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Re-activation Process of Showa Volcanic Vent at Sakura jima Volcano in 2008:

Evidence From Volcanic Ash

Isoji Mivact, Jun’ichi IToH, Hiroshi SHINOHARA and

Kagoshima Observatory, Japan Meteorological Agency

We describe reactivation processes of the Showa volcanic vent at Sakura jima volcano, Kagoshima, Japan.
The Showa volcanic vent is located on the east side hill of Minami-dake summit vent at Sakura jima volcano.
While Minami-dake summit vent has been active intermittently for the past five decades, the Showa volcanic vent
was dormant for an interval of about 58 years until 4 June 2005. Ash samples analyzed were obtained from
volcanic explosions of both Showa and Minamidake summit vents from 1981 to 2009. The analyses and
observations on the volcanic ash samples include (1) amount of water soluble chlorine and sulfur adsorbed on
volcanic ash particles, (2) mineral identification using X-ray diffraction patterns, (3) color measurement, (4)
simplified particle size analysis of volcanic ash, (5) micrographic observations of ash particles using an optical
binocular microscope and a SEM, and (6) chemical analysis of minerals and glasses in ash particles with an
EPMA. (1) and (2) suggested that the proportion altered/non-altered blocky particles in volcanic ash from the
Showa volcanic vent was decreased from 2008 to 2009. (2), (3), and (5) indicated a gradual increase in
temperature of the vent with time. We regard (1)-(5) features as results of a gradual reactivation process of the
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Showa volcanic vent since 4 June 2005 by May 2008.
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Fig. 2. Water soluble chemical components of volcanic
ash (2006-2008). (a) Concentration of chlorine and
sulphate ion (mg/kg). (b) Ratios of chlorine and

All the plotted data are from

ash samples from Showa volcanic vent, except for a

sample (ID=Sakura2008 0428) which is a mixture

of those ash from Showa vent and Summit vent.

sulphate ion (mol).
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Table 2. Amount of water soluble F, Cl, S.

. F |l c [ sos
Analysis ID ma/ka Ash
Sakura2009 0202b 161 830 | 17050
Sakura2009 0202a 85 50 7600
Sakura2009 0128 188 | 1175 9275
Sakura2008 0912 635 | 2455 [ 13700
Sakura2008 0728 68 215 9350
Sakura2008 0710 87 137 6640
Sakura2008 0709 159 392 6460
Sakura2008 0705 375 | 1645 [ 18650
Sakura2008 0613 40 565 | 15300
Sakura2008 0603 162 674 4440
Sakura2008 0530 74 388 | 11575
Sakura2008_0515 159 895 ] 11175
Sakura2008_0509 108 590 | 21100
Sakura2008_0508 107 385 | 13050
Sakura2008_0507 117 818 | 13775
Sakura2008_0428 213 | 1220 [ 15850
Sakura2008_0411 126 525 | 20050
Sakura2008_0408_c 106 | 1023 | 13600
Sakura2008_0408_b 113 ] 1045 | 12850
Sakura2008_0408_a 110 ] 1065 | 12925
Sakura2008_0404 189 515 | 10900
Sakura2008_0403 195 | 1550 | 20700
Sakura2008_0203c_c | 454 | 3330 | 31000
Sakura2008_0203c_b | 497 | 3400 | 32500
Sakura2008_0203c_a | 437 | 3200 | 31200
Sakura2008_0203b_b | 700 | 4990 | 44600
Sakura2008_0203b_a | 674 | 4770 | 43000
Sakura2008_0203a_b [ 160 363 | 22950
Sakura2008_0203a_a | 202 444 | 26950
Sakura2007_0523 110 430 9940
Sakura2006_0614_c 73 656 7580
Sakura2006_0614_b 69 654 7860
Sakural1996 1017-22 160 47 1105
Sakura1996 1017-21 17 30 213
Sakura1996 1017-20 72 685 905
Sakura1996 1017-19 95 845 870
Sakura1996 1017-18 51 376 1505
Sakura1996 1017-17 22 98 675
Sakura1996 1017-16 10 13 94
Sakura1996 1017-14 26 653 3240
Sakura1996 1017-13 52 988 2810
Sakura1996 1017-12 62 289 955
Sakura1996 1017-11 126 898 3840
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Symbols of XRD Peak ID

§ I Native Sulfur (S)

Py : Pyrite (FeS2)

Kl : Kaolinite (Al25i205(0H)4)
Pl : Plagioclase

G : Gypsum (CaS04 - 2H20)

Ba : Barite (CaSO4 - 0.5H20)

Al - Na- Alunite(NaAI3(504)2(0H)6))
Op : Opal (5i02 » xH20)
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3. Collection of X-ray diffraction patterns (cps over 20).
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0827
0825
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1113
0629

(a) X-ray diffraction patterns of

Hydrophobic very fine particles which was floated on water surface during ultrasonic
cleaning of ash samples. (b) X-ray diffraction patterns of fine particles suspended in water
for longer than 1 minute after the end of ultrasonic cleaning of ash samples for about 30
minutes and recovered by overnight heating at 90°C. Condition of X-ray diffraction analysis
is described in the text.
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2 AT H AR B & CEEEILOSTE Sk,
I ARBT 13 PARERER © & BRI O RZEIP I B ()
&Ll s e, K EYNIC 3R E s d b,
2008 4 4 ALY O 13 HARF SN L, &
7o, 2009 4 1~2 AT, KIEFEY B R 05389
LN 57z,

K RE ) O X FRIAIHTES SR (Fig. 3b) O #IILI T @
EBOTH D, (1)2006 8 LU 2007 EEHY T 1L, &
IO E — 7 3R TE O, (2) 2008 52 A
OWEHYITIIFEE v v o A5 BEEEB XA,

Air oxidation
of Miyake-jima 2000.8.18 ash
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v — S, ESLOE— 7 BB LD S (3)
2008 iF- 4 AL OB HY) T RIBEAE OB E— 7 08
RN BEICsD (GEOERVWE =7 %245 T Ehdb
%), 2008 46 HLIM%, BREEH Vo LEMO E— 27 3
WIS £ %, v — VA E— 7 dEMERNC B 2
F 72, 2009 4E2 H 2 HEHYI TR, MBS VYo S5100)
DE—=7 ERPEL L ->TV S,

5B, WA VY Y AEPIIAE (CaSO,- 2H,0) — HE
4H (CaS04-0.5H,0) — fiif5F (CaSO,) D =A% & b,
ERREENRE 5 EnS, XBREIFHFITLD ZN
FhEXS L TRET 2E0mfETH S, DI B, A
BEREOBRFEICEOTOERKOIIN « fHI XD
WELER T, oy, FRICB s By
13, HEREZOFEHOREEICE U THE(T 20T, liE
X5 L Cikiwd 5 C LT AER IR s NG
V., FCT, ARITBW TS E RIS Vv v L850
&LT~%L,F®1®£ﬁﬂ%mﬁ%®ﬁﬁ§mw%
W, A 105D EEwE -2 2 b o EAE
(CaS0,-0.5H,0) D & — 7l EmE L THW .
33 &

KUK D 73w 7 O EFHI1E (Table 3), 2008 42 H DI
fMAOOMEY & 1981~1991 D UTEHAK D H D & T
Hig p bR AR T, (HTEKOO KK,  a*-b*

Fig. 4. Color of volcanic ash plotted on a*-b* system of
CIE L*-a*-b* color space. The CIE L*-a*-b* color
space was described in the second Commission Inter-
nationale d’Eclariage (CIE) 1976, and the values of
a* and b* correspond to the intensities of red (+a*)
and green (—a*), and yellow (+b*) and blue (—b*)
color, respectively. (a) Color of bulk dry volcanic
ash. Open circles represents ash samples from 1981
to 1991, all of which were derived from the Summit
vent of Sakura jima volcano. Solid circles are
samples of the beginning of 2008 activities from 3
February to 11 April, and solid triangles are those
from the succedent activities after 28 April. A
straight arrow indicates a possible color change trend
of a mixture of color less powder and native sulfur.
A curved arrow shows an observed change in color
of heated volcanic ash in air (Miyagi and Tomiya,
2002). (b) Comparison of the color of dry bulk
volcanic ash (dots) with those of dry fine particles
(solid circles for samples from 30 May 2008 to 10
March 2008, open circles for those from 2006 to 15
May 2008, and open triangles for those from Minami-
dake Summit vent from 1984 to 1992) recovered
from murky water after ultrasonic cleaning of bulk
ash samples for about 30 minutes.
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Table 3. Average value of Color measurements.
Bulk ash powder Fine particle

Sample T P A B P
Sakura2009 1004a 37.16 0.72 1.38 | 57.10 5.24 110.66
Sakura2009 0911 52.30 1.46 3.26 | 58.92 2.14 5.00
Sakura2009 0816 53.18 1.54 3.38 | 62.72 2.88 6.16
Sakura2009 0409c 50.28 1.46 3.28 | 64.18 1.98 5.56
Sakura2009 0409b 52.92 1.78 3.76 | 60.66 2.64 6.64
Sakura2009 0409a 55.94 1.68 3.96 | 64.32 2.06 5.68
Sakura2009 0310b 49.06 1.50 3.86 | 56.46 2.76 7.04
Sakura2009 0310a 46.24 1.54 4.36_| 58.24 2.70 7.38
Sakura2009 0202b 50.18 1.60 4.04 | 54.08 2.54 7.04
Sakura2009 0202a 41.44 0.70 3.22 | 55.60 2.98 7.24
Sakura2009 0128 49.34 1.60 4.40 | 55.42 2.62 6.22
Sakura2008 0912 40.78 1.34 4.66 n.d. n.d. n.d.
Sakura2008 0728 51.62 1.92 4.58 | 59.76 3.56 7.44
Sakura2008 0710 42.78 1.46 3.54 | 52.92 3.56 8.42
Sakura2008 0705 46.68 0.92 5.84 | 54.94 1.74 9.46
Sakura2008 0613 49.62 2.00 5.56 | 55.28 3.22 7.48
Sakura2008 0603 45.44 0.94 3.22 n.d. n.d. n.d.
Sakura2008 0530 47.80 1.88 4.04 | 55.80 3.32 6.18
Sakura2008 0515 43.88 0.74 2.30 | 46.42 0.86 4.36
Sakura2008 0509 46.98 0.84 3.84 n.d. n.d. n.d.
Sakura2008 0508 47.44 0.70 2.28 | 48.34 1.22 5.06
Sakura2008 0507 42.84 0.46 1.30 | 51.60 0.22 2.26
Sakura2008 0428 44.34 0.68 3.14 n.d. n.d. n.d.
Sakura2008 0411 48.46 0.32 3.14 | 59.34 0.40 3.86
Sakura2008 0408 55.52 0.42 2.94 | 64.44 0.48 5.12
Sakura2008 0404 49.20 0.30 2.92 | 62.60 | 0.52 5.96
Sakura2008 0403 53.72 0.22 3.22 | 60.86 0.32 6.22
Sakura2008 0203C1 46.98 0.24 3.58 | 70.04 [ -0.08 5.58
Sakura2008 0203B 45.98 | -0.10 4.04 | 56.24 0.40 4.62
Sakura2008 0203A 42.56 | -0.06 2.06 n.d. n.d. n.d.
Sakura2007 0523 48.42 0.80 3.24 | 53.34 1.00 3.96
Sakura2006 0614 46.48 0.62 3.34 | 56.04 [ 0.80 5.34
1996 1017-22 54.32 0.92 4.62 n.d. n.d. n.d.
1996 1017-21 43.72 1.46 3.40 | 53.44 2.80 6.46
1996 1017-20 50.68 1.26 4.60 n.d. n.d. n.d.
1996 1017-19 48.30 1.36 6.06 | 60.08 1.90 7.72
1996 1017-18 44.96 1.36 4.16 55.62 2.60 7.14
1996 1017-17 47.52 0.86 2.36 | 57.80 1.40 3.96
1996 1017-16 49.38 1.34 3.54 n.d. n.d. n.d.
1996 1017-14 45.90 1.26 3.64 | 58.96 3.24 8.60
1996 1017-13 43.42 1.56 5.50 n.d. n.d. n.d.
1996 1017-12 41.06 0.66 2.60 n.d. n.d. n.d.
1996 1017-11 44.30 1.82 5.36 n.d. n.d. n.d.

Abbreviations.

n.d.=not determined or not available. done=determined.
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70y b FIZBWTHE X% 2.7 TIRIFE S %0 5 B
ke % (Fig. 4a, R TP E N o RGO RRED.
ZoZLERIE, KK EZES R TIIE L 72 o @2
fbic&Ed 5 (Eh - 1=, 2002). ikt LIHFIKD
@ 2008 4F- 2 H O KILPK D EE, JFb %8 5 3IXEE
BEH OGS S, asb* Pl EcBI2 0k H7%
AR, EEENCE, 2008 42 B ORFFIK KL AL
TEXOOY LTS (EO b* i) &2 L idktE (8
D a* ) ZHOTVAS T EE2EWT 5. K ITKILIK
DIV DB T D%, HEEE EHIZLL, 4HTF
AL 1L, 80 AR ILTEK D KILIK & ARk D 2 b
fEm &2 /Rd & 5127 - 7 (Fig. 4a).

IR CRIIIK DRk ) ofld, v s o
KK E D BIEL, oI 5> & KE W (Fig. 4
b). Bk, KILKD N7 O bl 6 DIF
Eoa* M 2 LU N o&ifIc E i fid 2 0kt L, il
RIBSY 1 b* (25 9 LI & a* A 4 LIT O&FifIic 6 5.
ML Sy D i & K DR & ORTIC I BAEAEED 51
%. 2006 & 6 H ~2008 &£ 5 H OffHiiEk oy D fld, 2N v
27 D KILIK & DN FEDERD 5L\ (Fig. 4b). TS
xf L 2008 4 5 H LI o ki oy i3 v 7 @ Kililk &
DORNTENDH 0, 1984~1991 FED [ [TEHK 1D K LIFAGHHHRL
%453y & A Utric 72 - 7o (Fig. 4b).

34 WE

2008 D KKK D 5 B AL 78 & @ Zfith
L 7<MEKId, 2008 452 A 3 HOHHO & 0 (01K 39 4335 &
10 18 4y DMK ; Fig. 5, 2008 0203a) &4 8 H
(Fig. 5, 2008 0404) TdH 5. T HUERIIAIRIER ) iIc =T
boid, 2 A3 HO%KE (151K 54 5y DIEK % &1 ; Fig.
5, 20080203b) &S HTHDOHDTH S, Th o 2R
KK DRI 1Z, B &7 2¢ LI OHIRIRL A3
Hid 2 &V T, EARNITIE 1992 FELIFTO KILIK &
DN IFEST NZEOV D SN0, 2009 F0 KL
k> W T 9 H 11 H (Fig. 5, 2009 0911) & 10 A
4 H (Fig. 5 2009 1004a) O b DOhHAkIiTH 5 T & 21
&, 2008 F KK DORIEEFARL & ORNICHFE T N EE VG
S5 Nrs v, 3 L 2008~2009 AT FEFIK L5 S fi
SNt KGR O R EERHR (&, 1981~1992 FE D TH K
D& D EHRTRRHKLTH 5 (Fig. 5).

35 RERRLTF

2008 AFDIEFIK T E 1980~90 AL LITEA D kL
IK DRI, FEA, A SO, HRAEE
THMrEIcPE nioaeh, et~ kEthodiaE ol T
o ZRKILT S 2R, £ LTEEERPOREEVS
HTRMLEL TV 50, HEY) ORI IIERFZE(L
%, —EOEKIEENCE T 2 HRTE O 2 7 — i

100 ‘ ‘ ‘
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Fig. 5. Particle size distribution curves of volcanic ash.

Horizontal axes represents diameter of ash particles
in ¢ scale (2-¢, mm), and vertical axes shows

cumulative weight of particles (%). Particle size

distribution was analyzed according to weight of
particles on sieves and weight difference of ash
before and after the ultrasonic cleaning with water.
Dashed thin lines represent for samples from Minami-
dake Summit vent from 1984 to 1992. Thin lines
represent for those erupted from 3 February to 8
May 2008. Thick lines are those from 15 May to
10 July 2008. Dashed thick lines are those erupted
after 27 Jan 2009.

RSN E LT, HALIEORIEZORIIOE K
mET S Mo kKUK IS BEEER RN ZRICE
ENBN, WALk 3 I >NEE SR BN 3
CEMBY oG, HH - BRI SR E (2009) O
SRt EE T8 12 - 72 Blocky particle (0l 75 4 L8112
EAWMHEICHENS) ITXd 5 Altered particle CHifE
MHF) OfEEL L IZ (Fig. 6a, Table 4), 2008 44 [ 3 H
Mo 4 HITHIFTLE NS 0.8 1T LIz, [ERkC, 51
THPS8HICHIFT1AD 50T ~NED L., 5H 15
H»S 30 HIZhTTH L1525 09 ~NED L 7H 10
H 5 28 HICAF TR 1100509 &R L.

X0 Bz s LT, 2 05 4 HomEH
YICIRIEETOFRIAN 5 2 O EHE RS HENZ WS,
Z DRIEKBOIET 5 2 DB LI T ERB T o N
5. BIRIICE, S - BEREHTE KR A (2009) OB
{12 5 72 Blocky particle I1Z5%f 9" % Glassy particle
CEREICZ LS FEBL TV B) Ot (Fig. 6b,
Table 4) 13, 1980 ZER D ITEK D KIIKICHB W TIE
0.03 725 0.05 /N (19894 8 HD 0.56 Z[%<). C
AT L 2008 O IEHATK IO KK T 2 H450.8~
0.9 EEWA, & & bIcEENED L, 7H 28 HIC
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Fig. 6. Temporal change of ash constituent. Ash parti-

cles, sieved, mounted, polished and photographed
(Miyagi and JMA, 2009) are classified into four
categories according to their brightness and micro-
textures in backscattered electron images; Altered
(dark particles), Blocky (moderately bright particles
with numerous groundmass minerals and enclosed by
fracture surfaces), Glassy (moderately blight to slightly
dark glassy particles with bubbles), Etc (crystal
fragments and the rest of particles). (a) Temporal
change of Altered/Blocky particle count.
represent the sequence of eruptions.

Arrows
(b) Temporal
change of Glassy/Blocky particle count.
posed figure shows the long-term data including
Minami-dake summit vent.

A superim-

2008 ICEFTIKTF LA (5H7HD 143 1FER<). [FEkE
WA S REEFRLICBLTY, —EOBKILEIC KT
B H R O RS 2 4 — VN TOZEE8) 51, $H
DI E o RIER OO KIS Thut S s ki i
75 AR DHIRKIZ < ARk 2 iconiEb T 5.
BilZ 132008 4 H 3 HA 5 4 HicH T T otz
0.33 72 5 0.29 IZ# TRV L 7 (Fig. 6b). [Efkic, 5 47

H2S 8 HIZ»T T 14056 02 ~NKigcE D L. 5H
ISH2S30 HIZAFTh 0505 03~ LA 7TH
10 H2 5 28 HIZA T TH 0.2 525 0.08 N L7z
36 {bEAHERK

1984~2008 FE K [LIIKKL - D 47 5 2 ALAFAHAR 3 HLB Y
F52<K bod, HEIRH 3 EEICER L TV (Fig.
7). Ti, Al, Ca, Mg, Mn, Fe, K, Na ®/»— 41 —[XIc BT
KWKicEGEN 2 45 2088 (BHEG « O ofksE
FHRRIZ 1L, 1980~90 AR & 2008 FEME ) & DfEIc K =
1EWVIFEEYD NS - 72 (Fig. Ta-h). BEBD~< 7 <D
SEALFEMRIE, B &% 2000 FRjL O bFF VY&
OIS E TR S (5 - fth, 2005). Ti O~—H —
KB WCKIWKD A 5 2SR AT 3 2 SHI 1S,
FEEB « fth (2005) AR L 72 2000 FERT & O OO 4
LR OZ A LET O LER Ficd b, 2000 ZERTL D b
WO B OIEE R 5 I S AN T W B (Fig. 7
a). Wi, KEE B TR A 2865 (Altered part) O
{b2FsHAR (E, 2000 FERT & D &l OIEHPIOLEELR Licd
5. REMEEDONZGHEY 7 2 EHREY 7 2EAEYO
{bAHRR M iE 2, Table 512/RF

4. = =

41 BMAORBCERSN-EEFORELEE
2008 FICIAFIK O SHH & R fc KK O il A A
VAR IR L0 SN, R ICE <,
M &b Lc, oo &g, K@ cEmRsh
EYORARDOHDERKML TWE EEZ OND,
FZBE, WEAFIK D DI DRk T D B I I3 RERFZ L
H Y, AL EORIEEO SO KIEE Tt
KK BEE S PR ZBIcE Eh 555, 1K
kT 2 Ic ONEEER 2D 5. COFR, F
& & b kEHFHOZEY DRAEIGH R LI &
TEET . FoKKO X B RIc L, Bk
ENCPES S 9 CRE « B « HAATRED (3 2006 475>
52008 fFic iy T—H ML co b, 0k I3
LTIz TWA, NS DOFEFER, Hicih
e B L 2RI K OE o KERAIc s 5, Kily
2 DRI X 2 BUKEEIEH OBlG & itfT, X OHUK
BB A EU RSP KOBICEE SR & LTS
N5 ETHESNILZLARMTZEEbNS (H5
WIRKERBORED EF4 5 T &k D BOKEEIY)
DHERRRBER Lond Lnsw)., 5k, AL TH
TE S N7z 2006 4F & 2007 FFEDOIREI D SR S RISV
M3, FhEFNoEHo—HoEkOBIcHE s
T KR EREL L 7o 272 E b 28, SEERRE T
MEET X750,
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Table 4. Result of particle counting.

Sample Identification 22[;'::; e;:c gI;)ss blc(;oCk xta;Etc glass / block] alt / block
Sakura2008 0728 846 21.3 1.9 | 249 51.9 0.08 0.85
Sakura2008 0710 887 23.7 3.7 |21.8 50.9 0.17 1.09
Sakura2008 0705 891 43.7 0.5 2.1 53.8 0.21 20.47
Sakura2008 0530 1077 21.4 6.6 | 22.8 49.3 0.29 0.94
Sakura2008 0515 1114 21.9 9.8 | 20.7 47.6 0.47 1.06
Sakura2008 0508 1249 13.5 44 |19.7 62.4 0.22 0.69
Sakura2008 0507 940 31.2 | 31.1 21.7 16.1 1.43 1.44
Sakura2008 0404 1081 21.9 7.8 | 26.9 43.4 0.29 0.81
Sakura2008 0403 1339 25.5 4.7 14.1 55.7 0.33 1.80
Sakura2008 0205(C) 836 13.0 ] 15.3 16.2 55.5 0.95 0.81
Sakura2008 0203(B) 738 14.4 | 14.2 18.4 53.0 0.77 0.78
Sakura2006 0614 254 16.6 3.2 ]30.8 49.5 0.10 0.54
Sakura19961017-21 542 13.8 1.5 ] 35.6 49.1 0.04 0.39
Sakura19961017-19 336 86 119 [21.4 58.0 0.56 0.40
Sakura19961017-17 432 16.2 0.9 | 28.5 54.4 0.03 0.57
Sakura19961017-16 380 5.5 1.3 | 45.8 47.4 0.03 0.12
Sakura19961017-13 581 5.3 2.1 42.0 50.6 0.05 0.13

Particle counting was done on the surface of polished sections using Backscattered
Electron Images by Miyagi and Kagoshima observatory, JMA (2009).

KIEP) DRLEERE AR S WP D& W &2 IS 5 5 5
(1 21 Zimanowski et al., 1997), RIEHHEIC S D0
T2 BICKARLOEL DSR2 FERTE S
TJREMEDS B B, L LIS S, KILFK DORIEEHARR (38K
BOSFRRIBERMEICE > TORELLLELENE DD,
AENSNETH 5. 2008~2009 FEIHIFIA Lh S ik &
Nz KL O RIEERHER 1, 1981~1992 = LTHK
Db O EWRTHREINTHKLTH 5 (Fig. 5). T OHH
13, 1981~1992 LD K LIFKEK DS 3 X THEW ETHA TR
WAz, L oEHEIEOBEBNTERIS v
bDICHARTHRDEA T D EEZ NS, KFET
St Ut kbR, BRI A & E e o BEEER 4
Tl & OHEEE SR &2 TH B0 5, BEKEORIEA b
FeartzEEZoN5., Tho0REETITOWTHRE
S BHIOREMRAHEET 2 2 L 3NECch 205
KITE MBI 5 < 7 < 0RES O ER 2Rk
bEoWTERT A ERIEDTEL. EKSD, 2E
rnteE, o, FERRAL T, (LAAARARR ORI, R
EDXNMED SNV, TOFER, TAEMLEL TV
RIEEHHRL & DRFIEASTE K2 DR % 12 3R EFIC X - TH
SN EEZERT 200G LNV, Joir WA
& DXL - ForfREE b RE T E V. LU, R
RO ZA LA MM L CiiRd 205, AW Totrs
KUIKEVEHE 29 DU ofRk: § % 4k & 9 2 Rt

HLTWAHL, KRk VwWEEbN S,

42 TUTOEH - K - BILERE

421 KUKOEICET EER

1981~1992 FE I B D I ITEK L SHH & vz kil
JRD 7S 7 Ot#E, a*-b* 7’0 b (Fig. 4a) LicB WL
THED¥) 27 TRIFFEAZES, TNIE=FED 2000
8 A 18 HKILIKZZES e B L L 72BR o &1k
(el « %, 2002) E[EIUTHB. £ TRETIE, =
R EMEDKIIKOBELT 0 & 2 HHE1E EE A,
RLGEFEML 2B 3= 7 < (2L OEEIBL
TKOD S ENAEHE O KL DIEEEDEHEZL
Z, KIIKO@IZ S ESWTHEET 5.
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Fig. 7. Chemical composition of ash particles including fragment of phenocrysts, matrix glass, and glass inclusions in

phenocrysts. Open circles represent ash samples erupted from Minami-dake Summit vent from 1984 to 1991.
Gray transparent circles are those erupted from February to July 2008. Analytical figures are normalized to be
dry and 100% bases. Horizontal axes represent SiO, wt.%. Vertical axis of plot “a” is TiO, wt.%. Two filled
regions in plot “a” represents whole rock chemical composition data from Uto et al., (2005) for those samples
younger or older than 2000 years (noted as “<2000 yrs” or “> 2000 yrs”, respectively). Vertical axis of plot b,
c, d, e, f, g, h are AL,Os;, CaO, MgO, MnO, FeO, K0, Na,O, respectively.



34 EIREES « OHRIE— « BREE - BEEHTT ARG
Table 5. Examples of EPMA results for matrix glass and melt inclusions.
Analysis ID MG44_019 MG44_693 MG52_029 MG52_272 MG54_077
Ash sample ID Sakural9961017-18 Sakura2008 0203B | Sakura2008 0403 Sakura2008 0404 Sakura2008 0408
(1988 0614-15)

Target Matrix glass Matrix glass Matrix glass Matrix glass of Matrix glass
on Pl on Px on P glassy particle on Pl
Si02 69.30 69.68 69.42 69.71 69.40
TiO2 0.83 0.81 0.80 0.81 0.82
Al203 13.48 13.75 13.94 14.09 13.90
FeO 5.07 5.31 4.78 4.53 4.84
MnO 0.15 0.16 0.18 0.18 0.15
MgO 1.27 0.70 1.14 1.11 1.22
Ca0 3.77 2.96 3.54 3.46 3.66
Naz0 3.04 3.32 3.26 3.28 3.01
K20 2.97 3.23 2.81 2.75 2.68
total 99.88 99.90 99.87 99.91 99.68

Analysis ID MG54_365 MG57_031 MG57_162 MG57_076 MG57_063

Ash sample ID| Sakura2008 0507 Sakura2008 0530 Sakura2008 0710 Sakura2008 0728 Sakura2008 0728

Target Matrix glass Melt inclusion Matrix glass Melt inclusion Matrix glass
on Pl in Opx between Pl and Opx in Cpx on Opx
Si02 69.26 68.45 69.29 69.62 69.76
TiO2 0.81 0.83 0.79 0.70 0.81
Al203 14.34 16.19 14.46 14.48 14.05
FeO 4.54 3.67 4.76 4.31 4.46
MnO 0.11 0.12 0.15 0.10 0.13
MgO 1.04 0.58 0.84 1.42 0.95
Ca0 3.45 4.32 3.24 3.86 3.58
Naz0 3.20 2.67 3.15 2.61 3.43
K20 2.94 2.75 3.00 2.63 2.58
total 99.69 99.57 99.69 99.72 99.73

Analytical data are normarized to be dry 100 wt. % (Cl, F, S, P are not shown). Total number of EPMA analysis is 1548. Only 10
examples are selected from the center of a cluster (at TiOz = 0.8 and SiO2 = 69.5 wt. %, in Figure 7a ) with expectation

to represent typical of matrix glass and melt inclusions.

DERELLEDBOVDOT, —#HOKIIKERIER L& %
TEWEAS, FEDKKBZES T (f0,= K& [EH
) TR A2 0 o TEELoE AT, INEVE
FE & ANEIKERIERST & W 5 2 D DRI & - TIlRTE 5
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DIFRR D D AHITPRET 5 &, KK TBELT v+ 2 %
45D —RITHIETE B (Table 6). 753, KILKICE
FNLROOEEIYNE, SEH LTV S EmFoZE L
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[high | ([T IZBEIFTOZ G~ AQRZEEE < 7 < Ol
& (800~1000°C) %, [Mow ] (T (X KILIKAERIL L 75 < 72
LIREATEET 5. BE [low!| OEKFIZ, =FEED
2000 4F 8 H 18 HKILIFKTIE 200~300°C (EH « B,

2002), TRAEHHRKOAPIL DA Tl 400~500°C TH
% (Miyagi et. al., 1998). NNZAFFE D% Sy [long | 11

e B s N KILIK O O IERIZEALASEIT 5 & 73
BHE10~%0100 43 (=i « BHE, 2002) K0 RV Z

Table 6. Schematic classification of the effect of t, T,
and fo, on color of valcanic ash.

. Color | Color

Case |Duration| fo. | Temp. (coarse)| (fine)

(1) short [high| low green | green
(2) short [high| high | green | red

(3) long | high| low green | green
(4) long | high| high red red

See text for detailed explanation
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EHEBL TR BIEEBET LN S.
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