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Magnetotelluric data are sometimes accompanied by anomalous impedance phases in the off-diagonal components that
deviate from the first (0790°) or third (-1807-90°) quadrants, particularly in long period-bands. This phenomenon is called
phases out-of-quadrant (POQ). Particular 3-D structure with a strong resistivity contrast or the anisotropy of the medium are
often introduced in explaining POQ. In other words, POQ can be one of the important guides for model estimation in 3-D
resistivity inversion modeling.

Most recently, Inoue and Hashimoto (2024) proposed the model for an inclined conductive column (ICC) generating POQ.
They used the ModEM code (Kelbert et al., 2014) to calculate the impedance at each depth and concluded that the induced
currents are channeled into the ICC. However, it was practically difficult to calculate the vertical component of the E-field
using based on the impedance between horizontal components. Therefore, in this study we re-evaluated the numerical models
using the FEMTIC code (Usui, 2015), which can directly output the distribution of electromagnetic fields and current density,
including their vertical component.

In the synthetic tests, we introduced an ICC (1 Q m) within a uniform medium of 1000 Q m. The model was composed
of cubic cells, each with dimensions of 1 X 1 X 1 km. We assumed the conductive column was inclined at 45° toward the
-Y (west) direction. We prepared three synthetic model patterns, with the upper end set at the ground surface (Z,,=0 km) and
the lower end set at Z;=5, 10 and 20 km, respectively. We obtained the impedance, the E-field and the current density by
frequency.

We confirmed that variations in the length of the conductive column may alter the E-field pattern and lead to the generation
of POQ. In the model with a shorter column (Z;=5 km), the E-field, corresponding to the magnetic field variation in the X
(north-south) direction is not significantly affected by the conductor. In contrast, in the models with relatively longer columns
(Z;=10 or 20 km), the E-field tends to concentrate or diverge at the top and bottom ends of the conductor. In addition, on
the inclined side (west side) of the conductive column, the electric Y and Z components are reversed compared to the sur-
roundings, and within that region, POQs present in the Z,,, component. Furthermore, the electric current density through
the column increases as the column extends deeper. The stronger current may expand the area of the reversed E-field on the
surface. This could potentially influence the region where POQ occurs.
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