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Introduction: Magnetic force microscopy (MFM) is a powerful technique that images magnetic domains and 
micromagnetic structures in ferrimagnetic materials at high spatial resolution (tens of nm). MFM is an advanced 
mode of atomic force microscopy (AFM) and simultaneously produces both topographic and magnetic images of the 
scanned area (Fig. 1). MFM has become a highly used technique in rock magnetism due to its high spacial resolu-
tion, its ability to work in low- and high temperature regimes (up to 400°C), in air or controlled atmosphere envi-
ronments, and in zero- or in-field conditions. While investigating the magnetic properties of meteorites, MFM can 
be helpful for distinguishing between hexagonal and monoclinic pyrrhotites, visualizing microstructures within Fe-
Ni alloys, and learning about the grain sizes and shapes that are the main carriers of remanence. MFM also can help 
to decipher the stability and nature of remamence and anisotropy for highly anisotropic samples [1]. Despite such 
advantages, MFM has not yet become a common tool in meteoritics and planetary science. The aim of this contribu-
tion is to emphasize the advantages of MFM and provide examples of its successful application to meteorites. 

Samples and methods: We investigated Pecora Escarpment 91002 (PCA91002) Rumuruti chondrite from Ant-
arctica (subsample PCA91002-E1) (R3.8-6 petrographic type) and Chelyabinsk LL5 ordinary chondrite [2] using the 
Asylum Research MFP-3D MFM at the Institute for Rock Magnetism (IRM), University of Minnesota (USA). 

Results: Rock magnetic investigations find evidence of magnetite and pyrrhotite in the PCA91002 sample. 
MFM images of the PCA91002 are presented in Fig. 1. For instance, Fig. 1A displays a ~400 nm pyrrhotite grain in 
two-domain state and <100 nm magnetic grain in single domain, vortex, or two-domain state (lower left corner). A 
fishbone-shaped grain of magnetite with out-of-plane magnetization is most likely controlled by surface stress 
(Fig.1B). Fig. 1C displays a magnetic mineral in a shock vein (most likely pyrrhotite). A rim of fine magnetic grains 
around a larger non-magnetic grain are directly visible in Fig. 1D. Fig. 1E displays a zommed-in small area in 
Fig.1D with single domain and pseudo-single-domain magnetic (PSD) particles <400 nm in size.  

 
Figure 1. Examples of MFM-images of Rumuruti chondrite PCA91002 (magnetic – upper level, topography – lower level). See text for explana-
tions. Repulsive (attractive) interaction of the MFM tip with the sample stray field corresponds to dark (light) regions on the MFM image. MFM-
image contrast represents the direction of magnetization in magnetic domains. 
 

The obtained remanence ratio (Mrs/Ms=0.256, where Ms and Mrs are saturation magnetization and saturation rema-
nent magnetization) and coercivity ratio (Bcr/Bc=2.24, Bcr=72.9 mT, where Bc and Bcr are coercivity and remanent 
coercivity) also indicate a PSD grain size range (in line with MFM observations). Other results and discussion of 
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