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Fig.1 Stratigraphic relation of geologic units of the Unzen Volcano. Numerals are
age (ka : kiloyear, ¢ : radiocarbon age, f : fission-track age, other: K-Ar age), L : lava,
PF : pyroclastic flow deposit, DA : debris avalanche deposit. Stipled units are derived
from other volcanoes.
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Table 1  Chemical compositions of representative rocks of Unzen Volcano.  Analyst : Y. Kawanabe.

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO2 6264 6107 6509 6068 6273 6331 5874  66.61 6487 6685 6295 5744  66.61 65.16
TiOz 0.75 0.81 0.64 0.77 0.79 0.75 0.82 0.59 0.64 0.57 0.85 0.99 0.60 0.63
AbRO3  16.61 1591 15.80 1696 16.07 1600 1549 1528 1580 1516 1583 1694 1547 15.89
Fe203 5.98 6.59 491 6.35 5.86 5.52 776 4.63 494 426 5.80 730 426 4.82
MnO 0.12 0.12 0.10 0.12 0.11 0.11 0.13 0.09 0.10 0.09 0.10 0.13 0.09 0.10
MgO 275 3.53 2.49 3.56 3.42 2.90 4.70 2.01 2.60 1.90 2.57 445 2.14 2.16
CaO 5.28 6.34 4.68 591 5.30 5.52 7.15 4.47 4.66 4.43 5.61 7.40 4.69 5.03
Na20 3.36 331 3.55 344 3.30 3.51 3.19 3.54 3.65 3.80 3.64 342 372 371
K20 2.30 2.15 2.56 202 227 220 1.84 2.66 2.56 2.79 241 171 229 234
P20s 0.20 0.17 0.18 0.18 0.15 0.18 0.18 0.13 0.17 0.16 0.22 021 0.14 0.16
Total  100.00  100.00 10000 10000 10000 10000 10000 10000  100.00  100.00  100.00  100.00  100.00  100.00

1. &IRALXIL, %&f. Old Unzen Volcano. 8. EREXIUMAEILSE. Inaoyama Lava.

2. EHIEMAXIL, FFEE. Old Unzen Volcano. 9. EREXIUBARXBFHERY. Kureishibaru PF.

3. EIRAKILAYE) | KFEHHERY. Iwarego PF. 10. ElkILEEIL#EE.  Shichimenzan Lava.

4. FFEHEXILB AT ABGHERS. Yugawachi PR, 11. EREKIUEREITEAE. Fugendake-Sanchd Lava.

5. BFEKILEEYEE. Nodake Lava. 12. EREXIUEPEAE. Furuyake Lava(1663).

6. #WREXILEXIE. Mydkendake Volcano. 13, EREXILFHEAE. Shin'yake Lava(1792).

7. BREXILI—FRXHEHHERY. Ipponmatsu PF. 14, ¥REKIL1991.524: KB HER Y D AR A BH.

PF : pyroclastic flow deposit
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Fig.2  Initiation mechanisms of pyroclastic flow on June 8, 1991 (Takarada et al.,1993). (a) landslide triggered the collapse of lava dome,

(b) explosion due to sudden pressure reduction, (c) pyroclastic flow generated by broken up materials of lava dome and basement(Kazaana Lava).
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Fig.3 Outline of lava dome. Large and small numbers show the eruption
center and the distribution of each lava dome or lobe respectively (by S. Suto).
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The Geology of Unzen Volcano

Unzen volcano, located in the Shimabara Peninsula of central
Kyushu, is one of the most active volcanoes within Japan. The
products of Unzen volcano is dominated by many lava domes,
thick lava flows and pyroclastics of andesite to dacite in compo-
sition, and cover a wide area, spanning about 20km east to west
and 25km north to south. All of the lavas and pyroclastics
are characterized by the presence of hornblende phenocrysts.
Unzen volcano is subdivided into two stratigraphic groups,
i.e., the Older Unzen volcano and the Younger Unzen volcano.
The Older Unzen volcano is composed of several dissected
volcanoes of hornblende andesite. These volcanoes become
active about 0.5 Ma ago and continued to be active until 0.17 Ma
ago. The Younger Unzen volcano becomes active about 80 ka
ago. The latter volcano, with its well-preserved topography,
has been subdivided into four volcanoes, i.e., Nodake volcano,
Myokendake volcano, Fugendake volcano and Mayuyama
volcano (see Fig.1).

Nodake volcano, developed to the south of Myokendake
volcano, consists of the remains of a large composite lava cone
together with a pyroclastic flow deposit and a debris avalanche
deposit at the southern base of the volcano. The north-eastern
part of this cone probably collapsed prior to the formation
of the Myokendake volcano.

Myokendake volcano is comprised of a main volcanic

edifice, pyroclastic flow deposits at the northern base of

the volcano and a debris avalanche deposit on Taruki
Daichi (Plateau). The main volcanic edifice has a concave
erosion scar approximately 1.5km in diameter. Myoken Dake
and Kunimi Dake, distingwishable peaks on the rim of
the scar, are ruins of a composite lava cone of hornblende
andesite.

Volcanic activity associated Fugendake volcano commenced
after the collapse of the Myokendake peak. Fugendake volcano
consists of lava flows/domes, pyroclastic flow deposits and
debris avalanche deposits. Lavas were deposited not only within,
but also external to, of Myokendake.

Mayuyama volcano is a composite lava dome of Shichimenzan
and Tenguyama. The age of this volcano is estimated at about
4 ka by age determinations. The Mutsugi pyroclastic flow
deposit was probably formed by the collapse of Shichimen
Zan(Mountain).

The 1663-64 and 1792 eruptions of Fugendake have been
described in historical documents. During the eruption of 1663,
a mud flow overwhelmed the residential area of Antoku,
downstream of the Mizunashi Gawa(River) and killed more than
30 people. In 1664 a new lava, the Furuyake Lava, flowed out
from the northern foot of Fugen Dake. In 1792, an eruption
occurred on the summit of Fugen Dake and a new lava,
Shin'yake lava flowed from the northern base of Myokendake
volcano. During the last stages of the 1792 eruption, the eastern
half of Tengu Yama(Mountain) collapsed following severe
earthquakes to form a large-scale debris avalanche which
rushed into Shimabara Wan(Bay). Large tsunamis formed
within Shimabara Wan and the Ariake Kai(Sea). About 15,000
people were killed as a result of the volcano collapse and
subsequent tsunami. This catastorophe is the biggest volcanic
disaster on record in Japan.

Recent eruptions of Fugendake volcano commenced on No-
vember 17, 1990. Two new vents, Jigokuato and Kujukushima
craters, were formed by phreatic explosions in the summit
area of Fugen Dake. On February 12, 1991, a chain of vents
was newly formed by phreatomagmatic explosions slightly
west of the two vents. On May 20, 1991, a new lava dome
appeared at the bottom of Jigokuato crater after a series of
earthquakes. On June 3 and 8, 1991, larger block-and-ash
flows were generated by the collapse of the growing dome.
The pyroclastic flows on June 3 and 8 reached distance of 4.5 km
and 5.5 km from the dome, respectively. During the dome
collapse of June 3, 43 people were killed or made missing
in the local residential area as a result of the pyroclastic
surge which accompanied since the main body of pyroclastic
flow. New lava domes have since been formed after the dome
collapse. As of July 1994, the No. 13 lava lobe, the newest
lava lobe, is still growing.

Monitoring and observation of Fugendake volcano, including
geodetic monitoring by EDM or GPS, seismological
observations, geomagnetic observations, and geochemical
studies, are currently underway by some Government Offices
including the Shimabara Earthquake and Volcano Observatory,
the Unzendake Weather Station, and the Geological Survey
of Japan.
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