HRHUER AR SEIT R, Seq. No.40, 95-108, 2018.3

3.11 Bt ;dh = T stress shadow [CEHH LT FERINT-
IL-EBRIEHRMETH

RN - HHEEE GROERERZEGEB AN ERHE - TR sEsiil e > 2 —)

2011 AFHACI IR R . BRI O IR WFEIFRIZ 7 » THIERTE B 2 B S vz, I - IR
BECRA LI-BE R RHERE L 20— D2 TH DM, ZOIEENL, stress shadow (I &
THICHMbOLT 7T HED D RAWMICIERIL Lis, ZOJRKZBiET 57012, itz T
=T,

ZOREFR, LLTOZ EN LN o2, 1) — e bER T, BEN 4207 7 A4 —

WZRIAL, EIZEND cloud RITIX B DWW mAi 2 LTV D23, WIBHEZ > TRER<H
RETD & TNEND 7 T A2 —TCTRIEDNERM Om LIRS AR mREE 245, £
7o EIIE A O EABEI L7225, 2R E L TEHED BRI > TRENT 28 m A
HD, 2) A= ALENOGHEE LWL, BERRHELE T D, Thbb, 15H)
BRLAIEZ N /N T, ENDRBLZE 50 HEETRMIZ AL, Z20#%ITw-< Y & EF LA
N5 —EEIZIT-S< (Yoshida et al., 2016), 3) A~ hLpoa—F (L EH -
THEE LTSI TR S, WiEREE & AR Rs 28 k49 % (Yoshida et al., 2017), 4)
b fifl b BHE R b A2 T 5, 72720, ISEIBHARE A 1.872.0 & K&, ZD%M 50 H
BETCRMITERT L72BITW-o< W EETL LI RECHEICEDLE L, T772bb, WiEimE
OIS IE T & & WA ORFI 2 b A2 T 5 (Yoshida et al., 2017), 5) HUEEZAME L | B
JETREERCIS S5 F i & B ORI 28 b 2 35, ETAS E7 VA L CRO 7 R AR
u bREROR 2L Z T 2,

PLbDZ &t Z oS, BALMHIEE O A: THREEMIS MR T L2729, B O
s NS A L’C%f:{)mﬁgﬁ)%l%t L?”:Q:?E/E Shd, T7bb, Lﬂbf%fl{;luﬁ-‘
DA OBEAF ORI > TBEI L7- 2 LI2 X - T, MBREERED EH L, 207 oiE
SEME T L CRAELEbD EHEESND, 1)(%@3%‘%!1%@& VL IR AR E DS R 2 <
DT DWIEIRE LIS E T EPIEFITNE LS, —F b s p EIFRFICRE D72, 2)
D%, WERDEECT D2 DAV TRIBIR AR E AR IR T Le 2 & T, WigisE &S T
BIIWEBIZ LA L, —FH b L p EIFREITIR T L—EEICafnwiz L E 2, #lls
AT RER 28 b 2 — I BRI T & 5,

795,



Yamagata-Fukushima border earthquake swarm
induced by the 2011 Tohoku-Oki earthquake in the stress shadow

Akira Hasegawa and Keisuke Yoshida
Research Center for Prediction of Earthquakes and Volcanic Eruptions,

Graduate School of Science, Tohoku University

After the 2011 Tohoku-Oki earthquake, seismic activity was induced at many locations over
a wide area of the Japan Islands. A remarkable earthquake swarm at the Yamagata-
Fukushima border is one such induced seismicity. Despite being located in the stress shadow,
this swarm was abruptly activated seven days after the Tohoku-Oki event. In order to
understand its generation mechanism, we have been conducting detailed study on this
swarm activity.

As a result, the following features were clarified. 1) In the original JMA locations,
hypocenters are divided into four clusters, each having a cloud-like scattered distribution.
Precise hypocenter relocations by using waveform cross-correlations, however, show that
hypocenters are concentrated on a couple of thin planes in each cluster forming a clear
planar structure. In addition, hypocenters tend to migrate from deep to shallow as a whole
while moving on individual planes. 2) Fault strength estimated from the diversity of focal
mechanisms has a significant temporal variation. It is minimal immediately after the start of
activity, rapidly gets bigger up to about 50 days and then slowly rises approaching a constant
value (Yoshida et al., 2016). 3) Stress drop estimated using the spectral ratio method and
coda normalization method has a similar temporal variation to the fault strength (Yoshida et
al,, 2017). 4) b value also has a notable temporal variation. However, it is maximal
immediately after the start of activity and is 1.8 to 2.0 for the following about 50 days, which
are anomalously large, then it declines slowly and falls to a value of about 1.1. That is, its
temporal variation has a negative correlation with the fault strength and stress drop (Yoshida
etal., 2017). 5) Frequency of earthquake occurrence also has a negative correlation with the
fault strength and stress drop. Background earthquake generation rate p, obtained by
applying the ETAS model for correcting the effect of triggered earthquakes, also has the
same temporal variation.

The above observations show that the present activity was caused by fluids that has risen
from the lower crust right below due to the decrease in east-west compressive stress by the
Tohoku-Oki earthquake. The fluids rising from below move along the existing weak planes,

pore pressures on those planes increase, and thus fault strengths decrease, causing many
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earthquakes along those planes. Pore pressure was anomalously high immediately after the
start of the activity, then it decreased rapidly at first and gradually thereafter as the fluids
diffuse along the pre-existing weak planes. Such pore pressure change well explains the
presently observed distinctive temporal variations of the fault strength, stress drop, b value
and p value.
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