Natural magnetic minerals capture the Earth’s magnetic eld
during their formation, but not all serve as dependable record-
ers for paleomagnetic reconstructions. Advances in experi-
mental and computational methods enable the study of mag-
netic behaviors of individual magnetic grains. In this study, we
conduct high-resolution magnetic surface scans on natural
magnetic samples and integrate these with micromagnetic
simulations. Our aim Is to bridge the gap between experimen-

tal observations and computational simulations.
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The study seeks to a rm the unigueness of micromagnetic simulation outcomes
by juxtaposing them against experimental data obtained through high-resolu-
tion magnetic surface scans. Using quantum scanning microscopy (QSM) at a 30
nm resolution, magnetic surface scans were conducted on a 1 pum-cube magne-
tite grain. Initially, a pure magnetite grain of 1 um was extracted using the fo-
cused ion beam technique. Subsequently, we magnetized this grain at 700 mT
along one axis of the cube. Following this, the stray magnetic eld was measured
using QSM, positioned 300 nm above the sample surface. Additional scans were
performed after subjecting the magnetite grain to 150 mT and 100 mT external
eld magnetization along the X, Z and Y directions in subsequent trials.
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Overview of the micromagnetic modeling of an individual
magnetic grain. Image from Cortés-Ortufio et al. (2022)

Quantum scanning microscopy setup for high-resolution magnetic surface
scans. Image from QZABRE

Micromagnetic simulations are performed using MERRILL based on the magneti-
zation histories of the magnetite grain. First, the meshed geometry and the mate-
rial properties were put into MERRILL to determine the internal magnetization
structure with a random Initial state. The magnetization structure within the mag-
netite grain revealed multi-domain con gurations. Magnetic stray elds above

the sample surface were then calculated based on the magnetization of the grain
to compare with experimental observations.
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In this study, we conducted QSM measurements on natural magnetite grains, and
obtained high-resolution magnetic surface scans of the stray eld. Simultaneous-
ly, micromagnetic simulations using MERRILL were conducted aligning with the
grain's magnetic histories. The resulting magnetization con guration within the
magnetite grain revealed intricate patterns. Additionally, the stray eld above the
magnetite grain was also calculated from simulation. Comparing the simulated
stray eld with experimental observations, the QSM results facilitated the selec-
tion of the best- t MERRILL simulations, thereby re ning the most plausible mag-
netic con gurations of the grain. In the upcoming phase, we aim to integrate the
QSM results into MERRILL calculations to further determine the most probable
magnetization states within the grain.



