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THRRHZ 28T 77 (Osg).
BE(Stw). S4lTEEREN | oA 92 ((FE1). (h) -
b oL 93 (1)

& A RO (FED. (d) : FRER LMo ER A~
ZH&GIHRAROSE 0 (T, (o) :
=& ARO 90 (R, D)
S AROHE L ((HE2). (2) {'#Jllﬁ.f:-Gn'ﬁij‘fft;lik‘}':ﬂ{ﬁ AL P E Akl
NGO cET A NG LA~ RE257 75 (Hap-2). =&
. BEARRE L@ s, a5 o EREOME & IS LTS,

Wﬁﬁkmmfmmwm
K O RS ETIR |2 3






FCHEAE L (555, 36[%), =&itha(Hao 2 i@t Tl
waEhs.

AT 7R ETF2oD2=y bR G, FTiza=y
kg, %rm~%mwmhmﬁﬁhbﬂ4zmﬁﬁﬁ
v ARIK E AHREEDCE T, HTRERRD HND
(35, 43K h, 5. 45K). Ef==v MI, EE16~
12cm DK E GBI RS T, BZEEARDOND (5B
5. 43[4 h, 5. 45[4).

R BN (1986), =i - B (1995) I kD&,
AT 77 OWEIILLTO®Y Ths., KT 771 Hb,
Ha R ONCOBIDH F A %L G, A% DREH, 1%
DR, 2% OHEEMESD. FASHOIZLE AL LN

BERT, FoflzEEmaila, Sim, fikia, v
o, BRAERRDLRLS.

B (1999) 12XV, 2.4Ma §iEORERHEMR S HEE &
nTtna,

BARHZRE MUK (Krzg)

AT E)ED (2002) Ik 5. FAHE, ik
HkoHH (1) THDH (RBINIEH, 2002). &
T 7 ZIEENE OB ERS - RERSEHRICHETS (8
5.35[X). AT 7 T IO A THEGE Shit.

AT 77 LET2o0z2=w binbied, Tilz=v
ME, RRIE 13 em ORI~ RISt A A OHBLEE RS T,
PATHEM BB OGN D (6. 45H). E#i== > ML,
b WA K SRR A K b T A REE 3em
DHRI~HBLEE S ThH S (Hi5. 45[X).

BINEA (2002) 2L D&, BT 77O MITLL
Foiah ThsH, KF 75134 F AT, Hb, Cb Lt
Ha MO H T A% %< Gk, 5% BREORER, 1% BIE
O A E ST, AOEDE LTI, REFNZ,
fiz ooy, gy, Emapa, BN 2R 5
na.

KF 75 L, ZO13m EACICHEET 5 BANT R
B (Krzp) CERINIZA2002 5 ARG ClrEAMR)
X, FBREMST (R/hEET) MoRG NI AET 7
7 (Tsp) C(iRZE - HUII, 1986) [Zxfke &415 wTRelkdi e
fiEhTnad (BN -Hin, 2004). /=L, &AF 73
EKrzp TZZOMA 1BmEEL TS Z L, Thb

(a) : 5K ORYBLIR S 2 PefET

LS B R HAE T S i 7 3 T 2 B AR (Mdp) .
SHRNHFOMLT (FR2). (d) @ BEAERG L {o 1 B~ K (4 e G BRI (2

fE4 4 Kig-SK1107 7 5 (Om-Sk110).

IO Tsp T 7 ZICRHLTE DD E S0, FRit <
EMENEEIN TS (B)I] - fin, 2004).

LE, KF77ETEBREROENBOBEIRE» L,
NPD9a #F (2.7~2.2Ma) OEEM LA MR D bz,
Tsp 7 7 7 OHERFEAIE, 2.25Ma itk LHEE S LTV
Any (21], 1999), RO X 9 I3k fER K S
TWHDT, ARETHEHAT 77 DEMNE2.7~2.2Ma
& LTk (55 35[H).

BRI HSAEXRWUE (Feg)

g/ ARIE A (2002) 1285, BEaCHZ =4 =
O (Z4&HEN, (TR2) THD. K77 T3
JIIE DR - IR S ICHIET S (5. 37TIX).
AT 7 Z IR O A TiEaR & 47

AKF751%, FF2o0a=y SR ENS, T
Moo= ME, FEIE 15em OB~ PRI o KX DHRK
GHKER S THhD (5. 14K a, §5.45). L=
= ME, BEEL3m ORKGMRIEER S T, FIriEms
NEHHNRS (6. 448 a, 5 45K). Ef=2=v k
O EEE 1m DE I AERIEELIC L0 REREENELE N
TV,

K77 F13 47 AHE T, Ta, Ha, Hb, CoEID K F =
KovMgan s A, BEA, SEapia, fRoobn, BE
BE &,

AF 7 F 1349 1.656Ma ® Om-SK110 777 L Y FET
BH I LMD TH A, 0 BENARMERIENRITRY
Tdhb.

A/ RE LUK (Mdp)

MAIERE T IES (2001) (k5. BT =Z%didhe
EHEBORBNTHD GEOIED, 2001). A7 7713
W EOWER:S - WakEIcEEL (85 36K), =%
ik o 2 fEiT TR TE 5

KTF7FH2Hoa=y FibiERN, Fins
Mdp-1, Mdp-2 E4 T 6 TWS (BEiMiEdy, 2001).
Mdp-1 1%, BEHPRIRD A S b ko X~ IERAET D R JE
1~3cm DR [ FHR ~HURTEEC S T 2 (55, 449 b,
955, 45[K). Mdp-2 IZANEED & HRRERS ¥ A X ~TERRIE
2 KE 28 em FRIE O R A @GR AT LI BB o~ HURLIEEIK

— 5 44 [ FERERE, %lli@)j’:tﬁr{fff““i:-ﬂ{-?{’-}'é EERT 77 OHMGHE (£D2)
Sl 0T AR KK (Fgg), ZRITEFOHE5 (($122). (b) : FIEO®

&R NE V- OHEe (L. (o) @ 5P RO

PHET 5 SKI007 7 Z, Il TR & Lofmo8 ((FE1). (o) @ EHERG LEBOFFIK (o~ IR GBI PR ITHET D T

FN A 240 d LRI (Gjd40) . Ml F A& Ao 99 (fFi1).
[ 20 d L Rg  (KK20), MfEdiBig o bag 101 (1),

() : BEREI -0 45 R FLRD VR B L S 2 9
(2) : B9 OWTTIEE I HAET % SKO8S KILFKAE. Mgk

BHROHE 102 ((F 1), (h) BN O EREIHET 2SN 7 7 788 (Omig). Mg E&oMa 106 (1),
G AH LSS5 45 MoRE oM E L IS LTS,



Stw

=&
BRI

92

Hgp Uykp Mfsg Mhb  Mot, Skwe Osg
F @ =&H =&m = =& =&
Fohfrix F o B 458 THFFIR RA KiR
286 =87 b 88 #hm89 B 90 =91
[T | [ ey

sasbssss

[aassanaa

sasssaa
hasssass

Lassass

bAA LA NS
LAAALAAA

b Lb s s s s
Basssasa
s &

lLasaaass
a
hasaaaaa

Mdp
=&
EEREN
=96

SK085

g
KEER

R 102

TN

<<
P
e
P

50 cm

L] 1

Om-Sk110 SK100
=& MER

13l FTEAL
=97 #5298

Gjdé4  Gjd69,70 Komp
T mEf T
TEHL T&ET L NI

#2103 & 104 &= 105
T T

Hnnmn

Skwc

Gjd40-34

TTITTITTT]

Hap-2

=&
R3]
HhFR93

KK10
b))
SafE

EE
RIREIES
BHIES
e
BIREDE
RERRE

75 A B AR A

75 A SRR IS

H BRHAARREE

i fEe EARRLE S

| BRRUEAEMMERE
a2ad BERALEE

2| A5 TEEY

— | FIEE - BB

| MEmEE - RE

= | A5 TG

v v | EYEEL

B

—granule Hd
~~cobble

—f. sand

——mud
—c. sand

:

— 94 —




HTHD (FE5. 44F b, 5. 45[X).

fli iz (2001) lokbHE, KT 77 OMEMITLLT
DY THD, Wiz=y FEBIHTAECHIN,
7 AORRITE =y MEIZRAR D, Mdp-1 X RO A
T Ak EH, Mdp-21t Ha, Hb, CODH T A% %
<Ete. Miz=w PLHIZ5~10% HiIEORER L 1%
ﬁﬁf&m’q g E . Ak E L CIRERNEL,

iz @ m K a, BARa s bRovvay, BEimn
EE\&) BiDH. Mdp-1 THEZ Oz b O IFE AP A
LEAHEDBROBND. .

K775, FBREMT (B/NEI) ORa/<3
ABT 77 (Tsp) (RIZE - HI, 1986) @ Tsp-1, Tsp-2
loxtle &2 (bl miEs, 2001). Tsp 7 7 F132.25Ma
A OHERER M E ShTund (B, 1999).

KIE-SK110F7 23 (Om-SK110)

AT EEIEN (2000) 12X D, SKI10 DA FRIZHE
ERFEMREFSE 2 v—7 (1970) IciikT 2738, EigiE
Ar (2000) (2 XV amEOFEBMN S, KiE-SK110
777 (Om-S8K110) &&Frahi. s s
il /7 1R /S ENT R T dn 2 (GRS S0P R (kB 98 7 v — 7,
1970). A7 7 J 1%, Mgk CHE S TRIE A
10 klKRE (Gjd10) K QR SET 2 3 iR 10 KUK
ERLLOTHSD (BIIEH, 20008 b). K77 713
INEATRAG AT & =&l F AT % < OFFH Cieid
TE 5. QA CTIHERER LEOFKE~KOREHD S
U R oo LRI S - IR E R AR ICHEE L (355, 35
&), #maAciEhFRoiEIcidET 2 (5. 37X).

AFZ7Z7FLETF2o0a2=y bbb END. T
=y bE, EEE10~40 cm ORRAIEL S~ BRI 4 X
DK BB S THY (955, 44™ e, 5. 45[),
BAmm L FTORA 222D LB 5. T}‘“T, =g
B Z L RZ R, Wb 5856, B2
ORI A FATHER R D b D J:;;.’%-Mo B

=y M, EEE20~30cm OMERG g A | L AT SR
RO A GHR K CHD (6. 451). AT 77
I, HEf I B AREE DR CHH EEZ BT
7 (JEM - B, 1992 ; Kurokawa er al., 2003, 2009 ; J§ -
B, 2006).

BINEH (20000, b) I2kB L, KT 75 OKEY
[ZU T oM Thsd, AF 75345 AHT, Hb, Ha,
To M OCOBDH T A, 5~TU% BRIEOHEGLET.
AeamzREr£2 <, o Na, Bk s
DOV, SEMPROLRD.

AF7 7%, BREBCIBITS ﬁﬁmﬁmmn?
7 (ZFUZ», 1959) IoxfkeEn s (-
2002b). FE 7z, BWEO KR EKSE (Efﬁ?
1998) lzxttb & s (b7 A7 A0F9E 70—, 1998 ;
FEA - BIl, 1999 ; BREIEH>, 2000) [EH, FKE LB

FEoIHEO Km3 7 77 (L®8, 1975) loxftb&h
% (EREIEH, 2002).

A7 7 7 OHEREMNIT, BUBEREAIKETF Y /b
AHEHEE 2 59 1.65Ma (#5134, 2000) & 5 ik
1.61Ma (B - I, 2002a) EHEESH TS,

BT 7T OBV T, RE LR hifh kv
LH (FfE, 1998), &5 i) -FEm GG s oL g
OREEHIIAR Qb7 7 257 v—7, 1998) [dh-oi=
LiEE STV

SKI100 725 (SK100)

i 4 L8 B FRIFIE 2 v — 7 (1970), EFIEE
FAEA (1983) (Z XA, HaCHE |78 IR B T 1H /s [E T
B¢ a D GHTiE RSP {RFZE 7 v —7", 1970). K7
7 7L, i e S TR Y A 20 kLR E
(Gjd20), Bfa-5F7 2 iR20KILRE EFH LD TH
A (BJINEMD, 2000a, b). AF 77k, NEHEES
ik & &Ml FIHEO £ < OB THRETE 5. [ilHE
TR Lo F RO~ K AR RS 5 0 ) E o
WEIRS - REWAHICHIEL (85, 35, #%E T
HFEOBEICEET S (5. 37).

AF 7T LETF2o0=2=y FipbiliEns. T
2=y bR 20~25 em O FRETE Y ~FLR S 4 X
JR A e R R s, R = M@ T~10cm
D EATHERR & FF 2 IR 1 A ANRIEE IR T D (355, 449
d, #5.45["). A7 7 Z &, HERA S KEE SR
HEMTHLEEZ LN TS (E#l - B, 1992 ;
Kurokawa ef al., 2003, 2009).

BINEA (2000a) 12k D&, AT 77 OHERMIL
UToih Thsd. K7771%, H7AFHEMET, T,
Th, Hb X Chb UMD H T R, 30~40% FREE O EH M
V3~T% BREDH CFEM % Eie. A OHEYITRE”RHM
%<, fcglaiin, WEa A, BhAn, BEm,
Tay, MIEOESAHREHLNS

KT 7 F LR EBICBT 2EMMEO Kd2d7 7 7
(=FUTH, 1959) (owfteaisd (EJE - B, 2002b).
F7z, MEHLNRe BRI mEACE (IR, 1982) « AR
J\?ﬁl}(m"'ﬁi UsUIEDs, 2003) (Txfb &5 afaEPEDS

% (FHEIEDy, 2000), F7-, BB E O
@m Km2 (AEH, 1975) 77 Zizxftbah s (BINED,
2004) .

AT 7 T OHERERE, GREF >/ b o ki
& DRBFRENLHI1L.6Ma (FRJINIZAY, 2004) HDHVMT
1.58Ma (BULIEDy, 2003) LifEEESHTWLAS

AT 7 7 O, MEEULIRO FIR A AL (BT LE
A, 2003) OFFEMEAH S (AEIZA, 2000).

TEINE L3 KUEFE (Gjd34d)
WA IEEINESD (2000b) (2X 5. Bl el F



FNF LOHE (K1) THD. K77 7 I13ERERE
FEOFRA~RARESHICHAET 2. AT 7 7 138K
oA THEE I,

A7 7713, RAGRE 2T 5MEE4cm O HBIEEK S
T®»5H (H5. 45[H).

BJINZEA (2000b) 1oL DL, A7 77 OHRMILEL
TO®@Y Thsd. AT 7FEH7AET, Ha, Hb KO}
COEOTTZAREL G, iz, T AEKILER%
PREL B, AAEYTPROBEROM, FHIFHA,
HphEa, MRt ond.

KT 75 OHERHERIZ1L5Ma g L HEES LTS
(8)illgH, 2002)

TEINSF L3 MUEE (Gjd35)

WAIZENIZH (2000b) (C XD, FAHUIMBESR T
FINZ Lo#A ((fE1) THD. KT 7 7IIHEARER
FEBOFRE~KERSHICHAET S, AT 77 134K
oA THE S,

AT 7 T0%, FEED BRI A RIZERET 2 RIE
18cm DA KL BB S ~HLRIEEK 2 CTH Y, EATHE
PSR b5 (555, 451K). S5mm LLT O A S 22
2.

BIIEA (2000b) (CLDE, KT 77 OMMAILLL
Fom@y thd, KF7713 07 AET, 20T
Tb, Ta, HbBUH 7 A% £ < Gte. AAEYITRERR
%<, Mo m s, RogRa, NG, SR
RHbhs.

KT 75 OHEREAUT L5 Ma R S HEE SR T D
(B, 2002).

TENA L3I KILKE (Gid39)

AT RINED (2000b) (LD, BEHITIMEHT
)N E LOHE99 (FEL) Thd, AT 7 7 IIHRERE
EEOFIKE~KGREMHICHAET . K7 7 7 1348K
WoOH THER SN,

AT 771, BE12cm OB~ /L M A XD
ORI~ MR S T 5. IEA LS B USETIEER 2530
o (H6. 45).

BJINEH (2000b) (kD &, KT 77 OMRMITLL
TOHEY THH. KT 7ZI1FZHFAETHY, Hb, Ha,
ToBDOKIUH T A, 10~15%REOEER, 4 %BE
DREAERFET. Aafhe L TRIMA, il
A, BER, HpPER, S, UrariEat.

AT 7T OHEREMNILL5Ma fi EHEESIL TS
(E)1iZD>, 2002).

TEIA LA0 KILEE (Gjdd0)
AL E)NEA (2000, b) LD, HEHUTNE
i FRINA LAOME (HE1) THDH. A7 7713

@OV RE - WERICHAET 5. A7 7 7 13
EET2 » BT CHERR STz, AT 7 Z X BIINEA> (20004,
b) IZLAEBET R R50:KILKE (Cdnb0) & (A

—~DT 7T ThHD.

KFT751E, ERTFO3-20x=y bl ENS
(%55. 44K e, #5.45H). TE==v NI, BEI12~
14 cm OABHPEINS ~ HFRIRD 4 2 OB R AR K S T,
THBEZETERPEO NS, Pii==y MIEE
2~6cm DK ABHBEKE TH5. Eilz=y M,
J& JE 4~6 cm O FFHIRLRD ~ AHRLAS 4 X 0D B PR (0 KL
KETHD.

BIINEH (20002) 12X D&, KT 77 ORRMWITLEL
FTo@@y THoH. AT 7 7EH T AFRET, 10~20%
R OfER &1, Cb, Th, Ta, HHEDOH 7 A, 1§
BH T AROEREA R 25T, A0EWIR R &8k
£, IcRER, HEANA, Yar, X
AEBBHLENSD.

KT 7 F1%, FEREDO HK40 K WKE (B - KHE,
1998) , PH 1L O RIR 2% 2 A BRI LERRE (Nsp) (BJIED,
1992a), fBREEOHE / JKLKE (BHRIED, 1985)
lextteEn s (B, 1999 ; BJIIEA, 2000a, b).

KT 7 T OHEFRHFERITL5Maglig L HEEER TS
(BJIEH, 2002).

E9ff) 10 A LERE (KK10)

2 EEINED (2002) (k5. #EAHITINE T E
OEIEME RV ORE100 ((FH1) THDH. AT 775
RO A TR Sz, ERER EHORKERE -
AT ET S,

AT 7SR EFT2o02=y bbi5,. Fiflz=y
MBI 25 cm OB ~ FpRiib - XOHRIEEK S, E
= MIRBIE50cm O FATHEER 2 FFOMkIEERE T
b5, EHz2=y MIRAZ - 7REIILTWS (55, 45
).

B3 (2002) (CkD &, AT 7T OMEMIILLT
DEY THDH., AT 7F7FIHTAETHY, 30%BE
DAEREA F- PR OB ZREL TS, H7 21T
Hb X OSCb B IEhy, Thb KU Ha BAARDEND. D
BO®WENZ A, HEOBRMAELED. AEAE
16% BREST. FAEEWIT1% UTT, fFEg, %l
A/RA, Besanina, sMbEa, Y=y, BER
LENALANREDONS.

KT 7 7%, TR B O HE /A 30 KL K E
(TR30) K OVH S AT DA KR 2H kLK E
(Kosp) (EJI1F2s, 2002), =Z=miA Mo AW I 2R
J LR RE (Tupm) (B)11EA, 2001) (2eftkansd (B
JIED, 2002).

KT 77 OHERBERITLMa g EESR TS
(B)11i34, 2002).



Bfm 20 K ILPRFE (KK20)

A EENIEA (2002) 12 XA, BEAHL LN s
OEEHER VORS00 ((FE1) Thd, K777
IR O e CREE STz, BERER Lo G IR b
MRBEIZBWT, KKI0F 7508 10m EffIcHET 5.

KT 7 FIZREIE 10 em O PATHERR % Fp o Mk & T
HbH (BE5 44K, #5. 45[).

BINZA (2002) ICLD &, KT 77 OWEHIZELT
DY THDH, AT Z771EH T AHT, TbH = Hb &Y
DHZAEZL G, BREAZ 1% REST. HAH
Wit LT, BER, Sammpia, m ks pia,
HAE, Yoy, SmiREnLn5.

w77 71%, EMW (H/RERT) Z 2 Xb— kot
% SK091 (I - $hH:, 2001) (oxbke &h s fHEED &
5 (BJ1ZAH, 2002).

AT 77 OHMEMNTILMafik EHfEESA TS
(2)111xA, 2002).

EfE 30 JOLIRFE (KK30)

MAERNIED (2002) (12X 5. BEEH L€ g Y
OB MERVOMA 101 (1) THH., KF 77
B O A CTHEGR ST, AT 7 7 I3EREE LEloR
PREE « S HRICHET 5.

AT 7 FIIMARIEE S b A XIS ERET 5 8
JE6em ORI ~MBIEERK A TH Y, FITHEANED L
ns (565, 45[1).

BINED (2002) ([2hD &, AT 77 OMEMWITLLT
DY) ThH, KF7F71x 7 28T, LILERFR
DHFG AHREL G, HallDOHFTF A%2MESH. 3% BED
BEAZED. FEEWIT1% UTT, SEnle, 2
ERE, B, #AREG, BaEa, Yoy, BhA
ANFEHEND.

A7 7 7 EME (BAEET) 27 Xv— Mo
% SK090 (ERJII « $54F, 2001), FLpikeaxEicisid
% Kiwd (BJINEA, 2002) loxttbangd (BINHEZD,
2002) .

AT 77 OHERFEMRIEILMafi#E L HEERLTWS
(EBJINED>, 2002).

Euff) 40 A LFRFE (KKA40)

M4 R EBNED (2002) 12X A, HECHY 0N 7 i)
OEJMMHBERVOHA 101 (fX1) ThdH, AT 77
Mo A CHER SN, AT 7 T I1LERER LEonR
RE S - A HIZEET 5.

AT 7 T IR A 5 o A RS ERIET S B
JE35em OB ~HBIEEKE TH Y, FITHERIED 5
hza (56 4511).

BINE (2002) (LB E, AT 77 OWERMDITLLT
DY THDH. KT 77 1IH T RET, LLMTO Hb,

Tb, TaBIDOH Z A& L FiplEh, 0% FiEOH 7 R
TkER 280, A% BEOHEGZEL. HREYD
1% LLUFT, SBER, gy, S@abln, fihEa
HEHBND.

AT 7T OHEMEMITLEMafik L HEEESh TS
(EJI[1EHs, 2002).

SKO085 XK (SK085)

A LB - B (2001) 2 KA. BEECHLIE TR R
M (/K@) &/ XA—bFThad (B - 5,
2001). A7 7 7L, IR CHE SRS T RIS A
60 4 1L K@ (Gjd60), = MR 20 4 LR (Csn20),
R@FREIRABHT 7 ARG (Ctwg) (BINED,
2000b) LRILHDOTH D, KT 7 ZXEIIEOMBEINR
o BRI T A AHE TN OREER O
His102 ((fE1) OHTHRE S,

AF7FE LR TFO3Io0a=y b b5, Tl
=y FMEEEdem O v b~HERD Y A XORE L7z
AR~ HURLEE R, P = v MEEIE 12em O ki~
HURLED 4 X MUBi eI, Bl = RIEE30em
OFRIERE TH D (H55. 44X g, 5. 45F). AT 7
FIIKEE AT CHERE L2 KILIRETH D LHEES
Thwan G - 21, 2001).

BIIED (2000b) I2XDE, BT 77 OHERYITLL
ToilY THDH., KT 773 N7 AHT, WEHOHF
A& GH, ToMOH T RAERZZLD. %L 0
BHFALBRAREED. ARAEMEI%BREL. A
ARG & EE AL S <, I BER, B
SR, S8, BRAR, ToNEA N, o
HHNhD.

AT 7 7 OHERETH LEMa EESh T3 (K
H - BJIl, 2001)

FETRIEENIRIR L 0 R RIS Mo h - L HEE S
ATV D (R - BJIL 2001).

TEINA LG4 KIUKE (Gjd64)

i T E)ED (20000) 12k 5. B HE NS
T&RINA LOHE103 (F1) THD (BN,
2000b). A7 7 ZIXEIEOMEIRS - REwEHIC
PEd 2. A7 77130 A ChER &z,

AF7F0E, FALL Y EE Lem O E @SB E,
[EIE dem O K [ AR ~HUBLEEK 5, [EIE 70 cm DK
IR R S 72 A (855, 45[H).

B)INEH (2000b) 12k 5B L, K777 ORRMIZLL
ToO@Y ThHhsd., KT 77156~ 20% BREOHEREE
. ToHRALOZILERONT T AL G0N, RF
RSRBEROEMAZTT L ODEOEBT T A&
9. FREgmE LTI, BER, MERMA, HERRA,
ERAN A, R, ProrREsb5n5.



AT 75 OHEBFERITLAMafig L HESh TS
(E)I1ZAy, 2000b).

TENZ L6Y KLKE (Gjd69)

A IZERINED (20000) 12X 5. #EXHTNEH
T&RINF LADHH104 ((FE1) THD (BRI D,
2000b). AT 7 ZIXTEN@EOBERSE - EEWEMHIC
PIET S, AT 7 713X OH CHR I

KT 7 FLBIE 1dem OIR E 4 B9 5 MR S T

%4 (85, 45[4).

HIEs (20000) Ik B E, K777 OMEHITL
TolY Ths. K77 T3 16%AikoOH 7 A kil
BN EHEELAEST. Th, TaBIRARRUMO T T A %%
<HEd, HbBIZR CORFEEA T A%E5. Hafiy &
LT, 8kiEs, Rikin, WA la, BEibEn, B
B, B mAaNaRERROLND

KT 75 OEERITLEMa BT LHEESHA TN D
(E111FA, 2000D).

TENF LTOKLUERE (GjdT0)

AT E)NED (20000) (2X 5. BEHT s
Fa&NZLofg104 (1) T©Ha (BINED,
2000b). A7 7 F XN EOWE RS - REW S
PAET D, KT 7 7130 2 CHER Sz,

AT 7 FIZEIE 20 cm O EIBIR A A BT SR~ >
W A XOHBE~ MRS T v, MDA T RER]
g Hid (5. 151).

SUINEA (2000b) 12k D&, AT 7T OMEEDIELL
Fouiy Thsd, AT 771L35%ikOBEREZ&T.
Flz, LRMTFO TaHe, oM, HVRONZ 2 %%
<. AEEME LT, ROFMG, HEERG, Sk
M s s,

AT 7 F (%, TR ATHE H O % HD50 < LAKRE (B
=K, 1998) (xftbanaaaEtEr®H s (BJINED,
2000D).

AT 7 OHRERIT LAMafi LHEESRLTWD
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(C) EMEHO&#EATy 72w Lz
A

N, BRI EOERET 7 h=2 2 (KB - (L,
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|o k- THillrfg & U CHEE) LomlR, BERLN DM
BemiE N R EN ETHLOTH D, Adhlkic
BT, ARSI E T SRR BT 3) OfF
A OEZTHMEN TS (FEFE, 19965 KATIED,
2007). &7z, FH - L& (2001) IX, ERERRAT O
B b AHUE AL S O 15 R i LT DV TR RE 4 iR L
TWD

T30 B
Sl E‘ﬂﬂE PR, =R HORIR (T 5 T IR T

fFUT~ & AL R-E P8 5 I IE DN S & &5 5km ORfE TH
D, ARWEREIE, &I AT UD CIXRERERE & )1 o
BIR Lo TWD, AWk O LW IR TR T
o lohy, IRENRE & <Bbilélﬂrﬁ§isaﬁfw‘ S5 E
W%lllitﬁrimfiﬂﬁlll (1) TRERENZ. 22T,
BICRERE G IR 4 2 IR A LG, IR A GBS
2] X{llh_&; D, WEIXEECET S, A Lo AR
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SRR O F — & 13 ERES (2002), FriltHiEEN O T — 2 [T mEs (1975), EAIES (2003) 2k 5.

b« BitAEEH Z 8 » T 5. Z OWE o ERERH T
NG63°E66°S TH Y, ZOfhics T 2HERERE & E)EO

BERoOERIC—ET 5. WiEwoEmGEEUEEO
B AR A6 BT, MBI _E2% v oo fa il ks & T
o (0

oD = 2R HUEN T UL, AT RE O 7 P9 AE S B IS AS
J& L RO E oL ST Eh v 8
T30 5 A ARIED, 2002). =4 - MPEHLEEEE RERIZ 38

Wi OB AT E I E, ACPE-FE 35 (2 500 m 2 A
DEVEVRBRDOND (FT1.3K). T, A
HCIEmE & XA L, I s oo s [ i e L kg &
WA ES X .

JIHE i G 0~ = S M RS o T BRI 7R VT,
S E SRS C L A M TSR E S X h, TH
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JEOMEAEE, HEE1L000m LLETIZEM THHN, BE
1,000m LATE TIHESA & 420, BIZVRE 2,000m LATE Tl
i@ Einn, —F, B%PERE L ORI
FoOmMSEETHL FHRE (S4HN, 7.3
B) MAFET D, F7o, VR 1L,000m {31 13Ok HE L
R 2 6 47 L CAEPE IS HE TN B VR VE K A2 8T R 28 7 7E
%, PLED3-0WrE LT I EEE GBI sk o
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ERHsm . Ml L RATE D TR T
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[EHEOEMILNISE TH S, MEHERLY MY T,
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W Tl o EHEENE & LCRLE.
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[2) O TIHE, STVE YRS O LKA 5m Ll L
Pl S50 LAY oWk lEahsd. Z ol
J& &A@ AR R & 9 A, i o @R A A
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FEE R BV Z O @S ET 5 2 i h, Wi
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—ifg & LT~ 7. 7271, LRomEiise
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KATIED, 2007).

7. 2.3 4268
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HEERAM HER R RESF~EE MR ET S
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ES/D 11%4&& L DI, - ﬁf-ﬂ%m
DL DR W ERHCA YT 5. T ASR~LA T
{Eﬁﬂ'é*mmﬁfr:‘az.akm DAL R -FI R PE SO S A
FCHSH. R ALSE & AL -1 06 7m0
Ik tlbhTng, BRECEROERIVW TR
65°LA I &g e, i Ltz L, REM50°LL T O
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Eh |
(

’*t.D —HI'I
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IEEEIEA (1976) TIEAMSRI L TRz, Al
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/?f 1992 ; /NHRIED, 2002) 12, T4 (1919) 12L5
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YT HHEE - E LD THD.
FEN AL, = sl P oo BLRF i SR iy b 7 s &
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2B T, dEE-FEERIFEOIRE Y BEIC X 9 35 &l
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EGel7 ) b B2 P Emﬁ?bﬁi‘ﬁmﬁtﬁfﬁiﬁﬁfﬁl_?”?
YUT A, MROMEFHIBATIZ LY B 503, BERL
D HLAEF TIEMA L L 20~30°, BMEEMTTCIIHE &
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EEMIEO—EH TR C=h, Zh Lo CliEbuvizig
& TND,

thamsl AHETE 1919 (k5 THameE )
IZH¥T 5. RAFO—EIThHIED (2002) ([2X-T
KEmMBEFEN TV =L OICHYT 5. BagHE =4
H'A‘H—hfcz’»adhfe.tﬁﬁ%:&UJnJﬁTEAm&LUmm
B 1Tkm O Ch 5. o dbimi 34 S BkiE 12
WBhTw7.%@ﬁﬁ@%tﬁl%ﬂﬁfﬁﬁ%ém
= AT WS > & NS T R A S o Xl LT
dedbdi-PaEE v T & Ao o T DL ARmghE, TR L
Y ¥ TR B O A3 10~20 TR B TR A 25 140~
160°, JR#EE 9 AL TIXM R O D3 20~40° B E T
WG A5 100~ 140° DR = 1HEi TH 5.

IREETEM M4 ITEHMIEN(1976) 12 1 5. AiEHE,
HRIED (2002) 12 KB ICEMFEO IS TS, AR
I RHE, =4IA TIOR3 2 dALH- 78 i 7Y 5 )
IHE D RHK 3km O ENCTH S, AREO K51
PEEE O = SNz 0, B O K Lkm 0 Z 53 IITE HL
WEPNCAAET D, b~ 77 o P55, MO
HEHT10~15BRE CTH 5. ARMEHIRM A 150~160°D
PR ZiETH D,

WEHRER HrFr. B TR GACTE D & FE o ST
kP ~ L IE A I ER Skm UL LM TH S, il
{FAb i~ 77 2095, iR X v e ciddde
- R M CH DD, MEHEMGE TS L, Thi
Vg ACE - e i b A . W oERHT 10
~IBFLIECIh . ARMFHI B 150~160° DA 721
hcds.

7. 3 & # &

7.3. 1 #&H

ARG TR, P EE O - AR EHERTLL
FRICIER) L= MBS 4, RS & L Catifi 5. nds,
=R~ THERREEMSE T DL 00, PHjE
A CAME O B e A 287 FEHE % R < HEET R E 3 IEA S T
HEPEHT S Z L IRBTHD. A TRk L=
P = R~EMNROMEMEDPIC L, 15 RIERT 50
HEEETHLORH DA, ZZTETilk L.

E ok < HETE TR AY
B4 R EIFREDC BT S IERE DS

AR T, WG L IEEEN O R & &, E TR
L oELHIE I Z A GRS A XM, Az Ll
FEfEOFHANZ WG 2R B e E O iEA @ 6h b
Xl oo s -5, Zo), FCARTOME
Wiks TG O &4E, ST LL B LA,

BeHE 0 O SR, S Ao Al AL SR B T 5 O 7%
WIENRTFETS (BT AK). oD% <X ABROTE
W CEMEAHEIEN 1~10m/10004E) 3T, %
HildClE, B0 A oo fth Hithlk & AL, dbAbHE-E
PG 7 M AE OB IERERE S ZE L, TE > O = S0l
DOiEWIE (B R OYEEE), @ HaHEREgit (i
K& - TIRERE RO RYHTTE), @4 REEEE, @AM
[ AL - AT AR bR D (BT 3D, F£7-,
FERRZ a0 5 QN R, @diansl, @R
FEoiE WS EET 5. IGHE, 1R OVEE T
MAICEEZBEENRH DD, ZZITREALEZEBILT
el o (BT 1%).

7. 3.2 GEHRRE - JE1ED

SEESS  HTFR. HrEtHk i o M
b =g o =& EFBRMITE COM12km (2725
sk TI1, T RS ST 5 B e K IR S
BiERMEEEARO LN, ZOE-FHEICHUS R
RN oIRHE 2, ZREDH LA T D, Z b
Hem R oo T A e CII BB S A ©, SR
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% PEIREE R S0mBLEd 205 4 -prmmIcERET M FEmEE
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I EEEE(?) B0mElE* =10 LEbhut-i.
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LT RE 0 256 U (Brak, 1993) #a3.
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HbH0Oo, PHITEEHLIRRICEEDR U /o MRS 5
TR,

MR AT IEHEEE A ED (2002) 1L, (EWTE &L L CToF
FABTRE O Fe b 4 B E > (2002) (29E o CHTEEHUR BT I
fhEé L, Ak &0 o A WETEZ2 —6F L TRERR
30km D H W@ & B, Zh & FEYAEALEER 0.4
m/10004E0 B ALIEWIG & L C-> T\ 5.

7. 3.3 EEH

ENEH AHET4 (1918) ok THIEE)
sk L, KA (1930) 28 TEENRERE) & Liz. BN
FHIEEN 21 km O2E L L CILB-EEFmICER S
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ORI (Z4ebln) ROHULGh M (5 o)
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KA 44 (18434F) 1o ThniEmih kg ic & v TRl
fibh, fAihzikABRLHESED Bz ER) &
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R BIETIZ T TE L 0BT ciThhizsn, Wi
NHARRAGRIRT - AFEICEES o Tz, K TH
HEREE O 7o IR i Ea i E2 S L RITRL,
BB A WE IR L. 72, WL 2 ObHT—
ZAZ VT T H B P 3 L SO & 7.

8. 2 &% K

I CHERIT R O FE L2y, Ll
LR ~KIEFCIC 1282 < oL EBIT LT, —3
OELUHEIFFIZ A > TH B BT &4/, B304
RO L = bnl oA I, BRI Th
NTWARY, BEEHELERSTHEDE L, THPa
FRMR 2T vy I AOEHEE « AIRE « BEICIE
M DM REETH Y, ST, 1R
wosk, LD, By AN ETERILE TV (BT
FOML, 1062 ; THATEMERZRS, 1971 ; FHART RS

TR IR

(THE 5« /MR K - NEFfEZ)

ZHE4, 1982, 1983). o5 b, RO R
T, BROBEENIEMRFTHY, EICH, §, 0
Br, —HECTIEEE, R CEFEENS L LTE L ofLR
BITLTW (HiiTdiRsEdas, 1982, 1983). (%
F & LT, JIPERIL, ZWEsl, bR o 85
BEF NS, £, IEHER L~ k&g o4
T 5 RKEEOWMBCE KILUREE SN B, Rk~
(1772~ 1859 4D [H]) T AIEPBERIL S iz LWV
BERH D ONETHFERER S, 1975). ZoEHL
LC/hZBELZET s, ISR O 8 L EEH Aedl
WL S AR L b OB LD T, HITTR B 7
ORFEA)INELL, =@Bal, LRNFEROL, ML
LI E R Lz, BTICASINZ oW Tk ~<5.

JII A i L

Az, HRH EZNMFICET 5. RERLIE,
Fis 2SR a7 Ly 7 ADERERUIRERO
L R AR LA TSR Al A (BRI & e RAZERIT L,
MRLILEE, fh, TSR R UMRT, BT, Y
THEndl, J7dnfn, WERLELER, WERAL K OEES Thoik
(T rbe R BTN ATAT, 1955, 1956 ; 4@ ML 555,
1979).

AT 17204 E (CERER]) ICBR S, Blis~
KIE~IAF 238 L CHrseicBIT L CWwWic L 2 Th D
(T Ze et M B 38 A5 P, 1956) . AELILIXZ OB S
TR NS IR BRI & DR TP Bl CRr Ry s i
BEES, 1983) ITHINT 5 EBbh s, gL
LR hr b &R T D (TR PR A AT,
1956). T EfLfrpet B Ma&rr (1955) ([ XLiuid, 4

8. 14 Itk 32 f iR
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(ABSTRACT)
Outline

The Kamo district is situated in the central part of Niigata Prefecture, central Honshu. This district covers the area between
latitude 37° 307 10.8” N and 37° 40° 10.8" N, and between longitude 139° 59" 48.4” E and 139° 14” 48.3™ E (latitude 37° 30° N
and 37° 40" N, longitude 139° 00" E and 139° 15" E. referred to the Tokyo Datum). This district is occupied in its western part by
the Kanbara Mountains, in the western part by the Shitada Hills, Niitsu Hills and Shitada Basin and in northwestern edge by the
Echigo Plain. The geology of this district is divided into the Lower Jurassic accretionary complex, Upper Cretaceous plutonic rocks,
Neogene to Lower Pleistocene and Middle Pleistocene to Holocene (Fig. 1).

Lower Jurassic

Lower Jurassic aceretionary complex (the Senmi Complex) of the Ashio Terrane is distributed in the eastern part of the Kamo
district, located at the southwestern part of the Kanbara Mountains. The Senmi Complex is intruded by Upper Cretaceous plutonic
rocks. It is also unconformably overlaid by or in fault contact with Neogene and intruded by the Neogene intrusive rocks. The
Senmi Complex consists of alternating beds of sandstone and mudstone, and blocks of mafic rock, limestone, chert. sandstone
and mixed rock. The Senmi Complex is subdivided into the Takiya Subcomplex, which is characteristic of clastic rocks, and the
Kando Subcomplex, which is characteristic of mafic rock and chert (Fig. 1). The Takiya Subcomplex is seated tectonically below
the Kando Subcomplex. The former is late Early Jurassic in age, namely late Pliensbachian and middle Toarcian to late Toarcian (or
Aalenian?). The latter is early Early Jurassic in age. namely Hettangian.

Upper Cretaceous

Upper Cretaceous plutonic rocks in this area are composed mainly of Late Cretaceous coarse-grained biotite granite with minor
amounts of fine-grained gabbro and medium-grained hornblende-biotite granodiorite. The fine-grained gabbro appears as blocks
and dikes in the coarse-grained biotite granite and the Lower Jurassic Senmi Complex. The medium-grained hornblende-biotite
granodiorite appears as dikes in the Senmi Complex.

Neogene to Lower Pleistocene

The Neogene to Lower Pleistocene is divided into the Tonoiri, Otani, Nanatani, Minamiimogawa, Kakuma. Minagawa, Furuto.
Komagome, Honai and Akatani Formations in ascending order (Fig. 1).

The Tonoiri Formation is mainly non-marine deposits composed of conglomerate. sandstone and mudstone. This formation
unconformably overlies the Lower Jurrasic Senmi Complex.

The Otani Formation conformably overlies or onlaps the Tonoiri Formation. This formation is bathyal deposits composed of
dark gray to gray bedded mudstone with thick rhyolite and basalt to andesite volcaniclastic rocks. These voleaniclastic rocks and
simultaneous intrusive rocks comprise complex volcanic bodies.

The Nanatani Formation is conformable with the underlying Otani Formation. This formation consists of bathyal deposits
composed mainly of light gray massive mudstone with intercalated rhyolite and basalt to andesite volcaniclastic rocks. A glauconite
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Fig. 1 Summary of geology in the Kamo district

F.: Formation, VR.: Volcanic Rock, Iv.: lava, int.: intrusive rocks.
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sandstone bed occurs in the uppermost part of this formation.

Early to Middle Miocene intrusive rocks of dolerite and basalt to andesite, rhyolite and porphyritic fine-grained diorite are
distributed in the Senmi Complex. Upper Cretaceous plutonic rocks and Tonoiri, Otani, and Nanatani Formations. Dolerite and
basalt to andesite, and porphyritic fine-grained diorite occurs as dikes and sills. Rhyolite forms clusters of domes and dike swarms.

The Minamiimogawa Formation is conformable with the underlying Nanatani Formation. This formation is bathyal deposits
composed mainly of black gray to dark gray massive mudstone and dark green gray diatomaceous massive mudstone intercalated
with Sarugedake and Shigekurayama Volcanic Rock Members. The Sarugedake Volcanic Rock Member forms subaqueous
composite volcano bodies composed of basaltic andesite to dacite lava, volcaniclastic and intrusive rocks. The Shigekurayama
Volcanic Rock Member forms subaqueous and shallow intruded dome clusters composed of rhyolite lava. volcaniclastic and
intrusive rocks.

The Kakuma Formation is basin floor and shelf slope deposits composed of lower green gray massive mudstone and upper
blue gray to gray massive mudstone. The upper part is intercalated with turbidite sandstone or calcareous sandstone. A hiatus of
approximately 0.5 to 1.5 million years is recognized between the Kakuma, and Minamiimogawa Formations.

Boundaries of lithofacies among the Kakuma, Minagawa and Furuto Formations intersect obliquely with iso-time planes because
of progradation from east to west and transgression and retrogression caused by relative sea level changes (Fig. 1).

The Minagawa Formation is outer to inner shelf deposits composed mainly of strongly bioturbated massive sandy mudstone and
muddy sandstone.

The Furuto Formation is inner shelf to shoreface deposits composed mainly of bioturbated massive sand.

The Komagome Formation unconformably overlies the Furuto Formation. This formation is estuary and partly fluvial deposits
composed of blue gray mud, sandy mud, sand and gravel.

The Honai Formation is conformable with the underlying Minagawa Formation. This formation is shoreface to beach and partly
fluvial deposits composed of sand and gravel.

The Akatani Formation unconformably overlies the Honai Formation. This formation is estuary and partly fluvial deposits
composed of blue gray mud, sandy mud, sand and gravel.

Age of each formation estimated from biostratigraphy, tephra stratigraphy and fission-track age is as follows; Tonoiri Formation:
about 18-17 Ma, Otani Formation: about 17-15 Ma, Nanatani Formation: about 15-12.3 Ma. Minamiimogawa Formation: about
12.3-7.2 Ma, Kakuma Formation: about 6.5-1.5 Ma, Minagawa Formation: about 3.5-1 Ma, Furuto Formation: about 2.7-1 Ma,
Komagome Formation: after 1.6 Ma, Honai Formation: after 1.3 Ma, Akatani Formation: after | Ma.

Middle Pleistocene to Holocene

The Middle Pleistocene to Holocene comprises the Hirote Formation, Shimizusawa Formation, terrace deposits, Alluvium,
landslide deposits, valley-fill gentle slope deposits and talus deposits (Fig. 1).

The Hirote Formation is distributed in and surrounding the Shitada Basin. and clino-unconformably overlies the Komagome
Formation. This formation consists of sand and mud accompanied with basal gravels and humic soil.

The Shimizusawa Formation is exposed in the western margin of the Shitada Hills. It unconformably overlies the Honai and
Akatani Formations, and consists of sand and mud with basal gravels.

The higher terrace deposits are subdivided into four units. They comprise hard-weathered gravels and are covered with reddish
tephric loam.

The middle terrace deposits are subdivided into three units. They comprise weathered gravels and are covered with brownish
tephric loam.

The lower terrace deposits are subdivided into three units. They comprise ill-weathered or fresh gravels and are covered with dark
brownish tephric loam or Kuroboku soil.

Alluvium is distributed in the Echigo Plain and the area along rivers, and its thickness attains to 60 m at the north-western margin
of this district.

Geologic structure

The Lower Jurassic Senmi Complex had several tectonic movements since the Early Jurassic. Although the Kando Subcomplex
and Takiya Subcomplex are intricately distributed by the post-accretion faults, they are considered to form a syncline together. The
Senmi Complex is structurally characterized by the NE-SW trending faults.

The Neogene to Quaternary is structurally characterized by the prevalence of NE-SW trending faults and folds. Furthermore,
some NW-SE trending structures are recognized in some parts of the district. The geologic structure of the Neogene Niigata
sedimentary basin is approximately controlled by these two trending structural elements. The most of these structures probably have
been formed by reverse faulting since 3.5 Ma.

The Lower to Upper Miocene in the eastern area shows homocline structure that dips toward the west without remarkable folding.
On the other hand, the Pliocene to Lower Pleistocene in the western area has many tight foldings and faults and they form a complex
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structure.
The NNE-SSW and NE-SW trending active faults and active folds occur in this district. The Sanjo Tilting Zone is the most active

late Quaternary structure in this area. Its mean slip rate is 1.0 mm/yr since the late Pleistocene, and it has close relationship with the
blind thrust under the eastern margin of the Echigo Plain.
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