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Knowledge of the subsurface hydrothermal system of volcanoes leads to understanding the mechanisms of phenomena
such as phreatomagmatic explosions. The purpose of this study is to estimate the changes in the state of the subsurface
hydrothermal system of the first crater of Nakadake, Aso volcano, from the changes in the subsurface resistivity distribution.
Kyoto University has conducted ACTIVE observation, a kind of electromagnetic survey method, around the Nakadake first
crater. In this study, we estimate the resistivity changes beneath the Nakadake first crater from the data obtained from Febru-
ary 2013 to August 2015 including the period of the 2014 Aso magmatic eruption.

In this study, we obtained the subsurface resistivity by inversion based on the method of Minami et al. (2018) using the
ACTIVE data. Around the Nakadake craters, ACTIVE observations were carried out 7 times from February 2013 to August
2015, including the period of the 2014 eruption spanning from November 2014 to May 2015. Using these data, we calculated
the subsurface resistivity structure at each observation time and estimated the resistivity change by taking their differences.
We also reanalyzed the data used by Minami et al. (2018).

In the inversion by Minami et al. (2018), a tetrahedral mesh reflecting the local topography is first created. We then divide
the subsurface calculation domain into large blocks with the dimensions of about 300m x 300m x 100m and assign one model
parameter, i.e. resistivity value, to each block respectively. The subsurface domain far from the crater zone is considered as
a single block. This grouping reduces the number of unknown model parameters. The inversion calculation is done with the
aim of minimizing the sum of the data misfit term, and the roughness term which determines the smoothness of the model. In
the inversion, it is necessary to give an initial model, which is also used as the reference model. In our study, the calculation
was carried out by 1) changing the initial model and 2) choosing whether to include the outermost block as an unknown model
parameter in the inversion. First, we used the AMT resistivity model obtained from Kanda et al. (2018, JpGU) as the initial
model. The resistivity model for each observation period was calculated by inversion of the data obtained from the repeated
observations. It was found that the inversion result for January 2014 resulted in the lowest residual regardless of whether the
outer block was included as a model parameter. This model was used as a reference model of our second inversion, and the
results of four different inversion results were finally obtained, namely two initial models with or without the outermost block
model parameter.

The differences in the calculation methods described in the previous section did not change the structure of the resultant
resistivity significantly, although there were some trivial differences. We then chose the model obtained with the second
initial model with inclusion of the outermost block model parameter as our optimal model, and focused on the subsurface
structure zone between 500m and 850m above sea level just below the Nakadake first crater. 1) From February 2013 to
January 2014, the resistivity decreased from shallow to deep zones just below the crater. 2) From January to August 2014,
this low resistivity zone enlarged. 3) From August to November 2014, the resistivity increased in a region below the crater.
4) On the other hand, from November 2014 to August 2015, the resistivity continued to be higher in a wider region, but the
amount of change was smaller than in the previous period, and on the west side of the first crater, a conspicuous zone with
lower resistivity appeared. A possible interpretation of the resistivity changes described above is as follows; 1) Even during
the quiet period with the crater lake, the gases and volcanic fluids rise through the crack and its components dissolve into the
water in the aquifer. Thus, the resistivity became low below the first crater.

2) As the volcanic activity increases, the supply of gases and volcanic fluids increases, and 3) the magma rises just before
the eruption, and as the result, the temperature and the vapor pressure of the groundwater increase. Then, bubbles of gas in-
termingled with groundwater. 4) After the magmatic eruption ended, temperature and the vapor pressure of the groundwater
made gradient and the bubbles disappeared from outside, so groundwater became just low resistivity fluids.

In our presentation, we will present the details of our analysis, including the resistivity model obtained for each period,
results of the sensitivity calculations, and in addition, we will talk about new observation.
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