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Analysis of well data for the interpretation of rock resistivity
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Recent studies worldwide have revealed three-dimensional resistivity structures beneath active volcanoes. Many of them
have reported low resistivity layers of 1-10 Q m in the shallow part of the volcanoes. Such shallow conductive layers
are sometimes interpreted as porous layers filled with hydrothermal water. However, they are also often interpreted as
impermeable zones rich in highly conductive clay minerals. It is essential to distinguish between aquifers and impermeable
layers when considering the hydraulic structure of a volcanic body in relation to evaluating the potential of phreatic eruptions.
Meanwhile, they are indistinguishable in principle based on bulk resistivity information of rocks alone. Therefore, we have
read and compiled the well data from the published reports by NEDO (New Energy and Industrial Technology Development
Organization) for potential geothermal areas where the subsurface conditions are similar to volcanic areas. However, the
quantitative relationship between various physical properties of rock samples and rock resistivity is not yet clear. In this
study, the relationship between rock resistivity and other physical properties was examined using the well data that we
compiled.

Our study covered 23 areas from a series of NEDQO’s survey that contained physical logging and core property tests
(long-normal electrical logging, temperature logging, density, effective porosity, magnetic susceptibility, seismic velocity,
thermal conductivity, and mineral contents). We referred to the resistivity values from the long-normal electrical logging
data. The NEDOQ'’s survey reports provided the content of mineral species for core samples in five-level qualitative evaluation.
In this study, we quantified the evaluation and calculated the weighted sum based on the mineral species to produce the
“conductive clay index (CCI)”. The weights are 80 for smectite, 13 for sericite, 6 for kaolin minerals, 6 for chlorite, and 0
for other clay minerals, referring to the cation exchange capacity (CEC) of minerals.

We used 4946 samples that had complete sets of physical property test data in this study. First, we examined the
relationship between rock resistivity and each property. We found a negative correlation between effective porosity and
resistivity. On the other hand, positive correlations were found between density, seismic velocity, and thermal conductivity
and rock resistivity. Samples with higher effective porosity tended to have higher CCI. Samples with relatively high density,
seismic velocity, and thermal conductivity tended to have low CCI. These results suggest that rocks rich in porosity are more
susceptible to hydrothermal alteration due to easy circulation of hydrothermal fluids, while dense rocks are less susceptible
to alteration. While there was a correlation between resistivity and other physical properties, there was no clear relationship
between resistivity and magnetic susceptibility.

Next, no clear correlation was observed between the amount of chlorite and sericite and the resistivity of each mineral.
Conversely, increasing the quantity of montmorillonite and kaolin minerals resulted in decreased resistivity in the samples.
Samples with higher montmorillonite content exhibited relatively high porosity, whereas samples with higher kaolin mineral
content displayed low porosity. This suggests that kaolin-rich rocks may exhibit cap rock-like properties compared to
montmorillonite-rich rocks.

We performed the principal component analysis to determine the degree of physical properties that contribute to rock
resistivity. In this study, we classified samples based on rock resistivity, and performed the principal component analysis
considering the dimensions of temperature, density, effective porosity, magnetic susceptibility, elastic wave velocity, thermal
conductivity, and various mineral contents. First, the cumulative contribution of the first through third principal components
is about 80%, suggesting that these three principal components explain about 80% of the variation in the total data. The high
total contribution from the first to the third principal components suggests that these principal components related to the rock
resistivity. Scatter plots with the first, second and third principal components showed clusters with low resistivity. These
clusters indicates that each principal component may be involved in the classification of the rock resistivity.

In this study, we conducted the analysis of rock resistivity and various physical properties using the well data. In the future,
we aim to investigate the physical properties and principal components of the clusters that appeared by using statistical
methods.
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