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Relationship between volcanic activity and chemical and isotopic compositions of therma

waters in Tokachidake, Japan
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Resistivity structure around the Aira caldera
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The fourth round of repetitive seismic experiment in Sakurajima Volcano
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Three dimensional resistivity structure of Kirishima volcanoes inferred from anomalous

magnetotelluric data
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Broad-band magnetotelluric (MT) measurements were conducted on 2010?2011 around Shinmoe-dake volcano in the Kirishir
volcanic group, Japan, where sub-Plinian eruptions took place three times on 26?27 January 2011. Combining with the previol
MT data, it is found that the anomalous phase in excess of 90 degree is commonly observed at the northern part of the Kirishim
volcanic group. Because the anomalous phase is not explained by 1-D or 2-D structure with isotropic resistivity blocks, 3-D
inversions were conducted. By applying the small error bars on anomalous phase, we successfully estimated a 3-D resistivi
structure that explains not only the usual data but also the anomalous phase data. The final model shows a eastward inclin
and clockwise twisted pillar-like conductor that connects a deep-seated conductive body (at a depth greater than 10 km) to
shallow conductive layer at the central part of Kirishima volcanoes. By using the geophysical and petrological studies of the
2011 sub-Plinian eruptions, we infer that the pillar-like conductor represent the zone of hydrothermal aqueous fluids over 400 C
in which a magma pathway (interconnected melt) is partly and occasionally formed before magmatic eruptions. To the north o
the deep conductor, earthquake swarms occurred on 1968?69, suggesting that these earthquakes were caused by volcanic flu
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Imaging of the inner structure of a lava dome in Unzen, Japan and a shallow conduit ir

Stromboli, Italy
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Development of a multifold segmented muon detection system to improve the maximurn

resolvable distance of muography
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In order to perform cosmic-ray muon radiography to image a volcano with a thickness of more than 1 km, a detector with a

large active area is necessary to collect the sufficient number of muon events since the penetration flux of cosmic-ray muons
reduced steeply as a function of the thickness of the target of which the muon traverses. However, the size of the active area
not a unique factor to improve the measurement. The signal-to-noise (S/N) ratio also decreases seriously as the size of the tar
becomes larger, and thus the density distribution cannot be accurately measured. The background (BG) noise that reduces
S/N ratio mainly consists of the fake tracks that are generated by the accidental coincidence of the vertical electromagnetic (EM
shower particles. In order to solve this problem, we developed a novel muon detection system that consists of many layers c
position sensitive detectors (PSDs) in conjunction with a new analysis method to effectively reduce the BG noise. In this method
the EM shower-originated fake tracks are rejected by requesting a linear trajectory for a muon event (linear cut method) since vel
tical EM showers randomly hit each PSD layer and make a non-linear trajectory in the detection system. The developed detectic
system was tested by imaging the internal density structure (the spatial distribution of the density) of Usu volcano, Hokkaido,
Japan. In this measurement, we used a muon detection system that consists of 7 layers of PSDs. One PSD layexc@msists of
y- arrays of scintillator strips to make an active area of 1.2 with a segmented area of 10x10 trithe angular resolution is +/-
3 degrees. The measurement duration was 1977 hours (82 days and 9 hours). This measurement yielded the following results: (
by analyzing the region that has a thickness of more than 1000 m, we confirmed that our detection system is sensitive to a densi
variation of 10% in 1300-m rock; and (B) we found that there are high- and low-density anomalies beneath between Oo-Usu an
Usu-Shinzan, which is consistent with the magma intrusion and the resultant fault generation suggested by Yokoyama and Seir
(2000) and Ogawa et al. (1998).
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3D imaging of the internal density structures of volcanoes by a combination of gravity

and muon radiograpy

o000 *0o000Y%Yooooohoooo?oooot,oooo?
Ryuichi Nishiyama*, Yoshiyuki Tanaka, Shuhei Okubb, Hiromitsu Oshim3, Hiroyuki Tanaka, Tokumitsu Maekaw

l000000000,?20000000000000000000000000000000000d
IEarthquake Research Institute, The University of Toldsu Volcano Observatory, Graduate School of Science, Hokkaido
University

We have developed an integrated processing of gravity anomaly and muon radiography (muography) data for determining th
3D density structures of volcanoes with high spatial resolutions (100 - 200 m). In this report, we describe the method and the
case study at Showa-Shinzan Lava Dome at eastern foot of Usu volcano, Hokkaido, Japan. We focus on the resolution test usi
a checkerboard model to show that muography data is helpful in gravity data interpretation.

Muography is a recently developed inspection method and is based on measuring the absorption of cosmic-ray muons insic
matter. From attenuation of muon flux, one can determine the amount of matter, which is given by density-length (density times
length), present along muon trajectories. Forward modeling is made by supposing the region of our interest which is subdivide
into several voxels with unknown density parameters. Then, both gravity anomaly and density-length data can be written as lines
combinations of the unknown parameters. The observation equation is solved by using Tarantola’s [1987] probabilistic approact
in which an initial guess density and a correlation length are given as a priori information.

To verify the performance of our method, we performed a resolution test using a checker-board density model superimpose
on the shape of Showa-Shinzan. We compared the models reproduced from the following data sets: (a) gravity anomaly data onl
(b) gravity anomaly data and muography data. The result of the case (b) is better than that of the case (a), which ensures th
muography data constrains the solution well and is helpful in gravity interpretation. In the case (b), the horizontal and vertical
resolutions are better than 200 m and 100 m, respectively.

Showa-Shinzan, a target volcano in our case study, was formed at eastern foot of Usu volcano in the 1943-45 Usu eruptiol
We applied our method to the gravity data at 30 stations on/around the dome and the muography data reported by Tanaka et
[2007]. The results show that the western part, where the dome exists, has higher de@dtgicc) than the eastern part of the
uplifted plateau £ 2.0 g/cc). Inside the dome, we find significant density variation, characterized by two high density anomalies.
One high density anomaly (2.4 - 2.8 g/cc) is located below the dome and is considered to be the lava stuck in the conduit. Wi
conclude from this that the diameter of the conduit is about 200 m. The other dense anomaly (2.4 - 3.0 g/cc) is near the surfac
and is considered to be the solidified lava which was uplifted significantly at the last stage of the eruption.
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Correration between crystal size and chemical compositions; the effect of fluctuation of

degree of supersaturation
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The plagioclase microlite sometimes show positive correlation between their size and chemical composition of core as show
by some studies (e.g. Noguchi et al., 2006, 2008). We analyze crystal size and An# (Ca / Ca + Na) of plagioclase microlites witcl
were ejected by Shinmoe-dake 2011 eruption. Crystal size is positively correlated with An#. An# of microlites range in 0.65 -
0.57, for the smallest size (10 um) and increase with size converging to 0.65 for the largest size. They are distributed within uppe
and lower bounds. This correlation can be explain the continuous nucleation and growth process including the evolution of mel
composition, namely high and low An# evolution series.

In order to quantitatively interpret this correlation, we develop a simple model. We assume that growing surfaces of nucleatec
crystals are in local equilibrium with adjacent melt in their compositions, namely the effective partial coefficient is defined. We
calculate An# with software package Rhyolite-MELTS (Gualda et al., 2012). We denote the rate of nucleation and crystal growth,
as J [m3s~1] and G [ms!] respectively. In the case that rate of crystallizing change P is constant, if we set J as constant, G
is automatically calculated, because G depends on the total crystal surface area S and P = SG. In our calculation, G is decrez
with time, because surface area is increasing. Crystals that nucleate at earlier stage grow by large G. We calculate final cryst
size distribution and An# with as a varying parameter J.

The correlation between crystal size and An# become tight with increasing J, and round with decreasing J. When J is higr
crystals mostly crystallize at early stage and later growth is few. When J is low, crystals grow later stage. High An# evolution
series can be explain cooled at high J, and low An# evolution series can be explain cooled at low J condition. As a result o
simulation, it is found that a relatively higher value of J and vice versa, corresponds to low An# evolution series in size vs. An#
trends.
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Precursory activity and evolution of the 2011 eruption of Shinmoe-dake in Kirishima

volcano-insights from ash samples
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After a precursory phreatic stage (2008 to 2010), the 2011 Shinmoe-dake eruption entered a phreatomagmatic stage on Jz
uary 19, a sub-Plinian and lava accumulation stage at the end of January, a vulcanian stage in February-April, and a secol
phreatomagmatic stage in June-August. We examined ash samples from all the stages (Suzuki et al., in review for EPS, as
February, 2013). Component ratio, bulk composition, and particle size of the samples helped us define the eruptive stages. Tl
juvenile particles were first found in the January 19 sample as pumice (8 vol%) and were consistently present as scoria an
pumice particles thereafter (generally -50 vol%, decreasing in weaker events). The January 19 pumice has water-quench textu
After the lava accumulation, particles of that lava origin came to account for 30-70 vol% of the ash. The second phreatomag
matic stage is proposed because of fine ash and long eruption period. The SiO2 contents of bulk ash are lower in post-Janue
19, 2011 eruptions, reflecting lower average SiO2 contents in 2011 ejecta than in past ejecta. The free-crystal assemblages w
two pyroxenes + plagioclase + Fe-Ti oxides until 2010; olivine joined the assemblage in 2011, when juvenile ash was erupted
This change is consistent with the absence or smaller sizes of olivine phenocrysts in past ejecta forming the volcanic edifice.

Aside from these scientific results, we also emphasize the importance of continuous observation of ash samples, for monito
ing ongoing eruptive activity and forecasting activity change. As far as we know, ash characterization was the only method whict
detected the change of eruptive activity before the sub-Plinian event in the 2011 eruption; first detection of juvenile material in
the January 19 sample showed that magma was rising to shallow depth. The continuous ash sample observation starting fron
period of low activity (August 2008-June 2010 in the Shimoe-dake 2011 case) helps us detect appearance of juvenile material.

oo000:000,000,00000000,000,0000
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Historic records of Vulcanian eruption during 1800-1804 activity of Chokai volcano
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Eruption scenario of Usu volcano, Japan
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On the volcanic risk to the Chisong nuclear power plant in China by probable eruption of
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Vertical ground deformation in and around Sakurajima volcano measured by precise lev

eling survey (until Dec. 2012)
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Temporal variation of HCI/S@ratios in the volcanic plumes of Showa and Minamidake

craters, Sakurajima volcano
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After the reactivation of Showa crater at Sakurajima volcano in June 2006, the volcano has been emitting volcanic gas fron
two craters, Minamidake and Showa craters. Due to the difficulty of volcanic gas sampling at this volcano, remote measuremer
is effective for monitoring volcanic gas composition. Notsu and Mori (2010) reported that HZH&®of the volcanic plume
of Minamidake crater was 0.24-0.48 between 1999 and 2001, This presentation will report the temporal variation of HCI/SO
ratios of volcanic plumes of the two craters observed using remote FT-IR measurements.

The observations were carried out using a FT-IR spectrometer of Air Monitoring System (MIDAC Inc.). This FT-IR spectrome-
ter equipped with a liquid Nitrogen cooled InSb detector has spectral resolution of 0/5 Armovable mirror installed in front
of the entrance window was adjusted to introduce the sunlight into the spectrometer. For the measurements, solar occultatic
method (Francigt al., 1998) using the sun as an infrared light source was used due to the lack of infrared source on the flank of
the volcano.

Since the plumes from the two craters mix as they flow, it is impossible to separately measure the,;H&lIS& for the
respective craters by measuring the plume a few km away from the volcano. In order to separately measure the ratios, plume ju
above one of the craters was aimed using the sun going down behind the crater.

The FT-IR observations revealed that two craters have different HGIf&s. The HCI/S@ ratio of Showa crater is rela-
tively stable raging 0.1-0.18 for the last three years. In contrast, the ratio of Minamidake crater varied between80.3 and
is usually higher than that of Showa crater except for the end of 2010. There is no noticeable correlation between the ratios ar
the SQ flux of the volcano. In two of the observations, we were able to separately measure the ratios of two vents in Minamidake
crater (A and B craters) and found that they also have different ratios (the ratio of A crater is higher than the ratio of B crater).
Some part of the large variation of Minamidake’s ratio may be explained by changes in relative degassing strength of the twc
vents.

goooo:ogoo,bobo,b0buod
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Shear wave splitting measurements and shallow crustal structure of Mt. Fuji region
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A sketch in a shallow part of the conduit preceding a Vulcanian eruption
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The sub-Plinian and the Vulcanian eruptions at the Shinmoe-dake volcano were preceded by inflations at shallow depths ne
the summit. The inflation-deflation cycles were also recorded during the magma-effusive stage, with a typical period of one
hour, synchronized with volcanic tremors or long-period events. Almost all Vulcanian eruptions were preceded by trapezoida
inflations, whose durations systematically lengthened as time progressed, and were followed by various time sequences of t
motions, which became increasingly more complicated throughout the frequent Vulcanian eruptions. In spite of the complicatec
time sequences of the preceding inflations, we have found clear linearity with a constant gradient of 0.45 between the logarithr
of the preceding durations versus elapsed time for each sub-stage.

During the magma-effusive stage, the conduit must have been filled up by magma, which was more degassed than in the su
Plinian stage, including pores or porous structures. Therefore, it seems to be probable that certain parts of the conduit interic
were occupied by poroelastic material, and that the strength of the conduit interior was heterogeneous. The preceding inflatio
should begin at this instant, gradually increasing in proportion with pressure buildup. When the pressure exceeded a yield valu
the gas pocket area should be deformed plastically, causing a slight leakage of volcanic gas to the upper side in the conduit, al
creating a volcanic glow and a slight deflation and/or a phreatomagmatic eruption. On the contrary, the lower side of the ga:
pocket area acted as a porous media, defusing the high-pressured gas to the deeper part in the conduit. This caused the deepe
of the centroidal source depth approaching the eruption. During this time, the pressure confined in a closed strong magma fran
must increase without any dynamic affect on the outside. Assuming that a Vulcanian eruption is induced by a catastrophic ruptur
of the closed magma frame in a conduit due to magma degassing overpressure, the clear linear relation could be interpreted tt
the degassing from the magma in the conduit declines exponentially with time. In conclusion, the observations can be consistent
explained based on the assumption that a Vulcanian eruption is induced by a catastrophic rupture of the closed magma frame d
to overpressure caused by magma degassing, and the degassing from magma declines exponentially with time. To sum up 1
above discussion, we propose a sketch in a shallow part of a conduit preceding a Vulcanian eruption.

gogoob:0oboboooo,bboo,obbboooda
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Tilt motion and volcanic tremor during lava-effusive stage in the 2011 Shinome-dake
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The climactic phase of the 2011 eruption of Shinmoe-dake is characterized by sub-Plinian eruptions (Jan 26-27) and lav
accumulation in the crater (Jan 28-31), both of which accompanied vulcanian eruptions (Nakada et al., in review). Referring
real-time observatory data on crater image, tremor and infrasound (Ichihara et al., in review) and tilt variation (e.g. Kozono et
al., in review), a geological study (Maeno et al., in review) showed three sub-Plinian events (26PM, 27AM and 27PM, the most
intense phase of each lasted 2.5-1.7 hours) occurred every 12 hours with a decrease of erupted magma volume and with a cons
mass discharge rate.

This study reveals evolution of conduit flow through the climactic phase, by combining, a) records in groundmass microlite
and vesicle textures and b) the above-mentioned, time-resolved observatory results. Based on a petrological result (Suzuki
al., in review JVGR), we judge that variable groundmass textures among the samples reflect different conditions in syneruptive
magma ascent, not different characteristics of the magma at the reservoir. Although most ejecta (gray and brown ones as
pumice clasts) are products of magma mixing that resulted from syneruptive injection of basaltic andesite magma into a silicic
andesite magma reservoir, the mixed magmas were homogeneous in the reservoir owing to constant mixing ratios (SiO2 57-&
wt.%, 30vol. % phenocrysts, 960-980C, 4wt. % H20).

The volcanological questions we would like to address after we reveal evolution of conduit flow through the climax phase
are, 1) mechanisms that led to the cyclic sub-Plinian eruptions, including the triggering processes of each event, 2) timing an
conditions of syneruptive magma ascent that are responsible for shifting eruption intensity and eruption style (explosive anc
effusive). We expect this groundmass textural study also helps us newly define a boundary between the 26PM and 27AM pumic
deposits. The corresponding deposit exhibits reverse and normal gradings, as if it was generated in a single event (Maeno et
in review; Nakada et al., in review). Regardless of that, the groundmass textures of the samples may record waxing and wanir
phases of conduit magma flow in each sub-Plinian event.

goooo:ggo,0bob,00ooooo, bbb, 0oooo,oooo
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Characteristics of grain composition of volcanic ash from each eruptive style
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Measurements of Diffuse Carbon Dioxide Flux around the Summit of Asama Volcano
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Carbon dioxide is one of the volatile species which exsolves in the early stage of magma degassing ., Slik G@a-
surements have been conducted at many volcanoes to understand magma degassing conditions and to catch primitive sigr
of volcanic activities. For example, an increase of ({Dx was observed as a precursor of the 2000 eruption at Usu volcano,
Japan, followed by a sudden decrease in the flux (Hernandez et al., 2001). Asama volcano is one of the most active volcanoes
Japan with recent eruptions in 2004, 2008 and 2009. We here report results of the first diffuBexd@easurements at Asama
volcano.

The measurements were carried out at 40 sites in the Maekake-yama crater on 26th October, 2012. The data were obtain
by the accumulation chamber method using portable flux meter (West Systems, Inc.). The results showed that thélswil CO
values were in the background levet10 g nT2 d—1) in the western half of Maekake-yama crater including western flank
of Kama-yama cone. In contrast, the east side of the Kama-yama cone had the fluxes more than severattehs' gvith
the highest value of 296 g nd d—!. This high soil CQ flux area corresponds to the shallower highest conductive subsurface
zone spreading beneath the eastern flank of Kama-yama cone (Aizawa et al., 2008). They interpreted this conductive zone
a hydrothermal system. Since the high flux area does not show any fumarolic activities or thermal anomalies, vapor in the hy
drothermal fluid is probably condensing at subsurface and only dry residual gases includiage®manating from the area.
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Preliminary report of wide band MT survey in the summit area of Mt. Asama, Japan
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We conducted MT and AMT surveys in the summit area of Mt. Asama in September 2012 in order to elucidate the shallow
structure beneath the crater summit including its conduit. The electromagnetic measurements were performed at 27 sites, tl
spacing of which is as short as about several hundred meters to detect the highly resolved structure.

The AMT measurements were conducted at all the 27 sites for several hours, and MT measurements were conducted at 9 si
for several days. The five-component MT and AMT data were collected using the Phoenix MTU system and the Metronix ADU
system. However only telluric measurments were carried out at some sites because the summit area is very rocky and the surfe
is too hard to dig halls and install large magnetic sensors.

By estimating MT impedance tensors at some sites, the following facts were found:

1) At higher frequency as several hundred Hz, the sites at eastern side of the crater show low apparent resistivity as sever
ohm-m, while other sites show higher apparent resistivity beyond 100 ohm-m.

2) Low resistivity parts move to the center of the summit at middle range of frequency as 1 Hz, although the data error is
relatively large due to the dead band of the EM source.

3) The center and western parts of the summit show the low apparent resistivity at lower frequency as 0.01 Hz.

The preliminary results will be shown in this presentation.
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Velocity structure beneath the Aira caldera in southern Kyushu
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Associated with the Philippine Sea plate subduction, a nearly straight chain of active Quaternary volcanism runs almost paralle
to Nankai Trough in the central part of southern Kyushu. In this region, there are four large calderas: the Kakuto, the Aira, the
Ata and the Kikai calderas.

We applied the tomography method with a fine grid configuration to the P- and S-wave arrival times of 829 local earthquakes
well observed at 101 stations in central and southern Kyushu, and revealed the detailed three-dimensional seismic veloci
structure of the crust, especially the region beneath the Aira caldera.

In a shallow range from 0 to 10 km depth, low velocity zones (LVZs) are found in the eastern part of Kyushu, where
basement rocks are made up of uplifted sedimentary marine terraces (Nakada et al., 2002). The LVZs are also distributed alot
the volcanic front between Kirishima volcano to Kaimon volcano. Meanwhile, the hypocenters occurred in the inland area are
obviously concentrated in regions with a relatively higher velocity and a low Poisson’s ratio at a depth of 10 km.

At 20 km depth, the most interesting feature is that a distinctly high Poisson’s ratio zone is located exactly beneath the Aire
caldera. This compacted zone also extends southward and connects the Aira caldera with the Ata caldera.

At 30 km depth, a small zone with high Poisson’s ratio appears to remain beneath the Aira caldera. This small zone is assume
to be a portion of the distinctly high zone at 20 km depth. We also found that the velocity distribution in the western region
(Satsuma Peninsula) is quite different from that in the eastern region (Ohsumi Peninsula): the western region is characterized |
high P- and S-wave velocities, while the eastern region is characterized by the low velocities.

The anomaly with a very high Poisson’s ratio at 20 km depth beneath the Aira caldera possibly suggests the presence of parti
melts and the source of volcanism in the area. Itis also found that LF earthquakes occur in the lower crust in and around the Air
caldera. A deeper part of the focal zone of these LF earthquakes appears to overlap the high Poisson’s ratio zone observed at
km depth. These facts lead us to postulate that magma penetrating into the crust from the upper-most mantle may construct t
high Poisson’s ratio zone at about 30 km depth, and move upwards through the LF focal zone, and finally be stored at about 2
km depth.

Ishihara (1990) described the magma supply system of Sakurajima volcano wherein one magma reservoir is located at abou
km depth just beneath Sakurajima volcano and another at 8 to 10 km depth beneath the Aira caldera. Although space resolution
our tomography is insufficient to distinguish these magma reservoirs in the upper-most crust, our result puts forward a possibility
of the deeper magma reservoir supplying two shallow magma reservoirs previously found.
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Active monitoring by using ACROSS in Sakurajima volcano - observation report 2 -
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In March, 2012, we installed the ACROSS (Accurately Controlled Routinely Operated Signal System) composed of two
vibrators at the western foot of active Sakurajima volcano (Yamaoka et al., 2012).

The first test operation was carried out during a period from June 12th from September 17th, 2012. The objectives of
this operation were to construct the remote monitoring and control manipulation system, and to ascertain whether the seismi
stations, belonging to JMA, Hinet, Kyoto Univ. and Kagoshima Univ., located in and around Sakurajima volcano could detect the
ACROSS signals. We configured one vibrator with a constant signal frequency of 10.01Hz and the other with a signal frequenc
range of 12.50Hz +/- 2.50Hz in a linear sweep interval of 50 sec. We found that the signals successfully propagated throug
the volcanic area: the transfer functions at the seismic stations located in Sakurajima island can be clearly estimated by stackir
seismic data during three to five days. On the other hand, the stations around the Aira caldera need to the seven days stacked ¢
to obtain the transfer functions.

On September 19th, we have started the second test operation under synchronized control of two vibrators: one vibrator wit
a signal frequency range of 7.510Hz +/- 2.50Hz and the other with the range of 12.505Hz +/- 2.50Hz. We also deployed fout
temporary seismic stations so as to surround the summits of Sakurajima volcano. Our purposes in this operation were to estime
a transfer function in a wide signal range from 5Hz to 15Hz at each station, and to detect temporal change of the function.

At first, we estimated the daily transfer functions for each station by every 5 days stacked data during a whole period of
the operation. We simply calculate the mean transfer function for each station from the estimated daily transfer functions, an
evaluated the difference (DTF) between the mean transfer function and the daily transfer functions. The DTF in the early par
of the daily transfer function, which is corresponding to P wave arrivals, is found to be generally small. On the other hand, the
DTF in the later phases is large. We also found that the DFT at some stations clearly and temporally changes. We supposed tf
the phases with a large DTF possibly indicate the temporal change of the transfer function. To verify the temporal change, we
evaluated the travel time change of the phases with a large DTF by applying the cross-correlation procedure. In the presentatio
we will report the observation results in detail.
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Precursory eruptions of the 2011 Shinmoedake eruptions, Kirishima volcanoes
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Three-dimensional electrical resistivity structure around Hakone volcano, Japan
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