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Introduction . . Characterizing the sensor MMT results from natural samples

Micromagnetic Tomography (MMT) allows to ?gg,?ﬂn/e,t\}ﬁj‘jréagfffa'} S{;ﬁ‘f:’;‘;ﬂiﬁa The magnetic surface scans for MMT studies are obtained using a Quantum Diamond Using these developments in MMT we can now start to determine magnetic moments of
reconstruct magnetic moments of individual ¢ Microscope (QDM). QDM is an optical technique that images (dips in) the fluorescence individual grains in natural samples, e.g. a Hawaiian lava, below. For ~1600 grains that
grains embedded in a sample. Its workflow is that arises from nitrogen-vacancy (NV) centers in a diamond chip. This layer of NV were in view of both the QDM and MicroCT analyses, we obtained magnetic moments.
in the flowchart to the right. MMT relies on SN LN centers has a non-negligible thickness (1-2 pm) compared to the sensor-sample distance Determining which grains are reliable recorders of the magnetic field and which grains
combining a magnetic surface scan with a \ ¢ and the size of the magnetic centers. We therefore now model the sources for MMT should be ignored is the current challenge in interpreting MMT results.

spatial characterization of the iron-oxide EomeafaiEtian o @ainEE sEETe inversions as volume integrals using the dimensions of the NV layer, as depicted below. ) 1870
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measured surface scan are the residuals that .
are not explained by the MMT inversion. :'

From fitting dipoles to spherical harmonics
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Magnetic .
Naturally occurring grains often have complex magnetic structures that can only be po?entl"aI 0¥ 0Y0? %" Interpreting MMT data
. . . . . uniaue 11y 3! 1 51 1 '
approximated as a dipole when the sensors are sufficiently far away from the grain. In most de meé’ DIPOLE QUADRUPOLE ~ OCTUPOLE . Techniques to obtain paleomagnetic data
. . . ... . MAGNETIC MOMENTS .
MMT studies, however, the sensor-sample distance is minimized. It is therefore necessary to from bulk samples are well established.
describe the magnetic moments of the grains in spherical harmonics. As illustrated below, the These techniques for bulk samples,

residual of the inversion reduces when higher order spherical harmonics are used. Also, the Unraveling magnetic
higher order spherical harmonics accommodate e.g. measurement noise and co-registration
errors. Fitting higher order spherical harmonics therefore also improves the dipole
approximation produced by MMT.

Grain model however, cannot always be used for data
(FIB-SEM, microCT, nanoCT) Finite element mesh obtained for (assemblages of) individual
- - grains. Alternating field demagnetization
experiments for example, lower the
magnetic moment of bulk samples, but the

domain states

MMT can also be used to assess
internal magnetic domain states
of individual grains. These
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200 domain states cannot be inverted moments_l of Cllndlwdual g::;zs_ _do not
= for directly, but the stray field necess_arl y. ecrease. a_lnlng .
‘5 € : : paleodirection from selected grains from a
= 31001 that is measured from a grain 3 _ _
> > Hawaiian lava (on the right) is therefore
= can be compared to the stray ¢ ctraightf 4 4 illustrat ‘h
fields that are predicted by not stralg orw.ar and us_ rates c B34 s
Q . . need for developing new paradigms. Fisher mean inc = -49.30
200 outcomes of micromagnetic k=1075
E models using e.g. MERRILL. This )
G gloo_ &8 RS . e p o6 allows for selecting the Open SC|encer Open Software
S'ZN > Y ¢ ' : ' ¢ micromagnetic model that best The MMT inversions are programmed in Python and are fully open
- h i i fits the measured stray field of an source. The manuscript describing the use of the codes is currently
Oo 100 200 300 0 100 200 200 O 100 200 200 individual grain. See also the under revision for Computers & Geosciences. The codes are already
X m X LM X um poster of Ge Bian et al in this L Ve available on Github and are citable using their Zenodo doi’s. Scan this E -
— . B 1] session. (MMT library) (MERRILL) QR code for fast access to the MMT Github repository. e R
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