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Aspect of the 2011 off the Pacific coast of Tohoku Earthquake, Japan
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The 2011 off the Pacific coast of Tohoku Earthquake (Tohoku-Oki), Japan, was the first
magnitude (M) 9 subduction megathrust event to be recorded by a dense network of seismic,
geodetic, and tsunami observations. I here review the Tohoku-Oki earthquake in terms of, 1) as-
perity model, 2) earthquake source observations, 3) precedent processes, 4) postseismic slip
(afetrslip). Based on finite source models of the Tohoku-Oki mainshock, the coseismic fault slip
exceeded 30 m at shallow part of the subduction zone off-shore of Miyagi. The rupture reached
the trench axis, producing a large uplift therein, which was likely an important factor generat-
ing devastating tsunami waves. The mainshock was preceded by slow-slip transients propagat-
ing toward the initial rupture point, which may have caused substantial stress loading, prompt-
ing the unstable dynamic rupture of the mainshock. Furthermore, a sequence of M 7-class inter-
plate earthquakes and subsequent large afterslip events, those occurred before the mainshock
rupture, might be interpreted as preparation stage of the earthquake generation. Most of slip
released by the postseismic deformation following the Tohoku-Oki mainshock is located in the
region peripheral to the large coseismic slip area.

Key words: Tohoku-Oki Earthquake, Asperity model, Slip deficit, Earthquake dynamics, Fore-

shocks, Slow slip, Afterslip
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Fig.1 Schematic figure of asperity model.
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Fig. 2 Distribution of slip deficit rate estimated by
nationwide GPS (Global Positioning Sys-
tem) network on land with a contour inter-
val of 2 cm/yr (Suwa et al., 2006). Blue-shade
patches denote locations of asperities of
large interplate earthquakes delineated by
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and Kikuchi, 2004). The black line denotes
the Japan Trench.
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Fig. 3

Coseismic displacements of the Tohoku-Oki mainshock recorded by

land (red arrows) and sea floor (blue arrows) geodetic measurements
(Kido et al., 2011; Ozawa et al., 2011; Sato et al., 2011). Black star de-
notes the epicenter of the Tohoku-Oki mainshock. Yellow circles are
earthquakes that have occurred within 2 days following the main-
shock (JMA catalogue). Dotted orange lines are iso-depth contours of
the plate boundary (Nakajima and Hasegawa, 2006). The black line

denotes the Japan Trench.
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(A) Slip distribution
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Fig.4 A finite source model of the Tohoku-Oki
mainshock (Yokota et al., 2011). (A) Coseis-
mic slip distributions obtained by the joint
inversion. Red star denotes the epicenter of
the Tohoku-Oki mainshock. The arrows in-
dicate the subfault slips on the hanging
wall. (B) The progress of the source rupture
is represented by the snapshots of the slip
distribution every 10 s after rupture initia-
tion. Only snapshots until 120 s from the in-
itial break are shown. The blue line denotes
the Japan Trench.
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Fig.5 Changes in sea-floor elevation between bathymetric data before and
after the 2011 Tohoku-Oki mainshock (from Fujiwara et al., 2011.
Reprinted with permission from AAAS.). (A) Location map with
bathymetric survey track shown as yellow line. Cross shows the
mainshock epicenter. (B) Multibeam bathymetry collected in 2011.
Red triangles mark the trench axis; the blue triangle marks the
landward slope break. Change in sea-floor elevation by subtracting
the 1999 bathymetric data from the 2011 data (C), the 2004 data
from the 2011 data (D), and the 1999 data from the 2004 data (E).
The yellow star marks location of probable submarine landslide.
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Fig.6 Space-time diagram of foreshocks prior to the Tohoku-Oki mainshock,
with earthquake origin locations indicated in terms of the distance along
the trench axis (blue circles scaled to magnitude) (Kato et al., 2012. Re-
printed with permission from AAAS.). Red dashed lines, approximate lo-
cations of the fronts of earthquake migration. Black star, M 9.0 main-
shock. Yellow star, M 7.3 largest foreshock. EMZ (Earthquake Migration
Zone) is shown by blue bar. Red stars, repeating earthquakes in the JMA
catalog. Green stars, newly detected events that were found to resemble
those repeating events. Inset, distribution of the total mainshock slip,
imaged by a finite-source modeling using global broadband seismograms

(Ide et al., 2011).
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Fig. 7 Location map and time series of GPS data (Suito et al., 2011). (A)
White stars represent the epicenters of large (M >6.8) earthquakes
that have occurred since 1923, and earthquakes with M>7.4 are
marked with blackstars. Red stars are epicenters since 2005, and
correspond to vertical broken lines in (B). White diamonds represent
the sites whose time series are shown in (B). Broken lines indicate
the coseismic slip distribution, with a contour interval of 4 m of the
2011 Tohoku earthquake (Ozawa et al., 2011). (B) Transient time se-
ries of E-W component at selected stations. Exponential functions
are also indicated in brown, green, and blue lines, which correspond
to the 2005 Miyagi, 2008 Fukushima, and 2010 Fukushima earth-

quakes, respectively.
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Fig. 8 Distribution of postseismic slip after 7
months of the Tohoku-Oki mainshock
(Fukuda et al., 2011). Black contour denotes
the coseismic slip distribution with a con-
tour interval of 5 m. Black star denotes the
epicenter of the Tohoku-Oki mainshock. The
red line denotes the Japan Trench. Dotted
lines, iso-depth contours of the plate bound-
ary at 10-km intervals.
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