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Introduction

The Scienti c Committee (Elina Aidona, Ramon Egli, Stanislav Fran£i2kovi¢-Bilinski, Agnes
Kontny, and Wout Krijgsman), assisted by the Local Organizing Committee (Paul Antonio,

Pierre Camps, Francois Demory, Francois Leveque, and Sonia Rousse), has decided to organize
this 19th edition of the Castle Meeting into six thematic sessions.

" Session 1: Fundamental Processes in Rock and Paleomagnetism (Convenors :
Ramon Egli & Agnes Kontny)

This session focuses on the physical and chemical mechanisms controlling magnetic rema-
nence acquisition, stability, and alteration in natural and anthropogenic materials. Con-

tributions addressing experimental, theoretical, and methodological advances in rock mag-
netism and paleomagnetism are especially welcome.

~ Session 2: Paleogeography and Plate Tectonics (Convenors :

Paul Antonio &
Francois Demory)

This session explores paleomagnetic constraints on continental drift, terrane motions, su-
percontinent cycles, and plate reconstructions. It also addresses how magnetic data provide
insights into deformation, uplift, basin evolution, and lithospheric processes, including

studies of magnetic anisotropy that integrate structural geology, geodynamics, and rock
magnetism.

" Session 3: Geodynamo Processes, Geomagnetic Field Behavior, and Planetary
Magnetism (Convenors : Elina Aidona & Paul Antonio)

This session addresses the dynamics of the geodynamo and the variability of magnetic
elds in Earth and other planetary bodies. Contributions on reversals, secular variation
(including archaeomagnetism), planetary dynamos, crustal magnetization, meteorites, and
integrated observational and modeling approaches are encouraged.

~ Session 4: Environmental and Sedimentary Magnetism (Convenors : Sonia Rousse
& Ramon Egli)

This session explores magnetic signals in sediments and soils as tracers of environmental,
climatic, and anthropogenic change. Contributions may address depositional and diage-
netic processes, high-resolution paleoclimate reconstructions, urban pollution (including air
pollution), land-use change, and archaeological applications of environmental magnetism.

~ Session 5: Magnetism of Volcanic and Igneous Systems A Tribute to Michel
Prévot (Convenors : Agnes Kontny & Pierre Camps)

This session is dedicated to advances in the understanding of magnetic properties in vol-
canic and igneous rocks. It honors Michel Prévot's contributions, with topics including
thermoremanent processes, viscous magnetization, pTRM self-reversal, and geomagnetic

eld uctuations (from secular variation to reversals), as well as True Polar Wander in
connection with his work.
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~ Session 6: Emerging Topics and Interdisciplinary Applications (Convenors :
Francois Demory & Frangois Leveque)

This session welcomes innovative approaches and cross-disciplinary applications of mag-

netism in Earth and planetary sciences. Contributions presenting novel methods, datasets,
or conceptual frameworks are especially encouraged.

Below you will nd the complete set of abstracts for the contributions. We have arranged
them in the chronological order of presentation during the conference to make them easier to

locate throughout the meeting. Enjoy reading them, and we look forward to seeing you at the
conference!
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Recent advances in micropaleomagnetism and
micropaleointensity - INVITED-

Ricardo Trindade” !, Gelson Souza Juniof, Ualisson Bellor?, Wyn
Williams 3, Leonardo Uied&, Roger Fu*

! Instituto de Astronomia, Geofisica e Ciéncias Atmosféricas [Universidade de S&o Paulo] Rua do
Matéo, 1226, Sdo Paulo 05508-900, Brazil
2 nstituto de Astronomia, Geofisica e Ciéncias Atmosférica, Universidade de S&o Paulo Rua do
Matéo, 1226 Butanta, Brazil
3 University of Edinburgh The King's Buildings, Alexander Crum Brown Road, Edinburgh EH9 3FF,
United Kingdom
4 Harvard University 20 Oxford Street, Cambridge, MA 02138, United States

Classical paleomagnetic and paleointensity methods rely on bulk rock measurements, in
which the recorded signal re ects the integrated response of the entire population of magnetic
grains. Rock magnetic stability is typically evaluated through stepwise demagnetization, com-
bined with experiments such as thermomagnetic curves, hysteresis loops, and rst-order reversal
curve (FORC) analyses. While these approaches have proven robust, they necessarily average
over heterogeneous grain assemblages, limiting our ability to isolate the speci ¢ carriers of rema-
nence and to assess the reliability of paleointensity estimates at the scale of grains (or clusters of
grains). Recent advances in micropaleomagnetism seek to overcome these limitations by resolv-
ing magnetic signals at the level of individual grains or small grain populations, combining the
recent advances in magnetic microscopy and in micromagnetic modeling. Classically, the stabil-
ity of thermoremanent magnetization (TRM) recording required a very large grain population
due to stochastic thermal blocking and low recording e ciency of single-domain particles. How-
ever, this view is increasingly challenged by evidence that natural remanence is predominantly
carried by pseudo-single-domain and vortex-state grains, where TRM acquisition re ects ther-
mally activated sites within multiple local minima, leading to enhanced stability and recording
e ciency. Micromagnetic simulations demonstrate that vortex-state particles can reliably record
eld direction using only hundreds to thousands of grains under Earth-like elds, a prediction
supported by magnetic microscopy experiments showing that directional convergence improves
with eld strength and that statistical requirements decrease non-linearly. The application of
Quantum Diamond Microscopy enables direct imaging of magnetic anomalies at micrometer res-
olution, allowing the identi cation, inversion, and selection of individual magnetic sources within
complex samples. Here we explore the possibilities of using grain to cluster-resolved magnetic
animalies using advanced inversion techniques to obtain paleomagnetic and paleoitensity data,
testing the limits of paleomagnetism at the micro- to nanoscale.

Keywords: paleomagnetism, paleointensity, QDM

" Speaker
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Advancing magnetic microscopy inversion
techniques: towards spatially-resolved
paleomagnetism and paleointensity

Gelson F. Souza-Junior 1, Leonardo Uiedd, Ricardo I. F. Trindadel,
Roger Fu?, Ualisson D. Bellor?, Carolina Moraes', Wyn Williams °

! Universidade de S&o Paulo Rua do Matdo, 1226 - Cidade Universitaria, Sdo Paulo - SP, CEP:
05508-090, Brazil
2 Harvard University 20 Oxford St, Cambridge, MA 02138, United States
3 School of GeoSciences, University of Edinburgh Grant Institute, West Mains Road, Edinburgh EH9
3FE, UK, United Kingdom
4 University of Sdo Paulo R. do Matdo 1226, 05508-090, S&o Paulo, SP, Brazil
5 School of Geosciences, University of Edinburgh The King's Buildings, James Hutton Road,
Edinburgh EH9 3FE, United Kingdom

Deciphering the long-term evolution of the Earth's magnetic eld fundamentally relies on
robust paleomagnetic reconstructions. However, because conventional bulk measurements av-
erage out the entirety of a sample's magnetic signal, they inherently obscure the detrimental
e ects of multidomain grains, chemical alteration, and complex magnetic interactions. Here, we
present a robust, spatially-resolved methodology that overcomes these macroscopic limitations
through high-resolution magnetic microscopy and sophisticated data inversion techniques. Using
Quantum Diamond Microscopy (QDM), we mapped the stray magnetic elds of archaeological
ceramics and natural basalts at the microscopic scale. To process these maps, we employed
versatile inversion algorithms to accurately characterize both simple dipolar and complex non-
dipolar magnetic sources, the latter through spherical harmonic expansions. This advanced
analytical framework allows us to partition the magnetic imagery into discrete sub-regions, en-
abling the extraction and evaluation of magnetization vectors from individual magnetic carriers.
To validate this micro-scale approach, samples were subjected to controlled laboratory ther-
moremanent magnetization (TRM) experiments. Our spatially-resolved inversions successfully
recovered applied laboratory elds (exceeding 2 T) with remarkable directional accuracy across
hundreds of localized anomalies. Following this validation, we executed a complete micro-scale
Thellier zero- eld/in- eld (ZI) protocol, tracking NRM decay and pTRM acquisition to gener-
ate anomaly-speci ¢ Arai diagrams. This single-carrier resolution enables the strict Itering of
non-ideal magnetic recorders. While the basalt samples showed expected local heterogeneity,
in contrast to the highly consistent ceramic results, the application of rigorous spatial quality
criteria dramatically improved the accuracy of the nal estimates. Ultimately, these advances in
magnetic microscopy inversions provide a highly reliable pathway for extracting precise paleoin-
tensity data from magnetically complex, heterogeneous, or rare materials.

Keywords: Paleointensity, Paleomagnetism, Thermoremanent Magnetization, Single, anomaly Res-
olution, Magnetic Microscopy, Inversion
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Estimating Uncertainties in the Inversion of
Magnetic Microscopy Data Through a
Bayesian Approach
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With the increasing use of magnetic microscopy, and of quantum diamond microscopy (QDM)
in particular, it becomes imperative to quantify the uncertainties inherent to the inversion pro-
cess. In spherical harmonic inversions, noise is readily absorbed into higher-order terms and
can masquerade as non-dipolar structures in the recovered source. In dipolar inversions, posi-
tion is commonly estimated rst via Euler deconvolution with a xed structural index ( = 3),
and the combined e ect of humerical derivatives, noise, and a misspeci ed structural index can
bias the inferred source location. Deterministic methods return a single set of parameters by
default, which makes it di cult to propagate these error sources through to the nal moment.
Bayesian inference, by contrast, yields a posterior distribution over the source position ¢ Yo,
Zo), background eld (b), structural index (), and a residual scale parameter () that absorbs
the combined e ect of noise, derivative error, and model mismatch. We exploit this posterior
in two ways. First, we propagate the credible intervals of (%, Yo, zo, b) into a dipole moment
inversion, producing a moment estimate with fully quanti ed uncertainty. Second, we use the
posterior on as a principled stopping criterion for the spherical harmonic expansion: we trun-
cate when the t residual reaches the Bayesian noise oor, preventing the higher-order terms
from over tting noise. We present early results and discuss the implications for more precise
micropalaeomagnetic direction and moment estimation.

Keywords: Magnetic Microscopy, QDM, Inversion Theory
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Quantitative Thermal Micromagnetic
Modeling of Hysteresis in SP, SD and SV
particles of magnetite
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Magnetic hysteresis properties are fundamental to rock magnetism and palaeomagnetism,
providing essential characterization of magnetic mineralogy, grain size distribution, domain state,
and thermal stability of remanence carriers. The Day plot (Mrs/Ms vs. Bcr/Bc) remains a
primary tool for domain state diagnosis (Day et al., 1977), although its limitations in mixed
mineral assemblages and interacting systems are now well documented (Roberts et al., 2018).
First-order reversal curve (FORC) diagrams provide superior resolution of single-domain (SD),
pseudo-single-domain (PSD), vortex and multidomain (MD) behaviour, and are increasingly re-
garded as critical for evaluating paleomagnetic recording delity (Pike et al., 1999; Roberts et
al., 2000).

Despite this, interpretation of Day plots and FORC diagrams of experimental samples remains
largely qualitative. Whilst advances in our theoretical understanding have been made from mi-
cromagnetic forward and inverse modelling of FORCs (Nagy et al., 2024; Pie et al., 2025) and a
detailed analysis of domain state behaviour on Day Plots (Paterson et al., 2024; Williams et al.,
2024), a comprehensive and robust extraction of domain-state-dependent properties from FORC
and hysteresis data remains challenging (Roberts et al., 2019).

An obvious restriction in most existing quantitative treatments is that they largely exclude ther-
mal e ects. Two exceptions are the Néel Arrhenius model of Pike et al. (2001) and Lanci
& Kent (2018), who demonstrate that thermally activated SD grains produce FORC distribu-
tions with reduced apparent coercivities, origin-centred peaks associated with superparamagnetic
particles, and distinctive contour asymmetries relative to athermal predictions. These models
demonstrate that including thermal uctuations systematically modify FORC and hysteresis sig-
natures in ways that, if ignored, can be misinterpreted as changes in grain size, anisotropy or
mineral mixing. However, these analyses are restricted to non-interacting SD particles and do
not cover the broader range of domain states encountered in rock magnetic studies.

A potential way forward is provided by micromagnetic simulations used for domain state di-
agnosis across SD PSD vortex MD regimes but have so far been conducted under e ectively
athermal conditions, limiting their ability to accurately predict temperature dependent hystere-
sis parameters of near SP particles and larger particles sizes in the recently discovered unstable
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zones (Nagy et al., 2017; Cych et al., 2024) that appear ubiquitous across a wide range of min-
erals, domains states and particle morphologies.

In this presentation, we introduce the rst micromagnetic hysteresis model that explicitly incor-
porates thermal uctuations across a broad range of grain sizes, morphologies and domain states.
We outline the methodology for coupling a stochastic thermal eld to micromagnetic simulations
of hysteresis loops and FORC diagrams, and we compare the model's predictions directly with (i)
existing non-thermal micromagnetic models, (ii) analytic predictions of thermal- uctuation elds,
and (iii) experimental hysteresis observations from size-selected magnetite fractions spanning SD,
vortex and PSD regimes. This new framework enables a quantitatively robust assessment of how
thermal activation modi es hysteresis and FORC signatures, with direct implications for domain
state diagnosis and paleomagnetic reliability.
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Bringing New Advances in Magnetic Imaging
to an "Ancient" Question

Elias Mansbach 1

! University of Cambridge [Cambridge, UK] The OId Schools, Trinity Lane, Cambridge CB2 1TN,
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The meteoritic "cloudy zone" metallic microstructure consisting of nanoscale (10s-100s nm)
tetrataenite (FeNi) "islands" embedded in a paramagnetic matrix has been the primary source
of recovering the paleomagnetic history of iron-bearing meteorites for the past decade. Studies
utilizing this system have provided key insights into the formation and evolution of planetesimals
in the early solar system, in particular the timescales of core formation and the mechanisms by
which core dynamos are generated. Yet, much about this system remains a mystery, including
how the tetrataenite records a remanent magnetization, how that magnetization is expressed, and
how to recover accurate paleointensities. For example, cloudy zone paleointensities are usually
determined via a Maxwell-Boltzmann framework which assumes the islands are single-domain
and non-interacting. However, recent micromagnetic modelling clearly shows that many of the
islands in the cloudy zone are more likely multidomain and that the close-packed nature of the
islands would create interaction elds > 1,000 times stronger than any planetesimal dynamo.
Many of our uncertainties regarding the cloudy zone stem from the unknown domain states
the islands occupy as previous experiments imaged the magnetization of the tetrataenite using
X-ray photoemission electron microscopy (40 nm resolution). However, recent advances in mag-
netic imaging can now capture the internal magnetization of natural and synthetic material at
resolutions

Keywords: meteorite, synchrotron, cloudy zone, x, rays, 1 or 3
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Measurement of Meteoritic Magnetic and
Crystallographic Structures with Lorentz
Scanning Electron Di raction

Ginnis Thomas' !, Elias Mansbach', Richard Harrison*
1 University of Cambridge Cambridge CB2 3EQ, England, United Kingdom

Lorentz scanning electron di raction (LSED) is an electron microscopy based magnetic imag-
ing technique that combines di raction-based crystallographic mapping with direct sensitivity
to internal magnetic elds using Lorentz beam de ection. By recording di raction patterns at
each probe position, and measuring the shifts of the patterns as a result of magnetic eld, LSED
enables quantitative mapping of magnetic eld alongside crystallographic information, without
exposing the sample to strong magnetic elds that are needed for typical electron microscopy
experiments. This makes the technique particularly well suited to complex, heterogeneous ma-
terials such as meteoritic Fe Ni alloys.

LSED also o ers several practical advantages over other magnetic imaging methods, including
less stringent sample preparation, reduced acquisition times, and the ability to simultaneously
resolve magnetic and crystallographic information at the nanoscale. LSED is capable of re-
solving crystallographic orientation, phase, and defect structure with a spatial resolution at the
nanometer scale. This dual sensitivity is particularly valuable for meteoritic samples, where
magnetic recording is tightly coupled to crystal orientation, chemical ordering, and nanoscale
phase distributions. Applying LSED to tetrataenite rims and cloudy zone islands enables direct
visualization of magnetic induction patterns associated with key remanence carriers, providing
insight into domain con gurations, internal eld directions, and magnetic heterogeneity.

This work showcases LSED applied to the Esquel meteorite to map local magnetic induction
distributions within tetrataenite-bearing regions, and compare these measurements directly with
X-ray ptychographic magnetic imaging from the same sample. This correlative approach provides
an important cross-check on the magnetic information recovered by LSED, while also demon-
strating the added value of simultaneous crystallographic and magnetic mapping. The results
highlight LSED as a promising, accessible method for quantitative nanoscale magnetic imaging
of meteoritic remanence carriers.

LSED is a powerful and e cient complementary approach to existing magnetic imaging methods.
By providing quantitative nanoscale magnetic and crystallographic mapping in a transmission
electron microscope, LSED helps bridge the gap between synchrotron-based magnetic imaging
experiments and more accessible laboratory-based characterization. This creates new opportuni-
ties to investigate how magnetic minerals acquire, record, and preserve remnant magnetization.

Keywords: Meteorites, Tetratainite, Cloudy Zone, Electron Microscopy, Electron Di raction
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Micromagnetic behavior of ferromagnetic
Inclusions in zircon: paleomagnetic
implications
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Reliable paleomagnetic archives are essential for advancing our understanding of Earth's
magnetic history and the evolution of the geodynamo. Zircon crystals are particularly robust
recorders of the geomagnetic eld because they can preserve ferromagnetic inclusions while with-
standing a range of geological processes. Their high resistance to alteration, combined with
their suitability for geochronology, make zircons a valuable archive for reconstructing the ancient
magnetic eld.

Here, we experimentally investigate the reliability of magnetic signals stored in ferromagnetic
inclusions in zircons and assess their ability to accurately record the geomagnetic eld. We
conducted Isothermal Remanent Magnetization (IRM) and Thermal Remanent Magnetization

(TRM) experiments in a well-characterized magnetic eld. The obtained magnetic directions

were measured using a Quantum Diamond Microscope (QDM) and quanti ed through dipole
inversion.

IRM experiments show that ferromagnetic inclusions respond to an applied eld, however, indi-
vidual grains show large directional variability and only averaged measurements yield reasonable
alignment with the imparted eld direction. The true angle deviation varies considerably across
measurements of a single grain. TRM results will be available at the time of the conference.
These results highlight the limitations and potential of zircon-based paleomagnetic records. Fer-
romagnetic inclusions in zircons must be carefully studied before a measured remanence is inter-
preted as a reliable magnetic signal.
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A square-root law for Arai plots in
paleointensity experiments on homogeneous
multi-domain magnetite ensembles

Karl Fabian ™ 1, Valera Shcherbako¢
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Multidomain magnetite particles are abundant magnetic remanence carriers in many rocks,
but a quantitative theory of their behavior in paleomagnetic experiments is missing. Because
their Arai plots are non-linear, and current theory requires linear Arai plots for paleointensity
determination,
they are hitherto discarded as reliable recorders of the Earth magnetic eld intensity. Experi-
mentally found symmetries between blocking and unblocking processes are here used to derive
a parameter-free square-root law that ts experimental Arai plots of homogeneous multidomain
magnetite ensembles with grain size above approximately 2-5 micrometer. Theoretical consider-
ations link the square-root law to statistically independent and equal blocking and unblocking
spectra for these magnetite ensembles. Experimental data approximate the square-root behav-
ior in a large grain-size region, which allows its use as a target function for the interpretation
of paleointensity experiments. A tentative statistical interpretation explains how the required
rank-1 separation of the blocking-unblocking spectrum emerges as average over su ciently large
particle ensembles, and realistically constrains the range of validity of the square-root law. If
scrutiny on larger data sets succeeds, this will provide a new method to obtain Earth magnetic
eld intensities from a large number of rocks that hitherto had to be discarded.

Keywords: Multidomain thermoremanent magnetization, Paleointensity determination
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FORC-Rayleigh: A new measurement protocol
for detailing magnetization processes along
rst-order reversal curves

Ramon Egli* ?
1 Ramon Egli Hohe Warte 38, Austria

First-order reversal curves (FORC) provide an e ective tool for characterizing magnetic min-
erals in rocks and sediments. The associated two-dimensional representation of hysteretic mag-
netization processes, known as FORC diagram, enables the identi cation of speci ¢ ngerprints
associated with magnetic grain size and mineralogy, and, in certain cases, the separation of
magnetic components with widely overlapping coercivities, thus reducing the ambiguity of other
magnetic characterization techniques. Recent progress in micromagnetic calculations also enable
to calculate FORC diagrams for given magnetic mineral assemblages with enough statistical
relevance to enable direct comparisons with real counterparts. Yet, di erent magnetization pro-
cesses can still yield almost identical FORC signatures. The additional measurement of zero- eld
hysteresis (Zhao et al., 2017) enables the separation of reversible and irreversible magnetization
processes on a hon-local basis, yielding di erent types of diagrams for each contribution. A local
solution, which works for every point along a magnetization curve, is proposed here. It consists
in the repeated measurement of Rayleigh loops in the applied eld of the classic FORC protocaol,
as if low- eld susceptibility would be instantaneously measured on the top of magnetometric
measurements. Adequate processing of this modi ed measurement protocols divides the slope of
magnetization curves into four contributions originating from (1) irreversible, (2) reversible, (3)
viscous, and (4) aftere ect magnetization processes. The additional information depth provided
by this protocol is illustrated with an apparently simple example based on cultured magnetotactic
bacteria. Deviations from the expected ideal signature of non-interacting, uniaxial single-domain
particles originate from the sequential switching of magnetosome chain segments and represent
the rst step of the transition from two-state to multistate systems where the two-state FORC
signature (central ridge) is progressively transformed into a signature that is commonly referred
as "vortex" or "pseudo-single-domain".

Keywords: First, order reversal curves, magnetic states, magnetotactic bacteria
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Thermally Activated FORCs and AF
demagnetization in SD to SV particles, a
Micromagnetic Approach
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High- eld magnetic measurements and procedures, such as hysteresis, rst-order reversal
curves (FORC), and alternating- eld (AF) demagnetization, are foundational methods in rock
and paleomagnetic studies. Interpreting these data can be challenging, particularly when used
to quantify distributions of particle size, shape and composition within natural materials. The
use of micromagnetic simulations to explore particle behavior is becoming a standard tool to aid
this, but next step in the development of micromagnetic models is the incorporation of thermal
uctuations into simulations of high- eld magnetic experiments to make the outputs more real-
istic and practical to use.

Here we present fully thermally activated micromagnetic models of high- eld behavior in SP to
SD to SV magnetite particles. In the talk we will focus on thermally activated FORC diagrams
and AF demagnetization of thermoremanent magnetizations (TRMs). However, these models
can simulate any high- eld experiment with thermal activation, including hysteresis loops an-
hysterestic remanent magnetization (ARM), as well as FORCs and AF demagnetization.

This approach is being developed to be compatible with Singe Domain Comprehensive Cal-
culator (SDCC; Cych et al., 2025) to create high- eld energy landscapes (HELS) les that can
be widely shared. From these, simulation of thermally activated rock or paleomagnetic exper-
iments can be generated in a matter of minutes to hours on a modern laptop computer. This
new approach will take the rock and paleomagnetic community one step closer to incorporating
micromagnetic tools as a part of the standard analytical repertoire used to interpret the behavior
of natural samples and reconstruct the signals they carry.

Cych, B., G. A Paterson, L. Nagy, W. Williams (2025). First principles understanding of single
domain magnetizations-Part I: the single domain comprehensive calculator (SDCC) open source
library, Geophysical Journal International, 241, 2034 2048, doi: 10.1093/gji/ggaf149.

Keywords: Micromagnetism, FORCs, AF demagnetization, Single Vortex
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Particles to Planets: Scaling up paleomagnetic
theory.
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Edinburgh EH9 3FE, United Kingdom

Rocks have magnetizations that are carried by diverse assemblages of particles with di erent
sizes, shapes and mineralogies. These particles can exhibit a complex range of experimental
behavior that cannot be fully described with existing theoretical approaches, making some pa-
leomagnetic data very challenging to interpret. This hinders the ability for paleomagnetism to
conclusively solve problems at the forefront of environmental science and geology. We present
a new methodology that combines micromagnetic and kinetic models to simulate paleomagnetic
experiments. This approach is now being scaled to simulations involving large numbers of parti-
cles, including those in the "Single-Vortex" (SV) and "Multi-Vortex" states, to build up models
of whole rocks. A wide range of paleomagnetic experiments can be modeled, including paleoin-
tensities, thermal demagnetization, VRM acquisition, temperature dependence of susceptibility,
and many more. We use this methodology to simulate paleointensity experiments for samples
containing assemblages of particles in the SV state. Our results predict that these samples should
exhibit highly stable behavior yielding accurate paleointensity estimates, with any unstable be-
havior being relegated to a restricted range of particle sizes and shapes. We also present results
from several projects where this new approach is currently being applied to tackle issues in the
archaeological and planetary sciences.

Keywords: Micromagnetism, Simulation, Software, Theory, Single Domain, Single Vortex, Multi
Vortex, Paleointensity
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Prebiotic magnetite enables chirality-magnetic
surface feedback

Jose Deviennél

1 Department of Earth Sciences [University of Cambridge] Cambridge CB2 3EQ, England, United
Kingdom

The emergence of biomolecular homochirality requires both an initial symmetry-breaking
event and a mechanism to amplify and preserve a chiral imbalance. Magnetic minerals have been
shown to function as chiral agents through the chiral-induced spin selectivity (CISS) e ect and
may have enabled homochirality on early Earth, yet the magnetic properties of magnetite formed
under realistic prebiotic conditions remain unexplored. Here we show that magnetite synthesized
through two geochemically plausible pathways UV-driven photo-oxidation and nitrite-mediated
oxidation of Fe(ll) produces particles dominated by single-vortex and multi-vortex magnetic
domain states. Magnetic measurements and electron microscopy con rm that these populations
di er markedly from the nano-fabricated thin- Im substrates conventionally used in previous
CISS experiments. Using 3D micromagnetic simulations, we demonstrate that single-domain and
vortex-state grains undergo irreversible, exchange-driven re-magnetization when interacting with
spin-polarized homochiral compounds. This magnetic irreversibility provides a robust mechanism
for storing and reinforcing weak chiral bias, suggesting that prebiotic magnetite could have
contributed to the emergence and stabilization of persistent chiral bias on the early Earth.

Keywords: Origns of Life, Homochirality, Magnetite
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Quantifying polar wander and its impact on
reconstructions of past climates
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Paleogeographic reconstructions are essential for studying the evolution of Earth's surface,
climate, and life. Past latitudinal positions of continents and tectonic plates are commonly
constrained by apparent polar wander paths (APWPs) derived from paleomagnetic data. Rapid
shifts in paleolatitude have previously been invoked to explain major climatic and biotic changes,
such as in the Late Ordovician and Late Jurassic. However, conventional APWPs often lack the
temporal resolution needed to test these hypotheses. Here, we highlight how recently developed
site-based APWPs enable the computation of polar wander at higher temporal and spatial res-
olution. By computing polar wander directly from site-level paleomagnetic data rather than
study-mean poles, this approach more e ectively weights larger datasets and improves the prop-
agation of uncertainties. As a result, these APWPs provide improved estimates of the rate and
magnitude of both apparent and true polar wander, enabling more robust evaluation of phases of
rapid polar wander and associated shifts in latitude. To assess the climatic impact of such shifts,
we gquantify the impact of paleogeography and polar wander on simulations of global climate,
with a focus on the Eocene greenhouse climates. We nd that latitude shifts of _~5, induced by
true polar wander, can signi cantly alter global ocean circulation as well as regional temperature
and precipitation patterns. These ndings highlight that short but rapid shifts in paleolatitude,
caused by true polar wander, may have important climatic and biotic impacts. Finally, we dis-
cuss how densely sampled sedimentary successions may contribute to higher-resolution estimates
of polar wander, providing a robust framework for testing phases of rapid polar wander and
associated environmental change.

Keywords: Paleogeography, apparent polar wander path, paleoclimate, true polar wander
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Ediacara obscura: Unveiling hidden
magnetisations in the Fen complex, southern
Norway
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4 Njord Centre for Studies of the Physics of the Earth University of Oslo, Norway
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Paleomagnetic directions found in Ediacaran (635 - 539 Ma) rocks are widely dispersed, which
has led to con icting hypotheses about tectonic regimes and geomagnetic eld behaviour during
this period, and raised doubts about the delity of the paleomagnetic record. In particular, data
from eastern and western Baltica show large and rapid changes in paleopole positions which
are di cult to explain if we assume a geocentric axial dipole eld operated in the Ediacaran.
We present new paleomagnetic data from 214 samples across 18 sites of the Fen carbonatite-
alkaline rock complex (583 15 Ma) in southern Norway, coupled with detailed petrographic
observations using transmitted and re ected light, scanning electron and quantum diamond mi-
croscopy, alongside conventional rock magnetic and mineralogical analyses. Our results indicate
that the Fen complex and its associated intrusions were pervasively overprinted in the Permian
(ca. 270 Ma), during tectono-magmatic activity of the nearby Oslo Rift, which complicated
previous paleomagnetic interpretations. However, after removing secondary overprints, we nd
that 7 % of our specimens preserve weak, shallow paleodirections interpreted as primary. The
outlier directions are found in rock types not previously studied, mainly damtjernites (ultrama c
lamprophyre intrusions). Based on specimen directions from these preserved units, we de ne a
new paleopole at 266.6 E, -1.7 N (A95 = 4.5, K = 77.4, N = 15), which places Baltica at
low/equatorial latitudes during the mid-Ediacaran (ca. 583 Ma). Our ndings have signi cant
implications for understanding the nature of the geomagnetic eld and Baltica's paleogeography
in the late Neoproterozoic.

Keywords: Ediacaran, Paleomagnetism, Norway, Carbonatites, Baltica, Quantum diamond micro-
scope (QDM)
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Paleomagnetic constraints on the
paleogeography of Permian exotic blocks in the
Yarlung Zangbo Mélange Zone, South Tibet
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Understanding how Permian exotic blocks (mélanges) formed within the Yarlung Zangbo
Suture Zone is crucial for reconstructing the evolution of the Neo-Tethys Ocean and the paleo-
geography of Gondwana. Here, we report new paleomagnetic data from the Zhongbei limestone-
one of the most representative of these blocks in South Tibet-to better constrain its history.
Thermal demagnetization isolated a strong overprint component (unblocking up to 300 450 C)
across 24 sites (175 samples), witha mean direction of Dg = 167.2, Ilg = 11.7 (kg = 11.5, 95 =
9.1). This component islikely carried by abundant framboidal magnetite, overgrowths, embayed
edges, or authigenic microcrystalline magnetite. Analysis of 28 studies of remagnetization along
the Yarlung Zangbo Suture Zone suggests that the shallow directions are an overprint related
to Late Cretaceous arc continent collision near the equator at ca. 70 Ma. A high-temperature
component (unblocking up to 480 580 C)was isolated from 17 sites (111 samples) with Ds =
140.7, Is = 54.0 (ks = 24.0, 95 = 7.4),and it passed a fold test. In these samples, the
presence of subhedral to euhedral and single microcrystalline detrital (titano)magnetite grains is
observed, suggesting that the high-temperature component is primary. It is likely that the pri-
mary component can only be resolved when detrital (titano)magnetite is preserved in su cient
quantity. This component yielded a Permian paleolatitude of 34.5 8.7 S for the Zhongbei
limestoneblock. Our results suggest that the exotic blocks in the Yarlung Zangbo Suture Zone
either originated on a seamount along the northern margin of Greater India or were originally
part of Greater India.

Keywords: Permian, Tibet, Paleomagnetism, Mélange Zone, Exotic blocks
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Paleomagnetism and geochronology of the ca.
595 Ma volcanics of the Bull Arm Formation:
Insights on the tectonic consistency of the
microcontinent Avalonia
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Constraining the paleogeography of the Ediacaran (635-539 Ma) is crucial for understanding
the extensive tectonic, biological and geochemical changes that occurred during that epoch. How-
ever, paleomagnetic data are strongly scattered and di cult to use for reconstructions, maybe
because of large disturbances to the Ediacaran geomagnetic eld. Nevertheless, data scatter may
also originate from tectonic rotations that occurred during or after magnetization acquisition. In
this study, we aim to assess the tectonic rotations in the Avalon Zone (Newfoundland, Canada),
an area of major interest that recorded the Gaskiers glaciation (580 Ma) and the emergence
of the Ediacaran fauna (575 Ma). We focus on the volcanic Bull-Arm Formation (BAF) that
was emplaced during the mid-Ediacaran. BAF outcrops mainly in three Avalon localities: in the
Bonavista Peninsula to the north (previously dated at 592 Ma), the Isthmus of Avalon in the cen-
tre, and in the Argentia area in the south. We conducted a paleomagnetic and geochronological
study on the BAF felsic rocks from the Isthmus and the Argentia area. Our geochronological re-
sults con rm that BAF was emplaced between 605 and 592 Ma over the entire Avalon Zone. Our
paleomagnetic results obtained in ve sites from the Isthmus and in one site from the Argentia
area show two magnetic components carried by low-Ti magnetite and hematite respectively. The
magnetite-borne componentis D =130.6 , 1 =58.5, k=23.7, 95=16.5. The hematite-borne
component is inferred using great circle analysis, and is compatible with the direction previously
identi ed in the Bonavista and Argentia areas (D = 236.2, 1 =41.2, k=30.1, 95 =11.2;
Pisarevsky et al., 2011), previously demonstrated as primary (positive contact and conglomerate
tests). Our new paleomagnetic and geochronological results support that this hematite-borne
magnetic component had been acquired nearly coevally over the entire Avalon Zone at 605
592 Ma, suggesting that this terrane has remained tectonically intact since the mid-Ediacaran.
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In the Argentia area, the fold test of the magnetite-borne component is negative suggesting a
post-Devonian age. However, its origin remains uncertain in the Isthmus and may alternatively

re ect a Cambro-Ordovician remagnetization, or a more complex geomagnetic record during

the Ediacaran. These hypotheses will be discussed with the addition of recently acquired rock
magnetic data and petrological observations.

Keywords: paleogeography, Ediacaran, Avalonia, geomagnetic disturbances
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Eurasian Sea paleogeography linked to
Cenozoic geodynamic, climate and life from
marine to continental magnetostratigraphic

records of Kazakhstan
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The continental sea that used to extend from the Mediterranean to China, here referred to
as the Eurasian Sea, uctuated across Eurasia during the warm Paleogene times before its major
retreat at the Eocene-Oligocene Transition (EOT) leaving behind the landlocked Paratethys sea.
The tectonic vs. climatic/eustatic drivers of the Eurasian sea evolution and its role on Eurasian
ecosystems remain poorly understood. This lack of understanding is in large part due to the too
fragmentary information currently available on Central Asian sedimentary marine and continen-
tal records, in particular in Kazakhstan where existing records remains very poorly dated and
correlated. We report new chronostratigraphic data (magneto-, bio-, chemo-, stratigraphy) from
key sedimentary marine and continental records from westernmost to easternmost Kazakhstan
covering the period from the Middle Eocene Climate Optimum when the Eurasian sea reached
its largest extent, until its nal retreat at the Eocene-Oligocene Transition. These new age de-
terrminations are combined with rock magnetic proxies of paleoclimate and diagenetic processes,
depositional environments, stable iotope, clay and palaeontological assemblages in a paleogeo-
graphic framework encompassing the region from the Caspian Sea to Eastern China. Initial
results compared to numerical climate simulations enable to discuss potential links between sea
uctuations and geodynamic drivers, climate events, carbon sinks, basin to ocean connections,
biome distributions and faunal dispersal routes.

Keywords: Magnetostratigraphy, Eurasia, Paratethys, Paleogeography, Paleogene, Climate, Geo-
dynamic, Carbon cycle
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DeformMS: A Simple Toolbox for Modelling
Magnetic Fabric Evolution During Rock
Deformation
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The magnetic fabric, studied mainly by means of anisotropy of magnetic susceptibility
(AMS), has become one of the well-established, fast, and reliable rock fabric proxies applied
in many branches of Earth sciences. The magnetic fabric of rocks re ects the crystallographic or
shape preferred orientation of all rock-constituent mineral grains; each mineral grain contributes
to the overall fabric according to its single-grain anisotropic properties and its orientation. Be-
cause magnetic fabric is very sensitive to strain, a simple tool box is presented to model its
evolution as a results of rock deformation. The toolbox works with a set of uniformly distributed
model particles deformed following the so-called line/plane model which assumes that the par-
ticles behave as if they formed lines or planes in the deforming rock matrix; their shapes do not
change in response to the imposed deformation but their orientation does. The pre-deformational
and deformational magnetic fabrics are considered, both having originated through combined
pure shear and simple shear acting in the pre-de ned directions. The resultant magnetic fabric
tensor is calculated by integrating the combined contribution of the entire set of modelled par-
ticles. The results are presented in terms of the principal AMS directions, degree of anisotropy,
and shape of anisotropy ellipsoid. The presented toolbox is an integral part of Anisoft6 software
which enables the instant visualization of how magnetic fabric gradually changes as a function
of progressive deformation.

The research was in partially conducted within the research plan RVO 67985831 of the Institute
of Geology of the Czech Academy of Sciences.

Keywords: magnetic fabric, modelling, AMS, rock deformation
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Mechanistic linkages between remagnetizations
and superchrons

Mathew Domeier~ 1, Leandro Gallo?, Justin Tonti-Filippini - 2
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An understanding of the history of the geomagnetic eld hinges on the paleomagnetic record,
but this record is fragmentary and primary paleomagnetic information is often supplanted or bi-
ased by secondary magnetizations (‘remagnetizations'). Remagnetizations are thus typically
treated as an unwanted nuisance to be excised from primary records and ignored. However,
remagnetizations also contain information about the ancient geomagnetic eld that can be ex-
ploited, if the origins of these secondary magnetizations can be determined. But much remains
to be learned about the processes of remagnetization, including the specic (and prevailing)
pathways by which they are acquired, and how we might use this knowledge to estimate their
age of acquisition. One relevant and particularly curious aspect of sedimentary remagnetizations
that remains underexplored is an apparent link between the inferred ages of regional remagne-
tization events and the occurrence of geomagnetic superchrons. If such a relationship exists, it
could provide new insights into the nature of dominant remagnetization pathway(s). Here we
probe this possible link, explore how various remagnetization pathways might account for such
a relationship, and consider the consequences for remagnetization age determinations.

Keywords: remagnetization, chemical remanent magnetization, superchron
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Magnetite-ulvospinel geometry distributions
measured from 3D FIB-SEM tomographic data
sets
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Spinodal decomposition of titanomagnetite is an exsolution process occurring in slowly-cooled
rocks that yields nely subdivided blocks of near endmember magnetite (Fe304), separated
by paramagnetic ulvispinel (Fe2TiO4). Because of the small size of the resulting magnetite
particles, this exsolution microstructure has been proposed as a stable paleomagnetic recorder.
In addition, the potential for magnetostatic interactions between closely spaced blocks makes this
intergrowth a tantalising testbed to examine its e ect on bulk behaviour. However, the range
of and variations in size, shape, and spacings of the magnetite blocks has not been rigorously
examined. To characterise a variety of magnetite-ulvéspinel microstructures, focused ion beam
(FIB-SEM) tomography was conducted on samples from Norway and South Africa. These data
sets are intended to create three-dimensional models of the mineral intergrowth at a resolution of
10 nm in volumes > 400 m3. These analysis conditions, combined with the limited backscatter
contrast of the two minerals, have resulted in data that cannot be processed and segmented using
conventional image processing approaches. An extensive work ow has been developed to correct
non-linear instrument drift over long acquisition periods and shadowing due to changing specimen
geometry during the milling process. Finally, to overcome the poor backscatter contrast, a
segmentation approach is described that incorporates the expectation of a lattice-like intergrowth
of the two phases and uses this prior knowledge in combination with the voxel greyscale to
discriminate between the two phases and reveal the 3D structure. The statistical quanti cation
of the morphology of this microstructure will be used to discuss this intergrowth as a magnetic
recorder and for future micromagnetic simulations examining magnetostatic interactions.

Keywords: Magnetite, ulvospinel, mineral microstructures, computed nanotomography
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An Integrated Physical Model for the
Remagnetization of the Nama Group,
Namibia: A Conceptual Framework for the
Large-Scale Magnetic Overprints of West

Gondwanaland
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For decades, paleomagnetic studies have documented a widespread remagnetization a ecting
Neoproterozoic sedimentary basins now exposed in South America and Africa. These remagneti-
zations are characterized by exclusively reverse-polarity directions, tightly clustered vectors, and
paleomagnetic poles from several cratons of West Gondwanaland that overlap at the 95% con -
dence level, despite distances of up to 3000 km between the studied units. Together, these obser-
vations indicate that the remagnetization was likely acquired through a single mechanism acting
in a temporally and spatially consistent manner across the megacontinent. However, contrasting
interpretations have been proposed, ranging from chemically mediated processes, such as orogenic
uids, organic matter maturation, and clay diagenesis, to a thermoviscous process. Recent stud-
ies suggest that, when magnetic mineralogy, timing of acquisition, and thermochronological and
magnetostratigraphic constraints are considered together, the thermoviscous hypothesis better
explains the observations, whereas chemical models fail to account for one or more key features.
Yet, a physically grounded thermoviscous model tested against independent temperature time
constraints has not been developed. Here we address this problem using the Nama Group
(Damara Gariep orogenic system, Namibia) as a case study, for which a detailed rock-magnetic
and paleomagnetic characterization is available. The Nama Group magnetic mineralogy consists
of pyrrhotite and stoichiometric magnetite, both carrying the same remagnetization direction,
with the magnetite shown to be very ne grained, in the superparamagnetic to single-domain
(SD) range. Analysis of magnetite unblocking temperatures (T_UB) shows that, for a laboratory
heating time of 40 min, the remagnetization component yields a mean maximum T_UB of 435 C,
consistent with a grain population with low energy barriers and susceptible to thermal relaxation.
Independent organic matter thermal maturity estimates from Raman spectroscopy indicate that
Nama Group rocks reached peak temperatures of _~320 C (lower greenschist conditions). When
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these natural thermal conditions are combined with laboratory unblocking data in a simple Néel
Pullaiah framework, the isothermal residence times required in nature to unblock the most stable
magnetite grains are consistent with the independent datasets for the duration of peak thermal
conditions before cooling began. A model of isostatic exural rebound during orogenic decay in-
dicates cooling of the Nama foreland at _~1 C/Myr, while thermochronological, apparent polar
wander, and magnetostratigraphic constraints indicate that nal blocking occurred 15 30 Myr
after the onset of cooling. Our thermoviscous acquisition model under continuous linear cooling
at _~1 C/Myr shows that, for the inferred energy barriers of the magnetite grain population,
departure from equilibrium magnetization and nal blocking should have occurred no earlier
than 17 Myr after cooling started, in agreement with the expected time-temperature window.
We therefore propose a three-stage remagnetization model: (i) during the constructional phase
of the orogenic system (540 525 Ma), subsidence, sedimentation, and early diagenesis were ac-
companied by the formation of very ne chemically precipitated magnetite grains; (ii) during the
steady-state phase (525 500 Ma), prolonged heating at peak conditions fully re-equilibrated any
previous magnetization with the ambient eld; and (iii) during the post-tectonic phase (490 470
Ma), orogenic decay and slow cooling driven by isostatic rebound allowed these rapidly relaxing
SD grains to acquire a stable remanence only after > 10 Myr, coinciding with the Moyero reverse
superchron and thereby explaining the exclusively reverse-polarity directions. This conceptual
model may also apply to other remagnetized sedimentary basins of West Gondwanaland, given
their similar magnetic mineralogy and the fact that, despite asynchronous orogenic collisions,
the post-collisional cooling phase following lithospheric stabilization of the megacontinent was
likely broadly synchronous among these regions.

Keywords: remagnetization, thermoviscous magnetization, Gondwanaland, rock magnetism, pale-
omagnetism, tectonics
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Mini-AMS & major quakes: Unlocking
Coseismic Melt Viscous Flow with Mini-AMS
In Pseudotachylytes
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Anisotropy of magnetic susceptibility (AMS) is a widely used tool for quantifying magnetic
fabrics in igneous rocks. Because AMS can record magma-induced viscous strain, it provides
insights into ow direction, intensity, and kinematics. When applied across intrusive bodies,
AMS can reveal internal ow patterns, helping to reconstruct emplacement mechanisms, con-
duit geometry, and the temporal evolution of magma during solidi cation across a range of scales.

Recent advances in high-sensitivity instrumentation now make it possible to measure AMS on
specimens as small as 3.5 mm in diameter. These miniaturized samples enable denser spatial
sampling, require far less material, and make it feasible to investigate very small melt bodies,
while still producing magnetic fabric data comparable in quality to those obtained from standard
1-inch cores.

This mini-AMS approach is particularly well suited to pseudotachylytes, whose ne grain size pro-
motes homogeneous magnetic fabrics and whose generally high magnetic susceptibility produces
strong AMS signals. Pseudotachylytes preserve evidence of intense frictional heating during the
onset of seismic slip, followed by rapid dynamic weakening caused by melt lubrication, thereby
recording the thermal and mechanical conditions of real earthquakes.

Here we present new results from pseudotachylytes in the Santa Rosa Mountains, California,
demonstrating the untapped potential of mini-AMS for resolving ow fabrics in thin fault-related
melt veins. Our study highlights applications to generation veins, injection veins, melt reservoirs,
and complex vein geometries, showing how mini-AMS can open new opportunities for investi-
gating earthquake-generated frictional melts.

Keywords: Anisotropy of magnetic susceptibility, pseudotachylyte, viscous ow, experiments
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A paleomagnetic 'thermochronometer' for
mylonites reveals northwestward-younging
exhumation along the Red River Fault, China
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The Red River fault (RRF) plays a critical role in accommodating the huge convergence
between India and Asia by block extrusion and rotation in Southeast Asia. The bedrock ex-
humation history along this continental-scale shear zone should record its tectonic evolution;
however, the detailed unroo ng history of the RRF since the late Cenozoic tectonic remains
poorly constrained. Mylonite, which occurs widely along the RRF, represents exhumed remnants
of formerly (partially) molten middle-to-lower crust. These rocks o er a valuable opportunity
to investigate bedrock exhumation directly tied to the tectonic processes. Here, we propose a
paleomagnetic 'thermochronometer' to constrain the late Cenozoic thermal history of the RRF.
The principles of this approach are twofold. First, the depth at which the mylonites acquired
their thermoremanent magnetization can be estimated using regional geothermal gradients and
the blocking temperature of magnetite (_~580 C), the predominant carrier of the characteristic
remanent magnetization (ChRM) in these rocks. In parallel, the timing of ChRM acquisition
is calculated by measuring the rotation of the ChRM direction in the mylonites relative to the
declination predicted by the Eurasia APWP at 33 Ma (the presumed onset of sinistral duc-
tile shearing along the RRF), and dividing this total rotation by regional rotation rates. By
combining these depth and timing constraints, we can reconstruct the thermal history of the
mylonite. Applying this approach, we analyzed mylonite samples collected from three di erent
segments along the RRF. Our dating results, integrated with previously published multi-method
thermochronometric data, reveal that the mylonites along the RRF underwent rapid cooling
from high temperatures (580 C) at an average rate of 18 55C/Myr, with the onsets of cooling
becoming progressively younger toward the northwest. This spatiotemporal pattern of exhuma-
tion provides new constraints on the Cenozoic evolution of the RRF. Furthermore, the ages
obtained using this paleomagnetic 'thermochronometer' are compatible with apatite ssion track
ages, demonstrating that the proposed approach is a promising tool for constraining the thermal
history of exhumed middle-to-lower crustal rocks in similar tectonic contexts.

Keywords: Paleomagnetism, Thermochronometry, Exhumation history, Red River Fault
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Coexistence of extensional and compressional
fabrics in an intramountainous terrestrial basin
(Calatayud, northern Iberian Chain)
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Here we show the results obtained from the study of the anisotropy of magnetic susceptibility
(AMS) in an intensive survey carried out in the Calatayud Basin (NE Iberian Peninsula). The
Calatayud Basin is a Cenozoic basin situated in the Aragonese branch of the Iberian Chain,
forming part of a system of intramountainous basins and sub basins of controversial origin. It
has an elongated NW-SE orientation (100 km long) and a variable width (between 10 and 20
km), connecting to the Palaeogene Montalban Basin to the SE.

The materials found in this basin date from the Upper Oligocene to the Lower Pliocene (Lower
Alfambrian) and are grouped into three major units:

- The Lower Unit (Upper Oligocene?-Lower Aragonian) consists of more than 500 m of evapor-
ites according to borehole studies (Marin, 1932). In the lower part, halite deposits predominate;
as we move upwards through the sequence, this predominance shifts to calcium sulphates such
as anhydrite and gypsum. At the surface, anhydrite and glauberite are replaced by secondary
gypsum (Sanz-Rubio, 1999). This unit outcrops mainly in the central part of the basin.

- The intermediate Unit (Middle Aragonian-Vallesian) has variable thickness with an average
of approximately 120 m. In the central-southern sector, it consists of laminated primary gypsum
deposits alternating with magnesium carbonates. This unit shows both horizontal and vertical
evolution, transitioning from evaporitic-carbonate materials to predominantly carbonate deposits
(dolomites, dolomitic marls and limestone) with a proportion of ne-grained terrigenous materi-

als (Sanz-Rubio et al., 2002).
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- The Upper unit (Upper Vallesian Lower Alfambrian) is located mainly in the northern part
of the basin and along its margin. It consists of alluvial terrigenous facies at the base and uvio-
lacustrine carbonates facies at the top (Sanz-Rubio et al., 2002).

A eld survey was rst carried out, during which drill-oriented cores, centrimetre sized oriented
fragments and small oriented blocks were extracted in 69 sampled sites. These samples were
subsequently cut to standard size in the laboratory. A minimum of eight samples was obtained
for calculating the magnetic parameters in each site.

The Anisotropy of the Magnetic Susceptibility (AMS) measurements was obtained in 855 speci-
mens with a KLY5-A susceptibility kappabridge (operating at 1220 Hz and 400 A/m) installed

at the Magnetic Fabrics Laboratory of the University of Zaragoza. In addition, a total of 18 k/T
thermomagnetic curves were obtained in a CS-3 furnace coupled to a KLY-3S, also available at
the University of Zaragoza, with the aim of characterising the magnetic mineralogy of the sam-
ples. Suste7 is the CS-3 control software used (AGICO). Data processing was performed using
the Cureval 8.0 software (Chadima and Hrouda, 2012). The k/T curves indicate the presence of
magnetite and hematite in the three main units, as well as the content of paramagnetic minerals
in the lower and intermediate units.

In summary, the directional analysis of AMS data provides us with a Kmin (K3) axis direc-
tion of the magnetic ellipsoid close to vertical (plunge > 71°), that is, perpendicular to bedding
in each site, and three Kmax (K1) directions: a NW-SE direction that predominates in the whole
basin (thoughout the three above described units), a N-S maximum and a minority NE-SW di-
rection. Taking into account the NW-SE orientation of the basin and the structures present
at its margins, it can be concluded that the predominant NW-SE kmax direction is caused by
compressive stresses with NE-SW direction; meanwhile, the N-S and NE-SW directions may be
associated with extensional elds. The relative chronology between the di erent tectonic stages
points to alternating extension and compression during the Neogene history of the basin.
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Decoding Frictional Heat in Fault Rocks Using
Petromagnetic Proxies
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Recent petromagnetic investigations on carbonate-hosted seismic faults from Montana and
Italy have revealed the potential of magnetic methods to quantify frictional heat associated with
rapid slip. We performed high-velocity rotary shear experiments from 0.01 to 1.3 m/s on pow-
ders from the undeformed host-rock of these natural faults to reproduce the frictional process,
guantify and calibrate the mineral changes caused by frictional heating (25 to 1,000 °C). We
use several magnetic proxies to identify the nature of iron-bearing phases, their concentration
and signi cance. Our preliminary results on pure carbonates show that the ferrimagnetic sul des
(pyrrhotite), present in relatively low concentration in the undeformed carbonates, remain stable
upon deformation at subseismic velocities. Pyrrhotite subsequently oxidizes and breaks down
across a temperature range from 300 to 450 °C to form single domain magnetite that remains
stable up to 600 °C. Above 600 °C in natural faults, magnetite may oxidize into hematite and
acquire a coseismic lattice preferred orientation (LPO). First order reversal curve (FORC) dia-
grams suggest that grain size variations are probably driven by the kinetic of mineral reactions
rather comminution. Data from isothermal remanent magnetization (IRM) acquisition is decon-
voluted to evaluate the number and nature of magnetic phases in each experimental product.
The experiments con rm the potential of petromagnetic analysis to reveal the thermal history
of fault rocks.

Keywords: carbonate, pyrrhotite, friction, coseismic, experiments
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The Grunehogna Craton is widely interpreted as a fragment of the Archaean Kalahari Cra-
ton prior to the breakup of Gondwana (e.g., Groenewald et al., 1991), although it has also been
considered adjacent to it (Basson et al., 2004), and only separated during the Jurassic. Paleo-
geographic reconstructions suggest that this connection persisted for at least 3.0 Ga until 0.7 Ga
(Marschall et al., 2010; Gumsley et al., 2024). However, although Gumsley et al. (2024) demon-
strated a LIP barcode match between the Grunehogna Craton and the Kalahari Craton at ca.
720 Ma from the Mutare Dyke Swarm in Zimbabwe and the Fingeren Dyke Swarm in Western
Dronning Maud Land, further precise temporal and spatial constraints remain limited. Here, we
integrate new U Pb ID-TIMS baddeleyite geochronology with petrographic, geochemical, pale-
omagnetic, and rock magnetic analyses of ma c intrusions across the Grunehogna Craton and
the adjacent Maud Belt to reconstruct Meso- to Neoproterozoic palaeogeography of the region.
We found that the NNE-trending Fingeren Dyke Swarm is much more extensive and complex
than previously thought, with extensions out of the Borgmassivet area to the north and into
Kirwanveggen to the south. In particular, we found that NE-trending more altered ma c dykes
intrude into the Meso- to Neoproterozoic Maud Belt in Kirwanveggen are coeval, and likewise
less altered NNE-trending ma ¢ dykes in Annandagstoppane to the north include 0.72 Ga dykes
along with 0.18 Ga Karoo dykes and 1.1 Ga Umkondo-aged dykes. These data provide exciting
opportunities to test paleomagnetic and rock magnetic constraints across an area of increasing
metamorphic grade and structural complexity.

Keywords: ANTARCTICA, GEOLOGICAL time scales, IGNEOUS provinces, PALEOGEOGRA-
PHY, LIPS, LAURENTIA (Continent)
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Localized magnetic mineral depletion within a
major fault in the shallow Japan Trench
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Physicochemical conditions within accretionary wedges play an important role in constrain-
ing tsunamigenic earthquakes. In this study, we aim to clarify the evolution of a fault system in
the shallow accretionary wedge by investigating the spatial distribution of magnetic mineralogy
within a major fault zone using scanning superconducting quantum interference device (SQUID)
microscopy (SSM).

We focus on the Japan Trench subduction zone, an active convergent margin where large tsunami-
genic slip has been documented (e.g., Fujiwara et al., 2011). The fault sample was obtained
during International Ocean Discovery Program (IODP) Expedition 405, Tracking Tsunamigenic
Slip Across the Japan Trench (JTRACK). Shipboard analyses reported a pronounced age reversal
across the fault, suggesting that it represents a major reverse fault and may have been involved
in tsunamigenic slip (Kirkpatrick et al., 2026; Regalla et al., 2025). A thin section including the
fault gouge was prepared for optical microscopy, magnetic eld mapping, FE-SEM/EDS analy-
ses, and grain-size characterization.

The lithology is composed of bluish hemipelagic clay and volcanoclastic sediment occur in the
footwall, whereas dark gray to gray hemipelagic clay characterizes the hanging wall. The hanging
wall is highly disturbed and shows evidence of intense shear, whereas the footwall immediately
beneath the gouge preserves a normal-sense shear zone. Magnetic microscopy and thin section
observations reveal a clear contrast in magnetic mineralogy and ferrimagnetic mineral concen-
tration across the fault. Ferrimagnetic minerals are less abundant within the fault gouge than

in the host sediments, which contain detrital titanomagnetite and authigenic greigite.

FE-SEM/EDS analyses further show that framboidal pyrite and greigite are selectively absent
within the gouge. This selective disappearance may re ect either syn-deformational dissolution
driven by mechanochemical reactions during intense comminution associated with seismic slip
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(e.g., Kameda and Okamoto, 2021), or extreme grain-size reduction to below the e ective res-
olution of the SSM measurements. In either case, the localized depletion of magnetic minerals
indicates that mineralogical modi cation was concentrated within the gouge during fault evolu-
tion.

Furthermore, the spatial distribution of magnetic minerals provides insight into uid behav-

ior within the fault system. Because alteration is not continuously developed along the thrust,
and because the gouge appears to be strongly comminuted and potentially sealing, the excess
pore uid responsible for fault weakening may not have been generated locally during the most
recent slip event, but instead may have been supplied through a broader fault-related conduit
system that predated gouge formation. In this context, the gouge may have acted as a local cap
rock, whereas the surrounding fault system may have retained its capacity for uid transport.
Such hydraulic heterogeneity may have contributed to the development and repeated reactiva-
tion of this major fault.

These results demonstrate that magnetic mineral assemblages record localized deformation-
related reactions and hydraulic reorganization in the shallow accretionary wedge. Notably, the
absence of thermally induced mineralogical transformations indicates that coseismic frictional
heating was negligible even along this major fault, suggesting that comminution, uid redistri-
bution, and fault-zone localization were the dominant processes controlling fault evolution.
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Middle Triassic Sassendalen Group of
Barentsgya: Toward a Better Understanding of
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New results from thermal and alternating eld (AF) demagnetisation experiments performed
on 30 independently oriented siltstone samples from ve sites within the Middle Triassic Sassendalen
Group of Barentsgya indicate complete remagnetisation of the investigated rocks. Calculated
virtual geomagnetic poles (VGPs) for individual sites fall within the 150 10 Ma segment of the
apparent polar wander path (APWP) for Baltica (Torsvik et al., 2012). Paleolatitude estimates
further support a Late Mesozoic Cenozoic age of magnetisation, signi cantly younger than the
Middle Triassic depositional age of the studied rocks.

In four out of ve sites, anisotropy of magnetic susceptibility (AMS) analyses reveal an inverse
fabric, which may indicate the dominance of single-domain (SD) magnetite. However, it should
be noted that Dudzisz et al. (2018) demonstrated that within the Triassic Vikinghggda For-
mation in Sassenfjorden, the inverse fabric is instead carried by iron-rich carbonates. Both sat-
uration isothermal remanent magnetisation (SIRM) and three-component isothermal remanent
magnetisation (IRM) experiments show maximum unblocking temperatures between 450 and
575 C. The latter experiments indicate a dominance of a low-coercivity ferromagnetic fraction,
saturated up to 120 mT. Susceptibility temperature experiments reveal a signi cant increase in
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magnetic susceptibility during heating, likely related to mineralogical transformations of pyrite,

Fe Mg phyllosilicates, and Fe Mg carbonates (siderite, ankerite) in the presence of organic mat-
ter (for mineralogical details, see Krajewski, 2008), as well as to the formation of new magnetite,
as evidenced by cooling curves.

Rock-magnetic experiments, as well as detailed petrological and mineralogical analyses, are on-
going and aim to constrain the origin of the observed remagnetisation. The following scenarios
are currently considered:

Thermal remanent magnetisation (TRM) or chemical remanent magnetisation (CRM) re-
lated to the Early Cretaceous High Arctic Large Igneous Province (HALIP) magmatism
(Sartell et al., 2025).

TRM or CRM associated with the broader continental stage of the opening of the North
Atlantic system.

Recent viscous remanent magnetisation (VRM); however, it should be noted that the
observed high-inclination components are stable, with demagnetisation occurring above
400 C and in elds exceeding 100 mT.

It should be emphasized that similar secondary high-inclination components have been reported
from other parts of eastern Svalbard. They have been identi ed both in the post-Caledonian
sedimentary cover (Triassic rocks of Edgegya; Michalski et al., 2017) and in Neoproterozoic rocks
of Nordaustlandet (e.g., Michalski et al., 2023).
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Thermal demagnetisation of carbonate-rich mudstones from the upper Tonian successions
of Murchisonfjorden and Lomfjorden (NE Svalbard, Norway) reveals a stable and well-de ned
remanent component persisting up to 680 C. Saturation isothermal remanent magnetisation
(SIRM) and temperature-dependent susceptibility measurements indicate that hematite is the
main carrier of the magnetic signal. Preliminary principal component analysis (PCA) and fold
tests, based on four of the seven sampled sites (18 independently oriented samples and 50 speci-
mens), suggests a pre-folding origin of the magnetisation and allows for an initial estimation of
its direction (D = 143.7,1=28.7, 95=5.6, k = 13.91).

A key challenge in paleomagnetic studies is constraining both the age of the analysed rocks and
the origin (primary vs. secondary) of the identi ed magnetisation components. The investigated
carbonate rich mudstones occur at the boundary between the Veteranen and Polarisbreen
groups and are characterised by a enriched 3C compositions. Stratigraphically, they lie well
below the Bitter Springs Anomaly (BSA), marked by a pronounced negative £C excursion. The
lower boundary of the BSA, estimated at ca. 810 Ma, therefore provides a minimum depositional
age for the studied succession. Basing on the CA-TIMS ages on detrital zircons from the Bogen
Member of the Kingbreen Formation (Zhang et al., 2023) the maximum deposition age (MDA)
is ca. 880 Ma. Ongoing work aims to further constrain the depositional time window of the
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investigated sequence by determining the MDA of the underlying sandstones. First petrographic
analyses indicate that hematite is not of detrital origin but instead formed during early diagenesis.

Although numerous studies have attempted to reconstruct the spatial relationships between
Baltica and Laurentia in the Neoproterozoic, the paleogeographic position of Svalbard within

Rodinia has been ambiguous (e.g. Li et al., 2023). Importantly, the investigated carbonates are
in close proximity to the carbonate succession studied by Maloof et al. (2006), in which a pair of
true polar wander (TPW) events were identi ed. The results presented here are therefore highly

relevant for testing the proposed TPW event associated with the Bitter Springs Anomaly (see

also Michalski et al., 2023).
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The Guider area, located in the northwestern domain of the Central African Orogenic Belt
(CAOB) in Cameroon, is characterized by the emplacement of melanocratic to mesocratic dykes
intruding Ediacaran orthogneisses. These host rocks display a subvertical foliation trending N-S
to NNE-SSW. Despite their abundance, the emplacement conditions and geodynamic signi cance
of these dykes have remained poorly constrained. This study integrates eld mapping, remote
sensing, AMS, and 40Ar/39Ar geochronology to investigate their emplacement mechanisms and
regional implications.

The studied dykes are 0.5 to 2 m thick and extend from a few meters to several hundreds of
meters. They are predominantly oriented NNE-SSW and show low obliquity (< 20 ) relative to
the foliation of the host orthogneisses. Petrographically, the dykes display microgranular to por-
phyritic microgranular textures. They are mainly composed of biotite and amphibole (commonly
clustered in ma ¢ aggregates with opaque minerals), plagioclase and alkali feldspar (locally as
phenocrysts), and interstitial quartz. Variations in the proportion of ferromagnesian silicates
allow the distinction between mesocratic and melanocratic facies, all characterized by primary
magmatic microstructures.

AMS results obtained from 14 dykes indicate that magnetic susceptibility distinguishes para-

magnetic, mixed, and ferromagnetic types, with a predominance of mixed signatures (1000 Sl
Km 5000 SI). Magnetic fabrics are characterized by low anisotropy and predominantly

oblate ellipsoids, consistent with primary magmatic fabrics acquired during passive magma in |l
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along steeply dipping pre-existing fractures or zones of weakness.

Magnetic fabrics are mostly subparallel (64%) to the orthogneiss foliation, based on both eld
measurements and AMS data. Magnetic lineations are predominantly subhorizontal. Combined
with the low obliquity between dyke orientation and host-rock foliation, these results indicate
subhorizontal magma ow strongly controlled by the structural inheritance of the orthogneiss.
40Ar/39Ar dating of amphibole and biotite yields emplacement ages of 566.4 2.3 Ma and
574.7 0.6 Ma, respectively. This magmatic activity is coeval with regional post-collisional
granitic magmatism (570 565 Ma). These results suggest that dyke emplacement in the Guider
area occurred during late-stage orogenic relaxation under a transtensional tectonic regime. They
provide new constraints on magma transport processes, crustal stress- eld reorganization, and
lithospheric stabilization during the nal stages of Gondwana assembly within the CAOB.

Keywords: CAOB, Northern Cameroon, Guider dykes, AMS, 40Ar/39Ar, Structural inheritance,
transtensional tectonic regime
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We present new demagnetisation results from 59 paleomagnetic samples (167 specimens) of
carbonate units collected at nine sites within the upper Neoproterozoic (Cryogenian-Ediacaran)
succession of Murchisonfjorden, western Nordaustlandet (Svalbard). The studied sequence forms
part of the Northeastern Basement Province. The investigated carbonates occur between diamictite-
rich units (the Petrovbreen Member of the Elbobreen Formation-older-and the Wilsonbreen
Formation-younger), as well as within the "cap carbonate" unit of the Dracoisen Formation,
which overlies the Wilsonbreen Formation.

A complex magnetisation record is observed across all investigated sites and two main paleo-
magnetic components have been identied. Based on Principal Component Analysis (PCA),
a well-de ned, post-folding, high-inclination component (LM) was isolated. This component
is demagnetised up to _~320 C and is present at all nine sites. A low-inclination component
(MH), directed towards the NNE, was isolated after removal of the LM direction and following a
reduction of the initial remanence by ~70%. It is demagnetised within the temperature range
of 300 475 C and was identi ed at ve sites. The MH component was determined using a com-
bination of PCA and great circle methods.

Preliminary rock-magnetic results, including three-component isothermal remanent magneti-
sation (IRM) experiments and analysis of IRM acquisition curves following the procedures of

" Corresponding author: sbal@igf.edu.pl
" Speaker

57



Kruiver et al., (2001) and Egli (2003), indicate maximum unblocking temperatures between
300 and 575 C, as well as the dominance of a low-coercivity ferromagnetic fraction. Ongoing
rock-magnetic, petrological, and mineralogical investigations aim to constrain the origin of the
identi ed components.

The LM post-folding secondary component is most likely related to Cretaceous Cenozoic thermal
overprints, possibly associated with High Arctic Large Igneous Province (HALIP) magmatism,
Eurekan deformation, or heating associated with the initial stages of North Atlantic opening. In
the case of the enigmatic MH component, two alternative scenarios are currently being tested,
including detrital or early diagenetic origins (Bal et al., 2025). The low inclination of this com-
ponent suggests formation at low paleolatitudes. If it represents a primary magnetisation, it
would imply deposition of the associated diamictites in near-equatorial latitudes. However, it
should be noted that the virtual geomagnetic pole (VGP) calculated for the MH component falls
within the Caledonian segment of the Baltica apparent polar wander path (APWP) (Torsvik
et al., 2012), which may indicate a secondary origin of this component related to Caledonian
deformation (cf. Maloof et al., 2006; Michalski et al., 2023).
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The period around _~183 Ma is marked by a severe mass extinction known as the “Toar-
cian Oceanic Anoxic Event' (TOAE). It is associated with a signi cant negative carbon isotope
excursion, a marine transgression and global warming. The TOAE has been extensively studied
over the last three decades (e.g. Ruhl et al. 2022 and references therein), yet no consensus
has emerged regarding the causes of this event. In West Africa, a doleritic dyke from the San
Pedro dyke swarm in south-western Cote d'lvoire, was recently dated using U-Pb baddeleyite at
182.29 0.12 Ma (Salting, 2018). This age is clearly younger than the peak of activity of the
Central Atlantic Magmatic Province (CAMP) (201 199 Ma), one of the largest magmatic events
in Earth's history linked with the break-up of the supercontinent Pangea and well represented
in the West African domains. This raises questions about its connection to the CAMP of this
younger dyke swarm and its geographical boundaries and origin. Dikes are a useful tool in map-
ping regional paleostress elds, locating mantle plumes or shading light on the geodynamics. To
better constrain the stress eld in which the San Pedro dyke generation emplaced and its relation
with older CAMP dyke generations, a preliminary sampling of 12 dykes (98 cores) was realized
in 2025 and we performed paleomagnetic analyses, magnetic properties, anisotropy of magnetic
susceptibility (AMS) and geochemistry to identify the dyke source. The preliminary results are
promising to enable us to characterize the geodynamic context of this newly discovered Jurassic
magmatic event in West Africa and start to lift the veil on the particular history of the san Pedro
dykes and its potential relation with the TOAE.

References :
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Physical modelling composite magnetic fabrics
using Big Coil Anisotropy meter and
standard-sized palaeomagnetic specimens
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Magnetic fabric of rocks is often composite, i.e. consisting of two or more subfabrics either
carried by di erent minerals or by di erent phases of the same mineral oriented di erently. To
better understand the nature of such fabrics, mathematical modelling of them has been made
by numerous various authors exclusively considering only the in-phase component of magnetic
susceptibility. The present contribution deals with the composite magnetic fabric investigated
in a physical way, through simultaneous measurement of two specimens possessing di erent
magnetic fabrics. Both the specimens are also measured separately, and the theoretical composite
magnetic fabric is calculated from these separate measurements considering both in-phase and
out-of-phase components of susceptibility. The experimental and theoretical AMS tensors are
very similar di ering only by measuring errors. We can conclude that using volume weighted
summing of susceptibility tensors in modelling composite magnetic fabric is fully justi ed not
only for in-phase component but also for out-of-phase component. This approach can also be
used in modelling magnetic fabric development during various geological processes.

Keywords: anisotropy of magnetic susceptibility, composite magnetic fabrics, physical modelling
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Kinematics of Strike-Slip Faulting Revealed by
Magnetic Fabric of Fault Gouge: A case study
from the Red River Fault

Xiuli Yan * 12, Tao Yang?, Tsafrir Levi 3, Ram Weinbergerf, Shmuel
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4 Department of Geophysics, Tel Aviv Univ., Tel Aviv, Israel.

The Red River Fault (RRF) is a fundamental tectonic boundary that has profoundly shaped
the structural evolution of the southeastern Tibetan Plateau and northern Southeast Asia.
Driven by interactions among multiple tectonic blocks over a prolonged history, the RRF has
experienced a highly complex strain eld resulting in intricate spatiotemporal deformation. Un-
derstanding this strain eld is essential for deciphering fault evolution and assessing regional
seismic activity. To elucidate the strain eld and kinematics of the northern RRF, we investi-
gated the anisotropy of magnetic susceptibility (AMS) and rock magnetic properties of samples
collected from fault gouge at the Juli outcrop, in the northern segment of the RRF. At this
locality, the fault strands are arranged in a secondary Riedel structure, providing an excellent
framework for evaluating the relationship between magnetic fabrics, fault geometry, and the as-
sociated strain elds. The results indicate that magnetite is the primary magnetic carrier in
the fault gouge, and therefore it is assumed that the observed magnetic fabric is mainly con-
trolled by the preferred orientation of its grains. The predominantly oblate AMS fabric (T > 0)
suggests that the gouge has undergone strong layer-parallel shortening (LPS). Across all sites,
the magnetic foliation consistently lies at an angle of _~30 counterclockwise to the strike of
the fault planes. The geometric relationship between the magnetic fabrics and the fault planes,
together with the consistent orientation of the maximum principal axis of the AMS ellipsoid,
provides a robust kinematic indicator, revealing uniform dextral strike-slip movement along all
fault strands. In addition, the orientation of the minimum principal AMS axis appears to re ect
the local strain eld within the Riedel structure. Collectively, the AMS and structural data from
the Juli outcrop indicate an overall compressional direction of approximately N15 E. This is
highly consistent with both the geometry of the secondary Riedel faults and the dextral kine-
matics inferred from our analyses. Overall, this study highlights that the magnetic fabric of fault
gouge not only provides robust constraints on the local strain eld, but also serves as a reliable
proxy for reconstructing the fault kinematics.

Keywords: Red River Fault, AMS, Riedel structure, Kinematics, Strain eld
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Rock magnetic constraints on uid-rock
Interaction and migration pathways in shallow
megathrust shear zones
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Megathrust shear zones act as preferential migration pathways for uids during the seismic
cycle. Interaction between uids and fault rocks lead to mineral transformations and precipi-
tation, resulting in changes in physicochemical conditions (e.g., redox state and temperature)
and mechanical properties. Cyclical uid circulation also in uences iron redistribution in fault
rocks, as well as the leaching and alteration of iron-bearing minerals. Therefore, the analysis
of rock magnetic properties of fault rocks can serve as an indicator of uid induced changes in
physicochemical conditions occurring during coseismic, postseismic, and interseismic phases.
Here, we analyze the magnetic mineral assemblages of fault rocks from an exhumed shallow
megathrust shear zone by combining rock magnetic measurements with SEM-EDS analyses.
The Sestola Vidiciatico shear zone (Northern Apennines, Italy) represents an exhumed analogue
of present-day megathrust shear zones and records active uid circulation during the late brittle
phases of Adriatic plate subduction beneath the frontal prism of the European plate.

Our results indicate a limited in uence of frictional heating during the seismic cycle, with par-
tial preservation of sedimentary and diagenetic features, such as undeformed framboidal pyrites
and lithology-related variations in magnetite grain size and concentration. Variations in low-
coercivity ferromagnetic minerals (e.g., titano-magnetite) and high-coercivity phases, such as
hematite and goethite, with distance from the main thrust surfaces relate to a history of active
uid circulation during the seismic cycle and exhumation. An overall low concentration of mag-
netic minerals, together with hysteresis properties and Fe content near the main thrusts, suggests
iron depletion from clay minerals and partial dissolution of pyrite and iron oxides, induced by
interaction with exotic uids during the coseismic phase. Changes in the relative distribution of
magnetite and goethite magnetic proxies suggest migration of Fe-enriched uids along fractures
during the coseimic to postseismic phase, followed by precipitation promoted by interaction with
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local uids. Finally, local heterogeneities in magnetic mineral assemblages, together with the oc-
currence of hematite and partially oxidized magnetite/maghemite, suggest subsequent alteration
and/or weathering during prolonged interseismic phases and/or exhumation.

This study highlights the potential of rock magnetic approaches to assess spatial and temporal
changes in physicochemical conditions and trace uids migration pathways during the di erent
phases of repeated seismic cycles in subduction zones.

Keywords: Fluid Rock Interaction, Megathrust Shear Zones, Magnetic mineralogy, Seismic cycle
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Petromagnetic detection of uid contacts and
paleocontacts in hydrocarbon reservoirs of the
Polish Outer Carpathians
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This study demonstrates the potential of integrated petromagnetic methods for identify-
ing uid contacts and reconstructing the evolution of hydrocarbon reservoirs, based on two oil-
bearing boreholes located at the boundary between the Magura and Silesian nappes in the Polish
Outer Carpathians. The results show that oil water contacts (OWC) and gas oil contacts (GOC)
exhibit the most distinct magnetic signatures within the system. These are expressed primarily
by elevated magnetic susceptibility and saturation remanence values, consistently higher than
those observed in the main hydrocarbon-bearing intervals and background rocks. The anoma-
lies re ect enhanced concentrations of low- and intermediate-coercivity ferromagnetic minerals
formed during hydrocarbon-related diagenetic alteration. A diverse mineral assemblage was
identi ed across di erent elements of the petroleum system, including magnetite, maghemite,
lepidocrocite, siderite, pyrite, pyrrhotite, and hematite. The results indicate that the mere
presence of particular magnetic phases does not uniquely identify petroleum system elements.
Instead, the relative proportions of ferromagnetic minerals constitute the key discriminating fac-
tor. Fluid contact zones are characterized by the formation of small amounts of iron sul des,
likely related to redox-driven mineral transformations and biodegradation processes. In con-
trast, hydrocarbon-saturated intervals lacking evidence of biodegradation are dominated by iron
oxides, with negligible contributions from sul de phases. A key outcome of the study is the
identi cation of magnetic anomalies, similar in character to present-day OWC and GOC, but
occurring within reservoir intervals. These were interpreted as preserved paleocontacts. Their
association with lepidocrocite suggests formation during an earlier, deeper burial stage at tem-
peratures above 80 C, whereas modern uid contacts are characterized predominantly by iron
sul des formed during a later exhumation stage, likely as products of biodegradation. These
ndings provide new evidence for trap reorganization and hydrocarbon remigration during the
multi-stage structural evolution of the Carpathian fold-and-thrust belt.

Keywords: hydrocarbons, oil, water contact, paleocontacts, tectonics, magnetic anomalies
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Mexican contributions to the Geomagnetic
Instability Time Scale (GITS)

Harald Bohnel” 1, Daniel Miggins?, Sophie Warker?, Alejandro
Rodriguez-Trejo!, Hector Ibarra-Ortegal, Andrea Gonzalez-Garci,
Raymundo Martinez-Serran®, Jeronimo Aviles’, Mariana
Aguilar-Ramirez?!

1 Instituto de Geociencias [Querétaro] Universidad Nacional Autonoma de México | Campus
Juriquilla, Querétaro, Mexico
2 Oregon State University 1500 SW Je erson St., Corvallis, OR 97331, United States
3 Institut fur Umweltphysik m Neuenheimer Feld 229, 69120 Heidelberg, Germany

4 Instituto de Geo sica [México] Universidad Nacional Auténoma de México | Ciudad Universitaria,
Coyoacan, CDMX, Mexico

5 Museo del Desierto Blvd. Carlos Abedrop Déavila 3745, Nuevo Centro Metropolitano de Saltillo,
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The GITS was de ned, e.g., by Singer (2014) to validate and precisely date geomagnetic
excursions during the Quaternary. These included globally recorded excursions such as the
Laschamp or Mono Lake, but also other excursions not yet found globally, like several from the
West Eifel (Germany). Here we present data from Mexico, recorded by volcanic rocks and in a
stalagmite. In several cases, these have been veri ed paleomagnetically and geochronologically.
Here we report new results, with the youngest observed in a stalagmite around 15 ka, possibly
corresponding to the Hilina Pali excursion, and the oldest at 965 19 ka possibly corresponding
to the top of the Jaramillo sub-chron. Given the large number of paleomagnetic data already
available for Mexico, the online database LAPOD was searched for transitional paleomagnetic
directions or low paleointensities. This revealed 21 volcanic units in the 0-220 ka age range. We
intend to verify these paleomagnetic data and to carry out new precision Ar-Ar age determi-
nations to include such data in the Mexican GITS. For some of these proposed excursions we
have also collected stalagmites with preliminary age estimates, which may provide details ethe
magnetic eld evolution during the excursions. Depending on stalagmite growth rates, standard
sampling may work for some, but micromagnetic methods are needed for others.

Keywords: geomagnetic excursion, Mexico, geomagnetic instability time scale
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Geomagnetic secular variation at the end of
the Cretaceous Normal Superchron
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Suryanto?, Nicolas Rakotosolofd, Vladimir Paviov #, Jorg Pfander®

! Department of Earth and Environmental Sciences, Ludwig-Maximilians-Universitat Miinchen, Munich
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4 Schmidt Institute of Physics of the Earth, Russian Academy of Sciences Moscow, Russia
5 Institut of Geology, Technische Universitat Freiberg Freiberg, Germany

The Cretaceous Normal Superchron (CNS; 84 121 Ma) is an anomalous period in the history
of Earth's magnetic eld, characterized by the absence of geomagnetic polarity reversals. Two
interpretations in terms of gradual or abrupt changes have been proposed to explain the tran-
sition from the CNS to the reversing regime of the geodynamo. Studies of geomagnetic secular
variation at high latitudes (80 90) tend to agree with the scenario of an abrupt transition.
However, the validity of this scenario remains open for secular variation at lower latitudes. To
better understand the latitudinal dependence of this geomagnetic transition, we conducted a
study of geomagnetic secular variation at mid-latitudes (25 35) from basaltic lavas collected in
the East Sulawesi Ophiolite of Indonesia (ESO; emplaced 65 75 Ma) and the Madagascar Flood
Basalt (MFB; emplaced 84 92 Ma). For the ESO, we sampled 121 lava ows across three sec-
tions (Batumandi, Pulo Dua, and Teku), yielding 103 interpreted directions and 87 independent
directions after correction for serial correlation. The dataset passes both reversal and fold tests,
indicating a primary origin of magnetization. The obtained dispersion of the virtual geomagnetic
poles (termed VGP scatter) is S B=17.0 (15.3/18.8, N=84) when an adaptive VGP cuto is
applied to remove the transitional directions. For the MFB, we sampled 25 lava ows distributed
in the Antanimena and Bongolava plateaus, leading to 18 independent directions after correction
for serial correlation. Combining our results with previous paleomagnetic data from Madagascar,
we obtained a VGP scatter S_B=13.3 (11.6 /15.2 , N=49). Although more data are needed at
mid-latitudes, our preliminary paleomagnetic results indicate less directional variability during
the CNS than after the CNS and are in rst approximation consistent with previously obtained
results at high latitudes.

Keywords: Cretaceous Normal Superchron, paleosecular variation, VGP scatter, East Sulawesi
Ophiolite, Madagascar Flood Basalt
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Global Paleomagnetic Model for the
Gauss-Matuyama Reversal.

Pablo Rivera® 1, Maximiliam Arthus Schanner, Monika Korte 1, Ahmed
Nasser MahgouB, Sanja Panovska, Louise Dauchy-Trict, Shahnoor
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1 GFZ Helmholtz Centre for Geosciences, Section 2.3 Geomagnetism Telegrafenberg, 14473 Potsdam,
Germany
2 University of Helsinki. Department of Geosciences and Geography Helsinki, Finland

Polarity reversals are one of the most relevant events in Earth's magnetic eld evolution
and provide crucial insights into dynamics within the outer core. Paleomagnetic models based
on Spherical Harmonic Analysis (SHA) have become an essential tool for analyzing the spatial
and temporal features of the geomagnetic eld during these events. To date, only the most
recent magnetic eld reversal, the Matuyama-Bruhnes (MB) reversal (780 kyr BP), has been
modeled. Furthermore, the most updated model for the MB reversal, GGFMB (Mahgoub et
al., 2023) is based on regularized least square inversion from sedimentary records but lacks any
estimation of model uncertainties. Here we present the rst SHA model that covers the second
most recent reversal, the Gauss-Matuyama (GM), spanning from 2.4 to 2.7 Myr BP, constructed
from a compilation of high-quality paleomagnetic sediment records. We follow a fully Bayesian
approach employing a Kalman lter to estimate uncertainties in the posterior model. We compare
the eld features during the GM reversal to those of the MB reversal and to the present-day
eld.

Keywords: Paleomagnetic model, Polarity reversal, Gauss Matuyama reversal, Bayesian inversion.
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Magnetic insights into the aqueous alteration
of CM carbonaceous chondrite meteorites
INVITED
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2 University of Oxford Wellington Square, Oxford OX1 2JD, United Kingdom
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CM carbonaceous chondrite meteorites are a rich archive of the action of water on the rst
planetary bodies of our solar system (the planetesimals). Their mineralogy reveals a complex
record of water-rock interactions, whose chronology, extent, location and drivers remain to be
fully characterized to achieve a complete understanding of the physicochemical evolution of
the precursors of planets. CM chondrites also place important constraints on the magnetic
environment of the early solar system, as they carry an ancient remanence interpreted as a
record of the magnetic eld that threaded the sun's protoplanetary disk. Because it is carried by
magnetic minerals produced during aqueous alteration, this paleomagnetic record is intimately
linked to the action of water on the CM parent body(ies). Here, | will present the results of a series
of rock magnetic and modal mineralogy measurements conducted on 48 CM chondrites. The
objective behind compiling this exhaustive dataset is to investigate the aqueous alteration process
through its in uence on the magnetic mineralogy, and search for any systematic variations with
extent of alteration. In particular, we want to test the compatibility of the data with a continuous
alteration process on a single parent body, or possible distinct parent bodies, and/or multiple
drivers of aqueous alteration. This work could have key implications for the interpretation of
existing and future paleomagnetic data acquired on aqueously altered chondrites in terms of
time-resolved record of the sun's protoplanetary disk magnetic eld.

Keywords: meteorite, rock magnetism, aqueous alteration
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Magnetic properties of metallic iron spheres
distributed inside tektites from Philippines
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Tektites, i.e., macroscopic impact glasses found at long distance from the impact crater, are
usually paramagnetic, with all iron in 2+ state (1). However, (2) described exceptional cases of
presence of metallic Fe spheres in tektites from Philippines. We revisited the case by recovering
new metal-bearing samples in collections, from the Smithsonian museum in Washington and from
the Beyer collection in Manila, using both magnetic susceptibility (X) and visual test of translu-
cency, as the metal bearing samples have been described as more translucent than standard ones.
Compared to the expected paramagnetic X of 95 nm3/kg, we focused on samples with X > 200
nm3/kg. 10 were identi ed in Smithsonian and 55 in Manila. Hysteresis measurements up to 1.8
T were used to con rm that the ferromagnetic signal is carried by Femet. Hysteresis curves show
negligible remanence (Mrs) and soft behavior (P=Mrs/Ms of about 2%, Bc about 1 mT), with
saturation (Ms) reached only above 0.6 T. Magnetization is linear up to 0.6 T and a sharp kink is
observed toward saturation, unlike usual metal bearing samples (3). This is due to the fact that
only spherical non-interacting multi-domain (MD) are present, thus characterized by a single
demagnetization factor of 1/3 for the whole sample. This implies that, contrary to the case of
metal-bearing meteorite, X is a precise estimate for metal content, with a metal susceptibility of
3 - the volume susceptibility of spheres- divided by the metal density (i.e. X =381 10-6 m3/kg).
Assuming a paramagnetic X of 95 nm3/kg, as measured on average in metal-free samples, the
metal content of the selected samples ranges from 0.3 to 2 wtt. Correlation between ¢ and Ms
is apparent but not perfect, likely due to measurement of large samples on the Vibrating Sample
Magnetometer (VSM). We thus estimate that in our case X is a better proxy of metal content
than Ms.

CT scan and sectioning of three samples allowed con rmation of the presence of quite large (up
to 600 m) and well distributed nearly spherical dense objects, i.e., metal spheres. Estimates
of metal content from CT scan and ¢ ts reasonably well, indicating that spheres less than a
few tens of m (voxel size of the CT scan) do not make a large proportion of the total. One
sample showed an elongated large metal bead based on its CT scan. We were able to cut a slice
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containing only this bead, and con rm the elongated shape by ¢ anisotropy measurement, with a
P ratio of 1.35 while the sphericity computed from CT scan is 0.81. Hysteresis curves measured
on this single bead along the major and minor axes reveal as expected a variable value of the
kink to saturation and of coercivity.

SEM observations and microprobe reveal that the main impurities in metal are P and Ni (at

2, and 0.9 wt.% respectively), and evidence the presence of minor micron sized inclusions of
ferromagnetic phosphides (e.g. Fe3P) within the metal beads. They may be responsible for the
strong remanent coercivity (> 100 mT) sometimes observed.

References: (1) Rochette et al. 2019. Geosciences 9, 225; (2) Chao et al. 1964, Geochim. Cos-
mochim. Acta 28, 971 980; (3) Gattacceca et al. 2014. Meteoritics and Planetary Science 49,
652-676.

Keywords: metallic iron, silicate glass, susceptibility, hysteresis, CT scan
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Greigite formation and paleosecular variation
In Holocene levee sediments from Lake IJssel
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Ship-towed magnetic anomaly surveys in Lake 1Jssel, Netherlands (IJsselmeer in Dutch) un-
veiled curvilinear magnetic anomalies that were interpreted as ancient Holocene channel levee
systems largely because they line up with such systems known in the Lake llssel polders. To
verify the lake bed anomalies a series of _~7 m long vibro-cores was retrieved from the lake
bed. The anomalies are shown to reside in greigite (Fe3S4) which complicates the interpretation
of declination-inclination variations in terms of paleosecular variation (PSV) since greigite can
form until long after the actual sedimentation.

Following up on exploratory sampling for magnetic property purposes in 2021 (van Aalst, 2022),
here we report on the magnetic properties of samples from vibro-core VC-26 that cores a com-
plete levee sequence starting at the basal Pleistocene sands. About 140 samples touching each
other to maximize resolution could be collected from the Wormer member starting at _~6.3 m
core depth and nishing at _~1.2 m core depth. Sediments below and above are sandy with no
meaningful natural remanent magnetization (NRM). Thermomagnetic analysis con rmed greig-
ite as the major magnetic mineral which is in line with the massive occurrence of gyro-remanent
magnetization during alternation eld demagnetization of the NRM. First-order-reversal-curve
(FORC) diagrams measured on selected samples indicate a mixture of diagenetic greigite and a
central ridge which is inferred to be due to magnetotactic bacteria (MTB). Endmember model-
ing of IRM acquisition curves of all samples showed endmembers similar to those retrieved from
the FORC diagrams. A three endmember solution with the two greigite types and a “left-over'
"compound endmember" is deemed optimal. When recalculated to a mass specic basis the
"compound endmember" amount appears low and quasi constant in all samples. Essentially all
samples contain MTB greigite which forms shortly after sedimentation and suggests that the dia-
genetic greigite formation also started quickly after sedimentation. Most of the greigite is inferred
to have formed within _~200 years after sedimentation making the samples amenable to PSV
analysis. Comparison between the exploratory and extended data sets showed that the two-year
cold storage results in a attenuated magnetic signal of the core but that NRM directions remain
unchanged and that the greigite still is partially preserved with diagenetic and MTB greigite
lowering in a similar amount. Constrained by 14C ages (Familetto et al., 2026) that show that
the Wormer member in the core lasted from _~7.5 kato _~ 4.5 ka, it seems possible to correlate
the NRM directions to the PSVWIN-12K master curve from Lake Windermere (UK). Provided
that MTB greigite can be demonstrated, greigite-bearing strata should be not excluded a priori
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for PSV dating purposes also after prolonged core storage.
Familetto E., Cohen K., de Wit K., van Os B., Hoek W., Huisman H. (2026). Geoarchaeological

Investigation of Early Neolithic Lagoonal Fringe Landscapes in the Netherlands. Geoarchaeol-
ogy, 41, e70044

Van Aalst W. (2022). Magnetic Lineations in the Lake ljssel. MSc Thesis Utrecht University.

Keywords: greigite, sediment, NRM acquisition, paleosecular variation, archeology
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Mid-Holocene high-resolution paleosecular
variation record from coastal Baltic sediments,
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Continuous high-accumulation paleosecular variation (PSV) records provide valuable chrono-
logical frameworks for environmental changes and have the potential to capture short-term geo-
magnetic eld variations that may be smoothed or lost in lower-resolution archives. We present a
new PSV record of inclination and relative paleointensity (RPI) spanning the mid-Holocene (ca.
10.6 4 ka cal BP), derived from a 34-meter sediment sequence from western Finland. The site
with exceptionally high sedimentation rate captures the transition from a lacustrine to marine
phase (Silvennoinen et al., 2025), providing a unique opportunity to investigate geomagnetic eld
variability in the northern Baltic region.

Paleomagnetic measurements at 5 cm intervals yield a decadal-scale PSV curve. An age-depth
model based on seven radiocarbon dates from macrofossils and bulk sediment provides further
chronological control. The magnetic mineral assemblage, dominated by a mixture of authigenic
single domain greigite and magnetite in marine unit and single domain magnetite in lacustrine
unit, provides stable characteristic remanent magnetization (ChRM) throughout the record, al-
though intervals with secondary components are also observed. Especially in the lacustrine unit
the PSV-curve show good alignment with regional curves (e.g. Haltia-Hovi et al., 2010; Mell-
stréom et al., 2015; Ojala & Saarinen, 2002) and stack (FENNOSTACK; (Snowball et al., 2007)).
We explore the potential for relative paleointensity reconstruction using NRM normalized with
ARM (Tauxe 1993). The presence of greigite introduces uncertainty, with experimental work sug-
gesting that CRM associated with greigite can signi cantly overestimate eld strength, making
interpretation more complex (Roud & Gilder, 2024). However, the general pattern of paleoin-
tensity follows the Fennoscandian RPIs stack (Snowball et al. 2007).

Our ndings enhance the resolution of Holocene geomagnetic eld reconstructions in Fennoscan-
dia and support future modelling e orts of magnetic eld behaviour. The PSV-based chronology
provides a valuable framework for timing paleoenvironmental changes from the same sedimentary
sequence.
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Late Neolithic ceramics from Northern Greece;:
An integrated archaeomagnetic and TL study.
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Dating and technological characterization of ceramics are essential for understanding ancient
ceramic production practices. This work reports on a panoscopic study that includes archaeo-
magnetic, mineralogical, and thermoluminescence (TL) properties of Late Neolithic ceramics
from three archaeological sites in the broader area of Thessaloniki, northern Greece. A total
of 19 pottery fragments (45 specimens), along with samples from one furnace, were studied to-
wards determining both their age and ring conditions. Archaeomagnetic-wise, all samples were
analyzed using Thellier Thellier palaeointensity experiments, complemented by rock magnetic
analyses (thermomagnetic curves and IRM acquisition). In addition, X-ray di raction (XRD)
analyses were used to estimate ring temperature thresholds. Finally, TL measurements com-
bined with magnetic susceptibility measurements were conducted to re ne the estimated ring
temperatures more accurately.

The combined mineralogical, magnetic susceptibility, and TL approaches estimate ring temper-
atures between 640 and 820 C for selected samples, indicating adequate ring of the studied
material. These temperatures are consistent within sample groups, suggesting similar production
techniques across the sites investigated. The agreement between independent methods further
supports not only the reliability of the results but also the usefulness of these techniques.

The palaeointensity experiments were largely successful, achieving a 75% success rate while meet-
ing strict acceptance criteria. The obtained palaeointensity values range from 23 to 50 T and
show internal consistency among samples from the same archaeological context. TL dating, in
combination with archaeological evidence, indicates ages ranging from 5500 to 4500 BCE. The
new archaeointensity results are compared with previously published data from the broader re-
gion. These ndings provide new archaeomagnetic and technological data for northern Greece
and contribute to the re nement of regional secular variation curves for the Neolithic period.

Keywords: Archaeomagnetism, ceramics
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New Insights into the geomagnetic eld
variation in Central Europe during the Bronze
to Iron Age Transition

Gaélle Ségué-Passamal?, Elisabeth Schnepp, Patrick Arneitz 1, Roman
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2 University of Vienna Department of Meteorology and Geophysics, 1090 Vienna, Austria
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Frohnleiten, Austria

Variations in the Earth's magnetic eld intensity can be reconstructed through paleointensity
experiments conducted in archeological material. This information is crucial for understanding
the geodynamo and the core dynamics, and it also provides valuable insights for archeologists
through archeomagnetic dating, particularly at sites when conventional methods such as radio-
carbon dating o er limited information.

Secular variation curves must be well constrained over time to provide reliable age estimates;
however, signi cant data gaps persist in certain regions. In Europe, the spatial distribution
of archeointensity data is uneven, particularly during some specic periods marked by strong
intensity variations. One of these periods is the Bronze to Iron Age transition (BIAT), asso-
ciated with the Levantine Iron Age Anomaly. This phenomenon is characterized by unusually
strong and rapid intensity variations, with exceptionally high eld values observed between 1000
and 600 BC, and has been identi ed in regions including Iberia, the central Mediterranean, the
Levant, and Bulgaria. In contrast, Central Europe remains poorly documented, with only one
archeointensity dataset from Bavaria covering the period 1250-750 BC.

The main aim of this study is to investigate secular variation during the BIAT period in selected
regions of Central Europe. Therefore, potsherds are investigated from two sites in Germany, six
in Austria, three in Bosnia, and three in Serbia, dated between 1300 and 750 BC. The MT4
protocol was used to determine archeointensities, including pTRM, tail checks and additivity
checks, as well as corrections for anisotropy and cooling rate e ects. Preliminary archeointensity
results were obtained using selection criteria based on modi ed ThellierTool classes (TTA and
TTB). The site from Isingerode, Germany, represents a stratigraphy of four re horizons, from
which ve independent sets of samples could be extracted. The multi-specimen domain-state
corrected paleointensity protocol was additionally applied to three of these sets. Two sets from
this site as well as sherds from Rodenkirchen are characterized by a re-heating event, showing
two components of thermoremanence that have been separated for archeointensity analysis.
Valuable insights on the variation of the Earth's magnetic eld intensity could be obtained from
this study, with a strong gradient in intensities observed between the southeastern and the more
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central regions of Europe. For the sites in Germany and Austria, the observed variations are
consistent with those reported in the curve from Bavaria, showing similar intensity values of
50-60 T between 1100 BC and 950, followed by a decrease to 40-50 T at 800 BC, before a
sharp increase between 800 and 600 BC to values around 85 T. In contrast, our new sites from
Bosnia and Serbia, dated between 1000 and 750 BC, exhibit values higher than those observed
in Germany and Austria, of around 70 to 80 T. These values are consistent with those reported
for Bulgaria, yielding higher intensity values between 1100 and 600 BC, and a less pronounced
decrease at 800 AD.

Keywords: Archeointensity, Secular variation, Central Europe, Bronze to Iron Age Transition,
Levantine Iron Age Anomaly
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Re ning the chronology of iron metallurgy in
the 15-20th centuries in Bandjeli (Togo) with
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The Bassar region in northern Togo was one of the most important centres for iron produc-
tion in West Africa between the 13th and the early 20th centuries. However, the chronology
of this production is poorly understood, particularly over the last ve centuries, because of a
plateau e ect on the radiocarbon calibration curve. The rst objective of this study is to eval-
uate archaeomagnetic dating based on the direction of the geomagnetic eld as an alternative
approach to improve the chronology of iron smelting in this region. We studied 32 furnaces
from three sites. As these sites are dated in the 19-20th centuries, the six furnaces sampled at
Bitamkpambe and Tabale are considered as feasibility tests for the method. At Tchogma 1 site,
that was dated by radiocarbon between the 15th and 20th centuries, the study of 26 furnaces,
evenly distributed across the site, aimed to reconstruct the evolution of the metallurgy activity
in space and time.

Between 6 and 14 oriented blocks were sampled per structure. Rock magnetic experiments show
the predominance of Ti-poor titanomagnetites with varying amounts of Ti-poor titanohematites.
The presence in di erent proportions of iron ore inclusions within the baked clay appears to play

a signi cant role in the magnetisation properties, for example on the variability of natural rema-
nent magnetisation intensities. Thermal demagnetisation highlighted either a single component
of magnetisation (in 70% of the samples) or a complex behaviour likely due to a progressive
distortion of the TRM direction during cooling by the increasing magnetisation of the kiln itself.
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Archaeodirections are well-grouped for 17 furnaces. Post-reduction movements of furnace walls
due to vegetation growth are the main source of scatter for the remaining structures. Applying

a tilting correction enables us to obtain 7 additional average archaeodirections.
Archaeomagnetic dating was performed using the local prediction of HistKkalmag geomagnetic
global model. The low uncertainty of the model and the fast secular variation at this period result

in a high precision between a few decades and 150 years at 95% con dence. The ve archaeomag-
netic dates obtained at Bitamkpambe and Tabale are very consistent with the expected 19-20th
c. chronology. At Tchogma 1, the 18 archaeomagnetic dates combined with 16 radiocarbon dates
indicate continuous use of the site over the last ve centuries, with peak activity between the
late 17th and the late 18th centuries. The spatial distribution of the dated structures across the
site does not reveal any clear chronological di erences between sectors. Our results demonstrate
the value of archaeomagnetism to re ne the chronology of iron smelting activity in West Africa
over the last centuries, as well as the potential of iron furnaces to enhance the archaeomagnetic
database in this region.

Keywords: Archaeomagnetism, chronology, ancient iron metallurgy, West Africa, Togo
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Re ning the Japanese archaeointensity record
over the last millennium: New constraints
from well-dated Kamuiyaki and Bizen wares
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Reconstructing past geomagnetic eld variations is essential for understanding geodynamo
processes and re ning regional archaeomagnetic reference curves. Japan, located in eastern Asia
and characterized by both intense volcanic activity and a rich archaeological record, represents a
key region for documenting geomagnetic eld behavior over centennial to millennial timescales.
However, despite this potential, high-quality intensity data remain scarce, and many published
palaeointensity results lack corrections for anisotropy and cooling rate e ects, contributing to sig-
ni cant data dispersion. To address these limitations, we present new archaeointensity data from
pottery collected at the archaeological sites of Shikata (Okayama Prefecture) and Kawaminet-
suji (Tokunoshima Island). All samples derive from well-studied and securely dated contexts
spanning the 11th to 17th centuries CE. The studied materials include Kamuiyaki ware (tsubo
and kame vessels) from Kawaminetsuji (coming from two groups, Group A and Group B) and
high-temperature Bizen ware from Shikata. Rock magnetic analyses, including hysteresis loops,
FORC diagrams, and thermomagnetic curves, reveal variable magnetic mineralogy both between
and within sites, dominated by low-coercivity phases such as magnetite or Ti-magnetite, with
occasional higher-coercivity components. These may re ect minor hematite contributions, al-
though the presence of a high-coercivity, magnetically stable low-temperature (HCSLT) phase,
as previously identi ed in heated iron-rich clays, is also probable. Absolute archaeointensity was
determined using a modi ed Thellier-Coe protocol, including pTRM checks and corrections for
anisotropy and cooling rate e ects. Strict selection criteria were applied to ensure data reliability.
The resulting estimates show limited alteration and high success rate. Notably, all samples from
the Shikata assemblage yielded acceptable results, highlighting the excellent recording properties
of high-temperature stoneware. The new data were compared with existing compilations and
global models, revealing key features of eld behavior, including possible rapid variations and
regional anomalies. This study underscores the importance of rigorous data quality assessment
and demonstrates the strong potential of Japanese archaeological ceramics as reliable recorders
of geomagnetic eld intensity.

Keywords: Secular Variation, Archaeointensity, Pottery, Japan
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The evolution of the South Atlantic Anomaly
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The South Atlantic Anomaly (SAA) represents the most prominent irregularity in Earth's
present-day magnetic eld, yet its origin and evolution remain poorly constrained due to scarce
southern hemisphere data. We will present a new geomagnetic eld model using the ArchKalmag
algorithm with the GEOMAGIA dataset and direct measurements from historical survey and ship
log data. This dataset is expanded by recently obtained volcanic paleomagnetic records from
Chile, Réunion, Indonesia, and Fiji. This addition increases southern hemisphere coverage by
nearly 20%, enabling an improved reconstruction of the SAA's past behavior.
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Tracing the origins and recurrence of the
South Atlantic Anomaly 1. A 2000-year
absolute paleointensity record from central
South America
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A well-constrained characterization of geomagnetic eld intensity in the Southern Hemi-
sphere is essential for assessing the centennial- to millennial-scale evolution of the South Atlantic
Anomaly (SAA), a major feature of the present-day geomagnetic eld. However, the limited
availability of reliable absolute paleointensity data from this hemisphere continues to hinder re-
gional and global eld reconstructions.

In this study, we report 41 new absolute archeointensity determinations from central South
America covering the last two millennia, obtained using the Thellier Thellier method under
strict selection criteria. When combined with carefully screened high-quality datasets from the
surrounding region, these results provide a coherent picture of long-term eld strength variability.
The corresponding virtual axial dipole moment values are broadly consistent with other South-
ern Hemisphere records, yet systematically lower than contemporary European datasets. This
contrast supports the persistence of a north south asymmetry in geomagnetic eld intensity over
the past two thousand years and provides new constraints for models of the long-term evolution
of the geomagnetic eld and the South Atlantic Anomaly.

Keywords: archeomagnetism, paleointensity, geomagnetic secular variation, South Atlantic Anomaly
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geomagnetic eld model for the last 2000 years
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In this work, we present a new global geomagnetic eld model incorporating new data from
central South America and a comprehensive revision of the global database for the last 2000 years.
Our results indicate that the observed hemispheric asymmetry re ects a persistently northward-
shifted eccentric dipole. Furthermore, the model suggests a tentative westward migration of a
non-dipolar low-intensity anomaly between 1 and 850 CE, moving from the Indian Ocean to
northern South America. This follows a trajectory broadly similar to that of the modern South
Atlantic Anomaly, which emerges in the Indian Ocean after 1100 CE and progresses across Africa
before reaching South America. These ndings support the hypothesis of a recurrent large-
scale geomagnetic pattern and highlight a multiscale geodynamic control on eld morphology,
where mantle and core processes interact to shape secular variation on centennial to millennial

timescales.

Keywords: Archeomagnetism, Geomagnetism, Geomagnetic Field Modelling, South Atlantic Anomaly
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Past Geomagnetic Field Strength Variations in
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The characteristic geographical position of Cyprus at the crossroads of civilizations in the
eastern Mediterranean provides an exceptional opportunity to investigate past geomagnetic eld
variations and to Il the spatial gap between Eastern Europe and the Levant. In this study, we
present new archaeointensity data obtained from well-dated ceramic assemblages at the ancient
Kingdom of Idalion, one of the island's most signi cant archaeological sites. A comprehensive
palaeomagnetic and rock magnetic investigation, combined with Thellier-Coe experiments, was
conducted to assess the magnetic mineralogy, thermal stability, and reliability of the remanent
magnetization carried by the pottery sherds. A total of 186 specimens from 55 independent
ceramic fragments were analyzed, yielding reliable archaeointensity estimates after correction for
magnetic anisotropy and cooling-rate e ects. The resulting eld intensity values range between
50 and 80 T, providing evidence for the occurrence of signi cant and rapid geomagnetic eld
variations in the eastern Mediterranean during the early rst millennium BCE. These results are
consistent with the Levantine Iron Age Anomaly (LIAA), previously documented in the Middle
East. Our new data demonstrate the key role of Cypriot ceramics in constraining the spatial
and temporal evolution of the LIAA and contribute to a more detailed regional reconstruction
of geomagnetic secular variation. Furthermore, the pronounced and rapid intensity uctuations
recorded during the Iron Age highlight the potential of archaeomagnetic intensity as a robust dat-
ing tool for ceramic materials, o ering a valuable alternative in periods a ected by the Hallstatt
radiocarbon plateau.

Keywords: archaeomagnetism, Levantine Iron Age anomaly, Ancient Kingdom of Idalion
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Assessing the Reliability of Thellier-1ZZI
Paleointensity Estimates in Cretaceous Ma c
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Reliable paleointensity data remain sparse for the Cretaceous, particularly in the Southern
Hemisphere, limiting assessment of geomagnetic eld behavior during the Cretaceous Normal
Superchron (CNS) and its preceding interval. Ma ¢ dykes from the northern coast of S&o Paulo
state, southeastern Brazil, emplaced during South Atlantic opening and dated at ca. 130.6
0.5 Ma and 116 2 Ma, provide a geologically relevant target for testing paleointensity reli-
ability from this poorly constrained interval. Here we evaluate the reliability of Thellier-1ZZI
paleointensity estimates from these dykes. A total of 247 sites were initially screened through
preliminary rock-magnetic characterization based on magnetic curves, with particular attention
to curve reversibility as a criterion to identify and exclude samples prone to thermal alteration
during laboratory heating. Of these, 33 sites passed this initial screening, 24 yielded su cient
material for full laboratory treatment, and 192 mini-specimens were prepared for paleointensity
experiments. Analyses were conducted using the Thellier method with the 1ZZI protocol, a 30
T laboratory eld, and systematic pTRM-check and pTRM-tail-check steps. Data quality was
evaluated using multiple acceptance families based on Paterson et al. (2015) and SPD v1.2.0
parameters. The current dataset shows consistently non-ideal behavior. Arai plots, Zijderveld
diagrams, and check parameters indicate recurrent early NRM loss, weak or non-proportional
pPTRM acquisition, curvature, pTRM tails, and evidence of thermal instability. At the present
stage, no specimen satis es the full acceptance criteria adopted in this study. The dominant
barriers to acceptance are low usable remanence fractions and parameters sensitive to alteration
and non-ideal behavior, especially FRAC, check-related parameters, and tail diagnostics, rather
than simple point count or directional coherence alone. These results highlight the intrinsic di -
culty of obtaining reliable paleointensity estimates, even from large and carefully screened sample
sets. Next steps include two complementary pathways to advance the evaluation of these mate-
rials. The rst involves more detailed rock-magnetic characterization, aiming to systematically
identify which magnetic properties and mineralogical features are associated with speci c failure
criteria in the paleointensity experiments. The second focuses on the application of magnetic mi-
croscopy techniques to isolate and target regions with more stable and suitable magnetic carriers,
potentially improving both the reliability and e ciency of paleomagnetic analyses. Keywords:
Absolute Paleointensity, Cretaceous Normal Superchron, Thellier 12zl Method, Ma ¢ Dikes, Acceptance
Criteria
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Understanding geomagnetic eld intensity during superchrons is fundamental for constraining
long-term geodynamo behaviour. In particular, the eld strength prevailing during the Kiaman
Reverse Superchron (ca. 316 262 Ma) remains debated, with contrasting interpretations sup-
porting either unusually strong or weak dipole moments. To address such issue, we investigate
the magnetic properties and paleointensity potential of Permian intrusive rocks from the Oslo
Rift (Norway). The Oslo rift represents a well-preserved magmatic province emplaced during the
late stages of the Kiaman interval but no paleointensity values were obtained for this event. Our
study combines conventional rock magnetic mineralogy and new magnetic imaging on gabbros,
anorthosites, ma c dykes, and some volcanic units. Magnetic susceptibility, natural remanent
magnetization, and Koenigsberger ratios were rst used to identify the most promising sites for
paleointensity experiments. Detailed magnetic mineralogy was then assessed using hysteresis
loops, FORC diagrams, Day plot analyses, and petrographic observations. Preliminary results
indicate that several sites are dominated by stable SD PSD magnetite, locally associated with
exsolution textures that may provide highly reliable remanence carriers. These magnetic charac-
teristics contrast with more heterogeneous samples showing mixed mineralogical contributions,
including hematite-rich assemblages. First paleointensity experiments using Thellier-Coe proto-
cols yield encouraging results for gabbroic rocks. This work will provide new insights into the
magnetic recording delity of Permian intrusive rocks and contributes to the growing paleoin-
tensity database for a critical interval in Earth's geodynamo history.

Keywords: Oslo Rift, Paleointensity, Permian
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Here, we investigate geomagnetic eld behaviour during the Brunhes Chron using integrated
marine and volcanic records from Turkey. By combining high-resolution sedimentary data from
the Sea of Marmara covering the last _~200 ka with new paleomagnetic directional and absolute
paleointensity results from Quaternary volcanic sequences in Anatolia, we explore the expression
of geomagnetic eld variability in regional geological archives.

The marine record provides a continuous archive of geomagnetic variations and captures sev-
eral well-known excursions, including the Laschamp, Mono Lake, and Hilina Pali, expressed as
directional anomalies associated with paleointensity minima. The age model of the sedimen-
tary sequence is based on high-resolution chronostratigraphic constraints, including radiocarbon
dating, tephrochronology, and stratigraphic correlation, ensuring a robust and reliable tempo-
ral framework. Notably, the results provide the rst evidence of the Iceland Basin Excursion
in Anatolian sedimentary records, signi cantly expanding its known regional distribution. The
volcanic dataset, derived from 12 localities, complements the sedimentary archive by providing
discrete constraints on eld intensity and direction. While most volcanic units re ect stable
normal polarity conditions, ceratin sites indicate excursions. The chronology of the volcanic
sequences is constrained by radiometric dating, providing reliable age control for the identi ed
magnetic signals. In particular, volcanic data provide the rst evidence of the Stage 17 excursion
in Anatolia.

The integration of these archives highlights the dynamics of geomagnetic eld variability and
represents an important step toward establishing a regional paleomagnetic master curve for
Anatolia, Turkey.

Keywords: Brunhes Chron, Iceland Basin Excursion, Stage 17 Excursion, Turkey, Sea of Marmara,
Anatolian Volcanism
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Flows to Investigate the Mid-Miocene
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Aperiodic geomagnetic polarity reversals and excursions are well documented in marine
sedimentary cores and stacked lava sequences. Episodes of prolonged reversals or intervals of
“hyper-activity' characterized by high reversal frequency are less common. Such events are likely
underrepresented in global datasets due to concerns over their reliability as records of geomag-
netic eld. The mid-Miocene (_~13 Ma) Kleifakot event in the Westfjords of northwest Iceland
represents one such complex excursional and eld instability episode, occurring during time of
elevated global reversal rate (_~5/Ma). This research investigates the complex and dynamic
behavior of the geomagnetic eld during this instability event at high temporal resolution from
fresh and well-preserved basaltic lava sequences. A total of 107 lava ows were sampled from
four lava proles: JO, DU, DT and DX. Natural remanent magnetization and bulk magnetic
susceptibility were measured for all specimens, and thermomagnetic analysis was conducted for
each lava ow. Palaeodirectional analysis including alternating eld and thermal demagnetiza-
tion, were conducted to isolate characteristic remanent magnetization and calculate site-mean
directions. The lava ows are predominantly tholeiitic, with occasional olivine tholeiites and
plagioclase-porphyritic varieties. Thermomagnetic results indicate two dominant magnetic min-
eral assemblages: high Ti-titanomagnetite and low Ti-titanomagnetite. Virtual geomagnetic
poles reveal complex polarity sequences with multiple normal, transitional, and reversed states,
broadly consistent across all four lava pro les and comparable to earlier regional studies. Using
an existing lava extrusion rate of 1816 m/Ma for western Westfjords, the duration of the tran-
sitional VGP interval is estimated to be at _~55 kyr, signi cantly longer than typical reversal
durations (_~7 20 kyr, although recently also _~70 kyr), indicating an extended period of
geomagnetic instability. Preliminary palaeointensity results obtained using 1ZZI-Thellier method
show a low success rate due to thermally induced mineralogical alteration during laboratory heat-
ing. Additional palaeointensity analysis using alternative techniques are planned, with the aim
of developing a full-vector record of the palaeo eld behavior during polarity transitions. Future
work will focus on integrating these results with existing datasets to construct a mid-Miocene
secular variation curve for Iceland.

Keywords: Reversals, palaeosecular variation, palaecomagnetism, Westfjords, Kleifakot event
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Geophysical prospection and petromagnetic
Investigations at selected archaeological sites in
north-eastern Poland
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Geophysical analyses constitute an important group of methods used in contemporary ar-
chaeological research. One such method is the measurement of the Earth's magnetic eld. Based
on identi ed magnetic anomalies, the presence of potential archaeological features can be deter-
mined. The advantage of this method is its non-destructive nature and the ability to survey a
relatively large area in a short time.

The research was performed at two archaeological sites in northeastern Poland Osowa in the
Suwalki Lakeland (Lewoc et al., 2024) and Szwalk in the Borecka Forest (Lewoc, 2024). Both
sites are remnants of residential settlements of the Balts who inhabited these areas during the
1st-6th centuries AD. The speci ¢ character of the studied sites stems from the fact that the
remains of such settlements are almost imperceptible on the ground surface, hindering traditional
archaeological prospecting. Magnetic surveys carried out at these sites identi ed a number of
potentially interesting anomalies. Shallow handheld probes (up to 2 m) were conducted at the
anomalies to determine the geological sediments present in each location. Samples were collected
from the cores for laboratory analysis.

The drilling and petromagnetic measurements (MS, ARM, IRM, S-ratio) con rmed the pres-
ence of archaeological features at the selected anomalies. Based on macroscopic analysis and the
correlation between MS values and the ARM/IRM ratio, three groups of sediments were de ned.
The rst group consists of naturally formed materials. They are characterized by low to medium
susceptibility values (compared to their lithology) and low values of the ratio. The second group
consists of soil deposits and organic-rich sediments lling various types of waste or storage pits
(induced magnetic anomalies). Their MS values may sometimes be similar to or higher than
those of the deposits in group 1, but they are characterized by higher values of the ratio. The
ARM/IRM values suggest an increase in ne-grained magnetic minerals. The third group con-
sists of sediments exposed to high temperatures and representing remains, for example, of burned
houses (thermo-remanent anomalies). They are characterized by high MS and ARM/IRM values.

The conducted studies con rm the usefulness of eld magnetic analysis in identifying features at
the described type of archaeological sites. Laboratory studies of materials lling archaeological
structures and deposits occurring in their vicinity constitute an important area of research, al-
lowing for the determination of the petromagnetic characteristics of the natural/anthropogenic
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sediments. Such measurements allow for more precise interpretation of the results from non-
invasive geophysical surveys.

Lewoc, I., 2024. Przeszlox¢ w ostjpach lexnych ukryta? Archeologia Puszczy Boreckiej, Masovia,
21, 11-22.

Lewoc, |., Pisz, M., Teodorski, A., Belka, W. 2024. Powrét do Osowej. Interdyscyplinarne bada-
nia archeologiczne kompleksu osadniczego kultury sudowskiej pél wieku po badaniach Komplek-
sowej Ekspedycji Ja¢wieskiej. W: Karczewska, M., Karczewski, M., Ho mann, M.J., Radzicki,
B. (red). Kompleksowa Ekspedycja Jat¢wieska. Biogra a i dziedzictwo. Oxrodek Bada« Europy
‘rodkowo-Wschodniej, Towarzystwo Naukowe Pruthenia, Bialystok-Olsztyn, 2024.
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Rock-magnetic and spectrometric analyzes were applied for the evaluation of the produc-
tion technology of archaeological ceramic artifacts from Bulgaria. Ceramic materials are usually
among the most abundant and sustainable nds at each archaeological site. They provide valu-
able information about the development of the society that produced them. The magnetic
properties of archaeological ceramic specimens are a function of the type and amount of mag-
netic minerals formed in the ring process of the wares. That is why these properties depend
not only on the source of clay but also on the manufacturing technology, especially the ring
and cooling conditions. This creates prerequisites for distinguishing groups of samples made by
di erent technology (for example, because of their diverse purpose or originating from di erent
production centers) on the basis of similarities and di erences in their magnetic characteristics.
Therefore, the application of the methodology is based on the unique properties of the carriers
of residual and induced magnetization in red clay materials related to a speci c raw material
source and production method ( ring technology, maximum temperatures reached, etc.). The
magnetic method is highly sensitive to changes in the clay as a result of heat treatment, which
also strongly depends on environmental factors - reducing or oxidizing conditions, repeated ring,
or single ring. In combination with the spectrometric determination of the elemental compo-
sition and non-magnetic mineralogy, an array of data can be obtained, allowing the analytical
description of the technological characteristics of the studied ceramic artifacts.

As a part of a large scale investigation, a set of 101 ceramic specimens (both kitchen and table-
ware) from two locations in Bulgaria dated to the Early Bronze Age, Iron Age, and Medieval
times were analysed, aiming to draw conclusions about the ring technology of the pottery during
these two periods. Maximum ring temperatures (Tmax) were determined by stepwise labora-
tory heating and measuring the mass-speci ¢ magnetic susceptibility () of the cooled specimens
at each step. Additional laboratory rock-magnetic analyses were performed in order to charac-
terize the complex magnetic mineralogy of the specimens, which re ects conditions during the
pottery ring. A portable device for X-ray uorescence (Bruker Titan S1) was used for the
determination of the elemental composition of the analysed pottery sherds. The mineral phase
composition of the specimens was assessed using a Buker Bravo portable Raman spectrometer.
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The higher maximum ring temperature values in this study are obtained for some of the Iron
Age potsherds (1080 C). Therefore, during this period, very e cient installations have been in
use where achieving such high temperatures was possible. The equivalent ring temperature for
the kitchenware of this period has been determined to be 800 50 C. Gradual changes in magnetic
susceptibility in the interval of 400-700 C occur for the Iron Age tableware production studied
here. It is assumed that these changes re ect the unstable thermodynamic state of the magnetic
oxides formed during the rapid single ring of the vessels in antiquity. Hence, the average ring
temperature for the tableware samples is assessed to be 875 25 C. For the oldest ceramic sherds
studied here, the obtained maximum ring temperatures are much lower no more than 820 C.
However, the distribution of the Tmax values for the Bronze Age set is within much narrower
limits: more than one-half of the specimens analyzed were red at 820 C, suggesting that those
vessels belong to one set or technological group. For the Medieval specimens, the distribution
of the Tmax is close to that of the Iron Age sherds. The maximum ring temperatures of the
Medieval kitchen wares (820 50 C) and table wares (up to 920 C) are higher than those for the
Bronze Age specimens but have more inhomogeneously distributed values compared to those of
the earlier Bronze Age samples. This result supports the archaeological evidence that some of
the medieval vessels were probably imported by trade and thus produced according to di erent
technological rules.

Values of the mass-speci ¢ magnetic susceptibility meausured for the Early Bronze Age and
Medieval specimens are notably dispersed compared to those for the Iron Age pottery sherds.
This is valid especially regarding the tableware production. Such result suggests that the studied
(tableware) ceramic artifacts dated to the Iron Age were red in relatively uniform conditions
following established technological rules. Therefore it can be concluded that, along with the
elemental composition, the magnetic characteristics of ceramic samples can serve to distinguish
fragments of di erent origins and high-temperature production technologies. Magnetic suscepti-
bility is particularly useful in this regard.

Acknowledgements: This study and participation to the 19th biennial Castle Meeting are funded
by the Bulgarian National Science Fund under the Contract No. K-06-90/4. The p-XRF and
Raman spectroscopy measurements were able due to the nancial support of the INFRAMAT
project.

Keywords: Magnetic methods, magnetic susceptibility, pXRF, Raman spectroscopy, archaeometry,
archaeological ceramics, Bulgaria
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the core mantle boundary during the
archaeomagnetic era using data kernels
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In this work we present a formalism to directly estimate the radial magnetic eld at the
core-mantle boundary (CMB) during the archaeomagnetic era. The method is based on the use
of data kernels derived from Green's functions, which link geomagnetic eld observations at the
Earth's surface to the radial eld at the CMB.

The data-kernel approach has previously been applied to satellite geomagnetic data. Here, we ex-
tend the methodology to archaeomagnetism. This requires adapting the framework to non-linear
observables declination, inclination and intensity which are the standard in archaeomagnetic
studies.

This approach provides an alternative to conventional methods for estimating the CMB eld
using spherical harmonic expansions of the geomagnetic potential. In particular, this method
enables direct estimation of the CMB eld while avoiding limitations inherent to spherical har-
monic parametrizations. First, the geomagnetic eld spectrum at the CMB is approximately
at with respect to harmonic degree, so high-degree terms which are poorly constrained by
surface observations can dominate the solution, requiring truncation at some con dent degree.
Second, the global archaeomagnetic database exhibits highly uneven spatial distribution, leading
to poorly resolved harmonic coe cients that may introduce spurious global features driven by
localized data clusters.

Keywords: core, mantle boundary, archaeomagnetic eld, kernel, geomagnetic eld modelling
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New record of the Laschamps excursion in a
sediment core from the Sulu Sea
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Paleomagnetic reconstructions allow to better constrain the geomagnetic eld variations and
understand the geodynamo processes. However, the geographical distribution of the available
paleomagnetic data is uneven, with less data in the low latitudes and the Southern Hemisphere.
In an e ort to obtain new paleomagnetic data from these less-well documented areas, we studied
the magnetic record of core MD97-2141 over the 65-30 ka time interval. This core, retrieved in
the Sulu Sea, has a well-de ned age model based on 14C dates and oxygen isotope stratigraphy,
indicating an average sedimentation rate of _~30 cm/ka over the studied interval. The core was
sampled continuously using paleomagnetic cubes of 6 cm3, each sample averaging 70 years of
paleomagnetic record. The Laschamps excursion was identi ed in the record and is associated
with inclination and declination shift and a low relative paleointensity (RPI). The obtained
RPI curve was compared with other existing curve in order to conduct an inter-hemispheric
correlation. Variations in magnetic parameters were interpreted in light of the major climatic
events that occurred during this period (Heinrich events 4-6).

Keywords: Laschamps excursion, Relative Paleointensity, Sulu Sea
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New archaeomagnetic directions from the
Czech Republic for the Late Iron Age and
Roman Age Period: toward a new local secular
variation curve for the Czech Republic

imon Kdyr ™ 1, Kristyna ’ifnerova !, Hana Grison?, Patrick Arneitz 3,
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! Institute of Geology of the Czech Academy of Sciences Prague, Czech Republic
2 Institute of Geophysics of the Czech Academy of Sciences, Prague Czech Republic
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4 Montanuniversitat Leoben Frohnleiten, Austria

Archaeomagnetic data spanning several millennia, obtained over the past decades, enabled
the construction of local secular variation curves (SVCs), especially in Europe. These SVCs,
built up on directional and intensity data, enable the dating of burnt archaeological features,
which are complementary to other relevant dating methods, such as radiocarbon dating. In
Central Europe, SVCs have been established, e.g., in Austria and Germany (Schnepp & Lanos,
2006). Nonetheless, no archaeomagnetic directional data from the Czech Republic are currently
included in archaeomagnetic databases, and the lack of SVC for the Czech Republic limits the
accuracy of archaeomagnetic dating in adjacent areas.

Here we present the systematically acquired and critically evaluated archaeomagnetic directional
dataset from the Czech Republic, which forms the basis for the new Czech SVC. New samples
were obtained from six pottery kilns located at archaeological sites in Eastern Bohemia and Cen-
tral Moravia, which span the Late Iron Age and the Roman Period, from approximately 500 BC

to 500 AD, based on typological dating of associated nds. Since all kilns were constructed on
a loess substrate, oriented samples were collected using standard soft-sampling techniques and
the newly implemented rapid sampling technique using plastic boxes.

Rock-magnetic measurements, comprising magnetic susceptibility, its frequency and temperature
dependence, isothermal remanent magnetization acquisition, and Day plot parameters, revealed
a dominant (titano)magnetite contribution with variable grain-size distribution.

Preliminary archaeomagnetic directions were isolated using stepwise alternating- eld demagneti-
zation (AFD). In the next step, measurements will be supplemented by thermal demagnetization
(THD) experiments to verify the robustness of the obtained archaeodirections. Critically, the

95% con dence interval (95) cone radius for each individual feature mean is less than 5, a
threshold consistent with high-quality archaeomagnetic data from neighbouring regions. The
resulting directions are broadly consistent with the existing SVC models for Central Europe
calculated at 50 N, 15 E (e.g., pfm9k.2, BIGMUDI4k, ArchKalmagl14k) and with the Austrian
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SVC of Schnepp & Lanos (2006).

Acknowledgments: This work was supported by the programme Dynamic Planet Earth of the
Czech Academy of Sciences (Strategy AV21/30). We would like to thank the archaeologists who
provided the research material.

Keywords: archaeomagnetism, secular variations, Czech Republic, pyrotechnological features, geo-
magnetic eld directions
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Geomagnetic excursions represent short-lived instabilities of the geodynamo and provide im-
portant insights into geomagnetic eld behavior beyond polarity reversals. The Iceland Basin
excursion (_~190 ka) remains incompletely characterized, particularly in low-latitude marine
sedimentary archives. Here, we present a high-resolution paleomagnetic study of the marine
sediment core MD97-2141 recovered from the Sulu Sea (8.786 N, 141.295 E). The investigated
interval covers approximately the 213-146 ka interval, according to the 180-based age model.
This interval covers approximately _~213 146 ka, encompassing the Iceland Basin excursion. A
total of 241 discrete samples were collected for paleomagnetic analysis. Measurements of nat-
ural remanent magnetization (NRM), anhysteretic remanent magnetization (ARM), isothermal
remanent magnetization (IRM), and magnetic susceptibility were performed. Stepwise demag-
netization was used to isolate the characteristic remanent magnetization (ChRM), enabling the
reconstruction of directional variations and relative paleointensity (RPI). Directional data (incli-
nation and declination) show anomalous behavior, accompanied by corresponding variations in
relative paleointensity (RPI), consistent with the Iceland Basin excursion. The obtained record

is compared with previously published paleomagnetic records to evaluate its regional and global
expression. These results provide new constraints on the structure and expression of the Iceland
Basin excursion in low-latitude marine sediments.

Keywords: Relative Paleointensity, Iceland Basin Excursion, Directional data
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Evolution of magnetic properties of meteorites
over time: a case study on Atacama Desert
meteorites
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Meteorites undergo weathering at the Earth surface, leading to mineralogical changes with
time. Fe,Ni metallic phases (kamacite, taenite, tetrataenite) and the iron sul de troilite, pre-
sentin most meteorites and in particular in ordinary chondrites, are the minerals most sensitive to
weathering. They oxidize to form iron oxyhydroxides such as lepidocrocite, akageneite, goethite,
and/or iron oxides such as magnetite and maghemite. The magnetic properties of these mete-
orites, that are controlled by the Fe,Ni minerals are therefore sensitive to terrestrial weathering.
The aim of this study is to quantify how terrestrial weathering a ects the magnetic properties of
ordinary chondrites over time. We investigated the magnetic properties of ordinary chondrites
collected in the Atacama Desert. We focused on meteorites that have had their terrestrial ages
estimated by measuring their concentration in cosmogenic 36Cl. These terrestrial ages are up to
2.5 Ma. We measured magnetic susceptibility and hysteresis parameters, and performed thermal
demagnetization of saturation isothermal magnetization.

The measurements reveal clear e ects of terrestrial weathering on the magnetic properties of
both groups. With increasing weathering, both the saturation magnetization and magnetic sus-
ceptibility decrease due to the disappearance of metal, and maghemite and magnetite are formed.
We will discuss the possible correlation of these e ects with the terrestrial age of the meteorites.

Keywords: meteorites, FeNi minerals, terrestrial weathering, Atacama Desert
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Impact-generated shock waves can signi cantly modify the magnetic properties of target rocks
and may contribute to weak magnetic anomalies observed over large Martian impact basins, such
as Hellas and Argyre. Several processes have been proposed to explain these anomalies, including
shock-induced demagnetization, the absence of thermal remanent magnetization after dynamo
shutdown, excavation of magnetized crust, and cooling in a reversing magnetic eld (Louzada
et al., 2011; Mittelholz et al., 2024). To evaluate the role of shock waves on the remanent
magnetization of target rocks, we conducted paleomagnetic and rock magnetic investigations on
impactites and unshocked target lithologies from the Dhala impact structure, India. Thermomag-
netic analyses indicate that unshocked granites and diorites are dominated by Ti-poor magnetite
and display narrow hysteresis loops characteristic of multidomain grains. These rocks record
the highest remanent magnetization and Kénigsberger (Q) ratios. In contrast, impact melt rocks
exhibit multiple Curie temperatures, re ecting the presence of Ti-rich magnetite, pyrrhotite, and
hematite, together with wasp-waisted hysteresis behavior. These features indicate mixtures of
pseudo-single-domain and superparamagnetic grains formed during rapid cooling and recrystal-
lization, supported by high frequency-dependent magnetic susceptibility values. Impact melts
show intermediate remanent magnetization but the highest magnetic susceptibility. Monomict
breccias, containing Ti-magnetite and Ti-hematite, exhibit the weakest magnetic signatures,
with extremely low natural remanent magnetization and Q ratios. Compared to unshocked
rocks, monomict breccia record shock modi cation, including microfracturing, grain-size reduc-
tion, domain wall pinning, and random clast orientations, leading to cancellation of magnetic
vectors at the sample scale. Overall, our results demonstrate that shock processes can substan-
tially weaken remanent magnetization, even in the presence of Earth's ambient magnetic eld.
Shock-induced demagnetization therefore provides a plausible explanation for subdued magnetic
anomalies around terrestrial impact structures and o ers important insight into the weak crustal
magnetization observed at the margins of large Martian basins (Pandey et al., 2026).
References:

Louzada, K. L., Stewart, S. T., Weiss, B. P., Gattacceca, J., Lillis, R. J., & Halekas, J. S. (2011).
Impact demagnetization of the Martian crust: Current knowledge and future directions. Earth
and Planetary Science Letters, 305 (3 4), 257 269. https://doi.org/10.1016/j.epsl.2011.03.013
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Mittelholz, A., Steele, S. C., Fu, R. R., Johnson, C. L., Lillis, R. J., & Stucky de Quay, G.
(2024). Magnetic Field Signatures of Craters on Mars. Geophysical Research Letters, 51 (6),
110. https://doi.org/10.1029/2023GL106788

Pandey, A. K., Agarwal, A., Joshi, G., Sangode, S., & Venkateshwarlu, M. (2026). Shock
demagnetization in an ambient magnetic eld at the Dhala impact structure, India. Communi-
cations Earth & Environment. https://doi.org/10.1038/s43247-025-03164-6

Related publication: Pandey, A. K., et al. (2026). Shock demagnetization in an ambi-
ent magnetic eld at the Dhala impact structure, India. Communications Earth & Envi-
ronment. The SERB/ES/2020301 (DST, India), ITK/ES/2019372 (IIT Kanpur, India) and
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Science and Technology, New Delhi, Government of India, for their generous support in the form
of an INSPIRE fellowship (IF190993). We thank the Department of Earth Sciences, Indian In-
stitute of Technology Kanpur, for providing the optical microscopy and the working facilities.
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Since the pioneering work of Latham et al. (1986), speleothems have been studied as poten-
tial paleomagnetic recorders due to their continuous growth, which can provide high-resolution
records of secular variation, and their potential to be dated using U-Th disequilibrium series.

In this work, we present results of a paleomagnetic study carried out on a speleothem named
ES4, collected from La Cueva del Jaguar, Quintana Roo, Mexico (20.85 N, 87.06 W). ES4 is a
conical stalagmite with a total length of 470 mm. The sample was oriented using a geological
compass place on a planar gypsum surface parallel to ES4. A total of 18 subsamples were taken
to obtain a U-Th age model, covering a total time span of c. 5.3 ka, from 20.0 0.94 to 14.7

0.3 ka.

Here we present the secular paleomagnetic record obtained from ES4, together with RPI val-
ues and VGPs calculated for each paleodirection after AF demagnetization. Standard magnetic
property experiments were conducted, along with SEM-EDS analyses, to determine the magnetic
carrier.

Keywords: Secular variation, speleothems, Mexico
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The contribution of archaeomagnetism to the
chronology of copper alloy production in
medieval Europe
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The production of copper alloys played an important, though still partly overlooked, role
in Belgium's medieval economy. Alloys such as brass and bronze were widely produced and
crafted into a wide variety of utilitarian and decorative objects. Certain towns, notably Dinant
and Bouvignes-sur-Meuse, specialized in this activity, thereby becoming major centres for brass
production and export on a European scale. Despite its evident economic importance, the man-
ufacturing techniques, workshop organisation, and precise chronology of these activities remain
poorly understood. Archaeological excavations carried out in Dinant have uncovered around 28
heavily burned or baked structures, including smelting ovens, kilns built from refractory mate-
rials (bricks and stones), as well as extensive burnt areas. These discoveries o0 er a remarkable
opportunity for archaeomagnetic investigations, which enable the dating of the last use of each
structure and thereby establish a chronology of metallurgical activities. Stepwise demagnetisa-
tion experiments using alternating eld (AF) and thermal methods show that refractory bricks
recovered from kiln oors were exposed to high temperatures, likely exceeding 600 C. These
samples display a single, stable characteristic remanent magnetization (ChRM), indicating that
their original magnetic signal was fully thermally reset. In contrast, kiln wall bricks retain two
distinct stable magnetization components. This suggests partial thermal overprinting, meaning
the bricks were heated but not uniformly or not to su ciently high temperatures to completely
reset their original remanent magnetization. As a result, they preserve evidence of both the orig-
inal and a later thermal magnetic signature. Magnetic fabric analyses reveal a very low degree
of anisotropy in magnetic susceptibility (P), averaging around 2%.

For kilns composed of baked oor and limestone block walls, the geomagnetic eld direction is
well constrained, as re ected by a high concentration parameter (k = 680) and a small 95%
con dence level (95 = 1.3), indicating a robust and tightly clustered directional signal.
Integrating these results with regional archaeomagnetic reference curves re nes the chronological
constraints on the last ring events. The resulting 95% con dence age ranges indicate that the
nal use of these structures occurred between the 12th and 15th centuries, consistent with the
period of intensive metallurgical activity documented in the region.

Keywords: copper alloys, refractory materials, Brick kiln, baked clay, archaeomagnetism, metallur-
gical activity, geomagnetic eld direction and anisotropy
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1 Ludwig-Maximilians-Universitat Miinchen Theresienstraye 41, 80333, Miinchen, Germany

2 Ludwig-Maximilians-Universitat Miinchen Theresienstraye 41, 80333, Miinchen, Germany
3 China University of Geosciences (Beijing) No0.29, Xueyuan Road, Haidian District, Beijing, China
4 China University of Geosciences (Beijing) No.29, Xueyuan Road, Haidian District, Beijing, China
5> Borok Geophysical Observatory 152742, Yaroslavl region, Nekouz district, Borok, 142, Russia

The Cretaceous Normal Superchron constitutes an enigmatic _~37-Myr interval of stable
polarity in the history of the Earth's magnetic eld. The strength of the geomagnetic dipole
moment during this interval is controversial, with absolute paleointensity determinations on
crystallised volcanic rocks, volcanic glasses and silicate crystals yielding statistically di erent
averages. In this study, we present the rst paleointensities in the mid of the superchron con-
ducted on baked sediments from Hainan (SE Asia). This hitherto underexploited material, akin
to baked clays used in archaeomagnetism, produces unambiguous linear Arai-Nagata diagrams
over 60 90% of the fraction of natural remanent magnetisation. Using strict selection criteria,
we show that baked sediments, volcanic glasses and silicate crystals are consistent with a dipole
moment _~40% higher than the present-day value. Relying on 22 independent determinations
only, this combined data set leaves open the question of the dependency between geomagnetic
dipole strength and reversal frequency.

Keywords: Geomagnetic Dipole Strength, Cretaceous Normal Superchron, baked sediments
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Hysteresis properties of iron meteorites

Jérdme Gattacceca!, Clara Maurel?, Francois Demory*, Minoru Uehara
1. Pierre Rochette!, Edivaldo Dos Santo$, Fréderic Danoix®
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France
2 Universidade Federal dos Vales do Jequitinhonha e Mucuri - UFVIM Campus JK Rodovia MGT
367 - km 583, n° 5000 Diamantina - MG Brazil, Brazil
3 Groupe de physique des matériaux (GPM) CNRS , Université de Rouen, Institut National des
Sciences Appliquées [INSA], ST ETIENNE ROUVRAY, France

Most iron meteorites originate from metallic cores of di erentiated planetesimals. Besides
iron, they contain between _~5 and _~20 wt.% Ni, _~0.5 wt.% Co and 0.1-0.5 wt% P on
average, and trace amounts of siderophile elements. They consist of assemblages of di erent
iron-nickel minerals whose Ni contents vary from _~5 to _~50 wt.%. The most common ones (Ni-
poor, body-centered cubic kamacite, Ni-rich, face-centered cubic taenite and tetragonal Fe50Ni50
tetrataenite) span a wide range of grain size (from nm to several cm) and can be found in the
form of various microstructures (e.g., the so-called plessite and cloudy zone structures that are
intergrowths kamacite and taenite/tetrataenite grains, or the martensite metastable structure
formed by di usionless transformation of kamacite at low temperature).

These minerals and microstructures have widely di erent intrinsic magnetic properties. This
translates into a range of bulk magnetic properties that re ect the meteorite chemical composi-
tion, as well as its pre-terrestrial thermal and shock history.

Here, we present a survey of the magnetic properties of about 50 iron meteorites, conducted using
several methods: measurements of hysteresis properties, FORC diagrams, isothermal remanent
magnetization acquisitions and magneto-optical imaging. We combine this magnetic dataset with
petrographic observations and measurements of bulk chemical composition. We will discuss how
the magnetic properties can be used to characterize the thermal and shock events that a ected
iron meteorites before their fall on Earth.

Keywords: planetary magnetism, iron meteorites
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New archaeomagnetic directions from
Neolithic and Bronze age ovens, replaces and
burned cave sediments in France

Gwenaél Hervé 1, Annick Chauvin?, Philippe Lanos®4, Cédric Lepére
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- ESTER Technopole 87068 LIMOGES Cedex, France

Compared to south-eastern Europe, the archaeomagnetic database of western Europe is
sparse for the period between 6000 and 1000 BCE, i.e. at the Neolithic and Bronze Age periods.
Almost all of the available data consists of archaeodirections acquired from kilns, replaces, lava
ows and burned cave sediments associated to pastoral activities (“fumiers"). The number and
consistency of these data are insu cient to provide a precise overview of the secular variation
during these periods. Here, we present new results, on 17 ovens and replaces from eight archae-
ological sites in France dated by radiocarbon between 5000 and 1000 BCE, and on 14 superposed
levels of burned sediment from the Pertus Il cave (southern French Alps) occupied between 4500
and 2900 BCE.

The ferromagnetic mineralogy of all types of material is dominated by Ti-poor titanomagnetites
or titanomaghemites. Thermal demagnetization appears the most e ective method for separat-
ing the thermoremanent magnetization from the frequent viscous and residual high-temperature
magnetization components that are explained by a moderate heating of the structures. Despite
this behaviour, almost all Neolithic kilns and replaces (16/17 structures) provide an average
archaeodirection, which is often as precise as those from more recent periods.

The results are less successful for burned cave sediments with half of levels presenting scattered
directions. Others levels show a surprising variation in inclination, with two groups of average
values around 55 or 62 alternately without consistency with the stratigraphy. This saw-tooth
tendency is likely to have a taphonomic rather geomagnetic origin.

Our study thus adds 16 new average archaeodirection data, all from ovens and replaces, to the
western Europe database. The new data are in overall agreement with those obtained on similar
structures in the literature. However, they consistently provide higher inclination values than
burned cave sediments from Spain and Italy. Alongside our results at Pertus Il cave, this raises
guestions about the reliability of such material for secular variation studies.

Keywords: archaeomagnetism, secular variation, Neolithic
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A preliminary archeointensity curve for
Central Europe and its comparison with other
regional eld models

Patrick Arneitz * 1, Maximilian Schanner, Gaélle Ségué-Passama
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Fluid motions within the Earth's outer core generate the geomagnetic eld and drive its secu-
lar variation on timescales ranging from years to millions of years. Systematic observations of the
modern and historical geomagnetic eld have also revealed pronounced spatial heterogeneities,
including regions of anomalously low eld strength such as those in the South Atlantic and the
Western Paci c. During the archeological era, the Levantine Iron Age Anomaly represents the
most remarkable geomagnetic feature, characterized by exceptionally high eld intensities and
debated spatial con nement that challenges current geodynamo simulations. Regional geomag-
netic eld reconstructions are well suited to resolve such ne-scale spatio-temporal variability, as
global models tend to smooth localized structures.

Here, we present a new archeointensity curve for Central Europe spanning the last four millen-
nia. The reconstruction is based on an updated dataset including newly obtained high-quality
records from archeological sites in Austria, Germany, Poland, Serbia, and Bosnia. To model the
temporal evolution of eld intensity, we employ a novel Bayesian framework using a Gaussian
process prior. This approach enables the integration of complex age uncertainties, including
radiocarbon-derived probability distributions, as well as stratigraphic constraints.

The resulting curve is compared with previously published regional intensity reconstructions
across Europe. Recognizing that methodological choices - such as modelling strategies, data
selection criteria and weighting schemes - may in uence reconstruction outcomes, we further ap-
ply our modelling approach to datasets from selected European regions. The most pronounced
discrepancies between models occur during intervals associated with strong geomagnetic eld
changes, particularly throughout the Bronze/lron Age and Early Medieval period. Finally, we
evaluate the roles of data coverage and data quality to scrutinize whether the observed spatial
contrasts re ect genuine geomagnetic eld morphology or instead arise from limitations in the
reliability and distribution of available archeointensity records.

Keywords: Archeointensity, Secular variation, Regional eld modelling, Gaussian process
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High-resolution paleomagnetic study of marine
sediments from the Gulf of Sirte (o shore
Libya) covering the last 250 ka

Rahel Paasch !, Norbert Nowaczyk!, Cécile Blanchet, Louise
Dauchy-Tric !, Pablo Rivera PerezZ, Shahnoor Alam!, Monika Korte ?

1 GFZ Helmholtz Centre for Geosciences, Section 2.3 Geomagnetism Potsdam, Germany
2 GFZ Helmholtz Centre for Geosciences, Section 4.6 Geomorphology Potsdam, Germany

Reconstructing the past behavior of the geomagnetic eld requires high-quality, continu-
ous sedimentary records from diverse geographic locations. Here, we present a high-resolution
paleomagnetic study of marine sediment core 64PE349-8, recovered from the Gulf of Sirte (o0 -
shore Libya). Discrete samples were taken to a depth of 565 cm. With sedimentation rates of
2 12 cm/ka, this yields a record spanning the last 250 ka. We aim to recover the full vector
paleomagnetic information, including declination, inclination, and relative paleointensity. The
acquired paleomagnetic record has potential to correlate well with established global reference
curves and preserves evidence of geomagnetic excursions within the last 250 ka. We will inte-
grate the paleomagnetic results with existing sedimentological and geochemical data from the
same core, which documents large shifts in North African hydroclimate driven by orbital forcing
and glacial-interglacial cycles. This multi-proxy approach allows us to evaluate the in uence of
environmental changes on the accuracy of the magnetic signhal and contextualize the geomag-
netic record within a well-constrained paleoenvironmental framework. Our ndings will improve
our understanding of the behavior of the geomagnetic eld in the central Mediterranean North
African region, which is currently underrepresented in global paleomagnetic databases.

Keywords: Paleomagnetism, Marine Sediments, Paleoclimate, Mediterranean North African region
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Archaeomagnetic study of kilns from Barreal
de la Troya (8th 14th centuries AD),
Tinogasta, Argentina
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Despite recent advances, the global archaeomagnetic database remains strongly geograph-
ically unbalanced, with more than 95% of the available data originating from the Northern
Hemisphere. In addition, most of the available records come from unoriented ceramic materials,
which only allow the recovery of eld intensity but not its direction. In this context, the present
study aims to help reduce this bias through the analysis of archaeological samples collected from
three kilns located in the Barreal de la Troya region, Tinogasta, Argentina, radiocarbon dated to
between the 8th and 14th centuries AD. The declination, inclination, and paleointensity results
obtained from the samples will be presented and compared with current archaeomagnetic mod-
els. These new data expand the archaeomagnetic record available for the region and contribute
to improving the resolution of both regional secular variation curves and global geomagnetic
models. This is particularly relevant for the study of the South Atlantic Anomaly (SAA), a re-
gion characterized by unusually low magnetic eld intensity values at the Earth's surface, whose
temporal evolution remains an active topic of research.

Keywords: Earth's magnetic eld, Archaeomagnetism, South America
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Beyond 10 ka BP: where puzzling geomagnetic
eld variations meet diverging models

Hakan Ucar™ !, Sanja Panovsk&, Monika Korte 2
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The interval between 10 and 20 ka BP is one of the least resolved periods of late-Quaternary
geomagnetic eld behavior, despite growing evidence for both unusually rapid eld variability
and several debated excursions, including the Tianchi and Hilina Pali events. Existing global geo-
magnetic eld models and dipole moment reconstructions diverge substantially beyond 10 ka BP,
re ecting sparse data coverage, uneven regional distribution, and major di erences in the quality
and interpretation of available paleomagnetic records. In particular, sedimentary archives, which
provide the main source of information for this interval, remain underused because many records
are absent from standard databases and rarely accompanied by explicit quality assessment.
This situation raises a fundamental question: do the reported signals represent genuine geomag-
netic eld behavior, including rapid secular variation and excursional activity, or are at least
some of them the result of chronological o sets, sedimentary smoothing, environmental change,
or diagenetic overprinting? At present, the answer remains unclear because the available evi-
dence is fragmented, and current reconstructions are not yet able to resolve these alternatives
robustly.

Here we highlight why the 10 20 ka BP interval requires a new uncertainty-aware global recon-
struction. Current disagreement among models means that signi cant characteristics of geomag-
netic behavior during this interval remain poorly constrained, including how rapid the inferred
eld changes were, how deep the associated intensity lows may have been, how long excursion-like
features lasted, and whether their expression was global, hemispheric, or regionally restricted.
Resolving these questions is essential not only for distinguishing true geomagnetic signals from
archive-speci ¢ artefacts, but also for moving beyond fragmented records and diverging models
toward a more coherent picture of late-glacial geomagnetic eld variability.

Acknowledgments: This work was supported by the programme Dynamic Planet Earth of the
Czech Academy of Sciences (StrategyAv21/30).

Keywords: geomagnetic eld, global modelling, excursions, paleosecular variations, sediments
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Testing Non-Conventional Archaeomagnetic
Materials: Mural Paintings and Stucco as a
Uni ed Geomagnetic Field Recorder at
Teotihuacan, Mesoamerica
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! Instituto de Geofisica Unidad Michoacan, Universidad Nacional Auténoma de México. Ciudad
Universitaria, Campus Morelia, México., Mexico
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Teotihuacan, the largest urban center of ancient Mesoamerica, remains one of the most
intensively studied archaeological sites in Mexico, yet its internal chronology continues to be
debated. Among its most distinctive cultural features are omnipresent mural paintings, executed
on lime plaster (stucco) surfaces that served as their structural support. In this study, we analyze
for the rst time mural pigments and stuccos together as a single archaeomagnetic assemblage
to evaluate their potential as geomagnetic recorders. Three mural paintings were sampled near
the Square of the Moon and the Street of the Dead using orientation techniques adapted from
standard paleomagnetic procedures. Magnetic mineralogy experiments revealed a mixture of
magnetite (or Ti-poor titanomagnetite) and hematite as carriers of remanence, with magnetite
generally dominating. Of 43 specimens analyzed, 19 yielded reasonably well-de ned characteristic
remanent magnetization (ChRM) directions after alternating- eld demagnetization. Although
within-site scatter limited the precision of archaeomagnetic dating. Comparisons with regional
curve for Mesoamerica and global geomagnetic model (SHAWQ.2K) produced two relatively
large chronological intervals: (i) _~300 400 AD, consistent with previously dated murals, and
(i) _~550 650 AD, corresponding to major chronological episodes associated with the decline
of Teotihuacan. These results demonstrate that mural stucco assemblages can preserve reliable
archaeomagnetic signals, expanding the range of datable materials and o ering new chronological
anchors to re ne Teotihuacan's contested history.

Keywords: Teotihuacan, Mesoamerica, Lime Plasters, Mural Paintings, Magnetic Mineralogy, Ar-
chaeomagnetism.
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A new framework describing 15 million years of
global geomagnetic eld behaviour - INVITED

Andrew Biggin” !
! Geomagnetism Lab, University of Liverpool Liverpool, United Kingdom

Robust, unbiased statistics describing long-term geomagnetic behaviour are sorely needed
to elucidate the dynamics and evolution of Earth's magnetic eld and the geodynamo which
produces it. While palaeomagnetic data are available across much of Earth's history, their
utility is hampered by highly inhomogeneous distributions in space and time and by associated
uncertainties. To address this, a set of parameters based on robust statistics and describing
the average strengths of the axial dipolar and non-axial dipolar components of the eld, the
time-variability of the total eld, and certain ratios of these are proposed. A framework for
estimating these parameters is developed whereby global datasets of palaeomagnetic directions
and intensities are compared to outputs from an ensemble of numerical geodynamo simulations.
A bespoke Monte-Carlo proxy-based approach allows measurement uncertainties and spatial
inhomogeneity in the data to be accounted for and the framework further allows for independent
validation tests to be performed. Estimates of these parameters obtained for three intervals:
0.11, 14, and 4 15 million years (Myr) ago, provide benchmarks against which eld models
and geodynamo simulations may be compared. Furthermore, the values obtained suggest that:
(1) 0.9 Myr is an insu cient duration for fully de ning the time-averaged eld; (2) average axial
and nonaxial dipole eld strengths in the interval 0.1-1 Myr were _~50 per cent higher than in
the two preceding intervals; (3) the time-variances of the total eld in the three intervals were not
distinguishable. In addition to demonstrating the utility of the new framework, these ndings
can potentially address a longstanding question in geomagnetism: why is a polarity reversal
‘overdue'? In this presentation, | will go beyond the recent publication on this topic, show the
results of new geodynamo simulations that were not included in the ensemble used to obtain
the parameters, discuss their relevance to palaeomagnetic behaviour, and outline their potential

utility.

Keywords: Dynamo: theories and simulations, magnetostratigraphy, Palaeointensity, Palaesomag-
netic secular variation, Palaeomagnetism, Reversals: process, time scale
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From Geostrophy to Statistics: A New
Statistical Model Covering the Range from
Paleosecular Variation to Field Reversals
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In a seminal paper, Le Mouél (1984) proposed that, in the force balance at the top of the
core, the Coriolis force is dominant. This corresponds to the so-called tangential geostrophy
hypothesis at the core mantle boundary, in which inertia, viscosity, and the Lorentz force are
neglected at leading order in the horizontal direction. In this framework, the horizontal ow at
the top of the core is directly related only to horizontal pressure gradients.

This constraint breaks the symmetry between di erent components of the magnetic eld: uid
motion "sees" the axial dipole component and the non-dipolar eld di erently. In particular, the
axial dipole is not re-engaged in the process that generates secular variation, which naturally
explains why it appears to evolve on distinct timescales. This approach has been revisited and
extended in numerous subsequent studies and remains a reference framework for core surface
ow models, including modern quasi-geostrophic formulations based on Swarm/CHAMP data.

In 1996, Camps and Prévot proposed a statistical model accounting for the full spectrum of
paleomagnetic eld uctuations, from secular variation to polarity reversals. This model can be
interpreted as the long-term statistical signature of Le Mouél's physical model. Its formulation
is remarkably simple: a normally distributed axial dipole component combined with an indepen-
dent isotropic set of vectors following a Maxwellian distribution, representing secular variation.
This two-component model successfully reproduces both the directional and intensity statistics
of the paleomagnetic eld across the entire observed range-from secular variation to full polarity
reversals. A key result of Camps and Prévot is that the amplitude of secular variation vectors is
independent of the amplitude of Earth's axial dipole moment, and that secular variation remains
unchanged during reversals. In other words, a reversal is not a "crisis" of secular variation; it oc-
curs when the axial dipole, which uctuates in a Gaussian manner, transiently approaches zero,
allowing the isotropic non-dipolar "background,” which uctuates independently, to dominate.
This empirical nding establishes a conceptual link with Le Mouél's physical model. Both rely on
the same implicit assumption-that the axial dipole and the non-dipolar eld behave di erently-
but for fundamentally di erent reasons and on di erent timescales. Le Mouél provides a dy-
namical explanation, whereby geostrophy decouples the two components, whereas Camps and
Prévot show that, statistically over _~20 Myr, the axial dipole and secular variation behave
as two independent stochastic processes. This statistical model was originally constructed in a
simpli ed manner using Monte Carlo type simulations.

In this contribution, we derive an analytical expression for the probability density function of the
local paleomagnetic eld distribution within this framework. By construction, this distribution
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exhibits rotational symmetry about the mean direction, and we show that the probability density
of the colatitudes follows a non-central Student's t-distribution with two degrees of freedom.

To our knowledge, this distribution has not been formally named; it can be viewed as a heavy-
tailed analogue of a von Mises Fisher distribution. Using two datasets (a compilation of di-
rectional data from volcanic rocks in Iceland and the Kerguelen Islands), we demonstrate how
this distribution can be inverted. This development opens new perspectives for improving our
understanding of the long-term statistical properties of the geomagnetic eld. This framework
provides a new bridge between dynamical and statistical descriptions of geomagnetic eld be-
havior.

References:
Le Mouél, J.-L. Outer-core geostrophic ow and secular variation of Earth's geomagnetic eld.
Nature 311, 734 735 (1984).

Camps, P. & Prévot, M. A statistical model of the uctuations in the geomagnetic eld from
paleosecular variation to reversal. Science 273, 776 779 (1996).
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Geomagnetic secular variation at
mid-latitudes: insights from the volcanic elds
of the Vogelsberg (15 18 Ma), the Rhon
(18 20 Ma) and Lusatia (29 32 Ma)
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Theresienstr. 41, 80333 Miunchen, Germany
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Generated by a dynamo in the Earth's uid outer core, the geomagnetic eld is approxi-
mated by a geocentric axial dipole. Nevertheless, this dipole episodically reverses its polarity
while experiencing directional uctuations during stable intervals. These uctuations termed
palaeosecular variation are traditionally quanti ed by the dispersion of the virtual geomagnetic
poles (VGP scatter) for a collection of geomagnetic spot readings recorded by lava ows. To
which spatiotemporal extent the amplitude of the VGP scatter correlates with the frequency of
reversals remains an open question. To explore this relationship over the past 30 Myr, we inves-
tigated the palaeomagnetism of three major volcanic elds in Germany-the Vogelsberg (15 18
Ma), the Rhén (18 20 Ma) and Lusatia (29 32 Ma)-emplaced within the 40 50 N latitudinal
band. During 11 eld campaigns conducted from 2021 to 2025, we drilled _~1,900 palaeomag-
netic cores (162 volcanic units) from the Vogelsberg, ~1,200 cores (107 units) from the Rhon,
and _~1,900 (156 units) cores from Lusatia. Out of the 8 12 samples collected for each unit,
we preliminarily stepwise demagnetised 2 3 pairs of sister specimens by thermal and alternating
eld (AF) treatment. Having identi ed the good agreement between the two methods but the
better e cacy of the AF treatment to remove the lightning-induced overprints, we AF demag-
netised 5 6 additional samples for each lava ow. After the removal of the correlated directions,
we obtained a suite of 127 independent directions for the Vogelsberg, 80 for the Rhén, and 139
independent directions for Lusatia. Whether the transitional directions are included or trimmed
by a 45 VGP cuto, our three estimates of the VGP scatter are statistically indistinguishable
despite changes in the reversal frequency. For the 40 50 N latitudinal band, our results com-
bined with previous studies from Australia, France, USA and Romania consequently support an
invariance of the VGP scatter over the past 30 Myr.

Keywords: palaeosecular variation, reversal frequency, Cainozoic German volcanic elds
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Discrimination of Intermediate
Titanomagnetites using Field Amplitude and
Temperature Dependence of AC Susceptibility
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The eld amplitude dependence (AD) of alternating current magnetic susceptibility is a
widely used, rapid, and non-destructive method for characterizing magnetic minerals in geo-
logical materials. In intermediate titanomagnetite (Fezx TixOy4), this dependence is commonly
attributed to weak- eld hysteresis associated with pseudo-single-domain (PSD) and multidomain
(MD) grains. However, the extent to which amplitude dependence re ects composition, domain
state, or post-formational processes such as cation ordering and maghemitization remains insuf-
ciently constrained. This study aims to disentangle these e ects by systematically investigating
amplitude-dependent magnetic susceptibility in both synthetic and natural titanomagnetites.

We used for this study a set of natural samples from varying volcanic settings, including the
Laacher See tephra (Germany), Popocatépetl volcano (Mexico), Sverrefjell volcano (Spitsbergen),
and the BaCfina maar (Czechia), and compared them to synthetic titanomagnetite of controlled
composition (Lattard et al., 2006). Magnetic measurements included eld amplitude-dependent
in-phase (ip) and out-of-phase (op) susceptibility, temperature-dependent susceptibility (k T
curves), frequency dependence, hysteresis parameters, and rst-order reversal curve (FORC)
analyses.

By integrating amplitude-dependent susceptibility with thermomagnetic and hysteresis data,
three characteristic behavioral groups of titanomagnetite can be identi ed: (1) fresh samples, in
which amplitude dependence is primarily controlled by composition and thermomagnetic curves
are reversible; (2) samples a ected by cation reordering, characterized by irreversible thermo-
magnetic curves with positive DT (TC-heating - TC-cooling) and reduced amplitude dependence
which can be restored after heating; and (3) maghemitized samples, which exhibit strongly sup-
pressed amplitude dependence and negative DT. Domain state plays a key role: samples with a
greater multidomain or vortex contribution show higher amplitude dependence, whereas single-
domain grains display negligible amplitude dependence regardless of titanomagnetite composi-
tion.

Reference : Lattard, D., Engelmann, R., Kontny, A., & Sauerzapf, U. (2006). JGR: Solid Earth,
111(B12).

Keywords: Intermediate titanomagnetite, eld amplitude of magnetic susceptibility, in, phase and
out, of phase temperature dependence of magnetic susceptibility
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From Eruption Dynamics to Cooling Histories:
Rock magnetic and Paleomagnetic insights
Into the Laacher See Eruption
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The Laacher See eruption (_~12.9 ka) produced a stratigraphically complex tephra sequence
in which magnetic properties preserve both magma evolution and post-depositional thermal his-
tories. Based on characteristic variations in lithology, chemical composition and eruption and
depositional mechanisms the pyroclastic deposits are subdivided into the Lower, Middle and
Upper Laacher See Tephra (LLST, MLST, ULST).

We investigated pumice, ash, as well as lithic and juvenile clasts using bulk magnetic suscepti-
bility (k), eld-dependent and in phase as well as out-of phase temperature-dependent magnetic
susceptibility (k-T), hysteresis, rst-order reversal curves (FORCs) and thermal demagnetization.
Across the sequence, k increases upward from the LLST to the ULST, indicating an increasing
abundance of ferrimagnetic phases, in agreement with previously described variations in grain
size and number of crystallized phenocrysts in the tephra succession. Field-dependent k is signif-
icantly lower (< 5%) in the upper MLST and lower ULST than in the other units (10 to 15%),
while frequency-dependent k remains consistently 10%.

Hysteresis measurements show that the samples display pseudo-single-domain/vortex behaviour,
consistent with the FORC data. In the hysteresis data, the heated Plinian samples exhibit a
decrease in domain size, whereas the phreatomagmatic samples show an increase, shifting toward
more multidomain-like behavior.

Curie temperatures (TC) derived from heating k-T curves vary between 423 C to 535 C
across all lithologies, while TC from the cooling curve varies from 456 to 318 C, and become
progressively lower up-section. This irreversibility is expressed by the increasing DT values (TC-
heating - TC-cooling), from 39 C in the LLST to 216 C in the ULST, re ecting increasing
cation ordering e ects associated with rapid cooling and variable thermal overprinting. A40
values are low in the LLST and ULST but up to 138 % in the MLST.

Paleomagnetic analyses further link these magnetic trends to eruptive and depositional mecha-
nisms. The LLST formed during a rst Plinian stage phase (Harms et al., 2004) and is char-
acterized by hot and rapidly deposited fall deposits and ash ows. Incorporated lithic clasts
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commonly record coherent remanence directions close to the present geomagnetic eld, indicat-
ing emplacement above blocking temperatures and rapid in situ cooling. The MLST, emplaced
during the major Plinian stage with pyroclastic fall and ow deposits, records more variable
emplacement conditions with high T and A40 values suggesting enhanced cation ordering and
reheating after deposition. In contrast, the ULST mainly consist of pyroclastic density currents
emplaced during a late phreatomagmatic phase. This is shown by pumice and few lithic clasts
that preserve the direction of the current Earth's magnetic eld, indicating they were deposited
while still hot.

This study demonstrates that combined magnetic mineralogical and paleomagnetic analyses of-

fers a robust approach to linking magma fractionation, eruptive style, emplacement temperature

and cooling history during the Laacher See eruption.

Harms et al. 2004, Journal of Volcanology and Geothermal Research, 134(1-2): 125-138. doi:10.1016/j.jvolge

Keywords: out of phase magnetic susceptibility, cation ordering, explosive volcanism, Laacher See,
paleomagnetism
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Paleomagnetic data from the Cretaceous
Okhotsk-Chukotka volcanic belt shed light on
a possible link between the evolution of the
Earth's magnetic eld and the formation of
Large Igneous Provinces

Vladimir Pavlov * 1, Florian Lhuillier 2, lvan LebedeV*

L Schmidt Institute of Physics of the Earth [Moscow] Bolshaya Gruzinskaya str., 10-1, Moscow
123242, Russia
2 Department of Earth and Environmental Sciences, Ludwig Maximilian University Theresienstr. 41,
80333 Munich, Germany, Germany

The Okhotsk-Chukotka Volcanic Belt (OCVB) is one of the largest subduction-related mag-
matic provinces of the Earth. It stretches for more than 3,000 km along the Paci ¢ margin of
Asia from the western coast of the Sea of Okhotsk to the eastern edge of the Chukotka Peninsula,
covers an area of about 450,000 km2 and has igneous volume of order of 2 min km3. According
to the de nition of Brian and Ernst, 2008, OCVB cannot be classi ed as a LIP because it is not
intraplate. However, its volcanic rocks may contain important information to test the hypothe-
sis that links the evolution of the Earth's magnetic eld with the formation of large magmatic
provinces.

The formation of the latter is often attributed to deep mantle plumes, which are one of the
most striking manifestations of mantle dynamics. On the other hand, according to a widespread
hypothesis, the dynamics of the mantle modulates the mode of the geodynamo operation by
changing the heat ow passing through the core-mantle boundary. Thus, through plumes, the
evolution of the Earth's magnetic eld could be linked to the formation of LIPs. If this link really
exists, then such di erent manifestations of the geodynamo as its reversing and superchron states
should correspond to di erent modes of the geodynamo operation.

Alternative hypothesis claims than there is no any link between mantle dynamics (plum ac-

tivity) and the way the geodynamo operates. If so then transitions between superchron and

reversings states of the Earth magnetic eld are the consequence of the nonlinear nature of the
geodynamo and thus, they are just the result of the natural variability of the geodynamo and do

not require any external forcing. According to this hypothesis, transitions between superchron

and reverse modes are not related to changes in the geodynamo operating mode.

One of the most obvious ways to test these hypotheses is to compare the characteristics of
the geomagnetic eld inside and outside geomagnetic superchrons, which represent periods last-
ing several tens of millions of years in the history of the Earth's magnetic eld when the eld did
not change its polarity. If these characteristics are di erent, then this rather con rms the rst
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point of view. If these characteristics are similar, then this rather testi es in favor of the second
hypothesis.

Among the several characteristics of the superchron's geomagnetic eld that we can determine in
principle (geomagnetic eld strength, geomagnetic eld geometry, and magnitude of geomagnetic

paleosecular variations), the latter is the most accessible to study. But to get estimates of the

paleosecular variations (PSV) inside and outside the superchron, we need an object containing
numerous volcanic ows which have been formed during the superchron and beyond.

The formation of the Okhotsk-Chukchi volcanic belt (_~100-70 Ma) overlaps in time with the
Normal Polarity Cretaceous Superchron, which makes this belt a very promising object for our
research. We conducted a paleomagnetic and geochronological study of two distant sections lo-
cated in the North of the belt in the western part of the Chukotka Peninsula. The rst of them
was formed by the end of the CNPS, the second about 12 min years after its termination. In
total, more than 200 volcanic ows have been studied.

The data, which we have obtained, con dently indicate that during CNPS, the amplitude of the
PSV was about 15% lower than during periods when the geomagnetic eld was in a reversing
state. This result con rms that the superchrons correspond to a special state of the geodynamo,
and, thus supports the rst hypothesis, which connects the evolution of the Earth's magnetic
eld with mantle dynamics and, probably, with the formation of the Large Igneous Provinces.

Keywords: superchrons, paleosecular variations, plums, geodynamo, Large Igneous Provinces

126



Integrated Paleomagnetic, Paleointensity, and
Rock Magnetic Study of the Pleistocene
Avranlo Lava Flow Sequence (Georgia, Lesser
Caucasus)
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Integrated Paleomagnetic, Paleointensity, and Rock-Magnetic Study of the Pleis-
tocene Avranlo Lava Flow Sequence (Georgia, Lesser Caucasus)

Manuel Calvo-Rathert!, Ricardo Pacheco-Baltazaf, Avto Goguitchaichvili 2, Elisa-Maria Sanchez-
Moreno!, Georg Vashakidze3

1 Departamento de Fisica, Universidad de Burgos, 09006 Burgos, Spain.
2 Lab. Interinstitucional de Magnetismo Natural, IGUM, UNAM, 58990 Morelia, Mexico.
3 Alexandre Janelidze Institute of Geology Thilisi State University, 0171 Thilisi, Georgia.

Volcanic rocks can o er reliable and geologically instantaneous records of variations of the Earth's
magnetic eld, including also the possibility of obtaining absolute paleointensity data. However,
such records are inherently discontinuous because they depend on episodic volcanic eruptions.
This limitation can be mitigated by studying sequences of lava ows, particularly in regions
with sustained volcanic activity, like the Javakheti Highland in Georgia, which hosts numerous
Pliocene and Pleistocene lava sequences. In the present study, a rock-magnetic, paleomagnetic,
and paleointensity investigation has been carried out on 15 basaltic lava ows from the Avranlo
sequence in the Javakheti Highland. 40K#°Ar dating (Parfenof et al., 2023) is available for three

of these ows, representing the lower (AVR2), middle (AVR6), and upper (AVR12) parts of the
sequence, and yielding ages of 1.82 0.07 Ma, 1.92 0.09 Ma, and 1.82 0.10 Ma, respectively.

To identify remanence carriers and obtain information on their paleomagnetic stability, rock
magnetism experiments were conducted with a VFTB translation balance at the paleomag-
netism laboratory of the University of Burgos (Spain). Experiments included the measurement
of isothermal remanence (IRM) acquisition curves, hysteresis and back eld curves, and magne-
tization vs. temperature curves in a 38 mT eld. In most cases, magnetization vs. temperature
curves exhibited a simple behaviour, with low-Ti titanomagnetite as the sole carrier of rema-
nence and moderate to high degree of reversibility. Magnetite of PSD grain size or in a SD MD
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mixture was identi ed as the main carrier of remanence.

Remanence was measured on 152 specimens from all 15 ows. Thermal demagnetization was
performed with a TD48-DC (ASC) furnace and AF demagnetization with a degausser included

in the 2G magnetometer system at the University of Burgos. Analysis of the paleomagnetic
results revealed the presence of a single main component along with a small to moderate viscous
component. The ChRM component exhibited high unblocking temperatures, with the principal
fraction residing above _~400 C. A mean reverse polarity paleomagnetic direction was deter-
mined in all lava ows. The coincidence of the average paleomagnetic direction obtained in the
sequence with the expected direction for Eurasia suggests an absence of tectonic movements after
the emplacement of the sequence.

Thermal demagnetization results were used to preselect 77 specimens from 14 lava ows for
paleointensity experiments using the Thellier Coe method. The experiments included pTRM
checks and pTRM-tail checks, and a laboratory eld of 50 T was applied. All measurements
were carried out in air, and after each heating step the samples were cooled to room temperature
using a fan. Interpretation of results is still underway.

Available 4°K/ 3°Ar age data from three of the studied ows and reverse polarity directions
obtained from paleomagnetic determinations seem to place the Avranlo sequence in a a short
reverse-polarity interval in the normal-polarity Olduvai subchron. This so-called Vrica Subchron
has been reported in some previous studies (e.g., Lepre and Kent, 2010).

References

Lepre, C. J., Kent., D.V. New magnetostratigraphy for the Olduvai Subchron in the Koobi

Fora Formation, northwest Kenya, with implications for early Homo, 2010. Earth Planet. Sci.

Lett., 290, 362 374.

Parfenov, A.V., Lebedev, V.A., Vashakidze, G.T., Yakusheva, A.l., Ediberidze, B.D., 2023. The
History of the Formation of Pliocene Quaternary Valley Lava Rivers in the Northeast Part of
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From Geomagnetic Reversals to Self-Reversed
Thermoremanent Magnetization: Honoring
Michel Prevot's Scienti ¢ Contributions

Avto Gogichaishvili™ ?
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The scienti ¢ contributions of Michel Prévot have been fundamental to advancing our under-
standing of the geomagnetic eld as recorded in volcanic materials. Through pioneering studies
of basaltic sequences in regions such as Steens Mountain, Iceland and Lesser Caucasus, Michel
demonstrated that geomagnetic reversals are neither smooth nor gradual processes, but instead
occur through occasionally rapid, episodic directional changes interspersed with intervals of rel-
ative stability. A major aspect of his research focused on the reliability of volcanic rocks as
recorders of the ancient geomagnetic eld. By combining detailed rock magnetic analyses with
rigorous paleointensity experiments based on the Thellier (his mentor) method, Michel estab-
lished critical criteria for assessing the stability and delity of thermoremanent magnetization in
volcanic rocks. His studies highlighted the importance of mineralogical factors and their ther-
mal and chemical evolution. During the last years of his career, Michel made key contributions
to resolving long-standing questions regarding “bizarre' magnetic behavior - the mechanism of
self-reversal of thermoremanence in hemoilmenite-bearing rocks. By integrating magnetic mea-
surements with micro and nano structural observations, he demonstrated that exchange inter-
actions between coexisting magnetic phases at the nanoscale can lead to reversed magnetization
independent of the ambient geomagnetic eld. Through his work on both geomagnetic reversals
and self-reversal phenomena, Michel Prévot profoundly in uenced two of the most challenging
frontiers in paleomagnetism and rock magnetism

Keywords: Michel Prevot, Palaeomagnetism, Rock, magnetism, Geomagnetic Reversals and Ex-
cursions, Self, Reversal of Thermoremanent Magnetization.
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Assessing high-resolution Quaternary

geomagnetic eld behaviour: is there a

climate-geomagnetism relationship? -
INVITED

Andrew P. Roberts 1

1 Research School of Earth Sciences, Australian National University Canberra, ACT 2601, Australia

Relationships between geomagnetic eld and climate variability have been proposed, contro-
versially, on various timescales for more than 60 years. Claimed relationships on orbital timescales
have been debunked, and new claims are usually greeted by scepticism. Records of climate
change through the last glacial cycle typically have multi-decadal to millennial scale resolution;
any meaningful assessment of relationships requires paleomagnetic records with comparable reso-
lution. Dating quality varies for sedimentary and volcanic records, generally with millennial scale
resolution achieved at best. Speleothems provide excellent paleomagnetic archives with magneti-
zations locked in rapidly by carbonate cementation and high-resolution chronologies provided by
precise radiometric dating. Ice core cosmogenic isotope records provide further temporally well
resolved evidence for dipolar geomagnetic eld changes. Results from the most highly resolved
sedimentary, speleothem, and ice core records indicate frequent dipole eld strength changes
associated with directional geomagnetic excursions. The temporal precision of these records
enables comparison between geomagnetic eld and climate changes, including from the same
archive (e.g., ice core or speleothem), to assess potential links. Such discussions can include
well-dated records of genetic changes in populations of organisms. These records are explored
here to seek to a balanced assessment of inter-relationships between geomagnetic eld, climate,
and population genetic changes based on existing and new evidence.

Keywords: geomagnetic eld, excursions, climate, speleothem
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Determining magnetic eld intensity and
direction from the anisotropy of magnetic
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Felix Ostermeiert, Stuart Gilder " 2, Michael Wack®, Josef JezeR, Kuang
He*, David Finn®

1 Ludwig-Maximilians-Universitat Dept. of Earth and Environmental Sciences Theresienstrasse 41,
80333 Munich, Germany, Germany
2 Ludwig-Maximilians-Universitat Dept. of Earth and Environmental Sciences Theresienstrasse 41,
80333 Munich, Germany, Germany
3 Charles University, Faculty of Science Prague, Czech Republic
4 Ocean University of China Qingdao, China
5 4University of California Santa Cruz Department of Earth and Planetary Sciences, United States

Anisotropy of magnetic remanence (AMR) holds promise to quantify relative paleointensity
values from sedimentary rocks. A proof of concept was established in applied elds that exceeded
the intensity of the geomagnetic eld. Under Earth-like elds, large uncertainties necessitate the
development of a new approach to improve the estimation of the anisotropy tensor. To this
aim, we designed a numeral method that demonstrates the applicability and resolution needed
to optimize the experimental protocol. Following this, we implemented a 30-position procedure
for AMR measurements and compared the numerical and experimental data with a typically-
used, 12-position procedure. Redeposition experiments with sediments rich in single domain
magnetite were carried out in elds with intensities of 0, 10, 50 and 100 T; 25 individual
samples were redeposited and measured at each eld condition. The 30-position protocol better
facilitates the isolation and resolution of the eld-aligned prolate fabric (< 3% of the total)
from the oblate sedimentary fabric, and more so when applying tensor subtraction of the fabric
obtained in a null eld. Together with the high-resolution protocol and tensor subtraction
method, we demonstrate that an anisotropy-based paleointensity deviates < 10% relative to
classical remanence based relative paleointensity in Earth-like elds ranging from 10 to 100 T.
Using a synthetic subtraction method, we show that remanence-based anisotropy precisely tracks
the paleo eld direction in rocks hosting detrital remanences, which is important when viscous or
isothermal overprinting dominates the paleomagnetic vector.

Keywords: Anisotropy of magnetic remanence, paleomagnetism, paleointensity
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Evolution of Bottom ocean currents in the
North Atlantic Ocean: Magnetostratigraphy
and Anisotropy of Magnetic Susceptibility
from IODP Expeditions 384, 395C, and 395
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1 Dipartimento di Ingegneria e Geologia Pescara, Italy
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4 School of Earth, Environment & Sustainability, Georgia Southern University Statesboro, GA, USA

5 Texas A&M University College Station, TX, United States

We report the magnetic stratigraphy and the anisotropy of magnetic susceptibility (AMS)
of 6 sites drilled from the International Ocean Discovery Program Expeditions 384, 395C, and
395 in the North Atlantic Ocean. Five sites were drilled along a transect (20 30 W, _~60 N)
on the eastern side of the modern Reykjanes Ridge (including Gardar and Bjorn drifts), and
one on its western side, close to Greenland (Eirik drift). Azimuthal orientation of the discrete
samples was established by aligning the mean paleomagnetic declination of each core, after
cleaning in an alternating eld of 20 mT, with the current North Pole, a method that is accurate,
assuming each core adequately averages paleosecular variation, using the geocentric axial dipole
hypothesis. Shipboard half-core paleomagnetic data, processed to remove edge e ect and core
disturbance, are integrated with data from discrete samples. Analyses were performed at CIMaN-
ALP (Peveragno, Italy) and INGV (Rome, Italy) laboratories of paleomagnetism. The magnetic
stratigraphy provides a robust and reliable record of geomagnetic reversals up to 11 Ma, which,
coupled with biostratigraphic data, was used to build an age model. The resulting age models
document a high sedimentation rate (10 cm/kyr) over the past ~3.6 Ma, enabling high-
resolution reconstructions of geomagnetic eld behavior (Di Chiara et al., 2025).
The AMS was then used to investigate the statistical orientation of mean anisotropy tensors,
providing a sedimentological record of the direction and strength of bottom ocean currents and
their implications for oceanic gateway evolution. The AMS parameters (lineation, foliation,
anisotropy factor, and shape parameter) document the onset and changes in the strength of
bottom currents. AMS data provides an independent proxy to investigate the strength of bottom
ocean currents, records the intensi cation of the North Atlantic current around 3.6 Ma, also
documented by sedimentological changes (Sinnesael and Karatsolis et al., 2025), extending the
record back to the late Eocene (ca 40 Ma).

Keywords: paleomagnetism, drift sediments, age model, ocean circulation, Reykjanes Ridge
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Back to the cores: unraveling torsional
deformation in marine sediments through
exceptionally well-preserved paleomagnetic
record (MD24-3690, Indian Ocean)
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Coring-induced perturbations often a ect the quality of paleomagnetic records. Apart from
remagetization due to magnetic properties of core materials (e.g. Fuller, 1998), vertical de-
formation of sediments during coring is widely documented and results either from suction or
friction along the core liner. By contrast, torsional deformation is poorly documented, and the
mechanisms underlying it remain inadequately understood. Yet this type of deformation is of
considerable importance, as paleomagnetic declination is widely used to geographically reorient
sediment cores.

The 50-m-long marine sediment core MD24-3690 from the Indian Ocean reveals the mechanism
of torsional deformation. Indeed, this core provides an exceptionally well-preserved paleomag-
netic record. The sequence exhibits clearly de ned normal and reversed polarity intervals and
a remarkably stable inclination pattern spanning over the last ~5 Ma, indicating a robust
and continuous recording of the geomagnetic eld. Sediments are characterized by a high-water
content throughout the core, along with a signi cant proportion of ne fractions. These con-
ditions favor e cient alignment of magnetic grains with the ambient geomagnetic eld while
limiting compaction e ects.In addition, bioturbation combined with a low sedimentation rate
(_~1.3cm/kyr) likely acts as a low-pass Iter that smooths high-frequency variability, further
enhancing the coherence of the paleomagnetic signal.
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Declination record tells another story: it documents a progressive torsional deformation corre-
sponding to approximately one full rotation along the 50-m core. The quality of the paleomag-
netic signal enables a meaningful discussion of the mechanisms responsible for the rotational
disturbance produced during coring. The process identi cation of torsional deformation may
extend beyond marine environments and would explain the inconsistency of paleomagnetic decli-
nations reported in lacustrine sediments (e.g., Crouzet et al., 2019). Studies aiming to reorient
cores for any reason (as paleocurrents reconstructions) and su ering from torsional deformation
should be able, if possible, to propose a consistent correction to their paleomagnetic results.
Fuller, M., Hastedt M., B. Herr, B. 1998. Coring-induced magnetization of recovered sediment.
In Weaver, P.P.E. et al (Eds.), 1998. Proceedings of the Ocean Drilling Program, 157 Scienti ¢
Results, Proceedings of the Ocean Drilling Program. Ocean Drilling Program.

https://doi.org/10.2973/odp.proc.sr.157.1998
Crouzet, C., Wilhelm, B., Sabatier, P. et al. Palaeomagnetism for chronologies of recent alpine

lake sediments: successes and limits. J Paleolimnol 62, 259 278 (2019).
https://doi.org/10.1007/s10933-019-00087-z
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Holocene Sedimentary Record along the South
Portugal Continental Shelf
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Multidisciplinary characterization of sedimentary records along continental shelves is crucial
to better understand recent past climatic and paleoenvironmental variability, sedimentary sources
and their transport sources, as well, identi cation of high-energetic events. Here, we intent to
assess such Holocene "natural” archives through magnetic, sedimentological and geochemical sig-
natures, complemented by geochronological results. These analyses were exhaustively evaluated
along seven sedimentary cores retrieved at the Portuguese southern middle-outer shelf areas.
Soft magnetic carriers are mostly responsible for circa 90% of the magnetic signature along the
sedimentary column, despite well visible an increase of hard magnetic carriers in some horizons.
In general, environmental magnetic parameters put in evidence several changes along the cores
that closely agree with the de ned sedimentological and geochemical units, as well, some horizons
that pass unnoticed to the classical approaches. Results here achieved are discussed in face of
the sedimentary sources, anthropogenic impact and high energetic records.

Keywords: south Portugal continental shelf, environmental magnetism, high energetic events
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Integrating Rock Magnetism, Geochemistry,

and Biological Proxies to Reconstruct 40,000

years of the Paleoenvironmental Change of
Mexico's Second Largest Lake
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Multiproxy approaches have become essential for robust reconstructions of past environmen-
tal variability. Here, we present a high-resolution reconstruction of the last _~40 kyr from the
southeastern sector of Lake Cuitzeo, the second largest lake in Mexico, based on a _~10 m-
long sediment core. By integrating abiotic proxies (rock-magnetic parameters, major-element
geochemistry, and physicochemical indicators such as pH and electrical conductivity) with bi-
otic indicators (diatoms and pollen), we tightly constrain variations in terrigenous input, redox
conditions, nutrient availability, carbonate precipitation, hydrological balance, and vegetation
dynamics. The record clearly documents persistently low lake levels between ~42 and 26.5
kyr BP, followed by pronounced environmental variability during the Last Glacial Maximum,
including a dry episode at ~22.521.5 kyr BP. Enhanced runo and predominantly oxic con-
ditions characterize the interval from _~17.5 to 11 kyr BP, encompassing the Bglling Allerad
and Younger Dryas climate events. During the Holocene, the system underwent a sustained shift
toward more arid conditions, expressed by increased salinity, intensi ed carbonate precipitation,
and reduced hydrological input. The most severe drought occurred at _~8 kyr BP, after which
the lake evolved toward its modern con guration. These results highlight the sensitivity of Lake
Cuitzeo to regional climatic forcing and provide new constraints on the timing and magnitude of
late Quaternary hydroclimatic changes in central Mexico, consistent with regional evidence for
middle Holocene aridi cation.
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Paleomagnetic and rock-magnetic studies of
bottom sediments in the Eurasian Basin of the
Arctic Ocean (North Pole-41 expedition)
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The study of bottom sediments of the Arctic Ocean, including their chronological framework
and age determination, plays a key role in paleoclimatic reconstructions of the region. How-
ever, determining the age of sediments in the Eurasian Basin remains a non-trivial task, since
traditional biostratigraphic methods are of limited applicability due to the lack of suitable ma-
terial. Therefore, alternative approaches to dating are required, while existing methods remain
debatable and do not always provide unambiguous results. This paper presents the results of
paleomagnetic and rock-magnetic studies of bottom sediments collected during the "North Pole-
41" expedition. Sediment cores from the main structures of the Eurasian Basin - the Amundsen
Basin, the Nansen Basin, and the Gakkel Ridge - are considered. The obtained data allow
characterization of sedimentation features and reconstruction of certain aspects of the geological
history of the region during the Late Quaternary. A comparison of sediment cores from di erent
morphostructural zones makes it possible to identify di erences in sedimentation conditions and
processes. The results demonstrate the potential of paleomagnetic and rock-magnetic methods
for re ning the stratigraphy of Arctic sediments and provide new insights into the patterns of
geological development of the Eurasian Basin in the Late Quaternary.

Keywords: Arctic Ocean, Eurasian Basin, Late Quaternary, paleomagnetism, rock magnetism,
bottom sediments
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Paleowind Directions, Paleosecular Variation

and Relative Paleointensity of Marine Isotope

Stage 6 Loess Sediments From Harletz, NW
Bulgaria

Dragomir Dragomirov' *, Yohan Guyodo*, France Lagroix!, Diana
Jordanova?, Neli Jordanova?, Pierre Antoine?, Denis-Didier Rousseati®,
Olivier Moine 3, Christine Hatté 46

L Université Paris Cité, Institut de Physique du Globe de Paris, CNRS, F-75005 Paris, France
Université Paris Cité, Institut de physique du globe de Paris, CNRS, F-75005 Paris, France France
2 National Institute of Geophysics, Geodesy and Geography, Bulgarian Academy of Sciences Acad. G.
Bonchev str., block 3, 1113 So a, Bulgaria, Bulgaria
3 Laboratoire de Géographie Physique, Environnements Quaternaires et Actuels, CNRS, Université
Paris 1, UPEC Laboratoire de Géographie Physique, environnements quaternaires et actuels, LGP,
UMR 8591 Thiais, France, France
4 Institute of Physics-CSE, Division of Geochronology and Environmental Isotopes, Silesian University
of Technology Gliwice, 44-100, Poland, Poland
5 Géosciences Montpellier, University Montpellier Geosciences Montpellier, University of Montpellier
2 place Eugéne Bataillon, F-34095 Montpellier, France, France
6 Laboratoire des Sciences du Climat et de I'Environnement, CEA, CNRS, UVSQ, Université
Paris-Saclay Laboratoire des Sciences du Climat et de I'Environnement, LSCE/IPSL,
CEA-CNRS-UVSQ, Universite Paris-Saclay, 91198 Gif-sur-Yvette, France Gif-sur-Yvette, France,
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Loess (L) - paleosol (S) sequences represent important continental archives of past envi-
ronmental and climate changes. They can also record information on the aeolian depositional
processes, post-depositional pedogenic alteration and on the geomagnetic eld variations. In
Europe, most of the detailed, high-resolution studies concern the Last Glacial period, while high
resolution records of the Penultimate Glacial are sparse, despite the fairly continuous loess cover,
especially in the Lower Danube area. In Harletz, NW Bulgaria, previous studies have focused
on constructing a detailed pedostratigraphy, a sedimentological, magnetic susceptibility and lu-
minescence framework, in order to create a detailed description of the unusually thick Upper
Saalian (L2) loess sequence (10 m) corresponding to Marine Isotope Stage (MIS) 6. Here we
examine whether this sequence contains a reliable record of paleowind directions, paleosecular
variations (PSV) and the relative paleointensity (RPI) and if so, what do these records reveal
about the depositional conditions and geomagnetic eld behavior during MIS 6.

Alternating- eld (AF) demagnetization was conducted on oriented samples from S2, L2, and
S1 and the characteristic remanent magnetization (ChRM) directions were determined through
principal component analysis. After the samples were demagnetized, anhysteretic remanent
magnetization (ARM) and isothermal remanent magnetization (IRM) were performed. RPI
proxies were determined using slope-derived regressions of NRM/ARM and NRM/IRM in the
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same sample-speci ¢ AF coercivity intervals selected for ChRM determination. Parallel to that,
anisotropy of magnetic susceptibility (AMS) was used to characterize the nature of the deposit,
evaluating its feasibility for both paleomagnetic and paleowind direction studies.

The AMS data show a sedimentary fabric in L2, where mean kmin inclination is 83.2 and mean
kmax and kint inclinations are 6.5 and 2.1 respectively. Even though the AMS ellipsoids have

a weak degree of anisotropy (Pj = 1.0098 0.0002), their shapes are oblate (Tj = 0.327 0.017).
These observations are compatible with an aeolian fabric (dominated by foliation). There is no
clear evidence of a sampling-induced overprint on the sedimentary fabric. Progressive Itering
using the inclination of kmin, and the half-angle uncertainty ( 12) of kmax isolates the statisti-
cally signi cant directions of kmax, determining a dominant magnetic lineation along a NW-SE
direction. Throughout the most pristine loess interval (14.5 to 7.5 m), the clearest paleowind
direction shift is observed between 12.5 and 7.5 m. Within this interval, the paleowind direction
shifts systematically from SE (at 12.5 m depth) to S (at 11.3 m depth) and then to a SE direc-
tion (at 7.5 m depth). The trend inversion (at 11.3 m depth) corresponds to an inversion in clay
content, which increases before decreases. According to the chronology the rst trend lasted a
few to ten millennia, whereas the second one lasted two to three tenth of millennia. The Fisher
mean of ChRM directions are stable, despite the mean inclination (56.1 ) being slightly shallower
than expected for the site from a geocentric axial dipole (62.4) or IGRF reference eld (60.9).
The similar behavior of the NRM/ARM and NRM/IRM proxies supports the preservation of
the RPI signal, especially within the most pristine part of L2. In conclusion, the MIS 6 loess in
Harletz preserves the primary magnetic fabric suitable for paleowind reconstruction, as well as a
stable paleomagnetic signal suitable to determine ChRM directions and conduct a RPI analysis.
Because the reconstruction of the paleowind direction, using AMS, can be biased by sampling dis-
turbances, pedogenic overprint and poor statistical resolvability of kmax, the applied here tests
are necessary to distinguish a primary aeolian fabric from secondary overprints and therefore to
support a reliable paleoenvironmental interpretation. Rather than millennial-timescale cyclical
changes the paleowind reconstruction shows a unigue cyclical change suggesting a strong reorga-
nization of the atmospheric dynamics and/or a important change in the e cient de ation areas
around 160 ka given the age of the underlying Vico-b tephra that would be contemporaneous
with the beginning of the coldest and driest phase of MIS 6.

Keywords: Paleowind directions, Paleosecular variation, Relative paleointensity, Marine Isotope
Stage 6, Loess, Anisotropy of magnetic susceptibility
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Rock- and paleomagnetic analysis on the
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paleosol sequence from Bulgaria implications
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Paleomagnetic studies on loess-paleosol sequences are crucial for establishment of precise age

depth models, signi cantly aided through the identi cation of the stratigraphic position of
geomagnetic reversals and excursions. At the Suhia Kladenetz site near the city of Pleven (Bul-
garia), the Matuyama Brunhes geomagnetic reversal, based on previous regional paleomagnetic
results and hypothesized correlative age-models, is likely located at the base of the section. In
this contribution we show the experimental results from combined mineral magnetic, magnetic
fabric and paleomagnetic studies on 5 meters from the lower section of the Suhia Kladenetz
pro le, covering the underlying red clay unit, the oldest loess unit (L7), the S6 paleosol and the
L6 loess unit. Stepwise thermal demagnetization of composite remanence suggest a magnetite-
dominated magnetic mineral assemblage with nal unblocking at 580 600 C, in which coarser
particles in PSD MD grain size range unblock uniformly in the range 280 320 C. Hematite is
also ubiquitously identi ed as a remanence carrier with signi cantly increasing importance in the
red clay unit. The results from anisotropy of magnetic susceptibility analyses reveal the presence
of dispersed primary sedimentary fabric of grain deposition on a horizontal surface only for loess
unit L6. Within lower lying paleosol S6, strong pedogenic overprint led to the establishment of
biaxial prolate fabric with vertical long axis (Kmax). The dispersion of this fabric is not ho-
mogeneous across the unit but shows signi cant increase towards the bottom part of S6. Thus,
pedogenic overprint is strongest in the upper part of S6 and decreasing in intensity downwards
through the lower part of S6 and upper part of L7 before returning to a weak primary fabric in
the lowermost part of L7. The red clay unit also has a biaxial prolate distribution with Kmax
almost vertical, de ning an inversed magnetic fabric. This changing fabric shows systematic
relation with the behavior of stepwise demagnetization pattern of NRM signal along the pro le.
Within the overprinted portion of L7, widely observed NRM demagnetization paths follow great
circle trajectory, signifying overlapping unblocking spectra of the primary and secondary NRM
components. Stepwise thermal demagnetization is more suitable for isolation of primary ChRM
signal, which has been calculated using principal component analysis. Upper part of the section,
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represented by loess L6 and the upper part of the lower lying paleosol S6 are characterized by
normal polarity ChRM vectors, calculated from the temperature range (200 450 C). This is
consistent with the observed predominance of coarser PSD MD magnetites in the L6 loess.
Down pro le, within S6, L7 and the red clays, ChRM was obtained in the high-temperature
range (between 350 580 to 620 C). Mixed and negative ChRM directions are revealed starting
from middle part of S6 downward. ChRM with negative inclinations have declinations in the
range 190 210 degrees and inclinations from -2 to -44 degrees, deviating from the true dipolar
magnetic eld at the site. This observation is probably related to incomplete removal of multiple
secondary NRM components with positive directions, carried by pedogenic magnetic minerals in
S6. The obtained variations in ChRM directions along the studied pro le suggest that Matuyama
Brunhes reversal occurs in the studied pro le at the bottom part of paleosol S6 in compliance
with the absolute dating of the transition within MIS 19 oxygen isotope stage.
This research was supported by bilateral cooperation program PHC RILA 2024 (France Bul-
garia) through project KP-06-RILA/3 of the Bulgarian National Science Fund.

Keywords: loess, paleosols, environmental magnetism, Brunhes, Matuyama boundary, Bulgaria
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Quaternary wind-blown loess deposits in the English Channel region have been widely studied
in terms of stratigraphy and palaeoenvironment, yet their mineral magnetic properties remain
largely unexplored. This study addresses this gap by investigating the magnetic mineralogy
and fabric of loess from three sites in Jersey (Channel Islands) and one in Romont (NE Bel-
gium). Rock magnetic analyses were used to characterise mineral properties, while anisotropy of
magnetic susceptibility (AMS) was applied to evaluate depositional fabric and post-depositional
modi cation. Magnetic mineral assemblages are consistent across the Jersey sites but more
variable at Romont, re ecting both aeolian input and post-depositional processes. AMS results
reveal site-dependent di erences in magnetic fabric, with clear evidence of post-depositional over-
printing at two locations. In contrast, La Motte and Romont exhibit well-developed foliation
parallel to bedding, indicating primary deposition by gravitational dust settling. Despite some
scatter linked to secondary alteration, most samples show a coherent fabric alignment.

AMS data from the lowermost Romont samples (> _~22 ka) suggest predominantly south-
westerly winds, while La Motte and the upper Romont section (_~12 22 ka) indicate predom-
inantly westerly to northerly winds, with a possible easterly component under stronger wind
conditions due to ambiguous kmin imbrication. These results point to a shift in dominant dust-
transporting winds from southwesterly before the Last Glacial Maximum (LGM) to northwesterly

(or northeasterly) afterward, likely re ecting a transition from stronger Atlantic cyclonic activity

to increased in uence of ice-sheet related high-pressure systems or katabatic winds.

Keywords: anisotropy of magnetic susceptibility, aeolian deposition, palaeowind reconstruction,
last glacial, the English Channel, Late Pleistocene
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Relationship between topsoil magnetic
susceptibility and its shallow vertical
distribution
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Magnetic susceptibility of soils represents an additional parameter used for assessing the
spatial distribution of atmospherically deposited dust containing iron oxides. Anomalies are often
interpreted using the vertical distribution of susceptibility, which may indicate the contribution
of particles of lithogenic, pedogenic or anthropogenic origin. It has been believed that pattern of
the shallow vertical pro les of susceptibility allow discrimination between the three sources and
provide support for the interpretation of anomalies observed on the soil surface. In this study,
we test the relationship between susceptibility measured on the soil surface using a regular
measurement grid, and its vertical distribution along the soil cores collected at the measured
grid points. In total, 21 di erent sites in Poland and Czechia were examined. As regards the
soil type, the sites included Podzols, Cambisols, Umbrisols, and two types of magnetically not
that much studied deep sandy soils of the Arenosol group, namely rusty and ochrous soils (which
correspond best to Brunic and Rubic Arenosols in the International Soil Classi cation). We used
vertical distribution of susceptibility to determine the model value on the surface as weighted
sum of contributions of individual 1-cm depth layers, using three di erent empirically determined
weighting function. Three di erent depths of the vertical distribution were considered: total
depth of the soil core available; depth of 15 cm, considered as background depth from the point
of view of surface measurements; and 10 cm, which represents e ective depth from the point of
view of the Bartington loop sensor used for the surface measurements. In addition, integral under
the curve of vertical distribution, which is assumed to re ect the total amount of ferrimagnetic
iron oxides (magnetite/maghemite) within the soil core, was determined for the same three
depths. Our results show that the assumed correlation between the measured topsoil value of
susceptibility and its vertical distribution is does not hold true in general. High and statistically
signi cant correlation was observed for all four sites with ochrous soils. In other cases, absence
of correlation prevailed. Possible reason for the absence of correlation may be due to the fact
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that the weighting functions were determined empirically using synthetic magnetite as reference
material. It is possible that for di erent composition in various depths the weighting function
would be signi cantly di erent. However, the observed lack of correlation does not disqualify
vertical pro les as a tool for the assessment of contributions and processes within the soils, both
on their surface as well as along the shallow depths.

Keywords: magnetic susceptibility, spatial distribution, vertical distribution, correlation
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Magnetic susceptibility is a useful soil parameter for environmental site assessment. This geo-
physical value is treated as an indicator of potential soil pollution or contamination with trace
elements associated with technogenic magnetic particles (TMPs). According to the "Guideline
for the screening of soil polluted with toxic elements using soil magnetometry" (ISO 21226:2019),
the applicability of this method is limited to areas a ected by relatively high current or historical
urban and industrial dust deposition. However, our recent experience with the application of soil
magnetometry in di erent areas of four EU countries revealed that, under certain circumstances,
this method can also be helpful in solving other environmental problems and can be incorpo-
rated into the toolbox of methods for the initial site assessment of degraded soils intended for
reclamation.

The rst study site was located in Liguria, Italy, in an area of high historical dust deposition
related to the coking and chemical industries. This was assumed to be the primary cause
of soil pollution. The application of soil magnetometry revealed the technogenic origin
of these soils, which developed on a layer of metallurgical waste that constituted a more
important source of metals than dust deposition.

The second study was conducted in an agricultural area of south-eastern Hungary (Békés
County), characterized by clean air and the absence of potential local pollution sources. For
several years, this land was not cultivated but was used for the disposal of local farmers'
waste. When a decision was made to reclaim the area (before our measurements), the
waste was removed from the surface and the land was levelled. The application of sail
magnetometry precisely revealed locations of former waste disposal and spots where waste
materials were still present beneath the surface.

The third study was conducted in Ormo®, eastern Slovenia. The area designated for recla-
mation included the site of a former brickyard. The soil was generally not polluted; how-
ever, several small magnetic hotspots appeared on the screening map. Soil core analyses
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and control soil pits revealed buried illegal land lls containing small amounts of municipal
waste.

The fourth example of the application of soil magnetometry in an area designated for
reclamation was in Skawina, near Cracow, southern Poland, in an area heavily degraded by
historical dust deposition from a former aluminium smelter, a power plant, and ash dumps.
In addition to previously reported heavy metal contamination, a signi cant problem was
the high level of uorine emitted by the aluminium smelter and detected in surface and
groundwater. This gaseous element is not transported by TMPs, and there is no general
evidence of correlation between uorine content and magnetic parameters. However, in
this particular area, such a correlation was observed in the soil. Fluoride ions (F) have
been adsorbed onto the surfaces of natural soil iron oxides and hydroxides, which act as
inhibitors of uorine mobility in soil.

The PolLaRecCE project was conducted in the frame of Interreg Central Europe Program co-
funded by European Union

Keywords: magnetic susceptibility, soil magnetometry, environmental site assessment, 1SO 21226:2019
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Soil formation in the cool and wet climate of the boreal zone results in development of podzolic
soils, characterized by distinct vertical gradient in the distribution of iron oxides. Contrasting
soil horizons of a podzol consist of: organic-rich surface layer, weathered and bleached eluvial
horizon, darker illuvial horizon enriched with Fe, Al as well as organics, and parent material
of sandy glacial deposits. The major features that make di erence between podzols and other
soil types is the presence of mixture of organometallic (Al and Fe) complexes, short range order
aluminosilicates like allophane and imogolite, as well as short range order iron-oxyhydroxides.
Notwithstanding the extensive studies on podzols from various climatic areas, di erent theories
about the podsolization processes still exist. Thus, the main aim of our study is to provide
a detailed multi-method characterization of iron oxide minerals along depth of two pro les of
boreal podzols from southern Finland in order to better understand the podsolization process.
Mineral magnetic analyses, including magnetic susceptibility and its frequency dependence, hys-
teresis parameters, laboratory room-temperature magnetic remanences (anhysteretic (ARM) and
isothermal (IRM)) and various bi-parametric ratios are obtained for two podzol pro les sampled
at high resolution 2 cm interval. ldenti cation of magnetic minerals through thermal demag-
netization of composite IRM and ARM and coercivity component unmixing of IRM-acquisition
curves of representative samples revealed the presence of ne-grained magnetite/maghemite,
goethite and hematite. Further quanti cation of goethite/hematite abundance along the pro les

is established through di use-re ectance spectra analysis, showing the dominant role of goethite
with a large maximum in the illuvial (spodic) horizon. Magnetic susceptibility shows positive
correlation with DRS based estimate of the hematite content. Selective chemical extractions by
sodium dithionite-citrate (DCB), ammonium oxalate, and sodium pyrophosphate are carried out
on representative samples for semi-quantitative apportionment of secondary Al and Fe into crys-
talline (Fed), non-crystalline (Feo) and organically bound (Fep) fractions. Both crystalline and
non-crystalline Fe- and Al- fractions are enriched in the illuvial horizons, while organically-bound
(pyrophosphate extractible) Fep has maxima in O-A as well as B-horizons. Notably, Fep shows a
positive correlation with the anhysteretic remanece ARM, suggesting that the organic matter is
preferably bound to ne iron oxide (magnetite/maghemite) grains. The team of NIGGG BAS

at LOEs CLIMBE project 121120 230102 gratefully acknowledges the nancial and institutional
support provided by the Swiss-Bulgarian Research Programme (funding scheme MAPS) in the
framework of the second Swiss Contribution to selected EU member states.

Keywords: podzolic soil, magnetic properties, DRS, pedogenesis
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Prospection for Mesolithic archaeology is complicated by the eeting nature of hunter-
gatherer land use traces. These traces are limited to lithic and bone artefacts, occasionally
accompanied by pits and hearth remnants. Detection is further hindered by post-depositional
alterations and the low contrast of these traces against the surrounding soils and bedrock. Al-
though successful minimal prospection methods have been developed for wetland environments,
these are not e ective in shallow and complex soil settings such as mountain regions. In these
environments, the di cult terrain and preservation of archaeology in shallow soil pockets com-
plicates their detection. Consequently, these areas are underrepresented in the archaeological
record. To address this issue, we evaluate the use of magnetic properties as proxies for Mesolithic
hunter-gatherer land use traces. Since hunter-gatherers used re and traces of this activity are
preserved in palaeosols, they can be detected as pyrogenic magnetic enhancement using mineral
magnetic parameters. By discriminating between iron oxide assemblages of lithogenic, pedogenic
or anthropogenic origin, such parameters can indicate the presence of palaeosols and past re
activity, and, therefore, human presence.

A systematic borehole survey was carried out at Chest of Dee in the Cairngorm Mountains (Ab-
erdeenshire, UK), to test this prospection approach. The site is characterised by acidic, shallow,
podzolic soils, containing a Mesolithic occupation horizon including pits and hearths. To spa-
tially map the occupation horizon, Dutch auger samples were collected in the eld from each
borehole for magnetic analyses. These analyses targeted frequency-dependent magnetic suscepti-
bility, anhysteretic remanent magnetisation and isothermal remanent magnetisation, from which
the magnetic parameters were obtained. To map the extent of the occupation horizon, the iron
oxide content of the soil samples was evaluated and linked to their formation processes. Prelimi-
nary comparisons between boreholes within and outside the Mesolithic occupation horizon reveal
a clear contrast in magnetic mineralogy. The occupation horizon exhibits a palaeosol magnetic
signature characterised by pedogenic and pyrogenic iron oxides, which can be distinguished from
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the lithogenic background iron oxides.

These initial results demonstrate that room-temperature magnetic parameters measured from
borehole samples can distinguish palaeosols with traces of hunter-gatherer presence, and can
therefore serve as an e cient prospection method in complex mountain soils where conventional
prospection techniques are insu cient. Ongoing analyses will re ne the palaeosol interpretations
and improve the spatial mapping of the site its extent, o ering a promising approach to detect
upland hunter-gatherer presence.

Keywords: soil magnetism, archaeological prospection, environmental magnetism, pyrogenic mag-
netic enhancement, Mesolithic
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Relict charcoal hearths (RCHs), i.e. remains of historic charcoal production processes, have
been identi ed in many regions worldwide. This technology was widely used until the mid-19th
century, particularly in areas where pre-coal industries developed. The relationship between
magnetic properties and re-a ected soils is crucial for environmental inference, especially in the
context of magnetic enhancement caused by the thermal transformation of iron minerals. To
date, magnetic approaches to the study of RCHs have only rarely been reported. This gap is
addressed in our work, and the results may contribute to the further development of research on
pyrogenic magnetic enhancement of soils. The preliminary stage of this research aimed to verify
whether selected environmental magnetism parameters can detect di erences in soil magnetic
signals between pro les with and without RCHs. To understand and describe the mechanism of
pyrogenic magnetic enhancement within the charcoal-enriched horizon (CEH), investigations of
its magnetic features were undertaken. The study was conducted on soil pro les (Albic Brunic
Arenosols), including both RCH and reference sites. The magnetic data obtained indicate a
variable contribution of magnetic particles across soil horizons. This re ects pyrogenic magnetic
enhancement associated with the presence of superparamagnetic (SP) grains within charcoal
particles in the CEH. Despite the progressive oxidation of SP grains of ferrimagnetic minerals over
time (approximately 200 250 years), superparamagnetic magnetite and/or maghemite remain
responsible for the observed magnetic enhancement in the soil. The results obtained in this
study may serve as reference data for a wide range of environmental magnetic investigations,
particularly those focused on historical charcoal production as a distinctive element of pre-coal
industrial and cultural heritage. This research was supported by the National Science Centre,
Poland (grant number 2024/53/B/ST10/01296).

Keywords: pyrogenic magnetic enhancement, superparamagnetic grains, charcoal particles, Albic
Brunic Arenosols
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Negative impacts on humans and the environment caused by legacy mining sites are a prob-
lem of global relevance. The study integrates magnetic and electromagnetic methods with geo-
chemical analyses to assess contaminant transport and accumulation in mining-impacted soils.
Non-invasive geophysical investigations were conducted to characterize shallow subsurface struc-
tures and identify pathways and accumulation zones of pollutants derived from polymetallic
mining wastes. In situ measurements of electrical conductivity, vertical gradient of the magnetic
eld and magnetic susceptibility have been followed by detailed sampling of soil pro les (up to
1 m in depth) and surface soil collection.

Five historic mining sites with contrasting geological settings and topography were investigated
as they provide excellent case studies for investigating the long-term impacts of mining and
metallurgical processing. The sites are Miedzianka (Sudetes; Cu As Fe mineralization), Os-
icowa Gora (Holy Cross Mountains; Fe mineralization) located in Poland and Rammelsberg
(Cu-Zn-Pb), Sankt Andreasberg (Ag Pb Zn Cu) and Silberhitte in the Harz Mts in Germany.
Magnetic surveys included measurements of the total magnetic eld and its vertical gradient,
enabling detection of small-scale magnetic anomalies associated with redeposited mining-derived
material containing magnetic minerals with associated heavy metals washed out from the heaps.
Frequency-domain electromagnetic (FDEM) surveys provided information on spatial variations in
near-surface electrical conductivity. Anisotropy of out-of-phase magnetic susceptibility (0pAMS)
and other rock magnetic methods were applied to recognize magnetic mineralogy and identify
pollutant migration pathways. The actual metal pollution was quanti ed on the soil using X-ray
uorescence (XRF).

For the Miedzianka mining site, the FDEM data revealed zones of low resistivity at depths
between 0.5 and 1.6 m, interpreted as areas of intensi ed in Itration and subsurface water ow.
These zones correspond to the accumulation of ne-grained sediments transported by surface
runo, representing potential secondary sinks of contamination. Magnetic data show linear
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anomalies with a dominant SW NE trend, consistent with preferential ow directions. This
interpretation is supported by opAMS, where principal axes align well with inferred transport
pathways. The remaining sites also show correlation between opAMS and pollutants ow.

Magnetic susceptibility (k) values di er signi cantly between the sites, ranging between 30 10

Sl and 450 102 SI. The highest values have been observed for the Harz Mts. While k is eld-
independent in Osicowa Goéra, the Miedzianka pro les exhibit eld dependence in deeper soll
horizons (< 20 cm). Elevated k values are typically observed at depths of 10 20 cm. Rock
magnetic analyses indicate magnetite as the dominant magnetic carrier in the upper part of the
soil pro les, which was con rmed by the presence of the Verwey transition in low-temperature
measurements. The Verwey transition is absent in lowermost parts of the soil pro les.
Geochemical analyses con rm elevated concentrations of potentially toxic elements for most of
the sites with maximum concentrations reaching 2244 mg/kg for As, 1038 mg/kg for Cu, 23676
mg/kg for Pb, and 35109 mg/kg for Zn. The highest observed values of all those elements have
been observed in slags coming from the Harz Mts. These elevated values indicate strong local
enrichment and heterogeneous distribution of contaminants. The spatial variability of these ele-
ments is consistent with geophysically identi ed zones of accumulation and transport. Leaching
experiments with arti cial rainwater performed on surface soil samples (0 -15 cm depth) from
Miedzianka and Osicowa Gora suggest that less than 2% of the content of most observed ele-
ments in the soils is mobilized through rainfall. It is possible that easily soluble parts might have
already migrated to other depths and/or surroundings.

Keywords: rock magnetism, anisotropy of out of phase magnetic susceptibility, FDEM, pollution,
heavy metals, mining areas
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Building the EURO'AIR environmental
magnetic network to trace airborne ne
particles throughout European cities
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Paris), Aristotle University of Thessaloniki, Univerzita Karlova [Praha, feska republika] = Charles
University [Prague, Czech Republic] = Université Charles [Prague, Republique tchéque], Ecole Pratique
des Hautes Etudes [EPHE], German Research Centre for Geosciences - Helmholtz-Centre Potsdam,
Institute of Geophysics of the Czech Academy of Sciences, Institute of Geophysics, Polish Academy of
Sciences, Institute of Environmental Engineering, Polish Academy of Sciences, IMT Nord-Europe,
Centre Ingénierie Santé, Saint-Etienne, Istituto Nazionale di Geo sica e Vulcanologia - Sezione di
Roma, Université de Paris Cité (UPC), Institut de Physique du Globe de Paris, IPGP, Paris, France,
Johannes Gutenberg - Universitat Mainz = Johannes Gutenberg University, Karlsruhe Institut of
Technology (KIT), Ludwig-Maximilians University [Munich], National Institute of Geophysics Geodesy
and Geography, Bulgarian Academy of Sciences, So a, Norwegian University of Science and Technology
[Trondheim], Royal Meteorological Institute of Belgium, Sorbonne Universités, UPMC, CNRS,
Autonoma University of Madrid, Universidad de Burgos = University of Burgos, University of
Cambridge, Université Catholique de Louvain = Catholic University of Louvain, National Geographical
Institute Spain, Universitat zu Kéln = University of Cologne, University of Liverpool, TEREZA,
Instituto Superior de Engenharia de Lisboa euroair,roject@psl:eu; France:

The issue of air quality is one of the major challenges facing both the environment and society.
However, nding a solution to monitor air quality also poses a signi cant logistical challenge, as
high-quality measurement stations are sparse and cost intensive. In the last decades, environmen-
tal magnetism has proven a promising potential using biomonitoring in the urban context. This
approach o ers a straightforward, cost-e ective alternative to comprehensive spatial-temporal
air quality mapping and monitoring.

The French "Ecorc'Air" project (Carvallo et al., 2024) focuses on a easy to apply biomonitoring
protocol that involves the analysis of magnetic properties in plane tree barks. The initiative
began as a scienti c validation action in 2016 in Paris and evolved to a citizen science approach
from 2020 onwards.

Ever since, the idea has been shared. Plane trees in various European cities were sampled
by associations, schools, individual citizens, as well as scientists. Since 2023, a growing number
of scienti c laboratories have been joining the initiative. The "Castle Meeting" held in Utrecht

in 2024 played a pivotal role in spreading this idea in the environmental magnetism science
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community. Discussions started and continued until the EURO'AIR consortium was formally
established in 2025. A group of 28 partners from 12 European countries created a robust scien-
ti c project that aims to establish a European-wide citizen science network. We are currently
pursuing European funding opportunities.

So far, systematic plane tree sampling campaigns have been implemented or initiated in ve
di erent countries: France (since 2020), the Netherlands (since 2023), Germany (since 2025),
Belgium and Greece (both since 2026).

The EURO'AIR consortium provides maps showing particulate matter concentrations in the
participating cities, and aims to supply the necessary answers to the following questions:

How to link environmental magnetism to atmospheric PM data?
How to use di erent urban-biocolectors for magnetic monitoring of air quality,
How to link the environmental deposition monitoring to health risks?

How to create an understandable helping tool for local city management?

The presentation will introduce the project's concept and methodologies. Furthermore, it will
highlight the potential, recent advancements and open character of the EURO'AIR network,
with the objective of contributing to signi cant progress in air pollution monitoring in Europe.
We invite interested scientists and institutions to join the growing community.

Ref: Carvallo et al., 2024. Doi/org/10.1029/2024CSJ000084

Keywords: Envrionmental magnetism, airborne particulate matter, biomonitoring, EURO'AIR
consortium
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Tracking air pollution in Thessaloniki's city
center using plane tree bark
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Kaiopoulou?, Anastasis Ladas, Maria Noti , Eleni Provata®, Giorgos
Tsiggenopoulos

! Department of Geophysics, School of Geology Aristotle University of Thessaloniki, 54124
Thessaloniki, Greece
2 Mines Paris PSL, Center of Geosciences and Geoengeneering Mines Paris PSL, Centre des
matériaux Fontainebleau, France

Thessaloniki, the second-largest city in Greece and a major economic and cultural center
of the Balkans, faces signi cant environmental challenges due to its dense urban structure and
high tra ¢ volume. Within this context, plane trees (Platanus orientalis) constitute an integral
component of the urban landscape, particularly along the city's main roads. These trees also
function as natural "archives" of environmental quality, as their bark e ectively captures and
retains atmospheric particulate matter (PM) during their annual exfoliation cycle, making them
reliable indicators of chronical air pollution integrated during one biological year (from spring-
time of one year to springtime of next year).

In March 2026, a pilot sampling campaign of plane tree bark was conducted in the city center of
Thessaloniki following the "Ecorc'Air" protocol(Carvallo et al. 2024). A total of 230 trees were
sampled, and their magnetic susceptibility was measured using a Bartington MS2B sensor.

Preliminary ndings from this pilot study provide a clear initial assessment of atmospheric
PM concentration levels across the study area. The spatial distribution maps reveal distinct
"hotspots” of elevated magnetic values, which appear to correlate with high-tra c zones. These
results will be compared with similar measurements from plane trees in Paris, as well as with
previously reported data on road dust from the city center of Thessaloniki.

This pilot phase establishes the basis for a more extensive monitoring program and supports the
use of plane tree bark as a reliable bioindicator of urban environmental quality.

Keywords: Plane trees, Air Pollution, Biomonitoring, Thessaloniki
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Rock magnetic records reveal mid-latitude
aridi cation and marine deoxygenation during
the Palaeocene-Eocene Thermal Maximum

Victor Piedrahita > 1, Andrew Roberts?, Eelco Rohling?, David Heslop?,
Fabio Florindo4, Simone GaleottP, Jinhua Li !

! Institute of geology and geophysics of the Chinese Academy of Sciences Beijing, China
2 Australian National University Canberra, Australia
3 Utrecht University, Utrecht Netherlands
4 |stituto Nazionale di Geo sica e Vulcanologia, Rome Italy
5 Universita degli Studi di Urbino Urbino, ltaly

Extreme global warming events can disrupt both hydrological cycle conditions and ocean bio-
geochemical variability. However, the impacts of elevated temperatures at mid latitudes remain
poorly understood. Early Eocene hothouse climates were characterized by short-lived global
warming events such as the Palaeocene Eocene Thermal Maximum (PETM), which is widely
seen as an analogue for future unmitigated global warming. Here, we present rock magnetic
and geochemical data from the PETM record of the mid-latitude Contessa Road section (Italy)
to investigate the controls of global warming on hydroclimate variability and biogeochemical
cycling. Using haematite and biogenic magnetite records, we reveal that PETM warming in-
duced drier hydroclimates in proto-Mediterranean hinterlands and marine deoxygenation in the
western Tethys. These conditions were followed by gradual transitions to wetter hydroclimates
and reoxygenated oceans, which coincide with a carbon uptake phase of the PETM. Our re-
sults demonstrate that extreme global warming can drive sustained aridi cation and long-lasting
marine deoxygenation with recovery timescales that far exceed timeframes relevant to humans.

Keywords: Palaeocene, Eocene Thermal Maximum (PETM), haematite, biogenic magnetite
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Integrating Environmental Magnetism and
Citizen Science for Air Quality Assessment:
Challenges in Stakeholder Communication

Davia Dosias-Perla&, Pierre Camps 2

1 Pole de recherche pour l'organisation et la di usion de l'information géographique Université Paris 1
Panthéon-Sorbonne, Centre National de la Recherche Scientique PRODIG - Paris, France
2 Géosciences Montpellier Univ. Montpellier, CNRS, Montpellier, France

Environmental magnetism established itself as a valuable proxy for assessing particulate air
pollution at very ne spatial scales following the seminal work of Matzka & Maher (1999). Yet
governmental air quality monitoring agencies (AASQA in France), whose operations are strictly
constrained by European regulatory frameworks, are neither designed nor equipped to provide
direct measurements at such micro-spatial scales.

In this context, environmental magnetism is often mobilized in response to demands from citizen
associations, whose objectives in most cases include in uencing public policy-such as reducing
or eliminating tra c in their neighborhoods, or opposing the development of new transport in-
frastructures and urban projects.

This presentation o ers a critical and re exive account of how our methodological and communi-
cation strategies have evolved across a variety of stakeholder contexts. Starting from the initial
measurement of the magnetic properties of dust deposits collected on passive accumulation sur-
faces, we progressively expanded our investigations beyond our original area of expertise. This
included, for instance, the development of CFD-based models of pollutant dispersion-of relevance
to technical managers in industrial companies-as well as analog modeling of turbulence within
the atmospheric boundary layer (ABL), which proved especially illustrative for non-specialist
audiences.

To sustain the engagement of all stakeholders over the long term, the researcher must adopt
a position of neutrality, an inherently re exive posture (Irwin, 1995; Kimura & Kinchy, 2016).
However, this position is naturally di cult to maintain, requiring a delicate balance between
conducting an objective scienti ¢ study in collaboration with a highly heterogeneous group of
citizens-ranging from supporters to opponents, satis ed and dissatis ed individuals, from those
skeptical of science or prone to conspiratorial views to more informed participants-and providing
expertise that is often requested by elected o cials to support public decision-making.

When approached in a re ective and critical manner, such a framework generally can genuinely
bene t both science and society, provided that trust is sustained across the full spectrum of
stakeholders involved.

References :
Matzka & Maher (1999), Atmospheric Environment, v33, p 4565 - 45609.
Irwin, A. (1995). Citizen Science: A Study of People, Expertise and Sustainable Development.
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Kimura, A. H., & Kinchy, A. (2016). Citizen science: Probing the virtues and contexts of
participatory research. Engaging Science, Technology, and Society, 2, 331 361
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Magnetic studies of soils polluted with military
activity in Ukraine

Oleksandr Menshov !, Kseniia Bondar?, Volodymyr Bakhmutov?,
Dmytro Hlavatskyi 3, levgen Poliachenkd

! Taras Shevchenko National University of Kyiv 90, Vasylkivska Street, City of Kyiv, Ukraine, 03022,
Ukraine
2 Institute of Geophysics - Polish Academy of Sciences Ksiecia Janusza 64, 01-452 Warsaw, Poland
3 S.Subbotin Institute of Geophysics of the National Academy of Sciences of Ukraine Akademika
Palladina 32, 03142 Kyiv, Ukraine

The current military actions in Ukraine have been caused severe damage and contamination
of soil. Approximately 140,000 square kilometers of Ukrainian territory have been contaminated
with mines, unexploded ordnance (UXO), heavy metals (HM), explosives and other types of
war-related pollution. Di erent types of military-induced degradation lead to physical, mechan-
ical, chemical, and biological contamination of urban and agricultural lands (Bonchkovskyi et
al., 2025). Relation between magnetic proxies and heavy metal pollution, caused by industrial
and urban activities, have been published in number of articles (Magiera & Szuszkiewicz, 2025).
Signi cantly fewer works are devoted to contamination of soil as a result of hostilities, such as
explosion impact on soil near the craters, heavy metal pollution, the oil and burning pollution of
the military equipment origin, etc. (Bondar et al., 2025). The aim of our study is the attempt of
building and veri cation of a complex magnetic model of the impacted by the military activity's
areas. We have a number of the testing sites, among them are: Kyselivka, former battle eld in
Mykolaiv district of Mykolaiv Oblast; former battle elds at the villages Pryshyb and Verbivka
at the border of Ukraine Forest-Steppe and Steppe in Kharkiv region; former occupied lands in
Kyiv region located about 30 km northern Kyiv city along the left and right parts of at valley
of the Irpin River; active but partially destroyed by missile strikes Trypillia power station near
the town Ukrainka. The di erence between study sites is soil types and landscapes, and as a
result initial natural magnetic properties. The places of the mines or up to 152 mm caliber
explosion didn't demonstrate the visible increase of the magnetic susceptibility comparing with
natural soil. At the same time, magnetic mineralogical analysis, as well as XRF or ICP chemical
studies, demonstrated anomalous zones within the distance of the blast impact. Fundamentally
di erent characteristics was registered at the places of the continuous destruction of explosives,
positions of military equipment, and burning. The highest values of the magnetic susceptibility
() (up to 500 10-8 m3/kg) were related to the silver-colored metal fragments at the zones of
burning and explosion. The samples of the oil contamination demonstrated the increase of the
magnetic susceptibility partly (100 200 10-8 m3/kg). The results of the heavy metals pollution
reveal the genetic relation with magnetic parameters. The high correlation was registered be-
tween magnetic susceptibility and Mn, Cu, Zn, Cd, Pb, Ni (0.89, 0.90, 0.68, 0.91, 0.76, 0.76).
Bonchkovskyi, O., Ostapenko, P., Bonchkovskyi, A., & Shvaiko, V. (2025). War-induced soil dis-
turbances in north-eastern Ukraine (Kharkiv region): Physical disturbances, soil contamination
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and land use change. Science of The Total Environment, 964, 178594.

Bondar, K. M., Bakhmutov, V., Poliachenko, I., Hlavatskyi, D., & Menshov, O. (2025). Magnetic
and chemical signals of post-blast residue in soil: A case study from northern Ukraine. Science
of The Total Environment, 977, 179342.

Magiera, T., & Szuszkiewicz, M. (2025). Combination of Portable X-Ray Fluorescence With Soil

Magnetometry as an E ective Tool for Distinguish Di erent Pollution Sources. Land Degrada-
tion & Development, 36(8), 2543-2556.

Keywords: military activity, magnetic susceptibility, heavy metals, soil, pollution
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Magnetic and chemical properties of indoor
dust with a grain size below 20 m.
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This study presents the magnetic and chemical characterization of indoor dust particles with
grain sizes below 20 m. Particular attention is given to the composition of magnetic minerals,
the domain state of magnetic particles, and the bioaccessibility of potentially toxic metals. Fine
particles (less than 20 m) are of particular concern because they can enter the human body
through inhalation and ingestion.

The indoor dust was collected in 2024 from oor surfaces in an apartment in a suburban area of
Warsaw, Poland. Fraction sizes of less than 20 m and, for comparison, less than 71 m were
obtained through sieving using an automated shaker system. The magnetic susceptibility of the

The total concentration of potentially toxic metals in theZzn > Mn > Ba > Cu> Sr> Cr

> Ni> Pb > Zr. A sequential extraction procedure was applied to evaluate the mobility and
bioaccessibility of these metals. Figure 1b shows the distribution of the easily exchangeable (F1)
and weakly bound (F2) fractions, which represent highly bioaccessible forms of the examined
metals. The relatively high proportion of potentially toxic metals in mobile forms may result
from limited interaction between indoor dust and external environmental factors, such as water
leaching. The elevated content of bioaccessible metals in the

Keywords: indoor dust, magnetic susceptibility, IRM acquisition curve, toxic metals, mobility and
bioaccessibility of metals, environmental and sedimentary magnetism
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Environmental magnetic biomonitoring of
vehicular air pollution in Cologne, Germany

Stephanie Scheidt !, Kathrin Jung !, Janina Fontes', Christine Franke?

! Institute for Geology and Mineralogy, University of Cologne, Cologne, Germany
2 Mines Paris - Université PSL, Fontainebleau, France

Airborne particulate matter (PM) is known to have serious e ects on human health. How-
ever, the number of o cial air quality monitoring stations limits the availability of high-resolution
spatial documentation of the actual state of particulate matter pollution in cities. In recent years,
the use of plants as passive monitoring captors (biomonitoring) in urban areas has been applied
as an alternative low-cost approach. Plane trees are of particular interest in this context, as the
natural shedding of their bark each spring allows for determination of data in annual resolution.
The French citizen science project Ecorc'Air developed a straightforward sampling protocol for
the annual collection of plane tree bark that can be used by citizens after a brief introduction.
The magnetic susceptibility of the dried bark is used as a proxy parameter for estimating PM
concentrations of magnetic particles in cities. This has been used to create annual maps showing
the variations in magnetic particle concentrations. Since the project started in Paris (France) in
2016, it has grown beyond national borders. In Germany the DFG-funded project "Mapping the
concentration of particles in the air in the city of Cologne using environmental magnetic tech-
nigues a rst step towards participation in the European science network "Euro'Air" started
in autumn 2025. During the pre-project phase 246 trees were sampled in downtown Cologne in
spring 2025. In spring 2026, these trees were revisited, but sampling was also extended to the
suburbs of Cologne on the left side of the River Rhine. In total, 776 tree bark samples were
taken. The samples are currently being prepared and analysed.

We present the results obtained from the analyses of the tree bark collected during the rst
samples campaign 2025, as well as some new ndings from the 2026 sampling campaign. This
includes the spatial distribution of both, magnetic susceptibility and frequence dependent mag-
netic susceptibility. Additionally, we show the rst insights from magnetic characterisation by
magnetic hysteresis parameters, rst order reversal curves (FORC), and temperature dependent
magnetic susceptibility of magnetic extracts. The magnetic extracts were also analysed by scan-
ning electron microscopy (SEM/EDX) analyses. The discussion of the outcome focusses on the
spatial distribution of the PM concentrations and magnetic characteristics of the samples from
Cologne. Highest values of the magnetic susceptibility were always found at high-tra c streets
near junctions and tra c lights. The frequence dependent magnetic susceptibility was low in
all samples. The distribution and absolute values reveal some interesting similarities, but also
striking di erences, with the Paris dataset. Ultimately, this is the rst step towards planned
cross-regional comparisons; further analyses are required.

Keywords: Environmental magnetism, Magnetic susceptibility, particulate matter, Plane tree, Ger-
many
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Soil Magnetic and Geochemical Signhatures of
Metallurgical History in the Moravian Karst
(Czechia)

Hana Grison™ !, Stejskalova 'arka’, Ond°ej Merta?

! Geophysical Institute [Prague] Praha 4, Czech Republic, Czech Republic
2 Technical Museum in Brno Purky-ova 105, 61200 Brno, Czech Republic

Magnetic methods are widely used as sensitive environmental proxies for detecting anthro-
pogenic impacts; however, their application in archaeological contexts remains relatively limited.
In this study, we therefore focus on the detailed magnetic characterization of soils rich in ar-
chaeological remains in the central part of the Moravian Karst. The investigated soils represent
a unique archive of mining and industrial activity, preserved in fragments of furnace remains,
ceramics, slag, and iron ore residues, whose origins are often di cult to distinguish. The area
was also a ected by charcoal production and contains abundant magnetic microspherules formed
during smelting processes.

The primary objective was to determine whether particles derived from metallurgical activities

in the 8th 9th and 10th 11th centuries, and the 19th century, can be di erentiated based on
their magnetic properties. The study was conducted on soil pro les at least 40 cm deep, located
in the vicinity of known metallurgical sites. Magnetic data comprises in situ measurements
of magnetic susceptibility, complemented by laboratory analyses of its frequency and tempera-
ture dependence, as well as Day plot parameters and IRM acquisition curves, including back-
eld demagnetization, coercivity spectra, and S-ratios, to constrain domain state and coercivity
characteristics. Geochemical characterization comprises elemental concentrations obtained using
portable XRF, pH (HO), and soil organic carbon content. Scanning electron microscopy was
employed not only for the visualization of microspherules but also to assess the degree of sur-
face oxidation and to determine the elemental composition at the surface and within the particles.

The high heterogeneity of magnetic phases poses a challenge for distinguishing mixtures of par-
ticles with varying grain sizes and morphologies. To address this, we introduce a novel method-
ological approach that combines magnetic and geochemical analyses of magnetic extracts, bulk
soil samples, and the residue samples obtained after magnetic extraction.

Our results demonstrate that topsoil magnetic measurements in the central part of the Moravian
Karst are not e ective for detecting metallurgical remains from early medieval smelting, as these
materials predominantly accumulate at depths of 1520 cm. A key nding of this study is that
speci ¢ industrial activities can be e ectively di erentiated using associations between magnetic
and geochemical parameters, as evidenced by strong correlations between magnetic suscepti-
bility and concentrations of Fe, Zn, S, Mn, Pb, As, and P. In areas associated with charcoal
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kilns, magnetic susceptibility exhibits signi cant correlations with Ca concentrations. Magnetic
mineralogical analyses further reveal grain-size variability linked to increasing structural imper-
fections in magnetite maghemite phases; older metallurgical activity is characterized by ner,
pseudo-single-domain grains, whereas more recent activity is dominated by multidomain grains.
Geochemical data indicate that early medieval sites are characterized by elevated concentrations
of Fe, Mn, and P, whereas 19th-century sites show enrichment in Zn, Pb, and As.

In summary, smelting sites and charcoal production in the investigated area exhibit distinct mag-
netic and geochemical signatures, along with a pronounced local e ect that increases soil organic
matter content. This study establishes a novel and integrative framework for decoding complex
soil archives, signi cantly advancing the identi cation of metallurgical residues and enabling more
precise reconstructions of past industrial activities and their long-term environmental impacts.

Keywords: environmental magnetism, archaeology, archaeometallurgical soils, charcoal, elemental
concentrations
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Magnetostratigraphic constraints on Early

Pleistocene continental deposits from the
Upper Cervo River section (NW ltaly):
implications for plant biochronology
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Establishing robust chronological frameworks for continental Plio-Pleistocene successions re-
mains challenging due to the scarcity of continuous and independently dated records. In this
context, magnetostratigraphy provides a key tool for constraining depositional ages and cali-
brating biochronological proxies. We present new palaeomagnetic and palaeobotanical results
from the uppermost portion of the Cervo River succession (NW ltaly), focusing on the Buronzo-
Colombera site, with the aim of re ning the age of fossiliferous continental deposits and assessing
the chronostratigraphic signi cance of carpological assemblages. Stepwise alternating demagne-
tization analyses reveal stable remanent magnetizations carried by low-coercivity minerals, al-
lowing reliable polarity determination. The studied section is characterized by reverse polarity in
both lower and upper stratigraphic units, which we correlate to the Matuyama Chron. The ab-
sence of normal polarity intervals within the investigated succession suggests deposition prior to
the Brunhes-Matuyama boundary, placing it within the Early Pleistocene. Magnetostratigraphic
constraints provide the chronological backbone for integrating detailed carpological data. The
fossil assemblages include a diverse aquatic ora with extant taxa, extirpated genera typical
of the Neogene European record (e.g., Brasenia, Euryale, Magnolia, Phellodendron, Symplo-
cos), and morphologically transitional forms (e.g., Ranunculus, Stratiotes). The occurrence of
abundant megaspores of Azolla liculoides supports an Early Pleistocene westward dispersal
event. When anchored to the Matuyama Chron, these palaeobotanical indicators constrain the
Buronzo-Colombera deposits to the Calabrian Stage, most likely within an early Calabrian inter-
val (_~1.7-1.5 Ma). Our results highlight the critical role of magnetostratigraphy in providing
an independent temporal framework for continental successions, enabling more robust calibra-
tion of plant-based biochronological markers. This integrated magnetobiochronological approach
demonstrates strong potential for improving the temporal resolution of Plio-Pleistocene conti-
nental archives in Europe and for linking evolutionary signals in plant assemblages to global
climatic transitions.

Keywords: Magnetostratigraphy, Sediment archives, Biorchronology, Pleistocene
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Fossil wood a perfect microhabitat for
magnetotactic bacteria
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Magnetotactic bacteria, a group of microorganisms capable of biomineralizing greigite and/or
magnetite, have been reported from a variety of modern and ancient environments. Usually, the
characteristics of a given habitat determine the type of microorganisms present in the environ-
ment. Here, we report the rst occurrence of magnetofossils within the cellular structure of
fossil wood (xylites) present in Eocene amber-bearing sediments from eastern Poland (Leszkow-
ice and Nied'wiada amber quarries). Combined multidisciplinary rock magnetic, trace element,
biomarker, and petrological analyses were conducted to comprehensively investigate the envi-
ronmental signi cance of a localized magnetotactic bacteria bloom. Two types of xylites (fossil
wood) were found in the Eocene sediments. The rst type is characterized by extremely low
magnetic susceptibility (MS), whereas the second displays high MS and easily attaches to a
neodymium magnet. The presence of magnetofossils in the latter type of fossil wood (xylites)
was directly con rmed by TEM imaging that reveals small clusters of rectangular/cubic crys-
tals often align in the form of chains of magnetofossils within the cellular structure of magnetic
xylites and size below 1 m (Fig.1a,b). Based on the FORC analysis, they are most likely greigite
chains, which also agrees with the mainly anoxic conditions inside the fossil wood documented
by biomarker analysis. However, central ridge is not well displayed as expected for greigite of
biogenic origin and FORC distribution shows signi cant vertical spread of closed contours with
the central part shifted below Bu axis indicating strong magnetostatic interactions. That feature
together with negative region below Bcmagnetic xylites, which was likely a nutrient source for
bacteria. Interestingly, magnetic xylites exhibit an enrichment in trace elements, particularly
arsenic and mercury. The occurrence of these elements in the depositional environment is most
likely related to volcanic activity, wild res (as evidenced by charcoal, burnt amber, and poly-
cyclic aromatic hydrocarbons), and soil runo into the basin. Arsenic and mercury were most
likely accumulated by magnetotactic bacteria and incorporated into the greigite structure during
biomineralization. To sum up, these ndings highlight the role of fossil wood as a favorable mi-
crohabitat for magnetotactic bacteria and a potential archive of microbial activity in sedimentary
systems.

Keywords: greigite, magnetocatic bacteria, fossil wood, FORCs, amber, bearing sediments
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Decoding the magnetic signatures of terrestrial
sediments from Antarctica

Stephanie Scheidt !, Ramon Egli?, Bernd Wagner!, Sonja Berg!

! Institute for Geology and Mineralogy, University of Cologne Zuelpicher Str. 49a, 50674 Cologne,
Germany
2 GeoSphere Austria Hohe Warte 38, 1190 Wien, Austria

Magnetotactic Bacteria (MTB) are a diverse group of prokaryotes that are ubiquitous present
in aquatic environments, even in extreme habitats like hot springs and hypersaline and extremely
alkaline lakes. MTBs synthesize intracellular magnetite or greigite crystals to navigate along mag-
netic eld lines (magnetotaxis). In the fossil record, these nanoparticles are called magnetofossils.
Although MTBs have shown to be present in the Circum-Antarctic Ocean, magnetofossils have
not yet been detected in continental sediments of Antarctica to date. During the third expedi-
tion of the East Antarctic Ice Sheet Instabilities (EASI) project in February 2024, a 24 cm long
sediment core (W Earl-6) was recovered from the western part of the Ear Lake (S 66.10621, E
100.95924) on Thomas Island, Bunger Hills, East Antarctica. According to AMS14C dating of
bulk sediment material, the record comprises a 3,700-year timespan. For comparison purposes,
eight terrestrial surface samples were collected from the area surrounding the lake. First order
reversal curves (FORC) have been used to detect the presence of speci c magnetofossil signa-
tures in the so-called central ridge of FORC diagrams. Preliminary measurements suggest that a
central ridge is present in some samples, overlaid to a strong magnetic signature from larger mag-
netic particles, presumably of primary origin. Further investigations are required to ascertain the
origin of the central ridge, so that the presence of magnetofossils in terrestrial East Antarctica
sediments cannot be con rmed yet. However, it is the rst in-depth geophysical investigation on
the mineral-magnetic characteristics of East Antarctic lakes and their terrestrial catchment that
also provide new insights into sediment transport mechanisms and climate-driven environmental
changes in the coastal Antarctic setting.

Keywords: Magnetotactic Bacteria, Magnetofossils, Terrestrial Sediments, East Antarctica, First
Order Reversal Curve (FORC)
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Rock magnetic constraints on
Jurassic Cretaceous magnetostratigraphy of
the Bosso Valley Section (ltaly)

Tiiu Elbra” 1, Petr Pruner?, 'imon Kdyr -1, Kristyna 'ifnerova !

! Institute of Geology of the Czech Academy of Sciences Prague, Czech Republic

The Bosso Valley section is among the localities considered by the Berriasian Working Group
for the stratotype of the Jurassic Cretaceous boundary. Its magnetostratigraphy, established by
Houza et al. (2004), identi ed ve normal and ve reverse polarity zones, including the subzones
M20n.1r (Kysuca) and M19n.1r (Brodno). However, this magnetostratigraphic framework was
supported by rock magnetic analyses based on a limited number of samples. In the present study,
an additional 15 samples from the original collection of Hou2a et al. (2004) were selected for de-
tailed rock magnetic analyses to better constrain the magneto-mineralogical composition and to
complement the existing paleomagnetic dataset. The applied methods included magnetic suscep-
tibility (k) and its frequency dependence (KFD), acquisition and demagnetization of isothermal
remanent magnetization (IRM), anhysteretic remanent magnetization (ARM), and the 3-axial
Lowrie method (LM). The results show that the Late Tithonian interval (magnetozones M20n2n
to M19n2n) is characterized by weakly paramagnetic bulk susceptibility (average k 24 10 ©
Sl), re ecting-according to kFD-a mixture of relatively coarse-grained magnetic minerals and
ultra ne superparamagnetic (SP) particles. In contrast, the Early Berriasian interval (magne-
tozones M19n2n to M17r) exhibits slightly diamagnetic susceptibility (average k 3 10 ©
Sl) and SP contributions ranging from negligible to dominant. These ndings are consistent
with the susceptibility data reported by Hou2a et al. (2004). IRM analyses indicate a persis-
tent mixture of low- and high-coercivity magnetic mineral fractions, typically comprising four to
ve components. A strong positive correlation between magnetic susceptibility and saturation
IRM suggests that variations in magnetic properties are primarily controlled by changes in mag-
netic mineral concentration rather than grain size. The lowermost part of the section (M20n2n)
shows a signi cant contribution of high-coercivity minerals, likely hematite of secondary ori-
gin, which may partially overprint the primary magnetite-bearing remanence. In contrast, the
overlying magnetozones-particularly from the end of Late Tithonian to Early Berriasian interval
(M19r M17r)-show minimal in uence of high-coercivity phases and are therefore more suitable
for reliable magnetostratigraphic interpretation. These and additional results will be presented.
Acknowledgements
Analyses were supported by the institutional project of the Institute of Geology of the Czech
Academy of Sciences (No. 9329). The research contributes to the work of IGCP 679 project and
Berriasian Working Group.

Keywords: rock magnetism, Jurassic Cretaceous boundary, remanent magnetization, magnetostratig-
raphy, magnetic mineralogy
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The Magnetic Record of Modern Alpine
Fluvial Sediments

Ricardo Mendes Shylu?!, Stuart Giltiler 1 Michael Wack?!, Dieke Gerritsen

1 Department fiir Geo-und Umweltwissenschaften [Miinchen] Ludwig-Maximilians-Universitat
Munchen, Theresienstrasse 41, 80333 Munchen, Germany, Germany

How do uvial dynamics in uence the magnetic recording in sediments? This study inves-
tigates the interaction between hydrodynamic variables such as ow regime, velocity, and slope
on the resulting magnetic fabric and remanence in Alpine uvio-lacustrine systems. Using mag-
netic proxies, we aim to quantify how transport energy dictates grain alignment and controls
the stability of detrital remanent magnetization (DRM). So far, we collected _~400 oriented
samples from two drainage systems with contrasting geometries relative to the Earth's mag-
netic eld (EMF): the Isar River (Northern Alps, Germany), owing north and the Adige River
(Southern Alps, Italy), owing south. This setup tests the sensitivity of the magnetic record
to relative ow directions. Anisotropy of remanent magnetization (AMR) and alternating eld
(AF) demagnetization allow us to assess the characteristic remanent magnetization (ChRM) and
magnetic fabric. Preliminary results reveal a three-order-of-magnitude range in magnetic inten-
sities (10-9 to 10-6 Ant/kg), linked to lithological source, with mean values of (6,04 4,55) x
10-7 Am2/kg in the carbonate-dominated Isar versus (6,00 5,64) x 10-6 Am2/kg in the gran-
odioritic Adige. Rock magnetic analysis e.g. hysteresis loop and thermomagnetic curves identify
magnetite as the primary carriers. Samples from the Sylvensteinsee (Isar) yield stable AF and
ChRM directions consistent with the present EMF. For the Adige system, analyses are ongoing.
These preliminary results show how lithological provenance and hydrodynamic energy modulate
the magnetic signal, providing a baseline for using AMR to understand the ow regimes and
sedimentary process.

Keywords: Anisotropy of remanent magnetization, Fluvial lacustrine environments, Hydrodynamic
controls in DRM, Environmental Magnetism
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Reconstruction of Fire Severity and Wetland
Expansion Phases in the Crau Plain
(Southeastern France) Using Environmental

Magnetism

Cécile Latapy*, Francois Demory- 2, Emmanuel Gandouirt, Cecile
Albert 1, Bérangére Leys?3

! Institut méditerranéen de biodiversité et d'écologie marine et continentale Avignon Université, Aix
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la Recherche Scienti que Aix Marseille Université, Campus Etoile, Faculté St-Jérdme case 421 Av. .
escadrille Normandie-Niemen 13397 MARSEILLE CEDEX 20, France
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Recherche pour le Développement, Aix Marseille Université, Collége de France, Institut National des
Sciences de I'Univers, Centre National de la Recherche Scienti que, Institut National de Recherche pour
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3 UMR AMAP CIRAD Centre de Coopération Internationale en Recherche Agronomique pour le
Développement TA A51/PS2 34398 Montpellier cedex 5, France

Wild res can signi cantly change the magnetic properties of soils and sediments through the
incorporation of magnetic fractions contained in vegetation ashes (Jordanova et al., 2018). A
major interpretative challenge lies in disentangling the superimposed in uences of multiple pro-
cesses a ecting the evolution of magnetic particle assemblages through time. The main objective
of this study is to identify the factors in uencing the magnetic record of the Etang des Aulnes
(Crau Plain, southeastern France) pond sediments and to assess how this record can be used to
reconstruct past re severity within its watershed. This pond is particularly suitable for envi-
ronmental magnetism studies because its water level is primarily controlled by the groundwater
table, with little to no in uence from tributaries. In addition, the sedimentary succession has
been investigated through paleoecological analyses covering the last 8000 years (Latapy et al., in
prep).

Along the sedimentary sequence, re history reconstructed from charcoal analysis is comple-
mented by an environmental magnetism approach, including measurements of magnetic suscep-
tibility, laboratory-induced remanent magnetizations, and frequency-dependent magnetic sus-
ceptibility. These data are further supported by X-ray uorescence analyses, as well as pollen
and non-pollen palynomorph records, which provide insights into phases of wetland expansion.
Prior to 5200 cal BP, high values of magnetic parameters and charcoal records suggest elevated
re severity and shifts in wetland expansion phases, in uencing both marginal wetland organic
accumulation (before 6700 cal BP) and biomass productivity (between 6700 and 5200 cal BP). In
contrast, the interval between 4000 and 2400 cal BP is characterized by an increased contribution
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of the superparamagnetic grain fraction, while other magnetic parameters remain relatively low.

During this period, the increase in the superparamagnetic signal appears to be primarily driven

by signi cant re activity. Since 2400 cal BP, the weak magnetic signature of re likely re ects

reduced re severity or res occurring beyond the watershed. At this site, the superparamagnetic

grain signal appears to be strongly linked to re activity but may be diluted by additional factors,

such as phases of wetland expansion, which are characterized using other magnetic parameters

and complementary paleoenvironmental proxies.

Jordanova, D., Jordanova, N., Barrén, V., Petrov, P., 2018. The signs of past wild res encoded in

the magnetic properties of forest soils. CATENA 171, 265 279. https://doi.org/10.1016/j.catena.2018.07.030

Keywords: Wild re detection superparamagnetics pond wetland expansion
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Magnetic soil characterisation with
electromagnetic induction instruments: a
perspective.

Philippe De Smedf !, Francois-Xavier Simort, Julien Guillemoteat?,
Julien Thiessorf, Lola Claeys*

! Department of Environment, Ghent University, Gent, Belgium
2 INRAP CNRS, EPHE, UMR 7619 METIS, 4 place Jussieu, 75005 Paris, France INRAP, centre
archéologique, 5 rue Fernand Holweck, 21000 Dijon France, France
3 Institute of Geosciences, University of Potsdam, Potsdam, Germany
4 UMR 7619 METIS Sorbonne Université, CNRS, EPHE, Paris, France

Frequency domain electromagnetic induction (FDEM) instruments have become ubiquitous
in soil studies, nding applications in agriculture; ecohydrology; or pollution assessment. Even
though these instruments have the potential to investigate both electrical and magnetic proper-
ties of the shallow subsurface, they are generally used as conductivity meters. This is re ected
in the way they instruments are presented in commercial and academic applications, as well
as in existing framework for data processing, which are geared primarily towards resolving and
interpreting conductivity variations. Still, magnetic minerals play a key role in soil functioning
in a wide range of environments, for instance through their in uence on the cation exchange
capacity of soils depleted in clays and organic matter.

Recent advances in hardware development, resulting in improved measurement stability, together
with applications in archaeology, which generally focus on magnetic variations, demonstrate the
potential of FDEM instruments for detailed mapping of magnetic soil variability over large areas.
Here, we provide an overview of the recent advances in magnetic soil mapping with FDEM instru-
ments. We show how novel eld setups allow surveys of up to ten hectares per day, at sub-meter
sampling densities, and how these enable detailed characterisation of magnetic properties. Partic-
ularly when combined with novel inversion procedures, these approaches provide unprecedented
insight into 3D magnetic variations in the subsurface. In addition, the use of multi-frequency
instrumentation allows characterisation of both magnetic susceptibility and magnetic viscosity,
providing a basis for more in-depth subsurface material characterisation. To complement this,
we expand existing open-source forward-modelling code and evaluate the FDEM response of
commonly available instruments to experimentally observed variations in (frequency dependent)
magnetic susceptibility on soils from igneous and non-igneous environments.

Taken together, these developments provide a strong basis for advanced magnetic soil mapping
with FDEM instruments, supporting both broader application of the method, and the develop-
ment of petrophysical relationships between magnetic signals and relevant soil properties.

Keywords: electromagnetic induction, near surface geophysics, soil survey
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Local and regional signals in magnetic
susceptibility records from the last 100ky In
the Lower Danube area (Bulgaria)

Daniel Ishlyamski' 1, Diana Jordanovat, Neli Jordanovat, Daniel Veres’,
Yunus Baykal?3, Marius Robu?#®, Ulrich Hambach?®, Bozhurka
Georgieva - Ishlyamska, Andrew Trott 7, Guido Wiesenberd

! National Institute of Geophysics, Geodesy and Geography Acad. G. Bonchev str, bl. 3, 1113 So a,
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2 Romanian Academy Cluj-Napoca Branch, Institute of Speleology Clinicilor 5, 400006 Cluj-Napoca,
Romania, Romania
3 Department of Physics, Technical University of Denmark Frederiksborgvej 399, 4000 Roskilde,
Denmark, Denmark
4 EMIL RACOVITA INSTITUTE OF SPELEOLOGY Calea 13 Septembrie, Nr. 13, Postal code
050711, Sector 5, Bucharest, Romania
5 Calea 13 Septembrie, Nr. 13, Postal code 050711, Sector 5, Bucharest Bucharest, Romania, Romania
6 BayCEER , Universitat Bayreuth Bayreuth, Germany, Germany
" Department of Geography, University of Zurich Winterthurerstrasse 190, 8057 Ziirich, Switzerland,
Switzerland

Magnetic susceptibility (X) is a rapidly measured and sensitive indicator for the presence of
secondary alterations, weathering, incipient soil formation, and soil development. Within ma-
ture soils, it additionally tracks the trajectory of development under good drainage and frequent
changes in oxidative/reducing microenvironments. As a bulk property of the material, magnetic
susceptibility is a superposition of the contributions from di erent organic and inorganic mineral
fractions with di erent origin, grain size distribution and mineralogy. Disentangling importance
of each contribution of these fractions is crucial for a reliable interpretation of magnetic suscepti-
bility variations as (paleo)climate proxy. The role of local (site speci c) conditions is examined
by comparison of the absolute magnetic enhancement and variabilities of susceptibility down
three pro les of Holocene (S0) soil and rst loess (L1) from the surroundings of the village Kolo-
bar (NE Bulgaria). The distance between the three of the sampling locations is up to 1km. All
locations have similar geomorphological settings with an altitude of approximately 250 m a.s.l.
Depth variations of X show high similarities both in general trend and low amplitude changes
within the loess horizon L1 as well. A sharp transition between SO and L1 is detected in all
three pro les, arguing for a probable erosion event at a site scale. The latter is missing in the
depth variations of magnetic susceptibility along the SO L1 pro le from another location (site
"OV"), situated ca. 10km NW of Kolobar. Moreover, signi cantly lower magnetic enhancement
of 80 x10-8 m3/kg is obtained for the OV site as compared to maximum magnetic susceptibility
enhancement (Xmax) of 110 x10-8 m3/kg for Kolobar pro les. These di erences may be a func-
tion of spatial variations in dust input during the soil formation period and local climatic factors
. Regional scale factors such as changes in climate parameters (precipitation, temperature) and
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sedimentation rate are studied through the comparison of magnetic susceptibility as a function
of depth at locations situated 20 to 50 km apart (Kolobar, General Toshevo, Kaolinovo) in NE
Bulgaria. Clear distinctions in pro les' di erentiation, thickness of the rst loess L1 and low
amplitude variations within the loess unit suggest that the variability of magnetic susceptibility
is mainly governed by factors acting on a wider regional scale.

The team of LOEs-CLIMBE project > 121120 230102 gratefully acknowledges the nancial and
institutional support provided in the framework of the second Swiss Contribution to selected EU
member states (funding scheme MAPS).

Keywords: loess, Holocene soil, magnetic susceptibility, paleoclimate
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Unexpected magnetic depletion in the paleosol
unit S4 from the Kolobar loess-paleosol
sequence (NE Bulgaria)
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Mineral and rock magnetic studies on loess paleosol sequences (LPSs) are powerful tools
for reconstructing paleoclimatic changes during glacial interglacial cycles of the Quaternary.
In the loess-paleosol records of steppic southeastern Europe, magnetic susceptibility of recent
soil and palaeosol units is commonly enhanced compared to the parent loess horizons. However,
under speci ¢ paleoenvironmental conditions, magnetic depletion can occur in paleosols. This
magnetic depletion signature is recognized in the fourth paleosol (S4) of the Kolobar LPS located
in NE Bulgaria. The entire Kolobar LPS was sampled continuously at 2 cm resolution while the
present study is focused on a three meters thick subsection including the fourth loess horizon
L4, palaeosol S4 and the underlying palaeosol S5. Detailed magnetic characterization of the
deposits was carried out, including mass speci ¢ magnetic susceptibility (X) and its frequency
dependence, laboratory remanences (Anhysteretic (ARM), Isothermal (IRM) in di erent satu-
ration elds) and grain size sensitive magnetic ratios (ARM/X, ARM/IRM, S-ratio). Stepwise
acquisition of ARM with increasing maximum amplitude of the alternating eld reveal that the
most stable magnetic carriers of ARM are present in the loess unit L4. These results suggest
that in the magnetically depleted S4 paleosol, decreasing amounts of the pedogenic superpara-
magnetic particles are accompanied by an increasing amount of remanence carrying hematite
grains as compared to the bracketing loess and paleosol units. These relationships suggest that
the observed magnetic depletion in the S4 paleosol is caused by dissolution of ne-grained pe-
dogenic superparamagnetic and single-domain magnetites, thus increasing the relative share of
coarse-grained sedimentary hematite inherited from the loess parent material. Further geochem-
ical data on the variations of the total Fe concentration are needed to specify the dynamics of
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iron within the studied stratigraphic interval and the chain of Fe transformations.

The team of LOEs-CLIMBE project > 121120 230102 gratefully acknowledges the nancial and
institutional support provided in the framework of the second Swiss Contribution to selected EU
member states (funding scheme MAPS) .

Keywords: soil magnetism, iron oxides, magnetic susceptibility, loess
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Vertical distribution of magnetic susceptibility
In the topsoil of di erent soll types:
examination of soil homogeneity and

representativeness of the selected study area
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Forest soil and habitat maps are available in many EU countries, but they di er in method-
ology, level of detail, and presentation. The spatial composition of forest soils is highly diverse
and depends on environmental factors such as geographical location, slope morphology, micro-
climatic conditions, and vegetation. Some forest soil complexes show little variability over large
areas, while others are highly localized and develop under speci ¢ soil-forming conditions. In
such cases, selecting a representative site for a soil pit is crucial. Although determining soil
type based solely on the uppermost 30 cm of the soil pro le is challenging, in some cases it is
su cient to analyse the vertical distribution of magnetic susceptibility (k). This parameter can
be highly characteristic for certain soil types and enables precise identi cation of boundaries
between soil complexes. In this study, we focused on Podzols, rusty soils (Dystric Arenosols),
and ochre soils (Rubic Arenosols) developed on Quaternary sands in northern (clean areas) and
southern (polluted areas) Poland. In total we investigated 11 sites. At each site, eight topsoil
cores (to a depth of 30 cm) were collected using a regular grid within a 20 fmarea around a
central deep soil pit. Podzolic soils are characterized by a sharp magnetic peak in the organic
horizon and a strong decrease in k values to near-zero or negative levels in the eluvial horizon,
re ecting diamagnetic quartz sand. In rusty soils, k values below the organic horizon remain
above 5 1010° SlI, indicating paramagnetic properties. Ochre soils exhibit very high k values
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in the rubic (Bo) horizon, often located directly beneath the organic layer. These values exceed
100 10 ° Sl and may reach up to 1000 10° SI due to the presence of ferrimagnetic minerals
such as ferrihydrite and maghemite. This horizon typically extends deeper than 30 cm, resulting
in increasing k values throughout the entire core and masking the magnetic peak of the organic
horizon. The investigated sites with podzolic and rusty soils were relatively homogeneous, and
the central soil pits were representative of the study areas. Magnetic patterns were consistent,
with only minor variations in horizon thickness. In contrast, ochre soils showed high spatial
variability. In most cases, two or three soil types were identi ed within a 20 n? area, indicating
their very local occurrence. Funded by the National Science Centre, Poland under the OPUS
call in the Weave programme 2022/47/I/ST10/00563 "

Keywords: magnetic susceptibility, topsoil cores, vertical distribution, site homogeneity
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Magnetic properties of pristine pillows:
iImplications for long-term variation in sea oor
magnetization
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Pillow basalts comprising Layer 2A of the oceanic crust are the main source of sea oor
magnetization. The freshness of these pillows controls the remanence intensity, which manifests
in the form of the amplitude of marine magnetic anomalies. The intensity of crustal remanence
decreases with increasing maghemitization of the Ti-magnetite away from mid-ocean ridges.
However, the decrease in intensity and rate of maghemitization are not uniform and nonlinear
with age. Here we discuss the magnetic properties of _~56 Ma unaltered pillows from the Mid-
Norwegian Volcanic Margin recovered during IODP Expedition 396 from Hole U1574A. Although
quite older than the pillows of adjacent oceanic crust, pillows from the margin are unaltered due
to their preservation in a reduced environment below a thick sediment cover. This reduced
environment is exempli ed by the presence of sul de veins in the pillow rims. Petrographic
and thermomagnetic analysis reveal the presence of TM60 in the pillow interiors with feeble
maghemitization in the rims. The interiors of the unaltered pillows are characterized by higher
magnetic susceptibility (Km) but lower NRM intensity than weakly altered pillow rims. Such
trends can be explained by the grain-size variation in Ti-magnetite from the rims to the interior.
Higher coercivity (Hc) of smaller Ti-magnetite grains helps retain most of the original remanence,
while the larger ones in the pillow interiors with low Hc lost most of the magnetic remanence due
to viscous decay. The magnetic properties of these old pillows suggest that maghemitization is
not e ective once the pillows are buried under a thick sediment blanket that prevents them from
active uid-rock interactions. Rapid maghemitization rate of MORB pillows for the early 10-15
Ma of the crust formation is thus related to extensive uid circulation in the basement before
being covered by sediments. This early event removes 3/4th of the original crustal remanence.
The gradual drop in intensity afterwards is related to the reduced environment imposed by the
thick sediment covering.

Keywords: Maine magnetic anomaly, maghemitization, natural remanence intensity, IODP, Expe-
dition 396.
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The Rise and Development of Paleomagnetic
Research in Georgia: The Role of Professor
Michel Prévot

Djemal Sologashvili *
L University of Thilissi Thilissi, Georgia

Paleomagnetic research in Georgia began in the mid-1950s at Thilisi State University (TSU),
within the Department of Geophysics under the leadership of Professor Mikheil Nodia. The
expansion and further development of these studies are closely associated with Associate Pro-
fessor Leo Vekua, whose initiative led to the construction of the paleomagnetic laboratory in
Martkopi, located outside the capital city of Georgia. By the 1970s, the Martkopi Paleomagnetic
Laboratory had been equipped with main paleomagnetic equipment available. It soon became a
prominent research hub for numerous scienti ¢ centers across the Soviet Union. This was largely
due to its location within a carefully selected area characterized by exceptionally low geomag-
netic noise, ensuring that experiments were not a ected by industrial activity.

The primary research objects of the TSU paleomagnetic group included Neogene Anthropogene
volcanic lava ows distributed across Georgia, particularly on the southern slopes of the Greater
Caucasus, the Lesser Caucasus, and the volcanic highlands of Javakheti. Subsequently, the
scope of research expanded to include igneous rocks from Abkhazia, archaeomagnetic materials
recovered from archaeological sites, and baked sedimentary rocks interbedded between volcanic
ows. Archaeomagnetic investigations were conducted in close collaboration with the Georgian
Archaeological Research Center, involving distinguished scholars such as Otar Lordkipanidze,
Leo Gabunia, and Abesalom Vekua, among others. The rst major recognition of the Martkopi
laboratory's results came in 1976 at the First All-Union Conference in Moscow, titled "The Main
Geomagnetic Field and Problems of Paleomagnetism.” The reliability of the laboratory's results
attracted numerous visits from leading research institutions for control measurements. Geor-
gian paleomagnetists established active collaborations with major scienti ¢ centers in Moscow,
Leningrad (now Saint Petersburg), Kiev, Novosibirsk, and Kazan, among others. Within Georgia,
paleomagnetic research also expanded to include institutions such as the Geophysical Institute
of the Georgian Academy of Sciences, the Institute of Mineral Resources of the Caucasus, and
the Institute of Geology. The scienti ¢ study of the geomagnetic eld in Georgia, however, dates
back much earlier, related to the creation of the Tbilisi Magneto-Meteorological Observatory in
1836 (later the Dusheti Geophysical Observatory), which has conducted continuous measure-
ments of the Earth's magnetic eld elements since 1844.

In the rst half of the 20th century, systematic geomagnetic surveys in the Caucasus were carried
out by Mikheil Nodia. Following the introduction of the double-heating method for remanent

magnetization analysis by Emile and Odette Thellier, paleomagnetism rapidly gained promi-
nence, attracting the active participation of numerous Georgian scientists, including Sh. Adamia,
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M. Nodia, L. Vekua, Z. Chelidze, N. Dzotsenidze, E. Pavlenishvili, G. Maisuradze, J. Sologashvili,
V. Kakulia, B. Asanidze, I. Khabuzania, N. Khvedelidze, M. Chelishvili, R. Gogua, and many
others. Extensive investigations were conducted on volcanic outcrops across Georgia, including
sections at Toki, Khertvisi, Bertagana, Apnia, Korkhi, Dmanisi, Zurtaketi, Mleta, Kazbegi, and
Borjomi. Dikes and sedimentary sequences were also studied. These e orts resulted in the devel-
opment of a regional magnetochronological framework for Plio Pleistocene formations, including
the construction of magnetostratigraphic scales and the reconstruction of virtual geomagnetic
pole (VGP) migration paths. Paleointensity studies using the Thellier method further re ned the
understanding of geomagnetic eld strength variations through time. Particularly noteworthy
are the results obtained from the Toki section in the Paravani River valley, a _~300 m thick
sequence comprising approximately 70 volcanic ows. Comprehensive paleomagnetic analyses
initially identi ed this section as recording the Gauss Matuyama geomagnetic reversal, which
subsequently attracted signi cant interest from French researchers leaded by Prof. Michel Prevot.

A new phase in Georgian paleomagnetism began in 1991 with the visit of a research team
from the University of Montpellier, including Michel Prévot, Alexi Musin-Pushkin, and Pierre
Camps. They participated in an international paleomagnetic expedition led by Associate Profes-
sor Jemal Sologashvili. The eld trip involved extensive work using advanced European method-
ologies and marked the beginning of long-term scienti ¢ collaboration between Georgian and
French researchers. This collaboration played a decisive role in the scienti ¢ career of Dr. Avto
Gogichaishvili, who later pursued doctoral studies under the supervision of Michel Prévot at
the University of Montpellier, supported by the French government. Today, Avto Gogichaishvili

is a professor at National University of Mexico (UNAM) and full member of the Mexican and
Georgian Academy of Sciences.

Over the past decades, paleomagnetic studies of volcanic and sedimentary formations in Geor-
gia have continued through active international collaborations involving French, Spanish (Great
e ort of Prof. Manuel Calvo and collaborators), Mexican, and other researchers. These e orts
have signi cantly enhanced the robustness and global relevance of the results. Recent studies
have focused on sections such as Toloshi in the Mtkvari River valley. Paleomagnetic analyses
have also contributed to re ning the age of early human remains discovered at Dmanisi, correlat-
ing them with the Olduvai subchron. These investigations were conducted in collaboration with
the University of Cologne, involving Professor Gerhard Bosinski and archaeologist Antje Justus.

During Michel Prévot's stay in Georgia, he delivered a public lecture at TSU on modern pa-
leomagnetic methods and results, which left a strong impression on the academic community.
Beyond scienti ¢ contributions, Professor Prévot developed a deep appreciation for Georgia's
natural landscapes and cultural heritage, including its volcanic plateaus, the Borjomi valley, the
Dariali Gorge, and the iconic Gergeti Trinity Church. He was equally captivated by Georgian
hospitality and traditional music, particularly performances by the "Tsisperi Trio," which he
continued to enjoy even in Montpellier.

Finally, it is important to acknowledge with gratitude the kindness and generosity of Michel
Prévot and his family, especially his wife Claudette, whose warmth, culture, and humanity left
a lasting impression and exempli ed the spirit of true scienti ¢ collaboration.

Keywords: History of Science, Republic of Georgia.
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Diversity of hump-shaped k-T curves in ood
basalts

Qi Zhang™ 2, Erwin Appel- 2

L China University of Geosciences (Beijing) 29 Xueyuan Rd, Haidian, Beijing, China
2 Eberhard Karls Universitat Tibingen Schnarrenbergstraye 94-96, 72076 Tiibingen, Germany

Hump-shaped features in thermomagnetic low- eld susceptibility (k-T) curves below the
Curie temperature (TC) of magnetite are widely observed in basaltic systems, yet their origin
remains debated. Here we present a comprehensive study based on _~300 k-T measurements
from the Deccan (India), Emeishan (China) and Etendeka (Namibia) fresh ood basalts and con-
nected weathered pebble fractions, using an AGICO device. The pebbles were sieved into ve
grain-size classes, providing a controlled framework to assess the e ects of progressive weather-
ing. The results reveal a remarkable diversity of k-T curve shapes, including variations in hump
amplitude, width, and peak temperature (typically 200-400 C), as well as the occurrence of
kink-like features and additional peaks near TC of magnetite. We investigated trends of this
diversity with increasing weathering degree regarding the height and width of humps, thermal
hysteresis, TC and low-temperature features (Verwey transition: VT, isotropic magnetocrys-
talline anisotropy: IMA). We found that the hump expression increases with alteration, VT
and IMA shift to lower temperatures or are absent, and TC varies between ~550 and 640 C.
However, systematic variations are largely obscured by the combined e ects of Ti content and
low-temperature oxidation. Heating-cooling cycles, comparison with thermomagnetic curves of
saturation magnetization (Ms), and partial thermal experiments demonstrate that many features
are reversible and cannot be explained solely by mineral transformation (Zhang & Appel, 2023;
Zhang et al., 2025). Instead, the observations indicate that hump-shaped k-T behavior pri-
marily re ects thermal relaxation associated with transitions between stable single-domain and
superparamagnetic states in ne magnetite. Weathering-induced internal subdivision, stress,
and magnetite-ilmenite intergrowths likely generate the required ne-scale magnetic structures.
These results show that k-T curve diversity in ood basalts arises from coupled e ects of grain-
size evolution, oxidation, and magnetic interactions, rather than a single mineralogical process.
As an important message, we conclude that the decrease of k in k-T heating curves at _~300-
400 C is unsuitable for determining the content of thermally unstable maghemite, instead using
Ms-T curves is recommended for this purpose.

Keywords: Magnetite, Basalt, Termomagnetic curves, Magnetic interaction
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In Search of Reliable Paleointensity Values: A
Multimethod Test on Quaternary Mexican
Volcanoes

Nayeli Pérez-Rodriguez !, Juan Morales', Marie-Noelle Guilbaud’, Avto
Gogichaishvilit

L INSTITUTO DE GEOFISICA UNIDAD MICHOACAN, UNAM. Antigua Carretera a Patzcuaro,
C.P. 58190, Morelia, Michoacéan, México, Mexico
2 Instituto de Geo sica [México] Universidad Nacional Auténoma de México | Ciudad Universitaria,
Coyoacan, CDMX, Mexico

Determining paleointensity remains one of the most challenging problems in paleomagnetism.
Experimental results are strongly in uenced by factors such as magnetic mineral grain size, com-
position, thermal stability, internal structure, and geological history, often leading to low success
rates that rarely exceed 50%. This complexity has driven the development of multiple method-
ologies, as well as rigorous quality criteria, diagnostic tools to identify unreliable experiments,
and laboratory protocols designed to improve data robustness. In this context, multimethod
approaches have emerged over the past decade as a key strategy to improve the reliability of
paleointensity estimates, particularly when integrating results from methods based on di erent
physical principles. Here, we present a multimethod paleointensity study of three Quaternary
volcanic structures from western Mexico. These units have been previously investigated, enabling
direct comparison between results obtained using Thellier-type methods (Thellier-Coe and 1ZZ1),
the Multispecimen method, and Shaw-family methods (Shaw and Tsunakawa-Shaw). Two of the
studied structures yield consistent paleointensity estimates across all methods, reinforcing their
reliability. In contrast, the third structure shows a signi cant discrepancy of ~30 T between
methods, highlighting the limitations of individual techniques when applied in isolation. We
examine the origin of this divergence and critically assess the criteria used to validate or reject
paleointensity determinations.

Keywords: Thellier type methods, Shaw family protocols, Multispecimen experiment
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When lavas lie: Geomagnetic reversal or
Self-reversal?

Hakan Ucar” !, Vladimir Cajz 2, Tiiu Elbra !, Petr Schnabl', David
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Antiparallel directions in lavas are commonly taken as reliable records of geomagnetic re-
versals. But what if the lava, rather than the eld, is responsible for the reversal? Since
Néel's pioneering theoretical work, followed by major advances from many researchers includ-
ing Michel Prévot, it has been clear that reversed remanence in lavas may sometimes re ect
mineral-magnetic processes rather than a truly reversed geomagnetic eld. Here, we revisit this
long-standing problem in Miocene basalts from the Kru2né hory/Erzgebirge Mountains in Central
Europe, where rocks from the same lava ow display normal, reversed, and dual-polarity rema-
nence. Combining paleomagnetism, rock magnetism, SEM EDS observations, and laboratory
TRM experiments, we show that the reversed signals can arise from self-reversed thermorema-
nent magnetization carried by oxidized Fe Ti oxides. The main magnetic carriers are coarse
core rim grains in which Ti-maghemite rims surround Ti-magnetite cores. During lava cooling,
the higher-blocking Ti-maghemite rim acquires remanence rst and then imposes an internal
demagnetizing eld that can magnetostatically force the still-unblocked Ti-magnetite core into
antiparallel alignment with the ambient eld. Depending on the relative contribution of rim and
core, this process produces complex directional behavior and reduced paleomagnetic intensity.
Particularly diagnostic signature are samples in which the opposing components remain sepa-
rately resolved in both coercivity and unblocking-temperature space and cross a compensation
point with a kink and an uptick during demagnetization; we refer to this behavior as unmixed
self-reversal . Our results show that oxidation state, grain geometry, and magnetic interactions
can make lavas "lie" about the geomagnetic eld through negative coupling of ferrimagnetic
phases, with important implications for volcanic paleomagnetism, magnetostratigraphy, and pa-
leointensity studies and more broadly for any remanence-carrying material. Acknowledgments:
This work was supported by the Czech Science Foundation (GAfR) project 22-13980S, the In-
stitute of Geology of the Czech Academy of Sciences (institutional project no. 9351), and the
programme Dynamic Planet Earth of the Czech Academy of Sciences (StrategyAv21/30).

Keywords: Session 5, self reversal, thermoremanent magnetization, titanomagnetite, titanomaghemite,
volcanism, magnetostatic interactions, negative coupling
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Linking magnetic properties of MORBSs to
primary volcanic features and hydrothermal
alteration along the South Atlantic ridge anks
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Magnetic signature of subsea oor basaltic lava ows yield insights into crustal accretion,
plate tectonics, and geomagnetic eld variations over time. The primary carrier of thermore-
manent magnetization of shallow mid-ocean-ridge basalt (MORB) are titano-magnetites, whose
chemistry and grain size are linked to magma composition and emplacement style.

Both on- and o -axis, MORB undergoes progressive hydrothermal alteration by seawater-derived
uids, resulting in the oxidation of titano-magnetites into titano-maghemites, the replacement
of the original magnetization, and changes in the intensity of marine magnetic anomalies. How-
ever, the style and extent of o -axis hydrothermal alteration depend largely on rock textures
and can range from pervasive in the groundmass to localized in vein halos, leading to signi cant
heterogeneity in the upper crust. Therefore, examining the magnetic properties of MORBs from
crustal ow line transects is essential for assessing and identifying the factors controlling the
evolution of MORB magnetic signatures.

In this study, we combined detailed rock magnetic analyses with petrographic and geochemical
data to characterize variations in magnetic mineral assemblages and grain-size in fresh and al-
tered basaltic lavas from the upper crust, formed between _~7 and 61 Ma along the Mid-Atlantic
Ridge at 31 S. MORB retrieved during the South Atlantic Transect (SAT) ocean drilling expe-
ditions (IODP Expeditions 390 & 393) preserves both primary magmatic characteristics and
records of varying extents of reaction with seawater-derived uids. This transect o ers a unique
opportunity to study the accretion of upper oceanic crust, the evolution of o -axis hydrothermal
processes over time, and the in uence of seawater-basalts interaction on long-term variations in
sea 0or magnetic signature.

Across the ridge ank (i.e., with increasing age), variations in magnetic signature reveal a strong
dependence of magnetic mineral grain-size and composition on the nature of the volcanic units
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and the evolution of the hydrothermal alteration. For example, fresh MORBs contain Ti-rich
titano-magnetites, with changes in particle size (domain states) between basaltic pillows and
massive lava ows. Fluctuations in the intensity of remanent magnetization and magnetic sus-
ceptibility vary depending on primary igneous textures and emplacement style. Magnetic mineral
composition (e.g., Ti-content) and grain-size vary according to alteration style and extent, with
a general decrease in magnetization. As alteration evolves, the magnetic properties testify to
a progressive oxidation of the primary titano-magnetites and a reduction in magnetic particles
grain-size, associated with various extents of groundmass and phenocrysts replacement by sec-
ondary minerals. Strongly altered MORBSs reveal a paramagnetic contribution related to the
formation of clays locally associated with Fe-oxyhydroxides (i.e., goethite).

Overall, the analysis of bulk magnetic properties across the South Atlantic ridge ank pro-
vides constraints on the complex interplay of volcanic units/stratigraphy and the evolution of
hydrothermal alteration as the upper oceanic crust ages, linking petrology with the long-term
variation of subsea oor magnetization.

Keywords: MORB, Magnetic signature, Titanomagnetites oxidation, Seawater basalts interaction
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Simulating TRM acquisition in intrusions for
PSV estimation

Rachel Kepler 1, Peter Selkin 2, Catherine Constable 1 Je rey Gee' !
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2 University of Washington [Tacoma] 1900 Commerce Street Tacoma, WA 98402-3100, United States

Thermoremanent magnetization (TRM), acquired as magnetic minerals cool, is commonly
interpreted as a record of the geomagnetic eld at the time of formation. However, this interpre-
tation is often based on the simplifying assumption that remanence is acquired instantaneously
at a single blocking temperature. While it's true that lava ows can provide good "snapshot"
records of paleomagnetic eld strength and direction, they cool quickly and are scattered in time,
leading to undersampling of average eld values. In slowly cooled igneous systems, such as large
intrusions, this assumption breaks down. Within an individual intrusion, cooling occurs over
timescales of 1073 to 1076 years, and the population of magnetic grains acquires remanence
progressively across a range of temperatures, suggesting it may host a stable and potentially
continuous magnetic record of that time. Here we develop a forward modeling framework that
combines single domain TRM acquisition (SDCC, Cych et al., 2024; SDcooling, Nagy et al.,
2021) with prescribed thermal histories, grain-size distributions, and time-varying geomagnetic
eld inputs to simulate remanence acquisition along realistic cooling paths and ultimately quan-
tify how slow cooling in uences the acquisition of TRM and the resulting recorded magnetic
signal.

We explore two simulated models of eld variations to illustrate TRM acquisition. The rst
uses a simple dipole-decay model of eld reversal as input in a simulation, to show how the
reversal timescale couples with time scales for remanence acquisition (i.e. cooling timescales).
The outputs of our forward model allow us to compare with data from laboratory thermal-
demagnetization and paleointensity experiments to determine any detectable signal of reversal
timescale recorded in natural samples. In a second approach we use as input a time series
produced by a geodynamo simulation to compare the impact of di erent cooling timescales on
directional and intensity uctuations using cooling timescales ranging across those expected from
records from thin lava ows to slowly cooled intrusions. Insight from these models will allow us
to investigate the paleosecular variation (PSV) of the geomagnetic eld over decades to hundreds
of thousands of years: the latter could be su cient to obtain representative average eld values.

Our rst test application to a geologic system is a large Jurassic intrusion from Antarctica,

the Dufek Massif, emplaced during the period of the Mesozoic dipole low and in which multi-
ple polarity intervals are recorded. This layered intrusion was densely sampled, roughly every
meter over _~400 meters of the stratigraphy, and individual samples contain one, two or three
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well-de ned, nearly antipodal components of magnetization. In the lowermost exposures of the
Dufek, intervals _~100m thick have very consistent magnetic properties (speci cally the me-
dian destructive temperatures, MDT). But variation in MDT between di erent intervals makes

it di cult to assess whether the same polarity interval might be recorded in di erent parts of
the stratigraphy. Our model addresses this problem by associating time with acquisition during
slow cooling. Because thermal-demagnetization of a laboratory TRM was used to estimate the
grain-size distribution of each of the Dufek samples, we can model realistic grain-size distribu-
tions throughout a stratigraphic section convolved with output from a geodynamo simulation
thought to have a reversal rate comparable to that of the Jurassic. This allows us to examine
the resulting polarity distribution and the timing of its acquisition, in principle providing a time
series of geomagnetic eld variations and a useful structure for comparison to natural samples.

Keywords: paleomagnetism, paleosecular variation, intrusive magmatism, thermoremanent magne-
tization

192



Paleomagnetism of the ~183 Ma Vestfjella
ood basalts, Antarctica: implications for the
Gondwana Large Igneous Province

Elisa Piispa™ !, Arto Luttinen 2, Johanna Salmines, Lauri Pesoner?

1 University of Iceland, Institute of Earth Sciences Sturlugata 7, 102 Reykjavik, Iceland
2 University of Helsinki, Deparment of Geosciences and Geography Yliopistonkatu 4, 00100 Helsinki,
Finland

The breakup of Gondwana around _~183 Ma was accompanied by voluminous ma ¢ magma-
tism between the Grunehogna (East Antarctica) and Kalahari (southern Africa) cratons, forming
the Karoo and Ferrar continental ood basalts, together constituting the Gondwana Large Ig-
neous Province (also known as the Karoo-Ferrar LIP). This LIP coincides with Early Jurassic
Toarcian oceanic anoxic events and associated biotic changes, highlighting its environmental sig-
ni cance. Although geochemical and isotopic correlations between the two provinces are well
established, paleomagnetic data from East Antarctica remain limited, leaving intercontinental
connections insu ciently constrained. Over 400 oriented samples from seven Vestfjella nunataks
span compositionally diverse low- and transitional-Ti lava types with close geochemical analogues
on the southern African side. Rock magnetic analyses (thermomagnetic curves, FORCs, hystere-
sis) indicate vortex state low-Ti titanomagnetite as the dominant remanence carrier. Stable
thermal and alternating- eld demagnetization directions resolve the primary magnetization, and
a positive reversal test con rms its primary origin. The polarity sequence from reversed through
transitional to normal from Basen and Plogen nunataks closely mirrors African Karoo sequences,
reinforcing the Karoo-Ferrar connection and contributing to the paleomagnetic framework of the
Gondwana LIP, with implications for plate reconstructions and the environmental consequences
of this major magmatic event.

Keywords: magnetostratigraphy, Gondwana LIP, Antarctica, rock magnetism, Toarcian oceanic
anoxic event, ood basalts
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Rock magnetic properties of volcanic tephra as
a stratigraphic correlation tool and proxy for
eruptive processes: Insights from the 2021
Cumbre Vieja eruption
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The 2021 Tajogaite eruption at Cumbre Vieja (La Palma, Canary Islands) was a prolonged
hybrid event combining e usive and Strombolian activity over 85 days. It deposited 2.3 107
m3 of tephra across a well-documented stratigraphic sequence with an independently constrained
timeline and extensive coeval geochemical and geophysical datasets. This eruption therefore pro-
vides an excellent opportunity for evaluating rock magnetic properties of fresh, unaltered basaltic
tephra and their relationship to magmatic and eruptive processes. Here, we present a comprehen-
sive rock magnetic characterization of volcanic ash and lapilli collected from three stratigraphic
sections at varying azimuths and distances from the vent, spanning the full eruption sequence.
Analyses include thermomagnetic (k-T) measurements, hysteresis parameters, rst-order rever-
sal curves (FORCs), and IRM acquisition and demagnetization. Titanomagnetite is identi ed as
the dominant magnetic carrier throughout, with its composition, domain state, and coercivity
spectra evolving systematically upsection. These variations are evaluated against known changes
in geochemical composition and eruption dynamics. The spatial reproducibility of the magnetic
trends across all three sections supports the potential of rock magnetic ngerprinting as an in-
dependent stratigraphic correlation tool. Moreover, we explore the feasibility of using changes
in rock magnetic properties as a sensitive proxy for tracking temporal changes in magmatic and
eruptive conditions.

Keywords: Rock magnetism, tephra, Cumbre Vieja, correlation tool, eruptive processes
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From Legacy Instruments to Open-Source
Control: Modernizing a Rock Magnetism
Laboratory

Antoine Raray * !, Paul Antonio !, Pierre Campst
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Montpellier cedex 5, France

Michel Prévot founded the Paleomagnetism and Rock Magnetism Laboratory at the Univer-
sity of Montpellier in 1985. Since then, the laboratory has continuously developed and expanded.
Today, it is distinguished by a uniqgue combination of in-house developed prototypes-ranging from
instruments designed in recent years to those originating in the 1980s-and state-of-the-art com-
mercial equipment, enabling comprehensive characterization of the magnetic properties of a wide
range of samples. In a perspective of harmonization and modernization of the software inter-
face of the lab, our approach is to move away from proprietary solutions that lack long-term
viability. We are transitioning towards open-source alternatives such as Python or Node-RED
to remotely control and monitor our instruments, which is useful for long-running measure-
ments such as paleomagnetic experiments. To perform this cross-platform monitoring, we need
a control system architecture also called Supervisory Control and Data Acquisition (SCADA).
Various technologies exist, all of which are essentially based on client-server communication. In
large scale facilities such as particle accelerators or tokamaks, they use EPICS or Tango which
are adequately comprehensive and advanced for such application. In a small-scale laboratory,
the LECO protocol is the most suitable due to its at learning curve and its modularity, enabling
to gradually build a remote-control architecture and to ensure a long-term maintainability.

Keywords: instrumentation, open, source, Prévot
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Inclination shallowing in speleothems: new
Insights from a stalagmite of the Lapa dos
Morcegos Cave (Portugal)
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5 Universidade de Coimbra, Departamento de Geogra a e Turismo, Centro de Estudos de Geogra a e
Ordenamento do Territorio (CEGOT), Faculdade de Letras. Coimbra, Portugal

6 DMEX Centre for X-Ray Imaging, Université de Pau et des Pays de I'Adour Université de Pau et
Pays de I'Adour Av. de I'Université, BP 1155, 64013 Pau Cedex, France, France

Shallowing of the remanent magnetic inclination is a critical problem in paleomagnetism and
usually results from the attening of the magnetic particles during diagenetic compaction of
sedimentary rocks. A recent study by Ponte et al. (2017) (doi:10.1002/2016JB013789) demon-
strated that this shallowing e ect also a ects the natural remanent magnetization recorded by
stalagmites. However, the physical mechanisms at the origin of this inclination shallowing are
still poorly understood. Here we provide new rock magnetic and paleomagnetic data of a stalag-
mite (LM1) from the Lapa dos Morcegos, Portugal, to investigate the orientation of the magnetic
minerals along the sloping surface of the stalagmite and their contribution to the natural rema-
nent magnetization. Unmixed isothermal remanent magnetization curves together with FORC
diagrams indicate that the magnetic mineralogy of LM1 is represented by a mixture of non-
interacting single domain magnetite with pseudo-single domain/vortex magnetite. For specimen
with a bulk magnetic susceptibility (Km) lower than 20 10-6 SI, anisotropy of magnetic sus-
ceptibility (AMS) provides information about the calcite fabric, with the minimum axis (k3)
parallel to the calcite crystallographic c-axis perpendicular to the calcite growth. Above this
Km threshold, the AMS is dominated by the ferromagnetic component with k1 perpendicular
to the calcite growth. The inclination of the maximum elongation axis (k1) measured by the
anisotropy of anhysteretic remanence (AARM) varies from subhaorizontal to subvertical according
to the slope of the calcite laminae, indicating that the shape orientation of the magnetic fabric
mimics the calcite fabric. Magnetic inclination of the NRM also varies accordingly but of some
degree only, suggesting that the ner magnetic particles are less a ected by inclination shallow-
ing and still provide an approximation of the direction of the ancient Earth's magnetic eld.
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Based on microscopic observations and X-Ray microtomography, we suggest that orientation of
the magnetic particles into the calcite growth is mainly conditioned by the porosity network.
Our study provides crucial ndings to improve the quality and reliability of the paleomagnetic
data recorded by speleothems.

Keywords: speleothem, paleomagnetism, inclination shallowing, calcite fabric, porosity.
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Quantifying Remanent Magnetization
Acquisition Processes In Speleothems
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The Earth's geomagnetic eld, commonly approximated by a geocentric axial dipole over long
time scales, exhibits signi cant short-term variability, including excursions and regional inten-
sity anomalies such as the South Atlantic Magnetic Anomaly (SAMA). High-resolution archives
are essential for understanding these variations, and speleothems have emerged as promising
recorders due to their continuous growth, precise chronological control, and ability to preserve
environmental signals over millennial timescales. However, the acquisition of natural remanent
magnetization (NRM) in speleothems remains poorly understood, with reported e ciencies typ-
ically limited to _~1-2%. This low e ciency raises fundamental questions regarding the physical
processes governing magnetic particle alignment during calcite precipitation.

Magnetic particles in speleothems are transported by drip waters or ooding events, often associ-
ated with clay minerals and organic colloids. Several mechanisms have been proposed to explain
the reduced remanence e ciency, including occulation, Brownian motion, and interactions be-
tween magnetic grains and growing calcite crystals. Despite these hypotheses, experimental
constraints on remanence acquisition processes in speleothems remain limited. To address this,
we synthesized arti cial speleothems under controlled laboratory conditions designed to replicate
cave environments. The experimental setup consists of climate-controlled chambers regulating
temperature, relative humidity, and atmospheric composition, including partial pressure of CO
(pCO). This con guration enables simulation of karst processes in uencing speleothem forma-
tion. Three sets of samples were produced: (i) speleothems without added magnetic material, (ii)
speleothems with synthetic magnetite of controlled grain size, and (iii) speleothems containing
natural cave sediments from Lapa dos Anjos. During precipitation, environmental parameters
were continuously monitored, and complementary geochemical analyses, including oxygen and
carbon isotopes and dissolved inorganic carbon (DIC), were performed to characterize solution
conditions.

Bulk magnetic properties were characterized using a cryogenic SQUID magnetometer, including
NRM, alternating eld demagnetization (AFD), anhysteretic remanent magnetization (ARM) ac-
quisition and demagnetization, saturation isothermal remanent magnetization (SIRM), and IRM
back eld experiments. To resolve magnetization processes at the grain scale, we employ quan-
tum diamond microscopy (QDM). High-resolution maps were acquired at selected magnetization
steps (NRM, AF steps, ARM, and SIRM), enabling direct comparison with bulk measurements.
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Magnetic source inversion was applied to recover individual dipole moments and orientations,
allowing reconstruction of the spatial distribution, intensity, and alignment of magnetic carriers
within the speleothem matrix.

Preliminary directional results indicate that remanent magnetization is generally well aligned
with the applied magnetic eld, suggesting that speleothems can reliably record eld direction
under controlled conditions. However, a key discrepancy arises in the intensity behavior. While
samples precipitated with synthetic magnetite exhibit a clear positive relationship between ap-
plied eld intensity and acquired magnetic moment, this relationship is signi cantly weaker in
samples containing natural cave sediments. To investigate the origin of this reduced e ciency,
we plan to perform a systematic spatial analysis of QDM-derived magnetization. First, particle
size e ects are evaluated by correlating recovered dipole moments (as a proxy for grain size) with
angular dispersion and magnetization e ciency. Second, spatial heterogeneity is assessed by com-
paring central and edge regions of thin sections, testing the in uence of local growth conditions
and uid dynamics. Third, in sediment-bearing samples, occulation e ects are examined by
distinguishing isolated particles from aggregates and comparing their magnetic behavior. These
analyses aim to determine whether deviations from theoretical detrital remanent magnetization
(DRM) behavior are controlled by grain-size-dependent dynamics, spatial variability linked to
speleothem growth, or aggregation processes. These results have direct implications for im-
proving the robustness of speleothem-based paleomagnetic reconstructions and for re ning their
application in studies of geomagnetic eld variability.

Keywords: Speleothems, Remanent Magnetization Acquisition

201



Session 6: Emerging Topics and
Interdisciplinary Applications

202



How can 3D geomagnetic surveys contribute to
archaeomagnetic studies of prehistoric caves?
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4

! Littoral ENvironnement et Sociétés [La Rochelle] (LIENSs) CNRS : UMR7266, Université de La
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Prehistoric societies made use of underground environments for a variety of purposes. Whether
seeking sheltered accommodation or creating frescoes in sanctuaries, the use of re was essential,
if only for lighting. The hearths built on the ground have left important clues for understanding
not only the nature of past occupations but also the chronology of these occupations. These
hearths are not always visible. They are identi ed using geomagnetic surveys carried out at
sub-decimetre resolution, covering the space above the ground with a dedicated device.

The question of the age of these hearths in relation to other traces of human activity, such as the
artistic works of the artists, is a key issue. At the most favourable sites, the presence of charcoal
or bones on the surface makes it possible to obtain a radiocarbon date. Whether these remains
date from the same period as the hearth remains hypothetical. In other cases, the identi cation
of multiple hearths raises the question of their contemporaneity or relative chronology.

The heritage value of these prehistoric caves necessitates limiting sampling for their preservation.
However, an archaeomagnetic study of these hearths would provide chronological information,
but preservation constraints limit the ability to carry out sampling.

Geomagnetic prospecting can provide information either to optimise sampling or to reveal de-
tails about the characteristics of magnetic elds. In the case of objects with simple shapes,
such as the base of a hearth, the geomagnetic anomaly generated by such sources is su ciently
straightforward to allow the shape of the source and the characteristics of its magnetisation to
be determined through inversion. The di culty lies in the fact that the inverse problem is poorly
constrained, and that the solution is not unique. Acquiring magnetic eld intensity measure-
ments not in a plane but within a volume allows for better constraint of the inverse problem.

Two cases will be presented.

The Altxerri B cave (northern Spain) features a decorated panel painted with ochre, attributed
to the Early Upper Palaeolithic. A geomagnetic survey was conducted in the part of the cave
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containing the decorated panel. An anomaly attributable to a hearth was identi ed opposite
the decorated panel. A survey with higher spatial resolution was carried out to perform a data
inversion in order to determine the characteristics of the magnetizations. The initial results of
this inversion were obtained using a new algorithm developed as part of Yu Liu's PhD research.
The Saint Marcel Cave (Ardeche, France) is a karst system stretching for several dozen kilome-
tres. The original entrance is a vast passage over 300 m long and 10 to 20 m wide. This part
of the cave shows signi cant weathering of the walls caused by the presence of bats in the past.
Nevertheless, remnants of decorated walls, with traces of ochre, have been identi ed. A geomag-
netic survey was conducted throughout this lower section of the network. It reveals, amongst
other things, the presence of numerous anomalies attributable to foci, but with dipole orienta-
tions at a signi cant angular spread, suggesting that these hearths were spread out over time.
The possibility of establishing a relative chronology for these potential hearts will be presented.

Keywords: 3D geomagnetic prospection, inversion model, archaeomagnetic, prehistoric caves
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Magic Shields": Room Sized Integrated
Hybrid Magnetic Shields Made of Electrical
Steel and Mu-metal

Wolfgang Rosler 1, Jirka Verleysen!, Simo SpassoV
1 Royal Meteorological Institute Rue du Centre Physique 1 56700 Dourbes, Belgium

As part of the MAGSCREEN infrastructure project (2023 2026), funded by the Belgian Sci-
ence Policy O ce (BELSPO), two large magnetically shielded rooms (MSRs) were designed and
installed at the Royal Meteorological Institute (RMI) in Dourbes (see also the accompanying
presentations by Spassov et al. and Verleysen et al.).

All sides of the shields are equipped with direct current coil systems, enabling the magnetic ux
within the shielding material to be controlled. This concept transforms the shield itself into a 3D
electromagnet whilst simultaneously utilising the e ects of eld compensation and ux shunting,
without any loss of interior space and without signi cant eld distortions.

In conjunction with a powerful alternating eld (AF) source, electrical steel shields can be pro-
vided with a customised anhysteretic remanent magnetisation that is adjustable in both direction
and intensity, enabling unprecedented shielding factors, even for large MSRs. Mu-metal shields
can be operated directly as 3D electromagnets, thereby compensating residual elds of up to
several hundred nT at any position within the shielded space to 0.0 nT, using direct currents of
just a few A.

The presentation focuses on the physical principles and technical aspects of magnetic DC shield-
ing using electrical steel and mu-metal, as well as on the new concept of hybrid "Magic Shields',
which has been implemented in two large MSRs at the RMI in Dourbes.

Keywords: DC magnetic shielding, electrical steel, mu, metal, active eld compensation, ux shunt-
ing
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MAGSCREEN - Shielding against the Earth's
Magnetic Field: Evaluating the Shielding
Performance.

Simo Spassov 1, Wolfgang Roslet, Jirka Verleysent?, Luc Dupré?,
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2 Universiteit Gent = Ghent University = Université de Gand St. Pietersnieuwstraat 33, 9000 Gent
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In order to keep up with international excellence, the Royal Meteorological Institute (RMI)
of Belgium made the strategic decision more than ten years ago to invest in a magnetically
shielded room. Whilst an additional building was constructed for this purpose in the early years,
the actual magnetically shielded room was built during the second phase, for which funding
was secured through the Belgian Science Policy O ce (BELSPO) via the infrastructure project
MAGSCREEN (2023 2026). Within the frame of this project two large volume magnetically
shielded environments (LVMSE) were conceived and constructed, and modelling aspects of LVM-
SEs were also addressed, cf. presentations by Rosler et al. and Verleysen et al., respectively.
The two LVMSE are installed in the annexe of the Laboratory for Environmental Magnetism of
the RMI's Geophysical Centre in Dourbes (Belgium). The larger LVMSE, with inner dimensions
of 66 m 3.6 m 24 m (LWH)is provided for palaeomagnetic analyses and houses a
cryogenic rock magnetometer, two thermal demagnetisers and an in-house made alternating eld
demagnetisation coil for larger samples. The smaller LVMSE, with inner dimensions of 3.81 m

3.05m 2.15m (LWH) is an experimental room and does not house any permanently

installed instrumentation. Both LVMSE consist of an outer shield of electrical steel (2 1 mm)
and an inner shield made of mu-metal (1 1 mm). In addition, the inner, mu-metal shield of
both LVMSE is equipped with direct current coils, allowing also active eld compensation. Both
LVMSE are oriented in east-west direction and have 0.7-m-wide open access on their eastern
side. The access of the smaller LVMSE can be temporarily widened up to 1.5 m in order to place
bulky experimental installations inside.

One of MAGSCREEN's objectives was to ensure that the larger LVMSE to be constructed had
a residual eld of no more than 300 nT within the region where samples are handled, demagne-
tised, and measured. In order to assess the shielding performance, eld mapping was performed
on a xed three-dimensional grid using a triaxial uxgate magnetometer from Applied Physics
System (Model 520), which has a sensitivity up to 0.1 nT.

The average eld of the empty, passively shielded large LVMSE is not more than 100 nT at
all heights between 0.335 m and 2.335 m. The performance of the small LVMSE is much better,
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particularly when active shielding is applied. In this case, the average eld in the central area,
coveringavolumeof 2m 2m 1 m (LWH),is less than 20 nT. Such weak elds allow
applications beyond palaeomagnetic ones, such as for instance magnetocardiography, relaxation
experiments and others. In order to investigate the performance of the small LVMSE in the
pT-range, an optically pumped zero- eld magnetometer from QUSPIN was used, which has a
sensitivity of less than 23 fT / square root Hertz.

The presentation will guide the audience through di erent construction stages, discuss the cor-
responding eld mapping results as well as the performance of the shielding in the pT-range and
potential perturbing factors playing a role in this low eld range.

Keywords: DC magnetic eld shielding, electrical steel, mu, metal, eld mapping, ux gate mag-
netometer, zero, eld optically pumped magnetometer (OPM)
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Magnetic Field: Experimental and
Simulation-Based Evaluations of Materials
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Achieving optimal e ciency in high-performance rock magnetometers requires a magneti-
cally shielded environment. Appropriate shielding typically involves high-permeability materials
to conduct the magnetic ux around the shielding structure, a process known as eld shunting.
Typically, mu-metal is the best material for DC shielding, but it is expensive. To cut costs, elec-
trical steel, which also has a good permeability and is much cheaper than mu-metal, is a possible
alternative worth considering. In contrast to mu-metal, electrical steel has a higher coercivity
and can therefore acquire remanent magnetisation, such as anhysteretic remanence.

At the Royal Meteorological Institute (RMI) in Dourbes, Belgium, two large volume magneti-
cally shielded environments (LVMSE) with inner dimensions of 6.6 x 3.6 x 2.4 fhand 3.81 x
3.05 x 2.15 n? are constructed. Both rooms consist of an exterior shielding layer of electrical
steel and an interior layer of mu-metal (see also the accompanying presentations by Rosler et al.
and Spassov et al.).

To improve the prediction of the shielding e ect of these rooms, it is important to understand the
underlying processes. To achieve this, simulations are being made using COMSOL Multiphysics.

In the simulations, it is crucial to separate the processes of eld shunting and permanent mag-
netisation, which is particularly important for electrical steel. This separation allows for a clear
understanding of how much each process contributes to the overall shielding e ciency. In order
to separate the individual contributions of both processes and to verify the simulated results
with the reality, di erent physical setups have been constructed.

In addition to showcasing the outcomes of the computer simulations and the measurements on
physical setups, this presentation looks ahead to the next steps that will allow for a better pre-
diction of these types of room-like shielding environments and a better understanding of the
shielding principles.
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Keywords: DC magnetic eld shielding, nite element simulation, COMSOL, ux shunting, rema-
nent magnetisation, electrical steel, mu, metal
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EPOS - Infrastructure for sharing geoscienti c
data

Hana Grison™ 1, Jan Michalek ?, Epos Eric Tean?
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The European Plate Observing System (EPOS) addresses the problem of homogeneous access
to heterogeneous distributed digital assets in geoscience within Europe, following the FAIR prin-
ciples. EPOS has been a European Research Infrastructure Consortium (ERIC) since 2018, with
the goal of building long-term and sustainable infrastructure for solid Earth science. The EPOS
Platform (https://www.epos-eu.org/dataportal) was launched into the operational phase in April
2023 and is introducing new ways for cross-disciplinary research, especially for data discovery.
Currently, the EPOS Platform, a metadata and semantic-driven system for integrating Data,
Software and services, provides access to data and data products from ten di erent geoscienti c
areas: Seismology, Near Fault Observatories, GNSS Data and Products, Volcano Observations,
Satellite Data, Geomagnetic Observations, Anthropogenic Hazards, Geological Information and
Modelling, Multi-scale laboratories and Tsunami Research. New scienti c communities are about
to join EPOS. The presentation focuses on demonstration of the EPOS Platform by following a
scienti ¢ multidisciplinary use case.

Keywords: multidisciplinary research, global science
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