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Recent Volcanic Activities and Prediction of Volcanic Eruptions:

View from the Research on Eruption Products
Kozo Uto*

Recent progress on petrological and geochemical studies on eruption products is reviewed especially related
to three major eruptions in the last decade, 1990-95 Unzen, 2000 Usu and 2000 Miyakejima. Detections of
essential magmatic fragments in the early eruptive products were critical for the evaluation of the progress of
ongoing eruptions. Mineralogical studies were useful not only to identify essential materials, but also to estimate
the depth and temperature of magma chamber and magma ascending processes. Systematic studies on volatiles
both in melt inclusions trapped in phenocrysts and in volcanic gas have enabled to construct the quantitative
models of the dynamic processes of magma. Petrological and geochemical estimations of the depth of magmatic
processes are now becoming to be combined with the geophysical observations, and will be used together to
construct more dynamic magma models in the near future. Experimental petrology to determine precise
phycico-chemical conditions of magma and kinetics of crystallization and vesiculation will be the key studies in the
future to assemble more quantitative information on magmatic activities and appropriately predict the change of

ongoing volcanic activities.
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Fig. 1. Temporal change in effusion rate of lava and associated change of crystal fraction in groundmass (modified
after Nakada et al., 2002)
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Fig. 2. Cartoon showing process occuring in the upper part of conduit and lava dome. (after Nakada and
Shimizu, 2000).
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(after Tomiya and Miyagi, 2002).
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0O, 80 1800000000, 0000000, 000
000, D000, 00000000, X0000o0,
00000, 0000000000000000, OO0
00000000000400000000000C
0, 0000000000000000 (OO -0,
2001; Geshietal.,2002). 0O 0 (2000) 000000
000, 000000000000000000000
3~30em0 “00000-0" 000~0000000
0000000000000000, 00000000
00000000 (Si0,=51.5wt%, ALO;=18 wt%) O
000000000, 0000000000000 0
O, 80 18000000 40%0000. 000000
000000000000, 000000000000
00000000000, 0000000000000
000000000000000, 000000000
00000000000000000000. 00 -0
O (0020, 000000000000000000
000O000000000000 10000000000
00000, 00-0 (0020000, 8013000
0000080 180000000000000000
00000000000, 60270000000000
00007014, 150000000000000 Sio,
=s4wt% 00000000000, 200000000 2
0000000000000000000 (Fig. 7). O
000000, 19830000000000000000
000, 00000000000 3.6wt% 000000
000000000 (0O -0, 2002), 80 180000
00, 0000000000000000000000
0000000 (OO -0, 2001; OO -0, 2002).
20000 $0000000, 000000000000

15 ¢ TIO, . 20 [AIQ
14 XA Ry
< 18 @an
13 F K a
12 f a 6 X
11 s s S S
%
wro
09 " 12
16 [ FeO 7 1 MgO
15 X
X
“ ﬁa? iy ¢
vy
3 #w< Xy 5
12 % x
hid)
e 4 et Ty
1 & ¥ -
X
10 3
12 rCaO FeO*/MgO
"+ [ 4| X
x x X X
ol x B A
&
iyt : @
9
* X xq;va.é‘
8 x ST S
7 L s
50 52 5 % 50 52 5 %
S0, sio,

2000 eruption
# June 27 submarine

Pre 2000 eruptions
x 1940 (flank)
v 1940 (summit)

8 August 13 summit (ash)
¥ August 18 summit (ash)
© August 18 summit (bomb)

X 1962 (flank)

& June 14 summit (ash) +1983 (flank)

A June 15 summit (ash)

Fig. 7. Chemical compositions of 2000 Miyakejima
eruption (after Geshi et al., 2002).

00o00o0o0o0O, 000000000000000
0, 00000000000000000000000
0. 00, 00000000000, 00000000
0JooOoOoooooo0oooooo, 00oooo 4
00000ooooo0o0. 0000oooo, 00000
oooo, 0O, 00, 0000, 0004, 0000
00ooooooo0od, 0000000000000
0, 000000000000000000. 000d,
9000, 0000000000000 DOOODOO0
0oooOooooooodog, 000 so, 000000
Joo0oO0oO0o0oo00oo0o00o0ooooooooooon,
000000 0o0000000ooooooooon.
000, 000000000000000000000
000000000o0o0ooO, 00100000000
00000000 00000000oooooooon
(0O -00, 1996; Saitoeral.,200100) 000000
ooooo.

43 D00O0000OD0 (oDODOoooooooo)
00, 000000000000 so,0000000
000000000000000000000000
000000000000000, 00000000
0, 00000000000000000000. 00
15km00000000000000000OOOO0
00ooooOo, D0000000000000000
0oooo, 000000000, 000, 040000



102 o o0 0 O

0000000000000000000000 (@
0 « 0O, 2001, Kazahayaetal.,2002;, OO <0, 2001,
0og, 2000). 000000DODO0OO060000: 1)
COSPECO 00 SO,000—-000, 2) 000000
00000— (ASTER)OO0O sOo,000—-000, 3)
000000 SO/COo, 000, 4) 000000000
oo cCcysooo, 5 00000000000000
HOOOOO,7) 00000 (MOO0)DD0OO0OO0OOOO
0000000, 000000000, 0000000
000, 000000000000000000000
00000, D000000000000000000
0000. 0000000000000000000
O, Cc/sOO 8O 18000000000000000
00000, 0000000000, 000, 80 180
000000000 C0000000ooooooon
00, 0000000000000000000000
000000000000 D0000. 90000000
00000000So, 00000000, SO,/H,0O
0o0ogo.1, COyS0, 0000 0.6~0.8, Cl/SOOODO
0o01020200000000000000000.
0000, D0000000000000000, 0o
0000000000000, 00000000000
0000000000000 000000000. SO,
00000, 2000090000 300000/000000
00000, 90000000000, 12000 2300
0,/000000. 20000 9~1200000000,
420000 0,000000, 2000000000000
ooooo, 20010 1~60, 7~120000 20020 1
~6000000 2700000 /0, 1600000 /0, 11000
00/00000.20020 6000000000 1500
00000, 191 000000000000, 10km®0
0000000o000000000 170000000
00000 (Kazahayaetal.,2002). OO0OOO0O0OOO
00000000000 000 so,000000 0.15
wt% 000, 1500000000000000000
2km’000000000000000000000.
00000, D000000000000000000
000000 so,00000NDN00ND0N0oNonoonn
oooog.

00, 00D0000000000000000000
0ooodo, 80 180000000000, 000000
000000000 000DO00og, 0000000
000000000000000D0000 (Saito et al.,
2002). OOOOOO, 80 1800000000000
000000000000 0000000000000
00000, 000000000004, 000000

J0o000o0oo000o0O00oo0oooDOOoOoooDOoo
goooogoggd. oooooooo HO, LSOO
gco,0opooooooo, cooOboopoooono
00, 0000O000o0o0o0ooooooooooooo
0oo0O, 0000000 0ooooooOOooooDOoo
J000ooo0ooDoDoO0oooo (Fig. 8). OO, CO,
goooooooooboogooooo wooi1oogo
0, 0000000000000 00000o0oOO co,
oooooo, ooooco,00000oooogn
gooooooooooobog. l,oooo co, 0000
gooooooooooood 23~60MPad 00, O
0000000000000 1~2km0000000
goododd. Jooo0oo0ooo0 anggoogooo
gooooooopodnDOo sOoooooooooo
gog, o0 1~2wkmd00000O0OO HO
goosoooooooooooooooooooo.
Ood, dooodgdA4H00 1.9wt%, CO,0 0.1 wt%
00oooooo0oooo, 000oDpoo co,000
Oo000dd2soMpa, 00000 10kmO000000
ooooo.

44 00000000
gooooooooooooooogooogg, sdg
BOODO0DO00D0D00000000000 2km*000
goooooooooooooooooooooo, O
0000ooo000ooo00oooooooooD
(Fig. 9)(Saito et al., 2002; Kazahaya et al., 2002). 5~10
kmOOOO 0~05Vol% OOOOOODOOOOODOO
O0026g/ecm*000, 0000000000000
oogd, oooooooooo. oo03kmO0O00O0O 3
vol% 00 000000000000 25g/em®000,
J0o00ooo0o0o0O0o0oooooooOooooDOoo
goooooooggd. ooo, 20000 6000000
J0o00o0oo00o0o0o0oooooooOOoOoooOoo
joo0oooo0oooo0oooooOooD, DOoooDooo
goooooo. oooooopodooosgonod
Jo00ooo0o0oo0o0oooo0oooD. DOoooDooo
O01km O0O00ODOO0ODOOODOODOOOO, ODOOO
000000000000 0oo0oooDoOOoOoooDOoo
00d. jddoogoooooooooooooogogo
goo, oooooooooooooooooo, OO
J0o00o0oo000o0O00oo0ooooOOoOoooDOoo
goo0ooooooooOoooooooD, DOoooDooo
gooooooooooOo, 0000 (I~2km) 000
J0o00ooo0o0oooO0o0ooo0O0. DooooDooo
goo0oo, boooooooooooo, ooopoo
gooooooooboco,00oooooooonog



CO2 in melt (wt.%)

000000000000 (oooooooo) 103

Degassing of basaltic melt
(1.9 wt.% H20 and 0.1 wt.% CO2)

S in melt (wt.%)

with pressure decrease
oo 0.020
AN \\]OOMPa |
\SMPa A \\ 2
: a ~ g
\ N |8 0.015 £
\ \ 3 8
= E
[7~ 25MPa o \ | g0.010 g
AN O \ = 2
N D \l 'S e
A | & %
\
~ JoMPa Tl \\+ < 0.005 1 o
~N - \
\\S\MPa\\ % \ \\ +
0 NN -\ 0.000 : - .
0 1 2 3 0.00 0.05 0.10 0.15 0.20
H20 in melt (wt.%) S in melt (wt.%)
0.20 0.20 -
Vol
(c) (d) composition
0.15 0.15}
9
2
0.10 | = 010} 3
=
=] @,
=i <ﬁ @
0.05 | 2 005} RSN
+
0.00 : : 0.00 : *
0 1 ' 2 3 0.00 0.05 0.10 0.15
H20 in melt (wt.%) Cl in melt (wt.%)
0.15
(e)
<
S 010} o
E
g
g .
£ 0.05
O
—
0.00 : :
0 1 2 3
H20 in melt (wt.%)
Fig. 8. Volatile composition of melt inclusions in olivine and plagioclase phenocrysts from eruptives of August 18,

2000 Miyakejima volcano (after Saito et al., 2002).



0 km —|

Density structure of crust
2.4 g/em3
—: —Boundary 2 km?
3
v 2.7 glem

Piston clinder-type collapse
Magma ascent by stoping
Gabbroic cumulate (3.0 g/ch)‘.’

Roof collapse
Neutral buoyancy of magma 3-5km? ',
-5 km—]

-10 km— - s
Magma chmaber (10km?),

Volume >2km 3}

Fig. 9.

oooood, ooooooooooooooood,
2000000000000 00DOO0O0DOODO0OOO
gooo.

5. 0000

oobooooooooo, ooobooooboo
o, 10000000, o0, 00oogo3g00ggo
goboooooo. bo, obooooboooobooo
goboooooo -0000bo0ooboooobooo
goboooo. oo, ooobooooooobooo
goboooooooobooobooooboooooboooon.
goo, ooboooboooboooobooooobooo
0, ooobooooboooboooobooooobooo
oooo, 0ooooooo. o0, oooooggo
goboooooooboooboooobooooobooo
goboooooooobooobooobooooobo. o
gobooooooooboooob, oooooo, ogo
gobooooodo, boooboooooooobo, O
goooooo, booooboo, ogoo, boog,
gooooo, oobooo—-ooobooooobooo
goboooooooobo, obooooooobooo
gooodoo, oobooobooobooooobooo
goboooooooobooobooo. oo, booo
gobooooooooooooboooooog.

o o0 0 O

Underground water reservoir
(Ghyben-Herzberg lenz)

— OMPa

Bulk density 1.7 g/cm?, Bubble ~30%
Melt: H20 ~1 wt.%, CO2 ~0 wt.%, S ~0.05 wt.%

{F H20 and S exsolution and crystallization

Bulk density 2.5 g/cm3, Bubble ~3%
Melt: H20=1.9 wt.%, C02=0.01 wt.%, S=0.12 wt.%

— 20 MPa

— 60 MPa

Bulk density 2.6 g/cm?, Bubble ~0.5%
Melt: H20=1.9 wt.%, C02=0.04 wt.%

— 130 MPa

CO2-rich gas exsolution

Bulk density 2.6 g/cm?, No bubble

H20=1.9 wt.%, CO2=0.1 wt.%, S=0.12 (-0.19?) wt.% — 250 MPa

Schematic magmatic process of Miyakejima volcano (after Saito et al., 2002).
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