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Tl A BREE T > DIk LT, MCIE LIE UM CH IR & 5.

ARIEHSEOMFREL, FERODE - e - BESLARY, TSRS, SRk
Z MR O EREI IR E R 800m +C,  AHIF - FEERICHA - CTE Y KoM NAT S, =M
BHOWMFBRILEANT £ > T, TR S MRS - )R8 - I RBICESTE 5. MR
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IS T B, B T b R R TR I (30-150m) , i TR B 40 (170-270m)
FUTRAIE (0-25m) 2K 5 CX 5. MU)IISLIE (60m +) X RTAHIE AN HET 5 7=, JAHT >
VR, A RS RO RIS B ), SHAOIL - K - BRI S, B
o = MR OB AL, ARk RSB DS, ) EEBEEO 1, TR
Ve, IR BB I SR OMHER T, FOB A < 5T 5. S 5-25m 0
HoE - aE— TR a0 O 78 D EITHRABRIMERS Y A 7 VDB EN G 22 50 REamEo—i, R
DETAE, SEDEIEREE, WIREO L, AR O HER C b 5.

HEBRC IO & b 9 BT EEIR AT 5. T80 & 7 SRR, FILL Y
SEWEIATE, LAKBIRATE, ACSEREIE, 4 RSB b 5. BT, SR
BRI, B S L K& < AT 5.

PN

ARSI I KB E R S B30 L, £ I NERE & ZARREICRSGTE 5. /NFRE IR
BUMEHUIEE P A L, BRI m-108mTh s, A<EAINIHEE - 2 Wby, —
ALK G A Pede. ZARRIEIT = HAM G K ORI L, EEEm- L 10m DT v — LS
CEVPEL R TV DHIRBEEN O 5. = AKRBEIE, %Mm:iﬁﬁﬁ(gﬁ%ﬁ) EBEL TS, 20
HRHI IR mA B R & Shic b D ThDH. BT, 1/100 h2 AR TILFE F IR L ThD.

BREHEY
I IARR « REARIBWICHREE R FEEL, L&D Ty, T, Ts, Ty T BEHERMICKS)
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TED., WERLOMIEL, HBEMOESIZ1IomUTTH5. T, BEEHERY X 0 5 LB EHERY
WZ1E,  HERW O LR EALDFED B AL,

STHTHR

SERTRI L EEHEHERE Y - FR HIHER Y - WA IS XA T E DL BHEHEREIIE, NRIKZREE, mR O
2B 0 I TR S 2 A S TERE, RIS EARIE RGBS 1 DS S 2 1D (LIS & < FEET 2.
AR HIHERE 30D - B D700, ZHAMO/NIZRB O OISR O NS, R, - -
T RInBR Y, I - BT EOER)IEVITHRS /T 5.

. AREERENROYE R (A HR)

. 1 SR o[k LE5H

HRIELHI G 750 HE s 5 PR o0 MR I LN, TR - SIIL &S S & A I E RESR T oy
HPRKELSBYUNT, Z0DOKRERT By ZIZRoTND. 2O LHMNALET 57 7 v 7 OKRESY
PIER TR T2 (TR - A7 7y 7 I 3RICHALI M >0o/h T a Y 71243704, Abas &H )&
B, AERPERE -GS ERE, LB - AR (RIS ) K OURBRCE Y DIEIZ 5 LT 5.
InbDT7 Ry 7 EZBTLHHOL LT, I bEBERN - RABEANEE, —HAE - LABREDT -
HERE R OE AN LT D, AEAHREIAKICEEIZFE —0 7 vy 7 N TH AWML L7z
10-20km BUED ARG 2 1ED .

D DK IUEEITIECE > T A A R >RUEBEO KIS LEEN DD, LIE UITRE A &2
Te.

KILEEDOALFMIIFEOIT O I & LN R o 7o B3 o bz iz, ARt & A5 R
O X Dz LICERBBIOARTIEIND Z LA H D, ZOHREITONT, (EEANTINEILE % 4
BEE, A AREEEMEAZY (GLRHE, 1986), I 135° LIEZMAER (GEAR, 1981), MR
135° IR A A BJERE (FTENED, 1986) LIFATZYD L THR—ICIZE > Chvew., = MXIEHk AN ¢,
& A EOMRENEBBROLTHEZ N THNEDT, AGE b AERBREOATREZ V5.

ARBERAE, ASH IS AT 2 BERE - BEKAENS & TR E T 2IMBCEH ORI L L Tamg &
7o (5[], 1959).

PR H AP S T AE R BIE B ZE 7 L — 7 (196 7) 1T BB E LB 2 RSB, AHTE
A ICEASND Z L 24 L C, MARRSAETER L & b ISR A ARNICIA R/ 046 273 0l
FOBHKILEEIC BT 2 Z L 2W BN Uiz, ZAUTBILBIAMEA - S EORHED S AT O

1) SREEENEASE - SRR - REE IR & LRI s, A I TEIE) (1986) 12 & B




11

| B - BN

BB - BB AT S

BEALEAALEE

o

ELER (B ECHTN)

a

Ll mABERA RS

M *'ﬁi@(‘%ﬂ?ﬁﬁkﬁfﬁgﬁt

L
10 20 30km
AR S— —

FTH IS EIC BT 5 QRO B E X
i34 (1982) % AL L. —#RiEi ETIE A (1986) 12 & h 57F
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B e AL ek (RR B - A5f81, 1982), A= itk (BE - A%, 1983), = — ML L ORIk (FH -
[H, 1987b) OFEEREOKT LTI, 20 553D 1 HUE NG TR KRB (GrTHIEAN, 1986) TA
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M5 72,7+ 2.3Ma b ) K-ArERGEHIZD, 1984) BB TV D, ME LXK ESIT OV EE)
DI LA & T 50, AR TR R S0 (IR, 1982).

AR D < DARMIROMMR L LT, AHEREL DO KILERE, FHCAPIEE X0 bH LWL
KIZEFHDFER D3> TN D, AR L (A H M KRB IEE 70— 27, 1979), AN ILTHRTH
(FEAK, 1979), FILATELHRREA (HFSEEIE)S, 1983) 72 CiTnfi+ A kILatHL, ABEIHEE,
HDLNIEREEOAEE DAY 52 LN BHREEL Y bENKIETH D L FREIN TV D, Bl
BT, I OKIEENERS & HER GBS BEARE R TH D Z L0, KILEEO—HN)
TERAEBUC XD BVERUEM 2> TV D 2 L DHER SV TW D (R - A2fH, 1982;75H - {iTH, 1987b)
LMD, TRLOKIEEICEA SNAEHEOABEDIRERIL, RBRHORMNH 5.
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TV, THRLOMWINIEA _EALOFARIEREEAE 278 - Ak - LRMA S HLD BN T D, SEARVEREE
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VI > TRIET S 1RO VIR TIESEARERE RIS THII AL, EEsEEE)IEIcHE2e 5 (5
9 BUZEN) . 1A HURI OO R AT TR FIBEIK A B &332 0T, SPARESREEEICE T o> TALIE
Bt Uz, ARt od AL HGES I L T LA 3T 238 2 B 5 0 O A4l 2 B A C AL M 1348 L g
R BRSO, W1, SEARVES RIS B ONEICE 22 0 (559 KA D 2 AR H OFRIRIX) , Mz
IAEILETRE, PTEAHEEERE, EATRREEEICS T8, LEoONRICEZR S (59 G5 2 A ORK) .
FEILPEES - WP AT 2 B D 5 6, W51 3R 0 EWARE RS (2, SRR RIS 1358
TR E BN S A (GEH - T, 1987a b) . Bl By EE I S (TR 1A 2 5 b
DA LIRN,

M. 4 WHOFERERE

TR A1 JE S = WX ik D SER > & P BRI S 20T Tov i L, = & o= T I RN B s
DTV 2. BT~ THRBEO AR BE IS N & 2

Ar\)\‘

M 4 1 @BIRBEE(As)

HE(1975) 0 1 18 &7 U Tl B8, ABE CIRENA &V B EORE 7 B 55
FNB . ) DR ETVRAE & WFIEND = & b % (] « &0, 1977 B - 450, 1982). BEAE
X TZ90b) ITH—ENnTWa.
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FABERS S Sreey RIARE
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SRKS 800
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SERIRE 200
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EOR =HXIEE R DRI B 2 FEFHOL — M ERRE

FEAHZ RN SR OM)IT, R HBEREEI S &8V BSOS B b D (Kasama and
YOsHIDA, 1976) . JE/E I3 200m. = M XtE SN C ik = BHETH7 CRE) & BRI AT DB
EIZOT oM 5.

F & LTRE-IREDEIKEIEE 1 DR Y, Wik -BEE 28, TeaIIh 7 A om0 kil
WHICELRLRPWE TS WAE LIZEy &, TR BICZ LAYREE: & &Gt Rl THE GOy
BDlem BB Lk LTREORET L LOBNEZV (F 10 X) .

HATE BRETRYE  (GSI R39816) R AN X E ST H
FEE N T A FRRE W s &R E e R E R,

TORL . F98 « RARE DR OFD, BEahT A, Fsts, 744 b-ZIEO 2mm L F 05 &
A
aite.

WM. 4. 2 EHBERREKE (A

HH (1975) A,

Kasama and YosHIDA (1976) | RHEISFEEEIK S & LEE & THE & 12 1d ¢, Btz tneh s
TEME RAREROREN NN E Lz, THEIIMEIFEE A2, L et g e o
BN, HHE & FERE TR E TR T ST D (Kasama and YosHiDA,  1976) . 2JE/E 1T 600m
(F M - fTH, 1987b).
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%10 TN SE T OFRTR o= AL E B30T i )
REABIT 0T AR E TR & REIBIR TR £ 2 ST EE O CM B O ARG

= P B iU PR T B S TS RS O/ NS 0 A T D
T L U THBURERE N 7 AEIOE N B850, —HERE W - a2 Pde. B AR B iR sk
W CIIIEHE BRI DD IR DEEICE B DIRACE TS % $es (KAsamA and YosHIDA, 1976) Z &
72 E, ARKEHUE RO I L T\ D, AR RO L 91T, ZERREMNL R BETHD
20 [EWE) LSS D& LD aM, RN TIIEF OSSN TE VO T, iEko4HE
s,
AR ECATEREN T AHEEK A (GS) R 39784) fAHILDGEIGET, SEHEKAMHST SIO,
73. 4% (S3HT &S 1)
2RO v, %z 5D FE19R). Bl 7 AMEERANE L BT RAMRIED, DT T T AR
DETGC & DR EBD 5D, HAE 0. smm itk DERIEN A T T D,
R BHRA - AR (OTHRB 0. 2-2. 56mm) - FRE AL L7 A gy (B 0. 8mm) - $k54 &Te. &FF
T1ovol. % & H 5.

WM. 4. 3 XReetpEER (Ao

HH (1975) OLREMEICF L.

FEAH ) NP TR L TE 7 0/ S 220 (LREH) D).

EWSREREICE, WAUEESE, EIESEER SEBY, STIRAREECE [ b D (Kasama and
YOsHIDA, 1976). JE/ZA200m(FEH - {iTH, 1987h).

= P g sk C U = E TR R R s AR AT & R TR 0/ NP /0 A 9 % . i AT 12T R
EECEEANC R D, BN SRS RS VRS IS D
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AL TR WG G e TR OREIR 72 E3 D70 <, WEDKIUME D RNAZL VDO THS
WRkZ RS, AT, EROBOBROBEREW S,  KINBEERE, RIEEIRS 120,

S MUK RS (GST R 39818) — M HIAEAT) I BT
£20. 5-3mm O R R CTHIR OBEIRE W 5 CTHY - 1 U EA - BRERA - OhAG - BER - LR
SR, ROVRECEEIR S « B L T RWEADIEF NS 705,

WM. 4. 4 SBHBFHEERE (Ask)

HH O(1975) f4.

PEACH I FE 40 ) T AR 3, =L 7 30 OO JE 6 .

EHETEY CLAEMAE A 2B, FTAKFAHT TS FIEIK & U (CBbh 5. JE/E 350m
(5H - {iTH, 1987b).

= H X gk G = A TR B B TS T T O/ AT 5.

HRIK A AT AR AB 2 D FEACE TSRS eI C, AIRAICIZ AW L2 R R AR e E o A XITE
FNE L FHEHTH D,

EAOTE WECERRES T A ERREKE  (GSI R 39814) JE4 M AT J7 (AR HUE PY)

B AT AL, MEREZE T WS, T AR OTHS BT 5.

fEem b AHRA (0. 5-2mm, ARE L AN TR 2 EBRRIC/2 D) - A (B2 0. 5-4mm, @l ST
%) YV EA(EN, ££0.2-0.5mm) - BER(R0.3-2mm, #RIEATL) - ANA (z: fkE, £
0.3mmAT#) - B Af - PLarzaie.
BEAICEBNLAFGIEL TSI HLORH 5.

Im. 4. 5 ERRKAKLE (Asa)

FHH (1975) OIS RNARE B S, S - &5 M (1977) DS FEEX A S8 O FRN 5 508, RfiE T
IXFEH - T (19874, b) OF EFIERK A EES 2 V5.

FEARHUT F RN FEEE R HVEBIZ N TOER OV LY i (KAsAMA and YOsHIDA, 1976) .

SIATE =TT - PHRANT - FEILRT - TR - SR IIT - KRBRT RE B80T 4 & e RPEAY 19 km, RIALA 14

km OZ I OHIRZ Kb 5 (58 X)) .

FFFIOICIE, EIR T TALKIE L ORI O BEEF R IR 2 L, SRR L% 0 % AL
BEROFEA NN ITFAJFAIT T B VEHZ B S AU THERlR 2> D 100m AL OFEPHAEVE AL A 21 T 5.
Wik L ALRIIWE CHHRERE S 2 L, PERISMTUE TSRS L8295, iR S R R ISR
BB D. BIEEINEREEN 20 I WOT, BHEOEFT ERFTO@EEENS 400m + & Sh
7= (FHH - WTH, 1987b) A3, AFFEOFER, iz mn - TR R 2B 2353880 vz (6 42 J) ©
T, D EbT00mMITITET D O LHENIIND.

Ve ERIERIR A B 13 U < 280 BEE I % & T sl S RN 722 WU BRI A B — KIS T
2. PEBERIGRIR A EEE (X OME &8 R OFEDENNS, ZODF A TOBEFMICXS S S d (R -
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=AHF, 1987a b).
AT T EEITBRKE CTHLBEH L TRBY, PEOOSSNEEAZETe. B ODIROERSY TR
BL oy ROU N K AEIRESE 2T T 5 Z ENH 5D, —RICITBRTH S, BEEF D 99%LA

L2 1-10em T, ImMEZB A5 bDEFMOTENTHD CGE11K) . Ik RKERIEMTHD. &
R OZe AT OFHEREIICHRT 58S - Fr— MOAEETHD.
24T FEEITIEERE T, KEDTEKE TH A 0IITRBEDO Z & nb 5. Ak EFORE
WHEEEERV. REERF B OIFLALEER 10emE A, ImEE2 5 b ONEE L CTHE
LTS EE TR . HIE L2 CIER 120mO b OBRERTHHD, FICRERLOLHY
C EROZ ATMBCETRSS, WBCETER T T A EERCE, TIROE T T A ERGAREEIRE, BEKE
TEss — WA 70 L O RIBUR M BEE & 0 FALOFBEHEO KN L <, 1 IMIFHEGRED B,
Fr— 1, ZREOWREER EbET. EMBCHERENEENDE 2 E0d 5.

AT VITVEEFER AU DIZ & A EREI & HORITICHMT 5. TSR LT A 7 TIdHeE
FIERIR A RS ORI OB AT 5 (B8 K) . A4 T MIHERTETZ24 47 TICHER TVWAGHT
M) . ESIEHmATH 100mALTHD. ¥4 71 44 7 EHIBT 2 LRI DEA L, HBR
BEREROBE LN D.

AR ISME S A S 0D ) T B — oy R 30T oD 7B R . TSR Uil B 0 S S A TR X))
W75 4 7 N OBFEBIBEE SN 8 1T RRISRT L5918, B 120mICET DRACERED T 1y 7 (i
H) DIEDS, F/NDEBMRBE L TS (ThD 7 1 v 7 (T EEERE%, TIC—BE_UF R0 FiFbi
TeRFIC PRI B DA DOT, BEOGEE Y TIERW) . 12 A EOESRITKEH IR 2TE TER

B EEFEUK A S ORI ) INTHUEALD © RS Hkn)
BRI 2 A 71 DR (FEHH) © B 1-10CM M EREO BEEE OB 2 L RICE T
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LTW%. hoOEROENRITERICOZIEL, BEITTZ LRV, £70, BT EMoms
HoTHOENR—HLTEY, HWIEAARDLES L 1 HOBHICRD bORBESID. AT IO
FHHO S ORIE, EHREBRT 2B0BEL TRTIATITR LT, B PIc k2o TE
3 5IFE — HJE 72724 (debris avalanche) 2 — T4 U 72 HERE O FFBIC — B LT 5 (FT - =4,
1987a, b ; =#f - #aj#i, 1987) . T7ebb, ¥4 FIIFH ECRIEOFIEIC L - TR E B2 6h
5.

EARE AT RBCEERKILEERKE  (GSI R 39827) PRI H Ik AR U A SyaEH 0

HEE W AREBA 7 AME LTV D8, EREEEZ IR L WD, A I IIMERERE SR b D 2 &
N5, 37.5v0l. %% 5D 5.

fhidh  RHRA - A - VY B QR0 5-4mm) - BER(EE, &K -1mm)- @hAif - <A -
Dby (BLERE0. 05mmAfir) - ZEA GBHM (NG 2) 25T, BFFT23.6vol. %&b 5.

AR W BAERMBER LIS AAEAEL TV ZERH D) - HE - kUE. AFHT38.9vol. %%
5.

M. 5 VEEROAEIEHE

SR - W) | Hin sk o> 7 6 JE PRI oy T — RS AR — PE AP 43 2 AL g L 0 PRI /A3 5. Z 2 Tk
Y — PP RO 10 O [N A Fr o R T K o TR AR RIS B, R R TSR LTz
BRI CWi=n . RO PRI LEARESEEECS FEA KL, &0 RO @53 5546 LT
W5, ZHH IRk E MRS DN D.

WM. 5. 1 BRJIB (Akw, Akn, Aks, AKI)

HH - 1 (1987b) OB IR AR S & ACEHEE & &b b OITHY T 5.

A 72 Je8 U V8 M T R B T — % 1 T — i — 4T ERS 1 - NS - SEARFE L O N— N CEIEET 52 &8
TED.

SYARVIORK T — LEgIT — PR — AT~ SRAATIC E 7203 0, I A B CREBPRTLAPE IC & K55, ARXIE
HSEE PN CIEAERT RS 12> B BRRTRKEE 2RSSR L 0 P 0AR L, 3R ORISR e FicEbins.
AR OE K OV R 720 B 70> B 5 AL Rk o> F AR B ISR L Shua (5 [ - T E, 1987h).
JEIE 2, 400m 2L L.

BB I IRACA TR BECE (Akw) , TERCE FERFE BRI « BEABECE M OB BECS (Akn), FEfES
(Aks) R OVRACARA (AK) 2572 5. HiJE & U CIRISREEEIR S & FRRREREIR A (WA & PR, BR A %
Bt Z LB D) BRBITHAINNCE 2 > TV 5. IEREEEIR S & FREREEIOE OB IR Cilig 3
LEIICRAD. WIS S IFERERICE R OS2 — DDA 7V eT 5 L, = HEXIEHUEAN T
SEDYA I NERADZENTED. DOV A 7 /TR L — b CIE TR B 8 i i) R
- BOWT, BROET - B, BT - SEARSAL DR TR T 5 Z LR TE S,

2) Tk B (1985) ORMEIC K BER.
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BGOSR % M IE, MR m DTSRG B ORERCE ICEAT 2 Z LA b 5. BEAIZZ L
<, FREBEEEOAEZ SR CIIIEOWRBCEES LB LT 5.

WE)IE OB TN GBI ICZ LW T AEECE & REVERE CTH 2. WIEIcaf shb
HIZZWVETTH 20% 2 AR, £DIFE A LITRBCE T 7 ZERIS - e 7e EOMESER T, B8
HOHA c Ty— bbbV EREEND.
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20
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TMECEERA (GSI R 39772) WAL OALNT - LM OBER  SIO, : 78. 9% (53 14)

BESh - RHRA (FElk, B &0.3-2.5mm) - A% (R 0. Tmm =) FAUTH U B - AL - Db - K81
EET. BEOKL%ELHDS.

FIE - BRSO IS &R T

M. 5. 2 FKRBEHEERE (AHl, Atu)

HH - A (19874 b) 4.

A 22 BT AL SE R OIEKFOSE CRIE SN D.

3 A VAR L I Hi 3ok PR D | LI R T A5 75 2030 BRI AR S C, kA VE - R g 305 M o R 1> TR 211
km, FHRRT > S EET SR G5 10 CHELH - TERIPE S TITH) Tkm ©, BALIC OV Eo % L
Tn5.

JE PP AL B O L i s C AL BRI DBl BYAFEBEDCE (B 72 0, dbisads b ik Tl 1 % A
EICE D (M - W, 1987b) . P FIREIK M s & 13 CWTEBIGR CHEft S5 7%, RSB S
WCHIRT D EZBZ LN AR PEBFIEIR AR IS EEND Z &0, EBEFIBRARES L0 v
HESND. FAREHEEICE TR OB IAREI S LA A P B s@ L, & bICEERINER A

HEE D TALIZ/R DD TR L TEZ LN TWD (FHH - 1H, 1987a b).

AR RS B BT B O DT 07 0 B EH (Anw) & TS (AH) ICKSr s, FEbiE o e
Sy BT X DA L, EILHURN TAREIZ Mo TRIET 5. ARIEHIEATH, &5 < Efo
TCHEICAD> TREL, ARHIOEINIIEH LRV OTHA S, JBEIXTEHARA600m, HEEIX
00mE#E25EEZOND.

SEARBSEEIRAE THE OB TIRECEEHE N 7 A LREREIRE N DR DM, & THE T AIEREOWN
R A (55 15 ) 0 L < 8 LTBERE IR « a2 Hde 2 E 03B 5. ARIERSEICE T Ty
IR o~ HHFIR BT OARE L v X G1e S, —MRICIIFBEICYE o AL L v ARG
(I 3E) TR b s.

SERTEFEREI S LR OEITIE L A EITRRGRHEREY) & L COWREN T A BRI B,
FCEBIC TN IEEE DRt — 4 T ABEEIE KON Z AU H e B 0 7 AEEIKE OWEOMFEET 5 2 &
WD, FERHROD 2 D ORI T KRR A BT O R T HER) O FTREMEDS & 5 A3 TIEESTVAR
V. EBOBREIKAIIKEGEEL, IKEOREL X 2E&T. EEIITTHME Y iR L CiE
B2 00T, TFHECOIB)IE & 0 RIS @ W LRI @5, BEICIE 1 A E 72 3 S A
FEASFEEE L C, BOIR (5516 (M) F 72 130N AR (BB 17 XD 1B S . 2 s O o & - AN IER
BEPCA OIEFLICMBMRA TH Y, F7z, HITLICHANRRY, 2R L TOBIAIERS b,

FARESRERE S LED L, WA OO ICHIE R LTl 2 2 LT TE ARV, HERTO ARG
WOBFRIMOTHT, AEHESHEmM ALK I0MOEEDO 7 u—a=y bbb HEFEEET I L
MTED (18 ™. Z 2 TIHEWIEORRBEIEDMMOBE LWREZ, FAREERE S Lo Kik
TEHERE S ARHEG A8 S GRIERE ORGSR T 7 AR R O 7 AR S 1K) . G E O T
D 7p PRARE Z FFO I OFEIC L > T, TS T - T - MO 3 KO 7z —2= FHR7



E)

b, 7

AR

22

W15 SERIRREEER S T OEK ATES (S HTimahe 16 4)
LTI REOFHCE AT T AEREHEIE T, S LRREIE Th 57, A G ZIERITERS L Chan

F16 SEAREEREEI S LIS S D HCRETE (4 mirsUE)

n—a=y FTIETROWIEOEN 2E 5, REPT A THROBEPRBDHND.

TRCETRRE AT T A ERE SRS CEARVERSEEIR A TE) <GS R39789) = HTHKJ AL HL
SiO2 : 73. 9% (5 HTr &5 16)
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HT SEARVEREEEIR S LHBIC 2 D 2 AEREEL (5 mir2R)

B RN T AL L TV D REFRESRO H1L2. ST THHRBEERET 5. 57. lval. % & 50 5.
FEm R RHRA L 2mm L) - AR 1-6mm, RSN b 0N - BERGIRAL, &1mm

BIF) - D RA - BARRA G5 (Feaft, £O0.6mm) - $iiaETe. AFFT42v0. %z b 5.
B I DRON T RAEEIKE L.

VEASCEVERE T A GRS SRR A CEARTRRS R A E¥F) (GSI R 39813) FEMTSEASE L RKig T 55 R
AHOKI10m F, H2EIE(1984) ORHEZREL L [ U, WIRCTREZEL, M T
WHEAZEA LA T AP, BERR—T FCHRL RS, RBOOT T AR OEEMENRLZ 5. K
BL Yy AOFHEE, ORI BB T, [IAE BT A—"—ROEE L TN5.
A REA AR DU EAWOTRLE0.3-3mm) - BERGARO0.3-1mm, Y, Z:HEE)- A
B Bk, £0.6mm, Z:#kf) - BhAf - VraraEdgte.

TRCERE AT 2 A B ARG EEK E CERREERIK S E3T) (GSIR 39812) —HTMIRAM S SO0, : 76.5%
(&5 21) AR e CHfif7203, KAGE 2T 5.

FEE R BA T AME LT, R0.01 mm ELF OMHIE A 7 fBHkIC 7o TV D28, 225 9 U TRl
BOBND. AELV Y XOAEIIWIKEHEEEZ AT 5. 64vol. %x D 5.

FERA AP (R0, 2-4mm, AMBICBREERT HLONRH D) - A (10.5-3mm) - B Y A (B 1-
4mm) - BERFERO0. 1-1.5mm, Y, Z: B, S5 - BIKA O/NMEREBAT D) - 8K85 - BIA
FeDnarigate. ZOENMUEDRL0.05-0. 1 MmOV 7 0 FERREGITES LT-bOREGEN
TW5. BEFT36val. %xEH 5.

M. 6 AEEREOT— N

A DT — ROHTITHERES A X (32 X 24 mm) DT Z 8T FCTHRA > Mo k(2,000 57) % HNT
Totz. BHADEIZOWT ZOFETIIRBEIIEF IR, ~ 7~ ORENRE THD AT T A (]
Aaate) LAES OO ORI DWW T 2B R b 5. 20 Z LidsHaa R BNSIRA L
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ey ERANNNNRY \////\ /\

Vlwgmww47ﬁ%é - BIBOEHK

H18K WIROBRRBERKE  FNEESIIE ) YARBHEIKE L HOBHE HIIEAEIIERETH)
BHE(a) 3@l M EETRE LG0T, BEABMIEELEIIL 5. PABKEKE LTEAEICRBMICHESR
AL TwaH, COEETR, BEASIZBIBORANLEE NS0T, HIECLIICRZE. BIBLEKR
BRERKEGOBERIIZ O L ICRI0Om BEOMMA S o T, EPLFETIHLV. FREESEKE LFIER s »F (b)IIR
FLHIZT T -Mo7u—2=y FFBHOLN, BERO [IZOHR, THOBIBOERFEGINLTVS,

TWTH~ I~ OAREMZRER DOV TIEAER RO T, ESFIERAELS O X 5 ICRE SR NS &4
(LS EIEZ D X O REa N LT =4 =565, AR TIZENTY, Hx OBEFOED D
FEONE T OEFED 10 53D 1 2B R0 E O % vz,
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FdE O A IIMBEITEMTH 5. FIZITAREOFITITEN 2L, B & B2 DM L, WETEE
L, FRCE EN A OB R P ORI ZE S VR b O TREMICIZE T & LT &
gD 2 FENH 5. FERIIIWE OXKBNFZERITITTE RN &6, TXTORRMERISHEMN & LT
FHERE AT TV A, B - T — AR OREILE S 19 IS, fdh T OSMmR Bt & 55 20 IR T

%19 KM TIbIEH SN AT, KIEEOH T~ 7~ OREWRE 7 Th 5 3 ik O &3
JIJE & BWERAEEEDCA TIL E ORI BIZIT 9 1 1 THDHDITK LT, SEARERERRIK A & 728 IR £ i
EE1-2 1 ZRLKRESERSTNDEZLETHD. £z, OB (520 K) 2 /75 &, K
+ U B EREAOREBIGIE - FREAEEIKE T :2-9 Th2DDIIKR LT, FARER R -
Ve B FIEE IR M A TIE1-2 1 1 LR L, W& ORI ORE X v v TBMFIET H. Fiz

TRGER I & PRI 4 BEE 1IN BRI Cld d 5 0%, BEE R 2RV IEARE I 728 TIEEI TN S
T EMEIND. TFARESREEIR AT H - TH (1987b) OB EREEIK S & FIER UfEREZ 5T\ 5.

HREBRIZEENDERX, DM/ WO~ 7 <2k U CIEHEMIZIRA L7272 T, mnk Lizg
JICHRT DR ORI Z OREOHEMIIIIEL I D ENEIIRNOLNZZEI THD.

WA EAREARE G DR H LTHD &, FEIE EEICHRTREA L B EEMICE S, gl
URA, BHCHEICZ L0 (5520 ) . B FIBER A RS 13 miE O PRI 8E DT 5.

Pl ED T — RO RS B, SEARBTEEEIR S & Ve ERIEER A RS & 1%, T O JE OB R A
AR EEWVZESPTHD &R 5.
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ZDE=22) #ER

\
19 O v

$

FE+HhUER #MER

%20 ZHEEEOFEBHO KT O O€— FHE GE5REoRerLr)

. 7 AHEEEOLTFHIAL

= XSRS OF B AR T D EED S, B)IE,  RHRAREEE e K ORI R
21 RABHZOWT, 7 ¢ U 7 25 PW 1400 U4 B @hae s XBROHTEEE 2 H LT 7 A FMRIE THOHr

EiTo7. AREIOMRRNEIIRE (1971), K#&xR(1984), K&k - K& 1976) IThE- 7. KBEE OREHIHE

TREHR 2 EERVHOERAIEDR, WIBORKEICIL L FIRECHTHR 2G50 L0O0RH 5. =

IR L em BRI L, AIRTRZ D DO\, AEL v XOREHS, 70 EE55
LIXREER DT, LEROBEE LB ARSI 21T o 7. EEARER ARSI AIRIC Do TE R
RESFEZEEF L, ZORENEHEROT, AREILGH L TH2R0.

NG R B E o (OB E S 2 R<) TR LIEbOEFE 1 RITRL, MO — FeO* — K20 +

Na,O X (521 X)) kic7m > L7z
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= HXIE ik oA S BRI SIO: 1 72. 9-78. 9D FEHCAE T Fe:0s*, MnO, MgO, Ca0 IxW bK<,

RERECITFRD LRV, < 2 & SPEAREEREEEE O LT T~ T S0 - K20 IZE 7,
TiO: + FeOs* » MgO + P05 (22 LV, ZHITE— RO OENE —E3 5. BB TIE AL
5 EALIC Ao TO—EDBAIERD HHT, 10 L AR R E BB B & MEMRICHBIL T
W5, #ilziE Ca0 X° NaeO DBHIZ D2 Nb DN H 720, WAL FeOs* MLl KEITThs b

ONRBH 5. TIHIEWBINBIZIET A S A{UERARRD b d 2 EIZBET 2880 b LivZeu.

515 X CEAREHRE B A 3D TN MgO T 0 Th D DIt LCHEJIEA FeO*~Na O + K20 D
WZIED DWW TN 5 DIE, T— FTHIFICRER: - ANAREENDL DI L THREIZIFE A LSO
EELZ LIRS LTS,

M. 8 BHEEHOHER

BB A AT O LEERE A RSB, Al B OB ENE RIS EICEA S
LMD, FIRENOKIEESE Sh, HEBEERBIHCHE SN TE 72, ARRHIROFE
JERED AU PATRFEER BRSOV TERINEA (1984) 284 U BACT72. 7 £ 2. 3 Ma k5 K-Ar
EREYDTHE L. AT, FAREREEPCS FRORERNTL > TT70.0 £3.5Ma((2H) &
B, BIEOREHIEERICES, QAL TROTI ZETHD. %EOREHIE IARHEEK & O L
T, AT AMEAFELL, MEF A 7 BE R LRIRCAREZ T 572 ERm Lk, MEeEEms
ZFT LD R AR o TV D, WEOFEREIFIREOHEAN T—E L TEW 52,  20h LIcilika fF
ORTE DD HAF SN TAERIED 72. 7TMad FREOWIERIGEW AT S 5. £z, AHER
WCE AT BRI RE OBTORER K-Ar 4023 72.9 £ 3.6 Ma, 71.6 = 3.6 Ma(#M - fiiH, 1984 :
Teledyne Isotopes t1Il7E) % 39 2 & b ARIE DR S D ) B A S BIE O LSRRI S Lo E
RAEE LTI 72. TMaD T NF BB

JESZ B3 C L e A oD o RS MBSk oD G-V D 4 K-ArAERA3 72,1 £ 3.6 Ma, P SRR oD KRR P
JEEBRbE I D R I LA D40 K-Ar B 70. 7 = 3. 5 Ma(iEH - 4R, 1983) T, ARIEHROEN
LIEE-H LS.

AEREREON O [ HfS I LEEOBSHERIL, RERCEEO V2 DT 4y ay b Ty
JHERTTTT.4£2.7, 75.3 £ 2.5 Ma(lUEIEDy, 1987) &, AR OLE Rb-ST4ET 118 = 12 Ma,
WRo-S T 73 £13, 74 + 8Ma(Seki, 1978) 2385 ST\ 5. FAEBREO S FREIRS & 73-77
MaDOFH TH 0, AEREREOFEMRITI. Sexi (1978) ITAEHER D 118 Ma S A BREOEHIAEN T,
PEMAEARD 73-T4 MalIMAEREREOR O KBIEENC L2V &y hOFEREZ 2. b UHERBREOFEN
D118 MaZz BIXHBEHE L 1T TE RN &2 D, ZORIZOWTIIAS BB L FRBHO
EREREALNCTILERDD.
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Sample No. 1 2 3 4 5 6 7 8 9 10
Si02 73.42 75.24 77.12 77.34 74.76 77.77 75.67 77.91 77.98 77.92
TiO2 0.22 0.15 0.17 0.14 0.17 0.10 0.15 0.14 0.14 0.13
Al,O3 14.30 13.05 15.22 12.81 13.79 12.33 13.20 13.41 11.77 12.26
Fe0s™* 2.87 2.19 2.38 1.88 2.37 1.36 1.91 2.58 2.43 2.08
MnO 0.05 0.05 0.03 ~ 0.04 0.05 0.03 0.04 0.02 0.05 0.03
MgO 0.26 0.07 0.05 tr. 0.03 tr. 0.05 0.05 0.01 tr.
Ca0 1.81 1.09 0.08 0.17 1.16 0.60 0.80 0.02 0.97 0.07
NaO 3.18 3.42 0.54 3.68 3.56 3.24 3.69 2.77 2.95 3.34
K0 3.48 4.32 4.31 3.62 3.74 4.15 3.95 2.99 3.08 3.68
P20s 0.04 0.01 tr. 0.01 0.02 tr. 0.01 tr. 0.01 tr.
Total 99.63 99.59 99.90 99.69 99.65 99.58 99.47 99.89 99.39 99.51
Ig. loss 2.36 0.99 2.62 1.29 2.18 0.89 0.89 2.02 1.49 1.03

1000C, 2BMOHHRE (g loss) DOL, HREl- BE LR LBOEXBHT L7 01 E L RRIEA

FexOs* | &k % FeO3* THE L7, REF S I ERORXHFIRBENES LF L.

B REES WEREFRARSRES) BHY, Bl

EHRAAEREIRE © No. 1 (R39746) &7 7 AREIKE, WF ALK ES I FH

WIE (KRR @ No. 2 (R39746) ##EW I A EEK'E, Pl RO

No. 3 (R39759) FEilus /79 A EEIKE, 1HHT LRI
No. 4 (R39762) @#&# 5 AHEKE, HATILO
No. 5 (R39763) FEWAEBLARIKE, HIT L=%
No. 6 (R39764) JEIAREEREIKE, HHHEON
No. 7 (R39766) &4 4 7 AMEIK'E, VERhTF A
No. 8 (R39767) FEidkE 7o A HEHIK'E, AT TSI
No. 9 (R39771) JES#EELAEEIKRE, 1LET T8I
No.10(R39778) #E#EAEIKE, HHE EAK
m. 9 & Ak
= R R NI AE R BES & O A% - AR OABDEIRB S L TWN5.
TERBES TR DI > CET 5. ARIEHEN T - B mOBEICIN 5 bo L, 1
ALK A S OVERR - FERROWEIZIN S b O, KOWIEMIICIUCETRbONRH Y, =HITHE

MHALTEIRIC T TE L AT 5. fERBES DENKITEE M5 60mLL LD b DOETH S, Wil
WCEA LT GRS I3RS 5860 DAL, BT 2 48 1L X oAl = [ PN C A S T R B
L

&b 2 T AERECEAT D, E£Ts,

7Moo CTHERRD O HE RO EICEALT-EEZDND.
O~ IO LT R T A7 & = H T 7)1 7 - CJRAL 7 o7 S AL 6 - R 57

WHALTWS. IRIEFE LT CMIBETH S, ABBERICEAT 22,

FRIZAHTHS.

SHMREA) T E S SR TR ES ICEDh TN D,
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11 12 13 14 15 16 17 18 19 20 21
77.11 72.93 78.02 78.90 76.65 73.89 73.12 77.17 76.96 77.77 76.53
0.16 0.33 0.12 0.11 0.09 0.29 0.26 0.20 0.09 0.09 0.09
13.32 14.13 12.88 12.89 14.32 14.00 13.42 13.14 13.02 12.87 13.11
2.04 4.77 1.65 1.39 0.57 3.07 2.57 2.10 1.26 1.31 1.23
0.02 0.08 0.05 0.07 tr. 0.05 0.14 0.04 0.04 0.03 0.05
0.04 0.23 0.05 tr. tr. 0.49 0.46 0.30 0.11 0.05 0.10
0.12 0.97 0.84 0.40 0.33 0.95 3.03 0.93 0.87 0.63 1.19
3.38 4.34 3.15 3.86 3.70 3.04 2.58 2.97 3.35 3.16 3.27
3.65 2.96 3.87 2.76 4.04 3.38 3.37 2.88 3.97 4,13 4.01
0.01 0.03 tr. tr. tr. 0.06 0.05 0.03 0.01 tr. 0.01
99.85 100.77 100.63 100.38 99.70 99.22 99.00 99.76 99.67 100.04 99.59
1.57 1.73 2.06 1.17 0.99 2.25 2.88 1.80 0.66 1.24 1.00
No.11 (R39781) #&#EH 7 AREIRE, A=
W (B%H) No.12 (R39752) WALEEE, HHET Ly
No.13 (R39769) iAr&ida, BT T
No.14 (R39772) WMALEIEE, HAMILEE O AT -HAH HOBR
No.15 (R39773) Wikl&EE, WEATREH LM
FARBRKEKE (TH) No.16 (R39789) #E 7 7 AUKSEIRE, “HATAN &
No.17 (R39790) F#EH 7 2 EHMIEIRE, ZHATAN
No.18 (R39791) 47 7 A E#ESEIKE, FHRiMT B Kk
FARBHEIKE (E8) ©No.19 (R39803) &4 7 A B HEINE, SHEI-“HTASOHER
No.20 (R39806) &4 7 A MK ShEHIKE, THHT- MR BGRIB R
No.21 (R39812) 454 7 A H#REIKE, ZHH AR
ARl EMBEE  (GSJ R39859) FHEET H HiMKIR
B - RHRA - A5 - WY BA (AL 0.5-6 mm) - BRER(R0.5-1.5mm, #REA{k) - 8k - =
o IR (BA R 0. 1 mmAiif%)
FEL R0 O MM TR « BA - SN DRD.
AV A (GSI R39861) =M i)l Lk
BEdh - AR (B2 0.5-2 mm) - #iA GRkeA(k, B8 1 mm) - A79% (B8 1 mm)
FH RHEA GERE, B0 1mmBUTF) - M GREAR) - $R85 (2 00 2 81342 0. 02 mmAit:) . Rla &

BT 52mMICI N o OMEeBE LN TANTELET I L bH 5.
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ARAMAKI er al. (1972)
(L B ARDIERE
DFEHILUF

K0+Na0 1o K20+Na.0 MgO
$K = HEIEREOA BBHO MgO—Fe0* —K,0+Na 0 [0 (Fe0* 1348k FeO HBEMH, FLFEHIOHEFL)

B2FK HHRBEVREFHEKS L) K-Ar FICBIERN R
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40 40
. K Ar rad Ar rad Age
Sample No. Rock Material (%) (10 %em® STP/ ¢ ) (%) (Ma)
Rhyolite 6.19 1.72 86.5 70.2+3.5
GSJ R39812 Welded Biotite 6.18 1.71 83.1 69.8+3.5
Tuif Average
70.0£3.5

% : Teledyne Isotopes $t

V. #EJERE GFE=%)
V. 1 B =

PR ERENT, WK LR & ARSI A T 2 5 RIS OV THID THW B L7248k (2R, 1936)
T, ZOBMER(1938) 1T L - TEARMIZZ OB LA W TR Sz, Zhicisi-C R
(19363, b) I, #AEREOAFNIM 222072 b OO, WP TALES I OM PR 2 FoFike & LT,
EICZE DML OV T U T 5. FER (1938) 1 =i vl - W B i 4 2 55 =R 0 H %

kS)

PHEREREE L Clio 72y, BfE CIX =AM KR OV OERIHURIC /AT 2 B =R b FEHICE D b



TV A (M, 19611F75).
HEM - 458 (1965 & b)

7o, MEEREZ R
(2o THIUER & ORI S R S 7.
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ARG L7 50w (1961) LTtk LC, FEMIEA(1959),
Z D%, 11T (1959, MS.), SHINODA

(1969, MS.), fEH (1971, MS.) 72 EDORAFEEZ b L ICRBX 07 EITEENNZ Sz (BEH - 40,

1971

W5,

PE R ER D IIRER QMR T L b o AN S, —FBERIE
Ji& Cdo 20 F TV & % C, VBRRIE O B0 B 70 D MR B AL~ & HERHEREE D ZEAL 23R

Bw, 1961 1F2Y) . LaL, M EHOMEFROETRNS X512

; Huzima et al. ,
PEALES) (H - A6,

1971).
1982),

INHORRE, TOBROFLWERL LHITh
= ) GBE - SE[H],

1983),

[ZEVE ) (BRm -

A,

Ti5y 0 1 MG TR

198) IZF & BT

R BV D IEDFIEMERL

WD B AL TV (i

, A TR S O

BEL SHUTE70mAE G BRE) (MR L 0 O RHR ORI & LT, M RO Ak
B AL & bR < MM K OV OJED LA F T IICIRET 5.

AR L BT (1938 ©), MM (1961)

FH 7

R

N
ISR

A (1971) O RJE Xy O AR Z 8 3 £iITrRT. =
(=93 2 A B RED RIBEC Y, MR (1961) T FALE 0 ABFEUE -
SEHEREICR gy &3, R - AR (1971), Huzima et al. (1971) Crx =M S 2 %0 2 g
ZHAMOF YRS -

AT -
=225 Y

ENBIE - RITRIBIE, 2B SO 2R - £ 28 - SR

Wt ENTWS. B - 50 (1971), HuziTa et a. (1971) D BEX 5L, HAET B EIKE DS EDLE
WWHEB LTI O T, KRBIIEIKNEZE TRV TN EZREICED LIRS,
35@%K“ﬁ#é%ﬁ@ﬁ%ﬁﬁ&@%ﬁ#47»%%&&LT,T&;UEE%@-

RWETI,
B - MBSy L.

BIXK MERHOBEXSOEE

= HREIT AL DREATINHER) & 2 W HER I — R L O

| WO h P R U B R AL = m @ m
SIHEILT ERRE (0) EWRE (70+) SRRE [
o - (15) (60+) | T
P EMRE (90) ange |8 wimRg | L8 wirgg (£
- !E . (120%) | F# (110+) | Fag (190+) Faiz“ |
*m E - o ——~~‘ ]
LR (50 SR (710) shm ERERN | ciem 8] | | e £8 | 1
f# il JE (140} — (90+) | (160+) | T# (180+) | T# :; !
5 i ST
JUN S %1 st 1
HERE 60+) HERE HERE i
22E (10 (175+) | Fip (i175+4) | Fig i !
I i
i [
R
i o PEY
E L SR
# v & vﬁxﬁzfeﬂsﬂ
(3 i }‘_>4m,§ygﬁg 1N [ EepEiRE b
i D bocbakiman B EEGHE L
k“‘ ! B EEE&ENE
7 i _ [ TEREE
it i = B
= L—»—~Iinﬂ9€%§~§ %Hgﬁ%g
;’; B |EEIE
BEEE
5 = HE - % (1971:1983) S B - TR (1971-1983) 5 s
MR (1938) A (1961) Huzita et al(1971) R (1961) | Huzita efal (1971) ARG (RN - 0 1988)
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$23X =AZBICHHTAIAERBOEHESE Aslss2RERL
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TIHALHR - S R b B L, i, PEARTE - RO ST .
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FEQ970)) DAIREZ TS, 7ok, = AKIRETEIE, A (1970) XU Huzita etal. (1971)
WX o TRINEWTE L FHIh V0D, SEIOMATS, V=7 Ar e —HTIWEOREILMR T
Reinote. UL, AE-MEEGROY =7 22 McoWTlE, GEBHLZYIEETHS L, U
=T AV N O THBEEOHBEICAEVENABD LMD Z ENDERTE .

RIGEWIE L, BETNERED DA TNANHEE S, W BRED /477> & B RMIASHERHYIC 100 m
WHOENARTEEN TV (Huzima etal., 1971). L2 L, Huzima etal. (1971) T/ S A7 k)R

OFHANL, MR L ARER ORI S TZ H B Ik, MBS T Ny MRS CHEBRE
LEELTWD. Lo C, KRIMENTEIZ, w7 8 REHER AR OTEENC OV T ORMEAZRIEIL T2 0.

ETA B I TR ORINE T, ANTBHED D E=RIC CTIFET B, LR /N R AR
DSRAAANTH 92 & U TRPELNER K 500 m DA HUEE & s S Tnd UK, 1983¢). Lal,
AW OF BRI, TERBEE OOFADMBIEE S IR, LB A cE 2 2 &h
O, HPTANEICHY T2 Y =7 A 2 NI WEIZEIC KX S O L H 5.

VIL & O o# H

VIL 1§15 % & IR
VI 1.1 £E#HK
= W XE N O A B SR T IR A S /N R B LR IL PR DB B B FTIC L B D 23,
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AR D4 + ] - 8 - §n - HER7R EOFURSE < 2 HITFEICED FTHRE STV .

VI. 1. 2 A5AMKK

ABRINFHIEAN TIIA B BRI BIZ A 5 b LT AR R H 5. BT L T2 ORI EARIFTE
3% MREBHEE (BR) AL (55 46 B 1 T T 5.

PRI, SEARGELNZ W, BHIEA(1963), 440 - BEM (1984) , SPARSLIL -« SLILAMR (1987) K TY
WFEDE RN &> CReih T 5.

OB GRS B L O TEACE AR & [RVAE > & 72 284y (I HE>(1963) O T E)
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LT3,

PRATNS) 18 O IEVAFEEERAE 23 NT0°W T OAMMRITIE 5 EVKEBIER 280, B4 el <
AR LTz, FRRDIEIEKI 250 m Th 5. FERINEX (35 47 X) 2 55 &, #AIIASEOPALIZE S 40-50 m
DEE S, O ETIXFE CHEN TRAER &R0 TV D, SEIRIE FBERIC T A Y VB SLSL A
R TS,

PRER & AR LT BRI DS & A DA A A ) AL LT ENEARILILUNDIE A, SEILALRICFE 4 50k
EOWHCEVEET, SRR R O/ ST X, TR S TG 7 O TR OHESR G 28 SHOTTCTRRD b,
WIS AL — IR L AL — IR BRG] ClRITRELICHET D .

SEAERUVAZ SAEIAY A b
(30-60%) & TH (Fx D ORI & o>
5720, FIHNRROT 1 v HA -
DIFET DHENH 5. X BREH Tl
Y EDOREIR LI D — 7 3RO
LD, ZOENZ, BT > T
ME DRI - LB AE G2 LA D
L. WA DOMKEZSK31 L THD.
S > — AT 13745 300kg/cm’
T, by CEARWMEERAE L) o
1, 300kg/cm’, T ()11 OHEHCE
WUH) @ 1, 200kg/cm’ IZHA T,

AGLUPEDYANT S A N+ % - Br
Hip EOMBLARFERC AR LT A O
BBHIER SN D, FZWAAL I AL
IR - oy T LT T ARRHEIRRE
LLTHiH SN TVD.

B BUZIEER - BIN O 5 TfT
bioA,  FLRKTER (5847 ) 525
BBk Hic, BRTIERET DI oM THIRO LR OWENEL 725 0T, UEFEIRHIN TOEEN
Koy a EOTND (48 K) . VIR TIZY 7 L~ 2 b—E o 7k, BTTEREE, ROATFA
ARy BT v R7 4 MERR STV,
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VI. 6 # IR
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WTWS. ZLTC, ZOWEXEMT R Ty 7O (553 X) & OBMRETI, Kyu-tf, BEKAE
J& & Kyu-ssp IPETTE (B 2 3kde) D43 A 2 il R0 7' » 7 O3RN 2 & 2 BN
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(Abstract)

The Sandadistrict, longtitude 135° 0’ - 135°15’ E and latitude 34° 50' -35°0'N., is
situated in the southeastern part of Hyogo Prefecture. This district geotectonically
belongsto thelnner Zone of Southwest Japan.

The district can be topographically divided into the Tamba Sanchi (mountains)
in the north and the Sanda Bonchi (basin) in the south. The Tamba Sanchi at the

altitude of 350m to 650m summit level are composed of Late Cretaceous rhyolite

pyroclastic rocks and dikes. The Sanda Bonchi at the atitude of 150 m to 300 mis
subdivided into hills, diluvial upland, river terrace and lowland plain. Thelatest

Eocene to Oligocene Kobe Group occupy in hilly land of the Sanda Bonchi. The
top or upper part (diluvial upland) of the Sanda Bonchi is covered by the Middle
Pleistocene Osaka Group.

A summary of the geologic units and main geohistorical events of the district
and surrounding areasisshowninFigure 1.



Fig. 1 Summary of geology in the Sanda district and surrounding area
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LATE CRETACEOUS

Arima Group

The Arima Group is one of the vast Late Cretaceous volcanic rocks in the Inner
Zone of Southwest Japan, and is distributed in the southeastern area of the Hyogo
Prefecture. 1t unconformably overlies the L ate Paleozoic to Jurassic Tamba Group
and the Early Cretaceous Sasayama Group, and is intruded by the Late Cre-
taceous granitic rocks in the neighbouring district.

The Arima Group occupies the area from the northern part and southeastern

margin of the Sanda district. In the southeastern margin to the northeastern part

(eastern area), the Arima Group is divided into the Sokawa Clastic Rocks (200m
in thickness), the Tamaze Welded Tuff (600m) , the Gen'noike Clastic Rocks (200
m), the Sakaino Welded Tuff (350m) and the Sasori Tuff Breccia (700m +) in
ascending order. In the northwestern part (western area), the group is divided into
the Kamogawa Formation (wel ded tuff, tuff, lavaand clastic rocks, 2,400m +) and
the Hiraki Welded Tuff (1,300m +) in ascending order. The Kamogawa Forma-
tion correspondsto the Tamaze Welded Tuff, and the Hiraki Welded Tuffiscorre-
lated with the Sakaino Welded Tuff. The ArimaGroup iswholly rhyoliticin com-
position (SiO2: 72.9-78.9 wt%). K-Ar ages of the Hiraki Welded Tuff have been
determined as70.0 Ma(biotite) andas72.7 Ma(K-feldspar).

The Arima Group is gently folded with an E-W trend in the southeastern part
of the Sandadistrict, and with NNW-SSE trend in the northwestern part.

Therearetwo fault systemsin the ArimaGroup. Oneisan NE-SW trend, and
the other polygonaly surroundsthe Sasori Tuff Breccia. Thelatter ispresumed to
have made walls of the cauldron by subsidence. The geological evidenceinthe
Sasori Tuff Brecciaisasfollow. 1) Poorly sorted deposits made of large blocks (1-
120min diameter, plate ) are distributed only close to the marginal faults of the
cauldron. On the contrary, common deposits of the Sasori Tuff Brecciacomposed
of small blocks (mainly< 10cm in diameter) are distributed throughout the caul -
dron. 2) Theprincipal large blocks can bereferred to therockscloseto the outside
of thefault.3) Internal structure of the depositsindicateinward flowageinthecal-
derafromthesurrounding area.

Dikes

Dikes of granite porphyry and porphyrite-quartz porphyrite are intruded into
theArimaGroupaongthefaults.

CENOzOIC

The Cenozoic strata in the mapped district are divided into the Kobe Group
(latest Eocene to early Oligocene), the Osaka Group (middle Pleistocene), terrace
deposits(latePleistocene) and Holocenedeposits.

Kobe Group

The Kobe Group is distributed separately in the Sanda Bonchi (Basin) and
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western part of Kobe City. The Kobe Group of the Sande Bonchi in mapped dis-
trict was filled with a sequence of non-marine sedimentary rocks which uncon-
formably overlies the Arima Group. The Sanda sedimentary basin of the Kobe
Group is afault-angle basin by the east-west faults on the south. The group within
the basin dips gently westward or toward the center of the basin, except for the
areas with several folds (flexure) and several fault zones of NW-SW and NE-SW
trends.

The group is more than 800m thick, and is composed of sandstone, mudstone
and conglomerate with some intercal cations of thin lignite and more than 9 rhyaoli-
tic tuff layers. The group is divided into the Sanda, Yokawa and Hosokawa
Formations in ascending order.

The Sanda Formation is subdided into the following three membersin ascend-
ingorder.

The Toishigawa Mudstone and Sandstone Member (less than 40m thick) is
restricted to the northern to the eastern margin of the Sanda Binchi. It is com-
posed of mudstone and sandstone, accompanied with lignite and basal poorly-
sorted conglomerate, sandstone and siltstone.

The Nitta Conglomerate Member (40 to 110m thick) is made of thick cobble-
boulder conglomerate with some intercal ations of thin sandstone, siltstone and tuff.
It crops out at the northern and eastern parts of Sanda Bonchi. Poorly sorted boul -
der conglomerete is exposed near the fault scarp which is situated at the southern
margin of the SandaBonchi (out of the mapped district).

The Shimoisawa M udstone M ember (10 to 50m thick) is narrowly distributed
along the west side of the Nitta Member and has an interfingering relationship
with the Nitta Member. It is characterized by dark red to greenish black-colored
mudstone and intercalted thin beds of fine-grained sandstone and lignite.

The Yokawa Formation, about 400m thick, is conformable with the Sanda
Formation, and is subdivided into following three members in ascending order.

The Nagao Sandstone and Mudstone M ember (30 to 150m thick) is exposed
in the northern and eastern parts of the district and is composed of sandstone and
mudstone with some intercal ations of pebble conglomerate. The member has a re-
lation of contemporaneous heterotopic facies to the Nitta and Shimoizawa Mem-
bers.

The Kichiyasu Sandstone, Mudstone and Conglomerate Member (170 to
270mthick) conformably covering the Nagao Member, occupiesinthe eastern hal f
of the Sanda Bonchi in the mapped district. The member is made of pebble con-
glomerate, sandstone and mudstonewhich have characteristically afining-upward
sequence with intercalations of 5 tuff layersin the lower and middle part of the
member.

The Harasaka Mudstone Mumber (less than 40m thick) is exposed in small
area in the southwestern part of the district. It is predominated by mudstone,
ocassionally intercalated with sandstone and lignite. It has contemporaneous
heterotopic lithologiesto that of the Kichiyasu Member.

The Hosokawa For mation (morethan 60m thick) isexposed in the southwest-
ern part of the Sanda Bonchi. This formation is made of conglomerate and sand-
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stonewith mudstoneand tuff.

Judging from the lithology and the sedimentary feature, the Nitta Member is
alluvial fan and talus deposits. The Shimoisawa and Harasaka Members were
accumulated in alacustrine environment. The other members are deposits origi-
nated from braided and meandering rivers characterized by the fining-upward sequ-
ence.

The Kobe Group has been generally believed to be Miocene in age on the basis
of plant fossils. However, fission-track and K-Ar ages determined on the tuff
layers, indicatethat the K obe Groupisof latest Eoceneto early Oligoceneage.

Osaka Group

The Osaka Group crops out at the west margin and the northeast corner of the
Sanda Bonchi (Basin) in the mapped district. The Group dips gently west-
northwest. It can be divided into the Ono Formation (lower) and the Miki Forma-
tion (upper) in the district.

The Ono Formation (lessthan 30m thick) isexposed only at the western mar-
gin of the Sanda Bonchi and is composed of pebble gravel, sand and silt.

TheMiki Formation (3to50m thick) ismade mainly of cobblegravel with in-
tercalation of sand and silt. It has the depositional surface named Meimi Surface
that was gently inclined toward the northwest, influenced by the continuoustilting
movements(RokkoMovement).

Terrace deposits

Late Pleistocene river terrace deposits are distributed along the main rivers,
such as Muko Gawa (River) and Tojo Gawa, and are composed of gravel, sand
and silt. The deposits are divided intothe T,, T,, T, T, and T, terrace deposits,
from the higher to the lower level, based on the altitude and sediments of each
surface.

Holocene

Holocene deposits are divided into talus deposits, fan deposits and alluvium.
Talus deposits are mainly distributed on the foot of the slope of the Tamba San-
chi. Fan deposits are situated at a river mouth. Alluvium is deposited narrowly
aong rivers and containsriver beds and flood plain deposits.

ECONOMIC AND ENVIRONMENTAL GEOLOGY

Inthe mapped district, the Hiraki Mineisalarge kaolinite depositinthe Arima
Group which was formed by hydrothermal alteration. The output of the kaoline
oreis5,000-6,000ton/month, anditismainly used for chinawareand glass-fiber.

Ground water has been pumping up in small quantitiesin alluvial lowland for
mainly agricultural use.

Landslides of small scale are distributed over the Kobe Group in the Sanda
Bonchi. The landslides often happen to occur in the intercalations of tuff layersin
thelower and middlepartsof theKichiyasu Member.
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