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Tectonic domains and exhumation history of the Omineca
Belt in southeastern British Columbia from 40Ar/39Ar
thermochronology
Ewan R. Webster, Douglas A. Archibald, David R.M. Pattison, Jessica A. Pickett, and Joel C. Jansen

Abstract: A large geochronological data set comprising 40Ar/39Ar and K–Ar (hornblende, muscovite, biotite, and K-feldspar),
Rb–Sr (muscovite), fission track (zircon and apatite) and U–Pb (zircon and monazite) dates has been compiled for the southern
Kootenay Arc and western Purcell anticlinorium in the Omineca Belt of the Canadian Cordillera in southeastern British
Columbia. New 40Ar/39Ar data for hornblende, muscovite, biotite, and alkali feldspar are presented and combined with data from
other studies. We integrate these data with recent advances in the geology of the region to define three partially fault-bounded
domains with differing geological and exhumation histories, here termed the western, central, and eastern domains. The
western domain is characterized by (1) late synkinematic Jurassic plutons with hornblende, muscovite, and biotite 40Ar/39Ar
plateau dates between 170 and 165 Ma, some of which are within error of the U–Pb zircon dates for these plutons, and (2) late Early
Cretaceous (118–102 Ma) plutons commonly with concordant mica 40Ar/39Ar plateau dates of a similar age range, indicating rapid
cooling following emplacement of both suites. The central domain is bounded by regional-scale normal faults (Gallagher and
Midge Creek faults, Blazed Creek/Next Creek faults, and Purcell Trench fault) and contains superposed Early and Late Cretaceous
zones of Barrovian metamorphic rocks and several mid- to Late Cretaceous, post-kinematic plutons. The transition from the
western domain into the central domain is characterized by 40Ar/39Ar mica age spectra showing a progression of increasing
thermal overprinting. Along the north–south length of the central domain, biotite and muscovite yield Paleocene to Eocene K–Ar
and 40Ar/39Ar plateau dates between 66 and 40 Ma. The eastern domain consists of (1) a southern portion that occurs in the
hanging wall of the Purcell Trench fault, comprising mid-Cretaceous intrusions of the Bayonne magmatic suite emplaced into
biotite zone metasedimentary rocks of the Mesoproterozoic Belt-Purcell Supergroup in the western Purcell anticlinorium, and
(2) a northern portion that shows a continuous transition with the northern part of the central domain north of the terminus of
the Purcell Trench fault. Cretaceous igneous rocks in the southern portion of the eastern and western domains have 40Ar/39Ar
mica plateau dates that are <9 Myr younger than U–Pb zircon dates, indicating rapid cooling shortly after emplacement.
40Ar/39Ar step-heating reveals that there was a mid- to Late Cretaceous thermal disturbance in the eastern domain, possibly
related to emplacement of younger plutons at deeper crustal levels and the Late Cretaceous Barrovian metamorphic event
recorded in rocks of the central domain, such that biotite with dates <ca. 73 Ma yield plateau age spectra but those with older
dates are disturbed. The new geochronology, combined with recent mapping and metamorphic studies, leads to the conclusion
that the exhumation of the Barrovian metamorphic rocks of the central domain was a multi-stage process. The central domain
experienced rapid tectonic decompression and minor pluton emplacement in the Late Cretaceous to early Paleocene (76–61 Ma)
when the Cordilleran orogen was under regional contraction during which most of the exhumation occurred. Final exhumation
in the footwall of Eocene normal faults was less significant and occurred between 53 and ca. 46 Ma when the Cordilleran orogen
had transitioned to regional extension, by which time the three domains had attained a similar crustal level. These episodes of
exhumation are similar to those found in other core complexes in the southern Canadian Cordillera and contiguous northern
Idaho and Washington. The earlier episode is coincident with regional-scale, Late Cretaceous thrust faulting in the Foreland Belt
of the Rocky Mountains. Eocene normal faulting and final exhumation of core complexes in the Omineca Belt mark the end of
contraction in the Foreland Belt.

Key words: 40Ar/39Ar thermochronology, tectonics, Omineca Belt, exhumation.

Résumé : Un grand ensemble de données géochronologiques comprenant des âges 40Ar/39Ar et K–Ar (hornblende, muscovite,
biotite et feldspath potassique), Rb–Sr (muscovite), de traces de fission (zircon et apatite) et U–Pb (zircon and monazite) a été
compilé pour l’arc de Kootenay méridional et l’anticlinorium de Purcell occidental dans la ceinture Omineca de la Cordillère
canadienne, dans le sud–est de la Colombie-Britannique. Des nouvelles données d’40Ar/39Ar sur hornblende, muscovite, biotite
et feldspath potassique sont présentées et combinées à des données d’autres études. Nous intégrons ces données à des avancées
récentes concernant la géologie de la région pour définir trois domaines partiellement limités par des failles, d’évolutions
géologiques et d’exhumation distinctes, que nous désignons les domaines ouest, central et est. Le domaine ouest est caractérisé
par (1) des plutons jurassiques tardi-syncinématiques donnant des âges-plateaux 40Ar/39Ar sur hornblende, muscovite et biotite
de 170 Ma – 165 Ma, dont certains sont dans la fourchette d’erreur des âges U–Pb sur zircons pour ces plutons, et (2) des plutons
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d’âge crétacé précoce tardif (118 Ma – 102 Ma) présentant couramment des âges-plateaux 40Ar/39Ar concordants pour les micas
dans une fourchette d’âges semblable, ce qui indique un refroidissement rapide suivant la mise en place des deux suites. Le
domaine central est limité par des failles normales d’envergure régionale (failles de Gallagher et Midge Creek, failles de Blazed
Creek/Next Creek et faille du sillon de Purcell) et contient des zones superposées d’âges crétacé précoce et crétacé tardif de roches
métamorphiques barroviennes, ainsi que plusieurs plutons post-cinématiques d’âge crétacé moyen à tardif. La transition du
domaine ouest au domaine central est caractérisée par des spectres d’âges 40Ar/39Ar sur micas montrant une surimposition
thermique croissante. Le long de l’axe nord–sud du domaine central, la biotite et la muscovite donnent des âges K–Ar et des
âges-plateaux 40Ar/39Ar entre 66 Ma et 40 Ma. Le domaine est consiste en (1) une partie sud dans le toit de la faille du sillon de
Purcell, comprenant des intrusions d’âge crétacé moyen de la série magmatique de Bayonne mises en place dans des roches
métasédimentaires dans la zone à biotite du Supergroupe mésoprotérozoïque de Belt-Purcell dans la partie ouest de
l’anticlinorium de Purcell et (2) une partie nord montrant une transition continue vers la partie nord du domaine centrale au
nord du terminus de la faille du sillon de Purcell. Des roches ignées crétacées dans la partie sud des domaines est et ouest ont des
âges-plateaux 40Ar/39Ar sur micas de <9 Ma plus jeunes que les âges U–Pb sur zircons, indiquant un refroidissement rapide peu
après leur mise en place. La datation 40Ar/39Ar par chauffage par étape révèle une perturbation thermique au Crétacé moyen à
tardif dans le domaine est, possiblement associée à la mise en place de plutons plus jeunes à des niveaux crustaux plus profonds
et à l’épisode de métamorphisme barrovien au Crétacé tardif enregistré dans des roches du domaine central, de sorte que les
biotites donnant des âges de <�73 Ma produisent des spectres d’âges-plateaux, alors que les biotites donnant des âges plus vieux
sont perturbées. La nouvelle géochronologie, combinée à des travaux de cartographie et des études métamorphiques récents,
mène à la conclusion que l’exhumation des roches métamorphiques barroviennes du domaine central est un processus qui s’est
effectué en plusieurs étapes. Le domaine central a connu une décompression tectonique rapide et la mise en place mineure de
plutons au Crétacé tardif-Paléocène précoce (76 Ma – 61 Ma), quand l’orogenèse de la Cordillère subissait une contraction
régionale durant laquelle la majeure partie de l’exhumation a eu lieu. L’exhumation finale dans le mur de failles normales
éocènes était moins importante et s’est produite entre 53 Ma et �46 Ma, alors que l’orogenèse de la Cordillère était passée à un
régime d’extension régionale et que les trois domaines avaient atteint des niveaux crustaux semblables. Ces épisodes
d’exhumation sont semblables à ceux observés dans d’autres complexes à noyau métamorphique du sud de la Cordillère
canadienne et dans le nord de l’Idaho et l’État de Washington immédiatement au sud. L’épisode plus ancien coïncide avec un
chevauchement régional au Crétacé tardif dans le Domaine de l’avant-pays des Rocheuses. La déformation le long de failles
normales et l’exhumation finale de complexes de noyau métamorphique dans la ceinture Omineca à l’Éocène marquent la fin
de la contraction dans le Domaine de l’avant-pays. [Traduit par la Rédaction]

Mots-clés : thermochronologie 40Ar/39Ar, tectonique, ceinture Omineca, exhumation.

Introduction
The purpose of this study is to characterize the thermal and

exhumation history of the eastern Omineca Belt of southeastern
British Columbia using a large geochronological and thermo-
chronological data set comprising U–Pb (zircon and monazite),
40Ar/39Ar and K–Ar (hornblende, muscovite, biotite, and K-feldspar),
Rb–Sr (muscovite), and fission track (zircon and apatite) methods.
The Omineca Belt is a tectonically complex region that straddles
the tectonic interface between rocks of the ancestral Laurentian
North American margin and rocks of oceanic affinity that formed
outboard of the margin, in back arc or island arc settings (Monger
et al. 1982). The rocks of oceanic affinity were obducted onto the
North American margin during the early stages of Cordilleran
orogenesis in the Early Jurassic ca. 180 Ma (Monger et al. 1982;
Unterschutz et al. 2002). Crustal thickening in a compressional or
transpressional tectonic setting continued for the next 130 Myr,
culminating in several episodes of Barrovian metamorphism,
penetrative deformation, and magmatism (Brown and Journeay
1987; Johnson and Brown 1996; Brown and Gibson 2006; Glombick
et al. 2006; Evenchick et al. 2007; Gibson et al. 2008; Gervais et al.
2010; Gervais and Brown 2011). The plate tectonic setting of the
Cordilleran margin changed from a broadly compressional regime
to a dominantly transtensional regime (Price and Carmichael 1986;
Monger and Price 2002; Nelson et al. 2013) in the early Eocene that led
to the regional development of north–south striking ductile–brittle
extensional detachments (Tempelman-Kluit and Parkinson 1986;
Parrish et al. 1988; Bardoux and Mareschal 1994; Johnson and Brown
1996; Brown et al. 2012), syenitic plutonic bodies, north–south-
striking lamprophyre dyke swarms, and the final stage of tectonic
exhumation of core complexes.

The area of interest (Fig. 1) is centered on Kootenay Lake be-
tween 49°N and 50°N. During orogenesis, three major regional
structural–tectonic elements developed in this area: the Purcell
anticlinorium, Kootenay Arc, and the northern extension of the

Priest River Complex (Selkirk Crest). These regions and their
boundaries have been the focus of numerous studies concerned
with their structural, metamorphic, magmatic, and thermal evo-
lution (Fyles and Hewlett 1959; Fyles 1964, 1967; Reesor 1958, 1973;
Crosby 1968; Glover 1978; Archibald et al. 1983, 1984; Leclair 1988;
Parrish et al. 1988; Vogl 1992; Brown et al. 1995a, 1995b; Moynihan
and Pattison 2013; Webster et al. 2017; Webster and Pattison 2018).
Mapping and U–Pb geochronology by Moynihan (2012), Moynihan
and Pattison (2013), Webster et al. (2017), and Webster and
Pattison (2018) defined three regional structural–metamorphic ep-
isodes of different age and spatial distribution: Middle Jurassic,
Early Cretaceous, and Late Cretaceous.

To elucidate the tectonothermal history of the areas affected by
these events, a regional scale 40Ar/39Ar study was conducted. Sev-
eral features of this area make it ideal for such a study: (1) the
region contains several areally-extensive plutonic suites of Middle
Jurassic, Early to Late Cretaceous, and Eocene age established by
U–Pb zircon dating (Figs. 1 and 2A); (2) the pelitic rocks in contact
aureoles of these intrusions contain metamorphic mineral assem-
blages that provide well-constrained pressure and temperature
conditions; (3) the region contains a partly fault-bounded, dia-
chronous belt of Barrovian metamorphism (Fig. 2B) whose age is
constrained by U–Pb dating of metamorphic monazite and whose
pressure–temperature conditions are constrained by metapelitic
mineral assemblages (Webster and Pattison 2018 and references
therein); and (4) there is a regionally extensive cross-border K–Ar
data set for igneous rocks consisting of over 400 dates.

We present the results for 40Ar/39Ar step-heating analyses of
hornblende, muscovite, biotite and alkali feldspar. These thermo-
chronological data are (1) used to evaluate the significance of the
existing K–Ar dates, (2) integrated with U–Pb geochronological,
Rb–Sr and fission track data from previous studies to characterize
contrasting thermal histories in different domains, and, (3) com-
bined with metamorphic data and thermal modelling to con-
struct thermal and denudation histories for the three domains.
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Regional geological setting
The Purcell anticlinorium, in the eastern part of the area (Fig. 1),

is a large north-plunging fold structure cored by Mesoproterozoic
rocks of the Belt-Purcell Supergroup (Price 2000). On the west limb
of the Purcell anticlinorium strata of the Neoproterozoic Wind-
ermere Supergroup unconformably overlie the Belt-Purcell Super-
group (Warren 1997).

The Kootenay Arc is a narrow, arcuate, easterly convex structural
domain west of the Purcell anticlinorium that trends northwest–
southeast in the northern part and southwest–northeast in the
southern part (Figs. 1 and 2). The Kootenay Arc is characterized by
a decrease in stratigraphic age and increase in metamorphic
grade and structural complexity compared with the Purcell anti-
clinorium (Warren 1997; Moynihan and Pattison 2013). The strati-

graphic units of the Kootenay Arc can be subdivided into two
packages that are juxtaposed across a major tectonic boundary,
the Waneta fault (Fig. 2). On the eastern side of the fault Paleozoic
strata formed on the rifted margin of the ancestral North Ameri-
can margin (Devlin and Bond 1988). West of the fault Paleozoic
through Jurassic volcanic and sedimentary rocks of Quesnellia
are exposed (Fig. 2A).

The Priest River Complex (PRC) is a metamorphic core complex
(Doughty et al. 1998) that crops out predominantly in northern
Idaho and northeast Washington, but whose northern lobe (the
Selkirk Crest) extends into the study area between the Kootenay
Arc and Purcell anticlinorium (Fig. 1). The PRC exposes Archean
basement, Proterozoic strata metamorphosed to amphibolite–
granulite facies conditions, and Mesozoic plutonic suites. The PRC

Fig. 1. Location of the study area and regional geology of the southeastern Canadian Cordillera. Eocene core complexes are labeled on the
map as Priest River Complex, Okanagan, Grand Forks, Monashee, and Valhalla. The study area is highlighted by the white rectangular box.
The figure was created using Adobe Illustrator version 6 and modified after Moynihan and Pattison (2013). Base map originally after Wheeler
and McFeely (1991). [Colour online.]
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is bounded by two normal fault systems: the west-dipping Eastern
Newport fault and east-dipping Purcell Trench fault (Rhodes and
Hyndman 1984; Harms and Price 1992; Doughty et al. 1998;
Doughty and Price 1999, 2000; Fig. 1).

Structure and metamorphism
The region has been affected by at least three episodes of pen-

etrative deformation, spanning the Early Jurassic to Late Creta-
ceous (Webster and Pattison 2018 and references therein). In the

southwest of the area Early Jurassic deformation (D1) is character-
ized by major folds (F1) and an associated axial planar cleavage (S1)
that are crosscut by Middle Jurassic intrusions of the Nelson suite.
Jurassic structures are progressively overprinted northwards by
Early Cretaceous deformation (D2). The transition from D1 to D2
structures is manifested in a tightening of the Jurassic structures
and the development of pervasive ductile fabrics (S2) as deeper
structural levels are exposed (Leclair 1988; Webster and Pattison
2018). A third episode of deformation (D3), characterized by fold-

Fig. 2. (A) Simplified regional geology map of the Kootenay Lake region of southeastern British Columbia. Intrusive rock abbreviations: (1) Cretaceous
and younger plutons: ACP, Angus Creek stock; BP, Baldy pluton; CBS, Crawford Bay stock; CCG, Corn Creek gneiss; DPP, Drewry Point pluton; ES,
Emerald stock; FPS, Frying Pan stock; HCS, Heather Creek stock; HLS, Hall Lake stock; LCP, Lost Creek pluton; LHGS, Lake of the Hanging Glacier
stock; MCS, Midge Creek stock; MSP, Mount Skelly pluton; PG, unnamed “Paleocene Granite”; PS, Procter stock; RB, Rykert batholith; SACS, Sawyer
Creek stock; SAL, Salmo stock; SCS, Shaw Creek stock; SHS, Shoreline stock; SMP, Steeple Mountain pluton; SS, Summit stock; WCG, West Creston
gneiss; WCS, Wallach Creek stock; WUS, Wurrtemberg stock; (2) Jurassic plutons: BONNP, Bonnington pluton; GCS, Glacier Creek stock; JCP, Jersey
Creek phase of the Mine stock; MS, Mine stock; MTS, Mount Toby stock; PCS, Porcupine Creek stock; SC, Sheep Creek stock; WS, Wall stock. BCF,
Blazed Creek fault; HF, Huscroft fault; NCF, Next Creek fault; WF, Waneta fault. (B) A compilation map showing the distribution of regional and
contact metapelitic metamorphic zones in the Kootenay Lake region of southeastern British Columbia. The narrow belt of Barrovian metamorphic
zones dies out to the north of the map and extends southward into the Selkirk Crest Complex. U–Pb zircon dates for igneous rocks in the area are
also shown (references in the text). Underlying geology data from Cui et al. (2017). Maps modified from Webster et al. (2017). [Colour online.]
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ing and development of a penetrative schistosity (S3), is recorded
in rocks east of the above two regions, broadly bound by the
Blazed Creek – Next Creek and Purcell Trench faults (Fig. 2A). A
final episode of extension-related, ductile–brittle deformation af-
fected the region during the Paleocene to Eocene, resulting in the
development of a few large, discrete normal fault structures in-
cluding the Purcell Trench, Huscroft, Midge Creek, Blazed Creek,
and Next Creek faults (Fig. 2A).

An elongate domain of Barrovian metamorphism (Fig. 2B) ex-
tends from northern Kootenay Lake, southwards into Idaho
(Doughty and Chamberlain 2008; Moynihan and Pattison 2013;
Stevens et al. 2015; Webster and Pattison 2018). The belt can be
subdivided into two discrete, elongate, partly fault-bounded do-
mains of amphibolite facies metamorphic rocks that merge with
one another south of the west arm of Kootenay Lake (Fig. 2B).
Moynihan and Pattison (2013) mapped and defined a north–northeast-
trending belt of Early Cretaceous Barrovian metamorphism (144–
134 Ma; Moynihan 2012) that extends from northern Kootenay
Lake southwards to the footwall of the Midge Creek fault (Fig. 3).
A younger, south–southeast-trending belt of Late Cretaceous Bar-
rovian metamorphism (80–69 Ma; Webster and Pattison 2018) ex-
ists in the footwall of the Purcell Trench fault and continues south
into the United States. The interface of these two belts results in a
forked isograd pattern that is truncated to the west by the Midge
Creek fault and to the east by the Purcell Trench fault (Fig. 2B).

Major extensional structures
Major normal faults divide the region into discrete domains. In

northern Idaho, the Newport and Purcell Trench faults juxtapose
the Barrovian metamorphic rocks of the PRC against weakly meta-
morphosed Belt Purcell strata, Eocene conglomerates, and volca-
nic rocks (Doughty and Price 1999). A “U”-shaped area of lower
grade metamorphic rocks in the PRC (Fig. 1, Newport Plate) is
bound by the Newport fault system, consisting of the west-
dipping Eastern Newport fault and east-dipping Western Newport
fault (Rhodes and Hyndman 1984, 1988; Doughty and Price 2000;
Fig. 1). These faults are ductile–brittle detachment faults with
footwall mylonite zones up to 500 m thick (Harms and Price 1992;
Harms and Price 1993; Doughty and Price 2000). The Eastern New-
port fault continues north across the border and appears to merge
with the Blazed Creek fault.

The Huscroft fault (Figs. 2A and 2B) is a low-angle listric normal
fault in the footwall of the Purcell Trench fault. The fault zone
consists of a gently, north-dipping mylonitic foliation in the Ryk-
ert batholith that transitions northwards into a zone of extensive
brecciation and chloritization. The Rykert block in the hanging
wall of the Huscroft fault comprises overturned strata of the Al-
dridge and Creston Formations, metamorphosed to biotite and
garnet zone (Brown et al. 1995a; Webster and Pattison 2018). These
rocks contrast with sillimanite zone rocks beneath the fault
(Fig. 2B), implying a significant amount of displacement on the
fault. The Purcell Trench fault (PTF) cuts the Huscroft fault, there-
fore the throw on the PTF may be relatively modest (contrast
between garnet zone rocks in the Mount Rykert block, itself in the
footwall of the PTF, and chlorite/biotite zone rocks in the hanging
wall of the PTF). The ductile–brittle nature of the Huscroft fault

and normal sense of slip is similar to that observed south of the
border in the Newport fault system (Brown et al. 1995a).

The PTF is an Eocene, east-side-down, moderately to steeply
dipping (Barrett 1982; Doughty and Price 2000; Cook and van der
Velden 1995) normal fault that occupies the topographic depres-
sion that separates the Selkirk Mountains from the Purcell Moun-
tains of southeastern British Columbia (Rehrig et al. 1987;
Doughty and Price 2000). It forms the eastern boundary of the
Priest River metamorphic core complex and extends southwards
from the west arm of Kootenay Lake to Coeur d’Alene, Idaho, USA
(Miller and Engels 1975; Rhodes and Hyndman 1984; Rehrig et al.
1987). At the latitude of Creston, rocks in the hanging wall of the
PTF are chlorite- to biotite-zone metaturbidites of the Belt-Purcell
Supergroup that contain a well-developed, sub-vertical cleavage.
To the west, in the footwall of the fault, the rocks are polyde-
formed and typically contain the mineral assemblage sillimanite ±
kyanite ± staurolite + muscovite + biotite + quartz (Fig. 2B). North
of the west arm of Kootenay Lake, the sillimanite zone extends
across the Purcell Trench (occupied by Kootenay Lake), implying
that the PTF has died out across a tip zone in the vicinity of the
Crawford Bay stock (Fig. 2A).

The Blazed Creek fault (BCF, Fig. 2) was mapped by Rice (1941) as
a steeply dipping, north-striking fault. However, the mapping of
Daly (1912) and Brown et al. (1995a) as well as mapping conducted
for this study found no field evidence of the fault’s location. The
cryptic nature of the fault is likely due, in part, to poor exposure
and lack of good marker units. Evidence for the fault’s location
comes from the abrupt eastward decrease in K–Ar muscovite
dates across its speculated trace (97 to 70 Ma), and the appearance
of reverse discordance of K–Ar dates for mica pairs (biotite
date > muscovite date) east of the fault trace (Archibald et al. 1983,
1984). The fault trace also coincides with an eastward transition to
higher metamorphic grade and more complex structural style
(Webster and Pattison 2018).

The Next Creek fault (Fig. 2) is a steeply dipping, north–
northwest-trending fault located between the Middle Jurassic
Mine stock and Jersey Creek phase of the Mine stock (Fig. 2A).
Where exposed, the fault consists of several 10–20 m wide silici-
fied sericitic breccia zones. The fault terminates to the north
within a small undated syenite intrusion (mapped as part of the
McGregor suite of intrusions by Leclair 1988) that was emplaced
across the fault zone. To the south, the Next Creek fault appears to
merge with the Blazed Creek fault.

The Midge Creek fault (Fig. 2) is a steeply west-dipping fault that
was first interpreted by Leclair (1988) as an east-directed thrust
fault that was progressively steepened and locally overturned at
the highest structural levels. Vogl (1992) interpreted some later
west-side-down normal motion along the fault, after the emplace-
ment of the Nelson batholith “tail” (Fig. 2A). Moynihan and
Pattison (2013) interpreted the Midge Creek fault as one strand of
a larger Eocene, west-side-down, normal fault zone that encom-
passes the Gallagher, Lakeshore, and Josephine faults to the
north. There is an abrupt westward decrease in the grade of meta-
morphism, increase in age of metamorphism, and decrease in
structural complexity across the fault (Moynihan and Pattison
2013; Webster and Pattison 2018).

1Supplementary data are available with the article through the journal Web site at http://nrcresearchpress.com/doi/suppl/10.1139/cjes-2019-0131.

Fig. 3. Map showing new 40Ar/39Ar integrated dates, 40Ar/39Ar mica, feldspar, and hornblende dates from Jansen (1991) and Pickett (2013), and
K–Ar dates from Archibald et al. (1983, 1984). New data are indicated by a sample reference number before the dash followed by the date in
Ma, and the mineral dated where b = biotite (red dot), m = muscovite (yellow dot), h = hornblende (blue dot), ksp = K-feldspar (green star). An
“F” after the reference number indicates a furnace step-heating analysis. The reference number is used throughout the text and tables rather
than sample number. Sample numbers, reference numbers, and coordinates are listed in Supplementary Appendix A11. The section lines are
used in Fig. 7. Underlying geology data from Cui et al. (2017). [Colour online.]
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Plutonic rocks
The granitoid intrusions belong to larger Middle Jurassic to

Eocene intrusive suites that extend across southeastern British
Columbia (Ghosh 1995). The available U–Pb zircon dates and er-
rors for these intrusions are shown in Fig. 2B.

The Nelson suite of intrusive rocks predominates in the western
part of the area (Fig. 2A). They are Middle Jurassic I-type granitoids
that range in composition from tonalite to granite (Little 1960;
Ghosh and Lambert 1995) and were emplaced between ca. 174 and
159 Ma (Ghosh 1995; Webster et al. 2017). Texturally these rocks
are highly variable, ranging from medium- to coarse-grained and
equigranular to porphyritic. The compositional range in a pluton
is variable but overall these rocks are granodiorites with varying
amounts of biotite and hornblende (Archibald et al. 1983; Webster
et al. 2017). The Mine and Wall stocks locally contain up to 15%
epidote. Most of the Jurassic plutons cross-cut a pre-existing schis-
tosity and are, therefore, interpreted to have been emplaced fol-
lowing Jurassic folding, cleavage development, and low-grade
metamorphism (Webster and Pattison 2018). An exception is the
deformed southern extension of the Nelson batholith, which is
interpreted to have been deformed in the Cretaceous (Moynihan
and Pattison 2013; Webster and Pattison 2018).

The Bayonne Magmatic Suite (Logan 2001) was intruded in the
mid- to Late Cretaceous (118–76 Ma; Fig. 2B) and occurs predomi-
nantly in the southern and eastern portions of the region (Fig. 2A).
The composite Bayonne batholith investigated in this study strad-
dles Kootenay Lake and comprises the composite Mount Skelly
pluton east of Kootenay Lake and at least four phases (Fig. 2A) west
of the lake. In this batholith two-mica granites are common west
of Kootenay Lake (Brown et al. 1995b) and have not been reported
east of the Lake. These plutons are post-kinematic, generally
cross-cut earlier foliation and impose contact aureoles of varying
width. The southern Shaw Creek and Steeple Mountain plutons
have a local, marginal penetrative foliation that is restricted to
the outer few hundred metres (Brown et al. 1995a, 1995b). Inter-
nally, these plutons have complex gradational contacts with much
mixing and an abundance of aplite and pegmatite in the contact
zones (Leclair 1988). Subalkalic biotite or biotite–hornblende grano-
diorites with aplites and pegmatites are widespread as older phases
of composite plutons east of Kootenay Lake (Logan 2001; Logan and
Mann 2000). U–Pb zircon dates indicate that individual phases of the
Bayonne batholith range in age from 109 Ma (Mount Skelly pluton;
Webster et al. 2017) to 76 Ma (Shaw Creek stock; Parrish 1992).

Other small plutons of the Bayonne Magmatic Suite west of
Kootenay Lake (Fig. 2A) are typically medium- to coarse-grained,
equigranular, biotite or biotite–muscovite granites (Archibald
et al. 1983; Leclair 1988; Logan 2001; Webster et al. 2017). Most of
these plutons are massive and only locally show a minor foliation
near the contact and are considered to be post-kinematic. In con-
trast, the elongated Baldy pluton (Fig. 2A) is strongly foliated
throughout but cross-cuts regional folds and must have been em-
placed late synkinematically (Leclair 1988). East of Kootenay Lake,
plutons of the Bayonne Magmatic Suite include the composite Fry
Creek and White Creek batholiths (Reesor 1958, 1973) consisting
of coarse-grained, equigranular to porphyritic biotite, biotite–
muscovite or biotite–hornblende granodiorite to granite. Several
small post-kinematic plutons emplaced into the Purcell anticlino-
rium (Fig. 2A) are homogeneous biotite granites and have been
assigned to the Bayonne Magmatic Suite (Logan 2001). The young-
est plutons identified in the area, for which there are reliable
U–Pb zircon dates, are an unnamed Paleocene granite stock
within the Nelson batholith (Fig. 2A; 61 Ma; Sevigny and Parrish
1993) and the Crawford Bay stock (65 Ma; Moynihan 2012). Unde-
formed pegmatites along the shore of Kootenay Lake between
Crawford Bay and Riondel yield U–Pb zircon dates (69–63 Ma;
Moynihan 2012) and Rb–Sr muscovite dates (69–58 Ma; Archibald
et al. 1984) similar to the age of the Crawford Bay stock. Two suites
of younger, post-kinematic plugs and metre-scale dykes of syenite

and monzonite are found throughout the western part of the area,
comprising the McGregor and Coryell intrusive suites of Rice
(1941) and Little (1960). These rocks are melanocratic, vary from
fine- to coarse-grained and inequigranular to porphyritic, and lo-
cally contain olivine (Rice 1941; Archibald et al. 1983; Leclair 1988;
Carr 1992). Although common west of the Purcell Trench fault,
none have been reported east of Kootenay Lake.

Subdivison of the region into three domains
For the purposes of presentation and discussion of the geo-

chronology, we have divided the region of Fig. 2 centered on Koo-
tenay Lake, where most of the new thermochronology results
come from, into three mostly fault-bounded domains: a western
domain, central domain, and eastern domain. The domains differ
in age and style of structures and metamorphism, and age and
type of plutonic rocks.

The western domain is characterized by Jurassic structures and
low-grade metamorphism (biotite zone or lower). Plutonic rocks
are dominated by members of the mid-Jurassic Nelson suite, in-
cluding the Nelson batholith, but plutons of the mid-Cretaceous
Bayonne Magmatic Suite also occur.

The central domain is bound by the Midge Creek and related
faults and the Next Creek – Blazed Creek fault on the west, and by
the Purcell Trench fault on the east. The boundary with the west-
ern domain is gradational in the area between the Midge Creek
fault and Next Creek – Blazed Creek faults. Compared with the
western domain, the central domain is characterized by more
intense, ductile deformation and higher grades of Barrovian
metamorphism (up to sillimanite zone), which developed in the
mid- to Late Cretaceous. The central domain contains mainly Cre-
taceous plutons emplaced during and after the peak of deforma-
tion and metamorphism.

The eastern domain occurs to the east of the Purcell Trench,
which south of central Kootenay Lake is the locus of the Purcell
Trench fault. The eastern domain comprises Proterozoic rocks of
the Windermere and Belt-Purcell supergroups and is of low met-
amorphic grade (biotite zone or lower). Plutonic rocks in the east-
ern domain are mainly undeformed mid-Cretaceous batholiths
and plutons. North of the west arm of Kootenay Lake, the distinc-
tion between the central and eastern domains is lost because the
Purcell trench fault that separates them dies out in a tip zone
(Moynihan and Pattison 2013).

Sampling strategy and sample descriptions
Samples for 40Ar/39Ar thermochronology were collected by

Webster (2016) and were also selected from archived rock and
mineral-separate collections of Glover (1978), Archibald et al.
(1983, 1984), Leclair (1988) and Vogl (1992) for areas for which
40Ar/39Ar dating had not been done. The Nelson, Bayonne, and
Coryell igneous suites (see above) and selected metamorphic
rocks were included in the sampling. Transects approximately
perpendicular to fault zones were used to investigate thermal
histories within the domains and across domain-boundary nor-
mal faults. Sample locations are plotted on Fig. 3 using a reference
number rather than the sample number. Sample numbers and
UTM coordinates are listed by domain and reference number in
Supplementary Appendix A11. A petrographic overview of the an-
alyzed igneous and metamorphic rocks is given in Supplementary
Appendix A21 and electron microprobe analyses of representative
dated minerals are presented in Supplementary Appendices A3a
(overview), A3b (methods), A3c (amphibole), A3d (biotite), and A3e
(alkali feldspar analyses)1.

40Ar/39Ar analytical methods
The details of the preparation, irradiation and analytical meth-

ods used are presented in Supplementary Appendices A4 and A51.
With the exception of some mica and K-feldspar analyses done
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before 1992, all step-heating analyses were done using either an Ar
ion laser or a CO2 laser for heating and an MAP-216 mass spectrom-
eter for argon isotope analysis. For consistency with the large,
older data sets, all 40Ar/39Ar dates were calculated using the 40K
decay constant of Steiger and Jäger (1977) and flux monitor ages
published by Renne et al. (1998; GA1550 biotite), Jourdan et al.
(2006; Hb3gr hornblende) and, Roddick (1983; LP-6 biotite, for
some older analyses). Using the more recent decay constant of Min
et al. (2000) and the Fish Canyon sanidine reference age of Kuiper
et al. (2008) would increase these dates by �0.66%, which for most
of the dates in this study (<110 Ma) equates to �1 Myr or less. This
difference is negligible compared with the 1 to 3 Myr error in
existing K–Ar dates and up to 6 Myr error in some of the older
U–Pb zircon dates.

Given the complexity of the area, we adopt a conservative def-
inition of an acceptable plateau for a mica that might reasonably
be interpreted as a cooling date. In Isoplot (Ludwig 2008) we define
a plateau as three or more contiguous steps containing >80% of
the 39Ar released, with a probability of fit >0.01 and mean square
of weighted deviates (MSWD) < 2. Even if a minor episodic loss of
40Ar had occurred, as shown by McDougall and Harrison (1988;
p. 93; fig. 4.7), such a plateau is likely to be within a few percent of
a true cooling age and adequate for the purposes of the following
discussion. If the contiguous steps define a plateau region with
50% to 80% of the 39Ar released, it is referred to as a plateau
segment. Such spectra and those with <50% of the 39Ar defining a
plateau region typically have younger dates in the low tempera-
ture steps and a mid-temperature decrease in dates typical of
thermally overprinted micas (i.e., the spectra show a diffusion-
loss profile; McDougall and Harrison 1988; p. 94; fig. 4.8). Inverse
isochrons were routinely calculated to check for inherited 40Ar.
For an analysis yielding a non-atmospheric initial 40Ar/36Ar ratio,
the inverse isochron date is taken as the best estimate of the date
for the sample. Errors in dates shown in the tables and in the
figures represent the analytical precision at 2�, assuming that the
errors in the ages of the flux monitors are zero.

Summary of 40Ar/39Ar results and interpretation
For this study, 126 mineral separates were analyzed. 40Ar/39Ar

results for each sample are summarized in Table 1 by domain. The
analytical data for each step-heating analysis are presented in
Supplementary Appendices A41 (laser heating) and A51 (furnace
heating) and are listed in the order of the reference numbers used
in Table 1.

Most of the new dates are for samples from the southwest part
of Fig. 2. Figure 3 shows this area, the new 40Ar/39Ar integrated
dates (date preceded by the reference number used in Table 1) and
the K–Ar dates from Archibald et al. (1983, 1984). The 40Ar/39Ar
dates are discussed in more detail in Supplementary Appendix 61

by domain and subdomain. Representative age spectra for the
domains are shown in Figs. 4, 5 and 6, and integrated dates are
shown on cross-sections of the area in Fig. 7 (section lines on
Fig. 3). Plateau and inverse isochron dates used in the following
discussion are shown in Table 1.

The oldest 40Ar/39Ar hornblende, muscovite, and biotite dates
for the Nelson and Bayonne suite rocks approach the U–Pb zircon
dates for the pluton, and age spectra for micas are, or approach,
ideal plateaus. Micas in the hanging wall rocks near the major
normal faults (Fig. 3) yield younger dates and disturbed 40Ar/39Ar
spectra (e.g., Fig. 7, Line B–B=). In the eastern and western domains
several small, post-kinematic plutons mapped as part of the Bay-
onne Magmatic Suite (Fig. 2A) yielded concordant biotite and mus-
covite plateau dates that fall into one of four populations at ca.
102 Ma, 80 Ma, 75 Ma, or 65 Ma. In the central domain, 40Ar/39Ar
plateau dates for micas define a linear, north–south zone of Late
Cretaceous to Eocene cooling. In the south, mica plateau dates
decrease across this zone from ca. 66 Ma in the west to 46 Ma in

the east near the PTF (Fig. 3 and Fig. 7, Line B–B=). Within the
southern part of this zone, rocks in the Rykert block (hanging wall
of the Huscroft fault; Fig. 3 and Fig. 7, Line C–C=) have older mica
dates than those in the footwall. In zones of gradual transition to
adjoining domains at higher structural levels (e.g., north of the
termini of the Next Creek and Purcell Trench faults, Fig. 2A),
micas with dates less than 75–70 Ma yield plateaus, whereas those
with older dates generally yield disturbed spectra. Coryell syenite
dykes and lamprophyres in the southern parts of the western and
central domains have biotite plateau dates between 53 and 51 Ma.

Discussion of the thermal and exhumation history
of the domains

In the sections below, we interpret the above results and discuss
the implications for the thermal and exhumation history of the
Omineca Belt in this part of southeastern British Columbia. We
combine the new and existing geochronological and thermo-
chronological data with calculated closure temperatures and one-
dimensional thermal (1-DT) models to investigate the thermal and
uplift history of the three domains.

Closure temperatures
The closure temperatures for argon diffusion in micas and

hornblende needed to construct a thermal history were calculated
using the iterative equation developed by Dodson (1973; eq. 24),
and generally accepted experimentally determined, diffusion pa-
rameters (hornblende; Harrison 1982; muscovite, Harrison et al.
2009; biotite, Grove and Harrison 1996). We used the same diffu-
sion parameters for igneous and metamorphic biotite because
the compositions of the biotites (Supplementary Appendix A3d1)
are similar and fall within the compositional field of biotites that
have been used for diffusion experiments (e.g., Grove and Harrison
1996; their fig. 1). We assumed a diffusion radius of 80 �m for horn-
blende (Harrison 1982) and for micas, a diffusion radius propor-
tional to the actual crystal size used for the step-heating analyses
(�250 �m for igneous micas and �100 �m for metamorphic mi-
cas). Cooling rates for different plutons were estimated from pla-
teau dates and commonly assumed closure temperatures (e.g.,
hornblende, 500 °C, muscovite, 350 °C and 280 °C; McDougall and
Harrison 1988). As illustrated by van Rooyen and Carr (2016; their
fig. 4), because the cooling rate and diffusion radius appear in a
logarithmic term, for moderate to high cooling rates and grain
sizes such as ours, the calculated closure temperature is relatively
insensitive to either parameter. For example, changing the cool-
ing rate from 50 to 100 °C/Myr increases the calculated closure
temperature by 11 °C for a biotite crystal with a radius of 250 �m
and 14 °C for a hornblende. To accommodate uncertainty in these
parameters we assume an error of 20 °C for micas and 25 °C for
hornblende in the following discussion.

Alkali feldspar was step-heated to provide information about
the low temperature thermal history (100–300 °C). We used the
multi-domain diffusion (MDD) approach of Lovera et al. (1989),
Lovera et al. (1991), and Lovera (1992) to recover closure tempera-
tures and ages for discrete diffusion domains in alkali feldspar
grains. The procedure is the same as that outlined by Vanderhaeghe
et al. (2003). The analytical data for the alkali feldspars are presented
in Supplementary Appendix A5c1 and the MDD modelling results are
presented in Supplementary Appendix A71.

Fission track dates for apatite and zircon from the Nelson
Batholith have been reported by Sweetkind and Duncan (1989)
and we make use of their data to estimate additional low temper-
ature control. As noted by these authors their dates show no geo-
graphic variation but are correlated with elevation of the samples.
Our western domain overlaps their study area in the Nelson
batholith, and we assume that their results are representative of a
broader region. We have therefore used their age vs. elevation
data to calculate fission track “zircon dates” for samples in our
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Table 1. Summary of new 40Ar/39Ar step-heating results.

Domain

Reference

numbera Sample Unit Rock type

Elevation

(m a.s.l.)

Mineral

analyzedb

Grain

diameterc (�m)

Integrated

date (Ma) ±2� (Ma)

Plateau

date (Ma) ±2� (Ma)

Western domain (WD)
WD North 1 JVL-22 Nelson batholith Granodiorite 2142 Hb 125–180 149.2 0.8 148.5 0.4
WD North 2 H-12 Nelson batholith Granodiorite 2256 Bt 250–500 121.6 1.0 121.6 0.5
WD North 3 JV91-CW16 Nelson batholith Granodiorite 1717 Bt 250–500 136.2 0.8 142.0 0.5
WD North 4 JVOC-6 Nelson batholith Granodiorite 1502 Bt 250–500 134.5 0.7 136.1 0.5
WD North 5 JVOC-6 Nelson batholith Granodiorite 1502 Hb 125–180 188.5 1.1 N/A N/A
WD South 6 EW12WS07 Wurttemberg stock Granodiorite 2134 Bt 250–500 106.6 1.4 107.4 0.5
WD South 7 EW11PC01 Porcupine Creek stock Monzodiorite 1447 Hb 125–180 141.7 1.5 N/A N/A
WD South 8 EW11PC09 Dyke Lamprophyre 1347 Bt 250–500 50.8 0.6 50.5 0.6
WD South 9 99JLO-30-303 Vein Muscovite-quartz vein 1150 Ms 250–500 113.4 1.2 113.4 0.5
WD South 10 99JLO-31-311-2 Emerald stock Greisen in Bt-Ms granite 1194 Ms 250–500 100.2 0.3 101.0 0.3
WD South 11 99JLO-31-310 Vein in Emerald stock Endoskarn 1271 Bt 250–500 100.4 1.9 105.9 1.2
WD South 12 99JLO-31-309 Emerald stock Altered Bt leucogranite 1210 Bt 250–500 101.9 1.1 102.4 0.4
WD South 13 A-176 Lost Creek pluton Granite 1980 Ms 250–500 99.7 1.2 99.7 0.4
WD South 14 A-26 Summit stock Granite 1551 Ms 250–500 102.6 1.2 102.5 1.2
WD South 15 A-198 Pegmatite in Monk Fm. Sillimanite zone pelite 1981 Ms 250–500 168.1 1.1 168.1 0.7
WD South 16 A-202 Mine stock Granodiorite 1990 Hb 125–180 170.3 0.7 169.0 0.6
WD South 17 A-139 Mine stock Granodiorite 1835 Hb 125–180 172.0 0.9 169.7 0.8
WD South 18 99JLO-29-301-1 Mine Stock (Bayonne Au Mine) Vein selvage in granodiorite 1970 Ms 250–500 145.4 1.5 N/A N/A
WD South 19 A-152 Mine stock Granodiorite 1986 Hb 125–180 174.4 0.9 N/A N/A
WD South 20 A-152 Mine stock Granodiorite 1986 Bt 250–500 166.0 0.8 167.0 0.5
WD South 21 A-149 Mine stock Granodiorite 1800 Hb 125–180 167.7 0.8 167.2 0.5
WD South 22 K-75-15 Mine stock Granodiorite 1311 Hb 125–180 168.0 0.7 167.5 0.5
WD South 23 Z-79 Mine stock Granodiorite 1786 Hb 125–180 168.3 0.8 168.0 0.7
WD South 24 DBR95-123 Vein Conglomerate 1709 Ms 250–500 164.7 0.7 165.0 0.6
WD South 25 EW11BL02 Toby Fm. Metaconglomerate 1320 Ms 125–200 133.4 2.0 124.1 1.0
WD South 26 PST94-316 Dyke Lamprophyre 1498 Bt 250–500 53.4 0.4 53.5 0.2
WD South 27 A-189 Wall stock Granodiorite 1383 Hb 125–180 171.9 0.9 169.2 0.6
WD South 28 L397RA-1-81 Wall stock Granodiorite 2255 Bt 250–500 153.4 1.9 150.2 0.9
WD South 29 L397RA-1-81 Wall stock Granodiorite 2255 Hb 125–180 195.4 2.5 188.0 1.4
WD South 30 L398RA-1-81 Wall stock Granodiorite 2224 Bt 250–500 150.7 1.8 N/A N/A
WD South 31 L398RA-1-81 Wall stock Granodiorite 2224 Hb 125–180 152.6 1.8 N/A N/A
WD South 32 EW12NW10 Wall stock Granodiorite 1873 Bt 250–500 137.8 1.7 N/A N/A

Central domain (CD including the Huscroft fault hanging wall rocks)
HF HW 33 DBR94-146 Creston Fm. Metasediments 1714 Ms 125–200 70.0 1.7 71.7 1.8
HF HW 34 DBR97-X Aldridge Fm. Metasediment 1592 Ms 125–200 64.7 0.5 64.6 0.5
HF HW 35 EW13DG01 Moyie sill Gabbroic sills 1573 Hb 125–180 137.2 1.8 100.4 1.4
HF HW 36 PST94-021 Aldridge Fm. Metasediments 1568 Bt 125–200 56.1 1.0 60.4 1.2
HF HW 37 PST94-021 Aldridge Fm. Metasediments 1568 Ms 125–200 57.5 0.5 57.5 0.4
HF HW 38 EW13DG05 Aldridge Fm. Metapelite 1650 Bt 125–200 123.4 0.8 N/A N/A
HF HW 39 EW12CC39 Moyie sill Gabbroic sills 548 Hb 125–180 120.4 3.0 90.7 1.8
HF HW 40 DBR94-415 Creston Fm. Metasediments 545 Ms 125–200 67.4 0.8 59.9 0.9
CD South 41 DBR95-103 Dyke in Creston Fm. Bt-Ms Granite 992 Ms 250–500 69.7 0.7 N/A N/A
CD South 42 EW11BC03 Aldridge Fm. Metasediment 934 Ms 125–200 60.4 0.7 60.4 0.2
CD South 43 EW11TC25 Middle Aldridge Fm. Metawacke/pelite 1660 Ms 125–200 58.3 0.7 57.7 0.7
CD South 44 A-74 Next Creek fault in Mine St Sericitic Granodiorite 1898 Ms 250–500 68.3 0.6 67.7 0.6
CD South 45 DBR95-76 Coryell dyke Melano-syenite 1452 Bt 250–500 52.9 0.3 52.8 0.3
CD South 46 L935RA-1-8X Shaw Creek stock Leucogranodiorite 2163 Bt 250–500 52.7 0.7 N/A N/A
CD South 47 L937RA-2-83 Shaw Creek stock Leucogranodiorite 2105 Ms 250–500 57.4 0.7 57.0 0.4
CD South 48 L937RA-1-83 Shaw Creek stock Leucogranodiorite 2105 Bt 250–500 55.8 1.3 N/A N/A
CD South 49 L89RA-1-81 Shaw Creek stock Leucogranodiorite 1912 Bt 250–500 55.0 1.7 54.8 1.2
CD South 50 L938RA-1-83 Steeple Mt pluton Monzogranite 2050 Bt 250–500 55.3 0.8 N/A N/A
CD South 51 L938RA-1-83 Steeple Mt pluton Monzogranite 2050 Ms 250–500 55.0 0.7 54.8 0.3
CD South 52 L939RA-3-83 Steeple Mt pluton Monzogranite 2341 Ms 250–500 52.8 0.8 52.6 0.5
CD South 53 L939RA-2-83 Steeple Mt pluton Monzogranite 2341 Bt 250–500 54.1 1.1 54.5 0.7
CD South 54 L940RA-1-83 Steeple Mt pluton Monzogranite 2314 Bt 250–500 53.8 0.6 53.8 0.6
CD South 55 L436RA-1-81 Steeple Mt pluton Monzogranite 552 Ms 250–500 51.1 0.7 50.9 0.4
CD South 56 L436RA-1-81 Steeple Mt pluton Monzogranite 552 Bt 250–500 46.0 0.7 46.2 0.4
CD North 57 L916RA-1-83 Drewry Point pluton Granodiorite 1840 Bt 250–500 88.9 1.5 N/A N/A
CD North 58 L351RA-1-81 Drewry Point pluton Granodiorite 2000 Bt 250–500 50.4 0.8 N/A N/A
CD North 59 L351RA-1-81 Drewry Point pluton Granodiorite 2000 Ms 250–500 54.5 1.5 54.3 1.1
CD North 60 L475RA-1-82 Drewry Point pluton Granodiorite 1250 Bt 250–500 54.5 0.9 54.8 0.6
CD North 61 L362RA-1-81 Drewry Point pluton Granodiorite 1883 Bt 250–500 52.5 0.7 52.5 0.2
CD North 62 L354RA-1-81 Drewry Point pluton Granodiorite 2054 Bt 250–500 52.6 1.2 52.9 0.9
CD North 63 L355RA-1-81 Drewry Point pluton Granodiorite 2095 Bt 250–500 56.8 0.9 57.0 0.5
CD North 64 L356RA-1-81 Drewry Point pluton Granodiorite 2061 Bt 250–500 52.4 1.1 52.6 0.7
CD North 65 L360RA-1-81 Drewry Point pluton Granodiorite 1884 Bt 250–500 52.0 0.9 52.2 0.5
CD North 66 L357RA-1-81 Drewry Point pluton Granodiorite 1865 Ms 250–500 54.2 1.8 53.9 1.5
CD North 67 L357RA-1-81 Drewry Point pluton Granodiorite 1865 Bt 250–500 54.2 1.6 54.2 1.2
CD North 68 L497RA-1-82 Drewry Point pluton Granodiorite 1082 Bt 250–500 51.7 0.7 N/A N/A
CD North 69 L371RA-1-81 Horsethief Creek Fm. Metapelite 1828 Ms 125–200 51.7 1.2 51.4 0.9
CD North 70 L371RA-1-81 Horsethief Creek Fm. Metapelite 1828 Bt 125–200 49.9 0.8 50.1 0.5
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%39Ar on

plateau

MSWD for

plateau

dated

Inverse

isochron

dated (Ma) ±2� (Ma)

Initial
40Ar/36Ar

MSWD for

inverse

isochron

No. of steps

used (total no.

of steps)

Ca/K ratios

from 37Ar/39Are

Ca/K ratios

by EMP J value ±1�

92.3 1.60 147.7 1.3 379 ± 90 1.50 10 (16) 5.4 5.81 0.005609 0.000013
82.3 0.69 122.1 1.1 275 ± 17 0.96 16 (17) — — 0.005572 0.000022
66.6 2.20 139.0 2.7 421 ± 100 1.06 7 (14) — — 0.005612 0.000013
60.8 0.79 N/A N/A N/A N/A N/A — — 0.005613 0.000013
N/A N/A 160.5 9.9 702 ± 170 1.80 9 (15) 7.1 — 0.005610 0.000013
94.7 0.66 107.4 2.5 304 ± 140 0.71 16 (18) — — 0.003689 0.000022
N/A N/A 159.0 6.0 297 ± 24 35.00 6 (21) 5.7 5.84 0.003696 0.000020
83.1 4.20 50.3 0.6 416 ± 767 2.20 6 (9) — — 0.003695 0.000020
71.4 1.80 113.5 1.4 316 ± 36 1.90 11 (12) — — 0.007424 0.000039
85.0 0.30 101.1 1.1 241 ± 50 0.10 11 (15) — — 0.007470 0.000039
72.3 0.81 107.7 2.2 280 ± 10 0.83 6 (9) — — 0.007458 0.000039
98.0 0.50 102.6 1.1 285 ± 13 0.79 12 (16) — — 0.007441 0.000039
100.0 0.78 99.2 1.5 305 ± 17 0.74 16 (16) — — 0.003699 0.000022
100.0 0.91 102.4 1.2 298 ± 14 0.97 16 (16) — — 0.003698 0.000022
100.0 0.54 166.7 2.2 314 ± 27 0.41 13 (14) — — 0.006624 0.000017
76.1 0.78 167.5 0.8 447 ± 33 1.40 14 (15) 6.2 5.96 0.003672 0.000005
58.5 2.00 166.2 2.3 517 ± 130 1.60 12 (14) 6.5 6.62 0.003674 0.000006
N/A N/A 150.4 2.4 338 ± 39 2.80 8 (21) — — 0.007417 0.000039
N/A N/A 166.7 2.3 896 ± 220 1.16 12 (13) 5.9 5.87 0.003672 0.000006
83.7 0.94 167.4 4.0 295 140 1.07 8 (13) — — 0.004076 0.000008
99.9 0.75 166.1 0.6 827 ± 260 1.50 15 (15) 6.2 5.17 0.003674 0.000006
99.8 1.70 166.7 0.9 373 ± 47 1.40 17 (18) 5.9 6.06 0.003673 0.000005
99.8 1.12 167.0 1.7 402 ± 120 1.09 11 (11) 6.5 6.32 0.003674 0.000005
96.4 1.60 164.4 1.4 319 ± 44 1.70 6 (10) — — 0.008098 0.000022
50.5 1.11 N/A N/A N/A N/A N/A — — 0.003687 0.000022
73.6 1.50 53.5 0.4 297.3 ± 5.40 1.60 9 (11) — — 0.008117 0.000022
64.6 1.90 167.0 1.7 536 ± 1.7 1.60 6 (13) 7.1 7.22 0.003674 0.000008
56.2 2.20 N/A N/A N/A N/A N/A — — 0.003733 0.000022
60.3 1.60 177.8 5.5 503 ± 64 1.60 11 (18) 7.0 N/A 0.003705 0.000022
N/A N/A N/A N/A N/A N/A N/A — — 0.003721 0.000022
N/A N/A 161.0 2.5 304 ± 18 0.45 7 (20) 5.6 N/A 0.003705 0.000022
N/A N/A N/A N/A N/A N/A N/A — — 0.003694 0.000022

65.5 1.64 N/A N/A N/A N/A N/A — — 0.008081 0.000022
82.6 3.20 64.1 1.3 324 ± 56 3.20 9 (11) — — 0.008155 0.000025
76.9 3.1 81.0 11.0 1187 ± 300 2.80 14 (20) 16.1 19.10 0.003693 0.000021
52.9 0.84 N/A N/A N/A N/A N/A — — 0.008127 0.000023
64.5 0.80 56.0 2.0 717 ± 1500 0.80 8 (15) — — 0.008122 0.000023
N/A N/A N/A N/A N/A N/A N/A — — 0.005611 0.000013
76.7 1.80 79.0 11.0 701 ± 250 1.50 14 (16) 29.4 24.29 0.003685 0.000022
44.3 1.3 63.1 3.2 236 ± 70 16.00 6 (10) — — 0.008093 0.000022
N/A N/A 64.7 2.9 711 ± 240 0.38 9 (13) — — 0.006985 0.000009
78.7 1.13 60.5 0.9 290 ± 120 1.30 10 (14) — — 0.003686 0.000022
36.7 0.32 58.3 1.1 279 ± 9 6.90 5 (5) — — 0.003690 0.000022
60.1 0.45 66.5 1.1 410 ± 61 0.25 11 (14) — — 0.005577 0.000021
53.9 1.15 52.8 0.3 268 ± 15 2.00 9 (10) — — 0.008085 0.000022
N/A N/A N/A N/A N/A N/A N/A — — 0.003734 0.000019
74.7 0.28 57.0 0.7 310 ± 16 1.20 11 (11) — — 0.003736 0.000019
N/A N/A N/A N/A N/A N/A N/A — — 0.003737 0.000022
100.0 0.22 54.7 1.7 299 ± 30 0.29 4 (4) — — 0.003741 0.000022
N/A N/A N/A N/A N/A N/A N/A — — 0.003735 0.000022
81.9 1.50 54.3 0.8 320 ± 18 0.72 13 (13) — — 0.003735 0.000022
100.0 0.50 52.5 0.8 317 ± 41 0.43 11 (11) — — 0.003720 0.000022
100.0 0.83 54.6 1.0 286 ± 14 0.46 4 (4) — — 0.003712 0.000022
100.0 0.27 53.9 0.9 290 ± 25 0.31 4 (4) — — 0.003715 0.000022
97.8 0.97 50.9 0.9 295 ± 24 1.13 13 (13) — — 0.003732 0.000022
94.5 1.18 46.4 0.7 274 ± 18 1.12 4 (4) — — 0.003733 0.000022
N/A N/A N/A N/A N/A N/A N/A — — 0.003745 0.000028
N/A N/A N/A N/A N/A N/A N/A — — 0.003727 0.000022
100.0 0.27 53.8 2.0 317 ± 63 0.22 8 (8) — — 0.003726 0.000022
100.0 1.20 55.1 0.9 272 ± 26 0.47 4 (4) — — 0.003716 0.000022
90.9 1.06 52.7 0.7 267 ± 19 1.70 8 (8) — — 0.003713 0.000022
100.0 0.77 53.2 1.1 277 ± 27 0.48 5 (5) — — 0.003714 0.000022
100.0 0.41 57.1 0.9 276 ± 35 0.10 4 (4) — — 0.003719 0.000022
100.0 1.07 52.8 0.9 286 ± 15 0.44 6 (6) — — 0.003730 0.000022
100.0 0.77 52.3 0.8 288 ± 17 0.76 4 (4) — — 0.003717 0.000022
100.0 0.69 52.6 3.4 341 ± 89 0.06 3 (3) — — 0.003722 0.000022
100.0 0.07 54.2 1.9 294 ± 35 0.07 8 (8) — — 0.003723 0.000022
N/A N/A N/A N/A N/A N/A N/A — — 0.003706 0.000022
100.0 0.64 50.9 1.5 318 ± 51 0.56 5 (5) — — 0.003725 0.000022
100.0 0.49 50.3 0.9 283 ± 35 1.90 4 (4) — — 0.003724 0.000022
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domains based on sample elevation and assume closure temper-
atures in the range of 200–225 °C.

Apatite fission track dates have been reported for two sites in
the Mount Skelly pluton and one site in the Angus Creek stock in
the eastern domain (Roach 1984; Queen 1985) for which we have

40Ar/39Ar dates. The fission track apatite dates are used to control
the lowest temperature part of the thermal history (�110 °C). The
dates, 2� errors, and estimated closure temperatures for all of the
above mineralogical–isotopic systems, which are used in the fol-
lowing discussion and figures, are listed and referenced in

Table 1 (concluded).

Domain

Reference

numbera Sample Unit Rock type

Elevation

(m a.s.l.)

Mineral

analyzedb

Grain

diameterc (�m)

Integrated

date (Ma) ±2� (Ma)

Plateau

date (Ma) ±2� (Ma)

CD North 71 L734-RA-1-82 Baldy pluton aureole Amphibolite (Lardeau Grp) 1775 Hb 125–180 162.1 1.1 137.6 1.2
CD North 72 L346RA-1-81 Baldy pluton aureole Amphibolite 1770 Bt 250–500 56.7 1.4 56.6 1.1
CD North 73 L274-RA-1-81 Midge Creek stock aureole Amphibolite (Hamill Grp) 2100 Hb 125–180 126.4 3.2 104.7 3.5
CD North 74 L336RA-1-81 Baldy pluton Granodiorite 1932 Bt 250–500 54.9 1.1 54.8 0.8
CD North 75 L337RA-1-81 Baldy pluton Granodiorite 1770 Bt 250–500 54.5 0.9 54.9 0.5
CD North 76 L269RA-1-81 Midge Creek stock Leucogranodiorite 1930 Bt 250–500 54.3 1.1 54.5 0.7
CD North 77 L870RA-1-83 Midge Creek stock Leucogranodiorite 1636 Bt 250–500 61.7 0.8 61.8 0.4
CD North 78 L871RA-1-83 Midge Creek stock Leucogranodiorite 1412 Bt 250–500 59.1 0.9 59.5 0.9
CD North 79 L322RA-1-81 Hammill Fm. Quartzite in aureole 1798 Bt 125–200 53.4 1.3 N/A N/A
CD North 80 L873RA-1-8X Midge Creek stock Leucogranodiorite 1593 Bt 250–500 59.1 0.8 59.4 0.4
CD North 81 L299RA-1-81 Midge Creek stock Leucogranodiorite 1670 Bt 250–500 68.6 1.0 N/A N/A
CD North 82 L298RA-1-81 Midge Creek stock Leucogranodiorite 1592 Ms 250–500 72.0 0.9 N/A N/A
CD North 83 L240RA-1-81 Three Sisters Fm. Quartzite 2034 Bt 125–200 70.4 0.9 70.7 0.4

Eastern domain (ED)
ED South 84 DAA95-2-4 Dyke in Bt-Hb granodiorite Bt Granite 596 Bt 250–500 70.6 0.4 72.7 0.5
ED South 85 A-89 Mount Skelly pluton Greisen 568 Ms 250–500 90.7 0.4 89.2 0.5
ED South 86 A-91 Mount Skelly pluton Greisen 572 Ms 250–500 94.4 0.4 93.8 0.3
ED South 87 DA-83-58-BB Mount Skelly pluton Granodiorite 1860 Bt 250–500 100.2 0.5 102.5 0.8
ED South 88 99JLO-23-250-1 Dyke Bt lamprophyre 1239 Bt 250–500 69.4 6.8 57.9 1.0
ED South 89 99JLO-23-246 Mount Skelly pluton Sericite vein in monzonite 1239 Ms 250–500 94.9 1.1 97.3 0.6
ED South 90 99JLO-22-244-3 Mount Skelly pluton Sericite vein in monzonite 1283 Ms 250–500 101.3 1.1 100.7 0.5
ED South 91 A-72 Mount Skelly pluton Bt-Hb granite 1585 Hb 125–180 129.3 2.9 N/A N/A
ED South 92 99JLO-26-284-2 Mount Skelly pluton Bt-Hb monzogranite dyke 1924 Bt 250–500 98.0 1.4 103.7 1.2
ED South 93 99JLO-18-190-2 Mount Skelly pluton Sericitic fracture selvage 1832 Ms 250–500 96.5 1.3 96.7 0.8
ED South 94 99JLO-18-190-2 Mount Skelly pluton Bt monzogranite 1832 Bt 250–500 92.7 1.1 N/A N/A
ED South 95 99JLO-18-190 Mount Skelly pluton Bt-Ms-Gt pegmatite 1832 Ms 250–500 97.8 1.4 97.9 0.9
ED South 96 99JLO-18-190 Mount Skelly pluton Bt-Ms-Gt pegmatite 1832 Bt 250–500 90.2 2.0 92.3 1.3
ED South 97 99JLO-27-287 Mount Skelly pluton Qtz-Tm-Ms vein 1900 Ms 250–500 98.3 1.1 98.0 0.4
ED South 98 99JLO-20-223 Dyke Bt lamprophyre 1855 Bt 250–500 73.9 1.9 80.5 2.8

Results for samples outside the limits of Fig. 3
WD South 99 99JLO-32-322 Bonnington pluton Sericitic vein selvage 1259 Ms 250–500 106.4 1.1 107.4 0.4
ED South 100 DA-83-48-BB Mount Skelly pluton Monzonite 1740 Bt 250–500 98.9 0.8 99.4 0.4
ED South 101 DA-83-15-AC Angus Creek stock Granodiorite 2065 Ms 250–500 108.6 0.6 108.9 0.3
ED South 102 DA-84-16-HL Hall Lake stock Granodiorite 2284 Ms 250–500 76.7 0.4 76.3 0.3
ED South 103 DA-84-16-HL Hall Lake stock Granodiorite 2284 Bt 250–500 76.3 0.6 76.2 0.4
ED North 104 A-204 Sawyer Creek stock Granite 1500 Bt 250–500 65.9 0.9 65.9 0.3
ED North 105 84-DA-1 White Creek batholith Leucogranite 2470 Bt 250–500 91.31 0.47 91.92 0.3
ED North 106 84-DA-2 White Creek batholith Leucogranite 2302 Bt 250–500 91.3 0.4 94.8 0.5
ED North 107 84-DA-11 White Creek batholith Leucogranite 2606 Bt 250–500 72.6 0.6 72.8 0.3
ED North 108 HT-18 Frying Pan stock Granite 2469 Ms 250–500 80.1 0.6 79.5 0.6
ED North 109 HT-18 Frying Pan stock Granite 2469 Bt 250–500 80.8 0.7 80.7 0.3
ED North 110 HT-17 Lake-of-the-Hanging Glacier stock Granite 2500 Ms 250–500 76.0 0.6 75.6 0.3
ED North 111 HT-17 Lake-of-the-Hanging Glacier stock Granite 2500 Bt 250–500 75.7 0.6 75.8 0.2

Results of analyses using furnace step-heating
WD North 112 H-11 Nelson Batholith tail Deformed granodiorite 1933 Bt 125–180 111.5 1.0 113.2 1.0
WD South 113 DA-91-2 Coryell plug Syenite 996 Bt 420–1000 52.0 0.6 51.7 0.4
WD South 114 DA-83-29c-IV Irene Fm. Metabasalt 1890 Bt 125–200 159.4 1.2 N/A N/A
ED South 115 K-75-2 Mount Skelly pluton Granodiorite 570 Bt 250–500 90.6 0.6 91.9 0.4
ED South 116 K-75-4 Mount Skelly pluton Granodiorite 991 Bt 250–500 78.9 0.5 78.0 0.9
ED South 117 DA-85-7-BB Mount Skelly pluton Pegmatite 991 Ms 250–500 100.2 1.2 99.5 1.6
ED North 118 DA-84-5-SC Sawyer Creek stock Granite 1387 Ms 250–500 65.2 1.2 64.8 0.3
ED North 119 84-DA-12 Fry Creek batholith Granite 2740 Bt 250–500 60.1 0.7 61.0 0.4
ED North 120 DA-84-3-FC Fry Creek batholith Granite 1785 Bt 250–500 59.2 0.8 59.2 0.5
CD North 121 DA-84-8-FC Fry Creek batholith Granite 671 Ms 250–500 53.2 0.3 53.3 0.3
CD South 122 A-115 Rykert batholith Granodiorite 1067 Ksp 250–500 46.2 4.2 37.1 0.6
ED South 123 K-75-2 Mount Skelly pluton Granodiorite 570 Ksp 150–200 51.7 2.3 N/A N/A
ED South 124 DA-83-48-BB Mount Skelly pluton Granodiorite 1740 Ksp 150–200 79.4 7.8 N/A N/A
ED South 125 DA-83-15-AC Angus Creek stock Granite 2065 Ksp 150–200 79.2 0.7 N/A N/A
ED North 126 84-DA-1 White Creek batholith Granodiorite 2470 Ksp 125–150 54.3 1.0 N/A N/A

Note: a.s.l., above sea level; EMP, electron microprobe; Fm, Formation; Grp, Group; HF, Huscroft fault; HW, hanging wall; Mt, mountain; N/A, not applicable.
aThe reference number is used to identify samples on Fig. 3 and locate analytical data in Table A41.
bMinerals dated in this study are hornblende (Hb), muscovite (Ms), biotite (Bt), and K-feldspar (Ksp).
cThis column lists the grain size range of the material selected for irradiation. The largest, pure, well-formed grains in the range were selected for step-heating analysis.
dMSWD, Mean square of weighted deviates. All plateau and inverse isochron age determinations were calculated using Isoplot 3.6 (Ludwig 2008).
eThe calculated Ca/K ratios from 40Ar/39Ar analyses of hornblende are for the plateau or high temperature steps. Electron microprobe analyses of amphiboles are

given in Supplementary Table A2a1.
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Supplementary Appendices A8, A9, and A101. For completeness,
the U–Pb zircon and monazite dates are included in these tables.
These dates represent the temperatures at which the minerals
formed rather than closure temperatures. Zircon dates are as-

signed a temperature of 825 °C (i.e., a temperature above the soli-
dus of magmas of an intermediate composition). Monazite is
assigned a temperature of 650 °C based on the fact that it grew at
peak metamorphic conditions as established by Webster et al. (2017).

%39Ar on

plateau

MSWD for

plateau

dated

Inverse

isochron

dated (Ma) ±2� (Ma)

Initial
40Ar/36Ar

MSWD for

inverse

isochron

No. of steps

used (total no.

of steps)

Ca/K ratios

from 37Ar/39Are

Ca/K ratios

by EMP J value ±1�

44.2 1.43 121.9 5.2 765 ± 120 0.58 8 (14) 7.8 8.01 0.003674 0.000008
100.0 0.60 56.6 1.5 296 ± 80 0.91 4 (4) — — 0.003744 0.000022
61.4 0.55 84.4 4.1 476 ± 15 1.02 16 (21) 29.5 32.43 0.003674 0.000008
100.0 0.10 54.9 1.3 292 ± 48 0.14 4 (4) — — 0.003740 0.000022
99.5 0.35 54.7 2.9 319 ± 170 0.23 9 (11) — — 0.003743 0.000022
100.0 0.12 54.7 1.1 280 ± 47 0.03 5 (5) — — 0.003742 0.000022
100.0 0.62 61.8 0.9 294 ± 31 0.68 12 (12) — — 0.003707 0.000022
91.5 N/A N/A N/A N/A N/A N/A — — 0.003742 0.000022
N/A N/A N/A N/A N/A N/A N/A — — 0.003744 0.000022
96.2 0.25 59.4 1.1 297 ± 120 0.49 3 (4) — — 0.003733 0.000022
N/A N/A N/A N/A N/A N/A N/A — — 0.003739 0.000022
N/A N/A 57.1 7.3 1470 ± 460 0.75 8 (13) — — 0.003731 0.000022
83.3 0.57 70.9 0.9 270 ± 18 0.61 12 (12) — — 0.003737 0.000022

37.0 0.78 73.4 3.3 281 ± 67 0.94 6 (12) — — 0.008112 0.000022
60.9 6.83 N/A N/A N/A N/A N/A — — 0.004091 0.000008
53.8 1.80 92.4 0.8 382 ± 11 3.40 8 (16) — — 0.004904 0.000008
30.76 N/A N/A N/A N/A N/A N/A — — 0.004089 0.000008
55.2 0.98 56.9 1.2 333 ± 13 0.74 4 (11) — — 0.007482 0.000039
52.7 0.74 N/A N/A N/A N/A N/A — — 0.007363 0.000037
56.1 1.30 N/A N/A N/A N/A N/A — — 0.007354 0.000037
N/A N/A 105.6 3.0 410 ± 21 1.26 8 (12) 13.9 13.43 0.005558 0.000024
53.6 1.05 91.8 4.9 346 ± 22 0.65 9 (11) — — 0.007382 0.000038
100.0 0.53 97.0 1.2 252 ± 66 0.39 7 (7) — — 0.007335 0.000036
N/A N/A 93.6 2.6 291 ± 44 6.70 6 (7) — — 0.007326 0.000036
100.0 0.31 97.7 1.4 299 ± 20 0.37 5 (5) — — 0.007306 0.000035
95.9 0.79 93.5 1.8 288 ± 5 1.40 6 (6) — — 0.007317 0.000035
100.0 0.60 98.0 1.1 292.6 ± 6.2 0.58 14 (14) 0.007391 0.000038
29.2 0.79 N/A N/A N/A N/A N/A — — 0.007345 0.000037

54.0 0.34 N/A N/A N/A N/A N/A — — 0.007476 0.000039
74.3 0.94 99.3 0.8 291 ± 18 0.28 11 (12) — — 0.006655 0.000024
86.4 0.82 108.2 0.7 314 ± 15 1.08 14 (15) — — 0.005606 0.000013
65.8 1.60 75.3 0.7 431 ± 48 0.73 13 (15) — — 0.005607 0.000013
95.8 0.35 76.2 0.6 296 ± 11 0.36 13 (14) — — 0.005608 0.000013
100.0 0.22 65.9 0.9 293 ± 15 0.23 12 (12) — — 0.004994 0.000031
82.3 N/A N/A N/A N/A N/A N/A — — 0.004079 0.000008
47.7 0.24 90.4 2.2 501 ± 110 0.51 7 (14) — — 0.004081 0.000008
79.0 0.40 72.8 0.6 296 ± 21 0.45 10 (12) — — 0.006646 0.000024
41.0 0.79 79.3 0.7 337 ± 15 0.56 13 (15) — — 0.005019 0.000019
100.0 0.37 80.6 0.8 304 ± 21 0.33 11 (12) — — 0.005019 0.000019
83.0 1.70 75.1 0.7 342 ± 23 1.30 12 (14) — — 0.005019 0.000019
82.5 0.66 75.9 0.6 294 ± 14 0.72 12 (13) — — 0.005019 0.000019

84.9 1.60 N/A N/A N/A N/A N/A — — 0.003321 0.000008
97.1 0.84 51.6 0.5 306 ± 18 1.40 12 (13) — — 0.003327 0.000008
N/A N/A 159.2 5.2 330 ± 39 11.00 8 (9) — — 0.006529 0.000006
90.5 0.81 91.8 0.7 305 ± 59 0.81 12 (15) — — 0.006364 0.000007
26.0 2.60 N/A N/A N/A N/A N/A — — 0.007000 0.000028
90.4 10.00 N/A N/A N/A N/A N/A — — 0.006925 0.000028
61.0 1.09 N/A N/A N/A N/A N/A — — 0.007290 0.000029
92.7 11.1 N/A N/A N/A N/A N/A — — 0.006525 0.000028
94.6 21.0 N/A N/A N/A N/A N/A — — 0.007037 0.000028
92.3 6.10 N/A N/A N/A N/A N/A — — 0.007075 0.000028
27.5 1.50 N/A N/A N/A N/A N/A — — 0.005015 0.000015
N/A N/A N/A N/A N/A N/A N/A — — 0.006870 0.000033
N/A N/A N/A N/A N/A N/A N/A — — 0.006900 0.000032
N/A N/A N/A N/A N/A N/A N/A — — 0.006900 0.000031
N/A N/A N/A N/A N/A N/A N/A — — 0.006910 0.000031
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Fig. 4. (A) Representative 40Ar/39Ar age spectra for minerals from the southern western domain. U–Pb zircon dates from Archibald et al. (1983)
and Friedman and Mortensen (2002). (B) Representative 40Ar/39Ar age spectra for minerals from the northern western domain. BT, biotite;
HBL, hornblende; MS, muscovite. [Colour online.]
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1-DT thermal models
One-dimensional thermal (1-DT) modelling was done to investi-

gate the thermal and uplift history of the three domains. The
finite difference modelling software we used was written by
R.R. Parrish as an extension of his COASTMTN programme
(Parrish 1982). The programme solves the equation of heat trans-
fer by conduction and advection in vertically moving media
(e.g., England and Thompson 1984; their eq. 6a) and is described in
detail by Parrish (1982; Chapter 2, pp. 89–98). This model was
tested against analytical solutions and was used by Parrish (1982)
to investigate regional cooling of the plutons in the Coast Plutonic
Complex of British Columbia and by Zeitler (1985) to investigate
the cooling and uplift history of the northwestern Himalaya.
Haugerud (1986) developed a similar model and discussed the
formulation of the Crank–Nicholson method for solving the dif-
ferential equation. In Parrish’s model, surface heat production
and a scale depth are specified, and heat production decreases
exponentially with depth. This model assumes that thermal con-
ductivity and thermal diffusivity do not vary with temperature or
depth and are constant for the duration of a model. Although
these parameters are known to be functions of temperature
(e.g., Whittington et al. 2009; Nabelek et al. 2012), England and
Thompson (1984) argued that the commonly made simplification
of constant conductivity and diffusivity (e.g., Beaumont et al. 2010)
is justified for complex layered media of variable composition in
which the layer-to-layer variation in these parameters might ex-
ceed their temperature effect. In addition to accommodating em-
placement of a layer of magma, the model permits up to four step
changes in heat flow values and up to five step changes in uplift
rates. A period when erosion and uplift are not equal may also be
specified to generate topography.

Model temperature–time curves were generated manually
mainly by adjusting uplift rates and heat flow parameters and the
times when these parameters changed in each model. Initial
model parameters were obtained from Davis and Lewis (1984) and
Sweetkind and Duncan (1989) and used to establish an initial geo-
thermal gradient prior to emplacement of the magma. Model
boundary conditions, input parameters, and model depth versus
time curves for the three domain models are presented in Supple-
mentary Appendix A111. The models and model results are incor-
porated in the following sections.

The goal was to generate model temperature–time (T–t) curves
for rocks now exposed at the surface and compare these with the
thermochronological data for each domain. Our 1-DT modelling
was constrained by the age of the emplacement of plutons, the
depth of emplacement of plutons (derived from contact-aureole
mineral assemblages; Webster and Pattison 2018), and, for the west-
ern domain, the amounts of denudation between intrusive epi-
sodes (from the above-depth constraints). The models assume
instantaneous emplacement of a layer of magma of a given thick-
ness at a given depth but do not account for multiple injections of
magma over an extended period of time that might be expected
for the incremental assembly of large, composite, granitoid plu-
tons (several millions of years; e.g., Coleman et al. 2009). However,
we consider a 1-DT model adequate for this first-order analysis
because at the present level of erosion, each of the three domains
is characterized by a dominant episode of magmatism that led to
widespread emplacement of plutons over a relatively narrow
range of crustal depths (9–15 km; Webster and Pattison 2018). It is
likely that some or many of the plutons are laccolith-like bodies
(e.g., Ghent et al. 1991; Simony and Carr 1997; Webster and
Pattison 2018) that are thinner than their lateral dimensions (com-
monly >10 km across) might suggest (see Fig. 2A). Most plutons are
late-synkinematic or post-kinematic and appear to have experi-
enced simple denudation histories and thus, may be used as
depth–time markers for the region in which they were emplaced.
By matching the actual dates to the model cooling curves we
arrive at estimates of uplift rates and the times they prevailed. As

noted above, the modelling is necessarily simplified and involves
several assumptions that are poorly constrained and difficult to
quantify. The aim of the modelling was not to exactly reproduce
the natural spatial and temporal patterns of dates (e.g., in Fig. 3) or
model a particular tectonic process (e.g., crustal thickening), but
to determine whether the broad patterns of dates can be ex-
plained by the major magmatic and tectonic features of the region
and whether the models could help refine the uplift history of the
area.

Western domain tectonothermal history
The southern part of the western domain is broadly situated

over the Middle Jurassic Mine and Wall stocks, whose U–Pb zircon
crystallization ages are 171 Ma and 168 Ma, respectively (Archibald
et al. 1983; Friedman and Mortensen 2002), and in the north, the
Nelson batholith (173–159 Ma; Ghosh 1995; Steinitz 2010). These
intrusions were emplaced during the latter stages of north–
northeast-verging folding and northeast-directed thrusting (D1;
Webster and Pattison 2018 and references therein). The develop-
ment of these structures was accompanied by regional green-
schist facies metamorphism (M1) that was locally overprinted by
contact metamorphism around the Middle Jurassic intrusions
(Pattison and Vogl 2005; Webster and Pattison 2018). Staurolite +
andalusite-bearing mineral assemblages in the metapelitic rocks
adjacent to most of these intrusions constrain the current level of
exposure of the intrusion and aureole to the range 3.5–4.2 kbar or
13–15 km depth (Pattison and Tracy 1991; Webster and Pattison
2018).

By the Middle Jurassic, deformation and metamorphism (D1M1)
were waning in the south and the Mine and Wall stocks were
being exhumed to upper crustal levels. Rapid cooling is implied,
owing to the near concordance of the hornblende, muscovite, and
biotite dates in the western Mine stock (Fig. 4A and Supplemen-
tary Appendix A6a1). To the north into the Wall stock and into the
eastern part of the Mine stock there is a gradual decrease in K–Ar
mica dates towards areas underlain by mid- to Late Cretaceous
intrusions (Archibald et al. 1983). The uniformity of development
of staurolite + andalusite mineral assemblages in the aureoles
around both intrusions precludes significant differential uplift
leading to diachronous cooling. 40Ar/39Ar age spectra for micas in
Jurassic igneous and metamorphic rocks in these areas show
diffusion-loss profiles indicating that the rocks experienced the
thermal effects of the early phases of the voluminous Bayonne
Magmatic Suite that were emplaced throughout this part of the
area from 118 Ma to �102 Ma (Leclair et al. 1993; Webster et al.
2017). The combination of temperature and duration of the event
was not sufficient to induce argon loss in the hornblende. Simi-
larly, 40Ar/39Ar age spectra for biotite from samples of the Nelson
batholith tail (Fig. 4B; #2, #3, and #112) show diffusion-loss pro-
files that indicate different degrees of thermal overprinting. This
was probably caused by local heating by mid-Cretaceous plutons
emplaced at this time.

The mid-Cretaceous Summit stock (112 Ma U–Pb; Webster et al.
2017) and other plutons of the Bayonne Magmatic Suite have bio-
tite and muscovite cooling ages of ca. 102 Ma (Fig. 4B) indicating
relatively fast cooling during the mid-Cretaceous. The Summit
stock has cordierite-bearing mineral assemblages in its contact
aureoles, implying that it was emplaced at approximately 2.5–
3.3 kbar pressure or 9–12 km depth (Bjornson 2012; Webster and
Pattison 2018). By the time of emplacement of the Summit stock,
the Mine stock had been exhumed to the same depth. Outside the
regions of Barrovian metamorphism (Fig. 2B), the mid-Cretaceous
intrusions (e.g., Lost Creek stock) typically preserve a simple cool-
ing history that is reflected in the near concordance of biotite and
muscovite K–Ar and 40Ar/39Ar plateau (cooling) dates. These are
typically <10 Myr younger than the crystallization age of the in-
trusion, implying rapid cooling in the upper crust, where they
have since remained.
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Fig. 5. (A) Representative 40Ar/39Ar age spectra for minerals from the Mount Skelly pluton (southern eastern domain). U–Pb zircon date from
Webster et al. (2017). (B) 40Ar/39Ar age spectra for minerals from small plutons in the eastern domain. (C) 40Ar/39Ar age spectra for minerals
from the White Creek and Fry Creek batholiths (eastern domain). Rb–Sr date for the White Creek batholith is from Wanless et al. (1968). The
U–Pb zircon date is from Smith (1998). ACP, Angus Creek stock; BT, biotite; FCB, Fry Creek batholith; FPS, Frying Pan stock; HBL, hornblende;
HLS, Hall Lake stock; KFS, K-feldspar; LHGS, Lake of the Hanging Glacier stock; MS, muscovite; SACS, Sawyer Creek stock; WCB; White Creek
batholith. [Colour online.]

932 Can. J. Earth Sci. Vol. 57, 2020

Published by NRC Research Press



1-DT Model for the western domain (Mine stock area)
To investigate the thermal and uplift history of the western

domain we selected the Mine stock and Summit stock in the
southern part of the domain because the depths of emplacement
are well established and there are sufficient geochronological
data to test a model thermal history. Estimated closure tempera-
tures and dates for the Mine stock and Summit stock are shown on
Fig. 8 and are listed in Supplementary Appendix A81. Although the
Mine stock and Summit stock area is the focus of this section,
U–Pb zircon dates for other plutons in the Nelson and Bayonne
Magmatic Suites are also included to indicate the range of known
emplacement ages for individual plutons in these suites
(�10 Myr). In Fig. 8, 40Ar/39Ar plateau dates and integrated dates
from disturbed spectra and K–Ar dates are distinguished by sepa-
rate symbols and plotted against calculated closure temperatures.
1-DT thermal model curves are superimposed. These model cool-
ing curves were calculated for rocks presently exposed at two
different elevations (approximately the 1 km range of elevations
in the Mine stock area covered by our sampling). Input parameters
for the model are listed in Supplementary Appendix A111. Mineral
assemblages in the contact aureole of the Mine stock indicate a
depth of emplacement of �14 km. The model assumes a layer
of magma was emplaced between 11 and 16 km depth. Model
temperature–time curves to match the geochronological data and
estimated closure temperatures were generated by adjusting up-
lift and heat flow parameters and the times when these parame-
ters changed. To account for the rapid cooling indicated by the
near-concordance of the mineral dates, 4.5 km of the 5 km of
uplift and denudation of the Mine stock area to the depth of
emplacement of the Summit stock (�9 km) at 112 Ma had to occur
in the 10 Myr following emplacement at a rate of �0.2 km/Myr.
Thereafter, lower uplift rates were used such that at the end of the
model (at 80 Ma) the Mine stock region was at a depth of 7 km and
being exhumed at 0.07 km/Myr. The inferred depth–time history

of the Mine stock region is shown graphically in Supplementary
Appendix 111.

The model includes increased heat flow in the mid-Cretaceous
due to emplacement of the regionally extensive Bayonne Mag-
matic Suite that contributed to the variable thermal overprinting
revealed in the 40Ar/39Ar age spectra of biotite from the Mine
stock. Although there are no local data for the post-mid-
Cretaceous thermal or uplift history, fission track dating for the
Nelson batholith in the northwestern part of the domain
(Sweetkind and Duncan 1989) suggests that the area had cooled to
�225 °C by the Eocene (ca. 44 Ma) and that the regional, fission-
track apatite-date pattern was established in the Oligocene to
Miocene. At a geothermal gradient of 30 °C/km, these closure
temperatures and dates imply depths of burial of 5–6 km at 44 Ma
and �3 km at 20 Ma.

Eastern domain tectonothermal history
At the present level of exposure, the plutons of the eastern

domain are dominated by post-kinematic, composite batholiths
and stocks of the Bayonne Magmatic Suite (Fig. 2A) that were
emplaced during the mid-Cretaceous (115–96 Ma; Wanless et al.
1968; Smith 1998; Webster et al. 2017). Some were emplaced across
older, regional-scale faults (Fig. 1). These intrusions typically have
cordierite-bearing mineral assemblages in their contact aureoles,
implying they were emplaced at approximately the same depth in
the crust (9–12 km depth, 2.5–3.3 kbar; Webster and Pattison
2018).

Mount Skelly pluton
The mid-Cretaceous Mount Skelly pluton of the Bayonne batho-

lith (109 Ma U–Pb zircon age; Webster et al. 2017) has a 40Ar/39Ar
hornblende inverse isochron date of 106 Ma, and muscovite and
biotite plateau dates for >80% of the 39Ar released of 101 Ma
and 99 Ma, respectively (Fig. 5A and Fig. 7; Line A–A=), indicating

Fig. 5 (concluded).
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Fig. 6. (A) Representative 40Ar/39Ar age spectra for minerals from the southern central domain including the footwall of the Huscroft fault and
Bayonne Magmatic Suite plutons. U–Pb zircon date from Parrish (1992), monazite date from Webster et al. (2017). (B) Representative 40Ar/39Ar age
spectra for minerals from the hanging wall of the Huscroft fault (southern central domain). (C) Representative 40Ar/39Ar age spectra for minerals
from the northern central domain U–Pb monazite date from Webster et al. (2017). BP, Baldy pluton; BT, biotite; DPP, Drewry Point pluton; HF,
Huscroft fault; MS, muscovite; KFS, K-feldspar; MCS, Midge Creek stock; SMP, Steeple Mountain pluton. [Colour online.]
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relatively fast cooling at the present level of exposure during the
mid-Cretaceous. Whereas the hornblende and biotite are primary
magmatic phases characterizing large areas in the batholith, the
muscovite samples come from late-stage pegmatites and fracture-
related veins and selvages areally restricted to the western part of
the pluton. The range of muscovite 40Ar/39Ar plateau dates (101–
97 Ma for up to 100% of the 39Ar released) may indicate that hy-
drothermal activity persisted for several millions of years after
crystallization of the biotite–hornblende granodiorite phase. Ar-
eas in this pluton with younger mica dates occur at lower eleva-
tions closer to the PTF (Figs. 3 and 7) and biotite dates decrease to
the south (92 Ma to ca. 70 Ma). Rocks in these areas experienced a
reheating event as shown by diffusion-loss profiles in the mica age
spectra (Fig. 5A; #84 and #115). Because minor chloritization of the
biotite is ubiquitous, many of the biotite spectra for samples from
this area have a low- to mid-temperature hump shape indicating
some recoil loss of 39Ar during irradiation (e.g., Di Vincenzo et al.
2003). The youngest such biotite from this pluton has a plateau
segment date of ca. 72 Ma. It is difficult to interpret a time of
overprinting from such spectra, but some mica spectra have ini-
tial step dates between 65 Ma and 75 Ma in the range of the
youngest known plutons in the region (Crawford Bay stock and
Shaw Creek stock).

Other intrusions in the eastern domain and 40Ar/39Ar results for
alkali feldspar

Several small (<5 km diameter) plutons in the Purcell anticlino-
rium were dated and the age spectra are shown in Fig. 5B. The
Angus Creek pluton east of the Mount Skelly pluton yielded mus-
covite and biotite plateau dates of 109 Ma and 99 Ma, respectively.
Other plutons yielded concordant biotite and muscovite 40Ar/39Ar
plateau dates of 80 Ma, 75 Ma, and 65 Ma. None of the mica spectra
displayed a diffusion-loss profile and the dates are interpreted as
cooling ages.

In contrast, biotite from the northeastern contact of the White
Creek batholith yielded a disturbed age spectrum with initial step

dates 70–60 Ma and a plateau segment date at 92 Ma (Fig. 5C).
Samples from the core of the southwest lobe (Fig. 2A) of the batho-
lith yielded concordant muscovite (Archibald et al. 1984) and bio-
tite (this study) plateau dates of ca. 73 Ma. The U–Pb zircon date for
this phase (leucoquartz monzonite of Reesor 1958) is 96 Ma (Smith
1998) which is considerably younger than the previous 115 Ma
Rb–Sr whole-rock date (Wanless et al. 1968). The recalculated
Rb–Sr muscovite date for this phase (data in Wanless et al. 1968) is
92 Ma suggesting that cooling from magmatic temperatures to
�500 °C was rapid. Given that the plutons in the Purcell anticli-
norium were emplaced over a narrow range of depths (9–14 km;
e.g., Logan 2001; Pattison and Debuhr 2015; Webster and Pattison
2018), it is probable that initially they followed a cooling path
similar to the Mount Skelly pluton. The thermally disturbed bio-
tite to the northeast suggests that this part of the batholith was
reheated after consolidation and initial cooling. Wanless et al.
(1968) proposed thermal events in the range 85–64 Ma at temper-
atures in the range 360–480 °C to account for the young Rb–Sr
biotite dates and structural state of the feldspars. Westward from
the core of the White Creek batholith to Kootenay Lake (�40 km)
the mica plateau dates decrease through the Fry Creek batholith
from �60 Ma to �53 Ma for muscovite and to �50 Ma for biotite
implying progressive cooling of this region during the Late Creta-
ceous to Eocene.

MDD models of the age spectra for two alkali feldspar samples
from the Mount Skelly pluton, one from the Angus Creek stock,
and one from the White Creek batholith are shown on Figs. 5A, 5B
and 5C, and calculated closure temperatures and diffusion do-
main dates are listed in Supplementary Appendix A71. In the east-
ern part of the Mount Skelly pluton the calculated closure
temperature for the largest domain in the alkali feldspar is 295 °C
and the domain date is 97.9 Ma, which is only slightly younger
than the 40Ar/39Ar plateau date for biotite (99 Ma) from the same
rock. The largest domain in the K-feldspar from the sample at low
elevation in the western part of the pluton yields a much younger

Fig. 6 (concluded).
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date (62.2 Ma) at a similar closure temperature (289 °C) indicating
delayed cooling of this part of the pluton. The largest domain in
the feldspar from the eastern White Creek batholith cooled
through comparable temperatures (260 °C) at 58.5 Ma. Dates from
the lower temperature diffusion domains in all feldspars analyzed
from the eastern domain plutons (Supplementary Appendix A71)
are similar to the fission track zircon dates for the central Nelson
batholith (45–64 Ma; Sweetkind and Duncan 1989) suggesting that
a broad region consisting of our western and eastern domains
cooled through 200–225 °C during the Eocene. Roach (1984) and
Queen (1985) obtained Oligocene (20–30 Ma) fission track dates for
apatite from the same samples as the alkali feldspar from the
Mount Skelly pluton. These are comparable to the apatite dates
reported by Sweetkind and Duncan (1989) for samples of similar
elevation in the Nelson batholith and suggest similar uplift rates
across this region (0.1–0.2 km/Myr).

1-DT model for the eastern domain (Mount Skelly pluton)
Temperature–time data for the Mount Skelly pluton are listed

in Supplementary Appendix A91 and plotted on Fig. 9. 1-DT cool-
ing models for two samples from different elevations (Ref#115 at
575 m and #100 at 1740 m) in the Skelly Mountain pluton are
superimposed. The model parameters and the model depth–time
curve are given in Supplementary Appendix A111. The model in-
volves the emplacement of the Mount Skelly pluton at 109 Ma at
�12 km depth. The pluton is modelled as a layer of magma em-

placed between 10 and 16 km depth that underwent slow uplift
(0.022 km/Myr) until 75 Ma. This model reproduces the ca. 9 Myr
delay in cooling between magmatic temperatures and the biotite
K–Ar closure temperature (�340 °C). Muscovite 40Ar/39Ar dates for
the Mount Skelly pluton do not fit this trend and significantly
younger 40Ar/39Ar plateau cooling dates are obtained. Muscovite is
largely restricted to the western third of the pluton where it oc-
curs in late-stage pegmatites and secondary vein selvages, and
where biotites at low elevation (nearest the PTF) are variably chlo-
ritized. The late stage growth of muscovite and hydrothermal
alteration may be the result of mid- to Late Cretaceous magmatic
and metamorphic events that culminated at the deeper crustal
levels now exposed in the footwall of the PTF. To fit the alkali
feldspar 40Ar/39Ar MDD results and fission track dates, higher
uplift rates were required in the interval 75–45 Ma. By ca. 45 Ma,
the model rocks are exhumed to a depth of �4 km and undergo-
ing uplift at <0.1 km/Myr. Fission track apatite dates for the Mount
Skelly pluton suggest cooling to �110 °C by the Oligocene at a
depth of �3 km (Roach 1984; Queen 1985). The total denudation is
12 km and the model generates present topographic relief in the
Mount Skelly region (�1.7 km, where the andalusite–cordierite
mineral assemblage occurs in the metamorphic aureole), and
yields a present day surface heat flux (92 mW/m2) within the range of
published values for southeastern British Columba (86 ± 20 mW/m2;
Lewis et al. 1992).

Fig. 7. Cross-sections and topography (2× vertical exaggeration) showing the variation of K–Ar and 40Ar/39Ar integrated dates across the three
domains and the relationship to regional-scale normal faults. Section lines are plotted on Fig. 3. BCF, Blazed Creek fault; HF, Huscroft fault;
MCF, Midge Creek fault; NCF, Next Creek fault; PTF, Purcell Trench fault. [Colour online.]
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Central domain tectonothermal history
In the central domain, several ages of plutons have been estab-

lished by U–Pb zircon dating (Figs. 2A and 2B). Early Cretaceous
plutons in the northern central domain include the foliated Baldy
pluton (118 Ma) and post-kinematic Midge Creek stock (111 Ma). In
the southern part of this domain, the oldest igneous rocks are the
Corn Creek and West Creston orthogneisses (ca. 135 Ma). These
small bodies may represent the vestiges of a larger belt of Early
Cretaceous (ca. 145–125 Ma) magmatism and metamorphism that
extends northwards into the area west of Kootenay Lake
(Moynihan 2012; Moynihan and Pattison 2013). In the southern
part of this domain larger, Late Cretaceous plutons are predomi-
nant and include the Steeple Mountain pluton (95 Ma), Rykert
batholith (99–93 Ma) and the Shaw Creek stock (76 Ma). The Pa-
leocene Crawford Bay stock (65 Ma) is the youngest well-dated
pluton in this domain. Previous geochronological investigations
of the metamorphic rocks in the area are incorporated in the
following section.

Central domain: southern subdomain
In the southern part of the central domain Webster et al. (2017)

documented monazite grains from sillimanite zone rocks are typ-

ically elongate and parallel to S3 fabrics, suggesting growth oc-
curred prior to or during D3 deformation which was accompanied
by M3 metamorphism. U–Pb monazite dates from these rocks fall
in the range of 80–69 Ma, within the younger part of the range of
dates for magmatic activity (Webster et al. 2017).

A U–Pb zircon date (81 Ma; Brown et al. 1999; D. Davis, personal
communication, 1995) and Rb–Sr muscovite dates (84–58 Ma;
Archibald et al. 1984) for folded, garnet–muscovite pegmatites and
40Ar/39Ar inverse isochron dates for hornblende (ca. 80 Ma) from
amphibolite in these high-grade rocks suggest that deformation
and development of pervasive ductile fabrics, Barrovian meta-
morphism to sillimanite zone and cooling from peak metamor-
phic conditions occurred during the Late Cretaceous.

In the footwall of the Next Creek fault, sillimanite zone rocks
from a roof pendant in the Jersey Creek phase of the Mine stock
attained peak metamorphic conditions of �650 °C and 6–7 kbar,
or 22–25 km depth in the crust (Webster and Pattison 2018). Met-
amorphic monazite dates peak metamorphism of these rocks to
ca. 70 Ma (Webster et al. 2017). Although nearby K–Ar dates for
igneous micas (Archibald et al. 1983, 1984) fall in the range of 72 to
59 Ma (e.g., Figs. 3 and 7; Line B–B=), the most reliable biotite date

Fig. 8. A plot of temperature–time data compiled for the western domain (Supplementary Appendix A81). 40Ar/39Ar plateau dates with >80% 39Ar
defining the plateau are shown with 2� error bars. The green triangles represent 40Ar/39Ar integrated dates of disturbed spectra from this study and
K–Ar and 40Ar/39Ar dates from Archibald et al. (1983) plotted at an arbitrary closure temperature of 340 °C for clarity. The red and green lines
represent 1-DT model thermal histories for two rocks presently separated by 1 km elevation in the western part of the mid-Jurassic Mine stock
(Fig. 3) emplaced at �14 km depth (pressure, 3.5–4.3 kbar; Webster and Pattison 2018). The blue curve connects dates for the neighbouring Summit
Stock (Fig. 3) emplaced at 112 Ma at a depth of �9 km. Bt, biotite; Hbl, hornblende; J, Jurassic; K, Cretaceous; Ms, muscovite; Pb, lead; U, uranium.
[Colour online.]
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for this area, as indicated by a 40Ar/39Ar plateau age spectrum
(Fig. 6A), is 66 Ma (from the western Shaw Creek stock; Archibald
et al. 1983), and shows that within a few million years of peak
metamorphism, these rocks had cooled through the argon diffu-
sion closure temperatures of micas. Sericite from a breccia in the
Next Creek fault zone yielded a 40Ar/39Ar inverse isochron date of
66.5 Ma, consistent with exhumation of the footwall rocks to
upper crustal levels near the end of the Late Cretaceous. In igne-
ous rocks of the central domain, K–Ar and 40Ar/39Ar biotite and
muscovite dates are generally concordant, or nearly so (Fig. 3), and
the age spectra are well-defined plateaus (Fig. 6A) suggesting that
this domain cooled rapidly as it was exhumed. From west to east
across this domain, muscovite K–Ar and 40Ar/39Ar plateau dates
decrease from 67 to 49 Ma in areas underlain by both igneous and
metamorphic rocks (Fig. 7). Biotite K–Ar and 40Ar/39Ar plateau
dates for igneous rocks fall in the same range and follow the same
trend but are as young as 40 Ma at the south end of Kootenay Lake.
Biotite K–Ar dates <46 Ma are for samples of the Steeple Mountain
pluton from promontories along the west shore of Kootenay Lake
(Fig. 3) where the rocks are locally foliated, and micas are kinked
on a microscopic scale. It is possible that these late deformation

features and young dates are associated with movement on the
PTF. Along the length of the southern part of the domain, micas
from igneous rocks at the elevation of Kootenay Lake (�530 m) are
4–5 Myr younger than those on ridges (>2000 m) to the west.

Biotite K–Ar and 40Ar/39Ar dates from metamorphic rocks in the
area between the Rykert and Bayonne batholiths (Fig. 7; Line C–C=)
range from 123 to 47 Ma. Generally, the biotite displays a reverse
age discordance with muscovite K–Ar and 40Ar/39Ar dates from
the same, or nearby, rock. Although the youngest biotite dates are
in the east, the decrease across this area is not systematic. The
reverse discordance and variability of biotite dates was attributed
to incorporation of excess argon by Archibald et al. (1984). We do
not have fission track dates for this domain, but the diffusion
domain dates for an alkali feldspar from the Rykert batholith
(Supplementary Appendix A71) indicate cooling from 299 °C to
203 °C in the interval 50 to 38 Ma. The metamorphic isograds in
the south-central domain between the Purcell Trench and Next
Creek faults have a broadly monoclinal structure, dipping gently to
the west (Fig. 2B; Webster and Pattison 2018). The Late Cretaceous–
Paleocene muscovite cooling ages (66.5–58 Ma) in the western
part of the region indicate that the geometry of the isogradic

Fig. 9. A plot of temperature–time data compiled for the eastern domain (Supplementary Appendix A91). 40Ar/39Ar plateau dates with > 80%
39Ar defining the plateau are shown with 2� error bars. The green triangles represent integrated dates of disturbed spectra from this study
and K–Ar and 40Ar/39 dates from Archibald et al. (1984). The red and green solid lines represent 1-DT model thermal histories for two rocks in
the Mount Skelly pluton presently separated by 1.2 km elevation in the hanging wall (HW) of the Purcell Trench fault (PTF). The Mount Skelly
pluton intruded at 109 Ma at a depth of 10–12 km. Dates for the small, mid-Cretaceous Angus Creek stock to the east (Fig. 2a) are shown by
blue dots. 40Ar/39Ar plateau dates for mica pairs from several small stocks in the Purcell anticlinorium are connected by dashed blue lines. Ap,
apatite; Bt, biotite; FT, fission track; Hbl, hornblende; Kfs, K-feldspar; Ms, muscovite; Pb, lead; U, uranium, Zr, zircon. [Colour online.]
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surfaces was largely established before this time. The eastward-
younging trend in 40Ar/39Ar plateau dates towards the footwall of
the Purcell Trench fault suggests that there was east-side-up foot-
wall uplift during the Eocene, possibly increasing the westerly
dips of the isogradic surfaces adjacent to this fault.

Rykert block
The Rykert block is situated in the hanging wall of the Huscroft

fault between the Rykert and Bayonne batholiths (Fig. 3). Age
spectra for four of the eight separates from rocks of this area are
shown in Fig. 6B and the dates are plotted on Fig. 7 (Line C–C=).
None of the samples yielded well defined plateau spectra. Two
amphiboles from mafic sills in garnet zone rocks yielded inverse
isochron dates of ca. 80 Ma suggesting that cooling through
�550 °C occurred at this time. Two muscovite separates from
biotite-zone schists yielded inverse isochron dates of 57 to 67 Ma,
whereas a biotite–muscovite pair from garnet-zone schist yielded
concordant inverse isochron dates at 57 Ma. The latter muscovite
date is similar to muscovite plateau dates from garnet-zone schist
in the footwall farther west (Fig. 2B). K–Ar mica dates for nearby
igneous rocks in the footwall are 55–47 Ma (Fig. 3). The contrast in
dates mirrors the marked contrast in metamorphic grade (silli-
manite to garnet) across the Huscroft fault and implies that the
rocks in the Rykert block were at higher structural level than
those in the sillimanite-zone footwall of the Huscroft fault. The
southern segment of the fault dips shallowly to the north, with a
normal sense of movement, suggesting that the Huscroft fault is a
low-angle, Eocene(?) extensional fault. This ductile–brittle fault
system may be a segment of a low-angle fault potentially related
to part of the eastern Newport fault (Webster and Pattison 2018).
The fact that the Huscroft fault is itself cut by the brittle PTF
indicates that Eocene extension in this region was accommodated
by a progression of faults types and that cooling through the
closure temperature range of micas was a protracted event.

Central domain: northern subdomain
In the northern central domain, the south–southeast-trending

belt of Late Cretaceous Barrovian metamorphism discussed above
makes a seemingly continuous transition into a similar-appearing
domain of Barrovian metamorphism that is of Early Cretaceous,
rather than Late Cretaceous age (Moynihan 2012; Moynihan and
Pattison 2013; Webster and Pattison 2018). South of the west arm
of Kootenay Lake, the fork shaped isogradic pattern (Fig. 2B) is
interpreted to reflect relief on the isogradic surfaces that devel-
oped during the Early Cretaceous (144–134 Ma; Moynihan 2012;
Moynihan and Pattison 2013; Webster and Pattison 2018). The iso-
gradic surfaces were subsequently cut by the Baldy pluton (118 Ma;
Webster and Pattison 2018), Midge Creek stock (111 Ma; Leclair
et al. 1993; Webster et al. 2017), and Drewry Point plutons. The
current level of exposure of the Midge Creek stock is �14 km, as
constrained by its andalusite–staurolite aureole (Webster and
Pattison 2018).

The rocks in the northern part of the Midge Creek stock did not
pass through the closure temperature of biotite until ca. 62 Ma
(the oldest 40Ar/39Ar plateau date), approximately 49 Myr after the
intrusion was emplaced and a few million years after those in the
southern subdomain. From the center of the Midge Creek stock,
to the east and west, the 40Ar/39Ar mica plateau cooling ages
young towards the Purcell Trench and Midge Creek faults (Fig. 7,
Line A–A=). North of the terminus of the PTF, the central domain is
only fault bounded on the west side and shows a continuous tran-
sition with the eastern domain east of Kootenay Lake. The zone of
Eocene cooling dates continues into the northern Fry Creek
batholith (Fig. 2A).

South of the Midge Creek stock, in the lower grade metamor-
phic rocks that comprise the core of the gently, south-plunging
isogradic synform (Fig. 2B), the 40Ar/39Ar mica dates increase
southwards into the western domain where shallower structural

levels are exposed (Fig. 3) and biotite from the Wurrtemberg stock
yields a plateau date of 107 Ma. Although the primary synformal
geometry of the isogradic surfaces is interpreted to have been
established in the Early Cretaceous, exhumation in the Late Cre-
taceous (70–65 Ma) may have accentuated the tightness of the
isogradic synform, prior to final exhumation of these rocks in the
footwall of the Purcell Trench and Midge Creek faults at ca. 50 Ma.
Therefore, rather than these faults being largely or wholly respon-
sible for the contrast in metamorphic grade, structural style, and
thermal histories across them, they may instead have merely ac-
centuated contrasts that existed beforehand. The examples above
for areas bounded by faults on both sides, suggest a two-stage
exhumation process involving early exhumation in the Late Cre-
taceous and final exhumation in the footwall of Eocene normal
faults.

Extension-related igneous activity
A series of north–south-striking lamprophyre dykes and small

intrusive plugs and dykes of syenite that are part of the McGregor
and Coryell intrusive suites occur throughout the region west of
Kootenay Lake in areas underlain by low and high grade regional
metamorphic rocks. The dykes dip steeply to vertically, cross-cut
regional structures and are undeformed. The depth of emplace-
ment is poorly constrained but Leclair (1988) suggested that a
small stock of the McGregor suite west of Kootenay Lake was
emplaced at a depth >6 km. The K–Ar and 40Ar/39Ar biotite plateau
dates from the dykes emplaced into low-grade western and high-
grade central domain rocks range in age from 52.9–50.3 Ma and
are interpreted to reflect the crystallization age. Beaudoin et al.
(1992) found a ca. 52–40 Ma suite of lamprophyre and mafic dykes
distributed across the northern part of the western domain and
into the central domain in the Crawford Bay area. This period of
igneous activity is coeval with or slightly later than the initiation
of major extensional faults in the area, but pre-dates the final
exhumation of the rocks in the central domain. In the following
section we assume 53 Ma as the inception of extension.

1-DT model for the southern central domain
The area comprising the southern Shaw Creek stock to the

northern Rykert batholith was selected for modeling because it
has the most geochronological data and is in the footwall of the
regional normal faults that exposed the deepest structural levels
in this part of the domain. Here, the regional metamorphic rocks
contain kyanite and sillimanite. The deformed, south contact of
the Shaw Creek stock appears to be in thermal equilibrium with
this assemblage and there is no superimposed contact metamor-
phic aureole. Temperature–time data for the igneous and meta-
morphic rocks of the south-central domain are listed in
Supplementary Appendix A101 and plotted on Fig. 10 with the
model T–t curves. U–Pb zircon dates from plutons and pegmatite
fall in the range 99 to 76 Ma and all are shown at a temperature of
825 °C. The metamorphic monazite is intergrown with sillimanite
and has been interpreted as growing at peak metamorphic pres-
sures and temperatures (Webster et al. 2017). Consequently, the
monazite dates are shown at the temperature at which they grew
(650 °C). Rb–Sr muscovite dates for garnet–muscovite pegmatite
in the area are from Archibald et al. (1984) and have been averaged
and assigned a closure temperature of 500 °C (Purdy and Jäger
1976). Because all 40Ar/39Ar age spectra for micas shown in Fig. 10
are plateaus with >80% 39Ar defining the plateau, these dates and
K–Ar mica dates for nearby samples are interpreted as cooling
ages. The means of muscovite and biotite dates for high elevation
(>2000 m) samples and low elevation (532 to 2000 m) samples
from the Steeple Mountain pluton and eastern part of the Shaw
Creek stock are indicated by the points with y-axis error bars.
K-feldspar 40Ar/39Ar diffusion domain dates and closure tempera-
tures were determined for a sample at an elevation of 1067 m from
the Rykert Batholith (Supplementary Appendix A71). The fission
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track zircon “dates” were calculated using the date and elevation
data in Sweetkind and Duncan (1989) for the Nelson batholith for
samples in the elevation range of this model. The fission track
apatite dates (Roach 1984; Queen 1985) determined for the two
samples (K-75-2 and DA-83-48-BB) used in the eastern domain
model for the hanging wall of the PTF are also shown.

The input parameters for the model are listed in Supplemen-
tary Table A111. The model for the footwall of the PTF starts at
80 Ma with amphibolite conditions (650 °C at 25 km depth) in the
footwalls of the PTF and Huscroft fault. The Shaw Creek pluton is
modelled as a layer of magma emplaced at 76 Ma between depths
of 17 and 22 km into sillimanite zone country rock (650 °C). The
solid red and green curves in Fig. 10 are models for rocks separated
vertically by 1.8 km (now at 532 m and 2350 m elevation, respec-
tively). The dashed blue line is the model curve for low elevation
hanging wall rocks of the PTF in the Mount Skelly pluton of the
eastern domain (Fig. 9).

In this model, two stages of uplift and denudation are required
to fit the geochronological data. The thermal effects of the model
layer of magma are short-lived and dissipate in �10 Myr. From
70 Ma to 53 Ma the model rocks are uplifted 13 km at

rates >0.5 km/Myr and cooled from 650 to <500 °C by the Paleo-
cene. In the interval from 53 to 45 Ma, an additional 5.5 km of
denudation led to cooling through the argon diffusion closure
temperatures of muscovite and biotite. Models attributing more
denudation to this time interval delayed cooling in the 500 °C to
300 °C range, and model curves did not fit the available geo-
chronological data. After 45 Ma, lower uplift rates prevailed dur-
ing the final 5 km of denudation.

As shown on Fig. 10, muscovite and biotite from the southern
central domain yield a wide range of K–Ar and 40Ar/39Ar dates. The
older mica dates are from higher elevation samples in the western
part of Shaw Creek stock (Fig. 3). The younger mica dates are from
lower elevations and closer to the trace of the PTF. The youngest
biotite dates <46 Ma are from foliated granite exposed along the
west shore of Kootenay Lake. Excluding these dates, the difference
between the means of high and low elevation biotite dates is
5.5 Myr (53.0 and 47.5 Ma). For muscovites, the difference in the
means is 4.7 Myr (55.2 and 50.5 Ma). The model curves capture
most of these date ranges and the dates for lower temperature
systems, but the fit is somewhat poor. We attribute this to the way
in which the area was denuded and limitations of the model. The

Fig. 10. A plot of temperature–time data compiled for the southern central domain (Supplementary Appendix A101). The red and green solid
curves are for rocks presently separated vertically by 1.8 km (elevation of Kootenay Lake and upper slopes and ridges west of the Lake) and
represent the 1-DT model thermal history of the amphibolite facies (P, 6–7 kbar and T �650 °C), footwall rocks (FW) of the Purcell Trench
fault (PTF). The dashed blue line is for the low elevation Mount Skelly rock shown in the model for the hanging wall of the PTF (Fig. 9). All
micas shown here yielded 40Ar/39Ar plateau dates with >80% 39Ar defining the plateau. The means of K–Ar and 40Ar/39 mica dates of high
(>2000 m) and low (532 to 2000 m) elevation samples are indicated by the points with error bars on the temperature axis. The fission track
zircon “dates” are calculated using the Date vs. Elevation data in Sweetkind and Duncan (1989) for the Nelson batholith for samples of similar
elevation. Alkali feldspar 40Ar/39Ar diffusion-domain dates and closure temperatures were determined for a sample from the Rykert batholith
(Fig. 3). The fission track apatite dates determined for the two samples used in the Mount Skelly (eastern domain) model (Fig. 9) are also
shown. To fit the available thermochronological data the 1-DT model required a two-stage uplift and denudation history. We correlate these
stages of uplift with Late Cretaceous to Paleocene tectonism (14.5 km) and Eocene tectonic denudation related to the PTF (5.5 km). By
ca. 45 Ma, the central and eastern domains were juxtaposed at their present relative levels of erosion. Ap, apatite; Bt, biotite; Kfs, K-feldspar;
Mnz, monazite; Ms; muscovite; Pb, lead; Rb, rubidium; Sr, strontium; U, uranium; Zr, zircon. [Colour online.]
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model assumes uniform vertical uplift and erosion and does not
account for rapid tectonic denudation as was the likely mecha-
nism for the exposure of the footwall of the PTF or block rotation
that might have caused diachronous cooling. By ca. 45 Ma the
three domains were juxtaposed at their present relative levels of
erosion at a depth of 5–6 km and cooled together thereafter. The
parameters used in this model produce 25 km of denudation lead-
ing to the present topographic relief and a surface heat flow value
of 73 mW/m2 which is within the range of published values (86 ±
20 mW/m2; Lewis et al. 1992). By the end of the model the crust had
thinned to �30 km which is in agreement with modern estimates
(�33 km; Hyndman 2010).

Synthesis and regional comparisons
Integration of new 40Ar/39Ar dates for hornblende, muscovite,

biotite and alkali feldspar with existing K/Ar dates and U–Pb geo-
chronological data from the Omineca Belt, between Nelson and
Creston in southeastern British Columbia, has defined three dis-
tinct domains with differing geological histories but overlapping
thermal histories. These domains preserve a record of Middle Ju-
rassic, mid-Cretaceous, and Late Cretaceous/Paleogene–Eocene
orogenic events, each with their own thermal and exhumation
history. The boundaries between the domains are either grada-
tional or marked by Eocene normal faults. To highlight the do-
mains and their relationships to each other, and to regional
normal faults, we have contoured the K–Ar and 40Ar/39Ar biotite
dates for our area and contiguous northern Idaho and northeast-
ern Washington (Fig. 11).

Western domain
Our western domain includes Jurassic igneous and metamor-

phic rocks with hornblende, muscovite, and biotite 40Ar/39Ar pla-
teau ages, the oldest of which are in the range of 170–165 Ma. The
Mine and Wall stocks are part of a narrow, arcuate zone (Fig. 11) of
biotite–hornblende granodiorite emplaced at depths of 10–14 km
extending from the Chewelah area in northeast Washington
(Clark and Miller 1968) to the Selkirk mountains north of Revel-
stoke (Fig. 1) that marks the most easterly extent of mid-Jurassic
magmatism in this part of the Cordillera (Colpron et al. 1996).
K–Ar dating by Miller and Engels (1975; Flowery Trail area) and
40Ar/39Ar dating by Warren (1997; Glacier and Mount Toby stocks)
and Colpron et al. (1996; e.g., Fang and Corbin stocks) suggest that
small stocks in these areas record a thermal history similar to
plutons of our western domain. This region was uplifted rapidly,
leading to rapid cooling (>100 °C/Myr) from magmatic tempera-
tures and locally, near concordance of U–Pb zircon and K–Ar min-
eral dates. This uplifted domain (and to a certain extent the
eastern domain) were forming the orogenic lid at <10 km depth,
approximately 70 Myr before rocks of the central domain reached
their metamorphic peak at 22–25 km depth. Younger K–Ar and
40Ar/39Ar mica dates (Fig. 11) and disturbed 40Ar/39Ar age spectra
from this suite are attributed to thermal overprinting by nearby
mid-Cretaceous plutons.

Eastern domain
The eastern domain contains plutons of the mid-Cretaceous

Bayonne Magmatic Suite that were emplaced between ca. 115 Ma
and 94 Ma at 9–12 km depth into the Purcell anticlinorium in
British Columbia and northern Idaho. The oldest 40Ar/39Ar mica
plateau dates from this suite are ca. 100 Ma. Younger K–Ar mica
dates and disturbed 40Ar/39Ar age spectra characterize igneous
rocks in the immediate hanging wall of the Purcell Trench normal
fault. In the hanging wall of the PTF in northern Idaho, K–Ar
biotite dates range from 100 to 63 Ma but 40Ar/39Ar step-heating
indicates that biotites with K–Ar dates in the range of 87–63 Ma
yield disturbed age spectra (Doughty and Price 2000). Plutons of
this suite with K–Ar dates of 100–85 Ma are also found in the
hanging wall of the Newport fault system (Fig. 11). Together, these

plutons form a broad arc of mid-Cretaceous plutons from north-
east Washington to the Selkirk mountains that overlaps the west-
ern domain of this study.

In contrast to fault-bounded parts of this domain, in the north-
ern part of the eastern domain, north of where the PTF dies out
(near Crawford Bay, Fig. 1), biotite dates decrease gradually west-
wards across the White Creek batholith and Fry Creek batholith
from ca. 90 to 50 Ma into the zone of Barrovian metamorphism
exposed along Kootenay Lake (Fig. 2B). The 40Ar/39Ar step-heating
data suggest that the area was affected by a Late Cretaceous ther-
mal event. The near concordance of biotite and muscovite plateau
dates <73 Ma across this area indicates that locally, cooling rates
were very high (>100 °C/Myr). We relate cooling of this part of the
domain to the northeasterly transport of Belt-Purcell rocks in the
hanging wall of the Lewis thrust between 73 and 59 Ma (Sears
2001).

Central domain
The central domain, mainly in the footwall of regional normal

faults, is a narrow, north–south region broadly centered on Koo-
tenay Lake, in which Paleocene to Eocene muscovite and biotite
40Ar/39Ar cooling ages of igneous and metamorphic rocks overlap
with an elongate belt of Barrovian metamorphism, most of which
formed in the Late Cretaceous (80–70 Ma). This region of Eocene
cooling extends over 200 km from the northern Kootenay Lake
area, where antiformal isogradic surfaces plunge (Fig. 2B) south-
wards in the footwall of the normal faults before merging with a
large region characterized by Eocene K–Ar mica dates (Miller and
Engels 1975) in the Spokane Dome of the PRC in Idaho (Fig. 11).

West from the trace of the southern PTF in our central domain,
there is a gradual increase in K–Ar mica dates. Biotite 40Ar/39Ar
cooling ages are mainly ca. 46 Ma near the PTF and progressively
increase to ca. 66 Ma towards the western margin of the Barrovian
metamorphic belt bounded by the Next Creek fault (Fig. 2B). This
pattern of cooling ages was also documented by Doughty and
Price (1999) in northern Idaho, where they attributed it to predom-
inantly westerly directed tilting and uplift of the Barrovian meta-
morphic rocks. This east–west pattern of dates coincides with a
westerly decrease in metamorphic grade from sillimanite zone
rocks in the immediate footwall of the PTF to garnet zone rocks in
the footwall of the BCF (Fig. 2B). We propose west-side-down tilt-
ing of the southern central domain to account for the pattern of
dates and isograds. The change in metamorphic grade and struc-
tural style across the BCF is not as apparent as that observed
across the Eastern Newport fault (Fig. 1), suggesting that the BCF is
not as significant a structure.

At the latitude of Creston, within the central domain, the oldest
40Ar/39Ar biotite and muscovite cooling dates (ca. 66 Ma) are only
slightly younger than the time of peak metamorphism (ca. 70 Ma),
implying rapid, probably tectonically driven, exhumation of
these rocks from 6–7 kbar and 650–700 °C during the Late Creta-
ceous to Paleocene. Eocene (53–46 Ma) 40Ar/39Ar cooling ages from
the immediate footwall of extensional faults and Eocene (51–
53 Ma) lamprophyre and syenite dyke swarms suggest that re-
gional extension was underway in this part of the Omineca belt
by ca. 53 Ma. Therefore, exhumation within the belt of Bar-
rovian metamorphism, and by association the domain of Late
Cretaceous–Paleocene cooling ages, appears to have been a two
stage process: (1) rapid tectonically driven decompression in the
Late Cretaceous (70–60 Ma) when the orogen was still in a
compressional or transpressional state of stress, followed by (2)
exhumation in the footwall of major Eocene extensional struc-
tures from 53–46 Ma, during and after which the orogen had
experienced a transition to regional extension. Although the Bar-
rovian metamorphic belt in the north of the central domain de-
veloped mainly in the Early Cretaceous (140–135 Ma), and in the
south of the region developed in the Late Cretaceous (80–70 Ma),

Webster et al. 941

Published by NRC Research Press



Fig. 11. Regional contours of K–Ar and 40Ar/39Ar biotite (Bt) dates. 40Ar/39Ar integrated dates from this study are shown by red dots. Black dots
indicate 40Ar/39Ar integrated dates from Leclair et al. (1993); Irving and Archibald (1990); Jansen (1991); Warren (1997); and Doughty and Price
(1999), and K–Ar dates from Nguyen et al. (1968); Miller and Engels (1975); and Archibald et al. (1983, 1984). All dates were calculated or re-
calculated using the 40K decay constant of Steiger and Jäger (1977). The colour bands (10 Ma contour interval) are drawn as simply as possible
to encompass the available biotite dates in the same range. [Colour online.]
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the entire Barrovian belt appears to have been exhumed as one
during the interval 70–46 Ma.

Within the southern part of our central domain, the ductile
Huscroft normal fault is itself cut by the brittle PTF, indicating
that extension in this region was accommodated by a progression
of faults types. Similarly, as documented in the Valhalla complex,
the entirely ductile Valkyr shear zone was cut by the ductile to
brittle Slocan Lake fault (Carr et al. 1987). Two distinct stages of
exhumation have been recognized in many of the core complexes
of the southern Omineca Belt (Simony and Carr 1997; Norlander
et al. 2002; Vanderhaeghe et al. 2003; Hinchey et al. 2006; Mulch
et al. 2007; Kruckenberg and Whitney 2011; Cubley et al. 2013).

Comparison with other core complexes in the Omineca belt
Several 40Ar/39Ar studies of metamorphic core complexes in the

Omineca Belt of southeastern British Columbia have documented
the rapid passage of muscovite and biotite through their closure
temperatures between 51 and 48 Ma (Cubley et al. 2013;
Kruckenberg et al. 2008; Gordon et al. 2008; Vanderhaeghe et al.
2003; Van Rooyen and Carr 2016). Biotite and muscovite 40Ar/39Ar
dates from the central domain overlap with but span a larger
range than in the examples above. The older mica dates (up to
66 Ma) from this study are consistent with the shallower struc-
tural levels and lower metamorphic grade (e.g., 650–700 °C
6–7 kbar; Webster and Pattison 2018) exposed in the area, relative
to the southern PRC (725 °C and �10 kbar; Doughty and Price
1999). In the central domain and its southern extension in Idaho
peak P–T conditions were achieved between ca. 80 and 70 Ma and
penetrative deformation had ceased by ca. 65 Ma (undeformed
Crawford Bay stock; Moynihan 2012). In metamorphic core com-
plexes to the west where deeper parts of the infrastructure are
exposed, peak metamorphic conditions were reached later (be-
tween ca. 70 and 60 Ma) and the youngest deformed leucosomes
are 56–54 Ma (Thor–Odin complex; Hinchey et al. 2006).

A recurring finding documented in the studies mentioned
above for many of the central and western, Eocene fault-bounded
metamorphic domains and core complexes of the southern Omi-
neca Belt is that Eocene normal faults played a major role in the
overall exhumation of the highest P–T rocks. However, in our area
along the eastern margin of the Omineca Belt, the majority of the
exhumation occurred when the Cordilleran orogen was still un-
dergoing thickening and metamorphism in a contractional tec-
tonic regime in the Late Cretaceous to Paleocene. It is possible
that over-thickening of a thermally weakened crust at this time
created favourable conditions for the initiation of gravitational
collapse and extensional features in the upper levels of the crust
(e.g., Beaumont et al. 2006), leading to ductile faults like the Hu-
scroft fault in this study and the Valkyr shear zone in Valhalla
complex (Carr et al. 1987). Later, Eocene, brittle extensional de-
tachment systems like the Purcell Trench fault in this study and
the Slocan Lake fault in the Valhalla complex may then have
exploited these pre-existing decoupling surfaces.

Conclusions
Integration of the new 40Ar/39Ar dates for hornblende, musco-

vite, biotite, and alkali feldspar with the existing K/Ar, Rb–Sr,
fission track dates, and U–Pb geochronological data for igneous
and metamorphic rocks from the Omineca Belt, between Nelson
and Creston in southeastern British Columbia, has defined three
distinct domains with differing geological histories but overlap-
ping thermal histories. Some of the main conclusions of this study
are:

(1) The western domain is characterized by (i) late synkinematic
Jurassic plutons of the Nelson suite with hornblende, musco-
vite, and biotite 40Ar/39Ar plateau dates between 170 and
165 Ma, some of which are within error of the U–Pb zircon
dates for these plutons indicating rapid exhumation shortly

after emplacement, and (ii) late Early Cretaceous (118–102 Ma)
plutons commonly with concordant mica 40Ar/39Ar plateau
cooling dates between 113 and 100 Ma. The transition from the
western domain into the central domain is characterized by
40Ar/39Ar mica age spectra showing a progression of increas-
ing mid-Cretaceous thermal overprinting.

(2) The eastern domain consists of mid-Cretaceous intrusions of
the Bayonne Magmatic Suite emplaced mainly into biotite-
zone metasedimentary rocks of the Purcell anticlinorium. The
Cretaceous Mount Skelly pluton in the southern portion of this
domain has 40Ar/39Ar mica plateau dates that are <9 Myr
younger than U–Pb zircon date, indicating rapid cooling
shortly after emplacement. Micas from this pluton in the
hanging wall of the PTF have disturbed 40Ar/39Ar spectra in-
dicating that there was a Late Cretaceous thermal disturbance
possibly related to emplacement of younger plutons at deeper
crustal levels and the Late Cretaceous Barrovian metamor-
phic event exposed in the central domain. 40Ar/39Ar step-
heating of micas from the White Creek batholith in the
northern part of the domain reveals that the thermal distur-
bance affected rocks as far east as the core of the Purcell
anticlinorium.

(3) The central domain contains superposed Early and Late Cre-
taceous zones of Barrovian metamorphic rocks and mid- to
Late Cretaceous, post-kinematic plutons that yield 40Ar/39Ar
cooling ages for micas in the range of 66 to 46 Ma that de-
crease into the highest-grade rocks of the sillimanite zone.
Eocene normal faults, in part, control the amphibolite facies
boundary but the relief on the isogradic surfaces is related to
folding and tectonic exhumation in the Late Cretaceous. The
entire Barrovian belt appears to have been exhumed and
cooled from >500 °C to �225 °C as one from 70 to 46 Ma, by
which time the three domains had attained a similar struc-
tural level.

(4) In the southern central domain, the Rykert block bounded by
the ductile Huscroft normal fault is a stranded hanging wall
segment of a low-angle normal fault that may be an extension
of the Eastern Newport fault. The Rykert block is underlain by
biotite and garnet zone schists and characterized by 40Ar/39Ar
muscovite cooling dates (ca. 67–57 Ma) that are greater than
those for the sillimanite zone footwall rocks (55–52 Ma). The
Huscroft fault is cut by the PTF indicating that two stages of
normal faulting were involved in the exhumation of this part of
the central domain and the northern Selkirk Crest complex.

(5) For areas bounded by faults, exhumation of the central do-
main appears to be a multi-stage process, as found in studies
of other adjacent core complexes in the Omineca Belt. Early
exhumation associated with ductile–brittle faults/shear zones
occurred in the Late Cretaceous to Paleocene during regional
contraction, and final exhumation occurred during regional
extension in the footwall of Eocene normal faults like the
Purcell Trench fault. The Eocene normal faults appear to have
played a subsidiary role in the overall exhumation of the
highest grade metamorphic rocks in this area.
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