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Conduit Magma Process of Miyakejima Volcano Inferred from Basaltic Juvenile Materials

in the Products of the Small Ash Eruptions during the Continuous Degassing

Nobuo GesHr* and Hiroshi SHINOHARA™

The Miyakejima volcano repeats small ash eruptions from the degassing vent opening inside the A.D. 2000

caldera.

The juvenile glassy fragments in the tephra indicate that the basaltic magmas with primitive composition

are ascending in the open conduit and degassing at the shallow depth.
We examined the representative 12 tephra samples erupted between October 2001 and July 2010, and found

the juvenile glassy fragments with basaltic character.

Their fresh surfaces and free from alteration or weathering

indicate that these glassy grains are juvenile materials. The glassy fragments occupy less than 1 vol.% of the

tephra, that mainly consists of the fragments of lavas and pyroclastics derived from the previous edifice. The
juvenile fragments consist of volcanic glass with pale-brownish color and euhedral crystals of plagioclase,

clinopyroxene and olivine up to several tens micrometers across.

Larger crystals of plagioclase and olivines more

than 100 micrometers are also contained as microphenocryst.

The range of the Fo contents of the olivine microphenocrysts in the glassy fragments is 73—83, which is higher
than that of the phenocryst olivine in the basaltic bombs erupted during the August 18, 2000 eruption and similar
to that of the olivine phenocrysts derived from the primitive basaltic magma, indicating that the continuous

degassing since the A.D. 2000 eruption has been driven by the basaltic magmas with primitive character.

The low

sulfur and chlorine contents in the groundmass glass indicate the degassing under low pressure.

Key words: Miyakejima, degassing, juvenile material, volcanic glass, tephra, magma

1. FL®IC
“ERBEELDETEEZ L oFE#HKLTE, LIEL
ERED KA 2 BEMEERICRE SN S (f2EZ
&=~ Kili: Aiuppa et al, 2007 ; FEEERG & 5 K1l
Kazahaya et al., 2002). DX 5 75 KILH 2 DA H
DAH=RLELTE, RN ICECESEED< S
< BKEF > S ERL, KBRS TR & 5
B LRSI S & 1 - o< < S KGEN & TR 4
5, WbWw 3 “KEANMRE TV BIRESh TV
(Kazahaya et al., 2002; 2004). KBNS K B HiH 2
T, HRERSICEC S~ LR ERA A Lice s
<O MEIIIGEDHTERMNTHET T L TV B, ik

ND 7 7 YVE O P BEE S A S b JI,
Kl 2 DUEH O B 25fkie s 5 & WO KD 5. D
& 9 18 KBTI & B A 2 D AMHETT LTV B KL
TR, BHEYSELNEWLEY, ok KD~ s
CINEOREDOESFTLERLTLED0E W - ikt
WP 2 A EXE 4 % A /1 = X L%, PPEREEN TR
Ko THEILT 5 T EVHREBIEGENZ V.

=Bkl (Fig. 1) T 200047 H~8 Az ¢
DR VT SRR, 7V S IEREERICBIE L 72k
O (FKED) KUz oBdn 5 OMEFRS KILH ZIEHE
Fpske L <. KL 2 OIHE, 2000 FERK O
TR ARHIE DM KR 3 A L 72 2000 4 8 Hrfi~"F
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Fig. 1. A: The topographic map of the Miyakejima Volcano. Contour interval is 100m. Bj; The relief map
of the A.D. 2000 caldera. Point “C” shows the site from which the photograph Figure 1C was taken.
Contour interval is 20m. C: Inside of the main crater taken from the top of the southern rim of the
caldera. Arrows indicate representative altered parts. Taken on May 26, 2009. The relief maps A and
B were created from the DEM data (10m mesh) published by Geographical Survey Institute with
“Kashmir 3D” software.
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AP oBEEL LY, REI~1 A3 v/Ho
AL EE /7 2 OIEHAERAI S 1172 (Kazahayaet al., 2004).
Kl AR 3 £ OBRIEISTHED LIcb oo, AN
S 9 FEAEGE L 72 2010 FEBIFE S, 1000 ~ v/ HIZED
ZHALERTE A R OWEH ARG L TV B CO=FEOK
L 2 OEREH b, KENZEWSRT 5377tk > T
EX# S TW3 &2 5N TV 5 (Kazahayaer al., 2004).
=EKkbTiE, FEAO»S0KILH 2 OEEmEH &
[, ko kIR Z Tk 5 & < /NI S I K hs i
DIRLFEELTVS (KFT, 2005). 45 D/NEK
3, IS TOBRKOMREPEOEEDO HEFIC k- T
FEINTVE, TOEMIT, BED KK A v
T I GEDIHED AIIFFHNCE T T 5 & 578, /N
B KILK O HIEE) b FE L TV B T EBHIBNTO
5. Fxld, Thoo/NEXEOR YT, FaL
KA 5 RAEORF IS T DBV OFICEEN TS
CEERHLE 2LT, Ihsokill s REORT
DELFWIRNTH S, TSR =FEKILOEEIIE A
2EWE L TWERI<YHETH LI ExHSMITL
to. TnooKIUH T REORTE, R 2 ST
LTV BERKEND < 7 < 2 EEHET 5 Fhn0 &
153,

2. ZEBXLEZD 2000 FEFEKOEE
=FERXE, FENEEIIOKL7 2 v b Bl
E9 5, KRA~ZIEEOREKILTH 5 (Fig. 1).
ZEEKINAROHE PIEE IS W T, @A -
(2005) ICk > TEEHOSNTWV A, FHAH - i (2001)
(382K 10000 LEROTFES %, 1) KAREL G 10,000~
4,000 FEHID, 2) FEEH (§9 4,000~2,500 £ERi), 3) Ml
M (K9 2500 4 Hif ~ PHIE 1469 FELIED, KU 4) Hridil
(PEIE 1469 FEMEKH> 5 1983 FFEIEKE ) ITX5 L.
2000 K E TO=ZFED < 7 < AR ICEI 20
7¢l¥, Amma-Miyasaka and Nakagawa, (2003), Kuritani
et al. (2003), HE « fih (2003) 7L EIT L > TITbATL
5. INLORREITE B &, D5 & H572500 FERTO/\
TEEKLIBEO =B KNTER Lic< 7 <id, §EEh
s s N KB ZREH~ 7~ &, Thhr 55k
LERIFE s N XREE ~ /' v B R UORIIEE~ 7
PO, IHKOILPITZENODEA « BHLTW5S,
KL Z R DR & 78 5 72 2000 AR, 6 H
26 Hic = Btibm~o K S SIRE Al £ - TH
L, IWTHE FO = 7 <o h SER~D < 7 < v E
ATHZEICKD, THSHICR= /<D FEAEKk- 1k
IITEEB DA MBHIA L, ZD% 8 H 18 HE TOH 41 H
I CEER 1.7km O 7 V7 5 3R E e (Kumagai

et al., 2001, Geshi et al., 2002a, Geshi, 2009). /% /71 v 5
7 OIS AIHIC 3F I cuREE~ /v LA L, 8H
18 H, 29 HIclEoomb L e XREE~ /7 ~<ick 518
FH15 = 7 < IKFESME K H3FEH: U 72 (Geshi and Oikawa,
2008). —HD ¥ 7 Y IKEKIEIIC L > TH VT F KM
U FF KO EFRIE N 5 AR 550 m, HPER) 330 m D
RO KO & iz (Fig. 1). KO Z otk
R OE S I KOEER2HS dEB) &, ki 230
m, PG 130 m, S 100m LI EOBESIROH S (FEE
Ey b)) IZbhsn T3 (Fig. 1B, C). FKIOZDHD
13 2000 FEMEKEZ S SFEEL TS0, TOFRME »
MlE, 20014E2 H 5 200349 A oficE s i
(BRI - fth, 2004).

2000 4 8 A N 6, KKV Z ORFEHD SIEFS
KA 2 O EGEEHEE 2B L, 2010 EBIFE & fkfE L
TV3, BRIEBEEKOOFE2IcA SN DA,
IRV o tho, FEEiE v - OBE, KU
o7 v 5 5 BERE IS AT 5 (Fig. 1C). HERFLOM
BEELFKOONEEL L K ERBEKIEEIC L IA
CEEWEATED, Kb~HEELL TV 5.

3. 2001 FELIFED/NEX

=BT, 2001 LI 2 Ol T RO D
EOKINKERHT 2 NEK WA Lo
% (Fig. 2A). T oO/NEXIFWETN S, B VT T gl
RO 2 KO SFEL TV 5. FHEEEOEIH
LB T OREIKIC & D iR S L/ NE K 1, 2001 4E 1T
(& 20 [\, 2002 FFTid 13 [APRAE L 723, = LIBE 14
WP 1D L 7o (AT, 2005). Ch o D/NEK
EERHZEPHEN Z LS T ENEL, £ LIRLIEZE
EOBNS N, BllSnicid & A E DK DRk
BEOADIATH B, &5i, R THIKLTHEET X
Wk, o/NEER T 7 sOBEHLFEELTHWS
2008 LELIFE o TEES < D BIMIE A < 13, FKOEA o
THES O BINRE R P RIAR O RIEFIC T HED 7 7 7 3
HLTOLB I EDMEREINTEY (Figs. 2B, C and D),
T NERR IS KK OB S FE A LT B T & 3l &
N3, thooF7s3udndbEickE lmm LI NoO
KIWK» 6150, ERKECTKABERET 5. Heo/h
K OMEHEIEIH ST WA, KO 5 4~5km B
NIRRT ORBIKE (100g/m*LIT) M oHiEd 5 &
RATH 1000 b VRETHBEBZZ LN,

4. H5RBRFOEES K OHHEE
7 7 5 OFERRFEIZRICIE, 2001 4F 10 H 11 H~2010
HET7H 4 HICER L 12382072 (Table 1), Th
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Fig. 2. A: An ash-laden eruption plume observed on October 16, 2001.

B: Fine-grained volcanic ash

covering a solar-battery panel at about 50m south of the rim of main crater (March 10, 2009). C:
Aggregates of volcanic ash on a wood fragment at about 300 m southwest of the rim of main crater (May

26, 2009).

o OFBHI BRI A IITEAT (IR, EERID BX U
SET OB IC X > TERINS 1, EERPFICRE SN
TV5bDTH5. dARHIHEBER RS TKIEL, 50
pm X O SIHVKLTE IR N B & ORI E AT
(SEM) THIZ L7, F72, $9250pm X SHERLSHIT
ZEUERHNE, KT ommbHESR Z1Fl L, ROCEAR
B L OEEBE THAMEEIC X o T OB A BRE L
7c.
BELELINTOT 7 513, T OMAKITD 99% Ll
EEER P23 ) TR, BXUOTnor oL o s
FAONDIERRE D585, ISR IEFEA ISIRE
ICEUKD 2 VWIRTREE 22T TVWE 500820, F
to, BHILOERR T OSZHEENE. ChoDT T 5
BT 3K ORI AE L BEFEo lfE» & b e b sk
MELEEZ 5N,

—h, BE LT NTDOF 7 51T,
FifEs s AER T EEN TV S,

D: Ash-spots on tree leaves about 1.5 km southwest of the main crater (May 26, 2009)

- R BAMEE T cligsBao Ly s 22T ke 4 55
HHISKRL T TdH 5. TNOHDH I AR Td =Hd Tt
T, Wb EEOEEEZ T AR SN S, ok
FREHEIC S IR O Y S s W (Fig. 3). YU
T, KEclrIno ot kKilg s 2k1%2, Th
FNOMKETHH « EfE Lo~ 7~ DA Th 2 AH
WEDERE A5 L, Hruokily 5 2R &S,
KI5 ZVERAF ORI ZENENO/NEKA X M
Lo THEBY, TCHE /10000 F) obons, £
%EESINLI EOFTTIETIETH S (Table 1). K
W#H 5 2ZERTOAEBVED~A 7054 FEETHE
B e BHO KA 5 2 » 515 % (Fig. 3A * B) £ 72fix
KIZ 100 um FEE O BKE D Xia R 2 & £ 1 5 (Fig. 3
C). FAFERSEXETH DA, BE100um Pl EOHKL
T TR 70% VI L oFAE 2RISR T2 T, FHick
AEOEVRIT IR AKX Y VRONAEET S, oD
75 2R EEA I CHE N TV S DAZ L
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Table 1. Sample list

Abundance of - Olivine mioro~

Sample ID Eruption Date Sampling Date Sampling *1 Scale. of Glassly Glass (_)omposmlon phenocr?'?t
eruption %2 N Analysis Composition
Grains *3 .
Analysis

JMAO011011 2001/10/11 2001/10/11 JMA ++ +
JMAO11101 2001/11/1 2001/11/1 JMA +H + O
JMA041203 2004/12/2 2004/12/3 JMA ++ + O
GSJ090312 2009/3/10? 2009/3/12 GSJ + ++
JMA090401 2009/4/1 2009/4/1 JMA ++ +H O o
JMA090411 2009/4/11 2009/4/11 JMA ++ +
GSJ090511 2009/5/9-11 2009/5/11 GSJ + +H+ O (@]
GSJ090525 2009/5/25 2009/5/26 GSJ + +
GSJ090714 not identified 2009/7/14 GSJ + +
JMA091115 2009/11/15 2009/11/15 JMA ++ +
JMA100411 2010/4/11 2010/4/11 JMA ++ (+)
JMA100704 2010/7/4 2010/7/4 JMA ++ + O

*1: Sampling; JMA: Japan Meteological Agency, GSJ: Geological Survey of Japan AIST

*2: Scale of eruption: +++; tephra more than 100g/m2 in the coastal area, ++; tephra less than 100g/mZ in the coastal area, +; tephra only in the summit area
*3: Abundances of Glassy Grains: +++; more than 1%, ++; 0.1 — 1%, +; less than 0.1%, (+); trace.

(Fig. 3C) #%, L3 L I3ARRER O REIEEL RIFL
TV kbR 5N 5 (Fig. 3D).

INSDH I ZER T3, FEREOKS & 10% L
™) PEVFEE T, 200047 A 14-15 HEHY, 8 A
18 HIEHYIc & E N A2 AREWE (S« #E, 2002,
Geshi and Oikawa, 2008) & AGICXBINAJRETH 5
2000 FEBFHY T OREYE ICIZEDO <A 7051 b
L TH O, K5 OREWER T OFERE L 60%
PIETh 3, 12N oDFEEIIHEARTD 50% 12
T, %< 1330%Hi#% TdH % (Geshi and Oikawa, 2008).

N5 2001 FELIBICHEH Licr 7 Stho /5 2 /&kr
T, BloumBEED<41 27 054 M BHRKEK10%
BESENE. 47054 FIREGROHEEHEL A
FEAET, FNICHY S vABALNS, FEAD~
47 v 54 b3tk T, HERL/AVEEZRT. £z,
ko<1 27054 b LIELIER SN % (Fig. 3E).
o, w4 7054 bOIENIT, KO REL (FX100um)
ORELYH v 5 v AMBE S S VEEEN S (Figs.
3B). INODWHEIEY 7 RAERFOREE LD K
EVWT ENEL, TO LD BIBAHERAROIREM 3
CERNEETH B0, AN TIIBREH T2 < Al
TRLOEEA T R EHELTVWE I Ehb, KSR
TRECHAEMERE LTHEELTVWE EELZ OGNS,

5. {bEEHERK

5-1 FHplB L USHAE

INEKDF 7 SO 5B, HRNZ RO 5 gk
TaREH, DoAY FEy 7 ARk T (B&
Z 100um LI b)) 2EUERE sER#EH L. ol

7zakHZ, 2001 45 11 A 1 H, 2004 4 12 A 2 H, 2009 4
4H 1H, 201047 H 4 HEKD T 7 550k X O 2009
F5 H9 H~11 HORNT L TEES O A - Bl g 5 i
fFELTOT 7 53k TH % (Table 1)

IRBE U 2o KIIRRL -0 © 47 5 R R % FLARBEMSE T
THAYREy Z7ICKDER LT, KEYETHELH TR
BRIFOERNC N o - T, KUaz SLREao KiLg
5 2&FRETBRTT, T OR RN ONIBICES
DELDOEENR LNV &, hT-HEif, Fckian
NIEASHE T, HiRE LB TH B T & 2B RO HHEE
L. "YREYZILE - TEBLIA S ZBERT
2, BRE» S ETNENH 0K FTH B, oI, #
2R T %2 { &3 20094 1 H <5 11 H
TI7 M6, h I U OEREED N I R ER TS
B4 5T LN TE7 (Table 1), #ER|TE/ch V5 v 4
FEEIET TRITH 5.

B L 7oL 1At T U i brEE L 7o & (ERK
L, Miricagnskilizsz QCIF, AHEY SR EE
3D BLOWMBLE, <A 70354 ~ OfbFHRE B TR
<4787+ 549 — (EPMA) IZX O L 7.

HiRD 7212, 2000 FEEHYNCE T h 2 KEYED 7
5 2M b RO TEIC L D bbb THIE L7z, HIEL
foERHE, v T S RGO 7 A 14-15 HICHEHI L 7
RIVEEAREY E, VT IMERTIO 8 A 18 HITH
L el KRB O K Tl L e XIRE B AEY CF
a] « fi, 2002b, Geshi and Oikawa, 2008) < 111Dk
BRI AT S A (interstitial glass) &, 8 H 18 HMEH A
DREIYI PO EFYDKILAZ A TH 5.

5 AR OGP AR D I E (3 EERR I AT © EPMA



246 TEHEER « BREE

May 9-11

olivine
(Fo=74)

2009 Apr 1 %430 15kV

2004 Dec 02

2Wum 450 15KV

Fig. 3. A: A vesiculated glassy fragment in the May 9-11, 2009 tephra. B: Microscope photograph of a
glassy fragment with an euhedral olivine microphenocryst in the April 1, 2009 tephra. C: A scanning
electron microscope (SEM) image of a vesiculated glassy fragment in the April 1, 2009 tephra. D: A
SEM image of a glassy fragment with smooth surface in the April 1, 2009 tephra. E: A backscattered
electron image (BEI) of a glassy fragment in the December 2, 2004 tephra.

(JEOL 8800 # & U 8900) % ({HH L, HIFES, (L Saito et 52 &R
al., (2005) 2Pt tc. /15 AR O HEYIRERR D RIER O FE # 5 RAERTF D AEAKILA 5 2 DLFERAR 3/ Nk
T — 2R3 4um TH 5. B 2 HIRER A > % (Fig. 4). HIE L 72ilklo

55, 20014 11 H 1 BI04 5 ZAHRA R bl
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Fig. 4. The SiO0,-MgO (A) and SiO,-K,O (B) diagrams
of the groundmass glasses.
ranges of the juvenile materials of the 2000 erup-
tions are also shown (broken lines: andesitic juvenile
materials of the 14-15 July eruptions; solid lines:
basaltic juvenile materials of the 13 and 18 August
eruptions.).
tions of the August 18 eruption are after Geshi et
al. (2002b). OY in B shows the range of the
whole-rock compositions of lavas erupted during
the Oyama Stage and pre-Oyama stages (Niihori et
al., 2003).

The compositional

Whole-rock and groundmass composi-

RRHEIPHAS A K, Si0,=52.8~58.2wt% TH 5. ALK
L, 200944 H 1 H»520104E7 A 4 HOWHYbo
H 5 2R T O IE Si0,=53.9~55.7 wt% IcHErfid 5.
* 72, 2000 4E 8 Ak DLk~ 7 < o GRS CF
] « fl, 2002b, Saito et al., 2005) (3, 2001 FELIED H 5
ZHARD 5 b b Si0, 122 L WIS 3 IE—HKd 3
(Fig. 4). 2001 fEPIFED/NEK 7 7 5 DFRHEN 5 R (318

Tela A7 Z AT S /INEKE PN S £ 0 A KIEAREY» SHElT 2 KERN~ 7~ 7T ok R 247

0.124 Swt%

0 10 Composulonalrangeof: . ". Error
. q the glass inclusionsin L)
August 18,2000 basalt | , ,* .t
(Saito et al., 2005) 1 ® .
0.084 i
. .: . .'.
0.061 : .
0.041 -
&Inlerstitialglasses of
0.021 18 August, 2000
’ o
% £
0.00 '
0.00 0. 10 0.15
Clwt%

+ 1 November, 2001
o 2 December, 2004
o 1 April, 2009

¢ 9-11 May, 2009
A 4 July, 2010

« Glassinclusions in the 18 August, 2000
basaltic lapilli.

Fig. 5. Sulfur contents in the groundmass glass of the
glassy fragments plotted against their chlorine
contents.
range of the glass inclusions of the basaltic bombs
of the August 18, 2000 eruption (after Saito et al.,
2005). Solid line shows the compositional range
of the interstitial glass of the 13 and 18 August,
2000 eruptions.

Broken line shows the compositional

MR Z L, £ OMEREE I 0.013wt% LIT,

FIERE 13 0.05~0.15wt% Td 5 (Fig. 5). —/4, 2000 EE
8 H 18 HichEH L /e KA A EY B al 5P D K

75 2 DREERE L 0.04wt% LI ETH B, £, 2D
GEOFEER A 5 2 hOTREFEE 3 0.03~0.05 wt%,
HEFRIEE 13 0.07~0.09 wt% OfIcHEdd 5 (Fig. 5).

#5 AERFICE TN A HBE (B 100 um LI )
OREALRO A v 5 v O/ E SO THIE L 2. &l
EA®a 7% An (=Ca/(Ca+Na+K))=87~90 T

5. FEAOWMEREICIHEKORIERFENED LN D
2, BARFNCRIER®R T, ) 2B E L E An=60

~70 Th 5. 1 vF vda 7D Fo (=Mg/(Mg+
Fe))=82~83D b D&, Fo=73~78 O 2 MG N
% (Fig. 6A, B). \WnofiEsBEET, AET I R
PHE LT\ B (Figs. 3B and 6A). ZNZ N DIERNEST
D Fo i3 131F—ET, AREN IR EHEL TV 2R
) AER (B 10pum LIF) TEBIC Fo B 70 LINE T
D4 % (Fig. 6A).
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Fig. 6. Al: BEI image of the olivine crystal with high Fo content in the glassy fragment of the April 1, 2009

tephra.

This crystal is surrounded by the fracture surface consisting of the grain surface and the crystal

face contacting with the groundmass glass is observed only in the upper-left part of the grain (indicated by

arrow).
contents in each point.
of the April 1, 2009 tephra.
outline.
1, 2009 tephra.

The white circles show the representative analysis points and the numbers indicate the Fo
A2: BEI image of the olivine crystal with low Fo content in the glassy fragment
This grain is surrounded by the glassy groundmass and show the euhedral
B: The histogram of the compositions of the olivine crystals in the glassy fragment of the April
The olivine compositions in the August 2000 tephra (Geshi et al., 2002b) and the lavas in
the Shinmyo stage (16-20" centuries: Niihori et al., 2003) are also shown.

The compositional ranges of

the olivine phenocrysts in the Augst 18, 2000 bombs presented by Amma-Miyasaka et al. (2005) and Saito

et al. (2005) are also shown with arrow-bars.

FRPO<4 7054 b (B 100um LI T O A
me) Ok E, RHEGDY An=58~72, HigHEAH
Mgt (=Mg/(Mg+Fe))=62~66 TbH 5.

6. & =

2001 FELIRE O/ NEKIEHYITRIcE N 5 5 A B
T3, ThZTho/NEKOKRBEMETH S EEL LN
5.z, 1) ThoDF 7 I MEH LA KON
L, FEF I E KL A 2 DI X b REEFIcH D
P BUKIC X 2 EBEEMMEA TH O (Fig. 1C), K
W 5 2GR s R E KNS cEE 221 $Ic it
EENBEEFEZITLWTE, 2) T RERT13, Kk
HIFSHMTECHERE L TV B EFZ 5N 5 2000 4
TAKU S HoEmYIticE Eh s KEYER T (5
W BEE, 2002) &%, FEIWEE © AEREE © HHRK 7S & Of

WHEIL 5729, T oAEHYIPICHOID A N7
CERBETEH L, 3) EBAKOFEDH VT FEEIC
JEL BT 2 HE LD SiE AR FEARTH D, F
TSI D A7 5 2R ORARK (ke LA B O R &
ZXBIT = % (Fig. 4B) 728, #IVF FEEM SHTA L 12
LA OB SO 0 AL N JRE b SETE 5
&, BEFLNG.

INHDH I ZERI T A Lo/ Nk, kL
B0 KEFHIE S EFEC AL TB Y, FLIFLIEE
RS (RZFF, 2005). 2O &b, THSD/NE
K, TEFNISIESGEB A 2 £ S0 OB

TR D KA 2 OFERMSEIML 72 & =i, KOEOEE
LkEEW%§%QAf,vﬁv@ﬁﬁ%atkMﬁx
WERT2HREZZONS. 5 ABR 13 LA
LTHY, FrlidLIZERIKEOERmMIZEL T L T



=KL DG AT 2P S NEKIE YIS S £ 0 2 KIEAREY» ST 2 KERN~ 7w 7o &2 249

WE T ENL, <7< I3ER -
FEALNB.

2001 FELIRE DREHPITR D A7 5 2B D A HHR .,
KT DS 2 b EIEIET 2 C L 3N TcH 5. £ C
TINGDH I ZAERTFO<A4 27054 MASDLHE
%, SRS LT W B 2000 EEHIYI O~ 4 7 0
4 MHAGDLE LB L TAS. 2000 FEEHY O 5
5, TARERLILZLED=A 7854 MlaebYE
BRER, HENER, Mgkt TH 0, 8 ot LKk
HO<wA 7054 MilaGbEIRESL, HEEL, &
Y5 VAT, WA REAEEEM W (B - 1,
2002). —75, 2001 fELIRRICHEH L 7o 5 2 BRI s
Insz<4 o354 F3EEAQ RS, v vn
THY, WA EALET TV E WV D ERHIE 2000
FITHEH L cxRE oz & —3d 5.

S SICEHMIC AT B &, 2001 LIS L2y S
2BRTICEEND N VI Y OMIERD Fo i (Fo=173
~75 J O, 82~83) &, 2000 4 8 HIcHEH L /- LA
aEns v s v ORE (Fo=68~72; Fal « fth, 2002b;
Amma-Miyasaka et al., 2005) £V &0 (Fig. 6). &<
12, A V5 v AREO 3 7 ES O (Fo=82~83) %,
HE I FoixzFoLwar s, XKW Fofizo
O L 578 5 NEPEE S, HE - fth (2003) 1Tk B
W1 TER CRIREIILIR) oEHYicEEn 3
Typel DH v 5 Vv HETIV—T O E—Fd 5. il -
fth (2003) 3, Type 1 DH ¥ 5 v Ak, & 0GR
S S S NIARINIC R MR B E < 7 < Ic kT 5
LEZTWA, 2001 FELIEOBE YT Type 1 12HY
B0V VARRESEENS T E1F, 2000 FEREKLLH]
Mo ZEBE FO~ 7 <ifE v icikirc g s ncun
TN R LIS KA < 7 = 93, 2001 FELIFE D 7R
DI bfFa ST ad T &R LTV A, 2000 4 8 FIE
H#IHIc & Typel ISHYS T 20 v 5 v ARSRRBESEN
TWVWAMBZEDOREIM/DETH O (Saito et al,, 2010), 2001
ELIFE OB I Type 1 ©F v 5 v Ak RS HIBHI %
CHRE N2 2 &3, 2001 FELIFFE D KL A7 2 ek H i
RFEEN 2 KLIEE)IF 2000 £ 8 HIcEH L 2 LA~
2D bE DR, Type l DA v 5 Vv HEEEGL <
I BEIERE LT WA T EAERES B, T, 2000
8 H 18 HIF b A v 5 v D 2 v s aFYh o
FEFE MR R & TS AR O LA SHERI S 1 B,
FORMEIEZRE~< 7 <5 O A R (Saito et al.,
2010) & EEATH 5.

INEK &N 5 AR T ORI R 2, K
DR LT~ 7 < OBE TR S O Hic & 5 <
7 < OFERALPARIEEICHET L, ZhZho/NEko &

BRREE T s Lt &

SCld kR LED T —E5 0 o/bED < 7= HHLD
HEanTwaicwEEZOND., GET I 2O/ <
47854 FOFEHICK > THEKIEZ b2 bbb
F, WFNORE RO GEEA 5 2 hORTEEE 5% 0.01
wt% LI R Efd TRV C & (Fig. 5) (3, Fishsoimmic
B2 Lg2 &S BEE RN TR Licl &&2RT.
2001 FELIBE OIEHPI O LB A 5 2 ORERE I, Ehr
I A RS > THRIE L e~ 7 < KESIEKTH 5 8
H 18 HIEK D X E A B DFS KA 7 2 Oif i
£ (0.03~0.05wt%) It THEICEL, i, 2001
FELIED R 2D < 7 =< 1d, 2000 FEK D < 27 < IKHE
SUBKE LD b S IEE T ERLTVS T & A2RE
LTV 5. 2001 SELIRE DI O AT 5 2 DIGFRIRE
130.05~0.14wt% & KX/ ) 1 —v a3 vERESLD
D, 200048 H 18 HICHEH L 7o Ll ofS b 77 7
2DZNED SIS MITERBEEOEVWSDONEEFNT
W5 (Fig. 5). TN b, 2001 FFELIE, 2000 FEEKD < 7
<KERSE KL b SR EF T wn ERAL,
GO ZDPEE TS B & 5 ARTAL Ty 2 S HEfT
LTWABZEARLTVWEDMNE LW,
=EEKIIT 2001 FELIFRICFEA: U fo/ N K H )
fEtrick v, s oYz VIR S KL
H o RERTFINEENE T ENHLMICHE -1z, ZFE
D & 5 IIEF IS KA 2GS & Bt 5 KT,
LIFLINERICE W~ 7S~ EEEZ N A5 RE
WTa&a87 7 5MEHET 2 EnHonTns (Bl
13, PEEEWILGE (Shinohara er al., 2002), PifEdE (&=
%% « fh, 2005; Miyabuchi et al., 2008)). 5D KT
b, THOLNMIEF 75 IcEENEH 5 RERT- %5
MBS 2 2 Lick b, EFELKILA ZEHES) 2
H=RLEPASPITTEEIEAHS. BT, KIS EOHF
PERS Y DR IS ET & 2 Ic RS i R IEE OHEE
d, ZEEZE LY ET BEGEITKLT Z2 2 LU
F 5 KIDEE~ 7 < G~ 2 7 L OERfED, Tk
SIEBTFRICE - C, FHCEETHEEEZEI LN 5.

7. #% Bl

=x:EKILoEGEK LA AR ViR S ol S
ZERL T O 5, ZEBOKOE FORIUZLITF O
Lo E N B, KLF =B AR B 2000 LU
O=FEKLOFEKOTICR, ERE~ /< THEHESN
TWBKEBENFET 5. COXRRER 7 <, 2000 48
HicEH L e XRE~ 7 <&k b b RMETH D, @I
10000 FELL Fic b » TEERKLO = 7 < i8R 1
AL TV 5, Type-1 DR G L 7c R b8 Lk
H s GHE - fb, 2003) IKHEBIL /i~ < TH 5.
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D& WAL THREERSICECRRE < 7 <K
ENEER  FA L, KRR TRy 2 &2 5308k « 1K
HLTwa, RSO EBENIC LD = 7 < Off
EALISHETT L, kG FET i 2 v b RIS AN A U
TV, W, KA ZOMEEIFZELTVDI), K
A2 DB D5EE « SN TV, /]S OFEHIC
& %Ki 2 DO RSN & 0 KBRS AL
EWLE 5L, KEBIESO < 7 < O—BERE DS A
EE LIS, KL R DFRNIC K > THIZR IS
n, INBEKDBFEET B,

El i
SRR, ZEBER, =Bk sk
BSPRC 14, KLIFARIL S BAERA I 4 72 D S o7

Wiz, BUIERE K OGURHRANC 2 72 - TR IR -
aEEERICH VIRV REHYORGRK, &

FiE OMFRNELR, ERER o BIFROSE T L

THMSS A v NETEW K, I L TES#H VWL E
E
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