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BE &KH50m.

B OAREIT, S WA D NENDRD. W - B b A RO A SR O B - AT - KA
R G B2 FF O M s K OMLRID A - AT - U v T VRIS B & R ORI 5 e OV L ME 3380 B



L. WeBWIX, 7 ABERBCE R OZ AL AR R RADORMA 72 EO KB EB L TN D,
LL, AEWMEBETELbOEARL, ATHAEMLIZLOTHD. ZALOREMIE, TFAIEOHE
EXRIEN B ST bDTHA D .

R HRHAHEOARRED b ITEE 2BEREILAOWRENH 5 RBERHAELES, 1983). Lol
AR BE Hlsk T3 ba D FE T e o T

FR - ¥ AEOFERIL, REEOBEHERE &R O AT 5, IR AR (10-9
Ma) LHEE STV (Uot, 1992a). F£72, ABIIEREE T ) KRR ORSIERE AbFAE2y, 1968)
IR ENB.

V. 7 T E SR (A)

S - W@E SEEIRTRIE R AT & S EE BEIT OB BRI S VRO RO RS BEAE
DTS, RSEEOENRE, RGN O& I3 5. AARO ST - Bl TH 5 (55 20
) .
BFER HEWE - —oOWRE - BREICEAT DS, —MOBRKITHEREICAES TEDNLD.
B - BRRER AOHEIAT, AEAREAARIIEN RS, —H OB RIS A RIE A TE
BENTVDA, FAOKLE L T 5 & ZEOREIEII . 2w HHT O E )R R T i
DENRIT, B2E O RBIEEE OWREUE ks ZEHE S ETWD . EIROIEITEn TH 5.

520 AT B A S (A) 0 B AT OfRD T k%Y



21X fHdFHoTLABEAEB)DEMEER(GS] R 58264)
Pl=f&% : Cox=HfEE THKR-7—

R AN A 2215 (GS] R 58264 ; 5521 )
PEME : RIBERSHE s AT ESF
PEIR - A,
BT OB - BEAIEAHR A (< 2. 2mm) - HANES (< 1. 3mm) « £78EA (< 1. 5mm) « 8585 (< 0. 4mm) 205
72 5. HBERARREAE L. RO T AN O IGEZ R0, 5 2 OREAH Y. A
HIIA v 4 —r T =7 —lkE D, REA - BAEA - SR - S bk .

FR - wWE AKEEOZE, TN EEEORET DL _oORBOZEOEGERTH -T2 EZ D
nd. L, REEHO—MIGERBICHLEAL TR, RUEOHRHHEIEREV. HLUL A TRO%R
FENRA 1310, 1-10. 5 Ma DK - Ar FRMHEAERE ST 5 (Tsunakawa et al., 1983 ; FUETIX
AEITWBCE o TV D) . I ORISR L EPEE OB ORFRICIZIE KT 5.

E



V. B Et-fEEr o v 7 ok LEE

(HI7E#/K)

V.1 AR JEdrD)

WEZ  Loc(1992a) EERE LT ALRE]IC LS. JEFIEN (1968) O ALREPCA & Zh a2 A
28D FHEIEICIZIEMY T 5.

B EEIRKREE =BT RN BRI 5 E I 2 3 A LR (BT = R ) XIS RO N)

S - ME AMOREEILHNOE 20 X 15kn ORB B LT T %, FIFAECHEBE LTS, AXIE
HUsENICIX, TVT T OFRRDBMEMTH P DIREIC LA L2 (4 [X) .

BFEE HEEECT Ny b5,

BE WEEIE T KEHSANORETIT 1, 000m 282 5 (GlES, 1970).

B8 AT TRAMO el KRR IZI9EFE 72\ LIFRRS ©, SRR O O LR S & 0 72
5. ZOKREIZ200km® LLETH L. HEMTORES R OEH RITHIc Ly RESEBL, ARIE
) PR HE CIIE S 72 TSN HERR L HRA2 T 5. RS RIRIRCE - TRECE KitEs « LA KILEEEE S
NCY TR

SRR Il KRHERY (GS] R 57404)

AL AT A VA DKL .

PEH : A RETMIEMT KA I RS 5 800m OIR (FERE 5 T [XIE sk y) .

BT ORC: AR (<2, 3mm) » FHIE(< 1. 5nm) - APIA (< 1. 6nm) « BFHL(< 0. 2mm) « BT R )7 - S
THANDRS. FHCIHOL—FF 2T 1 v 7 AT L, EPHT T AU 2= <
W5, BEE & UTEBIRKCS - BICE 20 mE T, KILKT T A L APIAO—ER, FReA
WCERINTND.

E— AR : A= 2. 1%, RHEf=13.3% WHEESY=1.0% FHE=83.6%.

F8-wl  Irl KETEHERY (GS] R 57404) 7513 7.1 £1.0Ma O F THEMERHRESN TS
(liot, 1992a). ARBIIEEREICI LIS,

V. 2 & )il B(Tkl, Tkd, Tkl, Tk2, Tkv, Tki)
HEL (Lot (1991b) BNEEEL-MENENICE D, $ARIFHN(1972), BERIZH(1974) OE)IE L B

HEEGDELZLOITHYE TS,
R wRRSHE R ORI Ry



S - WE AHOBHEILHNORE 16 X 10kn O ROV AT 5 2 IFIFAFITHIAE L TV 5D (54
) .

BFEER Ya7- AR -BIE- HEREBICT Ny 5.

BE TRIIFAHTHDNR, HMERICELT DR TR700m OFEEF.

B AEL, AT IO Tkl KRGHERE (TkL) « SR EAHER (Tkd) &, BAINLT T
WOWRHER (Tk1) » Tk2 KWGHER (Tk2) « LIS Kl KOS (Tkv) « BAEA (Tki) CHERL
Inb.

HANT TR O Tkl KReFRHEREY & B8 72 IR T BUEBIL T 2 i FALofRm ch 5. M
FIXHERBRICH Y, KRHERDII VT 7 ORANCI > TREL 2%, EOMESIIIINT F D
PRI IRE STV DA, MTFICIEFRZREMREEL TV D Eliffan s, MRICEHT 2 Tkl Kk
PR TR B L TR Y, BWHE TR ben LFOAEET 25 % A L TW5. BB RIENHERY
IEANT TEREQ AR RDE NG 5 ABEE T, SHME Zhixalr~ MY v 7 25725 (LG,
1991b). LA, BEHAICIRWC, SN L R MBS L L TRETE D, FICRKFBOFRL Y 7 =
VA, FERPIRCE, RGO R IR FRIE OFEHCE O X 5 I Tk oA fIc kT 554, &
SRAR LS8 72 Tt CPH E AL 30em LT O S AT O A B TR S LT 2 (B 22 X)) . ks
R OB R Z < /NS L, HIUAE TR CIIHIA R 72 22 O NG 2SR bR E ST B (35 22
). ~ FU v 2L, EMAOM A DB R - iR OREY T, B CIIIRE SR ORIL
OENAHLE & LTRETE D, HRDONB TIHBSEMIILT L b TR, HEDEENR
FIICIREE LT 0, R 0 Rde DRI AS D < BREIRMEE DR LI A G e~ + Y v 7 ZM b LIEL
ERO O S, ST CHIARAOEIR AHELE ORE N DA - AR - ARG - BAES O B ISR SR
WEEN, INBIHERT D KAEHREH RO b0 L IE L TV D,

BHNVT T YOWKHEREDIL, S en- Ko TIEDS L <X - EREHEEORE Loibs - B &
YA E T ATERDOREZE L2V MEOHEEN G5 (B 23 K) . ZDEEIE 100-250m T, F
NT T OIMNZETEN. BEHOIZE A EIFEEAICHR L TWE R, M, BEEAMAEEO L5k
DR KRINE B PAE L TS, i - BEEOHBOZ X TRBEHI VAT, L MEOF
RHRREEZBATND. £, BB EL, Mk - PR OREE2FObORE .

Tk2 KARFHERED 1L, R CHVBE AR A KIS 1 D72 0, 7 r—a=y MERURIEE A E38
DO (FE24 X -1) . EIEITK200m TH D, HRWITILER 2RE aEAICZ L, EHITTL
NWERTNKIUA T AJ - BER OB 5. HEFREW O LTI, B A K LRI A E O B+
(Z, TAYA NRMBRHER IR A - VL MEOEBL (B 10m) B EELICEER TN
(BB24 M -2). YV NEERO—HIITBEEAREZ T2 bORRnWiZEh, ZoBFBRRE/FRET
KRR IAENT 2 EERBELTNS.

I OO A KA S OVR L, BHERE L7 K & BRSO LVIEE» B2 5. BIE
DHFEHNT Z OFERICRL TR Y, RS H R RE) KIEHISNIC oM 5. ARIEH RN
RIS KRG DMENZ AT 2ImE . BIRITEAT LR TL0m B TH L. K ITE S5
n DHBEEZED, WIKNELS, Hib A XOEEHRICHEO RWREKRE In REORZ IS#EZ X612



2200 SINBANT I RGBTSR Y(Tkd)
CHPARNLEINORIINIK 108 % 7S R SRR AT DB D WG S & /47 L 72 Mo
MEGTRAE A2 QUK LIORRARE (T LY v 7 ZH) THR SRS, 2 KRN
BN MR O B0 5% 20 BRGSO ZRET (S w

— 39 —



%23 I N T 5 B W R (TKI)
SEERTENERT 4km ORI RS - ERLEB L H WK ROME - b8 & PAT
EBRPRFOVNVIEDHEB»LE B

BEATNE.

BANT THOBENGE, TA VA FOBIR - EITEA LB F— AR ORI - LRAEERN S
5. BATBA LRSS F—21%, —#HBME LRV 7 2AEoam&Ei b, nFEORS (R
HERE) ICE L WA T Rl R 52 T 5 (BB 25 X)) . F7z, ZHOOBEAERIIANT THE(T Xy K
) QW 1-2km IZTR > TERARELFI L TR Y, RIETHWMAUIR > THALIZZ EEZRRLTWD (1L
JE, 1991b).

BARE Tkl AR TEANET AR T A A NET, T2 KFMRHERIIZARIR T A 3
A METHB. BANT TMOWEE LKA, RTEREANERT A )1 b - AT A VA k-
AT EAE A 2L - AN A KRN DD,

Tk1 KWAHEREY (GS] R 56957)

B WANEAAPIAT A A MEREREIK S .



B 24 BB NT I HOTK 2 KERFHERP(TkK 2)
SEFRHHERS 5.5 km ORI LM (CRIBKER) 1L AKREERDO d-L®IEIRE
BOHBTBRAKUBEKE» 5%, 7o—a=y MERERD OV, 2. EERICA S
NDWH - 20 PEERPREENE Bo5mLlb) BEEAE) ZEA KBRS



EBR EEF—L0FBE AL DEEEZITENE OB BHEEY(Tk)
SEARTHEREE 800 m

PEHE : HAE AT &) AL Thm DR,

BE T ORH : AHRA (< 2. 0mm) « A5 (< 4. 3mm) « APIA (< 1. 2mm) » HLADE A (< 0. 5mm) + #5895 (< 0.
o)+ HT A FEEINDRD. =2 X TT 4 v AR, T AMUIEH 2521
TS, BB IR « 2« ARV 7 2 VAT D . —E ORISR | i X
ATV DEN, fllldksBehfifTcds.

E— FHRL : A= 14. 0%, FHEA=20.6%, EEEHY= 1.8%, B = 63.5%.

Tk2 KA HEREH) (GS] R 58265)
SR ARG T A A N KL EER .
FEHE « S EE AT R U7 Skm o R R HEES (RE S TR 78 ) (XIE HI )
BET O : AHEA (< 1. 5mm) » A5 (< 2. 0mm) - APIA (< 0. 4mm) » $REE(< 0. 2mm) « BT Af - A
BHRDPORD. E 0T TAT 4 v 7 ilkEFo. REAN TR S - ZRILHETH D,
E— N : 3= 5.6%, FHEF=6.9% EEEHM=0.3% HE=8T. 3%.

RHT A AN A 2215 (GS] R 58266 ; 5526 [X)
PEM  S3HEERATH ) 1 T 6km o0 B 1 1378350 (R SEBA 1= 70 ) I itk Py )
BER : th VT T WO B S.
BET ORH : BERIIRER (< 2. 6mm) « HANEA (< 1. 2mm) « AR (< 2. 2mm) « $§5(< 0. 5mm) 7>
Bre s, EBRRMRENE L. I OREGIXEEECROBMEE 250, fiEEA v 7 —
- F VM EFED, RIEA - BADES - RS - 8L - T ANBRD.

AT BAEA 2 IE (GS] R 58267 ;5 5527 X))
PEH « S A T ) B R 6km OB 1 L3 (R SRR TR 13 ) I sl py)



PEWR - AN T T B DL E KE T O

LT ORI : BERITRIEOREA (< 4. 6mm) + £158 (< 4. 5mm) » RGBT (< 2. 0mm) - AR (< 1.0
mm) « $RIE (< 0. 4mm) A 572 5. ERAREA LA O 22 2 EBERMMR A FF>. B CIFE
THREAOERMT, GEFFCRORMEZ . ARIIME T, MRE2ZT T05. AT
vE—F—Z ViR ERD, BHRA - BAEG - RITHEA - B T ANLRD.

E2H =NBRANLTIHRIEES

AEE(Th)DEREEHETR(GS] R 58266)
Pl=#t&fh ; Cpx=HEHEHL | Opx=#RHBHE FTHFR—7-—

E2TH BNBRA LTI WS DORIE SR (Thy)DFBEEGEGS] R 58267)
Qz=Hh%; PI=#&A ; Cox=HEHESL | Opx=R1H THE-7 -



BTG EAE LT A 91 h(GS] R 58268 ; #4528 X))
PEMY » SHEERATH AR
FEWR : B NVT TOEITEN LTS R— A,
ST OR  BERITVBOFES (<2, 4mm) « AHE(< 1. 6mm) « HAWES (< 1. 4mm) - #HHEL (< 1.6
mm) & EEOFGE (< 0. dmm) « DU nbRS,. —IOFEAITEBRRIEE A LTS, 1
B T, @B E 2T TV A A ORI HEgIcER SN TV D, AT T 2AE T,
N=UTF 4y JERNHEBEELTWS.

HADEA XA (GS] R 58269)
PEME : SEEEAAT )BT dkm ORI EBEES.
PSR - BT T HIOER.
BT OB FEHRE T D ROFELS (< 2. 2mm) - HAMES (< 1. Onm) BEGRZ Fo. RIS v 7 —
PV A FED, RHEA (< 0.5mm) - HAHEA - $KE - T ANnD D, T T RTHEED
B L CEBEINTND.

bB #“HAT THOMEED O S E R 2 EHT 5. Z ORISR ARIEN (1972) ICRE S h
T3,

FR -/ T k1 KFRAEREY (GST R 56957) 725H1%6.3 £0.4Ma OF THESRE SN TV,
REIRTE D F 53 KIRHER I A D LT Z IR E B2 B TW5 (LTS, 1992a).

V. 3 ¥ f1 @ & (Hwl, Hwd, Hwl, Hwt, Hwr)

R (L0 (1992a) DEFIHEEIIC L 5. $AKIEN (1972) OBIE TS MAEE, HmIE)»(1974)

828 BNRZRANT T A A MERMBEAS(TK)DSEBEREE(GS] R 58268)
Qz=%% ; PI=fl1&% ; Cpx=HfEn THE-5—



DREBO—EE ZNEES ZMRIRE, /& (1982) OBEEEOF LS & a8 5 BIEE R AR
R EE IS 5.

W A5 R OE AR ) TR A3 0 BRI 1 I
S - W& AMEHRLHANOR 18 X 10kn D RO A NVT Z HHEIT 5. AL IRER F— 204k
B Lot A Re D, Zodel, MM cF LWEMAED NS,

BEBER HERWEICT Ny M5,

BE HMRICEHT LR TL,500m 25,

B BT THEIOHy] KA (Hvl) - BB 2R (Hvd) &, %L 7 78
O RHEREY (Hwl) « BAEH (Hwt, Hwr) THES NS,

AT T THI O vl KETHERSY) & B8 72 N HERE X, ARTE D8 N A OHEREY) © W& 13 H 22 B
RiZH D, ZOEIT1650kn® L EThH S, Hwl KFGRHERI ITIRERE T, KBV X HE L2720,
B IR I HERE T, SR ORI P B A R A B - TACE « KRGH - A O AN D
720, BIEObLO(Tkd) & RAERWEORREOZ LWERME Zna@ie~ b v 7 AHMBRD i
D, FT, BERENHEREDIL, LT T OB EEICRAWEEND.

BANT T HOWRRHEREYIL, S en—$n TES U 30 - EAREEORE L - s L
MY LB ATERORE LV NEOEREN GRS, TOREIXRAKTImMEETHD.
DI E A EFIEEICHR L TV D. i - BEEOREOL T TFAEAEHI D AL, v MEDIRE

E20R RAMEBLS VT Z AR b —F 0V E(Hwt)
KIBEIEEHETRN MR THED P —F LA a2 fRka - AROBEBEGEATR
K =FE (AR FEBRICECTO 2 (HAEIRF 2 —7 THRIR-TWw3)



FHREBEAZ S ATND. Fio, BESITIRRSELS, M- PR OEEEZRSOLOR L.
BANT T MBS, MR N —F V8 (Hwt) & Zha B < Ghcs - PIkEES - 16 PIREEE (Hwr)
MBS, VA, MRICHE AR &, M TIHER AR ORRA - AXOER (< 6mm) &
BUESRH Y, BEPHEEMRICENTND GE29K) . Z< OB AEITRIAFA - FeR - U
A b RBESEODRRBD B, BEREZELW. £, —HOAAFERICH I EL TS,
ERREE Hvl KPSRHERIL, RUaEfEaAlNaT 94 NETHD. £, BILTIH
BAEEIE, BENAND F—T s - BERANGPREES - BERLRPRIES - MECE» 525,
Hwl KRGHEREY (GS] R 57402)
B ROTEA A A A PIA T A A MR
BEHI © RVARB 23 FHT SR 1, 800m DR,
BT O AEA (<L Tom) » 5 (< 4. 2om) - APA (< 2. 2mm) - AN A (< 0. 8mm) - S7HEA
(< 0. 8mm) « FKHL(< 0. 6mm) « W T Zfy « BEEFAPORD. 2—=FF T 4 v 7 flfkz R
L, U7 AT T AMUEM & 20T T2 ) DM 18D > T b BB R ITEERACS

CEERETH D, 1T E AL OREA L ARG DO—ERD, RGO EFNAAICERINL TV,
B NRLAR - FA3E=12. 0%, BIEA=26.2%, EHEIM=9.3% FHE=52.5%.

AR RERAPIA N —T L (GS] R 57403 ; 4530 X)
PEH : I RR 2 s F AT R4
EER: R NT T BN,
BETFORM : AERA (< 1. 5mm) - H(<2.2mm) - AV EA - ANA (<2, Tom) - BER(<O0. 8nm) -

FI0XM BRMEBHRA LT 7O b —F L EHWOOFEBSETRGS] R 57403)
Qz=%A% | PI=ft&% ; Hb=ANE ; Bt=8Z] TFTHX-7—



BREL (< 0. 4mm) 2B 5. REAIZAE -FAREOEEREMREREEL L, HEEER-
FHEES (<4 0mm) 25, ANAERERIIBEET, ARV REAFMEE LT, BRE
BEO—EARIEAL L, BRVAR - TRARPENTN S

BRI PR (GS] R 58270)
PEHE : REER H ) AT RALR.
BEIR : BT T WIE A,
S5 ORA  BESRIIAHE A (< 6. 0mm) »+ A 35 (< 6. 3mm) « BERE(< 1. 8mm) « $H5(< 0. 5mm) " H7R 5.
—IBOREAITEILRR A S . ARITRENE L. AT T ) 7o vy 7 kA R
b, fig - fER- DY EA - BERNGRDS. BEFO-ERREALL, REAO—HE
YUY A MELTWD.

R %AONT 7 HOMRHER D H IR OREY A % FEH L7-. Rhus protoambingua Suzuki, Cladras-
tis aniensis Fuzioka, Ostrya cfr. aizuana Suzuki, Berchemia miofloribunda Hu and Chaney (R L =
$25 ;GSJ F 13930-13933).

4 - . Hwl KEEHER (GS] R 57402) 22513 2. 64 +0. 20 Ma DK- Ar FRE2, b—J L
%5 (GS] R 57403) A>51%£3.5 £ 0.5 Ma DK- Ar FEfUEAHE S TW5 (IUog, 1992a). 72721, fEH
AR HREFEOMITHERER L FEL, SEAROREL RS, ALE5Z 2BEICTER.
RIED Tzl KRRHERIIAI LT ZRIETHD L EZ LTV (5T, 1992a).

VI B30 b i oh 440 BT IR T ) 1] B Ok At HERE 4

(=3
VI. 1 i % 8 F))

WEL $A (1951, 1964), $iAk - #HH(1956), #aARIZN (1968, 1972, 1977a) OIFRIFEIZ XD,

B S RV ARG O ETE 49 SRR (AL TE BT BRI (X8 gk )

S - WE AR TEOEEE) T T 5. RIS T, AL E RO D0
A RE L T D, 7ok, iz CIaBlifEiE A RE L TR Y, A IEmibEm CaMmlEa LT
W5,

BRFEGFE BT CIT TRLOBE 2 B A0 E 5 A3, AN Ml C 3B 202 &1l 2 F¢ > T TAZ
B AR RESITE S .

BE W) TRAN240m TH D.

Bl KEIZEOTA VA b - FEUE KRR & BEE - B - SOV NEOAREN D225 (531
BJ) . MU O KILKEEEIZ, Fj4 KRDO 77 0y R —VHERM TH 5.
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Fj2 KRG IR A AN A 7 1 4 NE T, £ 30em L FOBRAIZE AR, FERED
BERABEE D2 5. RANEEITN2m TH 5. 7u—a=y MEFRIITRHEE T, B A1 TRRD
bha. #EYO EHIFREINTEY, Ty vaZ 7y REEMIEEED bRV, £2, HEHO T
RN R R 2 /T S TARY e A il

F i3 KPR AR A A 51 A NE T, 2 15em LT OBLICE AR, AR Okt
RS NS 72 5. RRBIEIZN60n THD. En-6n)E07n—a=y NRROOLND. FEELHRIC
I A 31 T3\, HERE O _EENFARABULZAE LW G 32 ) . E7z, HERO TALH O BT K
WI R NS e o T

Fj4 KFEFHREIE, R P07 T vy R —DHER M) JBIE 15m LLT) & ZNEE D KA
KIBIE 65m) 205705, AT 15em LT OBEICE ALK, HEFEEOBEKABE» LD, KIE
TEBIZA PG EG AR E T A o MRS, BEIIRERGRCEREAICER. To—a=y ME
REARARETHD. 770y Ry—UHEMIE, WRE L7207 A8 T A A P OMRIEIRE NS0,
KINEAICER (33K . 7 a— R - FATEE - 3 - ERUBERARE L, ik a e o
HEFE SN L 2R L TWD. HEMO LEIREISNATEY, 7y a2 77 FEEDITRD b
RN,

AJEOW)IHERIE, T 7 RRIAS BB A R ORRL — PRI « U v TV T LTI B A R o ARL
Wih - v ME - SRSV ME - TATBELZ R ORI B OBER U Y HRbs - Sk T 7 ) r—v s

B2 B ()0 KBy
FEIENERTE R AR EBILE 2 RA T, JIEHO Fi 3 KRR Fi 4 XKBHRED
75 v K — VAR D



VOB ERE KRR OBE N B S SR FAETTIE, VA RALIZLIZEENRS.
ARRE Fj2 KPR (GS] R 58271)
B R EEEG T A YA BRI AR
PEH : R VARBIHERT R IR,
BETORE : BAHEA (< 2. 2mm) - AP (< 1. 5mm) + FAMEA (< 0. 6mm) « RGHEA (< 0. 8mm) « #:85 (<
0.4mm) » T Af « BRESER NSRS, E Ry I 27 0 v 7k rd. RESERIIEE R

FI3H W Fi4 KBREEN 75 7 v By — ViR
KiIBEFEEAT SRR T O8I 1 AREREIE, 10-30 cm JE T - EARILBH 2 o KL
BIKEE, 72— vRBEER 77 VERKRE» 5% (BBEIZF 3 — 27 THIR-TW3),
2. RHERh O KILE A



BOE - BEEIRETHD. BETCTOREITRD LA,
F— NHLAL : A= 8.5%, FHEA=19.2%, EEEESMH=1.1% LE=T71.4%.

F j3 KAGEHEREY) (GS] R 56954)
A4 HADEG AT A A N K LSRR
PEHE : TR RBIIEIT R R
BETOR : BAHEA (< 2. 0mm) + A2 (< 1. 8mm) + APIA (< 0. Tmm) - HADE A (< 0. 6mm) « #5895 (< 0.
omm) « HITAS  REHRF MDD, EhuY T AT 0y VM AR, RES A IIEE
R« ZlE - AV 72V AThD. BEFTOEEIERD BNR.
E— FAAL : A= 2.8%, RHEAf=6.9% EEEHY= 1. 1% B = 89.2%.

Fj4 KiiRHtfgs (GSJ R 56953)
AL BERRRCA KRB
FEM « RIVARRHTERFIE 2 IR
BET O - REA(<3.5mm) « A5 (< 4. 2mm) - BER (< 1. 5mm) » $RIL(< 0. 4mm) « H T Af - R
BERDPORD. ©huy I AT 1y 7 k&R T, RS R ITEERIRE - 2 - Ry
Tz VATHD. BEFCTCOEHEITRD HLie.
— MR - A= 14. 8%, FEA=11.9%, WHEKEHY=1.8%, HEE=T1.5%.

R BEREMAEZENT D, ZOFMITEARIZAN(1972) [ZRHENL TV D

FR - B T4 AFGRHER (GST R 56954) 751k 4. 1 +0. 3 Ma OFTHER, T j3 KFRitHER:
M(GS] R 56953) 7512 6.5 + 0.6 Ma O F THRRMEAHE STV 5 (5T, 1992a). £z, KREKT
HOT j1 KGR LT B8R XIS M) 235128, 9 = 0. 8 Ma O FTAEMMEAHE SN T\ 5
(l7g, 1992a). ENEORSHERME S BET 2 &, ABOERITEYITHTH - AT (9-3 Ma) &H|
Wrex s, REE, ALREROEIBICRHESN S, FRT, Fj3 KRR oREIZ&N 0T 7, Fjdk
WROARWINT EHEI LT Z L E 2 B TWD (U, 1992a).

VI. 2 Fn SR &Iz, 1z 1)

WER HAK(1951, 1964), $KIEA (1972, 1973, 1977a) DIFUREIIZ L D
Wy EEEMBEISER FITFRO I (AERET 22 07 ) XiE s e) .

S - BE AHVEG OB TE) T 5. EEBIMECTHE, Mz REop 50
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B AEII - REYEZ LT 5 (NN &, Nnl KESFEHER (Nnl) 2 ONN2 « Nnd KR
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F8 -t KR L O T2 KRR QLB =% 07 ) BIEHIERP) 22 5130. 29 + 0. 03 Ma @
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FH2 3% (M anabe, 1980). L7iSo CAEOEMRITTTHHTHS. ks, ARIIEMKNE T Mg
ORI CNE, 1978 5 $iRI1EA>, 1986b) ITHflbEh 2.
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0 BN OB EHERIMICH Y T2 b OB EENTND EEZBND. XEHIEFE LT O IRV ORT
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CHIC R SN LB bR, LHICEREDBRETHD.

VIL 2 Hid ) HERE (1s)

BRI 0D LT < 0 12 X o TR S MBRHE AT 5. TS OREREIL, £ 0k
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BB - BLH - BRSO PRS2 80 LB S - LIC kY, HVERICRZER B
BRL, RAELELOLMRTE 5. /-, RIEHKIEALIO IR EFCE, MR O ER S
(T21 KFR) A FEAF THT R0 22 LIk, AL OBAHEICH O™ E Y & BANTEAT
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ERVEEZ LIS, WERTEAN L

VIL 3 SN OSHAFEHERED) (ta)
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VIL 4 R (B X TIEE )
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AR B M3 VLB P KR e P 0 KRBt — DVHERE &, 258 D B T AR O BB ST 5
(ALK . ATEIIHER 700m LAT O Mg i FICHE< 04 L, 538 1 I s 4 1k o At i & B
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WoT, EHMOHERMD S b, BRAMKT 2 b OEMEEICE DR,

WEM TR O 9 B, AHOBIDIZHEET D FHIRMEREY (af) 285K LR LIZ, Rkt
P I RHAH O R OBOOEIC K < FEE L, PERER O FTEBFRIR TIT PR - K5 72 5 FidE & B
EAIENE 10en fEICAIE L, LEICBREKRHEREY OB TRAE Z ATV 2 ORBR Sk,
BT IR ORI 2B 9 2 MR, LR AR, WRRMIMEREY, BRI R & b5 &
FEALNDD, HRMZERE CHRB TIRWIOMEK TII—E L. UL, HERLIRFESAT
W DHUEICOWTIE, 2542 MOMBATEMI R Le L S0, FIROME & BIRKE L E2x b
HEOAHTEAILWEIFICERD 5D, /INE (1972) [EARRINEHUE O W E O SLEIREE 2 ALE o B2 1A
THRAAKI 116m & L7223, BIEJI OB S O A OFRICITHE = R1T\IH L kY, AMifEkzo
TEWTE OB AZBE L TH ZOWEITZEA LN, LR o TUNEARIEE & L7 T A mE
DEROHERMITHE T LD EENLLBZZHND.
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AR B MU TS A MO TG TSI IERE S RET 5. W oG b A2 S5m0
ENLERLTERY, AMOBHRICKESEELIZEEZHNLA, EROEHIEIZAMOBFRID DI L
EELY, SoICmHBEOTHE] KR E Tl T 5.
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OF THE

WAKAMATSU DISTRICT

By
Takahiro YAMAMOTO and Toshikazu YOSHIOKA

(Written in 1992)

ABSTRACT

OUTLINE

The Wakamatsu district is located on the southern part of the Aizu Basin behind the
Northeast Honshu volcanic front. This district is characterized by the voluminous Late Cenozoic
volcanic products and the active reverse faults cutting the eastern and western margins of the
basin.

The district includes parts of five major geologic units: (1) Jurassic to Cretaceous rocks; (2)
Early to Middle Miocene volcanic and sedimentary rocks; (3) Late Miocene to Pliocene caldera
volcanoes; (4) Late Miocene to Middle Pleistocene fluvial and pyroclastic flow deposits; (5)
Middle Pleistocene to Holocene terrace and alluvial deposits. The geology of the district is
summarized in Table 1.

JURASSIC AND CRETACEOUS

The Jurassic to Cretaceous Oto Formation and the Late Cretaceous plutonic rocks are exposed
in the southeastern part of the district.

The Oto Formation is very thick marine strata made up mainly of thick-bedded normal-graded
sandstone, finely parallel-bedded fine-grained sandstone, and massive thick mudstone with



minor amounts of bedded chert. This formation makes the part of the Ashio accretionary
sediments complex.
The plutonic rocks are fine- to medium-grained biotite-hornblende granodiorite. These rocks

intruded into the Oto Formation with a contact metamorphic effect.

NEOGENE AND QUATERNARY

Early to Middle Miocene volcanic and sedimentary rocks

The Kurakawa Formation is an Early Miocene nonmarine sequence composed mainly of thick

andesite lava flows and volcaniclastic rocks. This formation is 500 to 600m thick and rests

Table 1 Summary of geology in the Wakamatsu district.
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unconformably upon the Jurassic to Cretaceous rocks.

The Higashiomata Formation is an Early to Middle Miocene marine sequence of rhyolite
volcanics with minor amount of basalt volcaniclastic rocks and non-volcanic sandstone and
siltstone. The igneous activity of this formation is characterized by rhyolite and basalt
monogenic volcanism and northwest- southeast trending parallel dike swarms. Extrusive or
shallow intrusive rhyolite lava domes were commonly formed at many eruptive centers, and their
volcaniclastic debris were thickly deposited around the eruptive centers as sediment gravity
flows. This formation is 1,500m thick and rests conformably upon the Kurakawa Formation.

The Ninosawa Formation is a Middle Miocene marine sequence composed of andesite lava
flows and volecaniclastic rocks, rhyolite volcaniclastic rocks, and alternating sandstone and
siltstone in ascending order. Andesite and rhyolite volcanics formed submarine highs in places,
and their volcaniclastic debris thin out from the eruptive centers. Sandstone is mostly bioturbed
and massive. This formation is 200m and rests conformably upon the Higashiomata Formation.

The Yuzuritoge Formation is a Middle Miocene marine sequence composed of alternating
massive siltstone and rhyolite volcaniclastic rocks, and is 150m thick. It rests conformably upon
the Ninosawa Formation.

The Shiotsubo Formation is a Middle Miocene marine sequence composed of reverse to
normal graded conglomerate, parallel- or low-angle cross-bedded conglomerate and coarse-
grained sandstone, and parallel- or ripple-laminated fine-gained sandstone and siltstone. It is
50m thick and rests conformably upon the Yuzuritoge Formation.

Late Miocene to Pliocene caldera volcanoes

The Iriyamazawa Formation is filling a quadrangular large caldera measuring 20 by 15km,
whose eastern margin is located in the western part of this district. The intracaldera Irl
pyroclastic flow deposit is hornblende dacitic and was formed at about 7.1Ma.

The Takagawa Formation is filling an elliptical large caldera measuring 15 by 10km, which is
located in the eastern part of this district. The caldera-forming stage deposits consists of the Tkl
pyroclastic flow deposit, which is clinopyroxene-hornblende dacitic, and intercalated debris
avalanche deposits comprising breccia of basement rocks. It is > 100km? volume and was
formed at about 6.3-6.5Ma. The post—caldera stage deposits, which rests on the caldera—forming
stage deposits without significant erosion, consists of caldera-lake sediments, the Tk2 pyroclastic
flow deposit, andesite lava flows and resedimented volcaniclastic rocks in ascending order; the
volcanism of this stage is characterized by discontinuous ring of intrusive lava domes and dikes.

The Hiwada Formation is filling an elliptical large caldera measuring 18 by 10km, which is
located in the southwestern part of this district. The caldera—forming stage deposits consists of
the Hwl pyroclastic flow deposit, which is orthopyroxene—clinopyroxene—hornblende dacitic, and
intercalated debris avalanche deposits. It is > 150km?® volume and was formed at about 2.6
-2.9Ma. The post—caldera stage deposits consists of caldera-lake sediments which is 350m thick.
And the post—caldera stage plutonic rocks, which is fine-grained biotite-hornblende tonalite, and
dikes intruded in the western part of this caldera; resurgent updoming is strongly developed.

Late Miocene to Middle Pleistocene fluvial and pyroclastic flow deposits

The Fujitoge Formation is a Late Miocene to Early Pliocene nonmarine sequence composed
mainly of dacite to rhyolite pyroclastic flow deposits with a minor amount of fluvial sediments,
which consist of trough cross-bedded coarse-grained sandstone, parallel- or ripple-laminated
fine-grained sandstone and siltstone, and massive siltstone. The Fj2 pyroclastic flow deposit is



orthopyroxene—clinopyroxene dacitic and 20m in maximum thickness. The Fj3 pyroclastic flow
deposit is clinopyroxene-hotnblende dacitic and 60m in maximum thickness; this is presumed to
be fed from the Takagawa caldera at about 6.3-6.5Ma. The Fj4 pyroclastic flow deposit is
hornblende-orthopyroxene—clinopyroxene dacitic in the lower part, but biotite rhyolitic in the
upper part. This is 65m in maximum thickness, and presumed to be fed from the Uwaigusa
caldera 15km west of this district at about 4.IMa. The tephra key bed in the geologic map is
the ground surge deposits of the Fj4 pyroclastic flow. This formation is 240m thick and rests
unconformably upon underlyin tilted formations.

The lzumi Formation is a Late Pliocene nonmarine sequence composed of dacite pyroclastic
flow deposits and fluvial sediments, which consist of trough cross-bedded coarse-grained sand-
stone, parallel- or ripple-laminated fine-grained sandstone and siltstone, and massive siltstone
The 1zl pyroclastic flow deposit is orthopyroxene-clinopyroxene-hornblende dacitic and its
thickness exceeds 100m; this is presumed to be fed from the Hiwada caldera at about 2.6-2.9Ma
The 1z2 pyroclastic flow deposits is hornblende-bearing orthopyroxene-clinopyroxene dacitic and
15-20m thick. This formation is 150m thick and rests unconformably upon underlying forma-
tions.

The Nanaorezaka Formation is an Early Pleistocene nonmarine sequence composed of gravely
fluvial sediments and dacite pyroclastic flow deposits in ascending order. The fluvial sediments
consist mainly of clast-supported imbricated massive gravel, and trough cross-bedded gravel and
coarse—grained sand. The Nnl pyroclastic flow deposit is orthopyroxene—clinopyroxene dacitic
and its thickness exceeds 150m. The Nn2 pyroclastic flow deposit is hornblende-orthopyroxene-
clinopyroxene dacitic and 60m in maximum thickness. The Nn4 pyroclastic flow deposit is
orthopyroxene-clinopyroxene-hornblende dacitic and 80m in maximum thickness. These flows
are presumed to be fed from the Hatori caldera 10km southeast of this district. This formation
is 200m thick and rests conformably upon the lzumi Formation in the northeastern part of this
district, but unconformably upon underlying formations in other part.

The Todera Formation is a Middle Pleistocene nonmarine sequence composed mainly of
parallel- or scour-fill cross-bedded coarse-grained sand and intercalated clast-supported imbricat-
ed massive gravel. This is 80m thick and rests on the Nanaorezaka Formation with major

erosional surface.

Terrace and alluvial deposits

Terrace and alluvial deposits are distributed along main rivers and in the Aizu Basin. They
consist of gravel, sand, and mud. The terrace deposits are divided into the Middle Pleistocenc
Higher I and Higher II, the Late Pleistocene Middle I, Middle II, and Lower I, and the Holocene
Lower II and Lower IV.

The Numazawako Pyroclastic Deposit was fed from Numazawa volcano 15km west of this
district at about 5,000 years B.P. This deposits is 1 flow-united pyroclastic surge deposits and
overlying multi-united pyroclastic fall deposits. They consist of hornblende-orthopyroxene dacite
pumice lapilli and ash.

ECONOMIC GEOLOGY
Valuable resources in this district are metallic mineral deposits, non-metallic mineral deposits,

and hot springs. But, all of mines are now closed.
The Asahi mine in the south of Aizuwakamatsu once produced a large amount of vein—type



gold ore deposits and massive gypsum ore deposits embedded in rhyolite volcaniclastic rocks of
the Higashiomata Formation. There are several minor vein-type copper-lead-zinc ore deposits
embedded in rhyolite volcaniclastic rocks of the Higashiomata Formation and in breccia of the
Takagawa Formation. And, there is a minor manganese ore deposits embedded in rhyolite
volcaniclastic rocks of the Higashiomata Formation in the south of Hongo.

Ceramic clay and pottery stone embedded in meta-rhyolite lava of the Higashiomata Forma-
tion, were once dug for raw materials of Hongo china at the Kabutodo mine in the southwest
of Aizutakada and at the Okubo mine in Hongo.

There are two hot springs, the Higashiyama and the Ashinomaki hot springs, along faults in

the east of Aizu Basin.
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