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REEXAMINATION OF THE TOTSUKAWA HAZARD IN AUGUST
1889 WITH SPECIAL REFERENCE TO GEOLOGIC CONTROL
OF LANGE-SCALE LANDSLIDES

By Masashige HIRANO, Hiroshi SUWA, Takayuki IsHi,
Takashi Funta and Yukio GOCHO

Synopsis

The Totsukawa hazard occurred in August 1889 was triggered by heavy rainfall, and it is
famous at the report of the hazard published two years after the occurrence. The report consists
of 11 volumes, and the each contains the detailed description on characteristics of weather con-
dition and landslides associated with the statistical tables. Reexamination of the record from
scientific point of view was carried out this time.

The weather condition which brought this hazard was confirmed by the early weather maps.
A small typhoon travelled the Shikoku and Chugoku districts from south to north slowly and
caused heavy rainfall at Kii Penninsula. Though measurement of precipitation had not been
carried out at that time in Nara Prefecture, it is speculated that the maximum daily precipitation
was at least about 1000 mm, by analyses of the data along the coast at that day and of the dis-
tribution pattern of precipitation accompanied by recent typhoons which followed almost the
same course as in 1889,

It is shown from quantitative consideration that the frequency of landslides is reciprocally
proportional to the logarithmic area of them. Data concerning the depth of landslides was col-
lected too, and the regression line for area-depth relationship was obtained, by which estimation
of the volume of landslides was carried out. The largest volume of landslides in this area have
order of magnitudes over 10" m®. The large landslides often show a particular plan shape,
namely, a rectangle considerablly close to a square.

Sites of the largest landslides which damed up the river below are limited on the slopes facing
north or northwest in this area. In relation to geologic structure, they have been occurred on dip-
slope of layered mesozoic system. It is pointed out too that the situation like minor syncline on
the major fold flank, fault crossing the slope, or under-cutting of the slope by river has had the
slide occur easier. Conclusively, it should be emphasized, in comparison to the other similar
case of landslides occured in the terrain where Mesozoic layered rocks are distributed, that heavy
rain is more important than earthquake as the trigger of large-scale mass-wasting of this type.
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ROEYELBLL-TE, TORBAROKRIICL Y, BRCHBORERNLVAHEHELZIDT,
ZRETIRGBCDO AL BEYHYTNT, i ERREBL LD TR EER (1958)2, FH
(19752%, b¥), 3 (1976)°, MR (1977)9, WE (1983 L EnH s, O bEIER (1977) IRk
ERAICET I LEDET-> TS, Tk, /M (19559 bEMBOKBERSELBBSHT O &
LTEOHFTS,

UL LBERE VDI TRELT, LXK ELELL S LEBRI VO TREBERERIREhTH
Bhpotel, HMEOBRE .- BEZLEZOVTS, BRCECEBOV LB Hi-TORBNEEBbhiED
BT, THBBREBTOITORLEREVED, 35T, BMATORER, LRKRF L EHFNEHRR
LR d S BRBBEBBIC DO TREEBEOBRHEZR ZI TV BT EBASHLTH S, TOHI, KKE
BNBPCETBRRRCX - THBIWTO Kb hPL ST, Z0RR—BRELTERSh3KKEY
Y, ZOHFELOWEBIZOWTREA SN SN TIEL,

EESRXBANEHAR, AAKEHIREQD TREEBICS LT3 BN BOWE, (REE RALG
X, BEES58020026) O—RELTHRIIKREOBRIERS, S0 & K biclBI& > BBA» S,
THNEEOMBE A DD THBOIERITES 5 FRERITH R 3 BRBAELT, —BORSIcONT
REFBAKBCREBRININEL LORMEDT-720T, ZOHRELOVTUTIREE Lz,

2. B W OB K

HFHEIMKKFEICINE, WMR8AITHIRBDBD Y, WREBAE P -7, BISHICIRBALMES FiHiL
7Y, VHIZRISKM LT, BURIBEESIHLOEFHEL 2L 5 TH A, 0HICRAIZEH
L7zo Z0OH, RMEBEDLSHEN ISKRBEBEANEDb -2 EBBINTV B, k& FHEFRINFE
ATR TAATEHEARRE7 ) AR+ —REAR. B2 I EABRBR =&Y 7B+ RS~ ER 7
W7+ AR BT () - E AR () - AT A H AR —R/ERERT—BB%. 5y, H
BHRNHTECTS TRR FR2 A+ BERA A RLRF ) o /B =BH=EX,, *i, Btz
NHOWRBTHEE TEXE3 ) v @) - RAv bt hAFUE=-EF - ) A -ExY) 55,
COEHBBREARNDRHEL S, —RITIR, TORFELS LLORBRELRESL L{RZERAT, 24h
RIS DMETS - 2o BB 3 52 LEZ ShTu,

DHETIRKLARIZ88S (#1518) £k RRAZETHMIhBIL TV Y, BREERVLTZELS
DEEMEBRIN TP, BIATHERA
RUEEKIE (6 14, 218) ObOTHEY, 1889,8,19 [
WMESDUL, BLEOBMOLL U -ROT, K [4H(JST) }\‘}/
HE LR BT IhTWAN, Phote 1(3 8 A 190 148 1.4
@ E.Knipping O L RAHOFRRD =2 €~ &%'\K
TH3, AAOPLREELBICH D, BORAER
#1 740mmHg (987 mb), % 7 FLNTEVE TIZIEE
@ 15-29m/sec OEBMBEA I N T34, R
BLUABCRERIZ 10m/sec YITT, 8AEL
TRBNHOT Ho7 UL, HUbhL D DO
h-BCHROBRANBNIh T3, BRORIE
K[ERRAUTL198 68, SX°HEN X hiz 978mb
(738 mmHg) Tdh -7z, Fig. 1 icid 8 H19H 148D
RLARICZ TISH 218 5208 6 B % TOHLO
UEERLTH B, WLOPLIBOMERK S Fig. 1 Rewritten weather map of Photo 1 and
W, 18AL S 19AMICHA CERRNEDR N - course of typhoon

—2 —



MACAZ SRR WY P Z e L Corrteres 1389 N*27/

SEEF » W3 - Ak - MM o BT : 1889 8 AFWIC K 2T RIKBOFRI 371

'x&\;{‘%?ﬁ\’ N T B RRLA

3

e - %
)

otack une:

FHEAS o 4 g A\ - E3 #
#ATRL wpcaolosial \\;/}p. BN AHLBE R G A BE FAS
, B K KR

g 128° 30* 133" e 130" 3

MEERERTRRRE
WEATHER MAP,

7 é /g 1889, ghpm. Jupan Taue

’ ﬁ OGIEYE  CENTRAL OBSERVATORY;
QGROORAPHIOAL BUREAU,

BOMB DEPARTMENT.

TOKIO, JAPAN.

S LDV VT RN B
wreE 5]
cres fies with fhe

Nundger ',‘SWM

 feather eM indicates|

® Z REMARKS )
X TR T wuntis of B clpaciiion
== 1 TS R RS FTN ]4(« ol T Tl A Lis
Rvexrdmir iR | st @,ufa/ _/7',-‘2 ] }

AT A R Rt D | np 7464 ore, e lkole E ]

(ERS™ TF T F s sl 2 SE
RARRA- WD KSR 2 0F i T skod £, e cerdier
Rt R RAR ST R R MR TR orvetadT, oiney e S e
77— af«'Z TR ZhongonriciZis.

RS2 = RIL = AR | 520 lipal, 4 il

|
|

¥ oW WARNING:

oy oy {WJE

I3 18 3 155 736 [ o Tix

Photo 1 ‘Weather map for 14h (JST), on 19, Aug. 1889

CIEEALBELTED, 1982 52008iCh) THE 10~15km TW- { b WEH, HEBFELEL
7z Fig. 2 W RARP S #HAH & » oKL, KK, B, BROKBRRERLLN, RAkKEoZF e T
—HLTW5, COMARMNBBILE TV o251 LRBBESHLTH S,

Table 1 L ZhETIRIBELBLLHMOBHRRE, TMRLRAKREE Y Kho @I E+EINO 1B
FROM (B {EEINALRKE) 277, EETAEAFRER, X{As5hTVaLHic, 198DOHE
D 901.7 B XUBED 520.7mm TH B A, HLTE 18AILS 368.3mm OHI D OERAH » 2o KAR
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DATE 18 19 20
Hou 6 w | 21 |6 wl2a 6 | 1 | 2
25"'I0'ImZb 26 1009 | 26 1008 {25 1006 } 25 1005 }26 1006 | 25 1006 |26 1006 | 26 1006
HAMAMATSU | ©—| ©Ow| ©w| O] O ©) ? I :
26 1012 |27 1006 | 26 1005 |25 1001 | 25 997 |26 1001 | 24 1001 | 26 1001 | 26 1005
Mo |evemomona g 8|99
26 1009 |30 1002 | 27 998 [27 994 |24 993 |24 992 | 25 998 | 29 1000{25 1006
OSAKA Ow o< % g\ ? L P
25 1008 |28 1000 | 25 997 |24 PB 26 990 [26 994 | 26 998 [ 30 1000 | 26 1005
wkavas | & o 3 ; ; ? E 9

— N~ | - w. -
1.6~3.4 3.5~5.9 6.0~9.9 10.0~14.9 15.0~28.9 29.0~

Fig. 2 Weather conditions at Hamamatsu, Tsu, Osaka and Wakayama for 18-20, Aug. 1889

nk

Table 1 Daily precipitations in Kinki district for 18 and 19, Aug. 1889, and the
speculated maximum rainfall rate for Tanabe and Totsukawa.

DATE POINT\y, AKAYAMA| SHIMIZU YUASA TANABE | SONOURA
18 2.4 104.1 1270 368.3 180.0
9 78.1 38.1 520.7 901.7 NO DATA
POINT]
DATE MYOJI SHINGU OSAKA KYOTO TSU
18 98.0 94.0 11 17 08
19 1100 | NO DATA 135 1270 55.7
MAX RAINFALL RATE: 170 mm/h (TANABE)

$6, RFLE LOMNKETETR, BROETOBNILdH-T, 19AKIIHOHRANEMEGEL:
eI h, HRCHEER UZRRLES SERRCHBLVERSREE, LrbENERVWLELS
TEMTED, COMIDMECHBRBS 21hEIPR, ChXETOBRRTRIZ-ZFVEZNL, PEAE
EUBCRBRL ThOBRETERORIC L3EL H B, T, BRMUBAMEELELTHAR, C
OHBIZETEDS » ALV DD BT FERTELN, VWTILOBATLHIAPHRD X 5> BERMERE
Dd, WREEOILEMRICE . EOL I BEERHAE 2> Fig. 3 Kid. chosolehs, o+
BINKEORS, COMRIALOMEY LD, >0 BERET 1,000mm B, »31EThil Lok
BRRRES - 2O TRE VD LENING, MBERES, RESIREETERINEES S HMiT~
EPMETRHZ 00, BABICHRITOZNEAII0OB XY 130mm L5 1EiE (Table 1 BR),

130 mm/h (TOTSUKAWA)

+AREITREEOH SRR TH B, COMFTRThETRMBOARTWLEDbN S,
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1921.7.13 1935.8.28
Fig. 3 Courses of typhoon and distributions of daily precipitation for (a) 13, July 1921, and (b)
28, Aug. 1935.
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WETORIBRICHES FRICL > TRE L RHBORPHEES 5 VL RBEFRRIOWTE, KEiEFX
HRERIN, SOREBRORILILEDOSNATNS, L REBERORLIIE, LTI EhEH50H
PEDOKE, HiM, FEE, WERLBREEEIKONT, Table2 LRT LS BIANC LOBRORBRES
3, 72720, COBFRHMERSVDLITRELT, —ME UTKREERICHSORESOMU Lobhw 3
TkEl) ERINTHEHDDOEEESTHATH, FXFORLERBRORB—H LRV bOMHB, &
W, HEFRIMIREONTERETIE TRBL 121057 Fie 53 0 AXHTIE205r frelii-THD,
i8R TRERETI 11y i H 5 OMAEHTIIHE 80 MK SORILL LD D35y Fieli- T3
(T 1975 0% 1 REAXHICEROMEEAVLTH A, BHETRINSER, FalHEEXE»h
TW3) ENnS &S5, BEBENEHE, 6K, HEFBHEROKAEO&OFHMEOMBLHD, chi
BBk EOHIZLT, T GER, 1977)% ThHDh, BRICHIBANE LS L1287 77, +HEIIK
BNTI268r FiliLb, COXSBEDLDS, TR Oid 1200~13007 FEELZDONRETHA . #
LBROVWTRERTESE 2454, RRRBIAF, 2RRB 19B3F L5, KEWOAQ2L,T2A, FH
4,5588 (WThLBREICELD) THod 5, REFORETH->HICBHBRIBboLENZD
X N2 (RAYRN



374 RABEHETER 5275 B-1 (1 59.4

Table 2 Statistics of the damages caused by the heavy rain in August 1889, in Totsukawa
and the adjacent area

% #Ha b2t -3 Ad EE  MEREE 42HMERE K bR
1 Rm# 564 3279 10 7 2 12 4
2 K#H 468 2150 35 43 20 25 5
3 EEIe 375 1739 27* 16 3 11%* 4

*ABEUBERIC L BTEE 2325
** ACcHE SORIE SORLIED LD 355D
Je+-ais 410 2193 86 134 19 203 13
5 FEuiEER 303 1613 1 74 13 46* 4
* AP ELBRETF—H, FXHOMOAEHILI9
6 ta@is 387 1844 5 9 12 106 2
7 Bt 533 3061 2 6 49 486* 1
* AR EBRECTFA—H, FAXPOBOAHIECHhEIY 1155413
8  EtEI 379 2014 21 23 64 207 4
9 EtEH 391 1237 3 21 2 32 3
10 ZieH 751 3562 5 13 14 0 1
(HFEFRERCKRHEOREOEESY)
11 BELER* 84 510 0 8 2 19 2

* HEOH I 2DDRFDOVTDHRT

LDLEDKE 2 —vORHULLT, KBERBIZRLINANEZREL, RS 2L IHHZE
H, ThPBKRELTTRIC2RGBELZ OIS L EBBITELTH D, COLEOHHNOAHOR
EBACOVTRAREHORRE S LB ORXBLIN TR, ThoDABBABIROVTIREIIC
HERELOREDL SRETRNIC LILL, CTTRBABERITOVTEO—BENE, T5bDb, B4,
R, H5VRHELRICOVWTERT S,

3.1 BiEORKEIAR

FHEBRKEFICIHBBORARSBROMBCER I T3, WERERE (BR) TH3, »izh
DHENREEZ O TS, L, HERBDORODVTREORBEE TERBELD, H5013, /NE#L
SOORBLIOBEISDVTR, BRZIERKSLTULL—BLTORWE S KBbh, 2BER—ET 2L
ERTEN,

20 ) BHIEFEFRINOF — 2 REEHSE{, ML LOI TORBBRBITRINTOT, B
BHoERERE BEOMRE BRUTI20IKEFHATH S, IAETBRIFIKONWT BEICH 2 HiEOR
(BX) LE#K () WiEA— bACREL, A=LXW 2HE L TZOREMGHEHA~T, CORE,
EMA Am?) & A+4A?) OH VR ETh B RBHOME n L LT, BBICEHE 4 O, Bk
EnonEELSL, Fig.dniohs, ¥, BTk 4logiod=log, (A+44)—loge A=05 & L=,

Fig. 4 TBO MBS BEORMP AL - THRA LT BN, ThREBICY - T, KEEPIcd hEM
RO TEEL ERINTVBEIK, MELLORNBLBREINLEP - LICHIELTHAT
BEMERSH B, HH 4549 3,200m? Pl L, $78bB, 108104235 DLDOTRERBELHEFEOH WP IKiT
AT hoITEHRMZBERMS Sh, ERRIT

10810 R=A+D10Z1o A ++errreerseresierett ettt e )
L35, BN2RETEDBBIIRR 3.5510g10 A5 KA LT
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Fig. 4 Relationship between the logarithmic area A (m?) and the number n of landslides. The
number # was calculated for the reach of log,o A=0.5.

a=3.75, QG4 e re e e e S e (2a)

Thb, HBERKIZ-0.974L 8D THIWMEETY o

ccvu)m$m1n=1&¢nu,m=wﬂbumﬁ®&ﬁ1aﬁa(ﬁk@mmwﬁina)zmo
TREXEHoDL, LRO g, bii LT EhIRBEE 10°m? &5, Fi, A=1THETE m=10°
HEEOTmmlm’fbazm(?ﬁbB,IW§A<M&ﬁ)K€§h5ﬁﬁﬁ®ﬁ%5i6°L%O
2 i LTI m3,500, $25 b b, 2m? BEOHEE BETRII T 3500, FrEESRE LI St 3,
(Y TEZ OB AHAMNEBE bOETEDEIRY LO>HE > POMENS 5.
~ﬁ.+§mmﬁmﬁwamb@6rﬁﬁJug&ﬁmﬁ)@&#&&ﬂﬁb(ﬂﬁénruatma?
hig, FRRTTIRONE 5 iC# 1,205 FEELATEINTHS S, FHAUOBERO "KM KOWT
ROIHT EEFRETHE, &ﬁfo«a;omﬁﬁféaﬁﬁmEOﬁﬁﬂo&ﬁmﬂmA 1.43%
10°m* THEDTHEB a & b ERETHCLNTED, ThERDTHBL

a=15.5, B D weeeeeneese e (2b)

Lith, L HDERBENKELNLS LEBARROTEC LEBR LTS, TOMKR, HERAK
HOLRAE KBTS ENREL DB ERENLNITLRELDT, AHMOOBBEHILHO>NTRZOD
EhbABRORNEET S LEBDN S,

3.2 HiEREHELR
ﬁﬁﬁ%oﬁﬁmﬂwtﬁ,kaiuﬁimmiﬁﬁ@ﬁimﬁﬂéxim,ﬁﬁil#bwbuﬂﬂ&
sh3 (Hsi, 19799, fEER (AH) OHEO-DIIHBRECHET AT — 2 BFARTH B4, BE
R HARKEPIC S HEECHTARBRBELALL, 720 o0 RIBIHRIIHORET, Ch
iz Ao aREBHH 2. THbL, ®EE= 1 (BEF), g, BRI, ABFN, TH ES
GlEvThbiEE), BHASL, SHHWL, KB, 2r 70yl GLEOThOAE, BAEU (LX)
D11y Fidteh e, chilftcrelssicBEtRIREaI 1R G #H5205THS.
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Fig. 5 Relationship of the landslide area in the abscissa to its depth in the ordinate. Area and
depth are represented in the unit of m* and m, respectively.

Tho 2DV THIBER (1) LHBE (D) OBRES ey 1§25 L Fig. SR oh3, SIdPIY
SEdsh, —HEmE LTER

10810 D=+ Bl0gyo A +++veersresssssssiriss i e 3
MDD, 222U, BEERE o, BBREIm THSHT, WM 2RETRELEDE L,
Q= —0.033,  Bm=0.307 weveeesreessesrrtatn et @

ML ohbd, 772U, HBEEEIZ0.66TAHFULEENERINAL,

RO E S CHEBOELE W, E3% L, 35)ES%E D Lvhid, 4% (HEiR) 3—#ic

V=kLWD

LB, CTTHRE k OMIZREMBOTERR, WEER 3 oKHBCE ARIEBNE (Wbws 77
B) RE->TEMT S, ARBOKLHNES, BESKEFBHORRTHIIE k=1, ZAERTHII k=
1/6 £15h, —ICIE k BCOBHEORHRMBMELLbDELELONDS, CCTER kK 2RAEAVED
oL LTHBRPLOME Fig.5082) 2RAVACEBTES, ZOHA, BHLIMEI0~0M, B
130~1407, £ &370~380M DREEEME > THRINEKE UL EBEHIN TV S, BLRABEHNE LT
BERICERLILEEZON0T, BELSAKTENTAE, HERELIEE 43X10°m® L3, —F,
Ei i3 X 1800, #2400, BIISMELERIN TV 0T, k=10-FhidpELRIZ 3.8X10°m° &
7Y, SEFLOMEXL—HT B, k=10 LV IETHBH, CORBTR HERITGED 7oy 7 HEE
LTWn3Z e, RBEEMEBELSCOVRRBAMILBERSHS L, BLORBEIBBRIELLTHZDH
BMERBLT UL ZAB TP LA REERSZC L, BELLITERETRENVL, PEDILEE-T
b k=053 +ATELETH A S, Fig. SOPTRBERAKOH8 LRI DNT k=05 L LTRH LR
BENZh 226X 107 m°, 3.62X107m® &85,

HigAHic, Table 3 ICRAKFBLERBOHZ2HEO I bEREP LA T LAy FEHTI, O3B 1AL
L2RRWTHhLE (B) ORTHVHAEN ) UEORELISPPEHEBILRIZ EELNIOTRAL
Th, 3ROHD UMIFEIL, %) OEHEIZ 145X10°m® THY, 143x10°m* O b DIF 37 FdH 3,
Zhol20WT)R»PoFEEI DERDEE 2mBELEY, LXWXDZ 10°m® O —-F—L15 3,
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Table 3 List of the large-scale landslides described in the hazard report. The larger 11
examples which are over or near 10°m? in area have been given here.

TEhr  IBRS (kFE) £ HEXHK () MEEEM) B3

1 detEns BARL S 1500x1200  5.9%10° ¢§zfavammﬁmb

2 AN GLR) RER 1080 X 600 2.1x10° BAERKEH

3 EABNANMD HERW 900x360} 145X 10° NS R

(EB 480X 240, ’ (&%)

4 FEIEEROIR) BSL 900x480  1.43x10° ‘BFLEIEH R

5 R @EK KBl 660600  1.32Xx10° ‘FIFEEHM AR
(900x480) (1.43x10%) & v 2RRILHENH(ER)

[1&5% 10} &4

6 dbtEuEGEE)  Rel 900x480  1.43x10°

7 detENE@E#E) LEL 800X 500  1.32x10° ‘[LiZEHM’ B

8 FEtEIHERE (L) 720500  1.19x10°

9 +EJIERH R BHBWL 700x500  1.16X10°

10 dehaEisQux)  #BEl 1500 % 200 9.9x10° %ﬁ@é’&éwﬁﬂ, R EH’

11 A @E) K&l 600X 480 9.5x10*

51, BINEEAFAI, EIBPERNE, ThEhAlZINhTOE UTHEM 45 of\ICEN TS
ERRECTEMATS, k=05Thhi, LRI 3.5%10m* BELLE, ZORENP LEKIE REYD
THBELTH, BHETEIBRABEOLORILRT 1,000 m* 2B ATVEENAL D,

3.3 KiEshoREEER

AR TRELHED S 4 FLOVTE, KREBEISFIC THE=ZRT VS B/ HETI %
FENE) o (M) TEANERK BE=HY 7 NEE 7 ME=FREES /OB ) o ()

50
W L3
L 20
! NENNLEN
10 e
=
05 Q ; o
1o
o o *
o2 ] -
ol
005 2
002 .
10° 10 10* 10° 10° 10"z
U, L x W

Fig. 6 Relationship between the area and the shape ratio (R=W/L) of landslides. The area is
plotted on the unit of m* on the horizontal axis, and the shape ratio on the vertical axis.
1t should be noted that the landslides with the area of 10* m? or more show the nearly

constant value of 0.7 in the shape ratio.

— 9 —



378 RAMIKMETER 5275 B-1 (1 59.4)

CTEENE=HELEr = v F I, B =R MEMEIEY L5 B, LORDH S, MR
DBTADICLERZ LD ; BRILZ T, HHVRAHEBHHAELBHEET L0 ; #4 CV FRRKC
$B3R53 v FLBONBZHD ; O IBBRIAETH -2 C LHHAIN D, i, BELZOMEELY
BTNBEEIBERT D EZNUNADEODORNIHBHOBR EBRBCRMLTHEEEL SIS, T
DL BBED S, NIBEL HOHSREBML SO CHEVBHIChL 2 BA—RICEETh T I AP+
BINA 8f) &iE-HERNEERRN (1681) w20 T, HEbOmEE LxW) L#sk JBRE), R=W/L,
DR%E Sy LD bi Fig. 6 TH 3,

coBitAoh 3k Sic, MEE 2SO LE (MRBRETH 8250m* PE) @ TKE KBV TRER
HZIF—ELBI0RHL, chi/MEBELLOTRERWNIVELHAREVEREL S (BRI
N 3) HREDD, bHAHA, DRONFIVFIRELANNLLDOLBHEH - THL ETREMIC
TERVY, COBERBFMEE- LI NKBEBBEOREEEZLE 5 TOEL>OMBERET S, T
bbb, KEMRBICENTIIENEL (BRI 50.6750L1.0, ¥ 0.78F T, EBMNELFEIGEWTE
BERHELTWAC Litis s, 1%, #MBEroHLTEASROThOERLMICRE L O LMK
3h, HEO—EHBIBLELETLEVDYIBI D THE LEBFTI TS,

4. KIRWPHWIC BT 5 HRRERF]

UERIGR~R I X S BHME S ORBEBRAEO S bT, SREBBEOMNE L Lo BERERBIFHMIO
HERI, KEMNAFEINCES KB Bul, BidetanfdsRodd, RNIEEFOoROIL, HEHRN
HNOWE « BH, BETRINER Ths, ChoRUTOMPEEIRRT LIREFLALETATAE
FREESEECRELTOBEWIFLWEEES S, UL, FRARRAREDNhEFT, BRA»S
RBETLAFREBICHHATECB L B EL o, ThBBRREHEIEELLOTH 20D
Vo IV EDEZLSNIDORMEMBEOKET, +RNFFES v—F (1980, BWEIEH» (198D @
BEAEBEL LEZEONBEMPAELT - 1R, UTRBELGBRZ LS RZhSRBRWTFhIEFTHOB
EHHVRPEEE, Fr—t, REEVCOEHRORBEE TR L THBRNBREO/NSOEAMBBELT
B0, WHOYWAKEhBAE, LEXMMBRELIEELS> TR &b, ThED5EDSH
35ORISEANOHEHHEMBLTED, HEEAFHEIVELOORENEF L2 > T B HREH S
HB, 122U, BESANDTUSENOKEES FA3HMEERBCELTHIZOENHIERR, LA, %
FHicE I 3 THOREL L ZBAELZLHMETHS LI FERBERIMNBMEORAREMEFEL
T—BYRENTHEL0IFEERLTO 30 AN,

4.1 /MIERBIL

CHhiREFBAEESEZN TR, KZ&8nH0, 8 A2IAFMI0RFICRE, HERIR2>OkE
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Photo 2 Airphotograph showing the landslide of Furuya-yama by the Ashinose river in the
former East-Totsukawa village, Nara Prefecture. After Yama-6, C-29-43, 44 at Dec.
12, 1953.
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Fig. 7 Topography, geology and schematic cross-section of the landslide at Hinose=yama
facing the Kawarabi river, Nara Prefecture.
1; Main scarp 2; Slide debris 3; Head or slide block 4; Debris deposits after
landslide 5; Chert 6; Sandstone
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Fig. 8 Topography, geology and schematic cross-section of the landslide at Takohzu=nakayama
facing the Totsu river, Nara Prefecture. Symbols refer to Fig. 7.
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Fig. 9 Topography, geology and schematic cross-section of the landslide of Shiono=Mukai-
yama, Tenkawa village, Nara Prefecture. Symbols refer to Fig. 7.
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Fig. 10 Topography, geology and schematic cross-section of the landslides near Yamate-tonoi,
Nara Prefecture. Symbols refer to Fig. 7.
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! PN g : >
Photo. 3 Airphotograph showing the landslide of Kubotani-yama at Sigesato, the former Nishi-
Totsukawa village, Nara Prefecture. After Yama-7, C-31-26, 27 at Nov. 21, 1953.
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Fig. 11 Topography, geology and schematic cross-section of the Kongoji landslide facing the
Arita River, Hanazono village, Wakayama Prefecture. Symbols refer to Fig. 7.
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