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Abstract—We present here the results of hydrostatic pressure demagnetization experiments up to 1.8 GPa on LL,
L and H ordinary chondrites—the most common type of meteorites with Fe-Ni alloys being the main magnetic
carrier. We used a non-magnetic high-pressure cell of piston-cylinder type made of “Russian” alloy (NiCrAl)
together with a liquid pressure transmitting medium PES-1 (polyethylsiloxane) to ensure purely hydrostatic
pressure. This technique allowed measuring magnetic remanence of investigated samples directly under pres-
sure as well as upon decompression. Pressure was always applied in near-zero magnetic field (<5 μT). The exper-
iments revealed that under hydrostatic pressure up to 1.8 GPa, ordinary chondrites lose up to 51% of their initial
saturation isothermal remanent magnetization. Pressure demagnetization degree is proportional to the coerciv-
ity of remanence (Bcr), which reflects the magnetic hardness of the samples. This is similar to what was observed
for ferrimagnetic minerals others than Fe–Ni alloys. In addition, pressure of 1.8 GPa does not demagnetize
samples with Bcr > 80 mT, i.e. whose main metal phase is tetrataenite (Fe0.5Ni0.5). This study gives an overview
of pressure sensitivity of ordinary chondrites up to 1.8 GPa and has implications for extraterrestrial paleomag-
netism as it can help to interpret remanent magnetization of ordinary chondrites that suffered shock metamor-
phism processes.
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INTRODUCTION
Hypervelocity impacts represent a fundamental

process in the evolution of the solid matter in the Solar
System. Shock waves generated during impacts mod-
ify the target rocks and minerals in a unique way and
can also erase or overprint the magnetic record of the
Solar System solid bodies (Mars, Moon, asteroids…),
a record that can be studied in meteorites (Weiss et al.,
2010). Fe–Ni is known to be the main magnetic carrier
in most groups of meteorites (Lauretta and McSween,
2006). Interpretation of paleomagnetic data of extra-
terrestrial materials and, in particular, the search of
primary magnetizations, acquired in the early Solar
System, require the knowledge of the shock effects on
remanent magnetism of Fe–Ni-bearing meteorites.
Laboratory shock experiments are characterized by
the difficulty in calibrating shock pressure, and possi-
ble mechanical damages of investigated samples (e.g.
Fuller et al., 1974; Bezaeva et al., 2016a; Badyukov
et al., 2018). Static pressure experiments allow better

pressure calibration and are essentially non-destruc-
tive for samples. Until recently, such experiments were
characterized by a limited pressure range, non-hydro-
static load and limited sample volume, which allowed
working only on individual magnetic grains rather
than bulk rocks (e.g. Gilder and LeGoff, 2008). How-
ever, it is important to study bulk samples representa-
tive of natural processes. This requires relatively large
sample volumes to be allowed in the pressure chamber.
Bezaeva et al. (2010) used bulk samples to investigate
hydrostatic pressure demagnetization effect up to
1.2 GPa in a wide range of rocks and magnetic minerals,
including Fe–Ni alloys. However, the set of Fe–Ni-
bearing samples in (Bezaeva et al., 2010) was restricted
to only three ordinary chondrites (OC) with a variable
but limited range of magnetic hardness values,
expressed by the coercivity of remanence Bcr. This
manuscript is a follow up study on hydrostatic pressure
demagnetization of a larger set of ordinary chondrites
and over a more extended pressure range.
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Table 1. Bulk magnetic properties of ordinary chondrite samples used in this study

m is mass (in mg); Mrs is saturation remanent magnetization (in mAm2/kg); Ms is saturation magnetization in mAm2/kg; Bc is coercivity
and Bcr is remanent coercivity (in mT).

Meteorite Sample # Type m Mrs Ms Mrs/Ms Bcr Bc Bcr/Bc

Lançon 1108 H6 84.6 243 41570 0.006 5.4 0.7 8.2
Agen 139 H5 121.0 49 8470 0.006 10.8 1.3 8.4
Pultusk 2713 H5 61.9 303 42680 0.007 26.8 1.0 25.9
Savtschenskoe 2476 LL4 25.5 53 5410 0.010 45.5 2.6 17.4
Ochansk 2675 H4 61.5 392 42950 0.009 46.0 1.3 34.7
Jelica 2597 LL6 90.4 84 970 0.087 78.0 32.6 2.4
Adzi-Bogdo 3174 LL3-6 85.5 180 2640 0.068 91.6 22.1 4.1
L’Aigle 9 L6 145.7 353 13650 0.026 225.2 6.6 33.9
Guidder 2261 LL5 47.4 452 1298 0.349 403.5 151.8 2.7
The main objective of this study is to quantify
experimentally the magnetic remanence sensitivity of
a more representative set of OCs with Bcr spanning
three orders of magnitude (5 to 400 mT) to hydrostatic
load up to 1.8 GPa.

MATERIALS AND METHODS
Sample Description

For this study, we preselected nine pristine samples
of OCs from the LL, L and H groups (Abreu, 2018),
with a particularly wide range of remanent coercivity
values Bcr from 5 to 404 mT (Table 1).

The OC samples were all falls (W0, i.e. pristine
without traces of terrestrial weathering) and included
Lançon (H6), Agen (H5), Pultusk (H5),
Savschenskoe (LL4), Ochansk (H4), Jelica (LL6),
Adzi-Bogdo (LL3-6), L’Aigle (L6), Guidder (LL5).
The samples for this study were provided by the French
Muséum National d’Histoire Naturelle (Paris, France).
As mentioned above, typical magnetic remanence carri-
ers in OCs are metallic Fe–Ni alloys with different
nickel content: taenite (Ni ~ 30–50 wt %, face-centered
cubic structure, fcc), tetrataenite (Ni ~ 50 wt %, tetrag-
onal structure) and kamacite (Ni ≤ 7 wt %, body-cen-
tered cubic structure, bcc) (Sugiura and Strangway,
1988; Gattacceca et al., 2014).

Experimental Equipment and Protocols
All magnetic measurements were carried out at

CEREGE (Aix-en-Provence, France). We used
Princeton Micromag Vibrating Sample Magnetometer
(VSM) with maximum applicable magnetic field of
1 T and a moment sensitivity of ~10–8 Am2 for mea-
surements of hysteresis loops and backfield rema-
nence demagnetization curves at room temperature.
Coercivity Bc, remanent coercivity Bcr, saturation
remanent magnetization Mrs, saturation magnetiza-
tion Ms are presented in Table 1.
Pressure demagnetization experiments were car-
ried out using a nonmagnetic high-pressure cell of pis-
ton-cylinder type (Sadykov et al., 2009) allowing
direct measurements in a 2G Enterprises SQUID
(Superconducting Quantum Interference Device)
magnetometer (model 755R). Magnetic moments up
to 10–4 Am2 can be measured with a practical back-
ground noise level of 10–11 Am2. The pressure cell has
several modifications with regard to the cell described
by Sadykov et al. (2008): it is entirely made of “Russian
alloy” (Ni57Cr40Al3), its inner diameter is 8 mm and the
maximum applicable calibrated pressure is 1.8 GPa.
Moreover, the teflon plug, described in Sadykov et al.
(2008), was replaced by a special inner piston-plug
made of “Russian alloy” with a CuBe antiextrusion
gasket. The reported (actual) pressure values are 10%
less with regard to the external load (for details see
Sadykov et al., 2008, 2009; Bezaeva et al., 2010,
2016b). The pressure cell was intercalibrated with the
previous one used by Bezaeva et al. (2010) (see figure
caption for Fig. 1).

We used the following protocol for all pressure
demagnetization experiments. After acquisition of satu-
ration isothermal remanent magnetizaiton (SIRM) in a
3 T magnetic field using pulse magnetizer MMPM9
from Magnetic Measurements Ltd., the sample was
placed into a teflon capsule, filled with inert polyeth-
ylsiloxane (PES-1) liquid and locked with a special
piston-plug. PES-1 allows converting the uniaxial
pressure on the pistons into a purely hydrostatic pres-
sure on the sample (Kirichenko et al., 2005). After
loading of the cell with a press Graseby Specac 15011,
pressure inside the cell was locked by clamping. In
order to isolate pressure demagnetization effect on
remanent magnetization and exclude the creation of
piezoremanent magnetization (PRM) after pressure
application (studied in many previous works e.g.
Nagata and Kinoshita, 1965; Nagata, 1966; Kinoshita,
1968; Nagata et al., 1982), in this work pressure was
always applied in ambient magnetic field that was low
GEOCHEMISTRY INTERNATIONAL  2022
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Fig. 1. Isothermal remanent magnetization IRM, normalized to SIRM versus hydrostatic pressure up to 1.8 GPa for ordinary
chondrite samples. Pultusk #2713* corresponds to pressure demagnetization curve up to 1.24 GPa for the same Pultusk sample,
previously published in (Bezaeva et al., 2010) and presented here for comparison.
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enough (<5 μT) to be considered negligible in view of
the starting remanence acquired in a strong field (3 T).
For this, the press with the cell inside was placed at the
center of three pairs of perpendicular Helmholtz coils
connected to stabilized DC supplies. Due to the pres-
ence of mobile metallic parts in the press, it was not
possible to obtain a stable lower ambient field. The
magnetic field in the area of the investigated sample
was monitored using a 3 axis f lux-gate magnetometer
and was always <5 μT. Thus, in these experiments, any
possible PRM acquisition was negligible compared to
the pressure demagnetization. We used 11-step pres-
sure demagnetization protocol, which is specified in
Table 2.

The magnetic moment of the sample under pres-
sure and upon decompression was measured at each
pressure step up to 1.8 GPa using the above-described
SQUID magnetometer. The remanence of the empty
pressure cell at ambient pressure and room tempera-
ture is ∼3 × 10–8 Am2; at each subsequent pressure
step up to 1.8 GPa it was always at least two orders of
magnitude lower than the remanence of the investi-
gated sample (with the exception of Savtschenskoe, for
which at final pressure steps the sample remanence
was only ∼30 times higher than the cell remanence).
Thus, there was no need for correction of the magnetic
remanence of the sample by the magnetic remanence
of the cell.

After decompression, the sample was extracted
from the cell and demagnetized by alternating field
(AF), then resaturated in a 3 T magnetic field and
GEOCHEMISTRY INTERNATIONAL  2022
demagnetized by AF again. In this study, median
destructive field (MDFi) is defined as the alternating
magnetic field needed to reduce SIRM by half.

RESULTS AND DISCUSSION
Pressure demagnetization experiments up to

1.8 GPa were reproducible, mechanically non-
destructive (with an exception of Guidder, for which a
small piece of ∼25% of the initial mass split off after
pressure demagnetization experiment), and did not
change the bulk magnetic properties of investigated
samples (e.g., Mrs etc., see Table 1). The latter is in
agreement with the fact that there is no magnetic
phase transitions in Fe–Ni-bearing ferrimagnetic min-
erals in the given pressure range (Wei and Gilder, 2013;
Wei et al., 2017).

Figure 1 displays normalized isothermal remanent
magnetization (IRM) versus hydrostatic pressure (p)
from p = 0 (IRMp = 0 = SIRM) up to 1.8 GPa for all
investigated ordinary chondrite samples. Related
experimental data are presented in Table 2. As seen
from Fig. 1, pressure application up to 1.8 GPa
resulted in demagnetization of samples, i.e. a decrease
of their IRM. This decrease is irreversible, i.e. IRM
does not recover upon decompression. Pressure
demagnetization degree Δ is defined as follows:

(1)

where IRMpmax is defined as IRM under 1.8 GPa. Δ is
expressed in %. Δ = 0% for no pressure demagnetiza-

( )Δ = − ×max1 IRM /SIRM 100%,p
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Table 2. Experimental data from pressure demagnetization experiments (Fig. 1)

All pressure steps in 12-step experimental protocol are numbered consecutively in the left column, see Materials and Methods; p is cali-
brated pressure in GPa; Savtsch. is Savtschenskoe. Adzi-B. is Adzi-Bogdo;  = IRMp/SIRM, IRMp is isothermal remanent mag-
netization under pressure, SIRM is saturation isothermal remanent magnetization.

Meteorite Lançon Agen Pultusk Savtsch. Ochansk Jelica Adzi-B. L’Aigle Guidder

# p

1 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2 0.18 0.94 0.90 0.93 0.96 0.98 1.00 0.99 0.99 1.00

3 0.36 0.88 0.82 0.85 0.90 0.96 1.00 0.99 0.98 1.00

4 0.55 0.82 0.76 0.78 0.85 0.91 1.00 0.99 0.97 1.00

5 0.73 0.78 0.70 0.74 0.82 0.87 0.99 0.98 0.96 0.99

6 0.91 0.72 0.65 0.71 0.80 0.84 – 0.98 0.96 0.99

7 1.09 0.67 0.61 0.70 0.77 0.83 0.99 0.98 0.96 0.99

8 1.28 0.63 0.57 0.68 0.76 0.81 – 0.98 0.96 0.99

9 1.46 0.60 0.54 0.68 0.75 0.80 0.99 0.98 0.96 0.99

10 1.64 0.57 0.52 0.67 0.75 0.78 – 0.97 0.95 0.99

11 1.82 0.54 0.49 0.65 0.74 0.77 0.98 0.97 0.95 0.99

12 0.00 0.57 0.43 0.66 0.69 0.73 0.99 0.97 0.96 0.99

p
*IRM p

*IRM p
*IRM p

*IRM p
*IRM p

*IRM p
*IRM p

*IRM p
*IRM

p*IRM
tion at all, and Δ = 100% for total pressure demagneti-
zation.

Δ under maximum pressure varies from 1 to 51%.
Values of Δ under maximum pressure and its variations
upon decompression (δ, defined as changes in IRM
Table 3. Results of pressure demagnetization experiments

pI = 0.73 GPa; pmax = 1.82 GPa; MDFi is median destructive
field of saturation isothermal remanent magnetization (in mT);
extrapolated values of MDFi (not reached experimentally) are ital-
ized; Δ (in %) is pressure demagnetization degree under maximum
pressure (1.82 GPa); δ (in %) corresponds to changes in isothermal
remanent magnetization (IRM) upon decompression from
1.82 GPa (IRM decreases when δ is negative and increases when δ is
positive); α = [(SIRM – IRMpI)/(SIRM – IRMpmax)]/[pI/pmax],
where SIRM is saturation IRM before compression in the pres-
sion cell, IRMpI is IRM under pI and IRMpmax is IRM under
pmax; ε1 = 1 – ε(30 mT)/ε0, where ε(AF) = [SIRMAF(AF) –
IRMAFp(AF)]/SIRMAF(AF) × 100%, ε0 = ε(0 mT); AF is alter-
nating magnetic field (see text); SIRMAF and IRMAFp corre-
spond to IRM values before and after pressure application,
respectively, so that SIRMAF(AF) curve is a curve of AF demag-
netization of SIRM and IRMAFp(AF) is a curve of AF demag-
netization of residual IRM after decompression from 1.82 GPa
and extraction of the sample from the cell.

Meteorite MDFi Δ δ α ε1 ε0

Lançon 2 46 3 1.2 – –

Agen 6 51 –7 1.5 65 55

Pultusk 17 35 1 1.9 87 31

Savtschenskoe 18 26 –5 1.7 94 26

Ochansk 19 23 –4 1.5 91 20

Jelica 24 2 1 0.8 69 3

Adzi-Bogdo 35 3 0 2.1 53 11

L’Aigle 107 5 1 1.7 55 12

Guidder 233 1 –1 3.4 – –
upon decompression in % from SIRM) are presented
in Table 3. The maximum pressure demagnetization
degree (~50%) is observed for the samples of Lançon
and Agen with the lowest values of remanent coercivity
Bcr. This is in agreement with the previously published

statement that within the same class of magnetic min-
erals (Fe–Ni in this paper) pressure demagnetization
degree is mainly controlled by the magnetic hardness
of the samples (Bezaeva et al., 2010).

As seen from Fig. 1, pressure demagnetization
curves have slightly different shapes. Following
Bezaeva et al. (2010), we calculated α parameter for all
our samples (see Table 3). This parameter, describing
the shape of the pressure demagnetization curve, is
defined as follows:

(2)

where IRMpI is IRM under pI = 0.73 GPa and IRMpmax

is IRM under pmax = 1.82 GPa.

If we exclude three samples with Δ < 5% (Table 3),
α values vary from 1.2 to 1.9 with a mean value of 1.6 ±
0.2 indicating concave shape of pressure demagnetiza-
tion curves, in accordance with previous findings
(Bezaeva et al., 2010).

Figure 2 displays normalized IRM versus Bcr for

three different pressure values (p1 = 0.18 GPa; p4 =

1.28 GPa; pmax = 1.82 GPa): actual data (Figs. 2a–2c)

and linear fits (Figs. 2d–2f) for data points prior to
'plateau' effect (see below). Figure 3 displays five lin-
ear fits, the corresponding parameters being given in
Table 4. These linear fits are characterized by coeffi-

cient of determination R2 values ranging from 0.78 to

( )[
] [ ]

α = −
−

pI

max I max

SIRM IRM /(SIRM

IRM / / ,)p p p
GEOCHEMISTRY INTERNATIONAL  2022
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Fig. 2. Empirical dependency of isothermal remanent magnetization under hydrostatic pressure p versus remanent coercivity Bcr
for ordinary chondrites. Figures 2a–2c display all available data for p1 = 0.18 GPa, p4 = 1.28 GPa and pmax = 1.82 GPa, respec-
tively. Figures 2a–2b also include pressure demagnetization data from Bezaeva et al. (2010) acquired on Pultusk, Bensour and
Saratov ordinary chondrites. For Bcr > 80 mT there is a “plateau” effect and pressure demagnetization no longer occurs in the
given pressure range. And prior to ‘plateau’ there is a linear dependence between normalized IRM under pressure and Bcr, which
is well expressed in Figs. 2d, 2e, 2f.
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Fig. 3. Empirical dependency of normalized isothermal remanent magnetization (IRMpx/SIRM) under hydrostatic pressure px
(x = 1,2,3…) versus remanent coercivity Bcr for Fe-Ni-bearing ordinary chondrites. This graph gives a predictive model, which
can be used to determine the degree of pressure demagnetization of Fe-Ni-bearing samples for given pressure and Bcr values with
5% accuracy.
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0.97. Bezaeva et al. (2010) showed that within the

same family of magnetic minerals there exists a cor-

relation between Δ and the magnetic hardness of the

sample (Bcr). As seen from Fig. 3 such correlation holds

but is better described by a different type of equation.
GEOCHEMISTRY INTERNATIONAL  2022
Indeed, our new experimental data on a larger data-
set allow a better description of the relationship between
pressure demagnetization and coercivity of remanence:

(3)= +crIRM /SIRM ,pх aB b
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Table 4. Fitting parameters for Figs. 2–3

p is pressure in GPa; a (in mT–1) and b (dimensionless) are linear
fit coefficients; R2 is determination coefficient reflecting the con-
fidence of chosen approximation.

# p a b R2

p1 0.18 1.22 × 10–3 0.913 0.78

p2 0.55 3.34 × 10–3 0.733 0.81

p3 1.09 5.20 × 10–3 0.580 0.93

p4 1.28 6.38 × 10–3 0.525 0.92

pmax 1.82 6.49 × 10–3 0.467 0.97
where Bcr is remanent coercivity in mT; a (in mT–1) and
b (dimensionless) are fitting parameters (see Fig. 2 and
Table 4); [IRMpmax/SIRM] × 100% = 100 – Δ.

As seen from Figs. 1 and 3, Δ, calculated for differ-
ent pressure values using equation (1), increases with
increasing pressure. Figure 3 can be considered as a
predictive empirical model for five given pressure val-
ues, and can be used to determine the degree of pres-
sure demagnetization of Fe–Ni-bearing samples for
given p and Bcr values (p ≤ 1.8 GPa) with 5% accuracy.

Similar dependencies can be plotted for any other
hydrostatic pressure values from 0 to 1.8 GPa range.
This predictive model can be applied to ordinary
chondrite samples as well as any other Fe–Ni-bearing
samples (e.g. iron meteorites).

We also determined a threshold Bcr value (further

referred to as Bcr-th1), above which there is a ‘plateau’

effect and no further pressure demagnetization occurs
in the given pressure range. For Fe–Ni magnetic min-
eralogy and p = 1.8 GPa, Bcr-th1 = 80 mT (Fig. 2). This

is in agreement with previous findings (Bezaeva et al.,
2010). Indeed, Bezaeva et al. (2010) investigated a
group of Fe–Ni-bearing samples (also OC) and found
that for p = 1.24 GPa threshold value Bcr-th2 ≈ 70 mT.

The slight difference between Bcr-th1 and Bcr-th2 values is

likely due to a larger number of samples and/or
higher-pressure range used in this study. Taking into
account the degree of pressure demagnetization Δ of
Fe–Ni-bearing OC samples (Bensour, Pultusk, Sara-
tov) under 1.24 GPa, reported in (Bezaeva et al., 2010),
Δ values under p4 = 1.28 GPa for OC samples in this

study (Table 1) and a linear character of Δ versus Bcr

dependence, we could refine the Bcr-th value under

1.2 GPa to Bcr-th2 = 74 mT. This latter value comes from

a larger dataset and thus is likely to be more accurate.

It is worth pointing out to the behavior of rema-
nence after decompression. Indeed, Bezaeva et al.
(2010) showed that upon decompression residual
remanent magnetization of different magnetic miner-
als can exhibit no further changes or change both
towards a further decrease as well as a recovery with
regard to Δ under pressure (see δ values in Table 3).
Morever, remanence behavior pattern upon decom-
pression depends on the specific magnetic mineral:
application of pressure up to 1.24 GPa to Fe–Ni bear-
ing samples (OC) resulted in the variation of δ within
[–4; 2]% range with regard to initial pre-compression
SIRM value (δ = –6% for a sample of powdered iron

Fe0 dispersed in epoxy, see Bezaeva et al., 2010). This
study confirms such trend however reveals slightly
larger amplitude of δ variations: from –6 to +3%.
Thus, the typical behavior of remanence for Fe–Ni-
bearing samples upon decompression are slight varia-
tions towards further decrease or recovery of rema-
nence, whose absolute value does not exceed 6% from
initial value of pre-compressed SIRM of the sample
(Table 3).

Figure 4 displays AF demagnetization curves of
SIRM for all nine samples.

As follows from Fig. 4, samples with similar AF
demagnetization pattern (e.g., Ochansk and Pultusk)
may have very different pressure demagnetization pat-
terns: Δ = 23% for Ochansk and Δ = 35% for Pultusk
(Fig. 1). Conversely, samples with very different AF
demagnetization pattern (e.g. Adzi-Bogdo and Guid-
der: MDFi is 35 mT for Adzi-Bogdo and 233 mT for

Guidder, see Table 3, Fig. 4) may have very similar
pressure demagnetization patterns (Fig. 1).

In order to describe how pressure demagnetization
affects different coercivity fractions, following Bezaeva
et al. (2007, 2010) we calculated a pressure demagneti-
zation parameter ε defined as following:

(4)

where AF is alternating magnetic field, SIRMAF and
IRMAFp are IRM values before and after pressure
application, respectively, so that SIRMAF(AF) curve is
a curve of AF demagnetization of SIRM and
IRMAFp(AF) is a curve of AF demagnetization of
residual IRM after decompression from 1.82 GPa and
extraction of the sample from the cell.

Figure 5 displays pressure demagnetization effi-
ciency ε versus AF for 7 samples out of 9, which are
discussed below.

Table 3 gives the values of ε1 = 1 – ε(30 mT)/ε0

characterizing the shape of ε(AF) curve. ε0 = ε(0 mT).

ε1 = 0 (respectively, ε1 = 1) if demagnetization affects

only grains with coercivity below 30 mT (respectively,
above 30 mT). As seen from Fig. 5, for all samples,
ε decreases with increasing AF. This indicates that
pressure demagnetization preferably affects the lower
coercivity fraction, in agreement with previous find-
ings in a pressure range up to 1.24 GPa (Pearce and
Karson, 1981; Bezaeva et al., 2007, 2010). However,
higher coercivity fractions may also be affected.
Indeed, mean ε1 = (73 ± 17)% is consistent with pre-

vious findings for OCs (ε1 = (53 ± 29)% for pressure

demagnetization up to 1.24 GPa, see Bezaeva et al.,
2010).

( ) ( )[
( )] ( )

ε =
− ×

AF

AFp AF

AF SIRM AF

IRM AF /SIRM AF 100%,
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Fig. 4. Alternating field demagnetization of saturation isothermal remanent magnetization (normalized to its initial value).
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Fig. 5. Pressure demagnetization efficiency ε versus alternating magnetic field for the studied ordinary chondrite samples. See
equation (4) in the text for the definition of ε.
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The highest pressure demagnetization efficiency is

observed for the magnetically softest meteorites. With

an exception of Agen, pressure demagnetization effi-

ciency in the given pressure range drops below 10%

above 10 mT for all samples. Then ε0 decreases with
GEOCHEMISTRY INTERNATIONAL  2022
the increase of the magnetic hardness of the samples
(Table 3). The only exception is the sample of Jelica: it
has the lowest pressure demagnetization efficiency,
which is in agreement with the lowest ε0 and Δ values,

but it has lower MDFi and Bcr values than the samples
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of l’Aigle and Adzi-Bogdo. It is known that ordinary
chondrites often contain a mixture of magnetic miner-
als (taenite, tetrataenite, kamacite in our case) with
different pressure sensitivity (Gattacceca et al., 2014).
Thus, one possible explanation of the observed phe-
nomenon is that l’Aigle is likely to contain a small pop-
ulation of magnetically soft grains, which resulted in a
higher pressure demagnetization efficiency than what
is observed for Jelica. At the same time its hysteresis
properties (Table 1) are dominated by magnetically
hard population of grains, so that its Bcr value is higher

than that of Jelica.

Magnetic remanence is known to be more sensitive
to deviatoric than hydrostatic loads (Nagata, 1966;
Martin and Noel, 1988), so shock waves are likely to
produce a larger demagnetization effect than hydro-
static pressure. However, we still can use hydrostatic
pressure demagnetization as a rough approximation of
shock demagnetization.

This work describes demagnetization of SIRM by
hydrostatic pressure in low magnetic field. However, it is
important to mention that different types of magnetiza-
tion (thermoremanent magnetization TRM, anhyster-
etic remanent magnetization ARM, shock remanent
magnetization SRM, viscous remanent magnetization
VRM, IRM) may have different pressure sensitivity.
Because pressure demagnetization affects preferentially
the low coercivity fraction, it is likely that TRM and
ARM have a lower but comparable pressure sensitivity
than SIRM.

CONCLUSIONS

(1) We conducted pressure demagnetization
experiments on nine samples of ordinary chondrites
(falls only), characterized by a wide range of mag-
netic hardness quantified by the remanent coercivity
Bcr in the 5–404 mT range. The experiments revealed

that under hydrostatic pressure up to 1.8 GPa,
applied in a near-zero (<5 μT) magnetic field, ordi-
nary chondrite samples lose up to 51% of their initial
saturation isothermal remanent magnetization.

(2) The degree of pressure demagnetization is pro-
portional to Bcr, which is similar to what is observed for

other than Fe–Ni ferrimagnetic minerals and in
agreement with previous data for Fe–Ni-bearing rocks
(Bezaeva et al., 2010). For samples with Bcr > 80 mT, no

pressure demagnetization effect is observed under
1.8 GPa. An empirical model allowing the prediction
of the degree of pressure demagnetization with 5%
accuracy as a function of pressure (up to 1.8 GPa) and
Bcr is proposed (Figs. 2, 3).

(3) Pressure demagnetization was quantified within
coercivity spectrum up to 150 mT: in the given pressure
range, pressure demagnetization preferentially affects
low coercivity fractions.

(4) As the pressure demagnetization curves have
concave shape and there is no high-pressure magnetic
transition for Fe–Ni metal under 10 GPa, our model
at 1.8 GPa can be used for Fe–Ni-bearing meteorites
(including but not limited to ordinary chondrites) with
shock stage ≤S1 (i.e. pmax ≤ 4–5) GPa (Stöffler et al.,

1991) for Δ estimations within 2 to 5 GPa pressure
range. Thus, meteorites with S1 shock stage are likely
to have preserved a significant part of the primary
(pre-shock) remanent magnetization.
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