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Introduction

Porphyry deposits are large (10–100 km3), 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 et al., 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

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:

� When and how did the Interior Plateau form?

� How does the regional exhumation pattern relate to the

preservation of porphyry deposits?

� 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).



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

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
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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).



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 et al., 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

a degree of denudation (Parrish, 1995; Farley et al., 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 km2

(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 et al., 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).

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

14 Geoscience BC Summary of Activities 2021: Minerals
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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 4He from the alpha

decay of 238U, 235U and 232Th (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 238U in the apatite crystal,

known as ‘fission tracks’. Fission tracks readily anneal

above 120°C and are preserved when cooled below 60°C

(Donelick et al., 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 ìm 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 4He 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 238U, 235U and 232Th 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

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.

Acknowledgments

The lead author would like to thank Geoscience BC for pro-

viding financial support through the Geoscience BC schol-

arship. Funding for this project was also provided by a Nat-

ural Sciences and Engineering Research Council of Canada

(NSERC) Discovery Grant (RGPIN-2018-03932) awarded

to E. Enkelmann and an NSERC Canada Graduate Scholar-

ship–Master’s (CGS-M) awarded to K. Damant. The au-

thors also wish to thank A. MacDougall and S. Tiede for

their hard work in the laboratory amid adverse circum-

stances. A special thank you to S. Jess for providing com-

ments that improved the quality of this paper.

Geoscience BC Report 2022-01 17



References

Andrews, G.D.M., Plouffe, A., Ferbey, T., Russell, J.K., Brown,
S.R. and Anderson, R.G. (2011): The thickness of Neogene
and Quaternary cover across the central Interior Plateau,
British Columbia: analysis of water-well drill records and
implications for mineral exploration potential; Canadian
Journal of Earth Sciences, v. 48, p. 973–986.

Bevier, M.L. (1983): Implications of chemical and isotopic com-
position for petrogenesis of Chilcotin group basalts, British
Columbia; Journal of Petrology, v. 24, p. 207–226.

Church, M. and Ryder, J. (2010): Physiography of British Colum-
bia; Chapter 2 in Compendium of Forest Hydrology and
Geomorphology in Brit ish Columbia, R.G. Pike,
R.D. Redding, R.D. Moore, R.D. Winkler and K.D. Bladon
(ed.), BC Ministry of Energy, Mines and Low Carbon Inno-
vation, Land Management Handbook 66, p. 17–46.

Cui, Y., Miller, D., Schiarizza, P. and Diakow, L.J. (2017): British
Columbia digital geology; British Columbia Ministry of En-
ergy, Mines and Low Carbon Innovation, British Columbia
Geological Survey, Open File 2017-8, 9 p., data version 2019-
12-19, URL <http://cmscontent.nrs.gv.bc.ca/geoscience/
PublicationCatalogue/OpenFile/BCGS_2017-08.pdf> [No-
vember 2021].

Dilles, J.H. and John, D.A. (2021): Porphyry and epithermal mineral de-
posits; in Encyclopedia of Geology, D. Alderton and S.A. Elias
(ed.), Elsevier, p. 847–866, <https://doi.org/10.1016/B978-0-08-
102908-4.00005-9>.

Dohaney, J., Andrews, G.D.M., Russell, J.K. and Anderson, R.G.
(2010): Distribution of the Chilcotin Group, Taseko Lakes
and Bonaparte Lake map areas, British Columbia; Geologi-
cal Survey of Canada, Open File 6344, scale 1:250 000.

Donelick, R.A., Ketcham, R.A. and Carlson, W.D. (1999): Vari-
ability of apatite fission-track annealing kinetics: II. Crys-

18 Geoscience BC Summary of Activities 2021: Minerals

Figure 4. Flow chart of apatite and zircon (U-Th)/He and fission-track laboratory procedures. Bolded boxes indi-
cate steps which have been completed, light grey boxes are steps which have yet to be completed as of October
2021. Abbreviation: ID-ICP-MS, isotope dilution-inductively coupled plasma–mass spectrometer.



tallographic orientation effects; American Mineralogist,
v. 84, p. 1224–1234.

Evans, N.J., Byrne, J.P., Keegan, J.T. and Dotter, L.E. (2005): De-
termination of uranium and thorium in zircon, apatite, and
fluorite: application to laser (U-Th)/He thermochronology;
Journal of Analytical Chemistry, v. 60, p. 1159–1165.

Farley, K.A., Rusmore, M.E. and Bogue, S.W. (2001): Post-10 Ma
uplift and exhumation of the northern Coast mountains,
British Columbia; Geology, v. 29, p. 99–102.

Flowers, R.M., Ketcham, R.A., Shuster, D.L. and Farley, K.A.
(2009): Apatite (U-Th)/He thermochronometry using a radi-
ation damage accumulation and annealing model;
Geochimica et Cosmochimica Acta, v. 73, p. 2347–2365.

Gallagher, K. (2012): Transdimensional inverse thermal history
modeling for quantitative thermochronology; Journal of
Geophysical Research: Solid Earth, v. 117, p. 1–16.

Harrison, T.M. and Zeitler, P.K. (2005): Fundamentals of noble
gas thermochronometry; Reviews in Mineralogy and Geo-
chemistry, v. 58, p. 123–149.

Holland, S.S. (1976): Landforms of British Columbia: a physio-
graphic outline; British Columbia Ministry of Mines and Pe-
troleum Resources, Bulletin no. 48.

Hurford, A.J. and Green, P.F. (1983): The zeta age calibration of
fission-track dating; Chemical Geology, v. 41, p. 285–317.

Ketcham, R.A., Donelick, R.A. and Carlson, W.D. (1999): Vari-
ability of apatite fission-track annealing kinetics: III. Ex-
trapolation to geologic time scales; American Mineralogist,
v. 84, p. 1235–1255.

Mathews, W.H. (1989): Neogene Chilcotin basalts in south-cen-
tral British Columbia: geology, ages, and geomorphic his-
tory; Canadian Journal of Earth Sciences, v. 26, p. 969–982.

Mathews, W.H. (1991) Physiographic evolution of the Canadian
Cordillera; Chapter 11 in Geology of the Cordilleran Orogen
in Canada, H. Gabrielse and C.J. Yorath (ed.), Geological
Survey of Canada, Geology of Canada, no. 4, p. 405–418
(also Geological Society of America, Geology of North
America, v. G-2).

McKay, R., Enkelmann, E., Hadlari, T., Matthews, W. and
Mouthereau, F. (2021): Cenozoic exhumation history of the
eastern margin of the northern Canadian Cordillera; Tecton-
ics, v. 40, p. 1–18.

McMillan, W.J., Thompson, J.F.H., Hart, C.J.R. and Johnston, S.T.
(1996): Porphyry deposits of the Canadian Cordillera;
Geoscience Canada, v. 23, p. 125–134.

Mihalynuk, G. (2007): Evaluation of mineral inventories and min-
eral exploration deficit of the Interior Plateau beetle infested
zone (BIZ), south-central British Columbia; in Geological
Fieldwork 2006, BC Ministry of Energy, Mines and Low
Carbon Innovation, Paper 2007-1, p. 137–142.

Monger, J.W.H. and Gibson, H.D. (2019): Mesozoic–Cenozoic
deformation in the Canadian Cordillera: the record of a
“Continental Bulldozer”?; Tectonophysics, v. 757, p. 153–
169.

Mortensen, J.K., Ghosh, D.K. and Ferri, F. (1995): U-Pb geo-
chronology of intrusive rocks associated with copper-gold
porphyry deposits in the Canadian Cordillera; in Porphyry
deposits of the northwestern Cordillera of North America,
T.G. Schroeter (ed.), Canadian Institute of Mining, Metal-
lurgy and Petroleum, Special Volume 46, p. 142–158.

Parrish, R.R. (1995): Thermal evolution of the southeastern Cana-
dian Cordillera; Canadian Journal of Earth Sciences, v. 32,
p. 1618–1642.

Plouffe, A., Anderson, R.G., Gruenwald, W., Davis, W.J.,
Bednarski, J.M. and Paulen, R.C. (2011): Integrating ice-
flow history, geochronology, geology, and geophysics to
trace mineralized glacial erratics to their bedrock source: an
example from south-central British Columbia; Canadian
Journal of Earth Sciences, v. 48, p. 1113–1130.

Reiners, P.W., Spell, T.L., Nicolescu, S. and Zanetti, K.A. (2004): Zir-
con (U-Th)/He thermochronometry: He diffusion and compar-
isons with

40
Ar/

39
Ar dating; Geochimica et Cosmochimica

Acta, v. 68, p. 1857–1887.

Sacco, D.A., Jackaman, W. and Knox, C. (2021): Proven approach
to mineral exploration in thick surficial deposits applied to
the Central Interior Copper-Gold Research projects area,
central British Columbia (parts of NTS 093A, B, G, J, K, O);
in Geoscience BC Summary of Activities 2020: Minerals,
Geoscience BC, Report 2021-01, p. 1–10, URL <http://
www.geosciencebc.com/summary-of-activities-2020-min-
erals/> [November 2021].

Seedorff, E., Dilles, J.H., Proffett, J.M., Einaudi, M.T., Zurcher,
L., Stavast, W.J.A., Johnson, D.A. and Barton, M.D. (2005):
Porphyry deposits: characteristics and origin of hypogene
features; Economic Geology, 100

th
Anniversary Volume,

p. 251–298.

Sigloch, K. and Mihalynuk, M.G. (2017): Mantle and geological
evidence for a Late Jurassic-Cretaceous suture spanning
North America; Geological Society of America, GSABulle-
tin, p. 1489–1520.

Sillitoe, R.H. (2010): Porphyry copper systems; Economic Geol-
ogy, v. 105, p. 3–41.

Singer, D.A., Berger, V.I. and Moring, B.C. (2008): Porphyry cop-
per deposits of the world: database and grade and tonnage
models, 2008; U.S. Geological Survey, Open File Report
2008-1155, 45 p.

Spear, F.S. (2004): Fast cooling and exhumation of the Valhalla
metamorphic core complex, southeastern British Columbia;
International Geology Review, v. 46, p. 193–209.

Thomas, M.D., Pilkington, M. and Anderson, R.G. (2011): Geo-
logical significance of high-resolution magnetic data in the
Quesnel terrane, central British Columbia; Canadian Jour-
nal of Earth Sciences, v. 48, p. 1065–1089.

Tribe, S. (2005): Eocene paleo-physiography and drainage direc-
tions, southern Interior Plateau, British Columbia; Canadian
Journal of Earth Sciences, v. 42, p. 215–230.

Umhoefer, P.J. and Kleinspehn, K.L. (1995): Mesoscale and re-
gional kinematics of the northwestern Yalakom fault sys-
tem: major Paleogene dextral faulting in British Columbia,
Canada; Tectonics, v. 14, p. 78–94.

Unterschutz, J.L.E., Creaser, R.A., Erdmer, P., Thompson, R.I. and
Daughtry, K.L. (2002): North American margin origin of
Quesnel terrane strata in the southern Canadian Cordillera:
inferences from geochemical and Nd isotopic characteris-
tics of Triassic metasedimentary rocks; Bulletin of the Geo-
logical Society of America, v. 114, p. 462–475.

Vanderhaeghe, O. and Teyssier, C. (1997): Formation of the
Shuswap metamorphic core complex during late-orogenic
collapse of the Canadian Cordillera: role of ductile thinning
and partial melting of the mid-to lower crust; Geodinamica
Acta, v. 10, p. 41–58.

Geoscience BC Report 2022-01 19



Vanderhaeghe, O., Teyssier, C., McDougall, I. and Dunlap, W.J.
(2003): Cooling and exhumation of the Shuswap metamor-
phic core complex constrained by

40
Ar-

39
Ar thermochron-

ology; Geological Society of America, GSABulletin, v. 115,
p. 200–216.

Yukon Geological Survey (2020a): A digital atlas of terranes for
the northern Cordillera; Yukon Geological Survey, URL

<https://data.geology.gov.yk.ca/Compilation/2> [October
4, 2021]

Yukon Geological Survey (2020b): Yukon digital bedrock geol-
ogy; Yukon Geological Survey, URL <https://data.geol-
ogy.gov.yk.ca/Compilation/3> [ September 18, 2021]

20 Geoscience BC Summary of Activities 2021: Minerals


