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Abstract: West-central Yukon and eastern Alaska are characterized by widespread metamorphic 
rocks that form part of the allochthonous, composite Yukon-Tanana terrane and parautochthonous North 
American margin. Structural windows through the Yukon-Tanana terrane expose parautochthonous North 
American margin in that broad region, particularly as mid-Cretaceous extensional core complexes. Both 
the Yukon-Tanana terrane and parautochthonous North American margin share the same Late Devonian 
history, making their discrimination difficult; however, distinct post-Late Devonian magmatic and meta-
morphic histories assist in discriminating Yukon-Tanana terrane from parautochthonous North American 
margin rocks. The suture between Yukon-Tanana terrane and parautochthonous North American margin 
is obscured by many episodes of high-strain deformation. Their main bounding structure is probably a 
Jurassic to Cretaceous thrust, which has been locally reactivated as a mid-Cretaceous extensional shear 
zone. Crustal-scale structures within composite Yukon-Tanana terrane (e.g. the Yukon River shear zone) 
are commonly marked by discontinuous mafic-ultramafic complexes. Some of these complexes represent 
orogenic peridotites that were structurally exhumed into the Yukon-Tanana terrane in the Middle Permian.

Résumé : Le centre ouest du Yukon et l’est de l’Alaska sont caractérisés par de grandes étendues de 
roches métamorphiques, qui forment une partie du terrane composite allochtone de Yukon-Tanana et de 
la marge parautochtone de l’Amérique du Nord. Dans cette vaste région, la marge parautochtone est 
exposée dans des fenêtres structurales traversant le terrane de Yukon-Tanana, plus spécifiquement dans 
des complexes à noyau métamorphique formés par distension au Crétacé moyen. Il est difficile de distin-
guer le terrane de Yukon-Tanana de la marge parautochtone de l’Amérique du Nord, puisqu’ils partagent 
tous deux la même histoire tardi-dévonienne. Toutefois, des histoires magmatiques et métamorphiques 
différentes après le Dévonien tardif permettent la distinction des roches du terrane de celles de la marge 
parautochtone. Plusieurs épisodes d’intense déformation ont masqué la suture entre le terrane de Yukon-
Tanana et la marge parautochtone de l’Amérique du Nord. La principale structure les séparant est une 
faille de chevauchement active du Jurassique au Crétacé, qui a été réactivée par endroits sous forme de 
cisaillement par extension au Crétacé moyen. Les structures à l’échelle de la croûte présentes dans le 
terrane composite de Yukon-Tanana (p. ex., la zone de cisaillement du fleuve Yukon) sont habituellement 
signalées par la présence de complexes mafiques-ultramafiques discontinus. Certains de ces complexes 
représentent des péridotites orogéniques qui ont été exhumées tectoniquement au sein du terrane de 
Yukon-Tanana lors du Permien moyen.
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INTRODUCTION
The North American Cordillera accretionary orogen 

comprises a collage of terranes that were successively 
accreted to the western margin of the North America 
(Laurentia) during the Late Paleozoic to Early Cenozoic 
(Coney et al., 1980; Gabrielse et al., 1991; Monger and 
Price, 2002). The Cordilleran Orogen has episodically been 
in a subduction and/or accretion setting from Late Devonian 
to recent, wherein episodic deformation, metamorphism, 
and crustal growth accompanied continued subduction and 
terrane accretion (Cawood et al., 2009; Nelson et al., 2013). 
Some of the accreted terranes preserve a Proterozoic to late 
Paleozoic history that is similar to the Laurentian margin. 
These terranes have been interpreted to be derived from 
the Laurentian margin and are referred to as the pericra-
tonic terranes (Colpron et al., 2007; Nelson et al., 2013). 
The Yukon-Tanana terrane is the largest pericratonic ter-
rane in Yukon (Fig. 1). The Yukon-Tanana terrane, along 
with the arc-related Quesnellia and Stikinia, and ‘oceanic’ 
Slide Mountain and Cache Creek terranes are collectively 
known as the Intermontane terranes (Monger et al., 1982). 
Much of the research into these terranes has been driven by 
their metallogenic endowment, particularly the Paleozoic 
volcanic-associated massive-sulphide (VMS) deposits of 
Yukon-Tanana terrane in the Finlayson Lake district (Hunt, 
2002; Mortensen et al., 2006; Murphy et al., 2006; Peter et 
al., 2007) and Mesozoic gold (e.g. Allan et al., 2013) and 
porphyry mineralization in Stikinia and Quesnellia (e.g. 
Logan and Mihalynuk, 2014).

This contribution presents key findings from work per-
formed between 2009 and 2018 under the auspices of the 
Geo-mapping for Energy and Minerals (GEM) Cordillera 
project, mainly focusing on the Yukon-Tanana terrane and 
parts of parautochthonous North America. The Yukon-
Tanana terrane is exposed from Alaska to British Columbia, 
however the majority of its exposure is in Yukon. The 
Cordillera project produced updated regional mapping 
coverage (Fig. 1) of the McQuesten (Ryan et al., 2010), 
northern Stevenson Ridge (Ryan et al., 2013a, b), Mount 
Nansen–Nisling River (Ryan et al., 2016), and Klaza River 
(Ryan et al., 2018a) areas. The Cordillera project also car-
ried out thematic studies in the Mount Burnham (Staples et 
al., 2013, 2016); Sylvester allochthon (Ryan et al., 2015), 
Thirtymile–Wolf Lake (Cleven et al., 2018), and Dunite 
Peak (Parsons et al., 2017a, b, 2019) regions. Numerous 
high-resolution geophysical surveys were acquired, com-
piled, and analyzed in support of mapping activities (see 
Hayward and Ryan, this volume). The present authors herein 
summarize results of mapping and thematic studies aimed 
at furthering the understanding of major boundary features, 
processes, and structures in Yukon. The internal composition 
of metamorphic and structural domains within the Yukon-
Tanana terrane, the significance of the structurally bounded 

ultramafic complexes, and the relationship with the parau-
tochthonous North American margin are described, and the 
need to continue re-evaluation of the Yukon-Tanana terrane 
is highlighted.

A note on the stratigraphic nomenclature
Much of the tectonostratigraphy of Yukon-Tanana ter-

rane and deformed and metamorphosed parautochthonous 
North American margin rocks are not currently divisible 
into groups, formations, and suites as per formal strati-
graphic code (North American Commission on Stratigraphic 
Nomenclature, 2005). Instead, by historical convention, 
regions of broadly similar rocks are included in tectonic 
assemblages (e.g. Gabrielse et al., 1991). In some cases, this 
nomenclature is broadly similar to suite, group, and com-
plex in the stratigraphic code; however, in other cases, these 
assemblages combine unrelated tectonic, magmatic, and 
stratigraphic units. Continued future research should serve 
to resolve some of these geological incongruences.

PARAUTOCHTHONOUS NORTH 
AMERICA

The Paleozoic geology of the western North American 
Craton is characterized by development of long-lived, 
shallow-water platforms (Mackenzie, McDonald, Bow, 
McEvoy) and coeval deep-water basins (Selwyn, Kechika, 
Richardson; Nelson et al., 2013; Fig. 1). The Cassiar terrane 
represents a piece of the McEvoy platform that was dis-
placed along the Tintina Fault (Fig. 1; Gabrielse et al., 2006). 
Parautochthonous North American margin and its displaced 
portions are in contact with the accreted terranes to the west 
across a multiply reactivated suture zone, locally known as 
the Inconnu thrust (Fig. 2; Murphy et al., 2006).

Parautochthonous rocks also occur to the west of the 
Yukon-Tanana terrane in the Tanana Uplands of eastern 
Alaska. Here, the parautochthonous North American mar-
gin includes the Lake George and Totatlanika assemblages 
(Hansen and Dusel-Bacon, 1998; Dusel-Bacon et al., 2006, 
2017; Staples et al., 2016). These assemblages lack the Late 
Mississippian to Permian magmatism (<357 Ma) that is 
characteristic of the Yukon-Tanana terrane (Dusel-Bacon et 
al., 2006; Dusel-Bacon and Williams, 2009), as such they 
have been interpreted to represent parautochthonous North 
American margin rocks that were strongly deformed and 
metamorphosed in the middle Cretaceous (Staples et al., 
2016). The Lake George assemblage and the Delta mineral 
belt geology are characterized by amphibolite-facies pelite, 
quartzite, and mafic to felsic igneous rocks (Foster et al., 
1994; Dashevsky et al., 2003). Igneous rocks include large 
intrusive bodies of Late Devonian and Early Mississippian 



69

J.J. Ryan et al.

peraluminous augen and biotite orthogneiss (Dusel-Bacon 
et al., 2006, 2017; Dusel-Bacon and Williams, 2009). 
Siliciclastic rocks have Archean to Paleoproterozoic detrital 
zircon populations, characteristic of Laurentian provenance 
(Dusel-Bacon et al., 2017).

White River assemblage
The White River assemblage is exposed in the White 

River domain in western Yukon (Fig. 2) and has been corre-
lated with the Lake George assemblage to the west in Alaska 
(Murphy et al., 2009; Ryan et al., 2014). The White River 
assemblage includes rocks ranging from pre-Late Devonian 
to Triassic (previously “Windy-McKinley” terrane; Murphy 
et al., 2008, 2009) and is intruded by the middle Cretaceous 

Whitehorse plutonic suite (Fig. 2; Ryan et al., 2013b, 2014). 
The White River assemblage comprises the Scottie Creek 
formation, the Mount Baker intrusive suite, the White River 
complex, and the Snag Creek gabbro suite (Ryan et al., 
2013b). The White River assemblage is characterized by 
shallowly dipping tectonometamorphic layering; shallowly 
dipping, tabular intrusive sheets of the Late Triassic Snag 
Creek suite gabbro and diabase (ca. 230–228 Ma: Murphy 
et al., 2009). The state of deformation and metamorphism 
of the Snag Creek suite varies significantly, ranging from 
highly strained amphibolite facies to macroscopically unde-
formed subgreenschist facies. The Snag Creek suite has been 
correlated with gabbroic intrusions in Early Devonian schist 
in the Delta mineral belt of eastern Alaska (Dashevsky et al., 
2003; Dusel-Bacon et al., 2006) and the Galena suite gabbro 
in the Laurentian margin of the McQuesten and Mayo areas 
of Yukon (Murphy, 1997).

Figure 1.  Simplified terrane map of the northern 
Canadian  Cordillera  (modified from  Staples  et 
al., 2016 and Colpron and Nelson, 2011), show-
ing  footprints of  the McQuesten  (MQ), northern 
Stevenson Ridge (NSR), Klaza River (KR), Mount 
Nansen-Nisling River  (MN), and Thirtymile-Wolf 
Lake  (TMWL)  map  areas  outlined  by  yellow. 
Communities  for  reference:  Dawson  (D)  and 
Whitehorse  (Wh).  The  structure  that  bounds 
Yukon-Tanana  and  Slide  Mountain  terranes 
from  North  American  rocks  is  outlined  in  red. 
Terrane  abbreviations: Alexander  (AX),  Cassiar 
(CA),  Cache  Creek  (CC),  Kluane  Schist  (KS), 
McEvoy  platform  (MP), North American  basinal 
strata  (NAb),  North  American  platformal  strata 
(NAp), cratonic North America (NAc), Quesnellia 
(QN), Slide Mountain (SM), Stikinia (ST), Yukon-
Tanana  (YT),  Wrangellia  (WR).  Inset  shows 
location  within  North America. Amd  = Australia 
Mountain domain, Fin dom = Finlayson domain, 
AA = Arctic Alaska
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Figure 2.  Structural  architecture and domain map of Yukon-Tanana  terrane  (YTT) and  its  relationship with par-
autochthonous North American (PNA). Units are shown with approximated restoration of 450 km of dextral offset 
along the Tintina Fault (Tin F), such that the Finlayson Lake domain of Yukon-Tanana terrane restores immediately 
east of Yukon-Tanana terrane exposed in the Stewart River and McQueston map areas. Early Paleozoic to Middle 
Mesozoic magmatic suites that define the structural architecture are highlighted on a background of undifferentiated 
Yukon-Tanana terrane basement and other rocks. The Inconnu thrust (ICT) and its equivalent structure on the west 
side of Yukon-Tanana terrane, the Moose Creek fault (MCF), bound Yukon-Tanana terrane from parautochthonous 
North American margin rocks. The internal composite architecture of Yukon-Tanana terrane is highlighted with the 
Yukon River shear zone (YRSZ). The complete  trace of  the Yukon River shear zone shown here  is speculative, 
and marked in part by tectonic lozenges of ultramafic rocks. The Buffalo Pitts complex (BPC), an orogenic perido-
tite, lies along the Yukon River shear zone. The Schist Creek complex (SCC) is also interpreted to be an orogenic 
peridotite, and  lies along  the Schist Creek Fault  (SCF). Other abbreviations: AMD = Australia Mountain domain, 
DF = Denali Fault, Tes F = Teslin Fault, SRF = Stewart River fault, NRF = North River fault, WLF = Willow Lake fault, 
ACF = Australia Creek fault, QN = Quesnellia, FMD = Fiftymile domain, NRT = Needlerock Thrust, CCC = Clinton 
Creek complex, MDC = Midnight Dome complex, HPC = Harzburgite Peak complex, DPC = Dunite Peak complex, 
Miss = Mississippian.
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Scottie Creek formation
The Scottie Creek formation (Murphy et al., 2009) 

comprises psammitic muscovite-biotite schist, quartz-
ite, and pebble conglomerate (Fig. 3a; Ryan et al., 2014). 
Weather-resistant quartzite is typically exposed on ridges, 
whereas psammitic schist is interpreted to underlie much of 
the low-lying areas. In the northwestern part of the White 
River assemblage, the Scottie Creek formation appears to be 
migmatized, exhibiting contorted layers of mica-rich mela-
nosome and garnet-bearing quartzofeldspathic leucosome. 
Two quartzite samples yielded youngest detrital zircon 
grains of ca. 376 Ma and 368 Ma (N. Joyce, unpub. data, 
2019), and a quartzofeldspathic schist within the migmatite 
domain yielded a probable detrital zircon age of ca. 365 Ma 
(N. Joyce, unpub. data, 2019), and the present authors 

interpret the rock to have an epiclastic protolith. These ages 
suggest it was wholly or in part contemporaneous with the 
White River complex.

White River complex
The White River complex comprises variably strained 

metavolcanic rocks and minor carbonaceous schist that have 
been metamorphosed at greenschist to amphibolite facies 
(Ryan et al., 2014). They include amygdaloidal andesitic to 
basaltic flows, quartz and feldspar porphyry (Fig. 3b), and 
rhyolite. A rhyolite sample yielded a U/Pb zircon crystal-
lization age of ca. 368 Ma (N. Joyce, unpub. data, 2019). 
Murphy et al. (2009) reported an age of ca. 363 ± 3 Ma for 
a sample of crystal-lithic tuff of the White River complex. 

Figure 3.  Field outcrop photographs of typical rock types of parautochthonous North American margin in western Yukon. a) Possible 
chert-pebble conglomerate  from  the Scottie Creek  formation of  the White River domain; scale card  in centimetres. Photograph by 
A. Zagorevski. NRCan photo 2019-760. b) Quartz-feldspar hypabyssal porphyritic rhyolite of the White River complex; section of pen 
cap is 3 cm. Photograph by J.J. Ryan. NRCan photo 2019-761. c) Highly strained tonalite orthogneiss of the Mount Baker suite with 
orange lichen; section of pencil shown is 6 cm. Photograph by J.J. Ryan. NRCan photo 2019-762. d) Late Devonian augen granite 
of  the Mount Burnham orthogneiss,  considered part of parautochthonous North American margin; pencil  is 15 cm. Photograph by 
J.J. Ryan. NRCan photo 2019-763.
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These ages are within error of the Scottie Creek formation 
youngest detrital zircon. The White River complex ages 
also overlap ages of metavolcanic units associated with the 
Laurentian margin in the Big Delta district of eastern Alaska 
(Dashevsky et al., 2003; Dusel-Bacon et al., 2006) and the 
Earn Group in the Anvil and Earn lakes area (Cobbett, 2015, 
2016) east of the Inconnu thrust (Yukon Geological Survey, 
2019).

Mount Baker suite
The Mount Baker suite (Ryan et al., 2013b, 2014) 

comprises orthogneiss (Fig. 3c) derived from interlayered 
monzogranite, granodiorite, tonalite, diorite, and gabbro. Its 
well defined foliation and common dynamic recrystalliza-
tion textures indicate a high degree of strain. The contact 
between the Mount Baker suite and the Scottie Creek for-
mation is not exposed. The U/Pb zircon dating yielded an 
age of ca. 369 Ma (N. Joyce, unpub. data, 2019). This age 
is similar to those reported from the Butte assemblage and 
Totatlanika Schist of eastern Alaska parautochthonous North 
American margin (Dusel-Bacon et al., 2006, 2017).

Australia Mountain domain
The Australia Mountain domain (Fig. 2; Staples 

et al., 2013, 2016) was previously included in Yukon-
Tanana terrane (e.g. Colpron et al., 2006a). The domain 
is largely dominated by siliciclastic rocks that record 
medium- to high-grade metamorphism (garnet-kyanite-
sillimanite assemblage), and is cored by a large body of 
Devono-Mississippian Mount Burnham orthogneiss derived 
from porphyritic granite (Fig. 3d; Gordey and Ryan, 2005; 
Ruks et al., 2006). The U-Pb zircon dates for this augen 
granite are ca. 363.8 ± 1.5 Ma (Mortensen, 1990) and 
360.4 ± 2.2 Ma (N. Joyce, unpub. data, 2019). An unde-
formed aplite dyke that cuts the foliation in the Mount 
Burnham orthogneiss yielded a U-Pb zircon crystallization 
age of 118.7 ± 1 Ma (N. Joyce, unpub. data, 2019). Pressure 
estimates of Staples et al. (2013) indicate that the Australia 
Mountain domain was at 9 kbar at ca. 118 Ma, and exhumed 
to 5 kbar to 4 kbar by 112 Ma along the Australia Creek fault. 
The exposure of the mid-Cretaceous (Albian) Indian River 
Formation (Lowey and Hills, 1988), and ca. 110–107 Ma 
ash beds (Yukon Geological Survey, 2019), in the hanging 
wall of the Australia Creek fault, requires approximately 
27 km of vertical displacement on the Australia Creek fault 
between 118 Ma and 107 Ma (Staples et al., 2013). This con-
trasts with the similar rocks of the Yukon-Tanana terrane, 
which were already exhumed to argon closure temperature 
of hornblende, biotite, and muscovite by the Early Jurassic 
(Joyce et al., 2015). The different exhumation history of the 
Australia Mountain domain, combined with the lack of mag-
matic ages that are characteristic of Yukon-Tanana terrane, 
suggest that the Australia Mountain domain represents an 

exhumed portion of parautochthonous North American mar-
gin that structurally underlies Yukon-Tanana terrane (e.g. 
Dusel-Bacon et al., 2002; Staples et al., 2013, 2016; Ryan 
et al., 2017).

YUKON-TANANA TERRANE
The Yukon-Tanana terrane is characterized by the 

Snowcap assemblage siliciclastic-dominated basement 
(Colpron et al., 2006a, b; Piercey and Colpron, 2009) that was 
overprinted by Late Devonian to Jurassic magmatism, meta-
morphism, and deformation (Piercey et al., 2006; Nelson et 
al., 2006). Primary tectonostratigraphic relationships are dif-
ficult to establish due to complex deformation and typically 
amphibolite-facies metamorphism (e.g. Tempelman-Kluit, 
1979; Mortensen, 1992; Berman et al., 2007; Staples et al., 
2016). The Yukon-Tanana terrane comprises four tectono-
metamorphic assemblages (see Fig. 6 of Colpron et al., 
2006a). The basal part of the Snowcap assemblage basement 
is overlain by three unconformity-bounded volcanic and 
volcaniclastic successions and intruded by consanguineous 
continental arc plutons (Piercey et al., 2006) of the Upper 
Devonian to Lower Mississippian Finlayson assemblage, the 
mid-Mississippian to Lower Permian Klinkit assemblage, 
and the Middle to Upper Permian Klondike assemblage 
(Colpron et al., 2006a; Piercey et al., 2006).

Snowcap assemblage
The Snowcap assemblage basement of Yukon-Tanana 

terrane has been interpreted as a rifted fragment of the west-
ern continental margin of Laurentia (Colpron et al., 2006a, 
b, 2007; Nelson et al., 2006, 2013). No crystalline basement 
portion of Yukon-Tanana terrane has yet been identified 
below the Snowcap assemblage, and direct correlations with 
stratigraphy of the craton are yet to be made. Detrital zircon 
geochronology age distributions, geochemical and Nd-Hf 
isotopic compositions, and other geological relationships 
indicate that northwestern Laurentia is the most likely source 
of the Snowcap assemblage siliciclastic rocks (Gehrels et al., 
1991; Creaser et al., 1997, 1999; Patchett and Gehrels, 1998; 
Nelson et al., 2006; Nelson and Gehrels, 2007; Piercey 
and Colpron, 2009; N.R. Cleven, J.J. Ryan, D. Kellett, 
W. McClelland, A. Zagorevski, N. Joyce, J. Crowley, and 
A. Parsons, unpub. manuscript, 2021).

The Snowcap assemblage has very few direct age con-
straints, but is older than crosscutting Late Devonian to 
Early Mississippian plutons (Colpron et al., 2006b; Piercey 
and Colpron, 2009). In west-central Yukon, the Snowcap 
assemblage is composed mainly of quartzite, micaceous 
quartzite, psammitic quartz-muscovite-biotite (±garnet) 
schist, marble, and grey carbonaceous schist. Quartzite is 
generally fine grained, banded to massive, grey to white, and 
locally dark grey (Fig. 4a). One of the quartzite samples of 
this study from the northern Stevenson Ridge area yielded a 
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Figure 4.  Field outcrop photographs of typical rock types in Yukon-Tanana terrane in western Yukon. a) High-strain quartzite of the 
Snowcap  assemblage;  pencil  is  15  cm.  NRCan  photo  2019-764.  b)  Finlayson  assemblage  garnet-hornblende-plagioclase±quartz 
amphibolite interpreted to have a mafic volcanic protolith; pencil is 15 cm. NRCan photo 2019-765. c) Simpson Range suite foliated 
and lineated hornblende-biotite and biotite granodiorite; portion of pencil showing is 7 cm. NRCan photo 2019-766. d) Unusually well 
preserved  felsic  lapilli  tuff (1–10 cm fragments) of Permian Klondike schist; pencil  tip  is 2 cm. NRCan photo 2019-767. e) Permian 
Klondike schist,  chlorite-sericite phyllonite exhibiting quartz  veins, and characteristic  relict  pyrite porphyroblasts;  pencil  tip  is 3  cm. 
NRCan photo 2019-768. f) Typical K-feldspar porphyroclastic augen granite of Permian Sulphur Creek suite (Klondike assemblage); 
pencil is 15 cm. NRCan photo 2019-769. All photographs by J.J. Ryan.
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youngest detrital zircon age of ca. 370 Ma (N. Joyce, unpub. 
data, 2020). Garnet-bearing pelitic schist is common, but not 
extensive, and horizons of conglomerate with pebble-sized 
clasts of quartzite and mudstone occur very locally within 
the psammitic schist. The Snowcap assemblage is variably 
calcareous, with centimetre- to decametre-thick marble or 
calc-silicate horizons occurring sporadically throughout. At 
the type locality of Snowcap Mountain, Piercey and Colpron 
(2009) described thin, possibly volcanic, amphibolite hori-
zons associated with carbonate rocks. In regions studied 
herein, massive amphibolite and garnet amphibolite layers 
that are associated with the Snowcap assemblage are inter-
preted as metamorphosed mafic sills and dykes of unknown 
age.

Devono-Mississippian tectonostratigraphy

Finlayson assemblage
The Finlayson assemblage is generally interpreted as 

a metamorphosed Late Devonian to Early Mississippian 
continental arc and back-arc volcano-sedimentary succes-
sion that unconformably overlies the Snowcap assemblage 
(Colpron et al., 2006a, 2007). Internal stratigraphy within 
the Finlayson assemblage is highly variable. In the Finlayson 
Lake district, it comprises bimodal magmatic rocks of 
arc and back-arc affinity which host volcanic-associated 
massive-sulphide deposits (Murphy et al., 2006, Piercey 
et al., 2006). In west-central Yukon, the Finlayson assem-
blage comprises extensive amphibolite, with less consistent 
stratigraphy than the Finlayson Lake district, and can exhi- 
bit hornblende-plagioclase±epidote or garnet-hornblende-
plagioclase±quartz mineral assemblages (Fig. 4b). Local 
relict volcanic features suggest a volcanic protolith. Presence 
of massive amphibolite layers suggests that some of the mafic 
rocks were emplaced as flows or sills. Locally, amphibolite 
is interlayered with marble and siliciclastic metasedimentary 
rocks of the upper Snowcap assemblage, though at some 
localities this contact is definitively structural. Finlayson 
assemblage felsic rocks are sparse in west-central Yukon, but 
possible felsic metavolcanic rocks yielded a 347.6 ± 3.5 Ma 
U-Pb zircon crystallization age (Ryan et al., 2016; Joyce et 
al., 2020).

In the Finlayson Lake area, the carbonaceous sedimen-
tary rocks are included in the Wolverine Lake Group, and are 
interstratified with early Mississippian volcanic rocks and 
associated massive-sulphide deposits (Murphy et al., 2006). 
In northwest Yukon-Tanana terrane this carbonaceous suc-
cession is known as the Nasina assemblage (Mortensen, 
1992; Dusel-Bacon et al., 2006; Allan et al., 2013) and the 
Stevenson Ridge schist (Ryan et al., 2014, 2018a). In south-
ern Yukon it is included in the Swift River formation (Roots 
et al., 2006). These carbonaceous rocks are typically mapped 
as grey to black, carbonaceous quartzite, psammite, and 
phyllite, however, it is probable that some units are derived 
from carbonaceous shale and chert. Finlayson assemblage 

carbonaceous rocks contains variable amounts of marble, 
from almost completely lacking in the Stevenson Ridge 
area to being prominent in the Klondike region (Yukon 
Geological Survey, 2019). Finlayson assemblage carbona-
ceous siliciclastic rocks are considered to represent anoxic 
back-arc basin deposits to the Finlayson arc (Colpron et al., 
2006a; Yukon Geological Survey, 2019).

Simpson Range suite
The Late Devonian to Early Mississippian Simpson 

Range suite is defined in the Finlayson Lake area of south-
east Yukon (Mortensen, 1992; Murphy et al., 2006). Simpson 
Range suite granitoid rocks are abundant in the west-central 
Yukon region covered under this project. They comprise 
variably foliated to gneissic hornblende-biotite and biotite 
granodiorite (Fig. 4c), with minor monzogranite, diorite, 
gabbro, and amphibolite. They yield crystallization ages 
between 363 Ma and 340 Ma (e.g. Knight et al., 2013; Joyce 
et al., 2020). The Simpson Range suite locally contains rafts 
and xenoliths of metavolcanic rocks that are interpreted 
to form part of the Finlayson assemblage. Regionally, the 
Simpson Range suite commonly contains abundant inher-
ited zircon (Murphy et al., 2006; Piercey et al., 2006) and 
has a variable, juvenile to highly evolved isotopic signature 
(Piercey et al., 2006). Inherited zircon and evolved isoto-
pic signatures suggest that parts of the Simpson Range suite 
were derived from or intruded into the Yukon-Tanana terrane 
basement.

In the northern Stevenson Ridge area, the Simpson 
Range suite is juxtaposed with the Snowcap assemblage 
along the Yukon River shear zone (Tempelman-Kluit, 1974; 
Ryan et al., 2014; Parsons et al., 2018). The Simpson Range 
suite plutons in this area yielded three U-Pb ages between 
ca. 347 to 344 Ma, do not have inherited zircon crystals, 
and are intruded by the Late Triassic Stikine and Pyroxene 
Mountain plutonic suites (Ryan et al., 2014; Parsons et 
al., 2018; N. Joyce, unpub. data, 2020). This suggests that 
some components of this suite formed on a more juvenile 
basement than is typical for Yukon-Tanana terrane, and 
may actually be correlative to something more akin to the 
Mississippian Takhini-Stikine assemblage of Stikinia (e.g. 
Hart, 1997; Logan et al., 2000).

Permian tectonostratigraphy of the  
Klondike assemblage

The Middle to Late Permian (269–253 Ma) Klondike 
assemblage forms the youngest magmatic constituent of the 
Yukon-Tanana terrane. It comprises metavolcanic and epi-
clastic rocks of the Klondike schist and metaplutonic rocks 
of the Sulphur Creek suite (Mortensen, 1992; Nelson et al., 
2006). Volumetrically significant exposures of the Klondike 
assemblage are restricted to two subparallel belts in west-
central Yukon and eastern Alaska (Fig. 2; e.g. Gordey and 
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Ryan, 2005; Beranek and Mortensen, 2011; Ryan et al., 
2013a, b, 2014). Volumetrically minor dykes and plugs 
related to the Klondike assemblage occur through much of 
Yukon-Tanana terrane (Yukon Geological Survey, 2019). 
The GEM mapping greatly expanded known occurrences 
of the Klondike assemblage, particularly in the McQuesten 
(Ryan et al., 2010; Knight et al., 2013), northern Stevenson 
Ridge (Ryan et al., 2013a, b), and Klaza River areas (Ryan 
et al., 2018a; Joyce et al., in press).

Klondike schist
The Klondike schist comprises variably deformed, green-

schist-facies hypabyssal, volcanic, and sedimentary rocks. 
Locally, quartz- and feldspar-porphyritic felsic volcanic and 
volcaniclastic rocks are well preserved (Fig. 4d), however, 
much of the Klondike schist comprises strongly deformed 
sericite, chlorite, and quartz-feldspar augen schist and phyl-
lonite derived from felsic to intermediate volcanic rocks. 
Mafic rocks are rare (e.g. Colpron and Ryan, 2010). The 
Klondike schist commonly has pitted weathering surfaces 
produced by weathering of pyrite porphyroblasts (Fig. 4e). 
Two samples of lapilli tuff from the northern Stevenson 
Ridge area yielded ca. 259 to 256 Ma crystallization ages 
(N. Joyce, unpub. data, 2020).

Sulphur Creek suite
The Sulphur Creek suite comprises variably deformed 

K-feldspar and quartz porphyritic to equigranular syeno-
granite to granodiorite (e.g. Mortensen, 1992; Gordey and 
Ryan, 2005). Strain within the suite varies significantly from 
relatively undeformed, to greenschist-facies porphyroclastic 
phyllonite, to amphibolite-facies augen orthogneiss (Fig. 4f) 
in porphyritic protoliths. In many locations across west- 
central Yukon, the Sulphur Creek suite demonstrably intrudes 
the Snowcap assemblage and both are metamorphosed at 
amphibolite facies. In the northern Stevenson Ridge area, 
the Sulphur Creek suite is deformed and metamorphosed to 
greenschist-facies quartz-sericite-chlorite phyllonite. These 
largely obliterated primary plutonic textures make these 
granitoid rocks indistinguishable from the Klondike schist 
metavolcanic rocks. Sulphur Creek granitoid rocks from 
west-central Yukon yielded U-Pb zircon ages ca. 262 to 
254 Ma (Mortensen, 1992; Ruks et al., 2006; Parsons et al., 
2018; Joyce et al., in press; N. Joyce, unpub. data, 2020).

Ultramafic complexes internal to the Yukon-
Tanana terrane

As is discussed in ‘Slide Mountain terrane ophiolitic 
rocks’ section, numerous mafic-ultramafic complexes 
located between Yukon-Tanana terrane and parautochtho-
nous North American margin are probably related to the 
Slide Mountain terrane, however, there are also numerous 

complexes throughout Yukon-Tanana terrane that lack any 
petrogenetic constraints. Many of these complexes are 
strongly deformed, altered, and metamorphosed to serpen-
tine-, amphibole-, and chlorite-rich lithologies, making 
protoliths difficult to characterize. Often, these bodies have 
been mapped as tabular or sheet-like, and are commonly 
interpreted as representing metamorphosed sills or dykes. 
The emplacement history of these rocks, whether they may 
be ophiolites, orogenic peridotites, or magmatic intrusions, 
may be possible with further targeted research. Two of these 
mafic-ultramafic complexes are described here; their rela-
tionship to possible crustal-scale structures is discussed in 
the section devoted to ‘Nature of crustal structures related to 
Yukon-Tanana terrane tectonic evolution’.

Buffalo Pitts complex
The Buffalo Pitts mafic-ultramafic complex comprises a 

small body (about 200 m by 500 m) of harzburgite, troc-
tolite, banded pyroxenite, skarn, and garnet amphibolite 
that were structurally imbricated with the metasedimentary 
rocks of the Snowcap assemblage north of Sonora Gulch  
(Fig. 2, 5; Canil et al., 2003; Ryan et al., 2013b). The perido-
tite age is constrained by leucogabbro within it that dated at 
ca. 262 Ma (Johnston et al., 2007) and ca. 267 Ma (N. Joyce, 
unpub. data, 2020). The peridotite preserved evidence of 
rapid decompression from spinel to plagioclase stability 
fields during exhumation, suggesting that it originated as 
continental lithospheric mantle that was exhumed during 
Permian continental rifting (Canil et al., 2003; Johnston et 
al., 2007). In such settings, peridotites are exhumed along 
transcrustal faults; however, these structures can be reacti-
vated or overprinted by younger deformation. Buffalo Pitts 
peridotite lies along a fault which is outlined by a distinct 
lineament in high-resolution aeromagnetic data (Ryan et al., 
2013b), and appears to be a fault splay in close proximity to 
the more regionally extensive Yukon River fault (Ryan et al., 
2014; Coleman, 2017; Parsons et al., 2018).

Schist Creek complex
The Schist Creek mafic-ultramafic complex is an 

east-northeast-trending isolated sliver (1 km by 7 km) 
of serpentinized alpine peridotite located in the Mount 
Nansen–Nisling River area (Fig. 2, 6), within Yukon-Tanana 
terrane (Ryan et al., 2016, 2018a). Mapping, petrography, 
and geochemistry indicate that the largely serpentinite body 
has a predominantly harzburgitic protolith, indicated by 
high-temperature, deformed orthopyroxene porphyroclasts 
and aligned olivine, suggesting that it originated as litho-
spheric mantle (Dubman, 2016). Serpentinite is intruded 
by plagioclase porphyritic metagabbro dykes (Ryan et al., 
2016) that yield late Permian (ca. 265 Ma to 263 Ma) ages 
(W. McClelland, unpub. data, 2016).  Nearby minor lenses  
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(10 m to 100 m wide) of serpentinite, talc-tremolite schist, 
and listwaenite may also be related to the Schist Creek 
complex.

Regional overview of Yukon-Tanana terrane 
and parautochthonous North American 
margin detrital zircon geochronology

Numerous samples of siliciclastic rocks were collected 
for detrital zircon U-Pb geochronology during the course 
of GEM-2 fieldwork. Samples were analyzed by Sensitive 
High-Resolution Ion Micro Probe (SHRIMP) techniques at 
GSC laboratory facilities in Ottawa and by laser-ablation 
inductively coupled plasma mass spectrometry (LA-ICPMS) 
techniques at both Boise State University and the Arizona 
LaserChron centre at Arizona State University. Sample and 
methodology details are provided in an unpublished report 
by N.R. Cleven and colleagues (N.R. Cleven, J.J. Ryan, 
D. Kellett, W. McClelland, A. Zagorevski, N. Joyce, 
J. Crowley, and A. Parsons, unpub. manuscript, 2021).

Detrital zircon geochronology is a very effective tool for 
deciphering regional tectonomagmatic histories. Detrital zir-
con age distributions can illustrate past magmatic periods, 
periods of tectonism, and recycling of sediments by sam-
pling broad regions of zircon-bearing source rocks (Moecher 
and Samson, 2006; Hawkesworth et al., 2009). Detrital zir-
con crystals can also preserve evidence of units that are no 
longer exposed (structural or stratigraphic burial) or have 
been entirely eroded.

The GEM-2 detrital zircon sample data set has a wide 
spatial and temporal extent. As such, it provides a compre-
hensive view of Paleozoic magmatic periods responsible for 
Cordilleran crustal evolution. Composite age distributions 
for Late Devonian to Permian detrital zircon samples exhibit 
two dominant age peaks at ca. 353 Ma and 266 Ma, with 
a subsidiary peak at ca. 331 Ma (Fig. 7). These age peaks 
match well with known ages of magmatism in the Yukon-
Tanana terrane (e.g. Nelson et al., 2006). The minor, widely 
distributed age component with a peak age ca. 431 Ma does 
not match known ages of magmatism in the Yukon-Tanana 
terrane, but has been described in locally derived sediment 
in the parautochthonous North American margin strata in 
northern British Columbia (Gehrels and Pecha, 2014). The 
Paleoproterozoic and Archean signature within the Late 
Devonian to Permian samples is essentially indistinguish-
able from the underlying siliciclastic basement and suggests 
that the basement was ubiquitously recycled into younger 
strata.

These detrital geochronology data also help to constrain 
the potential source regions of the Yukon-Tanana terrane 
siliciclastic basement, and degree of its recycling into the 
overlying supracrustal sequences (e.g. Pecha et al., 2016). 
The Yukon-Tanana terrane siliciclastic basement (Snowcap 
assemblage, North River assemblage, and Dorsey Complex) 

is dominated by Paleoproterozoic and Archean ages (Fig. 7). 
It is a complex age distribution that comprises numerous 
age component peaks, with prominent peaks at ca. 1780 Ma, 
1850 Ma, 2000 Ma, 2300 Ma, and 2650 Ma. These ages are 
consistent with a Laurentian provenance (see Piercey and 
Colpron, 2009). Trace amounts of Meso- and Neoproterozoic, 
and early Paleozoic, detrital zircon ages (Fig. 7) are not 
considered to be derived from a proximal cratonic source. 
Previous workers have proposed that Mesoproterozoic zir-
con may be derived from recycled Grenville clastic material 
that covered Laurentia (Gehrels and Pecha, 2014), such as 
Cambrian sediments of the Mackenzie Mountains (Hadlari 

Figure 7.  Normalized probability plot  for  zircon analyses  from 
34 samples of Yukon-Tanana terrane (YTT) and parautochtho-
nous  North  American  (NA)  margin  examined  by  Cleven  and 
colleagues  (N.R. Cleven, J.J. Ryan, D. Kellett, W. McClelland, 
A.  Zagorevski,  N.  Joyce,  J.  Crowley,  and A.  Parsons,  unpub. 
manuscript,  2021).  The  bottom  graph  is  from  parautochtho-
nous samples. The middle graph is from Snowcap assemblage 
and  equivalent  samples.  The  upper  graph  is  from  Devono-
Mississippian  to  Permian  rocks.  These  all  show  general 
similarities in the pre-400 Ma age range of zircon samples.
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et al., 2012). Neoproterozoic and Ordovician-Silurian popu-
lations are known in the Paleozoic Laurentian margin (e.g. 
Hadlari et al., 2012). These are generally thought to be exotic 
to Laurentia and derived from exotic terranes, proposed by 
some to be the Alexander terrane (Beranek et al., 2013; 
Gehrels and Pecha, 2014); however, a Cryogenian peak in 
the present study’s data differs from Ediacaran populations 
reported for the Alexander terrane (Beranek et al., 2013).

Statistical comparison of detrital zircon age distribu-
tions (Vermeesch, 2013) of Laurentian margin (Gehrels 
and Pecha, 2014) and Yukon-Tanana terrane basement 
(N.R. Cleven, J.J. Ryan, D. Kellett, W. McClelland, 
A. Zagorevski, N. Joyce, J. Crowley, and A. Parsons, unpub. 
manuscript, 2021) permits detailed evaluation of the early 
Yukon-Tanana terrane history, including the widely accepted 
model of its rifting from Laurentia. Yukon-Tanana terrane 
basement samples are statistically most similar to Laurentian 
Neoproterozoic to Ordovician strata in southern British 
Columbia, and Ordovician to Devonian strata in northern 
British Columbia. Restoration of Cretaceous to Eocene fault 
displacements (~800 km; Gabrielse et al., 2006), places the 
Yukon-Tanana terrane at the same latitude as its statistically 
equivalent regions on the Laurentian margin. This suggests 
that the Middle to Late Devonian rift basin (Slide Mountain 
Ocean) that separated Yukon-Tanana terrane from Laurentia 
was very limited in width. This is strongly supported by 
similarities between Yukon-Tanana terrane basement age 
distributions and proximal samples of parautochthonous 
North American margin samples in the White River region.

SLIDE MOUNTAIN TERRANE 
OPHIOLITIC ROCKS

Oceanic assemblages of Devonian to Permian chert, 
argillite, mafic volcanic rocks, and mafic and/or ultramafic 
plutonic rocks of the Slide Mountain terrane in Yukon have 
been interpreted to represent vestiges of the Slide Mountain 
Ocean back-arc basin (e.g. Murphy et al., 2006) that devel-
oped following Yukon-Tanana terrane rifting from the 
western margin of North America (e.g. Mortensen, 1992; 
Nelson et al., 2013). Earlier studies proposed that west-dip-
ping subduction of the Slide Mountain Ocean beneath the 
Yukon-Tanana terrane caused accretion of Yukon-Tanana 
terrane to the North American margin during the middle 
Permian (e.g. Mortensen, 1992; Beranek and Mortensen, 
2011). Those models interpret Yukon-Tanana terrane as the 
arc (upper plate) and the Slide Mountain terrane as accreted 
remnants of the subducting (lower) plate (Nelson et al., 2006; 
Piercey et al., 2006); however, the present authors’ more 
recent investigation of the Slide Mountain terrane indicates 
that Permian Slide Mountain terrane ophiolites were gener-
ated in a suprasubduction zone (upper plate) setting and were 
obducted onto Yukon-Tanana terrane (Parsons et al., 2019; 
van Staal et al., 2018). The previous tectonic framework 
cannot adequately explain the incorporation of ophiolitic 

rocks along such boundaries, as it requires either several 
coexisting subduction zones or re-evaluation of the tectonic 
setting of Middle Permian Yukon-Tanana terrane. A more 
consistent explanation of the structural arrangement of Slide 
Mountain terrane and Yukon-Tanana terrane rocks is that 
parts of Yukon-Tanana terrane subducted eastward beneath 
an intra-oceanic arc within the Slide Mountain Ocean (e.g. 
van Staal et al., 2018; Parsons et al., 2019). Importantly, this 
model requires subsequent collision and accretion between 
the Yukon-Tanana terrane and North American Craton to 
occur after the Permian (Parsons et al., 2018).

A large number and variety of mafic-ultramafic 
complexes occur sporadically within and between the peri-
cratonic terranes (see Yukon Geological Survey, 2019), with 
a majority of the largest ones included in either the Slide 
Mountain terrane or Cache Creek terrane (Fig. 1), and these 
are reviewed in detail in the paper by Zagorevski et al. (this 
volume). A review by Parsons et al. (2019) of mafic-ultra-
mafic rocks considered to be ophiolite fragments associated 
with Slide Mountain terrane, some within Yukon-Tanana ter-
rane, demonstrated that the vast majority of them have Early 
to middle Permian gabbroic components with suprasubduc-
tion zone whole-rock geochemical compositions. Reviews 
by van Staal et al. (2018) and Zagorevski et al. (this vol-
ume) found that Slide Mountain terrane ophiolites formed 
in suprasubduction zone settings immediately prior to col-
lisions and accretion. Still, there are mafic-ultramafic rocks 
suspected to be ophiolitic within Yukon-Tanana terrane as 
old as Mississippian in the Finlayson Lake district (Devine 
et al., 2006; Murphy et al., 2006) and in the St. Cyr Klippe 
near Quiet Lake (Petrie et al., 2015), the origins of which 
are unclear. This section highlights some ophiolitic rocks 
examined under the Cordillera project that are included in 
the Slide Mountain terrane, and have strong bearing on the 
location and nature of the boundary between Yukon-Tanana 
terrane and parautochthonous North American margin.

Ultramafic rocks along the Moose Creek 
fault

During mapping in the northern Stevenson Ridge area, 
Ryan et al. (2013a, b) delineated several lenses (tens of 
metres to about 1 km in thickness) of harzburgite, dunite, 
orthopyroxenite, serpentinite, talc-tremolite schist, and list-
waenite along the boundary between Yukon-Tanana terrane 
(Fig. 5) and parautochthonous North American margin rocks 
of the White River assemblage. These ultramafic rocks are 
diverse in composition and are variably altered, but harz-
burgite occurrences have locally well developed foliations 
and lineations defined by orthopyroxene (Zagorevski et al., 
2012). Such textures indicate high-temperature deformation 
consistent with shearing in the mantle. They lie along the 
Moose Creek fault (Ryan et al., 2014), which is masked by 
coincidence with the northern contact of the Dawson Range 
batholith (Ryan et al., 2013a). The ultramafic rocks have 
fairly high magnetic susceptibility; however, the contact 
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areole of the Dawson Range batholith also contributes to the 
strong linear magnetic anomaly in the vicinity, making it dif-
ficult to predict the location of unexposed ultramafic rocks. 
The Moose Creek fault is apparently steeply dipping, and 
separates Yukon-Tanana terrane rocks from parautochtho-
nous North American margin rocks, and the present authors 
therefore consider it as a fundamental regional structure.

Harzburgite Peak complex
The Harzburgite Peak mafic-ultramafic complex lies in 

the southwestern part of the northern Stevenson Ridge area 
(Fig. 5; Ryan et al., 2013a), and comprises multiple klip-
pen of shallowly dipping, allochthonous sheets emplaced on 
deformed White River assemblage parautochthonous North 
American margin (Ryan et al., 2014). The Harzburgite Peak 
complex, described in detail in Canil and Johnston (2003), 
exhibits structural dismemberment whereby mantle perido-
tite is emplaced upon a unit of cumulate gabbro and diabase 
with early Permian trondhjemite sheets. This does not appear 
to be a typical Penrose-style ophiolite (Zagorevski et al., this 
volume).

The Harzburgite Peak complex klippen (Fig. 5) are likely 
situated near their primary suture, but any such structure is 
obscured by voluminous mid-Cretaceous intrusions and late 
Cretaceous volcanic successions. Whereas their petrogen-
esis is not well understood, the proximity of both Moose 
Creek and Harzburgite Peak ultramafic units to the Yukon-
Tanana terrane–parautochthonous North American margin 
terrane boundary is consistent with their assignment to the 
Slide Mountain terrane.

Dunite Peak complex
The Dunite Peak complex (Fig. 2), with exceptional 

exposure and proximity to the Yukon-Tanana terrane and 
parautochthonous North American margin structural bound-
ary, was studied under this project by Parsons et al. (2017a, 
b, 2019). It is a large ophiolitic klippen of mafic-ultramafic 
lithostratigraphy, emplaced on a marine metasedimentary 
succession that correlates to the Finlayson assemblage, in 
turn overlying a basal marble interpreted to be part of the 
Snowcap assemblage (Parsons et al., 2019). Its ultramafic 
section is structurally highest, with an underlying, well foli-
ated crustal section of interlayered cumulate gabbro, layered 
gabbro, leucogabbro, and finer grained greenschist-facies 
hypabyssal and volcanic rocks. A gabbro with island-arc tho-
leiite chemistry yielded a crystallization age of 265 ± 4 Ma 
(Parsons et al., 2019). The current interpreted structural 
boundary with parautochthonous North American margin 
rocks is approximately 4 km east of the Dunite Peak klippe 
(Fig. 2), making it unclear how its basal fault ties structurally 
to the Inconnu thrust.

Clinton Creek and Midnight Dome 
complexes

The Clinton Creek and Midnight Dome complexes are 
the most northerly of the complexes investigated under the 
GEM Cordillera project (van Staal et al., 2018). Both com-
plexes lie along strike in the Dawson area of western Yukon 
(Fig. 2), and comprise greenschist-facies serpentinized ultra-
mafic rocks, with minor gabbroic intrusions that postdate 
serpentinization. Geochemical profiles of the gabbro units 
are characteristic of island-arc tholeiites (Zagorevski et al., 
this volume), and the Clinton Creek and Midnight Dome 
complexes yielded 265 ± 3 Ma and 264 ± 4 Ma crystal-
lization ages, respectively (van Staal et al., 2018), similar 
to that of Dunite Peak, and typical of numerous mafic-ultra-
mafic complexes affiliated with Slide Mountain terrane 
(Parsons et al., 2019). The Clinton Creek complex is struc-
turally imbricated with late Triassic sedimentary rocks that 
likely unconformably overlie Yukon-Tanana terrane rocks 
in the area (Abbott, 1983; Beranek and Mortensen, 2011), 
and therefore reside on an ill-defined structure that is Late 
Triassic or younger. With restoration of 430 km of post-Late 
Cretaceous dextral displacement along the Tintina Fault, the 
trend of the Clinton Creek and Midnight Dome complexes 
do not strongly align with Slide Mountain terrane units 
on the eastern side of the Finlayson Lake assemblage (see 
Fig. 3 of Staples et al., 2016), however, the present authors 
still consider them to be part of the Slide Mountain terrane.

Wolf Lake complex
Recent mapping in the Wolf Lake complex in southern 

Yukon (Fig. 1) reveals poorly exposed, yet cohesive units 
of peridotite, gabbro, diabase, basalt, and volcaniclastic 
rocks exhibiting low-grade to retrograde metamorphism and 
little deformation (Cleven et al., 2018). Peridotite outcrops 
exhibit pyroxene crystals aligned into a foliation (see Fig. 6a 
of Cleven et al., 2018) and rounded porphyroclastic olivine 
crystals indicative of high-temperature deformation of man-
tle rocks. Supracrustal units that include volcaniclastic rocks 
structurally overlie mafic and ultramafic units; however, it is 
difficult to establish with certainty that all rocks are related 
to an ophiolitic assemblage. The Wolf Lake complex lies 
along the Yukon-Tanana terrane to parautochthonous North 
American margin boundary, which led to its inclusion in 
Slide Mountain terrane within current tectonic framework; 
however, work establishing the age and petrogenesis of the 
complex is ongoing.
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NATURE OF CRUSTAL STRUCTURES 
RELATED TO YUKON-TANANA 
TERRANE TECTONIC EVOLUTION

There is still significant uncertainty with respect to 
the nature and location of boundaries within and between 
individual terranes, and the genetic setting of terrane com-
ponents. For example, Zagorevski et al. (this volume) argue 
for distinct terranes within the Cache Creek terrane, which 
is generally accepted as being a singular terrane, whereas 
van Staal et al. (2018) and Parsons et al. (2019) present evi-
dence for a Middle Permian arc–back-arc origin of the Slide 
Mountain terrane ophiolites. These studies indicate that the 
Cordilleran tectonic framework is locally poorly understood 
and in need of significant revision. Additionally, significant 
improvement in understanding the internal evolution of ter-
ranes can be achieved through targeted studies. For example, 
some ultramafic complexes (Canil et al., 2003) demarcate 
subterrane boundaries that were subsequently overprinted 
and masked by younger tectonism. Improved understand-
ing of the various enigmatic mafic-ultramafic complexes 
will facilitate evaluation of the Cordilleran tectonic mod-
els and their link to economic mineralization. Additionally, 
metamorphic studies have been instrumental in identifying 
significant displacement within and between terranes (e.g. 
Staples et al., 2016).

Yukon-Tanana terrane–parautochthonous 
North American margin boundaries

Yukon-Tanana terrane is generally accepted to represent 
an allochthonous terrane that was thrust eastward onto the 
western Laurentian margin (e.g. Tempelman-Kluit, 1979; 
Mortensen, 1992); however, the structural thickness of the 
Yukon-Tanana terrane is poorly constrained, and the com-
bined thickness of it and the Laurentian crust beneath it is 
estimated to be on the order of only 35 km (Calvert et al., 
2017; Hayward, 2019). The Inconnu thrust (Fig. 2) forms 
the eastern boundary between Yukon-Tanana terrane and 
parautochthonous North American margin rocks. The 
Inconnu thrust can be broadly traced for some 450 km of 
strike length in Yukon alone, and is widely accepted to be the 
structural leading edge of a shortening-related thrust system 
that accommodated eastward transport of the Yukon-Tanana 
terrane onto parautochthonous North American margin. The 
thrust is relatively easy to delineate on basis of contrasting 
geology between hanging wall and footwall: Yukon-Tanana 
terrane in the hanging wall is uniquely characterized by 
voluminous Early Mississippian to Permian magmatism 
(Fig. 2), whereas the Laurentian margin in the footwall 
lacks this magmatism (Selwyn Basin, Cassiar terrane, and 
the Earn Group; Yukon Geological Survey, 2019). The 
Inconnu thrust is also spatially associated with intermittent 
units of the Slide Mountain terrane (Murphy et al., 2006) 

and rare eclogite occurrences within Yukon-Tanana terrane 
rocks (e.g. Erdmer et al., 1998; Gilotti et al., 2017). The 
Yukon-Tanana terrane–parautochthonous North American 
margin boundary is much more difficult to identify in east-
ern Alaska and western Yukon because the Yukon-Tanana 
terrane and parautochthonous North American margin units 
are much closer in composition, metamorphic grade, and 
state of deformation (Dusel-Bacon et al., 2006). In this area, 
the Moose Creek fault likely represents an Inconnu thrust 
equivalent (see ‘Moose Creek fault’ section, below). If so, 
the steeply dipping Moose Creek fault must shallow out at 
depth.

Detailed metamorphic histories also appear to be an 
effective criteria for discriminating parautochtonous rocks 
from allocthonous rocks (Hansen and Dusel-Bacon, 1998;  
Dusel-Bacon et al., 2002; Staples et al., 2016; Ryan et 
al., 2017). Yukon-Tanana terrane has a Jurassic structural 
architecture (e.g. Colpron et al., 2015) and records local 
Mississippian, Permian, and Early Jurassic, amphibolite-
facies peak metamorphism, with Early Jurassic cooling 
(Berman et al., 2007; Staples, 2014; Joyce et al., 2015; 
Clark, 2017; Ryan et al., 2017, 2018b). In contrast, regional 
metamorphism and metamorphic cooling ages in parau-
tochthonous North American margin rocks of Yukon and 
Alaska are dominantly mid-Cretaceous (Dusel-Bacon et 
al., 2002, Staples et al., 2013, 2016; Jones et al., 2017), but 
can be as old as middle Jurassic (Ryan et al., 2018b). In the 
‘Discussion’ section, the present authors explore tectonic 
scenarios to explain the differing metamorphic signature 
between these Yukon-Tanana terrane and parautochthonous 
North American margin. In two places where the present 
study delineated this boundary under the Cordillera project, 
a strong case can be made that the boundary is reactivated as 
an extensional structure in the middle Cretaceous (Ryan et 
al., 2018b; Zagorevski and van Staal, this volume).

Moose Creek fault
The Moose Creek fault is a steep structure in the northern 

Stevenson Ridge area (Fig. 5) characterized by juxtaposition 
of parautochthonous North American margin White River 
assemblage (amphibolite and partially melted metasedimen-
tary rocks) with greenschist-facies Yukon-Tanana terrane 
volcanic rocks of the Klondike assemblage, and as described 
earlier, dotted by slivers of mafic-ultramafic rocks along the 
structural contact (Fig. 2; Ryan et al., 2014). This structure 
is truncated and largely obliterated by the mid-Cretaceous 
Dawson Range batholith (Fig. 2, 5), indicating the juxtapo-
sition of Yukon-Tanana terrane and parautochthonous North 
American margin at this locality in part predates 100 Ma, the 
age of the batholith (N. Joyce, unpub. data, 2020). Gabbro 
sills of the Snag Creek suite do not occur north of the Moose 
Creek fault, thus implying that motion on the Moose Creek 
fault is post-Late Triassic. The present authors could discern 
no kinematic information from the rocks along this contact, 
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but interpret the Yukon-Tanana terrane rocks to lie structur-
ally above the parautochthonous North American margin 
rocks of the White River domain.

Australia Creek fault
As alluded to in the earlier description of the Australia 

Mountain domain, the Australia Creek fault was interpreted 
to be a middle Cretaceous lithospheric-scale extensional 
fault that exhumed a core complex of deep-seated footwall 
of parautochthonous North American margin through the 
Yukon-Tanana terrane hanging wall (Staples et al., 2013, 
2016). Highly sheared and altered lozenges of ultramafic 
rocks lie in a high-strain zone at the highest structural level 
of the penetratively deformed Australia Mountain domain 
(Fig. 2). The age of the ultramafic rocks is unknown, other 
than they are pre-middle Cretaceous metamorphism and 
extensional deformation (Staples et al., 2013). It is possible 
that they may lie along the original contractional struc-
ture related to travel of Yukon-Tanana terrane onto North 
America in a foreland-propagating orogenic wedge, per-
haps in the Early to Middle Jurassic (Staples et al., 2016). 
The present authors interpret that the ductile shear fabric 
within the Australia Creek domain formed within a wide 
shear zone during middle Cretaceous extensional exhuma-
tion. Deformation evolved to brittle faulting, leading to the 
Australia Creek fault as portrayed on Figure 2, being an 
end-stage brittle feature bounding the Australia Mountain 
domain core complex. This deformation has obscured the 
probable original thrust structure speculated upon in Staples 
et al. (2016). The Stewart River fault bounds the south side 
of the Australia Creek domain and truncates the Australia 
Creek fault (Fig. 2). With restoration of 430 km of Paleocene 
dextral Tintina Fault displacement, the Stewart River fault 
aligns with the middle Cretaceous North River fault in the 
Finlayson Lake domain (Fig. 2; Murphy, 2004), begging 
the question of whether an offset portion of the Australia 
Mountain domain core complex might yet be recognized in 
the Finlayson Lake domain.

Major structures internal to the  
Yukon-Tanana terrane 

In addition to faults associated with the boundary 
between Yukon-Tanana terrane and parautochthonous North 
American margin, structures were identified over the course 
of the GEM Cordillera project within the Yukon-Tanana 
terrane that are of significant scale and tectonic impor-
tance. These were located either through field mapping of 
high-strain zones, or by identifying truncations within map 
patterns, and were refined using geophysical interpretation 
or follow-up fieldwork (e.g. Knight et al., 2013; Coleman, 
2017; Parsons et al., 2018). Others were identified by results 
of analytical work such as geochronology, thermochronol-
ogy, or pressure-temperature work (e.g. Staples et al., 2013).

Willow Lake fault
The Willow Lake fault in the southwest McQuesten map 

area (Fig. 2, 8) is interpreted to be an extensional struc-
ture (Colpron and Ryan, 2010; Ryan et al., 2010) that can 
be traced for over 100 km as a well defined aeromagnetic 
low that truncates numerous magnetic anomalies. The fault 
juxtaposes two crustal domains. On the northeast side of 
the fault, the Reid Lakes complex is an unmetamorphosed 
and undeformed Devono-Mississippian assemblage of plu-
tonic and volcanic rocks of the Simpson Range suite and 
the Finlayson assemblage, respectively. The southwest 
side includes Snowcap assemblage rocks of Yukon-Tanana 
terrane, intruded by deformed greenschist- to amphibolite-
facies mid-Permian Sulphur Creek suite. The 40Ar/39Ar 
cooling ages in the Reid Lake complex are as old as 
Mississippian, whereas cooling ages along the Willow Lake 
fault and on the southwest side are early to middle Jurassic. 
This implies that the fault is an extensional structure with 
northeast-side-down displacement that structurally exhumed 
mid-crustal rocks as its footwall during in the early Jurassic 
(Knight et al., 2013). Knight et al. (2013) speculated that 
this exhumation may have been coeval with Jurassic move-
ments of the Teslin fault system, and likely accommodated 
crustal thinning. Staples et al. (2016) speculated that the 
Willow Lake fault is part of a larger core complex–forming  
exhumation system that cooled in the early Jurassic.

Yukon River shear zone
The Yukon River shear zone (Fig. 2, 5, 8) is a regional- 

scale, shallowly dipping ductile shear zone that accommo-
dated emplacement of the Mississippian Simpson Range 
suite–dominated hanging wall over a footwall of Snowcap 
and Klondike assemblage rocks (Tempelman-Kluit, 1974; 
Ryan et al., 2014). Permian plutonic rocks and Snowcap 
assemblage metasedimentary rocks are absent from the 
immediate hanging wall in the northern Stevenson Ridge 
area. Late Triassic Pyroxene Mountain suite rocks are 
restricted to the hanging wall, thus indicating the Yukon 
River shear zone was active after the Late Triassic (Ryan et 
al., 2014). The Yukon River shear zone was studied in detail 
by Coleman (2017) and Parsons et al. (2018) at well exposed 
shoreline locations along the Yukon River. Parsons et al. 
(2018) referred to the structure as the Yukon River shear 
zone, and determined that it initiated as a top-east-southeast 
mid-crustal shear zone active through a temperature range 
of 650–440°C and higher, and speculated that it may have 
been active first as a post-Middle Permian large-scale exten-
sional structure, reactivated as an upper crustal thrust during 
or after the Early to Middle Jurassic. The Yukon River shear 
zone projects to the northwest and bounds the geology of 
the White Gold mineral prospect (Bailey, 2013) within in 
its footwall. There are no igneous rocks identified in the  
footwall that are older than Middle Permian (Fig. 2).
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Schist Creek fault
The Schist Creek fault through the central part of the 

Klaza River and Mount Nansen–Nisling River area (Fig. 2, 
6) is interpreted to lie on the northwest side of the complex 
(Fig. 6), traced mainly from aeromagnetic data (Ryan et al., 
2016, 2018a). Schist Creek complex peridotite units pre-
serve evidence of shearing at mantle temperatures, prior to 
its emplacement within the Snowcap assemblage of Yukon-
Tanana terrane (Dubman, 2016). The complex is interpreted 
to have been structurally emplaced along a major detachment 
fault because there is no evidence of high-temperature con-
tact metamorphism in the surrounding siliciclastic Snowcap 
assemblage rocks. This differs from the Buffalo Pitts perido-
tite; in that case Canil et al. (2003) interpreted the high-grade 
metamorphism of the enveloping Snowcap assemblage 
country rocks to be due to residual heat derived from 
emplacement of the peridotite. Early Mississippian Simpson 
Range suite and Finlayson assemblage rocks outcrop on the 
southeast side of the Schist Creek fault, whereas intrusions of 
Permian Sulphur Creek suite are restricted to the northwest 
side of the fault (see Fig. 2); however, the present authors 
interpret the siliciclastic rocks on both sides of the fault as 
forming part of the Snowcap assemblage, implying that the 
Schist Creek fault lies within the Yukon-Tanana terrane. The 
40Ar/39Ar cooling ages on either side of the fault are early 
Jurassic (Joyce et al., in press), indicating that the structure 
is post-Permian and pre-Early Jurassic (prior to ca. 185 Ma).

DISCUSSION
Studies completed under this project and other recent 

works (e.g. Ryan, 2014; Clark, 2017; Parsons et al., 2018) 
highlight a number of possibly crustal-scale structures that 
occur within the Yukon-Tanana terrane. The scale of and 
amount of displacement on these structures may not be 
well constrained, but their nature suggests that the Yukon-
Tanana terrane comprises disparate, but likely related crustal 
fragments.

Intra-terrane structures
Not all of the mafic-ultramafic complexes in Yukon-

Tanana terrane are ophiolitic (Zagorevski et al., this volume). 
Complexes within Yukon-Tanana terrane such as the Buffalo 
Pitts peridotite (Canil et al., 2003) and the Schist Creek com-
plex (Dubman, 2016; Ryan et al., 2016) represent orogenic 
peridotite (i.e. exhumed continental lithospheric mantle) 
that was emplaced into pericratonic continental crust dur-
ing continental rifting, probably in the Permian (Johnston 
et al., 2007; Ryan et al., 2016; Parsons et al., 2019). Mantle 
rocks emplaced into crustal rocks necessitate crustal-scale 
structures at these locations, however, they are very hard 
to identify due to reactivation, overprinting deformation, 
and metamorphism. Such conditions pose difficulties for 

determining the amount of displacement on such struc-
tures. Likewise, for ophiolitic complexes (see Zagorevski 
et al., this volume for a review), the emplacement history 
typically involves major structures that ultimately sepa-
rate them from continental terranes. Alternate models for 
development of Yukon-Tanana terrane tectonic architec-
ture proposed by van Staal et al. (2018) suggest plausible 
scenarios of Yukon-Tanana terrane comprising a composite 
terrane of continental basement and juvenile oceanic arc 
rocks, structurally juxtaposed with suprasubduction zone 
ophiolitic rocks. In many regions examined under the GEM 
Cordillera project, structurally bound domains in Yukon-
Tanana terrane, each with significantly different character 
and age, are commonly separated by structural corridors 
containing strings of mafic-ultramafic lozenges with poorly 
constrained petrogenesis. The most common manifestation 
of these associations are domains comprised of Snowcap 
assemblage siliciclastic rocks with Klondike assemblage 
plutonic (Sulphur Creek suite) and volcanic rocks (Klondike 
schist), in fault separation from domains dominated by 
Mississippian Simpson Range plutonic rocks and Finlayson 
assemblage metavolanic rocks. The Simpson Range suite 
and Finlayson assemblage domains are locally isolated from 
all Snowcap assemblage rocks (e.g. the Yukon River shear 
zone in the northern Stevenson Ridge area), despite asso-
ciation with Snowcap assemblage in many other areas (e.g. 
southwest McQuesten and Mount Nansen–Nisling River 
area). Beyond the basic tectonostratigraphy described for 
the Snowcap assemblage in Piercey and Colpron (2009), 
no detailed study has determined its full age range or com-
position. Consequently, the Snowcap assemblage includes 
a variety of siliciclastic rocks that may not be closely 
related. Snowcap assemblage rocks associated with Sulphur 
Creek suite–Klondike schist domains may be distinct from 
Simpson Range suite–Finlayson assemblage domains prior 
to fault juxtaposition. Further analytical work such as detri-
tal geochronology and isotopic characterization may be able 
to test such hypotheses.

The Yukon River shear zone is the largest intra-terrane 
structure identified under this project, and the amount of 
structural overlap between the Simpson Range suite and 
Finlayson assemblage and Sulphur Creek suite–Klondike 
schist domains is large (Fig. 2, 9), probably on the scale of 
80 to 100 km (Ryan, 2014). Thrust faults of this scale within 
Yukon-Tanana terrane provide an explanation of its ter-
rane-scale metamorphic characteristics. The Yukon-Tanana 
terrane has a broad region metamorphosed in the Middle 
Permian that was exhumed in the Early Jurassic (Berman et 
al., 2007; Knight et al., 2013; Joyce et al. 2015; Staples et al., 
2016); however, middle Permian low-pressure amphibolite 
metamorphism in the southern Stewart River area is typical 
of Buchan-type or contact metamorphism, attributed to either 
an extensional tectonic setting or an active oceanic arc set-
ting (Morneau, 2017). This middle Permian metamorphism 
slightly postdates the Klondike assemblage magmatism 
in the region, which may have been partly responsible for 
some of the metamorphic heat (Morneau, 2017). Buffalo 
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Pitts orogenic peridotite exhumed through Snowcap crust 
at ca. 260 Ma (Johnston et al., 2007) is indicative of a sig-
nificant Permian crustal extensional episode. Parsons et al. 
(2019) proposed that that extension occurred in response to 
slab break-off and/or orogenic collapse following Middle 
Permian collision between the Yukon-Tanana terrane and the 
Dunite Peak intra-oceanic arc. This is also consistent with 
the finding of Parsons et al. (2018), that the Yukon River 
shear zone may have first been active as an extensional fault 
sometime between the Middle Permian and Early Jurassic.

The Willow Lake fault is interpreted to have accom-
modated widespread Jurassic exhumation of Yukon-Tanana 
terrane crust (Knight et al., 2013). Prior to exhumation, a 
latest Triassic burial culminated in Early Jurassic Barrovian 
metamorphism recorded in the southwest McQuesten area 
(Staples, 2014) and the Stewart River area (Berman et al., 
2007; Morneau, 2017; Morneau et al., 2017). The Yukon 
River shear zone is likely part of a regional system of 
thrusts responsible for an internal tectonic thickening event 
and metamorphism in latest Triassic–Early Jurassic time 

Figure 9.  Schematic block diagram of  the Yukon-Tanana terrane as a thin flap resting on parautochthonous 
North America along a Jura-Cretaceous Inconnu thrust, defining a shallowly southeast-plunging regional syn-
formal structure illustrated by the large plunging arrow (red). The equivalent structure on the west side is the 
Moose Creek fault. The composite Yukon-Tanana terrane shows internal thrust faults (e.g. Yukon River shear 
zone) cut by Early Jurassic granite. The thrusts are dotted with lozenges of mafic-ultramafic complexes, some 
from Slide Mountain  terrane  (SMT) and others are orogenic peridotites. Middle Cretaceous core complexes 
(AMD = Australia Mountain domain; FMD = Fifty Mile domain) are exhumed along middle Cretaceous faults.
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in Yukon-Tanana terrane, thus preserving small isolated 
vestiges of mafic-ultramafic tectonic lozenges that may 
originally have been emplaced within Yukon-Tanana ter-
rane crust along major extensional faults (possibly in the 
Permian).

A similar structural pattern has emerged from the 
Mount Nansen–Nisling River, Klaza River, and Aishihik 
Lake area (Fig. 6), where the Schist Creek fault is spatially 
associated with lozenges of orogenic peridotite structur-
ally emplaced in the Snowcap assemblage. This indicates 
the region underwent extension (Dubman, 2016) during or 
after Middle Permian time (Ryan et al., 2018a). Dominantly 
Permian magmatic rocks lie on the northwest side of the 
Schist Creek fault, and dominantly Mississippian magmatic 
rocks lie on the southeast side. The Schist Creek fault and 
the Schist Creek complex appear to be moderately to steeply 
dipping, but the structure’s original attitude is unknown. 
Metamorphic 40Ar/39Ar cooling ages on either side of the 
Schist Creek fault are early Jurassic (185 Ma to 180 Ma; 
Joyce et al., 2020, in press). Peak metamorphic conditions 
in Snowcap assemblage rocks west of Aishihik Lake (south 
of the Schist Creek fault) were determined to be between 
200 Ma and 190 Ma by in situ monazite dating, and exhuma-
tional decompression occurred between 188 Ma and 175 Ma 
(Clark, 2017). This demonstrates that a very large region of 
Yukon-Tanana terrane was exhumed in the early Jurassic, 
immediately after reaching Barrovian peak metamorphic 
conditions. Aluminum-in-hornblende geobarometry indi-
cates that the Minto suite was intruded at depths of 21 to 
31 km (Topham, 2015). Since these plutons intrude the Late 
Triassic Lewes River group volcanic rocks (Stikine arc mag-
matism), the volcanic rocks must have been buried to such 
depths by the age of the Minto suite plutons, ca. 197 Ma 
(Sack et al., 2020). Slightly later, ca. 190 to 180 Ma, Long 
Lake suite intrusions into the Lewes River group and Yukon-
Tanana terrane basement (Joyce et al., 2016) indicate that the 
units had been exhumed to shallower depths of 12 to 17 km 
(Topham, 2015; Sack et al., 2020) by that time. Continued 
exhumation passed the units through 40Ar/39Ar in biotite 
and muscovite closure temperatures between 195 Ma and 
175 Ma (Joyce et al., 2015; Staples et al., 2016; Clark, 2017; 
Moher, 2018).

Structures associated with the latest Triassic burial of 
Yukon-Tanana terrane (Berman et al., 2007) remain elusive, 
despite their likely occurrence on a regional scale. Likewise 
the extensional faults (e.g. Willow Lake fault) that accom-
modated rapid exhumation the Yukon-Tanana terrane in the 
Early Jurassic were likely regional-scale structures, but have 
remained difficult to identify due to the overprint of younger 
(Cretaceous to Paleocene) structures, and burial by younger 
cover rocks (e.g. Late Cretaceous Carmacks Group).

Yukon-Tanana terrane–parautochthonous 
North American margin boundary

An architecture of Yukon-Tanana terrane representing 
a thin flap on a structural basement of parautochthonous 
North American margin has long been proposed from inter-
pretations of the LITHOPROBE seismic profiles across the 
northern Cordillera (Cook et al., 2004; Cook and Erdmer, 
2005), and recent findings of Hayward (2015) demonstrated 
that geophysical lineaments in the deep basement of west-
ern Yukon continues from known Selwyn Basin basement 
southwestward under the pericratonic terranes to at least the 
Denali Fault. Parautochthonous North American margin is 
exposed in core complexes (e.g. Australia Creek domain; 
Fifty Mile domain; see Fig. 2) through an upper plate of 
Yukon-Tanana terrane wherein the lower plate was exhumed 
some 25 to 28 km (Staples et al., 2016), leaving little room 
for the upper plate allochthon to be thick; perhaps only on 
the order of a few kilometres.

Results of studies by Cleven and colleagues (N.R. Cleven, 
J.J. Ryan, D. Kellett, W. McClelland, A. Zagorevski, 
N. Joyce, J. Crowley, and A. Parsons, unpub. manuscript, 
2021) show a remarkably strong similarity in the detrital 
zircon signatures between Snowcap assemblage samples in 
Yukon-Tanana terrane, and nearby Scottie Creek formation 
samples of parautochthonous North American margin in 
the White River domain. These are separated by the Moose 
Creek fault (Fig. 2). A possible interpretation is that the 
Snowcap assemblage is derived from the parautochthonous 
North American margin rocks — a widely accepted model 
(e.g. Mortensen, 1992; Colpron et al., 2007). Alternatively, 
it could be interpreted that the Scottie Creek formation and 
the Snowcap assemblage are part of the same terrane, so it is 
important to study their distinctions.

Felsic to intermediate granitoid magmatism in Yukon-
Tanana terrane characteristically ranges from as old as 
363 Ma (the oldest plutons of the Grass Lakes suite and 
the Simpson Range suite (Murphy et al., 2006)), through 
Mississippian and Pennsylvanian, and the ca. 263 to 254 Ma 
Permian Klondike assemblage (Beranek and Mortensen, 
2011). According to geochronology results under the GEM 
Cordilleran project, felsic to intermediate granitoid magma-
tism in the White River assemblage ranges from ca. 370 Ma 
to 363 Ma, thus lacking Mississippian to Permian mag-
matism, and this is quite distinct from magmatism within 
Yukon-Tanana terrane. The ca. 230 Ma Snag Creek gab-
bro suite (Murphy et al., 2009) intruded the White River 
assemblage (Ryan et al., 2014), similar to gabbro sills in 
the Delta district of eastern Alaska (Dashevsky et al., 2003; 
Dusel-Bacon et al., 2006) and the Galena suite gabbro in 
North American stratigraphy in McQuesten and Mayo 
areas of Yukon (Murphy, 1997). These are not known to 
intrude Yukon-Tanana terrane. To the contrary, the younger  
ca. 220 to 212 Ma Pyroxene Mountain suite (Stikine Suite; 
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Sack et al., 2020) intruded only the Yukon-Tanana terrane, 
and is not known in parautochthonous North American 
margin.

The hanging wall flap of Yukon-Tanana terrane and the 
footwall parautochthonous North American margin have 
very distinct metamorphic and cooling histories. The hang-
ing wall records Permian to Early Jurassic metamorphism, 
with Early Jurassic cooling (Dusel-Bacon et al., 2002; Joyce 
et al., 2016; Staples et al., 2016; Jones et al., 2017; Ryan et al., 
2017). The age of metamorphism in the White River assem-
blage is not as well constrained; however, the Snag Creek 
gabbro is locally strongly deformed, indicating post-230 Ma 
deformation (Ryan et al., 2014). The 40Ar/39Ar cooling ages 
for two localities in the westernmost White River domain 
give middle Cretaceous cooling ages of ca. 114.1 ± 0.7 Ma 
and 109.2 ± 0.6 Ma (Yukon Geological Survey, 2019) that are 
similar to cooling ages in parautochthonous North American 
margin rocks such as the Fifty Mile domain and the Australia 
Mountain domain (Staples et al., 2013, 2016). Similar meta-
morphic age relationships have been reported by Jones et 
al. (2017) and Jones and Kreiner (2019) for Yukon-Tanana 
terrane and parautochthonous North American margin in 
eastern Alaska where allochthonous Yukon-Tanana terrane 
rocks yield Jurassic and older 40Ar/39Ar ages, compared to 
consistent mid-Cretaceous cooling ages in parautochtho-
nous North American margin assemblages. The present 
authors therefore conclude that the Yukon-Tanana terrane– 
parautochthonous North American margin boundary on the 
north side of the White River complex, the Moose Creek 
fault (Fig. 5) is, in essence, the equivalent of the Jura-
Cretaceous Inconnu thrust, but exposed on the southwest 
side of the Yukon-Tanana terrane allochthon, and has been 
strongly reactivated as a middle Cretaceous extensional 
fault immediately prior to intrusion of the Dawson Range  
batholith (Ryan et al., 2018b).

The Yukon-Tanana terrane—parautochthonous North 
American margin structural boundary wraps around the 
northwest end of Yukon-Tanana terrane in eastern Alaska as 
portrayed in Figures 4 and 6 of Murphy (2018). This aligns 
well with the Inconnu thrust on the eastern side of the peri-
cratonic terranes with restoration of about 450 km of dextral 
displacement along the Tintina Fault (Fig. 2, 9). Recent 
characterization of parautochthonous North American mar-
gin rocks east of the Inconnu thrust in the Hyland River 
area of southeast Yukon demonstrates that its Proterozoic to 
Paleozoic stratigraphy were deformed and metamorphosed 
between greenschist and amphibolite facies at ca. 107 Ma, 
and cooled prior to subsequent intrusions at ca. 97 Ma 
(Moynihan, 2016, 2017). This is consistent with ages of 
metamorphism and cooling in the Australia Mountain 
domain, the White River assemblage, as well as in the Lake 
George assemblage of eastern Alaska (Dusel-Bacon et al., 
2002; Staples et al., 2016; Jones et al., 2017), but is not an 
age of metamorphism known in Yukon-Tanana terrane in 
Yukon.

Implications for the development of the 
northern Cordillera

In addition to modernizing the geological framework 
through a number of mapping activities across southern 
Yukon, research under the Cordilleran project has added to 
the understanding of the role of the Yukon-Tanana terrane in 
development of the northern Cordillera. The tectonostrati-
graphic framework of Colpron et al. (2007) provides a 
fundamental starting point, but local deviations from the 
framework indicate that Yukon-Tanana terrane is a composite 
terrane composed of Permian-dominated domains, separated 
from Mississippian-dominated domains, and possibly even 
continental-dominated domains separated from domains 
of juvenile oceanic arc–back-arc complex (van Staal et al., 
2018). Structurally bound domains of Yukon-Tanana ter-
rane can be better defined through targeted geochronology, 
geochemistry, and isotopic geochemistry. The nature of 
structures highlighted by mafic-ultramafic complexes, some 
of which have been proven to be derived from the mantle 
and emplaced into crustal assemblages, require crustal-scale 
displacements to accommodate known relationships. In the 
future, a more detailed and complete study of the stratig-
raphy of the Snowcap assemblage may be able to further 
define the composite nature of the terrane. The range of 
lithologies derived from the North American margin rep-
resented in the Snowcap assemblage must be determined 
to provide more realistic models for the tectonic setting of  
formation for Yukon-Tanana terrane.

It is possible that some geological domains currently 
included in Yukon-Tanana terrane are parts of Paleozoic 
Stikinia, structurally interleaved with Yukon-Tanana ter-
rane. An example of this is a belt of ca. 346 to 344 Ma 
Mississippian plutons that extend from the northern 
Stevenson Ridge area, into the Stewart River area (N. Joyce, 
unpub. data, 2020), and lack any inherited zircon (which 
would be uncommon for Yukon-Tanana terrane magma-
tism). These plutons are currently included as part of the 
Simpson Range suite, however, they do occur southwest of 
the main belt of Simpson Range plutons that exhibit com-
mon zircon inheritance. This age and lack of inherited zircon 
is characteristic of Mississippian plutons associated with the 
Stikine assemblage in northern British Columbia (Gunning 
et al., 2006). If this domain is in fact a sliver of Paleozoic 
Stikinia, it was probably interleaved prior to Early Jurassic 
cooling, as defined by their common 40Ar/39Ar ages.

CONCLUSIONS
Regional geological map relationships indicate that 

the pericratonic terranes (particularly the areally exten-
sive Yukon-Tanana terrane) form a relatively thin klippe 
on a footwall of semicontinuous parautochthonous North 
American margin that extends southwest of the nappe to at 
least the Denali Fault (Fig. 2). Structural windows through 
the thinned allochthonous upper plate (the Yukon-Tanana 
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terrane) expose parautochthonous North American margin 
in west-central Yukon and eastern Alaska as mid-Cretaceous 
extensional core complexes (Fig. 9). The Yukon-Tanana ter-
rane is founded on Snowcap assemblage basement that is 
very similar in composition and age to Late Devonian rocks 
of the parautochthonous North American margin, making 
their discrimination difficult. The detrital zircon charac-
teristics of Yukon-Tanana terrane discussed herein suggest 
that Yukon-Tanana terrane did not originate a great distance 
from its final tectonic resting place upon the parautochtho-
nous North American margin rocks; this raises the question 
of how wide the intervening Slide Mountain Ocean could 
have been.

The intensity of deformation in both parautochtho-
nous North American margin and Yukon-Tanana terrane 
makes it difficult to distinguish contractional and exten-
sional structures, and commonly where the structural 
contacts are precisely located. The timing of middle to 
upper amphibolite-facies regional metamorphism recorded 
in both parautochthonous North American margin and 
Yukon-Tanana terrane is not everywhere well constrained; 
however, distinct patterns have emerged. The parautoch-
thonous North American margin is characterized by Late 
Devonian metasedimentary successions with voluminous 
latest Devonian to earliest Mississippian plutons, with a 
lack of Mississippian to middle Permian magmatism, and 
records Middle Jurassic to mid-Cretaceous metamorphism. 
In contrast, the Yukon-Tanana terrane is characterized by 
voluminous Mississippian to middle Permian magmatism, 
and records Mississippian to Middle Jurassic metamorphism 
and tectonism, which are absent in parautochthonous North 
American margin.

Yukon-Tanana terrane is a composite terrane, wherein 
major regional structures such as the Yukon River shear zone 
and the Schist Creek fault appear to juxtapose domains dom-
inated by distinct Mississippian and Permian magmatism. 
These structures are dotted with lozenges of mafic-ultra-
mafic complexes, at least two of which are interpreted as 
orogenic peridotite derived from sublithospheric mantle. 
Whereas these structures appear to place Mississippian 
rocks over Permian rocks, probably in the latest Triassic, 
they may reactivate structures that were originally Permian 
transcrustal extensional structures.
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