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Abstract Differential compressional stresses (<100 MPa) that do not result in permanent deformation have
traditionally been considered insufficient to modify paleomagnetic signals; however, recent numerical
predictions have challenged this assumption. Using quantum diamond microscopy, we experimentally
determined the effects of low differential stresses on the remanent magnetization of columnar basalt samples
from Seljadalur, Iceland. We show that although individual magnetic dipoles rotate by up to 40°, the bulk
magnetization direction remains largely unchanged. These rotations reflect opposing single-domain—like and
single-vortex—like behaviors that cancel directionally; however, the bulk magnetization intensity decreases.
This behavior is consistent with micromagnetic model predictions for mixed—domain-state samples. Given that
differential stresses <1 GPa are common in undeformed rocks distal to earthquake rupture zones and impact
craters, it is essential to account for stress effects when interpreting paleomagnetic data from geological
materials.

Plain Language Summary Magnetic particles in rocks store a long-term record of Earth's magnetic
field, helping scientists reconstruct plate movements and field variations through time. Recent theoretical
models have predicted that magnetic recordings in rocks can be affected by pressures much lower than
previously thought, at levels too low to cause permanent damage to the rocks, for example, in regions distal to
earthquake faults or impact craters. Here we use state-of-the-art Quantum Diamond Microscopy magnetic
imaging to determine how individual magnetic dipoles carried by magnetic particles within a basalt from
Iceland respond to compressive stresses. We demonstrate that many magnetic dipole orientations are strongly
affected by stresses below 100 MPa, with reorientations of up to ~40°. As different sizes of magnetic particles
can give rise to diametrically opposite responses, the net magnetization direction is often not altered; however,
the net magnetization intensity is decreased. Low levels of stress, such as those found in rocks near but not
directly affected by earthquakes or impacts, can therefore change how magnetic signals are recorded. This
means that stress effects must be taken into account when interpreting paleomagnetic data.

1. Introduction

North et al. (2024) numerically predicted that differential stresses <100 MPa can strongly affect the paleo-
magnetic recording fidelity of magnetite within rocks and meteorites. These estimates are significantly lower than
previous estimates that predicted that the paleomagnetic recordings of rocks were unaffected by stresses <1 GPa
(Hodych, 1977; Nagata, 1971). These previous estimates were made using analytical theories for uniformly
magnetized particles, so-called single-domain (SD) particles (Kittel, 1949). In contrast, the numerical predictions
of North et al. (2024) were made using state-of-the-art numerical models that include non-uniform magnetiza-
tions, but more importantly these new predictions have been developed at a time when our understanding of how
rocks retain geologically meaningful paleomagnetic recordings has been revolutionized (Nagy et al., 2022). We
no longer assume that SD particles are the primary carrier of paleomagnetic signals, instead it is now known that
the paleomagnetic signal of rocks is primarily carried by larger magnetic particles with non-uniform magneti-
zations, for example, >100 nm for magnetite (Gergov et al., 2025). These larger particles not only retain stable
remanent magnetizations, but are often magnetically more stable than SD particles on geological timescales and
carry larger magnetic moments (Gergov et al., 2025). Among these larger, non-uniformly magnetized grains,
single-vortex (SV) particles, typically in the 100-1,000 nm size range for magnetite, are of particular interest
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because of their high magnetic stability and widespread occurrence (Gergov et al., 2025). North et al. (2024)
showed that it is the magnetizations of SV particles, which are easily affected by stresses <100 MPa.

Although these results initially appeared inconsistent with prevailing single-domain (SD) theory, laboratory
experiments conducted over the past few decades (e.g., Hamano et al., 1989; Nagata, 1971; Schmidbauer &
Petersen, 1968; Volk & Gilder, 2016) are broadly consistent with the predictions of North et al. (2024). These
apparent discrepancies were commonly attributed to the presence of very large magnetic particles containing
multiple magnetic regions, or domains, separated by domain walls, that is, so-called multidomain (MD) grains,
typically >1,000 nm in magnetite. At the time, the existence of single-vortex (SV) particles was not recognized
and was only identified later by Williams and Dunlop (1989). Because MD grains are generally thought not to
retain significant magnetic remanence over geological timescales, stress-related effects observed in laboratory
experiments were largely attributed to MD effects with less geological significance (Volk & Feinberg, 2019).
However, this dismissal is not fully supported by the geological record, where there is evidence that paleo-
magnetic signals may have been permanently modified by relatively low stress levels (e.g., Salyards et al., 1992).

This reappraisal of laboratory and geological data, combined with the recent predictions of North et al. (2024),
indicates that the paleomagnetic community may have underestimated the importance of stress on their data, with
potentially far-reaching geological implications. For example, it may be necessary to introduce differential stress
corrections to paleomagnetic data. These findings also opens up the possibility of new applications of paleo-
magnetic methods, such as using magnetic methods to estimate paleostresses around faults or impact structures.
There is now a clear need for modern experimental studies to investigate the effects of stress on samples con-
taining non-uniform magnetizations, in order to verify the findings of North et al. (2024). Kugabalan et al. (2026)
have already begun to address this by studying the effect of stress on magnetic susceptibility; however, exper-
iments on the magnetic recordings of rocks, that is, remanent magnetizations, are also urgently needed.

Here, we experimentally test the predictions of North et al. (2024) for remanent magnetizations recorded in rocks,
by magnetically imaging the effect of uniaxial differential stress on basalts. To quantify the effect of stress, we use
quantum diamond microscopy (QDM), which enables the study of magnetic behavior at the micron scale rather
than at the bulk scale (Fu et al., 2020; Glenn et al., 2017).

2. Sample Description and Methods

A columnar basalt sample from Seljadalur, Iceland, sourced from the UCL rock collection, was selected for this
study due to its relatively homogeneous composition (Browning et al., 2016; Vinciguerra et al., 2005). Previous
studies have reported the sample's density as 2900 kg/m? + 10 kg/m?, with a porosity of ~4% distributed
uniformly throughout the rock (Browning et al., 2016). Kugabalan et al. (2026) also showed through optical and
scanning electron microscopy (SEM), that the basalt is composed of inter-granular plagioclase, granular py-
roxene, olivine and titanium-rich iron oxides. SEM grain-size analysis of the Ti-rich iron oxides with a resolution
of ~6 nm, found that the majority of the particles were between ~50-3,000 nm, with a median of 534 nm
(Kugabalan et al., 2026). For Ti-rich iron oxides this is predicted to be close to the SD/SV transition size,
therefore, most of the particles in the basalt are expected to display SD or SV magnetic behavior (Cych
et al., 2024).

To magnetically characterize the mineralogy of the basalt, high-temperature magnetic susceptibility curves
(Muxworthy et al., 2023) were measured using an Agico MFK1-FA Kappabridge located at Imperial College
London. To determine the magnetic domain state of the particles, which is related to grain-size, we measured first-
order reversal curves (FORC) (Roberts et al., 2014) using a Princeton Measurements vibrating sample magne-
tometer (VSM) at Imperial. FORC data maps out the interior of major hysteresis loops, providing information
about the coercive-force/particle-size distribution and the distribution of magnetostatic interactions (both internal
and inter-particle) within a sample (Roberts et al., 2014).

The QDM measurements were made using an in-house-modified QDM.IO QDM at Utrecht University. The
imaging was conducted post compression, that is, the samples were initially magnetically imaged using the QDM,
compressed and then imaged again after the stress was released. To compress the samples, we used a Deben
MICROTEST MT500 compression stage that is designed to be used in situ in an SEM. The size allowed for
portability. For the compression experiments within the Deben compression stage, 6 mm diameter cores were cut,
with a length of approximately 6 mm. To meet the standard requirement for compression experiments of a 2:1
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Figure 1. Rock magnetic characterization of the Seljadalur columnar basalt: (a) high-temperature susceptibility data, and
(b) normalized FORC distribution. For the susceptibility measurements, heating was conducted in Ar. The FORC data was
measured using 120 FORCs with an averaging time of 200 ms, and a smoothing factor of two (Roberts et al., 2014). A
particle-size distribution estimate was made using FORCINN (Pei et al., 2025). As FORCINN assumes magnetite, we need
to multiply the estimate by ~5 to obtain an estimate for Fe, 4 Tip¢O4.

ratio of length to width, a dummy core was used during compression to double the length. The samples were
polished using a 0.5 pm diamond paste; during the compression experiment the polished surfaces were covered
with Teflon tape for protection.

In addition to the magnetic measurements and QDM imaging, we obtained further SEM images to complement
those used for the grain-size analysis of (Kugabalan et al., 2026), focusing on the specific areas examined during
the QDM measurements. These images were acquired using a Hitachi TM4000 Plus SEM at Imperial.

3. Results
3.1. Magnetic Characterization Results

High-temperature susceptibility data revealed a main Curie temperature (strictly unblocking temperature) of
~150°C, with a second much smaller peak at ~590°C (Figure 1). The main Curie temperature corresponds to a
titanomagnetite phase close to Fe, 4Tij 0,4 (Akimoto, 1962), which is often referred to as TM60 and is the main
magnetic phase in most oceanic basalts (Petersen, 1984). The secondary higher-temperature peak indicates the
presence of a near-magnetite-like phase. Ti-rich iron oxides are known to be more affected by stress than Ti-poor
iron oxides (Sahu & Moskowitz, 1995).

The FORC distribution is indicative of a mixture of SD and SV behavior (Figure 1b), including particles near the
low-stability transition zone (Nagy et al., 2017). Attempts to estimate the grain-size distribution using the
FORCINN inversion algorithm (Pei et al., 2025) yielded a median grain size of ~88 nm, significantly below the
SEM-derived mean of 534 nm (Kugabalan et al., 2026). However, the FORCINN algorithm is based on the
behavior of magnetite, which has a substantially lower SD to SV transition size (Cych et al., 2024). Based on the
work of Cych et al. (2024), we need to multiply the FORCINN size estimate by ~5 to obtain similar FORC
behavior, that is, ~440 nm, which is comparable to the published median of 534 nm (Kugabalan et al., 2026).

3.2. Magnetic Imaging

The samples were initially imaged using the QDM before compression, then compressed perpendicular to the
imaging surface, that is, the z-axis, after which they were re-imaged. All QDM imaging was conducted under zero
load.

One sample was initially magnetized with a saturation isothermal remanent magnetization (SIRM) at 45° to the
measurement plane (Figure 2a) and then imaged. It was then compressed under a load of 59 MPa, with the peak
load experienced for <10 s, the load released and the sample re-imaged using the QDM (Figure 2b).

For the initial processing of the QDM data we used QDMLab (Volk et al., 2022). For subsequent dipole fitting we
used the iterative Euler deconvolution method of Souza-Junior et al. (2026); this iterative approach increases the
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Figure 2. (a) QDM magnetic-field map of the initial SIRM state overlain on an SEM image of the same area (note the slight
offset between the two images). Individual magnetic dipoles (circles) were identified using iterative Euler deconvolutional
(Souza-Junior et al., 2026). (b) The same area of the sample after compression to 59 MPa with selected dipoles highlighted.
(c) Equal-area projection plot of the direction of the dipoles highlighted in (a). (d) Equal-area projection plot of the directions
of the dipoles highlighted in (b). In (c, d), the SIRM field direction and the mean dipole direction are shown, together with the
corresponding ags confidence ellipses. In (d) the compression axis is also highlighted.

number of dipole fits compared to the original approach detailed in Souza-Junior et al. (2024). We use this
approach rather than a micromagnetic tomographic approach (de Groot et al., 2021) as the spatial distribution of
the particles within the samples is unknown. Using a cut-off depth of 15 pm and a coefficient of determination for
the dipole fit (R2) >0.9 (Souza-Junior et al., 2024), we fitted 122 dipoles to the initial SIRM state (Figure 2a). For
the post-59 MPa data, using the same criteria, we fitted 119 dipoles (Figure 2b). On plotting these dipole fits on
equal-area projection plots and calculating the mean with ags confidence limits, it is seen that both means plot
within error of the SIRM direction which was imparted at 45° to the measurement plane (Figure 2); the mean of
the initial SIRM state direction is slightly closer. The application of a compressive stress has been predicted
(North et al., 2024) to rotate SD particles' magnetizations into the compression plane, and SV particle magne-
tizations toward the compression axis. Neither of these processes lead to a net rotation of the mean in this mixed-
domain-state sample (Figure 1b), as the dipoles rotations cancel; however, at the individual dipole level rotations
toward/away from the compression plane are expected. For example, there are less dipole fits aligned with the z-
plane, for example, compare the 0°-180° dipole fits in Figures 2c and 2d, where it is seen that there are fewer
dipole fits close to the z-plane. This will be analyzed further in the Discussion.

The NRM of another sister sample was imaged using the QDM (Figure 3). After imaging the NRM state, the
sample was compressed in the z-plane, that is, the compression was perpendicular to the image plan. Increasing
pressures were applied: 38, 67, 75, and 100 MPa; after each compression the load was released and the sample
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Figure 3. (a) QDM magnetic-field map of the initial NRM state in the second sample, with the dipoles selected by iterative
Euler deconvolution (Souza-Junior et al., 2026) highlighted with circles. (b) The same area of the sample after compression
to 67 MPa, with identified dipoles highlighted by circles.

imaged using the QDM. The data were processed using the same protocol as for the sample with the initial SIRM
state (Figure 2), with two exceptions: a cut off depth of 30 pm was used and the R? cut-off reduced to >0.8. This
yielded the corresponding number of dipole fits: 246, 278, 211, 243, and 241 using the procedure of Souza-Junior
et al. (2026). The cut-off depth was increased, because in this particular sample there were not many dipoles/
particles in the top 15 pm of the sample. The R? cut-off was also reduced to increase the number of identified
dipoles. For the SIRM state (Figure 2), a higher R? cut-off (i.e., > 0.9) was required because much of the magnetic
signal was effectively “washed out” by saturating the sample prior to measurement. As a result, individual dipoles
were less well isolated, necessitating a higher R? threshold to reliably identify and characterize them. Previous
studies, have a used a range of R? values, with values above 0.8 being shown to display reliable directional in-
formation (Bellon et al., 2026).

4. Discussion

The QDM analysis did not show significant net changes to the mean magnetization after compression in either the
sample where a SIRM was imparted (Figure 2) or in the sample with the original NRM (Figure 3). This is not
surprising, as the rock contains particles near to the SD to SV transition size for TM60 (Figure 1b). The numerical
models of North et al. (2024) predict that SD and SV grains exhibit opposite responses to compressional stress,
though SD behavior is more reversible on removal of stress. Consequently, samples containing mixtures of these
two domain states may show little or no net bulk response owing to reversible behavior after the removal of stress
and cancellation effects: SD magnetic moments tend to move into the compression plane - a randomization
process—whereas SV magnetic moments align with the compression axis. The latter is likewise a randomization
process, as the moment can align in either of two equivalent directions.

4.1. Individual Dipole Tracking and Analysis

To gain further insight into the response of particles to stress, we need to consider the response of individual
dipoles. Whilst it is possible to determine the dipole field of an individual, isolated 50 nm particles using a QDM
as has been shown by Kaub et al. (2026), it is important to realize that on a practical level the resolution of the
QDM means that each dipole likely represents clusters of individual particles, which, if SD or SV, are of the order
of ~1,000 particles (Qi et al., 2025).

To study the behavior of individual dipoles, we needed to track their response to stress. We used an LED image-
based registration approach (Evangelidis & Psarakis, 2008), to align and track particles between successive data
sets; see Figure S1 in Supporting Information S1 for additional details. As part of the standard QDM measurement
protocol, reflected-light LED images were acquired for each measurement state. These images were aligned to the
initial data set, that is, the SIRM or NRM state, using an intensity-based image registration algorithm imple-
mented in OpenCV/Python. The algorithm iteratively maximizes the correlation between pixel intensities to
determine the optimal rigid in-plane transformation, consisting of both rotation and translation, required to align
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Figure 4. (a) An example of matching the dipole positions determined by iterative Euler deconvolution (Souza-Junior

et al., 2026), for the NRM and post 38 MPa compression data sets following LED image-based registration and nearest-
neighbor particle matching; note the contrasting scale between the z axis and the x and y axes. (b) Histogram showing the net
rotation of identified dipoles toward or away from the compression axis after the initial SIRM state was compressed at 59 MPa
(Figure 2). (c¢) Violin plot of the distribution of the rotation with respect to the initial NRM state for each of the four applied
pressures (Figure 3). (d) Tracking of individual dipole rotation histories with increasing pressure, limited to dipoles identified
after all four compressions. The behaviors fall into three categories: SV-like rotation toward the compression axis (decreasing
angle to the compression axes), SD-like rotation away from it (increase) and dipoles showing no consistent trend. Mean
behaviors are plotted with 95% confidence limits. In panels (b, c), rotation toward the compression axis is defined as positive,
and away from it as negative.

each comparison image with the reference image. The resulting transformation was then applied to the corre-
sponding dipole point clouds obtained from the iterative Euler deconvolution (Figures 2 and 3), including both the
predicted source positions and magnetization directions. Following LED-image registration, individual dipoles
were matched between the already aligned data sets using a mutual nearest-neighbor search within a positional
tolerance of 30 pm. Additional nearest-neighbor separation criteria and bi-directional matching were applied to
ensure robust one-to-one correspondences between dipoles. This allowed us to track the evolution of individual
magnetic dipoles across multiple pressure steps.

It was clear from the images (e.g., Figure 3) that some dipoles would be common to all or several or the data sets,
and some unique to individual data sets, that is, not all the dipoles were identified in every data set. In total this
approach identified only 10 dipoles that were common to both of the SIRM data sets, that is, the initial state and
the post-59 MPa compression state, and 40 dipoles that were common to at least four NRM data sets; the 75 MPa
data set did not produce many dipole fits. The SIRM images were over saturated and not many dipole fits were
successfully made compared to the NRM data.

The direction of the magnetization of each matched dipole after compression at 59 MPa was compared to the
initial SIRM state, and the change in angle with respect to the compression axis determined (Figure 4b). The
change in the net rotation toward or away from the compression axis is approximately zero, however, there are a
number of dipoles that rotate toward the compression axis, and similarly many that rotate away, with rotations up
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to 40°. These are the responses predicted by North et al. (2024) for SV-like and SD-like behaviors respectively. It
is clear that significant rotations, that is >10°, can occur for particles at pressures as low at 59 MPa.

For the sample with the initial NRM state (Figure 3a), we have four increasing compressive stress data sets: 38,
67,75, and 100 MPa. In Figure 4c, distributions of dipole rotations relative to the initial NRM state are plotted on
a violin plot. The findings are similar to those for the SIRM in Figure 4b, that is, the mean deviation is close to
zero, however, there is a wide distribution of dipole rotations, with many dipoles having rotated by >10° either
toward or away from the compression axis. In Figure 4d, we identify the dipoles that are common to all five
compressive stress data sets and plot their orientations as a function of angle relative to the compression axis. We
group them into SV-like behavior (decreasing angle to the compression axes), SD-like behavior (increasing) or no
clear trend. Given that each dipole represents the combined contribution of ~1,000 or more particles, we would
expect most dipoles to show no clear rotational trend given the magnetic particle-size distribution (Kugabalan
et al., 2026). Although this indeterminate behavior is indeed the most common, it accounts for only about 65% of
the observed particle responses. The remaining dipoles exhibit consistent increasing or decreasing trends, cor-
responding to regions likely dominated by either SD-like or SV-like behavior. Such textural heterogeneity has
been reported previously in basalts (Gergov et al., 2025), indicating that magnetic particle sizes are not spatially
uniform.

4.2. Comparison With Anisotropy of Magnetic Susceptibility Data

In a recent study, Kugabalan et al. (2026) reported the effect of stress on the anisotropy of magnetic susceptibility
(AMS) in bulk sister samples from the same Seljadalur columnar blocks. They observed a pronounced stress
dependence of the principal AMS axis, K, which rotated toward the compression axis, with the degree of rotation
increasing systematically with applied stress. Why is a comparable trend not observed in the mean dipole di-
rections Figure 4? In our data, the mean dipole rotation remains close to zero.

The explanation is both contrasting and straightforward. In the dipole orientations derived from QDM imaging,
individual dipoles can rotate either toward or away from a given vector direction. SD-like behavior corresponds to
rotation away from that direction, whereas SV-like behavior corresponds to rotation toward it. For the Seljadalur
sample, the distribution of SD- and SV-like responses is approximately equal (~50:50), leading to an overall
cancellation of the mean rotational signal. Additionally, some rotations toward the compression axis are 180° out
of phase with the mean dipole moment, that is, dipoles can rotate either toward or away from the axis in two
opposite senses.

In the AMS data, the behavior is more nuanced. Compression again causes both SV-like and SD-like moments to
rotate, but susceptibility reflects the capacity of a moment to rotate from its current orientation. In other words,
when a magnetic moment rotates under stress toward a given direction, its maximum susceptibility lies
perpendicular to that new aligned direction; hence, K; is perpendicular to the rotated magnetic moment's di-
rection. This relationship means that both SD-like and SV-like AMS K; axes are oriented perpendicular to their
corresponding magnetic responses (Kugabalan et al., 2026; North et al., 2024). A second consideration is that
AMS measures the response to preferred axes rather than preferred directions. Because the stresses applied in both
this study and that of Kugabalan et al. (2026) are compressive, the stress is applied along an axis, that is, SV-like
magnetic moments can rotate toward one of two directions. When we measure the AMS, this leads to an
enhancement of the signal, however, when averaging the net moment of dipoles, this leads to a canceling effect.

4.3. Implications for Paleomagnetic Studies

Numerous laboratory studies have shown that differential stress can modify the magnetic state of rocks, with
remanent magnetization varying under relatively modest pressures, typically below 1 GPa (e.g., Hamano
et al., 1989; Nagata, 1971; Sato et al., 2021; Volk & Gilder, 2016). The long-recognized mismatch between
theoretical predictions for ideal single-domain (SD) Stoner—Wohlfarth particles (Hodych, 1977; Nagata, 1971)
and experimental observations is generally attributed to the influence of vortex (SV) or multidomain (MD)
behavior (Volk & Feinberg, 2019). The micromagnetic models of North et al. (2024) provide a theoretical
framework explaining why naturally occurring particles in rocks respond to stresses <1 GPa. Because magne-
toelastic energy scales with the magnetostriction constant, TM60 has relatively high magnetostriction and should
be more stress-sensitive than stoichiometric magnetite and many other common remanence carriers (Volk &
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Feinberg, 2019). Its ubiquity in mid-ocean-ridge basalt also makes it directly relevant to oceanic crustal
magnetization.

Such low differential stresses occur near faults, during mountain building and impacts (Lambert & Lapusta, 2023;
North et al., 2023). For example, Kugabalan et al. (2026) suggested that AMS may provide a means to reconstruct
paleostress orientations. For paleomagnetic directional and paleointensity data, the situation is more complex.
Our QDM data show that individual dipoles can rotate significantly, while opposing rotations largely cancel in the
net remanence direction but remain expressed in AMS.Such cancellation is expected in rocks containing mixtures
of SD-like and SV-like particles, as in our Seljadalur sample. Directional changes should therefore be limited to a
few degrees unless the grain-size distribution favors a single dominant state, potentially producing larger
deflections.

Whilst the net paleomagnetic direction of samples containing SD-like and SV-like particles will be relatively
unaltered due to canceling effects, there will be a net decrease in intensity (North et al., 2024). On conducting a
standard modified-Thellier-type paleointensity experiment (e.g., Muxworthy et al., 2014), this net decrease in
intensity will lead to both an underestimate of the true paleointensity and to non-linear behavior in the Arai
diagram. This will occur because magnetic moments become thermally activated at temperatures unrelated to
their original domain-state blocking, having been rotated and re-blocked under ambient stress conditions.

This conclusion is supported by previous experimental studies, for example, Volk and Gilder (2016) found that
non-hydrostatic pressures reduced the paleointensity estimates by ~20%. The implication for meteoritic samples
is also potentially significant, as meteorites may have experienced multiple impacts in their history
(e.g., Gattacceca et al., 2007; Steele et al., 2023), where the pressures are too low, that is, <5 GPa, to be accurately
recorded petrographically (Scott et al., 1992). However, this will need to be quantified, as the effect of heating
plays a significant role during high-velocity (high-strain-rate) events (North et al., 2023).

5. Conclusions

Through quantum diamond microscopy we have demonstrated that modest compressional differential stresses
(<100 MPa) can produce significant rotations in individual magnetic dipoles, even though the bulk magnetization
remains effectively unchanged (Figures 3 and 4). These dipole rotations are often >10°, and reflect contrasting
SD-like and SV-like behaviors that cancel in the net mean paleomagnetic direction. The observations are
consistent with micromagnetic models (North et al., 2024) that predict mixed domain states will exhibit opposing
stress responses. Whilst the net paleomagnetic direction is not expected to be rotate significantly, the net
magnetization intensity is expected to decrease leading to underestimates of the true paleointensity as has been
previously reported (Volk & Gilder, 2016). On comparison with the work of Kugabalan et al. (2026), it is clear
that AMS data is significantly more sensitive to stress than direction remanence data. This difference arises
because differential stress and AMS measurements describe axial processes, whereas magnetic moments are
vectorial, which leads to cancellation of stress effects rather than enhancement.

Collectively, the results show that low differential stresses <1 GPa, comparable to those in distal to earthquakes
or impacts, can modify paleomagnetic signals, in particular magnetic intensity and AMS data. This underscores
the need to consider stress effects when interpreting both AMS and paleomagnetic records in geological materials.
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