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FRASUH E L THRERU7%), BHER4%), » VEE(16%), BEF(8%), HEANEG (5 %)%
&%, BRAED L UTTEREY, BKEA, Yvay, ZREME L TERE, RS0, fE
AR¥EE»LEE2ET 5. —FEHL THEREL TWwa, 25X AndSHieE, &SR An20

-30TH 3. FERMECHEMMELEELALETRERY, 2 ) BERMUELET 2,94 N TH 3,

WEANEREERZ LA TREHEY 2 LELEEE T 5. R X=%E6, Y=REMA,

Z=HRFAaTH 2, BESTFER THESNCREBRIELTWS, Bt X=¥86, Z=8aTh2.

AESSHHMBRANRRRE/ MRS (GS] R66576, {TIAUEHATHO. 3km)
PEREYIC IR CHHSRROERTH 3,
ERSUD L L THEEU%), # VA (B0%), A%E(5%), HEANE(12%), HHHEE (4 %),
BER(2%)2&%H, BRAEHE LTHEREY, Yray, BhAih, ZREMEe LTRIER, KR

By, ARSEEL. FARGIEER»CAREETS. KR THBESBEL T2, TEH
ik An30R2HE, BIBIX An0BETH S, )V RARMEEEL, S—V 1 rTHS. ARIIFIRICE



WMIM (EMESMOLFEHER Ch:TARsATeIEZFEROD, SEOBRES LMEHOE, Db LOERT—7F OEE
EPOSHBEROGH L —5F 3 bOER L. Fe,0,(total) 1348 % Fe,0,k LT E o, 3IAXMRROEY, 1 :
BRER - FFR(1959), 2 : #FE - #1101993), 3 : WHEIEH(1995),

R nREEE F754 b TEMEE
[ 1 1 1 1 1 1 1 1 1 1
XM OES 383 A37 A40 Ad1 Ad4q Ad46 A49 373 AS0 374
Si0, 69.14 70.71 73.06 74.78 71.02 69.19 75.82 75.93 74.90 73.86
TiO, 0.35 0.08 0.38 0.29 0.26 0.33 0.05 tr. 0.08 tr.
AlgOy 15.65 15.29 14.48 12.14 15.04 16.05 12.97 13.78 12.48 13.49
Fe,0y 1.04 0.42 0.84 0.86 0.70 0.71 0.65 0.23 0.33 0.38
FaO 1.87 2.57 1.98 177 2.04 2.25 0.70 0.82 2.14 2.46
Fe,0,(total)
MnO 0.03 0.06 0.06 0.05 0.05 0.02 tr. 0.58 0.03 0.32
MgO 0.34 0.81 0.97 0.68 0.78 0.78 0.06 0.156 0.06 0.10
CalO 3.08 2.76 2.85 212 2.97 1.56 0.96 0.87 0.48 1.17
Na,O 4.71 3.54 3.23 3.82 3.61 4,16 3.71 2.01 3.65 3.37
KqO 3.38 2.30 2.25 2.33 2.75 3.70 5.07 4.80 5.79 3.53
P,05 0.08 tr. 0.24
BaO
HaO (+) 0.21 1.02 0.40 0.76 0.44 1.35 0.33 0.31
H,0(-) 0.39
Ig. loss 0.37 1.23
|Total 100.25 99.56 100.50 99.6 99.66 100.10 | 100.31 100.34 | 100.25 100.15

[_;ﬁt_f_g o b EHL RS PR b —FAE

St 2 2 2 2 3 3 2 3

XMFDES 0-1 HA-1 HA-2 KTS-1 HA-4 KTS-2 MO-1 MO-2

Si0, 63.03 B84.57 63.79 61.20 66.07 62.51 66.79 67.29

TiOy 0.73 0.59 0.65 0.91 0.75 0.76 0.49 0.48

Al;O; 15.68 15.39 15.68 15.68 14.24 15.84 15.75 15.73

Fe,0; 2.53 2.32 0.73

FeQ 2.83 3.80 2.47

Fe,0,(total) 4.67 3.87 4.14 6.27 3.39

MnO 0.07 0.07 0.09 0.17 0.08 0.11 0.06 0.07

MgO 2.86 2.21 2.44 3.48 2.92 2.21 1.87 1.71

Ca0 4.84 3.85 3.96 5.22 4.26 412 3.61 3.55

Na,O 4.55 4.50 4.68 3.87 3.99 4.54 4.80 5.18

K;0 1.64 2.51 2.22 1.79 2.80 2.63 177 1.81

P05 0.35 0.32 0.33 0.40 0.29 0.30 0.26 0.16

BaO 0.05 0.07 0.06 0.05 0.06

H0(+)

H0(-)

Ig. loss 0.44 0.63 0.49 0.66 0.29

Total 98.91 98.58 98.51 99.70 100.56 99.33 89.24 99.18

T5 EEFORYERTHRCET . TEANTRMBEZVLEEERZEL, Bk X=66,
Y=§8f, Z=REaTH2. EBEFREEFTX=§KEA, Z=-FEA0HE L2 T. BEEBRES
k> TR ELRLEBERRBRICEZ> T3S,

N, 3. 2 TEHRENESE G
WA - W (1987) B UM IR IE 4 (1995) TIERFIFR SR UIHTEHIEM A OBRE L Lz b 0T, Bho



BENBERUVREEYYVNBEL RS,

S0 L BGR | A AR TS O AT A R RIER T 2 & 6B Db/ A IR HIR D BUAT 12 5>
BT & (BEROTEHEFIFTER), {EFEORRITEH lkm (L (IBTEFWRE S OSE) wafmT 3.

EFD SFIFTCH Y TAHT 2 O, FEEB700m fiEEH L L OB & 2 2 ks, &
WE B OHBEEESM L Twd, TE OB %10 oAb/ a B ik o IR | 1R K T8
|TE 5N, £ I CREMBIITHAZEEL T 2, ERNCRIZRAKETH S, HRHTRE,
ERTEHRNSE O AP EETEHOENAR L BT 288 L, THHORK 2mm U ToBAEM
REYFERT 28035 5, MR lkm MEOSHEIR, BEAHEC/NEBUC S L BB OHER
EE L OMRRITHTH S,

B8 FRRECPR TERROREMBERVAEE VYV IRE» 525,

FHRERSHBAPIERXE /RS (GS] R66577, HEHARRXIEH)

FRA D 1 ARREY I EE 1-3mm Th 3.

FHHRE(58%), AFEA5%), » VRE(I%), HEANE02%), REF(4%)»5%20, HEK
FEHELTAT7 =—2(0.7%), TEBEFEY(0.6%), KA, Yo, Bhibh2gt, #SRAR
ARV LAFEET S, BANCEERELTYw 5, 5 An35-40BE, &5 An20BE. &
BRI THOEBEEERT, 2 ) BERFTERO -4 FThH3, HHEANEREEETX=%
B, Y=1#6, Z=¥¥ a0tz RT, BRERILEVTX=§E0, Z=EC0omMAaERT,

FR D RRED(1999) I X B L, FEOK-Ar ER L L TRHFHEORE > 5 H:#ANATI01.5+
5.2Ma, {EH#IFFEREA ORED 5 BBEBT103.1£5.1Ma OfEXFG SN TV 3.

W21E TEWERDIEE L B OMLRE L ORE - HEoXE
M KRG 3P PREOBENEFERNRE(G), Thi) Lo#s
BB OERE (T) TH 5. (bMLENRE, | BIRTIIFRK)



V. 3, 3 JEEb—FLE (G)

W AEEEIEROR » EORBEZ W LEAA 1-2km, RUSHBIIRACBEL THMT 5
M- PRTE—FERL N —FVEPRENREL S RIEREZ LD TMIE —F VB LIESR, #
¥ (1987) @ F &k, G Ak, HEE, #FRiEs» (199%) 0EHEEFENEE . BERE L L THESHh
TWwHAEERB2EITRT.

BifR | AERAEHOREMEBCRAL T3, BEAORR IR » HOF0.8km OFAWT L (B
BTED, TITRMFVELHEBAER L OSRRART b —F VEOEEESEREBICEREL
Tw3, FHEPIRPPESHOEH mm OFSERENES L OB CHTEREL T3,

B8 | S - PR SRR RREEANE F—FrEEERICLTWLS,

FHEEAPIRRER b—F /8 (GS] R66578, MEBHAREK » i 1km)

ERSEHHBHRTRE 1-2mm ONERERTH 3.

ERASEPE LTHE, #RG, 2 RA, BER, HEARNGEES, BRAENELTA7 =—
v, FEBEEY, #IKE, Yrarek, ZREYE L THRER, BiEA, KEBESWEST, AEif
ETHWEEBEXETRT. SRAREEETERCE > Th T IcBEFBRELCTWS, X An25-
40, it Anl5-20TH 3. A ) RAREO -V FTH2, BEGITFERZVLUBETX=%8
i, Z=FBaoutEET 2, —HREALL Tw3, HEANGREER T X=H®kEE, Y=H&
-#kfn, Z=@gREfaoifatRT,

1 BRI (1995) OEHAEE (BB 0Xa, BHE LSS M) » o RBZO K-Ar F£R L

. Ty . Pem. L <t
W2 N —FNVEORIEE BEBLLTI—FAMBSERESRTYS, P—FAERECBBLTHELTY

3%, REREFRCEROSAPEENS, BHFICRE S A eBEREME N TY 3, (BUBTIEREIER
eFRIE )



LT103.9+2.3Ma #SiE5hTw 3,

V. 3. 4 BTERPIRE G

W BRQR) BBIEF LA L b DS T 3,

270 & BR ¢ AREHSEH IR Ok, JETHEEILEPEIAT D & LB O/ VAR R, o 241l
T TOMRT B,

FE L FEEOMEREE & OBIRRE, FEIIRTIEAORGSCEROEKOTBR L TEETE 3,
BIFER OE B ORR PR FIR OO L #FHy 2 Bt & BATEMPIREE & I OHERUE L OB R ITE
O R UEER T IHEREEAE EL P, RETRERR I ERNFR R & o S HEFRE I IE L
AEEEIZR->TWR LEZ OIS,

A48 4 - PR AN RENTEHNEED 52 3,

PR EANRREZEMIRE (GS] R66579, AMTIHFF AN 5km)

AR TR FCERESEYZE 1-2mm, SHELYIE Imm &% 220, MATehso®HE L L
TRE Smm BEOBROEEANALIH#ET 5.

FicHHRE (39%), HFE(26%), » VRE(16%), BER(12%), EEANE (8%) #&#», BRI
Y UTREREY, Yoy, BIKEER, ZREME L TREL, BEAREl. BRRIHVE
Bt ET T, MREEEEERZWLUEHETRANCHERLL Cv» 5, Fifid An30-3512%, &ifik
An208iTH 3. BEBEIFER LW LBETHREALL TV, i X=¥%E6, Z=8E&T
b5, EBEANGEFERRV LERT X=5%&HE6, Y=§Re6, Z=-_Ba-gairs. REN
BUEEANRIRE b CERKEES VO Y EEET 5.

V. 3. 5 HEERAE (Gs,Gs)

B8 ATERE BT (1961) AL &) [TERE L R U je s, (U TERE S HBILTERS & v 5 U4
LhzIEEMATLTWS, EBZOMT(1961) ORE ORCHAULTERSE & v 3 B2 TWw3E
GHHY, BFZCHTLI—BESEDA2bIT TR, SoLTEIRE - 5 (1994) I EETEmEE L
WIHFRER LTV, FHETIRIATEEE E LT 3,

B | ARIEHURETER, b b RSCFWL-IE & & O fl» 5 AU LTHEDEEE & TIA < 943
3.

BIfR . BEoEE TSR, FEEOHRSECHERMCEAL, MEORFEMIIEEEETHS.
IR 7 FHOK 1km, FEH & ARTOERDE OB/ WT, ERESEREEE 0y 7 ELTR
DAATLSZ L R2BETE S, {LEFIEFRL ThEHcES Y, BRI EEO=RFDOM
S NAEFILOAD T BIERER ARG ER L T 2, BERHETRIEEES TP PRELRRE, §5<
LTELTWBZEDHS, el orBABREREZ LS,

S PR RSN EED S 5, BEIEW RSy, HR - G (1961a) BSEEIERL Tw5
&9, EHROFRETREE3cm OEBEOA V RAVHIET 2REREET 5. SEOWATIIH
FOE—FREEPFHTHEL, 3 %L EOHEEERRE (G:) & L THERIERLTH 3,



R EERTER S (GS] R66580, ForFLodbibsi4. 2km)

WIRCIREREHY IIE 5-Tmm, BERIIE0.5-2mm BEOHELEARTH 5.

FICAFE(34%), #ERAEGI%), #VRAEC2%), BEFGXR)»52D, BIRAMEY L L CHIKE,
YNy, NEREY, —REMELTAER, REA, REAEED, AERMETI {BOEENE
KEwmT, HRAREEFTHEIHEEETL T THERRRREASE L T3, T8 An25EE,
BFES I AnlSERE MR TH S, 2V RALETIHATOL 5TV, VRS R THL VT IV
A DFHEREEEICINE 3, A VEGRME T -V 4 b Thi, BEFIVEECX=%EL, Z=18A
OEitiEET 5, BoNCERBALLTWS, MKESLYVary2EET 5, YNVIVEEETL5E,
BZHesaE N u—BECTVS,

4K BT - A (1966) ©EHE - G (1967) 1T & D ARTEEE ORGHERP QEiDEE 2R T 2 £ 2%
BRTwWiz, B, RHE « 5 (1993) BESOEBR K-Ar £ E LT, 96.6+4.82595.8+4.7Ma
OEERTHDL, 712.423.6Ma D207 —FH 3 Z L 2RI, 727 LiHEOMEFEBF
THTHHELTWS, HoI X2 L ATEME ICHEAT 2HE82%68.713.5Ma £67.5+3.4Ma D4
RERT I L6, FRETRIEMBOEVERERESIREOEAI X 2EROFED LBRLTHL,

A REHIR O EIRE XIS (D) EFEREE D) 28T E 5, HIROAR GFFE#HO | BMERR
UEhicAT 2TEMESEEHW B Y, [ BMEHSAETOEIRE, FEHARKEREITES O3
FRZ—D2OEEPRDSNBICT Eizl,

ZIWED) BP2TF7 7o 7 74 v—(Hab, 1917 FR - G/, 1961b 2 &) LEEh Tz b O
WAHS S5, HAGERECEAT % 4 0RJEE-FE2 v LEILARCET 2 (823F), »wihb/E
Bz boEs») TIRIBRE THEmBETEEEICZ LY, BHOHNEOEGE THRECIITHET
MREFEEELTOInESREHEDLTHE, FEHANELHEEP R —BIEHZDLHE
BLTw3, ZLERELRIBROXTSVEERMEL T3 I LD 5,

BRIE (D,) RIS, RRPGRITE, G3E, 7774 b, BERENSGRD, BOKELD
DELT, {CHMESKEERDNSTEECH T THEEBESCEALTwS, JLdbE-BRwEz»
Ut R CEMERAT 8km, ARIBRA250m 2725, Fic Z OTEMEES ORENICFT L THERRZ
WESNAZFILU» STEINCH» T THMET 5. IRIERKLS0m, EMERL km TH 5, ZhdOME
Fid s BRicii~7z & 5 1268Ma B DS ER BB o TWw B, ARMEST 774 M3/NRETH
D, AR-AEEASERL Twa, KELIDILBRMEMLT, 2 200K —FVEcfEhiE
ERNY 7 2 Az, JbIRPE-EE R, ALE-ElE AR U A S { O EBEESEAL TWA,

V. 5 #EfEhEEiER

ARSI O TEREH O BE C I O RS ESEMERE R 2%, BEFCETERL OB



MERSYEES 5. FCIEREERAO | WER SR b > TRESZET 2B mA L 2
S TWw5, EMHEERTIX, RESE2ET 3 BMTRESEEANLFT 3TEMEGRICED 5
%, 1EHAZEDURE TRIEK Tkm OFEEE R UV/INEBK b — - V12 D W T EEE200-1000m ORI b
5T, ThEZNRBREBHOBMERSSED 5D, 1, RETERRKFROBASILS OBBE
BUTERRT S &I 10 TR, TERESELRED 5k WHSBME RIS TFET 2, £ O L (iE
DN b —F VB BRI ORBERT 20T, ISR —F LV EST CHITREES 2
LOLHEET 3.

Zh o OEMERIRD > b HETEMEOBEIL, €% 5EMEREYOREE LTLLHG5NT
w3 (b, 1917 | M FAFIEL RIS, 1978).

Nakamura (1995) i Z O HATE RSB OFHEH O MRS OBMERIFBIT DLW TH L Wlf 217
ok, HRBHEO#YIE KT 2REBAY, RESW, EHEHCERSFLL, BEClBa#HE
IR & ERE 2 e,

BRAWRIEME L AR L OMA» 5781.5-2.5km IR & L CZOBEN0.5-1km OFEFETH
3, RHACRBRA+EERRVY Y REIROESE TRETH o3, AW TRPDHECREG:
ET32Zrdbd, BREHERIEMES LHEFNSELOBER» S lkm 2R & LBERH L OHER
$TOMAEATH S, EBEMOBRBEH L OHEAL, BRHEESEERL*ETIILTE#SLS, HER
HRERESEWEEEST 2 2 L THRETU oh, TiME LENCER L O3 » 5/ Y 1km OWEHET
H3, WHEHRY VEAEBFET 20 L20HTERTNER L BESCHlSTE S, —RICEHF
AWM TRERFOE— FEANEIBRRBROHPREFN L V%, FICTEME L ORI TREER
REFAROREGIPEEEORBMOIuF L LTETZETERL,

. e - b . e
. 3 . g - -
= : e — o — TR

23R FLEER Tl (D) HHEARTERE (G) AT 3, CKMHITAST | KRWHSTEOHHE)



Nakamura (1995) iDL EOZERSH 2 HA L LT, GRE(ERTCERE OFHERKICET Pl
REEZRD, EELERSOHE D H510°C, BHiRIEHI560-590°C &1 3 R 257,

V. GEEHERFAARER

(25 - 2 o)

A BE i B 3 DT AR I BRI EF0S, WA A I RKEERE 0T 5, ARIEHEL
AT, TEEHE b CECHRZ LHROE B v b« $iEEB»S5RY, KILKECTRRE 2k
(13

HEREMEN LA AR % O ICaA T 5 865560 T (GB24E), $ET 210080 DK
WK =88 & L TFHFMZERs A Ton, BHEEIWT, Tiky, LHRE, FERE, ML
RE, PERE, WERE FERAE, BrAE, BHRBRUSERBICKS S Tw3 (Takaya,
1963 ; Yokoyama et al., 1977 ; Kawabe, 1989 ; SEEEHIEIEHsE S Vv—7, 1992). ARG D 5
BITLAMOWEMEE I i EEWEH T OFRREL, ¥ I EEYEER S ORHR
B4, FERAMIET RABRERSAHL, wIthd EFoIEIHMMY Th 2 (B 5H).

V. 1 HEEWERFEERE (Ko

ERREE, ARl - FEETTRED - ST - FITENT R IR O R A L T
5., THOWERE L BEEHATELZY, FCBE - WELET YV - BEtBOEBTHERENS
(HEEWEAENE Y Vv —7, 1977, 1981), EEWE, 70-90m T, T 5 EAEFIDE R USRI
EHE T s (HREMEEIES v —7, 1981).

AR R 39 5 R EWER I, SERE (Yoshikawa, 1984) DMHEEEIZ BT 5, #
HYIEE - WERUY NV E»SRD, BOKILIKE R, ARMI5A T ISR LSRR g
H 3,

V. 2 HEEVEHZEREE (K], Ku

V. 2. 1 WRBRUEE
HRs
BHREE, BHERCESSML, #tl, v, BRUEDSERS A, KILKEEZBRET 3,
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ARG O, BATOM(1933) 1otk 5. #30(1933) iF, RERBECHAGT 5 S EEWER 2 REE
Rk, FEERDEER AR OLEMDE - FEIRE L KRS LEBFEHELMIC L. 2O
%, #(1960) X, [HERMHEY S HTEEMERL Ly, BHRABEGE L. TOK, ol
FHIZIEE L Tdevs, FO%, Takaya(1963) 1, KILKEZEE LT, EEWVATOMERN%F
L tz, HE1(1967) i3, E# - s¥aihT O - B OIRER L2 A, Takaya(1963) DR =7
BEL, KRBEEDOE > 2 « |UH - 7 A F « BT « 327 T OFKUKICHE T % KILKEH R HRH
WEAET B L Lz, A - #5100 (1969), Yokoyama (1969) i3tk - Bk 5 OfEH - EFHOEF% £
LT TRHRARER->TH Y, KEKEH - HEEHER - BB - EEE - R EHo b
B, BERELOMMOEII DLW TERLTWS, %, #0974) 1, EHREOFMEHEELTIE
BEFERLTWwWS, 20K, AREESEE, ThbbThbs b, iy RHLE, LEYE, ¥
B, BHER, LREEEE, EREAE, EIELE, ITEE (RRRMEE U CBEEDEME) «
MAL, ThoDHBREANCER > TWS L LZ(EE25R), Eic, EEMEALIRS (1986) R U
EE(1992) & Xz & D HAYPEMIRSTOATI D, AR (1988) ITHENL & N7z fEFF & 2 IC HERFHIRTSE
2T, HEEHEHOERRE IO CHL M L.

HESEERR

BHEBEIR, E2H0cm-Em OBEOKL - YV 8-SR Y, KILKERHREOWEE %
BATHS, TORAMEEFI0mM U EEL BRD 6h, EHEECHERHEOREY» S, BKREL &
ahG, —REVEERERIIEED S JLF-FERFER, EREE-20° (FEhAE T 50-60") TRENZ L D £
BB T 2EmE2RLCw 5, EEENEO KR -BHAREH-ARBRCSh T 2 SEEEHER
i, TRIOHEERE L HiOERREEBI 233 Tw s (EESWEIAIE S v—7, 1992) 45, fEILIE
2 (1979) 1%, BEFTEEIZRAREORTHCHLAN 2052 IEERE D PP TN T 2 TTREE
L Tw5, 2HEEHEGTHEES V— 7 (1992) &, #iR R UWITE TS O X KIS F O R
ME e Tn s EABJER L O E ST, BrRRE LR (EERAER S FXALMR) T Rm AR
D—EZHBEL T2 EHELTWS, Thbs, BELEEOLEEHER I M TRHRB -EH
TOPHLIEMEECIEFEERROEEZ NG,

AEEBSORMEFE, LU EHEF, ELA, KUK O LG, 1974 © Yoshikawa,
198472 ), TholFERDZINA DT 4 v ¥ a v« T v 7HEM(Nishimura and Yokoyama,
1975), R UHHIBESEF¥ A9 (Hayashida ef al., 1976) 12354 &, EIE10054-30 5 ET OHE
ERTHS,

H1974) 2, BHRER IBBRI L, SHEECHERMEEELTWS, LorLiesis, HERE
DR TS b BRH~DEHEL, BEHOFEZBITS2FEL, ARETR, A7) OBFERS
D3 LEHOKRE < £ 5T 758 (L £ - LR g - Sl 18 - BIRE g - Tk RES L8 -
FIREE-E)IHLE) & L0 2 508 (EEBEE | IUTEMR & FREM) 22 h ZhEHERE TIHER
ULEEE L LTHERES L (525M), - RS RHE (1988) OBFRFEIZE LW,



B (H, 1974) KL HIE (A AIER
" —F
1] S —E————— — H 2N RIS —
= # =D LB
g % =
& L i — — |~ — 4 2 5 AR —
| |~
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M RREA - e - e
& AR R ARETEENE | =
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L SHER
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LERR -
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25 HEENEHEERNOEFES L EFeiER

V., 2, 2 TFERE (K

HWEA R (1974) DIL» ERSLIE - JCIRTDE - SEERELIE - WRESE - LREAELE - BFEERE - &
NFEEEE—IHL €, BEEAETEHME Lz, 8H(1988) O TEE & IFIEHE—.

st o AREE (1988) IR 2 EE L Tzl ARETE, WEREEAGEE OEE WO
GESHRVWERZCER ET 5, Z0E», EERREBETIADEOHE/IGRICHE > TEHSR
1,

S BHERBELS oA 5, SndEiE, KR EMLE b O A RE ) T B,

B : 340m LAk (55262).

BFEE  £RETHIEMEL VTR OSREREREETED. 7y FRARKHIPED
PETHTH 3,

B8 BE - E - BEACEZh S 0RFTHE Y S h b (276, 285 a),

B em-Hm FAC10m K REBEEZRL, EEERROTRX-BEKAKLESVI»SRS,
BRETHE L THEREANS L O0ED,, EYORER 2 EHREHZI VL fiLthoikd
LOWMIZ v b LR OMERE /AN v AVEEENRET 5 b 00 H B (F2H), TEE L N ED
& & Torapa macropoda(¥ ) 7 b Ev) i EXKENEYMEEHMELT 2 Z 2% v, iz, BIKATHEH
REELED S RIBEEREHM LA R EHRT 213D, KNS X RERENED NG,

PEEEEH cn-#im T, FREBEOELRERX S 7MPPHRBMZEHIE a7y 7
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HWoTH HEEMERRHRETEE (EMAKIUKEL) OWREMEE  CRRmisko i)

W EESEEL, BREERE L b ICH-EAEOM-PHEMES Z L28%\ (5828~ a, F30M).
FoWEOERIE, Brolt(Bswnidyn b)) cREBT 2HEOTH2 5D 3EWDE, BE
Uz E S H m, BEH0m-BEEETT » AR Eh 208, BEPESHE m LT, Mg
EmBETY - PRERIWIZMED LoV OMERBZ E25 5 (H31R), BEOE WY v EH
iz 3 BETIE, BETCHEDSIRRCEAT 2DIRSED S5 (531, 328), £4E#EL
<, FHEEREEORR BT 6T 55, £ TRBEESOWREECHESY 5h 3,

BEE RS 0em-1m BET, H-ENDEEOM-EMN PR TME I, SR, 578
PR L RIREE T 2EEME L, DEOBTHCRARER L b b 7 7RIBE2FHRT 2
WHETHED s h 5 (8288 a). —BIzZhs0REE - WE - BEREET 5.

V. 2. 3 LEE (Ku)

HEE AR (1974) OFEEDEE L Z ORBEHOIUTEE *—E L CERRAB LB L L, HH
(1988) O _L#IE & 1EIZFE—.

BEHh ¢ AR (1988) Xt R 4EE L T Wiz, ARE T, MH(1974) OfEERBEOESHITH S
R IR AT RS L O | SRR 5 5.

215 BEEREEA OHAL - BELUOFLUE?ET 2 i cmiRicafms 2.

JEE : 50m Lk (8526[),

B . TERCEHBEABERTEL 3 By, BHRROLRSIE TIERECERETESTER
% (5E330) .
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AEEBE-DE- L MEPS RS, SFL L TRENPESTH S (§E34H, $28b), WE -
¥ BIGERECZ L, 50cm 225 Im QBB CHRERICREST 2, BEOWKEEL, #-EAT
BEAEN T B EETOBES IS L > TER D, —REEH M- BB TH 248, FhiTEK
DBV EHELETI2HELDHD, BERTELTFy— B - BE - fEEEE» SRS h,
ZOBEIX1-60cm THY, TEREAEOBIZ, <SVBREET 28505 5 (§35H). E-KBETH
AN DB TS TR TH 508, FRETEHRENIBETIE N 7 7 BRREREN L <
FET 5 (28R D), BECHET AV Bt REEL BB OM 2 ENAKCRED Sh, B
A B TR B FAREBIGE RO RIE U BB S R s h 3,

V. 2. 4 MEEHERUHIRE

HEEMER GG 2BESI S TE Y, L bIRERET b »b s KILKB I & v F—R
P DRRE DS LLEBIAE B e HE & v 2, [R—IFHIE N © OERE O ZMB R L3 D 2% EDMETRATHE & 2
3, ThET bARBETHO L RE- SR E C R R AT e 0 MBI O/ TAMT
b Twa (Kawabe, 1989), L HEEWHER LFOBRMRFOMERBEC DVWTR, HT4£YENR
RET(BEWEALDRS, 1986, 1994) DiEd, R (1988) »3keE LT\ 5, Rk (1988) ik, T
[EHEMEA I ERWKESENB D, FZEHATAIHINIZ L VER S L=AMEIHREERZEVIEL
Tt LTBY, LHEERCIRESL DBRELLERESHEREL TR EFSRTUTw3, E
W, HEE»(1995) 1k, HES{IAROEMES AT 5 REARED S b, KIUKEI L D [EAEHIATE L #
J& (BRERE THE L) o oW T OMBHEEF 21T £ &b EIMEEOREER2EbE T, HHHR
BOETERATYS, Thck2l, THEOR THEMRESHIXS S 2 TREEETRBL T3,
Thbb, ERIAUKE-FERE I KUKEORRIC» T TEAO 7 V2 OfFBREEEEL, Thi
D RHREE EHE RS LT, BITH)I-BRo#ERBEIETCE 2 L LTS (5368). L
HULAEHSEHOMANDEDHL  ZDEHY BARHTH 3.

V., 2. 5 KkuxE

BREHAFICE, BEafiom »5810cm OKNKEREEIRENRTWw 5, ARIEMSECFEH 3 5 KUK
Bo>n, wERE, 4L E(ND) « T8 (Ki: 8B378) « N4 454 b I(Bil) » 7342 % 4 b II(Bill) -
258 [ (KhI) « B2 I1(KhIT) « BEJE T (KhIII © 85388) « #2/11 1(SKI) « /1] IT(SkIT) « #1] 1 (SKIII) -
AT (Kmn) K LUK B (B, 1974) D342 R LT, ThsDKINEOPT, S4 3 5 4 F LKLUKEIL,
0.720.1Ma D7 4 vy ¥ a ¥ » + 7 v 7 EAHBHE S A (Nishimura and Yokoyama, 1975), F&K
WKz D W T, THERFEEENHES LIz ST (B, 1974 ; F), 1983 ; Yoshikawa,
1984), =B, #(1974) ZEHEREIZB VT LRBAILKOES, A-B- K& -C-D-E XILKE%THK
LTwa, ZhsdKIUKBZESErZ UL, BENERE B ol iz, #1974 1Ly &£
[N PRI T DZRZTROKIUKEEZEHL T 585, KA|ETRILy £1I, EAARIXL
KE%ZhEhil» RAKIUKE, EAOARKLKE T 5.,

R (1974), 7)11(1983) A Tfic Yoshikawa (1984) 12 & 5 &, EHEKIUIKE, B KILKEE, KBREFO



TAFKUKE, BlpkUKEizzhfhnttbahtw s, Bl 7 XFKUKEIE, SREIZH(1994) 1
X 0 2 DIRESTEAMOERE S VT Th5 L L MHHE N TS, Bl » EALKEILEX
WM, EARKILKE S 7 5 KILREE, EXLRE S 2 Y KUREIC 22 hsbshTn

2 (525E), Zho@KIKBIZDWTZFOFEEE(1983) i HED 30k 7 5,

BIBAUIRRE : BHE200cm, & TE05em xE-#dk - -k, TH10-15cm X7 X3+ « 1§,
EREIS0cm 17 X F B O FHES LABREROE D E L THETY s ha, SESNDYT A P-4
), RE-BEEYT, HEOPMEL»SHTEORES b, bFHics 2 h s BEYIZEE -
HAWIE £ S ROAIIE - TERLID 5% 3.

B KIUIREE : BE15cm BLF. B -IT= 4R -p-HNOREE D, SF3h3 47 A EKAE-5
BEY, BYRL S PMEORES Lo, BEYIZESIEE - BAEE B2 L LANGE NS,

ML 4 BT © I 2-10cm. (95 - SR OKECE b >, JEEY - FIE» s SAEBOY S 2
Tthe, BEMREL LCANETHS.

FUE SEENERZERELEEOEE v — o0& 360cm, CREtiiER
H7)
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T WEANKEOBE Ar—ail m GREEEE, F81)

/R ERUTAKILKE OB 4L Y #oRE25em, (RRTHEIAD ZiEaiH)



LADARKIWIRE © BR15em AT, 42 74 « P- MR OR#E b o, MHOER - FEROoN T 2 Efk
T, BEfEEE LCANA - 8 - BiEE - BE8h 603,

EKILPRAE : BE 5-20cm, Hff s T 44R - BEORKEE b -, BEMBRERABOAMKAT
A (EARE R 1mm BLE) TRGHEE RS,

vV, 2. 6 HEpElits
BHERE, L, &2 sEAEMAY R ICRERYET OREL S 5 (Ikebe et al, 1966 ;
Kamei, 19667z %),

KEGEMER

BRNZEeE2EL T, FEETH 2 HEDEERE D S 12 Pinus koraiensis, Picea cf. bicolor (= Y2
SR EDEETRETTHEYEEERELTWE (M, 1974). LbL, A5 ta4 TEYHCET 2
MPEE IR C L2 THESAT LR, THICE-BREO SN b -5 Toapa macropoda
(V7 FEY) DIEEHENT 5.

RESEEE

BEE 11 ALK B D#14m THIds & Stegodon akashiensis (773 %) OEEHERE 2 hTvw 3 (GBS,
1983), %7z, Kamei(1966) I Mammuthus pavamammonteus shigensis (S AV 57 ) DEREHE L T
598, FR(1974) i FOEHBARELER I XUKRE L BFIIAILKBOMOEREL LTwa, HE,
Kamei (1966) @ Stegodon orientalis( 7 3% ¥'7) 1&, Yokoyama (1969) iz X O AKX |ILIKEE T
LA EBHEPERESTVS,

BEBER

EHRES» o EMT 4 IREEREEMEEESE®E, Matsuoka (1987) i 2 >0 EA L, BHE
RIEOTEE LR (B, 19740 K5 0N BGEE 5 EBM1E) $ CobnitE s REBYEL, £
LD EIob0EREBWEEI L LRD LD LHELREL TS,

R - FH Y = viEETRES N, BEEEEE O Helerogen longispiva(F# 5 =) THEH#
Send, FHCESEYE LT, Alocinma longicornis(2 ¥ 5 = A% =), Semisulcospiva
(Biwamelania) sp.( % 4 7 =), Unio (Nodularia) biwae(¥ 78 %), Unio (Nodularia) douglasiae
(4 34 4), Lanceolaria grayana( b >3 V33 /1), Inversidens hirasei(-€% 4 =44 ), Kobiwa-
kodonta sp.(I €T 2 F7H A BO 158), Cristaria plicata(R5>75 F ZAH 1), Anodonlasp.(FE>F
THA)V R EHBDHY, FHSERETHS.

RENEE N - AT AFA TV, RO TR - TRYPE, A4 5 =v-7 TR T
DIFETHHOUT NG, HZANA VYRR, Cristavia sp. (B 7 AHABD 1HE) & Lan-
ceolavia grayana (v >4 ) ¥4 /o) 5B T3, EdICH, Semisulcospiva (Biwamelania) sp. (A 7 =
FIED 158), Unio (Nodularia) biwae(# 7% 3), Kobiwakodontasp.(2 72 K74 4 Ko 178),



Cristaria plicata (7 > % F A #H 4 ), Limnoscapha (Nipponihyria) schlegeli (4 r Fa v # 4 ) B R &1
B, "YHTZAFA-FTRVYEER, Cristaria plicata(F»H 7 AW 4) & Unio (Nodularia) biwae
(# 7Ry L L, FhchffEs 2 85 LT Cipangopaludina japonica(## 5 = )b 3,

W EWIT 1, Heterogen lomgispiva(F# 4 =), Semisulcospiva (Biwamelania)sp.(FH L 2H 7 =7F),

Lanceolaria oxyrhyncha (%4 2 7). Unio (Nodularia) douglasiae(4 ¥ 7 1), Invesidens reinianus
(4 F 2% F#3), Limnoscapha (Nipponihyria) schlegeli(A rF a2 44 ). Anvdonta sp.(FE£>F

THA), Anodonta(Singnodonta) calitygos (R VK TH AV ¥ THDB, Bt A ¥ = - 7R
3E 1%, Cipangopaluding japowica(F # # = ) & Unio (Nodularia) biwae (¥ 7 K 32) @ 2 EHHES T

%, WEdIc i, Helerogen lomgispiva(F# ¥ =3), Semisulcospira (Biwamelania) habei(/v-2H 7 =
F), Semisulcospiva (Biwamelania)sp.(3- % & 7 # 7 = F), Lanceolaria oxvrhywncha (% + / 7v),

Unia (Nodularia) douglasiae (4 3 5 4 ), Inversidens brandfi (7 +% 328 ), Inversidens japonensis
(W hHHA), Inversidens hirvasei(2F A4 #4), Invesidens veinianus(F +23 ¥ 7HKy), Kob-
iwakedonta sp.(I E7 3 FZH A RO 1), Limnoscapha (Nipponihyria) schlegeli(4 r9- s 9747 4),

Cristaria plicate (k% F A4 ). Corbicula leana(= 337 )X Corbicula sandai(£ 5 ¥V 3)5E
o EAE LML, Bl 2 BRI R,

V. 3 #MiToLEEEE

RUER@EMELTR, 7274258 —Y ¥ 7 (UEED», 1994), 5FIU1000mFE - 7
(Yokoyama ef al., 1976), BAR—1V > 7 (BHMEEF R — U > 7 @EH, 1995) 0 3 KOEBHE—
D IBTbNTWE, 7277458 —) 7 ZREEEREORERE X D # oS, SFLU1000m
F—U ¥/ AEEEEOHFI MO, BAER—Y ¥/ IR R RSSO TEnE
HTb Iz (F24R). #ibmo o 7B % 830K o T,

Y. 3. 1 FoOTa8Ri—=1 2%

BEaWmiofiE, KEMESEOBAG—A [T274EE | OHHNT, TEENBHOERIC
ETLREREAERR—) (T 27480 > 7)Th3, UE»(194) iz k3 &, BElzh
JeEEEEE1001.03m T, HEEHERF L EE L 0BREMEORES223m 0o FHEIREL TS, BN
AENfa7 OEEIZ, EE»oNEE, RBETHO AC-A B, BHAK-HDEERET 2L, Y,
WRUBOHET, KIUKEEH#S AC-BERUARL5%2 AC-CETHEEhE, Zo#—1 >
JOEHBFCES &, ERTHETS > iR K- AN T 2 H EERMEE (T hiros
REL HIORFEEC 243 03) LRSI SAT 2 REAEOEEMGS L DR St
Thbbh, HEOBTERBIRAREOR THcHtanspbs Tl ) PP T ALY T 2T
HEME R IEHE L 2o BRILIE S (1979) %, BEFTRB LM BRHEEFO—8RIENS L, WL MrEoEEM
[EREE—ERCEEY 505 5 »IXIE ORI BIFERES 2 » &4 2 RS2 v —7(1992) D
FEABT T4 NR—D T RNT 2 LRI DA R, 727 4R =) »Ihicfzins



KINKED 55, ACT20KILKEZEBEREPOESKIUKE K, ACRSOKIUKE ZHFEESOHER
MBI RE Tk E L5 ORI KUKE CREEMEAIIE S v—7, 1992) 3 U KERER
DEYZKIKBIZEhEThNETE2 Z EBHES ER> T3 (LIEFED, 1994),

(IEHE KUK & dtE)
ACT20:K LK B (BEEET23.66-723.95m) - EEEAILIKIE CKIRESR - 7 X5 KILIKE)
AC850:K LLIK 8 (BERER49.48-850.07m) : DM I KILFKIE CKBEEE © &> 7 KILKE)

V. 3. 2 SRU1000m AH—1) >4

SFIUTH LS OB T D OBEEISm OFR— ) > 7/ T, MEShBEIRS24m THB., ZOR—
D2, vt oHE B, Bty b - EPDOoEE» SRS, A-MOLF XSS
NTws, BHREBLOMERE, REh2 4BOKUKBZL->TiTbhTEY, FiZ db365XKILKE
I¥, Takemura et al.(1976) 12 & o T7 X ¥ kILKE (EEXUKE) ERESLTWS, %7z db22TK
LUK FE VBRI T KL K TS, db161 1Lk @ 141l I K LLUPK 8, dbl1254 LIRS i EAACK LR g %

SP1000mEi— 1) ¥ Bhifi-U oy
:5- BEER (Yokoyama etal., 1976) (BAEEREE~ ) » YARE, 1085)
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=
RN T
. A D pas
3 )
P = sk S SRR
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08 BHEBROSESHBELT 27 448 —1 ¥, SF000m £—Y >, BRE—Y » /&3 THROMIE
%3 7 EE oM TILEIE» (1994), Yokoyama ef al.(1976), SFLEIER S — 1 > 78 (1905) T <.



NEZNNIETE 5 (Yokoyama ef al., 1976 ; #539%), %35, dbl6IKIUKBOY 4+ v¥a> - T
7 EEAG1, 0.47+0.09Ma(Takemura et al., 1976) Th 5.
(I IR RS & oxfEE)
dB125:K I LIPKTE (FEREE330m) @ EATAKILKE
dB161K LK & (PERE360m) © #2)1] IIT K LK FE
dB227:K LK & (BEEE410m) © ZE 11T K| KT8
dB365:K LK I8 (REES34m) © BHLKILIKIE

V. 3. 3 BRR-IU>

EEMHEEORMLYE GREOEEWREEMN) ©, HEEMEROER ETZERRA-Y v
THH, BAHRERRE—Y »7HEM1995) c & % &, FESNEEIR04m T, ¥ - Hit,
B, AV - L BOEE»SRY, A-]J DI0EIESGERTWS, EIO A-CER, BE
WHEHHEHEHLETHY, DEZ2ED - TUBESHEENREICHE T2, BAR—Y »7dirsd
i, 17 DKILKFESHE S TE Y, ZOPTEREXINKE £ OMERZENT LSO, KR21-2 K
WK i K-Ah KUK, KR39-A KWIPKRE iF U-Oki A LKIE, KR39-E KILKIE X AT KILIKIE,
KR296:K LLIFK B i EANACK ILIKTE, KRASAK LK RE (L3RI 111 ALK RSG5 KR563:K (LK 8 1 BHEA
IWKETH 5. Friz, KR21-2 25 KR39-E ® 3 BOKWKE X A @i 55, KR2961 D &,
KR454i3 E |8, KR563ik F Bz 2hehdtsn s (BAHRER R — ) > 734, 1995 839K),

(IRt K LR RS & ok it)
KR21-2K LK & (EEE1L.753m) : K-Ah kLK@
KR39-A K IEK I (FERE24.29m) © U-Oki K ILKE
KR39-E K ILKE (BEEE24.61m) © AT KILKRE
KR296:K (L8 (%ERE220.07Tm) @ EAIACKILIKE
KR454:K (LK 8 (BEEES74.02m) © BEIR 111 KILIIKE
KR563K LK G (FEEE481.86m) | EHEAILIKE

V., 3, 4 HESECERRE

P74 I & B &, AEUEATIE, FHM - /NF « S - JOBF « LUK 5 D0 1 — ARHBE S 5 2o
Lo Tw3 (B, 1974 B54080). Zh o ORFEIE, a) 78 F — ANEE @ B8)ESzodhie b
DI F— AHE, b) /NEF R — A0S ¢ @FERILIRE I 2 Ol % b DIERTRR F— AREE,
c) HEFF —ARHEE | BEF)IFEERIC Rk & DFERFRE F— LS CEEE TRy, d) BERF—AR
S | HEE RO BRI Huln® & DIENTHR R R — AHBE, e BIK F — AN @ HESE P — A RHhE
OEFHZPLELDF—LKE, OLJcEtdohsd, £, HiFEroBEEOBFEIEETES
BT, A== v 7FRESGOBRTH 328, BHERBLEL L BRI H-#EE cEs LTty
BLERFERTHLT Ny MR HZ EHEZoND, TEOMTRINZERIIKIUKFROSS
BB, 1974) 12X 3 &, #EAAOHTE, HENTHREZS0E LRI E-EEEAE, B
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LS E PO E LRdUEE-SRESE, fERTRREPOE LRttl-ER A2 EERLTE
D, MEPREOLBIER—RL TV, 7%, AFEMILORERLZAEGFORELBEDL SR

ZUMETH ) ZERETEMFERHEL Tw3. ZOBETIE, BERMNLERE - ORRORE 1%
ZLT2R L P AT (%

WO FEEHNMEEEN ORI K UEMONRME (H, 197 A F—L0GE B:
WEHNE, C: s, D HENE, E: RUM, o @ W F— A0, b 0N F— L0000,
c ) BUEFF— L4050, d: 2 F—ARME, e LK F—ARMGE, {: MEWEIRE, g HEA
SHRE, h:/AFF—-L2RBROZHIEH S WHNE,



CMP NUMBER

g
&

>

{m) (m)

- = 1400

- = 1600

ISR W . S g ey

FA1E EEEEORSHEREENER (FEiEde, 1996)

Hiz, FHIEY (1996) i B Pers i o R i REG - va = (B EEIR | 552450) i 38 W € a9t
BREREM LB EEEZEML > T (H41H), Zhick s b, BHETETEH TE400m fHT i
CEFHEOZ L RHETSHFEL, ZORFEMUECCHEB REE 2w 2 &2 EEFBRICAR,
BEREE L THHT 2 BRHERBEE TORBEE S, BL2400m LHEEL T (EUH), BH
WBOREDT 77 4 98— > 7 TiE, BEEII2.8Tm tEBREITEHON D,

V. 4 KBEEE (0)

RIE RS OSBRI &, ABURECHIY T 5 SRS T 5. SETIILAIRE Eriok
EHSHETIE, HEOBERIZN> Ty NERUBESSHL, EHECafs 3, SmOEmEsi
Wi CHEBROFETOEREELEL Tw S, HHILI» S BF R U—RFMIOILB I HHm T 2 B
DN HEABE ISR & (PR, 1961), KEEHEO RS anTw3, BAEERFETFD
HHEEObDETEL, KB» 5> —HMEESE TN S, HEFHBEF CRREREMA (No.l) B UHH
AT R R O AAETE (No.2) B W TEML Iz R — 1) > 7Tk, HFET 8mGLANNETIE11m) LLE

62—



BRIXTHHLUBRE L RSNSBBEL 52D, Pl & bR T0mCLARNETIX52m) £ Tkt
% (TR, 1997 ; H42[0),

VI, BREMERVIEUMHUE

Ei i)
Vi. 1 BEHERY

AR TR, BEHERRTEZAIIBVE, FAROBRESLELSMHT 5. FRETRILS0D
Bir%, EFtPcBRenl t#E S h3BARE, EICEFEERIHREMEKBICRS hie L #
EENBPAERE, BRKEMBCERESNIERESNHBEAREIAEC 340 B, REM
DHE/EED S, WUREY 2 @i, PUREE 3@, BUREE 3@, ThEhlaLi. UT
EENENOMF R UHERY IR T 2.

Vi, 1. 1 WSOIERENERM (th, th)
AR EIENI O WALER I B BT 5 O IR I A L, EOREED 5L I RUAL 1 B4




h3, BUREERDBOIhbFORLLARE»S 2D, B iX10-20m BETH 5 (H436H).
ERERZR T RENRER 2 VY, EORESHERYORCRED o EFfttPHicERshibD
tEz N3,

VI 1. 2 hIEXEMR (tm,, tm,, tm,)

AR OPARE I, BEHEROTREE > THRNEWRECAHL, TORES 5P, B
I, chofi I YR 3 BIRKA S5, PAEEAR ch- KRR DM -BREE» 52 ), il BE
BRI LRI B v BRI 5. KARTEE [ R C I, i I B E RO
HlREOT 7 7 WHY Y TRICHET 5 (BUR), ~OBBECOBH I BELHYIE, BEK2.5m
TH-KEAOM-THHER» 52D, hED70-80cm BHPEOV IV MNEL SRS, 77 7RI OME
YIVEEEERERTEY, EE Imm U TOBAR L EEY» 52D, BET 7 7 OF#k-4 77 7 (BTH
IZ4», 1985 ; 8-9 FHEERTICMEH) wwttbah 3,

VI, 1, 3 {E{EREMHERRD (1, tl, tl)

(EATBLE BB ORI R E R TH L, BOBEDSE ], B, 6 RED 3
HRRAS NS, EAREEIYRE L L Th-KEAOM-BREEY 5 7% 325, RBRMRE DR
ARSI HHECOELD | REERYTERERODRE» 525, i, RETERKARRY
FZERERIEIC 5T, Bl ] BEMERpTEE Tn 77 7 B (AT ; $124000-250004E8] iz W) 55k
FNDZELBERBENTWLS,

B4R PRI EREERYCRENIER-47 758 AU VMORE 225, MOTH 5 _L#15em 15
-4 7770, (KTEEICATEET)



VI. 2 EESEEERY (O

IO SBMEE FPHOHO% S LE L IEBROBERImAFES 2. Chs ZREOHEREH»
SOMUHLIC X 2HBHI» 52 YD, FEE CIRIBRARBRLZ b OOLBHEERY L L T-ELTH
ALY, FERYIPE-ERXOAR, BBz E»5kY, EbOTREKRTH S, B, HWER
WL Lz b QRS S, HRE I ZPE-EEROABERA LI LIRS 3L, K0 HHERT
ERVEHERLE. ZheOABBCRAIZZ 7V VEBMELZbDbH D, FEFEPLETD b
DHEZN B AREMELND 2,

VI, 3 R (a, al, ar, af)
WIS HDIE, DT B, WHEREH R O E A2 - T RMEESSAT 5. HERT RS, MEi
RIE T 5 BRI (al), IR (ar) B URRHERY) (af) 2 KB L TRAR L 2, FEaH
ROMHREIZZ0IE EAEPERIEVET | OB » 55228, FLLMELEATEIM

ORGP EHEZ 72, HEKMTENFEL LT/ Uk, ELEMOMRBR, Z0EL A EHE
WHRCER) | O=AMTHEE S h, ERYERERORE 2 HODE» 5725,

VIL TS R U RS

(75 TRy AL
VIL 1 iEWTE

K B 1A b L OISR A LIz % L OFIEBAA T 5 (FB45E). Z 05 bR ik
B R U EENAERNEROBHRBBSMNT 5.

VI, 1. 1 TEiFE
Hwrme (bR, 1928) 13, AREHSFEEORETA SRS 5 LLECEY, WEREE
ARk (55 IR 1o 3 3 2 B45km DT BB CH 5. BEEMIE, FROW

B OTmAFICOWT, SR (1928) i [T 7Y ] EAEEE-Tw28, BRECHME - AL b Tdkshl
LHLOS—RNTH L2, FEETHINKED T LTT 5.



MWOBES» S AT, A THEAEE, FREETHRAKBE L EESh, FELNEEEERLZWT
Lo, REZMRHEVARELZVLOLASNE, FEKH-> TRESROBIEEL, HkE
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(Abstract)

The Kydto-Tohokubu District is situated in both the eastern part of Kyoto Prefecture and the
western margin of Shiga Prefecture. The geologic province of the area belongs to the Tamba Belt
in the Inner Zone of Southwest Japan. The Tamba Belt consists of Jurassic accretionary complex-
es, which were intruded by Cretaceous granitic rocks and dikes, and covered unconformably by the
Pleistocene Osaka and Kobiwako Groups, terrace deposits and alluvium. The geology of the

district is summarized in Fig. 1.

MESOZOIC

Tamba Belt
The Tamba Belt is underlain by Jurassic accretionary complexes, consisting mainly of Jurassic
terrigenous rocks and older oceanic material such as basaltic rocks, limestone, bedded chert and

siliceous shale. The age and stratigraphic relationship of these rocks allows us to reconstruct an



oceanic plate stratigraphy; that is, in ascending order, basalt rocks, limestone, bedded chert,
siliceous shale, black shale, and sandstone(Fig.1). The youngest age of the terrigenous rocks
possibly indicates the age of accretion onto an accretionary prism by subduction processes.

The Tamba Belt in the Tamba mountainous area is divided into six tectonostratigraphic units,
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Fig. 1 Summary of geology in the Kyoto-Tohokubu District
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stone, 5 : limestone, 6 © greenstone



based mainly on age and lithology of the oceanic plate stratigraphy, which are, structurally from
top to bottom, tentatively named the TII,, TIL,, TII;, TI;, TI,, TI;, and TI, complexes. The T, is
newly defined. Each complex is bounded by a thrust fault. Structurally, towards the bottom there
is younging in the age of the clastic rocks, siliceous shale and the youngest age of bedded chert of
each complex, respectively. The former three complexes form major unit named the Type II Suite,
characterized by Permian bedded chert and limestone underlain by basaltic rocks, while the later
four complexes constitute the Type I Suite, characterized by Triassic to Jurassic bedded chert
underlain by Lower Triassic banded siliceous claystone without significant Permian rocks. Both
of the suites are separated by the Haiya Thrust.

Within this district TII,, TIl;, TI, and TI, are distributed and these units are named the
Kumogahata, Haiya, Ohara and Hieizan Complexes, respectively. These rocks are folded to form
the Shuzan Synform which plunges westward.

The Kumogahata Complex consists of mixed rocks and sandstone, with minor intercalations of
bedded chert.

The Haiya Complex consists of mixed rocks, bedded sandstone, black shale, bedded chert and
greenstone,

The mixed rocks include clasts of sandstone, greenstone, bedded chert, biosparite limestone and
siliceous shale in a black shale matrix. The greenstone consists mainly of basaltic pillow lava,
massive lava, and volcaniclastic rocks.

The Ohara Complex is characterized by a stacked pile of more than 10 thrust sheets composed
of an oceanic plate stratigraphy, which includes, in ascending order, banded siliceous claystone,
bedded chert, siliceous shale, black shale with intercalations of alternating beds of sandstone and
shale.

The Hieizan Complex consists of thick sandstone, alternating beds of sandstone and shale, and
black shale, without oceanic materials such as bedded chert or greenstone. The lithology suggests
that the complex may correlate to slope sediment deposits which covered the previous accretionary

complexes.

Granitic rocks and dikes

Granitic rocks are distributed widely in the central part, and sporadically in the western part of
the mapped district. The granitic rocks belong to the San’vo Belt, one of the granitic petrographic
provinces in Southwest Japan, and are subdivided into the Ohgi tonalite, Hanase quartz diorite,
Small tonalitic bodies, Reizen granodiorite, and Hiei granite, based on their occurrence, petrogra-
phic characteristics and radiometric age. The granitic rocks are intruded into the Type I suite of
the Tamba Belt. Strata surrounding the granitic rocks have undergone thermal metamorphism

forming biotite and rare cordierite. The isotopic ages of the granitic rocks range from 70 to 100 Ma.
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The younger ages may result from the thermal effect of the dikes, which were intruded in the latest
Cretaceous.

The dikes consist of andesite rocks and felsic rocks, including granite porphyry, quartz porphyry
and aplite. The dikes are intruded into the strata of the Tamba Belt and granitic rocks.

CENOZOIC

Pliocene to Pleistocene Kobiwako Group and Osaka Group

In this district, the Kobiwako Group is widely distributed in the hilly area surrounding Lake Biwa.
The Kobiwako Group is divided into the Kusatsu Formation which is distributed to the east of Lake
Biwa, and the Katata Formation in the Oumi basin to the west of Lake Biwa. The Kobiwako
Group consists of fluvial and lacustrine gravel, sand, and mud, with intercalations of 11 layers of
tephra in the Katata Formation.

The Osaka Group covers a small area in the eastern margin of the Kyoto basin, and consists of

gravel, sand and silt.

Terrace deposits and alluvium

The terrace deposits are mainly distributed in the Katata Hill and along some large rivers.
These terraces are divided into the Higher I and II, Middle I to III, and Lower I to III ones. The
Middle terraces were formed during the last interglacial age. These terrace deposits are composed
mainly of gravel and sand. Alluvium is widely distributed on the east side of Lake Biwa and the

Kyoto Basin, and consists of gravel, sand and mud.

Active faults

There are several active faults in this district. The Hanaore Fault is a right-lateral strike-slip
fault which trends NNE-SSW for a distance of about 45 km. Paleoseismological studies show that
the last faulting on this fault occurred after 2500 y. B.P. The Biwako-seigan fault system is located
along the western shoreline of Lake Biwa. This fault system is composed of several reverse faults
which have uplifted the Hiei and Hira Mountains.

ECONOMIC GEOLOGY

In the mapped district there are several manganese and wollastonite ore deposits, working
quarries, and hot and mineral springs.

The manganese ore deposits are embedded in the bedded chert of the Ohara Complex of the
Tamba Belt. The wollastonite ore deposits occur within a limestone block to the east of Mt.



Daimonji in the Ohara Complex of the Tamba Belt, associated with various types of skarn minerals.
All mines have been closed.

Granitic rocks from the Hieizan Granite and the Small tonalitic bodies have been quarried as
building stone, and the thick sandstone units of the Tamba Belt as ballast.

There are 16 hot or mineral springs in the mapped district, which are classified into four types of
springs, that is, simple, common salt, sulfur, and radioactive springs according to their respective

water chemistry. Their chemical characteristics are related to the local geology.
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1, Tricolocapsa tetragona MATSUOKA (GS] R 66595; R12)

2. Parvicingula sp. (GS] R 66590; R9)

3. Dityomitrella(?) sp. (GS] R 66590; R9)

4, Hsuwm sp. (GS] R 66594; R12)

5. Hsuum sp. (GS] R 66597; R14)

6. Archaeodictyomitra sp. (GS] R 66599; R15)

7. Latentinfisiula sp. (GSJ R 66588; R7)

8. Pseudoalbaillella aff. longicornis ISHIGA and IMOTO (GS] R 66589; R8)
9. Ps. cf. fusiformis HOLDSWORTH and JONES (GS] R 66589; R8)
10. Fs. sp. (GS] R 66589; RS)
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