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Magnetic property of soil in JMA magnetic observatories and

its relevance to observed geomagnetic values
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Abstract

Baseline values of fluxgate magnetometers installed at JMA magnetic observatories
display annual variations with a maximum amplitude of 5 nT. A possible explanation
for annual variations is change in magnetization of soil due to change in ground
temperature change. In order to examine the effect of the temperature change in soil
magnetization, we measured magnetic properties of soil samples collected from the
observatories. Except for a strongly magnetized sample which was collected from a
depth of 4 m, induced magnetization of soil samples in a magnetic field of 0.05 mT
ranged within 0.05-1.7X103 Am?2kg and temperature dependence of magnetization
ranged within 0.3-14X10% Am2/kg°C. Based on the measured magnetization and its
temperature dependence of samples from Memambetsu, which shows the largest values
among the samples from the three observatories, we estimated the distribution of
geomagnetic field and its annual variation. Estimated maximum amplitude of annual
variation in geomagnetic field is 7 n'T, which is consistent with the observed annual

variation in baseline value of magnetometers.
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Fig. 2. Variation in magnetization during

heating each sample from 2°C to 27°C in a

magnetic field of 0.05 mT. Numbers correspond

to sample numbers shown in Table 1.
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000 0000000 50 1.378 3.057 1
110 1.455 13.965 2
ooo oo0o@Imo 50 0.747 1.737 3
100 1.195 2.932 4
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00 0oDoDoood 50 1.579 7.807 8
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120 0.840 0.329 11
150 0.621 1.384 12
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Table 1. Magnetization at 12°C and temperature dependence of magnetization calculated for each

sample.
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Fig. 3. Geomagnetic total intensity at a
height of 2 m around the absolute house
(TF) and the second variation house
(96FM) of Memambetsu Magnetic
Observatory, with reference to the
observed value in the absolute house

(modified from Nishimura et al, 2010).
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Fig. 4. A model of magnetization

distribution in the soil. We adopted

magnetization and its temperature 05000000000000000000Xa)
dependence of the samples 2, 3 and 4 0000000000G(G-dHOOODODODOZO
(Table 1) as those within each block. Jdddddo0o0o0oooOooobooobooboooooa
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Fig. 5. Calculated distribution of magnetic field
and its annual variation. (a) Magnetic total
intensity. (b-d) Annual variation of H, D and Z
components, respectively. Positive and negative
values (red and blue) indicate increase and
decrease during high ground temperature

period, respectively.
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