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We researched gravestones and stone lanterns displaced by the 2007 Noto Hanto Earthquake to reveal
characteristics of the ground movement in the southern area from the epicenter. The displacements are
classified into three types : overturning, translation, and rotation. In this paper, we discuss mainly the
overturning of gravestones and stone lanterns.

Percentages of overturning and displacement rates of gravestones indicate 35-61% and 76-100%
respectively in the area within 10 km from the epicenter. Within 10-40 km from the epicenter, their
percentages are generally less than 10%, though higher values of 40-92% were recognized in some
limited areas of Nanao City and its vicinity, about 30 km from the epicenter. The higher values are
measured on the hill slope surrounded by alluvial lowland.

Overturning directions of Enchu-type stone lanterns are more efficient for analyzing ground movement
because horizontal section at their base is circlular in shape. The study area is divided into seven zones
characterized by specific direction of overturning. Some zone boundaries are controlled by topographic
features. The directions of overturning are directly controlled by horizontal ground movements.
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FIGURE 1. Distribution of the earthquake seismic intensity shocked
by the Noto Hanto Earthquake in 2007, and a location of the study
area. A star shows the epicenter. The earthquake seismic intensities
are based on Japan Meteorogical Agency (2007).
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FIGURE 3. Typical shapes of gravestones and stone lanterns as the subject of the study. Wa-type gravestone is the most general and typical one
as Japanese-style, and is composed of headstone and footstones in general. Obelisk-type gravestones had been used for dedication of serviceman.
Some other gravestones such as Gorinto-type, Muhoto-type, and Pagoda ones are not general at present. Yo-type gravestone is modern and like
European-style. It begins to spread recently, but is not general yet. Bozen stone lanterns are occasionally arranged in front of a gravestone. Stone
lanterns are divided into Enchu-type, Kakuchu-type, Joyato-type, and Yukimi-type ones by differences of overall appearances and horizontal
section shapes of column. The Enchu-type, Kakuchu-, and Joyato-type stone lanterns consist of orb, shade, light box, middle platform, column, and
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FIGURE 4. Concept diagram of overturning due to eathquake. A,
When a ground is accelerating due to eathquake, a gravestone or
stone lantern on the ground is overturned in the ground movement
counter direction. B, When the ground is decelerating, gravestone or
stone lantern is overturned in the ground movement same direction.
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TABLE 1. List of displaced gravestones in Kojima Town of Nanao City. Displacement includes overturning, translation, and rotation.

percentage of
. number of number of percentage of overturned,
Loc. no. Locality number of overturned rotated and overturned rotated and landform remarks
(temple) gravestones gravestones translated gravestones translated
gravestones gravestones
(%) (%)
55 Myokanin 53 1 2 2 6 low land

56-1 Jotsuji 6 0 2 0 33 hill

56-2 Sainenji 52 21 4 40 48 hill

56-3 Hodoji 185 - - - - hill mostly repaired

56-4 Ryumonji 40 3 4 8 18 hill

56-5 Tokuoji 92 19 5 21 26 hill

56-6 Choreiji 8 1 1 13 25 hill

56-7 Joreniji 37 20 6 54 70 hill

56-8 Jissoji 55 34 3 62 67 hill

56-9 Hongyoji 170 156 1 92 92 hill

56-10 Chojuji 34 - - - - low land many repaired
56-11 Eigenji 1Al 43 8 61 72 hill

56-12 Chokoji 12 1 1 8 17 hill

56-13 Myokokuji 30 0 1 0 3 hill

57-1 Kaikanji 169 0 2 0 1 low land

57-2 Saikoji 171 0 7 0 4 low land

57-3 Kotokuji 136 1 3 1 3 low land

The sum of 56-1~13 except for 56-3 and 56-10 573 298 36 52 58

31% — percentage of overturning 1
(53%) — percentage of displacement

E alluvium

[55=] sedimentary rocks

sand dune

terrace deposit
=] andesitic lava and
'y pyroclastic rocks

FIGURE 11. Percentage of overturned and displaced gravestones in
Shika Town. The based geological map is modified after Kaseno (1993).
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| 25% — percentage of overturning
(48%) — percentage of displacement

polder, reclaimed land sand dune
alluvial fan deposit

[[[oT] Onma Formation

[ ] alluvium
terrace deposit Utatsuyama Formation 1km
[Es=] sedimentary rocks

FIGURE 12. Percentage of overturned and displaced gravestones in
Hakui City. The based geological map is modified after Kaseno (1993).
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FIGURE 13. A, Overturning directions of Wa-type and Obelisk-
type gravestones in the Southern Noto Peninsula. B-C, Overturning
directions of Wa-type and Obelisk-type gravestones in Nanao City
and adjacent area.
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FIGURE 14. Field occurrences of displaced Wa-type and Obelisk-type gravestones. Directions of overturning of Wa-type and Obelisk-type
gravestones are due to their horizontal sections as square. A-C, Overturning of Wa-type gravestones. D, Rotation of Wa-type gravestone. E,
Translation of Wa-type gravestone. F, Overturning of Obelisk-type gravestone.
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ey

Low land Hill

~g— Wa-type gravestone

FIGURE 15. A-B, Overturning directions of overturned Wa-type gravestones and Enchu-type stone lanterns in and around Nanao City. The based
map is 1 : 2500 topographic map of Nanao City. C, Overturning directions of overturned Wa-type gravestones and Enchu-type stone lanterns on

the lowland and hill.
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FIGURE 16. Field occurrences of various types of gravestones and stone lanterns. A, Overturning of Muhoto-type gravestone. B, Overturning of
pagoda (thirteen-stories). Red arrow shows some rotated roofs. C, Overturning of Yukimi-type stone lantern. D, Overturning of Kakubozen stone
lantern. E, Overturning of Marubozen stone lantern.
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FIGURE 17. Distribution of researched Enchu-type, Kakuchu-
type, Joyato-type, and Yukimi-type stone lanterns in the Southern
Noto Peninsula. Shaded relief map is drawn using 50 m mesh DEM
Geografical Survey Institute (2001).
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FIGURE 18. A, Field occurrences of overturned Enchu-type stone lanterns. Every parts of overturned stone lanterns arranged as a line. B-1-
2, Field occurrences of overturning of orb, which is an uppermost part of an Enchu-type stone lantern. The orb might have been removed by
somebody. The direction of overturning can be measured based on a hit sign by a orb on a concrete structure. C, Overturning of Enchu-type
stone lantern. The direction of parts above pedestral except for orb shows northwest, while the one of the orb shows south-southeast. D-1-2,
Overturning of Enchu-type stone lantern. Direction of striation on the surface on non-displaced part pedestral show same direction as overturning
one of parts above a pedestral except for orb.
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FIGURE 19. A, Regional distribution of overturned parts of Enchu-
type stone lanterns. Crosses represent overturned gravestones that
detail of overturned parts is unknown. B, Regional distribution of
overturned parts of Kakuchu-type and Joyato-type stone lanterns.
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FIGURE 20. Field occurrences of overturned Joyato-type stone lanterns. A-B, Overturning of parts above a pedestral. C-D, Overturning of parts
above a column. E, Overturning of parts above a middle platform.
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Southern Noto Peninsula. B, Overturning direction zones recognized
by them of Enchu-type stone lanterns. The based topographic map
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active faults traces based on the Research Group for Active Faults
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FoWIENE 2 Sns. 72, LRENOEMNERO LK
EENL, i, B, BXOREHZLO 4 >0
Ib, EEMBGAICBNTRLEL, KB ETHEIIE
EAELRVWLDD, BEDVRRLEL 5.

TIECEMHEDN20% % B2 5 41T (Locs. 31, 41,
42,45) ™9 5, Loc. 45 # B < 3 #iA (Locs. 31,41, 42) i,
R S MO 5 IEHR 100-200 m TE £ # 300-
400 m DR F 7213/D BRI D BARER R e im 5B A1 18§
5. oL, ZBAE3%O Loc. 43 1%, EEHZEDONRE &
E X% 100 m o/NEIRIIEOFE FI2A7E L, Loc. 42
OMIE LW T 5. TIVER B OEAE D SR ',
i, B, R, BLUOREHGEED 4 >0MFD) b
FEBE#FAICBW TR b EV. 72, Wb Ko
EOEIFIIEAERVD, FIBETEBEL RS,

I T & ICEERRICENH A ERO—D & LT, E#Mo
AR IS DE NI L BIEAOHEIED, T T
% OEREFABETHRE SN TS, 1941 FEFHETIL,
BB FEOEMTEHAIENIEL, LN ATk

37°15'N o
N Anamizu
epicenter
F 3 ¢
‘?\ t”D
F
@ A N, Iskoo7  tkm
g Nanao
H == L L
- 3700E
Togi
N
Tokuda
G
37°00'N . ~—o Joyato-type
Shika stone lantern
\ Nakanoto ~<—o Kakuchu-type
stone lantern
T RN
IMA (Togiryoke Town of Shika City) J N
© S Togi branch office s
I1SK006 “— " .
-Togi NF  a770on| Hakui {
e \ Himi
o 15K008 ) © Kyoshin net (K-NET)
H Hakui 7 National Research Institute for
e TYM002 a )S(ien(exnd Disaster Prevention
Himi NIED)
Tkm /
L / 0 5km
136°42'E 136°45'E {
136'30'E 136°45'E 137°00'E 137°15'E

FIGURE 22. Overturning directions of Kakuchu-type and Joyato-type
stone lanterns in the Southern Noto Peninsula.
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FIGURE 23. Ground accelaration calculated from percentage of
overturned gravestones calculated using the equation of Ohashi et
al. (1978).
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FIGURE 24. A, Waveform of acceleration and movement in the Togi Town (ISK006 NS). B, Waveform of acceleration and movement (ISK006 EW). C,
Observed horizontal particle motion of movement at ISK006 site. D, Overturning directions of Enchu-type stone lanterns in the Togi Town.
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2007 FEREB LB HIEICB I L EWERE 2R & AR,
FICEEBORIGEFE CEREFIN TS, BVIRFRLZIR
THIL, EEHE S OREE R L BEFOMEREIZESL
&, BERORFIIETAETOND.

ZE0 DR B & E O BRI W T—E 4 ORf %
ERAIEE ORI, ST ICTERBERD D B Z & H S
nTwb (Kigl3s, 1978). LT TIE, EAO OB R
Hid S, HERIFIZ BT B R AN EE O IR I 70 HE 58 & 3l A&
A, S50, WERNIEY, mKNEEDHS kbt
G2, FORBIZBIT HEEIRE OB ZT).

KIGIED (1978) 12Xk 2L, PHEAEREZEIRN0% LY
K& L DBBLTOHAIIBNT, AIMNBE (gal) = 267
X EAEEER (%) + 200, LRENTWS. o5
ERWT, 552X DB O R0 2 M E 57 %
k7z (Fig. 23). fRTFO#ER & KNET (2 X b %l
ENTWLINHEEIZ L B &, AEHF T 200gal =B 2 T
WaHDIX, Bk, LR BIOWWETHE. T2, [BT
OHEZF & KNET SR I BT 2= ST S
WL, LREOMKH, BT (Locs. 64, 66, 67), B &
U REMEN T, FEAMEEMMN2EERT. —FH BF
EPEDR EE (Locs. 4, 28), B X OFIVEOMEH & K%
HAEDIZBWTIE, EERPSESNIEEIL, FHME
£ 1) 150 ~ 200gal 2, ERDOEE ET500gal LEH T
\%. EER,SERINIEEE, FUEL YT
T200gal EETHIZMEEZRL, R L, K, BLUE
% Hifgl) TLE IS Z & 12 F N & DORSBIRAT R b, &1k
B L D /NS % R T.

e K-NET OMERE L o liR—MFEAT#1,
ZDIT L A ETHEO KT Z FEo50 5 LIt f
L, 7, EEEZEHLHETED ) b, EE N
ERLDBEPBOLNTZDIZTL bTHLTHLI En
5, FALTE ISR O EB R ACEANM I3 L CHmIC X
IGLCEBTATHEEZONL. EBHITZD (1998) (T,
IREI R IEER & 3 kIC DEM AT IC L 1), ZA o |f= 28,
353 2 MRERL TR OB E TH A L2 WS H»I
LCTWwWa, F72, JI3E (2007a) 1%, 2007 4ERe%l B i
12X BERBEIEEA IR S N BBIR OB 2 6, RO T
EHEBEGEMEOHINREGEZ b L ICEADORERLOBE)
FEIGL, E512, HixL-ELoELEE & KNET &
B (ISK003) s -k & o IsafRz BH S I
L7z, B (20072) TIEMEEZLDOAIIEHR L TW B,
MR O A ONIEEE 1L, B 2 1EBh SR AT 2E 7T 25 5%
B L7250 ERRsk (K-NET) OMEE 7 — # AR9 £ 912,01
BOF—F—TRE L TWVLH720, EAOERYIN 28X
REICEITTTE 2 WIEad, EROR)X &Nk i
e ORIGEBRETHSPICTLI L IZREETH S, F 2
T, EH 53, 40, WMBOMEELY, XY KRBENZR AR
PR F R T HAROLAIE X2 T, M E RS
FmEiEERSE KNET) X )EH L KPERNE DR
xS, MAEITEE oS Fmit, Mo BES) R KT
B DTN R T TWA S, Hifigok
PRI LT, BiAmE I E#HmED 2 A%
AT EEZOND (Fig. 4). 20 X5 g0 KPEM
& AT EomE e ORFRICED &, MHEIED
B A OWT, EERE KNET) L &M LK
BN L OSBRI OWTIRR S L 78IS
ISK006 (Ek) & ISK007 (EE) T 5. ZEMnEtid,
K-NET OhEEE @ E w2 512, FiE (1978) oifb
BHWT 7 4 V¥ —% ¥, 01kHz ~ 20kHz OFEE D 7 —
FERLTCWA. F72, B3 2 IEE RO B

SN

&, SER SIS B 2 RN ELERS O 15 Barx 0 F &

L72HER (sec) THh D, LT, #HHIT & ICHETHEOE
BIHIME KNET & 0 &EH L 722K PEEN & OXISERIZD
WTaR 3.

Bk ISK006 () 25FFES km LIATASNSH
HIT#ED - b, Eho B ofE ok, e — i,
WAL, HEEE, WEU -0 4510 T, EHROEE S
MIZHERTH 2 (Fig. 24D). EHOWE FI, #iE
WELEHRD 1502005 159 B oL OB D% ITHE <
159825 179 OB HR T OEN, 205 EAow
J6VE — Jb7E & HEF R oA I 179 B 5 189 ot
WAMOEMNE, ZNEFNELCF/FHEMETHS. 159
Brs 179 OB R FINOZEMEIEH 30 cm T, 1t
WZHE < 1798200 5 189 B oo b il dZEfr w134 20 cm
T, BIETCHIERERZE (15/8) »54080F TOEEDOR
HMOEMED) bikbRKEL, BET2HFHICKE W, F
75 L FoOMBT#ESC OBMBEE S LEO 2 FoZ
ACxHe L, MM HEREEE #OILILROZE N 2
LR B THHI s, Bz E L IELEMNEE
Z5N5G. VHEETE - 7 & AL R o E i, sk
< 192725 195 B odb iz h ) KFEEMIZ, BB L
FxnT b EEZ NS, Lbas, ML OwRE N
&, ¥ 17 BRiBIEL STEDLL EARY 2256 5 DD,
KNET & 0 & L 72KFEMICHRARIET S, 72, £
TREFEHRE ) TES 2T 550 5% F TCoEE It
H7x B MMITE#EICOWT, EEROBEE R OERE ML 159
Bro 179 OBEBERFNOEN, Ers8F ORI
WOREE JFRZ 192 82> & 195 F L H J5 18] D K224
KRG L, FEROEBIFMAENSEFT TI Y RV
DIKFEANIFIS LT 5.

LR : ISK007 (L 2) & st s BERICH W A FIFEETEE I,
ISKO007 & )& o 5 K3 FE 7% ISK006 & 3k D 2 L 43 LU
TTHoLIExZEL, EEMIZISKO07 LED S 425
km UAZXRET L. I OFEHOHLTEEORE i &
L Cid, vHdbvE —dedevt, de3 - LR, W R - MR,
HEEPE, o5 A THS (Fig. 25E). NI HBL L 72
HIAED SN ld, ISK007 (L) ohnEEs & 28
AEATISKO06 (E3R) (ZH~U/N& L, RIS & 2k
R OBEICHEEE TR 72 b ODEEdH B 70 L IR
ENB. Zol, EEJTE L g0 EEM TR Ox
WIIRED TR L A%, wE AL, JbH — FALH E B
DOEEEI TN 211 #2265 224 B2 F TALH A 5 B TE IS
AP WE LRI R A 28507, PHIbPE — eIl & Hr i — 7
WOE IR, 224 05 237120 TILWl» 55
HICA v, FOILEICREAZAM EF U 21385 mTdh
L. F7 21105 224 B b — BV ST IR 0 25 fi =
138710 cm T, FRUCHEL 224 B0 5 237 B oAby —
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—F AL - ROEMIRTR L TWwWA I Eh s, dbE
— BLEH & BV OB L 211 B S 224 86, ThHIL
PE —dbdbvh & W B — B g E A, 224 B 5 237
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224%5, 3B68, BLUBIVWIIFNEFNREY -2 %D 3
DOWBHTRD HNDLH, ANEREIR 22 05 238
ORI TR S, MMOFE H T IE T 2 Z AR 0 #iE
WEEEST L L, FAHMOEREHITE D AIE ISR T 5
EEzZoNS. LbErs, HEMHED 5 >0 Haid,
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FHIEOAFERR 25, 7R L -ERTEOERE o
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