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Lt R OUSAEF LB bA S ER L7z (52%) . i o ST tE MK R L Ch D, HiLhk
FOFETANY /=T = () IRIE L. FEH LA LA & 2 MU R - HERBREE O HEE
MR E 2R

D OREREVRIEALIVBT CRAY, 1978) & SAITEAA FLIJE T 2k L CTiatd 2.

ZE)I1J8 (X iilErEA FL R Orbulina universa & OVEA A LR Miliammina echigoensis 23F£H L,
Globorotalia ikebei/Orbulina universa zone IZ&H7=%.

FH 221 &8 13 76 - v Bl sk © 6572 & Globorotalia inflata (sl.) 23H L CWw5. Zhid Globorotalia
inflata bed no.3 |24 7- Y, Globigerina pachyderma (dextral)/Globorotalia orientalis zone ® FiiZ
bicn. FEiz, AbBE TRIEPNT ) B CITRZ) g o S 4% BUERE IS Globorotalia inflata bed
no3723%% (IR, 1989) .

TJaviarv- rIvIER

REWEHUSR L OWEIRE D7 ¢ v a s« 8T v 7 ERIE, SRR GRS T T 7 L —
(1967) - B IITRSABES (19D - IMRES (1989 125D, HIROEMGENEE ShTS.
R Z IS (2 B - i LSRR IR 00 1 ) B T 00 T BRMLBEIR 5 A 2
ELE (545 .

2 IfEE 8.4+0.6Ma, 9.8+0.9Ma DR HE S TI Y CHrl K7 ARSI HIs 2 R A 27
J—"7, 1987 ; VTN - N, 1994) , AFFETEH 8709Man G b,
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EVES

ZE)IE - M2 EEE DA L b

He e o = A FHHEOKX T | EEROAX Y ek b
o KKE 5 b S QO S K7, 1978) (Matsunaga, 1963) FEtRE & AR
. e Neogloboquadrina cf. kagaensis G. pachyderma(dex.) Uvigerina .
'“ 1N %) o . . 4 -
H Ma 1 LAl LI KRB G. orientalis zone subperegrina zone i
% Orbulina universa Globorotalia ikebeif
R E > " '
n Tass2 SRl FIKBAREE O. universa zone '
i Ta 354 TIRR] R A Gl{)l?orota'lza znﬂa.ta . G. inflata bed (No.3) M. echigoensis " %)
Miliammina echigoensis zone
o oo | Neogloboquadrina pachyderma (dex.) |G.pachyderma(de)| {vigerina _—
4 Ma 18 2 AT Kk e /4 ) e g
g 4 8 N. cf. himiensis  FIKEBEEE G. orientalis zone subperegrina zone #oRi
N Ma 16 " ” " i "
i N. cf. kagaensis
! Ma 17 " e R " " ”
’ RIKEAREE

HEEAC - HERMBRBT O HETERE R &,

PE LA fLdfea o —BEk. REHRRH I RICTEA SR TV D,
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AFHETY 2354 Ta352 Mal [Mal7|Mal6|Mal§]
UL Al C] A A]CTC
FHTLIRLE (%) DL
AT

Glabigerma bullides Y E
3 falconensis 3

G o falconensis l
G pracbutlotdes |a

G quingueloba EIE

G umbilicata 1

G. woudi [ t

G “pp. of & 5
Globigermit ghtinata 2

Globaquadrina alispira 1 S
Orbulina wmiversa 5 |
Sphacloidinella_dehiscens 1

Neogloboquadrina asanoi 3|

N of. asanvi 2 1

. blowi 2w

. duterirei 4

N of, himiensis 20
N humerosa [

. incompiat 2

B o kagaensis 316

N pachyderma dest| 0] s[ B[ 2] o]
N P sinist EE

N aff. acostaensis 2
N. spp. B 8
Globorawlia inflata 10

B of. inflata 1

G praeinflata s

G orientalis 1
G of. onentalis BIE

< sctula [

& pp s 7

PR Gt 137] 9] 98] mol 6] s3
% R

Cribrastomoides cf. subglobosum 2 I
¢ sp. 2 33
Cyclammina_sp. i
Discammina_sp 1
Gaudrina_sp 1
Haplophragmoides sp. 7

Karrerella japonica 1

Martmotiella ? sp ! I 3
Milammina echigoensis i

Saccammma_sp 1
Trochamming p i 6
Genus indet EREE 10)
Pargs murrkona ]

» sp [ ]
Quinguelee lina sp [ I

Sigmoitopsis_sp. 5
Sprrotoculingsp. [
Trdoculing tricarinati |
Alabamin 7 sp. |
Ammonia s 1
Baggina totomiensis i
8 Sp. 2 1
Rolivina decusseta ] I ]
8 pacifica 2
i p I
Bolivinta_quadrilatera 1 7]
Buccella musitaia 9 3
D » 2
Bulimina striata 1 ]
P tenuata I
D . | 1
Cassiduling japonica I i
[ norcrosst B
3 narvangi 2] a6 1) 19
3 sagamiensis [
C sp IE
Chilostomelia oolina 1
Cibicides aknerianus 1 2
[3 pscudaangerianis [ e
C sp ] 6 3
Cibrcidoides _sp 2
Cribrananion clavatam 7
C . I E R
Discorbis sp 1
Edohedra nipponica HIE

rotunda 1
Elphudmmsp. | ]
Episiomnetla exigua I
E tevicula D
E naraensis il |

pulchella so| a4l as] as] a6 20

£ sp. s B
Eponides sp 3
Fissurina marginata 2 Ll
G 5 ! 2
Furusenkoma complanaia e EE
¥ » e
Gavelinopsis_ of. peregrmna 1
Glandulina sp 1
Globabuliming auricalata o
B ol aurnculata IEE
G s HIE IERE
Giobacassiddina depressa 1 2
G subglobosa 1 DR
4 p 1 3
Gurtlina sp B
Grrodina seidans 1

Istandiclia norcrossi of 1] 1l 29
i norvangi PRI

i a tf. sublimbata 2
[ of. yabei 1 [
[ pp. 2 K
Lagena distoma [

I sp [ i
Lenticuling sp 2 Bl
loxestoma bradyi [

Melonis nicobarense 1

M. of. nicobarense 1 EERE
M pompilivides 2 [ 2
M. p. 1 [
Nonion sp. s

Nonionella sp. [ sio ]
Nonionellma tabradricum 4 9

N sp. B

Quling hexsagona 1
Oridosalis tenerus 4

0 wmbonatus 2 B
Pseudeparrella takayanagii 0 2] 1
Pallenic. apertula I
3 bulloides 3

P s DIREE e
Rosalina  sp. 1
Sphaeloiding butlvides s|2 s| 3 s
N cf. japonica 2 4
s sp. |

Trifaring of. angulaia 3

T kohozuraensis [ I
! 5p. 1E

Uvigerina akitaensis 13 BRI
Uvigerina <f. akitaensis 12 DERE
[ sp. DIE

Vatvulinella  sp. !
Vabuulmeria sadonica ) 2

Towl BHKH EREREEE R
Towa! HESHTE of 4] o 2| e s
Towl {3KE1E 2050 199 206 214] 168] 176]
AR G 207] 2050 214 218] 174] 204
S A=abundant, . R=rare




3R FHH- FBEFSROT 4 v ar s BTy TER

Bt wEER | srERvEe | X
(Ma) #
B BR Isg-pum 3.0£0.2 2
T4 IR S 2.940.2 1
® B
B IK A 3.3 3
Isg-h 3.2+0.2 2
£ I 2
sg-g 3.340.2
| #
Isg-f 3.3+£0.2 2
Wb K A 4.1£0.3 1
ES 3
Isg-e 4.240.2 2
#
i WK E 4.4%0.3 1
NE KA 4.7+0.4 1
B Isg-c 5.41+0.3 2
i Kol B R 4.9£0.3 5
T A B IR & 2.6+0.2 6
m | A
N AR H RS 6.2+0.4 1
& T .
KK EE K H 5.1 3
g /|
8.7+0.9 6
ezl BZ IR E 8.4£0.6 1
9.840.9 4

SCHR 1 BRR RS RS B R A L — 7 (1987), 21 /hAKIEZ (1989), 3: A ZINETHIRS AZES (1991, 4: 71K - ik
(1994), 5: FTIEN> (1996), 6: AW

FAR BIKEDT v ar s bT v ZER

HEES B R A5 e BRESURE | 2 | BpETRR 050 | 77 R | B Lo
BIRE S CRERERT SR M| ®Ee.  BEN| BEe  HEBN| P | BEe. ASENJMENER U (Ma) Fi
BARRES) (10° X em2) (10° X em™2) (%) | 10*xem™?) ; r (ppm)

TR AR S | Mal5 (GS] R68207) | ¥nav | 30 3.16 250 3.63 2871 | 32 7.981 2452 | 0.325 370 2.6+0.2 |ED2
2 LBEIR S | MT21(GS] R68199) | ynav [ 30 3.06 126 1.05 431 | 62 7.983 2452 | 0.605 110 8.7+£0.9 |ED2
WEH WEE7 4 var - hTv 7 HE i R 7P 0 SEFORFETRIGA MARK T [ElHSERRH

Bp BN E J7 15 0 NBS-SRMB12HEHE T 7 A + (422 Rk Ty F V4N KOH : NOOH=1: 1= v F+  k 225C 35MHlH

B— 2l { =372+5 P(x?) : x i B B EEN-10 x 2534 351 5 _EMliEsR

P22 )1 145 S 1 20 © 95-3MadD AE B S ST 5. ARBIFZE Tt T IRIIEEIR & D4R E LT
2.6+-02ManMfF Hivi. L L 2O, HROMIL THIBBERORHA /R 2 rREME A B L Th 7
B, AERIER EOFMRER LV RIFEICHE <, FRIEECE OIE LW R Z R LTV D & IEHE 21
o

IO OFEMRMEN S, ez g EiIEKoMa, Z)IIE1346-5Ma, HZ)IIfEIE5-3Ma, HIE 134
3Ma, FAAEIEIMallth &S Z LIl .
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| M| FRiBE BIRED &g
. . SEALaBFE | F S
Ma) | & |dRER 1980) boorgftat K19 G 4
_— S
W £ 3
M :§ 53
.. f [— SK020 0.8 l’; S5 E§

1 Ay Z. %}E §°.§’
| gy o] s — SK030 1.3 SRk
B BB OB IL2 5
. QL
k— SK100 1.9 z £ g
14 T F
<3 | £
e— Isg-pum 3.0+0.2 | 3 E
.43} = - T42.9402 L._—l 5
3 — SR ] £ N ;] PG § §
€ Isg-h 3.2+0.2 -Q
o 7 sg £ 4 :
R
& S .
4 — mi HEMNE |cnnos o | g 8| 8 5
e K— B 4403 s |8 3|8 %
“lss| 2%
f& £ 532
LU k— Kl 2.6+0.2 3T
’—;H Isg-c5.40.3
5 l— X1114.9+0.3 T 4 .
3 3 £l
e - 3 2 &
6 — S O R k- kMHE6204 2 & § 8] 8
£ f | $58]5.,
th & ke~ Kok 5.1 2 -?: % :; E é
% $ s {848 =
f £ 3
7 — 3 3
# w H B .
¥ 5 ©
8 — E ) 3 8
i S5 %
211184406 ‘é E 3 §
s k— # 87:09 2 E|§ 5%
tt: e B2 B [ » ostoo s 8| % £
= X
¥ g |8
g Lo __]
104

BB - T ST O MU R AR

U bEoMibagRre 7 1 vvay - b7y 7 FERIIEBRO L D IcE LD b, mzilfE - Mg -
N E Ao I, 1221 V3 Ri- 1 AR 1, RV e 3 B ST i, S e (3 A s - i o
BriEThH 2.
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11| B EPETE R Y

(FgZz - MR ERE)
1o 0 o3
m. 1 #ZzikE (Mp, Mv)

HfE& Noda (1962) fiv4:. i (1940) 13ARZ LNRIRJED O M & k2 IIEEIRSS L REATZ. D1k,
Noda (1962) |Z X YV 82 L8 &g Shiz.

B bz (LiThe s (LR 555,

BFEER AHKOHEICHMATLE FMOHETHS. FRIZAHATH L2, SUFEEHZ KAuEr
HSFAEICERD.

P - BE WMZIITRRILE PO E L2 RS T D, SmoHD L 0o/ Y ICENE-
WSWI5a O #EA S ), AR ERIEREICEWENRE B 5. EEII R 5137200-250
mL ETHDH. FUHRZIIN-1OEE Cir2E, 1982 : #5635 - HUEMmXSM) 12X 5 & REK160m
FTHRZILE LB 2 b, 2JFRITFR L 2300-350me i Hivs.

B RZWBIET A YA NS E L L, MM ARITA IS 2 LS. i, T4 A Mg
PETIEH EBAET H 2 e b 5.

T A YA EERE I E5-20emFREE (D ke U 7o B AR SRR &, LRI OB & e BLIR OB B
D 2D EHN S D. FBa-FIRKBOEZ RT 5. RCEEBEA TR, FREREITD R,
2 PR OEAITE SEm-+EmBEALTARF L, NSRS, LN RREEECE & 5 Kk Hek it e
= MR AR ZRT (FelX) . Wi bBAaR & FEARNY L LD, Tk
WK Z U<, AR RIS HE f iR A s ic s T, LIFLIR10-Btemkoles 7 v v 7 &
Gte. LATOMHE L O5ERT TIE, BARKE L TEE OO EEAL < Rbhd.

HARHHCA R TR 22 1 LA AR 2 LT =5 5 0 1 BRI T O A MR Sz, ta-Beasr B3 5%
AT, AESSELTRY, —#TIRE B ARICS SIREG Lo T A hoEREZRT GETR) . T
BUIARTH DD, TR AERAEICEDN TS, ERoT7 ey 73— RICE<BELTBY, K
I R=—RFR LT 5.

EERH

TA YA MEREKE (GSIR 68199)
BEHL - FEAR B2 LT B T ACBE T B ok o KR HE R
G RET, R, BV, AR
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el KU DT A A SRR
TEBCHRARES, AR AREEEICE &\ D K KIHER ) - = b O AR
FRZ LA

G T A, WUk .

AR EE U ki,
IO TN B HEES I TR Y, MRZRFEHO —EHICHEOEEZ L EDD. REAITE
FZLEMMLLT, AL OFERITERIMMLLT C, A%O—MICITBBERN R LS.
W AEAT T AL TWD R, b L OMHEROMEZ R L T\ 5. AEE T O®ITD 7k
W, B hus I RT 0w 7 ikERT.

B AR T A 22104 (GSIR 68193)

PEME « PEAR - AAZ T =07y O B IS FE I T DA b L URRATE .

BEGh  RHRA, RO, BB, REVEY.
FEAFEE2MIU T OR-FRT, THERAICET 5. RO - BAEA L RERL
mmPl T, R-EEREZET 5. REWTEYIIE0SmMmMLL FORR TH D, & & ITENR
RE2TD.

FE L RERA, BT X, REWEY, HEREA, RS
T T ANFRRMWA T AL LTV D, RHRAITRE0IMMELT, 2 OMofE i T,
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T KA Z LU O R I7 R AT BRI LE s
NATA MELTEY, AGOEETICHAORERZNET 0y 7 BEENSD. I =ik

ATarY T 4y kA RT. ZEREORENRLND.
E— N : RHEA =27.5%, HEEL=4.0%, REWIEY=0.7%, £i#£=67.8%

$70, BAED (1976) (HEZ (LN ICHM CRAZ LG 2 B < f8PIA O S DR A 81 LT 5.
B 2 IUITEA - R 0 OARBICHAET SRS £ 0 =L Fle & ORI - AL FAE
U (e LT S A B2, 1901 ; KHF, 1004 ; 455%) .

BB 2 I FIC BT 2 B RERED UL 22 D7 4 v ay - b Ty 7 ERIZ8750.9
MaToh o7z (§43%) . RZIUAHHEOBENICERTA2REO 7 4 vay - 7 v Z78{0E, 84+
06Mal His S CH ) (BB A SRS A 7 L — 7, 1987) | Wi ORI L < — LT
W5, E7o, B TEHEER) HIROAREOZ v ay - 8Ty 7R E LT.809Man i S
THY (R - HE, 1990, AL ESEORIT KL TS, LERoT, AREETHHHOER
ShEMETHD (1. 25%) .

S 2 LEER B R s B D BT 3510 5 B8 C b B Q4 747 b b I 0 s M o>
PRI AL STV B (R, 1976)

Sy

m. 2 M|EE (Aa, As)

WER BRI IS IS E & 7 v — 7 (1987) .
B PR e G [RUE DN O Z2 TR 0>/ NRT CRE R RS e BT A 7 v — 7,
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EAER

T2z 1L SR [ Ha 2> & pE L L 7= B HEBh b 17

B & E O o & & X it 3 X [

®oNRE RZINRT g IS A B OB B | BRUMEESAERS0%)

M E ) E # fCRT B R 47 28(T) £ B F | RRTHEEZAZS(1989)
4 » k& A 7 FEH BWOE OB |® oo (s
2 MZILETRE S FOM B | RZUTHEsAER209)

RN B Al fa -t 2

Wz W v RZWER| =3 BAM 5 - FHERF g

FEHI AT I I FEA STV D,

1987 ; #8X]) .
BFBEER RZEEeICERD
o RZIER OB IRE D LTI T
Fn 2 LS A O AL PE L C I R A4 L 7R\,

[BE 250m.

B RICREESROROREW S EREN SR, IS
5-10cm? B & smm-1emO A E & OHJE T 5. W Tk - AR LS TH v,
AR 27”7, TRB IR TR ORRSNC K 5 & o 5 EEZ AT 72 R IER SR H i s

Ry |LINT [ 22 57 8B S A O b e s BB S A9 5. MZENL TR AE DA R < Bl5%
TE, WEITES2-3mOHKINE T, LAL~IEES A S 2 1% CURE B 55 A8 (£ 2 JH/E8-10mE
FEO LRI - e e 2T () . MBI RIS E S A B R L, SRS,
JEix TREBGE) MRz &0 TRE-CIXENREHTSH 5.

ER  KEULAITRFER. EAA LI EASEL T 5.

AT BIED, B2 LT T - LI bR D 5.

BHRERE L2, EEAEITES

Z oW

HER RHPEE (. 2208) .
st AT (1976) OHENEICHIZ5. MRS AZES (1991) - KEF (1994) [3A&H

@ - ZUIE - BERIEAOEHBA —fHLTRAEE LTWnD. RZIiTEEIS AZES (1991) 13/E
Ji# DA 117~ 5 35FED AL A A& #hly L, HERSERYEE 2 7K £200-500m oD -0 L & HEE L T 5.

A

m. 3 ZEJIljE (Sm, Ss)

WEE R RS I S L — 7 (1987) OB kB
MM D) [ M 2 T (R 5 ) 2 COZUI BB SRk T
WA V—7F, 1987) .
BEEGE BoE R
A B ILASAED &
BE (AR CL

Wi ICERD.
VIO RIS A < 313 5.
,000m, A2 11175 4}HE 2 -¢700m.
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OfF offl ofl 0Bl o8l oF) ofl 0Bl

BRIk s B
i - B IR
e B SRR IR
T BERIK

Rl AR K
e b R R IR
M’J\E;ﬁm
aonnent B S EE IR
e T AR IR B
sooot KAIEIREIK S
-------- A o Tk B
s Kb ARSEIK S

e ofe O off O e ofe

F8IX I O HUBT Y CETIB K SR MU M LR A 2 v — 77, 19871 N

B BLROBENKATEENLRY, TS EREE L. EEIRHBO L O LR E
P RRIEE 2 b 729, LR LIZEMBER 2 HET 2 2 S SINEEE 222, IS I3RE- R emdD 41 R
HHBLAEGTe. BALICMENIE DV MEMRNER 2 TIE, BAICR DI TRMAIR AT D
RLIE & LRMBHE L CHENIE O 2L MEICHiET 5. AREMEH I RATRC IS S0 e s A
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SOl 8 O S ALE
5 &S 2mOHUKIRY 0 6k F7 MR « WIEHE U T I RD A TR 2 5 2 A 8
MO, A S —rEim. gz (LI ST

J& - SRR A D AT B
R T TFIC ROKBEIRE (2 Ui S A B RS, 1901) AHAE L, FbHsclE

IR, LEC PR SHAET 5 (ARBR R SURH  TT A 7 L — 7, 1987) .

bR B2 ERELLE 77 T OFMENEN L (B5%) . KEMHE S Bbn
Conchocele bisecta, Mizuhopecten yokoyamai, Mya sp., 7 = (KEFZHEZEZ, 1991) , fazLETfan
mHvav ) HAea IR S AZBS, 1991) D3EEH Uiz, AR RCAZET D, W
H# Makiyama chitanii 23532 CHriE I, 1966) .

HWERR BAE - BRIE TR0 7« viar - Iy ZERREND, fHitgHcHL (1.
22 .

wE AMRETICHR T D RIT R E B S (1989) OAFIHFRBIIARE OEIBICHT-5

b

M. 4 W@ (Tm, Ta Ts)

MEMET S — XA bO—fle LTURIE DS TE . A (19658, b) 13A< g HiiskAk 76
FOHZINEDOWEITHOW TS & LTOME ZME Lz, Sof (1987)  + Bk K2 BSRO o V2L
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I N—7 (1987) -+ @EE (1990) (FIAEHIEAL 0 2B DWW TRELWHTE R A2 =& & b
RGP AT, HENEN N7 7 RE X — X4 hThHZ EEP 5T L7z, El Habab et
al. (1991) - SEAIEDN (1992) 1EHZ B DRYEALIC SOV TG L TV D,

7833, A CIERIBA LI OO PUTHIBE T RO T DA CE Rhr o7, Hik R M A
REHEMRR (1987) -« Ml (19900 OHIEXIC LV o7,

HZNBITEMIC L D KELS Z—E XA MAE SV FEICKS T, WH LRI H 5.

MBS  HE ISR P A 2 v — 7 (1987) OBLIBREIZ LS.

i JCBE TRARPET ) PR HIEN 00 K BRI o> 21 CHNEY R B Mgt 2l & 7 L — 7,
1987)

BRFEGR EAMICIZDIEICESICER D, ZUIEICEENIED TV MEHR ER 2 T3S
Wi ThoHN, MEOEIEONTZNZ ENEW. BIIBICHENEO X —E XA MANERDHE
Th, BERAOEETHINC X > TSP ERD L5 ICBbh, M#EE - HELHRICHD LB 5.

A FNEONAIEAE TR BB TIR AT 5. F—E 4 A MAUTARRKERISEALPE, -k
i, ISR RBIC L, YL ALY — B XA MRS TEHIC AT 5 1E2>, FEvE
BRI ORFER L MEN S22 5.

BE mE/mscL,400mel b, p-fi lbissc1,100mel B, 28 B2 A CIE400-500m, FaZ
1574 i HHU3E C' 13 250-400m.

B Z—bEXA M T 370 v a2 MosE v MNERRENGR . ALiEEtilio 2 — e 21
MAZIAEEZT (BBI10K) , & T E THICIE-ERERE (Ts) Nl 2. Mozl
D Z— XA MATEFEERO LIV MEEBERETH Y —HITBR L MEaRsET 5. v M
F(Tm) R G- IR ESLR O 2L ME B2 ), EAUCE SEHomBL T ORI A REICE T E %
Bete, LI UIBBLIREEHII T £ XREULZ /RT. ¥— B4 A ME - SV MEMEE S, Ik TS
PRELE D/ INREREDAE + BlHI95 X 91272 0 BN OFUIBICHiE T 5.

Tz IHET I i, )1 OBLRIEHE 0 BALIC A i T80 ££20-30cm o> A R S & & Lo JLik- 2
BRI/ D . 2 ORI~ 2L ME BB~ HARET 5. e i atp R T
T2 — B4 MHO I PR CREF, 1994) 2MHET 5

FARET IR O PN | CIIE R EARID A « X — B4 A MEDS SV MEFICE DMK - #HEE33
FRRDHLNS GBI . £ P75 KRR ORI S BER O & — e 41 MIRSTEL
— R PRI S & 72D (MU Tl LT/l

IMRETEG oA ) T, #—E4 4 MAPIZE B L Z60mo R g R WA BN ET 5. 0
B FHBISMILMEE W E IJE Cdb 0 A KBRS & F RO b BB/ E I TS, ZOREE
PEHLRIID S5 207 ~ AT IR OIS O JBUE 3535 K 9 Ic b s,

JEVEE DO RARHT- R B Tl  FENC LIRS (i, 1990) - 44 FEEKCS - /INEEECH, T
B LR - BRI (BB121X) , EICEEARL T L v REIRCE DMETE T 5 CHrE R I
IRHUS B A 7L — 77, 1987) . BJIN - &7 (1992) 13RI - ERWEECS LT - P~ O %A iR
AL THRY, BJINED (1998) 1IHILEECS 2 4G - OK IS OBEPCE T LT D, e, B
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10K mE)IE O S ES A E
BIHO® S5 k2 10m. KK FEORE.

JINE7 (1994) I ANJIEER S 4, ALPERE Tl BIhE Mt oo /i i oI BRAE T 2 /v /< S A BT E
s (TPNIED (1996) OARRIBEEIE) (ZxH LTV D23, /INE S AR T THliIA ) I ik e
FEHCHENNEORE L D IXD I T ORI L T Y, ALIEREICHEEN D 13525
AR,

LB AHEBMILAIL, KBH B TE A O FEROE (I, 1990 , BRITERALA />
R ofesn IMRITHIRERZR R, 1989) 23 EH L7z

H{bfiiZAnadara sp., Ostrea sp., Paphia sp., Cardium sp., Balanus sp. (F8, 1966) <°,
Glycymeris yessoensis, Mercenaria sp., Buccinum sp., ¥fiE#fi/E & Makiyama chitanii - CGBrig K 5% 5 SE bk
sk VA 2 v —7, 1987) ZFET 5. KK EH 25 Rapana thomasiana, 72825 Glycymeris
yessoensis, Anadara amicula, Akebiconcha kawamurai, 7> &% 2 O (KEMEEZHES, 1991) ,
RATH AN DY r v U T AbA (2 U RAEZ RS, 1991) B ShTnsd.

FARRTARR « HIR « 0B BALaRFEL, T b 0L BRI D O OURE 12200-500m & HEE S
i, EAEALBA D BIXEELISOME HEE S D (M RIT SRR Z A%, 1989) .
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(ABSTRACT)

OUTLINE

The Matsunoyama Onsen district is situated in the southern part of Niigata
Prefecture, central Honshu. The district includes the southeastern part of the
Higashikubiki Hills and western margin of the Uonuma Hills. The Sekida Moun-
tains is on the southwestern margin of the Higashikubiki Hills. The Shinanogawa
River runs from the southern area to eastern area of the district.

The Matsunoyama Onsen district belongs to the southern part of the Late
Cenozoic Niigata sedimentary basin, which is filled mainly with Middle Miocene to
Early Pleistocene upward-shallowing sequence. The Middle Miocene to Pliocene
sequence, which is marine to non-marine sediments, is divided into five stages :
Tsugawa, Nanatani, Teradomari, Shiiya, and Nishiyama. The Middle to Late Mio-
cene formations contain oil and natural gas. The Mesozoic sedimentary complex
and granite are known as the basement of the Neogene rocks from the deep drill hole
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Fig.1 Summary of geology of the Matsunoyama Onsen district
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data.

In the Matsunoyama Onsen district, Late Miocene to Early Pleistocene sedimen-
tary and volcanic rocks are distributed throughout the whole district. Quaternary
terrace deposits are distributed along the Shinanogawa River. Colluvial and land-
slide deposits are widely distributed.

MIOCENE TO LOWER PLEISTOCENE

The Late Miocene to Early Pleistocene sequence of the district is divided into
mainly six formations : Matsunoyama, Taruda, Sugawa, Tamugigawa, Higashigawa,
and Uonuma, in ascending order. Middle to Late Miocene sedimentary rocks under-
lie the Matsunoyama Formation according to the data of several deep drill holes.
The Late Miocene to Pleistocene formations are mostly composed of sedimentary
rocks and exceed 4,000 meters in total thickness. The Late Miocene Nishitajiri
Formation is distributed in the southeastern corner of the district.

According to the planktonic foraminiferal biostratigraphy and fission track
dates, the geologic age of each formation is as follows : the Matsunoyama and
Taruda Formations are Late Miocene and estimated to be 10-8Ma and 8-7Ma,
respectively. The Sugawa Formation is Late Miocene to Early Pliocene (7-5Ma).
The Tamugigawa Formation is Early to Late Pliocene (5-3Ma). The Higashigawa
Formation is Late Pliocene (3-2.8Ma). The Uonuma Formation is Late Pliocene to
Early Pleistocene (2.8-0.7 Ma). These formations of the Matsunoyama Onsen district
are correlated to the formations of the Niigata Standard Stratigraphy as follows :

Matsunoyama district Niigata Standard Stratigraphy

Uonuma Formation Uonuma Group (including the Wanazu Formation)
Higashigawa Formation Shiroiwa Formation

Tamugigawa Formation Nishiyama Formation

Sugawa Formation Shiiya Formation

Taruda Formation Upper Teradomari Formation

Matsunoyama Formation ~ Upper Teradomari Formation

The Matsunoyama Formation is distributed in the central area and the lowest
stratigraphic unit of the district. This formation forms a domal anticline structure
with NE-SW trend axis. The Matsunoyama Formation is 200-250m thick at the
surface but elsewhere about 350m thick according to the drilling data. The forma-
tion is composed of dacite pumice crystal tuff and a small quantity of clinopyro-
xene-orthopyroxene andesite lava. Dacite tuff is mainly a subaqueous pyroclastic
flow deposit. Andesite lava outcrops the only one locality and shows water-chilled
structure.

The Taruda Formation is distributed on the Matsunoyama Formation. It is
composed of turbidite of interbedded black mudstone and sandstone, which become
partly sandstone-dominated. The thickness of this formation is 250m.

The Sugawa Formation conformably overlies the Taruda Formation. It is
mainly composed of black massive mudstone and has a thickness of 700-1,000m.
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The Tamugigawa Formation conformably overlies and partly interfingers with
the Sugawa Formation. It comprises two lithofacies ; turbidite and siltsone facies,
which interfinger with each other. Its thickness varies from 250 m to more than
1,400 m. The turbidite facies is composed of interbedded sandstone and siltstone,
and distributed in the northern to northwestern area and around the Matsunoyama
anticline. Thick-bedded sandstones are intercalated in the northern to northwest-
ern area. The siltstone facies is composed of massive siltstone, distributed mainly in
the southwestern area and widespread interfingering the turbidite facies.

The Higashigawa Formation is widely distributed and conformably overlying
the Tamugigawa Formation. It is composed of interbedded sandy siltstone and
siltstone, massive sandy siltstone, and intercalated sandstone. It is 50 to 600 m thick.
A few molluscan fossils from the formation belong to the Omma-Manganji Fauna
showing a shallow marine environment.

The Nishitajiri Formation has quite limited distribution area in the southeastern
corner of the district. In the adjacent area, this formation consists of dacite pumice
tuff, tuff breccia and lava.

The Uonuma Formation is widely distributed in the eastern half and southwest-
ern part of the district and shows synclinal structure. Additionally it is deposited in
the middle to western part of the district (Naradate Syncline Area). The formation
overlies the Higashigawa Formation conformably, whereas it overlies unconform-
ably the Nishitajiri Formation in the southeastern end of the district.

The Uonuma Formation ranges from the Upper Pliocene to Lower Pleistocene
and is more than 1,300m thick. This formation is composed of marine and fluvial
clastic sediments intercalating with volcanic rocks of andesitic to rhyolitic composi-
tion. Clastic sediments are divided into five facies : marine sand (Uc), marine silt
(Uf), silt and sand (Um), sand and silt (Us), and gravel (Ug). Marine sand facies is
developed in the lowest part of the formation. Silt and sand facies occupies an
expansive area and intercalates with marine silt facies in the northern area, and sand
and silt facies in the southern area. Gravel facies is observed in the upper part of the
formation and widespreads on the eastern side of the Shinanogawa River. Andesite
volcanic rocks (Uv) consist of lava and intrusive rocks, and volcaniclastic rocks (Ut)
that mainly originated from debris avalanche, lahar, and pyroclastic flow, of which
distal facies roles as marker beds. Andesite volcanic beds are quite thick in the
southwestern area of the district where the effusive center may be situated.
Though felsic volcanic ash layers are usually less than 10 m thick, they are important
as marker beds and named practically as SK 130, SK 110, SK 100, SK 050 and SK 030, in
ascending order.

QUATERNARY

Middle Pleistocene to Holocene terrace deposits are widely developed along the
Shinanogawa River. They are divided into eight units : Taniage, Maibara, Unoki
Honoki, Kaisaka, Shomen, and Owarino | and Owarino || terrace deposits. They are
mainly composed of andesite boulders with minor sand and silt, and covered with the
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Shinanogawa Loam Formation (a composite bedded weathered volcanic ash). The
age of intercalated key tephras of the highest terrace depositsis estimated at 0.3Ma.

The older colluvial deposits, including the Ueno, Shobu, and Nakahara colluvial
deposits, are distributed around the Sekida Mountains. They are composed of
andesite debris and colluvial soil and make depositional surfaces which are covered
with tephras. Its thickness reaches several tens of meters. The younger landslide
masses commonly occur in the Higashikubiki Hills with few older landslide masses.

Few fan deposits are developed on the terrace deposits. Recent fluvial deposits
are widely distributed mainly along the Shinanogawa River.

GEOLOGIC STRUCTURES

The geologic structure of the Niigata Sedimentary Basin is characterized by the
NNE-SSW trending folds. NE-SW trending dome and basin structures, for example
the Matsunoyama Anticline, are also common in the Higashikubiki Hills of the
Matsunoyama Onsen district. The Shinanogawa Syncline is an active fold.

There are few faults in the Higashikubiki Hills. The Matsunoyama Fault is on
the northern side of the Matsunoyama Anticline. The active fault system along the
Shinanogawa River includes the Tokamachi and Tsunan Faults.

ECONOMIC GEOLOGY

The Matsunoyama Oil field is located in the central area of the Matsunoyama
Anticline. It was developed at the end of 1870's and test drillings were made in the
1950's. Though the oil survey was not successful, the Matsunoyama Oil field yielded
natural gas 15,000 m? per year in the 1970's. The reservour is in the Middle Miocene
lower Teradomari Formation.
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