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Editorial on the Research Topic

Bridging Environmental Magnetism With Biogeophysics to Study Biogeochemical Processes of
Today

Since the first studies on biogeophysics in the early 2000s our understanding of how
biogeochemical processes affect geophysical signatures has significantly improved. This
interdisciplinary field now incorporates and integrates environmental and rock magnetism
with traditional biological and geochemical methods to interpret geophysical signatures in
highly dynamic environments (e.g., biogeochemical hotspots, contamination plumes).
Environmental magnetism, in particular, can trace environmental changes by identifying
magnetic mineral transformations induced from several biogeochemical processes. This Special
Issue includes papers that present applications of environmental and rock magnetism in
biogeophysics and discuss their impact on Earth Sciences.

(Bio) geochemical processes are often investigated with environmental magnetism methods in
sediments and soils, aiming at identifying changes in the magnetic grain size distribution and
stability. For example, microbial magnetite lies in the superparamagnetic (SP) to stable single domain
(SSD) size range and variations in the size distribution can trace microbial activities. Ultrafine (SP)
magnetic particles in human or animal tissues are also a subject of growing research interest,
especially for their environmental significance, and the potential for medical applications. Fine
magnetic particles are often observed in the anthropogenic fraction of atmospheric particulate
matter, associated with toxic heavy metals, and may be a potential hazard for human health.
Information on magnetic grain size distribution is of great value for all these applications.

Hirt and Liu synthesized mixtures of SP and SSD magnetite aiming to estimate their relative
contribution in a variety of geological, biological and synthetic samples. The authors showed that
both the Day-Dunlop plot and principal component analysis (PCA) analysis of first order reversal
curves (FORC) measurements are effective methodologies to detect and quantify changes in the
relative proportion of magnetic particles in the SP - SDD state in natural materials and in synthesized
particles.

Jaqueto et al. explore the variations of magnetic mineralogy throughout different biomes in South
America using a large speleothem rock magnetic database. The authors compare magnetic signals from
speleothems, the soil above the cave and the host carbonate rocks to constrain the source and paths of
magnetic minerals inside karst systems under different climatic conditions. They recognize that ultrafine
ferrimagnetic minerals are the dominant magnetic phase in the speleothems that were studied, with a
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strong correlation between different concentration-dependent
magnetic parameters, and that biomes play an important role in
the definition of the magnetic content in speleothems.

In a much more dynamic scenario of ongoing hydrocarbon
natural degradation, Beaver et al. investigate the microbial
community contribution to the observed magnetic susceptibility
changes at the National Crude Oil Spill Research Site in Bemidji,
Minnesota. The multi-year analysis represents a rich record of
microbiology and magnetic changes in hydrocarbon
contaminated sediments undergoing biodegradation. The authors
show that the highest magnetic susceptibility values were measured
in the free-phase petroleum zone, where a methanogenic
community was predominant, and not in the overlying iron-
reducing zone. They hypothesized that this magnetic signature is
evidence of the metabolic potential of methanogens to switch their
metabolism from methanogenesis to iron reduction with
concomitant magnetite precipitation.

Transformations of iron bearingminerals in a trapped gas pocket
formed in Quaternary organic sediments is explored by Ustra et al.,
by tracking specific mineral changes that can be associated to
biogeochemical processes. Their investigation is focused on
changes regarding the magnetic carrier mineralogy, abundance,
and grain size. In addition to classic techniques used in
environmental magnetism, the authors utilize quantitative
interpretation techniques to characterize the SP mineral content -
in terms of variations in volume and concentration - along a cored
section that intercepts amethane pocket trapped within organic-rich
sediments. The authors point out that the association between iron-
reducing bacteria and SP minerals in a region where both iron
reduction and methane accumulation occur could reveal a direct
interspecies electron transfer (DIET) scheme.

This Special Issue stems from an engaging session on the topic
of biogeophysics and environmental magnetism during
American Geophysical Union’s Fall Meeting in 2019.
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