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OV NEEE ORI HEFEY & AR & 3 5 fEET i oo B2k e
T, BEHIIARKIRHER ) O 9 V7 F 565 A %
PEoTWNS.

WES Ak (1951, 1964), #AIEN (1972, 1973
1977) @ [TFRE] 2L 5D.
R wERWEBSEK TR O L E)ITR

(ME£%) KigEN) .

o BE NIRHUEE BT O L Lo ERIZ, 13IFEK
AT B

BEEFE AT T T OBRE 2 BAICE D
23, ARKNE MU CIE B e BRI 2 FF o T N ZE A A
FIEGIZTED .

BIE #9300m.

B ARG O A JE 13 B O APk R HERE )
(H) OHRNBRY, KBOTEETHLHHSE - WE - >
Vv NEDHEED B 72 2 W IHERED L340 L2,
(LYK R HER ) (2R 7 i B A Bl A P a7 A
A b OKILEEEPCE - BEKABEE S 720, EER %
Br&RIERE LT D, IR T, MW ERR B O 5
NIV, HEREMITEZ20cmUTORE LV XITE &,
PEBCM LT D IBUE T A R0 BUE K tes D BB S
EFEIEOLIZEATNS. WIR TITA RS mA KA 0
bifkem s &< BYLD. K IE O B ITEA A D
WEDOKIUT T AN, 2—2F T 4 v 7 RN
BEE T, BERRERENANRET D, EESMICTER
LTI A AT 2T, FEAELTHDEHOLH 5.
FER - wE EERILoALIER2km OFEIR N O FTAD
51%2. 660. 19Ma O£ B A K-ArE B A S S 41T
WDHA, ZOMEIF BN O LK LS OK-ArEE K
D LFETE (LA, 1990). HEE [F Xig
N OA KBEFRHEREY) (GS) R56952) 75 (%2.94+0. 15
Ma & EAZJE X 0 &R0 m OK-AERERS S S hC
BY, ZHLOEBEAAFRIEVDDERBND (L
Jt, 1992a). F7-, AEOHHMBELKEFIEL Gauss Epoch
2B Matuyama Epoch®d FERIZH 9% (Manabe,
1980). L7228 o TAJE OFEMIL % BIRERT & ]l ¢ =
%, ALK RER ORI T8 KtgrE vEE-HE] X
MEPE I AT DIRFIEI AT 7 CTHDH (2. 51X ; L
o6, 1992a, 1999a ; IUJE « &, 1992).



AR X UG oD - b R

4.1 WERIE (Tr, Tv, My, T)

ABIIE R AR, LT, = ERT & O HRT —
WA AT DMBCEES - Kita % £ &3 2 Ri-
TR ET RIS OWERE ©, RESC LA E o TN D.
JEE IR K CL, 500mICEET 2. X HUm HGH o HUR I
J8EIFHERSADBRBTONTODTORIA TRESA, K
RiIT—EHOMETHS.

HEL Ak (1966), WREEEZEA (1967, 1968, 1970a),
hEE (1984) o TEIUINE] 2#FERL THWS. g
FESEAE (1967, 1968, 1970a) IIAMDE FiIRAERE X

Dt EALOHE A KGR & NITRE, /hEE (1984) 13K
Bl LA TV D, FICAEANIED (1968) 1345 & DR
B ER—Db D% ERE, o LiioMfEs s Fes
KO g LA TS, LL, KT, B FEE
BRI O AT I = BT E T ARSI R D E IR 8 S A 4
BIBERTE W2 &, B FRATE L M T
DRSS - KA & T O U Bt s ik T
RTE AN &, B TFIIRATED LA H 5 U TR
A KRR OBFITZE MBI FALCH 5 6 0 LA
HBL WL END, BTIRAHEEZD Lo
JE (ERNEDy, 1968) RoKAE (hE, 1984) FHYE S
BIINBIZEDDHZ LT 5.

Ha. 1 ER)IEOE TIREE

(HLITEIK)

R 8RR (LRTR IR OWERE» BRI E
i (TRE KER).
D EE ORIXNE MU PG o0 4 LT B R E D ORI R
H D RN ek J3 70> & [ gl o sy ob = T B
HT AT TOIRWHEIPFIZ T 5. K HIETE
DM, ZBIE T EIERE AT IS O S il & fro
B OGN E FREHENICHFEETS. —F, K
W O FE IR O T E T, KB
KEITEWVEEZFFO OB D LR LS.
BE MHXHEDTORBORBEL, 1,000mZHz 5.
B FYEE T E OJEIEI£300m LA E.
£ AEEECTECEORSE (Tr) KOk iEE (Tv)
NHRY, REORET S E FTIRATE (My) &5
TR (Tr) 13%100m ~2kmFEE D F— 4
ROIRAE SR 2R T 5. WEBSERTEEL 2D
BHEWICE AL, ST O SO T seaas o
HBAREERRT D ORGSR . £z, A
PHO FECE KA Tk L THhIg & A E DA, BARR
THLTWS, B AmITEORCERETIE R
DHILDA, BEIITIIILRES O 5D 2516 8 EEE) T
HD. FREHEIREEENREZLELONRZ V. fE
A - AP & B AR LIS O SRS & K < R E
DREFNPGEARALIES FA4 7L, REA - AR

B NSRS R L, BERSES OB LMK E KIS -2 v MEP LS. ZBITRE ORI

kmORENA 5. FEEHO & S 13F98m.



A 1R WERIEE FMREEDOEH LA L n

FHHEIED> (1998).

Globigerina angustiumbilicata Bolli

Globigerina cf. druryi Akers

Globigerina falconensis Blow

Globigerina foliata Bolli

Globigerina praebulloides praebulloides Blow
Globigerina praebulloides pseudociperoensia Biow
Globigerina woodi Jenkins

Globigerina spp.

Globigerinella obesa (Bolli)

Globigerinita glutinata (Egger)

Globigerinoides immaturus LeRoy
Globigerinoides mitra Todd

Globigerinoides parawoodi Keller

Globigerinoides quadrilobaus (d” Orbigny)
Globigerinoides subquadratus Bronnimann
Globigerinoides trilobus (Reuss)

Globigerinoides spp.

Globoquadrina altispira altispira (Cushman & Jarvis)
Globoquadrina altispira globosa Bolli
Globoquadrina baroemoenensis (LeRoy)

Globoquadrina dehiscens (Chapman, Parr & Collins)

Globoguadrin venezuelana (Hedberg)
Globoquadrina spp.

Globorotali archeomendii Bolli
Globorotalia birnageae Blow
Globorotalia cf. birnageae Biow
Globorotalia conica Jenkis

Globorotalia continuosa Blow
Globorotalia mayeri Cushman & Ellisor
Globorotalia minutissima Bolli
Globorotalia peripheroronda Blow & Banner
Globhorotalia praescitula Blow
Globorotalia quinifalcata Saito & Maiya
Globorotalia zealandica Homibrook
Globorotalia spp.

Praeorbulina glomerosa circularis (Blow)
Praeorbulina glomerosa cuva (Blow)
Praeorbulina glomerosa glomerosa (Blow)
Praeorbulina sicana (De Stefani)
Sphaeroidinellopsis disjuncta (Finlay)
Sphaeroidinellopsis seminulina (Schwager)
Sphaeroidinellopsis spp.

B4 2R WR)IEE FREE»SEH LCaIRE T /ba

FEIEA (1998).

Calcidiscus macintyrei
Coccolithus miopelagicus Discoaster sp.
Coccolithus pelagicus
Cyclicargolithus floridanus
Discoaster deflanarei

Discoaster intercalaris

Discoaster variabilis

Helicosphaera carteri v. carteri
Reticulofenestra gelida
Reticulofenestra hagqii

Reticulofenestra minutula

Reticulofenestra perplexa
Reticulofenestra producta
Reticulofenestra pseudoumbilica
Sphenolithus compactus
Sphenolithus heteromorphus
Sphenolithus moriformis

g & RS - ARG R E S X A 0D DD, Hi
FOLFNEBT S, Akii~A 702 7=210T 4 v
J-=AT T N T 4y TR ER O DN KBS
T, HTRABEOLOF e\, 2, BREOEIHDI L
DDETOREIZEEEARRD B, ZELWH O
EAEZ#H > T 5.

TECE KBS (Tv) 1%, KILAEE - BEX AR - K
IR BRI s - KIS « T AEHRIEER S 570 D,
INHOKRIEEE, ERbEEEZRFOb O, SR THEE
XFOb D, BIRTER IO LD, FATEEEZFOb
DR EZFETH LD, WITho#E S BRI CTH
HZ xR LTND. IEMRUEE 2 £ D JE e J Lig
BEIRAIL, Wb DKERRHEREM Th A 5. EEIX
1 BARICER, MkimcZ L. £, ook
Hoytx, 77 AR THHRMAa T, b LIERREA T

B EN L RICERLTWS, R TERF ZHO KL
BB, BRTH 7 AEOWMCE AN LD B D
L, RECEAE - BA - REERPORDIZFEOHDH
B, KUY « T AEARIEEIR AL, — RIS T B
DFEFEN L.

BTIRARE (My) 1%, ZEIKAHL RIS
WO CTORAHBBORIZAML, B FoR IR
WIS EN T 5. RAEIIAEWEILZ 2T - RER
FEEL A D B OMKI A L ME A R E L, Bk
EB+2 (4. 1K), £, FATEHREFF Mk
o IV MEA ST B & R oW RCE K ILb A -
T A EHRLEEIR S D8 A IR AT D, R
BN TIEINICEAZTHNSH A OFM A R BEIN
% . ARIIE IR E I R ANR S 4, 300mEL Lo
BIEZE>. BEOLL, MAGEES F—ABENGR 50



4. 3K WIIEE TIRAEME»OEM L EAEAfLRba

FAMIED> (1998).

AGGLUTINATED FORAMINIFERA
Bathysiphon ? sp.

Cyclammina cf. incisa

Cyclammina sp.

Goesella schencki

Martinottiella communis

Spirosigmoilinella compressa

CALCAREOUS FORAMINIFERA
Angulogerina kokozuraensis
Angulogerina spp.

Angulogerina ? sp.

Anomalinoides glabratus
Anomalinoides spp.

Bolivina aff. robusta
Bolivina spp.
Cibicides lobatulus
Cibicides spp.
Cibicidoides malloryi
Dentalina spp.
Elphidium spp.
Globobulimina spp.
Globocassidulina spp.
Globocassidulina ? sp.
Gyroidina cf. soldanii
Gyroidina sp. A
Gyroidina spp.
Lagena spp.

Melonis pompilioides
Nodogenerina lepidula
Nodogenerina spp.
Nonionellina sp. A
Orthomorphina ? sp.
Rosalina spp.
Rutherfordoides bradyi
Rutherfordoides spp.
Rutherfordoides ? sp.
Sphaeroidina japonica
Uvigerina proboscidea
Uvigerina sp.

Valvulineria ? sp.

Fa. A4k BRIERE - MREEOA Y R b

EREM

SCAPHOPODA

Dentaliidae

BIVALVIA

Acila sp.

Yoldia  (Cnesterium) notabilis Yokoyama

Anadara tazawaensis

Tanaka

Anadara sp.

@® ©0|O

Mizuhopecten palaplabejus (Nomura et Hatai)

Lucinoma sp.

Serripes  sp.

Dosinia sp.

Mercenaria chitaniana

(Yokoyama)

Mcrcenaria cf. chitaniana

* %O

Spisula voyi (Gabb)

*

Macoma  sp.

Megangulus protovenulosa  (Nomura)

Cultellus izumoensis Yokoyama

Mya cuneiformis (B’ hm)

GASTROPODA

Naticidae

CRUSTACEA

Cirripedia (&%)

VERTEBRATE

E Ok

{EAEMNLEITE 4. 4AKESBOZ L (EH 6 ORARE,
0O=6-10, ©=11-20, @=>20). FEXHIHIERE 15 P

TUNBHERGIRFIC CE - RTR e M 2 E L 72 b O TH

59

IER = FREEE S IXEE R A IKE WA B REL
L, 4. 1 £oREEFEILROELENON. 8%, F4.

IRLMIRRIEE) . (b EEHEE (- =1-2, % =3-5,
FEARTEHERR.

2EROAKE S /LA DELD HCNAFFIZHERT L 72 2
EBRHLMNTENTWD FHEIZD, 1998).
HIZ2> (1998) IIAEENGH 4. 3 ROEAFGILILA
DEHBHE L TND.
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-5 P ‘ r~
Y rary B "
| == TREA D) T KIS & ) [T IOy T
P 5 Fr ST R CHURV AT % D
A2 A 55 s A RO KRR et R
ad d4
m',.,;4 AR T 2 HOBRARREL ) 0
] £ 8 0 B HLEE — BRI
. L .I
P b7 7 TR R £ BRI L ) 0
8 °~o o Bk 05 £ DO R O R — RS
v o @ | KmsERE
1. v - BB b T T RIBEE T ORRN D
y .
ot o Btk — KRV
61v - |
(R sk — AR
v 1o Voo BERLY OEEIFMBE
- v ° .
o v %_-g§§5 N D 7S R A O
§§§§ Ny 2B BB OMKITY S N WA LM
PATH % RO MRED 2 AQESL'
o FETTRAE 1 1) o) SR
e (A5 IRUG ) e
bl ]
0 Ty 24 ‘—‘T”"'"TJ_
AR ® W o

4.2 FAYIEE O A FRFE IR X
HUELRT OATIIN « REER A2 B RAERIB V.

4. 3 RAIKIRE T O K KRS
FEVE DL 72 LI TED B 72 D EARAUARE S B e A - E A g, RURATAT IR OARR)IA .

FR - = TREEE OM AT T ) W5, 23MaDFEMREIFE S BE BIRHL TV A L DI,
A RLTWD (FHEIEA, 1998). —JF7, BH - M ISR Ll & 5 AR R E W, i OFREIT ML
(1979) (X7vERE TR A [XINE M8 O I E AR Y g O3t fIERF TR TH 5.

BUED 523, 16, 15MaD&EK-ArEREZ#E LT



4.2 fiRJE (Fl, Fu)

AR A B SRR 0 0 O BERUAS, AT
W 78 o R RIS 00T T A % PR T 37
HoOWRE T, TEITMACE kS, RIS A i
T 5.

MBS wmpEEEE (1968, 1970a), AbATiEA (1968)
D TR 12X 5.

B A e R s AR LT AR IRAS T A7 IR 1 s

(T/HR) XNEP) .

2 - BE RXINE R B O BRI O, R
ITAR YNGR 3G9 5. BFIWTE IV OAREE, Wi
DEW EPATRE~OBEAMEE . —J7, AR
VX RPE 2> S AL - B N D B OB R & |
ABILEDER % EALOMKIERE & & bichi> T 5.
BFEFR ARNEME T T OMIRE & BEEZ 0
LTS 5. BIUIE & S ERITM B T#H4E )
RN TR R CTE 5. F2, ABIE B oK
IS CEbND.

BE #9300m.

B AEO TEHITRECE ks, EEITIRE A T
5. 72720, EEORSEIT O KEICK LA — N —
Ty T LBRNLRET D20, < SUOROGMAEELFF
B, FEKEE DRV TSR RIT TN D.

TESDFRCE KA, H T AEHRIEEK S, 8K
Wb, MBS S A7 A KL B e LR IR A — K
IWAEESE ORENO 5. HIEEITE-#10ecm T, F
ITIEER S k3% . MR CHUR O kB RS - BAE
72 EK DR A R YA AR, AR XIS Hs PN IR L C
W TRALOEIR)IE OWBCE B K s & i LT
A OEBEREITEF LS, BADEEIC X D RFEIX
BOLNAR. FT, RITARERENBEEICRDRE,
i J& D PR KE DA ITARER T, I
RHIEBHTE 5.

FER OV IR IR IR AT, E DO DONL, Fik
EERKE DS & 2  HA, BREENEET D, B
AHBEERICHLBERERCRKLUT T AFNEL EEN
THY, HEAKILEORBMIZEATND. £z, JE
APITIFRA K IEN R TEENRTWAZ ENb 5.
T B OE T AEMBILIZ L > THIROEREZ R L, H
fbAZEEDICEATNS (4. 4K).
iEE MHHE - A (2001) (FAERHAG RS (T
o HIEN) ORAED D, ki B{bADidymocrytis
laticonus, Crytocapsella tetrapera, Stichocorys delmontensis
DEHEZWE L TS, KEoxk EEH6HEHT 5 Ak
L OREIREO LD L IEL TS (B4, 45K).
FER -t o (1986) XFEEE TEE) KIENOAEIR
J& T 0 BERFACE B A D> 514, 020, TMa DK-Ar
EMEEREL WD, T2, LEORE O R s

FEFFI, AT s S 1% ) b T AT & AR AR 28
IR, FRCRMRZRFETE D B0 TRV (HE - 4,
2001). B EZS@AMEL O —oRE LElREE S
bbbkttt s, mEOMIbAREITFESEIT 5
EAREOFERILI5-10Ma & R E 5.

4.3 KBIIERE (MI, Mu)

AT VXA B2 VR R A YRR I A3 A S 2 o
Mo mmiE <, LREAEETEET2THE (M) &
Bt - WE D725 B (Mu) TR S LD
EL SEMEEEE (1968, 1970a), AbATIEDs (1968)
O kg ZHER L THWD. 5 0RIKIERE D
2H B A (5 B IECA R A K UEREIRE (RO A R
T YUK EHEREY)) 1%, TALOBESE - WAk & RS
TEIZLEPHLNC RS-0 T, LEEmESHEE L
THEEL7-. BEMIZRIEICE R T 5. 703, Masuda
and Shibata (1971) 2% ‘“IA¥RIEfE & L7oHfgix, A
W OB O G B(b O EEH 2 BB S L CH
Te NLIRE = o ki e T 5 (1og, 1992a).
R wERESEIAAITARO KEREEGLY b
O PR .

o HEBE RIXNE MR HGEH O BEFITE O, U
HTAR PR WIZ AT 5. AT WICIEEHEE D 5 Ak
P-F RIS O EE OB R H Y, KBIZXOER %
TRLOARE & & bici> T 5.

BFEFR TNOMRBEEZESIZE, (4. 2K), k
MOFERERBIIEE 2BERAEAS TEDND.

BIE &K150m.

EH ABETH (M) OFEFRE LT EREKIEEIE, 5
VADENSEAEMD 22 ) T E2REY L LTETek L
Hea e OVK LR IR S5 0> & 72 D RPN O A Ko< RS
WY b EREICOHATS. ZNHOHSE Y B D
FRINBN T, ZRAEEE & RE IR LS &
FE OB CRE X FFOBIK A S, Wi- ERR( b 2 FF
OEIFFOKILMEEE (B4, 3K, AT IRARIKE
BA RO KILIMAEEAE R KL SN DD, TEROEE
TSFTIC LV R, JEICE< (100miig), miciE
IR SHDH. £72, HOEOROHEWTIIEE
2MATHD 3 O LRA KA DPEE EEL TV 5D.
B O ZRAE KB, BIBE O~ 7~ KEKE KD
EY L OFHEY TR SN TV, ZRERDAUD
AMAEBEEE LTEDLOD, WTFNOEATHENAD
AAITETHRIEA R EOREIEY TERIN TN D.

AREFHEIIE, LA KEICHELC, RER - A
H7p EORE S D2\ - R OB A kL
BB DEEEND . FRCAIRE & OB X, AR
ORERESWVICA OGNS X 51, THAEORENLF
ITRERRoN v 7 BRI B & R o To RIS S, AW



RIS
HA. AKX YR O LA EE R

FEH LAY A MEE 4. 4R, B LHFRFERITOL : 25,000 TBRF) - [REMRM ) 2060, ERFHIERE 2 H

M RARSEIIER.

L & =T 7o SR o R - HURL D

(4. 2.

A EEH (Mu) %, TSRS ERE KIS E S

{EH, FEHEIREA - AR EOREEFICETEE K
UCWENGR D, TEHO XS S ISR L CTBE
BEEZR> TER->TWD. BEIT, W-EfbfEd
EROE N RO MBEE N L. B, PATEEK
AR B N T 7 RIRAZ G & RO - RO B O
2\ (4. 21K). L, AT FTORED
RO L DITAEYERLEZZ TR L T D Es £ <,
ZOX O RBHPOIIBAEDEbAELET S.
bR KE»OIE, WHEKEEY), S, SJHOM
EDLAMER L (B4, 45K ;584. 4X). AJgpED
Wb aziE, PEs- EE R i o R RE (K
£, 1941 ; #4745, 1963) OffpkfEMercenaria chitaniana,
Mizuhopecten paralebejus’2 E23EEN 5.
K -3 RKEIE, BYE - B - ERbA» b REA
HivERR OHELEE (83K, 1964 ; gRI1E A, 1968 ; (L
JC - &R, 1992 ; mIRREEZEES, 1983) (T E N,
ZOEMITHIPHIETH (10-9Ma) ESHEEEND.
Z OFRUTEIR T D rE I FEE O BRI & T R
L7320,

WCEMPENT D

4.4 HH-EHTEIEEAE (B)

D - EE ABEABITERIBOAIRIC W EEL X
RAEIRE LCEICEHT S, BHIROEIZ2m LT C#
WH DN, AT ERLEE )7 OB FI O/ & D
VT, TREERE L THEALTWS.
BEER mIJIBIZEATS.

B BRTE AEBIINA D AA TR B
DERENLRD . —HOBETIIREL TS, Win
DEALELVWEEZKY, AEOKUTT AR L
AR EITETRIBAR ED KW TEB SN TN S.
FER - x T ARBIE sk O IR g I KR A
NFEHLZ2WEOO, FERE TR - /K] XKiE ik
TR TINE OWBCE G AR RO XA & & b
EATENREEE D<o TS (BHE - BHR, 1969 ; HHIF
D, 1974). L7eh o> T, ARMIEHIENO ZREERD
ZD% <X, BIUIEOXXINEEICEEL TWeb o b
Rohd.

4.5 mMEEE (0d, Mf, Km)

AR, 185 RNTATRE L > b R - H S RTE
RIS B o B EIC NS THOART D% R ko v
7 7 S8 AR KRR R & ) HERED > B 7 2 TR B
ThD.
wER H. Ak LE OB LR KRR, R
FEEAR (1968, 1970a), AbATiEas (1968) TiIEyiLlw/E
EMEINT, TABERESTED LHARINTNE
B0 L I R A X 08 D i A8 > B F S BT L o 15 T
ST DT TR DS % B ALK 30k m o 15 HHR |11 H oD TE S %+
BT 2% R ORES Ui kiR chH Y (LA,
1986), H—pD 7 —J v ra=y EhbFERINTND.
TE DA R~ PRKRERHERED © Z O KRR HEREY & [
CHNTIHFETH S Z &, kiR ORE &
IRIEIEAKETHMOTH D Z &, 4 R~ R
MORKIRIZE LWVEBTREERN S5 Z &0 h, Bk
MR ML LR B e LTS 2 &L



#4.5 TSR 2 AR RS T8 D IR A B o~ YUK HERE) .
THEE (M) (X140 LU RBIR 2 IR IGIE ORI . 4 F o~ RKFRHERIY 1T 2 2 13I1FTK IS
Bo TS, KIGHERMICIIBRAEAR T & EN, BIRICEE L D TH S, RAITOAMRII & 2 D3,

KIEROH .

V. A R PR IR HEREY) & B IR I K R HER ) & A
Y TR REErERE T LT 5.
R R IROAR RS A R~ iR G 8 L
2T TDON— B,
S - BE  ARRKIEHIEE IO T 5. E O
IFEKFETHD.
BFER FoMMRERURIKIEREEZ, BEERERAR
BLHTESY (4. 5. MARJINRVOAAIE - sl
JEIZITRTE D S ALTE-FI IR N D ORI R’ H 5 b
DD, KEITZEDOERE LR ZIT TV,
BE ARXEHIRTOREEIZXI4100m.
B ABIEI TN, & Ry~ RAMRHERY (0d),
TNHEREY (M), BYIRIR KRR HEREY) (Km) DIET
D,

F R~ R Y (0d) 1, B5emLlFo A
EATAE IR TR A 12 E T VA G CHLIR o Kk L R IR
EEER AR SR D . F OFEIT BRI kI T

AR FERAICE R, 20cmUTOREEFE2FIEDIC
GATWD, 722 L, BEmMUTOE - B ERE
DAL HEM TR A ICIR Y IAEND Z ENRH D
1E30, RIERKR b ENICEEN TS, iz, HEHN
Ho7vo—a=y MERIIAHAKRCTH S, HEYOEE
IX70~100mTH 2. MmO H 5w E#EE Y, 2
DF O RiE %R OW I HEFEDIZ L0 HI#EZ =T
5. KHEREMIE, WHRBEL TV B,

WIHEREY (M) 1%, b T 7 RIRAEH & B o HUk-
R - U w TVEEBLOSATRE B A FE o MR D A -
VA IRV NE - SETREBR A FEOIRINR B O#ELR
UMLKY E NS 72 5. VE T AR - REAORERTIC
Bh, BOREE-TWD. SRV MaFicix, V7
FA R LELIEEENRS.

B - IRk AR HERE ) (Km) 1% i £ PO R ZE R A
HOERE LT KIS IR 50 B 72 D . BARISemLL T O
RELV YV RZER, AECEREREBTBHIBTRL A



Fa. 5K ['ET) MEHEIZKT 2 KGO va Ly - 70y ar Ty 78 NRUE
Sample Number Spontaneous Induced Dosimeter
Unit of grain ps [Ns] pi [Ni] pd [Nd] r U  Agexls P(y)
No. (105/cm?) (106/cm?) (104/cm?) (ppm)  (Ma) (%)
HESNREEY (LHER)
Niitsuru Pyroclastic Flow Deposit(Uwaigusa Formation)
GSJ R78274 30 5.38 [504] 5.18 [4860] 10. 31 [2639] 0.926 510 3.510.2 39
GSJ R60144 30 4.99 [442] 3.78 [3348] 8.63 [1330] 0.753 350 4.2+0.2 65
EBKERHEY (ALRE)
Mishima Pyroclastic Deposit (Iriyamazawa Formation)
GSJ R57404 29 3.45 [70] 1.29 [2628] 7.21 [1067] 0.498 144 7.1E£1.0 20
T FOTRKBRREREY FRERE)
Odoshimasawa Pyroclastic Flow Deposit (Minamiaizu Formation)
GSJ R78275 28 8.89 [524] 3.40 [2001] 10. 31 [2640] 0.894 330 9.0+0.5 68

(1)rand N are density and total number of fission tracks counted, respectively.

(2) All analyses by internal detector method using ED2.

(3) P (y®) is the upper ” tail probability corresponding to the observed y-statistics.

(4) Age calculated using dosimeter glass SRM612 and {=352+3 (Iwano & Danhara, 1998).

(5) ris correlation coefficient between rs and ri.
(6) U is uranium content.
(7) the total decay rate for 2**U:AD=1. 480..107'%/yr.
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T3, fERAFCERE ORE X ECHUROMYE - IE
(R O%H-1E) M A A 15 O 563 U 7o EEORER U 0 1ib2a Y
TEBRLES THEB L TS, B oM oAb R-HZ T
IFERIK CELR O ABEADNEL A LTV 5. BRI
RKTIMEBZ Db OBEENTWD. WSS I E
FIZD o CETIERRL Y o 7VIEB O R E LIS -
DV NEDOEERR L) (6. 1), SITHR L
TAHMEANEETH D, HRFLE Y O K337
DKIUH T AT, BARZNED DORZ. HIFEITO
BARIRD D AR HICE AITEINO TR, RS O
FEIEAHE G O EES MR ORE U BEREE AP A
FRUE s & FBCE R A O B E AT LT\ D
(6. 2K). ZDZ LITEOERE O & #IRE ¥
DHEFENRFRIFFICH T2 EZBHRLTWD.

LomEE (Yn) 1%, AT THREICHDER2.5
km DB EEZMET 5135, BIkmEL FOEENR D
NTZWNOEMITHAAT 5. MRHEREY & 132 < OFH
WKBWTEABRTET OO, Bk X 5 ok
D=L EN TV D, REEITWOF NS EHHE
WO T T A RERT@ANARCE NS0,
HERERENBNEET D, 20-0EAIIEET, &
BHEBROBICIZHAEICRT T LE Y. REEOEEOR
BIHES, BEoMEREA - Ak - Faaka - BERS
FLENT ZIHETH L. WAEO KBTI TH 523
BEABRMOICIXEBRIC L0 AR L LTV E Z R



#H6. 11X wWrE LEoW AR (1)

VATHER « Uy TATERORE LICBAF 2 G 0ma & v MEORE. BIEETASRE.

¥6. 2K WTEELESOWRERY (2)

7T ZE D BERE A A ACE Ok E B 2 £ o 7o kLA s & AT R EL & B O MR 35 0 ALFE .
T ZETBCE 1L AT T, HEBAEREH OJEEN Jv. BT OB URIRD b AR BIZE D ETER .

R —id2m.

EARY

IR KRS (Kb) 1%, W RE 0K Bl
HO, BT T HNOEE450~500m LA o> (L HITE &
KT 2130, AT IEMOEE S FIZbidAH LT

DT D, BRAEMORKBEEIZFIEOM TH 5, v
FHMT LI AR T HHERE D D LIEFE S SRS &
xR DRIV EB130mLl ETH 7= LS
. ARHEREW T IRV CHR O K LB IR S 52 6 72 0

)



H6. 31X AR O AL KRR

A KA FEHERI (L IETR G TR DA K LIBEEEIK

WD T ~N— VHEREY) T, WA PR & R
LW A ITIEIR VY. A —/Lid2m.

(6.3, 7 AEXKUKDOIEEIFELI2emEL T DO H
- IR AR AUE B A & BT 7 BE R A DA i Ass
DOEEER LG LI IUEN» 725 REE R
BEENLTWD., BADIKIBEITLEET, BHERICE <H
WLELOL, [ FEAEREL T ARNZHERED
DETHD. EHboBEI~3mmOFAEBEAAEIRT
Hizo. BEZETCEET L L, MiEkEatlo kil
HITZARIZRL > T, EOOKILEER -7 1 v 7 kDX
AT ARFBREBEIZEENTWS., ERAIIRERG - B
ERE - [ - BRELLISMC T 2 7 b PSR T A
WMERBDLEENLTVD.

W T 7 Rl O iZ Tk, REIEE LW
Ha-H K ek TAEEEER WY, WAV A4 hEE
ETAW TR IR AR L TS (9w, ik
B ZEFEIITBIAE & — O BVEENC L v Ak a7
HOT, B LRI O F B MR OMRE 8 & SO
L, Calfhta - ERKTIW - VY BEAREDOTHAE
S, AV FA b - BT E O EE I DT
bid (B, 2000). BUKITRERE £ TEHEOEEE
FIZHOWTIZEE - 225 (1997), B (2001) (2L,
ER/ - xte BTEILVT IEEEHY E B X 5T
VN D W) 1 KRR HERR M 70> 5150, 290, 06Ma D 2L =
vVeTZg4vvary by ZERERHREESNTWS (L
Jt, 1992b ; [LoT - ZEjE, 1996). F/=, LT THO
B DR 5130, 21+0. 03Ma, 0.5+0. IMaDK-

ik
o

¢

2
-

M7, EALOYATIEH & FF O U I A Kt HERE
ATZHEESHIRIR D B 5 72 % BIEITALRH 2 H K

"
s
=)

Ar4Ef%, 0.31+0.16Ma, 0.59+0.27Ma, 1.23+0.40
Ma, O Nz -7 4 yar Ty 7 ERERRE
ENTW5SA (NEDO, 1985), 0.3-0.2Ma k0 & iV VR
RAEITRAEN K E L FEERZ L. BEEILT IO
FEEITRIB0 TR E L CIT & A CRIEZR V. FIZHED
T T DA K ITRYERE ) DO ARG S T 5130, 22+
0.05Mady vy » 74 viay Ty 7 EMRENH
HEhTWa (NEDO, 1985).

6.2 APREKEEDEIRD 7 ~N— VYR (Lk)

AHEREM TR KR KA SR A LT T N —

WM THD. EATEUIZKEDO KW IIBED 5 5
IR EZHOIL CTHD, £ & F o MR OEIT A
WA R U 7o s B K IR-P U KR 2SR LT R Y TR
WIS E b7 3. — B2 B B 4G B o s 3T
Ka LA IEL2600, MR IIEN RNz Z D%
WRGEISHN O TRAR S, T~ — VHEFREMIB R L L
T T,
o - HBIE ARHEREIE, BRI AL B o R A R
O = BB LA S AE T DA 5 480~500m O B T A & 1
5. ARHEEW O FERS4IELY FiRo [E4£77)
KENIZH 5.

BFEfF TEzAEAIED.
BE = RBHIRA IR TORIEITAI50m.



B OAMEREMIT, HI o/ oA SEARAEAE R
ERBCHRA M LRI EALD L2, A
EEOMEEE S . BEEIF20cm LT T, Bokk
BIXI0CmATE TH D, K& 5 5 AR B A
RO FACABE A IIREem LT T, HBEEIC X DHHIL
DRFET DH. WEITPHEGRE C 0 ok - Rird <, 5
etk DIPTSR AR AR EH, i b7 7 AR
RIEEL % FFO.

FER-owte HESERICIE, ARE KRR &
DHEFEMTH D .

6.3 T~V HEREY (o)

S - BE ARUEREY (IR M R G oo 1 (LI Eg VE L
BRI OALA AL 5T 2 1y, Bk T#H42) [
& D 7 R A & fge < IBFAT T A E) 1 R & 700m
A% O/ NIRRT 2T 5. HEREWI XTI X D BiAT &
=z, W ESREMIE R EOMT R IR Tl
7200,

BFE#® THEZARESICES. RHEEYO BALI2IX
JE & 1. 5~bm DBt THL R E R HERT L T\ 5.

BE K/ FEEE k< /INERT 2 #AT 2 HREm X
FRIZE L, AR TRI100m.

B FHTROHEBEOERICH D (L2 R T 555
AN L THEREM AR L TV 5. T 72b bl
FATERE OHEFED 1T LA - RIEASE S, A LR
DOHEFEMIIT A VA NEWRNL725. K JFIRBFENOE
/MR ZHERCT D2 HEREIE, BRI B < HHl
R 2 AR T 2 A U 72 B Lk e AR HERE M) O 25 R 7>
DRSNS,

FR -3 AHEREWAEE S BEEIZIE, RR-BET
77 (ARIZD, 1995) HhR® &3 5%k M B LI O
BT KILR B EEE N TV S,

6.4 Ky EH-HEEKFLIRD 7 ~—VHEREY) (Lt)

2 - HBE ARHERI T LTI AR VE OFFRI560~570
MmO SN-BELE A2 AT 5. HEITKFETHD.
BFERZ fEoito LHEEZ2 AERSIOES .

BE &KX THKI0m.

B AHEREWIY, BERSEANARE A BEADE A
TAYA NBEABEEBRAICEATZ NG, KL
e O M EEAE LS . BEITBIR, B SRR
Bikb DB 2 FFo> TV D, B KEIF20em Al TH
5. WEIXHHEGR U Y OmHLR - RIS T, M OB
VI TREAESCEKARZER, Thic T 7RRxEE A
o,

FK -5 TA A MO OFEE A TR R,
e B VR AT T =0 1L 50 20> s e 2 PR (L b o JEL B R H & 7R

T Y O R A DK R R g B S 2 H
BT 77 (8K, 1999) ER<—ET5 (6. 1R).
REN O EFRICALE T D58 7 K 1L T o H SRS
KERIZEAELTLLOLER OGNS, HIET 7 7 OWEKAE
Rix, M13.6~12. 5 JFRT&EEZ LN TWVWD (8K,
1999) .

6.5 VH IR kI

AKTHE B RO FEERIALE T DI AL T, A ILEro
BRI K O D JE 0 B U 7 5 3 5 B -2 it o
TATA NEA - KB B D, BIRKILOTEE ST,
W), G- B (1985) 12XL > T1) Sl o
tH, 2) HWAAT T O, 3) PRES O] &
R KREGE O, 4) 78I A R oW HY & 78 IR
HVFITOREDIEE SN T, LavL, Sl
& SNTEmRRILEE S B A RYAE D> D 1L RERT 4 7R 3K~
ArERENE B CEIR, 1991 ; (L5E, 1995), &L
IR YCK L O B O LK LRI K5y LE T 02
NAECT. F7z, WREWE (1999) 12 X > THIUKLE
H & STz R AJIAWO/NEERICER 2 95k
U7z BRERRACE B 5 & b it 2R3>
4yvary Iy 7EREREGELN, EHEBOL L
T T T KRR HERE ) A D DSRERR L T B 2 & AVHE
FEThD. HIZ, &iF - TR (1985), BIREHF (1999)
PETUKIIE Y & U7 @R A B BieTr A 4 Mg
BHO DB - BTLERERT D b OLSME, Bk E
W2 L CRY, Zhd bBERKILOE (SE4elik
HEg) IZEDHZRELDOTHD.

R, BRKEEWE LTESETINE O, T
P& FURIE K, RmIEES, KX, BILvE
%, VAERTARY, ®LEEE, BRIk TH D, %
W9 B L ITARIE A, T OSEARED D
TS E Y s, MARIEE » JFICA BHRSNDE
WR-ZRT77 (@8R, 1992 ; luot, 1999a) Ok OUTfs
FIZA Y32 O TR TERNICHEHE L7 2 & 28
ERERLBEFEREFENSH LM EN TS, EDO T
DIFHEFIZHICKILER E Ao 2 b OIFHERE L TE S
T, ZOEKTHRKUOIEINIEE T2 D EEZT
W5, RRHTEIUK L ORI OB ISR M R BT
4. TTAERTOBIRWK R OWEH T (15T, 2003), Z0
WEE T &V IR KT T RN KR B O & DT
Kie LTHfbhiCn .

6.5.1 REWEAEY (MEELETIEEER)
HEL S HARIEH (1998) MR MO FKIECE

R-ZETF 75 LA S O & FEARMICIZE CHERED CH
% HR-EIRT 7 Z 1348 8T8 0 i E O TATA N Tk
HNCFER SN MACE B A E OB THRY T (A,



#6.2% T KiEHEOIET 77 DRH
T T4 M SRR JE TR SCik
Glass(n) OPx (y) Hb (n2) Cum(n2)

I T T T T T T T 1
Nm-NK 1 Hb>Opx;Qz 1.500-1.501(70%)  1.705-1.708(70%)  1.673-1.675(50%) B
Nm-MZ 3 Hb>Cum, Bt, [Opx];Qz 1. 498-1. 499 (60%) 1.670-1.673(80%)  1.659-1.661(60%) B
Nm-MZ 7 Hb>Bt, Cum, [Opx];Qz 1. 498-1. 499 (60%) 1.672-1.674(40%)  1.659-1.662(50%) A
Nm-MZ 9 Bt Opx, Hb, Cpx;Qz 1.495-1.498(90%) 1. 710-1. 14(70%) D
Nm-SR 2 Bt>Hb, Cum;Qz 1. 497-1. 500 (100%) 1.671-1.692(100%) 1.661-1.667(100%) A
Nm-SB 6 Bt Hb, [Cum, Opx];Qz 1. 496-1. 499 (60%) 1.674-1.678(50%)  [1.664-1.667(80%)] A

1. 684-1. 688 (40%)
Nm-SB 7 Hb>Bt [Cum];Qz 1. 496-1. 498 (90%) 1. 681-1. 687 (70%) E
1.674-1. 676 (10%)
Nm-SB 8 Bt>Hb, [Cum];Qz 1. 496-1. 497 (70%) 1.682-1.685(30%)  [1.661-1.665(70%)] E
1. 673-1. 675 (20%)
Nm-SB 9 Bt>Hb;Qz 1. 497-1. 498 (60%) 1. 680-1. 689 (60%) D
1. 673-1. 676 (30%)
TgP 12 Opx>Bt, Cpx, [Hb];Qz 1.496-1.499(90%)  1.710-1.715(60%) [1.675-1.682(80%)] E
TgP 10 Opx>Cpx, [Hb, Bt];Qz 1.493-1.495(40%)  1.714-1.717(80%)  [1.686-1.691 (50%) ] F
TgP 11 Hb, Bt>Opx, [Cpx, Cum];Qz 1.493-1.502(80%)  1.698-1.742(100%) 1.673-1.699(100%) [1.656-1.659(40%)] A
[1. 663-1. 667 (60%) ]
TgP 4 Opx, Cpx>Hb, [Bt];Qz 1.500-1. 504 (100%) 1.711-1.714(90%)  1.671-1.683(90%) A
Sn-KB 5 Bt, [Cum, Opx];Qz 1. 4968-1. 4970 (80%) [1.670-1.673(50%)] C
Sn-KB 6 Bt, [Hb, Opx, Cum];Qz 1.495-1. 498(80%)  [1.708-1.710(80%) ] [1.674-1.691(90%) ] A
Sn-SK 6 Bt;[Qz] 1. 497-1. 498 (100%) c

NmM-NK =B R-BIRWIKFE, Nm-MZ=7BR-—IKB X, Nm-SR=7ER-FLRIEK4, Nm-SB={EiR—ZJF k4, TgP= HEHk

W, Sn-KB=w/NE-ALR K4, Sn-SK=Hb/ N -0 1 Kk

1=2& UKL, 2=2 UMK, 3=24 UNTFRIRIGRH, 4=2 U078 L, 5= ARE, 6=FriEEil (5%

BUbE i) , 7= BT MR (CER ) XIEHg) , 8= mnimli (TER ) MigHR), 9=REMPE (TRE) X,

10=KEFMAL (TTAK) BiEHIE), 11=/F0TERE (TFERT - K3 XiigHk), 12=A0ZmTRAg (TE) XilE k)
Bt=2ER:, Cpx=HAWEA, Cum=% I 7 b, Hb=¥EAMNA, Opx=/&I7A, Qz=f%, [ J=fEmMy
A=A, B=Ut (1995), C=(Lt « ZH#E (1996), D=ILc (1999a), E=(L5t (1999b), F=Il7c - BxH (2000)

1992), SEAHEL D bR BT 2R, iAKRS T %
BRI LCWD (J1LJE, 1999b). —F5, RMRIEOA
KRV LR BAETE DR TE U 7o TR ket — D HERE D >
B0, FBIFGEEEF OBEAE % R3O TR T HER & 1358
RBLBTIERZ EITT 5. AN TR Y WHERY
DHTE BRI U2 bRV, T O3 i 72 fE
AL & RE DS A FHIFHE D — BRI L T\ 5.
B S ILATRKIEOMEY W HIY B (556, 4K).
772 USRS B IR 5 C VbR T 1T OB AR 3 HE 81 52 3 i
Lo T3,

7% EBE MO FRKIROZIZE S, B
T E680m D RARE (A ILLKILE) BIED R I
MELTEY, EOEMESMRLO Kt — O HEE) T H
HZERLTWA., R LTz & b d kA
RESOHEFEMIE, FERR T 220,

BFEfR fMttosEes Ll kIIE4*EE EEICE
9. Fio, TELEME A TR B DI S.

BE B CcoBEIZHL Tm.

B AR, R CERB LIS N la
SHEEANARERACERIRE N DD, A% - B
ERE ST O B SEOHRLK LR & T A BRI LK T
R S 4L, AT AR AR, TEIE LY
DRRVNRDFEHRLK LK & L o RITEDNTER A T
Wh. BEF T, BHRA - AT - RREEEA BA OR
FaEFEREL, DI 7 FoBa - 88k - Do ofg
A EESTWAD. KILKHBOKILT Z 213572 0 R
TELTWD b0, [EEFTRO~A 7 m@Eain—ET
FoTWad. KUTZ AT @ANA - W7 bR
AORBITHRIL, INETHR-ZRT 7 I1bHEIN
RS —H LTS (6. 1%)

FR - wEe HEE TERY) DOIE SN o 23S HETE =
BEORR-ERT 7T Narnbi, 110E20kad
Ta4vvary e M7y ZEMRERRESNLTVD #AK
1E2y, 1998). KT 77O AT~ HERTOHE



BEtE ORI

BAE KR U RE XK

MRz, ERICEEAE. DROBE XL
5. EHHEKE 26 cm

BEt®E (yoRsD)

W EREETR, BEKLERTKILR.

BREC vR@aklx L

AT BB SR A RS R IR K LB R DMK IR,
A OBREPERE - HRG  HANG - RE

Forsia B G ZILETE S

Nm-NK
4am_|
Sm B klR L
Nm-MZ
AR 3 cm
om_|4 Y
<
s === Nm-SR
= BfEEE ST
Oom

H6. 41X S ILRTFERIRIC 3T D IR LN I o JE
Nm-SR= i8R -JLUIFE K, Nm-MZ=7EIR-K KA, Nm-NK = 78R-78 I K4

1t (2003) 2k 5.

EE 1777 (AR - FH:, 1997), FI9TERTOREE 4
77 (Matsumoto et al., 1989) RHHZ &, TALIC
VIR A K ) o0 foe RIUEHEREIZBE ™ L 724913 5~12. 577
EFMOMET 75 @K, 1999) BNHDHZ LS, BF
FHICRTHOART 7 T OB KERIT A FRIE O/
FHERTE LTHERWTH A9 (1UsE, 1999b).

6.5.2 AKARBE MK)

WEL &G - ER (1985) @ TARMRES] k5.
MRt 4 LRI LA B LB 0TS 2 A A B A
EYY B FEIH. 77 LR R A CIIARIE I i O
ENELBENEL L oo TWVD.

S - BE ABEEITBIRIMALYE Tkm O ST AR & A
652. 5m D E E Y & HALEITK800mEfEAL 7=/ N I Ay )y
NTHMAT D, WAEORIZHIZRIIEL 2> TEH Y,
AEE LY BENELY THD TN D,

BFEE LA TAoHEHEY & oRBMRITTRE CHE S
o, MY, RSO TAIAIE LT 5.
BE #HAHToOREIZAI150m.

B OAREEE, BREREANATRECE ORI LY
T AGHIREE B2 5. ILLTEO T L EETRY 11
BRI TIIRERE LI ERN AL LTV 5.
FENTIE, B LTREA RRER2.3mm), A
B (R4 omm), HFWANA (BKERE2. 4mm),
BER (1.5mm), $LE2 54, ZORMIIZDIETS
b, ETCOERBEBANANEBILEE S TWDER, &
NP A MRIZET TR, fARiINA T e )T gy
7R, KB T A, S@AaNa, RERO

WA FITSICEENLTVS. ABEEDSIO&H &
IX71-T2Wt %, K,O0&H &iX2.2-2. AWt% TH 5.

FER @t HEXHMOREEOD LIy MDIE, T1£
l6kaddD 7 4 v ray « b7y ZERBEIRESIHLTHD
% (lu7c, 1999b). Z Ol EAL oK B KW HEREY) O
BEKERLD BAREICEHLS, BFELIEFEL TR,

6.5.3 KABAKEHEYH Mz)

EL EE - BJR (1985) @ DK KFEmSEREY ) 12
X 5. gt (1995) IEAKREHEREY) & Z AT S BE Nk
FHEREW & B o COKIBAIRHEREY) L WY, = N 1
~MZ X4 Lie. KIBARRAERYIL, == M
MHYT5, A BE (1994) OBR-E&ILT 7 T3,
Lot (1995) LA O /KVE K IEHEREY) & FEARMIZF U
HLDOTHD.

Wt BILRTKE O R RO R, 7272 L =BT
R OEE252 5 AT b FARGEIR O OBEBADIE D
DERIIA G ThHD.

N EBE RKARHEREY (= M) FECAL
BT 1= 2> & = B ET T 0 R TR WO KM IR W IC #2
L, HERTIZINOLO0MiE R LTS, A
FEMICLE D B PR (=== b1 - 1I) (&2 T
VEVB PSR 5> & BURHIIEE BE L2 22 T 0% 1 RO DL
ATOREHERD 28 © BB PIZRNTESh D, BE
DENO THUER ETIIEME L TWD. BT AR
EEICHS £ CIBBA T &, BB LN A o RSO
(T - AR, 1996) OZEEEN B LN ¥ o B
(5T - BB, 2000) OiEAs, TERIL] [0S i oo FR AT



BEHEREW) T 6 b 0 AR ST D (1o, 2003).
BFEFR AKRRHEREDITS < OHUS T TOLE 2 5
BIZEON, ZBITRFZREHR)INEWVO—ETIEEN
T IRSHER M A AT > T 5. 2 O HERMIX
JE AN RIR D L L B okt s s b o
THDIROHPMENTH Y, HERTITEK L. £
ARKIRHERS ) B OV% T K HERSE 1L, %3R5 2 VE IR
KIEHERE D FALITE £60~130cm D K (LK + % FF T
THELTWD.

BE BT o KIEHERY) O &K EEILK 100m.
B KBAEEWI TN 2=y b~ 3BT
Koy, KEME L TERERII V7 FoRagEA
PaETA Y4 hRAaEETe (1og, 1995).

2=y T (MWERTIEER) 1%, Ak EE LK
OFEEITRR - AR IO VA R & 2 < Gk
R THEWILIR OR: FHERED N & 72 B . RHEREY 2 51X
KEMOTFEDMHER TE T, KEKIBF DEY & HIl T
5. BEITERBED T40cmLl bk, 20km #E 5 O Hy
RTHHem ETh s, BEENIEE LG R
DWBCEER « KB, HER P IITEY RH L
XLIEEENDN, InbiEE REL TV,
2=y T (MWERTIEER) 1, ks z2 o
FA P A MR ORI LIS TR D72 5.
3R O ERNIIEIGA I BB X, ZOBEIEITHER
WHEF TImBL E, HEMRMEN TH16emTH S, &
B ORKBATHERMIFIT Tloem Ll L, S W E0
TAmMmLLFTH 5.

2=v b (Mz) X, BRI5cmLLFDOT A A Mg
FICEO KRR » S0, 2=y M OB THERE
WMEEEES . TSSO RE)IZE S 100maTE o
FEL72, WINC L DR E & BRI X D8
O, RARERHERY O FHBIZEEIc b Ty
%. BUE, Z OB OSAMITAEIRD S 6kmN T L7
ERRTE TV, H ARV OARHEREY) LR Em
EREFRLTEY, HREPEOFRE L EEZ{E-o T
W5, BT TIXEEEMOREE O KIWT T 2358 < A%
LTWBICbEnb 6T, GENDH T AERESH D
% < IIRELE RN TS, ZHE, R L7 ki
OBAORBORENL &L ERNP-T-ZEIZEDDT
H5HI . TIITH LEEMOIEERRIT, HEnREao
BV E T I X Ik OB W BLIR o & LE B~
KWWK S0, FfE 7 R AR5 i B P A 7
A% A b - BRI REREEARET A YA
FNOEEOH#ATZAET A A NOREENEEALTH
B AKRERHEREY A D THREISH LT Ny LT
BY, BB T BRI X5 Zeflmz a3 259
—UHHOFEL, WYCKILEZ O ILHIN T Z i E THER
LTV, F7o, BEHOSHNS AT, KiEEHEoE
HERIGIX R RNIARFTIBWICIR SN TR Y, MEkEEL F

DB CTofMT D2 &id ol b oA, KRN
HEJNARTZIOkmRERNL T2 35 &, HESHh
HRMOHERITIkmM 3R T, BZH2km?E Mz 5 Z
Lol ThAD.

BT CORKERAERED OGS 1L, BESE LR
FA (RKER2.8mm), A% (RKERF2.8mm), &
WARNAKOT I 7 PR RKER2 0mm),
B, BER (KKRKERL 3mm) 284, FORbITD
DIETH72L 725, EEANAELE I 7 b PRAIERE
—HE LTHETILORDD. B LT SR O
LRI TTAE-~NATaveTs v 7 liEEE-> T
L. AREHFOSIOFE A ®IZ6IWt %, K,05F Bk
1.8-2. Wt% TH 5.

FRK - e ARKHEREY O 8 P AN E & SRR
BB AFEMNIT45ka L E xBTS (1LoE, 2003).

6.5. 4 KBKEBWERD S N\—ILHEEY (Lm)
ARHEFEM LK KR K AL SR A LT 7 /N — L HE
B THD.

o - EE ARHEEDIL, REHISALEET o R
D HIELHT A 44 O AE 5290 ~300m 0 By 1 & # k3
L. AHREHOEERLSATLY TRO [E25) XiE
HNiZH 5.

BEBER THMEZ2 A EAICES

BE A ToREEIEK20m.

B AHEDIE, BEMHI S MNoRREEANE
TA YA MEEFBERNICEATZR LR, SRR
DOIMEELES . BB IR, 5 R SR TR -k
DIBFHEFF- TS, BORRKERITI0cmEIRTHS.
Koy % (5 D KBKEIEIR DT A YA NIRRT
LTEAEORFBIEEAET, BB LIEBAEO LD
DI, BB IIH IR U Y ORI oRIED T, Eee
DFEVEATRIECIRARM SR, i b7 7RRLHE
BAZFFO. WIENT A O IR REY Y El 0 T, HED
DEEH80cm DA EIC, E X5ecm CTHRAMEL 5cm
DKINEAZEGATZT T AEOR FHBLK LIRS B E
TEY, I = NAREOHMIIIEAIES) (ZRIER%E
Gie) ML TCWEZ &R M2 s (6. 5.

FER - HEEAICIE, KB KRHEREY & o dE
EHTHD.

6.5.5 #UAEE (Sz2)

wER miE - B (1985) @ MBILES] 12X 5.
B SIUETORE L SILTEICES T L BT
D AR TER IRV O FETE.

o BE ARRE BRI D DI ES16m DR
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(ABSTRACT)

OUTLINE

The Miyashita district is located on the intra—arc Aizu region (Fig. 1) of the southern Northeast Honshu arc.  The geology of this
district is characterized by voluminous Late Cenozoic volcanic products including four caldera complexes and two stratovolcanoes.
The Yanaizu-Nishiyama geothermal power station is working within the Middle Pleistocene Sunagohara caldera.  There is no active
fault in this district, but moderate earthquake swarms have occasionally occurred since 1821.

The district includes five major geologic units: (1) Early to Middle Miocene volcanic rocks; (2) Middle Miocene marine strata;
(3) Late Miocene to Pliocene extracaldera pyroclastic flow deposits with fluvial strata in the northeastern and southwestern parts; (4)
Late Miocene to Quatemary intracaldera volcanic formations and stratovolcanoes in the uplifted major central part; and (5) Middle
Pleistocene fluvial and colluvial deposits. The geology of the district is summarized in figures 2 and 3. The formations are
independently named in the northeastern and southwestern parts.

NEOGENE

Early to Middle Miocene volcanic rocks

The Kurakawa Formation is an Early Miocene nonmarine sequence composed of andesite lava and volcaniclastic rocks, rhyolite
volcaniclastic rocks and conglomerate.  This formation exits underground in the district and has been only found from the borehole
within the Nishiyama geothermal field.

The Higashiomata and Takizawagawa Formations are Early to Middle Miocene marine sequences of rhyolite lava and
volcaniclastic rocks with a minor amount of sandstone and mudstones.  Both formations are 1, 500 m thick and present in the eastern
and ccntral-western parts, respectively. The lava is composed of orthopyroxene—clinopyroxene—quartz rhyolite, hornblende—quartz
rhyolite, biotite—quartz rhyolite, and aphyric rhyolite; they form extrusive or shallow-intrusive lava dome clusters.  The rhyolite
volcaniclastic rocks consist of volcanic breccia, tuff breccia, lapilli tuff, vitric tuff, and volcanic sandstone.  Most of these rocks
contain abundant greenish meta-pumice fragments. Sandstone and mudstone are thickly (>300 m) deposited within the local
depression in the central part of the district; this strata is named as the Miyashita Mudstone Member.

Middle Miocene marine strata

The Ninosawa, Yuzuritoge, Shiotubo Formations conformably overlie succeeded in the northeastern part of the district, which is
located in the southwestern side of the Aizu intra—arc basin.  Conversely, the Fuzawa and Matsuzakatoge Formations are deposited in
the southwestern part of the district, which is located in the northern part of the Fuzawa intra—arc basin.

The Ninosawa Formation is a 15 to 13 Ma marine strata made up of lower andesite and upper rbyolite volcanic rocks.  This
formation is about 200 m in thickness.  The lower unit is composed of andesite lava flows and resedimented volcaniclastic rocks; these
volcanic rocks form a polygenetic volcanic edifice. The upper unit consists of parallel or low—-angle—cross bedded rhyolite volcanic
conglomerate and volcanic sandstone.  The Yuzuritoge Formation is a 13 to 10 Ma marine strata consisting of alternation of mudstone
and rhyolite volcaniclastic rocks.  This formation is about 150 m in thickness. The mudstone contains abundant volcanogenic
materials.  The rhyolite volcaniclastic rocks are massive pumice lapilli tuff, parallel-bedded pumiceous volcanic sandstone, and vitric
tuff. The Shiotubo Formation is a 10 to 9 Ma marine strata composed of conglomerate, sandstone, and siltstone. ~ These rocks contain
abundant resedimented volcanic materials of glassy rhyolite fragments, rounded pumice, and crystals. This formation is about 50m in
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Late Pleistocene-Holocene fluvial deposits

Jurassic-Cretaceous

Late Miocene-Middle Pleistocene pyroclastic " Fault

flow and fluvial deposits

Late Miocene-Middle Pleistocene /(‘ Caldera

caldera volcanoes

Fig. 1 ~ Simplified geologic map of the Aizu region.

Bn=Bandai Volcano, Ft=Futamatayama Volcano, Hw=Hiwada Caldera, Ir=Iriyamazawa Caldera, Jn=Jonoirizawa
Caldera, Nk=Nekoma Caldera, Nm=Numazawa Volcano, Nr=Narioka Caldera, Ns=Nasu Volcano, On=0Ono Caldera,
Sn=Sunagohara Caldera, Tk=Takagawa Caldera, Tn=Tonohetsuri Caldera, Uw=Uwaigusa Caldera. After Yamamoto
(1999a)

Pliocene-Holocene stratovolcanoes

thickness.

The Fuzawa Formation is a 15 to 10 Ma marine strata made up of lower rhyolite volcaniclastic rocks and upper mudstone.  This
formation is about 200 m in thickness.  The lower unit consists of pumice lapilli tuff, pumice conglomerate, pumiceous volcanic
sandstone, and vitric tuff. ~ The upper unit is hard mudstone interbedded with many thin rhyolite tuff and overlaps on the lower
volcanic unit.  The Matsuzakatoge Formation is a 10 to 9 Ma marine strata composed of lower basaltic volcaniclastic rocks and uppcr
conglomerate and sandstome.  This formation is about 150 m in thickness. The lower basalt unit is made up of phreatomagmatic
products and their resedimented debris.  The phreatomagmatic products are basalt lapillistone and lapilli tuff containing abundant
polyhedral-shaped scoria. ~ The upper conglomerate is reverse to normal graded and clast supported with crystal-rich sand matrix.
Also, the upper sandstone is parallel, trough—cross, or low-angle—cross bedded and medium to very—coarse grained.  Some parts of the
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upper sandstone are highly bioturbed and yield abundant marine molluscan fossils.

Late Miocene to Pliocene extracaldera pyroclastic flow deposits with fluvial strata

The Minami—aizu Formation in the southwestern part of the district rests unconformably on the Matsuzakatoge Formation.  This
formation is about 400 m in thickness and made up of the Odoshimazawa and Komadotoge Pyroclastic Flow Deposits with a minor
amount of fluvial sandstone and siltstone.  The Odoshimazawa Pyroclastic Flow Deposit consists of nonwelded quartz rhyolite pumice
lapilli tuff to tuff breccia and erupted at about 8.9 Ma. Its source caldera is unknown. The Komadotoge Pyroclastic Flow Deposit is
composed of welded hornblende—biotite—quartz rhyolite lapilli tuff and erupted from Okukinu caldera in the Nikko region at 7. 3 Ma.

The Fujitoge Formation in the northeastern part of the district unconformably covers the Middle Miocene marine strata.  This
formation is about 250 m in thickness and made up of the Yanaizu and Niitsuru Pyroclastic Flow Deposits with a minor amount of
fluvial conglomerate, sandstone, and siltstone. The Yanaizu Pyroclastic Flow Deposit consists of clinopyroxene—hornblende-quartz
dacite nonwelded pumice tuff breccia and erupted from Takagawa caldera (Fig. 1) in the Wakamatsu-Tajima-Inawashiro districts at
6.3-6.5 Ma. The Niitsuru Pyroclastic Flow Deposit is composed of the basal 15-m-thick pyroclastic surge unit and the upper 65-m-
thick massive pumice flow unit. ~ The pumice flow unit is mainly hornblende-orthopyroxene—clinopyroxene—-quartz dacite in the lower
part and biotite-quartz rhyolite in the upper part. The Niitsuru Pyroclastic Flow erupted from Uwaigusa caldera (Fig. 1) in the
Miyashita district at 4. 2-4. 1 Ma.

The izumi Formation in this district consists only of the Hotokezawa Pyroclastic Flow Deposit. ~ This deposit is made up of
mostly welded orthopyroxene—clinopyroxene—hornblende—quartz dacite lapilli tuff to tuff breccia and erupted from Hiwada caldera
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(Fig. 1) in the Wakamatsu-Tajima district at 2. 9Ma.

Late Miocene to Pliocene intracaldera volcanic formations and stratovolcanoes

The Iriyamazawa caldera is horizontally filling a polyhedral large caldera measuring 20 by 15 km, which is distributed from the
central part of the Miyashita district to the northern part of the Haryu district (Fig. 1).  The caldera-forming stage deposits are more
than 1, 000 m thick and consist of the Mishima Pyroclastic Flow Deposit and intercalated debris avalanche deposits.  The Mishima
Pyroclastic Flow Deposit is partly welded hornblende—quartz dacite lapilli tuff to tuff breccia and erupted at 7. 1 Ma.  The debris
avalanche deposits comprise massive breccia of volcanic rocks, mudstone, sandstone, and conglomerate derived from the Early to
Middle Miocene formations.  The post—caldera stage lacustrine deposits are made up of mainly of conglomerate, sandstone, and
parallel-laminated siltstone with a minor amount of breccia and felsic volcaniclastic rocks.  The post-caldcra stage volcanism was the
intrusion or extrusion of dacite and andesite lava domes. These lavas are orthopyroxene—clinopyroxene—hornblcnde—quartz dacite,
biotite-orthopyroxene—clinopyroxene—hornblende—quartz dacite, hornblende—quartz dacite, biotite-hornblende—quartz dacite and
orthopyroxene—clinopyroxene andesite. ~ The distribution of the lava domes shows a U-shaped alignment with about a 10-km diameter.

The Uwaigusa Formation is filling a circular medium caldera, 10 km in diameter, in the western part of the district. This
formation consists of the intracaldera Niitsuru Pyroclastic Flow Deposit and interbedded debris avalanche deposits.  The thickness of
the formation is more than 300 m, but there is no exposure of the base of the caldera fills.  The Niitsuru Pyroclastic Flow Deposit is
made up of nonwelded or weakly welded orthopyroxene—clinopyroxene—homblende-bearing biotite—quartz rhyolite lapilli tuff to tuff
breccia and erupted at 4. 2-4. 1 Ma.  The extracaldera pyroclastic flow deposit is in the Fujitoge Formation. The debris avalanche
deposits comprise massive breccia of volcanic rocks, mudstone, sandstone, and conglomerate derived from the Early to Middle
Miocene formations.

The Aizu-kaneyama Volcanic Rocks are Pliocene polygenetic volcanic products in the western part of the district. ~ This volcanic
rocks overlie unconformably on the Uwaigusa Formation.  The rocks are orthopyroxene—clinopyroxene andesite and orthopyroxene—
clinopyroxene—-hornblende—quartz dacite. ~They form thick lava flows and a minor amount of volcaniclastic rocks. K-Ar ages from the
lava flows are 3. 4 and 3. 2 Ma.

The Hakaseyama Volcanic Rocks are present in the southwestern part of the district and rest on the Pliocene Niitsuru and
Hotokezawa Pyroclastic Flow Deposits with a erosional contact.  The rocks consist of orthopyroxene—clinopyroxene basalt and basaltic



andesite lava flows and pyroclastic rocks with a minor amount of debris flow deposits.  These are the remnant of the stratovolcanic
edifice formed at 2. 8-2. 6 Ma.

QUATERNARY

Sunagohara caldera

The Sunagohara Formation is horizontally filling a polyhedral medium caldera, 6 by 4 km, in the northeastern part of the district
(Fig. 1).  This formation is composed of the lower unit, upper unit, Yunotake Lavas, and Kubota Pyroclastic Flow Deposits.  The
lower unit is made up mainly of biotite—quartz rhyolite lapilli tuff to vitric massive tuff. Based on the abundant borehole data, this unit
is filling a funnel-shaped subsurface central conduit, 2km in diameter. The extracaldera product of this volcano is the Sakasegawa
Pyroclastic Flow Deposit at 0. 29 Ma within the Todera Formation in the Wakamatsu and Kitakata districts (Fig. 3).  The upper unit is a
post-caldera stage lacustrine strata consisting of conglomerate, sandstone, and mudstone. The thickness of the upper unit is about 150
m. The Yunotake Lavas are biotite-hornblende—quartz rhyolite lava domes within the caldera. ~ The largest lava dome of Mt. Yunotake
has a maximum diameter of 2. 5 km.  The Kubota Pyroclastic Flow Deposit is the final product of the caldera at 0. 22 Ma.  This deposit
consists of nonwelded cummingtonite—bearing biotite—quartz rhyolite pumice lapilli tuff. ~ The thickness of the deposit is about 50 m.

Numazawa volcano

Numazawa volcano is an active volcano located in the western part of the district.  The products of this volcano are composed of
the cummingtonite-bearing hornblende—biotite-quartz rhyolite Shirifukitoge Pyroclastic Deposit corresponding to the Shibahara
Pyroclastic Fall Deposit at 110. ka, hornblende-biotite-quartz rhyolite Mukuresawa Lava at 70 ka, biotite-cummingtonite—hornblende—
quartz dacite Mizunuma Pyroclastic Flow Deposit at 45 ka, biotite-bearing orthopyroxene—clinopyroxene—hornblende—-quartz dacite
Sozan Lava at about 43 ka, biotite-bearing orthopyroxene—clinopyroxene—hornblende—quartz dacite Maeyama Lava and Numagozen
Pyroclastic Deposit at 20 ka, and clinopyroxene—bearing orthopyroxene—hornblende—quartz dacite and orthopyroxene—clinopyroxene—
hornblende andesite Numazawako Pyroclastic Flow Deposit at BC 3, 400.  The Numazawako caldera, 2 km in diameter, was formed by
the Numazawako pyroclastic eruption.

Middle Pleistocene fluvial amd colluvial deposits

There are many terrace deposits along the main Tadami River.  They are made up of lahar deposits generated by the pyroclastic
eruptions within the district and upstream region.  The lahars are derived from the Sunagohara-Kubota Pyroclastic Deposit at 0. 22 Ma,
Hiuchigatake—-Tagashira Pyroclastic Deposit at 0. 13 Ma, Numazawa-Mizunuma Pyroclastic Deposit at 45 ka, and Numazawa-
Numazawako Pyroclastic Deposit at BC 3, 400 (Fig. 3). The Late Pleistocene fluvial terrace deposits, made up of gravel and sand, are
scattered along the branches of the Tadami River. The piedmont slope and landslide deposits consists of unconsolidated debris from
gentle slopes around the mountains.  The alluvium is distinctly deposited along the arrow zones near all rivers.

ECONOMIC GEOLOGY

There are some closed mines of gold, silver, copper, lead, zinc, iron, sulfur, and pottery stone. These ore deposits were formed by
the late Cenozoic igneous activities, but their production was small.

The Yanaizu-Nishiyama geothermal power station within the Middle Pleistocene Sunagohara caldera has been generating at 65
MW of electricity since 1995.  The hydrothermal system of the station is strongly controlled by subvertical faults within the Miocene
Formation beneath the caldera fills. ~ The principal production zone occurs at a depth of 1. 0-2. 6 km along two northwest-trending open
fiactures in the southwestern part of the caldera.

There are many hot springs in the district. ~ The Nishiyama hot springs are made up of fifteen springs along the river within the
Sunagohara caldera with a maximum temperature of 96" C.  The Hayato, Numazawako, Numazawa, Kawaguchi, Hachimachi, and
Tamanashi hot springs are distributed around the Quaternary Numazawa volcano and Pliocene Uwaigusa caldera with a temperature of
41° t0 46 C. The Showa, Miyashita, Akatani hot sprmgs are located between two Quaternay volcanoes with a temperature of about
50" to 60 C.
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