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Alteration Minerals Distributed in the Area, North of Lake Ikeda,
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and Motoharu KawaNo ?’

Abstract

The surveyed area which is located in the northwestern part of Ibusuki
City is underlain by various rock units of the Upper Nansatsu Group which
consists of Miocene pyroclastic materials and lava flows of hornblende-
pyroxene andesite. These rocks are widely distributed around the Ibusuki
Skyline and much of them have suffered hydrothermal alteration.

Identification of alteration minerals in the area was conducted by means
of X-ray diffractometry, differential thermal analysis, infrared absorption
analysis and scanning electron microscopy. Alteration clay minerals such as
kaolinite, 10 A -halloysite, chlorite, vermiculite, 7 A -halloysite, smectite, mica
and some interstratified minerals (chlorite/smectite, chlorite/vermiculite,
mica/smectite) were observed in the samples while non-clay mineral constitu-
ents include cristobalite, tridymite, gypsum, zeolite and boehmite. The com-
plexity in the distribution of these minerals indicates that hydrothemal
alteration has repeatedly occurred in the surveyed area.

Key words: Hydrothermal alteration, Alteration clay minerals,Interstratified
minerals
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I. @UBIC

BB R MEM LI E T 2 ML, #5000 £ /12 KBEGE % L) BAKIC X > TR
ENANTIHTHD., MHEILHT OB I KGR OKIDEBE o/ L, BkiZk
LEBERZHB UL 2L LG »E LTS, S0, XEEFSH, RERGN, K
LRI INAAT B & O EERIE FHEMBHZE 2 1T\, JWHBAC G IO B E S 054 L IS
DVWTHANDOTHET 5.

I. HEBEEH

RFAEHE L, ERBEEELEFEIICMWEL, Matumoto (1943) IZXAMEANVT T D
BRI & > CHE LR FEMBEDILFICMET 5. EEEEYE (1985) ILo TR SN/
MR LEE (FESLhHH) 25 B2 2L, IS EFICEERZILE, REXKURE
ENSLRY, BHEICEKE YV MEEBRE., ZOKLEHEZ AREEICE) OEFHEHELTII
RETIEROBREOEREBE,LEE L2 SNEME KRB THS. E5I12, ToLk
L% AR KRR HEREY), BRIV T IEEY, hHEY VT SEEY, REEXXLEHRZN
FNARBEESIZEY . AMBOBEN % Fig. 1 12RT.

I. &b LUERAE

SATRARE L L CRERBNOBEERBHE LB ZH.OIC 113 A, 5 128@ 2 AWML 2. &
B, BULIC X 2 284S 770 BEORMMEILE T THRIL 2. RO E & HEF
F% Fig2, 3, 4 BL U5 IIRT. BILAZHBIOWT, FEB X OSBRI L 72 2mLLF
DR FIZDOWT X REH (XRD) 7547, RESSHT (DTA), FRAERI (IR) 4747,
EHEREFEME (SEM) BI8%21To7. XRDOIZHEZERETA T —7 Ly 7 ZEHW,
3KV, 15mA DPESRHETITo72. DTA IEZERBEY—E 7L v 7 X2V, B710COH
IR TL050°C T THEEIE L7z, IR 4T, BARSEFRAGIEIERT (A-302) %WV,
KBr $£##: T5040~330cm ' D& % HE L7-. SEM #%£13, JOEL JSM-25S1 % F\»,
INEEE 25KV TEIE 217 - 7-.
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Fig. 1 Geological map of the surveyed area.
1: Alluvium, 2: Tephra from lkeda cardera, 3: Ito pyroclastic flow deposit, 4: Ata
pyroclastic flow deposit, 5: Two pyroxene andesitic lapilli tuff C, 6: Two pyroxene
andesite B, 7: Two pyroxene andesite A, 8: Two pyroxene andesitic lapilli tuff B, 9:

Hornblende pyroxene andesite, 10: Two pyroxene andesitic lapilli tuff A.



54 BRRESE - EIUHF - EHZA - AEITE

150

0N -4 Onkadobira

ON-3
ON-2
ON-1 /ON—-S
L -O0ON-6
ON-T7
ON-38
ON-9
110 0S-1
0sS—-2
0S-3

0Ss -37

0S-38

0S-136

0S-35

Fig. 2 Distribution map of the sampling points.
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Fig. 5 Distribution map of the sampling points.

V. EER#ER

PRI SERILL 723 BHZDWT, XRD i iTo 72/ %, FESNIEEEWIE, &
TV FA N, NafH A, ERE, AXZ5 A4, BiRA, AE, ZJUAMYIA N, PIT4
XAb, N=3IFa2T4 L, AE, X—~1 M BIVREBILEYTH L. BREBHLYIL, EX
[ARXTE AN, KRE/AAZ 54 b, #iRA/N—3IF 274 POIEEPHRINT., &
AEHICE T NARE LY A ZAOEYME % Table 1 (Table 1a ~Table 1d)IZ/R7.

EHIZXRD AT OER LD, ANHBERARIYIZDOWTiX, Brown (1961) O/ ETE
NENORBOHFEEMRZ KD, FORE% Table 2, 3, 41277, 72, HABERA/ A
2754 MEEBHWIZOWTIX, Tomita and Takahashi (1985) ® 5T, REIBER/
ARX 754 MREEBHEYIZOWTIX, Tomita et al. (1988) D FETHMEHERZ RO 12, #
DiER % Table 5, 6 IZRT.
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Table 1 a. Mineral composition of samples.

No. Ka|l0H|7TH|Mi|MS|Sm|CS|Ch|CV| Q |Cr|Tr| F | Remarks¥ | R.T.
SN-1 A © AN HPA
SN-2 VAR IWAN O A HPA
SN-3 a - O A HPA
SN-3b - Ola|a HPA
SN-4 - O A HPA
SN-5 VAN Q| —-|a HPA
SN-6 A O|a|a HPA
SN-7 A O|a|a HPA
SN-8 A O A HPA
SN-9 A O A HPA
SN-10 A O|la|a HPA
SN-11 A A|lO |l a HPA
SN-12 - O AN HPA
SN-13 O O A HPA
SN-14 — O PAN HPA
SN-15 - A A HPA
SN-16 - HPA
SN-17 - © A HPA
SN-18 A A HPA
SN-19 — O - HPA
SN-20 O AN HPA
SN-21 AN O O HPA
SN-22 AN O O HPA
SN-23 el AN PaN AN HPA
SN-24 O AN HPA
HN-1 Al A O O A TPA
HN-2 AN O O TPA
HN-3 Al A O A AN LT
HN-4 A O - - LT
HN-5a © - — | gypsum A LT
HN-5b © A A | gypsum — LT
HN-6 a O A A | gypsum A LT
HN-6b A A A | gypsum — LT

Ka: kaolinite, 10H: 10A halloysite, 7H: 7A halloysite, Mi: mica, MS: Interstratified min-

erals of mica/smectite, Sm: smectite, CS: Interstratified minerals of chorite/smectite, Ch:

chlorite, CV: Interstratified minerals of chlorite/vermiculite, Q: quartz, Cr: cristobalite,

Tr: tridymite, F: feldspar

R. T.: rock type (HPA: hornblende pyroxene andesite, TPA: two pyroxene andesite,
LT: lapilli tuff)

% other minerals

©: abundant, O: common, A : rare, — : traceable
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Table 1b. Mineral composition of samples.

No. Ka |I0H|7TH | Mi | MS|Sm|CS|Ch|{CV| Q |Cr|Tr| F | Remarks¥ R.T.
HN-7 O A — LT
HN-8 Al A A — LT
HN-9 A O - A LT
HN-10 AN S A A A TPA
HN-11 il B O A | vermiculite A| TPA
HN-12 — A A | vermiculite O] TPA
HN-13 a — O A TPA
HN-13b © © O TPA
HN-13c — O YaN TPA
HN-13d A A A TPA
HN-13e — FaN A FaN TPA
HN-14 A O | a VAN TPA
HN-15 O — — TPA
HN-16 - | = A A A TPA
HN-17 a A (@) TPA
HN-17b AN A AN LT
HN-18 O| 0O O TPA
HN-19 A | A O TPA
HN-20 - A O A LT
HN-21 AN A — AN A LT
HN-22 O\ - O A LT
HN-23 © © O LT
HN-24 YN AN AN — O LT
HN-25 Al A (ORIPAN aN A — LT
HN-26 O A LT
HN-27 o O © A TS
HN-27b O O TPA
HN-28 a O | O A A TS
HN-28 b A O A A TS
HN-29 - a0 A - TS
HN-30 a (ORI O boehmite © TS
HN-30b |0 — TS

Ka: kaolinite, 10H: 10A halloysite, 7H: 7TA halloysite, Mi: mica, MS: Interstratified min-
erals of mica/smectite, Sm: smectite, CS: Interstratified minerals of chorite/smectite, Ch:
chlorite, CV: Interstratified minerals of chlorite/vermiculite, Q: quartz, Cr: cristobalite,
Tr: tridymite, F: feldspar % other minerals

R. T.:rock type (LT: lapilli tuff, TPA: two pyroxene andesite, TS: tuffaceous silt)

©: abundant, O: common, A : rare, — : traceable
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Table 1c. Mineral composition of samples.

No. Ka|l0H|TH | Mi | MS|Sm|CS|Ch|CV| Q |Cr|Tr| F | Remarks¥* | R.T.
HT-1 O A LT
HT-2 - O AN LT
HT-3 © O A LT
HT-4 a A Al A A A HPA
HT-4b © O AN HPA
HT-5 Al A @) A HPA
HT-6 - - AN LT
HT-7 O A LT
HT-8 Al A — LT
HT-9 A= = O O LT
HT-10 A O O LT
HT-11 . @) O AN LT
0S-1 © WT
0S-2 AN O O WT
08-3 - O O WT
0S-4 - © O WT
0S-5 VAN A= | = WT
0S-6 - — WT
0S-7 AN A WT
0S-8 O — O | - WT
0S-9 AN - - WT
0S-10 A A © O | gypsum A WT
0S-11 A - ONNORNG WT
08-12 — A - LT
08-13 O A AN LT
0S-14 - ©O|—-10 LT
0S-15 — A AN LT
0S-16 - @) O LT
08-17 - @) O LT
08-18 AN A LT
0S-19 O - O A TS
0S-20 A - — A AN TS

Ka: kaolinite, 10H: 10A halloysite, 7 H: 7A halloysite, Mi: mica, MS: Interstratified min-
erals of mica/smectite, Sm: smectite, CS: Interstratified minerals of chorite/smectite, Ch:
chlorite, CV: Interstratified minerals of chlorite/vermiculite, Q: quartz, Cr: cristobalite,
Tr: tridymite, F: feldspar %: other minerals
R. T.: rock type (LT: lapilli tuff, HPA: hornblende pyroxene andesite,

WT: welded tuff, TS: tuffaceous silt)

O : abundant, O: common, A: rare, — : traceable
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Table 1d. Mineral composition of samples.

BREE - AR - EHA - WETE

No. Ka|lH|7H | Mi | MS|{Sm|CS|Ch|CV| Q |Cr|Tr| F | Remarks¥ R.T.
0S-21 O10 — A O TS
0S-22 (@) - A O TS
0S-23 A — A O TS
0S-24 e AN A @) TS
0S-25 - - A — LT
0S-26 -101|0 A A LT
0S-27 O © A O LT
0S-28 - A O O LT
0S-29 A - - A A LT
0S-30 A O TS
0S-31 A — © O TS
0S-32 - A O A LT
0S-33 O © @) A LT
0S-34 © O A LT
0S-35 A - - O O LT
0S-36 A O O @) LT
0S-37 — A A LT
0S-38 - O A LT
0S-39 A OO0 — LT
ON-1a - - © A A TPA
ON-1b A — © - - A TPA
ON-2 O @) TPA
ON-3 - © O VAN TPA
ON-4 — © - AN TPA
ON-5 © O A TPA
ON-6 - O A A TPA
ON-7 a O - A | gypsum — TPA
ON-7b OO0 A TPA
ON-8 a © - A - TPA
ON-8b - O - TPA
ON-9 010 — O TPA

Ka: kaolinite, 10H: 10A halloysite, 7 H: 7A halloysite, Mi: mica, MS: Interstratified min-

erals of mica/smectite, Sm: smectite, CS: Interstratified minerals of chorite/smectite, Ch:

chlorite, CV: Interstratified minerals of chlorite/vermiculite, Q: quartz, Cr: cristobalite,

Tr: tridymite, F: feldspar

R. T. : rock type (TS: tuffaceous silt, LT: lapilli tuff, TPA: two pyroxene andesite)

¥ other minerals

©: abundant, O: common, A: rare, — : traceable
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Table 2. Interstratifications of interstratified minerals.

NO. Pwm Ps NO. Pum Ps
HN-1 0.75 0.25 HN-17b 0.84 0.16
HN-5a 0.78 0.22 HN-19 0.70 0.30
HN-5b 0.80 0.20 HN-20 0.75 0.25
HN-6a 0.75 0.25 HN-24 0.80 0.20
HN-7 0.80 0.20 HN-27a 0.85 0.15
HN-8 0.75 0.25 HN-27b 0.80 0.20
HN-13d 0.78 0.22 HN-27b 0.27 0.73
HN-14 0.73 0.27 HN-29 0.30 0.70
HN-15 0.73 0.27 HN-30 b 0.30 0.70
HN-17 a 0.83 0.17 HN-16 0.75 0.25

Pu f probability of existence of mica layer.

Ps : probability of existence of smectite layer.

Table 3. Interstratifications of interstratified minerals.

NO. Pc Pv
HN-14 0.25 0.75
HN-18 0.70 0.30
0S-39 0.20 0.80

Pc : probability of existence of chlorite layer.

Pv : probability of existence of vermiculite layer.

Table 4. Interstratifications of interstratified minerals.

NO. Pc Ps
HN-23 0.44 0.56
HN-24 0.40 0.60
0S-27 0.60 0.40
0S-34 0.42 0.58

P. : probability of existence of chlorite layer.

Ps ! probability of existence of smectite layer.
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Table 5. Interstratifications of interstratified minerals of chlorite/smectite.

NO. Pc Ps Pcc Pcs Psc Pss
HT-4b 0.56 0.44 0.25 0.75 0.96 0.04
HT-12 0.57 0.43 0.37 0.63 0.82 0.18
ON-2 0.58 0.42 0.55 0.45 0.37 0.63
ON-3 0.57 0.43 0.40 0.60 0.21 0.79
ON-4 0.58 0.42 0.55 0.45 0.37 0.63
ON-5 0.75 0.25 0.74 0.26 0.21 0.79
ON-6 0.58 0.42 0.55 0.45 0.37 0.63

Pc : probability of existence of chlorite layer.

Ps : probability of existence of smectite layer.

Pcc @ probability that achlorite layer succeeds a chlorite layer given that the
firstlayer is chlorite.

Pecs, Psc and Pss are simirarly defined.

Table 6. Interstratifications of interstratified minerals of mica/smectite.
NO. Pwm Ps Puwm Puwus Psu Pss

HN-16Db 0.66 0.34 0.56 0.44 0.85 0.15
HN-33 a 0.30 0.70 0.19 0.81 0.35 0.65

Pux  ‘ probability of existence of mica layer.
Ps : probability of existence of smectite layer.
Puwm ¢ probability that achlorite layer succeeds a mica layer given that the

firstlayer is mica.

NV—1. =Rt nzxE

A MISALER O = RILNEBICIX, EEEH LEBOANAEAZLES /ML TEY, &K
HINCEE %2, BEOMMBE L EOTWEH0id, FEAERONZ ., M2 50
BEIKEEETH, EE2ZI 2003~ E 7B 255,

ZHEINEEAETIE, ZVAMNTA ML ALR, )T <A4 b, nNafH A et
HELTWBELDN %\, SEMEBSETIRERIROZ VA MNT A4 MHHERENTZ. T OTE BT
T, L L BB RSN, oS (SN-3b) Tidio#s (SN-3a) L&D
JUAINNTA NERERREI NG, TOFEIL, BAPHEIZHB>TERLZY)AMNTA
MNEFRRLZ-ZERRT. BETIE, Z2URXAMNS L MEROAT, BELTRBY, AENSE
CRIE SN, NaAHA b, HBTOER/ZA X254 MEARBHY, E8FR SN, &
WHAXZZ A4 MEZFDXRD /8% —> D d (001) OEDISA D S1I6AMEIZHEH N, =FL »
7)) 2= VILETHITAIZE L, 500C 1 BB CHI0AICZ0EEZRET. LirL, =
HEILFEBTRONLARAT 54 F%300C 1 B OB L 727D XRD /8% — » Tix, %
DE—=IPHEELZ., TOZTELPSINSDAATF L M, ERENEL, 77/ —<)LT
Hy, BALERWTHLEEDbDNS,

COHIBIZET BV DD D XRD 7% — % Fig. 6 IZ/R7.
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Fig. 6 X-ray diffraction patterns of the samples in the Sansuyama area.
Ha: halloysite, Ka: kaolinite, Cr: cristobalite, F: feldspar, Tr: tridymaite,

Sm: smectite, Q: quartz.

V—2. BARMBOEE

A RIS BRI AL E T 5 B ARSI, BERE LB OANAEL ZILE, WMELR
WEBEOKIUEBENDHAT A, BEOHEI R TWEEIALHADEHILLTVWEETA
N, ETIHZ VA MNTA MHELRONE. Zof, Bz dok LT, ERHD
Y=o % BT HRANEOBA/A A7 % 4 MNEARBHWSRO5NS. XRD 54T, 145A 12
d (002) =275 BN, TFL 7)) a— VB TISSAICBE L, 512, 700C 1
BERINBVLIE CI23A ISR EI T A 2 L ORA/ A X 7 4 VEABHMEFREINS.
DTA Tid, 125CICAAZ Z 4 MMETORBEAKDBAKIZ X 2REARKISHR 5N 5. 567TI2
OH OFAKIZ X AWMEIEA RN 528, ZOMEIFEL, Mg 2 & E Wik A/ A AT ¥4
MEERBEW OB T W5,
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V—3. TesEstisnZEEILY

FERIB ORI E ST HEEMIICIE, FEBEELTBOMBLZLE, FE KUK
a2 BIKEVIVNEPSALTBY, 70T 4 MERPEHIbLE W B EIER 2T T 5
AU TIHIR GBI, FFICER/A A7 ¥4 MEERBHEYIEBIEVLLRONE, Ay
WALERTIX, ER/AX 7514 NEARBEM LIIRA/A X7 ¥4 MEARBSY & S 3EL T
BN, TNODOGMIITEFICEERBIIRWZE SN2 0o 72, HN-13# 512 B W CEB A2
BRI L7o#E R, AERMNED HN-13b TRERSOY — 7 254 2 HAIBIZR/ A X 7 ¥
1 MEEBHMAR SN, ROSENS I > TRBEIFENZ 2 > T EAISR S AE., Zh
W, BEBEYTOZERBOFEMEOENIRE L Ao T EIML RSN 5.

12. 84

26. 84
Untreated

13. 44

HN-13b

-

ms 9. 34
10. 34
25. ;X\\\J/\\ 300%
10. 04
5007

10 20 30 40
28 (CuKa)

Fig. 7 X-ray diffraction patterns of an interstratified mineral of mica/smectite
(specimen No. HN-13b) after various treatments.
E. G.: treated with ethylene glycol, 300C: heated to 300C for 1 hr,
500C: heaed to 500C for 1 hr.
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ER/ AR 54 NERBHEWMT, ERE2LELEL0E, 10AREZIZZD d(001) o EH
MRS, 1%bz70:~wﬂﬂfzo WZan5s. E512, 300CHIEMETA X 7 %
A NOBHKDBEAKIZEVERIZIOAICBEI T2, AXT 54 V2L ELDDIE, AAZ S
A FDADEE L) RR/N SV HASAMEICETHREIER OGN, TFL 7)) a— VILETH 1
AZDEIKREL 2D, 512, 500CHMBULETA X 7 ¥ 4 FORBEAKDBKIZ L ) 52212
AT, BERPY—22832HAIBOXRD /Y — 2 % Fig. TI12R8%. 300CHnk
MEET d (002) DEDI0A L VKX VDX, ZAAZ ¥4 POREIADIBAKL XN hor 720
2, bLEBEAKRLAZDEBEbNS, SEMEZETIE, BWI7L—-2RKRDOLDOBEH AN
7. 2O SEMEE% Fig. 8 2R 7.

DTA T, EB%2 £ 0D LHAE DL D332, 120CHEIZRBREADBAKIZEE D K
BEATR S5, 550~560CHET OH DRKIZE AWMBMEA R ONE. AX 7 ¥4 baS
%< &EN 5 HN-28b 1%, BREIK, OH OFKIZHE) E—2 B HIZZEIZHATEY, 20
ER/AX 54 MEARBHEWIE, AAZ 54 METLEBRTFOMAZL2bDEEZ LN
5. oo DTA Hif% Fig. 9 1I/RT.

— %Iz ﬂﬁkxyﬁfbﬁ Eﬁ%@LR%ﬁi$ﬁ@%naMTwé'ﬁﬁ ARATF A
N OWEFIEIZ, BEEER T O Si-0 R OH H0KEEOWEEUL TWwb 72, 40 EER

i%@i‘%?@ﬁ?ﬂﬁﬁk@ﬁ%x_ BERIZEED SN oz, 72750, AAZZ A MBS EFE
NBELDIZONWTIL, DTARBMOZ 2D DEIZRREL>TWAE., INHD IR HMEE
Fig. 10 IZ7R . .

F72, —HTREN=ZA PRPABEMPREEIN, EHIZXRD M TAAZ 4 FHREIE SN
72 HN-30 a TiZ SEM BB TH AT TLL TV AT R o s % LAY, Wb E
B2 L0 TEOFMZL S brShh o,

Fig. 8 Scanning electron micrograph of an interstratified mineral of mica/smectite.
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N 561
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133

A A N AN T N N S R
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Fig. 9 Differential thermal analysis curves for some interstratified minerals

of mica/smectite.

HN-7
3450
1015
HN-13b
3625
3425
1015
HN-29

l \ | | 1
500 400 300 200 150 100 50

x10cm !

Fig. 10 Infrared absorption spectra for some interstratified minerals of mica/smectite.
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V—4. BFIFRDOEEILY

FAERIE PRI ALE T 2 BRI B0, EERE FIEoOmER LA L,
BEOHBEAETOIDLRONED, BELTWALEZAIIFAR, KAGYET 5. AHE
TIIMBEOTE L ) LIS, GERIIZHEWHBICEEr R ON S, R TECTIIERHE
EICRON, ER/AX 754 NREBIEMAELLDOORONE, ROTEAHOLE -7 %
AT 2HANBEOIRA/A AT ¥4 MRERBHEY S ER L CRARONE, HAEKKRA/A X7 ¥
1 MEARBHYW D SEM EE% Fig. 11 |ZRY. S5 EETIERA/ A A7 % 14 MRA B
WIROSNT, ZAAXAZ 74 MELRONE. SEMBIETIE, BEnw7L—2RKDOb D%
FEER A N7,

Fig. 11 Scanning electron micrograph of an interstratified mineral of chlorite/smectite.
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V—5. KBtk nZEEIY

TR ERICALE 5 REHXALHMEICIE, BERIKE, EERELIEOMEAE
g, FEOKIUEBE, BKES IV NEPSAT A, BaDMBzZTdbobA5N57%,
BELTwHEZAIL, FEME, HEE2ETA. BERKEFIIIZEDZ ) XA MNT A MRS
Ronas, BERER, MIZIZAXZ 74 PO fH A bEvoBfbTEUESL L DD
PVERONLZTHRIENS, TNOREEOEREEZEZLL DV TEEISEINTVLDL
ERDFIDNEULUTH L. o KILEFIZIZ, XRDOWHTHAYFA N, AAXAZ2% AL+, NO
194, ER, BRBA, ABRREBIME oz, A BREBEMBRONIZD, F050
ARSI RV oz, TOHIBIZET 220K D XRD /8% — ¥ % Fig.
1212”9, F72, SEMBIZE T, EEHBEKICAAZY S/ P2 ECEHBFTHAES L E D
DFEFR I NIz,

Mi
Sm
Mi
Mi
K a K a 0S-33
Sm
Q
Mi N
0S-36
Q
Mi
CV Q
W 0S-39
I | | | | L J
10 20 30 40°
20(CuKa)

Fig. 12 X-ray diffraction patterns of the samples in the Osako area.
Sm: smectite, Mi: mica, Ka: kaolinite, Q: quartz
CV: interstratified mineral of chlorite/vermiculite.
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AHIETIE, ER/ AAZTL L, BRBA/AAZZ AL, BBA/N—3IF2514 POKIR
BRBEMPRONS. REBHYWOERIZOVTIZEIR (1973) SRR ZHMES 2 EhTw
5. BEIZOWTIE, EEMICERINIHEERITTHY, —KUIZIHESTBO—20 5 B
LTCREBEY N TELEEZZONTWA, RHMIBICBITAER/AAXAZ 5 4 NMREEBIWIZ

DWTLEMKT, —DRERTHEWEIILTEDORIZAAZ YL N RERT A L) 2 EEY
S TCRABEYSEREIN LT HELFT, 20X hERKEEIL, EFEEWEICL
TIRERBHY % &% L7 %8 (Tomita, 1977, 1978 ; EH, 1979) 25 b+ WL Z £ T
5. 59—, FTAAZIALAINDPER L TEFORICERPERT S L) REE*Z), £
@@ﬁ%gaLTmDEﬁ%#f%f&wo%zﬁf%é KERRA/A X7 74 NMREBEY

DWTLRLTHY, MBATHEWELETIEZFE, AAZ 74 V2 HBEWEET A%
iﬁﬁf%é LHL, BRZI»SZOBICDFAERET LDIIES TR, 72720, K

WCRONBERBA/N—IF 2514 MEEBHEDIZOWTIE, 20457 & BRI, 5 H
MLT,@@E@HW IVERLZDIDEEZTIRYBEEbLNS.

Bt (1986) 1%, RARBEYWTOERBLAAZ ¥4 NBOEEHERIZpHBEIZKE L
BINDY, MBABEARA I ¥4 NEBOHEMERII pHEICIZZNIIEREIN WD,
BEICLAEERREP-7bDEEZONAE LT, $5$/X)<7§7/f MEEREY X, pH
EOMEVRBER IR TIZERB L A X7 ¥ 4 NBOFEEMERIZIZIFE L < 2 VRAENZ R 575,
HEIZED U F EERBOFEFERERIZL 20 ﬁ%<&biﬁwﬂ«t@ﬁm ETHEIE
ERLTWE, ZoZ k%, EEMBETRONIERHZEIVIZLYTEIOTERZL L, ST
HEF O pH ZMEL TV ARWVOT, HEIZTELZVA, ZEFSMBMEBEOPE T di-B 2 X
754 ML T HBETER/AX7 54 MREEBREYN T LLEZONS.

CDEHIZ, REBHEDOEEBIBIZOWTHETTHERA ZHERATTE 575, R#bg 23

WL ORBBEOLEEUMBELTBY, ZOSHIEATHHLI LS, ETOREERY
HREICHEE T A 2 L 3O TEEL ., SREIOFETHL IR o HEEEW ORI HR, D
ErOEZ T, RMIETIIIRBIIb: 23K EE R, RENREKD LR &2 BRI D K
LBEMICEILLTE-DbDEEZONS. T2, A#MEBANTREEERGSHSIRONY, W
S KR HERE Y LABE O BB R I BUK BB DS E EN W &0 s, PSS VT I BRI
INH—EOLEER %I Bbhs.

VI. # B

AR ED B I2H72), BEERFEETMAHEOLRRERICE R LHIESE, #HIE
eWhorz. TOHE») TECHEHILE L EITET.
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