
earthquake.usgs.govU.S. Geological Survey Earthquake Hazards Program

Geologic Hazards Science Center 
U.S. Geological Survey

Golden, Colorado
http://earthquake.usgs.gov/

Rich Briggs (rbriggs@usgs.gov); Rob Witter (rwitter@usgs.gov); Jeffrey Freymueller (freymuel@msu.edu); Stephanie Ross (sross@usgs.gov); Hong Kie Thio (hong.kie.thio@aecom.com) 

Updates to the subduction interface portion of the Alaska 2023 USGS National Seismic Hazard Model

The primary assumption in this recurrence model is that we can reasonably characterize behavior by fault section. Actual behavior 
is undoubtedly more complex, and will be modeled by single section, multisection, and floating ruptures.

The geodetically-determined locked zone is a reasonable approximation for strain accumulation, but strain release (model ruptures) 
will span larger areas of the interface.

Shallowest megathrust ruptures aren’t considered major contributors to onshore shaking, but a better understanding of these 
events will help place geodetic data in context and provide a link to tsunami hazard models. 

There is abundant new geologic and geodetic data to incorporate into the USGS National Seismic Hazard 
Model since the last update in 2007.

The approach:
-Divide the subduction interface into sections based on geodetic coupling, prehistoric earthquake and tsunami recurrence, 
historic ruptures and geologic structure.
-Generalize the geologic and geodetic character of each section.
-Calculate recurrence intervals from geologic and geodetic data.

The geodetic model generalizes coupling by fault section, based on decades of 
studies by Freymueller and collaborators.

Geodetic recurrence values are estimated from coupled area, plate convergence 
(modified in the west due to obliquity), coupling value, and estimates of magni-
tude, slip, and recurrence from magnitude-area regressions by Shaw (in review).

Geologic recurrence intervals, presumably from events >Mw 8.5, are from pub-
lished studies.

In general, geodetic recurrence values are shorter than recurrence values from 
geology for >Mw 8.5 events, as expected.

9 sand sheets in past 2200 years
160–260 year recurrence interval
Sites bracket coupled/creeping boundary

Six tsunami deposits in
past 1600 years

Witter et al., 2016Witter et al., 2019

Fox
Islands

Fox Islands section
No uplifted shorelines
No marine deposits above modern high tide
Storms/tsunamis deposited low, thin deposits
 Models allow Mw7.7–8.5 near-trench rupture

Witter et al., 2014

Simeonof Island

Witter et al., 2014

Shumagins

No marine terraces, no coseismic/tsunami evidence

Shumagin section

Persistent megathrust creep accommodates
subduction in the Shumagin section

Sand
Sand

Nelson et al., 2015

Chirikof Island

SemidiSemidi section
Coastal geology records tsunamis that
occurred every 180-270 years, including
events in 1788 and 1938
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Kodiak section
The far western end of the great 1964 rup-
ture is a nonpersistent boundary that failed 
to arrest past ruptures like the 1788 earth-
quake. 
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Chirikof Island—fully locked, 180–270 year
average tsunami recurrence interval
(Nelson et al., 2015)

Sanak Island—freely slipping, 1946
tsunami, 4 paleotsunami deposits in past
4200 yrs (Engelhart et al., 2015)

Shumagin Islands—mostly creeping, no
evidence for high tsunamis (Witter et al.,
2014)

Sanak, Shumagin, and Semidi 
sections in context of geodetic
coupling model
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Sanak

5 sand sheets in past 4200 years
Youngest sand sheet deposited in 1946
Drift logs indicate 9+ m runup in 1946
4 sand sheets deposited 2000-4000 yr ago
No evidence for a 1788 tsunami

Sanak section

Engelhart et al., 2015
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Study sites from below

USGS-led geologic studies west of the 1964 rupture since the last NSHM update
Subduction interface - example geodetic recurrence calculation

Draft table of geodetic recurrence values

Draft table of geologic recurrence values

No geologic data for ~2,000 km of subduction zone west of Fox Islands

Geologic 
data is 

land-level 
change 
west of 
Semidi 
section

Only paleotsunami 
data here

We define fault sections based on geodetic coupling, prehis-
toric earthquake and tsunami recurrence, historic ruptures and 
geologic structure. 
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