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A condition for long-term geodynamo operation with a stable stratified layer at
the top of outer core

#Takashi Nakagawa')

(IEmerging Media Initiative, Kanazawa University

Seismic waveform analyses and fluid motion studies linked to geomagnetic fluctuations suggest that a stably stratified layer
could be emerged at the top of the outer core. To test this possibility, Nakagawa et al. (2023) evaluated the kinetic energy
production rate in a one-dimensional radial convective structure computation; a stable stratification was defined where this
rate is negative (i.e., convection is suppressed). Their results indicate that sustaining both a long-lived geodynamo and a
stable layer at the top of outer core requires a present-day core-mantle boundary (CMB) heat flow around 13 to 14 TW. In
contrast, Nakagawa (2018) developed a formation model for the stable layer based on thermal and chemical diffusion, but did
not assess whether such a layer can coexist with a long-term magnetic field. Here, I revisit the diffusion-based framework in
Nakagawa (2018) to evaluate whether a stable layer at the outermost outer core can operate the geodynamo over "4 billion
years.

The analysis indicates that the dominant mechanism for stable stratification is compositional origin, driven by the injection
of light elements from the silicate mantle into the outer core. A thermal stratification, by contrast, emerges only when the
present-day CMB heat flow is lower than the isentropic heat flow. With respect to sustainability of geodynamo operation,
the results suggest that long-term magnetic field generation - persisting over "4 billion years - requires a present-day CMB
heat flow of 12 TW. Comparing these findings with conditions inferred from radial one-dimensional convective structure
computation shows that the overlap between stable stratification and sustained magnetic field generation occurs at a present-
day CMB heat flow of 12 to 14 TW. In this regime, a stable layer is primarily caused by the compositional effect, arising from
the injection of light element from the silicate mantle associated with the core-mantle chemical coupling. This estimated
range of CMB heat flow is consistent with constraints from geophysical observations, numerical modeling, and high-pressure
material properties. Taken together, these results support the view that a stably stratified layer at the top of the outer core can
coexist with long-term geodynamo operation.
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Investigation of the thermal structure at the inner core boundary (ICB) in numer-
ical dynamos including the latent heat at ICB

#Hiroaki Matsui')

(Unstitute of Science Tokyo

Recent seismic observations suggest that inner the core has a seismic anisotropy. These studies suggest aspherical growth
of the inner core, and that slow viscous deformation of the inner core and latent heat distribution are expected due to the
aspherical growth of the inner core. To explain inner core anisotropy and aspherical growth of the inner core, a number of
dynamo simulations have been performed with prescribed boundary conditions at ICB. In the present study, we perform ther-
mally driven dynamo simulations with solving the heat equation throughout the inner and outer core, and investigate thermal
structure at the inner and outer core boundaries which are generated by the flow motion in the outer core.

In the present model, we assume that the change of the topological change of the ICB is much smaller than the radial
resolution, and that change of the position of ICB is proportional to the given radius of the average radius of the ICB. We
also assume that the latent heat per volume is constant. Under the present condition, the latent heat at ICB makes the ther-
mal diffusivity at ICB smaller than that in the other area. We implement and solve the present model into the heat equation
throughout the center of the Earth to the core-mantle boundary in geodynamo simulations.

We perform /dynamo simulations with changing the thermal diffusivity at ICB to be from 1.0 (no latent heat) to 1x10~*
times of that in the other area and compare these results at the quasi-steady state to investigate the effects of the latent heat.
The average amplitude of the Y," component in no latent heat case is approximately 0.78 times of that fixed heat flux cases.
After introducing the latent heat, the Y2 component of the temperature variation increases between 0.83 and 1.09 times of
that of the fixed heat flux cases in the cases with less than 0.1 times of the thermal diffusivity at ICB.
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Changes in core flow structures associated with polarity reversals in an MHD sim-
ulation

#Takumi Keral), Hiroaki Matsui?), Masaki Matsushima?), Yuto Katoh?)

(ITohoku University, Institute of Science Tokyo

The Earth’s magnetic field is dominated by a dipole field which is nearly aligned with Earth’s rotation axis. It is widely
accepted that the geomagnetic field is sustained by fluid motions in the Earth’s outer core through dynamo action. The secular
variations of the geomagnetic field originating from the core have a wide range of time scales. The polarity reversal, one of the
secular variations, occurs over a few thousand years and has taken place more than 400 times throughout geological history,
as revealed by paleomagnetic records. Numerical geodynamo simulations have been conducted to understand the physical
mechanisms underlying the polarity reversal, showing that during polarity reversals, equatorially antisymmetric flows become
intensified and contribute significantly to reversals, despite being generally suppressed in rapidly rotating convection. This
indicates that an enhancement of the equatorially antisymmetric flows is an important phenomenon for understanding the
reversal mechanism. Our previous study has shown that the inertial force is responsible for energy transfer from symmetric to
antisymmetric flows. This fact has been revealed by spectral analyses in terms of spherical harmonics. However, the specific
flow structures in physical space that are responsible for such energy transfer remain unclear.

In this study, we investigate flow structures in cross-sections parallel to the equatorial plane as well as meridional cross-
sections. Then, we show that energy transfer by inertial force occurs in regions where local vortices interact with large-scale
zonal flow. This result is consistent with the results obtained from spectral analysis, which indicates that finer symmetric
flow energy is transferred to the antisymmetric flows with a larger length scale. Furthermore, energy transfer by inertial
force occurs only in either the northern or southern hemisphere, while energy input by buoyancy flux is found in the opposite
hemisphere. The results suggested that the equatorially antisymmetric zonal flow consists of the flow induced by the Coriolis
force from the upwelling flow in one hemisphere and that induced by inertia in the other hemisphere.
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Exploring the Magnetic Evolution of Protoplanetary Disks with Theory and Solar
System Material Studies

#Satoshi Okuzumi®)
(Unstitute of Science Tokyo

Planets and small bodies form in disks of gas and dust surrounding young stars, known as protoplanetary disks. Under-
standing disk evolution is essential for addressing the fundamental questions of when and where these bodies form. The
dynamical evolution of disks is thought to be largely governed by magnetic fields threading them. Thanks to recent advances
in disk magnetohydrodynamics, the long-term evolution of disks can now be predicted once the evolution of magnetic fields
is understood. However, direct observational constraints on the strength of disk magnetic fields remain extremely limited. Re-
cently, magnetic measurements of meteorites and asteroid return samples have attracted attention as an alternative approach
to probing the evolution of disk magnetic fields. In this talk, I will present recent theoretical and paleomagnetic studies on
disk magnetic fields and discuss future perspectives.
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Reconstruction of protoplanetary disk magnetic field from chondrule measure-
ments of the Aba Panu meteorite

#Risa Morital), Masahiko SATOY)

(I Tokyo University of Science

The planets of the solar system formed as a result of the dynamical evolution of a protoplanetary disk composed of nebular
gas and dust. Therefore, understanding material dynamics within the protoplanetary disk is essential to understanding planet
formation. Research on material transport in such disks has primarily been conducted through chemical and isotopic analyses
of meteorites, as well as numerical simulations based on those findings. Recent magnetohydrodynamic (MHD) simulations
suggest that the primary mechanism driving material transport (accretion) in disks is the interaction between ionized gas and
magnetic fields present in the protoplanetary disk. Nevertheless, observational data on magnetic fields in protoplanetary disk
remain scarce (Weiss et al., 2021). Several studies have investigated the nebular magnetic field based on the paleomagnetism
of chondrules. Fu et al. (2014) and Borlina et al. (2021) reported magnetic fields on the order of tens of p T, while others
argued that reconstruction is not feasible (Gattacceca et al., 2019), or suggested values of only a few p T (Fu et al., 2020).
However, these estimates involve large uncertainties due to limitations in experimental and analytical methods. the nebu-
lar magnetic fields were derived from a very small number of chondrules—fewer than ten grains—resulting in significant
variations in the reported values and raising concerns about their accuracy and reliability. To address these issues and place
new constraints on the accretion rate of the early solar system, we conducted remanent magnetization measurements on the
Aba Panu ordinary chondrite, which has undergone minimal aqueous alteration on its parent body and has experienced little
terrestrial weathering due to its recent discovery in 2018. The fragment of Aba Panu meteorite was crushed, and then, the
chondrules were collected under a stereoscopic microscope. Natural remanent magnetization (NRM) was measured for 216
chondrule grains using a 2G SQUID magnetometer at Tokyo University of Science. 90 out of 216 grains showed NRM
intensity larger than the detection limit of the SQUID magnetometer. Stepwise alternating-field demagnetization (AFD) mea-
surements were conducted for 19 chondrule grains with NRM intensity larger than 1 X 10-11 Am2. As the results, the part
of grains showed the stable NRM components. This study plan to conduct the paleointensity measurements based on the
anhysteretic remanent magnetization, saturation isothermal remanent magnetization, and thermoremanent magnetization. In
this presentation, we will report the results of NRM and paleointensity measurements and will discuss the magnetic field and
accretion rate conditions of early solar system.
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Reconstructing the Noachian Martian dynamo from crustal magnetic anomalies
#Masahiko SATO"), Masashi USHIODA?), Ryoichi NAKADA®, Yujiro TAMURA®), Shinji YAMAMOTOY, Kazuhito
OZAWA®), Futoshi TAKAHASHI®), Ryoya SAKATA®), Kanako SEKI®), Chi YAN7)

(ITokyo University of Science, (?Shikoku Research Institute Inc., (*Japan Agency for Marine-Earth Science and Technology,
(“Yokohama National University, °The University of Tokyo, (6 Kyushu University, (7University of Texas at Austin

Magnetic field observations of Mars revealed that there are strong magnetic anomalies arising from the crustal remanences,
which is estimated to be about 10 times as strong as the Earth’s crustal magnetization. The strong crustal remanences require
a particular origin such as the strong dynamo field of the ancient Mars, the high concentration of ferromagnetic mineral in
the Martian crust, and so on. However, the exact mechanism responsible for this phenomenon remains unclear. Plagioclase,
one of the common constituents of terrestrial crustal rocks, sometimes contain fine-grained magnetite crystals exsolved from
Fe-bearing magmatic plagioclase at subsolidus condition. The natural remanent magnetization carried by exsolved magnetite
in plagioclase is a likely candidate for the source of Martian magnetic anomalies: the crustal remanence must persist for over
4 Gyr to account for the observed anomalies, and exsolved magnetite satisfies this condition (Sato et al., 2018). In this study,
a suite of experiments (magnetic measurements, synchrotron radiation study, and microscopic observation) and calculations
(thermodynamic calculation with the rhyolite-MELTS program) were carried out to estimate the concentrations of exsolved
magnetite in the Martian crust. The results indicate that Martian crustal rocks contain high concentrations of exsolved
magnetite. Thermoremanent magnetization (TRM) acquisition experiments on plagioclase samples revealed that exsolved
magnetite efficiently acquires TRM. These findings suggest that the Martian crust exhibits a high remanence acquisition
efficiency. Based on this efficiency and the crustal remanence values derived from magnetic anomaly observations, the paleo-
planetary magnetic field intensity on Mars during the Noachian period is estimated to have been 10 - 20 p T. Using dynamo
scaling laws (Olson and Christensen, 2006; Christensen et al., 2009), this study estimates both the heat flux at the core -
mantle boundary (CMB) and the morphology of the Martian magnetic field during the Noachian. The estimated CMB heat
flux of 20 — 30 mW/m? is consistent with thermal evolution models based on 3D spherical simulations (Thiriet et al., 2019).
This heat flux corresponds to a dynamo state characterized by a non-reversing dipole for both dynamos powered by bottom
heating and internal heating (Yan et al. 2023). Based on the inferred state of Mars’s magnetic field during the Noachian
period, we examine the evolution of the planet’s magnetic field and its implications for the history of atmospheric water loss,
as inferred from oxygen escape rates.
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Estimation of the vertical magnetization structure of the oceanic crust and impli-
cations for its origin

#Ryosuke SUZUKIY, Nobukazu SEAMAY), Chiori TAMURA?), Masanari ASHIDA?), Seitaro ONO?®), Kyoko OKINO?),
Masakazu FUJIT*®)

(1Kobe University, (2Atmosphere and Ocean Research Institute, The University of Tokyo, (3 Advanced Industrial Science and
Technology, (*National Institute of Polar Research, (°SOKENDALI (The Graduate University for Advanced Studies)

This study aims to reveal the structural characteristics and origin of the spreading axis during oceanic crust formation by
examining its vertical magnetization structure through magnetic field observations along the transform fault scarp. In marine
environments, magnetic field observations are generally conducted by towing a magnetometer at the sea surface or by mount-
ing it on deep-sea platforms, such as autonomous underwater vehicles (AUVs). Most of the data obtained from these methods
consist of horizontal magnetic anomaly profiles. One of the few previous studies focusing on vertical magnetization structures
is Tivey (1996), which utilized the scarp topography of a transform fault to acquire vertical magnetic anomaly profiles and
revealed that the uppermost lava layer of the oceanic crust is strongly magnetized, whereas the underlying dike layer is very
weakly magnetized. In addition, Pariso and Johnson (1993) suggested from ocean drilling core samples that the gabbroic
layer beneath the dike layer retains a partial remanent magnetization. Although these findings provided rare evidence for
understanding the magnetic structure of the oceanic crust, they have not been verified in other regions, and a unified view has
yet to be established. In this study, we conducted near-seafloor magnetic field observations from deep to shallow sections of
a transform fault exposing lava, dike, and gabbro layers to determine the magnetization intensity and thickness of each layer.
Furthermore, based on the estimated magnetization structure, we discuss the structural characteristics of the spreading axis at
the time of crust formation and the factors that control them.

The observations were carried out during the KH-24-4 cruise of the R/V Hakuho Maru, targeting the scarp on the south
side of the Marie Celeste Transform Fault in the Central Indian Ridge. The southern wall of the fault forms a slope with
a maximum relief of approximately 4 km, extending for approximately 210 km, continuously exposing cross-sections of
the oceanic crust formed over the past 11 million years. After dredging operations to collect deep fault rock samples, we
simultaneously raised and towed a small three-component magnetometer mounted on the wire for dredging so that it passed
close to the scarp. The observations were conducted at six different sites along the fault scarp. After correcting the magnetic
data and referencing the standard magnetic field, we obtained magnetic anomalies caused by oceanic crustal magnetization
as variations along the vertical cross-section. Strong magnetic anomalies were observed in both the shallow and deep parts
of the scarp at each site.

Data analysis assumed a three-layer structure consisting of lava, dike, and gabbro layers, and two-dimensional forward
modeling was performed based on Talwani and Heirtzler (1964). The magnetization intensities of the three layers and the
thicknesses of the lava and dike layers were used as parameters in iterative calculations to determine the magnetization struc-
ture model that best explained the observed magnetic anomaly profiles. This procedure was applied to each observation site.

The results indicate the presence of a strongly magnetized layer (lava) about 300 m thick with magnetization exceeding 10
A/m, underlain by a weakly magnetized layer (dike) about 3,000 m thick with a magnetization of 1 — 2 A/m, and below that,
a layer (gabbro) with variable magnetization intensity (2 - 8 A/m) among sites.

The depth of the boundary between the dike and gabbro layers from the seafloor can be interpreted as the depth of the melt
lens at the time of crust formation (Detrick et al., 1987). The depth of the melt lens is known to correlate with the spreading
rate, and according to a typical model based on the thermal structure of spreading axes (Morgan and Chen, 1993), its depth
at the Central Indian Ridge (full spreading rate of 40 mm/yr) is expected to be over 6,000 m. In contrast, the melt lens depth
estimated in this study is 3,000 - 3,600 m, which is shallower than that predicted by the model. This finding indicates that the
spreading axis exhibited a higher thermal structure than is typically observed. This elevated thermal state may have resulted
from the thermal influence of a nearby hotspot.
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The effect of lithological changes on paleointensity estimates based on the piston
cores from Shatsky Rise

#Yoichi USUTY)

(1Kanazawa University

Sediments provide continuous paleomagnetic intensity information, making them an excellent target for reconstructing
variations in the geodynamo. On the other hand, it is known that the efficiency of natural remanent magnetization acquisition
depends on lithology. There are virtually no sediments with constant lithology for tens of millions of years. Thus, it is
important to examine whether it is possible to quantitatively estimate the effects of lithological changes and diagenesis on
the acquisition of natural remanent magnetization. In this presentation, we discuss the results of paleointensity and rock
magnetic measurements of four piston cores obtained from different water depths on the southern slope of Shatsky Rise. The
core obtained from the shallowest water depth (PCO1) consists of carbonate ooze, while the deepest core (PC03) consists
of pelagic clay with diatoms. The other cores (PC02 and PC04) show variations in carbonate content, possibly reflecting
changes in productivity and CCD. All cores show positive polarity. The relatively homogeneous pelagic clay core (PC03)
showed variations comparable to the standard paleointensity curve. In contrast, the other cores showed variations of about
5-7 times in the paleointensity proxy at intervals of about 1 m. In layers where the paleomagnetic intensity proxy is relatively
high, both the anhysteretic remanent magnetization (ARM) and the isothermal remanent magnetization (IRM) are low. In
addition, the ARM/IRM ratios and S ratios also tend to decrease. However, even in PC03, where relatively good data was
obtained, the overall range of variation in the ARM/IRM ratio and S ratio is similar to that of the other cores. The main
difference between the data from PCO03 and other cores is that PCO3 shows a nearly single linear correlation between the S
ratio and IRM intensity or ARM/IRM ratio. In contrast, in other cores, the S ratio deviates from the trend and decreases
in layers where the paleomagnetic intensity proxy is relatively high. So, the large changes in the paleomagnetic intensity
proxy were caused by a temporary process, which is different from the process that determines the overall range of variation
in rock magnetic parameters. From the fragmentary paleointensity changes, the layers where the paleointensity proxy is
relatively high generally correspond to glacial periods, and they contain a higher amount of carbonate. The fact that ARM
decreases more rapidly than IRM and that the S ratio decreases can be explained by the dissolution of fine-grained magnetite
due to diagenesis in these layers. The presentation will also discuss the variation in paleointensity proxies due to lithological
changes.
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Paleointensity-assisted chronostratigraphy of a sediment core from the Southern
Ocean

#Toshitsugu Yamazakil?), Aya Osanai?), Minoru Ikehara?), Tadahiro Hatakeyama3), Asuka Yamaguchil)

(lAtomsphere and Ocean Research Institute, The University of Tokyo, (2Marine Core Research Institute, Kochi University,
(30kayama University of Science

Information of variations in the geomagnetic field intensity in the past (relative paleointensity, RPI) is important for better
understanding of the geodynamo. As an application, RPI can be used as a tool for age estimation of sediments by correlating
to templates such as stacked RPI curves and/or geomagnetic-field models. We present RPI estimations of a sediment core
KH-19-6-PC7 of about 12.6 m long taken from the east of the South Sandwich arc-trench system. The water depth of the
coring site, about 4400 m, is deeper than the CCD, and hence oxygen-isotope stratigraphy is difficult to be applied. It is
known that in the Southern Ocean magnetic susceptibility variations often mimic the variation patterns of eolian dust flux
recorded in the Antarctic ice cores, and this has been utilized for age estimations of sediments. This coincidence suggests that
eolian dust is the main source of magnetic minerals in Southern Ocean sediments. Osanai (2024, Master Thesis) conducted a
paleoceanographic study of the core, and proposed increased productivity associated with a southward shift of the Antarctic
Circumpolar Current at the Antarctic Isotope Maximum (AIM) 2 ("24 ka). The age model of the studied core was constructed
based mainly on magnetic susceptibility and Fe content derived from an XRF core scanner, which were correlated to the
EDML ice core dust record through correlation with the magnetic susceptibility record of core MD073134 in the Scotia
Sea. The age model shows that the core covers the last 26 k.y. and that the sedimentation rate suddenly decreased at
“16 ka. The correlation to the EDML dust record was, however, not straightforward in the studied core; some spikes of
magnetic susceptibility uncorrelatable to the EDML record hampered confident correlation. The susceptibility “noises”
probably reflect volcanic ashes because the site is located leeward of the Sandwich volcanic arc. When this age model is
used, on the other hand, RPI variations obtained from best-fit slopes on NRM-ARM demagnetization diagrams are consistent
with the predictions from the geomagnetic models SHA.DIF.14 for the last 14 ka and GGFSS70 for an older period. This
observation supports the age model. This is a good case for successful application of PRI-assisted chronostratigraphy. The
paleomagnetic record of this core will also be useful for refining geomagnetic-field models because the number of available
records in the Southern Ocean is still limited.
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Evaluation of magnetostatic interactions for sediment samples using the oblique
anhysteretic remanent magnetization

#SOHTO USUIY), Masahiko SATOY), Toshitsugu YAMAZAKI??)

(I Tokyo University of Science, (*The University of Tokyo, (*Marine Core Research Institute, Kochi University

Oceanic and lacustrine sediments can be used to reconstruct paleoclimatic, paleoenvironmental, and paleoceanographic
changes. To accurately understand the causal relationships among these changes, it is essential to compare and evaluate
multiple lines of environmental evidence derived from diverse physical, chemical, and biological proxies. This study focuses
on oblique anhysteretic remanent magnetization (OARM) and aims to develop it as a new environmental proxy. OARM is
acquired by applying an alternating field (AF) together with a direct current (DC) magnetic field oriented at an arbitrary angle
to the AF direction. Sato et al. (2017) suggested that the angle between the OARM vector and the direction of the alternating
field (the OARM angle) reflects the strength of magnetostatic interactions. The ratio of anhysteretic remanent magnetization
(ARM) to saturation isothermal remanent magnetization (SIRM) varies depending on both magnetic interactions and grain-
size variations. By combining OARM properties with the ARM/SIRM ratio, it may be possible to distinguish the respective
contributions of magnetic interactions and grain-size variations. OARM measurements were conducted on marine sediments
from the Okhotsk Sea (Yamazaki et al., 2013) and the Western Equatorial Pacific (Sakuramoto et al., 2017). These sediments
exhibit significantly different ARM/SIRM ratios. Moreover, considering their depositional environments, the magnetic prop-
erties of these sediments are expected to reflect varying degrees of contributions from magnetic interactions and grain-size
variations. During the OARM acquisition, a DC field is applied at a 45° angle to the alternating field, and the DC and AF
intensities are set at 71 p T and 140 mT, respectively. The OARM vector is measuremed using a spinner magnetometer.
The magnetization was also measured after AF demagnetization at 30 and 140 mT. In sediments from the Okhotsk Sea,
OARM measurements were conducted on samples spanning the past 140,000 years. The OARM angle shows little variation
throughout this period, except around 33 ka, where a deviation of approximately 8° is observed. In contrast, the ARM/SIRM
ratio exhibits large fluctuations. These results suggest that variations in grain size are the primary factor influencing changes
in the ARM/SIRM ratio. This study proceeds to conduct OARM measurements on sediments from the Western Equatorial
Pacific. By comparing the results from both regions, the study will evaluate the applicability of OARM properties as a proxy
in paleoceanographic research.
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Preliminary results of rock-magnetic study on volcanic ash from the 2014-2015
eruption of Nakadake first crater, Aso Volcano

#Chisato ANAIY), Takahiro OHKURA?), Nobutatsu MOCHIZUKI?), Shin YOSHIKAWA?), Yasuo MIYABUCHI®)
(IKyushu University, (?Kyoto University, ®Kumamoto University

In this study, we analyze the magnetic properties of volcanic ash collected immediately after a series of eruptions at
active volcano to identify correlations between eruption processes and rock magnetic properties, as well as temporal changes,
with the aim of establishing new observation methods and contributing to eruption prediction. The main magnetic mineral
contained in volcanic ash is titanomagnetite (Fes_,Ti,O4). As the titanium content (x) of titanomagnetite varies, its Curie
temperature and saturation magnetization intensity also vary. Therefore, it is possible to determine its detailed composition
by obtaining several rock magnetic parameters.

It was observed that the rock-magnetic property of the ashes ejected during a series of volcanic eruptions is not constant
but changes temporally (Anai et al., 2023). During the 2019-2020 eruption of Nakadake first crater, Aso Volcano, it became
clear that there were periods when the ratio of saturation remanent magnetization (M,.;) to saturation magnetization (M;)
increased and magnetic particles with a non-interacting single domains which grain size of approximately 100 nm appeared.
These periods coincide with the periods during which the volcanic glow has been observed.These magnetic particles are
characterized by relatively high titanium content (x = 0.4-0.5) and single domain (SD) particles. These results suggest
that, when volcanic activity increases, physical conditions in the volcanic conduit cause fine, titanium-rich titanomagnetite
particles to crystallize.

In the present study, we conducted rock magnetic measurements on samples collected by Miyabuchi and Hara (2019) from
the 2014-2015 Nakadake first crater eruption, which was a larger eruption accompanied by a Strombolian eruption. As a
result, the period in which the non-interacting single domain particles are dominant was not observed, while the periods in
which multi-vortex and/or single-vortex domain particles are dominant, indicating larger particle sizes, were recognized. The
mixture of titanium-rich titanomagnetite (x = ~0.5) and titanium-poor titanomagnetite (x = ~0.2) was also observed for the ash
samples ejected during the 2014-2015 eruption. The 2019-2020 ash samples showed that titanium-rich magnetite accounted
for approximately 80% of saturation magnetization, a part of the 2014-2015 ash samples revealed this proportion decreased
to around 20%. We plan to conduct low-temperature magnetic mapping and SEM observations to recognize more detailed
rock-magnetic changes and their causes.

AWFFE T, TEEIKINC BT 2 B OB K ERICERIR S N2 KUK OBEIIEE 23 2 Z 2 T, Ak 7ntx 2k
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KILFKIZE F N2 FELBEESYNTF & U BESkSE (Fes_,Ti,04) TH B, FXUBSIZ. F2VEHE x) &S
RO, F R UESSED F 2 ) —RESEFICREDLE T 2720, WL ODLDEAMK T X —X—%1§5 Z & THM
RAEMZHESICT 2 Z e DARETH 5,
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BFOREIE. FXUEEE x=04-05 OF X VHEERIET, KR 100 nm BE 2 #EIN 5, /2. ZOREIX, KBk
HEPBE SN IR FE L TW3 Z e RSNz, DR S, KUK IEFIATEFIC 2 2 B, KOENER
TR, FRUVBARICEABRBLOMALD F 2 VEERIERF 25§ 2 X 5 Wit L 72 5 2 L MR E e,

AR TIE. R b Y RYRBKEZHED XD RKEBREKTSH - 7z 2014-2015 FREKIZ-DWT, Miyabuchi and Hara
(2019) TEE X N2 KUK OEARKHIEZIT o 72 Z OFEER. 2014-2015 S KUK TLE, B XK F25BHRIC
WIS 2 R S e r o 7o, BREUHREXR T (Multi-vortex ¥ 721% Single-vortex) P EHBT 2, ThbBH, XD
RERNTH A XDEBT 2RHARMER I N, T/, FRUVKEOLF X VS (x =~0.5) ¥, FXIZZLW
F R VR (x=~0.2) OWMFEEL I 2id, 2014-2025 FEMRE K ¥ 2019-2020 FEBE KO KILKIZHE LU 2R ETH %,
2019-2020 FEE K TIEF & VIZE L F X VRIS — R HNCHER L TE D, BERTORMELD 80 %% 5D TW\W=DIZ
MU, 2014-2015 FFEK T, FHRTOEMELD 20 BWIEE F TR T 258 Aoz, 5% & DiFETaEAmK
LB Z2HZ 5010, KERK~Y Yy P2 7% SEM TOBERY 21T TETH %,



R004-12
DA1E . 1126 AM1 (9:15-10:45)
10:15~10:30:00

#E I SLA D, ek HEZ D, BK IETAEE 2, ek £THE 2, Kotov Alexey?)
O R, @ BURURYE, O Bk

Investigation of thermoremanent and viscous remanent magnetization in the
Zenkoji debris avalanche deposits
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Volcanic eruptions and associated massive debris avalanches triggered by unstable slope collapse are hazardous natural
phenomena that cause severe damage to populations and infrastructure, including depositing debris over wide areas and long
distances. Investigating the mechanisms of pyroclastic flow and debris avalanches deposition, as well as forecasting future
events is critical for developing effective disaster prevention and mitigation strategies.

Mt. Usu (SW Hokkaido) is one of the most active volcanoes in Japan, erupted several times in historical times since its
activization in 1663 AD. The Usu stratovolcano was formed around 30 ka, and subsequent sector collapse produced the large
Zenkoji debris avalanche deposit (70.3 km3) on the southern slope. There is some debate over the timing of the collapse.
Miyabuchi et al. (2014) suggests that the volcanic edifice collapsed around 30 ka based on sedimentary structures. Fujine et
al. (2016) suggests that the volcanic edifice collapsed around 20 ka based on radiocarbon dating and analysis of volcanic ash,
pollen, and diatoms. In this study, we performed comprehensive magnetic measurements of Zenkoji samples to reconstruct
the transport processes of the debris avalanche and constrain its age.

We collected block samples from the boulders near Usu Bay. One-inch core samples were cut from the block samples
and used for magnetic measurements. Stepwise thermal demagnetization (THD) of the samples was conducted to evaluate
the temperatures during transportation. Then, viscous remanent magnetization (VRM) dating was also applied to constrain
the age of the flow event. The age estimation was carried out by identifying the unblocking temperatures of the VRM
components aligned with the geomagnetic field.

The THD results show no evidence of high unblocking temperature components aligned with the present geomagnetic
field direction, suggesting that the deposits were transported as debris flows after cooling, rather than as hot pyroclastic flows.
This result supports the interpretation that the mountain collapse was not synchronous with the eruption (Miyabuchi et al.,
2014). The maximum unblocking temperatures of VRM components were identified in the range of 320 — 380 °C, and the
estimated ages were significantly older than 30 ka. Such high unblocking temperatures are likely affected by the remanence
in the ferromagnetic minerals of the groundmass, including acquisition of thermochemical remanent magnetization during
cooling or thermal alteration during laboratory heating.

To address these issues, this study applies stepwise THD measurements to single plagioclase crystals. So far, a unblocking
temperature has been successfully identified in one sample. The maximum unblocking temperature of VRM component
of the plagioclase crystal is 180 °C, significantly lower than those observed in the one-inch core samples. Although the
estimated age still exceeds 30 ka, the single-crystal approach shows greater potential for accurate age determination. We
will present the results of ongoing single-crystal experiments and discuss their implications for understanding the transport
processes of the Zenkoji debris avalanche.
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Variation in paleomagnetic field during a period of high reversal rate deduced

from lava flows in eastern Iceland

#Yuto Koremura®, Yuhji YAMAMOTOV, Hiroyuki HOSHI?), Chie KATO?), Jowita Kumek®), Justin Tonti-Filippini®), Elisa
Piispa®)
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Recorded reversals date back to at least 160 million years ago (e.g., Ogg, 2020), and reversal frequency has changed with
time. For example, on the geological timescale, the “recent” past 5 million years show a reversal frequency average about
3 per million years. During this interval, paleomagnetic records from volcanic rocks worldwide reveal a tendency for the
virtual geomagnetic dipole moment (VDM) to exhibit larger fluctuations when the virtual geomagnetic pole (VGP) is located
at higher latitudes, which may reflect a fundamental property of the geodynamo. However, paleomagnetic records capturing
transitional polarities corresponding to low- to mid-latitude VGPs account for only “3% of the dataset, and it remains uncertain
whether this characteristic is universal or dependent on temporal changes in reversal frequency. In this study, we focus on a
period of high reversal rate, during which a relatively large number of volcanic rocks are thought to have recorded intermediate
paleomagnetic signals. By investigating variations in paleodirection and paleointensity preserved in these rocks, we aim to
gain deeper insights into the relationship between VGP latitude and the amplitude of VDM fluctuations.

The highest reversal frequency since the Cretaceous is observed about 11 million years ago, with a reversal frequency of 4.7
per million years (a period of high reversal rate). Variations in paleomagnetic direction during this period have been reported
from lava flows in eastern Iceland (Kristjansson et al., 1995), where lavas with intermediate polarity are relatively common
in the Mjoifjordur region. We systematically sampled 138 lavas possessing clear relationships from two adjacent sections
(EO,EP), and as well as two additional sections (ES, ET) stratigraphically higher in the Seydisfjordur region to the north, and
conducting various paleomagnetic analysis on them.

According to the geological map published by the Icelandic Institute of Natural History, the paleomagnetic record from
EO - ET spans approximately 0.8 Myr, between 12.2 to 13 Ma. In addition, about 30% of all lavas recorded intermediate
VGPs, which is an order of magnitude higher than the proportion observed in volcanic records of the last 5 Myr.

Additionally, rock magnetic analysis confirmed that the paleomagnetic directions recorded in these samples are independent
of changes in rock magnetic properties, indicating high reliability of the paleomagnetic record. Since absolute paleointensity
measurements are ongoing, we calculated relative paleointensity (RPI) as a proxy, using the NRM/ARM ratio derived from
stepwise demagnetization of natural remanent magnetization (NRM) and anhysteretic remanent magnetization (ARM). RPI
tends to decrease around reversal boundaries, and its relationship with VGP latitude shows contrasting variability across &
45° | similar to trends observed over the past ”5 Myr. These findings suggest that the relationship between VGP latitude and
VDM variability may represent an intrinsic property of the geodynamo, independent of reversal frequency.
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Geomagnetic vector variation during the polarity reversal recorded in lava se-
quences in Afar, Ethiopia
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Geomagnetic reversals and excursions are characterized by a large decrease in the Earth’s magnetic field strength. There-
fore, to understand the characteristics of geomagnetic field vector behaviors during the reversals, it is important to reconstruct
not only paleomagnetic direction but also absolute paleomagnetic intensity. In this study, lava sequences in the Tendaho
Graben in Afar, Ethiopia, were collected to reconstruct the geomagnetic field variations at the geomagnetic reversal. The
previous results of our research group have provided the distribution of paleomagnetic polarity of lavas of the past 1 Myr
in the Tendaho Graben. In the 2022 survey, we collected rock samples at 2 sections of lava sequence that may record the
Matuyama-Brunhes polarity reversal. We also sampled a section of lava sequence which contains an excursion record of 0.65
+/- 0.10 Ma. Section 1 (18 lavas) shows that the paleomagnetic polarity changes of reverse-normal-reverse. The obtained
paleomagnetic intensities for the first reverse polarity period are slightly lower than the mean paleointensity for the past 1
Myr. Subsequently, paleointensity increased to 42 microT at the normal polarity period. It should be noted that paleointensity
reduced to about 5 microT at the uppermost lava for the normal polarity period. Finally, paleointensities are 4 — 5 microT
for the second reversed polarity period. These paleomagnetic behaviors with the paleointensity decrease suggest the 18 lavas
in section 1 recorded the beginning of the Matuyama-Brunhes polarity reversal. For the lava sequence of section 2, all of the
10 lavas show reversed polarity, but gave very weak paleointensities of about 5 microT, which are comparable to the typical
values during the reversals. Therefore, we consider the paleomagnetic behaviors of the section 2 is also related to the polarity
reversal.
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Testing Thellier paleointensity determinations of € -Fe203 bearing volcanic rocks
#Koji Fukuma®)
(IDoshisha University

€ -Fe2 O3 (luogufengite) is a magnetic material characterized by a huge coercivity exceeding 1 T at room temperature
and a low Curie point ("220 °C). Single-domain ¢ -FeyOg3 are widely distributed in ceramics sintered at high temperatures
(>1000 °C) in an oxidizing atmosphere as well as red-brown obsidians. The remanent magnetization carried by € -FexO3
exhibits a narrow unblocking temperature just below the Curie point. It has little to no viscous remanent magnetization, and
remains stable over geological timescales as recording reversed magnetization. Compared to titanomagnetite or magnetite
with pseudo-single- to multi-domains, which are typical carriers of remanent magnetization in volcanic rocks, € -FeoOg is
an ideal medium for recording geomagnetic field intensity.

Previously considered an extremely rare magnetic mineral found only in ceramics and red-brown obsidians, € -Fe;Og has
recently been discovered in red to pink-colored andesites and dacites. In this study, we used dacite from the 1991-1995 erup-
tion of Mount Unzen-Fugen-dake to verify whether it records the expected geomagnetic field intensity. ¢ -FeoO3 had been
identified in this location by Saito et al. (2007). We also performed paleointensity measurements using the Thellier method
on andesite from Mount Yufu-dake, which erupted approximately 2,000 years ago.

Color measurements revealed that the ax(green to red) and b:(yellow to blue) values, which indicate color tone, were nearly
zero for the gray blocks. In contrast, the red to pink samples exhibited high positive values for both axand bs. The difference
between the red and pink samples was evident in their difference in lightness (Lx). The red-to-pink samples exhibited an
unblocking temperature of € -FeoO3 of 150-220 °C during the thermal demagnetization of natural remanent magnetization.
The proportion of € -Fe;O3 remanent magnetization intensity is 5-20%, while titanomagnetite and magnetite contribute the
rest. Hysteresis and isothermal remanent magnetization measurements up to 5 T confirmed the presence of both € -Fe;O3
and titanomagnetite/magnetite.

The Thellier method was used to measure paleointensity in 21 red to pink-colored samples from three sites in Unzen-
Fugen-dake. These measurements revealed that the magnetic components of € -FeoOg in four samples yielded values within
+ 5% of the geomagnetic field intensity at the time of eruption (47.1 u T). The magnetization components of titanomagnetite
and magnetite in these samples also exhibit linear segments on Arai diagrams and equivalent paleointensities. Conversely, in
many samples, the proportion of € -Fe,O3 contributing to the natural remanent magnetization is small. This results in a low
quality factor (q) and apparent paleointensities that are higher by several tens of percent. Titanomagnetite and magnetite in
these samples exhibit sigmoid curves on Arai diagrams, and paleointensities cannot be determined. Note that gray samples
could not yield paleointensity due to significant thermal alteration at temperatures above 350 °C. The ¢ -FeoO3 magnetic
component in the red-to-pink samples from Yufu-dake has a larger proportion of natural remanent magnetic intensity than the
samples from Unzen-Fugen-dake. The average value across the two sites is 51.2 [ T, which agrees well with the standard
curve value.

As predicted by its stable remanent magnetization and low demagnetization temperature, € -FeoOg can reliably provide
paleointensity through the Thellier method. However, coexisting titanomagnetite or magnetite act as contaminants in the
Thellier method using ¢ -FeoO3. However, to obtain paleointensity from ¢ -FeoOj3, the unblocking temperatures of titano-
magnetite and magnetite must either not overlap or their remanence ratios must be low.
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High accuracy age estimate using ultrafine scale magnetostratigraphy on ferro-
manganese crusts

#Hirokuni Odal), Naoto FUKUYOQ?), Masanobu Yamamoto®), Akira Usui?), Teruhiko Kashiwabara®, %, Jun KAWAI®),
Miki Kawabata®

(INational Institute of Advanced Industrial Science and Technology, (?Hosei University, (*Hokkaido University, (*Kochi
University, ®JAMSTEC, (Kanazawa Institute of Technology

Marine ferromanganese crusts are invaluable archive of past environments of the ocean recorded as internal microscopic
structures and chemical compositions including isotopes. One of the key parameters is the dissolved oxygen concentrations
in deep Ocean water, which is associated with the oxygen minimum zone developed in the intermediate water. For the recon-
struction of the environments, it is quite important to develop a reliable age model for each ferromanganese crust. Utilizing
one of the cosmogenic nuclides, 10Be, for dating is one of the reliable isotopic methods for the crust, which is effective back
to “15 Myr. Another independent method for age dating is ultrafine scale magnetostratigraphy (e.g. Oda et al., 2011; Noguchi
et al. 2017). In order to further promote scientific outputs, a ferromanganese crust sample from Takuyo Daigo seamount in
the North Pacific Ocean (NT09-02_Tak5_01_A; water depth 2987m) was measured with scanning SQUID microscope (SSM)
at Geological Survey of Japan, AIST. 10Be dating on the sample suggest average growth rate of "2.2mm/Myr for this samples
(Usui et al., 2017). A thin section from the sample was measured with the SSM after AF demagnetizations at 0, 5, 10, 15, and
20 mT. All the results show magnetic stripes corresponding to geomagnetic reversal boundaries parallel to the growth layers.
Preliminary interpretation of the magnetic stripes seems to be consistent with the age model suggested by 10Be dating. We
also applied dipole subtraction and upward continuation on the magnetic image using software ProcSQMicro developed on
Igor Pro (Oda et al., 2025). Especially, a new feature implemented to calculate X and Y from Z components of magnetic
field based on an algorithm by Lima&Weiss (2009) exhibit enhanced magnetic stripes in X magnetic field image. From three
components of magnetic field, we calculated the intensity of spatial differential vectors (ISDV; Seama et al., 1993) along a
profile perpendicular to geologic layered structures. The identification of the boundary was partially successful, however, the
results were not satisfactory. In the presentation, we further apply reduced-to-pole transformation, prior to the application of
ISDV, and explore the optimum post processing treatments to further enhance geomagnetic reversal boundaries recorded in
the ferromanganese crust sample for the development of reliable age model based on magnetostratigraphy.
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Rock magnetic study of dredged rock samples from Marie Celeste Transform

Fault, Central Indian Ridge
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The rock magnetic architecture of oceanic crust remains poorly constrained, and existing models of crustal magnetization
are still incomplete. Beyond the influence of seafloor spreading rate, results from deep-sea drilling have revealed significant
lithological variability, yet the heterogeneous structures produced by hydrothermal alteration are not well enough understood
to be incorporated into magnetization models (e.g., Tivey and Dyment, 2010; Fujii et al., 2018). Moreover, the development
of detachment faults has led to shallow exposure of serpentinites, a component often overlooked in crustal frameworks (e.g.,
Oufi et al., 2002; Fujii et al., 2016). In this study, we report on a rare case of dredged rock samples obtained from a transform
fault setting, the Marie Celeste Transform Fault of the Central Indian Ridge, to highlight their magnetic and lithological
characteristics.

During the KH-24-6 cruise (October 12 to November 8§, 2024), twenty-seven dredge hauls were conducted along the Marie
Celeste Transform Fault, yielding a diverse sample set of basalt, dolerite, gabbro, and their altered equivalents. To facilitate
laboratory analyses, we employed a newly adapted onboard mini-core drilling system to prepare cylindrical subsamples of
18 mm and 25 mm diameter from the dredged rocks. This approach provided standardized specimens for rock magnetic
measurements and petrological comparison.

Preliminary results reveal clear lithological contrasts in magnetic properties. Basalts show strong remanent magnetization
("several to 20 A/m), whereas altered basalts generally exhibit weak remanence (<1 A/m) with variable intensity. Dolerites
possess measurable magnetic susceptibility and titanomagnetite content but contribute little to remanence, with dolerites
containing veins showing greater variability. Gabbros display a wide range of values, with a positive correlation between
susceptibility and remanence, reflecting coarse titanomagnetite grains; serpentinization of olivine is limited. Olivine gabbros
with leucocratic veins show heterogeneity in both susceptibility and remanence. Notably, although samples were collected
widely from the ridge axis to the off-axis flanks, the Curie temperature of basalts showed little variation, consistently ranging
between 500 and 550 ° C. This observation indicates that the Fe/Ti ratio remained stable over long timescales, suggesting
little spatial variability in the magma source. These findings highlight the magnetic complexity of transform-fault lithologies
and provide new constraints for models of oceanic crustal architecture.
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Rockmagnetism of hydrothermally heated loess samples; long-term magnetic
changes during storage of samples dried after experiment

#Masayuki Hyodo"), Yusuke Seto®, Balazs Bradak?®

(1Kobe University, (?Osaka Metropolitan University, Graduate School of Science

Hydrothermal (HT) experiments using loess samples from the Chinese Loess Plateau and Paks, Hungary were conducted
to clarify the mechanism of formation of pedogenic magnetic minerals. We have already shown that post-experiment changes
in remanent magnetizations were observed during storage of hydrothermally heated samples that were cooled and dried after
HT experiments. Here, we report that magnetic susceptibility also changes during storage of the samples. The samples were
heated at 200 degrees C for 1 to 17 hours, followed by cooling down to the room temperature. Samples subjected to HT
experiments were dried until the original dryness (natural dry sample), some of which were dried heavily at two levels; super
dry 1 (SD1), relatively high dryness, and SD2, very high dryness. Both natural and super dry samples have no pore water,
but have inter layer water of phyllosilicates of clay minerals. Most of samples after HT experiments were stored at room
temperature, ca. 20 degrees C. Some were stored at 4 degrees C.

Magnetic susceptibility of natural dry samples stored at room temperature increased monotonically for the first 1 month,
followed by gradual decrease with small fluctuations. Magnetic susceptibility of natural dry samples stored at 4 degrees C
represent similar patterns, but the peaks were delayed by a few months, having subsequent smooth cooling curves. Magnetic
susceptibility of super dry samples, all stored at room temperature, first increased for a couple of months, followed by
keeping almost constant values or a slight monotonic decrease curve. In consideration of the magnetic hysteresis and IRM
acquisition experiment data, the results of magnetic susceptibility changes indicate that superparamagnetic magnetite and
hematite particles have been formed even after the HT experiment under room temperature and dry conditions. The newly
formed fine magnetic particles contribute to growing in size by condensation, causing decreases in the number of fine
particles. Lower temperature storages suppress these processes. The post-experiment formation of fine magnetic particles
and condensation of them would occur in interlayer water of phyllosilicates.

L 2D TR ORI E DX L, L AREE W KBINBER 1T 572, THETIC, NBVERE - BRI
A7 U 7= RBREZ O REREM . Z OREZEEGFRT 10~100 H ORI R 7 — LTl Z 2 B EE L O EIRE B & 3R
LTW3, RERTIE. REPICHREDRAZ T2 2 2RET 2, ERICEHFEELSH AV Y —D T v 2
TEEGE DM T U -REBEEEO L 25302 vz, TR 200 °C. NEARFRE 1~17 REfE OKEINBAERR 217 - 72,
EEE T, 3R 70 CCOHZEIRIC ANERRATOBERICK 2 £ TR X872 (BRIZERRD), —IBoikHI iz R %
KIEIZIEIE LT, TEOHEED S 2~4 %iED 2 MEHO BRI 2 (B U7 GZRE D08 Superdry 1 (SD 1) &
e IEFITWV SD2 kD, A SFEGRNIR AR TR ORIBUKE 2L & 3. BIREEEIY O BRI/KIEER L TW»
%, HSHIER. Fe A ORI Z =R (FF120°C) T, —#BoikEHI 4 *CTHRE L 7.

ERRE L7 BRI OFRRITRION 1 2 AMEEINCEML, ¥—72 (ZREROHE+ 1~2%) 2t o7
BRI, NSRBI LD BT 2, 4 °CIRE D BAREZEGR S RO WREL(L 2RI, 2 ~3 208N
TE—2%t b, ZORDOBPEIRDOEDTH o7, BRRE L-BEEFAOFRBEIRYO 1 - 2 »ABEEMS
B0, FORIKIIE—EMEZ L 25 (SD2 k). W TR REFHMD 2R L7 (SD1 &R, Zh s DFRZ(
F, R e ATV RAGE, IRM EBEEBER &8 5 &, KENASEERED ., WL & IREED@ FRLEY 4 XH
TOFHERE, ZNODEMICIZ2HNEORENLIESH 2 2mBT 5, KERBEEXINOORICE R &
%o Fio. MKEEMERFOER & MEIEIRERIEIY TH 2 ML OERKFPTEZ o T e Bbh b,



R004-19
D£1E . 1126 PM2 (14:50-16:20)
16:05~16:20:00

ROEEER EF —BAFHC & BIREHALIRAZ O FFT 24k
#NE A, 8 %), % )
(K, P2 ML BTIIZERR, ¢ BONALEL =3 L % — B

FFT analysis of NRM waveforms using a high-resolution spinner magnetometer
#Kazuto Kodama®), Zhong Zheng?), Aixia Ji%)
(IDoshisha University, (?Z Geological Analysis Laboratory, (*Suzhou Grand Energy Technology Co. Ltd

We investigated how magnetisations behave during stepwise AC demagnetisation in terms of the FFT spectra from the
fundamental to the fifth-order harmonics using a high-resolution spinner magnetometer capable of real-time FFT analysis
while spinning a sample. Results from artificial and natural samples (including volcanics and sedimentary rocks) demon-
strated the following: 1) Stable NRM is predominantly composed of the fundamental harmonic component, 2) Secondary
magnetisation superimposed on the stable component exhibits a greater harmonic component than the stable component, 3)
The harmonic component’s contribution gradually decreases as secondary magnetisation is demagnetised step by step, 4)
The harmonic component’s contribution in some volcanic rocks shows little variation with progressive AC demagnetisation.
These results suggest that the harmonic component is present to a greater or lesser extent in natural samples. The fraction
of the fundamental component in the total FFT is referred to as FDD in this study and is proposed as a new index for the
quantitative evaluation of bulk magnetic properties. Preliminary measurements show that samples with stable initial remanent
magnetisation have an FDD>80%, whereas an FDD<70% is observed for samples with a significant secondary component.
The presence of harmonic components could reflect the various anisotropies and inhomogeneities of a sample, including the
spatial distribution of magnetic particles, interparticle interactions, and the distribution of the internal magnetic field. Mean-
while, FDD is also related to the intensity of bulk magnetisation: strongly magnetised volcanic rocks exhibit dominance of the
fundamental component, while weakly magnetised and/or low-coercivity volcanic and sedimentary rocks are characterised
by lower FDDs. We will also discuss the other advantages of the high-resolution spinner magnetometer and its applications
in rock magnetism.
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Lunar crustal magnetic anomalies mapping using LP, Kaguya, and KPLO high-

altitude data
#MINJAE LEEY, SHUNICHI KAMATAY
(1Hokkaido university

A comprehensive magnetic map of the lunar crust is essential for understanding the Moon’s surface environment and
investigating its thermal evolution. The study of lunar magnetism dates back to the magnetic measurements of Apollo 11
samples (Doell and Gromme, 1970) and regional magnetic observations conducted by Apollo 15 and 16, as well as Explorer
35 (Coleman et al., 1972; Ness et al., 1967). Subsequent missions such as NASA’s Lunar Prospector (LP, launched in
1998) and JAXA’s SELENE (Kaguya, launched in 2007) provided global magnetic field measurements at low altitudes (“30
km). Various analytical techniques have since been applied to these datasets to produce global lunar magnetic maps (e.g.,
Purucker, 2008; Tsunakawa et al., 2015; Ravat et al., 2020). However, due to the weak magnetic field strength and the
significant influence of external fields, data collected at higher altitudes (100 km) were not previously utilized.

The Korea Pathfinder Lunar Orbiter (KPLO), launched in 2022, is currently conducting magnetic field observations at
approximately 100 km altitude. These observations have revealed that spatial patterns of magnetic anomalies at this altitude
are consistent with those obtained at lower altitudes, thereby demonstrating the viability of high-altitude data for magnetic
mapping (Kim et al., 2025). Detailed analysis of the KPLO data also suggests directional differences in the magnetic field
compared to existing spherical harmonic expansion models, indicating a need to re-evaluate the inclination, declination, and
paleomagnetic pole positions of lunar magnetic anomalies.

To date, only Level-1 (partially processed) KPLO data from the first six months of the mission have been used in prior
studies, limiting data quality. In this study, we utilize two years of Level-2 (calibrated) KPLO data, along with 100 km
altitude magnetic data from LP and SELENE, to produce a new global lunar crustal magnetic field map. Our analysis
employs correlation filtering (von Frese et al., 1997) and the forward and backward binning method. Compared with existing
spherical harmonic models, our map demonstrates higher correlation with prior studies, although it reveals differing magnetic
directions in specific regions. Notably, in the region between 0 - 40° N latitude and 180 - 160° W longitude, our results
align with the RSH model (Ravat et al., 2020) rather than the TSH model (Tsunakawa et al., 2015).

This newly developed magnetic map is expected to support a wide range of future studies related to lunar magnetism,
dynamo processes, and the Moon’s thermal evolution.
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Preliminary results of some budget analyses of a dynamo model in terms of equa-
torial symmetry

#Futoshi Takahashi®)

(IFaculty of Science, Kyushu University

The geomagnetic field shows some asymmetric features with respect to the equator, such as the South-Atlantic Anomaly.
The asymmetric structure comes from the fact that the geomagnetic field consists of superposition of the equatorially anti-
symmetric and symmetric components. The anti-symmetric component is referred to as the dipole family, while the other is
to the quadrupole family. It is well known that the geomagnetic field is dominated by the dipole family components. Other
than the Earth, the magnetic field of Mercury shows a notable deviation from that of the dipole family alone due to significant
contribution from the quadrupole family component. Our previous study suggests that such a field morphology is maintained
by the helical flows biased in one hemisphere. Moreover, such a biased flow is induced by the biased magnetic field via the
self-regulation process (Takahashi et al. 2019). However, it is still not well understood that how the self-regulation process
generates and maintains the biased flows and magnetic fields. Here, we examine the self-regulation process focusing on inter-
action between the equatorially symmetric and anti-symmetric components of the flow and magnetic field. For this purpose,
budget analyses on energy, enstrophy, and helicity are considered to grasp their flows. In this presentation, our preliminary
results for a purely dipole family dynamo, and the corresponding mixed-family dynamo at the same parameter values will be
shown and discussed.

This work was supported by JSPS KAKENHI Grant Number JP24K07119.
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Time Evolution of Control Parameters in Numerical Dynamo Simulations Over
the Past 4.0 Ga

#Ryota Imaki®), Hisayoshi Shimizu")

(1University of Tokyo

The geomagnetic field is essential for shielding the Earth from harmful cosmic radiation and maintaining the planet’s hab-
itability. To understand how the geomagnetic field has been sustained for over 3.5 billion years by dynamo action in the outer
core and to investigate the causes of temporal changes in the frequency of geomagnetic reversals, it is important to elucidate
the long-term dynamics of the outer core, considering the Earth’s thermal history. However, since direct observation of the
outer core is impossible and the fluid motions in the core are highly complex and nonlinear, numerical simulations have be-
come an essential and effective tool for exploring the temporal variations of the geodynamo, state and evolution of the Earth’s
interior.

In geodynamo simulations, control parameters are supposed based on the spatial scale of the dynamo region (i.e., the thick-
ness of the outer core), the physical properties of the outer core, the thermal and compositional buoyancy forces expected
within it, and the angular velocity of Earth’s rotation. In this study, as the first step toward constructing a geodynamo model
to explain long-term evolution of the Earth’s magnetic field, we estimate the time evolution of geodynamo control parameters
over the past 4.0 billion years, reflecting the Earth’s thermal history and long-term variation in Earth’s rotation rate. We will
employ a magnetohydrodynamic dynamo model using codensity characterized by four control parameters (Ekman number,
Rayleigh number, Prandtl number, and magnetic Prandtl number). For thermal history calculations, the code by Landeau et
al. (2022) that was based on the theory by Lister (2003) was utilized. The buoyancy forces considered in the calculations
include thermal buoyancy from the cooling of the outer core, thermal buoyancy from latent heat and compositional buoyancy
resulting from the release of light elements by crystallization of the inner core. These buoyancy sources are derived based
on the temporal variations of heat flow and temperature at the core-mantle boundary (CMB), as well as the time evolution
of the inner core radius. In this study, we assumed that the heat flow at the CMB has decreased linearly from 4.0 Ga to the
present, and calculated the thermal history, including the growth of the inner core. Calculations were performed in reverse
chronological order from the present to 4.0 Ga, and the results with different conditions were compared. The time evolution
of Earth’s angular velocity was assumed based on Touma & Wisdom (1994). These results were used to evaluate the time
evolution of the four control parameters, and the parameters applicable to numerical simulations were also estimated using
path theory by Aubert et al. (2017).

The results reported in this presentation are regarded as nominal variations of the control parameters under simple con-
ditions, including spatially uniform CMB heat flow. The framework established here provides a basis for addressing more
complex cases such that the heat flow of the CMB or physical quantities change in a complex manner over time. In the future,
following the approach by Olson et al. (2013), we will conduct numerical dynamo simulations that incorporate factors such
as spatially heterogeneous CMB heat flow in addition to the time variations in the underlying control parameters to elucidate
the physical mechanisms governing the long-term evolution and reversal frequency of the Earth’s magnetic field.
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Regionality of the Stratified Layer at the Core Surface in the Equatorial Region
Inferred from the CHAOS-8 Geomagnetic Model

#Tomoya KAWAGUCHIY, Hisayoshi SHIMIZUY)

(1Earthquake Research Institute, The University of Tokyo

Geophysical observations suggest that the top of the Earth’s outer core is stably stratified. For example, Helffrich and
Kaneshima (2010) inferred from seismic analyses that the “300 km layer immediately beneath the core - mantle boundary
(CMB) is stably stratified. However, some studies argue that a globally stable stratified layer may not exist, while others
suggest that regional variations could arise from lateral heterogeneity in the lowermost mantle (e.g., Mound et al., 2019). In
this study, we investigate the regional characteristics of stratification in the uppermost outer core by analyzing short-period
secular variations of the geomagnetic field, using the CHAOS-8 geomagnetic field model (Kloss et al., 2024).

In the CHAOS-8 model, the magnetic potential due to internal sources is expanded in spherical harmonics up to degree 70.
Temporal variations of the Gauss coefficients up to degree 20 are represented by sixth-order B-splines over the period 1997.1
— 2025.1 (Kloss et al., 2024). We analyzed the geomagnetic field in the period 2000.0 — 2025.0.

Following Chulliat et al. (2015), we calculated the second time derivatives of the Gauss coefficients from CHAOS-8 and
applied a Hann window to the terms up to degree 10. Using these coefficients, we derived the second time derivative of the
magnetic field at the CMB, d?B/dt? (the secular acceleration, SA), at 0.1-year intervals. From these data, we constructed
time — longitude plots of the radial component of SA along 5° N. We then decomposed the radial SA into equatorially
symmetric and antisymmetric components and performed two-dimensional Fourier transforms in time and longitude. We
added the results at 0° , 5° , 10° , and 15° N to obtain the frequency — wavenumber spectra. The spectra showed
phenomena with periods shorter than 10 years. To investigate the SA and spectra further, we applied Butterworth filters to
extract short-period components with periods <5 years and 5 - 10 years and repeated the analysis. This also served to
examine the correspondence between the geomagnetic field variation and SA.

Chulliat et al. (2015), using CHAOS-5, reported a standing-wave — like phenomenon in the symmetric component over
the Atlantic from 2005 to 2014. Our analysis confirms that this standing wave over the Atlantic persisted until 2020. In
addition, we found a standing-wave — like feature over the Pacific from 2012 to the early 2020s. The characteristics of
the standing waves differ between the Atlantic and Pacific. In the antisymmetric component, westward-propagating waves
similar to those reported by Chulliat et al. (2015) were observed in the Pacific, although their characteristics differ from
those in the Atlantic.

These wave-like features may be explained by magnetohydrodynamic waves propagating zonally within a stably stratified
layer at the top of the outer core. Bergman (1993) analytically derived the dispersion relation of equatorial magnetic
Rossby waves using a two-layer density model representing an equatorial stratified layer. We assumed that the differences
in short-term geomagnetic variations between the Atlantic and Pacific are due to differences in stratification thickness and
applied Bergman’s dispersion relation to estimate the stratified layer thickness in both regions. The results suggest that the
stratified layer in the Atlantic is thinner than that in the Pacific. However, Bergman’s solution was derived for a simplified
system and the waves are strongly damped. It remains uncertain whether his dispersion relation can be directly applied to
our analysis.

To obtain more realistic estimates of the stratified layer thickness from the observed spatiotemporal spectra, it will
be necessary to compute theoretical dispersion relations through numerical modeling of magnetohydrodynamic waves,
assuming equatorial stratification.
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Archeointensity study of roof tiles excavated at the Koshobu Site, Dazaifu City
#Chie Kato!), Zhihao Wang®), Chisato Anai®), Masao Ohno"), Yoshinori Tajiri")
(IKyushu University

Reconstructing the variation of the strength of the geomagnetic field is important both to develop our understanding of
the geodynamo and to improve the precision of archeomagnetic dating. To construct a high-resolution variation curve of
archeointensity, reliable archeointensity data with accurate age are required. In this study, we conducted archeointensity
experiments on roof tile fragments excavated from the remains of old kilns in the Koshobu Site, Dazaifu City, Fukuoka.
A roof tile with transcription of kanji characters meaning “7th July 975 CE” was discovered from the kilns, indicating
the year of kiln operation, namely, the age of the archeointensity recorded. Five samples were preselected based on surface
magnetic susceptibility measurements on the excavated roof tiles without archeologically meaningful transcriptions or surface
patterns. The samples were further screened by rock-magnetic analyses and stepwise demagnetization of the natural remanent
magnetization (NRM). Two samples with blackish color showed little thermal alternation during thermomagnetic analysis and
moderate coercivity distribution upon isothermal remanent magnetization (IRM) acquisition experiments. Curie temperature
estimated from the thermomagnetic curve and the results of Three-axis IRM experiments indicate that the magnetic carrier
of these samples is dominated by single-domain magnetite with low Ti or Al content. On the other hand, three samples with
reddish brown to white color showed less magnetic and thermal stability. Archeointensity experiments by the Tsunakawa-
Shaw method was conducted on ten specimens taken from the former two roof tiles. The results from seven specimens passed
the standard selection criteria for reliable archeointensity, and the mean value was 63.0 £+ 5.0 u T. In addition, IZZI-Thellier
archeointensity experiments were carried out on two specimens and gave preliminary values of 60.1 and 60.8 p T. The
obtained archeointensity is relatively high compared to the variation of archeointensity of Japan and South Korea reported by
recent studies, but generally consistent with the trends in preceding and following periods. Together with the accurate age of
the samples, the present study will provide an anchor point of the archeointensity reference curve for East Asia.
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A preliminary report of weak paleointensity during the Cretaceous Normal Su-
perchron estimated from the Kerguelen plateau basalts

#Yutaka Yoshimura®), Masakazu FUJII23), Chie KATO%3), Osamu Ishizuka®7), Kenji Shimizu®), Ryosuke Oyanagi7’9)
(leushu University, (2National Institute of Polar Research, ®The Graduate University for Advanced Studies, SOKENDALI,

(4Kyushu University, (®Kyushu University Advanced Asian Archaeological Research Center, (°Geological Survey of Japan,
AIST, ("JAMSTEC, (8Kochi Institute of Core Sample Research, JAMSTEC, (9Kokushikan University

The absolute paleomagnetic field intensity (paleointensity) during the Cretaceous Normal Superchron (CNS) is a key con-
straint on the heat flow heterogeneity at the core — mantle boundary at that time. However, no consensus has been reached
so far. Studies using plagioclase single crystals extracted from lava have reported strong paleointensity mean and small vari-
ations (12.5 £ 1.4 X 10** Am? ; Tarduno et al., 2001, Science), whereas studies on submarine basaltic glass (8.1 = 4.3
X 10 Am® ; Tauxe & Staudigel, 2004, G-Cubed) have reported large paleointensity variations. Furthermore, based on
the absolute paleointensity of gabbros and temporal variations in oceanic crustal magnetization, Granot et al. (2007, EPSL)
and Granot et al. (2012, Nature Geoscience) have pointed out that the range of paleointensity variation has temporal variation
during the CNS. To clarify the variation in absolute paleointensity during the CNS, it is necessary to address issues such as
determining absolute paleointensity from numerous lava flows, alteration during paleointensity experiments, and constrain-
ing the eruption duration of the lava flows. In this study, we used basalt core samples from the Kerguelen Plateau at Site
1137, located in the southern Indian Ocean to the Southern Ocean, drilled through the Ocean Drilling Program (ODP). We
used a lava flow from the shallowest section of Site 1137 (Basement Unit 1). Initial thermomagnetic analyses showed that
about half of the samples had Curie temperatures around 500 to 550 ° C and reversible thermomagnetic curves. This result
suggests that roughly half of the Basement Unit 1 samples mainly contain Ti-poor titanomagnetite, which is less affected
by low-temperature oxidation. Next, we applied the Tsunakawa — Shaw method to two specimens that showed reversible
thermomagnetic curves and estimated two paleointensities of 24.0 1 T and 28.7 p T. The former result showed an ideal
behavior with almost no alteration of magnetic minerals before and after the first heating, as indicated by changes in ARM,
and is therefore considered a more reliable paleointensity value. The latter result showed slight differences in ARM before
and after the first heating. Converting the obtained absolute paleointensity values into virtual axial dipole moments (VADM)
based on the reported paleolatitude (43.6 ° S; Antretter et al., 2000, EPSL), we obtained values of 4.0 X 102 Am?
and 4.8 X 10> Am?* . These correspond to 32 - 38% of the VADM mean values estimated from plagioclase single
crystals (Tarduno et al., 2001). Furthermore, because the Kerguelen Plateau and the Rajmahal Traps (Tarduno et al., 2001)
are volcanoes that erupted close to each other, the difference is unlikely to be due to local field intensity variations. Therefore,
the temporal variations of paleointensity during the CNS were likely large. Such large paleointensity fluctuations suggest
that the thermal heterogeneity generating the CNS may have been similar to an increase in heat flux at both poles of the core
- mantle boundary (Glatzmaier et al., 1999, Nature) rather than a minimum in heat flux at the core — mantle boundary
(Driscoll & Olson, 2011, GRL).
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Analysis of the location and geomagnetic declination in early 19th century’s sur-
vey by Tadataka Inoh

#Motohiro Tsujimoto®

(1Japan cartographer Association

I will be conducting a simultaneous, interdisciplinary analysis of the
humanities and sciences to determine the detailed location of each survey

point (latitude and longitude 0.1 inches) and the geomagnetic declination of
each point on the day of the survey, using the magnetic azimuth and place
names recorded in the 67-volume National Treasure ”Santou Houiki”
(1800-1816), which records magnetic azimuth angles in 0 degree 05 minute
increments from the southern coast of Hokkaido to Yakushima, as recorded by
the Ino Tadataka surveying team. I will explain Shirasuka in Kosai city,
Shizuoka prefecture; Eigashima in Okubo town, Akashi city, Hyogo prefecture;
Kochi city; Suetsugu in Matsue city; and the Asamayama magnetic anomaly site
in Ise, Mie prefecture, among others. Furthermore, this will bring about a
revolution in humanities-based cultural heritage research in Japan, which

has avoided analyzing numerical data for the past century.
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Update of Japan Archaeomagnetic Database
#Tadahiro Hatakeyama®!), Kokona Tanaka®), Hidetoshi SHIBUYA?)
(10Okayama University of Science, (?Doshisha University

In this study, we collected newly organized data and archacomagnetic orientations that have been published since the last
update and updated the Japan Archaeomagnetic Database. In Japan, most of the paleomagnetic data from the past 2,000 years
has been obtained from archaeological sites (i.e., baked earth). By the 1970s, numerous researchers had contributed to creating
a “standard secular variation curve” spanning the past 2,000 years (Hirooka, 1971, 1977). Subsequent archaeomagnetic
measurements were conducted to provide chronological dating based on comparisons with the standard curve. In the 2010s,
our group compiled and published a Japan Archaecomagnetic Database (Hatakeyama et al., 2013) by cross-referencing data
accumulated since the 1980s with chronologies that were not dependent on paleomagnetism. Now we update the database
with numerous data from followings. The GEOMAGIAS50 database (Brown et al., 2015) is a global paleomagnetic database
that contains paleodirection data from 250 Japanese archaeological sites. About 20 of these sites were not included in
the Japanese Archaeomagnetic Database, but we added them after confirming their locations, names, and sample numbers.
Additionally, we verified the paleomagnetic data from published excavation reports and significantly expanded the data for
Tokyo, Shimane, and Okayama Prefecture, among other regions. Furthermore, we added approximately ten sets of data
measured and reported since 2015, all of which underwent stepwise alternating demagnetization. As a result, the database
now includes approximately 900 sites.
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Development of an evaluation method for environmental pollution in street trees

using magnetic measurements
#Riku Sakumal), Masahiko SATO")
(I Tokyo University of Science

As one of the major environmental issues, air pollution caused by automobile traffic poses a serious concern. Particulate
matter (PM) generated from vehicle exhaust gases, wear of brake linings and tires, and resuspension of road dust can ad-
versely affect both the natural environment and human health. Therefore, evaluating these pollutants is an important research
objective. While environmental pollution is commonly evaluated through chemical analyses, such methods often face limi-
tations— such as the inability to perform chemical measurements on certain samples, or insufficient data acquisition due to
the financial and time costs associated with these analyses. In this study, we aimed to develop a simple, low-cost, and rapid
method for evaluating environmental pollution by collecting bark from street trees and analyzing their magnetic properties.

Most magnetic minerals in the atmosphere are anthropogenic origin and contained in PM2.5, PM 10, and suspended partic-
ulate matter!’). Measuring the magnetic parameters of plants and soils that have accumulated such particles enables pollution
assessment. However, most previous studies!?! ~°! have used magnetic susceptibility () and intensity of saturation isother-
mal remanent magnetization (SIRM) as magnetic parameters, and very few have employed anhysteretic remanent magne-
tization (ARM), oblique ARMIY (OARM), and the results of stepwise alternating field demagnetization (AFD) for these
remanences. This is mainly because magnetic signals from environmental samples are often weak, making ARM, OARM,
and post-demagnetization measurements of these remanences difficult.

In this study, we collected tree bark samples of Acer buergerianum from street trees along roads with different traffic vol-
umes in an urban area of Tokyo, Japan. After grinding and compressing the bark, the samples were packed into 7 cm? plastic
cases, and the magnetic parameters such as ¥, SIRM, ARM, OARM, and AFD of these remanences were measured. Our
results demonstrated that bark from street trees can be used to efficiently assess areas where pollutants accumulate, and that
various magnetic parameters can be reliably measured. Based on these results, we will compare the magnetic parameters
among sampling sites and will discuss the potential of magnetic measurements as a practical tool for environmental pollution
assessment.
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	R004-01
	R004-02
	R004-03
	R004-04
	R004-05
	R004-06
	R004-07
	R004-08
	R004-09
	R004-10
	R004-11
	R004-12
	R004-13
	R004-14
	R004-15
	R004-16
	R004-17
	R004-18
	R004-19
	R004-P01
	R004-P02
	R004-P03
	R004-P04
	R004-P05
	R004-P06
	R004-P07
	R004-P08
	R004-P09

