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(BHEOLT « SLATHERT)

AR BIMEHIR P 343 2 MU T CHAERTH D . 36 DI HBHELARGE O K ILEEHE K Ok L ) />
572% (6, 7X). WMEVEHRIT T NI - R ORBEN L OB EHEEMICE Eh o198
720 BIUALK AR S 3T L, ZOLHRZ IR TA L) iR - TR O F =R K ORI
B NI T 22, JA EBURKIZEEICIS DN S 2H, [HED T TORBEFORIE L ILAR D 125
W R A0,

ARG D 72 5D K LB A e NS HHA L7z i, /UK - it (1952, 1955) Thb. 2 oKk,
EWRTOBERRED B & L TRIEEO Z oI ORE M MToniz. 0tk EHKILIZOWTiE, M
7 (1966), RAH (1976) ORELHRERH L. FHUTH 1977) TEHAILOEFZHE Lz, KX
WZOWTIEEHITA (1983) 3¢ty L, B - K LEEE & o0 CHA R (1984), EHEA> (1985)
WG L7z, 20, &F (1988) ITBEXILIOMEZWE Liz. &FiFh (1989) 1AM KIS A5
DEEOEADHEHEREZRE L TN D,

BEAIRZ SOOI >V TR, #F (1963), #°3 (1976) OHI% - A H 5.

ARHIE D HE 7> 5 ALH K LI IR 23 2 SR W - REBREBEI 30 TIK < 4§ 2 i E Rt
BERARFZE 7 L — I L 0 RAEICD T2 0 AL S, 1983 R0 TREEIOME] & LTRiESn
(BURCBERIRITE 7 V—", 1983). D%, AHUIZ /5T D KILEEE 2 &3 2 RIAEREC DN T
%, EARNREZE 7 L—7" (1991) Ik V@b S,

AHUEO BEN 3719 2818 =R KO % B < APIFFOAEIZOWTE, ARBER (1988) OF
M5, Fiz, ARRIMEHEEOF R OIS 3 72 2 8 SR Mk & + A T ki< K728 5 B R o i
OWTFENZNFFUED (1981) KUWITIEA> (1985) O|MENRDH 5.

FI)IA RIS ET DELIZOWTIERINB L7 v —7" (1968) (2L > Cat L WFEM T, S5
12, ZNOOBEEHREWEE S FER e — LB OV TUIHIE K ILIRIFZE 7 L—7 (1981) M3 L.
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on.2 #HygBF

AHUBIIHEHER R OB Y720, FMREFE2A LTS, 2ok FUEITHE=RThHY,
HFRGRRAHL > Dige<” hRBEEE” (B, 1963) 2T 27 ) —2 & 7 LFRHER A D00 [ HERT
L7 T 5. TR HOPHlE BV THENROASES NV T4 M EOB RN
5. ETo, HSHERGHOTERINCIAL, BT DR H OREBEED,  ARIE U T
JEzEE T oEMEKEET LT 2EMEIRLSERND, JLHEA S PRSI THAAL T
5. AMEHIR TR LIRS M T 2018, Inbaie LTxo L85 B - BE - BT - 55D
BUALKLIOEHL TH S GETX). & BIT@EALNHIRAL, WO IHERMA Zh b 2k > THE
5. AR N O -V OiIE 2 5 6 ISR

BT

HETIZIEE 2 B2 (PEAD), ROWHE & 2030, —HEARNORORN Gert) (2530
LCWD. JEENDBENNTNT THAT 2 HFmtiL M L v fEsUE, s )IfE, ik, KRE, #
WE, TEHRRECST S5, PEIIO LIS RE 2 RS TR > T, KIWBRENRSAT 223,
THE A NSO T 2 hHifE & OBFBIRIIATH 5.

B FALOFERIEIT TIRA A5, FEFEEE 1,500 mPARICET S, a1 iR H SRR A
FTHAT21F0, MAOENERICHHML, Ehkil - BRKLOI L -T2, kD%
BLlZIakaaEe L, REOREEHE, —HBICEREEE, T RrI 7R84 Nk,
) (PR ERICEEFE L T2 ZIEKIIESE b H 5. FBEOSAE LN O&EIEWT, K
JEHICERENDVE DO R Y T 5/ LA 2 ET 5.

ShNBIEE TS & OJEFRIRA R CThH 24, BREEIEE00 mEl kL2, [KIEHROIE S0
DI NI OFRIRD 77 V)N B O T o Y5 SHEIC0H L TN D, AEOEE LA kel
BILE-T A VA MEREICET, FHRBO LAY T b0 LB HND.

BB B OB SR IE RN CIXIEHEE IR A E 2 D CERUEAY, 1981) 2%, ARIMEHHEN T
R HE & ORI A EPIRERICEASNABTH S, Fiz, 47 )IEB & ORMR L oA, B
OBIRIFAS ATV, JBEL,000 mPA ETH L. WEEHREZELTL TEELE, MACHRARIKS % 3
LT 5 EREICAT oD, REEOBAL SRR OIEH) VAW O NERE A H-EaM EEROA L b A
PEESNTWDS (oo, 1978 MS).

K EHBICEEAICE R Y, RRER150 mThd. EERININLERRE~T, =TT T
AT D, RICEPCHEB ORI & BEXAOMEEN B 5. HHE)IBVICBWTEEN O LAKBOH
FLEALADET D (Bkot, 1978 MS) 2%, L8 & DOBIRAGSFERICKI L S 1D D & EbiLs.

HEPJBIHEE) A B2 (REF) OSFCoT T L, KIVBICEAICEZR S, WHIRE ARG L £
L, TAYA NEIRE B L. S5 L, T - R - B 3EREIC YT bid. BEIKE D T4
viay b7y HERE LT13.6 Ma (AFRH, 1988), KTM12.7Ma (fER - AFRH 1987) 23 &L T



W5, A EbA 2 BIESFAR I I S VD

BRI R E) | I L, fERUB A ARAICES . HfiEaL L, B & OBRIZAET
LN, FFFEBHELEZOND. HH L, NG EIBEE - BEESEE - FLEEuCE I
DAL, GIBREEIIARKIENIZIZMN LRV, BREESSEE I 3EE 50 mPL BT, 2B ARS 2
LKILAEES, KOS L0 7es. MILERCETBIEE S 100 mMA ETH . EITT A ¥4 MKILES
MHIRDN, —HEBEE T LT

FEHPUB ISR 20 B8 (FEAD) &2/ C, PEI Py URMATE THMm LT 5. TERITRN T
HRJBIZEEEICER 27, MO CITRIEICRESICER D, RIERE (—HkESs), ~ 7
0y ZALA b, KkifaaIE e L, Wa, TEaae. £ CITHREBOIEE L2 RIS OBEIRIC
BASNTWD. KFEEDOT 4 va b7y 74R039.6 £0.5Ma (ARH, 1988) THHA, AlEIE
LT=ZIBHOK-A 1 4F0136.3, 6.8 Ma T WHAH Y, BHIRHitORECTHS CB1K, F6X).

B1&R KIEOK-ArER

K Rad. *Ar Ag AT
(wt%) (10-* ccSTP/g) (Ma) (%)
Nu-1 0.74 19 6.5+1.0 16.0
0.75 18 6.2+0.7 20.6

(mean) 6.3%£0.6
1018- 7 0.90 25 7.1%£0.4 33.9
0.9 23 6.6+0.3 38.4

(mean) 6.8%0.3
85801805 0.49 33 1.73+0.35 12.9
0.49 34 1.7840.28 16.2

(mean) 1.76%0.23
603 1.83 95 1.33£0.06 36.0
1.85 94 1.31+0.07 39.3

(mean) 1.32+0.07

Nu-1,1018- 7 : BHREOZELE WE Fvydr 74 -7
801805 : /Mt RO LIS
603 : fi B0 ERSEGRILE

HETR AR O STHUR R THEND B < ARERROABICH PN TN D, £, EEARTITAH
WSS, ERAWRTIERLTA b, AFRRTIEIAENFEICEDINTOWS. @Al - SALOTA FA
FOENELEDNS.

BH-THEHK

T IR A Tk » CREFT- TE BEUFTE O RETE A 5. MYEVEERDS 2 5 & 9 D AEii
JEHERS, KA E T L3 MBI T R ORI A LT B,

ARIXEHUSORER S 070 3 D B EHEREE 70 b 72 2 BB 2 B OBEE 2 K LREEE (S K 030, SK
020) ZiFStel LD HIAHEORBEREO TR TS LiRE (RiH EEHRTE s v —7,



1983) ITHYTL2HDLEZLND.

LA OGR4 B L AL E ORI RO T AR I KU E £ & 3503, BRI
W CEZ RICT B 0IC B - B4 THIEN TV D GEARJIMIARIIEZ L —, 1991). {Fik
JWERTIE R B RAKILERE - FIRRE - SUEIS, FRTIIE WE - EARNRE - BIHEIZY
Fons GE6X). ZiEn, RXKUREAR WE, FBREREARIRE, SMIUEH RIS
thahs.

B HU P 53419 2 KK LB O T )| BRI E R, R OUR NEIIRR A BER O D 12022 (LG O
Ba R OKIIPYBE D D72 508,  KILHB LRI LIRS CTh 5.

BB IE L FAL L O NS D v N & R, SRR B N & 0 fsr kL
HEREI S T & Al B B 2 L 2 iy S s . EISRIE NE /N K eE b v b
O, BARIRIE T EOME K LB EE OV E IR IE E F 158, MBEERER LS B .
KM T IAE— VETRHEFE T 223, /NI SV MBI RIS (eliHErdy) 7%
V. RO R ATEEE, B A E KB R e L, BURARLE RS T,
AT SEEE S 22 LA N, I kD) IaWcafi L, Sdo BB 2 g ioe 213 ST
KINBEEERA T e — SRICEEEE 22 T T2 b Db 5 5. —HIC SK030 & KT b A I 2 g
KUK & BAa D KBRS« MR IR AJE 2 de 2 L 10 I EUR O fa i fE e i 2 fd 1o kf Lt
End G, NIKIER L MEOZ LA, H-HEOMEER 2 LSOV TAERE S
7ZK-Ar ERIE, 1.76, 1.32Ma Thd (HE1%E, £6X).

SAE - RIBIT A 2 L LTS, 2B IESHKILOREHRIHT BT 5. =21l
BALEHATIIIC AT T T 2 =Y 1B HIZITRBEL B2 b b, =Y WIS B EN B2 5.

BIAA-th S ST it N IL R

A= IRt OB - SH - 52 - i IO IR s R O3 | Ll 621 (h
A, Ao B, BARINO BFRISAT THOM LTS, kIO I ERIROL R TIEH
e NEE, @I (A, IR TR REEICE S . RO TR H KL
s IR L HE e 5. AR O K LI KL ETERR T 5. 2 b DK ILIER»D 5 b,
BIE - BF KT AR R LR AR 9 2 P IR T L el 2 & LI KILTHh 2705,
HARIEEE L BIfr ST . BERIR, 100 TEL W O HSHFER (&30, 1989) 75, FBMEEXL, &
FKILDIEICIEB L7zt ZExbhd (H8IX).

RTH ST 10D B LT B P PE L LR D G AS /34 LT 5. LIRSS - KRG D6 70 2 JlE
KITHLH, BNPHEA TS, FFBAME « RAPEE - )17 0 JPEEE - A IS - RIS
WAENIEOKRE Sy EBM L, ZO%NFNLEEREH L, Z£ORERESEER O X LIEEZ->< -
RQAYH

AT RTHE D S B LTI, B IR LTl R B - KFEs OWSEIRE, JHILE = [ OO
IOl EREE, @R - RIRKFRHER, b/ FUAREEEIRE 2 E DT A A b - Zila O 2
D, AINVFTIERE L. »LT ZRICAEL R - BIRIL - A< B BRIUTHREE D B 72 2 plE
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B8R BFEMAR, L EFHtoXILEEOBFEERG

KBRSz, BETILEORMUSHEL, HEEL 7o TnD. UL HIFREDOK-A r FRIZ 77 T4
Thsd (@FiEh, 1989).

FITHA S T 0D 758 LR OV HH A X XU SN 0D R B 12 2 D — BRSO3 A9~ I3~ K700, /B
O3S B SRR, BEEWIRE 1T & OV H L O PN OR0IE < oA 5 K- i
R TRA - KRR T 5.

T O LILRD 3 5300 2 P RIRHISNIC 5375 LT 2. (HTEASSER R g 4 R
HBRILT, ZIENSRD. HEOEHY & Bbnd bONEAILORE & F 7 FALE IS4 LT
WODBBHRIIRATH S, 30 HERTHZOKEHENR (@113, 1989) 76, KIEHURA TIld&E b8 Ly vk
WeEZHN, B EEREHEFRYICEDND. §1 HOEHWITAS « KT, TRz LT



W5, 52 O IIIIEE T, BT T HACAEERDF AR U, b E) N2 R O R Bl
WETEL, RELEEEFLO2BEDOVHEZ DO > TND. FEYITE TIEEEAE O A 2R E B
FEL TS, 53 HIOMEHYIEE G INTEMAE ) HALFICIRI L, KGO E TELTWD. KR
Rize L, WaEEED, BOREEZS< 2. H4HOEHMITHESE T, BHRIUENSETIC, £z
AR S ALRIT, TR)IMHE £ T LT . did oSt ) 1 2 B0 2RO EEF I it 52 B 23
B, WRIOERREL, REANT ZIREZLTHDD, FitEl| Bk AR D72 b 0 L HE
ESND. WmHKIUOIEOIFTHERE CH L2, EEOEEEEL, HHLILTEORE 2,145.3 m
WXL, 1,600 miZKATND.

h-RPEHFRR T HHR

BT IR O G A SR BT DB T mE O, @B r (B .k, KR 1), LB CRIR I,
INIAR, Kb A, (&ArBe R (R, 1Efm) ROVPERT ORFEr I+ I Ky Shd (RRIET
IN—", 1967). ZD 5 BN AHITARINE RIS IRE L2, SERITEE 1020 m O B¥EEEL L,
B — LB HERE 2 O T D, B —LEORN D, SOLE EHEREY I P T I, dhr
B mHERE A O b D L EZ SN TS (BRI ENFE NV—7, 1967 : BkKILR T L—
7, 1981).

M. 3 Mt & % &

AU SRR HALRIZOUD  THRFEEST) (B, 1963) OJEic 42y, (SHHifAH
& U A Y A HEE AR UMK, 1985) ARG A FEEIcES b LEPhS (51 X).
R HCER D TEE 1 W ONETR NS AT 5 R AL A O BiAWEE 2 7 L, BAEE AL
FIENCIEND . PR P TR O O P22 0 LAETRICERI 5. i 2 RIS &I 5 /T
TR AR RIS I R IR  ALCBEA L, AR IR IG5 2 &b, TUREICT
F T LMBINMERINCEATICEDS b L Bbils.

(B ISR ET BRI AR e UCTRRIIT AR LT 528, AR - sl - jiE)1 72
O ONZAEBE AR Z IR SR BXE K& O IR O+ B ETIEN O MBI K> TR EN DK T 1y 7BV T
JEPEEBIC & 0 OB 3R ET MmN H 5. & ATHEIEER) I ENTo T 7 v 7 TEOMEN
BEETHD. ZOZENLINLOM)INCEE ST v v 7 DI ~OEENE 2 Hivd.
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(BHER)

HETR AR IR D BT L, & UTTEEI - @I - FEINRVIC T 5. HORE o T
X, VWhWwL 7Y = 7S T St OR LIS E LT HERE, S IBET AV A M
TLTHHREETHL. BRI RHTHR I ORE S 2 T L5 R - KRIE - HERE L ZLE &
FLILWBRAETH L. TH BT ES R L HEE SN2 ZIE R OT A YA B OKREDD
IR DRKILARRE 35345 L T 5.

M. 1 % # BE(Kt)

AKEHIROR FAE 272 L, BB LIoaZIsawa OB EEZ L35, —HIcER
BHREEE R ONAT I Z AL A SBRRBND. BAET 2 BEJEEH BIET DA AL A 13
g o-ERpRIC Rt I G.

WER BHuEs (1983) 12kD

Blih  RUF ISR/ NRIRD D BRI B AT R & ~ TS & Coday) v,

P RIS PE AT & E OFROFE) L ORIV, B TR A B &
ZOIFROFAIIAVIG, TR TIERAR) Bificomd 5.

BE 1, 500 m+.

BFFEFE TR, BLERE - HHAEICARES CREbILS. £, AEEHLOSE LIS
HIZH RS TRBLILD.

B8 PEINAO TRk -RHRIK G OBEA 22 L K OVK I S & 2 &35 . BEEITITHRE
PR OWOREBEN 812 LT DL KIIARE S 1T RIS « BEIK A - KILABSE G0 D . okt
DN EPETIE—EICEFEREIE N R 5508, ARREBINFE L TWAD. B - /NMRIUINZ IR
BDOLREIRIEE R ONA T 0 7 T AZA SRNIT 20, ZREIFZ NSO B e Bbns. F1
AN EIRICITRR OO LS KRGS - %a, & EMICIET A 4 MNEEREICE N ER D, PEJINA
WO EFFITIEA) R 28 ECThTmcies - iaE#ET 5.

WAETITIZEICEE L TWD., BHEEME LT, BEA « ARA T XA NeaEHk, IRR, B
- ERRICIESE D A - kA, WEARNR e EICITBl AR EOWAaNRELTND.

M FERET 2 EE L EE I N o HhE) | BRSO K LS ICHeE N D BEJEE RS, AL



B (BHEIED, 1983) ZPEL, PHIFHHATOFBEERF TV ) ATk IRS.
m. 2 4 7 JII J@(Tk)

BEEUIZT A I A MEREIR S TH L0, D3 RTEL, fhot)g & oRBFERITRHTHD. A8
DOFEEERFA G OFRERE e LEBICT A A NS ZED Z & h, ABIEEREO—HIcktEh
LAREME S H DN, ISR ZINER 2GRy, HEERICTLHIEND, ARETITRREN ST
7.

WER W
B =oAL R OB RIS I
S S INEOH vy E LDOFS.

BE 500m-+.

BFBEER S REL, TAE L ORFBGRITAH. S5 KILEsS, 4 iEHmicrEsicsmbin
%.

Bl KGEE, BWAREARLIERN LT A YA MERFBEIKE T, HEREEAREL WD, B
REINER &G R, BE LTRRRAOBANIEA TWD. Bk 2 &Kz 7T
M AELOBHEO EFICED LN AREERH S D, FEMIIARATHS.

ERRER
EERRREER T/ YA FERRRE

WIR CIIRIKRR G T, WSRO D, BRIRERIL, RRA - S - $EEA L ORRETH
5. RERTEAR-MIE CAAEZE TS, 1.5mm §ih T, HEBIIERECH D23, IS T A A b
fELTWaHD, Y49 A MELTWDHORH 5. WiEiA T EER-ME, Inm ik T, REERC
EELTWDHONRH D, HEREAITZERICEEL, MEERN, -HS5EAgEnTnd. Ak
B, FRdMREErRT. REEIATTAETHLN, 7A3L4 MELTWAEHLORH 5. 1% 3mm Fithk D
T2 5 HOBBER - ZH DA H & .

m. 3 E % &@(Uwl, Uw2)

TRREAENSEERICEN NS 720, T8 L OBMRIIAH TH D, BA-THKADOMEHENDLRD
TERE, MR- SR AIACHBR A RIS A BT BT b, FEIT LA, EEIESEARE
IR EN 5.

WER FFES (1981) 12k5.

B EAERR R 0 S/ NHETE IS E B IR RO B 55 IR R ML)

S RV AL E BRI A ~T =2 L E C.

BE 1,000 m+.

BFBER T8 L OMICEERBA LA ERENTWS D, ZOBRIIAATHS.
B8 AREITZARICLY TE - BREICT NS, TEE Uel) IZRA-KKEAOHEEHZ L



U, WYEEIKE OB AT 5. BRI 2 (28 30em B ORTEEAD /) 22— ZEte. FIHEERD
D, 7—7 4 UHEELROND. WEENCEPICITAEO A2 ST, BEE (Ue2) 1Rk A-HRkAT
BEBARIKEEEE L, B - 0 - WEEIKE 2. ZORIKHITAT - RAKOCEERD D
b, Wk EOBRANFEE IR - TRURHMELTWD. F7z, BEEICH > TR BEaiiE E
HDL U ART A FA N OEEEETs.

M CEER O B EIR IR 2P FUE0s (1981) OXREIFFEEAHEIC, |k
HUB T Ik AR Y T 5. TR LR o a LA ET D #ot, 1978 MS) &
b, LAkt EN D, EHEOERAOK-A r L LT10. 1+ L I Ma BSESITND  (ElGEn
1992) T M, FRIEHEREFOFAMICtLIhD.

M. 4 K R E(Os)

LIRS ISR DA & B O IEBRORE LT B O 5. SRR ISRtk IS

WER FFIE (1981)

B P EAER OB 0392 TGO 0 CGREROB 55 IR XE M) .

B TEBOCR LB EARERT, 2L EINIHT TLAL R -FI R T IR NS .

BE 153 CTRAL100m, ZART200mbl k.

BFBEFE LAROKWENNT EFEBICESICERSORHERENS.

B8 MRLT A YA MBS B A VIERVE UMD S & B - IR A A OB mm 2> B em O
WHEZFE L, WEIeEEMNDY GBI, WaEHIZI L h OGBSO Z T, RIRITATEERIA
EL, BHEmEmITHh o THIBEEDN H 2.

B HUEB(FAY 1 N HEKEDS) L ARB(ES) (ZAFRAE)



®E EE, O OAREIFARE (1988) O TEAEFAETLBICHE TS, IR I bR
(]

AR ZET S (oo, 1978 MS) 2%, Tk & ORR LRI S b o L b .

m. 5 # R &M

RIVBIZEAICERY, PEHICT A VA MEKCEZ e, & T ESESRON SIS AEH 5
WIS © RILESRICS « Vv MEEBTH S, SFAM BRI S n 5.

WES SFEUE (1981)

B E) 7R O HR A AR

S RO TGO T 5 EARERR T, =20 ISR T R-F 2> H L
B LT T 5.

BE 350-600 m.

BEBEFE AIUBICEAICERS.

B OABITEMICLY TE - PE - EBICKS SRS,

T EESOW SIS g a2 £ L L, BE UV BN - BES 2. WaI3RER - ARon 72
OEPKE ORI -FRIE T, ATHEMARIET L. BEERICEED/INERE G Z L0130 5.

FENET A A NECE A EE L, TR - WHEIRE - BEE A, BERCH TR G- HRA T, BER -
FENOEO. Ik 5 L, EEO-REAER TS, WEIRETIC, R—VROBEER Q-1
FEPIRRE - BEEE R &) RO A2 G0 EWEBNAET 501 o 5. WEH TR ORITHEES B 7y
MLTWD. P-KEET, AP T5en OH-TEHEET, BREIIEC 5808 ET, I IBEE - Qs - H
BHEMD. EAWITIE, 20-25cm DBEE b ORAEEEE T2 L5 H-KEED O 72 DEESE D 3 MG &
N5, Fiz, LRANRTIELRA K UBGEIE SAORERBENS. YHILEIIIEE R T A A
NE MR S IR DEEE S AATT D, Fr—h « BT ABERIHOMES TN 5255, Kk
50cm DHEEZE 5T,

EBIIR A« KILBEERIR A - L MEOE em 2 HEE 10em O EJBNET, PATEBIARKEL T D, K
WA AR OBERE & £te. W IDRIKE-IKEAOTRE Th 5. KINBEIRS ISR LI BE
CAEEEOWHORIKE T, ARORKES T &t

M ARUE E - P FEIEERERARE (1988) ORI ETEEEE, LaRaE, b
FUAMEICR NG, T4 v a sy b T v ZERE, HRRIER B ORIKE)Y 13. 6 £ 0. 3Ma (AR,
1988), TABKAIEN 12.7Ma THD (ERIZD, 1987). F7z, JEANLIFAM FZ 9 AILihk
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AR - BSOS EFER 2 5 20 IZRT

V. 3. 1 ®/iRE(Hg

WEL SASIRKHIEZ v—7 (1991) 12X 5.

EHE EARINRERICOMT 2 AN EITE A EE RV AR LIRE (BT LK E
Nis), FITMOWRREA OB % & T2 I 51T 2 IRFHERI O TIRE & - TH o ER &



s B KRR & & . | T montERE
HHAKES BRBME P ¥ m ®
nagse [ 2a2v7 K LI A VRN B

20K ERINEROABBIHAMEERE (EARINBHFRS V-7, 1991)

T5. TRIFFHATH S .

B BB R TOKNERRATHALER) 5 B3k O IRAE

BFER SARNOXHE)NTIE, FOBHBROTEHIE & AEGREGRTHS.

BE 150 mLiE.

S LB D BRI T 5.

B EICRIERRABEEB LY 20, 3KOBERUEROAtKIKBESIET S (320, 21
). BEKAESSITIE, HHE-HAEN LG EN, AR mBETHD. BUTIE, FHOLEZIL
i, IRACEEAZINE, KOSBEDORE ZORREABESSICE AL 1S KON < il SEE A E 22 LS
DL D, HEIE, MR SHBIO KUK E KU TH D, ARBIICHRIES WD EEIE, T
AL3EE 3 - bmm RO KR E S ORI AL ETIARIE, EAITE - 2mm ROKRE SORRABERICE
TIEAZIETHD.

R FKILRFCKEENS (513 K).

EREN
R nmEEARILE (A L)k L)

WIRCILREE, BRRTH L. HEFTEANA T Y Fy ZflfkE T, BESHOREAIIAF- A, 1.5
mn PLFC, BRAFWEEDLOLH L. HEHMAITAE- AR T, Sa L ESTOb0E LA
LONRHY, LRWbORREMELRT. KEREAITEE-FER, lom IR T, S@Ea &g Ly
HOIFRMEEZTT. DAL ARITART, 0.3mAl%E Th 5. FRIIT T ANnG2%.



F AEBEEHE/REL ZA2E BRAUREEYTON 7 v SREE Gl B

MBI R ERILE (as, LB L)

WIRCIL A, MBESETHD. 8N CILmEME L R, MH2RORNERIZAE-EAE, &K0.7
mm T, %<130.3mm THH. Wil - FREOIZHBEEET, 0.5nm BLF, £ <130, 3mm fijf% T
5. A FEITEPROREA, IR OB e OH T A0 B 78D,

V. 3.2 EHARINRRE

BATNEHARHIZEZ V—7" (1991) (T XV s &4, TLORRER K LFEREEIRA HR)E & B DR FEHER,
BZIERBICyT bis (3520 X).
(1) HREF I LBEEEI S D)8 (N t)

B/ EEYUKILKIE (Nis), ETMWRRAOBERICE DRSS ST 2 it & T
fRE L, HEBESEZEEEO R L T DBIRARSE DO TIRE EIRE 2.

B KPR AEE ) SG  2 < ARHAS

S AL BRSNS PR L OEA IR, RO LY BROBRIIA RO T 5.



BFEAR TrEsEeBRchHs.

BE 125 m.

B ECZIE KBRS 2 5720, MRLORR A BRI E A2 A, BKABSE KO
B D AEKIRIEEPAET 2 (22 K). KINESEPCEBITREAE L, Kb L TWh oL,
REOCECEAZIE, BEMEZIEOER, A2V TRUNIRREEER, 50cm LT OARE
Bl bdb. —ENTHATERIOIET DD b, EHIRKILIRE (N1 s) [EPEEYURRET
FOGEARNOINAIZEH LTS, PR LR G ILE IR 20 cm FREE D180 A OV 3 Mk - Rk
WIKETH 52, BIEZLIE L. KILKORIFEDEN S T E FEICST bhvd. Tk -

KKK D720, E5imn OEBER A2 VRS, EMITPRKILIR B0, EHPGEO LN,
HEORERTET.
HEER

FERERBEARUE (B4, L5 L)

AR CIERS IR BRIk, 82 T Clda v ¥ —V— 2 Vil E r~d. BSoREAIE, HE-EAK, &K3mm T,
kel v/t ,\%*%J_§/J\'§_%)@ﬁ)3?)f). HADEG - S a &7, BROAM RO LN, WlkEa L
B, 1.0mn T. RREAZEATD. KEEAITERE-ME, 0. 8nm T, I #EWHEAEER OKISHE
b, FAHEICIEHTFARBEANRS L, WlHA, < MICHEFEG O E OISR E b OREE A 85
ENDIED, BRI - T A EETe.

(il) AT A E & LA ERE (M e « aph)

EE ALHIIPI- TSRO TE, MR E L LA HEO 5l L C0 D BER A S & AHIE O TR &9
2.

H22K ABEREARNREOBE X LBERK S IE O KR FHEEY  GLE)dH)



Wi P ROERRERRTRCE) R~ O MRER .

a4 ALER)I - 21 - BRI - BARIZ: ST 5.

BFBER A®)I Bk OIER T, H W%, AR il Cramir e 2 5 510 # - C
W5, EOBILERFI A IEE L IAEABRTH S.

BE 200 mLi L.

B 2SI IR EEOZ N KILTE S B2 1), ZOHRICIBER LIS KOS K
030 DAY ZEHAAET 2. SK 030 1ZHE, BEFORLOME, SEFHIORICEL LTS, B
JICIE, EIR20em BT, oA - BENNATET 5 HABRABEOPR - K LKETHD. At
KPR D ERBIZIE, AIANZEBRASE A AFTE T 2 BB HRL Ak (LK, MEBERE 22 Ls A G e, HLRLK
KT + LR, ORI D A 18,0 A K LR % BB & D K LIBEERIR 45 7345 10em AL D B B % 72 L C
W5, MBI OHOIIES 10en §itg TEILL, MitflbL 5

JEMEA~D MBI M3 T D K IR WIFEYE L, RBmEREL, n—AIZEELEbOL S
5. FElo, BEROIRIKE R0 CIERE ORI AR IR E B b D, BHIAR LT
BNbDLHD. SK030 DEY T FALORHEEOHKIOKIIKIL, BREINEICHT 5. A
Y ZEO MO KK &R - BHIZH E D ED SRV, ENEL, BIEICB O TN L TR
oD,

FREF > 6 HFEANE T I HEIROO S K 030 OBV 7 EHO TR ORERMIE, MORIED b Lk
BIRIZZEIEZ 200, EER KK AIREIZE L TN D &0 ) FFEBRD bivs. AREHICHTE S
DB a3 23 [X) (JIEMILERL Cleb L, BHoBERAHER Sh 0D, iz, b
YP) 1| L3RI CIEE O LIS S AE OREBHTES N 2 BV BEOME AR RO HILD.

BREH
ERREEEREREEEARIUE (508, BEPI) (Shimazu et al , 1985)
WIR Tl B aE, MEAE Tho. 8 F CIIBEMITMmD To7e <, Rz, BRAETEE- 8
#, 0.5mm T. BEEETIZFEALERLS, An%82 TH S, HiEHAIXHE-FHI, 0. Tnm T, $EiM%
WAL, WhERTLOLHS. Ca-Mg-Fe ML Ca, Mg, Fe, Thb. KEMAITHHEEF, 0.7
mn T, O <RSI OB R b 0. SR HRIE Ca, Mg Fe, ThB. AHEA B - SO
EBERAE RN H D, FEIEIH T AN ET, ZOHI20.03-0. Inm OEHRAHER (Anb5) MNFRICEY, i
B a LA O A S e

Iv.3.3 BEE(Ks)

WES SEASVUIHEEZ v —7 (1991) 12X 5.

ks PR R T R RS T O ARIE TR

EE SHLEROERHERY.

S LB ERNOME ORI EFLENORICIZS A LT 5.

BFER SARJRBEOHR REZZARESICES . siafHICRPKLUOmMERSD FIZEx

D, A IIEEICEDNDBRARD D (HAEIED, 1984).

BE 200 mAfi



230 AEBEEARNZBOMFHEFOKILIKEBESKO0 L Z 0 LA OB A KILBEEKSE (B X )
(BEFID

B B oWRFHER Y & R L T 50, —o— O OUETHER O IK A3 LU, JEFHERIFAE 1 m
DT 022 (kB3 m) & MK G DML LR - KB 7l IR 2 6 70 2 BB THER S D .
fRE LTRERETH DD, —HITEE L T0D. TRIRHERE O TALIITE & F o 7oRRLA LK - K (L
FRFKBPFEEL TNDZLADHD. ZNHIIESEmBET, 20en BEOZ|IE#EE VEETZ
LD, KIMERDITERAREELZY, JES 20en BREOHAB NI AFBOL U X2EG8H 2 L3 H5D.
HI D IAHZRA T o TREE LR HILD . AL EFEOEF NS H KL O KRR TN D Z L
5, FBHFKILALEZ FAL T o 72 KILERHER C, EO—MITEARICHE LIz bn B2 b5,

M sUREROSSLEIC s D (513 [X).

V.3. 4 =YLE(Mt)

B KR L.

B KVR, "R, YASVRO LR, =V bdehIcsfidT 5.

BE 500 mblE.

BFER AHEHOR RECEARRE2 RESTEI BTG H 50, Aot citd
UNZIIIE S =k Sy bl tati -0l

B TR QO E A TRREEA 22 L KRS, BRI R O SRR s A 2 L
KILPEREAE T, BT -REE, A-EART, EEIREASEL, iR & Ebn s, ZOEHEIZS
FER I I T 5. RVRTITBEK DO Z L IREEEE > T D, BEIEP-KEgET, A0
AEETH 5.



*H fORREREO BILE ISt Eh .

V. R - T K L H )

(BHER)

A HBR PN 3 A3 2 KRB KL CTH 223, BIE - BRI - BEKIIEE R 13 LR Bt
SHIATIEHHOKILTH S, THFEH O RE LS ST 528, JERNTIEEE, KikbiE
T3> < DRMERDIEEL TS,

NS OFE LR OTRBIAF 2 55 8 IR LT,

V. 1 BEXILEHY

VAR O FRILIME P (LTE & RO B L OME I A ARG TE S IAA D . LIS & K IIREE A D
SRDIBKINTH DN, BT RAEA TN D, FFERKILIES - RARES - N2V IS - mail
B« RRERILEE DR RO IRy ZRERR T D03, S BICZO®%N\RIILEEAEH L, € O%ERIEH
R L7 KL 2> T .

V. 1.1 ;B ARE (KL)

WEL IHEIT (1984)

B KRR ORI OE #

S PR R OVEA RN RO RS O O 2 fEETO 4.

BE 50 mliL.

BFER EARIREZES.

B HEKGOSERIE A - REAA 2 LA K LIRYE A T, 5 - 30 cm KO- HiA A w6 kLK L
KD5 5. RWHED S OIHENRL, BAET, EiFa - ANA - BEREZET.

EREN

SERETEBERTILE (SURAMEOARERE, Sb IR | SO bR

PR TSR QBER. 8T Tl T o) F o Vi, —4 v & —F— 27 Vil » 9. BhofE
AT EFR LA, Bk lnm T, FiA - S804 - BBROAEY &G T, DFRCEERAIC & ) HENTZ A
LAGE G, WEIE X EE- LAY, InnfigT, BHER - SEWE A LTW5. SKERIG LA B
FETE, 1.3mm T, RHES - SEME DA L, WOEERET OLSHE o, R Wl - SRR -



BEFR - S S BB 2 G, AERISHROMER, WA - KRG O, SEE VT
RINBIRD . A v F— Y —Z VA R T ORI A LT ARIRRIRA L H T 2B D.

V.1.2 XARBEE(K2)

WER L EIE(1984)

WX S AL O BUEBEARE R .

SRR, RO R M O

BE 200 mLLF.

BFEFR P AREEES.

B KA OZIERE T, —EICFRE ORI ABEE E e, YA IR
MEELTND.

EREN

REERTEERRILE (A5, SRITRARER

AR TR GIERCH B, BT Cld A 7 e e U F o 7 ik =77, BROMERIZATR - EEF, ik
2.5mm C, BER - SREEM) - BEROA A ES, BESEERTLOLH5. BWEAILEEE, 2 jitk
T, RTEADRIGHZ b2ObORDTNCH 5. FEEAIAR LAY, 2.5 fi T, #EA - B
HAT - GRS AT 5. KM - SRR - RLR A - B D R DB A G T, BRI
BHEA 2SR 1 T A 672 0, BHEA ILRRFORO B % S

V.1.3 NZLIREE(KS)

WERL FHEIEA1984)

WX S-S ARESEA RN & BRY) 2 85T

b K I N

BE 80 m.

BEEE —VILEEE>S.

BR FIIEEIKOAONA S AT ERIER BEL LR A T, Sem FROBIR VE OIS & &
EENTAEEH DA S VAERRI AT BEA L A FREE TH D, RO R B, BOREIEAN I L
TWa. FE EEOMICK 7 mOMpE A ENS . Z OMREITIR S o Ek Lz sge e kilR, [
MR IR, TR EMRIK IR D 5 - 20em LD FJE 2 703, FhuHibaz&ts.

HRREH

RBEREIALAREERRRILE (55, SAHEE) L)

HIRCEBIKESER Ch D, BT TEANA T rE ) Fy 7z rd. BRORESR (An98-54) X HE-k
HIY, &K2.56mnC, #ifi - Smedle. BfdarL, BWChVEROAEMEET. e (Ca,
Mg, Fe,) FEAGME, 1 omdi%T, AHRA - S0 - RITIEG 2 55, BEHEEZ 7T L0055,
MABAT (Mg, Fe,) WKEE, 0. 6nm flit T, EAUCHIME ST, ERIIETY RS A MEL TS,
SRRRIRA T B, 1. Snm AR T, BN 2 MM B D, — ik Ca, Mg, Fe, TH—JHif LML, MR
TSR AETS. b HIECa, Mg, Fe, T, B LA THD. LHRTEHR-HTAREHES - 8
S - - PRI D BT - T T A7 %.



V. 1. 4 BAEE(KY)

WEL HtHEUEH1984)

- YT Dl

2 L EEEOAL).

BE 70 m.

BFER RKARBELES.

Bl BHFROAONA D AAREREAA SN2 LS OIS .

ERR#

ML AREEBRARBBARILE (5, R RKROE B

AR CIERREBIRTH D, ST TS Tt 7 0 F v 7 HlikZ 7. BSOMEAITAE, HK2. 2m
T, Mif - BEMEEALTND . DALAAIEMIE, 1nm ik T, BERMEAORISHRAFEEL TND.
FHRAARENBIZROY R T A MEL T2 L 0RH 5. ElEAI#eE T, SRz af 5. %Ki
BEAILER-EEE, 0.8mm AR T, LY - REAZOA L, HAEROSHEE b0, i FimiEs -
SRR ICIET A TRROMEDBRD b D, FAEETEPRER A, S K MO RS « 7T 200
A

V. 1.5 XREBLUESE (K5)
WEE HEIE (1984)
W H R o REEAED V.
S RKEBILAEFICIRS i LTV 5.
BE 100 m.
BFER )7V IREERORARBEEE D .
B WIKOOERIEL FEEL ZIARE T, TSR AESE A/ ). BOIREEEAREL, 3-10
em DR LA OIS % & ir.

E=x =) 5l 7

TEBRRBERRILE (s, S0 ARG

R HEIREBEROEA T, " T Fy 7lfkERT. BROMEAIZAE-FHEE 2. bnn T, S5 -
WA A2 EAT D - MBS XA, 0.5mm T, SkEEME ST, SEEREEA XA, —EME T, &K 1. 5m
T, RRA - BEYEET. £, HEER - KRR - AR - SO R AEBRAEVBTEOLND.
AT 0. 02mm FRE DGR TARORES OIZO R RS & T I m e OH T A7 5. &
7o, A - BHRA BN O e DB D 5.

TEETRFETRILE (8, RIS

WIREYIC IR @, BERODRVERT, SFTRA T o EY Fy 7 lilkkr L, BrARRRRARIEA
TG, 7B, BERORERIER- LA, Bk T, bPCHEia - S Eas 5. Wik
LIRF AT, 0. 3nm Atk Th 52D AR, RGBT, I LT Th 5. 4813
TAR-SPRERA, WBROES, FTA05725. WA T AL LIZHSTIEE Inm §iE OINEO T v
A POEARBTETS.



V. 1.6 N\&IL%EA(KS6)

WERL IHEIEA1984)

B KRERILFEE 7 O BEEMGE O O RAROIESE 1,639 mOHL O\RIL) L.
S KRR .

BE 100mLLF.

BFER malEexES.

BH WHEROODA D AAERRREA A LIS, FRORO S0 2 Ls OBIRES T, Bk
HiBEASREE L TV 5.
ERiEH

MALABRRERHERRRILE (WS, SR B

IR CHBEIREHER. $ET Tl 7 e ) F o 7 MilkE 73, BEROREA I HBRCK 2 T, A - 8
S - RO E ST L OR B D, A AR ERHOTMAILT, 0.5mul% Th 5. HBaEH
BB, K2 5m T, EAUCRAREEERL, S - RHER - SRR & ST, SKERREE X RO
¥, 2mm ATt T, WEHA S #EHL TV b0 L HY, MEA - BHMEED. A - MR - S D R
DHARBES: 2 e, AEEERRAOTACRBHRAT - B 22 M TBHRAT & SRARFEA - SREEND - 0 T A D72 %

V. 2 BHAKILE LY

ABEOF I TH LA RS BTN ST LieT A 94 b-ZIiaolss & KIUREE S D k8
KR LTND. BTAEEORRERD, JEIEER =" |LJE kT 2 IR O %, &R -
RICKIGEHEREY), b/ JREHEEERE 2 AL, INT 72 L. ST ZNICHiAL -
TER - BARIL - A< Ol - BFILTEES ZEH L, gkl zEpk L.

V.2. 1 #AEE(T1v-TI1)

WEA  SHE (1983) ORTA KNS - BEITHY T 5.

Bkt ATA RO KB

S ATHLED S FEEE TO RN, & LR T,

BE 200 m.

BFEfR 008, LKA REE N EAICES.

A1 ARRETPEOREEE U 7ol A SRR A 22| LV S MRV D KA. KA K - Ve bR
WChHD. KT ORIE OBT I fE- T T, 3-5em, K 50em T, FEITEEIKE DIE)HYE-
RETHS.

E=2 o1 6h

REETTESRRILE (FH, A8)

PHRCIRIEIR TR, 85T CliAA 7o e ) F o 7 #ililka /T, SRORERIZAR-LEH, &K 2. 8mn
T, BEEZ R L, WG - SR - T AR WA A, WA XA LA, RO L 5T, SRR -
BEO2QAT 5. SO LA, BAL 5T, - ARG, ThCH T 220415



RHRA - B0 - S OEIERH LA OND . AT OERROMET - S - T AhDeD. IX
FENICEA ORI E EHH, RRBAVEL TN D,

V. 2.2 BWR-RRARFERD(T2)

WERL SEED (1983) ORIR-FEIILITUKFEICHYS T 5.

B MR OSRO BRI P- T CEE LIIEHE) K O LR ERRRE AT

SRR, @R, FiliostEORKILAE R, A L.

BE 250 m.

BRFEGFE  fILERE E iR « KILRPE S A R RESITE D .

Bl TG, BRE-BRE ORI S@EEA 2 LEEKIIE S, WIKE-Aa0RERMB
FTA YA NEKIUREYS, RO R SRR A R A 22 L K LB S OIEIC R 5. K ILE
HIIT-KREOREE R 28500, RRTHLELR oY 2 DR CIIRERED 5 SlEE AT,
L TV AEASCEROREL TV DN b H D (24 ).

EREN

RRELTEERRILE (KM T OANER, Sl

W TR -BEBERTH S, BT TR T ey F o 7 ke~ T, HRORENILHE - EEE,
BK 1 Tom T, BEMELRL, BROAWESDLO, A - WA TLLORD 5. BRI
To-EAT, Bk 1 bmn. SERRIAIXATY, EAUCEATL CHEN, REGEOAT L. MRE -G - 8
SR B 72 BEBLIMAGRD DD, T FARRHER, EAUCHET, SRR SNB IS 7
AMbirD.

FUR BFALUEHYPOEILIR KRR ORE L 725857 (B



RER - RPEE - LEBASFARETA YA b CRRIHER T OB, RN
WIRCHKGHR Th 5. ST CTHAL 7o) Ty 7 #ilfkk R~ HROARG KA B0, B sm
T, R R T WEACE IR B, 1ok T, SORMA QAT 5. SRR X B E I, RO I
T, SN RO S, HANIAITRG, BF-EER, Bokom T, Ao ML, RHES - $808,
McRERE AT 5. BEIBE, BH-EOK, K Im T, RHEA - S0 E0HT 5. Filfap -
FHRA - BREEM 2 & 72 B SEBER AN BB . F ST ERR - T ARDORERDENHEL A EBH T ATH
5.

V. 2.3 L/RBEREKE(TS)

T (1976), PR - Al - L2 (1977) (X BB INAREIRE & SR b D Th 223, EHHdEn (1983)
WX o TEHED RIS IS4, b RIS & md Sz,

WERL  SEEH (1983)

B L B RS 2 D ME TR O R O L SR A & 1, 250 mAFif.

o b GO g, JOE WAL R E, W5 R, A LR

BE 200 m.

BEBER e - FIlEECEE H 2 WITRTERE 2 A RE I8 5 . Aids (1AL TlEm IR - BRIk
PR HERE ) % TS O

Bl Hen ORI OEOTEREERIRADORE L v R & o TR IR (O S S @A 2 s s (—
ETA YA NE) BREEIOE T, FEREEAREEL TS,

EARR
SEEnTERRRILSERERERS (F/ )

WIR TIXIRE T, JKEBADO L U XIROEA RSN D. 8 F CIREE#EESRO b d. B OREA T 2mm
A O b DOIXBEIZITENA, 0. 5mm LT O b O, WK TH2. Sl aidnk 2. 5mn, JHE-
e, SEERHLA IXEK 1L 5mm, PHB-METH S, WAL H0.5mm L FOH DA% L. 0. 3mm fijfE
DAL DTNCET., IWEIZT T AT, BELRE OS2 &0,

V. 2. 4 MWEILBE (T4

WES  SuEs (1983)

s A LR 1, 300 m A £ Y EVET.

S A L LTEE A

BE 200m+.

BFEAGR L/ FEEERE2EY (25 X).

B KO- R EAOSEERIE A BEAA 2 ST T, BRI RHERI e PRIRNE D L H AL, AR
MEELTND.

EREN

REEaTERTRILE (W, el
WIR TR - REIK BRI, FHMEESING. 85T Tl 7 oY F o 2 ik iy, BEROREA T



F2ol BEALEEYTOmEILEE FEEl)

-8, HEK1bm T, BHHELRTb0bH 5. B R OEEIEa LB B A T, &K0. Tm
Thd. FER - FWEA - FEEA - ST 0. 2 BEOMBIS E LTHEEND. RLT4 NER
RS 2 5. A3 O <A ROBER - R - BINOEZNET 7 A TH L.

V.2.5 &ERB&E(TH

WER  EriEa (1983)

B SH L DIEHFICOVBRR EOFRLS S I 6 HFITHAL T 2 IR T

SRR, BFRILOEHTICOVDER EOER 1,944 mO v —7  CEEILKIEHRD A < 5H11)
PBIHFITHNT DA< SRA-TFH, IR T O LIRS

BE 350m.

BFEFR &L - RIKRTEHER ) b 2 3 B RSRERCE 28 D .

B 0 BERSHREATBNAR LSS R OKILIEE S, A 5657 A PO SRR E
B ILE A RO URE S, 35 SRR i 2 LR a R VK LR S B 7 5. iR



HEEDORDHND O, MNHRREE BREHFORZE L b DR ERDH D, KIIREE T LAES
ZEELTND. —HIT 2-3em ROBEABEI VA ORIEES 4 51

ERREH
X - RES - ANGERARERTEEERILE (A, HMROEE 1, 450 mfHiD)

PR CITIRE-BEIR B BEIR. ST CTiINg 7 rEe ) Fy 7z rd. BEOMEAITAE-FATE, &KX
2mm CREMMEEZ R T LONE L, HA - $IEY - TR - BRAGWEELLORHS. H@EAITA
B EHIEROMRIE, 0. 8nm fi& T, SIME AT 5. KEEAIZHE-FATE, 1onfig <, —#IiC
REENRO LN, RO A - S E AT 5. WG - SRR - REA - BN R D
EHEPRBDOND. ARITMAR T, &K1 5o THDH. BERTHE, M, 0.3nm @ik T, SMHE2
FRPA MEL TS, ANAIEEEE, FATE, —HEET T, Bl E 23R o % @meaic—iE
FIRFERCEBINTND. KR 1o THAY A MELTWDb0bH 0, BEA - SREWETHT .
FILITERRORR A &R BRI DIZNNTIZ L A ET T AN %.

V.2. 6 BERIFEE(TS)

ER BEIE~01983).

By BEORILGE, EE 1,460 mORRLEL.

S BRILERD, &SR K< HIRIHE, IR

BE 350m.

BFER SRS E2ES . ERRILM AR C kRIS S & BB - T 5.

B KOOSR SRR S A 2SR E N DR Y, —EBICEV K LA B 2 B, BB
AR RE L TS, e ROBEGBREN V& OIS & &,

HRREH

MALAREEAERBGTERRRIUA (H BETESEES 1, 270 mfhih)

WIRFICIZREIR G, BERTH D, BT TN 7 e Y Fy 7 llfkz R~y HROMERIZHFE- AR,
R 2mm T, BERIELZ DTPIRL, B - S - BEREAY T, FEa IR ATE-ME (B
J%), 1. 5mm fifk T, S - REAZUAT D, KEEAIAE-EAIE, 1on @itk T, S - RHE
HEEAL, BEMEELTTLORSS. PALAAITERR-MET, 0. 4nn filth, HAEA ORISHEN
ROOND. B - R BRSO DB FL T4 MEHE S 2 ST, AT
MFARRBEA - €2 3 e - B - S & VT AT s,

V. 2.7 BLBIEE(TT)

WER  SHHEE)(1983).

B SHILomMEORL< I CEEILIXE#IR) JE20.

2 A< HWEE, RIRER, TR S ILLTEE.

BE 250m.

BRFER A, BIRINEEZES. —BTElR - RIRKIHEHERY & B > T\ 2.

Bl KAG, OOHN A NS R A @RS T A o NERIERSE T, ISR A
BEE - KILAREEE 28T, 3% cm KOBEA VaE OIS & OV @G 0O BB G 2 & Te.



ERH
ARSATERGREEERILE (A5, A< OLMRIES 1, 620 mfiD)

WIRANCIZIREBEIR CTH 5. BT TIINA 7T ) Fu 7z ~d. BROMRAITEBLOBMAR T,
RR2.5m, WG - S - VT AEWAL, REHELZRT OS5, HF@EAITFEATEO0. Smn Al
%®T, BEA A - ST L, —EBA YA MEL TV D, SEEA AT FATE, L1 4o AR
T, RHEA - BHMEORT LS. AREFMAE T, B&K2. 5nn, REA BN - BIMEORT D, Be
WCASY A MELZARANENCRO b L. Sl - KRG - FRA - S OEIER L O LR
HEMES 2 S AREMTARBEG - SEW - T AL D,

V. 2.8 REILERA(TS)
WER SiEIE01983) Ik TEHILES & M.
B\ S HLTERE.
o ITEESL.
BE 150m+.
BFER A<oliEasE>.
A KA ORI SRR A R A 2 LS T, Bonm 5K om OREABENLY VA ORI & 5
Te. FL HIFHEHO & OIXHAICEE L, Ji5e Lo mBRIRITm 8o 2 L T D (8526 [X).

EREN

REEnREERRILE (Wa, KL

PIHR CIZKEERIR. 85 F TliA 7o ey 5 7 ilillia o5y, BEEROMEGIZEH-LEY, Bkom T, §§
T BB - T AEDA L, BEEE T b O0 D 5. Wl TR ETY, 0. 5mili{e T, SR -
MEGZAAT 5. SRIEOILAT, KK T, S0 - MEREEAT S, BT - SR - AR -

H265 BEILWLIE



BRI 5 7R D BENE OREE, LT A MERES 2 0. AT T ARRBRA - Sk - R ORDT
R T T ANDTIeD.

V. 3 EEKLEEE Y

ISl P PG L2 /NS S ST L ) 0 — 030 2. IR TIE U b/ PP HER ), WG
BIRE, Kl - ZEMIRE TR - KIRHERIIC T b,

V. 3. 1 B/ ERBFHERY( Sd)

WER SR 9TT).

B KR TR Y AL a1 IR )

b K = DAV (AN

BE 200m—.

BFER #HREOLICERD.

B8 ANARENASEEA T A VA MEARTHERY ChH D, MRICTEEG-IRIREG T, #mC
TREEEE I IIBOEEVD. FRREIEAIGEL TVD. 20 X Sen OAE L > X3, G 2R .
—ECIEREOBE & T, MARDILAEEET. K-A r 4ERIZ1.53Ma THD (&FIFH, 1989).

V. 3.2 BEEEGHREIE(SD

WER P 9TT).

B LPRT B AT GERE O A | LIR )

b K = VAV

BE 20m.

BFER 7V LR & REEIES.

B REFLEERAORS DCKIUD-S L NG, EENIEE L7o-TPRie A £ L35, TERI
S L7 BRIRE S0 BT, TS REL, LIXUIER T U HEE2R~T. (REFOB VDL A %S
Te.

V. 3.3 X2 -EWMRARERY(Sh)

HEA fHEIE (1983) 12X 2 EHMINEATE R R &I AR 2 el b D TH 5.

B S L s OERMIR

S| BALES.
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BFEFE KEoREEHEEO B, NGRSO FIcER .

B TIEEE, LR TERA T, \BAIThR2-20en T, AL U-AREEL, FREESR.
EEIET A YA NEOBARHERMA K OV O ZIRHEREM T, BEREIHRV. RE-FLAfEEA LY



&, e EEICED. RRE len FRETH 2. FIEMITO0MINE X THEL, TATHEMZ R,

V. 4 #5KILE Y

W5 KIS A D IRy DIARBENIZ IR AT 5. S I IITEAN 22 s kI T, R IE s
FOKIIRE A B2 5. A &AL & B JFAEFEIC AT 2 A BRIEAHTH S, 30 7
FERIROFR (EFIED, 1989) 7225, AREHIEN TIZR I Lkl B2 bNns. HIHY, 5
LA D5 4 ORI S0 bivs. 2o QBRI KILE I OISR (1977) & EAR)
=BT D0, O, FERBFTICGRAE S, HEISHROFE 2 IRV FIH IS RS
DR, WRIOLERFEL, REIANT IREZL, MEI ERMEICKARH b LHfEESH
2. EHKILO IR RER S FEHE T 5%, &AL ] 600 mICEL TV 2.

V. 4.1 SHAESBUESRY(No)

MWER  HH

S CHEIESKILE RS & LTe b o b JFAREIC AT D% & MARMSE DS 2 I E Y AR s
THRETHHD, BHIALLLE LERBAPTHS. i b REBBRLAATH L0, R
B LHEY) L0 FAUCHe D, b RIS K0 EAICH 722 O THEIE S G PR
A=) &L

EARINEOR R (FENER) (2 A AASEERILA B A LA R 2728, FHFE DKL
LITEER R, W oOmBEKLEL)A S L.

ERiEH
KRR TEEERUE (BS, L/ EE)

RIRTIKBAIER. 8T TEIANA T rEY Fy 7 iz R, BRORRMAIAE- LA TRK 2mm,
AIAAEMEELLONRDH 5. WEA - FFEAITE BICAE- AT Inm LUT T, SKEA I3
B ORISR Z 0. £ ORISR OB 2 & e AEITEHROMEA L T T AN DTS,

V. 4.2 H1 HEEm(TEHERS (N1

WEE  FUE (1977).

B ATRPALALROROZEE 900 mAFHir.

S R, KIRIROAED BIEANFEAHTEE THfiT 5.

BE 200 m.
BBk L/ R MGE b JFRC B RISHEEEICS &, KARIIEIER DO IR THE SR & NS
A

Bl A LEERKARE - KUABEEEL T 5. TABR-HEHNET, 2RICREIKT, BRI
BRI mThs. BRI AEREAZILER T, —EE L JRERECE DBECH D, ki
W LIRTRHER & b D . BERYEEIRE, BakIIBEIKE 2 D wflite. TERIZT A Y+ MNEEIK
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EGRER
KEERTEBRRILE (s, AR

WIR TIIRFIK AR TH D, BT TN T ) F v 7z ~d. MEORERIZAR LR, K
3mm T, @G EED, BERUAYEET. EEEEOIZEE-EATE, Inm BT, SEAG L HIE-
HIZT1.5mm AR TH D0, KA L0 ERZ V. AR TARREE A, WiEHa - REDEA O,
HTANBRD.

V. 4.3 52 HRHM(FERES (N2)

WERL EEUEN (1977).

B SRR ORI OFER 900 mAfTir.

S b FORGEROKRRAL G s H488L 2 ~TgEo b £ T, S DIChE) Il RO EE LG
RENETHMHL TS,

2T KIS 1 HEEYThO 74 EERE (LR
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B KA RAOBE /S BRI AZIERE L LT, ARREIESEEL, FLIA +o
WEE LG (F28 ).

SRR

$HEnTEEaRUE (Bs wrH)

AR TIHKBABERTH D - T TIANA T Y Forlikzrd. BROBERIIAR- LA, 1.5
nm LLFC, @A Z 0 REELLONDHD . HEEAILEE - EEE T Inn LUF, $EEAITBEE- LR
BT omm AT THD. BESL - W@EA - RERA LR EMBEET. ARETT ANLREN,
mTEAECLTVWDAILDOEH D,

V-4, 4 3 R EEREE) (N3 -N3v)

WERL EEUEN (1977).

B TAR ERO/MAFEAER.

S EHILEOAN S, — O MAF S, MIIRE M, Ea Lot TR 0T 5. o7
ORI HAMESIG R ETEL TS, £, WHILELICL TS
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B ORTES B OPF S AR L ORI TS5, FiEliEoRE L KBRS
T, JEEBEmOKREFHERID A 2 - 3 Kebkte. LT CITmEIMEE (P T3 2 BOREEE A T8 2 LT
LM, ZIZTIEMRENIE L A CREIT /R > T D, BIEIOPIRITMAFIRIE CTh 5723, Z D& LI
O BBV NI O B3 L7V & KRR O BB oA L, ZOBIRONIEIL40° Atk
THIZBER LT 5.

TS BIKAB G DOVRIE - KARTHERE) C, WAEEOR-KEEE &S, & &I22 mE EOKRE SO
e (BB29KA). FKEITHEIOXUD THD. BIXRKH A EE SRR A2 S Th D, =
DKIFHERI O TOLC, EREEHKERDE « RV N « BEREDAJEN 10 BmBEEL TS (3530 [X).
CHUTIERE - RUEHE En B AT, WiRkE &R s.

B VEN- KRIRHERR O ICEH R DWE T, TRAIRTIL 20 mATH DR S 2 FFOfRREFOREEE L -
LOT, BEMIZEMIET, BUEL TS, FAOHEBIT 1 mBERELL TWD. @i SRR
ZIET, AFESPADAAEGLOND L. BV, ZRE, FLI74 FORESE 2 KET
(Shimazu et al. , 1991) (529 ®B). #2e5» B INTAMK Tl 3- 4 OWE % K ORITHRA T
W5,

ERE#H
SEEnTESERIUE (W, MR

HHIRCIIIKBEIERT, ZABEOHDOHH L. HEFTIINATrE Y F v Z7Hlfk% "7, HROREEAIE
HZ-¥A%, 1.6mETT, 72 - @A z0ad 2000805, WEEAIIAR-FE%, &K1.56
mm, 2% <IE 1. Omm itk Th 5. Rk EFEEO OEAEDRH L. SRR EATE-MF, &K 2. 0nm TL1.0
O b ONEETHL. MEROLAREEZLLONDDL . AEET I ANLRD.
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WEE FEIE (1977).

wX oY),

S8 WHILEMT BN T L2 b ok, Mssriéhs bRE/NE « i)l &2 ~TH /2 ) E THdfi
L, FHICH T Lizbolk, WGHILHIo¥EHmEE>< 25 (31 X). £/, BELMTICLOMmT 5
BE 150 mPl L.

BFERFR %3 MomtimasE-.

Bl ZEESIRKE len OREAZET. BOARaVTET, BAORE LTI Ll
B ETe. S NIHEOREIFIR B A/ NGET, OOBREEEAIEE LIRS L OMA R L T
BB, Ty HHEOREITFIREA T, i - HEAOBRPHEZ LD TH 5.

ERiE#
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nm AN TH D - SEEHA XA FAETIn LT Th 5. Hilliia - Sa - Mo RRGE 15 5.
MEROAXEZLLORG L. AEEILROMTRROMEA LT T ANLRS.

VL e - BOET ok s B O 28 AT RO

(BHER)

AN K ILERS < A LTOBE, 20T, FHECIEHICET 5 OGS
SRR ORI I SN T 5. S FICHEREROERS (262 &R, L
RO DR EERAD.

VI. 1 WEHpE, ks E LT 20O KIS EHDOL RSy

TAH B O KIS 9 fH, ABBEED KL 14 DALY % 308 XBRONTE T L=,

(1) 75 Mg 0>k LE MR

Si0,- (Na;0 +K,0) X (F32X) TiE, WHAEOXILAE, Si0, 49-63%DHPHT, T TKT LA
UYLTA hOERIZT e Y &5, Na,0 +K,0) -Mg0-Fe0* (AMF) X (#33 X)) TiE, KoL
a URRAEAE R ORI, Z OMMITEREREAEE ROFMICT Y FENS. Si0,-Fe0* /Mg0
(Miyashiro, 1974) (#36[X) Ti%, KEDY LT A OFEBIZ, SMETHINAZ TAH VU aOMHEBIZT 7 v
faid. L3 SORNE, KESPIET VAN, VT A R ThHDHI EERT.

(2) FBERED KIS

Si0,- (Na0 + K,0) (32K T, KEMETAB) LT A REETAHY LT A SOSERGS
I, BRVIHMET AN Y Y LT A ROFERICT 7y haid. (Na0 +K,0) -Mg0-Fe0* [X (3533 ) T,
2 HZRNTCE Y g UIEAEESROERIC T 2 v &5, Si0,-Fe0* /Mg0 X (36 X)) TiE, $3TY
LT A OIS ay FEf, Lk Fe0* /Mg0 A3A U Si0, B TIXEEAEOLA LY K& v, 372
Db, 3ODRIZEDERRFIT—EL, YLTA M ThHDHI 2T



W2 BWAHBEHOXUEBEOLERK

1 2 3 4 5 6 7 8 9
SiO, 49.45 56.14 68.56 49.31 56.76 61.64 67.27 49.32 54.52
TiO, 0.81 0.74 0.60 0.76 0.81 (.65 0.50 1.06 1.12
ALO, 19.99 16.40 14.83 20.58 16.27 15.23 11.84 16.32 14.98
FeO* 11.54 9.81 2.83 9.87 9.48 7.04 6.11 12.99 12.67
MnO 0.17 0.13 0.03 0.12 0.20 0.12 0.18 0.17 0.17
MgO 4.01 4.01 0.36 4.07 3.17 6.65 4.87 9.76 7.40
CaO 11.56 7.93 2.52 11.26 8.42 3.06 1.02 5.65 3.87
Na,0 1.72 2.23 3.35 1.73 2.36 2.45 2.82 1.77 2.12
K0 0.26 1.02 2.35 0.36 0.72 1.23 0.99 0.72 0.74
P,Os 0.09 0.15 0.12 0.09 0.14 0.11 0.14 0.16 0.18
H,O 0.42 1.07 3.80 2.36 1.08 1.21 3.43 1.43 1.41
Total 100.02 99.63 99.35 | 100.51 99.41 99.39 99.17 99.35 99.18
FeQ*/MgO 2.88 2.45 7.86 2.43 2.99 1.06 1.25 1.33 1.711
1 Xl (WA-2) L@ 6 : FiliE(613-5) T8 * @Felit=Fe,0,
2 1 LA 1012-3) _LARFS 70 F 444 F(1017TM1-3) T EHE
30 FAHA B (525-1) 8 Fur 4 b(304-1) AR
4 T LKA (531-1) IR 9 I EIEKyY) BEASR
5 ¢ ®RINH(KU-1019) k|
SHE BHE %
HIR AEERYOKUEBEOLERR
1 2 3 4 5 6

Si0, 57.33 63.17 52.93 54.26 63.33 69.09

TiO, 0.88 1.13 0.77 0.94 1.03 0.48

Al O, 18.29 15.44 21.93 19.42 15.79 14.85

Fe 0O, 9.11* 8.27* 2.44 4.45 2.24 1.27

FeO 5.58 4.77 5.09 3.78

MnO 0.14 0.15 0.15 0.14 0.16 0.15

MgO 2.66 1.50 2.40 2.87 1.60 0.67

CaO 8.66 5.59 10.27 9.19 5.42 3.3

Na,O 3.09 3.55 3.09 2.79 3.46 4.08

K,O 1.09 2.30 0.58 0.89 2.07 2.24

P,0s .20 0.37 0.23 0.23 0.37 0.14

H,O0+ 0.06 0.19 0.16 1.04

H,0— 0.10 0.20 0.20 0.00

Total 101.44 101.47 100.53 160.34 100.92 101.14

FeO*/MgO 3.08 4.96 3.24 3.06 4.44 7.4

* £ Feft =Fe,0,

1 EmEa R AR A (US-09) HEEF KBS ERRE KA ALER) R

2 EMSERILE (CH1150) G

3 I MmBEEEEIE (61819) U FERBELILSHE N BT

4 ERSETE (45110) & E

5 @ EMERERILE (MAEKO) Bk

6 I EHSET A VA b (Hashi-G)  WEAFeAHE #fE B

SyE AR B
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VL. 2 A - TS Tk L oD K Ls 3

P T, EHAIL 1L, dAIL 10 Iz OWTHEIE X217 - 2. BEEKILTIESi0, 55—
60% THRIFHIT. JSHKILTIY, 52-66%, m¥AILTIEL54-65% CIXEF CHFHTHS. Si0,- (Na0
+K,0) X GE34X) T, 3 2DKIDKIEEDIL ERDNE, T XTUKT ALY Y L7 A SOFEHIC

F&END. (Na0 +K,0) -Mg0O-Fe0* X (535 X)) TiF, BMEALO—RERNT, BV a EAEER
LR S R OB M ORI A B R OfEIIC T e v &S, —T5, Si0,-Fe0* /Mg0 X (5
K) i, BEINRNILESE VEZBRNTIEY LT A b, SR KILTIERR LS 2R TiEE< D
ANT T AR VEL, KT T & e B & B CTIRE D23 L7 7V ) 8 OEIRIC 7 e
vy FEND. Tbb, H34 LR 36 MTIEERKAN—EL, KEOWINVITANVETHDL L
BN

BAR BEKNENDROKLEEOEZEAN

1 2 3 4 5 6 7
Sio, 57.42 57.57 57.37 59.18 58.77 55.44 55.56
Ti0, 0.73 0.77 0.77 0.72 0.67 0.71 0.81
ALO, 18.02 18.06 19.97 16.92 17.07 17.61 17.85
Fe,0, 2.99 3.08 3.59 4.12 3.03 3.46 3.39
FeO 5.04 5.63 2.62 3.93 4.85 5.57 6.01
MnO 0.14 0.19 0.12 0.14 0.16 0.16 0.18
MgO 3.32 2.92 1.27 2.92 3.83 4.23 3.45
Ca0 7.39 7.03 4.32 6.57 7.11 7.73 7.02
Na,0 2.81 3.04 2.53 2.87 2.80 2.45 2.80
K.O 1.17 0.84 1.53 1.46 1.39 1.14 1.04
P,Os 0.20 0.20 0.29 0.18 0.18 0.17 0.23
H,O+ 0.71 0.62 4.30 0.38 0.46 0.91 0.68
H,0 - 0.45 0.35 1.53 0.60 0.17 0.29 0.09
Total 100.39 100.30 100.21 99.99 100.49 99.87 99.11
FeO/MgO 2.33 2.88 4.61 2.62 1.98 2.05 2.63
LSO EMaRIUE(BTIE) RAREGY B AAR

2 D A0 ATTEBREAEEER Z10%E (580101 g Uisasrt  RIER

3 BEMAORNEELRILE(3910) KXREBUNEE RA ARRKLIR

4 LEpE O RO TS (382012)  KWRERILES KA ARRSW

5 I EARMET TSR RILE (3826) MRS KK OKKREBILER

6 I hASAGRBIELTE BEAZILS (52060 ARLILAE HE

7 ASARREAETEEA LIS (5206) NEILESE AL

SoE TR OB



B5R BRALEHYHO KIUEHOLFHER

No. 1 2 3 4 5 6 7 8 9

SiO, 62.28 65.63 58.75 63.72 64.73 63.42 57.04 64.07 59.74
TiO, 0.60 0.47 0.61 0.57 0.55 0.53 0.74 0.51 0.65
AlLQO; 15.81 16.49 16.76 16.03 16.09 16.74 17.65 16.70 17.41
Fe, 04 2.35 2.56 3.69 2.95 2.91 3.49 4.43 3.06 3.40
FeO 4.38 2.72 4.11 3.27 3.24 2.46 5.06 2.91 4.51
MnO 0.12 0.13 0.16 0.11 0.13 0.13 0.17 0.13 0.16
MgO 2.87 1.68 3.27 2.39 2.19 2.03 3.86 1.94 2.86
CaO 5.89 4.94 7.15 5.08 4.94 5.76 7.62 5.26 6.77
Na,O 2.29 3.25 2.64 2.47 3.17 2.85 2.49 3.07 2.83
KO 2.25 1.86 1.18 2.15 1.80 1.48 0.95 1.64 1.26
P,0s 0.13 0.13 0.16 0.12 0.12 0.14 0.16 0.14 0.16
H,0+ 0.92 0.70 0.99 0.74 0.65 0.90 0.37 0.11 0.40
H,0— 0.34 0.22 0.22 0.58 0.31 0.41 0.13 0.47 0.34
Total 100.23 | 100.78 99.69 | 100.18 | 100.83 | 100.34 | 100.67 | 100.01 | 100.49
FeO*/MgO 2.26 2.99 2.16 1.48 2.68 2.76 2.34 2.92 2.65

FEOTEEORILE (72004, 703020°F) RTAVE BEE A& * 2 Fe& = Fe,0;
; CHEED - LEMOAREANET 41 (OMP, GGLIOFH) R AKEFMEREY # "R
CEREOEEEOZILE (KG-0D) SULRARWERY RN SR

CERREOLEEOZL(UR-03) b/ RERERKE BN Lo RENE

CRBEOTEELRE 80507, 809090FH) MMBLEE AN Al

- BER - ANOSEREEOSEEERINE (4 y OF) BREE

AL ALBEEREREBEARLE (90513, TTO3DFY) ERLEE BRLUFLER
CORSELEETEREORLE (OM-18) [ sIlEE BRILEHER
DEHFEOTEEORIE (WT-15) BHELESRE BHILE omE AtE B

H6R EHBHKUEHTT D KIEEO AR

[T-Y--RENRC SRS QICNN TR CRe

1 2 3 4 5 6
SiO, 54.64 64.30 61.50 61.58 59.64 58.38
TiO, 0.81 0.53 0.61 0.70 0.66 0.80
AlO, 17.35 15.78 16.53 15.87 15.84 17.04
Fe,0, 10.09* 3.38 2.95 7.55* 7.75* 8.71*
FeO 2.63 4.43
MnO 0.18 0.14 0.13 0.14 0.15 0.18
MgO 4.26 2.01 2.96 2.93 3.24 2.84
CaO 8.81 5.04 6.27 6.01 5.92 7.01
Na,O 2.37 3.05 2.29 2.55 2.29 2.69
K0 0.77 1.83 1.84 2.00 2.07 1.20
P,0s 0.15 0.13 0.13 0.12 0.11 0.20
H,O 0.38 0.93 0.67 0.40 1.77 0.25
Total 100.81 99.75 100.31 99.85 99.44 99.30
FeO*/MgO 2.13 2.82 2.39 2.32 2.15 2.76
1 SEBATERORTILE  (81901) WHETHEE L/ EEH * 2Fe#& =Fe,0,
2 I EBREREEEALTILE (341 HETHREE BEAXIEEA
3 IXRBELDEEEORLE (681  EBTEEE EE)IER
4 EREOLEEORINE  (82106) WHETEHEES B8
5 I EBREOTEEORILE (82008 EBLEEE VAR
6 L REEOEEBEORILE (82003 WHEBRLEEE BRI SrE EtE B



o HHKW

o E&EAKW
A &FXxib
Na20+K20 wt%

7l

6

5-

4.

¥

2F

1t

45 50 55 60 65

8$i02 wtx

$UE BE « £ - BB AKUEEDSIO,-(Na,0+K,0) &
AIT7NMAVER
HT . ®7A4V VL7414 bER
LT:B7AAY VLT 4 M ER

FeO*

Na20+K20 MgO
EBR BT - B2E - HHKLEROAFME

P:EYs VIEEEAR
h | KHEHEERER



VI 3 [MEHIEN 0 K LS DR

AR [ BTN 2 534 9 % #3910 15 P LT K OMRET T AT S8 D B B RE D K LRI Y v
TAMNETHD. ZLTEDOPEITAATUHA N BRCEDY LT A NERIES) (LT 5 S5
HZINEZE LTS, & DICHB R P SO 0 S Ad K LD A DR OBIEK LD A DZ <
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VIL - RS R -TI R E & B HERE )

(SLAHERE)

XGPS AT R ROREEOBIRB 3T 5. HuIc & 0 B E 20 BICT D TR & 5 28, Bl
FHHOKLBEFEIHRENTZY, FAEETEB-7-0T5LB2 615D T, Z I TEH- BT &
LT HELTHRY, ot bESBHTIERAOMAE L > T, TEANRKEE LTRdd 5.

BARIN EDBFAR LY UROEENNARITIZER 2 EAE % Lo -1 8T I & S o i
BeEAFET D, BEAMNRT 2HERIIR- PR OBEE R 352, BR)IIn— L8 L MHEh 58
W= ABERETOND (BRRAILKZ v—, 1981). TIC, FR)IIr—2BiEhobonss ke
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(ABSTRACT)

The “Naebasan” is situated in longitude 138° 30’ E-138°45’ and latitude 36° 50’-37" O’ N. The
mapped district can be geographically divided into the following four areas;
1) Southern mountain area occupied by the Naeba, Torikabuto and Kenashi volcanoes.
2) Northeastern hill area composed of the Tertiary system.
3) Right side area of the Shinano River composed of an alluvial terraces.
4) Northwestern hill area composed of the Uonuma Formation.

The Shinano River flows from the west to the east. The Kiyotsu, Nakatsu and Shikumi
Rivers flow from the south to the north and join the Shinano River.

Volcanic topography of the Naeba,Torikabuto and Kenashi volcanoes are not well-
reserved. The Naeba volcano is a stratovolcano and the summit and northern slope show
flat topography and has a erosion caldera opened to the west. The Torikabuto volcano is
also a strartovolcano, but has been completely destroyed, especially eastern part made up
by sharp cliff. The Kenashi volcano is a stratovolcano, the upper lavas of which form
volcanic topography of gentle slope.

Eight levels of the alluvial terraces are developed in the right side area of the Nakatsu
and Shikumi Rivers and the relative height of the highest terraces are 250-400m.



GEOLOGY

A thick sequence of Miocene to early Pleistocene sediments and volcanic products of the

Early to Middle Pleistocene volcanoes and terrace deposits in the district are shown in

table. 1.
Table 1 Summary of geology in the Naebasan district.
Stratigraphy
Geologic . Lithology Age
age lﬁf&;‘;:f aCI}(:lnl;uma Middle to upper reaches Uonuma
the Shinano River of the Shikumi River Hills (Ma)
Holo- Alluvium gravel, sand and clay K-Ar F.T.
cene Landslide deposits gravel and silt
Terrace deposits gravel and sand
AN AN AN AN AN AN
Q
® = . gravel, sand and silt covered
= Terrace deposits by weathered tephra bed
® A A AN A A A AN AAATTT T
5 Lake deposits ( silt, volcanic sand
E‘ Products of Naeba Volcano i andesite lava and volcaniclastic rock
= UL
g Tomaru Products of ol = dacitic to andesitic | gravel, sand and
g g Formation Shiga Volcanoes sl.g volcaniclastic rock | silt
S8 %S| s and andesite lava | andesitic
& g o o E El a volcaniclastic
B =3
& Products of Eg | 5 andesite lava and rock
& . . 28l ol 5] S av voleanic sand
EYE) Torikabuto Volcano (3 €| 21 8| | volcaniclastic intercalated
= | 3 E5 58| Bl rock intercalate
& 3 Sl | D ] lava
- o T A H
é Products of Kenashi Volcano| $K030 gl P andesite Tava and wlk:.llftfe pumiceous L3
21 g[sori Member|S 2 et aphyric andesite lava B .
S les 58| Maeko Member %g and volcaniclastic rock v 8|13
.~ =g i ser A . @ T
EE . _|Eg =5 Andesitic volcaniclastic rocks o N
5.8 Koikegawa ;é Niteno Member N intercalated with andesite lava, | > 176
Member 2 SK110 N gravel, sand and silt
g i . i Andesitic volcaniclastic rocks
5 Nakajogawa | Higashinosawa Formation i ndesitic vo.caniclastic rocks
g Member 1 intercalated andesite lava,
g il X
:Eu: L._ 4_ __________ i gravel, sand and silt
g Y]
g RANAINDIRIRIO RPN
e ] .
" =] o . Andesitic volcaniclastic rock with 6.3
= ES Nishitajiri Formation lava 6.8*
2 g E
<
— = BAVAAVAAV VAN AN AXA Y R
Alternation of sandstone and 96
% 5| Wayama Tuff Mugurazawa siltstone
@ £2| Member Formation dacitic volcaniclastic rock 13.6
% Sg I || pebbly sandstone
§ . 25| Yashiki
! g Conglomerate | _ . Alternation of tuff and shale
8 Osawa Formation |__{ Alternation of sandstone and
S| shale rich in shale
% I
= i il . pale green acidic tuff
I il Uwano Formation
shale
v ?
Tonokawa Formation dacitic welded tuff
?
= . dark green andesite - basalt
Kettd Formation volcaniclastic rock and lava
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NEOGENE AND LOWER PLEISTOCENE

Miocene

The Miocene formations are mainly distributed at the east side of the Kamagawa River
and along the Nakatsu River and its branches. The formations are divided into volcanic
rocks showing the so-called Green Tuff facies and clastic sedimentary rocks containing
volcanic materials.

The former is the Kettd and Tonokawa formations of Middle Miocene age. The Ketto
Formation consists of altered andesite and basalte lavas and volcaniclastic rocks. The
Tonokawa Formation consists of altered andesite and dacite welded tuff and may be upper
part of the Ketto Formation.

The latter is the Uwano, Osawa and Mugurazawa formations of Middle Miocene age and
the Nishitajiri Formation of Upper Miocene age. The Akiyamagd Formation is considered
to be correlated to the Mugurazawa Formation.

The Uwano Formation unconformablly overlies the Ketto Formation and is lithological-
ly divided into the lower and upper members. The lower member consists of dark grey to
black hard shale containing pale yellow nodules. The upper member consists of pale green
and bluish green rhyolite pumiceous tuff.

The Osawa Formation conformably overlies the Uwano Formation and mainly consists

of alternation of dacite tuff and laminated dark grey to black hard shale with sandy
mudstone.

The Mugurazawa Formation conformably overlies the Osawa Formation and is divided
into three members. The lower member consists of sandstone-dominated alternation of sand-
stone and mudstone partly intercalating sandy tuff. The middle member consists of
dark green and bluish purple dacite tuff with sandstone, sandy mudstone and conglomerate.
The upper member consists of alternation of sandstone, lapilli tuff and siltstone.

The Nishitajiri Formation dated at about 6.5 Ma conformably overlies the Mugurazawa
Formation along the Kiyotsu River, but unconformablly overlies the Ketto Formation in
the upper stream of the Kamagawa River and along the Nakatsu River. The lower member
of the Formation consists of tuffaceous sandstone and mudstone, andesite tuff and tuff
breccia and pillow lava and massive lava of basaltic andesite. The middle member consists
of hyaloclastite, pillow and massive lavas, volcanic breccia and tuff breccia and lapilli tuff
of andesite. The upper member consists of dacite tuff and tuff breccia and tuff, and phyric
and aphyric andesite lava, andesite volcanic conglomerate and tuff breccia, alternation of
andesite and dacite tuff breccia and tuff.

The Akiyamago Formation unconformablly covers the Ketto Formation and is divided
into the Yashiki conglomerate and Wayama tuff members. The Yashiki conglomerate
member consists of conglomerate and volcanic conglomerate, dark greenish grey andesite
tuff breccia and volcanic breccia. The Wayama tuff member conformably overlies the
Yashiki member and is partly interfingered with the Yashiki member and consists of pale
yellow and pale blue dacite tuff and tuff breccia with dacite lava, volcanic conglomerate

and tuffaceous shale.



Pliocene to lower Pleistocene

The Uonuma Group of Pliocene and lower Pleistocene age is divided into the following
two facies; one is mainly composed of clastic sediments intercalating andesite volcaniclas-
tic rocks and another is composed of andesite volcaniclastic rocks with lava. The former
is distributed in the east side area of the lower stream of the Nakatsu River and the latter
is more widely distributed in the mapped district and is distributed along the Shikumi and
Shinano Rivers and in the left side area of the Chikuma River, which is name of the Shinano
River in the Nagano Prefecture.

The Uonuma Group composed of clastic sediment unconformablly overlaps the Ketto
Formation in the upper stream area of the Kamagawa River and unconformablly covers
the Nishitajiri Formation along the Nakatsu River and consists of conglomerate, sandstone
and siltstone. The Group is able to correlate with the lower part of the Middle Formation
and the Upper Formation occurred in the Uonuma Hill area, using distinct key ash layers
such as SK030 and SK020.

The Uonuma Group composed of volcanic rocks unconformablly overlies the Ketto and
Nishitajiri formations in the upper stream area of the Shikumi River and is divided into
three formations.

The lower formations (Amamizuyama and Higashinosawa formations) consist of an-
desite lavas and volcaniclastic rocks of pyroclastic flow and mud flow deposit origin.

The middle formations (Shikumigawa and Kamigo formations) are divided into the
following two members; the lower members are the Niteno and Koikegawa members, and
the upper members are the Maeko and Sori members. The lower members consist of phyric
andesite lavas and volcaniclastic rocks extruded as pyroclastic and mud flow deposits, but
the Koikegawa member includes large amounts of volcanic conglomerate of mud flow
origin.

The upper members consist of mainly andesite lapilli tuff and acompany tuff breccias
and several sheets of aphyric andesite lavas and are correlated with the Middle Formation
of the Uonuma Group occurred in the Uonuma Hill area using key ash layer (SK030). K-
Ar ages of phyric andesite from the Koikegawa member and aphyric andesite from the
Maeko member are 1.76 and 1.32 Ma, respectively.

The upper formations (Tomaru, Kusso and Mitsuyama Formations) consist of mud flow
deposits derived from the Torikabuto volcano.

Although distribution of the volcanic products of the Kenashi volcano and the Shiga
volcano group are narrow in the mapped district, the products of the Torikabuto and
Naeba volcanoes are widely distributed. The products of the Kenashi volcano are the
Tsubono pyroclastic rocks, Oirizawa lava, Kawakurumizawa lava and Daijiroyama lava in
ascending order. Lava surface of the Hakkenzan lavas of the last product forms gentle
slope topography. Volcanic products of the Kenashi volcano consist of mainly hypersthene
—augite andesite and olivine-hypersthene-augite andesite which belong to calc-alkali and
tholeiitic rock series.

Activity of the Torikabuto volcano started with eruption of the Maekura lava and
afterward the Takayamazawa and Onizawa andesite pyroclastic flow deposits, and

Uenohara welded tuff of dacite composition erupted and formed a caldera. The main



volcanic edifice composed of the Nunoiwa, Takizawa, Oneyama, Shirokurayama and
Torikabuto summit lavas in ascending order was constructed in the caldera.

The Maekura lava and several lavas of main edifice consist of mainly hypersthene-augite
andesite, but they contain partly olivine or quartz and/or biotite and hornblende. The
Onizawa pyroclastic flow deposit is biotite-augite-bearing hornblende dacite. Most of the
products of the Torikabuto volcano belong to calc-alkali rock series.

The volcanic products of the Shiga volcano group exposed in the district are the
Kayanotaira pyroclastic flow deposit, Okushiga lake deposit I, and the Dainenzan and

Hikoemonzawa pumice and pyroclastic flow deposits in ascending order.

Middle to Late Pleistocene

From the heights of the terrace surfaces, the alluvial terraces developed in the right side
area of the Nakatsu and Shikumi rivers are divided into the high level terrace (Taniage
and Maibara I terraces), middle level terraces (Maibara I, Unoki and Honoki terraces )
and low level terraces (Kaizaka and Shomen terraces). Underneath the surfaces, terrace
deposits composed of gravel and sand of 10-20m thick and loams are recognized. From the
observation of the loams, which are weathered ash and are key tephra, it is ascertained that
age of the high level terrace deposits is Middle Pleistocene and that of the middle to low

level terrace deposits is Late Pleistocene.

Holocene
The Owarino I and II terrace deposits along the Shinano River and talus deposits exposed
on the slope of the Sekita Hill are Holocene deposits. The terrace deposits are mainly

gravels and are about 4 m thick. The talus deposits are the debris flow deposits.

Geologic structure

Southern area of the mapped district is situated at the northern part of the “Chuo Uplift
zone” elongated in NE-SW direction and are occupied by the Ketto Formation of the green
tuff facies and acid plutonic rocks. Monoclinal structure showing west dip of the Uwano,
(_)sawa, Mugurazawa and Nishitajiri formations corresponds to the west wing of the
anticline, axial area of which is occupied by quartz diorite porphyrite body. Synclinal axial
area of the Uonuma Group composed mainly of volcanic materials is found along the
Shinano River.

Early and Middle Pleistocene volcanoes such as the Kenashi, Torikabuto and Naeba ones
are considered to have erupted on the Chuo uplift zone which upheaved after deposition of
the Uonuma Group. From the arrangement of the volcanoes, predominant tectonic direc-
tion are assumed to be NEE-SWW direction.
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