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Table S1. Best fit parameters of the CEMS spectra octahedral (A) and tetrahedral (B) sites.
Bnt is hyperfine magnetic field, IS is isomer shift relative to a-Fe, € is quadrupole shift.

Sample Site Bhs [T] IS [mm/s] € [mm/s] Relative
intensity
%
No-field A 47.5 (1) 0.26(1) 0.00(1) 33(1)
B 44.9 (2) 0.63(1) 0.00(1) 67(1)
In-field A 47.4 (2) 0.26(1) 0.01(1) 32(1)
B 44.7(2) 0.63(1) 0.00(1) 68(1)

Figure S1 1x1 pm? STM images for the in-field and no-field samples, left and right, respectively.



Simulations of the P-MOKE loops

Simulations that best reproduced the measured hard P-MOKE loops were performed by minimizing the

total energy in the form:

E@6,¢) = —?H M, [sin 8 cos @ + sin @ sin ¢ +cos 8] + K, [sin* 8 sin? ¢ cos? ¢ + sin? 0 cos? 6] +

K, [sin* 6 cos? 0 sin? ¢ cos? p]+(2mrM? — Ku)[§ + %sin2 6 sin ¢ cos @ +§sin 6 cosO (sin @ +
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6 and ¢ are polar and azimuthal angles in the Cartesian coordinate system associated with the cubic unit
cell of magnetite, and the formula above takes into account the (111)-orientation of the magnetite film
and the magnetic field H that is applied along the film normal. M; is the bulk magnetite magnetization and
K; and K are first- and second-order bulk magnetocrystalline anisotropy constants. The fourth and fifth
term of the formula express the film-typical contributions to the total energy: the shape anisotropy that
scales with 2rM2, and an additional phenomenologically introduced uniaxial anisotropy constants of the
first- (K,) and second- (K,y) order, which are necessary to counterbalance and overwhelm the shape
anisotropy and stabilize the out-of-plane magnetization component. We are aware that such description
is an oversimplification of a complex magnetization structure caused by the presence of the antiphase
boundaries (compare Ref. 40 in the main text), but it allows quantification of the anisotropy changes

induced by the in-field deposition.

From the equilibrium magnetization direction derived with the equilibrium conditions: Z—Z = S—Z =0, the
out-of-plane magnetization curves are plotted in Fig. 1S and 2S for K, and y that give the best simulation
of the experimental data obtained for the no-field and in-field samples, respectively. Note that the
simulations in the single-domain model are not able to properly reproduce the hysteresis. The derived K,

and y values are given in the figure captions.
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Figure S2 K, =7.7%10° erg/cm® , y=0.48 Figure S3 K, = 12.8%10° erg/cm® , y=0.42



