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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.
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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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I Disaster Mitigation Research Center, Nagoya Universitstitute Volcanologico de Canarias (INVOLCAN)Gartografica de
Canarias (GRAFCAN)

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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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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