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1981), [Al THUERMRBR ) (ATHIEA>, 1986), 50 J54y 1 HUETIXINE THUHl) (HHIEA>, 1982) IZ5[H &
NTW5.

1980 FERICAD & HUSHERSCBEER T OREEE RS 143 2 DIZPE, &0 BE7REg R A WTRBIC R > T &
7o, —HTENBICHEZ =T TERARED LB L biThhviz. Mk EiE7 (1982) LHURIEH (1990)
CIRTES - W PN RS OB VE O Rb-St LT Sm-Nd AEGHIEIZ X 0 HAENROENEZST, Ak
DA AT LV CARTO K AIEB) O /I REMEZ 546 L 72, ZHEiEHIC O W TH A AB WA LR L
Ro-Sr &ET A Y 7 v ZRT % & LT\ (Kagami et al, 1985 ; Mz 21EAh, 1987). — 5 Tré
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BEHIT N DRSS B D E — R A T,

72k, WRECGAEOSEIZ Le Maitre (1989) (ZHE 7. HRL - b - HBLOBERIT, FolstetaLEPRIR
Imm, 5mm 23V 7=,
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15mm ICHET 5 2 & bbb, IR b —F A IIRANR & LR BB HR b ARG FBER
1785 2 LSS, BRPH OB b A PR C TR 3-5nn BETH 5. BROMMR
DRI B T2 T A0 TP C AR 2 3nm FLETH 0, FAUCHIEIORR S 5 h 5.

BEREEH TREERIERE (525X, 6GSJ R65970, HILMTFERM 2km)

SEYRIPE 2mm FREE, EEAFIY)IL Smm DL T OBLIROEAG TH S .

R - A - BHEA - Y R - BER:

BIRAS8M « v ay « REWEY - BIKa
T T WIS EO b, KP4 XOMEESSAIC 2-3mm & Inm O 2 D B — 7 23 F
BT 5. ARITEETEEAHAE T, HTERABRARETTLONS 5. BEAIZAFE - 1A
B CREME T, ERMERITHEETH D, ) EA TR FTEBERICEET 2130, RAF
V7 4w 7ICERORER, RER, BROFRRECLRTH. PV ar LT BERICIES
o —RNRBOEND . REHEY, BKAIESLRTHD.

m. 3. 8 MI{R{ERESE (Ga;, Gay)

md mE (1982) 12k 5.

S EL LT, ARIEESA LR T EE) RIECAT ToM L, ®Eo TRk LR
D) BIEHI I 20 Ch T2 T 5.

EAMR SEFAREME, WAL N —F VEOmEREICIERFIAICEAT S, LIE LIXEFEREE
ROWNL b= E L RRICHET 5. R KIEH N TIEIMIAEE RS, 0L b — ) Vs oS
ICHEFFIICE AT 5. £z, S H T LIS LISEFE SRR R b —F Va & L v KRIC
it el

T LT B B e 7 TP RAE R 23N b — VR R B X, WL b VA R RS & L CTHLY A
ATV LBENBRTE D, 22T, FMREMSIIES ImOERE 8-> TEY, L b—F 18
L OBICIER) lem OEERBEZREMARLOND. £z, FRIERSTICIL40em ROREL OIS b —



%25[ T RAEHE (R65970) DM K
Ouw: B, PLIHEA, Kfs: HVRA, B BER

FEPES & LCTIRVIAENTEY, ZOEVICHRBEOBEREREMMAAE T TWD (526 ).

BHRUVER AEZEE L THRMROAZERGABRERMMIEE LV 2Y, —HTRERORS
IZ X AHEENRO LS. BEBORITHIRICL Y B2V o VEHSoLH5. AZROD
RESHHILIC L VAL, @FITRIRTHAIIATRRARE S THD2, LIFLIZRIRTHLIHRTE,
FNICHERTEmICET 2006 H 5. AKIETIE, EEAICHIRTAERO BB TTHE 2 548 % [
RACREIL & L, FEMEZPRIAREE 1 & LTRBILT.

X g SR (4% ARk 2 0 BRI ISV T, PEIRIAR T L R T, K THK 2mm TH D, AR
THERDPHEDO LN bOID7 L, FIRIERE 1TITHST 5. KIEEH (4 RAaH L 0 R (20
THRFEAL RS TIET L2 2 TIOR3k - ki THh 5.

FIERAERE T, MEESOBR LD BRSO L, WIRTHRATE2IEEICAENEZ LA
AP R OIND. R ITHRL - PRI T, AERICEERVWEMI Y GETHATH LS. ZOEMITE
(PR ORI RIIEHURIC b T 5 .

ERREH
BT PRAER S T (Gay)

AR 2 EREA BRERAE RS (55 27 X, 6SJ R65976, [LIRATE R FE P/ 600 m)
BERL0. 5mm FREE T, MEALWIL 1-2mm OILROEATH S,



%268 FIREMEHORL b —F L EHES
BL b —F VEHEE O LI | cmO BRRATELET B (FIATRE T )

ERSE - D EA - BES - BER - AZER
BRSO ay - BEIRA - RGBSy
BV ERIIMIE T AS—F A MAERL, BIEORER, BER, A2 RA XV T4 v
CELZERnLD. BEATFAF-AFETHS. BERITAR- LA THBRERETS.
HERITBE CTHEICIRO HONRZ WA, U/~ T 0. Inm F2EE) T2 < D& (0. 5%LL F) fFET 5.
D3 FHEBEIRE VDB OB EN (0. 3mm) . AR TIZAERTIE L A CHITH LN T
ERVHLOTHLETTIIRONEZ E3E.

Bl fRAE R 1T (Ga,)
Hoki B E R A BERACRPIRS (6ST R65977, 1LIRAS = S FE7E 1. 2km)
HERORRIT 1-2om, EAFMIL 2-3m T, FHRIE 2-3mm OBLKROE A TH 5.
FERREW - A - RER - Y RA - Hizf'r HER:
B 8 « onay - RBHE - BIK
BERIEE-LEET, Eﬁ%*ﬁLi%b‘?) Ly —> 274 MeLTWb, 5 A
ETIE RV ) BAFME TH WA= A MEAfE ST ARIE T LA bl T D b
ONREW. BERITIAF- AR THBOAE 2T 5. AZRIIAR- YA TOREET S (£
— RT2%RREE). YN a 3t <, BETIRERIZAE m—2R3RD6ND. R
BRHITD B TRERNCEDILS S OREV. KA ERBERPICAEESNTND.

m. 3. 9 :&AR(A)
A BEFAAETIE LR LIRREREREOERAAOND. ZAHOESEFEmOA—4—

20, IkniZETSH0HH 5. BEOKRE WS OEF IR, HBA R T & &S #HAR T Alko 3
fEArCH 5.



27 BIRAER % 1 (R65976) DFAMSAT A
Qu: A%, Pl #RA, Kfis: U REA, B BER

BEABR BERLEEETICEATS.

BHRUVER FLHERIEOSERITMEERERETHY, MAUAEEE T EERV. i
HitE7» (1982) TIHFTMRAERAS & SN TWDA, BREROANFBE TLARE T OLREEIRD b DIZ
LU T 0 AR TN E A O — il & iR L7z

TR T OENRIZE QB 2/ - TRBEREMETHY, SORWETHD. MRVIFEOAE
EEL.

AN AR O S MR doks — UL O BER BERHERSE TH Y, BHOEMEIRO 6N 5. A
IR T OERE LT 5.

BREE BOREAE TR RERERE (GS] R65972, FEATKARAE EH)
SEYTRIFE 2mm AREE T, FAUTHRKER 6mmn ORREAOBRFE M E SOEAE R EATHD.
R - WV ER - Ak - RHER - BER
B8 - KA - v

BVERIHBERLOBICIAADA FEELTEY, RAXFVTF 4 v 7 ICABORER, B
ER, FARORREZWAET LI ENH L. ARITEMELEZ RS2V, REAITEFR - 18
JECREEENHAR T, ERNENBECTH L. BREIIAK - i CRBEa s 8 LN ek
dh (lmm LA F) WA BFETS.



V. FERETHE (LA 3R E)

(R IEAL)

v. 1 # @

HEIH G 7> B BRI AN TOHBRIZIE, AT Aot - st o s 23 53 5 (3 28, 29
B). 2 b OHEITARRIFHIRIC 070 L, THAEHI34 REEEE T30 @R GBI - 4
M, 1968), 4 ERIERE CIXILMBEE (B, 1932 ; EHMIZA, 1960) LIFENS. WEREE, &
BIHROEHRABICAEE TEDRL TN GEV HEH).

A FERE K LB R — O TH 5 Z L CHBHOBE  AHE LR Eh D, ARSE T
WERHARE L LTHRY, R L, mBERAIMRE SR LI AFRTRES.

=}

V. 2 8 F K

&

BE, LRI PR, VLA, AR B GEIFMIE, 1960), 7o
R AR B, TSNS, S OIS, TARAIE B - 280, 1968) X5
ENTWE. 25D, SRIOMEDOR R, BONDHERMBEIOHERMN 1 SOEBIZE LD BT
VB EVS D LB BN R, TORDABETHE, BERN Db D REEMEEOLLATS
LB L HERRE AR L LT, BUSH, WA, DEREN, DR, JEAHICKS L. B
ST« TORHEE « WO TRE VG, TOEA & TR RS L B X b B, e x ORI
BBIRICH 5. W I CHEAM S £ < RV DITRER 2 & 0208, B b
TR HHERRY, TS R MR R T DI & B2 b %, 7, B
R IR0 BB DS L E, TR AN T - PRI & e T X 5.

V. 2. 1 BEEE(YD
BL L RE OIS Z 5D 5. MRS (GEIE - 520, 1068) L HOFBEER, BVR LR
GRS, 1960) 00— HBICHE 455

S AIEBIERTCIL, WATRGYTR - BB - H0E, AR - A\ - B4 RREE, EBLAS
BT 5. 2RI C IS A R RS & R AT 5.

BIE 4SRN CIBIE 0-70 m & ZELA % LU, 44 BRI 5500 KIF A9 30 mbl LR £ K5
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ERETHE, &il
ERA] BURBCAHETET
BEFRE—ELT
20 L W 2 85
- [ Y A T S m
kg ' b3 S o FiR: Vi Vicarya -y *
Ana feREL R ] & = N4
' BB #E5R op Operculina  Di Desmastylas japani I s | m
T e Mg Miogypsi Pt Paleoparadoria tabatai " o L.
J ooy RiLi% & .3
3= Ge Gelonia Lp Lepidocyclina Wit
RO XY - KRAORRBREMRS, FlES (1996), HIHED (1996), Umweral (1997), &N (1997, M (1998) (TS BEL /.

$208 WMENRXOHERYOER LML
1 (1992) % — 85T

B r OO AT CIIRI L, WEHEN S REAITE .

B BE-REEEZEARE TR S en-b mOERET HEEEORENS 225 (B30-aX). KEL
FE D4 3R )1 T 52 0D @5 51 R 2 mOEBLBILETE D, BEBIIL R, RkomEE =L,
EEHIET ¥ RS EZ R T 2 L0380, EAREEO L RETHRAES L RIcEE R
L. ENICHRBNEEND Z LD DH. JERGEOHKD )N 6 72 2 HE % 150 i 4 1 - Hf P o iR
IKOBENEETE T, BRIIEF LS L RECEEHE EERE 35, BoaM & AR L oflicix, BMbd
BEHLAMGE ST DA - WA - EEEY A XORNEIK R BRI OBUEE Y B

V. 2. 2 ®BEEERE(s)
i A RATE GEHEIED, 1960) OKES, HCHERIC AT+ 5 FE LA REICHYS 5
BEEFE & DR & TR BAAR IS



D SEHOPER - REF - HE, BEARERA - N - GARTICOMT 5.
BE KiFAILEZTEEN250 mT, JLfE~m»o THL 2 5.

AR LEENC RS (R 2O RS 10em- Bm OB EEORENS 2D, EEOBYIE
MEEERTHD. WEBITRRBENS L REET D, EmaEIE L~ L, B enBED
Vb HROEBERL LD D.

V. 2. 3 BEEEHE(sn)

B FEAEDEE(GEFMIZA, 1960) O—EICHY T 5

D RO, BEAREE S - BRSNS,

BE i, E%7E5CH50 m.

B EEMcn-l mORLEEORET HWE L WREFERIRADEEN L5 (530-bX). #
BT - T A AOBEEZ G2 b 5. AT TATHERSS Y v 7 VEEBNFEES 5 il
R E D HE & de 2 & 320,

V. 2. 4 BEME(Ns)

B {MWEMEEE, TEKERE L GHEREEO—MICHYE T 5. Wha A& O A Jes
- VR & WIS 5.

S ERIEHGS, (EERILE, HRL - KAWL - B & - o LEIC ST D .

BE ERT30-50m, KiFILEIT300mEAbpEiBid &<,

B ESEn R - MK S B OREN SRS, TEHITMELEL L bdh D, Fie, BESH
em= 50 10em DIV b - MRV A TE 28 Z L 3B 5. RIZEECOHATIRESEEL, Bban7 7ic
o TEHRTLZ LB 5.

V. 2. 5 EB&EHENm

B WLHBBO LMICIEY 5. SOBIREE L PRIARABICHY 5. —i, s
JBLEnZbooficEERS.

A AIRKIEFECIE, S8, EHRILHTDT, BRIl - AR - By & - deiho sy
T 5. 1FNI, BEFEHICHMAT 5.

BE 4LEXIEREOEE T4 mbl L, R T4 mL, KEAET100mELE, Jér T 100 mil k.
WIS ERIIAATS 5. BEIK 20 mOIEEMHAEE O THEBESH & i EMRICENTHA T
5. BHEN O OREIEE B IR CEIE 30 m T, MEHIE S < 25 GEHH - 48[, 1968).

B DV NE - BRI S 2 RS T A ME T, JESE en— 30 10em OHMRIEYE OWIE £ Bete (4
31D . AOBIRERBIIWERETENOIBED, EI~RETERT, BIKEE LY, &I
e A CRIKS B A 2t X 51270 D GEIFM - 28, 1968).



30R KR RE DR (1)
a) WEHOBESE(HRAKRE, KTk KELI DATr—1OREE 2m
b)  WEREHOBATH BN, Bl BN 2) Xy - L ORSIX10cm



I IR OHERM (2)
REMOBFEH GIMH MRS  REBSI3) Ar—VoOREI10cm

v. 3 b *n

WP EFHIE Glycymeris, Chlamys, Lucinoma, Dosinia, Macoma, Turritella, Tectonactica, Yoldoia 7z &3, %
7z, JedAFAI Lucinoma, Macoma 3% L, 1E2°NZ Acila, Portlandia, Turritella 72 23T 5 (BHEIE
Ay, 1960 5 I - SR, 1968). WUEAHIZMEIBOBREE, FE/ZIEHIT Cavolina pEH 72 E7» BN
WEEAHEE STV D GEHE - 52, 1968). TS RICITARILa N ELT 523, BRIESENEFH
ENTTERD o7, BUEH - IAEEUEA - maTRa i, A - BAbn i SYREDLAZET S
2, FEHIZOWTIEAHTH 5.

V. 4 B # &

FORIXE S T, PR A DR & LT, AETE - R R~ PE LTS - SRR RE I o W & R -
P VE ~ AL IR - PR E R OWIEREARD 5D, WIS HREA W EEET, AiEIXENE
TE, A ITWWER L HEE SIS,

V. 4 1 JtfE-EERE~FEILFE - REREROKNERH

INREME  EIFHIEN (1960) (2 X o T, NREALEIA S H#5) 1 28580, HHForop
AT £ CEB &5 R S 5-6kn 04T - MAEMOERE. LHEDL T, FETNERMITH
130 m &HEE STV D GEHEIEDY, 1960). AEIOFHA TIIWEREITMR TE Rro72hs, HHHo
R OF CHEFARHE & B ISR ) & oRICEE?, NREROILTITERRE FBowEIc



L5 & T RHRIN TS (EHHIZA, 1960).

FEMBE EHEIE(1960) 1T L > Thid iz, ERFRLD S FEH)ITRVICE Y B4 FUCE
LA - W HGER, LA HOERE. EIEIEA(1960) 1285 &, HBEHTOWIEOEMER
X EREBATN30°W, 30°N, #HEL/NEOFRHTIENG60°W, 60°N, ALFOR CILEW, 70°N&ZRL
WL B3 10em OEERE T SXEE A EEABILE STV D (IR 2B B IR Shaniny). 4
ElOFAET, LAFO XD ICHIEERE 2 ST TE

WiE e -1 (AR BeERdbrs) (et 4) Wi oERBIRNEINTS * W, 52° N T, fHELEMNS
e B OSSR T 2 (32 X) . FRTHI & T 0 #llIFRD 5720, 1§ 0. 5-3cm DFE
B - 1B E BT 2ROV EARO LS.

WriEEEsH 1-2 (M) Wi OEMERNINGS "W, 70°N T, BAEEHE L BEEHRHET 5.
W AL O RS S BECE R O B FEAHT EW, 20 °NT, BiBICE > ThFnic3lEFohTns.

B ETEWRE CHFr)  KiFIL &R o Z 14k - BT T M E 5 R S 5km OWiE. A
ANHL,  JEWERHE TR 100 mOFFRIVEE D OB 27T 2, WAL ~RIICENIA NS <725, WiE
IR CE R o 7o N UM B8 & SRR JE & OBfR) O IEWTE 2 #EE L7z,

BB COFr)  EARTREE 2 O/NFICE S & SK 5km O WALV - B HGEN, FIMEE HOWE.
B2 ) =7 A2 FOMFIEL, WiEAALE A KRG HERS ) O Wi 4 5Ll L7237 2> 5 Bk TFK 50 m
LHEETE D,

IR (CHTFR)  BRIRET A IR AT ET 22 Y =7 A2 T, BHREZE 5000 - S
soEm, dbdbRE L OWE L HETE 5.

RIBNTE AR PSRN A, P - KA, FRTEYE b A R WS, BIUR 05
BEBILTWDA, SEEENEE L EFEICEHOERICH Y, FRICX5EMMEOR N H
5.

V. 4 2 dE-FElE~IILR - EmEiEEROmERE

J\EIERE  EJEHIE) (1960) 12 K> Tinda. 44 SREKIIE R AR 4 AL 3 - B PE 7 IS8 2 VR B O
JE. BRI CRBERUE T AR P R 7 CHEMICHIA Y, A4 FUHE CHRAHIMTBIC 28X M7 5.
B OEF R & W OOVE RS T 5. MR K 80 mHEMA EH LT\ LHEE
TE 2. ERIEORMETE, I RED S (G RERE) L HHEOR, 180 1 mOBER 1%
FE D EMBEAINAOE, 80°E OFEMMWIENBIZZ STV 5D (EFHMEIED, 1960).

RERAEMAIE GO EAATRER A A AL ALK - BRI TEICIEON D & S Sk OWHE. EIHIEH
(1960) |2 & o TWiE DAFEITHER STV, AFNTE 2 b TWeh otz AREIOFHE CHEE
TR T e oTe. RS - Bl RE & ESRRCEE O N D, BIEZEALIETERI2 K 40 m
ERLEZLHETES.

[LEWE EIMIE(1960) I & > Tk, ERFTIRHED &R (B o B ALTT) ~18 T 2 Bl O 512
BRI TR Y, HHECEE O BICHASE D E B (5 L IEN60 "E, 60 'NW) LT\ (AEHHA
1E7>, 1960).
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mmkigﬁwﬂﬂ Z.Mﬁﬁ N75°'W52°N

H32R (A HITE OB
NSO  BEHE 4N —OR S (228m

SHERE (FF)  SEARE O KIS E 2 AR - FrE &R OR X 5-6km OWIE. WiERIE
IHER TE R o7y, WEEZRIC LIZHBOSMN D, 4 HHE TR 200 m EF- L7z &E& %
BILDHZ &, MEATIRICHEE L, ERERELTENE &R U RFIOWE B2 HND ZLhb, mEFm~
ER L7z d & FE o WiE S HEE S D, Bl RSBV TR HERI O 43 A & Bl LT
L2Z2LHE0, EHEORVNLH .

EZEILTEWE CITFR)  RRERILIE DA 2 AL - F P 5 AN 5 e ©, SRR O
(LT RS £ Of 12km DR S & Fi>. EHRIEOSM G, (HHEREILFEAHL CREANLITA) 100 m
CRE A R (T 28 S cx 5.

FEFRILAERE Corfr) (R LA A BARE - VR VE S RICE S WE T, SR oA b LVE T
HOBEMNBHEETE D,

ZTOHOEE  —ESEAICALACE - B R A ISR Y =7 A "BTFEET D, B4 KRR
YD Atk & 7 B 12 B DFEVIC L DMLY L 13 B 2 b nZ Enn, dhE - B~k -
PR TEEMOWREFICRT 5 B2 b5,



V. R (R )

(HI7EIK)

W HT O PR, R BE HUE A H T A <HTARR D KIEE R AT 5 Z L IE < B R S,
PEAJURE] D4 TIEN T T (B, 1932). = 0 AL X RERT 12 55000 3 W L 7 7
ENDRDHOESBEZ LN TN, TOHOEFHFMIEN(1960) DFFEIZ LY, HEEKE T
MEND T ENRHLNTIN, TROBS - WE-REL & bic TEWER) tafsnlk. £,
ZOWEHERIZOWT S, A3 - PP 2 R ERER W < S0l S (Hirooka and
Kawai, 1967 ; Matsuda et al., 1986), ZHMERHOKILETHD &TDHEZITREBITHESNTE 2.
IR HOFEIITREZEE X THEICF R LTV, S OFERIEN (1996) 9 Uto et al. (1997) OFF
FZED, KIZEOBHERIL 14, 3-14. Ma Bt TH D Z L 307 D OREETHL MR- TE TN
5. F7z, Torii(1983)1%, KIAD MR TN TR CRANE LS BEILRmD Z End, FEEH
ADOKEFHEY FEEEB ORNCEEN L7 EXTWDS.

ARt T, ek TEAKLE] EMERTW KIS TS=AE KSR RS Zhix
DRINCENE—DEHEI L=y SR D KRR O TR SN DT2DTH D, £, EBAEKMR
WHERR B R E, & 2 NE ST DRI KL S IRALT & 7o KRG A H R DA HL A B THERE L TV 5 72
FT, HERRW D ARIRSCE D JEIFE EIEA B D 0T ThH AR, B (1932) AL EFE 2 7l x
HEARITIT AR BN R EINIZ DD TH Y, TRAEAKLUEE] OARIANDRETE RN .
AL KREFEHERE X BT 52 720 T H 2 OAFEIT 100km® 282 TR Y, HIFISIE R Y KO LT
FZRIIBEEENSD. LL, ZORKFEKLNREZICH LD TIE, RECH LIS T
72N FHEBIEN (1996) 1F, A KPR AS, 2 OFFITALE T 2 A6 5 o0 FPog AL s & Rl
RTHHZEEWOLNCL, WMEDRKE —FECEZXRITNUEROERNWI LEAERHL TV,

WS EIEEIE(1960) 0 THHIEEE 055, BA—Ho—RBOBNLREOT, B
LR RN EI2 TS,

R 2 LR R ARGV R OO LR L1\ P B B Ok, A FIEA (1960) 13 2 0
LRESHORE L, [ HRIICHEE LTOB R, BHO AL OR &I (LY 58) &
MR, RS & WHEN S LI AR AR OB E ORI 5 5.



TE IHMBESCEHE R NEGITHE ) OB LIlES - W - IBE L ThEBAITE S I
HOEE DA KWGHERE (R 72572 % . EFIFHIEA(1960) © TEATERE) CBEIEA(1978) O
T=/AEJER) LK F—oMETH L. WEEO THIF) XEHIC S 2  OEFREIH - 42 (1968)
kY TRMEERE LIEEIR TS, ZONMEARIBHIRD b0 XL T D, RS HIE
A xAVDBEMER. EHRIEN(1960) 1%, TEWER] 2 s DNREBE] - 1550
BRE) - TEAKICE ] XD LD, ARETIEZ OS2 M Ly GEMIZRE) .

D - i ARBURILOFI 5 40 5 WIS < AT 5. (BT - TR - 2 - 8
E - RN EO R L2 OIITERIE, Wb ARREOWT: Uiz KR TRk S Tn 5.
—75, FEOSHITRPT COMIEOEZICHOTNICHE T HITE 0. KRBT 10 ELUTF oMk
T BAEVEIHEN TR Y, Lo EE S ARINZm o TR AR b d. 2L, K
RIEIXACED S FALHEM OWIEIZ LA B 22T TRV, WiE a2 % /10— b Cikla CHiE 20
WUHBT 5. FRICARETBIZ L 2ZMITKREL, ZORELEMIT200 mZ 2 TWD.

BFEER ILHMRABSENFE - RE NESICES . FNEGEIIMMCES, g hicTEoat
JEEMBET 20 b THR L T D, 72720, (HRE & ARE L OMICKE eEDENTRD 5
PO AR

BE THE#HET8s - a - IEEOBEIZ 30 mLLT. B o KPR Y O 8 E 13Kk K T
400 m.

B ARRBOTHOMBED S 6, FEIMGE HDLEEEE, TV a— AEME O EE &R0k
REXFFOROMEESE Th 5. PliE: EiRE L, BFREITT v — b - 25 - AU ESFEEECE - 11k
BIEHROWE L CRE N %<, EREEOBITRN D v, £, A —EoBIRE HEINT
WHOIIZRHL, R EHEOBIIHEABSLHEME CH L. WA LTRAITEELTEBY, WAl
BT OUWRKOENILIR T Vo — 2R, VeI B TIREDE S 7, MO B HRIED O e
RIS, IO RBEITE ) BAKMRHERY OB W TEIREESRO Z &.

R EHEIED(1960) 1L FEHMOHERTE H LA Styrax microcarpa D%, B& (1964) (316
LA REE Carya-Liquidamber-Nyssa BEDBEH 2 8&E LT\ 5.

F - R A KWRHEAEY O B RUE GEMIZRIE) 26 h it o g Tdh 5 & Hllr & i
%.

V. 2 EAKPHTHERY

WES SAFMIEN(1960) O TEA KIS ICLD. KRRHERSIZ b5 0T TRILE] &
WEFHER W Z 22T 5.

EE GSHRAEOLAEEHKT D, H—omila=y M5 R MECEE O KHRHEY TH 5.
BIFHNED (1960) THEAE S D TEAEKNEE ] O TFAIIER OBIKRARS 2380, Zhi (55048
Bl LMY, WL CTHRREEORE LB D & 2 A0 0 B e =4 kIS EEHEL, T0%,
EHE - HH1968) 1%, TSA0RBE] b EAKIE] THEENLXICERELDTND. L



L, oM T52088) & LERABE S, FEEICITRBEE TR E 2BAKRE L X037
E N> TR AEDSEREIKE TH Y, ZOESEZMIL L-HfFE L TR BIRIZZR .

BFEFR SHERBO FHOBS - 5 - RAEEAICED.

BE &K TH 400 m.

B ARAVERHERED L, BEAT T AEOER LT KIS D72 D TE & i 7 2 %
ST - IREDERE IR S ) D72 D B TE D, FIEEH (1932) OEEEEARE
BEADEZ2 LACEIHIZAN(1960) O “ByAE” 12, FEBIEREE (1932) OBRERADZECEHIE
2(1960) O “EEE” ITHYE L, WEIEEHFEIEN(1960) 234 T L2 & 5 IR H 5
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3) 1RO & D iRy B GRS OB L LCRR LTS, LavL, SiFClRkUn I A/
ELVRFENERETE, ETOARE L RIZELESS L ICERFEOR NS 5D Tidswn. *
72, WHRICH B SRS FUROMRE IR O OB T, W L7 K USRS IS RAS 3 ~ 6 mn
DRINGEADPIRET DN HD. KINEAITEHEIC L VR HELTWD A, FEFEORE LV &k
DRIRDEED G2, L0 MDTRRLT-20 572 5 95k E O AR RONEEE 2 R L Q0D (5533 -
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W2, ERCHHERANTEZE LTS, LaL, SLMICIEHRB THOBS IChkT 5 L4
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ZRTHHTE - T/NE ko FRFREUEIE, JBIEAS 100 mEL T, FICTERAAE R HBIRRE & 2oL b -
MLEOEBN O SN TRY, BICTERAEE - SHEERCE - EAKRAERI 72 & OBEN S T8
DB & e, ARk EBREIE, TG, EERHE, TEEEICKS TE S (536 X).

FEENERE Ur)
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WHEEEIY, TAROEFEASBEEGICEY, REEORKDE ERE LT, Bizvr b - fit
JE@ A BLe. ARRED B 100 mALM O T EEF) [XIEPN o B O #k R B o & (2 T
R R ENL TV DAY, ARIRIEHIE T K LR IR T E o T,

By T EE) PR O _EEFTTHTREUS A HAKIE R 0T T

BE #50m.
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b KiEBORRN GRS, HRWEIZIE, b7 7RORKERNEET D NS, HRREO
TIERE, —MICFAOT v b - M L@ a2 ABRANCE S 2, F¥ 2 RICHIVIAA TN D, Zhic
LT, ML - HRI B I IZATHERE - ALV MY w TAREEL, YV MCREROEET LB
e, v b LR, BLROBEAELHVT ITFRRETIHADRHY, WTROEHEICHAR
HPHAFHORO A & LIE LIEETe (5538 [X).

b. iRz

KX LHRRBE U)

AKJEIL, BEMNS0mLlET, EMEEOBELEI LN i LEOEBI SRS TRY, B
i - SHFEARCEER - BA KRR 72 & OB b 72 DR 2ty B ARER TR TH S
B, GEITIC X o THENR R 5.

FEAE 23 P R0 4 AR T AT R 28 B A iR T 2 R Tk, — 8 & L ToEMExRT v
bR bE A FEE LT, Lo RO E 2B (5539, 40, 41 X)A, BIBIZ EREORIE A 2,
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BN BERAGEEDSLICENT SRR OB (FH) OLXE R
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VIL 1 J& F X 5

KA TIIHENRZ, PEHEREO®ME LY, EEEREO DAL TR & ARMLE: LiER
W, ETTEHRH B 22D i REHERY, ARREHERY, R HHERDY, MR, RIS TS,
DD BLEN, AL IRNIE: EHEREIE, B RHERE 72 IR <, TR EY R HERE & LTz
W A AT 5 R HHERE Y & iR HER) L R SRR L B 7.

£ R HIR R OB RIE, BHEIEN(1960) 12 L > THHRE, KEKHSE, HrillEHHefiy,
PRRBIZX Sy STV e, AFRBIEIRRE O s B mHERY & P LB mHERIC, KB IKHESE & B
R HEHER Y T i AL B CHEREY), BTEHERRY, RRIEHERI Y T 5. E, B SEERI I3
CARREHERY) - IARHERIICAH Y U, —EEHHIZA(1960) D5 HR/B R Ok R EESEIC— BT
2.

VI. 2 FRE R TR

VI. 2. 1 SGIBRE#IEY (th, th, th, th, th)

S ERIEACE TR ME R, 2B OB o—IC ST 5. 7, 4 ERIERG TR
KA, BRI, del, SERER E O LB AT B . A SRR 00 L B MR T B
FEHERRITE 0TI A <, FRRARTER O AL A A3 I B - HEREHD & it L 7= 812 FEOD T4 o
% A3 7% T 0 HERE & MR B - HERE & 5D 7.

S AL O 5 Y MR A4 5 B i 1 B/ N IR, 443801 th ek o 4 3 o
B FE ORI 220-250 m & ZE LD CTHTh D, =12, AIETNOZE LD 4 EH R
VSO BB T 230280 m & I~ o TR HEEO BRI 2 555, =B 0 Hulshoo LB FHERE Y
ITESEm 10 Fm O - - 2V NED D2 5. BT - IO E - KV 1 X & £k 3 58
SIS - SHRTRAA - S KRR D7), v — b O IEERO PR - 2%
EETIR ) OB MR o, FHCHBE TR, HEEMENOEE SENT 5. BT
#m-10 m.

KR, REAI, S, SEE AR KIS AT 5 b O < & b 4 BTl
EARDHND. i, BEREIICHANAREREHOKR TNE Lo/l AR LTS, 2



D MR O B AL EHERI L, AR OB - BAROT oy 72 ELT 5000, ¥
SV k- RBIRDNG 72 DI - W OHERE ~ZE b 5. BRI IS A RO PR - KEEOEHF A A -
TEREACESE « BEKRRHERD N D700, —HF ¥ — b2 &0, FHEFEm” 5 30 m. AHEREHO
I CH T OB OB OARHERY FIITE S 0. 5m DRE SV k&R, ZOHF IS PKIEDK T,
K BFR$ % Donacia sp. (/> 3), Enochrus japonicus(#' . 3), Gaurodytes optatus(%7 > = 7),
Plateumaris sericea(/~A3), Pristodactyla arcuatiollis(= I A 3), Pterostichus(sl.) sp. (ZI A3,
Trechus ephippiatus (= 2 4 3) ¥ H 289 5 RO Acer sp. Actinostemma lobatum(?), Betula sp.,
Carex sp., Nuphar sp., Picea cf. bicilor, Polygonum sp. DRE#{L A 35 BT 5 GEFHIED>, 1960).
Metasequoia TEMITE DEHK A& £/ 2 LD, hHIEH LI OHER D L HEETE 5.

VI 3 ¥R

VI. 3. 1 I E#EY (tm, tm, tm)

TRILEY FEHEREY & AR, 4 SBIRIEALER D/ NI I, 4030117 & 44 SEBRNE A B DAL, (BRI,
e, ZRRER EOWLEER ElLafmiT b,

£ REIEALE CE N RN, 43RV o4 BT, R, TERAT, M2, ARERR SIS
WD, T B THEOEROS < 1% 195-220 m & i T T AR RIABR S T0 5, T
B EmORICEBEORED Y, BB, YA MEERD. B0 1 mizF v — hE O TS
PBARY, b TEHROREERED HhB.

S ARBRRR ORI, LRI, eI, S LR A R R L S A 2 A B R
WIS > T B A%, BUTH & 13 70-30 mo M B 2855, BlBIE L = OHEEAS < 72
LMEANCH D, £ < OMIRCRELHEIA 2 BHI M CHET D, 20 ETHOKEITHRK 30 miZ b
FHILbbBN, MICIE 10 mERETh 5. PAEERILRA S BRIk 044
WHEAFRT 2 L bbs. BEIHEM-10 mT, FICHkOENTERDEERD TED bR B2 Y,
R b AT, BRI AR A W LT, TR - SRR - S K HER
WPy, —Fv— b DESEEND.

VI. 3. 2 EEBREMEBEYED

A RBNEALE O L AT, A RINTFRe) &/ RSG5 T, Al o> Mkl 13/ s
WCRAET D, ARALE: il & PR & OEIE 5-30 mC, FBNEEEARE < RBHEANRH Y, 4
SR AL CIL A & DIEmIZs mE T Th 5.

ARG P T OO (L TD C I 7 EERRE DA 2 FF B RRRHLIRICRIET 2 b ORL . MR TRIZ S
NHRRMMEOARREIL, BEEEHEmM T, RICEIKOEOEMEEROTEN SR, BRI O
FAZ S LSS A K RS Y - SR RCE T - SFERAEDN D RY, WE - SV NERENDLR
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VI. 4. 1 HRIE#EEY(c)

CEARHm DA KRR OB L BALETE B 72 5. A KRGHEREY > bR S 415 30
FELL BRI IS IR T 2 BRI X D HERI Th 2 (441X . HERTIBUTIRIZ260m L F D & DA FET
T H D, IHTPIEO Z 0 &5 R EITEHEICE. 2D OREHERIIT AL O EICE
BL, BARAERYCRIR MO B R~ AT T 5.
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A RBUIERT O IR - Je »r IEJEiL, KOs - S, (EELOME, ZREEL, SEAMN KR L,
SR RARHERE) 7> & 72 5 LD | LEEES 2L & U CHEE S D8R 10-14 FE OfRRI 2 Mk § 2B &
Hm -10 Hm OHRIY T, BAKFRHRED OB L ZORIH1 5725 AR . BHITRASmOD
PR OEREERIKED 7 1y 7 b 5. FICEAEKMGHREY OFE (B8) I X HH%IBICH- TR S
NEHRTH L. —HHT O HERRO LN, THNBHLOREREEZEAT b0 LEbn
. EHEHER L PR SRS GEIFHNE DY, 1960) Z &3 578, ST 30-40 O RERI K 2 H 5
M8 D HIE 2 MRl D HERIICIRE T R & 2B 2 5. 7ab, FBAHIHERI LT H 0 6 55 MU AL D HE
Bl Ezonsn, HEL, ARSI

VI. 4. 3 Rk (f)

A BRI MUk D TR MIHER I, BN S <, RITED B RENG E TOMMEX 100-500 m, fERHT 8-
15 EOLONRZ . AN O, S OFESFIE, A - BN OLRI, FEH)ITTG
WCELSEET D, 20X 9 ICHBO/NE < FRIRHTE OGRS K & e Bk M ihfi s & iEns = &
b5, FEICEHIICHRENTZ b D ER LA, —EBEEI 0% E ROk ob o bEEn
HEMEIND. 2R, BREHREMICHERT D &5 2 505 RIRMHERY TR DY E 0. A
BN OHEEEO - REEEZ FER L 5. BREITBREOILMOME 2K L TRV, A KMRHERY,
EFLEEE, WREENS<, —HE « VL A - Fr— b EET. JBEIIEm - K 10mT, i
AUH B TR A RS 5.

VI. 4. 4 HER(BEFEH, LEER AKRRUSRECEREHEEY ()

ZRJINTFREN &N RN E T 2 Ml C & 5 4 ol i it M 12 134 R g & LTI i
FfEAsFEE L, TR - HIREERS « IR - LB EHERIA 5 72 % (cf&oKi» DRESGIREIN PR S Uiz
LHEETE D).

EFELIAA DA RN O % < OIMREIE I, R RS ORI MR & LTRET 5. BE
HEmMBEDOLDONREL L, JIOMEEDL < DR AT CARENBENT 5. EICBENHRY, OB
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VI. 4. 5 E&E(p)

TEERRE IR O it (K9 700 m; ATREIER>, 1982) eI/ BB (FEE#9 6 10 m ; FARIED,
1983) OMHIZHAIT . JekEOHERTT 2 ML, BEWHAEPICHET 2T E 2 b
% (VIIZEZHE) (4 44 X)),

FARIE2(1983) (28D &, M/ R CIEIER, v MECVIRK, JeRER L, KILKNHRY,
ZTNHOEZT430cm [ZET D, Fio, 1 CHERDOGHL T 2 TAERORIH S HRICHER D b E -7
LHEESNTOD. M/ FRRFICI N TIE, R85 2. 2m OHITITKI 10cm ORIRT T 78¥ K ILIIRASHE
BEINTND. BAT IRV KINK(K-Ah) FEREBRONE - REESEORI I NT Z 71D ORI
FETKIUKTH D, £ ORHERITHI 6, 300 ERT (BEHPER TR ; BT - 5, 1992) T, RO
HCHizd. NTAREBERKILT Z A06700, BEAITR R - BANEA S5, FHMBA
FHCTERARZ HEPICEO N, REOLWE ZATIHAHITRVIGE 23577 A8 KILKE
ELTRRITE 5. JEpRIE O TALITEAKPEAHERIY (RS EECE) ORI LT-iboEn 67 5 Z L
O, VRRREAHRA L7 M I AT IR s s LHEE T 2.

JefE TR AR o, UF LIBKREEOMHMEE & A TZIRRENFEET 5. BIELO—HICE<
K% 7=7= 2 7= Hoch Moor 23ERL &4, Utricularia japonica( # X %) Utricularia bifida (X X 7% 79)
Drosera rotundifolia (£v-t>a%) ZEOREEYN LG4, Nannophya pygmaea(/~yFa o b AR) 23
BE LTS EIFHIED, 1960).
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FOIRKE IS OIEWTE & LTI, ARNETE, @)IE, SANE, NEmETE, THEENE, 5
BT 230 STV D (EIRTEIFTES R, 1991). WPh b ks - miadm, LRz R4 wiEg <
b2 (F45K). DU OZRITIE, T 1L R GRVEETRIE), HITE, 16 ARErRE, A
Wikg (B L, LBFEE) 72 & L3, NGBS LT, 7 A 2RICIi &R ST, TE
Wil Z e En o T 2R & LCIel S m~E# LT 5.

728, 4RI FESIIL AR - B P~ AL - PR E M OSBRSS BT D (IVESR) . &
fEOWRRL L OFAE, WBIC & 2 BIRODMOBBIN G, Th bl E RN EWE T b 5 WHethix
ETER.

VI. 1.1 ZIREE

R - B THE(1968) k. 4R S SR RERRERT LI 12 B R A I Wi %
PEVZIF ARSI E T D EER 15km OTRIIE (BEMIE2>, 1978 5 IGWIEHFE IR, 1991 ; 955 1X).

WEERWEBE MEET, BHEC LHEE SN TVD GENEIIESE, 1991).

BERERUERM 4RI Lh b FRERRIRAT LR ICE 2 FREIR W ICHE 2 %t ORI
FRONCHZES D FRICAE O BRI IR FHh & (L OBEIALE L, WIB IS IR 23 %54
L. BALE, I & EHIOBEE ZED & R HAMTE HF 300 mASRO BTV D.

WIEEREE ARMIE2>(1978) IZWIE T NASE, 60°N 2L, 18 10 $hm (29 DAkt O H1Z 10-20cm
OWiERE LRV Db H LD ELTWDR, EOBHETHETE ANITREN TV,
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(ABSTRACT)

GENERAL REMARKS

The Nabari District is situated in the northern part of the Kii Peninsula, and occupies an area
between 136 0'-136 15' E and 34" 3034 40' N. The quadrangle includes areas of Mie and Nara
Prefectures. The Nunobiki Mountains are composed of the Mesozoic Ryoke Plutonic Rocks. The
Muro Mountains, 300 to 1000 m high, are composed of the Muro Pyroclastic Flow Deposit. The
Yamato Highland is made up of the Mesozoic Ryoke Plutonic Rocks and the Muro Pyroclastic Flow
Deposit. The Nabari Basin, with an elevation lower than 300m, is underlain by the thick Pliocene
Kobiwako Group in the northwestern part of the area. The geology of the Nabari district is

summarized in Figure 1.

METAMORPHIC AND PLUTONIC ROCKS

The Ryoke Metamorphic Rocks occupies the central and southern part of this area. The K-Ar ages
obtained from biotite and muscovite indicate that metamorphism took place during the Late
Cretaceous. The metamorphic rocks are mostly derived from sandstone, mudstone and a small

amount of chert. There is also a banded gneiss with infrequent granitic layers. The primary
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sedimentary structures in the rocks derived from the chert are well preserved.

The plutonic rocks can be divided into mafic rocks and granitic rocks. The mafic rocks occur as
zenoliths in the granitic rocks or intrusions in the metamorphic host rocks. They are mainly
composed of hornblende gabbro and quartz diorite.

The granitic rocks are divided into 6 groups: (a) Joryu Tonalite, (b) Hukudayama Granodiorite, (c)
Kimigano Granodiorite, (d) Shimotakao Granite, (¢) Ao Granite, and () a dike. The Joryu Tonalite
and Kimigano Granodiorite are composed of foliated granodiorite and tonalite. The Hukudayama
Granodiorite consists of a foliated porphyritic granodiorite. The Shimotakao Granite and Ao Granite
are fine to medium grained granites. The dike which intrudes the metamorphic rocks is composed of

a fine to medium grained granite.

YAMAKASU FORMATION

The late Early Miocene Yamakasu Formation consists of fluvial to marine sediments which
overlies unconformably the Ryoke Metamorphic and Plutonic rocks in the western and southern
parts of the district. The Yamakasu Formation is divided into five sedimentary facies; conglomerate
(Yg), sandstone and conglomerate (Ysc), sandstone and mudstone (Ysm), sandstone (Ys), and
mudstone facies (Ym). Ysc gradually overlies Yg. Ys grades into Ysc and Ysm, and passes up in to
Ym.

Yg, which is up to 90 m in thickness, is composed of a boulder conglomerate to sandstone with a
small amount of mudstone and coal. Individual beds, up to 5 m thick, display fining upwards.
Common features include channelized erosive bases and large- to medium-scale cross-bedding. The
boulder to pebble sized clasts are predominately subrounded to subangular in shape.

Ysc is maked by an erosive-based, with a pebbly sandstone to fine-grained sandstone which
exhibits fining upwards. Individual beds are about 0.3 to 3 m in thickness, and the whole unit attains
a thickness of 250 m.

Ysm is comprised of sandstone, mudstone and coal. It is arranged in fining upwards cycles which
range from 0.05 to 1 m in thickness.

Ys consists of a cross-stratified to flat-laminated fine- to medium-grained sandstone. Individual
beds are about 1 to 3 m thick and the overall unit attains up to 300 m in thickness. The facies have
occasional erosional bases, with scattered pebbles and fossil shell.

Ym is composed of a massive to laminated mudstone interbedded with thin silty sandstone. The
facies contains marine molluscan fossils. This facies attains a thickness of 40 m and overlies
sandstone facies.

Yg, Ysc and Ysm are inferred to be alluvial fan deposits to fluvial deposits. Ys and Ym are

interpreted to have formed in a shoreface to outer shelf environment.

SONI FORMATION

The Middle Miocene Soni Formation is composed of lower fluvial deposits and the upper Muro
Pyroclastic Flow Deposit. The lower deposits are less than 30 m in thickness, and consist of a well-
rounded massive conglomerate, poorly sorted arkosic sandstone, and black massive mudstone. The
Muro Pyroclastic Flow Deposit is about 400 m in maximum thickness including an orthopyroxene
biotite rhyolite welded tuff, which represents a single cooling unit. This deposit overlies a <30-cm-



thick, non-welded fallout ash and fine lapilli.
KOBIWAKO GROUP

The Kobiwako Group is distributed in the Ueno and Ohmi Basins. The group, with a total
thickness of more than 1,500 m, consists of fluvio-lacustrine clastic sediments divided into eight
formations. The lowermost part of the Kobiwako Group distributed in the district, consists of the
lower half of the Ueno Formation. These sediments, which measure more than 50 m in thickness, lie
unconformably on the Late Cretaceous granitoids. The sedimentary basin of the Kobiwako Group
originated in the Ueno basin during the Early Pleiocene, and subsequently migrated to the location
of present-day Lake Biwa. The Kobiwako Group in this district belongs to sediments deposited
during the early development of the Kobiwako sedimentary basin. The group generally dips to the
north-northwest perpendiclular to the faults (eg, Nabari, and Nishitawara Faults).

The Ueno Formation is mainly distributed in the low hills along the Nabari River and its
tributaries. The Ueno Formation, which is more than 50 m in thickness, is composed mainly of
alternating layers of unsorted clay (porcelain clay) and arenose coarse sand, with intercalated lignite
beds. The formation is subdivided lithologically into two members which are the Ryoshudani and
Ichibe Members in ascending order, in the northernmost part of the district.

QUATERNARY

The Quaternary deposits in this district include Middle to Late Pleistocene fluvial terrace deposits
and Holocene colluvial deposits, fan deposits and alluvium.

The terrace deposits are composed of gravel, sand and silt. The deposits are divided into the
upper, middle and lower terrace deposits in ascending order. The colluvial deposits consist of
angular clasts and sand derived from the Muro Pyroclastic Flow Deposits. The Alluvium in the
district is divided into valley bottom plain, backmarsh, river bed, lowest terrace and peat deposits.

DISASTER PREVENTION GEOLOGY

The faults, which are inferred to have formed after the Early Miocene in the Nabari District, are
divided into E-W trending normal and NE-SW trending reverse faults. The normal faults cut the
Miocene sequences and are overlain by Quaternary deposits. In contrast, some of the reverse faults,
such as the Nabari Fault cut the Pleistocene deposits and considered to be active faults.

Landslides, which formed after the Middle Pleistocene, occurred at sequential position between
the base of the Muro Pyroclastic Flow Deposits, and the Lower Soni Formation and the upper part
of the Yamakasu Formation.

RESOURCE GEOLOGY

Titanium, gold and iron ore deposits were mined in the Ryoke Plutonic Rocks. Fire-clay deposits
occur in the Iga Kobiwako Group. Lignite occurs in the Ueno Formation of the Kobiwako Group
where it was mined up until the 1960's. The Ryoke Plutonic Rocks have been quarried at Nabari

and Yamazoe for building stone.



SCHEKS |
FER GG - IR IESD - ILOCFIR - JIBDF3(1998) A iRHUI O M. MU E i 7E e (6 7547
O 1 IR, MWEFRART, 72p.

BIBLIOGRAPHIC REFERENCE
Nishioka, Y., Ozaki, M., Yamamoto, T. and Kawabe, T (1998) Geology of the Nabari District. With
Geological Sheet Map at 1 :50,000, Geol. Surv. Japan, 72p. (in Japanese

with English abstract 5p.).

FHL104E3A16H ED Rl
FE104E3A208 % 1T

BEEEETEHME b H R A

T305~8567 KBFROIHEITHL -3

ERlE HAKRZ
R #&BXstt &l
HEHYEXBEEL-1-12

©1998 Geological Survey of Japan





