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How Steady is Interseismic Crustal Deformation in Northeast Japan? Evidence from an Integrated

Analysis of Centennial Geodetic Data

(OAngela Meneses-Gutierrez (Nagoya University),
Paul Segall (Stanford University),
Takeshi Sagiya (Nagoya University)

At subduction zones (where tectonic plates sink beneath another), strain accumulates due to locking between interacting
plates during the time between large earthquakes, and much of the accumulated strain is released in the form of
earthquakes. These movements are monitored using geodetic measurements on the Earth’s surface, like Global
Positioning System (GPS) observations. The strain accumulation rate between large earthquakes has been generally
believed to be constant. However, recent studies using GPS observations from 1996-2010 showed a different situation
before the 2011 Tohoku-oki earthquake, where a decreasing rate of strain accumulation was revealed. We investigate the
strain accumulation stability in northeast Japan through an integrated analysis of conventional data (triangulation and
trilateration) with GPS data over 120 years. Although the older observations have large uncertainties, we find relatively
stable strain accumulation during 1894-1984. The result implies that the deceleration preceding the 2011 Tohoku-oki
earthquake was no longer than several decades. Our favored interpretation suggests a transient strain rate increase
followed by a return to the long-term rate before the 2011 earthquake (Figure 1). This study provides a unique overview
of crustal deformation associated with giant subduction zone earthquakes over a significant fraction of the earthquake
cycle. It also provides important constraints for the physical modeling of deformation at subduction zones, which are

essential to better understand the earthquake generation processes.

Conventional data o
140 GPS data <
Favored interpretation s

120
100

Al

]

80

Maximum Shear Strain rate (10-°/yr)

1 1 1 1 1 1
1900 1920 1940 1960 1980 2000
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Figure 1. Favored interpretation of the strain history in Northeast Japan. Red lines denote the occurrence of earthquakes
off the coast of Miyagi. Vertical error bars denote standard deviation of the estimations from bootstrapping, while

horizontal bars indicate the time period of the calculation.
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