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Introduction: Ferrimagnetic iron sulfide Fe7S8 is also known as monoclinic pyrrhotite, and is a mineral of pale-

omagnetic and rock magnetic significance due to its wide occurrence across a variety of terrestrial environments and 
meteorites [1-3]. Single-domain (SD) pyrrhotite is also a candidate magnetic mineral for the Martian magnetic 
anomalies [4]. 

Materials and methods: We synthesized SD monoclinic pyrrhotite using the molten-salt synthesis method [5], 
followed by the comprehensive magnetic characterization of synthesized samples. The samples were in two forms: a 
powder and a powder dispersed in epoxy. “Non-ideal” refers to a powder fraction of predominantly SD size with a 
minor contribution of small pseudo-single-domain (PSD) grains. Data were collected from 10 to 633 K and include 
low-field magnetic susceptibility (χ0), thermomagnetic analyses, major hysteresis loops, back-field remanence de-
magnetization curves, first-order reversal curves (FORC), alternating field and pressure demagnetization of satura-
tion isothermal remanent magnetization (SIRM), low temperature data (such as zero-field-cooled and field-cooled 
remanence datasets together with room temperature SIRM cooling-warming cycles and susceptibility measurements 
at different frequencies of AC field) as well as XRD and Mössbauer spectra. This study is meant to establish a freely 
available SD pyrrhotite standard that can be used by other research groups [6]. 

Results: XRD, Mössbauer and thermomagnetic analyses confirmed that the product of synthesis was pure Fe7S8 
with a minor contribution of paramagnetic pyrite (~10 mol.%) with no impurities of other elements involved in the 
synthesis procedure (e.g., K, Al or Cl), nor hexagonal pyrrhotite. SEM observations showed that the pyrrhotite parti-
cles occur as agglomerates of crystallites, whose individual dimensions are ≤1-1.5 µm (more rarely: 1-5  µm). 
Grains are equidimensional to higly elongate with a maximum (mean) aspect ratio of 1:3 (0.7±0.2). No superpara-
magnetic grains were detected in our samples during measurement of the frequency dependence of in-phase and out-
of phase magnetic susceptibility across a 10-300K temperature range. 

The characteristic low-temperature ‘Besnus’ magnetic transition of monoclinic pyrrhotite is observed at ∼33 K. 
FORC diagrams indicate interacting SD grains. The application of hydrostatic pressure up to 2 GPa using nonmag-
netic high-pressure cells resulted in the demagnetization of the sample by 32-38%. Repeated cycling from 1.8 GPa 
to atmospheric pressure and back resulted in a total remanence decrease of 44% (after 3 cycles). Pre-compression 
and post-decompression hysteresis properties of the samples, such as coercivity (Bc), saturation magnetization (Ms) 
and saturation remanent magnetization (Mrs), and their remanent coercivity values (Bcr) were identical, which is con-
sistent with the considered pressure range. We have not observed pressure-induced ferrimagnetic-to-paramagnetic 
transition at 2 GPa, consistent with [7]. 

Non-ideal SD pyrrhotite has been found to be a remanence carrier in several types of meteorites (SNC and CMs), 
which justifies the usage of synthetic compositions as analogous to natural samples. Pressure demagnetization ex-
periments have important implications for meteorite paleomagnetism and suggest that some published paleointensi-
ties of meteorites with non-ideal SD monoclinic pyrrhotite as remanence carrier may be lower limits because shock 
demagnetization was not accouted for. In addition, our pressure demagnetization experiments model possible impact 
demagnetization of the Martian crust around impact basins in both northern and southern hemispheres, where the 
crust is demagnetized (likely via an impact shock mechanism). Acknowledgements: The work is supported by Act 211 Gov-
ernment of the Russian Federation, agreement № 02.A03.21.0006 and is performed according to the Russian Government Program of 
Competitive Growth of Kazan Federal University. 
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