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ABSTRACT

Active transpressional fault systems are typically associated with the development of broad zones of deformation and topographic develop-
ment; however, the complex geometries typically associated with these systems often make it difficult to isolate the important boundary 
conditions that control transpressional orogenic growth. The Denali fault system is widely recognized as transpressional due to the presence 
of the Denali fault, a major, active, right-lateral fault, and subparallel zones of thrust faults and fault-related folding along both the north and 
south flanks of the Alaska Range. Measured Quaternary and Holocene slip rates exist for the Denali fault system and portions of the adjacent 
thrust system, but the partitioning of fault slip between contractional and translational components of this transpressional system has not 
been previously studied in detail. Exploiting the relatively simple geometry of the Denali fault, we analyze the style and distribution of active 
faulting within the Alaska Range to define patterns of strain accommodation and determine how contractional and translational strain is 
partitioned across the Denali fault system. As the trace of the Denali fault curves by ~70° across central Alaska, the mean strike of the thrust 
system to the north remains subparallel to the Denali fault, while to the south, the few faults with known or suspected Quaternary offset are 
oblique to the Denali fault. This relationship suggests that as the Denali fault system accommodates local fault-parallel strike slip, it partitions 
the residual part of the regional NW-directed plate motion into NW-SE shortening south of the Denali fault and shortening perpendicular to 
the Denali fault to the north. The degree of slip partitioning is consistent with a balanced slip budget for the two primary faults that contribute 
displacement to the Denali fault system (the eastern Denali fault and Totschunda fault). The current obliquity of displacement south of the 
Denali fault is the result of the late Cenozoic development of the Totschunda fault, which provides a more direct connection for the transfer 
of strain from the Fairweather transform fault to the Denali fault system. The transmitted strain is partitioned into right-lateral slip on the 
Denali fault and into Denali fault-normal shortening that is accommodated by thrust faulting in the Alaska Range and distributed left-lateral 
slip faulting within interior Alaska to the north.

INTRODUCTION

The distribution and geometry of active 
faults within an orogen provide insights into 
the processes that control the architecture and 
evolution of mountain belts and, in particu-
lar, can provide a longer view of how strain is 
accommodated within an orogen than can be 
deduced from geophysical observations. For 
transpressional mountain belts, the obliquity 
of plate motion, erosional processes, crustal 
rheology, and the ways in which contraction 
and translation are partitioned between faults 
work together to control the spatial distribu-
tion of rock uplift (e.g., Spotila et al., 2007). 
Along-strike heterogeneity in these conditions 
and processes affects the resultant deformation, 

but the relative importance of these controls is 
largely unknown and likely varies between fault 
systems and orogens. In transpressional fault 
systems with a through-going strike-slip fault, 
a simple fault geometry reduces one component 
of this along-strike heterogeneity and facilitates 
a more straightforward examination of how 
slip is partitioned between different parts of the 
system. To demonstrate how the distribution 
of active faults can constrain the way in which 
slip is partitioned across a transpressional oro-
gen, we examine the Alaska Range and Denali 
fault system—a well-defined active mountain 
belt and associated intracontinental strike-slip 
fault that spans 70° of a small circle arc across 
south-central Alaska (Fig. 1). Using current 
constraints on Quaternary fault slip rates and 
fault slip orientations, we illustrate the connec-
tion between different modes of deformation 

within this transpressional system and the way 
in which the Denali fault partitions slip between 
different components of the Alaska Range oro-
gen. Recognition of the way in which the Denali 
fault system partitions strain across the Alaska 
Range presents new implications for how south-
ern Alaska plate-boundary strain is transferred 
into far-field deformation in south-central 
Alaska and informs interpretations of crustal 
blocks and seismicity.

REGIONAL BACKGROUND

The Alaska Range of south-central Alaska is 
an arcuate mountain belt that extends from near 
the Alaska-Canada border westward for over 
1000 km to where it trends southward and joins 
the Aleutian volcanic arc (Fig. 1). This active 
orogen is a prominent topographic element in 
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the overriding plate of the Aleutian megath-
rust and a far-field expression of the complex 
Pacific–North America convergent plate bound-
ary in southern Alaska (Ferris et al., 2003; 
Eberhart-Phillips et al., 2006; Freymueller et al., 
2008; Haeussler, 2008; Jadamec et al., 2013). 
Much of the complexity of this plate boundary 
results from the ongoing subduction and accre-
tion of an oceanic plateau known as the Yakutat 
terrane (Bruns, 1983; Plafker and Berg, 1994). 
Recent two-dimensional (2-D) and three-dimen-
sional (3-D) kinematic and geodynamic models 
have begun to explore the primary forces con-
tributed by the Yakutat terrane and how these 
forces drive deformation in the overriding North 
American plate (Soofi and Wu, 2008; Koons et 
al., 2010; Finzel et al., 2011a; Jadamec et al., 
2013). Soofi and Wu (2008) focused primarily 
on the deformation and stress fields that result 
when considering just the unsubducted por-
tion of the Yakutat terrane (the Yakutat micro-
plate; Fig. 1), whereas other models have also 
incorporated forces associated with the flat-slab 
geometry associated with the subducted portion 
of the Yakutat terrane (the Yakutat slab; Koons 
et al., 2010; Jadamec et al., 2013). Furthermore, 
additional studies have examined the modern 
deformation field to extract constraints on the 
kinematics of the Yakutat microplate–related 
deformation (Mazzotti and Hyndman, 2002; 
Leonard et al., 2007; Elliott et al., 2010; Finzel 
et al., 2011a). Regardless of modeling approach, 
all these studies illustrate far-field deformation 
across south-central Alaska and northwestern 
Canada, extending up to 800 km from the Yaku-
tat microplate collision in southeast Alaska.

Although these models for south-central 
Alaska deformation all include a far-field 
response to southern Alaska plate-boundary 
accretion and subduction processes, they dif-

fer in how this deformation is accommodated. 
One distinction is between crustal block mod-
els and those that include diffuse deformation. 
Crustal block models tend to emphasize the role 
of crustal faults, and given the limited regional 
geodetic network, these models can provide a 
good fit to the observed deformation field (e.g., 
Freymueller et al., 2008; Elliott et al., 2010). 
However, other studies seek to account for the 
role of distributed deformation in the upper 
plate as is suggested by zones of crustal seis-
micity and strain rate gradients (Mazzotti and 
Hyndman, 2002; Leonard et al., 2007; Finzel 
et al., 2011a). Distributed deformation is also 
accounted for in geodynamic models that seek 
to establish a 3-D rheological framework that 
produces the observed crustal deformation pat-
terns across south-central Alaska (Koons et al., 
2010; Jadamec et al., 2013). Despite the differ-
ences in modeling approaches, most kinematic 
and geodynamic representations of the south-
ern Alaska tectonics require a counterclock-
wise rotation of a large portion of south-central 
Alaska overlying the shallowly subducting 
Yakutat slab. With a geodynamic model that 
integrates the 3-D geometry of the subducted 
Yakutat slab within the southern Alaska plate 
boundary, Jadamec et al. (2013) examined 
the contribution of Yakutat slab subduction to 
deformation of the upper plate and the way in 
which this deformation is influenced by differ-
ent crustal viscosity models. A key insight from 
this study is the requirement of a weak crustal 
boundary along the modern trace of the Denali 
fault (Fig. 1) in order to produce the first-order 
deformation patterns of south-central Alaska. 
Jadamec et al. (2013) pointed out that this weak 
crustal boundary acts to decouple south-central 
Alaska (typically referred to as the Southern 
Alaska block or Wrangell block; Figs. 1 and 2) 

from the rest of the North American plate and 
allows it to rotate counterclockwise.

Denali Fault System

The Denali fault system is a major intracon-
tinental right-lateral strike-slip system within 
the upper plate of the Pacific–North America 
plate boundary (Fig. 1). It has played a promi-
nent role in models of south-central Alaska since 
the lateral extent of this fault was defined by St. 
Amand (1957), and the modern tectonic behav-
ior is viewed as being driven predominantly by 
stresses induced by the collision and flat-slab 
subduction of the Yakutat microplate in southeast 
Alaska (e.g., Freymueller et al., 2008; Haeussler, 
2008; Jadamec et al., 2013). The Denali fault 
parallels, and lies within, the active transpres-
sional Alaska Range orogen for much of its 
length across south-central Alaska (Figs. 1 and 
2). Early studies recognized that the Denali fault 
approximates a small circle arc and that a pole of 
rotation south of Alaska is required to accommo-
date the right-lateral strike-slip motion along this 
fault system (St. Amand, 1957; Stout and Chase, 
1980). This arcuate fault geometry is both unique 
and simple relative to other major continental 
strike-slip fault systems (e.g., San Andreas fault 
system—Spotila et al., 2007; the Alpine fault—
Norris and Cooper, 2001; Altyn Tagh fault—e.g., 
Cowgill et al., 2000; also refer to global summary 
provided by Molnar and Dayem, 2010). The 
geometric uniqueness of the Denali fault lies in 
the ~70° of continuous curvature along a small-
circle arc spanning 500 km across central Alaska 
(Fig. 2). The geometric simplicity derives from 
the continuous curvature and the fact that the 
Denali fault remains predominantly strike slip for 
this entire length. For descriptive purposes, we 
divide the Denali fault by commonly used infor-
mal section names, except for our introduction of 
the “west-central Denali fault” section, which is 
used to describe the portion of the Denali fault 
east of Mount McKinley but west of the 2002 
earthquake rupture (Fig. 2).

The Totschunda fault is a younger compo-
nent of the Denali fault system, approaching the 
eastern Denali fault from the southeast and inter-
secting it in east-central Alaska near Mentasta 
Pass (Fig. 2). Richter and Matson (1971) sug-
gested that the Totschunda fault developed after 
ca. 2 Ma as a more direct connection between 
the transform portion of the Pacific–North 
America plate boundary in southeast Alaska 
(the Fairweather fault) and the Denali fault sys-
tem, bypassing the eastern Denali fault (Fig. 1). 
However, no direct geology-based fault connec-
tion has been recognized (e.g., Haeussler, 2008). 
Although the Jadamec et al. (2013) geodynamic 
model included a weak crustal boundary along 
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Figure 1. Simplified map of the south-
ern Alaska plate boundary, highlight-
ing modeled crustal blocks (Freym-
ueller et al., 2008), major faults, and 
general plate/block motion directions. 
The approximate extent of the sub-
ducted buoyant Yakutat slab beneath 
south-central Alaska is shown by the 
transparent gray overlay (from Eber-
hart-Phillips et al., 2006). The dashed 
box contains the Alaska Range as it 
is shown in Figure 3. The base map 
is a grayscale digital elevation model 
with white representing the high-
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the trace of the Denali fault, they noted a change 
in stress in the area of the Totschunda fault, even 
though it was not included as an explicit feature 
of their model. This highlights the potential role 
of the development of the Totschunda fault as an 
important tectonic boundary and provides geo-
dynamic support for the interpretation that the 
Totschunda fault is part of an incipient strike-
slip fault system connecting to the Fairweather 
fault in southeast Alaska (Fig. 1; Richter and 
Matson, 1971; Doser, 2014).

The recent activity of the Denali fault system 
was demonstrated by the 2002 M7.9 Denali fault 
earthquake sequence (Eberhart-Phillips et al., 

2003), which ruptured three intersecting faults 
of this system by initiating on the Susitna Gla-
cier fault, stepping onto and rupturing 226 km of 
the Denali fault, and then transferring onto the 
Totschunda fault (Fig. 2; Haeussler et al., 2004). 
Coseismic displacements during this earth-
quake were predominantly strike slip, although 
they locally included up to 1 m of vertical slip 
(Haeussler et al., 2004). Postearthquake stud-
ies determined Holocene–late Pleistocene slip 
rates for the Denali fault system (Table 1) and 
identified a clear westward decrease in slip rate 
between the Denali-Totschunda fault junction 
to a site east of Mount McKinley (Fig. 2; Mat-

mon et al., 2006; Mériaux et al., 2009). Aver-
age fault slip rates determined for individual 
fault segments are (from east to west): ~6 mm/
yr for the Totschunda fault, ~8.5 mm/yr for the 
eastern Denali fault, ~12–14 mm/yr for the cen-
tral Denali fault, and a westward decrease from 
~10 mm/yr to ~7 mm/yr along the west-central 
Denali fault (Table 1; Fig. 2; Matmon et al., 
2006; Mériaux et al., 2009). Preliminary results 
from Haeussler et al. (2012) documented a slip 
rate of ~5 mm/yr for the western Denali fault.

Quaternary Faults of the Alaska Range

Despite widespread mapped deformation 
of late Cenozoic deposits within the Alaska 
Range, until recently there were few recog-
nized active faults to accommodate this defor-
mation and associated rock uplift of the Alaska 
Range (Wahrhaftig, 1958; Holmes and Péwé, 
1965; Péwé et al., 1966; Nokleberg et al., 1992; 
Plafker et al., 1994). There are still limited 
data on Quaternary faults in the Alaska Range 
south of the Denali fault, and the Susitna Gla-
cier fault (which ruptured in the 2002 Denali 
fault earthquake sequence) is the only fault with 
documented Quaternary displacement (Crone et 
al., 2004; Personius et al., 2010). Plafker et al. 
(1994) included several additional faults in this 
region that are classified as “suspicious” in terms 
of Quaternary activity based on their deforma-
tion of Neogene sedimentary rocks. Due to the 
remoteness of the region and confounded by the 
inherent difficulty in identifying low-slip-rate 
thrust faults in geomorphically active environ-
ments, the Susitna Glacier fault was unrecog-
nized prior to the 2002 Denali fault earthquake 
sequence. Furthermore, due to repeated glacial 
coverage throughout the Quaternary (e.g., Bri-
ner and Kaufman, 2008), there are essentially 
no Quaternary markers older than latest Pleisto-

140°W145°W150°W

65
°N

64
°N

63
°N

62
°N

61
°N

0 50 100 km

5

12.1

1-3
1

1-4

6.7

8.4

6

9.4

M
int

o F
lat

s S
Z

M
int

o F
lat

s S
Z

Fa
irb

an
ks

 SZ

Fa
irb

an
ks

 SZ
Sa

lch
a S

Z

Sa
lch

a S
Z

Tanana basin

Tanana basin

Tinna fault

Tinna fault

Kanshna
cluster
Kanshna
cluster

Seismicity associated 

with Yakutat slab 

Seismicity associated 

with Yakutat slab 

eastern Denali f.

eastern Denali f.Totschunda f.

Totschunda f.

central Denali f.

central Denali f.
west-central Denali f.

6666.7

wwwwwest ntraest-cenee t-t- allaalal
we trweest-cencc nttnt-centratrte l DDa DeDeaa DDDDenral DenaaaDenallDDDD ali fDenali f.
west-central Denali f.

western Denali f.

western Denali f.

Southern Alaska
Block

AnchorageAnchorage

CANADA
ALASKA

northern Alaska Range thrust system
northern Alaska Range thrust system

Mt. M
cKinley

Mt. M
cKinley

SGFSGF

Figure 2. Active faults and shallow seismicity of south-central Alaska. Active fault traces are from 
the Alaska Quaternary fault and fold database (Koehler et al., 2012), with several smaller fault 
traces removed for visual clarity. Red dots depict earthquake hypocenters for events >M2, shal-
lower than 30 km, and from the time period 2000–2013. The abundant seismicity along the central 
Denali fault and Totschunda fault are aftershocks of the 2002 Denali fault earthquake sequence. The 
Kantishna cluster is a persistent zone of high seismic activity. Ellipses encircle three parallel zones 
of elevated seismic activity with aligned predominantly left-lateral focal mechanisms (S.Z.—seis-
mic zone). The gray dashed lines depict projections of the seismic zones that form the boundaries 
of clockwise-rotating crustal blocks, and additional gray dashed lines to the east illustrate bedrock 
fault zones that could be additional block boundaries that do not display elevated seismicity (Page 
et al., 1995). Large gray dashed one-sided arrows illustrate the previously proposed mechanism 
of rotating crustal blocks within a zone of dextral shear between the Denali and Tintina faults. 
White ellipses containing numbers illustrate documented deformation rates for components of the 
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right-lateral slip rates for the Denali fault system (Table 1), or shortening rates across the northern 
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TABLE 1. MEAN LATE QUATERNARY SLIP RATES 
FOR THE DENALI FAULT SYSTEM

Fault section* Slip rate
(mm/yr)

Source

Western Denali fault ~5 Haeussler et al. 
(2012)

West-central Denali fault, W 6.7 ± 1.2 Mériaux et al. 
(2009)

West-central Denali fault, E 9.4 ± 1.6 Matmon et al. 
(2006)

Central Denali fault 12.1 ± 1.7 Matmon et al. 
(2006)

Central Denali fault 13.6 ± 3.8 Mériaux et al. 
(2009)

Eastern Denali fault 8.4 ± 2.2 Matmon et al. 
(2006)

Totschunda fault 6 ± 1.2 Matmon et al. 
(2006)

*Sections labeled on Figure 2.
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cene with which to identify deformation related 
to active faults in the Alaska Range south of the 
Denali fault. Therefore, we infer that, in addi-
tion to faults categorized as suspicious being 
active in the Quaternary, additional unmapped 
active faults may exist, but the landscape is too 
young to record enough cumulative deformation 
for it to be readily observed at the current reso-
lution of mapping and topographic data. Con-
sidering the faults with suspected activity along 
with the Susitna Glacier fault, there is a clear 
pattern of these faults striking NE-SW, and most 
are mapped as intersecting or closely approach-
ing the Denali fault (Fig. 2).

For the west-central and central Denali fault 
sections, most of the topography of the Alaska 
Range lies to the north of the Denali fault 
(Fig. 2; Fitzgerald et al., 2014). This topography 
is bounded on the north by a relatively continu-
ous, abrupt range-front escarpment that sepa-
rates the Alaska Range from the Tanana Basin 
(Fig. 2). Early mapping in the region recognized 
the widespread occurrence of Neogene sedi-
ments within the northern foothills of the Alaska 
Range and documented that the stratigraphy and 
deformation of these units record the early evo-
lution of the Alaska Range orogen (e.g., Wah-
rhaftig, 1958; Péwé et al., 1966; Ridgway et al., 
2007). More recently, studies have documented 
the association of Quaternary-active thrust 

faults with the abrupt range front of the Alaska 
Range, and additional active faults lying within 
the foothills south of the range front (Bemis 
and Wallace, 2007; Carver et al., 2008, 2010). 
Bemis et al. (2012) synthesized the record of 
Quaternary faulting in the northern Alaska 
Range and expanded the previously defined 
“northern foothills fold-thrust belt” (Bemis 
and Wallace, 2007) into the northern Alaska 
Range thrust system (Fig. 2). This thrust sys-
tem extends as a continuous zone of uplift and 
shortening on the north side of the Denali fault 
from Mount McKinley (Denali) eastward for 
~500 km (Fig. 2). Along the length of this thrust 
system, there are four regions that have different 
structural styles, but in general, each region is 
dominated by basement-involved thrust faults, 
has clearly defined late Quaternary faults or 
folds associated with the northern topographic 
range front, and contains active faults that are 
predominantly parallel with the adjacent section 
of the Denali fault (Fig. 3; Bemis et al., 2012).

Knowledge of slip rates for the faults of the 
northern Alaska Range thrust system is currently 
limited by poor age control of deformed Qua-
ternary landforms and from having few direct 
constraints on subsurface fault dip. However, 
there are three corridors across portions of the 
thrust system where we documented shortening 
rates based upon offset and deformed Quater-

nary markers. The westernmost transect (Figs. 2 
and 3) crosses the full thrust system where each 
active thrust fault offsets and deforms Quaternary 
glaciofluvial terraces. Using the regional geol-
ogy and progressive deformation of the terraces, 
Bemis (2010) derived subsurface fault geome-
tries along this transect and, utilizing correlations 
of the terraces with the regional glacial sequence, 
determined a shortening rate of 1–3 mm/yr 
(Table 2; Figs. 2 and 3). The easternmost tran-
sect also appears to capture most of the short-
ening across the thrust system, but most of this 
deformation occurs across a single fault (Figs. 2 
and 3). The structural style for this portion of the 
thrust system is characterized by left-stepping 
thrust fault segments connected by NE-trending 
strike-slip faults. These strike-slip faults do not 
extend significantly beyond the thrust faults to 
which they connect, and thus they appear to be 
tear faults within the larger thrust sheet (Bemis 
et al., 2012). Carver et al. (2008) determined the 
slip rate for one of these NE-trending faults, the 
Canteen fault, based upon offsets of late Pleisto-
cene moraines (Table 2; Fig. 3). The thrust fault 
that connects to the Canteen fault from the west, 
the Granite Mountain fault, deforms deposits 
tentatively correlated to early Quaternary glacial 
deposits (Carter, 1980) and are known to overlie 
an extensive bedrock unconformity. This uncon-
formity is preserved in the hanging wall of the 
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Granite Mountain fault, and Bemis et al. (2012) 
used this marker to derive a slip rate estimate of 
1–4 mm/yr. In between these transects, Bemis 
(2010) also used a sequence of progressively 
deformed fluvial terraces and offset early Qua-
ternary deposits near the Japan Hills (Fig. 3) to 
interpret the subsurface geometry and displace-
ment across two faults at the range front of the 
thrust system (Fig. 2; Table 2).

The tectonic growth of the Alaska Range 
recorded by the deformation of late Cenozoic 
deposits and geomorphic surfaces (Wahrhaftig, 
1958; Bemis and Wallace, 2007; Bemis et al., 
2012) is complemented by records from syn-
orogenic sediments (e.g., Ridgway et al., 2002, 
2007) and thermochronology (Fitzgerald et al., 
1995; Haeussler, 2008; Benowitz et al., 2011). 
The correspondence of topography and active 
faults in the Alaska Range (Fig. 3) was estab-
lished during the Quaternary and is viewed as 
a response to flat-slab subduction processes 
(Finzel et al., 2011b), local structural conditions 
of the Denali fault (Benowitz et al., 2011), and 
inherited crustal structures (Fitzgerald et al., 
2014). Early low-temperature thermochrono-
logic data in conjunction with the onset of wide-
spread deposition of a coarse-grained foreland 
basin sequence on the north side of the Alaska 
Range have been interpreted to represent an 
orogen-wide pulse of exhumation at ca. 6 Ma 
(Fitzgerald et al., 1995). However, new thermo-
chronologic data demonstrate a heterogeneous 
and asymmetric pattern of exhumation along the 
Alaska Range–Denali fault system (Benowitz et 
al., 2011). In general, the regions of high topog-
raphy in the Alaska Range (glaciated regions on 
Fig. 3) are associated with younger cooling ages, 
whereas areas of lower average topography have 
low –temperature cooling ages that reflect plu-

ton cooling and not exhumation-related cooling 
(Fitzgerald et al., 1995; Benowitz et al., 2011, 
2013). Exhumation in the Alaska Range is nei-
ther synchronous nor evenly distributed about 
the arc of the Denali fault, suggesting that the 
rock uplift is primarily controlled by local struc-
tures rather than far-field processes.

Additional constraints on the modern tec-
tonic framework of south-central Alaska come 
from the abundant shallow crustal seismicity of 
the region. Major features of the current patterns 
of seismicity include aftershocks of the 2002 
Denali fault earthquake, the Kantishna cluster, 
diffuse seismicity in the Alaska Range foothills, 
and three NE-trending linear zones of seismic-
ity, with predominantly left-lateral focal mecha-
nisms (Fig. 2). Five >M7 earthquakes have 
occurred in this region during the past 100 yr, 
including two on the Denali fault (2002—Eber-
hart-Phillips et al., 2003; 1912—Carver et al., 
2004) and three associated with the NE-trend-
ing seismic zones (Fletcher and Christensen, 
1996). Page et al. (1995) proposed that the 
NE-trending left-lateral seismic zones separate 
clockwise-rotating crustal blocks within a broad 
dextral shear zone between the Denali fault 
and the Tintina fault to the north (Fig. 2). The 
westernmost seismic zone (Minto Flats seismic 
zone) cuts across the Tanana Basin and across 
the foothills of the Alaska Range. Although this 
seismic zone does not have a clear fault surface 
trace, it does correspond with an E-W change 
in the structural style and topographic fabric of 
the Alaska Range foothills (Fig. 3; Bemis et al., 
2012). The two seismic zones to the east (Fair-
banks seismic zone and Salcha seismic zone) 
also cut across the Tanana Basin, but the seis-
micity lineaments end at the northern range front 
of the Alaska Range, and there are no structural 

or topographic trends to suggest that the defor-
mation associated with these zones extends into 
the foothills (Figs. 2 and 3; Bemis et al., 2012). 
The stress map of Alaska by Ruppert (2008) 
was derived from historical earthquake focal 
mechanisms and provides a means by which to 
compare the stress tensor inversion results for 
individual crustal volumes with the observed 
regional active faulting patterns. For the Denali 
fault system, this analysis shows stresses con-
sistent with the observed right-lateral strike-slip 
faulting. Stress tensor inversion results for the 
northern foothills of the Alaska Range show 
predominantly reverse faulting with a N-S–ori-
ented maximum compressive stress, and the 
NE-trending seismic zones immediately north 
of the foothills have the same maximum com-
pressive stress orientation but with strike-slip 
mechanisms (Ruppert, 2008).

PROBLEM AND OBJECTIVES

The typical view of the modern Denali fault 
system is that it separates the relatively rigid 
counterclockwise rotation of south-central 
Alaska (the Southern Alaska block; e.g., Freym-
ueller et al., 2008) from the distributed deforma-
tion of central Alaska (e.g., Ruppert et al., 2008; 
Haeussler, 2008). In a simple kinematic sense, 
rigid rotation of the Southern Alaska block 
is not consistent with the observed westward 
decrease in slip rate on the Denali fault. Further-
more, to drive shortening across the northern 
Alaska Range thrust system, the Denali fault 
appears to be migrating northward. To accom-
modate the westward decrease in Denali fault 
slip rate, strain must be accommodated by the 
SE-striking thrust faults within the Southern 
Alaska block (south of the Denali fault; Hae-

TABLE 2. SHORTENING RATE CONTROLS IN THE NORTHERN ALASKA RANGE

Slip rate site Slip rate
(mm/yr)

Fault dip
(°)

Shortening rate
(mm/yr)

Time period for 
slip rate

Comments

Nenana River transect

Hines Creek fault 0.5 84 0–0.3 Late Pleistocene Offset late Pleistocene outwash terrace. Near vertical dip at surface interpreted to 
decrease at depth.

Healy fault 0.3 45 0.2 Late Pleistocene Offset late Pleistocene terraces. Additional small scarps recently discovered nearby 
suggest a slightly higher slip rate.

Stampede fault 0.2–1 21–35 0.2–0.9 Quaternary Multiple surfaces with inferred age correlations offset across fault (Bemis, 2010).
Northern Foothills thrust 0.2–1 15–25 0.2–0.9 Quaternary Multiple surfaces with inferred age correlations offset across fault (Bemis, 2010).

Japan Hills transect*

Gold King fault 0.5 ~30 0.4 Late Pleistocene Multiple surfaces with inferred age correlations offset across fault (Bemis, 2010).
Northern Foothills thrust 0.3–1 <30 0.3–0.9 Quaternary Minimum offset of a widespread early Quaternary surface.

Eastern NFFTB transect†

Granite Mountain fault 30? 1–4 Quaternary Offset Pliocene/early Quaternary deposits and surface (Bemis et al., 2012).
Canteen fault 1.6 90 1.6 Late Pleistocene Offset late Pleistocene moraines (Carver et al., 2008).

*Additional Quaternary faults exist along this transect but lack offset features of a known age.
†NFFTB—northern foothills fold-thrust belt.
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ussler, 2008) or transferred across the Denali 
fault into the northern Alaska Range thrust sys-
tem (Matmon et al., 2006; Mériaux et al., 2009). 
Haeussler (2008) provided a descriptive model 
that includes the key aspects of a westward 
decrease in the Denali fault slip rate and rotation 
and northwestward migration of the Southern 
Alaska block but did not attempt to balance rela-
tive or absolute motions. Mériaux et al. (2009) 
proposed a simple model that fully accom-
modates the westward Denali fault slip rate 
decrease through pure northwestward indenta-
tion of the Southern Alaska block. In this model, 
the westward slip rate decrease occurs due to 
the progressive westward increase in obliquity 
of the Denali fault relative to the plate motion 
direction of the Southern Alaska block. As a 
result, their model predicts that the 12–14 mm/
yr slip rate for the Denali fault east of the Delta 
River (Fig. 3) is balanced by ~4 mm/yr of fault-
normal shortening north of the Denali fault, 
whereas near the Nenana River, the ~7 mm/yr 
Denali fault slip rate is balanced by ~12 mm/yr 
of fault-normal shortening north of the Denali 
fault (Mériaux et al., 2009). Although this model 
provides a quantifiable explanation for the west-
ward decrease in Denali fault slip rate, it does 
not account for the counterclockwise rotation of 
the Southern Alaska block recognized by most 
models of southern Alaska tectonics. However, 
this model provides a testable conclusion that 
can be addressed through documentation of the 
shortening rates across the Alaska Range near 
the Nenana River (Table 2).

The simple, arcuate geometry of the Denali 
fault system should result in an along-strike 
trend in the relative crustal motion across the 
fault, regardless of whether a predominantly 
indentation model (Mériaux et al., 2009) or a 
block rotation model (e.g., Freymueller et al., 
2008; Haeussler, 2008) is invoked for the crustal 
motion of south-central Alaska. The presence of 
this strike-slip fault with a continuous map-view 
curvature within the Alaska Range transpres-
sional system simplifies the isolation of slip 
partitioning between different structural compo-
nents of the system. The Alaska Range follows 
the same curvature as the Denali fault, and, if 
active deformation is driven by the contractional 
component of slip that is partitioned across the 
Denali fault system, the primary Alaska Range 
faults that accommodate deformation within the 
orogen should vary systematically with this cur-
vature. We use Quaternary geologic data from 
the Alaska Range in the form of fault orientation 
and sense of displacement for Quaternary-active 
faults to show that the Denali fault completely 
partitions slip into fault-parallel and fault-nor-
mal components. We test this complete slip-
partitioned relationship at the eastern end of the 

Denali fault system arc, where the Totschunda 
fault provides a conduit for slip that is oblique 
to the main trace of the Denali fault. In this con-
figuration, we use the complete slip-partitioned 
model and the geologically determined fault-
parallel and fault-normal slip rates for the cen-
tral Denali fault to predict the slip rates for the 
Totschunda and eastern Denali faults and test 
the viability of this model by comparing the 
predicted results to the geologically observed 
slip rates. Finally, we assess the likely far-field 
contributions of strain to the Denali fault system 
from the southern Alaska plate boundary, as well 
as implications for the remnant components of 
strain to the north in regional tectonic models.

CHARACTERISTICS OF ALASKA 
RANGE AND DENALI FAULT SYSTEM 
DEFORMATION

Quaternary faults in and adjacent to the 
Alaska Range display characteristic trends on 
their respective sides of the Denali fault. The 
thrust faults south of the Denali fault, includ-
ing those with suspected Quaternary activity 
(Plafker et al., 1994; Figs. 2 and 3), all have 
an approximately NE-SW strike and appear to 
obliquely intersect the Denali fault, whereas 
the thrust faults to the north are subparallel to 
the Denali fault (Fig. 3). The geomorphology 
of fault scarps and structural geometry of fault-
related folding indicate that these thrust faults 
of the northern Alaska Range thrust system 
are predominantly pure dip-slip faults (Fig. 4). 
Despite natural variability in the mapped traces 
of these thrust faults, due to the interaction of 
a dipping plane with topography, the influence 
of preexisting structures and rheological varia-
tions, and decreasing displacement at fault tips, 
the map-view parallelism between these thrust 
faults and the Denali fault for ~500 km and 
through 70° degrees of Denali fault curvature 
is clear (Figs. 2 and 3). Additional strike-slip 
and oblique-slip faults exist in portions of the 
northern Alaska Range thrust system, and these 
are typically oblique to the thrust fault traces 
and connect adjacent segments of these faults 
(Fig. 3). These lateral-slip faults correspond 
with along-strike changes in architecture of the 
thrust system and are interpreted as tear faults 
within the hanging wall of the thrust system 
(Bemis and Wallace, 2007; Carver et al., 2008). 
To provide a graphical assessment of the rela-
tionship between the orientation of thrust and 
lateral-slip faults of the northern Alaska Range 
thrust system and the Denali fault, we plotted the 
orientations of the faults in the northern Alaska 
Range thrust system relative to the orientation of 
the adjacent portion of the Denali fault between 
143°W to 152°W. To average out small-scale 

variability in the mapped surface traces, we 
divided the Denali fault into 10 km segments 
and each of the Alaska Range faults into 5 km 
segments. The average strike was calculated for 
each fault segment, and the Alaska Range fault 
segments lying within a perpendicular 10-km-
wide swath were plotted against the orientation 
of that Denali fault segment (Fig. 5).

As shown in map view (Fig. 3) and graphi-
cally (Fig. 5), the surface traces of active faults 
north of the Denali fault are dominantly parallel 
to subparallel to the strike of the Denali fault, 
despite an ~70° change in the strike of the Denali 
fault over the 400 km between the intersection 
with the Totschunda fault in the east and Denali 
to the west. This trend is clearly shown by the 
orientation of thrust faults (Figs. 5A and 5B), 
whereas the subvertical lateral-slip faults tend 
to cluster around an orientation of 30°–60° from 
the strike of the Denali fault (Fig. 5C). The pre-
dominantly dip-slip nature of thrust faults within 
the northern Alaska Range thrust system com-
bined with the parallelism with the Denali fault 
demonstrate that this thrust system is accom-
modating shortening orthogonal to the Denali 
fault throughout the broad arcuate trace across 
southern Alaska. Furthermore, the sense of slip 
on the lateral-slip faults (left-lateral for NE-
striking; right-lateral for NW-striking) and their 
highly oblique orientation relative to the Denali 
fault show that these faults are well aligned to 
also accommodate shortening orthogonal to the 
Denali fault. Therefore, the principal shortening 
direction defined by the orientations of these 
Quaternary-active faults remains perpendicu-
lar to the Denali fault through the ~70° curve, 
indicating the nearly complete partitioning of 
slip between the strike-slip Denali fault and the 
northern Alaska Range thrust system.

Slip Budget of the Totschunda-Denali 
Intersection

To test our model of a completely slip-
partitioned Denali fault, we analyzed the slip 
budget for the Totschunda-Denali fault intersec-
tion (Fig. 6), utilizing the late Quaternary slip 
rates (Table 1) and mapped fault orientations to 
isolate the contributions to Denali fault system 
and Alaska Range deformation. If the central 
Denali fault is completely slip partitioned, and 
the deformation is driven by strain transferred 
into the system from the southeast, then we 
should be able to show that (1) the Southern 
Alaska block motion vector adjacent to the cen-
tral Denali fault decomposes to equal the slip 
rate of the Denali fault and the shortening rate 
across faults to the north, (2) the slip rates of the 
Totschunda fault and eastern Denali fault should 
sum to the Southern Alaska block motion vec-
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Figure 4. Examples of fault scarps from the northern Alaska Range thrust system illustrating evidence for sense of slip. In mapping much of this fault 
system, no clear evidence of appreciable oblique slip on thrust faults has been observed (e.g., Bemis et al., 2012), and examples A, B, C, D, and F illus-
trate a variety of geomorphic clues for no appreciable lateral slip. (A) Satellite image of an ~15-m-tall thrust fault scarp displaying a swath of bending 
moment grabens parallel to the fault scarp, suggesting pure dip-slip displacement (e.g., McCalpin, 2009). (B) Light detection and ranging (LiDAR) 
shaded-relief view of the Hines Creek fault trace across late Pleistocene glaciofluvial outwash deposits. The fault scarp is 10–12 m tall, and numerous 
linear features show no apparent lateral displacement across the scarp (Federschmidt, 2014). (C) LiDAR shaded-relief image reveals multiple small 
(~1 m tall) south-vergent fault scarps that offset a late Pleistocene fluvial terrace and numerous linear features that lack evidence of lateral offset. (D) 
Interferometric synthetic aperture radar (IfSAR) shaded-relief topography showing a south-vergent thrust fault scarp with antecedent streams that are 
not laterally displaced across the fault. (E) IfSAR shaded-relief showing right-lateral displacement of terrace margins and stream channels along with 
southwest-side-up oblique slip. This fault has a highly oblique strike relative to the Denali fault and correspondingly displays oblique-slip consistent 
with N-S shortening. (F) LiDAR-derived shaded-relief image of large anticlinal fault scarps that are transected by alluvial-fan deposits. The alluvial-fan 
morphology and the along-strike sinuosity of the fault scarp do not support an interpretation of appreciable lateral slip.

Figure 5. Plots illustrating the orien-
tations of Quaternary faults on the 
north side of the Alaska Range vs. 
the orientation of the Denali fault. (A) 
Quaternary thrust faults are shown as 
gray triangles, with range-bounding 
thrust faults illustrated as outlined 
triangles. Additional Denali fault-par-
allel thrust faults exist in the vicinity 
of 240° that would strengthen this 
trend, but these unpublished data 
are not shown here. (B) Same source 
data as A, but with the mean and 
standard deviation of thrust fault ori-
entations calculated for 10 km bins of 
the Denali fault orientations. (C) Only 
the steeply dipping, predominantly 
lateral-slip faults (black dots). The 
least squares best-fit regression is 
a poor fit to the naturally scattered 
data shown in A but provides a better 
fit to the mean values of the binned 
data (B). The regression line from A is 
shown in C to illustrate how these faults have orientations oblique to the Denali fault (30°–60°). Oblique-slip faults at this orientation relative to the 
Denali fault system accommodate the same principal shortening direction as the thrust faults.
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tor adjacent to the central Denali fault, and (3) 
shortening north of the Denali fault occurs to the 
west of the Totschunda-Denali intersection. Our 
model geometry is shown on Figure 6, which 
uses linear approximations for three intersect-
ing fault sections. A linear approximation is 
reasonable for the area of Figure 6 because of 
the proximity of the sites to the triple junction of 
the three faults and the geometry of the observed 
fault traces, which are essentially straight at this 
scale. The straight fault traces are, in fact, at odds 
with the ~10° of fault curvature predicted from 
global positioning system–based models for 
motion of the Southern Alaska block (Fletcher, 
2002; Freymueller et al., 2008), whereas earlier 
studies (e.g., Stout and Chase, 1980) used this 
trace to define their rotation pole for southern 
Alaska, and the predicted angular dispersion is 
small. Despite these issues, the curvature effect 
through the area of this figure is small enough 
that the effect is within error of our analysis.

The Denali fault–Totschunda fault intersec-
tion exhibits the same geometric properties as a 
transform-transform-transform triple junction. 
In a typical plate-boundary system, these triple 
junctions are inherently unstable, and one or 
more of these plate boundaries/faults would 
have to change geometry for this triple junc-
tion to persist (McKenzie and Morgan, 1969). 
Therefore, we apply a simple triple junction 
analysis in relative velocity space to analyze 
the slip budget at the Denali fault–Totschunda 
fault intersection (Fig. 6). Using the observed 
framework of fault orientations and the Denali 
fault system slip rates from Matmon et al. 
(2006; our Table 1), Figure 6 illustrates the 
relationship between velocity contributions 
of the eastern Denali fault and Totschunda 
fault, and the lack of closure demonstrates the 
additional component of slip that must occur 
within the system to maintain the triple junc-
tion (a graphical representation of this analy-

sis is included as supplementary material1). 
This additional slip is shown as convergence 
between the Southern Alaska block (SA) and 
North America–west (NAw) at the rate of the 
red arrow on Figure 6. This convergence is 
also illustrated by the prediction of the ori-
entation and velocity of the Southern Alaska 
block relative to North America–east (blue 
line connecting SA and NAe; Fig. 6). With our 
interpretation of the Denali fault completely 
partitioning slip based upon Quaternary fault-
ing patterns, we expect the observed geologic 
rates for each major component of faulting to 
be consistent with slip rate predictions made 
from the relative velocity diagram. For this cal-
culation, we fixed the slip rate and uncertainty 
as the relative velocity for the central Denali 
fault and then simultaneously calculated the 
range of possible relative velocities for each 
of the Totschunda fault, eastern Denali fault, 
and Alaska Range shortening so that the com-
bined relative velocities and orientations were 
consistent with the central Denali fault slip 
rate. While there is a wide range of theoretical 
relative velocities, with the pattern of higher 
relative velocities across the Totschunda fault 
requiring high Alaska Range shortening rates 
and low eastern Denali fault relative velocities 
and vice-versa, when compared to the observed 
slip rates, the ranges are much smaller. In par-
ticular, the range of the eastern Denali fault and 
Totschunda fault relative velocity predictions 
that correspond with the respective geologi-
cally observed slip rate ranges requires Alaska 
Range–Denali fault-normal shortening rates 
between 2.4 and 3.2 mm/yr (Fig. 6; supple-
mentary material [see footnote 1]). Although 
the shortening rate values for the Alaska Range 
north of the Denali fault are only broadly con-
strained and do not account for strain trans-
ferred north of the Alaska Range, the required 
central Denali fault-normal shortening rates 
from our slip-partitioned model are reasonable 
with respect to the minimum shortening rates 
known for this system (Table 2). An additional 
insight from this analysis is that the only cor-
respondence of predicted values with the east-
ern Denali fault and Totschunda fault geologic 
mean slip rates occurs for central Denali fault 
slip rates near the upper bound of 13.8 mm/yr. 
This slip rate value is closer to the mean central 
Denali fault slip rate value of Mériaux et al. 
(2009), but it is within error of both studies.

1 GSA Data Repository Item 2015080, graphical 
representation of slip rate interrelationships at the 
Totschunda—Denali fault intersection, is available at 
www.geosociety.org/pubs/ft2015.htm, or on request 
from editing@geosociety.org, Documents Secretary, 
GSA, P.O. Box 9140, Boulder, CO 80301-9140, USA.
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Figure 6. Map of the simplified fault geometry of the Totschunda fault–Denali fault system inter-
section. The solid black lines illustrate the straight section approximations for the central Denali 
fault (CDF), eastern Denali fault (EDF), and the Totschunda fault (TF) used in the relative velocity 
analysis (shown below the maps). The thin blue line on the maps is the 2002 Denali fault earth-
quake sequence rupture as mapped by Haeussler (2009), and it illustrates that the straight segment 
approximations are representative of the fault trace. These line segment orientations were used to 
construct the model geometry of the relative velocity diagram, with gray lines representing fault 
orientations, black lines representing slip rates for strike-slip faults, the red arrow illustrating the 
orientation and rate of shortening required by a lack of closure, and the blue line representing 
the predicted motion of the Southern Alaska block relative to stable North America. Base map 
topography shows higher elevations in darker grays to illustrate the localization of higher topog-
raphy between the active thrust faults and the central Denali fault. White dots indicate the loca-
tions of slip rate determinations from Matmon et al. (2006) and Mériaux et al. (2009). NAe—North 
America–east (approximation of stable North America), NAw—North America–west (crust north 
of the Denali and west of the Totschunda–Denali fault triple junction), SA—Southern Alaska block, 
T—Totschunda block. Map projection is based on NAD83 UTM.
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The model of complete slip partitioning also 
predicts that the shortening north of the Denali 
fault should be restricted to the area west of the 
Totschunda fault intersection (Figs. 3 and 6). 
Carver et al. (2010) and Koehler and Carver 
(2012) demonstrated that there is no evidence 
for late Quaternary faulting north of the eastern 
Denali fault, and this transition between active 
and inactive faults corresponds with the location 
of the Totschunda-Denali fault intersection. A 
factor supporting active faulting patterns is the 
matching trend of decreasing elevations and 
relief from the northwest to southeast across 
the same area. Considering that the fault inter-
section is migrating northwestward effectively 
at the eastern Denali fault slip rate, the eastern 
extent of active faulting north of the Denali fault 
is likely migrating at a similar rate, and thus the 
hills immediately east of the fault intersection 
(Fig. 6) are remnant topography from active 
deformation in the recent past, which is now 
abandoned and is being lowered by erosion and 
buried by aggrading sediment.

Recognition of the completely slip-parti-
tioned nature of the Denali fault system and the 
continued parallelism between the Denali fault 
and the northern Alaska Range thrust system to 
the west places important constraints on the pos-
sible mechanisms that could be accommodating 
the westward decrease in Denali fault slip rate. 
This progressive westward decrease in the geo-
logic slip rate of the Denali fault (Fig. 2; Table 1) 
suggests an increase in fault-normal shortening 
rate north of the Denali fault (e.g., Mériaux et al., 
2009), a component of shortening south of, and 
parallel to, the Denali fault, or some combination 
of the two. The shortening rate constraint for the 
northern Alaska Range thrust system near the 
Nenana River (~1–3 mm/yr) does not support a 
shortening rate of the magnitude that the Méri-
aux et al. (2009) model would require across the 
Alaska Range (~12 mm/yr; Table 2). The other 
mechanism to accommodate a westward decrease 
in Denali fault slip rate for which we have first-
order geologic observations is the possibility that 
active shortening across the SW-trending thrust 
faults south of the Denali fault absorbs some of 
the relative strike-slip motion on the Denali fault 
itself. These faults south of the Denali fault are 
oriented oblique to, and appear to intersect with, 
the Denali fault, making them well aligned to 
accommodate shortening within the Southern 
Alaska block south of the Denali fault. Only the 
Susitna Glacier fault has documented Quater-
nary deformation, with an estimated slip rate of 
1–5 mm/yr (Koehler et al., 2012). Similarly, the 
proportion of lateral slip on the thrust faults with 
suspected Quaternary fault activity (Plafker et al., 
1994; Koehler et al., 2012) is unknown, except 
for the lack of lateral slip during the 2002 rup-

ture of the Susitna Glacier (Crone et al., 2004). 
Regardless of the magnitude/style of slip or the 
driving mechanism, the result of active shorten-
ing across these thrust faults would be to create a 
westward decrease in rotation rate of the South-
ern Alaska block adjacent to the Denali fault, and 
as a result, produce a westward decrease in rela-
tive motion across the Denali fault.

As an estimate for crustal velocity vectors 
for the Southern Alaska block and how they 
vary with the Denali fault curvature and the 
westward decrease in slip rate, we used the 
geologically determined Denali fault-parallel 
slip rates (Table 1) and fault-normal shorten-
ing rates (Table 2) across the Alaska Range 
to derive the rate and orientation of Southern 
Alaska block motion that drives Alaska Range 
deformation (Table 3; Fig. 4). In particular, 
we inferred a constant fault-normal shorten-
ing rate of 3 mm/yr (Table 2), because this is 
the best fit for the fault-normal shortening rate 
derived from our slip budget calculations at the 
Totschunda-Denali fault intersection, and this 
value is consistent with the limited geology-
based shortening rates available for the north-
ern Alaska Range thrust system (Table 2). The 
resulting vector sum (Table 3; Fig. 4) illustrates 
the counterclockwise rotation of the Southern 
Alaska block and the westward decrease in this 
rotation. This decrease in rotation is related to 
the decrease in Denali fault-parallel slip rate, 
because as the ratio of fault-parallel slip rate 
to fault-perpendicular shortening rate gets 
smaller to the west, the vector sum orientation 
does not change as fast as the curvature of the 
Denali fault trace (Fig. 4). The obliquity of 
these Southern Alaska block vectors also illus-
trates the northward migration of the Denali 

fault. Overall, these crustal velocity vectors 
for the Southern Alaska block adjacent to the 
Denali fault illustrate that, similar to the frame-
work proposed in a regional neotectonic sum-
mary by Haeussler (2008), the Southern Alaska 
block is rotating counterclockwise and migrat-
ing northwestward. Additionally, the westward 
changes in the orientation and magnitude of the 
crustal velocity between the Denali fault slip 
rate sites correspond with the occurrence of the 
active and suspected active thrust faults south 
of the Denali fault, supporting the importance 
of these faults in accommodating the westward 
decrease in Denali fault slip rate.

CONSTRAINTS ON REGIONAL TECTONICS

Parallelism between the northern Alaska 
Range thrust system and the Denali fault shows 
that the principal shortening direction has been 
perpendicular to the Denali fault during the Qua-
ternary growth of these faults. This is supported 
by the study of Ruppert (2008), who used stress 
tensors derived from regional earthquake focal 
mechanisms to show that maximum compres-
sive stresses in the Alaska Range north of the 
Denali fault are predominantly fault-normal to 
the Denali fault. These geologic and geophysical 
data indicate that the style of Quaternary Alaska 
Range growth is fundamentally due to the strain 
partitioning of the NW-directed motion of the 
Southern Alaska block into fault-parallel and 
fault-normal components. The difference in 
general thrust fault orientation and correspond-
ing shortening directions north versus south of 
the Denali fault provides important insight into 
how south-central Alaska is responding to far-
field plate-boundary–imposed strain.

TABLE 3. ESTIMATES FOR DISPLACEMENT VECTORS DERIVED FROM GEOLOGIC SLIP RATES

Slip rate site* Slip rate
(mm/yr)

Denali fault 
orientation

(°)

Denali fault-
normal rate

(mm/yr)

Denali 
fault-normal 
orientation

(°)

Sum vector 
magnitude

(mm/yr)

Sum vector 
orientation

(°)

West-central Denali fault

Bull Creek 6.7 ± 1.2 260 3 350 7.3 284
Bull Creek ~8.7 260 3 350 9.2 279
DFSC 9.4 ± 1.3 266 3 356 9.9 284
DFSC 7.5 ± 1 266 3 356 8.1 288
DFSC 9.2 ± 1.1 266 3 356 9.7 284
DFWC 9.3 ± 2.3 265 3 355 9.8 283
DFWC 11.7 ± 1.8 265 3 355 12.1 279

Central Denali fault

Slate Creek 13.3 ± 3.6 294 3 024 13.6 307
DFCR 12.0 ± 1.8 294 3 024 12.4 308
DFCR 12.1 ± 1.8 294 3 024 12.5 308
DFMF 10.9 ± 1.4 296 3 026 11.3 311
DFMF 13.3 ± 1.7 296 3 026 13.6 309

*Site names reflect the names used in the original publication (acronyms from Matmon et al., 2006) and 
creek names from Mériaux et al. (2009) and Haeussler et al. (2012).
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Totschunda Fault and the Quaternary 
Thrust System

We propose that the eastern extent of active 
faulting in the northern Alaska Range thrust 
system is directly related to the proximity of 
the intersection of the Totschunda fault with the 
Denali fault near Mentasta Pass (Figs. 3 and 6). 
The inherent instability of this triple junction is 
mitigated by the addition of a N-directed fault-
normal translation of the central Denali fault to 
accommodate the oblique motion contributed 
by the Totschunda fault. Therefore, because 
the triple junction migrates westward along the 
Denali fault at the rate of the eastern Denali 
fault slip rate, we predict that the eastern extent 
of active faulting north of the Denali fault is 
migrating westward at the same rate. Further-
more, because of this geometry, Richter and 
Matson’s (1971) evidence that the Totschunda 
fault formed in the last 2 m.y. provides an 
explanation for Bemis et al.’s (2012) conclusion 
that the northern Alaska Range thrust system 
expanded in the Quaternary. Specifically, acti-
vation of this fault forced the contraction west 
of the intersection (Fig. 6), and, accordingly, 
the link-up of this fault to the plate-boundary 
Fairweather system suggests direct ties between 
these events. By providing a shortcut for strain 
transfer from the plate boundary in southeast 
Alaska that bypasses the eastern Denali fault, 
the Totschunda fault creates a more oblique and 
narrow indenter into central Alaska. This would 
essentially have the effect of changing the pole 
of rotation for the Southern Alaska block and 
perhaps causing an increase in strain oblique 
to the Denali fault that instigated the current 
phase of widespread contraction and uplift of 
the northern Alaska Range thrust system.

Motion of the Southern Alaska Block

Although a majority of recent studies of 
southern Alaska tectonics have invoked a model 
of crustal deformation that includes a counter-
clockwise-rotating Southern Alaska block, sev-
eral studies either proposed or adopted a model 
of pure northwestward indentation of the South-
ern Alaska block into south-central Alaska (Tay-
lor et al., 2008; Mériaux et al., 2009; Vallage et 
al., 2014). Despite limited constraints on Denali 
fault-normal shortening across the northern 
Alaska Range, our analysis of fault orientations 
and slip rates illustrates a clear pattern of South-
ern Alaska block rotation, internal shortening, 
and northwestward migration (Fig. 3), support-
ing the complex model proposed by Haeussler 
(2008). In particular, the progressive counter-
clockwise rotation of our geologically derived 
velocities for the Southern Alaska block adja-

cent to the Denali fault supports geodetic data 
demonstrating this rotation (e.g., Freymueller et 
al., 2008) and the geodynamic models that pro-
duce rotation of the Southern Alaska block (Jad-
amec et al., 2013). This specifically counters 
the model presented by Mériaux et al. (2009), 
in which the westward decrease in Denali fault 
slip rate is accommodated by simple northwest-
ward migration of the Southern Alaska block, 
which would require no rotation and higher 
fault-normal shortening rates than is geologi-
cally supported. The occurrence of shortening 
within the Southern Alaska block supports the 
kinematic modeling of Finzel et al. (2011a) and 
their argument for diffuse deformation, as well 
as highlighting discrete faults that accommodate 
shortening (Fig. 3).

NNE-Trending Seismic Zones in Central 
Alaska

Widespread shallow crustal seismicity in 
central Alaska is dominated by three NE-trend-
ing, left-lateral seismic zones, which are gener-
ally interpreted as boundaries of crustal blocks 
undergoing counterclockwise vertical-axis rota-
tion within a broad dextral shear zone between 
the Denali fault and the subparallel Tintina 
fault to the north (e.g., Page et al., 1995; Rup-
pert et al., 2008; Fig. 2). Although it is difficult 
to isolate young transrotational effects within 
a broader transcurrent/transpressional system, 
the slip-partitioned nature of the Denali fault 
system and the principal shortening direction 
across the northern Alaska Range thrust system 
do not provide Quaternary geologic evidence of 
deformation within a dextral shear–dominated 
system. For example, two seismic zones end at 
the northern range front of the Alaska Range, 
contrary to predictions made by the previous 
models (e.g., Page et al., 1995), and there is no 
seismological or geologic evidence for the con-
tinuation of these zones into the Alaska Range 
(Figs. 2 and 3). The agreement between the 
seismologically determined maximum com-
pressive stress for the thrust system and the 
NE-trending seismic zones (Ruppert, 2008) 
and our geologically derived principal shorten-
ing direction north of the Denali fault indicates 
that interior Alaska is experiencing N-S short-
ening. Given the orientation of the NE-trending 
seismic zones, the crustal blocks between the 
seismic zones can accommodate N-S shorten-
ing through clockwise rotation. Therefore, we 
propose that the left-lateral displacement across 
the Fairbanks and Salcha seismic zones and 
associated crustal block rotation are operating 
within the same Denali fault-normal maximum 
compressive stress that drives the active thrust 
faults of the northern Alaska Range thrust sys-

tem. Previously mapped NE-trending, steeply 
dipping bedrock fault zones east of and paral-
lel to the seismic zones were proposed as addi-
tional block boundaries (Fig. 2; Page et al., 
1995) but perhaps are not seismically active 
because the principal shortening direction north 
of the central Denali fault is subparallel to the 
preexisting NE-trending bedrock fault zones. 
Therefore, where the principal shortening direc-
tion is near-parallel to the preexisting bedrock 
faults, it should be difficult to drive relative dis-
placement across the fault, whereas in the west, 
the principal shortening direction is favorably 
aligned to drive left-lateral slip on steeply dip-
ping, NE-trending structures. Our model, taken 
together with the seismological evidence, shows 
that a broad zone of dextral shear between the 
Denali and Tintina faults is not required to drive 
the seismicity lineaments and proposed block 
rotation and alternatively can be driven by N-S 
shortening induced by the northward migration 
of the Southern Alaska block.

IMPLICATIONS FOR FAR-FIELD STRAIN 
TRANSFER

Modern activity of the Denali fault system, 
the growth of the Alaska Range, and widespread 
seismicity in interior Alaska and the Yukon Ter-
ritory are typically viewed as far-field crustal 
deformation resulting from the collision and 
subduction of the Yakutat microplate. Recent 
tectonic models of southern Alaska crustal 
deformation argue for the importance of cou-
pling between the buoyant, subducted Yakutat 
slab underneath south-central Alaska and the 
overriding plate in driving this far-field defor-
mation (Abers, 2008; Haeussler, 2008; Finzel et 
al., 2011a; Jadamec et al., 2013). This flat-slab 
contribution should act upon a broad swath of 
the overriding plate, presumably correspond-
ing to the area of the subducted slab (Fig. 1). 
Despite the smaller area, the accretion of the 
Yakutat microplate has been shown to contrib-
ute an additional and significant component of 
far-field strain (e.g., Mazzotti and Hyndman, 
2002; Soofi and Wu, 2008). The potential role 
of the Totschunda fault in realigning the South-
ern Alaska block and the alignment of this fault 
with the Fairweather fault (which is the eastern 
margin of the Yakutat microplate) support the 
significance of this accretionary contribution to 
far-field deformation.

The contributions to far-field deformation 
from coupling of the subducted Yakutat slab and 
Yakutat microplate accretion in southeast Alaska 
should be influenced by the strength of the lith-
osphere—both the vertical strength profile and 
horizontal strength variability. For one, horizon-
tal variations in lithospheric strength are likely 
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what localizes the trace of the Denali fault due to 
the contrast between the relatively strong South-
ern Alaska block and the crustal-scale weakness 
associated with the Alaska Range suture zone to 
the north. Furthermore, Fitzgerald et al. (2014) 
argued that significant contrasts in lithospheric 
strength in the Alaska Range allowed for the 
formation of asymmetric topography across the 
Denali fault. These strength contrasts poten-
tially have multiple effects in both localizing the 
development of zones of high exhumation and 
extreme topography within the Alaska Range 
orogeny, as well as essentially dictating the side 
of the Denali fault on which the axis of deforma-
tion will occur. In order to transmit deformation 
into central Alaska and beyond, a weak lower-
crustal detachment appears to be accommodat-
ing the decoupling of the upper crust and allow-
ing it to translate away from the southern Alaska 
plate boundary while simultaneously allowing it 
to deform internally (e.g., Oldow et al., 1990; 
Mazzotti and Hyndman, 2002).

CONCLUSIONS

Outside of natural variability, major thrust 
fault segments should be responding to the 
regional stress field, and the strike of these 
faults should be perpendicular to the maximum 
compressive stress. We integrate the results of 
recent neotectonic studies that document the 
distribution and orientation of Quaternary faults 
along 500 km of the Alaska Range to establish 
constraints on the way in which far-field strain 
transmitted from the southern Alaska plate 
boundary is partitioned by the Denali fault and 
associated Alaska Range deformation. The rates 
and orientations of Quaternary fault displace-
ment along the strike-slip Denali fault sys-
tem and the associated thrust fault–dominated 
Alaska Range illustrate the persistent pattern of 
Denali fault-parallel thrust faults that accommo-
date Denali fault-normal shortening across ~70° 
of curvature across south-central Alaska. Thus, 
it appears that the Denali fault completely par-
titions oblique strain imposed from the south-
east into fault-parallel slip on the Denali fault 
itself and fault-normal slip within the northern 
Alaska Range thrust system. Available geologic 
data on shortening rates across the northern 
Alaska Range provide only broad constraints, 
but in our slip partitioned model, the predicted 
central Denali fault-normal shortening rates are 
consistent with the shortening rates known for 
this system. Furthermore, these shortening rates 
provide critical constraints on potential regional 
tectonic models for the contribution of regional 
strain into the Denali fault system. Low shorten-
ing rates across the Nenana River corridor adja-
cent to the west-central Denali fault show that 

there is not a significant westward decrease in 
northern Alaska Range shortening rates that cor-
responds with the westward decrease in Denali 
fault slip rate. This counters the model of Méri-
aux et al. (2009) of a northwestward-translating 
Southern Alaska block with the requirement of 
internal shortening and rotation of the Southern 
Alaska block in order to balance the observed 
slip rates. Complete slip partitioning across the 
Denali fault supports observations from the 
patterns of deformation in the northern Alaska 
Range, which illustrate that significant right-lat-
eral shear is not transmitted north of the Alaska 
Range. Therefore, the model of rotating crustal 
blocks in interior Alaska appears to operate 
within a larger field of predominantly pure shear 
accommodating the northwestward indentation 
of the Southern Alaska block as opposed to the 
model of simple shear between the Denali and 
Tintina faults as proposed by Page et al. (1995). 
Also, the distribution of active faults north of the 
Denali fault system shows that shortening to the 
north of the Denali fault is related to the angular 
difference and displacement of the Totschunda 
fault relative to the through-going Denali fault. 
With the Totschunda fault as a connection for 
partial strain transfer from the Fairweather fault 
into central Alaska, we suggest that the collision 
of the Yakutat microplate provides an important 
contribution to far-field upper-plate deformation 
in addition to the long-lived flat-slab subduc-
tion processes. The decoupled pattern of strain 
accommodation across the Denali fault along 
with the well-documented westward decrease 
in Denali fault slip rates require rotation, north-
westward migration, and internal shortening of 
the Southern Alaska block. Our results provide 
an example of the use of geologic data to con-
strain the nature of strain partitioning in a tec-
tonically active fault system and emphasize the 
potential contributions of active fault studies to 
the development of regional tectonic models.

ACKNOWLEDGMENTS
National Earthquake Hazards Reduction Program grants 
07HQGR0018 and 08HQGR0074, the Alaska Division of Geo-
logical & Geophysical Surveys, the Department of Geologi-
cal Sciences at University of Oregon, and National Science 
Foundation award EAR 1250461 to Bemis supported research 
that contributed to this paper. Our understanding of the Qua-
ternary structure and neotectonics of the Alaska Range has 
benefited from discussions with many colleagues, notably, 
J. Benowitz, P. Haeussler, G. Plafker, D. Schwartz, G. Seitz, E. 
Thoms, and W. Wallace. This version of the manuscript ben-
efited greatly from reviews by T. Pavlis and P. Haeussler.

REFERENCES CITED
Abers, G.A., 2008, Orogenesis from subducting thick crust and 

evidence from Alaska, in Freymueller, J.T., Haeussler, 
P.J., Wesson, R.L., and Ekström, G., eds., Active Tectonics 
and Seismic Potential of Alaska: American Geophysical 
Union Geophysical Monograph 179, p. 337–349.

Bemis, S.P., 2010, Moletrack Scarps to Mountains: Quaternary 
Tectonics of the Central Alaska Range [Ph.D. thesis]: 
Eugene, Oregon, University of Oregon, 121 p.

Bemis, S.P., and Wallace, W.K., 2007, Neotectonic framework 
of the north-central Alaska Range foothills, in Ridgway, 
K.D., Trop, J.M., Glen, J.M.G., and O’Neill, J.M., eds., 
Tectonic Growth of a Collisional Continental Margin: 
Crustal Evolution of Southern Alaska: Geological Soci-
ety of America Special Paper 431, p. 549–572.

Bemis, S.P., Carver, G.A., and Koehler, R.D., 2012, The Quater-
nary thrust system of the northern Alaska Range: Geo-
sphere, v. 8, no. 1, p. 196–205, doi:10.1130/GES00695.1.

Benowitz, J.A., Layer, P.W., Armstrong, P., Perry, S.E., Hae-
ussler, P.J., Fitzgerald, P.G., and VanLaningham, S., 
2011, Spatial variations in focused exhumation along a 
continental-scale strike-slip fault: The Denali fault of the 
eastern Alaska Range: Geosphere, v. 7, no. 2, p. 455–467, 
doi:10.1130/GES00589.1.

Benowitz, J.A., Layer, P.W., and VanLaningham, S., 2013, 
Persistent long-term (c. 24 Ma) exhumation in the 
eastern Alaska Range constrained by stacked thermo-
chronology, in Jourdan, F., Mark, D.F., and Verati, C., 
eds., Advances in 40Ar/39Ar Dating: From Archaeology to 
Planetary Sciences: Geological Society of London Spe-
cial Publication 378, p. SP378.12, doi:10.1144/SP378.12.

Briner, J.P., and Kaufman, D.S., 2008, Late Pleistocene moun-
tain glaciation in Alaska: Key chronologies: Journal 
of Quaternary Science, v. 23, no. 6–7, p. 659–670, doi: 
10.1002 /jqs.1196.

Bruns, T.R., 1983, Model for the origin of the Yakutat block, 
an accreting terrane in the northern Gulf of Alaska: 
Geology, v. 11, no. 12, p. 718–721, doi:10.1130/0091 
-7613 (1983) 11 < 718 :MFTOOT>2.0.CO;2.

Carter, L.D., 1980, Tertiary tillites(?) on the northeast flank 
of Granite Mountain, central Alaska Range, in Short 
Notes on Alaskan Geology: 1979–1980: Alaska Division 
of Geological & Geophysical Surveys Geologic Report 
63E, Alaska p. 23–27.

Carver, G.A., Plafker, G., Metz, M., Cluff, L., Slemmons, B., 
Johnson, E., Roddick, J., and Sorensen, S., 2004, Surface 
rupture on the Denali fault interpreted from tree damage 
during the 1912 Delta River Mw 7.2–7.4 earthquake: Impli-
cations for the 2002 Denali fault earthquake slip distri-
bution: Bulletin of the Seismological Society of America, 
v. 94, no. 6B, p. S58–S71, doi:10.1785/0120040625.

Carver, G.A., Bemis, S.P., Solie, D.N., and Obermiller, K.E., 
2008, Active and potentially active faults in or near the 
Alaska Highway corridor, Delta Junction to Dot Lake, 
Alaska: Alaska Division of Geological & Geophysical 
Surveys Preliminary Interpretive Report 2008-3D, 32 p.

Carver, G.A., Bemis, S.P., Solie, D.N., Castonguay, S., and 
Obermiller, K.E., 2010, Active and potentially active 
faults in or near the Alaska Highway corridor, Dot Lake 
to Tetlin Junction, Alaska: Alaska Division of Geological 
& Geophysical Surveys Preliminary Interpretive Report 
2010–1, 42 p.

Cowgill, E., Yin, A., Feng, W.X., and Qing, Z., 2000, Is the North 
Altyn fault part of a strike-slip duplex along the Altyn 
Tagh fault system?: Geology, v. 28, no. 3, p. 255–258, 
doi:10.1130/0091-7613(2000)28<255:ITNAFP>2.0.CO;2.

Crone, A.J., Personius, S.F., Craw, P.A., Haeussler, P.J., and 
Staft, L.A., 2004, The Susitna Glacier thrust fault: Char-
acteristics of surface ruptures on the fault that initiated 
the 2002 Denali fault earthquake: Bulletin of the Seis-
mological Society of America, v. 94, no. 6B, p. S5–S22, 
doi:10.1785/0120040619.

Doser, D.I., 2014, Seismicity of southwestern Yukon, Canada, 
and its relation to slip transfer between the Fairweather 
and Denali fault systems: Tectonophysics, v. 611, p. 121–
129, doi:10.1016/j.tecto.2013.11.018.

Eberhart-Phillips, D., Haeussler, P.J., Freymueller, J.T., Frankel, 
A.D., Rubin, C.M., Craw, P., Ratchkovski, N.A., Ander-
son, G., Carver, G.A., Crone, A.J., Dawson, T.E., Fletcher, 
H., Hansen, R., Harp, E.L., nd 15 others, 2003, The 2002 
Denali fault earthquake, Alaska: A large magnitude, 
slip-partitioned event: Science, v. 300, p. 1113–1119, doi: 
10.1126 /science.1082703.

Eberhart-Phillips, D., Christensen, D.H., Brocher, T.M., Han-
sen, R., Ruppert, N.A., Haeussler, P.J., and Abers, G.A., 
2006, Imaging the transition from Aleutian subduction 
to Yakutat collision in central Alaska, with local earth-
quakes and active source data: Journal of Geophysical 
Research, v. 111, p. B11303, doi:10.1029/2005JB004240.

Elliott, J.L., Larsen, C.F., Freymueller, J.T., and Motyka, R.J., 
2010, Tectonic block motion and glacial isostatic adjust-

 as doi:10.1130/L352.1Lithosphere, published online on 3 February 2015



BEMIS ET AL.

12 www.gsapubs.org | Volume 7 | Number 2 | LITHOSPHERE

ment in southeast Alaska and adjacent Canada con-
strained by GPS measurements: Journal of Geophysical 
Research, v. 115, p. B09407, doi:10.1029/2009JB007139.

Federschmidt, S., 2014, Paleoseismic and Structural Charac-
terization of the Hines Creek Fault: Denali National Park 
and Preserve, Alaska [Master’s thesis]: Lexington, Ken-
tucky, University of Kentucky, Department of Earth and 
Environmental Sciences, 102 p.

Ferris, A., Abers, G.A., Christensen, D.H., and Veenstra, E., 
2003, High resolution image of the subducted Pacific 
(?) plate beneath central Alaska, 50–150 km depth: Earth 
and Planetary Science Letters, v. 214, no. 3–4, p. 575–
588, doi:10.1016/S0012-821X(03)00403-5.

Finzel, E.S., Flesch, L.M., and Ridgway, K.D., 2011a, Kinemat-
ics of a diffuse North America–Pacific–Bering plate 
boundary in Alaska and western Canada: Geology, 
v. 39, no. 9, p. 835–838, doi:10.1130/G32271.1

Finzel, E.S., Trop, J.M., Ridgway, K.D., and Enkelmann, E., 
2011b, Upper plate proxies for flat-slab subduction pro-
cesses in southern Alaska: Earth and Planetary Science 
Letters, v. 303, no. 3–4, p. 348–360, doi:10.1016/j .epsl 
.2011 .01.014.

Fitzgerald, P.G., Sorkhabi, R.B., Redfield, T.F., and Stump, E., 
1995, Uplift and denudation of the central Alaska Range: 
A case study in the use of apatite fission track thermo-
chronology to determine absolute uplift parameters: 
Journal of Geophysical Research–Solid Earth, v. 100, 
no. B10, p. 20,175–20,191, doi:10.1029/95JB02150.

Fitzgerald, P.G., Roeske, S.M., Benowitz, J.A., Riccio, S.J., 
Perry, S.E., and Armstrong, P.A., 2014, Alternating 
asymmetric topography of the Alaska Range along the 
strike-slip Denali fault: Strain partitioning and litho-
spheric control across a terrane suture zone: Tectonics, 
p. 2013TC003432, doi:10.1002/2013TC003432.

Fletcher, H.J., 2002, Crustal Deformation in Alaska Measured 
Using the Global Positioning System [Ph.D. disserta-
tion]: Fairbanks, Alaska, University of Alaska–Fairbanks, 
135 p.

Fletcher, H.J., and Christensen, D.H., 1996, A determination 
of source properties of large intraplate earthquakes 
in Alaska: Pure and Applied Geophysics, v. 146, no. 1, 
p. 21–41, doi:10.1007/BF00876668.

Freymueller, J.T., Woodard, H., Cohen, S.C., Cross, R., Elliott, J., 
Larsen, C.F., Hreinsdóttir, S., and Zweck, C., 2008, Active 
deformation processes in Alaska, based on 15 years of 
GPS measurements, in Freymueller, J.T., Haeussler, 
P.J., Wesson, R., and Ekström, G., eds., Active Tectonics 
and Seismic Potential of Alaska: American Geophysical 
Union Geophysical Monograph 179, p. 1–42.

Haeussler, P.J., 2008, An overview of the neotectonics of 
interior Alaska: Far-field deformation from the Yakutat 
microplate collision, in Freymueller, J.T., Haeussler, P.J., 
Wesson, R.L., and Ekström, G., eds., Active Tectonics 
and Seismic Potential of Alaska: American Geophysical 
Union Geophysical Monograph 179, p. 83–108.

Haeussler, P.J., 2009, Surface Rupture Map of the 2002 M7.9 
Denali Fault Earthquake, Alaska: Digital Data: U.S. Geo-
logical Survey Data Series DS-0422, 9 files, 1 sheet.

Haeussler, P.J., Schwartz, D.P., Dawson, T.E., Stenner, H.D., 
Lienkaemper, J.J., Sherrod, B., Cinti, F.R., Montone, P., 
Craw, P.A., Crone, A.J., and Personius, S.F., 2004, Sur-
face rupture and slip distribution of the Denali and Totsc-
hunda faults in the 3 November 2002 M 7.9 earthquake, 
Alaska: Bulletin of the Seismological Society of Amer-
ica, v. 94, no. 6B, p. S23–S52, doi:10.1785/0120040626.

Haeussler, P.J., Matmon, A., Schwartz, D.P., Seitz, G., and 
Crone, A.J., 2012, The Denali fault and interior Alaska 
tectonics in mid- to late-Cenozoic time: Washington, 
D.C., American Geophysical Union, Fall meeting, 
abstract T14A-04.

Holmes, G.W., and Péwé, T.L., 1965, Geologic Map of the 
Mount Hayes D-3 Quadrangle, Alaska: U.S. Geological 
Survey Geologic Quadrangle Map 366, 1 sheet, scale 
1:63,360.

Jadamec, M.A., Billen, M.I., and Roeske, S.M., 2013, Three-
dimensional numerical models of flat slab subduction 

and the Denali fault driving deformation in south-cen-
tral Alaska: Earth and Planetary Science Letters, v. 376, 
p. 29–42, doi:10.1016/j.epsl.2013.06.009.

Koehler, R.D., and Carver, G.A., 2012, Active and Potentially 
Active Faults along the Alaska Highway Corridor, Tetlin 
Junction to the Canada Border: Alaska Division of Geo-
logical and Geophysical Surveys Preliminary Interpre-
tive Report 2012-2, 23 p.

Koehler, R.D., Farrel, R.-E., Burns, P.A.C., and Combellick, 
R.A., 2012, Quaternary Faults and Folds in Alaska: A 
Digital Database: Alaska Division of Geological & Geo-
physical Surveys Miscellaneous Publication 141, 31 p., 
1 sheet, scale 1:3,700,000.

Koons, P.O., Hooks, B.P., Pavlis, T., Upton, P., and Barker, A.D., 
2010, Three-dimensional mechanics of Yakutat conver-
gence in the southern Alaskan plate corner: Tectonics, 
v. 29, no. 4, p. TC4008, doi:10.1029/2009TC002463.

Leonard, L., Hyndman, R., Mazzotti, S., Nykolaishen, L., 
Schmidt, M., and Hippchen, S., 2007, Current deformation 
in the northern Canadian Cordillera inferred from GPS 
measurements: Journal of Geophysical Research–Solid 
Earth, v. 112, no. B11, B11401, doi:10.1029/2007JB005061.

Matmon, A., Schwartz, D.P., Haeussler, P.J., Finkel, R., Lien-
kaemper, J.J., Stenner, H.D., and Dawson, T., 2006, 
Denali fault slip rates and Holocene–late Pleistocene 
kinematics of central Alaska: Geology, v. 34, no. 8, 
p. 645–648, doi:10.1130/G22361.1.

Mazzotti, S., and Hyndman, R.D., 2002, Yakutat collision and 
strain transfer across the northern Canadian Cordillera: 
Geology, v. 30, no. 6, p. 495–498, doi:10.1130/0091 -7613 
(2002) 030 <0495:YCASTA>2.0.CO;2.

McCalpin, J., 2009, Paleoseismology: Academic Press, 629 p.
McKenzie, D.P., and Morgan, W.J., 1969, Evolution of triple 

junctions: Nature, v. 224, no. 5215, p. 125–133, doi: 
10.1038 /224125a0.

Mériaux, A.-S., Sieh, K., Finkel, R.C., Rubin, C.M., Taylor, 
M.H., Meltzner, A.J., and Ryerson, F.J., 2009, Kinematic 
behavior of southern Alaska constrained by west-
ward decreasing postglacial slip rates on the Denali 
fault, Alaska: Journal of Geophysical Research, v. 114, 
p. B03404, doi:10.1029/2007JB005053.

Molnar, P., and Dayem, K.E., 2010, Major intracontinen-
tal strike-slip faults and contrasts in lithospheric 
strength: Geosphere, v. 6, no. 4, p. 444–467, doi:10.1130/
GES00519.1.

Nokleberg, W.J., Aleinikoff, J.N., Lange, I.M., Silva, S.R., 
Miyaoka, R.T., Schwab, C.E., and Zehner, R.E., 1992, Pre-
liminary Geologic Map of the Mount Hayes Quadrangle, 
Eastern Alaska Range, Alaska: U.S. Geological Survey 
Open-File Report 92-594, 1 sheet, scale 1:250,000, 39 p.

Norris, R.J., and Cooper, A.F., 2001, Late Quaternary slip rates 
and slip partitioning on the Alpine fault, New Zealand: 
Journal of Structural Geology, v. 23, no. 2–3, p. 507–520, 
doi:10.1016/S0191-8141(00)00122-X.

Oldow, J.S., Bally, A.W., and Lallemant, H.G.A., 1990, 
Transpression, orogenic float, and lithospheric balance: 
Geology, v. 18, no. 10, p. 991–994, doi:10.1130/0091 -7613 
(1990) 018 <0991:TOFALB>2.3.CO;2.

Page, R.A., Plafker, G., and Pulpan, H., 1995, Block rotation in 
east-central Alaska: A framework for evaluating earth-
quake potential?: Geology, v. 23, no. 7, p. 629–632, doi: 
10.1130/0091-7613(1995)023<0629:BRIECA>2.3.CO;2.

Personius, S.F., Crone, A.J., Burns, P.A., Beget, J.E., Seitz, 
G.G., and Bemis, S.P., 2010, Logs and Geologic Data 
from a Paleoseismic Investigation of the Susitna Gla-
cier Fault, Central Alaska Range, Alaska: U.S. Geologi-
cal Survey Scientific Investigations Map 3114, 2 sheets.

Péwé, T.L., Wahrhaftig, C., and Weber, F.R., 1966, Geologic 
Map of the Fairbanks Quadrangle, Alaska: U.S. Geo-
logical Survey Miscellaneous Investigations I-455, scale 
1:250,000.

Plafker, G., and Berg, H.C., 1994, Overview of the geology 
and tectonic evolution of Alaska, in Plafker, G., and 
Berg, H.C., eds., The Geology of Alaska: Boulder, Colo-
rado, Geological Society of America, Geology of North 
America, v. G-1, p. 989–1021.

Plafker, G., Gilpin, L.M., and Lahr, J.C., 1994, Neotectonic map 
of Alaska, in Plafker, G., and Berg, H.C., eds., The Geol-
ogy of Alaska: Boulder, Colorado, Geological Society 
of America, Geology of North America, v. G-1, plate 12, 
scale 1:2,500,000.

Richter, D.H., and Matson, N.A., 1971, Quaternary faulting in 
the eastern Alaska Range: Geological Society of Amer-
ica Bulletin, v. 82, no. 6, p. 1529–1540, doi:10.1130/0016-
7606(1971)82[1529:QFITEA]2.0.CO;2.

Ridgway, K.D., Trop, J.M., Nokleberg, W.J., Davidson, C.M., 
and Eastham, K.R., 2002, Mesozoic and Cenozoic tec-
tonics of the eastern and central Alaska Range: Progres-
sive basin development and deformation in a suture 
zone: Geological Society of America Bulletin, v. 114, 
no. 12, p. 1480–1504, doi:10.1130/0016 -7606 (2002) 114 < 
1480 :MACTOT>2.0.CO;2.

Ridgway, K.D., Thoms, E.E., Layer, P.W., Lesh, M.E., White, 
J.M., and Smith, S.V., 2007, Neogene transpressional 
foreland basin development on the north side of the 
central Alaska Range, Usibelli Group and Nenana 
Gravel, Tanana Basin, in Ridgway, K.D., Trop, J.M., 
Glen, J.M.G., and O’Neill, J.M., eds., Tectonic Growth 
of a Collisional Continental Margin: Crustal Evolution 
of Southern Alaska: Geological Society of America 
Special Paper 431, p. 507–547.

Ruppert, N.A., 2008, Stress map for Alaska from earthquake 
focal mechanisms, in Freymueller, J.T., Haeussler, P.J., 
Wesson, R., and Ekström, G., eds., Active Tectonics and 
Seismic Potential of Alaska: American Geophysical 
Union Geophysical Monograph 179, p. 351–367.

Ruppert, N.A., Ridgway, K.D., Freymueller, J.T., Cross, R.S., 
and Hansen, R.A., 2008, Active tectonics of interior 
Alaska: Seismicity, GPS geodesy, and local geomor-
phology, in Freymueller, J.T., Haeussler, P.J., Wesson, 
R., and Ekström, G., eds., Active Tectonics and Seismic 
Potential of Alaska: American Geophysical Union Geo-
physical Monograph 179, p. 109–133.

Soofi, M.A., and Wu, P., 2008, Crustal deformation due to 
Alaska–Yakutat collision: Journal of Geodynamics, 
v. 46, no. 1–2, p. 38–47, doi:10.1016/j.jog.2008.04.006.

Spotila, J.A., Niemi, N., Brady, R., House, M., Buscher, J., 
and Oskin, M., 2007, Long-term continental deforma-
tion associated with transpressive plate motion: The 
San Andreas fault: Geology, v. 35, no. 11, p. 967–970, 
doi:10.1130/G23816A.1.

St. Amand, P., 1957, Geological and geophysical synthesis of 
the tectonics of portions of British Columbia, the Yukon 
Territory, and Alaska: Geological Society of America 
Bulletin, v. 68, no. 10, p. 1343–1370, doi:10.1130/0016 
-7606 (1957)68[1343:GAGSOT]2.0.CO;2.

Stout, J.H., and Chase, C.G., 1980, Plate kinematics of the 
Denali fault system: Canadian Journal of Earth Sci-
ences, v. 17, no. 11, p. 1527–1537, doi:10.1139/e80-160.

Taylor, M.H., Leprince, S., Avouac, J.-P., and Sieh, K., 2008, 
Detecting co-seismic displacements in glaciated regions: 
An example from the great November 2002 Denali earth-
quake using SPOT horizontal offsets: Earth and Planetary 
Science Letters, v. 270, p. 209–220, doi:10.1016/j .epsl 
.2008 .03.028.

Vallage, A., Devès, M.H., Klinger, Y., King, G.C.P., and Ruppert, 
N.A., 2014, Localized slip and distributed deformation 
in oblique settings: The example of the Denali fault sys-
tem, Alaska: Geophysical Journal International, v. 197, 
p. 1284–1298, doi:10.1093/gji/ggu100.

Wahrhaftig, C., 1958, Quaternary geology of the Nenana River 
valley and adjacent part of the Alaska Range, in Wah-
rhaftig, C., and Black, R.F., eds., Quaternary and Engineer-
ing Geology in the Central Part of the Alaska Range: U.S. 
Geological Survey Professional Paper 293, p. 1–73.

MANUSCRIPT RECEIVED 18 NOVEMBER 2013 
REVISED MANUSCRIPT RECEIVED 5 DECEMBER 2014 
MANUSCRIPT ACCEPTED 22 JANUARY 2015

Printed in the USA

 as doi:10.1130/L352.1Lithosphere, published online on 3 February 2015



Lithosphere

doi: 10.1130/L352.1
 published online 3 February 2015;Lithosphere

 
Sean P. Bemis, Ray J. Weldon and Gary A. Carver
 
and the tectonics of south-central Alaska
controls on Denali fault system slip partitioning, growth of the Alaska Range, 
Slip partitioning along a continuously curved fault: Quaternary geologic
 
 

Email alerting services
articles cite this article

 to receive free e-mail alerts when newwww.gsapubs.org/cgi/alertsclick 

Subscribe  to subscribe to Lithospherewww.gsapubs.org/subscriptions/click 

Permission request  to contact GSAhttp://www.geosociety.org/pubs/copyrt.htm#gsaclick 

official positions of the Society.
citizenship, gender, religion, or political viewpoint. Opinions presented in this publication do not reflect
presentation of diverse opinions and positions by scientists worldwide, regardless of their race, 
includes a reference to the article's full citation. GSA provides this and other forums for the
the abstracts only of their articles on their own or their organization's Web site providing the posting 
to further education and science. This file may not be posted to any Web site, but authors may post
works and to make unlimited copies of items in GSA's journals for noncommercial use in classrooms 
requests to GSA, to use a single figure, a single table, and/or a brief paragraph of text in subsequent
their employment. Individual scientists are hereby granted permission, without fees or further 
Copyright not claimed on content prepared wholly by U.S. government employees within scope of

Notes

articles must include the digital object identifier (DOIs) and date of initial publication. 
priority; they are indexed by GeoRef from initial publication. Citations to Advance online 
prior to final publication). Advance online articles are citable and establish publication
yet appeared in the paper journal (edited, typeset versions may be posted when available 
Advance online articles have been peer reviewed and accepted for publication but have not

© 2015 Geological Society of America

 as doi:10.1130/L352.1Lithosphere, published online on 3 February 2015

http://lithosphere.gsapubs.org/cgi/alerts
http://lithosphere.gsapubs.org/subscriptions/index.ac.dtl
http://www.geosociety.org/pubs/copyrt.htm#gsa

