995a; Micko etal., 2007; Schwab etal., 2008). Smaller
prospects in the district include the Southwest Zone, Junc-
tion and North Junction, Butte, West Rim, Westfork and
Saddle (Enns et al., 1995; Schwab et al., 2008). Two peri-
ods of hydrothermal activity, punctuated by intrusion of vo-
luminous megacrystic orthoclase-phyric syenite and
monzonite dikes, are known in the district (Schwab et al.,
2008). Early mineralization occurs in the Central Zone and
is hosted mostly in supracrustal rocks with subordinate Cu-
Au in intrusions and hydrothermally cemented breccias.
Mineralization in the Central Zone is truncated to the west
by post-mineral, megacrystic, orthoclase-phyric syenite
and monzonite dikes (Enns et al., 1995; Schwab et al.,
2008). A second stage of mineralization is hosted in the
same megacrystic orthoclase-phyric syenite and monzonite
in the Southwest Zone (Figure 3), Middle Creek and
Junction prospects (Schwab et al., 2008).

Three phases of deformation are recognized for the oldest
Paleozoic rocks and one phase for Upper Triassic strata
within the Stikine River—Iskut River region (Panteleyev,
1976; Logan and Koyanagi, 1994; Logan, 2004). The
supracrustal rocks at Galore Creek are interpreted to have
undergone early and broad-scale post-Triassic north-south
compression followed by post—early Jurassic development
of northerly-trending folds and thrust faults (Logan and
Koyanagi, 1994), manifested by the post-mineral west-dip-
ping Butte thrust fault (Schwab, et al., 2008) and the east-
dipping Copper Canyon thrust fault (Bottomer and Leary,
1995). The deformation has tilted the Galore Creek district
moderately (Byrne, 2009).

Rocks of the Southwest Zone

The Southwest Zone is situated ~600 m southwest of the
South Gold lens in the southern part of the Galore Creek in-
trusive-volcanic complex (Figure 3), and is buried by gla-
cial cover (Figure 4). The rocks of the Southwest Zone,
based on relogging of drillcore, are divided into two
groups: coherent and clastic. The coherent facies formed
from the cooling and solidification of magma and is charac-
terized by aphanitic or phaneritic textures. The clastic fa-
cies includes any fragmental rock; descriptions of these
rocks follow McPhie et al. (1993). Characterization of
clastic facies on the basis of infill types (matrix and cement)
used criteria outlined by Davies et al. (2008b). Matrix, the
fine-grained clastic component that occurs between larger
clasts, comprises comminuted wallrock (rock flour), spe-
cifically lithic and crystal fragments of sand to granule size
(<0.5—4 mm). Cement is a crystalline component within the
clastic rock that precipitated from an aqueous fluid. Matrix-
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bearing breccias are clastic rocks with a component of ma-
trix, with or without any additional cement. In the
Southwest Zone, megacrystic orthoclase-phyric syenite
and monzonite coherent-facies rocks are crosscut by
matrix-bearing breccias, both of which host Cu-Au
(Figure 4).

Coherent Rocks

Eight coherent rock types are recognized in the Southwest
Zone (Table 1; Figure 5). Numerous dikes of intermediate
to mafic composition crosscut all other rocks in the South-
west Zone and are considered unrelated to magmatism of
the Galore Creek suite (Enns et al., 1995). The units are
grouped as pre— or post—matrix-bearing breccia, based on
observed and inferred crosscutting relationships. Of the
eight coherent units, six are important to the evolution of
the breccia (Figure 6). Three units are pre-breccia and three
are post-breccia. The pre-breccia coherent rocks are as fol-
lows:

1) Megacrystic orthoclase-phyric syenite is character-
ized by tabular orthoclase (1-6 cm) and ~5% lath and
equant orthoclase phenocrysts (0.2—1.0 cm) in a crystal-
line groundmass of K-feldspar, hornblende and biotite
(Table 1, unit 2; Figure 6A). The unit occurs as thick
(>100 m) composite dikes that intrude feldspar-phyric
syenite (Table 1, unit 1).

2) Megacrystic orthoclase- and plagioclase-phyric
monzonite is distinguished from other megacrystic
units by plagioclase phenocrysts (Table 1, unit 3; Fig-
ure 6B). These megacrystic porphyries (units 2 and 3)
host younger, less voluminous intrusions and are the
dominant wallrock to clastic rocks (Figure 5).

3) Acicular feldspar-phyric syenite forms thin (0.5-3 m)
dikes intruding the megacrystic porphyries (Table 1,
unit 5; Figure 5.). Acicular-feldspar—phyric syenite is
also a minor clast type in matrix-bearing breccia and lo-
cally displays irregular clast margins.

Post—matrix-bearing breccia coherent units are volumetri-
cally minor and intrude megacrystic orthoclase-phyric
syenite and monzonite, and clastic rocks. These include the
following:

1) Biotite-phyric monzodiorite intrudes matrix-bearing
breccia and is spatially coincident with much of the
high-grade Cu-Au in the Southwest Zone (Table 1,
unit 6; Figure 6C).

2) Pyroxene-, hornblende- and biotite-phyric diorite
form dikes less than 2 m wide that cut cemented brec-
cias. This unit locally contains minor Cu at its margins
as veins and disseminations (Table 2, unit 7; Figure 6D).

3) Orthoclase- and plagioclase-phyric monzonite forms
1-5 m wide dikes that crosscut all breccia facies, are dis-
tinguished by characteristic glomeroporphyritic feld-
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Figure 3. Simplified geology of the Galore Creek district, northwestern British Columbia, showing the location
of mineralized centres and major structural features. Base map modified from maps of NovaGold Resources
Inc., and rock type and distribution from drillhole and outcrop data. The names 19a, b and l4a, b refer to intrusive
rock nomenclature used by Enns et al. (1995) and NovaGold Resources Inc. Abbreviations: NGL, North Gold
lens; CRZ, Central Replacement zone; SGL, South Gold lens; SWZF, Southwest Zone fault; WFF, West Fork
fault; BF, Bountiful fault; EF, East fault.
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spar (Table 1, unit 8; Figure 6E) and postdate the Cu
mineralization.

Biotite-phyric monzonite dikes are focused along the con-
tact between the matrix-bearing breccia and porphyry
wallrocks. Where it intrudes the matrix-bearing breccia, bi-
otite-phyric monzodiorite forms volumetrically minor in-
terconnected dikelets (Figures 7, 8). Fine-grained margins
are observed within the biotite-phyric monzodiorite dikes;
in contrast, the peripheral dikelet facies is characterized by
irregularly shaped margins with local alignment of biotite
phenocrysts (Figure 8). The dikelet facies may reflect pe-
ripheral fingering margins where it becomes disag-
gregated.

Clastic Rocks

There are three principal clastic facies in the Southwest

Zone, based on the relative abundances of cement and ma-

trix (Table 2):

1) matrix-bearing breccia with negligible cement (M-BX)

2) matrix-bearing breccia with 10-40% cement (matrix-
dominated, MC-BX) and matrix-bearing breccia with
>40% cement (cement-dominated, CM-BX)

3) cement-only breccia (C-BX)

The matrix-bearing breccia body is approximately 400 m
wide by 800 m long, extends to at least 600 m below the sur-
face and is discordant to the surrounding pre-fragmentation
porphyry dikes. The western matrix-bearing breccia-wall-
rock contact, in its present geometry, is locally overhanging
and trends broadly north and dips 60—70°W (Figures 4, 7).
In contrast, the eastern contact is less well defined but ap-
pears to have a similar strike and dip. In plan view, the brec-
cia body has an irregular oval shape elongated to the north
(Figure 4). Section B-B' (Figure 7) cuts a steeply west-dip-
ping overhanging protrusion of matrix-bearing breccia that
results in the observed rollover of the wallrock contact from
north to south. The northern and southern matrix-bearing
breccia-wallrock contacts are not as well defined, although
available drilling suggests the breccia body may continue
south. Contacts between M-BX and wallrocks are de-
scribed in Table 2.

Matrix-bearing breccia with no appreciable cement com-
ponent (M-BX) is the most abundant breccia facies. Ma-
trix-bearing breccia is predominantly polylithic, non-

Figure 4. Simplified bedrock geology and Cu-grade distribution in the Southwest Zone, Galore Creek district, northwestern British Colum-
bia, showing the locations of section lines A—A’' (6333650N) and B—B’ (350030E). Fire-assay data provided by NovaGold Resources Inc.
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Table 1. Lithological characteristics of coherent rocks in the Southwest Zone, Galore Creek district, northwestern British Columbia.

bedded, poorly sorted to chaotic (massive), matrix rich and
matrix supported (Figure 9A, B). Clast to matrix ratio var-
ies from 3:7 to 9:1 and averages approximately 7:3. Matrix
is composed mostly of sand- and granule-size wallrock
fragments (rock flour) with subordinate igneous biotite
(Figure 9C) and feldspar crystals that may be derived from
wallrock or possibly juvenile material. Fine-grained phlog-
opitetchloritetmagnetite is interstitial to granule-size
lithic fragments (matrix) and gives the matrix a dark colour
(Figure 9C, D). This fine phlogopitetchlorite+magnetite is
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observed throughout the matrix-bearing breccia body and
may be composed of microcavity fill and alteration of
clastic matrix. Clasts in matrix-bearing breccia are typi-
cally subrounded pebble to cobble size (Figure 9A, C).
Cobble- to boulder-size monomict facies is proximal to the
wallrock contact. Breccia margins are generally gra-
dational over short distances but also locally abrupt or
marked by dike intrusion. Sorting and stratification are evi-
dent over short intervals (5-10 ¢cm) but are uncommon.
Clasts in the matrix-bearing breccia are derived exclusively
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from surrounding porphyry wallrocks. Acicular feldspar-
phyric syenite occurs throughout the matrix-bearing brec-
cia body in minor quantities and locally displays irregular
clast margins (Figure 9D).

Numerous breccia clasts record older alteration and miner-
alization, as evidenced by alteration haloes (Figure 9A) and
truncated K-feldspar and fine-grained biotite veins. Some
of the pre-fragmentation alteration cannot be directly cor-
related to surrounding wallrocks, suggesting transportation
of fragments from unobserved portions of the system. Pre-
fragmentation porphyry dike contacts cannot be traced into
the matrix-bearing breccia body, further demonstrating
transportation of clasts away from the site of fragmenta-
tion.

A phlogopite+K-feldspar+anhydritetmagnetitetdiop-
side+Cu-Fe—sulphide assemblage occurs as both hydro-
thermal cement and veins that cut the matrix-bearing brec-
cia and host intrusions. Phlogopite and magnetite are the
most common cement minerals associated with sulphides.
Two spatially distinct cemented-breccia domains, an upper
(main) and a composite lower, are present: (Figure 7). The
upper cemented-breccia domain has a semi-ellipsoid mor-
phology and is 20—100 m thick, 500 m wide and 400 m in
length, tapering towards the tips. Cemented-breccia facies
in this upper domain strike ~100°, dip 45-60°S and taper
along strike. The lower cemented-breccia domain is char-
acterized by multiple discontinuous cemented facies, 10—
30 m thick. These lower cemented breccias are 10-30 m
thick and have a geometry similar to those in the upper zone
but poor continuity. Hydrothermal cement within the ma-
trix-bearing breccias and older bordering wallrocks varies
from negligible to abundant. Cemented-breccia facies are
distinguished and mapped by the abundance and type of hy-
drothermal cement present (Table 2). Cement textures vary
throughout MC-BX and CM-BX facies, irregular and
straight-walled interconnected fracture fill that cuts both
matrix and clasts (Figure 10A) through open-space fill be-
tween clast and matrix (Figure 10B-D) to irregularly
shaped vugs. The MC-BX facies comprises <40% cement,
with matrix making up the greater portion of the infill
(Figure 10B, C). The CM-BX facies has >40% cement
infill (Figure 10D-F).

Intrusive wallrocks contain in situ cemented breccia
(coarse crackle-fracture) that lacks the matrix characteris-
tic of other breccia facies (Figure 11 A—C). In situ cemented
breccia (C-BX) is both spatially and temporally contiguous
with cement-dominated domains within the matrix-bearing
breccia (Figure 7). Biotite-phyric monzodiorite dikelets are
centred in MC-BX and CM-BX facies and are locally af-
fected by cement, manifested as irregularly shaped vugs.
Monolithic cemented breccia (C-BX) is also locally coinci-
dent with biotite-phyric monzodiorite dikelets (Figure
11A, B). The C-BX breccia facies is also typically very
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Figure 5. Sequence of coherent and clastic rock emplacement in
the Southwest Zone, Galore Creek district, northwestern British
Columbia.

coarse and displays a jigsaw-fit clast arrangement (Figure
11B, C). Clast morphology and organization in the
polylithic matrix-bearing breccias suggests rotation and
transport. In contrast, superposition of cemented-breccia
facies (MC-BX, CM-BX and C-BX) shows little evidence
of clast rotation or transport.

Evolution of Coherent and Clastic Rocks

Coherent and clastic rocks in the Southwest Zone are
grouped into four paragenetic stages defined by their tim-
ing with respect to the fragmentation events associated with
the formation of matrix-bearing—breccia and cemented-
breccia facies (Table 3).

Feldspar-phyric syenite and megacrystic syenite and
monzonite porphyry dikes are cut by matrix-bearing brec-
cia. Acicular feldspar porphyry also occurs as clasts
throughout the matrix-bearing breccia. However, some of
these clasts display irregular margins, suggesting that the
unit was incorporated prior to solidification, thus making it
coeval with the matrix-bearing breccia. Therefore, the co-
herent units crosscut by the matrix-bearing breccia and
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Figure 6. Photographs of coherent rocks in the Southwest Zone, Galore Creek district, northwestern British Columbia: A) megacrystic
orthoclase-phyric syenite (unit 2); B) megacrystic orthoclase- and plagioclase-phyric monzonite dike (unit 3); C) biotite-phyric monzodiorite
(unit 6); D) pyroxene-, hornblende- and biotite-phyric diorite; groundmass is pervasively chlorite altered (unit 7) and epidote-garnet forms
clots in the groundmass; E) orthoclase- and plagioclase-phyric monzonite dike characterized by glomeroporphyritic orthoclase (unit 8). Ab-
breviations: bio, biotite; cpy, chalcopyrite; epi, epidote; gnt, garnet; hbl, hornblende; mt, magnetite; orth, orthoclase; plag, plagioclase; py,
pyrite; pyx, pyroxene. Mineral abbreviations in italics refer to primary igneous minerals as opposed to alteration minerals.
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acicular feldspar porphyry are grouped into stage 1 placement in matrix-bearing breccia, the cemented-breccia

(Table 3). facies C-BX formed in adjoining coherent units. Cement

emplacement is centred on and transects the older north-
Matrix-bearing breccia is superimposed by cemented brec- trending contact between matrix-bearing breccia and
cia, locally resulting in the formation of MC-BX and CM-  wallrock. Textural features and positions of biotite-phyric
BX breccia facies (Figure 7). Concurrent with cement em- monzodiorite dikes and dikelets indicate that emplacement

Figure 7. Distribution of clastic facies and simplified coherent facies along cross-sections A-—A’ (6333650N) and B-B’ (350030E), South-
west Zone, Galore Creek district, northwestern British Columbia. See Figure 4 for location of section lines. Coherent-facies units 1, 4, 5, 7,
8, 9 and 10 are excluded from the figure for clarity. Drillhole data within 50 m of section A-A’ and 40 m of section B-B’ have been projected
onto the respective sections. Abbreviation: SWZF, Southwest Zone fault.
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Figure 8. Biotite-phyric monzodiorite dikelet facies intrudes matrix-bearing breccia and exhibits weak flow fabric near the margins (dashed
white line), Southwest Zone, Galore Creek district, northwestern British Columbia. Abbreviations: cpy, chalcopyrite; MC-BX, matrix-bear-

ing breccias with 10-40% cement.

Table 2. Lithological characteristics of clastic rocks in the Southwest Zone, Galore Creek district, northwestern British Columbia.
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Figure 9. Photographs of diagnostic features in matrix-bearing breccias, Southwest Zone, Galore Creek dis-
trict, northwestern British Columbia: A) polylithic M-BX with hematite—K-feldspar—altered cobble-size clasts
and <10% cement; B) M-BX containing outsized clast of acicular feldspar-phyric syenite (unit# 5) with anirreg-
ular margin; C) thin-section scan in which some clasts are highlighted with dashed white lines; red box indi-
cates the area expanded in the next photo; D) photomicrograph of matrix composed of sand- and granule-size
fragments of wallrock (partially altered to magnetite-biotite and chlorite) and rare biotite crystals; note biotite
crystal is not within a larger fragment. Abbreviations: bio, biotite; fsp, feldspar; mt, magnetite; phl, phlogopite;
py, pyrite; pyx, pyroxene.
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Figure 10. Photographs of cement-bearing breccia facies in the Southwest Zone, Galore Creek district, northwestern British Columbia:
A) MC-BX, matrix-bearing breccia with <40 % cement; note the coarse K-feldspar cement; matrix is pervasively altered to chlorite-gar-
net; B) MC-BX, phlogopite-chalcopyrite—cemented breccia (highlighted by dashed white line); C) MC-BX, phlogopite-chalcopy-
ritexbornitetmagnetite cement cuts matrix infill. D) CM-BX, cement-dominated breccia with >40% cement; note pervasive magnetite al-
teration of matrix (dashed white lines highlight boundaries between cement and matrix); E) CM-BX, phlogopite—bornite—chalcopyrite—
magnetite—anhydrite—K-feldspar cement with subangular cobble-size clasts; F) CM-BX, K-feldspar-rich cement and alteration with
bornite. Abbreviations: anh, anhydrite; bn, bornite; chl, chlorite; cpy, chalcopyrite; K-spar, K-feldspar; mt, magnetite; phl, phlogopite; py,
pyrite; spec, specularite; unit # 2, megacrystic orthoclase-phyric syenite; unit # 5, acicular feldspar-phyric syenite.
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was coeval with cemented-breccia formation. The cemen-
ted-breccia facies (MC-BX, CM-BX and C-BX) and bio-
tite-phyric monzodiorite are therefore grouped together in
stage 2.

The cemented-breccia facies is crosscut by multiple dikes,
composed of pyroxene-, hornblende- and biotite-phyric
diorite, and orthoclase- and plagioclase-phyric monzonite,
which constitute stage 3 (Figure 12). Xenolith-bearing lam-

prophyre and several dikes of mafic to intermediate
composition are not part of the Galore Creek alkalic suite,
asdefined by Ennsetal. (1995), and are grouped as stage 4.

Structural Controls on Rock Distribution

Biotite-phyric monzodiorite dikes occur at the contact be-
tween the matrix-bearing breccia and porphyry wallrocks;
dikelet facies occur in two discrete planar zones parallel to

Figure 11. Photographs of monolithic, in situ cement-dominated breccias (C-BX): A) monolithic in situ cemented breccia (no matrix pres-
ent; GC05-677, portions of core between 295.5 and 298.5 m); B) line traces illustrating pertinent features of drillcore shown in photo A; ce-
mented domains highlighted with dashed red lines, and biotite-phyric dikelets marked with thick black lines and containing disseminated
chalcopyrite and phlogopite alteration. Abbreviations: anh, anhydrite; cpy, chalcopyrite; K-spar, K-feldspar; mt, magnetite; phl, phlogopite;

unit # 3, megacrystic orthoclase-phyric monzonite.
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Table 3. Paragenetic stages of coherent and clastic rocks in the Southwest Zone, Galore Creek district, northwestern British Columbia.

portions of the upper cemented-breccia domain (B—B'; Fig-
ure 7). The upper cemented-breccia domain is continuous
along strike and down dip, whereas the lower domain is dis-
continuous, being composed of multiple discontinuous
mineralized horizons (Figure 7). The cemented-breccia do-
mains strike ~100°, dip 45-60°S and intersect the north-
trending matrix-bearing breccia-wallrock contact. The pla-
nar geometry and along-strike and down-dip continuity of

the cemented-breccia domains implies structural control on
their formation. Furthermore, the ellipsoid geometry of the
upper cemented-breccia domain is analogous to elliptical
fault geometries (Peacock, 2002; Walsh et al., 2003). The
geometric similarity of the cemented-breccia domains sug-
gests they can be explained by a series of small nucleating
faults that propagated into the matrix-bearing breccia and
hydrothermal system.

Figure 12. Post—cemented breccia facies coherent units. Abbreviation: SWZF, Southwest Zone fault.

100

Geoscience BC Summary of Activities 2009



Megacrystic porphyry units and breccias are cut by a post-
mineral fault, the Southwest Zone fault (Figure 4). The
fault strikes 120-130° and dips ~60°S, similar to reverse
faults elsewhere in the district (Figure 3). A lamprophyre
dike is locally coincident with this fault (Figure 4). The tim-
ing of lamprophyre emplacement, however, is ambiguous.
Nonetheless, the extent and direction of displacement of
coherent and clastic rocks shows a reverse separation of
200-250 m, although the true displacement is uncon-
strained. Post-mineral reverse separation along the South-
west Zone fault also locally truncates Cu-Au mineraliza-
tion and alteration assemblages (Byrne, 2009).

Discussion and Genetic Interpretation
Matrix-Bearing Breccia

Key features of matrix-bearing breccia are as follows: 1)
abundant fine-grained phlogopite-magnetite-chlorite alter-
ation and microcavity fill in the matrix; 2) dominantly ma-
trix rich and supported; 3) massive and poorly sorted; 4)
polylithic, rounded to subrounded clasts of exclusively in-
trusive units; 5) moderately large areal extent (inferred
from drillcore); and 6) hosted in porphyry wallrocks. Hy-
drothermal cement (stage 2) in the matrix-bearing breccia
is the result of a younger superimposed event and is not di-
rectly linked to brecciation processes.

Matrix in the matrix-bearing breccia is pervaded by
phlogopite-magnetite-chlorite as alteration and micro-
cavity fill at most localities. The distribution, mineralogy
and textural features of this alteration and microcavity infill
suggest that magmatic-derived hydrothermal fluids domi-
nated the environment synchronous with and post fragmen-
tation. Fragment rounding and mixing, matrix (rock flour)
generation and differential vertical displacement of frag-
ments are all considered compatible with fluidization as a
transport mechanism during the formation of subsurface
breccias (McCallum, 1985; Sillitoe 1985). Unbroken
phenocrysts in rock-flour—matrix breccias have been inter-
preted by Seedorffetal. (2005) as juvenile (tuffaceous) ma-
terial. By analogy with Seedorff et al. (2005), biotite crys-
tals in the matrix (Figure 9D), which do not appear to be
part of a clast, are tentatively interpreted as a juvenile com-
ponent. Moreover, delicate fluidal clasts are not unequivo-
cally present, although acicular feldspar-phyric syenite lo-
cally displays irregular clast margins. These irregular
margins suggest that the unit was incorporated into the
breccia before solidification at some localities. Juvenile
fragments and clasts with irregular margins suggest the
presence of magma during fragmentation.

Based on their characteristics, matrix-bearing breccias in
the Southwest Zone are interpreted to be the product of ex-
plosive fragmentation and primarily classified as hydro-
thermal (Sillitoe, 1985) or hydroclastic subsurface (Davies
etal., 2008b) breccias. Explosive fragmentation is inferred
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to be the result of rapid expulsion of magmatic-hydrother-
mal fluids from cooling magma stocks (second boiling),
coupled with decompression and liquid-vapour separation
of already exsolved aqueous phases (Burnham, 1985;
Sillitoe, 1985; Fournier, 1999). Juvenile material in the
breccia suggests the presence of magma during fragmenta-
tion. In addition, fragmentation caused by steam expansion
due to magma-fluid interaction (Sheridan and Woheltz,
1981; Hedenquist and Henley, 1985) is inferred to have
produced juvenile material in the matrix. Overall, the evi-
dence suggests that the matrix-bearing breccias were pro-
duced by a hybrid of fragmentation processes and can
therefore be classified as magmatic-hydrothermal breccias
with a subordinate phreatomagmatic component. Top and
bottom terminations of the matrix-bearing breccia are not
exposed in the present-day geometry and current erosion
level. Therefore, it is unknown whether the magmatic-
hydrothermal-phreatomagmatic explosions led to the
disruption of rocks through to the paleosurface.

Cement-Bearing Breccias

Cement-bearing breccia facies (MC-BX, CM-BX and C-
BX), veins and their associated alteration account for much
of the Cu-Au budget in the Southwest Zone. Similar open-
space filling, hydrothermally cemented breccias are wide-
spread in porphyry systems and can be spatially associated
with increased abundance of Cu-Au (Seedorff et al., 2005).
Generally, hydrothermally cemented breccias form single
or multiple lensoid, ovoid or circular pipe-like bodies with
steep to vertical dips (Sillitoe, 1985; Seedorffetal., 2005).

At the Southwest Zone, the most abundant cement forms
two subparallel horizons, the upper and lower cemented-
breccia domains. Potassic cement minerals indicate moder-
ately high temperature fluids of a dominantly magmatic
source (Ulrich etal., 2001; Seedorff et al., 2005). Superim-
position of hydrothermally cemented breccia facies on ma-
trix-bearing breccias and porphyry wallrock is not associ-
ated with significant clast rotation or transport, implying
that fragmentation was nonexplosive. Cement textures in-
dicate emplacement by infill of 1) old and new fractures, 2)
original open space between fragments in the matrix-bear-
ing breccias, and by 3) open space generated by possible
chemical corrosion or winnowing of matrix fines. Based on
cement mineralogy and the environment of formation, ce-
mented breccias are interpreted to be the result of nonex-
plosive fragmentation caused by the migration of mag-
matic-hydrothermal fluids. In this scenario, fragmentation
of wallrock is the result of mechanical energy released dur-
ing second boiling, decompression (Philips, 1972;
Burnham, 1985) and subsequent hydraulic fracturing
(Jébrak, 1997). Based on the inferred fragmentation mech-
anisms and criteria presented by Sillitoe (1985), Davies
(2002) and Davies et al. (2008a), hydrothermally cemented
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breccias in the Southwest Zone are interpreted as hybrid
magmatic-hydrothermal-hydraulic breccias.

Root zones to the cemented breccias were not directly ob-
served, although some magmatic-hydrothermal breccias
are known to root in porphyry intrusions (Zweng and Clark,
1995; Jackson et al., 2007). Infill minerals, alteration and
mineralization are centred on, and zoned about, cemented
breccias and biotite-phyric monzodiorite facies. Distribu-
tion of infill and alteration facies, mineralization and
metals are discussed below.

Evolution of the Southwest Zone Breccia
Complex

The following model is proposed for the evolution of the
Southwest Zone breccia complex, based on the above inter-
pretations. Overpressure at the top of a hydrous magma
chamber, due to second boiling, caused a rupture of mag-
matic-hydrothermal fluids and initiated explosive frag-
mentation. Fragmentation continued with decompression
and was accompanied by subordinate phreatomagmatic ex-
plosions caused by the interaction of acicular feldspar-
phyric syenite and water. Explosions propagated into
megacrystic porphyry wallrocks, causing differential clast
displacement, mixing and comminution that resulted in the
formation matrix-bearing breccias. Ambient magmatic-hy-
drothermal fluids cemented microcavities (pore spaces)
and altered clastic fines in the matrix-bearing breccias,
greatly reducing porosity and permeability in matrix-rich
facies.

Permeability regimes established post matrix-bearing brec-
cia focused subsequent magmatic-hydrothermal fluids and
strongly influenced the distribution of the cemented-brec-
cia facies. The geometry of the upper and lower cemented-
breccia domains suggests that structures played an impor-
tantrole in their genesis. An array of faults or fracture zones
is interpreted to have intersected the matrix-bearing brec-
cia-wallrock contact. The faults may have been dilatational
features related to paleo—stress fields. Magmatic volatiles
are inferred to have accumulated again in a cupola underly-
ing the matrix-bearing breccias and subsequently expelled.
The energy released during magmatic-hydrothermal fluid
expulsion was sufficient to fracture the roof rocks but was
not explosive. Decompression and hydraulic fracturing
formed fluid channels that permitted access to the overly-
ingrocks. Metal-bearing potassic fluids were preferentially
channelled by the matrix-bearing breccia-wallrock contact
and multiple intersecting fracture zones, with additional
permeability generated by hydraulic fracturing. Fluid mi-
gration through newly formed fracture networks and the
pre-existing permeability architecture resulted in forma-
tion of the cemented-breccia facies and Cu-Au zones.
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Conclusions

Detailed drillcore logging and analyses of samples, on two
cross-sections, has characterized the coherent and clastic
rocks and their paragenesis in the Southwest Zone in the
Galore Creek district of northwestern British Columbia.
Matrix-bearing breccias and megacrystic porphyry units
host Cu and Au mineralization centred in potassic, hydro-
thermally cemented breccias. The contact between matrix-
bearing breccias and porphyry wallrocks served as the prin-
cipal conduit and trap for ascending metal-bearing mag-
matic-hydrothermal fluids and biotite-phyric monzodiorite
dikes. An array of faults intersecting this contact strongly
influenced fluid-flow and the geometry of cemented
breccias.
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