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Preferred orientation of biogenic magnetite in pelagic red clay from the anisotropy of
magnetic susceptibility

7/

# Yoichi Usui[1]; Toshitsugu Yamazaki[2]; Toshitaka Oka[3]; Yuho Kumagai[4]
[1] JAMSTEC; [2] AORI, Univ. Tokyo; [3] JAEA; [4] Earth Science, Tohoku Univ.

https://yoichiusui.wordpress.com/

Biogenic magnetite is widespread in sediment. Being single-domain (SD), the preferred orientation of biogenic magnetite
in undeformed sediment is closely related to the primary paleomagnetic remanence. On the other hand, a SD grain exhibi
minimum susceptibility along the elongation, resulting in so-called inverse fabric of the anisotropy of magnetic susceptibility
(AMS). Moreover, AMS of SD grains can be directly inverted to grain preferred orientation through grain anisotropy, which is
well-controlled biologically for biogenic magnetite. Therefore, inverse AMS fabrics in sediment could inform paleomagnetism
independent of remanence. Here we report the statistical separation of inverse AMS fabrics from pelagic clay. Overall, the
AMS fabrics were controlled by compaction. Rock magnetic data indicated that biogenic magnetite accounts for more thar
80 % of bulk susceptibility, but the bulk inverse fabrics were observed in limited number of specimens. This indicates that
the biogenic magnetite has significantly weaker foliation compared to terrigenous minerals. This is confirmed by statistical
separation of biogenic (inverse) and terrigenous (normal) sub-fabrics of AMS; the corrected anisotropy degree Pj is 1.01 fo
biogenic magnetite, while it is above 1.08 for terrigenous minerals. This suggests that biogenic magnetite is less affected b
compaction than terrigenous minerals. This in turn implies that paleomagnetic inclination of sediment may vary along the
proportion of biogenic magnetite such that less biogenic magnetite leads shallower inclination due to compaction. In addition
bulk inverse fabrics revealed subtle preferred declination, which may reflect the past geomagnetic North-South.
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High-sensitivity and high-resolution detection of magnetic material in tree rings with
SQUID microscope

# Hirokuni Oda[1]; Jun Kawai[2]; Masahiko Sato[3]; Hiroko Miyahara[4]
[1]11GG, GSJ, AIST; [2] AEL, KIT; [3] Dept. EPS, UTokyo; [4] Humanities and Sciences, Musashino Art Univ.

We conducted continuous magnetic imaging of a thin section of a tree using scanning SQUID microscope. For the purpos
of high sensitivity measurements, we improved signal-to-noise ratio and measurements were performed in a clean environmer
without dust particles. We prepared 1mm thickness sample of a tree trunk of a red pine of 4 cm length from the bark and polishe:
on both sides. Surface magnetic fields were less than about 0.2 nT as natural state. After exposing to a vertical magnetic fie
of 2T, surface magnetic fields of a few nT were observed as stripes parallel to the annual growth rings. Strong magnetic fielc
corresponds to spring layers with high growth composed of less dense material. Spring layer has reddish brown spots, whic
might be related to the strong magnetic signals observed.
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Archeointensity estimates from sue-ware ceramic fragments of the Suemura kiln group

# Yuhji Yamamoto[1]; Yu Kitahara[2]; Tadahiro Hatakeyama[3]; Tasuo Nakakubo[4]
[1] Kochi University; [2] ISGS, Kyushu Univ.; [3] IPC, Okayama University of Science; [4] Kyoto Tachibana U.

As pointed out in Yamamoto et al. (2015), there has been a long gap in time since the last internationally recognized archeoir
tensity result was published from archeological artifacts in Japan (e.g., Sakai and Hirooka 1986). In contrast, new results witl
modern paleointensity techniques have been published from East Asia outside Japan: for example, Korea (Yu et al. 201(
Hong et al. 2013) and China (Cai et al. 2014)). A research group in Japan is now conducting a series of researches to obta
new archeointensity results from the artifacts in Japan. One of such researches is that by Kitahara et al. (2019JpGU): the
reported new archeointensity results from baked-clay samples taken from a number of kiln floors in the Suemura kiln group
Sakai City, Osaka, Japan. They applied the Tsunakawa-Shaw method to the samples to obtain archeointensities, and show
that an archeointensity was relatively low (about 40 microT) at around the 6th century while that was almost equivalent to the
present-day intensity (about 50 microT) at the 5th and the 8th centuries. This intensity trend is inconsistent with the publishec
archeointensities in previous studies in Japan (Nagata et al., 1963; Sasajima and Maenaka, 1966; Sakai and Hirooka, 1986), |
is not contradicted from the recently published archeointensities in Korea (Hong et al. 2013).

It is demonstrated that reliable archeointensities can be estimated from sue ware fired in simulated ancient climbing kilns by a
application of the Tsunakawa-Shaw method (Yamamoto et al., 2017JpGU, 2017SGEPSS). By a courtesy of the Osaka Prefectul
Board of Education, we have obtained sue-ware ceramic fragments of the 5-7th century kilns of the Suemura kiln group, whicl
are counter-parts of the baked-clay samples used in the study of Kitahara et al. (2019JpGU). Each of 4-5 fragments were provide
from the different eight kilns (TG22, MT84, TK317, TG51, TG35, TG41-1ll, MT206, and TG40-IIl in ascending chronological
order). Mini-specimens were cut from the fragments and 65 specimens of them were subjected to archeointensity experimen
by the Tsunakawa-Shaw method. In the experiments, the specimens were heated in either air or vacuum for acquisition ¢
laboratory thermoremanent magnetizations. Fifty-two successful results were obtained by application of conventional selectio
criteria. Except the two kilns TG22 and MT206, an archeointensity could be determined for an each kiln with a relatively low
dispersion after discarding a few outlier results: 55.2 +/- 4.9 microT (MT84); 51.2 +/- 6.0 microT (TK317); 43.7 +/- 3.3 microT
(TG51); 43.4 +/- 3.7 microT (TG35); 51.5 +/- 3.6 microT(TG41-111); 47.6 +/- 2.1 microT (TG40-111). An intensity trend revealed
from these archeointensities generally agrees well with the trend emerged from the results obtained from the baked-clay sampl
reported in Kitahara et al. (2019JpGU).
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Paleomagnetic study on the Shikotsu pyroclastic deposits: Implications for the timescale
of the pyroclastic deposits

# Nobutatsu Mochizuki[1]; Chisato Anai[2]; Arisa Haruta[3]; Hidetoshi Shibuya[4]
[1] Kumamoto University; [2] Dep't Earth & Env., Kumamoto Univ; [3] Dep’t Earth & Env., Kumamoto Univ.; [4] Dep't Earth
& Env., Kumamoto Univ.

We reported paleomagnetic results of the pyroclastic deposits of the ca. 46 ka Shikotsu caldera-forming eruption. Geologice
observation on the pyroclastic deposits indicated that these volcanic deposits were classified into several units in the previot
study. In order to estimate possible temporal gaps between these units, we conducted paleomagnetic measurements of -
pyroclastic flow deposits. Non-welded pyroclastic flow deposits were collected using an improved sampling procedure; a cub
guide was firstly fixed to the outcrop, and subsequently a cube was put into the outcrop trough the cube guide, and then th
orientation of the cube was precisely measured on the front plane of the cube guide. Paleodirections determined from six site
on five units show a continuous movement of more than 15 degree in the equal area projection, which is thought to be th
paleomagnetic secular variation curve of the period of a few to several hundred years occurred at ca. 46 ka. The paleomagne
secular variation curve determined in this study contributes to estimating the timescale of the process of the Shikotsu calder:
forming eruption.
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Holocene paleomagnetic secular variation recorded in piston-core samples from BeppL
Bay, Southwest Japan

# Akira Hayashida[1]; Kazuhiro Anraku[2]; Masao Ohnol[3]; Michinobu Kuwae[4]; Keiji Takemura[5]
[1] Environmental Systems Science, Doshisha Univ.; [2] Doshisha Univ.; [3] Division of Earth Sciences, SCS, Kyushu Univ.;
[4] Ehime Univ.; [5] Beppu Geo. Res. Lab., Kyoto Univ.

An increasing number of studies have been made on paleomagnetic secular variation (PSV) in recent years, utilizing archae
logical materials, volcanic rocks, and marine or lacustrine sediments. The Holocene PSV data from Lake Biwa (Ali et al., 1999)
is regarded as a representative record of Japan or East Asia. It is expected, however, to further improve the data distributic
and quality in Japan, following recent advances in stratigraphy and geochronology of the Holocene sediments. We investigate
sedimentary magnetism of core samples from Beppu Bay, a tectonic basin, where thick Quaternary deposits have been deriv
mainly from active volcanic fields on Kyushu Island. Previous studies utilizing multiple piston-core samples from northwestern
part (Ohno et al., 1991) showed that the Beppu Bay sediments are characterized by stable remanent magnetizations suitable
reconstruction of the Holocene PSV. Then we made pass-through measurements of natural remanent magnetizations of u-chan
samples from piston-cores recovered in 2009 and 2015 from the deeper southwestern part, where a new age-depth model was
veloped through detailed sedimentologial analysis and AMS radiocarbon dating (Kuwae et al., 2013; Yamada et al., 2016). Thes
core sediments are composed of hemipelagic clay intercalating several event layers of turbidites and tephra deposits. Althoug
our declination data was partly discontinued at section boundaries, variation of the relative declination is generally consisten
with the data from the northern site (Ohno et al., 1991) and with the PSV records from Lake Biwa (Ali et al., 1999), particularly
for the last 3,000 years. Long-term trends of the inclination variations are also consistent with the Lake Biwa record; however,
anomalous inclination changes were observed at horizons of the event layers, even after deconvolution of the pass-through dz
by UDECON (Xuan and Oda, 2015). Except these intervals, the paleomagnetic data from Beppu Bay is expected to play a ke
role in synthesizing PSV records in Southwest Japan.
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Forecasts of geomagnetic secular variation using core surface flow models

# Masaki Matsushima[1]; Hisayoshi Shimizu[2]; Futoshi Takahashi[3]; Takuto Minami[4]; Shin’ya Nakano[5]; Hiroaki Toh[6]
[1] Dept Earth & Planetary Sciences, Tokyo Tech; [2] ERI, University of Tokyo; [3] Kyushu Univ.; [4] EVRC, Nagoya Univ.;
[5] The Institute of Statistical Mathematics; [6] DACGSM, Kyoto Univ.

The International Geomagnetic Reference Field (IGRF) is a standard mathematical description in terms of spherical harmoni
coefficients, known as the Gauss coefficients, for the Earth’s main magnetic field and its secular variation. We submit a candidat
model to the next IGRF revision, the 13th generation of IGRF for Secular Variation from 2020 to 2025 (IGRF-13SV), relying on
our strong points, such as geodynamo numerical simulation, data assimilation, and core surface flow modeling.

Fluid motion near the core surface can be estimated from distribution of geomagnetic field at the core-mantle boundary (CMB
and its temporal variation. Any constraint on the core flow, such as tangentially geostrophic flow or tangentially magnetostrophic
flow, is often imposed on the core flow modeling. It should be noted, however, that core flow models used for data assimilatior
are to be obtained on a condition appropriate for numerical geodynamo simulations, in which the Ekman number, for example
would be much larger than that for the Earth. Therefore, we adjust typical time-scale of a geodynamo model (Takahashi 2012
2014) to that of real geomagnetic secular variation as given by Christensen and Tilgner (2004).

In the present study, we investigate behaviors of secular variation of geomagnetic field for some core surface flow models. W
use fluid velocity (and fluid acceleration) to forecast geomagnetic secular variations through numerical simulations based on
kinematic dynamo only near the CMB.
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Effect of boundary condition of temperature gradient on geodynamo with various inner
core size

# Yuki Nishida[1]; Yuto Katoh[2]; Hiroaki Matsui[3]; Masaki Matsushima[4]; Atsushi Kumamoto[5]
[1] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] UC Davis EPS; [4]
Dept Earth & Planetary Sciences, Tokyo Tech; [5] Dept. Geophys, Tohoku Univ.

The Earth has sustained its intrinsic magnetic field for at least 3.5 billion years as revealed by paleomagnetic studies [e.g
Biggin et al., 2015]. The geomagnetic field has been sustained by dynamo action due to convection of liquid iron alloy in
the outer core. Studies of the thermochemical evolution of the Earth’s core suggest that the solid inner core has been growin
up for approximately one billion years [e.g., O’'Rourke and Stevenson, 2016]. Consequently, Heat flow in the core has alsc
been changing for the Earth’s history [e.g., Driscoll and Bercovici, 2014]. Driving force of dynamo is buoyancy force by
temperature gradient larger than adiabatic reduction effect. Hence it is important to investigate dynamo condition on heat flu
with various inner core size to understand environment of the past Earth. There are some numerical dynamo simulations focusir
on the various inner core size. Heimpel et al. (2005) evaluated dynamo onset conditions with different inner core size for fixec
temperature boundary. Hori et al. (2010) found that sustained magnetic field is likely to be more dipolar on the fixed heat flux
condition than on the fixed temperature condition with two different inner core size cases. For considering a thermal evolution
model, sustained magnetic field is dipolar for recent 0.6 billion years [Driscoll, 2016]. Lhuillier et al. (2019) points out that
sustained magnetic field is less dipolar when the ratio of the inner to outer core;fiadis 0.2 to 0.22. However, it is still
unclear that the mechanisms of controlling factors of dipolar or non-dipolar regime are related with different inner core size.

In the present study, we investigate the effects of the thermal boundary conditions on numerical dynamos with various inne
core size. First, we perform dynamo simulations with various inner core radii on temperature fixed at the inner core boundary
(ICB) and at the core-mantle boundary (CMB) using a numerical dynamo code Calypso [Matsui et al., 2014]. We investigate the
characteristics of the generated magnetic field following Heimpel et al. (2005) and survey the wide range of parameter. We fi»
the Ekman, Prandtl, and magnetic Prandtl numbers tB bel0~3, Pr =1, andPm = 5, respectively, and change the Rayleigh
number Ra) and the ratio of inner to outer core radii to h&y = 0.15, 0.25, and 0.35. Examining the dominancy of the dipole
component, we found non-dipolar components become larger for the smaller inner core. Second, we perform simulations witl
fixed heat flux boundary, incoming flux at the ICB and outgoing flux at the CMB. The Ekman, Prandtl, and magnetic Prandtl
numbers are set the same as the fixed temperature boundary condition. In order to compare results between fixed temperature
fixed heat flux boundary conditions, we calculate the temperature gradient in fixed temperature cases and set the same gradien
fixed heat flux simulations. Here the Rayleigh number at the onset of thermal convection is called the critical Rayleigh numbel
(Ra..;t). Especially in y/r, = 0.25, the ratio of temperature gradient at ICB and CMB is 4.18/0.268 at Rg/Ral.11 and
4.06/0.255 at Ra/Ra;; = 1.04. At closerRato Ra.,.;;, the ratio becomes 4/0.25. This is inverse of area ratio of ICB and CMB,
so in this setting heat flow is balanced in the outer cores.Rawith heat flux is 1.410% To investigate effects of the thermal
boundary condition on numerical dynamos, we need to carry out further numerical simulations with balanced heat flow in the
outer core so as to occur convection with the same temperature difference as the fixed temperature condition as possible. We w
also discuss simulation results with igirp = 0.15 and 0.35.
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Geomagnetic reversal and climate change, and magneto-climatostratigraphy constrainir
the age of human evolution and dispersion

# Masayuki Hyodo[1]
[1] Research Center for Inland Seas, Kobe Univ.

http://www.planet.sci.kobe-u.ac.jp/geol/hyodo.html

Quaternary marine sediments have been influenced by orbital-scale paleoceanic environment variations. Marine oxygen is
tope data from benthic foraminifera fossils reflect ice volume (sea level) changes, so that they enable to correlate marine se
guences stratigraphically on a global scale. In addition, the synchronous global climate and paleoceanic changes extend apg
cation of the stratigraphic correlation tool to terrestrial deposits, such as lake sediments and loess sequences. These sedime
sequences can have millennial-resolution chronology by orbital tuning based on the Milankovitch theory. Further, suborbital-
scale climate variations yield higher-resolution climatostratigraphic correlation tools. Sediments containing ferrimagnets recorc
geomagnetic field changes as depositional remanent magnetizations, and thus millennial-to-submillennial scale geomagnetic fe
tures can be examined. Recently reported high-resolution climatostratigraphy data enable to investigate even centennial sce
geomagnetic changes. Furthermore, hybrid magnetic-polarity stratigraphy combined with climatostratigraphy increases the re
liability of stratigraphic correlation. In this talk, we show 1) millennial-to-centennial scale features of geomagnetic reversal
transition fields, 2) the influence of a geomagnetic reversal on the Earth’s climate through galactic cosmic rays, and 3) magnetc
climatostratigraphy constraining the early hominid evolution and dispersion.
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Paleomagnetism of the lower part of the Ichishi Group in Southwest Japan

# Hiroyuki Hoshi[1]; Kana Sahashi[1]; Yukio Yanagisawa[2]; Yukito Kurihara[3]; Yoshihisa Hiroki[4]
[1] Aichi University of Education; [2] AIST; [3] Mie University; [4] Osaka Kyoiku University

https://researchmap.jp/read0052454

The Ichishi Group is an early Miocene marine sedimentary succession in central Japan and will provide geological and palec
magnetic records of crustal movement during the formation of the Japan Sea (back arc basin)-Japan arc (island arc) system. \
performed a paleomagnetic study of the Ichishi Group to determine the age of the sedimentary succession by means of magr
tostratigraphy, and to quantify tectonic rotation during and/or after deposition. Because we have already reported data from th
upper part of the group in a previous meeting, in this presentation we will present new data from the lower part (Haze and O
formations). We concentrated our paleomagnetic sampling on fine grained sediments (lu Member) of the Haze Formation an
those (Isegi Member) of the Oi Formation. After detailed demagnetization experiments, paleomagnetic polarity was determine
for 17 sites. The reverse to normal polarity sequence for the studied section can be correlated with Chron C5Er-C5En on th
geomagnetic polarity time scale, with the help of age-diagnostic microfossils. This correlation indicates that the age of the ma
rine transgression resulting in the deposition of the lu Member is ca. 18.7 Ma. Site mean directions of characteristic remaner
magnetizations obtained for 15 sites were used to show the paleodirectional change with time, which will be discussed in the
presentation.
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Magnetic anomaly caused by lightning stroke in the grounds of a shrine

# Yukihiro Takahashi[1]; Hisayoshi Shimizu[2]; Sachi Wakasa[3]
[1] Cosmosciences, Hokkaido Univ.; [2] ERI, University of Tokyo; [3] Institute of regional innovation, Hirosaki University

It was reported that intense electrical current on the surface of the ground generated by lightning stroke causes magnet
anomaly extended from the building hit by lightning. If the current intensity can be estimated based on the measurement of th
residual field, it is useful to know the characteristics of the lightning that damaged the building or structures, and to calibrate
the current intensity estimated by lightning detection network using radio waves. Moreover, some of the shrine has tradition of
lightning hit. If we can detect the evidence of lightning hit, palaeomagnetics could contribute to archaeology.

We made a magnetic field survey in the grounds of Yamanomiya, Asama-jinja Shrine in Yamanashi prefecture, where we
found a couple of tall Japanese cedars called Meoto-sugi behind the main building. We subtracted magnetic field at Kakiok:
from observed total intensity and made a magnetic anomaly map for the area of 28 m x 28 m at a resolution of 4 m. It is
found that there was a gradient of the residual field intensity perpendicular to the radius vector from the cedars. This gradient i
extended linearly for about 20 m. Though we need to investigate the broader area, this preliminary result implies the possibility
of this methodology in order to examine the evidence of past lightning strokes recorded in shrines or forest area.

Acknowledgment: This measurement was supported by Asama-jinja Shrine.
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Giant coercivity of luogufengite (epsilon-Fe203) found in reddish brown obsidians

# Koji Fukuma[1]; Kyohei Sano[2]
[1] Dept. Env. Sys. Sci., Doshisha Univ.; [2] Regional Resource Management, Univ. Hyogo

Luogufengite (epsilon-F®s), a new mineral approved in 2016, is a polymorph of hematite (alph®fend maghemite
(gamma-Fg0Os). Synthetic epsilon-F©3 has been sintered at intermediate temperature required for maghemite and hematite,
and the magnetic property was marked by the unusually high coercivity around 2 T. Some pottery sherds contain e@silon-Fe
This time we found and characterized luogufengite from reddish brown obsidians in Shirataki, Hokkaido and in Davis Creek,
California.

A hallmark of luogufengite is the Curie temperature of 220 degC, which is undoubtedly distinguished from those of coexisting
magnetite and hematite. Cycling of thermomagnetic measurements exhibited gradual increase of magnetization after coolir
down to room temperature until the maximum temperature reached 230 degC. In some samples this magnetization enhancems
induced by heating is exceptionally enormous by several orders of magnitude. Hysteresis measurement by using MPMS prove
the extremely high coercivity nearly 1 T at room temperature. Cooling down to 10 K, coercivity showed a broad peak around 200
K and decreased rapidly below 50 K. Low temperature cycling, where 5 T IRM imparted at room temperature was cooled down
to 5 K, exhibited a faint kink around 50 K, and little gain or loss of magnetization was observed after warming back to room
temperature. This low temperature behavior may be another key for identifying luogufengite. When coexisting with magnetite,
100 K transition of maghemite was detected instead of the Verwey transition at 120 K.

Thermal demagnetization of natural remanent magnetization of the reddish brown obsidians showed two distinct spectrun
of unblocking temperature carried by luogufengite and magnetite, but the magnetization directions were indistinguishable ant
no viscous magnetization was observed. This behavior indicates that luogufengite is capable of carrying a stable remane
magnetization. Although the unblocking temperature of luogufengite is mostly distributed below 200 degC due to the low Curie
temperature, the giant coercivity ensures the stability of the remanence over a geological time scale without disturbed by viscoL
magnetization.

Luogufengite is a new magnetic mineral capable of carrying paleomagnetic signals. Although luogufengite was previously
identified after dissolving scoria by a NaOH solution and separating it by a hand magnet, the reddish brown obsidians cal
supply bulk samples containing luogufengite without any processing. Along with the uniqgue magnetic properties of low Curie
temperature and giant coercivity of luogufengite, the bulk samples provided opportunities to show stable remanent magnetizatio
carried by luogufengite. Not restricted to reddish pottery sherds, luogufengite can be a stable remanence carrier in rocks forme
in oxidized condition.

20164 IR E NIz HiBEYI T % luogufengite € -Fe,03) l&, "I XA b (a-Fe03) XTI A b (y-FeO;) DZ
JETY. AlENE e -Fa0; I I A FEANTZA FORBOIRE TG SN TED, MARME 2 THEDRH
ICEWVRIES I Z R E LTVWET. £z, WO DMERIE e -FaOs ZEZATWVWET. 4bl, JLimEDOHEE 1Y 7+
JL=7 D Davis CreeKC/REDRIE /15 luogufengite FHH L, 4RI EITOE Lz,

luogufengiteDF#HiZ 220°C DF 2V —{ETH O, ZNIHFTEIIT XA FeA XA b eiihignad KilEh
£9. BREIEDY A 7)ViE, meildEh 230°C 13ET 2 £ THERE THAILIZRICREOEmZ RLE Lz, »<
DHOYVTIVTIE, MEAC K> THIERIEND COMILDBEINIEHNIET HIFEREHELDTL. MPMSZH
Wb A7 U Y AMEICE D, FRT 1TEL OMD TEWREAIDHLGMNCAD XL, 10K XTHNT S L, (R
1113 200 KABE TR E— 2 %2R L, 50 KL R TRUEICIRD LE Lz, FHTOD 5T IRM DRV A 7)UiE, 50K
MIETHhEhEF U Z7ERL, FRIJRUEBICHEIZIEEA ML ERLERATLE. CTORETOEHI,
luogufengitez [FliEd 2 7z DDRIDO#H &L I B R[REMENH D L5 TR &2 A+ EHFT ZHHITIE, 120 K TOD Verweylis
BOMRDHDIC 100 KEBAREE N L.

R B O B SRR L OBWERGIE, luogufengitel ¥ 7 % Z A M K- TiHbN Iz 2 DOWHERIC =T v
Ty F Y TREANRY V2R, WAL  EOICEEARTRE TR B IS BIERE N EBA T L. T DOZEHE)IL,
luogufengitenV e U7z L 205 T W TES T & Z/RLTWES. luogufengiteD 7 > 7'ty F 2 ZIRFEIZAK L
F o) —RED TSI KT 200°C LUFIZHH L TWETH, EREEEIMERbIc X > THLEhd T Ll
PR R T — )b e > TR Z ZEICREFTE A T e ZA[REIC LTV E T

luogufengiteld IO IEHZHH S T LMW TE 28 LWRIEIEYI Td. TNXTIE AT 7 7% NaOH AR Crafii L
SOTEE LT BICIAE ENTOWE Lz, ReEEERESIZMOUIEE 91 luogufengitex 563 %7 VL 7 id k2 AT &
F9. KOF 2 ) —iRE L ERRRRES £V 9 luogufengitedd 1= — 27 isiEARFEIC K D, 2L 73RN luogufengiteld
Ko THON I LE R R ISR LU E Uz, FRAZFHUTFEEROBAICBEE I NT, luogufengiteld izt
IREETIER S NI GO DOLE LTIEREHILOF vy U 7 ThHEEEZE > TVET.
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Rock-magnetic study on single plagioclase grains separated from the Doshi gabbro in
the Tanzawa plutonic complex

# Chie Kato[1]; Masahiko Sato[2]; Yuhji Yamamoto[3]
[1] Division of Earth Sciences, SCS, Kyushu Univ.; [2] Dept. EPS, UTokyo; [3] Kochi University

Data of the long-term variation of the geomagnetic field is essential for understanding the thermal evolution of the Earth. Plu-
tonic rocks can be recording the time-averaged information of the geomagnetic field over their long cooling time, and therefore
have potential for studying the long-term trend of the geomagnetic field evolution. So far, there have been a limited numbel
of published paleointensity studies from plutonic rocks mainly because their main magnetic carriers are usually coarse-graine
magnetic minerals. Such difficulty is considered to be avoided if silicate grains containing file-grained magnetic minerals are
extracted from host plutonic rocks: recently, successful paleointensity data have been reported from silicate minerals such ¢
feldspar, quartz, and zircon (e.g. Kato et al., 2018; Usui and Tian, 2017; Fu et al., 2017; Tarduno et al., 2007; 2010; 2014).

In this study, we performed a series of rock-magnetic measurements on single plagioclase grains separated from the Dos
gabbro, which has a potential to record the time-averaged paleointensity at about 5 million years ago. The Doshi gabbro unit i
a part of the Tanzawa plutonic complex in the central Japan. Emplacement history and cooling history of the complex are wel
discussed in Tani et al. (2010) based on radiometric dating for an each plutonic body of the complex. The core and block sample
were collected at central part of the Doshi gabbro unit.

We prepared 100 plagioclase grains of about 500 micrometer in diameter from a sample taken from the Doshi gabbro. Wi
recognized tiny opaque minerals in the plagioclase grains by an optical microscope: the minerals are thought to be exsolve
magnetite phase. First, natural remanent magnetization (NRM) was measured on all the 100 grains, and NRM intensities exce
one grain was higher than-20~12 Am?, and their average was 1600 ° Am?. We selected four grains and further conducted
stepwise alternating field demagnetization experiments for NRM, anhysteretic remanent magnetization (ARM) and isotherma
remanent magnetization (IRM). We could isolate characteristic components from high-coercivity intervals of NRMs in all the
grains. The median destructive fields resulted in 55-75 mT, 50-60 mT, and 30-40 mT for NRM, ARM, and IRM, respectively.

About 10 plagioclase grains were aggregated for a low-temperature magnetometry. Temperature-variations of the zero-fiel
cooling (ZFC) and the field cooling (FC) remanences exhibit clear decreases at 120 K with minor changes at “100 K. This implies
that the magnetic carriers of the plagioclase grains are mainly Ti-poor titanomagnetite though some minor amounts of Ti-rich
titanomagnetite are also contained. The FC remanence always outweighed the ZFC remanence for all temperature range.

In addition, anisotropies of ARMs were measured on selected 11 plagioclase grains. The obtained anisotropy parameters imp
that the effect of anisotropy on paleointensity estimate would be similar to, or slightly smaller than that of plagioclase grains in
the Iritono granite reported by Kato et al. (2018). According to Kato et al. (2018), results of about ten grains should be averagec
to cancel out the anisotropy bias on paleointensity estimate.

Overall results suggest that the magnetization of the plagioclase minerals in the Doshi gabbro are mainly carried by an amoul
of single domain Ti-poor titanomagnetite, and could be suitable for paleointensity experiments. In addition to the rock-magnetic
measurement, we are planning to conduct paleomagnetic and paleointensity experiments on the gabbro samples and its plag
clase crystals.
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Preliminary estimations of the exsolved magnetite content in crustal rock and its
contribution to the crustal magnetization

# Masahiko Sato[1]; Masashi Ushioda[2]; Ryoichi Nakada[3]; Yujiro Tamura[4]; Shinji Yamamoto[4]
[1] Dept. EPS, UTokyo; [2] IEVG, GSJ, AIST; [3] JAMSTEC; [4] Yokohama National University

Natural plagioclase crystals sometimes contain fine-grained magnetite inclusions, which are considered to be originated fror
exsolution at subsolidus condition. The exsolution process can crystalize and hold nearly pure fine-grained magnetite in dee
crustal rocks, and natural remanent magnetizations (NRM) carried by the magnetite bearing plagioclase should play an importal
role in the source of magnetic anomaly. Therefore, to elucidate crystallization mechanism of magnetite in plagioclase crysta
and to understand origin of its NRM is of prime importance in paleomagnetism and rock-magnetism, while the mechanism ha:
been poorly understood yet. In this study, to precisely determine the chemical species of Fe in the plagioclase crystals and
better understand the crystallization mechanism of magnetite, magnetic measurements combined with microscopic observati
and synchrotron radiation study were conducted for single grain plagioclase crystals. The plagioclase crystals were prepare
from natural mafic-plutonic rocks. The plagioclase crystals were collected under a stereoscopic microscope and used for th
measurements after a hydrochloric acid leaching. The main series of measurements for the single grain plagioclase crystals we
as follows: (1) To estimate a content of magnetic mineral in the plagioclase crystals, magnetic hysteresis loop was measured usil
an Alternating Gradient Magnetometer. (2) To investigate the average valence state gf;Fede X-ray absorption near edge
structure (XANES) measurement was performed at synchrotron radiation facilities. (3) To investigate chemical compositions of
the plagioclase crystals, microscopic observation was conducted using electron microprobes. The plagioclase crystals used
this study showed the Fe valence state of 2.5&amp;#8211;2.9, and it was confirmed that there was inverse relationship betwe
the magnetite content and average valence states of Fe. Combining the empirically obtained relationship with calculations of th
plagioclase crystallization from the melt and the Fe partitioning between plagioclase and melts, we will discuss the content o
the exsolved magnetite in crustal rock and its contribution to the crustal magnetization.
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Examination of culturing conditions of magnetotactic bacteria Magnetospirillum
magnetotacticum MS-1 for magnetic measurements

# Kohei Masaoka[1]; Yuki Morono[2]; Yuhji Yamamoto[1]
[1] Kochi University; [2] JAMSTEC-Kochi

Variation of the past geomagnetic field is recorded in marine sediments as a fossil magnetization, called natural remaner
magnetization (NRM). NRM is carried not only by detrital magnetic grains but also by biogenic magnetic grains originated from
magnetotactic bacteria. To investigate characters of NRM carried by biogenic magnetic grains we have cultured the magnetotact
bacteria Magnetospirillum magnetotacticum MS-1 (here under, MS-1) in laboratory and made sample using them for remaner
magnetization measurements by simulating a very early process of sediment formation.

Preliminary reports on properties and characters of the remanent magnetization carried by the samples have been presen
in Masaoka et al. (2018JpGU; 2018SGEPSS), but MS-1 cells used for the samples rarely contain magnetite grains: magnetit
containing rate was about 3 percent of the total cells. To try to increase the rate, Masaoka et al. (2019JpGU) have tested a dens
separation method using different density gradient centrifugation and have succeeded to increase the rate to be about 16 perce
It is preferable to further increase the rate, and thus we culture MS-1 under different conditions and make samples for magneti
measurements. We will report results of the magnetic measurements on these samples.

HEIEHEREY)IC 13 B SRR AR L (NRM) & LT, #EOHIRBREEINIZITHEREICRERIN TS, TONRM Z#HS
REPESEY S REERTRIC B2 & B, ZORMNGEEEMEM SN TV S (e.g. Yamazaki, 2012) LU, RéEIEHHEREZIR
DREPESEYI D HERTYIE BRI S RF D HUBRRE S 72 [l U 7o TR AR L 2 115 9 %0682, BRT, ZOREBIEOTEEICDNT
WEARMIHDOE M. BUdIEH (2018IpGU; 2018SGEPSS) MMM Magnetospirillum magnetotacticuMS-1(0L
MS-1) D772 32 TRERE L, MS-1OHMITIEEDHEREYIE D T < WIS MR O BRI 72 )t U 7= iR R 0 72 ¥4
T 2B OBIRER 21T TGl 2 ER L, oA aKIEEZ#HE Uz, Milafz—E (150K 2.83510° cell/7 co
& Lz —#HDF R D NRM AN ERIEE O HINRES O /1 & —30 (A 0 - R 0 EEl K UMRA O - fRA 45%) L,
NRM S8 RA IC K & TR ®E (0-100 p T) DIINCHE> TT VY a SV BIEIICIgnG 2 C L Z#iE L Tw»
5. LhL, INHOERBRHNT: MS-1 OMIEEEE, MIENICS 7R 2 A R 2R L TO2EEDOEIED 3%fEE & D
7w, BIREBICEEZ 52 TOWAAREMEN D . ZD78, BiIZH (2019IpGUITIZHE N HHC K5~ T %21 ME
BARR DI 2 21T, ZOERMEAREI G Z 16%fRE X TR, SHICHEEZRDZTENTELZONEEL
Y

Z T T, AW TIRHITIZIC MS-1 DRGEATECOWTRET LTz, JEEROMKIC DWW T3 e B LA el
YIkPRIBEFEE (JCM)IC X B 15HE (JICMB69)ICHE D Y, (A) BB OBLE LEM 2K FE 28kl Zz ANE 2 AT
72 @RS (12112, 2097) DR EE L, (B) HEAISRNOSIHOBZRIEEZ 0.5, 1.0, 2.0 vol%k Z{L EH, (C) K&
DO EIZ 1000, 500, 200 MDW I NN E Uiz, BEEREGZEHT 2 0ICER T AT K BBEHZITO 10, SHOMERNE
JEFBEHIRICE R ZINA S T L THE L. (A)~(C) DEMFOHBAEDOE TIFRL 7z 4 FFHOR W [1] (A) i, (B)0.5
vol%, (C)1000 mk [2] (A) #, (B)0.5 vol%, (C)1000 mi [3] (A) %, (B)2.0 vol%, (C)500 mi [4] (A) 14, (B)1.0 vol%, (C)200
ml ZFWT, MS-17 5 HERG# Uiz, 858% 0O MS-1 OMIFERHSE O BETEIIN L, SOCEEMEE CHITREUZ 5L L 7214,
1Kl H 72 O MS-1 DA%z 2.87-2.9810° cell ZLHESHINIE AR ZFR U7z, BURMERO TR B IE A (2018IpGU)
CIRRET, SMEBREE O TIAMEA O K - R O, SREA 50 u T 7% KD I/EH X, Silkih S U5t
DFfEEF [1] 0.994¢10-2 Am?, [2]1.050:10~2 Am?, [3] 0.741+10~° Am?2, [4] 0.915:10~° Am? TH > 7. MS-1DHifE
HEaEhn 7 I v 7B E-LTED, ZTORERLOMEZ 0.896-1.13010° Am? TH - 2728, [1]~[4] D%
AR OISR L RE L FR A2 RO S NEV. WITNOREE, 73221 MEREKRZIZE A EEATHRW
EEbND. 5%, FFRGTHEZESICES LTHERZITY T LR, HilZiOEEERZEORH BTV, TNT
PV BN U CRESGHIE FRAR 2 EBL L, 2 S OEHS T A0 B1T9 TETH 5.
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Paleomagnetic direction of the Paleogene Kobe Group: preliminary results

# Hiroki Senda[1]; Akira Hayashida[2]
[1] Grad. School Science & Engineeering, Doshisha Univ.; [2] Environmental Systems Science, Doshisha Univ.

Paleomagnetic studies on tectonic rotation of Southwest Japan have been conducted using Miocene and Cretaceous ro
since 1980s. It is suggested that Southwest Japan was separated from Asian continent, experiencing clockwise rotation of abc
40° in a short period in the Miocene (e.g., Hoshi et al., 2015) and that relative motion between Southwest Japan and Asiat
continent had not occurred in the Cretaceous (Uno et al., 2017). However, the apparent polar wander path, that is important 1
understand drift history of continents or crustal blocks, has not been established for Southwest Japan, partly due to lack of th
Paleogene paleomagnetic data. The Kobe Group, distrubuted in the northern Awaiji island, western Kobe city and Sanda areas
Hyogo prefecture, is dated at 30-37 Ma (Late Eocene to Early Oligocene) by K-Ar and fission-track dating, but its paleomagnetic
directions have not been revealed yet. In attempt to obtain Paleogene poles representing Southwest Japan, we collected pal
magnetic samples from Sanda area, where the strata are relatively well exposed. After measuring magnetic susceptibility and |
anisotropy with a Kappabridge, we made measurement of remanent magnetizations using a cryogenic magnetometer (2G SRI
and stepwise thermal or alternating field (AF) demagnetizations. At a site near Ansei-ike pond (upper part of the Ansei-ike tuff),
a magnetic component showing eastward deflections of 10 fo®8s identified by thermal demagnetization from 250 to 500
° C and by AF demagnetization from 20 to 40 mT. At another site on the stratigraphically equivalent horizon (Tojo-gawa River),
however, the low-temperature component near the present geomagnetic field direction rapidly decreased toward the origin, n
providing a high-temperature component. Remanence of these samples were mostly demagnetized by AF demagnetization bel
20 mT, suggesting overprint of viscous remanent magnetization. It is necessary to investigate tuffaceous or mud samples wif
higher coercivity and high blocking temperature in order to obtain primary paleomagnetic directions from the Kobe Group.

PERE A ADEAEICE LT, 1980FERLBRIC Fhgiit & FIHifd D5 4 7 MR IR R DO Thh T E . Thb
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7z (Hoshietal., 2015 . 7z, HEAZRIHNCIZT 7 KED—1AL7Z> TV E WS T EEHLMIETNTVS (Uno et
al., 2017, LA Luah5, KEEotiioBinafiz1Ecd % L cEER AT OB #iihil (APWP) I LI NTES
9. FHCHR HARTO NS RO RSO T — 2 AR L TV 5,

P B SRR I SR R S O B S AU « M RS - SIS A B ROMETH D, WELIREE kL
LD ATV, ZOBRIEH 800 meHiEEh, #E L2 RIEREZETEL LT 3DD IFE] I
FIFonsd (RIR - fifil, 1988, £z, =AM & WA HPEEIC AT 2P ERED B Ik, BRI I ~ai i it o
FERERT KAr EERET vy ay s b Ty ZHEMR (K 30~37 Ma) DG SN TV A (BRI, 1996, ChE Ticd
RGN OREHZ TN TWiRW, ZT T, P HAZRE T 205 O iS50 2155 728, L ERaHss
PED Bt 7x = @O # = @Rt O 2 G U R R E O RE 217 - T2

SR EIE FH ORI OFREUE, SRR NS EES (IHHZRNT) Z2HiIc ] 1o foo ARHB O F FERED S & e
S I BCAA (1999 1K > THSMICENTED., ARDEIKEBNEEEINT VS, AR TR, T & L THhAM
(1999 Dt L7z)b— McBWTEFN T Oy VR L, FEMBICREER->T1AyFoa7ilklzflLiz, ch
5IZDWVT, Kappabridgdl & 2 #fi{b3% & Z D5 (AMS) ZHIE D%, B8R 15He FV CRERMEZ]IE Uz,
F iz, ERBERVERGE X UBRBERSTFRINRLIC X O LRy D 87 5l 7z,

CNETICHHEAIEZRTE T UTzifio 5 B, ZEGHRE ORI AR (ZEHER A E _EIR) Tl BUENc X > T 25
~250 COIKIRAK 7 DM, 250~500°C TR AN D AL DERETE. ZD /il 10~60° DHfF T A ZRL
1o [FEREDRIAL 5 NilE. 20~40 mT DR M THERTE /2, LA L, THhEIXIFEFEBEHEIC H 72 % BS) IR THREY
U 7zid Bl OBWHRE Tl IZIEEILE R IRIER D EAIC D > THEL, @iz REdT TN TERhoTz, T
OHFTDOREALIZ 20 mT F TOWMREERRE TS N, BIEOHIBRRES I TV TR DR L AVRE R R R LR O XL T
HAHUREMDNRB I NS, P ERED D EEEOEWHIERE AN 2S5 DIk, 5%, K0EWRIE 7oy F
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The geomagnetic field variation around 30 Ma estimated from Ethiopian Large Igneous
Province (LIP)

# Yutaka Yoshimura[1]; Toshitsugu Yamazaki[2]; Yuhji Yamamoto[3]; Hyeon-Seon Ahn[4]; Tesfaye Kidane[5]; Yo-ichiro
Otofuji[6]; Naoto Ishikawa[7]
[1] AORI, UTokyo; [2] AORI, Univ. Tokyo; [3] Kochi University; [4] Gyeongsang National University; [5] Earth Sci., Addis
Ababa Univ.; [6] Earth and Planetary Sciences, Kobe Univ.; [7] Human and Environmental Studies, Kyoto Univ.

The variation of geomagnetic field strength on the scale of tens of million years is important because it may reflect the history
of the Eearth’s outer core and mantle convection. However, estimations of paleointensity involve various difficulties, and it is
still difficult to clarify the long-term changes of geomagnetic intensity from a database. Also, the reconstruction of continuous
paleomagnetic intensity records during geomagnetic polarity reversals is fundamentally important for understanding the natur
of the geomagnetic field during reversals.

We, therefore, conducted a paleointensity study on volcanic rocks in the Ethiopian Large Igneous Province (LIP), which is
claimed to have erupted and formed at about 30+-0.4 Ma. We used four block samples collected from 93 lava flows. Ther
momagnetic analyses were conducted on 125 samples from 93 layers. Among them, 33 samples of 30 flows showed signs
low-temperature oxidation. Furthermore, we excluded 23 samples of 21 flows that showed more than 30% differences betwee
heating and cooling curves. The bulk domain stability (BDS) (Paterson et al., 2017) was calculated from the hysteresis data, ar
two samples of two flows below the threshold of 0.1 were excluded. Absolute paleointensity estimation experiments using the
Tunskawa-Shaw method were performed on remaining 79 samples of 40 flows. Among them, 46 samples of 27 flows provide
absolute paleointensities (API) ranging from 5.4 to 38.8 microT, which correspond to VDM of 1.4-162\@%). Among
them, there are three lava layers that have three independent paleointensity values each, and the average of the means of the
flows that have a standard deviation of 15% or less is 4.82@0?) (N=2). This is about 60% of the present field, and close to
the average of 3.6+-2.1 (10Am?) for the last 5 Ma proposed by Yamamoto and Tsunakawa (2005) and the median value of 4.2
(10?2Am?) for the last 200 Ma proposed by Tauxe et al., (2013).

Following the same procedure as absolute one, NRM/ARM slope, that is the natural remanent magnetization (NRM) intensity
normalized with anhysteretic remanent magnetization (ARM) intensity, was calculated for 113 samples of 56 flows to recover
relative paleointensity (RPI) variations. As a result, RPIs ranging from 0.037 to 4.9 were obtained from 106 samples of 52 flows.
The average of the flows that have three independent RPI value each is 1.4+-1.0 (N=6). The correlation between the RPIs ar
APIs at the sample level was R=0.82. A bi-plot of the VGP latitudes and the RPIs shows a U-shaped distribution; RPIs are low
when VGPs are in middle to low latitudes. This is similar to the relationship between Oligocene RPI and VGP latitude shown by
Tauxe and Staudigel (2004).

BT TR — )V T OHERBE GRS DZAE L, M EOHIERN LR~ > VRO ER 2 KK U TV 2 nTEMED B 5 72
O, BEETHZ, ULH U, dHIBEKERE OHEE I ITHE A RREEDEN, 7 — 2R — R 72 FW T & HiR <08 O i 72
HEMCT BT LIdF#EL WV, Fiz, HIRERGUHRIC I S i e IR SR D1 Tl HIRESOT RO B 2 BEfR S %
TeDITRHETH %,

Z T TERIF, #3000 FRHCHB R T 80 HFEL WS WM T - B L7z E SN TV AT A ETERAEEE
filX (Large Igneous Province: LIRP AL 7z /G SR IE IS 21T > T2 B I TIRIREIEOIKIEA R 5 1
Bkl L | INEREIAR & IR ATHRAR D 72 30%K D KE WK ZBRN Lice ZL T AT U Y AT —2W 5V 7 WK ZE
% (Bulk Domain Stability: BDS, Paterson et al., 20¥2)tH L. ff 0.17%2 RE 258 Z2BR5 Uiz, TSt 40 g
D TMEADFARNTHR U T, Ml)112 3 —1EIC X B Mo it SR HEE R 2 T 1o DS B, 27 JEHD 46 DR
5. 5.4-38.8 microTO#ikf i &URIEMNME SNz N5 % VDM ICHIE U7z fElE 1.4-10.0(18°Am?) TH -7z, ZD
HTEH, 3DOWMEN 1 DOFERINSHESNTVAAEEEIE3EH O, BHERAED 15 %BLLT O 2 JFO T 5HE
U7z MR 4.8(1G2AmM?) (N=2) Th o Tzo TDOFEMEIZBIIEDH 60%TH D, TNETIREIN TV 52 5007
FERI DM 3.6+-2.1 (162Am?) (Yamamoto and Tsunakawa, 20055 & UH 2 2 f@FEDHIILE 4.2(1F2Am?) (Tauxe et
al., 2013) & EVMETH 5 72,

Hons iy L SR DR & [FIERIC FRic a2 380 U, 56 @i o 113MEOFFHC DV T, JERIBIEHE L (ARM) TH
SRFERINEAL (NRM) Z2 Bk {L L 72 NRM/ARM slope’» 5 A i il R A B D18 T2 ik Tee T ORGR. 528 1061
DidEN 5 0.037-4.98 5 ZEIEOMR T HIREAGREDMF DNz, D5 B 1 EICD E 3HDBENHEE S Nz
R T UTfEIE 1.4+-1.0 (N=6)TH > 720 sl L)L TORIG T HIRESURE & fokt bR &R O I R=0.82T
HH., EOMHBIZF > Tz, VGPREEE & M SR D 21T 5 Tc & T A VGP W HI-RAGEE DI AT it
RIS 13 L N E WY 7 o 2. T U Tauxe and Staudigel (2004) & - TR E 717z OligoceneDAH % i i
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Analyzing the geomagnetic declination in 19 century Japan from Santou Houi Ki
recorded by Inoh. 8th report.

# Motohiro Tsujimoto[1]
[1] none

The Santou-Houi-Kiis a national treasure of Japan,consist of 67 volumes ledger of approximately 200,000 magnetic compas
survey azimuth data by 0 degree 05 minute unit in 1800 to 1816,cover from eastern Hokkaido to Yakushima island recordec
by cartographic surveyer Tadataka Inoh. We executed the interdisciplinary and simultaneous analysis of real azimuth, magnet
declinaion,precise position of target points and the survey reference point where the value of magnetic declination to any targe
points are simlar or approximation. We analyzed the magnetic declination at 231points in Japan. In the world,there are lacl
of declination data in Japan from middle 17 century to middle 19 century equal to the term of national isolation of Japan. ltis
naccessary to introduce the declinaton analyzed from Santou-Hou-Ki to Historical Declination Vierwer according to Gufm 1
by Andrew Jackson etal. Add the comparison table of both geomagnetic declination data in 1800 to 1816 in each region fron
Honshuu to Kyuushuu.

E R LB AN HIKIESEEREIC X D, 18004Eh 5 18164EICiERk & Nz dLiHE» B BAEIZD 67 DI
BRI Gt S N O IR s D & 0 B 05 7 BN O HEZHY 20 HEOREEHIIE /S fifa MadikE v
%o WSS RS RS R RS B, MR A Z2 RIRE AT 72 IR SEAEE S SV ol
BTG AOREHIE TN A I B EN SRR A D —E s WWOISI IS 7 B R @& 2 5T %, HAND 2311
FCHIREAUR A 2 AT Uz WCK TR HADSEE Uiz 1 7 s 5 1 9 il iz o A DR ARG DT — 2 HY
AELTWVD,

BT RECD B OffMHEZ 7 > R 22—« ¥ 7V V50 GufmliciED < NOAA 7 XV AilErERAST D Historical
Declination Viewenl ¥ A 3" 2 A H %, 18004FEM 5 1816412 D AM M 5 SN DT O /5 D HfE &R A 7 — X D
S & D I
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Archeo-rock magnetism: an attempt to extract magnetic information from archeological
relics

# Tadahiro Hatakeyama[1]; Yu Kitahara[2]; Tasuo Nakakubo[3]; Teruhiko Takahashi[4]
[1] IPC, Okayama University of Science; [2] ISGS, Kyushu Univ.; [3] Kyoto Tachibana U.; [4] Graduate School of Letters,
Osaka Univ.

Rock magnetism is often used to obtain the information of magnetic minerals carrying the paleomagnetic remanence. Arche
ological relic, site and remnant, is one of a target of paleomagnetism. Burned materials obtained from archeological sites have
good thermoremanent magnetization and those TRM are less likely to be a problem in primary magnetization. Moreover, man
of archeological material have good age estimated. As a result, it is unusual to add the rock magnetic measurements in tt
archeomagnetic procedures.

On the other hand, rock magnetism is also a tool to estimate the paleoenvironments with measuring magnetic properties ri
flecting composition, state and concentration of the iron-bearing minerals. Iron can be a sensitive proxy, because the compositic
of which are due to the conditions of generation, accumulation and transformation of minerals. It is also possible to derive the
information linking to the environments during the burning of the archeological materials from the magnetic properties. Here we
introduce a test case of measurement and interpretation of the rock magnetic properties from the materials from the floors of ol
kilns.

Shino-Nishiyama kilns, #1-1 and #1-2, ware operated during the 10th to the 11th century in the west of Kyoto old capital. In
these kilns, craftspeople produced a couple of types of potteries; Sue wares, green-grazed stonewares and roof tiles. The sz
ples for paleomagnetism were obtained from floor of the entrance and upper-parts inside the kiln. Paleomagnetic direction an
stability, and some kinds of rock magnetic property measurements were conducted. The results show the variations in specie
sizes and oxidation states of the magnetic minerals, indicating different environments of the maximum temperature and the oxic
anoxic conditions.

EOE AR I ACAIC B TR L O RFFIEYIC B 9 5 7215 2 eIV b N5, FTHIEAEADR RO T &
DL LTHEHAOEY - EYDNEF5NED GBS . EhEERO S bAZZT T2 LD, BRDOEAH
FHEHANTE RERPREW 2 AR L TOTEAL R TH 572, RERHMINAGER & LTiRbN S, £07)
FIAPEICIE & A EBEO ORI E < B HHIEAIC B O TR U TaASEENITEM b NS T L3 H X D ik,

— /I CEARKEAE, WEPEIRYI DK - 8RR - 2SI BRI 2 SR U 7o BRIV DR - IRAE - BEZWE S % T & ThbE
HEFIHOENE T LEZ, TOXSBHVSZEEEWICEIEY C LT EHANTERDMI 5[ EHE S0 E
HNE0, AIETIRZ DK S EHNTEAMKIIEZTTV., Rz R ATz,

SENZHER & UTHURITRIMTIC S 28010 15288 (10~111HdD) 2 HOZERMM SR L7z, T DOZETIFHER.
rMliFE R, LW 7B O L3 ZLEEL T e > TS, A ZFERHSDOWT, BRREHH 2 i L
TCETHIRE ST RIE DIE D, SIS AAEZTT > Teo T ORER. BRI O, U XFICHAL S L DZEA R
BN, PEERBEONIENZ KL TWB EEZBND, TIh D, HEADIMPIRLETIREE EDER 21T T,
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Valuation of archaeointensity data based on the results of a mineralogical analysis

# Yu Kitahara[1]; Masao Ohno[1]; Yoshihiro Kuwahara[1]
[1] Division of Earth Sciences, SCS, Kyushu Univ.

Archaeomagnetism is an academic branch that reconstructs aspect of ancient field from baked archaeological materials, a
is expected to apply for age estimation of archaeological remains or artifacts and reconstruction of deep-Earth dynamics. In th
research field of archaeomagnetism, a study for reconstruction of archaeointensity uses to be one of the most important reseal
subjects recently. The development of studies of archaeointensity in the last several years is remarkable, and we also have be
trying the construction of a secular variation curve in East Asia including Japan now. However, the studies of archaeointensit
also have a variety of problems which should be resolved. One of them is the magnitude of dispersion of the archaeointensit
values obtained by archaeointensity experiments. Therefore, finding the cause of the dispersion and minimizing them are need
to construct the field model with a higher accuracy.

In order to solve these problems, we carried out the valuation of archaeointensity data based on the results of a mineralogic
analysis in this study. First, we carried out a XRD analysis of baked earth specimens (a total of 98 specimens collected fron
39 kilns belonging to Suemura old kiln complex in Osaka prefecture) which already carried out the archaeointensity experimen
(by Tsunakawa-Shaw method; e.g. Yamamoto et al., 2003). Then, we distinguished these specimens like which peaks ¢
Mullite and Cristobalite were detected and not detected. Finally, we considered characteristics of those results by comparin
results of archaeointensity experiment. Previous studies have reported that Mullite and Cristobalite are minerals produced
high temperatures more than 1000 (e.g. Schomburg, 1991), those can use as the criteria of validity of the archaeointensity
experiment (e.g. Kitahara et al., 2018).

As a result of comparing the correspondence between the presence of Mullite and Cristobalite and the archaeointensity value
it was confirmed that the archaeointensity values which both minerals were not detected tended to deviate from the center of
group of intensity data of every kiln (or every pottery sequence). The fact is expected to be useful in minimizing the dispersion
that caused by archaeointensity experiments. We intend to continue with this study in the future, and want to consider the ne
ideas such as combining data of rock magnetism.

F R ARUAE, BENEYID S K OB OREZ 1809 5 C L 2 HNE LIeZe i T b, F e - 8
DFEARHEE PHBERIEER D X A F 2 7 ADE 0Ix ENDISHAMMHR TN TV, FEDFICHET 2 FERFGEREOT ED
2, BRI OETTIC BT 2 eI 5N 5, & T HEUERIC T 2 & H ISR ORBREEE LL.
FESEHE, HAZEDTHT I 7B 2 MEKFEZHRORRICIO ATV S, LH LD 58t <
JEWMe 2 KO FRIEE BT EdIcid, WO O#EZHIRL T NIZZE 5KV, ZN50HEO0EDE LT, &
IR SRS SEBRIC K > THRICENIZHREMEDIE 5 DX DR ETINBIFENS, X0 @ERELRE IR T TV Z g
T57DIcE, TNHDRXSDIDFNEZEZ LD, RIMETE T RIREL TS,

AP T, FRLOMERRO =D D FEOREZ BN E LT, S FIcE D < FE I AERE 7 — X DR E
FiTo T, BAAINCIE, E T HREARE ISR (W)l — 2 3 —3%; e.g. Yamamoto et al., 20031 & % 5#E1E 7z i L 7z Bt
Tt CRBORTRE E5ERRD 39 FED2E5 M 5 AL E Nz 98 D) 1T LT XRD p#HiZfiy, Lo A &7 U XA RN
FSA PO ENIEDERHENE>TE DI L., MEFHEBOFER LT E T LIck>T, DM
M2ER L, LA e U XARNTA ME, 1000C LLED G FTERE NS TH S T EMEITIZRICEK ST
WMEENTEHD (e.g. Schomburg, 1991 & &R RO Z 1M (B & Z 600°C LLEDIRE THEIDHER E N T
WAZ L) ZF v I TEHHOR-MELE L THWASZ EMNTES (e.g. Kitahara et al., 2028

FROFETLTIA ML TV XN A FOA K EE HTHIRE SR O 75 DX S 72 g U7 hE SR, msiyhii &
Nixihro fzidr oML, 22 (H5WVIEESERTHEDOT) & DmE T — 2 EMDOH.LD SN THE S 5 EHi b
REINTz, TNHOIERIT, NERSRGRE T — 2 BRI L, X5 D RRMET ZRRICRITHONE EEZD
N3, SHBEGIESH IR EMRGT S L B, AAMKT—XEHAEDEZEE, SHOERICOWT S #EEMRE
LTb\%be\o
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Research of paleointensity variation with volcanic rocks in Aso and Fuji volcanoes

# Arisa Haruta[1]; Nobutatsu Mochizuki[2]; Akira Baba[3]; Hidetoshi Shibuya[4]
[1] Dep't Earth & Env., Kumamoto Univ.; [2] Kumamoto University; [3] MFRI,Yamanashi Perf.; [4] Dep’t Earth & Env.,
Kumamoto Univ.

In the SGEPSS fall meeting in 2018, we reported that paleointensity variation determined from volcanic rocks in Aso volcano
showed a monotonic increase from 50 microT to 70 microT for the period between 4.5 and 3.3 ka. For this paleointensity
variation, the date is based on the paleomagnetic secular variation curve combined with the two 14C ages. The results from As
volcano indicate the sites of similar paleomagnetic directions give consistent paleointensities, which infers a high reliability.

In this study, we apply the Tsunakawa-Shaw method to volcanic rocks in Fuji volcano to obtain paleointensity data for the
period of 4-3 ka, where we have determined the paleointensity variation from volcanic rocks in Aso volcano, and also to obtain
paleointensities for the younger and older periods. The studied lavas in Fuji volcano were dated with 14C ages or historica
documents. We think that comparing paleointensity estimates from volcanic rocks in Aso and Fuji volcanoes, which are datec
with different methods, is important to restore a more reliable paleointensity variation curve.

Seventy-two samples of 16 sites were subjected to the Tsunakawa- Shaw paleointensity experiment and 64 samples passed
selection criteria. For some sites, consistency of paleointensity estimates within site appears to be not enough: these results :
now under consideration based on rockmagnetic properties. For five sites, the paleointensity estimates are consistent within si
that passed the selection criteria on site-level consistency (n is 3 or more, s.d./Mean is lower than 0.15). Two sites of 4-3 ka gav
53.2 microT and 61.3 microT. These values are consistent with the paleointensity variation determined from volcanic rocks ir
Aso volcano. The other 3 sites of ca. 2000-1000 year BP yield paleointensity estimates which are smaller than the reported date

20184E-0) SGEPSHkZFiH = Tld, Mg LD KIEED 5155 N7z 473 THRTO IR SR ZBNC DOV THE Lz,
B A LoD kLS A 5 Tsunakawa-Shavd: 2 iV TR S Nz RS E 1X . 4.5ka 5 3.3kadfic, 50 u TH5
70 p T ECOHFTIIMZ /R UTze T DOFIERD KIS TOMZE T, HHIRERUKFEZLIIFR QIASDRE 14FKZ2 &
&) ZRHUTERZHE L TV, gL TESNTEEMEIE, TWERICEH Uz EHITE 5AAR L TH X
EESTMEERLTED, BEHEOESWVERE RS> TV, RUIFETIE. FIERAILOKILEENS1E 5 NI & [ U4E
Re. ZOHiEDIR O IR &ERE 2T 27D, & AILD KIS 2 -V Tl iR &GEE ORIE 217> TV %,
INEOY Y T INEIRE 14FR - HCEIC K> THBERDPIRE SN TS, ke =LAl B2 Tk cERE
WENT DS 5185 N - i i & mE 2 ik s % ¢ L 1d, EiEEsEmuo it &sas 2 2 #e 3% FTHEHE
TH5, BELKUBREFRD 16 YA + 72HDY > T IVIC DWW T Tsunakawa-Shavélc & % i Hilig & smE OJlE #4175 7z
T A, GAADY T IVINEREIERG T Uz TNSDUEMZY A ST EICRTHB &, WEMDIESDEH/NE
WEDERZTNVEDHDH S, PEMEDIEEDENRKZNVY A MIOWVTIE, AOMAICK 22 ED TS, Sk,
BoNTHZYT A S OHHIREGEEEDRERD 5 B, JEMHEOED 3MHLL 1D 0 BHER 2D D 159, F k-7 591
F OFERZHLOICHENTT B TDSBED2DDY A b SHEE NI IAEREIX, 53.2+/-42u T £ 61.3+/-75u T
THo, MEENLIENSEONTZT—R LN TH S, iz, ZTNE D EHEVENR (2000-1000FER]) DIEENSE 3
DOMEEZIG, TNHOHIE, BHEDOT—2 LT % LKWV,



R004-P08 |/IF RAZ—815 BERS: 108 25H

KD XI LG S #HEE S 5 it 25 23004 [ D g UK 221K

# 154 55 [1]; Bty i [2]; Bl ez [3]
(1] &Ll [2] BEK - Selmfl e - HUBRERES; [3] R LBR - MR L

Paleomagnetic secular variation of last 2300 years inferred from volcanic products of
Fuji volcano, Japan.

# Akira Baba[1]; Hidetoshi Shibuya[2]; Tadahiro Hatakeyama]|3]
[1] MFRI,Yamanashi Perf.; [2] Dep't Earth & Env., Kumamoto Univ.; [3] IPC, Okayama University of Science

Paleomagnetic secular variation (PSV) records in Japan has been presented by archaeomagnetic studies of old kilns and hea
(e.g. Hirooka,1977) and paleomagnetic studies of sediment cores (e.g. Ali et al.,1999). The paleomagnetic directions an
intensities have changed incessantly, therefore utilized for dating tool of volcanic products (e.g. Miki,1999). However, the
archaeomagnetic results are restricted to the last 1600 years, and PSV records from sediment cores are inconsistent. Here,
present paleomagnetic directions from volcanic products of last 2,300 years at Fuji volcano.

Fuji volcano is one of the largest, basaltic and active volcanos in Japan. Recent volcanologic studies have revealed the erupti
ages in detail from historical records, tephrochronology by trench excavations!@mthtings. Takada et al., (2016) has been
revised the geological map of Fuji volcano, the rock-stratigraphic units has been categorized 185 units during 17,000 B.C.E t
C.E.1,707. Especially of last 2,300 years (Subashiri-d stage), the volcanic activity were newly determinétudimtings and
stratigraphic relation with 1z-Kt (C.E.838) tephra (Yamamoto et al., 2005 ; Kobayashi et al., 2007). Those developments enable
us collecting paleomagnetic direction data using those volcanic products, sufficiently. Paleomagnetic samples were collecte
from 35 units of lava flows, pyroclastic flows and pyroclastic cones of mostly known eruption ages. We selected carefully severa
sites from each volcanic product and collected 6 to 20 samples using an engine powered core picker. Samples were oriented b
sun compass to eliminate the influence of local magnetic anomalies. Magnetization of the samples are measured using a spint
magnetometer with alternating field demagnetization (AFD) and thermal demagnetization (ThD). Our criteria of paleomagnetic
direction is a95 less than 5.0 degree and the total average is 2.0 degree.

As a result of our study, the paleomagnetic directions agree with archaeomagnetic secular variation during the last 1,600 year
The PSV curve can be extended further beyond C.E.400. A few lava flows show directions disagree with other flows. In the cas
of Norikawa lava flow (C.E.600), the paleomagnetic directions totally different from the PSV. We believe that it is due to wrong
age assignments by stratigraphy in the geological map of Fuji volcano. One of the historical eruptions, Aokigaharamarubi lave
flow (C.E.864-866) shows paleomagnetic directions shallower than archeomagnetic secular variation curve. It is, however, fi
with the recent archaeomagnetic results of old kilns in mid 9th century, within a95 range (Hatakeyama and Kitahara, 2019). Thes
results indicate that it is necessary to reconfigure the stratigraphy of Fuji volcano and also redraw the PSV curve. Our finding
suggest that paleomagnetic method can improve eruption history of Fuji volcano, and the volcanic products can contribute t
extend the Holocene PSV in Japan.
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Data assimilation for prediction of geomagnetic secular variation

# Shin’ya Nakano[1]; Takuto Minami[2]; Futoshi Takahashi[3]; Masaki Matsushima[4]; Hisayoshi Shimizu[5]; Hiroaki Toh[6]
[1] The Institute of Statistical Mathematics; [2] ERI, Univ. Tokyo; [3] Kyushu Univ.; [4] Dept Earth & Planetary Sciences,
Tokyo Tech; [5] ERI, University of Tokyo; [6] DACGSM, Kyoto Univ.

The terrestrial magnetic field is generated by a dynamo in the outer core of the Earth. Since the physical processes of th
geodynamo is nonlinear, it is difficult to predict the geomagnetic secular variation in the future. It is therefore desired to make
use of a physical geodynamo model for the prediction of the secular variation. Data assimilation of geomagnetic data on th
Earth’s surface is essential for the prediction based on the physical model.

In this study, the geomagnetic field given by the MCM-0020 model (Ropp and Lesur, 2019) is assimilated into a geodynamo
model (Takahashi, 2012; 2014) by using the 4-dimensional ensemble variational (4DEnVar) method (Liu et al., 2008), which
is easy to implement if the results of a large number of simulation runs are prepared in advance. By iteratively applying the
4DEnVar method, the estimate converges to at least a local maximum of the log-likelihood function. It will be demonstrated that
this method provides a plausible estimate of the current state of the geodynamo.
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Analysis of magnetic secular acceleration in a numerical dynamo model

# Futoshi Takahashi[1]
[1] Kyushu Univ.

Geomagnetic jerk is known as a sudden change in the trend of geomagnetic secular variation, which typically occurs in annus
timescale. Wavelet analysis is a useful tool to detect singular variation in time-series data. Alexandrescu et al. (1995) applie
wavelet analysis to geomagnetic field data obtained at ground observatories in Europe. They detected geomagnetic jerks in 19(
1913, 1925, 1969 and 1978, and showed that regularity of the magnetic field variation is about 1.5 rather than 2.

We have studied magnetic field variation in numerical dynamo models using wavelet analysis to see if any jerk-like event
occurs. In spite of the fact that magnetic field variation in dynamo models occurs more slowly compared with the geomagnetic
secular variation due to assumed values of the fluid viscosity very far from that in the Earth’s core, we have found jerk-like
magnetic field variation with respect to all of the three components in a numerical dynamo model. Regularity of such variations
is typically larger than 2, suggesting a less singular variation than the geomagnetic jerk. It is also noted that jerk-like variation
occurs both globally and locally. We then examine the magnetic field variation in a numerical dynamo model in terms of secular
acceleration, that is, second time derivative of the magnetic field. In this study, correspondence of the results from two differen
analyses is to be compared. We will discuss similarity and dissimilarity in characteristics of magnetic field variation obtained
from wavelet analysis and secular acceleration.
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Shallow water MHD waves trapped in the polar regions on a rotating sphere with an
imposed azimuthal magnetic field

# Ryosuke Nakashima[1]; Shigeo Yoshida[2]
[1] Earth and Planetary Sciences, Kyushu University; [2] Earth and Planetary Sciences, Kyushu Univ.

http://dyna.geo.kyushu-u.ac.jp/HomePage/nakashima/index.htmi

Magnetohydrodynamic (MHD) shallow water waves on a rotating sphere with a background toroidal magnetic field are inves-
tigated to provide the physical interpretations of the geomagnetic variations which originate from Earth’s core. We focus on the
MHD waves within a stratified outermost Earth’s outer core (e.g. Helffrich and Kaneshima, 2010; Kaneshima, 2018) in common
with some previous studies, which including Braginsky(1993) and Buffett(2014), Chulliat et al.(2015). Not only the explanation
of the geomagnetic fluctuations but also constraints on the obscure properties of the stratification can be provided by comparir
with wavy variations in the geomagnetic field.

An azimuthal equatorially antisymmetric field {@)=Bosin(t)cos(t), where t (theta) is colatitude, p (phi) is azimuth) is adopted
as an imposed magnetic field in this research. Previously, an equatorially symmetric geBgsin(t)) was examined in
Marquez-Artavia et al.(2017), whose results we replicated and reported in JpGU 2018. We was also found that eigenvalue prol
lems with the background field varying in the theta direction, except fé)8B,sin(t), possess a continuous spectrum, which is
sometimes called the Alfven continuum (Goedbloed et al., 2004), in the range where an azimuthal phase velocity is coinciden
with a local Alfven velocity divided by sin(t) (Nakashima and Yoshida, JpGU2019). Since the Alfven continuum results from
the singularity of the governing equations with ideal MHD approximation, introducing the horizontal magnetic diffusion can ex-
clude the continuous modes by transforming them into discreate eigenvalues, whose eigenfunctions exhibit an internal resisti
boundary layer around a critical latitude which a local Alfven wave resonates. By the numerical calculation with small magnetic
diffusivity, the polar trapped westward modes are found for the Earth-like parameters. As a several azimuthal wavenumber, fo
instance m=6, these polar trapped mode propagates with a few years period. On the other hand, the eastward modes and
equatorial trapped modes are not likely to observe according to our results.

Buffett and Matsui(2019) recently obtained the equatorial trapped waves propagating to the east with a background radis
magnetic field varying in the north-south direction without horizontal magnetic diffusion. Although their system also can have
the Alfven continuum, since the assumed main field do not vanish in the equator, the eigenvalues of the found slow equatoric
mode are outside of the continuum.
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Timescales in planetary dynamo process

# Ataru Sakuraba[1]
[1] Dept. of Earth and Planetary Science, Univ. of Tokyo

In the previous 2019 Jpgu Meeting we presented recent results of kinematic dynamo calculations and pointed out importance «
linear magnetic field growth rates of kinematic dynamo and magnetic instability in the process of nonlinear planetary dynamos
Considering a simple two-scale model consisting of an axisymmetric (A) field and a non-axisymmetric (N) field of azimuthal
wavenumber m, we gave an idea that the energy transfer rates between these two scales might determine the magnetic fi
saturation. The A- and N-fields are both created by a (kinematic) dynamo process, while a part of the A-field energy is transferre
to the N-field energy due to magnetic instability in which an axisymmetric toroidal field is destabilized when the intensity exceeds
a certain critical value. Two timescales, kinematic dynamo and magnetic instability, can be roughly obtained by linear models.
so there is a possibility to estimate a relation between the A-field intensity, flow speed that creates magnetic field, and lengt|
scale (m). In this presentation, we show results of further investigation and discuss the availability.
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