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ROFHE AR TR BUE M0 R F A T 0 T 0 B 10km Ok / AR BT 5 2 MR L
FHIB T B, ABEAA OIS RIS L E 2 b o RICHE Uit b b, BHCM o
T DRI > THIKDT A $4 IR EA LTS, AT 5 TR ORI K il H e
DI, 5.6Madli A 7 LCus 5. RETHE O 8 3, AR Bk 75 45 0> B AL 1 8
18X 10kmDEFIH A LT T 2B LB TH 5. KA 5 ILMITED OB E S AL D b



% 10 FROBTHE — AT BT A 00 T 1A e X )

ERNCEHLTRBY B 1), AT 7 & L TOMMMBIZIRAPARTSHS. £, EORERNEFERH
NTFITRICHY, FEOTH—PHRHRLY b RBEOEEIMFET LI EAREL TS, Zhb
ORI, BT TP REPEAFICT L TEY LRSI AT BARENEEICRD bR 2Lk
RS (KL b —F VDR EALTWD Z L LHIFINTHD. RIEH VT T R REIHAT KR i RS
Y ORSHERIEE, 2.7—29Maz R L TW5.

FEREHHD CISIE - PG - B0~ 0 8 - R - FEIE I, AR < 4 1
= O KHBCK RS DEN Th 5. Liti)E i%aﬂ?i?/V§fE?ﬁ)E>ﬁkitﬂjf_d<ﬁ¢ﬁﬁfﬁ$§¢%ﬁié:ﬁq)H
SR 6 727 WG, HESHBO 5 2 A HEOD TG T BB (Nn 1) + 585 (Nn 2) - FEAR
(Nn 8) - T995 (Nn 4) - K% (Td 1) KRERHERII A R TV 3 (B11 ; WoE, 1992a : L5 - &
W, 1992). ZavbH O KA IRHERE Y I3 A RE Hisk o> 57 o0 B 8L 53 AR 2 B kARGt HER A 1 G5
H - EiE, 199D ERLHDOTHY, ZOROMERTIWAROEEERETHHER SN THD (NllZ
73, 1985). AMIEHUIE N TIERHT R KR HERE 25 Rl E < (200m) /0 L, ABORF% 5D T
5. BHERESLREFBEEN 6T, BA KGR IT1.4Mai#, F5 KR ii1.4—1.2
Ma, FARKRHERIYIE1.2—1.0Ma, BB PIRHEREYIL1.0Manith, KA A IRHERHIZ1.0—
0.9MallH L72b D Th D (1K) . £7o, RAEKBRHAERM N IEHFRETH 21F00F, WThoH
B HUWREE LTV D, NI KR 2 L7/ N VT T R Lo I8 T, BRI K HE
Y - EERTENAER E, BN T IHMOBNE TR INTWDS. HEORBINT 7 RNEET 5
7o, WNEHALT T BERITIEERO 7X 1.5kmDHsy LERIE L TW g, BEo~2 0 gk, A7 -
AR PR 2 U7z, FHRETESER L2 & PEEF 712 T 21T X IBkmDIE D ~D ) ANT T %
@ﬁbfﬂ@f%é KIGIEANT T TR O F B KARGHEREY - BB R IEn R &, %I T T 1)

BBELALIRE

DI RKHERTY) - EF'%)(IJJ B KARIES - MARKBIEHRE THKS LTV D. KIALT T



1=PEF G 2= B KIEE S=RE A YUK 4=PEAB AR B=R A i
FIE REAHIOFE =% - BURERED VT 7 KILFEO %
Lo 2 HUC U HERE I A T & R - FUR - LHTH - SRR ASEREL THEREL TR Y, ZhboREIICIEA

WO D IV T T KINEED DI U7 KR CRED 23 E N CTh D, ZAVT 7 OMEILE 8 M5
Dz L.



LT T e AR AT U CHE Y E755 L5 5 B A AT 3 B L, KRR I T 25
BRC, EHE SR AT 5. BRI > TR A OBE N SRR SN THE Y, 2 0KHRE
Wig CTd o, mEEIE, WHAPREEH L7210 X 4 kmDRE B LT T 285 L= #ig <, wHakk
FHER & = VATE 5 %0 A S MO MIR R TR ST 5. ABOBEIIEEATLT, W
REDENRE A Lnb, BT T OORMAEETIL S TR L0 LHI T 5. TIE
VRS R RO O HUB T, B B BRI HER & K KRR TR &
NTW5D. KEix, LTI NOMARBHEE S N-%, ZOEMANICHERE L7236 0T, RIEKILTR
B LRIOHHIRD S L TR 60T 5.

STt 0> L 5K LI - B 1L MR & o — 530 BT B 0> I 11 K LI 1
D~ 00T TN S R KL ERRT B b OThB. FHIE KL, R
W B O SEE LT TOWLEEZ S 5 TEY, ZREOMOIEET & FE O KPE O E
72 %, WS DB & K L DT LA DL ILTE L Y bR » 7 & bR DA, LKOF)
I IR 1 £ D 52T b T % . A KL 70 b 120,54 0.42Ma% 75 K — ArEAA
P S TND (- T, 1005). SEFILLATMESRMIIE, BUBHLSR SO K AR I - N ERR IO
S D TR EUEHR OB BWEID I A5 b 0GRS 0B B W AHRE %2 L1284 K 1L BRI
7%, AHERRH & P AL & 0 BT OB BRI T X AV, © 0 KRHHER
736 120.42Ma % DK — A AV 5 TH D, 404 A B 5T P A 1L 0 AINC = 00 (L f
DB LT b0k B X BTG (FF + G, 1995). ULk ILBERLE, [EIEHC 0 —i1L &
LT BRUEERRT 5 60Tl 5. KD KUI T RIOTHET, oA AT - AT - T3
HEh % e T IA HAA 2 LB ORI - KRB D72 5. Ammwmmﬁmrﬁw 15014
Mai# DK — ArE A S STV B0 (FE - B, 1905), f LHO AR OE Lic
WZIRIRT 77 CTh DK 9 THRTDAso 4K LIRB A WEEND.

UL B 00t RTRE & L 1 M T 72 75 R & = U T S B AR A ) |
Y b b WA - I 0 5351 > 7 B TO0m AT 0 L A M L VDL 4 it
8 2 7 MR IS LB O LR A 96 LTI L2 b 0T 5 4%, BRIC & 1 2 DRI
BBV S, BHEED L b SR FHRD % P R S 49 6 mo> 15 L7218 6.0 Bk SR
(bW B ALK 1) 1B DL, KIFEFE A bHEE S B 2 DL IX30— 205 NI T 5.

SN — e RN 1, ML WIHER A - oD B HER - BLE I A 2 MR - (A MR
W M0 MR - L EEANEHER - R B 5. T 0D b, ML ILWHEREA I LA L
PRI O, AR O L2 S 1T T X HIICHER L b 0T B By MR
MEHHD10—8 RN I NT=b DT, ML ZDOIFTIBWVICHHT 5. BE)IEERIZN
HERSHD I T 1L K O — B8 1 Thal CHAVE L CRAE L= 00T, B LD P L & TR H 2 oo
BUIRBAC £ THEL T 5. ISHE R LIS | — IVEY RIS f S, SR EEAT I o e
BEL7o. i b2 EIV B S5 1 5 ka0 — BRWT 7 7 (CEH B TR Y, KB L HER
D — B S I BETHER L7 b 00 & BT S 1B, M 0 HER - (L R AN AR L D BT B 5
BT LT B 50T, BB AR R T R T 5.
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BE L
m. 1 K7 (Ot, Oc)

E|

WMER A (1964), SAKIEN(1972), HHIEN (1974), BEREEZES (1985), LT - &M
(1992) » TRFE) 12Xk 5. #EIEN1974) TIX (BB LEZ S ) LTENTVDIR, HAOHRICH D
KFED TBREZT) EMERTWDOT, HEOHEIEEARIEZA, (1972) 1216 o 72

R 18RS AR TR & A R o BTk ( Tk MR . ARIE RN cix, T
HBHT DI AR BRI AF B AN T 5 .

S - WE B UL GRS 0 /N1 R s O IR 2~ T, AR LIRIICE s ik e, X
i M 355 B B 0 PE AR AT B S 3 A9 D . AR O — AR B Sl - T, ®HDH W
FEEICEB LTV D.

BFBEER At o )8 ISRER O R ESE TEDI D130, HREITE O &)IE - 3k AR
J& & AT /NEF G - BED~D Y BICAMEARM O NESE TEDR D, £, B HECRMCEE,
K OVRIT 1 — o 3 T 3B T D S5 RIS B AL D

B2 AEIL, FCWERAARRE - BEHEANORY, Fx—bEafoTnd. ZhHDEAITE
BAEOB AN L 2BERORER, 1ZLAELTHELY 72V ALLTWD. Tof2 L, BVEROREIX
HUBIZ L0 B0, VIR R O b OIFEREE D <, FABETO /N RS IR LR E O b
DITZEOREMMER. —MRIC, EEHEOWE TP — MR CEMREORELIZbDONRL . £z, M—&
HRL DY NI TAT — (R AR RN BD b 5 (F12K) . F v — MIERT, Ao @ L
YARROBRE LTEHL TS, BBEOENTH~OMEGIEZR <, SREOES RHBITRIE L
TEMERD LN, EEL, Fry— &0 L TOMEE L OBRITESNTHEEL THRL.

BREEM MWEAL T o LV RATEER LA - REAOFRRERNDRY, BEEICEER - &
A -BER - DVEAGZAEL WD, BRERLVC 72V AL, BHELTHE - BER - DV E
Foe BER - BRA - AZEREZAELTRY, ZERECE LWL OIFEFAOBREMZEL TS,
HATIFLAENRET A MEL TS, Fr— b L2 AROERLRFERN D20, MICRE
A HER - REAEELCTND.

L\ THNTO/NEI PR O BN E R E OIRNBAE LY, Y2 T — Al & R R R B o kit
WAL A BE (Acanthocircus sp., Archaeospongoprunum sp. 72 L) DNHEIN TV D (WERHAEFLZE
£, 1985).

skt R LM - ML O Y 2 T % (Sashida et al., 1982)%°, fE LMD Y 2 7% OKKIF
7, 1984 5 EAEIEY, 1996) Ikt & 5.



H12M Y2 ZRRFEOM - KIS (A Am) - Jes (RAdm) e
RO ETIT AT RO AR AR RS KL< RET 2. ZOMBIEE LM TH S, TRBTALHE OB A IRV #690m Hl 7.

v. B

}N

IV. 1 #%H AR EE (Cp)

S FRITOMBEEN O EWEICE & F ol nfinid 2135, G AL E & 7 6 o K7 g 4o Fi
B B D /NEE RS D

BFE{R KAEICEAT L EE13K) . £z, ATl hH o BB 0 R — o) vttt oo 3R I JE
IR O RS CEDLN 1T, BT EtHo 2 ARE LRI gt o/ g - $o~>0 g -
R B\ MBI O RS T TS .

£ - BARE GOHFTEZOBENE - PRORERT X ArENLRLIENE, DT HE
RRR 220 LIEZBRR O R RER AP AL RIS R D25, WThoBEs S S ERREICAET L%
FTEY, BEECAHANAD RV LR FRIEA - S A AR ETEBSATND.

F8 -/l EHHNETORERT H A SN DLe6Mad BERK - ArFERFERRE STV 5 Gl
B - FHEH, 1966). ZAUSDEED DIZBEHERER#BE ST TORWA, HE ORI L HET 2
&, ARFHIR O GRACEIEL, IO Y = 7 %% B < EREECGEHIE, 1973) S Lo ¥ =
T HRAEELEREE G - fE, 1966 ; mGIZA, 1996) & RIERIZ, T CHIEARSK MO KAIEB D



EMThLLEEZLND.

13K KFEOF v — MCEAT 2 ALK E A
FNEES ) BAOBERRAES N AL PR RER 7 ¥ A ni5 T, HAEOUE TIMBLIC R > TW D, TSR -iRR T
TE500m D PRI Y.

V. FER— TR

<Hhb

V. 1 R)IE (Kr)

WEL A 0964), 1Lt - FH(1992) o THIEL 12X 5.
HHh ESRASEER T ORI Rk ( TR XIS k)

o - WE TRETO/NIERLD L, FRHIRT OISO LR LIS T 5. %E OHUE T

FEEH C oA & IEARERERD L 72D TR WA, BERR ORI O K FJE R0 T DRPUCARE Rk L D
NWOHEE DA NS H Z LN BRI M EZ R LT
5.

CNBEEDOARRE L, # <A L T

BFEFE V27 AERZRESICEY. BB E OMRIIAREHIEN THRRTE 2w, Jbkk
Ry BRI O T, HEEEICES TEDLNS (Lo - Fi, 1992).
BE 500—600m

B ARIIEICEE LB IE KIS B OGS KPS 5720, BEEZPIEL T D, dukk T3



P& T Ik P D AUl T2 LB O i a2 BIR & 97228 (It - &, 1992), ARIEHIRA T

Do3AG % BEIH CEAEMR L TV, 2L ks X, EEHETERO BV kI Ess - Sk~ b
Uy 7 AXRORIKABENLRD. Zhbi3WnTing, ZEORIESERICEA TN D, MECE K
AT LB AICE KRS T, REA - AROKBAOZWIEEZ R, KN

X, SRR CTHEIKO R WHEEE NS00, ZOEREIX, Ay 7 o X - feidbPiks - “ilA 2 2R E L

TW5. KEEHIEN TOREOBIAO A IIETHIT, 2ROEHIZI SR> TW WD, 1

HEL OB (Lot - FR, 1992) LAl 5 &, KEikkEkE s s

BRRE TS OSET, HAMA RIS &R A BRI ARZICE Ch D, R IH KON
BUA KWa & b EBENRELL, A - A A - BV A S - FAEEZAT TS, £, DR
JAB O K IEZAZIEEEAL 2GR DA, /NEFE PR O A IR & 2 MR AR ERSESEIR 2 KNSRI & L TKRIE
FENCERYE S Tz

ER/ - BERTLHREEO FMICHDL L0, RllFHiE Ex bns. A8 L RERLL
AKIEICEHE L, SEAMBELOHE ="RORKHICRO NS, Thbb 8] KiFHRo
KW AR, 1964) O L# - TEEE) [XI0E IR OIRSEEE B - 15T, 1998) » E&f - TR g
Wik oo Bilg AbAriZas, 1965) I3 L P L2 @M E R D, W bIZIEREE Ok LGSO EY)
ThdLHWsng.

OML B i

V. 2 K28 (Hv, Hr, Hb, H)

WER  Loc - HW(1992) 0 TR 12X 5. #EIEA (1974) TIXRKEHIEALE LSO b O 23 @
8, KEHIREE- EEEH O b ONKAEE EMFENTWD,. LavL, #BEIE,» (1974 BBLEESCKE B
L LM IR, ARG OREIHRTIHEICHY T2 008020 EENTEY, #HHIZH (1974 OHt
@4 % DOEEMNDZ LIF LRV, IE - 5/ (1992) 13 HEA R O B 7 (LN /34 3 D Bk~ R4 BT
IR CWitiCa & £ &3 21aE, J7abbink - & H (1956) OBLEE « KM, Ak (1964) DIK
g - L=FE - m)IE, SAIE) (1972) OBLE o — - HPE - K E - m)IE - A8, V%
(1982) ¥ B O —H - BLEE - KEE - ZIR)IEo—#HEGb¥iob0g, BAHEPNERT LI LMD
AT—FELCHBIEEL EHRLEL TN D, REIFHIRIC T 2 MECE % £ &35 FE— Rt
HALE T kr) [XE IR O $B I (LT - &k, 1992) ICHET 26D TH Y, ZoHEHEHN5.

HWakHh S R R A s B R IR IR U s 2 Mg ( T AL ) RO ML )

S - WiE PUEHOR AL TR & XUE MR - R P T T D . RO BT —E L
2, ARE L TEARD LA ICHE BN TV 5.

FEFFREGE X6 g HOH C R A A RS 2 RS IS8 . 2 LEERMBER 2 B ICBE LT
HBHTE A DR ORIV OBIATIE, ABOWMACAE 3B A ARECAEICEAL TS, iz, A8
T IO R IS 2R O R E A E TRDN S IE), R HUSTE T o L ITRE I
EROREGHCEBLR D, L TH) RIEHEE <X, ARITAIEtto )@ 2% 41cmy, h



gt o —oRGICESICEDILS (LT - i, 1992).

BE R TR K1500mIci#ET 5.

Bl AEITRCHECE OBE R OKEN G20, ZiiE Kia &S . JED IR Db D H
O, FLAERTHRTHD LHBEINDS.
TACAEH (He) 13, B2100m—Hkmd F— 2R OSLREH S KA MR T 5. 72720, KAk

TIHERDZHEEOHSCEAMER S DO T, ERICIIESE R—AFELIEERETHAH. —HD

AT, BRREE S BIREE 2T, 8 L7 kKiEs ICBon 5 0R8lEsnD. LinL, Kb
ORI, JED O KR LI L TV D, 2056, BEROBGLHIZN Z A
BOBBEHES B L TEY, REROREII L TES F—20EBEALIZ D LB EiLD
ARUSE B — LB, MRFOEERE A LTEB O H OIS T 5

TEACE Kt (Hv) 1, RILA B « BRI A B - KOIUBEER IR « KU - 1 7 A BRI BRI 7
LY, MACEBAICEDLLONRZ . T b O AIEEL, ERESELFESLO, R TEREIED
D, RTERZXFO LD, VITEHEERSLDORELHETH D, kMEEOERITAR - RARICE
By MRIMIZZ LW DIREZ . Fiz, BADKEZL, W T AP LIYHBAT, b L ITkkles
TEH S RITER TN D

ZE ks (Hb) 13, BRI AL a2 s HET IO e afm L, Rkozx=a ) 77 ey 2
b= b s, A3 YT OINEIT VIR RN E THEN L EEE T, MAHERNTND

E(-

BRR#E AEoXEIRRECE E XRENS RV, BEIICITETE S EERICZ V. mECEIE, &7
B A A RACS - BERGRCE - BHAIRACE N DR 5. 205 BERAECE 1T, B OFREENR
FRICRW. 13 & A EDWBCEITRRIEA - SkiLAA - BY YA b - TIRAEOEEFEMPROBND. £
T2, ANEUS BREREEFLIRAN S D IRACE A ICRR O b D . ZIUAITIERAE T, FICEERFELL,
FEEN T AR A LY CEBE S LTV D

BEAGEACE (GSJ R66833)
PEHE - FASERACH BT R B, FAELOILHE2.3kmDHIE IR .
FEMR - BIRTESS .
BT OFF  BERIEAHE A (<2.5mm) - FRBA CRAICER SN ZEA (<0.8mm) & D&
DAFE(<05mm) 1 H 725, REAKSITE Y VA MERE L. AR EEENR
WHHNDN, BEICTEHEBLL, YU VEWOESERTERSATVD

B AMNIEHE) HbAOERITREN 2V, deB R Kk ClxZ < o@HEnrs, WiE

R B & e D (B ARIE Ay, 1972). TR R Ut o> 48 24 @ CRI) HE J _E6) 20 & 13 Blow @
N. 8 #HOAILBALAERED BaARIZA, 1968), ['E T XiEHUKOARY g (B T ess &) 2> 513N, 8 LUt
N.9 #H DA ILALARE B ARIEDY, 1986b) A A STV D

ER/ - B O RITE D MUK O AL E D> © R P T I 24 — op ) P R TE &R T X
5. iz, AR TR EMSEOER)IE - KEE - /NIIUE (BH - §H7, 1969), 8k KiE



Wi BUARE - TERE (R, 1964), TiEEL XSO ILE - KARKE GEATED, 1965) (I2%f
tahs.

V. 3 R — o s R (R)

S - WE PO ISR AL HCE 0 AR R L O K P8 AT, B AR IRECE O AT IREEDS 23 AR S
%. BNROEGAIEIE - TH D, EHARBEO AT AIRDOMEFEIIER Y, Lo TR
TEHIE P2 AT O s & 5 (o - &, 1992).

BFER v=7 - AERLABIPHHtORIIBICEATS.

Bl - BRRE ASNRAEL, WA BEm—K100mO A BRI B2 5. FOBEBILBRERIR
A EAECE - MEERTACE T, BEOKBEIREV. FEALOERTEEICI Y &G - UV
A MEATTND. Fio, BB 0T LEZOEIRTRDLND.

£/ - W BIFRERKOEEL S, WHCEEIRITHBIEE O AU OMEEIRTH o 7z LW S h
% . [RIRE OO WU AT A IR L B o> THCEN L BR M3 (R E 2>, 1996) - [ KRS I Hh
BNR - 1oe, 1998) g TR KEHE (B - FHR, 1969) - /IR Xl His (5 H (%
7, 197D B ML, BREOMEIG & Kk Ule —dH O BERZAKINEBIREZ EA L TnizeE2 5
nTws (hoc, 1991a).

Teiniib

VI. 1 @&JIE(Tkd, Tkl, Kwp)

KRB DTS 2R LI HIE T, A7 5 T O BITE (Tk 1) K BTEHER - 28 72 72 R e
B, Hn AT O MR - 5 MR (Tk 2) KRR - 221 AR R O - A M
CHER S LB (LISE - B, 1992). ARWEHINICIE, =05 bAoA T 5 BHIEIR 772 R &
BT T IOWIRHERE - 8 R AP A B T 5

WEE (Lot (1991b) BMEEFR L @B 12X 5. Zhik, #AIE»1972), HHIED (1974) O
B & B & 4 bt b OIS T 5.

B R A T ORI L (T RIS,

S - HE SHEAMOMEELHANOEIEX 10kmD &) AT T 2 IEIFEAFICHBL TW5D (L
JG, 1991b; (ot - M, 1992). ARRIEHIE O KIS, ZO—8HMANHT 5.

BEEE Uo7 AHREAEROREAFTE

BE  FIRRCH 55, BT, M BT 5 R Y CH700mo 85 & H .



B ABRTENHEY (Tkd) 1, KFEORLY 72V ZADHRL, ZHICEALTWZEALRLD
WRACE DFE R DOBNG 732 5 IR O A T 5. B TV 7 0k CF £ 72 #£30cm A T D £
BRIOMBETHEREN TS, FAROHEMIL, Hhrb 3RIEDOT 7Y — XD L 512, BN
ESHELTRY, WHERHAEOEMEN TS /NSW., ZOTDHREWNR KRN 7 2V AAENLR D
HOTH, BAAREEESABENTHLRESNTWIEARSD. 2D L) RAKSE, LT T
T BRI (2 A A B D 5 < B YIS RBUR R R L TEL b DO THH EHEZLHNT
W5 (ILoE, 1991b). 7235, (R [XIEHI N O ARHEREY CIIR)IE - RBIB R ROS T IR L -
To SRR D BT 28 (It - FH W, 1992), AMIEHIENICAH T 5 b DD E v R L L
V. E T, TR REHISEN T, ZOMBESIE AT TR O EANE G DI T A YA N KRR HE
B L L TR0, ARMEHIEN T b ABE O T Z O KPR OMRET 2 b0 L PR ER
2.

WRKHEREY) (TRD V3, TE CUF- T0) AR E O JE 1 L7z g E B em— Bm D& - 8BS LAimn
WCETPATHEMORE LV MEOEB» DY, BB RN LS TE-o T 5. AN
WA TORIRIT20mBEE TH DA, BT TOMIEEIEL 220, Tk RN Tl E Kk T250
mPDEEERO. Wi - BEOHRBOL X NIEEHI VAL, P MNEORHREEEZ G A TND.
FTo, BEEITEIRBELS, M PR OEEEZR DL DORL.

ZE R HER (Kwp) X, FEEFE TR Sembl FORAICE LY ERANAT A ¥4 MEA KL
BRI AN B2 Y, Zu—a=y MERITIZE A ZRD O, ERARNA IS EERTTOFHR
(T NG HUER) 2> & B oo L3 ( [RE) RIEHIRN) ([2H 0, ZOFRIFAI200mTH 5. AL
PITABERICZ UL, EHEITEEAENTVIBRINA T AT - BAFTORP 125, WRHER) % %%
BB, ZHICHRT 2L EZ T I-mE - YV NEEEZTD I ERNE 5.

AE#H

S AR KR HERE )

BEA ARAT A A N KILEEIKE (GSI R58265)

FE M SEERTE)IE RS skmO B EHE( TEE) KIS #kA)

HWETFOHE : MEA(<1.5mm) + A% (<2.0mm) + Hi@ANA (<0.4mm) - #6855 (<0.2
mm) + HIFAF - FHERPBRD. E a2 FRAT v 7 e R, BEE R IR
HeBIHETHD.

E— MK - A =5.6%, RHEA =6.9%, WHEEHMY =0.3%, EE =87.3%

o

ME

LB AEOBIRARD 2 I B RIE O RV bR 2 BT 5. T3 KIEHEE N 6 FE H
L2 b OOFEMIE, $KIEN (1972 IS h T 5.

R/ - FAEOEMIINBMEILT FEFRE LD THD L ERLTEY, SHAHE
WA #i§ 5 BRI h O (Fj 3) KIRHERE A3 2 O B LT ZSMR IR T 5 (BE11 5 1LoT, 1992
a; ILoE - FH, 1992). TEAR) BIE IS PN O AT EE K R HERE Y (GSJ R569657) 7> 5 136.310.4Ma



DY PEEER WS S A, RN E o R KR HERE Y (GSJ R56953) 225 $ 6.5 0.6Mad ¥ /v
a UFHERESHRE SN TWD 11 ; 1T, 1992a). 72721, K@% AT T B 058K ik
BIHE T2 I VT F A4 HHERIIE, T E TICHERENS RO SR TInRu.

Lrd o nyIb

VI. 2 3k ARJE (Trp, Jd, JD

KIS AR AT 5 2R LT MG T, 507 5 T OB KR MR - 8 72 72 MR
W&, %ANT 7 HMOMRHERD TSNS, KBIZIETA YA b - L2l - JEENREES - b —
FAEREALTWDD, TGP — it B A S e L CRIECRET 5. 72720, WA
PG ORE L Y 27 — AfiR & OBEFHIHIROT A A4 NENR, 5546 O FRIZ I > TR PIRkBE
=, WERICIR> T h—FTVERBEATLRLE, BABRDODMIIAINT 7 ORIEIZH2 0l Sh T
% (H5141¥) .

WEE BHIEAN097) D TR ARE) 12X 5. 720, BENEA (1974) OERE Lk 2 ARG
AR HIBE NI AT DB 2RI L TR Y, AWRETE, Fio TRHE] KIEHIBNICOMT 5
NEDO(1990) DPIBE DO —# b3k ARBICEO DD LT 5.

B\ FIBETE RO ORI TR IR

2 - BE MEHIRAEAGOIRA R TS [RE] KRN O REA KFZ2 T TORERN
10kmD3K S NRI VT Z 2 HEE LTV D . KRB IE A0 O PRI R B2 E BT L e R b ARICHER L
THEERD, BESIXEAOWE THENRL TV (B141K).

BFER =27 AHEREZMEMORNESETES. £, FERATHEREOEO~>VEIZA
BRI ORELSH TEDLNL, INVT T OEEGBRRbILTND

BE TRIZARIT, 600mbl EOEEE R,

B8 BB (Trp) 1%, EIE400mPL E(FRR - ERAE) OBLR OB L 72T A A b
KINEERE IR AE D2 70D . BT, MEA TAREZBEM INTZE 5ecmbll FOT A 94 MAREEF, %
2=3emI TOREHEF L, ARFBMEMAELZEE CHAIN TS GE15K). THITOmMAR L
EDOXWNHGT D2 AR I BEICEAVER 221 Tk Y, BETIEAA - PIIKADO AT EZ LT
5. HEREM T OREERIL, KABICHERT ARV 72V A - Fifes - Zils - RSB
D, FilZZ80cmZ B HDABENEMTIMVIAEFNTVWLIZ LR HDH. Tz, RERMBHTIZIZIIT I
RIELARF R EEN TN D

B IR T NHERE Y (JA) X, KEBHEDORNL Y 7 2V R« R RIS R OV K S O )
D7 D AEEE TR S TWD . BBV OB KIERHERED O TAICE L EoTenTind 213
D, BN KPRHER I PBIC b L o RO ABEE N ENL TV D BB ) IR HERE Y & D85
BT, BREAHATHEOAEET ORERE B> T D. ZOMABEEET, BH—ARBOLN57R
LM E ZROEANRS LIz~ MY w7 23T D, HEAIEAL Y 7 2 L ARTBCA D &
O \THE CHUR OB AICHRT 256, AT R T £ 728 30cmBLl T DL HIKTE D A
BETHRINTVD GE16X) . EABOHAIX, H72rb 3RITOV I Y —R"AVD L5, BN



37°20'N

(B8 (BB —~ . -

' (R66829) *

) NO'O‘E
AR A =t
b - TR I KB TSR — WE

| SRR

ER 1 U ® HERKHE

W14 BESRETRL S ARE O A

LA PN AL e IPR Lk it
KA TSR OUHE LI2F A YA FRINBRRERE 25720, BemO HEH N 28 A TVWS. TMIE RO IR 1km
DRI TR



BCHELTRY, MEFMAOEMEN T /ASW. 20w, SRS T AN 7 5o N
RS B IRESNTND. —JF, FRCERFEE SRk 28800 <L, B A X COBMRRLIT
HEVELITARL, BHm—HI0mDO KRB O KFEHED, LIELIZEM T MY v 7 2MHICE
EFNTHEL TS, v MY v 7 21, SSHOM A -f 2 OF R - MR OIREGW T, BIHT
ITILE SR OUPR DTN AEZE L L CGRETE 5. MO CIRESERILLT L b e TiEal,
FEOEFENHTINCIRE L2, M ORI MRS < DHkEEDHE L REE R~ M) v
AL LIFLIERD LN ELTH). ZO X5 RABEIE, IAT TR 200 &<k
WA PN KB AR REZEZ L TALZb O TH D EHE X BN TWS (UL, 1991b).

WRRHERI (JD 1, IE G — IE) Bl o 5% U= BB IE fem — Bm OB & - s L aic
BOVATHERORE LV MEOHEN D 5. AHERIZEICHEE [RE) RSN A6 L G
14K), ZOEREITK200mTH 5. ARIFEHIEA TIE, dEEEO KER O T bbb 3 1.5km O #E#j
ORI HDHTHD.

BRREE AEOBE) KRR OARLY IR T EL AL T A VA TH D, ARXIE RN
AT D KPERHERE D1 & A EIIZ R A D OEENRRD b, AEEe b O THEEAO—E)
IEARIEA TEBL STV D, KFRHEREY - SR TEndR Y & b, BEOREII M RO h—F L
BHOBANMIETROELL, BIRA - BhAf - VYA b - FRA%EETTODIED, SHLIE
MaEzFTnd

16 Ik ANRJE OB 2 I R Ca i)
KB RIEOITL AN > 7 = L ADF T L Z DMK THR SN2 BIROSURABEN 525 . TMITERO#H1.2kmd
AL,



BT ik ANRJEOEGRIZAHERW) (= b U > 7 248)
B DR & 380D % HRCRF OO WO BEE T, JiACE - RIE - KGR 7 2 VAEOLTED G OIREY)
PHRD. L, ERMONBTORAENZLT LHER TR, BEPRICEA L7 = V25K (REH) 2 H
PO IEE L CCE MRS 2380 GV D . FHRHT O S A RASHASE 25 700m it 3.

BN KA HERT) (GSJ R66828)

HA% AT A VA MNEFEEIKE.

PE M A MEAR R RAT B AL AL B 700m O REIRIA W ( TRVE ] [XIE ik ) .

ET O BEA(<1.5mm) « A% (<2.6mm) * FEIER TREICER S NS (<0.8
mm) * HIL(<05mm) - Yy AN REHANDLA D, BA R0 WK LT
o — X7 4 v 7HER LTS, E, BAREMRT 7 2UIEREZZ S, Mhio
U NFHOREERTEBE SN TV D, REE R ITRA2.5mm FORNL 7 =V A E K
MHRY, FORET .

B HBE TRE RIEHIRA OWRHERY > b IZ RO B Wb a 2 FER Lz, 72720,
I DL AIERTEHTH L.

R -wE ABOBERIIINBREINT 72 FELIEbOTHD Z 2R LTS, HEE TRE)
IS¢ ML 30k PN OO B VA ) 1 KR HERS 0 (GST R66828) 5 B 145.60.4Mad ¥ /v 2 U FHEMRE R 1% b v iz (58
18). ZORBHIFEFICHMEDE NIV a s fERz T3l EA/TEY, WEKTT—2DELED D
B, BMEOFEMEEESVNEBE X b5, —7, NEDO(1990) &, FABETDIFAR F i8I
KIRHERE D A B, A EIOME & EEOHIPAT—89 55.52+ 1.40Mad ¥ /v 2 U FHYRERE Z #E LT
72. L2»L, NEDO(1990) 13 Z D% 72 A b OB CTHEMNMESFIR 72 b DO L Al L, AREOR
R LT 5. NEDO (1990) 235301 Lz g o a1k, S biEA &%, mEaER %<



IR Vrar T ovar by ZENRHERE L.

WREEH BN R DR FERUSRRE  BEMTHRE 88 vy ERAMHEMa)

g 2% (&) ps (Ns) pi (Ni) pd (Nd) £33 & B Agetlo
(0% em?) (106 cm™?) 104 cm?) r (ppm)

THE (REAREERY) /THEERES (3771630.1"N, 139°52'12.2"E ; #1.44)

GSJ R66831 26 4.96 (14) 1.60 451) 8.00 (1232)  -0.084 160 0924025

REE (AEARMERY) /THELES (3771533.3"N, 139°52'56.2"E ; #1.£13)

GST R66830 30 6.25 (a1) 176 (113 741 (11a) 0721 180 1.0210.16

BEo~D DR (BEXBRERY) TR HH L (37°1914.8"N, 140°55'46.8'E ; #.:12)

GSI R60146 30 6.84 (38) 160 (887 863  (1330) 0493 150 1.4 02

AR/ KEHEFMP (37°16'57.5"N, 140°0'52.6"E )

GSJR66828 30 6.5 (332) 371 (1826) 834  (1285) 0851 360 56 04

HENTEY, FRUEIZSID LSO TIERND, T OFEMRMETE HAAERITN2 VTN b O &
TE 5. ZHhDLOERMENS, I/ ANRIGIISESHIC S 5 0% 5 P 7 e 1 o K i HER 9 1< B
JEIEE (LT, 1992a ; [IJT - &hil, 1992) & RIKHR L 22 283 GE11X), AT T NOREE ) K HERT
WIKRHET D BT Z AN HERI X, T E CICBRIEE B RN S Tidunan.,

VI. 3 ®“HIPHE— it EASE D, P)

S - BE  IEHIRAL A O LE PR AT, AR — B S IS W < 0h DA R
RRLEDA Ny I B HTH.

BFER K78 - @8 -5/ ARBICEATS.

B2 - ARE#

ARDOIE, TAFA S LA - ZREPDRD. TAHA ML, B ARBEEY 27 —AfR L
D RMER DO ARHES HEVR IS B 5 S O D i KIE25m DR DR E L TEAL TV HIED, #/
ANRBOAIEANIC S AL — K s EM O EkRE LTEALTHWSD. WTFhOT A A Malkb B8N
FELL, HBAEAHEMDIZEAERRIEATERINTND, ZIEERITE 1m—5m<T, FiThH/
APRE ORI —F FER TEAL TS, ZIAARITE LWABE L2 Ty, £z,
TNHDENREEED XL B RIED, £ 2km O F—2PRE K & LT ARB O MR HIC
W TRE) KRHIRATEAL TV (F14K) . ZESIRIEE 1 mEL T, SEEERT ORI E
S CE)IBICPEILE — WA EM CTEAL TV

AT A A b (GSJ R66834)
PEHL : BESEER THRRTIR 2 AR, AR 625mHh
PEMR « KPR L3R NRIE ORI B AT 290RE IRk
BT O BER IR R A (<1.2mm) - #HEA THERCEHR I NTEA (<1.0mm) - LMD



BB, AKE~TA IR T VT 4y Vi ERD, BREAREELTVD

AT A AR 22 1125 (GSJI R66835)
PEH : P EAR T ASMT AR O AL B 2km D EEVA )11 33, 45 1 670m i =
PER ¢ 3 NPV B AT 5 R
BT ORHE : BERIFAEA (<1.8mm) - HAE A (<0.8mm) - B A (<0.56mm) - #HA 5
20, EERMEBSROON D, BRICITEENRD bRV, AT =Y —F LMl
Ma s, RRA - HANES « RUFHEG - VU W - S5 - BIRE DR B,

wacE (P)IE, FETE  HORGICHY, bR/ ARELE Y27 —HlEREOMIBEALTY
L. WECEE, BB OERE & X B7SRLRER: b —F A EN DR Y, HURL TEE 2R WK @ 5y
, MECTRER - TEOEM (BAZ Smm) 2G5 LHAMNNH > T, BEDMEEZLHTH0EA
LTW5. BIICIERTEOH R, BEREGEHICIE, i CHlE NI WO 72K A Ol % LIS
SMAN L D BHLRL e 2 R0 b 0 GE18K) X, Matkry 22 2 52 1 Mk L7 b o (19K BFETET 5.
BRI BEILE A U TV DIED, RERGE T OO - BKEFIIR & ILFELE L THh O THRIE ST
T2 EeNH 5 (L, 1942).

HRLBE IR BERE b —J LA (GSJI R66829)
PEM : BEERERTHRNTE / JR O H800m D )71
PEMR : BASE

%wn kL s —F NV EHROEaRY
O b —F AT BRI ARBICEAT 55 DOT, AEWESL EHIEHICRYEAERERLTNS. A
MG i G £ A, ﬂﬁmfw%&%ﬁorwé TFHRHIE /57 600m D ERTA L.



19K MR kN —F L o B ABILR
LTI 72 B IR (I SRR A - AROERE ST EABAPIRKICEA LT, WMi#E2ABLIET0S. THREE
JEUHE 7 600mDEETR TR .

H2E K—Ar FREERFR.

FE iy EH% o K “arrad  “Arrad kit
e (%) (10%ce/gm) (%) (Ma)
THBETES /B (37° 19 5.0°N, 139° 56 38.6"E ; #41)
GSJR66829 MK BEHF—F NG =1 1.00 0.013 349 3321020
1.01 0.013 311 3.32+0.23

F343.3240.17

BETORM : BEA - A% BRER - BELMEOD ) EANLLD. BAITEA2.2mmI T
THEMERRL, thofmIfEAHOEEZMO Tnd. FICREROBREZES, I
FmOEGEN DD, BEFWE L THIEA « kAR ZE LT TN D,

ER/-®/E EFRERESRMLE?D, SIEEE SREEIILVT T T, S AREEE
MR - BERCE IR NIRI VT 7 TOXINEBIZEE L7z bDEH 0B b HH LW, LiL, 57
JRHT OHRL b —F NV ED B ITAFEIS.32E0.1TMaD 25K - ArERE TR Y (55 2 &), ZOMEITR
J NG OBEEN KR R O I AERE L 0 200 5 FEIFEABICHE VLD Lo TS, ETz,
NEDO(1990) & [dl F —F 285 53.3120.91Mad PV 2 U FHERMEA#E L TWD . 6o T, A#H
HTER =T VEEIR ARBIZED D Z i3 Lan



o b 7

VI. 4 f&fmkEHtp, Hwd, Hwl, Hwv, Hwt, Hwr)

FELFEDb

RBTEMEA I NVT 7 & 8T 2B T, IAT 7RO 4R (Hw 1) KIEEHERY - HBR7Zh
HERE L, BT T ORI - B TR SN S,

WL 1Loc(1992a), ot - 5 (1992) © MefulfE) (2K 5. #ARIEA(1972) OB E D —Eh
B IEA(1974) OBLE O —&6 - KAEEO—E - ZMRE, /i (1982) Dbslg o —i - Bl g h Rk
WETeaBa E Y 35

KB 5 RO VB AR S i TR N A o0 BRI e (TS (X M)

S - HE  ARKIEHISEE M ORISR O B8 X 10kmD R FH A VT 7 2 AT 5. AT T

FBUK AL BRI T E BT OB L8 ( DER ] RIEHIRA) 2T TO AT T ik
A E A R R KRR U 7oA (AR R — o) BB T, T omflo TIE% < D/NWTBN R EE L
T 5 (55201).

BFERFR HREKEZENORNESETED.

BE HXRICEHNT IR TL700mE#Z 2.

S APCKPRIRHER ) (Htp) (X, SREEHRE ORITBA ARG A AT A 1 b ILEEEE RS 2 5 72
5. BRI TIZEEI0OcmEL FTOARE L v X LIEfkeE — IR ADOEHICEENDMER « A3 - ARAOH
LS G AS B 72 DR 72 KR GRHERE ) T o 2 (F21K) . VT 7 P E o B L 8L O HERE T 1T
Semll FOABE AR DNEENDZLIRTEAE R, —JF, DT ITMHEBOLOIX, HE LA
MERETHILLHY, Boem U EOREAFICERAMS HET S, KRRHER Y O 8213 i3
ICEEHT HRY T1000mAlt &V, ZHUCHNVT T OllifiE 2T 5 &£ OERFHE150km3LL EIZ72 5.

7R TENHEREY) (Hwd) (3, JED 0 FE— P posift io sk 3 2 JiACs - ZiE - SRS DA
BEEDB 2D, ALRKIRHERY LR LT D. ZOMBEEIL3RITHIIEL v XROBEEFD,
HNT T ORERELCALITUKIERHERE D O FEIC WS D . KARE T A TR S a3l
HEINZ2ARZEOERBEA LI~ MY v 7 AKX TE 5. AT, BEmll FoEIcE
B, HAMEOBEMEN T /NEL, HEnb Y7 =D Lk 918, ADIESBEL TV (5522
B). F7z, B30mLL LEORBIAOWMECE KPS ERNABETICEENDI b D, v ) v I R
I, SSMHOM A -FE 2 O R - MR OIREGW T, BH CITEE T OWIKOEBE AR & L
THRETED. HEPONBTIXRAERAILT L ERSTIERL, HEOAFER RHITIICRE L

D, B ORI R 0L HRIREEOFKE LAY E R~ M) vy 7 2 LIFLIERD b5,
DX D IRAEEEL, VT TR MR A B Y & < SREE SN KA e LR A R Z L T
ELTEbDOTHLEZXHNTWD (LT, 1991b).

IR HERE 1213, C W - UV NEOET B8 (HwD &7 A A N kiE O sl 5
(Hwv) 238 5. AR 1 THINT F 9R 20 © EBRIC AT Co B VT 5 FEs & 2 e BT R0 | 50 o
F VT ZARRES ( ks ) BEHR ) IZ LT LTV D . AT FREHO b O Lo/ hMEE I

HEMEZT TV D TeOREROERF 2 e LIZ< WA, THICHw], HEICHwvA 0, EHICH
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21 FRFN I DAL KGR HEFE
MRS Lo A AU A ADIET A A MUK E N DR Y, AHHER2I1FE AL EATHR. TR FEX
DALALTE 1.6km D 7 47 )1 K.

H22[0 AR ME O R i IS AR
SR o R 0D A0 At R D0 B & 2 D I THERR S % B O BLIR A B 2 570 5. FHHT B O 1 1.0km o 7 £
L.



UHwWIR TR > T\, ZOREXT00mAl#% L A 5h 5. Hwlid, 1E 72350 — E) f i o 5
L7 WE S em — MmO R« BEE L LG IS E S PAT RO RIE LS LV NEOHEN B2 5 (O
23[X). Wi - BEAOHEBOS L FMBEEIVIAL, L MEORBREREGEATND, Ei-, B
IR, B — R O RE A O L OB L. BEMOS  ITEBEICHELTVDA, (A
RKREHERCHET 5L RN\ A N AL - REL - ARAORBRH ICEDDE L H 5.
Hwvi3BEMm—10mO 7 A A MgEA K UBEIK S 2 £ & L, A8 & RO AT IR % £
DU NEDHEIBE S HA TS, T 0K LB TR - IR T, GRS O B L OBK A0
KL J< 1L R FE BRI AR 5 — 20em O FETE A TR S 7= A OWACE O fa s - B2 X DICEAT
Wh. B, WMHEREZT VL MEBREENRDIEN, MICAFBEER TN

EEBIE, MERERAPIA b —T A (Hwt) & 7 A 34 b - fikcs - TERPABES (Hwr) 205 722
H. 209 B =TI T O F A R & BB RS ORI R C AT 5. S b0k

#5230 KT E O W R HERE
IERRAARE D FEEE U T — PRI & AT IERR O J8 3 L 7 ML as - 2L s o
HIgm 675, TR H YO E1.6km? 7411 3.



EHRFEOHERTEOPIZH Y, WVT TR OHR M 2 BT s, BEABRIT TSIk A A
JISCR CEEBE TE 5. BIEHTO F—F ST, Mk CHERMS L, M TIHETE 2 FORE
Foe AEOEM (<6mm) 2 HFLMaAHY, BENMBICHALTWDS., TA VA b - JHCE T IE
HIR & e kA idtm BT O E )R & TR OB RO H Y, BT Z A OHERMZ 5 C
Wo. E7z, BANT TOWBRHER IO T A YA b - WEEEO AR L. L < OB NS
A KRR - B U A b - IREREESE SRR D, BEHE L.

BERE (LRKERHEDOREMT, ROMGEMaANGT A YA FThD. £, ANV
TIOWMENEEE, BRERANE F—TFAE - TAYA b RS - BREREMMNREEE 572 5.

{LPKAFRHERTY) (GSJ R57402)

HA%  ROTHEABRNEA AR T A A NERSEEIR S

BE O P HERR H BRI SIUA O L7 700m DR,

BT ORH : AHRA (<2.0mm) - A% (<3.0mm) - Fi#EAA (<2.0mm) - HAER (<0.8
mm) * FHHA (<0.8mm) - $KHL(<0.6mm) - AR AH - BESA»OR5. BAFIT
MEHE L THERL—F XL T 4 v 7k Z R LD, Fiz, BARIEHAT 7 26/EH
B, MRLOV Y HEMOESKRTEBI N TN D, BEE ITRRE2.0mmbl T OEE
WRCE A D20, ORIV, A0 —HARRGICER SN, EEICH AR ORR
AEALTND.

T— ALK - A5 =18.2%, AHEA =25.8%, SEAEILM =9.8%, AH =51.2%.

Mk B ERAPIA b —T L (GST R66838)
FEME « LR FH 5 BT P A% o0 W AL P 1. 7Tkm D B[ 2811 30, 1% 1 605m i A7
B BT T B NS
BT O : B —FAROREA (<1.0mm) - F@EAMEG (<1.2mm) + BER(<0.6mm) *
HHE(<02mm) & ZNHDOMBMEMD LD BEDOAE - MEDOH ) EANDLRD. ZEALE
DOREAITTEY Y MEBED O, HBANAO L BEROIFLE A LIEMIEA TE
I TWD., E72, BRREICEEhAG - FRaEE T T 5.

R XIEHISRN O HERY > S IX A RF O RO LA ZEH L=, 72720, Zhbofba
ERERTHD.

ER-HE ABOEMIINRMEINT FERELIELOTHD I LERLTEY, XHEAHE
WAy A0 9 2 Fdk g B O (LR (Iz 1) KRR HERE D 3 2 0 VT ZAMRHIMETH 2 GE11K ; 1
oG, 1992a; Loc - F, 1992). [FAR] IEHUE P O A g DAL R KAAFEHERY) (GSI R57402) 55 13
2.64+0.20Ma®K— ArEAUE 2, FostJe oo Rk i HERE Y (GSJ R56952) 705 $2.94+0.15Ma® K —
ArfERIERHRE S TWS (Log, 1992a). #HEHFTURLIEHT LD ME TIE, Wi OILRKRRHERY &



bW Z R L TN D,

VIL &8 BT

B En

VI. 1 L¥#r)8 (Nnk, Nnu)

ASE T o JE L “Z‘ﬁ?‘ékﬁ%uiﬁﬁ%k(T)Ilf%a%%zkﬁ“éimﬁf o & % 2o
PR TIE, - KA E & T 20)IHERE) DD 72 D R, f‘i"%ﬁ(Nn 1) KIPRHEFED > D 72 D &
FBF (Nn 2) - AR (N 3) - 155 (N 4) A FRi B & 0| MR > FL R 0 B 70 % L5 CHEAE S
TWD EARIEA, 19725 1973 5 IUJC - &, 1992). LA L, ARIKUEHIEAIZIE TEICAHEY 3 2 Kk
O )NHERE X 72 <, KR A L 320 - EHOAB /L TN

WER A 1951), SARIED (1972519735 1977a) © TEHHJE] L5, b &b EIISHARD
(g3 e /\Z‘ﬁﬁ“éi{ﬁ%‘@ﬁ%ﬁ% LTy, AR REHIs (Lo - &0, 1992) TR A
®$ﬁm1m%°ﬁiﬁ'~%ﬁlﬁi§®%“qﬂ&mg ($nAR, 1964 ; EH - HHE, 1982) bABICE D . #HHIEMN
(1974) 1TAJE & RIEIEFEEEICE L FEA TV DD, RRIFHURMNIC oM 5 & 0, TR [XilEHIR
MOEGMOBET LD THY, LHiEOAHEMNS. Ei, BHEIPGHLNR LIS, KBILE
FEREIE DA THER SN TV D DT TiERW. KEOEERE 223 KR HERIL, o TRE XiE
Ml - BISRBE TAW) RIS A2 A KFREED —HE R — Db D TH Y, ZOHAFILE
H - @6 (199D 120> TV 5.

B e RIS FETAR O R FIR KOs fhin ( e Kig k) .

S - WE UM IS o R LR A U, ALICIERICRES BRI L Tna. KX, M T8
A BUEHEIE N O BEFORT 0O BF TS ON D FE PEVE © O 3T (BRI (2 K DB &%, Z 0k
JEDORFGIERE D FIETFROVEFITE LTS, B, T#HE]) KitgHg L, KiEo45% ThH
LAEO LHOGEL, ZOEEAZ A TRIL100mD < WIENDRH D .

BFER - PO RS LA ORTEE 2 NS THE S .

BE SHEEHEITOE) ERETR250mDEIERH 5.

B RS (Nnk) IR O K2 EH TR Y, St RO E)I1R O THRH200m D JE R
RO, ZOHERWIE, RITEARREEAT A YA N OBERE LI KBRS B2 Y, B TIIIK A
“HREDEEICRER L AROERT LREREDORE L v AR AN > TWD. BN &> TEHED
ANARRANEEND I ENH L. BT OAEERITEIcmUL FTOHDRELL, £ORITL<
RN, F272, IS PR HIREE vk o> A ) [RIBE M & OB SRR ME I TIE, T - i (1992)

TRLHE Lo ko, BREERIC YR b 00 B 22 A8 20em L T O A B IR GRS 2o T D
Fiz, RO TN BT RKIEMIZ RN TEE R oTz.

AJE L (Nnu 1R B LV HIR SR K2 B - Tl Y, X HIsb v oD 2 e v FHET N o



BAR EOMIETIE, NG B FEAHERY & B IR O W EREE IS - AT A o L < HEE
AT AT O v & T IS B T L — HORL bR - e KPR 20em O AT T e FREEHE O 7 B T HEAR A
(BIE20mll 1) DIETER > T\ 5. FEFKIBIRHERY O AR A 1A A s 7 a BpEa 7 1 5
T, FALOBRF KFGEHERTI O AL D WS KR HERT ) L i T 5 &, AEORE B EDN Y 5 b7
<, HEFWOBIIAS Th 5. K LEHoOMIEIE, S TS TISET O BEF 0 K ILELIC &2 e
D OSABPERENE DO EMBERIZR L), AEDOLOBIICZ L, EFRITII 060,
F K ERHERED O b D & B BN D IFEFE DR A NHBIZHET 200, kv b EArotE, #
ZAL VIR HERE D DO FFAEIT, ARRIEHIEOAE 2> 513 V72 LT,

HEREE
R KA HERE ) (GST R66839)
B4 ROTHEABRNEG T A YA MEREERIK
FE M BISEUER NARET AR O ALY 1.Tkm D F A3, AZ & 800m AL
ET O : FEA(<3.2mm) « A% (<2.5mm) « EAMES (<1.2mm) - #HFER (<1.5
mm) - $£85(<0.5mm) - A BREEAPLR5. BOTITMIEHKL, ELna—F
X7 4 v 7 MERERT. BARIE, ENTRT T AMUEREZ T TS BEE IR
2mmPl FOHEMEEFARD HND 28, TORIIDRV. T TOEEEIRD b
AN
T— RHAK - A% =11.2%, BHEA =265%, &HEEHEY =4.7%, ®E =576%

FR -wtE KB PORE - FEKBRHEREYII LT ZAMCHRE L2 b o T (o, 1992a ; 1l
JC - H, 1992), MEBORMBEZMEL D, i, WKRIRHERITYERLL TRV, Bilx
Ry 7 OEEFHICHYT 5 ZERPLMI S TVS (Manabe, 1980). FEBE [EH4: ) [XIE ik o 4 B
F KRR AERE S 2> 5131.1+0.4Ma d 1.2+ 0.2Ma® K- ArsEVE (LA, 1986) 28, dbBk T#f ) Xig
Hiusgk D AHEFEY) (GSJ R56951) 22 51%1.3+0.3MaD K- ArFARE (lLot, 1992a) ME S Tnd. X
Iz, TE2F ) XGHSR O ARG 7 B KR HER Y (GSJ R60147) 70 H 1, 1.2+10.1Mad ¥ /L = U Ftaf
RIEDHE STV 5D (Yamamoto, 1993). AR K HER Y O#IR CTd 5 /B I LT Z NOF
HERE Y & ANJE 7 B KRR HER DRI T do DD ~2 0 VT 5 RO [AHERE I O HH EARE (%) &5
YD &, BRI KAEHER Y O AR RIT1.4Mafili 2 C, 75 KRR O Zhidl.4—1.2Mak &
2. A (1986) DR T K GRHEREY OFAMEIL, MAEOHBTIIH D2 bOD, WHFERLY LET
FNLOTHDAHMESTR. BEIEA (1974 1%, AFOWEGEEN T8HE ] XiE kNI & 2 kG
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SPECIES ABUNDANCE
Pinus sp. r
Thuja standishii (Gord.) Carr. c
Chamaecyparis pisifera Sieb. et Zucc. c
Potamogeton sp. vr
Sasa sp. r
Salix sp. r
Juglans ailantihfolia Carr. c
Carpinus cordata Blume c
C. Japonica Blume c
Betula maximowicziana Regel r
B. grossa Sieb. et Zucc. r
B. sp. r
Fagus crenata Blume a
Quercus mongolica Fisch. var. a
grosseserrata (Blume) Reha. et Wils.

Q. cf. mongolica Fisch. var. c
grosseserrata (Blume) Rehd. et Wils.

Qo serrata Thunb. c
Q. cf. serrata Thunb. c
Q. cf. dentata Thunb. r
Q. sp. c
Ulmus davidiana Planch. c
var. japonica (Rehd.) Nakai

Celtis jessoensis Koidz. r
Rosa sp. r
Sorbus commixta Hedl. c
S. sp. c
llex geniculata Maxim. r
Acer palmatum Thunb. c
A. mono Maxim. c
A. diabolicum Blume ex Koch c
A sp. c
Tilia maximowicziana Shirasawa c
T. japonica (Miq.) Shimonkai c
Rhododendron sp. c
Fraxinus lanuginosa Koidz. c
F. sp. c
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Glass (n) Opx () Hb (n2) Cum (n2)
Nm-MZ 4 Hb > Bt, Cum, [Opx]: Qz
Nm-MZ 7 Bt, Opx, Hb, Cpx; Qz 1.495-1.498 (90%) 1.710-1.714 (70%)
Ag-OK 1 Opx > Cpx, [Hb] 1.509-1.511 (50%) 1.705-1.709 (90%) [1.683-1.687 (70%))
Ag-OK S Opx > Cpx, [Hb]: {Qz] 1.508-1.509 (60%) 1.705-1.709 (70%) [1.682-1.686 (60%)]
On-NG 2 Hb > Opx, [Cpx, Bt] 1.502-1.505 (70%) 1.710-1.713 (75%) 1.680-1.684 (60%)
NT i Opx > Cpx, [Hb] 1.506-1.509 (65%) 1.706-1.710 (70%) 1.684-1.690 (80%)]
Aso4 6 Opx > Hb, Cpx: [Bt] 1.507-1.509 (50%) 1.700-1.704 (70%}) 1.690-1.693 (50%)
1.510-1.512 (40%)

On-Pml 2 Bt > Hb, Opx, Cpx; [Qz]  1.498-1.501 (60%) 1.701-1.708 (70%) 1.683-1.689 (60%)
Nk-MA 2 Opx>Cpx 1.702-1.707 (60%)
Nm-SB 7 Bt > Hb; Qz 1.497-1.498 (60%) 1.680-1.689 (60%)

1.673-1.676 (30%)
F3 7 Opx > Cpx, [Bi] 1.504 1.705-1.710 (60%})
Hw-NN 1 Opx > Cpx, [Hb] 1.504-1.505 (80%) 1.706-1.708 (50%)
Hw-NN 2 Opx > Cpx, [Hb, Bt] 1.503-1.504 (65%)
Hw-NN 7 Opx>Cpx, [Hb) 1.504-1.505 (80%)  1.706-1.707 (40%)  [1.682-1.685 (50%))
Sn-KB 2 Bt; Qz 1.496-1.498 (100%)
TK 2 Hb > Cum; Qz 1.672-1.675 (80%) 1.663-1.665 (90%)
Kmp Opx > Cpx 1.535-1.553 (100%) 1.710-1.712 (70%)
Tnp Cpx, Opx, [Hb]; Qz 1.501-1.502 (80%)  1.709-1.711 (70%)  [1.672-1.675 (70%)]
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Th AT % E 8 L7 W A A Bl EAS HE T IESPECG1988IC L W ML TV 5. i Lz M T — & 1%, Felliidatak s
[ L HEFRBE 23R L 72 B 2 B9 2 B LA KS — 1100250m A v ¥ a7 — Z Z N T s,
Tk=@)IANT Z, In=4/ ARINVT 7, Hw=RMEIVT 7, On=/NFHINVT T, Tn=8#D~>0 HVF 7, Nr
=M NTZ.

b ANVT TR OE KRR - BB RN L, TNEE S B IVT 7O HEREY -
KIMEHH THE I TS, IO OHEFEWIE, T T 720 EHBEAID b —RICEEN/NE
W2, Bk AR - N - BED~D Y - B VT T OBEMBEOIRAVIL, Va7 — AHE RS HEERAT
AT 2 RFERDE LRILABICH ZEEHREBIHENR RS RERENRELE KT 5. A
DOEDNEHEOHLEROFPMORMAINT 7L R —BT D600, N AL LM AR - ED~>
DHNTZOPNTHEREENRE O PLITHA TRV, o, BRIMBEAIALT I TIE, AT T
WIZBHZE 7 ) SE AL, WA O R IR JE Sy AR D G IARE N FAGFAET 5. b DR
i, W AR - BEO~DY BRI AT IR HBAREREL O L, RENEATZRMBILT Z
TIEBINT FHNCEA LIRS OTERABE T2 LKL TWD EEZLND. Thbb, X
WNT T OFEERIZAINT 7 NOEBICH T2~ 7~ DEASN DD Z 5O T (Whitney and
Stomer, 1986), % DOHITITIZEBHE DB ANBEERBRIEL TWDAMREER K E V. 65T, i/ AR -



BEDO~DY) AZFHA VT ZIC/ OGN D BOMEEIL, AT THRRFEOELZ KB LZb D TR,
BANT THOKBIFINC L > TRESHES NI HDTHA . ZHISH LKA N T 7 TEANT
Rk DB 7o KRB AN IR AT T IO b, TOROENRFITHNENRLOTHD LA
no.

X. &G K Ol =)

AR M TG & B E STV D D1, FHSRTO KRN A BB O D KNWTIE T & 2 (75 W7 e B
842, 1991, p.170—171). HUBPOETHEIE L7z X 518, Him & (LR F o ko B 4 8 2 K
PTG ) & D SCAMAZ [ 78 W0 OF, BRI 7 PEAHMEC T oD BT F U & Hllkr S v 5. TR E AL
(1991, p.170—171) TiE, BHIZH (1974) OHEEWIE 2 H &1, KNEBIEIZ I3/ & 1300 o 34l
KT OWBBEMNZE 2 TWD. BHIEN (1974 BB 2 T KRN EZ 85 KA T oW, WEowicdhs
AR 0> T R L TR O BT K R HERE A & S B B /MBI OO B K R FEHERE A 50 < B LI TE
HAEREEL LTHESNTZLOT, ZOHMHE S U TIENE O XEHERY 3 F— B H 2 > < > Tz
bOTRITAEZRLZR. L, EIiRBOKRIZI AT MR Lizb D THh Y, —J7, /N
EBOZNWEIAINT IRNERE LD THDLZ Lnb, WiH ORMK T 2733 5040 & E OBV T HIAER
RbDTHLHEBEZLNL Y. E-T, RWMTHE, IHWIEIFRES (1991, p.170— 17D IR Sz )
R T ORNBEIL, FELRNSDEEZD.

KPWTE O TIER I, NI OB Z > TREEANT - =% E THEON( TR XIiFHm)
WL ONDWTBIZ e NG, SEAMARITE R~ L@k 5 (Lo - &/, 1992). —77, TS
O LIFEE Y BEFORNEIEIE, W< O0/hEEICE 2 LT Y, THRIT O )BTk
DIFENER CTERL 25, Tk BEHUIEPN o 2 HEE R /NS ORI IVE BT, KAETE Lo
fir T B ( TR ) EEM CIT AL T B & L-2S, Z 0% OffE TABOIA B RICETE) I2
2= 5 mDALE A E/NERD Y, RBERE O ATREMERA K E W (e - HE, 1992, #43K). LarL,
A B LB N C R P IR 28/ T S I L2 53 289 2 T AT oD BT 380 ) 19 VI B i CRFICARAZ TR OV i) |

CWBREEZRODL ZLNTE RN, 508 A, KAWIE TIERE 1 HHEMITIES) U7 7225000
/o TR, HEETEHFES (1991, p.170—171) TiX, ABEOIEEIEIXB- Cfk (7 1—0.001
m/TH)LIhTng

ABFHIR TIE, RIS BN LA 5 Td 2 (B538X). 16594 L 19434F (CM 6 LA L D HIER A3 A X
TG MR PN CRE = 7213y, TR CTIRBERMEN OO AEL TS, £, B TH 161148
X 1 0D AR 0 251 22 Ml P A T B8 SR 23 B U T, 900 43 e i 2R 3 i & (5811, 1987), AN HiJsk Py
THHEENELTND. 16594 (71 24F) 4 H21 A O ITH B (b##37.2°, ##%139.8°) TH
ELbDT, ZO~ 7 =F a— NI6TLHES N, 39ADIEH, F400DEEFR R OREFERH TV
2 (FHER, 1975). 19434F O H B HIEIE 8 H 12 A 135040 12 THSRT 587 | (4%37.3°, ##%139.8°,
BEE15km) THAELL DT, TOBBIIME.2TH o7z (FHER, 1975). mRME CREICHENH



38K THE ) Mg & % DI T 5 Hilr O # O HEERTE &)
WIRIE19754F 5 A 22519954 4 A ©, HBOBRIIM 2 DL L, BHOE S 1330kmbl ik (MEF AL HEEAST MEFRE RS
2, 1997). BEMITTE KL ONE Z R,

TN, B ERANEAEL TS, F, ZORBITHE D M5.3DREA RN HEO TR
T8HI13H L28HICHAEL TV D, ANKIEHIBA CIEFEMBE T 2HBEMEEIM A4 UTOLOT, K
EDFEIR S DOIF19724F 1 IS PRI 1T, 1977# 107 IZ REA ZI 18T, 1979411 H 12 45
M« REA—H#T, 198145 6 HIZ THNTNT, 1985429 A « 10H + 127 1 FHRNT ORI ) 1| B Ak T3
AELTHD JIEERESR, 1986). 19854 AR O EARME D A 1 = X LI, Wi b Ml
DIUTIT R 7 0 O WIER TH 5 GRALKRHLFE, 1986). F7z, 19944F12H 18 H 200743 (213 FABHT
L B (b4837.8°, Hi®139.8°, ¥EE 4km) TM55DOHIENFAEL, TR TIIEE 4 — 5HYD
ENEZHRLTHS IIEEXERE, 1995). S 512, 19984F 8 A 3 A 208 9 43 (2 1 I Hhisk 7d 5T o
KEAFRILATT (E##37.2°, H#K134.0°, HEEX10km) TM4.9DHEAFEAEL, HE CTIEEE 3 0fEh
ZELTWA.



XI. i A # &

XI. 1 # F &K

X. 1.1 66 - 88 - 56 - FribSkREAkKR

T - P TR SR I RS IR R IS O SRR IR N Z K B D . ARIEHIEN T H UL < ohe
Db OREFRNENIRIED G & 72 o728, WIS HE - BALAEFI THL & L THRIE L7 DR
V. R (1964, p.103—104) (X TREEES ] ICLLFOFLLAFH L TWD A, EfMEIAI 62
b, MERIITZOHFTEZ R L TRV, KESINE S KEOE T ICH>72b DT, Kk
B ATRHCE T N SRR IR S N2 WS B S T= 335 R L CuZgu, IR IS R
RO 2 kmD HIROFEICH 72 b DT, kg L Zhvag B < MBCH % 815 IRESE « AEARAIEFI16
FIZBEIE SN, L L, GHESDRIEREL TRV, 7 B ILE FHRTH 2 BEO R ) 1 km D
WHC 72 b DT, FEACE OGRS B ISFEIC I S 2y, iz Lw. R EgnT
M0t H 2 d 5 WAL OIREIZH 72 b DT, WSS AL L T RO MEIL ARG L7255
DIEFNSFEICERIL S =%, SREsicd bR LTz,

AN 72 SR BREESENR I TR A I B I b o, HEBETRBE O 1 km, BEJILEOEER
UWNTHIRL b — T VS IZ B DNV T ALK AR R HERE Y h O MIAR S BRI & L CHRIF PSR S hiz 2 &
HoH. LML, SmKICH D 2R BEESNT (HE R, 1964, p.104).

X 1. 2 $KSKER
bN2F AN

THENT RN B O/ N B AR OIE A IRICH o T2 b DT, FEHEHE)IE O KIS T O REIRIRERSE
PR A S AT KR IELE RN EREE STz, WRFIRIHI Oy s —Rf, BB Shiz2s, oAkl T
W5 (R R, 1964, p.116).
T &k

ARG LNE R - I6: 75 55 OB S NIRB I AETE Lie. SERITIRIC O A T2 1Ml i W OFREUR N &
v, HPE30m, FL30m, EE 1-2mUxk 3m) O LSRR EILIE TH D . SRR IT A ILIAEEE L L
TR T D K AR IS O RE 2 FRIH T 5188485 T G391, KB D M7 IZFe50% LA LT 4
2L HINAEE L TEMNAR 30%FEE TH 2 (FFHES - M, 1957). &5 v it SO HI bt
WIIHZ L > TEDOTREFITRIM S TR Y, BEAETOHEELEZL TV DICT 2. HRAS1E 7 A
L0 IR TGS M DFTE L o 120, IRILh TH D GEBI, 1964, p.124). ZRBAHL

WA FEIL S 2 WVIZERGLL E IR -2 b d D



5391 ARGE LI DB ERILIEIR
B LK A B AL L7 BT BT O K [ AR IS O BB 2 T LT 5. P IR o> AL 16 0. 4km > 815 )1 R .

X. 1. 3 Y IFUMEK
AU AT

FHSET SRR DRI WICH o 72 b DT, EESPHTHS ) AREEE MR b —F s ofn
T - SEKERIE DO FEAR DN EREE STz, SEARIEAEMN 5°—10° W, B#30°—40° E, (LK 300m, MENZ <
130.3m, &K 1mT, HEKRIMGNITE DT O H ATKORE ARSI BIGE L T 25 (L, 1942).
FEIR D S AL D FH51150.85% T, —EBITIL 1—5 %IZET 2N H o7z (1@ H, 1964, p.133). B0
16— 1THEEICBAT SN, kL L.

X 1. 4 A
BIE, BATPORALG T TR S OMBRNBVIC 2 0FTH Y, &6 6 bARN B mHERT Y h D
ERHBIIL TS, ZOHERPOEEEIES, RRENBIZOEE L2006 EHM L LTH

XI. 2 R R
AEEHIE P IZBA - (R - B E - B0 4 50OERBH 5 (F 6 52). BRAKD(LEMERILE
6RICFLTND., £, BRROAE - BERMKMEILIE, EHNRMEARDOED L —F LT
5 (4 85).

BERER



He# [HE REORMR-EE (NEDO, 1990).

B &% | BHE RERMFER & BE | pH | RESER RIBTEH#
(r/min) (T)

1| BE 18 |[BAKEBE 486 68| C1SO, B |RBEEEHRENAFTEATETI
2 7 48 WARIRR 498 6.6 ” BEREHEBRENKTHATETI4
3 =R 36 |[MBRO 486 83 BREEERRENAFEAET ZRI9
4 9.1 |HME® 493 89 EEEAEBRENKEEEFET _E19
5| 7 20  |HWMEG® 492 89 BRBEEERFNRTHERE T ER19
6| ” 39 BAED 50.7| 89 BERESEARENKEERE T ZR22
| 7 8.7 |B/INED 495 9.0 BEREEBRENKTHERET _RE22
gl 18 |HEEEQ® 474 88 BEREEBXENAESEAET HE2
9 85  |KHMED 552| 8.7 SO, B BEREEBRINRERATT R22
10 ” 11 KAED 56.5{ 89 BEREHEBRENRTHRE T _RE2
1| 7 93 Kbt %rHED 540 87 BEREHBRETRTHERTET _R6
12 7 BIEREE | KAHT2AHED 517 88 BEREEBRINKTHERET ZR6
13| HELE 200 |BEHLISRIE 527 85 SO, & BEEESERTHIAFHE LB T0853-4
14 7 280 |BEFL2ERE 60.5| 8.4 ” EERHESER TEI AT EFRET857(
15| 7 150 |BH L3 F5HRIE 599 83 EREHESERTHBIAEHY LTFEF830
16| 7 250 |BEFL4FRE 570 79 R BEEEHESER THKFHT EFEFLT793-1
17l 7 300 |BFLSFRIE 612 83 ” BERESER TR RTHET LFBECsTI—1
18] 110 (BT L6 FRIE 4831 84 ” REEESERTHINREET LEEERTI1317-1
19 7 340 |{BHFL7ERE 547 84 BREESEN TEIATHET LFEEKT1332
200 7 150 |HE L8 SHRIE 575 82 R BEEFSERTHNKEET LFEET833
21| ®#F 500 |[EHBFERAFRO 445 15 SO, & 18R IRTE B ER A AT K e A E T AR LN
2| ” 500 (TEHEPFRAFERD 4200 15 HEBEBER WA KFEEEFTIHLI
23] 250 |HPTRABRBGERDER 453] 19 SO, & 18 B R T B BR PR S A A A A AR




FIR RS HTRR (NEDO, 1990)
=5 | TSM]| Br 1 F so, | HCo, | Li K Na NH, Ca Mg Fe
H5 | RA% | (R | mg mg mg mg mg mg mg mg mg mg mg mg mg mg
pS/cm /0 /0 /0 /0 /0 /2 /8 /0 /0 /0 /8 /0 /0 /0
1 B 3,700 1,720 1,010.0 2.27 0.56 3.66 194 99 1.27 19.80] 557.00 0.21 183.0 0.63 0.15
2 4 4,2001 2,320 994.0 2.26) 0.11 3.50, 207 94 1.17 20.90] 558.00 0.21 184.0 0.82 0.30
9 it 1,800 1,180 3.2 <0.01 <0.01 0.44 986 31 0.03 1.01 83.90] <0.02 332.0 0.01 <0.01
13 | BEFL 600 370 79.1 0.07 0.05 1.39 108 54 0.15 2.55 99.50 <0.02 12.9] 0.28 0.03
14 7 670 460 88.6 0.12 0.06 1.67 126 49 0.17 298| 116.00 <0.02 13.8 0.11 0.10]
16 4 610 480 80.9 0.08 0.07 1.42 101 71 0.18 2.99 99.00 <0.02| 28.3 0.31 0.13
17 ” 680 450 91.2 0.13 0.06 2.02 121 57 0.18 3.00[ 118.00 0.13 14.1 0.11 0.08
18 7 500 450 64.4 0.02 0.04 0.75 81 52 0.13 1.75 81.00 <0.02 23.7 0.11 0.10
18 z 620 460 80.2 0.07 0.06 1.40 104 57 0.20 2.66| 102.00 <0.02 28.1 0.20 2.53
21 i 880, 580 3.8 <0.01 <0.01 2.66 491 44 0.07 297 72.80 0.03 155.0 0.83 0.01
23 ” 1,300 640 3.9 <0.01 <0.01 2.52 598 63 0.02 1.66 72.90 <0.02 183.0 0.17 0.01
, Si0, Mn Zn Cu Pb Rb Cs Hg Al B As o, HS [
B | mRE | mg mg mg mg mg mg mg mg mg mg mg mg m | &R
/9 /8 /8 /9 /0 /0 /8 /0 /8 /0 /8 /9 /0
1 HE 95 0.21 <0.01 <0.01 0.06 0.3 0.2] <0.0005 0.01 29.30 1.272 27 <0.5] $62.10.30
2 7 78 0.36 - - - <0.1 0.2 <0.0005 <0.01 24.20 1.550 25 <0.5 $63. 9.3
9 £ 35 <0.01 <0.01 0.03 0.04 <0.1 <0.1| <0.0005 <0.01 0.10 0.119 <10 <0.5] S62.11.10,
13 | BFLE 44 <0.01 - - - <0.1 <0.1| <0.0005 0.01 2.43 0.146 <10 <0.5] $63.9.13
14 7 50 <0.01 - - - <0.1 <0.1] <0.0005 0.01 2.86) 0.146 <10 <0.5] $63.9.13
16 4 62 <0.01 <0.01 <0.01 0.02 0.1 <0.1] <0.0005 0.03 3.34 0.217 <10 <0.5] S62.11.10,
17 7 51 <0.01 - - - <0.1 <0.1] <0.0005 0.01 2.96 0.158 <10 <0.5[ $63.9.13
18 ” 46 <0.01 <0.01 <0.01 0.01 <0.1 <0.1] <0.0005 <0.01 241 0.212 <10 <0.5[ S62.11.11
18 7 60 <0.01 0.14 <0.01 0.04 <0.1 <0.1] <0.0005 0.09 3.13 0.461 <10 <0.5] §62.11.11
21 FF 45 <0.01 <0.01 <0.01 0.01 <0.1 <0.1f <0.0005 <0.01 0.57]  <0.001 <10| <0.5[ $62.10.28
23 ” 38 <0.01 <0.01 <0.01 <0.01 <0.1 <0.1] <0.0005 <0.01 0.28 0.106 <10 <0.5] $62.10.28




%8 & IRAKFNALHHER (NEDO, 1990)

18 18, 34, 613C
B | s | svow | sow | CeoSon| 875600 | r.co, | Tatm | @z
(%) (%) (%) %) PDB (TU) FAH
()
1 A -72.0 -11.0 24 14.5 -41.6 <0.2 $.62.10.30
4 -72.5 -10.7 22 149 0.6 <0.3 563.9.8
—& -72.4 -11.5 3.8 144 -41.6 0.37+£0.06| S62.11.10
13 HE L -71.8 -10.7 -0.2 16.7 -11.7 63104 $63.9.13
14 4 -69.0 -10.7 -0.8 17.4 -11.2 3.7+03 $63.9.13
16 ” -68.1 -111 -0.2 16.0 -41.2 4.5+0.1 $62.11.10
17 v -72.0 -11.0 -1.2 173.0 -113 39103 $63.9.13
18 ” -72.1 -11.1 0.3 154 -395 6.8+0.1 $62.11.11
20 4 -71.9 11.2 0.1 154 -39.2 4.3+£0.1 $62.11.11
21 By -72.7 -10.9 49 139 -5.2 5.1%0.1 5$62.10.28
23 ke -70.3 -10.9 39 114 -37.9 2.1%0.1 $62.10.28

AR B 3 00 HALES, REEATG AR OESVE B R ITALE LT D, 2 ORISR B A B s 2 AR
@ RO H 555, BIHIERHOED~> 0 WNVTFT Z OMZRITIEL, THITHES MEEICIh->TH

SRIBH L TW A, JEIRIE 2 7 ATfEfE LIREIZ49°C T, pHIZ6.6—6.8, REITHERTH D (5 6 5K).
FEREA A MR TIZCI-SO IS, BA A iiiCa>Na>Mg>KTh % (5 7% ;

NEDO, 1990).
—RER

AR [ME M3 O O R FAS AR O AR, BARRR O 5K 6 kmIILE LTV D, Pl — %I
BECIEE) U7z 2 L o INEEIZ B 0, BHEIRTII D D ~> ) V7 F % 88 U 72 W e HE R
MEEO~SVE) S HAREH L TWD . REIIHEER T, REIZ50°CHI#%, pHIZ8.8—9.0TH 5
(5 63%). FHEEA A UMK TIESO AU E I, BA A4V #kiINa>Ca>K>>MgTh b (5 7
% ; NEDO, 1990).
BHLER

THBET 5 EF AT ORIV LT D, IROEIIZ L, FHESREO~>VEE 850
NT T AR S AL EROWE I WA S EICERESEE - B L 0D, REIEHMIR T, i
JE1X50—60°C, pHIX7.9—88TdH D (5 6 ). EHEA A Mk TIXFRALUZ S, BA A4
IENa>Ca>K>MgTdh 5 (55 7% ; NEDO, 1990).
BFER

AN [ U S 0D G A AT 0 BT i P ) D HE R 900mIZ A2 fE L T AL IV O ATRACRERT & A b
B OB D BB L, (HTICHIEEESER SARBORER EARILE DN D, REITHEMIERE T,
R IX45°CRiIT%R, pHIZ7.5—7.9TH 5 (5 6 £). TEREA A UM TIXSO B IN, BA 4
HAIEINa>Ca>K> >MgTh % (5 7% ; NEDO, 1990).
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ABSTRACT

OUTLINE

The Tajima district is located on the intra-arc region of the southern Northeast Hon-
shu arc. The geology of this district is characterized by voluminous Late Cenozoic vol-
canic products, including six caldera complexes and two Pleistocene stratovolcanoes.
The Ouchi fault, which trends from north to south in the central part of the district, is
an active reverse fault whose eastern block upheaves. Large earthquakes (>6.0 M) oc-
curred beneath the eastern part of the district in AD 1659 and 1943, but these quakes
were accompanied by no surface break. Moderate earthquake swarms have frequently
occurred in the same region since 1943.

The district includes six major geologic units: (1) Jurassic to Cretaceous rocks; (2)
Early to Middle Miocene volcanic rocks; (3) Late Miocene to Pliocene caldera com-
plexes; (4) Early Pleistocene caldera complexes and their extracaldera deposits; (5)
Middle to Late Pleistocene volcanic rocks; (6) Middle Pleistocene to Holocene fluvial
and colluvial deposits. The geology of the district is summarized in Figure 1.



Fig.1 Summary of geology in the Tajima district.
JURASSIC AND CRETACEOUS

The Jurassic Oto Formation and the Late Cretaceous plutonic rocks are exposed in
the northeastern and southeastern parts of this district. The Oto Formation is a very
thick marine strata made up mainly of thick-bedded normal-graded sandstone, finely
parallel-laminated fine-grained sandstone, and massive mudstone with minor amounts of
bedded chert. This formation makes part of the Jurassic Ashio accretionary complex
that forms the main basement of the southern Northeast Honshu arc. The plutonic
rocks are fine-to medium-grained biotite granodiorite and medium-grained biotite ada-
mellite. These rocks intruded into the Oto Formation with a contact metamorphic ef-
fect. The biotite K-Ar age for the plutonic rocks around the Kasshi hot spring was de-
termined as 66 Ma. The Late Cretacoeus plutonic rocks were generated by arc volcan-
ism along the eastern margin of the Eurasian plate.



NEOGENE

Early to Middle Miocene volcanic rocks

The Kurakawa Formation is an Early Miocene nonmarine sequence composed of an-
desite and rhyolite volcaniclastic rocks and conglomerate. This formation remains iso-
lated in northeastern part of the district and rests unconformably upon the Jurassic and
Cretaceous rocks. The volcaniclastic rocks are highly alterated and partly mineralized.

The Higashiomata Formation is an Early to Middle Miocene marine sequence of rhy-
olite lava and volcaniclastic rocks with minor amount of basalt volcaniclastic rocks. This
formation is 1,500 m thick and present in the northwestern and southern parts of the
district. The lava is composed of orthopyroxene-clinopyroxene-quartz rhyolite, biotite-
quartz rhyolite, and aphyric rhyolite; they form extrusive or shallow-intrusive lava
dome clusters that are several kilometers in diameter. The rhyolite volcaniclastic rocks
consist of volcanic breccia, tuff breccia, lapilli tuff, vitric tuff, and volcanic sandstone.
Most of these rocks contain abundant greenish meta-pumice fragments. Rhyolite dike
swarms, which intruded into the Oto Formation on a northwest-southeast trend in the
northeastern part of the district, are presumably feeders of the rhyolite volcanics of this
formation.

Late Miocene to Pliocene caldera complexes

The Late Miocene Takagawa Formation is horizontally filling an elliptical large cal-
dera measuring 15 by 10 km (Fig. 2), whose southwestern margin is located in the
northeastern part of the district. This formation, which is exposed within the district, is
made up of the caldera-forming stage debris avalanche deposits, the post-caldera stage
lacustrine deposits and Kuwazone Pyroclastic Flow Deposit, in ascending order. The de-
bris avalanche deposits comprise massive breccia of basement rocks and are interbed-
ded with the Yanaizu Pyroclastic Flow Deposit in other part of the caldera. The caldera
-forming eruption occurred at 6.3-6.5 Ma. The Kuwazone Pyroclastic Flow Deposit is
about 200 m thick and made up of non-welded, massive hornblende-quartz dacite pum-
ice lapilli tuff.

The Late Miocene Jyonoirizawa Formation is filling a large caldera, 10 km in diame-
ter (Fig. 2), whose western half is located in the northeastern part of this field. The cal-
dera-forming stage deposits are more than 600 m thick and consist of the Tsurunuma-
gawa Pyroclastic Flow Deposit and intercalated debris avalanche deposits. The Tsu-
runumagawa Pyroclastic Flow Deposit is orthopyroxene—clinopyroxene-quartz dacite
welded lapilli tuff, and was formed at about 5.6 Ma. The debris avalanche deposits com-
prise massive breccia of hornfels, derived from the Jurassic Oto Formation, and volcanic
rock fragments. The central part of the caldera-forming deposits, surrounded by high-
angle faults, upheaved against the margins part of the caldera fills. Dacite dikes in-
truded along the northern margin of the upheaval part, and fine-grained biotite tonalite
intruded into the western margin of the caldera. Rocks of this formation, especially in
the western part, are affected by hydrothermal alteration.

The Pliocene Hiwada Formation is filling an elliptical large caldera measuring 18 by
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Fig.2 Gravity anomaly map for the Tajima district.
Conter interval = 1 mgal; density = 2.3g/ cm3 (compiled by Komazawa, M. and Hiroshima, T.). Tk = Takagawa caldera, Jn =
Jyonoirizawa caldera, Hw = Hiwada caldera, On = Ono caldera, Tn = Tonohetsuri caldera, Nr = Narioka caldera.

10 km (Fig.2), which is located in the western part of the district. This caldera is char-
acterized by a prominent resurgence and an intrusion of postcaldera stage plutonic
rocks. The caldera-forming eruption occurred at 2.7-2.9 Ma and formed the intracal-
dera Hotokezawa Pyroclastic Flow Deposit and intercalated debris avalanche deposits.
The Hotokezawa Pyroclastic Flow Deposit is densely-to weakly-welded, orthopyroxene-
clinopyroxene-hornblende-quartz dacite lapilli tuff. The lower part of this deposit is ho-
mogeneous, massive densely welded lapilli tuff with a minor amount of accidental mate-
rials. However, included lithic fragments and intercalated debris avalanche deposits,
which consist of massive breccia of Miocene volcanic rocks, are abundant in the upper
part of the deposit. The post-caldera stage deposits are present in the southern part of
the caldera, and cut by resurgent faults on the margins of uprising horst-like blocks.
These deposits are made up of lacustrine conglomerate, sandstone, parallel-laminated
siltstone, and dacite volcaniclastic rocks. Dikes and sills of dacite, rhyolite, and granodi-
olite porphyry intruded into this formation. Gentle tumescent-roofed biotite tonalite plu-
tons are partly exposed within the resurgent blocks; hydrothermal alteration intensely
affected the formation surrounding the post-caldera stage plutons.



QUATERNARY

Early Pleistocene caldera complexes and their extracaldera deposits

The Nanaorezaka Formation is an Early Pleistocene nonmarine sequence composed
mainly of extracaldera pyroclastic flow deposits. This formation remains isolated in the
western part of the district, and rests horizontally upon the eroded Neogene formations.
The extracaldera Kumado Pyroclastic Flow Deposit, about 200 m in thickness, occupies
the main part of the formation, and consists of densely-welded, orthopyroxene-clinopy-
roxrne-quartz dacite lapilli tuff. This deposit is overlain by fluvial sandstone, pyroclastic
fall deposits, and the extracaldera Ashino Pyroclastic Flow deposit, which is composed
of nonwelded, quartz-bearing hornblende-orthopyroxene-clinopyroxene dacite pumice
lapilli tuff. The Kumado and Ashino Pyroclastic Flow Deposits were shed from the Ono
and Tonohetsuri calderas in this district, respectively.

The Ono Formation is filling a caldera that was destroyed by younger caldera depres-
sions except for the northwestern margin of the original caldera; the remnant part
measures 7 by 1.5 km (Fig. 2). This formation consists of the intracaldera Kumado Py-
roclastic Flow Deposit, interbeded debris avalanche deposits, and the post-caldera stage
dacite intrusions. The caldera-forming eruption occurred at about 1.4 Ma. The intracal-
dera Kumado Pyroclastic Flow Deposit is also densely-welded, orthopyroxene-clinopy-
roxrne-quartz dacite lapilli tuff, similar to the one from extracaldera. The debris ava-
lanche deposits consist of massive breccia of hornfels or granodiolite fragments. The
postcaldera stage intrusions are orthopyroxene-clinopyroxrne-quartz dacite.

The Tonohetsuri Formation is filling an elliptical large caldera measuring 18 by 12
km (Fig. 2), which is located in the eastern part of the district. Many high-angle faults
cut this formation due to resurgent doming. The caldera-forming eruption occurred at
1.4-1.2 Ma and formed the intracaldera Ashino Pyroclastic Flow Deposit and interca-
lated debris avalanche deposits. The Ashino Pyroclastic Flow Deposit is made up of
partly-welded, quartz-bearing hornblende-orthopyroxene-clinopyroxene dacite pumice
lapilli tuff. The caldera-forming stage deposits are mainly exposed in the updoming cen-
tral part of the caldera. The postcaldera products consist of lacustrine deposits, the
Kasshi Volcanic Rocks, the Oshiromoriyama Lavas, and The Nagurasawa Pyroclastic
Flow Deposit. The postcaldera stage lacustrine deposits are made up mainly of con-
glomerate, sandstone, and parallel-laminated siltstone with minor amount of breccia and
dacite volcaniclastic rocks. The Kasshi Volcanic Rocks are present in the southern mar-
gin of the caldera and interbedded with the lacustrine deposits. These rocks are made
up of orthopyroxene-clinopyroxene andesite lava and volcaniclastic rocks. The
Oshiramoriyama Lavas form extrusive or shallow-intrusive lava domes in northwestern
and southern parts of the caldera. Some of them intruded into the lacustrine deposits
and the Kasshi Volcanic Rocks. These lavas are hornblende-orthopyroxene-clinopyrox-
ene-quartz dacite or hornblende-orthopyroxene-clinopyroxene-quartz dacite. The Nagu-
rasawa Pyroclastic Flow Deposit overlies the lacustrine deposits, and is exposed in the
marginal part of the caldera. This deposit is about 200 m thick and made up of non-



welded, hornblende-orthopyroxene-clinopyroxene-quartz dacite pumice lapilli tuff.

The Narioka Formation is horizontally filling an eliptical medium caldera (Fig. 2), 10
by 4 km across, which is located in the central part of this district. This formation con-
sists of the intracaldera Nishigo Pyroclastic Flow Deposit and the postcaldera stage la-
custrine deposits, in ascending order. The Nishigo Pyroclastic Flow Deposit erupted at
about 1.0 Ma, and is made up of densely-welded, orthopyroxene-clinopyroxene-horn-
blende-quartz dacite lapilli tuff containing minor amount of huge accidental blocks. The
postcaldera stage lacustrine deposits are made up of conglomerate, sandstone, and par-
allel-laminated siltstone. This caldera is characterized by absence of postcaldera volcan-
ism and resurgence.

The Shimogo Formation overlies the eroded Narioka Formation. This formation is
about 200 m thick at the most, and consists of fluvial conglomerate and the extracaldera
Ten-ei Pyroclastic Flow Deposit, in ascending order. The fluvial conglomerate is mas-
sive and thickly bedded. The Ten-ei Pyroclastic Flow Deposit is non- to weakly-welded,
hornblende-orthopyroxene-clinopyroxene-quartz dacite pumice lapilli tuff. Its source cal-
dera is unknown in the district.

Middle to Late Pleistocene volcanic rocks

The products of Kasshiasahidake Volcano are present in the southwestern part of the
district, and rest unconformably upon the Early Pleistocene Tonohetsuri Formation.
The volcano is a highly dissected stratovolcano, which consists of alternated layers of
thin lava flows and pyroclastic rocks of olivine-orthopyroxene-clinopyroxene basalt and
orthopyroxene-clinopyroxene basalt. The K-Ar ages of the lava flows were determind as
0.54-0.42 Ma.

The Kamafusayama Pyroclastic Flow Deposit remains isolated in the eastern part of
the district, and rests unconformably upon the Tonohetsuri Formation. The deposit is
300 m thick at the most, and made up of densely-welded, clinopyroxene-orthopyroxene
andesite lapilli tuff. The K-Ar age of the deposit was determined as about 0.42 Ma. This
deposit is an extracaldera product and seems to derive from Kasshiasahidake Volcano,
based on its distribution.

The Tsurugaike Debris Avalanche Deposit forms 650 to 710 m above-sea-level (a.s.l.)
hummocky-hills along the Katodani River in the central part of this district. The deposit
is made up of basalt and andesite debris, and covered by 6 m thick, massive weathered
eolian deposit intercalating pyroclastic fall deposits. Tephrostratigraphic field relation-
ship suggests that this deposit was formed at 0.3-0.2 Ma.

The products of Futamatayama Volcano are present in the eastern part of the dis-
trict, and rest unconformably upon the Tonohetsuri Formation. The volcano consists of
the Iwayama Lavas, the Futamata Pyroclastic Flow Deposit, and the Futamatayama
Lava, in ascending order. The Iwayama Lavas are 100 to 200 m thick lava flows of oli-
vine-quartz-bearing clinopyroxene-orthopyroxene andesite. These lava flows form the
table-like lower part of the volcano; one of them flowed 5 km toward the northwestern
foot from the summit. The Futamata Pyroclastic Flow Deposit is made up of olivine-
hornblende-quartz-bearing clinopyroxene-orthopyroxene andesite tuff breccia and lapilli
tuff, containing abundant poorly-vesicular essential blocks. This deposit covers the lower



part of the volcano. The Futamatayama Lava is a summit lava dome, 1 to 1.5 km in di-
ameter and 250 to 300 m in height. This lava is made up of olivine-quartz-bearing clino-
pyroxene-orthopyroxene andesite, similar to the essential blocks of the Futamata Pyro-
clastic Flow Deposit. The K-Ar age of the Iwayama Lavas was determined as about
0.14 Ma. The Futamata Pyroclastic Flow Deposit is overlain by weathered eolian depos-
its intercalating the widespread Aso4 tephra of about 90 ka.

The Kan-nongawa Debris Avalanche Deposit cascaded from the western flank of the
Kasshiasahidake Volcano to the eastern bank of the Aga River; its maximum horizon-
tal distance is 9.7 km and its vertical drop is 940 m. The deposit is made up of basalt
debris, and rests upon the middle terrace deposits. The “C ages from the deposit were
determined as about 17 ka.

Middle Pleistocene to Holocene fluvial and colluvial deposits

The higher terrace deposits form 680 m a.s.l. hills in the central part of this district.
The deposits are made up of massive gravel and trough-crossbedded sand, and rest
upon the Shimogo Formation and the Tsurugaike Debris Avalanche Deposit. The thick-
ness of the deposits is 20 to 30 m. Tephrostratigraphic field relationship suggests that
the deposits were formed at 0.3-0.2 Ma.

The middle terrace deposits are present from Tajima to Sawada along the Aga River
and around Otogane along the Katodanigawa River. The deposits are made up of mas-
sive gravel and trough-crossbedded sand, and are more than 40 m thick. Tephrostra-
tigraphic field relationship suggests that the deposits were formed at 100-80 ka.

The lower terrace deposits are distributed along main rivers. They are divided into the
lower I, lower II, lower I, and lower IV, in ascending order. These terrace deposits
are made up of massive gravel and trough-crossbedded sand. The lower I and II terrace
deposits are 30 to 40 m thick, but the lower Il and IV terrace deposits are several me-
ters less thicker. The lower I terrace deposits overlie the 17 ka Kan-nongawa Debris
Avalanche Deposit, and the lower IV terrace deposits underlie the 5 ka Numazawa-Nu-
mazawako tephra.

The landslide and slope deposits form gentle slopes around the mountains. They are
made up of unconsolidated debris, and most of them interbed with the lower terrace de-
posits. The alluvium forms present river beds and consists of gravel and sand.

ECONOMIC GEOLOGY

The Ouchi mine in the northern part of this district once produced vein-type hema-
tite deposits embedded in volcanic rocks of the Early Miocene Kurakawa Formation.
The Shimogo mine in the southeastern part of the district produced limonite deposits
filling a matrix of brecciated dacite of the Early Pleistocene Oshiromoriyama Lavas. The
Kaneyama mine in the northeastern part of the district produced molybdenite veins
embedded in fine-grained tonalite intruding the Late Miocene Jyonoirizawa Formation.
Minor pyrite veins occur in rhyolite volcanic rocks in the Early to Middle Miocene Hi-
gashiomata Formation. All of these mines are now abandoned.



There are four major hot springs, the Yumoto, Futamata, Yunokami, and Kasshi,
around the Early Pleistocene Tonohetsuri caldera. The former two hot springs are sim-
ple springs, and the later two hot springs are common salt springs. Temperature of the
Yumoto, Futamata, Yunokami, and Kasshi springs are 49, 50, 50- 60, and 45 degrees in

centigrade, respectively.
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