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Kinematic behavior of southern Alaska constrained by westward
decreasing postglacial slip rates on the Denali Fault, Alaska
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[1] Long-term slip rates for the Denali Fault in southern Alaska are derived using '’Be
cosmogenic radionuclide (CRN) dating of offset glacial moraines at two sites.
Correction of '’Be CRN model ages for the effect of snow shielding uses historical,
regional snow cover data scaled to the site altitudes. To integrate the time variation of
snow cover, we included the relative changes in effective wetness over the last 11 ka,
derived from lake-level records and 6'O variations from Alaskan lakes. The moraine CRN
model ages are normally distributed around an average of 12.1 + 1.0 ka (n = 22, + 10).
The slip rate decreases westward from ~13 mm/a at 144°49'W to about 7 mm/a at
149°26'W. The data are consistent with a kinematic model in which southern Alaska
translates northwestward at a rate of ~14 mm/a relative to a stable northern Alaska with
no rotation. This suggests progressive slip partitioning between the Denali Fault and
the active fold and thrust belt at the northern front of the Alaska range, with convergence
rates increasing westward from ~4 mm/a to 11 mm/a between ~149°W and 145°W.
As the two moraines sampled for this study were emplaced synchronously, our
suggestion of a westward decrease in the slip rate of the Denali Fault relies largely
upon the measured offsets at both sites, regardless of any potential systematic

uncertainty in the CRN model ages.
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1. Introduction

[2] The right-lateral strike-slip Denali Fault is a major
element in the complex northern boundary between the North
American and Pacific plates [St. Amand, 1957]. Although the
principal element in the plate boundary is the Alaskan-
Aleutian megathrust, other active continental structures lie
to the north (Figure 1). One of these is the Denali Fault, a
dextral ~2000-km-long strike-slip structure that traverses
the rugged Alaska Range of south central Alaska for about
780 km. The crustal block south of the Denali Fault is called
the Wrangell block, as defined by Lahr and Plafker [1980].
Two end-member tectonic models can be invoked to explain
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the intracontinental deformation of southern Alaska and the
growth of the Alaska Range. The spatial variation in millen-
nial slip along the Denali Fault plays an important role in
testing the plausibility of these models. At one extreme, a
kinematic model, suggested by the arcuate geometry of the
Denali Fault, in which the Wrangell block rotates counter-
clockwise relative to North America [St. Amand, 1957, Stout
and Chase, 1980; Lahr and Plafker, 1980; Page et al., 1995],
requires neither along-strike variation in the lateral slip rate
nor deformation north of the Denali Fault. Consequently, slip
along the Denali Fault and shortening across the Alaska
Range are decoupled. Alternatively, northwestward transla-
tion of the Wrangell block with respect to the North American
plate without significant counterclockwise, vertical-axis rota-
tion requires a westward decrease in the lateral slip rate. In
this case, convergence rates across the Alaska Range’s north-
ern frontal thrust fault system would increase from east to
west as increasing fault slip is transferred from the Denali
Fault to thrust systems.

[3] One might see support for the second model in the
decidedly asymmetric distribution of slip along the Denali
Fault during the Mw 7.9 2002 earthquake [Eberhart-Phillips
et al., 2003; Haeussler et al., 2004], if this event was char-
acteristic of the long-term behavior of the Denali Fault. The
distribution of dextral slip along the 220-km rupture during
this earthquake decreases from about 9 m in the east to about
3 min the west [Eberhart-Phillips et al., 2003; Hreinsdottir et
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Tectonic map of southern Alaska with major faults forming Pacific—North American plate

boundary. Convergence rates of North Pacific plates and Yakutat block are indicated with red arrows
[DeMets and Dixon, 1999]. Rupture for the 2002 November Mw7.9 Denali Fault earthquake is outlined
by thick red line [Eberhart-Phillips et al., 2003]. EDF, Eastern Denali Fault; FWF, Fairweather Fault; TF,
Totschunda Fault; DRF, Duke River Fault; STF, Sustina Glacier Fault; CMF, Castle Mountain Fault. Sites
of this study are located in green circles; 1, Bull Creek site; 2, Slate Creek site. White diamonds are site
locations of Matmon et al. [2006]. Cities of Juneau (J), Anchorage (A), and Fairbanks (F) are indicated as

well as Birch Lake.

al., 2003; Wright et al., 2004; Haeussler et al., 2004]. Here
we investigate whether the long-term slip rate on the Denali
Fault might likewise decrease westward, as suggested by the
results of Matmon et al. [2006]. If verified, this correlation
would support a model in which the distribution of co-
seismic slip during the 2002 quake is characteristic of the
fault’s long-term behavior. The apparent westward decrease
of total right-lateral slip along the Denali Fault, from 400 to
350 km on the eastern segment to ~ 100 km on the McKinley
strand of the fault system [cf. Plafker and Berg, 1994], also
lends supports to the second model and further links the
distribution of co-seismic slip to the long-term growth of
topography.

[4] Determining the long-term slip rate of the Denali Fault
by averaging over numerous seismic cycles should enable
testing of these two models. Until recently, however, deter-
mination of slip rates from offset landforms along the Denali
Fault was hampered by the lack of reliable geochronologic
constraints. All slip rate estimates assumed climatic correla-
tions to approximate the age of offset features such as mo-
raines and periglacial fans. These studies yielded slip rates
that range between 10 and 20 mm/a [Richter and Matson,
1971; Stout et al., 1973; Hickman et al., 1977; Sieh, 1981] but
did not have sufficient precision to constrain spatial varia-
tions in the slip rate.

[5] The development of surface exposure age dating
using in situ cosmogenic nuclides has improved our ability
to directly date morphological features, such as periglacial
fans and moraines [i.e., Nishiizumi et al., 1989; Gosse et al.,
1995a, 1995b; Stone, 2000; Gosse and Phillips, 2001] and

has made fault slip rate estimates in glaciated areas possible,
extending the geomorphic observation interval beyond that
accessible to radiocarbon dating [Van der Woerd et al., 1998;
Lasserre et al., 2002; Brown et al., 2002; Meériaux et al.,
2004a; Chevalier et al., 2005}. In this study, dextrally offset
moraines were sampled for '’Be CRN dating at two sites
along the Denali Fault, ~235 km apart, to estimate the aver-
age slip rates.

[6] A similar study by Matmon et al. [2006] recently
estimated slip rates using CRN surface exposure dating to
constrain offset markers at four sites along the arcuate section
of Denali Fault and at three additional sites on Totschunda
Fault (TF) and Eastern Denali Fault (EDF). The two studies
were conducted simultaneously and independently after the
2002 Denali Fault earthquake. Matmon et al. [2006] esti-
mated average slip rates 0f 9.4 £1.6, 12.1 £ 1.7, and 8.4 £
2.2 mm/a along the western, central, and eastern Denali
Fault, respectively. Based upon the rates for the central and
western Denali Faults, Matmon et al. [2006] suggested that
the slip rate may be decreasing to the west. Note that the rate
on the eastern Denali Fault (EDF) is not directly relevant
here as the slip on the Denali Fault is partitioned between the
TF and the EDF east of the junction between the 2 strike-slip
faults. However, the rate estimates on the Denali Fault are
indistinguishable within error, and further measurements on
sites to the west of those sampled by Matmon et al. [2006] are
required to verify this trend. In this connection we report rates
from two sites on the central Denali Fault: (1) an eastern site,
Slate Creek, which had also been sampled by Matmon et al.
[2006] is located on the main strand of the Denali Fault at
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Figure 2. Orthorectified Landsat image of the Bull Creek area in the SE corner of the Denali National
Park. Glaciers are colored in blue together with river and streams. Bull Creek valley comprises the eastern
(EV) and western valleys (WV). Undifferentiated moraines are mapped in gray lines. Moraines at Bull
Creek site are mapped with relative age constrain as indicated by colors line (red represents older; orange
represents intermediate; yellow represents young). Wt, Ct, and Et are western, central, and eastern

tributaries. Box outlines area of Figure 3.

~144°49'"W, ~78 km northwest of the Mentasta pass junction
and ~60 km southeast of the Delta River junction (this
portion of the fault ruptured during the 2002 Mw 7.9 Denali
earthquake, Figure 1) and (2) a western site, at Bull Creek,
located in the Denali National Park at ~149°26'W on the
McKinley strand of the Denali Fault (this segment did not
rupture in 2002, Figure 1). This site is located ~50 km west of
the westernmost site of Matmon et al. [2006]. At both sites we
targeted well-preserved younger moraines that preserve clear
dextral offsets.

2. Geomorphic Offsets Along the Denali Fault

[7] Along the trace of the Denali Fault are numerous
stream channels, drainages and ridges that display offsets
ranging from a few meters to a few kilometers [Richter and
Matson, 1971; Stout et al., 1973; Hickman et al., 1977, Sieh,
1981; Matmon et al., 2006]. Determining a long-term slip
rate based on such offset features remains a challenge, how-
ever, because the offset features must be both well defined
and datable. Unfortunately, the clear and common stream-
related offsets are difficult to date, as they are typically re-
freshed by stream action. This factor alone drastically reduces
the number of offsets useful in establishing slip rate esti-
mates. Although, the preserved landforms should be datable
by radiocarbon dating as most of them postdate the Last
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Glacial Maximum that clearly overprinted the morphology
of the Alaskan Range. The deposition and preservation of
carbon in these commonly coarse deposits is uncommon and
difficult to access. Hence, CRN dating of geomorphic fea-
tures is a more practical geochronologic method. Here, we
present morphochronologic data from the Bull Creek and
Slate Creek sites where we have been able to date the
abandonment ages of well-defined offset glacial moraines
and thereby determine slip rates.

2.1. Offset Moraine at the Bull Creek Site

[8] The Bull Creek site lies along the N80°E striking
McKinley strand of the Denali Fault, at ~149°26'W and
~1050 m elevation, flanking the southern face of the Alaska
Range (Figure 1). Bull Creek River is a south-flowing braided
tributary of West Fork River and originates in some of the
higher peaks of the southeastern corner of the Mount
McKinley massif. Bull Creek valley is divided into a western
valley (WV) and an eastern valley (EV), each of which orig-
inates from small catchments whose surrounding peaks reach
altitudes of ~2150 m (Figure 2). The sampling site is located
within the easternmost of three tributaries (Et, Figure 2) of the
eastern valley, a few hundred meters downstream from a
minor (~370-m-wide) unnamed modern glacier (Figure 2).

[v] The active trace of the Denali Fault is particularly
clear in this region (Figures 2 and 3). This portion of the

19



















































