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We use GPS data recorded by the continuous GPS network, GEONET, to investigate afterslip following the March 11, 2011
Tohoku-oki earthquake (Mw 9.0). We analyzed GPS data after March 11 with the GIPSY-OASIS Il software to estimate daily
station coordinates. The daily GPS time series show large-scale postseismic deformation. The observed postseismic deforrr
tion is assumed to result from aseismic afterslip on the subducting Pacific plate interface and temporal evolution of afterslig
distribution is estimated using a time-dependent inversion method. In the inversion, the curved plate interface is approximate
with collection of many triangular dislocation elements. The Network Inversion Filter [Segall and Matthews, 1997] is applied
to the GPS time series from March 11 to October 17, 2011, to estimate temporal variation of afterslip distribution. Our inver-
sion analysis shows that afterslip is concentrated downdip of the coseismic rupture off Sanriku, off Miyagi, and off Fukushima.
We find another afterslip patch that is adjacent to the rupture area of the largest aftershock off Choshi. Our analysis does n
show significant temporal variation of spatial pattern of afterslip, indicating that afterslip propagated within a few days after the
mainshock. As of October 17, 2011, the maximum cumulative afterslip is 2.79 m and the moment magnitude from the estimate
afterslip distribution is Mw=8.52. Residuals between the observed and predicted displacements show a systematic pattern that
consistent with postseismic viscous relaxation.
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The Mw9.0 off northeast Japan (Tohoku-oki) earthquake occurred on March 11th of 2011 at the interface between the Nortt
American (NA) and Pacific (PA) plates. The occurrence of interplate earthquakes can be regarded as the sudden release of t
tonic stress accumulated by the interseismic gradual increase of slip deficit in source regions. To obtain precise slip-deficit rat
distribution on the NA-PA plate interface, Hashimoto et al. (2009) have analyzed GPS velocity data for the interseismic calm
period of 1996-2000 with a unified inversion formula for Bayesian models with direct and indirect prior information (Matsu’ura
et al. 2007). In this analysis, however, the updip limit of the model region is set to 4 km on the basis of geohydro-chemical studies
for the strength of subduction zone plate boundaries, and so the inversion result might be biased especially in the shallow pa
of the plate interface. In the present study, to obtain unbiased slip-deficit rate distribution, we reanalyzed the same interseismi
GPS velocity data with the same inversion procedure but without setting any updip limit of the model region. The result of the
inversion analysis clearly shows the existence of five remarkable slip-deficit zones distributed on the NA-PA plate interface along
the southern Kuril-Japan trench. We also analyzed coseismic GPS displacement data for the Tohoku-oki earthquake with tf
same inversion method, and obtained the bimodal distribution of coseismic slip spreading over the southern two, Miyagi-oki anc
Fukushima-oki, interseismic slip-deficit zones. The maximum slip is 32 m for the Miyagi-oki slip-deficit zone but only 7 m for
the Fukushima-oki slip-deficit zone. The extraordinarily large coseismic slip in the Miyagi-oki slip-deficit zone, where ordinarily
large earthquakes with about 3 m coseismic slips have repeated every 40 years in the past two centuries, suggests the total rupt
of a 300-km-long basement asperity underlying much smaller-scale local asperities.

Keywords: the 2011 Tohoku-oki earthquake, GPS data inversion, interseismic slip deficit, coseismic slip, basement asperity
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Perturbation of small repeating earthquake depending on frictional properties
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Current status and future plan of seafloor geodetic observation for 2011 Tohoku-oki earth
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We have detected considerably large coseismic displacement associated with the 2011 Tohoku-Oki earthquake thorouc
GPS/acoustic geodetic surveys. Taken them together with those observed by Japan Coast Guard and wide-spread array of seaf
pressure gauges, the data definitely contribute to elucidate the coseismic slip distribution of the earthquake based on numeric
inversion analysis, the result of which we did not expected with our knowledge before the earthquake, but is supported by man
other observations after the earthquake. The unexpected feature is not only in the coseismic slip distribution but also in postsei
mic deformation. GSI has been monitoring the postseismic deformation using GEONET and reported reasonable slip distributio
that compensates the coseismic slip of the main shock mainly in the western (and hence deeper) adjacent area. However, our
peated observations after the earthquake indicate complexity in the postseismic slip, including further slip even at the mai
coseismic slip area near the trench. In addition, the deformation seems to still continue with a considerable rate.

To elucidate the complexity, Tohoku University and Nagoya University plan to drastically extend the seafloor geodetic survey
sites along the Japan Trench by this summer under the accelerated project promoted and funded by MEXT. The total numb
of survey sites being planned is about 20, to be distributed mainly on deeper seafloor near the trench, in where the deformatic
cannot be inferred from onshore GPS network. The most of the survey sites consist of four transponders while some importar
sites consist of six transponders, which can effectively correct the effect of undesired spatial variation in sound speed in oceal
The new transponders are designed against long ranging over 10 km distant at depth and are compatible with both the systems
the university groups and Japan Coast Guard.

The other key of the project is the introduction of an autonomous moving buoy, which can navigate itself along programmed
path or remotely operated on demand away from a research vessel. The utilization of this extra buoy will lead surveys to be mor
efficient or precise taken with an existing towing buoy simultaneously. The power for electronics and propulsion will be supplied
by diesel oil lasting for at least two days per fuel. The autonomous buoy is an all-in-one system and the allover length is 3 m a
most, which can be dealt with any researcher on any vessel. This promotes new research groups to begin their own GPS/acous
survey. Systematic result of displacements in postseismic deformation will be obtained after the second time of survey to b
conducted by the end of the fiscal year of 2012.

gogoob:b0obodoooboobobo,0oobb, 0000, boooUooo
Keywords: 2011 Tohoku-Oki earthquake, seafloor crustal deformation, postseismic deformation, seafloor geodesy
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Spatio-temporal distribution of afterslip due to the 2011 Tohoku-Oki earthquake from

MCMC inversion
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Detection of tsunami-induced deformation caused by the 2011 Tohoku earthquake usin

on-land GPS network

oooo,oooot
MITSUI, Yutal*, HEKI, Kosuke

looo
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The 2011 Tohoku earthquake on March 11 caused massive tsunami. We first detect a land-deformation signal due to th
tsunami using on-land GPS network. We focus on GPS stations along the Sanriku coast, and stack the GPS data at seven coa
stations and seven landward stations respectively. The data show that relative subsidence at the coastal stations to the landw
stations had occurred on the order of 1 cm until almost 30 minutes after the Tohoku earthquake. We check whether the subsiden
signal corresponds to simulated land deformation based on a tsunami simulation model, and confirm the tsunami hypothesis fi
the subsidence. We find that a popular elastic model with a stratified velocity structure (Gutenberg-Bullen earth model) for the
Green’s function leads to underestimation of the subsidence amount about 1/2-1/3. Effect of compliant materials near the surfac
may be important to estimate tsunami-induced land deformation.

00000:201100000000000,00,0000,000000000000000
Keywords: The 2011 Tohoku earthquake, tsunami, load deformation, comparison between observation and simulation
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Geomorphologic analysis of the co-seismic deformation of the seabed in the tsunam

source area of the Tohoku Earthquake
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