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Quadrature phase induction vector in NE Japan: Consistency of causality, and
contribution of coastline and oceanic effects
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Quadrature phase induction vector (QIV) observed on island is likely less affected by the induction of sea water, and directly
indicate a resistivity characteristic in the earth. Assuming the nature, we hypothesized that there would be a conductor in the
deep crust or uppermost mantle beneath north of Tsugaru Strait, NE Japan on the basis of the observed QIVs in the period
range of 20 to 10000 s (Ichiki et al., 2021 SGEPSS Fall Meeting). On the process of elimination, we simulated QIVs of NE
Japan using models composed of uniform-earth and sea water distribution. In this study, we show that QIVs of NE Japan
calculated from models with realistic coastline and ocean bathymetry using three-dimensional finite element modeling with
tetrahedral elements (Usui, 2015 GJI), and that the coastline and oceanic (bathymetric) effects cannot explain the observed
QIVs. We also test quality of the observed QIVs using causality relation between in and quadrature phase geomagnetic
transfer functions (Fischer and Schnegg, 1980 Geophys. J. Roy. astr. Soc.; Marchello et al., 2005 GJI).

In the calculation of causality relation, we used the formulation in terms of logarithmic period by Fischer and Schnegg
(1980). Marchello et al. (2005) recommended the formulation of Oth order differentiation in terms of logarithmic angular
frequency to diminish calculation error. We used both Oth and first-order differentiation formulae, and confirmed that the
first-order formula yielded bias errors in the calculated QIVs. The observed QIVs are consistent with those calculated from
the Oth order differentiation formula, and are of good quality.

In the QIVs simulation of coastline and oceanic effects, we fixed the horizontal center of model domain in Mutsu Bay
and constrained the tetrahedral element edge length to be less than 5 km within 100 km of the center. We used coastline
data of GSHHS Fine (Bessel & Smith, 1996 JGR). As a result, the QIVs simulated from the coastline effect do not differ
considerably from those calculated from a simple island model. On the other hand, the oceanic effect makes QIV amplitudes
in Iwate prefecture diminished. However, neither coastline nor oceanic effects explain the observed QIV attitudes.
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