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ABSTRACT

The Alaskan orocline is a widely recognized example of 
oroclinal bending that differs from many curved orogens in 
that it is defined by curved strike-slip faults. Whereas the 
Alaskan orocline has been tied to counterclockwise (CCW) 
rotation of western Alaska in the Late Cretaceous–Paleogene, 
improved timing estimates on strike-slip translation and 
terrane accretion in the Alaskan-Canadian Cordillera reveal 
that these processes overlapped in time and may have been 
kinematically linked. To evaluate this potential link, we 
analyzed magnetic declination data from paleomagnetic 
sites in western Alaska and synthesized the interpreted 

vertical-axis rotations with the Late Cretaceous–Paleogene 
tectonic evolution of the Alaskan-Canadian Cordillera. The 
data compilation shows that progressive CCW rotation, 
distributed strike-slip faulting, and widespread volcanism 
associated with basin subsidence in western Alaska were 
synchronous with shortening, high-grade metamorphism, 
and focused magmatism along the length of the Canadian 
Cordillera. The Alaskan orocline hinge, defined as the 
broad region where faults change from NW-striking to 
SW-striking features, marks the transition between these 
two distinct geologic domains. The observations motivate 
a tectonic model for the Alaskan orocline that calls upon 
lateral extrusion and rotation of western Alaska in response 
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Figure 1. (A) Shaded relief satellite image of the Alaskan-Canadian Cordillera overlain by pertinent superterranes, fault systems, subduction-related igneous belts, and sedimen-
tary strata. Terrane boundaries are modified from Colpron and Nelson (2011), and geologic map units are compiled from Wilson et al. (2015), Cui et al. (2017), and Colpron et 
al. (2016). See Supplemental Material S5 (text footnote 5) for rotations associated with paleomagnetic sites. Inverted metamorphism sites: a—Regan et al. (2024); b—McKenzie 
et al. (2024); c—Crawford et al. (1987). F—fault; K—Cretaceous; Pg—Paleogene. (B) Timeline of pertinent tectonic processes operating in the Alaskan-Canadian Cordillera.
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to oblique shortening along the Canadian Cordillera in the 
Late Cretaceous–Paleogene. Lateral extrusion and CCW 
rotation resulted in plate convergence in the Bering Sea 
region that initiated the Aleutian subduction zone by ca. 50 
Ma. Subsequent strike-slip motion, Aleutian trench retreat, 
and accretion of the Yakutat terrane likely tightened the 
orocline during the Cenozoic.

INTRODUCTION

Orogenic curvature is a fundamental feature of mountain 
belts worldwide that is linked to subduction dynamics 
(Capitanio et al., 2011), topographic development (Benowitz 
et al., 2022), and earthquake behavior (Morales et al., 2015). 
Such curvature has been envisioned to form as either a 
primary feature of the orogenic belt or by subsequent 
buckling of an earlier-formed margin after a change in 
plate-boundary conditions (Johnston et al., 2013). Whereas 
longitudinal shortening is often invoked to explain secondary 
buckling of an orogen, primary orogenic curvature can 
develop progressively in response to along-strike changes 
in relative plate velocities, mechanical properties of the 
orogen, or preexisting architecture of the crust (Weil et 
al., 2010). Distinguishing these end-member mechanisms 
requires regionally extensive mapping, structural analysis, 
geochronology, and robust paleomagnetic data to evaluate 
whether curvature developed synchronously with 
accretionary processes or was superimposed on the orogen.

Southern Alaska preserves a widely cited example of 
orogenic curvature, referred to as the Alaskan orocline, which 
is expressed as an ~100° azimuthal change along strike-slip 
fault systems and geologic belts through southern Alaska 
(Fig. 1). The salient model describing oroclinal bending of 
southern Alaska calls upon a combination of dextral strike-
slip faulting throughout the cordillera (Redfield et al., 2007), 
opening of the North Atlantic (Coe et al., 1989), and resulting 
convergence between the Alaskan-Canadian Cordillera 
and Siberia, all superimposed on an older accretionary 
margin. These processes together are envisioned to have 
generated longitudinal shortening between the cordillera 
and Siberia that buckled the northern cordillera (Alaska) 
during the Late Cretaceous to Paleogene. Buckling is 
interpreted to have caused counterclockwise (CCW) rotation 
of southwestern Alaska (Coe et al., 1989) and initiation of 
the Aleutian subduction zone (Scholl, 2007), resulting in the 
observed curvature of the southern Alaska margin (Fig. 1). 
Critical assumptions in this model are: (1) All cordilleran 
terranes had accreted to the Laurentian margin at the 
time of oroclinal bending and behaved as passive markers 
during bending (Coe et al., 1989); and (2) dextral strike-
slip motion on the Tintina, Denali, and Border Ranges fault 
systems overlapped in time, which accommodated escape of 
cordilleran terranes toward the Bering Sea and differential 
motion between rotating blocks in western Alaska (Coe et 
al., 1989; Redfield et al., 2007).

Recent work bracketing the timing of interterrane 
shortening in the Alaskan-Canadian Cordillera, however, 
reveals that terrane suturing and oroclinal bending 
overlapped in time (cf. Coe et al., 1989; Regan et al., 2024). 

The improved timing constraints outlining the accretionary 
history in the cordillera imply that oroclinal bending may 
have taken place by block rotation and translation in 
response to oblique collisional processes (e.g., Johnston, 
2008). Here, we briefly overview the recent advancements 
in the timing of terrane accretion and strike-slip faulting 
in the Alaskan-Canadian Cordillera and summarize 
relevant geochronologic, geochemical, and paleomagnetic 
declination data from central British Columbia through 
the Bering Sea shelf. We use the data to propose a revised 
tectonic origin for the Alaskan orocline.

TERRANE ASSEMBLY AND MAGMATISM

The Alaskan orocline is expressed as curvature along 
major dextral strike-slip faults that span the cordillera 
from British Columbia to the Bering Sea. These structures 
in most places bound major terranes and thus delineate 
the lithospheric architecture of the northern part of the 
North American Cordillera (Fig. 1; Estève et al., 2020). The 
most pertinent features to development of the Alaskan 
orocline are the terranes presently outboard (south and 
west) of the Tintina-Kaltag fault system (Fig. 1). These 
terranes, including the Insular superterrane, Intermontane 
superterrane, and Farewell terrane, are curved subparallel 
to the bounding strike-slip faults and track CCW rotation 
of western Alaska during development of the Alaskan 
orocline (Coe et al., 1985, 1989). Although the timing and 
latitude of suturing of the Intermontane superterrane to the 
Laurentian margin are disputed, it is widely accepted that 
the Intermontane superterrane served as the backstop to 
which the Insular superterrane accreted (cf. Johnston, 2008; 
Nelson and Colpron, 2007). As such, the Late Cretaceous–
Cenozoic latitudinal displacement of the Intermontane 
superterrane required by paleomagnetic inclination data 
(Johnston, 2008) would have also transported the Insular 
superterrane and the Alaskan orocline.

The timing of ocean basin closure and associated 
metamorphism bracket assembly of the cordilleran terranes 
to the Mesozoic, either by sequential accretion of terranes 
to the North American continent (Nelson and Colpron, 
2007), or by assembly of a ribbon continent in the marine 

Figure 2. (A) Kernel density estimates of in situ monazite U-Pb ages from inverted 
metamorphic belts along the Canadian Cordillera (data from Regan et al., 2024; 
McKenzie et al., 2024). (B) Histogram of Late Cretaceous (bottom) and Paleogene 
(top) igneous rock SiO2 concentrations from western Alaska.
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realm prior to final accretion to North America in the Late 
Cretaceous–Paleogene (Johnston, 2008). Along the Canadian 
Cordillera, east of the Alaskan orocline hinge, aggregation of 
the Insular and Intermontane superterranes is recorded by 
diachronous closure of an intervening marine basin system 
from the Early Cretaceous to Late Cretaceous, culminating in 
amphibolite-facies metamorphism of Jurassic–Cretaceous 
marine strata at various times along the margin (Crawford 
et al., 1987; Waldien et al., 2021). Syncollisional prograde 
metamorphism of sedimentary protoliths in the Insular-
Intermontane suture developed an inverted metamorphic 
field gradient that is preserved in isolated exposures from 
south-central Alaska to at least as far south as central 
British Columbia (Figs. 1 and 2A; Crawford et al., 1987; 
Regan et al., 2024). Thrust-sense shear fabrics within the 
northern exposures (Yukon and Alaska) of the inverted 
metamorphic belt yield in situ U-Pb monazite ages ranging 
from ca. 72 to 56 Ma, which are interpreted to record the 
final phase of syncollisional shortening between the Insular 
and Intermontane superterranes (Fig. 2A; McKenzie et al., 
2024; Regan et al., 2024). In southwestern Alaska, accretion 
of the Insular superterrane is interpreted from Cretaceous 
sedimentary basins that record progressive shortening 
between the Insular superterrane and inboard terranes 
(Trop and Ridgway, 2007; Hults et al., 2013; Box et al., 2019). 
The presence of localized depocenters between strike-slip 
fault systems in western Alaska demonstrates that the 
basins formed synchronously with motion on the strike-
slip faults (Miller et al., 2002), including deep sedimentary 
basins beneath the active Yukon, Kuskokwim, and Nushagak 
River deltas (cf. Berg et al., 2020; Fig. 1). Folds within the 
Late Cretaceous marine strata record shortening and basin 
inversion related to docking of the Insular superterrane 
against the Farewell terrane prior to emplacement of 
crosscutting ca. 75–65 Ma igneous rocks (Miller et al., 2002).

The Alaskan-Canadian Cordillera records nearly 
continuous arc magmatism from the mid-Cretaceous to the 
Eocene (Gehrels et al., 2009), which also provides a record 
of changing tectonic boundary conditions related to terrane 

amalgamation. Along coastal British Columbia through 
Yukon, mid-to-Late Cretaceous plutonic belts strike parallel 
to the orogen and decrease in age from west to east (Gehrels 
et al., 2009). The ca. 70 Ma plutonic belt is preserved in a 
narrow zone of highly strained tabular plutons at the 
structural top of the inverted metamorphic belt and is 
continuous for >1000 km along strike (Great Tonalite 
Sill of Ingram and Hutton, 1994; Fig. 1). Late Cretaceous–
Paleogene igneous rocks west of the orocline hinge consist 
of regionally distributed (~500 km width; Fig. 1) exposures 
of shallowly exhumed volcano-plutonic complexes hosted 
within low-grade metamorphic or sedimentary rocks 
(Moll-Stalcup, 1994). The Late Cretaceous igneous rocks 
from western Alaska display calc-alkalic compositions that 
have a broad range of SiO2 concentrations (Moll-Stalcup, 
1994; Fig. 2B; see Table S1 in the Supplemental Material5). 
Igneous rocks younger than 65–60 Ma display bimodal SiO2 
concentrations, indicative of dual melt sources, a hallmark 
of extensional tectonic settings (Fig. 2B; Table S2).

STRIKE-SLIP FAULT DISPLACEMENTS

Throughout the Alaskan-Canadian Cordillera, Late  
Cretaceous–Cenozoic dextral strike-slip faults  accommodated 
northward displacement of cordilleran terranes toward 
the Bering Sea (Redfield et al., 2007). East of the orocline 
hinge, displacement primarily took place along three major 
fault systems: the Tintina fault (~430 km of slip, ca. 68–45 
Ma; Gabrielse et al., 2006), Denali fault (~480 km of slip, 
ca. 52–0 Ma; Waldien et al., 2021); and the Border Ranges 
fault (>1000 km of slip, ca. 85–50 Ma; Pavlis and Roeske, 
2007). West of the orocline hinge, >400 km of cumulative 
strike-slip motion was distributed between at least eight 
subparallel faults, several of which are interpreted to 
have accommodated dextral slip beginning ca. 100–85 Ma 
(Fig. 1; Miller et al., 2002). Slip on the entire network of 
faults records the margin-parallel component of oblique 
convergence between North America and the Pacific basin 
in response to multiple tectonic drivers across space and 
time (Miller et al., 2002; Redfield et al., 2007).

Figure 3. Paleomagnetic vertical-axis rotation data vs. age. 
Recalculated data points are colored according to map units in 
Figure 1 and binned into 5 m.y. weighted means with 1σσσ uncer-
tainties (blue bars). CW—clockwise; CCW—counterclockwise.

5 Supplemental Material. Tables S1–S5. Compiled geochemical and paleomagnetic data. Please visit https://doi.org/10.1130/GSAT.S.30376552 to access the 
supplemental material; contact editing@geosociety.org with any questions.
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VERTICAL-AXIS ROTATION OF WESTERN ALASKA

Oroclinal bending of southern Alaska is expressed as the 
curvature of regional geologic belts and recorded by vertical-
axis rotations interpreted from paleomagnetic declination 
data (e.g., Coe et al., 1985, 1989). To better understand 
tectonic causes leading to vertical-axis rotations in western 
Alaska, we compiled the published paleomagnetic data, 
excluding data with poor paleohorizontal control, and 
used the mathematical framework of Demarest (1983) to 
recalculate vertical-axis rotation values relative to current 
Late Cretaceous and Paleogene reference poles for North 
America (Table S3).

The resulting 31 paleomagnetic sites yielded updated 
vertical-axis rotation values that are less dispersed than 
those in the original sources, and most sites record CCW 
rotation (Fig. 3; Table S4). Dispersion persisting in the data 
can be partly attributed to the proximity of paleomagnetic 
sites to dextral strike-slip faults, resulting in clockwise (CW) 
rotation of fault blocks concurrent with CCW rotation of 
western Alaska. A clear example of this competition between 
rotation mechanisms is expressed in the Matanuska Valley, 
which is located between the dextral Border Ranges and 
Castle Mountain fault systems and records 11° ± 9° of net 
CW rotation despite being located within the orocline hinge 
(#9 on Fig. 1; “Matanuska” on Fig. 3).

The data fall on an array wherein older rocks record 
higher average magnitudes of net CCW rotation than 
younger rocks (Fig. 3). Due to limited paleomagnetic data 
on rocks between ca. 150 and 75 Ma in western Alaska, the 
onset of vertical-axis rotation is not well recorded in the 
data. However, we interpret the trend of mean vertical-axis 
rotations to record progressive net CCW rotation of western 
Alaska from at least 75 to 55 Ma. Sites in rocks younger 
than ca. 55 Ma are affected by large uncertainties, which 
are generally attributed to low sample density, but may also 
record modest net CCW rotation (Thrupp and Coe, 1986).

ALONG-STRIKE TRANSITION IN GEOLOGIC CHARACTER

The data summarized above demonstrate fundamental 
differences in the geology of the Alaskan-Canadian 
Cordillera through the Alaskan orocline. East of the 
orocline hinge, the Late Cretaceous–Paleogene geologic 
evolution of the Canadian Cordillera involved high-grade 
metamorphism and regional shortening along the Insular-
Intermontane suture, highly localized arc magmatism, and 
translation along three dominant strike-slip faults. West of 
the orocline hinge, the Late Cretaceous–Paleogene geologic 
evolution of western Alaska involved Late Cretaceous 
sedimentary basin formation, widespread arc volcanism 
that transitioned to bimodal volcanism at ca. 65 Ma, dextral 
translation along several strike-slip faults, and progressive 
CCW rotation of the entire region. Because the hinge of the 
Alaskan orocline separates these two regions with distinct 
Late Cretaceous–Paleogene geologic histories, we propose 
that they were shaped by a common tectonic process that 
included oroclinal bending of Alaska.

Below, we present a tectonic model that accounts for the 
along-strike transition in the Late Cretaceous–Paleogene 
geologic character of the Alaskan-Canadian Cordillera and 
oroclinal bending of Alaska. Critical geologic observations 
honored by the model include the following:
(1) CCW vertical-axis rotation and basin formation in 
western Alaska were coeval with inverted metamorphism 
and regional shortening along the Canadian Cordillera.
(2) Dextral strike-slip faults in western Alaska began 
accumulating slip as early as 100 Ma, whereas dextral 
slip localized onto the eastern Tintina, Denali, and Border 
Ranges faults after 85 Ma.
(3) Displacement on the Tintina fault (ca. 68–45 Ma) largely 
preceded displacement on the Denali fault (ca. 52–0 Ma).

LATERAL ESCAPE AND DEVELOPMENT 
OF THE ALASKAN OROCLINE

Late Cretaceous–Cenozoic strike-slip motion in the 
Alaskan-Canadian Cordillera has been envisioned as a form 
of tectonic escape wherein lithosphere was translated from 
the Canadian Cordillera to the Bering Sea (Redfield et al., 
2007). Although this model provides an elegant link between 
cordilleran strike-slip faulting and onset of the Aleutian 
subduction zone (e.g., Scholl, 2007), the now-recognized 
differences in timing of slip among the cordilleran strike-
slip faults and ca. 72–56 Ma shortening and associated 
inverted metamorphism along the Insular-Intermontane 
suture (Regan et al., 2024) require modification of the 
model. We propose a revised escape tectonics model that 
calls upon Late Cretaceous–Paleogene shortening along the 
Insular-Intermontane suture as a mechanism to extrude 
western Alaska, initiate Aleutian subduction, and establish 
the curvature of the southern Alaskan margin.

We illustrate our tectonic model as a set of schematic 
palinspastic map restorations (Fig. 4). The restorations 
incorporate vertical-axis rotation of western Alaska, geologic 
estimates of strike-slip displacement, and associated 
dissection of igneous belts and sedimentary basins. 
Importantly, the restorations account only for displacement 
on mapped major faults and thus provide a minimum 
estimate of latitudinal terrane displacement compared 
to paleomagnetic data and other provenance indicators 
(e.g., Davidson and Garver, 2017; Tikoff et al., 2023). We 
contend that our model is compatible with data requiring 
larger latitudinal translation and that incorporating those 
data would change only the paleolatitude of the processes 
illustrated herein.

70–55 Ma

In the latest Cretaceous–Paleocene, geology-based 
strike-slip fault restorations place the Insular superterrane 
at least 800 km south of its present location. The marine 
basin system between the Insular and Intermontane 
superterranes had completely closed by ca. 85 Ma (Waldien 
et al., 2021), and rocks within the suture experienced 
amphibolite-facies metamorphic conditions (Crawford et 
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al., 1987; McKenzie et al., 2024; Regan et al., 2024). Dextral 
displacement accumulated on the Tintina and Border Ranges 
fault systems in response to oblique subduction across the 
cordillera (Pavlis and Roeske, 2007; Johnston, 2008). This 
region of partitioned oblique convergence and associated 
metamorphism transitioned northwestward into a zone 
of distributed strike-slip faulting, localized sedimentary 
basins, and widespread volcanism in present-day western 
Alaska. Near the transition between these domains, localized 
extensional exhumation of high-pressure metamorphic 

rocks within the Intermontane superterrane south of 
the Tintina fault (Rampart extensional complex; Fig. 4A) 
records bending of the lithosphere within the hinge zone 
of the Alaskan orocline (Till et al., 2007). This extension is 
kinematically compatible with CCW vertical-axis rotation 
of western Alaska and associated bending of all faults and 
geologic belts south of the Rampart extensional complex.

We interpret Late Cretaceous dextral strike-slip faulting 
in western Alaska to record lateral extrusion of that region 

Figure 4. Schematic tectonic restorations illustrating development of the Alaskan orocline. All faults (F) present in each time interval were active during that time interval. See Figure 
1 for map unit colors, symbols, and the 0 Ma time interval. Strike-slip displacements represent minimum separation estimates derived from mapped strike-slip faults only.
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during oblique closure of the marine basin system between 
the Insular and Intermontane superterranes. Synchronous 
lateral extrusion and CCW vertical-axis rotation of western 
Alaska initiated in response to a gradient in the magnitude 
of shortening along strike of the Insular-Intermontane 
suture during the Late Cretaceous, which lasted into the 
Paleogene.

55–45 Ma

In the early Eocene, geology-based strike-slip fault 
restorations place the Insular superterrane at least 400 
km south of its present location. Localized slip on the 
Tintina and Border Ranges fault systems had waned, and 
translation was transferred primarily to the Denali fault 
and within the accretionary complex terranes. Along 
the Canadian Cordillera, dextral slip on the Denali fault 
system synchronous with initiation of the Queen Charlotte 
transform fault resulted in dissection of the Insular 
superterrane by extension in the Queen Charlotte Basin, 
eventually leading to localization of the Queen Charlotte 
fault (Rusmore et al., 2010). The multistranded strike-slip 
fault system and regions of extension along the Canadian 
Cordillera facilitated exhumation of the Late Cretaceous 
batholith and associated metamorphic rocks (Hollister 
and Andronicos, 2006). In western Alaska, dextral slip took 
place on multiple fault strands, including the Denali fault 
(Miller et al., 2002). Lateral extrusion and CCW rotation of 
western Alaska caused convergence between the Beringian 
margin and oceanic plates to the south, which established 
the Aleutian subduction zone and captured a fragment of 
seafloor (Bering Sea plate) by ca. 50 Ma (Scholl, 2007).

We interpret the waning Tintina fault slip and rotation of 
western Alaska by ca. 45 Ma to have established the curvature 
of the Intermontane superterrane at that time. The thick 
lithospheric mantle of the continental terranes inboard of 
the Denali fault (Estève et al., 2020), cessation of extension 
in the Rampart extensional complex (Till et al., 2007), and 
thermochronologic data from the orocline hinge adjacent 
to the north side of the Denali fault (Benowitz et al., 2022) 
imply that the continental terranes north of the Denali fault 
served as a curved backstop that was established by ca. 45 
Ma. The curvature of this backstop and transfer of strike-
slip motion to the Denali fault at ca. 50 Ma suggest that 
lithosphere outboard of the Denali fault has been translated 
through the orocline hinge since the early Eocene (e.g., 
Glen, 2004). Subsequent tightening of the Alaskan orocline 
may have been facilitated by such translation through the 
orocline hinge and Miocene subduction of the buoyant 
Yakutat oceanic plateau terrane with the southern Alaska 
margin (Redfield et al., 2007).

SYNTHESIS AND CONCLUSIONS

The data summarized herein demonstrate that CCW 
rotation and lateral extrusion of southwestern Alaska can be 
kinematically and temporally linked to shortening along the 
Insular-Intermontane suture zone. These processes were also 
contemporaneous with other major changes in the Alaskan-

Canadian Cordillera, including shortening along the length 
of the Rocky Mountain fold-and-thrust belt (Johnston, 
2008), a switch from transpression to transtension along 
the Canadian Cordillera (Hollister and Andronicos, 2006), 
an abrupt shift in the locus and tempo of arc magmatism 
(Gehrels et al., 2009), and accretion of voluminous clastic 
material in the Chugach accretionary prism (e.g., Davidson 
and Garver, 2017). We interpret the sum of these processes 
to record final assembly of the cordilleran terranes to the 
North American continent, followed by a shift in the plate-
boundary forces and relative plate motion related to onset 
of the Aleutian subduction zone along the curved southern 
Alaskan margin (e.g., Scholl, 2007).

Vertical-axis rotation and lateral tectonic escape 
along strike-slip faults are widely observed processes in 
continental collision zones and have been shown to be 
kinematically linked to subduction dynamics in nearby 
trenches (e.g., Tapponnier et al., 1982; Reilinger et al., 2006). 
Here, we have extended the application of this tectonic 
model to the Alaskan-Canadian Cordillera to explain 
synchronous CCW vertical-axis rotation of western Alaska, 
shortening along the length of the Canadian Cordillera, 
dextral strike-slip faulting in both regions, and initiation of 
the Aleutian subduction zone. Considering the present data 
informing the geologic evolution of the Alaskan-Canadian 
Cordillera, we propose that the Alaskan orocline developed 
progressively over the Late Cretaceous and Paleogene as 
southwestern Alaska was extruded and rotated away from 
oblique terrane collisions in the Canadian Cordillera.
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