Volcanic Unrest of the 2011 Eruption at Shinmoe-dake (Kirishima), Japan, revealed by INSAR and GPS data and modeling
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1- Summary 3- Time Series Displacement 4- Pre-eruptive Deflation at Shallow Source 6- Source Model

Study Area: Kirishima volcano group in southern Kyushu Island, southwest Japan. ~ N T . —3 34'N

Deflation at Shinmoe-dake’s Summit caused by the phreatic explosion occured in Auguest 2008 (VEI=1) and
March, April, May, June and July 2010. We choose elastic homogeneous, isotropic half-space McTigue sphere
model with Gibbs sampling method to inverse source’s geometry using GeodMod software. Depths are shown
relative to the half space (black) and to the summit (gray).

Problem: How did the volcano deform in time and space durint this volcanic active period in

2008-20127 How deep is the source (magmatic and/or hydrothermal)? Shinmoe-dake
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1) Two deformation sources are identified: a deep magmatic chamber at ~10 km depth ~5 km 32°N 4 " ‘R . : 2008 phreatic event
away to the west of Shinmoe-dake’s summit, corresponding to the 2011 eruptive event, it started Y, |
inflating ~1 year before the eruptive; and a shallow source at ~1.4 km depth beneath the summit, ot |
which corresponds to the 2008-2010 phreatic events. ‘ : ¢ '
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2) The volume change associated to the pre-eruptive ground deformation is close in ampli-
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tude to the volume.change relative to the co-eruptive signal. It means that the amount of new 30 E 132°E 134 E 130°E 140°E 150°E All AscT424 DescT072 DescT073 s 2011 magmatlc event
magma that enters into the magma chamber was transfered to the surface to fed the eruption. We . E . E 0 E O
can conclude that the shallow reservoir is not a large magma storage zone but it acts more as a 130.60 130.80 131.00 T 05
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Data: ALOS-PALSAR ascending track 424 and descending track 72 and 73 from 2006 to 2011 pro- ReaS N AR R R TR P B 9
vided by JAXA; 0.4 arc-second (~10 m) resolution DEM provided by the Geospatial Information e ' A A ARE e N N 3
Authority of Japan (GSI) [Tobita et al., 2002]. e Lo Ut A AN Bl E8 AN WU S EE

Time series INSAR: Small BAseline Subset (SBAS) [Berardino et al., 2002, TGRS] using PySAR.

1) Network selection: threshold (1200 days and 12 km), then drop low coherent ifgrams manually
(Fig 2.2)

2) Phase correction:
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tropospheric phase delay corrections from global meteorological reanalysis data, Geo-
physical Research Letters, 38(17), L17311.

- Nakada, S., et al.,, (2013), The outline of the 2011 eruption at Shinmoe-dake (Kirishima),
Japan, EPS, 65, 475-488.
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Best fitting model

Latitude Longitude Radius (km) Depth (km)
31.9146 130.8851 0.059 0.65 (1.43)
0.01 r.s.l.

a) tropospheric delay using ECMWEF weather re-analysis with PyAPS [Jolivet et al., 2011, GRL]; ¥ AR e R / SRS R a
b) DEM error correction [Fattahi and Amelung, 2013, TGRS]; S (0 saurds A NRYLC o SR R ol i . .
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d) Drop dates with obvious tropospheric turbulence using normalized sum of displacement AN W o it i LR A T )

for each epoch, as shown on Fig 2.3.

Magmatic eruption (VEI=2) occured in 2011 with peak activity between Jan 26 and 31. The volcano edifice started to inflate about a year prior to the climax event. Here we use InSAR De-
scending and Ascending data with noise-corrected GPS (from Nakao et al., 2013, EPS) for pre- and co-eruptive modeling.
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