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Summary

This document reports the results from a comprehensive five-year research study entitled
“Development of quantitative detection techniques of magma activity and improvement of evaluation
of volcanic activity level,” conducted from April 2006 to March 2011. The results are divided into two
chapters.

Chapter 1, “Evaluation of volcanic activity level from geodetic observations,” reports on a study of
quantitative monitoring of magma based on precise geodetic observations around active volcanoes.

Deformation of a volcanic edifice provides a good indication of the state of the underlying magma
body. Quantitative modeling of the deformation, using an underground structure or a pressure source
of not simple shape, requires numerical methods like the finite element method (FEM). Elastic
constants such as rigidity vary from place to place in the earth, strongly affecting the surface
deformation of a volcano. We investigated the deformation expected given the underground structure
of Izu-Oshima volcano. We also modeled the case in which the pressure source was not a sphere but an
ellipsoid flattened vertically or horizontally, and estimated the possibility of detecting the resulting
differences in volcanic deformation from geodetic data. =~ We carried out geodetic observations using
GPS, electronic distance measuring (EDM) instruments, and tilt measurements in a network on the
summit area of Izu-Oshima. Our results showed that the volcano displayed continuous long-term
inflation modulated by repeated short-term cycles of deflation and inflation. The data enabled us to
make quantitative estimates of the pressure source for this deformation including its position, depth
and volume change. We also conducted a precise gravity survey and evaluated the secular variation of
gravity at each measurement site. The maximum variation was found at a site on the north side of the
caldera, and the source of the gravity variation appeared to be near the source of the volcanic
deformation, although the volumes of magma accumulation estimated from deformation data and
from gravity data were not identical.

We also sought to measure deformation of a large number of Japanese volcanoes, as well as a few
volcanoes outside Japan, using synthetic aperture radar (SAR) interferometry from data collected by
the ALOS satellite. We successfully detected the deformation caused by volcanic activity in about 10 of
these volcanoes. Analysis of SAR data revealed the appearance and accumulation of lava in the
summit crater during the January 2011 eruption of Shinmoedake, in the Kirishimayama volcano
group.

At Asamayama we conducted GPS observations and EDM measurements, demonstrating that the
volcano had inflated and then deflated, coinciding with volcanic activity at a deep location beneath the
western flank and a shallow location just beneath the summit crater.

Chapter 2, “Evaluation of volcanic activity based on scenarios of magma ascent,” reports on a
study on evaluating volcanic activity based on the time history of deformation caused by the
accumulation and ascent of magma.

Buoyancy, derived from the density difference between magma and the surrounding crust, is the



primary driver of the ascent of magma. In a theoretical calculation of magma ascent by buoyancy
resulting from a growth of gas bubbles in magma, we found that the speed of ascent could range
widely depending on the volatile concentration in magma, physical properties of magma such as
viscosity and boundary conditions such as the width of dikes.

To construct magma ascent scenarios, we used geodetic data from various volcanoes in Japan and
summarized their respective pressure sources in terms of depth, volume change and other features.
The volume changes and the rates of volume change both had a very wide range. Events with high
volume change rates appeared to be magma intrusion events in many cases. Rates of volume change
were strongly correlated with seismicity of volcano. To aid in evaluating activity in volcanoes for which
few historical data are available, we created general scenarios about how volcanic deformation would
develop during the progress of typical eruption cycles, summarizing what anomalies could be detected
during each stage of activity.

In the Kirishimayama group, GPS observations revealed the sequence of ground deformation
preceding the 2011 Shinmoedake eruption. We used these data to model pressure sources just below
the summit crater and in an area northwest of Shinmoedake.

In addition to being influenced by magmatic factors and boundary conditions, magma ascent is
also greatly affected by the density structure of the surrounding crust. We determined the density
structure under the volcanoes in the Kirishimayama group, including Shinmoedake, on the basis of a
gravity survey.

The software package MaGCAP-V was enhanced and improved as a tool supporting evaluation of
volcano activity. MaGCAP-V can now estimate pressure sources with ellipsoidal shapes, analyze
gravity changes caused by magma accumulation, conduct analyses of EDM and SAR data, and

automatically analyze and display the temporal variation of pressure sources.





