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Fig. 3. Distribution of the induction arrows (Parkinson convection) and the phase tensor ellipses. Unit

length of the IV arrow and the size of the magnitude of the PT=1.0 are shown in the right-bottom.
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低比抵抗体C1は雌阿寒岳の火口とマグマだまりを結ぶ上昇通路を反映している可能性
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薄いシル状マグマだまりのため，MTデータには現れなかった可能性
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factor (the site gain) for the apparent resistivity curve (Bibby et al.,
2005).

We used the inversion code of Ogawa andUchida (1996) to calculate
a 2-D resistivity structure and a scale factor with realistic topography,
because the code deals with the scale factor for each site as an unknown
model parameter.

In practice, magnetotelluric soundings show 3-D characteristics that
must be reduced for 2-D modeling. The TE mode response is more sen-
sitive than the TM mode response to 3-D geological noise
(Wannamaker et al., 2002; Ogawa, 2002), thus for the inversion we re-
duced the contribution of the TE mode to avoid imaging a phantom
structure. To achieve this, we set the error floors of the apparent resis-
tivity and impedance phase at 4% and 1.2°, respectively, for the TM
mode and 8% and 2.3° for the TE mode. A uniform half-space of 100
Ωm was employed as an initial model.

The final resistivity model is shown in Fig. 15, and the observed and
model responses with distributions of the scale factor are shown in Fig.
16. The normalized RMS misfit was 1.42 after 18 iterations. The model
response successfully reproduced the characteristics of the observed
data. The model contains a resistive layer (100 to 8000 Ωm) at the top
of the western slope, the summit area and the northeastern edge of
the profile that is a few hundred meters thick. On the eastern slope, a
thin, moderately resistive (several tens of ohm meters) layer is near
the surface. Beneath the resistive surface layer are extensive conductive
(less than 10 Ωm) areas in which three strong conductors (less than 3
Ωm) are present: one west of Ponmachineshiri crater, one beneath
Nakamachineshiri crater and one beneath the fumarolic area near
AMT site 230 (features C1–C3 in Fig. 15, respectively). Finally, there is
a moderately resistive (10 to several tens of Ωm) area between 800
and 1300 m elevation beneath Ponmachineshiri.

4.5. Stability of the resistivity model

Weperformed stability tests and a sensitivity test to assess the robust-
ness of the main features of the final resistivity model, shown in Fig. 15.
The stability tests, in which we ran inversions that confirmed the robust-
ness of the final model with respect to the uncertainty in the scale factor,
are described in the supplementary material. The sensitivity analysis of
the three highly conductive zones (C1, C2 and C3 in Fig. 15), following
the procedure of Nolasco et al. (1998), evaluated the extent to which
the resistivity values are controlled by the input data of the inversion.

First, we replaced the resistivity value of one of the conductive zones
with a randomly chosen uniform value between 0.1 and 100 Ωm. We
then calculated the magnetotelluric responses on the surface and the
RMS misfit between the calculated and observed responses. This test

showed that the observed magnetotelluric responses are sensitive to
the resistivities of all three conductive zones and that the upper limits
of the resistivity values arewell constrained for all three regions (Fig. 17).

Second, we examined how the optimummodel changed in response
to the inclusion of the magnetic transfer function (see supplementary
material for details). Themodelwith themagnetic transfer function suc-
cessfully reproduced the main features of the final model.

Third, we estimated the resistivity structure by using only the
soundings of the TM mode. The error floors for these soundings were
the same as those of the final model (Fig. 15). The result of this test is
shown in Appendix as Fig. A. The TM-only model reproduced the highly
conductive zones beneath Nakamachineshiri crater and the fumarolic
area near AMT site 230 (C2 and C3 in Fig. 15) reasonably well; however,
the highly conductive zone (less than 3 Ωm) beneath Ponmachineshiri
crater was somewhat shallower than in the final model (C1 in Fig. 15).
This difference between the two models may reflect the limitations of
the analysis, which approximated the practical 3-D structure with a 2-
D model. As we discuss in Section 5.3, this result led us to consider
two different scenarios for the 2008 eruption of Meakandake volcano.

4.6. Relationship between thermomagnetic and resistivity models

A comparison of the resistivity structure in Fig. 15 with the thermo-
magnetic source model in Fig. 9 should yield insight into the thermal
conditions inside Meakandake volcano. The demagnetization source
for Period 3 coincides with conductive area C1, and the magnetization
sources for Periods 1 and 2 and the demagnetization source for Period
4 coincide with the moderately resistive area (Fig. 18a). The volumes
(radii) of the thermomagnetic sources roughly estimated in Section
3.4 do not change the above correlations between the thermomagnetic
and the resistivity models.

To confirm these relationships, we conducted a further sensitivity
study. First, we performed a sensitivity test for the resistivity blocks in
and around the demagnetization source for Period 3 (dotted square in
Fig. 18a). The result of the test (Fig. 18b) suggests that resistivity values
around the source are as low as 1–10Ωm. Second,we extended the con-
ductor C1 (5Ωm) upward to investigate the sensitivity of the RMSmis-
fit to the elevation of the top surface of C1 (Fig. 18c). Even allowing for
positional errors in the thermomagnetic models, the AMT data could
not be explained when the top of C1was at the elevation of themagne-
tization sources for Periods 1 and 2. However, the demagnetization
source for Period 4was near the surface of C1 but could have been inside
or outside of C1.

As described in the previous section, we removed the differences in
secular variation from the geomagnetic variations for Periods 1, 2 and 4

Fig. 15. Two-dimensional resistivity structure along line A–B (location in Fig. 10). Broken lines mark highly conductive zones labeled C1, C2 and C3. P is Ponmachineshiri crater, N is
Nakamachineshiri crater, and F is the fumarolic area near AMT site 230.
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a 2-D resistivity structure and a scale factor with realistic topography,
because the code deals with the scale factor for each site as an unknown
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must be reduced for 2-D modeling. The TE mode response is more sen-
sitive than the TM mode response to 3-D geological noise
(Wannamaker et al., 2002; Ogawa, 2002), thus for the inversion we re-
duced the contribution of the TE mode to avoid imaging a phantom
structure. To achieve this, we set the error floors of the apparent resis-
tivity and impedance phase at 4% and 1.2°, respectively, for the TM
mode and 8% and 2.3° for the TE mode. A uniform half-space of 100
Ωm was employed as an initial model.

The final resistivity model is shown in Fig. 15, and the observed and
model responses with distributions of the scale factor are shown in Fig.
16. The normalized RMS misfit was 1.42 after 18 iterations. The model
response successfully reproduced the characteristics of the observed
data. The model contains a resistive layer (100 to 8000 Ωm) at the top
of the western slope, the summit area and the northeastern edge of
the profile that is a few hundred meters thick. On the eastern slope, a
thin, moderately resistive (several tens of ohm meters) layer is near
the surface. Beneath the resistive surface layer are extensive conductive
(less than 10 Ωm) areas in which three strong conductors (less than 3
Ωm) are present: one west of Ponmachineshiri crater, one beneath
Nakamachineshiri crater and one beneath the fumarolic area near
AMT site 230 (features C1–C3 in Fig. 15, respectively). Finally, there is
a moderately resistive (10 to several tens of Ωm) area between 800
and 1300 m elevation beneath Ponmachineshiri.

4.5. Stability of the resistivity model

Weperformed stability tests and a sensitivity test to assess the robust-
ness of the main features of the final resistivity model, shown in Fig. 15.
The stability tests, in which we ran inversions that confirmed the robust-
ness of the final model with respect to the uncertainty in the scale factor,
are described in the supplementary material. The sensitivity analysis of
the three highly conductive zones (C1, C2 and C3 in Fig. 15), following
the procedure of Nolasco et al. (1998), evaluated the extent to which
the resistivity values are controlled by the input data of the inversion.

First, we replaced the resistivity value of one of the conductive zones
with a randomly chosen uniform value between 0.1 and 100 Ωm. We
then calculated the magnetotelluric responses on the surface and the
RMS misfit between the calculated and observed responses. This test

showed that the observed magnetotelluric responses are sensitive to
the resistivities of all three conductive zones and that the upper limits
of the resistivity values arewell constrained for all three regions (Fig. 17).

Second, we examined how the optimummodel changed in response
to the inclusion of the magnetic transfer function (see supplementary
material for details). Themodelwith themagnetic transfer function suc-
cessfully reproduced the main features of the final model.

Third, we estimated the resistivity structure by using only the
soundings of the TM mode. The error floors for these soundings were
the same as those of the final model (Fig. 15). The result of this test is
shown in Appendix as Fig. A. The TM-only model reproduced the highly
conductive zones beneath Nakamachineshiri crater and the fumarolic
area near AMT site 230 (C2 and C3 in Fig. 15) reasonably well; however,
the highly conductive zone (less than 3 Ωm) beneath Ponmachineshiri
crater was somewhat shallower than in the final model (C1 in Fig. 15).
This difference between the two models may reflect the limitations of
the analysis, which approximated the practical 3-D structure with a 2-
D model. As we discuss in Section 5.3, this result led us to consider
two different scenarios for the 2008 eruption of Meakandake volcano.

4.6. Relationship between thermomagnetic and resistivity models

A comparison of the resistivity structure in Fig. 15 with the thermo-
magnetic source model in Fig. 9 should yield insight into the thermal
conditions inside Meakandake volcano. The demagnetization source
for Period 3 coincides with conductive area C1, and the magnetization
sources for Periods 1 and 2 and the demagnetization source for Period
4 coincide with the moderately resistive area (Fig. 18a). The volumes
(radii) of the thermomagnetic sources roughly estimated in Section
3.4 do not change the above correlations between the thermomagnetic
and the resistivity models.

To confirm these relationships, we conducted a further sensitivity
study. First, we performed a sensitivity test for the resistivity blocks in
and around the demagnetization source for Period 3 (dotted square in
Fig. 18a). The result of the test (Fig. 18b) suggests that resistivity values
around the source are as low as 1–10Ωm. Second,we extended the con-
ductor C1 (5Ωm) upward to investigate the sensitivity of the RMSmis-
fit to the elevation of the top surface of C1 (Fig. 18c). Even allowing for
positional errors in the thermomagnetic models, the AMT data could
not be explained when the top of C1was at the elevation of themagne-
tization sources for Periods 1 and 2. However, the demagnetization
source for Period 4was near the surface of C1 but could have been inside
or outside of C1.

As described in the previous section, we removed the differences in
secular variation from the geomagnetic variations for Periods 1, 2 and 4

Fig. 15. Two-dimensional resistivity structure along line A–B (location in Fig. 10). Broken lines mark highly conductive zones labeled C1, C2 and C3. P is Ponmachineshiri crater, N is
Nakamachineshiri crater, and F is the fumarolic area near AMT site 230.
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