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HEDHESOMLL ERERD. WEE, EHICEKE S D WIEEREAEIC RS,

i
=

AR HIE HED UL LS B R IR
HEEHE L, BIEES - b -
BB - Ve - SEERE - Waa TR
BHBERERIRUZ D, RILEHES
I ARk D 7 1y 2 e
R B, FERABE T HEYO
WET Ry 7 DEENLLENHD.
VEEAE I, UA RO A sk
AR O [ BE S 7o AR — /NS
HENTVEY, FhRLE
HORLNDZENH ST, WEH
TR EOHRY A b O & Bb
N5, BEICZ LWIRERWL LBE
REO—EIZIX, HHHEOERIA
LEBEZONDLER BHaTy L,
FVEEIRE, 1983) NEENDLZ &N
BHY, FTREREFOLEWIC L DHE

#iL (bio-turbation) D& & 23 5 A3
gﬁ 25 BI ﬁﬂ&@jtﬁ%ﬁ%.—:‘%@ﬂgﬁéﬁ% SRS RS S 1L 100 m bﬂ )_:) E,‘Bﬁ}f)\ 3}) )_:) . *}Egu}%ﬁﬁﬁﬁ) %

30§ DIRFE
DES

RIURZNT CTORBATA T A
FUHPRNE, RERFRET ALY )5 0 FBEERR A 1580 e 8IS D A OB A BEE B LM L <,
T LI > TG, BULHOE SIITFHTH D07 0 BBICET 2 HELH Y, RIRKREICE
LR EULIEFRE BB A BN D.

AR CIE I ERR A, FE LA NS0, sz LOTEE - b - 6
AT, AHR T b AL E L GG L oo TR B A2 B - TR 0 BT . hiim;
HE D BRI - KRIRIERI O ARG AT s © b 21 BRI S S sl 5. ZICEABNT50em BT
DRIGEEN, FERC1-2migEElic7 ey 7L TnAZ bbb 5.

LA TS T IR 2 L, FICREADN LR 5MHEORE ST 2-4mm i Th 5.
B WELA BN DD O O AR LHMICEHR SN TBY, b & OHMITHBI LA T2, B O
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RERICTBREMENLOND GEIMK 1),

TEECRIR B TR TH 578, FHARBLREZ 72 U CBKARE CIRIET 22 b b D, EIT
AN CHATER N AN D 2 b b D.

{EFH Makiyama chitanii Z£9 %.

®E R (1910) OFESLE, BBk (1962), = FiEh (1970, 1972) OWElE, KLk (1981a)
OB ZPTE, FIFIEH (1981) OWHEAEICHbEND (FH2K) 23, fiFeo a7 ) 3 an
FLREFRITZE 7 Vv —7" (1983b) (T & 2 PITVEF S B IZFFHEEICE £ 5 b DROT, REITITIKITVE
O—HIH LT B b b D AREMEN H 5.

2R +ANRIELRO ERFEE=RBOHLR bR

e s s2) e R A W|OE "
/K (1910 PRI (1962) [ETF1ZA970,1972) 7k k(1981 R 5, 1985) H RS
i Fit 4 ¥ H -] # H T | FE@mt %
BB odE BB % O WM it " i & 0y

o o e Ty B
I l ‘r’ﬁl ﬁ{ 43 fﬁ J lix] 7‘?\‘ R’i f.‘-‘ /J‘ [i‘l R?l ;ﬁa

U s | w R W o W W b L
: ) B o K y
LRI LR R s man #
® BoA W M)A W H M| BZRLEE | M W R | g
| KGR HE | K IS -] /3 /I8 L4 & Z IR # o2 R B #
SO I R I , BLZRFBE | . g om ok
P o4 o W/ O% (L] [IF} & [ Ih K E Z X W | OB K

V.2 &m2RE 0

#wESL /Kb (198la) .

R Kz BARHEG OEZR)IR .

o IR LB © THAERE 50 S BRI E T, NNE-SSW DR EZ S > TOMT 5.

BE #RR)IL—FTH350m, —FRBIEST TR 250m, 1HodbiE )5 TF 100 m &R EICRE T ICE
BEWT 55, ZOMFENLE~FHWEELZEL, EZXIL— TR 250mIZET 5.

BFEE ThrLo—HEBICESITBMETERS.

B EL LTWEIENSRY, MRS ZROHE CH L. EESEHITEZT L 2 A,
BEME %L G, BEIETICHARZ SEERD S .

FRRNDL— b Tl TEHIREIRA D D72 Y, FHTE en-10em ORBATRIIY A 2Bt oM T 5. B FEbI, %%
om-15m ORI & 4% om- 4% 10om ORIk S & OHREN B2 5. GEME %L Gl EALOEIEB
5.
KA)IL— LTI, & FEIS010m ORERE O 72 5. FHIE, WEIREH10om, MR EEL cn-10om
OMESE) G705, BHRALAREL EFEN, BEIOHATICHEIANS 5. K ETSRROWE RS 72 LIRE R
ENDIRY ALK - PRI E ST .

BRRIL— LTI, EMIWEREN G20, FUOIREN LW T 5. EEIIEIRS & AR & Ml
HIENORD, Fi2, 1m ROBE e, TR 20om, 5 om OHEIEETH 5.
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HIENL— b Tl BRIEREN B0, IREMORMO A D538 5. 10-15emOBLE S EE ENS.
BUIHK 5em, T Lem L FO/MEN B 72 2. HIZHKI 20em, FREERAEDSEEND. ZOHORELL, #om B
TONETH D, FEIE, WEIEE SRS & O am OMIEE» S 5.

BV — T, EEBIESWEIRENS2Y, FTE 2 AT om LR & 10-200m ORBHRIA ke, 72,
A TEIL em OISR, EEICTATICE em- 20 10em IG5 8023 d 5 . Lk, WYETRAS & i
RibE & O em A — X —OMEEN S 72 5.

FOILFEADIL— b TlE, ERITDEIREN DY, $10om72\ L L5mOEEERA 2 5de. SHERA R
1L, RRE om, ESE mm OB S0 5. BEE, WEIRE & -SRI A & %% 10am A —F — D H &)
b7 d. BREME %< Ete. FOALFE T OARBORK LIS EIREN /R0, Ml L Bk O HMandh 5.

FEz2XIL— bTi, ERSSPROWEIED G720, $k om ORHBRIAY & & flede. FRABEOFSRIKOTHAA
5.

{E® & H TiX Turritella saishuensis, T. ikebei, T. kurosio, T. saishuensis etigoensis 72 &,
“fHETIx Anadara amicula, Chlamys cosibensis, Patinopecten yessoensis, Mercenaria yokoya-
mai 72 E73, Kb (1981h) (L > THEIN TS, ZDIEH, W =OFEIERLA Vu P AROHO
fbfid, KEZE->THESATND.

dt A (19100 OPHIKEMEIRS, Hilk (1962) L FiEns (1970, 1972) OKTVE, K-
(1981a) DFEZRPIMEICIZFHILIND GE2R).

V.3 fimERE (W

HES Ik (1922) © “Wanadzu sand” IZHKT 5. ABIZOWTE, ZhafiE @) o—
WET DB 2ST FrEEEMRNIE 7 V—7", 1970 ; faid BERIAFTE 7 v—7, 1978. 1983b ; ZH
17y, 1983) &, fdEE ) ITTEoeni o ELS (ETIEA, 1970, 1972 ; =FUIH, 1974
HEMIEDY, 1978) B D. AMRETIE, Az g & LTHRVRBBILEED RN EICT 2. Zh
13, AHUE CIERFEEE I > & V) LIAHOEWNC L > T oMEE L b, £ LT Froas g
EHKBIS, —DOOMIL LTZHALE BT ZENTEDLNLTHD.

Bt deREE I DR CEB TR RIEN) .

o REEBORKICHE> T, AZPUEONEMIC, NNE-SSW DERE S > ToMmT 5.

BIE SRy, Reil, ARR)NIDLV— TR 70m, #i¥g)ir— b TR50m. FEES TR 30m &
WO EHIE, BANREBICBEEZHT 228, FEOFEATRHI80mMIZEIZML, A2 S TK 140
m, FEZXEFRTRE0m &, OB ICES 2T 5.

BFEE THOBZRBICEAEBERTELD.

B & U TR — MR A B2 0, Ba s A8 oS & Bt

KL — BT, B PR - PRS2 D72 5. HZRIEN IR %. EEIZIEIRO BV —HRED S )
5720, $10em OJF & DA #HJER . BUIHRRTH 10em LLF, ) lom LT O 572 5.

FRNDET~ADL— N TOAEIL, & L TAD BV S S 725, IR L5mOEEA 28 el 3
M, FTE A - REERSEET 5. BES TP OBNE, HoR30-50emIZiET 5. s FICHET 28T, k20
om, FH2emLLFTH L. WETICIIREYE £ ETHANH Y, Ak Mttt 2T 5.

POILFOAEL, F& L TRIKDO BF - MR E» 572 0, JEIEEK 10om OfLs ZHide. BT Llomhiod
HLONRZ. T T, WEENRMEGERT DT, (F0hoilkl B s,

PIREASCREE  OATEE, & L THIRD B OHIR - WIS D72 0, 3k on O oiYE IRa 2 hkte. %
7=, 2emUL RO, MO DS N5, EIE, - MRRE N D225,
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TKIERHT OATEIE, & L TRIKO B IR 5720, /INEE, HIREAS oMkl — KR & &t e.
FEZ SN EROASE T, & LTHRIKD Bt — IR OBERIRTS A 572 1), % 10em-$om OB ZHd e, iR
i, BR30emITET 22, HbZWN b OB am Ol TH 5.

7k, —KREMF T—HNRBEOMIROM T, FEIERH 20m OWIKO BWIERSHT D, ZOE
D _FALIZ 15 cm OfEEE, 20 cm OFIKIRYE, RONTAm OBCENEZR D . HHEEOVEFBFE»D, 4m
DEEHDOTET, ABEBZ5

B EEba (E ERTRATTSE 7 v—>", 1983) KOVEfLibf CHrEA fLIRAFsE
JN—", 1983) EETDH (B3R, HAK).

®E gOR (1910) o BEEbE, Bk (1962) &F FiFs (1970, 1972) OFIRgHEE, /K1 (1981
a) DEZNEHBEIUTTRLEIND.

#3% +RUTKIBGRONEEBERSHYLE
R BB BRI AE 7 v 7, 1983 i Yt BESLBBIZRNO E 1)

i s | I | R

Specific name T 7 8

T R a b
Umbonium (Suchium) akitanum SuzUKIl Cc C C
Turritella (Neohaustator) saishuensis subsp. indet. R
Cryptonatica russa (GOULD) R
Ophiodermella sp. R
Glycymeris (Glycymeris) yessoensis (SOWERBY) c R c
Peronidia zyonoensis (HATAL & NISHIYAMA) R
Mercenaria stimpsoni (GOuLD) C C
M. yokoyamai (MAKIYAMA) C
Callithaca adamsi (REEVE) R

C: common, R : rare

V. 4 f ¥ J8 (Ua Ub, Uc, Ud, Ue

ABITHE AL B FE IS AT THEBHERE A HERE L 72 B OHE DIRIF R EEZ2 5w, Bk
LER E TOBMERBIMRZ COMME LTWA, HABEITN3,000m (26 K1, FHiEFHEH
DEREEFLITIRS ML TN D,

ABOSEFFHHFFIEIEGER (1910) IC &> THtASHh, TOBL L OBENRREINTE Iz, Zhico
WTIEE TIEh (1972) R OFE EEMEHE 7 L—7 (1983a) 1KLL ELHHENTND

AJEOWIIEIE 1960 R E TIL, ABNOAMPEL LW Z LR EOHBTHEVEA T N>
7o LinL 1960 AL T, Wb 5 KILKEFEN REANTEA SN TNOIE, REOBFFHIbF

FEITREMICEIE L, FELVEF SR LM TS (B FiEa, 1970, 1972 ; =FUIH,
1974 ; B FE AL 7 v —7, 1970 ; BHRE AL 7 Vv—7, 1983 ; faild mREHIANITE 7 NV —7,
1975, 1977, 1978, 1982, 1983b; [LEFI, 1970 ; [LEFHF: - Hil, 1970 ; ILEFHIE7Ay, 1970 ; HIE
7y, 1978 ; T, 1983). FIAOHMBEFEUISONT S, Fix Ot ERIEF RO > v
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#aFk T AITENERROFIR B ERILRILT
FAETR S v -7, 1983 7 BYHD

OB % _
o e
Eé.
it N |
species wIR A
N R
14
Ammonia_beccarii (LINNE) o
Elphidium etigoense Husezima and MARUHASI .
E. crispum (LINNE) )
E. SD. . »
Cibicides _cf. refulgens MONTFORT .
C. pseudoungerianus (CUSHMAN)
C. lobatulus (WALKER and Jacon) . .
C. cf. aknerianus (HORBIGNY) .
Anomalina glabrata CUSHMAN .

Brizalina _robusta (BRADY)

Cassidulina sublimbata Asano and NAKAMURA
C. yabei Asano and NAKAMURA
Lpistominelle_pulchelle Husgzima and MARUHASI
Globocassidulina subglobosa (BRaDY)

G. subglobosa_depressa (AsaNo and NAKAMURA) .
Islandiella japonica (AsaNo and NAKAMURA)
Uvigering proboscidea SCHWAGER

Pullenia_apertula CUsHMAN

Lagena sp.

Quinqueloculina sawanensis ASANO

Q. subarenaria CUSHMAN

Q seminula (LINNE)

Q. clongata NATLAND
Signomorphina ozawai HApA

S. semitecta terquemiana (FORNASINI)
Guttuling sadoensis (CusiMAN and Ozawa)
Polwnorphia charlottensis CUSHMAN

Lagena apioplenra Loesrict and Tappan
Oolina__melo » ORBIGNY

0. costata (WILLIAMSON)

Trifurina hughesi (GALLowAY and WISSLER)

Pvrgo spp. .
Valvulineria sadonica ASANO o
indet.
Benthonic foraminifera 3421 52
Planktonic foraminifera 0o 74| 6
Globigerina buloides 1y ORBIGN Y
G. pachyderma (EHRENBERG) o
[&) rubescens HOFKER .
G. SP. .

o

JL IR 100% Wlem 50% e 10% ¢ 5 %LF

2y b7y ZVERREICE - TREL RS, AR O B HIC =5 Z LB LT
W5 (H TFEERE) WELBSR, 1983). HIZHALAKILKEEE DX X 5T, HERARED T
bDEINTRINGE - EILEAARRE & —HRFFRMAICH S Z EAH LN S GHlE)y, 1984).
F A ORRIFITEN G E D72 8 (BLIEDy, 1984) AEOWFIFEILH 172 B A ©2d 5
BFEES  ABILMER ORI R B SUEROMKEE TOSERRHRD & 57, Lovb e s



. , ol Rz
A O#HOH O HRES, 1985) g am@iﬁvj B RS (1%3.2 ) WIFFH oE o ok
# (1983b) (1978) (1978) =8Iy (1970) (1962) (1910)
! st s 979 |gajg s
) " I
5 E E |E ;1;; MR |,
—-—szo-— 5 |3 B ologgord  foood ;—Pk ----- Ptk | LieEp
] & B I g‘@ ) # LI wl g
SK i . & I8
-~ SK030-- 030----- 030----4  femeeeee wLfsz—--{ | # RS Lsemen =
L | th 53 a | ] e R EIY
- ©—iB| i Bl & i & L e e R
& i3] B (L B ‘
L--SK110 - - 1o Ex i - 7
Ty F 1o & ol [ gl e & 5 1K &
—&— Fearan| | & B L & M) e B
B enw e s NeiE EEMCE - 4
B OB 3 IFg {0 2
—@— ;
& & 1B A i
- F Bl B K R
s = %"% g
: o>—I | B g - T [RABEIN
; W Hireiig 3{ .0 B
-5 RN R R | P | Bt
" DN . | b 37
i EET it B 5 M
CHE
| OIS (Ue)----{Blﬁ Bord 3 KILKBRI & 55
| OO men b wa) AR E= mmmms L 45
igki o B b (Uc) o RitH

). X 4
D2 E B .48 (Ub)

B # f (Ua)

F26 @ -+AENRERROREEOBHE LA

LE
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AR KR E W=D, JRIBIC Dz > Tl ARERBIF X 2D Z L3 TREETH 72, Bz, &
Hsk DI > TH TS, H26 IR T L I ICAVICEL Rigo L BFRNEOMBREEINT
WC, B2 EFRDIERIEHSL ST, ZhuE, INHOEFRSR, Entna ok
HEIZHESNVTNDENHETHD. TNOLOHEMBELEIBE L THhDL L, ROSDICHETES.

(1) HMCESWTRST B ik

(2) HEREWRHAICESWCRST B ik

(3) & KIKEEB I IS W TR ST 5 H ik

(4) KILREERFIZES VTR T 5 Fik

(5) HiFOMY EATHT, HH JEH) OhEERTDFIE

(D) DTS < FFIRITEE OB 55 & RO LT, AHURCIEfR (1910) & LEFH: (1970)
BHANVTWD. S IFAMIRORBIEZEHIC L > TE20BICKS LTS E26K). 2O
ASHE D AL IS K O O MR O mER R ERAE A BD TEC E B ATV, LaL, #
D OBRX TR B FE O IE BB S AR MU O RTE CIX R IICEEBIZ A b > T b2 (5526
X)), ZOEFXGE ZOMRECHETTSZ LIXRETHS.

2) OHEREImAIZ FES < FIAITHNRIR (1962) MARWVEIFIET, HEEIREIC SN T, RFi k&=
DOHMBIZIX Sy L, Aiwlgll =R E &2 5SS TR EMALTTWD. ZOHFIES AR IZ
MRo> THIUE, ARBBOEHEEBREICE LT, (D) & Rk R CA g 45 i A 23R 7T
HETH .

(3) DA & K ILRFENE 2 DR 3 2 HIEITE Tidhs (1970, 1972), =FUIH (1974) AW FIET
2. BEANNIHE MO/ NERTIERIC W TARB 2G5 HEZ I L THEIE & /NERICX L, 20X

53 % KILKE 2 828 1 U T E TIRKAMEL TR HIETH D, ZOHIEDFEITHIE O5E 5 03
M EARIEFFATIZRD 2 &, £ LU TERITIRWHERIZ D> THAR AR TH LI ETHD. HHIED
DJFEE AW T/NEZRHD & ARHURIC 0T CORBOIMRB T2 ML Lz (526[K). L UARHIRIE
A D < B TS 720, EOJEFKINTEROEAREL L 130 E<ABEL TRy (55 26X).
F72(1) LR CHE TR OABRIZITHND 2 LR TEAR.

(4) DKL SRR % F\ N 2 7 1T PR A SE 7 L — 7 (1970) <CAaiB AR TE 7 v —7" (1978,
1983b) AERA L7 HIEC, &HITD (1983) b ZHUTHES T\ D, 0T X < #iged 2 K LRt

fEaEite LTHIBZ X3 2 55 Th > T, Z£OREITHIE OSSR ARG & B2 FEATICRD 2 L,
% L CHBR 2B A I & DN TITRIRICD > TRADBEHATE S Z L ThH D, B EBEMARTF
e N—"7 (1983) 13 Z OHIETAHBOABEEHLZUEICX L TWD (B26K). Ll 2ok
%, AREZEIC L TERINDRESHBFEAE, WhIEZ ORI L TIdskETH - TR
BB TR VKILKE > CTER L TV DR THANH 5. RN T, KL L

CKILPRJE D 340 LRV HICIIH N ZE R TE RN E WD HR, ZohEa W THE M &2 Fk L
T KRB DA OB T D16 E R TE RV E W) HT—HMERD 5.

(5) DFIEITHMIZA (1978) DT LI FIET, iR F ZEFICHNET, BIZSEMHE 5D
DEA TG T CTEDRAEMENRT Z LIk > C, KBOEEELEZRBTH2H0THE. 20
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TR (D~3) OFENE A T & fe o T AHUIFSEIC b+ /0 i TR T o 5.

UED XSz, TRHDEFESDOTEIENTNFERS Y IR EE SO 2 LIFTE R0,
ARHETIE, 5540 LHERIBOMIEHREETHS LV IMEKREEE LT, (5) OEMIE) (1978) ©
TFEICHEHL L TR 21T - 72, ZHUEEICROBHICE 5.

1. ARHIE S O BERE BRIk LT (1) (2) Q) KAy IT#EAN NEECh 220, B)ITEAARETHS.

2. (4) OFEITEIBLS O HE RSB RICER TE S, 575550 L HERIEIZILHE L TRy
2, (5) DFIEIT L BRSNS B A HE IR R TE 5.

RS TIE, HEREFORF LB E 272 BT, ROASOBHERIL, ZONH & HERICE L.

WA (Ua)

FiigfH (Ub)

v bME (Uc)

W M E (Ud)

iRk S L RO (Ue)
M TE D% < OKLREEO N1 %2R LT, SEHOKFESTE~DENI 1D & 9 ICKE]
L7o. TEROBIZEE B s ik, EHERS L2 &, RSV MO 2910 T B L
2R, TNETEFVLELS P> TR ST ARBO NHOBHEIZ =B o K <@k d 5 kILKE
ERWIELZ R ETHD.

BB LKy L3RI, BREOM LR S5 E L, 5 FEEE, e, mE R O R
JBED 45D HEEZEE LT (F261X). IR (1910) ORXFITIZEFHYTLIHDTHD.

ARG TRM L2 FEEHL ETHLHEENR O TH S, AT AEEHRZA OGO % 5
DT EY, AMEDEFVIEHICD > THMT 2RO REFEREL VD LITLETHE
ST LIFTERY. ARBOREFXSE, AEaROERDFE L HOMNTRo7-%IC, HEMESSE
HEREALNZ TRAMICARSNERETHS )

wER T4 (1930) F7zlTKRAS (1930) @ [FBHE [ChRT 5. ABoHEAICOW T, Zh
Z [fEERE LT 55207 (AL, 1962 ; HiE e RIS L —7, 1970 ; FVB IERRFIE
J—7, 1978, 19830 ; [L¥FF, 1970 ; HEMIFA, 197872 Y) & [fARE) £7213 MMABRE) L4255
z277 (& FiE0y, 1970, 1972 ; =AUZAy, 1974 ; B - @ik, 1981 ; ZZHEAH, 1983) b DH. Ak
TIHEROBEHN G TFERE) & L.

(D RTBIEILRERL - R O SAR MR & S0, 2L L CUIFORBHOMEIZ L EL E-oTEY,
TRLOHHE=ROEEE /NI TNLDLFEFED TE] OF > OFEFIIARERICRNZF Z LTk
AN

QARBOREIEITRATNICHRIES L 7o TODH, HERARAKRE L TE T OREIR & I3BETH Y
FIAHERE AR CHRE L2 = R0oME L O LD TH S, LiERN-s TAREOAE TJERE & LTk
BN LT ILOFHE RN OV L TEX D MBI RN EBZ I HD.

Bt XS N ERTERE ST R OGN\ EFICE D IGERV (B FIEh, 1972), 3G
HE ) XIZEDE 7 N (ZIHEH, 1983 5 il EEMANISE 2 v—7", 1983b). LFeiiziix



WIS ALTERE TRISFET ) BERIS NI 8 2. ARKINE RN T B R SRR IS B AT
R D 5.

D AR PR RO RRBICEL 4 L TR Y, AtRiEZ O SR OIS 5 5. A
MG ClEE & L CRIBIEBEOFEERIC M 50, ARHI RO LA Tl s mEO R
DATRBIENR 2TV D.

BFEEFE TMOMMEHE & IRATH A, L AR oM EFE 7 XUAR CITm e
EA—A—T v T L CHRBEEZEENESICE > T, FIEEE & O5ERIE, MEEEOBEND
RICHERICB Y EbD L 2 AT

BE AHALE T8 2,000m Th 5. ARHUERH CIEAB N A —/—F » 7 RS T TEIC
BT A0 TERBYEN KA L CRIBIZEIEZ I T, Ak 658 oo 24 i) 1 3 <1k 700m & 72> T
W5

B AHORBE IR IR () O - LV b - B RV R0, B NI L b
NHEEN, EloPEEEII R L b 3BOWMR (WEKE) OvL b - BERREA TS, Z0
E0, ARRFHITITK LT O TR FHERI 82 < DK ILIKBOEEE I, RAFREE L 72> T 5.

ARRETIIAFEELU T O L 5 725 5OBHEICIKS LT

WA (Ua)

ELi4H (Ub)

e ME (Ue)
v M (Ud)
RV NS (Ue)

TS OB AN R AT AT 26 IO L H ISR T Z RN TE D, £z ol )E
FA B ORI 70 AR & 56 27 1K, 55 28 [ JL OV 29 IR T

AR (Vo) IZRBEORTEZ Y, BEEIMEEENS25 (F27K). BEiE L < HE
ST/ - NS Y, ATICHET D (B 301X) . YR ALE TIRIRTR O LEBHY Ju i — HRIRD & /) -
PR SR 10em AL THET %S (B 31K). AMHOBUTHE v ME (Uc) 72 & O BT A~ R T
MEBERELS, ZRHEITESEVKNT LI ENRTE S,

JEEIZ3-15m Th 5. FALOFFEEREASBEAITUIBT 525, AU O AR O )L —
N TR 2 KT MNEBZEREE-> T 5. o v ME (Uo) & OBEREICIZ L Mg
PRET D ZENEL, R BT TIXZ oY MERNEL 7o T 5.

ARFNEDOHEEE NIEFIC RN &, BORIKSENC &, HERETH 2 MMEEEO Lich b 2 &

(2% OHEFRIRAE R &7 BYRHER W LI AT OHERM) L HEE SN DY, FICHELWBREPLETH S,

EREAH (Ub), Bz /v MR (Ue) ROWS L MA (Ud) (ZAHERN) & HEE S, B8, v %
NDIER OV MY EJER & RO S d (5 27 )

BRI 2505 A TR 5. 1OFMIROBYE CTHERA 7V r—a VR EEL, LU XKD
WEZHATND. MFIIRAHE U7 i EE TR TS L v /hE <, s - gD 570 5.
IND 200X A T OMBITEFKEONERY Ho THmMU EOEWEEREE L 5.
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Ub Uc ) Uc 2

4 o8l RBEOME (Ub, Uc, Ucy)
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FHA TR EDBEGEMZE R, VWb H I ARERT LS. @EEMIAOATHR TS S, EIEE20
-25em T—F LTV 5. AHUER O AR RO RBITRZ BT, Aol o shs.
FIAZWIN O P ERRT - HERT R (PR T2 IRSR ) RIEHIEN) 12 b 0fiT 5 FEAKILIRS
J—7, 1983).

SK1102 (110, #546[X) ABMEHIEAN CIIAREEE ILER 3 SOFMOMAEENHR>THE. T

2)  NTARVE SR RO BN R R ORI L, A T SK110 & L7z KK IR K LK 7 v —7" (1983) D 4 7 kLK E
(=t =60) RSN TREERH L LD EThD. SkELVBRHABLETHS S .
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; m-f.cr.lam. i

22 Py, 21 aram. 20 feam.

Im 20 G273 m.

8o g
o 1228 lignite
L~
: B Al o~ . = .
R & FOR EBOR
PR JEN (2t 1) 3]
#ASR RBERORM = < v KIURBORRE
AR PEARCH ALLRAE 36 IR] - 35 37 B, JLANexsl 38 Rl sR3
o E
22085 6
m.
f:~ izdc.lg.
tf.lg. =Serlam,
\:’ mw. ?:L fam,
C.W. N
tf.ig.
o- o)
TR = AN = I} ERFBN EBEHEOR BBOR

H 46K RBERO SK110 DRRE AR A 36 [ « 55 37 Kic, LA 88 e s

XA ARV UK BGOSR T - MR LR B 72 5. FEITEAT RV LERERO S 5 B L b -
FRAPRLA (LKA B, B EEBIIAEBR OS82 L 7 ARt — MR K LKA H 72 % . 7 i od &
ZXv— N T, LROEMHO FALICAHT A O SR & ARG O SRTET D REIRGIRE K L KE A,
F 7 EALZIERE IR C 0 ORF8E K LK ERDfE E 72 13KILUKE S v g0 & > TAK LK E OFF# &
ENTWD FHEKILK 7 v—", 1983). Lo LAKIEHISN TIZZ O #ITH £V IZ->& 0 Ly

BEHWFIBAD R, KBOBRERNTH L. VKO H DBHERKILAT Z AL 8ICETe. JBIE
1349 0.7-26 M T, LEOREHOEET 2H 5 OREELERE L.

ARYEREILE TI1E0> (1972) O NgBRICETHY L, SRS IE > TR i 285 b RAF
TRRKINIKEEE D—> T % . AMIMEHUIEIN C & B R PE 00 AR - 245 s A B < I T S
5.

SK100 D ~ BRI T ALK ILIRIEC, SRR E I AR RN ET 5, EmE LTk
BERNLL, BNAALELAREGHIENRERFYUTH D, ARIEN TIXRIBALNE O F= L —
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MZHEWTSKL10 O L7 8 m DJFHEIC
RWEENTZ0RTHD (FRFE11IK).
JEIEI3H 50em TH 5.

ARYEBIL, ABRSMIBEARIC D5
T L <HEFEL, FAoSK110 &

WCRAFREEE & 7o TV D GOk
WK 7 v—"7", 1983 ; ZHiEH>, 1983).
F 72 O BRI T LWL S A T NEN WO wOR EBOR
VW, R AL o v LS R, P L e —
HORINE R FEICERE N 2 HER (12) BRI AUREE 36 e, AP 38 Bicmd
KILIKBIZK It ST 5 (3gHhiEA, 1984).

B/INKIUKE (Ka, 847 AKLKEIZ FEIE A @R - MRLKILK, iAo M
FEDH T AEKIIR, % LT EMITAYEIN & X ICRIET D AAPRALIKRN DR, K& 2K,
VIR R 2 FF DS OB N ERORIAE AT DR RARKIAT T A5V RETL 2 & Th D, EHEMIT
gy 7 <, KX RERCTH S, BEIT1.0-23m <, JbBE /hF4a) RIENOE 2B AR
[ Mg 0 ) LB RIS 2 TR 5. 7272 LA CIIARENEIZ R L T 5.

TRBAYERE & AL SKOS0 D ICIZZH O E KILIKIE K OV MRLKILIREREIEL, Z0fgik
DFHE L 72> TWDH, HEWITEHEPNEEIT 5 72 Ofid 7o xf XK TH 5.

HRIRE XRILRE ((HXE 3K ikl L BT 7 2B KILKE T, JEX1X60-80cm
Thb.

SK050 (050, fIM%E3K) i ClIE M - IKEORAE L BaEmE (I 25, I~ ARko
R E IR (F=88) RO EEBRATER U fORKILIKD 3 S>OMBEA 5702 Gk kLK 7 v—
7, 1983). AHUKTIZZ D5 b ASEIIAWIRE 2> T D, BEITEXM TIEHN53m THH 2
JBIEZEHE L A CTIERN 1-3mTH D

AR TIX BN R OZ OSROIGIR THER S NTZDHRTH DD, Hig kLK 7 —7 (1983) 12X

AUSAK LR AGE B AT IR o3 L, AJER Cleh KGR SN AHED 1oL ShTna.

BEIYIAKLRE (48K HAGHIROMBEPRLKLIKE T, WiEfaila R ORrEa iz
EOEFMELL G, WhE LAYV ARERT S, JEI1E5-10cm THDH. AEE T Lo SK
030 DAY FHRD Thi 3.5-5.0m DJFHITH - T, HEJILIALTIESKO30 & & Hic L <EfTDH. L
23U H SR O HR LA THASE IR 5. ARBARKILKEOH FISiTdv oL Mgz TR S
10-40cm DBEDO KRR H Y, AR T~ VA KIUKIE D 504 LR WOHRIRARIZ § 574 L,
PRI E CEMATRETH 5.

SK030 (030, #48[X) HriEkILKI N—7 (1983) I3AMEE Thinh, HY T, BXFHK

UMD 3O KIIKGDOMAEE E LTER L TVD. AF THITEAOHB K LKEN SR 5.
TEIIIRR TH D23, EEITERAREL, RO MRKIROME A THS. FAY T O
SLo TR, RO aET AL, I N REEED I ETHD
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BT BEAOMMAAEKILIKE, WIKEKIIRES L MEROMARABOALENLRY, T
LA ERa R & BEAEKUROREG LB 75 E OB nRo ohbd.

B I OMEEITIIRE K A7 LRk EOf 2 Oz T Wb b it a (2a)7) &, &
BOKINEN DY, HEHPEEL TN D.

AHITCIELAE 32D KILRFFDIEAS, [ 7O P EICRAKILRER - KILEEE 2L ko
HJg (BATF < KILEER) &, #EORKOOBIRKILKE LV ME ek M) Bbv, Zhb
HIEWIC L EET D, ZORDAREE TIEZ O b AR O—HICE D, HEMIZERLTWD
JEIEIX3.5-17m T, PRI —FTRBELS, EHF~MraIZ, £ L THAFIITRAMIIEL 25,
el BFEZEoE iz < (25-35m), BT, MEEHEKOERXT - KILESTOEIEZ
PME L,

ARYEREILE TIEA (1972) O SzEEPCAICHYS L, AREdf b B2 K LKEE Th - T, fmEEy
AROIE L A E OIS AT 5 CFBKILK 7 v—7, 1983b ; ZIE1E0y, 1983). F7=sHuE)
(1984) 12 LAuE, AREEET O Y 7 EHIL R RO AGE & O (L o K@ s o FHESE (2 kil
JRExttbsnsg.

HENIX-RESEVRE (HNE2K) MrkyHEILMARAG (R2)7) & RAK UL
GO B OREE LI E, vV NEEWEORRE, ROMERG (RaY7) L REKLED 3
DRFEN S 72 5.

-lm

7829t 1ap.{Ryolite)
&4

° 0 <8S
v, w—-_y’/ -0 =
€ /j; l"g“ plsolne
2 /;gg\—: u|||u|||||mmn vi F;k _
R m o Ba(UR B
#50 N ABBEhOFRKESTBEBMEALKE
HAR ABET O SK020 OFERE ORERE KRR AT 36 BlC, JLAIE

BRI R AU ET 36 R, JLANRAS 38 R m T 38 Wiz i3
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SK020 (020, % 49X) AKLIKkE
13 TAL YRR A T 2B K LRSS
(Br 7)), S~ ARG O
£ LT IR A MR T A E A LRE (2
<), BROE Y T4 MROGRREE
ZFFOM A MRS T AEKILKE (F
VT4 M) oD GEHEKILKZ v
—7, 1983). JE/E(L50-70cm T—&
LTW5.

am

f.var.
pum.

[ AYERBILE F1E7 (1972) O PKEER

R nsEN R - B SRS L, AETED K< BBE RS
%mm‘ﬁﬁg¢oxsx%vF©E%® BEDO—>ThH 5. FIBEIAIKIZIE <
BREIEEH RS 36 B, ALBIE 38 KR S3Ai L, ARBIEHEEN C b 12T 430 T
BEND. Flo, AKWLKIEIE Yy

6?) IEEOPERET O 2 (P KILIKIC

sfreaihd (GG, 1984).

WREH S REKILRER (K7
—Y) SK020 ® L F+# m ofgHEic
PRE L D BAL DRI B ORIRL - 2L b
BLK IR ORI T 5. T ORISR
RKE LTKRIRETHY, Y —r LT
IR<SBHTE .

BHE/NIRE (TR 2H) MRk
KA L LT, KRB - hiEER O M B
SNTERERAAEANLR>TND.
JBIE I 70em ¢, AR 3464

PRI nssl MR m o 2.
FIRBERBAEEARLKE (Ry,

#e2 [ AEEHO LA ORERE o B TS SO P —
50 ik i KR —
SR RRRHL A 36 B, LBTIIR 38 B Rd FE0K)  RCE A B e T IR AL

MBI LIRS &, KR E I & OV
BAEOHERBLY 25, AREEZ EAELESINEENTVD. BIRITK8M TH L RELARE
VN B S AR T OB E T, B iR E T+ 2.

NAVA—YNRIRE (FRELIX) 1-2cm ROAG - IREOEA =& KIKEDET, ~77
WM REL, ZEOSMUAKLZGL I EE2R-ET 5. BREIBIITIEIR25m TH L5723,
AR Z V.

AYU R (Ps, #51K) #HEARKEGOAD ) TEWHIME T, MEIMaRa (23l

n

/N
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T) FEte. SREIIIHEAREL,
—EIV B EHBT 5. HEHRT
¥ URNVRORREE LI TND &
BHY, FJINBNL— TR
BETHD. JBREIL0.7-45m T,
RN B IURNNFEIRIC 2T Toy
iy 5.

LA (LA, #52M) BEREDIEHE
KILRAEFE & L C, RIEEOARE,

. . . N VEIR AR PR
KOS - ZIE 738 & OFEEZIRIR (IR SRR R B,

LEUIRIRHEREM Th 5. BRI

53 REEHORGHED KILUKEORERE

[X g #14% T1X 0.5-3m T, JLIF TR HRIRIVEBOR AR S 37 B, LA 38 Rt
FHUI & CRIEIAR) sk & Tofad
5.

PLEDIEDNZ, Rns TEDH DD, HEAEVKILKRE & LT B3 IR T XL 5 72 K ILKE AT
v,

iR

OFHEBM LA - R EEHPEE S V—7 (1983) 12k > T, AMIOMBIEN HIZLL T oA
DHESNTND.

b 7R (Mystacoceti)

B R (HEofBEoE)  pEHM 8 BT\ EIRAST O BBV o
B fJE (Osteichthyes)

AL ARMEE ELHE ARV — R

OB A - 08 T REFARFAEIINIGE 7 Lv— 7 (1983) TL&AE) &I 4 2 B A %
PSR L, ER o5 DAERICHETE D 2L, £ LTINS DLAEABWTILHIRAK
DB IR 2 T NE O FIE — W I CEDRE SRR SN D Z LA oo Uiz, EARB
DL =~ A KUK TE & 4 4 1L TB O#IZ Potamocorbula amurensis (X~ 27 % 1) &R
WZET LA (X~aZXxhba@) BNREL, BN E#BEIChE > TOfmMTH I L& mLTz. 2
DAL BIIARE OUERL S v NYE CRBICHYS LT 5.

M7 v—>7" (1983) DG Lifbad b, ARIFHIRL OZ OUENSREN L7z b DITEHE8RD &
BYThD.

@KIMFEDMCA « AJEH B IIKAUEY OFER O 7 F 7T REONA R RIFENGENT S, ZivE
TICIHEFHEA (1970) KOS I 7 V—7" « Filadby 7 —>7" (1983) O#ENRH Y, FHENE
B4 IR & 9 b A EZFA L T D, MFFEORRITILT L —E L TV, Metasequoia 72
E T AUARE I RE D> O B ORE BE~ D ZEAL DN FIE SKO30 BT DJEUE T > TV D & LTV B AL
TIE—H LTV,



$a%k AN EIERO AR BERGTCE

62

(RIB R IR R T W SE S v — 7', 1983, KO- 1 2 DHRM, —EE. EHRBFEEID £ £, Loc, 23 RAREMLE
hTMETh, LB [ATE] BMcdEha)

I - _ Locality B i3 b3 N

Specific name 18 19 23
\\ a b c

Scapharca subcrenata (LISCHEKE) R VA
Crassostrea gigas (THUNBERG) A
Raetellops pulchella (A. Apams & REEVE) R
Macoma (Macoma) incongrua (MARTENS) R
M. (M. ) tokyoensis MAKIYAMA R A
M. spp- R
Corbicula japonica PRIME R c VA
Potamocorbula amurensis (SCHRENCK) A VA C
gz Srifidl PC|PC| Cr | PC|MM
B Ry v BB c A c

A‘l_;undance VA : very abundant, A :abundant, C: common, R : rare

N it PC: Potamocorbula amurensis #H, Cr: Crassostrea gigas #, MM : Macoma-Musculista %
o o AHERYVIEAR CiHRIVIBECE (Sx~asFr 1{LARD
i ¥ S B B (AN 1 Tt ®» 1t &
x W & W T %ﬁz%ﬁﬁﬁ%?‘/v—(-lg;-s)ﬁzg?ﬁﬁ7’}1«-—7” W B lJJﬁ'b#‘ %’;‘?gﬁﬁ?'"f;?
; i35 SR 7N —
(HIiR (34, 1985) || (1970) T A A0 E D B E (1970)  (1970) (1983)
PP K]
f S i I 3 E
-SKo204 5 W 3R L = s s NS5 3
fq = S J‘;{; L’.V g g g
| RN © © o | 1s2
SK0304 7 B I -2 4 N = | §83S
S o D%3
RO wn
““““““ g
-SK 050 [N s el g8
i f - P B 25|28 =
I 9 < < |-
- ~ i~ %o : ) S
T i o gy § g L
L. S S S %
L-SK110-] L wl [T I L% g
. CITIES O PR - N
ot b3 HES s> o
7w o [ B 2w
.§ :3 S 8 g 8
[ & i3 |g SN 8 2
B g Is I3 S B s 8
7 RIS § |8 3 $a
S =1 3
NS o 53
? 3 g g g =
= N 2
<
=
Al R o

B (1970)

54 M RABOATEYLEROTERLROE]

G (1970) BRUEBEMD T v —T « FRIEP S v~ 7 (1983) w5
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@FEBMEAT < LB (1970), [WEFH: - AL (1970) R OSHBENHM 7 v —7 - HBEH 7 v—TF
(1983) 1IAEDIR 3T 24T, HBARD L 5 RAEMEFEP L/ LTV 5.

@A - FrBEERE 7 v—7 (1983) (THJIL— MIBWTAEOERILAZ T LTS, Eh
WCEITNT E A ERFHEN S UMD B EN T 523, FISICHE T~ A KILIKIE &4 7 1L TB
DREIO—FBN B IZVK - WRMEOFESEHT 2. Z ORBHIBHEN S AT, RWEOUFR SV NS
CENPLDOLDEEZLND.

ERE ABBOIRKUKEIZOWTIE, Suzukl and Yamanol (1970) F OWkr (1976, 1983)
ko T7 4 vyvary b7 v 7EMRERREINTND (ES55 LKU6). A (1983) (2 LALEA
itk b 434 D K ILIRE OfE & LCiE, SK110 @ 1.87 + 0.35Ma, 2.0 £ 0.2Ma, 2.31 = 0.30Ma,
SK030 ® 1.3 + 0.2Ma, 1.32+ 0.17Ma, 1.34 + 0.16Ma, SK020? 0.81 + 0.12Ma’z &b 5.

| 2 3 4 5 6
g
w
L
I
p=
o)
o
o | Ma event RE 2E Eid] RE | Ma @B Ma
L— 073
SK010 SKO30-}-0.70.1
K020 PK PR SK020-}-0.81 £ 0.12
0.90 ) | )
0.97
" 13£0.2
SK030- Sz Y 1'?! J TR0 SK030-- 132,17
X 1.34£0.16
<t
=
<
> K050 Tws A2 110
- SKo Lot .
PEERE PE P
- 0 skoro 0 WY A 7¥3 =4 1.85 K070+ 1.6 £0.2
< | 1.87 o 3 ;
K100 2y Tt 1.90 SK100- 1.9:0.2
=
508 SK} 104 SKI0-- 1874035 20202
b R &+ WTB ] | 2310
z14 SK1204 Ty - — SK120~F-2.520.3
BB mt-2
—1 248
mf-1 K
" 0
» 29403
2.92 K130 K K azn aznt2rs skizo 50503
)
2|
o | 315 M
Ll 3.0
L~

#55 X RBBOLHHMIBEFRYZ74vva vy 248K
(4, 1983, W6-2W k5B, —Hakg). MHIT 1: MANKINEN ef ol (1979), 2: H# (1983), 3: HEH «» HE (197D, 4:
B » LB E (1970), 5: Suzuki and YAMANOI (1970, 6: #3#2 (1983) ¥ & 5. HHIBEGLTHHRIE, T: ~7 L miifk, O:
ANF Ty 48U, R va=d vy, K: s=idifE, M: <vexfige2ernsfhrzt



HHIRER g O HIREKE IS oW TE, B - LB (1970), BEES - B (1971) K
OVERE (1983) oMb s (55K 2-4). &l (1983) (T XU, AREIE, HU A IEHMH D%
MH 7Y 2 RIEMEH ORI RATND & Shb.

SR UVER AHEORABROEF AR E LT, G0 (1910), HiBkE (1962), [LEFH
(1970), & TiEA» (1970, 1972), H:HIZH» (1978), A EBEEUAIFSE 7 L—> (1978, 1983b) 7¢ &
WY, KREDREFXSIEITH 26O L diIcxttbEins.

FHEss (1984) (XA, KILKEOXIGERN D, KRREE, I - ok g, KR
JE KOS B 2R S 5.

AEOHERERIT, HHBEKET - 710 v a v b7y ZEREOHEDEATER 2 E0 b, it
B - St b7 v, T & ROFr OB SK100 TS, F - BT & BRI IE SK
0100 ORRLLMICHD bo LHfESND (Filk [RBEH) WEZES, 1983).

VI. 1 ¥ 5

VI. 1.1 #E (N)

o HRITIEI - S BTN LAETE 1 5 7 6 ALAL IR ~— AR AT IS T CRUB RS AR &
5.

BE 100mLl k.

BFEFE  FrofEE s OBEEKO Mo EBETE - B U & 0B, Wb EEEELE T
ERVD, TS DOHATRIA S B TRELBER & s 5.

BE FELTMEOEATZTERNLKE (Wb 79V oo HEE<T, LEcwE -
SV NERFEET D, NIRRT T Z OMSICEAE L MERLE S 10-15cm OIREKE 3 1
B L ZANRDY, FAEMNOWIE S FUCBlEIND. 7Y ) BEoOBRIIE RS BN IH S T,
ZOIENRN 7 2 VAREHIOWESE - &, KOKIIERELEEND.

T ABTALPE T OWFIRAGE T, 27 9 U BB O Bl KIeE Al E S TR0 % L WOHERIR0 S
5.

G YAREBLOLATZ 7 R IAR - A=A EompibaR’fEsn s ER - 5w,
1981).

sE P - i)l (1981) O/NEEILFE R OVK E(1981a) OWEEIXARE &[T H 0T, LITHEIH
Mk OIERERE > TRAHE) ISt 2 2, RAHBORBEICIIMERH D DT, T T, 1#
FBIIEB TR (hTEETIE) & LTl

3)  AHUEIZIE A L7ewn s, B XOL— FTIE, SK020 O 60m EALICNAZET 5.
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VI 1. 2 #MEBLESE (Ma) Hok PHYILEE OLEAHIE
B W 748.5 m OPHEILEL R 7 DRSS AT 5. Si0s 56.33%
BE 150mbl L. 2%3 éiﬁ
BREG AREE L ORI, PHILEEE 500 m ORE A7) Fe:Os 3.68
A 54 AEN ORI R R AR L, % 7= — bR . oo
CHELTVSOREESNG. T8 L OMRIERIECTHE, 5 Ca0 6.57
PR L TBICHEL LT RN TRV LR YN, Z0 L ﬁi i%
125723 b LHW SRS, BHRILILITEMEClE R — A DR KO 174
HE WK (BRI CRHER & K < MEBERE O KRS E 2 zgji &g
BT, RN OISR 4SBT B 1 LA om B G B R T PeOs 0.33
V. ERSIERLZALbG. BHEEF T, BEERL LT, & Py o
B, WG, WA R OB G, FRIYE ST PO

S v 7R E T GEIRAR2). HA (1979) 12 kiU, NW-SE
FHORPEHY) Tl 5. ALFHBUTHEIRD LB THD.

e B LS OB E & OCFERICOWTIEE 2N ST 5. BilZIE, Wi (1965)
IR LSS ORI CIXIEE) OFICZOWENEEE LTEHEENRD &L LTWADA, 0 - 5%l (1981)
K OSEHR L OFETIEZ D & 5 BRI AenoT.

Fiz, PHEILRED I I AXF =I5 CTREEMTRHROIZOMY FTIF o TERE Lo RE S D42E K-
ArfERUIIEE 10 RITREN TN D, K200 THEE VI EIFTREIY HBE2E 50N EHLINBEDTD
LTk,

£103% PIALEEO K-Ar R

I 5 Isotopic 40Ar rad §
BOEE | BEAL | F B o) | scofamoigs | FW0Arrad | %K
s _ e 010 10.8 1.387
GSJ-R27259 | MEAEILE | K-Ar (28 2.0£.6 Lol 8.4 139

2p=4.96X 10"10yr~1, 2e=0.581x 10~10yr-!, 40K==1. 167X 1074 atom per atom of natural potassium.
5 : Teledyne Isotopes #:

VL. 1. 3 REROSBREHEEYH ¢ 1

B XA I WIS A ERE L TV, LL, ZOSROAKEI - FER)I - =FE)I
KO IR OTIE, RB A3 E LB R Z OE T 5.

KBS BN TR IC B W C 2 BB EARJI SN D, Wi b>EhEh5m, 8mOtE%
b, BOBRLEBED>TND.

FHINPFETIL, AR FRROBHBOCIA HEELTND. ZIUIM I IR VER %
AT AR, TAERME LTRSS o L Bbina s, BIfE, FRIVIARRE D3RO NT A
JINZE - T, ZORBEREIN, HE5-20mOSEICL > THEN TR Y B AR L TN D.

ZEJINRW T, ARG & AL TR B EAFEL, BREEEEZOETWD.
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BRI CHE, FUE B UG ICB R IR0 R L T D, L~ RWERZ R L, HES
MAREDFHE L 72> TV 5. BEITEV. ZOMEL, A%, RYTATRRERKE LRSS
DN, BEICIVEEHFEL L TEST2HDTHSD

Fiz, BEMEME RIS, SRILALREOIEIC LS L TBY, 52BN RO bRD.
TNENERBOTIIIZIB N THOTNICHELEL TV S, BN HOIXSmEEOEE b2, Lo
AR T 5 b DIZ1I0M 2B LIRS 25TV 5.

i, <R, RELTHo T, MRESCRIEE (WTh b AR - AR 287, RER LR
IheZEH TS,

VI 1. 4 ERIIREHEEY , tm, tu, ts

(EI)Fik T, i 2R & L RS OMBBRASEET S Z LML TS (EH
L7 N—7, 1968). TabbEfr (M) X0, &k, KEm, 90 K, Fh ASGm, Hiki
FOLEHRE THSH. FEREEOLE (M) LERERKROREITHILRICEL DO TS, Ak
TIE, BRI FEORETEEEICRET D03, Bk O A % K < .

A B, BN CAS A L 5 D Rm N i C, VEREO kA2 (LR XIE kN C KRR
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ERMBEGE L, 2720 BIEo LA RT. HAHT MRIZ 20° L FOREA TH L. & F—2amizig,
(I TPE A O ARG DN T 5.

FORREE, ARSI IR A B WA 2 R 528, RO PHIEILTE )7 T, NE-SW tEo
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VI.L 4 3% 1§ &
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DOIRFA 1201/mFH LTz SRR AKOALFRIEE 14 RITRL TN D L H AR D& IRR L ClI-
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(Witten in 1984)

(Abstract)

GENERAL REMARKS

The “Tokamachi” is situated in longitude 138° 45’ -139° 00’ E and latitude 37° 0’ -
37° 10’ N. The mapped district can be geographically divided to four remarkable units,
that is, the Tokamachi Basin (Bonchi), the Uonuma Hill (Kyuryo), the Muikamachi Basin
and the Echigo Mountains (Sanmyaku), from the west to the east.

The Shinano River (Gawa) runs through the Tokamachi Basin to the north.

The Uonuma Hill is composed of Quaternary and Neogene rocks, and it has been
uplifted rapidly in Quaternary. The Shibata-Koide Tectonic Line lies, which is a major
fault on the boundary between the Uonuma Hill and the Muikamachi Basin. A part of
this fault is still active. The Uono River flows from south to north in the Muikamachi
Basin. The Echigo Mountains are the highest in this district, and are mainly composed of
igneous rocks, Palaeozoic-Mesozoic rocks and Miocene clastic-pyroclastic rocks.
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PALAEOZOIC

In the upper reaches of the Mizunashi River, the Mizunashigawa Metamorphic Rocks
are mainly composed of schistose “chert-laminite” and pelitic phyllite. The rocks are
considered to be an element of the Joetsu M etamorphic Belt.

MESOZOIC

The Kamigongendoyama Group was previously regarded as Palaeozoic rocks, but
yields middle Triassic fossils. The group is made mainly of slate intercalating siliceous
sandstone and chert.

The Okutone Group is distributed in the upper reaches of the Nonaka River, and is
composed of black slate and alternating shale and sandstone. The group is regarded as late
Triassicin age.

In the upper reaches of the Saguri River, serpentinite and the Nakanotake Metagabbros
of Jurassic age are widely distributed.

Granitic rocks of late Cretaceous age occur in the southeastern part of this district.
They are composed of three rock types; biotite granodiorite, porphyritic granite and
biotite granite.

NEOGENE

Miocene

The Miocene formations in this district are divided into the Jonai Group, the Uwano,
the Osawa and the Mugurazawa Formations in ascending under, as shown in Table 1.

The Jonai Group, the lowest stratigraphic unit of the Miocene formations, possesses so-
called green tuff facies, and is composed of lavas of andesite and basalt, their pyroclastic
rocks, and thick conglomerate. The group gently dips to the west as a whole, and in the
eastern part it abuts on the pre-Tertiary basements partly with fault contact.

The Uwano, Osawa and Mugurazawa Formations are exposed in the Osawayama
Anticline at the southwestern Uonuma Hill, and is also distributed in the Muikamachi
Basin under the Quaternary gravels.

The Uwano Formation is distributed along the axial part of the Osawayama Anticline.
The formations is lithologically divided into the lower and upper members. The lower
member is composed mainly of dark-black hard shale intercalating thin layers of hard
sandstone and sandy tuff. This member is intruded by quartz diorite porphyrite. The
upper member is composed of pale-green dacitic pumice tuff and partly tuffaceous
siltstone. This formation shows a typical Nanatani facies which is one of the standard
faciesin the Niigata Oil Field.

The Osawa Formation is mainly distributed in the western limb of the Osawayama
Anticline, and is cut by the fault in its eastern limb. Its thickness measures about 300
meters along the Uonuma Skyline road, although it is very variable. The lower member of
the formation is composed of alternating andesitic tuff, black volcanic sandstone and
shale. Some peculiar sedimentary structures including slump structure are observed in the
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Table 1 Stratigraphic succession and igneous activities in the Tokamachi district.

Geologic age Formation Lithofacies Volcanic rock Plutonic rock
o | Alluvium : Gravel, sand and clay
G | Slope deposits . Debris and earth
S | Younger fan deposits Gravel and sand
S | Noda Formation Gravel and sand
<L | Alluvial terrace deposits Gravel and sand
Older landslide deposits Debris_and colluvial soil
Loam Volcanic ash
> Debris and older fan Breccia and sand
s deposits
5 Nosegahara Formation Gravel and sand
< Uenohara Formation So-called loam, gravel and sand
3 Shinanogawa River i Gravel and sand
o terrace deposits
@
8 | Unclassified terrace Gravel and sand
7 deposits
© © | Masugatayama Lava andesite
r<) & | Nishi Formation Gravel, sand, mud and peat
§ — & [ .Uonuma Formation Silt, sand and gravel
5] & | Wanazu Formation Sandstone, alternation of sand-
© 2 stone and mudstone and conglo-
a merate
lwanosawa Formation Sande{ mudstone, sandstone and
conglomerate
Hitomurao Formation Sandstone, mudstone, alternation andesite
© of sandstone and mudstone, pebbly
5 sandstone, tuff breccia and volcanic
» breccia
2 —— Mugurazawa Formation Alternation of sandstone and shale,
conglomerate and tuff
o | Osawa Formation Alternation of sandstone, shale andesite
5 and tuff
8 | Uwano Formation Dacite pumice tuff and hard shale
= | Jonai Group : Shale, sandstone, conglomerate, andesite quartz porphyry
tuff breccia and volcanic conglo- porphyrite
merate dolerite
Cretaceous | Cretaceous granites biotite granite
Nakanotake metagabbros blomg granodiorite
° metadiabase
B biotite gabbro
o K to diorite
‘S 5 gneissose horn-
N = : blende matagabbro
o Ultramafic rocks serpentinite
= 2 Okutone Group Black shale and aiternation of
o ; shale and sandstone
= Kamigongenddyama Group Phylitic slate intercalating
= " h siliceous sandstone and_ chert
. izunashigawa metamor- Schistose chert-laminate and phyllite|
Palaeozoic | phic rocks (partly holnfelsic)

alternation, particularly in the tuff part. The upper member is composed of rhythmic
alternation of sandstone and siltstone with thin tuff layers. This formation conformably
overlies the Uwano Formation, and is correlated to the Teradomari Formation in the
Niigata Oil Field.

The Mugurazawa Formation is distributed in the western limb of the Osawayama
Anticline. The formation is tentatively classified into three parts. The lower part consists
of alternation of hard coarse-grained sandstone and shale. The middle part is mainly
composed of dark green-bluish purple-colored tuff with thin layers of sandstone and
siltstone. The upper part is alternations of medium-grained sandstone and mudstone with
sandy tuff. The three parts can not be separated easily, because lithofacies of each part
vary laterally. This formation conformably overlies the Osawa Formation, and is cor-
related to the Shiiya Formation in the Niigata Oil Field.

Pliocene

Pliocene formations are the Hitomurao, Ilwanosawa, and Wanazu Formations with the
lower part of the Uonuma Formation.

The Hitomurao Formation is distributed on the eastern slope of the Uonuma Hill. The
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maximum thickness is more than 400 meters.

The formation consists mostly of pyroclastic rocks such as andesitic volcanic breccia,
volcanic conglomerate and tuff, but in the northern part of this district it contains
intercalated clastic rocks composed of pumiceous sandstone, conglomerate and mud-
stone. In the southern area, the formation overlies the Mugurazawa Formation with a
slight unconformity.

The Ilwanosawa Formation, which is restricted in the northern area of eastern slope of
the Uonuma Hill, consists of sandy mudstone with subordinate conglomerate. The forma-
tion, 100-350 meters thick, conformably overlies the Hitomurao Formation, and is
lithologically correlated to the so-called Haizume Formation in the Niigata Oil Field.

The Wanazu Formation, 70-140 meters thick, is composed mainly of fine- to coarse-
grained sandstone, and overlies the Iwanosawa Formation conformably.

PLIOCENE-PLEISTOCENE

The Uonuma Formation is widely distributed on the western slope of the Uonuma Hill
and the eastern slope near Mt. Masugata. It overlies the Wanazu Formation conformably
in the northern area in this district, whereas in the southern area, it rests unconformably
upon the Hitomurao Formation.

The thickness of the formation exceeds 2000 meters in the northern part of the
district, but decreases to 700 meters in the southern area. This formation is divided into
five facies, that is, sand-gravel facies, boulder facies, gravel-silt facies, sand-silt facies and
marine silt-sand facies. This formation has many volcanic ash layers and mud flow
desposits which are very important key beds for the detailed mapping and lithofacies
analyses. The boundary between Pliocene and Pleistocene is located near the key bed
SK 100, and the boundary between the early and middle Pleistocene is situated at a little
upper than the key bed SK010 which is exposed in the neighboring Okanomachi district.

QUATERNARY

Pleistocene

The Nishi Formation is distributed along the northeastern margin of the Uonuma Hill.
The formation, which is more than 100 meters thick, is mainly composed of weathered
gravels with sand, silt and peat. This formation overlies the Uonuma Formation un-
conformably.

The Masugatayama Lava is more than 150 meters in thickness, and overlies the
Uonuma Formation unconformably. This is basaltic andesite without large phenocryst.
Microphenocrysts are plagioclase, augite and magnetite. The groundmass shows pilotaxitic
texture.

It is well known that there are six terrace surfaces along the Shinano River. In this
district, however, only four of them are recognized, that is, the Taniage, Maibara, Unoki
and Shomen surfaces. Underneath the surfaces terrace deposits and loams are exposed.

Other unclassified terrace deposits are distributed along the Saguri and Mizunashi
Rivers.
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Characteristic reddish clay is observed on the northern foot of Mt. Kinjozan.

The Uenohara Formation is distributed on the eastern slope of Mt. Masugata, more
than 10 meters in thickness. This formation is composed of gravel and so-called |oam.

The Nosegahara Formation is distributed in a limited area west of Yokawa in the
eastern margin of the Uonuma Hill. The thickness is about 19 meters. This is younger
than the Nishi Formation, and may also be younger than the Uenohara Formation.

Along the foot of the eastern mountains, debris and older fan deposits composed of
unsorted gravels and sand are widely distributed.

Near Shiozawa on the eastern slope of the Uonuma Hill, older landslide deposits are
distributed. They are divided into two deposits, that is, early landslide deposits and later
ones. The early ones consists of argillaceous colluvial soil and block of mudstone, tuff
breccia and andesite lava originated from the iwanosawa Formation. The later ones are
composed of debris and colluvial soil originated from not only the lwanosawa Formation
but also the Uonuma Formation.

Holocene

Alluvial terrace deposits are distributed widely along the Shinano River but poorly
developed along the western margin of the Muikamachi Basin. The deposits consist of
gravel and sand.

The Noda Formation can be regarded as alluvial terrace deposits, but is different from
them in the presence of the breccia originated from the Masugatayama L ava.

The Muikamachi Basin is filled with composite fan deposits along the Uono River. The
deposits are composed of gravel and sand, and develop widely along the eastern margin of
the basin, particularly along the Mizunashi River.

On the eastern slope of the Uonuma Hill near Shiozawa, slope deposits composed of
debris and earth are conspicuous.

The alluvium consists of gravel, sand and clay. The drilling data indicate that the
maximum thickness of alluvium exceeds 50 meters in the Muikamachi Basin.

GEOLOGIC STRUCTURES

Fault

So-called “Shibata-Koide Tectonic Line”(YAMASHITA, 1970) is a most remarkable
geological structure in this district. This fault trends to NNE-SSW along the western
margin of the Muikamachi Basin. It shows very linear surface trace, and the fault plane is
nearly vertical with the west side of this fault elevated. Though the total length of this
fault is more than 140 km, southern part of the fault only exists in this district. This fault
cannot be observed directly in this district, veiled with thick covering sediments. Accord-
ing to UTASHIRO and TAKANO (1977), and YAMASHITA et al.(1979), the total vertical
displacement is about 6000 meters and several movements can be recognized as follows:
1) After the intrusion of Cretaceous granite, 2) Early to Middle Miocene, 3) Middle to
Late Pleistocene and 4) Holocene. So thisis an active fault.

In the Uonuma Hill, the western area of the Shibata-Koide Tectonic Line, there is no
remarkable fault except for the Osawayama Fault which extends in a NE-SW trend
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parallel to the axis of the 63awayamaAnticIine.
In the Echigo Mountains, there are some normal faults, most of which trend to NE-SW

with north sides down.
In this district, Neogene formations are folded gently. In the northern part of the east
side of the Uonuma Hill, some angular dome structures develop gently. Their axes trend

to NNE-SSW, N-S and E-W. Among those, gentle syncline is also distributed.
In the southern part, the 6$awayama Anticline that trends to northeast deforms the
Miocene and Pliocene formations. Although the Uonuma Formation dips westward

monoclinically, some minor folds develop in the west of Mt. Masugata.
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