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Unmixing magnetic hysteresis loops of subaerial basalts
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Magnetic hysteresis measurements are extensively performed to characterize magnetic mineral assemblages in rocks and s
iments. Especially subaerial basalts contain abundant magnetic materials and have provided reliable hysteresis data even da
back to the age of low-sensitivity vibrating sample magnetometer. However, hysteresis data have remained underutilized; Ju
a few hysteresis parameters, such as coercivity or saturation magnetization, are obtained from the hysteresis data when drawi
inferences on underlying magnetic assemblages.

Decomposition of isothermal remanent magnetization (IRM) acquisition curves is widely used to quantify mixed magnetic as-
semblages. In addition to fitting with parametric distribution functions, a linear unmixing is currently employed to separate IRM
acquisition curves into several meaningful magnetic components. The linear unmixing has a crucial advantage in not requirin
any assumption on basis functions.

The hysteresis data of recent or historical subaerial basalts, collected from Izu-Oshima and Miyakejima islands, were analyze
with the linear unmixing. These samples cover entire lava sections including upper clinker, interior, and lower clinker, and some
samples were taken from scoria. The primary magnetic mineral is titanomagnetite with a wide range of Curie points spanning
150-580 degC. In some samples dual or triple Curie points were identified for a single specimen. The hysteresis loops exhibit
variety of shapes from potbelly to wasp-waisted, which seems to be related to the Curie points, that is, the ulvospinel content o
titanomagnetite.

Hysteresis loops were preprocessed before applying the linear unmixing as fulfilling inversion symmetry of the upper and
lower branches of loops [Jackson and Solheid, 2010]. The center of the loops were adjusted to the origin and the drift during
loop measurement was corrected so as to compensate for the failure of loops to close. The maximum field of 1 T was not enouc
to saturate high-Ti titanomagnetite, therefore the approach-to-saturation analysis was employed to determine paramagnetic st
ceptibility instead of conventional linear fitting for a 0.7-1.0 T interval.

Remanent and induced hysteresis curves were calculated from the hysteresis loops and constituted a data matrix for the line
unmixing. This time | used the SISAL algorithm that was originally developed for unmixing hyperspectral data [Heslop and
Roberts, 2012]. The data matrix was decomposed into a mixing matrix containing several end-members and a matrix holdin
the respective fractions. The end-member loops have characteristic shapes corresponding to high-Ti titanomagnetite, nearly pt
magnetite and their grain sizes, and the fractions quantify a mixing ratio of magnetic components comprising hysteresis loops.
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