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Introduction

Porphyry deposits are large (10—100 km®), low to medium
grade ore deposits which supply approximately 70% of the
world’s copper and most of the molybdenum (Dilles and
John, 2021). As the demand for raw materials increases,
identification and development of new porphyry deposits
will prove essential to the support of a growing global pop-
ulation. Porphyry deposits typically form at shallow depths
(1-4 km), where metalliferous fluids circulate through the
tops of the intrusions and deposit metals (Seedorff et al.,
2005; Singer etal., 2008). Most porphyries preserved today
are Cenozoic in age, likely due to the effective erosion of
the upper crust in older settings (Sillitoe, 2010). Therefore,
porphyry deposits can be used as a proxy for identifying re-
gions of limited erosion and exhumation, particularly in
Mesozoic and older terranes.

The Intermontane Belt of the Canadian Cordillera is an eco-
nomically significant region in British Columbia (BC) due
to an abundance of Cu-Au-Mo porphyry deposits (Fig-
ure 1; McMillan et al., 1996). A problem facing mineral ex-
ploration efforts in southern BC is the widespread Cenozoic
basalt and Pleistocene glacial till that cover the porphyry tar-
gets (Mihalynuk, 2007; Thomas et al., 2011; Sacco et al.,
2021). This cover sequence not only impairs geophysical im-
aging techniques, but precludes relying on surface observa-
tions and geological mapping as exploration options. Work-
ing toward a better understanding of the evolution of the
porphyry-bearing bedrock underlying the cover rocks will
help mitigate this problem and may lead to more targeted
exploration efforts. The aim of this project is to investigate
the upper-crustal cooling history of the southern Inter-
montane Belt.

In the Intermontane Belt, porphyry deposits hosted within
accreted terranes primarily formed ca. 205-195 Ma
(Mortensen et al., 1995), which suggests that limited ero-
sion or rock exhumation (<4 km) has taken place in the
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Intermontane Belt since the Jurassic. This idea is supported
by the low metamorphic grade and low-relief landscape of
the Interior Plateau, which dominates the southern Inter-
montane Belt (Church and Ryder, 2010). Alternatively, the
Intermontane Belt may have been buried and shielded from
erosion by sediments derived from the adjacent mountain
belts, which were subsequently removed prior to formation
of an Eocene unconformity surface (Tribe, 2005). Regard-
less, their presence suggests the southern Intermontane
Belt has experienced a markedly different history than the
adjacent Omineca and Coast belts.

The aim of this project is to measure the timing and magni-
tude of exhumation in the southern Intermontane Belt. To
quantify exhumation, apatite and zircon (U-Th)/He and fis-
sion-track thermochronology will be used to measure the
timing and rate at which rocks cooled from 190 to 40°C.
This regional multimethod approach will make it possible
to examine spatial patterns in rock exhumation from depths
of 7 to 2 km across the Intermontane Belt and identify po-
tential reheating events, such as those due to burial or vol-
canism. More specifically, the goal is to answer the follow-
ing questions:

e When and how did the Interior Plateau form?

e How does the regional exhumation pattern relate to the
preservation of porphyry deposits?

e Why didn’t the Intermontane Belt experience exhuma-
tion equivalent to the surrounding belts?

Determining the regional exhumation patterns of bedrock
underlying the Cenozoic cover will assist Cu-porphyry ex-
ploration efforts by helping in identifying regions of possi-
ble porphyry exposure. Quantifying the thermal history of
the Intermontane Belt will also inform models of the evolu-
tion and interaction of the different morphogeological belts
over geological time. Understanding the burial and ero-
sional history of the Intermontane Belt is therefore crucial
to mineral exploration and contributes as well to a better
understanding of the evolution of the Cordillera.

Regional Geology

The Intermontane Belt is the central belt of the Canadian
Cordillera and comprises an amalgam of magmatic arcs and
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Figure 1. Morphogeological belts of the Canadian Cordillera, showing major structures. The study area of
this project is outlined in red. Location of currently producing porphyry mines in British Columbia is shown
by orange dots (location of Figure 2 is also shown). Abbreviations: AB, Alberta; BC, British Columbia; NWT,
Northwest Territories; JDF, Juan de Fuca Plate; CSZ, Cascadia subduction zone; QCF, Queen Charlotte
fault; RMT, Rocky Mountain trench; TF, Tintina fault. Base map modified after Cui et al., (2017) and Yukon

Geological Survey (2020b).
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oceanic terranes accreted to North America during the Ju-
rassic. Accretion of these exotic terranes to the North
American margin has been considered the driving force be-
hind the eastward translation of continental margin depos-
its and terranes, and the thickening of the Canadian Cordil-
lera (Sigloch and Mihalynuk, 2017). Alternatively, Monger
and Gibson (2019) suggested that mountain building was
the result of the westward motion of the North American
continent, driven by seafloor spreading along the mid-At-
lantic ridge, and that accretion was not a driving force but
rather a product of this motion.

The Stikine and Quesnel arc terranes constitute the major-
ity of the southern Intermontane Belt and formed outboard
of the North American margin in the late Paleozoic to early
Mesozoic (Figure 2; Unterschutz et al., 2002). Intervening
oceans between these arcs and North America are pre-
served by the accreted Cache Creek and Slide Mountain
terranes. These terranes amalgamated together prior to ac-
cretion onto the edge of the craton, thus forming the
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Intermontane Superterrane. Rocks of these Intermontane
terranes are much lower in metamorphic grade and show
sparser magmatism relative to the adjacent Omineca and
Coast belts. Faulting in the southern Intermontane Belt is
also dominated by dextral strike-slip faults concentrated
along terrane boundaries and the eastern Coast Belt (Fig-
ure 2). Major shear zones, such as the Fraser—Straight
Creek fault, Yalakom fault and Pinchi fault, were active in
the Late Cretaceous to Eocene, with displacement esti-
mates reaching up to 125 km (Umhoefer and Kleinspehn,
1995).

The Coast and Omineca belts constitute two crystalline
belts within the Cordillera dominated by high-grade meta-
morphic and intrusive rocks, separated by the volcanic and
sedimentary rocks of the Intermontane Belt. Previous ther-
mochronology studies in the southern Canadian Cordillera
focused on the deeply exhumed Omineca and Coast belts,
but very little data exists for the Intermontane Belt. In the
Omineca Belt, Eocene postorogenic extension exhumed

Figure 2. Terrane map of the study area in the Intermontane Belt of southern British Columbia, showing sample locations (blue dots) and
identification numbers (e.g., 110-2) as well as major faults: CRF, Columbia River fault; FF, Fraser—Straight Creek fault; MD, Monashee
décollement; OV-ERF, Okanagan Valley—Eagle River fault; PF, Pinchi fault; PSF, Pasayten fault; RMT, Rocky Mountain trench; SLF, Slocan
Lake fault; YF, Yalakom fault. Base map from Yukon Geological Survey (2020a).
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amphibolite- to granulite-facies metamorphic core com-
plexes from depths of up to 25 km with cooling rates ex-
ceeding 100°C/m.y. (Parrish, 1995; Vanderhaeghe and
Teyssier, 1997; Vanderhaeghe et al., 2003; Spear, 2004).
Thermochronological results from the Coast Belt suggest
increased cooling rates since <4 Ma, associated with deep
glacial incision and exhumation of the Coast Mountains
(Farley etal.,2001). Exhumation in the Omineca and Coast
belts is estimated at upward of 25 km during the Cenozoic,
whereas the Intermontane Belt shows no evidence for such
adegree of denudation (Parrish, 1995; Farley etal.,2001).

The geomorphology of the southern Intermontane Belt is
characterized by a low-relief region of plateaus and high-
lands known as the Interior Plateau (Holland, 1976; Church
and Ryder, 2010), which has an average surface elevation
>1000 m and hosts a variety of landscapes across its area
(Figure 3). The western margin maintains a low-relief-pla-
teau surface until reaching the eastern Coast Mountains
(Figure 3, cross-section A—A") In contrast, the southeastern
margin of the Interior Plateau is dominated by a higher re-
lief transition zone of highlands along the Columbia Moun-
tains (Figure 3, cross-section B-B'). As the Interior Plateau
and Intermontane Belt narrow in the south, the low-relief
landscape gives way to more incised highlands between the
deeply exhumed Coast and Omineca belts (Figure 3, cross-
section C—C").

The Interior Plateau was covered by widespread volcanism
from the Eocene to early Pleistocene (Bevier, 1983;
Mathews, 1989). The most prominent volcanic sequence is
the Chilcotin Group, a series of Miocene—Pliocene basalt
flows approximately 20 m thick covering 17 500 km®
(Dohaney et al., 2010; Andrews et al., 2011). The volca-
nism was the product of mantle-derived melts that as-
cended quickly through the crust without much crustal as-
similation (Bevier, 1983). The Chilcotin Group can be
considered a smaller scale counterpart to the Columbia
River basalts in the northwestern United States (Mathews,
1989). The base of the Chilcotin Group is of low relief and
subhorizontal, overlying an Eocene unconformity (Tribe,
2005; Andrews etal.,2011). The modern low-relief surface
mimics this unconformity, with a similar distribution of
highlands, plateaus and deeply incised channels, which in-
dicate that the formation of the Interior Plateau likely pre-
dates the Eocene. Mathews (1991) proposed a model for
the evolution of the Interior Plateau involving Late Creta-
ceous to Pliocene peneplanation, but other studies have yet
to confirm this model. Glaciation across the Interior Pla-
teau, which resulted in significantly less erosion than that
observed in the Coast and Omineca belts, deposited a
veneer of glacial till across the surface of the plateau
(Andrews et al., 2011).

14

Porphyry Deposits

Within the Intermontane Belt, early Mesozoic Cu-por-
phyry deposits are concentrated within the Stikine and
Quesnel terranes (McMillan et al., 1996). It has been sug-
gested that many deposits formed within the active island
arcs outboard of the North American margin prior to accre-
tion and are therefore not associated with postaccretionary
intrusions. Most Cu-porphyry deposits form within 4 km of
the Earth’s surface, where metalliferous fluids exsolved
from crystallizing magmas can circulate through the upper
portions of the intrusion (Singer et al., 2008; Sillitoe,
2010). A pre-accretionary origin for these porphyry depos-
its indicates the terranes of the Intermontane Belt have ex-
perienced very little erosion since the Jurassic, when accre-
tion began. Alternatively, porphyry deposits within the
accreted terranes may have been buried following their for-
mation, protecting them from subaerial erosion and pre-
serving them until today.

Fieldwork

Thirty-one samples of 5-10 kg of rock were collected dur-
ing the 2019 and 2020 field seasons along two east—west
transects across the Intermontane Belt (Table 1; Fig-
ures 2, 3). Target rocks were surface exposures of coarse-
grained igneous, metamorphic or clastic sedimentary
rocks, ideally from Mesozoic and older terranes and
postaccretionary intrusions underlying the widespread ba-
salt and glacial sediment cover. Zones of pervasive defor-
mation or alteration were avoided where possible to in-
crease the yield of high-quality apatite and zircon and
minimize complication of the cooling signal due to fluid
circulation. As exposure was limited in many parts of the
study area due to the Cenozoic cover rocks and vegetation,
some samples did not meet the ideal characteristics previ-
ously outlined. Of the 31 samples, 13 were collected from
terranes and intrusions in the Intermontane Belt, and 13
samples were collected from North American basinal rocks
and intrusions in the Omineca Belt. Five samples were col-
lected from volcanic and sedimentary overlap assemblages
in the Intermontane and Omineca belts (Figure 2). Most of
the Intermontane Belt samples (8) were collected from the
Quesnel terrane and postaccretionary intrusions, whereas
four were collected from the Stikine terrane and one sample
was collected from the Cache Creek terrane. The majority
of samples collected (21) are from felsic to intermediate
plutons, some of which have shown evidence of metallic
mineralization, such as the Takomkane and Thuya batho-
liths (Table 1; Plouffe et al., 2011).

The spatial relationship of the sample transects across the
Intermontane Belt was designed to facilitate examination
of the longitudinal variations in exhumation from the
Omineca Belt to the Coast Belt as well as the latitudinal
variations of this pattern. The first transect, completed in
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Figure 3. Physiography of southern British Columbia, showing sample locations (blue dots) and identification num-
bers (e.g., 110-2). Profiles show how the maximum, minimum and mean surface elevation changes from cross-sec-
tion A—A’, through B—B’to C-C’. Digital elevation model downloaded from gebco.net (General bathymetric chart of the
oceans).
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2019, focused on southernmost BC, sampling along major
highways and stretches 230 km across the southern
Intermontane Belt (Figure 3). The second transect, com-
pleted in 2020, focused northward from the 2019 transect
and stretches 400 km across the Intermontane Belt (Fig-
ure 3).

Methods

In this study, multiple low-temperature thermochron-
ometers were used to quantify the timing and rate of bed-
rock cooling from 180 to 40°C. Apatite and zircon (U-Th)/
He (AHe and ZHe, respectively) dating is based on the ther-
mally activated diffusion of radiogenic “He from the alpha
decay of ***U, °U and ***Th (Harrison and Zeitler, 2005).
Helium retention in apatite and zircon is temperature de-
pendent and defines a zone of partial He retention known as
the ‘partial retention zone’(PRZ). For the ZHe system, the
PRZ is 190-170°C and for the AHe system, it is 80—40°C
(Reiners et al., 2004; Flowers et al., 2009). Apatite fission-
track dating (AFT) is based on the accumulation of damage
zones from the fission decay of ***U in the apatite crystal,
known as ‘fission tracks’. Fission tracks readily anneal
above 120°C and are preserved when cooled below 60°C
(Donelick etal., 1999; Ketcham et al., 1999). This tempera-
ture range defines the ‘partial annealing zone’, where fis-
sion tracks anneal at a known temperature-dependent rate.
Thermal modelling of these data is used to explore possible
thermal histories within these sensitivity windows.

All analyses will be conducted at the University of Calgary
Geo- and Thermochronology Laboratory. As a first step,
apatite and zircon were separated from whole-rock samples
following standard mineral-separation techniques involv-
ing a jaw crusher, disk mill, Wilfley table, magnetic separa-
tor and heavy liquid separation using lithium heteropoly-
tungstate and methylene iodide (Figure 4). Based on
mineral-separate yields, 29 samples are currently being
dated using the AHe technique, 27 samples are being dated
using AFT analysis and up to 22 samples will be dated us-
ing the ZHe technique, depending on budget and time con-
straints. The (U-Th)/He dating procedure is outlined in de-
tail in McKay et al. (2021), where apatite and zircon grains
are picked under a stereomicroscope, aiming for euhedral,
inclusion and crack-free grains >70 um in size. Select
grains are packed into Nb tubes and are first degassed in an
ASI Alphachron He extraction line before inlet into a mass
spectrometer to measure the number of radiogenic *He at-
oms in each grain. An isotopic spike solution of 15 ng/g U
and 5 ng/g Th is added to each degassed grain and the num-
ber of **U, *°U and **Th parent atoms is measured using
an Agilent 7700x inductively coupled plasma—mass spec-
trometer (Evans et al., 2005; McKay et al., 2021). For AHe
dating, five single-grain aliquots will be dated for each
sample and a mean age will be calculated from the single-
grain dates. In the case of ZHe dating, three single-grain
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aliquots will be dated for each sample and compiled to de-
termine a mean age. Apatite fission-track analysis will
follow the external detector and zeta-calibration method,
where apatite grains are mounted in epoxy, polished and fit-
ted with an external detector plate, and then irradiated in a
nuclear reactor (Hurford and Green, 1983).

Age data derived from ZHe, AFT and AHe analyses will be
numerically modelled using QTQt inverse thermal history
modelling software (Gallagher, 2012). This software ex-
plores time-temperature space to identify thermal histories
that agree with the input data. The multimethod approach
will provide greater time-temperature constraints for mod-
elling and allow investigation of possible thermal histories
over a wider temperature and time range.

Summary

The southern Intermontane Belt is dominated by the low-
relief Interior Plateau and hosts an abundance of early Me-
sozoic porphyry deposits. Samples were collected along
two east—west transects across the Intermontane Belt in
southern BC to explore the timing and pattern of exhuma-
tion as well as how the latter relates to the preservation of
porphyry deposits. Currently, preparation of samples for
radiometric dating is underway to produce the thermo-
chronological dataset necessary for completing the objec-
tives of this study. This multimethod approach will provide
thermal history information over a greater temperature
window and make it possible to quantify cooling rates and
possible reheating events otherwise not observed using a
single thermochronometer. Quantifying the thermal history
of samples across the Intermontane Belt from 190 to 40°C
will make it possible to investigate erosion and burial pro-
cesses that affected the accreted terranes of southern BC.
These processes preserved early Mesozoic porphyry de-
posits throughout Jurassic—Paleocene mountain building
and Eocene postorogenic collapse. The results of this study
will inform tectonic and geomorphic models of the
Intermontane Belt, and aid future mineral-exploration
efforts through their potential to identify regions of
undiscovered porphyry mineralization.
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