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FI2KA RBHDERESERBRORT 7 HEE G AR BRI £ R HOEDE) . E# 2 EEICHEE -G 3-4m ©
AT L TR S RET S

HI12KB AT 7 ERTRAREEE (A ORHOHS)

LIFLIE, Fomm-Hem RKOTNERORES R 2 &t MR, RAET VA MTET 20
MRV ER 2 EATOD. RLEEEH - HKLD b DA% <, Jeia IS E T3 — IS LR - Lk Cd
5. HERSEMIE, e, RO (BEICEDIGE), VYRR (ECHBEA =0 b)), BRER (BE
<), AR, BRA, < AA, BRA, Yray, FEREWRETHS. B LU, &
s (LI USSR, R, RERAERAIS, TASE, GR7 V1A b, T4 %A b -l
KoE, L, S ATE, OU0E, W, Fo— b, BEEIEE (REeMEAIcE D) RENEEND.
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BRI, BESRIUT, Bl EFRBURA, M)k SICBHT 5. FEAROBEE I, /£ & 30-40m
FREET, Bff2- 5 cm (B&K25 cm) OMEENG Y, BEFEIL, W4, Jeia, v — b, ACEES (GSJI
R40388) 72 & Th 5. #i)llOWER (GSI RA0378) 1X, HKIMAS & 1-2m R S O H g % 7o 3~ #llS <, [
BL LT, MMRAEREY, BERETONKS, REAAZRAS, 68T VFA b, ZHAEXR
M, CRBEE, WACE, ZRRE AR EEEATHD VIR -1).

TEL, Z< OHE WE L 105 cm- 10 cm DIES D HEEZ TR L TV DA, B8 DA i)
AT Tz T NS D (F12KA, B). JE8E, BAT, HEEkEICES, UIE USRS
ZETe. B LWREA OMETRWICEE T 2 8BIRED L Ma (GSI R40386) 13, ERibf?2 &5
e,

BURBEIES (GSJ R40387) 13, HHEA LIROF ¥ — MaoF <AMicEE L TaiL, JEE30-40 m T,
el LT LB CTHETRE BB IS T 5. KRG, BUE T, MWIEREASET 5. $I N T,
#EH R, 277 894 F- 7o 7 vy, RREEE), BER i, AER, A%, REY,
KL ENDR Y, BB A E S RICEA TN D.

M. 3 F ¥ Ik

ARG O E W IR /3709 2 KRR E AR B O—#25, ARRIEHISN O £/ N =410 (8
o R LUER) R O BED TINF-R: ) BE s AL SR O 45 L) SOAERIT, BRARHIRCS JR B Ok I L H
WZBDONT, DTNIHML TS FEIX). s 2HBIC AT 2 AR, REEE IS

B WEOKRNDOEREZLAY AR br—2A
(EWERAR ENSHE, T e sl i AL b i)

2) Phycosiphon (CET 2 A7 A7 M T, FRMEL LIEBERBIC LIZLERON2 b0 TH S (HPERKOEEICLD)
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RF ¥ — FOKNOEREAATHAY A RA b —AnbERINS (5 13K) 5 BISREH TOAR
JELIEEHAAER TR~ T70-90° EAIL T D, AU SER AL, K (1986) D F 4 HHTHN T
L5HbDTHAD.

TID 2 MU o AT AR L, T I3\ TALPE B S 1A HE N B IR TR TS F 0 A IR B
TICATE L TR0, RS RIS LT h A -EICE TN 5 (LEIED, 1971, 1976 ; I
BCAMARIIE 7 v—7"9, 1973). LavL, 2 bOWE T MH ) LSz bolx, ERo4 ) =
FAPR—ATHY, TOGMTIRTRICHCEIEO A0 & ITRIRMAEEL, KEE (1986) (2L Y BaHi &M
TR R HIRIC D72 2 Z E R L MNIT > TN D.

M. 4 /K- #KF e

C OHU DI AR, BIRACEE (& LTAT —Y D OWHITEH U 7o/ N KIS ) o
EREL L LT, AR EE o /NIT PS> 5 TR i sk o0 kST HRER (2 22 T, Wi ArR9IC
BHLTOVD., ZHORRARCEEPOPAEROEIT, WIhd, IREEEPICHEST v — FOXK
NOEREELA Y A PR br—LpbRY (514X, 5 15X), HERR D D WITHEREE OLEAE L
<, BHIIAHIRTHD. ZNHDOA T A MR ba—A0REY, —RICFIKEEZETIRENDRD

R L

B BB L RKE
6] 5 1(I)m

F14E PMRABEEROERE Y A LA b e — ADEMR
(GS] R40372, 40373) UMRETAES, HBEKEGEO A7 , #)

o
(e
///1/’§>~/

FYAPZ PO - LOREEE 2m
—_

B5R AMEKREEROSEE - U A L A b r— A DEH CMIESRELS, PRAKEDHO A 5 5)

IREIK 8 R

LUTF,  WIREHIF & B
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B, L FIFRAOBKE SV M (REACREROBTIZED) 16k, ZROKE LA %
Gte (BVIKMR-2)  EE P LI LIEAROMIRSBFEL, ARRASE & HENT B Ricizd 2
LD D.

WRRACEICEEND ZNOA Y XA PR Fr—2EHD 5 b, RO b O, /NATEEEIR O L
#1800 m OEILTH Y, ZDfth, F£100 m ZH 2 55803 10 HLL ERBO BN D, ZhbOsIE, K
B, FREEI - NRINE AT 2 0 & 3 2 B PR 3km, FIALK 10 km O RV iy (EESLE
45 (UH - WTH, 1983) IZIR G, —J7, BEAITIE, FREITK L ~L (BE5K 500m) 76 i@
1,300m O UBEBIZE TRA TN D, 2 b OEIE, UE LIZIEE em- 2 m OERCE - BEIK A L O
HIRICE 25 (IV-2-1THS ).

BRGEBCEIER O LFLA Y A b2 b r— AEBIE, IBRTHCE O OB, M EIZE LW
ik L= i3 2 bhieny (IV-2-1IHBM) . L7223 T, /INMRETTEER — FFET SRR s o 360 13 e Ik
10km A BIZD72o THICAV A PR br—All Lo TSN TWe b EEESND. 2D XS RIRIA
WA Y Z MR br—Anb e AL, KEE (1986) D4 OLERE TH Db M.

IV. FIRFRCE & OB 5 A S

V. 1 WF7Es RO O

AR s DIRTRITECEFAIY, PG - KIEER 28 U T, “AREE", “MhstiRERE” &5 Wid 46
FEBEE” 72 & EREEh, B 2 WIREITEAS L A7 ST & 2 (), 1877 ; i, 1907 ; B H,
1910, 1912) . BFH (1910) % 120 /5430 1L ARBEHEHIHIEIR | (23T, “WLREREE” Otz rd &
Ebie, THARE  AE XA E)IN R = A VT ) A~ EEISBORR b U B =i B T 2 S B
WM=RIRA AR T E I T EARRAT R T LRl L, RRIEHIEIZ 50T 2 S ODAKRE )
BObLOLEORRRY, BT EHE GRT A A NE—1%iR) THLHZEE2ERHLTNS.

D%, RKMGHIRORRITICEEOMEITENEAME M 5. 52 RKEHE, S8 - FEAM
(1952) [TA g Hik % & D —H & U CE Tl RIRKEPAREARAT, [ B AT HIN O T & IR A 2170,
[E D 10 5453 D VHUBERIZER L7z, & LT, MassBeaid, &I x LT—akA L—Ea ik
T2 LT g R RS R TR L - 1, TRIEEAER LD ORI L5 H/EOM (W HNG, A
SeHEE - ARBEE - ERBEE ; BIEFE) ICoh, HAEBNICIEZOZROELS#RH D) Lk~
T,

1950 AT A - T, HEHLT O “AIEEES” Hifod 5553 D 1 VB IIEFHAL N R 2 12 i S iz,
O OREERHIESWNT, WHIED (1961) X, “ARELE” OFEENPFEETHLIEANEGTH L, it
BOE B DWEREEDCE Th D Z L 2B BT L, iR - R - REHGITE T2 > THAIT D “AIBEE”
T [RIRHCASE) EMESRZ EARE L. [LHE (1961) b, ARXIEHIEMEHO Tin7£) KigHiRo 2
Bz o7z o THAT 2 IRRIRACE A . EICTRACEE OWFERIKE D720, APk g (FH - #
B, 1958) LIHINDHEE - s - IR R EOMEEBAMA T a2 R LTz, LL, 2N
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2R WACEEEEE | mmemachges | BB M | 6B IR
T (BT, 1976: YAMADA,1977;
o 1L 857K, 1984, (LI -« FH, 1983) (LI g, 1985) AR (LI, 1988)
N+ <R, 1986)
1748mt¥—2 W.T.
v 8% r IRWT # » R WT. (582+32)
F  RWT F  RWT
v FEELWT.
¥ JIIWT. ¥ & JIl W.T.(66.0£38)
BRABSERE HERAEERE
BB g s
g ) WT. 8 ) WT. B ) WT.
il H S FWT B B IE WT.
& OMWT & B WT U N WT.645225) & B WT.
BooF B WmoF B BREKERE BoEF OB
& #% W.T 4 F W W.T & #F W wT.
I 7R HWT. Ein & W.T. i B W.T.
B BWT H R WT M1 W.T.(69.6+3.0)| BRI W.T.
g1 & ¥ W.T. (71.7£4.1) # 1w
o HZILEEERE IR KA 2 T BRIK AR IR K R R
765+15
Ui YEIW.T.(76.3i4.o>
1b 64.8+3.4
A EWT. 724+38
?
MR WL wW.T.
ELREWT
Ia BB LwT
— D RWT.
| B HRWT
FOR OB
R BRWT - HEE s A RRE \ CRTE | kw8

gz EE L L CRRIRECE BT RIS KT 2 E TITIEE L o7z,

W.T. D BHEEIKE

(

Y HOBFERI VIO 7 49 var Ty 78R BEA100 A%

Hiulol 2 & TR TRIRBCEFH O T4 AT MUk O B X 2 A S A LTz

JTHEED (1961) 1, ARIXIE

RO BT O FHANIE L FRI LT, S2H (1955, 1957, 1963) |%, AIE R B & 5 TeAR
EAR-HOMBEFEZITY, “ARBEE O—ICERER S L Z E2RDRN O L, “LREEE” 2B
AR A DN DS - AR ST L CEABMRICH D LRtk LT 5.

TETEFRCE I B B A2 e N A E o 7201, 1960 TH . ILMIED (197D) 1%, Kk
TEHER & ) 9 B S ASE IO R E 2T BRI S OMER A2 TR U, $iz, AEEE PR L7kl
WEEREL 1 -VICAT =PI L B4AK), 2D OZRMIED O L FR OB 2522 L.
ZDH L, ERCERHHIE (BT L4 121, AT — V1 - A7 — YV IVOKILEEER, —icbi
R~ < EARH 2 &2 b o Tl L, BRI (CEREF) CTIE, 27— VIV O ) IEASEPCE 8 03
NW-SE i OWiE % & - T “HAE" LHELTWDHZ LaRLT.

1970 R IR AN IE L L, LA A HIB T OREMZR BN TE 21T 5 £ 91278 o7z. -2 L WATL



T, WIRTEACEEE 7 —~ & T DA EH
TR, FOTBE R - BN -
I B R 70 & DA Lo TIThb LT,
DO L, RKEHBICEEREGRT S b
DIF, &IATINT X 2 FE W 6 ) ok
ORFFE, g (1972) 12 & 2 /NS0T g P
Hssk DL, FTIT (1973) (2 & 5 /NKHTL
g OWFE, K (1973) 12 K B ERAT
- W AR HI OB TR ECH D

PETREADTE (1973) 1%, FEIATE ) H5 H
iz WnWT, “WAER A RESICED
“WIRACEE” (A7 —V V) BRERL
A D DY ML b DTSRRI
J@ir B L ER L (f 4RBIR).

ARG IED (1972) O MOROHASHI et
al. (1974) 1%, 27— IV F ) ks
BEIK S T8 DX FH ST E T I b T 5 2
EERWEL, RE LV AT OREE LB
O REEE OB NS, ZOER~
7BV ITIBIT DR KIED LB B
THZELERLE.

—%, WAF1 45-48MFEEITIE, HUEHA
PP & % TTE WG HiIsk o Hi B A & AT )
D—>& LT, MFHTE g B Y B
DAV, AR UG R 6 4 B 7 I iR Hidk
OWEREE X AMER S 7z (ILEIED,
1976). E7-WEMB4FEN G IE, HIET
SV T LI M oD i W ok = 2 3 B
BRI A, THIC K o T, ARG LTS
B> [ = HHET) BibE (i, 1982) ROk
Beod Tl BmE (1L miE2», 1985) 73 H
RSN ZORR, HERESAHTH
o T RS P v s — AL o 8 R
B(EE LT, AT =0 - 1) RHEH
ERPEIC oo, T EWAITLT,
[LIFH - 3] (1983) 1A [ Hit i 75 356 70> &
[HRJE ) RIEHUER I 2> T o TR iR
BHOME AR L, Rl FALO /N K
HFDOFERD B ENREHIGERE D 5
WK AT E e L HEE L7z,

22

LA E=RE AN
I:E TEEsts

X X X X

TEm PRz S

b3

X
x X X X

§+mwn%7mwr&unmme—7wr

IIHII HENWT.
ERAMEE
([ ==

AF-SN A7-IV

[ #ENW.T.
E
‘;l\ A A~
b9 (32223 ESUHWT.
| Bas
r< .
}}“%@WT&UR@MWT
% 1% B UL B
r v
. =
% ZFRLW.T.
=| 7
= % FBWT,
| <
IS ;
~ RR-BUWT. RUSSLWT.(L : B iR ER)
AR KR E R UL B

£A% DL
IR R DB AL AT LS
PraTRp

(WT. Dkt IkEE)



137°30°E

23

137°15°E

s

ARG (UE - /K, 1988) Didn,

@A (1985) 7 £ O RhC X 0 R, BF-EFHEORERH X

WS TERE L, SR SR LR Y (A ) o b il L. () RS

- {AFH (1983),

3A(1976), H(1982), LH

HI6K  [EBIL] RIEE R O 0 BIHIRO BRIEACEHOMER.
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HoF ML) REBROBRIBEEROEHE—BEX

ZTTE mErrs |[BERE ag EABY G4 ®aE R K A B mmss
% » R WT. 130 | Rd | 55+ | |PI>Qz>Kf>Px, Hb, Bt % \ g
v F /" OW.T 70 | Rh | 30+ |d%7|Qz>PI>Kf>Bt, Hb % \ QR
NV |8 F I WT 700 | Rd | 40-30 |HeK|PI>Qz>Kf>Px, Bt, Hb % | A
BERARER 2 | ARE-BE
=] n =] 150 | BIKERE - BE, BRE-KUBEKS
;) W.T 200 | Rh | 15-30 | %I |Qz>PI2Kf>Hb % | Alew
m B 5 I W.T. 300 | Rh | 3040 |%1|Qz=Kf>PI>Hb % AN
B M WT 700 | Rh | 3040 |H¥r|Qz>Kf>PI>Hb, Bt % | A
Fap ¥ =] 50 | BKERE - RS BE BRE
& % I W.T. 500 | Rd | 40-50 |¥KI|P1>Qz>Kf>Px, Hb, Bt % | %
#* B W.T. 50 | Rh | 25-35 |#¥I|Qz>PI=>Kf>Px, Hb, Bt iz | Ao
! HEAIIW.T. | 1,000 | Rd | 45-55 |HKI|PI>Qz>Kf>Opx, Cpx, Hb, Bt |% \» (f’%‘gg\)
Nk B | <800 | Rh | BRIKABEE-KILEEKE GEER), MECEEHRKENRY

W.T. : BEEKER Rh: fifE RA:HEFA ¥4+ Qz: HE Pl ARG Kf:» Y RE Bi:BER Hb: AKAE Px:
HF Opx: fHME Cpx: BEHHE
*%%%%&U%O%ﬁoﬁﬁ.Eﬁoﬁﬁz%%tgvvxmﬁgtﬁ&&%%%mLfvbﬁ,:th%&tv.$I¢tﬁ
ABEFALT & o TH BT SN2 IR TRGTACE B & Pl ONT JE I sk & DX e 2 25 4 RIS, ARIE
JED Mg DIRFRGTACEFA K OB T 2 BEAFFADO N &2 5 16 IR LTe. £ 72, ARKIEHIEI 1T 5k
TRIFACEF DO BF L=y hOBEMEZEH L CTHESRITRLE.

INHDORRITREND K OIC, WIRFHCEE Z AT D BEREEICE I, M58 - B)IE 2R & OfE

BB (AR TrRah s KILESOHEHEZ N LT, K& 5ODEEHAT—Y (1 - V) o5

L BAT =V OWFEERPE T, ALEMEL, SRMLE, R, A RSORMICE ST, Tick
OMOREF =y N (OOWFERIEE) (S SND. KIRHREH & VO BRI R L, Zhbo
ERF2=y FOHDHHD (To& 2 1FAT — VNV OWF ISR ERE) 1%, Lo —) v Fa=y |
(SmITH, 1960a) (ZJE T 2725, A7 — VIO EBEREEICEE O L 51D 7 —) v 7a=y Mo
FRENTNWZ D, ST, 27—V MO 3BOWEREFERAEE O & D \EHMORL DT =y FBSEEE
7RI e LIRS RET 2610 H 0, F@F2=y FOMESITIE—HTRY. 22T, HERY

(A DR TRy SN RIREAL & L CHER S .

BB, AT —U1 OFREERKEL, BIZlat bV T AT —VICRSENE. AT —V laDiEhk

BERE I E & L ORI LA OBFEE AR GEHRIL - FEHRHIE) 12, F72 A7 — 2 Ib OB A 1X
RN O T A PERRES (4 LAY — )1 RTHIE) (44 L, ARG IS 135540 L7z,

D OEFEREIE 2L L7 KPR O oisiE, 27— 1 afSiBRea K&, 27— b2
PEfRES, AT — VM 3FRED - IR SEAAT, AT — VMR PIGE SOLRES, A7 — VIV IR,
AT —=UV BPEBHICH T2 LHEE ST Y (RIREINT, 1976 ; YAMADA, 1977 ; (LI - [ H, 198372
L), R ofRil & ST LARESBEI Lo Z L3R END.
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2B, WIRHCEHOAEREMRIZBE L T, WRERETICEGENL VA DT 4y vary b Ty
JHEICLY, AT =V 1b: 75 Ma, A7 —211 : 70 Ma, 27— VMLV : K165 Ma, A7 —
TV K58 Ma Lo, BTG &R RERENE LN TERY (B4K), BRITHCEHN A
WA D W =AUNTT TERLIZZ LA RR L TN 5.

IV. 2 ATF— 11 O KFEASE

AT — Y M OKREEHAS, ARBEHR 2 & TRAE RO & A L2l (i aiR<) ([Zhic> THfi
T 5. AKIEHIRTIX, TS, INNKREE, HR - MILTAREEREE, ROEHEIREE, 5 5%
IWEREBEEE D 42 = MTX O EhD. Zib D 5 b, /INRKIEE I IEERRE DB A S - kil
BB S 2 B L L, RREHTEEOBERRERE S0 SRRARERET . Zofio>=y M,
FATEE LI K HERE 0, 572 0, 2= MAA IS S OB TR SN D X 9 2 isH
BREDRERV. DD 5, R - M IAFE RS 8 I Z IR RRECE PR R OHIRE & b > Tl i c o A1
T O, BA SRR EECE L E R A AN BB D DN7-RE ) XE RPN & 0, AR e i dsk
WTOLAITHR. AR, BUR - MLEREECETE & & RIERSEER A & B L SEITR Y,
T BT A A MET, Lo A IS E LA, R AR EIRAS TICE E THERE ST Iz L
(%5%).

V.21 INRAREE (1)
i IH - T (1983)
UM - /)N ST R /N B R 50
ST NBORT PE S - AR RURT B
—r (15 ). FREITR (B
400-600m) 7 & BRI (&
1,400 m) £ T, & EICERMRICS
Y5,
ThLkE & o BAR: SR P AR e
OHEBECDAL, ThEEL.
B AT oRES (&%) X
#1800 m.
B WECE B O BEK M B -
KBRS GEWHRSE) 2Lk e L
G517 K NS EO TR 2 R T ER A O (GRLT I, FHRRDCH, X
SERTTRARGE, [FREU BN . CRIEE (ke o, FAESEY REEEH, DT

), WH, BERECOHKICED e "
EHHEALICET. 2D O K

4)  FRJFURT DY S 3 X (TR IR S 5 GSJ R40408, 40409 (Z4377)



HI18K LEEFEBGFVALIAFe—2)DERC
BL/NEAREREOBEA Y » 7 (FEX)
CNEET/NEE R, E#E415EHREBET). ms:
RBES, ss: BE o BEBERKECER), th: g
DA S K LB IR S (FE), we: AT A 41
P RSEEIKE (R RILBRRIRER), A $aR
DB, B BB
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UL, SR eLchaE - DI EAR
CRRA - BERARERS, REHRE
LTRSS - A - Fv— b - SIS
mEN, FIEEE R E L CIBCE B
PR - RIS A BRI« BRIEFRACE « 3¢
LUEE - MRIIRRE - ZILER ENE
FND. BAREENDZ LB
<, ZNUNRPAL L CERBEL 2T
LT lbbdd. FEMEREILIL
XA EREEZ R L CWVWD A, TO/EHE
DA - HAHIHIIC L > TH L
Wph, KBEEROEE L, Ly
EAOM, T AR KOBEERRY
By, Z<OBEE RS TR
TA Y IEEEZTR LTS,
EXEREEST ) RE/NRFULE O
R 1JRT PR S 2> & B 7 0 LI BEEB I A1
To, 1H2-3 km, FALK 10 km O H
AT, ARSI SRR h A g
(FV A MR Fr—L) OEREENE
LTS (B1e, F18K) . 2 b
DEBDO DL, WHEOBRETHEL L L
TRBETELHDEFEIOMUTDOLD
Thsd (FHL4K) ¥, 10 m, &=
X100 mAHEA L9 0bDL, &
EROWLETEDO ETICKkEEEOR
MR I, T 2060 TiE
<, MREL) oFREHESND.
Db OB RESLIE, FRERH R E A
OINFEESIC £ T, I ERR IS AT
LTHY, BERED R TITHER
IR LEEL D HIXDDICEEOEIR
FELTWDIZHERWZRN. LA,
R/ R AL J7 0> FRBH ) 1HRT B (2 8 1 9
HZAYVARNA PR —AIZONWTIE, K
BEDOHLDOTHDAREEEEELEN
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%19 EREAVA MR bu—L20E
KB Z H < KILBEER S D55
MR CRENCHEEE B4y . (KT
MRS, AEUIE ; GSI R40417)

9% 20 NS BT DA SN2 RIRTTRES  Casl) 2 B < KILBEEIKCE ORMIIR (5 18 Mo B Hik)
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B 21 X NCKREE AR E S GEBL) &Rl 25 (T FEEE T 2 MR 0 WS T M I A
(% 18 Mo A Hi41 ; GSI R40430)
AN

LROBEIIIE, LIEUIEE Y OKBESED? B IRAE U2 BRCE — KILBEEDCE ORI E A L T
5 (19, H20K). Fio, EHUTITEE Lo kRSSO BRI, B L QBRI AT 28R E
ZORTROARASEET S (21K, 20X 572 TEA ) BEEIR 233 kides 13, M (CHERS L 7@
DRFEENBREJILT, #7494 b (tuffisite ; CLoos,1941) XX intrusive tuff & Kigha. ¥ 7 ¢4
A X, KIIAT AT L CREIE 2 R L T 2 KILIROEEED, BEFEOEA R OFLH LRI
WoTER LD, BAZMEL, ADICWMYVAATHIHS Y rEAZRT b LHEHINTND
(HoLwms, A. and HoLwms, D.L., 1978, p.178-179) .

NIRRT O BRSNS, 25 <, IMROXRI AR AMBE L CTE o kaETI, B
DY 7 4P A MEVER (RBHEAER O—FE) 12X > TS 72 b D¢, KB GEARS O—/Ch
A9, Fio, EREIEERLINO/NKEEIENL, BB RRICE ROGERE B S DTFAEN D, KA D
MR T HHEREM N FEERTHA S, Lo L, FEEICIXWE OXBNIAFS T,

V. 2. 2 HR-MILEREERERE

i LEIED (1971) OBURSREEEICE 8 & (1982) DR ILIAFEEIREE & % G, 1 DD
Bgr=y h& LTHEET D.

i BRRESRE BRI 8 A En BT ) SRR AR R (TIN7-RE) IMEHEN) %, 7o Ml Rs5e
PRAETE T % BT AN L (B 1,479.5m) 435 (EpEBkEo = RET) REHIN) & 2 eiust e 32 (58
16 [4).
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S A KO UK S D VAR EEIOE 1T, AR 2 & T SRR GRACE A (AL & O
fril 2 bR <) OIFEFAIR, mALK 80 km, HPEK) 50 km OFIPAIZ /34T 5. IRMRHCEEF DR KDL=
v FTHD.

gL OB - ARRIIEHUSRE OB 1 LGEE C R AR 2 NS ICE S . NESBRAEIE X
TV D O, I LTE (BEm 1,745.6m) A BRI 2> TG 1A 3EZET 54 (555D 1l
TERCTROFRNBINTNDIR) O, EEH 1,560 m OHURTH Y, e - ENS b PAERD EiC
AWM NW-SE TR T 2 A A mE b > T, AEAHLY. ZORESHEOERN - BAHE, %
1 _EIRHISRIC 51T 2 A8 OFERMEE D EN - B L BlTrh—B L Tk Y, AEHER% ICRASE RO
WRNZ [F1 52> CHEBN T 5 K 9 RIEENR D o722 L2 R-E LW 5. BN X v k)i ¢k, AJgixEicm
DM % b o TERBER AR &l LT 52, ARRIEHUSALSE CIEmE OB Uik - THEREBE
EDERPEALTND.

728, EROREASHE EOARRER N (EX 20-30m) (X, ARREEE & g LT, SoSoMRL G
DO mm iiitk), TERCE BEALR DWEREEEE T, 32 7 AMLORREARN &V S Fia T LT
%.

F 7, ARIEHBTHIO NI SR B I, AT 2 LA | r— A b7 5
WHAEROEE 10 M- 100 mDEREZUAL, TNH6DFIZHEALTND.

INRARRESE & OBER /NKET UK IZ 30 T, R/ INCK SIS L T2 OHIERY) LA % 5
DD T EMNZVR, REO—IT NI L TEABRICH Y (5 181X), Wi O8I
MMIZE A TN S.

[E& ;1,000 maitg & HEE I B0, EN—E LRV O IEM TRV, 8 HAEEEROR—Y
MR (16K T, HFTOREZ 650 mEL ETH Y, £k v HA R OLF IZm D> TR I 13 dd
T 5 LBHEPDHNTWD (LIHEIEA, 1985). AT - F4kL & #f SHUE WX (A-B-C) TiE, R
1T DR E1E2,000m (ZET D23, NE-SW HRIDETEIC &> THYVIEL TW S AREERH Y, EDOIES
FZInkvbnThHAsD.

B ABORERSE, EEEIY) FHHER) (ICETTHT A VA b (—ERIRECE) MR DT B
NH7en, UTICZNEEAEHEEMES. Z201E0, FEHMEITWBHTHLNR, FLLAEahice
SEARRSAKMEE T HIRIC A S5 (B 16K) . F72, FEMICHARTOCHR TRt RO D I W itra A
FEREIC A OB AARBHRIC LIZLIEEA SN S, Lo L, FRERR-CKIESERETE 2 &, 31 5 T RER-I
Bamd &5 REEmITRWES R, ek, ARBRIEHISALEE) & FREBIZNT TIE, 2 b0
FEREI S DN N PR BVE R E R &2 %200 CTas 0, #l FECERADIRATIC K & R ERS RMRTET 2 b D L HEE
Ihb.

(4]

JREZRVN UK % 22 L, KELOMEASEGEATN O B SLOWT A A MNE (—ERACEE) @
MR - BRI 2 LT 5. AR (RR) (3, 35-60% DHIH TELT 543, Kisrid 40~

5) AL— bORTMIE, EHOFHERA SRS - BN X D,
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AR+HVEAR SEBHESELY
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oy % ssRKEE
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A B

H23 XA, B HR - AR AR PO RMOARE LV X BB SR ONMNEITEEILES, /N fAKE) .
A BERE AT e, B YEHRE I EE LR

50% DFEFHIZA Y, KWPE DK BIE T T AEEAREEICE (vitric-crystal tuff) (282 (55 22K A).
AR OB BT, BRA > A5 > 0 ) RO > ESHEHMORRICH 528, 02720 OEBIERH Y (F
22X B) , 5D 10-4 DRITET D, 20X 5 e — Nk Lo, Tl KigsNicis
1T DM IR EER S (I HNE2)>,1985) KON TRk RIEHUS N Z 36 1T 2 RREEFEEEICE (Y AMADA,
1977) ORI E K< —BLTWD (B 22K B) 8BS & LTI, Mia (RRCRTER) b %<,
FOIEPERER - ARG - RENSEY R ERNE TN, WACEEO b O T, BRERIR LS.

APV RFEBWICEENTRBY, B 10emaif%k, & X121£20-30ecmZ#E L, V2-VI10RRED
A FRER L, BIERIS R THIUEL—4 T4 MEESIRO LD (5 23K) . AL L KR OB
ERSEI L — T HLRL T B DS RS, BHRASCT U RA OBEGIE UL LR S CHIRLRS i D&
KL, TNOHRRE L AOMEFMICFEMEENTND Z ENZV. RE L XhOESRE
o> EPMA Z3AT OfE R LA, RO BREERRIE 4, BRI A 3B @A oM 2~ L, MK
FARBERITNTNS my ENMEL, EREHIEMIITF Z I THD. ZNHOMEIL, FEL
RO ORHE & ST, KL (1979) RS LIEA (1982) 238 H AN LI IRRiACESH ORI
F—FellE %4, MgIZZ LW~ 7'~ in BRI #E /Y FCAER—IC <AL TV 5.

FEETE, BL12ecmBEH D WIEZNLUTT, &b, ZOMEIE, Fr— b, WA,
H, TRCEREICE, TR P A BERILRPIGRE (Fh) 2ETHD.

6) Il BHEORARERHZ LD (LLTFREL).
7) NSRRI, T4 DR BETFT S S 7= 40 Sem % (GS] RA0076)



Fek THBIL RIBREORRESERRUIERIEE OLFERR Y — VAR

w0 wp-pssscar | GEEE WONRE BoREE HO % B < 100 % It
No. 1 2 3 4 5 6 7 No. 1 2 3 4 5 6 7
Si0, 69.84 71.72 73.74 77.39 70.56 71.60 76.05 | SiO, 70.33  72.47  75.26  77.86  72.25 72.81  76.90
TiO, 0.40 0.28 0.17 0.11 0.30 0.23 0.06 || TiO, 0.40 0.28 0.17 0.11 0.31 0.23 0.06
AlLO, 14.80 14.41 12.65 12.26 14.14 14.29 12.4¢ | ALO, 1490  14.56 1291 12.33 1448  14.53  12.58
Fe,05 0.81 0.51 0.29 0.21 0.57 0.67 0.83 | Fe,04 0.82 0.52 0.30 0.21 0.58  0.68 0.84
FeO 2.58 1.88 1.42 0.95 2.10 1.74 0.41 | FeO 2.60 1.90 1.45 0.96 2.15 1.77 0.41
MnO 0.05 0.04 0.03 0.02 0.05 0.06 0.03 | MnO 0.05 0.04 0.03 0.02 0.05 0.06  0.03
MgO 0.65 0.37 0.32 0.10 0.58 0.28 0.06 | MgO 0.65 0.37 0.33 0.10  0.59  0.28 0.06
CaO 2.94 2.41 1.91 0.54 2.97 2.28 0.84 || CaO 2.96 2.44 1.95 0.54 3.0¢ 232 0.85
Na,O 3.59 3.62 3.54 3.27 3.07 3.07 3.38 | Na,O 3.62 3.66 3.61 3.29 3.14 3.12 3.42
KO 3.56 3.66 3.88 4,53 3.26 4.09 479 | K0 3.59 3.70 3.96 4.56 3.3¢ 416 4.84
P,0, 0.08 0.06 0.03 0.02 0.07 0.04 0.01 | PO, 0.08 0.06 0.03 0.02 0.07 0.04 0.01
HO(+) 0.66 0.47 0.71 0.39 1.22 0.36 0.51
HO0(-) 0.15 0.24 0.14 0.17 0.17 0.58 028 || Nt BRERMMARMERLT (41 + CREV ¥ %), IMSET@ITLIGS] R40077)s
Total 100.11 99.67 98.83 99.96 99.06 99.29 99.69 No.2 ” C 7). EETEHETR (GS] R40080)
No.3 BERMANEMEE (KE Y v X). |NEETIEF(GS] R40081)
% & | KLV OKBRLC AR | ARILL RRILe BHOE BR OE zz: gzsgﬁgf?ﬁ}g;;;ﬁgﬁﬂ?gcg R40090)
No.6 BERANGEARET 1+ P BFHGKE. T - RIGS] R40091)
- FER No.7 BEBIEMMAE. ERAEIIET(INT8] RIBHIE) (GS] R40094)
p= # 12.6 8.3 15.2 14.6 14.9 17.6
» VR A 12.2 6.6 9.1 11.9 11.9 11.3
s Kk B 16.3 27.4 13.3 7.4 13.5 24.8
LEHELY 2.8 4.0 2.0 0.4 1.0 1.7
& WE Y 0.1 0.2 — — 0.2 0.1
HELEE 56.0 53.5 60.4 65.7 58.5 44.5

43
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LUFIC EEMORKIEAIC OV TR T 5.

14 DU AN A RLT R TR T A DA D IAREBEE /N T ¥ IR] L P T %) (GSJ R40077, 4
VIIAR -1, 2)

Mg - BT, FRKEBE R TS, REMORE L X (R RER30cm) ([ZF &, £ OEFNT K 5 5k E
1%, ERIZIFE-W T, K50° E~ERTD . 201E0, 7754 NERE, FECSARHEIK S22 &0
DEOREAER G, AEIL, MRENAS%D N T AEREMEEIKETH Y, KWEITHES L TV,
DD EEEZE L TS,

AEFORGL > XO(LFMR EET— FKEEE 6 £ (No.1) IZ7RT . HBEOREALOHI Y EA (B
££0.5-1cm) X, TN TR EEOTWMEEZRL RN LT NTHEN I ERICT KL O/MERHOES
BERY, ZOBEBICHEOWMR A - EARRALTVDHANRSE Y EVRK -2) . 7 ) E4ix, 1§
BT, MBEOHER A=A MEEZRES, (—)2V =20° T, ¥=F 1> ThAH. HHEHEHD S
B, RS GREAL) Beb S <, BabEa, WiaAalia (Ba) ., BER, REWLEYR EOIE
AT 5. ANRAE, BAEAOKEHZRE LTHAET 21E0, BIfESE LTbEENRD. BERIT,
kI Ze b O L, BREMIERIC L o TTEMEL - FARO LD ENH D . £, KE L XHiC
%, REERBESA, e, Baba, REHEY O 22 EB0ROE > (B 1-2mm) B LIELIEE
naTunsd.

HERHARDE AR A TALT A A MERSEERE  NRAITER)IFEEA Y &R AREEE (GSI
R40078)
W - BT, BRIKBE RIS KEOAE L U X (R KER 10cm) IZE &, T ORI L 5 E IR

EITEMN-S T, BA~20° BiRT 5. #RENAS% DN T AERMEKE TH Y, EEOREMGEEILAE
AR DOIZ D REEH & 725> TV D, BT (Frlohia) ofEdIcE A, 28 06N 5.5 T, R

N N

FERERG O D i b ESHHOE O TH L. BEKIMEMICE D B2 RERRLT 7 F 0 W42 i L
Tn5.

RETORE L 2O, HHIEY D EPMA S &iTo72. HE LIEAE LY XOE— FHLR
1, BHE 27.9%, 1141 5.8%, A% 4.5%, BER0.5%, AH£61.3% Th 5. MEAILELESMmMATE,
BAHHEEERL, 77T RIA F- T Ty (Ang, ,,) OMAMER>. KEOMEARKROL L, DT
IR G BT 2 MR OBRARKRBLOES RN L2 5. FAITRE Imm #itk T, SERRREA
(Ca,, ., Mg, .. Fe, )&, iV DbEOBKEEMA (Ca,y ,, Mg, ,, Fe, ) &b . SR D
3, —MELBIFLEALERR, RRASLT 7 F NAOEAKRICEESHRZ LD, k@A 3K
BOERET, LIZLIZEEAN A (7 =m =7 U A4, mg=0.37) OSHKE b, BRERIA 0. 1mm 2
EDORT, 754 MEDICEFT (mg=0.16-0.19) . REWHIEM IV BT, FXUEBIEOATH D, 1k
TR IRMEZ R L2 b, BWEREMICE Y B FARRO A%, RAOESERLLZ->TND. AT
LMBEOARARLBENNE ENDN, ALOGHKIIES, 12BETHAD.

BERA PG EADE AR T A TRECT A A SRR A 2 BT R 2 AR ARE B E (GSJ
R40079)

Mg - BT, KA ERT 5. KBEOKRE L X (BRER20em) ICFE A, £ ORINC X 2 HEREE
IEMIEIEE-W T, 25° Jb~MEM T 2. 2030, PEBOBEEE T (MECEEIKE) 2 &1, &R
A5% D T AEAEREEIKE TH Y, WEOERREITALERIER OO REEH L ro T D, £2EDE
B3 33THD.

KEFORE LV RZONWT, MM O EPMA 53T &217 o7, WELEARE LV X0 E— Ak
13, RHRA 31.5%, A3£8.5%, WA (+AKA) 2.8%, BER0.4%, A1#£56.5%, ToOM (B ) EAH - F
5 BRIL - WA ASE) 0.3% TH D, BEADEEREIAFEOME (GSI R40078) LFEERTH Y, Ang,
O RAEEE 2R ROTEA IR A LA Do TWD. HANESA X Ca,y ,, MO,y ,, Fe,, Mok



34

HEEA ChARANA BERE) 1A O HEE LTET I1EN, HMORKREEDL bORELL
Zxrx7 UABRA (mg=0.32-0.35) THD. BERIKILEHZE > TWDHD &, BERMENIC L D%
M7 2 W &N oD AT, MIRMEEKR LN, BVERIERIC LD M FARO A - B
OEARE RS> TNS.

ORI A - I & oA AR)

AGEARNE, /NN + KR - AR - BRI RS K 7 &, AR B HUSPE D 0 7372 0 TRV RIFRIS
AL (3516 1K), KEMCHD & RBRFEEIRCEB OB THEZ 5D Tn5. T2bh, BT,
%5 950~ 1,200 m T/ MEKFEESAS, 1,200~ 1,450 m A3, 1.450- 1,646 m (HEIRILILITE) (23548
NEH L, F7o, 8EJFE T ILE OB EMLIZm > THEERNZ L 2B A8 H 5. L
L, BIBKITR LIz & 518, EHEMIVINKMETR L EEEMT 2 2 L bbb 0, AEME TEM L 05
IFEHEC A D HATWD B L.

AEERIE, Frv— b, B, ek, BEERE (Ridb Al ) , ARk, Mk -tk 722
EORBIER &, HCERIRE, MR, MEE, 7404 b - Z2ilis (s ?) s EOEES R
EMMBRB. ZROIIEKE om-10 em Fif%, & XITIX20emICETH I ERDH L. TRODOAEETD
O, BEENITEL UTRRBHETARNS, SEEENTEL UUMNUKREEIZIRRT 5. TEHH
ORI, LB TEih) BIEHIRN OA % B/ - OFEAMIK T RWZSh T (LHEIE),
1985), JCiARIY (D 7a< & b AT — U MLAH) OFERIEDIFEZ RE L TN 5.

LU, A ORI RISV CRHET 5.

RERA DA BRI RIIR AT A Y MRS« /NMIRTERTRAEDIE (GSIRA0080)

- BT, KOERT D, KMORE LY X R R 45em) LOUH « F v — M EO RIS
KR4 cm) g T, ALY XOMEEIE, FRIEITYIETH 5. A/ T, #bE0 48%
DT AEREREEIKETH Y, AERING6 TH L. BMARERIC LV BMARRERSTY 75/ Haz
HELT0S.

REFORE L ZAOLFEMR L T — N ZH 6 & (No.2) (2T AE L AR OAKBERIL, &
0.5-1cm T, @RHARY. FRAE, RE0.5-1em T, REMENEETHS. » ) BAE, BE1-
2em T, MAEFHEEC S A MEEZRE RV, BRI U BRI, O BN - RDR AL 23
Lo ESEEm O 5 5, fI7a (fRiEAk) kb 20T, FaANA (B6) , BER, HEHa O
N+ % . LiE LI, BRRERARAG, BTG, HARG, RENEY 2 L0, BHROES
Hao< 5. AKIMBEOAYE  BADLRD.

A A P RE R SR AR B /J\ﬂiﬁﬁ%ﬁﬁ%@fﬂ (GSJR40081)

B - BT, RAERET S, KMOABRL VX (RRKER20em) ICEHA, i L 2 ERMEEO £
FERIT NGO E, 32° NTHD . FMCHEEK S « . Frv—b - BHALEOEF (kK% 15cm, T 1
cm ) ZETe . AT EN56% DKM Y 7 AHEIRHETH Y, WEOBEMKEEIIVIRTHD. B
LA O EITRRD HR .

KEPORE L RAOFEMRL L T — FHR A H 6 £ (N0.3) ITRT. ZORE L X ARERS IR S
BIEENIAE LV AD) L, RbEREOMMAEAL TS, A - RAOKMOHEMES T E
WOFT A A MROARE L > X & RER., HEHEEDE LTI, BEF’RLLL, ARG -
BEA N TR, THBHIHITEAETRT, RiRA - RBIESYSEOEEEMIC Lo THEEHEZS
naTwns.
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CHIPRE A A B )

AR, ERRAACH U (X L BIAMGE) 2 BRAFREEH R DY, AE - AEE T ICE DHIBBER O
FASERIR A I, Z OEIRMEE GEIR E-W, BI~80° AL I[CHRIC, JE& 2-5m OFIRERE LT
&R, EBITEIK 500m EFET 5 . A (GSI R40082) 13, WEIKE « i T, & MmEK 30%, Wik
AET, GHITEL5mMm LT T, WHEEMICZ UL, REITARAERE LR L, A - i -
BERE e 72 EOB R (B mm L) 251,

R AT L7, MR O ERCE TR B (GSI R40083) 13, T EAdLFIcbEH L, B
5mELLT, FRRE - B T, fEREA 30%, AT 2mm LT T, B L L CRER AN
£ (2) &G 7, EEITIIR RSS2 R, BEAROLY, EREIRHTHS.

V. 2. 3 FEFEERREE (1)

i ILEED (1971)

R TR R AR (REBR TIn7-RE] (X ki)

S AL UCRSE LB vE A A EE U, A FEDE I NW-SE 5 A11Z 30 km 2T 5 (55 161X). A
BE IR D & D 1%, AJE OIS T 5. ARIEHU CIZ/NRETEE LA BLE RN 5 &, T aEAR
W, R AT 5.

T & DR - AT —ARITHR - M IIVAREEEICE T8 O _LIZEGIICHEH > TV D, AT, Bl
B )7 ORI C, MRS SIS B WRT A 1 MERSEECE YR - AR LIRS EEICE) &zt LT
ENEH-TEY, TR T, FERHACHEEEED 2L 2L, BENAET S, TEHEARNT
FEE ST T AE R BEE OENRDEA L, E72WEIC X DM EH 25200 T 5720, i OBRITH
BECRV,

B&  HHATIC B8V T 330 m Tl bRV A, Fav L 0 AP 5 o g Tl —fi%IZ 150-200 mFREE T
H25 UMFL, 1974) ARRIFHIE T 50 mBRE & RAISNLD 03, BB OFEED O ERMETIEAR.

B R - LA ERCE B IZ LT, TRECEE T, Msm A A< (B 1-2 mmERE), v E D
BEHDR B0%RRE) LWV I RENRDHD (B 2K) IO AEER 2078 ) £ Gl REL 3N
A (ERE2-3cm) THHA, WMERMKE < (US-VIORE), RELME®EL TS, ML (1974)
1, B D T BTG E T (Wi s DI KlEHR) oREZ 3MoEF=>=y ~ (T
front, 1, T, ) /oL, 05 ba=y NIBNERKOKREEZET D HOEHE Lz . ARXIiEH
oLk, b ESCHERENORL 2=y MNIHE T LD THA .

WIZ, KJFORIRIPEARIZOWTRMT 5.

TBCAE AR S - /NKET T BRE, HKRiEYIH (GSI R40084)

M - BT, IRBEZ 2L, REL Y XOPTEINC L 22— X0 (4 MEENBEETHH. A5k -
RAZEOHKMAIIRIMMATZO L ORZ W, AREOE— FHAEIL, AEA9.3%, A15£8.9%, U E
£ 5.1%), EEESY 0.8%, NEHILMN0.2%, A-AER 1.0%, KE74.7% Th5H. EHEELEMIL, T
NRTRBAICEZBZON TSN, oA THA . AEERIZ. ER2mm U T T, B4 - BHE
BE - ARERENLRD. BEITEABHE LT T AR n520, BERREMAEEOEREIEY NS
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V. 2. 4 SFILBHERKRER (1)

4 LEED (1971)

RECHE < 0 RS 01 s - & ARl (FEREo> Tnv-RE) BOIEHbISE N ; 55 16 B HR)

S BISEIL MRS P AR 2> B, B SETRE PE 5 00 )R] - BRI I A2 T, 3RS 40km, Rk
#9 30km OHEIFHIC /AT 5. ARRIEHITO b DL, ABOIEEICHE Y U, /INIT SR TR & FE L
B LEFEEIC AT ToHAT L, T HER A~ <

T & DR AR ISR AR O LITERARICH-> T\ D (E16) . L L, A
R HBAE PN C I DB ORISR R O B DI, BEILABLE R T OBIHDO L T v, FHFA Tt ik
AJE DS B~ WS LA AT 2 B > TV A, WTFNOBAIT S, AE RIS IR &
IZREET, TAEE ORICE LW A D > 72 L 1ZE 2 by,

B & BT 200m TH 528, T LV AE)5 0 T B BT LR Tl 250-550m &, SR < A BT
%, ARIGHIEN T, AT —RICHE AN 15-30° FR L TRV, &30 K 500mFERE L #E &
nNa. Lo, RBESAIRO LU Td 24458 Tt TIIABIAL T Icmi > TES AR L T
5.

B AR AR LRI E 23 D URECT A 4 MERROBEREECE (G 221X A, B) C, B R - fitll
FRSEEIE TR I TV B 28, ARE L v XpVMEL (RS cm BLT) Th Y, WRMICHES R (BF5 cm
R 2GR EORIZBN TR SND. fEfhE40-50% DT 7 AERGEIK S Th 5. A EEAIE,
Tes, W, WIKETEE, BHEls Uit Az &), Fv— b, 7 AEEKE, EMBEES 8L
ThY, £, SALOMIEREEREEND NS D, FALORAR - M ILEEFEERIK S 8 <0 IR A T hE
BEIKA JE 70 SN RS D BUEUE 3R v Za.

PATICAB OREBHEARIZOWTRHT .

WALT A YA MERREERRAE - /NMRETETT A FRIEEIE (GSI R40086)

KJg O IEER B 10m EALOIC Y 2D, @ - BT, WRIREEZ 2T 5. AH L X3
(B2 cemUUT) T, E<EELTWD, REOE— NI, BHRA17.9%, A#K15.1%, 7V EA
9.0%, ¥fif « AP 0.9%, BER0.8%, TEWIHY0.3%, AEAET 0.2%, EHE5.8%Thd. B IE
A, WA= A PEEEZR L, RO HEMIT L > THBL TV, REAIIHERMLERZZT,
WHEHEE TR ORI - M AA R EICESB|AON TS, AEAFEIECHELRETHD.
MEIREEE AL, RMBEChH .

TEALT A YA MERRSEEIR A« /INRET— (245 SO, A0 1,300 m OIK (GSI R40087)

ZOHE D OB A E TOLEIZ100mBETH Y, AEITARE OB EEICHEY 5. B
BT, RKEEEL, FROEARBEE LWVEEEAEZZ T TS, AL XEIER2em T
Thd. KEDT— FHMIE, BEH25.4%, H312.2%, 7V EAL8.1%, fif - ARG 2.2%, BER
0.5%, NBWHED 0.2%, AHEH 0.4%, HEH51.0% T, LiROERL Y LRLEHREOMEZ R L TN

8) /NI — (LA MGE DRI OFEA  (GS] R40085).
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. KRV ZPORREAERLN ) RAITHERIC L VMK ROERRICL> TV HORZ . B U E
FII AP A MG ZTR S 220,

V. 3 Bl <5 J& 9 (A)

i 0 AH - B (1958) (ERSE L —H# OWRITHCESAT OFEEE % —15 L CRSF8 & IEATEN,
I EED> (1970) VER<R) IR O E ST L R —FEDO & D (AT —Y N L AT =V MOERE 2T H D)
WKIREL T, ZhamERLE.

R - RIS RSS54RI (RERBE T As) BEHk, 55 16 ).

2 BRI A FE R & LT, 2 0 AR ST RS (L PE R AR i K Ol SRR 2 A T DR T D
HlsI AR < A U, AERRIZE AR & R (Tl RIgHER) Co 2. ZOIR23 0 (3387 30 km L L,
AL 50 km LA 12 5. AR HIE N T, /NITEF S H7 LIS X <t L Coafiid 2130, &
WiAR ¥ 5 OB (e R Of s 1,428 m), —{igs Ly, Wil F s, AREBALs L OvNB)I L3R
I NEBE A 5.

THIE & DBER - ARKIEHURRT T, ABITY RIEREICH B 2 A E > T D, EFRA
FELE O RS 950 m D HLA T, A& TE
DBEEIRERY S5 D3, 5 2 1 F 6 R IK A T8 O s ok

| iz ymny s BOWHT A VA L0 LicthoTHY (5 24
R0), TR O SR T, D P b s
KRB EHRIHRS 10-20° OFEERERLTNS. —J7, AR

RKERE Hi A AL 0 1, A 1 SRR Y L v U G A
& SRR &

IR ZEoTEY, ZOMKRIFTIET O Tl
PHIFRE BB TRHUINAN T HRRTH 5.

B & KRB OO LTH D INFREF -

A sk The /2 <, 300-400m DJF &

?
EAET LN, TL0 IO T SR UL T
| WHDE —fIC50- 100m BREETH D (IAEH AT,
& - 1976). ABQURHik T, BT8O #5441
CBWTEIHS0mM Th v, dLiHik ¢
o IR LR 20m AT Td 5. A 1L TE T OBERES T
50mUEOEIZRESOEEDLRD N, &
0 e s

FAT A A BRI E S - VALY

~ ~| GRuBERRES) RROEOHD T
BN FSBERR (MTEES - REASHAN A8 - EFRIR R BRI - K
). M 1972) 12 5 % e - B - BERAR YN DAY, RE -

KT E HITEBEERE LW,

) WAL OWIFEIC OV, i (1972) Oft#iESEIc Lk .
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WA FEUIRIZB T D ARG ORI Z 5 24 IR LTz, 2 OBIATH DD EIR B AT, #HIKE
BT, BICRRRACATEIC R T BB G720, FRUTEYE - JEE - Ty — MM EOMEEE S
To. BEIKEIRASIE, BEMAEEL, LELEBRAREZED. KLEAZEDRIKERS (GRI
R40544) 1, & 980 m OHLAIZFEH L, B SK 1.3 m T, KILUEAIIZITEEmEIZH > TRFEL L
ERL1emiiz O b ONREZ . KILEAOFEIIZ TV N A X0 KB bR Sh, Zha kit
PA RDOBREPENHS B> TVD. KINT AL GBS, ZORHUSNTH, ZOMiEDK
DENCBNW TG & LTRWEEND. /BT EORMET L, B hn s I 27 ¢ v 7 filigk4Er
FTHELNOMEND. BEET, ZOBETITR LRV, FAFRE ST X A ) RICHEHL, 2 JE%
HY, WIFNHES 2miitk T, EFiRWEHERBRIEOIRE « 14 « F v — b L ORRFHCE I Ak
T D UEAE RS O 2 cm BT O B - i S, R OB L OMlR SN D, 728, Lk o p
SEREIE, BARREE L L, BUREE - B - BER LR EoT 0D

V. 4 27—V KPEEHE

AT = VIMOKFEIEL, 27—V 1 LAk, RAREIROIZE A ERIR (HEEERL) [2bhiz>Th
M9 5. AREEHIRTIE, TN D, SRIAREEEIRENE, TR RIS, B0 R SR 8 O 3
A=y MZRGEND. TSIV O IRBCEE O KRR Tl 518, @il EE I e 1P
\HOEAE B AR, D7 —) oy MBS D, ERIREREICS I, AEE N
WCEDREZRRT I, SRARSEIKE B ICEEL L TR Y, L7 THAL - Rk 2.

V.4 | BHESHERRER (1)

g IEIEA (1971)

R TR SRS (B T7-RE) QMR ML)

BT MR BT L BB L C BRI L, 2 0 1E7, WS 1 A7 Ml TR,
1976), 1T I OURE) IEREBEDEETE « ILFIE Ay, 1985) <o LI il GRAVERSEE R -
VT, 1982) 72 &, BRI & A ERHEIRICHT > THfi LT05 (5168). Zhbld, ok
IE—Hi & O KPRHEFEM T > 72D, ZDHROWIELRBIZL > TOMMBKIT-NIZHDTHA .

T & OBIR : AN, ARG DL A T 5 TR 0 LI S A H> TH b,
COBRIE T L O B ORI FRE TS, T, ABEHIEALE 0/ Fk B OB el
AR FE R & A b b5, £ OB, HEM LGRS B EEE- TV 5. %
72, ALK O] B R R TIL, AT O E AR - AR 2 A S TS (HRIED,
1985) .

BE RO, Bt TR 700m T 0, EHILTERILIE T b9 700 m & RS 1L 5T
Hil B-C BR). /NEJIFebk CIRAE O LA A7 LA\ e R Tl 5. AL Tl BN
TIE, 1,000 maifg EHEE STV D (ILEIED>, 1985).

S48 AREIE, B R B TR AN R 5 I AR B 72 5 %, 272 L b
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IOV ERESRAELTED, 2 (b5 WFEAMULE) 07— v ra=y bhbid. EAREH

TIE, FULKEBE L T ABEREICE OEBENEENTEY, Zhitkos T/ = v/ a=y M
TNy S D FTREMED B 2 .

E=ri)

FEALE CILR A, R, Rkt Cix i aiiad £ 20, FlEe b ClEo0F W a1 o7

REDEHH 2R & 55, WIRAIZ, & 2-3mm D HEH 2 WITRIER OA RS B D, A EH5EMITIE
EAEHAITE R, PREADOAKRE L R E I, PR g 2 — 2 X9 A MEEEZRT. AL A0R
BT 5em A%, BERIT U-USTRED S DML . FidRITEE D 30-40% (BE) 25D, ZOR
BHE, Ae>0 ) RA>HEA> /A N - BER - A (?) ©, S8EIMIIES R T 0 1- 3% % 15
DTS (F22K) . EEITRERE L TRY, BT 7 AMUERIC &0 BT - EE L 22> T
5.

TR T3 Q%L T), /M (882 em BUF) ©, T ORI, LlardhARIcHkd 5
Fr— b W s (REER) ROWKLT 7 ZEEIRE GEEE ) 728 TH 5. M TEAUTHIRAE

HODEHINEEND. £, REPOEINITT, EEN %073 0 SRICETLE D5 m- %010 m
DEITERIZEELTVWDIORAONDS.

PUFIC EHEMHOALF T EHI D W CRE# T 2.

£ PIA TEBCEEFE BRI - /NI 71 Z A AE E)E] (GSIR40088, 2 67 No.4)

RRHFEREHOTIRAE R, BEOAOAREL v XL RICE R, ZOEREEITEMIITE-W <l
~18 ERT B, MR T AR TR e EOLEE A (B lem LU T) 20 BE ATV 5.

LT, E2mm g T, REMARBICEVWLORE . B EAIE, Ef2-4mm T, =1 M
EETRTH, BMNAARICEESHBRZ ONZHORZ V. fEAE, BR1-3mm T, 4V 37 L— ik %
TN, MERBEAZE L ZIT TS, BEREEYIIVET, AL LANE L HET S 52, 5%
BITHRRBA LTS, EEIE, BHMSE - MAE T, HEREBEEZ R LTS, KEL Yy Xoakk
%, MOCRE &;mwwﬂzlk%%L%TL Ly A0 LR ICHE T, B0 A ERBRRAICE - T
FHREN WD (FEVIR-1).

A D SiO MW (3H) 78% T, AR OBAMITIS T DMK (SI0,* = 73% 5 IWHIED, 1971) K UHIA K IL
WINZ BT DAL (SI0,* = 75% ; WHIE2Y, 1985) OWFh LV bEERE T, BIEE TIOHE Sz iR
FRCEEOALFME D 9 bik bEERERMEE 27T, ZHiET— FERORHM (K22 K) L HLRNTH

5.

(el s )
INBJNSFRO T A8 TS S O LI/ RBHIC IR L, mE 3RS < F— B0t S HEE S
D, BHAR DO OMRTE oV, BITEEE R OBAEEIKEN DR, —HRIC A EED

121020 mERE L HEE S ND. T U PRI OW SRS B IX Ew R biEEoRZEL-EETHY,
N40° E, 18° NW D - HRM 2R3, BEA L, WMECAER RS - v — b - 8572 EORE mm-5
cm DO - T - FAME N D2 RIET28KEWI O 5. TN ImOT v — NMEEs
Eie.

10) IS S RME. i (1972 X5
1) H,0 B CO, # bRV T HAHE S 7z SIO, 4t TR .
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(N T ARG REIR S )

INBNSCR ORI D 4 FT (W F L b/NRIFREIR DY) ICBRHT 5. T O BFA—JGHEO LD
EIYMIEIARHTH D, REIREEA - KGR ESEIEREOHTE R L, FIFEES B CRERMEIE
BT D, EXE2-5 mERE T, FIREB O K < FEEE U7 A & BERR IS TR A A T TR S
AL, BERIROAEEBRNTT R TRERC L > TRREN TV AN, BEAOH T A O L
TS - TR Y, WEARD THRL CTh 5 2 & 26, ANITAFE O KK T < \SHRES DT T A
B (vitrophyre zone: SMITH, 1960b) T& > 7= A[REMER K X V. KRB K NZE DI O FEFHIC
I USSR YR O BERIE A C TR Y, ARIREED Z L b2, ks, Th EEBORERIT, NEI
IR Y XU ARD L 0K 70 m B3R (28T 2 ARk HEERIC ELTWS.

V. 4 2 EBSkKE#HERKRERE (1)

g o LEED (1971)

B IR - BRSO BB IR (FEEO DR XIigEH)

S A A B oS | LB SR I 3 A U, EREAT IR LIS 7l b A3 AR SR (B
16 [X1) . A sk © ik, EREAT T KMAL T I EFROERF A DTN T DI T E . K8
DIALFRITER) N 5 NE-SW H OB IZ & > THi e T s,

THLE & DR TR0 EREREECE B & 13— RIOE AL m TS n s (UEIZ, 1971).
TEHbIE CIE, W OB T L)V ORI H Y, BIHAR O DRER TE 220,

EE 0 BT 400m, =K Tl <, 500m LI (4R, 1971) Th 5%, Al
TIEAEH ~mro THE< 720 200-300 mAREE L 72 5.

B AEERCEDERBREIK SN DD, ABE L, W, To, BRI (vt g S
1), MRCEEIKA 72 8T, £ 1-5em D HDONRL. ABF L XH K (B RES5 em Bitk) T, 81T
BREEMSE R AEENICET Z L ARTIE, toMEITE BRI L BTWS. Feb
B, FEIEIE 30-40% DEEE D, Ak >H ) RA>FEAOERELEZRL, ARIT L KIEOH -
7o (B 2-3mm), AIBISEWRR TH D, FEREIEMIT A ET, SVENS AN LHEE S LD A3,
FTARTH LI EICE LTV 5.

V.4 3 H)IARERRERE (L)

g o (LEED (1971)

R R IRAE AR R (R TR [ AR ) [ g )

0 0 & LT Lo A SRR I ERIC . ARBOSH OIHIRIZ Y 72 D EHE)IK 4 WA
L5 3 T UL, AT 1E NW-SE 518 OIRFRE R HRRITE I L o TRRHHAERB L BEL TV 5. ARIE
IR CUE, EW LI R, R R B, A L TERES S OWESRT) 1 ST HEAS 7 5 itk | 2 efge i) |
AL, E AL E-W HEOWTEIC £ o TRzt T .

T & DR ¢ £ IAR KV 5 Ok CIZESIREREERICS B O L2, Flo2i kvl oth
O RARSEICE B O _ BT D . RIS ORI (B 1,400 m O#R) Tl A T
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ICEDESIRESREICS 8 & AR & BRI LT\ 5. ERIARE RS TE & OBERUL, kg ok
FBHEELL T 2720, TR,

BE AT 500 m TH 545, ARIEHIK Tl 200m TH 5.

£ Rk TR, B CIKEE BT D IMBCEEREEEICE DR D . fEsh BT iRy B C(15-
30%), AT AEREMEEIE - 1T AEEPCE IR T D (35 221K) . X RIAE L7oiEE e - Rk ok
Bl v X (515 cm) 24 RICED, 2— 2 X9 MEEPHETH D Z &, —fRCAEERICZ L
Wb, R (-5 mm) ORISR A ST D L EEARHRE T 5.

PAFICAE ORERRAEHZ DWW TREHT 5.

VEBCEVERGEERE  FRAT =ikl s, E)IIABRO— 28O, 5 1,410 m OHS (GSJI
R40089)

AEOE— FHRIE, A5 12.4%, PV EAT.5%, REAT7.5%, HHEHEW0.4%, EKET72.2% Th
. OHIE, F2-3mm T, LHBOBHENZ . B RAIZERE 2-3mm ORI S &K RZE OB
B0, AW S —Y A MEESABANCEEL, —RBELEDICL > TRRENTWHS. fKkA
I, BREL1-2mm OERGEHERZEOWHA B0, AV T2 L— AT, MERMLERZE L%
TW5., HEHEEMITERICHLEEMICEZBI O TBY, AP ARAGEHESND. REL Y
AL, WERERER O 7 X474 MEEZRL, TOHLIMIZOCHIO AR BHEE LTS, EBE
IR R ERE S 2R L, MBI 2V LB E T 5.

V. 5 A JiIl &(@©

g o (LEES (1971)

s 0 BT ERPER A (FREEO T Eks ) BbE )

o o AR O TR | SRR s (CEVERD) (ST Tl 5. LV 5T, kg
WX DENFEDT=0, S ATk T 5. ARRIEHIR T, 0135 IR R & LR AR
AT THmT 5. ERINAR LS TIE, AEIXHBT 5.

ThE L D&k - HAMTIE, BELAOR—V 7 a7 b, REDR) I EEEEICERE (RIS ok
(2, Bz Rt (RRH) 25 - TS Z LA LAICENTWD (IHAIED, 1971) . AKXl <
b, ERIARR L LR O ORI T, ARBIEEH OB B R A TG M) | R EEICE T8 (SRR o
LZHlio T D, ERIIESGRAR)IVNRIR OV OB EIEICIE, ) AR RS T O L & b 28a
BECE (397K, B hr o 7 AF v 7 #lilkE R O RS, ABEEEHORE LIz KB E AT
WZHio TWDORELND. BIIFEREOR—D 7 (0T-1) IZLiuUE, #1TF4 1,200 m OEEET, JES
K14 moORE (BRIBEPICE) DM AR EREE O LICili>Tn 2 (525 KIBH).

EE . BEHMTOESIE30 m ThDH. ANIEHE T, THIRTH 40 m, Ziu kv b5 TIEkEIC
JEL 720, HHRE ERIIAS L OFEOARTITAL50 m L7225, RINNETIE, (EREEEOEIRICE
i, o, gL BDNL SO, RHATHS.

B EHE T, RICEIKRETRE LIRS LD 0, K BN S - BaJes oM BB E L
TW5. AREMEHUE T, BIKEDS, BERETRE R OIS - KILBEREIRE B, T b3 flix
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DA —F —THREIRIZER>TN5.

V. 6 BRAESRE (K)

L EED (1971)

B o ERETERR (RRBEO [ ER) RE )

S ARECHE D & FERAT ) 1 % ONE) RIS 23 CRITE IS i35 . 2 L 0 0 ERE)I E
TR CIIAE I KBRS 5 2%, ARG LD/ NIT 77 5 48 Je OREA i385 C B ONBEE A 72 o0 Al 2 s 3

THLE & DR « B K% O 1 BTk, JIB o RIS, R REGiE 4 b - C, BEIICHE
A8, BT K O | s i, A 2 RO C, B0 VARS BRI S T8 2 B - T 5. AR
WIZB VT, W, k) VAR EIKCE B 2 BB - T D, L L, MEAHEIR O OBIE T, A &
W S BRI A T & 0%, BRI X o CEil L TR Y, MO BRITBLE TE 2. 228, ZOMHE
TIE, ZOWiE O3 TR O M) AR B S 8 I, AAEEETEIChkT 2 L Bbn 2nREoMEE
2%, NW-SE F IO D A 5 m OIZITEE AN (EER) & LTEALTWS.

B & TR 150 m Th 2723, )1l - @)1 TIE50-20 m TH 5. AXIEHUE N T3k 20
m<Thob.

B ESAER VOB TIE, B RO - KRG, SURO MBS B D, BIREWEOMEH D
LR EHAT D, ABEEO KRBy Z EDDONR, #1-2cm O - B4 - Fr— ~ GERuhE
J&) B OERCEVERS RS () | PEHERER S T (L) sl - WM TH 5. WA L &1k
KEBOcmOEME LTEEND Z L bbb D, WHITHKRNDET, Ak, A, A8 LI EsREnY
72 E ORA K OWRE D BRI E I B0 B 70k, 748 EFTEE (B 1,377 m O #S O EFHTE) 200 m
D) TIE, ABIIRIKGOABETE, WEE, BICEER EOREN LY, EIRVOE & iEhs
DEp5TND.

V.7 2T —INOKREESE

AT —=VINOKWEREE, A)IE - BRIABCETE & RIS, IRACE RO BRI HIEIZ, NW-SE 5
O340 2R/ LT\ 5. B FAARTHIBE T I3, W) 1S BEIA T8 1 OV T 8 2 e A TF
D B H R D2 LIRFE R A B A B 72 5 (LB, 1971) A3, AHIUE CI3Mli— )| EREEEI A TE D 7
MO %. WFE)IEREEICAE L, £& UTHeT A A NEKRRHERY 5720, JEZS 700 m B E
KChlroTH—07 =Y v Fa=y bNSRLZENR—I 7 a7 OEENLH BN S Rz,

BRBERRERE (V)

i L EIED (1971)

R - SRR R S )1 B (R B T An ) BE Hdk )

7 0 DIRETRIGRIED O, EREATREMIR A % T, AR O L (5 1,884.5 m) J&iI
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<« F N B FHF B H— &I Hbig
oT-1 #5
v v v v1650m
\2 \/v\/ V|
ﬁ]ﬁ%m \/VVVVVV
& [ o1
AN 425
oy ooy T-2
~ vV V V]
: : \\\\ vvvvvvv oT-2 :,i:f 1340m
~ o~ \\\\\ \/:Vz\/\\:\/ vvv vvv 1280m ~A;A o
o Svy v VY _A:Z,:; W'YR‘/E*L\%
- v gy = ~ ~] T WYY i’ZiZ B
~ ~ |lRsTAA | N v A B~
o I SR o
}\ﬁF‘)” - — A VA ~am~a
B RREE || T R RBHTLE
I e s
~ o~ /E%ﬁju:/;iw—(ﬁ xxxxxxx
B}HE R 1 PR BRIK & (4m) LN
;ﬁﬁﬁ()\\‘/éﬁgg Rl ST x+x+x+x
o [ Iii r500m
EmES X% o+
X X ’
TEpRE (feee iy
+ + + L
Ext
X X X
X X X x L
Lo

o5 AR BT S 5 BRESCEEOFRMERR
Fr= A F —BEBIREHE (1088) i S &, —HME. REATH0RBR
B E T, NW-SE J71A1IZ#) 30 km (Z D72 - THA T 2. #HF )RV T, AR 2 51
P AERE & NW-SE 5 1a O W GRS S HGRITIE) (28 - CTEEf L T 2. KIKIE IR T, Ao
LRI D 3 AT AR K LU AN K D B D= O RBIfETH 523, WL RICB T 58—V » 7k
(OT-1, OT-2) IZ J i, HIF 1,200 m DIEEBIC £ TAREAGFAET 2 2 EBAMERR SN TR Y (F25X),
FIR A & 0BT OT-1 #A LY bALRICALE S 5 (5 16 K).

THIE & OBR ¢ Al &L 0 FE 0 BIRE T, AU O FEEBICIE & 30-50 m O FEERHKE G
(IR, —H#BpRIE) 2RFEL, T, BIRABS R A ICE > T (IUEIED, 1971). F72, £
KK 7 WPE 5 ClE, ARJE OB EICE P EERINAREEZE > TBY, HEMICESKN I moRE
T A (vitrophyre zone; SMITH, 1960b) 2338 L T\ % (RIREIAF, 1973) . ARIEHIE <1, AE
FEHREOKRNNE R TR E) 8z, ER)AS Lt Tk I s s B &, £y 74
KOMEATIR CITBRRAESEEE, TN ZnE->TnD. 205 b, R O HREDEHITIL, &
JE DRI LR L MERD BEA T T AEH, JES 20 mEitkIZolc o THET D, Mk TI%, &l
RED=®, FhEL OE#EOEFITBEI N,

DEAHASE T 500 M TH L. RER I TIZ600 mA B Z D Z LN TH D, EFtOR
— U 7R (OT-1) TIE, #E FOES 7210 THS A 750 m CEHHRZ 20° & LCEHAET 2 &, R SH
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7% TEEIL) RIEHROBRIHUSELOTERIEE D7 1 5 v 2 Y b5 75K
ARG UTE | FHEHBRY | 77, 7 I .
. prwrwrn P2 3 i fREE |7
PRE B0 em| meps lem| mea x| BEE | T | gl " L.
2Ns| =2ZNs/XS | ZNi| =ZNs/2S | ZN¢ P - -
3] (t/em?) (t) (t/em?) (n) (n/cm?) (Ma) | (Ma) |(%)] kD (em?) (ppm)
WT-1 |Zircon|1441| 3.93X 105 | 591 | 1.61x 105 | 1079 |4.54 X 10'*| 66.0 3.8 |5.8] 30 |3.67x107*| 178
WT-2 {Zircon{1535| 3.56 X 105 | 710 | 1.61X 10° | 1074 |4.52 X 101*| 58.2 3.2 {5.5] 30 (4.31x107%| 182
GP-1  |Zircon AR
GP-1 . -
(BE(H) Zircon|{1261{ 8.30X 106 | 422 | 2.78 X 10¢ |1085 {4.57 x 10"*| 81.4 5.2 16.4) 27 11.52X107* 304
GP-2 Zircon| 813] 3.92x 10 | 342 | 1.65x10° | 1068 |4.50 < 10'*| 63.8 4.5 17.1] 22 [2.08x107%| 183

Af=7.03%x 10~ Ty~ t
# 1. T=5.96%10"8® x INs/ENi
2. e={(1/V2Ns )2+ (1/V2INi )2+ (1/VZNg )2}/
E3 U=5x109%pi/@({BL, vra vt t=, =V 7 Ah 3 BARSEY12um LEETS)
WT-1 2 JifCF 1 4 b BEREEIR S (BRERRIKERE) . TR L/E S EEHE (GS] R40095)

WT-2: JELT 1 41 b BREERKE (85 » RIEHEHKEE). TEN#% 7 REME » IRHKE (GS] R40091)

GP-1 : BEREHEME (SRILAE) . MEETES 75 (GS] R40096)
GP-2: BERTERIE (BIER). TRNBNRGBEWE, TinT8RiEmK (GS] R40094)

55 26 X

(BE - W 4 v 2V b T 2)

VRS VARG R RS JE O 21— 2 23 A A E
(EHEF EH)IALIR 5 GSI R40589)

700m) THHMD, ARDEST1000mBHEO LD EHEESNS.
ER: ABO7 v ar b7y 7MKL, 66.0E58Maz T (7RK).
B ORBIE, BEBERWT, FEAEHER

FERCT A A MHRBRIC 0 5 72 0, B - 8
, B C R~ AR, FTRER BRI C IR G720 Lo WA H O K E B9 5. S8R0
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KRGV v R g R, = ORPRIL5-10 cm R, & 212X 30 cm I L, @ I1X 1/3-1/10 T, =2 — & %
PA MEERBRETH D (FE26K). AEENIL, —MITIZEAEEENRVD, HoTHLRT, Kl
WHARBICHET 20E - Jea - Tr— bRy, RLI2ecm D bORE . KEH ORI T O &
X, &EDA40-50%% 50, BEA>AE>D Y RO > ERESEY OB AT L, AR 1.5-3 %
Thon. LTI, REORFHRE (LFoHT0D) (oW TRl .

BEAWALT A A NARSEE « Eik /N4 R ARE B)E] (GSI R40090, 26 6 % No.5)

BXRE - B T, MEIRGAE R, BEAE, ERL1-3mm oA RMIERES T, 7T v UMKk E R
L, RfiEn s Ly, AREFRL-3mmoAR - FAEKEEHETHL. DY RAIX PET, Z1lmmll
TON-ATE - MEREENZ L, WoS—H A MEEZRTR, BEICEIVF LGB L TS, EEREEY
X, ZONENPLREGEA (RO FEA) LHESNDD, BRICHRIEAICE > TEEHZ N T
W5, EEIHEARABEEEEZET Lo, FLWEY 7 2LER (b5 WIXEHERER) 2L 0, #h
BERROGHE - RANDRD. ZHICHLT, KEL Y XA EITLCHBLT, MriiEs2 R L T
WD ARRREN D 2L 2 1, SiO,* = 72%, MgO/Total FeO = 0.2 T, HUf% - My LIRS RIS B & 8

BoMEZRd.

BAMEDENC LSS, BINT 7 AEHIE, EEMHICERTORL—ASMIE 2L, <25
T BAOBAE L v APFKAIEEPICZREICE EN TS (B27X)  AEP ORI, AR
T, TRTHER - HRAOEGRIIE D> TRV, BAITMHEROMIEZ 7% U MM ZeRER: - 5ig
i FRRADEEEITED S TND . &b <, AREITKPBRRO LRI AL Cle 7 R B IREFEH

g W) RSB IK A T D FE I D 7 T A B
CNEUTREZ AROE 5 GSI R40592)

by

12) IEE (1971) 1, WP EREEICA TR 1 BB OAL AT (10, = T5%) 2R L7eds, 2 O3eHIASER FEOIEEHEIR S (i
FCHTD MORMSNIZbOTH Y, AROTEMHOMLE R O TR,
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(vitrophyre zone ; SMITH,1960b) 7%, T AFICIEE L CRICE LWEEIER 2% CTELZ b O, LHE
EEND. 72k, REMOMGERY, BHAROZOEBTE 2.

IV. 8 25—V OkWEESE

AT =PV DKFEEL, W AR O BB A L, SIS 0 IR -
THY, AF— V- VOKFHE & NW-SE FIHOBTE GRRHAIRITE) THT 5. AR
i, B O TIRHEBICL R (RACEED) & 20 LICH7R 58 RISHEIRETR (671 4 M)
WA 5.

V.8 1 FRBWERKRERE (V)

i PIREIE (1973)

R FRA R S TR i (R o> T AR ) g s )

S L AT, RV 2 km B, AL 2 km AN OFFRIC 5363 2 135, )1 SR )R
(Dn-Rk) -+ TR LU T PR SE SUE) (/MRS A T 5.

THLE & DR ARIIFMIC BTSRRI L, [JEKEOTRESEZ b > TEBEICHE S
(BRI, 1973). 15 LSRR T S, & 1,370 m DIZEAKEOARESE D &6 - T, LRTIEE
B (AYABRR bu—25) OECHS TS, ) [TEREEICSEOMUE ) [ARSEPCE 8 &1, Tk L
NI, BFRIBERIEHED D DAL, AR PR VAR B A B IS ok T 2 B A &5
& RO &) |G BER A i & A MRE LS B2 500, InL X VHE (A7 —2 V) ILET S
boLEZLND FEAR).

BE AT 80 m, {5 L)l EFRESTIL50-70m ThH 523, FEAM LV EFOR—) v 7 iR
(T-2) THIHHERHALHIT 360 m £ TABAKRIEL T2 (B 25K).

B ST, R — AR BLO TSRS G 20 B 72 Y, ATE O ABEO I 572 % 4 1
BB (TRABERE) % 1-38A LT\ 2 GRIREINE, 1973). AR Of5 EJSO R OARIZ 7%
DAL, Wb, WHIKEZ 29 DB EIRE D72 0, Wi - JEA P TRCS A BEK
HOBF (BREE10 em) 2L RICE 7 (6 281X), MR ONCEE/EM GHERMEIER R O%kie a1k
B 2% L<t-> T 5.

V. 8. 2 #yIiRBERERE (V,)

aid o JRIEHIE (1973)

R - R ) SRR o IRPETE 5 OIS (RIRBED [ Bk ) RIE Hisky)

S AR B TR BB ONSAR BB 200 T, BPERY 2.5 km, FEALAY 2.5 km OfEPE (T 1
) UNF-BE - TR I 0 3 BIBGIC F 7223 2 HUB) IS5, ARIRIE MU N T, AR O #5 7 IR

13) REGBRNBIEZ SN O, R EIEGAB R~ - THIET 2NV OFTT  (TIRE) BIRSFELES) <o,
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%28 X TIRIEREEEICA BT & E 2 ) | AFE B A B O i (k) ROSEIREEOE (L),
(EER = BRI ; GSIRA0608)

SCFI K OV O OAR E)NSFRIBINC, 36 054 OALSEE A DT NICHEIN L T 5.

THEEOBR - FIREMRH T, FRESEREEO BICEAIICER S (IR, 1973). KX
TEHEIE D 5 5, $h IRSIR TIESRIRHE AR & RRAITHE O 03, B8 BISORTIE, TIUER G B

WCHD. 72721, RIVERE LIS B & OBEFUT RPN C, IR L L TV D ATRRIEA R & V.

E& R TIEA 130 m, TR EWHETIZR 180 m TH 573, ARINEHUN T3k 130 mFREE & #E
EENn5.

ER ABOT7 4 vvar Ty 7EMRITE82E32Maz Rl (HTR), AT —V I -IVOER (5
4F) X0 bR FEL, HE AL (BERTE) (CHS 5.

B BT, AR, TR D, fERROD IR WIEBCERRE RS (1), S0/ ROZ
BT A YA MEREEIRS (D), & L <FEEEEDOZWFRT A A MEREEPCE (D O 3=y MM
STV D GRAEEIF, 1973). ARIEHIBIC AT 5 b DI, BAHMLIE, 205 boa=y MINJE
BlLTWd. LaL, BHAWRAHOZD, LR IERETHD. ok, Xgo B2, 1,748
m B — 7 ERERICETE G L RO WIBCEEREEIS) SRR D0, OIS EO =
RSB B DD T2, ARRIEHURIZ TEE L L.

LA, REOACFHEHI W TR 5.

BENANAB AT A Y MR « ERATES» IRV 7 ILIE, & 7 IWAREDE (GSJI
R40091, % 6% N0.6, & 7&K ZH).
UG - T, IR E R TS, A BN AR D55% % 5O A KT T AHEIKETHD. REAT
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B L-2mm ORGSR L RZOHRA THY, ToF VUM T, BVREHEL RS, A3 E1-3

mm OB ELEOCZEOWA THDH., U ERIE, R2mmaikomRfEmnE <, =01 %2R

L, ZELLIGBL WS, EEEEMIT, A - ARG (B KOEREENLARD, W bliEe A

CREBARORBESMICEEHRZ O TWE, REIIARARBEMEZ TLTBY, BIEBERVL

MERE T, BT AN ORA 7 AMeAEA ORE TR, RE L v X3 igiy/ g (B 2em BLTF) C, BEd
BIEX30%miE TH L. AREFITE, PEOWHCEEIKEDAER BImmILT) BNEERD.

IV. 9 Kk #:E IR (T

INSCRREER D — TS K RE R & L C RN AR OESL A2 B < 2 L1, V. 3FIlCoR =R, 20
EDNC, EARAEARELIL AT ST ¥ — 2B < 2RO KPEIRDY, 28 AR 5HRR TE 2 < 1
KO KPR FRD B AL, BIZ, AN TIERGR - A IS REEERS & B < LARD KRE IR J
EIhie.

FEARA EARSE (L AHE O kR (GSI R40615-40616, R40619) (X, W9 41 b Y 15m T N50-70° W
HINIERDIZITREDOHIRCTH S, b, KAR - {ET, Ak - DY EA - BRAREORR
JTOIED, TERCEEFE GRS - RIS - Vs - JERE e & OM T &2 8 7, B 130 TR OEERE
J B2 0, BREEIIAAR TS S, LIZUIE, AN T 2RO b, BaIEEkosE
i &OPATICRES LT D . EIRD JEGIEBIT— IR L 72 0, BF K% 2795 . AENRITRE o PHE
NKEHEREAD | R B DI TN D

i B AT 5B A O K FEE IR (GSI R40617) 1%, NW-SE FAIZIEDN A @A) 10 m OEARTH b, Sk
T, WK E ST D, A% BEA - 7 )R E ORI, FRCaTER IR S IS e E DA &
O A G 7, B CRRIOEER BN D72 0, IREAEEIIAIIRCH 5

ANEITHE AR O BREBIENW 1R 5 2 kFa R (55 29 ) 13, WAl A 4 MRS 28> T

B HE-BILEERKSE ¥ B  BK a5k

CNEETEE LA #RE 5 GSJ R40614)

14) /I BHREMI S D, #9200 m P O M. HYE XTI L7z,
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NE-SW FAIZIEV B0 1-2 m OEEPCE AR TH 0, T OINGITEHEIT AV HA TV S0, fiERITR:
HELBTHD., AEIKNT, A% RHRA - 7 U BA - EEEHN R L ORGSR, T — PO KO
BARNLRY, T bORER, —MRICEIRO L TR CFY 1 mm FREE), JEgE TRk (0.2
mmELT) &R TIN5,

il

=

10 BASEH

\

A MU O BIRIRACE A > BAETIT, £, ERMREES L IERBEE 1620, Zh b0l
7, FERA A 2 H < FER PIRCE O/ NE R (A A ERIPIRGS) 23 AR IS AE B IS A 5.

Iv. 10. 1 7FERERS#BEE (Gdp)

TERADTREBLE 1L, Ak d 5V TR X e liR & LT, ARIEHBEPE 3 - LA O IR EceE (1
ELTAT—VI, ~TAT—VI) 2B TWA. BIFRECAEICK T B BERMEMIT, FEA Y
RO HoTHMD THEI CTH L. AEL, T CIERBES OEIRIZ LV B Tnd. ARIKIEHIR
NCOAEOFE AT DIV TORN, 8 B H FEROTERIIREES 16K 07 4 v av b7y
ZHERIE 631+ 26 MaTH Y (LHIEA, 1985), AEDIRIRIACETE (A7 — 11— IV) OREHITEM S 72
WEHICEAL7ZZ L 2R LTS (HARBH).

AR RGO 30 U B AE [ PARRBEE O EEAE IR, 1026 B, #KIFE IR, KERER, WRAE
R, AaXVBRER, VI RBEEDOESOTHD. 2055, §i2#H L% 3FIL, TNEIEFHENEM
LTW5. ZHSDIED, AMRETHHAAL ST R0 2 SRTTT SRR LFRIC b, TERPIREES O/ NS RA 5y
FHLTND.

FREAE . HEIT AR NNW - SSE FMICIEDN D BA&K 7 kn, MK 4 kmDEET, TDE
oA TR [IEHENIC 3 5. 2L LT, 27—V I o/ A B <. Bk
FEEAERE LR\, AEMIE, BARPUEE (THB ) BI0E ) (/NI 530 3 2 52 PRk B
(SO =66%) &, HIKOLHE L HIEMPIBES (SO,* +69%) L2572 (LEIED, 1971). AKX
IBHURIC T2 b DI, BEROD VA (B 2- 3cm) 128 0K AEOMPIEBEREMMRIES T
b5, BER (TrFIr) EAMEE, £0.5-1 cm O BIBEEEMEREZ 2. WHEEY (A5 mm
LIF) I3E & A ERRBARFENAGIE D> TOB D, —IICHfE B AR A G N ETFE LTINS,
IO DOFEGOMIBIC, Atk (££0.1- 0.4 mm) DA% - RHEA - BV EA - BERDD R DA 55MH
ET D0, ZORITIBED 0% BRETHD. AROAEE DY BAEUEUIEHISHEE S LT
5. KBRS em 220 L 10 E em ORS aA M A S te.

FFNT R o TR BT (B 900 m D HAR) C, AE I PRI ERHE RIS OIS (85K 20cm) 23
FR &7z (GSI RA0092). T DILRAEL, A=Y A @s—¥A1 8 >REA (FU 47 L—2X)
>HEN (BeA{k) OF— RHARL, A%E D )RR IGHEEZ S L T 5.

REBEE /NI NN SRR E RTINS T 2K 2 km DEHRTH 0, E ALK TIEHIER -
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MRIEEREBECE T8 %, Z LIS O MR T/ INASE 2 B DT WD, BRRO D U RAICETIKBAD
AP RERERIRBLE O 220, 8 FOME bFFUEHRIC L BTV 5.

WHERABEE - /I NE EFHFFRATRIRIZ 38T, NNE-SSW J7 [ HE OV 1§59 200m, £ & 3
km PLEDMENRE LT, HUR - MR LEEREEE RS B R OV VA RS RE e B 2 B &, Sl R i o8 b
N5, AMHIEIRICERD A2 XY BEEREFEKRTHD.

A XY BEE TN EiiiA 2 XU B % i & LT, NNE-SSW A FE DN 2 1§ 0.2-1.5
km, & SH)8km DAL L, BR - MILERHEICEE A B E, SlSREIRE CEDbNLD. BRE2
M LA T DA U EA %0 Ba TeRoRBEIR OFEIK 4 - Bk (A D BB /A I A E R PIRBES 0 D70 B BEdh
1%, BEOS-1em ORER (7T v y), Bommuigkoa s, LEOK ) EL, ES5mmLLFOf
PO Gkl « IREBHESEMIC L), 28 3mm UL FORER: (RIRA{) K OEIUCE & 3mm LU T o iR
WAL, 2O 50%% EHH 5. AL 1BESER 3B 01mm Alf:) O - A - &
VERA - BRERENLRD.

AERIT UIE UIER 10 em AR ORF a1 (IR PO A A e PORa E) 2 L T 2.

AEROEEHHS, FRURILITN 600 m OHT, AERHICHIR B ERALR S ORI (B4 80cm)
NHER ST (GS) R4A0093). Z DAL OHLT DRI Db DIHALI L TS,

VI RBEE - H BRI 7 RETERA &/ NMRITIE 23T CHRRE - B 35 IS AEON 2 iR
0.7 km, £&H5 km OEMRIERE 72 L, BUR - MILEREREE % B &, RS (ZMILER) 1
Bhnd. RERIL, HBADRO T ) RAKBBES % & TR OEMIIRBES 225720, 8T T O
T4 a XY RERIEBL TN D,

Iv. 10. 2 TEEBE (Gp)

REMFHUSE O 1L FETE T, THEo0 P B b, S0 = ML K, FI TG00 AT NRRE % OVF i
IR F BNG. ShEDS b, ZEILAKIZABED T8I BUEHESE 0O B 2 O T
AREE (L EIEA>, 1985) OFF FIERMIALE L TH Y, WA AREIFIITIS T D5 NNE-SSW D i
CBE L CAR L7 b DTh D 9. —F, MITHOTATEIREES, W A Rl & NE-SW A iic
BRI 5 5 - PRI TATAIREE GRAREABE, 1976) OALH A IERMNC M7= 5. I bICk LT, PR
PRI, BB EE ERITEBES) & 7 C X 512, NNW-SSE FRICIEGTH D, IR b st 3517
DA CRIHEEIE) DRSS RET B b DA b LR,

SRB OTERBES 1L, 27—V 11 - VORRFACEER OTE PREES 2 5 %, — T2/
BEEVTNG, E7e, SRR L HH I AR ORI L AL REEE O £ R4, ARIE S R o T
R T, 27— 9V ORREICE % BTV % GRAREIE, 1973) . 815 OIERBES 0
(24 (3 6 12SI0 = T1%47% L, {ERBIEEEC L~ CH L BRI Ch 5. HEMBEE DT 1
v¥ay b7y 7HEMNE LTL, L 0# BAEROIUKENRD S 57.0 + 2.3 Ma (J1LIHIEA>, 1985),
RO OBEENS 63.0 245 Ma GE7K) LWIHIEXRHFELNATND. ZALOERNL, bk
HEEOEEIE, IR (27— - IV) DA E 0 BFRT, #5 S OEITbh
ELOLEZ NS
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PIRAE « /NEITRYSRAEIC, NNW-SSE 5 [IZ3E OV2 i 0.2-1km, & 4 4km OEK & L THAf
U, /NSO R B OV - i LRSS T % B <L /NIRRT JRAE 7 12 b 2 &R D/ INE R 3 53 AT
T 5. IKEAKEOARABRERIEREES 250, A ESCAEOREFIIHITIC LV NR %
69 5. BEdhIE, 20D 30-50% (FIZ 60-70%) % e, BIF-MEFO A% (B 5mmAns), FFk
DAV EA (B LIem LU F, f—3 4 MEEEZRT), SiERofEA (F) 27 L—2x), BER: -
AAE (BE3MMUL T, Wb RIRAL) RENDRD. AREITESE T, ETER0R (B 0.1mm Al
%) O - MEL - 7V ERACRER» LM SIS0, BRI CIL, ML - RIMEE & 722
D, LIXUIEMISEEE 23 5.

SRS - NRATEI)I o =Rl (e 1,799.7 m) % Huis& LT NNE-SSW JFEICHED S 1R
0.5-0.8 km, & &4 km OEARKASRTH 0, IR - MILVARFEECH 8 R OB R PIRKEES (V7 R
1K) 2B ARERILEE OB AT & OFFE O B IRIC b, Zh & HEELO/NER R T 5.
AL, IRAEZ 2T 2 BEEREESNORY, RAAEWEIZLEALEERV. BRIE, 500
40-50%% &, B - BABO A ((B5-10 mm) , RAEROW Y BA (R E 515 mm, i S—41 hME
#EAT), EEROAES (BE5mm BT, £V 37 b—2) ROWDEORER (%1 mm ik, $kE
F - MERCEE) o 5h. ARIERET, BTSN (0.1 mmAiE) of¥ - BEL - VIE
FRODEDBERING D, MEOEAPAETOMIERERLE LT, H2WITHREEREZZRLT
ELTNAHZERDHD.

INRETEAER D FATEMREE © /NI I - B TR 5, B 7 R O M3 A3 ¢, NE-SW JF
MIZHEDN D 30 ALL EOIERBES OBENREE RO LD, EIROEIE, Fm-20 m Db DA KESLH T, F
N0 MEWbEORH 5. ZOMILTIE, AT =Y UMb AT —VIVE TORBUEDEIRERECE N
ZOBMRBEC L o TEPN TS, 2D ORI, BRTEECEEIC S L CHBR B AR E b o THEL
THY, FERFEBIIE, B3N - DEOAREE 2V LERAEEOFBM (IF1-2m) 23%#EL, LiE
LIZFiEiE 2 3 5.

AENREEL, KA, WA, WLl & S S EROHORERERECSE 2OV, BT
AV (BESmmLULT), A (20-30%) T, AALIEHEE, EREE TH LS. RICEHEMEM - BULIEN &
ELLZTTHEY, BERIT N TRRIBACMORE LEMICEE L TS, ARBENIE, LIXUITESR
ROEAEEZSL S, B Y EABREE, BRI cmIZETHH003H Y, — I/ S—F 1 MEENEEE
ThDH. REARREIE, AU I -2 ERTA, MEMUERZE L. Ik (82 0.01-
0.05 ML) DA - RAFEN L2, UL UIEHSERIEED 2 WIS 2 R T

ZOMDEMR  /NRITEE T IBU CHAR - M ISR B B & SRR s T8 & OBE SUbiE
W2 9 NW-SE F Ok, EfA EE)IIARICES O Ca)lEHIcBAT 2R HOEIR: 7R
bND. HET LROTFATEIFHIEEIL TW 5.

V. 10. 3 BeanfEREPZE (Gy)
AT, ARG HUSRAL R OB SCTRBEA 4 T ORI, 49 0.5 km D/NERR & LT
D, A, BACE O RGZ T 2 N-SHHOWTEA 5 100 mBER~THh Tk v, LiRwPAER (=
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s ZESEETH LN, BHAROD, EABRIIH O LRV, RS, PRIRERAERE
Piks (GSIR40639) & & L, —HICBRERIERYS (CRIEEE ; GSIR40638) 215 . {ERKkkE
I, FAER (R SmmELT) TF LWRHHEZ R~ TRER (FICT7 7 vy), AR - bk (85
mmELT) OfSE, DEOH ) EAKRCERER: (RIErl) 25725,

A L IRTRIRACETR & DBRITARITHh 2 23, IRRRHCE TR O A B A oA el DAtk Bt h i &
LTHRAISN TV DI LITHEN R - TRV, — CIRIRIECEEICBE R IR % 5 2 7 b s
EORIEPHEE SN TND Z L b, AEFRBIEHEHL Y bHHOLDO L LTH-72. Linl,
P 1l [ g e el Al v 50 oD SE Ry Hh AR T (BRSE) Hicid, 86 = 6Ma d K- Ar fE{R (SHiBATA and
Nozawa, 1966) %7~ F/ JFRTERPIREA DS EA L TE Y (ILEIED, 1985), A& b T & [FERICIEART
BCAHE (D7 b AT —V ) L0 bHWITH D AREMIIE SN TN D.

IV. 11 Hh'E # &

AR M3 e N D S USSR D I TR TS R oD M A 2 55 30 ISR L7, & ORI R S U7z IR
MORHEDER - ERNE, Ky, WREEENCE DR (AL L v XOEFIT 5 J518) OMEIZ L > THED
NIZbDTH DD, HERE % EfEICIE TE 2BEAWRON TV D78, JWEMILH 7 0 FEL TV
%, Fio, T ORI IIR IR O U R e SR OWITE S REE L, R ER - Bk A
LLELLTWD Z &%V, KB R T 5 72101, IBRITHCAE AR L TV A 8HB O
SARDL, EVDFEAT —VOERERTHBEBONT - MELIRT 2280, KLADTH
5.

5 30 RNT/R S NI RS O IR B O MBI T, KX < AC, riiiis & Ak & ©avie v
2o TND.

PR HILER T, RRTECE I — AR AL 8 < AL L, HFERS IR a2 & LRI [ 2> -
T, A7 —V 1=V OFEBEIKAEBIERESI L TWD. 2056, 27— 1 OEREIRE B I3 E
DPEMET, 50-80° DRMERIZRTEANEL A, AT —V M TIE—%I220-30° BEDCHETHY, AT
—VIVEV TIHIFE A EKFEN20° LFOBBER AT Z ALV, AT =Y IVIZOWTIE, NW-SE
TNz b OBOAIRHEESRE L TR Y, ZORBEBRTRONE (EACE AIENE) 12k -
TUIHND. ZOBEIZ X > TRREROMZSER A T, Wifg O R OWECE M E & A CHKIS
eI, AT =V OKITEBBIRE 572 LB Z BN TV D (R, 1973). ERATOR#EHLD 5
5, OT-1, OT-2, T-1iZZ OWE Ol T-2 1 ZRMNANLET D, ZOBEICHR->T, A7 —YI- IV
EELACMPGEBLE O/NER L, AT — VI -V & B < MBS OB IE RS/ LT\ 5. 2L,
ZOWIBIZI S LI AR O PR AR RIRER, 1974) 1, &Y A PR hu—L &
BLIEBDOTH- T, FEELAR.

LU T, IRRIEECEHFI A T — P 11 & MOEREEEIKE DHBR Y, T biE—Micdb~30-
50° DA ZRLTWS. LaL, BIRERIRD T, 27—V 1 OBEKEICED, 1 ~28 5
RELHE b o CRRWEPEBEB - TRV, FESHE LOBERERE b S ~60 HitkOEME =~
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137°30°E

an

36°00'N

(]

NN

\
OT-18\(V) 2

BRI 2R

(
ERE DL

©

A7=2I-V)

T WR (R )
R—=1) 2 s

IRAGIACE O FREE
RUBHOER EF

7 ERA30LLT
v
>

"

30°—60°
60° LA 1

"

S0 (@B YRR (IR A S 1) O WRICEE O MBREER. A48 (UM - /15, 1988) D3,

W32 (1976), tLAIEA> (1985) i E S\ THERL

LTS, RS ERBIICIIT 2 20 & 5 2ehidid, WEEIRE OHERE, T ~Mhy> T3 L
92 X O REE) (MREGEEHO—HN?) WELZI LARRLTRY, ZOEEIAT — MOERKHE

BLHE IS (ILWHIEA, 1985).

Z DM AT D AERPIRBES (Y 7 RAER) OAEMBEE (I

HZEA) 1F, EREEEESNC B L2 N-S & 5 W NW-SE F ORI S CE N L7z "TREME

N5,



54

% 31 NE-SW ) OB T K 2 IRV CORENCHeE 28043 UINKR/ IR EAE)
TR DA CIERD) 1 3R — A ILAREEERCH T, 2200 (RA) (s VA IR A g

LREOALEHIR L FEHUR & OB SUTITITE AW BT 5. EAEREIE, - AR TIEAT
—VNOKREEOTEELN, UAELTTIE, AF—VMNERATF =V, FIZATF—V M & AT—
VO RFEEHDOEER L 725 TRV, BTN > CZOWIBOMRMEESEKRT 5. HEWE 2 F 7T
15 LS EEE L LTERTICET S (530 ). TEAWE OTEBIRNIE, WIERESE o3 R L Cna 2
&, TERBEEOEIRDBBIEIRVICEAL TS Z R END, HURO L O T, [EMBEEEAD
it LHEESND.

AR O WG O KE531E, NE-SW FAICELWBEHETH Y, PR ) =7 A F& LTHHR
T, REGEOWTREMR G5 31K CHERILZE D 2 &2 h, RO BURITEDLIZbDTHS .
DS L, EWikTE & NMRBEICOW TR, ETNEMERTIERE L S Tnd (EREIEE,
1980). #HIWIEIL T BRTREAHL G 15 km 27z TRES Wi TH v, #5itfi ILAL)T TR OWiEIC
SYI8 LTI 2. TS K SRR OIRIZEIEA T C 50 mAlTRIET 5. Zh S OIE R SR rE R
D—2>TH HHFWEOFINIE .Y, ABINE IS /5 RE % NW- SE JFIaI @il L, WiEin o RS
BECEAME 20-30 m iz o TS T 5.

V. ST O I LR

A [ Hidsl oD BT — SR HE K LEESRIE, D, PHEJILKRRHER (REFTIEERIYD) , Snmila i 2
BE (R ANGOAERORERT A YA~ GO 226725,
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V. 1 FHEIKREEHER (Ny)

o

4 . A TI1E) (1976) |, [LHIEH> (1985)
S B RBENTRT K DS, AR O O TR F T S PR LAE O TET & FEHTICH v, LBk

13715'E 137°30°E
(Ai%)

36°00'N

|

R

H32R  REEH T R 31 B BT EH I KA O 5 MR
1R KL, 2. LRABFERY, 3. SWERZRERCTOEME, 4 FHEN KERERY. (LI (1985) DE3R %Y
—EE - MELCHEA
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I 137308 (ki) RRH O A o,
PERRIE T = H W] ) X HU AN o
WIS, % 7RIS AR

& g LA PN O i AR A A ) B3R 2

nEnds. Zhbatikicks

DOTNIREEE LT D &, HEREY

RrDHEAIFIA 72 < & % 4 X 102 km?

T BV, AHERI O SR &

B (55 331X 1%, BRI o JFift

JTCHER 1,850 m kg i & o

L, W5 O LR HIPE T 600 m

WCETEREZRET D, AR

TUE, EARATTE S A DRI & )]

AR 23T THR 0 IR 534 T B

E, SRR - NRETEL O $N I S

AT b ix & 5. @ik

FHLN T, AHEEYITE R

36°10'N

36°00'N

10km mal
— A 1,500- 1,600 m D72 Y BT S
33 PHEN| KRR O A EE, %S ThEREZ S S TEY, TO
B (m) ROWES A (B KRRORED) .. -
Bk RLER R, 7R & 5T TR HLJE 61 21367 1400~ 1,600 m
3. UEE A (1985) DE44RK & —HHEIE LCER OGRS oA, KL L

TIXEE 7 G L LTE D J51A) (1]
Mo TEESTND. Sl EAT T, AHERIOA E L 1,100-1,200 m OHFIFHNICH 5.
BFER - R AL, BRA - A ik CIEEmE AR (FIChsE - 1S - Fr—h) &,
F TS AR CIRIRTRITACE HE ORI - IVERE RS B) %, RSB D | ERA I CIIRES
BT ORERTF v — FBAREICEIL L, T L TWD 2 E3%0 (534K) . AHEFEM IS oA
PRI % B35BT R U 7. die 00 OB 13 4 A8 i AR LA o8 v SRR LR S BB Y LT 0, il
TR « T — b - RIRTACASE - TEHPIRETE 72 & OB - KiEZ, £/, BB ITIRRTRECEE -
TERBEE 728 & OKREE- Pl T4 L LTV 5. B8 OLKE A -REMOSE b H 2528, LIFLIER
B DUVEENL L TWD . ORI S TO/NERE ZZA Tl F LI ORI TH A 5. 2D
LT D BB RS B L ARG LA I KK B L, BEEIIE BRI LTV D ZEREL, b
R TH D Z &G, K —VHERM O RIREMEN B 5. %A — A1) Hssk D K45 O s T, 2
B O _EICEBEPHEN | KRS OIEEHE 03> TV DL 2238, BILAI T, R KRR O T
fris, e (RS#920m) & 2na 5 Kk (% SF930m, Bk lKiE - B - g - 2L b

15) (HANEA (1985) (IAHERA OREIRA BRI FHE & Lzt AUy Th s,



57

B

REEHBRIKE R

Soevos FAME
99
% ER(ERFTPLERE)
~

F35R  BEATBRA LR i
B FHEN KB R D
DOEFAERE

A

34  FHEN KRR RN OER
(B ERS EOT, KA -RZTEMaE)
A FEHPEBORE REEAL, 1.
B: FHEN KRR HE R KE OB, C: FHE
BYOBRES. Ar—ADORE1Im

JE72E) BIEL TRV, ERROMBEEROREEK ST NI INsbDTHS S .

FHEN KARGRHERE Y O i U, ERA IR OFUE (GSIR27298) 725 2.3 £ 0.1Ma, FHEJIIFF A
B DL (GSIR27296) 705 25+ 0.AMa & V9 L < —Ed 5 K-AréEfR (&) "R Tn» D (IiH -
TNFEIEA>, 1985). AUERM O HAREBBRILETR LA R LTS FHEIED, 19775 7R). i
LD LMD, AHERA LSRR O I (REFTHEE I (CAER L2 LN Th A 5.

BEE AU, MIRICE b I & HEE S D TR 4 J5 T 120m+, KO E L AL TR 50m ©
%, ARRIFHIETIE, B - 15| H% T 100-50m FLE TH 1, SHME AL TIRIERIZH < 10-5
mEE L%,

B BB AU O PR A | KRR HER L, BEECED 2 bR\ OB SRR 71 A NS
EEREN DY, JAE CHREE R, ME CHRIKEEZ 2T 5. HMHOZMITITEAERD LNV, LT
(2, A ORFERIEE (FEAGIE - ALHTRED ([CoWCREdliT 5.

BB SRARIEAT T A A MIRRRBEICS - EARANER R, AT EERE () Pra N (GS)R27208/
NY 76092101 ; 55 8 %, No. 8 ; HVIXIK 2)

16) AFCRFIFF B NFRENTODREHI DN TIE, BEFE S O®RICREF S 2L Lz CLTRER.
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2z bk | AR HHBRLRE H,0 %1 < 1005 4
No. 8 9 10 1 8 9 10 11
Si0, 62.31 52.15 52.47 52.31 Si0, 63.86 52.46  52.56 52.87
TiO, 0.80 1.39 1.20 1.25 TiO, 0.82 1.40 1.20 1.25
ALO, 17.08 16.59 16.67 17.04 Al,Os 17.50 16.69  16.70 17.06
Fe,O 2.48 2.13 Fe,O 2.54 2.14
e } 9.50* } 9.39* a } 9.59% ] 9.40%
FeO 3.02 7.02 FeO 3.09 7.06
MnO 0.10 0.17 0.16 0.15 MnO 0.10 0.17 0.16 0.15
MgO 1.82 7.12 7.03 6.38 MgO 1.86 7.16 7.04 6.39
CaQ 4.31 8.98 8.74 8.79 CaO 4.42 9.03 8.76 8.80
Na,O 3.10 2.88 3.01 3.41 Na,O 3.18 2.90 3.02 3.42
K,0O 2.39 0.68 0.74 0.85 K,O 2.45 0.68 0.74 0.85
P,0; 0.18 0.31 0.30 0.31 P,0O; 0.18 0.31 0.30 0.31
H,O(+) 1.37 0.25 n.d. n.d. ¥ L8EW FeOp & LTRadbTe.
H,0(—) 0.84 0.15 n.d. n.d. No. 8 ¥EBOHERED 71 1 F IFEEIKE. B8N
BEHRBEIT (GS] R27298/NY76092101)
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BIERRS (JAR - BHBR)

RUERARE(EH?)

TAHA MNEZFELAER)

EABOTR &AW E TS
-~ r#

5/39 BRUE, STEORE

500m

Fo56] ROBLKIEMY, FCER LEREREOS L RT L — b <y 7 (ERRELII LK)

SRRREEA - W - SROE - BRI
R - RO - $kOE - SRERE - BiEED

BEEY : BHET -
3k RBHE

WmE A SRR s (T8 1 -169)

FEAR - PEMICESH, EREABRoBE, R 2,920m (T

BEAE - BHRA - KRRG-S - SR

L RRA - B - ARS8k BER T Y7L R
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=& & & A[22TR

¢ | FATA

i

#57R BRI BRSO EFEVETE (19844) 1 L 2 AEE Eic b h 5 Boby K LR B4 o K.
FHOBBI LIS Rob. WEA Y » FONBRFEL ) LLEMCTh T2,
(A7 oy FhOBEHLHTHE) b: B, bg: BKE, br: @G, dg: BKE, g: KA, pg: EHr-tK
&, or: B, oy: BEM, r: RN - KEREKE
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' m

58 (R NI LA O R REHAE (19844F) 1 & 5 BB DR OWER. MHRRZ 1987122 5.
L HARLBEDOHERY, 2. 1984 F LI B - /oS, 3. B L BB EMERUBE (R KILMEHY), 4. 2
297 R, 5. TARA Y TROEMEBETLABER )7, 6. TFR A=) 7B THORGESR, 7.
BT A4 MEREREET ), 8.7 4 b (MEEXIUNIHIUAHEE), 9. 198ERB T U2, 10.
IBRAEIZ & 5 B

VI 4. 2. 5 ERH/NLUEHY (ks)

R = YA TR — TRBHTE 1 [8] 0D %5 (L3 A3 & 2 BER S R IR 0 = LI T L 72 B

BORA K INT AR B L O ALRE, T/ PR PRI 4 72 2 MU CHEE) U, BIEDEERI SR LA S
LIRS 2 B2 2 O—F & T 2 RE K IL Ao 7o, HPITERISIR I (B 2,959.2m) X°2,897m
MIERSL 2 HNT Z ik GV IRND Z TERICAUANC B < BT 0402 . TR A BTk LRI, sl 2
MR ORI DL, AR SR E B 558, AR E XKL B P TNT,
ISR DA IR, AL O R LR IZIZ A0 03588 B ALV O T, AL CITHTIEI A
HOANT TPNCHERE L2 b O LHEE SN D . T~ TRAVTZ VA T ILE A 2 OB TR WIS &2 D,
AT £ THI 15km it L7z (35 601).
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%59 X BB U O K — DU & LA OVERE U ETEEIE . 1 moR R i b haoF
BB TND  (ERETE L)

% 60 BRI B IR 2 W A 4 D W
. 1ROEE ORI, EEiTMn<, T
RV, B O FROC, S OBE S LT
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i 61 JERI SR ILRBELZ A, 5 2 BORZS K LR HA) O Wi ik
VR LT S OB o L BRIE A R b B

B 62 X BERISCR ILREEIC @ D 5 HER IS (B R
131 mET)
GO EHIZED o THRAEEARE Y, ol & Ok
BIAREEC 7
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W OB BT A D AR E A BRI A SRR 2 L, A SRR e A E L L, AT
EA A SRR 2 s R S L R R W CiAbIcER L B R DA E N TEEIE S
L3, ERHIREE TIE e <, TR IR L7 ai el s (Casand WRIGHT, 1987) T 5 (5561
B, 5 621X) . o <V L7 SRS 1S, TEA RIS EA T EEA~R A - R EICED Y, FRBEO TE
IEIED A3 TR OHIEDS LW A R T, EMOKE - FKAOEE CIIEE L IZE A RS
MOMIBPVEHLLNDN, LIZLIEA Y TR L RRICER LTz & B O D ERRD b, SRE R
L E I, MIDWIRBERIE N RIET D72 EORHEAE b o, Eiz, SORETBRICITIOUE 2 H OV MM 5338
D HAL, N TIINZREE A ZEBRRE AHET 2 2 L H D VIIHE TH D Z L 2 m T8V E 2 H
kR

¥ AR B B (LM W A B, )1 BT AR ALK LN ) A 78 S

ERISCRILD & 2 1 VT ZiITEARR R K INTEE A oV o8 R V7 (G, 1969) T, A
R IEIAT AT TR & B b2 PR AV 2,820m D E I L B LS.

b B A AT B BB A SRR 2 s (TH | -180)

PERR - PEH ;< VAR LT KRR O R . BRSO O A RIS T ST A R
R L1 TEL ] 00 % 113 0 = SR 500

BEdh : RHRAT - SRR - IR - BKEE - DA B A

G RHRA - AN - R - BREE - RERE - L

VI. 4. 2. 6 #FELUEHY (mm)

FEHE k- T =8 b O R B A BB AS AERED

BN D J I LA e b ARIC AR U7k okl (B8 551K o <, k-1 (2,858.9m) DTEERA 1
V, WEOMNEGR L O EARRITEEE NI~ < RIEO S 2 b0, B ECH)IE, A
TN B3R, BRI B 35 MAGE T L TARZEE L, &R ILIE L@ L TRIED D ZREERO
HIEZES> TV D B TR . BATE)I T is 13 B Fn B 72 £ o/ iz 1E > TH 15 knii
A, Tl ) IR E L TV 5.

WPV T IR L ol TR LT RIS 0 B 7 5 E OB BT R A B AR B A Sl A %R
TR 22| L2 S OV B A SR A 22 | LIPS C, SIS APIA A S @A SRR n 21 L E AR b
5. ARREICIE, ARG - IR A0 IS 12mm ORER - BEABERNTFEL, HICRE
ARZ. LIELIE BmmAitsOFR S « BA OB E &7, 26 RIS IR > CHEHICELS]
THHG b L. FEITOT LIRS T, AL~ R LIClEE TlET 7 7 OEREW T2 O R
R DOERPHRICEE L TWD Z & HE0.

M K DHEE T, Mk (2,858.9m) DEED D B < L b 400m 1 E AT LS IS
AT oD DT, - EKIIE ORI Y LB Th 5. M CIEiR B L7 e BIs LR
HRHER S TV DDOBRRD LD, fk 17 HA00M D £ — 27 GEFE 55 ) 75 A~EOS BAR
TIE3MDTEE CUTIR < TG L2 BILE) BB > TR Y, HEOM)I LW T3l b, i i
T 2MELEDOER Y G IEEPRDOOLND.
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KRETEARBKEEEE S . — Mk Oy & OESEN ETRERIIRHTH .

A RAE A SRR A SRR A 2 s Corm -4)

PEAR - FEHE © VRV, BHFRRAIA (R, (505 1,300m, Ak (TR BIEHR)
(L2400 © SI0,57.94% (142, 49)

HESh < RHEAT - SERRRIG - AL - 98 - f DA

I 0T AT, WA T A - RHEE - FOTFRA - MR - SR8

VI 4. 2. 7 —/tkILEHEY (o)

FEECH - ) iPERE, 15 2,920m i

— Mk A B AERE SR T, BICANAER DS A A B ARG 2 LS - AR A D
Ao B ATTEAT M R SRR I LR E ORI DR 0, 00N T AE OB IR A7 Je P IS S RO B %
Gle. HOEONALSAABEB LIZLITRO D, —HHICHEE O BRI OHEREEL TN D.
WETHIE OMFTIZIR - TRIZAY, TEORIRWISH S & <z, kO BRI O Efi~1L 54
DYEDI TRV IR 5km i F L, K AP O SRR LRI IE 3 OS2 RK 8kmic bz -
THFLTWD. Eiz, kKB O~ o o BEE O—ER LA 2 WFH S KT OB Lii~iiiz. L
DL, B KL O (UTER S EEEIZ 722 > TV e B L < KB BMANZITEE T DT LA L7z, —
ok O ORI 2 72 DRI 1 CIZBIE b ILTEE T £ Tl L AT L, — ok L ey
E <.

EHBEICBT 27 7 FMEIC LT, — MBS T 57 7 ZEIMXT 7 Z 8 (rARIE),
1987) T, ZOE FICAREINRHEAH B, L > T, — K L OTHEEBIAARTIZ IR L Ak 8 3
v, KEJIEN CAERIEhE ZUcki LAl 2RAE L EHESNS.

AJBITAm kL, Bk, ROEABKILOEHY 28> T\ 5. ALY - 10 i
KLY & OBRIZ A TH B

728, Z AN M E T S i DI SR e RB G OR T A 2 Y TIESRBICHER L C
Y, K 200m OECTILEA~ERTN S, IROEZF25mE EH 5.

ANEEA DA D ARG 2 s GBI -20) (5 XN A -2)
PR « PEHI VAR, EWEARBILVE AN, 15 1,520m £

{L2FARRL - SI0,57.69% (f43%, 51)

BEdh - RHRA - EIEER - SRR - DA DA - BRI - AR

Ik RREA - AT A - BT - BRI - BIR

VI. 4. 2. 8 mukLEEY (yn)

FEHE DY A PEAE

BIED M # PRI A CTHEAE L 72U ik 1L (B 541) DM T, ARADA b ARG Sl
SERRER A2 1L - A DA S A B SRR 22 (L, B A SRR 2 (L2E DB & KE N D
2%, BT KR LISOME WL, BRI - AT O M LIS B E 72 13T T 10 DA TR
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S THEAL, LTI~ 4kmMIET LTS,

MO PEEETII D72 &b MDA E TN OMICHEEN DB T RHERM AR b b, i
e (1907) 13, k- ILTERT O E O FEHL (00 HidbBED 1) 2 Sk F-E 5 IR AT THOART 2 BEAOTER;
LT E B A T 2k - 85— e & L CREA L, i (B 541K) A6 = i - PO BT RIS
DT By A T M & Lie. $£70, B (1958) 13T ik MO & L CRARS &
22 Y 7 &%\F, KoBaYAsHl, T. (1974) , /MEREEZIZ A (1975) b Az = Y T @ LA, UL,
TR BIER— O LI ENE TH D E B O 5. W AL Ok B EECIEIERE LTIV
FEREEZ & b, 2-5m O&BEA - TEHNT 5. o MHETRETFAa Y 7R 2EH Y, Ao
A2 Y 7T RO TR S &K 6m, RERTE FER LTI L OV EIREI L Z 5. Bfio =
U 7B IS - B R CHL M AR CE & 3m, = bR T Im T, = inE B
bihvd. ARETHIMEGRT 7 7B B S 2T 7 78 (FrARIED, 1987) F OB T A2 Y 7
BIHET 2 b0 L EbND.

A B AATE A A A B SRR 2 s (TH | -44)
FEIR + FEHD : VA, /NRUTTREI N 1L, B 2,700m (i
Bigh - RHRT - SRR - LR - DI - BRI - A D AT (BEBERINO 7)

FIE T AR, eI T A - HRAA - BTG - BHREEA - S1

VI 4. 2. 9 =/itAERE ()

R : = HhhE

MK AN B Lzh A b AAEA ARSI A SRR A 22 1IE OBYE C, BAR KL LT
T I Y, 10 kL A 235 < DI - TERICHEISH S km i T L, Bl & @m)IEHRD
B B LGB O 2 BAR & > T 5. 95 O WHRIEARIE, PR AR 7o TP I SLERATHLRL (19
3 mm) RREABBAL RIHFTET D b O T, DROEHAL (2 mm £) OWBIEABER &/ S Zekk

N

HE3X =/ MiFEOREICRDHh D BRI HVCER)
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. v .:'v ".WV'. Y v 4- .v.
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o Po o v E .
o"Q. . v 3 v v
K2O 2; . 2 FeO
< .:.w o" . <
.. o 35 ARG K L AR H R DA
s o SRR A LS Tiop . v
. oL~ .
I 7 v FREE A LB
. v o THRENS K LEE
v 61
e’ .
. v
o..}.y 5 3
o te 4 ® . * -
1 v . . L SN v e
« v 31 : v
LT 2 BESERA AR
CGO * . ¢ Y ) v
' ' . 1- L] .... v .
50 60 0 MgO
SiO2(%) 50 60
Si 02 (%)

H64X B KILEEYOBRIEHEILR. 5D 5 b, No. 33, 34, 35 DFHEGRR I Tl

APABERTRD HND. = ik ORIHO KR I S Th7au,
ZOEBEIIKOOFM (B THD ICHDIb2hbbTIZEAET 77 O8N/, KHEITIX1-5
mOERBREH L, R EED DR TSR H AT (5 63X) , BaIX 7THSHAITE 5.
= WA = tALBE T kLS OB T A 2 ) T E R B, 1R (B4 2,300m £450)
T Mk LS P OWEE &2 - T 5. Zpdefiit (1907) 1, T4 oD M H RS HEER 0 Hif 3 = i
WEO—HEYHOTZ  MEE X VT LW E L2, = MidbBE Utk Lo A2 Y TREN =
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ppm Ratio
No. (878r/86Sr) , SI Si0, %
K Rb Sr Rb/Sr K/Rb

1 12,100 34.0 569 0.0598 356 0.705263 14 21.8 51.22

9 23,100 86.5 511 0.169 267 0.706199+25 15.2 61.43
10 27,800 123 537 0.228 227 0.705333+£20 9.9 65.40
13 28,100 121 550 0.220 232 0.705634+ 14 8.4 66.57
18 11,500 31.0 638 0.0486 371 0.705691+13 22.7 50.81
24 14,400 39.6 513 0.0772 364 0.705350+ 14 19.5 54.12
30 28,100 139 573 0.242 203 0.705228 £ 15 10.2 59.61
31 32,500 149 558 0.267 218 0.705911£13 9.0 61.23
32 22,600 114 602 0.189 198 0.705147+13 20.2 59.05
36 24,600 94.4 462 0.204 261 0.706024+15 7.8 69.26
39 14,700 441 714 0.0618 333 0.705704£13 24.6 51.87
40 12,900 40.5 671 0.0604 319 0.705366 =14 20.8 55.44
41 14,900 51.0 579 0.0881 292 0.705739%15 15.8 57.06
44 22,100 79.8 554 0.144 277 0.705978+17 11.9 61.70
45 21,900 _ 86.8 536 0.162 252 0.705642+20 16.8 62.18
47 20,600 83.7 728 0.115 246 0.706836+14 12.3 63.29
49 16,300 56.8 558 0.102 287 0.706723 14 20.2 57.94
50 19,900 83.0 638 0.130 240 0.706041 14 19.5 59.92
52 17,600 65.2 599 0.109 270 0.705618+ 13 24.7 57.94

E & A SrCO; standard: (¥7Sr/%Sr),=0.708054+8(10) BiE AR —)

NBS 987 SrCOy standard: (87Sr/%8r),=0.710278+9(1qa)
SI: Solidification index
No.ixff& L[ L.

WMEEICHDLNTLH I & &, = MEEE ORI HIEAIEE TR DT, = MiEafEIEm s kil
P E DLW EBZBND.

WA B AEEA A NG TSR SRR L 2L (TH 1 -16)

PEAR - PEH : Vi
{5 SIO, 57.94% (f1%, 52)

HEG R - SRRRIEG - WEREA - 8L - AADUE - A D AK

i, AR (R OES 1,730m) 725 (TR ) IEHER)

AHs T ARG, RRA - BET T R - ST - BANEA - $kEE

VI. 5 KN H oAb RO E

R I DS DL HTEE, Ippines (1913) , fik (1958) 12 & > THEIC 3FEIOEA KD H41T

WBMR, fFEICRE7253

(KoBavasHl, T., 1974 ; /MR EZ T Ay, 1975 ; H = - /MK, 1982).
, ENLDOERNEEZTRNTH.

LUT

[

REROHT S, TR0 A S LITEHD L FRIE SR S

(1) 5k ONE W)X SIO, 28 50-73%, (A FR#LIE 29.7-5.4 & IRV HLRRHETH 2 55,
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(2)  WilEsR L TR OE M) O I LERIIEE EORBRR RN B Y, T ESRE ) 1358
#
B I, T ) (& <ITK0) & ALO,IZE Z, # FeO - MgO - CaO IZZ L\ (35 64[4).
L, WIS O TV H Y - [KEEEIE 57.7 (K,0+Na,0 = Ca0 = 6.1) , Fiilista i <
13603 (K,0+Na0 = Ca0 = 5.9) TH 5.

(3) MTEENIN & & BITHA < PRI HGE T2 &, [l 2 & OB Lo T/~ s <, &
WREH & A O F] C IR AR IS A A L S 2 H IV D

AR — CRAF) 1T EEREO 2V T Rb, STALR & O S ARLARKLL 2R 7 (3 14 %K)

VIL BT - sedrtt o R Y

VI. 1 B:EHeRE® (1)

e L HEREM I, TREBT] - /NI < 3801« ERE) 1 72 & OB - THEHR S 53195, BIR S 0D
b 10-20m OB i 2 TR § 2 2%, HEREY () OE SI13Em 10m T Ch 5. BIEI, BRI
A - RN, KR EBREOE - KL ZNO E BT 20 L0620, REEOER
FHUIIC &> TR 2. /NRRTEA T, SRR LA SR GBI LM W) (S Bk 5 5 EA i HER
IO D FALBE LY i 20m IR OB Rl £k LT 5 (58 52[)).

VIL 2 FEdfE - REHER (1)

FESEHEREMIS, U RRIT O 5 PEICHE L C, BRI A E S . DIRHERI I, ROy
At #4527 700m LA_E oD [UHNZ 534 L C, $ERVE 2 TR 503, Z ORI TE L) [ ik
(LHEDy, 1985) 1F ERBETIEAR . BTN TN HE Im Pl EO AL SRk E b
20, R EEREE T EnE0.

VIL 3 A HEREY (db)

FEFE) SRR LB B O F BIR B3 EBal O | B EARIR NS § % . 19846 DR BF I
PAERHIER IS & 0 AERk U7 As B)NRGRE O B 2 7ENHERT IS SV T, BIHTRE L <Rk ¥ 5.

IR LSRR OV AR L IRED O SRR, BRI S R IR B o e LI ) 231 5 bl
HIERRAE 2> Tl Y, HRIIZ IO HEEM ORI & 7 S D EBEHTE S FET 5. T bHE
MR & B0em iR 07 7 T8 (&5 < AT KILIKE) I2E DN TV 5. 5 IR OHERYITIE & 10
m AT T, WHERKLEEOSE R LB ORILKILIKE 1720, BV AEREZ R L, Eicta
WHERM 2 670 %, THRR B OHEREYITERE & MR & 25722y, fIEfEZ RS, JES 20m Ll L
T, HERIEI D SRk R LT D,
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HAEZA/E> THRI L TV D, EICLZIEER SIRRREDEBICE DM LMD, 12L& A LS
EIRSTRV. RUEEMIL, ZORMN D, BEARRROFER DT - HERE LA R 20 Ry &
HHND. 1932 FZETI T TR SN KB TO O Th - 7o mTREME S B 5. HUREIAMUE
R OHERIEH O TR THIEDIENIAL 720, ZEO LW EBE S TVDH, ZORIFIELZ OEIEHE
BWTH 5.

VI.L4 b & B @

IR, TRER)RPTREN DA « SR > THAMT 2BIRHEREY TH Y, HE - B - o725
DS, ZOHANIED TN TH 5.

VIL 5 198A4EIEETE e THERT) (df)

BEUEAOBME 198449 A 14 BICEE - RERFEHMHE (M = 6.8) O, MHREF I TH P
(272 D RHEMENE Uiz, R b0 5 HERBUIKOHIE (3.4 X 107 m? ; KM, 1987) A AXIEHISRH
T, AR ILTEA O BRI U0 3 km Ofx B BRI & 72, 2 ORASEYIE, BEOEE Ot — &
TRIZNAY L LT MARIR WIS B L, BARZ B Z 7203 & AR B s rg 5 o0 ERE) DK 7 Wil £ T (35 65
), =K 1,600 m, BERE 12 km 2 9 43A(ifR, “FAREE 80 km 2 (BEHIZAN, 1984) THIELZ. =
DB RIENOERIL, HEREED THRA RAEN ORI TN D (B2 X, BEIZH, 1985 ; 3]
245137, 1985 ; FH - JTHE, 1985 ; [E THiPRpHIER AR A H AT BE 65, 1985 ; “F&, 1985 ; k[ - AL,
1985 ; NaGaOKA, 1987 ; KJUKIZH, 1987; LARWFFEFTHOMIAIFEEE, 1987 ; & RITH, 1987 ; =HF
7, R

ARG HIE N T, AREEHIA S U728 B 22 72 0udds B)IER (Ba 100 m) 28z T/h=4 ki oi
M A& PR IS (55 66 1K), EO—HEUIRTHT D85 o IR ETO % & PIRICIAIVAA TV D, EIE 7R
PENORFENL, 5 NS> TR L, FEE 55 3 kn FHROE E)IEMT TR & 80 m &0 ofi
BEED D AR 2 B 2 TVl o)1 BRI IRIVIAATE. Wit FHURCTIE, BB R7Z Az 2 EH L,
RECHBEZHIV I SO T - HERE L7z, RENOEEE LT, ORI S IR
RITHE, S OBE L & bIcimm- Hiem KOE T ST HiIAER, EFRM»LARERY %< KT~
XY DWW, BIROHEEY 22 R Bl I, Fo, RIENDT T L2 OREELIR DA
13, MEEROBYREE L SRR .

BEELGENEREY HEMOREITL, BEREANRRLEM AR DB 7285 I, Bimic
77203, s B2 EORIEETCIHELS, 210 mIET .

21):58 72720, debris avalanche DR E LT, fiili L < fibn 2581 (SAHFA, 1982) LV HilblR®H & LTIRE (S - &
fE, 1985) SNTWVD. iU, TARISORKEO L SIS REOKEBAE L LRVWEEOR WAL, MtStHelens ? 1980 4
KCHEBRCBI S T,
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137°30°E

J

SR65E  HBLERME ORI L 1984ERBER RO T
1 gy, 2 AR hE ZOBRRE L DRRRCEOKORE, 3 GHIRBROME, ¢ BEALAORR, 5: # &
13

HEFHIEL 7% O 5 JE 72 72NV R TSI, 183 m- 2010 m, & &% m- 3% 100m TREH L7z & 5 2HER S
GBI S NIz, Z ORERRE, %~ BRFERGOEEIES L TESH (PR, 1985) T, A/
RIENOWAEFELZR L TV D, Fiz, TIRECCIE, BB RIENHERY R 20 LHE (E67X) b
R B2,

B 7R P O HEREITE O (SANED, BRI BKO LS ICE LD BRD.

(1) BB 22 2N HERE I, RIS & 2 DMK & £k E U IR0V BIBR 22 il fE - Mfbhiit
TR E TR0,

ZOFRHIE, TROERINEWTOR =) v 7 (RERARGEEREZIT, 1985) ML Filldk
(ERIFH, 1987) ICK->Th, HEMO LENLHEE TIFEAEED LRV ERHER STV D.

2)LHL, ZOXS RN, SERENON FHREBICBMG S EHEEIFSERICE S B TR C2EgECIcdL A LR
bhTLlEol.
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% 66 /NEEEILAE T OB EE T A TS e o
EBRIENE, FIEARORBEM» ORISR (RS 100m) EZEEGL, GEOMMMo THNBIE~HI, 20508 r R
AR TWS . RV L, B Z ) MAFEP R B ORREZBZ T, BRIy RPRA~T > TiTo . HERYRE
i, BERZ AR bR D (SN - MOFLTER2 5 1985 4R 7 7 28 A =L HRE)

%67 WIDORIEZ IR IETE R IR
BRSO HE L TS (RRIBHESTEO RS L)1 & ) AHE D Tifia Sie. 1985 4 7 A 29 A ZRIL HkY

UKL, BB R TEND B &, ZmDKEE A TH T Lz HaHERERICIE, Homi FATEES S
WIIRIZZ BB DN A DAL, £z, S8 LSS ORIRC, MR O MIZEE mm- £k cm D ZERR LI
LI LS.

(2) Tt T, WG EMRT 2 E RS (A7 v 7 =4, 1985) R"aEhnd. £LT,
ZORLENS, LILEREPRES DREMENRFE STV b0 b0 bk,
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%68 X H Ok AT 2 ZIE DA T e v U
HIB R Do TENBAICHN . (GRS ORI S B O ) BURRSTRE - /=4 04007 O &1 -2 1985 4
7 7 28 A =HBL )

BB RO BT H B ARIEHIRN TIE, 20X 5 25 LI TR, Lo, HER
MR R IRAVREAR S IEIE L TR Y, &% OfiT e ENR—EATEOE R B Y 3> T
5 (68 . LiehoT, TNHOMDOUEDSUEDN, FE KO L 2 ITnBisni AT 7T ey 7
LIRS TOVRWY, BEOEA LIcH—Try 7 ERRTIEHTE L (SRED, &fad). BRI
RERDRRFEHT LT TRV, &0 KREEE B R0 Th 5\ 7 [HIERE BT (8132,
1982) LIFAKRIZ, LT HMOERET/NE WD, KN TOREAE LVIRIEETIR F L7z AT 7 1y 7
THERR S LTINS,

VI s A &
VI 1 4 =

ARG OIER & LTI, dtR - BRI (R - 80 « B0 KOS (d0m) 235508, Wi bH
TEFBAT S TOARV. 2 S OFR LI, IRFRIECE RIS AR 72 IR & A7 3 2 It B R SRS O FE IR T
(IAEA>, 1985) O—HT, D55, @Rk » E& MG LIL ISR P AE I IRIE 3 2 BEAhZE (X4
) FRR, EINTIRAGRECE T OFNRILR Th 5. E7z, Wem & LT, IRRIMRBCE I (RS EEX
) BEDFTCEIE STV D, Z 0130y, WIHRER - HEIER - FRIRR L OBmER AR S 41T
W5,
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VI 2 4R - 8 - BESNEILEE

EARSEIL AR AL R O mARFE A LIS T 5. RSBV OEITBETELS, dAA
FRABI 20 5 OB (A2 BFEARERK R - HP2 i) 1S & CRRSRILTTICEY 5 Z L3 T& 5. AR
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No. (1) (2) (3) (4) (5) (6) (7) (8) 9) (10)
Sample +i-1 Ag-12 #1319 An-14 #E-28 +H-21 9 AB-16 B
Hha%A 0aB-A  aphB-A  hbhaA ahA haA ahA ahhbA ahhbA hbhaA  (a)hbhD
HEZ ts ts ts sh sh sh sh sh sh ha

Si0, | 51.22 53.21 53.61 59.69 59.58 56.89 59.86 60.93 61.43 65.40

TiO, 1.45 1.45 1.22 1.04 1.06 1.24 0.53 0.85 0.92 0.58

ALO; |  19.13 17.73 17.31 16.65 17.14 19.01 19.34 17.64 16.68 17.24

Fe,0; 2.12 10.07 9.57 7.79 7.22 7.48 2.72 6.14 6.41 1.70

FeO 6.66 2.43 1.44

MnQ 0.12 0.14 0.16 0.11 0.11 0.11 0.09 0.12 0.12 0.07

MgO 3.66 3.18 4.18 2.57 2.46 2.16 1.93 1.90 2.19 1.16

CaO 9.36 7.59 8.68 5.60 5.87 6.67 5.41 4.94 5.22 3.09

Na,O 3.11 3.70 3.44 3.60 3.69 3.76 3.96 4.09 3.70 4.22

K;0 1.46 1.94 1.29 2.62 2.40 2.46 2.62 2.60 2.78 3.35

P,O; 0.36 0.43 0.34 0.27 0.31 0.35 0.35 0.34 0.27 0.20

H,O(+) 0.84 (1.46) (0.94) (1.08) (1.03) (0.77) 0.58 (1.48) (0.75) 0.73

H,0(—) 0.32 0.60 0.54

Total | 99.81 99.44* 99.80* 99.94* 99.84%  100.13*  100.42 99.55* 99.72* 99.72

K%

Si0, | 51.53 53.51 53.72 59.74 59.68 56.80 60.15 61.21 61.60 66.32

TiO, 1.46 1.46 1.22 1.04 1.06 1.24 0.53 0.85 0.92 0.59

ALO; | 19.25 17.83 17.34 16.66 17.17 18.99 19.44 17.72 16.73 17.48

*Fe, O, 9.58 10.13 9.59 7.79 7.23 7.47 5.45 6.17 6.43 3.35

MnO 0.12 0.14 0.16 0.11 0.11 0.11 0.09 0.12 0.12 0.07

MgO 3.68 3.20 " 4.19 2.57 2.46 2.16 1.94 1.91 2.20 1.18

CaOQ 9.42 7.63 8.70 5.60 5.88 6.66 5.44 4.96 5.23 3.13

Na,0 3.13 3.72 3.45 3.60 3.70 3.76 3.98 4.11 3.71 4.28

K,O 1.47 1.95 1.29 2.62 2.40 2.46 2.63 2.61 2.79 3.40

P,0s 0.36 0.43 0.34 0.27 0.31 0.35 0.35 0.34 0.27 0.20

MgO(%) 21.79 17.78 23.85 16.26 16.35 14.29 14.42 13.46 15.17 9.91

*FeO (%) 51.00 50.68 49.16 44.38 43.18 44.55 36.44 39.15 39.95 25.38

Na,O+K,0(%) 27.21 31.54 26.99 39.36 40.47 41.16 49.14 47.39 44.88 64.69
SHE o* S S S S S K S S o*
SR w X X X X X w X X w

1. EFH- 1" 2ALARSERGXIREERTILE,
BWHEMRERA & THK, 1410m 35 (GS]
R40741)

2. AE-12: BELKEIREERUE, EHAERI
L (RS AE, 1590m DLE

3* B3 ANESEERYABOR IS, =5
FH5 I RifE, 1500 m

4. ti-19 F@EEOEREELILE, TEHEHR
ERABEPR(BFEI490m) FEDOER, 1570m
(GS] R40746)

5. A#-14: FREOTAEALLE, EEAERN
(RS, 1790 m 50

6. HE-28: LEMOEEIMARILE, BT IRH
BHRGEBPIG . 7 FEMORR, 1450 m

7. tH-2 FREBEOESECANGRILE TEY
HHRERE LGB (BE510 m) (0 HRESE,
1590 m £+

8. -0 ¥EEAXRELANGRIE, EEH
TR EHAR SRR (FEL9 m) (T RS E,
1650 m 3

9. Kp-16*: ANEEKBEYREEGRLE, &
HERI LK (KA 1870 m DEME T A, 1930
m {3

10. +#-11*: ERBHEFAMNGEREG 71 44
b, TEALHREKBSE, 1800m 5 (GS]
R40742)
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ft&® —H3%

No. (1) (12) (13) (14) (15) (16) (17) (18) (19) (20)
Sample +i-12 HHE-13 EE-14 FBE36 #H-R-23 B9 A2 #HE-8  EiE-30 Ei-41
HE4 (a)hbhD hbhD hbhD (h)oaB-A aoB-A (0) ahA a0A aoB (a)oB-A ahA
HEH ha ha ha ma ma ma ma ma ma ku

Si0, |  66.06 67.30 66.57 51.91 50.30 55.23 52.41 50.81 51.05 62.80
TiO, 0.69 0.66 0.67 1.59 1.60 1.40 1.75 1.46 1.72 0.80
ALOg| 17.34 16.53 16.43 17.96 16.76 19.01 18.12 19.06 18.32 17.11
Fe, 0O 4.07 5.04 4.24 10.17 3.62 2.30 10.08 2.14 10.55 6.85
FeO 6.06 5.02 7.30
MnO 0.11 0.06 0.23 0.17 0.18 0.14 0.18 0.15 0.18 0.12
MgO 1.13 0.81 1.06 4.41 5.28 2.64 3.87 4.11 4.17 1.42
CaO 3.20 2.54 3.13 8.58 9.57 7.32 8.27 8.88 9.12 4.09
Na,O 4.32 4.33 4.40 3.38 2.96 3.87 3.34 3.40 3.44 3.86
K,0 3.27 3.60 3.39 1.33 1.26 1.73 1.64 1.38 1.23 3.05
P,0Os 0.23 0.17 0.24 0.34 0.33 0.46 0.33 0.38 0.36 0.30
H,0(+) (1.83) (1.29) (0.85) (1.50) 0.71 0.26 (1.01) 0.40 (0.89) (1.83)
H,0(—) 0.94 0.20 0.3¢
Total | 100.42*  101.04*  100.36* 99.84* 99.57 99.58 99.99%  99.81 100.14*  100.40*
K%
Sio, | 65.77 66.61 66.33 51.99 51.02 55.41 52.42 50.88 50.97 62.56
TiO, 0.69 0.65 0.67 1.59. 1.62 1.40 1.75 1.46 1.72 0.80
ALO; | 17.27 16.36 16.37 17.99 17.00 19.07 18.12 19.08 18.29 17.04
*Fe, O 4.05 4.99 4.22 10.19 10.51 7.91 10.08 10.27 10.54 6.82
MnO 0.11 0.06 0.23 0.17 0.18 0.14 0.18 0.15 0.18 0.12
MgO 1.13 0.80 1.06 4.42 5.35 2.65 3.87 4.11 4.16 1.41
CaO 3.19 2.51 3.12 8.59 9.71 7.34 8.27 8.89 9.1t 4.07
Na,O 4.30 4.29 4.38 3.39 3.00 3.88 3.34 3.40 3.44 3.84
K,O 3.26 3.56 3.38 1.33 1.28 1.74 1.64 1.38 1.23 3.04
P,0; 0.23 0.17 0.24 0.34 0.33 0.46 0.33 0.38 0.36 0.30
MgO (%) 9.13 6.10 8.37 24.13 28.06 17.22 21.59 22.69 22.74 9.80
*FeO (%) 29.58 34.17 30.13 50.09 49.51 46.25 50.62 50.92 51.79 42.53
Na,O+K,0(%) | 61.29 59.73 61.50 25.78 22.43 36.53 27.79 26.39 25.47 47.67
SEE S S S S (o} (e} S o* S S
Loy it X X X X w W X w X X

1. £E-12: HREEEEANDEREL 7 1
b, EWEN SRR ERES, 1900 m £

12. +i-13 - ARNAEEEE 71+ b, EEALE
REHAEE, 1920m, £

13. +@-1*: BRNERFEL T 1 v +, T+
MR RS, 1950 m Hif

14, KE-36 : EHEEEE0A DABE R AZRE
HALZIE, ERAERIIRER(GE190m ERE
B, 2050 m {3

15%. iy R-23: ¥EFEAHADABXREBLIE,
FEE e » RERTH, 1510 m 31 (GSJ R40743)

16%. BI-9: hALAGEHEREAY ZBAELL
A, ZEREI R (FE1250 m) AR OK &

7% @l-42: EFEEEHA LA GRILE, “EHE2
RO B ILABHEE K BIE (1490 m) H b %+ % +hi8
B 9100 m Ak (GS] R40745)

18%. HE-8* LHMMA A SAGZRE, BENS
NAERPHAERED1582.2m =@ 5 (> » 7 F)E,
1560 m 3

19%. BiR-30 : ¥BEEEHEIALABLAEERL
B, SR, SN ZHTRBR, 1700 m 4351108
2 HIKE DR (GS] R40744)

20%. EiR-41: WRIEAERELARILE, BRAES
N ERORR, @B, 1650 m 3
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No. (21) (22) (23) (24) (25) (26) @7 (28) (29) (30)
Sample WE-2¢ EiR-46  BHR-29 EoJl-3 BIA-26 #E-27 ER-S51 #o)l-5 #olil-e #olil-y
=Y haA (hb)oahA (o)hbahA  haA aoA aoA aoA ahA ahA ahA
il =EA ku se se su nu nu nu mz mz mz

Si0, 62.02 62.55 63.88 54.12 53.76 53.58 52.15 61.73 60.53 59.61

TiO, 1.06 0.86 1.15 1.52 1.61 1.73 1.63 0.87 0.87 0.92

AlL,O; | 16.80 15.64 15.82 17.88 18.80 18.97 18.28 17.21 18.90 18.57

Fe,O; 5.76 7.05 6.59 9.63 9.29 8.87 10.13 5.46 5.10 3.49

FeO 1.95

MnO 0.12 0.11 0.11 0.15 0.14 0.14 0.17 0.10 0.08 0.09

MgO 1.60 2.68 2.22 3.40 3.23 3.30 3.62 2.53 1.25 1.37

Ca0 4.05 5.00 4.71 7.42 6.93 7.26 8.49 4.97 5.21 4.94

Na,O 4.54 3.47 3.54 3.60 3.86 3.94 3.52 3.82 4.05 3.64

KO 3.43 2.65 2.76 1.74 1.82 1.74 1.43 2.48 3.22 3.39

P,0; 0.40 0.22 0.21 0.42 0.40 0.37 0.35 0.26 0.30 0.33

H,O(+) (0.60) (1.13) (1.03) (1.04) (2.42) (1.93) (1.18) (1.77) (1.10) 0.88

H,0(—) 0.76

Total | 99.78%  100.23*  100.99* 99,88* 99.84* 99,90* 99.77* 99.43% 99.51* 99.94

X%

Si0, | 62.16 62.42 63.25 54.20 53.85 53.64 59.28 62.10 60.82 60.52

TiO, 1.06 0.86 1.14 1.52 1.61 1.73 1.63 0.87 0.87 0.93

ALQ; | 16.84 15.60 15.66 17.90 18.83 18.99 18.32 17.31 18.99 18.85

*Fe,O 5.77 7.03 6.53 9.64 9.30 8.88 10.15 5.49 5.13 5.75

MnO 0.12 0.11 0.11 0.15 0.14 0.14 0.17 0.10 0.08 0.09

MgO 1.60 2.67 2.20 3.40 3.24 3.30 3.63 2.54 1.26 1.39

CaO 4.06 4.99 4.66 7.43 6.94 7.27 8.51 5.00 5.24 5.01

Na,0 4.55 3.46 3.51 3.60 3.87 3.94 3.53 3.84 4.07 3.69

K;O 3.44 2.64 2.73 1.74 1.82 1.74 1.43 2.49 3.24 3.44

PO, | 0.40 0.22 0.21 0.42 0.40 0.37 0.35 0.26 0.30 0.33

MgO (%) 10.84 17.70 15.36 19.53 18.70 19.45 20.47 18.41 9.53 10.15

*FeO(%) | 35.14 41.89 41.04 49.79 48.41 47.07 51.54 35.75 35.01 37.74

Na,0+K,0(%) | 5402 40.41 43.60 30.68 32.89 33.48 27.99 45.84 55.46 52.11
¥ S S S S S S S S S o*
ST | X X X X b'e X X X X W

21 #E-24 BERELLEEARTLE, B Lk
BEREBAGERERKER ] y

22%. EHR-46: AR SN A LA A BE L KRS
BEWE, WM &0 T HER, 1700 m
S A OLER, BB ICEIE-302 55200
m ik

23%. BIR-29: 5 A B AR AR ANA %R A REOE
BEIWE, BRAN, AERTHRBRERER,
1760 m {3 D KB

2% HWolll-3* FKEREESREARLYE, THEAE
o3, 1530 m AR

25. BH-26 : WEFENHADABRILE, § Ak
MNERHEES %1860 m 31 THRYI 2 HEx )2 68
300 m kA L RIR DO

26. FIH-27: BEFEEBEOHADARRILE, #AN-&
RS, 2009 m B

27. W51 A BAGEBEARILE, SN
LA RERER, 1630 m BiEHL

28, Eo-5: ¥BRBLERBELZUE, TENEN
NI BB (FEE1740 m) (3202, 1760 m £

29%. #D)il-6 : ¥R A BREEARIE, LEMNEO
N LW (BEE1740 my AT R, 1790 m fh3

30%. ER)l-7r EHEBEOERELRILYE, TERSE
51 L3 (45 BE1740 m) 38 45 B2, 1880 m T3 (GS]
R40747)
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ft& -3
No. (31) (32) (33) (34) (35) (36) (37) (38) (39) (40)
Sample ®olll-8 EE-24 Bl-18-1 AI-192-3 EE-1-28  ®)I-52 W28 A#-7 B®E-203 1B)I-27
HR% ahA  (o)hbahA hbhbtR-Pm bthhbR-Pm bthhbR-Pm (ahb)hR  hhbR  (hb)ahD hoaB-A  (o)ahA
7 mz mi Pm-T’ Pm-I1 Pm-1 y y m ng kn
Si0, | 61.23 59.05 72.61 63.76 64.28 69.26  68.15  66.32 51.87  55.44
TiO, 1.04 1.00 0.14 0.46 0.22 0.40 0.44 0.52 1.54 1.17
ALO; | 18.03 16.74 13.48 16.01 17.84 15.85  16.35  16.10 17.55  18.11
Fe, Oy 5.75 2.23 1.15 1.58 1.02 1.36 0.75 2.48 3.99 2.01
FeO 4.42 1.66 0.80 1.17 2.00 2.18 6.17 6.07
MnO 0.10 0.12 0.69 0.10 0.12 0.07 0.08 0.13 0.19 0.17
MgO 1.24 3.18 0.21 0.92 0.26 0.72 1.24 1.46 4.57 3.41
CaO 4.45 5.82 1.47 3.00 1.47 3.16 3.47 3.99 8.42 7.84
Na,O 3.84 3.39 4.18 3.38 3.08 4.16 3.93 3.77 3.04 3.52
K,0 3.61 2.72 3.62 2.54 2.60 2.96 3.02 2.95 1.22 1.56
P,O; 0.35 0.30 0.03 0.13 0.03 0.14 0.14 0.21 0.38 0.17
H,0(+) (1.45) 0.40 4,98 6.15 0.40 0.86 0.20 0.54 0.21
H,0(~) 0.40 1.17 1.91 0.16 0.08 0.34 0.27 0.12
Total | 99.64* 99.77 97.58* 99.69 99.78 99.8¢  100.51 100.65 99.75  99.80
K%
Si0, |  61.46 59.37 74.41 68.12 70.05 69.67  68.28  66.09 52.07  55.36
TiO, 1.04 1.01 0.14 0.49 0.24 0.40 0.44 0.52 1.55 1.17
ALO,| 18.10 16.83 13.81 17.11 19.44 15.95  16.38  16.04 17.62  18.08
*Fe,Os 5.77 7.18 1.18 3.52 2.04 2.70 2,99 4.88 10.88 8.75
MnO 0.10 0.12 0.71 0.11 0.13 0.07 0.08 0.13 0.19 0.17
MgO 1.24 3.20 0.22 0.98 0.28 0.72 1.24 1.45 4.59 3.40
Ca0 4.47 5.85 1.51 3.21 1.60 3.18 3.48 3.98 8.45 7.83
Na,O 3.85 3.41 4.28 3.61 3.36 4.19 3.94 3.76 3.05 3.51
K,0 3.62 2.73 3.71 2.71 2.83 2.98 3.03 2.94 1.22 1.56
P,0; 0.35 0.30 0.03 0.14 0.03 0.14 0.14 0.21 0.38 0.17
MgO (%) 8.94 20.23 2.32 9.27 3.40 7.04  11.41  11.59 24.58  20.83
*FeO (%) 37.32 40.89 11.44 31.06 22.43 23.39  24.62  35.04 52.49  48.12
Na,0+K,0(%) | 53.74 38.88 86.24 59.67 74.17 69.57  63.97  53.37 2291  31.03
SHTE S o* K o (e} o* K K (o] o*
5P X W X W w w w w W w

31*. @Ot AW ARKEALILE, FEfE
AL (B EEL1740 m) FHE RS, 1930 m 43

32%. Xi-24%: A LARGHEANGEBEL RS
BEIE, FRHZSILILTAD L, SERV, 8
2230 m (GS] R40748)

33%. BNI-18-1: o3 v ANEREEL REBHK
HHBREG(BTER, Ponl FicgdThsd), =6
8 )11 h e (B EE1300 m) 2 (GS] R40749)
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No. (41) (42) (43) (44) (45) (46) (47) (48) (49) (50)
Sample =5 -6 F-10 ANi-19 H-1 F&-116 E#-1 HOFE-6 HE4 Fe-134
E=LaE ahA  (ohb)ahA ahhbA (hb)ahA-WT (hb)ahA (hb)ahA  hhbA (0)ahA  (hb)ahA (hb)ahA
HBZ kn kn kn kn kn kn ok ok mm mm

SiO, | 57.06 61.56 61.59 61.70 62.18 61.97  63.29 62.97 57.94 59.92
TiO, 1.28 0.88 0.79 1.00 0.82 0.91 0.66 1.12 1.16 1.02
ALO; | 19.14 16.34 17.12 16.76 16.41 16.03 17.31 15.86 17.16 16.23
Fe, 03 7.75 6.42 6.17 1.10 2.24 6.44 1.33 1.12 1.90 7.42

FeO 4.73 3.67 3.35 4.85 5.72
MnO 0.17 0.14 0.13 0.16 0.11 0.13 0.14 0.13 0.15 0.14
MgO 2.36 2.46 2.01 1.73 2.38 2.40 1.58 1.54 3.20 3.03
CaO 6.70 5.51 5.34 4.70 5.28 5.16 4.81 4.22 6.92 6.04
Na,O 3.79 3.77 3.84 4.40 3.42 3.57 4.29 4.12 3.20 3.45
K,O 1.80 2.26 2.26 2.66 2.64 2.57 2.48 2.94 1.96 2.40
P,0; 0.38 0.25 0.33 0.39 0.27 0.28 0.31 0.38 0.28 0.28
H,O(+) (1.69) (0.47) (1.71) 0.38 0.35 0.71) 0.28 0.20 0.22 (0.75)

H,0(—) 0.16 0.20 0.12 0.14 0.14
Total | 100.43*  99.59*  99,58* 99.87 99.97 99.46% 99,95 99.59 99.95 99.93*

i 9

SiO, | 56.82 61.81 61.85 61.79 62.29 62.32  63.35 63.11 57.81 59.97
TiO, 1.27 0.88 0.79 1.00 0.82 0.91 0.66 1.12 1.16 1.02
ALO; | 19.06 16.41 17.19 16.78 16.44 16.12 17.32 15.89 17.12 16.24
*Fe,Os 7.72 6.45 6.20 6.37 6.33 6.47 5.06 6.52 8.24 7.43
MnO 0.17 0.14 0.13 0.16 0.11 0.13 0.14 0.13 0.15 0.14
MgO 2.35 2.47 2.02 1.73 2.38 2.41 1.58 1.54 3.19 3.03
CaO 6.67 5.53 5.36 4.71 5.29 5.19 4.81 4.23 6.90 6.04
Na,0 3.77 3.79 3.86 4.41 3.43 3.59 4.29 4.13 3.19 3.45
KO 1.79 2.27 2.27 2.66 2.64 2.58 2.48 2.95 1.96 2.40
P,0; 0.38 0.25 0.33 0.39 0.27 0.28 0.31 0.38 0.28 0.28
MgO(%) 15.81 17.24 14.71 11.92 16.85 16.74  12.25 10.65 20.27 19.48
*FeO (%) | 46.74 40.50 40.64 39.42 40.25 40.43  35.26 40.52 47.05 42.92
Na,0+K,0(%) | 37.45 42.26 44.65 48.66 42.90 42.83 5249 48.83 32.68 37.60
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No. (51) (52) (53)
Sample Bl-20 TELE-16 FE-72 AR BREE Bkl
B04 (hb)chaA (o)hbahA (hb)haA SEEME TSl STE
B % ic sn sn
Si0, | 57.69 57.94 60.82 Si0,  58.14 61.82 59.60
TiO, 1.04 0.96 0.95 TiO, 1.15 0.83 1.03
ALO; | 18.25 16.31 16.09 ALO; 17.69 16.68 17.29
Fe,0s 1.61 1.77 6.82 Fe,05 2.54 1.73 2.03
FeO 5.20 5.10 FeO 4.41 3.76 4.00
MnO 0.17 0.13 0.13 MnO 0.13 0.16 0.14
MgO 3.92 4.01 3.08 MgO 2.62 2.21 2.46
Ca0 6.62 7.06 5.68 CaO 6.14 5.09 5.72
Na,O 3.07 3.39 3.50 Na,O 3.74 3.66 3.71
K,O 2.45 2.12 2.44 K,O 2.39 2.45 2.41
P,0; 0.24 0.27 0.27 P,0; 0.32 0.25 0.29
H,O(+) 0.40 0.51 (0.52) H,O(+) 0.60 0.38 0.47
H,0(—) 0.23 0.20 H,0(—) 0.51 0.17 0.31
Total | 100.89 99.77 99.78* Total  100.38 99.19 99.46
|/K% TEARY
Si0, | 57.21 58.16 60.94 Si0,  58.57 62.69 60.40
TiO, 1.03 0.96 0.95 TiO, 1.16 0.84 1.04
ALO; | 18.10 16.37 16.13 ALO; 17.82 16.91 17.52
*Fe 05 7.33 7.46 6.84 Fe,04 2.56 1.75 2.06
MnO 0.17 0.13 0.13 FeO 4.44 3.81 4.05
MgO 3.89 4.03 3.09 MnO 0.13 0.16 0.14
CaO 6.56 7.09 5.69 MgO 2.64 2.24 2.49
Na,O 3.04 3.40 3.51 CaO 6.19 5.16 5.80
K0 2.43 2.13 2.45 Na,O 3.77 3.71 3.76
P,0; 0.24 0.27 0.27 K,O 2.40 2.48 2.44
P,0; 0.32 0.25 0.30
MgO(%) | 24.36 24.73 20.32 MgO (%) 16.97 16.23 17.08
*FeO (%) 41.33 41.28 40.49 *FeO (%) 43.35 38.99 40.43
Na,0+K,0 (%) 34.31 33.99 39.19 Na,0+K,0(%) 39.68 44.78 42.49
oEE K o* S
GHTEE w w X
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GEOLOGY

OF THE

ONTAKESAN DISTRICT

By

Naotoshi Y AMADA and Takehiko KOBAYASHI

(Written in 1987)

(ABSTRACT)

GENERAL REMARKS

The Ontakesan District is located in the middle of central Honshu, Japan an d occupies an
area between the 137° 15’ E and 137° 30 E latitudes and between the 35° 50’ N and 36° 00’ N
longitudes. Most of the district belongs to Gifu Prefecture, while the southeastern part to
Nagano Prefecture.

Topographically, the district lies at the southern extremity of Hida Sammyaku (mountain
range),usually called the Northem Japan Alps. In thisdistrict, a giant volcanic edifice, Ontake
San (mountain) with 3, 063 m maximum altitude, stands on the low-relief mountains with
1,500-1,900 m top altitudes. The main rivers in the district are Hida Gawa (river) and its
tributaries for the most parts and Otaki Gawa for the southeastern part, both joining into Kiso
Gawa to the south which flows finally into Ise Wan (bay) facing to the Pacific Ocean.

Geologically, the district belongs to the Inner Zone of Southwest Japan, which is divided into
the four geotectonic belts, namely the Hida Belt, the Hida Marginal Belt, the Mino Belt and the
Ryoke Belt from north to south. The mapped district is situated in the Mino Belt as a whole,
consisting of the folded Triassic to Jurassic marine sequences hitherto called “Chichibu



Table 1 Summary of geology in the Ontakesan District
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Geologic age

Stratigraphic units

Remarks

N\

“Holocene

N

Late

Quaternary

Pleistocene

Cenozoic

[Pliocene

Neogene

Miocene|

Paleogene

Late

Cretaceous

Early

Mesozoic

Late

Middle

Jurassic

Early

Middle
to Late

Triassic

Early

Products of Ontake Volcano

Nohi Rhyolites

Mesozoic strata of

1984 Ontake Debris Avalanche Deposit
Alluvium

Debris deposits

Talus and colluvial deposits
Terrace deposits

Marishiten Volcano Group
(andesite)

Takigoshi Formation

Mamahahadake Volcano
Group (rhyolite -dacite)

Younger Ontake
Volcanic Rocks

Older Ontake Volcanic Rocks
(dacite-basalt)

Suzurankogen Basalt

Nyukawa Pyroclastic Flow Deposit

Stage V welded tuffs
Stage IV welded tuffs
Kurosawa Breccia
Shirakawa Formation
Stage I welded tuffs
Atera Formation
Stage II welded tuffs

Olistostrome

Sandstone, mudstone,
tuffaceous mudstone, conglo-
merate

the Mino Belt

Bedded chert

1984 Naganoken-seibu Earthquake

1979 Phreatic Explosion

1

Erosion of Younger strato-
volcanoes

Younger stratovolcanoes

Lava domes

Pumice eruption and
caldera formation

Erosion of Older stratovolcano
Older stratovolcano

Intrusions of porphyrite and
dacite

Formation of the intramountain
basins in the northern areas

)

Erosion
Yakeiwadani Granodiorite

Intrusions of granite porphyry

Intrusions of granodiorite
porphyry

Intrusions of pre-Nohi granitoids

Upheaval and erosion

Regional folding
Formation of thrust sheets
Submarine slumping

Felsic volcanism

Ontake volcanism
Atera fault movement

Felsic magmatism

Sedimentation-deformation
of the Mino Belt
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Paleozoic formations” or “Honsht Geosynclinal Deposits”.

On the erosion surface of the above Mesozoic strata of the Mino Belt, rest the Late
Cretaceous Nohi Rhyolites made principally of felsic welded tuff, unconformably. They are in-
truded by several stocks and dikes of granodiorite porphyry and granite porphyry, which are
nearly coeval to the Nohi Ryolites or somewhat later.

In late Pliocene, the Nyukawa Pyroclastic Flow Deposit (dacite welded tuff) was emplaced in
the northeastern part of the district. In latest Pliocene, the Suzurankogen Basalt erupted on the
northern part of the district. In Middle to Late Pleistocene, the Ontake Volcano located at the
easternmost part of the district erupted, producing a large quantity of basalt to rhyolite lavas
and pyroclastic materials. Its activity continues to recent as phreatic eruption on asmall scale.

Geological succession and remarkable events in the mapped district are summarized in Table
1

MESOZOIC STRATA OF THE MINO BELT

The Mesozoic strata of the mapped district consist of thick marine sequences and lithological-
ly belong to the sandstone-chert facies of the Mino Belt (ADACHI, 1976). They are distributed
in the northeastern part of the district, and are composed mainly of the Triassic chert and the
Jurassic sandstone-mudstone, both trending NE-SW. A small quantity of olistostrome facies oc-
curs at the southeastern corner of the district and also in the western part of the district,the lat-
ter being enclosed within th Nohi Rhyolites as large blocks.

NOHI RHYOLITESAND RELATED INTRUSIVE ROCKS

Nohi Rhyolites

The Nohi Rhyolites had long been called  “quartz porphyries,” but it became evident in early
1960s that they are large-scale pyroclastic flow deposits, mostly welded and devitrified. They ex-
tend in the Inner Zone of southwest Japan, especially in the Mino Belt with approximately 100
km length in a NNW-SSE trend. They are volcanostratigraphically divided into five stage
(Stage | to Stage V) on the basis of intercalation of water-laid sediments or structural discon-
tinuties. Volcanic rocks of each stages are further subdivided into several welded tuff units
which are discriminated to each other by rock facies such as chemical and mincral compositions,
size of crystal fagments and abundance of lithic fragments.

The mapped district lies in the central to eastern parts of th Nohi Rhyolites mass, where the
Stages 11—V volcanics are widely distributed. The Stage | volcanics, on the other hand, are only
found in the southern to southwestern parts of the mass. Table 2 shows the thickness and
lithologic features of each stratigraphic unit of the Nohi Rhyolites in the mapped district.
According to the fission-track dating for zircons, Stagesl|-IV correspond to latest Cretaceous
age and Stage V corresponds to Paleocene age (Table 1).

The Stage |1 volcanics are the thickest and most widespread in the mapped district. They un-
conformably overlie the Mesozoic strata of the Mino Belt at the eastern part of the district.
While, in the western part of the district, these strata are enclosed as numerous megablocks,
several tens or hundreds meters across, within the Osaka Pyroclastic Rocks, the lowermost unit

of the Stage Il volcanics. This means that the source area for Stage |1 volcanics probably existed
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Table 2 Summary of the Nohi Rhyolites in the Ontakesan District

Volcan Maximum Crystal
o/canic Stratigraphic unit thickness | Composition | content Remarks
stage (m) (vol. %)
v Suzugasawa Welded Tuff 130 Rhyodacite | 55=*
Senzawa Welded Tuff 70 Rhyolite 30+ |Abundant in lithic fragment
1 Setogawa Welded Tuff 700 | Rhyodacite | 40-50
Kurosawa Breccia 20 Unsorted breccia and sandstone
Shirakawa Formation 150 ' Tuffaceous sandstone-mudstone
and tuff-lapilli tuff
Uguigawa Welded Tuff 200 Rhyolite 15-30
m Mayumitoge Welded Tuff 300 Rhyolite 30-40 | Abundant in lithic fragment
Takadaru Welded Tuff 700 Rhyolite 30—40
Atera Formation 50 Tuffaceous sandstone-mudstone,
tuff and conglomerate
Yumoriyama Welded Tuff 500 | Rhyodacite | 40-50 | Abundant in lithic fragment
Akaishi Welded Tuff 50 Rhyolite 25-35
I Higashimata-Funayama 1,000 Rhyodacite | 45-55 |Abundant in lithic fragment in
Welded Tuff part
Osaka Pyroclastic Rocks <800 Rhyolite Tuff breccia-lapilli tuff and
welded tuff

in the western part of the mapped district.

Among the Stage Il volcanics, the Higashimata-Funayama Welded Tuff is the largest unit
which cover the main parts of the Nohi Rhyolites mass. It consists principally of biotite-horn-
blende-ferroaugite-ferrohypersthene rhyodacite welded tuff (SiO, = 70-73%) and subordinate-
1y of rhyolite welded tuff (SiO, = 74%), both having a highly porphyritic nature. In the western
part of the mapped district, it ofen contains large-sized lithic fragment such as sandstone,

mudstone, chert, granite, rhyolite tuff and rhyolite welded tuff. The Akaishi Welded Tuff isa
thin unit made of rather aphyric rhyolite welded tuff. The Y umoriyama Welded Tuff is made of
rhyodacite welded tuff similar to the Higashimata-Funayama Welded Tuff in lithology. These
three welded tuff units are in sharp contact to each other or mutually grade in a narrow extent,
but neither the non-welded facies nor the clastic sediments are observed near the boundaries. So
these units probably belong to a simple (?) cooling unit of ash-flow tuffs (SMITH, 1960) as a
whole.

The Atera Formation, consisting of volcaniclastc sediments, overlies conformably the Stage
Il volcanics. Although the formation is thin and sometimes become thinning out in the mapped
district, it widely occurs in the southern neighboring district, forming the deposits with 100
400 m thickness.

The Stage 111 volcanics overlie conformably the Atera Formation or the Higashimata-
Funayama Welded Tuff. They are divided into the three units (Table 2), though they have
highly silicic composition (SiO, = 78%) altogether. The Takadaru Welded Tuff, the lowest
unit of these volcanics, has a thin sedimentary intercalation) (10-20 m thick) composed mainly
of conglomerate and pumice tuff. It suggests that this unit can be subdivided into plural cooling



132

units. The Mayumitoge Welded Tuff is discriminated from the lower and the upper units by its
abundance in lithic fragments. It becomes thicker to the southern neighboring district.

The Shirakawa Formation, consisting of water-1aid volcaniclastic rocks, overlies conformably
the Stage |11 volcanics in the southern part of the mapped district, while it is lacking in the cen-
tral part of the district.

The Kurosawa Breccia, composed mainly of unsorted volcanic breccias, overlies the
Uguigawa Welded Tuff, the uppermost unit of the Stage 11l volcanics. Type localities for the
Shirakawa Formation and the Kurosawa Breccia were set up in the southern neighboring
district, where the former is covered by the latter conformably.

The Stage |V volcanics consist of the Setogawa Welded Tuff and the Sotobayama Welded
Tuff, although the latter occurs only in the southeastern neighboring district. The Setogawa
Welded Tuff conformably overlies the Kurosawa Breccia, the Shirakawa Formation or the
Uguigawa Welded Tuff, respectively. It is made of rhyodacite welded tuff (SiO, = 72%) for the
most parts and probably belongs to a simple cooling unit as shown in thel200m-length
borehole samples drilled at the southeastern part of the mapped district.

The Stage V volcanics occur only poorly in the eastern marginal part of the Nohi Rhyolites
mass including the southeasten corner of the mapped district. They unconformably overly the
Mesozoic strata of the Mino Belt. In the southern neighboring district, the Stage V volcanics
are in fault contact with the Stages I11-1V volcanics, but this boundary fault is not observed in
the mapped district owing to covers of the Quaternary andesite lavas from the Ontake Vol cano.
Granodiorite porphyries

The granodiorite porphyries are distributed in the western and the northern parts of the map-
ped district as several stocks or large-sized dikes intruding the Osaka Pyroclastic Rocks, the
Higashimata-Funayama Welded Tuff and, rarely, the Takadaru Welded Tuff. The largest
stock is the Hagiwara Granodiorite Porphyry which is distributed more widely in the western
neighboring district. These granodiorite porphyries contain abundant phenocrysts of
plagioclase, quartz, K-feldspar, biotite, hornblende and clinopyroxene in the fine-grained
groundmass. They have abundant mafic in clusions and, rarely, xenolithes of fine to medium-
grained biotite granite. Fission-track age of zircons from the granodiorite porphyry in the nor-
thern neighboringd district is 63.1+2.6Ma, nearly coeval to the Stage I11 or IV.

Granite porphyries

The granite porphyries are distributed in the Nohi Rhyolites mass as numerous dikes in-
truding the Stage I1-V volcanics. Especially, they are clustered in the southwestern part of the
mapped district, forming a parallel dike swarm of a NE-SW trend. Some of these dikes also in-
trude the granodiorite porphyries, so they have been emplaced later than the latter, probably in
Paleocene age. These granite porphyries contain abundant phenocrysts of quartz, K-feldspar,
plagioclase, biotite and hornblende in the fine-grained or felsitic groundmass.

PLIOCENE TO PLEISTOCENE VOLCANIC ROCKS

The Pliocene to Pleistocene volcanic rocks in the mapped district consist chiefly of the
Nyukawa Pyroclastic Flow Deposit of Late Pliocene age and the Suzurankogen Basalt of latest
Pliocene age. In addition, the small dikes of hornblende porphyrite and biotite dacite, probably
of Middle Pleistocene age, occur in the southernmost part of the district.
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The NyUkawa Pyroclastic Flow Deposit is a large-scale pyroclastic flow deposit, probably
erupted at the northeastern area now occupied by the Norikura Volcano. It is widely distributed
in the northeastern region of the Gifu Prefecture with about 400 km original extent. K-Ar ageis
obtained as 2.3-2.6 Ma. In the mapped district, it lies on the low-relief mountains with 1400-
1600 m altitudes, which are underlain by the Mesozoic strata of the Mino Belt for the most
parts. It is made principally of augite-hypersthene dacite welded tuff (50-100 m thick) with
basal thin non-welded facies.

The Suzurankdgen Basalt is a part of the Ueno Basalts which are sporadically distributed in
the eastern part of Gifu Prefecture to the western part of Nagano Prefecture. It occurs in the nor-
thern part of the mapped district and further to the north, overlying the N-ohi Rhyolites or the
granodiorihe porphyries. K-Ar age is obtained as 2.0 Ma. It is made of olivine basalt or augite-
olivine basalt lava of about 50 m thick with basal scoriaceous bed. Petrochemically, it belongs to
the high-alumina basalt series (Kuno, 1966). It is assumed from the topographic features that
it has erupted at the plural points in the mapped district.

ONTAKE VOLCANO

The Ontake Volcano is a southern end member in the Norikura volcanic zone, in which
volcanoes are well arranged with 20 to 30 km interspace to each other on a N-S trend along the
major axis of the remarkable upheaval zone, the Northern Japan Alps, in central Honshu. The
Ontake Volcano has a conspicuous cone whose top is Ken-ga-Mine (mountain) 3,063.4 min
altitude, resting on mountains 1,500-1,900 m in altitude. The edifice, which contains two
overlapping bodies of compound volcanoes with caldera almost buried down, consists mainly of
lavas and pyroclastics of calc-alkaline andesite with small amounts of rhyolite-dacite and basalt.
The summit of the edifice consists of a series of smaller stratocones of andesite with or without
crater basins arranged in a roughly N-S trend.

Volcanic products

The products of the Ontake Volcano are divided into two groups with an erosional gap: the
Older Ontake Volcanic Rocks (abbreviated OVR in the followings) erupted before caldera and
the Younger Ontake Volcanic Rocks (abbreviation: YVR) as syn- and post-caldera.

OVR covers the outer part of Ontake cone up to about 80 km? in volume. It consists of lavas
and volcaniclastic deposits, especially debris flow deposits. Lavas are mainly of augite-
hypersthene andesite with or without small amounts of hornblende and/or olivine (SiO, : 59—
63%), ranging from augite-olivine basalt (SiO,: 50%) to augite-hypersthene-hornblende
dacite (SiO,: 67%). It is assumed that OVR had formed a signle cone of a stratovolcano pro-
bably in Middle Pleistocene and thereafter the edifice has been eroded and lost the central part
of it with caldera generation.

YVR piled up in the caldera basin and extended over dissected valleys on OVR, resulting to
form the central part of present Ontake edifice. Stratigraphically and lithologically, YVR is sub-
divided into two series of volcanoes without an evident cessation of their activities: the lower
part of felsic rocks named the Mamahahadake Volcano Group and the upper part of andesite
named the Marishiten Volcano Group. The Mamahahadake Volcano Group are composed
mainly of thick lavas and pyroclastic deposits of dacite (SiO,: 66-69%) piling up in the caldera,
although the lowest members of them are large amounts of air-fall pumices of rhyolite (SiO,:
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70-73%) related to the formation of the caldera. The Marishiten Volcano Group are of a group
of small stratocones of andesite (SiO, : 59-63% for the most parts) covering more than a half of
the Mamahahadake Volcano Group and forming the summit of the present Ontake Vol cano.
The beginning of eruption of YVR is dated 70,000-90,000 y.B.P. by fission-track method and
the end of it is estimated about 30,000 y.B.P. tephrochronologically.

Volcanic history

Stratigraphy of the Ontake volcanic rocks leads to the conclusion that there are two active
periods and two alternatively inactive periods for about several tens of thousands years, respec-
tively (Table 3). During the inactive period, the volcanic activity is weak on the whole and the
superficial phenomena are restricted to phreatic activities: hot springs, fumaroles and intermit-
tent phreatic explosions without discharge of hot magma.

The Older Ontake Period, namely the first active period of the Ontake Volcano, initiated pro-
bably far more than 100,000 years ago and continued for perhaps tens of thousands of years.
Lavas and volcaniclastic deposits belonging to OVR built up a huge stratovolcano. After this ac-
tive period, there seems to have been a very long cessation of volcanism, the inactive period.
The volcanic edifice of OVR had been dissected intensively to form radial valleys before the ac-
tivity of YVR.

The Y ounger Ontake Period is subdivided into two stages by abrupt changes of the volcanic
products: the earlier stage, called the Mamahahadake Volcano Group and the later one is
Marishiten Volcano Group. Activity of the Mamahahadake Volcano Group started from the
successive eruption of enormous volume of rhyolitic pumice-falls accompanied by formation of
caldera. Among these extensive tephra layers, a pumice-fall layer called “Pm-1” covered a
wide area more than 3 X 10* km?. The following activities gjected dacitic products: thick lava
flows, pyroclastic flows and air-fall pumice. They buried up the major part of the new-born
caldera, resulting in the formation of a composite shield volcano with dacite lavas, Mamahaha
Dake (mountain). During the activity of the Marishiten Volcano Group, the andesitic products
formed small stratocones overlapped each other and arranged in a roughly N-S trend. The up-
per parts of the cones are composed mainly of mantles of dense-welded agglutinate with small
amounts of lava flows except latest craters as San-no-ike crater. Tephrochronological evidences
show the last magmatic eruption of the Marishiten Volcano Group occurred before 2.3 X 10*
y.B.P., namely before the showering of AiraTn (AT) ash.

For the last about 30,000 years, the Ontake Volcano has been in the second inactive period,
during which the superficial activities continued as fumaroles and hot springs and intermittently
repeated phreatic explosions with the average interval about 1,500 years. The last phreatic ex-
plosion, but the first historical one, occurred October 28, 1979.

The phreatic explosion of 1979 suddenly broke out in the early morning of October 28 with
no apparent signs of the new volcanic activity except for the preceding weak volcanic earth-
quakes for half a day. The surface activity began at the new small craters and eruptive fissures,
arranging in a NW-SE trend on the southern slope of Ken-ga-Mine peak at about 2,900-2,800
m in altitude. At 5:20 of October 28, the tremors from Ontake San (mountain) were recorded
at alarge number of seismic observatories in central Japan. At the same time, the explosion
seemed to have started, but no denotation concerning to opening of new craters was recognized
by hikers close to the new craters. Initially, explosions were rather weak and explosion smokes
were white or pale gray in more or less 100 m high. Explosions gradually increased in violence.
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Table 3 Outline of history of the Ontake Volcano

Age 4 Period Stage Magmatic Volcanic activity Landform Remarks
X 10%y products
; 1984 Earthquake
Holo- 1979 Explosion Exolosi 1975-78 Earthg. swarm
Inactive Phreatic explosion xplosion craters | Akahoya Ash (6,300y.B.P.)
Period Hot spring Large-scale F AT Ash(23,000y.B.P.)
2.3 .
Fumarole landslides
Marishiten Andesite lava, Composite I Kisogawa _Mudflows
4.8 Volcano Andesite pyroclastic flow stratovolcano I DKP Pumice
Younger | Group and air-fall tephra (ca. 48,000y.B.P.)
Ontake
5-6 . Viscous lava
= Period I(\i/lai{mahaha- Dacite pyroclastic flow Lava domes - Aso-4 Ash
2z, axe and air-fall pumice
=} Volcano
3) Group
S |79 . . . :on - Pm-I Pumice
& Rhyolite Rhyolitic pumice Caldera formation (7-9%10* y BP.)
%)
; Inactive Heavily
= Period dissected
A Wamura Mudflows
Late Andem.te ) Single cone of
Older Andesite Lava, pyroclastic stratovolcano
Middle Basalt flow and air-fall
Ontake Basaltic tephra
andesite
Period Dacite
Early Andesite
Basaltic
andesite

From 8:30, dark-gray ash-laid clouds formed the cauliflower-like eruptive columns. The highest
smoke column reached a height of 1,000 m above the Ken-ga-Mine and ash-showering began to
move leeward on the northeastern foot of Ontake San. Around 14:00, the maximum phase of ex-
plosion with cock’s tail jets were observed. The ejecta fell on around Ken-ga-Mine and
destroyed a shrine and huts. The ash-laid clouds yielded the accretionary balls of ash similar to
large grains of hails in shape. The main explosions had finished before the morning of October
29. The essential volcanic materials from hot magma are not found out in the 1979 ejecta, but
clay minerals and pyrite, formed by activities of fumaroles or hot springs, are found with com-
mon rock-forming minerals and fragments of volcanic rocks. The activity of 1979 is characteriz-
ed by a phreatic explosion, although the volcanic tremors originated from relatively deep foci
and the composition of emission gas showed the character of high temperature source.
Petrochemistry

Products of the Ontake Volcano ranges from augite-olivine basalt to hypersthene-hornb-
lende-biotite rhyolite (SiO, : 50-73%). There are clear differencesin chemical composition bet-
ween OVR and YVR. Namely, OVR is higher in K,0+Na,O and A1,0,, and lower in CaO,
total FeO and MgO than YVR. The Peacock's alkali-lime indices are 57.9 for OVR and 61.0
for YVR, respectively. In general, chemical characteristics of the Ontake volcanic rocks is
similar to that of the Chokai and Daisen volcanic zones.
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LATE PLEISTOCENE TO HOLOCENE SEDIMENTS

The Late Pleistocene to Holocene sediments in the Ontakesan District consist of terrace
deposits, talus and colluvial deposits, debris deposits, Alluvium and the 1984 Ontake Debris
Avalanche Deposit.

Terrace deposits

Terrace deposits are distributed only poorly along Hida Gawa (river) and its tributaries such
as Osaka Gawa and Akigami Gawa as well as along Otaki Gawa. They form narrow terrace
planes 10-20 m above the river floor, and are made of gravel bed, several to ten meters thick.
Talusand colluvial deposits

Talus deposits are distributed on the foot of steep slope along Hida Gawa and its tributaries,
while the colluvial deposits are mainly developed on the gentle slope underlain by the Nohi
Rhyolites. Both of these deposits are composed of subangular to angular boulder-pebble, sand
and mud.

Debris deposits

Debris deposits are distributed on the southern and the northern slope of Ontake San. They
form small fans along valleys, and are made of debris flow or debris avalanche deposits, about
10 m thick, consisting of subangular to angular block of tbe Ontake volcanic rocks, sand and
mud. Most of these deposits are assumed to have been formed by the pre-historic collapse of
nearby cliffs.

Alluvium

Alluvium is only poorly distributed along Hida Gawa, Otaki Gawa and their tributaries. It is
composed of round gravel, sand and mud.
1984 Ontake Debris Avalanche Deposit

On September 14 in 1984, a debris avalanche measuring 3.4 X 10 'm?® volume took place at
the collapse site in the upper reaches of Denjo Gawa, a tributary of Otaki Gawa. The collapse
was triggerred by a nearby earthquake of M6.8 on Richter scale named the Naganoken-seibu
Earthquake. The avalanche, which was undersaturated with water, rushed down 1200 m in
altitude and 12 km in distance in 9 minutes along Denjo Gawa down to Otaki Gawa. It left
many scratches and cracks on the surface of the tree trunks and the basement rocks on the path
sides. Many rock fragments are found injected into the tree trunks.

The debris avalanche deposit is several to several ten meters thick and consists of angular
andesite blocks, lapilli-ash and mud. It forms a clear hummocky surface which bears many hills
composed of sheared megablock of lavas and pyroclastic rocks, occasionally preserving their
original stratification. The matrix shows no stratification and is chaotically sorted.

The measurement of natural remanent magnetization suggests that the megablocks were
transported rotating mainly with a vertical axis. In the uppermost stream, the deposit has
characteristic stripes with clear flow pattern of the surface. Each of the stripes, several to several
ten meters wide and several to several hundred meters long, consists of a megablock of

monolithologic debris which is scattered into isolated hills in the down stream.
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