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Abstract: Landslides induced by the 1949 Imaichi earthquake was investigated using Air-borne Laser
Scanning and field survey. These landslides were of pyroclastic fall deposits and had two horizons for their
sliding surfaces: the base of Imaichi Pumice in the depths of 2 to 2.5 m and the upper portion of Ogawa
Lapilli in the depths of approximately 5 m. Some landslides could have their sliding surfaces in Kanuma
Pumice of 32 ka below Ogawa Lapilli, but it is not certain. 1949 landslides on gentle slopes were identified
as 17 in number and similar but older landslides were identified as 40 in number, which suggests that even
after a big earthquake unstable pyroclastic fall deposits still remain to slide in future. 1949 landslides on
steeper slopes were identified as 141 in number.
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Fig. 1 Index map of the study area. The basemap is from GIS
Maps.
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Mt. Keimei (9616 m)

Fig. 2 Locality map of the columnar sections. The background base map is from GIS Maps.
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Fig. 6 Nc profiles obtained by dynamic cone
Fig. 5 Ogawa lapilli with grease-like white precipitates of penetration tests at the sites of Interchange and
halloysite. The width of the photograph is 12 mm. Noguchi Noguchi.

landslide site. These materials were sheared and

accommodated a sliding surface during the 1949 earthquake.

151



FARBEHELED

AERIC LD 707 7 A MTRT D Z & bIEE

RETHD.

3.1.3 #htin

BFOOBAY 77—k, BLOLRA
H—F = VEEIH TR U723 E o X #REHT
Z Figs. 8, 9 |~ d . [AIE SV Vb —RIMIT
A A hRON14 AR Ch D, SPEBX
OSRRBEO IP 2, ZhboimiEEng,
28 Efhlic7v— R —27 B35 6, 2
e r7zrov—r LfEESND. IP L, %
DOHETHELL THDZERHY, ZOHA,
Tu7xrTiEel, 10 A lce—7 2Fon
A YA PR STV, 14 A K8
Og &V & FALOREHTIE KP R _TIZE
FNTWe., IO DRI O ML, A H
—F = VBRHOLE bRk TH o 7.

XAREWTE—2 OEE L5 &, Falo 2 73
Eble, "aAY A FOEY—21%, TS 6m E
Tﬁ<,%hi@%%wk_%fiWﬁ%:$é
{lgoTWe, 2L T, —HT 14 ARTamo
B — 7 DR 7o CUNZ, T OOEWT, W04
G Z R L TS AREMEDR & 5. IP DT D
KWK Bz ~a A A RS TWD Z &,
F7z, KP O HnAffbL T A A1 FE
SITND Z LITRIR (1978) (IZX > THEfiFS
N, ZHUI BN BEEINZ Y DTk -oTTm
7z U NHEEZ IO THLEEZLNT
W5,

3.2 RARMEHI XY
3.2.1 HBEMEOMT Y

1949 FEOHFRIHZIA L4 R0 &, Zh
L0 BT R A3, 3 DEM 2 BAER L
TR BN L » THIEE S 7z (Fig. 10) .

152

Sampler Cone (Nc¢)
00

[ I T N | 1

50 20

9 m

Fig. 7 Blow numbers for 10-cm penetration of a cone and a
sampler by 50-cm freefall of 3 kg weight. The sampler is 50-
c¢m long so circumference friction increases with penetration,
but these two patterns are generally consistent.
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Fig. 8 X-ray diffractograms for the
samples from the Tsuchizawa
interchange outcrop. SP
(Shichihonzakura pumice) and the
main part of IP (Imaichi pumice)
have no clay minerals except for
the broad peak of allophane around
27°, but white 1P (discolored IP) is
clayey and has halloysite. All the
samples below IP have halloysite
and the deeper ones have also 140
nm clay mineral.

Fig. 9 X-ray diffractograms for the

) samples obtained at Noguchi. IP
has no clay minerals except for the
broad peak of allophane around
27°.
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Landslides Elevation (m)
[[7] Gentle slopes before 1949 300

" Gentle slopes in 1949 71330
I Steep slopes in 1949 . 1360
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| 420
__ 1450
71 480
Bl 510
771540
1 570
B 600

Fig. 10 Landslide inventory map made by the interpretation of slope images from 1-m DEMs. The base image is
an overlay of slope image and elevation image.

Fig. 11 Topographic image and a cross
section at Noguchi. We see 1949
landslides and older landslides which
have rounded topographic edges.
Black circles in the cross section show
the points where we found Ogawa
lapilli below the thin veneer of debris.
The 1949 landslide blocked a river
and made a lake in the upper right. We
see small ridges in the landslide
deposits.

Elevation (m)

Distance (m)
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L EWESL o7 (Fig. 12a). 30 EITTHET,
BEEIIZEA ET TR ED TREEICEZE L
TiEIL L7z, HEfRmi MUOESERD X 9 72
SHeA T 2 e D, BENIHUE) MR 7 a
L AT EHEES LD, HEREI D,
BUEIIM=ERE 30 cm FREOARIC/ > TEY
(Fig. 12b), MiZEL—H—IZ K DHIEA A —7
LIZEIHICEINL & [RIET 2 DIFF S TR,
HIETCITo 7 BEAR LI IE, 470 m £ T
SP, IP, BLOKIKLENBAD, 470 m 25
525 m E TR /L NE KK T (Og B,

525 m 725 545 m £ TAILEE (Og T THD
ZDOTIEKILIKS 710 m £ TR, 220D
740 m £ THEHEA (KP), 7.80 m FTKILKL,
786 m ECWHEEA (Nm-1) Ths. Wiz
B TR LI AR OB T CHbZ 1 2 HE 5
&, HFEE ST 5 10 em T Og 3¢ifERs S 4
7. ZOZEnD, 0T Og EHdI v~
BKIPRIZIERR SN2 Envbnd. o v b
EKILPKIE Ne DR IS, 2 Th-o7- (Fig.
6). KP ® Nc fEIZZD LTk tE THE
D FERIR o T2, TROT-HEDOE XTI 5 m

Table 1 Numerical data of landslides induced by the 1949 Imaichi earthquake and those before 1949. I1d numbers correspond

to those in Fig. 10.

1949 landslides

Landslides before 1949

Area Mean Apparent Mean Mean

Id friction angle Id Area (m?) Id  Area (m?
(m?) slope (° ) ¢ ) slope (° ) slope (° )
1 6116 12 7 1 992 29 21 8865 21
2 2767 14 13 2 14932 28 22 27949 18
3 55709 15 9 3 8187 12 23 23838 14
4 6634 16 4 7023 20 24 5427 14
5 3404 17 5 6367 27 25 8158 19
6 5330 18 6 25199 19 26 4928 22
7 2417 19 11 7 7162 23 27 20137 17
8 5632 19 13 8 4206 13 28 2074 18
9 6125 20 8 9 4886 18 29 2585 20
10 2331 21 15 10 18975 26 30 11494 11
11 1588 22 18 11 4129 17 31 5762 17
12 1454 23 9 12 4075 13 32 3727 21
13 5805 23 17 13 11135 15 33 13451 9
14 3429 23 19 14 31395 15 34 6107 20
15 1602 24 9 15 13646 22 35 4849 20
16 685 25 20 16 21433 11 36 19911 17
17 575 25 17 17 11310 20 37 26993 18
Mean 6565 20 12 18 1079 19 38 8307 17
19 1534 16 39 5023 12
20 12092 14 40 50960 14
Mean 11758 18
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covered by trees with approximately 30-cm diameter.

Thbd. ZOFEZ X HINEMZET O E TR TIE,
FIEROZEITES 56 m HHDOT, ZOH
TAROFAERNS, TRDEE T s T
LHEESND.

WA (Table1 & Fig. 10 ™ 1d1)

ZIZTE, MR- B EHITKI 80 m DOFEFHANES
FAHICT D, THOWEEAZEL, XHRICHEzE
LCiEIE L7 (Fig. 13). 2 EIHOHIET, AN
B XD RS TR Z RSN TV .
e L7 0TE 1 owEr (NUCHL), #ig <D
W 2 2t (NUCH2, 3) OAEFF 3 B AR T
Z#17-7- (Fig. 13). ZOfER, WIETIX 49 m
M5 53 m ETIKED/NILKILEE, 725 m b
745 m (fLIE) FCTHARATH-ST.. ZOHM
B < LE > TV T Nm-1 O RfEEMES 3 5723,
KP DFREEMES & 5.

B DKL LA NUCH2 & NUCHS (2
L, TNOLEBWNERUITHATTHD. 2D
& &, NUCH3 TliE, Og O ENLoENRE L A

Fig. 12 Landslide dam lake and depositional area of the Noguchi landslide in 1949. a: landslide dam lake. b: depositional area
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TWDHZEDD, T80 EIINIK L FEfr
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TR EHOMRENL 8 . Table 1128 2 FREEF O
PERNT 12° L7225 TWD, ZAUTAEEIRD
MR EERIOFEIETH DD T, Wik 53R
T2 RO EDBERO ST N IEHETH 5. ZOHid~
DI, Rl FEOBOXHRICEZE LT L2,
T CTORIEED FRELSIE, AT+ Og 2
BICBEHT DREORS TH-Te, DF 0, HE
AN HUE ORI UM S 7= LHEE SIS,

ERBRAER TR G L Ro 56

g~y & L THADRE LR, £, H
TERNZITBTEEEZ: DA TIXA s, MU i
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Mo EOEIT ol HRH o7 (Fig. 15).
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Fig. 13 Topographic image and cross section of the Numauchi landslide. The sliding surface is inferred to be along the
Ogawa lapilli.
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Fig. 14 Overlay of a cross section and the S-wave velocity profiles obtained by surface wave prospecting. The prospecting

lines are approximately normal to the cross section and cross the section at lines A and B, where we can compare the
velocities and the geology.
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Fig. 15 D AOAEIENmM-1 O _LIZ# Y, ADfED
N KIRITEIE LT KP 385 (Fig. 15 ffiA
BH). MBEIXIEEAEKE KP OFERND,
ZOHT Y X, KP O—FEOWIIL A E- T2 b
DT, RIVBEOHEICE > TRAELEZLDOT
HHEHESND. 2120, ZOHAEDOIRRIIL,
W DHLIRILD & 5 1R DB KT TAE
UMM TIE e <, fhdAb U 7oA77 e
SNTRAIZCEEN TN KRS EEBIZAT Y —
Wi X RBISGThoTo L HEESND.

SZWER (Table 1, Fig. 10 @ 1d20)

Z 2 TUE, BRI D O MBS FRAE L T
WA, BRI LILAE O (Fig. 16).
F72, 1949 FOMT Y OFRFITIZZ ORLEID T
FOATINZ LD B 2ol k5 THhHZ &
2o GES), ZIUXENLEIOHWAETH S
LHEESND. TRVEE RONDHEITEET,
BEOLBEEINTEA LT RTBVELZ L
Bbhd. FEEOVEICHEET 2 R8N OER

Y10 B Ay, iR HEA 70 om, LA
A7 45 cm, ARG 1 m L EAEH L TR,

Z ORAERE S EAUTBDIL TV SHEE SIS,
—75, RN CHEHIG L OB AR T EIT o TR
R, HIERBK 50 em BEAHY, TOTIT 1
cm 2B 5em DEIOA AR H Y, D T
KIWKRETH-T=. LIz~ T, ZORBEIEE
5 < A THEAFEEMTIC Y J 2 ofid~ b
Tholz L sND. FEEN O ZRmiER X
°THY, ZIUITRVEEHTTHLD LHEES
N5, ZoORmED 400 m HTIE, 4HEAE
(IP) DOE X2 130 cm, LARMRARE (SP) 23
30 cm, HA42340 cm TH o7z, SHRADES
S, ZOREMEFEICTHL LT 5L ISR
oM OE X 1IEF 70 + 45 + 130 = 240 cm
ThHZ &b,

>~ >
Y — —

3.2.2 AfmEnizithiy
VTR0 [ THTEROICIZBRICEED S
WAL, /N (1951) OF%LT-E8kE 1m-

Fig. 15 Landslide with a sliding
zone in KP. KP bed was deformed
to form a flame structure (inset) and
the beds on it slid and rotated. This
flame structure is presumably due
to the “liquefaction” of KP induced
by an earthquake. The location of
this outcrop is at the rim of old
landslide #14 shown in Fig. 11. The
topography  suggests that this
landslide is from the back to the
front of this outcrop.
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Fig. 16 Topographic image and cross sections of old
landslide #20 in Fig. 10. The sliding surface was made at
the base of Imaichi pumice (IP). The outline of this
landslide is rounded, which suggests that this landslide is
before the 1949 earthquake.

DEM 7 BARRR LI A A —27 & & LUl U 75
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BA#HPE (Figs. 10, 17)
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7o BARIZITR 2 LAERBES BT L, 77 71%
Feo v, SRt AT 21 RIER I,
FAED ORI FICATHERADEFE L T
W% (Fig. 17). Fig. 17c 1 3fERt 37° OEWA.
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S=WEFT)11 (Figs. 10, 18)
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Landslide
source area

4
4

Granite porphyry
Transportation

ati BhiFes aE
and depositional area Source area

Imaichi Pumice

Fig. 17 Landslides and outcrops in the west of Myojin. a: Slope image. b: A part of attachment figure 3 of Koide (1951). c:
Enlarged image of the square in a. Imaichi pumice, which should have covered the whole slope, is partially remaining at
the foot of the source area. This suggests that the sliding surface was made at the base of the Imaichi pumice and the

overlying beds slid during the 1949 earthquake.

Landslide

source area

¢ Granite porphyry

¢ Imaichi Pumice

Fig. 18 Landslides and outcrops in Murose Namegawa. a: Slope image. b: Landslides. c: Outcrops in the square area in a. \We see
Imaichi pumice that remained on the bedrock of granite porphyry. Sliding surface was probably made in the lower portion of IP and

the beds on it slid down, burying the valley bottom with 4 fatalities.
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A TTHIERLARTO T~V TlE, KP 23RR{b LT
OB IF ST EHEESND b DD DT

At L7= &k 912, KP I3 RILER, 1P, Og X
BRILERE SN TEY, KP & IP OS3AIXET
M - # (2003) ([RSHTWD. Og DFAiil
R &7z b OIS, AFRAEHIE ClIs 51
WL TIR D T EMD, AHEEND, ZOWHFND
13 km PEAEPEIZ & 2 BIRILOB TRENE D LB %
bid.

Bk, BT KR O MR R AR 9 0
ZHEE ST CV%  (Chigira and Suzuki, 2016;
AR, 2018). ZNHDT Y HDZ TR
J& & 2 NTEDE FOKILK HIZTER S LT .
AHED 1P FEEB L KP (270 H AR oHh
TRV, ZhBEFERETHD. L LRRD,
0g D& 9 72 KILEAZT XY FH O S 7 il
PERHRE SN TR, Og IZEENDEEGTY
— 2RO A~BEA YA ME, IPROKP DL D ik
B LT SN b DO TIEARL, ZOER)
HHEE LT, KILBEDHBRIZIER L2 b D TH 5.
BEHL, Og L0 EoMEERKNEET D
MIZ Si & Al 2l L, Og OKMBRFIZIEEY,
oA YA MRS L0 LHEE SRS, A
TR, AT o THIRMTIZE S 30
cm 226 1 m OREDGMLTEY, ZIUTER
T DIERFED A S OVEBUIZ )35 T2 ATREM
H5H. KP OEAIFHERICBRANCHO IS
HOT, Tibid, AFRAHEO X 5 IS

161

JEAL LTIz, ©FE D, KP 2RI HIE
26 LCERVDIT TIZZRV. LA LA, R
{bD KP B F DK LK I THIEERFIZ 3D (AN
RENDHELH 722 LD (2011 AEHALH
T7 AR IR O AR IRE | [T HREF, AR
RART—4), KP ORI Mgz Ix LT3
EEHIN TH D Z Eldhb b7,

4.2 9 RYOEE 1ER

Im-DEM 7> & ERR L 72 ERK A IV T, 1949
ORI~ Oz HFe L, Z 0K
~OPSERFER AL, DI, AN
HERME O FEEE A RO T=. Zh% Fig. 19 &
Table 2 |/~ T.

4.2.1 HFEEOHT Y

1949 FOFERME OHIT RV 1%, IR} 10 2D
25 EORETRAELTEBY, VML 20 ETh
Sfc. FRLREIOHT <0 IE, R 9 E2D 29
EORETHAEL, FHEIL 18 ETho7lz. D
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Table 2 Numerical data of landslides induced by the 1949 Imaichi earthquake and those before 1949. Id numbers

correspond to those in Fig. 10.

1949 |landslides

Landslides before 1949

Area Mean A‘ppjclrent . Mean .. Mean
N _ friction angle Id Area (m°) . Id  Area (m) .
(m?) slope (° J(D .} slope (* ) slope (* )
1 6116 12 7 1 992 29 21 8865 21
2 2767 14 13 2 14932 28 22 27949 18
3 55709 15 9 3 8187 12 23 23838 14
4 6634 16 4 7023 20 24 5427 14
5 3404 17 5 6367 27 25 8158 19
6 5330 18 6 25199 19 26 4928 22
7 2417 19 11 7 7162 23 27 20137 17
8 5632 19 13 8 4206 13 28 2074 18
9 6125 20 8 9 4886 18 29 2585 20
10 2331 21 15 10 18975 26 30 11494 11
11 1588 22 18 11 4129 17 31 5762 17
12 1454 23 9 12 4075 13 32 3727 21
13 5805 23 17 13 11135 15 33 13451 9
14 3429 23 19 14 31395 15 34 6107 20
15 1602 24 9 15 13646 22 35 4849 20
16 685 25 20 16 21433 11 36 19911 17
17 575 25 17 17 11310 20 37 26993 18
Mean 6565 20 12 18 1079 19 38 8307 17
19 1534 16 39 5023 12
20 12092 14 40 50960 14
Mean 11758 18

R FENE, 1968 FA-FEmERIC K2 )\ F)E
ADRRFENERS ) THERO BTV S (Ling et
al., 2019) .
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