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Quaternary System along the Monobe River, Southern Shikoku

Taikou Mirusio and Toshio Kawacucr
Depatment of Geology, Faculty of Science,
Kocht University, Akebono Kochi 780, Japan

Abstract : The Quaternary System along the Monobe River, flowing from the northeastern
part of Kochi Prefecture into Tosa Bay, is surveyed. Geographically the area is divided
into five parts, that are:The areas of 1)the lower stream, 2)the middle and 3)the upper
stream, 4)Kaminirou River area, and 5)the intramontane basin.

In 1), the following strata are found: The higher terrace sediments as the Kotohira
Formation, the middle terrace sediments as the Sano Formation, the lower terrace I
sediments as the Tosa-Yamada Formation, the lower terrace sediments II as the Furumati
Formation. In 2), the following new strata are named: The higher terrace sediments as the
Nisimine Formation, the middle terrace sediments as the Arise Formation, the lower
terrace sediments as the Birafu Formation. In 3), the following new strata are named: The
middle terrace sediments as the Nekiya Formation, the lower terrace sediments as the Kage
Formation. In 4), the following strata are found: The pre-terrace sediments as the
Kubo-Nurui Formation, the higher terrace sediments as the Minamiike Formation, the
middle terrace sediments as the Nirou Formation, the lower terrace sediments as the
Ohtochi Formation. And in 5), the following new strata are named: the middle terrace
sediments as the Taniai Formation, the lower terrace sediments as the Nakatani
Formation.

Comparing - the middle stream area of Monobe with the Kami-Nirou River area,
supplyment of the sediments is different because the gravels found in those areas are
different. And the terrace sediments in the Taniai area, are considered to be lake deposits,
because the type and roundness of the sediments is different, that are subangular to sub-
rouned and ill-sorted.
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Fig.1. Index map showing the study area along the Monobe River.
m,Monobe River - n,Kami-Nirou River - s,Shinkai: River ' Si,Shimanto River
K,Kochi City N,Nankoku -City T,Tosa-Yamada Town - O,Nagase dam,
Monobe Village
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Fig.2A. Profile along the lower and middle strem area-of the Monobe River.
M,Monobe River = K,Kami-Nirou River  s.dam;Suita’dam -n,Nankoku City
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Fig.2B. Profile along the areas of the upper stream of the Monobe River and of
the Kami-Nirou River.
M,Monobe River K,Kami-Nirou River n,Nagase dam g,Go-ohdo ko,Kono-
hama o,0Okanouchi - ku,Kubo-Nurui mi,Miyanose
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Fig.3A. Geologic map at the lower stream area of the Monobe River.
A—A’ ; Cross section Numbers are the outcrop of columnar section(Fig.5C).
n,Nankoku City t,Tosa-Yamada Town s.dam,Suita dam,Tosa-Yamada Town
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Fig.3B. Geologic map at the middle stream area of the Monobe River and in
the small intramontane basin, Tanial, Kahoku Town.
B—B'C—C’; Cross section Numbers are the outerop. of columnar: section
(Fig.5B,/5D). b,Birafu,Kahoku Town ' v,Yoshino,Kahoku Towr = n.dam,Na-
gase dam * tn,Taniai,Kahoku Town
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Fig.3C. Geologic map at the upper stream area of the Monobe River, and along the
Kami-Nirou River.
D—-D'/E—E’ ; Cross section Numbets are the outcrop of columnar section
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Fig.4A. Geologic cross sections at the lower(A—A") and middle(B—B") stream
areas of ‘the Monobé River, and in the small intramontane basin(C—C".
A—A’; See Fig.3A. B—B’/C—C"; See Fig.3B.
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H,Higher terrace M;Middle terrace L,Lower terrace. 22 =just close ‘to 21 (out. of
Fig.3B)



PP i O SR G - JIDD [

Thb, BERTICWE - Fr— 1t BE -ROEBEILEE, =Y v 7 2OEBIZRERE
(10YR8,6) Th b, BMIHAICETILTVWD, T/, TOBOLICEER I BD->TWVWE, &
& i3+ LT O M A I TR SEEE 2 D < - TV B,

FEHOBETIE, <Y v 7 200HIZEE Q5Y1L70) THo, BEEZRATLEICEEREL
HB, 1, FHETOYRNOLER GEE) Micbhso0, BRIH2nT, BEIDESE
, Fvr— FPRERENTLDBEENS,

AP B RS S OEBEOBIRIZA SV, ABIIHEE (BRERET) OLico-T
W3 EEZ LN B,

Hifg%  HITE  (EAZBEID GHTRR)

Pl - AR A AL LHET AT (Fig.5CD38)

S3FaEE  #930m

BE : #2m

BRI, BEIN2nTH2, REOBRFHETECRSE - Fr—F BRSSO K 5,
<Yy 7 2OEMEIZEMD (T5YR) T, ENMEREI XD BVETH B, i, FEOREICI
BOBOER I BD->TW5,
ZORBRERMMEDAIcH SN, SHEE, FEO LicHELHBAD > T3,

C—1—2) Yy)l|hifisk
WS RETE  (ERIREEIE GFFD)
BRI SRS LA RS (Fig.5B021)
SHEE  K170—90m

300
m
10

j

200

L1 Lo
L z £°°° 000
[ ] 000

el fesed L L

o 502, o°a°n

100

29 30 3t 32 33 34 35 36 37 as as 40 “ 42 43 44

Fig.5C. Columnar sections(29—44) at the lower stream area of the Monobe River.
H,Higher terrace M,Middle terrace L,Lower terrace L1,Lower terrace I
1.2,Lower terrace II



8 BRI 428 - (199340) BIERREE

JBE : #10m :

BT, ABOBERKION T, EHICERR 28005, BoBRiEMETHD, B
HIIBETHHELIETH S, BOMBRIWE « 7+ — t - BESEL, HESREHLA S0 5,
& 1o, ABOBSMfE I, YTIIARR cEEhicA LS XD 1, FHROIEWHHE %
L, o il # sl T3, ;

KB EROWEREAEEREATEE > TV A, WL RBRERETET 5,

C—1—3) PN LWk

WEL e (EABEME G

B . SHEEEEYINELE (FigbAD4)

SEE  $9510—200m

BE: #10m ‘

BRHTE, AEOBERNIInsSD, IHEFRSEEL S5, BOBRIEN - I8
B Fr— b RBEREDSNZ, <Yy s AOBMIKEERT, BIATEAHRIES LT
W5, : :

C—1-4) FIEENIFHR
WS - KW - (BB BB CGHien
B BANEEREEICE YA AE  (Fig. 5A01D
e $9290—110m

JBE  #15m.
s09, BT, ABOBERWIEnbHD,
19 CHRFEEMED 5755, ¥, BEOMRK

FEE  REAE  F e - b RBEBERS
A f;ﬁi ZOBOLIEER I BD T
0 lx\éo . -

C—1-—5) &4 (LRI haH)

HUBE : hAE (KABERE) (5D
A - B R LI
SR #9290 —270m

BE : #10m

BMRMTE, AEOBEBHIONTHY,
Il Fv - P OABESURERBIEEM
WAL CTWE, BEBRF v+ —+
BEL, MIC@BERENSE O, £/, KB
OB E &, ERroAMERE RS, 1.0—
s e e s 2.0emDHEAEE L TV 5,

Fig.bD. Columnar sections (45 ~48) in the ,
small intramontane basin, Taniai, Kahoku. D - 528

Towm. SEEHI O R 12 B FIR IS M L T B

M ,Middle terrace L,Lower terrace

See Fig.5B. Z LT, B0 X5 il THERo &R

300

200



FEVYEIIER) | s O 3EPa% Gl - JITED 19

FRIERTEEE LD TV 5,

SEOHEBTE, 1 2OBHLIRRTERE L7/, ThiZl) OYERNIEOMMED FEOFELE
TR - T, SREIHBZOMRZE LBV, BoEREMN-BH#chsy, BHRIKET, =Ny
7 ZARWHETH 5,

EREEORELE

iz, YIERIIRE B 3 R EHROHEEIC > WTRE L,

EBREEOFASER N
600
500
400
2 °
= |
w ¥
L3 o) a
]
200 o
g B a
= IN
100 o1
o s A B
0
0 10 20 30 ® 50
v AOHSOER (km)
A WERIHEMERE L B RTENFRRE M
A FEENMENBE L O EBHImMBE H
O WSNPESEE M . ® LHENWHAE H

Fig.6. Distribution of the average alutitude of each terrace along the Rivers of
Monobe and Kami-Nirou.

Fig.6 T3, HlcmUs» o oEs & o, Hic IRENTBIHOPEANSESE & » /. &
DX EFig.2A « 2BE R NIE, RIFBIcB T 2 2N FhOBRREOEEN 52 EKBAER, U LS
5, T1bbL, YRRIAKRE T, SMBREESTRE» SHIMINAE T, K0EVRICALONS
o LT, BB RS, SRS E TERE L TV B, R, EAEREHS LERE,
ST T, PUBRIEHLD EKELTOHHL TV S,

WolF s, FEAFERTR, BNBEDERSE 0L, PUBRRE S E DERKL TV,
* 72, EABEE G EFELS S TR E chBLE L SERICHHL TV 2,

wiZ, BRBOBRGEOAMENPDPETL T50i, FigTTREMB T « BB T « &6
B oSBT A M 2 R HER O & 1R Y, M 3RENSBEOFENLES 2 & - T, KRB
BT IBREHOSESMER L T

O 5, FAEAR)IFRE & LBV NE IO BE T I, PEIIAKR S LT, BRUEPOEERE
HEBIEBOTICD 5, F1, UIIAKRIcBVL TR, fiRMmoRR s i LT, SR -
AR » BB ED SHOBHEENKEL L >TVWE I &b b, IhidHEETE, &b
HTERATHEIC 8 W TR EMBEmEAAFE L, P SEsFEL TV T, HEEERT O
K#lTwiccd, 7hhbb, HOoRBRLOVERREICD - EEZ SN B, THIFKREOHRES



80 BAIAEEMTIEME  $42% (19936  EHRREE

FERBFOBREETFHB/EDOLLE

400
300 g x l
E 250 & ®
~ C
PE 200 +
% 5 : .
100 . A
F A .
50
Tk ok L LIEEN i

e H | M AL

Fig.7. Comparison of the average alutitude in each-sedimentary environment.
H,Higher terrace M,Middle terrace-I.,Liower terrace

HIMRE 2 5 b3 5,
HEREE B A,

CoTH, WESITREIC B U B S B R O MRS RS A R B 21T, HEREERIRET 24T -
t’.o choesd 1 WIJ%FlgS . 95:/‘?\‘?—0

LAEES MmNLR L vAmmE EGEN

Nekiya2

Nekiyal

Befu

Birafu s
Taniai

Yoshino

Nakatani
Arise

Suita W

Fy—t
EH
BEHES
3

B
.

® 00

Niida

Fig.8. Composition of some gravels.in each"strata:



FAPHE ) PSR o B G - D) 81

A) MERERK

BB, S WL O ORIEARY, FORBRMBICBVTEIL 250 FoEL~RFE L, MEE
SETRLIe (Fig8.)o

EMPSHBEOHRBRE « F v — b  BS  BROSETH 3,

h SHEBONH ORI, Y BRI orORich 3 THEHSEL B, KT »— b+
DB, BERFICE > TR S, £/, LIEEFERTR, HEBORAFEDPAEBHT
RBEEEVEL, BEKIRIZSVTWVE, LW-iFS, ILFVNEHOBRETE, BE - F+— b
BEL, BE - ROEHELA LN D,

BRBOMEL LT, B ERBICBOTRBERTTF ©+ — M SKES % 5% 5 DIkt
LT, FEAIRETRYE - BESHESE L, O &REHRBEOMEOHETH D, BER=E
FEltEcHEsREA LD D, WEOEOMEBIEOMETH 5,

7, PHAEMUE IR TR 2 T i, B0 RS BF - O ED 2 EIEBKEL
TEMD, HEREEEITHENS LN S, TRbE, BERIUME/NZGHE S BERSERT, &5
i 3ihr#o X 2 BHEERRSZE L S 3,

B) #oMERE

BEHIC B WO TR L 225082 LoD SR 125\ T, Pettijohn (1975) i &k 243 8HEEH L
T, FRE - AR . dRPIEE . R BB OSBRSS LT, ZOoYHARESETRLE
(Fig.9.),

)L _ mEN
et e

Ohtochi

]
Nekiya2 f]

Go-ohdo

Nekiyat

Kubonurut
Befu

il

L E&
SEEL
XXX
v'a'a's’s

Birafy
irafu Taniai

PR OO
XL XX LXK

Yoshino

L XXX
’ 5004

Nakatani

TXXX
A X XXX

Arise

SAEE 5 9.0 4
L&

°
B4

MBI

Suita

XKOZE®m
]
B

Niida

[3 20 40 60 80

Fig.9. Sphericity of gravels in each depositional environment.



82 BRSPS - B428 . (19935) - BB

T, Th oMo MBEN ORI, YR LR S FERc g T, FIEkoBH
MOBHEE Y, KicMRoMIEDR 5, £, HEEINFERTE ERBROATHPAR
BHTREAR - BRSE <, FHROKWETEIR IR OEBEEMT 5, W-iE S, JufEh
OB TIE, M - BHRENE B 5N0 5,

WIS, BB OBMEE 2T nE, P bR s EEEIRR T2 0 FEL TV 5,
¥ 7, AHEHNE & MR bR A EEES T L, B ) BT 5% BEIG/ NSV, Thbh
L HRTE UMMM X 5 KIRHEHNEL NG,

T, HUEDCTEDPBROEI U ENEL LN B, ,

%%MLﬁﬁ&L£¢Mﬁﬁuﬁw5&@@&®m§mé,Cﬂ%@ﬁ@@&&%ﬁ%@&%&
DHENS B, 1, ARETHEAGOBETE, DEBSAENE LD THY, LI IF
OMOTEEEE LT, BENEEEOMO EDBEANBNES L, CALDT EMD, Fikhe
B2 5 R LD, BDE2ERT 2UH) LROEENKEL - EFELZ SN B,

7z, YRR iR & SRR I B v T, AR B OAEE D S HERE BRI OMED S 5,
AR OHERBREIC > VTR, BREORBEEBREHBEYOREL 54T, RO D EEL S
N3,

wiz, BHY L0 Okl - O TRSY L 29 iRz B\ Tld, iR & SRR
BB EDD, TOHRIILME NS L REMIcEC Lrbo L o0,

x4 d

D I ARBEHIBRN OBEPR O 2 W TN, SWT, GRIBNICE S 5 TRISBEIER O
Hiz W Tl <53, B 3Tab.2iiR L, %ERTabBITRL TS,

Tab.2. Correlation table of the Quaternary System.in the studied.area.

Eike

| DE | | | L
i | bk s Tl | ham
2T b %

% | HErE
W | AR | RE | ERGE | e | has

o | i | ARE | AR | EWE | AE
e

Eﬁ %fﬂl}g ............ @[[@J%’ gipﬁ% .........
ﬁ Al 7\{% ................................................

SE E P

- B

A) il e B 5t
9, EBREHEYOARBHER, HEHEEIREOAICHEES 5. ABRYIENI Y 7 OEMR



FEPH R AR | | IO BB Gl - JIED 83

DHEILEDLDOTHEHETH S, TRhb5, FIEHFEL SYUBINIEEL TV LS Mit-
1s10,1993),

wiz, BREBEECO VTR, WRITRRTRIELE (WS - S, 197D <hv, iR
BoRmEERctban, FRBucia v, FERNFRCEERE s h 3,

B ERERRB R TR CIREFBTH v, hadhRRogBictah, LT
BARBREIH a5, £, EIEENFERTREEBICH SN, (LEVNEH (BHEIIKD) T
oI bxh B,

BRI ERREIC > VT, TR TR 2B S0, KB OHERE I o1& LME & EhB
ERREIOLHETH 5, AiERTRBEOERARE OGS, FRgcREB s n 3,
7, HIEARIEE RGBS N, IE/NEH (BHIIX) TrpRBEicsttbsn 3,

Bt LW TReRTIETH 5,

B) SAIRToxfLh
o, PIEBNIRBOFHELOHER & - & HAINL 0L EMIcRL, NS E2EMETO
FERLEMNR & EETNIE, Tab.30 k5 5,

Tab.3. Correlation table of the main Quaternary System in Kochi Prefecture.

5’% vl | | SRR | WEH | ERAE
| V| AL W& | R
s WO g
% | g
||| e WEE | AEE TR
i | LB
s MES=
2 ¥
SIS | BT | HAE | I o H
B B
5
| BV | BLE | KA | S oL EUE
a | AR FHEE
aiE | Hem | muE | BuE | Euse
" B
EER g
. IR G
GHAIE BEE
G, B

AHURORHES M OARBHE R, ST TEIHABE (HES, 1985) iexflhan, EFFEE
HETOWMLE « AHERE (iR, 1989 ; #fiE 5, 1992) ka3, i, WAH)IFEEBTREI]



84 BHAEEREES A5 (19936F) HARRE

& (15,1992 wxilbah, EEAFHTREREROLUGRHEL >Wicthsn s,

Ao b EiE o S BB Ic o LW, BEE (HE S, 197D tREINh S, T
REHHAE TR (RS, 1966 MEE S, 1992) wxthhan, EFEEARCRALEE
(%5, 1992) exthhan s, 7, PAHIRERTRETHE (G855, 1990) wxtttshn, B
AR TRV (B S, 1985) extthah b,

X B, AR ohiEFH o b B rEREr s Wl EEEETREs NS, ChEEHT
FHETREERILE GRiES, 1977 ; 1991 icxtthsh, BB AT TRMARE (FES, 1989 i
stibas s, £, WATIRETREIE (FES, 19905 199D xitbshn, EEHHEH TR
BB (545,1981) - FHE GEES, 1985) wxtths s,

¥ 1o, AtURORHEFTOERMBEERBE 28BS 508, EBEoHmIUBBEN S » & EEN
TH b, TNRIET 24 0R3EHHEMETCEFREBE LA O Fi, ERYEFAETIEHE
(465, 1989) ioxdlbs 0B, Eo, POH-HIFECRIEE (55, 1990) wxithxh, EH
HETRBHE GEES, 1985) ioxtlhah b, VW-FEs, BABTERE T O T8 A RO
BIFELTV S, :

¥ & B

W) 2RO ENROTELER, PTOE 375 EHRASHICHE -7,
1. YRR R A X b, S ooHIRICRSEN S, FibL, 1) UEFNITFRE 2)
YERNIchdRIE, ) RN EdiR, o 4) BIEARE RO, 5) EERILEDhETS B,
2. 1) TR &Y, BLBEMEMD « BB L) « tELBRUEAMERE D) « HHjE
(ERBE DRSS 3, 2) TR LD, FEEEGEMBL « AEB PR « £HM6E
(BRI 4313 6@,& 63“) TRTF&Y, BARBBPMER) « EBURMERD ILFT 5N 5,
4) TR, ARBEHBEERD) - g EABE) « AR (BB R) « KRB (EAB
Brndonsd, £/, 5) OB/HMK TR FILD, SHEBERMERL), DB UML) I
BFoh B, : :
3. ¥ B & EIEANIRIRIC B VT, BEEEKOEEDY S, Ch SRMIBOBRELHEEY Ot
FDBICHEDA 5N B, : :
4. WIE)IIhiRE & SR IC B VTR, B HBE oMEL O HEREOMES S D, B
FORBEREHBMORE» 5 AT, BBERBZ L B EobDEELLN S,
5. BRIz BT, Mo s BESHSREB 2 LhE, ToMIRIEEEE RS L
BB LiibDEEL SN B,

St & HPUREIRHIR I B 1T 2 BIUROHELBLETH 5,

AARETIICH D, AR« BEEESHELSO LB, RO, SHREZEEENEEE LU
DHUE B E DL ICREHE TRV O BUEO B it DS LE 7,

5 B X B

REHEER - )RR HHER. BAAERTFL p.. 154 (1969MS).



FEVHEYER) | R OB (BRI 85

IR - WA - RBELT - EILM o HEBI AT TOEFKE 5 v v HEHEREY 0T — il
BicoWT—. WMEEKEUZEER, Vol.16; p. 1-19 (199D

IV 2ETEHE « REMEADE - AFOHE— ; Ul o M RIS - B EE ORI BPEETIL Vol. 31 N b;
p. 271—283 (1992)

ERIBIOHIR 7 — 7 - A DAL o #Rk 6 B R, ME R, No 7 p. 171180
1972)

EHISPERE 7V — 7 RARMTT OFmMR. WPk, Vol. 16; p. 171-180 (1974)

=ART < AN | AR TR KT ORI B HERE (2. SPUE, Ne 23 p. 713 (198D

WD « FBEIRER : EAITILFEI O FER. FMAYWH, Vol 21; p. 713 (1966)

HEHERHE » N H - BESRMERS - B - KEEA . SAERRKOBMROEME B, Vol. 17
i p. 456—23 (1971

REEAM - B W EH-EEHOEN%. BAHEFLKRENE, N 8;p. 1-27 (197D

WHEADE - FEAKRR— « FIHIEZ - EAEUKEMER, MEFERMX, (2) 1 :157. BkEHRNERBE
(1985)

Mitusio, Taikou : Marine Geology of Tosa Bay, Shikoku Japan, part 2,Marine Geology of very
shallow portions, part 7. Res. Rep. Kochi Univ.,Vol. 34; p. 61—72 (1985)

AN . BAEEE FHOBENR. ENEE, N 374; p. 96—101 (1987)

Tt AR o DR « ARK— . EFEEREBRROHAE (EBROOMBHEREE . BRETR, Vol. 37;
p. 89—96 (1988)

Mitushio,T. : The middle terrace problems in Shikoku, Japan. Kuroshio, spec. Vol. 4;p. 187—
202 (1989

WEIEAHE « B6)I] e SART . RIS HH OB - EHE. SAFHE, Vol 38;p. 63—72 (1989)

TR - MR . EPEEPRE ST OME,. HE, Vol. 38; p. 217—224 (1989

A - IUFED  MENGHI 0SSR, HiczoBaks. FE, Vol. 39; p. 109—126 (1990)

RHEADE « IR« SAET . SRR G O - EHE. FLk,Vol. 39 ; p. 89—98 (1990)

AR P M) EEHEBRECIES . PHIAREEEERLSS, p. 161168 (1991

R - BRPEEAEOSNR. BN ESRFEEN, Nl ;p. 136—148 (199D

REEADE - FE)I M EERPERII OEINR, BB, HrE, No 24 p. 1-18 (199D

AR « WIS . UEOSCE. MESRE, N30 ; p. 145—154 (1988)

A - BEH—  TEREREENITE, £02, BRI - EEROSEMLE. BATEH, Vol. 40;
p. 71—83 (1991)

WEEERBE « MBI - WEOFER. FEIUTHYE, Vol. 31, No 5 p. 297311 (1992)

Mitusio, Taikou : Significance of the Early Pleistocene Kubo-Nurui Formation along the
Kami-Nirou River, upper-stream area of the Monobé River. Mem. Fac. Sci., Kochi Univ.,
ser., E, Geology, No. 14 ; p. 45—50 (1993)

AP + NI - FEPRESE) FIRO SR, B PLHHESSE, N23; p. 58—59 (1993)

W RERL  ERENEAER R A A IR T AR, SEAYARRTR, p. 1-30 (A975MS)

EAE— . BETEA O LA R SRR OENR. BAAEELRGRCFEL, p. 1-57 (1970MS)

SRk 5 4E(1993) 9 AS0H 2
SRR 5 #(1993) 12 A 27 HRAT






	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12
	page13
	page14
	page15
	page16
	page17
	page18
	page19
	page20
	page21
	page22

