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Crustal deformation after the eruption on January, 2011 by continuous GPS observatio

in Kirishima \Volcano
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In January, 2011, sub-Pulinian eruption occurred in Shinmoedake. Before the eruption four continuous GPS sites are operats
with one site of DPRI, Kyoto University, three GEONET and two NIED sites. Four continuous GPS sites were added to the
existing GPS network after the eruption. Two other GPS sites were settled in April, 2011. The dense GPS network is consiste
of 17 GPS sites.

The deflation source of the eruption is estimated about 7km westward from Shinmoedake with 9.3km depth. The amount o
deflation is about 24 M cubic meters. This deep deflation source seems to be magma chamber in this activity.

Length changes are calculated on several baselines. Extension rate of baseline lengths after the eruption are almost same
that before the eruption. However, there are three period of rate change, May, August and November to December, 2011. In Ma
rate of baseline occurred, whose end point is located near the deep source. In August, rate of baselines decreases to almost z
where baselines are across on the Shinmoedake. Rate of baselines also decreases to almost zero, where baselines are ove
deep source. Length of these baselines became extended in August. It seems that magma supply into the deep chamber beco
lower.

1/1



Japan Geoscience Union Meeting 2012 ~® ’
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“P““

Geoscience
Union

SVC50-02 00:104 O00:50 230 14:00-14:15

000000000 20110 1000000000000 _
Volcanic Process of the 2011 Shinmoedake Eruption inferred from Strain Data
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Surface topography change of 2011 eruption lava stored in the Sinmoedake crater depicte

by remote sensing techniques
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Characteristics of volcanic tremor in Kirishima volcano based on seismic array (2)
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Andesitic subplinian explosions were repeated at Shinmoedake, Kyushu, Japan, on 26-27 January 2011. Tephra produced frc
the explosions were transported by strong seasonal wind, and crossed over the Kyushu Island then reached Pacific Ocean.
fallout deposits were widely observed in the area of down-wind direction. We estimate tephra volume, plume height, and magm:
discharge rate of the explosions based on field data and theoretical and empirical approaches.

In general theoretical and empirical models or methods are used to study tephra dispersal and physical parameters, in whick
plenty of tephra data (mass per unit area, thickness, and clast size with distance) is required to give improved constraints on mo
eling results and to reduce uncertainties in estimates of eruption parameters and hazard. Although large-scale volcanic eruptio
have provided such opportunities to examine theoretical and empirical approaches, small-scale eruptions are often more diffict
to constrain because smaller volumes of erupted tephra tends to give only a small number of outcrops due to poor preservation
deposits. Data typically need to be collected soon after an eruption. Thus model applications to relatively small-scale eruption
have not been well studied.

The subplinian eruption that occurred at Shinmoedake volcano provides an interesting tephra dataset and an excellent oppor!
nity to examine theoretical and empirical approaches on tephra volume estimation, clast dispersion under wind effect, which ar
crucial to evaluate quantitatively tephra dispersal and resultant hazards. Tephra volume is estimated using a relationship betwe
dispersal area and thickness of tephra, or a relationship between dispersal area and mass per unit area. Bi-cubic spline interpc
tion method is also examined. Results from different methods produced similar tephra volume (11-21 miftotih® 26 pm to
27 am explosions and 2-4 millionhfior the 27 pm explosion). For plume height estimation, a classical clast dispersal model and
a predictive numerical model both using maximum clast size are applied. For all subplinian explosions, estimated plume heigh
and magma discharge rate lie on 8.5-9.5 km above sea level arRl«716° kg/s, respectively. The results are consistent with
direct and geophysical observations, and also suggest that the explosions occurred every 12 hours with similar mass dischar
rate but a decrease of erupted magma volume.
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Crustal Deformation During the 2011 Volanic Crisis of El Hierro, Canary Islands, Re-

vealed by Continuous GPS Observation
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NANDEZ, Pedro, A2, PEREZ, Nemesio RodriguézSUAREZ, Juan Manuel Povetia
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Seismo-volcnic activity of El Hierro started in the middle of July of 2011 and resulted in the active submarine eruption after
October 12 south off La Restinga, the southern tip of the island. We have been operating one continuous GPS site on the islar
since 2004. Responding to the activity, we quickly installed 5 more GPS sites. Including another site operated by the Canar
Islands Cartograhical Service (GRAFCAN) for a cartographic purpose, we have been monitoring 7 GPS sites equipped witt
dual-frequency receivers. We present the result of our crustal deformation monitoring and the magmatic activity inferred from
the deformation data. In accordance with the deformation pattern, we divide the volcanic activity in 2011 into 4 stages. The first
stage is from the middle of July to middle of September, during which steady magmatic inflation is estimated at the center of
the island. The inflated volume of the first stage is estimated to be about 1.3 X 10”7 m"3 at the depth of about 5km. The secon
stage, which continued until the first submarine eruption on October 12, is characterized by the accelerated deformation due 1
the upward as well as southward migration of magma. Additional inflation of about 2.1 x 10”7 m"3 occurred in the depth range
of 1-2km. The third stage continued for about 3 weeks after the first submarine eruption. During this stage, submarine eruptiol
continues while no significant surface deformation is observed. It is considered magma supply from a deeper magma chamb:
continued during this 3 weeks period. Therefore, the total inflation volume during the first two stages gives the minimum estimate
for the total magma volume. Since the beginning of November 2011, many GPS sites started subsiding. However, this deflatio
pattern is quite different from those in the shallow inflation stages. Horizontal deformation during this 4th stage is not significant,
implying that deflation is occurring below the moho.
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MAEHARA, Yuki!, TAKEO, Minoru'*, OHMINATO, Takad, ICHIHARA, Mie®!, OIKAWA, Jun
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LEarthquake Research Institute, University of Tokyo

Numerical simulations and experimental studies suggest that bubble formation and fragmentation in magma ascending throuc
a conduit play an important role in an explosive eruption. These phenomena should cause some kind of ground deformation:
and such observations have been reported in several volcamgedduchi et al., 2008]. In this paper, to reveal a behavior of
magma associated with an eruption, we investigate tilt motions near a summit crater during the 2011 eruption of Shinmoe-dake
Kirishima volcano. As a broadband seismometer is capable of measuring a ground tilt neogpifaizer, 2006; Aoyama
& Oshima, 2008], we obtained tilt motions from a broadband seismometer (SMN) installed at 1 km northward and a tilt-meter
(KISH) at 1.5 km NEN-ward from the crater by elimination of tidal trends and daily noises. A comparison of tilt motions obtained
from the broadband seismometer with those from tilt-meter reveals us that the broadband seismometer is available to measu
tilt motions with a period up to a few thousand seconds.

Tilt motions indicating summit-up inclines about a few thousand seconds before eruptions preceded most of explosive erup
tions, including sub-Plinian eruptions in26and 27" January and Vulcanian eruptions betweé&nahd 7" February. Any clear
distinctions, such as in precursor times and in sizes of tilt motions, have been recognized between the tilt motions preceding tf
sub-Plinian eruptions and the Vulcanian eruptions up to this time. However, we found systematic changes of the tilt ratio betweel
these two stations: the tilt ratio of the far station (KISH) to the near station (SMN) gradually increased from around 0.3 to 0.4
as the eruptions closed in, not only the sub-Plinian but also the Vulcanian eruptions. In the effusive stage, we observed period
summit-up and summit-down tilt motions with a period of about 1 hour; some parts of these periodic motions correlated with
volcanic tremors.

There are several speculative interpretations about the temporal change of the tilt ratio. If we assume the location of sourc
in the conduit and fixed source mechanism, the ratio change could be explained by the change of source depth. On the oth
hand, assuming the fixed source depth in the conduit, it could be explained by the change of source mechanisrh¥ve don
enough data to bring to an end, so hereafter we tentatively interpret these observations based on the assumption of fixed soul
mechanism. Employing an isotropic pressure source (Mogi model) as the source, the ratio change corresponds to the deepen
of source from 420 m to 140 m above sea level. The absolute values of tilt change preceding the first sub-Plinian eruption on 26
January can be explained by pressure increase of around 10 MPa assuming the source voltime dhipressure decreased
rapidly just after a small eruption which occurred about 30 min before the start of the sub-Plinian eruption. This depressurizatior
in the conduit might have triggered the fragmentation of magma in the shallow part of the conduit.
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Quantitative monitoring of magma transport process is essentially important for understanding the volcanic process and pre
diction of volcanic eruptions. To realize this monitoring, a project, an establishment of active monitoring using a vibration source
called ACROSS in Sakurajima volcano, is being underway and will be finished by the end of March 2012. In this report we
show how the ACROSS source was deployed in Sakurajima volcano, and also show the feasibility of monitoring using ACROSS
vibrator system for Sakurajima volcano in terms of detectability of signal and its temporal variation due to reasonable change
in volcanic structure. Sakurajima volcano is one of the most active volcanoes in the world, which made about 1000 explosive
eruptions in 2011, and has been intensively monitored by high-performance observation networks operated by institutions suc
as Sakurajima Volcano Research Center of DPRI, Kyoto University. Therefore, Sakurajima volcano is one of the best volcano:
as a first test site for volcano monitoring with ACROSS.

ACROSS source is deployed in the northwestern flank of the volcano at the site of former Sakurajima Clean Center. Twc
vibrators are deployed, which were originally operated as a four-vibrator system. The control-gear, that is originally designed
to operate the four-vibrator system, has been already modified for two-vibrator system and in operation at Toyohashi site. Wi
brought the system to Sakurajima volcano in order to prevent unexpected troubles. The two vibrators are firmly fixed in a base
ment, that is called a "core-coupler”, which is build with steel-beamed frame. The core-couple is cemented in the square-shape
hole with a dimension of 4.3 x 3.8m and 3m depth. As the ground of the site is not solidified well for the vibrator, twelve stakes
are driven to the depth of 5m and the centroid of the vibrator is situated at a depth of about 1.5m below the surface, that is 0.5r
deeper than that of Toyoyashi site. The vibrators can produce a sinusoidal force of about 1076 N at 15Hz, and can be reduced |
changing eccentric moment of the mass. The operation will be made with an accurately repeating sweep signals with a frequent
range of about 10-20Hz that are synchronized to GPS clock. We look for best parameters for operation when the deploymer
finished.

Before operation we simulated the wave propagation with a 3D structure model of Sakurajima volcano and assess the d¢
tectability of signal in the seismic stations in the volcano. 3D model is made based on a structure model (Miyamachi et al. 2010)
and implemented for the simulation system GEOWAVE. The attenuation is given by the analysis using the data of the explosior
experiment in 2008. The simulation shows that the maximum change in the signal can be observed at the seismic stations in tt
southeastern flank of the volcano if the magma ascent beneath the Showa or Minamidake craters. Based on the estimation of t
distance-dependent attenuation relationship by Yamaoka et al. (2011), the signal of an ACROSS vibrator can be recorded wit
a signal-to-noise ration of 10 for the whole area of Sakurajima island for the staking length of 3 months. We will, therefore, be
able to monitor the change of signal that may be correlated with long-term activation or deactivation of the Sakurajima Volcano
with ACROSS system.
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The third round of the repetitive seismic experiment in Sakurajima Volcano.
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Characterization of volcanic ash samples from Sakurajim
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In order to conduct a petrologic monitoring of ongoing eruption, a speedy and simple characterization method of volcanic ast
particle is needed. We develop a new simple system for quantitatively characterizing of volcanic ash properties that analyze
CCD camera images, and apply the method to volcanic ash samples from Showa crater of Sakurajima. Our method characte
izes volcanic ash particles by 1) apparent luminance through RGB filters and 2) irregularity of the shape of ash particles. Usin
a monochromatic CCD camera (Starshoot by Orion Co. LTD.) attached to a stereoscopic microscope, we captured images |
ash particles set on white colored paper. These images are taken through three kinds of filters (Red, Green and Blue) und
incandescent light with constant brightness. The images are analyzed by Adobe photoshop and Scion Image software. Appare
luminance of the ash particle images are represented by 256 tones for each pixel, and the average, median and standard devia
are measured for each ash particle for each filtered image in Adobe photoshop. Luminance is calibrated by taking images ¢
white and black colored paper. Binary image converted from the 256 tones through Red filter is used for the analysis of the FI
(Form Factor: 4pixA / perimeter™2; A is cross sectional area) of ash particles by Scion Image program.

To compare a result of the image analysis and a classification under stereoscopic microscope, we characterized a day (Janu
13, 2010) sample of volcanic ash from Showa crater of Sakurajima volcano. Firstly, we divide volcanic ash into 11 types of
particle under the stereoscopic microscope. Subsequently, we quantify the luminance and FF for the each type of the ash pe
ticles. The results show that the distributions of luminance and FF differ for different type of the ash particles. This suggests
that classification using luminance and FF is quite useful to quantitatively distinguish and group the volcanic ash samples, an
suitable for the petrologic monitoring of ongoing eruption.
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Vertical ground deformation in Sakurajima volcano measured by precise leveling survey:s

(during Nov. 2010 - Nov. 2011)
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Repeated aeromagnetic survey on Sakurajima Volcano(2007-2011)
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Audio-frequency magnetotelluric survey of Sakurajima volcano in 2011
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Shallow magma feeding system of the 1914 eruption of Sakurajima inferred from mineral

chemistry and volatile contents
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Oxidation texture of pyrrhotite in the eruptive products of the Sakurajima Taisho eruption
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Magma-plumbing System of Asama Volcano after 2004 Eruption, Estimated from Verti-
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[Introduction]

Asama volcano is one of the active volcanoes in Japan, and it erupted on September 1, 2004. A shallow dike intrusion i
estimated in the Takamine, 4 ? 5 km west of the Asama crater from the ground deformation detected by GPS measuremer
(Murakami, 2005; Aoki et al., 2005). However they discussed pressure sources based on GPS data observed far field as 4 k
away from the presumed pressure source.

Ground deformation observation close to the pressure source should clarify the depth and volume change of pressure sourc:
We establish the precise leveling routes ranging to Mt. Takamine above the presumed pressure source from Oiwake, at the sou
ern foot of Asama volcano in May 2005. The route is consisting of 60 benchmarks in 28 km distance.

[Vertical deformation detected precise leveling]

The precise levelings have practiced seven times for five years since May 2005 to June 2011. We calculated the vertice
deformation for six-months to two-years between leveling epochs. Generally, deformations detected by the precise leveling ar
small of 10 mm. For example, it is measured the subsidence of 9 mm in the mountainside and relative uplift of 7 mm to the
mountain path in the period of May 2005 to June 2011.

Vertical deformations detected in the periods of May 2005 ? Nov.2005 ? May 2006 ? May 2009 ? June 2010 ? June 2011, ar
grouping two patterns. One is definite subsidence, and another is slight uplift. Murakami (2005) discusses the line length change
between two GPS sites of Tsumagoi and Tobu, and he shows that the extension of line length just before the eruption in 200
and 2009 and contraction between the eruption. Slight uplifts in the periods of May 2005 ? May 2006 are corresponding to the
period observed the extension, and subsidence in the periods of May 2006 ? May 2007, May 2009 ? June 2010, and June 201
June 2011.

[Magma-pluming system after the 2004 explosions]

Two pressures sources are estimated from the ground deformation detected by precise levelings. One is a deeper spherical
flation source in the 6 km BSL depth beneath the mountainside, and another is the shallow dike intrusion beneath Mt. Takamine

A spherical source is previously estimated from the leveling data for last 100 years (Murase et al., 2007), and it is suggestiv
a dominant source of the Asama volcano. They suggest a slight inflation after 1960, however our results show the deflation ¢
-6.6 km3/6yr in the deeper sources for five years after the 2004 eruption.

A shallow pressure source at 1.3 km BSL depth is corresponded to the presumed dike intrusion in 2004 eruption. It is very
difficult to discuss the volume change of the dike, because of insignificant identification of dike length and width. Since May
2009, large deformation of 10 mm uplift and subsidence are detected around Mt. Takamine. It is suggested a drain back in Ma
2009 ? June 2010 and an intrusion in June 2010 ? June 2011. There is one possibility that the deformation of the dike caused |
2011 Tohoku earthquake (Takada and Fukushima, 2011).

Members of research group; Fumiaki Kimata, Keita Ishikawa, Masao Matsumura, Enrique Fernandez (Nagoya Univ), Masayul
Murase (Nihon Univ), Hitoshi Mori, Atsuo Suzuki, Tokumitsu Maekawa (Hokkaido Univ), Tomoyuki Matsumura, Yoshio Yam-
agiwa, Makoto Miyashita, Mitsuharu Arisono, Jyun-ichi Miyamura (JMA)

Keywords: Asama volcano, magma-plumbing system, vertical deformation, precise leveling
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Tatun volcano group (TVG) including more than 20 volcanoes such as Chihsing, Siaoguanyin, and Huangzuei volcanos i
located in the 15 km northeastward from Taipei, Taiwan. Although TVG has a hydrothermal activity characterized by some
strenuous fumarolic activities and hot springs, it was evaluated that there is no resent eruptive activity and the nuclear powe
stations were constructed on the mountainside. Seismological network installed in 2003 detects a micro-seismic activity such &
the volcano-tectonic earthquakes, tremors, monochromatic events and long-period earthquakes in and around Chihsing volca
(Lin et al., 2005; Konstantinou et al., 2007).

Based on the recent stratigraphy research, it makes clear that the magmatic eruption of 13,000-23,000 years ago and the phre:
eruption of about 6,000 years ago occurred at TVG and Chihsing volcano respectively. As results, the government establishe
the volcano observatory in TVG to monitor the volcano activity in 2011.

Since those volcano-seismic swarm occur just around some fumaroles, it strongly suggests that the micro-seismic activit
and the hydrothermal activity are closely related. Basically, the swarm activity around volcano is often accompanied by the
deformation (e.g.: Kimata et al., 2004; Daita et al., 2009). Since these deformations are sometimes localized to a small regio
and few mm scale, a precise leveling survey is the most efficient survey to detect the deformation successfully.

Therefore, we established a 10km leveling route crossing the Chihsing volcano from south to north to detect the vertical
deformation in June 2006. The leveling route is consisting with 30 benchmarks, and the defference of height is 300m. Our leveling
surveys were re-conducted five times of June 2006, March 2007, August 2007, March 2009, and March 2011. Additionally, the
leveling route was extended to the fumarolic area in the east part of the Chihsing volcano in August 2007.

We detected the subsidence of 5 mm in the east part of the Chihsing volcano for 9 months from June 2006 to March 2007. Th
subsidence was observed in the period of March-August 2007, and it became 10 mm in total for 14 months from June 2006 t
August 2007.

After the leveling route extension, we detected the significant deformations in two areas. One is the subsidence of 5 mm ir
the mountainside, and another is the uplift in the fumarolic area for 19 months from August 2007 to March 2009. The similar
deformation pattern to the preceding observation was observed in March 2011. However, the subsidence in the mountainside w
relatively larger than the uplift close to the fumarolic area.

Based on the observed deformation in the period between August 2007 and March 2011, we estimate the volume changes a
the locations of two spherical sources on that condition by employing a genetic algorithm (GA).

As a result, shallow pressure sources are estimated. One pressure source is estimated with0°5.™"3 at 3 km depth
beneath the northeast foot of the Chihsing volcano, and another source is estimated with@3m"3 at 0.7 km depth in the
fumarolic area.

It suggested that the estimated pressure sources are related to the hydrothermal activity. In the study period, the subsider
in the mountainside was detected to be caused by a major deeper deformation in TVG. The hydrothermal fluid supplied to th
shallow sources in TVG may not be significant in this period.

Keywords: Tatun volcano, Taiwan, leveling, pressure source, vertical deformation
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On the recent thermal demagnetization beneath the Oana Crater, Azuma Volcano
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The electrical resistivity structure of Aso volcano inferred from broadband MT surveys
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Crustal structure beneath Aso caldera, Japan, as derived from receiver function analyse
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Hypocenter determination of B-type earthquakes at Miyakejima volcano using waveform

cross correlation technique
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Stratigraphy records of 1883 Krakatau eruption and tsunami in Java coastline Indonesia
Stratigraphy records of 1883 Krakatau eruption and tsunami in Java coastline Indonesia

Purna Sulastya Putra Yuichi Nishimurd, Eko Yuliant@
SULASTYA PUTRA, Purn&*, Yuichi Nishimurd, Eko Yuliant@

institute of Seismology and Volcanology, Hokkaido Universttigesearch Center for Geotechnology, Indonesian Institute of
Sciences (LIPI)
linstitute of Seismology and Volcanology, Hokkaido Universttigesearch Center for Geotechnology, Indonesian Institute of
Sciences (LIPI)

During the paroxysmal stage of 1883 Krakatau event, a series of eruption and tsunami occurred and destroyed more than 2!
coastal villages along the Sunda Strait. We reported the result of our field works in Java coastline located to the east of Krakata
volcano. Around 30 cores and pits were observed and samples were collected. We described and examined the cores and |
of tsunami-related deposits and primary tephra deposits. In general the stratigraphy of the 1883 eruption and tsunami in coast
Java composed of intercalation of sand, pumiceous sand and tephra. The stratigraphic record is unique and very complex a
was formed by successive deposition of tephra and tsunami deposit and also erosion by tsunamis. The tsunami layers sometin
contain pumice and/or ash. These pumice and/or ash had been carried up inland together with the beach sand from their origir
position by the tsunami run-up. To understand the sedimentation processes and chronology of eruption and tsunami during tt
1883 paroxysmal stage, we used the stratigraphy characteristics in conjunction with historical record account. At some location:
the stratigraphic records observed in the field and historical account are correlated.

O 0000 : 1883 Krakatau, tsunami, eruption, stratigraphy, sedimentology, historical account
Keywords: 1883 Krakatau, tsunami, eruption, stratigraphy, sedimentology, historical account
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Temporal variation of geomagnetic total intensity before and after the 2011 summit erup-

tion at Shinmoe-dake crater
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MT survey around Mt. Shinmoedake, Kirishima Volcanoes in 2010-2011
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KOYAMA, Takao™, UYESHIMA, Makotc', HASE, Hideakl, AIZAWA, Koki ', YAMAYA, Yusuke!, WATANABE, Atsusht.,
Koji Miyakawa', MAEHARA, Yuki', HASHIMOTO, TakesH, KANDA, Watarl?, OGAWA, Yasud, UTSUGI, Mitsurd,
KAGIYAMA, Tsuneomi*, YOSHIMURA, Ryoke?, YAMAZAKI, Ken’ichi >, KOMATSU, Shintard
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IEarthquake Research Institute, Univ. Tokymstitute of Seismology and Volcanology, Graduate School of Science, Hokkaido

Univ., 3Volcanic Fluid Research Center, Tokyo Institute of Technold@raduate School of Science, Kyoto UnRDPRI, Ky-
oto Univ.

We conducted broadband magnetotelluric (MT) survey at Kirishima volcanoes in 2010 and 2011 to elucidate the electrical
resistivity structure. From We made MT measurements at 17 sites around Mt. Shinmoe in July to September 2010, and mac
another MT measurements at 12 sites in March to April 2011. ADUO7s of Metronix were used for measurements and mea:
surement term was almost three weeks at each site. By preliminary results, directions of induction vectors go to north of Mt.
Shinmoe, around Mt. Karakuni in and below the periods of 1 seconds, and tend to go to north-west of Mt. Shimoe, westwarc
of Mt. Karakuni around 100 seconds. This may indicate that a shallow low resistive body exists at a few km depth of the north

position of Mt. Shinmoe and a deep low resistive body exists at tens km depth of the north-west position of Mt. Shinmoe.

From 26 January 2011, it occured the active eruptoins of Mt. Shinmoe. GPS measurements found that the position of 6km apa
from Mt. Shimoe in north-west direciotion is the source of stress at 10 km depth, that is, a magma chamber. Thus the inductiot

vectors may point at a deep main magma chamber and a shallow sub magma chamber.

ooooo:ooo,MTODOO
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The relation between amount of tilt change preceding the eruption and the volume ot

tephra at Shinmoedake Volcano
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Geodetic aspects in difficulties of eruption scenario inferred from Shinmoedake events ir

2011
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Petrological characteristics and magma mixing of minor eruptions in 2011 at Shinmoedak

Kirishima volcano, Japan
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The 2011 eruption of Shinmoedake, Kirishima volcanic group, Japan, started with phreatomagmatic eruptions on 19 Januar
The eruptive activity was culminated with the sub-Plinian eruptions on 26-27 January, followed by lava effusion within the
summit crater. Vulcanian explosions and minor ash emissions together with degassing activity from the summit crater occurre
intermittently from February to September. Petrological studies on the eruptive products in January and February indicated the
input of mafic magma to a magma chamber just before the sub-Plinian eruptions (e.g., Geshi et al., 2011; Saito et al., 201
Tomiya et al., 2011). The products of the minor eruptions also contained essential material (Oishi et al., this JpGU meeting) bu
the origin of the material was not clear.

In this study, the essential products of the minor eruptions in March to June were analyzed to know their petrological charac
teristics and the eruption process. The samples are ash particles of the eruption on 13 March (March-ash), lapilli of the eruptio
on 18 April (April-lapilli) and pumiceous and scoriaceous ash particles (P- and S-types ; Oishi et al., 2012) of the eruption on 29
June (June-ash). Mode composition, chemical composition of phenocrysts and groundmass minerals, zoning profiles of olivine
and bulk composition of groundmass were analyzed using EPMA.

Phenocryst contents of March-ash, and April-lapilli (34 vol%) are slightly higher than that of pumices of the sub-Plinian
eruptions (26-28 vol%). Chemical composition of groundmass of March-ash and April-lapilli have sligh$la&id¥, O-rich
composition (65-67 wt.% Si©and 3 wt.% IK,0) than that of the pumices of the sub-Plinian eruptions (61-62 wt.% Si@d
2 wt.% K,0). P- and S-type June-ash have similar groundmass composition to that of the pumice of the sub-Plinian erup-
tions. Plagioclase, clinopyroxene, orthopyroxene of phenocrysts and groundmass minerals of March-ash, April-lapilli and P anc
S types of June-ash have similar chemical composition to the sub-Plinian eruptions. Two-pyroxene thermometry applied to thi
March-ash and April-lapilli samples gave 960-970 degree C, that was similar to the estimates for the magmas erupted Janua
and February. Core compositions of olivine phenocrysts of all samples are similar, but March-ash and April-lapillil have slightly
Fo-poor rims.

Similar chemical compositions of phenocrysts, groundmass minerals and groundmass of the eruptive products to those of tt
sub-Plinian eruptions indicated that magma mixing process proposed for the sub-Plinian eruptions occurred in March to June
Slight variation in the groundmass composition and mode composition from March to June could be caused by change of mixin
ratios between mafic and felsic magmas. Assuming that the normal zoning in the rim of the olivines was produced by the magm
mixing event, the residence time of the olivines was 5-30 days for March-ash and 2-20 days for April-lapilli. The residence time
is similar or a little longer than that estimated for the eruptions in January and February (1-10days). These results suggest th
the mafic magma input to felsic magma intermittently occurred after the sub-Plinian eruptions to cause the mionor eruptions ir
March to June.

ooodo.:oo0oo,000,2011000,000,00000,00000
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Prehistorical volcanic stratigraphy of Shinmoedake in the Kirishima volcanic complex
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