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Textural Variety in the Eruptive Products of Vulcanian Eruptions between 1108 A.D.
and 2004 A.D. on Asama-Macekake Volcano

Maya Yasur®, Masaki TAKaHASHI®, Masayuki SAkacamr™ and Research Group

on the Asama 2004 Eruption at Nihon University**

Ash fall deposits composed mainly of lithic fragments are often recognized in the eruptive products of
Asama-Maekake Volcano. A comparative study was made on microscopic textures of coarse-grained particles of
1 to 2 mm in diameter from thirteen ash-fall deposits. Average composition of the ash particles from Vulcanian
eruptions after the 1783 eruption was also investigated using the cumulative ash-soil mixtures. More than 70
percent of the particles are sub-angular and blocky in shape. Crystalline, grayish, and non-vesicular grains are
also abundant. These features suggest that most particles have been produced by brittle fracture of solidified
magma. Individual ash-fall deposit has a particular composition. Some ash falls, which were generated after the
large-scale eruption in 1108 A.D., have fragments of welded pyroclastic rock as well as those of altered lava. It
suggests that they might have been generated from the specific condition inside the vent after the formation and
collapse of proximal pyroclastic cone. A series of ash falls through the 2004 eruption show obvious temporal
variation in their textures and compositions. Vitric and vesicular grains increased after the appearance of molten
lava in the crater-bottom on 16th September and decreased thereafter. Instead, crystalline, grayish, and
sub-angular particles increased with time. Oxidized particles have been recognized in the later stage. These
temporal variations might correspond to the processes of the appearance and cooling of newly supplied magma.

Textures of thirty ballistics including bread-crust bombs from Vulcanian eruptions between 1783 A.D. and
1983 A.D. were observed. Half of them have unbroken, euhedral phenocrysts in the homogeneous groundmass
suggesting that they have been originated from magma column of the ordinal coherent lava (Type 1). Forty
percent of them contain the veins filled with fine-grained crystal debris in the matrix which is similar to Type 1
(Type 2). Ten percent of them show remarkable eutaxitic texture indicating that they are fragments of welded
pyroclastic rocks (Type 3). These textures of the ballisitics could account for the variety of ash particles and also
imply the processes of fragmentation of magma in the conduit. Micro-faults are sometimes observed in the
groundmass of Type 2. It indicates that the outer part of solidified magma in the conduit experienced the
pulverization probably due to shock wave throughout Vulcanian explosion. Zigzag cracks running through a
single phenocryst are also found around the veins. Characteristic vein filled with fine-grained crystal debris in
Type 2 might be the evidence of the ejection of pulverized materials which occurs immediately after the explosion.
Key words: Asama-Maekake volcano, Vulcanian eruption, lithic fragment, texture, fragmentation
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1. FL®HIC

—fic 7oA s RIEKOERYIE, ¥ v IR LD
Lo ICERRIEE T a n o T AR AEYE DA 1S
SPHEYE PSR E 2 a4, FHHENEZHTH 5.
—[EDEKT b7 o Sh 2EHYIORER I, skt
TdH BRI KA &R RO KK % TIEDSIA
W, 2K OIEKEF OIS W TKIIKR T DR
DEEE KUK DA B2 IC B B3k 21T - 7o SEERAY
15 BWF 21T 1% Heiken (1972) %> Wohletz (1983) 25 5.
Heiken and Wohletz (1985) 1%, 7 V71 / XK Tl3&H
IR B M 21T & 0 HE U BRI ST VIR S8 E DK
TR & L WisE A T L T SRR IR D E
FESN D EVH KFME RMAR L, 20 LTl
BRI 5 Kl 5 S o KPe a0 L, sk 14
B KA Z AT 5 1213, AR, <
7= N DY D ARG Rk 7S & DB A EE T 5
WD I B T & A4S L 12,

KTk ORIILEER, Fic< 7 < OWBIEE5
ZFND 0 L1550, Wikl @R oY o
TEROIREE, & SIcEBHOIIR OIS % X » BRI
LFENDLD LD S B, —RIOEK T S 15 K
DOEEEAS I, b BREELIEORED KR 11T
DVWTHE AL, EENICHTEETO ONER)
BTERO—>THBEBEZ NG, SHESRED KV
AR L AT O O E LS, ki ki 03
A3, HH EToOR—R T ORI ES LD TR
O—FH L0, KEINE L 12513 LS OHEE D REE
L1125, O TCEEHEE A IS B I RE IS R N DKL
% 1mm &L, 1~2mm DR EEF QKKK DS
Gk e, ERIRTE K Lo R B IR T 3 C
&L, RICHEA (1108 4F) A5 2004 FFIEKE TO
13 3EH o W TH R K ILKRL - D i R BIEE 217 - fo i
R, WimifkE e noomBZHETH L &b -
2. %72 2004 FED—HDMEK TIE, KILEER K LK D
R OB LD > 1o T EBFISN TV S0 (F
A o fth, 2005; BAE « {1, 2004; =15 - fth, 2004 75 &),
FRL K LORL T~ D B A DRt 5 & bk SARE S W
HEfs & OEMEICEHME LG A RN, Th o 0B
HIED S 3 KRR T OREP PR S BT I O
ZETHENG, T I TRIAEA (1783 4F) LI 200
FERD 7w Hh 2 KIEKIT & - T & 7R R KL
D KIEB DA ARHE S o TITV, Mk KL T
DIFEHEEDOMELE Lc, KiaTldfSon g HIHc
Ho 2 HEEAHE OWE & BRI S W TEE AT
D.

2. BIEXZRLE LIEEY

BRI Lo I T EE Ak - A ESR D 5
WAHKIWKENLIELIEGEDONE. N5 IETRICHEKX
S RKRE K 75 & D ARFEK FEIE K O P O i) o 13
W oNBEEE, RBIBKPMEKICE >sThco &
N N ARBHRICHREST 258 L ICRBlE NS, FiE
BECh > THFIcE L cbo LA on, BE
(EARBUBL K HEE K DI T & 7 v A4 7 KA
BHotel EERET S, T TERRICIEKD S 2004 4F
BKkETOREER2FET A NLKICERLT,
FERRL T O S GO ik A1T 5. DN IR oz
W& LR o fgitE & S oM E A . UERT
Mk B 1 2 RN EIESRR & L 7o KUK o B %+
R L72b D% Fig. 112, il OabEHRE A % Fig. 2-
(1) ITRd.

2-1 BMET KRR

C CTIRICIEK (1108 45) DR B FEFE N A WHE
T&W) (Aramaki, 1963) & “B [& N KEEHEREY)” &35 W
~HFH (N95°E) S D53 dl (EIH, 1991) 1w g
EDRE WK 5 HFEH 6.7km OHIZE TIE, BN K
PEHEREYD IR LRI D\ IS £ 0 8 D RE N BT A»
offipkansg (FIk D 1E~8 8, Fig. 1-(1). F 1
JBEE s B Kk r S, Tl KILEE?» S5,
H1IBRIROKLUKE» S0, AEASHICEL. &6
SEIRFICRBOA S ZANEE5. H2, 4 6BLU 8
BREA2S, FIEFTBIEBTH S ZANRDH S
k- o AEER P ok g, 58 B LAk
TR B AR K KB HE 5. AR T lER D SRk
SNAHEIBEFE TEEBLER G 11 BXU 1-2)
E9 5.

22 FREKWLUIKE

AREKILIKE (Aramaki, 1963) (3HE4 KEHE ST 3
ZHOKILIKB L k&, BETic L 0 EE, K
125, KOOHFEHRD SILH E TOILWHIP TR S
N5 (Fig.2-(2)). B4 TE < KILKIgD#E AN % W ER)
Db 5, FHICHME O FRAPBZVED &
AHons. FREOKLIKE KOO LTI BEER A
PEHEREI O EALICES 5 B08, Hp odbs g T8
SrKPERERE A B, JLRLE TR EERIEEEE S
OWFERS NS, B N KHHEREY b B KRRHERE
bE D=y b (B NHEAPWHE FHRAD 257550,
ST B 7w, = bRIOIEHES BRI
DhroTOm, BFRGPAIREE 725 LIRICK
FUEEE K DI FEAE U 78RR DK I & - CTHREKIL
JRIEDHERE L /o C S 3R TH D E A LN 5.

—fRICIR KK Z ML T 5 [ % D KILIKE DT8R
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Fig. 1. Columnar sections showing the stratigraphy
of pyroclastic fall deposits from the 1108 erup-
tion to the present on Asama-Maekake Volcano.
Numbers shown by “Sp.” show the stratigraphic
levels of the ash fall deposits observed in this
study. Sp. 1-1: Layer 3 of As-B (1108 A.D.),
Sp. 1-2: Layer 7 of As-B, Sp. 2: “Red ash”
which is composed of numerous colorful ash fall
layers. 2-1: yellowish ash layer and 2-2: gray-
ish blue ash layer, Sp. 3: Layer 7 of As-B’
(eruptive age is unknown), Sp. 4: Layer la of
As-A (1783 A.D.), Sp. 5: ash-soil mixture which
deposited after the 1783 eruption. Direction
and distance of each sample are in the follow-
ing; Sp. 5-1: ENE 2.4km, Sp. 52: E 4.4km,
and Sp. 5-3: ENE 6.3km, and Sp. 6: ash fall
deposits from the 2004 eruption. Dates of the
eruption are as follows; Sp. 6-1: 1% Sept., Sp. 6—
2: 23" Sept., Sp. 6-3: 10" Oct. and Sp. 6-4: 14"
Nov.

B mm~% cm TH 5. KK %A T 1T X 0 #fk
T3¢, BIREBTH S RAEOBEROGESR 1% { HE
THRGENEZ V. —ROKIIKEE#EK S 2 E5R TEE
DBEFHDOHRKILIKICELNTED, ZORE L TR
wkILIKESTATERELaEERT bOEA LN,
POAAEHOLEE LR TICE0 KILKE b8 5
N5, KOh SHEILEIC 2~3km O LEANR T 13 40 12
Db (2& 56cm) OFREKIIKENZED 515, (LTEK

C

Fig. 2. (1) Location of the sites where samples
were taken. Open circle: ash fall deposit, solid
circle: volcanic block or bomb. Italic numbers
show sample number in this study. AVO:
Asama Volcano Observatory, Univ. of Tokyo.
(2) Isopach map of “Red ash”. Plural ash fall
deposits consist of the “Red ash” at each local-
ity. Thickness in cm.

LI £ O PHRITHNVK C1BE T & R K OIS KeEE O+
R, B o KILKED & 15 5 43HBE 12 cm DRk
LIIKEDED S5,

KEOH 5 HILHIT 5.5 km DML T I3 AR A LIKE F
13D KILKED & 75 5 (Fig. 1-(2)). AFETIE N
SDKINKD S B, i MEDOIEE 2cm DT g GUR
2-D) AL 8KEHDES 1.6cm OFKEE G
2-2) D2EBEBENRE L.

2-3 BT KRiEEY

C T TRFBKILIKED EAL oK B kT KR
HEREW) (Aramaki, 1963) 2 “B/[& N KREHEREY)” & IE38.
JEER~ERILER (N57°E) ARl (I, 1991) (ST
CEEORE VKO 5HILH 5.5 km O TD B[
TKHHERE 1, R SRR & T X D T DB T
B ofks s (FLk D& 1E~T7)8, Fig. 1-
2). EIBLTTEBIEIKUKNS, ThlSME KL
Mo1Eh H1, 2, 4BLUSBREALEKRRa) T
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Mo, FHaEEFESBICREBEKATHE-> /245 2
BofESHESRMPEZGFEN5. F3@REaoh
BB KK KNG AA %S Ak EY, 57 )E
F8HDOKILIKE» S 2. HeBEHETBIOF NS
FalgerHEsEcEEhs el LREOLESR» O
ENns. ki oBIEHE 2~3km OLERTTIE, 5
6BEETBOAEEEIF 60cm DL Ik, TR
F7IEEENT 5 1RO KIKE2HRE 3 & LTikS
2-4 KEAMEK D ESE BET MRS

REAME K (1783 4F) D% N KREHEREYIE, S AHA O
H75 % “ESE B N KHHEREY)”, “NE & F®AGT, BXU
‘NNW (& N7 1IcKBIS g (&« i, 1997). Ff&
#4759 ESE B N KHHHEREYIE, 8O0 575 5 KL
B & KILIKED SRS h, 2K ox=y  (FEFE
D wwhiFohTwd (&I« fih, 1997). KILIKE G E
KD laBOAEFICETH, o 3kilysz%zE
E95, Tl lal@tilkl4 L9 5 (Fig 1-(3)). o
SEFEEOXIRICL D, 1af@13 1783 4 6 H 25 HDE KD
EHYITh 5 EHEZ 5N TWD (Yasui and Koyaguchi,
2004). 7535, la @i fthoatEHT ~RIEE IR A 2RI
R Td 372 (B« fth, 2004), 0.5mm LI L 1mm f
DR TFEW - 72, T D7 DFEE OB 1L & B REE
B—OIHE L, Fl#EEiT-> TLsL,

2-5 REAMEALIFER) 200 FERIDEKIC K B KILK
R K LI O EE KL OTEE)IC X 2B HPE, KO
o DRI X DIRD X 5 WEHOENRON S, K
LTl KB KA Z Vs, (LE < I BEEE &
&bk b L, TR EIEE KIKOREAE & %
5. NS (1995) (&, KEHMEKMEHYE T o LR ER
KILDWEKIZ & B KK, BhH L OEER & Lk
kLRt ch 5 2 AR L, FEIROELIE
7 5 KRB KPS F o KK « HERATRE b KILK
LA ELTVWBEEZ LN S,

22T, KO oddtE 2.4km GE5-1), H 4.4
km Gl 5-2), BLUOHILH 6.3km GREF5-3) @ 34l
FUCERILL 7oKk « TR ATE 2T 5 (Fig. 2-(1)).
BHIL T 1 om AR OBE 1A B S R A i B
50, ERGE I S, KUK - HIERATE
O OEER 1Sem BigTd 5. Falkhd 1990 ££1%
BRI L2 5D TH DA, 1990 4E7 H D KIE = H
O TNEEE s 2 Ep o 20 KUKIZEEN TV WL
EHBLND, - T 19834 4 HOEKF T, RKIAEK
IR 200 AERT D EENIC £ B KUK EHIC & Eh T L
2b0EEZ NG, REHIERE KRR, REER
A CHRERAFT - 7.

2-6 2004 FErEA D KILIK

2004 FEEKICS>WTIE, O 1E2S 11 14HET
DHARID 5 5 4 [A|OBEFEHIEKIC X BB T KUK Z#EE
JARELK; k61 (9 A1 H), ikl 629 H 23 H,
k63 (10 10H) BLUik 64 (11 H14H). 9
H 14 B> 5 18 HIZHh I THHE L fc—# O KIcD> 0T
&, 16 HH 5 17 HiZh 3 TR R Lo KK AR L 7.
ftho Hif ol b~ aRiciithi T (B - fth, 2004),
FRL KKK F OB R S s h - fofch, BHIC
0.125 mm LJ_| 0.25 mm i D ki R O KL 0 % FE
L 7.

2-7 REAMEKLIFER) 200 FERIOME XIS & B KILETE

&R LEE

Pl e a2 Rk 3 2 HURL K LKL T 0 JEE #f
EOMELE LT, R AL L oRs kil
B v v BRI O S ARk EiE L, BlkHE, K
O oL IR 5 & OPEHILAR I 35 T (Fig. 2-(1))
2003 4F 8 H7» 5 2004 4F 8 A % ToOMIRNCEALL 72. b
LG DHiIZR < 1 R K O KRR & 240
KISEBMNL 2T 308, ThEXEId 50, fir
By L —y =AML TOAKIIEEZTRR L. Ch
5D KILESRR Y v IR KO E IS AT bh 5
73, 1973 FERE K 0 RIHME K LIRS TR AZICTRBY ASSaFE L e
1950 RO ATt S Nz b O nZ Vb D EA LN
3. 46 HOEHD 5 B3 VRSB R S h iz D13 6
(14%) T, B 3REDIEEZ RS SV KIEBLTH -
fo. T TRREN 30 EoEHIc O W T & EE
L CHIEA1T- 7.

3. FRRLKILIRAL F D4R & B AR D SR

31 MRCAIUIRRFONEE Y 1 THIEL

ik o 1 mm LIE 2 mm FKif o R REFA O R 1%
T+ Vs THEER, M EERL 2. SR O 20 50
MBS EELZHEL, BOKEWHLS 100 HU Lok
TIcFEFEMA L, fax ORI FIc> W TRD 4 THH A#]
L7t 1) Wil aE, SP: RIRIK, SA: HHFA M~ AR
2) KUaAOHEEE: V: Ruaf, M: Kidfis L, 3) fkkofks
[, G: #'52H, C: g (EHiEE~ 1 7oK
T4y 7HED, BXU4) FEEORLY), R: BV L, A:
HE. ChsOBEEEOMHASDEN SR 4 7
% Table 1 D& S ITHFEL 72, KIBIIZ A ¥ 1 7 13Hw58
DBIRFIRTH D, By A 7 RHEABIRTH B, K547
ST S 2B D, KUEOE S X OO E
FIOBHEICE OSSN 5. ThoIiclA, HEEES (C
g4 7)) EERELICKIER D v47), EEEN (B
g4 7)) EFHAILI (Fig. 3). D 24 Fl3aHEEHR%E
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Table 1. Classification of ash particles in this study.
Sub- 1 2 3 4
Type | ioe
SP | SA Vv M G C R A
A-1 @) O O
A
A-2 @) O O O
B-1 @) O O O
B-2 O O O O
B-3 O @) @) O
B-4 @) @) @) O
B
B-5 @) O O O
B-6 O @) @) O
B-7 O O O O
B-8 @) @) @) O
free crystal
altered fragment of volcanic rock
E fragment of accidental material

Type A: particles with spray-like outline, Type B: particles with polygonal outline, Type C: free crystal, Type

D: fragment of altered volcanic rock and Type E: fragment of accidental material.

spray-like, SA: sub-angular.

mass, G: glassy, C: crystalline (cryptocrystalline to hyalopilitic).

mass, R: random, A: arrangement.

MRETEXANEEOE L VWKL TTHh % (Fig. 3-(12)). E
74 ZIT ML KA ST EDY 5 RITRHRO G750
EO%2E84 b0 (Fig. 3-(13)) PHLEEROR T34
bh, BEGEELLOEETH L. TNh 5 IE Aramaki
(1963) HFC#k L 7 KIS OB L5 T &
MORESR &L,

SR E L tcilkto & 1 7 RIERIL (Fig. 4) 5 13IkRD
X5 A TEAIN S, WiHEEET 75 b B R T D g
FHEEABEIRORT (B 714 7)) WAFEE LD, RFIRD
B (A 74 7) 3 1ERIF &Dimn, RRRok ¢

2: Presence of vesicles, V: vesicular, M: massive.

1: Outline, SP:
3: Crystallinity of ground-
4: Arrangement of minerals in ground-

SJiaEEGERVbORRONE - 1 Bk 2, 3BLUT
AP REREOLEE O B3 E B4 Y A4 7 h50%
PbAE 5D 5, 5k 12 B NKPHERYOSE 7 ),
k2 OREKILIKE) B & UK 3 (B T K PEHERY)
D T8 kRO E HBCY A /Rd BS~B-8 ¥ 1 7 &
B~H10% 5. HEREEE (C 74 7)) 13 10% LIF K
Fcd B0, ik 4 CREABAD 1lafg) O H 50% %A
5. BELIcER (DA 7) 135% 05 30% % Thghs
Ho, 3k 6-1 (200449 A1 HOKILIK) &k 2 G
kIR Ic2 WER S 5. kS CRIAE K LI
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Fig. 3. Photomicrographs of typical grains of types A,B,C,D and E in this study. Grain size is 1 to 2mm in

diameter for each photo. Photos 1 to 13: open nicols. Photo 14: a grain of Type B-4 rich in fine-grained
crystal debris. Crossed nicols. For details of individual types, see text in the subsection 3—-1.
(1) Type A-1 (Sp. 6-2), (2) Type A-2 (Sp. 6-3), (3) Type B-1 (Sp. 6-3), (4) Type B-2 (Sp. 6-3), (5) Type
B-3 (Sp. 6-3), (6) Type B-4 (Sp. 6-3), (7) Type B-5 (Sp. 2-1), (8) Type B-6 (Sp. 3), (9) Type B-7 (Sp. 3),
(10) Type B-8 (Sp. 3), (11) Type C (Sp. 6-4), (12) Type D (Sp. 6-3), (13) Type E (Sp. 6-3) and (14) Type
B-4 (Sp. 5-2).
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Fig. 3. Continued.
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200 fFERE KK « THERARE) (3, ﬁ%’;éfﬁw
L 7o kAR d. RESER B4 7) B0d
noRKE S 10 U FTh 5.

32 MRLAILIRBIFOEME LG
1HITHELILE 94 7RO LICEBEOYETH
375, D ¥4 T7OEEL KSR EEWE» Ao
KilrE» OHIENEHE L V. A, BBLUC YA 7 I3AHE
Y L EME oW S EEH 5 5. TITIRA BBX
CCHA7IToVT, 3-1HOHERHEBEIZWL 20
KIHHZMA, SHEEHOHEhOBISEMETT 2.
FFEHBD A, BBLUC YA Fico0T, WEE
e (R0 »ilimigE~agkcod b, TRk T ORT
DEA1F 91~100% TdH % (Fig. 5-(1)). TD 5 b A
KR 1 2R Th 50T, £< ORI IZHMAEIRT
HBEVZDL, F I T TREESOBWIHEASKLI T O iRED
D—EREMK T ARFIcbEH L (ff Fig. 3-(4), (6),
9). ZDEIEIE 74~99% TH D, LRICEWEGID D
% (Fig. 5-(2)).
ISR TH B C o1 TR AYATEBY
47DV, fAHOEWEEAS. 9 lmm LIFD
SUAE G VEES AR E S ORI T OHIAE 30~
94% WML (Fig. 5-(3)). fEmE D LREE & >hi+
DEE L 41~98% TdH % (Fig. 5-(4)). IRICERTOAH
HEom#icEH 5 SIKER T L FABORTFic Kl s h
3. ZITORERFRFICRE LN ZMEOK F4%5
O, KOORT-OEIEIZ 21~94% EMEHSIE WA, 70%
AIf&DZ W (Fig. 5-(5)). ikt 2 GREKILIK) (3R
RBOOR TICEDE VWA S, BELL 1305
56 EITHIKLOFE R ICE U R T838% 51 % 4% (Fig.
3-(14)), T DEIE L 8% LITT /D715 (Fig. 5-(6)). 7
HEA D FHFERICRE KB D & 7344 b 1) A &R 05
ICEED LN LM, ElEIE0~13% TdH 5. %12 B-5~B-8
A FITIEERDOESIINDFED 5N 20, [ —
5 F VT 4y 7HEOED SN A GENEZ W (f Fig. 3-
(7, 10)). FEROEAEINBRONE R TOEIGE 21—
S ER VT 4y VHE RS BT OEEORGREA D &
(Fig. 6), &5 5 bIEFITDIROERIN AL 5w 575,
k12 (BB N KWHERYI O 7 1), k2 GREak
LK) 5 & 05k 3 (BB T KHHER D5 7 /8D 1Tt
H10% D EEEND ZEbrb

kL6 D2004FE9H1H, 9723 H, 1010 HB&L
O 11 A 14 HEK D KILIKIZ S W T IRAIEEN il W
Bz bDZm AN S, A~C ¥4 Z7ORFITOWVWT,
ST O IR (3 8 A B R 708 91~100% & K% 5
W, bFRGRIRR T2 vwoilE 61 OF1H) Th
% (Fig. 5-(1)). W& & bIcHABIRE T OEIG 05

GRS « B EAEZ o HACRZAERRI KL 2004 FEEKFHERITE 7 v — 7

e, &k 6-4 (11 H 14 B) I 3ARGRIRKL 7134 <389

S\, AEFR OB F DIl O —E & fk 4™ 5 kL
TG EHi%RTHZH, HE6e2 OA23H) L
PerEinl, @kl 64 (11 7 14 H) TR 99% & 75 % (Fig.
5-(2)).

ASATEBIATORTFICOVWT, FTRAEE
FH VKT DOEIEF 47~80% EHENIEL, RIS
RIZ(LIZ RS N7\ (Fig. 5-(3)). &k 62 (9 A 23 H)

B bEEESRTICZ LV, FERER o4 12~
83% ThH D, SVIZ B EH 5 BT OB L HEIL

T® % (Fig. 5-(4)). atkl62 O H 23 H) 245 2
RFOEENRGEL, ZnLEbTrICHDT 5. &
rAEOmEICEHT 3 &, KOEZRT 2R TOEAE
64~94% TH D, Rk 6-1 9 H 1 H) Mk bIKOBOk T
IZET (Fig. 5-(5)). RHMISRIZLIZ A S iz ws,
k62 (9 H 23 H) &idkl6-3 (10 A 10 H) (34 fEE
RiF7% 40% 1< &4, 15k, Wk 64 (11 A 14 H) 1l
[ A ¥ A ML I ARSI AIC B S D,
GHICRERDOIMNEENIEEGLH B, BEEED
CHITEIE L9 H 16~17 Hicox i THE R L 72Kk
(0.125mm L) _E 0.25 mm A ORI ) 120V CEMERIG
MARNL, 75 RERTHEZL, KRRk TRIaEET
A-1 7 A 7OHEAEIRTEE L B2 v 1 7B 6N 5.
HAEROLE SR (B4) 3VEEDONE. REKRD
H5 2T H I B clEtRr 2 v onsd (C
4 7). DIATOEBEL KGR IZIEEAEED
SNV, EZ A 7OMEEREILELERD SN
3.

4. REAMEKLIEE 200 ERIDFENC & B KILES LU
KILBBEDS AR

KBHME K LI 200 SRR OIEENIC & 2 KL X 0K
HHLD 30 HOBE & 0 (ERL L 2ol oS AHER IR LT
D3I ENE: v4 7 1: 155, 71472
PR e a4 21E, BLUY A 7 3: ik KiEs. 30
KO OHRTIEY A 7 10850% %6, 94 7208
40%, %1 7°31310% Tdb 5 (Fig. 7).

747113, RFEORBIYPAETHD, BHIRO
EEFEEASRONE L, FRIEE—Th 256015
< (Fig. 8-(1)), flki CREMEES S D0 Sk &0
FTEHTH L. AR EULELBERLGENH S
N, BEDOHHE V. 17% OiF BRI O iy
MW SNtz R 5% FiEE L, KN25% T
»H5.

A T2 200N 555, TITEMERLE X
fRlERE Y AR E IS & &9 B, YREIE S 4 771 &5
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6-4 [ AL

6-3 [ Pl A

Sample number

HA-1 KA-2 E3B-1 ¥1B-2 [JB-3 BB-4 OB-5 MB-6 (8B-7 £1B-8 [JC ED BE

Fig. 4. Modal compositions determined by grain counts for the coarse-grained ash particles of 1 to 2mm in

diameter for the thirteen ash fall deposits on Asama-Maekake Volcano.
Total numbers of particles which were counted for individual samples are

respond to the sample number.

Numbers of the vertical axis cor-

as follows; Sp. 1-1: 120, Sp. 1-2: 125, Sp. 2-1: 106, Sp. 2-2: 104, Sp. 3: 116, Sp. 4: 130, Sp. 5-1: 126, Sp. 5-2:
106, Sp. 5-3: 117, Sp. 6-1: 118, Sp. 6-2: 110, Sp. 6-3: 142 and Sp. 6-4: 121.

PLThy, 2L OMEIYINEECTH D, AREE—
ThH BN, WAIROHEREEZ LI LIZEat. X Y
AT IRIR T B  EDE L (Fig. 8-(3), (5), (6)),
MRS OB R IZI T H 5. X AU I35 100 um LITF
ORI OFER A IEET 5. X 0oL WERFTE, £
IRICHIRI OISR A 5.2 (Fig. 8-(2)), Y flsrc X fiFl
PEHEIC A DL, Y SRS OB FREE R &, NETE
i - TRERA M 2 565 (Fig. 9-(1)~(@3)), H
—DfERNICEBHDFET S (Fig. 9-(4)) HEBH LN
5. AN THER S N/ NETTE O 2R IZ A mm TdH
3. F o X SENICWE IR > TH—F&RICECTRE
IS DTS A 5N B T E I3,
Aramaki (1963) 13, ERIKLDOTATED 7 v A 7 IEK
OEHYNCHE R OWE R P IRE T 2T R > 5 aH 2
T EAGEL, HMBEOBHSE L WA, @koEL
PSR O & 5> Th 2 i xT W3, £ 75K
(1968) &, Tl 7vh 7 XIEK OEHYN & [ HKRE
Ba ] ROBEERTAEERSZ <, 5T TRk
MOFE L ORI rc o 5 T & 25k L

7o, THUEERIKCIES 9 7 v A 2 Rk o HIC
FREofETH B LWV S Gl fME). o XS5k
M ITOIA T 21N T B EALNS.
Y4730, BERA—sFvT 4w 7HAERL
ViR L v RESY EARBEICIRIL L T W B (Fig. 8-(4)).
HEAICECEA b H 308, H—ERIcETRE iSRS
FosEBOIEE L CTOfid A T Eidiw,

5. BRMEENDHTZTIVH 2 KEKD KBS DR
5-1 RBAMEKLIEE 200 R OFENIC K B KILKDF
AR
/PR (1986) 1T K Auid, ReE KT Id 1955 fELISk W
Fefgis 7o 2 KK OIEENIC X 0, HBREL 7o KL
SffRE L T2 oMIEEIEK L TV 5, KK A O
IR L e BT R O ERER THERE 3 2 54 S0 B
R BEELEZT P, EEFENEV I EHEREBED
B CR WEEE HEE 52 MR hTwd Oh
B, 1986). b (1991) I33FEHZHAE K LD &l 200 4
MoK E 2B L, BAOERSEIR O XL E I
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Fig. 5. Number of grains in percentage for six features for the thirteen ash fall deposits on Asama-Maekake

Volcano.

For details of the samples, see caption of Fig. 1.

(1)Angular grains, that is, not spray-like in

shape, (2) BXOL: broken surface of crystals are exposed on the outline of a single grain, (3) massive grains

which contain no vesivles, (4) crystalline grains, that is, not vitric, (5) grains with grayish groundmass, that is,
not brownish in color, and (6) grains rich in fine-grained crystal debris in their groundmass.

T IS AR ERESE TR S T W B T & 2R L, -
KiloEéid, 19 HARLIE 1960 fFLEE TR 7 v A
7 K DSTEF IS AR D8R 2 3, Jeicidik Lk D
1 R IHE K HHIE E o KIIK « HIERATEIC IR
[EREEDGRD S, BRE5-3 2L 72 4 A AT
FKIIK « LEERAESHHE L IRETH > 722 &b
5, EMILEE TSR X AR TREINEE 5 &
bTENG, > TRIEALIED 200 FEEE VO K

WHITA 5 &, Z ORNTHER L 7250 KILIKIE A
VI @is &1 & 2 AL R FREBEK O Bub Rl o R 2
BT ENTFREESN G, KIFEKEHYIE Lo KL
JK o LHERAE D S BRI 2250, KO & ORfREC
Bb &3 RAML L 7o iRk PRk 2R3 (Fig. 4 B LU
Fig. 5). LWINOHIE TSR T OBE I = TREN I
R E RS LD IC - EZ LN B,

IS OFEHCILE T 258U, B ¥ 1 T DEAIEH
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Fig. 6. Relation between number of grains with
crystal arrangement and that with eutaxitic tex-
ture for the thirteen ash fall deposits on Asama-
Maekake Volcano.

FMHEWETHD, o DRF IR XD &
FESNICT EARET 5. Ik bZ 0O IRFERE THE
B4 547 CThHsIEMNS (Fig. 4), ¥ 7 <HREBGDH
W EDT T AR ICHET 2 D EA SN D, 2004 4F
K D & 5 KIS RORL T2 5275 5 ATREkE®, B ¥
A 7 ORITIC b KERBH O LIRE R s & OFE SR
BENTVDAREMED B 273, KR K LI DK 200 4F
i3, SRR~ 7 <1 & R O RIS 2 R S AT
T & D IS T v 2 B K OTEEINZ 9 - 72 & 0
2B,

52 XKEAFALIEDOT VA REXICLBKUE

B o KILEMND AT T v DIEREERE

RIAEKLIRED 7V 71 7 XBEK OTEE) TH & fuizk
s« KiLgE30 @0 SFRH L 2R oy 1 72
(40%) & % 4 73 (10%) 1T [ZBEF R D RS R i 1
Honsg, —MCHEROBPEEE L Cldko k5750
REMEDSZS U N % 5 1) MEMERENIC X 2B, 2) KFetEO
BERE, 3) MTEERRE, 4) WRZSRRRE. E 9OREMEIRENIC & 2B
PrORIBEME T H 25, BEELEDS 6 BILI Fo kst < 7
~ DRE)BE (Blenkinsop, 2000) ZRH5E U 72358y,  F5i
L2 U CBIlmiE s U5 2 & TFHsN S, Ln
LA T - 7ol OB B IR K TH 25% TH 5
FTeHIRFEE WAL, KIS KR O BRE O RTFENM: %
Beatd 5. 74 7 2 13/ I fE > CH—BEEITiE T
AIREISAS P AR S 2 HHRRAER Y S B DY (Fig. 9-(1)
~@3)), 7473 icREDONLBV, T ) = —AEK
E D KFEE K THEE S 7B IS % & O KDL
HaEnth, KBTS KB FERICHERE L Ciaks KeE
Lo e, fERAEEMEL, BB IEThTRE

Fig. 7. Pie graph showing the ratio of rock-type
recognized in the thirty ballistic ejecta of Vul-
canian eruptions including bread-crust bombs
between 1783 A.D. and 1983 A.D. on Asama-
Macekake Volcano.

Ak NI L T T AR IIERR S s v & TR
ENB, 9147332 —4Fv7 19 7HERL, B
FiRfERICEC T &0, Bk AT 2500 &
T KB KT & - TIERK & ekt K FES (Yasui and
Koyaguchi, 2004) Eulid 5. fE-To 1 73 ICEEN
DAERF KO 2 Z e b D TH B, 447
2DZFNIFERL AW IC L > THELLEEZ SN
3.

74720 Y A Z/ N EORE N S 5
BB DM, WEEBSATEELTERE RE—0H
BN B 2 ENBHS A TH B (Fig. 9-(2), (3)).
NS ORI T IIFEENE O AR BRI & S/ N
TUoh T3 Ehs, HEOEREILORICEINED,
Aot T EDTRBENS. oMMk, Tvh s Rk
DRFFELTIT V= 7 < B OEN L U 72855 1 i Fs o flip
LS A THEEREEDAE U 2RI E B A % Lt T &
5. L L/NKiEORE DR 5 h 5 3lkhg D is v
W, VRSO RSO L5
Thb, BBIA 7213V EIROESEE > b0
B onBnicy, <7< HEEZEOEYLL /T Bk
TEEHEONLW, (EREEKT 2EMENE TN
AJREME B B,

WIT 54 7 2 ICRHFEICE En M ofERA ICED
MRAR DRI (X 8EI) o> W THEtd 2. Mk OkEGH
WISk &S A oA EMIEED SN S
ZEDS, XEEIERRICRD & 2 KD SRk S N
bEHONG, X RIS EEO Y $HI% & OB s HHE
T, L BRIk D A& R4 T & o (Fig. 8-(3),
(6)), WREGUMEKRNMEA L SickEksh
D “KWHIRS ThHEEEZEZOND. Tk AE
KT, BRI L 0 AEEE S oK D2 < s FITiR
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Fig. 8. Representative photomicrographs showing textures of the ballistic ejecta of Vulcanian eruptions between
1783 A.D. and 1983 A.D. of Asama-Maekake Volcano, (1) Type 1: ordinal lava with euhedral phenocrysts of
plagioclase and pyroxene and homogeneous groundmass. Open nicols. (2) Type 2: an extreme example of
Type 2 in which abundant broken crystals are contained. Open nicols. (3) Type 2: lava which contains a
vein filled with fine-grained crystal debris. Open nicols. (4) Type 3: welded pyroclastic rock with re-
markable eutaxitic texture. Open nicols. (5) Enlarged photo of an area shown by a circle in photo (3). A
vein filled with fine-grained crystal debris can be seen. Crossed nicols. (6) A sketch showing areas X and Y
in the field of view of photo (5). Area X: vein of fine-grained crystal debris, Area Y: lava which sometimes
contains broken crystals.



FRRIRTHE KL D 7V 7 7 S K OWE P O S ik o 21k 513

0.5mm

Fig. 9. Photomicrographs of representative textures observed in Type 2 of the ejecta of Vulcanian eruptions

between 1783 A.D. and 1983 A.D. on Asama-Maekake Volcano.
A micro-fault running through the field of view is shown by arrows.
which can be reconstructed to a single plagioclase phenocryst.

plagioclase and pyroxene. Open nicols.

(4) Plagioclase phenocryst with cracks.

(I)Area Y containing some broken crystals.
Open nicols.
(3) Fragments of phenocrysts of
V: “pyroclastic vein”

(2) A pair of fragments
Open nicols.

running from left hand side to the right in the field of view. Open nicols.

Hahz E P dn, KP)O—5 R AT
D=7 <HRABGOREREBICEALTEIET 2 2L b6F A
5N5. X O EFIC 3 H— oS RNICBIRISFET
% RHAS% (Fig. 9-(4)) 580 5N 25605 205, Tl
IRDEAIC & - TRBEICHZFESEC e T E2RLT
WEOh b L, X g EY 2 MBS S i
e S, KEHIROE AR FROWE A UL b
BOEIKTH - EFEZ NS, XEHIE 1 7209
NTORMEHNTEDONB T &5, LD IEVHEIFHIC KRE
MROBADRKL I EEZ N, ERKLLTES D%
LA o34 2K K B i, Blem 58010
cm OREOMEENEE OEERICEZHE TN 5 HRIEE R
DHLONMICEDEN S, KO AREME S H 228, T
DRI O JEPH & OBEF ISR T, AL v X SO
BB oSNV, ¥4 7 2 OIS KFEIR O I

DREEHDTHBEALNS.

HED50% 2 5w By 47113, B aihicy
ARG EN, ERRERRREALEEATL, ¥
471 OKIIEHOERIC 3 v RIROBERR SN 5
2l AEMERETH ZERNZ VY, B
PHERICEE DS T AT W R EA LN, 47 11k<Y
~ o cllikk, EHRFOBELS OO D 13
WIS ICHRT B b D EA LN D, BIAIEKEICHEH
Lz < iEES BN 4 7 1 OB & LTS
n5.

2004 FEHEK OFI D & 52, BEUIRIEET 2~ 7 <
&, Wikthnic 7 ovh s R K ER @R d 5. £
< S RARGIERIC EROTMAEST 2580855,
H (1968) 1T L ALIE 1965 £E0 5 D 3 MBI K I DFES H
50 A — M VORITES) L. RS 7 v g s U0
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KOFNT F KRS O RIHBOFLA> 5 KEDIKER
PRI HAPBE IS T A Eno TV A
(Aramaki, 1963). {4 OIEFRMEKITNA, <7 <HH
KOFX D, WET 2 KU RICL->Th, w7 <A
BEBOWRSHEIT S 200 b Lo,

P bo@nss tnsd s, 547 1 dEHLIETNIC R
DFBEZITVRVWEA LN, ZOHFKOBRE LT
FKOEICHER LcaEany iy onsg, 94 721E3<7
< AB O BRI S N IRFE, 4 78b BIEFRS
O TR KPR DO E AT & 2 B4 52 o850
HkdsEEZONE. 47 3 IFKEBEAKDEX S EK
U752 K PRI KB 1T K T B0 G BRI TR & e 7
EKPESICHRT 2B 5 EMTE S,

53 KILESE - KIUTED E AR & AR AL IR R T

DY AT DESE

C T TRHRLKINIKELF D& 5 A 7 DLz Kilra
B« KIS AR & OIS W TEZ 5. 21
K bZ WV B ¥ 1 7O KK RN ZMHIE T, fERo
B DS RS O —H 2 4 5. 41 7 2 D KILEBRO
Y fHiIC A SN /N (Fig. 9-(1)) (3, MEkkmiiEic &
2ENHEA BN, Th s NIEKOBERERE % 08 L
I chrEESAONE. ZOLSBEINEN TV
71 KIEK OIEFEA & Z DR OB ITER S 1T
DHEL, BHDEET NI, BY A 7D LS BRI
5EFEZOND. TIOKILIKOZ < IZIBEFIERIC 1 IRIIC
EFEIND ETFHENDD, BEOBEFOERIC K DI
BsddATO R I <HARD WS 25 0FS
bbhbdEHALND.

B 5 4 7 DKIIKGHRERE P 5 RAE, SUaDOHE
fEROEH LI OEE TSNS, KilEEBe kil
b OEOEREORUAOEHS LI L TR ZRET
H D1, FEREDRAER < /< HENTAYE, 55
WEEHIC L > THRIEZENB YA 7D KIIKDE
BEfkicKBiah T3 EA 5N S. B-1BLU B2 DOHL
TRy 7 2ETEAETH BDT, MlkhEEZ 7%
wamLicEAons, —7h, HEEEOLKE%EZ LD B3
& B4R FENL L 72 pslettpiiEs 2z e s A o n
b1, < 7 < RGO & KERD O LR
O IcHRT B EEL NS,

B-5~B-8 ¥ 4 7|3, {&EEDTEHHERTH, FIHHC
1= F T 4y 7 ERERTRFRZ VDT, HEK
EDOWFThsEELZOLNS. BS5SEB6717IIA
fE LI 5 2D SIIRE R R - 7o & etk 220
%, BlEnlckoThD. —RRITIHEE KIS SRR
DFEEZLETRT I EM DS, B5~B-8 ¥ 1 7DD L
Bz 2 LzbDEAO5NE. ¥4 73DKI

HERRKILREIL 10% &2 < 130, JEANICIE B-5~
B-8 ¥ 4 7KKk & RRE O E R 7o, mEE
K5 Kl FE D iEfs KiaIc kT 2 b D & A

5N 5.

B ¥ 4 7HT DT Otk s LT, MkofERA»
T 7Rk B B (Fig. 3-(14)). C OFEORIT% 10%
KL VbETH 2P GUCHBPEHL EcA S50 S
(Fig. 5-(6)). kA5 4 7° 2 OKIIEBLD X A O
ik (Fig. 8-(5)) &MELIT 22 &5, S2EICHEmL 72
~ 7 <RGOS R IR IC kT 5 LEX
TUSTHBHATTRE T B 5. FIRIEE A 2V L 7ok T ot
He 225083 KVD1E, 44720 X EHOEN ET
DHFEMARE BV & ETMIITH 5.

A 5 A 7OKINKKLT I, BE Ll akzmit
Bov—+t v NLIR & BT 2EA DKW (Fig. 4). 20D
ZEiFs4ficbgild ah, FioHEKILKK T2 5
1550 N KA b 12 & TR T IR s i L,
FRFR ORI F-DEFEN E DO TDIE VT &% RIET S

7)) = — R KO NEAICE £ 1 2 5EHEHS RIS
EEURRIROBIHY 5 215 ¢ BbLAGENBEZ L
(et « FiB, 2003). TOZEF7TY) =—REKDLS
15 KK Tl B O BE RS 08 E R e d 5 &
ZoREd B, —7, BIERRE LR E £ 5k
fm (C o4 7)) IKEAGRIRO N 5 2DBVIRIELEALE
FHoNEWV, C ¥4 713 Fig 3-(11) O & 5 oA kT
DOFEBOERENKE VDS, KT OIRERA R & FEfH OB
WriiZ» 57825 & WS T B4 ¥4 7Oh T & ARERICE
WSV, (5T C 421 7R3, <7 <HREBOMRE
FEER DGR A 52 22 BRI, AEEEBICE L B4 4 A
7 ERBFICAEE SN ERICBECR T Thd EEZON
5. DF D T s RIEKOEE I I E
L, ORI IERIFEC DI wEHLND,

Aramaki (1963) (ZFE&R KL Dt OEHPICE £ 1
LiiESE, VINCECLO, HEObD, hvy
U LAICEL O, BIUOEHELICKIER O 4 BRHITK
BIL7, KRB FIicoWTH B E, BE LK
D 514 7) BRFEOREHIED ON, 30% 2HBZ 555
bbb, TN KAELKEND KLH R D@L
A THETEEAZ T 1 N CHkT 2 bOBEZ VW EHEL
SN B, HESICHRT A O GEETELL
FEME (E 44 7) 1oV T 10% U TFEDETED
503, RICHEAKLIBEO R ORI E E 1 5 (Fig. 4).
LHEDEEHELESDH 5 ZAEOHES (Aramaki, 1963
D V) AICECTES M) 3, KK ED
RHULKRE K O P B2 KRR & LIZ LI
Ao D, G- CEMAHNKLTE C DEOifiEL
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(&, FROEK OB, EKEEICBD 59~ 7 <A
KD AN BIBENZ VLS TH S, IBE « fth (2005)
132004 4F 9 H 23 HLFE O EHINcAEnZ VW & A&
UL, MR Tw s ORI S S AR L 72 2 &
%% L. EZA 7OKIKKFOZL L, w7 ~<&

VAR L oSN RAS L IcREE T B L, Hlo <<

Hicrs W TEESN L bDEEZ SN B,

5-4 2004 FEFEKICH T B KFEROBRZEL

5-1H1CHE,  RIABKLIER 200 FEEOMEE T b 725
antzklRERHC > WT, 7 ovd 2 KK OSFER 1
KFEIOTER % 330 L 72, 2004 AFHE K T I3k EkE R
BT < R ERED m Wi AT, KIS K
ILPKRERR T DRI A s 2 C ERE ST b (B
{F « flh, 2004; E15 « fth, 2004; B4 « fth, 2005 75 &),
PRI & K ONIEE OHIEZA Lo gD 12 & b, 2004 4F
K O OB Eas K st s LTt
BlLictZEZonTwa GEA -, 2005). AREFLT
& - 72 1mm LI I 2 mm 45 O R EEFIFE O FUR K LA
T3, BKTEESNICKPIO T —HThd 50, ¥
4 TRlgEoH g Lo E &SR (Fig. 4 8 £ U Fig.
5) 13, KIFEHED & KILKICE 3 TRIE WAL O K O
RER L OBIE LS (IBEY « fth, 2005) & KRZEMNLWE A
5N5. it-7C, T TIRMELKIIKDME % DK TH
EShlkimzafREL> 260 & LT, KKK TD
5 4 FRIE PR DR LI > W TEER T 5.

AR (A 4 7) 139H 1H,23H, 10 10H
KKK GREF6-1~6-3) TIE5%LIFThb, 11
H 14 gEkozn Gk 6-4) 12@E» 5N (Fig.
4). TRDLLIREE L1 2004 FEEK KL K LIKK F
O, KEBZAIETH S, £ KFORTOIE!
O —E A& S OB AR 4 % (Fig. 5-2)) 2 & &%
ZHbEsE, WINOEKT BRI X D EES
NIRRT RETH - A OND. TORTRERK
Lo yts 7 v h 7 KK KK OR#E EFE L Th
3.

BRSO 9 A 1 Ho kLK, B-3, B4 BXLU D
54 7H83% % L, 7T RAERT (A4 T7EBLB
K UB2547) 139% &/D75 0 (Fig. 4). IETf « fth
(2005) I F A ASFIEICHE S %, 9 1 HEKTHEH L
HBEAEOREWEIIVRTH 201K L, 9 H 23 HEL
PRI THEH L 7o 1S Mo RESAREWE TH 5
EEZ . 9 1 HEKOBE AR Ok 3G
EOREYE O & s 5 (IEH « fth, 2005) &%
ZET 5L, k610D B3EBLU B4 YA RT3
HolWRICHT 2EMETH 2L H 5. ik
K61 ICREBMIICID 9 4 TOEBEERMBE V. 1H

KA KB ZERE L TOE OMSEE )44 AT
B, 9A1HEKTREZOWNZEEDTRERRIT L 12
LEZBENTEED. UEXDIATHOEKT
2, KOKE T/ ~<BER L9 A 14~18 H Ok
WEKITSEER T T, < 7 <~ o@EEMERE NIt EBEA ST
EbTELS.

9H 14 Hr S 18 HITH I TR L e —HE D KDk
I U 72 KK 3 G D REME AL 2 b D
HE (IG5 - fth, 2005). KON TIE, 9 H 16 H
Mo 17T HIZ» TR LaoKIKiE, RFERS VLI
2D 55 BRI (A-1, B-2), RFIRD A 5 =12l
NS (C o1 7)), BRUOVBORESH (B-
4) 515, B - fh (2004) 1T X NUE, 16 H 14 BELIFE
KN LokilRicaEsn s Kila s 213, Siahsl
s boPEVENROANEEZRT D EVL~
L—DE) bFEHSLNBEEWVS. Heiken and Wohletz
(1985) l&~ 3 v K111 1968 4ED 7 v 71 7 RIEK D KILIK
IR - 7R T OISR RIR ORI T b & E N5 T AR
L, BEIAGER < 7 <O Hkd 5 &
FHZ . TOBKEHFTE, EE Skm lTH L SR
5 DOREIK & FIFHC KT TR RS — DR Fhid - 1
S, EREIKILOB &R, 9 H 16 HOREI BRI
ANy —PIEHT 2GRS T, A bayR
DHEKBH -t ENEZONTWS (P - fill
2005). 9 H 16~17 HO KKK F-Ic S TEED 47 5
ZERTREEINLDE, <7 < HEPEEPRIEICEIL
TN —TH -2 EARKMLTOWE Db LN,
9 H 23 HEKDKIKITIZH 5 ZERL T8 27% &%
{, ZDHROEKTIRIDIPITHS (Fig. 5-(4)). IBE -
ftl (2005) (%, MEKIEBHIEFE IS E LR OB DK
Wi < 7 il o E Rt s, KRS E Y
F ELEOERESESWEA S A SN B T & ETERL,
WK Hiicie~ <P ER Ll E xR L. 9H
23 B O KD A 5 2 ER T 132 M D B-1 % B-2
54 7h% v (Fig. 3-(3), (4) BLU Fig. 4). FFEKRD
52 (A1) ZLFELIIH 16~17 HOBE K & 3 HE
D, fEELDTTATVIE W 7 < O—EB b a4
ZUTHREShiccEPnELOoNS. 11 H 14 HATIRA
B A 4 MEL AR A O, AR IR
BEROPMINEGEEND T EpDE, 10 H 10 HLIEK 1 7
Hofic, <7 <EHROERLE SR b2ET L7
EEZONSG, DX 0 EKED KKK T Ok =
Wi, v <o LA & KORMETomEED
BEPHP L KMENTVWE EEZ SN S.

55 JIbH KEKOKBIEKBE K E DOREE

— iz T AEKFHFD A < v b LA
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HITS IR FERIE KRB D—BR & L TREE 5 T &% V8,
#7) = —HLp 7Y = —NEKOHERIIET & LT, &
HPOVREEMIcKE 258 6 H 5 (Morrissey and
Mastin, 2000). FEMIFHAKLTIRAESR 2 575 % K1l
IKBORBAL» 5, RICHEKEEDT Y = —2ME K KR
iR AT 5 — O KKK FEE K O i rE Bk o
W7 s KK Tbhiz Edorashsd, LIFTR
DL KIKBIZ O WT, KFEEK & DR % it
9 5.

AR -1 (B M KHHERI O 3 @) 13k NG TS
ICHEEE N B (Fig. 1-(1)). 3k 1-1 OREROR T D FHAL
i (Fig. 4 8 & U Fig. 5) 13, KIILIFER 200 Dk
I GRELS) iR s B R K Lo SR s 7 v
# 7 AEKOKIIKD N 58T 5. 51O KUK
bEEERICEL I E2EIADES L, HEOREL
7)) = =K DR 7 v 2 RIEKDMWie L7 2 &M
Ezonsd, BrREOECHkEIn HE 12 BNk
PHHEREI O 7/8) 33k 1-1 & 3R 0 A APEE O
HHICED (Fig. 4 BX U Fig. 6). KEEAKTRKEDK
W hs KA ICpE N L7 2 & (Yasui and Koyaguchi,
2004) 7> 5 DHHETIE, HETEE 705 LK DER]
DK KIT & 0 Kl B s T T
3. HITEOMEKTE, KT KE B o ks K
EHAEBEEL, KEZEHERELICO» S LN, RICEA
IZ2 W T ORI, BRI &2k 5 1%
MIB SNV, S%, KlKgomks R otssy
Wiz Sk 0 RICHE KD < 7 < $lA% & OB#H A~ 2 04
Bdb 5.

FREKILIKIE O 2 %D S EREL L 72Kk Gk 2-1
L2, BELCKIER (D 54 7)) Rtk ks
DI 2 MrIc &8 (Fig. 4 X U Fig. 6). sREkL
IKBIZ 2k E L TBEE»FEL, foio7vh /K
WK OHEREYNIC LEA~ Ml 2 DFEEAK Z Wicw, HEDK
Wl AEKBRORS NI EDREBESNS.
BIE O (TEBIC (3581 Lo JHBHIC KEL O AT K AP &
nTHBY, BHKPHAOIEETRKED < 7 < HIEH Lk
feHICINTEH BERER Ll ENEZ LN TV S
(Aramaki, 1963). 281110 P (3 RITHEK OIS KiEE
DOFEENEAET 5T 05, KUK & FERHIC KRS K
A K5 I KBRS & N rTREdE s . i
KON ZHRRE U 22 fiEE D% < 13 KW 2 s 374
EAEETH D, —HRIKONTIHRKEZE» T TAK E
EzZ N, REKIKE RIS IS KRS OBk
BHLicKkEREE 20T E 5.

B’ N KPEHEREI O 7 @0 1 Jgted SR L 7230k
31Cid, AR KIS OB 7340% T & ¥ h 5 (Fig.

6). FRECKILIKIE & [EIREICHE 7 fgic & UG A 7E L
TWA I, BEOREVWTILh 2 RO ES N
rboEAoNnD, BAMICT ) = —RIEKOHEREY &
D ERICH BT EmD, KHEKORE, KOTESKE
FECIER S NATE S KIS O—E 2R ETRIE T L 5 72
Tvh ) AEKOTEBDWHE L 7o T EDREBS NS,
kL4 CRIARE KD 1a J8) 3 thoilk &5, 26
EofEmaR (B-4) LIshic, SR (C o4 7) »m
FRRTZIAICEL A 7 2 (A1) 22 &0, 1afBlca %
N BWEEHE R ITRAR O #5212 5 4 < b N %
ooy e, 7)) =—AEKOB FRGIcEEn s
WEEERE S, (Z2HE < B, 2003) SHELIT A, lafBokiT
DR & FHA% 1L 2004 429 H 16 H 5 FHITH T TD K
LK EFRIT 3. TN &b~ 7 < EAROEE
HoletkikED 415 54, Kok KW< 7~ D¥a
TR AW bITONI T EoRIBEN S, KIFE KD 3
s A OEEHRE O B Wik MR R 7L A I
KDHED IR S N7z hS (Yasui and Koyaguchi, 2004), (5H)
WomgickE X 1la@x b o LBk, %BFo
RHELK PEIE KT SEST - TS < 7 < I o 3 %
HEMEMT 2 27—V EELAONEE LN,
PDEAZZ e b L, KB KTRE S GEK
KB IC 3R H 2 & 5 Th 5. B R AW
By NS o kLK GE1EsLUsE 3@ 3, A
KIEEKITIEER G T T v h 2 EKDH - 12 T & 2R
45, KA OEHHEIC laf@z b5 LEKT
&, TEENE O KRB KIS 1 CORMIE s 7L
7 RIEK AT 706 Lo, REFEK SR THER
B D KK ORIT, v RIEK & NFES 7 )
= — KK DPEFE LIEFAL S 280852 X5 Th 3.
ZO LS BMIcE, 7Y =—RXEKORNC< 7 <D
R TRIABEL DD EHLNEM, = -0 IE AN
Thd, 7Y =—AHKDERITFHEP»IT< 7 < hK
fEETERLTRO T VA ) RIEKAERCT D EH
oh s, —F, B NKHHERYIORN 7E, RekiLIK
JEg, %LU BN KHHERYI O 7 i diakh KiEa o
R ML EEns, —oDEZFELTIE, HETOKA
FUSK S K I & - TR & e KT O it K is
ZWET ZEKTH > EBEF o N, BATEL 72 KE
ARG AIEE EMES SN0 b L,

6. £ &

1) AL ORI K A 5 2004 FEE K E TO
AEORE FKLPIE 3 #) © 1mm 2IE2mm £ifo
b R EIPH DML K L LR O Wi ARk 2 B L 2. 21K
A U CHBT 203 AE THEEO SR (B4) Th
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B OERIZLAE RS T EM D, L <o
FREKOEMETORHOMEE XKML TW3E A
nas.

n RAZ A2 KB D RBUEE K DTEBYHT: D KILK 2 &

/NI 7 v A 7 K DS U 72 20 RBIRK e
Ek«&ﬁﬁbtzﬁﬁﬁéwmé

4)  KHIBUK K % O K LK 2 IERS KPS OB R
MEEND T END, ERTOKIHE KT KT
FRE N7 KE 2R L b DA LN B,

5)  REAEKDIFED 7 v A1 7 RIEK O KL « kil
B 30 O AR A B L7z, 50% B RERE S
TV (F 47 1), 40% DK IR ISR % & &,
NI ORI A i S IR AR U 22 IRAR D R s i ) 152
WoNE (F472). DD 10% 3iEks KiE O
2635 (44 73). 747 1 IR0 4
ZFTVEWT S HEERNCHKRT 30, 41 72 130E
%£HL®777EH%®I#%®“WWﬁ”Km%ﬁ
BEEZOND. W OKKE LT, BREOHE
@%E&@A%%@EAuxéwmﬁéjbﬂé.74
7 303, @O RIS KRG K IR I K R KGE
HITIER S N iBfE KR IR T 5 B N5,

it i

B R B HAZ O T B/ SE A 12 13 1950 SR D%
oW T THR W W, HAKRFEHFEEOEHK
it & BRI 1 2004 AR K D ECRF A HR RV 72
Ot OARFEFEEO FERERIC 3SR S EE—
B FmOO O, fEatE O Falg bt &EAK
FEICI3 2 O@EENS CEEA VW, ko
BRI EH O LE T RO I 1AL 16
RIS B NEE KLY 7V s 4 &°F
WA BT RIERAF — K=y 7OWE | REL: Eik
HE) 2L 7.
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