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partitioning are nearly identical if we use any of the angular
velocities in Table 3.

7. Plate Coupling and Slip Partitioning Along the
Rest of the Aleutian Arc

[32] In this section, we investigate plate coupling along
the remainder of the Aleutian arc. In the Fox Islands of the
eastern Aleutians, we do not have enough data to estimate
an arc translation velocity, because the sites are all located at
about the same distance from the trench. But if we assume
that this region lies on the Bering plate, like the segments to
the east and west of it, we can make a first-order estimate of
the distribution of slip deficit along this section of the arc. In
the western Aleutians, slip partitioning of oblique subduc-
tion is likely to give rise to significant translation of the arc,
and we test this by estimating the plate coupling and arc
translation velocities for the western Aleutians and compar-
ing these estimates to the predicted motion of the Bering
plate. Avé Lallemant and Oldow [2000] found slip parti-
tioning to be much more significant in the Near Islands
group than in the Andreanof Islands, but did not develop
quantitative models to separate the long-term motion of the
arc from the elastic strain from subduction, as we have
done. For the western Aleutians, we first consider the Near
Islands, because we have enough data to optimize a simple
fault model for the plate interface. We then apply this model

to the Rat and Komandorsky segments on either side of it,
where we have only a single data point from each, and test
whether the arc velocities are significantly different. Finally,
we compare the arc velocities measured by GPS to the slip
vector orientations for underthrusting earthquakes to inves-
tigate the nature of slip partitioning.

7.1. Fox Islands Region

[33] Data from the Fox Islands region include sites on
Umnak, Unalaska, and Akutan Islands (Figure 7). On
Umnak Island, the vast majority of GPS measurements
have been established to record deformation associated with
Okmok Caldera on the northeast end of the island, which is
actively deforming [Miyagi et al., 2004; Lu et al., 2005], but
the site ROWD on the western end of Umnak is unaffected
by volcanic deformation. On Unalaska Island, all of the sites
are located within 8 km of each other near the town of
Dutch Harbor. On Akutan Island, all but four of the sites are
affected by volcanic deformation associated with Akutan
Volcano. Sites on Akutan show velocities very similar to
Unalaska.
[34] To construct the fault model in the Fox Islands

region, we use the location of the trench, the volcanic axis,
focal mechanisms from large thrust events, and the location
of smaller earthquakes to constrain the fault geometry. We
use a five fault plane model as shown in Figure 7. The fault
geometry parameters are listed in Table 1. Because there are

Figure 6. Map of measured and modeled velocities for the Bering plate. Velocities for the Bering plate
and surrounding areas are relative to North America. See Figure 1 for geographic names. Blue vectors are
measured velocities on the Aleutian arc and the Alaska Peninsula. Pink vectors are velocities for sites
located on the Bering plate interior that are used in the Euler pole inversion. Estimated arc translation
velocities are shown as red vectors. Yellow vectors are the velocities predicted for the Bering plate using
the best angular velocity. Long white vectors represent Pacific plate velocities. All other measured sites
are shown as gray vectors. Note that not all sites in the Aleutians and central Alaska are shown to avoid
clutter. Sites west of the Andreanof Islands (And) region show a clear westward acceleration of the arc,
indicating that slip partitioning is an important mechanism contributing to the measured velocities of sites
west of Amchitka Pass (180!W). Thrust events are clustered in the Koryak highlands, possibly the result
of convergence between the Bering plate and eastern Russia (sites KMS and BILI). Approximate western
and northern boundaries of the Bering plate are shown by a thick dashed line.
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of the potential reference sites to the north were established
prior to 2001.
[22] Velocities for both continuous and campaign GPS

stations were calculated using a weighted least mean
squares regression analysis of the position time series with
the ‘‘R’’ statistics software (http://www.r-project.org/). The
continuous analysis also included concurrently solving for a
1-a seasonal sine function and offsets at times of equipment
change. The calculated ITRF velocities were then trans-
formed into a stable North America reference frame using
the North America/ITRF2000 rotation vector defined by
Altamimi et al. [2002] (Tables 1 and 3 and Figures 3 and 4).
The vertical velocities are also included in Tables 1 and 3
for completion, but are mostly not considered significant
due to their large uncertainties (approximately three times as
large as the horizontal vectors). Vertical velocities are

shown for sites in the SW Yukon region in Figure 5 and
are discussed in section 3.5. Examples of continuous and
campaign time series are shown in Figure 6.

3.3. Uncertainty Estimation

3.3.1. Continuous GPS Uncertainty
[23] Meaningful interpretation of GPS data requires

accurate uncertainty estimation. Noise in continuous GPS
position time series is considered to comprise a combination
of white (uncorrelated) and colored noise (time-correlated;
flicker noise and random walk noise) [e.g.,Mao et al., 1999;
Williams et al., 2004]. Sources of colored noise may include
monument motion independent of tectonic deformation,
uncertainties in the estimation of atmospheric effects and
satellite orbits, and local environmental factors [Mao et al.,
1999]. Monument instability can be modeled as a random
walk process [Langbein and Johnson, 1997]; its contribu-

Figure 4. Horizontal velocity vectors relative to stable North America (in ITRF2000) for campaign
GPS stations. Error ellipses are at 95% confidence level. Continuous GPS sites and vectors are shown by
hexagons and thicker arrows. Campaign site symbols are colored according to region. Black fill, white
outline indicate SW region (Alaska and Haines Highways, and Yakutat, Alaska); gray fill, white outline
indicate northern region (Dempster and Klondike highways); gray fill, black outline indicate eastern
region (North Canol and Robert Campbell Highways). White star and line show the epicenter and surface
rupture extent, respectively, of the 2002 Mw 7.9 Denali earthquake. White box shows the extent of
Figures 5 and 9.
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The geological setting of the Yakutat-
St. Elias collision zone corresponds to
the transition between the Aleutian
subduction to the west and the
Queen Charlotte-Fairweather trans-
form fault to the south (Figure 1). The
St. Elias orogen marks the oblique colli-
sion and partial accretion of the
Yakutat microplate to the North
America northern cordillera since the
middle to late Miocene [Plafker et al.,
1994; Bruhn et al., 2004]. In the frontal
part of the orogen, the sedimentary
cover of the Yakutat terrane is accreted
to the cordilleran margin along an oro-
genic wedge [Berger et al., 2008; Bruhn
et al., 2012; Chapman et al., 2012]. This
crustal accretionary prism comprises
numerous faults and structures whose
activity remain debated and that are
not directly addressed in our study;
hereafter we refer to the “Chugach-St.
Elias prism” to describe the overall
wedge without distinctions between
specific structures (Figure 1). These
faults join at depth on a low-angle
décollement along which the Yakutat
terrane basement is underthrust
beneath the cordillera [Doser, 2012;
Worthington et al., 2012; Elliott et al.,
2013]. The eastern region of the oro-
gen is characterized by the presence
of several major strike-slip faults

(Figure 1)—the Fairweather, Denali, and Totschunda Faults—which accommodate the highly oblique
Yakutat-North America motion by a combination of dextral shear and shortening [Lahr and Plafker, 1980;
Plafker et al., 1994; Bruhn et al., 2004; Elliott et al., 2010]. The eastern St. Elias syntaxis area is clearly highlighted
by (Figure 1) the highest topography (Mount Logan massif ), the highest exhumation rates (~5mm/a [Spotila
and Berger, 2010]), and the transition from strike-slip to oblique fold and thrust faults.

2. GPS Data
2.1. GPS Network and Data Processing

Data from 12 new campaign GPS stations located on the Yukon side of the St. Elias Mountains are integrated
with those from 23 continuous stations and 45 campaign stations distributed in eastern and southeastern
Alaska, Yukon, northern British Columbia, and the Northwest Territories (Figures 2 and 3 and Table S1 in the
supporting information). The data from continuous sites range from 1995 (for the oldest stations) to 2013,
with an average of 8.1 years of observations per station. Campaign site surveys vary with the different
networks. The oldest stations were installed in 1997, and the last survey was in 2013 (average of 6.6 years per
site). In Yukon, the new GPS sites were surveyed annually between 2009 and 2013 at the same period
(summer) using similar equipment (calibrated force-centered masts) for a minimum of 48 h, in order to
account for diurnal atmospheric effects and ensure robust estimates of both horizontal and vertical velocities.

GPS daily positions are calculated with the PPP (Precise Point Positioning) software provided by Natural
Resources Canada [Héroux and Kouba, 2001]. We use precise ephemeris, clocks, Earth orientation

Figure 3. St. Elias residual GPS velocity field. Black vectors show horizontal
GPS velocities relative to stable North America (in ITRF2008), with ellipses
indicating 95% confidence regions, corrected for GIA, postseismic, and
interseismic transient motion (cf. text). The grey vector shows the Yakutat/
North America (YK/NA) motion (50.3mm/a [Elliott et al., 2010]; NB: different
scale). Black lines are locations of southern and northern velocity profiles
(Figures 4 and 6). Red lines are fault systems referred to in the text—DF:
Denali Fault, TF: Totschunda Fault, FF: Fairweather Fault, DRF: Duke River
Fault, MF: Malaspina Fault, CF/BF: Contact and Bagley Faults, CSEF:
Chugach-St. Elias Fault, and YB: Yakutat Bay. Dashed red line shows the
hypothetical location of the Connector Fault from Spotila and Berger [2010].
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partitioning are nearly identical if we use any of the angular
velocities in Table 3.

7. Plate Coupling and Slip Partitioning Along the
Rest of the Aleutian Arc

[32] In this section, we investigate plate coupling along
the remainder of the Aleutian arc. In the Fox Islands of the
eastern Aleutians, we do not have enough data to estimate
an arc translation velocity, because the sites are all located at
about the same distance from the trench. But if we assume
that this region lies on the Bering plate, like the segments to
the east and west of it, we can make a first-order estimate of
the distribution of slip deficit along this section of the arc. In
the western Aleutians, slip partitioning of oblique subduc-
tion is likely to give rise to significant translation of the arc,
and we test this by estimating the plate coupling and arc
translation velocities for the western Aleutians and compar-
ing these estimates to the predicted motion of the Bering
plate. Avé Lallemant and Oldow [2000] found slip parti-
tioning to be much more significant in the Near Islands
group than in the Andreanof Islands, but did not develop
quantitative models to separate the long-term motion of the
arc from the elastic strain from subduction, as we have
done. For the western Aleutians, we first consider the Near
Islands, because we have enough data to optimize a simple
fault model for the plate interface. We then apply this model

to the Rat and Komandorsky segments on either side of it,
where we have only a single data point from each, and test
whether the arc velocities are significantly different. Finally,
we compare the arc velocities measured by GPS to the slip
vector orientations for underthrusting earthquakes to inves-
tigate the nature of slip partitioning.

7.1. Fox Islands Region

[33] Data from the Fox Islands region include sites on
Umnak, Unalaska, and Akutan Islands (Figure 7). On
Umnak Island, the vast majority of GPS measurements
have been established to record deformation associated with
Okmok Caldera on the northeast end of the island, which is
actively deforming [Miyagi et al., 2004; Lu et al., 2005], but
the site ROWD on the western end of Umnak is unaffected
by volcanic deformation. On Unalaska Island, all of the sites
are located within 8 km of each other near the town of
Dutch Harbor. On Akutan Island, all but four of the sites are
affected by volcanic deformation associated with Akutan
Volcano. Sites on Akutan show velocities very similar to
Unalaska.
[34] To construct the fault model in the Fox Islands

region, we use the location of the trench, the volcanic axis,
focal mechanisms from large thrust events, and the location
of smaller earthquakes to constrain the fault geometry. We
use a five fault plane model as shown in Figure 7. The fault
geometry parameters are listed in Table 1. Because there are

Figure 6. Map of measured and modeled velocities for the Bering plate. Velocities for the Bering plate
and surrounding areas are relative to North America. See Figure 1 for geographic names. Blue vectors are
measured velocities on the Aleutian arc and the Alaska Peninsula. Pink vectors are velocities for sites
located on the Bering plate interior that are used in the Euler pole inversion. Estimated arc translation
velocities are shown as red vectors. Yellow vectors are the velocities predicted for the Bering plate using
the best angular velocity. Long white vectors represent Pacific plate velocities. All other measured sites
are shown as gray vectors. Note that not all sites in the Aleutians and central Alaska are shown to avoid
clutter. Sites west of the Andreanof Islands (And) region show a clear westward acceleration of the arc,
indicating that slip partitioning is an important mechanism contributing to the measured velocities of sites
west of Amchitka Pass (180!W). Thrust events are clustered in the Koryak highlands, possibly the result
of convergence between the Bering plate and eastern Russia (sites KMS and BILI). Approximate western
and northern boundaries of the Bering plate are shown by a thick dashed line.
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What is in the GPS signal?

Interseismic tectonic signal

Long-term 
block motion

Elastic effects

+ Transient tectonic signal + Non-tectonic signal

Postseismic effects

Glacial Isostatic
Adjustment

Slow Slip Events

Past Ice 
Loads

Present Day
Ice Losses

+ Earthquakes
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Alaska GPS Velocities



Southeast Alaska GPS Velocities



Yakutat Corner GPS Velocities



Chugach-St. Elias GPS Velocities



Prince William Sound Velocities



Interior Alaska Velocities



Model Fault Geometry
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Model Block Velocity Predictions
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