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TECTONIC SUMMARY

The tectonics of the Pacific margin of North America between Vancouver Island and south-central Alaska are dominated 
by the northwest motion of the Pacific plate with respect to the North America plate at a velocity of approximately 50 
mm/yr. In the south of this mapped region, convergence between the northern extent of the Juan de Fuca plate (also 
known as the Explorer microplate) and North America plate dominate. North from the Explorer, Pacific, and North 
America plate triple junction, Pacific:North America motion is accommodated along the ~650-km-long Queen Charlotte 
fault system. Offshore of Haida Gwaii and to the southwest, the obliquity of the Pacific:North America plate motion 
vector creates a transpressional regime, and a complex mixture of strike-slip and convergent (underthrusting) tectonics. 
North of the Haida Gwaii islands, plate motion is roughly parallel to the plate boundary, resulting in almost pure dextral 
strike-slip motion along the Queen Charlotte fault. To the north, the Queen Charlotte fault splits into multiple structures, 
continuing offshore of southwestern Alaska as the Fairweather fault, and branching east into the Chatham Strait and 
Denali faults through the interior of Alaska. The plate boundary north and west of the Fairweather fault ultimately 
continues as the Alaska-Aleutians subduction zone, where Pacific plate lithosphere subducts beneath the North America 
plate at the Aleutians Trench. The transition is complex, and involves intraplate structures such as the Transition fault. 
The Pacific margin offshore British Columbia is one of the most active seismic zones in North America and has hosted a 
number of large earthquakes historically.

At the southern extent of the mapped region offshore of Vancouver Island lies a complex triple junction between the 
Pacific, North America, and Juan de Fuca plates (which includes the Explorer and Winona microplates). The Winona 
microplate experiences little relative motion with respect to North America. Similarly, at its northern extent the Explorer 
microplate tracks North America plate motion, but is subducting at a rate of 2 cm/yr near its southern extent adjacent to 
the Nootka Fault. Farther south the main body of the oceanic Juan de Fuca plate converges with and subducts beneath 
the continental North America plate at a rate of 4.0–4.5 cm/yr. The Explorer microplate is heavily deformed by internal 
dextral faulting, experiencing frequent moderate-sized earthquakes. During the period from 1973 to 2013, this 
~30-km-wide area experienced close to 50 earthquakes of M 5 or greater. The largest of these was a M 6.7 event that 
occurred on April 6, 1992. On January 5, 2008, M 6.6 and M 6.4 earthquakes struck in this same region just 40 minutes 
apart, and were separated by less than 20 km along a SE/NW trend that is sub-parallel to the motion of the Pacific plate. 
Like many other similar events in the region, no damage or casualties were reported for these earthquakes.

The Queen Charlotte fault trends northwestward from the triple junction region, accommodating approximately 5.5 
cm/yr of dextral strike-slip motion along the Pacific:North America plate boundary. The majority of earthquakes 
associated with the Queen Charlotte fault are purely dextral strike-slip in nature, though occasional earthquakes exhibit a 
significant thrust component, such as the 1970 M 6.8 event and the 2012 M 7.8 event. Because the Pacific:North 
America plate motion vector adjacent to the islands of Haida Gwaii is oblique to the plate boundary, the Pacific plate 
underthrusts the Queen Charlotte terrace and the western margin of the North America plate. The convergent component 
of the plate vector is accommodated by relative motion between the Pacific plate and the Queen Charlotte terrace, 
though it is unclear from geophysical evidence how far the Pacific plate extends beneath the North America plate. 

The largest earthquake observed along the Queen Charlotte fault was a M 8.0 strike-slip event in 1949, located ~25 km 
west of the north tip of Haida Gwaii. This earthquake created a minor far-field tsunami, an uncommon occurrence for 
strike-slip faulting. The 1970 M 6.8 earthquake that ruptured ~30 km south of the southern tip of Haida Gwaii was one 
of the first large magnitude events in the area to be recognized as having a significant thrust component. More recently 
the M 7.8 Haida Gwaii earthquake struck adjacent to the south-central portion of the islands on October 28, 2012, and 
was characterized by oblique thrust faulting, triggering a locally significant tsunami. Only four months later on January 
5, 2013, a large strike-slip earthquake (M 7.5) occurred a few hundred kilometers farther north, near the junction of the 
Fairweather and Queen Charlotte faults. No major structural damage or casualties were reported for either of these recent 
events.

Continuing north, dextral Queen Charlotte fault motion extends into the Fairweather fault and other inland structures 
such as the Chatham Strait and Denali faults. The Fairweather fault is a continuation of the Queen Charlotte fault that 
eventually dies out as it comes onshore into Alaska. The average slip rate of the Fairweather fault is believed to be 4.6 ± 
2.0 cm/yr, oriented northwestward. On July 9, 1958, the Fairweather fault experienced its largest documented earth-
quake, a M 7.8 event that caused a massive landslide and subsequent water wave in Lituya Bay. The wave caused by the 
landslide stripped away trees and ground soil up to a height of 520 m, and caused five fatalities. 

The Chatham Strait fault trends north-northwest from its origin at the Queen Charlotte fault and Fairweather fault 
junction. This structure does not appear to be accommodating a significant fraction of plate motion and has not hosted 
any significant historic seismic activity. Farther north the Chatham Strait fault turns northwestward, transitioning into 
the Denali fault, which continues through continental North America. The Denali fault had been relatively quiet histori-
cally until the 2002 earthquake sequence, when a M 6.6 event was followed 11 days later by a M 7.8 earthquake that 
ruptured an ~340 km section of the fault system on November 3rd of that year. Despite the large size of the November 
event, its remote location meant only a small amount of structural damage was observed, with no fatalities and few 
injuries reported. For three decades prior to the 2002 event, seismicity along the Denali fault was characterized by an 
average of four M ≥ 3 events per year. However, in the eight months leading up to the mainshock, microseismicity along 
the Denali fault increased significantly, and 80 small events were recorded.

Near the northern termination of the Fairweather fault, the west-northwest trending Transition fault marks the boundary 
between the Yakutat terrane and Pacific plate. The Yakutat terrane is a 15- to 30-km-thick igneous plateau that began to 
subduct at a low angle beneath continental North America 30 to 35 million years ago. Though the Yakutat terrane 
subducts at a slightly slower rate than that of the Pacific plate, its convergence direction has a slightly more westerly 
trend, causing compressional deformation along the Transition fault to increase towards the northwest. Extending 
southward from the Transition fault, the Gulf of Alaska shear zone has experienced a high rate of seismicity historically, 
with earthquakes reaching M  > 7.0. The Gulf of Alaska shear zone is believed to have formed along an old fracture zone 
or spreading fabric in the oceanic crust, and is an example of intraplate seismicity reflecting high stresses generated by 
nearby plate boundary processes, in this case immediately to the north, between the Yakutat terrane and Pacific plate. 
The Gulf of Alaska shear zone hosted a sequence of large earthquakes between 1987 and 1992, consisting of five events 
of M 6.8 or larger (three of which were M 7.8, M 7.9, and M 7.9).

Within the greater Queen Charlotte fault region (excluding the Alaska–Aleutians subduction zone), more than 150 
earthquakes of M 5 or greater have occurred between 1973 and 2013, with only a small fraction of these events rupturing 
at depths greater than 25 km and none deeper than 35 km. Earthquake epicenters along the Queen Charlotte fault express 
an east-west asymmetry, with the majority of seismicity occurring toward the eastern slope of the marine terrace near the 
definition of the Queen Charlotte fault trace. This can be explained by an east-dipping fault plane, evident in moment 
tensor data for moderate-to-large earthquakes within the transform fault zone.
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This schematic figure shows the tectonic setting of the Pacific–North America plate 
boundary (PAC:NAM) in the region of the October 28, 2012, M 7.8 Haida 
Gwaii earthquake sequence (red circles). Background seismicity 
from the Centennial and USGS-NEIC catalogs is shown 
with gray cubes, in three dimensions. The upper 
panel shows three-dimensional shaded 
relief of GEBCO bathymetry 
(GEBCO, 2008). In cross 
section along the lower edge 
of the figure, we illustrate the 
inferred, approximate plate 
geometry of this boundary. 
Because the PAC:NAM plate 
motion vector in this region 
(oriented ~NNE) is oblique to 
the plate boundary, the Pacific 
plate underthrusts the Queen 
Charlotte terrace (QCT; dark 
gray) and the western margin 
of the North America plate 
(green). The main plate 
boundary structure, accom-
modating SSE–NNW 
right-lateral translational 
motion between the two 
plates, is the Queen Charlotte 
fault (QCF; red line). The 
convergent component of the 
plate vector is thus accommo-
dated by relative motion 
between the Pacific plate 
and the Queen Charlotte 
terrace; the October 28, 2012, 
earthquake reflected this thrust 
tectonics. It is unclear from geophysical 
evidence how far the Pacific plate (gray 
polygon) extends beneath the North America 
plate. This uncertainty does not affect the 
interpretation of the Haida Gwaii earthquake, as the 
vast majority of aftershocks in this sequence are located 
west of the Queen Charlotte fault. Farther north near the 
January 5, 2013, M 7.5 earthquake, the plate boundary has 
become near-vertical, pure right-lateral translation.
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DATA SOURCES
The earthquake locations shown on the main map (above) and on the depth profiles are taken from the global 1900–2007 Centennial catalog (Engdahl and Villaseñor, 2002), a catalog of 
high-quality depth determinations for the period 1964–2002 (Engdahl, oral commun., 2003), and USGS–NEIC for the period 2008–2010. Major earthquakes (7.5 ≤ M ≤ 8.2) are labeled with 
the year of occurrence, while earthquakes (8.0 ≤ M ≤ 8.2) are labeled with the year of occurrence and also denoted by a white outline. The nucleation point of the 1964 great Alaskan 
earthquake (M 9.2) is designated with a label showing the year of occurrence. The aftershock zone is shown as a shaded polygon (Tarr and others, 2010).

The Seismic Hazard and Relative Plate Motion figure displays the generalized seismic hazard of the region (Giardini and others, 1999) and representative relative plate motion vectors using 
the MORVEL model (DeMets and others, 2010).

Base map data sources include GEBCO (2008), Esri (2002) World Ocean Basemap, Volcanoes of the World dataset (Siebert and Simkin, 2002), plate boundaries (Bird, 2003), and Digital 
Chart of the World (1992).
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