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Geological and geochemcical studies on the slope failures and debris
flows in the Ura river basin, Nagano Prefecture.
— partl —
by
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Makoto UTSUNOMIYA and Koji SUZUKI
(Abstract)

The Ura river, a tributary of the Hime river running through Nagano and Niigata Prefectures,
covers the basin area of 22 km' with length of 12 km.

The basin area is well-known by the frequent occurrence of slope failures and debris flows.

In 1912 the Hime river was attacked by the huge amount of debris flow related large-scaled
sliding of slope at mt. Hieda (Fig. 1). Recently debris flows sometimes ran down the Ura river
every year.

The present paper deals with the geological and geochemical features in the said river basin for
the purpose of analysis as to mechanism of occurence of slope failures and debris flows. The
results of our studies can be summarized as follows : —

1. The bed rock geology is shown in Fig. 2 and Table 4. From the analysis of geomorphology and
surface geology, the stable condition of the slope in the area can be shown as the mass
movement geological map in Fig. 3.

2. From the chemical analyses of spring waters, the ground water can bc subdivided into three
types; bicarbonate, sulfate and sulfate-bicarbonate types on the basis of their dominant anions
contents.

From the water types, the said area is divided into 9 zones (A—1 zones) as shown in Fig, 8.

3. The main unstable slopes in this arca as shown in Fig. 7 can be divided into the following three

types :

1) Type of large-scaled sliding (2, 3) exist in the area of the middle andesite group charac-

terized by bicarbonate water. The rocks show weak wethering or alternation.
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2) Type of middle-scaled sliding (4, 9) is related to the strongly wethered middle and upper
andesite group characterzed by sulfate type of water.
3) Type of small-scaled sliding (5, 6, 7, 8) is related to the weathered middle and upper
andesite group and quartz-porphyry characterized by sulfate-bicarbonate water.
4. From the continuous observation and analyses ol quality of river waters, a discontinuous ab-
normal change of patterns of electrolyte concentration was once recognized at the Kanayama
river, a branch of the Ura river as shown in Fig, 10. These changes may be a marked phe-

nomonon for prediction of debris flow.
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Fig-1 Map of the Ura river basin
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Table .4 Stratigraphic subdivisions in Ura river basin
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Fig.2 Bed rock geological map
1.2 : debris flow deposits, 3.4 :“talus deposits’ 5 : upper andesite, 6 : middle andesite,
7 : lower andesite, 8  Ishizaka rhyolite, 9 ! Kuruma group, 10 : paleozoic rocks,
11 © serpentine, 12 ! diabase, 13 : rhyolitic tuff, 14, Akakurayama quartz porphyry,
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“(\ Fig.3 Mass movement geological map

1 ! head scarp, 2 : small slope failure,3: land slide area, 4 : crack, 5 ! unstable
block, 6 : landslide debris deposit, 7 ! talus, 8 : terrace of Hiedayama debris
flow, 9  younger terrace of debris flow, 10 : alluvial cone, 11 : river terrace
12 : knick line of slope, 13 : pond, 14 ! swamp, 15 : caldera, 16 : sabc dam
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Fig.5 Hexadiagram of major ion constituents of spring waters in the Ura river basin



_Oz_

7 ’/’ /rﬂ
/ y ~ I
f y 71
s s / v‘
| &
1 m ‘
\ -
p | )
1 g \
\ . J
RN R— ;
r J }.{F

8,3 2 3 % epm

“w” ot b Mg?* sOF
N s’ Caz+ <}~ HCO;
#e &I Na*+K Ct-
&
- 1649 28 v % Zem it
s w5 {990 ~--~_~\ ~ <F— <
NS / 80 300 30 60,
- .
) % MW <P
- Y2 o i 1443 N
0 1000 G L
—_—le—a *

N

H-6 @)ERERKOERID~+4 54+ 5 4

Fig.6 Hexadiagram of major ion constituents of surface waters in the Ura river basin



A

® =)ol + Y
O #4414 ViD
B BRIty

O a=29zRpsrenf

v ..
" .- ~

R . .

ui ot % 1990 e

0 o0 O WG & W -
fCoer»
= S 0l o
g5 B R
& B I N

0 ) 1 00
_

-1 ZREHRUREEMOSH

Fig.7 Distribution of secondary minerals and main slope failure areas

O QO N3O U WD —

montmorillonite
kaolinite

mica clay mineral
a—cristobalite
calcite

gypsum

pyrite

sulfar

slope failure area



-3¢ —

. . /'
j‘/ /" ‘A} HL s
/ - 7T 1
! v Jf
/ ' d N
[ ’ i
AY f}
\ 1/
t % od
P N\® .-
d
i/
A
i /
ol
foe D« ™)
&? g
f.ﬁ;;; [
—— {1  sulfate type
"%W 2 sulfate-
bicarbonate type
L e o 3  bicarbonate type
o w 1990 B

B-8 WRicsd s, LERE, 2.5 @ SREBEY, 3ERENHKkOSE

Fig.8 Distribution of 1.sulfate, 2.sulfate- bicarbonate and 3.bicarbonate type spring waters in the Ura river basin

0 1000s

(=



ff, k(e

&

#-5 BXOKHEAEM[OTSM, £

Table.5 Mean, maximum and minimum values of water quality data in A—1 zones

oo~ oo =t~ S N~ | 5 d —— - NE=K W - So o — O o — S SFuN | B
— - N T — - = 00 nownN O N v
~—
- . . . . - — . - . . : - . . . . . . . . s . . . s . . . .
N =t~ O o = = < N - N O o~ AN O LT - N o oo NO N DM W =+ AN m -0 -
—— o O~ — — [To 3= S o) —- — O
o
GO | FUuTF | NN [ | ——m- [ | | SsSo — <t O~ | B <
— aNMmAN o NN
[{= T I ) DO N o 00 W w0 S NN %71 = 00 O 0 0 v N -~ oo —~ = N W M M -
P . s . . 0 W 1 . .. .- . ~ O .. s < . , WO b~ . o . « e s
[a Vel «>] © t~ N O I - T m — 0D — — O\ = ~ — N (= -] — 0w o M < O 0~ <A
—— - — < = — N D — —
— N W
. . . . 3 . — - - - . . . . . " . . v . . . .. - : - 3 . . .
(S VT o w0 m w0 O o~ AN - <o DN M — T - o - O —— < O W NOoO N N O -
- O - — 00 D= = m O o = wn ~ o N W —
N [aN] — -— ™ =
—
—~ <0 | O ToO® | o0 | AN | B | NG| SSS Seem | mgw | mN -
—— PRSI — ~ o™ D~ - . MW -
N m — — ——
(=] o t~ o~ - e~ 2] <r - [oo] - o
o o~ o3 o S o — o og b — o3
— o — Ll
— o~ ~ =S N~ — Nl - o= < o - o = E-X-1 o0 o — Nt | SO™m | o
— — — [SSERS o | — o m
3 3 . . . — . . . - : - - . s . . . . : 3 - : . - o . 2 . -
S W o~ bt~ O — o T N —~NOo MmO Ww O e - N O O N N O W < 02 N -
— — w0 =<r N - O3 NN
—
Mored | v | TpEY | TEY | FEY | THEY | TR | SEY | TEY | FEY | TEY | SEY
s X ] ] N X ~ s N ] ]
Broxe¥ | RNy | BRoe¥ | BROoX | BRooX | BRoXo¥ | BRoyeX | ehemox | ebeeX | pbeXex | mhodex | Boyox
m £ E E g g
O c. =3 2. =% D
o /v o) o [ g o « 9
3 &z
t * = s
+ + L= [} o
= z 0 + L 4 \ o o S | D&
« ] O — Q @) et ~ a.
Z - w z x o = o I 7] ® SI)

W 18 DA<

EC*
WT**

. Electric Conductirity

. Water Temperature

_23_



X w
zone river
Mg2+ So‘z-
A Ca HCO; 4
Na+K* cI”

QO
Y

15

7 175 2 71/5
F G 1/5 3 </
<

[\

ol
=l i

=
S\
-0
S

o

B-9 BX#EK (A-1) RUEIIPK (1-7) OFEHERRD~NFH54¥ T 5
L (F 1 /5 3 EBOBED 1, /5N TERRLIT EERT, )
1 0HSLR, 2 &R, 3 RRR, 4 EHAR, 5 A, 6 N, 7 IRAR
Fig.9 Hexadiagram of mean major ion constituents of spring water in A—
I zones and river waters (1-7)
1 : the Kyu Kanayama, 2. the Kanayama, 3. the Karamatsu, 4 ! Takakura,
5 the Ura, 6 . the Hime, 7 . the Itakura
(The diagram marked 15 are reduced to a scale of one - fifth)

_24_



©® TERHY
A, B, CERHZOBIEBL, #F4 &L TC" 7=4 & LTHCO, BEBLKTH S,
AKX
ZDORDKIF RN BREREOSVEREA N VY ARTHD, HOMT~OMLE S LT LIEERS
NBHKITHAPL T3, CORXKIEEOEEIE S SN 2O EFEEL, Hvitid i ZoRD
KOKESHUL T B LBHKENT L THD, R-5RLELIREEROKEIZARDKDK
HBERLTHY, CORDFIEZTIZIEL COBROKDBEHEH L THEZ EHFHETE 3,
BX
BROFERIZE M, ZOXREFHNBRAROKIE, ZOXOKOHEE—BLTED (E-6),
L DX LEDEGHIKEEZRERO KPS I PP I LENTE S, ARDKRENT, 7=4 bSO}
DEHBEEHEL, KEEDTRAORILEICA SNEKEEL O5NE, ZOMBRICIIRFEOE, M
A & AREBE DRI T, FOBHSHD, T, EOREIEIFAIRO DM, BSTEES S B
W@WH B, COXOKOBWERMERES LERILDERTHELHICFRIEV, UL, ki~
5L 30T, KFEOHEMD SOFEKIGERSERMERRLTED, BOBTRLSET L THA8
Wb B, Gk, K-V rIIFELIHYBEOBRORLIREORFBHKLETSH 3,
CKX
FRABTIR, TORDKIZHLT» 1 RS Lic T X750, BRUSHE, pH, KEZSOHE®KICL
D, ZOHRIKBREAREOBEY, HFTArhVEOKBMLTWE I EMHSN, 1 DOMIDOKEL
7eo EXOEBODIc bRIWRERD SHAT S RIHAWSID & S icZ ORITHET ~&KkdbAoh, E
X& CROBRICOWTIRARE SR T2 4ENH 5, CORIHAEEE VS Rithh o 13 REWEFERL
Hge Wz 3,
®© Hkd
D, E, GEMZDRICIBT 5, WIFhbBBMtOK T, ERSIEBLISHERILL TTbATHS
LLEFHEHES,
DX
HRHOKERONEXTHS, COMBTARDTICH,SHREBS NI, ZRuEYhicbiEE, a—2
VRMNGA4 b, ®FVE) oS4 MEMSEHPHEEIN, BREHETE 2, v/ RS OHURICIEY
5, COMUIRICHBHEHIOE, BRESE<, BRAMREL G0y, BRoRMtERmSRRAL
ELTRIENS, L LAAS, COMIBIIEERILOBMLVWEZATHEHS, SHLIEVIRSILR
TERSC D7 L AHE Ui LISERE Y & 5 18 3 T]Hetk A
EX
CORIIDREE U Gl L 280 ELDITHN TV 3, H, SPEME L TOREEBHAI AT
WODT, DRiE~NE, HEOMEFIBKEIEL SEOTILHEEEI 5N, COBOEANML
EHSNTWAEZ L, IUIRFHEBOBEROSELGHERLTWAL L, ZREhiceE v EYarq
b, AF Y Y, a—s ) RbNT4 L BH, ARABHFRRB(LHITICS SWASMBEET A L
PoBIPYPR B, LAFRBEHT 3 LROBFERFOBBEMOBC ODRicEEN 5, RAEL TOIERK
LFRILDBEV TV B L DR T, S4kE/MNURLHESHAFRET 2 b0EBbN 3,



GKX
GRoKklE, ERiclfd 3IELILROKICU ;RO K TH 505, #F4 vicEHbCa®t oFla
DEWETRYEN S, TDXE, KEELTELERADERERML THBHICHMBVIIV, Hkicks
MLUVCELIH TH - T, 2UMHEEE L, BVOE0H58EE2 b ORBOHBMOS T DRICEELT
W B, I3 NSRS BDEFZEZ QL SITN,
® Wik - TR
ZOROKkDAONSF, H, [RRoOBHEERcHHL, KEHFFROFRA Vv 9 2 RE, Tt
oMM H Vo L8 DREBITHS, $HbL, THhODXTI SO; Dfthic HCO; HE LIcEE
13igMAE 32 LTEY, KO pHIdhE~T A4 Y HETH B,
HIX
Z DX DK EMEDHEIES SBH L T05, COMFTEITRORMMA vy aRLD S0, &
B EMERCRIG L, IKROPHEIT TS - 7o RITHCO; it & UL S N TTE /2 LB ONBKMEE
T2, FEREKIDEEHKSERIEbA SN, SO & HCO, Dt <, ERDKkE BROKDIR
Btk > T OXDOKDERAEFWT 3 C & 3EHETH 5, M THESD SHBLEMEILIT, REAT 2 H
PAIN TV BAMEMDH B, T OXOKDBEOKBIEOFRE A IR 2@ EE > T 2EHEHSH D,
& Sicid, BiHOOS%OTE £ TFilld 51Hicd, 5%, MTkoSKME HikiteSbodTHMA
IR BB B,
FIX
COXDKGHRERBU L, HITHESH OSORMN 2 OWBEBEET 2R LPT . HEXDOKT
B F A Mgt O L% ZEEHHENED - 1285, CORDKIEH FA+ Y OREHHCa*" TEDS
hTW3, GREEREDELRBKSET ZEARDEERLTVAEbDEEI OGNS, KBS, Ca** B
DK ARBE T, Ca® + Mg ROk RILETICHRT 5L HiLHR B, TORITIFEZHIEG
DEAL, EBOEICE > TERSNTIROBEELSS b5, BIESERIEAES BTN T
BOAROHELE bOEELTEY,
IX
| Ko7kiz G Ricll - gt ok &, HRiCBlz7 =4 v & LTSO;” LHCO,, #F4 v &ELT
Ca’t &Mt S EBRATH BKEBHEL TS, ZOMDEILBERIC DWTIE, BRORAHEE
128, HEKOBED SOHRERIC L 2 Lo, ZORICEET 5 ERRN AR LIBOBSEIOE F X
TR E £ S, BEOMABHEORFERIC X 3RLbHOBMERL T, BEtotkshic
Wisd 5L Bhbhb,
ZoBMOKDR SN BRI dbim L T, BN, HEA, WEEIAS SN, HRIZERDE
RoOEBEZITEY, HROZDHEMERETE I -10T, RTIRIESEELI.
3. HRIKKAOERBUOFHERIZONT
BEUR, LR, BWR SaR, @, E1, JRERICEME®RY, WR5E8H8ALDI0AS
A& C, —Bic—EOKEDMEEIT -7,
BELSOFIPKEE~FH A1 ¥ 7 5 LI LTR- 9 IRLT, Gl biEMLIc LS, SAR, RE
RokizzhEFhAR, BROKERBROKAEREL T3, LR, IH&ILROKERGIEHHEKX
ThiNE N3 pH D LAY 2 AE2BRIFIEEROKOHEARL TH D, RILRGEARMICIIRRRBIC L

_26_



S>TRMLENTTEARTH B EERLTV S, BRIROKIIDX, 1K, FROKDOKAEKTHY,
21IR& 0 b HCO; DFEDRE VW EERL TV 3B, HIIOESGEINLEEHT 2IEYT-0T, #
NOKERE EDERDKDBES NI ODEIL > TV B, FNOKSEAROKITEVKEERL, &
DIEOHIR DM KE 2R L TV %,

i, B, TARORLOHOMGEES S0, &7 F 4 Y ROEFHE AR, XoictiT
KDEFG %A B bicEH D& BFIMER - 1210R L, EAHDERMRMOTUNOIME 11 BTk
OEBRIICBES 57— 9 - 8780 DT, T THEVTROAICERLT, BHEYEE1LL, §iB
(20.9, BI4HIZ0.8&, RAIZ1HRATIRIEBIC LD > THESRHM0. 1 F2N&B3ELT, 2DF%
BEBKRICHT TINA AR/ D% TEAH S RRMKRE L, COEADXREFKROFE M
FIRMDE NS DTHSH, BROMA%KGERTREOBETHEL 2 &h S, BKkOKEOBLESEO
ROEPE LTHELIZHDTH 5,

BERDENF 4 Y ROMNEMOIEHEE RABETHRL TEONITHALHRET S L, BROTHR
Rzhzh, BLILR1.45, €Ik 1.39, FFRR1.49, SAIR1.19, @150, #H112.84, WAR
1.30 TH»1o B- 10icHLNB LS i, TEADEREMRROEDH) S REOLEMNILFHEMERT, B
TR D% WIS BRAE IR OME B3 MBI EBEZR L T3, DR GIIFHELOZET%RL,
BARMNTEBRICE >~ TREDBRTHE T 5, L LEIIKE~NS EZ2DEMIINEL, ThoDROK
Hid, L2 OEABHMTRKOZNICE > THRESNTNEILEERL TS, FLL i, HTKD
KBRHLIFLE7~10°C THY, BHREBICHEBRSNITROEHELZRE LTS, Ld-T, Th
SOROKABBHT M TROKAERMRL TH Y, RKOBEENIET ZLicky, GROEHH
BULDEE A HE S B LBTE 5,

BAROFINDFEENIA F4 Vil 18.59mg /| THEH S, COMAFZROEEH F4 /e HET 3
&, @IRTE TS BRRTRIEDOHF4 vBETNTED, BOEOMKIIOEELT X 5K
BETHY, ZOORTEULEENSROC LBTFHRENDS, £IIREERRTIIFEN, ZoOfhoRMick
ENERLBVWEEISNEDT, HiEERELD 2L ELLBLBDOLEL L TVEEEZ OIS,

B—-10TRENTRLIzDIE, LAKORELLBERL T3, HFIS54ETHD26H, 308, 8A6
H, 268, 9A27H, 10A6 HOLAHIL, WTFhbBEHIEIESIKL 1. bDTH -1, LIL, B
RO VDR & N 2 fla oht. 9811 BIdMOMBICBHMAESC Y, 2D/ DROMRMA Sh
fzo 10A 10 B3 & LIRSS T/ MNEEAA SN b, ZOBEBERIGID 7. TN ODIOORE, B
Hiciditt FkofssFRENS,

TV, ZORHE, FHEROLE ULHRKSIROELSTRKET>LOT, 2OMERFLTASBE, 9
A108& 10A8 BidMbDROKDERFEBMESET L TR H ST, ZORTIIBED LFH
Hoh, CORMIc&IIRTR, GREREOFVHITRIEELD B HBLIEARRL TV 3,
Lo DBBIEAROM T KOMH | & I8 - DTS D d%

FBIC I T KA E DRRERS 4 2018, -7 AN TOEY, TOMSDIIEEMOhIcd Biwbic
i3, 4% B|RUEZEEBKEL FNSORERRET S LENS B,

_27_



B fo 55 4F BE

78 8A 9A 104
30 10 20 30 10 20 30
| 1 1 1 1 1 1 O
200 ﬁloc
=
=
11y
=
o o
150 S 2 N 1200
O—m = o0& Wi R
~
@ o H&WR
L © ~130
om B R
2 AT AR
N a i n
& o i n
> 1007 mE AR -100
i @
g/ a
g
t~
O\H}
O—
550 — 50
.\.’l’+
—
0 | A __ ______ _____. __ .__ [ .
' 1 1 I I I

H-10 &HkOKEBREOZE(LLES DX RIME

Fig.10 Water quality variation of rivers

SmamEed »B



VI HBEORBEEREOER

1. EaiigEhoRis

FHIRIC IR PNSBOBIE, T~ MSELESTE5 KBS, ROMtuKic K& h 3,
JLEF A,
FRE L & AR Dbt
R Lithis
SR B SRS sk
FREn Lithisg
FEMNR T oA R s
FERYRhF AR AR shisk
FERMR b e g
v A/ R,

BHIROAIEIR, B- TIRLTH 3, UT, SHEBORREBNE ERDLITHS,

@ JLEFELE

AN b~/ L Sie, EERIEEL ViR UK« BEEHERY " CUIBBRERY) »96L, W
5P HEDthiE, £ OBRBEENFLEST S (R-11) . BLoxRE, TRk ->TEsh, it
DEXLEDIKEBL, MIXDEDBEXELTOEREWIMBBHETHETH S,

®@ BHLEAIREZE ORI hig
EBRBCURCSRRMBIEL LD ON, 2055, WO 154, 1,500mOERESS, 30~50m
MOBTHNTWVS, OB, #il (1912)THHEL TH D, TR, 1902 EHEVWbAT
W3, ZORROCE, TP IED, ERBEREIIL->TH3Z E05, REEHNE OTHRHITH
1E5H %, COMRDAERNTIE, MENOEDOHIHBAHL, £ OBHLBAONE, ZONBHOBAT,
B3~ A DR (T7) 2L o~/ 0FEFEICRELSA LD ORI, B0 LT, WET
150,

C DHIF XD D TFIREBICIE, BKHE L, HIVEMSB L, 0K, BEOEBOLRBELZELE
HT25HiaeHonsdds, 2L L THRELOABBLFIORREERLTVWEELEL S,
WEE#HET 5L, R-120&5TH 59,

® #HE st

1911 ~ 124RICSE: Ll TH 5, COBDBHERIRZEIE-TED, HE200m, #EIL 3,000
mii 5. BiCd, hBLTLEBDHE L KREDHBHBHL, BEAETEE S P T, i
TROBRGIBEALS SNV, BEROTHICIE, BAIRLZEESERIN TV, BEEHSD
EBIRBiciz, BREASHEV, K- 13iclifEETd,

@ &liRA TR

L DI, B DT ~D T oy 2B 605, HHE DRRLEBORILERS L KBED
BEL D135, @QOHUSEMEIRE Urihs, oo g, FLLEBELTED, & IcEKA
BE, KLAEER, 2ROCEREEE2L, KL TH3, RLEOMELL, HRAVEERI
RELTW3B, TR, BEEDOLEN EAORIEREDORE,LSHEHL TV S,
B&IIRBFERIC SRINEH, &L ULRMEOHSEMSH 548, AEMEOHMRGOEEL TV 3,

CNCNONCONCRONCONCONC)



(m)"
1600}
1550+
1500}
14501
1400}
1350+
13001
1250+
1200
1150}
1100

10501

000 ———+——+——
0 100 200 300 400 (m)

B-t1 OJLEEIHE
=/t An CRIUEH, Qe AERS
Fig.11 Profile of No.1 area in Fig.7

(&R B

(m) 400 300 200 100 O

B —-12 @#HEL& ARERHE Db ik
An DS, (An) CLEERt, @ LEHRMERD
Fig.12 Profile of No 2 area in Fig.7



1100

1050

T — = AT -/ 41000
QP S A V/

(&R e it |

- 950

1

(m) 400 300 200 100 0

L
|

E-13 @RHEbitbER
An D ZIEN, Qe ! AKHE, =M HT~DTou2
Fig.13 Profile of No.3 area in Fig.7

® FE L
FEREPCHEBEPREL, HPREOEL L SHENEITL TV -2 bDEEZ SH B,
HOEARRET, ZHRD T DHFTREVY, COBKITE, 3HMOHESTHEL, 7ov 74k
BB LTV, FEERAURTERA TV 3,

® BRRTRERS

C DR TIE, Eic ERIUETIcEON A ARIE L VRS, KEDHEHNS 2, BETA,
BT LIBRICL SEMNIFREL T B, COBE, Dl ELWBOEM SEHEL Ttz HITKIE,
RIE OEIE L AREBEE OENhE» Sl 5,

@ FEMRhFZER: E# it

2 ODREUEHEREHD Y, HHE S, Bl LIh ERLLEE, FHLARMS L VK5, FIH
B, RGICREL TV S, RIERETIL, REBEEL, ERCLAL L -TWV S, i, M
DHEPTHRICHHELTHS (®-14),

® REHNRchif e i

LHICREBBISHBERSTEL, NIESRELTVE, EBLRLEHOBIETS 3,

® v/ iR
BREFEMREORBEERT, vH/ RERD SRIEMRIZE 5, HEIZKES, FERRLSEFHTH 5,
ZERWELBLLEAL, A0, BHRIUEVREEIKNIC 2~ 3B4 L, M58z, Ml il



HURIZ 100~ 150 m OBEEZEE SO, V7 IRTHTIE, AEMELSH LRLERE OBUIBRERL
TWwb, TOT &L, AEHEL D SRILEROLDBEHBLPT VI EERLTVS (E-15),
ASBEORET, VH/ REFEPTKILA 2 OBEISAH O, FILARROGE LV, COfHEORLER
i, HKE~KEOHLIIKER LTV,

(m) h
1600+ .
1550 1450/
1500+ 14004
3 =
1450 1880f
1400 T 13001
1350 1250}
1300 4 1200}
I/
1250 1150}
@
200L ¥ 1100l (£
L 1 1 1 J L 1 1 1 ]
0 100 200 300 400 0 100 200 300 400 (m

—14 @OFEWRRGLR EERHR
An  FUEE, Qp I FBRME, =A/:B+
Fig.14 Profile of No 7 area in Fig.T

(m) b
1750

1700t
1650 I

16007

L ¢==))

1550
L

1 L 1 J
0 100 200 300 400 (m)

E-15 @4 /iR
(FLpiE, B—-14LEL)
Fig.15 Profile of No 9 area in Fig.7



2. BBoOMNBLEREOTR

FRABICHBWT, LABFECBIRE S OMMBIEE, | ORBESE, 2 hESHEETY, 3/MB
BRHBETR, 4T ROBERDT 5L, SHEBERIME MTFRkOBEOZERE OMFRER, ROEE
DTh s,

1. KIS R

@OMELDOABUHE (1911~ 124F) B ORT, MEEEEL, TEEZY TRV hRZLEE
T, Tk, EREBETLFNRLLSE DERTEVKTH 5, COBRBORREICSVTIE, #T
BB (L, 1912)BEBEZSNTVED, LilDHiIRILA SN B REBOEEI OHT, BADEH
&, MEME WES) FicBEORRERD LT ERBTEL,

CIZTHEAT~NECLE, @LIRGRAORBARODY, SOBROFEKRTSH 5, ZOFEKE, KEH
A5 ThH, MABRBETHRIOHRLIEEZEREZL W, 2595, PRRLEFROTFTRicLH
DOMTRMBFEL, TOBHIKLIMADOTAHRBE/IE, KEMIMCLZ 54 €V IRERE-T, K
BSOS R U Icaliet B L Sh b,

BMEKXHEORIOBEZRL TVWEDH, @OHMIKTH B, T, BRtTsHT~) HofEETK
LT3, HHROBHOFE, FTHEOSROFAES,S, KEMHBICHLT 2TMkME boTW 3,

2. P TRY

LILTRO®, @hZhicEL, WHRPHRZLAE (@) & LBRLEHE (@) T, WFhbEHsit
ATVS, HITKIIHBHE L, KERTHREY CEENRLOE RS CH 5, Bildid, KFHLEHE
KHERBHY, 7ou 7 KOBEEERL T3, KELABDLD, BRICLZIWAEEGERT B
70y IBREEK>T—RURHET 58650 5 5,

3. AR T TR

2T, ® © @ OT, MHPHFRLER @) , LERLEE O, @) ., GElE @) T,
EHIZOTVAY, 20MKEETTATHED, TR, FFEEET BISREGEOTEICL
S8t (BT, AFEMEDRR) LV HIFEREBKE W,

4. Mig~OH

BUAEOREEN, /R D, ILFLEEET 3 (@) , MEIE, FRRLESEORtTT, KEZE
RBEITH 5,

ProZ &dd, KEBTOHRABLICBFZEGENEBbO 28, @, ©, @DHRT, L<i®
i, b LRBEBRET ZL LS, LAKORBREATH 3,

@, @20 TR, BHE KEOALLATS, Bit, TRAER, KEMico-S < s, HifficE
FLTWBER T o v 7 OBBIcEE T 2 46805 5,

& & »H =
2T, MRi54, 55 FERBALIEREDLILONTED, Z0®%OALBIcL-T, &IT, #Hixd
BRI, &<k, )l ILRBVOIET, FHRAEBTHS, 7. +6HEBARED
BARIC DWW TREB Lo ChSITNTERTRRBEFETH S,



2 % X S

HFTIETF G AR (1956) © ILLR (FBR, EFR) GRALERBAESSs, RERAFAM, 1, 7, 1-
44.

9 1982) TS TBEE (RNZHMNIOLFREGEEDLC LT, BU4BDHERY v RI Y L H
g, 41-60.

PP H— (1974) © @k (2o, 2) iR - fiioMyes, L&8e, 22, 9-11, 77-84, 85-93.

HITFHERS (AU IBRMOTNCILS T, BEARADH 1965 & LU 1974 IR H4BI .

GIIGE (1937) @ 7 H 5F40 1 AR (ARBIE) RRYIS, HRRER .

FIAK (1976) @ REFR, HENHHIEO FBUBCERE & RAUN — BRI, KB BRSOy MmE#E, 30,
49 -60.

DM AR R AR BB TR (1965) SEUI - HRIKROPRERSE GB2E) , 250-416.

(1974) : WiNFERATERRIE

(1975) : BEfE, ililics Y 2 LATTRABARRIME, 1-272.

(1976) : EIFHMER (5F 2 1) RSHEE

A977) : Befi:, MiNlick Y 2 L ATAZBEARMEI, 1-315.

(1978) : @ kW, 1-297.

(1979) @ LIV, 1-147.

(1981) (@ EVI, 1-262.

(1982) : @ LVI, 1-156.

IR — < NEEEZ, ik (1957) 1 kBREEF (V. S HRTE) , FIEMEE, 63, 783, 182 — 194.

BYIH 7 (1964) : BB O—RKONHE L O THMICES A 2 8, WRSEFHK, 37, 9, 477-487.

MACHIDA. H (1966) : Rapid Erosional Development of Mountain Slopes and Valleys Caused by

l.avge Landslides in Japan, Geographical Reports of Tokyo Metropolitan Univ.,6 1, 55-178.
T W ET OR{R(1972) 1 RAUN- REEENC 2 S B PFHROMEEEE, BHE—SIRERRIUNE, 403-410.
iE @ (1978) : ENINHBROMITL e~ W15 EEARERFRE Y XYY LHBRUE, 163-164.
HHLFERN (1976) @ aSkMikLOMBE L EA, GHIEES) , KL, W2%, 21, 2, 128.
SAKUYAMA .M (1979) : Evidence of magma Mixing | Petrological study of Shirouma—Qike

calc—alkaline andesite volcano, Japan, Journal of Volcanology and Geothermal Research, §

179-208. Amsterdam,

HgEA (1977) @ hE~RFAIC S 5 &NA B~ B oLRXLEREROMER, HETEH, 20.
FIMELE < LR B (1967) : REFRULZ A NAHIEINDFIROME, WP, 73, 3, 163-170.
GER—0p - SR EEM (1974) © REKEW 3 47, TRHLHRL 2hick3 b FNERENTICOVT, #ig~D,

10, 3, 35—-41.

i IR (1967) - iDL & £ OB KT, Fss, 19, 4, T-21.
LR (1912) © REBRTRE/NSH LN, Wiekes, 24, 285, 608-620.



