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Transformation of magnetic minerals in potteries upon heating I: Firing in a re-
stored medieval kiln and stepwise Js-T analysis
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It has been recognized empirically that heated archaeological artifacts such as potteries, kiln bodies, and burned clay from
fire sites have higher remanent magnetization and susceptibility than the unheated surroundings. This is because the iron-
bearing minerals in the clay or soil transform into magnetic minerals upon heating, but the details of what magnetic minerals
are formed under what temperature and chemical conditions are not known. In this study, we conducted firing experiments
in a restored medieval Bizen kiln and stepwise thermomagnetic (Js-T) analysis to compare the magnetic mineral assemblage
before and after heating, and monitor the changes occur at different temperatures. The samples were three types of clay col-
lected in Okayama and Fukuoka, which are considered to be the paste of ancient Bizen and Sueki wares. Verwey transition
of (titano)magnetite was clearly observed in the low-temperature magnetic measurements of all three samples before heating.
Contribution of iron hydroxides such as goethite and lepidocrocite was also indicated. Firing experiments was conducted in
the restored medieval Bizen kiln factory built by Tadashi Hirakawa, a master Bizen potter, under his cooperation. In order
to examine the effect of different firing environment on magnetic minerals production, samples were placed in five different
locations in the kiln and fired. Gray to reddish brown variations in the color of the fired products were observed. Upon
thermomagnetic experiments of the fired products, two components with Curie point of 120 °C and 550 °C were recognized,
and their ratio varied between samples. We interpret that these two components represent luogufengite and magnetite, respec-
tively, and the variations in the ratio of magnetic components and color of the products are possibly linked to the difference
of firing environment. The intensity of isothermal magnetization at low temperature increased by an order of magnitude after
heating, and the Verwey transition became unclear. In addition, a series of Js-T analyses with maximum temperature of 150
°C to 700 °C with 50 °C intervals was performed on a clay sample to observe the changes in magnetism occur at each tem-
perature. Experiments were performed in air and in vacuum (<1 Pa). in both conditions, increase of magnetization, possibly
due to the decomposition of iron hydroxides and the formation of magnetite or maghemite, was observed at relatively low
temperature. The maximum magnetization was reached at 550 °C in air and 600 °C in vacuum, and the maximum for the
sample heated in vacuum was about three times larger than that for the sample heated in air. At around 700 °C, the magneti-
zation decreased that suggests that magnetite was oxidized to hematite. Such decrease in magnetization contradicts from the
tendency in archeological samples that the higher the exposed temperature, the larger the magnetization and susceptibility,
and investigations at higher temperatures are required. In the presentation, the comparison of three samples will also be
discussed.
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