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Accurate reconstruction of  the Late Cretaceous paleogeography and tectonic 
evolution of  the western North American Cordilleran margin is required to 
resolve the long-standing debate over proposed large-scale, orogen-parallel 
terrane translation. The Nanaimo Basin (British Columbia, Canada) contains 
a high-fidelity record of  orogenic exhumation and basin subsidence in the 
southwestern Canadian Cordillera that constrains the tectonic evolution of  
the region. Integration of  detrital zircon U-Pb geochronology, conglomerate 
clast U-Pb geochronology, detrital muscovite 40Ar/39Ar thermochronology, 
and Lu-Hf  isotopic analysis of  detrital zircon defines a multidisciplinary 
provenance signature that provides a definitive linkage with sediment source 
regions north of  the Sierra Nevada arc system.
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ABSTRACT

Accurate reconstruction of the Late Cretaceous 
paleogeography and tectonic evolution of the west-
ern North American Cordilleran margin is required 
to resolve the long-standing debate over proposed 
large-scale, orogen-parallel terrane translation. 
The Nanaimo Basin (British Columbia, Canada) 
contains a high-�delity record of orogenic exhu-
mation and basin subsidence in the southwestern 
Canadian Cordillera that constrains the tectonic 
evolution of the region. Integration of detrital 
zircon U-Pb geochronology, conglomerate clast 
U-Pb geochronology, detrital muscovite 40Ar/39Ar 
thermochronology, and Lu-Hf isotopic analysis of 
detrital zircon de�nes a multi disciplinary prove-
nance signature that provides a de�nitive linkage 
with sediment source regions north of the Sierra 
Nevada arc system (western United States).

Analysis of spatial and temporal provenance 
variations within Nanaimo Group strata docu-
ments a bimodal sediment supply with a local 
source derived from the adjacent magmatic arc in 
the southern Coast Mountains batholith and an 
extra-regional source from the Mesoproterozoic 
Belt Supergroup and the Late Cretaceous Atlanta 
lobe of the Idaho batholith. Particularly robust link-
ages include: (1) juvenile (εHf >+10) Late Cretaceous 
zircon derived from the southern Coast Mountains 
batholith; (2) a bimodal Proterozoic detrital zircon 
signature consistent with derivation from Belt 
Supergroup (1700–1720 Ma) and ca. 1380 Ma plu-
tonic rocks intruding the Lemhi sub basin of central 

Idaho (northwestern United States); (3) quartzite 
clasts that are statistical matches for Mesoprotero-
zoic and Cambrian strata in Montana and Idaho 
(northwestern United States) and southern Brit-
ish Columbia; and (4) syndepositional evolved 
(εHf >−10) Late Cretaceous zircon and muscovite 
derived from the Atlanta lobe of the Idaho batho-
lith. These provenance constraints support a 
tectonic restoration of the Nanaimo Basin, the 
southern Coast Mountains batholith, and Wrangel-
lia to a position outboard of the Idaho batholith in 
Late Cretaceous time, consistent with proposed 
minimal- fault- offset models (<~1000 km).

 ■ INTRODUCTION

Sedimentologic and stratigraphic analyses of 
Mesozoic forearc basins along the western Lau-
rentian continental margin provide outstanding 
�rst-order constraints on the tectonic evolution of 
the margin (e.g., Dickinson, 1976, 1995; Dickinson 
and Seely, 1979; Ingersoll, 1979, 1983; Busby-Spera 
and Boles, 1986; Mustard, 1994). Regional analysis 
of stratigraphic successions within these forearc 
sequences relies on litho- and biostratigraphic 
correlations, which are useful but limited in scope. 
Detrital zircon geochronology provides a comple-
mentary method of basin analysis that permits 
direct linkages between basinal strata and their 
source regions (e.g., Gehrels et al., 1995; Gehrels, 
2000; Kimbrough et al., 2001; DeGraaff-Surpless 
et al., 2003; Fedo et al., 2003; Surpless et al., 2006; 

Trop and Ridgway, 2007). Increasingly sophisticated 
provenance tools, such as large-n detrital zircon 
geochronology (Pullen et al., 2014; Matthews and 
Guest, 2016), detrital thermochronology (Reiners 
et al., 2005; Reiners and Brandon, 2006; Carrapa 
et al., 2004), and hafnium isotopic analysis (Bahl-
burg et al., 2009; Gehrels and Pecha, 2014), permit 
high- resolution analysis of sediment provenance 
and basin evolution. There are, however, numerous 
unresolved issues regarding the spatial and tem-
poral evolution of Mesozoic forearc basins along 
the North American western margin, including con-
troversies about the timing (Surpless et al., 2006; 
Haggart et al., 2006, and references therein; Ward et 
al., 2012; Kent et al., 2020), provenance (Matthews 
et al., 2017; Surpless and Gulliver, 2018; Orme and 
Surpless, 2019; Isava et al., 2021), paleogeographic 
setting (Garver and Davidson, 2015; Mahoney et al., 
2016; Sauer et al., 2017a ; Stevens Goddard et al., 
2018; Trop et al., 2020), and tectonic evolution of 
different basins along the margin (Wright and Wyld, 
2007; Sauer et al., 2017a, 2019; Coutts et al., 2020).

This investigation addresses the long-standing 
controversy between geological and paleo magnetic 
evidence for large-scale, orogen-parallel terrane dis-
placements in the Canadian Cordillera (Beck and 
Noson, 1972). The paleogeographic setting of the 
Late Cretaceous Nanaimo Basin of the southwest-
ern Canadian Cordillera has been the subject of 
debate for decades (Cowan et al., 1997; Mahoney 
et al., 1999; Matthews et al., 2017; Sauer et al., 2017a). 
Paleomagnetic data and provenance studies have 
been used to argue both for (Ward et al., 1997; Enkin, 
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