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Magma Ascending Model of 2000 Miyakejima Eruptions] Evidence from Pyroclastics of
August 18 and SO;-rich Volcanic Gas

Kozo UTOU , Kohei KAZAHAYA PO OGenji SAITOM OJun'ichi ITOH PP O Akira TAKADAMO
Yoshihisa KAWANABE " OHideo HOSHIZUMI B OTakahiro YAMAMOTOPE [
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Satoshi HAMAZAKI P8 and Hiroshi SHINOHARA D

Abstract

O O To understand the eruptive mechanism of the 2000 Miyakejima volcanic activity, we conducted
intensive geological, petrographic, and mineralogical studies on the pyroclastics of the August 18
eruption. Volcanic ashes, which were rich in accretionary lapilli, covered most of the islands.

Cauliflower-shaped bombs and lapilli were ejected along with accidental lava blocks. Black-colored
angular scoriaceous particles with abundant vesicles 10 -100p m in diameter are found among ashes,
comprising about 40 wt. % of total constituents. These bombs, lapilli, and black ashes have identical
bulk chemical compositions and constituent mineral compositions, suggesting a common origin.

Existence of oxidized ashes and accretionary lapilli attached to a large flattened bomb and chemically-
reacted anhydrite particles trapped in the voids of bombs suggest that bombs were still hot and
ductile when they were emplaced on the ground. We, therefore, conclude that the August 18
eruption was a phreatomagmatic eruption and cauliflower-shaped bombs and black ashes were
essential magmatic materials. Significant SOz emissions from the volcano after August 18 also
suggest convective upwelling of magmas to a shallower level beneath the volcanic edifice. We
propose a magma-ascending model in which vesiculating magmas continuously ascend through the
wall of subsided piston-like blocks.

Key wordsJ Miyakejima volcanod phreatomagmatic eruption petrography] SO. gas
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Fig. 10 Distribution of eruptives on August 18, 2000 of Miyakejima volcano.
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Fig. 30 Texture of eruptives of August 18.
AU Cauliflower-shaped bomb collected at Son'ei-Bokujo, 1.5 km southwest from the rim of
the summit crater. B0 Internal structure of the bomb. CUO Cauliflower-shaped lapillis
collected at Ako, 3 km west from the crater rim. DO Internal structure of lapillis. E: SEM
image of black ash. F: BEI image of the bomb. GO BEI image of the black ash.
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Fig. 4 Grain size characteristics of ashes of August 18.
0 Yamamoto, Itoh and Takada, unpublished
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Fig. 50 Grain size distributions and compositional
modes of ashes of August 18.

0 0O O O Lithic fragments are accesery basalt and
hydrothermally alterated rocks; crystals
consist of plagioclase, olivine, pyroxene,
and magnetite.] Yamamoto, Itoh and
Takada, unpublished datall

gbobooooboobooooobooboboobobo
ob 1iemib0obO0bOOobOOo0oOoooobooDo
gboboooboobobooooobobooobo
0000000000000 00 Phase200
oboooobooe0bOobObDOb0bOODO
gelbibuobobuobobbOOoOobDbObOUOOoDbO
gbobooboobooboboooboboobo
gbobooooobooboooobobooobo
gboobobooobobooobooboboobuobo
gbooboooboboboobobobobobobo
gboboooooboboobobooboooobo
gbobooobooboboboobobobooobo
gbobobobooboboboooboboobbo

IO —



A

X

s 4 A

¥ 5 * £
4 4 ) ik
. > xA
| Il

| [1] KW EEORNE 2 HRT S FREKILRK

2 SR EHEERR

L [51:8/18Miti - KB EBH KR

10 20 26(°)

30 40

06080 18000000000DODO0O XODOOOoOooomoooboooo

oooooooo

Fig. 7 X-ray diffraction analytical results for ash and accretionary lapilli of
August 18.00 Itoh, Hamazaki, and Takada, unpublished datal]
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Table 100 Major element chemical composition of eruptives on August 18, 2000 of
Miyakejima volcanod Normalized to water-free 100%[T]

Bomb Lapilli Lapilli Lapilli Lapilli Lapilli Lapilli Black Ash
SiO2 51.34 51.30 51.38 51.29 51.07 51.31 51.26 51.71
TiO2 114 112 114 114 113 114 117 1.20
Al203 17.98 18.05 17.89 18.01 1818 17.96 17.82 17.22
FeO* 11.30 11.19 11.30 11.36 11.30 11.32 11.39 1164
MnO 0.17 0.17 0.17 0.17 0.17 017 0.18 0.18
MgO 4.07 404 408 4.06 421 408 419 429
CaO 1112 11.16 11.09 11.10 11.04 11.05 11.05 10.82
Na20 2.37 243 243 234 240 244 2.39 237
K:0 041 040 041 041 039 040 041 043
P20s 0.11 0.12 012 012 011 0.12 013 012
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Fig. 70 Bulk chemical compositions of the essential
materials of August 180 Kawanabe, Itoh, Taka-
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oboooboobooobobobooboobooono
oooooobobooobobooboobooboog
gobooobooobooobooborbobo
obooooobobooobobooboobonoo
gboobogobogooosombobobooonog
gbooboobooboobobobobobobo

gboboooboobooboobooboooobo
gobodoobdebbUOUObDbObUOODbODOO
gboobooboobooboobobooobooboobo
00000 Yamaoka et al., 20000 O O 020011 O
gboboooooboboobobooboooobo
O00O0OOCOOOCOOOOOOCOOOKazahaya et

IO —



al,200000000020010000002001100O
gboobooooboobobooboboooo
oboooobooobooboboboobobo
oooboooboobooosbooooooboonoog
oo0oobooooooooooooooa2oeeodd
gbobzeoioobobobooboooobooonog
gosoombbobooboobooboboboonog
gbobooooooboobobooboobooobo
0000000 Kazahaya et al,, 200000 0 O O
oooooobobooobobooboobooboog
oboboboboobooboboooooboooboo s
oboooooboboooboboobooboonoo
oo
gbobobooboobooboboboobo
gboboooboobooobooboboboobobo
goooboboooboooobobuobonbog
gbooobooboobooboboooooboobo
oboboboboboboooooOo 1emOoOonOoOg
ooooooboboooboboobobonboo
O000o0o00DOo0oOoooOoOoOoDObOlesom
goooboobooboooboobobooobooboo
ooooooboboooboboobobonboo
gbooboobooobooboboboobobooobo
gbooos3boooboboboobobooobooono
gooooooobooboobbboboboogg 2s
gbooboobooboobobobooboono
goooboobooboobobobooboobooog
gpzooiooooooboboboooooog
gboooobobooboboobooboonoo
gboboooobooboboooobooobog
gboboobooooboooobooooo
gboobooobobooooobobooobooo
oooobooobobooobOooonboneeod
IsshikiD1964[D OO0 0000000000000
gbobobooooboobobi1oomOnOg
gboboboooooboobobobooooog
P40 ooooooooooooooogon
xgohooooboooooooboobooooo
ooooooboooboobobooboooboobo
goooboobooobobuobogooooboonog
gboboboooboobooboboboooooo

goooooooobooouoooooooooa
000ooooooooooooooooooog
O000000o0ooooooooooooooon
0000000000000 000D0ODOd01980
O00000oooooooooooooooo
O0000ooooooooooooooog
0000 20000000000D000000OO
O000000o0Doooooooooooooo
O000000o0ooooooooooooooon
O000o0o00o0o0oOoUoDooooOooogooo
O000000o0Doooooooooooooo
O00o000o0ooooooooooooooon
OO0000O000Oo0o0o0DooOoobooooooo
O000000o0oooooooooooooon
oo0oooooooooooon
o00oooooooooooooo
O00000DooooDoooooooooooon
00000000 500m-1kmO00000000O0O
gooboooodooooboooooooboa
0000000000 oOooDooDooooosn
8000000000000 DODODO0OOOOOO
go400000000000000000000O0
O000000o0oDooooooooooooo
O000000o0oooooooooooooo
0000MOoobOoosb1800o0dond so:
O000000o0D0oooDoUoooooogooo
0000000000000 0oOoooon so:0
goobooooboobooobooouoooooa
0000000000000 Moore and Schilling,
19730 Gerlarch, 19860 Garcia et al., 19951100 00 O
0o0o0oo0ooooooooooono so.oono
00000000 o028t DODOODODOOODO
O000oooDoooo soe,0unouooooon
0o0oboooobooooomooooboooo
so., 000000000 U0noooUooDoOoooDO
0000000o0ooooooooooooooon
0o0o0ooooooooooboooo so.0ono
O0000000D0o00ooo0 mODODOOo
O000000o0ooooooooooooooon
ooooDooooogo so.0obooooboo
O00000Do0o0oooooooooooooo

IO —



SO; flux ~50000t/d

Separation of magmatic volatiles

SO, content 0.2-0.3wt%

egassed magma .

TR
NI
I .-\
27 submarme eruptlon

L
e
v

1y
1
U
=
e}
9
=
=]
OQ

e Lt
TN LA TA LTy
. u

S, N
LSS SELE

et
1y oy
Ay,

A
ot

.........

G-H lens
Magma convection

P1ston cyhnder -type collapse
20 Mton/day magma degassing

/ Gabbroic cumulate(3.0 g/cm?3)

\’\ 3
v+, Roof collapse 23 gem

3.0g/cm’

N

SRR AAeRe,

frathatety

ATy
ARt

faatiatiady
»]

SIS

Chamber bottom collapse?

0 9000000000000 ObOD0O0ODODOKazahaya et al., 2000
AD0O0O0O0O0O0O0OOO0OBOOOOOOOOOOOOODOOOCOOOODOODO
00000 G-HlensOO O OO Ghyben-Herzberg lensOd

Fig. 90 Schematic magmatic process of Miyakejima volcano 0 Kazahaya et al., 20000]
AU upper magma chamber, B: lateral magma intrusion toward Northwest, CO0 magma head,
G-H lens: underground water reservoir] Ghyben-Herzberg lensO

gooso.0oboobooboooooooboobob

goboboooood
gboboooboboobobobooboobo
ooboboooobosenobooebboonboOO
boboboboboobogobogzroooooog
gbooooobobobooboboboooo
oboooobobooboboobooboonoo
ooobooooobobobooboooobooboog
gbooobooobobobbooboooboooo
gboboooooboobobooboobooobo
ooooboobobobooobobooobonoog
gbooooobobooboboboboobooboo

gboboooboobooboobooboooobo
gboboooboobobooooobobooobo
gbobooooobobooobooboobooobo
gbooooooboboooboboboobobo
gboboooboobobuoooobobooobo
gboooooobobobooboboobbo
gboooooobobooobobobobbo
000000000000 s00-1000m 0000
gbobooooboobobobooobooboobo
gbooooboooooooobobobbo
gboboooboobobobooobobooobo
ooooooooboosp sgooooooDo

IO —



obobobosg20bogooboooooog
gbooooboobooobooboboobooboobo
gboboboboooooboobobobomsg
oooooobobooobobooboobooboog
gboobooboooboobobobooboobo
gobooosgoboooobooobooobo
ooooboooboobobooboboono
gboooboobooobooboboboboboobo
oboooboobobooboboobooboonbo
gooobooooboooobobooboooboonog
gboobooboboboobobooboobo
oboooboooooboboboobobooobobo
oboboboon so,ubd o25mtl 0000
Oi10500000000000200100000
gbooobooooosoc,0ooooobooboonog
ooooooooboobooboooobooboog
20000/0000000D0OO0O0OOODO
ooboboooogosboooosooooooog
gogoooooo se,ioooboobuooboonog
goboopoz2o01010000000000DOO
00000000030 0000000 1BmM OO0
obobooognoo

vioDgoooo

gbgooz2o00000bgoobooboonbog
20000 80 180 OODOOOOOODOOOOO
oboboobooboobooobogseoomonognog
oooooobobooobobooboobooboo
gbooobobogoboooboobooboooo
gooooso.0oboooboobobooonog
ooooooboboooboboobobooboog
gbooooboooboboboobobooboobo
oood
o8O muoboooooooogon
gboboboooooboobooboobobgn
gboboboboooboood
20000004000 000DOOODOODOD
gboobooboooboooobooooooboan
goodd14oemObbooooOoOoODODODD
gooboobboboobooooooobooobo
gbobobbooooooobboooboooboon

gobogbooooboooo

soooooboooooooooobooooDboo

gboboboooooboboboboooo
oboobooooooooobooobo

400000000080 18ODOIO0DO0ODODO
gobo400000000000000D0O
ooooboooo

5000000000 so.0booonoooooonn
gbobooboooooooobooboobobon
oboobooooooooobooobo

el 60D O0DOODOODOObODOObOO
gboboboooooboooobooboboo
goobboooooobooooooboobo
gbobooooooobobobobooobo
gooboboooooobbooooooboobo
gbobobooooooooooboobobooo
gboboooooooboboboboboo
gboobooboobobooooooo so.bon

goobogo
O

ooo

gobooOooz2e0000000000000O0MDOOO
gboboooooooooooooooooooooa
gbobooooooooooooOoooooOooooooo
gbobooooooooooooooooooooooo
goboooooooooooooooooooooo
gobooooooooooooOoooooooooo

gooboOoooooooooooooboooobooooon

gboboooooooooooooooooooooa
gbobooooooooooooOoooooOooooooo
gbobooooooooooooooooooooooo
goboooooooooooooooooooooo
gobooooooooooooOoooooooooo

gooboOoooooooooooooboooobooooon

gboboooooooooooooooooooooa
gbobooooooooooooOoooooOooooooo
gbobooooooooooooooooooooooo

goboooooooooooooooooooooo

0
oooo

gboboooooooooooooooooooooa
gobooobooOoOobz010 00000000000
goooozo0000000O00bOOobOODODOO
00000001100 217-2250

IO —



Garcia, M.O., Hulsebosch, T.P. and Rhodes, J.MO 199500
Olivine-rich submarine basalts from the southwest
rift zone of Mauna Loa Volcano ; Implications for
magmatic processes and geochemical evolution.
Geophysical Monograph, 92, 219-239.

Gerlarch, T.M.O 19861 Exsolution of H20, COz and S
during eruptive episodes at Kilauea Volcano, Hawaii.
J. Geophys. Res, 91, 12177-12185.

0000o1900 5000 1000000000000
0000ooOoOooosspo

Isshiki, N.O 196403 Mode of eruption of Miyake-jima
volcano in historic times. Bull. Volcanol., 27, 29-48.

Japan Meteorological Agency JMADO 20000 Recent
seismic activity in the Miyakejima and Niijima-
Kozushima region, Japan [ The largest earthquake
swarm ever recordedl. Earth Planets Space, 52, i-viii.

Kaidu, M, Nishimura, T., Murakami, M. Ozawa, S,
Sagiya, T, Yarai, H. and Imakiire, T[] 20000 Crustal
deformation associated with crustal activities in the
northern lzu-islands area during the summer, 2000.
Earth Planets Space, 52, ix-xviii.

Kazahaya K, Uto, K, Shinohara, H. Saito, G, Hira-
bayashi, J, Mori, H., Matsushima, N. Takada, A.

[0 200000 Magmatic processes of the 2000 Miykejima
activity, JapanlJA stoping model. EOS F1259.

00o0ooO0o0oooOo0oooOo0ooooooooooo
00000000000 00O0000oOoO0O20010 O
ooooz200000000000000-00000
oooooooosoc,.000OoO0oooOooooon
0—-0000001100271-2790

O0000o0oooOo0oOoooOOoOoo2o0000 00O 2000
000ooo0o0mooooooooon 200000
oooooi120

Miyagi, I, Tomiya, A, Hoshizumi, H. Kawanabe, Y.
Itoh, J, Takada, A, Nakano, S, Uto, K. and
Yamamoto, T.[ 20000 Petrological characterization
of the 2000 Miyakejima ash: Identification of essential
particles. EOS F1259.

00000000000 00o00ooooooOoDoo
000000 oooooooooooooooo
00o000o0ooo0o00ooooooooooo2001d
000 2000000—-0000-000000005570
7-140

Moore, J.G. and Schilling, J.G.O 19730 Vescicles, water
and sulfur in Reykjanes ridge basalts. Contrib.
Mineral. Petrol., 41, 105-118.

Nakada, S. and Fujii, T.O 20000 Sequence and inter-

pretaion of caldera-forming event at Miyakejima
volcano, Japan. EOS F1258.

000000000000 oooUooOooooooo
00o00o0oo0ooOooooooOoooo20010 O
002000000000 ~-000000000000
— 0000001100 168-1800

0000019840 D000 00O0o0ooooooooo
000000000000 290 S16-S230

OO000J20000 OO00O0OO200000000000000
00000D00Oo0oooooo2e00000000040

Saito, G, Kawanabe, Y. Uto, K, Takada, A, Itoh, J,
Hoshizumi, H., Yamamoto, T., Tomiya, A, Miyagi, |,
Satoh, H. and Hamasaki, S0 20000 Preato-magmatic
eruption of Miyakejima volcano on August 18, 2000:
Petrological evidence. EOS F1259.

Sheridan, M.F. and Wohletz, KHO 19830 Hydrovolcan-
ism[] Basic considerationsand review. In Sheridan,
M.F. and Barberi, F. eds.[] Explosive volcanism. J.
Volcanol. Geotherm. Res,, 17, 1-29.

ooo0oo0o0boO0o0oooo0oooOooooooo
000o0ooooOooo20000 000 200000000
oo0o0oooOooooOoO0ooooooooooooo
2000000000050

0000020010 0000000 0ODOO0ODOOOOO
—0000000-0000001100 245-2560

Ukawa, M. Fujita, E, Yamamoto, E, Okada, Y. and
Kikuchi, M.0 20000 The 2000 Miyakejima eruption:
Crustal deformation and earthquakes observed by
the NIED Miyakejima observation network. Earth
Planets Space, 52, Xix—xxvi.

Walker, G.P.L. 019710 Grain-size characeteristics of
pyroclastic deposits. J. Geol,, 79, 696-714.

Walker, G.P.L.0O 19730 Explosive volcanic eruptiond A
new classification scheme. Geol. Rundsch, 62, 431-446.
Yamamoto, T, Soya, T. Suto, S, Uto, K, Takada, A,

Sakaguchi, K. and Ono, K.[0019910 The 1989 sub-
marine eruption off eastern lzu Peninsula, Japan:
Ejecta and eruption mechanisms. Bull. Volcanal., 53,

301-308.

Yamaoka, K, Kimata, F., Fujii, N, Kudo, K., Takai, K,
Kato, T, Tabei, T. and Nakano, S.[]200000 Long-
lasting dike intrusion causing large crustal deforma-
tion and active earthquake swarm in lzu volcanic
islands, Japan. EOS F1260.

fJz20010 10 30000020010 30 140000

IO —



