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Abstract

In the recent past, no large-scale eruptions have been observed in Japan or overseas, and
there is little knowledge of eruption mechanisms, precursor activities, magmatic processes, etc., and
little knowledge of subsurface structural exploration beneath submerged calderas, etc. Therefore, we
have not yet provided concrete criteria for evaluating eruptive activity. In this study, by accumulating
knowledge on the preparation and onset processes leading up to past large-scale eruptions, such as
pre-caldera activity and time-spatial development processes of magma supply systems, we evaluated
the long-term activities of past caldera volcanoes. Furthermore, we accumulated knowledge on
magmatic and volcanic activities such as subsurface structure and crustal deformation in active
caldera volcanoes. Based on the obtained knowledge, we proposed a model scenario of the eruption
preparation process of caldera volcanoes, items to observe in volcanic activities, and the relationship
between them. As a model scenario, the common magmatic process model for a caldera in a cycle,
such as going from one caldera eruption to the next, is the formation of a large magma reservoir
(roof depth ~4-7 km) in the shallow crust. The formation of such magma reservoirs requires a time
scale of at least a few hundred to a thousand years, and eruptive activity decreases during magma
accumulation. Although it is a precondition that the subsurface structure beneath the caldera is
available as an item when observing volcanic activities, a reflection survey using synthetic
earthquakes has shown that it can be a new observation item because it has the potential to detect
changes in physical properties within the low-velocity region as well as to identify seismic waves in
the upper surface of the low-velocity region of the subsurface. It is important to understand the
subsurface structure of a caldera volcano in order to assess the current status of the volcano, and we
have shown that even for a caldera volcano where most of the caldera is underwater, a land-based
broadband Magnetotelluric survey can estimate the subsurface structure to a depth of 4-10 km in a
shorter time than a seismic survey. Although it is necessary to consider the existence of a post-
caldera volcanic magma supply system in caldera volcanoes, we proposed to assess the current status

by combining the model scenarios of the eruption preparation process of caldera volcanoes with the



subsurface structure around the caldera volcano.

As for the ash fall process, we obtained the optimal method for investigating the amount
of ash fall due to past volcanic eruptions and the optimal method for estimating the Total Grain Size
Distribution value to be set in the ash fall simulation through geological surveys. In addition, the
concentration of pyroclastic material in the air at the time of ashfall was obtained through direct
observation of ash fall caused by volcanic eruptions.

In this study, the accumulation of knowledge of past large-scale eruptions was conducted
by Advanced Industrial Science and Technology under the auspices of the NRA. The accumulation
of knowledge of active caldera volcanoes was conducted by Kyoto University and Advanced
Industrial Science and Technology under the auspices of the NRA. Accumulating knowledge of Akan
caldera was performed under a multilateral agreement of the joint research project with Ibaraki
University. Accumulating knowledge of Towada caldera was performed under a multilateral
agreement of the joint research project with Tohoku University. U-Th dating was done under a
multilateral agreement of the joint research project with the University of Tokyo. Observation of the
concentration of pyroclastic material in the air at the time of ashfall was done under a multilateral
agreement of the joint research project with Kyoto University and Advanced Industrial Science and

Technology.
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3 2.2 BEPKELES 5
Table 2.2 Ash fall observation results.

B R EFFE) BREE THETEE [KTRUREE BHEMLUREE gL
Case No. B Ik By HiER
sec g/m? m/sec g/m mm
1 300 6.1 1.3 0.01 0.01 0.5 0.3
2 660 39.2 1.3 0.05 0.02 0.5 0.5
3 60 2.4 1.5 0.03 - 0.5 0.2
4 240 33.9 2.0 0.07 - 0.5 0.5
5 1380 22.4 1.1 0.01 0.02 0.5 0.3
6 1140 35.0 1.3 0.02 0.06 0.5 0.3
7 300 11.5 1.7 0.02 0.01 0.5 0.3
8 360 57.0 1.1 0.14 0.07 0.5 0.3
9 600 79.7 1.5 0.09 0.04 0.5 0.5
10 540 68. 8 1.3 0.1 0.04 0.8 0.5
11 1020 166.9 1.1 0.15 0.07 0.5 0.5
12 600 91.5 3.0 0.15 0.05 0.8 0.5
13 1140 17.4 1.3 0.01 0.01 0.5 0.3
14 660 74.3 2.2 0.05 - 0.5 0.3
15 960 1.6 2.2 0. 0036 0.0031 0.5 0.5
16 120 13.9 4.0 0.03 0.03 1.0 0.7
17 480 17. 4 2.2 0.02 0.02 0.5 0.3
18 480 20.4 1.5 0.03 0.01 0.5 0.2
19 600 51.4 1.7 0.05 0.02 0.5 0.3
20 1740 32.0 1.1 0.02 0.01 0.5 0.3
21 960 87.0 2.5 0.04 0.004 0.5 0.3
22 2940 909.0 2.5 0.12 0.02 0.5 0.3
23 3780 8074 2.2 0.97 - 0.5 0.3
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Figure 2.1 Example of fallout pyroclastic production (Ta-a).
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Figure 2.2 Relationship between distance and median grain size of Tarumae volcanic ejecta.
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Figure 2.3 Median particle size and standard deviation calculated using Voronoi method (Method
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Figure 2.4 Uncertainty over contour selection using Method Ip.
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PCt4TIEAR T / A7k (Method V) & [RIERICEHE L LIZTGSDIEDIE B> & O#iIAS & 72
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fiE) (TR0 ¢ . BEMERAES ¢, FIHICAW 3 X —DBRIROARZ = TRD LB
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mm., PCt3 : 100 cm, 50 cm, 20cm, 10cm, 1 mm, PCt4 : 20cm, 10cm, Scm, 2cm, 1

mm, PCt5: 10cm, 2cm, 1lcm, 5mm, 1 mm,
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Figure 2.5 Phase relations of caldera-forming eruptive ejecta at Towada Volcano determined by

phase equilibrium experiments.
) ERIE=E Y — N, AKIE=E Y — FLOMHBERE =T, HOEAOEBIIIY
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fm B R b L HBE SN/ 2T,

20



l Ito Examples I

ITO-D1-02 3

—Fit

43000

lTO—DZ~01_6

40000

37000 +

44000

41000

[12]

38000 -+ . ] 34000
0 20 40

Ito Quartz Timescales Ito Timescale Histogram
10000 10000

Rl :

1

1000

=)

Time scale (year)
s 8
B !
SNt
3

1 1

Rank order diagram of Ito quartz times with error bars

) [E SLATSEBR %8 vk N BE BN # & pFZE T
4 2.6 ASEBELL D RERIE L Z DI T 1 7 7 A MENTRER GG R A VT 7 A7 KR
HEFE D)
Figure 2.6 Structure of the cumulative zone of quartz mottled crystals and results of diffusion
profile analysis (example of the Aira Caldera Ito ignimbrite deposit).
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