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Relationship between liquefaction and geology in the downstream basin
of the Tone River

IR e KBRS | - A REIURR 2 - A EGE P - &ROE R PO
S L R R
Junko Komatsubara', Kiyohide Mizuno', Yoshiro Ishihara2, Takashi Ishihara"?,
Masaya Yasuhara"®, Akihiko Inamura’® and Osamu Kazaoka*

Abstract: The liquefaction damage occurred widely in the downstream basin of the Tone River, Kanto district, associated
with the 2011 off the Pacific coast of Tohoku Earthquake. In this study our target is to reveal the relationship between
liquefaction sites and subsurface geology as a standard for estimation of liquefaction probabilities. Two surveys and
their results are as follows; 1) Examination of geological characteristics in the area susceptible to liquefaction, based on
3D geological modeling using borehole data. In addition to the reclaimed area, the area above sand and sandy mud
distributing around a muddy area in the axis of the lowland in altitude -6 ~ -8 m have good agreement with liquefaction
sites. Distributions of site amplification factor and liquefaction hazard map are not well consistent with those of
liquefaction sites. 2) Examination of level and flow of groundwater in this area in relation to susceptibility to
liquefaction. The high level and upward flow of the groundwater are thought to exert an influence on the liquefaction in
the lowland.

Keywords: liquefied layer, subsurface geology, alluvium, groundwater, downstream basin of the Tone River
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Trenching survey of liquefaction-fluidization layers

AVEAJEL B e R« KERESS 1 JR (&2 - 2ERR B - MREE
Taku Komatsubara, Yoshinori Miyachi', Kiyohide Mizuno', Osamu Kazaoka?,
Masaru Saitou® and Takushi Hosoya*

Abstract: We excavated trenches to clarify the characteristics of liquefied-fluidized materials in the alluvial plain
along lower folk of the Tone River. 1 site (Sawara site) is on a sandbar, there were not liquefied around this site by the
2011 off the Pacific coast of Tohoku Earthquake. Other 2 sites (Yodaura site and Mukouya site) are former lagoon and
crescent lake, and are reclaimed by filling in the Showa Era (about 1950’ to 1970’s). Their elevations are 1 or 2 meter
above sea level. There were liquefied around these two sites by the 2011 great earthquake.

In Sawara site, we dug Sawara trench (1.2 m in depth). It revealed that the cultivated sandy and silty sediments form
surface of the sandbar. These sediments are weakly to hard consolidated by oxidation of matrix. No sign of
liquefaction and fluidization could be recognized in the deposits dated older than Kofun Era (ca. 6t century).

In Yodaura site, we dug Yodaura trenches (deepest one is 3 m in depth), all deposits are man-made strata. The
man-made strata comprise two associations. The upper one is a thin aggregate. The lower one is reclaimed soil
association made by sand pumping. The lower one is composed of gravel containing middle sand, sand and gravel, shell
fragment containing sand, alteration of sand and silt, fine sand and shell fragment containing fine sand. Several sand
dykes composed of fine sand with shell fragments intrude in the aggregate layer and spread on the ground surface.
Origin of sand boils is fine sand with shell fragment and alteration of sand and silt bundles, laminated structures in the
original layer were disappeared by liquefaction and fluidization. It is noteworthy that a new and non-oxidized sand
dyke cuts an old oxidized sand dyke in some part of these bundles. This means sand boils repeatedly occurred at the
same horizon and point by two shaking events. Because of the man-made strata filled on AD1969 to 1974 in the
Yodaura site, the former event prior to the 2011 earthquake should be the 1987 East off Chiba Prefecture Earthquake
Mj=6.7).

In Mukouya site, we dug the Mukouya trench (2.5m in depth). Abandoned channel deposits and channel fill humic
deposits overlying it outcropped in the base of the trench. The wood and plant fragments in the channel fill deposits are
dated 140+20 y BP and 150+20y BP. The man-made strata which are subdivided 8 associations overlie on these natural
deposits. The man-made strata comprises clayey silt, yellowish grey to greyish yellow fine to middle sand, dark greyish
humic silty sand (cultivated soil), blue grey laminated silt, dark grey sand containing silt with sand blocks, yellowish
grey silt and gravel, yellowish grey laminated sand, yellowish grey massive silt block containing sand, black brown
silty sand (cultivated soil). Liquefaction-fluidization phenomenon were could be recognized in the natural sand at
bottom of the trench and man-made strata I. These bundles supplied sand to thick sand dyke with 10cm in thickness,
and this sand dyke cut H and overlying layers and reach to the ground. This distinct sand boil occurs at the inflection
line of the thickness of I bundle and its strike coincide the inflection line. Many cracks cutting G to C bundles occurred
parallel to this sand dyke. This suggests that strain concentrated during shaking along the inflection line where the
thickness of different properties layers changes abruptly, and this phenomenon makes surficial cracks. Similar
phenomena were reported by Kazaoka et al. (2000) from Nakaizobe park where liquefied and fluidizated by the 1987
East off Chiba Prefecture Earthquake. The multi-cracks suggest change of wave head direction according with change
of layers thickness as same as water surface wave (Nirei et al., 2003).

Keywords: liquefaction, fluidization, trenching survey, 2011 off Pacific coast of Tohoku Earthquake, man-made strata
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Table 1 Stratigraphy of the Sawara trench.
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Fig.4 Layout of the Yodaura trenches and sand dykes.
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Table 2 Stratigraphy of the Yodaura trenches.
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Fig.7 Logs of the Yodaura Tr-3 trench.
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Fig.8 Log of the Yodaura Tr-3 trench (Stage 2 deep digging stage).
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%9 WIRZE HIA/TZREAG (5-HH Te-3 ORI E T FEA)
Fig.9 Macadams falling in a sand dyke in the Yodaura Tr-3 trench. (from peel off specimen)
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%510 B Tr-3 Stage2 b L > FRIETY EAICH HALHHEEE UV ibfE (E) OWIR{b-ish b
Fig.10 Liquefaction and fluidization in the sand containing gravel layer (E) in the Yodaura tr-3 trench stage 2. (from
peel off specimen)
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Tig.13 B1 sand dyke in the Mukouya trench. (from peel off specimen)
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Fig.14 B2 sand dyke in the Mukouya trench.
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Fig.15 Cracks in the upper part of the Mukouya trench. (from peel off specimen)
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FORHIRIC X D EARIME K EFICRE T 2 A - MRl &

AR THRIEM TORRIE - REMCEE
—2011 SFFRALMBRFEF PR L BEDEE—

Horizons of liquefaction-fluidization strata in the Holocene formation on
the Tonegawa Lowland, central Japan: by the 2011 off the Pacific coast of
Tohoku Earthquake and paleo-earthquakes

JEE] & - KERESS 2 - HHE M - EHIR M - R ER - B E 2 /I R
< /R 2 o EPERRE D - VR B2
Osamu Kazaoka!, Kiyohide Mizuno®, Takeshi Yoshida', Yoshinori Miyachi?,
Masaaki Morisaki', Susumu Tanabe®, Atsushi Kagawa', Junko Komatsubara?,
Kunio Furuno' and Taku Komatsubara®

Abstract: Liquefaction-fluidization phenomena caused widely in reclaimed land on the northeastern Neogene Kanto
sedimentary basin at the 2011 off the Pacific coast of Tohoku Earthquake. Jinami, ground wave, jetted sand, spouting
groundwater and subside by liquefaction-fluidization caused on the reclaimed land in the lowland along the Tone River.
Geological condition was examined by continuous boring, Standard Penetration Test and Dynamic Simple Penetration
Test and well logging of P-S wave velocity. Stratigraphy of this site is composed of the Holocene strata and man-made
strata in ascending over. The Holocene Sawara Formation, from over 61 m depth to 4-5 m depth, consists of gravelly
sand bed (lower member), bioturbated mud bed (middle member), cross stratified sand bed (upper member). Man-made
formation, over 4-5 m depth, consists of clayey silt bed and clean fine-medium sand bed with plant fragment lamination.
Liquefaction-fluidization horizons are clarified by the deformation of primary sedimentary structure and bioturbated
structure in clean fine - medium sand bed in man-made formation and upper member of Sawara Formation. It is
possible that the upper member of Sawara Formation with plant fragments to show the Genroku epoch in the Edo
period liquefied and fluidized at the 1703 Genroku earthquake. Liquefaction-fluidization phenomena don’t distribute on
thinning part of the upper member of Sawara Formation. It is assumed that liquefaction-fluidization phenomena will
occur where same phenomena happened at last time.

Keywords: the 2011 off the Pacific coast of Tohoku Earthquake, liquefaction-fluidization, man-made formation,
continuous boring, prediction of liquefaction-fluidization

1. 1ZC®IC HTLELT.

2011 AEHACHG AR (BUT THAR R )
ERET) T, BHERHERAHI TR S TERERS 5 59~5 i)
LIRS RWEN LD, 5 R EOEROHST- Y B
R T IR K DI A U A < WERD IO
IO T & o TR — TREM ISR OBIG3 2 5
iz (THEREREEIIGE Y o ¥ — W BREEHFZESR, 2011).
BERRZAHLC & BT < FAR — 8k 747 BICArE 5 2 F
RN TFIRH I, Wb —iE ST L, &
DY « B7KRe 30 em &8 2 5 R & i E O T,
TF~ORE), Wii7e EOMEBEOERR LI (FLE
WREREEIIC | o & —HVEBRBEAIEER, 2011) . Z D72,
SRR 70 LG 78 T & AU T AR T T B & 5 B e it e oD
HRNDOJNFIZBNT GE1K), A—varTrR—Y

TR LTHEE 21T, £ EOE NIk — %1 AN
TREME UNERPSCHIZR I O AETE L Z 5 7= D) E i3 Fig.1 Survey sites.
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2. FEHE
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VEARBRLITo. Aok, EEEAGBRORICIL, &=
D% 1T I E T 70 30 em LLEE AT
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3. BV A FOMELER
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WEINL T D 5 B, BIEOFUR) W)Lz 50
TOREDNL LN Nirei et al., 1991). HAkihHb
FEREZIE, RN T < HEI O BBV TS
JREIFR R b — T LB A L, 2 AU &
DUESRC 50 emZ 8 % HHIR M OUNRE, 23D 5%
S OHIF~D L <V AT, HE & o 7B 7oy
DFE LT (THERBRIEIISE 7 o ¥ — VB BRBEA RS,
2011). ZAU 5 HU SRR O IBFENICH Y, BATEH]
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A=V > 7 (GSKIR-) 1IN ORI 35 B 53 4y
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Te BHOKMILABE D Iy & A b — B ks 58 4= L7 @
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%, BAMECTH LIRS CRHIROMFE=E) & A\ T
DR SIS G 4 X). EREIE, WREE 4~60 m
WAL, WEE ST 5 EE, e s o

e, MtE L MNEz B L35 EEN O END.

7l L, EEITEE 60 m WETH S OKEFHZ N, 2013).

PRI THBE IR 54 m LURICAH B, RIT IFH0
HEEET B IR\ URRHLRIRDE 2 0 ARk S, 7K
g L N DR TR ENRD (B 6 X). B

N G G e ER e

JE - HE R 2009 4F

FATD WERPEE ] ZfEH].
Fig.2 Location of Katori site on 1:25,000 topographic

map sheet of "Sawara-seibu" published in 2009 by the
Geospatial Information Authority of Japan.
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Fig.3 Topographic map of Katori site. A part of 1:25,000
topographic map sheet of "Sawara-seibu" published in
1931 by the Military Land Survey.
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Fig.6 Litho-stratigraphy, liquefaction-fluidization part
and sounding data in lower part on the Sawara site in
Katori City (KTR-1).
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Fig.7 topographic map around Kozaki site in1885 and
drilling point. A part of 1:20,000 topographic map sheet of
"Kouzaki-motojyuku" published in 1885 by the Military
Land Survey.
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Fig.8 Topographic map around Kozaki site in 1931 and
drilling point. A part of 1:25,000 topographic map sheet
of "Sawara-seibu" published in 1931 by the Military

Land Survey.
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Fig.9 Topographic map around Kozaki site in 2009 and
drilling point. A part of 1:25,000 topographic map sheet
of "Sawara-seibu" published in 2009 by the Geospatial
Information Authority of Japan.
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Fig.10 Stratigraphic correlation among columns, lateral change of sedimentary facies and liquefaction-fluidization

part (Kazaoka et al., 2013).
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Fig.11 Litho-stratigraphy, liquefaction-fluidization part
and sounding data in upper part on the Kozaki site
(KZM-2; Elevation; T.P. 1.47 m).
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Results of sediment core analysis of the post-LGM incised-valley fills in the left
bank area of the Tone River

EEIE Il*
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Abstract: In this report, we describe results of analysis of ten sediment cores obtained from the left bank area of
the Tone River in the Tonegawa Lowland. Based on a comparison of the stratigraphy of the post-LGM
incised-valley fills (Alluvium) and the occurrence of sand volcano and liquefaction in the lowland, we clarified
that shallow ground water level, thin cap rock and open well-sorted sand are common features in the area where
sand volcano prevailed. Furthermore, tidal channel sediments deposited after 500 years ago can be a source of

sand volcano even it is a non-artificial marine soil.

Keywords: Tonegawa Lowland, Alluvium, sedimentary facies, radiocarbon date, tidal channel, paleogeography,

liquefaction, sand volcano
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ITHEFEHIIZ B W T HERD B D (HBIEH, 2010).
ks, MHEEREIEKE Eo 33.8 m 251 10. 4 cal kyr
BP (ka) D i AR 2 R TR 7 3% H AL T
W% . GS—KTR-2 Gl & DA IE 19. 2 m ITHEE L,
O LTIV E: s (HEFEHE BT) & VE 14 DX
WEODOIB DO LD IV NENOER SIS,

A LR R o> 19.8 m 225 1% 8.8 ka DL
FHEMEEZRT TN ELN TS, GS-INS-1 T
VRS D EEEIE 59. 3 m B L, O FALE N
30 HiIf% O THRRJEREDREIK AR & 2> O Rk S 4
%, PP LI EEE s B I R F AR AT S
TRV OO, BEITRIHREY (MR WR) o
PEFE 55.0 m 7> 51 12. 7 ka OFUR R FEAE 2=
TR 3 SN T W5, 72385, GS-1TK-1 & GS—INS-1
X, BTHE - BEF (1982) 12 X % hAESE o BT A ool
HRIALET 5.

5. HEFEM

10 Ao a7 o, A s EmibniiciEs
X, 10 ORIy TE 5 (B2 X)), £0H b,
HEFEFH RS (reclaimed soil) & HEFEFH AS (artificial
soil) 1%, THERHESZTIRES B+ & AL+
Td 5. HEFEFA RS 1E, GS-ITK-2 & GS-INS-2 (25
n, Wz KRR X - TEYELZBEOHER
HEE N B A, WA AS T2 TOaTIZB W TH
HAV, GS-1TK-1 DK H 58 BTk o Rk 72
BRI RERL S 5. DL ICHERSAR RS & HERSAR
AS ZBR\UN 2 8 OHERE DR & RN 2 Fliah T 5.

5. 1 HERSME BR (WBIRWD)IHERESYD - braided river
sediments)

SR AHEREFHIZ GS-INS-1 ICB W T D N5 (5
2 X)) . ARHEREFNTILE SR OBE & ok~ foHLR D
JBOHB LR SN TWS, BEEITHEED) DA
S, EEEIFRDHSRS.

FRIR . ARHEEAN I PRI DL E ORI DOREE D D 5
RS2 Z E M BRENEB L7 REICB W TE
KEnTLEzZ NS, £z, B EEE IR
FNOFE R ERE & S (Miall, 1992). K
HEREFRIE, EAEIE (1983) 1T Lk 4 S 5L g
ERttb S, FORBRORHED SO R & [F

C X IHBIRITINICB W TR SN L B 6D,

5. 2 HEREFEMR (TR HEREY : meandering
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river sediments)

S0 ARHEREAR I GS-INS- L ICBWTERD b5 (5
2 [X). ARHERARIZ I L Mg &R E OB JE ) SRR S
NTWa. v MNBIZITREY  Ofth, FEYRNS 5
M, W7 L—F ¢ 2 THEED I DD AR D e %
PeET 5. ok, ZoMMRmEIZIEI L R - Y
v VBB L BN D, BPEIE, WAk S L <X
RIS ENTEBY, ALy b Uy LE
oM, N7 7IREIZEEL, SEHCREIAS B A 5
VD, BRIZIREE 56~57 m DRYJEIE, TURifbH & Ak
W) T LRI L LTV D, 72k, 47.1 m 2B
WTCEERSIT 21T o T2 & 2 A, KAFED 90%, ¥
KAFEDS 10%% 567z,

IR KHERSHIL, WL —F 4 O REO RS
navNEE ERFRALT 2R O B B AR
SNDHT END, BATRIINZEBW TR I N &5
ZoND. W7 L—F ¢ VR IR O R FEHE
s & S (B8R, 1982), FIHkiibd 5ab)E
VT ¢ RV BW TR T H (Miall, 1992).
IO XD IR v Mg &I T v ROVESE O E
JEVE, WA ORI BENC X > TR SNz &5
ZBbivd (Miall, 1992).

5.3 HEFEM TF (FIBHEAEY : tidal flat sediments)
SOER : AHEREAH I GS-INS-1 & GS—-ABK-1, GS-NDA-1
B WTERD 5L, GS-INS-1 O & o 13 1 1,
GS-ABK-1 & GS-NDA-1 @ & D IFHFRH O HEFEFEN &
R (8 2 ®). GS-INS-1 OHEREFH TF 13 & >
MNEOHEEN SRS D . R AR~ HIlk i)
Mo 0 N7 TIRBIREENRALND. Rk, 0
Whaev NV NEhrbiEv~ bV (Corbicula
Japonica Prime) MPEH L, ABEAERALIND.
45.8 m IZBWTHB O 21T o7& 2 A, KA
FEAS 90%, VRAKAEFEZY 10%% 572, GS-ABK-1 &
GS-NDA-1 DHEREAH TF 1%, THEIAARE L ME, b
EBLIR L NEM DRSNS, b DYV b
BITITERARA GBI, FHOBEEE IV NEZ
ISHEAR2NRAET 5. FHEEH (2011) 1%, GS-NDA-1
CRERE U7 D Kn-b E RIS = 7 OB
I EATIR > TR0, HEFEF TF &kt E N b gHET

WL, WEOKAEFEDS 90%, VRKAEFEA 10%% S 5.
FRIR © ARHEREH O EW LT RNE, KRB DTN
T AWK AR LTEY, ZOX)REREL L
T ORLENICHEE L-TEREREZLND.
GS-ABK-1 & GS-NDA-1 CIIMEMRMNIREST D &
5, WEE Lo KEERT EBEZ SN,
GS=INS-1 {Z DWW TIE T & 9 2 BIFE AR GEILIX 7a v,
7272, BT B PEIR FAE A A AV T2 KR
FHEIC L D &, IZIFWIRH &S5 & D Ae bk
WWEBWTERSNE-Z LR HEETE L. TEIE,
(2011) VEAHERGAR & bbb & 5 Jig UE & ok i e
FEW LR L T D
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5.4 HEREHE FD (LTI =4 MHEREY : flood-tidal
delta sediments)

SO#R : AHEREFH L GS-KTR-2 & GS-KTR—4, GS—INS-1
IZBWTRD LI, W biEEOHERBRFEREZ =
T (5 2 }). GS-INS-1 TlE, ARHEREMIZI L R
HORLRD ~ E MR LT 2 B DAL S LTV S
Z O EHFHBAGENE, FR2 3 o UL EORIEE B D
MEMOEEFREL L TERTHD GE2X). EHH
RALARIE S L FOERZ FICEIEL TRBY, ¥ 7
ey R Kb T NRHELILD. GSKIR-2 &
GS—KTR-4 TI, GS—INS—1 OAHERSFE D i iR A5 A1
THEEZLN, TD4 ¢ LLEORZRE L OREY
DOEFRT, 1TFE 100%TH D (5 2 X)) . AHERAE
Sk, 3 2 F B A (Raetellops pulchellus
(Adams et Reeve)) , X HA (Mactra chinensis
Philippi) , ¥ % (Crassostea gigas (Thunberg))
RENEHT S, AFELAIIAMRMAZBL TAHAD
ns.

SRR« AR O O ERICIXRY NS R LT
v, FONERICIT ETFE=AINATER SN2 LR
LM ENTWD (B9, 1968 ; 75EIEAY, 1990 ;
B, 2000). ARHEREMHIZ, ZhexflbsnsimiEe
Ez oI, ZOREEOREL BT =AMNobo L
HELLTWD., Bz, X b FLA0RF 212
D HEEI O T = AN R, R e
LN SRR ShTRBY, 7<=y R FL
A Tl E DWW DRI L AHEREREN BN D
(Tanabe et al., 2003). ARHEFEMAMMSEHT D H
A, BBLEHTHOLEKEEZRLTEY, <
A% 70 & OWIRIA O FEREE T N I SR L L
Bz bbb (B4, 2000).

5. 5 HEFEMETC W T v X NVHEREY : tidal
channel sediments)

SO#R ARHEFEFRIL, GS-ITK-1 & GS-ITK-2, GS-KTR-2,
GS—KTR-4, GS-INS—1, GS—INS-2 |23 W\ T HiL,
GS-ITK1-1 Z R\ CHERRH OHERIFENR 2T (55 2
[X). AHEREAHIL, ARIAD D> S ABRARIY I Z 2T T B
ARAL T 2B LR SN TR Y, T o LIk
BRI, #5123 ¢ LI LEOREEZ b OMEYOEH
RLLTENTWD B2 ). AHERHMIZIE, L
b U VEEOIE), EHCRBIARERE, U X
ANV INDOER, XTIy K RLAT
NHHND. GS-ITK-2 & GS—INS-2 |ZIFTAHEFEFRE D i
THER DAL TWD EEZBN, £D4 ¢ LDk
Bew b OREMOEH T, 1FE 100%THDH (5 2
). KRHEFEFH 1%, A (Babylonia japonica
(Reeve)) , B A KB /7 a7V U (Veremolpa micra
(Pilsbry)), v =, ~H%, ~T A% (Solensp.)
IMENERT D, EEAAITARMEMREEL TR
ns.

FEIR : st o g K HER TEHI LR, FAR K
IR RS (LR, 1954) &S MEIENARE RN

301

BRALTEY, KYEFEMRIXZEOMY T ¥ V%
FHLIZbDOEEZ NS, LIk b m
D XD IR T ¥ 2V OHFEICLE D JiEH O &
LTBY, VUAXIBNRIILNOBERRLHL T )L - <
v R R b A FI3 O % R+ % (Reineck and
Singh, 1980). NA LU = (I TH OIFEFTH 5
ZEND, XY THA R EDOHEE OBk
W, I FIICEHMRE L2 s B2 b D (B4, 2000).

-
y  —

5. 6 HEREFABA (NIBHEFEY : bay sediments)
SO AMEREFIE GS-ITK-1 & GS-ITK-2, GS-INS-1,
GS—-INS-2, GS—-KWA-1, GS-TRD-1, GS—-ABK-1, GS—-NDA-1
IZBWTERD B, 6GS-1TK-1 & GS-INS-1 D & 0 |3l
HEH, oMo b OITERB OHERF A =T (GF 2
X). GS-ITK-1 & GS-INS-1 OHEFEAH BA 1%, Bk
NV NEPDIERSILTEY, 204 ¢ L EOREE
LOWEMDOEFRIE, 0~205THD (F2X). =
DY BN =DM, X~a XX H A%
(Potamocorbula sp.) 72 EDEACANFERT D, 72
B, GS-INS-1 @ 43.7 m MO EHT HEREED 80%i%
Thalassionema nitzschioides 73 & DU EFETH H.
IR OHERIFE BA 1TV EH D 2 L R R E & 5,
U NENBIE, 7T A H X (Dosinella cf.
angulosa (Philippi)), 7 51 A ¥4 (Scapharca sp. ) ,
A I ALV (Paphia undulata (Born)) , X~a %
X HAH (Potamocorbula sp.) 72 & @ B A EH
T 5. BEAAIIARSEEHEEZEL THALND.
fRRR . RHEEE, BRIk L RE LR SN
L2 E0n, FIEMEOWE LT D Kk
WTEMREINTEEBZOND. o, AHERMHG
FEHT2EIAEDIZEA I THOBEERTH D
(B4, 2000) . & B2, Thalassionema nitzschioides
WIAMEOFRIERE E SND. - T, ARHEFREMITINE
HRM L RIRTE 5.

5. 7 HEREMDT (FAHRHEFEY) : deltaic
sediments)

SO . ARHEREHIE GS-1TK-1 & GS-TRD-1 OAITF
WTRFTMICERO bivsd (B8 2 M) . ARHERTFIL N
D NE S ORI & 12 2 T LRk
bz L, 2O EIFHBABEANIL GS-TTK-1 128\ T
4 ¢ LA EDORIRE & OB OEH IO 40%7)> 5 80%
~OBIE LTENTWD (B2 K). £ AHER
T, WEH OEFEN LIS T THEIL, FE
Mo T, EHroET 7 AR
(Reticunassa festiva (Powy)) MWPEMHT 5. AR
{EAEIFAHEFEMEEZ B L CTALND.

SRR« ARHMEREHE O EJTHREB & BRSNS 2
W oG A BEOBEINE, 0 ORHER I ek ) #
W blc k5 & # 2 5415 (Bhattacharya and Walker,
1992). F£72, FTEOUZHH T, Efo7
T AvuEEEORERTHDL Z D, Bikh
b IO LA SRR S (B, 2000). 6o T, K
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HEREAHIZ T L & il HERGE ) L fRIR T X 5.
5. 8 HEFEIE MF (BRI HEFEY) : modern fluvial

sediments)

SOk - AHEFEFH L GS-KTR-4, GS-KWA-1, GS-TRD-1,
GS—ABK-1, GS-NDA-1 [ZBWTRHHND (5 2 [X).
GS-KTR-4 Ti, AHERMITHMR OIS D v b
JE 7 S AR X, GS-KWA-1 & GS-TRD-1, GS-ABK-1,
GS-NDA-1 T, AHEFREMIL FHOME L o
NEP DR SIS, TR T ARRRL ~ HRL A 7
SRS TEY, L b« Uy PV EESOENK
REZEH NSNS, EEB L N E IR
L Ao, W V—F ¢ 7T DMk &
HT 5.

SRR : AHERARI X B G ERIE G A ST,
FEMR N Z < G EN D T L0 b AMEDHERBREE 1T
BWOERENTZEEZZDND., £2, WL —F
o 2 T REEITILEE R O SRR HEES S T H D (R,
1982) . AHEFEAIL FERORPIE > 5 _EHE ORI 2 v
NS T Rk b 2R3 2 D, EOHE
IS U E B2 B 5 (Miall, 1992). At
B, MEROBE TICOATA I LD, Bt
JIHERS) & IR T 5.

6. BN TERFRFNE

2RI MOBEALEY =, TUVIR, fiY
J, KR, AEEETRD O 155 7 iR R B,
FIKNZINHOFERIEEZFIF LI 10 KOKR—1 >
T a7 WREY OHEREIAR 2 7R, GS-AMK-1 o0 =2 7
& 3.5 m o6 (5,2950 = 850 yr BP)
T, 131 HoEEHE 0~12. 7 ka DFERAE A =

LCkY, MEBICHYT . B 3 KoYefEihiiic
LB L, 132 HoOREIO Y B, 33 HNERF LS L

MR LR 2R L2, FHERE L= )
B, b EWE OITHEREFER LD B 3000 4 WA
WETT. 7ok, % 3 MICITEFEIE) (1989) & H
E7 (2012) 12 X 2 HAUKHL O WK HEZS Eh d AR &

SR L7, HERGHR ik e Eh bR o B B RIS R
T AEEZEIL, FORMROWEmEIZEB T A KELY
IR Z OHERERIAR & e K R B AR O HIC K D

L, GS-I1TK-1 O = 7R 32.6 m LAIE L GS-INS-1 @
I 7R 43,9 m AT IR AT O d KRS B o 7
(%BI)_hiW%*%WW%uhﬁﬁmﬁ@i
\ZPE- T, MERARASE = 7 M A 8 L 72 R
&té F7-, GSKIR-4 O3 7IEE 9 m T &
GS=INS—1 @ = 7R T m fFIT121% 5300~6200 4D/~
AZAZARRBDLND (F2-3K). I, =
NHDOWELREL LT3 ¢ LLEORELEZ S OHEY
DEFRNMEBLTWDS., 2 b OERICHOWNTIX
#%ik4 5.
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7. s

B4R, 10 KD a7 ) BadE LR & HETE
AR & MK HEAS B AR D 6f He I L » TR L 72K
WaEt LT %Ui‘&}llﬁﬂﬁ@ 7 ka LABED fy fiEE % 7R 9,

7 ka BZHNT T, FIAR) AR C I3 s Uk & I—H‘%

WK IERNFEXR 72 B TEICE L= B2 bD (B

B). Z R, GS-KTR-2 & GS-KTR-4, GS-INS-1 a:
T ORI L > T EFW =fAMRRE L. Y

DK 18 m B4 12 @ote%zané D
— 5T, GS=TRD-1 = GS-NDA-1 [T/~ 7= PRREER L2 1)
TR L - Tl s ni-wb 1ﬂ$bfk%¢,_ﬂ%
DO M-I IZ RN ENEI, %%Mﬁ%ﬁwnéht
ERHERE L7, 728, GS-ITK-1 72 & DEaHiD%Iz

TVH RHEREY SR ATRCHERT L2, Z DR, ﬁ
S OE OEBIZIIIN S L <13 77—k S
Tz (98, 1968 ; KT D>, 1990). Ll
%@¢<mw W B = AMNNIA FETDH b

D, WD IXBAEDORE EEMTICH T EZD
o (I, 2000). 708, GS-KTR-2 @ _EiF ) = AN
R ITWm O SERS - EE 2N
~ X7 OO e N EHERE L TR0, &
2O EFE = AN T THRWIE AN Tz
_a&?W#é(ﬁ%i# 1990) .

5 ka EEICNT T, FARJIMEH TSR & LTk
HEDSHESRTA 7B THIZIE L CW = (BB 3 X)) . Z o,
AR THE H oD BRI CHEE DS ERIZ Ko T T v
FIVOWMNHERET 5. 205 OmIE BT = /A0 HE
LRy, EHFMEM{LERLTRBY, Fv X
JVOHFIZ > TSR L7122 & &2Rd. 728,
GS—KTR-2 & GS—KTR-4, GS—INS-1 Tl%, 7ka BAFRIC
~12 m OEEOWPHEFE L THDZ Ens, Wi
KD DONMMIL T ka EHEARTHRRICIER L= EE 2
HA. GS-1TK-2 =° GS-KTR-2, GS-KTR-4 (= i%ilii 0
72 EMN LW S N~ X2 E oo Bba A
HFRE LT, 20— 5T, IR IHEHL O FE 0> GS-TRD-1
& GS-ABK-1, GS-NDA-1 TIZ{JID & kG S 7= e s

7 ka LAREIZ 6~10 m OREECHERE L7z, @E, )l
NH DA HIMC X > TRIBORBENBAD T 5 &,

D EEIIFL b, L, FIHRJIMEH Tl
WonHHizL o TREND L HIZTka LT 5Hka

DIE D IR OFEENR <, ZEd RS O
D##kbt_tﬁemiék%z%hé.

3 ka BT 2NT T, FARJIMEHE T3 “ORE D/ NEIR”
T CTHEAKRER IR T L2 E 2N D
(34 - ARG 2013) . FIAR)HMEH o SR C Iy
¥ RVOME L EKEOIKRTIZE T, Ak
(GS-ITK-1 & GS-KTR-4) /BB L7z, £ D—F T,
TS OHE D GS-KTR-2 =2 GS-INS-1 TlE, WD
HRIE 72t 0o, IR E L THITEN IV TE U
INA A B AT S Tz, FFR) TS O PE{H| T
%%N&¢EM@WD$%4@%HEET%@LT
D, DS G S A7 VB 1X GS-INS-2 & THIZE L
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7. 3kalXbka &HbD L, WIWTF v R E DSy
MIZHBND LD, WO EL T\,
T, WHOHE HRMC X A NTE O H K &
LTEZLNDD, WIEOEEX 5~3 ka &RIU &
I T~5 ka (IZNIFCTHLEITLTRY, HTREED
TR O N BAE O B IS5 HRAE ST 20> B BRAE O FIAR ] 1 4+
WIZBE LZAEELERELTELLNLD.
GS-KTR-2 & GS-INS—1 2B B/ A A X ADIEIL
WX, I D OB ENC K D O oMK & BRI 5
DG FIIR N,
FARJIFOEERTO 0.5 ka BEIZHNT T, WAL/
BJIOW [1E GS-KWA-1 {35 % CHI5ZE L, GS-KTR-2
M5 GS-NDA-1 2 CEeE s (U (ALR,
2007) 23 RE 472, GS-KTR-2 & GS—-INS-1 Tid, 3 ka
L0 LS DICHmAET 5 Z & T, WHh<CUE
DEIEOZRN MM LIz EBE 2B,

8. WRBDREF L KRIL

3 EIC 10 KO a7 HISIZEBIT S 2011 FEHALH
iR EFE MR OB OWER O 8 L KL, HiIER
HP O LEOIDEE TOWE, KbEWDEORK
LD 4 ¢ LI EORIRE L OMBYOEAE, GK
R, OMERBEREZEEOE. B, ZhboHSIcE
VB MR B VLR BT 6 55 CURIEWR U & A7e' 5 (M
BT HRAICIEELS, 2014).

2011 AF AL HE T AR R O BRI RS A3 fife B ©
X 7-Dl%, GS-1TK-2 & GS-KTR-2, GS—INS-1 #5 T
5. GS-1TK-2 TIX AT L3 (BEwWE) OBE FDE
By (FoRiRbIE) AL L TR Y, ZOREA
WokiEEx bhs (3 2 X). 6S-KTR-2 TILifl+
D >V R DB T O T v 2 VHEREY) (kL
W) (HRAL L72BRN 2 B, 2 OWSE S D
DERJFEEEZLND. 2B, ZO0aTRICIBIT5
AN T EYEOBYE R G IR 3 72 T, TE D
ORI EITE 2T W, &6, HERmEICRBIT 5ME
WM N DRER S ND Z &, ZOW T v
FNVHEREDER ORI E B 2 Hivd UMAFIED,
AHIEE) . GS-INS-1 TIX AT (FRiE) OE
TOW T ¥ o VHEREY (IR EE) ISR LTz
RN A B, ZOMENEDORREEZ NS,
ROVE L ORY 8 AR I D 72 5.

B3 ENOMER DI SN TS O S E FEAED
L, MR 0.6~1.1m &<, WTNOHEIC
BT HIRAL LB RN TAGO FAl2dh 5 2
L, FLTURR b LWz T2 AT LS L
SIHRIEDJEGIEN 0.6~1.2m LW &, KI b L
TEWED 4 ¢ LLEORERE L OREY O E A RN
100%, EKRN 20~30%Tdh D Z N5, iz,
GS=ITK-2 IZ DT, & L A A THg GBS E)
PHRAL L TWB D, GS-KTR-2 & GS—-INS-1 (Z-DW»
TIX 0.5 ka £ TICHERE L7- HARHE (I F v 1L
HEREY) DR b L T 5.

%3 RIZHESWT, ZNHDOEMEEE S T LA
AL L, B Z0E GS-TRD-1 122\, HFKRAL
L4 ¢ U LEORBRE L OMIEMOE AR, GKREIL,
WO LNTHEOSRGEE SN, EHOHR LI
TeHR R, BBEDOE IR 2.1 n LJENWI &,
W OHEFEENN 2.4ka ETHWZ E NS5, vk,
GS=INS-1 D7 7 7V » V7 fENT OFERINHE ST &
T, PIEM MRS DR D B OV T H kLT
B MEE ST 2 GRRAk) L vleEEIEH 5
N, TITHEHEDOFREREL L GBF5KX).

9. Bbbhic

WD D T B FUT- HIE IS I8 1T B P OO JE T L iRk
DX IcE S L, 2N E TOWHFZETH LIS
NTEZL DI, HBOHIT RN & TRIK O Bk 1
RO H 2R OFE, WK EZ2E T 2R ofE
ENEWOFELZHETHIERTHDLE NN DH. L
N LUARHE CIE, Wk BRME TH->TH 0.5 ka
ETOMBE R HIE, FENE 2T USRS A3
BB LMot 2O LD E AR, A
WIMEH D A 70 55, 2E ORI KRS 046 L
TRY, HENHOLN IR T 5 &0 ) &
ERIETAHAVNERSH D EEZHND.

B

W H R R B T2 JE R o TR TS RIS 1
GS’ INS-1 D7 77V v 7 ffffrz{T-> CIHE £ L.
RLTHEEZRLLET.

X R
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Fig.2 Sedimentary columns.

Sedimentary columns, clastic contents of coarser than 4¢ (filled circle) and 3¢ (open circle), and water contents
are based on 100% recovered sediment cores. Nvalues are based on standard penetration tests performed
adjacent to the sites of the 100% recovered sediment cores. See text for facies code.
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Fig.3 Sediment accumulation curves. (a) GS-ITK-1, GS-ITK-2, GS-KTR-2, GS-KTR-4, GS-INS-1, GS-INS-2. (b)
GS-KWA-1, GS-TRD-1, GS-ABK-1, GS-NDA-1.
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Fig.4 Paleogeography of the Tonegawa Lowland after 7 ka.

Sedimentary facies and paleo-water depths are shown in the parenthesis of core sites. GS: ground surface.
Paleogeography adjacent to the Kitaura Lake, which is located in the north of core GS-ITK-1, is ignored.
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Fig.5 Results of fabric analysis of core GS-INS-1.

(a) Depth in core: 6.25-6.50 m. Medium sand bed with lamina consisted of heavy minerals. Radiograph
(negative). (b) Fabric analysis of (a). Most of fabrics show vertical directions. (¢) Depth in core: 8.50-8.75 m.
Medium sand bed with lamina consisted of pumice. Radiograph (negative). (d) Fabric analysis of (c). Most of
fabrics show horizontal directions. Scale bar, 5 cm.
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Table 1 Locations, elevations, and lengths of the sediment cores used in this study.

Core Latitude (N) Longitude (E) Elevation (m) Penetration depth (m)
GS-ITK-1 35°56'44.3" 140734°32.3" +0.73 40
GS-ITK-2 35°55°58.3" 140733°48.6" +1.24 20
GS-KTR-2 35°57°03.6" 140730°18.3" +2.17 21
GS-KTR-4 35°54'37.0" 140°30°12.4" +1.30 21
GS-INS-1 35 5510 140726°52.3" +0.77 60
GS-INS-2 35°55'33.8" 140°22°31.0" +0.74 21
GS-KWA-1 35°53°09.7" 140°16°38.9" +2.00 20
GS-TRD-1 bl Mol 140°06°49.7 +2.80 21
GS-ABK-1 35°53°49.9" 140°01°52.3" +4.06 20
GS-NDA-1 chk e v 139°55°58.6" +6.27 20
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H2Fk KO TERFAAUE
Table 2 Radiocarbon dates obtained for this study.

Depth in core Elevation Material Species Conventional "'C age Calibrated 14C age Lab code

(m) (m) (13 range) (BP) (23 range) (cal BP)

GS-ITK-1

1.85 -1.12 Shell fragments 4020£20 39504130 TAAA-122885
3.40 -2.67 Shell Reficunassa festiva (Powy) 5870430 6210-6370 TAAA-12288¢
4.33 -3.60 Shell Bedeva birileffi (Lischke) 5160420 5470-5580 TIAAA-122887
713 -6.40 Shell Dosinella angulosa (Philippi) 644030 6820-7030 TAAA-122888
8.95 -8.22 Shell Macoma sp. 6550=30 6970-7160 TAAA-122889
10.11 -9.38 Shell Macoma sp. 6590430 7010-7210 TAAA-122890
11.43 -10.70 Shell Macoma sp. 6600430 7020-7220 TAAA-122891
14.10 -13.37 Shell Cryptpmya busoensis Yokoyama 680030 7260-7400 TAAA-122892
16.90 -16.17 Shell Veremolpa micra (Pilsbry) 6890+30 7320-7470 TAAA-122893
17.46 -16.73 Shell Balanus sp 6750430 7200-7370 TAAA-122894
17.90 -17.17 Shell fragments 7510430 7900-8050 TIAAA-122895
21.06 =20.33 Shell Mactra chinensis Philippi 737030 7750-7920 TAAA-1228%€¢
2478 -24.05 Echinoderm 7890+30 82908420 TAAA-122897
26.65 -25.92 Echinoderm 8080+30 8440-8620 IAAA-122898
28.76 -28.03 Shell Barnea sp. 8480+30 9000-9220 IAAA-122899
3093 -30.20 Plant fragments 8290+30 9230-9420 TAAA-122900
32.55 -31.82 Shell Phacosoma japonicum (Reeve) 9240+30 9930-10170 TAAA-122901
33.82 -33.09 Shell Ostreidac gen. et sp. indet. 9370430 10140-10270  IAAA-122902
33.84 -33.11 Plant fragments 9230+30 10280-10500  IAAA-122903
GS-ITK-2

0.68 0.56 Shell Corbicula cf. japonica Prime 530420 70-250 T1AAA-122904
1.90 -0.66 Shell Corbicula cf. japonica Prime 590420 140-280 IAAA-122905
3.09 -1.85 Shell frapments 1980+20 1460-1620 TAAA-122906
4.72 -3.48 Shell Corbicula cf. japonica Prime 76020 320-470 TAAA-122907
5.49 -4.25 Wood 320420 350-460 TAAA-122908
5.91 -4.67 Shell Corbicula cf. japonica Prime 710£20 290-420 IAAA-122909
721 -5.97 Shell Dosinella of. angulosa (Philippi) 2060+20 1550-1700 IAAA-122910
9.14 -7.90 Shell Raetellops pulchellus (Adams and Reeve) 2920+20 2670-2750 TAAA-122911
10.06 -8.82 Shell fragments 2990+30 2710-2840 TAAA-122912
13.33 -12.09 Shell Glossaurax didyma (Roding) 3150+30 2840-3040 IAAA-122913
14.88 -13.64 Shell Raetellops pulchellus (Adams and Reeve) 3300£30 3020-3240 IAAA-122914
16.18 -14.94 Shell fragments 5470430 5740-5920 TAAA-122915
17.23 -15.99 Shell Crassostrea gigas (Thunberg) 5410+30 5700-5880 TAAA-12291¢
GS-KIR-2

1.85 -0.61 Wood 11020 50-140 1AAA-121717
2.45 -1.21 Wood 200420 150-190 TAAA-121718
3.20 -1.96 Plant fragments 630420 560-610 TAAA-121719
4.46 =322 Root 13020 60-150 IAAA-121720
7.49 -6.25 Plant fragments 470£20 500-530 IAAA-121721
9.34 -8.10 Echinoderm 5430430 5720-5890 TAAA-121722
11.88 -10.64 Shell Veremolpa micra (Pilsbry) 6200430 65506730 IAAA-121723
12.77 =11:53 Shell Solen sp. 641030 67906980 IAAA-121724
15.40 -14.16 Shell fragments 654030 6960-7150 IAAA-121725
17.25 -16.01 Shell Crassostea gigas (Thunberg) 7260430 7650-7810 TAAA-12172¢
18.26 -17.02 Shell Macoma incongrua (Martens) 6830+30 7280-7420 IAAA-121727
18.73 -17.49 Shell Ruditapes philippinarum (Adams et Reeve) 6720+30 7160-7320 IAAA-121728
19.80 -18.56 Shell Crassostea gigas (Thunberg) 8270+30 86808960 TAAA-121729
GS-KTR-4

1.89 0.28 Plant fragments 40120 - TAAA-130009
3.60 -1.43 Shell Crassostrea gigas (Thunberg) 4400+30 44304680 TAAA-130010
5.60 -3.43 Shell Anomia chinensis Philippi 5070+£30 5310-5530 TAAA-130011
8.19 -6.02 Shell Glossaurax didyma (Roding) 6130430 64706650 IAAA-130012
9.14 -6.97 Shell Veremolpa micra (Pilsbry) 5700430 60006200 TIAAA-130013
9.44 -7.27 Shell Mactra chinensis Philippi 6410=30 6790-6980 TAAA-130014
9.84 -7.67 Shell Mactra chinensis Philippi 641030 6790-6980 TAAA-130015
10.60 -8.43 Shell Mactra chinensis Philippi 6440430 68207030 TIAAA-130016
12.44 -10.27 Shell Crassostrea gigas (Thunberg) 6360+30 6730-6920 IAAA-130017
14.19 -12.02 Shell Babylonia japonica (Reeve) 541030 57005880 TAAA-130018
17.12 -14.95 Shell Mactra chinensis Philippi 6460=30 6850-7070 TAAA-130019
20.38 -18.21 Plant fragments 6570430 7430-7510 TAAA-130020
GS-INS-1

1.32 -0.55 Plant fragments 370+20 430-500 IAAA-121696
2.70 -1.93 Plant fragments 430+20 480-520 TAAA-121697
315 -2.38 Plant fragments 430420 480-520 IAAA-121698
4.30 -3.53 Plant fragments 790+20 680-730 IAAA-121699
6.72 -5.95 Plant fragments 530420 520-550 TAAA-121700
10.27 -9.50 Wood 635030 7240-7330 TAAA-121701
12.90 -12.13 Shell Ergalatax congtractus (Recve) 6250430 66206790 IAAA-121702
16.87 -16.10 Echinoderm 737030 7750-7920 IAAA-121703
20.32 -19.55 Shell Glossaulax sp. T060+30 7470-7610 TAAA-121704
25.10 -24.33 Shell fragments 7540+30 7930-8090 TAAA-121705
3041 -29.64 Shell Raetellops pulchellus (Adams ct Reeve) 7770430 81608320 IAAA-12170€
34.90 -34.13 Shell Raetellops pulchellus (Adams ct Reeve) 7990+30 8380-8530 1AAA-121707
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40.95
43.86
44.46
45.33
45.48
47.69
50.57
54.95
GS-INS-2
237
3.83
4.46
743
8.55
9.54
11.15
12.22
14.25
14.76
15.74
16.28
18.13
20.50
GS-KWA-1
1.66
2.40
349
4.68
5.86
6.13
6.20
9.64
13.47
16.86
19.10
GS-TRD-1
1.30
2.38
3.60
4.15
8.03
11.16
14.00
17.62
GS-4BK-1
235
3.50
5.76
6.00
7.78
8.45
13.10
18.50
GS-ND4-1
2.05
5.14
5.58
6.54
8.04
8.76
9.80
10.00
10.45
11.20
15.10
15.10
19.75

-38.01
-40.18
-43.09
-43.69
-44.56
-44.71
-46.92
-49.80
-54.18

-1.63
-3.09
-3.72
-6.39
-7.81
-8.80
-10.41
-11.48
=13.51
-14.02
-15.00
-15.54
-17.39
-19.76

0.34
-0.40
-1.35
-2.68
-3.86
-4.13
-4.20
-7.64
-11.47
-14.86
-17.10

1.50
0.42
-0.80
-1.35
=523
-8.36
-11.20
-14.82

1271
0.56
-1.70
-1.94
-3.72
-4.39
-9.04
-14.44

422
1.13
0.69
-0.27
-1.77
-2.49
-3.53
=373
-4.18
-4.93
-8.83
-8.83
-13.48

FURR )N 22 RS 38 1) D Pt AR — U o 7 = 7 HERSE W) OO fi i s

Shell

Shell

Shell

Shell

Wood

Shell

Plant fragments
Wood

Plant fragments

Plant fragments
Plant fragments
Shell

Shell

Shell fragments
Shell fragments
Shell fragments
Shell

Shell fragments
Shell fragments
Shell

Shell

Shell
Echinoderm

Plant fragments
Plant fragments
Plant fragments
Plant fragments
Plant fragments
Plant fragments
Shell
Shell
Shell fragments
Shell
Shell

Plant fragments
Plant fragments
Wood

Plant fragments
Shell

Shell

Shell

Wood

Plant fragments
Wood

Wood

Plant fragments
Plant fragments
Shell

Plant fragments
Shell fragments

Plant fragments
Plant fragments
Plant fragments
Plant fragments
Wood

Plant fragments
Organic mud
Plant fragments
Plant fragments
Shell

Shell

Plant fragments
Echinoderm

Ho2HR HIx
Table 2 Continued.

Umbonium costatum (Valenciennes)
Potamocorbula sp.

Potamocorbula sp.

Corbicula japonica Prime

Corbicula japonica Prime

Corbicula japonica Prime
Dosinella angulosa (Philippi)

Glossaurax didyma (Réding)

Reticunassa festiva (Powy)
Anodontia stearnsiana (Oyama)
Nitidotellina iridella (Martens)

Macoma sp.
Scapharea sp.

Veremolpa micra (Pilsbry)
Raetellops pulchellus (Adams and Reeve)

Paphia undulata (Born)
Paphia wndulata (Born)
Glossaulax didyma (Roding)

Potamocorbula sp.

Potamocorbula sp.
Potamocorbula sp.

8690430
10230+40
10180+30
10300+30
9930+40
10310+£30
9930+40
10450440
1072040

120£20
1320420
1440+20
2060+30
2360430
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The liquefaction positional investigations and those estimations
along lower reaches of Tone River

PEEDTIR Y - PEEANT
Motoharu Jinguuji* and Yoshito Nakashima'

Abstract: The 2011 off the Pacific coast of Tohoku Earthquake caused tremendous liquefaction damages in the
easterly part of Japan. Particularly, the damage caused in Kanto region was to be the one of the greatest historical
liquefaction damage in Japan. Many of the liquefaction damages were confirmed in around Tokyo bay area and Tone
River. Afterward on the earthquake, municipalities affected by disaster and some research institutes include
universities carried out many damage investigations and liquefaction analysis in the field. The results reveal the many
of the liquefaction damage were occurred in the artificial filled land, such in the bay area and filled river place in the
past. On the other hand, the difference effected by aging of artificial ground and filled method were confirmed in the
inquiry. The 2011 off the Pacific coast of Tohoku Earthquake impacts to the world because of the scale of the disaster
that the world wide map service information company has taken satellite pictures in the disaster region in the early
time after the disaster. We can confirm the manifestation of liquefaction such as boiling sand on the surface from the
past satellite images. National Institute of Advanced Industrial Science and Technology (AIST) carried out liquefaction
research and investigation in the disaster area to illuminate the relationship between liquefaction and geological
structure and develop the new technique for investigation so that contribute to reconstruction of disaster place and
prevention of disaster in the future.

Keywords: liquefaction, Tone River, CPT, VPT, X ray CT
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Fig.32 Grain diameter distribution of the
GS-INS-1 core samples measured by a laser
diffraction particle size analyzer.
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Fig.33 Results of the VPT field measurement and
core analysis in a laboratory for the GS-INS-1 site.
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Fig.34 CT images of two core samples from the
depth 3-4m. The longitudinal dimensions of the
images are 75.6 and 93.4 cm. The distance between
the two boring points was 1.5 m. The transverse
dimensions (core diameters) of the CT images were
elongated to be 12.8cm.
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Fig.35 Magnification of Fig. 33. An X-ray CT cross
section is added. The transverse dimension (core
diameter) of the CT image was elongated to be
12.8cm.
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Fig.36 Same as Fig.35 but for a different depth
interval.
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Seismic subsurface structure surveys of the liquefaction occurred areas in the
downstream region of the Tone River

iRz
Toshiyuki Yokota'*

Abstract: The Great East Earthquake occurred on March 11, 2011 caused serious damage to people's lives not
only by the direct damage of an earthquake but also by the tsunami, subsidence, and liquefaction. In particular,
in Tokyo Bay area and the Tone River downstream region, liquefaction damage occurred in the wide range.
Conventionally, drilling surveys and analysis of the extracted soil sampling extracted have been conducted to
research and predict liquefaction damage. However, that a damage domain reaches far and wide this time and
since the area has been highly developed with dense population and buildings, it is difficult to carry out drilling
surveys and soil samplings in the whole region with sufficient density. Therefore, we conduct researches to
interpolate drilling survey results spatially by applying the geophysical survey technique which can image
subsurface structure nondestructively from the ground surface. By this research, it is expected that subsurface
imaging and liquefaction prediction will be attained by a limited number of drill holes. As a part of the research,
we carried out the S wave seismic reflection survey and the surface wave survey for imaging subsurface structure
down to the depth of about 50 m in Itako, Ibaraki which suffered widespread liquefaction damage. The surface
layer with comparatively high velocity can be interpreted as the sandy dredged soil, the low velocity layer as the
Hinode Mud Formation, and the high velocity layer as sandy part of the Sawara Alternating Layers of sand and
mud.

Keywords: S-wave reflection survey, surface wave survey, land streamer
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Table 1 The equipment list used for the S-wave reflection survey data acquisition.
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Table 2 The equipment list used for the surface survey data acquisition.
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Fig.1 Survey lines of the S-wave reflection and surface wave surveys. GSI map was used as the background
map.
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350



FAR T oithiiteiRAE = U 712361 2 SRR PR A & 2 MR E IR A & k(b

Hinode area
N GS134TK1 S
Distance(m) 0 250 500 750 1000 1250
CMP no. 500 1000 1500 2000 2500

. -,

I L
AR

-

i

Depth (m)

LT TS

I
fu MW
LR LWL
k =y ;
" i wiabaigmg | '\..-“.‘.
A L e o dalua
A0 LA Vi Pt wl Ay g v
LS

B3 MR GS13-TTK2 T S S S D 142 FE I i
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Fig.6 S-wave velocity section of the surface wave survey result along GS13-ITK2.
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Fig.9 The soil classification and N value distributions obtained by the direct-push type surveys (Jinguuji and
Nakashima, 2014) conducted near GS13-ITK1.
Results of (a) CPT8-7, (b) CPT7-13, (¢) CPT7-11, (d) CPT6-9, (e) CPT3-6, (f) CPT3-3, (g) CPT2-26, and (h) CPT2-
16, respectively.
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Fig.10. The soil classification and N value distributions obtained by the direct-push type surveys (Jinguuji et
al., 2014) conducted near GS13-ITK2 and GS13-ITKS3.
Results of (a) CPT3-18, (b) CPT3-16, (c) CPT3-13, (d) CPT3-11, (e) CPT2-26, (f) CPT2-27, (g) CPT4-1, and (h)

CPT8-2, respectively.
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Fig.11 The figure which overlaid N value distributions obtained by the direct-push type surveys (Jinguuji and
Nakashima, 2014) to the surface wave survey result of GS13-ITK1. The domain enclosed with the green broken
line of the shallow portion shows the domain considered as sandy dredged-soil layer. The blue broken line
indicates the lower limit of the silt layer which shows low velocity.
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Fig.12 The figure which overlaid N value distribution obtained by the drilling surveys (Komatsubara et al.,
2014) to the surface wave survey result of GS13-ITK2. The blue broken line indicates the lower limit of the silt
layer which shows low velocity.
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considered as sandy dredged-soil layer. The blue broken line indicates the lower limit of the silt layer which
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Geophysical surveys under paved road by an in-vehicle GPR system at the
liquefaction occurred areas in the downstream region of the Tone River

BEH B2 - i EOCIR - S E] !
Toshiyuki Yokota', Motoharu Jinguuji! and Yuji Mitsuhata'

Abstract: The 2011 Great East Japan Earthquake inflicted serious damages to people's lives. The damages were
caused not only by the earthquake motion but also by the subsequent tsunami, subsidence, liquefaction and so
on. Moreover, we are anxious about soil contamination by the radioactive material after the Fukushima No. 1
nuclear power plant accident, salt damage to the soil and groundwater resulting from a tsunami deposit, and
some more geological risks. Then, we are conducting various geological risk assessments concerning this
earthquake. This paper describes the liquefaction risk assessment as a part of the geological risks assessment
project. We carry out a geophysical research using an in-vehicle GPR system as a part of liquefaction risk
investigation in Itako, Ibaraki which has suffered from liquefaction damage. With the in-vehicle GPR system,
we try to image under paved roads three-dimensionally at high speed. We finally find the system has a
capability to carry out surveys along the survey line length of 60,701 m in three days. The additional detailed
survey using handy GPR identified 15 cavities in all the survey lines.

Keywords: liquefaction, in-vehicle GPR system, geological risk assessment, three-dimensional GPR survey,
cavities under paved roads
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Fig.4 Schematic diagram Relation between a survey-line road, a survey line, and a GPR survey line. (a) In the
case of two-lane road. (b) In the case of four-lane road.
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Fig.,5 Scenery of detailed additional survey. (a) The measurement by handy RTK-GPS. (b) 400 MHz antenna.
(c) 2 GMHz antenna.
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Fig.7 The examples of anomalous signals extracted from GPR sections acquired by detailed additional survey.
(a) Results at locations 5_WE1-1 and 5_WE2-1.
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Fig.8 Marking to the road surface in the part where Tz,
the cavity under the road is remarkable. Fig.9 The location where the road was repaired at

that day of detailed addition survey. The
anomalous signals were extracted by the
in-vehicle GPR at the location.
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Fig.10 The distribution of cavities beneath the road surface interpreted from the GPR results. GSI maps was
used as the background map.

372



EORHIRIC X 2 EARIHE K FICBE T DA - MRl &

Wt R 53 (<& D < RIRIEBIREDILISHETE &
fEIRE< v TEIRHERE & X T LDIEE

Wide range liquefaction assessment based on geomorphologic
classification unit and quick estimation system for liquefaction potential

AR B« [LUAEZE 2 - gL
Masashi Matsuoka'*, Naotaka Yamamoto? and Kazue Wakamatsu®

Abstract: Liquefaction can cause enormous damage to buildings, bridges, and essential infrastructure. Therefore, an
important issue in terms of post-earthquake inspection is assessing where the earthquake may cause liquefaction to
occur. The quick estimation system for liquefaction potential map is the system to evaluate liquefaction probabilities
within the strongly shaking area. The map of liquefaction potential is calculated to indicate liquefaction probability by
overlaying the post-earthquake seismic intensity map and the Japan Engineering Geomorphologic Classification Map,
with a spatial resolution is 7.5 arc-seconds in latitude and 11.25 arc-seconds in longitude (approximately 250 m square)
based on liquefaction susceptibility for each geomorphologic unit. The seismic intensity map is produced by QuiQuake
(the Quick estimation system for earthQuake maps triggered by observation records), using a combination of
amplification capability (Vs30) and observed seismic records at strong ground motion observation stations operated by
the National Research Institute for Earth Science and Disaster Prevention (NIED).

Keywords: liquefaction probability, geomorphologic classification, seismic intensity, old edition topographic map,

liquefaction archive, regression analysis
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Fig.1 Japan Engineering-based Geomorphologic Classification Map (JEGM).
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Fig.2 River bed and water body classified in JEGM overlaid on old-edition
topographic map (1/50,000 Sahara).
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Fig.3 Water body interpretation from old-edition topographic map (1/50,000
Sahara).
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Fig.5 Regression equation for estimating liquefaction probability.
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Table 2 Regression parameters obtained for each geomorphologic group.

JN—F PRHTEIX Sy SRS PR o
@® NTL, LSD, LDB, ARC, 6.960 0.761
REC, FLL
@ ALF, AFS, BAR 7.160 0.773
® BKM, DEL, DUN 7.906 0.933
@ VBP, VPS, GVT 7.231 0.628
® RSt 9.873 1.197
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Fig.6 Overview of quick estimation system of liquefaction potential map.
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Fig.7 Portal site of quick estimation system of liquefaction potential map.
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Fig.8 Left: Estimated liquefaction potential map of the 2011 Off the Pacific Coast of Tohoku earthquake; Right:
Liquefied sites during this event, as of February 28, 2014.
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