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3-D Inversion using ACTIVE data for temporal change in resistivity structure beneath
Aso volcano through magmatic eruptions
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Magmatic eruption occurred in Aso volcano on November 25, 2014, for the first time since the last one 21 years before.
The magmatic activity continued until the crater bottom collapsed in May, 2016. Since the explosive eruption on October 21,
2016, the volcanic activity of Aso volcano have been quiet. Before and after the magmatic eruption in November 2014, ACTIVE
system (Array of Controlled Transient-electromagnetics for Imaging Volcano Edifice; Utada et al., 2007) was operated to monitor
the activity. The system consists of a transmitter and several induction-coil receivers that detect the vertical component of th
magnetic field affected by conductive anomaly beneath the volcano. By this ACTIVE system, temporal changes in response
were detected between observations in August 2014 and in August 2015. A previous one-dimensional (1-D) analysis reveale
that a part at a depth of 100 to 150 m became resistive at the western rim of the crater. However, the 1-D analysis did not tak
the topography effect into account, which makes quantitative interpretation of the result difficult.

We developed new forward and inversion codes for ACTIVE responses, by adopting three-dimensional finite element methoo
and tried to infer temporal changes in resistivity structure which account for the obtained ACTIVE responses in August 2014 anc
August 2015. Topography was represented by tetrahedral elements where the numerical mesh was generated by a freeware, Gi
(http://gmsh.info/). We adopted a kind of Heaviside function for the term of source electric currents (Ansari and Farquharson,
2014). To make our inversion scheme be a reasonable choice for eruption prediction system in the future, we applied the dat:
space inversion method (Siripunvaraporn et al., 2005) and adopted MPI parallelization in terms of frequencies so that dramati
reduction of the calculation time was achieved. Accuracy of our forward calculation was confirmed by comparison with an
analytical solution for grounded long-wire electric current source problems (Ward and Hohmann, 1988). On the other hand, ou
inversion succeeded in determining a right position of conductive anomaly beneath the crater in a case where signals from thre
source wires are received at 20 receivers, which demonstrated accuracy of our inversion code.

We conducted inversions using the real ACTIVE data in a similar manner to the previous 1-D analysis, because, for full 3-
D inversions, the number of receiver data points were quite few, i.e. four and three, for observations in August 2014 and in
August 2015, respectively. Then we divided the model space 3 by 3 horizontally and conducted limited 3-D inversions with
3-D topography of Aso volcano. The obtained resistivity structures for before and after the magmatic eruption allowed us to
investigate temporal changes through the eruption in November 2014. Our inversions revealed that at the western rim the part
a depth of 120 - 150 m from the surface beaome resistive, which corresponds to 1150 m in altitude and slightly below the altitude
of the crater bottom. This result can be interpreted as escape of ground water during magma ascent in November 2014, as t
previous 1-D analysis speculated. We plan to conduct sensitivity analyses and to confirm that the inferred temporal change
necessary for the observed temporal change in the ACTIVE responses.

In the presentation, we are going to explain the methodology of forward and inversion scheme tailored for controlled source
problems especially for electromagnetic volcano monitoring like ACTIVE. Furthermore, we will discuss possible reasons for the
inferred temporal changes in resistivity structure through the magmatic eruption in November 2014.
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