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On the Development of Incised Meanders
at the Middle Segment of the Shimanto River

W FET - hE

Chinatsu HAYASHI and Hiroshi IKEDA

The Shimanto River, in the southwest of Shikoku Island, forms incised meanders. It
has been suggested that gorges are formed as meanders incise bedrock during tectonic
uplift, or a lowering of the baselevel of erosion. However, it is known that the formation of
incised meanders is dependent on many other factors.

The Shimanto River is composed of a main stream and two major tributaries. Incised
meanders occur especially in the middle section of the main stream. It is clear that
scarcely any lateral erosion occurs here, as the meanders have very small terraces.

The study site is located in the Shimanto Belt, which is composed of interbedded
sandstone and mudstone. The sandstone is resistant to erosion, but the mudstone is
easily eroded and transported by the river in suspension. There is little sediment load in
the river because the area has not experienced recent uplift. Also, since the sediment load
1s mainly mud, there is very little bedload in the river, which results in a rough, bedrock
channel floor. It is proposed that the lack of bedload supplied to the channel and the
rough channel floor influence the lateral erosion of the channel and lead to the formation
of incised meanders.

To test this hypothesis, a flume experiment was conducted using a channel with fixed meanders
and varying degrees of roughness of the channel bed. It was found that the greater the roughness of the
channel bed, the weaker the concentration of streampower at meanders. It is therefore concluded that
little lateral erosion is produced at channel bends over a rough bed. It seems likely that incised
meanders are formed in the middle section of the Shimanto River because there is little bedload in the
channel. resulting in a very rough, bedrock channel floor and a reduction in the efficient streampower
for cutting banks erosion at the bends. This in turn reduces lateral erosion.

BERREAKE Do 7oK TIE, TRAIERT,

| @Eroic AL FREEN L e o 20O HREIE AT R 7 L
TWADIIH LT, fIDOELEE TS & TIIRER
R+ REBEHOWS - REELB)S %2 5% HEDNS o fo7od s, WEAMAREE LT,
RNBMFEHNE, FELVWEAETY L TWD S EVWAREFENPRELLDOTHA ) LI bIFT
ETHIGNATWVS (1) . AFWHZB) (1927) 5.
id, MBOEHE RN AP ) e L% 7% LA L, SEME ORI PRI lE Iz B v
ND RO RN TIIBRFH DL CFEL TV TH AEATOELEDR ) 75 % /750 (1990)
HOIIF LT, POEfE i s Lio%E)| &y CEh (1991) 1%, HAREEEEDS —FEL At
AT HNOFRKETIEEELE AETIRELT HEVXBOHT, WHEAME S EE L RS
WAL I EIFERLT, THEUEHINGEO b TETFTHLOoOMLT 5 EFTE N HET LS
BTE CITHREEEE (Tl FEREE) 2k S &, EFWATXM & HBHIEATX R & Tl e
Mol2lcbThArHrbEZL (M2) . Thbb, WELELIEXER L. T4abb, £EFRTRX

Y OREKRFEKRFESR
TORERFRIREE R - BRI o s —




LR R S)

W7+ R D AKEST

1

(Fe it

1485m

===

8

x—

=

—

897m

—

0 10km

VRl

P9 F5 1 3 38 0D R AR R

=2



P pme

(HF s o D8 EE - kn)

|
70

1
75

A 5 DR

3 EXE OB LE S & RS

U

MTIZEEATOBER I N — (FbESE) 2958 L T
WAHDIIX LT, HEEIEATX R TR - AR
BREDTEL LTI, Lo b RIzidae
DEW - BEEINRLLLTWT, N—5ELL
Uy,

FREF - thE (1999) 1E RN i EE o 30km(X Y
KOWTZOHRAFHMIBA LT, WEns
W-BEMOLIIIL > TIRZESEL Y, A
WATOBKDS ZNEMIE L TRLR B, T4b
L, BEEPLVIDIZAT vy T - T ViElE (B

I EmEBE, v PRIREEEE, .o KA EHERE

BIKWIRE) Lo>TuwT, W"—DRELLEVIX
M TIIEHNEITAS, TS DO NN—D3iET 2K
FTREFBITPERSNEI L, LroERS
9 N =D& N5 XTI EATIRIG 7 18k X
LR AEFWATY, TLEBO L V— (j
M) DEL X TIEEATAED TR ~84 %
THEREFTETAEREIND Z E L2 L.
ARWFIETIE, WHANFS O SN BT 5 E
EIERENIRFNDOFNE B L TIEA IS
<, 500~750m L 22 %\ (S5PUAR Hh AR S B IFoE &




V=7, 1968) Z &IiEB LT, EEMEERED
INERAIEA BT AT AT E DT EBRE A
R FORKR, WAHTINOZEAETIIRIFNE
BELZAEGETTELTWA I ENHEL 2L >
7z,

Il REIROBEE

1. #f - wE
MAHNIZME A VA FOBERCFEL TERL,
Z | % T, W25 H90knH S THEII & Gt
L, ZRUTFTCRERLT, @O55£945kmith =
TERBNEAHRL T LIEBEICRNT, TilD
PRAIICEY, TEBIENTVS.

Bwm, S E BT AR TR, HED
KEaEmE+HEE LIEh s BoO L i b
(BEXo#E MEHS| MEEZES, 1991,
p.212~213) . MA+wiE—HMIHFEER - B
Frx—tribbhoTwadd, FIIHE R
EHEBALLY, MEROBEREBTELZ LD, b
L iddespicisst - mEsicmat s v By TR
BENTE 2 LTCBERBELETERLTVA. 20
-0, HEBIIKBSPIIZEEFL TS, P
Wl o TEHBIEHRLTVWLEZELHBE. TL—
FoE DAL HAEFATLTIOMEDEMILIE
PR 2B AEETH 5.

2. BAkELHE
HOBEPLDENKREFEONLMA I
BIZBEAENE (, ZOLOILHKBORELNS
v, MEFHNEEREINEDAREICAEVWVKERE
EREIFTIZ BT 5 19744 %> 5 1996 5 D 234 i D 35
FEREARE2,753mTHY, 6 A~8ALBRANE
BESITAHIHICELGSE Y (BEREAIIE, 1974
~1996) . A5 Tdkmith & OB FIB AP BT
5198244 5 1998E D 1T MO ER KB iR EDF
¥ {E133,010 m¥/sec T, 1997EIEHRRME

7,835 m¥/secliEYT AHIAN H o7z (ERETIE,

1972~1996)

3. FAEXHE
KRN A N ARROERENEREA»LT
HOEETTOOmO XA AEREE L2,
BN EEBIARSE OB TIIHEABORER R
WEITHMICRE(ELLEwEEZLNS S
EOFNATREEREIRIOMIBTIEITHERAOE
mMELoI &S, BRMIZIE ML, AEKX
B CTOHMI 2 EEHOE ST 2V EE
ZONLENETHA.

o AR ROFEALET

1. #EEREAT

ZZhEEHGEHBFAEICL > TRERB O
B EES AR EER L (K3) . @EKI5D
HEdml o EHH * S EEEEE, H&E20m
UToBREEH*EKUEEmEL LT, ZOHREO
BeUlbsrBEEr P NEEEFEL L. D
DEFHEOERERICOVTOEMIAHTS
5, BEBBFE/SVETEOREICESR
TEHE TV AR UEREEIZI2HFER, KEEE
HIH)E o TWTEFOREIIFE L L HEHE
TWABMNEEFIIHIOFEREEZLN TS
({38 - T, 1990) . AKEEEOBMKD 5
DOHEIREEEOR W & % K L T/
3\,

MF ) EK BT, @02 580~ 60km,
T b 74~ 65km[X 8 T 13 ] B Bx B O 5 E A B
By, T3knfHETiEA v b - A7 (BITOEK)
DEBEULCEEAFEIRTYS, Lidwvg,
RELTRAREEENEEIHROTEL, &
FHI0FEBIC b7 THEFIH RO E (S
FZE AL L2 WIBHETOME L RIFL
TE&-Ewnz &),

2. REER

M5 1 o oo ) B B T S B L HERE DR & A
Hnll FTOREBRETH L. ez X, @O
90kmits 5. (BN DA[EH S DOHEFHIMDE L &
BERELTUAIAEBOE S 3 4nl 24V, 52knith o
DIMOFEAME T, BEEBOES I 20TH
L., ol ERNAHNoRRREOAEN;EE
CBErsEEEbrWKRILH oI EERL
Twa, b LARERILERE E LY, T
BB Lo TLADP S DHEWEENSERL
726, MEFNFHEOMETEREATICRY, L
WEBEERAELLTHA ) L, WHEREEVEEL
b Ly, Lo L, EBICEEN L) 2K
E@EA VI &2 s, MAHIRmRETIERER
bt E R &) RERMHE(EPELLZ L
7 d, HBETAH L) RIKEND ZVIREN R
HICEWTELEEZEZLNS.

3. FEERER

BEFEOHE, Wi EomRKRI L
Tokd ey HL I ENbroT.

1) WREIFLE LA,

0075+ I A R A v (T
1986) . & <ICMUG NI T, A8 O & i 5D
DR R B0 EiEE e SRS R L



T, BOTEEZERELTWEY, @BEEEALTY
LEERE NI OWR & 8 5 & A REDHERE LT
WAHEIEEbO THERY., Inid, WHE+H)dE
DUWHAIZIZL, 000mUTFOEET, REMERD
BHESCHT, RIBIBEL 2w &, Lid,

A R EEV L EBRBICEDh T Y,
FEWICLIRBHRIECL - TAESNLIDIEE
LT TH-T, BIZDLOTLEDDLE
b,

B, WKRED0%IIENPNAT+REERED
WEHT, Ty — M BEEOBILVESHL LD
D, BALSNRTVIREEIIIIEALRO N2,
2) WRICIGEBEILECER LTV S,

FIRBED L e+ N it o R 12 U 5 +
REBEONERVPLLERLTHS (M4) . &
AXEEETOBEMXBEIISTT, FhELD
EHEBICOWVWTARERME * ZhEEICL 5T
HEL, FoHMSHmEARRLE (”A5) . %@
MR, BEREEBAKREPFNEFN20~40%T
FIZABOERE DTV LD bior, -
CTWEKETIRARE L), BEBIEIC L,
AKEATFTIZIEEBEIPEHRLTWVWDL S kﬁzwbt#
O, WHE+NFRTITERICIEE LS EBTKRD

BIYDPERIDLVWEEZLNS.
3) WRIEERE LTFEHETH 5.
SEAT B CTUEIERE M O R A KFIZL 5T
G SN T, BB T G cxBs

H—HTHEA, WEHNhFETIEEDL I %
m%nﬁ$LT£%? G LA Ze £ 8 o
WEBFELLTWT, #v. §a2bb, FiEe
AR (85K - hE, 1994 ; A - hE, 1997)
DUE AL TWA
4) FIKEDS %mzt%ﬁé’) 13— Etﬂx
FEAT A E TII AT D EF - ‘*&Liﬂt L,
ME(CHERTRY 2 AL LA 2 L A — R TH
. WA NG T S KTROE H# & TGPk
C, W=HFELTWEHETIESEVE VI X
F%“tcwbn"c Evhs, RO RBTE & 21t
Awm &, GLA—ERDEKE > T
(%SIL

IV AIEROEBREOMMD KECRITT
FBIIEYT 3KIEER

1. EEREMH

6" L)%, KBESm, MKESm,
AT R 2 m, #RIB0.5m, KEENR0. 25m o) 5 dt:
TKEEZ T, U5+ F i o E R £ %
EfL7. Thbb, ERERO 7L — FAALE]
IHE-> T, KRPFMERE1/640L LT, B % 44510

0 300m :
1 Z E.;gx
IH B ww
R
L EE S
Z —— i

CHIGRI D

M4 FEBALERTAMEB B
(TFHHSEREDHR 1 FHD 1 H7—EhEaEF
/)

EFI¥, KEBEORIBEHBOBEGED 4 f£D1/95
E L7z WKEERLORE BBHRBIAFIZBG
S2BEIVTEMOEMBRRABEOEHE) (285 b1
T, HWF0.0015 md& L7z, EERMENTITF 2 B8
ENTVALIHEICHLYT L D E LTHRZE] ~2
mDHE, ARICEH L T TEL SN Ve
BOMMYOBE 52550 LT, FES 3cn
F ol BR) vHwe.

2. FEERHR

EBHERE 6 IR T. WEICE L RAEOHY




o
&

H

il
200

180
160 +
140
120
100 | 1 1 | 1 1
%
100 =
80 f A
60 P~ Ao i
40 1
20 T
0 55 60 65 70 75 80 85 90 kn
AOH S O EE
B PO R LT R 0
(0 EREOBR 1 FA0 1 1 7 - EREEEERD
cm/sec (Run 1 <A>
50 FE R
40}t
g/sec -
120}
8Oi
40t
0 & %
Run 1 2 3 4 S (B>

-5

BRI B BRI ERRE R

AT O EAE DM AHELT ] B O AL RIS

4 6



MELIZLT, 0, 6.5 13, 36, 52% ¢ w9 &9
RO TICONT, RS e (A)
BLUO~-OaTORNOMETE (B) , 61
N FRBERGRLCORBRFAS (C) EHO L (2
ZLL7. COEBROESR, WKROEZIIHES
HZMMAET ERNEFNRICE > TE SN T&Ed
EHPFEL L, T bbbl EOMANED S
NBAEESEN DB I EDHD D LN,

V. BEAHIERFINDLERIC & 3 EE=

1. fiEglsEsT oA

AR FERDOGE ASEATIZ A E A F 8 L
HWIRAINEATTH . FORADIE I AR
Lo Thy), ZOLDIIKEDRGEL| A
BT (=) PIERS T, WEILEE
GRTROME % 2 TV T, WG S HEkrny
—FELTW5,

=7, R#NPRoOBEIEITRETIE, 195+
NMEZES> THREIEIEbOTKEIZHDIZH A
PO, WIREICEH - EEPRE4ELTNT
HEAREVZDIIN—DHEEL L., WFiodt
HMLTWEDIE, KERKESEE7N— 2 X
NLEWEREETAESELDE VI ETH D,
ZAATORBIZ OV TN (1976) A #1E
LTWwWb X)L, BHEITY#ALTV5LF 5
[ 28105 23 2H5, KINCMF IOz A
WATIZZD L9 B dboTd vt bbbz ez
S, TOMHNIE AT EITHIE o EE I E K
THIENS (WA - b, 1997) % &, W
HEEHANTHENLTHAL., Thit, 105E
F =5 —TIE AR L 2 HEIETE L vz
ED, 1004, A0S ICERBMICIZE LR
B LT, WEEEIIHE LAATE > 58 E S
THRTHA).

2. HEHE—-PFEEEHE-F

WA NIRRT RN & 8L TR R
Il A CEBE, FHEAEN LR, Lad e
ERAMBELTOREERDEN»BAL L7 L8
BoTWVLLOILEIHE SN EVLOTH S,
ZLT, L EL2 2oy - T4
HMEA/NS W, FOZENERWICES, SEE
TEASHET, BEOMBEIIFTWD.
FAULHEDS 50T, LArbBAKELREL
ThoTh, Vot ABEEN MRS S L L
OHEE, FTETANOTY - MBAKAIZ L
T WIWVWIRELTRKEOHWEDINIME SN
HENIHBE. K3, WEESB SN GRS
L BRI EEL T, gL T AL LA T

NIEENDL LI 1> T, WNOREENAHEE

I, BWERFTITHOIN LS.

RINPRIEATE O RAFI T, = Nn % HEY
TE-FHLVEREE-FERERZ L 2T, &
EORELEHHZMA I FREEIZERT— Vb 5
WIEWE-FHLVIERE-FIZHLENS
EMTELS.

HEME- FEEBEHE - FoBZENT 2
ERHNI LB EN S AU TIE—Bh b
LT, BENZENGE—FICH D, =L
Wit E— Mok s GhHE - WmE, 1998) .
THEIKRIBCER LT TR TEL VW BOIIES
HPRIFEND. 2003 F T 1aE T
TEILLT, THE— FIREED #EET

WEEICIE R Z D€ — FOBBZ{LIC &
L ENE V. W E— FORREY - 22
AL T 08 EETH .

3. EEMEEAEORIYE

AT EFAEERE— M 2 D5
KB LEREEREEL NS o727 0ThHD.
A RINGEIRE DU )1 & TRk g R
BRABDIED ) . EEEEMEEIT L) O
WHmICHE SN DTH Y, WK EE 2
A EIIMEN L &b ZE2 N 2 L H— i
HTH5.

L2L, BE—-FICA-T, BAIZHEL T
MOBREER ELVE— FICAKIE, $+F4
FHAI AL AL L T, HIFEEIZE T, (i
Bhb0n, MFESERELHED LS 1202
BEELTVATHENEY S 5. ST E b h <,
10 ~1007F 4 — 5 —TIx, (b ke 3 2
HIFEBE IR ENTVAEDTIEH D v,

VI 6bt)(C

PLEEN7- X912, REFETIE, MH+IhiE
FHMTHELC, REARZL TV D(0
W (=) DRSNS, CoroiFEe
BEKREL>TWAI EAPHML, 0 LHl
HEATIER O LR ERN TH L L E 2 7. b Lk
BEAKEILHNIE, N—2EELT, ANARE
L, MEEEPE L TEBTRITICLL2THALH &
WO ZERLT B E, BAMATELE b AKEEDS
PICKB SN EBRHT: (F7Y 3 ra—
IV HL I, debris-controlled landforms) ® & o
ThbEnz L.

LoL, W& wFEEaEaE Lo
AU, ARG L A W 7e o I ZEEE A5/ Sk w
9L EREMT D DI L7 R Ak




EEIIEMBHGO, S FFIITE e h o7,

Fldvz, WESEAELPRCKHINEDIEDNS,
KHNTKEDORIZL > TCTHFEALZAE-F
HHLWIEHEHE- NMZHHDIIx LT, ME+
i A s VT E—FHHWVITE
EHE-PFMIHAI L FFTE/ LI LEKRBRED
BAOBRETHLEEZS.

KN &MU+ FE O E ML BT 5 Rk E
Eor/MIfEN Lz boTIE R, BENI, ¢
bt EREY RO L D12, REMIZIZH
FEEICRES o -BERYLTVADTESS TV
h, EVIEZIIOVTHSROEFHPEINS.

HET

ATk FEICLDFRINEEDOREKRT
HEFRHOEERLEME - BELIZODTDHS.
ME DL IIH ) TERKFOMTESEFDORA
HiloTfglEa w74 =)V F#E LK
EE DI KB FEMEHORERE—SA, BAFE
HOMAEHR XA LHABELFSALBFRVY
vt REKFAEERY VY —OIUEREE
B AEBRBERE S AIIIARBRERIZBL TR
Mo ngs, 7, MEEN KSR S
oA OmMEERRE REEHZ, B
+ATEEEH,»SEHER—) Y7 E&EHE, +
MAixg e RS » O 3 ERPEEZIILD
CE L BERE VW, KR TIOLILH
o THBHEV VIR RSV LS
7

5| 3wk
MEET - B (1998)  FIERRILMEER D
Al | DO HERTIL A DWW T ik RFREER

v ¥ —$E, 235, 51-60.

WERT -l £ (1997) /MMEN EiREICE

35 FEERANOERZIRICONT
FAMEEEL Ly - 2275, 9-21.

HEEHE (1986)  MAHIEs- BT stk
T oRM. BAMEFLTRE. 30, 134-
135.

KIFHRZB(1927) - WA HINOGRBIZB T 5 MR
o WfZe. HEFEH&. 3, 397-419.

AREE (1976) - PEILMBOZE AT, HWEF
=FsA, 49, 43-53.

wagm B [FMEgEE] (1974-199). BAR

RS

2RI UN

aEMIBE . [HefEk] (1972-19%) . H
AN
HARRE - bHE % (1994) FHE, &) ER

DHENIB T A FHE2ERAROKHAIZO N

T. S KRFAEERL Y ¥y —HE 195
45- 56.
SRR a7V — 7 (1968) | FHUHH

LR

BrE. Nz, 7, 182-187.

mEFEL - E F (1999)  ZEAATEII DG
BEEEN A HE T HER—AHNFHEBOFE
Bl—. SEKFAKRAESRL ¥ —#RE, 245,
1-21.

BIEEE (1990) LRI MFAIE IS B A
EANOE O EE— AN FRBOFE L €
FNEE— ERTEERERFERFHEE
wrse.

imrE A - ISR (1990) - TUEM T+ %
SIS, FICEBEICE L T BHKFEFEM
eshs, A%REE 39%, 109-126.

AAOWE [MEHY]) REZERH (1991)
AAOME 8 [MUEMF] TR, 267p.

FHEES (1991) 2 AREAT@ELE O @ HBE IR
TR - AROM MO S, Sk KFEKEE

Bty —#iE, 165, 156-157.





