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(22—14Ma) EENIEL, KT X DA B DRV, HHFEREHC B RSB EA OBRNEED &
nT, BHEANSGF LI HE > TS EEE 22V, Fir EKIEBEOFERIZONTES %O
BRAE 00722 B0, AR CIIRERT Ik OIR BN A E S TR <.

H2d #R o KA OK — ArEAHIE i

40

No MEIBE E M B & B & HEES K(%) Arrad ©Arrad  fE fe(Ma)
(10 ml/STP/g) (%)
I 8281 ENER 900m BHERLE a & 3.00 14.0 6 1240.01
2 830-4 AR 740m ERaRILE a % 2.91 223 8 200,02
MEH : Institute of Geological and Nuclear Sci Limited mEHLoER
KA 5=04962X 10°yr" ; A e=0.581X10"yr" ©K/K=0.01167atom.%
EREH

3t

TACEVARG BRI R68808 (96.510—5)  (BE67XA) : FHRO®, WaEAtMloRE  (15551,530m)

FEERME T BHRA - omsE - BER (2) . M RIEKI5%. BAERIC LY A EmITERE R L TW
5.
B AVELTWDER, a—=2F 0T 4 Y 7ENRSEEFLTND.

&
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TACE AR S R68654 (95.607-6) (H67IXB) : SEIERALFARNA CORIRIFEA ; #£72,640m)
BESEA - BHRA - BER (Beafk) - REWIEY - BEEE% LT,
A OSSR R
FLBSRE U720 2 L ICRLEE DS IT T2 0, i Y BRICHER L L2 2 & 2R,

A R68674 (95.830-4) (FE67[KIC) : BN (EH1,250m) K-AreE (AL 4F{%2.0+0.04Ma

BESGEY - BHRA - BRELG - RGHLG OG0 L )
ks BHRAT - BUGBEG - R - REII - X Y A2 VAL RO ARRFHREA DS LT
LR 2t

XI. 3 RiRAbmBEE (Pos)

g R Bl KRICH 22 A T4,

B KR (E1,930mfHT) .

D #ARFENLRAW, KRITHT TRIFHETEH TR LSk E LT T 5.

BFER sy B EBICEAT 223, B p e oo A W13 S0 11 FE Rl o VA VR T A3 B
RoTNDZEHdH Y AL

6 KIRAE MBS O B S5 B
HAZAR—7—. GSIR68630 (95.604) /ISR, KR (HEm1,925m) . Pl : AHRA
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B B OOILITBUR L BB R 2R3 UEART, BRI RS O MR 5 300miy o Bk T,
BEI - LA Z D B &) A E R, BREALDEOBRERRES (2mmllT) ABIET 55
Pz~ (e .

B - 2L BRI SO - ek ILE & 80, BRI IAER A X D BV
EZT TR, FR (1982) I VIO TR0 CRBESICxI L L7es, HEIFERSE OSRTH 5
AIREMEL H 5.

BRH
BERERMBES GSIR68630 (95.604-5) (H569X) : K (1471,930m)
BESIEAD - RHRA - 3 - RER
fiks s R A WY R BER - REWIEY - 7T T A b MR 2R

XI. 4 +7episks (D))

g B o TS B AT,

Bt ARG IY150MOE RN OEE (R R ul) .

DA AL DDA 2 Ry RARRN, T AR CaEkodbE T, %Hikd 5 BEIFE RS
DGR - CRALICHIE WA AT RE % T

BEABGR  BEBILTE A & S UL EPIRkBEE T E AT 5. AT 5 0 B IR W g 7e £
TIHHEE (B¥kem) & L TRESE OV IRFHARCE) OISR LI BESRES 25T, &
EIAEREICEA S, PIBEER CTEL T A 2Y GE70) |, BERIER I > Ty (71
) .

B PRRDR O BERA R ATERPINE — b — T TS THifECh 5.

BE LR, SO ENESNITERD Hiiau.

BB - R BEE TR0, BEITERSICEAS TV A b 20 b T EERIER %
ZF TRV T, BENITERE & —H O KETEEDEN T 5 5

—J5, FFRREE & U < BE LR T 2 5 R TEVERUER 2 8-> TW A by 7 ks
ERLERNZENTEY, bz BIHERSEOMERER LIPS & L35, fRAED S bk
FIRE RIS kD Y (F72K) , A bFPET 5L, TR Ml Tl USRS 20 b 8E0R IR
FZh T TERE AW AT 200G ( TR Hill) &Rk, MREAIRIR AL O 4 RIPUS
LM DRI LD B REBEACOT TOAT 2 REAIR ( TASE] M) |, ) TR, - HEa
DEPCEE ( TRIT) M), LA « FEYCEIR - SRR - LZIJUSE (T 5] il L7p5.
TIHDEEON, GIRBEREWCERO—TITEREE TH D, T OMOERIEHTPIEE & [F
U< FRRE Y LR e, BRI — N — T VEEE R
HRARICOW TSN EREAZH RS STy (F3R) |, AR D1 TIE3.6+0.2 Mad
APRAK-ArFE L 2.10.6 Mad /L 2 U FT4EAR (Yamada and Harayama, 1999) 7%, KAUARIZOW



X

+FikRpRE 774 NER

W70 A PikE & B e o Bt B fR
GSJR69038 (TT128) : fill A% AFHUETEMELSE (no.2) HH (51 1,030m)
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WTUK TP O LR E S
EASR— T —. KImO B Z S U CRE) IHERS O BABER 3 0 575, PPk ORI I AL s 2 52
FoRE 720, GSIR68630 (TT57) : fll A4 AREATIRE b o /L (FEFISB0M) Qiz: 7%, Pl : RHE, Bt: BEM,
Hbl - 3 £ P A

T134.5+0.2 Mad RERK-ArEN (NHEIED, 1995) & b2 U FT4E{2.7+£1.0 Ma (Yamada and
Harayama, 1999) 7%, &IUAIKIZ OV TiE4.2+0.4 Mad BRERK-AFFE (I - 148, 1983) 728, L
HKIZONTIE4.3£1.6 Mak 2.21+0.13 Mad f4 Pk OB ERK-ArFERIN 2 1.120.1 Man ¥
b= FTAEMC (Ito and Tanaka, 1999) 73, JEJUEMKIZ DUV TIX4.720.5 Mak 2.28+0.18 Mad A 41
K OERERK-ArER E1.220.3 Mad P02 VFTAES (Ito and Tanaka, 1999) 73, £ MERE(RIZOW
T134.650.26 Ma A BIAK-ArEL (ILIED, 1991) 22z hdgs SnTinb.
PASHIRE O WA PIAK-AMER D 4.7-3.6 MaDHIFHICE S £ 5 Z & 06, BRI O KIEETH 5 &
T L7z

BAREE
ki BERA A b —F s (B71) GSI R68734 (TT57) : (LA X AR FIERE - o /LN EREE

TR - RRA - A - AN - BER - VY EA - RERTY. GHE530.

BRLY 9« 788 A b« D3

MBI TEARHR A - APIA ORI Z A%, MEAHR A ST 282 R~ AR O—IXEERIC
Ky @EEshTWa. MIAOEIE (Z) 13k,
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3R RAEIHE RS O R AA R OB AE

40
No. #KIBE  E i Ee skt 5 @ RIS K(%) Arrad Arrad 2 {{(Ma) oo
4 (%)
(10 ml/STP/g)
BEEIHLE Sy ARARERTE 10.640.7 38.4
1 949143 Nl 290 it o 7740.0: 38. 16402 Yamada and Harayama(1999)
¥ LRk T ARG 02003 g 0 71 6
H &R
2 929104 EALTEE 2615m KB e o ARG BEg 7.96 103 313 4454012 INHEM(1995)
—F L 119 453
E) iR . e et 5.30 87 27.4 [
{ HER HER - . + - A%(1983
3 8000206 S 870m  BIREA BEREHE HER e p 21 42404 M - (G#(1983)
HiEmw wy BUHREHAEERE 1.08 18 7.6 .
4 STP-1 - 1,025 = e e - : : 43+1.6 Ito and Tanaka(1999)
EHATN m o EERE Simmas s 1.07 18 134
5 " ” " " ” TR ;ig 2; jég 221%+0.13 "
; e [ EEnANA - 0.62 11 232
6 GDK AEIEEEE L12Sm ERAER T laE 0 12 243 47£0.5 "
7 n ” " ” ” HER g;g g(l) 4212; 2.2840.18 "
GSI I X 3 mpwyg ANARERE 10.93£0.51 505 ,
. P s 0.628 6510.23 BUIHEM(L99D)
P RS “R 1.560m IR g fame 11.77£0.62 289 #6502

YK A 5=0.4962X107yr"; A e=0.581X10"yr!

40,

K/K=0.01167atom. %

FEITLoER



WA REAE RS O i AUE

-68 -

<K-ArgEf>
2 o 5 “Ar rad 40
. iEES i B A £ I K(%) Ar rad £ AMa) H ;A
(10 musTPrE) (%)
R ot o A 2.83 9 79 N ,
KG-12 AN L 900m EERIERE ety sy 2.83 10 8.2 0.9+04  Nishimura and Mogi(1986)
2.78 8 6.7
KG-13 BEHNSHERES ik 2H 2.80 9 7.1 0.8+04 "
1.75 7 75
KG-15 ;s 1,000m Wi aA A ” 176 7 6.7 1.1£0.5 ”
ANEEER 2.57 9 8.4
KG-16 " " TR " 2.57 10 o1 0.9+04 ”
KG-17 B T b 800m RERIEME " 2.81 16 8.6 15405 "
2.85 16 9.3
KG-18 ” 900m HEEFIEHS ” 2.66 13 10.0 134023 7
2.66 13 12.0
. ANGRER 0.83 11 11.2
KG-19 LG BE ? " o " : : 0+03
HRE " 0 I 0.85 12 121 10=0 !
. BEREREER 3 g 3.16 8 9.9
RG22 B 5s s ry  0M RERIEHE ! 3.16 9 10.0 07102 ’
BAO2B fHRERR R 760m? BERERE 2ER - - - 1.0+£03  #//1E/(1983)
10 SE03B NN 870m? BEREWE BER - - - 1.0+0.3 "
11 OHOI iR 1,490m? BEGAOEE 2% - - - 1.1£0.6 "
12 929133 EER, ZIE  2890m REBEMEEE REG 8.41 B b 1202029 tifiz (1995
KA 5=0.4962X107yr" 5 Ae=0.581%10"yr"! BEIIoET
*“K/K=0.01167atom.%
<FTE&EHK>
B . " I Ns Ni Nd .
CREES B 2 % E @ HEEY Y e Y o T fMa) S
©0s(107cm™) p1(107em™) od(107¢m™)
_ B TTRN N 20 191 2600 & Yamada and
929133 EEMsEIE  280m BEFEEHE CLa oo 183 0.10 197045 vamai1999)




XI. 5 ZRESIHERSE (Gk, Gke)

g - BARE FUER. I (1974, 1989) 1FSEAR)II TP OB TIT A B, BIER, RIUZ LA
& CRABN L B ARAHE— T ANT TOIRKRZRHFMH I o409 D 1B RS 2 BB S & a4 L, #950
MaDE K CToH D & e Lz, ZHUSKt L, BIED (1991) (1 ERlA R o R & < R 52050505
Ry sid Z L aom L, BIUE L FHo BRI R 2 s ot 280 (kL) o#F85y o
A BARIHEREDS & FEZ Lo, UL, ZO%OMMIE) (1998) , Al (1998) eARHIZ LY,
BEIER S O ERIIFER AR Z R L, BRNSE. b =T VERR OE AR A RIS O 2 5l
DT LAV L7ZDT, FERICOW IS B RS & FERT 5.

B SPREEAAE AL A EEERVEM (GK) OFAMII A A PE O T B S o *
LR AARE (BRiss0m) . BTN (Gke) OMERXHITIRINA R (Fril,490m) .

o GRS TR & ST LI B E n o itk A2 s A LTl v, AERRIEAREE,

HT3H B RIS R PIRREEE  (Pas) HICE AT 2 BEIFER S (Gk) DIRCEEIEE 5 5
SE AR T E AT (GEPRD LA L) (S UIOBRROMEE = L, I3 2 e s s g sns.
] 65 J5UAE i PO B 1 O AT G I T T I L 0 R b L, 70 v o MiEkZ R, AR —7—. GSIR68971
(96.927—1) : AL 2L RAR, PEEHKHEE (FEE1,060m) . Qz: A%, A : RHEA
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FRIZARIRIG- 8t/ KRB RIS COHMPFICH 5. mEdbio1skm, #HEHEkmO LIRS Y
APREETH Y, (LI RIS RO R4 LT 5.

BABGR  AHIgN CIERREILTERGS, BEILTERS, B EIRTERPIORELS, & EXkils
B, FFRRIREE PICEA L TWS A, TRET) s T3 Bt RE TIC b AL T D, F73RITkT
B SRR AL e PORRBIE S & BT 2 SRR O R EMS 5 B 4 73

B - R R AASIEN (Gke) LIFLALEERVEM (GK) ITKEL2TES. B
NI 2 R DT T D B E A A IR A (B74 1) 13, BEINE WV & IREE R & By 7o itk
IR ST L, WIS CHITERIE T2 S0 T %, A EIIAER O b O SRMAIEO b O f T 72
JEeZRL, A XA HRIemEHO b DN HHME T—ODOFHNTHLE(LICEA TN D, £k
BARAEZBICEDHEMNTLAAEENTHIHAAEITS LA 5 E5 15105 %-60%0L E T %
W, AAGEIZEAEEERVEN 74T L OBERITHKT, GHRPEZEL TS, BERIEHR
1230-40 AL CTEBY, ZO72dKRIT R R VN THEBEROE TR E CaAEE & £V OICH L
M CITEABIREM L 7o T D, RBEAHE G 0L LBl © b BaE)1 [ Eiko X
IICRAINCIER D MBI SN D Z LR H DA, ACFIC S \E S AIC bz LS, —fov
YTV N =y Z IR IR LT AAH OB T RERAPNADREEE TH DAY, REIK G e L
ARROFHRE D O MR SERL R, £ TRE BB L, EF—BENT bk~ ko uffa st sh
LONEBRTHD.

Fim (1998) IFEVEHAE ATV L EOMMIZAER L, BIHEES2EICThIY, BRI
A TEHREEA (F75[B) & BRIRFEICZ LWMRZE M (GR75KA) 1223 T& 5 Z L2 omic L
7o BB O ZITIR EDNTITTREEAH DS G 48 & 8 E R VSIS, APRIAR 23 B R AR AR S
BN, AT T, OASREMO FI100mEIE OB ITHREEHE Th 5. £ PRUEE &
REAFH OB UL LRI, W#E OSBRI BB IREI A > 7 7 A > Ll 0 clig o
5 (GBE76) . I ZTIEmEAHIEEET, BERER (RIEA - A5 BORET 2HRANHRTE 5.
R O A E O Z 2 2 BRI PHATE Y, ¥ v —7 TR W DSR2 = a ek fkr
HOEHAZRO ALY, BALTHLERMEIZE S, MRFHO—723 L 0 iE< ETREIECE AT
2L ERLTWD, FIEIEA (1998) 1THTRIFHAYE RO E#iA HO T D Z & 55 I & FECY,
BfHZ T EMEATE. WA E DI LIELEI T YT 4 v 7 RAIREEATEY, E A KR
DHRLH T LI LIS 2 v 3 2 L 3 d 5.

BERAE RS 0B — FHLEUEIE & A EHERE OREIIC A D A, PRHO—E CHEMPIE E 273 (66
77 L AFEAEOHETIITAEMIIEENORTH DD, A TR CIX BB A O A ELEE
Snjo. EREIT1-10T, AR TOSE MBI 5 5.

ERAEE B EROPRZE (MR OKFEE L, 4 U ARG Lo B8 ARG AL #78 L)
T, B I R PORRBEAS 7 & O PRI OBERS L Hed DTN T A m A bR E DRGNS L
FUIEEE s GE78IX) . ZAUIIN (1989) 12 X v TSI ST Wi & MEEN IS B2 Y, I
ITREEHS - TR AW & MBI L ET DUWH L B2 T2, ~ 4 A MEEOLBME D, AT
NS BRI ER O o ARTR NS (ET78K) . 25 LEZfr AT VT R O
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F7AR FE)IAER S DA
b B AA A IREM (Gke) GSIR68824 (96.530-1) : Me/NEIRIZIR, VEIVIMNR (BER1,630m) . F: @lFHEICZ L
VVEFR (Gk) GSIR69108 (TT198) : S IARAR AN HIA T (B%700m)
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5 HETE R s DR BT B
A BRIEESICZ LOHBRZA FHIGSIR68620 (95.603) : FRiRZE) T (Ffri1,490m) . B @ BEIRASSICE A2 RLE I GSIR68733
(TT56) : Al AA A TIEE b pP (155880m) . Quz : Ak, P : A, Kis: 7Y RA

2 EHEE S, BEIE RS S IWEIR R D R — TUE I ISELS AT CERER o H o 7
0y N AL AT EERIHLTH S.

HIEEBEA - b HARICEIIE RSOV CHIE SN EHEREO B2 n . HRRIRR &
MAE 2 DFEHZ DWW THERERK-ArfERBZHE SN THEY, & $H121.020.3 ManEx =3 (f)
1¥7>, 1983) . Nishimuraand Mogi (1986) I34E = D 72 25 O S0 Bk BRE L 2 HK-ArFE R
ZME L7z, 2N S HIEREHZ DWW TR & 55 A 70Hln O MRS (EEh) LS
NHEUEE SRS D L, IIAF A (FEE900m) T0.9+0.4Ma, fkRAHA (740m) €0.8+0.4
Ma, ffR4 (£&1,000m) T1l.1+0.5Ma (@F%) L0.9+0.4Ma (fEf#) , #fF4 (800m & 900
m) T1.5+0.5Mak1.3+0.3Ma, % ko %/ (F%1,300m) T0.7+0.2Ma& % < OfEA 1M agf
BIZHEP LTS, fEHIED (1983) 1LEIR (Z51,050m) CTERIR L 723Ukt 2 HK-ArERIINE % 1T
WL1+0.6MadfEz#t LT 523, Bk E B =L 0D, BHITE RS O i Ly s
RUZRE S 7 LA (2,889.7m) (2725 2%, ZOHLE TOREIO BERK-ArENR H1.220.3Mad K
ELIFLEDLLWMEZRLTEY, Nishimuraand Mogi (1986) D288 L 72455 & AR O IE O FH B4R
AL LZ D272, Zeds, BEEM - HINTHOREHZ DWW T a U FTERBHIES A TEY, 1.9
+0.9Ma%x~7 (Yamadaand Harayama, 1999) .

B CIRE T L BAM B S, FREAERZIMITC Y 4 v a v by T 7D Ty
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5cm

FT6IX  HE)IE e FPoRLE AE & MRS A O HE Al BASR
GSJR69048 (TT138) : MU EI A 2 7 A > EHERGUE N (5 1,340m) .
FH B
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RENIEME (Cke)

(GLfHAMIE)
o BENEEE GO
h AR REME)
X +Femas
° °
.0
® o
L 9’ (] o \o
[0)
o £ 8
% o X
HURE / / SRE

T T2l IR BT RS B O & — RHLAL
WEMITFE (1998) (X5

T8 R ITE A A R ISR S LD~ A v A NS
WFHE i1 INABES0SD (47 L, HEFRIAIICTEEL T 578, Ml (709) LITeemssd 5. ZAE G, i (W
O REAETER L, LOEMTNOKREBEN 24D 2 LD A%. GSIR69055 (TT145) : fE5l/ME b
FAEATE (1 =960m)
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7 EfR s HEMERBVBIE N HEE S5 (Yamada and Harayama, 1999) . it > CERENIFERS D EAE
EAERIZOWTHE A RTEL M E VT, AEROMA 72 LV COREELT I LERHDHTEH D
BUE AL CIE LI PHEHIR L D AR B EREK - Ar A & PSR L APAI IR 72 A5 K -Ar AR, 2 L CRIgH
REDRN (—24C) D arFTHER LRV T, BATEEROHEIZIEECH D2, HEHE
DFARAE & B AR H4.5-2MadFTAIZ & 2 FTREMED @V Y. AR C IR piEEh &l L T
<.

ERRH
FPRIEEIR BERAC RS, GSI R68733 (TT56)  (BB75XIB) : LA AR FEKE b FVNOFEEE (FE
15880m)
ERRIEY) - A - ) B - RHRA - BER. AEKS
BI85 - ANBAGE) « 7R A |k « AT 2—V
AYEBRRFE S O JEDE TIE S BEE RO b D, BEAIEIAY 7 LAk T, NEY —=v 7
NSNS, 1) EAO—Tb I nciBEb L, BEE O =1 MEEREO LD, B
ERIFRECH DM, —RRALLA T 2 — v EBE LTINS, ITr T4 v I XY ET 4 — 0
D, NENIRHEAIC LY B STV D,

R EERE RS R OA ) . GSIRE8620 (956032 (H75XA) @ FRAR: (HE1,490m)

ERRHY A - BHEA - DY EBA - BER. AR

BRRYSES) - TXEA k- Dhay - TIF 4 b

ORI LR A 7R . RRAIEA Y T2 L= TH Y, WY —= I RRO LD, T
VEAIFHELLTB LT, R—P o MBIz,

XI. =5 JBr IO (Fs)

Ot &)

TE ) IHERE OBAMERRICEA LIZEIRE AR T L5,

B Y AREEOHMOSRE EHREES) .

oM BEITEES P ICEAT SRS LT, B0, BEIIARONEBA G & KY T
AEVHMITHEREDIKRNE L Lo mnfin il Sz, £ MBI B RAEEIRITAIA S L HHT
LI E N7 (WERCIEER) . 2 OEE AR U7z R B R O/ A8 JURE,
SN R, MREEEIS S LTS,

BARMR - B BEIACREOE), AUHERE, RESERE, s, BT,

-06 -



WO CAEART (Fs) OfR G TH
EZEAR—7—. b EERAE. GSIR69041 (TT131) : fLAX &, BT RHEKII (FE@870m) . F : fERBEE.
GSJ R68781 (TT102) : MK L), BES R F N Ob—7 b i) . Qtz: £3E, Pl fHEA, Bt: RER
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KAENLAE R PIRES ICEIR S L < IXEHR E LTEALTWS. MALROBIEITECLET 5 2 1%L,
FRICARBYIR 30 7 0D i) | — B i O CIE R ARICELS L7 B R 2 72 LT DL RERRSO KR X
T CIEIRE T O BRSNS 2R E 2 > T DI/ L, SRR TR & A LR ST
VS, d DU NI O R DMEV VBT 253D b D

B F& LKA RO TERICZ LWEERS GETIR L) 6720, —BISHEETh 5.
INERIT A D ENR O — TR IT BT T ADELE LTV B AR b iR S 7. Baliiod X 9 12i§100mZ i
2% B DS NRCIL LI IZ 17173 o T BRLEE D LRI L LA RBES O 4E GE79RIT) 12l L T
a5,

W&  FALECAI OBENRS B LTI Y, BIALR O W EE) O EEIE B ORI EA LTz TH A
9.

BB - St A ZEEEOENRIC OV TIEL0E04Man 25 K-ArERE  (Nishimura and Mogi,
1986) 7%, Fiz [ MO A4V A4, NEEIGTER, ARAROERSE (REEDE) (2OVW T3
+0.4Ma, 1.3+0.4Ma, 1.1+0.4MaD A EK-ArFERIERZhZhdld S T2 (Nishimura and
Mogi, 1986) , HEESHEEDO/NANYRHEAETIEHL.0E0.2Mad P a Y FTERBMES N TWD

(Yamadaamd Harayama, 1999) . Wi Hifib /et CEAVERLA > TR Z & h, EFERIZIT
EchsdLuWansg. TN SFEUEIEER)IEREEEO ERMEAR~3 9 2T, FiomdRElEoE
BRENZ R D 9 2 CERERERCH 5.

EREH
W PO BE LB R68781 (TT102) : B kL (BEL LK, L—7 b KV,
YEJRR 7> ©9.65kmit i)

BESAEEM - AR - HER - ADNA - HANE A

A A YRR RERA - BER - ANA - KBV O 72 D MR R AR A R .
BIRRAYHY) - B AL » Dy - TREA b

£20.1mmEL F OMIRCA L IcRHR A BES (FR2mmiAits) & BER: - AP0 - BAEA R (1R2mm
Atz b EET. L DROBEGOAE (RFR2-3cm) & &7 Gl /m?) .

(har )

NS A3 A9 2 FIUAC A LA, A TR LA KON LKL CTh 5. 2 b I3k
i, sEkil, BEfFl, BP - Tk, ABRMAILZRE &L bIT, BT AT R IR 55k

-08-



B IUFNERER LT D, A TR LA X B & [ HUs o0 L TE 7> 5 AR O B PE I 230 T, 521
K HLINE A A LIS 00 P TR 20> 0 T B i 75 A LR D SRR IS 20 Tt % (B580IK) . A A3z li%s
1, FED (1991) 128D & A TREUNBRASTICIRE Sz iz L, B0 LR T 55570
T4 FES AR (R40-20 5400 O—fiE ShiakThs. Linl, SEOREIZLY, &5
(ZIRFEPHIZ 3072 2 3 A MR S, £ D RIBITAEROMITE (Yamasaki etal., 196672 &) TIEazilikil
E ) & LT TV aisa Th D Z LR B o 7.

RRRIRR] [
RIKRIXK K
RS R AR

0,0.0:0.0.04/ N
RRRRRRA] AR OB 4

s Y BT
HRA KB

BT /A K=
\\\N HEBARR BH-®, T
N AR KU ORE 4

%801 ST LK ILJED D MU K LIS D53 AT
A RO INEA (1991) (2L 5D

¥HEME XE K
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KINERKIUTEO K5y 24T 5 BT, MM ORZESMITREBRRERTH L. LL, LEFXL
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Blfh : BHEA (118%) -+ ABAA (<01%) - SEfpA (07%) - HWiia (L7%) - ANEA (11%,
KERoy A7 A M)« BERE (01%, KA UA Mb) - fa5E (02%) - 85 % e (06%)
LR BERS - UG - HRES - 8k X VER(E - IR - AV AX A

MERES (M)
IR RIRENC AT D ZIERSE Ch 5. HUBHIZ, T FEKRHERI R O ) iss 25 5 L)
Wr L7z, SZIUAEHERIA W CIIBIERBMOSLIR DS Th 5. T T BEIZE#EHIT 5 K /E200m

PEDOWEEEIIARE CTh 2 EHESN LD, MR L TV, BHIT (REREA) KREpa S
AANGZIETHS.
BEREH

SRR R A I A2 ILs (5562 DNo47,/R67583) , SI0,=58.1%)
PEHE - PEMK : STILMT, FREE s R, SILSERE, RNV, REE1020mHiLT, YA
Bl BHEA (144%) - SEEA (14%) - HEiEn (16%) - Alla (22%, K4~ <+ Mb) -

T2 BRIt (08%)
ik BHRAT - RUTHA - BRI - BkF 2 IR - BEIRAG - AV AZ U

EWFEEE (M)

FROPAHEIC AT D2 INERE Ch 5. HIBHIRBIRES A8 5 Ll Uiz, T ZRECEE
R AJEIELI00MERE DOEEIFIIARE S Th 2 LHEE SN DM, W LTV, SEIUABHERIR
THNBRENBEETE, SIUARRERN O CIEERSMOSKROEE Th 5. AHITRERANGE
ASREREA AT LS T D

BERLH
RERA O S AR m a2 ILE (55682 0ONo48,"R67584) , S0O,=61.9%

FEHN « PEMR ¢ STILAT, BRPE 4 R, SZILTEIRE, JERIAV, fEm2010mils, A
Bl AHRA (204%) - SO (34%) - iliEA (56%) - APIA (02%) - BEFE 02%) -8k

F5 A (29%)
filk s R - RSB - BURDELA - B2 R - BT T R

EREARE (Km)
[E LR 2 TN § 2 LIRS Th D, RSO 2 ZINCERS b ER B L Tk Y, =
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NOAEEICED L. BRI R 0SS aa 2 8D . EREELO DT 78 (551108)
SOWAL NI L 72 RKAFEAL D B IS e L 72 AV OUF#EHN L D 41, IS BeRE B RE S 5. &
WED D70 2 1E RE ORI AR DK BEAROMR TH 2 & ST\ o, [E RGN T O R REEILK
200m, IRV CTIZEERISOMO I OEE Th 5. HEIT AN A KA S@Ea 25T, A
9 MAB A - BREREED I ENDD.

ARRE
BEREA L AL A DA mE G 22 e (5562 DNo52,/R67588) , S0,=62.0%

PEHN - PEAR - NZILHT, [EGLEILTHO, FEm2,600mits,

BEAL - RHRAT (194%) - inAb g (03%) - SRERERGT (14%) - Edsie (28%) - AP (21%,
—EBA N A ME) - BRER (01%) - 82 R (1.2%)

FHE R - RO - BRI - Bk 2 UMK - BRIK A - G T X

Kmbliasa (Tg)

TS 2T AV A MEETHD. EREEAZE Y. INT FBICHEHA R O (111
B) , RKREREIKI00MDOIROHE TH D, MHEMENEET 22 L13b 5. ERELE ORORIT
KERTHD L SND. HETBREREGHEOSBEAANGT A YA FThHY, AfLV LKRIKED
RO - AREEELAY B LR B 5.

X8 = R
Lot b olTge b T . Km
Rt l/ N
L:_L_\“ LL;
Mz .
_-
0y T

W10 LT T EECEEIN T D ERL EEE (Km) & K mliEs (Tg)
FANEE D E L RS2 . S VT 7 iR
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B AT FRRICET 5 K mLEEs (Tg)
QB AT T AT~k SR EEAES . FKMILRTHLKI300m

EREH
BRERSRRR I AP T A A b (55620 N054,/RE7590) , S0, =629%

FEHA - FELR ¢ SEILRT, R LTE, FEE2520mihR,

Bhdh - RHRA (206%) - SEREEA (L5%) - WilHEa (15%) - APIA (64%) - BER: (05%) - 8k
FH U (14%)

ks R - RO - HANG - A0 - BERE - 8T VI - IR - MR T A

ERERE (Tm)
FEREIDIGAT LT A4V A MEEGTHDH. ERGEHENOHIREOIIZNT T, &6ig, L

(L) OINT FEENGEEE TORE AT OWE ThH D, VT ZRETIIELERE %,
SR CIOKITHERI R OOK AKITEHER ) 2 7 5 (XN, 3B/ . ARSI LT A1 &L
7B, AMBULHIKA—RIKEADRLIIETH S,

EBEEDD I R THio R TIEBEERBCREINHE L, BIHETORBIRIZ20mEE O D%ES T
b5 (FE112K) . I RY TMAHLE TIEEKEENIOMEBZ 5 2 ENHR—Y U TREICKVEID D
TS (BEIG - fAE, 1960 ; #113K) . FHRLIUFHETIET 7 VT H— MEOEHERT LA H
D, KRB KRRIES EBEZOND. BRILIDLRET T, ARAO B HEOTE fH PR
HERSHAEL T D, £, RBEED, KBICED EBZDNDAAEH N EYH o T D,

B
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Fl12  ERCERO EEGES (Tm)
RIFARCE 2L BORET B AN ST 5. BEEHO & X 134920m

3 | 2 4 5
A A A A5 & A A
. oo ° S AAAAA Eﬁ
.%o £ A A& D
oy ° o N
1 o %o ] B o o | KA
o ¢
L o o s BEL L L Py o o HEREY)
— 7 /8 L L i °© o
4 e EE‘ L L L B
~ -~ LL o ©
50 S LhF~L oo
| --~ I ~- oo : P oo °
- ~ o~ A 0 o © o ©
T ~o~ (<] o © o
~ o o
k ~ o o
~ 0’
TS PR KRR e »
100 - ~ o~ Z77774 FiRTE B RRE

150

BE113X S AL o MU AR
VoL b Y HABREIO 72 DI AT AR — U v VTR HES S (O - AitE, 1960) . ARG OHEIXYIChH Y, EEL
oo JRETE, ERERE IR, KRR SRIE RS L kilistvs OWRAN A% LIE) DR
J&, OKITHERIITIOBE E 1T OB & L e o QD TR L0 Th 575, 2 o ITKin RS & Ok
IKIHERINAR Y % L B2 D

-134-



FORMITIRIEE & RS T HBIEDRBO OND T LD 5. VT TR THERATE 2 BRI
K10-20mERETH 5D, AFHEN O, HKIED (1988) (2K 0 0.06+0.01Malk (0.03+0.03Ma,

FAARIZZ (1991) {2 &V 0.047+0.009MadK-ArFERAN S ST TN D . AV OF B I3 P SR AR
FE@EAT A A N ThD.

BRI
£ B0 SRR S AT A A N (356K DN0.55,/R67591) , Si0,=63.8%
FEH « FELRK ¢ STILET, P lvs (EEEL) , EEm2660mittT, A
Bifh : AR (139%) - SEERFEA (L1%) - msEa (16%) - APaA (02%, A4S+ Mb) -
BT & W (08%)
A BHRA - BROTHEA - RN - 8T X U b - IR - AV AZ VR

XL 2. 7 S4HELEY

AT 2 & L7220l (GB114K) OFEITH Y, REMOEHITFED S0,
ORI O KR IMEEY & LT, KERBRICEDHET 7 7BBROONLDOHThH S, HANETK
ATIFERNTIRE 2 T2 B2 BTSN, KIEHK D OFE R HP -S>V TEERT I (154
ATLARE) ZBR< L13 L AL HMIC STV, HUERE CIIBIECHIRR « MRIEEINNEHE Th 503,
SEAI VT Z NOSLIEIR « B T HIRIEEIARA TH 5. 20130y, RARCN LR RO LA
BRETHLETIED DN EIRROBHNRBO SN L. ek, HIEEOALE, Bl L Beknm
2, KIEAREE & BN DB S IR HiLd  (F5115) .

& WIE
X 0O

C mmams)

M B

ERIE

114K RN OIERK O3 A
AR — A A LK SIS RS 2. UM LD DL N AR L 72 b 00, MRS 1 R OMESUE D e i
sk (5891X1)
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115 MRS 3 O K A B
PRSI OGS R TR R R 2 O KEO— L £ 2 bnD. ZO T TS TIC BRI T 5.
SRARALTE DR 4N L 7= Ab i, 5 552,200m T

WIRAEET I IRE (WEMTITAEN)

MR & i T DR FRILIRE Th D (K, 1983) . AEIFAEOT 7 7@nozh, F
RN BEL, 2, H3RVHEAT 7 7B LAMN TN TND (H116K) . oL BRI U THE
WTHHRTE DBEIIHMBETH Y, MeD%T 7 FBOSAFIRD HHTINAHITOTRLIEE
FEFEDOT 77 LEZLNTWD. ZbDo b, 83777 RUOHEAT 7 7J@0%EIE#RIX % 5117
R LTz,

ANBR (1983, 1990b) (kB &, HIT 7 IBITA L VARV LEAOR R L ETH S, Hi2
T7IRIIRSIM EO L ZATIIIRED IV b - RGN D672 503, #inE 2 A TGOS
REFORBEAOMBIRC Y PV b - B THh Y, HHlEALEH Tld FALICH W RBEwEE k> . 53
77 7 RBITHEBIK ARV LIRAD L b - RO T h B RUBME & Rz /e . 47 7 @134
DR FHAEN B2, R FOFEL2=y MIAGAOERIRELY vk - WE, F2RVOHIT=y
MR G2 LIBKED )V b« i) - HATET, H3x=y MIMBE T 22 < EHBELEL, H4
A=y MIERW LEBEOE AR EVIDETH D

IS DOT 7 T FIEHERS T ORI 3T B0, ZOT 7 7 BICEET D U EE S LT
gf - P (1987) IRV 6fE, F7z, bk (1983) , H FEBIEDN (1983) 1T XV 2 DUCEMRA W S
TS (B118K, fFRA-1) . 7=, H2f8 & H3E DM OIEK TIZ13497, 200471 (Machida,
1999) L ENLZMAT HHRYT 75 (K-Ah) BREON->TWD. ZHHDIZ Enb, KF7JFBOKRE
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SHTRIVTEERTLAE OHEREY) T do v, PR 7208 H R 1 35693,0004: & 72 5 .

14 51 32 cm
-0
N |35 )
v |50 _
vV |62
— 50
PRV 1 -
2 K-Ah
+ % mr e o jro7 %
/3 _
betliE K-Ah= 15
. l_——l Kk = +
100 = RIT A RCKILIK — 100
Vnn
T, B K—Ah-%—

Hlielx HREEHET 7 T O HE AR

/PR (1990b) A . HRIRKOMEIZF117KIBIZ R Lz, 1, M- IVIZZENENH L, H2-H47 7 T @aRT
B3I FT7SB s R
P ~
t e S——~ AR 4 S~ AR
N lcm =" /
N \ Y
\ . /\ %
) 200 )
100cm
I3 \ / /
B \ { *"“/ o 1
% \|100 \ \ e \
® < \ WL i S0
50 i ) 5~ ~10cm \
P /
E ol 10ctn / A ’g' A
Na Rk # SR
U~ ERE A N
\"\t %j:m/ . lem i
~ 7 -
A ~ B ’
Lin ~— LS Lkn N AR
- —_— -
A A B

FATIY HRSEE T 7 T O E IR

VPR (1983) AU, AIZEE3T 7 78,
ENnb. BOMTRUGE
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BIXH47 7 7 JE D% @
1355113 K% OMA6[X o HUET AR X oD i (8 % 7- 5

JERRRTd v, WG D R & HEE




RE
(cm)
0 —
toF | X
20 [
“CER
30}
000 3
ol | 2,360-2,720 cal y.BP. 0
< T e
L 3,000 - 3, B.P.
50 ] . 3,380 cal y.B.P e
«—Tj-3
T AR KR

6ol 3 7R

7,610 -7,930 cal y.B.P. (K97, 2002 1)

= 8,180 - 8,540 cal y.B.P. SRS T 5 (T)

70F NN «— Tj-2 7

9,500 - 10,200 cal y.B.P. e
80

: ME

9,600 - 10,150 cal y.B.P.
9}
roo L

H118X KA D 2 MR 0 MU AL R X
FH P (1987) AUE. RIRRAADOEIFOUCHERDBHRE SN THEY, MPEMESABERERLE (B
ROV TIRESR) . RIRKOMEIZELT7RIOR L, £z, /K (1983) , H FEfiEA (1983) i2k-T, 2
R U HHAITOFEI L HAT 7 7 O H52,950—3,330ca y BP) 728, WRFE» JEOH2T 7 7 |8 T/ 59,500— 10,150
ca y BPA i STV D

Xl 2. 8 RESEEOENEEHE

BB U 72 KR 7 OBFFES J AU, ST O BB O K 35£93,000— 2,500/ TH Y, 2 0 LAz
Z10cmEl_EDOIREIERE LB - T B (AR, 1983 #4f - 48, 1987) . LUy s, HEHIMIE
ERINTNRNEDD, HXXHIZHIN TV DEKGERNFIET D, LA HIZOWTEHRE - ik
(1998) IZF & HLATEY, THICLNIE, 7044, 1836471 £7-1385, 183946 D3I DI K
FRFOFENHEREIN TS, 20 ) big bIEEEOE WG SIX183EDIRE THh 5%, AL
WA (1984) IZ X VMK E L TR SN TV D THS.

TOMEDWLKIE, KiFE (1890) 1T K2 “BEEIE (T04F) IS LUOPESICHIS H v 7= DM T, Hi
Mz mMmBREIE SN, B EEOHZHIRICR COFR DA ICXLDD, RS LIz #
(PefH EFLRE RS ORZDO L ONF VB EITRXICL b L Bbhb0T, FREIED Y
v, ks, MEAMERIKTE SR OFTEEARTH S,
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18364 DIELKIZ DN TIE, AR CEOT L (FFHEAE) Tho T Lhb Bk s
NTCNDZ &, iz, E6ICESLPONIE (BILFFE) OB LALERIATNDL I b
BBV TR, GRS, 2 OISENTHIR IR 2/ MRBE K ERIRE ThH -T2 & HE XD
N5, ZO2oOXETIHAMMB—FHL TRV, BMAGHFNEZFRINBEAG K LT, [f
WA ] ISR SN TNDTH Th o 7o REIEDS EV .

183D, K (1890) 3B L7 [MANIERRE LER] (XD “REBEAAFEMA —+Jul (1839
F6H10H) HEZHURIEA L REDOKD 2 LI-0” ThoA, ZOXFETIXI8SSFEOIEMIL (1£ik)
LA SN TND T EMnD, ZOHCENLIR SO KN B0 EOFEARRE LT D (X
HOIEMRBSIFMRITAR) . L30T, #ERRSRE U TR D IITORRIBIENE B D Ll sivs.
723, Al (1979, p.149-152) TITI8S8EDEHILDOER b kN H o7 LFLL T 2. 18584418
A, v/ =F 22— F7.0-7.1OTREHEIZ L > CLIUA AT TRTRE - /NS E FIZR D LRI
B#E LD THD. ZOLMICET 2 EE - HiaRITN< 2Bk Sn T 528, ZOHhiC
LAV ZOEEVE , GREE - JROMOIFICS D IIEES” (PR, BiHSCE [EPaL A S |
EILNIRERER) , CPRIFAML OB i, EMILOM Y T ( THEERRER] , E LR E
D) 72 EORIBAERIN TR Y, FHiGMHER KOILRAILOF A LI KEMIEN S M N Rl
EWIDPRZDH. ZOEDIERITAKRERS 5 WVIEEK TH L0, Zhvlk bW ER ST/ TH 5
DPTENTIEAR. 7ods, TOMGELE, FiGRHAKNLEGOMIZE DT nwbh Ty (Tok
ZIE, KIF189la; HiE, 1904) , HIFEFT~O~ 7/ ~EARb oAl b E 2 bhd. L, &
DRI Tdo D DHENTIFR LS, ARETIHEKEL ThH D LITHR S0,

PUTIE, Bl U7l e 361 MKk A ffek 35 (i - GHik, 1998) .

1 MWEHERROBE RS (FHERH ; K%, 1890, DFI)

18396 H10H, HURA CARASUBENILZ Y, KK « KINWD3E -T2, £ D%, 1858F D EAA
NETIHMELB ORI LRENT VD, £z, ZNLRIOFM L LT, TO4EIZHIRE CTHEk
LW -T2 &bl TS, BUTICKRE (180 435IM7 5.

SEWANE OFFIGRFIC A~ 2 AP IE R O T RIS RIE B R O 2 G0 L do i () -oeee LR
DI OMASCB L T2 bE AT R EREE R gL, BELE (T04F) (S Io 2 #is v
72 B mIC T ML A2 m A aeid S, B IESZIL O VRO MK IS T OFe b A, SK LHEILFED
HENZRK YD UIE B E ORI RN CHRF LA LR O F & GL 7 AU TR I 0 BLAE L7z 2 0]
RET, BV TRIFEMNA Z+JuH (18394261 10H) % MRk L A DIKIB 2 L7210 &5l 5,
%ﬂf&ﬁﬁdﬁﬁ (1858F) IZEDMIIMORAELIESHE Y L

ZDIF7>, 18SBFEDOEHNOBRS “/NEBRR L FRHCHZ IR BIRR LIZ D W7 L bk =T 5.
22 MR & I TBHEOHRE Ch 223, KIE (1891b) TlE “MIZelifk A flEL -~ ERBIL TN DL
M5, HEHEHOR IR LIIHURENC X DRI A Cd o 7o ATREMED BV .

2. TVl ) (R LR XA TER)
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ZOHSCEICR EN TV DRUKGLERT, HURA T LR A 22 U7 fE R A FRITITICHE L L7z
HEROGLTHD., Zhickd &, 18364 7H9H, HURAITH20m X 15mD K AN S 4L, kil
REBAEWE BIF, S —EfETH Rofcb . LT, ZOBKITEADNICKE L, &
W) ZERFIR SN TN D.

AT 2 LA L f
—. FE AR AN SLIHIRAS & S AT = RIB LS SR WL A R = A T R IR E T A S
SRR, WRESE) | e v = RS L0 FH b, BEABHEZRE & AT BB AR L
5T, MR UTIB M = 7 R 2 FARR, 5 7 Wb A Ve Ress, S At AR Rk & i 7R A8 S
~EY L S AN ZARRFT =R A, AR A~ STER LT, Wie HILE . RS D AR
DE=AF. BT 0 15 & BT, A L0 LT3R P2k, B =\ B3 YRR 8
FZ K 0 ISR 1 G, SRR AR Y . Wl FZRE, B2 REEEH N, B D |
AR RS MERE AR I = PR =P AL B i, A ERURIZ doif, i L, DLL,
FAH DANGIEE= i
HAC
ilgiere
TR AAT AT
HEMFRH R = HE s B, DLk
WAL =
Al =>Er |

3. TEMILAHER)  CROGTERL ok B EAR AV SR

FabLpHIgR] &1%, P GRIBIRO—H) ¥, MM (1801-1872) 73E& 5k LI fii 5ik5%5
o5 HD—>TREEH (1836) IZHENLEEM TH D, iU “BOhEISILHZRE L 0 Tkt
JBE ORI L TIHEY, DTN FENRRRLZETNRH Db OOZONFIL LR LIz TG ]
RSN T b O LFE CEEROE L THLD. B2, LRoEERANINERE ) OITFHEBICRED
AEN, EOICHEIC BB SRHT IS Shiz0TH A H 0, TREZOE E TN EE 54k
BNBHST=DIEA . T=1ZL, ik Lz [HHEAE] CIXAMA2 “BARA” LhhoTnda, [l
WHER] TiE “BEH” EeoTna.

X 2. 9 MUXLOER

LK DS A IRHR AL DR BT 2 Z IS R OT A A S CThDH. i, REEDI0-30%DF
RAMRPEENTND (F5K) . RIUEEESIEE KGR LIEIKGEOATE T AR A B 2 R
BT, YEOROOMEE - ANAREOERESMN RIS L b H L. TAYA MESEFAGBRVL
IR AP REOAPIABE IR TH 2 (B19X) .

NI I Je ONA S22 L5 O 4 BRIk 2 6 Rk L. 2480, (EE%) T
BBk, AATENLIEIT57.8—59.1% (T A YA MIRSI) ThoD. Fio, SLIliklMEHY)354.8—
64.8% DLNERN LT A YAk, KUY, 69.8%DWHCAHKIENT A VA FThD. ZDFLLSO;
WCELTA VA M, LK BWTHE—RBO b HAE CalR) Tha. 7z, rilikiliz A
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T—=URNC D &, H1al1357.5—62.5% % 1°69.8%, #1bil]158.1—64.8%, #52H11354.8—63.5%,
F3WNE57.5—64.3% & 7e B, FE2MWOFRA KT HEREY TlE, 8% LA D SiOD M kiliE & FF> A
BHENFETHD.

BESE LKL A O BT — NHLK
N0.2k A S FMA LI, B IL 67 L ki

#* 5 2 4 5 8 9 10 11 13 14 18 19 20 22 25 26

H 3 sg Yk Yk Yk Yk d Ar Ds Ds Mz Mz Mz Ws,  Ws, Wy,
Ha (vol.%)

2% B & 199 102 237 236 311 11.6 31.2 187 196 27.8 251 9.6 256 31.3 259
PASAE 08 <0.1 - - - - - - - - 04 - 07 04 -

BBE 11 05 24 19 08 05 1.7 24 07 28 22 06 1.1 33 33
¥AWE 15 1.3 38 20 14 04 48 34 10 59 42 19 27 42 38

A R EB 26 2.2 0.7 0.8 5.9 0.1 0.6 - 2.7 <01 - - 11 - -
& E /8 21 07 08 01 44 - 07 <01 03 - 05 - 1.4 - -
a % 09 1.4 0.8 0.1 3.0 - - - 0.2 - - - 0.7 - -
Fe-Ti 847 1.3 0.6 1.5 2.0 0.8 0.3 1.9 1.3 1.2 1.7 2.2 0.8 1.9 2.0 2.2
R E 69.8 83.1 663 69.5 526 87.1 59.1 742 743 61.8 657 87.1 648 59.1 650
& £ 20 30 31 35 38 40 43 44 47 48 50 61 §2 54 55

E 2 wWs, Na Sp Sp Sp Zr Ni Ni Mt Mm Km Km Km Tg Tm

B/ & (vol.%)

# & A 220 272 7.9 115 295 102 130 11.8 144 294 187 194 194 296 139
Hh5AE - 01 - - - - - <01 - - - - 03 - -

%#%EELH 1.7 10 07 07 02 07 141 07 14 34 10 17 14 15 113
¥&EHR 12 20 13 1.9 05 06 1.1 1.7 16 56 29 23 28 15 1.6
AN A 01 05 03 14 92 25 09 111 22 02 04 01 2.1 64 0.2
2 Eas - 04 02 04 87 04 - 0 - 02 - -0 0.5 -
A % - - - 06 29 05 - 02 - - - - - - -
Fe-Ti$% 13 10 08 06 20 08 07 06 08 29 23 1.7 1.2 1.4 08
"% 73.7 67.8 88.8 832 47.0 843 832 838 796 583 747 748 727 591 824

119 SR LD S & T A A b
A T REEORIE, B RMUESEDT A %A ~, C: ERERE DRI
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F6FK YLLK ILME ) 0 A2 RS LR
A AR (no.1&no2) % GTe. RfkAFeOsl LTHL, 1085 DEFHE100%ICHFH L Th 5. sURMRIUH
FUTHE121K. B3 S TP R A AT RS A B 35 1 5 GEMSE G 3E 5. HOEXERHT (MVETFHA T, PHILIPSH:HL
PW1400) , tPEFR5HT

B
20
=
=

Si0z  TiOz  Al203 Fe203* MnO  MgO  CaO Na20 K20 P20s
Sg 5780 0.93 17.42 849 0.17 3.10 671 3.07 196 0.34
Sg 59.10 0.88 16.98 7.95 0.14 3.03 646 3.05 217 024

Yk 5745 0.86 17.48 8.21 0.14 359 713 285 2.04 024
Yk 57.72 099 17.20 8.69 0.16 3.27 681 285 204 0.26
59.06 0.81 17.17 8.05 0.17 2.82 643 313 196 040
Yk 60.45 0.88 16.54 7.60 0.14 2.89 586 296 243 0.26
Yk 61.25 0.86 1634 7.60 0.14 2.83 534 294 241 0.27
Yk 61.38 080 16.79 6.97 0.13 241 571 313 239 0.29
Yk

d

[ I B R B N R
<
=

62.52 0.76 16,10 6.70 0.12 2.64 538 290 264 022
69.84 0.43 16,62 3.11 0.11 0.61 2.56 4.08 3.53 0.10

11 Ar 61.84 0.78 16.36 6.69 0.13 2.62 581 3.09 245 022
12 Ds 59.33 0.87 17.18 7.88 0.16 2.80 6.06 3.24 213 035
13 Ds 59.78 0.92 16.84 7.77 0.15 272 6.05 319 231 0.30
14 Ds 60.99 0.80 16.55 7.36. 0.14 2.63 5.72 313 239 0.28
15 Ds 6235 0.68 1685 6.63 0.14 2.18 521 312 258 0.26
16 zm  62.60 0.81 16.47 6.26 0.13 223 523 336 262 0.28
17 Mz  59.61 0.91 16,94 7.66 0.17 2.82 645 293 223 0.27
18 Mz  60.10 0.86 16.68 7.94 0.17 2.656 6.03 3.04 2.28 0.26
19 Mz  60.92 0.81 1659 7.35 0.14 269 571 3.08 246 0.24
20 Mz  63.08 0.83 17.01 5.91 0.11 1.62 494 348 271 0.32
21 Mz 6393 0.68 16.61 583 0.13 1.97 489 3.156 2.53 0.28
22 wst 5894 0.90 16.89 7.90 0.14 3.23 6.62 299 213 0.27
23 wsp 61.14 0.99 1698 7.32 0.17 245 483 340 230 042
24 wsl 6142 0.81 1640 7.06 0.13 2.69 576 3.04 244 024
256 ws2 6812 0.96 17.20 872 0.16 3.26 648 286 194 031
26 ws2 6145 0.77 1673 7.14 0.14 2.38 5.61 3.12 239 027
27 ws2 6180 0.75 1670 6.98 0.14 237 542 3.13 243 0.27
28 ws2 6436 0.72 16.47 537 0.13 1.80 4.50 3.57 2.83 0.25
29 ws2 6484 0.72 1655 501 0.13 1.59 4.34 3.68 2.90 0.24
30 Na 5947 0.90 16.71 7.94 0.14 318 623 292 226 0.26

31 sp 5475 1.17 18.98 9.93 0.17 3.66 6.55 2.78 1.74 0.28
32 sp  56.61 1.08 18.01 9.13 0.16 3.35 6.56 291 193 0.28
33 sp 5692 1.04 1769 8.95 0.16 3.32  6.79 297 190 0.27
34 sp 5819 1.02 1754 860 0.14 29 632 293 208 0.27
35 Sp 5849 0.98 17.23 8.29 0.15 291 641 3.05 221 0.27
36 sp  61.62 079 1681 6.66 0.13 2.562 566 3.16 244 0.23
37 Sp 61.76  0.88 18,57 6.12 0.11 1.49 510 3.35 2.34 0.29
38 Sp 62.55 0.77 16.63 6.54 0.13 245 503 3.03 265 0.23
39 Sp 63.50 0.78 16.44 6.15 0.13 2.30 4.76 290 2.84 0.22
40 zr 56.67 1.12 18.06 9.58 0.17 3.59 6.97 288 1.79 0.27
41 Zr 57.62 1.00 17.44 8.71 0.16 3.26 6.60 297 198 0.26

42 Ni 57.45 1.06 17.75 8.83 0.16 3.19 6.35 293 202 028
43 Ni 5796 1.01 17.25 8.52 0.15 3.06 6.61 3.04 210 0.28
44 Ni 5841 0.99 17.63 8.39 0.15 292 619 297 217 0.27
45 Ni 69.01 098 17.35 7.61 0.14 286 6.561 3.05 222 027
46 Ni 60.20 0.89 1673 7.45 0.14 273 6.08 3.02 252 024
47 Mt 58.09 1.00 17.33 8.48 0.15 3.04 640 311 212 0.27
48 Mm 6186 079 16.61 7.13 0.13 2.63 4.96 299 2.65 0.24
49 Km 61.24 0.80 16.74 7.05 0.13 2.60 5.57 3.08 2.56 0.24
50 Km 61.76 0.82 16.60 6.81 0.14 248 545 3.13 257 0.25
51 Km 6191 0.82 16.69 6.81 0.14 243 535 3.1 250 025
52 Km 6196 0.79 16.55 6.76 0.13 249 543 3.05 2.60 0.23
53 Te 62.57 0.74 16.55 6.43 0.12 242 523 311 261 0.22
54 Tg 62.88 0.73 1645 6.34 0.12 2.33 5.10 3.09 273 0.23
55 Tm 63.84 079 16.58 573 0.13 1.73 466 3.60 2.67 0.27
56 Tm 6398 082 1671 561 0.13 1.72 452 360 263 0.28
57 Tm 6427 079 16.53 564 0.13 1.69 447 355 265 0.27
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F5 HHESES S HRES 3 i R
1 : TTY160 / R67538  KWET ENIER (KhO#) =]
2 TTY418 / R67539  KILET ZT—0g8 BE
3 : TTY640-1 . R67540  7IUB] S ]
4 @ TTY428 / R67541  MILET ER% o=
5 : TTY305 / R67542  KILUET #PREL ]
6 : TTY729 / R67543  KILET EEEg BE
7 : TTY139 / R67544  KILET LR [
8 : TTY424a / R67545  KiUE BIIAKHER BE
9 : TTY640-2 / R67546  3IiLE] HBEWH =
10 : TTY140 / R67547 KLY EILE AR
11 @ TTY329 / R67548  KiLHT Hig b > x)Lvg e
12 @ TTY709 / R67549  KILHT #aiR &L e
13 : TTY120 / R67650  KWIHT SAEF R A%
14 : TTY122 / R67551  KILET SEEAEFEN A
15 : TTY117 / R67552  KILET HBIRAIREL B
16 : TTY435 / R67553  ILILET FF oy FEEE, HASE wE
17 : TTY211 / R67564  SLILET HAES ]
18 : TTY214 / R67555  MLIUET JReEMLILEE ¥
19 : TTY212 / R67556  SLILET FMAEH ey
20 : TTY217 / R67557  LWIE] 2 X /4 e
21 : TTY162 / R67558  STILE] K4 [t
22 : TTY132 / R67559  KILE] ' Sispgr B
23 : TTY232-1 ./ R67560  KIUET + 5kEpm BHOTFMOBM TR Y
24 : TTY513 / R67561  KILET REdLvm =
25 : TTY141 / R67562  KILET Blw B
26 : TTY125 / R67563  KILNT A FE e
27 : TTY315 / R67564  SLILET AL BE
28 : TTY151 / R67565 KT $&E ey
29 : TTY150 / R67566  KILAT HER 2=
30 : TTY124 / R67567  KWHT Ffy FHE BH
31 : TTY625-1 / R67568  ITILH] R fems KEEREO A1) 7
32 : TTY130a ./ R67569  KIUHET HEsr RE KEFEB DA T
33 : TTY136a ./ R67570  KiLE] E&EiLH PSinslo)=s: )
34 : TTY368 /O RE7571  SLIUET IR, BT RE KBRPOER
35 : TTY386 / R67572  SILET RiFEAL KEET P O B
36 : TTY205 / R67573  SLILET FRER IBREEEDCE
37 : TTY529-2  R67574  SZILE] J— A 176 K OBEa @I
38 : TTY625-2  R67575  fILE] Eugis K o8
39 : TTY529-1  R67576  SLILET ) — A Sy KERPOBa ()
40 : TTY518b / R67577  KWIE HEsFHE E CEBICR A 255
41 @ TTY518m /WML KUE Ay EHE wE BHEICEZ 585
42 : TTY202 / R67578  STILE] #F4ik B
43 @ TTY370 / R67579 LY #BES B8, FEE RS
44 : TTY634 / R67580  SLWIET T/ /N BE
45 : TTY604 / R67581  STUHT SRRES RN FB b=
46 : TTY601 / R67582 ST FRRE4 JHND 4 =]
47 : TTY167 / R67583  ITILHT FREE S RSP wE
48 : TTY168 / R67584  STLUMT RS s FISLIFEALH =
49 : TTY352 / R67585 LM HRE#EE e
50 : TTY169 / R67586  SLILE] BIGd s
51 : TTY744 / R67587  ILILET R¥EIL ¥
52 : TTY350 / R67588  SLIUNT ER& T
53 : TT-15 / R67589  ITILBT KyFLALE jeval
54 : TTY359 / R67590 U] F¥l 2=
55 : TTY355 / R67591  ILIAT #Hhd (REWL) k=
56 : TT-12 / R67592  SLILET =¥, TBRER e
57 : TTY382 / R67593  MILEF mE, I RYTmILE A
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AL L 2 R & LT, KO-SIOZAMEM 2 5120 L=, ZoRICIE, kil &R
U< L KILFNC RS 2 Rl KL o Fin i CRritisRie kL) ROVET - E 7 SFkilo B i oo
FHE B IR D 7= DITR L TH D08, WTHOKILTHSIODOHENNIC WK OITHEFBEI LTI, [EfR
M7 28 bR LTS, SCIEKIIME IR, Bk L & ITIT RO SIOMEM & 75, 66—69% DT
A A MAROEAZ RS RbEBEL TS, ZIVETOBRTIE, kLSBT 55 mTo
{LFARRDFE, BlIZIE, Si0=60%I251T HK0EHF HITITITE A EEDPRBD LN E S TWER
(Nekano et al., 1987) , ZORNI/R LI L 512, SRS L &0 ST 722 HK03F
ERAHBICRD 5D, KNI N T, AT — VRS L DEFEHROZEITFRD L. 72
B, SR O 5 HFUE OB B 32 121U R LT 5.

wt% T T T T
3.5 F o |
X
K20 X
X X
3.0 + _
4 o X
=l
a
2.5 n ',’ ? 8 i
2 X 3 OH R
x’é(x“’ XXX o m
B X oDEH-B/F
2oL @0 o % x X ozammzLs]
. A, ?‘ 5 3 x | e e e -
N u(”k e la
A @&X e1b LU
15 L o x A2 | A
: X m3
1 i 1 1
55 60 65 SiO2 70Wt0/0

H120[ ST I K0 — SI0ZE{KIX
SEALK IS TR B L ICKAI L CORLTh S, kD720, K930— 0T FERTOF TN AL (hEFIE)y, 1995 ;
KRURR 3 (L8 - 248, 1995, 12k 5), KIS0TERTOBEN « 2 Pkl (FP¥F, 1989) DK R L7z
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XV, A BT R A — SE T I O HERE )

inzEE - TH &)

PRI (MC) 15134I60,0004FH £ 0 HT LWABEMOFRHEIC Z S HOHRLM, W DnoR]
HIC K W UCHE L BFRIINT L LN Mmoo g (Bowman, 1998) . i i, #924,000
(B BTE CORMBID B UCELBARICMIET 2 2 B a—4 - 7r s J ALl 25 &S
NTWD. EHEER OFEREICH £ 3%#945,000 (“C) FERTE TOREIOUCHE L JEFEOMHRE
B 522 L7=#F%8 (Kitagawa and van der Plicht, 1998) & & &oiL7=. UCHEDBEMIEIL £ 7-58mMICE
HIRWZ, BLEBEORIEM R A IE 218 S5 ATREMET I CIE 2. L LIBEE L L
HIF B TR BN e 5o b 5. 22T, A TIEBEFEOUCHE (“Cy BP) 2MIERTEEZR
HPHNIC S DA, OCAL Programv.2.18% Uhv.3b2 (Bronk Ramsay, 1998) & LA (INTCAL9S ;
Stuiver etal., 1998, #5122/X]) % AW CHIR L7284 (ca yBP, 10) , F7-/¥Kitagawaand van der Plicht
(1998) DFig.l1AN D & S TZBELIFET 5 Z LI Lz, MEMEEEZNEA—LRT. £7214C
IEPSNOIFIETINE £ 72134 E SN RIT, ZRENOENRDNL KO RET DL I8 (FT !
Ta4vvary e 8Ty 7k KA K-ARE, TL: UL I R o2 AL, MIS @ HEEERESR RN (AL AR
Lo HEEE, ST @ BACEAHEE )

XV. 1 EJIAE (mg)

o BBV OREE1,100- 1,200miC RIEKEZ AT 5. AHBRTIE, FRIN~IEAEE R
MABFTET, BTSN AAHE E CHR S ILD. o 5 & AN - R AT 72 BEE A
ﬁﬁﬁé:&ﬁﬂ%nfﬁw(ﬁW&m,mw;ﬁm&w,wm),ﬁ@ﬁm&m%gﬁﬁ(%%L&o
m) BARFOSH EREA DD, 29 LEERBOSMRGIE, SRR LM b 00nb o3, BN
FDOITHNI > TREE00MA 2 DK H> THBL - Wk L72 2 & AR

B JE S Emm-Eem DO ATIERL O T DIZIFEACE AR v Mg, JRRE K O g & iR &5
% (5123%) . ZHOIE KRR RECA R Lo AR &2 LIX LIEET 5. BN AET 2 BRE)
Wil & B 2RI, RO HIEESC A T o ROBERENISGRO bivd (P - B, 1984) .
FoWiEUE O T TERAECIERPIRES, s, s, 2 R OBEE OREE— PRI 845 2 &
B D, THHIFMESCHT @S 720, KO HEIRNTHERE U 72 AWM OI RS & il S s, 2
DG & EALOWIRE & ORICHE e AESITRO bRV T, R Tl FALOBE bIRdE 0 —
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& e Lie, JBIRITNT ot T100mEL LIZiET 5.

ER R - R (1984) (EUINBIRUE EIOTRBIE - vV MEICEE R B EE DA )T A6 37,000
32,500cal (35,000—30,0004C) y BPZfHiz. Z£0Dth, KAFEA (1990) LA CHUBIZNTET DA IC>
WTHRIEY o FL—3a v - Ay o 72— EESE &I (AMS) & AW HCHERIIE 2372, Zi
Z}1>50,000 “Cy BPL >61,000 “Cy BPE 7=, & 512, KAfIEA (1990) °KAT (1993) (FHT2iH
W, BJIMEEES S b o E@?{Eﬁ%%ﬁ%%—?7? (K-Tz, 95,000-90,000 TL - MISy BP : HiT
M - BiJF, 1992, Mechida, 1999) #%&4.L7=.

Lhbnt, EHRRE LEOTRBIE « 2L N BIEMCARNHIE 1 05 B AR O ook i 1o e
L7z L HEESND. K-TzN M8 %78 5 Hf DR SN 722 & b5 2 5 &, BIREO L %
O IO LR 395,000 TL « MISy BPLARTCTd 5 alEMEDS EV. —J7, BJII « A IREFEDKIL2
km B3R CUE, BRI 2 NS08 5 MRTHEHER Y o 1 1H(2%932,000cal (27,3004CH:, #7EARH)
y BPOEREE 3554+ % (515114 5 7rP9iEDs, 19907331 L7k BREORFERER) . ZoflldE
TEAMERCTE D72 51F, EJ RS OHERTIE ZALLIATNCH T LIz Z Lic/e s,

KFHZA (1990) 1AM HEIE, FUERBERODY TICREESILDL R EERE L L. F
To KAHZD (1990) 1EARJE DLt & akAr, WIRLT v M@ - JRRIENES D LGHRERET T, T
REOBERENRCRRIRME 22 R P CHER L= 2 & 2W B0 lc Lie, g (1991) 1k, KEEM &%)
LIRERIE 8 > C FATHEAS 5 2 WH AR B>, ATBO—HASKSCd 5 TTREME A I L 72,
HE B LIS, BREPKIOKADN SK-TZE T CBE 2R FERN L (REmRERN R AT —
PMIS54 ; Martinson et al., 1987) MAEL72LABNDLDT, ZOYEFTEEE. L LMISSAZE]
PRI (LN 235 LT 2 & AR T ERHT E 2 O T,

WARDIREIN & LT, Sk I BIE L7 [ DE & 1k & b 5 (RF1E2Y, 1990 ;
HIFH, 1992 ; JCkf, 1993) . HIH (1992) (ZEJINCIS O WRKBE i OfEFri i ZIzIc b & o0&, & 1kD
DR O DIENRENKREOWEATE L EEZ, LKA ER OKBREE»?) £
2 KA (R B REFEHERE ) 240 Ui, k72 KA (1993) &, AJGOFENBSAE & 7ilik
I & DIBAIRIHRA D, EE2IRFTHERIIC X D E L) fafif L7z

XV. 2 Rk mHEREY) (t1, t2, t3, t4)

MR A RBIS, BT — KO/ 7 n 22 EE (f§R1: 20,000-15,000) ZH7E L ClpIEE &
L, HERMONMZWET D100 L Lz, WRIT, Zabilh & SEWATELITo 7.

A T, DA EERLBUAIR & o tbE, RIS T mHER) 24> (t1-14) (K4 L7z,
72720, A DORFETHE, DIPREEETET 00 B2, BOWEHERYN R 7 10 -
by TBREEENERBELTELET 4V - AN T ABREOSENRRE) 2 LG b5, £2%
WD & DT, AHURO @R I P HIERTI DA, BRI OKITETEDE Ure. 2 OBg, KO/
(VKT O R AR D528 2 0 < S T T RRMEREY)  (BICKOAKIRHERI £ 72037 7 b o v o 2 HER) 73
AT, BRICBALLTTY U MU v 2 BB SV, BIOKOKTTHERTY) O 8 A HERR A A R 50 L
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OWJIHERE & 2 < ORITHIA L TR Y, WH 2 I KA 5 2 LIRS TRV, L7ehs - TlpiBe
FEHERI & L72 b OITITRDKKIRHERI) & L COMRRRON b ONEEND L bbb D, FMEXIC
BT, OB EHER S L CROKOKITHEREICBIT T2 L9 RLThH L2 L b hoN, £
DEEFRBEHEBENITET 5.

XN. 2. 1 SECARBRE#EY (t1)

B TR OEE I OB TRAE S EHE > 2 —0f ), ROTUI - A SAA TN
EOHFITWTENZ AT 5. Wb @A RE: il O RS Th 5203, BINTRE L. AR O
i & BURIR & O be i3 ke B AT TR 140m,  RIE A EHHE v ¥ —fHE TRL100m T,  FHNE &
INEV. EBYI - A DB E TR TIE300-350mTH B .

[BHE MESN-REE - PEE, TNOZ2Z/HTL0 - 0 MEDOIEN G5, J8/7EI136-15m,
EFENUETH D, BT LR IR 2 sk U, BT TIEHE AR A s i %
Bl « AWV TIEKIEECIE RS EAE BRE 725, EOoMATHEEEIEIT I EL, B3
Y= TEDIMHETE DREIEFAE L TOD S DRZL,

AR TR S 1-1.5mO MR EDRM r — 2 LEICEDND 2L h 5. Ziid, BhR e
e — 2 (12 0E, I, 1931 ; JIIE, 1942 ; %, 1956a) LAHINLTWEbDTHD. Zor—2A
BHEIEBHEATE AR T 7 TRUINAE LR, RIFDEIHEE & % —FRIOMER N TIE, AHERY)
D EREDB530em EfZd v — A L HPICEBEO L ROy F (2-5mmK) HE EH10emic
DlcoTHIET 5. ZHUIZEOWEBERKUAT T A 06720, 25407 OJEdr31En=1.498-1.500
Tholz G714 var - b7y 7 R EZERE Il E L4 ERIMSS6, HUEEHAT, HIES
AR .

FER AHEBICE T L2 LR35 b7 77095, LROKIUT T ADIBYrFREFE & A Ak
i OERBUIAET 2 bDITK-TzR B 5. RIFVEHEL » # — (LD Rk 7 — 2B LE TP OK-Tz
DEREITHFR F50-60ecmTH 5. Z DAL = — L L8 I I R B Ao AR E S TR O bive
WODT, ZOHERGRE N —E T o 7o LARE L CARHEREY L ifn 0 JE AR A SMFiTE TR 5 & 9160,000
STYyBPTH L. ZOMEITZE < OARMEEERZMED 23, AHEFEY OHERERS 71T 130 % Tl 2 T
BN D, ik D K D18, AHUEAE ST A AS M T, G KT O RTIES] & HERTME O JEY Rk
Bt FA A RE OTER S — BT 2z d v, FR & U TOKI O 58 EKITHIS O LRI AL 5 (LA 5
DEFUHE RO E, RAKMEEROZAIC L H2BoKIREOBADPES L TWD (BTH, 1979) . Y
BRI IR HT#R T, 3 X #185,000-130,000MIS y BPANEGHE RIK I e ST > 5B 2N ] (MISB) 12
B0, KRR OHEFREREIN L Z U ST D Rt & 5.

XN. 2. 2 th{CARRER EHETEY (t2)

ot RANKROTF 2 FiR « BHREVERIT, RS R A« LIRS 20T
TWTF BN T 5. 2D R i PO B ik & e 9. SPALRT R BE L if & BURIR & o L A8 2 At
ICRIT0-90m, RN TRISOMTH 5. FAJINESORIITENTOS5IE I < JIFTITH 5.
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B MEISNCER-TEEE, TROEI/TL0 - vV NVEOREN S 5. J8IEIX10—20m,
FFENLUETH D, BT RO S E & s U, B3I CIAE RS BN ORBRAS oA Ji & IR
LT 5. BEIEORULOREILZ OB ORE (MTRMO&EER E) G TEEETH LY, BHL
T FEAR I N R B FEHERA) 12 0 D 7,

FE 5 BRI CIEAMERI ) O L3R SHImoBEO B 7 — L8 LEICEDL LA, RAFREETH
Dl FEITRHTH 5.

FR R0 X5z, RANNROVORFERYIIE S IO —2E HEICEDNL LR, 777
DIMET 20 E I INIRIER TH 2. FMMOEREE TRV, 2O DAHERM) OERITARN
7203, WO 2 DI oKW ORTETH 2 /e V. BUS, BN O AR B i (25
DAEWHE R X — DOV THANREIN DA, S HIZ PN 53409 2 h B 72 13 RIS (G
19568) (TEfET D LB R OLND. FHIT, B U T OBEO AL B i 294 5 n— 2E HF o
JEEREND, RIGBFHEIZH LSS ATREME SV, 212, KIS E 25 2 8 Sf2mo o — 28 1+
BOdEC kI 775 (DKP, 55000-43,0000 « STy BP ; AT - #if, 1079 ; W - §i3F, 1002 ;
Machida, 1999) A& FEND (HhlITy, 1989) . Bt i OB FHIRFHECDK PO FE R DAL &,
SO BF T ) e o L BRTR, %7 1% RBP & 2 OB R (BJF, 1956a : BB RBIE 7
JL—7F, 1969 ; #AMH, 1980) TSNS, H3IT, B & R O HERSPE O I BB i 1R 0 A
DT RN & 4170,000-60,000ST y BPLAREIZHEK L7z L HEE S Cnd (B2 1, WTE, 1979 ;
P - IER, 1984 ; /hM, 1988) . Z OMHUIIMISADK SIS INT 8721, TREKILIIRD 4 H1C KT Rl
WNE U (BIZIE, k- 15K, 1987a, 1989 ; /B, 1984 ; /IMbk, 1990b ; E4)1l, 1992) .

XV, 2. 3 RGCATREREHERRY (t3)

ot RANRLAFIN, 77 TRIBVICE L o TOiT 5. AT ORNVLEIRMBIO)
BWNZHORIRL T 5. BO&IT - RAGOMIT T, 4 KRR i & &3 =8 o
H ORISR NI L AT 5. —F, S OENOTINWT OSBRI CH 5. KRR D
T IARALI B Ffi A 7 U, AN B P & BURAR & 0 B 1AL R IT Rl AR HE £ v & —
fF3ETHI20-30m,  FHIRATE TRI10-20mTH 5.

B MEBESNT-ERE—MEE, ThoZ23FFT 50 - 2L NEORE)N G5 (55124, 125[X) . &
JE1310-30m, EFENULTH D, BE LR O AT 2 K U, 5 TIEAE R E R OTRE
Bt A, B)ICIHERAE L ks (BRI, WAcs, BIRE) EEERE 35, geiiETEe
A ERYE L TR,

% < QMU CIIAMERID 2 Y 2 JA K 7 — S8 LBIEERD b vy, RIS DEHE | v 4 — i
TIFESHNIMOBEOr — LNELENAER SN, THICHEIET 7 708 EEN L0 E 5 NI TH
5.

ER AR OSBAIL P ALTRE RHER &, ISR D 52T IO S AR AR B e HERE & DI
BbH. FHHEAROSMTIE, HAAEEE i & 3RS, TRV S AE 7> 5 7 5 HERSEE il O AF7E
2350 5 923,000cal (20,000%“C)  y BPLARRICHEAK L7z S fEE SN Cna (B2 0E, Irm, 1979 ; g
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124K A I — DR ORI EHEFEY (13)
A A—D4y (& 1,600mftir)

#1254 A T —OBROERA R mHERY (13)  (HE)
Z =04 (BEE1,600mFiT) . />~ —IEE O R & 134915em
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BE - A, 1984 ; /D1, 1988). HHASEI FHOSEEIE (M, 1956a; LEAHID bZ OB ThHD.
= DIRHREMIS20 KRR 7= 0, RBKILIRD & HCKITREERE Ul B2 5 <, AR
S DR A B BRI DR A E U T L B2 DG, 12721, B eI O % kb T L
R - K E THH ORMERIIE SR LD b HNTHER D 0, ABOPFRIC & > TR TR
HEICHIK Y SNBZ L bhY 5 5.

XN, 2. 4 REMAIREEHREY (t4)

o B, B, BRI RIS DOKHICH > CHUT A2 JRBTINC AT 5. AR O F
T VR AN e B Frif 2 7297, BLITAR & OB ML FCTh 5.

[BH MEINRE—MEEE, 22 3FT 00 - vV NEOIEN G225, R 0l E
EERFTAE T A, AR N SAELER, RRE VIV NOBEHIET 5. EEEO—HIX
HIKERLTHD., EoMRTHE - REITRAETHEECH L. BREIXIOMUL FTh 5. B LR
RO IMHE & S L TEAETH D, ARHERIITIAAR 7 — S8 B8 S ey, SR T
HIRRAR &0 7 HIREL L 721 — A O MR IE 7 7 7 @ 2 e e iRE Le s @i 5. Ay & 5 B (S
ITORKEREIL, BRSFEFHORIE & ORRD S 2 OKRORN S5 (R, 1997) .

FER ERIFEEIEITOIS (FH140M, B4R (2380 CTRMERN & 7 5 JeiE D 4:1(134,860
—4,580cal (4,220£90%C) y BPTH 5 (B, 1997) . L7=3-> TAHERMOEMIT ML TH 5.
FAH - TR (1984) MTNIESY (1990) 1, EI - EFHB AT L 0 RT50m T RO E 4SSy
A9 HAHEREY) (MK TIEARS) oA OFEE LT660-310 cal (490+170“C) y BP& 182,750
-2,150 cal (2,340+180%C) y BPAZHT\W5. ZD X 91T, AHEREWOERITBIIC L 0 AEN & 523,
WFNHEFITHS.

X, 3 JKIHEREY) M ORISKOKTHER (9)

MRE BN (V—7, h—n) ELV—r (HeA) 228, KRR O HIEZCHERSY 23 A RIS 7
T HZ e, FI—myX TATRCBT HKMORETEL R~ (A Penck) Db & TOHF
DABIFIE U CH S W LIRFELS 12 K > THID TR S 7z, ILIRIE19024F  (BIVA35ARE) (247 L
DO R % L, OB DMEAET 5 2 L &R Lz (i, 1902) . F7-19054 (H1438
F) (i AR &SRR AR CER AN &, $H AEALEO/E LTI OB 25U L7z (L, 1905) .

ZIH B BRI IR HIE ORBER i & o < Dim sl , 19204F 2 A E Tl iz GELim 4
15 R, 1935, 1936, 1975) . Z OKFRICITIAS (1913) & DSAHBROIKITHIZZFH L T\ 5. £0
%, Vol ATKERSTZHRPIFIB0ELIFICHIL L GH2img) , 27220 IEHZR, Ll SIZEE
B TRVERS S Wz EnT OB, 1984) . 295 Lizidd, BAESTL—r, KAER, KEEIE
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ENOOEFIISHTETaT—F A« T — k3B 5 (FH131K) . IR (1973) 0y (1985)
Ono and Watanabe (1986) IXNEBIE RO T 0T —F 2 « T /8~ hOBIEOTERER L LT, HikO
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FHLE R 72 2RI BIE LB LB R TR0, Ay RIV R (EHME) 2T 5. ERORIRII LT
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BUESBOBRLIGEIR S TR (R T-X) , HPZ(be R AmofRahc k2o, Zhic
KX, BBRTIZNHEREMIZ L > THINRIT R E kD b, ZEIEERIC K8 BRI
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Lz LB SN TWD Z EnD, ZOMIEN2E HOWKDFER ERLNDE. ZOREOB)IBDORKS
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3T 7 7 @R FRI03,000—4,0004EICA U & Snd (B FEEDy, 1983) . 7eds, HEA
DA & 2/ ALK O/NUIHE (kE) T HRERORERID 50T 5.

141 MR ORIEIZ AT DRI (@)
Ny — DR S 13K)30em

XV. it~ A #t &

(s 2
XV. 1 $gis
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ROMER STz, IR (1967) (SRS, SFHEmMSC, WMIEIX1200 /4y, 5URIZ80—95°C, i
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-+~ O0BSERVED —— REGIONAL I
- CONPUTED I

ASSUMED BOUNDARY
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(ABSTRACT)

The Tateyama District is situated in central Honshu, and occupies an area between long.
137 30' E and 137 45' E and between lat. 36" 30' N. and 36 40' N. Topographically, the district is
in the northern Japan Alps (Hida Mountains), which is the most typical mountains range in
Japan. In the Japan Alps of the district, there are Tate-yama (mountain) (3,015 m), Tsurugi-dake
(2,998 m), and 27 other peaks higher than 2,500 m in elevation. Many glacia landforms and
deposits remain around the major ridge, especially on the eastern and northern sides.

Geologically, the district belongs to Inner Zone of Southwest Japan, extending over the Hida
Terrene, the Unazuki Zone and the Hida Marginal Belt. The geology of the district is summarized
inTable 1.

Hida M etamor phic Rocks

The Hida Metamorphic Belt is |ocated in the eastern to southwestern part of Toyama Prefecture
and northern part of Gifu Prefecture. It is composed of various kinds of metamorphic and plutonic
rocks. The Hida metamorphic bodies are divided into Eastern (The Katakai River and upper
reaches of the Hayatsuki River), Central (upper reaches of the Jyoganji River to the Takahara
River) and Western (upper reaches of Jinzu River) bodies, in which each body has individual
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Table1 Summary of geology in the Tateyama district
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characteristics in petrology and structure. Other small bodies are present at the upper reaches of
the Tetori River and Kuzuryu River. In the study area, the Hida M etamorphic Rocks appear at the
upper reaches of the Hayatsuki River, which is the southern part of the Eastern body. Other small
bodies are present as xenoblocks in the Funatsu Granites around Mt. Tateyama and Sugodan
Valley. These bodies are composed of the aternation of calcareous, pelitic to psammitic, basic and
felsic metamorphic rocks trending mainly north to south.

Hashigodan-nokkoshi M etamor phic Rocks

The Hashigodan-nokkoshi Metamorphic rocks probably of the Hida Marginal Belt are included
as xenoblocks with ultramafic rock xenoliths in the Kurobe-bessan Granite, Azoharatoge
Granodiorite Porphyry and Jujikyo Diorite. They consist of psammitic and mafic crystalline
schists of low grade.

Basic Rocks

The Basic Rocks are composed of gabbro, hornblende gabbro, hornblendite and fine-grained
biotite-hornblende diorite. These rocks appear as xenoblocks in the Augen Mylonites, Funatsu
Granitic Rocks and Tsurugidake Granite, some of which are recrystallized by contact
metamorphism.

Augen Mylonites

The Augen Mylonites are located at the upper reaches of the Hayatsuki River and Jyoganji
River, which had been called "Augen Gneisses'. The Augen Mylonites are composed of alkali
feldspar porphyritic gneissose hornblende-biotite granodiorite and akali feldspar porphyritic
gneissose (hornblendle-) biatite granite to granodiorite. Foliations are trending mainly north to
south, which is paralel to the trend of the Hida Metamorphic Rocks.

Funatsu Granites

The Funatsu Granites is the general name of Triassic to Jurassic granitic rocks intruded into
the Hida and Unazuki Belts. They were divided into the earlier-stage Shimonomoto type, and later-
stage Funatsu type. The Shimonomoto type is relatively basic and composed of mainly tonalite
and granodiorite accompanying diorites, and the Funatsu type is relatively acidic and composed
of coarse-grained granite and granodiorite with pinkish alkali feldspar. The Funatsu Granites in
the present area are quartz diorite, the Okumayama Granodiorite and its equivalent rocks,
Sugodan Granite, fine-granited hornblende-bearing biotite tonalite and granodiorite, Hayatsuki-
gawa Granite, and K ekachidake Granite. The Okumayama Granodiorite and its equivalent rocks
are classified into the Shimonomoto-type, while the Hayatsukigawa Granite and the Kekachidake
Granite are classified into the Funatsu-type.

- 207 -



L ate Cretaceous to Early Paleogene | gneous Rocks

Late Cretaceous to Early Paleogene granitoids of a batholithic dimension are widely distributed
in the Japan Alps including this district. The granitoids and their volcanic equivalents in the
district are divided into seven units; Kizaki Rhyolite, Oshirasawa Granite, Tsumetazawa Granite,
Oyamadan Granite, Tsurugidake Granite, Okukurobe Granite in order of emplacement. The
Oyamadan Granite and Okukurobe Granite are relatively large units, and occupy the mid-southern
part of district. The Kizaki Rhyolite is composed mainly of thermally metamorphosed rhyolite
welded tuff. It is mainly distributed in the neighboring Omachi district, exposed as roof rocks of
Ariake Granite. The Rb-Sr whole rock isochron age of Tsurugidake Graniteis69.3 = 5.1 Ma.

Miocene (?) Granitic Rocks

Miocene Granitic Rocks are exposed along the Kurobe Gawa (River) in northern part of the
district. They are divided into the Kosubarisawa Granite, Kurobebessan Granite and Azoharatoge
Granite Porphyry. The Kurobebessan Granite is lithologically subdivided into the hornblende-
biotite granodiorite (Shiaidan-type) and porphyritic bictite granite to granodiorite (Kuranosukedan-
type). The Kosubarisawa Granite intruded into the Oyamadan Granite Okukurobe Granite,
Kurobebessan Granite intruded into the K ekachidake Granite and Okumayama Granodiorite. The
K-Ar of hornblendle and bictite from Shiaidan-type are 7.1-5.7 Ma and 5.0-4.9 Ma, respectively,
corresponding to Late Miocene.

Pliocene | gneous Rocks

Pliocene Igneous Rocks are widely distributed in the eastern part of the district, and they are
divided into the Jiigatake Volcanic Rocks, Osawa Grainte Porphyry, Jujikyo Diorite, and
Kurobegawa Granite. The Jiigatake Volcanic Rocks are composed mostly of rhyolite welded tuff,
rhyolite lava with andesite lava and stratified volcaniclastic rocks. The Jujikyo Dioriteis exposed
aong the western margin of the Kurobegawa Granite, and intruded by Kurobegawa Granite. No
thermal effect between the Jujikyo Diorite and Kurobegawa Granite shows their successive
intrusions. Satellite stocks around the Kurobe Granite also show the same relation between the
Jujikyo Diorite and Kurobegawa Granite. The K-Ar ages of hornblende and biotite from the
satellite stocks are 4.7-3.6 Maand 4.4-2.2 Ma, respectively. The Kurobegawa Granite is exposed as
batholith in the eastern part of the district, and intruded into the Okumayama Granodiorite,
Kurobebessan Granite, Azoharatoge Granodiorite Porphyry, Jujikyo Diorite and Jiigatake Vol canic
Rocks. The Kurobegawa Graniteis vertically zoned, and densely concentrated enclavesin the fine-
grained host granite characterize the upper part. The lower part of the Kurobegawa Granite is
composed of medium-grained biotite with a minor amount of enclaves. The K-Ar ages of bictite
from the kurobegawa Granite are 1.2-1.0 Ma and this very young age suggests a slow cooling
process.
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Quaternary Volcanic Rocks

The Sugonokkoshi Andesite and the products of the Tateyama Volcano, belonging to the
Norikura volcanic chain, form the Middle to Late Pleistocene volcanic rocks in the district. The
Sugonokkoshi Andesite (0.22-0.20 Ma) is a thick valley-filling lava nearly 6 km flowed down
from south of the Tateyama Volcano. The Tateyama Volcano, a composite volcano, began its
activity roughly simultaneously with the Sugonokkoshi Andesite. Its volcanic history is divided
into five stages (1a, 1b, 2, 3 and 4). At the stage 1a (0.22-0.20 Ma), voluminous andesite and
dacite lavas, and volcaniclastics were thickly piled up in a depression with clastic materials
originating from the basement rocks. Most of the stage 1a volcanic rocks have undergone
hydrothermal ateration. At the stage 1b (0.15-0.10 Ma), andesite and dacite lava flows are spread
widely. The subsequent stage 2 is characterized by voluminous pyroclastic flow deposits, mostly
welded. They are upgraded from dacite (pumiceous) to andesite (scoriaceous) in their chemical
composition. At the stage 3 (0.09-0.04 Ma), effusions of andesite and dacite lavas occurred. In the
last stage, stage 4, only phrestic explosions were recognized. Four events of phreatic explosionsin
the Holocene epoch were recorded as air-fall tephras. Only fumaloric activities are now observed.
The volcanic edificeis now largely missing caused by erosion, represented by an erosion caldera
5by 6.5km, called "Tateyama Caldera’".

Middle Pleistocene to Holocene Deposits

The Middle Pleistocene to Holocene deposits except for the Quaternary volcanic rocks and
gjectaare divided into the following: the Magawa lacustrine deposits, fluvial terrace deposits, till
and fluvioglacia deposits, debris avalanche deposits, talus deposits, aluvia cone deposits, and
present river bed or lake deposits.

The Magawa lacustrine deposits distributed narrowly along the Magawa River would have
been formed by damming up the old Magawa River in the early stage of the Late Pleistocene. The
damming up may suggest that huge collapse of the Tateyama Volcano or pyroclastic flow eruption
occurred. Distribution of the deposits implies the appearance of alake deeper than 200 m in spite
of the mountainous region. The fluvial terrace deposits can be subdivided into four units, t1 to t4
in descending order, in accordance with the relative heights from the present river, estimated ages
of emergence, and other factors. These deposits are well developed along the Hayatsuki and
Magawa Rivers but poor along other rivers. The t1 unit, the oldest and highest, had been formed
during the Middle Pleistocene, and the t4 unit, the newest and lowest, was in the Holocene. Thetill
and fluvioglacial deposits are distributed chiefly along the main ridges from Tsurugi-dake to
Ecchusawa-dake and from Kashimayariga-take to Renge-dake, and a so seen on gentle slopes from
Murodo to Midagahara. Whereas the till as well as the glacial landscapes such as cirques and
moraines seem to have been formed during two different stages on the basis of the degrees of
dissection and distribution height, the chronological evidence is still inadequate. Probably, the
older glaciation had occurred during the Marine Isotope Stage (M1S) 4 or before and younger
glaciation during the MIS 2. In addition, the recent climatogeomorphological studies have clarified
the presence of arock glacier and permafrost in the valley head of the Kuranosukedan. The dry
debris avalanche deposits are seen in the Tateyama caldera. In particular, the younger deposits
known as Tombi Kuzure were induced by large failure of the calderain 1858. The distribution of
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talus and alluvial cone deposits are considerably restricted in the mouths of small valleys or low
order catchments. Several active faults such as the Atotsugawa fault whose latest event might
correspond with the 1858 Ansei Hietsu Earthquake (M=7.0 to 7.1) can be seen. It has been
believed that this earthquake was the probable cause of the Tombi Kuzure. Also, many
gravitational faults related to the rapid uplifting of the mountain ranges and deglaciation are

recognized.
Economic Geology

Molybdenum deposits are founded in the Jurassic Kekachi Granite. They occur in quartz veins
within the neighborhood of the Kurobebessan Granite body. About 38 tons of molybdenite ore
(90% Mo0S2) was mined at the Kokurobe Mine 2 km north of Tsurugi-dake, during 1915-1918,
1944-1946 and 1951.

There are several hot springs such as Gakidan, Azohara, Hitomitaira, Senninnoyu, Jigokudani
and Tateyama Spas a ong the kurobe River and around the Tateyama Vol cano.

Gravity Anomalies and Density Structure

The main features of Bouguer anomalies are as follows: low anomaly areas are distributed
around Omachi city, which correspond to Itoigawa-Shizuoka Tectonics line extension, and Toyama
plain. These areas are covered with Quaternary sediments, so Bouguer anomalies are reasonable.
Otherwise, the area from the eastern edge of Toyama plain to Unazuki town is a high anomaly
area, because the oldest basement of Japan, Hida metamorphic rocks, out crops there. Although
the basement outcrops in the N-S direction from the south part of Kurobe Lake to Keyakidaira,
Bouguer anomalies are unreasonably low. The low anomalies may be explained by alower density
body, which extends from 2 km to 5 km below the surface.
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