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Research project for evaluations of the earthquake hazards in inland areas
after the 2011 Tohoku earthquake

E N

Yasuto Kuwahara'

Abstract: We have conducted a research project for clarifying the subsurface fault structures and paleoearthquake

activity in induced earthquake focal regions due to the 2011 great Tohoku-oki earthquake. We have also gathered

basic data sets, such as subsurface shallow structures in the Kanto plain and digital elevation model (DEM) data and

deformation of geological stratums in the relatively large region of eastern Japan to study further seismic hazard

assessments for future inland earthquakes.

Keywords: 2011 Tohoku earthquake, triggered earthquake, aftershock, active fault, trench survey, geophysical

exploration, borehole survey, airborne laser mapping
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Integrated seismic surveys of reflection and refraction method in Iwaki area,
Fukushima Prefecture
-Subsurface structure around the Itozawa fault and Yunodake fault-

LA AnE ™ - g A - InEFEE !
Kazuo Yamaguchi", Shinobu Ito' and Naomi Kano'

Abstract: Remarkable surface faults appeared along the Itozawa fault and Yunodake fault at the Fukushima-ken
Hamadori earthquake (M7.0) on April 11, 2011, in Iwaki city, Fukushima Prefecture. This earthquake is considered as an
induced earthquake of the 2011 Tohoku earthquake (M9.0). We conducted seismic surveys along four lines which cross
the Itozawa (Shionohira) fault (linel, line4) and Yunodake fault (line2) and inferred extension area of the Yunodake fault
(lined). In linel, the CMP stacked time section is relatively more reflective in the east side of the surface fault and lacks
continuous reflectors in the west side of it between 0.3s and 1.5s in two way time. In deeper part, amplitude of reflectors
decreases below 7km in depth. In line2, a sedimentary basin is well imaged in the area of Tertiary and Quaternary sedi-
ments. The top of the basement shows complicated shape and reaches 700m in depth. The velocity structure by a ray
tomography technique corresponds very well to the sedimentary structure by the reflection survey. In line3, the basement
is 500m deep at the southern edge, almost flat and gently dips at two parts and is 800m deep at the northern edge. The
sediments gently dip northward. Large stratigraphic throws are not perceived on the line3 seismic section. In line4, very
strong and continuous reflector is imaged down to 20m in depth and it is interpreted as the top of the metamorphic rock.
Several faults are interpreted from the step-like structure of the reflectors near the surface fault.

Keywords: Fukushima-ken Hamadori earthquake, Itozawa fault, Shionohira fault, Yunodake fault, earthquake surface
fault, seismic reflection survey, seismic refraction survey, seismic tomography, S-wave seismic survey, surface wave explo-
ration, subsurface structure
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%1 FHABE (RS, [E HHIPEEREA T 1/20 J7 B TEdRT) (.
Fig.1 Location map of survey lines. Added to 1:200,000 scale regional map “Shirakawa” of Geospatial Information
Authority of Japan.

2k AN, 20 5500 1 BRI TR CAPREDS, 200DITINEE. fkEhs CMP IR T2 7% CMP
Fig. sEMZAArE L CMP F 5135 3 XN,

Fig.2 Geological map of survey lines. Added to 1:200,000 scale geological map “Shirakawa” (Kubo et al., 2007).
Green lines and numbers are CMP lines and CMP numbers, respectively. Detailed location and numbers are shown

in Fig.3.
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Fig.3 Detailed location maps of survey lines. (a) Linel and Line4, (b) Line2, (c) Line3, (d) Line4. Red: Survey lines
and shot/receiver numbers. Black: CMP lines and CMP numbers. Added to 1:25,000 scale topographic maps “Kami-

hiraishi” “Kamitono” “Zyobanyumoto” and “Iwakiizumi” of Geospatial Information Authority of Japan.
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Tablel Specifications of seismic surveys. Linel~3.
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Fig.4 Data processing flow. Pre-stack time migration is applied to linel and line2, Skeltonization is applied to linel.
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Fig.5 Line 1 shallow reflection sections. (a) CMP stacked time section. (b) CMP stacked depth section. Arrows de-
note the location of surface fault of the Itozawa fault (west trace).

91



RP. NO. 200 | 24|10 ‘2?0 | 3%0 |3t|30 | 4(|)O | 4¢|¥OI 4?0 | 5%0 5(|5(|) RP. NO

| |
CDP NO. 202] ) 2100 2200 2300 2400 2500 .26 7 CDP NO

IN SECONDS
IN SECONDS

TWO-WAY TIME
o
o
¢l
TWO-WAY TIME

0. 0.6
0. 0.7
0. 0.8
0. 0.9
1. 1.0
IS{tZ:C liwaki Linel HighResolution Reflection I0 . I0.5 km
(a)CMPE & B FErE
RP. NO. 2<I)o i 24|10 |2z|30 : 3%0 |3‘\50 \ 4(|>o : AflifoI 42‘30 | 5%0 |5(|50\ RP. NO
CDP NO. 2001 2100 . 2200 2300 2400 2500 26007 CDP NO
—400 —400
300 % S —— 4’ e -300

A iy L

‘l i l'\.-i"V A e
qm o\ l'\v .\_’b [/.
—100 4 ‘N' 1* 100

““ : "" i V""" J‘fvv '#“"'IM,I 'ﬂﬂ ‘\ um';;;-

0 Ty T, - T I d M.".‘ i ) 0
e R0 ST SR
«»n 100 = o 7 LR T iy 100
o !ﬂ ; e e u#"n i fid
B 200 LAY ! + 200
] ' ————
: TaaTae e
z 300 "r"hﬂ o R 300 z
L " ) i v v i
T a0 LA VSRR, MW B3
~ 400 g oy T N RIHT 400 —
& N ,"h VA ‘ﬂ o h‘"‘aw‘ 'ﬁ” A w,v\“u- ]
a ) ’ M A e Vit M W Wi y WM “, Il a
500 V *_ r o i ‘|" “-.rv W f» ) ‘ “} 500
Pl u"w ) ‘"vv" e mns} o A AN R
600 - T ey g AT T 7 ‘vﬂ' 600
700 -' "“" U dut Mﬂjﬁ’ " "y ‘"";“" 700
R
800 — ‘“"' — — nr?lr’u‘ o 800
RRAEPSC b i 4500
900 =t ‘_ ) r 900
Wi |‘ﬂ| i ! 'M .1 w ; MM "Mm i "jf‘\m fw Ml vu. )
1000 i i e 1000
H24 Iwaki Linel HighResolution Reflection 05 km
Depth Conversion(Filtered Stack) I 1
(b)CMPE & FERT @

FeX W1 mofrREG AR, (@)CMP EARHIREE. (b)CMP EAREWNX. KA THIERE G R
WiREVE I~ L—R)DHERNTE.
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Fig.12 Results of refraction tomography. (a) Line 1. (b) Line 2. (c) Line 3. [1] Average model of primary model
randomization. [2] Result in case average model is input as primary model. [3] Ray path distribution. Arrows show
the location of surface raptures of faults.
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Electromagnetic survey over Yunodake and Itozawa Faults in Iwaki area,
Fukushima Prefecture

NEFIBL Y« FE !
Toshihiro Uchida"* and Takumi Ueda'

Abstract: We conducted magnetotelluric (MT) and CSAMT surveys over Yunodake and Itozawa Faults in the Iwaki
area, Fukushima Prefecture, Japan. Significant ruptures and displacements occurred along these faults by a strong
earthquake on April 11, 2011, which was one of large aftershocks of the Great Tohoku Earthquake on March 11, 2011.
The purpose of the MT survey was to obtain electrical resistivity structure of the area. We carried out MT
measurements at 164 stations in 2012, of which 56 stations were by both AMT and MT frequency ranges, while other 88
stations were only AMT. 3D inversions were conducted by using the data of all 164 stations. We also conducted CSAMT
measurements along thirteen short profiles, crossing the two faults, in order to extract anomalous features along the
active faults related to the displacements due to past and present earthquakes. 2D inversions were applied to the
CSAMT data. The study area is mostly underlain by Miocene and Paleogene sedimentary formations, which are
underlain by Cretaceous metamorphic and granitic formations. The Cretaceous formations outcrop in the northern and
western parts of the area. Yunodake Fault extends along the boundary between Miocene formation and Cretaceous
metamorphic/granitic formations in the north. The 3D MT resistivity model clearly indicates a resistivity contrast along
Yunodake Fault, corresponding low-resistivity Miocene layer and high-resistivity metamorphic/granitic formations. On
the other hand, Itozawa Fault is located in Cretaceous metamorphic formations. There is no significant low resistivity
anomaly or a resistivity contrast along Itozawa Fault in the MT model. The detailed resistivity models by CSAMT data
indicate that a segment of Yunodake Fault is located in Cretaceous metamorphic formations and it correlates with
low-resistivity anomalies. The CSAMT models also show minor low-resistivity anomalies at Shionohira Fault, the
western segment of Itozawa Fault.

Keywords: magnetotelluric, CSAMT, 2D inversion, 3D inversion, Yunodake Fault, Itozawa Fault, Iwaki, Toshoku
Earthquake
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Fig.1 MT stations (red dots) and CSAMT survey lines (black lines) in the Iwaki area. Base map shows the topography
from the SRTM data. Dashed lines are estimated faults. The blue rectangle indicates a zone for 3D interpretation.
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Fig.2 Geological map of the study area. Light green and cyan zones are Cretaceous metamorphic formations, pink
zones are Cretaceous granitic formations, orange zones are Paleogene sedimentary formations, and yellow zones are

Miocene sedimentary formations.
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Fig.3 Depth-slice sections of the resistivity model obtained by three-dimensional (3D) inversion of the MT data. Black

dots indicate approximate location of MT stations. North is upward.
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Fig.6 Vertical cross sections of the 3D resistivity model by the MT data inversion, looking from ESE. The direction of
x-axis is N55°E.

108



HFWR - B g O ERARA

Yunodake F.
tono_1 \
rNo Twe rwa2 TN 23IR2ER22R yEo
0.0 L

—
| - ‘—*‘. _- 1000

.
1=
-

Elevation (km)
e o 9o
e w N

e
o

Distance (km)

Elevation (km)

00 01 02 03 04 05 06 07 08 09 10 11 |12 13 14 15 16 17 18 19
Distance (km)

tono_3

vNﬂvmehwm°"N”""J

= B e - LA~ 4

100

Elevation (km)
&

b b
»

|

ohm-m

0.0 02 03 07 08

Distance (km)

SwW NE

TR X CSAMT {7 —% @ 2 YOCMMTRER.  BRIEE / EWIEIN IR B T IEAE S CEEIE),
2011). RENEHH - A5 (2002) (2 & DWiIEHROBIEALE 2%
Fig.7 Two-dimensional resistivity model obtained by CSAMT data inversion along three profiles in Tono Area. Black

lines are location of surface displacements along Yunodake Fault (Awata et al., 2011). Arrows are location of Yunodake
Fault by Nakata and Imaizumi (2002).

109



Shionohira F.

tabito_1

weworoa2TNOY

Elevation (km)

Elevation (km)

0.2 D.4
Distance (Hm)

tabito_

-aNo® WL~

Elevation (km)

0.4 0.6
Distance (km)

tabito_4

0.6 0.8
Distance (km)

tabito_5

ramTboroo2FNRTRON

Elevation (km)

Distam.:e (ki)

West East

%8 HAHX.D CSAMT ED 2 IRICARNTHER. FHRIIE RIS HIER A S B - A AL . Gl A, 2011).
R 1 ORENIHUAN 53169~ % WifEHR OIS A& 4 24,

Fig.8 Two-dimensional resistivity model obtained by CSAMT data inversion along five profiles in Tabito Area. Black
lines are location of surface displacements along Shionohira Fault (Maruyama et al., 2011). The arrow in the top panel
indicates location of a neighboring segment of Shionohira Fault.

110



HFR - U5/ W g O ERG R E

Yunodake F.
Fujiwara_1

-N®<©®

Elevation (km)
& o

I
FS

[
o

T T T T ™ ohm-m
03 04 05 06 07
Distance (km)

T T T
0.0 01 0.2

Fujiwara_2

“leeFEL yEn

1000

Elevation (km)

1

T T T T T T ohm-m
00 01 02 03 04 05 06

Distance (ki)

Fujiwara_3

N'? w0

©oRFN TLECRPANNNE KAREA yp.

Hﬁdlm e R

Elevation (km)

T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Distance (km)
Fujiwara_4
- Ot0BrowoRrRRERRRN NXKNR RABSMS BBB TYQIEE ypy
1000
5 100
c
K]
k]
5 10
.
1
T T T T T T T T T 1 T T T T T T T T T T T ohmm
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20

Distance (km)

Fujiwara_5
raNotonorooRFEN ¥ QERRR ypo

Elevation (km)

ohm-m

NE

00 01 02 03 04 05 06 07 08 09

SW Distance (km)

M FEFEHIX D CSAMT 150 2 TG R, B E / BT N ZRZSN DS BV T AT (5 2 22T
Fig.9 Two-dimensional resistivity model obtained by CSAMT data inversion along five profiles in Fujiwara Area.
Black lines are location of surface displacements along Yunodake Fault.

111



FRIESAVTER Y, RIS & SO W O el 21T O
ERH 5.

AR D 5 SORFRO HAHTET L CTlE, 4 COH
BMCARMCEIHETH D, TR T, HR1 BIO
R 2 CiX, & FWiE CRPRWigoiEt 7 A2 )
Z BRI B O HIE SRR T2 R LTV D, Zft
TR 2 DI 2 2 E R S TR Y, K
FREHLOMEIL 2 S OWERRCHEE - AR T
YL TW5D. B TH 5 AR RCEFEIZEL 1000 ohmm
OEHRFLTH O, WIEIEENC K - TR S AU 7= fEi 0
IKHAEPUE L= b o Sl =D,

FERIFCHID D 5 JARRIE, HROEIE - 8 =Rl O HERE S HE

\AET 5720, SRR TH 5. SlRloHiEE
TR U1/ W B e (FIRrE) (2 rk
I RSSO ZAVIT B E DTS R ClIER T& T
WU ER1IED (2012) 12 & D CSAMT ARS8 & o
Fges0, R 4 L ONAKE 5 OUEHICAENT S iz m bt
JEDFMNTREIELZDNT S, 51%, FElZMa e Tdh
5.

5. BPiZ

HF R $3 1 OG5/ 15 il JE1 0 itk & SkF 5212 T 34
BELO CSANT TEIZ L A LeihuidsE iR 2 5556 L7z, MT
ET—ZIHOWTL, BT Y 7R 25651 3 otk
WAtV 2 SOWE Z2E T RO T T T L A& R
72. CSAMT {57 — 2 1AM 2 IRGTFARAT 21TV, Wi
ITEEOFEZ U A 2 sR D 1=, ORGSR, Adko
PERCESE & JE AR X 2 R A 3 D DIkt
L, 5 =AB KOt OHERESEIE 10 ohmm LATF
ORI AT 2 Lo 1=, B/ THiE O RKER sy
AR & PR OB E T S 720, B
RHIRFEE U /2 > TWVD 2 E DR S, LasL,
CSAMT (T T L EFEIC RS &, fEka bt s Tn
7o WS A & g OBERERIc H X o F
—Ert 5 DI A, AT OHE TN Uz AT E
DO OWHERR G LT, et | 2R 9~ 2 KT R
WOMEET D EbhoT-. A, EMETHLZ L
DR ST/ kT OFF HUIERR (BRI (3
FHEFREEEOFICH Y, EDiFaek s LRI T

B Y, WIEIZHE O B2 LR R I IHER T & 2o 7.

TR 1 XS 59 53 A iR oD 28 e SR e o HR A
L, &AL LT 1000 ohmm FREEDE LA~
i / SEHIX D CSAMT YERIBRCIE, 2 RoWiEskiciiEiu
7o CICHE U OFEDHEE Sz, 5%, A7
1Yy hCHHE S SO EHERIRE, B A
b, OB T — 4 & s L7eis B A7k %
TOVERDD.

112

B

MT 736 O CSAMT =D HiMH T — &2 BUAS/EZE1T B 8581
LB L MRS S K OMEE TR Rkt
12K o CHEM Sz, B BT 2~ B A D,
FHufE FFFAT A OV T, VWb & 1T L OVE T
KM RO W 1A E . 2R LR OE AR

X’

HVEFRAT T (1957) 8B U 70 & ONZ R
HAYRHIX, no.l, HVEFHAT.

BRI - MRS - R - SRR - B2 S -
el - Ll E (2011) 20114E4 A 11 A&
ESUEIE Y OMIERICIE D 5/ i - BEETRE DHiZ
PN T BV (GHE) . PESEBANR G AFSTITIET
J& - MEMIEE ¥ —, 14p.

Ul IE - e - BFE LR - A0 - EHRAET - AR
H#E. (2011) 201144 A 11 HERERIEEY O
HIERIZAEOHF IR 2T © CHIEL L7z =T
DERDBHIFIARE. PR OIS
JE - WEMEE L Z—, 22p.

HH & - ARESR (2002) TEWET X2 v~y 7.
HORUR RS, 60p.

PESEEANREMIIEET (2013) 2011 454 A 11 HEEE
UE Y OHIFE (M7.0) (205 IRROZE.
https://unit.aist.go.jp/igg/crufluid-rg/iwaki/onsen
html (2014 4210 A 8 Hifes?

PEXHANIRARZEAT (2014) 20 543D 1 HAT — AL
AHEIX]. https'//gbank.gsj.jp/seamless/ (2014
4210 H 8 ARk

EAYE— - PNHFIGL « FHIEERRAE - iy 2 - (R — R -
IIFER « fox RERR - B EIESS (2012) fREIR
WD E T % CSAMT 158 KLU AHE
PRI L 2% / [EETE R ot M. MERias,
6, 425-435.

Uchida, T., and Ogawa, Y. (1993) Development of
Fortran code for two-dimensional
magnetotelluric inversion with smoothness
constraint. Geological Survey of Japan
Open-File Report, no.205, 115p.

Uchida, T, and Sasaki, Y. (2006) Stable 3-D inversion
of MT data and its application to geothermal
exploration. Exploration Geophysics, 37,
223-230.

i AFkE - Ok 2 - FEE (2012) wERVbEf
21T D H P REETRA — P RTE - 5 ke
JERDOMFEIRAE —, WA 127 [RIFinE
TSR, 49-52.
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Underground surveys in Iwaki city, Fukushima Prefecture
— gravity survey —

SEES

Yasuaki Murata'*

Abstract: GSJ has conducted seismic, gravity and electromagnetic surveys in Yunodake fault and Itozawa faults area in

Iwaki city, Fukushima Prefecture. The gravity survey was carried out at 2,187 points. The position of all the gravity
stations was surveyed with GNSS (Global Navigation Satellite System). The result of the gravity survey indicates that

steep gravity anomaly changes correspond to the Yunodake and Yamada fault. East and west Itozawa faults are located
at high gravity anomaly ridges. Estimated 3D structure indicates that relief of the boundary between tertiary

sediments and basement rocks such as Abukuma metamorphic rocks or granitic rocks, is controlled by NW-SE trending

faults.

Keywords: Yunodake fault, Itozawa fault, Iwaki, Fukushima, gravity survey, 3D subsurface structure
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Fig.2 Geological map of survey area (A part of Geological map of Shirakawa 1:200,000 (Kubo et al., 2007)).

Major legends are MG : Gozaisho Metamorphic rocks, MT : Takanuki Metamorphic rocks, G2a,b, Di : Abukuma
Granites, Gb2b : Gabbro, E1, E2 : Early Miocene Sediments, M1 : Middle Miocene Sediments, YDF : Yunodake
Fault, ITF-E : Itozawa Fault (east), ITF-W : Itozawa Fault (west) and YMF : Yamada Fault.
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This map is generated by 5 m and 10 m mesh topographic data by the Geospatial Information Authority of

Japan.
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Fig.4 Gravity anomaly map using former gravity data.
Assumed rock density for topographic and Bouguer correction is 2.67 glcm3. Contour interval is 0.4 mGal. Red
solid lines indicate estimated active faults by Nakata and Imaizumi (2002). Black dots are gravity survey points.
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These maps are calculated from gravity anomaly map shown in Fig.6.
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Examination of fault activity of the surface ruptures associated with the
April 11, 2011 Fukushima Hamadori earthquake (MJMA 7.0) based on
tectonic geomorphic and paleoseismic surveys

Sulr IE - AT - RERE 2 - R
Tadashi Maruyama', Masayuki Yoshimi', Eiji Saito* and Masaru Saito®

Abstract: The 2011 Fukushima Hamadori earthquake (MJMA?7.0) generated the east-side-up and northeast-side-up
normal faulting surface ruptures along the previously mapped N-S-striking Itozawa fault and its northern extension
and NW-SE-striking Yunodake fault, respectively. The focal region had been subjected to E-W compressional stress field
before the devastating 2011 off the Pacific coast of Tohoku earthquake, which occurred one month before the Hamadori
earthquake. The Hamadori earthquake and associated surface ruptures raise the following questions; 1) whether or not
these faults ruptured with normal faulting repeatedly in the past, 2) how often these faults ruptured during the late
Quaternary. In order to understand long-term behavior of the Itozawa fault, we mapped surface ruptures, examined
tectonic geomorphic features and conducted trenching. The Itozawa fault is composed of west and east traces, of which
distinct surface rupture with up to 2-m-high scarp was appeared along the west trace of the Itozawa fault. The west
trace can be divided into northern and southern segments based on map distribution and slip pattern of the 2011
ruptures; the northern segment was previously not mapped as an active fault. At Saido site, Iwaki City, geomorphic
features suggestive of repeated east-side-up faulting during the late Quaternary, including significant change in river
incision pattern upstream and downstream from the fault, and west-side-down fault scarp on fluvial terrace, were found
along the northern segment. Although timing of the penultimate event was poorly constrained, our study reveal that
slip amount of the penultimate event was significantly smaller than that of the 2011 event, suggesting that the slip is
not uniform in successive events. We found spotty east-side-up surface breaks along the east trace of the Itozawa fault.
A trench across the base of west-facing scarp at Kamanosawa site, Iwaki City, which interpreted as result of repeated
east-side-up faulting of the east trace of the Itozawa fault exposed no evidence of paleoearthquakes.

Keywords: 2011 Fukushima Hamadori earthquake, triggered earthquake, surface rupture, paleoearthquake, normal
faulting, plate boundary earthquake
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Fig.1 Map showing traces of Itozawa and Yunodake faults and distribution of the surface ruptures associated
with the 2011 Fukushima Hamadori earthquake. The field observation points of northern and southern segments
of the surface rupture zone along the west trace of the Itozawa fault are shown in blue and red circles, respectively.
The faintly appeared surface breaks along east trace of the Itozawa fault is shown in green circles. The surface
ruptures along the Yunodake and other faults are shown in yellow circles. u and d denote upthrown and
downthrown sides of the fault, respectively. Saido, Sakura and Kamanosawa are sites where detailed investigation
was conducted in this study. Traces of the presumed active faults (black broken lines) are from Nakata and
Imaizumi (2002).
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Fig.3 Surface rupture at Saido, Tabito Town, Iwaki City (looling toward the south), where northern segment
of the surface rupture disrupts east-sloping mountain and east-flowing rivers with east-side up, forming
distinct uphill-facing scarps and temporal ponds. For location see Fig.1. A trench was opened across the
surface rupture between trail (front side of the photo) and pond formed by downstream-up surface faulting.
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Fig.4 Shaded relief image (left) and 1-m-contour topographic map (right) around Saido site, showing the

distribution of the surface rupture, topographic expression and study site. A-A’ and B-B’ show locations of

topographic profiles in Fig. 5. Note that the significant change in river incision upstream and downstream from the

northern segment of the surface rupture, which suggests occurrence of east-side-up faulting prior to the 2011

earthquake. WG: wind gap.
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Fig.5 Pre- and post-earthquake topographic profiles across the surface rupture at Saido (blue: pre-earthquake, red:
post-earthquake). Vertical exaggeration is x4. Locations of profiles A-A’ and B-B’ are shown in left figure of Fig. 4.
Both profiles show that the west-side-downthrown surface rupture was appeared along the base of pre-exiting
uphill-facing (west-facing) scarp. Note that the offset between pre- and post-earthquake profiles resulted from not
only the displacement associated with the 2011 Hamadori earthquake but also the regional eastward movement of

upper crust due to the 2011 off the Pacific coast of Tohoku earthquake.

T o) WrEIEENC K Y A U= iR 1L O HERI<clE D A
BEHERE) 70 U -UEIREI O T30 & 720 D HUE O R
LB RE DR =3, HUS A TR T, e A
(ETHD ZEIL7- & 2 A, BEEIZIE, Th A%
A (s G @), ETeEEE (4 )8), MY (B
HHEEY) G, HEHERIOEL /) &, 4
[l OHIFE T U7 Wi 22N HAE L CHERS L 7= R0 7e
EWRoOFREE (18 NHBELE & 7X). g
EFHENEEIC AN DA ERICTHOT, ZO[HE
FEIRD, FSRE (BAE D _BFRis /0 LW ER D E
a2 355 Te) OEL O HIE /3 AT > B ATy = A D4
AL B2 DD, BRI CIL, = OBZE B
TR G IR T A SIS EE L, IEEL em OFE
KIZRWEE 7 DR HIVD. Z D LI opaik >
5, ARl MFEWTE #2520 3R LIRS L 72 A3
EE L= b DO THD LR SN D, RS 2 20 S8
LIETEE OYEM T, N14°W, 70°W &&=,
ks G 280 4B XU BlcEEns ik
B MCEREZBERIET 5 &, 26 OREI38E
~ MR DA HERS L 7= 3R I LW B Th 5 =
CAVHBALZ. 4 BRI 3 JBoHlgo B FAEMET
2011 FEDOHE TH U= iAo B T2 (R1. 3 m)
LIFER L CTH o=,

129

R X 072 BB 70 HE L SO MERE WO f2 D R B HERE
Wyie EEHERITEIO T30 LR MBI 0A L TR
59, SEHREI L7z Ey MEERNN O, SBT3 D WiE
TEE & FERAOI R T PRI IS S e o~ 72 72
72U, BEEZ A OMBEORIORREICE T &, Wigabi
12 3 JEDEEAWE PRI CRA 5 DL, [FE O Ty
VW IO CHEAEAE D D72 D IS O D L 91T
LTW% GETD. FERIE TORBAMIZEI AT
PETA) & DEEDMERF S, Z0 i ~ BT LA ZHE
BN EERLTWDRENR S 5.

L AT, PHAMLE T, B R 2R
SRRSO BT, S IR T K 91T, ST 1<)
ORI - vy LD, Wi Lo 1%
iy & MR O RREAEREY) T LT B P Tk
SIS IR Z TN LG, ERROWIE T O I~
vy 7\ D FRI T v o 7 OB ORI
R TH DM, B THAETET THEM 5 SR
Whid b X OICRAS. ZHUTH LT, By FRICE
UWNCIHTE 2Bl A CHHANC 23 F 2 4 T8 DR GrliE Hls
HB) BAHHMECT D &, TR b, Lz
Mo, FEMXTOD 2011 454 F 11 H OWEEAIXIE
R IEWENL Th o728 E 4 5. 29 LI
O, Wl - Pravdh 0 T HLEMRTIE, EOIBRN DR



Z (m)
515
513
511
509
507
505
503
501
499
497

495

SHAlS¥:905,078
&

493

a0 20 20
X (m)
s o ¢
510
0]
w06
T 94
N o \ NS
0 ¥y
498 \
406-|
BEFRMS .

111430 N -

111420

111410

Northing (m)

111390+

111380+ -

1113704

111400+

| (m)

370

MBI ED-D

368

366

364

SHRAIR%:793
75770

FRBAERR
T
75730

362

T T
75750 75760

Easting (m)

T
75740

BEFRME

o b kb § A A

8

75730 75740 75750 75760

Fe X FEMXENOFIE. ) WL — A%y = HVWZEHARER. 4) R AT =g EHWE

FHARESR. A OFHEEI X DAL RIS
AR L7e/INI 1 a, b IS,

ITHIOLEN S, 5 4 2O A-A” 1213
WG 20124 2 A 23, 24 HIC

I XFDa,bliiF4

(-

FHI.

Fig.6 Detailed topographic imageries around Saido site. Shaded relief images and profiles were created by

ground-based LiDAR (left) and total station (right) surveying. The area of right figure approximately corresponds to

northern half of left figure. Location of the topographic profile nearly corresponds to profile A-A’ of left figure of Fig.

4. Two small east-flowing channels marked by a, b are same as those of right figure of Fig.4. The surveys using
ground-based LiDAR and total station were performed on February 23, 24, 2012.
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Fig.7 Photograph (upper), log (center) and pre-2011 earthquake geometry (lower) of north wall of the trench
exposure at Saido. Grid interval is 1 m. Black circles and black rectangles in log show positions where attitude of the
fault was measured and “C dating samples were collected, respectively. 1*C age shows 2c age range after calendric
calibration. Black numerals in trench log correspond to stratigraphic division described in text.
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Fig.8 Curved striations on the fault surface generated by 2011 Fukushima Hamadori earthquake along the west
trace of the Itozawa fault at Saido. Arrow indicates movement direction of the footwall block (back side of the photo)
with respect to the hanging wall block (near side of the photo). The photo was taken on April 13, 2011.
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Fig.9 Columnar section of the strata exposed on
the pit at Saido. Numerals show number of samples
for tephra analysis.
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Fig.10 Surface breakage of asphalt-paved road
along the east trace of the Itozawa fault at Sakura,
Tabito Town (looking toward the north). The
photograph was taken on December 16, 2011.
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Fig.11 Breakage of concrete wall on right bank of the Amanokawa River at Kamanosawa, Tono Town, indicated by
arrows (looking toward the south). The photo was taken on April 28, 2012.
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Fig.12 Photograph showing the east trace of the Itozawa fault exposed at the riverbed of the Amanokawa River
(looking toward the north). The fault (indicated by arrows) is defined by juxtaposition of the Gosaisho metamorphic
rocks on the east with the Tertiary sedimentary rocks on the west. The location of the fault exposure corresponds to
the breakage part of the concrete walls caused by the 2011 Hamadoiri earthquake (see Fig.11). The photo was taken
on May 19, 2012.
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Trench excavation survey of the Yunodake fault, Fukushima Prefecture

HRHEER Y - wHEL
Yukari Miyashita® and Masahiro Miyawaki®

Abstract: The 2011 Tohoku earthquake induced the Fukushima-ken Hamadori earthquake (Miyma7.0) occurred on 11
April 2011. Remarkable surface ruptures appeared along the Yunodake fault and the western trace of the Itozawa fault
at the earthquake. Although the NW-trending Yunodake fault is previously mapped with a normal down-to-the-SW
sense of slip, its paleoseismic history is poorly understood. We conducted a trenching survey at the Orimatsu site on the
northwestern part of the Yunodake fault. On the trench wall beneath the 2011 ruptures, a set of fissures and apparent
reverse faults with positive flower structures was exposed. Detailed trench wall observation and radiocarbon dating
revealed that the penultimate surface-rupturing earthquake occurred between ca. 1,000 and ca. 6,000 years ago. As
originally planned, we sampled fault gouges and related fault rocks located on the lower extension of surface rupture of
the Fukushima-ken Hamadori earthquake, in order to create new fault evaluation criteria using them.

Keywords: Yunodake fault, Fukushima-ken Hamadori earthquake, trench, fault rocks, paleoseismology, Fukushima

1. iICBIC Fa R LIER, Wb & iEEET_ RN IS T,
b L FHRAIRA 2 50 L7 (55 2 oD No. 4 Hir) .

2011 4E 4 F 11 BFICRAE L-EEREHY OHE

M=7.0, LUF, @5 060 ) OHIE & RS 23 RE L,
HhF ME(W/IME,%/EmE)WMﬁLt
ZOHIE 2011 A HALH T AR R E A4 L 238 4
Ltwk@ﬁﬁﬂ ETH Y, HEITE RKHIEE & RS
BEEERSN TS, LL, Ieb R RT—2 L7205
%/ EWE OIREMEZ SV T, Halci Bt id7e -
TR, AT, WiEs & O 7 WG Hm
1 GERARE 27, 2012) \[ZH0%, &/ W@ onk
AT 5720, {ER A EIROWIE SR 4 BS
HZEHFHME LTRMA L. b L UTHREIOBET,
HIACRAS O AT o0ART 2 Mg & Wi ORfRM D, 58
Ft 1T D WiETRE &2 7R3 DRSS S STz,

2. FAASHuR

B EWE & T IRME 043 & B o #E K Ol
BAE 1 BN A 3 EETE P O R
oA E Lie GE LIXD. 22 RIS/ v o
FEERE TR 3. SRAR N OFE A A (M T
B L728R57) 128V, 6 s oW RN 2 S
7o 2B W T 1 SRR Y OHIEE ORROHiF
BEMECTHD. 6 LD DB 4L, WigEAN L IR
Rl %

LRte R 5 B, EOIAREE R ST D
Z L Wi B R E R A miE L QWD ATREME S E L 2 &

AT TERMEIC L 2EANMEKEEICET oA - 158 i) 22—

*Corresponding author

3. HENE

b U TR A S B O & 5 3 KR
kL FE, AEAEED SRR P T R D/ INa A D
RIEAKHE & BBEOBE AT CHEEI L7z, b L > THaHIH
FEIE, MWEHECIZ2mX 2mX 2m (HEXHEXIES)
& LT, SEHIRHIAZ O RARZR/ET 5 BN E U T
(HHFHE TR AT ETh-T2) 720, FHliL Y
RO & Uiz, A2 B L7 tk, AFAARRIEIE L
TR HERE B X ORI 2 G e g &, HiEl
& U THIE ST T MR RN O RN s i
gt L= Z & D, WiEaEmEN D DA TIE
72 <, g & WrE o BIKBItR 2 N T TR B R AS AT RE
ThHH LKL, FLTFRIRE S mX 5mX 5m (fit
XAEXPES) FREECIRE L7 (FE3X). FHa4X b
v FREm & R ORI OEE & 7R

kL THRE] - BEEHEE, B, Ay T, B
B, Wik s s UeHRE, AR IE FHRURHERER, Sl
B il LT

4. FEER
4. 1 FLUFEREROME KB

Pris b v FAesEER, JbPusEE, pREEmOEHE &
Ry F e, FHIX, HelX, HIHICENEIRT.

N - EIE L

1. {5 - #EERFZE 2 > # — (Active Fault and Earthquake Research Center, AIST) GHFTIE : i H /& - K (L#FZEE (Institute of Earthquake and Volecano Geology, AIST))
2. At A A v a2 P4k (Dia Consultants Co., LTD.) (LTS : i+ /BT R E 5B H AL 7 v —7 (Regulatory Standard and Research Department,

Secretariat of Nuclear Regulation Authority))



B B EEOS

L IO (@), KO, HIET (1),
ot AL 2011 46 4 A 11 PRI PRI O OMIEEO T R L /- i B R, B THE TS (o

- AR

@, 2002) . L (2014) [TIEEEE. b : 20 50 13— L AN,
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Paleoseismic surveys toward reconstruction of past multi-segment
earthquake ruptures on the Itoigawa-Shizuoka Tectonic Line active fault
system, central Japan

VEREAE ™ - /0 K2
Hisao Kondo™ and Kaoru Taniguchi?

Abstract: The 2011 Tohoku mega earthquake widely affected static stress changes to on-land active fault systems in
Japan. The ISTL active fault system (ISTL) is known to be one of the highest seismic risk active fault systems in Japan,
and it is likely to be affected by the 2011 Tohoku mega-quake. In fact, a moderate earthquake, M=5.5, occurred around
Matsumoto City, where the Gofukuji fault of the middle section of the ISTL extends, soon after the occurrence of the
2011 Tohoku event. On the other hands, the size and spatial extent of the next large earthquake on the ISTL is still
under discussion. To address this urgent issue, we performed paleoseismic survey and tectonic geomorphic analysis
using high resolution 0.5-m-DEMs (digital elevation models) around the Suwa pull-apart basin along the ISTL Since
the Suwa pull-apart basin is the largest segment boundary along the ISTL, paleoseismic data around the Suwa basin is
essential to forecast whether the next earthquake would rupture through this fault segment or not. At the Goda trench
site on the Okaya fault around the northwestern boundary of the Suwa basin, we revealed that the Okaya fault
produced four paleo-earthquakes after the last 7200 years and additional one event was identified in deeper geologic
sections. At the Shiga-Kuwahara site around the southeastern boundary of the Suwa basin, we obtained a geologic
section across the Suwa faults. We preliminary revealed that the most recent earthquake probably occurred between
2500-7500 y.B.P. In addition with the paleoseismic surveys around the Suwa Basin, we performed paleoseismic surveys
across the East Matsumoto Basin faults, which is another neighboring fault segment of the Gofukuji fault to the north.
As a result, we identified two paleo-earthquake events and another one event inferred from previous reports after the
last 8300 years. Presumably we reconstructed two vertical displacements; 3.5 m of cumulative displacement during the
recent two events and 2.0 m of displacement during the ante-penultimate event. Further analysis on paleoseismic data
and high resolution DEMs will help us to better understand the possibility of the size of the next earthquake along the
ISTL active fault system.

Keywords: active fault, paleoseismology, digital elevation model (DEM), multi-segment earthquake, paleoseismic trench

survey
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Fig.14 A geologic section based on trench and borehole data at Aisome site on the northern section of the East

Matsumoto basin fault.
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Temporal and spatial heterogeneities of fault activities in the forearc
regions

REE G - B FHAER? - i ! - HORRE " - w1 - Ei v - EheAR 2
Makoto Otsubo™, Yukari Miyashita®, Kazuyo Shiroya', Mitsuo Manaka ',
Ayumu Miyakawa®, Yutaka Takahashi® and Norio Shigematsu®

Abstract: After the 2011 off the Pacific coast of Tohoku Earthquake (Mw=9.0, hereafter the 2011 Tohoku Earthquake),
stress-strain change of the Northeastern Japan arc with reverse fault movement was recognized around East Japan
and inland earthquake occurred many different placed. As for around the Iwaki region, Fukushima Prefecture, an
earthquake occurred in Hama-dori, Fukushima Prefecture (Mw=6.6) on April 11, which is one month after the
occurrence of the 2011 Tohoku Earthquake. Until before the 2011 Tohoku Earthquake, the clear fault displacement
landforms had not been recognized in the Iwaki region. It must be noted that the normal faulting earthquake occurred
just one month after the trench type great earthquake was occurred although seismic activity is not high in the forearc
region of northeastern Japan including the Iwaki region. In order to evaluate the seismic activity on the region, it is
necessary to clarify the fault activity history and spatial distribution of the earthquake faulting types. To contribute to
earthquake disaster prevention for intraplate earthquakes, we collect basic geological information by using lineament
mapping, pit excavations and borehole core sampling.

Keywords: active fault, forearc, Abukuma, Iwaki city, 2011 Tohoku earthquake
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Fig.1 Geology of the Abukuma region and location map of study area. Geological map from the Seamless Digi
tal Geological Map of Japan (1:200,000) (Geological Survey of Japan, https:/gbank.gsj.jp/seamless/).
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Fig.2 Active faults and lineaments of study area. Geological map from the Seamless Digital Geological Map of Japan
(1:200,000) (Geological Survey of Japan, https:/gbank.gsj.jp/seamless/). Active faults and lineaments are
dominant in six area: (1) Tanakura Tectonic Line, (2) Takahagi area, (3) Hatakawa Fault, (4) Futaba Fault, (5)
Western marginal fault zone of Fukushima basin, and (6) Itozawa and Yunodake Faults. The active faults and
lineaments are divided in plural segments. The active faults and lineaments that cut the Abukuma granitic
ricks are recognized in (A) Eastern marginal fault of Tanakura Tectonic Line, (B) Lineament which extends to
the northwest of the Futatsuya Fault, and (C) Sekiguchi-Komehira Fault.
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Seismic reflection survey for blind faults beneath the Kanto plain, Japan

PG o« LA 2 - BEARE 2 - (HEE 2 - PR E RS !
Haruo Horikawa', Kazuo Yamaguchi®, Takanobu Yokokura?,
Shinobu Ito? and Shintaro Abe!

Abstract: We conducted P-wave seismic reflection profilings to investigate shallow (< 1 km) structure across/mear the
Kanto-heiya-hokuseien fault zone (KHH-FZ). The fault zone is NW-SE trending and along the northwestern margin of
the Kanto plain, and located to the north of the Tokyo Metropolitan area. The seismic profiling in this study consists of
five survey lines. One survey line (Line 1) is set to reveal the location of the Fukaya fault, a part of the KHH-FZ. Other
three survey lines (Lines 2 to 4) are designed in order to investigate the southeastern end of the KHH-FZ. The other one
(Line 5) crosses the Omiya upland, which is believed to be the crest of an antiform associated with the Ayasagewa fault,
to obtain a key to infer the shape of a deeper part of the Ayasegawa fault. As for the Line 1, we found a folding structure:
the lower part shows a synform while the upper part shows monocline. The strata that constitute the monocline become
thin toward a structural high. As for the Line 2, which is located near the southeastern end of the KHH-FZ, we found a
half-graben, which was probably formed under local extensional-stress. The Line 3 is located to further southeast than
the Line 2, and we interpret that any fault-related structure is not recognizable on this section. The Line 4 reveals a
monocline located near the offset on the base of the upper Kioroshi Formation (upper Pleistocene). The Line 5 successfully

imaged monoclines at both sides of the Omiya upland.

Keywords: Kanto-heiya-hokuseien fault zone, Fukaya fault, Ayasegawa fault, seismic reflection survey
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All-core drilling and logging survey in the Kanto plain and soil test of the
Pleistocene sediments

TR T AT - KEES L - R R
Masayuki Yoshimi, Hidetaka Saomoto', Kiyohide Mizuno” and Takashi Hosoya®

Abstract: All-core drilling and logging surveys are conducted in the Kanto plain. Four 150m-deep boreholes are drilled
and Pleistocene core samples over whole depths are obtained. P-and S-wave velocity logging has been also conducted at
every borehole. Detailed sedimentary facies analysis, pollen analysis, diatom fossil analysis, and tephra analysis are
examined for cores. Shear strength of soils are measured for undisturbed core samples obtained at one site, Shibaura
Institute of Technology. For sandy soils, the consolidated-drained test is applied, and for cohesive soils, the

consolidated-undrained test.

Keywords: all core drilling, PS logging, Kanto, Pleistocene, Shimousa group, Japan
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Fig.1 Location of the borehole GS2012-1ZM in Oizumi town, Gunma prefecture.

Fig.2 Location of the borehole GS2012-YSM in Yoshimi town, Saitama prefecture.
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Fig.3 Location of the borehole GS2012-FJM in Fujimi city, Saitama prefecture.
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Fig.4 Location of the borehole GS2012-OMY in Saitama city, Saitama prefecture.
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Fig.5 View of the drilling site GS2012-1ZM.

T GS2012-YSM OHESIMRIL G E
Fig.7 View of the drilling site GS2012-YSM.
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Fig.9 View of the drilling site GS2012-FJM.

11 GS2012-OMY ORI G
Fig.11 View of the drilling site GS2012-OMY.
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Fig.6 Photographs of GS2012-1ZM cores.
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Fig.6 Continued.

193



e e . ———— ——— ——

(105-126 m)

(84-105 m)

%6 DDE
Fig.6 Continued.
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Fig.6 Continued.
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Fig.8 Photographs of cores of GS2012-YSM.
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Fig.8 Continued.
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Fig.8 Continued.
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Fig.10 Photographs of cores of GS2012-FJM.
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Fig.10 Continued.
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Fig.10 Continued.
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Fig.12 Photographs of GS2012-OMY undisturbed sample at 122-123 m.
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Fig.13 Preliminary results of P-, S-wave logging of GS2012-1ZM.
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Fig.14 Preliminary results of resistivity, P-, S-wave and caliper logging of GS2012-YSM.
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Fig.15 Preliminary results of resistivity, P-, S-wave and caliper logging of GS2012-FJM.
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Drilling surveys for establishing standard stratigraphic framework and
microtremor measurement in the metropolitan area

HRER B e R ORI - AL - /MR T ! - R L
Tsutomu Nakazawa', Ikuo Cho?, Tomonori Naya', Junko Komatsubara'
and Yoshinori Miyachi'

Abstract: Drilling surveys have been conducted for the purpose of establishing stratigraphic framework useful for
correlation of a large amount of log data in the metropolitan area. The drill sites, Kashiwa, Funabashi, and Inage,
Chiba Prefecture are underlain by the Pleistocene to Holocene successions associated with man-made strata. Detailed
examination of core material reveals the depositional process, ages, and physical property of the successions for
establishing standard stratigraphic framework.

Microtremor array surveys were conducted along a southern part of the measurement line EF in the Kashiwa City.
Accordingly, a clear-cut S-wave velocity section was obtained. A subsoil discontinuity structure along the measurement
line was estimated by means of a new technique, namely, an H/V depth conversion method. We compared these results
with the geological section and the N-value distribution of Nakazawa and Tanabe (2011), as well as to the PS log data at
a referential logging point, and then found that they are fairly consistent with each other, supporting the applicability of
the microtremor methods to the modeling of the subsoil structure of the target area. We also executed additional 83
microtremor-array observations within an area of 10 x 10 km across the Kashiwa and Nagareyama Cities for future

advanced study.

Keywords: drilling survey, standard stratigraphic framework, microtremor measurement, metropolitan area
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Fig.1 Map showing the drill sites of this study.
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Fig.3 Map showing morphology of the buried valley beneath Kashiwa City (Nakazawa and Tanabe,
2011). Red lines indicate contour lines (T.P. + m) of the buried valley. Base map taken from
GSI Maps.
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Fig.4 Log data of GS-NY-1 borehole, Nishi-hatsuishi, Nagareyama.
See Fig.5 for legend.
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Fig.11 Line EF (a red line) shown in the geological map of the Noda district (Nakazawa and Tanabe, 2011) and a
measurement line (an orange line) of microtremor-array observations (green marks).
A yellow circle indicates a place where a boring survey will be conducted. Google Earth (Google Inc.) is
used as a base map as of April 1, 2014.
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(top) Vertical section of the S-wave-velocity structure. The northern edge of the measurement line
corresponds to the distance at 0 km. Inverse triangles indicate the observation locations. A segment
beneath an inverse triangle indicates a range where S-wave-velocity data exist, while the other regions
are painted by an interpolation. (middle) Vertical section of the geological structure along a southern part
of Line EF, which is drawn in the geological map of the Noda district (Nakazawa and Tanabe, 2011).
(bottom) The spatial variation of H/V spectra along the microtremor measurement line.
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Archiving fundamental data for active tectonics of east Japan: Collecting
high-resolution topography data in/around Tokyo Metropolitan area and
digitizing orientation data in Tohoku area

AT
Masayuki Yoshimi®*

Abstract: High-resolution topography data with air-borne LiDAR by mainly MLIT (Ministry of Land, Infrastructure,
Transport and Tourism) are collected and archived in/around Tokyo metropolitan area. In addition, air-borne LiDAR
surveys with one-meter resolution are conducted in two areas: northeast of Ibaraki Prefecture and area around Fukaya
fault system. All the data collected in this work have also been archived in a newly developed data distribution system,

which utilize Google API for data selection.

Geological orientations shown in geological maps have been digitized for active folding area of Tohoku region.

Keywords: Digital Elevation Model (DEM), Air-borne LiDAR, archive, Kanto, Yamanashi Pref., Nagano Pref., Shizuoka

Pref., orientation, dip, digitize, fold
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Fig.5 Topographic shade map drawn using 2 m grid digital elevation data in
north-east of Ibaraki Prefecture.
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