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Abstract
The 1.4 Bt Galore Creek Cu-Au porphyry deposit is hosted in a Late Triassic alkalic silica-undersaturated volcano-intrusive complex. The 

deposit is bordered to the west by a 2-3 km wide, >6 km long, poorly understood, foliated, and folded zone (here termed the Butte ridge 
deformation zone) juxtaposed against the deposit by faults. The deformation zone records anomalously high strain in Stuhini Group rocks 
compared to elsewhere in the Galore Creek area, and its origin is enigmatic. Previous workers have considered the zone as mylonitic or a zone 
of flattening. Based on three 1:5000-scale transects across Butte ridge, we divide the area into seven fault-bounded structural domains. Our 
preliminary observations of changes in fold geometry and foliation intensity coupled with consistent southward fold plunges suggest that west-
dipping thrust faults juxtaposed rocks in these domains from different structural levels. The lowest apparent strain and presumably shallowest 
structural level is in domain 7, east of the deformation zone and in the footwall of the Saddle thrust and Butte fault. In the northern domains 
(1 and 2), folds are typically open and show a well-developed axial planar pressure solution cleavage; beds maintain a constant layer thickness 
typical of parallel folds, which tend to form under relatively low-temperature conditions. Farther south, in domains 3 and 6, all folds are tight to 
isoclinal and have the thickened hinges of similar folds that typically form under higher temperatures, and the rocks display a well-developed 
bedding-parallel cleavage. We consider that deeper structural levels are exposed southward, with rocks in domain 6 having formed at the greatest 
depth. We interpret that the Butte ridge area records strain by fold and foliation development rather than by non-coaxial strain along discrete 
shear zones. Local examples of non-coaxial strain were likely produced due to slip as a fold mechanism. Future work will assess the absolute 
and relative timing of deformation and determine the relationship between deformation and mineralization. 

Keywords: Alkalic porphyry Cu-Au, Galore Creek, Stuhini Group, deformation, strain

1. Introduction
Galore Creek is a large alkalic silica-undersaturated porphyry

Cu-Au-Ag deposit in northwestern British Columbia (Fig. 1) on 
the traditional lands of the Tahltan First Nation. The deposit is 
bounded to the west by a north-striking deformation zone (here 
called the Butte ridge deformation zone) that is several km 
wide and at least 6 km long (Fig. 2). The deformation zone has 
been described as mylonitic (Enns et al., 1995; Logan, 2005), 
a folded corridor (Schwab et al., 2008; Micko et al., 2014; 
Febbo, 2019), and the site of weak metamorphism (Micko et 
al., 2014). Enns et al. (1995) considered that the zone is cut 
by alteration and mineralization. If true, deformation must be 
younger than the age of the host rocks (<210 Ma, van Straaten 
et al., 2023) and older than the age of mineralization (>210-
208.5  Ma; Mortensen et al., 1995; Logan and Mihalynuk, 
2014), suggesting broadly syn-mineralization deformation. 
The Butte ridge deformation zone records higher strain than 
that observed in the deposit, and the origin of the deformation 
is not well understood. 

Here, we present preliminary field observations on the 
lithology, structural style, and kinematics of the Butte ridge 

deformation zone. Ongoing studies will address the timing 
and physical conditions (P, T) of deformation in the Galore 
Creek area, the relationship of deformation to mineralization 
and to regional deformation events. Our long-term goal is to 
unravel the latest Triassic to recent deformation history of 
the Galore Creek area, with a focus on the timing and style 
of deformation and their relationship to the emplacement and 
post-emplacement modification of the Galore Creek alkalic 
porphyry Cu-Au system. 

2. Geological setting
2.1. Regional geology

The Galore Creek area is in the Stikine island arc terrane 
(Stikinia), which consists of three volcano-sedimentary 
packages: the Stikine assemblage (Devonian to Permian), 
the Stuhini Group (Upper Triassic) and the Hazelton Group 
(uppermost Triassic to Middle Jurassic). These successions 
are separated by unconformities associated with deformation 
in the Permo-Triassic (Logan and Koyanagi, 1994), latest 
Triassic (e.g., Nelson et al., 2022) and Middle Jurassic 
(Mihalynuk et al., 1994; Nelson et al., 2013). Accretion of 
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(2023). 

Stikinia to Ancestral North America is recorded by deposition 
of Bowser Lake Group siliciclastic rocks (Middle Jurassic to 
mid-Cretaceous) in a foreland basin atop Stikinia (Evenchick 
et al., 2007). Bowser Lake Group and older rocks are deformed 
by Cretaceous Skeena folding and thrusting linked to continued 
convergence between accreted terranes and Ancestral North 
America (Evenchick et al., 2007). Bowser basin displays a thin-
skinned folding and thrusting structural style. In the older rocks 
of Stikinia, which are more competent than the sedimentary 
rocks of the Bowser Basin, strain tends to be partitioned into 
narrow zones of folding and faulting controlled by pre-existing 
structures, or local less competent horizons (Febbo et al., 2019; 
Nelson and van Straaten, 2020). Two generations of folds have 
been associated with Cretaceous deformation. Northwest-
trending, orogen-parallel folds are predominant in the Bowser 
basin although distinct sets of northeast-trending folds are also 
present. Northwest-trending folds are thought to have formed 
from orogen-normal shortening, and northeast-trending folds 
due to orogen-parallel shortening (Evenchick, 2001; Evenchick 
et al., 2007). Late Cretaceous dextral faults and Paleocene-
Eocene dextral transtensional faults are documented throughout 
the region. Eocene deformation may have reactivated earlier 
faults (Nelson et al., 2013). 

The Stuhini arc (Late Triassic) contains thick accumulations 
of predominantly mafic volcanic strata and 229-216 Ma Stikine 
Plutonic Suite intrusions. These volcanic and intrusive rocks 
extend for at least 1300 km along the northeastern margin 
of the Stikine terrane (Fig. 1) and have been interpreted as 
an east-facing arc (Nelson and van Straaten, 2020). Stuhini 
arc activity was terminated in latest Triassic by a collision 
between northern Stikinia and the Yukon-Tanana terrane. This 
collision is expressed, in part, by latest Triassic shortening of 
the Stuhini Group and older strata throughout northwestern 
British Columbia (Henderson et al., 1992; Rhys, 1993; Brown 
et al., 1996; Rees et al., 2015; Nelson et al., 2018). In addition, 
recent studies of the collision (Colpron et al., 2022; Nelson 
et al., 2022) suggest the alkalic magmatism responsible for 
the Galore plutonic suite occurred during the early stages of 
Yukon-Tanana - Stikinia collision (van Straaten et al., 2023).

2.2. Geology of the Galore Creek area
The oldest rocks in the Galore Creek area are in the 

hanging wall of the west-verging Copper canyon thrust, and 
comprise Stikine assemblage limestone (Permian) and fine-
grained siliciclastic rocks (Lower-Middle Triassic; Logan and 
Koyanagi, 1994; Fig. 2). Elsewhere, the study area is underlain 
by Stuhini Group volcano-sedimentary rocks (Upper Triassic). 
Stuhini Group strata are cut by the Galore plutonic suite (Enns et 
al., 1995; Fig. 2). The age range of alkalic silica-undersaturated 
intrusions is broadly constrained by a 210 ±1 Ma U-Pb titanite 
and K-feldspar age for an early syn-mineralization K-feldspar 
and pseudoleucite porphyritic syenite intrusion (Mortensen et 
al., 1995) and a 208.5 ±0.8 Ma U-Pb titanite age for a K-feldspar 
porphyritic biotite quartz syenite plug (Logan and Mihalynuk, 
2014) interpreted by Enns et al. (1995) as the youngest Galore 
intrusions. 
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Fig. 2. Geology of the Galore Creek area. Modified from van Straaten et al. (2023); location of Saddle and Butte thrusts based on 2022 mapping. 
UTM coordinates here and throughout this paper are in NAD83 zone 9 north.

Penetrative planar fabrics are common in Paleozoic and 
Middle Triassic strata. However, penetrative deformation of 
Upper Triassic and younger rocks is rare, restricted to north-
trending zones of foliation, such as the Butte ridge deformation 
zone (Figs. 2, 3; Febbo, 2019; Micko et al., 2014). Logan and 
Koyanagi (1994) documented post-Triassic southward-vergent 
structures that are overprinted by post-Jurassic northerly 
trending folds and thrusts in the Stuhini Group and younger 
rocks. Brittle deformation is widespread, including map-scale 
reverse faults (e.g., east-verging Saddle and Butte thrusts; west-
verging Canyon Creek thrust, Fig. 2) and outcrop-scale thrusts. 
Dextral and sinistral fault zones are common; they crosscut the 
main foliation and are defined by offset units. 

3. Butte ridge stratigraphy
We carried out detailed (1:5000 scale) mapping of Butte 

ridge along three cross-strike transects (Figs. 3, 4) that we 
refer to as ‘northern’ (section A-A’), central (section B-B’), and 
southern (section C-C’). Stuhini Group subunits and map unit 
codes described below mainly follow van Straaten et al. (2023).

3.1. Stuhini Group (Upper Triassic)
van Straaten et al. (2023) subdivided the Stuhini Group 

in the Galore Creek area into a lower intermediate to mafic 
volcano-sedimentary succession and an upper alkalic volcanic 
succession.
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3.1.1. Lower intermediate to mafic volcano-sedimentary 
succession

At the base of the section is a commonly well-bedded 
(cm-m scale) conglomeratic unit (uTrSvc) containing white-
weathering, pebble to cobble amphibole-porphyritic igneous 
clasts and sparser other volcanic clasts (Fig. 5a). Where a 
fabric is well-developed, the matrix is generally chloritized. 
The white-weathering clasts are commonly aligned in the main 
foliation plane (Sm). Some have internal extension fractures 
perpendicular to Sm; some clasts appear broken, with segments 
displaced along internal fractures oblique to Sm (Fig. 5a). The 
unit is exposed on the northern and western margins of the map 
area and locally on the southern margin (Fig. 3). It is locally 
interbedded with narrow lenses of augite-phyric mafic volcanic 
rocks (similar to unit uTrSvm, see below). A well-bedded 
feldspar (plagioclase?)-bearing volcaniclastic sandstone unit 
(uTrSvs) overlies uTrSvc in two small areas and may be a 
lateral equivalent of unit uTrSs (see below).

The volcanic clast-bearing conglomerate unit (uTrSvc) is 
overlain by a sedimentary unit (uTrSs) containing siltstone, 
sandstone, conglomerate, and limestone. Sandstones and 
siltstones may define sharp-based fining-upward sequences 
(Fig. 5b). Sandstones and conglomerates are typically massive 
and rarely show bedding. This unit is in the northern and western 
parts of the map area. The lower contact with the volcanic 
clast-bearing conglomerate unit was not directly observed; the 
location of the contact is constrained to <30 m in the east, but 
unconstrained in the west.

A mafic volcanic unit (uTrSvm) contains clasts with 20-
40% euhedral-subhedral augite crystals (up to 5 mm) and 
locally elongate plagioclase crystals (<5 mm) in an aphanitic 
groundmass (Fig. 5c). This unit is restricted to the northeastern 
part of the map area (Fig. 3) and was not observed elsewhere.

A distinct feldspathoid-bearing mafic volcanic unit (uTrSvm.
xanl) is commonly found as m- to dam-scale lenses in units 
uTrSv.xor, uTrSv.xlct, and uTrSvm. As much as 150 m is present 
at the western contact of uTrSv.xlct. The distinctive phenocrysts 
are white spheroidal minerals, interpreted as feldspathoids. 
The crystals are typically 0.5-3 mm and range from 15-75% 
of the rock by volume (Fig. 6a). Augite phenocrysts are locally 
present. The groundmass is dark grey and aphanitic. This unit 
is interpreted as transitional between the lower intermediate to 
mafic volcano-sedimentary succession and the upper alkalic 
volcanic succession.

The mafic volcaniclastic unit (uTrSuvc) consists of volcanic-
derived siltstone, sandstone, and conglomerate (Fig. 6b). The 
unit was not mapped north of the Saddle thrust fault. Clasts 
in the conglomerate range from pebbles to cobbles and are 
typically mafic. The volcanic clasts commonly contain fine 
augite(?) and feldspar crystals. The unit is similar to uTrSvc but 
lacks the diagnostic white-weathering amphibole-phyric clasts 
of uTrSvc. The two volcaniclastic sequences appear to occupy 
different stratigraphic positions. Although pseudoleucite-
bearing clasts seem to be lacking, uTrSuvc appears to be 
between uTrSvm.xanl and uTrSv.xor (see below).

Fig. 5. Lower intermediate to mafic volcano-sedimentary succession. 
a) Unit uTrSvc with a well-developed chloritic foliation (Sm); some 
white-weathering clasts have internal extension fractures normal to 
the foliation, some clasts appear broken, with slip along shear fractures 
oblique to Sm (348641E, 6332288N). b) Unit uTrSs well-bedded 
siltstone and sandstone with sharp-based fining upward sequences 
and a well-developed pressure solution cleavage (Sm). Bedding is 
orthogonal to cleavage, indicating a fold hinge (348009E, 6334548N). 
c) uTrSvm with coarse augite phenocrysts (346430E, 6335567N).
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Fig. 6. Rock units in the central transect. a) uTrSvm.xanl, crystal 
tuff facies with white-weathering spheroidal feldspathoid crystals 
(348613E, 6332657N). b) Unit uTrSuvc volcaniclastic, siltstone and 
sandstone facies (348082E, 6333247N).

3.1.2. Upper alkalic volcanic succession
Capping the mafic volcaniclastic unit uTrSuvc is a 

pseudoleucite-phyric volcanic unit (uTrSv.xlct); pseudoleucite 
phenocrysts are diagnostic of the unit. Here, pseudoleucite 
refers to any mineral or aggregate of minerals that originated 
as a leucite crystal. Pseudoleucite crystals may be black and set 
in a light-toned groundmass (Fig. 7a) or white weathering in a 
dark grey to black groundmass (Fig. 7b). The unit may contain 
good bedding, defined by tuffaceous interbeds or variation in 

Fig. 7. Upper alkalic volcanic succession rocks. a) Coarse, zoned, 
and broken pseudoleucite-bearing uTrSv.xlct (349189E, 6332688N). 
b) Bedded and flattened pseudoleucite-bearing uTrSv.xlct. Foliation 
is parallel to bedding (348866E, 3333267N). c) uTrSmv.xor, crystal 
tuff facies with coarse (>1 cm) broken euhedral K-feldspar crystals 
(348472E, 6333298N).
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pseudoleucite crystal size and abundance. In some areas, the 
unit is massive with up to 35% 1-3 cm broken pseudoleucite 
crystals in a grey uniform groundmass. The pseudoleucite-
phyric volcanic unit is the most voluminous lithology at surface 
in the map area but is spatially restricted to the southeast 
(Fig. 3).

A K-feldspar-phyric volcanic unit (uTrSv.xor) contains 
diagnostic tabular, generally euhedral, and broken K-feldspar 
crystals, <1 mm to >3 cm long (most commonly >0.5 cm; 
Fig. 7c). A wide range of volcanic facies are observed, with 
significant variation in crystal abundances and grain size 
distributions. The unit is most abundant in the central transect 
but is locally mapped in the northern transect.

3.2. Galore plutonic suite and undifferentiated Late Triassic 
alkalic volcanic rocks

Rocks in the footwall of the Saddle and Butte thrust faults 
consist of altered and mineralized Late Triassic volcanic rocks 
and intrusions. The intrusions are Late Triassic and range from 
syenitic to monzodioritic. The alkalic intrusions typically 
contain distinct K-feldspar phenocryst and/or pseudoleucite 
phenocrysts. For detailed descriptions, see Enns et al. (1995). 

4. Study area deformation
The Butte ridge deformation zone (Fig. 2) contains the most 

strained Stuhini Group rocks in the area. However, deformation 
intensity is variable both across and along strike. Folds are 
common and have a poorly to well-developed axial planar 
foliation. Crenulation cleavages are common; they are steeply 
and shallowly dipping, with both steep and shallowly plunging 
fold axes, and a wide range of orientations. The crenulations 
fold the main foliation. Crenulation intensity varies with 
location; rocks in the hanging wall of the Saddle thrust are the 
most crenulated.

Penetrative folding and cleavage development records coaxial 
flattening or ‘pure shear’ (Fig. 8); non-coaxial or ‘simple shear’ 
strain is rare in the Butte ridge deformation zone. Relatively 

incompetent sedimentary and volcaniclastic rocks typically 
have a well-developed foliation whereas more competent rocks 
do not. Pseudoleucite-bearing rocks locally exhibit extreme 
strain partitioning in texturally homogenous rocks over a m- to 
dm-scale, with some units strongly flattened and others weakly 
flattened.

Brittle faults, both outcrop scale and map scale are abundant. 
Along strike and across strike of the Butte ridge deformation 
zone, brittle faults separate areas with distinct deformation 
styles, that we separate into structural domains (Fig. 9). Below, 
we first describe the faults that bound these domains and then 
we describe the deformation features within each domain. 

4.1. Brittle faults 
Two major thrust faults (Butte and Saddle, Figs. 3, 4) are 

in the area; minor thrusts are common throughout the Butte 
ridge deformation zone (Fig. 10). The Butte fault is a north-
trending structure that defines the eastern boundary of the 
Butte ridge deformation zone in the northern part of the study 
area. The fault juxtaposes the deformation zone against Galore 
plutonic suite intrusions and/or strongly hydrothermally 
altered rocks (Fig. 3). At the surface, the fault is a 5-6 m wide 
light-toned band, exposed for 100s of m along strike. Due to 
steep topography, the fault was only accessible in one area, 
where it is exposed as a zone >10 m wide within which are 
strips of fault gouge (<0.5 m wide) between bands of more 
coherent but brecciated rock. Reverse motion is not confirmed 
by stratigraphic offset or kinematics from within the fault 
zone. Using drill core intersections, the fault is estimated as 
moderately to steeply west dipping. It is unclear if Sm and the 
Butte fault are cogenetic or if the fault is a later structure.

The Saddle thrust fault (118°/34°, where measured) trends 
northwest for a >8 km strike length across the Butte Ridge 
deformation zone, juxtaposing the volcanic conglomerate unit 
(uTrSvc) over siltstones, sandstones, and conglomerates of 
unit (uTrSs). The thrust contains abundant quartz veins in the 
footwall and a 1-5 m deformation zone consisting of numerous 
faults splays (Febbo, 2019). At Butte ridge, the Saddle thrust 
splays into at least two distinct segments. One splay, along a 
topographic lineament in the southwest part of the map area 
(‘Saddle thrust southwest splay’, Fig. 3), is defined by an abrupt 
change in lithology, bedding orientation, and foliation intensity. 
The main fault extends into the northwestern portion of the 
map area (‘Saddle thrust northwest’, Fig. 3) and is inferred on 
the basis of a pronounced topographic lineament, an abrupt 
change in lithology from uTrSvc to uTrSs, a sharp decrease 
in foliation intensity from east to west, an abrupt change in 
bedding orientation, and abundant quartz veins in the footwall. 
The amount of offset on these fault segments is unclear. The 
Saddle thrust appears to truncate the Butte thrust.

4.2. Structural domains
The Butte fault, the Saddle thrust and two interpreted 

northeast-trending faults on the western side of the central 
transect define separate domains of distinct structural style 

Fig. 8. Different views of the Sm fabric at the same outcrop; unit 
uTrSvc. a) Photo taken perpendicular to the XZ plane of the strain 
ellipse, showing a well-developed fabric defined by flattened clasts in 
chlorite-rich matrix. b) View looking down on the plane of flattening of 
the strain ellipse (XY plane). In this plane, the clasts are not elongate, 
indicating that the foliation is a flattening foliation related to folding, 
with no evidence of stretching (e.g., shearing) (347399E, 6334542N).
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and/or structural orientation (domains 1-9, Fig. 9). Below we 
describe these domains within each transect from east to west 
across Butte ridge, focussing on penetrative strain and folds. 
Minor brittle faults and veins are common in all domains but 
do not change character between domains.

4.2.1. Domain 1
This domain is a fault block bounded by the Butte fault to 

the east and the Saddle thrust to the west (Figs. 3, 9). Folds 
with wavelengths ranging from 10 cm to 1 km generally have 
an open, and rarely close, geometry. Axial surfaces are steeply 
inclined to the west and fold axes are gently to moderately 
plunging to the south-southwest (b calculation, 206°/35°; 
Fig. 9). Bedding thicknesses are generally constant indicating 
that these are parallel folds (Class 1B of Ramsay, 1967). 
Sedimentary rocks can have a strong axial planar pressure 
solution cleavage (Sm, Fig. 5b); volcaniclastic rocks have 

moderately developed axial planar cleavage defined by chlorite 
(Fig. 5b). Cleavage orientations show significant variation, 
with an average orientation of 180°/64°. Rare intrafolial folds 
have smaller wavelengths (<10 cm) than described above. The 
folds have a tight to isoclinal geometry and have a similar fold 
profile with thickened hinges (Fig. 11; Class 2 of Ramsay, 
1967). 

Map scale folds on the eastern side of this fault block are 
gentle to open and asymmetric, with long limbs dipping steeply 
to the east (northern transect, Fig. 4a) and record an easterly 
vergence. Bedding orientation shallows towards the center 
of the fault block and is interpreted as a hinge zone to a km-
scale fold. Foliation intensity in this domain is greatest on the 
eastern margin, near the Butte fault, and gradually weakens to 
the west. Near the Saddle thrust, the rocks are weakly to non-
foliated. From west to east there is a progressive decrease in 
the angles between the fold axial surfaces and Sm and the Butte 
fault (Fig. 4a).
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Fig. 10. Minor thrust fault in the Butte deformation zone showing top-
to-east kinematics. It is unclear if Sm formed before the fault or if the 
fault and Sm are cogenetic (348850E, 6334768N).

Fig. 11. Tight to isoclinal similar intrafolial folds in domain 1 tuffs 
(348449E, 6334484N).

4.2.2. Domain 2
Most of this fault-bounded domain consists of the volcanic 

clast-bearing conglomerate unit (uTrSvc). Rocks in the 
hanging wall of the Saddle thrust are highly strained relative 
to those in the immediate footwall. Unit uTrSvc has a well-
developed north-trending steeply dipping cleavage defined 
by chlorite; more competent igneous clasts display internal 

fractures (Fig. 5a). Foliation intensity is strongest close to the 
Saddle thrust, but has the same general orientation as in domain 
1 across the fault. 

4.2.3. Domain 3
Domain 3 is bounded by the Saddle thrust to the east and 

an unnamed inferred fault to the west (Fig. 9). The domain 
shows a different style of folds than observed in domain 1 to 
the north. Folds are close to tight, with steeply inclined west-
dipping axial surfaces, and have gentle to moderate south-
southwest plunges (b calculation, 200°/40°; Figs. 9, 12). Folds 
have wavelengths of <1 m to 500 m and verge to the east. A 
map-scale east-vergent synform-antiform pair is on the eastern 
side of domain 3 (Fig. 4b). 

The eastern portion of this domain is mainly underlain by 
pseudoleucite-bearing rocks (uTrSv.xlct). A strong fabric 
(Sm) is present throughout, typically defined by chlorite and 
by alignment of clasts and pseudoleucite crystals. Flattened 
pseudoleucite grains can have aspect ratios of 2:1 to 10:1 
(Fig. 7b). However, adjacent pseudoleucite-phyric coherent 
rocks can be largely undeformed, illustrating extreme strain 
gradients. The Sm fabric is commonly parallel to bedding and, 
similar to the northern transect, dips steeply to the west. 

Fig. 12. Close folds in unit uTrSv.xlct (348997E, 6333035N).

4.2.4. Domain 4 
This domain is separated from domain 3 by a northeast-

trending fault across which bedding orientation and foliation 
intensity changes abruptly. Bedding in this fault block 
consistently dips 35-50° to the southeast (Fig. 9). Foliation 
intensity is weaker than in domain 3 and decreases to the west. 
In the easternmost part of the fault block, weak foliations were 
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mapped in two locations, dipping moderately to the southeast. 
On western edge of the fault block, a fabric is locally developed 
in carbonate-bearing clasts (lenses?), but the host rock is not 
foliated (Fig. 13).

4.2.5. Domain 5
Domain 5 is separated from domain 4 by an interpreted 

splay off the Saddle thrust. Bedding in domain 5 dips gently-
moderately to the west and this fault is interpreted based on the 
sharp change in bedding orientation and lithology. Siltstones 
and volcaniclastic rocks in this domain are not foliated.

4.2.6. Domain 6
Tight to isoclinal south-plunging (b calculation, 201°/66°; 

Fig.  9) folds are common throughout this area and are well-
exposed at the m- to dam-scale (Fig. 14). Unlike the northern 
domains, where folds verge to the east, the isoclinal folds do not 
show vergence (Fig. 4c). Rocks generally have a well-defined 
Sm foliation defined by chlorite alignment, aligned clasts, and 
local pressure solution cleavage. In this domain, pseudoleucite-
phyric volcanic rocks are locally strongly foliated, with the 
foliation defined by flattened pseudoleucite crystals that locally 
display a stretching lineation; aspect ratio 1:8). Rock types 
with black pseudoleucite crystals in a light-toned groundmass 
display significantly less flattening strain (aspect ratios of 1:1 
to 1:4) than rock types with white pseudoleucite crystals in a 
dark-toned groundmass (aspect ratio 1:2).

An outcrop displaying dm-scale type 3 fold interference 
pattern is exposed at the southern edge of this domain in a 
volcanic tuff, where isoclinal F1 folds with the Sm foliation are 

Fig. 13. Flattening fabric in carbonate-bearing clast (lens?) in 
otherwise unfoliated uTrSmv (347234E, 6333134N).

Fig. 14. Decametre-scale isoclinal fold in domain 6. The light-toned 
unit(s) are tuffaceous beds. View to the south (348483E, 6332228N).

overprinted by later tight folds lacking a foliation (Fig. 15). The 
hinge of the tight later fold is thickened relative to the limbs. 
This type of refolding was not observed elsewhere on Butte 
ridge but was observed 8 km along strike to the north. In the 
southern part of the domain Sm foliation is oriented 233°/86°, in 
the northern part of the domain, foliation is oriented 188°/83°. 

Fig. 15. Type 3 fold interference pattern in volcanic tuff. Early folds 
are isoclinal and have a layer-parallel foliation, later folds are tight 
(348405E, 6332151N).
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4.2.7. Domain 7
The easternmost domain is in the footwall of the Saddle 

thrust and Butte faults. The domain is underlain by the Galore 
plutonic suite intrusive rocks and highly altered and locally 
mineralized volcanic rocks. Rocks in this fault block are 
generally unfoliated but are strongly faulted and locally folded 
(Febbo, 2019).

5. Discussion 
The Butte ridge area consists of a series of fault-bounded 

folded domains, where fold geometry and orientation change 
from north to south. In the northern domains, folds are typically 
open and, more rarely, close and show a well-developed axial 
planar cleavage. Fold axial surfaces generally dip steeply to 
the west and the folds plunge gently to moderately south-
southwest. A pressure solution cleavage is typical, and beds 
maintain a constant layer thickness, typical of parallel folds 
(class 1B of Ramsay, 1967). Such folds tend to form under 
relatively low temperatures typical of thin-skinned fold and 
thrust belts. We interpret that the area records strain by fold and 
foliation development rather than by non-coaxial strain along 
discrete shear zones. Local examples of non-coaxial strain 
were likely produced due to slip as a fold mechanism.

In the central domains, map-scale folds are generally steeply 
inclined, east verging, and plunge gently to moderately to the 
south-southwest. Although most folds are tight, open to close 
profiles were observed. Bedding and cleavage are parallel 
except at fold hinges. In domain 6, all folds are tight to isoclinal. 
The folds have the thickened hinges of similar folds (class 2 of 
Ramsay, 1967) typically associated with higher temperature 
deformation. Rocks display a well-developed bedding-parallel 
cleavage, and a stretching lineation was noted at one locality. 
Locally, outcrop-scale coaxial fold interference was observed, 
with an isoclinal fold containing a bedding-parallel foliation 
being tightly refolded into a type 3 (Ramsay, 1967) hook 
displaying a similar fold profile. We interpret the southern 
domain to represent the highest strain on the ridge. 

Preliminary observations suggest that changes in deformation 
style and strain intensity are a result of faulting that has 
juxtaposed rocks from different structural levels, presumably 
along west- or southwest-dipping faults. We interpret that 
the shallowest structural level in the area is in the footwall of 
the Saddle and Butte faults (domain 7, Fig. 9). Based on fold 
geometry, foliation intensity, and consistent southward fold 
plunges, we consider that deeper structural levels are exposed 
between the Saddle and Butte faults (domain 1) and still deeper 
levels farther south, with rocks in domain 6 recording the 
deepest structural level.

We are uncertain how folds and fabrics in the study area 
relate to the regional geology, and the absolute timing of the 
Saddle and Butte thrusts is unclear. The structures may be 
related to latest Triassic regional shortening or Cretaceous 
development of the Skeena fold and thrust belt, or both. Future 
work will aim to establish both the absolute and relative timing 

of the structures and to place the area into a regional structural 
framework.

Enns et al. (1995) considered that the deformation zone is cut 
by alteration and mineralization. If true, deformation must be 
younger than the age of the host rocks (<210 Ma, van Straaten 
et al., 2023) and older than the age of Galore Creek porphyry 
Cu-Au-Ag mineralization (>210-208.5 Ma; Mortensen et al., 
1995; Logan and Koyanagi, 1994; Logan, 2004), suggesting a 
broadly syn-mineralization deformation event. We did not see 
with confidence cross-cutting relationships between alteration/
mineralization and deformation that would constrain the 
relative timing.

6. Summary
Galore Creek is a large alkalic silica-undersaturated 

porphyry Cu-Au-Ag deposit in northwestern British Columbia. 
The deposit area is bounded to the west by a north-striking 
deformation zone (here called the Butte ridge deformation zone) 
that is several km wide and at least 6 km long. The deformation 
zone contains the most strained Stuhini Group rocks in the 
Galore area (Logan and Koyanagi, 1994; Micko et al., 2014; 
Febbo, 2019) consisting of folded rocks with moderately to 
strongly developed axial planar cleavage. We propose that 
progressively deeper structural levels, separated by faults, are 
exposed from north to south along the Butte ridge. 
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